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Figure Captions 

Scheme 1: Solid-phase syntheses of oligo 1, 2, 3 

Scheme 2: Synthesis of oligo 4 

Figures 1, 2, 3, 4: MALDI-TOF spectra of  DNA 1, 2, 3 and 4 are given 

General remarks: The solution of 50% saturated 6-aza-2-thiothymine in acetonitrile 

and 50% 0.1 M diammoniumcitrate in water was used as a matrix for MALDI-TOF 

analysis of the DNA conjugates. MALDI-TOF mass spectra were recorded on a 

Bruker BIFLEX III spectrometer. 

Figure 5: FFlluuoorreesscceennccee  rreeccoovveerryy  ooff  CCuu((IIII))  qquueenncchheedd  11  bbyy  ccoommppeettiinngg  lliiggaanndd  11,,22--ddiiaammiinnooeetthhaannee 

General remarks: The fluorescence experiments were done on a Varian Eclipse 

Fluorescence Spectrophotometer with a Hellma 50 µl fluorescence cuvette. The 

exitation wavelength was λ = 494 nm, spectra were obtained from λ = 500 to 600 nm.  

Figure 6: Fluorescence of Cu(II) quenched oligo 2 on addition of complementary DNA 1 

Figures 7, 8, 9, 10: Fluorimetric titrations of oligo 1, oligo 2, oligo 3 and oligo 4 with Cu(II) 

General remarks: The fluorescence experiments were done on a Varian Eclipse 

Fluorescence Spectrophotometer with a Helma 50 µl fluorescence cuvette. The 

exitation wavelength was λ = 494 nm, spectra were obtained from λ=500 to 600 nm. 

The pyrene modified oligo 4 was excited at λ = 340 nm and spectra were obtained 

from λ = 350 to 550 nm. 

Figures 11, 12: Comparison of optical and fluorescence spectra of oligo 1 and of calcein on 

titration with Cu(II) 

General remarks: The UV-Vis absorption measurements were done on a Varian Cary 

100 Bio Spectrophotometer. The fluorescence experiments were done on a Varian 

Eclipse Fluorescence Spectrophotometer. The exitation wavelength was λ = 494 nm, 

spectra were obtained from λ = 500 to 600 nm. Titration experiments were performed 

with a 50 µl fluorescence cuvette for oligo 1 and a 1000 µl fluorescence cuvette for 

Calcein. 

 

 



Solid-phase syntheses of oligo 1, oligo 2 and oligo 3 
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oligo 3

oligo 1

 
PPGG::  CCyyttiiddiinnee  --  bbeennzzooyyll  pprrootteecctteedd 

AAddeennoossiinnee  --  bbeennzzooyyll  pprrootteecctteedd  

GGuuaannoossiinnee  --  iissoobbuuttyyrryyll  pprrootteecctteedd  
  

SScchheemmee  11::  SSyynntthheessiiss  ooff  oolliiggoo  11,,  22,,  33;;  tthhee  33´́--fflluuoorreesscceeiinn--55´́--  MMMMTT  pprrootteecctteedd  aammiinnoolliinnkk  

hhaaiirrppiinn--DDNNAA  oonn  aa  CCPPGG  ssoolliidd  ssuuppppoorrtt  wwaass  ppuurrcchhaasseedd  ffrroomm  MMeettaabbiioonn,,  PPllaanneegggg--MMaarrttiinnssrriieedd  

((GGeerrmmaannyy))..  11--HHyyddrrooxxyybbeennzzoottrriiaazzoollee  ((HHOOBBTT))  wwaass  ppuurrcchhaasseedd  ffrroomm  AAccrrooss  OOrrggaanniiccss  aanndd  OO--

