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p u r if ie d  by ammonium su lp hate  fr a c t io n a t io n  (S ectio n  2 .1 1 .1 )  

R1C, R1G2 = a n t i-p o ta to  PJ^.L. serum from ra b b it 1 ,  p u r if ie d  by

D .E .A .E .-c e llu lo se  chromatography, run 1 and 2 (S ec tio n  2 .1 1 .2 )  

P .B .S . = phosphate b u ffe r  s a lin e  (30mM Na-phosphate b u f fe r , pH 7*2 , 

con ta in in g  0 .1 5M NaG l.)

D/U = p otato  P .A .L . sample p u r if ie d  by D .E.A.E. Sephadex A-25

chromatography and u l t r a f i l t r a t i o n ,  s te p s  5 and 6 (S ectio n  3 .2 .1 1 A) 

S/U I ,  S/U I I  = p o ta to  P.A .L . sample p u r if ie d  by Sepharose 6B

chromatography and eithdfone u l t r a f i l t r a t io n  step  or 

tw o , s te p s  7 , 8 and 9 (Section3*2.11A )

E.D.T J l .  = e th y len ed ia m in ete tra -a  - 

S .D .S . = sodium dodecyl su lphate



SECTION 1 lE T R  ODUCTION

The b io c h e m ic a l  mechanisms c o - o r d in a t in g  th e  development and growth 

o f  h ig h e r  p l a n t s ,  a r e  a t  p r e s e n t  s t i l l  c h a l le n g in g  th e  r e s e a r c h  e f f o r t s  o f  

p l a n t  b io c h e m is t s .  The development o f  h ig h e r  p l a n t s ,  l i k e  o th e r  o rg an ism s,  

i s  de te rm ined  by th e  genome and m o d if ied  by en v iro n m en ta l  f a c t o r s .  A d i s t i n c t  

f e a t u r e  o f  p l a n t s  i s  t h e i r  a u t o t r o p h ic  a b i l i t y ;  s u n l ig h t  i s  p e r c e iv e d  by 

th e  p l a n t ,  and th e  r a d i a n t  en e rg y  used  to  d r iv e  th e  a n a b o l ic  and c a t a b o l i c  

p r o c e s s e s  o f  th e  p l a n t .  The t?fo main l i g h t - r e q u i r i n g  p ro c e s s e s  a re  

p h o to s y n th e s i s  and p ho tom orphogenes is .  The l a t t e r  term a p p l i e s  to  a l l  

m orphogene tic  p r o c e s s e s  t h a t  a r e  a f f e c t e d  by th e  i n c id e n t  r a d i a t i o n ,  in c lu d in g  

th o s e  r e g u l a t i n g  th e  o v e r a l l  p a t t e r n  of developm ent.  These p r o c e s s e s  a re  

th o u g h t  to  o p e ra te  v ia  p h o to r e c e p to r  m o lecu les  d i s t i n c t  from th e  

p h o to s y n th e t i c  p igm en ts  ( c h lo r o p h y l l s  and c a r o t e n o i d s ) , and two p h o to r e c e p to r s  

have been r e c o g n iz e d ;  phyd:o chrom e, a photochrom ie p r o t e i n ,  p a r t i c u l a r  I]/- 

s e n s i t i v e  to  l i g h t  i n  th e  re d  and f a r - r e d  r e g io n  of th e  spectrum , and to  a 

l e s s e r  e x te n t  to  b lu e  l i g h t  (H endricks  and B orth7 rick ,1965) ,  s.nd a s p e c i f i c  

b lu e -a b s o rb in g  p h o to r e c e p to r ,  l e s s  w e l l  c h a r a c t e r i s e d ,  and o f te n  r e f e r r e d  to  

as  cryptochrom e ( B r ig g s ,1 9?6; DeFabo,1 9 2 0 ) .  Both have been im p l ic a te d  in  

th e  b io c h e m ic a l  p r o c e s s e s  u n d e r ly in g  th e  m o rp h o lo g ica l  changes o c c u r r in g  in  

re sp o n s e  to  c e r t a i n  l i g h t  t r e a tm e n ts  (Hartmann,1 966; H i t r a k o s ,1 972; Smith,

1974,1975; Hohr,1972 , 1980 ) .

The e a r l i e s t  b io c h e m ic a l  o b s e r v a t io n s  r e l a t i n g  to  photom orphogenesis  

were th e  l i g h t - d e p e n d e n t  changes in  th e  l e v e l s  of p a r t i c u l a r  enzjmies 

in v o lv e d  in  th e  development of th e  pho tospT ithe tic  a p p a ra tu s  (M arcus, 19^0; 

M o rg u l ie s ,1 9 -3 ) •  L ig h t- in d u c e d  changes in  the  l e v e l s  of c e r t a i n  m e ta b o l i t e s  

have a l s o  been o b se rv e d ,  such as  th e  accum ula tion  o f  pheny lp ropano ic  

compounds, an th o c y a n in s  (Siegelman and H en d r ick s ,1937; G -rill and V in c e ,19^9),  

f l a v o n o id s  (B ottom ley e t  a l . , 1 9661, c h lo ro g e n ic  a c id  (S u ck er ,1 96; ) ,  and

h y -T -roxycinnam ic a c id s  (Engelsma and M e i je r ,1 9 6 3 / ,  and th e  p h o to -o x id a t io n

and - r e d u c t io n  of a s c o r b ic  a c id  (Hapson and Sw ain ,1966) ,  and th e se  have le d



t o  s t u d i e s  on r e l a t e d  enz^mies. The f i r s t  enzyme in  th e  pathway to  

p h en y lp ro p a n o id  compounds i s  p h en y la lan in e -am m o n ia - ly a se  ( P .A .L . ) ,  and t h i s  

enzyme i s  s u b je c t  to  p h o to c o n t ro l  in  many p l a n t s ,  i'unongst th e  e a r l i e s t  

p l a n t s  used  in  th e s e  s tu d i e s  were p o ta to e s  (Z u ck e r ,1 965) ,  m usta rd  (D urst and 

Mohr,1966) and g h e rk in  (Engelsm a,1 96? ^ , b ) . Sti i ie s  on th e  p h o to c o n t r o l  of 

a s c o r b ic  a c id  o x id a se  ( i .A .O .)  have been l a r g e l y  c o n f in e d  to  m usta rd  (VanPoucke 

e t  a l . , 1969; Drumm e t  a l . ,1 9 7 2 ) .  M ustard s e e d l in g s  (S in a p is  a lb a )  have been 

w id e ly  used f o r  s t u d i e s  r e l a t i n g  to  photom orphogenesis  (Mohr,1 9 7 2 ) , and th e  

two enzymes m entioned  above a re  o f  p a r t i c u l a r  i n t e r e s t ,  a s  th e  mechanisms 

c o n t r o l l i n g  th e  a c t i v i t y  o f  th e s e  enzymes , in  th e  co ty le d o n s  of m u s ta rd ,  

may be d i f f e r e n t .  These t?70 enzymes were chosen f o r  f u r t h e r  s tu d ie s ,w h ic h  

vd.ll be d e s c r ib e d  in  t h i s  t h e s i s .

As enzymes c o n t r o l  th e  f l u x  of m e ta b o l i t e s  th ro u g h  v a r io u s  p a th w ay s , i t  

i s  r e a s o n a b le  to  l i n k  developm enta l ch an g es ,  e s p e c i a l l y  d i f f e r e n t i a t i o n ,  v.dth 

th e  a c t i v i t i e s  o f  s p e c i f i c  enzymes. However th e  l i n k  between th e  p r im ary  

p h o to resp o n se  (a s  y e t  u n i d e n t i f i e d ) ,  and th e  changes in  enzyme l e v e l s  i s  

s t i l l  u n c l e a r .  S ep a ra te  ex p er im en ts  in  m ic ro -o rg an ism s  on enzyme l e v e l s  

i n d i c a t e d  t h a t  t r a n s c r i p t i o n  o f  th e  genome was d i r e c t l y  r e s p o n s i b l e ;  s y n th e s i s  

of in d u c ib le  enzymes in  th e  p re s e n c e  o f  t h e i r  s u b s t r a t e s ,  vras th e  r e s u l t  of 

d e - r e p r e s s io n  o f  th e  n o rm ally  r e p r e s s e d  t r a n s c r i p t i o n  o f  th e  D.N.A. (Jacob and 

M onod,19él). The same mechanism cou ld  be a p p l ie d  to  the  c o - o r d in a te d  in d u c t io n  

o f s e v e ra l  enzymes of a p a r t i c u l a r  pathway or m e tab o lic  sequence ,  where th e s e  

enzymes v;ere mapped c lo s e  t o g e th e r  on th e  b a c t e r i a l  genome. The p o r t i o n  of th e  

genome coding f o r  a group of enzymes and a l s o  r e s p o n s ib le  f o r  i t ’s e x p re s s io n  

was c a l l e d  an ’o p e ro n ’ . Having e s t a b l i s h e d  t h a t  phjd:ochrome was in v o lv ed  in  

photom orphogenic re s p o n se s  (H artm ann ,196c),  M ohr,(19^6) advanced th e  th e o ry  of 

d i f f e r e n t i a l  gene a c t i v a t i o n  as  a mode of a c t i o n  of ph j 'tochrom e, v/ith phytochrome 

a c t in g  a s  a s ig n a l  to  sw itch  on and o f f ,  th e  t r a n s c r i p t i o n  of r e g io n s  o f  th e  

genome, by d i r e c t  i n t e r a c t i o n  of ph^tochrome w ith  th e  D.N.A. in  th e  

chromosomes. T h is  th e o ry  has been th e  b a s i s  of man^r experim en ts  aimed a t  

d e te rm in ing  th e  l e v e l  of c o n t r o l ,  and w hether changes in  enz^.me l e v e l s  a re  the



r e s u l t  o f de novo sy n th es is  of th e  enzyme, a r is in g  from an in c rease  in  

th e  a v a i l a b i l i ty  of coding fo r  each enzyme.

In the  r e l a t iv e ly  sim ple, u n ic e l lu la r  organism , where p ro te in  sy n th e s is  

occurs ra p id ly  ( l-2 m in .)  and the  enzyme can be removed by d i lu t io n  through 

c e l l  d iv is io n ;  and where th e  g en e tic  m a te r ia l i s  r e a d i ly  a c c e ss ib le  on a 

s in g le  chromosome, th e  model of Jacob and Monod can account f o r  th e  changes 

observed . M u ltic e llu la r  organisms d i f f e r  in  many re s p e c ts ,  ap a rt from each 

in d iv id u a l c e l l  po ssessin g  an in t r i c a t e  membrane system , d i s t in c t  o rg a n e lle s , 

a sep a ra te  nucleus and more than one chromosome, each c e l l  fu n c tio n s  as  a 

p a r t  o f the  whole organism , becoming lim ite d  to  a s p e c if ic  r o le ,  i e .  

d i f f e r e n t ia te d ,  and dependent on th e  fu n c tio n s  of th e  o ther c e l l s .  P lan t 

c e l l s  range from ra p id ly  d iv id in g  m eristem atic  t i s s u e  w ith f u l l  g e n e tic  

a b i l i t y ,  to  mature non-d iv id ing  t i s s u e s  w ith  only a l im ite d  a b i l i t y ,  and 

i t  i s  d i f f i c u l t  to  g e n e ra lis e , and propose mechanisms of co n tro l ap p lic a b le  

to  a l l  p la n t c e l l s .  D if fe re n tia t io n  of the  p la n t c e l l ,  may r e s u l t  in  a 

range of re g u la to ry  mechanisms, which develop as th e  c e l ls  age, in  a manner 

ap p ro p ria te  to  th e  type of c e l l ,  and which allow  in te r c e l lu la r  c o n tro l and 

c o -o rd in a tio n  of development and growth. P lan t growth hormones appear to  

have an im portant ro le  in  th i s  r e s p e c t ,  and mai\y photomorphogenic responses 

a re  a lso  s e n s itiv e  to  the  le v e l  or balance of th ese  substances (S to d d a r t,1976; 

G regor,1974; A sahira and Masuda,1977; Craker and V/etherbee,1973; Buhler e t 

a l .  ,1978; P i le t  and Takahashi,1979) « Only those  c e l l s  rem aining in  an 

u n d if f e re n tia te d  s ta te  could be expected to  behave in  a manner s im ila r  to  

th e  b a c te r ia l  c e l l ;  but the  s im i la r i ty  i s  l im ite d . Recent s tu d ie s  on y eas t 

chromosomes, which are  s im ila r  in  s tru c tu re  and mode of r e p l ic a t io n  to  those 

of h igher eu cary o tes, show th a t  the genes coding fo r  enzymes w ith in  one 

b io sy n th e tic  pathway are  no t c lu s te re d  (P e te s ,1980). T herefore co -o rd in a ted  

changes in  groups of enzymes in  eucaryotes must be co n tro lle d  in  a manner 

d if f e re n t  from the  opero n -reg u la to r gene th eo ry . There i s  a lso  a lack  of 

enzyme re p re s s io n  in  p la n ts ,  and i t  i s  more l ik e ly  th a t  feedback in h ib i t io n  

has an im portant ro le  ( i î i f l in ,1 973). Davis and Chapman, (l 980) r e c e n tly
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proposed  t h a t  p r o t e o l ^ ' t i c  a c t i v i t y  in  c o ty le d o n s  of germ ina ted  seeds in v o lv ed  

in  food  m o b i l i z a t i o n ,  might be c o n t r o l l e d  v ia  th e  p ro d u c ts  o f  p r o t e i n  

d e g r a d a t io n ,  i e .  s e l f - r e g u l a t i n g .  Many changes in  enzyme l e v e l s  in  p l a n t s  

a r e  t r a n s i e n t ,  even where th e  s t im u lu s  p e r s i s t s ,  and a re  q u a n t i t a t i v e  

r a t h e r  th a n  q u a l i t a t i v e  changes ,  and th e r e f o r e  a r e  n o t  d i r e c t l y  comparable 

to  th e  in d u c ib le  enzymes in  p r o c a r y o t e s .  P la n t  c e l l s  ( in  common w ith  o th e r  

e u c a r y o t i c  c e l l s ) ,  p o s se s s  an i n t r i c a t e  i n t e r n a l  membrane system , which 

may a l lo w  s e p a r a t io n  o f  b io c h em ic a l  r e a c t i o n s ,  in  th e  same way t h a t  c e r t a i n  

m e ta b o l ic  p ro c e s s e s  a re  r e s t r i c t e d  t o  m i to c h o n d r ia ,  or c h l o r o p l a s t s , or 

o th e r  o r g a n e l l e s .  In d eed ,  work on phytochrome l e d  many to  doubt w hether 

ph}d:ochrome i t s e l f  i n t e r a c t e d  d i r e c t l y  w ith  th e  genome, and i t  was proposed  

t h a t  phytochrome was s i t u a t e d  a t  o r  in  th e  membrane, and o p e ra te d  by  r e g u l a t i n g  

th e  p r o p e r t i e s  o f  th e  c e l l  membrane (H endricks and E o r th w ick ,1 967; Boeshore 

and P r a t t , 1980; 7 /hitelam end J o h n so n ,1 981 ) .

In a n im a ls ,  many hormone r e s p o n s e s  a re  m ed ia ted  v ia  's e c o n d a ry  m e ssen g e rs '  

(S u th e r la n d  and R a i l , 1957; Birnbaumer e t  a l . ,1970; G reengard ,19 7 2 ) ,  th e  

hormones i n t e r a c t  w i th  r e c e p to r s  in  th e  o u te r  s u r f a c e  of th e  plasma membrane, 

which le a d s  t o  r e l e a s e  of a secondary  m essenger,  i n s i d e  th e  c e l l .  A s im i la r  

mechanism was p o s t u l a t e d  by Smith ( l 9 7 0 ) , f o r  th e  a c t io n  o f  ph}i:ochrome, 

s e p a r a t in g  th e  p r im a ry  p h o to re s p o n s e ,  a p o s s ib le  membrane e f f e c t ,  from th e  

change in  enzyme l e v e l ,  which cou ld  occur a t  th e  l e v e l  of th e  genome or a t  

some l a t e r  s t a g e ,  e lsew here  in  th e  c e l l .  Membrane-bound phytochrome and 

phyochrom e-m ediated enzyme a c t i v i t y  has  been d em onstra ted  in  v i t r o  (P enel 

e t  a l . , 1 976) .  I t  i s  perhaps  more l i k e l y  t h a t  mechanisms o p e ra t in g  in  

an im al c e l l s  would be s im i la r  to  th o s e  in  p la n t  c e l l s ,  bu t  so f a r  a t te m p ts  

to  compare th e  a c t io n  of p la n t  grov,d;h su b s tan ces  (Trew avas,1 976a), w ith  

hormones has f a i l e d  to  add to  our u n d e rs ta n d in g  of r e g u l a t o r y  mechanisms in  

p l a n t s .  The g e n e t i c  to t i p o t e n c y  o f  some somatic c e l l s  of p l a n t s  i n d i c a t e s  

a g r e a t e r  f l e x i b i l i t y  in  p l a n t s ;  d i f f e r e n t i a t i o n  in  an im al c e l l s  i s  u s u a l l y  

i r r e v e r s i b l e .

The 'w ounding ' re sp o n se  o f  p l a n t  t i s s u e ,  f o r  example th e  e x c i s io n  of
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s to rag e  organs, i s  c h a ra c te r ise d  by an in c rea se  in  m etabolic a c t iv i ty  

(K ahl,1973*1978) and i s  an example of p a r t i a l  d e - d i f f e re n t ia t io n ,  lead ing  

"to  a change of metabolism ty p ic a l  o f  a mature qu iescen t s to rag e  parenchyma 

to  th a t  ty p ic a l  of ra p id ly  elongating  c e l l s ,  re c e n tly  ceased d iv id in g "  (B ryant,

1976)* The a b i l i t y  of t i s s u e  to  respond, decreases as th e  t i s s u e  ages 

(Rosenstock and K ahl,1978); t h i s  may be due to  changes in  th e  re g u la to ry  

mechanisms, as suggested e a r l i e r .  The germ ination of seeds and subsequent 

development of the  see d lin g , a lso  re p re s e n ts  a changing p a t te rn  of biochem ical 

p ro ce sse s . Storage t i s s u e s  and seed lin g s a re  the  two main sources of p la n t 

t i s s u e  fo r  photom orphological s tu d ie s , and a re  obviously no t id e a l  fo r  

biochem ical s tu d ie s . Although sto rage t i s s u e  i s  r e l a t iv e ly  homogeneous, 

many biochem ical changes occur upon c u t t in g ,  which provide th e  background 

to  any l i g h t  e f f e c ts .  In c o n tra s t ,  seed lin g s  a re  heterogeneous and undergoing 

d i f f e r e n t ia t io n ,  bu t w ith many l ig h t  e f f e c ts  d i r e c t ly  involved  in  the  

morphogene s i s .

The p o te n t ia l  to  possess  p a r t ic u la r  enzymes i s  determ ined by th e  genome, 

bu t as  Marcus (1971) p o in ted  o u t, co n tro l may occur a t  se v e ra l le v e ls  in  

eucary o tic  c e l l s ,  anywhere from the  i n i t i a l  tra n s c r ip t io n  of th e  D .NJl. ( a 

r e l a t iv e ly  slow p rocess) to  the  expressed a c t iv i t y  of the  enzyme. The 

n eare r to  th e  l a t t e r  s ta g e , th e  more ra p id  th e  response i s  l ik e ly  to  b e , 

and may involve the  presence of in a c tiv a tin g -a c tiv a tin g  system s, or 

m o d ifica tio n s  of the enzyme i t s e l f  (Goatly and Snith,1974; G oatly e t  a l . ,1975; 

Salminen and Young,1975; Atkinson and Hammes,1975* Trewavas, 1976h;M iflin ,1977). 

Three main s tag es  can be id e n t i f ie d ;  t r a n s c r ip t io n a l  c o n tro l,  where sy n th es is  

of m.R.N.A. i s  l im itin g ; t r a n s la t io n a l  c o n tro l ,  where sy n th es is  of p ro te in  

(or enzyme) i s  l im it in g , and p o s t- t r a n s la t io n a l  c o n tro l, where a c t iv a t io n , 

tu rnover or o ther m o d ifica tio n s  are  l im it in g ,  the  expression of enzyme a c t iv i ty .  

The p o te n t ia l  s i t e s  fo r  th e  pho tocon tro l of gene expression a re  ou tlin ed  

by Smith e t a l . ( l 977). In term ed iate  p o in ts  of c o n tro l, such as th e  s t a b i l i t y  

of m.R.N.A. (Marcus and F ee ley ,1 964; K afatos and G elinas,1974; Payne,1976; 

Roberts and L ord,1979), or fu r th e r  p rocessing  of m.R.N.A. p r io r  to  p ro te in
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sy n th e s is  (Scragg e t  a l . ,1975; Dure and H a r r is ,197 ; Mori e t a l . , 1978), 

which may be d escribed  as p o s t- transej -̂ivciJojal c o n tro l,  may a lso  e x i s t .  There 

i s  no reason  why c o n tro l should no t occur a t  sev e ra l of these  p o in ts ,  

th e reb y  allow ing a g re a te r  degree of co -o rd in a tio n  w ith in  the  c e l l .

Perhaps the  underly ing  reason  fo r  the  p re sen t lack  of understanding  of 

b iochem ical mechanisms in  p la n ts ,  l i e s  in  th e  d i f f i c u l t i e s  encountered when 

using  p la n t t i s s u e s ,  (e x tra c ts  are  o fte n  u n s ta b le , or a r te f a c ts  may a r is e  

during  or fo llo w in g , e x tra c t io n , or exc is io n  of se c tio n s  of t i s s u e ) ,  and the 

n a tu re  of th e  techn iques used ancL th e i r  l im i ta t io n s .  As Bryant (1976) 

commented when review ing the  m olecular a sp ec ts  of d i f f e r e n t ia t io n ,  "the 

cu rren t emphasis on t r a n s la t io n  and p o s t- t r a n s la t io n a l  co n tro ls  may.. . . .be 

a r e f le c t io n  of th e  a v a i l a b i l i ty  of techn iques r a th e r  than the  r e la t iv e  

im portance of th ese  p rocesses in  c e l l  d i f f e r e n t ia t io n "  (a la rg e  p a r t  of the 

review  d e a lt  w ith s tu d ie s  based on the use of in h ib i to r s ) .  In h ib i to r s  have 

been w idely used in  s tu d ie s  on photom orphogenesis; in h ib i to r s  of R.N.A. 

sy n th e s is  (eg. actinom ycin D) and p rocessing  (eg. cordycepin), and p ro te in  

sy n th e s is  (eg. cyclohexim ide) have provided some evidence fo r  th e  r o le  of 

th ese  p rocesses in  th e  pho to-response. The value of in h ib i to r  s tu d ie s  can 

be assessed  by looking  a t  the  r e s u l t s  of such experim ents; many enzymes 

have been s tu d ie d , bu t the fo llow ing  review  w il l  be r e s t r i c t e d  to  experim ents 

r e la t in g  to  the  p h o tocon tro l of P.A .L. and A.A.O. le v e ls  (as th ese  two » 

enzymes are  the  to p ic  of the  re sea rc h  undertaken h e re ) .

Amongst the  e a r l i e s t  re le v a n t experim ents were those  concerned w ith P.A.L. 

le v e ls  in  mustard seed lin g s ; fo llow ing  exposure to  f a r - re d  l ig h t  (or b r ie f  

p eriods of red  l ig h t )  P .A .L .-a c tiv ity  in  th e  cotyledons in c re a se s  d ra ig a tic a lly  

over th a t  in  dark c o n tro ls ,  t h i s  in c rease  i s  p a r t i a l l y  in h ib ite d  by 

actinomycin D, which suggests th a t  ^ome R .N Jl. sy n th es is  i s  re q u ire d  fo r  

th e  response (Durst and Mohr,1966). In h ib ito rs  of p ro te in  sy n th es is  prevented 

the  in crease  in  P .A .L .-a c tiv ity  fo llow ing a second l ig h t  trea tm en t (actinomycin 

D was again only p a r t i a l l y  e f f e c t iv e ) ,  and from t h i s  i t  was concluded th a t  

th e  induction  of P.A .L. was a ra p id  process invo lv ing  de novo sy n th e s is  of
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enzyme p ro te in  (R issland  and Mohr,1 967) .  In c o n tra s t ,  the  accum ulation of 

a sco rb ic  ac id  in  m ustard seed lin g s following a f a r - r e d  l ig h t  tre a tm e n t, was 

n o t in h ib ite d  by actinom ycin D (Bienger and Schopfer,1970), and th e re fo re  

gene re g u la tio n  was u n lik e ly . More recen t experim ents using  in h ib i to r s  of

D.N.A.-dependent m.R.N.A. sy n th e s is  and p ro cess in g , reduced the  magnitude 

o f th e  f a r - r e d  induced in c rease  in  P.A.L. in  m ustard cotyledons (Acton e t  a l . , 

1980) ,  and from t h i s  i t  was deduced th a t  th e  r a te  of lig h t-m ed ia ted  P J l.L . 

accum ulation was a f fe c te d  by th e  l i g h t .  The l ig h t  induced changes o f P .A .L .- 

a c t i v i t y  in  p a rs le y  c e l l  suspension c u ltu re s  were s tro n g ly  in h ib ite d  by 

bo th  actinom ycin D and cyclohexim ide, implying th a t  R.N.A. sy n th es is  and 

cytoplasm ic p ro te in  sy n th es is  were n ecessary  fo r  th e  in c rease  in  P J^ .L . 

(Hahlbrock and Ragg,1975). la  c u ltu re s  of Fhaseolus v u lg a r is , actinom ycin 

D was w ithout e f fe c t  on th e  induced P.A .L. le v e ls  (Dudley and N orthco te ,

1979)* Cycloheximide f a i le d  to  p reven t th e  in c rease  in  P .A .L .-a c tiv ity  in  

c a l lu s  c u ltu re s  of Pinus e l l i o t i i  (Lau e t a l . ,1980). in  th ese  cases 

a c tiv a tio n  mechanisms may be p re se n t.  Zucker (1968) ,  used cyclohexim ide in  

s tu d ie s  on P.A .L. le v e ls  in  p o ta to  tu b er d is c s ,  f re s h  d isc s  exposed to  

cycloheximide f a i le d  to  give an in creased  P .A .L .-a c t iv ity ,  and aged d isc s  

exposed to  in h ib i to r  (a t a h ig h er co n cen tra tio n ) d id  not subsequently  show a 

d ec lin e  in  P .A .L .-a c tiv ity . This was taken as evidence fo r  th e  ro le  of de 

novo sy n th esis  in  the  in c rease  in  P .A .L .-a c tiv ity  (enzyme sy n th e s is )  and 

a lso  in  the d ec lin e  in  P .A .L .-a c tiv ity  (sy n th e s is  of 'in a c tiv a t in g  sy s tem ') . 

Lamb (1977 ) ,  c a r r ie d  out s im ila r  experim ents using  a range of in h ib i to r s ,  

includ ing  actinom ycin D, cordycepin and cyclohexim ide, to  p in -p o in t the  

s tep s  involved in  the  in c rease  and decrease in  P.A.L. le v e ls  in  incubated  

p o ta to  tuber d is c s .  Cycloheximide a lso  in c reases  th e  s u s c e p t ib i l i ty  of 

p o ta to  to  in fe c tio n  (Zucker and E l-Z ayat,1 968) ,  by in h ib it in g  P .A .L .- 

a c t iv i ty  and th e  accum ulation of clilorogenic a c id , which i s  thought to  

in h ib i t  the b a c te r ia .  In gherkin see d lin g s , cycloheximide again in h ib i t s  

both  the  r i s e  and f a l l  of P .A .L .ra c t iv ity ,  fo llow ing a b lue l ig h t  trea tm en t 

(Engelsm a,!965, 1967c). P J^ .L .'* ac tiv ity  a lso  in c reased  a f te r :  a  cold tre a tm e n t.
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bu t th i s  in c rease  was in s e n s i t iv e  to  cycloheximide* At lower tem peratures 

(10®C) the s e n s i t iv i ty  to  l ig h t  i s  reduced and P.A.L* le v e ls  do n o t decline  

(Engelsma,1970)• These r e s u l t s  in d ic a te  th a t  p ro te in  sy n th es is  i s  req u ired  

fo r  the  lig h t- in d u c e d  increase  and subsequent d e c lin e , bu t no t f o r  th e  co ld- 

induced in c re a s e ,  th e re fo re  an in a c tiv a tin g  system may be p re s e n t ,  bu t not 

o pera ting  in  cold  tre a te d  t i s s u e .  The in a c t iv a t in g  process re q u ire d  p ro te in  

sy n th e s is ,  b u t no t th e  a c t iv a t io n  (A ttridge and Sm ith,1973a; French and Smith, 

1975) ,  au in a c t iv a to r  has s ince  been ex tra c te d  from gherkin t i s s u e  ( B i l l e t t  

e t a l . ,1 978) .  In ra d ish  co ty ledons, the  i n i t i a l  f a r - re d  s tim u la ted  in c rease  

in  P*A.L. le v e l  was in h ib i te d  by actinom ycin D, cycloheximide and chloram

p h en ico l, b u t a second l ig h t  trea tm en t a f t e r  a dark p erio d  was no t a ffe c te d  

by cyclohexim ide (Klein-Eude e t  a l . , 1974), a lso  suggesting th a t  an in a c t iv a t in g  

mechanism was involved . In le a f  d isc s  of sunflow er, where P.A .L. le v e ls  were 

in creased  by c u ltu re  on sucrose medium, t r a n s f e r  to  water caused a lo s s  of 

P .A .L .-a c t iv ity ,  and a second t r a n s f e r ,  back to  a sucrose medium in creased  

P.A.L. a g a in . Cycloheximide in h ib ite d  the  i n i t i a l  in c rease  and d e c lin e , bu t 

s tim u la ted  th e  second in c rea se  (Creasy e t  a l . ,1974). An in a c t iv a t in g  f r a c t io n  

was subsequently  ex trac te d  from the  leaves p re - tr e a te d  w ith  l ig h t  and sucrose 

(C reasy,1976) .  P ro te in  sy n th es is  in h ib i to r s  s tim u la te  anthocyanin sy n th esis  

in  the  sk in s of whole a p p le s , bu t are in h ib i to ry  in  apple sk in  d isc s  (Chalmers 

and F aragher,1 977) .  The presence of an in a c tiv a t in g  system was invoked to  

exp lain  th e se  e f fe c ts ;  low tem peratures a lso  stim ulated  th e  accum ulation 

of P.A.L. and anthocyanins in  the skin of vrhole app les; an in a c tiv a tin g  

system has been is o la te d ,  and in  th i s  case th e  in a c tiv a tio n  was not 

re v e rs ib le  (Tan,1979,1980). In asparagus sp e a rs , the excision-prom oted 

in crease  in  P .A .L .-a c tiv ity  was prevented  by cyclohexim ide, and a lso  by th e  

products of th e  phenylpropanoid pathway, e s p e c ia lly  cinnamic ac id  (G oldstein  

e t a l . , 1972) ;  a cold trea tm en t a lso  in c reased  the  P .A .L .- a c t iv ity ,fo r  a l im ite d  

p erio d . Here again , both sy n th es is  and in a c t iv a t in g  mechanisms seem to  be 

o p e ra tiv e . In h ib ito rs  have a lso  been used to  show th a t  phytochrome was the 

only photo recep to r in  the pho tocon tro l of anthocyanin sy n th e s is  in  a range
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of p la n ts ;  streptom ycin in h ib i te d  the sy n th e s is  of ch lo ro p h y lls  and the  

development of the  c h lo ro p la s ts ,  bu t s tim u la ted  the sy n th e s is  of anthocyanin 

(M ancinelli e t  a l . , 1975), i t  was th e re fo re  u n lik e ly  th a t  th e  photoresponse 

was m ediated v ia  p h o to sy n th es is .

I n h ib i to r s  have co n trib u ted  to  s tu d ie s  on photom orphogenesis, but only  

provide a l im ite d  amount of in fo rm ation . Where the s p e c i f ic i ty  of the 

in h ib i to r  i s  in  doubt (Jacobson e t a l . ,1974; E l l i s  and MacDonald,1970), or 

th e  exact s i t e  of ac tio n  i s  u n c lear (Walbot e t  a l . ,1974), or th e  in h ib i to r  

has e f f e c ts  beyond i t ' s  s i t e  of ac tio n  (P estk a ,1 971), th e  in te rp r e ta t io n  of 

the  r e s u l t s  i s  awkward; n eg a tiv e  r e s u l t s  a re  e a s ie r  to  i n t e r p r e t ,  provided 

the  uptake of th e  in h ib i to r  i s  not in  doubt. More sp e c if ic  in h ib i to r s  have a lso  

been used; such as compounds carry ing  th e  aminooxy group, which are  p o ten t 

in h ib i to r s  o f phenylalan ine deam ination and tran sam in a tio n ; th ese  include 

oc-aminooxyacetic ac id  (A.O.A.) and L-ô6-amonooxy-p-phenylpr op io n ic  ac id  (A .O .P.P .)  

(Amrhein e t  a l . ,1976). These com petitive in h ib i to r s ,  e s p e c ia lly  A .O.P.P. 

causes the  superinduction  of P .A .L .-a c tiv ity  in  gherkin t i s s u e s ,  by in h ib i t in g  

P .A .L .-a c t iv ity ,  which p rev en ts  the  accum ulation of cinnamic acid  and the  

feedback in h ib i t io n  of th e  enzyme by i t ' s  product (Amrhein and G erhardt,1979; 

B i l l e t t  and Smith,1980). Trans-cinnam ic ac id  a lso  in h ib i t s  P .A .L .-a c tiv ity  

but u n lik e  A .O.P.P. a lso  a f fe c ts  the, growth r a te  and so lub le  p ro te in  co n te n t, 

and i s  le s s  s p e c if ic  in  e f fe c t  in  p la n ts  (Noe  ̂ e t a l . ,1980). The N-benzyl- 

oxycarbonyl d e r iv a tiv e s  a lso  in h ib i t  anthocyanin form ation in  a range of 

p la n ts ,  w ith  l i t t l e  in te rfe re n c e  in  development (Amrhein and H ollander,1979).

The ro le  and im portance of feedback in h ib i t io n  irt re g u la tin g  P.A.L. le v e ls  

has th e re fo re  been e s ta b lis h e d . In Avena c o le o p tile  segments, p -D ,L -fluoro - 

phenylalan ine enhances e lo n g a tio n , and in h ib i t s  P .A .L .-a c tiv ity  in  v i t r o  ; i t  

was then found th a t  trans-cinnam ic acid  a lso  in h ib ite d  e lo n g atio n , and th e  

enhanced elongation  a t t r ib u te d  to  a low ering of the le v e l  of in h ib ito ry  

phenolics (Hopkins and Orkwisewski,1971). Another in  vivo P.A.L. in h ib i to r ,  

p icloram e, was used to  d is tin g u ish  between the in crease  in  P.A .L .- a c t iv i ty  

in  Nicotiana, tabacum. due to  v iru s  in fe c t io n ,  and th a t  dependent on the
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photoperiod  (Paynot e t  a l . ,1976). More general in h ib i to r s  have a lso  found M'

u se s , N -(phosphonomethyl )g ly c in e ,  i s  a p la n t growth in h ib i to r , (g e n e ra lly  

c a lle d  g lyphosate),w hich  s tim u la tes  P .A .L .-a c tiv ity  in  ro o ts  of maize 

preceeding  th e  red u c tio n  in  growth r a te  (Duke and Hoagland,1978). The 

depressed growth has been a t t r ib u te d  to  the  enhanced le v e ls  of in h ib i to ry  

phenolic  compound» (Hoagland e t  a l . ,1978^. Light enhanced the in h ib i to ry  

e f fe c t  of ro o t- fe d  glyophosate in  soybean seed lin g s , v ia  a s y n e rg is tic  

in c rease  in  P .A .L .-a c t iv ity ,  whereas A .O .P.P. tended to  a l le v ia te  th e

in h ib i t io n  (Duke e t  a l . ,1979*1980) in d ic a tin g  th a t  growth r a te  was a f fe c te d  

by th e  le v e l  of p h en o lic s , and the  s iz e  of the  arom atic amino ac id  p o o l. The 

pyridazinone in h ib i to r s  of ch lo ro p la s t development were used to  show th a t  

P.A.L. was p h o to co n tro lled  in  b a r le y  p la s t id s  (Blume and McClure,1978). 

In h ib i to r s  of p h o tosyn thesis  were used to  show th a t  th e  production  o f P.A .L. 

and flav o n o id s  in  illu m in a te d  s traw berry  le a f  d isc s  was dependent on th e  

a v a i l a b i l i ty  of sucrose (C reasy,1968).

There i s  p a r t ic u la r  in te r e s t  in  the  r a te s  of p ro te in  turnover (H uffaker 

and P e te rso n ,1 974), and how changes in  th e  r a te s  of sy n th es is  and /o r 

degradation  may a f f e c t  those  enzymes where sy n th esis  has been im p lica te d .

The techniques a v a ila b le  fo r  such s tu d ie s  form th re e  groups, two in v o lv in g  

la b e l l in g  techn iques, and the th i rd  invo lv ing  immunological techn iques; a 

combination of ra d io - is o to p ic  la b e l l in g  and immunology prov ides more 

conclusive r e s u l t s ,  but su ffe rs  from th e  drawback th a t  th e  enzyme must be 

p u r if ie d .  For th i s  re a so n , d e n s ity - la b e ll in g  techniques have been used in  

p re fe ren ce . F iln e r  and Varner (1967), were th e  f i r s t  to  apply  th i s  techn ique 

to  p la n t s tu d ie s , and were ab le to  show th a t  the g ib b e re l l ic  ac id -induced  

in c rease  of oC-amylase in  the  b a rle y  aleurone lay e r was due to  sy n th es is  of 

new enzyme m olecules; la b e l  from H^'^ (inco rpora ted  in to  amino ac id s  deriv ed  

from h y d ro ly s is  of p re -e x is t in g  seed p ro te in )  was inco rpo ra ted  in to  the  

enzyme. D en s ity - la b e llin g  w ith heavy w ater f^HgO, was used to  show th a t  ^  

novo sy n th es is  of P.A.L. was resp o n sib le  fo r  th e  f a r - re d  s tim u la ted  in c rea se  

in  enzyme in  m ustard cotyledons (Schopfer and Hock,1971). However, u sing
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th e  same technique and the same t i s s u e ,  w ith an improved procedure (Johnson 

e t  a l . , 1973) ,  A ttr id g e  e t a l . (1974), f a i le d  to  o b ta in  an in c rease  in  d e n s ity  

la b e l l in g  of th e  enzyme, fo llow ing  f a r - re d  l ig h t  trea tm en t of th e  t i s s u e ,  

compared to  a dark c o n tro l.  Using a r e la t iv e ly  long la b e l l in g  p e rio d  (4 8 h .) ,  

th e  bouyant d e n s ity  of the enzyme under f a r - re d  l i g h t ,  was lower than  th a t  

o f th e  c o n tro l. The in te rp r e ta t io n  of the  r e s u l t s  was d iscu ssed , and to g e th e r  

w ith  evidence fo r  a pool of in a c tiv e  P J l.L . in  dark-grown gherkin (A ttrid g e  

and Sm ith,1 9 7 3 ^ ) i t  was concluded th a t  the  lig h t-m ed ia ted  in c rease  in  P .A .L .- 

a c t i v i t y  in  m ustard cotyledons was due to  a c t iv a tio n  of e x is tin g  enzyme. 

S im ila r experim ents were a lso  c a r r ie d  out fo r  gherk in  hypocotyl s e c t io n s ,  to  

confirm  the  presence of in a c tiv e  P.A .L. in  dark-grown seed lin g s; th e  b lue  

l i g h t -  and cyclohexim ide-induced P .A .L .-a c tiv ity  was accompanied by a lower 

buoyant d e n s ity , compared to  th e  dark co n tro l (A ttridge  and Sm ith,1974). In 

an attem pt to  c l a r i f y  the  s i tu a t io n ,  Acton and Schopfer (1975), rep ea ted  

th e  d e n s ity  la b e l l in g  experim ents fo r  mustard se e d lin g s , bu t f i n a l l y  

concluded th a t  th e  h a l f - l i f e  of P.A .L. in  m ustard cotyledons was too  sh o rt 

to  allow  a s u ita b le  la b e l l in g  p e rio d  to g e th er w ith  a measurable in c re a se  in  

P .A .L .-a c tiv ity  under f a r - re d  l i g h t ,  but because some la b e l  was in co rp o ra ted  

in  bo th  th e  c o n tro l (dark) and f a r - r e d  tre a tm e n t, th a t  de novo sy n th es is  

occu rred , and no t a c t iv a t io n , as th ey  f a i le d  to  observe any low ering of 

the  buoyant d e n s ity  in  l ig h t-s t im u la te d  t i s s u e .  To overcome the  lag -phase  

of f a r - r e d  s tim ulated  P .A .L ., Tong and Schopfer (1976), used p r e - i r r a d ia te d  

m ustard seed lin g s where P .A .L .-a c tiv ity  was r e a d i ly  m easured, and as a dark  

c o n tro l gave seed lings a b r ie f  red  trea tm en t follow ed by darkness. Their 

r e s u l t s  showed th a t  an in c rease  in  buoyant d e n s ity  occurred fo r  f a r - r e d  

tre a te d  P .A .L ., compared to  the  c o n tro l,  supporting th e i r  claim s th a t  th e  

r a te  of enzyme sy n th esis  was s tim u lated  by the l ig h t .  They a lso  s tu d ied  th e  

k in e t ic s  of the d en s ity  la b e l l in g  (band s h i f t  and bandwidth changes) and 

concluded th a t  the  r e s u l t s  were not due m erely to  an in c rease  in  th e  r a te  

of la b e l l in g  of the  amino ac id  pool in  the  l ig h t  (Johnson and Sm ith,1 9 7 8 ) .  

They a lso  po in ted  out th a t  th e i r  r e s u l t s  d id  not e lim in a te  the  p o s s ib i l i ty
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th a t  an a c tiv a t io n  mechanism was o p e ra tin g , as th e  in te rp re ta t io n  of d e n s ity  

l a b e l l in g  experim ents re q u ire s  th e  estab lishm ent o f the p re c ise  mechanism 

o f enzyme tu rnover fo r  th e  enzyme in  question  (Lamb and Rubery,1976a). The 

techn ique of d e n s ity  la b e l l in g  invo lves th e  measurement of a c tiv e  enzyme 

o n ly , any in a c tiv e  enzyme m olecules are  in f e r e n t i a l .  When th e  e f f e c ts  of 

cinnamic ac id  on the  in c rease  in  P J l .L . - a c t iv i ty  fo llow ing exc is io n  of 

hypocotyl segments of dark-grown gherkin s e e d lin g s , were s tu d ied  using  

d e n s ity - la b e l l in g  Johnson e t  a l . ( l 975) ob tained  r e s u l t s  in d ic a tin g  th a t  

the  r a t e  of enzyme sy n th e s is  was low ered, in  c o n tra s t to  th e  r e s u l t s  of 

th e i r  experim ents on the  l ig h t  e f f e c t .  In p a rs le y  c e l l  suspension c u ltu re s ,  

was used in  la b e l l in g  experim ents, the  phytochrome-mediated in c rease  in  

P J l .L . - a c t iv i ty  (which re q u ire s  an i n i t i a l  U.V. i r r a d ia t io n  b efo re  being 

ob ta ined ) was shown to  be due to  de novo s y n th e s is . In the  dark  co n tro ls  

th e  la b e l l in g  was only 50^ o f th e  f a r - re d  t r e a te d  t i s s u e ,  and an in crease  

in  bandwidth was observed a f t e r  a 5h. la b e l l in g  p e r io d , in d ic a tin g  the  

presence of a m ixture o f d i f f e r e n t ly  la b e lle d  P.A .L. m olecules. O verall, 

th e  tu rn o v e r r a te  was le s s  than expected i f  any a c t iv a t io n  mechanisms were 

o p era tin g  (Wellman and Schopfer,1975; Schopfer e t a l . ,1976). The r e s u l t s  

of d e n s ity  la b e l l in g  experim ents w ith  ^H^O fo r  the pho to co n tro l of P.A .L. in  

p o ta to  tu b e r d isc s  (Sachar e t a l . ,1972; Lamb and M e rr i t t ,1979), and in  ra d ish  

cotyledons (Fourcroy,1980) a lso  suggested th a t  de novo sy n th es is  of enzyme 

was in v o lv ed . The decrease in  P .A .L .-a c tiv ity  in  p o ta to  tu b er d isc s  was 

shown to  r e s u l t  from a red u c tio n  in  th e  r a te  of sy n th es is  and an in creased  

r a te  of deg rad a tio n , or removal of a c tiv e  enzyme, in  the  absence of 

in a c t iv a t io n  mechanisms (Lamb e t a l . ,1979).

I t  i s  ev ident from th e  foregoing  review  th a t  th e  question  whether 

de novo sy n th es is  or a c t iv a tio n  i s  invo lved , i s  s t i l l  a con ten tious is s u e ,  

e s p e c ia lly  w ith regard  to  the phytochrome-mediated P.A .L. le v e ls  in  m ustard 

co ty ledons. D e n s ity -lab e llin g  experim ents w ith A.A.O. in  mustard cotyledons 

by A ttr id g e  (1974), suggested th a t  phytochrome c o n tro ls  the r a te  of sy n th es is  

of the  enzyme, in  c o n tra s t to  p a r a l le l  experim ents w ith P.A.L. in  the  same
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t i s s u e .  The r e s u l t s  were th i s  time in  agreement w ith s im ila r  experim ents 

by Acton e t a l . ,1974. The p o s s ib i l i ty  th e re fo re  e x is ts  th a t  th e  a c tio n  

of phytochrome upon th e  le v e ls  of P.A.L. and A.A.O. may be v ia  d i f f e r e n t  

mechanisms w ith in  the  same p la n t .

Where i t  i s  l ik e ly  th a t  de novo sy n th e s is  i s  involved  in  th e  l i g h t -  

induced in c re a se s  in  enzyme a c t iv i ty ,  i t  i s  worth looking  fo r  changes 

occu rrin g  a t the  le v e l  of t r a n s c r ip t io n .  As ye t th e re  are  no techniques 

f o r  i s o la t in g  m.R.N.A. coding fo r  s p e c if ic  enzymes. I n i t i a l  experim ents 

in to  phytochrome a c tio n  a t  th i s  le v e l  were aimed a t  m easuring lig h t- in d u c e d  

in c re a se s  in  th e  number of polysomes (Pine and 0 ’K le in ,1972; Smith, 1976;

Fouroroy e t  a l , 1979), or in c reases  in  rib o n u c lease  a c t i v i t y  (A cton,1974;

Acton and Schopfer,1974), or even d iffe re n c e s  between th e  t r a n s la t io n  

products  of R.N.A. e x tra c te d  from dark and l ig h t  grown p la n ts  (G iles e t a l . , 

1977; S p iers  and G re irso n ,1978). One way of id e n tify in g  th e  p resence of 

s p e c if ic  m .R .N Jl.s i s  by comparing the m olecular w eights of th e  enzyme 

or enzyme su b u n its , w ith those  obtained from in  v i t ro  t r a n s la t io n ,  using 

e x tra c te d  R.N.A. (u su a lly  by S .D .S .-g e l e le c tro p h o re s is ) .  The problem here 

i s  f in d in g  an in  v i t ro  t r a n s la t io n  system which i s  capable of forming 

completed enzyme su b u n its . Of the  th re e  commonly used systems (ra b b it  

r e t ic u lo c y te ,  wheat germ or E scherich ia  c o l i ) ,  the ra b b it  r e t ic u lo c y te  

system was su c c e ss fu lly  used by Eagg e t  a l . ( l 977); r a d io - is o to p ic a l ly  

la b e l le d  P.A.L. subun its  formed in  v itro  from e x tra c te d  R.N.A. were 

id e n t i f ie d  by p re c ip i ta t io n  w ith a s p e c if ic  antiserum  to  the enzyme, and 

th e  im m m oprecip ita te  analysed by S.D .S. ge l e le c tro p h o re s is . Polyribosom al 

R.N.A. fo r  t r a n s la t io n  was is o la te d  from p a rs le y  c e l l  suspension c u ltu re s  

from U .V .ligh t-induced  c e l l s .  I t  was th e re fo re  apparent th a t  de novo sy n th esis  

of th e  P.A.L. was induced by l ig h t  (no P.A.L. subun its  were ob ta ined  from 

R.N.A.. ex trac ted  from dark c o n tro ls ) .  The r a te s  of appearance of enzyme were 

c o n s is te n t w ith the  changes in  th e  a b i l i t y  of e x tra c te d  R.N.A. to  t r a n s la te  

fo r  the  enzyme in  7 day-old c u l tu re s ,  o lder c u ltu re s  gave a s l ig h t ly  

in c o n s is te n t p a tte rn  (Schroder, 1977)* Immunological techniques have a lso



14

been c a rr ie d  out on th e  in c rease  in  P .A .L .-a c tiv ity  in  sweet p o ta to  tu b e r 

in ju re d  by c u ttin g  (Tanaka and U rita n i,1 9 7 6 ). Antibody sp e c if ic  fo r  P.A..L. 

was used to  measure th e  P.A.L. p ro te in ;  the  development of P .A .L .-a c tiv ity  

was accompanied by an in c rease  in  P.A .L. p ro te in ,  i e .  de novo s y n th e s is ,

Atid th e  d ec lin e  in  P .A .L .-a c tiv ity  was accompanied by a d ec lin e  in  P.A .L. 

p r o te in .  However u s in g  a combination of im m unoprécipitation and ra d io 

is o to p ic  la b e l l in g  to  measure r a te s  of enzyme tu rn o v e r, th e re  was no decrease 

in  th e  r a te  of P.A .L. sy n th esis  during the  d ec lin e  (Tanaka and U ritan i,1977b), 

and i t  was suggested th a t  in a c t iv a t io n  occurred (Tanaka e t  a l .  ,1 977), bu t 

t h i s  was not o p e ra tiv e  u n t i l  a t  l e a s t  10h. a f te r  c u t t in g ,  as p o s tu la te d  f o r  

th e  d ec lin e  in  P.A .L. in  incubated  p o ta to  tuber d isc s  (Zucker,1968). 

Experiments c a r r ie d  out by Blondel e t a l . (1973) on P.A .L. le v e ls  in  ra d ish  

co ty ledons, used an tib o d ie s  a g a in s t P .A .L ., and ob tained  r e s u l t s  which 

in d ic a te d  th a t  a pool of in a c tiv e  P.A.L. (recognized im m unologically) was 

p re se n t in  unstim u la ted  t i s s u e ;  th e se  r e s u l t s  have s ince been r e fu te d ,  on the  

grounds th a t  the  p u r if ic a t io n  technique fo r  P.A .L. was no t s a t i s f a c to ry  (Faye,

1977) .  I t  now appears more l ik e ly  th a t  a mechanism s im ila r  to  th a t  described  

fo r  sweet p o ta to es  and p o ta to e s , o p e ra te s , i e .  the  in c rease  in  P.A .L. being 

due to  sy n th e s is , in a c tiv a tio n  occurring  l a t e r  on (Huault and K lein-Eude,1978; 

Huault and K le in ,1979)»

Immunological techniques p rovide a valuable  a d d itio n a l means of studying 

th e  problem of enzyme le v e ls ;  w ith th e  advantage th a t  in a c tiv e  enzyme 

m olecules ( i f  p re se n t)  may a lso  ; be d e tec ted  and m easured. The methodology 

req u ire d  i s  much more time consuming than previous tech n iq u es , and c a re fu l 

checks must be made throughout to  e lim in ate  e r ro r s .  I t  i s  a lso  n ecessary  to  

have a reasonable understanding  of the  b a s is  of th e  tech n iq u es , so th e  r e s u l ts  

can be in te rp re ted .^

The immunological response of v e r te b ra te s  i s  e l i c i t e d  by the  presence 

of fo re ig n  p ro te in s  or o ther m acromolecules, and r e l i e s  on the a b i l i t y  of 

sp e c ia l p ro te in s , th e  immunoglobulins, to  recognise  invading macromolecules. 

(The re co g n itio n  i s  based on the arrangement of atoms w ith in  the m olecule.
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(conform ation) g iv in g  each molecule a d i s t i n c t i v e ' s h a p e a  p ro p e rty  th a t  

i s  fundam ental to  a l l  biochem ical r e a c t io n s .)  The s iz e  of molecule th a t  

can be recognised  i s  l im ite d ; . th e  la rg e r  th e  m olecule, the g re a te r  the 

p o te n t ia l  fo r  reco g n isab le  d if fe re n c e s . The immunological response i s  based 

on the  a b i l i t y  of s p e c if ic  immunoglobulin m olecules to  re a c t w ith  s p e c if ic  

m olecular c o n fig u ra tio n s  exposed on the  surface of the  invading macromolecule 

( G i l l ,1971) .  These reg io n s  of th e  invading macromolecule are  c a lle d  

'd e te rm in a n ts ’ , and have not been ch a ra c te r ise d  y e t (Blake,1975; White e t  a l . ,

1978) ,  bu t i t  has been estim ated  th a t  th e re  i s  one determ inant/5 ,000  d a lto n s  

(Crumpton,1974). A uto-antibody form ation i s  suppressed by n a tu r a l ly  acquired  

immunological to le ra n c e  (C inader,1967)* Once a fo re ig n  macromolecule has been 

id e n t i f ie d  by a s p e c if ic  an tibody , many id e n t ic a l  immunoglobulin m olecules 

a re  produced by th e  plasma c e l l s  of the  lymphoid system and c irc u la te d  in  

th e  blood where they  combine w ith  and in a c t iv a te  the  invading m acromolecules, 

by forming an tib o d y -an tig en  immunocomplexes . I t  i s  thought th a t  c lo n a l 

s e le c tio n  allow s a clone of sp e c if ic  an tibody forming c e l l s  to  p r o l i f e r a te ,  

and thereby  in c rease  th e  amount of sp e c if ic  an tibody (Roger s ,1 980;. Yan chin s k i ,  1981) 

D iffe ren t c lones of plasma c e l l s  d i f f e r  from each o ther in  th e  form ation 

of a s in g le  p ro te in  only . This means th a t  fo r  each determ inant th e re  i s  

a population  of an tibody m olecules which w il l  r e a c t  w ith only a p a r t ic u la r  

determ inan t. The s p e c i f ic i ty  of an tib o d ies  makes them id e a l to o ls  fo r  

measuring s p e c if ic  m acromolecules.

A ntibodies are  w idely used fo r  studying molecules in  an im als, provided 

th ere  i s  s u f f ic ie n t  immunological d iffe ren ce  between th e  m olecules being 

in v e s tig a te d  and those in  the  animal being used to  r a is e  a n tib o d ie s . The 

problem of m easuring small m olecules ( 5,000 d a lto n s) has been overcome by 

coupling the molecule to  a la rg e  in e r t  m olecule ( a 'h a p te n ') .  Smaller 

molecules are  more l ik e ly  to  produce an homogeneous population  of a n tib o d ie s  

(Arnon,1971) J w ith  la rg e r  macromolecules, the presence of more than one 

determ inant on the an tig en , b r in g s  about an in e v ita b le  h e te ro g en e ity  in  

ti-€ antibody popu la tio n  produced. Each clone of an tib o d ies  i s  sp e c if ic  fo r
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a c e r ta in  d e term inan t, Cinader (1967) recogn ised  th re e  fu n c tio n a l types 

of an tibody , d is tin g u ish ed  b y  th e i r  e f fe c t  on enzyme a c t iv i ty  (of the  an tig en ) 

(1 ) i n h ib i to r y , (2 ) no t in h ib i to ry  but competes w ith  the  s i t e s  of ( l ) , ( 3 )  no 

e f f e c t .  S tim ulation  of enzyme a c t iv i ty  i s  thought to  be a s so c ia te d  w ith 

poor s u b s tr a te ,  or w ith mutant enzymes; b ind ing  of the an tibody  to  the  

an tig en  r e s u l t in g  a change in  conformation which improves th e  enzyme a c t iv i ty  

(Arnon,1973).

Immunogenicity, the  a b i l i t y  to  induce an tib o d y  form ation  can only  be 

determ ined by em p irica l means, and may depend upon th e  anim al and/or sp ec ies  

chosen, and the im m unization..schedule. R abbits are  most commonly employed, 

sheep a re  u su a lly  e q u a lly  su c c e ss fu l, and more s u ita b le  when la rg e  volumes 

of an tiserum  are re q u ire d , ünmunogenicity i s  augmented by sim ultaneous 

in je c t io n  of an tigen  in  sa lin e  so lu tio n  and Freund' s adjuvant ('incomplete* 

co n ta in s  only an e m u ls if ie r  in  m ineral o il, 'c o m p le te * a lso  con ta in s a 

m ycobacterial su spension ), the combination i s  fo re ig n  to  the anim al, even 

i f  the  an tigen  i s  s im ila r  to  a n a tiv e  m olecule, and u s u a lly  i n i t i a t e s  

an tibody  p roduction . The number of immunocompetent c e l l s  may be in c reased  

by p e r io d ic  s tim u la tio n /in je c tio n  ( G i l l ,1971), th e re fo re  i t  i s  l ik e ly  th a t  

serum from la te r  b leeds w ill  have a d if f e r e n t  a v id i ty  and s p e c i f ic i ty ,  i f  

only sm all q u a n ti t ie s  of antiserum  are req u ired  the b a tches of serum are  

kept sep a ra te  and the  most su ita b le  ba tch  used.

The only r e l ia b le  t e s t  of a n tib o d ie s  i s  the  prim ary binding t e s t ,  i e .  

m easuring the amount of antibody bound to  an tig en . This i s  not u s u a lly  

very easy to  m easure, u n less  the an tib o d ie s  are la b e l le d  (Schroder and 

S c h a fe r,1980) , and here the s e n s i t iv i ty  of the t e s t  i s  lim ited  by the  

degree of la b e ll in g  of the  an tibody . Secondary t e s t s  include the p r e c ip i t in  

r e a c t io n ,  ag g lu tin a tio n  and complement f ix a t io n ,  which are d i r e c t ly  dependent 

on the  amount of an tibody-an tigen  complex formed. T e r t ia ry  t e s t s  include 

com petition assays involv ing  the  immune e lim in a tio n  of an tig en , e i th e r  by 

im m unoprécipitation and assay  of the an tigen  a t a range of antiserum  or 

an tigen  co n cen tra tio n s  (im m u n o titra tio n ), or by p r e c ip i ta t io n  of an tig en  in
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th e  p refence of la b e l le d  an tigen  and a lim ited  amount of an tibody , 

fo llow ed  by sep a ra tio n  of the  bound and unbound an tib o d y , the  amount of 

la b e l  in  the  bound f r a c t io n  being in v e rse ly  p ro p o rtio n a l to  th e  amount of 

u n la b e lle d  an tig en  (radioimmunoassay,. Haber and Foul sen , 1974)* The l a t t e r  

techn ique i s  p a r t ic u la r ly  s e n s itiv e  (ng. range) and i s  w idely used f o r  

m easuring hormone le v e ls  in  anim als (F e lb e r,1 9 7 4 ), and i s  an in v a lu ab le  to o l  

in  c l i n i c a l  b iochem istry . The use of s p e c if ic  a n tib o d ie s  fo r  p la n t re se a rc h  

has only  re c e n tly  gained support, p a r t ly  because of th e  work involved 

(Daussant e t  a l . ,1977)* The e a r l i e r  s tu d ie s  w ith  a n tib o d ie s  used th e  

p r e c ip i t in  re a c tio n  as a measure of the  an tibody-an tigen  r e a c t io n . A 

com bination of im m unoprécipitation and ra d io - is o to p ic  la b e l l in g  was used 

by KLeinkopf e t a l . (1970), to  show th a t  th e  lig h t-in d u ce d  in c rease  in  

r ib u lo s e  diphosphate carboxylase in  greening b a r le y  leav es  was due to  de 

novo sy n th e s is  of the  enzyme. Cases where immunological techn iques have 

been used fo r  studying changes in  PJ^.L . le v e ls  have a lread y  been d iscu ssed .

I t  i s  worthwhile considering  th e  r e s u l t s  of experim ents w ith  o th er enzymes,

(no immunological s tu d ie s  w ith  A.A.O. have been published  y e t ) ,  and 

comparing th e  r e s u l t s  o b ta in ed ,w ith  those from experim ents u s in g  o th er 

tech n iq u es . For example, immunological comparison of th e  amylase enzymes in  

germ inating see d lin g s , showed th a t  the  in c rease  inoi-am ylase a c t i v i t y  in  

wheat s e e k in g s ,  was due to  de novo sy n th esis  of a t  le a s t  two isoenzym es,

( in  agreement w ith  r e s u l t s  ob tained  by the  d e n s ity  la b e l l in g  tech n iq u e ,

F iln e r  and Y am er,1967), whereas ^ -amylase, was d e tec ted  in  ungerm inated 

seed s, and was a c tiv a te d  during germ ination (Daussant and C orvazier,1970; 

Daussant and H i l l , 1979)* Kruger (1970) dem onstrated th a t  l a te n t  p -am ylase 

could be a c t iv a te d . in  v i t r o . supporting  evidence fo r  the ro le  of a c t iv a t io n  

in  in c reas in g  th e  le v e l  of ^-am ylase a c t iv i ty .

A ntibodies were used to  study sugar tra n sp o r t in  sugar cane; p la n t  

t i s s u e  tre a te d  w ith  r a b b it  a n t i- in v e r ta s e  serum was unable to  t ra n s p o r t  

su crose . (Bowen and Hunter,1972). The in te rp r e ta t io n  of the r e s u l t s  was 

b a s e d  on the assumption th a t  in v e r ta se  a c t iv i ty  was in h ib ite d  by th e  an tiserum .



18

and t h a t  su c ro se  was no rm ally  h y d ro ly s e d  by i n v e r t a s e  p r i o r  t o  t r a n s p o r t  . 

i n t o  th e  c e l l ,  a c r o s s  th e  plasm a membrane, and re fo rm e d  w i th in  th e  c e l l .

S tu d ie s  on th e  e f f e c t  o f  te m p e ra tu re  on a c id  i n v e r t a s e  in  p o t a to e s  

s u g g e s te d  t h a t  a s p e c i f i c  i n h i b i t o r  o f  th e  enzyme c o n t r o l l e d  i n v e r t a s e  

a c t i v i t y  (P re s s e y  and Shaw,1966; P r e s s e y ,1 96?)•  The e f f e c t s  o f  cyclohex im ide  

on th e  l e v e l s  o f  a c i d - i n v e r t a s e  and P .A .L . in  sweet p o ta to  fo l lo w in g  

wounding were compared; th e  i n c r e a s e  in  b o th  enzymes was i n h i b i t e d ,  b u t  

w hereas  th e  d e c re a se  in  P .A .L . was p re v e n te d  by  cy c lo h ex im id e ,  th e  d e c l in e  

i n  i n v e r t a s e  was s t im u la t e d  (M a tsu sh i ta  and U r i t a n i , 1 975)• The d i f f e r e n t i a l  

a c t i o n  of cyc lohex im ide  was e x p la in e d  by d i f f e r e n c e s  i n  th e  i n a c t i v a t i n g  

mechanisms f o r  th e  two enzymes, i n v e r t a s e  b e in g  i n a c t i v a t e d  im m ed ia te ly  

s y n th e s i s  was co m p le te ,  and P .A .L . i n a c t i v a t i o n  o c c u r r in g  p r i o r  to  th e  

o b se rv ed  d e c l in e  in  a c t i v i t y .  An i n a c t i v a t o r  was s u b s e q u e n t ly  i s o l a t e d  

from sweet p o t a to e s  s p e c i f i c  f o r  i n v e r t a s e  (M a tsu sh i ta  and U r i t a n i , 1 976).

In r a d i s h ,  i n v e r t a s e  ( ^ - f r u c t o f u r a n o s id a s e )  was found  to  be under  phytochrome 

c o n t r o l  (Zouaghi and R o l l i n ,1 9 7 6 ) ,  i n h i b i t o r  s t u d i e s  showed t h a t  in  r o o t s ,  

cyclohex im ide  was i n h i b i t o r y ,  b u t  was n o t  in  h y p o c o ty l s .  This  was a t t r i b u t e d  

t o  a t r a n s f e r  o f  c y t o s o l i c  enzyme to  c e l l  w all*^assoc ia ted  a c t i v i t y  induced  

by  f a r - r e d  l i g h t  in  th e  h y p o c o ty ls .  Immunological s t u d i e s ,  b a sed  on 

im m u n o t i t r a t io n ,  double  d i fA is io n  p r e c i p i t i n  fo rm a t io n  and rad io im m unoassay , 

showed t h a t P “f r u c to f u r a n o s i d a s e  v/as s y n th e s is e d  in  r ip e n in g  tom ato f r u i t  

( i k i  e t  a l . , 19.78) "but i n a c t i v e  enzyme was i d e n t i f i e d  in  senesc. ^  f r u i t  

(Nakagawa e t  a l . ,1 9 8 0 ) .  T h is  T/as in  agreement w ith  th e  r e s u l t s  o f  e a r l i e r  

s t u d i e s  on th e  development of c e l l  w all-bound  a c t i v i t y  in  r i p e n i n g  and 

senesctriL. tom ato f r u i t  (iw atsubo e t  a l . , 1975; Iw atsubo e t  a l .  ,1976 ) .  The 

a c t i v a t i o n  of i n v e r t a s e  a c t i v i t y  in  c h ic o ry  r o o t  was shovm to  be s t im u la te d  

by 2 ,4 -d ic h lo ro p h e n o x y a c e t ic  a c i d ;  du a l  r a d i o - i s o t o p i c  l a b e l l i n g  experim en ts  

s u g g es ted  t h a t  de novo s y n th e s i s  was n o t  r e s p o n s ib le  f o r  th e  l a r g e  2,A-D 

s t im u la te d  in c r e a s e  in  a c t i v i t y ,  b u t  a second isoenzyme was p ro b a b ly  in c re a s e d  

th ro u g h  de novo s y n t h e s i s .  (Gordon end H o o d , 1980).  T h e re fo re  b o th  s y n th e s i s  

and a c t i v a t i o n  appear to  be in v o lv e d  in  in c r e a s in g  in v e r a t s e  a c t i v i t y .
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although d i f f e r e n t  isoenzymes may be invo lved . An eq u a lly  complex p ic tu re  

i s  rev ea led  by s tu d ie s  on n i t r a t e  red u c tase  (N .R .) -a c tiv ity . In h ib ito r  s tu d ie s  

suggested th a t  p ro te in  sy n th e s is  was re q u ired  fo r  the  d isappearance of 

N.R. in  b a r le y  leaves fo llow ing  removal of l ig h t  (T ravis e t a l , , 1969) ,  and 

the  n itra te - in d u c e d  in c rease  in  N .R .-a c tiv ity  req u ired  a l ig h t  period  

(Travis e t a l . , 1970), suggesting  th a t  in a c t iv a t io n  occurred , the  l ig h t  

treatm ent re le a s in g  a c tiv e  enzyme. D ensity la b e l l in g  experim ents showed 

th a t  the  n itra te - in d u c e d  in c re a se  in  c u ltu re d  tobacco c e l l s  was accompanied 

by de novo sy n th es is  of N.R. (Z ielke and F i ln e r ,1971 )• The enzyme in  p eas , 

was subsequently  shown to  be mediated v ia  phytochrome; enzyme a c t iv i ty  was 

a lso  seen to  dec lin e  in  th e  presence of n i t r a t e  (Jones and Sheard,1975)*

N.R. in  m ustard i s  a lso  under phytochrome c o n tro l;  the n i t r a t e  induction  

was s e n s it iv e  to  cyclohexim ide, but the l ig h t  induction  of th e  enzyme was 

not (Johnson,1976) ,  in d ic a tin g  the opera tion  of a t  le a s t  two mechanisms in  

the  co n tro l of N .R .-a c tiv ity . A dual mechanism was a l s o . suggested fo r  th e  

N.R. response in  green algae (Hipkin and S y re tt ,1 977)* A re c e n t study 

showed th a t  im m unologically recogn izab le  N.R. was p resen t in  C h lo re lla . bu t 

was not a c t iv e ,  th e re fo re  although the enzyme had been newly sy n th esised , 

a c t iv i ty  was no t expressed imm ediately (Funkhauser e t a l , ,1 9 8 0 ) .  The in crease  

in  a c t iv i ty  of a sp e c if ic  isoenzyme of c e l lu la s e  in  the  ab sc iss io n  zone of 

leaves of Fhaseolus v u lg a r is , was shown to  be due to  an in c rease  in  

immunologically d e tec ta b le  isoenzyme, using  the  radioimmunoassay technique 

to  measure the  c e llu la se  p ro te in  (Sexton e t a l . ,1 98O ),A ntibodies were 

a lso  used to  d e tec t c e llu la se  in  in  v i t ro  tra tis l î t ic îl  products formed using 

R.N.A. ex trac ted  from a u x in -tre a te d  pea e p ic o ty ls ,  auxin treatm ent re su lte d  

in  an increase  in  the  c e llu la se  m.R.N.A. and a f te r  a 24h. la g ,a n  in c rease  in  

c e llu la s e  a c t iv i ty  (Verma e t a l . , 1975). The radioimmunoassay technique was 

a lso  used to  measure the  le v e ls  of two po lygalactu ronase  isoenzymes during 

rip en in g  of tomato f r u i t  (Tucker e t a l . , 1981) ,  de novo sy n th esis  of enzyme 

occurred , although in  f u l ly  ripened  tomatoes some in a c tiv e  enzyme was 

d e tec ted .
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This review  has shown th a t  immunological techn iques can he used fo r  

studying enzyme le v e ls  in  p la n ts ,  and th a t  isoenzymes and in a c tiv e  enzyme 

m olecules a re  o ften  recognised  by th e  antiserum  ra is e d  ag a in s t a c tiv e  

enzyme. I t  i s  hoped to  use s im ila r  techniques in  t h i s  in v e s tig a tio n  in to  

th e  pho tocon tro l of P,A,L, and A,A.0 .  le v e ls .  By comparing changes in  

enzyme a c t iv i ty  and changes in  enzyme p ro te in  c o n te n t, i t  should be p o ssib le  

to  d is t in g u is h  between in c reases  in  enzyme a c t iv i ty  a r is in g  v ia  de novo 

sy n th es is  of th e  enzyme, and in c re a se s  a r is in g  from a c tiv a tio n  of e x is tin g  

but in a c tiv e  enzyme m olecules. 1/ïhere tra n s ien t in c re a se s  in  enzyme a c t iv i ty  

occur i t  should a lso  be p o ssib le  to  ob ta in  in form ation  r e la t in g  to  the  

d ec lin e  in  enzyme a c t iv i ty .  The two enzymes being s tu d ie s  are  s u f f ic ie n t ly  

la rg e  to  possess many d e term inan ts , making i t  l ik e ly  th a t  iso - fu n c tio n a l 

enzymes from d if f e r e n t  p lan t sources w il l  c ro s s -re a c t  w ith the  antiserum  

ra is e d  ag a in s t enzyme from a p a r t ic u la r  p la n t;  whether th e  degree of 

c ro s s - r e a c t iv i ty  w i l l  be adequate to  allow  enzyme from o ther p la n ts  to  be 

measured ( ie .  whether th e re  w il l  be a s u f f ic ie n t  number of reco g n isab le  

determ inants on each enzyme), can n o t be p re d ic te d , and must be determ ined 

by experim ent.
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SECTION 2 MATERIALS AND METHODS

2.1 PLANT MATERIAL

2 .1 .  1____Source of P o ta to es; Potato  tu b e rs  ( Solanum tuberosum ,L .) ,  o f

sev e ra l v a r i e t i e s ,  most f re q u e n tly  'King E d w a rd 's 'o r 'D e s ire e ' ,  were purchased 

from th e  lo c a l  market and s to re d  in  darkness a t  4*C. Tubers th a t  had been 

sto red  in  t h i s  way fo r  more than 4  months or th a t  showed signs o f p h y sica l 

damage, sp rou ting  or fungal in fe c tio n  were d iscarded .

2 .1 .2  P rep ara tio n  and Incubation of Potato  Tuber D iscs: The method

used fo r  p rep a ra tio n  of the  p o ta to  d isc s  was taken  from Havir and Hanson/l970) 

The tu b e rs  were f i r s t  washed in  tap  w ater, columns of tu b e r t is s u e  were 

removed w ith  a cork-borer ( in te rn a l  diam eter l 8mm), and then s lic e d  in to

1-2mm th ic k  d isc s  using  a ra z o r  b lad e . The d isc s  were r in se d  in  d i s t i l l e d  

water se v e ra l tim es ( u n t i l  the  r in s in g  so lu tio n  was no longer cloudy), and 

b lo t te d  dry  on f i l t e r  paper befo re  being weighed. The d isc s  were incubated 

in  tra n sp a re n t p la s t ic  p e t r i - d is h e s ,  each con ta in ing  14 d isc s  and 5ml. 

d i s t i l l e d  w ater ( s u f f ic ie n t  to  keep th e  d isc s  m oist w ithout being com pletely 

submerged) and placed under white l ig h tin g  (Section  2.5*1) in  a constant 

tem perature c a b in e t, between 18* and 25*C. For dark in c u b a tio n s , p e t r i -  

d ishes were covered in  two la y e rs  of aluminium f o i l  befo re  p lac in g  in  the  

l ig h t  c a b in e t. D iscs were incubated fo r  up to  4 2 h ., d isc s  from p e tr i-d is h e s  

showing blackening  or considerab le  so ften in g  of t is s u e  were not used. The 

d isc s  were b lo t te d  dry on f i l t e r  paper and reweighed befo re  e x tra c tio n .

2 .1 .3  Source o f Seeds; Mustard (S inapis a lb a .L . ) . gherkin ( Cucumis 

s a tiv u s .L .v a r. 'Venlo P ic k lin g ')  and pumpkin ( Cucurbita pepo,L .v a r. 'G o u rd ')  

seeds were obtained from Asmer Seeds L td. ,L e ic e s te r . Damaged or ir re g u la r  

seeds were removed.

2 .1 .4  P rep ara tio n  of Seeds: To prevent fungal contam ination during the

germ ination and growth of se e d lin g s , mustard and pumpkin seeds were soaked 

in  10^  N a-hypochlorite so lu tio n  (fo r  5 and 10 min. r e sp e c tiv e ly )  and 

r in se d  in  d i s t i l l e d  water tw ice ; excess w ater was removed on f i l t e r  paper. 

U ntreated seeds o f mustard and pumpkin were r a p id ly  contam inated during
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in cu b a tio n  a t  25*C (cond itions fo r  germ ina tion ), gherkin seeds d id  no t 

r e q u ire  th i s  tre a tm e n t.

2 .1 .5  Germination and Growing Conditions: The prepared seeds were '

sp rin k led  on to  50ml. ^fo agar ( 'Q x o id ' Agar No. 1 ) ,  approx. 0.5cm. depth 

in  c le a r  p la s t i c  lunch boxes w ith  f i t t e d  l id s  (11.5 x 17.5cm. base a re a ,

6.0cm. depth) and th ese  were p laced  in  a growth room a t  25*0,

Mustard seeds were germ inated in  darkness (Section  2.3*5)5 a f t e r  36-48h.

some boxes of seed lin g s  were tra n s fe r re d  to  continuous f a r - re d  l i g h t  (Section

2 . 3 . 3 ) .  Seedlings up to  7 2 h .-o ld  were harvested  and ex trac ted  w ith in  ^h.

Gherkin seeds were germ inated in  darkness (S ection  2 .3 .5 ) ;  when seed lings 

were 3 days-old  boxes of seed lin g s  were e i th e r  t ra n s fe r re d  to  continuous 

b lu e  l ig h t  (S ection  2 .3 A ) or w hite l ig h t  (Section  2 .3 .1 ) ,  or l e f t  in  

dark n ess , fo r  up to  7b. (or 24 h .) .  T issue was harvested  and e x tra c te d  

w ith in  20min•.

Pumpkin seeds were germ inated under white l ig h t  (Section 2.3*1) or in  

darkness (Section 2.3*5)* At v ario u s  stages of development boxes of dark- 

grown seed lin g s  were tra n s fe r re d  to  the  w hite l ig h t .  Seedlings up to  120h.

(5 days) -o ld  were h arv ested  (the tough seed coats  were removed from seed ling  

4 8 h .-o ld  or le s s  by squeezing across  th e  w idest p a r t  of the  seed ), and 

e x tra c te d  w ith in  20m in..

2 .1 .6  Tobacco C ell Suspension C u ltu res: C ultures of tobacco c e l l s

(N ico tiana  tabacum. L. ) were in i t i a t e d  and m aintained by D.Pearson 

(Phd. th e s is  1979)* Subculturing on to  f re s h  medium was c a rr ie d  out a t  

7-21 day in te rv a ls ,  u sing  s te r i l e  tech n iq u es . C ells from s ix  stock 

c u ltu re s  (in  250ml. co n ica l f la s k s )  were f i l t e r e d  through a s te r i l i z e d  gauze 

then pooled and tra n s fe r re d  to  f re s h  medium in  a A l. ferm enter f la s k .  (For 

d e ta i l s  of cu ltu re  medium see D.Pearson 1979) The main d iffe ren ce  between 

the stock  and experim ental medium was in  the  hormone co n cen tra tio n s . The 

stock medium contained auxin (naphthalene a c e tic  ac id ) a t  2mg/l. and 

k in e t in  a t  0 .2m g/l. ,  w ith  sucrose a t  30g / l .  and caesin  hydro lysate  a t  1g / l . .



23

The experim ental medium contained auxin a t  0 .2m g/l. and k in e tin  a t  0 ,02m g/l,, 

w ith  sucrose a t  30 o r 5 0 g /l., hu t no caes in . C ell suspension c u ltu re s  were 

incubated  fo r  up to  14 days w ith  a continuous f i l t e r e d  a ir - f lo w , bo th  

a e ra tin g  and mixing the  c e l l s .  Samples (between 100 and 200ml.) were taken 

a f t e r  shaking th e  f la s k s  to  d is t r ib u te  th e  c e l l s  evenly; th e  c e l l s  were

h arv ested  by vacuum f i l t r a t i o n  on a Büchner fu n n e l lin e d  w ith 1 la y e r  of 

'M irac lo th* , and ex trac ted  im m ediately.

2 .1 .7  Source of Enzymes; C ucurbita A Jl.O . was obtained from Boehringer 

Mannheim GmbH. Biochemica, Boehringer Corp. L td .(ca ta lo g u e  n o .236314). 

Rhodotorula P.A.L. and th e  enzymes and p ro te in s  fo r  c a l ib ra t io n  of g e l 

f i l t r a t i o n  and polyacrylam ide ge l e le c tro p h o re s is  columns were obtained 

from Sigma Chemical Co.

2 .2  BIOCHEMICALS

All b iochem icals were a n a ly t ic a l  grade re a g e n ts , obtained from Sigma Chemical 

Co., B.D.H. Chemicals Ltd. or E isons S c ie n t i f ic  Apparatus Ltd. u n less  

otherw ise s ta te d .

2.3 LIGHT SOURCES

2.3 .1  liVhite Light : An i r r a d ia t io n  area  of 50 x 100cm. was provided by 

th re e  white f lu o re sc e n t tu b e s , in  a tem p era tu re -co n tro lled  environment.

P lan t m a te r ia l was placed  20-30cm. below the  l ig h t  source, and th e  fluence 

r a te  (400-800nm.) was 40-6(^<Mol.mT^s''.

2 . 3 .2  Dim White L ight; A s in g le  white f lu o re sc e n t tube provided lig h tin g  

in  a tem p era tu re -co n tro lled  room; ferm enter f la s k s  and stock f la s k s  were 

p laced  1 .5-2 .0m . away, rec e iv in g  a fluence r a te  (400-800nm.) of 0.7-0.8^Mol. 

mT̂ s"'.

2 . 3.3  Ear-Red L ight: An i r r a d ia t io n  area  of 36 x 66cm. was provided

by ten  15OW. s in g le  c o i l ,  c le a r  envelope, tungsten  b u lb s, above a tra n sp a re n t 

w ater-cooled p la te  (2cm. th ic k ) ,  1 lay er (3nim.) o f 'r e d  4 0 0 ' p ersp ex , 1 lay e r 

(3nun.) of 'g reen  6OO' perspex and 1 layer(3m m ., sandwiched between sheet 

g la ss )  o f'deep  b lue Cinemoid No.2 0 '.  (Cinemoid was obtained from Rank S trand, 

B re n tfo rd ., perspex from I .C . I .  Welwyn Garden C ity) The fluence r a te  (400-
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SOOnin.) a t  the p o s itio n  of the  see d lin g s , 5cm. below the f i l t e r s ,  was 

58^ 0] m~^"’. P h o to sy n th e tic a lly  a c tiv e  ra d ia t io n  (P.A .R.) (400-700nm.), 

gave a fluence  r a te  of 0,09 Mo^m'^"*.. The f a r - r e d  i r r a d ia t io n  (peak a t  730nm 

gave an estim ated  p h o to s ta tio n a ry  s ta te  ( tP f r ] /[P to t}  ) ,^ c ( c a lc u la te d )  of 

0 . 005 . (Holmes and Smith, 1975)

2 . 3 .4  Blue Light ; An i r r a d ia t io n  area  of 36 x 66cm. was provided by 

s ix  20W. coo l-w hite  d ay lig h t tubes (w ith b lack  in su la tio n  tape  masking the  

ends of the  tubes to  obscure em ission of f a r - r e d  l i g h t ) ,  above 1 lay e r 

'deep blue Cinemoid No.20’ and a 2cm .-th ick la y e r  of 1 .5^  copper su lphate 

so lu tio n . The fluence  rate(400-800nm .) ,  5cm. below the  f i l t e r s  was

1 . 51/IM0I, nCPs"'. ,  and 1 .5 ^ M o l. m”̂ s"‘.  fo r  th e  photo s y n th e t ic a l ly  a c t iv e  

r a d ia t io n . The p h o to sta tio n a r y  s t a t e , ^ c  o f  0 .45#

2 . 3 .5  Green Safe L igh ts; A p o rta b le  green safe  l ig h t  was provided by a 

m an u fac tu re r 's  lum inair w ith  a 20 or 40W. green f lu o re sc e n t tu b e . Dark 

rooms were f i t t e d  w ith  f lu o re sc e n t tubes (masked a t  the ends to  obscure 

em ission of f a r - r e d  l i g h t ) , f i l t e r e d  through two la y e rs  of 'p rim ary  green 

Cinemoid No.3 9 ',  and surrounded by sev era l la y e rs  of b lack  p la s t i c  sheet 

(n e u tra l d e n s ity  f i l t e r ) ,  g iv ing  a fluence r a te  (iGO-SOOnm.) of O.OOytMol. 

mT^s"'., and p h o to sy n th e tic a lly  a c tiv e  ra d ia t io n  (400-700nm.) of O.OOZyKMol. 

nf/s"'.. The p h o to s ta tio n a ry  s ta te  was measured using dark-grown t i s s u e ,

^m (m easured) of 0 .01 .

2 . 3.6  Measurement of Light Sources: Fluence r a te s  were measured w ith a

scanning spectro rad iom eter c a lib ra te d  between 400 and 800nm. (Gamma 

S c ie n tif ic  Ihcorp .,S an  D iego.) P h o to sta tio n ary  s ta te  was e i th e r  ca lcu la ted

jẐ c (Holmes and Sm ith ,1975) or m easured^m . For th e green sa fe  l i g h t s ,^ m  

was determ ined by m easuring sam ples o f  dark-grown pea h y p o co ty ls  p laced  

in  the c u v e t te ,  in  a dual w avelength  spectrophotom eter ( Perkin Elm er,

Model 156) and c a lc u la tin g  the  phytochrome photoequilibrium  (th e  r a t io  

of absorbances a t  66O and 720nm., fo llow ing b r ie f  f a r - re d  and red  ir ra d ia tio n s ) ,

2.4  EXTRACTION PROCEDURES

A ll e x tra c tio n s  were c a rr ie d  out a t  4*C (cold  room or ic e -b u c k e t) . Upon
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h a rv e s tin g , seed lin g s were d iv ided  in to  cotyledon p a i r s ,  hypocotyls 

(inc lud ing  th e  hook re g io n ) and r a d ic le s ,  depending on the stage of 

development. The seed coat was removed from seed lings during the  e a r ly  

s ta g e s . No hypocotyl reg ion  was d is tin g u ish a b le  in  m ustard seed lin g s  le s s  

than  4 0 h .-o ld , or pumpkin seed lin g s  le s s  than  5 days-o ld . A minimum of 

50 t i s s u e  se c tio n s  were e x tra c te d  to g e th e r .

2 .4.1  E x trac tio n  Procedures; P lan t t i s s u e  was ground in  a m ortar and 

p e s tle  w ith  a su ita b le  volume of e x tra c tio n  b u ffe r  (Section  2 .4 .2 )  fo r  

Im in .. The homogenate was f i l t e r e d  through 1 la y e r  of 'M iracloth* and 

c en trifu g ed  in  an Eppendorf C entrifuge 3200 fo r  two 2min. sp in s . (Running 

speed 12,000rpm.=10,000 x g .)  Volumes g re a te r  than  20ml. were c en trifu g ed  

in  an M .S.E .I8 high speed ce n trifu g e  a t  10,000 x g. fo r  15min. a t  4®C.. The 

supernatan t was c o lle c te d , th e  p e l le t  d isca rd ed ; those samples con ta in ing  

la rg e  q u a n t i t ie s  of l i p id  (eg . from co ty ledons) gave a su rface  la y e r  of 

l ip id  m a teria l,w h ich  was d iscarded  (to g e th e r w ith  the p e l l e t s )  by using

a P asteur p ip e t te  to  c o l le c t  th e  su p ern a tan t. An a d d itio n a l c e n tr ifu g e  spin 

was c a r r ie d  out i f  l i p i d  m a te r ia l mixed w ith  th e  su p ern a tan t. A ll supernatant 

volumes were ad ju sted  by the  ad d itio n  of e x tra c tio n  b u ffe r  to  the  supernatant 

so th e  volume was p ro p o rtio n a l to  the number o f t is s u e  se c tio n s  used . Samples 

were kept a t  4*C before assay in g , or frozen  fo r  s to rag e .

2 .4 .2  E x trac tio n  B uffers and Volumes,P.A.L. E x trac tio n s ;

[A] 75mM b o ra te  b u f fe r ,  pH.8 .8  con ta in ing  ImM E.D .T.A ., 10mM D-iso-

asco rb a te  and 2-m ercaptoethanol.

Potato  d is c s :  2ml/g, t i s s u e ,  mustard t i s s u e :  1ml/lO s e c tio n s , 

gherkin t i s s u e :  1.5ml/lO  se c tio n s .

I bI lOOmM Na-phosphate b u f fe r ,  pH 6 .5  or 7 .2  con tain ing  e i th e r  5niM 

2-m ercaptoethanol or ImM g lu ta th io n e .

Mustard and gherkin t is s u e  as [a] .

[cl 75mM b o ra te  b u f fe r ,  pH 8 .8  con tain ing  ImM E.D .T.A ., 5mM N a-su lph ite

and 5̂ iM 2 -m e rc a p to e th a n o l .

Tobacco c e l l s :  2 .5nil/g . harvested  (m oist) c e l l s .
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A.A.O. E x trac tio n s:

[o] lOOmM c itra te -p h o sp h a te  b u ffe r , pH 5*0.

Mustard t i s s u e :  2 .0m l/g. t i s s u e ,  gherkin and pumpkin t i s s u e :  2.5nil/g . 

t i s s u e .

2 .4 .3  D esalting : Sephadex G-25 (medium) was obtained from Pharmacia 

Fine Chemicals AB, Uppsala, Sweden. The dry gel was added to  b u ffe r  and 

allowed to  swell overnight a t  room tem perature. Swollen gel was sto red

a t 4°C, but was allowed to  warm up before pouring colum ns,at room tem perature 

(reducing the ex tent of a i r  bubbles formed). Columns were tra n s fe rre d  to  

4*C and e q u ilib ra te d  a t  th a t tem perature with running b u ffe r . The void 

and t o t a l  column volumes were determined with samples of blue dextran and 

sodium n i t r i t e  (potassium  Bichromate was used with non-borate b u f fe r s ) .  

F rac tio n s  from the columns,up to  20ml. t o ta l  volume were c o llec ted  m anually, 

o therw ise an U ltro rac  F rac tion  C o llecto r (L.K .B.,model 7000, f i t t e d  w ith 

an autom atic v a lve , model 7017-2) was used. The p ro te in -co n ta in in g  f ra c tio n s  

were pooled and 's ta b il iz in g *  reagen ts  added immediately(where n ecessary ).

2 .4 .4  D esalting  B uffers and Columns,P.A.L. E x trac ts j

[x] Sephadex G-25 column: 1.5cm. diam eter x l6.0cm . h e ig h t,

e q u ilib ra te d  in  50mM borate  b u f fe r ,  pH 8 .8 .

Potato e x tra c t samples (2.0-5*0m l.) were d e sa lte d , and 2.0ml. 

f ra c tio n s  c o lle c ted  a t a flow r a te  of 1 .Oml/min.

[y] Sephadex G-25 columns in  10ml. p la s t ic  syringe b a rre ls  (up to  the

10ml. mark) e q u ilib ra te d  in  e i th e r  50mM b o ra te  b u ffe r , pH 8.8 or

lOOmM Na-phosphate b u ffe r , pH 7 .2 .

Mustard and gherkin e x tra c t samples (l.O m l.) were d esa lte d , the void 

volume (3,0ml) was discarded and the next 2.5ml co llected .D -isoascorbate  

was added to d esa lted  mustard sam ples, to  10mM.

A.A.O. E x trac ts]

[z ] Sephadex G-25 columns in  10ml. p la s t ic  syringe b a rre ls  (as [ y] ) 

e q u ilib ra te d  in  lOOmM c i t r a te  phosphate b u f fe r ,  pH 5*0.

Mustard e x tra c t samples (l.O m l.) were d esa lted  as fo r [ f ] .  No
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a d d itio n a l reag en ts  were added.

2.5 ENZYME ASSAYS

2 . 5.1 R adioisotope Assay fo r  P .A .L .-A c tiv ity ; The assay  was based on th a t  

of'Kuokol and Conn, I 961 , bu t using t r i t i a t e d  L-phenylalanine (A ttr id g e ,

Johnson and Smith, 1974) A ll assays were c a rr ie d  out in  d u p lica te  and th e  

mean value used . The re a c tio n  m ixture contained 0.2m l. enzyme sample and 

0.2m l. 75niM b o ra te  b u f fe r ,  pH 8 .8 , and was incubated a t  37°C. The re a c tio n  

was in i t i a t e d  by adding 0.2m l. 6mM L-phenylalanine con ta in ing  O.O^Ci 

L-[4-^H] -phenylalan ine (from The Radiochemical C entre, Amer sham.) and 

incubated fo r  5O-I20m in., then stopped by adding 1 .5ml* so lu tio n , con ta in ing  

l.O m l. 20^ (w/v) t r ic h lo r o - a c e t ic  ac id  and 0.5ml. 0 .1 ^  (w/v) trans-c innam ic 

ac id  in  O.O5M KOH. Cinnamic ac id  was then ex trac ted  from the  re a c tio n  

m ixture by mixing w ith  3*0ml. to luene fo r  10 -20s., th e n  cen trifu g in g  in  a 

bench cen trifu g e  fo r 5m in .. A 2.0ml. a liq u o t of the to luene (upper) phase 

was mixed w ith Su l. s c in t i l l a t io n  f lu id  (5g. 2 ,5 -d ip h en y lo x azo le /l. to lu e n e ) . 

R ad io a c tiv ity  was counted in  a Beckmann s c in t i l l a t io n  co u n te r, model L-3133P 

or LS-100. A co n tro l assay  was c a rr ie d  out w ith b u ffe r  in s te ad  of enzyme 

sample to  ob tain  a b lank value (which, due to  the s l ig h t  s o lu b i l i ty  of 

phenylalanine in  to luene was higher than the  le v e l of background ra d io a c t iv ity ) .  

A quench co rrec tio n  curve was determined using a s e t of standard  carbon 

te trach lo rid e-q u en ch ed  tr i t iu m - la b e l le d  to luene samples (from Amersham-Searl e ,  

no. 180050, 1975) This assay  has sev era l advantages over the  conventional 

spectrophotom etric assay  (Section  2 .5 * 4 ), being su ita b le  fo r  measuring low 

le v e ls  of P .A .L .-a c tiv ity , in. many samples to g e th e r , w ith r e la t iv e ly  crude 

emzyme p re p a ra tio n s . The s e n s i t iv i ty  of the  assay  was in creased  by using  

L-phenylalanine a t a h igher sp e c if ic  r a d io a c t iv i ty  (O.^Ci.Irf*C4-^H] 

phenylalanine/O . 2ml. L-phenylalanine ) .  Samples w ith p a r t ic u la r ly  low P .A .L .- 

a c t iv i ty  (such as e x tra c ts  from e t io la te d  mustard and gherkin t is s u e  or 

from f re s h ly  s lic ed  po ta to  tuber t is su e ) ,w e re  assayed by mixing 0.4ml.

75mM bora te  b u ffe r  pH 8 .8  w ith 0.4ml. enzyme sample, and adding 0.2ml. 10mM 

L-phenylalanine to  i n i t i a t e  the re a c tio n .
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2 .5 .2  L in e a r ity  of the R adioisotope P J l.L . Assay; Potato  P.A.L. samples 

from bo th  dark- and L igh t-incubated  p o ta to  tuber d isc s  were d esa lted  (on 

sep ara te  Sephadex G-25 columns) and assayed fo r c e r ta in  p e r io d s , between 

30 and I80min. long. The r e s u l t s  are  shown in  Figure 2 .1 , th e  assay  was 

l in e a r  fo r  a t  le a s t  iSOmiiL.. Using the  more se n s itiv e  form o f  P J l.L . a ssay , 

saunples of P.A.L from dark-grown and from fa r - r e d  t re a te d  m ustard seed lings 

were assayed (see F igure 2 .2 ) .  The assay  was l in e a r  f o r  a t  l e a s t  150min. 

w ith f a r - r e d  tre a te d  mustard cotyledon e x tr a c ts ,  but w ith e x tra c ts  from 

dark-grown seed lings th e  assay  was only  l in e a r  fo r  90min.. Short assay  p erio d s  

(30 m in .) gave ap p aren tly  high P.A.L. a c t iv i ty ,  and were no t subsequently  used . 

P.A.L. from dark-grown m ustard was le s s  s ta b le  in  supernatan t e x tra c ts  

than from fa r - re d  tre a te d  se ed lin g s , the  l a t t e r  a lso  contained higher le v e ls  

of P.A.L. a c t iv i ty .  Mixing experim ents were c a r r ie d  out fo r  both  dark- and 

l ig h t - t r e a te d  t is s u e  (m ustard, gherkin and p o ta to ) e x t r a c ts ;  th e re  was no 

evidence fo r  in h ib i to rs  or a c t iv a to rs  in  the  e x tr a c ts ,  although the s t a b i l i t y  

of P.A.L. in  dark- and l ig h t - t r e a te d  t i s s u e  e x tra c ts  was s l ig h t ly  d if fe re n t  

over longer p eriods of tim e (such as 24h.)

2 . 5*3 Assay of P.A.L. in  Gel S lic e s ; P .A .L .-a c tiv ity  was lo c a ted  on 

polyacrylam ide rod g e ls  and in  agarose ge l a f te r  e le c tro p h o re s is  by d ire c t  

assay of the  g e l s l i c e s .  The re a c tio n  m ixture contained th re e  1mm- 

polyacrylam ide rod ge l s l ic e s  or one 0 .5  x 1.0cm sec tio n s  of agarose g e l ,  

w ith 0 .3m l. 75mM b o ra te  b u f fe r ,  and incubated  fo r  lOmin. a t  37*0, before 

in i t i a t in g  the  re a c tio n , by adding 0.2m l. 6mM L-L^H] pheny la lan ine . The 

re ac tio n  was stopped a f te r  éOmin., and the cinnamic acid  formed measured 

as in  Section 2.5*1.

2 . 5 .4  Spectrophotom etric Assay fo r  P .A .L .-A c tiv ity ; The assay  was 

based on th a t  used by Zucker, 1963. The continuous assay  was c a rried  in  

quartz cu v e tte s  in  a tem p era tu re -co n tro lled  U.V. Spectrophotom eter (Unicam, 

model SPBOOA), The re a c tio n  m ixture contained 0.4ml, enzjnne sample, l.Oml.

50mM or lOOmM borate  b u ffe r  pH 8 .8  and d i s t i l l e d  water to  2 .8 m l., incubated 

a t  5 7 A second cuvette  a c tin g  a s  a b lank , contained enzyme sample b u t



Figure 2.1

Graph to  show th e  l i n e a r i t y  of the  rad io iso to p e  P.A.L. 

assay  using  p o ta to  P J l.L . e x t r a c ts .

Potato  tu b e r d is c s  were incubated  fo r  20h. in  darkness (D) or in  

w hite l ig h t  (L); supernatan t e x tra c ts  were d e sa lte d  and assayed as 

described  in  S ection  2.5.1 fo r  a range of assay  p e r io d s , between 

60 and l80m in ..

F igure 2 .2

Graph to  show the  l i n e a r i t y  of the  ra d io iso to p e  P.A.L. 

assay  using  m ustard cotyledon e x tr a c ts .

Dark-grown m ustard seed lings 4 0 h .-o ld  were e i th e r  t ra n s fe r re d  to  

f a r - re d  l ig h t  (FR) o r l e f t  in  darkness (D) fo r  a fu r th e r  24h .; 

supernatan t e x tr a c ts  of coty ledons were assayed as described  in  

Section 2.5*1 (using  the  more s e n s it iv e  form of the  a ssa y ) , fo r  

a range of assay  p e r io d s , between 30 and 150min. .
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no su b s tra te  was added. The increase  in  absorbance of cinnamate a t  290nm. 

was follow ed over a 5-lOinim. period  a f te r  i n i t i a t in g  th e  re a c tio n  by adding 

0.2m l. 10OmM L-phenylalanine so lu tio n . The i n i t i a l  r e a c t io n  r a t e  was used 

to  c a lc u la te  the  enzyme a c t iv i ty ,  using  an extim ction c o e f f ic ie n t  fo r  

cinnamate of E(290nm. )=10 ,000 . The re a c tio n  r a te  was l in e a r  fo r  0-5m in., 

depending on the  amount of enzyme a c t iv i ty .  S lig h tly  h igher P J Ü .L .-a c tiv it ie s  

were ob tained  using  th e  lower b u ffe r  con cen tra tio n  (50mM), This assay  was 

le s s  s e n s i t iv e  tham the  rad io iso to p e  a ssa y , and was no t su ita b le  fo r  assay ing  

m ustard and gherkin cotyledon samples (which contained la rg e  q u a n ti t ie s  

of p r o te in ,  th a t  in te r f e r s  w ith  absorbance re a d in g s) . The stopped 

spectrophotom etric  assay  of Kuokol and Conn, 1961 i s  more s u ita b le  fo r  

such sam ples, b u t also ta k e s  much longer to  com plete. The continuous 

spectrophotom etric assay  was compared w ith th e  ra d io iso to p e  assay  using  

p o ta to  P.A.L. samples, a good c o r re la t io n  was found between the  two methods, 

a lthough  the l a t t e r  gave c o n s is te n tly  h igher r e s u l t s  (approx. 1.5 tim es) 

and was p a r t ic u la r ly  convenient fo r  assaying samples of P.A.L. a lso  

co n ta in in g  antiserum , (and th e re fo re  of high p ro te in  co n te n t) .

2 . 5 .5  Spectrophotom etric Assay fo r  A Jl.O . A c tiv ity ; The assay  was taken 

from Drumnr e t a l . ,  1972. The assay  was c a rr ie d  out in  two 3nil. quartz  

cu v e tte s  (one a c tin g  as a b lank) in  a tem p era tu re -co n tro lled  U.V. 

spectrophotom eter (Unicam SP800A) a t  37*0. The r e a c t io n  m ixture contained  

10—200/<l. enzyme sample or two 1mm.-thick polyacrylam ide rod ge l s l i c e s ,  and 

2.5ml. lOOmM c itra te -p h o sp h a te  b u ffe r  pH 5 .0 . The re a c tio n  was i n i t i a t e d  

by adding 50/<l. 5niM L-ascorbate s o lu t io n , mixed thoroughly  and the  decrease 

in  absorbance of ascorbate  a t  265nm. follow ed fo r  2-1Omin. The rea c tio n  

was l in e a r  fo r  up to  1Omin. ,  depending on the amount of enzyme a c t iv i ty .  A 

blank assay  was a lso  re q u ire d , in  the  absence o f added enzyme, ascorbate  

was slow ly lo s t  (O.OO5 O.D. u n its /m in ./2 .5 m l. re a c tio n  m ix tu re .)  D esalted 

enzyme samples gave th e  same r a te  of enzyme a c t iv i ty  as supernatan t e x tra c ts  

and improved th e  assay  fo r  low a c t iv i ty  sam ples, by reducing the  ex ten t of 

background s ig n a l no ise on the chart re c o rd e r , which was too high fo r  accurate
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assays when la rg e  sample volumes were re q u ire d  ( ie .  fo r  low a c t iv i ty ) .  A.A.O. 

a c t iv i ty  was ca lcu la te d  using  an ex tin c tio n  c o e f f ic ie n t  fo r  ascorbate  of 

6(2é5nm .)=15>100>(1*0 O.D. u n it  » 163 nmoles asco rb a te  in  2 .5 m l.); the  

e x tin c tio n  c o e f f ic ie n t was pH-dependent, and adjustm ents were necessary  

fo r  c a lc u la tin g  enzyme a c t i v i t i e s  a t  o ther p H s .( ie . o ther than  pH 5 .0 ) .

2.5*6 U nits of Enzyme A c tiv ity :  Enzyme a c t iv i ty  was c a lc u la te d  as nmoles

or pmoles of su b s tra te  used or product form ed/m in., and expressed in  term s of 

p ro te in  con ten t o r  number of t is s u e  s e c tio n s . (The l a t t e r  was used fo r  P.A .L. 

a c t iv i ty  o f  seed ling  e x tr a c ts ,  where the  p ro te in  content changes during th e  

experim ental period^ and has been ju s t i f i e d  by Mohr, 1972.) The c o rre c t 

form o f expressing  enzyme a c t iv i ty  i s  th e  S .I .  u n i t ,  k a ta l  (l ka ta l=  Imol. 

product fo rm ed /s .)  bu t the  o ld e r convention o f enzyme a c t iv i t y  u n i ts  

(l U nit = l^m ol. product formed /m in .)  was p re fe rre d  h e re , because the  

two enzymes being s tud ied  have been measured fo r  a t  l e a s t  2 0 y rs ,, and 

comparison of r e s u l t s  i s  th e re fo re  s im p lif ie d  (conversion to  k a ta ls  i s  

s ta ig h tfo rw ard  should t h i s  be re q u ire d ) .

2.6 roOTEIN DETERMINATIONS 

A liquots o f enzyme e x tra c t were d ilu te d  to  1 .0ml. w ith d i s t i l l e d  water 

and mixed w ith  an equal volume of 20^ t r ic h lo ro a c e t ic  a c id . The m ixture 

was incubated  a t  37*0 fo r  15min. ,  cen trifu g ed  in  a bench ce n tr ifu g e  fo r  

lOmin. and th e  supernatan t d isca rd ed . The p re c ip i ta te d  p ro te in  was allowed 

to  d ra in  and re -d is so lv e d  in  1ml. 1M NaOH. The p ro te in  con ten t was then 

measured using  the method o f Dowry e t a l . ,(1951^,using  F o lin*s reagen t 

d ilu te d  1 :1 w ith d i s t i l l e d  w ater. A p ro te in  c a lib ra tio n  curve was prepared 

using bovine serum albumin as a standard . The standard  assay  was b ip h a s ic , 

lin e a r  between 0 and 8 ^ g .  and a lso  between 80 and 1 5 ^ g . p ro te in  (B .S .A .). 

D ilu te  p ro te in  so lu tio n s  (not adequately  p re c ip i ta te d  by tr ic h lo ro a c e t ic  

acid ) were assayed as described  by P o tty , 1969; using a method which allow s 

fo r  the  presence of phenolic compounds, which norm ally in t e r f e r  w ith 

p ro te in  e s tim ates  made using  an unmodified Lowry-type assay . For a recen t 

review of methods of p ro te in  determ ination  see Robinson, ( l 979)•
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2 .7  PURIFICATION PROCEDURES FCE P .A .L .

2.7.1 P o ly v in y lp y rro lid o n e , P.V.P. ; The presence of pheno lic  compounds 

in  p la n t t i s s u e s  a f fe c ts  e x t r a c ta b i l i ty  and s t a b i l i ty ;  th e  form ation of

ta n n in s , enhanced by d is ru p tin g  p la n t c e l l s ,  i s  o ften  in h ib i te d  by the 

in c lu s io n  of polym eric p ro te c tiv e  agents in  th e  ex trac tio n  b u f fe r .  P .V .P. 

was washed befo re  use by b o i l in g  in  10^ HCl fo r  lOm in., then allow ing to  cool 

and s e t t l e  fo r  15min..The supernatan t was decanted and th e  P .V .P . washed 

w ith d i s t i l l e d  water u n t i l  ch lo rid e  f re e  ( s i lv e r  n i t r a t e  t e s t  was used to  

d e te c t th e  presence o f  ch lo rid e  io n s),an d  f i n a l l y  r in se d  in  ace to n e , and 

allowed to  dry  ( in  a fume cupboard). The prepared  P.V .P. was s to red  in  

dry form a t  4*C. Before use th e  P.V .P. was allow ed to  soak in  th e  e x tra c tio n  

b u ffe r  o v e rn ig h t, 1g/lOg f r .w t .  t is s u e  to  be e x tra c te d . The P.V .P. was 

removed from th e  enzyme e x tra c t  during the  subsequent f i l t r a t i o n  and 

c e n tr ifu g a tio n .

2 .7 .2  Protamine Sulphate : H ighly b as ic  p ro te in s ,  such as protam ine su lphate

can be used to  p r e c ip i ta te  a c id ic  or n e g a tiv e ly  charged compounds from

p la n t e x t r a c ts .  Protamine su lphate  (grade I I I ,  from h e r r in g s . Sigma Chem. Co.) 

was used as a 2% so lu tio n  in  lOOmM N a-acetate  buffer,pH  5*0. This was added 

to  the  supernatan t from th e  e x tra c tio n , w ith s t i r r i n g ,  lOml/lOg t is s u e  

e x tra c te d , and th e  pH lowered to  5 .0  by adding 1M a c e tic  a c id . The so lu tio n  

im mediately became cloudy, and a f te r  s t i r r in g  fo r  15min. was cen trifu g ed  

in  an M.S.E.18 high speed c e n tr ifu g e  a t  10.000 x g. fo r 15min. ( a t  A*C).

The supernatant was decanted and 1M NaOH added to  a d ju st th e  pH to  8 .8 .  

U n fortu n ate ly  protam ine su lp h a te  was found to  have l i t t l e  e f f e c t  on the  

s t a b i l i t y  or in  th e p u r if ic a t io n  (by p r e c ip ita t io n  o f p r o te in s )  and some 

P J l.L . a c t i v i t y  (5-10^) was l o s t  from th e supernatant during t h i s  s te p .

2 .7*3 Dowex R esin s: Dowex r e s in s  were washed r e p e a te d ly  (5 -6  tim es) in

d e io n ized  w ater b efore  u s e , then  e q u ilib r a te d  in  b u ffe r  o v e r n ig h t, a t 4*C.

The re s in  was c o lle c te d , im m ediately before th e  e x tra c tio n , in  a Buchner 

fu n n e l, l in e d  w ith 2 la y e rs  of Whatman No.1 f i l t e r  paper. The r e s in  was 

t]p,en added to  f re sh  b u f fe r .  In p re lim inary  t e s t s  to  se le c t a su ita b le  form
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of r e s in ,  the  dowex r e s in  was added d i r e c t ly  to  th e  e x tra c tio n  b u f fe r ,  and 

removed by f i l t r a t io n *  Subsequently , th e  dowex re s in  was e q u ilib ra te d  in  

150mM K-phosphate b u ffe r  pH 6 .5  and added to  the  supernatan t e x tra c t as a 

se p a ra te  s te p . The m ixture was lowered to  pH 6.5 by adding 1M HCl, f i l t e r e d  

and then  re tu rn e d  to  pH 8 .8 . The dowex r e s in  was washed fo r  re -u se  in  2M 

HCl or 2M N&OH, d i s t i l l e d  w ater and 50^ ace tone; but th e  adsorp tion  ca p ac ity  

was le s s  than  th a t  of unused r e s in .

2.7*4 S a lt  F ra c tio n a tio n : Anmionium su lp h a te ( e s p e c ia lly  low in  heavy

m etals f o r  enzyme work) ^(NHi^)2S0q.) and tri-so d iu m  c i t r a t e ,  were obtained 

from F isons L td .. So lid  s a l t  was added slow ly to  th e  enzyme p re p a ra tio n , 

and th e  pH of th e  so lu tio n  was fo llow ed. Ammonium su lphate  tended to  lower 

th e  pH, w hile tri-so d iu m  c i t r a te  tended to  in crease  th e  pH; drop-wise 

a d d itio n  of 1M NaOH or 1M HCl was added to  maintain th e  d e s ire d  pH. The 

f ra c t io n a tio n  was u su a lly  c a rr ie d  outJLn two s te p s , th e  i n i t i a l  s a l t  a d d itio n  

was ceased when th e  so lu tio n  began to  become cloudy, and the  m ixture 

c en trifu g ed  in  an M.S.E. 18 or M.S.E. 21 high speed c e n tr ifu g e  a t  10,000 x g. 

fo r  15min. ( a t  4°C ). The m a te ria l p r e c ip i ta te d  a t  th e  f i r s t  s tep  u su a lly  

contained l i t t l e  enzyme a c t iv i ty .  The supernatan t was t r e a te d  again  by 

adding s u f f ic ie n t  s a l t , t o  p r e c ip i ta te  th e  enzyme and ce n tr ifu g ed  ag a in . The 

f ra c t io n a tio n  could be c a r r ie d  out in  3 or 4 s te p s , u sing  a sm aller s a l t  

increm ent a t  each s te p . The p r e c ip i ta te  was d isso lved  in  b u f fe r ,  e i th e r  the  

e x tra c tio n  b u ffe r  or th e  d e sa ltin g  b u f fe r ,  and th e  volume of the  enzyme 

p rep a ra tio n  concentrated  10-20 tim es (compared to  the  i n i t i a l  volume).

Samples were s to red  under l iq u id  n itro g e n , w ith only a 10^ lo s s  of enzyme 

a c t iv i ty  a f t e r 6 months s to rag e . Samples s to red  in  a deep fre ez e  were le s s  

s ta b le ,  40-50^ lo ss  of enzyme a c t iv i ty  occurred a f t e r  6months s to rag e .

2.7*5 Calcium Phosphate Gal: Calcium phosphate (or 'B ru s h i te ')  was

prepared according to  th e  method o f Siegelman e t a l . ( l 965)* Before use the  

g e l suspension or s lu r ry  was washed sev e ra l tim es in  d i s t i l l e d  w ater. The 

gel was used in  a batch-w ise procedure as described  by Havir and Hanson,1970. 

A sa lt-c o n c e n tra te d  enzyme p rep ara tio n  was ad ju sted  to  pH 5*5 with 1M a c e tic
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ac id  and calcium  phosphate added (approx. 20ml. ge l su sp en s i  on/2ml. enzyme 

p re p a ra tio n ) . The m ixture was s t i r r e d  fo r  15min. ,  then cen trifu g ed  in  a 

bench c en trifu g e  fo r  5m in.. The su pernatan t was t r e a te d  in  th e  same way 

w ith  a second batch  of calcium  phosphate g e l .  The two ba tch es  o f g e l were 

then  e lu te d  w ith 10-20ml. volumes of 50mM b o ra te  b u ffe r  pH 8 .8 , follow ed 

by sev e ra l s im ila r  volumes of 200mM b o ra te  b u ffe r  pH 8 .8 . The bulk  of P.A .L. 

a c t iv i ty  was p resen t in  th e  f i r s t  two washes of each b a tch  of g e l. The washes 

con ta in ing  P .A .L .-a c tiv ity  were concen tra ted  by  ammonium su lphate  f r a c t io n a t io n  

( The u l t r a f i l t r a t i o n  c e l l  could have been used to  co n cen tra te  the  w ashes, 

and probably  would have given  a b e t te r  recovery  of enzyme, but was no t 

a v a ila b le  a t  th e  tim e th e  experim ents w ith  calcium phosphate g e l were 

c a r r ie d  o u t, see Section 2.7*10)

2.7*6 Cellulose Phosphate Gel: C ellu lo se  phosphate g e l was used in  th e

same way th a t  phosphocellu lose g e l ( th e  same type of g e l chem ically , bu t

from a d if f e re n t  su p p lie r)  was used by Tanaka and U ritani,(l977a)-The g e l

was e q u ilib ra te d  in  50mM K-phosphate b u f fe r ,  pH 6.1 and poured in to  a column 

2.8cm. diam eter x 7*0cm. h e ig h t. The column was washed through w ith  a t  

le a s t  two column volumes of pH 6.1 b u ffe r  u n t i l  a co n stan t pH e lu en t was 

ob ta ined . A sa lt-c o n c e n tra te d  enzyme p re p a ra tio n  ( 6-10m l.) was a d ju s te d  to  

pH 6.1 by adding 1M a c e t ic  a c id . (The sample was no t d e sa lte d  a t  t h i s  pH 

because Iqgses of P.A.L a c t iv i ty  occurred and the f in a l  recovery  of P.A .L. 

a c t iv i ty  from the  c e llu lo se  column was u n n ecessa rily  reduced) The sample was 

loaded on to  the  column, and non-binding p ro te in  washed through w ith  pH 6.1 

b u f fe r ,  P .A .L .-a c tiv ity  was re ta in e d  by th e  g e l. A pH g rad ien t was used to  

e lu te  th e  enzyme; a l in e a r  pH g rad ien t was not p o ss ib le  (such g ra d ie n ts  a re  

very d i f f i c u l t  to  generate  w ith l im ite d  volumes of b u f fe r  so lu tio n s ) , in s te a d  

the running b u ffe r  (pH 6.1 ) was exchanged fo r  a h igher pH b u ffe r , 50mM 

K-phosphate pH 8 .0 , which gave a s teep  in c rease  in  pH. The P .A .L .-a c t iv ity  

was e lu te d  between pH 6 ,5  and 7 .5 . F rac tio n s  of 4 .0m l. were c o lle c te d  from 

the column and 0.4m l. a liq u o ts  assayed fo r  P . L .- a c t iv i ty  (Section 2.5*1)

Those f ra c t io n s  con ta in ing  P.A. L -a c t iv i ty  were concen tra ted  as described  in
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Section  2.7*5 and th e  same comments app ly .

2.7*7 D iethylam inoethyl C ellu lose G-el; DEAE-cellulose ge l (DE 52) was 

obtained  from Whatman L td .,  M aidstone, Kent. Pre-sw ollen  ge l was prepared  

as describ ed  in  th e  Whatman in form ation  l e a f l e t ,  I .L .2  'Advanced Ion 

Exchange C e l lu lo s e s ',  and e q u il ib ra te d  in  50mM Tris-HCl b u f fe r ,  pH 8 .0 (4 *C). 

A column was poured ( w ith  the  same dimensions as  Section  2.7*6) and a 

s a lt-c o n c e n tra te d  enzyme sample d e sa lte d  on a Sephadex G-25 column in  50mM 

Tris-H Cl b u ffe r  pH 8.0(4*C) befo re  load ing  on to  th e  DEAE-cellulose column. 

Non-binding p ro te in  was washed through th e  column w ith one column volume, 

and bound p ro te in  u s in g  a 0 -0 .3M NaCl g ra d ie n t. The g ra d ien t was s e t  up 

between 50 and 300mM NaCl so lu tio n s  in  b u ffe r  (iOOml.rlOOml^; 4*0ml. 

f r a c t io n s  were c o lle c te d  and 0.4m l. a l iq u o ts  assayed f o r  P J l .L .- a c t iv i ty .  

P .A .L .-a c tiv ity  was e lu te d  from the column between 100 and 200mM NaCl, 

although the  e lu tio n  was p a r t ly  due to  an increase  in  pH th a t  occurred 

as the  s a l t  co n cen tra tio n  in c reased .

2 .7 .8  Diethylaminoethyl-Sephadex-A25 Gel: DEAE-Sephadex g e l was ob ta ined

from Pharmacia Fine Chemicals AB, U ppsala, Sweden. The g e l req u ired  l i t t l e  

p re -trea tm en t (un like  th e  c e llu lo se  g e l ,  see Pharmacia pamphlet on "Sephadex 

Ion-Exchangers*). The g e l was e q u il ib ra te d  w ith 50mM Tris-H Cl b u f fe r ,  pH8.0 

(4*C). In p re lim in ary  experim ents a sm all column, 2.0cm. diam eter x 5*0cm. 

heigh t was used , a la rg e r  column was used fo r  the  a c tu a l  p u r if ic a t io n .  A 

d esa lte d  enzyme p re p a ra tio n  (same b u ffe r  used as th e  column running b u f fe r )  

was loaded on to  the  column and non-binding p ro te in  washed through. Bound 

p ro te in  and P .A .L .-a c tiv ity  was e lu te d  using  a 0-300mM NaCl g ra d ie n t, as 

described  in  Section 2 .7*7 , or using  a g rad ien t se t up between 50mM and 

500mM Tris-HCl b u f fe r  pH 8 .0 . R ecoveries of PJL. L-act i v i t y  were improved 

by using  ImM E.D.T.A. and 0.5-1 .OmM g lu ta th io n e  in  bo th  b u f fe r s .  The T r is  

b u ffe r  g rad ien t d id  no t cause the  same pH in crease  as th e  NaCl g ra d ie n t, 

improving the  degree of p u r if ic a t io n  achieved , by allow ing a se q u en tia l 

e lu tio n  of bound p ro te in  with a narrow peak of P.A. L -act i v i t y .

2.7*9 Gel F i l t r a t io n :  Sepharose 6B-100 was obtained  from Sigma Chemical
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Co.. Rre-sw ollen g e l was washed (to  remove az id e) and e q u il ib ra te d  in  50mM

b o ra te  b u ffe r  pH 8 .8 . The g e l was poured in  to  a column 3.2cm. diam eter x

90.0cm. h e ig h t (Weight S c ie n t i f ic  L td. Kenley, S u rrey ). A continuous flow

of b u ffe r  from th e  o u t le t  tube was m aintained as the  column was poured to

allow  even sed im en tation . The b u ffe r  r e s e rv o ir  was p laced  1m. above th e

column (21 . 50mM b o ra te  b u ffe r  pH 8 .8 )  and the  column run u n t i l  a constan t

bed h e ig h t was o b ta in ed . The column was then  c a lib ra te d  fo r  m olecular

weight (MW) determ ina tions (Gruber and M arrink, 1969) using  10ml. sample

volumes of s tandard  p ro te in s  (see F igure 2 . ^ .  The e lu tio n  volume of each

p ro te in  was converted to  i t s  Kav. v a lu e , Kav.= Vs -  Vo (Vs = sample e lu tio n
Vt

volume, Vo = void volume (blue dex tran  e lu tio n  volume) and Vt = t o t a l  

column volume ( n i t r i t e  e lu tio n  volume) and th i s  was p lo t te d  ag a in s t log.MW. 

(see F igure 2 .^ ) .  The c a l ib ra t io n  curve was re -c a lc u la te d  whenever i t  was 

n ecessary  to  repour th e  column ( ie .  when the flow  r a t e  f e l l  below O .Sm l./m in.) 

Kav.' values o f th e  s tandard  p ro te in s  were c o n s is te n t each tim e, although th e  

column volume v aried  s l ig h t ly .  Samples were always p repared  in  b o ra te  b u ffe r  

pH 8 .8  befo re  load ing  on to  the  column to  avoid th e  e f f e c ts  o f changing pH 

on the  e lu tio n  volume (see Lin and C a s te l l ,  1978). MWs. of sample p ro te in s  

were c a lc u la ted  by re fe ren ce  to  th e  c a l ib ra t io n  curve.

2 .7 .10  U l t r a f i l t r a t i o n ;  An u l t r a f i l t r a t i o n  c e l l ,  model 52 (60ml. cap ac ity ) 

and "Diaflo* u l t r a f i l t r a t i o n  membranes, type XM100A were obtained from 

Ami con L td .,  Woking, Surrey GU21 1UR. The membranes were washed w ith  one 

c e l l  volume of d i s t i l l e d  water in  th e  u l t r a f i l t r a t i o n  c e l l  before u se . The 

u l t r a f i l t r a t i o n  c e l l  was connected to  a n itro g en  gas cy lin d e r  and operated  

a t  a p ressu re  of 10-15 I b f / i n î ,  w ith  continuous s t i r r i n g .  One c e l l  volume 

of enzyme sample was concen tra ted  6-10 tim es w ith in  1 .5 -2 .Oh. The p re ssu re  

was re le a se d , and the  o u t le t  tube squeezed sev era l tim es, fo rc in g  the  flow  

back acro ss  the  membrane, in  the  opposite  d ire c t io n , in  order to  reduce 

IcSBes due to  adhesion to  th e  membrane. Samples were removed from th e  c e l l  

using a Pasteur p ip e t te  ( the  t ip  of which had been smoothed in  a bunsen 

flam e, to  avoid damage to  the membrane). The membrane was r in sed  in  d i s t i l l e d



Figure 2 .3

C alib ra tio n  of th e  Sepharose 6B column fo r  m olecular weight 

(MW) d e te rm in a tio n s .

The Sepharose 6B column (3 . 2cm.diameter x 90.0cm h e ig h t)  was e q u ilib ra te d  

in  50mM b o ra te  b u f fe r ,  pH 8 . 8 . Samples o f 10ml. volume were passed 

through th e  column using  t h i s  b u f fe r .

A, E lu tio n  p ro f i le  of standard  g lo b u lar p ro te in s .

The p ro te in  content of th e  fractions from each run ( a l l  p ro te in s  run 

se p a ra te ly )  was measured by read ing  th e  absorbance a t  280nm.

Thyroglobin (bovine type I )  MW = 650,000

F e r r i t in  (horse sp leen) MW = 465,000

U atalase (bovine l iv e r )  MW a' 244,000

A ldolase ( ra b b it l i v e r )  MW = 158,000

Lipoxidase (soybean) MW = 102,000

The void volume of th e  column was estim ated  by p assing  a sample of 

blue dex tran  through the  column (absorbance a t  640nm. m easured). The 

t o t a l  column volume was estim ated  by passing  sodium n i t r i t e  through 

the  column ( n i t r i t e  assayed and abqorbance a t 540nm. m easured).

B. C a lib ra tio n  Curve fo r  MW d e term ina tions.

The e lu tio n  volume ( fra c tio n  number) of each of th e  standard p ro te in s  

depends on th e i r  MW,.Kav. v a lu e s ,( s e e  exp lanation  in  t e x t .  Section 

2 . 7 . 9 ) were c a lc u la te d  fo r  each p ro te in  and p lo t te d  ag a in st lo g . MW.
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w ater and s to red  in  10^ ethano l a t  w hile no t in  u se . A fte r 5 or 6 runs

a new membrane was re q u ire d , as th e  membrane became clogged, and th e  flow  

r a t e  through the  membrane was reduced. A second u l t r a f i l t r a t i o n  c e l l ,  model 

32 (lOml. cap ac ity ) was used (again w ith  XM100A type membrane) to  

co n cen tra te  p a r t i a l l y  p u r if ie d  samples to  sm aller volumes (1 .0 -3 .0 m l.) .

2.7*11 Polyacrylam ide Gel E lec tro p h o res is ; Polyacrylam ide rod  g e ls  (7%) 

were p repared  by mixing to g e th e r 10.5ml. 20^ acrylam ide so lu tio n , con ta in ing  

0 .5 ^  b isac ry lam id e , 3.75m l. 3M Tris-HCl b u ffe r  pH 8 .5(^*C ), 15.5ml. d i s t i l l e d  

w ater, 0.25ml. f re s h ly  prepared 10^ ammonium p ersu lp h a te  and 0.02ml. T.E.M.E.D. 

(H,N,N*,N', te tram eth y le th y len ed iam in e). The mixed so lu tio n  was poured 

immediately in to  perspex rods (0.5cm. in te rn a l  diam eter x 9.0cm. h e ig h t) , 

sealed  a t  th e  bottom w ith *Parafilm *, and then c a re fu lly  o v e rla id  w ith 

d i s t i l l e d  w ater (approx, 1 m l.). The g e l s e t  w ith in  15-20mdn. a t  room 

tem peratu re . The 'Parafilm * sea l was removed as soon as the  g e l had se t,an d  

the  rod  g e ls  p laced  in  th e  e le c tro p h o re s is  appara tus. Six rod g e ls  were 

suspended between two b u ffe r  re se rv o irs  (each 600ml. c ap ac ity ) w ith platinum  

e le c tro d e s . The running b u ffe r  contained  50mM T r is ,  380mM glycine and AmM

2-m ercaptoethanol, pH 8 .8 . Samples (2 5 -1 0 ^ 1 .)  were mixed with AO^ sucrose 

so lu tio n  and loaded on to  the rod g e ls  in  s i tu  w ith a 'F in n ' p ip e t te .  

Bromophenol blue marker (5 -1 ^ 1 . in  b u f fe r )  was added to  samples which were to  

be s ta in ed  fo r  p ro te in  (not those which were re ta in e d  fo r  th e i r  enzyme 

a c t iv i ty )  and e le c tro p h o re s is  c a r r ie d  out a t  a constan t c u rre n t, ImA/rod gel 

fo r  l0-20m in.; then at.4-6mA/rod ge l fo r  2-3h. (Anode a t  the  bottom of the  

rod g e ls )  The g e ls  were removed from th e  perspex ro d s , and e ith e r  s ta in ed  

fo r  p ro te in  or frozen  in  dry ice  ( so lid  COg), s lic e d  and sto red  or assayed 

fo r  P V A .l.-a c tiv ity . For p ro te in  s ta in in g , the g e ls  were submerged in  

Coomassie b lue s ta in  ( l.2 5 g . Coomassie b lu e , 45Aml. ^0% aqueous m ethanol,

46ml. g la c ia l  a c e tic  a c id  and 50g. t r ic h lo ro a c e t ic  ac id ) fo r  3-6h. and then 

desta ined  (37.5ml. g la c ia l  a c e tic  a c id , 25ml,methanol and 437.5ml. d i s t i l l e d  

w a te r ) ,u n ti l  p ro te in -s ta in e d  bands were v is ib le .  For enzyme assays the  fro zen

gel was s lic e d  in  a 'M ickle ' g e l s l i c e r ,  and th re e  1mm—th ic k  s l ic e s  incubated
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to g e th e r  in  0.3m l, 75mM b o ra te  b u ffe r  pH 8 .8  a t  37*0 f o r  10m in., and then 

assayed as described  in  Section 2.5.3* Frozen gel s ec tio n s  were kept in  a 

deep f ree ze  u n t i l  re q u ire d  (not more th a t  4 weeks).

2 .7 .1 2  Sucrose D ensity  G radient C en trifu g a tio n ; Sucrose g rad ien ts  were 

prepared  in  l6m l. c e llu lo se  n itrate, tu b e s , 1 .1 -1 .2ml. enzyme sample (d esa lted  

s a lt-c o n c e n tra te d  enzyme p re p a ra tio n , in  b o ra te  b u f fe r ,  pH 8 .8 ) was placed 

on top of the  sucrose g rad ien t and the  tubes c a re fu l ly  balanced ( a few drops 

of d i s t i l l e d  w ater were added where necessary) and then cen trifu g ed  in  a 

Beckmann u l tra c e n tr i fu g e  model L2-65B, using a SW-27 ro to r  w ith sm all 

b u ck e ts , a t  27,000rpm. fo r  25h.. The g rad ien t was f ra c tio n a te d  by p lac ing  

a long needle to  th e  bottom of each tube and pumping out th e  s o lu tio n , 

beginning w ith th e  most, dense f r a c t io n s  (l.4 m l. f r a c t io n s ) .  A 3-15^ g rad ien t 

was u sed , the  sep a ra tio n  of P J ^ .L .-a c t iv i ty  from th e  bulk of p ro te in  was no t 

improved by using  a 3-20^ g ra d ie n t. In the  absence of s ta b i l iz in g  agents 

a 50^ recovery  of P .A .L .-a c tiv ity  was ob ta ined .

2 .8  PURIFICATION HtOCEDURES FOR AJl.O

2.8 .1  S a lt F ra c tio n a tio n : Ammonium su lp h a te , (NHî .)2.S0if. ( as in  Section '2.7*4 

was added to  an enzyme p rep ara tio n  to  30% s a tu ra t io n ,  cen trifu g ed  a t  10,000

X g. for 13min. in  an M.S.E. 18 high speed c e n tr ifu g e , and then fu r th e r  s a l t  

added to  the  supernatan t to  60^ sa tu ra tio n  and cen trifu g ed  again . The 

p re c ip i ta te  was d isso lv ed  in  lOOmM c itra te -p h o sp h a te  b u ffe r  pH 3*0.

2 .8 .2  Sephadex G-130 Gel: The g e l was obtained  from Pharmacia Fine

Okttdcals AB, U ppsala, Sweden. ,  and was e q u ilib ra te d  in  50mM Na-phosphate 

b u ffe r  pH 7 .0 . The ge l was poured in to  a column, 1.23cm. diam eter x 21.0cm. 

h e ig h t. Samples (l ,0 - 2 .0ml. ) were passed through th e  column; 1 .2m l. f ra c tio n s  

were c o lle c te d . The column was c a lib ra te d  fo r  MW determ inations u sing  1.1ml. 

sample volumes (F igure 2.4A). The c a l ib ra t io n  was p lo tte d  as e lu tio n  volume

or f ra c tio n  number ag a in s t log . MW (Figure 2.4B ), and was l in e a r  fo r  th i s  

s ize  column over th e  f ra c tio n a tio n  range. Id e n tic a l  columns were poured and 

used fo r  ra d io is o to p ic a l ly  la b e lle d  Cucurbita A*A.0 . ,  then d iscarded  as 

ra d io a c tiv e  w aste. Samples were always run in  Na-phosphate b u f fe r ,  pH 7*0-7*2.



Figure 2 .4

C a lib ra tio n  of the  Sephadex G-130 column fo r  m olecular 

weight d e te rm in a tio n s .

The Sephadex G-130 column (l.23cm . diam eter x 21.0cm. h e ig h t)  was 

e q u ilib ra te d  in  30mM Na-phosphate b u f fe r ,  pH 7*0. Samples o f 1.2m l. 

volume were passed through th e  column using  t h i s  b u ffe r .

A. E lu tion  p r o f i le  of standard  p ro te in s .

The p ro te in  con ten t of th e  f ra c t io n s  from each run ( a l l  p ro te in s

run se p a ra te ly )  was measured by read ing  the  absorbance a t  280nm. 