((BBeennzzoottrriiaazzooll--11--yyll))--NN,,NN,,NN´́,,NN´́--tteettrraammeetthhyylluurroonniiuumm  hheexxaafflluuoorrpphhoosspphhaattee  ((HHBBTTUU))  wwaass  

ppuurrcchhaasseedd  ffrroomm  FFlluukkaa..  TThhee  LLiiggaanndd  22,,22´́--BBiippyyrriiddiinnee--44,,44´́--ddiiccaarrbbooxxyylliicc  aacciidd  wwaass  ppuurrcchhaasseedd  

ffrroomm  SSiiggmmaa--AAllddrriicchh  aanndd  PPyyrriiddyyll--ppyyrraazzoollyyll  ccaarrbbooxxyylliicc  aacciidd  pprreeppaarraattiioonn  wwaass  ddeessccrriibbeedd  

eeaarrlliieerr[[1111]]..  HHPPLLCC  wwaass  ppeerrffoorrmmeedd  aatt  rroooomm  tteemmppeerraattuurree  oonn  aa  SShhiimmaaddzzuu  lliiqquuiidd  cchhrroommaattooggrraapphh  



eeqquuiippppeedd  wwiitthh  UUVV--VViiss  ddeetteeccttoorr  aanndd  ccoolluummnn  oovveenn..  HHPPLLCC  wwaass  ddoonnee  oonn  aa  EECC  225500  xx  44..66  mmmm  

NNuucclleeoossiill  330000--55  CC44..  GGrraaddiieennttss  ooff    CCHH33CCNN  ((ssoollvveenntt  BB))  aanndd  00..11MM  ttrriieetthhyyllaammmmoonniiuummaacceettaattee  iinn  

wwaatteerr  ((ssoollvveenntt  AA))  wweerree  uusseedd::  11mmiinn  aatt  00%%  BB;;  iinn  2200  mmiinn  ffrroomm  00%%--3300%%  BB;;  iinn  66mmiinn  ffrroomm  3300%%--

9900%%  BB;;  1100mmiinn  aatt  9900%%  BB..  

 

 

Synthesis of oligo 4 
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2) HPLC-Purification

C C C

oligo 4  
PPGG::  CCyyttiiddiinnee  --  bbeennzzooyyll  pprrootteecctteedd 

AAddeennoossiinnee  --  bbeennzzooyyll  pprrootteecctteedd  



GGuuaannoossiinnee  --  iissoobbuuttyyrryyll  pprrootteecctteedd  
SScchheemmee  22::  SSyynntthheessiiss  ooff  oolliiggoo  44;;  tthhee  33´́--TTFFAA((TTrriifflluuoorraacceettiicc  aacciidd))  pprrootteecctteedd  CC77--aammiinnoolliinnkk  aanndd  

55´́--  MMMMTT  pprrootteecctteedd  CC66--aammiinnoolliinnkk  hhaaiirrppiinn--DDNNAA  oonn  aa  CCPPGG  ssoolliidd  ssuuppppoorrtt  wwaass  ppuurrcchhaasseedd  ffrroomm  

MMeettaabbiioonn,,  PPllaanneegggg--MMaarrttiinnssrriieedd  ((GGeerrmmaannyy))..  11--PPyyrreenneebbuuttyyrriicc  aacciidd  NN--hhyyddrrooxxyyssuucccciinniimmiiddee  eesstteerr  

wwaass  ppuurrcchhaasseedd  ffrroomm  SSiiggmmaa--AAllddrriicchh..  11--HHyyddrrooxxyybbeennzzoottrriiaazzoollee  ((HHOOBBTT))  wwaass  ppuurrcchhaasseedd  ffrroomm  

AAccrrooss  OOrrggaanniiccss  aanndd  OO--((BBeennzzoottrriiaazzooll--11--yyll))--NN,,NN,,NN´́,,NN´́--tteettrraammeetthhyylluurroonniiuumm  

hheexxaafflluuoorrpphhoosspphhaattee  ((HHBBTTUU))  wwaass  ppuurrcchhaasseedd  ffrroomm  FFlluukkaa..  TThhee  pprreeppaarraattiioonn  ooff  tthhee  lliiggaanndd  

PPyyrriiddyyll--ppyyrraazzoollyyll  ccaarrbbooxxyylliicc  aacciidd  wwaass  ddeessccrriibbeedd  eeaarrlliieerr[[1111]]..  HHPPLLCC  wwaass  ppeerrffoorrmmeedd  aatt  rroooomm  

tteemmppeerraattuurree  oonn  aa  SShhiimmaaddzzuu  lliiqquuiidd  cchhrroommaattooggrraapphh  eeqquuiippppeedd  wwiitthh  UUVV--VViiss  ddeetteeccttoorr  aanndd  ccoolluummnn  

oovveenn..  HHPPLLCC  wwaass  ddoonnee  oonn  aa  EECC  225500  xx  44..66  mmmm  NNuucclleeoossiill  330000--55  CC44..  GGrraaddiieennttss  ooff    CCHH33CCNN  