Catalase (bovine l iv e r )  MW = 244,000 

A ldolase ( ra b b it muscle) MW = 138,000 

Albumin (bovine plasma) MW = 66,000

The void volume of the  column was estim ated  by passing  a sample of 

b lue dextrah  through th e  column (absorbance a t  640nm. m easured). The 

t o t a l  column volume was estim ated  by passing  potassium  dichrom ate 

through th e  column (absorbance a t  420nm. m easured).

B* C a lib ra tio n  Curve fo r  MW determ inations.

The f ra c t io n  number corresponding to  th e  e lu tio n  volume of each of

th e  standard  p ro te in s  was p lo t te d  ag a in s t lo g . MW.



S e p h a d e x  G -150 c o l u m n

A

B

X

A

Blue dextran  
C a t a l a s e  
A l d o l a s e  

Albumin
D i c h r o m a t e

CD

“O

X)

0 05

8 12U 20 28

Fra ct io n  n u m b e r

10 12 K 16 18 20
y o l j  fraction number  

v o l u m e



38

2.8*3 L y o p h ilisa tio n ; Samples of up to  2.0m l. volume were placed in  open 

g la s s  tubes and placed in  th e  chamber of th e  ft*eeze-drier (Edwards, High 

Vacuum L td ., model EF2). The ly o p h il is a tio n  ( or vacuum freeze -d ry in g ) was 

complete w ith in  1 -2 d ay s., and th e  dry  powder samples were kept in  sealed  

tu b es  in  th e  deep f re e z e  (not more than 4 weeks). Samples were re -d is so lv e d  

in  1CCmM c itra te -p h o sp h a te  b u ffe r  pH 5*0, being- concen tra ted  by up to  4 tim es 

th e  o r ig in a l  sample volume.

2 .8 .4  Polyacrylam ide SDS G-el E lec tro p h o res is : The p u r i ty  of the

commercially obtained Cucurbit a A.A.O. was checked using  e le c tro p h o re s is . 

Denaturing s lab  g e ls  (23.0 % 16 . 0cm .area, 0.2cm. th ic k )  were prepared u sing  

a d iscon tinuous b u ffe r  system as described  by Chua and Bennoun, 1975* The 

Cucurbita A.A.O. sample was prepared by m ixing 10y<g. in  10^<1. 80mM T r ls -  

HjBO  ̂ b u ffe r  pH 6 .1 , co n ta in in g  3% 2-mercaptoelbaflol and yfo SDS (sodium 

dodecyl su lp h a te )  .and 20^ su c ro se , t h i s  was then heated on a b o ilin g  w ater- 

b a th  fo r  30s. ( to  denature the  p ro te in ) .  A liq u o ts , 3 ^ 1  «&nd 7 ^ 1 .  were run on 

sep ara te  s lab  ge l channels ,w ith  marker p ro te in s  (e sp e c ia lly  fo r  SDS-gel 

e le c tro p h o re s is  from Sigma Chemical Co.) in  neighbouring channels. 

E lec tro p h o resis  was performed a t  a co n s ta n t  c u r re n t,  17.5m4 fo r  6-7h. The 

s lab  ge l was then s ta in ed  in  Coomassie b lue s ta in  (0 .1 ^  Coomassie b lue in  

~J% a c e tic  a c id  and 40^ m ethanol) fo r  4 -6 h .,  then d esta in ed  a c e tic  ac id  

and 30^  m ethanol) fo r  2-3 days.

2 . 8 .3  Polyacrylamide Cel E lec tro p h o res is ; Non-denaturing polyacrylam ide 

rod g e ls  were prepared as described  in  Sectiom 2 .7 .1 1 , u s in g  Na-phosphate 

b u ffe r  pH 7 .5 . E lec tro p h o resis  was c a r r ie d  out a t  a constan t cu rren t fo r  

1 .5h. w ith Cucurbita A.A.O. or s a lt-c o n c e n tra te d  mustard cotyledon samples. 

The g e ls  were removed and e i th e r  s ta in ed  (as in  Section 2 .7 .1 1 ) or assayed 

fo r  A .A .0 -a c tiv ity  (Section 2.5*5)

2.9  IMMUNIZATION HIOCEDURE; P.A.L. (May-July 1979)

Two ra b b its  were provided and kept by the Animal House, Medical School , 

L e ic e s te r . A ll in je c tio n s  and b leeds were c a rr ie d  out by q u a lif ie d  s ta f f  

under the superv ision  of Dr. D,Morton. Frozen polyacrylam ide ge l sec tio n s
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from th e  P .A .L .p u r if ic a tio n  (see S ec tio n 3 .2 .9 ) were thawed and homogenized 

w ith  2.0m l. F reund 's  complete adjuvant (provided by Dr.D,Morton) in  an 

U ltra - tu r ra x  hom ogenizer.(E ight g e l se c tio n s  were u sed ). H alf of the  homogenate 

(eq u iv a len t to  9̂ »Hg* P-A.L. p ro te in )  was in je c te d  in to  each of the r a b b i t s ,  

a t  one or two s i t e s  on th e  in s id e  of th e  h ind  le g . Three fu r th e r  in je c t io n s  

were given a t  2-weekly in te r v a ls .  T r ia l  b leed s  (5nil.) were taken from th e  e a r-  

vein  a f t e r  th e  th i r d  in je c t io n  ,  and then a t  2-weekly in te r v a ls .  At th e  end 

of the  th i r d  month, 4 0 -50ml. blood was taken  from each r a b b i t  ( sev e ra l 10ml. 

b le e d s  tak en  over a 2 week period).T he blood was allowed to  c lo t  a t  room 

tem pera tu re , kept a t  4®C o v e rn ig h t, then  c en trifu g ed  in  an Eppendorf 

c e n tr ifu g e  3200, in  1.5m l. a l iq u o ts ,  u n t i l  no fu r th e r  m a te r ia l was p re c ip i ta te d ,  

The serum c o lle c te d  was fro zen  and kept in  th e  deep f r e e z e ,  sev e ra l lO^Ml. 

a l iq u o ts  were kept s e p a ra te ly  fo r  immediate antibody t e s t s .  (Serum was 

la b e lle d  R1A or R2A, from r a b b i t  R1 and R2 re s p e c t iv e ly . ) Normal r a b b it  

serum, NRS. was c o lle c te d  from non-immunized ra b b its

2.10 IMMUNIZATION PROCEDURE: AJl.O (Ju ly  1978-80)

Before proceeding w ith the  immunization , one r a b b it  was in je c te d  w ith 

a sample o f th e  A.A.O. ly o p h il is a te  to  check fo r  adverse s ide  e f f e c ts .  For 

t h i s  2 0 ^ g .A J l.O .ly o p h il is a te  was d isso lv ed  in  1.0m l. s a lin e  and 2.0ml.

F reund 's  complete adjuvant (provided by D r.B .C righ ton), 1.0m l. was in je c te d  

(7 0 -8 ^ g . A JL .O .ly o p h ilisa te ) in to  th e  ra b b i t  a t  s ix  subcutaneous s i t e s  » 

along the  back . A fter 2 weeks, the  only n o tic ea b le  e f fe c t  was b l i s te r in g  

a t  the  s i t e s  of in je c tio n  (which o ften  occurs fo llow ing immunization 

in je c t io n s ) .  Two more r a b b i ts  were immunized: 40^/[g. A .A .O .ly o p h ilisa te  

was d isso lved  in  0.5m l. s a lin e  and 2 .0m l.Freund 's complete ad ju v an t, 1.0ml 

( l 7 ^ g .  A .A .O .ly o p h ilisa te ) was in je c te d  in to  each r a b b i t ,  as b e fo re . The 

r a b b its  were kept in  the  Animal House, Nottingham bchool of A g ric u ltu re ,

Sutton B onington., and a l l  in je c tio n s  and b leeds were c a r r ie d  out by a 

q u a lif ie d  tech n ic ian  (M artin S ta in e r) .  Booster in je c tio n s  ( l 7 ^ g  A.A.O. 

ly o p h il is a te  ) were given a t  3 month in t e r v a ls ,  using f r e s h ly  d isso lved  

Cucurbita A.A.O. T r ia l  b leed s  (5m l.) were taken 10-14 days a f te r  the
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immunization or booster in je c t io n s ,  then a t  weekly in te rv a ls  fo r  4 weeks.

The blood was allowed to  c lo t  a t  room tem p era tu re , then kept a t  4*C o v e m i^ t  

and th e  serum c o lle c te d  by c e n tr ifu g a tio n  in  a bench c e n tr ifu g e . Serum was 

then d iv ided  imto 1 0 ^ 1 . a l iq u o ts  and kept in  the  deep f re e z e . Normal 

r a b b it  serum, NRS. was taken from non-immunized r a b b i t s ,  and normal guinea 

p ig  serum, NGS,, from a non-immunized g u in ea-p ig ,

2.11 RJRIFIGATION OF ANTI-PJl.L. SERUM

2.11.1 Ammonium Sulphate F ra c tio n a tio n ; Serum from r a b b i ts  R1 and R2 

was kept sep ara te  th roughou t. Serum was thawed and an equal volume of 

s a tu ra te d  (lO O ^ (NH^SO^ so lu tio n  added. This was s t i r r e d  fo r  15min., then 

cen trifu g ed  in  an M .S.E.21 high speed c e n tr ifu g e  (8 x 50ml. r o to r )  a t  10,000 

X g. fo r  15 m in .. The supernatan t was decanted and d isca rd ed , the  p r e c ip i ta te  

was resuspended in  1 . 75M (NHî )2 SO4. , and then  cen trifuged  again , as above.

The p r e c ip i ta te  was t r e a te d  in  t h i s  manner sev e ra l tim es, u n t i l  the supernatan t 

d iscarded  was almost c le a r  ( th is  procedure removes most o f  th e  haemoglobin 

s t i l l  p re sen t in  th e  serum .) The f in a l  p r e c ip i ta te  was resuspended in  lOmM 

K-phosphate b u ffe r  pH 8 .0  (the serum was concen tra ted  s l ig h t ly  by making 

up to  a volume le s s  than th e  o r ig in a l ) ,  and d ia ly sed  ag a in s t the  same b u ffe r  

o v ern ig h t . (2 changes of b u f fe r )  The serum was then cen trifu g ed  again  (some . 

m a te ria l was p re c ip i ta te d )  and d ia ly sed  a g a in s t 20mM Na-phosphate b u ffe r  

pH 7 . 2, co n ta in in g  0 .1 5M NaCl. fo r  sev e ra l days. The d ia ly sed  serum was 

div ided  in to  8ml, a liq u o ts  fo r  fu r th e r  p u r if ic a t io n  or 100/(l. a liq u o ts  fo r  

antibody t e s t s ,  and kept in  the  deep f re e z e . This was la b e lle d  RIB or R2B, 

fo r  each r a b b i t .

2 .11 .2  DEAE-Cellulose Chromatography: An 8ml. a liq u o t from th e  previous

step  was thawed and passed through a Sephadex G—25 column (2.0cm. diam eter

X 16. 0cm, h e ig h t) , e q u ilib ra te d  in  50mM Tris-HCl b u ffe r  pH 7.6(room tem perature) 

and then ap p lied  to  a DEAE-cellulose (Whatman, DE52) column (4 . 8cm, diam eter 

X 3.0cm. h e ig h t)  in  the same b u f fe r ;  10ml. f r a c t io n s  were c o lle c te d . The 

p ro te in  con ten t of the e lu ted  f ra c t io n s  was follow ed by measuring the 

absorbance a t  280nm. in  a Beckman spectrophotom eter model 24; when no more
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p ro te in  was...eluted w ith th e  running b u f fe r ,  a g rad ien t was se t up, w ith an 

in c re a s in g  s a l t  co n cen tra tio n : 0 -0 .3M NaCl in  125:125ml. b u f fe r ,  to  e lu te  

th e  remaining^ X -g lo b u lin s . The f ra c t io n s  were te s te d  fo r  -g lo b u lin s  using  

goat an tibody  to  ra b b it  X -g lobu lin s and to  whole ra b b i t  serum, on double 

d iffu s io n  p la te s ,  using  1 ^ ^ .  a liq u o ts  (see Section 2 .1 2 .2 ) . Those f ra c t io n s  

co n ta in in g  Jf-g lobu lins only,w ere pooled,and concentrated  by u l t r a f i l t r a t i o n .  

The p u r if ie d  X -g lobu lins were d iv ided  in to  250 or 50^(Ui* a l iq u o ts ,  fro zen  

and kept in  the  deep f re e z e (  and la b e lle d  RIC, R2C, and subsequent 

p u r if ic a t io n s  R1C%, e t c . . ) .

2.1 2 IMMUNOLOGICAL TECHNIQUES

2.12.1 Simple D iffusion  in  ..Tubes; The technique used was tak en  from Chase

and W illia m s ,( l968) , î ^ e x  tu b es  w ith an in te rn a l  diam eter o f  10mm. were coated 

in s id e  w ith  a lay e r o f 0 .4 ^  agar (lonagar 'Oxoid* No.2) and d r ie d . Equal 

volumes o f antiserum  and m elted agar (0 .6m l. each) were p laced  in  a tube 

in  a w a te r-b a th  a t  45*C and mixed. The agar-serum  was poured in to  the  

precoated  tu b es  to  a h e ig h t of 10mm., and allowed to  co o l. A s e r ie s  of 

tubes were p rep ared , con ta in ing  serum from d if f e re n t  b leed s  or NRS. Antigen 

so lu tio n  ( 100/kg. Cucurbita A.A.O. ly o p h il is a te  in  4.0m l. 50mM Na-phosphate 

b u ffe r  pH 7 .2 , con ta in ing  0 .1 5M NaCl) was layered  on top of the  agar-serum  

to  a  h e ig h t of 5mm. or more, and the  tubes sealed  w ith 'P a ra f ilm ' and kept 

a t  room tem peratu re . The tubes were examined sev era l hours l a t e r  and a lso  th e  

fo llow ing day. This method provides r e s u l t s  w ith in  1 day, and i s  su ita b le  

fo r  i n i t i a l  antibody t e s t s .  In the presence of antibody and an tigen  a 

p r e c ip i t in  re a c tio n  o ccu rs, forming an opaque meniscus-shaped d isc  ju s t  

below th e  surface of th e  agar-serum  la y e r ,  as the an tigen  d iffu se s  in to  

the a g a r .

2 .12 .2  Double D iffusion  P la te s :  The method o£ Ouchterlony(1949),i^as used;

^% agarose (from B.D.H. Chemicals L td ., e s p e c ia lly  fo r  e le c tro p h o re s is )  was 

d isso lved  in  50mM Na-phosphate b u ffe r  pH7.2, con tain ing  0 .1 5M NaCl. Glass 

p la te s  were precoated w ith a th in  lay e r of the  agarose , d ried  and then the  

agarose was poured on to  the p la te s  on a h o r iz o n ta l su rfa c e , w ith 2.0ml. fo r
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m icroscope s lid e s  (2 .6  x 7*6 cm), 8.0m l. fo r  g la ss  p la te s  (5 .0  x 10.0cm. ) .

The g e l was allowed to  cool and s e t .  Cork b o re rs  (s iz e s  1-5) were used to  

cu t w ells  out of the  agarose lay e r  (2-6mm d iam eter). A liquo ts of antiserum  

and enzyme sample (up to  1 0 ^ 1 .)  were p laced  in  th e  w ells  and allowed to  

d i f fu s e ,  in  a m oist atm oshpere, a t  4*C ., f o r  1-2 days. P re c ip it in  l in e s  formed 

between those  w ells  con ta in ing  an tibody  and an tigen  re s p e c t iv e ly ,  th ese  

were o ften  v is ib le  as w hite a rc s  between w e lls , b u t were a lso  e a s i ly  s ta in e d  

fo r  p ro te in  w ith Coomassie blue s ta in .  Double d iffu s io n  p la te s  were washed 

p ressed  and d ried  befo re  s ta in in g  as  d escribed  by Mayer and Walker(1978^. 

P ro te in  s ta in  contained  5g- Coomassie b lu e  in  900ml. m athanol, 200ml. g la c ia l  

a c e t ic  ac id  and 900ml. d i s t i l l e d  w a te r. Des ta in  was th e  same minus th e  b lue 

s ta in .  (Since the  beginning of th ese  experim ents Coomassie b lue has been 

d iscon tinued  and i s  now no longer a v a ila b le  com m ercially. In stead  Page Blue 

G-90 was obtained  from B.D.H.Chemicals, t h i s  s ta in  was no t as su c c e ss fu l, but 

was th e  only a l te rn a t iv e  on the  market a t  th e  tim e; B.D.H,are p re se n tly

working on sev era l a l te r n a t iv e s  to  th e  Coomassie b lue s ta in  which should

be a v a ila b le  in  the  fu tu r e .  For s ta in in g  w ith the  Page Blue G-90, lOg. were 

used in  p lace  of 5g. Coomassie b lu e ) .

2 .12 .3  Im m unoelectrophoresis; Glass p la te s  (5 .0  x 10.0cm) were prepared  as 

in  th e  p revious s e c tio n , w ith  agarose in  20mM Svendsen.'s b u ffe r  pH 8 .7  

fo r  im m unoelectrophoresis (Grabar, 19641* Wells were cu t in to  th e  agarose 

g e l w ith  cork b o re rs  ( s iz e s  1-3 , 2-4mm diam eter) towards one end of the  

p la te s  and placed  on the  w ater-cooled  p la te  of the  f la t - b e d  e le c tro p h o re s is

system , and f i l t e r  paper wicks p laced  on the  edges of th e  p l a t e s ,  between.'

the agarose gel and th e  b u ffe r  r e s e r v o ir s .  The b u ffe r  was Svendsen's and 

contained 5mM 2-m ercaptoethanol. Enzyme samples were p laced  in  the w ells  

and e le c tro p h o re s is  was performed w ith  a constan t c u r re n t,  lOmA/plate, fo r  

2 .5-3h . Three id e n t ic a l  p la te s  were u s u a lly  run to g e th e r . Following 

e le c tro p h o re s is  one p la te  was immersed in  p ic r ic  ac id  so lu tio n  (7g* p ic r ic  

ac id  d isso lved  in  500ml. water a t  60*C, f i l t e r e d  and 100ml. g la c ia l  a c e tic  

acid  added), fo r  1Omin. ,  then r in se d  in  e th a n o l, washed and d ried  down and
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s ta in e d  fo r  p ro te in  as in  the  previous sec tio n  ( the  p ic r ic  ac id  step  i s  

re q u ire d  to  f ix  th e  p l a t e , i e .  prevent th e  p ro te in s  from d iffu s in g  from the  

agarose during s ta in in g ) .  A trough was removed from th e  second p la te ,  2mm 

wide,from between the  w e lls , p a r a l le l  to  the  d ire c tio n  of e le c tro p h o re s is ,  

and f i l l e d  w ith  antiserum  (5 0 -2 5 ^ 1 * ); th e  p la te  was incubated  in  a m oist 

atmosphere a t  4®C fo r  2-3 days, then s ta in ed  fo r  p ro te in . The th i r d  p la te  

was used to  lo c a te  P , L . - a c t i v i t y .  The g e l was cut in to  long s t r ip s  p a r a l le l  

to  the  d ire c tio n  of e le c tro p h o re s is ,  in c lu d in g  the  sample w e ll ,  and then 

cut a long i t ' s  len g th  in to  0.5cm. wide s e c t io n s ,  which were p laced  in  0.3m l. 

75mM b o ra te  b u ffe r  pH 8 .8  a t  37°C fo r  10min. an.d assayed as in  Section 

2.5*3* The f i r s t  p la te  gave th e  p o s itio n  of the  p ro te in s  in  th e  o r ig in a l  

enzyme sample, and was used to  check th a t  e le c tro p h o re s is  had taken  p la c e .

The second p la te  was used to  lo c a te  P.A.L. p ro te in  im m unologically and to  

check fo r  p o ss ib le  isoenzymes.

2 .12 .4  Im m unotitration ; A liquo ts of enzyme sample ( up to  40^(H1.) were 

mixed w ith a s e r ie s  of an tiserum  samples o f in c reasin g  volume ( 0 -5 ^ 1 .  ) 

in  20 or 50mM Na-phosphate b u ffe r  pH 7 .2 , con ta in ing  0.15M NaCl, ( to  a 

f in a l  volume of 8 8 ^ 1 .)  in  Eppendorf m ic ro - te s ttu b e s  ( l.5 m l. c a p a c ity ) . 

Controls were a lso  se t up u s in g  normal ra b b i t  serum, NRS. or s a lin e -b u ffe r  

The tubes were incubated , u su a lly  o v e rn ig h t, ( l6 -2 0 h .)  a t  4*C. A liquots of the  

m ixture were then re -assay ed  fo r  P .A .L .-a c tiv ity  (as in  Section 2.5*1 )• 

A lte rn a tiv e ly  the tubes were cen trifu g ed  in  the Eppendorf cen trifu g e  3200 

fo r  two 2min. sp ins (l2 ,000rpm ), a liq u o ts  of the  supernatan t were then r e 

assayed fo r  P '.A .L .-a c tiv ity . The im m unoprecipitates were washed by 

re  su spending in  5 0 ^ 1 .  p h o sp h a te -sa lin e  bu ffer(P B S .),and  c en tr ifu g in g  tw ice , 

th i s  was rep ea ted  and f in a l l y  the  p r e c ip i ta te s  were d isso lv ed  in  200/(L. 

lOOmM glycine-NaOH b u ffe r  pH 9*5 fo r  the  P .A .l , assay . (A h igher pH b u ffe r  

was more su ccessfu l in  d isso lv in g  the  p r e c ip i ta te ,  bu t the  recovery  of P.A.L. 

a c t iv i ty  was poor or n e g l ig ib le .)  Second an tibody , goat a n t i - r a b b i t  

^ -g lo b u lin  was added to  the  incubated tu b e s , 1 0 ^ 1 . CARGO, obtained from 

Calbiochem-Behring Corp. catalogue no. 539844, 125 u n its  d isso lv ed  in  6.25ml.
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p h o sp h a te -b u ffe r-sa lin e  (PBS)) per tu b e , and incubated fo r  a fu r th e r  6h. 

a t  4°C, and then c en trifu g ed  and t re a te d  as above. Use o f a second an tibody 

was made to  check Æor complete im m unoprécipitation of P .A .L ,(an tig e n )— 

an tibody  complexes. This was no t used in  the  f in a l  im m unotitration experim ents 

because a t  h igher an ti-P .A ,L .serum  c o n c e n tra tio n s , ad d itio n  of GARGG d id  not 

g ive complete p r e c ip i ta t io n .  This may have been due to  th e  p re fe rre d  

p r e c ip i ta t io n  of r a b b i t  a n t i  serum to  which the  PeA .L.antigen was no t bound 

a t  th e se  c o n ce n tra tio n s , a la rg e  p e l l e t  of m a te r ia l was always ob ta ined  

when GARG-G was added.

2*13 RADIOIMMUNQASSAY FOR A Jl.O .

2 . 13*1 lo d in a tio n  o f  Oucinb i ta  A J l.0 .  : The io d in a tio n  was based on th a t  of 

Greenwood, Hunter and G low er,(l963)* 2 0 ^ g .  A.A.O. ly o p h i l is a te  was d isso lv ed  

in  2 0 ^ 1 ,  50mM Na-phosphate b u ffe r  pH 7*2. A 2 ^ 1 .  a l iq u o t (2^4g.A.A.O. 

ly o p h i l is a te  = 2 . ^ g  p ro te in )w as mixed w ith  2 ^ 1 .  ['^^ij-sodium  iod ide  (l.OmCi.) 

in  500mM b u ffe r  and Chi or amine T (from F isons 8 J l .  L td. AR) 2mg/ml. fo r  

1 5 s .,  them stopped by th e  ad d itio n  of 7 ^ 1 .  N a-m etabisulphite (2 .4m g/m l.).

potassium  iod ide  (0 .5 m l.) was added to  th e  re a c tio n  m ix ture, and t h i s  

was passed im m ediately through a Sephadex G-50  column (se Section2 .13*2).

This method gave a  very  low y ie ld  of - la b e l le d  A.A.O. ( 0 .2 ^  la b e l  in  

th e  p ro te in  peak e lu te d  from th e  column). An a l te r n a t iv e  method, based on 

the  m o d ifica tion  d escribed  by Redshaw and Lynch, (l 974), was found to  g ive 

much b e t te r  y ie ld s ,  p robably  due to  th e  m ilder oxiJation cond itions (see 

B o lto n ,( l9 7 7 j,fo r  methods o f r a d io io d in a tio n ) . A 2^/{L. a liq u o t o f  AJL.O. 

ly o p h i l is a te  was mixed w ith  1.0 or 0 .5  mCi. sodium iod ide in  500mM

Na-phosphate b u ffe r  and 2 ^ 1 .  N a-hypochlorite (from B.D.H.) ^ l /2 m l .  f o r  

2 0 -80s.(40s. gave th e  optimum r e s u l t s )  and the re a c tio n  was stopped as 

described  above. -sodium iod ide was obtained from Amersham Radiochemical

Centre. The a c tu a l io d in a tio n  was c a r r ie d  out by D r.B .Crighton and a l l  

subsequent s tep s  were c a rr ie d  out in  th e  rad io iso to p e  la b o ra to ry , observing 

the  ap p ro p ria te  re g u la tio n s  fo r  handling

2 . 13.2  Separation  o f  —la b e l le d  A .A.O . and Free Io d id e : The io d in a t io n
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m ixture was passed through a Sephadex G-50 column (1•25cm.diameter x 15*0cm 

h e ig h t)  w ith  50mM Na-phosphate b u ffe r  pH 7 .2 . The g la s s  column was f i t t e d  

w ith a g lass-w ool f i l t e r  and d isposab le  p la s t ic  t i p ;  th e se  and the  g e l were 

d isca rd ed  as  ra d io a c tiv e  waste a f te r  u se , and the  g la s s  column decontam inated 

P re-trea tm en t of th e  Sephadex G-50 column was req u ired  to  reduce lo se s  

due to  n o n -sp e c if ic  b ind ing  to  th e  g e l o r  g la s s . 5ml. 5^ egg albumin was 

passed through the  column, follow ed by 20ml. b u ffe r  and 20ml. E l in  b u f fe r  

F rac tio n s  were c o lle c te d  in to  a rack  o f d isposab le  p la s t i c  tu b es , th e  vo id  

volum e,(four tubes of 1 .5 m l.e lu en t each determ ined from the  e lu tio n  volume 

of th e  egg albumin during  p rep ara tio n  of the  column) was d isca rd ed ,th en  

f o r ty  20-drop f r a c t io n s  were c o l le c te d . R a d io a c tiv ity  was measured in  a 

B io sc in t X -counter w ith  a lead  sh ie ld  in  the  w e ll, 10s. counts were s u f f ic ie n t .  

Two peaks of r a d io a c t iv i ty  were e lu te d  from the  column, th e  f i r s t  

con ta in ing  l ] - l a b e l le d  A.A.0 and th e  second con ta in ing  f re e  iod ide  

( th e  second peak was u s u a lly  l a r g e s t ) .  The s p e c if ic  r a d io a c t iv i ty  was 

expressed in  terms of ^ C i .  r a d io a c t iv i ty  used -yHCi. r a d io a c t iv i ty  in  th e  

second peak) or ^ C i .  in  the  f i r s t  peak) p ro te in  used . Using f r e s h ly

d isso lv ed  Cucurbita A.A.O and f re s h ly  p u r c h a s e d s o d i u m  io d id e , the  

sp e c if ic  r a d io a c t iv i ty  was 5 0 -7 ^ G i^ g .  A J l.O .p ro te in .

2.13*3 R ir if ic a t io n  of [ '^ ^ l]- lab e lled  Cucu rb ita  A Jl.O . ; C ellu lose Column;

CF11 c e llu lo se  powder was obtained from llVhatman Ltd. The powder was poured 

on to  lOmM Na-phosphate b u ffe r  pH 7 .2 , th e  s lu r ry  was poured in to  a column 

(l.25cm . diam eter x 10.0-15*0cm .height) w ith a g lass-w ool f i l t e r  and 

d isposab le  t i p .  The io d in a ted  Cucurbita A.A.O. sample ( l . 0 -2 .0 m l.), from 

the  Sephadex G-50 column was placed on th e  column, and washed through w ith 

lOmM Na-phosphate b u ffe r  pH 7 .2 , u n t i l  no fu r th e r  r a d io a c t iv i ty  was e lu te d .

The ra d io a c tiv e  m a te r ia l e lu ted  a t  t h i s  stage re p re se n ts  the  'damaged' 

m a te r ia l.  F rac tio n s  of 1 .0 -1 .5ml. were c o lle c te d  m anually. The 'undamaged' 

la b e lle d  A.A.O. was e lu te d  w ith  egg albumin in  b u f f e r . Higher co n cen tra tio n s 

of p ro te in  were t r i e d  in  order to  improve the  y ie ld  of la b e lle d  A.A.O, such 

as 2 .5^  egg albumin and 2% bovine serum albumin, bu t a t  these  co n cen tra tio n s
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th e  flow  r a te  was co nsiderab ly  reduced and o ccassio n a lly  th e  column was 

com pletely  blocked. Y ields o f 2-10^ ra d io a c tiv e  A.A.O. were obtained  from 

th i s  s te p (a s  b.% o f the  r a d io a c t iv i ty  loaded onto th e  column). The la b e l le d  

A Jl.O . ob tained  was used withini a week.

Sephadex G-150 Column ;

A column id e n t ic a l  to  th a t  in  Section 2 .8 .2  was prepared in  50mM Na-phosphate 

b u ffe r  pH 7 .2 ,  and an io d in a ted  C ucurbita A.A.0 sample (1 .0 -1 .5m l.) from 

the  Sephadex G-50 column was p laced  on th e  column. F rac tio n s  of 1.2m l. were 

c o l le c te d . Two peaks of r a d io a c t iv i ty  were e lu te d . The f i r s t  peak, which 

corresponded to  the  e lu tio n  volume of u n lab e lled  C ucurbita A .A.0, con ta in ing  

the 'undamaged* m a te r ia l and the  second peak, of lower MW m a te r ia l,  which 

e lu ted  c lo se  to  t o t a l  column volume, re p re sen tin g  'damaged' m a te r ia l. P u r if ie d  

I!^ ^ J-lab e lled  Cucurbita A.A.0 from th e  f i r s t  peak was d ilu te d  w ith b u ffe r  

to  g ive 5 ,-20 ,000 cpm./lOO/(l. in  th e  Gamma Set 500 X -counter, and used 

fo r  the  radioimmunoassay. The y ie ld  from th i s  column was 60-80^ ra d io a c tiv e  

A.A.O. Samples were fro zen  or kept a t  4*C, but s to red  samples were no t 

s u ita b le  fo r  the radioimmunoassay a f t e r  sev e ra l days o r  more. F resh ly  

io d in a te d  and p u r if ie d  Cucurbita A .A .0. was used fo r  radioimmunoassay.

2 .13 .4  Test Binding A ssays: A ll assays were c a rr ie d  out a t  4**C in  2.5m l.

p la s t i c  d isposab le  tubes (in  d u p lica te  or t r i p l i c a t e ) .  Each tube contained  

100/ul. antiserum  (a t d i lu t io n s  from 1 :1 to  1 :20 ,000), 1 0 ^ 1 . Na-phosphate 

b u ffe r  pH 7 .2  and s a lin e  (0.15MNaCl) and 1 0 ^ 1 . F -^label led C ucurbita 

A.A.O., d ilu te d  to  give 5-20,000cpm (in  the  Gamma Set500 K -coun ter), 

incubated  fo r  24h a t  4*C. In the  f i r s t  b inding assays c a r r ie d  out 2 0 ^ 1 . 

ethanol was then added, l e f t  2h. and 5 0 ^ 1 .  phosphat e -b u ffe r -s a lin e  added 

before c e n tr ifu g in g , bu t n o n -sp ec if ic  p r e c ip i ta tio n  occurred , so th a t  th e re  

was no e f fe c t  of an tiserum  over the  c o n tr o l ,  NRS.Instead a second antibody 

was employed to  p r e c ip i ta te  th e  an tig en -an tib o d y  complexes, 1 0 ^ 1 .  RDI7 

( a commercial, p rep a ra tio n  of donkey a n t i - r a b b i t  Y -g lo b u lin s , from 

Wellcome Reagents L td .)  d ilu te d  1:40 w ith p h o sp h a te -b u ffe r-sa lin e  was added 

and the  m ixture incubated fo r  a fu r th e r  20h. Again before cen tr ifu g in g
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5 0 ^ 1 .phosphate-buff e r - sa lin e  was added (mainly to  obtain: a more e a s i ly

manageable volume fo llow ing  c e n tr ifu g a tio n ^ , th e  m ixture was cen trifu g ed  in

anM.S.E. c e n tr ifu g e  a t  5,000rpm fo r  30min* The supernatant was decanted in to

a sink fo r  ra d io a c tiv e  waste and the p r e c ip i ta te  rem aining in  the  tube

counted in  th e  Gamma Set 500 model GS-100 X-counter (ICN Pharm aceuticals

N.V., T race rlab  Instrum ents D iv isio n , Belgium). The r e s u l t s  were expressed

in  term s of % b ind ing  = (counts in  p p t .)  -  (counts in  NRS p p t . )
( to ta l  counts used /tube) ^

(p p t.= p re c ip ita te  in  tu b e s , counts = cpm from Gamma Set coun ter)

2#13>5 Standard Curve; A s e r ie s  of d i lu t io n s  of Cucurbita AJL.O. were made

using the  same f re s h ly  d isso lv ed  A Jl.O . as used fo r  the  io d in a tio n . 100/^.

a liq u o ts  were mixed w ith 1 0 ^ 1 .  a n t i  serum (a t a pr e -d e t ermin e d d i lu t io n ,  from

the  t e s t  b inding 'assays) and 10^a(1. phosphat e -b u ffe r -s a lin e  were incubated

a t  4°C fo r  2 4 h ., them 1 0 ^ 1 .  l ] - la b e l le d  C ucurbita A .A.0. was added

(5-20,000cpm/l 0 ^ 1 . )  and incubated  f o r  a f u r th e r  24h .. Then 10^/fl. RDI 7

(second an tibody) was added a t  1 :40 d i lu t io n ,  t h i s  was l e f t  ano ther 24h.^

5 0 ^ 1 .  phosphat e -b u ffe r -s a lin e  was added and th e  m ixture c en trifu g ed  a t

3,000rpm fo r  3Omin. The im m unoprecipitates were c o lle c te d  and counted in  the

tubes in  the Gamma Set Yrcounter. The r e s u lt s  were expressed in  terms o f %

bind ing  of la b e l le d  p ro te in  to  antiserum  a t  each p ro te in  d i lu t io n  (see

Section 2.13*4). A l in e a r  p lo t  was obtained  u s in g  a l o g i t .b p lo t  ag a in s t

p ro te in  concen tra tion  (A.A.O p ro te in ) ,

lo g i t  .b = logft/  ^  b i d i n g  \
\l 00 -  fo b in d in g )

2 . 13.6  Unknown Samples; T issue e x tra c ts  o f m ustard, gherkin  and pumpkin 

were t r i e d  in  the  radioimmunoassay, lO^Ml. a liq u o ts  of th e  e x tra c ts  and 

d ilu tio n s  th e re o f , were mixed w ith 1 0 ^ 1 . phosphat e -b u ffe r -s a lin e  and IO^aU.. 

an tiserum , 1 :1000 or 1 :5000 d ilu t io n  (as determ ined from the  t e s t  b inding 

assays) and incubated  fo r  1-4 days a t  4*C, ( th e re  was l i t t l e  improvement 

in  the s e n s i t iv i ty  of the assay  by in c reasin g  th i s  incubation  p erio d  beyond 

2 days), 1 0 ^ 1 . [ '^ l ] - la b e l le d  Cucurbita A.A.O. (5-20,000cpm) was added 

and incubated fo r  24h.and then 1 0 ^ 1 , 1:40 d i lu t io n  RD17 , incubated  fo r  24h. 

and then 50^ 1 * p h o sp h a te -b u ffe r-sa lin e  added, the  m ixture cen trifu g ed  and



48
th e  r a d io a c t iv i ty  of the  im m unoprecipitates counted (l-2m in. co u n ts) .

% b ind ing  curves ag a in s t e x tra c t  d ilu tio n  were drawn. The degree of 

c ro ss  re a c tio n  of the  antiserum  w ith AJV.O. from mustard or gherkin 

co ty led in  e x tr a c ts  was poor, g iv ing  only minimal in h ib it io n  of b ind ing  by 

la b e lle d  A J l.O ., th e  c ro ss  re a c tio n  with pumpkin e x tra c ts  was good. The 

r e s u l t s  of th e se  assays are  p resen ted  in  the  n ex t main se c tio n .
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SECTION 3 RESULTS: P.A.L.

3.1 EXTRACTION HtOCEDURES

3.1 .1  In tro d u c tio n : The enzymological and immunological methods used in  

th e se  in v e s tig a tio n s  r e ly  com pletely on in  v i tro  determ inations of enzyme 

le v e ls  ( in  term s of the  c a ta ly t ic  and the  an tig en ic  a c t iv i t i e s  of the  

enzyme). These measurements were c a rr ie d  out u sing  e x tra c ts  of p la n t t i s s u e ,  

which were prepared  by grind ing  the  t is s u e  in  a s u ita b le  e x tra c tio n  b u f fe r ,  

fo llow ed by f i l t r a t i o n  and c e n tr ifu g a tio n  of th e  homogenate, to  g ive a 

so lu tio n  con ta in ing  the  so lub le  enzymes under in v e s t ig a t io n . The composition 

of the  e x tra c tio n  b u ffe r  was th e re fo re  extrem ely im p o rtan t, a f fe c t in g  both 

th e  amount o f so lub le  p ro te in  and th e  s t a b i l i t y  of th e  p ro te in s  in  the  

e x t r a c t .  P ro te in s  a re  g en e ra lly  more soluble a t  h ig h er pHs, and th e  s ta b i l i t y  

i s  o ften  improved by includ ing  a d d itio n a l reag en ts  in  th e  e x tra c tio n  medium, 

p a r t ic u la r ly  w ith  t is s u e s  con ta in ing  phenolic compounds. However th e  

s u i t a b i l i t y  of th e  e x tra c tio n  b u f fe r  depends la rg e ly  on the  enzymes being 

s tu d ied  and th e  t i s s u e  from which th ey  a re  e x tra c te d . A s e r ie s  o f t r i a l  

e x tra c tio n s  were c a rr ie d  out u sing  d i f f e r e n t  b u f fe r s ,  pHs and a d d itio n a l 

reag en ts  such as m etal c h e la to r s ,  a n ti-o x id a n ts ,  t h io l  compounds, polymeric 

adsorben ts and su g a rs , in  order to  s e le c t  a s u ita b le  e x tra c tio n  b u f fe r  

(see Rhodes,1977) fo r  the  P.A.L. e x tra c tio n s . The fo llow ing p o in ts  were 

co n s id e red :(1 ) E ffic ien cy  of e x tra c tio n  -  The e x tra c tio n  of P.A.L. should 

be com plete, i e .  a l l  the  so lub le  P.A.L. p resen t in  th e  t i s s u e  should be 

p resen t in  th e  e x tra c t  or th e  amount of P J l.L . ex tra c te d  should be d i r e c t ly  

p ro p o rtio n a l to  th e  amount of P.A .L. in  the  t i s s u e ,  re g a rd le ss  o f th e  

growing cond itions or l ig h t  trea tm en ts  rece ived  by the t i s s u e .  (2 ) S p ec ific  

a c t iv i ty  of th e  E x trac t -  The e x tra c tio n  should be optim ized fo r  maximum 

e x tra c tio n  of P.A.L. and minimum e x tra c tio n  of o th er p ro te in s . By attem pting  

to  reduce the  amount of contam inating p ro te in  in  the  o r ig in a l  e x t r a c t ,  the 

s t a b i l i t y  of th e  e x tra c ts  may be improved, and th e  number of s tep s  req u ired  

fo r  the  p u r if ic a t io n  of P.A.L. kept to  a minimum. (3 ) S ta b i l i ty  of the  

E x trac t -  In  order to  be able to  measure P.A.L. le v e ls  in  the  e x tra c ts
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a c c u ra te ly , th e  P.A .L. should he s ta b le  fo r  a minimum period ,determ ined

by th e  leng th  of tim e taken to  c a rry  out the  e x tra c tio n  and the  len g th  of 

th e  assays to  be used . (Or longer i f  the  enzyme i s  to  be p u rified ,) There 

a re  many f a c to rs  which may c o n tr ib u te  to  the  s t a b i l i t y ,  or lack  of s t a b i l i t y ,  

and th ese  include o ther enzymes, in h ib i to r s ,  a c t iv a to r s ,  s u b s tr a te s ,  p ro d u c ts , 

c o - fa c to r s ,  pheno lic  compounds, l ip id s  or o ther m olecules which may be 

p re se n t in  th e  e x t r a c t .  The g re a te s t  concern of th e  p la n t b iochem ist i s  the 

e f f e c t  of d is ru p tin g  th e  c e l l  and mixing of i t s  c o n te n ts , and p a r t ic u la r ly  

th e  r e le a s e  of substances re ta in e d  w ith in  the  vacuo le , fo llow ing  ru p tu re  

of th e  to n o p la s t. In an aqueous e x tr a c t  phenolic compounds a re  su sce p tib le  

to  o x id a tio n , and th i s  may lead  to  th e  form ation o f  quinones and ta n n in s , 

or ta n n in - l ik e  compounds, which w il l  polym erise w ith  th e  p ro te in s  p resen t 

in  th e  e x tr a c t ,  lead in g  to  an i r r e v e r s ib le  lo s s  of enzyme a c t iv i ty  (or 

enzyme p ro te in .)  (4) In te rp re ta t io n  -  The g re a te s t  problem encountered with 

a biochem ical approach . is  the  in te rp r e ta t io n  o f r e s u l t s  obtained  in  v i t ro  

and th e  e x tra p o la tio n  of any in te rp re ta t io n  to  th e  s itu a t io n  occu rring  in  

th e  whole p la n t .  In these  p a r t ic u la r  in v e s tig a tio n s  the  changes in  the  

a c t i v i t i e s  of one enzyme a re  m easured, but i t  must be remembered th a t  

th e re  are  o ther biochem ical changes o ccu rrin g , and th i s  may a f f e c t  the 

e x tra c tio n  o f t i s s u e  during th e  experim ental p e rio d  used.

3 . 1 .2  E x trac tio n  o f P.A.L. from Potato  Tuber D iscs: P.A.L. has been 

e x tra c te d  and p u r if ie d  from p o ta to  tuber d isc s  (Havir and Hanson,1970), 

bu t no t a l l  v a r ie t ie s  o f p o ta to  were su ita b le  fo r  th e  procedure u sed . A lso, 

th e  amount of P.A.L. and th e  response to  l ig h t  trea tm en ts  i s  dependent on 

the  tem perature a t  which th e  p o ta to e s  have been sto red  (Rhodes and W ooltorton,

1978) and the  du ra tio n  of s to ra g e , the  m a tu rity  of the tu b e rs  when harv ested , 

th e  season and growing co n d itio n s (Hyodo, 1976). For th ese  reasons t r i a l  

e x tra c tio n s  were c a rr ie d  out using  the  most r e a d i ly  a v a ila b le  p o ta to  v a r ie t ie s ,  

befo re  proceeding with the  p u r if ic a t io n  p rocedures.

The h ighest le v e ls  of P .A .L .-a c tiv ity  were obtained  from d isc s  of tuber 

from e ith e r  King Edward's or D esiree v a r ie t ie s  which had been incubated
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f o r  l8 -2 éh . The p a le r  t is s u e  v a r i e t ie s  contained l e s s  P .A .L ., bu t the  

p a t te rn  of changes in  P .A .L .-a c t iv ity  were the  same.. The in te rv a l  between 

s l ic in g  and th e  peak of P .A .L .-a c t iv ity  was dependent om the  tem perature 

a t  which th e  in cu b a tio n s  were c a r r ie d  o u t, occurring  e a r l ie r  a t  25^0 and 

l a t e r  a t  18**C. (This was dem onstrated by Lamb and Rubery,1976b) The amount 

of so lub le  p ro te in  ex tra c te d  from th e  d isc s  d id  n o t change ap p rec iab ly  

during  the  in cu b atio n  period  (F igure 3 .1 ) .  The t r i a l  e x tra c tio n s  were 

c a r r ie d  out u sing  d isc s  con tain ing  e a s i ly  m easurable le v e ls  of P .A .L .- 

a c t iv i ty ;  d isc s  of p o ta to  tu b er were incubated fo r  l6 h . or more, when 

th e  h ig h est le v e ls  of P .A .L .-a c tiv ity  were p re se n t. A b o ra te  b u ffe r  e x tra c tio n  

medium was used , (Havir and Hanson,1970) and a range o f  th io l  compounds 

and a n ti-o x id a n ts  compared (Table 3^1A). The e x tra c tio n  was n o t improved 

by th e  presence o f  any o f th e  re a g e n ts  t r i e d /  sev e ra l reag en ts  were in h ib i to ry ,  

L -cy s te in e , D ,L -d ith io th re ito l  and N a-m etab isu lph ite . Of th e  o th er reag en ts  

t r i e d  (Table 3.1% ), E .D .T Jl. was w ithout s ig n if ic a n t  e f f e c t ,  sucrose a lso  

gave r e s u l t s  comparable to  the  c o n tro l.  The polym eric adsorbents (see  Lam 

and Shaw,1970; Loomis,1974; G ray,1978),were e i th e r  w ithout s ig n if ic a n t  

e f f e c t ,  such as  p o ly e th y len eg ly co l, o r gave a reasonab le  s p e c if ic  a c t iv i ty  

bu t a reduced t o t a l  amount o f P .A .L ., such as 'A W serlite ' and 'Dowex' r e s in s .  

The l a t t e r  two a re  no t u su a lly  included  in  e x tra c tio n  b u f fe rs ,  bu t t h i s  

provided a  u se fu l way of a sse ss in g  th e i r  p o te n tia l  value fo r  subsequent 

trea tm en t of th e  e x tr a c ts .  The TDowex* re s in  gave a p a r t ic u la r ly  h igh sp e c if ic  

a c t i v i t y ,  end although the t o t a l  y ie ld  of P.A.L. was reduced; t h i s  was 

probably  due to  th e  incomplete removal of b u ffe r  from the 'Dowex' r e s in ,  

this a lso  ap p lie s  to  th e  'A m berlite ' e x tra c tio n . Although th e  e x tra c tio n  

per se was n o t improved, the  s t a b i l i t y  was dependent on. the presence of 

a d d itio n a l reag en ts ; those which d id  not reduce th e  y ie ld s  o f P.A .L. were 

l ik e ly  btbswest s u i ta b le .  Various o th er b u ffe rs  and pHs were a lso  t r i e d ,

as shown in  Table 3*2. Polyv iny lpyrro lidone (P .V .P .) had been included  in  

the  ex tra c tio n  b u ffe r  in  the  e a r l i e r  experim ents, bu t as the r e s u l t s  show



Figure 3.1

Time Course o f  the  development of P .A .L .-a c t iv ity  in  incubated  

p o ta to  tu b er d is c s .

P o tato  tu b er d isc s  were incubated  in  darkness (closed  symbols) or in  

w hite l ig h t  (open symbols).

3»1A P .A .L .-a c t iv ity  (# ,o ) and p ro te in  con ten t (• ,□ )  were measured and 

a re  given in  term s of t is s u e  w eight.

3*1 B S p ec ific  a c t iv i ty  of P.A .L. (A,A), given in  term s o f p ro te in  

co n ten t.
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Table 3*1

P J l .L . - a c t iv i ty in  e x tr a c ts  of lig h t- in c u b a te d  po ta to  tu b e r d is c s .

E ffe c t o f a d d it io n a l reag en ts  in  th e  b u ffe r  during e x tra c tio n .

P o ta to  tuber d is c s  were incubated fo r  22h. in  w hite l i g h t .  The e x tra c tio n  

(5g* discs/1O m l. b u f fe r )  was c a r r ie d  out using  lOOmM bora te  b u f fe r ,  pH 8 .8 , 

con ta in ing  1gP.V.P/lOml. and one of th e  fo llow ing :

3,1A E ffec t o f  a n t i-o x id a n ts  and th i o l  re a g e n ts .

P .A .L .-ac tiv ity :n m o les  cinnamate formed/mim.

A d d itio n a l reag en t / g .  incubated  t is s u e /mg. p r o t e in  (T. G .pp t^  )

C ontrol (none) 14.2 2.7
ImM m ercaptoethanol 10.0 1 .9
10mM m ercaptoethanol 12.1 2.6
1mM g lu ta th io n e 14.3 2.6
lOmM g lu ta th io n e 14.2 2.4
lQmM d i th io th r e i to l 11.4 2.4
10mM L -cysteine 10.4 2.2
20mM D -isoascorbate(N a ) 12.7 2.7
iOmM m etab isu lph ite(N a ) 8.3 2 .2

3.1 B E ffec t of o ther reag en ts .

P .A .L .-ac tiv ity :n m o les  cinnamate formed/min.

A d d itio n a l reagen t /g .  incubated  t is s u e /mg. protein(T .C .A .ppt& )

1mM E.D.T.A. 13.2 2.6
po lyethy leneg lyco l 13.0 2.6

1g. 'A m berlite ' 11.0 2.7
2g. 'Dowex-1 ’ (no P.V.P) 5.8 4 .4
0.1 M sucrose 14.0 2.6



Table 3*2

P.A .L .- a c t i v i t y  in  e x tr a c ts  of l ig h t- in c u b a te d  p o ta to  tu b er d is c s . 

Use of a range of d if f e re n t  e x tra c tio n  b u f fe r s .

Po tato  tu b er d isc s  were incubated  fo r  22h. in  white l i g h t .  The e x tra c tio n  

(5g. tis su e /6 m l. b u ffe r)  was c a r r ie d  out using  th e  b u ffe rs  described  below:

E x trac tio n  b u f fe r

P .A .L .-a c tiv ity  
nmoles cinnamate formed/min. 

/gr. t i s s u e  /mg. p ro te in

P ro te in  content 
m g.protein  

/g .  t i s s u e

lOOmM b o ra te  b u ffe r,p H  8 .8  
+ O .ég .P .V .P ./ém l.

14.2 2.7 5 .3

lOOmM b o ra te  b u ffe r,p H  8 .0  
+ O .ég .P .V .P ./ém l.

9 .0 2.2 4.1

lOOmM bora te  b u ffe r,p H  8 .8  
+ 10mM m ercaptoethanol

16.0 2 .9 5 .6

iOOmM b ora te  b u ffe r ,p H  8 .8  
+ 10mM m ercaptoethanol 
+ O .ég-.P.V .P./ém l.

15.0 2.9 5 .2

IOOmM b orate  b u ffe r,p H  8.8 
+ 1OmM m ercaptoethanol 
+ 20mM D -isoascorbate

17.7 3 .2 5.4

As above, b u t u s in g  3 
volumes ( l8 m l.)b u f fe r .

14.0 1 .9 7 .4

200mM b ora te  b u ffe r,p H  8 .8  
+ 10mM m ercaptoethanol

13.6 2.5 5 .4

IOOmM Tris-H Cl bu ffer,pH  7 .4  
+ 1OmM m ercaptoethanol

12.4 2 .5 5.0

IOOmM Tris-HCl bu ffer,pH  8.0 
+ 10mM m ercaptoethanol

13.1 2.6 5.0

IOOmM Tris-HCl bu ffer,pH  8.0 
+ 10mM m ercaptoethanol 
+ 20mM D -isoascorbate

15.0 2.9 5 .2

IOOmM Tris-HCl bu ffer,pH  8 .4  
4. mM m ercaptoethanol 
+ 20mM D -isoascorbate

17.8 2.6 6 .7

IOOmM Tris-HCl bu ffer,pH  8.0 
+ 1mM m ercaptoethanol 
+ 2OmM D -isoascor a te

15.8 2.9 5.5

IOOmM K-phosphate buffer,pH  8.0 16.8  
+ 1mM m ercaptoethanol 
+ 20mM D -isoascorbate

3.1 5.4

IOOmM K-phosphate bu ffer,pH  6.1 4 .3  
+ 1mM m ercaptoethanol .
+ 20mM D -isoascorbate

1.2 3.6
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i t  had l i t t l e  e f f e c t ,  probably due to  th e  pE used (Loomis,1974; & ray,1978), 

and was excluded from subsequent e x tra c tio n s . B uffer i n  the  ph range 8 .0 - 

8 .8 ,  gave th e  h ig h est y ie ld s  o f  P .A .L ., and the  h ig h e s t sp e c if ic  a c t i v i t i e s .  

In c reas in g  th e  r a t i o  of e x tra c tio n  b u f fe r  to  t i s s u e  d id  n o t in c rease  the  

e x tra c tio n  of P .A .L ., although th e  y ie ld  o f so lub le  p ro te in  was in c reased .

A b u f fe r  : t i s s u e  r a t i o  of 1:1 (v/w) gave th e  h ig h est y ie ld s  and s p e c if ic  

a c t i v i t y  fo r  P.A .L..A  h igher b u ffe r  concen tra tion  tended to  reduce th e  

y ie ld s ;  which was* c o n s is te n t w ith th e  observation  th a t  higher b u ffe r  

co n cen tra tio n s  in  th e  assay  a lso  reduced the  m easurable enzyme a c t iv i ty .

The presence o f D -isoascorbate  was found as e f fe c t iv e  as m ercaptoethanol, 

and a combination o f th e  two was s l ig h t ly  more e f fe c t iv e  than e i th e r  a lo n e .

On th e  b a s is  o f  th e se  r e s u l t s  th e  e x tra c tio n  b u ffe r  se le c te d  co n s is ted  of 

e i th e r  IOOmM ( la te r  reduced to  75mM) b o ra te  b u f fe r ,  pH 8 .8 , or IOOmM T r is -  

HCl b u f fe r ,  pH 8.4(4*0) co n ta in in g  ImM m ercaptoethanol and 20mM D -isoasco rbate .

5 . 1 .3  S ta b i l i ty  of P J l .L .- a c t iv i ty  in  P o tato  Tuber Disc E x tra c ts :  There 

were sev era l ways in  which th e  s t a b i l i t y  of e x tra c ts  could be fo llow ed,

(1 ) A range o f  ex tra c tio n  b u f fe rs  could be u sed , and th e  samples assayed 

a f te r  v arious in te rv a ls .  (2 ) A s in g le  e x tra c tio n  b u ffe r  could be used , the  

e x tra c t d e s a lte d , and a d d itio n a l reag en ts  added to  samples of th e  d esa lted  

e x tra c t and assayed a f t e r  v a rio u s  in te rv a ls .  ( 3 ) The e f fe c t  of a d d itio n a l 

reag en ts  in  th e  assay m ixture i t s e l f  could be compared, using  d esa lted  

e x tr a c ts .  Using th e  f i r s t  method, the  s t a b i l i t y  was g re a te s t  in  those 

e x tra c ts  g iv ing  the  h ig h est y ie ld s .  Using th e  second method (Table 3*3)> 

s im ila r  r e s u l t s  were obtained; m ercaptoethanol, D -isoascorbate  and g lu ta th io n e  

were more e f fe c t iv e  than L -c y s te in e , D ,L -d ith io th re ito l  or the  c o n tro l. The 

P .A .L .-a c tiv ity  recovered a f t e r  d e sa ltin g  was always le s s  than the  amount 

p resen t in  th e  o r ig in a l  e x t r a c t ,  re co v e rie s  were between 70 and 90^. The 

% values given in  Table 3*3 r e f e r  to  the amount of P .A .L .-a c tiv ity  as a

% of th a t  in  th e  o r ig in a l  e x t r a c t ,  so values between 70 and 80^ a re  as good 

as could be expected. R ecoveries of P.A.L. in  th e  s a l t - p r e c ip i ta te d  samples

were u su a lly )> 90^ . the Ictses th e re fo re  occurred during or a f te r  d e s a ltin g .



Table 3-3

S ta b il iz a t io n  of P .A .L .-a c tiv ity .

A s a lt-c o n c e n tra te d  P.A .L. sample was d e sa lte d  in  73mM bora te  b u f fe r ,  pH 8.8, 

A liq u o ts  of d e sa lte d  sample were mixed w ith  th io l  compounds or a n ti-o x id a n ts  

(as below) and kept a t  4*C. The samples were assayed a f t e r  24 aimd 48h.

% P .A .L .-a c t iv ity  rem aining a f t e r -  
(as a ^  of th e  a c t iv i ty  in  th e  o r ig in a l  e x tra c t)

Added reagen t 24h. 48h.

C ontro l (none) 49 .4 41 .6

1mM m ercaptoethanol 76.5 59.7
10mM m ercaptoethanol 77.3 64.7
1mM g lu ta th io n e 64.1 68.9
10mM g lu ta th io n e 80.0 68.9
1mM D ,L -d ith io th re ito l 6 0 .8 44.8
10mM D ,L -d ith io th re ito l 52.5 41.6
5mM L -cyste ine • 57.6 46.5
20mM D -isoascorbate 56.4 56.1
1mM m ercaptoethanol 

+ 10mM D -isoascorbate 69.3 70.9

5mM L -cysteine 
+ 1OmM D -isoascorbate 51.3 49 .3
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Using the  th i r d  method (Table 3*4), P .A .L .- a c t iv i t ie s  h igher than the  c o n tro l 

were obtained  in  th e  p resence of P .E .G .(p o ly e th y len eg ly co l), E.D.T.A. 

(e th y len ed iam in e te tra -am in e), D -iso asco rb ate , sucrose and p o ss ib ly  F ic o l l .  

(E.D.T.A. was subsequently  included in  the  e x tra c tio n  b u f fe r ,  a lthough  P.E.G. 

could have been used in s te a d .)  S o rb ito l and m annitol were almost com pletely  

in h ib i to ry  a t  0.1M, in  agreement w ith  th e  r e s u l t s  of Kopp e t a l . 1977* T rans- 

cinnamic ac id  was a lso  in h ib ito ry  (Lamb and Rubery,197éTb)..-Tha d en a tu rin g  

reag en t 8.L .8 . (sodium la u ry l  s u lp h a te ) , s im ila r  in  e f fe c t  to  8.D .S.(sodium  

dodecyl su lp h a te ) , was a lso  almost com pletely in h ib i to ry  a t  0 . 05^ , th e  

co n cen tra tio n  norm ally  used to  cause breakdown of enzymes in to  th e i r  su b u n its . 

The th io l  compounds were s l ig h t ly  in h ib i to ry ,  L -cyste ine  showed th e  g re a te s t  

degree of in h ib i t io n  as  expected from previous r e s u l t s .  F ructose a lso  

in h ib i te d  ensyme a c t iv i t y ,  in  c o n tra s t to  th e  e f fe c t  of sucrose.

3*1 .4  S elec tion  of E x trac tio n  B uffer: The r e s u l t s  from the  proceeding

se c tio n s  were used to  s e le c t  the  e x tra c tio n  b u f fe r :  75mM b ora te  b u f f e r ,

pH 8 .8 , con ta in ing  1mM E.D .T.A ., 3mM m ercaptoethanol and 1OmM D -iso asco rb a te .

P J l .L . - a c t iv i ty  in  such e x tr a c ts  was s ta b le  fo r  2-3 days a t  4*C, d e sa ltin g

was not n ecessary  fo r  enhanced s t a b i l i t y .

3*1*5 Storage of Potato  P.A.L. E x trac ts : E x tra c ts  used in  th e  assays (enzyme 

assay  and immunological assay) were kept a t  4*̂ C fo r  1 or 2 days w ithout 

s ig n if ic a n t leases o f P .A .L .-a c tiv ity . F reezing  and thawing o f e x tra c ts  

r e s u lte d  in  lofises of P .A .L .-a c t iv ity ,  although sto rage under l iq u id  n itro g e n  

(-16cfC), in s te a d  of in  a deep f ree ze  (-20®C), was le s s  damaging. E x trac ts  

which had been frozen  were no t used in  th e  immunological a s sa y s , bu t were 

su ita b le  fo r  th e  p u r if ic a t io n ,  as they  were s a lt-c o n c e n tra te d  p r io r  to  

s to rag e . More p u r if ie d  samples were more s ta b le ,  p a r t ic u la r ly  when stored, 

under l iq u id  n itro g e n .

3*1*6 E ffec t of Light on P .A .L .-a c t iv it ie s  in  Potato Tuber D iscs: Incubation  

of d isc s  in  white l ig h t  u s u a lly  gave an in c re a se  in  P.A.L. le v e ls  compared 

to  a continuous dark in cu b a tio n . Some batches of po ta to  f a i le d  to  respond 

to  the  presence of white l i g h t .  The reasons fo r  th i s  are no t known, bu t a



Table 3*4

P .A .L .-a c t iv ity  measured in  the  presence of a d d itio n a l re a g e n ts .

A sa lt-c o n c e n tra te d  P,A,L* sample was d esa lted  in  75niM b o ra te  b u f fe r ,  pH 8 .8 . 

P .A .L .-a c t iv ity  was assayed as d escribed  in  Section 2#3#1, but th e  fo llow ing 

reag en ts  were included  in  the  assay  m ix ture .

Added reagen t
% P J l .L .- a c t iv i ty

as a ^  of the  co n tro l

Control (none) =100
1% P.E.G. 600 115
2fo P.E.G . 600 112

F ic o ll 103
imM E.D.T.A. 112
3mM E .D .T Jl. 107
5mM m ercaptoethanol 95
1OmM D -isoascorbate 104
5mM g lu ta th io n e  . 82
3mM L -cyste ine 76
0.1M sucrose 105
0.1 M f ru c to se 30
0 .1 M s o rb ito l 2
0.1 M m annitol 3
0.5mM trans-c innam ic  ac id 50

0.05^ S .L .S . 2

P.E.G-.= po lye thy leneg lyco l 
E.D.T.A.= ethylenediam inet etra-am ine 
S.L.S.= sodium la u ry l  su lphate
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s im ila r  f a i lu r e  to  respond was rep o rted  in  tu b er d isc s  of c e r ta in  v a r ie t ie s  

of H elian thus tuberosum fo r  th e  b lue l ig h t  s tim u la ted  in c re a se  in  P .A .L .- 

a c t iv i ty  (N itsch  and N itsch ,1 966). P o ss ib ly  th e  trea tm en t and sto rage of 

th ese  p o ta to e s  (before being so ld  on th e  m arket) was re sp o n s ib le . Potato  

d isc s  th a t  d id  no t r e f o n d  to  l ig h t  were n o t used fo r  th e  experim ents. Blue 

l ig h t  was a lso  e f fe c tiv e  in  in c rea s in g  P .A .L .-a c t iv ity  over th a t  obtained 

in  d a rk n ess , a lower ir ra d ia n c e  might have been re sp o s ib le  fo r  th e  d iffe ren ce  

when compared to  P .A .L .-a c t iv ity  in  w hite l ig h t  (Table 3 . 5 ) . F a r-red  l ig h t  

was w ithout e f fe c t  a t  th e  ir ra d ia n c e  le v e l  t r i e d .

3.1 .7  E ffe c t of an I n i t i a l  Dark Treatment on P .A .L .- a c t iv i t ie s  in  L igh t- 

Iheubated P otato  Tuber D iscs: TVhen p o ta to  d is c s  were incubated  in  darkness 

fo r  4 h . ,  and then  tra n s fe r re d  to  white l i g h t ,  P .A .L .- a c t iv i t ie s  were s l ig h t ly  

h igher than  w ith  continuous w hite l ig h t  (Table 3*5)* %f th e  dark period  was 

extended to  6 h . , P J l.L . le v e ls  were s l ig h t ly  reduced compared to  continuous 

w hite l i g h t .  I t  was a lso  observed th a t  i f  a dark period  (8-1 Oh.) in te ru p te d  

the  w hite l i g h t  trea tm en t 8-1 Oh. a f te r  c u t t in g ,  P.A.L. le v e ls  were no le s s  

than w ith  an u n in te ru p ted  l ig h t  tre a tm en t. The l ig h t  s e n s i t iv e  s tep  appears 

to  be o p era tiv e  4-1 Oh. a f t e r  c u t t in g .

3 . 1 .8  E ffe c t of Submersion o f  Potato  Tuber Discs During Incubation : 

Experiments were c a rr ie d  out on the  e f fe c t  of com pletely submerging the  

incubating  d isc s  during in cu b a tio n , fo llow ing  the  r e s u l t s  of S h irsa t and 

N a ir ,1976 . (Submersion was shown to  in h ib i t  the in crease  in  P .A .I . - a c t iv i ty ,  

and t h i s  was thought to  be due to  a red u c tio n  in  the  a v a i l a b i l i ty  of oxygen) 

Table 3*6 shows the  r e s u l t s  th a t  were obtained  when d isc s  norm ally incubated 

on a lay e r of water (necessary  to  m aintain the  hum idity) were com pletely 

submerged in  w ater. P .A .L .- a c t iv i t ie s  were 2 -fo ld  h igher in  the  normal 

in cu b a tio n s . More s ig n if ic a n t ly  (w ith re sp e c t to  these  in v e s t ig a t io n s ) , th e  

l ig h t  e f fe c t  was s t i l l  o b ta in ed . This suggests th a t  the wounding e f f e c t ( i e .  

s l ic in g  and dark in c u b a tio n ), and not the  subsequent l ig h t  e f fe c t  was 

a ffe c te d  by submersion o f th e  d is c s . The lower le v e ls  of P .A .L .-a c tiv ity  in  

the  submerged d isc s  may be due to  a red u c tio n  in  the  r a te  of change of



Table 3 .5

P.A .L .- a c t i v i t y  in  e x tra c ts  of lig h t- in c u b a te d  p o ta to  tuber d iscs . 

E ffec t of an i n i t i a l  dark p e r io d .

Potato  tu b e r  d is c s  were incubated  a t  25*C under the  fo llow ing  l ig h t  

programs, and P .A .L .-a c tiv ity  in  e x tra c ts  made a t  the  end of th e  l ig h t  

period  measured.

Incubation

Dark

treatm en t (h .)  

White l i g h t

P .A .L .-a c tiv ity

nmoles cinnamate formed/min 
/g .  incubated  t is s u e

0 17 11.2
0 19 13.6
0 21 16.0
0 23 19.2
2 17 14.0

4 17 17.6
6 . 17 16.3
2 17 ( fa r - re d  l ig h t ) 8.6
0 19 (blue l ig h t ) 11.8

19 0 8 .8

T able 3*6

P J ^ .L .-a c t iv i ty  in  e x tra c ts  of lig h t- in c u b a te d  po ta to  tu b e r d iscs . 

E ffec t of submersion of th e  d isc s  durin ?  in cu b a tio n .

P otato  tuber d isc s  were incubated in  p e t r i  d ish e s , 10 d is c s /d is h ,  w ith 

e i th e r  4.0m l. (normal) or 20.0ml. (submerged) d i s t i l l e d  w ate r, in  darkness 

or white l ig h t  fo r  20h. and P .A .L .-a c tiv ity  in  th e  e x tra c ts  measured.

Incubation treatm ent P .A .L .-a c tiv ity
nmoles cinnamate formed/min. 

/g .  incubated  t is s u e

Darkness 13.8
White l ig h t 19.6
Darkness + submerged 5.9
V/hite l ig h t  + submerged 14.0
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P .A .L .-a c t iv ity  during th e  in cu b a tio n .

3.1 . 9 E x trac tio n  of P.A.L. from Mustard and Gherkin Seedlings: The 

amount o f  P .A .L .-a c t iv ity  in  th ese  t is s u e s  i s  much lower than in  p o ta to  

tu b e r d is c s , and th e  amount of p ro te in  much h ig h er. Comparison of P .A .L .- 

a c t i v i t y  and p ro te in  con ten t in  e x tr a c ts  o f  e t io la te d  and l ig h t-s t im u la te d  

seed lin g s  i s  given in  Table 3*7. These t i s s u e s  are  more heterogeneous 

than  th e  p o ta to  tu b e r  (mainly parenchyma t i s s u e ) ,  th e  cotyledons e s p e c ia lly  

co n ta in  la rg e  amounts of l ip id  and sto rage p ro te in . During germ ination of 

m ustard , re se rv e  m a te r ia ls  in  th e  cotyledons are  u t i l i z e d ,  s to rag e  p ro te in s  

a re  used during th e  f i r s t  few days, and then the  f a t s  a re  used between th e

th i r d  and f i f t h  days a f te r  im b ib itio n  (Gould and R ees,1965)» A s im ila r  

p a t te rn  of biochem ical changes probably  occurs in  gherkin du ring  germ ination 

(Mayer and Shain ,1974). The cotyledons not only a c t as sto rage o rgans, but 

become p h o to sy n th e tic a lly  a c tiv e  fo llow ing  exposure to  l ig h t  (Mohr and 

Schopfer,1977; Murphy and Stiimpf ,1979)* I t  i s  perhaps no t su rp r is in g  to  

f in d  th a t  P .A .L .-a c t iv ity  in  seed lin g  e x tra c ts  i s  le s s  s ta b le  than from 

the  r e la t iv e ly  homogeneous p o ta to  tu b e r t i s s u e .  E x trac tio n s  were c a r r ie d  

out a t  pH 8 .8  (as fo r  po ta to  P .A .L .) and a t  pH 6 .3  or 7.2 (a more p h y s io lo g ica l 

pH) in  order to  f in d  cond itions s u ita b le  fo r  e x tra c tin g  P.A.L. e f f i c i e n t ly  

and g iving a reasonab ly  s ta b le  p rep a ra tio n  ( su ita b le  fo r  carry ing  out 

enzyme and immunological a ssa y s ). E x trac ts  from th ese  t is s u e s  a re  u su a lly  

d e sa lte d  before a ssay in g , so P .A .L .-a c t iv it ie s  were measured in  both  the 

crude supernatan t e x tra c ts  and d e sa lte d  samples. The t is s u e s  o f p a r t ic u la r  

in te r e s t  in  th ese  in v e s tig a tio n s  were mustard co tyledons and gherkin hypocotyls; 

so t r i a l  e x tra c tio n s  were la rg e ly  c a rr ie d  out on th ese  t i s s u e s .

A. Mustard S eed lin g  E x tra c tio n s: U sing mustard c o ty le d o n s , a h igh er b u ffe r  

pH was found to  g iv e  th e h ig h e s t  P.A .L .- a c t i v i t i e s  in  the e x tr a c ts  o f  f a r -  

red  tr e a te d  s e e d lin g s  (Table 3 *8 ) ,  a lthough  th ere  was no apparent d if fe r e n c e  

between P.A.L.- a c t i v i t i e s  from th e dark-grown s e e d lin g s .(T h is  may be due to  

d if fe r e n c e s  in  th e com position  o f th e  e x tr a c ts  from dark- and fa r -r e d  tr e a te d  

s e e d l in g s .)  When e x tr a c ts  were d e s a lte d  a t th e  low er pH (pH 7 .2 ) P .A .L .-



Table 3»7

P.A .L .- a c t i v i t y  and p ro te in  con ten t of t is s u e  e x t r a c ts .  

E x trac tio n s  were c a r r ie d  out using  75mM b o ra te  buffer,pH  8 .8  con tain ing  

1mM E.D .T .A ., 1OmM D -isoasco rbate  and 3mM m ercaptoethanol. P V A .L .-activ ity  

and p ro te in  con ten t were measured in  the  crude supernatan t e x tr a c ts .

P.A .L .- a c t iv i ty P ro te in  co n ten t

T issue _ . . nmoles cinnamate formed 
Treatm ent /m in ./g . f r .w t .  t i s s u e

m g.protein  
/ g . f r .w t . t i s s u e

Potato  tu b er d isc s 24h.darkness 14.1 6 .5
24h.white l ig h t 24.0 6.6

Mustard cotyledons 60h.darkness 2.4 57
36h .darkness + 

2 4 h .fa r-red
20.4 55

Gherkin hypocotyls 3 days darkness 1 .2 5.2
3 days darkness +

2 .5h.w hite l ig h t
3.2 5.1

Number of t i s s u e  se c tio n s  eq u iva len t to  1 g . f r .w t . ( f re sh  w e ig h t) tis su e  

P o ta to  tuber d isc s  2 .2  d is c a ( f re s h ly  s lic e d )

Mustard cotyledons 90 cotyledon p a irs (6 0 h .-o ld  seed lin g s)

Gherkin hypocotyls 15 hypocotyl s e c tio n s (3 day-old  seed lings)



Table 3 .8

P.A .L .- a c t i v i t y  in  e x tra c ts  of mustard co ty ledons.

P.A .L. was ex tra c te d  from dark-grown or f a r - re d  t re a te d  mustard co ty ledons, 

u sin g  th e  b u ffe rs  as described  in  the  T able.

E x trac tio n  b u f fe r s :  lOOmM Na-phosphate
b u f fe r ,  pH 6 .5  + 
1mM g lu ta th io n e

75mM b o ra te  b u f fe r ,  
pH 8 .8  + ifinM 
m ercaptoethanol

L ight trea tm en t
P.A .L .- a c t iv i ty  

pmoles cinnamate form ed/m in./cotyledon p a ir

36h . dark 
60h. dark
36h .d a rk  + 24h. f a r - r e d  
if8h.dark + 24h. f a r - re d

23
29

240

130

26

28
320
170

Table 3.9

P .A .L .-a c t iv ity  in  e x tra c ts  o f mustard co ty ledons.

E ffe c t of d e s a ltin g  on the assayable P .A .L .-a c tiv ity .

P.A .L. was e x tra c te d  from dark-grown or f a r - r e d  t r e a te d  mustard co ty ledons, 

and then  d e sa lte d , using  the  b u ffe rs  as described  in  the  Table. P .A .L .- 

a c t i v i t y  was assayed a f te r  d e sa ltin g  and again a f t e r  keeping the  d e sa lte d  

samples a t  4*0 fo r  24h,

E x trac tio n  b u ffe r
*% P.A .L. - a c t iv i ty

D esalting  b u ffe r Light treatm ent Oh. 24h.

1OOmM Na-phosphate 50mM Na-phosphate 60h. dark 23 0
b u f f e r , pH 7 .2  + b u ffe r ,  pH 7 .2 . 38h. dark + 76 321mM g lu ta th io n e . ■ 22h. f a r - re d
lOOmM Na-phosphate 1OOmM Na-phosphate 60h. dark 52 0
b u f fe r ,  pH 7 .2  + b u ffe r ,  pH 7 .2  + ' 36h. dark + 85 624mM m ercaptoethanol. 0.5mM g lu ta th io n e . , 24h. f a r - r e d
----------- II------------- 50mM b o ra te  b u f fe r ,  -"'36b. dark + 85 80

75mM b o ra te  b u f fe r ,  
pH 8 .8  + 1mM E.D.T.A.

pH 8 .8  (D-iso 
ascorbate added to

L 24h. f a r - re d  
6Oh. dark 93 90

+ 10mM D -isoascorbate 10mM a f te r  desa lting )- '3&h. dark + 
24h. f a r - re d 98 95

+ 5mM m ercaptoethanol

% P .A .L .-a c tiv ity  as a ^  of the  a c t iv i ty  in  the  o r ig in a l  e x t r a c t ,  a f te r  
d e sa ltin g  (Oh.) and a f te r  a fu r th e r  24h.
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a c t i v i t y  was ra p id ly  l o s t ,  e s p e c ia lly  from dark-grown seed lings (Table 3*9)* 

P .A ,L .- a c t iv i t ie s  were assayed a f t e r  d e sa ltin g  and again a f t e r  keeping the 

d e sa lte d  samples a t  4®C f o r  1 day, and a re  given in  th e  ta b le  as a ^  o f 

the  o r ig in a l  P .A .L .-a c tiv ity  ( in  the  e x tra c t  befo re  d e s a l t in g ) .  P .A .L .- 

a c t iv i ty  in  e x tra c ts  o f  coty ledons from dark-grown seed lin g s  was p a r t ic u la r ly  

u n s tab le  a t  pH 7 .2 , even in  th e  presence o f  g lu ta th io n e , (u n lik e  P.A.L. 

ex tra c ted  from peas, where g lu ta th io n e  p rev en ts  th e  lo s s  o f  s t a b i l i t y  during 

d ia ly s is ,  and dark e x tra c ts  were more s ta b le  than l ig h t  e x t r a c ts ,  A ttrid g e  

and Sm ith,1973Ê). Samples d e sa lte d  a t  pH 8 .8  were s ta b le  f o r  a t  le a s t  24h 

provided D -isoascorbate  (lOmM) was added im m ediately a f te r  d e sa ltin g  was 

com pleted. V arious a d d it io n a l  reag en ts  were te s te d  and D -isoascorbate  found 

to  be more e f fe c t iv e  than m ercaptoethanol or g lu ta th io n e , as shown in  

Table 3 .1 0 , where the  r e s u l t s  of assays c a r r ie d  out in  th e  presence of th ese  

reag en ts  a re  compared. The most unexpected fin d in g  was th a t  d e sa ltin g  did  

not enhance th e  P.A.L. le v e ls  ob ta ined , as i t  i s  g en e ra lly  b e liev ed  th a t  

the presence o f  phenolic compounds in h ib i t s  enzyme a c t iv i ty ,  and d e sa ltin g  

i s  c a r r ie d  out ro u tin e ly  to  avoid t h i s .  P .A .L. le v e ls  in  m ustard r a d ic le s  

and hypocotyls were no t a f fe c te d  to  th e  same ex ten t by th e  f a r - re d  trea tm en t 

as co tyledons (Table 3 .1 1 ) , and would th e re fo re  appear to  be reg u la ted  in  

a d if f e re n t  mann.er (as suggested by D itte s  e t a l , 1971).The most s u ita b le  

b u ffe r  pH fo r  both  the e x tra c tio n  and d e s a ltin g  was pH 8 .8 ,  although P .A .L .- 

a c t i v i t i e s  from stim u la ted  and non-stim u lated  t is s u e  showed s l ig h t ly  

d if fe re n t  s t a b i l i t i e s .  Table 3*12A shows th e  P .A .L .-a c tiv ity  rem aining in  

crude supernatan t e x tra c ts  a f t e r  keeping a t  4®C fo r  1 or 3 days. As mentioned 

e a r l i e r ,  P .A .L .-a c tiv ity  from cotyledons i s  r e la t iv e ly  s ta b le  under these  

cond itions (but much le s s  s ta b le  a f te r  d e s a l t in g ) ,  whereas P .A .L .-a c tiv ity  

from r a d ic le s  and hypocotyls was u n s ta b le , p a r t ic u la r ly  in  e x tra c ts  from 

older (64h) seed lin g s . This d iffe ren ce  may be due to  d iffe re n c e s  in  the  

natu re  and le v e ls  o f phenolic  compounds or o ther compounds (these  e x tra c ts  

were not d e s a l te d .)  The d iffe ren ce  was le s s  n o ticeab le  when e x tra c ts  were 

d esa lted  and D -isoascorbate or m ercaptoethanol added (Table 3*12B).



Table 3* 10

P.A .L .- a c t iv i ty  in  e x tra c ts  of mustard cotyledons.

E ffec t of a d d itio n a l reagen ts  in  the assay  m ixture.

Mustard cotyledons were taken from seed lings which had rece ived  a l ig h t  

trea tm en t of 3&h. dark + 24h. f a r - r e d ,  and were ex trac ted  in  the  potato  

ex trac tio n  b u ffe r  (see Section 2 .4 .2 , [A ]) ,  then desa lted  in  e i th e r  Na- 

phosphate b u f fe r ,  pH 7.2 or b o ra te  b u f fe r ,  pH 8 .8 , and assayed fo r  PJl.L , 

a c t iv i ty  as described  in  Section 2 .5 .1 , bu t the follow ing reag en ts  were 

included in  th e  assay m ixture.

pH o f d e sa ltin g  b u ffe r : 7.2 8 .8
fo P.A.L .- a c t iv i ty

Added reagent as  a % of the co n tro l

Control (none) =100 =100
1mM g lu ta th io n e 104 99.
4mM m ercaptoethanol 106 103
1mM E.D.T.A. 108 98
1OmM D -isoascorbate 120 112

Table 3*11

P .A .L .-a c tiv ity  in  e x tra c ts  of mustard seed lin g s.

E x tractions were c a rrie d  out using the p o ta to  ex trac tio n  b u ffe r  (see 

Section 2 .4 .2 , [A l). P .A .L .-a c tiv ity  was measured in  the crude supernatant 

e x tra c ts .

Light treatm ent
Section of 

seed ling .

P .A .L .-a c tiv ity  
pmoles cinnamate formed/min. 

/  t i s s u e  sec tio n .

36h. dark cotyledon p a ir 36
ra d ic le 72

60h. dark cotyledon p a ir 32
hypocotyl 30
ra d ic le 235

36h. dark
+ 24h. fa r - re d cotyledon p a ir 320

hypocotyl 60
ra d ic le 354 _j



Table 3 .12

S ta b i l i ty  of P.A.L. in  m ustard seed ling  e x tr a c ts .

3*12A Crude supernatan t e x tr a c ts .

E x trac tio n s  were c a r r ie d  out using  th e  po ta to  e x tra tio n  b u ffe r  (see Section 

2 .4 .2 ,  La] ) ,  p .a .L .- a c t iv i ty  was assayed a f te r  keeping the samples a t  4*C 

fo r  24h. and 72h.

Light treatm ent
Section of 

seed lin g .

P.A.L
(as

. - a c t i v i t y  rem aining a f t e r -  
a ^  of th e  a c t iv i ty  in  
th e  o r ig in a l  e x tra c t)

24h. 72h.

40h. dark cotyledon p a ir 103 87
r a d ic le 78 52

64h. dark cotyledon p a ir 93 90
ra d ic le  + hypocotyl 64 32

40h. dark
+ 24h. f a r - r e d cotyledon p a ir 87 64

ra d ic le  + hypocotyl 53 28

3.1 2B D esalted e x tr a c ts .

The samples were prepared as above, then d e sa lte d  in  50mM b o ra te  b u f fe r ,  

pH 8 .8  and a d d itio n a l reag en ts  added imm ediately a f te r  d e s a ltin g . P .A .L .- 

a c t iv i ty  was assayed a f te r  keeping th e  samples a t  4**C fo r  24h.

L ight treatm ent
Section of 

seed lin g .

% P .A .L .-a c tiv ity ,w ith  added reagen t 
(as a ^  of th e  a c t iv i ty  in  

th e  o r ig in a l  e x tra c t)

Control
(none) D -isoascorbate  m ercaptoethanol

40h. dark cotyledon p a ir — — 69 54
ra d ic le --- 87 76

64h. dark cotyledon p a ir — — 71 47
r a d ic le  + hypocotyl —— 80 76

.40h. dark +
24h. f a r - re d cotyledon p a ir 73 86 78

r a d ic le  + hypocotyl 64 69 64
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B. Gherkin Seedling E x tra c tio n s ; Using hypocotyl s e c tio n s , the  P .A .L .- 

a c t i v i t y  e x tra c ted  a t  pH 7.2 was only  h a lf  th a t  ob ta ined  a t  pH 8 .8  (Table 

3*13) • When samples were ex trac ted  a t  pH 7.2 and d e sa lte d  a t  th e  same pH, 

P .A .L .- a c t iv i t ie s  were reduced, b u t to  a g re a te r  ex ten t fo r  e x tra c ts  from 

dark-grown seed lin g s  (as shown by th e  numbers in  square b rack e ts  in  F igure 

3 .2 ) .  The e f fe c t  of th e  l ig h t  tresGaent was ap p aren tly  h igher in  th e  d e sa lte d  

e x t r a c t s ,  bu t th in  was due to  a la rg e  p ro p o rtio n  of th e  P.A .L.- a c t iv â ty  in  

th e  dark-hypocotyl e x tr a c ts  being lo s t  fo llow ing desalting". When e x tra c tio n s  

were c a r r ie d  out a t  pH 8 .8  (Figure 3*3)» t h i s  e f f e c t  was la rg e ly  e lim in a ted , 

w ith  s l ig h t ly  h igher P .A .L .- a c t iv i t ie s  fo llow ing d e s a l t in g , provided 

D -iso asco rb ate  was added. D -isoascorbate  was more e f fe c t iv e  than mercapto

e thano l or g lu ta th io n e  (see Table 3*14). P.A.L. le v e ls  in  gherkin co tyledons 

were a lso  in creased  by a white (or b lue) l ig h t  tre a tm e n t, bu t u n lik e  th e  

s i tu a t io n  occurring  in  th e  hypoco ty ls, P J l.L . le v e ls  d id  no t f a l l  a f t e r  3h. 

l i g h t  tre a tm e n t, bu t in s te a d  remained a t  the  s tim u la ted  le v e l (Figure 3 .4 ) ,  

and were s t i l l  h igh a f t e r  24h. continuous blue l ig h t  (Table 3 .1 5 ).

Follow ing d e sa ltin g  a t  pH 8 .8  P .A .L .- a c t iv i t ie s  were unchanged (F igure 3 .4B ). 

The d e sa lte d  samples were a lso  p a r t ic u la r ly  s ta b le ,  as shown in  Table 3*16 , 

where th e  e f fe c t  of a d d itio n a l reag en ts  on the  P .A .L .-a c tiv ity  in  e x tra c ts  

of hypocotyls and cotyledons which have been d esa lte d  i s  compared. No 

a d d it io n a l reag en ts  were req u ired  to  m aintain the  P .A .L .-a c tiv ity  o f  d esa lted  

cotyledon e x tr a c ts .

C. Summary: The lower pHs (6 .5 -7 .2 )  were t r i e d  in  th ese  e x tra c tio n s  because 

phenolic  ox idation  i s  in h ib ite d  a t  lower pHs (Rhodes,1977)» however th e  

h igher pH (8 .8 ) was foundh i>& most s u ita b le  fo r  a l l  P.A .L. e x tra c tio n s .

Mustard cotyledon and gherkin hypocotyl P .A .L .- a c t iv it ie s  were more s ta b le  

in  th e  crude supernatan t e x tra c ts  than in  the d esa lte d  sam ples, although 

D -isoascorbate  improved the  s t a b i l i t y  (probably by in h ib i t in g  o x id a tio n ) .

With gherkin (and f a r - r e d  tre a te d  m ustard cotyledon.) P .A .L ., no t only the  

s t a b i l i t y  was dependent on the  pH o f the  e x tra c tin g  b u f fe r ,  but th e  a c tu a l



Table 3 .13

P # A .L .-a c tiv ity  in  e x tra c ts  of gherkin hypocoty ls.

P.A .L. was ex trac te d  from dark- or w hite l ig h t - t r e a te d  gherkin hypoco ty ls, 

u s in g  th e  b u ffe rs  as described  in  th e  T ab le .S eed lin g s were 3 days o ld .

E x trac tio n  b u f fe r s : 1OOmM Na-phosphate 75mM b o ra te  b u f fe r ,  
b u f fe r ,  pH 7 .2  + pH 8 .8  + 4mM 
1mM g lu ta th io n e  m ercaptoethanol

L ight trea tm en t
P .A .L .-a c t iv ity  

pmoles cinnamate form ed/m in./hypocotyl

Oh. dark 49 83
5h. dark 55 90
1 .5 h . w hite l ig h t 94 165
3h. white l ig h t 142 227
5h. w hite l ig h t 89 162

Table 3.14

P .A .L .-a c t iv ity  in  e x tra c ts  o f gherkin hypocoty ls.

E ffe c t o f a d d itio n a l reag en ts  in  th e  assay  m ix tu re .

Gherkin hypocotyls were taken from 5 dàÿ-old  seed lin g s  which had rece iv ed  

a 3h. white l ig h t  tre a tm e n t, end were e x tra c te d  in  th e  p o ta to  e x tra c tio n  

b u ffe r  (see Section 2 .4 .2 , [ a] ) ,  then d e sa lte d  in  e i th e r  1OOmM Na-phosphate 

b u f fe r ,  pH 7.2 or 50mM b orate  b u f fe r ,  pH 8 .8 , and assayed fo r  P .A .L .-a c tiv ity  

as described  in  Section 2.5*1, but th e  fo llow ing  reag en ts  were inc luded  in  

the  assay  m ixture.

pH o f d e sa ltin g  b u ffe r : 7 .2 8 .8

Added reagen t
°/o P .A .L .-a c tiv ity

as a ^  o f the c o n tro l

Control (none) =100 =100
ImM g lu ta th io n e 109 98
4mM m ercaptoethanol 110 104
ImM E.D.T.A, 103 100
1OmM D -isoascorbate 118 123



Figure 3 .2

P J l .L .- a c t i v i t y  in  e x tr a c ts  of gherkin hypocoty ls.

Gherkin see d lin g s , 3 d ay s-o ld , were given a w hite l ig h t  trea tm en t (so lid  

l in e )  or l e f t  in  continuous darkness (dashed l i n e ) .  Hypocotyl s e c tio n s  

were taken from th e  se e d lin g s , between 0 and 6h. a f t e r  the  beginning of 

th e  treatm en t p e r io d , and e x tra c te d  in  lOOmM Na-phosphate b u f fe r ,  pH 7 .2  

co n ta in in g  0.5mM g lu ta th io n e . P J ^ .L .-a c t iv i ty  was measured in  th e  crude 

supernatan t e x tr a c ts  (A) and in  d e sa lte d  samples (B) (d esa lted  in  th e  

same b u ffe r  used fo r  th e  e x tra c t io n s .

F igure 3.3

P J l . L .- a c t iv i ty  in  e x tra c ts  of gherkin  hypocoty ls.

Gherkin se e d lin g s , 3 d ay s-o ld , were given a w hite (open symbols) or a 

b lue (closed  symbols) l ig h t  tre a tm e n t. Hypocotyl sec tio n s  were taken 

from th e  s e e d lin g s , between 0 and 7h. a f t e r  th e  beginning of th e  l ig h t  

tre a tm e n t, and e x tra c te d  in  th e  p o ta to  e x tra c tio n  b u ffe r  (S ec tion  2 .4 .2 . 

[a ^ ) . P J ^ .L .- a c t iv i ty  was measured in  th e  crude supernatan t e x tr a c ts  (A) 

and in  d e sa lte d  samples (B ),d e sa lte d  in  50mM b o ra te  b u f fe r ,  pH 8 .8 , 

and D -isoascorbate  added ( to  1OmM) im m ediately a f t e r  d e s a l tin g .

Figure 3.4

P J ^ .L .-a c t iv i ty  in  e x tra c ts  of gherk in  co ty ledons.

Gherkin se e d lin g s , 3 d ay s-o ld , were given a w hite (open symbols) or a 

b lue (closed  symbols) l ig h t  tre a tm e n t. Cotyledon p a ir s  were removed from 

see d lin g s , between 0 and7h. a f t e r  the beginning of the l ig h t  tre a tm e n t, 

and e x tra c te d  in  th e  p o ta to  e x tra c tio n  b u ffe r  (Section  2 .4 .2  [A] ) .  P .A .L .- 

a c t iv i ty  was measured in  th e  crude supernatan t e x tra c ts  (A) and in  d esa lted  

samples (B), d e sa lte d  in  50mM b o ra te  b u f fe r ,  pH 8 .8 .
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Table 3 .15

P>A«L.- a c t i v i t y  in  e x tr a c ts  o f  gherkin  s e e d lin g s .

P.A .L. was e x tra c te d  from 3 day-old  gherkin seed lin g s  using  10OmM Na- 

phosphate b u f f e r ,  pH 7*2 co n ta in in g  1mM g lu ta th io n e . P J l .L . - a c t iv i ty  was 

measured in  th e  crude supernatan t e x tr a c ts .

L igh t treatm ent

P .A . L . - a c t iv i t y  
pm oles cinnamate form ed/m in.

/h y p o c o ty l /c o ty le d o n  p a ir

Oh. dark 58 98

4 h . b lu e  l i g h t 115 199
24h. b lu e  l i g h t 48 248

24h. dark 52 75

Table 3*16

P .A .L .-a c t iv ity  in  e x tr a c ts  of gherkin se ed lin g s .

S ffe c t of adding D -isoascorbate  to  d e sa lte d  samples to  improve s t a b i l i t y .  

P .A .L. was ex trac te d  from 3 day-old gherkin  seed lin g s which had rece iv ed  

a range of l ig h t  tre a tm e n ts , as d escrib ed  in  the  T ab le , u sing  th e  p o ta to  

e x tra c tio n  b u ffe r  (se Section 2 .4 * 2 ,lA ]) , then d e sa lte d  in  50mM b o ra te  b u f fe r ,  

pH 8 .8  .P J ^ .L .- a c t iv i ty  was assayed a f t e r  keeping the  samples a t  4^C fo r  2 4 h ., 

D -isoascorbate  was added (to  1OmM) to  those samples in d ic a te d  in  th e  T ab le , +, 

im m ediately a f te r  d e s a ltin g .

L ight treatm ent

%  P .A .L .-a c t iv i t y  
(a s  a fo  a c t i v i t y  imm

H ypocotyl e x tr a c t  
+ -

rem aining a f t e r  24h. 
e d ia te ly  a f t e r  d e s a lt in g )

L ight treatm en t C otyledon e x tr a c t
+ -

Oh. dark 99 30 Oh. dark 90 101
1h . w h ite  l ig h t 73 19 2 .5 h . w hite l i g h t 86 75
2h. w hite l ig h t 69 30

3h. w h ite  lig h t. 71 35
6h. w h ite  l ig h t 115 108

4 h . w h ite  l ig h t 97 62 6 .5 h . w hite l i g h t 121 104
5h. w h ite  l ig h t 83 45
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le v e ls  of P.A.L. e x tra c te d  were a lso  dependent on th e  b u ffe r  pH. N either 

m ercaptoethanol or g lu ta th io n e  were e f fe c t iv e  in  m ain tain ing  P J l .L . - a c t iv i t i e s  

in  th e  d esa lte d  e x t r a c ts  compared to  th e  co n tro l (no rea g e n ts  added). 

Subsequently e x tra c tio n s  were c a r r ie d  out in  the  same b u ffe r  as s e le c te d  fo r  

th e  p o ta to  P.A.L. e x tr a c t io n s ,  which included  D -iso asco rb a te , and d e s a ltin g  

was only  c a rr ie d  out to  check th e  r e s u l t s  obtained w ith  crude supernatan t 

e x t r a c ts .

3 .2 PURIFICATION OP P.A .L. FROM POTATO TUBERS

3.2.1  In tro d u c tio n  : The procedure f o r  p u r if ic a t io n  of P.A.L. from p o ta to  

tu b e rs  was i n i t i a l l y  based on th a t  o f Havir and Hanson,1970. The v ario u s  

s tep s  involved were t r i e d ,  along w ith  sev era l a l t e r n a t iv e s ,  and th e  r e s u l t s  

of th ese  attem pts a re  p resen ted  in  th e  fo llow ing su b -se c tio n s . The f in a l  

procedure used fo r  th e  p u r if ic a t io n  i s  p resen ted  a t  th e  end of t h i s  se c tio n . 

3*2.2 E x trac tio n ; The e x tra c tio n  procedure was s e le c te d  as a r e s u l t  of 

t r i a l  e x tra c tio n s  given in  Section 3*1*3* When th e  e x tra c tio n  was sca led  up 

fo r  th e  p u r if ic a t io n ,  an 'Ato-mix* b lender was used in s te a d  of a m ortar and 

p e s t le ,  to  cope w ith th e  la rg e r  q u a n t i t ie s  of t i s s u e .  P.A.L. y ie ld s  were 

reduced by between 20 and 40^, depending upon the  p a r t ic u la r  batch  of 

p o ta to es  used , compared to  the t r i a l  e x tra c tio n s . T his was probably due to  

the  f ro th in g  of th e  crude homogenate, and some h ea tin g  may have o ccu rred , 

w ith th e  b lender (even though the e x tra c tio n s  were c a r r ie d  out in  th e  cold  

room (4*C). The la rg e r  volumes o f homogenate were a lso  more d i f f i c u l t  to  

f i l t e r ,  *Miracloth* was no t strong enough, so sev era l la y e rs  of m uslii were 

used to  f i l t e r  the  homogenate befo re  c e n tr ifu g a tio n .' These fa c to rs  co n trib u ted  

to  th e  reduced y ie ld s ,  and lower s p e c if ic  a c t iv i ty  of P.A.L. in  the  e x tra c ts  

fo r  p u r if ic a t io n .

3 . 2.3  Remova l  of Phenolic Compounds from the  Crude Supernatant E x tra c t;

A. Polyv iny lpyrro lidone (P .V .P .j; P .V .P. was found to  have l i t t l e  e f f e c t  on 

e i th e r  the  e f f ic ie n c y  of th e  e x tra c tio n  (see Table 3*17) or the s t a b i l i t y  

of the  e x tra c ts  (see Section 3*1*2). The most l ik e ly  reason  fo r  t h i s  was 

th a t  P.V .P. i s  g e n e ra lly  more e f fe c tiv e  a t  a c id ic  pHs, whereas the e x tra c tio n



Table 3 .17

R ir if ic a t io n  o f P.A .L. from potato tuber d is c s .

E ffe c t of P .V .P . and Dowex r e s in s .

P .V .P . or Dowex r e s in  1x2,ch lo rid e  form (e q u ilib ra te d  in  b u f fe r  beforehand) 

was added to  a P.A .L. supernatan t e x tra c t from 14 p o ta to  tu b er d isc s  (incubated  

f o r  20h. in  w hite l ig h t )  and s t i r r e d  fo r  15min. a t  the  pH in d ic a te d  in  the 

T ab le , then f i l t e r e d  through 1 la y e r  of 'M irac lo th* . A ll procedures were 

c a r r ie d  out in  a cold  room (4^C). P .A .L .-a c tiv ity  in  the  t r e a te d  e x tra c ts  

was then assayed again ( a f te r  re tu rn in g  th e  e x tra c ts  to  pH 8 .8 ) .

P.A .L .- a c t iv i ty S p ec ific  a c t iv i ty

A ddition pH
nmoles cinnamate formed/min. 

/g .in c u b a ted  t i s s u e ,  /m g .p ro te in

Control (none) 8 .8 2 1 .0 2 .6

1 g . P.V.P. 8 .0 1 9 .0 3 .2
2 g . P.V .P. 8 .0 1 7 .4 3.1
5g.Dowex re s in 6 .5 20 .4 5 .3

-------- II---------- 6 .7 5 1 9 .4 5 .5

----------M-------- 7 .0 1 7 .8 3 .9
—-----M-------- 7 .2 5 1 7 .4 3 .6
---------il--------- 7 .5 1 6 .9 3 .5
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was c a r r ie d  out a t  pH 8 .8 , and so P .V .P . was no t used .

B. Protamine su lp h a te ; T his step  was taken  from the  p u r if ic a t io n  procedure 

of Havir and Hanson,1970. Although some m a te ria l was p re c ip i ta te d  by 

tre a tm en t w ith protam ine su lphate  a t  pH 5*5» P J ^ .L .- a c t iv i ty  tended to  

s t a r t  p r e c ip i ta t in g  out a t  th i s  pH. The low pH req u ire d  fo r  t h i s  s tep  was 

n o t fav o u rab le  towards th e  s t a b i l i t y  o f  P.A.L. so an a l te r n a t iv e  trea tm en t 

was sought.

C. Dowex r e s in s ;  As an a l te rn a t iv e  v a rio u s  Dowex r e s in s  were t r i e d ,  fo llow ing  

th e  r e s u l t  ob tained  when Dowex 1x2 was included  in  th e  e x tra c tio n  b u ffe r  (see 

Section 3 .1 .2 ) .  Both b a s ic  and a c id ic  forms of the  Dowex r e s in  were t r i e d  a t  

a range of pHs between 6 .5  and 8 .0  (Table 3*18). 2h most cases  th e re  was an 

in c re a se  in  th e  s p e c if ic  a c t iv i ty  fo llow ing  treatm ent of th e  crude 

su p ern a tan t e x tra c ts  w ith  th e  Dowex r e s in s ,  bu t t h i s  was p a r t ic u la r ly  

obvious w ith th e  s tro n g ly  b as ic  Dowex r e s in .  The recovery  of P .A .L .-a c t iv ity  

was g re a te s t  a t  pH 7 .0 ,  and was a lso  p ro p o rtio n a l to  th e  amount of r e s in  

used . At lower pHs th e  recovery  o f P.A .L. was in creased  (Table 3*17), and

a 2 -fo ld  p u r if ic a t io n  was achieved. T his step  a lso  r e s u l te d  in  th e  e x tra c t  

lo s in g  much of th e  yellow  c o lo ra tio n ; t h i s  was taken as an in d ic a tio n  of 

the  removal of coloured phenolic  compounds. Dowex re s in  ( lx 2 , ch lo rid e  form ) 

was th e re fo re  used as th e  f i r s t  s tep  in  th e  p u r if ic a t io n  procedure.

3 .2 .4  S a lt F ra c tio n a tio n : Crude supernatan t e x tra c ts  were i n i t i a l l y  

concen tra ted  by ammonium su lphate  p r e c ip i ta t io n ,  bu t re c o v e rie s  of P.A .L. 

were poor ( e s p e c ia lly  when la rg e  volumes were being d e a l t  w ith ). The 

amount of ammonium su lphate  necessary  to  p r e c ip i ta te  a l l  th e  P.A.L - a c t i v i t y ,  

a lso  p re c ip i ta te d  most of th e  p ro te in  (Table 3 .1 9 ). I f  th e  concen tra tion  

was c a r r ie d  out in  only  one s te p , using  ammonium su lphate  a t  a f in a l  

concen tra tion  of 60-70^ sa tu ra tio n  (fo r a so lu tio n  a t  0*0 ), almost 30% P .A .L .- 

a c t iv i ty  was l o s t .  The lo se s  of P .A .L .-a c tiv ity  were a lso  apparent in  th e  

P.A.L. p u r if ic a t io n  procedures w ith m ustard cotyledons (Gupta and A cton,1979), 

y e a s t ,  Rhodotorula g lu t in is  (Hodgins,1971) and Sporobolomyces pararoseus 

(Parkhurst and Hodgins,1971) although no t from p o ta to  tu b e rs  (Havir and Hanson,



Table 3 .18

R ir if ic a t io n  o f P.A.L. from potato tuber d is c s .

E ffe c t of Dowex r e s in s .

Dowex r e s in  ( e q u ilib ra te d  in  b u ffe r  beforehand) was added to  a P.A.L. 

su p ern a tan t e x tra c t  from 14 p o ta to  tu b e r d isc s  (incubated  fo r  20h. in  white 

l ig h t )  and s t i r r e d  fo r  15min. a t  th e  pH in d ic a te d  in  th e  T able , th en  f i l t e r e d  

through 1 la y e r  of *M iraclo th '. A ll procedures were c a rr ie d  out a t  4*C. P .A .L .- 

a c t i v i t y  in  th e  t r e a te d  e x tra c ts  was then  assayed imm ediately and again  a f te r  

keeping the  samples a t  4®C fo r  24h.

P .A .L .-a c tiv ity  
nmoles cinnamate formed/min.

A. L .a c t iv i ty  
rem aining

Dowex re s in  Volume*' pH** /g .in c u b a te d  t i s s u e ,  /m g .p ro te in . a f te r  24h.

Control(none) - - 2 0 .7 2 .8 89
1x2 (s tro n g ly i 7 .0 1 9 .5 3 .9 76

— ba s i c ) 1 7 .0 1 2 .0 5 .8 48

1 7 .5 1 1 .4 3 .8 56

1 8 .0 2 .0 0 .9 11

2x8 (m oderately Y 7 .0 2 0 .9 3.1 91
—M— b a s ic ) 1 7 .0 21.1 3 .5 92

7 .5 1 9 .4 3 .0 82

1 8 .0 1 7 .0 2 .7 71
50x 2 (s tro n g ly 1 6 .5 1 2 .3 2 .9 88

— aci di c  ) 1 7 .0 1 8 .9 3 .4 76
—— il—— 1 7 .5 17.1 3 .5 93

i 7 .5 1 9 .7 2 .7 89

*' 1 volume = 3g. Dowex r e s in / l4  incubated d isc s  •

*^pH 6.5-7*0:100mM K-phosphate b u ffe r  
pH 7.5-8.0:100mM Tris-HCl b u ffe r

*"as a % a c t iv i ty  in  the  t re a te d  e x tra c t  assayed immediately a f t e r  f i l t e r i n g ,



Table 3*19

R ir if ic a t io n  o f  P»A.L. from p otato  tuber d is c s .

E ffe c t  o f  s a l t - f r a c t io n a t io n  w ith  ammonium su lp h a te , SO  ̂ *

Ammonium su lp h a te  ( in  s o l id  form) was added to  a P J l.L . supernatant e x tr a c t  

from p o ta to  tu b er d is c s  (in cu b ated  fo r  20h. in  w h ite  l i g h t )  in  a s te p -w ise  

manner, and th e  f r a c t io n a t io n  c a r r ie d  out as d escr ib ed  in  S ec tio n  2.7*4* a t  

e i th e r  pH 8 .4  or 5 .6 .

F r a c t io n a t io n  range P .A .L .-a c t iv i t y R rotein  con ten t

( %  sa tu r a tio n  w ith nm oles cinnam ate formed m g.p rote in
(MH^)^S04 O'C) /m in . /m l . sample /m l.sam p le

I n i t i a l  sample 80 36
At pH 3 .4

l ( i )  0 -3 5  (p p t .) 12 9

( i i )  35-55  (p p t .) 56 21

( i i i ) 5 5 - 7 5  (p p t .) 2 6

2 (1 )  0-60  ( p p t .) 48 30
At pH 5 .6

l ( i )  0 -35  ( p p t . ) 26 9

1 (1 1 )  35-55 ( p p t . ) 44 17

1 (1 1 1 )5 5 -7 5  ( p p t . ) 1 5
2 ( l )  0-60  ( p p t . ) 52

(p p t. = p r e c ip it a t e  c o l le c t e d  by c e n tr ifu g a t io n  a f te r  a d d it io n  o f  s a l t . )
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1970) or from th e  fu n g i, U stilag o  hordei (Subha Rao e t  a l .  1967) or from 

sweet p o ta to es  (Tanaka and UritâTii,î^77à)i!lo a lte rn a tiv e  * s a lt in g -o u t * compounds 

have been found, w ith  the  exception  o f tri-so d iu m  c i t r a te  (Hodgins,1971 ) and 

d i-potassium  phosphate (P arkhurst and Hodgins,1971 )• The second of th ese  two, 

when t r i e d  w ith  p o ta to  supernatan t e x tra c ts  was no t p a r t ic u la r ly  su c c e ss fu l, 

b u t re co v e rie s  fo llow ing  tri-so d iu m  c i t r a te  f ra c t io n a tio n  (25-35g*/100ml. 

e x t r a c t ,  Hodgins,1971) were rea so n ab le . Table 3*20 shows th e  r e s u l t s  obtained  

when tri-so d iu m  c i t r a t e  was used in s te a d  of ammonium su lp h a te ; bo th  

f ra c t io n a tio n s  were c a rr ie d  out between pH 8 .4  and 9*0. The re c o v e rie s  of 

P.A.L. were between 90 and 100^ w ith  tri-so d iu m  c i t r a t e ,  and a 2 -fo ld  

p u r if ic a t io n  was a lso  achieved.

3 *2 .5  Ion-Exchange Chromotography:

A. Calcium Phosphate G-el; This s tep  was taken from Havir and Hanson,1970. The 

batchw ise method was found to  r e s u l t  in  considerab le  d i lu tio n  o f th e  i n i t i a l  

P.A .L. e x tr a c t ,  w ith  l i t t l e  p u r if ic a t io n ,  a lthough the bulk  o f P .A .L .- 

a c t iv i ty  was recovered  in  th re e  washes (Table 3*21). Recovery o f th e  P J l.L .4  

a c t iv i ty  using  th e  batchw ise method was good, ie .> 50^ , bu t when calcium  

phosphate was used in  a column, re c o v e rie s  were p oo r,<30^. The major 

l im ita tio n  to  t h i s  s te p  was th e  problem of co n cen tra ting  th e  sample. When 

th ese  experim ents were c a rr ie d  out only  ammonium su lphate  was a v a ila b le ;  

since then tri-so d iu m  c i t r a t e  and u l t r a f i l t r a t i o n  have been used , and i t  

seems l ik e ly  th a t  t h i s  would no longer be a problem.

B. C ellu lose Phosphate Gel: This s tep  was taken from th e  p u r if ic a t io n  

procedure fo r  P.A .L. from sweet p o ta to es  (Tanaka and Uritani,1977d)* The 

same procedure was fo llow ed , and th e  r e s u l t s  a re  shown in  F igure 3*5# A 

p u r if ic a t io n  of 2 -3 -fo ld  was obtained  w ith P.A.L. re c o v e rie s  of 40-50^. I t  

was necessary  to  load th e  PJ^.L . samples a t  pH 6 .1 , so the  s a lt-c o n c e n tra te d  

sample was lowered to  t h i s  pH by adding 1M a c e tic  a c id . Attempts to  p repare  

the sample by d e sa ltin g  in  b u ffe r  a t  t h i s  pH, even in  th e  presence of 

a d d itio n a l re a g e n ts , such as imM g lu ta th io n e  or 5niM m ercaptoethanol, were

not successfu l as some P J l .L .- a c t iv i ty  was lo s t  during th e  d e s a ltin g , reducing
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R ir if ic a t io n  o f  P ,A .L .. from potato  tuber d is c s .

Comparison o f s a l t - f r a c t io n a t io n  w ith  ammonium su lphate  and tr i-so d iu m  c i t r a t e .  

A P.A .L. su p ern a tan t e x tra c t  from p o ta to  tu b e r  d isc s  (incubated  fo r  20h. in  

w hite l ig h t )  was f ra c tio n a te d  w ith  e i th e r  ammonium su lphate  or tri-so d iu m  

c i t r a t e ,  as d escribed  in  S ection  2 .7.4* a t  pH 6 .4 .

F ra c tio n a tio n  range
% P .A .L .-a c tiv ity  

in  p re c ip i ta te *
% p ro te in  

in  p re c ip i ta te *

I n i t i a l  sample =100 =100

g .tr i-so d iu m
c itra te /l0 0 m l.

l ( i )  0 -22.4 2 5
l ( i i )  22 .4-26.3 30 13
l ( i i i )  26 .3-39 .2 62 30
2 ( i i )  22 .0-40 .0 95 50

% s a tu ra tio n  w ith 
(NH^)^ SO  ̂ (a t 0*0)

l ( i )  0-15 0 0 .5
l ( i i )  15-30 2 3
1 ( i i i )  30-45 50 47
1 ( iv )  45-65 10 5

* as a ^  a c t iv i ty  or p ro te in  in  th e  i n i t i a l  sample



Table 3.21

R ir if ic a t io n  o f  P.A.L. from potato  tuber d is c s .

Calcium phosphate g e l :  batchw ise method.

A s a lt -c o n c e n tr a te d  P .A .L . e x tr a c t  from p o ta to  tu b er d is c s  was t r e a te d  w ith  

ca lciu m  phosphate g e l  u s in g  th e  b a tch w ise  method, a s  d escr ib ed  in  S ec tio n  

2 . 7 .5 .  P .A .L .- a c t iv i t y  in  th e  washes was m easured.

%  P.A.L.- a c t iv i t y * %  p ro te in *

I n i t i a l  e x tr a c t =100 =100

1 bat ch o f  g e l : 1 wash 11 15
2*̂  ̂ wash 1 10

2^^ b a tch  ô f  g e l :  1®  ̂ wash 30 21

2^^ wash 18 16

wash 7 10

4^^ wash 1 9

Remaining su pern atan t 7 20

* as a a c t iv i ty  or p ro te in  in  th e  i n i t i a l  e x t r a c t .



Figure 3*5

R ir if ic a t io n  o f  P.A .L . from potato  tuber d is c s .

C ellu lose phosphate column.

A sa lt-c o n c e n tra te d  p o ta to  P .A .L. sample (from 100g. d is c s  incubated  

in  white l ig h t  fo r  20h .) was ad ju sted  to  pH 6.1 (with 1M a c e t ic  ac id ) 

and loaded o t to  a c e llu lo se  phosphate column (2.8cm* diam eter x 7.0cm. 

h e ig h t) ,  e q u il ib ra te d  in  50mM K-phosphate b u f fe r ,  pH 6 .1 . The column 

was washed through w ith  t h i s  b u f fe r  u n t i l  no more p ro te in  was e lu te d , 

th e  pH of th e  running b u ffe r  was then in creased  to  pH 8 .0 . The pH 

(a) was follow ed th roughout. The p ro te in  con ten t was estim ated  by 

read ing  the  absorbance a t  280nm., (%). P .A .L .-a c tiv ity  (o) of th e  

e lu te d  f r a c t io n s  was a lso  measured.
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th e  reco v ery  from th i s  s te p . A b e t te r  p u r if ic a t io n  may have been p o ss ib le  

i f  a more shallow  pH g rad ie n t had been p o s s ib le ,b u t th e  use of e f fe c tiv e  

b u f fe r s  tends to  p reven t t h i s .  P .A .L .-a c t iv ity  was e lu te d  in  a double peak 

corresponding to  the  e lu tio n  p ro f i le  of th e  p ro te in . This was probably  due 

to  th e  r e l a t iv e ly  sudden pH change which occurred during  th e  e lu t io n , and 

does no t in d ic a te  th a t  P.A .L. occurs in  more than one form (or.isoenzym es).

C. D .E .A .E .~ cellu lose Gel: D .E .A .E .-ce llu lo se  i s  much more w idely used in  

re c e n t p ro te in  p u r if ic a t io n s  and s e p a ra tio n s , and has been used to  sep a ra te  

isoettzymes , inc lud ing  P.A .L. isoenzymes from oak leav es  (Boudet e t  a l . 1971)» 

oak ro o ts  (A ilb e rt e t  a l . 1972), spinach leav es  (Nishizawa e t a l . 1979) and

Ou scu ta  chineriîis v in es  (N agaili e t  a l . 1977)* The only o th e r t is s u e  from 

which PJ^.L . isoenzymes have been sep ara ted  i s  Aesculus hippcarikamum (C h arrie re -  

L ad re ix ,1 975» using  D. E.A. E S e p h a d e x  A-50 g e l ) .  P.A .L. from a s a lt-c o n c e n tra te d  

p o ta to  tu b e r d isc s  sample boun^ to  a D .E .A #E .-cellu lose column when 

e q u il ib ra te d  in  50mM Tris-H Cl b u ffe r  a t  pH 8 .0 ; a t  lower pHs P.A.L. passed  

s tr a ig h t  through the  column. At a lower io n ic  s tre n g th  (20mM b u ffe r )  P .A .L .- 

a c t i v i t y  was bound to  th e  column bu t was no t e a s i ly  e lu te d . A 2 -3 -fo ld  

p u r if ic a t io n  was achieved (Figure 3*6), bu t due to  th e  choice o f io n ic  

s tre n g th  of th e  s ta r t in g  b u f fe r ,  a co n sid e rab le  pH change occurred during 

the  s a l t  g rad ien t re q u ire d  fo r  e lu t io n . Consequently th e re  was no s e p a ra tio n  

of P.A .L. from th e  o th er p ro te in s  bound to  th e  column. The pH in creased  

to  pH 9*5» befo re  the  s a l t  g ra d ie n t was* com pleted, and t h i s  was probably  

th e  reason  fo r  th e  subsequent e lu tio n  of P.A .L. and th e  bu lk  of th e  bound 

p ro te in  to g e th e r .

D. D,E.A.E.-8ephadex A-23 Gel; A much more r e l ia b le  se p a ra tio n  was achieved 

using  th e  same type of charged group, bu t lin k ed  to  a Sephadex g e l .  These 

g e ls  a re  a lso  much e a s ie r  and quicker to  p repare  than c e llu lo se  g e ls .  Two 

forms of Sephadex g e l m atrix  were a v a i la b le .  A-25 and A-5 0  (corresponding 

to  Sephadex G-25 and G-50). The former i s  recommended fo r  th e  sep ara tio n  of 

sm all and la rg e  MW p ro te in s ,  while th e  l a t t e r  i s  recommended fo r  p ro te in s  of 

an in te rm ed ia te  MW (30,000-200,000). A sa lt-c o n c e n tra te d  sample (d esa lted



Figure 3*6

R ir if ic a t io n  o f P.A .L. from p otato  tuber d iscs»

D>E»A>E«~Cellulose column*

A sa lt-c o n c e n tra te d  p o ta to  P.A.L* sample (from 200g. d isc s  incubated  

in  w hite l ig h t  fo r  20h,jw as d e sa lte d  on a Sephadex G-25 column in  50mM 

Tris-H C l bu ffer,pH  8 .0  (4®C), then loaded on to  a D .E .A .E .-ce llu lo se  

column (2.8cm. d iam eter % 7.0cm. h e ig h t) ,  e q u il ib ra te d  in  th e  same 

b u f fe r .  The column was washed through w ith t h i s  b u f fe r ,  u n t i l  no 

more p ro te in  was e lu te d , a g rad ie n t of in c reas in g  s a l t  (NaCl) 

co n cen tra tio n  (o) was then s e t  up. The p ro te in  c o n te n t, estim ated  by 

read in g  the absorbance a t  280nm. (x) and the  P .A .L .-a c t iv ity  (o) o f th e  

e lu te d  f ra c tio n s  were measured.
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in  th e  s ta r t in g  b u f fe r )  was loaded on to  a D. E . A S e p h a d e i  A-25 column 

e q u ilib ra te d  in  50mM Tris-H Cl b u f fe r ,  pH 8*4 (4®C), and e lu te d  in  the  same 

way as  th e  D .E *A .E .-oellu lose column, as d escribed  in  th e  p rev ious sec tio n  

(Figure37A)* The P «A .L *-activ ity  was separated  from non-binding p ro te in  and 

p a r t ly  from non-P.A ,L. p ro te in  which a lso  bound to  the  column, bu t PJL .L .- 

a c t iv i ty  e lu te d  in  a r a th e r  broad band. This may have been due to  the  

pH change which again occu rred . In stead  of th e  s a l t  g ra d ie n t, a g rad ien t of 

in c reas in g  T r is  co n cen tra tio n  (b u ffe rin g  a t  th e  same pH as th e  s ta r t in g  b u f fe r )  

was u sed . Ctaly a s l ig h t  pH change occurred , and th e  P .A .L .-a c t iv ity  e lu ted  

in  a narrow peak . A p u r if ic a t io n  of 5-10 -fo ld  was p o ssib le  w ith  t h i s  column,

1mM B.D.T.A. and 1mM g lu ta th io n e  in  the  running b u ffe rs  in c reased  the  recovery  

of P.A .L. from th e  column from 30-40^ to  between 50 and 70^. When D.E.A .E.- 

Sephadex A-50 was used in s te a d  of th e  A-25 form , under the  same c o n d itio n s , 

th e  P .A .L .-a c t iv ity  d id  n o t begin to  e lu te  u n t i l  0.25M T r is ,  compared to  

0 .1 5 -0 .2M T r is  w ith  th e  A-25 form , and th e  reco v ery  of P.A .L. was reduced. 

P o ss ib ly  t h i s  was due to  th e  sh rink ing  of th e  g e l ,  to  which th e  A-50 form i s  

p a r t ic u la r ly  su sc ep tib le  over th e  0-^0.2 io n ic  s tre n g th  range (see  the 

*Sephadex ion exchangers' pamphlet from Riarmacia Fine Chemicals AB).

3>2.6 Sucrose D ensity  G radient C en trifu g a tio n ; Following r e s u l t s  obtained 

on the  p a r t i a l  p u r if ic a t io n  of P.A .L. w ith t h i s  technique (Dr.C. Johnson, 

p ersonal communication), i t  was found th a t  p o ta to  P.A.L. could be p a r t i a l l y  

p u r if ie d  using  sucrose d e n s ity  g rad ien t c e n tr ifu g a tio n . Two g ra d ie n ts  were 

compared, th e  sep ara tio n  achieved was s im ila r  fo r  both a 5-15^ and a 5-20^ 

sucrose g ra d ie n t,  the  r e s u l t s  from th e  former a re  shown in  F igure 3*8. A 

4 -fo ld  p u r if ic a t io n  of P.A.L. was achieved w ith a recovery  of P .A .L .-a c tiv ity  

of 45-50^. The recovery  may have been improved i f  m ercaptoethanol or 

g lu ta th io n e  had been included  in  th e  g ra d ie n t, as a minimum of 24h. was 

needed fo r  the  c e n tr ifu g a tio n . This procedure was lim ited  by th e  s iz e  of 

samples (^1.0m l. d e sa lte d , sa lt-c o n c e n tra te d  sam ple/tube),w hich was in  tu rn  

lim ited  by th e  cap ac ity  of the  u ltra c e n tr ifu g e  and ro to r s  th a t  were a v a ila b le . 

However the  r e s u l t s  were encouraging fo r  p u r if ic a t io n s  on a sm all s c a le , and 

p o ss ib ly  fo r  th e  p u r if ic a t io n  of P.A.L. from o th e r t is s u e s  (such as mustard



Figure 3*7

A u r ifica tio n  o f PJL.L. from potato tuber d is c s .

D.E.A.E.-Sephadex A-25 column.

A sa lt-c o n c e n tra te d  p o ta to  P J^ .L . sample (from 200g. d isc s  incubated  

in  w hite l ig h t  f o r  20h.) was d e sa lte d  on a Sephadex 6-25 column in  50mM 

Tris-H Cl b u f fe r ,  pH 8 .4  (4^C), then  loaded on to  a D»£.A.£ • - Sephadex A-25 

column (4*5cm. diam eter x  13*0cm. h e ig h t) ,  e q u il ib ra te d  in  th e  same b u f fe r ,  

b u t a lso  co n ta in in g  1mH E.D.T.A. and tmM g lu ta th io n e  . The column was washed 

through w ith  t h i s  b u ffe r  u n t i l  no fu r th e r  p ro te in  was e lu te d , a  g rad ien t 

was then  s e t  up to  e lu te  th e  column.

A. A g ra d ie n t of in c re a s in g  s a l t  (NaCl) co n cen tra tion  (o ) .

B. A g rad ien t o f  in c re a s in g  T r is  co n cen tra tion  (o ).

The pH (w) was follow ed th roughou t, a lso  th e  p ro te in  c o n ten t(x ) and the 

P .A .L .-a c t iv ity  (o ).
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Figure 3 .8

R ir if ic a t io n  o f P J l.L . from potato tuber d is c s .

Sucrose d e n s ity  g ra d ien t c e n tr ifu g a tio n .

Â sa lt-c o n c e n tra te d  p o ta to  P.A.L. sample (from d is c s  incubated f o r  20h. 

in  w hite l i g h t ) was d e sa lte d  on a  Sephadex 6-23 column in  30mU b w a te  

b u f f e r ,  pH 8 .8 , and a liq u o ts  p laced  on top  of a 3-15^ sucrose g ra d ie n t 

p repared  in  the  same b u ffe r  in  17cm cap ac ity  tu b e s . The tubes were 

c en trifu g ed  a t  1% 000 x g . fo r  2 3 h ., then f r a c t io n s  c o lle c te d  by pumping 

th e  g rad ien t out of th e  tubes w ith  a syringe p laced  a t  the bottom of the  

tu b e ; th e  denser f ra c t io n s  were th e re fo re  c o lle c te d  f i r s t .  The p ro te in  

con ten t (^) and th e  P .A .L .- a c t i v i t y  (o) o f  th e  f ra c t io n s  were 

measured.
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or g h e rk in ), although th e se  have n o t teen  t r i e d  y e t .

3#2 .7 . U l t r a f i l t r a t i o n ;  The u l t r a f i l t r a t i o n  c e l l  was found to  be extrem ely 

u s e fu l ,  overcoming the  problem of lasses of P .A .L .-a c tiv ity  fo llow ing  column 

chromotography, encountered w ith  the  use of ammonium su lp h ate  fo r  co n cen tra tin g  

th e  sample. A fte r  p a r t i a l l y  p u rify in g  th e  P.A .L. sample by ion-exchange 

chromotography, a fu r th e r  p u r if ic a t io n  was achieved by u l t r a f i l t r a t i o n  w ith  

th e  ap p ro p ria te  u l t r a f i l t r a t i o n  membrane, which allowed m olecules w ith a MW 

of le s s  than  100,000 to  pass  through. R ecoveries of P J l .L . - a c t iv i ty  were 

u s u a lly  between 90 and 100^ when a f re s h  membrane was used .

3*2.8 Gel F i l t r a t i o n ;  P J l .L . - a c t iv i ty  was e lu te d  w ith th e  void  volume , 

when th e  sample was passed through a Sephadex G-200 column, so a g e l w ith 

a h igher MW f ra c t io n a tio n  range was re q u ire d . Sepharose 6B allow s sep ara tio n  

of p ro te in s  in  th e  MW range 50,000-1,000^000. A la rg e  column (̂ .-yOOcm̂  ) was 

prepared  and samples of 10ml. volume used . This was q u ite  adequate fo r  th e  

p o ta to  P.A.L. p u r i f ic a t io n , and was a lso  su c c e ss fu lly  used w ith  samples 

of P.A.L. from o ther t i s s u e s  (see Section 3*3*2). P*A.L. re c o v e rie s  were 

about 50% a c t i v i t y  loaded on to  the  column, and a p u r if ic a t io n  of 6 -8 -fo ld  

was achieved w ith  p a r t i a l l y  p u r if ie d  p o ta to  P*A.L. samples ( ie .  fo llow ing

D.E*A. E. - Sephadex A-25 chromotography).

3.2*9 Polyacrylam ide Gel E lec tro p h o res is ; P rep ara tiv e  scale^polyacrylam ide 

ge l e le c tro p h o re s is  (P.A.G-.E*) i s  mow fre q u e n tly  used to  p u r ify  enzyme 

samples, and ob ta in  homogenous p re p a ra tio n s . P rev iously  P.A.G-.E. was only 

c a rr ie d  out on a sm all s c a le , and provided a means of checking th e  p u r ity  

of a sample; th e  f in a l  p u r if ic a t io n  step  and the  check a re  now c a r r ie d  out 

to g e th er fo r  sm all sca le  p u r if ic a t io n s .  Homogenous samples of P.A.L. have 

been obtained  using th i s  tech n iq u e , from p a rs le y  c e l l  suspension c u ltu re s  

(Zimmermann and Hahlbrock,197^), sweet p o ta to e s  (Tanaka and U ritani,1977d) 

and mustard (Gupta and A cton,1979)* IM fortunate ly  no la rg e  sca le  ap p ara tu s, 

allow ing a continuous flow technique to  be used , was a v a i la b le ,  so sev e ra l 

rod g e ls  were run in  p a r a l l e l .  One rod g e l was then s ta in ed  imm ediately fo r  

p ro te in  to  check the p u r ity  of the  sample; one was s lic e d  and the  sec tio n s
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assayed Im m ediately to  lo c a te  th e  P * A « L .-ac tiv ity , the  remain in g g e ls  were 

sec tio n ed  once the  p o s itio n  of the  p ro te in  hand corresponding to  th e  P J l .L .-  

a c t i v i t y  had been id e n t i f ie d .  A ttem pts to  e lu te  the  PJ^.L . from th e  g e ls  

by in cu b a tio n  of th e  re le v a n t se c tio n s  in  b u f fe r  were no t p a r t ic u la r ly  

su c c e s s fu l ,  on ly  low re co v e rie s  of th e  enzyme were o b ta ined , p o ss ib ly  due 

to  excessive d i lu t io n  of th e  sample. The la rg e  MW of the  enzyme may have 

preven ted  d if fu s io n  from th e  g e l ,  in  c o n tra s t  to  th e  a b i l i t y  of th e  s u b s tra te  

and product to  d if fu s e  in  and out of th e  g e l (as shown by th e  success of th e  

P.A .L . a s sa y ) . As an a l t e r n a t iv e ,  e le c tro p h o re tic  e lu tio n  of P.A .L . from th e  

g e ls  was a ttem pted . Gel se c tio n s  con ta in ing  the  P .A .L .-a c tiv ity  were 

re tu rn e d  to  th e  perspex rods (w ith g rea t d i f f i c u l ty )  above a 0.5cm. lay e r 

of la rg e r  pore s iz e  g e l ,  5% polyacrylam ide g e l s e t  w ith in  the ro d , 2cm. from 

th e  bottom of th e  ro d . The bottom was sea led  w ith  a p iece  of u l t r a f i l t r a t i o n  

membrane, and e le c tro p h o re s is  c a r r ie d  out as b e fo re . The b u ffe r  from th e  

bottom 2cm. was then  c o lle c te d , bu t again re c o v e rie s  of P .A .L .-a c tiv ity  were 

poor, probably  due to  te c h n ic a l d i f f i c u l t i e s .  F u lly  p u r if ie d  p o ta to  P.A.L. 

was th e re fo re  n o t a v a ila b le , except fo r  th e  immunization in  th e  form of the  

polyacrylam ide g e l sec tio n s  co n ta in in g  P .A .L .-a c t iv ity .  The re le v a n t sec tio n s  

of g e l were homogenized w ith F reu n d 's  complete ad juvant and th e  m ixture 

in je c te d  in to  th e  r a b b i ts .  P.A .G.E. was a lso  used to  analyze th e  samples 

obtained  a t  each s tep  during th e  p u r if ic a t io n  procedure (see Section  3*2.11). 

3*2.10 Other R ir i f ic a t io n  Techniques;

A* Sephacryl Gel Chromotography; A new type of g e l i s  c u rre n tly  a v a ila b le  

from Pharmacia Fine Chemicals AB, U ppsala, Sweden, which combines g e l 

f i l t r a t i o n  w ith  th e  high re so lu tio n  of polyacrylam ide g e ls  : Sephacryl S-300 

i s  s u ita b le  fo r  th e  separa tion  of p ro te in s  in  th e  MW range 10,000-1,500,000, 

and i s  a v a ila v le  in  a presw ollen form s im ila r  to  th e  Sepharose g e ls .  The 

g e l c o n s is ts  of co v a len tly  c ro ss - lin k e d  a l l y l  dextranv (using N, N.'m ethylbis- 

acrylam ide) which allow s f a s te r  flow  r a te s  and th e re fo re  sh o rte r  sep ara tio n  

tim es which should improve re c o v e rie s  from g e l exclusion  cclvmns and give 

a b e t te r  r e s o lu t io n .

B. A ff in ity  Chromotography; P.A .L. has been p u r if ie d  by a f f i n i t y  chromotography



6 3
u sin g  a Sepharo a e -pheny lalan ine  con jugate , from ra d ish  cotyledons (Blondel 

e t  a l . 1973; I re d a le ,1 9 7 2 ), gherkin hypocotyls ( B i l l e t t  e t  a l .  1978) and 

m ustard co ty ledons (Gupta and A cton ,1979)* The technique of a f f i n i t y  

chromotography (W ilchet and H exter,1976) can g ive considerab le  p u r if ic a t io n  

in  a s in g le  s tep  (e g .50-10 0 -fo ld ) ,  bu t a ttem pts to  p u r ify  P.A .L. (as l i s t e d  

above) have been only  p a r t i a l l y  su c c e ss fu l, and i t  appears th a t  in  many of 

th e se  c a s e s , th a t  n o n -sp e c if ic  b ind ing  occurs (F aye,1977; K iau lt e t  a l . 1976). 