((ssoollvveenntt  BB))  aanndd  00..11MM  ttrriieetthhyyllaammmmoonniiuummaacceettaattee  iinn  wwaatteerr  ((ssoollvveenntt  AA))  wweerree  uusseedd::  11mmiinn  aatt  00%%  

BB;;  iinn  2200  mmiinn  ffrroomm  00%%--3300%%  BB;;  iinn  66mmiinn  ffrroomm  3300%%--9900%%  BB;;  1100mmiinn  aatt  9900%%  BB..  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MALDI-mass spectra of oligo 1, oligo2, oligo 3 and oligo 4 
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FFiigguuee  11::  MMAALLDDII  SSppeeccttrruumm  ooff  oolliiggoo  11  MMccaallcc==88663388  ((MM--HH++))  ;;  MMffoouunndd==88664400  
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FFiigguurree  22::  MMAALLDDII  SSppeeccttrruumm  ooff  oolliiggoo  22  MMccaallcc==88446677  ((MM--HH++))  ;;  MMffoouunndd==88446688  
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FFiigguurree  33::  MMAALLDDII  SSppeeccttrruumm  ooff  oolliiggoo  33  MMccaallcc==88669911  ((MM--HH++))  ;;  MMffoouunndd==88669922  
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FFiigguurree  44::  MMAALLDDII  SSppeeccttrruumm  ooff  oolliiggoo  44  MMccaallcc==88551166  ((MM--HH++));;  MMffoouunndd==88552200  

  

  

  

  

  

  



FFlluuoorreesscceennccee  rreeccoovveerryy  ooff  CCuu((IIII))  qquueenncchheedd  11  bbyy  ccoommppeettiinngg  lliiggaanndd  11,,22--

ddiiaammiinnooeetthhaannee  

500 520 540 560 580 600

0

200

400

600

800

1000

3

2

1

Fl
uo

re
sc

en
ce

 in
te

ns
ity

Wavelength / nm

  
FFiigguurree  55::  FFlluuoorreesscceennccee  iinntteennssiittiieess::  00..11  µµMM  oolliiggoo  11  ((11)),,  aaddddiittiioonn  ooff  55  µµMM  CCuu((IIII))SSOO44  ((22)),,  

aaddddiittiioonn  ooff  55  µµMM  11,,22--ddiiaammiinnooeetthhaannee  ((33)),,  1100  mmMM  MMOOPPSS  ppHH  77,,  11  MM  NNaaCCll,,  TT  ==  2255°°  

  

We suggest that the quenching process is triggered by intramolecular coordination of a 

phenolate donor of fluorescein, which is more basic and therefore a better donor than 

carboxylate [1], to a free coordination site of the (pypz) Cu2+ moiety of 1. This is indicated by 

58% recovery of fluorescence when 1,2-diaminoethane (en, 5 µM) is added to the solution 

containing 5 µM Cu2+ and 0.1 µM 1. Formation of a ternary complex [Cu2+(1)(en)] is 

expected which compares well to the complex [Cu2+(2,2´-bipyridine)(en)] for which 

crystallographic [2] data are available: the four in-plane sites of copper are blocked by the two 

bidentate chelators and not available for coligand coordination. 58 % quenching-inactive 

ternary complex [Cu2+(1)(en)] and 42 % quenching active [Cu2+(1)] fit a calculated species 

distribution using published stability data of the en/Cu2+ system [3], a Cu2+(1) formation 

constant logK = 6.3 (see above), and assuming for the association of 1 and Cu2+(en) a logK 

value of 5.9, somewhat smaller than the Cu2+ binding constant of 1 [4]. 
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Fluorescence quenching by intramolecular fluorescein coordination at Cu2+(1) 

[1] At pH 7 the nonfluorescent carboxylate monoanion (pKa=4.3) of fluorescein is in equilibrium with the strongly 
fluorescent carboxylate+phenolate dianion, pKa = 6.7 at 21°C and 70 mM NaCl, S. A. Smith, W. A. Pretorius, Water 
SA, 2002, 28, 395-402.  