I t  was n o t considered  wcnthwhile pursuing fu r th e r  attem pts u sing  t h i s '  

tech n iq u e , p a r t ic u la r ly  w ith  th e  types of conjugate a lread y  t r i e d  when 

conven tional techn iques were l ik e ly  to  be f r u i t f u l  long befo re  a su ccessfu l 

a f f i n i t y  column was found.

C» Im m unoaffinity Chromotography; C losely r e la te d  to  the  type. o.f column 

in  the  p rev ious s e c tio n , i s  th e  technique of im m unoaffinity chromotography. 

A ntibodies a g a in s t a sp e c if ic  p ro te in  are  bound to  a Sepharose m atrix  

and a crude p la n t e x tra c t passed through th e  column; only those  p ro te in s  

b ind ing  to  th e  s ta t io n a ry  a n tib o d ie s  are  re ta in e d  by the  column. E lu t ion of 

th e  d es ired  p ro te in  i s  e ffe c te d  by in c reas in g  or low ering th e  pH, (depending 

on th e  e f f e c t  of h igh  or low pHs on the  p r o te in ) .  P ro te in s  p a r t ic u la r ly  

su sce p tib le  to  degradation  a t  extreme pHs may be d i f f i c u l t  to  e lu te .  P a r t ia l  

p u r if ic a t io n  o f crude p la n t e x tr a c ts  may be n ecessa ry  befo re  t h i s  s te p , 

depending on th e  t i s s u e  used . Such a technique a lso  re q u ire s  la rg e  q u a n ti t ie s  

o f antiserum ; a sheep could be used to  r a i s e  a s u ita b le  volume of an tiserum , 

r a th e r  than  r a b b i t s ,  as used fo r  an tibody production  in  th ese  in v e s tig a tio n s  

(Section  3 .4 ) The success in  ob ta in in g  an tib o d ie s  ag a in s t P.A.L. suggests 

th a t  th i s  technique i s  f e a s ib le ,  although i t  re q u ire s  p u r if ic a t io n  of th e  

enzyme fo r  p roduction  of a n tib o d ie s  f i r s t .

3.2.11 Summary of Potato P.A .L. P u r if ic a tio n :

A. R ir i f ic a t io n  Procedure;

Step i .  Incubation  of Potato  Tuber Discs : P o ta to -tu b er d isc s  were washed 

and s lic e d  as described  in  Section  2 .1 .2 , and p laced  in  p la s t ic  t r a y s ,  (60 

d is c s / t r a y :  13.0 x  21.0cm . 1.0cm. depth) co n ta in in g  20ml. d i s t i l l e d  w ater.



66

covered w ith  ‘C lin g -film ' and incubated  fo r  20-24h. a t  24®C under white 

l i g h t .  For each p u r if ic a t io n  run 400-500 d isc s  (l80-220g. f re s h  weight of 

tissu e )w e re  re q u ire d .

Step 2 . E x tra c tio n ; The d isc s  were harvested  from the  t r a y s ,  b lo t te d  dry 

and ground in  an *Ato-mix* b lender a t  4**C w ith  an equal volume ( lm l . / lg . t i s s u e )  

o f  th e  p o ta to  e x tra c tio n  b u f fe r :  75mM b o ra te  b u f fe r ,  pH 8 .8  co n ta in in g  

1mM E.D .T .A ., 5mM m ercaptoethanol and 10mM D -iso a sc o rb a te .j  th re e  15s# runs 

a t  30s. in te r v a ls .  The homogenate was f i l t e r e d  through 4 la y e rs  of muslir* 

and then  cen trifu g ed  in  an M.S.E. 21 high speed c e n tr ifu g e  in  a 6x300ml. 

r o to r  a t  14>000r.p.m. ( 18,000 x g . )  f o r  20 min. a t  4*0. The supernatan t 

was decanted*

Step 3# Dowex Treatm ent: Dowez 1x2-400 mesh, ch lo rid e  form , was e q u ilib ra te d  

in  150mM K-phosphate b u f fe r ,  pH 6*5 containing.ImM  E.D*T*A. and 

m ercap toethanol. The p o ta to  supernatan t sample was added slow ly to  the  

p repared  r e s in ,  w ith  s t i r r i n g  (70g. m oist r e s in  in  7 0 m l.b u ffe r/ lOOg. d is c s ) .  

The pH was follow ed throughout and h e ld  between 6 .5  and 6 .7  (w ith 1M HCl).

A fte r 15min. th e  r e s in  m ixture was f i l t e r e d  through 1 la y e r  of 'M iracloth* 

in s id e  2 la y e rs  of m uslin . The f i l t r a t e  was re tu rn ed  to  pH 8 .8  (w ith 1M NaOH). 

Step 4» S a lt F ra c tio n a tio n : Tri-sodium  c i t r a te  was added to  the  dowex- 

t re a te d  sample in  two s te p s , f i r s t l y  up to  22g./l00m l. and then up to  4 0 ^ ./  

100ml. w ith  c e n tr ifu g a tio n  a t  10,000 x g . fo r  15 min. to  c o lle c t  th e  

p r e c ip i ta te  a f t e r  each ad d itio n  (pH was held  a t  8 .8-9*0 by adding 1M 

HCl). The second p r e c ip i ta te  was re d isso lv e d  in  th e  e x tra c tio n  b u ffe r  ( i f  the  

sample was to  be s to re d )  or in  50mM Tris-H Cl b u f fe r ,  pH 8 .0  (4*C) con ta in ing  

ImM E.D.T.A. and ImM g lu ta th io n e  (fo r  th e  next p u r if ic a t io n  s te p ) .  This 

sample could be kept a t  4*C overnight befo re  proceeding .

Step 5* D esalting  and D. E .E . - Sephadex A-25 Column; Samples of up to 40ml. 

were d e sa lte d  on a Sephadex G-25 column (2.5cm. diam eter x  45*0cm. h e ig h t)  

in  50mM Tris-HCl b u f fe r ,  pH 8 .0 . Those f ra c t io n s  co n ta in in g  p ro te in  were 

loaded on to  the  D.E.A.E.-Sephadex A-25 column (4*5cm. diam eter x 13*0cm. 

h e ig h t)  e q u il ib ra te d  in  th e  same b u f fe r ,  bu t a lso  con ta in ing  ImM E.D.T.A.
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and 0.5cm. g lu ta th io n e . This column had an operating  c a p a c ity  of up to  40ml. 

d e sa lte d  sample (eq u iv a len t to  an  e x tra c tio n  of 120g. incubated  d is c s ) .  For 

la rg e r  volumes two id e n t ic a l  columns were run in  p a r a l l e l .  F rac tio n s  were 

c o lle c te d  from th e  column a t  a flow  r a te  o f 4 -5 m l./m in ., f r a c t io n s  were 20m l.. 

The column was washed through w ith a t  l e a s t  150ml. b u f fe r ,  to  e lu te  non

b ind ing  p ro te in ,  b efo re  s e t t in g  up th e  g ra d ie n t,  c o n s is tin g  of two equal 

volume8 (700ml. each^for a s in g le  column) o f  50mM and 500mM T ris  b u f fe r ,  bo th  

co n ta in in g  ImM S .D .T Jl. and 0.5mM g lu ta th io n e  , and a d ju s ted  to  pH 8 .0  (4^C). 

F ra c tio n s  (20ml.) were then  c o lle c te d  a t  a s l ig h t ly  f a s t e r  flow  r a t e ,  6-8ml. 

/m in ..  A liquo ts  (0 .4 m l.) o f  each f r a c t io n  were assayed f o r  P .A .L .-a c tiv ity  

and th e  p ro te in  con ten t estim ated  by read in g  th e  absorbance a t  280nm. F rac tio n s  

co n ta in in g  P J ^ .L .- a c t iv i ty  were pooled and concen tra ted  by u l t r a f i l t r a t i o n .

Step 6 . U l t r a f i l t r a t i o n ;  The f ra c t io n s  above were co ncen tra ted  to  a f i n a l  

volume of 10m l., and e q u il ib ra te d  in  50mM b o ra te  b u f fe r ,  pH 8 .8 . (Samples 

fo r  s to rag e  were p laced  in  th e  l iq u id  n itro g en  s to re ,  la b e lle d  D/U.)

Step 7* Sepharose 6B Column: P a r t i a l ly  p u r if ie d  enzyme samples (lO m l.) were 

passed through th e  Sepharose 6B column (3.2cm. diam eter x 90.0cm. h e ig h t)  

in  50mM b o ra te  b u f fe r ,  pH 8 .8 , a t  a flow  r a te  of 1.0-1 .5 m l . /n in . , 10ml. 

f ra c t io n s  were c o l le c te d . F rac tio n s  were assayed fo r  P .A .L .-a c tiv ity  and 

p ro te in  con ten t e s tim a ted , as  above (Step 5 ) .

Step 8 . U l t r a f i l t r a t i o n ;  F rac tio n s  from th e  p rev ious s tep  were pooled i f  th ey  

con tained  P .A .L .-a c tiv ity  and concen tra ted  to  a 10ml. volume (such samples 

were la b e lle d  S/U I ) .  T his sample was fu r th e r  concen tra ted  in  a second 

u l t r a f i l t r a t i o n  c e l l ,  w ith  a sm aller c a p a c ity ( l0 m l.) to  a f in a l  volume of 

2 .0 -3 .0ml. Samples were p laced  in  Eppendorf tu b es , frozen  and kept in  th e  

l iq u id  n itro g en  s to re  ( la b e lle d  S/U I I ) .

Step 9 . Polyacrylamide Gel E lec tro p h o res is ; P.A.L. sam ples, S/U I I ,  were 

thawed and 85-10(^/icl. a l iq u o ts  p laced  on each 1% polyacrylam ide rod  g e l (see 

Section 2 7 .1 1 ), end e le c tro p h o re s is  c a r r ie d  out as d escribed  p re v io u s ly . The 

sec tio n s  of g e l con ta in ing  P .A .L .-a c tiv ity  a f te r  e le c tro p h o re s is ,  were 

frozen  and kept in  th e  deep free ze  (fo r  up to  5 weeks on ly) befo re  being
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used f o r  _the im m unization.

B. Summary of R a r if ic a t io n ;  The p u r if ic a t io n  of PJl.L# achieved i s  summarised 

in  Table 3 .22 . In term s of th e  in c re a se  i n  sp e c if ic  a c t i v i t y ,  a 100-fo ld  

p u r if ic a t io n  was o b ta in ed , a lthough l e s s  than 0 .1 ^  t o t a l  p r# te in ( in  th e  

i n i t i a l  homogenate) rem ained in  th e  p u r if ie d  sample ( ie .  g e l sec tio n s  

fo llo w in g  th e  f in a l  p u r if ic a t io n  s te p ,  P .A .G .E .). The f i n a l  amount of p ro te in  

in  th e  p u r if ie d  sample was estim ated  from th e  in te n s i ty  of Coomassie b lu e  

s ta in  in  th e  P J l . l . - b a n d ,  compared to  th a t  of th e  whole rod  g e l;  on t h i s  

b a s is  20^ p ro te in  loaded on to  each ro d  g e l was P.A.L. The p rogress during  ' 

th e  p u r i f ic a t io n  was follow ed by su b jec tin g  samples from various s tep s  to  

polyacrylam ide g e l e le c tro p h o re s is ,  u sing  the  same co n d itio n s  as used fo r  

th e  p u r if ic a t io n  s te p .  The r e s u l t s  a re  shown in  F igure 3*9. The sample 

volumes loaded, as  shown in  th e  accompanying ta b le ,  were se lec ted  to  show 

up a s  many p ro te in  bands as  p o ss ib le  w ithout overloading th e  rod g e ls .  The 

p ro te in  band corresponding to  P .A .L .-a c t iv ity  was c le a r ly  distinguishable 

in  the  rod  g e ls  fo r  s tep  6 (D/U) and s tep  9 (S/U H ) .  The m ajor problem 

encountered in  th e  p u r if ic a t io n  involved  th e  lo se s  of P .A .L .-a c t iv ity ,  th a t  

in e v ita b ly  occur a t  each s te p . The more s tep s  re q u ire d , th e  g re a te r  th e  lo se s  

of P .A .L .-a c t iv ity .  A p u r if ic a t io n  w ith  fewer s tep s  would th e re fo re  be 

h ig h ly  d e s ira b le  (hence th e  previous in te r e s t  in  a f f i n i t y  chromotography, 

see Section 3 .2 .10  B .) .  The most l ik e ly  way of ca rry in g  t h i s  out would 

be using  im m unoaffinity chromotography (see Section 3®2 10 0 . ) ,

3 .3  PROPERTIES OF P J l.L .

3 . 3.1 In tro d u c tio n : Having p u r if ie d  P.A .L. from p o ta to es  tn e  next step  

in  th ese  in v e s tig a tio n s  ?;as to  r a is e  a n tib o d ie s  ag a in s t th e  p u r if ie d  

p o ta to  P .A .L ., and use th e  a n t i  serum to  measure P.A .L. l e v e l s ,  not only in  

p o ta to e s , bu t in  mustard and gherkin seed lin g s  and in  tobacco c e l l  suspension 

c u ltu re s . In o rder to  be ab le  to  measure P.A .L. le v e ls  in  t i s s u e s  o ther 

than p o ta to , using  the  an tiserum  to  p o ta to  P .A .L ., the  an tiserum  must 

cross re a c t  w ith P.A.L. from o ther t i s s u e s ,  i e .  th e re  should be a t  le a s t
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Summary o f  p u r if ic a t io n  o f  P .A .L . from p o ta to  tuber d i s c s .

The Table i s  based on an extraction  of 200g.fresh weight of t is s u e ;  d iscs  

were incubated for 20h. in white l i g h t . The extraction  and p u rifica tio n  

procedure was as described in Section 3*2.11. The homogenate (step  1) 

gave a P .A .L .-a c tiv ity  of l8 .9  nmoles cinnamate formed/min/g. f r .w t .

The p u rifica tio n  factor  achieved at the major steps i»  given in  the second 

tabltf below, in  terms of protein content and the o v era ll p u r ifica tio n #

P. A • L . - a c t i v i t y ,  
nmoles cinnamate Y ield of 

R ir i f ic a t io n  s tep  formed /m in . P JL .L .-a c tiv ity .

P ro te in  
c o n ten t, 
m g .p ro te in .

Volume
(m l.)

1. Homogenate 3770 =100 1820 410
2. Supernatant 3855 102 1670 395
3. Dowex-treated 3225 86 1030 560

4 . Sodium c i t r a t e 2540 62 522 35
5 . D. E.A. E.-Sephadex 1320 35 120 140
6 . U l t r a f i l t r a t io n  (D/CJ) 1250 33 59 13
7 . Sepharose 6B 600 16 8 70
8 . U l t r a f i l t r a t io n  ( S/U I ) 506 13 4 .5 10
9. U ltr  a f  i l t r  a t  ion ( S/U I I ) 372 10 4 .5 3
10. P.A.G.E. 187 5 0 .9 g e l

sec tio n

R ir if ic a t io n  s tep
S p ec ific  a c t i v i t y ,  

nmoles o i^ a a a te  formed f a c to r  
/m m ./  mg. p ro te m

1. Homogenate 2.1 = 1

3. Dowex-treated 3.1 X 1 .5
4 , Sodium c i t r a te 4 .9 X 2 .3
6. D/U 21.2 X 10.1
8. S/U I 112 X 53
9 . S/U I I 83 X 40
10. P.A.G.E. 208 X 99



Figure 3 .9

R ir if ic a t io n  of P .A .L. from p o ta to  tu b e r  d is c s .  

Polyacrylam ide * g e l e le c tro p h o re s is  (P .A .G .E .).

Samples o f p o ta to  tu b e r  e x tra c ts  and p a r t i a l l y  p u r if ie d  p o ta to  P J l.L . 

were su b je c t to  P.A.&.E. (as d escrib ed  in  Section 2*7.11 ) The Table 

below shows th e  sample volumes, p ro te in  con ten t and P .A .L .-a c t iv ity  

loaded on to  each rod  g e l .  Arrtnws indicate psltCon

Sample fromr-
Sample volume P ro te in  co n ten t 

yXg. p ro te in
P .A .L .-a c t iv ity  
nmoles cinnamate 
form ed/m in.

Step 2 (Supernatan t) 200 850 1.9

Step 3 (Dowex-treat ed) 200 370 1.1

Step k  (Sodium c i t r a t e ) 50 745 3.6

Step 6 (D/U) 25 110 2A

Step 9 (S/tJ n ) 25 35 2 .9



P ol yacry la mid e  get  electrophores is  (PA.G.E.

S t e p  2 S t e p 3  S t e p  A S t e p  6 Step  9 

Purif i cat ion  s t e p s
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one, i f  no t m ore, common immunological determ inant on th e  P.A .L. 

p ro te in  m olecu le , re g a rd le s s  of th e  source of th e  enzyme. As i t  i s  no t 

p o ss ib le  to  p r e d ic t  which re g io n s  of a macromolecule a re  involved in  

th e se  d e te rm in an ts , th e  only  t e s t s  which can be used to  check fo r  c ro ss 

r e a c t iv i ty  a re  immunological t e s t s ,  bu t as  a p re lim in ary  s tudy  sev e ra l 

of th e  m olecular p ro p e r t ie s  of P.A.L. from d i f f e r e n t  sources were compared. 

These inc luded  m olecular w eights (MWs), pH optima and Kn values fo r  th e  

P .A .L .-a c t iv ity .  One would expect th a t  i f  a la rg e  number o f d iffe re n c e s  

were found in  th e  m olecular p ro p e r tie s  of P.A .L. from v ario u s  t i s s u e s ,  th en  

th e  degree of c r o s s - r e a c t iv i ty  o f  the  an tise ru m , ra is e d  a g a in s t PJV.L. 

from p o ta to e s , would be low. Conversely i f  th e  d iffe re n c e s  were few, a 

high degree of c r o s s - r e a c t iv i ty  would be expected .

3*5»2. M olecular W eights; Using th e  Sepharose 6B column (see Section 2.7#9) 

i t  was p o ss ib le  to  compare th e  m olecular w eights of P.A .L. from th e  se v e ra l 

p la n t sources o f in t e r e s t  in  th ese  in v e s t ig a t io n s .  M olecular weights were 

determ ined from th e  e lu tio n  p r o f i le s  of e x tra c ts  co n ta in in g  P .A .L .-a c tiv iÿ , 

using  th e  MW c a lib ra t io n  curve (Section 2 .7 .9 ) ,  and a re  given in  Table 3 .2 3 . 

Also given in  the  ta b le  a re  MW values ob ta ined  elsew here, a s  given in  th e  

re fe re n c e s . There i s  c lo se  agreement between th e  values fo r  po ta to  and 

Rhodotorula P .A .L .. No h igh  MW forms of P.A.L. from p o ta to  were d e tec ted  

(Havir and Hanson,1968a). F igure 3.10 shows th e  e lu tio n  p r o f i l e  fo r  p o ta to  

P.A.L. from a r e l a t iv e ly  crude supernatan t e x tra c t (F ig . 10A) and from a 

p a r t i a l l y  p u r if ie d  sample (F ig.lO B ); th e re  i s  no d iffe re n c e  in  the  MW values 

observed. P.A.L. from m ustard cotyledon e x tr a c ts  (Figure 3.11) has a MW 

s im ila r  to  th a t  of Rhodotorula P .A .L ., t h i s  value i s  s l ig h t ly  h ig h er than 

re c e n tly  rep o rted  by Gupta and A cton,(1979). Again no high MW forms were 

d e tec tab le  (Schopfer, 1971). The value fo r  gherkin P.A.L. was s l ig h t ly  

le s s  than p rev io u sly  re p o rte d . This was checked by running a m ixture of 

p o ta to  and gherkin P.A.L. (Figure 3.12B)as th e  r e s u l t s  suggested th a t  the  

MWs were s ig n i f ic a n t ly  d if f e re n t  from each o th e r . Gherkin P.A .L. a lo n e , 

tended to  e lu te  in  a broad peak (Figure 3 .1 2A), and was no t separa ted



Table 3 .23

Molecular w eights o f P»A.L. from sev e ra l p la n t sources.

Crude supernatan t e x tr a c t  samples (10m l.) from p o ta to  tuber d isc s  (incubated  

fo r  20h. in  iriiite l i g h t ) ;  gherkin hypocotyls (from seed lin g s  3 days-o ld  

which had rece ived  a 3h. white l ig h t  tre a tm e n t) ; m ustard cotyledons (from 

seed lin g s  36h -o ld  which had rece iv ed  a ;-fu rth er 24h. in  f a r - r e d  l i g h t ) ;  and 

tobacco c e l l  suspension c u ltu re s  ( taken  from c u ltu re s  on stock  medium, 24h. 

a f t e r  t r a n s f e r  to  f r e s h  medium) and a commercial p re p a ra tio n  of Rhodotorula 

P.A .L. (Sigma Chemical L td .) were passed  through the  c a lib ra te d  Sepharose 

6B column in  50mM b o ra te  b u f fe r , pH 8 . 8 . (see Section 2 .7 .9 ) .  The MWs, given 

in  column 1 , were determ ined from th e  p o s itio n  of th e  peak of P JV .L .-a c tiv ity  

e lu te d  from the  column, (samples run s e p a ra te ly ) ,  w ith  an e r ro r  of i  10,000. 

Also shown are  the MW values ob tained  fo r  P.A .L. from th e  same p la n t 

so u rces , see re fe re n c e s .

P lan t source
MW obtained  from 

th e  Sepharose 6B 
column

MW obtained  
elsew here— R eferences

Potato 320,000 330,000 Havir and Hanson,1970

Rhodotorula 280,000 275,000 Hodgins,1971

Gherkin 270,000 316,000 Ire d a le  and Sm ith,197^

Mustard 275,000 240,000 Gupta and A cton ,1979

Tobacco 310,000 - -



Figure 3*10

E lu tion  p r o f i l e  of p o ta to  P.A .L. on the  Sepharose 6B column*

A crude supernatan t e x tra c t  from p o ta to  tu b e r d isc s  incubated  fo r  20h. 

in  w hite  l ig h t  (A.) and a p a r t i a l l y  p u r if ie d  sample o f p o ta to  P*A.L.,D/tJ 

(B«) were passed through the  c a lib ra te d  Sepharose 6B column in  30mM 

b o ra te  b u f fe r ,  pH 8*8 (see  Section 2 * 7 .9 ). The p ro te in  co n ten t,e s tim a ted  

from th e  absorbance a t  280nm* (x) and th e  P.A.L*- a c t i v i t y  (o) o f  the  

e lu ted  f ra c t io n s  were measured.
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Figure 3*11

E lu tion  p r o f i le  of m ustard P»A>L» on th e  Sepharose 6B column.

A crude supernatan t e x tr a c t  from m ustard cotyledons (taken  from seed lin g s  

given a  l ig h t  trea tm en t o f 36h . darkness and 2Ah. f a r - r e d  l ig h t )  was passed  

through  th e  c a lib ra te d  Sepharose 6B column in  30mM b o ra te  b u f fe r ,  pH 8 .8  

(see Section  2*7*9)# The p ro te in  c o n te n t, estim ated  from the  absorbance 

a t  280nm. (x) and th e  P .A .L .-a c tiv ity  (o) o f  th e  e lu te d  f ra c t io n s  were - 

measured.
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Figure 3*12

E lu tion  p r o f i le  of gherkin  P*A.L. on th e  Sepharose 6B column.

A crude supernatan t e x tra c t  from gherkin  hypocotyls (taken fro m  3 day- 

o ld  seed lin g s  given a 3h. w hite l i g h t )  was passed through th e  c a l ib ra te d  

Sepharose 6B column in  50mM b o ra te  b u f fe r ,  pH 8 .8  (see Section 2 .7*9 )# (A .) 

A m ixture of p a r t i a l l y  p u r if ie d  p o ta to  P .A .L ., D/CJ and a crude su p ern a tan t 

e x tra c t  from gherkin hypocotyls (each con ta in ing  an equal amount of 

P J l . l . - a c t i v i t y )  was a lso  passed through th e  column (B .) Thr p ro te in  

co n ten t, estim ated  from th e  absorbance a t  280nm. (x) and th e  PJL.L.- 

a c t iv i ty  (o) of th e  e lu te d  f ra c t io n s ,  were measured.
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from p o ta to  P.A .L, when the  m ixture was ru n . The MWs are  p robably  q u ite  

c lo se  to  each o th e r ,  contam inating p ro te in s  in  th e  gherkin e x tr a c ts  may 

have c o n trib u ted  to  th e  ra th e r  broad band of P .A .L .-a c tiv ity  in  th e  gherkin 

e x t r a c t . The MWs of P.A .L. from the d i f f e r e n t  sources examined, from both  

y eas t and h igher p la n t s ,  a re  s im ila r ,  although no t id e n t ic a l .

3«3»5 pH Optima: The pH optima of P .A .L .-a c t iv ity  in  e x tra c ts  from dark- 

and lig h t- in c u b a te d  p o ta to  tu b er d isc s  (Figure 3*13) and a lso  from dark - 

grown and f a r - re d  t r e a te d  m ustard coty ledons (F igure 3.1A-) were determ ined. 

There was a  s l ig h t  d iffe re n c e  im th e  p o s it io n  of th e  peak of P.A .L .- a c t iv i ty  

fo r  th e  two p la n ts ;  th a t  fo r  m ustard being  pH 9»0-9*5> and th a t  fo r  p o ta to  

being  pH 8 .5 -9 .0 . T his may r e f l e c t  d iffe re n c e s  in  th e  m olecular s tru c tu re  

of th e  P J l.L . from these  two sources. The most in te r e s t in g  r e s u l t  here  was 

th e  d iffe re n c e  in  th e  o v e ra ll  shapes of the curves fo r  dark and f a r - r e d  

t r e a te d  mustard co ty led o n s, P .A .L .-a c t iv ity  in  e x tr a c ts  from e t io la te d  

t i s s u e  was only s ig n i f ic a n t ly  a c tiv e  a t  pHs above 8 .0 . The pH optimum 

curve fo r  P .A .L .-a c t iv ity  in  e x tra c ts  from f a r - r e d  t r e a te d  t is s u e  was 

much b ro ad er, s im ila r  in  shape to  th e  pH optima curves fo r  p o ta to  P.A .L.

This may r e f l e c t  a d iffe re n c e  in  th e  s e n s i t iv i ty  of P.A .L. from dark-grown 

and f a r - r e d  t re a te d  t i s s u e ,  whether t h i s  has any p h y s io lo g ica l s ig n if ic a n c e  

or i s  due to  f a c to r s  a r is in g  from th e  d is ru p tio n  of th e  t is s u e  during  

extraction i s  no t y e t known.

3 . 3 .4  Kin V alues: P J l.L . has been recognized  as a l ik e ly  re g u la to ry  enzyme 

in  many p la n ts  due to  the non-M ichaelis-M enton k in e t ic s  of t h i s  enzyme (Camm 

and Towers, 1977; Huault e t a l .  1976). An attem pt was th e re fo re  made to  see 

whether mustard P.A .L. behaved in  a s im ila r  manner to  p o ta to  P J l.L . in  

showing negative  c o -o p e ra tiv ity  (Havir and Hanson,1968b; Lamb and Rubery, 

1976c ) ,  i e .  a t  h igher su b s tra te  co n cen tra tio n s  th e  a f f i n i t y  fo r  s u b s tra te  

i s  reduced, and a h igher Km value i s  ob tained ; th e  Km value re p re se n ts  the  

su b s tra te  con cen tra tio n  g iv ing  h a lf  the  maximum r a te  of enzyme re a c t io n , (The 

ro le  of negative  c o -o p e ra tiv ity  in  higher p la n ts  i s  d iscussed  by Lamb and 

Rubery,19768,u sing  P.A.L. a s  an example.) I n i t i a l l y  p o ta to  P.A .L. was



Figure 3*13

pH Optima  ̂ curves fo r  pota to  P,A,L.

Crude supernatan t e x tr a c ts  from p o ta to  tu b er d isc s  incubated  in  darkness 

(c lo sed  symbols) or in  w hite l ig h t  (open symbols) fo r  2 0 h ., were d e sa lte d  

in  50mM b o ra te  b u f f e r ,  pH 8 .8 . The d e sa lte d  samples were assayed a t  a range 

o f pHs a s  in d ic a te d  in  th e  f ig u re ;  th e  assays were c a r r ie d  out u sing  0.1ml 

sample in  a 1,0m l. a ssay  volume w ith  lOOmM buffer% ,to  ensure th a t  the  

c o r re c t pH was o b ta in ed .

F igure 3*14

pH Optima curves fo r  m ustard P J l,L ,

Crude supernatan t e x tr a c ts  from m ustard cotyledons ta k m  from seed lin g s  

3 6 h ,-o ld  which then  rece iv ed  a f u r th e r  24h, darkness (• )  or in  f a r - r e d  

l ig h t  (o ) ,  were d e sa lte d  in  50mM b o ra te  b u f fe r ,  pH 8 ,8 , and D -isoascorbate 

was added to  lOmM. The d esa lted  samples were assayed a t  a range of pHs 

a s  in d ic a te d  in  th e  f ig u re ;  the  assays were c a r r ie d  out using  0,3m l. 

sample in  a 1,5m l, assay  volume w ith  lOOmM b u f fe r s ,  to  ensure th a t  the 

c o rre c t pH was ob ta ined .
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assayed  a t  a range o f s u b s tra te  c o n cen tra tio n s  between 0 and 6mM 

L -pheny la lan ine , u s in g  a s a lt-c o n c e n tra te d  sample (d e sa lted  in  b o ra te  

b u f f e r ,  pH 8 .8 ) .  The d a ta  obtained  were p lo t te d  using  sev e ra l d i f f e r e n t  

ty p es  o f p lo t  which g ive a l in e a r  p lo t  w ith  such d a ta . (Plowman,1972), and 

frcm which Kin va lues and maximum r a te s  of r e a c t io n ,  Ymax. can be o b ta in ed . 

The r e s u l t s  a re  given in  Table 3#24A. The d if f e re n t  p lo ts  a re  b ia se d  tow ards 

e i th e r  high or low s u b s tra te  c o n c e n tra tio n s , th e  most balanced p lo t  i s  

th e  Hanes p lo t ;  b u t s im ila r  va lues were obtained  w ith  a l l  th re e  p lo ts  (based 

on th e  same d a ta ) .  The r e s u l t s  were s im ila r  to  those  rep o rte d  p rev io u s ly  

(0 . 26mM and 0.038mM, Havir and Han son, 1968b), and c le a r ly  show n eg a tiv e  

c o -o p e ra tiv ity . Vhen crude supernatan t e x tra c ts  o f p o ta to  tu b er d iscs ,w h ich  

had been d e sa lte d  to  remove any in h ib i to ry  or s tim u la to ry  low MW compounds, 

in c lu d in g  any s u b s tra te  or product o f th e  enzyne which may have been in  

th e  crude e x t r a c t ,  were used in s te a d  o f th e  concen tra ted  sample, lower 

Km valu es  were o b ta in ed , and when th e  assays were c a r r ie d  out a t  a lower 

pH (7*5 in s te a d  of 8 .8 ) ,  only  a s in g le  Kin value was ob ta ined .T h is  l a t t e r  

r e s u l t  was in  agreement w ith  th e  r e s u l t s  of Lamb and Rubery, 1976c, th e  

r e s u l t s  a re  given in  Table 3*2VB. S im ilar assays were c a r r ie d  out w ith  

m ustard seed ling  e x tr a c ts  over a su b s tra te  range of 0 -1 .3mM L -pheny lalan ine . 

The maximum r a te  of re a c t io n  was ob ta ined  w ith  1*0-1.2mM L-phenylalanine 

which was s l ig h t ly  low er than th e  s u b s tra te  co n cen tra tio n  req u ired  fo r  

maximum P .A .L .-a c tiv ity  fo r  p o ta to  P J l .L . (where 2.0-4«0mM gave Ymax., 

a h ig h er con cen tra tio n  was req u ired  fo r  P .A .L .-a c t iv ity  assayed a t  pH7*5«) 

The Km values fo r  th e  m ustard e x tr a c ts  were determ ined from Hanes p lo t s ,  and 

a re  given in  Table 3*24C. For each e x tra c t  a s in g le  Km value was o b ta in ed , 

in  sev e ra l s e ts  of assays the p lo ts  were curved, no t l i n e a r ,  nor was i t  

p o ss ib le  to  ob ta in  two Kn values a lo n e . These r e s u l t s  a re  from a l im ite d  

number of a ssay s , bu t in d ic a te  th a t  f u r th e r  in v e s tig a tio n  i s  n ecessa ry , 

to  check the s ig n if ic a n c e  of the  d i f f e r e n t  Kin values obtained  fo r  e x tra c ts  

from d if f e re n t  p a r ts  of th e  m ustard se e d lin g , suggesting  th a t  a l i o s t e r i c  

re g u la tio n  o f enzyme a c t iv i t y  may occur. A lack  of n eg a tiv e  c o -o p e ra tiv ity



Table 3»2k

Enzyme k in e t ic s  fo r  P.A.L. from pota to  and mustard.

Linear p lo ts  used to  determ ine Km values %

Lineweaver-Burke p lo t  1 /[S ]  ag a in s t l / (V i)

Eadie-H ofstee p lo t  (Vi) ag a in s t (YI ) /[S ^

Hanes p lo t  [s |/(V i) ag a in s t

( ts 3  = su b s tra te  c o n ce n tra tio n ,(Vi) = i n i t i a l  r a te s  o f r e a c tio n )  

3»24A S a lt-c o n c e n tra ted  p o ta to  P.A.L. sample, Arom p o ta to  tu b er d isc s  

incubated  f o r  20h. in  fd iite  T ight; d e sa lte d  p r io r  to  a ssa y s .

Type of p lo t Km,[s] h igh^ S b Ĉs ] low*

Line we aver-Burke 0.31mM 0.028ml(

Eadie-H ofstee 0.29mM 0.033mM

Hanes 0.30mM 0.024mM

♦ [S] high ^  0.2mM; [ s ]  low <  0.2mM L-phenylalanine

3 . 24B Crude su p ern a tan t e x tra c t  from p o ta to  tu b e r  d isc s  incubated  fo r

20h. in  white l i g h t ,  d e sa lte d  and assayed in  e i th e r  50mM b o ra te  b u f fe r ,  pH 8 .8

or lOOmM Tris-HCl b u f fe r ,  pH 7 .3  (4^C).

Type of p lo t pH 8.8: Km, [s] high Kin, [s] low pH 7 . 5 : Kn

Lineweaver-Burke 0.23mM 0.013mM 0.52mM

Eadie-H ofstee 0 . 26mM 0.018mM 0.42mM

Hanes 0.21mM 0.014mM 0.52mM

3 . 24c Crude supernatan t e x tra c ts  from sec tio n s  of m ustard s e e d lin g s , 36h .- 

old given a fu r th e r  24b. in  darkness or in  f a r - re d  l i g h t ,  d e sa lte d  and assayed 

in  50mM b o ra te  b u f f e r ,  pH 8 .8  + 10mM D -isoasco rbate .

T issue sec tio n Light trea tm en t Kin value (from Hanes p lo ts )

Cotyledon p a ir s dark 0.1

fa r - re d 0.09mM

Hypocotyls dark O.lémM

fa r- re d 0.09mM
R adicles dark 0.08mM
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fo r  m ustard P.A .L. was r e c e n tly  re p o rte d  by Gupta and Acton^l 979), u s in g  

a  p u r if ie d  sample o f  P.A .L. from f a r - r e d  t r e a te d  co ty led o n s. As i t  i s  n o t 

p o ss ib le  to  d u p lic a te  th e  in  vivo s i tu a t io n ,  the  b e s t th a t  can be attem pted 

i s  c a rry in g  out th e  a ssay s  a t  more ap p ro p ria te  tem peratu res and pHs ( ie .  

n e a re r  to  p h y s io lo g ica l c o n d itio n s ) , a t  a range o f l i k e ly  su b s tra te  and 

product c o n c e n tra tio n s .

3 . 3*5 Comparison of P.A .L. from dark - o r l ig h t - t r e a te d  t i s s u e :  The 

techn ique of icn-ezchange chromâtotgraphy was used to  see whether P.A .L. 

from d ark - and w hit e - l ig h t - t r e a te d  p o ta to  tu b e r d is c s  was the same in  bo th  

c a se s . Samples of s a lt-c o n c e n tra te d  e x tr a c ts  were d e sa lte d  and loaded on 

to  a D.E.A.E.-Sephadex A-23 column. P .A .L .-a c tiv ity  was e lu ted  w ith  a 

g ra d ie n t of in c re a s in g  T r is  c o n cen tra tio n . (Figure 3*15). No s ig n if ic a n t  

d i f f e re n c e , in  th e  e lu tio n  p r o f i le s  were ob ta ined .

3 . 3*6 Summary: P J^.L . from sev era l p la n t sources were compared, w ith 

p a r t ic u la r  emphasis on p o ta to  and m ustard. No isoenzymes o f P J l.L . were 

separated  from th ese  t i s s u e s .  PJ^.L.from  p o ta to  tu b e r d isc s  was not 

a f fe c te d  by th e  l i g h t  tre a tm e n t, bu t m ustard PJSl.L. from dark - and f a r - r e d -  

t r e a te d  t i s s u e  g ev m l^ lffe ren t pH optima p r o f i l e s ,  and from th e  d if f e re n t  

sec tio n s  of th e  seed ling  gave d if f e re n t  En v a lu es . The f a i lu r e  to  ob tain  

only one Km value suggests th a t  more than one form of P.A .L. may be 

p resen t in  m ustard , bu t th e  d iffe re n c e s  may be more su b tle  than  th e  techn iques 

so f a r  used can p ro p e rly  d is t in g u is h . The lack  of n eg a tiv e  c o -o p e ra tiv ity  

may be due to  th e  tem perature  and co n d itio n s  used fo r  th e  a ssay . I t  i s  

d i f f i c u l t  to  look fo r  p o ss ib le  m olecular d iffe re n c e s  when th e re  a re  many 

v a r ia b le s  due to  th e  e x tra c tio n  and p u r if ic a t io n  which must a lso  be taken 

in to  account, bu t t h i s  may be n ecessary  to  reso lv e  th e  question  o f re g u la tio n  

of enzyme le v e ls .

3 .4  IMMDNOLOGICAL STUDIES 

3*4.1 In tro d u c tio n : A ntibodies a g a in s t p o ta to  P.A .L. were ra is e d  in  

r a b b i ts  as described  in  Section 2.9* I n i t i a l l y  serum from t r i a l  b leed s  was 

te s te d  ag a in s t samples of P.A.L. u s in g  double d if fu s io n  p la te s .  Fhrecipitin



Figure 3*15

E lu tion  p r o f i le  of po ta to  P.A.L. on a D.E.A.E.-Sephadex 

A-2 5  column.

Crude supernatan t e x tra c ts  from 23g. p o ta to  tu b er d is c s ,  incubated  fo r  

20h. in  darkness (A .) or in  white l ig h t  (B .) were concentrated  w ith  

tri-so d iu m  c i t r a t e  ,  d esa lted  on a Sephadex 6-23 column in  30mM T r is -  

HCl b u f fe r ,  pH 8 .4  (4®C), and then loaded on to  sep ara te  D.E.A.E.-Sephadex 

A-2 3  columns (i.6cm . diam eter x 7*5cm. h e ig h t) ,  e q u ilib ra te d  in  th e  same 

b u f fe r ,  bu t co n ta in in g  1mH E.D.T.A. and 1mM g lu ta th io n e . The columns 

were washed through w ith b u f fe r ,  then  e lu ted  w ith  a g rad ien t of in c rea s in g  

T r is  co n cen tra tion  (o ); the r e f r a c t iv e  index was used as a measure of 

T r is  co n cen tra tio n . The pH (■) was fo llow ed throughout, th e  p ro te in  

c o n ten t, estim ated  by read ing  the absorbance a t  280nm. (x) and the  

P .A .L .-a c t iv ity  (o) of th e  e lu té d .f ra c tio n .w e re  measured.
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lin e s-  were ob tained  a g a in s t p o ta to  P .A .L ., w ith serum from th e  second or 

th i r d  t r i a l  b leed s  (taken two weeks a f t e r  completion of th e  in je c tio n  schedule) 

and in  subsequent b le e d s , bu t no t w ith serum from th e  c o n tro l ,  normal ra b b i t  

serum (N .R .S .), see F igure 3 . 16 . More than  one p r e c ip i t in  l in e  was v is ib le  

u s in g  crude a n t i  serum, and th e  high p ro te in  con ten t meant th a t  o v e ra ll  s ta in in g  

o f the  p la te s  f o r  p ro te in  hampered ,r a th e r  than  aided  th e  v is u a l iz a t io n  of 

th e  p r e c ip i t in  l in e s .  T herefore th e  antiserum  was p a r t i a l l y  p u r if ie d  by 

ammonium su lp h a te  f ra c tio n a ticm  and D .E .A .E .-ce llu lo se  chromatography. The 

i n i t i a l  s a l t  f r a c t io n a tio n  removed most of th e  haemoglobin from th e  serum.

The ion-exchange chromatography separated  th e  rem aining p ro te in s ,  m ainly 

immunoglobulins. The f r a c t io n s  e lu te d  from the D .£ J^ .E .-c e llu lo se  column 

(Figure 3*17) were te s te d  a g a in s t a n t i - r a b b i t ')(-g lo b u lin  serum and a n t i 

r a b b i t  whole serum using  double d iffu s io n  p la te s  (Figure 3*18); those  f r a c t io n s  

con ta in ing  on ly  -g lo b u lin s  (igG- f ra c t io n )  were pooled and concen tra ted  by 

u l t r a f i l t r a t i o n .  The antiserum  was then te s te d  ag a in s t p o ta to  P»A.L., as 

befo re  on double d iffu s io n  p la te s ;  two p r e c ip i t in  l in e s  were obtained  ag a in , 

b u t u su a lly  on ly  when an tibody  or antiserum  were in  excess (see Section 3 * 4 .2 ). 

Im m unotitration experim ents were c a r r ie d  out to  check the  s p e c i f i c i ty  of th e  

an tise ru m .A fte r sev e ra l months s to rage in  th e  deep f re e z e , th e  antiserum  

was le s s  e f fe c t iv e  in  a b i l i t y  to  im m unoprecipitate the P .A .L .-a c tiv ity , 

suggesting th a t  th e  antiserum  was undergoing degradation  during sto rage 

( although antiserum  i s  g e n e ra lly  s ta b le  fo r  loqger periods than  t h i s ) .  

F lu c tu a tio n s  in  s to rage tem perature may have been p a r t ly  r e s o n s ib le ,  or 

p o ss ib ly  th e  antiserum  was le s s  s ta b le  than expected . The r e s u l t s  of the 

im m unotitration experim ents to  determ ine P.A.L. le v e ls  in  e x tr a c ts  of p la n t 

t is s u e s  are  p re se n te d , but complete q u a n ti ta t iv e  r e s u l t s  were prevented by 

the  p rog ressive  d ec lin e  in  antiserum  e f fe c t iv e n e s s . ,

3*4*2 Double D iffusion  T e s ts : A re c ip itin  l in e s  were obtained  between th e  

antiserum  and p a r t i a l l y  p u r if ie d  and concentrated  p o ta to  P J l.L . samples.

The next step  was to  use r e l a t iv e ly  crude e x tra c t sam ples, i e .  supernatan t 

(equ iva len t to  step  2 in  the p u r if ic a t io n  procedure. Section 3*2.11). F igure



Figure 3.16

Double D iffu sio n  P la tes  w ith  potato  P.A .L.

The c e n tra l  w ell of each s e t  of w e lls , co n ta in s  5 0 ^ .  serum from t r i a l  

b leed s  from ra b b i t  1 , b leed  3 (R1 i i i ) ,  r a b b i t  2 ,  b leed s  2 and 3 (R2 i i ,  

R2 i i i )  and serum from a normal ra b b i t  (N .R .S .). The surrounding w ells 

con ta in  50^^* p o ta to  P.A .L. sample, D/U, a t  a range of d i lu t io n s ;  the  

top  w e ll con ta in s u n d ilu ted  P,A .L. sample w ith  p ro g ressiv e  2 -fo ld  

d i lu t io n s  , in  a clockw ise d ire c tio n  around th e  c e n tra l  w e ll.





Figure 3*17

R ir ifica tio m  o f  crude a n ti-p o ta to  P.A.L. serum#

D .E .A .E .-ce llu lo se  column#

A sample of ammonium su lphate  f ra c t io n a te d  ânti**potato P#A#L# serum 

(8.0m l. ) was d e sa lte d  on a Sephadex G-25 cpltimh in  50mM Tris-H Cl b u f f e r ,  

pH 7*6 (18®C), and then loaded on to  a D ,.E ^ .E .-c e llu lo se  column (4,8cm. 

diam eter x 3*0cm. h e ig h t) ,  eq u ilil^ ra ted  in  th e  same b u f fe r .  The column 

was e lu te d  w ith t h i s  b u ffe r  and then w ith  a g rad ien t of in c re a s in g  s a l t  

(NaCl) con cen tra tio n  (Q). The p ro te in  co n ten t o f the e lu te d  f ra c t io n s  was 

estim ated  by read ing  th e  absorbance-at 280nm .-(x). The immunoglobulin
___  .... I ........j

con ten t, o f th e  f r a c t io n s  was a lso  exam ^e^ , on double d iffu s io n  p la te s  

see below Figure 3*18.

F igure 3*18

Double D iffusion  P la te s  w ith  f ra c t io n s  from th e  D .E.A.E.- 

c e llu lo se  column.

Two 3x10cm . p la te s  were p repared , each d iv ided  in to  5 rows of w e lls .

The second and fo u rth  rows contain  2 ^ 1 .  a liq u o ts  of th e  f ra c t io n s  

e lu ted  from the D .E .A .E .-ce llu lo se  column above. F igure 3*17 (fr^  n ^ ) ,

R1B r e f e r s  to  th e  ba tch  of a n ti-p o ta to  P.A.L. serum, taken from ra b b i t  1 , 

and p a r t i a l l y  p u r if ie d  by ammonium su lphate  f r a c t io n a t io n .  The o ther 

rows con ta in  2(^1. a liq u o ts  of a n t i - r a b b i t  whole serum, from g o a ts; 

rows one and f iv e  con ta in  goat serum d ilu te d  2  tim es , the  c e n tra l  row, 

row th re e  co n ta in s  goat serum d ilu te d  10 tim es.

F rac tio n s  2-19 gave a s in g le  p r e c ip i t in  l in e ,  and th e re fo re  con tain  only 

IgG (or ^  ) immunoglobulins. An id e n t ic a l  se t of p la te s  was prepared fo r  

t e s t s  w ith  a n t i - r a b b i t  { (-g lo b u lin ' serum, from g o a ts ; a s in g le  p r e c ip i t in  

l in e  was obtained a g a in s t f ra c tio n s  2- 30 .
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3*19 shows th e  r e s u l t s  of double d if fu s io n  t e s t s  using, th e  p u r if ie d  antiserum  

and supern a tan t e x t r a c ts  from p o ta to  tub  en d isc s  incubated  in  darkness or 

w hite l ig h t  fo r  12, 18 and 2it-h«; two p r e c ip i t in  l in e s  were v is ib le  a f t e r  

s ta in in g  the  p la te s  f o r  p ro te in  (w ith Coomassie b lu e  or th e  B.D.H. 

eq u iv a len t ) .  T his r e s u l t  was obtained  w ith  p u r if ie d  samples o f p o ta to  P*A,L# 

an^ crude an tiserum , and i s  c«nmon to  b o th , so i t  would appear th a t  th e  

antiserum  i s  responsible* As uLt i s  n o t p o ss ib le  to  id e n t i f y  th e  p r e c ip i t in  

l in e  corresponding to  P.A.L» (as  th e re  i s  no s u ita b le  s ta in in g  technique 

fo r  th e  enzyne), im m unoelectrophoresis was used in  an a ttem pt to  sep a ra te  

the  two p r e c ip i t in  l in e s  ob tained  on sim ple double d if fu s io n  p la te s*  The 

r e s u l t s  of such an experim ent are  shown in  F igure 3*20* P a r t i a l ly  p u r if ie d  

and co ncen tra ted  samples o f p o ta to  were used because th e  p r e c ip i t in  l in e s  

obtained  were more d i s t i n c t ,  and sm aller volumes were more su ite d  to  

im m unoelectrophoresis* Ih ifon tunate ly  only  a s in g le  p r e c ip i t in  l in e  was 

ob ta ined ; t h i s  was, however, co in c id en t w ith  th e  p o s itio n  of P *A *L .-ac tiv ity  

(lo ca ted  by assay in g  sec tio n s  o f th e  agarose g e l from an id e n t ic a l  p la te  

run in  p a r a l l e l  f o r  the e le c tro p h o re s is ) * 3h th e  two samples o f P*A*L* 

u sed , th e  m ig ra tion  r a te s  of P*A.L* were d i f f e r e n t ,  t h i s  does n o t r e f l e c t  

any d iffe ren ce  in  the  p ro p e r tie s  of P.A.L. i t s e l f  because th e  sample g iv ing  

th e  slower m ig ra tio n  r a te  was a s a lt-c o n c e n tra te d  p rep a ra tio n  (which was n o t 

d e sa lte d  p r io r  to  th e  experim ent), in  which agg regation  of th e  enzyme m olecules 

had probably o ccu rred , hence th e  slower m igration  ra te*  J n  bo th  cases the  

P*A *L*-activity was co incident w ith  th e  p r e c ip i t in  l in e ,  supporting  th e  

hope th a t  th e  antiserum  was s p e c if ic  fo r  P.A.L. The second p r e c ip i t in  l in e  

obtained in  th e  simple double d if fu s io n  t e s t s  may have been due to  aggregation  

of P*A.Ij. m olecu les, or due to  degradation  p ro d u c ts  of P.A*L., such as the  

enzyme subun its  (these  p rocesses may have occurred  fo llow ing in je c t io n  of 

the  p u r if ie d  P.A*L* sample in to  th e  ra b b its )*  A lte rn a tiv e ly  minor contam inants 

in  the p u r if ie d  P.A.L. sample in je c te d  may have r e s u l te d  in  th e  form ation 

of 'co n tam in a tin g ' an tib o d ies . The double d if fu s io n  t e s t s  them selves were 

not s u ita b le  fo r  q u a n tita tiv e  experim ents, bu t d id  show th a t  P J l . l .  from



Figure 3*19

Double D iffu sio n  P la te s  w ith  e x tra c ts  from p o ta to  tu b er d is c s .  

The c e n tra l  w ells  co n ta in  40/wl. p u r if ie d  a n ti-p o ta to  P.A .L. serum, R1C2, 

serum from ra b b it  1 , p u r if ie d  by D*£*A.£. c e llu lo se  chrom atography, second 

ru n . The surrounding w e lls  con tain  crude asîpenxatan t e x tr a c ts  from p o ta to  

tu b er d isc s  incubated  f o r  12, 18 or 2Lh. in  darkness (D) or in  w hite l ig h t  

(l ) ,  a l iq u o ts  in  th e  s e t  o f w e lls  on th e  l e f t ,  and 8 ^ 1 .  a l iq u o ts  in

the  s e t  of w ells  on the  r ig h t .
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Figure 3*20

Imm unoelectrophoresis P la te s  w ith  p o ta to  P»A,L«

The im m unoelectrophoresis p la te  i s  shown in  the c e n tre , th e  d ire c tio n  

of e le c tro p h o re s is  was from l e f t  to  r i g h t . Potato  P.A.L. samples were 

placed  in  th e  w e lls , th e  upper w ell con ta ined  a 20 (̂1 • a l iq u o t of p u r if ie d  

P.A.L. S/tJ I ,  th e  lower w ell contained a $ 0 ^ .  a liq u o t of concen trated  

p o ta to  P J l .L . e x tra c t (sodium c i t r a te  f r a c t io n a te d ) .  E lec tro p h o resis  was 

c a r r ie d  out as  described  in  Section 2.12.3# A fte r e le c tro p h o re s is  th e  

agarose g e l was removed from the  troughs from between the  w ells  and on 

the  o u tsid e  edges of th e  p l a t e ,  th ese  were f i l l e d  w ith a n ti-p o ta to  P.A.L. 

serum, R1 C (serum from ra b b it  1 , p u r if ie d  by D .E J^ .E .-ce llu lo se  

chromatography, run 1 ) .  The c e n tra l  trough contained  2 5 ^ 1 . an tiserum , 

th e  o u te r troughs contained 250/tp.. a n t i  serum a t  1 :20 d i lu t io n .

The two graphs show the  P J l .L .- a c t iv i ty  on an id e n t ic a l  p la te ,  fo llow ing  

e le c tro p h o re s is :  th e  agarose g e l was cu t in to  0.5cm. wide se c tio n s , across 

th e  p la te ,  from l e f t  to  r i g h t . , the  g e l was a lso  cu t M a lin e  across  the 

p la te  between the  w e lls ,  and se c tio n s  assayed fo r  P .A .L .-a c tiv ity  as 

d escrib ed  in  S ection  2.5.3*
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p o ta to  tu b er d i s c s ,  was unchanged im m unologically, during th e  incubation  

p e rio d  of th e  d is c s  (Figure 3*19)* The p r e c ip i t in  l in e s  were co n flu en t, 

form ing a complete c ir c le  around th e  c e n tra l  antiserum  w e ll. The s tro n g er of 

th e  two p r e c ip i t in  l in e s  was assumed to  be th e  one corresponding to  P#A .l. 

fo llow ing  th e  r e s u l t s  of th e  im m unoelectrophoresis experim ent, where no 

second, minor p r e c ip i t in  l in e  was ob ta ined . The in te n s i ty  of th e  p r e c ip i t in  

l in e  p rov ides an in d ic a tio n  of th e  amount of an tig en  p re se n t. (By using 

s e r i a l  d i lu t io n s  of sam ple-antigen ag a in s t a co n stan t volume o f a n t i  serum, i t  

i s  p o ss ib le  to  f in d  the  equivalence p o in t and o b ta in  q u a n ti ta t iv e  r e s u l t s ,  

bu t th e  s e n s i t i v i t y  i s  l im ite d , and p u re ly  dependent on th e  fo rm ation  of 

p r e c ip i t in  l i n e s . )  In F igure 3#21 th e  in te n s i :^  of the  p r e c ip i t in  l in e s  

in c re a se s  as  th e  sample volume in c re a se s . P.A .L. from d i f f e r e n t  p o ta to  

v a r ie t ie s  was a lso  im m unologically in d is tin g u ish a b le  (F igure 3#22); th e  

p r e c ip i t in  l in e s  between th e  two v a r ie t ie s  were c o n flu en t. The p r e c ip i t in  

l in e  a g a in s t an e x tra c t  from th e  re d -p o ta to e s  was s l ig h t ly  s tro n g er than 

th a t  a g a in s t an e x tra c t  from w h ite -fie sh ed  p o ta to e s , as  expected as  the  red  

v a r ie ty  con tained  tw ice th e  amount of P J l .L . - a c t iv i ty .

3#4#3 Im m unotitration T e s ts :  The s p e c i f ic i ty  of the  antiserum  can be 

checked more p re c is e ly  by im m unoprécip ita tion , i e .  by th e  a b i l i t y  of the  

antiserum  to  p r e c ip i ta te  P.A .L. from the  P .A .L .-con ta in ing  e x t r a c t .  Using 

a s in g le  e x tra c t  from p o ta to  tu b e r d isc s  incubated  fo r  24h. in  w hite l ig h t  

(2 4 h .,L .) a t  th re e  d i lu t io n s ,  i t  was shown th a t  th e  volume of antiserum  

req u ired  to  p r e c ip i ta te  P.A .L. was p ro p o rtio n a l to  the amount of P .A .L .- 

a c t iv i ty  p re c ip i ta te d  (Figure 3#23). Following incubations of 2 0 h .,  of th e  

crude supernatan t e x tra c t (or d ilu t io n  th e re o f)  from incubated  tu b er d isc s  

and antiserum  a t  a range of volumes, the  amount of P .A .L .-a c tiv ity  in  th e  

supem&tant was found to  d ec lin e  w ith in c rea s in g  volumes of a n t i  serum (Figure 

3 . 25A). The g re a te r  the  amount of P .A .L .-a c tiv ity  p re se n t, the  g re a te r  the 

volume of an tiserum  req u ired  to  p r e c ip i ta te  a l l  of the P J l .L .- a c t iv i ty .  At 

lower antiserum  volumes P .A .L .-a c tiv ity  was n o t p re c ip i ta te d  as w ell as may 

be expected , t h i s  was probably  due to  the form ation of so lu b le  enzyme-antibody



Figure 3*21

Double D iffu sio n  P la tes w ith  e x tra c ts  o f potato  tuber d is c s .

The c e n tr a l  w ells  co n ta in  a l iq u o ts  of serum: a n ti-p o ta to  P.A.L. serum

(R1C2) on the l e f t ,  and normal ra b b i t  serum (N .R .S .) on th e  r ig h t .  The 

surrounding w ells  co n ta in  a liq u o ts  (5 ,1 0 ,2 0 , or 4 ^ 1 * )  of crude supernatan t 

e x tr a c ts  from p o ta to  tu b e r  d isc s  incubated  fo r  20h. in  darkness (D) or in  

white l ig h t  (L).

F igure 3.22

Double D iffusion  P la te s  w ith  e x tra c ts  of p o ta to  tu b er d is c s .

The c e n tr a l  w ells  bo th  con ta in  a liq u o ts  of a n t i-p o ta to  P.A.L. serum

(R1C2). The surrounding w ells  con ta in  various a liq u o ts  (volume in  y d .  i s  

given on th e  p la te s )  of e x tr a c ts  from two v a r ie t ie s  of p o ta to e s , a red 

skinned v a r ie ty  w ith yellow  f le s h ,  D e s ire e ,( r )  and a w h ite -fle sh ed  v a r ie ty .  

King Edw ard's, (w). E x tra c ts  were made a f t e r  incubating  th e  d isc s  in  w hite 

l ig h t  fo r  20h ..
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Figure 3*23

Lnmunotitration Experiment w ith e x tr a c ts  o f  pota to  tuber d is c s .

A m ixture of an e x tra c t  from p o ta to  tu b e r d is c s ,  incubated  fo r  24h. in  

w hite l i g h t ,  a t  a range of d ilu t io n s  (50,100 or 20^(1. a l iq u o ts  o f e x tr a c t  

made up to  a f in a l  volume of 20^(1. w ith  e x tra c tio n  b u f f e r ) ,  and a n ti-p o ta to  

P.A.L. serum (RIC) or normal r a b b it  serum (N J l .S .) ,  was incubated fo r  20h. 

a t  4^C. The m ixture was then c en trifu g ed  and the  supernatan t assayed fo r  

P .A .L ,-a c tiv ity  (A .). The P .A .L .-a c tiv ity  was a lso  p lo t te d  as a ^  of th e  

a c t iv i ty  in  the  sample volume used (B .) . The im m unoprecipitates were then  

washed and resuspended in  b u ffe r  a t  pH 9#5> and reassayed  fo r  P .A .L .-a c tiv it]^  

(C .) . For f u l l  d e ta i l s  o f the  procedure see Section 2 .1 2 .4 .
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complexes, r a th e r  than in so lu b le  complexes which a re  formed when the 

amount of antiserum  and an tigen  a re  p resen t in  roughly  eq u iv a len t p ro p o rtio n s , 

corresponding to  the  'equ iva lence zone * o f th e  re a c tio n  between antibody and 

a n tig en . This was l a  te r  v e r i f ie d  using  a second an tibody , a n t i - r a b b i t  serum 

from g o a ts , to  p re c ip i ta te  th e  r a b b it  a n t i-p o ta to  P J l.L . serum, which would 

a lso  p r e c ip i ta te  any so lub le  an tigen(enzym e)-antibody complexes& The shapes 

of th e  im m unoprécipitation curves could be a l te r e d  depending on the  amount 

of second antibody used. As th e  im m unoprécipitation curves were obtained 

using  a constan t sample volume and in c reas in g  volumes of an tiserum , no 

su ita b le  volume of second an tibody  could be found which d id  n o t in te r f e r e  

w ith th e  shapes of the im m unoprécipitation cu rv es, so second antibody was 

no t used ro u tin e ly .  (S im ilar problems of so lub le  and in so lu b le  complexes 

due to  varying p roportions of an tigen  ( ra b b it  serum) and an tibody  (second 

antibody) may have co n trib u ted  to  th ese  e f f e c t s . )  That the  lo s s  of P J^ .L .- 

a c t iv i ty  from th e  supernatan ts  corresponded to  p r e c ip i ta t io n  o f PJ^.L . was 

shown by washing the  im m unoprecipitates and r e - su spending them in  a h igher 

pH b u ffe r  ( to ,h e lp  so lu b iliz e  the immunocomplexes formed) and assaying  

fo r  P .A .L .-a c tiv ity . The r e s u l t s  a re  shown in  F igure 3«23C., th e  amount of 

P .A .L .-a c tiv ity  recovered in  th e  im m unoprecipitates was th a t

p re c ip i ta te d ,  i e .  lo s t  from th e  su p ern a tan t, and follow s the p a tte rn  of the 

im m unoprécipitation curves in  F igure 3 *23A .. Complete recovery  of the 

P.A.L. from th e  im m unoprecipitates was n o t p o ss ib le  because th e  

im m unoprecipitates were no t com pletely s o lu b il iz e d  in  th e  b u f fe r  u sed , a 

h igher pH b u ffe r  may have been more su ccessfu l in  breaking down the 

immunocomplexes and free in g  the  P .A .L ., bu t a t  h igher pHs P .A .L .-a c tiv ity  

i t s e l f  was reduced. I t  can a lso  be seen from the  r e s u l t s  th a t  a t  higher 

antiserum  volumes the recovery  of P.A.L. i s  lower than expected , th i s  i s  

due to  in h ib it io n  of the enzyme a c t iv i ty  by th e  antiserum  (see Figure 3#24A. ) .  

In the presence of normal ra b b i t  serum, N .S .S . n e g lig ib le  in h ib i t io n  or 

p re c ip ita tio n  of P .A .L .-a c tiv ity  occurred , showing th a t  the  e f f e c t  of 

a n ti-p o ta to  P.A.L. serum was probably  s p e c i f ic ,  fu r th e r  supported by the
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c o r re la tio n  between the  amount of antiserum  re q u ire d  to  p r e c ip i ta te  th e  

PJl.L* from an e x tra c t  of p o ta to  tu b er d is c s .  The im m unoprécipitation curves 

a re  p lo tte d  in  a s l ig h t ly  d if f e r e n t  manner in  F igure 3*23B., th e  P .A .L .- 

a c t iv i ty  in  each sample volume a t  the  beginning of th e  experim ent before  

mixing (t=Oh. ) i s  taken  as 100^. th e  decrease in  P .A .L .-a c t iv ity  i s  then given 

a s  a  ^  of th i s  v a lu e . I f  a l l  th e  samples con tained  the same amount o f P J^ .L ., 

then  the  curves -would be id e n t ic a l ,  in s te a d  th e  amount o f P . L . - p r o t e i n  

appears to  be roughly  p ro p o rtio n a l to  th e  amount o f P .A .L .-a c tiv ity  p resen t 

in  each sample volume. In order to  check th a t  th e  amount o f p ro te in  p re sen t 

d id  no t a f f e c t  the  r e s u l t s  obtained by im m unoprécip ita tion , a s im ila r  s e r ie s  

of experim ents were c a r r ie d  out using  a range of p o ta to  P .A .L. supernatan t * 

e x tra c ts  from d isc s  aged fo r  12, 18 or 24h. in  darkness o r in  white l i g h t ,  

in  which th e  P .A .L .-a c t iv ity ,  bu t no t th e  p ro te in  co n ten t, changed. The 

r e s u l t s  are  shown in  F igure 3*24.. Following incubation  o f th e  m ixture 

of the  e x tra c t  and antiserum  fo r  20h. a t  4®C., th e  P .A .L .-a c t iv ity  in  the  

m ixture (p rio r  to  c e n tr ifu g in g )  was found to  dec lin e  w ith  in c rea s in g  volumes 

of an tiserum , the  amount of in h ib it io n  being  p ro p o rtio n a l to  the  amount o f 

antiserum  p re sen t; th e  in h ib i t io n  p lo ts  a re  roughly  p a r a l l e l  to  each o th e r ,(A .)  

and normal ra b b it  serum, N.R.S. was w ithout e f f e c t .  As mentioned e a r l i e r  

the a n ti-p o ta to  P.A.L. serum in h ib i ts  the  P .A .L .-a c t iv ity ,  whether the  

immunocomplexes are so lub le  or in so lu b le . In order to  p r e c ip i ta te  the  

immunocomplexes in  the  m ix tu re , the samples were c en tr ifu g e d . The 

im m unoprécipitation curves are  shown in  F igure 3*24 (B .) ,  and are  very 

s im ila r  to  those shown in  F igure 3*23A. The curves are  roughly  p a r a l le l  to  

each o th e r , showing l i t t l e  tendency to  verge towards each o th e r , only 

overlapping where equal amounts of P .A .L .-a c t iv ity  were p re sen t in  th e  

e x tra c ts  (such as in  e x tr a c ts  from d isc s  incubated  fo r  e i th e r  18 or 24h. in  

darkness and 12h. in  w hite l i g h t ) .  The P .A .L .-a c tiv ity  in  the  immuno

p re c ip i ta te s  (Figure 3*24C.) fo llow s th e  same p a tte rn  as b e fo re ; corresponding 

to  the amount of P .A .L .-ac ti-v ity  in  th e  e x t r a c ts ,  w ith  in h ib it io n  of 

P .A .L .-a c tiv ity  g re a te s t  in  those m ixtures con ta in ing  low est P .A .L .-a c tiv ity



Figure 3*2i^

Im m unotitration Experiments w ith e x tra c ts  o f p o ta to  tu b e r  d isc s , 

A m ixture of an e x tra c t  from p o ta to  tu b er d isc s  ̂ incubated in  darkness 

(closed  symbols) or in  w hite l ig h t  (open symbols), f o r  12, 18 or 24h. (as 

in d ic a te d  in  th e  key ),and  antiserum : e i th e r  a n t i-p o ta to  P.A.L. serum (R1C) 

or normal ra b b i t  serum (N«R.S.),was incubated  fo r  20h. a t  4^0. The m ixture 

was then assayed fo r  P J l .L .- a c t iv i ty  (A .) or was then cen trifu g ed  and th e  

supernatan t assayed fo r  P .A .L .-a c tiv ity  (B .). The p r e c ip i ta te s  were then  

washed and resuspended in  b u ffe r  and assayed fo r  P .A .L .-a c tiv ity  (C .) . For 

d e ta i l s  of th e  procedure see Section 2 .1 2 .4 .
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or h ig h e s t antiserum  volume » From th e se  r e s u l t s  i t  was shown th a t  the  

a b i l i t y  of the an tiserum  to  p r e c ip i ta te  P.A.L. from e x tra c ts  from p o ta to  

tu b e r d isc s  was a  p ro p e rty  of th e  a n t i-p o ta to  serum (and could no t

be ob ta ined  w ith N .E .S .) and th e re fo re  th e  antiserum  was s p e c if ic .  When 

im m unoprécipitation curves were ob ta ined  using  a co n stan t volume of 

an tiserum  and in c re a s in g  volumes of e x t r a c t ,  the  amount of P J ^ .L .-a c t iv i ty  

in  th e  supernatant a f t e r  c e n tr ifu g in g  the  m ix tu res , in creased  w ith 

in c re a s in g  volume of e x tr a c t .  By c a r e fu l ly  s e le c tin g  ap p ro p ria te  antiserum  

volumes the  P.A.L.»a c t iv i t y  in  th e  low est e x tra c t  volumes was com pletely 

removed from the supm m atant, as th e  amount of P J ^ .L .-a c t iv i ty  p re sen t 

in c re a se d ,(a s  the  e x tr a c t  volume in c re a se d ) , th e  P J L .l . - a c t iv i ty  in  the 

supernatan t in c re a se d . The p ro te in  content of th e  im m unoprecipitates was 

n e a ^ re d  and although th e re  was a gradual in c re a se  in  p ro te in  con ten t w ith 

in c reas in g  e x tra c t  volume used th e re  was no d i r e c t  c o r re la t io n  between 

th e  amount of P J l .L .- a c t iv i ty  p re c ip i ta te d  and th e  amount o f to ta l . ,  p ro te in  

in  the  im m unoprecipitates. This shows th a t  p ro te in s  o ther than P.A.L. 

and the  s p e c if ic  an tib o d ies  were p resen t in  th e  im m unoprecipitates, however 

th e re  was no reason  to  suggest th a t  t h i s  in te r f e r r e d  w ith th e  r e s u l t s  

obtained by im m unotitration experim ents (as d escribed  fo r  experim ents 

shown in  F igures 3*23 and 3 .2 4 ) . The use of r e l a t iv e ly  crude supernatant 

e x tra c ts  may have been re sp o n s ib le , e s p e c ia lly  as  the  antiserum  even the 

p a r t i a l l y  p u r if ie d  antiserum  used here (R1 G or R1C2) probably  contained 

n o n -sp ec ific  an tib o d ie s  or immunoglobulin m olecules which combined w ith 

determ inants not found on th e  P.A.L. p ro te in .

3 .4 .4  Immunological D eterm ination of P.A.L. Levels.

A. 3h incubated p o ta to  tuber d is c s :  Im m unoprécipitation curves, r e fe r re d  

to  as im m unotitration curves because a range of an tiserum  volumes were used , 

were prepared fo r  a range of p o ta to  tuber d isc  e x t r a c ts ,  taken from d isc s  

incubated  fo r  between 0 and 42 h . , e i th e r  in  darkness or in  white l i g h t .

The r e s u l t s  are p resen ted  in  F igures 3*25 and 3*26; th e  data  were p lo tte d  in  

terms of to t a l  P.A.L. a c t iv i ty  (ab so lu te  a c t iv i ty )  in  Figure3*25 and as a



Figure 3 .25

Im m unotitration Experiments to  measure P»A..L. le v e ls  in  

e x tra c ts  from p o ta to  tu b er d is c s .

M ixtures of e x tr a c ts  from p o ta to  tu b er d isc s  and a n ti-p o ta to  P.A .L. 

serum (RlC2), were incubated fo r  20h. a t  4*C. The m ixtures were then 

c en trifu g ed  and th e  supernatan ts  assayed fo r  P .A .L .-a c t iv ity .  The 

p o ta to  e x tra c ts  were made from d is c s  incubated  fo r  between 0 and 42h. 

in  darkness (c lo sed  symbols,D.) or in  w hite l ig h t  (open sym bols,!. ) ,  

and th e  volumes used a re  in d ic a te d  on each graph.
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Figure 3 .26

Ijmnuiiotitration Esqperiments to  measure P.A.L. l e v e l s  in

e x tr a c ts  from p otato  tuber d is c s .

The d a ta  p lo tte d  in  t h i s  s e t  o f graphs i s  taken from th e  p rev ious f ig u re  

(3 , 25 )} m ixtures o f e x tr a c ts  from p o ta to  tu b er d isc s  and a n ti-p o ta to  P.A.L 

serum were incubated  fo r  20h. a t  A*C, then  th e  m ixtures were cen tr ifu g e d  

and th e  su p ern atan ts  assayed fo r  P .A .L .-a c tiv ity . The p o ta to  e x tr a c ts  were 

made from d isc s  incubated  fo r  between 0 and A2h. in  darkness (c losed  

sym bols,D .) or in  w hite l ig h t  (open sym bols,L .) as in d ic a te d  on each graph. 

The P J ^ .L .-a c t iv i ty  was p lo t te d  as a ^  of th e  a c t iv i ty  in  th e  sample 

volumes u sed , i e .  a t  t=Oh. th e  beginning of th e  experim ent.
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% of th e  a c t iv i ty  in  each e x tra c t in  F igure 3 .26 . The sample volumes (given 

in  F igure 3.25) were chosen so th a t  th e  same amount of P J l .L . - a c t iv i ty  

was p re sen t in  a l l  th e  samples from the  e x tra c ts  of dark-incubated  d is c s ,  

fo r  e a s ie r  v isu a l iz a t io n  of the  r e s u l t s .  The volume o f antiserum  re q u ire d  

to  p r e c ip i ta te  the  P.A .L. in c rea se s  a s  th e  amount of P .A .L .-a c tiv ity  p resen t 

in  th e  e x tra c ts  in c re a se s ; th e  curves f o r  th e  dark e x tr a c ts  are  a l l  very  

s im ila r  to  each o th e r ,  and the  curves fo r  th e  o th er e x tra c ts  a re  roughly  

p a r a l l e l  to  them. There a re  two excep tions to  t h i s ,  th e  e x tra c ts  from 

f re s h ly  s lic e d  d isc s  (t=O h.) and those  from d isc s  incubated  in  w hite l ig h t  

fo r  A2h. The amount of P .A .I .- a c t iv i ty  in  e x tra c ts  from d isc s  incubated  

fo r  2h. i s  the  same whether incubated  in  darkness or in  continuous w hite 

l i g h t ,  and so i s  the  P.A .L. p ro te in ,  d e tec ted  im m unologically. Then as th e  

P J l .L .- a c t iv i ty  in c re a se s ,(n o te  th a t  a sm aller volume o f e x tra c t i s  used ,) 

then th e  amount of P J L .l .-p ro te in  a lso  in c reases  ( th e re  i s  an in c rease  in  

th e  volume of an tiserum  req u ired  to  p r e c ip i ta te  th e  P .A .L .-a c tiv ity  

com pletely from the  e x tra c t  sam ple). The a c t iv i ty  in  e x tra c ts  incubated  in  

w hite l ig h t  i s  n o tic e a b ly  h igher than  e x tra c ts  from dark t i s s u e ,  a f t e r  

Ah. The d iffe ren ce  between the  lig h t- in c u b a te d  e x tr a c ts  and th e  dark-incubated  

e x tr a c ts  in  terms of th e  amount of antiserum  req u ired  to  p r e c ip i ta te  a l l  

of th e  P J ^ .L .-a c t iv i ty ,  tends to  f a l l  in  the  e x tra c ts  from o lder d isc  

e x tr a c ts  (longer in c u b a tio n s ) , and i s  seen as a tendency fo r  the  

immuno t i t r a t io n  curves of the  dark and l ig h t  e x tra c ts  to  converge, u n t i l  

in  th e  e x tra c ts  from A2h-long in c u b a tio n s , th e re  i s  no apparent d iffe ren ce  

in  th e  amount of an tiserum  req u ired  to  p re c ip i ta te  the  P .A .L .-a c tiv ity  in  

dark or white l ig h t  e x t r a c ts ,  although th e re  i s  a 2 -fo ld  d iffe ren ce  in  the 

le v e l  of P J ^ .L .-a c t iv i ty .  The r a th e r  p e c u lia r  r e s u l t  w ith the t=Oh. e x tra c ts  

was obtained using  two separa te  e x tr a c ts  from f re s h ly  s lic e d  d is c s ,  one of 

which had been prepared  the day b efo re  (s to red  overn igh t a t  4®C). The 

lower im m unotitration curve was obtained  using the  s to red  sample, th e  

P .A .L .-a c tiv ity  of t h i s  sample was lower than th a t  of th e  e x tra c t f re s h ly  

prepared fo r the experim ents, and th e  amount of antiserum  req u ired  was
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a lso  le s s .  The upper im m unotitration curve was ob tained  w ith a f r e s h ly  

p repared  e x t r a c t ,  a s  were a l l  th e  o th a r im m unotitration  curves# The o v e ra ll 

shape of the  t=Oh. e x tra c ts  d if fe re d  from those con ta in ing  th e  same amount 

o f a c t i v i t y ,  in  being  1 ^  s te e p , in d ic a tin g  th a t  more antiserum  was req u ired  

t o  p r e c ip i ta te  th e  PJV.L# in  th ese  ex trac ts#  These r e s u l t s  suggest th a t  

th e  changes in  P.A«L.- a c t iv i t y  a re  no t due s o le ly  to  an in c rease  in  th e  

amount of P JL .L .-p ro te in . The ab so lu te  amounts o f P#A.L# p ro te in  in  the  

e x t r a c ts  were determ ined from th e  im m unotitration  curves as  p lo t te d  in  

F igure 3#26# The amount of a n t i  serum req u ired  to  p r e c ip i ta te  50^ PJL.L#— 

a c t iv i ty  was determ ined and from t h i s  th e  amount o f P#A#L# p ro te in  was 

c a lc u la te d , based  on th e  r e s u l t s  of im m unotitra tion  curves o b ta ined  w ith 

p a r t i a l l y  p u r if ie d  P.A.L. sam ples, S/Ü H  (from step  9 o f th e  p u r if ic a t io n  

procedure, see Section  3#2 .11 ). These samples d id  no t co n ta in  f u l l y  

p u r if ie d  P#A..L., bu t th e  amount o f F#A#L. p ro te in  was estim ated  fo llow ing 

th e  f in a l  p u r if ic a t io n  s tep  (see Section 3*2.113). Prom t h i s  th e  amount of 

antiserum  req u ired  to  p r e c ip i ta te  yvg. p o ta to  P#a.L# p ro te in  was found to  

be 1 ( ^ .  a n t i-p o ta to  P.A .L. serum. However as mentioned e a r l i e r ,  th e  

antiserum  became le s s  e f fe c t iv e  w ith s to ra g e , and as  th e  experim ents 

desrc ibed  above were c a r r ie d  out a t  a l a t t e r  date than th e  im m unotitration  

w ith p a r t i a l l y  p u r if ie d  P.A.L. i t  was necessary  to  a d ju s t t h i s  f ig u r e .  The 

c a lc u la tio n  fo r  th e  abso lu te  amounts of P.A.L# p ro te in  in  th e  e x tr a c ts  i s  

based on a f ig u re  o f 3 ^1 *  a n ti-p o ta to  PJL#L# serum^^g. p o ta to  P.A .L. p ro te in , 

The r e s u l t s  a re  given in  Table 3*25^ and p lo t te d  out in  F igure 3•27* The 

in te rp re ta t io n  of th e  r e s u l t s  i s  based on th e  s p e c if ic  a c t i v i t y  e s tim a te s .

The sp e c if ic  a c t iv i ty  rem ains f a i r l y  constan t fo r  e x tra c ts  taken  from p o ta to  

tu b er d isc s  incubated  fo r  2h. in  darkness or w hite l i g h t ,  and up to  2Ah. 

in  white l ig h t  and A2h. in  darkness. A co n s tan t sp e c if ic  a c t i v i t y  in d ic a te s  

th a t  as th e  P .A .L .-a c tiv ity  in c re a se s  (or d e c re a se s ) , so does th e  amount of 

P.A.L. p ro te in .  This i s  most e a s i ly  explained  by de novo sy n th e s is  of the 

enzyme during the  period  of in c reasin g  P .A .L .-a c t iv ity ,  and by an in c rease  

in  the  r a te  of removal (degradation) of th e  enzyme during th e  p erio d  of



Table 3 .25

Lnmuiiotitration Experiments to  measure PJL.L. l e v e l s  in

ex tra cts  from potato tuber d is c s .

The data  in  th i s  ta b le  are taken  from th e  im m unotitration  experiment 

as described  in  Figures 3*25 and 3 *26. From th e se  graphs the  amount of 

antiserum  req u ired  to  p r e c ip i ta te  50^ a c t iv i t y  was determ ined fo r  each 

of the  p o ta to  tu b er e x t r a c ts ,  and from t h i s  th e  q u a n tity  of P#A-.L.protein 

p resen t was c a lc u la te d , using  a value of 3 ^1 *  serum ^g . P J l.L . p ro te in  

with p u r if ie d  p o ta to  P.A .L. The s p e c if ic  a c t iv i ty  of th e  PJ^.L . in  th e  

e x tra c ts  was determ ined.

Incubation 
p erio d  ( h . ) .

Light
tre a tm e n t.

Volume of 
antiserum  
r e q u i r e d ^ .  ) .

P#A.L#—
p ro te in ^

S p ec ific  a c t iv i ty :  
P J l .L .- a c t iv i ty  

i^g.). /P .A .L .-p ro te in .

0 - 16.0 0.A3 0.A2
0 - 30.5 0.82 0.37
2 dark 17.5 0.A7 0.73
2 l ig h t 18.5 0.50 0.70
A dark 16.5 0.A5 0.69
A l ig h t 19.0 0.51 0.73
8 dark 15.0 O.AO 0.91
8 l ig h t 32.0 0.87 0.67

16 dark 1A.5 0.39 0.79
16 l ig h t 2A.5 0.66 0.87
2A dark 18.5 . 0.50 0.70

2A l ig h t 25.0 0.68 0.91
A2 dark 19.0 0.51 0.71
A2 l ig h t 15.0 O.AO 1.87



Figure 3*27

Immunotitration Experiments to  measure P,A.L. l e v e l s  in

e x tra c ts  from potato  tuber d is c s .

The da ta  in  t h i s  f ig u re  are  taken  from the  im m unotitration experiment 

as described  in  F igures 3*25 and 3 *26 , and shows the P#A .*L.-activity 

( a . ) ,  the  PJ^.L . p ro te in  (B .) and the  s p e c if ic  a c t iv i ty  of P.A .L. (C.) 

in  th e  e x tr a c ts .  Closed symbols fo r  d a rk -e x tra c ts  and open symbols fo r  

l i g h t - e x t r a c t s .
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decreasing  P .A .L .-a c t iv ity .  The s p e c if ic  a c t i v i t y  does no t rem ain constant 

throughout th e  p e rio d  of incu b a tio n  in  th e  presence of irtiite l i g h t  ; th e re  i s  

an in c rease  in  s p e c if ic  a c t iv i ty  between 24 and 42h. fo r  those d is c s  incubated 

in  white l i g h t , accompanied by a la rg e  decrease in  th e  amount o f P,A,L, 

p ro te in .  In f a c t  th e re  i s  no d iffe re n c e  in  th e  amount of P ,A ,L, p ro te in  in  

d isc s  incubated  in  darkness or in  white l ig h t  fo r  42h, a lthough th e re  i s  

tw ice as much P ,A ,L ,-a c t iv ity  in  the  l ig h t- in c u b a te d  d is c s .  This suggests 

th a t  th e  a c t iv i ty  o f th o se  enzyme m olecules p re sen t in  th e  l i g h t ,  i s  tw ice 

th a t  of th e  enzyme m olecules p resen t in  th e  d a rk . As th e  s p e c if ic  a c t iv i ty  

does no t change between 2 and 42h. in  the  dark i t  i s  u n lik e ly  th a t  th e re  i s  

a pool of in a c tiv e  enzyme m olecules p re se n t,  and th e re  i s  a lso  a reasonably  

good c o r re la tio n  between th e  P ,A ,L ,-a c tiv ity  (Figure 3*27A) and the  PJ^,L, 

p ro te in  (Figure 3*27B) over t h i s  p e rio d . There i s  a lso  an in c rease  in  sp e c if ic  

a c t i v i t y  between 0 and 2h. a f t e r  s l ic in g  (with in cu b atio n  in  darkness or in  

w hite l i g h t ) .  In t h i s  case th e re  i s  no decrease in  P,A ,L, p ro te in  during 

th i s  p e rio d , so th e  in c re a se  in  P .A ,L ,-a c tiv ity  must a r is e  from those  enzyme 

m olecules a lread y  p re s e n t .  Therefore although the  main in c rease  in  P J^ ,L ,- 

a c t i v i t y  in  darkness and w hite l i g h t ,  can be ezp la ined  by de novo sy n th es is  

of th e  enzyme, th e  i n i t i a l  in c rease  (which occurs b e fo re  a c t iv i ty  from newly 

sy n th esised  enzyme p ro te in s  would be a v a ila b le )  and th e  r e la t iv e  in c rea se  

in  P J ^ .L ,-a c t iv i ty  in  42h-old  lig h t- in c u b a te d  d is c s ,  appears to  be due to  

some o th er mechanism, involv ing  changes in  the p ro p e r tie s  of th e  P,A .L, 

m olecules—enabling  tw ice as  much enzyme a c t iv i ty  to  be expressed . F u rther 

experim ents are  obv iously  n ecessa ry , la b e l l in g  experim ents in  con junction  

w ith  im m unoprécipitation would allow  r a te s  of enzyme sy n th es is  to  be measured 

(or r a t e s  of enzyme tu rn o v e r) . F a rth e r s tu d ie s  on th e  p ro p e r tie s  of P.A.L, 

from f re s h ly  s lic e d  t i s s u e  and o ld er t is s u e  ( ie .4 2 h -o ld  or more) would a lso  

be valuab le  in  ex p la in in g  the apparent in c rea se s  in  enzyme a c t iv i ty  in  the 

absence of sy n th es is  or a c t iv a t io n . The p o s s ib i l i ty  th a t  th e re  i s  a pool of 

in a c tiv e  enzyme m olecules has no t been ru le d  ou t: a change in  the  p ro p o rtio n s  

of in a c tiv e  and a c tiv e  enzyme m olecules could a lso  exp lain  the  in c re a se s  in
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s p e c if ic  a c t i v i t y ,  bu t i s  u n lik e ly  ,a s  th e  sp e c if ic  a c t iv i ty  i s  roughly  

the  same, during th e  main in c rease  in  - a c t i v i t y  in  both  dark- and

lig h t- in c u b a te d  d is c s .  The in c rease  in  P .A .L .-a c tiv ity  over th a t  obtained  

in  th e  dark appears to  be due to  a h ig h er r a te  of de novo sy n th e s is , occurring  

in  th e  presence of w hite l i g h t .

B. 3h mustard see d lin g s : Double d if fu s io n  t e s t s  were c a rr ie d  out between 

m ustard seed ling  e x tr a c ts  and a n ti-p o ta to  P.A.L. serum, to  check whether 

th e  antiserum  would c ro s s -re a c t w ith  m ustard P.A .L. F igure 3*28 shows the  

r e s u l t s :  a p r e c ip i t in  l in e  was ob ta ined  a g a in s t bo th  th e  dark (D) and 

f a r - r e d  (3%) cotyledon e x t r a c ts .  A second, very  f a in t  p r e c ip i t in  l in e  was 

a lso  v i s ib le ,  a s  in  th e  case w ith  p o ta to  e x t r a c ts ,  bu t i s  only seen a t  

h igh antiserum  volumes. D ouble-dif füsion  p la te s  w ith  m ustard samples were 

no t always su c c e ss fu l, ( th is  may be r e la te d  to  the decreasing  e ffe c tiv e n e s s  

of th e  antiserum  w ith  s to rag e) bu t when p r e c ip i t in  l in e s  were obtained  

the  in te n s i ty  of the  p r e c ip i t in  l in e s  was th e  same fo r  e x tra c ts  from both  

dark- and f a r - r e d - t r e a te d  t i s s u e .  There was no immunological d iffe re n c e  

between the  P.A.L. from dark- or f a r - r e d - t r e a te d  t i s s u e  (Figure 3#29); the  

p r e c ip i t in  l in e s  were co n flu en t. No p r e c ip i t in  l in e s  were obtained  a g a in s t 

normal r a b b it  serum (N .R .S .). By carry in g  out e x tra c tio n s  a t  pH 8 .8  i t  

was p o ss ib le  to  perform  im m unoprécipitation experim ents with mustard 

seed lin g  e x tr a c ts .  Q u an tita tiv e  r e s u l t s  were o b ta in ed , bu t only r e la t iv e  

va lues fo r  th e  amounts of mustard P.A .L. p ro te in  were determ ined as no 

s tandard  ( ie .  p u r if ie d  mustard P J l .L .)  was a v a ila b le . The r e s u l t s  are  

p resen ted  in  F igure 3 * 3 0 :  sev e ra l d i lu t io n s  of the cotyledon e x t r a c t ,  from 

f a r - r e d - t r e a te d  seed lin g s  were used to  check the  s p e c i f ic i ty  of the  an tiserum . 

At th e  th ree  d i lu t io n s  u sed , th e  amount of antiserum  req u ired  to  remove the  

P .A .L .-a c tiv ity  from the  im m unotitration supernatan t was the  same, i e .  the  

decrease  in  P .A .L .-a c tiv ity  was p ro p o rtio n a l to  th e  volume of antiserum  

used . U nfortunate ly  i t  was not p o ss ib le  to  recover any P .A .L .-a c tiv ity  in  

th e  im m unoprecipitates, probably  because th e  a c t i v i t i e s  were low. In the

case of the  e x tra c ts  of cotyledons from f a r - r e d  tre a te d  see d lin g s ,



Figure 3 .28

Double D iffusion  P la te s  w ith e x tr a c ts  of m ustard co ty ledons.

The c e n tra l  w ells  con ta in  5(^1 • a liq u o ts  o f crude supern a tan t e x tr a c ts ,  

prepared by e x tra c tin g  co ty ledons from seed lin g s  grown fo r  60h. in  th e  

dark (d) or 3^h in  dark + 24b* in  f a r - r e d  l ig h t  (FR), in  b o ra te  b u f fe r ,  

pH 8 .8  and d e sa lte d  in  th e  same b u f fe r .  The o u ter w e lls  co n ta in  a liq u o ts  

(100 , 75 , 30 , 2$ and lO^Lp..)of a n ti-p o ta to  P.A .L. serum (RIB; serum from ra b b it  

1 , p a r t i a l l y  p u r if ie d  by ammonium su lphate  f r a c t io n a t io n ) ,  th e  h ighest 

volume being in  th e  la rg e s t  w e ll, w ith decreasing  volumes in  a clockwise 

d ire c t io n .

F igure 3.29

Double D iffusion  P la te s  w ith e x tra c ts  of m ustard co ty ledons.

The c e n tra l  w ells  co n ta in  a liq u o ts  of a n t i-p o ta to  P.A .L. serum, 8 ^ 1 .  

on the  l e f t  and kO ^m  on th e  r ig h t .  The surrounding w ells  con tain  e x tra c ts  

from seed lin g s  grown in  darkness (D) o r given a f a r - r e d  trea tm en t (FR ),(see 

above fo r  d e ta i l s , ) a l iq u o ts  in  these  w ells  were a l l  8 ^ 1 ,  bu t d ilu te d  w ith  

e x tra c tio n  b u f fe r ,  u n d ilu te d  a t  the  to p , a 2 -fo ld  d i lu t io n  below, and a 

4 - fo ld  d i lu t io n  below t h i s .
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Figure 3*30

Im m unotitration Experiments to  measure P.A .L. le v e ls  in  

e x tra c ts  from m ustard seedlings#

A range of e x tra c ts  were prepared  from m ustard se e d lin g s ,(d iv id e d  

in to  cotyledon p a i r s ,  hypocotyl se c tio n s  and r a d ic le s ,) ta k e n  from 

seed lin g s  grown e i th e r  in  continuous darkness fo r  60h. (D) or in  

darkness fo r  36h. fo llow ed by 24h. in  f a r - r e d  l ig h t  (FR). The 

e x tra c ts  were prepared as  described  in  Section  3*1*9, and 

d e sa lte d  in  50mM b o ra te  b u f fe r ,  pH 8 .8  (D -isoascorbate was added 

im m ediately a f te r  d e s a ltin g  to  10mM)._ K ix tu ras  of th e  e x tr a c ts  

and a range o f volumes o f a n ti-p o ta to  PJL.L. serum were incubated  

fo r  20h. a t  4*C, then cen trifu g ed  and th e  P .A .L .-a c tiv ity  

rem aining in  the  supernatan t assayed.
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a n ti-p o ta to  P*A*L* serum p r e c ip ita ted  0 .10  nmole cinnamate form ed/m in.,

P J ^ .L .-a c t iv i ty .  This compares w ith a value of 4 0 ^ .  antiserum  p re c ip i ta t in g  

#0 nmole cinnamate formed/min p o ta to  P .A .L .-a c tiv ity  (see Section 3 .4 -4 .A ). 

Im m unotitration curves were a lso  p repared  fo r  cotyledon e x tra c ts  from dark- 

grown mustard se e d lin g s , and fo r  hypocotyl and r a d ic le  e x tra c ts  (F igure 3*30). 

The dark cotyledon e x tra c t  contained approxim ately the  same amount of PJ^.L- 

a c t i v i t y  as th e  th i r d  d i lu tio n  of th e  f a r - r e d  cotyledon e x tra c t (w ith a 

s im ila r  t t t a l  p ro te in  con ten t to  th e  u n d ilu ted  f a r - r e d  cotyledon e x t r a c t ) ,  

h u t th e  antiserum  was much le s s  e f fe c t iv e  in  p r e c ip i ta t in g  th e  P J l .L .-  

a c t i v i t y ,  by a f a c to r  of 1 /10 . With th e  hypocotyl and r a d ic le  e x t r a c ts ,  th e  

a n t i  serum p re c ip i ta te d  amounts o f P. A. L . - a c t i v i t y  comparable to  those  

p re c ip i ta te d  from the  f a r - re d  cotyledon e x t r a c ts .  Table 3*26 shows the  . 

amount of P .A .L .-a c tiv ity  in  each of th e  sample e x tra c ts  used in  th e  

im m unotitration experim ents, and th e  amounts of a n ti-p o ta to  P J l .L . serum 

req u ired  to  p r e c ip i ta te  th e  P J ^ .L .-a c t iv i ty  (amount of a n t i  serum req u ired  

to  p re c ip i ta te  a l l  the  P J ^ .L .-a c t iv i ty  in  each sample was ob ta ined  by 

e x tra p o la tio n  of th e  im m unotitration cu rv es). There was l i t t l e  lo s s  of 

P J l .L . - a c t iv i ty  during the  experim ent, as  th e  e x tr a c ts  were reaso n ab ly  

s ta b le  during t h i s  p erio d . An estim ate  of s p e c if ic  a c t i v i t y  of the  PJ^.L . 

was made by d iv id ing  the P .A. L .- a c t iv i ty  by th e  amount of a n t i  serum req u ired  

to  p r e c ip i ta te  th a t  amount of a c t iv i ty ,  f o r  each e x t r a c t ; th e  amount of 

antiserum  req u ired  being d i r e c t ly  p ro p o rtio n a l to  the  amount of PJ^.L . 

p ro te in  p re se n t. The s p e c if ic  a c t iv i ty  fo r  e x tra c ts  of cotyledons from the  

dark-grown seed lings i s  1 /10^^ th a t  ob ta ined  w ith e x tra c ts  of cotyledons 

from f a r - r e d - t r e a te d  se e d lin g s , th e re  i s  a lso  a s im ila r  d iffe re n c e  in  the 

measurable P .A .L .-a c tiv ity . The most obvious conclusion to  draw from t h i s ,  

i s  th a t  th e re  i s  a pool of in a c tiv e  P.A .L. p resen t in  co tyledons of mustard 

see d lin g s , which i s  a c tiv a te d  by trea tm en t w ith f a r - r e d  l i g h t .  The values 

obtained w ith the dark r a d ic le  e x tra c t  and the  f a r - re d  hypocotyl e x tra c t 

in d ic a te  th a t  th e re  i s  l i t t l e  in a c tiv e  P.A.L. in  these  t i s s u e s ,  i e .  th a t  

most of th e  P.A.L. p resen t i s  in  an a c tiv e  form. This i s  i t  agreement w ith



Table 3 .26

Inm nm otitration Experiments to  measure P.A.L. le v e ls  in  

e x tr a c ts  from mustard se ed lin g s .

The d a ta  in  t h i s  ta b le  are  taken from the im m unotitration  experim ents 

described  in  F igure 3 «50. From these graphs th e  amount of antiserum  

(a n ti-p o ta to  P.A .L. serum) req u ired  to  p r e c ip i ta te  the  P .A ,L .-a c tiv ity  

from th ese  e x tr a c ts  was determ ined, by e x tra p o la tio n , and from th i s  

the  amount of P.A.L. p ro te in  p resen t has been es tim ated -th e  r e la t iv e  

amounts of P.A .L. p ro te in  are  given, in term s of th e  amount of antiserum  

re q u ire d . The s p e c if ic  a c t i v i t i e s  have been estim ated  and a re  given as 

the  r a t i o  of P .A .L .-a c tiv ity  (p resen t in  the  absence of an tiserum  a t 

the  end of th e  experim ent, t= 20h .) : volume of a n t i  serum re q u ire d . The 

P .A .L .-a c t iv ity  p resen t in  the  sample e x tra c ts  a t  the  beginning  of the 

experiment i s  a lso  g iven.

E x trac t from - 
(sample volume 
used in  ^ 1 . ) .

Light
tre a tm e n t•

P .A .L .-a c tiv ity  
pmoles cinnamate 
formed/min. 

t=Oh. t=20h.

Volume of 
antiserum  
r e q u i r e d ^ l .  )

S p ec ific
a c t iv i ty .

Cotyledon p a ir  
(400)

dark 128 110 440 0.23

Cotyledon p a ir  
(400)

fa r - re d 920 843 340 2.3

Cotyledon p a ir  
(200)

460 443 '130 3 .0

Cotyledon p a ir
(36 )

130 140 55 2.3

R adicle
(200)

dark 470 433 220 2.0

Hypocotyl
(200)

f a r - r e d 120 110 33 2.0
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the  sm aller changes in  P J l .L . - a c t iv i t i e s  in  th ese  sec tio n s  of th e  

m ustard se ed lin g , compared to  th e  co ty ledons, fo llow ing  a f a r - r e d  l ig h t  

tre a tm e n t. F u rther experim ents a re  necessary  to measure the  amounts of 

PJL.L. p ro te in  p re se n t in  a l l  s e c tio n s  of the  m ustard se ed lin g , during 

th ese  e a r ly  s ta g e s  of development. A comparison of the e f fe c ts  of growing 

seed lin g s in  th e  dark , f a r - re d  l ig h t  and 'normal su n lig h t * would be 

extrem ely in te r e s t in g ,  fo r  photomorphogenetic s tu d ie s .  The evidence from 

both  double d if fu s io n  t e s t s  and p re lim in ary  im m unotitration  experim ents 

suggests th a t  in  cotyledons the  amount of P J l.L . p ro te in  p re se n t in  dark- 

grown seed lin g s i s  s u f f ic ie n t  to  account fo r  th e  in c rease  in  P .A .L .-a c tiv ity  

during f a r - re d  l ig h t  tre a tm e n t. The main l im ita tio n  of th e  im m unotitration  

method fo r  m easuring P.A.L. l e v e ls ,  i s  the  need to  measure th e  a c tu a l 

enzyme a c t i v i t y ,  a technique based so le ly  on m easuring th e  degree o f 

immunochemical r e a c t io n ,  such as ro ck e t im m unoelectrophoresis or 

radioimmunoassay would provide more .convincing r e s u l t s .

C. 3h gherkin seed lin g s ; P re lim inary  experim ents were a lso  c a r r ie d  out 

w ith gherkin hypocotyl e x t r a c ts .  Double d iffu s io n  t e s t s  between th ese  

e x tra c ts  and a n ti-p o ta to  P.A.L. serum, showed th a t  gherkin P J l .L . a lso  

c ro ss -re a c te d  (F igure 3«31)« E x trac ts  from 3 day-old  dark-grown gherkin 

hypocoty ls, gave a p r e c ip i t in  l in e  which was confluen t w ith those  from 

e x tra c ts  of hypocotyls from s l ig h t ly  o lder s e e d lin g s , e i th e r  l e f t  in  

continuous darkness fo r  5h. or p laced  in  white l ig h t  fo r  3 or 3 h .. Chly 

a s in g le  p r e c ip i t in  l in e  was o b ta in ed , th i s  may be because th e se  e x tra c ts  

con tain  le s s  p ro te in  (than those from p o ta to  or mustard co ty led o n s), and 

th e re fo re  le s s  chance of the  e x tra c t  con tain ing  'contam inating* p ro te in s ,  

which may have been resp o n sib le  fo r  the two p r e c ip i t in  l in e s  ob tained  

w ith o ther e x tr a c ts  (po ta to  and mustard co ty led o n ). Although th e  P .A .L .- 

a c t iv i ty  in c re a se s  3 -4 -fo ld  a f t e r  a 3b .-w hite l ig h t  tre a tm e n t, th e re  was 

no in crease  in  th e  in te n s i ty  of the  p r e c ip i t in  l in e  ob ta ined . The r e s u l t s  

of Im m unotitration experim ents a re  given in  F igure 3*32. The a c tu a l  P.A .L .- 

a c t iv i ty  i s  given in  F igure 3 *32D, F igures 3*32A and B. show th e  immune-



Figure 3*31

Double D iffusion  P la te s  w ith  e x tra c ts  of gherkin  hypoco ty ls.

The c e n tr a l  w ells  co n ta in  4(^1* a l iq u o ts  of serum: a n ti-p o ta to  P.A.L. 

serum, R1C2 (serum from ra b b it  1 , p u r if ie d  by D .E J^ .E .-c e llu lo se , run 2) 

on th e  l e f t ,  and R1A (serum from r a b b i t  1 , u n p u rif ie d )  in  the  middle and 

normal ra b b it  serum, N.R.S. on th e  r i g h t .  The surrounding w ells  con ta in  

10(^1. a liq u o ts  of gherk in  hypocotyl e x t r a c ts ,  from 3 day-old seed lin g s  

(D,Oh.) which had then rece iv ed  a 3h. (L ,3 h .) or 5b. (L ,5 h .) w hite l ig h t  

trea tm en t or remained in  darkness f o r  a fu r th e r  5h. (D ,5 h .). The e x tra c tio n s  

were c a r r ie d  out in  lOOmM Na-phosphate b u f fe r ,  pH 7 .2  con ta in ing  0.5mM 

g lu ta th io n e .



o
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Figure 3*32

Im nninotitration Experiment to  measure P .A .1. le v e ls  In 

e x tra c ts  from gherkin hypoco ty ls«

A range o f e x tra c ts  were prepared  from gherkin  hypoco ty ls , taken from 3 

day-old se ed lin g s , which had been given a w hite l ig h t  trea tm en t (0 ,1*3 ,

2*5 or 6 h .)  or a b lue  l i g h t  trea tm en t (3 o r 6*5h*)* The e x tra c ts  were 

p repared  as  described  in  Section 3*1*9, and d e sa lte d  in  50mM b o ra te  

b u f fe r ,  pH 8*8 (D -isoascorbate  was added im m ediately a f t e r  d e sa ltin g  to  

lOmM), M ixtures o f  th e  e x tr a c ts  and a range of volumes of a n ti-p o ta to  

P.A.L* serum were incubated  fo r  14h* then  100^* a n t i - r a b b i t  whole serum, 

from goats  was added (F igures A. and B .) or 100^* b u ffe r  added (Figure C.) 

and th e  m ixtures incubated  fo r  a fu r th e r  6h* ( a l l  in cu b a tio n s  a t  

The m ix tures were then cen trifu g ed  and th e  supernatan ts  assayed fo r  P J l* l* -  

a c tiv ity *

Also shown are  th e  amounts of P*A *L*-activity in  th e  e x tr a c ts  ( a f te r  

d e s a ltin g )  as used in  th e  im m unotitration  experim ents (F igure D*).
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t i t r a t i o n  curves w ith  hypocotyl e x tr a c ts  from seed lin g s  given a w h ite , 

or a b lue l ig h t  tre a tm e n t, bu t a second antibody ( a n t i- r a b b i t  idiole serum, 

from g o a ts) was added a f te r  the  normal incubation  p e rio d  fo r  th e  immuno

p ré c ip i ta tio n  in  o rder to  ensure complete im m unoprécipitation took p la c e , 

th e  im m unotitration  curve in  F igure 3*32C was obtained  in  the absence of 

second antibody. In the  presence of second an tibody , a t  th e  h igher volumes 

of a n t i-p o ta to  PJl.L* serum, P * A .L .-ac tiv ity  was n o t com pletely  p r e c ip i ta te d ,  

t h i s  r e s u l t  was unexpected and appears to  in d ic a te  th a t  second antibody 

re le a se d  enzyme a c t iv i ty .  The reason fo r  t h i s  i s  u n c le a r , b u t i s  p o ssib ly  

an in d ic a tio n  of th e  poor b ind ing  between gherkin P J l . l#  and a n ti-p o ta to  

PJl.L* serum. Ignoring t h i s  e f f e c t ,  th e  r e s u l t s  suggest th a t  th e re  i s  a 

reasonable c o r re la t io n  between th e  amount of P .A .l# -a c t iv i ty  in  th e  e x tra c ts  

and th e  amount of antiserum  req u ired  to  p r e c ip i ta te  th a t  a c t iv i ty ;  the 

im m untitra tion  curves are  roughly  p a r a l l e l  to  each o th e r . T his may be taken  

as  evidence fo r  the  in c rease  in  P .A .L .-a c tiv ity  in  gherkin hypocotyls 

being due to  an in c rease  in  PJV.L. p ro te in ,  i e .  th a t  the  in c re a se  in  

P J l . l . - a c t i v i t y  a r is e s  v ia  de novo sy n th es is  o f new enzyme m olecules, and 

th e  decrease in  P J l .L . - a c t iv i ty ,  being due to  a decrease in  P J l.L . p ro te in ;  

bu t again fu th e r  experim ents are req u ired  b efo re  drawing any conclusions.

I t  would be in te re s t in g  to  compare the  amounts of PJ^.L . p ro te in  p resen t 

in  the  hypocotyls and in  th e  co ty ledons, as th e re  was no decrease in  P J l .L .-  

a c t iv i ty  in  the  cotyledons over the  same p e rio d  (see Section  3*1*9B.).

D. In tobacco c e l l  suspension c u ltu re s ;  Following the  t r a n s fe r  of tobacco 

c e l l s  to  f re sh  medium, th e re  was a dram atic in crease  in  P .A .L .-a c tiv ity . 

T issue c u ltu re  techniques provide r e l a t iv e ly  homogeneous t is s u e  w ith which 

to  work, and the growth r a te  and enzyme le v e ls  may be m anipulated by varying 

the  growth substance co n cen tra tio n s . F igure 3#33 shows th e  time courses 

fo r  changes in  P J i^ .L .-a c tiv ity  in  two d i f f e r e n t  media. In the  experim ental 

medium th e re  were two d i s t in c t  peaks in  P .A .L .-a c tiv ity , th e  f i r s t  w ith in  

1 day of t r a n s f e r ,  and the  second 8-10 days a f te r  t r a n s fe r  to  th e  medium.

In the  stock  medium, th e re  was only one peak of P .A .L .-a c tiv ity , which



Figure 3•33

Ihmiunotitration Experiments to  measure P.A.1# le v e l s  in

e x tr a c ts  from tobacco c e l l  suspension c u ltu r e s .

A range o f e x tra c ts  were prepared from samples taken from tobacco c e l l  

suspension c u ltu re s .  The in crease  in  f re s h  weight (d ) and the P J l .L .-  

a c t iv i ty  (o) in  two c u ltu re  mediums i s  shown, the main d iffe ren ce  in  th e  

media was a 10 -fo ld  h ig h er co n cen tra tion  of auxin and cy tok in in  in  the  

stock medium. For d e ta i l s  of th e  e x tra c tio n  and c u ltu re  tech n iq u e , see 

Sections 2 .1 .6 . and 2 .4 .1  ).. M ixtures of th e  e x tra c ts  (taken from th e  c u ltu re s  

a t  the  tim es in d ic a te d )  and a sange of volumes of a n t i-p o ta to  P J l.L . serum 

were incubated  fo r  20h. a t  4*C, then cen trifu g ed  and th e  P J ^ .L .-a c t iv i ty  (y.) 

in  the  supernatan ts  m easured. The im m unotitration curves fo r  e x tra c ts  

from th e  two c u ltu re s  a re  p laced  alongside  the  c u ltu re  from which th ey  

were tak en .
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la s te d  from day 1 to  day 5# befo re  declin ing*  The p a t te rn  o f P*A*L*- 

a c t iv i ty  was a l te r e d  by the  auxin and cy to k in in  le v e ls ,  which were 10 -fo ld  

h igher in  the  stock  medium* Double d if fu s io n  t e s t s  between a s a l t 

concen tra ted  p rep a ra tio n  of tobacco P*A*L* and the  a n t i-p o ta to  P.A.L* 

serum gave a s in g le  p r e c ip i t in  l i n e ,  showing th a t  tobacco P*A*L* c ro ss

re a c te d . Im m unotitration experim ents were then c a rr ie d  o u t, and the 

im m unotitration curves a re  given a longside  th e  tim e-course p lo ts  in  

F igure 3•33* The P*A*L* samples were d i lu te d  w ith  the  extinction b u f fe r ,  

to  g ive roughly  equal amounts o f P .A .L * -a c tiv ity  in  th e  sample volumes 

used fo r  im m unotitration* The amount of a n t i-p o ta to  P*A.L* serum 

req u ire d  to  p r e c ip i ta te  th e  P *A *l* -ac tiv ity  appears to  be s im ila r  in  

each case* The da ta  ob ta ined  from th ese  p lo ts  was ta b u la te d  (Table 3*27), 

in  a manner s im ila r  to  th e  r e s u l t s  of th e  m ustard im m unotitration  experim ents: 

th e  r a t i o  of P *A .L *-activ ity  : volume of a n t i  serum re q u ire d , being used as 

an in d ic a tio n  o f th e  s p e c if ic  a c tiv ity *  In th e  stock  medium, the  s p e c if ic  

a c t i v i t y  rem ains f a i r l y  constan t th roughou t. This suggests th a t  the  

changes in  P*A *L*-activity are  due to  changes in  PJ^*L* p ro te in  lev e ls*  3h 

th e  experim ental medium a s im ila r  s p e c if ic  a c t iv i ty  i s  obtained  fo r  P*A.L. 

a f t e r  th e  i n i t i a l  peak of P J ^ .L .-a c t iv i ty ,  suggesting again  th a t  th e  amount 

of P.A .L. p ro te in  changes, i e .  th a t  de novo sy n th esis  and then  degradation  

can account fo r  th e  changes in  P .A .L .-a c t iv ity .  The second peak of P.A.L*- 

a c t iv i ty  i s  accompanied by a lower s p e c if ic  a c t iv i ty ;  t h i s  in d ic a te s  th a t  

th e re  i s  le s s  P * A .l* -a c tiv ity  than expected fo r  th e  amount of P*A.L* p ro te in  

p re se n t. From t h i s  i t  i s  p o ss ib le  to  in f e r  th a t  th e re  i s  a pool of in a c tiv e  

enzyme m olecules p re sen t a t  th i s  s ta g e , and th i s  could be due to  a d iffe re n c e  

in  th e  s t a b i l i t y  of th e  P.A.L. in  these  e x t r a c ts .  I t  should be po in ted  out 

th a t  the  e x tra c ts  had been s to red  befo re  the  im m unotitration  experim ents 

were c a r r ie d  o u t. These r e s u l t s  re q u ire  confirm ation  usin g  f re s h ly  prepared  

sam ples, bu t serve as a b a s is  fo r  f u r th e r  ex p erim en ts,‘which may provide 

evidence fo r  the  ro le  of growth substances in  re g u la tin g  the  r a te  of 

in a c t iv a t io n  and subsequent d eg rad atio n , i f  indeed such a mechanism i s  found



Table 3 .27

ü m im otitra tion  Experiments to  measure P.A.L. le v e l s  in

e x tr a c ts  from tobacco c e l l  suspension c u ltu r e s .

The d a ta  in  th i s  ta b le  a re  taken from th e  im m unotitration  experim ents 

described  in  F igure 3*33. From th ese  graphs th e  amount o f antiserum  

(a n ti-p o ta to  P.A.L. serum) req u ired  to  p r e c ip i ta te  the P .A .L .-a c tiv ity  

from th e  e x tra c ts  was determ ined. From t h i s  the amounts o f P.A.L. p ro te in  

p re sen t were es tim a ted -th e  r e la t iv e  amounts of P.A.L. p ro te in  are  given in  

term s o f the  volume of antiserum  re q u ire d . The s p e c if ic  a c t i v i t  es  have 

been e s tim a ted , and a re  given as the r a t i o  of P J l .L . - a c t iv i ty  (p resen t in  

th e  absence of antiserum  a t  the  end of th e  experim ent) ; volume of antiserum  

re q u ire d .

E x trac t from 
c e l l s  in  cu ltu re  
medium f o r -

Sample 
volume 
used ( ^ . )

P .A .L .-a c tiv ity  
nmoles cinnamate 
formed/min.

Volume of 
antiserum  
re q u ire d (m l.)

S p ec ific
a c t iv i ty

Experim ental medium:

2f5h. ' 115 0.94 0.034 27.6
2l6h. 45 0.71 0.040 17.8
334h. 300 0.87 0.042 20.7 ■

Stock medium:

0 .5 h . 200 0.49 0.013 32.7
45h. 21 0.74 0.027 27.4

28Ah. 183 0.67 0.020 33.5
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to  e x is t .  This mechanism could be used to  ex p la in  th e  p resen t r e s u l t s :  

in  the  stock medium th e re  i s  no delay  between in a c tiv a t io n  of enzyme and 

d eg radation , and so th e  s p e c if ic  a c t iv i ty  rem ains unchanged; in  the  

experim ental medium th e re  i s  a d e lay . I f  th e  in a c t iv a t io n  p rocess i s  re v e rs ib le  

t h i s  pool of in a c tiv e  enzyme m olecules could be re sp o n sib le  fo r  the  second 

in c rease  in  P .A .L .-a c tiv ity . As y e t th i s  exp lan atio n  rem ains p u re ly  

sp e cu la tiv e . The i n i t i a l  in c rease  in  P J ^ .L .- a c t iv i ty  i s  however, probably 

due to  an in c rea se  in  the  number of enzyme m olecu les, due to  de novo sy n th es is  

of th e  enzyme.

E. Rhodotorula P J^ .L .: Double d iffu s io n  t e s t s  were c a rr ie d  out between 

samples of Rhodotorula P.A.L. (a v a ila b le  com m ercially. Sigma Chemical L td .)  

and th e  a n t i-p o ta to  P.A .L. serum, R1B ( serum from ra b b it  1 , p a r t i a l l y  

p u r if ie d  by ammonium su lphate  f r a c t io n a t io n ) ,  bu t no p r e c ip i t in  l in e s  were 

ob ta ined . The m easurable P J l .L .- a c t iv i ty  in  th e  samples was comparable to  

th a t  of p u r if ie d  p o ta to  P J l.L . samples (S ection  3*4.4 A .) . Im m unotitration 

experim ents were a lso  t r i e d ,  bu t th ere  was no in h ib i t io n  or p r e c ip i ta t io n  

of P J l .L . - a c t iv i ty  from Rhodotorula P.A.L. sam ples, id e n t ic a l  r e s u l t s  were 

obtained  w ith  normal r a b b it  serum (N.Bl.  S .) .  These r e s u l t s  show th a t  

th e re  was no c ro ss -re a c tio n  of th e  a n ti-p o ta to  P.A .L. serum w ith  Rhodotorula 

P .A .L ..

3*4.5 Summary: The r e s u l t s  p resen ted  in  t h i s  s e c tio n , show th a t  a n ti-p o ta to  

P.A.L. serum was ra is e d  and su c c e ss fu lly  used to  measure P.A .L. le v e ls  in  

e x tra c ts  from p o ta to  tu b er d is c s .  The changes in  P J ^ .L .-a c t iv i ty  were la rg e ly  

due to  changes in  the  amount of P.A .L. p ro te in  p re se n t, although an i n i t i a l  

in c rease  in  P .A .L .-a c tiv ity  and a h igher le v e l  of P .A .L .-a c tiv ity  in  o lder 

d isc s  incubated in  white l i g h t ,  could no t be exp lained  in  th ese  term s. The 

p ro p e r tie s  of each P.A.L. molecule appeared to  change during th e se  p e rio d s.

The degree of c ro ss -re a c tio n  of th e  a n ti-p o ta to  P.A.L. serum w ith  P.A.L. 

from o ther p la n ts  was dependent on th e  source of P.A.L..An equal amount of 

tobacco P .A .L .-a c tiv ity  was p re c ip i ta te d  by th e  antiserum  (compared to  

p o ta to  P .A .L .-a c t iv ity ) ,  in c e l l  suspension c u ltu re s  of th i s  t i s s u e ,  the
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changes in  P .A .L .- a c t i v i t y  were a lso  due to  changes in  th e  amount of 

P .A .L .-p ro te in , h u t the  r e s u l t s  w ith c u ltu re s  a t  lower auxin and cy tok in in  

c o n cen tra tio n s , suggested th a t  a r e v e rs ib le  in a c t iv a t io n /a c t iv a t io n  mechanism 

developed a f t e r  sev e ra l days in  the  c u ltu re  medium. The c ro ss -re a c tio n  of 

the  a n t i-p o ta to  P J l.L . serum w ith  mustard and gherkin e x tra c ts  was poor, 

e s p e c ia lly  a f t e r  s to r in g  the  antiserum  fo r  sev e ra l months, t h i s  meant th a t  

la rg e r  q u a n ti t ie s  of a n t i  serum were req u ire d  to  measure the P.A .L. le v e ls  

in  th ese  t i s s u e s .  In s u f f ic ie n t  q u a n ti t ie s  of an tiserum  had been ra is e d  

to  meet t h i s  requ irem en t, so on ly  a few experim ents were p o ss ib le ,(w ith o u t 

r a is in g  more a n tise ru m .) lh  m ustard cotyledons th e  r e s u l t s  suggested  th a t  

u n lik e  o ther t i s s u e s  examined, the  changes in  P .A .L .-a c tiv ity  were not 

accompanied by changes in  th e  amount of im m unologically d e te c ta b le  P.A.L. 

p ro te in ; in a c tiv e  P.A.L. p ro te in  may have been p re sen t in  th e se  t is s u e s  

when grown in  th e  dark .

However th e re  i s  obviously  g rea t p o te n t ia l  fo r  th e  use o f immunological 

techn iques in  measuring enzyme le v e ls  in  p la n ts .  There a re  sev e ra l methods 

a v a ila b le  fo r  u sing  s p e c if ic  an tib o d ies  to  measure enzyme le v e ls  which do 

no t r e ly  on the measurement of the  enzyme a c t iv i ty ,  as  does th e  im m unotitration 

method used h e re , which would provide valuab le  r e s u l t s .  A combination of 

r a d io - is o to p ic  la b e l l in g  and immunological methods would provide even more 

rew arding nesults.
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SECTION 4 RESULTS: A,A.O.

4.1 roOPERTIES OF A.A.O.

4 .1 .1  In tro d u c tio n ; A.A.O. was a v a ila b le  com m ercially, and th e re fo re  was 

r e a d i ly  a v a ila b le  in  s u f f ic ie n t  q u a n ti t ie s  fo r  a ttem pts to  r a i s e  a n tib o d ie s , 

and to  develop a su ita b le  method fo r  la b e l l in g  the  enzyme, befo re  proceeding 

to  develop a radioimmunoassay technique f o r  t h i s  enzyme. The source of 

com m ercially a v a i la b le ,  p u r if ie d  A Jl.O . was given as C ucurbita sp. ,  most 

probably  the  yellow  crook-neck squash, C ucurbita pepo condensa, or the  

green summer squash, C ucurbita pepo m edullosa, from which th i s  enzyme has 

p rev io u sly  been p u r if ie d  (Dunn and Dawson,1951 ; Tokuyama e t  a l.1965 ;

M archesini and Eroneck,1979). A jl.O . has a lso  been p u r if ie d  from cucumber, 

Cucumis s a tiv a  (Nakamura e t  a l .  1968). The p la n t  of p a r t ic u la r  in te r e s t  

w ith re sp e c t to  measuring A Jl.O . le v e ls  was however, m ustard , S inap is a lb a .

I t  was th e re fo re  d e s ira b le  to  know whether an tiserum  ra is e d  a g a in s t 

Cucurbita A.A.O. would c ro s s - re a c t  w ith A.A.O. from o ther p la n t  sp ec ies . 

Before proceeding w ith the immunological experim ents th e n , a few p ro p e rtie s  

o f the  C ucurbita and m ustard A.A.O. were compared.

4 .1 .2  M olecular W eights: Cucurbita A.A.O. has m olecular w eight of 

approx .140,000 (Strothkamp and Dawson,1974). A s im ila r  r e s u l t  was obtained

using Cucurbita A.A.O. and the  c a lib ra te d  Sephadex G-150 column (Figure 4.1 ) ,  

th e  peak of P .A .L .-a c tiv ity  e lu te d , corresponds to  a MW of 150,000 (using 

the  MW c a lib ra t io n  curve in  Section 2 .8 .2 ) .  The m olecular w eight of 

mustard A.A.O. was s l ig h t ly  l e s s ,  but h ard ly  d is tin g u ish a b le  from th a t  of 

Cucurbita A.A.O. on th i s  s iz e  column. Both A.A.O. from dark-grown and f a r -  

r e d - tre a te d  m ustard cotyledons e lu ted  from th e  column in  a s im ila r  e lu tio n  

volume, corresponding to  a MW of 140,000 (F igures 4.2A and B).

4 .1 .3  pH Optima : The pH optima of C ucurbita A.A.O. and o f mustard A.A.O. 

from a f a r - r e d - t r e a te d  cotyledon e x tra c t^  were determ ined. The r e s u l t s  are  

shown in  F igures 4 .3^  and B ., th e  pH optimum of th e  C ucurb ita  A.A.O. was 

s l ig h t ly  higher ,a t  pH 6 .0 , than th a t  of mustard A.A.O., which was between 

pH 5.0 and 3 .5 . (A comparison of the  pH optima fo r  Cucurbita and mustard



Figure 4 .1

E lu tion  p r o f i le  of Cucurbita AJL.O. on th e  Sephadex G-150

column.

A sample of C ucurbita A.A.O. was d isso lv ed  in  50mM Na-phosphate b u f f e r ,  

pH 7*0 (2 .0m g./m l.) and was then passed through a Sephadex G-15O 

column (1 .25cm. d iam eter x 21.0cm. h e ig h t)  in  th e  same b u ffe r  (see 

S ec tion  2 .8 .2  fo r  c a l ib r a t io n ) .  The p ro te in  co n te n t, es tim ated  from 

th e  absorbance a t  280nm.(x) and th e  A .A .O .-a c tiv ity  (®) of th e  e lu te d  

f r a c t io n s  were measured.
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Figure 4 .2

E lu tion  p ro f i le  of m ustard A Jl.O . on th e  Sephadex G-130

column.

Crude supern a tan t e x tra c ts  of cotyledons were prepared  from m ustard 

seed lin g s  which had been grown in  continuous dark (60h. dark) or in  

f a r - re d  l ig h t  (36h. dark + 24h. f a r - r e d ) ,  i n  lOOmM c i t r a t e  -phosphate 

b u f fe r ,  pH 5*0. Samples of th e  e x t r a c ts ,  dark-grown (A.) or f a r - r e d -  

t re a te d  (B .) were passed through a Sephadex G-15O column (l.25cm . 

diam eter x 21.0cm. h e ig h t)  in  50mM Na-phosphate b u f fe r ,  pH 7 .O (see 

Section 2 .8 .2  fo r  c a l ib r a t io n ) .  The p ro te in  co n ten t, estim ated  from 

th e  absorbance a t  280nm. (X) and th e  A .A. 0 .- a c t i v i t y  (0)  of th e  e lu ted  

f ra c t io n s  were measured.
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Figure

pH Optima curves fo r  Cucurbita and m ustard A.A.O..

A sample of C ucurbita A.A.O. was d isso lv ed  in  50mM Na-phosphate b u f f e r ,  

pH 7*0 (Tm g./m l,). A crude supernatan t e x tra c t of cotyledons from f a r -  

r e d - t r e a te d  mustard seed lin g s  (3éh .dark  + 2A h.far-red ) was prepared  in  

50mM c itra te -p h o sp h a te  b u f fe r ,  pH 5*0 and concen trated  by ammonium su lp h a te  

f ra c t io n a tio n  (.see Section  2.8 .1  ) .  The e x tra c t was d e sa lte d  on a Sephadex 

G—25 column in  $OmM Na-phosphate b u f f e r . The en zym e  assay  was c a r r ie d  

out a s  described  in  Section 2 .5 .5 , u sing  a 2^wl. a liq u o t of Cucurbita 

AJL.O. ( a .)  o r 20/L(l. a liq u o t of m ustard A.A.O. (B .) , in  an assay  volume 

of 2.5ml* using  iOOmM b u f fe r s ,  as in d ic a te d  in  th e  f ig u re  to  o b ta in  th e  

d e s ire d  pH.
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by Moller and Van Poucke,1970, showed a s l ig h t ly  g re a te r  d if fe re n c e , w ith 

a s im ila r  value fo r  m ustard, but a h igher value fo r  Cucurbita A .A .O ., of

pH 7 .0 ) .

4 .1 .4  Summary; T his b r ie f  in v e s tig a tio n  of the  p ro p e r tie s  of from

Cucurbita and m ustard , in d ic a te s  th a t  the  two enzymes are no t id e n t ic a l .

The r e s u l t s  ob tained  fo r  mustard may be p a r t ly  due to  the use of r e l a t iv e ly  

crude supernatant e x tra c ts  fo r  th e  in v e s t ig a t io n s ,  compared to  th e  use of a 

p u r if ie d  sample of Cucurbita A.A.O.. Immunological t e s t s  were req u ire d  n e x t, 

to  see whether a n t i - Cucurbita A.A.O. serum would c ro ss -re a c t w ith  mustard 

A #A . 0 •

4 .2  IMMÜNOLOGIGAL STUDIES

4 .2 .1  In tro d u c tio n ; Cucurbita A.A.O. was used to  r a i s e  a n tib o d ie s , bu t f i r s t  

th e  p u r ity  o f the  commercial p rep a ra tio n  was checked. No d e te c ta b le  p ro te in  

contam inants were p re sen t on polyacrylam ide-8.D . S. - slab  g e ls ,  fo llow ing  

e le c tro p h o re s is  and s ta in in g  of th e  g e l fo r  p ro te in  w ith Coomassie b lu e . A 

s in g le  p ro te in  band was v i s ib le ,  m igrating  on th e  g e l w ith a MW of 65 ,-68 ,000 . 

Minor contam inants were d e tec ta b le  in  Cucurbita A.A.O. samples which had 

been s to red  in  so lu tio n  (J.Newbury, personal communication). These were 

probably  degradation products of the  enzymeJ th e  s t a b i l i t y  of the  Cucurbita 

A.A.O. was co nsiderab ly  reduced when the  enzyme was kept in  s o lu tio n .

Under non-denaturing cond itions of e le c tro p h o re s is , Cucurbita A.A.O. again 

m igrated as a s in g le  p ro te in  band, and the  p o s it io n  of A.A.O. a c t iv i ty  on 

an id e n tic a l  ge l was concomitant w ith  th is  p ro te in  band. The p u r i ty  of the  

enzyme p rep ara tio n  was th e re fo re  e s ta b lish e d .

4 .2 .2  P repara tion  o f Antiserum; A ntibodies were ra is e d  in  r a b b i t s ,  as 

described  in  Section 2 .10. The immunization schedule allowed serum to  be 

c o lle c te d  over a p erio d  of a couple of y e a rs , p rovided a b o o ster in je c t io n  

of the  antigen was given a month befo re  tak ing  th e  serum. A choice of 

b leed s  were a v a i la b le ,  and in  order to  optimize the  assay , th e  one giving 

th e  h ighest s p e c i f ic i ty  and b inding  a b i l i t y  was d e s ire d . P u r if ic a tio n  of 

the antiserum  was not considered n ecessary , as  only  very low d i lu t io n s
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of th e  antiserum  were req u ired  in  th e  a ssa y , and normal ra b b it  serum (N .R.S.) 

was used as a c o n tro l.  Antiserum was s to red  in  a deep freeze  in  1 0 0 ^ . 

a l iq u o ts ,  and was only  thawed and d ilu te d  im m ediately befo re  carry in g  

out th e  a ssay s .

4 .2 .3  Simple D iffusion  in  Tubes: For p re lim in ary  q u a li ta t iv e  t e s t s  on 

t r i a l  b leeds of serum, simple d iffu s io n  in  tubes was used. This method 

norm ally p rovides r e s u l t s  w ith in  sev era l h o u rs. Table 4.1 shows th e  r e s u l t s  

of t e s t s  using  serum from th e  f i r s t  se t o f t r i a l  b leeds fo llow ing  

immunization. A ll th re e  r a b b i ts  u sed , gave a d e f in i te  antibody re a c tio n  

a g a in s t a sample of Cucurbita A .A.O., w ith serum from th e  second or th i rd

bleed* I f  th e  tubes were incubated  fo r  more than  a few hours, th e  r e s u l t s  

were obscured, co n tro l tubes a lso  began to  show p re c ip i ta t io n  or c loud iness 

a t  th e  in te r fa c e  between a n tise ru a  and enzyme sample, bu t no d i s t in c t  

p r e c ip i t in  a rc s  were formed w ith the  c o n tro l (N .R .S .). The technique was 

u se fu l here as a quick t e s t ,  but otherw ise i t ' s  use i s  l im ite d , e s p e c ia lly  

where e i th e r  th e  serum or an tigen  so lu tio n s  them selves are  cloudy (as 

would be th e  case i f  crude supernatan t e x tr a c ts  of mustard cotyledons 

were used ,)and  re q u ire s  r a th e r  la rg e  volumes of serum (0 .5 -1 .0m l.) fo r  

each tu b e .

4 .2 .4  Double D iffusion T e s ts : The double d iffu s io n  method has been 

used to  provide q u a n ti ta t iv e  r e s u l t s  (O uchterlony, 1949; Mancini ,1965).

Two methods can be used; in  o n e ,s e r ia l  d i lu t io n s  of the an tig en  so lu tio n

are p laced  in  w e lls , e q u id is ta n t from a c e n tr a l  w e ll, con ta in ing  the  antiserum  

(or v ice  v e r s a ) ,  and the low est d i lu tio n  g iv ing  a p r e c ip i t in  l i n e ,  provides 

a measure of th e  an tigen  concen tra tion  (or an tibody t i t r e ) .  In the  o ther 

method the  agar gel co n ta in s an tiserum , th e  rad iu s  of th e  p r e c ip i t in  r in g  

surrounding the an tigen  w e ll, i s  p ro p o rtio n a l to  the  con cen tra tio n  of 

an tig en . To avoid using  la rg e  volumes of an tiserum , the f i r s t  method described  

was used . A sin g le  p r e c ip i t in  l in e  was obtained between the  antiserum  and 

Cucurbita A.A.O.. The A Jl.O . so lu tio n  used (lO O v^g./lO ^l. ) a lso  gave a 

p r e c ip i t in  l in e  a t 5 -fo ld  d i lu t io n ,  but no t a t  a 10 -fo ld  d ilu tio n  (see



Table 4.1

Simple D iffusion  in  Tubes; w ith Cucurbita A.A.O..

T est- tu b es  p re -co a ted  w ith a la y e r  o f ag a r, were p repared  w ith  a 

la y e r  of agar-serum , using  serum from a range of b lee d s  from th e  

immunized r a b b i ts  and from a non-immunized ra b b it(N .R .S .) .  On top 

of th e  se t agar-serum  was p laced  a sample of C ucurbita A Jl.O . (lOyfg, 

/4 .0 m l. b u f fe r . The tubes were sea led  and l e f t  fo r  3-4h. a t  room 

tem pera tu re , th e  tu b es  were then  examined, and any re a c tio n  a t  th e  

in te r fa c e  between the  two la y e rs  was re p o rte d . (For f u l l  d e ta i l s  of 

th e  procedure see S ection  2 .1 2 .1 )

Rabbit Bleed number Reaction 
v s . s a lin e

Reaction 
v s . an tigen

A ntibodies
p re se n t.