[2]  C. C. Su, Y. L. Lin, S. J. Liu, T. H. Chang, S. L. Wang, L. F. Liao, Polyhedron, 1993, 12, 2687-2696. 
[3]  R. Griesser, H. Sigel, Inorg. Chem., 1970, 9, 1238-1243. The program „Species Ver. 1.2” by L.D. Pettit, Academic 

Software 1999, was used for calculation of species distribution. 
[4] This is a reasonable assumption since the association constant for 2,2’-bipyridine and Cu2+(en) is 1.2 logK values 

smaller than for 2,2’-bipyridine and Cu2+ (logK=8) [3]. 



Fluorescence of Cu(II) quenched oligo 2 on addition of complementary DNA 1 
 

 

 

 

 

 

 

 

 

 

Figure 6: Quenching experiments with oligo 2: 0.1 µM oligo 2 (1), addition of 5 µM 

Cu(II)SO4 (2), addition of 0.5 µM DNA 1 (3); 10 mM MOPS pH7, 1 M NaCl, T=25°  

  

OOnnllyy  55%%  qquueenncchhiinngg  wwaass  oobbsseerrvveedd  ffoorr  oolliiggoo  22  aafftteerr  aaddddiittiioonn  ooff  CCuuSSOO44  dduuee  ttoo  uunnssppeecciiffiicc  

ccoooorrddiinnaattiioonn  ooff  CCuu22++  IIoonnss  ttoo  nnuucclleeoobbaasseess..  
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FFlluuoorriimmeettrriicc  ttiittrraattiioonnss  ooff  oolliiggoo  11,,  oolliiggoo  22,,  oolliiggoo  33  aanndd  oolliiggoo  44  wwiitthh  CCuu((IIII))  
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Figure 7: Fluorimetric titration (excitation at λ = 494 nm, emission at λ = 522 nm) of oligo 1 

(0.1 µM) with CuSO4, logarithmic scale (left), linear scale (right). 10 mM MOPS pH 7, 1 M 

NaCl, T = 25°  
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Figure 8: Fluorimetric titration (excitation at λ = 494 nm, emission at λ = 522 nm) of oligo 2 

(0.1 µM) with CuSO4, logarithmic scale (left), linear scale (right). 10 mM MOPS pH 7, 1 M 

NaCl, T = 25°  
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Figure 9: Fluorimetric titration (excitation at λ = 494 nm, emission at λ = 522 nm) of oligo 3 

(0.1 µM) with CuSO4, logarithmic scale (left), linear scale (right). 10 mM MOPS pH 7, 1 M 

NaCl, T = 25°  
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Figure 10: Fluorimetric titration (excitation at λ = 340 nm, emission at λ = 381 nm) of oligo 4 

(0.1 µM) with CuSO4, logarithmic scale (left), linear scale (right). 10 mM MOPS pH 7, 1 M 

NaCl, T = 25°  
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FFlluuoorriimmeettrriicc  aanndd  pphhoottoommeettrriicc  ttiittrraattiioonnss  ooff  ccaallcceeiinn  aanndd  oolliiggoo  11  wwiitthh  CCuu((IIII)) 
 
 
     Calcein 
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Figure 11: top:  Structure of Calcein ; bottom left: Copper(II) titration absorption 

measurement of Calcein; bottom right: Copper(II) titration fluorescence measurement of 

Calcein; 10 µM Calcein, 10 mM MOPS pH7, 1 M NaCl, T = 25°C 
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Figure 12: left : Copper(II) titration absorption measurement; right: Copper(II) titration 

fluorescence measurement; 5 µM oligo1, 10 mM MOPS pH7, 1 M NaCl, T = 25°C 
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Absorption and fluorescence spectra of calcein (Fig. 7) and oligo 1 (Fig. 8) show similar 

decrease of absorption and fluorescence after adition of CuSO4. In case of strong Cu2+ binder 

Calcein, a 1:1 complex is apparently formed quantitatively on addition of 1 equivalent metal 

ion (= 10 µM). In case of oligo 1, decrease of optical optical absorbance and fluorescence is 

more sluggish due to weaker Cu(II) binding by the pyridyl-pyrazole chelator.  