1 1 c le a r f a in t  a rc 7
2 cloudy d is t in c t  arc •f

3 --------II----------- +

4 ---------1)----------- +
2 1 c le a r cloudy -

2 . cloudy f a in t  arc ?

3 d i s t i n c t  arc +

3 1 cloudy cloudy -

2 f a in t  arc ?

3 d i s t in c t  arc +
N.R.S. c le a r cloudy -
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Figure 4 .4 ) .  Also shown are  double d iffu s io n  t e s t s  w ith  e x tra c ts  from 

m ustard seed lin g s . A sin g le  p r e c ip i t in  l in e  was ob tained  using  th ese  

e x t r a c ts ,  the  p re c ip t in  l in e s  tended to  overlap  between neighbouring w e lls . 

Confluence of th e  p r e c ip i t in  l i n e s ,  ^s between u n d ilu ted  and 5 -fo ld  d ilu te d  

Cucurbita A.A.O. (F igure 4 .4 ,  R1 , b le e d ( i ) ( a ) )  and between neighbouring 

m ustard e x tra c ts  (F igure 4 .4 ,  eg . R1, b l e e d ( i i i ) ( c ) ) ,  in d ic a te s  complete 

immunological id e n t i ty .  'Spurring* o f th e  p r e c ip i t in  l in e s ,  a s  suggested 

on sev era l of th e  p la te s  (Figure 4 .4 ,  eg. R l ( i ) ( b )  and R l ( i i ) ( a )  and (b )) 

i s  an in d ic a tio n  of only p a r t i a l  immunological id e n t i ty ,  in  th e se  ca se s , 

between m ustard and Cucurbita AJ^.O .. Spuri**us r e s u l t s  can be obtained 

i f  the  w ells  a re  f i l l e d  tw ic e , as in  th e  case of th e  u n d ilu ted  Cucurbita 

A.A.O. sample in  F igure 4 .4 ,  R l ( i ) ( a ) ,  where a double or s p l i t  p re c ip i t in  

l in e  was ob ta ined : the ends of the p r e c ip i t in  l in e  jo in  in d ic a tin g  id e n t i ty  

of the  two l in e s  in  the m iddle. The Cucurbita A.A.O.and m ustard A.A.O. 

a re  th e re fo re  recognized  as d i s t i n c t  p ro te in s  im m unologically, w ith  

some degree of c ro ss -re a c tio n  ( ie .  w ith only some an tig en ic  determ inants on 

th e  two enzymes being  the  same).

4 .2 .5  S p e c if ic ity  of the  A ntiserum : Im m unoelectrophoresis was attem pted 

to  check the  s p e c i f ic i ty  of the  an tibody re a c t io n ,  as  d e tec ted  by the  

d o u b le -d iffu sio n  method. Conditions fo r  e le c tro p h o re s is  under which the 

mustard A.A.O. would m igrate from th e  o r ig in ,  and s t i l l  r e ta in  enzyme a c t iv i ty  

were not ob ta ined . Therefore fo llow ing  e le c tro p h o re s is  (a t pH7.5) th e  

A .A .0 .- a c t i v i t y  in  the  mustard sample run was s t i l l  a t  th e  o r ig in ,  and 

a s in g le  p r e c ip i t in  l in e  was ob ta ined  in  t h i s  p o s it io n . A s in g le  p re c ip tin  

l in e  was a lso  ob tained  when Cucurbita A Jl.O . was used in s te a d . Ih order 

to  o b ta in  more evidence of s p e c i f ic i ty ,  im m unoprécipitation of samples 

of A.A.O. was t r i e d .  The a n t i - C ucurbita A.A.O. serum was shown to  p r e c ip i ta te  

A .A .O .-a c tiv ity  from a so lu tio n  of Cucurbita A.A.O.(Table 4 .2 ) .  A.A.O.- 

a c t i v i t y  was not only p re c ip i ta te d  by the an tiserum , b u t a lso  showed 

in h ib i t io n  of the  A.A.0 .- a c t i v i t y  in  th e  presence of an tiserum , im mediately 

a f te r  mixing of the two so lu tio n s . There was n e g lig ib le  in h ib i t io n  or



Figure 4 .4

Double D iffusion  P la te s  w ith C ucurbita and mustard A.A.O.

The c e n tra l  w ells  (o) con ta in  5/̂ 1* a liq u o ts  of a n t i -C ucurbit a AJ\..0. 

serum from ra b b i t  1 (R1 ) from a s e r ie s  of b leed s  taken 3 months a f te r  

the i n i t i a l  immunization in je c t io n ,  and 2, 4 or 6 weeks a f t e r  a booster 

in je c t io n  (b leeds ( i ) , ( i i ) , ( i i i ) ) j  or of normal ra b b it  serum (N .R .S .), 

taken from a non-immunized r a b b i t .  The surrounding w ells con ta in  yCL. 

a liq u o ts  of e i th e r  Cucurbita AJL.O. ( l0 ^ g ./1 0 0 /i^ . ) und ilu ted(1  ;0 ) or 

d ilu te d  5- or 1 0 - fo ld ( l;5  or 1 :1 0 ), or e x tr a c ts  of sec tio n s  of mustard 

se e d lin g s , th e  seed lings were germ inated in  darkness fo r  42h. then tra n s 

fe r re d  to  f a r - r e d  l ig h t  fo r  0 -24h . and e x tra c te d . The e x tra c tio n s  and 

d i lu t io n s  were c a rr ie d  out using  50mM Na-phosphate b u f fe r ,  pH 7*0.

A key tp  show the  p o s itio n s  of the  samples in  the  w ells i s  given below 

the  p la te s ,  a s e r ie s  of 3 Iketa of w ells  (a -c )  were used fo r  each 

sqmple of serum.
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Key to  show p o s i t i o n s  o f  C u c u r b i t a  A.A.O. and m ustard  e x t r a c t s :

(a)

b u f f e r . o  c  1 : 0 — ,o
-----------o o— 1:5.

0 1----------1 :1 0 -
.C u cu rb i ta  A.A.O.

—Mustard s e e d l in g  e x t r a c t  (24h,FR)

M

C u cu rb i ta  A.A.O.

-  O -------------- Mustard s e e d l in g  e x t r a c t
(24h.FR)

Mustard h y p o co ty l  (24h.FR)

— Mustard c o ty le d o n  (24h,FR)

(c )  Mustard e x t r a c t s :

hypoco ty l (O h.FR ) c ^ c

co ty ledon  (6 h .F R )-------- o O

co ty ledon  (Oh.FR)______

h y p o co ty l  (6h.FR) 

r a d i c l e  (6h.FR) 

r a d i c l e  (Oh.FR)
C



Table 4 .2

Im nam otitration Experiments; w ith  Cucurbita A.A.O.

M ixtures of Cucurbita A.A.O. and serum from ra b b it  3 (b leed  taken on d a te  

in d ic a te d , 3 or 6 months a f te r  th e  i n i t i a l  im m unization, and 4 weeks a f t e r  

a b o o s te r  in je c t io n )  or from a non-immunized r a b b it  (N .R .S .) or b u f f e r ,  50mM 

Na-phosphate b u f fe r ,  co n ta in in g  0 .1 5M NaCl (P ,B .S .= p h o sp h a te -b u ffe r-sa lin e ) , 

were incubated  a t  4®C f o r  2h. or 20 h .. The m ixture was then  assayed , or 

ce n tr ifu g e d  and th e  supernatan t assayed . The m ixtures contained 10/Kl. 

a l iq u o ts  of C ucurbita A.A.O. (im g ./m l.P .B .S .; g iv ing  an A .A. 0 . - a c t i v i t y  of 

0.41 nmoles asco rbate  oxidi sed/min. / l . )  and 1(^1 . serum or b u f fe r ,  in  

a f i n a l  volume of 50(^1. made up w ith  P .B .S .

Serum A .A . 0 .

t=Oh.
- a c t iv i t y :  nmoles asco rbate  

t=2h. t=2h,+  sp in .
o x id i sed/min • / 5OO4I . 
t=20h. t=20h.-K sp in .

N.R.S. 0 .43 0.38 0.37 0.38 0.43

P.B .S . 0.40 0.42 0.38 0.43 0.39

R3 20/10/78 0.18 0.12 0.007 0.037 0.007

R3 18/01/79 0.275 0.12 0.006 • 0 .018 0.010
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p r e c ip i ta t io n  of A .A. 0 . - a c t i v i t y  in  th e  presence of c o n tro l serum (N .R .S .). 

S im ilar experim ents w ith  mustard A.A.O. e x tra c ts  were n o t su cc e ss fu l, 

probably  because of th e  d i f f i c u l t i e s  in  measuring sm all changes in  A.A.O.- 

a c t i v i t y  a c c u ra te ly  u sin g  a spectrophotom etric  assay  and cloudy enzyme 

s o lu tio n s . I t  was n ecessary  to  use th e  ra d io a c tiv e  b ind ing  assay  to  

measure antibody t i t r e s  w ith  m ustard A.A.O. samples (see Section 4 .2 .7 ) .

The im m unotitration  experim ents did show th a t  the  antiserum  was s p e c i f ic ,  

using  th e  Cucurbita sam ples.

4 .2 .6  R adio iso top ic  Labelling  of C ucurbita A.A.O. : Samples of C ucurbita 

A-.A.O. were io d in a ted  w ith  sodium io d id e  using  th e  Chloramine T method

g e n e ra lly  employed to  la b e l  po lypeptide hormones from anim als (B o lto n ,1977). 

The degree of la b e l l in g  w ith th i s  method w^s low,<1 ̂  ra d io a c tiv e  la b e l  

was in co rp o ra ted  in to  th e  AJL.O. p ro te in  (determ ined a f t e r  sep ara tio n  of 

the  f r e e  iod ide  and la b e lle d  p ro te in  on a Sephadex G-50 column),

A m ilder ox id an t, sodium h y p o ch lo rite , was used fo r  th e  io d in a tio n  in s te a d  

of Chloramine T. Optimum cond itions fo r  th e  io d in a tio n  were determ ined 

e m p iric a lly . I n i t i a l l y  1 .O m Cip-^lJ-iodide was u sed , bu t 0.5mCi was eq u a lly  

s a t i s f a c to r y ,  and a lso  le s s  expensive. The sp e c if ic  r a d io a c t iv i ty  was 

c a lc u la te d  from the  recovery  of r a d io a c t iv i ty  in  th e  p ro te in  peak e lu te d  from 

a Sephadex G-50 colum n,Fig,4 .5  (used to  sep ara te  the  f re e [ j^  ^N a-io d id e  

and la b e l le d  p ro te in .)  Values of 10-30>\Ci^g. A.A.O. p ro te in  were obtained  

i n i t i a l l y ,  th i s  was improved to  7 ^ C i ^ g .  A JL .O .pro tein , when f re s h ly  

purchased[j^^l]-N a-iodide and f re s h ly  d isso lv ed  C ucurbita AJL.O. were used . 

F resh ly  io d in a ted  Cucurbita A.A.O. was p a r t i a l l y  p u r if ie d  by e i th e r  c e llu lo se  

chromatography or g e l f i l t r a t i o n  (exclusion  chrom atography). C ellu lose 

columns are  used to  p u r ify  io d in a ted  po lypeptide hormones in  the la b o ra to ry  

where th ese  io d in a tio n s  were c a rr ie d  out (see acknowledgements); however 

w ith  io d in a ted  Cucurbita A.A.O. some 60-80^ r a d io a c t iv i ty  passed d i r e c t ly  

through the  column, th i s  m a te r ia l i s  regarded as th e  'damaged* m a te r ia l; 

only m a te r ia l th a t  binds to  the cblumn and i s  subsequently  e lu te d  by 

so lu tio n s  of in c reas in g  p ro te in  content (egg albumin or bovine serum



Figure 4 .5

E lu tio n  p ro f i le  of th e  re a c tio n  m ixture fo r  la b e l l in g  Cucurbita 

A.A.O. on a Sephadex G-50 column.

The io d in a tio n  re a c tio n  was c a r r ie d  out as described  in  Section 2 .1 3 .1 , 

th e  io d in a tio n  m ixture was then passed through a Sephadex G-50 column, 

(l.25cm . d iam eter x 15*0cm. h e ig h t)  in  50mM Na-phosphate b u f fe r ,  pH 7 .0 , 

in  order to  sep ara te  t h e - l a b e l l e d  C ucurbita A.A.O. and f re e  

N a-iodide. The sample passed through the column was 1 .0 -2 .0ml. (inc lud ing  

washings from th e  re a c tio n  tu b e ) ,  once the void volume had been c o lle c te d  

from th e  column ( f i r s t  3-4 tu b e s ) ,  20 drop f ra c t io n s  were c o lle c te d . The 

r a d io a c t iv i ty  of the e lu ted  f ra c t io n s  was measured in  a B iosc in t Y- 

counter ,1 0 s . counts were s u f f ic ie n t  (w ith th e  lead  sh ie ld  in  p la c e ) . 

Those f r a c t io n s  con tain ing  A.A.O. were pooled , i e .  the  f i r s t  peak of 

r a d io a c t iv i ty .  A ll normal s a fe ty  re g u la tio n s  fo r  dealing  w ith h igh ly  

ra d io a c tiv e  substances were observed a t  t h i s  s tag e .
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albumin) i s  used as undamaged la b e lle d  m a te r ia l .  Using a Sephadex G-15O 

column ( id e n tic a l  to  the column used to  determ ine lOfs) 80-90^ r a d io a c t iv i ty  

e lu ted  in  a s in g le  peak, in  an e lu tio n  volume id e n t ic a l  to  th a t  of a 

sample of u n la b e lle d  Cucurbita A.A.O. (Figure 4 . 6 ) .  This suggested th a t  

th e  c e llu lo se  column was no t p a r t ic u la r ly  su ite d  to  th e  p u r if ic a t io n  of 

such a la rg e  p o ly p ep tid e /p ro te in  as the  A jl.O . enzyme m olecule. The column 

may have been overloaded, but i f  t h i s  was th e  c a se , th e  method would s t i l l  

have been u n s u ita b le , as an extrem ely la rg e  column would have b e a i re q u ired , 

and th i s  would have c rea ted  a problem fo r  d isp o sa l of the ra d io a c tiv e  column. 

The Sephadex G-150 column was used in  preference because good y ie ld s  of

i j - l a b e l le d  Cucurbita A.A.O. were o b ta in ed , and the amount of ra d io a c tiv e  

waste was kept to  a minimum. The la b e lle d  enzyme (from the Sephadex G-50 

column) was n o t p a r t ic u la r ly  s ta b le ;  a f te r  being  kept a t  4*C fo r  14 days, 

considerab le  dam age/degradation had occurred . F igure 4.6B shows th a t  the  

s to red  sample gave an e lu tio n  p r o f i le  on th e  Sephadex G-15O column with 

most of the rem aining r a d io a c t iv i ty  in  the  second peak e lu te d , about 30^  

r a d io a c t iv i ty  was p resen t in  th e  peak corresponding to  A jl .O .p ro te in . A 

sample of th e  p u r if ie d  la b e lle d  enzyme (from th e  Sephadex G-15O column) 

appeared to  be more s ta b le ,  g iv ing  an e lu tio n  p r o f i le  on a second Sephadex 

G-150  column s im ila r  to  the  f r e s h ly  prepared sample, but in  t e s t  a ssay s , 

s to red  samples gave a much h igher n o n -sp ec if ic  b inding  ( ie .  b ind ing  with 

N .R .S .). The io d in a tio n  and p u r if ic a t io n  by Sephadex G-15O column were 

th e re fo re  c a r r ie d  out on th e  same day the  assay s  were se t up.

4 . 2.7  Radioimmunoassay; For an in tro d u c tio n  to  the technique of 

radioimmunoassay see Chard^1978j.T he b a s is  of t h i s  technique i s  the  

com petitive b ind ing  assayra  m ixture of la b e lle d  and u n lab e lled  an tigen  

i s  added to  a sample con ta in ing  a lim ited  amount of an tiserum , a f t e r  a s u ita b le  

period  of incubation  some of th e  la b e lle d  and u n lab e lled  an tig en  w ill  have 

bound to  the  an tiserum , but no t a l l  as the  an tibody  i s  p resen t in  a lim ited  

amount; the  bound and unbound an tigen  (both la b e l le d  and u n la b e lle d )  are then 

sep ara ted , and th e  amount of la b e lle d  an tigen  bound i s  in v e rse ly  r e la te d  to



Figure 4 .6

E lu tion  p r o f i le  of i j - l a b e l l e d  Cucurbita A.A.O. on a 

Sephadex G-13O column.

A sample (l.O m l.) of f r e s h ly  p r e p a r e d l a b e l l e d  Cucurbita A jl .O .,  

from th e  Sephadex G-5 0  column (Figure 4 .5 )  was passed  through a Sephadex 

G-150  column (1 .25cm. diam eter x 21.0cm. h e ig h t)  in  50mM Na-phosphate 

b u f fe r ,  pH 7 .0 . (A .). A sample o f  [ '^ ^ ij-l& b e lled  C ucurbita A.A.O., which 

had been s to red  fo r  14 days a t  4 ^  a f t e r  passing  through the  Sephadex 

G-50 column, was a lso  passed through an id e n t ic a l  column. (B .). The 

r a d io a c t iv i ty  of the e lu te d  f ra c t io n s  was measured in  a B ioscin t X -  

co u n te r, 10s. counts were s u f f ic ie n t  ( w ith  th e  lead  sh ie ld  in  p la c e ) .

The f i r s t  peak of r a d io a c t iv i ty  corresponds to  the  undamaged

la b e lle d  Cucurbita A.A.O.. A ll normal s a fe ty  re g u la tio n s  fo r  dea ling  w ith

ra d io a c tiv e  substances were observed th roughout.
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the  amount o f u n lab e lled  an tigen  p resen t in  th e  sample u sed . 3h order to  

ca rry  out a radioimmunoassay i t  i s  th e re fo re  necessary  to  s e le c t  a su ita b le  

antiserum  volume and d i lu t io n ,  and volume o f la b e lle d  a n tig e n . The periods 

of incubation  a t  each step  may be v a r ie d , and th e  order of ad d itio n  of 

the samples may be im p o rtan t. The la b e lle d  an tig en  may be added a f te r  an 

i n i t i a l  incubation  w ith  u n la b e lle d  an tigen  or th e  two may be added a t  th e  

same tim e . F in a lly  a method fo r  sep ara tin g  th e  bound and unbound an tigen  

must be found.

A. Binding Assays: M ixtures of - la b e l le d  Cucurbit a A.A.O. and a range 

of d i lu t io n s  of th e  a n t i - Cucurbita A.A.O. serum were in cu b a ted . ( A standard  

period  of 24h. was used fo r  the  i n i t i a l  in c u b a tio n s , and a l l  incubation  

s teps were c a r r ie d  out a t  4*C.) To sep ara te  th e  bound and unbound an tig en , 

the  second antibody method was u sed , a second period  of incubation  was 

re q u ire d , a f t e r  which th e  m ixture was c e n tr ifu g e d . The p r e c ip i ta te  was 

c o lle c te d , t h i s  contained th e  bound a n tig e n s , in  t h i s  case only  la b e lle d  

Cucurbita A.A.0 . .The supernatan t was decanted from the  c e n tr ifu g e  tubes 

( ra d io a c tiv e  w aste) and th e  r a d io a c t iv i ty  in  th e  tubes ( i e .  in  the  

p r e c ip i ta te )  counted by p lac in g  the tubes in  th e  ^(-coun ter. The second an tibody  

used was ED 17, an a n t i - r a b b i t  serum, from donkey, s p e c ia lly  prepared fo r  

radioimmunoassays (Wellcome Reagents L td .) .  This t e s t  assay  was used to  

decide upon a su ita b le  antiserum  d ilu tio n  fo r  th e  radioimmunoassay, the 

r e s u l t s  are  shown in  Table A.3* A d ilu t io n  of 1:1,000 or 1 :5 ,000 gave a 

reasonable % b in d in g . Binding between 30 and 50^ i s  considered  optimum fo r  

most radioimmunoassays, allow ing a reasonab le  degree of com petitive binding  

in  the  presence of u n lab e lled  an tig en . P a r t ia l  p u r if ic a t io n  of the  la b e lle d  

Cucurbita A.A.O. (in  t h i s  case using the  c e llu lo se  column, which gave only 

low y ie ld s ,  but in  s u f f ic ie n t  q u a n ti t ie s  fo r  th ese  a s sa y s ) , reduced the  

amount of n o n -sp ec ific  b in d in g , ( ie .  b ind ing  to  co n tro l serum, N .R.S.) 

and a lso  gave a s l ig h t ly  h igher ^ b in d in g . As th e  io d in a tio n  and p u r if ic a t io n  

methods were improved, the  % binding ob tained  a t  a given antiserum  d ilu tio n  

was in c reased . Table L.A shows the  r e s u l t s  of t e s t  b inding  assays fo r  a range



Table A-.3

Binding A ssays:w ith Cucurbita A.A.O, and a n t i - Cucurbita A.A.O. serum.

Serum from two d if f e r e n t  b leeds (taken on th e  d a tes  in d ic a te d  in  the  t a b le ) ,

from ra b b i t  3, was d i lu te d  w ith P .B .S . (Na-phoshate b u f fe r ,  50mM, pH 7*0,

con ta in ing  O.15M NaCl). The d ilu tio n s  of antiserum  (1 0 ^ 1 . a l iq u o ts )  were

incubated  w ith an equal volume of P .B .S . and an eqw%l volume o fp ^ 3 ^ - la b e l le d

Cucurbita AJV.O., from th e  Sephadex G-50 column, or from a c e llu lo se  column

( p a r t i a l ly  p u r if ie d ) ,  fo r  2 k h , a t  A*C. The bound and unbound an tig en  were

then separa ted  using  th e  second an tibody method (RD 17 added a t  1 :A0 d ilu t io n

in  P .B .S . in  an equal volume, 1 0 ^ ^ .  and incubated fo r  a fu r th e r  2Uh, a t  A*C;

500^ .  p .B .S . was then added and the  m ixture c e n tr ifu g e d , the  supern a tan t

d ecan ted ). The r a d io a c t iv i ty  in  the  p r e c ip i ta te s  was counted by p la c in g  the

tubes in  a Y-c o u n te r . b inding was c a lc u la te d  using  th e  fo llow ing equation ;

% b inding  = (counts in  p r e c ip i ta te ) -  (counts in  b lank*)
( to ta l  counts per tube)

(♦blank assay  tube con tained  no an tiserum , 100 1. P .B .S . added in s te a d .)

Antiserum d ilu tio n % b ind ing  value 
b leed  d a te : 20/ 10/78

Sample from G-5 0  column :
(10 ,000co u n ts/ra in /tu b e(1O O /I.) 

1:100 /
1 :1 ,000

1 :5,000

1 :10,000

1 :20,000

N.R.S. (1 :1 d i lu t io n )

Sample from c e llu lo se  column:
(7,500  co u n ts/m in /tu b e(1OOM. )

1:100 

1 :1 ,000 

1 :5,000  

1 :10,000  
1 :20,000  

N.R.S. (1 :1 d i lu t io n )

r

35
38

29
20

11
8

39

49

34

20

6

3

: 1 8 /0 1 /7 9

38

38

29

17
18

40

50 

35 

18 

‘ 3



Table 4 .4

Binding A ssaysrw ith Cucurbita A.A.Q. and a n t i - Cucurbita A.A.0 .  sérum. 

Serum from a range of b leed s  (taken on th e  d a tes  in d ic a te d  in  th e  t a b le ) ,  from 

r a b b i ts  1 a n d '3 were d i lu te d  1:1,000 and 1:5,000 w ith  P .B .S ., and th ese  

d ilu t io n s  used fo r  b ind ing  assay s , a s  d escrib ed  fo r  F igure 4*3*

Rabbit number Bleed da te % b inding value 
Serum d i lu t io n :  1:1,000 : 1:5,000

1 20/10/78 78 67
31/10 76 72

6/11 77 69
13/11 76 61

3 20/10 79 34
31/10 75 50

3/11 75 49
13/11 68 34

N Ji.S . (l :1 d i lu t io n ) 22
Blank (P .B .S .) = 0
T o ta l coun ts. =100
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of b leed s  from th e  immunized r a b b its  a t  th e  se le c ted  optimum d ilu tio n  of 

an tiserum . The % b inding  obtained  under th e  same con d itio n s  of assay , were 

70-80^, compared to  30-40^, p rev io u sly . A lower d ilu tio n  of the  antiserum  

could th e re fo re  have been t r i e d .

B. Standard Curve;S e r ia l d ilu t io n s  of u n la b e lled  Cucurbita A Jl.Q . were 

prepared  and incubated w ith  the  se le c ted  d i lu t io n  of a n t i -C ucurb ita  A.A.O. 

serum, a f t e r  an irufcial p e rio d  of incubation  (24h.) the  la b e l le d  Cucurbita 

A.A.O. was added. During th e  period  of th e  a ssa y , equ ilib rium  i s  reached 

between th e  b inding of la b e lle d  and u n la b e lle d  an tig en , Cucurbita A Jl.O , 

to  th e  a n t i  serum, a n t i - Cucurbita A.A.O. serum. The bound a n tig e n s , co n s is tin g  

of both  la b e lle d  and u n lab e lled  Cucurbita A.A.O., were separated  from the  

unbound an tig en  as b e fo re , using  th e  second antibody method. There are 

d isadvantages to  th e  use of t h i s  method, m ainly in  th a t  th e  leng th  of th e  

assay  i s  in c reased , which may or may no t be a problem ( th is  may have 

c o n trib u ted  to  the  poor r e s u l t s  when in s te a d  of u n lab e lled  Cucurbita A.A.O. 

a crude e x tra c t  from m ustard cotyledons was u sed , see subsection  D). The 

% b ind ing  values fo r  a standard curve prepared in  t h i s  manner are  p resen ted  

in  Table 4 .5 .  Two ba tch es  of se ra  from d if f e r e n t  b leed s  from the  immunized 

r a b b i ts  were compared. There was a 10- fo ld  h igher s e n s i t iv i ty  w ith the  

second serum, Rl O6/ 11/ 78 , a t  a 1 ;5 ,000 d i lu t io n .  T his can be seen more 

c le a r ly  when the  r e s u l t s  are p lo t te d .  In a sep ara te  s e t  of a ssay s , th e  r e s u l t s  

shown in  Figure 4 ,7  were ob tained ; % b inding ( ie .  % t o t a l  la b e lle d  an tigen  

bound) was p lo tte d  a g a in s t th e  an tig en  d i lu t io n  u sed , in  the case of a 

s tandard  curve the amoxmt o f an tigen  i s  p lo t te d ,  i e .  amount of Cbcurbita

A.A.O. p ro te in . A s t r a ig h t  l in e  p lo t i s  obtained i f  a lo g i t  b p lo t i s  used: 

lo g i t  b = In (^  b ind ing  / ( 1OO -  fo binding)), see f ig u re  4.7B. There are 

many d if f e re n t  ways of p lo t t in g  the r e s u l t s  (see Chard,1978), bu t th i s  

method gave s a t i s f a c to ry  r e s u l t s  h e re . In most of th e  a ssay s , the  u n lab e lled  

an tigen  and antiserum  were incubated  fo r  a p e rio d  (24h.) befo re  adding the 

la b e lle d  a n tig e n . I f  in s te a d  the  two were added to g e th e r , th e  % b inding 

obtained was h ig h e r. This in d ic a te d  th a t  the  (com petitive) b ind ing  by 

the u n lab e lled  an tigen  was reduced , th i s  i s  seen as a red u c tio n  in  the



Table 4 .5

Standard Curve:with C ucurbita A.A.O, and a n t i - C ucurbita A.A#0. serum. 

For th e  standard  cu rv e , the  same procedure as fo r  the  binding  assays was 

u sed , but d i lu t io n s  of u n la b e lle d  Cucurbita A.A.O. were prepared  and 

incubated  w ith  th e  se le c ted  d i lu t io n  of an tise ru m , then la b e lle d  Cucurbita 

AJV.O. was added. Second an tibody  was then added as fo r  th e  b ind ing  a ssay s . 

D ilu tio n s  of C ucurbita A.A.O. were prepared from a so lu tio n  con ta in ing  

^0/^g• A J l .0 .p ro te in / l0 0 /^ .  P .B .S .. Two ba tch es  of antiserum  were compared)

A. from ra b b it  3 , b leed  date  20/10/78 a t  a 1 :1 ,000 d i lu tio n ;

B. from ra b b it  1 , b leed  date  6 / l l / 7 8  a t  a 1 :5 ,000  d i lu t io n .

Antiserum D ilu tio n  of 
Cucurbita A.A.O. 
sample.

A J l.O .p ro te in  
n g . / tu b e ( l0 ^ 1 .  ) % b ind ing  

v a lu e •
lo g i t  b 

v a lu e .*

A. 1 :250 40 41 .8 -0 .3 3
1 :500 20 60.6 +0.43
1 :1 ,000 10 67.6 +0.74
1:2,500 4 72.6 +0.97

B. 1 :500 20 8.0 -2 .4 4
1:1,000 10 9.7 -2 .2 3
1 :2,000 5 39.2 -0 .4 3
1 :4,000 2.5 55.4 +0.22
1 :10,000 1 67.1 +0.71

(* lo g i t  b values were determ ined fo r  p lo t t in g  th e  r e s u l t s  in  a l in e a r  

. form, see t e x t . )



Figure 4 .7

Standard Curve:w ith Cucurbita A.A.O. and a n t i - Cucurbita

AJl.O. sérum.

The standard  curve i s  p lo tte d  in  term s of th e  amount of Cucurbita AJl.O."' 

p ro te in  p resen t in  th e  d ilu t io n  u sed ,a g a in s t th e  ^  b inding o b ta in ed .(A .) 

A l in e a r  p lo t i s  ob tained  i f  a lo g i t  b p lo t i s  used; the  r e s u l t s  are  

p lo tte d  in  term s of the  amount of Cucurbita A J l.O .-p ro te in  ag a in s t the  

lo g i t  b value (which i s  based on th e  % b inding  o b ta in e d .) (B .) ,

Two batches of an tiserum  were compared;

A. from ra b b it  3» b leed  date  20/ 10/78  a t  a 1 :1,000 d ilu tio n  (o ),

B. from ra b b it  1 , b leed  date é / l l / 7 8  a t  a 1:5,000 d ilu tio n  (x ).

A standard  curve was a lso  prepared  by mixing u n lab e lle d  and la b e lle d  

an tigen  a t  th e  beginning of th e  assay , and in cu b a tin g  the  m ixture w ith 

antiserum  A ., in s te a d  of allow ing an i n i t i a l  incubation  w ith u n lab e lled  

an tigen  f i r s t ,  ( a ) .
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s e n s i t iv i ty  of th e  assay , (F igure 4 .7 ) .  The l in e a r  p o rtio n  o f th e  lo g i t  b 

p lo t  in d ic a te s  th e  range ( s e n s i t iv i ty )  of th e  a ssay . I f  the  la b e l le d  an tigen  

was added f i r s t ,  th e re  was n e g lig ib le  b ind ing  by th e  u n lab e lled  a n tig en .

These r e s u l t s  c le a r ly  in d ic a te  th a t  b inding  was b iased  towards th e  la b e l le d -  

Cucurbita A ,A,0, ( th is  probably co n trib u ted  to  th e  poor r e s u l t s  w ith e x tra c ts  

of mustard co ty led o n s, see subsection  D),

C, Measurement of A J l,0 . p ro te in  in  p la n t e x t r a c ts :  D ilu tio n s  of p la n t t is s u e  

e x tra c ts  co n ta in in g  A,A,0. were incubated  w ith  th e  a n t i - C ucurbita A ,A,0. 

serum. A fte r an i n i t i a l  in cu b a tio n  period  (2 4 h ,) th e  la b e lle d  a n tig en ,

I ^ la b e l l e d  Cucurbita AoA.O. was added, and the  assay  continued as fo r  

th e  standard  curve assay s . As mentioned b e fo re , th e  ^  b inding  i s  a 

measure of the  amount of la b e lle d  an tigen  bound, th e re fo re  th e  h igher the  

value fo r  the  % b ind ing  , th e  lower the amount o f A.A.O. p ro te in  in  th e  

unknowns, i e ,  in  th e  p la n t t i s s u e  e x tr a c ts .

D, A.A.G Levels in  l&istard S eed lings: The radioimmunoassay was c a rr ie d  out as 

fo r  the s tandard  curve, bu t using  a range of d i lu t io n s  of e x tra c ts  from 

mustard co ty ledons. The i n i t i a l  r e s u l t s  were poor, so the p e rio d  of th e  

i n i t i a l  in cu b a tio n , i e ,  in  the  presence of unknown and antiserum  , was 

in c reased , 2 and 4 day in cu b a tio n s  were t r i e d  (the o ther in cu b a tio n  periods 

were no t changed). The r e s u l t s  are  given in  Table 4 .6 : th e re  was no 

s ig n if ic a n t d iffe ren ce  in  the  % binding values fo r  the  two e x tra c ts  used , 

one from dark-grown mustard and the o ther from f a r - r e d - tr e a te d  m ustard, 

although th e re  was a 6 -fo ld  d iffe re n ce  in  th e  measurable A .A .O ,-a c tiv ity  

(Table 4 .7 ) .  The a b i l i t y  of mustard A.A.O. to  compete w ith b inding  by the

la b e lle d  C ucurbita A jl.O , was poor compared to  th a t  of u n lab e lled  

Cucurbita A.A,0 . ,  th e  range of % b inding  values w ith Cucurbita A.A.O, ?ras 

between 10 and ~10% u sing  the more s e n s it iv e  of the two batches of an tiserum , 

compared to  47-62^ using  mustard cotyledon e x tra c ts  (w ith a 4 day i n i t i a l  

incubation  p e r io d ) . A ttem pts to  improve the degree of com petitive b in d in g , 

and thereby  improve th e  s e n s i t iv i ty  of th e  assay  fo r  mustard e x tra c ts ,b y  

using  f re s h ly  prepared  e x tr a c ts ,  or u sing  p a r t i a l l y  p u r if ie d  mustard e x tra c ts



Table 4 .6

Radioimmunoassay to  measure A.A.O. le v e ls  in  e x tr a c ts  from 

m ustard co ty ledons.

Crude supernatan t e x tr a c ts  of m ustard cotyledons were p rep ared , taken from 

seed lin g s  which had been given 60h. dark or 36h. dark + 24h. f a r - r e d  l i g h t .  

The e x tr a c ts  were d i lu te d  1:5 and 1 :50 w ith  P .B .S , and the a ssay  c a r r ie d  out 

as  fo r  th e  standard  curve except the  i n i t i a l  incubation  period  ( ie .  w ith  the 

e x tra c t  and antiserum )was e i th e r  2 or 4 days. For comparison a few d ilu t io n s  

o f C ucurbita A.A.O. were a lso  assayed w ith  a 4 day i n i t i a l  in cu b a tio n .

I n i t i a l  incubation  
p e rio d .

■ Sample
l ig h t  treatm ent

D ilu tio n  
of sample.

% b ind ing  
va lu e .

Antiserum : R3 20 /10 /78 , 1:1,000 d i lu t io n -

- 2 days Mustard cotyledons
dark 1:5 59.8

1:50 63.6
f a r - re d 1:5 61.4

1 :50 66.2
4 days dark 1:5 57.3

1 :50 64.2
f a r - r e d 1:5 56*6

1 :50 65 .7
Cucurbita A.A.O. 1 :250 41 .8

1 :500 60.6
1 : 2,500 72.6

Antiserum: Rl 6 /11/78 , 1:5,000 d i lu t io n -

2 days Mustard cotyledons
dark 1:5 42 .4

1:50 56.3
f a r - r e d 1:5 40 .2

1 :50 56 .5
4 days dark 1:5 47 .4

1:50 61.4
f a r - re d 1:5 4 7 .5

1 :50 62.1
C ucurbita A.A.O. 1 :1 ,000 9 .7

1:2,000 39.2
1 :10,000 67.1



Table 4 .7

A.A.0. - a c t i v i t y  in  Mustard Seedling e x tr a c ts .

Crude supernatan t e x tra c ts  were prepared  from mustard seed lin g s  between 

0 and 84h-o ld , grown in  continuous darkness or given a f a r - r e d  l ig h t  tre a tm e n t. 

The e x tr a c ts  were p repared  using  lOOmM c itra te -p h o sp h a te  b u f fe r ,  pH 5 .0 , and 

assayed fo r  A J ^ .O .-a c t iv i ty  using  th e  spectrophotom etric assay  (Section  2 .5 .5 )

Age of seed lin g - 
l ig h t  trea tm en t

A .A .0 .-a c tiv ity  
nmoles asco rb a te  oxidised/m in 
/co ty led o n  p a i r .  / r a d i c l e (+ hypoco ty l).

Oh. dry  seed 2.3
3éh. dark 18.0 13.5
éOh. dark* 22.0* -

84h. dark 28.4 4 .3
36h. dark + 6h. f a r - r e d 33.3 24.1
36h . dark + 24h. fa r- re d * 128.7* 44.2
3éh. dark + 48h. f a r - re d 141.5 13.6
36h . dark +24h. f a r - r e d  + 

24h. dark 86.6 6.3

(* e x tra c ts  used in  radioimmunoassay experim en t.)
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(eg. by passing  e x tr a c ts  through a Sephadex G-15O column), or by co n cen tra tin g  

e x tr a c ts  (eg. by ammonium sulphate f ra c t io n a tio n  or by free z e -d ry in g ) were 

no more su c ce ss fu l. The most l ik e ly  reason  fo r  t h i s  a p a r t from the

immunological d iffe re n c e  between Cucurbita A.A.0. and m ustard A .A.O., 

was th e  high degree of b inding by la b e lle d  Cucurbita A .A.0. used in  

th e  a ssay . The presence of o ther p ro te in s  in  the  e x tr a c ts  may have co n trib u ted  

to  th e  poor r e s u l t s ,  bu t i s  u n lik e ly  fo llow ing  th e  r e s u l t s  obtained  wüh 

crude e x tra c ts  from pumpkin seed lings (see subsection  F ) . The r e s u l t s  

th a t  were obtained suggested th a t  th e re  was no d iffe re n c e  in  the  amount 

of A .A .O .-pro tein  in  cotyledons from dark-grown or f a r - r e d  tre a te d  m ustard 

see d lin g s . This can be in te rp re te d  in  term s of a pool of in a c tiv e  enzyme 

m olecules in  dark-grown co ty ledons, which i s  a c tiv a te d  fo llow ing a f a r - r e d  

l ig h t  tre a tm e n t. As th e  radioimmunoassay fo r  m ustard e x tra c ts  req u ired  

fu r th e r  improvements b efo re  carry ing  out assays on e x tr a c ts  taken from 

mustard seed lings over a wider range of ages (0 -8 4 h .), i t  i s  not p o ss ib le  

to  p re sen t a more d e ta i le d  se t of r e s u l t s .

E. A .A .0. Levels in  Gherkin Seedlings: As mustard e x tr a c ts  were not 

p a r t ic u la r ly  su cc e ss fu l, gherkin e x tra c ts  were t r i e d ,  i t  was expected th a t  

as gherkin  i s  c lo se ly  r e la te d  to  C ucurbita sp . th a t  th e re  would be a 

h igher degree of s im i la r i ty  and th e re fo re  c ro s s - re a c tio n , w ith Cucurbita 

A.A.0. and the  a n t i - Cucurbita A.A.0. serum. This d id  not appear to  be

the  case; the r e s u l t s  obtained w ith e x tra c ts  of gherkin seed lin g s were 

comparable with those obtained w ith m ustard. This may have been p a r t ly  

due to  the  lower A .A .O .-a c tiv ity  in  th e  e x tra c ts  u sed ,(tak en  from 4 day- 

old dark-grown gherkin s e e d lin g s ) , although con cen tra tin g  the  samples by 

freeze -d ry in g  befo re  assay ing  did no t improve the  r e s u l t s .

F. A.A.O. Levels in  Rimpkin Seedlings: The standard curve obtained w ith 

Cucurbita A.A.O. was good, th e re fo re  the  assay  should have been su ita b le  

fo r  assaying  e x tra c ts  fro m  Cbcurbita sp . ,  fo r  th i s  reason pumpkin was 

chosen. The r e s u l t s  were much more successt*ul. Table 4 .8  shows the ^  

b inding values obtained w ith an e x tra c t from 3 day-old dark-grown pumpkin



Table 4 .8

Radioimmunoassay to  measure A.A.O. le v e ls  in  e x tr a c ts  from 

pumpkin co ty ledons.

A crude supernatan t e x tra c t was prepared from 3 day-old dark-grown pumpkin 

seed lin g s u sing  1OOmM c itra te -p h o sp h a te  b u ffe r,p H  5 .0 . The e x tr a c ts  were 

d ilu te d  in  P .B .S . as in d ic a te d  in  th e  t a b le ,  and the  assay  c a r r ie d  out as 

fo r  the s tandard  curve except th e  i n i t i a l  incubation  period  was 3 days.

Antiserum D ilu tio n  of 
pumpkin e x tr a c t .

% b inding 
v a lu e .

lo g i t  b 
value.

R3 20/10/78 
1 :1 ,000 d i lu t io n 1 :1 17.0 -1 .5 8

1 :10 50.7 +0.04
1 :100 68.7 +0.78
1 :1 ,000 65.4 +0.77

R1 6/11/78 
1 :5,000 d ilu t io n 1 ;1 9.9 -2 .2 0

1 :10 13.3 -1 .8 7
1 :100 52.4 +0.09
1 :1 ,000 59.8 +0.40



seed lings and two d if f e r e n t  batches of a n t i - Cucurbita A.A.O. serum. A.A .0. 

le v e ls  in  pumpkin a lso  undergo changes during  germ ination and follow ing 

l ig h t  tre a tm e n t; using  th e  radioimmunoassay to  measure th e  amounts of 

A .A .0. p ro te in  p re s e n t ,  i t  was p o ssib le  to  c a rry  out a s im ila r  in v e s tig a tio n  

on the changes in  A J i..O .-a c tiv ity  in  pumpkin seed lin g s . Rmpkin seeds were 

germ inated under standard  co n d itio n s  of tem perature (25*C) e i th e r  in  darkness 

o r in  white l ig h t  and e x tra c ts  made from se c tio n s  of the  seed lin g s  as  they  

developed, th ese  e x tra c ts  were assayed fo r  A .A .0 .-a c tiv ity  using  th e  enzyme 

assay , and fo r  A .A .0. p ro te in  using  th e  radioimmunoassay. The r e s u l t s  have 

been p lo tte d  in  F igure 4 .8  as % b ind ing  curves fo r  d ilu tio n s  of each e x tr a c t .  

A s e r ie s  of roughly  p a r a l le l  curves was ob ta ined : % b inding in c re a se s  w ith 

in c reas in g  d i lu t io n  of the  pumpkin e x tr a c t ,  i e .  a s  the  co n cen tra tion  of

A .A .O .protein d e c lin e s . The curves were p lo t te d  in  groups fo r  ease of 

comparison. In  o rder to  measure the  abso lu te  amounts of A .A.0. p ro te in  

p re sen t in  unknowns, the ^  b inding  curves ob ta ined  must be p a r a l le l  to  

th a t  of the standard  curve. The standard  curve obtained  w ith C ucurbita A Jl.O . 

i s  a lso  shown in  th e  f ig u re  (d o tted  l in e )  and i s  s l ig h t ly  s teep er than the 

curves w ith pumpkin seed ling  e x tr a c ts ,  when th e  same sca le  of d i lu t io n  i s  

used. A lo g i t  b p lo t was th e re fo re  not much use fo r  comparing the pumpkin 

e x tra c t  curves w ith the  Cucurbita A Jl.O . curve. I t  was p o ss ib le  to  ob ta in  

r e la t iv e  values fo r the  amounts of A.A.O. p ro te in  in  the  pumpkin e x t r a c ts ,  

fo r  those  e x tra c ts  g iv ing  p a r a l le l  cu rves. The curves fo r  e x tra c ts  from 

dry seeds (Oh.) and 4 8 h .-o ld  dark-grown cotyledons were unusual in  th a t  

the fo b ind ing  did not appear to  f a l l  towards zero as in  most of the  o ther 

c a se s . One p o ssib le  reason  fo r  th i s  was th e  presence of substances in  th ese  

e x tra c ts  which competed fo r  b ind ing , or in h ib ite d  the  b inding  by any A.A.O. 

p resen t in  the pumpkin e x tra c ts  a t  low d i lu t io n s  (these  e x tra c ts  would be 

r ic h  in  storage p ro te in s  compared to  the o ther e x t r a c ts ) .  I t  was necessary  

to  e x trap o la te  some of the o ther cu rv es , where the  amount of A .A .0 .p ro te in  

p resen t was high ( a l te rn a t iv e ly  a few more d i lu t io n s  could have been t r i e d ) .  

The changes in  A .A .O .-ac tiv ity  in  developing pumpkin seed lings are shown in



Figure 4 .8

Radioimmunoassay to  measure A .A .0. le v e ls  in  e x tra c ts  from 

pumpkin seed lin g s .

Crude supernatan t e x tra c ts  were prepared  from pumpkin seed lings between 

0 and 1 2 0 h .-o ld , grown in  continuous darkness or continuous w hite l i g h t ,  

or given a w hite l ig h t  treatm en t a f t e r  44h. dark . The e x tr a c ts  were 

prepared  using  lOOmM c itra te -p h o sp h a te  b u ffe r,p H  5*0, and d i lu t io n s  fo r  

th e  radioimmunoassay made using  P.B .S. (between 1:2  and 1 :6o).The assay  

was c a rr ie d  out as  f o r . th e  s tandard  curve w ith  an i n i t i a l  incubation  

period  of 2 4 h . b i n d i n g  curves were p lo t te d ,  in  groups :

A. Cotyledon e x tr a c ts  0 -4 8 h .-o ld  and Cucurbita A .A .0. (lOOxg./lOOHl., 

w ith  d ilu t io n s  between 1 :200 and 1 :20,000)

B. Cotyledon e x tr a c ts  72-12 0 h .-o ld .

C. R adicle + Hypocotyl e x tra c ts  72-12 0 h .-o ld .
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in  Table 4 .9 .  The amounts of A .A .0 .p ro te in  in  the  e x tra c ts  has been estim ated  

from the fo b ind ing  curves in  F igure 4 .8 ,  u sing  th e  value o f 30^ binding 

as a base fo r  th e  c a lc u la tio n s . The d ilu t io n  of e x tra c t  g iv ing  J>Ofo b inding 

i s  a measure of th e  amount of A.A.O" p ro te in  p re se n t:  the  lower the  d ilu tio n  

a t  which J)0% b ind ing  i s  o b ta in ed , th e  h igher th e  amount of A .A .0 .p ro te in .

The s p e c if ic  a c t i v i t y  values are  th e re fo re  based on an a r b i ta ry  s c a le , but 

do give an in d ic a tio n  of th e  amounts of A J l .O .-a c t iv i ty  and k^k^O•  p ro te in  

p re se n t,  see Table 4 .1 0 . The r e s u l t s  have a lso  been p lo t te d .  F igure 1 .5 .

The in c rease  in  A .A .0 .-a c tiv ity  in  light-grow n cotyledon e x tr a c ts  i s  

accompanied by an in c rease  in  th e  sp e c if ic  a c t i v i t y ,  th is  suggests th a t  

th e re  i s  l i t t l e  change in  th e  amount of A .A .0. p ro te in  during t h i s  p e rio d , 

and th a t  the  in c re a se  in  enzyme a c t iv i ty  a r i s e s  from enzyme m olecules 

a lread y  p re se n t. In dark-grown cotyledon e x tr a c ts  th e  s p e c if ic  a c t iv i ty  

a lso  in c re a se s  during the  i n i t i a l  in c rease  in  A .A .O .-a c tiv ity  (48 -7 2 h .), 

then rem ains constan t during th e  next in c re a se , suggesting th a t  a c tiv a tio n  

of p rev io u sly  in a c tiv e  enzyme m olecules occurs f i r s t ,  then sy n th e s is  of 

more enzyme m olecules tak es  p la c e . There i s  a d iscrepancy  between th e  in crease  

in  sp e c if ic  a c t iv i ty  th a t  occurs between 48 and 72h. compared to  th e  in crease  

in  A .A .0 .-a c tiv ity  in  dark or in  l i g h t ;  i f  the in c rease  in  s p e c if ic  a c t iv i ty  

occurring  in  the  dark i s  s u f f ic ie n t  to  account fo r  the  in c rease  in  enzyme 

a c t i v i t y ,  the  in c rease  in  enzyme a c t iv i ty  occurring  in  the  l ig h t  must a r is e  

p a r t ly  v ia  a c tiv a tio n  and p a r t ly  v ia  de novo sy n th e s is . This seems l ik e ly  

as th e re  i s  a lso  a s l ig h t  in crease  in  s p e c if ic  a c t iv i ty  in  th e  l ig h t  befo re  

t h i s .  The in crease  in  A .A .O .-ac tiv ity  occurring  in  the cotyledons th e re fo re  

a r is e s  v ia  a c tiv a tio n  of p rev io u sly  in a c tiv e  enzyme m olecules i n i t i a l l y ,  then 

more enzyme m olecules are  a lso  sy n th es ised , th ese  p rocesses occur sooner in  

the  p re se n c e 'o f  white l i g h t ,  compared to  th e  dark . In the  r a d ic le s ,  which 

are  no t r e a d ily  d is tin g u ish a b le  u n t i l  72h. the  in c rease  in  .A*.0 .- a c t i v i t y  

th a t  fo llow s i s  accompanied by a co n stan t sp e c if ic  a c t i v i t y ,  th e re fo re  i t  

seems l ik e ly  th a t  the enzyme a c t iv i ty  a r i s e s  from an in c rease  in  the number 

of enzyme m olecules p re se n t, e i th e r  by de novo sy n th es is  of enzyme, or



Table 4*9

A .A .0.- a c t i v i t y  in  Pumpkin Seedling e x tr a c ts .

Crude supernatan t e x tra c ts  were prepared from pumpkin seed lin g s  between 

0 and 1 2 0 h .-o ld , grown in  continuous darkness or continuous white l i g h t ,  

or given a w hite l ig h t  trea tm en t a f te r  44h. d ark . The e x tra c ts  were prepared  

using 1Q0mM c itra te -p h o sp h a te  b u f fe r ,  pH $ .0 ,  and assayed fo r  A J^ .O .-a c tiv ity  

using  th e  spectrophotom etric assay  (Section 2.3*5)*

Age of seed lin g - 
l ig h t  trea tm en t

A .A .0 .-a c tiv ity  
nmoles asco rb a te  ox id ised /m in .
/co ty ledon  p a i r .  / r a d ic le  + hypocotyl.

Oh. dry  seed 4 .5
24h. dark 11.0
20h. l ig h t 10.0
48h. dark 41.0
44h. l ig h t 121
44h. dark + 3h. l ig h t 159
72h. dark 242 93
44h. dark + 20h. l ig h t 511 123
72h. l ig h t 1097 224
96h. dark 796 222
96h. l ig h t 2835 424
120h. dark 1412 663
120h. l ig h t 1882 1470



Table 4.10

^dioim m unoassay to  measure A.A.O. le v e ls  in  e x tra c ts  from 

pumpkin see d lin g s .

The data  in  t h i s  ta b le  are taken  from the radioimmunoassay experiment as 

described  in  F igure 4 .8 .  The amount of A .A .O .-pro tein  in  the e x tra c ts  was 

estim ated  from th e  d i lu tio n  of e x tra c t re q u ire d  to  give 30^  b ind ing  in  the 

assay . The d i lu t io n  fa c to r  v/as taken as as a r b i ta ry  u n it  of A.A.O. p ro te in  

con ten t; the  sp e c if ic  a c t iv i ty  i s  given in  term s of A .A .O .-a c tiv ity  (in  1 0 ^ 1 , 

sample, u n d ilu ted  e x tra c t)  : A.A.O. p ro te in  (d ilu tio n  f a c to r ) .

Sample -  A JL .O .-ac tiv ity  
l i s h t  tre a tm e n t.

D ilu tio n  of e x tra c t 
g iv ing  30f  binding
lo g .v a lu e  converted

S pecific
a c t iv i ty .

Cotyledon p a i r s :
Oh. dry seed 0.54 1.33 21.4 0.025
48h. dark 0.61 1.48 30.2 0.02
48h. l ig h t 1.92 1.22 16.6 0.12
72h. dark 3.67 1.06 11.5 0 .32
44h. dark + 20h. l ig h t 8.5 1.56 36.3 0.23
72h. l ig h t 15.7 1.70  ■ 50.1 0.31
96h. dark 12.5 1 .58 38.0 0.33
9éh. l ig h t 42.6 1.79 61.6 0.69

R adicles (+ hypocotyls) :

72h. dark 3.7 0.88 7.6 0.49
72h. l ig h t 8 .8 1.16 14.5 0.61

120h. dark 17.3 1.57 37.1 0.47
120h. l ig h t 38.7 1.82 66.1 0.59

1



Figure 4 .9

Radiolmnrunoassay to  measure A .A .0. le v e ls  in  e x tra c ts  from 

pumpkin see d lin g s .

The da ta  in  t h i s  f ig u re  are  taken  from the  radioimmunoassay experiment 

described  in  F igure 4 .8  and Tables 4 .9  and 4 .1 0 . and shows th e  tim e 

course fo r  th e  in crease  in  A .0 . - a c t i v i t y  in  germ inating pumpkin 

seed s/seed lin g s  (A.) and th e  sp e c if ic  a c t i v i t y  of A .A .0 .(B .).

The symbols used correspond to  those used in  F igure 4 .8 ,  c losed  symbols 

fo r  d a rk -e x tra c ts  and open symbols fo r  l ig h t - e x t r a c t s .
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by m odifica tion  of enzyme molecules which were not p rev io u sly  recognized  

by the a n t i  serum. As th e  in crease  in  A .A .0 .-a c tiv ity  occurring  in  the  

cotyledons a f te r  72h. i s  probably la rg e ly  due to  de novo sy n th esis  of the  

enzyme, i t  i s  reaso n ab le  to  assume th a t  t h i s  mechanism i s  resp o n sib le  fo r  

the in c re a se s  in  A .A .O .-ac tiv ity  in  th e  r a d ic le s .

A-.2.8 Summary: The radioimmunoassay was most su ccessfu l when th e  sample 

unknowns were c lo se ly  r e la te d  to  th a t  o f th e  standard  curve and th e  la b e lle d  

an tigen  used , i e .  Cucurbita A.A.0. The AJL.O. enzyme molecule in  pumpkins 

may no t be id e n t ic a l  to  th a t  of C ucurbita A»A.O., th e  chances of immunological 

d iffe re n c e s  occurring  between iso - fu n c tio n a l m olecules or macromolecules 

in c re a se s  as the MW in c re a se s , th e re fo re  the  degree of c ro ss -re a c tio n  fo r  

p ro te in  m olecules from d if fe re n t  sources w il l  be le s s  than  between sm aller 

p o ly p ep e tid es , eg. anim al hormones fo r  which th e  radioimmunoassay technique 

i s  most w idely used . Nor i s  i t  su rp r is in g  th a t  fo r  such a s e n s it iv e  assay , 

th a t  minor d if fe re n c e s ,  as would appear to  be re sp o n s ib le  fo r  the  poor 

r e s u l t s  w ith m ustard and gherkin A.A.0* e x tr a c ts ,  a re  emphasised. The assay  

could be improved fo r  th ese  e x tr a c ts  by the  p re p a ra tio n  of an homogeneous 

an tiserum , which only  recogn ises  one type of immunological de term inan t, 

p re fe ra b ly  one th a t  i s  id e n t ic a l  to  th a t  on th e  la b e lle d  an tigen  used in  

the  a ssay , i e .  by s e le c tin g  an tib o d ie s  th a t  recognize both A.A .0. m olecules 

eq u a lly  w e ll.

The r e s u l t s  ob tained  with mustard cotyledon e x tr a c ts  suggest th a t  although 

th e  A .A .O .-a c tiv ity  in c reases  fo llow ing  f a r - re d  l ig h t  tre a tm e n t, th e re  i s  

l i t t l e  change in  th e  amount of A.A.O. p ro te in . Such r e s u l t s  need v e r i f i c a t io n , 

e i th e r  using an improved radioimmunoassay or another technique such as 

rocket im raunoelectrophoresis to  measure A.A.O. le v e ls .  The r e s u l t s  with 

e x tra c ts  from pumpkin seed lin g s  suggest th a t  th e  i n i t i a l  in c rea se  in  A.A.O.- 

a c t iv i ty  a r is e s  w ithout a s ig n if ic a n t  in c rease  in  the amount of A.A.O. p ro te in  

both in  the  l ig h t  and in  the  d ark , bu t then more enzyme m olecules are 

sy n th es ised , and th i s  occurs sooner in  the l ig h t  than in  the d ark , in  

agreement w ith the  r a te  of change of A .A .0 .-a c tiv ity  under the  two tre a tm e n ts .
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By the  time th e  ra d ic le s  emerge from the seed c o a t ,  th e  in c re a se  in  A Jl.O .- 

a c t iv i ty  in  th e  co ty ledons, in  both  the  dark and the  l i g h t ,  i s  probably 

due to  sy n th e s is  of new enzyme molecules (a c tiv a tio n  mechanisms may a lso  

be o p e ra tiv e , bu t may be masked by rap id  a c t iv a t io n ) ,  and the  same mechanism 

fo r  in c reas in g  A .A .0 .-a c tiv ity  extends to  the r a d ic le s .

The radioimmunoassay technique i s  th e re fo re  q u ite  su ita b le  fo r  measuring 

enzyme le v e ls  in  p la n ts ,  provided a sample of th e  enzyme i s  a v a ila b le  in  

a  p u r if ie d  form and can be la b e l le d  fo r  use in  th e  assay .



1 0 3
SECTION 3 DISCUSSION

3.1  DISCUSSION OF P .A .L . RESULTS

Several p re lim in a ry  s tu d ies  were c a rr ie d  out b efo re  proceeding w ith 

the main issu e  of th e  immunological s tu d ie s , because i t  was n ecessary  to  

e s ta b l is h  the  v a l id i ty  of using p la n t t is s u e  e x tr a c ts  fo r  the immunological 

a ssay s . As a q u a n ti ta t iv e  assay  of enzyme p ro te in  l e v e ls ,  im m unotitration 

was used; th i s  technique r e l i e s  on measurements of enzyme a c t iv i ty  in  the  

p resence of a range of antiserum  co n c e n tra tio n s , and th e re fo re  re q u ire s  

e x tr a c ts  con ta in ing  ’s ta b le ’ enzyme. I n i t i a l l y ,  th e  prime concern was to  

p u r ify  P .A .L.; p o ta to e s  were chosen as th e  source of P .A .L ., as th e  enzyme 

from t h i s  t is s u e  i s  r e l a t iv e ly  s ta b le ,  and la rg e  amounts are  e a s i ly  ex trac ted , 

The nex t step  was to  r a is e  an tib o d ie s  ag a in s t the  enzyme, p re fe ra b ly  mono- 

s p e c if ic  a n tib o d ie s , then to  check th e  antibody s p e c i f ic i ty  befo re  using  

the  antiserum  to  measure P .A .L .p ro te in .

P .A .I .- a c t iv i ty  in  e x tra c ts  from incubated p o ta to  tuber d is c s ,  was 

s ta b le ,  provided s u ita b le  s ta b i l iz in g  agents were included  in  the  e x tra c tio n  

medium. E x trac ts  were prepared from d isc s  aged fo r  up to  A2h., in  e i th e r  

darkness or white l i g h t ;  the measurable P .A .I . - a c t iv i ty  ro se  ( a f te r  a lag  

of a few hours) and then declined  during th i s  p e r io d , but the  t o t a l  p ro te in  

con ten t remained unchanged. The co n cen tra tio n  of ch lorogenic a c id , the  main 

pheno lic  compound formed in  p o ta to e s , would have changed during th i s  p e rio d , 

bu t th e  s ta b i l i t y  of P.A.L. in  the  e x tra c ts  was no t s ig n if ic a n t ly  a f fe c te d .

A comparison of e x tra c tio n  b u ffe rs  and s t a b i l i t y  t e s t s  in d ica ted  th a t  a 

combination of a d d itio n a l reag en ts  (m ercaptoethanol and D -isoascorbate) was 

s u i ta b le ,  optim izing j/ie ld s  and s t a b i l i t y ,  when P.A .L. le v e ls  were a t  a 

peak; the same co n d itio n s  were used fo r  a l l  e x tra c tio n s .

P .A .L .-a c tiv ity  in  mustard cotyledons and gherkin  hypocotyls was low 

in  non-stim ulated  t i s s u e .  In m ustard cotyledons la rg e  q u a n ti t ie s  of storage 

p ro te in  were p re s e n t ,  the p ro te in  content f e l l  as the  seed lings aged, and 

was a lso  a ffe c te d  by the f a r - re d  l ig h t  treatm en t (H acker,19^7), th e re fo re
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the  sp e c if ic  a c t iv i ty  of P.A.L, (in  term s of p ro te in  co n ten t) in creased  as 

the seed lings developed, even in  the  d a rk , bu t to  a g re a te r  ex ten t during 

f a r - r e d  l ig h t  tre a tm e n t. The s t a b i l i t y  t e s t s  and the r e s u l t s  of the P.A.L. 

assay  when long assay  p erio d s  ( 90min.)  were u sed , in d ic a te d  th a t  P.A.L. 

from cotyledons of dark-grown mustard seed lin g s  was le s s  s ta b le ; th i s  may 

have been caused by p ro te in s  or o ther compounds in  th e  dark e x tr a c ts ,  which 

were n o t p resen t in ,  or d if fe re d  from those  in  e x tr a c ts  from fa r - re d  t r e a te d  

s e ed lin g s . P .A .L .-a c tiv ity  in  hypocotyls and r a d ic le s  of mustard seed lin g s  

was le s s  s e n s itiv e  to  f a r - r e d  l i g h t ,  and th e  s t a b i l i t y  of P.A.L. in  the  

e x tra c ts  was improved by d e s a ltin g . D esa ltin g  appeared to  have the opposite  

e f fe c t  w ith  cotyledon e x tr a c ts ,  p a r t ic u la r ly  dark e x t r a c ts .  The s t a b i l i t y  

of P .A .L .-a c tiv ity  was in  some way r e la te d  to  the  le v e l  of P .A .L .-a c tiv ity  

p re sen t and the s e n s i t iv i ty  to  f a r - re d  l ig h t  tre a tm e n t. In e x tra c ts  of 

gherkin hypocotyls P .A .L .-a c tiv ity  was le s s  s ta b le  in  d e sa lte d  e x t r a c ts ,  

whereas P .A .L .-a c tiv ity  in  gherkin cotyledon e x tra c ts  was p a r t ic u la r ly  

s ta b le  in  both crude and d esa lted  e x tr a c ts .  This c o r re la te s  w ith the  d iffe re n c e s  

in  the  e f fe c t  of a continuous b lue (or w hite) l ig h t  trea tm en t in  th e  two 

se c tio n s  of the  seed lin g ; in  hypocotyls th e  in c rease  in  P .A .L .-a c tiv ity  i s  

only t r a n s i to r y ,  in  cotyledons the  s tim u la ted  le v e l  of P .A .L .-a c tiv ity  i s  

maintained fo r  a longer p e rio d . The s t a b i l i t y  of P .A .L .-a c tiv ity  in  d e sa lte d  

hypocotyl e x tra c ts  was improved by adding D -iso asco rb a te , an a n ti-o x id a n t 

re a g e n t. D -isoascorbate alone,w as a lso  e f fe c t iv e  in  re ta in in g  P .A .L .-a c tiv ity  

in  u n s ta b le , d e sa lte d  mustard e x tr a c ts .  The d iffe re n c e s  in  behaviour 

( s t a b i l i t y )  of e x tra c ts  from d if f e re n t  p a r ts  of the seed lin g  i s  to  be 

expected i f  the  mechanisms resp o n sib le  fo r  c o n tro llin g  P.A.L. le v e ls  in  

the  v arious t is s u e s  i s  d if f e re n t  ( G r i l l , 1968; B e ll in i  e t  a l . ,1970; D itte s  

e t a l . , 1971) . Seedling e x t r a c t s ' were no t su ita b le  fo r  prolonged s to ra g e ; Jis 

the  lo s se s  in  P .A .L .-a c tiv ity  fo llow ing fre e z in g  and thawing could be 

reduced by adding ’s ta b i l iz in g  a g e n ts ’, bu t no t p reven ted . P a r t ia l  p u r if ic a t io n  

of e x tra c ts  p r io r  to  storage may have been an improvement (as in  th e  case of 

Dotato P.A.L. e x t r a c ts ) ,  but was no t t r i e d .  Whether th e  s t a b i l i t y  of P.A.L.
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in  e x tra c ts  has any p h y sio lo g ica l s ig n if ic a n c e , i s  d i f f i c u l t  to  a s s e s s ,  

h u t the  th e  p o ss ib le  e f f e c ts  of com partmentation and o th er 's ta b i l iz in g *  

mechanisms in  whole c e l l s  should be considered .

The p u r if ic a t io n  procedure fo r  p o ta to  P.A .L. was based on conventional 

p u r if ic a t io n  tech n iq u es , bu t d if fe re d  from th a t  used by Havir and Hanson, 

(1968a , 1970} as th e re  have since  been se v e ra l improvements in  th e  types of 

ion-exchange g e ls  and exclusion  g e ls  a v a i la b le ;  both  tim e and labour can be 

saved by tak in g  advantage of th ese  g e ls ,  th e  g e ls  re q u ire  le s s  p rep ara tio n  

and o ften  have a h igher re so lu tio n  than g e ls  previottd.y used (such as  calcium 

p ho sp h a te ). The g r e a te s t  problem was th e  s a l t  f ra c t io n a tio n  s te p , t h i s  i s  

th e  only  way of co n cen tra tin g  samples con ta in ing  la rg e  q u a n ti t ie s  of p ro te in . 

Follow ing column chromatography s te p s , th e  p ro te in  con ten t of the samples 

co n ta in in g  enzyme a c t iv i ty  was g re a t ly  reduced , and u l t r a f i l t r a t i o n  was 

p o ss ib le  as a means of concen tra ting  th e  samples. Ammonium sulphate  i s  

w idely used fo r  s a l t  f r a c t io n a t io n ,  and in  many cases does not a f fe c t  the  

enzym e/protein a c t iv i ty  ad v erse ly , bu t fo r  P .A .L ., considerab le  losses of enzyme 

a c t iv i ty  occurred (some of the ' l o s t ' P .A .L .-a c tiv ity  was recovered by 

d e s a ltin g  to  remove th e  s a l t ,  bu t t h i s  was no t very  s a t i s f a c to ry ) .

F o rtu n a te ly  an a l te r n a t iv e  was found, tri-so d iu m  c i t r a t e ;  although no t as 

s e le c tiv e  as ammonium su lphate  over the  e f fe c tiv e  p ro te in  p r e c ip i ta t io n  range, 

( ie .  no t su ita b le  fo r  step-w ise f r a c t io n a t io n ) ,  as co n cen tra tio n  s te p , was 

f a r  more su ccessfu l than  ammonium su lp h a te ,fo r  P .A .L .. The f in a l  s tep  in  

the p u r i f ic a t io n ,  polyacrylam ide g e l e le c tro p h o re s is ,  ensures th a t  an 

homogeneous enzyme p rep a ra tio n  i s  ob tained  (e sp e c ia lly  i f  the procedure i s  

re p e a te d ) . Recovery of P.A.L. from the g e ls  was not su c c e ss fu l, t h i s  was 

a t t r ib u te d  to  te c h n ic a l d i f f i c u l t i e s ,  and the f a c t  th a t  only small samples 

could be separated  w ith the s ize  of apparatus a v a i la b le .  (Enzymes a re  o ften  

u n stab le  i f  excessive d i lu t io n  of samples occurs, and th i s  may have been a 

problem .) F o rtu n a te ly  th i s  did not p reven t the p o s s ib i l i ty  of ob ta in ing  a 

p u r if ie d  P.A.L. sample, as sec tio n s  of th e  gel con ta in ing  P .A .L .-a c tiv ity , 

could be used d i r e c t ly  fo r  the im m unisation. The improvement of e x is tin g
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techn iques and the  development of new ones, such as im m unoaffinity 

chromatography, could mean th a t  fu tu re  p u r if ic a t io n s  w i l l  he more su c c e ss fu l, 

and a wider range of p la n ts  used as sources of the  enzyme. The p u r if ic a t io n  

of P.A .L. from f a r - r e d  tre a te d  mustard cotyledons, has re c e n tly  been rep o rted  

(Gupta and A cton,1979), the e x tra c tio n  medium used>contained D -isoascorbate 

and presumably in c reased  the s t a b i l i t y  of P.A.L. ex tracted .

The p ro p e rtie s  of P.A.L. from the t is s u e s  in v e s tig a te d , p o ta to  tu b er 

d is c s ,  mustard co ty ledons, gherkin hypocotyls and tobacco c e l l  c u l tu re s ,  

were compared. The values obtained  by g e l exclusion  chromatography fo r  

p o ta to  a.nd tobacco were very s im ila r ;  s l ig h t ly  sm aller M s were ob tained  

fo r  g h erk in , mustard and Rhodotorula P .A .L .. D ifferences may r e f l e c t  d iffe re n c e s  

in  the shape of the  enzyme m olecules, as the  above method i s  based on 

, values obtained  fo r  g lo b u la r p ro te in s ,  and sep ara tes  on th i s  b a s is .  I t  has 

been suggested th a t  high M  forms of th e  enzyme may have a re g u la to ry  ro le  

(Camm and Towers,1977), but no aggregation  was observed h e re , fo r  m ustard 

P .A .L .(S chopfer,1971), or fo r  p o ta to  P .A .L .(H avir and Hanson,1968a). In the  

recen t p u r if ic a t io n  of mustard P.A .L.(Gupta and A cton ,1979), the  MW obtained  

was lower than th a t  obtained  h e re , or p rev io u s ly  re p o rte d  (Schopfer,1971), 

but t h i s  may have occurred during the  p u r if ic a t io n ;  as y e t i t  i s  no t p o ss ib le  

to  decide which i s  the co rrec t M . The pH optima of P .A .L .-a c tiv ity  from 

dark- and l ig h t - t r e a te d  p o ta to  tuber and mustard cotyledons were compared: 

fo r p o ta to  P.A.L. th e re  was no s ig n if ic a n t  d iffe re n c e  between the two 

tre a tm e n ts , however fo r  mustard (w ith a s l ig h t ly  h igher pH optimum than 

p o ta to ) th e re  appeared to  be a narrow pH range fo r  P .A .L .-a c tiv ity  from 

' dark e x tr a c ts .  D esalted  e x tra c ts  were used but the d iffe ren ce  could be 

a t t r ib u te d  to  the presence of o ther compounds. V/hether pH changes w ith in  

the c e l l  occur in  the pH range measured i s  not known, but i t  i s  p o ss ib le  

th a t the  dark le v e ls  of P .A .L .-a c tiv ity  measured here were h igher than would 

norm ally occur a t  a p h y sio lo g ica l pH (p H ^ 7 .0 ) . A lte rn a tiv e ly , lo c a liz e d  

pH changes w ith in  the  c e l l  may a f fe c t  P .A .L .-a c tiv ity  (and s ta b i l i t y )  in  

m ustard, (Smith .and Raven,1979; Fliigge e t a l .  ,1980). A fu r th e r  d iffe re n c e
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between p o ta to  and mustard P.A .L. was observed-,when Kin values were 

measured. Negative c o -o p e ra tiv ity  was ob tained  using  concen tra ted  po ta to  

tuber d isc  e x tr a c ts  (in  agreement w ith Havir and Hanson,1968b; Lamb and 

Rubery,1976c ) ,  bu t not w ith crude supernatan t e x tra c ts  assayed a t  pH 7 .5 .

• Mustard P J l.L . d id  no t show negative  c o -o p e ra tiv ity  e i th e r  (using crude 

d e sa lte d  e x tr a c ts ,  and in  agreement w ith  the  r e s u l t s  of Gupta and A cton,1979, 

u sing  p u r if ie d  m ustard P .A .L .), bu t Kin values fo r  P.A .L. from d a rk -tre a te d  

co tyledons and hypocotyls were tw ice those obtained  fo r  f a r - re d  t r e a te d  or 

r a d ic le  e x tr a c ts .  The e f fe c t  of tem perature was no t determ ined, th e  pH 

optima curves being obtained  under th e  same assay  con d itio n s  as fo r  a l l  

experim ents (57*C). Tanaka and U rita n i ( l 9779l) n o ticed  th a t  sweet p o ta to  

P.A .L. only showed n eg a tiv e  c o -o p e ra tiv ity  a t  much lower tem peratures (10*C). 

F u rth e r in v e s tig a tio n s  in to  the  p ro p e r tie s  of P.A .L. from mustard see d lin g s , 

and a comparison of P.A .L. in  dark and f a r - re d  e x tr a c ts  would be in te r e s t in g ,  

and may be im portant to  our understanding  of re g u la to ry  mechanisms in  p la n ts .

P lan t t is s u e  e x tr a c ts  of p o ta to  tu b er d is c s ,  mustard se e d lin g s , gherkin 

seed lin g s  and tobacco c e l l s  in  c u l tu re ,  in  which P .A .L .-a c tiv ity  was s ta b le  

fo r  a s u f f ic ie n t  p erio d  to  allow  the use of th e  immunological assay 

(im m u n o titra tio n ), and th e re fo re  s u ita b le  fo r  immunological s tu d ie s  were 

o b ta ined . The s p e c i f ic i ty  of the  a n t i-p o ta to  P.A.L. serum was dem onstrated 

w ith p o ta to  P J l.L . by im m unoelectrophoresis, a s in g le  p r e c ip i t in  l in e  

CO-in c id e n t w ith the  p o s it io n  of P .A .L .-a c tiv ity  being ob ta ined . The 

antiserum  was no t ab so lu te ly  s p e c if ic  as two p r e c ip i t in  l in e s  were obtained 

on double d if fu s io n  p la te s ,  and P.A.L. was no t the  only p la n t p ro te in  p resen t 

in  the washed im m unoprecip itates, bu t i t  i s  u n lik e ly  th a t  the  ‘contaminant* 

in te r fe re d  w ith th e  im m unotitration r e s u l t s  w ith  po ta to  P.A.L. e x tra c ts .

The antiserum  c ro ss -re a c te d  w ith  P.A.L. from m ustard co ty ledons, two p r e c ip i t in  

l in e s  were d e te c tab le  on d o u b le -d iffu sio n  p la t e s ,  and w ith gherkin  and tobacco 

P .A .L .; a s in g le  p r e c ip i t in  l in e  being obtained  w ith the l a t t e r  two. There 

was no c ro ss -re a c tio n  w ith Rhodotorula P .A .L .. P.A.L. p ro te in  le v e ls  were 

determined by im m unotitra tion , and from th i s  th e  sp e c if ic  a c t iv i ty  of the
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enzyme was es tim a ted . 3h a l l  th e  immunological t e s t s ,  c o n tro l serum (N .R .S .) 

f a i le d  to  give a response ( ie .  no p r e c ip i t in  l i n e s ,  no im m unoprécipitation 

and no in h ib i t io n  or a c tiv a tio n  of P .A .L * -ac tiv ity )  •

The ro le s  of de novo enzyme sy n th esis  and a c tiv a tio n  of p rev io u sly  

in a c tiv e  enzyme were in fe r re d  from the s p e c if ic  a c t iv i ty  e s tim a te s . A 

constan t s p e c if ic  a c t iv i ty ,  i e .  where th e  P .A .L .-a c tiv ity  i s  d i r e c t ly  

p ro p o rtio n a l to  the  amount of PJ^.L . p r o te in ,  in d ic a te s  th a t  im m unologically 

d e te c ta b le  P J l.L . in c re a se s  w ith in c re a s in g  P .A .L .-a c tiv ity  (and decreases 

w ith decreasing  P J l .L . - a c t iv i ty ) ,  and provided  i t  can be assumed th a t  a l l  

the  P.A .L. p resen t i s  d e te c te d , then de novo sy n th esis  of P.A .L. p ro te in  

i s  p robably  resp o n sib le  fo r  the in c rea se s  in  P .A .L .-a c t iv ity . D ecreases in  

P .A .L .-a c tiv ity  would be due to  a decrease in  the r a te  of novo sy n th es is  

of th e  enzyme w ith an in crease  in  the r a te  of removal of the  enzyme, i e .  a 

change in  the  tu rnover p a t te rn .  A changing value fo r  s p e c if ic  a c t iv i ty  i s  

evidence fo r  the  ex is ten ce  of two p o p u la tions of P .A .L ., one a c tiv e  and 

the  o th er in a c t iv e ,  or two popu la tions of P.A.L. w ith d if f e re n t  a c t i v i t i e s .

The s p e c if ic  a c t iv i ty  would then depend on the  r a t io  of the two P.A.L. 

p o p u la tio n s . Assuming th a t  both popu la tions of P.A .L. are  d e tec ted  equally  

w e ll, an in crease  in  P .A .L .-a c tiv ity  could be due to  a change in  th e  

p ro p o rtio n  of a c tiv e  (or most a c tiv e )  to  in a c tiv e  (or le a s t  a c tiv e )  enzyme 

m olecules. An in c re a se  in  s p e c if ic  a c t iv i ty  i s  brought about e i th e r  by an 

in c re a se  in  o v e ra ll  a c t iv i ty  or a decrease in  enzyme p ro te in  (or a combination 

of b o th ) ,  while a decrease in  s p e c if ic  a c t iv i ty  i s  brought about e i th e r  by 

e decrease in  o v e ra ll  a c t iv i ty  or an in crease  in  enzyme p ro te in  (or again & 

combination of b o th ) .

in po ta to  tuber d is c s ,  a constan t sp e c if ic  a c t iv i ty  was ob tained  fo r  

P.A.L. from d isc s  incubated fo r  2-2Ah. a f te r  s l ic in g ,  fo r  both the dark and 

the  l ig h t  in cu b a tio n s . Therefore in  agreement w ith d e n s ity - la b e ll in g  r e s u l t s  

( Sachar e t a l . , 1972; Lamb and M e rr i t t ,1979), the  P .A .L .-a c tiv ity  in c rease  

appears to  be due to  de novo sy n th esis  of enzyme p ro te in .  For t is s u e  aged 

fo r  A2h., P .A .L .-a c tiv ity  had declined  to  a s teady  s ta te  le v e l  (Zucker,1968),



109

and the  sp e c ific  a c t iv i ty  in  the dark -incubated  d isc s  remained c o n s ta n t, 

and could th e re fo re  be due to  a decrease in  P.A.L. p ro te in , probably  due 

to  an in crease  in  th e  r a te  of removal of the  enzyme m olecules (in  agreement 

w ith Lamb e t a l . ,1979)# In the lig h t- in c u b a te d  d is c s , the  sp e c if ic  a c t iv i ty  

in c reased  by .2 -fo ld  during th i s  p e r io d , due to  a sharp f a l l  in  the  amount 

of imm unologically d e te c tab le  P.A.L p ro te in  (but not such a sharp f a l l  in  

measurable P .A .L .-a c tiv ity  ) .  A s im ila r  in c rease  in  s p e c if ic  a c t iv i ty  

occurred between 0 and 2h. a f te r  s lic in g  (in  both the dark and the l i g h t ) ,  

but th e re  was no s ig n if ic a n t  decrease in  P.A .L. p ro te in ; th e re fo re  the 

in c rease  in  P .A .L .-a c tiv ity  a t  th i s  s tage appeared to  be due to  an in crease  

in  a c t iv i ty  of e x is tin g  enzyme m olecules. Both th ese  in c reases  in  s p e c if ic  

a c t i v i t y ,  r e f le c t  an in c rease  in  the P .A .L .-a c tiv ity  of the e x is tin g  

p opu la tio n  of enzyme m olecules,w hich could be explained  in  terms of changes 

in  th e  k in e t ic  p ro p e r tie s  of the  enzyme m olecules, r a th e r  than re q u ir in g  the

ex isten ce  of a popu la tion  of in a c tiv e  enzyme m olecules. D en s ity - la b e llin g

experim ents (L&mb e t a l . , 1979) suggested th a t  the  d ec lin e  in  P .A .L .-a c tiv ity  

in  p o ta to  tuber d isc s  was due to  a decrease in  th e  r a te  of sy n th esis  and an

in creased  r a te  of removal of enzyme, in  the  absence of in a c t iv a t io n . The

im m unotitration r e s u l t s  fo r  the l ig h t- in c u b a te d  d iscs  could be accomodated 

w ith in  th i s  suggestion i f  one allow s fo r  a lig h t-in d u c ed  in c rease  in  

a c t iv i ty  of each enzyme m olecule, occurring  as  the  o v e ra ll ( to ta l )  enzyme 

a c t iv i ty  d e c lin e s . In f re s h ly  s lic e d  d is c s , th e re 'c o u ld  a lso  be a  ra p id  {< 2h.) 

2 -fo ld  increase  in  the a c t iv i ty  of each enzyme m olecule, which i s  then 

follow ed by the sy n th es is  of new enzyme m olecules. The r e s p ir a t io n  p a tte rn  

of f re s h ly  s lic e d  po ta to  tu b er d isc s  i s  a lso  anomalous (Theologis and L a tie s , 

1978) ,  d if fe r in g  from aged d isc s  and from whole tuber in  the  pathways of 

r e s p ir a t io n  th a t  predominate (L a tie s ,1 9c4; Solomos,1977)* The T.C.A. cycle 

i s  r e la t iv e ly  in o p era tiv e  in  f re s h ly  s lic e d  d is c s ,  but develops during 

aging, and i s  a sso c ia ted  w ith suberin  sy n th esis  a t  the wound s i t e  (Lang,1970). 

P .A .L .-a c tiv ity  i s  a lso  h ighest a t  the wound su rfa c e , although not d ir e c t ly  

c o rre la te d  w ith su b eriza tio n  (B orchert,1978). An immediate change in  the



1 1 0

biochem ical pathways appears to  occur upon wounding (or s l ic in g ) ,  which 

th e  t is s u e  then a ttem pts  to  r e c t i f y  as the d isc s  age. Returning th e  d iscs  

to. the  tuber environment imm ediately a f te r  s l ic in g  delays the wounding 

e f f e c t  (Smith and Rubèry, 1979)• I t  i s  th e re fo re  l ik e ly  th a t  immediate 

changes occur in  P.A .L. befo re  the r i s e  in  enzyme sy n th es is  becomes apparen t. 

The d ec lin e  in  P J l .L .- a c t iv i ty  occurring  in  th e  presence of w hite l ig h t  may 

a r is e  v ia  sp e c if ic  lig h t- in d u c e d  e f fe c ts  upon the  mechanism of P.A.L. c o n tro l,  

a lso  invo lv ing  changes in  th e  k in e tic  p ro p e r t ie s  of the enzyme. The r e s u l t s  

can a lso  be explained in  term s of two d i s t in c t  pools of P .A .L .; in  t h i s  case, 

th e  i n i t i a l  pool of P.A .L. m olecules co n ta in s  both  a c tiv e  and in a c tiv e  

P.A .L. m olecules. The i n i t i a l  in c rease  in  P .A .L .-a c tiv ity  could involve 

a c t iv a t io n  of some enzyme m olecules, t h i s  i s  then  follow ed by a perio d  of 

in c reased  sy n th esis  of the  enzyme, bo th  a c tiv e  and in a c tiv e  pools of P.A.L. 

in c re a s in g , and w ith  a  g re a te r  in c rease  occurring  in  the presence of white l i g h t , 

The. in c rease  in  P.A. L .- a c t iv i ty  s t i l l  c o r re la te s  w ith an in crease  in  P.A.L. 

p ro te in  but inc ludes an in crease  in  th e  pool of in a c tiv e  P J l.L . a ls o .  When 

the P .A .L .-a c tiv ity  begins to  d ec lin e  the  r a te  of sy n th es is  d ec lin es  and 

th e re  i s  an in c rease  in  removal of the  enzyme p o o ls . The d iffe re n c e  between 

dark and lig h t- in c u b a te d  d iscs  a r is e s  v ia  a more ra p id  removal of in a c tiv e  

enzyme m olecules in  the l i g h t ,  hence th e  in c rease  in  sp e c if ic  a c t iv i ty .

In sweet p o ta to  tu b e rs , immunological techniques revea led  th a t  sy n th es is  

of enzyme m olecules was resp o n sib le  fo r  the  in c re a se  in  P .A .L .-a c tiv ity  

fo llow ing  s lic in g  (Tanaka and U r i ta n i ,1976). However subsequent experim ents 

in co rp o ra tin g  ra d io - is o to p ic  la b e l l in g  w ith the im m unprecipitation technique 

showed th a t  the r a te  of syn thesis  did not d ec line  although the P .A .L .- 

a c t iv i ty  began to  decrease (Tanaka and U r i ta n i ,1977b). This was a t t r ib u te d  to  

the  development of an in a c tiv a tin g  system (Tanaka, e t a l . , 1977), the 

in a c tiv a tio n  was v i t a l  to the  p rocess of d eg rad atio n . In po ta to  tu b er d iscs  

a s im ila r  mechanism may e x is t ,  or develop , as o r ig in a l ly  p o s tu la ted  by 

Z u ck er,(1968) , w ith in a c tiv e  enzyme being degraded more ra p id ly  than ac tiv e  

enzyme m olecules, bu t w ith ac tiv e  enzyme m olecules s t i l l  being sy n th es ised .
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a lb ie t  a t  a slower r a t e .  Durst (1976) p o s tu la ted  th a t  th e  changes in  

P .A .L .-a c tiv ity  in  Jerusalem  arc tich o k e  tuber t i s s u e s ,  were reg u la ted  v ia  

an a c t iv a to r  whose sy n th es is  was lin k ed  to  the  s iz e  of the  cinnamic ac id  poo l. 

When the a c t iv i ty  of cinnamic ac id  hydroxylase, the  next enzyme in  the pathway 

was l im it in g ,  cinnamic ac id  tended to  accumulate and th i s  led  to  in h ib it io n  

of P . L . - a c t i v i t y .  In p o ta to  tu b er d isc s  incubated  in  the  l i g h t ,  P .A .L .- 

a c t iv i ty  bu t no t cinnamic ac id  hydroxylase, i s  s tim ulated  (Camm and Towers, 

1973? Damb and R ubery,1976c), th e re fo re  an accum ulation of cinnamic acid  

may occur in  th e  l i g h t ,  and th i s  may s tim u la te  in a c tiv a tio n  of PJ^.L . in  

th e  presence of l i g h t .  As the  P .A .L .-a c tiv ity  s ta b i l iz e s  a t  a s te a d y -s ta te  

le v e l  in  o lder d is c s ,  the  r a te  of in a c tiv a tio n  and degradation w il l  a lso  

decrease , and a decrease in  the  sp e c if ic  a c t i v i t y ,  back to  th a t  obtained  

throughout the e a r l i e r  p a r t  of th e  incubation  ( ie .  from 2h. onwards), might 

occur. F urther measurements of P.A.L. le v e ls  in  incubated  po ta to  tu b er d isc s  

are  req u ired  in  order to  check th i s  and to  id e n t i fy  th e  p o in t a t  which 

the in c re a se  in  P.A.L. sp e c if ic  a c t iv i ty  beg ins.

The l ig h t-s t im u la te d  in c re a se  in  P.A.L. le v e l  in  p o ta to  tu b er d iscs  i s  no t 

c o n tro lled  v ia  phytochrome, bu t may involve th e  b lu e - lig h t  photorecep to r as 

b lue l ig h t  a lso  s tim u la tes  P.A .L. le v e ls .  I n i t i a l l y  l ig h t  appears to  have 

no e f f e c t ,  as in d ic a te d  from th e  im m unotitration r e s u l t s ,  and the  r e s u l t s  

obtained when an i n i t i a l  dark period  was given p r io r  to  the commencement of 

the l ig h t  tre a tm e n t; the  i n i t i a l  in crease  in  P .A .L .-a c tiv ity  and th a t  

occurring  in  the  dark i s  due to  th e ‘wounding e f f e c t l  The l ig h t- s e n s i t iv e  

period  appears to  be r e s t r i c t e d  to  a perioa  4-1 Oh. a f te r  s l ic in g .  The 

experim ents c a r r ie d  out w ith submerged d iscs  in d ic a te d  th a t  a red u c tio n  in  

oxygen may a f fe c t  P.A.L. l e v e ls ,  v ia  a reduction  in  The a c t iv i ty  of 

cinnamic acid  hydroxylase and/or changes in  the re sp ira to ry  a c t iv i ty .  The 

l ig h t  e f fe c t  appeared to  be a sep a ra te  phenomenon s p e c if ic a l ly  r e la te d  to  

P .A .L .-a c t iv ity ,  bu t may be in flu en ced  by the a c t i v i t y  of o ther enzymes v ia  

product re p re s s io n . Submersion of th e  d iscs  during incubation  in  the  presence 

of white l ig h t  d id  no t in h io i t  the  P .A .L .-a c tiv ity  to  such a g rea t e x te n t.
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compared to the absence of l ig h t .  The stim ulated le v e l  of P .A .L . in  the 

presence of lig h t  appears to be le s s  se n sit iv e  to product repression; th is  

may r e f le c t  d ifferen ces in  the k in e tic  properties of the lig h t-stim u la ted  

enzyme or may be a r e su lt  of the rate of enzyme turnover occurring in  the 

l ig h t .  Obviously measurement of P .A .L . le v e ls  in  submerged d iscs  would be 

extremely u sefu l to  these in v e stig a tio n s , helping to separate the l ig h t -  

induced e ffe c t  from the wounding e f f e c t .  Measurements of the ra tes  of 

P J l.L . synth esis  and degradation could a lso  be carried out using a combination 

of ra d io -iso to p ic  la b e llin g  and immunoprécipitation.

Immunotitration experiments were a lso  carried out with ex tracts of 

mustard seed ling  t is s u e . Both double-d iffusion  and immunotitration suggested 

that the amount of P.A.L. protein  in  cotyledons remained unchanged follow ing  

far-red  l ig h t  treatm ent, although the P .A .L .-a c tiv ity  increased . The sim plest 

explanation, would be that the increase in  P .A .L .-a c tiv ity  was due to  

a ctiva tion  of previously in a c tiv e  enzyme m olecules present. I f  th is  was the 

case, i t  would a lso  be expected that PJl.L . serves an important ro le  in  

photomorphogenesis, otherwise the presence of a pool of in a ctiv e  enzyme 

molecules would appear to be rather extravagent. I t  has been claimed that 

phenolic compounds may be important regulatory compounds involved in  

development and grovrth (R ussell and G alston,1967? K efeli and Kutacek,1976;

Koch and W ilson,1977; Stonier et a l . ,1979; Shairpov,1979; T issu t et a l . ,1980), 

and these compounds may be involved in phyfechrome-mediated growth responses, 

esp e c ia lly  as P .A .L . le v e ls  are a lso  mediated via phjfcchrome.

The s p e c i f i c  a c t i v i t y  o f  P .A .L . in  r a d ic le s  from dark-grown mustard 

s e e d lin g s  and in  h y p o co ty ls  from fa r -r e d  tr e a te d  mustard s e e d lin g s  was th e  

sam e,(being  s l i g h t l y  l e s s  than th a t in  c o ty le d o n s  from fa r -r e d  tr e a te d  

s e e d l i n g s ) , t h i s  su g g ests  th a t P .A .L .- le v e ls  in  th e se  organs are under a 

d if f e r e n t  c o n tr o l mechanism than P .A .L . in  c o ty le d o n s . I t  may be th a t  

s p e c i f i c  p h en o lic  compounds are in vo lved  in  th e  r e g u la tio n  o f  th e  development 

w ith in  the c o ty le d o n s  a t t h i s  s ta g e .  F ar-red  l i g h t  does not a f f e c t  P.A .L . 

l e v e l s  in  the h y p o co ty ls  to  th e  same e x te n t ,  and t h i s  may be c o r r e la te d  w ith
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d if fe r e n c e s  in  th e  fa r -red -in d u ced  responses in  co ty led o n s  and h y p o c o ty ls .

As th e s p e c i f i c  a c t i v i t y  in  th e  hyp ocoty l and r a d ic le  e x tr a c ts  was near  

t o  th a t o f  fa r -r e d  tr e a te d  co ty led o n s  i t  may he in fe r r e d  th a t th e r e  i s  l i t t l e  

in a c t iv e  P .A .L . p resen t in  h y p o co ty ls  and r a d i c l e s ,  hut more experim ents  

stu d y in g  P J l.L . l e v e l s  in  a l l  organs o f  dark- and fa r -r e d - tr e a te d  mustard 

s e e d lin g s  are needed b efo re  any co n c lu s io n s  can be drawn. These r e s u l t s  

are open to  c r i t ic i s m  as the s p e c i f i c i t y  o f  th e  antiserum  in  p r e c ip ita t in g  

P J l.L . from mustard e x tr a c ts  was not f u l l y  v e r i f i e d ,  and a t t h i s  s ta g e  i t  i s  

n ot p o s s ib le  to  r u le  out th e  su g g estio n  th a t o th er  fa c to r s  were r e sp o n s ib le  

fo r  th e f a i lu r e  o f  th e  antiserum  to  p r e c ip ita t e  P .A .L . as e f f i c i e n t l y  from 

dark co ty led on  e x t r a c t s .  S im ilar  experim ents have r e c e n t ly  been ca rr ied  out 

on P .A .L . l e v e l s  in  mustard co ty le d o n s  (A cton, p erso n a l com m unication). The 

r e s u l t s  ob ta in ed  w ith  se v e r a l im m unological te c h n iq u e s , were c o n f l ic t in g ;  

double—d if fu s io n  t e s t s  su ggested  th a t th e  amount o f  P .A .L . p r o te in  in  

both  dark and fa r -r e d  tr e a te d  co ty led o n s  was th e  same ( in  agreement w ith  

th e  r e s u l t s  g iv en  a b o v e), but t h e ir  im m unotitration  experim ents in d ic a te d  

th a t  P J l.L . p r o te in  con ten t was p ro p o rtio n a l to  th e  amount o f  m easurable 

P J l .L . - a c t iv i t y  ( c o n f l i c t in g  w ith  the r e s u l t s  g iv en  ab ove). W hile the  

second method i s  l i k e l y  to  p rov id e the more con v in cin g  r e s u l t s ,  th e se  are  

dependent on th e s p e c i f i c i t y  o f  the an tiserum . The antiserum  used  in  th ese  

experim ents v r a s  r a is e d  a g a in s t  P .A .L . p u r if ie d  from fa r -r e d  tr e a te d  

co ty le d o n s; one o f  th e  problems encountered was a d ecrease  in  th e  amount o f  

antiserum  req u ired  w ith  h igher P .A .L . - a c t iv i t i e s ,  t h i s  e f f e c t  ten d s  to  

su g g est th a t th e  c o n d itio n s  used  in  the im m unotitration  experim ent were 

in  need o f  improvement. U n fo rtu n a te ly  th e main i s s u e ,  regard in g  th e  mechanism 

behind changes in  P J l.L . l e v e l s  in  mustard co ty le d o n s  rem ains a co n ten tio u s  

i s s u e .  D e n s ity - la b e l l in g  experim ents have proved inadequate fo r  s tu d ie s  on 

t h i s  enzyme in  m ustard, due to  the f a s t  turnover r a te  (Acton end Schopfer, 

1975 ) .  H op efu lly  fu r th er  im m unological s tu d ie s ,  and th e use o f  more r e f in e d  

tech n iq u es (not dependent on m easuring P .A .L .- a c t iv i t y ) ,  p r e fe r a b ly  in  

com bination w ith  r a d io - is o to p ic  la b e l l in g ,  w i l l  c l a r i f y  the s i t u a t io n .
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F in a l ly ,  a b r ie f  look  a t P .A .L . l e v e l s  in  gherk in  h y p o co ty ls  and 

tob acco  c e l l  c u ltu r e s  u sin g  im m unotitration  in d ic a te d  th a t the in c r e a se  

in  P .A .L .-a c t iv i ty  was due to  de novo s y n th e s is  o f  th e  enzyme. The problems 

encountered in  the im m unotitration  experim ents w ith  second an tib od y  were 

dem onstrated fo r  gherkin e x tr a c ts ;  a t  h igh er antiserum  volumes and in  the  

p resen ce  o f second antibody (which was added to  ensure com plete immuno

p r é c ip i t a t io n ) ,  th e  P .A .L .-a c t iv i t y  in  th e  su p ern atan ts was h igh er  than  

ex p ecte d . T his su ggested  th a t e i t h e r ,  th e  enzym e-antibody com plexes were 

d is s o c ia t in g ,  or th a t con form ation al changes in  th e  P.A.L* m o lecu les  were 

produced, which r e s u lte d  in  a h igh er  than exp ected  P .A .L . - a c t iv i t i e s .

P .A .L .-a c t iv i ty  in  gherkin co ty le d o n s  was a ls o  stim u la ted  by l i g h t  

trea tm en t, but did n ot then d e c lin e  (over a 24h. p e r io d ) ; - t h i s  may be p a r t ly  

ex p la in ed  by the s t im u la tio n  o f  cinnam ic a c id  hydroxylase th a t a ls o  occurs  

in  th e  c o ty le d o n s , but n ot in  th e  h y p o co ty ls  ( B i l l e t t  and Sm ith ,1 9 8 0 ). P J l.L .  

l e v e l s  in  gherkin h y p oco ty ls  and co ty led o n s  should  be compared.

In tobacco c e l l  c u ltu r e s  P .A .L .-a c t iv i t y  in cr ea se d  w ith in  24h. from  

su b cu ltu r in g  the c e l l s  on to  fr e s h  medium; th e  subsequent p a ttern  o f  P .A .L .-  

a c t i v i t y  was then dependent on the b a lan ce o f  p la n t  growth su b stan ces in  

the medium. This has been shown p r e v io u s ly  fo r  tobacco  c e l l  c u ltu r e s  

(Kubci and Yamada,1978) and a ls o  fo r  c u ltu r e s  o f r o se  (D a v ie s ,1 9 7 2 ), and 

bean (Haddon and N o rth co te ,1 975; Bevan and N o r th c o te ,1 979)# The r e s u l t s  o f  

im m unotitration  experim ents showed th a t  in  th e sto ck  medium (auxin and 

c y to k in in  l e v e l  1 0 - fo ld  h igher than th e experim ental medium), where the P .A .L .-  

a c t i v i t y  remained a t a f a i r l y  h igh  l e v e l  fo r  L  days b efo re  d e c l in in g ,  th e  

s p e c i f i c  a c t iv i t y  remained f a i r l y  con stan t th rou gh out. T his i s  most sim ply  

exp la in ed  in  terms o f changes in  the ra te  o f  P .A .L . tu rn o v er , i e .  sy n th e s is  

and d egrad ation . In the exp erim en ta l medium, P .A .L . l e v e l s  d e c lin e d  a f te r  

t h i s  i n i t i a l  peak in  a c t i v i t y ,  but showed a d e f in i t e  second peak 8-10  days 

a f t e r  the t r a n s fe r .  The s p e c i f i c  a c t iv i t y  o f P .A .L . during the f i r s t  peak 

was s im ila r  to  th a t obtained  in  th e stock  medium, but the second peak and 

subsequent d e c lin e  in  P .A .L . gave a lower s p e c i f i c  a c t i v i t y .  T his could be
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due to  th e  appearance o f ,  or th e accum ulation  o f a p o o l o f  in a c t iv e  enzyme 

m o lec u le s  or degradation  p rod u cts. In p a r s le y  c e l l  su sp en sion  c u ltu r e s ,  

in c r e a s e s  in  P J ^ .L .-a c t iv ity  were a t tr ib u te d  to  in c r e a se d  r a te s  o f  enzyme 

s y n th e s is ,  due to  an in c r e a se  in  th e  amount o f  m.R.JN.A. coding fo r  th e  

enzyme (Hahlbrock and Schroder,1975)#  In o ld er  c u ltu r e s ,  th e  c o r r e la t io n  

betw een th e amount o f tr a n s la ta b le  m .R.N.A. and m easurable P J l .L . - a c t iv i t y  

ten d s to  c o l la p s e ,  and t h i s  was a t tr ib u te d  to  degrad ation  o f  the m.R.N.A. 

(S ch rod er,1 9 7 7 ). An a lt e r n a t iv e  ex p la n a tio n  would be th a t  th e  e f f e c t s  o f  

n itr o g e n  s ta r v a tio n  are becoming apparent in  the o ld er  c u ltu r e s ,  and t h i s  

u p se ts  th e  type o f r e g u la tio n  p r e v io u s ly  in  o p e r a tio n . In c u ltu r e s  o f  Pinus 

e l l i o t i i  (Lau e t  a l . ,1 9 8 0 ) ,  th e r e s u l t s  o f  in h ib ito r  s tu d ie s  have su ggested  

th a t  a c t iv a t io n  mechanisms are o p e r a t iv e .  In F haseolus v u lg a r is  c u ltu r e s  

(Dudley and N o rth co te ,1 979) th ere  was no in c r e a se  in  th e amount o f  m .R.N.A. 

cod ing fo r  P .A .L . in  t i s s u e  w ith  s t im u la ted  l e v e l s  o f  P .A .L .- a c t iv i t y , 

in d ic a t in g  th a t m.R.N.A. was not l i m i t in g ,  and i t  was su ggested  th a t m .R .N Jl. 

was s to red  fo r  a w h ile  b efo re  enzyme s y n th e s is  began.

A ttem pts to  f in d  a coherent th eo ry  to  f i t  a l l  th e  a v a ila b le  e v id e n c e , i s  

hampered by the volume o f in form ation  and exp erim en ta l r e s u l t s  r e la t in g  to  

P .A .L . l e v e l s  in  a wide range o f p la n t s .  I t  seems l i k e l y  th a t de novo s y n th e s is  

o f  th e  enzyme occurs in  a l l  c a s e s ,  but whether changes in  the r a te  o f  enzyme 

tu rn o v er , or a c t iv a t io n  are r e s p o n s ib le  fo r  th e in c r e a se s  in  P .A .L . a c t i v i t y  

may depend upon the t i s s u e ,  i e .  th e s e c t io n  o f  p la n t and not ju s t  th e  p la n t  

s p e c ie s .  A com bination o f two or more mechanisms o p era tin g  w ith in  th e  p la n t  

a t  ap p rop riate t im e s , dependent upon the requirem ents o f  s e c t io n s  o f  th e  

p la n t ,  would seem to  be th e  most l i k e l y  system .
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3 .2  DISCUSSION OF A.A.O. RBSUUTS

The phytochrome c o n tr o l o f A.A.O. l e v e l s  in  mustard was f i r s t  dem onstrated  

hy VanPoucke e t  a l . ( 1969 ) ,  u s in g  a manometric a ssa y  to  measure enzyme a c t i v i t y .  

S tu d ies  on A Jl.O . were f a c i l i t a t e d  by th e  development o f  a sim ple  

sp ectrop h otom etric  a s sa y  (Drumm e t  a l . ,1 9 7 2 ) ,  en ab lin g  d e n s it y - la b e l l in g  

experim ents to  be ca rr ied  o u t. The r e s u l t s  from two la b o r a to r ie s  both  

su g g ested  th a t th e  in c r e a se  in  A.A .0 . - a c t i v i t y  was due to  de novo sy n th e s is  

o f  th e  enzyme (A ttr id ge,197A ; Acton e t  a l . ,1 9 7 4 ) . The r o le  o f  a sc o r b ic  a c id  

in  th e p la n t i s  u n c le a r , although  i t  has been im p lica ted  in  the p h o to sy n th e tic  

e le c tr o n  tra n sp o rt chain  (E ls tn er  and Kramer,1973; Epel e t  a l . , 1973) and 

in  th e developm ent o f  c y a n id e - in s e n s it iv e  r e s p ir a t io n  (A rrigon i e t  a l , 1976; 

A rrig o n i e t  a l . , 1 9 7 7 ). I t  would th e r e fo r e  appear to  be in v o lv e d  in  the  

en erg y -co u p lin g  p r o c e sse s  w ith in  th e c e l l ,  and may be important in  

developm ent. The in te r p r e ta t io n  o f d e n s i t y - la b e l l in g  experim ents has been  

q u estion ed  r e c e n t ly  (Lamb and R ubery,1976); th e  techn ique i s  not capable o f  

d e te c t in g  in a c t iv e  enzyme, so im m unological tech n iq u es have been ap p lied  to  

th e  stud y  o f  A.A.O. l e v e l s .

A .A.O . was r e a d i ly  a v a i la b le ,  and an antiserum  a g a in s t  th e  enzyme was 

s u c c e s s f u l ly  r a ise d  in  r a b b it s .  A q u a n t ita t iv e  a ssa y  tech n iq u e which 

req u ired  o n ly  sm all volumes o f  antiserum  was d e s ir e d , so radioimmunoassay 

was ch osen . T his tech n iq u e i s  p a r t ic u la r ly  .-se n s it iv e  and id e a l  fo r  

m easuring low l e v e l s  o f  a n tig e n , and has o n ly  r e c e n t ly  been a p p lied  to  

m easuring p la n t growth substances (Walton e t  a l . , 1979; W eiler ,1980 ) and 

secondary products (Wei1er and Zenk,1976; Tre:mer and Zenk,1978; M ansell 

and W eiler ,1 980) ,  as w e ll as la r g e r  m acrom olecules in c lu d in g  enzymes ( ik i  e t  

a l . , 1978 ; Sexton e t  a l . , 1980; Tucker e t  a l . , 1 9 8 l )  and even phytochrome 

(Hunt and P r a t t ,1 9 7 9 ), in  p la n t t i s s u e  e x tr a c t s .

B efore proceeding w ith  th e radioim m unoassays, the s p e c i f i c i t y  o f the  

antiserum  was checked by d o u b le -d if fu s io n  t e s t s  and im m unotitration  w ith  

the commercial p rep ara tion  o f A .A .O ., which was used as the a n tigen  to  r a i s e
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th e  an tiserum . Mustard s e e d lin g  e x tr a c ts  a ls o  c r o ss -r e a c te d  w ith  th e  

antiserum , and on d o u b le -d if fu s io n  p la te s  showed p a r t ia l  im m unological id e n t i t y  

w ith  the commercial A.A.O. p rep ara tion  from Cucurbita s p . .  A standard curve 

fo r  the radioimmunoassay was prepared u sin g  Cucurbita A .A .O ., and a l in e a r  

p lo t  ( l o g i t  b p lo t ,  see S ectio n  4 .2 .7 .B )  o b ta in ed . By s u b s t itu t in g  the  

d ilu t io n  o f  Cucurbita A.A.O. fo r  samples o f th e  p la n t e x tr a c t  co n ta in in g  an 

unknown amount o f  A Jl.O . p r o te in ,  th e  radioim m unoassay was a p p lie d  to  

mustard co ty led o n  e x tr a c ts  from dark-grown and fa r -r e d - tr e a te d  t i s s u e .  The 

mustard e x tr a c ts  did not appear to  c r o s s -r e a c t  w e ll  w ith  th e  antiserum  in  

th e  a ssa y . There are s e v e r a l f a c t o r s  which may have co n tr ib u ted  to  t h i s ,  

such as the need to  use a second a n tib od y , which p rolongs th e  p er io d  req u ired  

fo r  the a s sa y , and the p resen ce o f  la r g e  amounts o f  p ro te in  in  th e  e x tr a c ts ;  

fa c to r s  which may have emphasized th e  d if f e r e n c e s  between th e  C ucurbita  

and mustard A .A .O .. The r e s u l t s  th a t  were ob ta in ed  however, in d ic a te d  th a t  

th ere  was no' d if fe r e n c e  in  the amount o f A.A.O. p r o te in  in  th e  e x tr a c ts  

from the two trea tm en ts , a lthough  th ere  was a 3 -6 - f o ld  d if fe r e n c e  in  the  

m easurable A .A .O .-a c t iv ity .  As d isc u sse d  in  S ec tio n  3*1 fo r  P .A .L . r e s u l t s ,  

th e  s im p lest in te r p r e ta t io n  o f th e se  r e s u l t s  i s  th a t  th e in c r e a se  in  enzyme 

a c t i v i t y  a r i s e s  v ia  a c t iv a t io n ,  and th a t th e p o o l o f A.A.O. p resen t in  

dark-grown co ty led o n s c o n s is t s  o f  m ostly  in a c t iv e  enzyme m o le c u le s . However, 

t h i s  i s  not the on ly  p o s s i b i l i t y .  S im ilar r e s u l t s  have r e c e n t ly  been  

obtained  fo r  A.A.O. l e v e l s  in  m ustard, u s in g  ro ck et im m unoeletrophoresis  

to  measure A.A.O. p ro te in  (Newbury and Sm ith ,1 9 8 1 ). I t  has been su ggested  

th a t  th ese  r e s u l t s  may be r e c o n c ile d  w ith  d e n s i t y - la b e l l in g  e v id e n c e , i f  th e  

changes in  A..A. 0 . - a c t i v i t y  are a t tr ib u te d  to  de novo sy n th e s is  o f  th e  enzyme, 

but whicTi i s  masked by a la r g e  p o o l o f  in a c t iv e  A .A .O ., not d ir e c t ly  in vo lved  

in  the re sp o n se , ( la rg e  enough to  h id e any in c r e a se  in  A.A.O. p r o te in ) .  As 

a b so lu te  l e v e l s  o f A.A.O. in  mustard have not been measured y e t  (on ly  

r e la t iv e  amounts have been in d ic a te d  by both  s e t s  o f ex p er im en ts), i t  i s  not 

p o s s ib le  to  decide which mechanisms i s  o p e r a tin g . I f  the l a t t e r  mechanism 

i s  found to  be c o r r e c t ,  th en  i t  w i l l  be n e c e ssa r y  to  study th e r o le  o f the
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A.A.O. in  the p la n t to  ex p la in  the need fo r  a la r g e  p oo l o f  in a c t iv e  enzyme 

m o le c u le s , and to  see whether the e x c e ss  p r o te in  i s  e v e n tu a lly  degraded 

and made a v a ila b le  to  o th er b ioch em ica l p r o c e sse s  in  the c e l l .  ’

The radioimmunoassay was found to  be much more s u c c e s s fu l  vdth e x tr a c ts  

o f  p la n ts  more c lo s e ly  r e la t e d  to  Cucurbita . For t h is  purpose pumpkin 

s e e d lin g s  were chosen (S u r p r is in g ly  gherkin  was on ly  as s u c c e s s fu l  as  

m ustard, but t h i s  may have been because A .A .O . l e v e l s  were p a r t ic u la r ly  

low in  th e e x tr a c ts  t r i e d . )  When e s t im a te s  o f  s p e c i f ic  a c t i v i t y  fo r  A.A.O . . 

l e v e l s  in  pumpkin co ty le d o n s  were compared w ith  the in c r e a s e s  in  A .A .O .- 

a c t i v i t y ,  a la r g e  in c r e a se  in  s p e c i f ic  a c t i v i t y  was shown to  accompany the  

in cr ea se d  a c t i v i t y .  In pumpkin r a d ic le s  th e  s p e c i f i c  a c t i v i t y  remained con stan t  

although  th e  enzyme a c t i v i t y  in c r e a se d . I t  would th e r e fo r e  appear th a t in  the  

c o ty le d o n s  a c t iv a t io n  o f e x is t in g  in a c t iv e  enzyme m olecu les  o c c u r s , but 

in  th e  r a d ic le s  th e in c r e a se  in  a c t i v i t y  i s  due to  de novo s y n th e s is ,o r  

in v o lv e s  m o d ific a tio n  o f e x i s t in g ,  but im raunologically  u n reco g n isa b le , 

enzyme m o lec u le s . C loser exam ination o f  th e  co ty led on  r e s u l t s  r e v e a ls  th a t  

in  th e  dark, th e i n i t i a l  in c r e a se  in  A .A .0 .- a c t i v i t y  i s  accoapan led-by  an 

in cr ea se  in  s p e c i f i c  a c t i v i t y ,  but th e fu r th e r  in cr ea se  in  A .A .O .-a c t iv ity  

(a f te r  7 2 h .)  i s  n o t .  In th e l i g h t ,  a s im ila r  p a ttern  o ccu rs , o n ly  b eg inn ing  

sooner than in  th e dark, but then  a second in c r e a se  in  s p e c i f i c  a c t iv i t y  

o ccu rs . T his may in d ic a te  th e  o p era tion  o f two mechanisms, i e .  a c t iv a t io n  

and de novo s y n th e s is  in  th e  l i g h t ,  compared to  a sw itch  over from a c t iv a t io n  

to  sy n th e s is  in  th e dark. 7/hether t h i s  resp on se  i s  a phytochrom e-m ediated  

response or n o t ,  was not determ ined but th e  enzyme appears to  be in v o lv ed  

in  the l ig h t  resp o n ses  occu rrin g  during germ ination  o f the s e e d lin g s .
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3 .3  GENERAL DISCUSSION

The photocontrol o f enzyme le v e ls  in  p lan ts was the subject of these  

in v estig a tio n s; by using immunological techniques i t  was hoped to be able 

to  d istin g u ish  between the two main types of mechanisms, generally  regarded 

as being responsible for changes in  enzyme a c t iv it y ,  namely de novo synthesis  

and a c tiv a tio n . In potato tuber d iscs  P J ^ .L .-a ctiv ity  in creases shortly  

a fter  s l ic in g  of the tuber, in  both the dark and the l ig h t ) in  both cases  

i t  was found that de novo synthesis was responsib le fo r  the increased le v e l  

of a c t iv it y ,  with the lig h t-stim u la ted  le v e l  o f a c t iv ity  being due to  a 

fa s te r  ra te  of syn th esis . Synthesis was im plied by the increase in  

inmnmologically recognisable P*A»L* j)TQteiii* ,Simllflrlj:_the. |mbsequent 

decrease in  F J l.L .-a c t iv ity  was accompanied by a decrease in  the amount of 

P.A.L. p ro te in , with the rate o f removal of the enzyme being fa s te r  in  the 

ligh t-incubated  d isc s . However there was a lso  evidence which indicated  that 

the. P J l.lL .-a c tiv ity  could increase by up to  2- fo ld  without an increase in  

the amount of P.A.L. protein ; th is  occurred during the f i r s t  2 h ., idiether 

the d iscs.w ere incubated in  darkness or in  the l ig h t ,  and again during the  

decline in  overa ll a c t iv ity  for the ligh t-in cu b ated  d is c s . This was taken 

as evidence for 'activation* of e ith er  the enzyme population or in d iv idual 

enzyme m olecules. A ctivation of the ex istin g  enzyme pool requires that part 

of that pool co n sis ts  of in active  enzyme m olecules, and th is  p o s s ib i l i t y  

was not favoured as there appeared to  be a good correlation  between enzyme 

a c t iv it y  and enzyme protein for the main increase in  P .A .L .-a c tiv ity . The 

a ltern a tiv e  was that the properties of the enzyme molecules changed, g iving  

twice the amount of measurable enzyme a c t iv ity .  The fa c t  that potato PJ^.L. 

shows some negative co -op era tiv ity , which i s  more evident at pH 8 . 8 , than 

at pH 7.3 may be re levan t, and suggests that the k in e tic  properties of th is  

enzyme are capable of change. The properties of P.A.L. from peas appears to 

be dependent on whether the p lants were grown in  darkness or in  l ig h t  

(Attridge and Smith,1973&)* Other enzymes are a lso  known to  be a ffected  by
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the l ig h t  treatment received hy the p lan t, such as phosphoenolpyruvatey^in 

sugar cane (Goatly and Smith, 1974). An example of changes in k in etic  

properties i s  shown for phosphofructokinase,between the preclim acteric and 

c lim a cter ic ,in  banana; the substrate concentration giving h a lf the maximum 

enzyme a c t iv ity  decreases while the enzyme a c t iv ity  increases (Salminen and 

Young, 1975)* Fhosphofructokinase a lso  shows negative co -op erativ ity , and i s  

important in  controlling  the in flu x  of substrates into  the g ly co ly tic  

pathway (Dixon and ApRees,1980). The conditions of extraction may a lso  a ffe c t  

the k in e tic  properties of enzymes (Bahr and Jensen,1974; VanSteveninck,1975)* 

Without further studies i t  i s  not p ossib le  to  decide whether some form of 

a llo s te r ic  mechanism i s  involved in con tro llin g  P .A .L .-a c tiv ity , as w ell as 

changes in the ra tes of enzyme turnover.

In mustard cotyledons, the increase in P J^ .L .-activ ity  following far-red  

lig h t treatment, was not accompanied by an increase in P.A.L. protein, and 

80 the re su lts  were in favour of the activation  of ex istin g  enzyme m olecules. 

There was also  a marked d ifference in  the s ta b il i ty  of P.A.L. from dark-grown 

and far-red  treated t is s u e ,  which correlated with the degree of stim ulation  

by the lig h t  treatment of the P J l.L .-a c t iv ity . This i s  sim ilar to the r e su lts  

obtained with n itra te  reductase, where the ammonium-induced enzyme appears 

to be le s s  stable than the nitrate-induced enzyme (Mehta and Sriroastava,1980). 

In view of the re su lts  obtained previously concerning P.A.L. le v e ls  in  

mustard cotyledons, (discussed in the Introduction, Section l ) ,  a more 

d eta iled  study i s  necessary before th is  issu e  can be s e tt le d .

In gherkin hypocotyls and tobacco c e l l  cultures the immunological r e su lts  

indicated that P .A .L .-a ctiv ity  increased as a resu lt of de novo synthesis  

of the enzyme. There i s  strong evidence in support of de novo synthesis of 

PJl.L . in UV-irradiated parsley c e l l  cultures (Schroder,1977). In tobacco 

c e l l  cultures a second peak of P .A .L .-a ctiv ity  was obtained when lower auxin 

and cytokinin concentrations were present in the fresh medium, and i t  was 

l ik e ly  that a pool of in active  PJ^.L. molecules had accumulated following  

the f ir s t  peak of P .A .L .-a c tiv ity , and that th is  contributed to the second
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peak of P J^ .L «-activity . I t  would appear th at an in activatin g  mechanism 

develops, although the in activated  enzyme m olecules may not n ecessa r ily  he 

involved in  any subsequent. increase in enzyme a c t iv ity .  I t  i s  thought that 

an in activa tin g  system a lso  develops in  sweet potato tuber d isc s  (Tanaka et  

a l . , 1977) and radish  cotyledons (ü iau lt and K le in ,1979)* gherkin

hypocotyls, cold  treatment o f the seed lin g s, or excision  leads to  an 

increase in  P .A .L .-a c tiv ity  (Sigelsma, 1968,1970); and i t  was suggested that 

an in a ctiv a tin g  system was involved, but was not operative at low temperatures 

In red cabbage P J^ *L .-activity  does not d ec lin e , in d icatin g  that a PJl.L . 

in a ctiv a tin g  system i s  not operative (ibgelsm a, 1970a ) . Product repression  

has since been found to be important in  con tro llin g  P . L . - a c t i v i t y  in  

gherkin hypocotyls (Sigelsma,1974; Johnson et a l . ,1975; B i l le t t  and Smith, 

1980) ,  and a lso  in  Jerusalem artichoke tubers (D urst,1976) and potato tuber 

d iscs  (Lamb and Rubery, 1976b). The le v e l  of cinnamic acid  which has 

accumulated in  the t is su e  may control the in a ctiv a tin g  system.

The immunological stu d ies on A JL.O. le v e ls  were a lso  interpreted in  

terms o f both de novo synthesis of enzyme and a c tiv a tio n  of ex istin g  enzyme 

m olecu les,for pumpkin seed lin g s , although in  pumpkin ra d ic le s  only synthesis  

appeared to  occur. In mustard cotyledons, the r e su lts  were the same as those  

obtained fo r  P.A.L. l e v e ls ,  and were in  favour o f activation  mechanisms 

being operative. These r e su lts  are surprising as i t  was thought that AJV.O. 

le v e ls  in  mustard cotyledons were a ltered  by changes in  the rate of de novo 

synthesis (A ttridge, 1974 ; Act on et a l . ,1974). Unfortunately i t  was not p ossib le  

to  measure absolute le v e ls  o f AJL.O. protein  in  mustard, nor o f PJl.L . 

protein in  the same t is s u e ,  in  these in v e stig a tio n s , but antiserum against 

enzymes from mustard would enable th is  to be done, and help to  solve th is  

problem.

The two main mechanisms involved in  regu latin g  enzyme le v e ls  in  p lants  

would appear to  be synthesis/degradation and a c t iv a tio n /in a c tiv a tio n . The 

exact points of control however have s t i l l  not been estab lish ed . De novo 

synthesis of the enzyme may be immediate i f  the m.H.NJl. coding for  the
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enzyme has been transcribed already and i s  stored w ithin the c e l l ,  or may 

not occur u n t il  the has been fr e sh ly  transcribed (in  which case

a lag  phase would be observed before the enzyme a c t iv ity  in creased ). The 

newly synthesised enzyme molecules may be a c t iv e , or may be synthesised in  

an in a ctiv e  form; in  the la t te r  ca se , these may be activated  immediately 

or require m odification before the a c t iv ity  could be expressed. The s ta b i l i ty  

of the enzyme may be another p o ten tia l control p o in t, and th is  may be 

dependent on the presence of other fa c to r s , or conditions within the c e l l .

I t  i s  a lso  p ossib le  that lo ca lized  e f fe c t s  within the c e l l  may occur and 

th is  may lead to  a confusing p ic tu re , when attempting to  explain r e s u lts  in  

simple terms.

PJ^.L. i s  u su a lly  extracted as a soluble enzyme, but i t  has been found 

in  associa tion  with organelles (eg . spinach ch lo rp la sts , Nishizawa e t a l . , 1979) 

and with membrane m ateria l, and i t  was suggested that i t  may be part of an 

enzyme complex (C zichi and K indl,1975,1977). 2h p u rificatiozr o f P.A.L.

from maize, Havir (1979) measured appreciable amounts of carbohydrate 

associa ted  with the P.A .L., and attempts to  remove the polysaccharide 

component resu lted  in  lo sse s  of P J l.L .-a c t iv ity , p o ssib ly  in d icatin g  that 

th is  was an in teg ra l part o f the enzyme in  v ivo . In Xanthium the le v e l  of 

P .A .L .-a c tiv ity  appears to be dependent on photosynthesis, and i s  stim ulated  

in  the presence o f an exogenous supply of carbohydrate (Zucker, 1969). 4 

sim ilar e f fe c t  was reported using strawberry le a f  d iscs  (Creasy,1968), and 

sunflower (Creasy et a l .  ,1974). Estimates of P J l.L .-a c t iv ity  using an in  vivo  

assay for  P Jl.L . (Amrhein and Godeke,1976), indicated that PJV.L. le v e ls  

in  le a f  d isc s  of buckwheat were stim ulated whether the d isc s  were incubated 

in  water or on sucrose so lu tio n , whereas the in  v itro  assay only showed 

stim ulation in  the sucrose-incubated d is c s .I t  was suggested that the 

presence of sugars, reduced the in h ib itio n  of P.A .L., and that p ossib ly  a 

sp e c if ic  in h ib itor  was involved. It would appear that in  these t is su e s  P.A .L .- 

a c t iv ity  i s  c lo se ly  linked to photosynthesis, and other examples o f only 

white l ig h t  being e f fe c t iv e  may be explained in  these terms.



1 2 3

Che of the grea test problems in  photomorphogenesis has been re la tin g  

phytochrome-mediated responses to the le v e l  o f phytochrome in  the p la n t.

In several cases, i t  has been necessary to p ostu late the presence o f two or 

more pools of phytochrome (Schopfer and Mohr,1972; Tong and Schopfer, 1978).

Wagner and Mohr (1966), explained the d ifferen ces in  the-degree and timing 

of phytochrcane-mediated responses in  terms of the s ta te  of primary 

d iffe re n tia tio n  of the t is s u e ,  upon which the subsequent pattern of 

secondary d iffe re n tia tio n  was dependent. There appear to  be two types of 

photocontrol,'photom odulation', which covers, those processes that are 

affected  immediately, and'photodetermination ' ,  which covers those processes  

where the response i s  in it ia te d  early  on, but i s  not apparent u n t i l  la te r  

(Schopfer,1972a'Stein its e t a l . ,1976). An understanding of the primary 

reaction  of phytochrome would be invaluable in  sorting out the apparent 

d iv e r s ity  of phytochrome-mediated responses. Not a l l  photoresponses are 

controlled  via phytochrome, many blue l ig h t  and UV-light e f fe c t s  have been 

reported, as w ell as white l ig h t  e f f e c t s .  The b lu e- and UV-light e f fe c t s  may 

be regulated v ia  cryptochrome, the blue-absorbing photoreceptor; i t  has a lso  

been suggested that there i s  a lin k  between these and the phytochrome- 

in tera ctio n s (Drumm and Mohr,1978; Kochhar et a l . , 1981) .

The success of p lants l i e s  in  th e ir  a b i l i t y  to  u t i l iz e  the radiant energy 

of the sun, and to cope with a range of environmental con d ition s. Che of  

the advantages of eucaryotes over u n ice llu la r  organisms, i s  the mechanism 

of protein turnover, th is  allow s new enzyme m olecules to  be synthesised  

continuously, vrithout n ecessa r ily  increasing the s iz e  of the enzyme pool.

Not only does th is  save valuable resources from being t ie d  up in  one form 

within the c e l l ,  but a lso  allow s in teraction  of d ifferen t pathways within  

the c e l l  and v i ta l  co-ordination of ce llu la r  processes. As a large part of 

th is  in vestiga tion  was concerned with PJl.L . le v e ls  i t  i s  worth considering  

the ro le  of secondary plant products in  the p la n t. The products and interm ediates 

of secondary metabolism must form an in teg ra l part o f the overa ll metabolism, 

as the formation of these products requires a supply of su itab le sub strates.
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P.A.L. i s  the f i r s t  enzyme in  the pathway leading to  the phenylpropanoid 

compounds, th is  pathway branches from primary metabolism at L-phenylalanine, 

a major aromatic amino acid  a lso  required fo r  protein sy n th esis . I t  i s  

therefore not surprising that the two pathways are in  com petition, and in  

some cases where PJL.L. does not appear to  be lim it in g , i t  i s  the le v e l  of 

L-phenylalanine that i s  the ra te -lim itin g  step , as has been suggested for  

flavonoid  b iosyn th esis (Creasy,1971 )# Many of the secondary plant products 

form coloured pigments which are important : in  flow ering and p o llin a tio n  

mechanisms; indeed phenolic compounds have been im plicated in  the detection  

o f daylength (Engelsma,1979, and in  flow ering (Zucker e t a l . , 1965) .

Phenolic compounds are a lso  involved in  in tera ctio n s with plant growth 

substances (Tanaka and U rita n i,1979; M iller ,1978; Baranov,1979), which may 

be important in  modulating the control of growth by these substances, and 

processes such as l ig n if ic a t io n  (Margio and Boudet,1980). H ienolio compounds 

have a lso  been im plicated in  responses to  in fec tio n  (Rathmell,1973; Henderson 

and Friend,1977). The importanca o f secondary compounds has been recognized, 

but the task of unravelling the biochemical processes involved i s  even more 

daunting than tack lin g  those mechanisms underlying photomorphogenesis.

I t  i s  often  d if f ic u lt  to decide whether the r e su lts  of in  v itro  

experiments have any p h ysio log ica l s ig n if ic a n c e , because of the disruption  

o f the in tern a l structure of the c e l l  and the lo s s  of compartmentation, 

and the p o s s ib i l i t y  that the subject of the in v estig a tio n s  may be modified 

during the ex traction . I f  i t  becomes p ossib le  to  pred ict what w i l l  happen 

to  a plant grown under sp ecified  con d ition s, then i t  i s  l ik e ly  that we are 

on the right track , otherwise i t  i s  d i f f ic u lt  to  be sure. To quote P.Valery, 

(Mackay,1977) ,  "Science means simply the aggregate of the recip es that are 

always su ccessfu l. A ll the r e s t  i s  l i te r a tu r e ”.
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ABSTRACT

"Bnniunological Studies on the Regulation o f  
Snzyme Levels in  P lants."

F e l i c i ty  A, Hooton

Phenylalanine-ammonia-lyase, P.A.L. (E.C. 4*3.1 *5) was p u rified  from 
white ligh t-in cu b ated  potato tuber d is c s ,  and antibodies against the 
p u rified  P .A .L., ra ised  in  ra b b its . Immunological techniques, based on 
the a b i l i t y  of the an ti-p otato  P.A.L. serum to  form immunocomplexes 
s p e c if ic a l ly  with P .A .L ., were used to  measure P.A.L. protein le v e ls  in  
plant t is su e  ex tra c ts . Plants in  which P .A .L .-a c tiv ity  appears to  be 
under photocontrol were in v estig a ted . In potato tuber"discs, the changes 
in measurable P .A .L .-a c tiv ity  were accompanied by changes in  the amount 
of immunologically detectable P.A.L. protein; however, there was no 
apparent increase in  P.A.L. protein  for  the phytochrome-mediated increase  

in P .A .L .-a c tiv ity  in  mustard cotyledons, P.A.L. le v e ls  in gherkin 
hypocotyls and tobacco c e l l  suspension cultures were a lso  in v estig a ted .
The r e s u l t s  were d iscussed  in  term s of th e  ro le s  of de novo enzyme 
s y n th e s is ,  a c t iv a t io n / in a c t iv a t io n  and a l l o s t e r i c  mechanisms, in  th e  

p h o to co n tro l o f  P.A .L. le v e ls  in  th e se  p la n ts .

Antibodies were a lso  ra ised  against a commercially a v a ila b le , 
p u rified  preparation of ascorbic acid  oxidase, A.A.O. (E.G. 1 .1 0 .3 * 3 ), 
from Cucurbit a s p . . A radioimmunoassay was developed to measure A.A.O. 

le v e ls  in plant t is s u e  ex tra cts . Changes in A.A.O.- a c t iv i t y  in  germinating 
pumpkin seeds, in  the presence and absence of white l ig h t ,  were fo llow ed , 
and the amounts of A.A.O. protein determined. A ctivation  or m odification  
mechanisms and de novo enzyme syn th esis were involved in  the increase  
in  A.A.O.- a c t iv i t y .  A.A.O. le v e ls  in  mustard cotyledons were a lso  
in v estig a ted .

The r e s u l t s  in d ic a te  th a t  the  p h o tocon tro l of enzyme le v e ls  o p era tes  
v ia  sev e ra l mechanisms, e i th e r  a c tin g  to g e th e r or in  a co -o rd ina ted  

manner, w ith in  each p la n t ;  allow ing th e  a c t iv i ty  of s p e c if ic  enzymes to  
be modulated by a range of environm ental f a c to r s ,  in c lu d in g  l i g h t ,  
wounding or in fe c tio n  and le v e l  of n u t r ie n ts ,  and a lso  by the  developm ental 
s tage  of the p la n t .


