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Table S1. Kinetic parameters V (s?), K (uM), S (s*.mM™) and Sc/o for C; species.

Species Ve Kc Sc Vo Ko So Sc/o
Limonium antonii 2.4 8.7 276 0.976 397 2.46 112
Limonium artruchium 3 9.4 319 0.909 321 2.83 113
Limonium balearicum 3.6 9.7 371 1.24 346 3.58 103
Limonium barceloi 3.4 9.3 366 1.19 346 3.44 106
Limonium biflorum 2.4 8 300 0.845 316 2.67 112
Limonium companyonis 3.3 8.9 371 1.42 429 3.31 112
Limonium echioides 3.9 10.7 364 1.46 427 3.42 106
Limonium ejulabilis 2 7.6 263 0.94 415 2.27 116
Limonium gibertii 2.5 9.1 275 1.06 431 2.46 111
Limonium grosii 2.9 8.1 358 1.04 328 3.17 113
Limonium gymnesicum 2.4 8.2 293 0.936 388 2.41 121
Limonium latebracteatum 2.7 8.8 307 344

Limonium leonardi 2.8 8.8 318 1.27 438 2.90 110
Limonium magallufianum 2.6 7 371 0.997 297 3.36 109
Limonium retusum 2.1 7.1 296 0.968 396 2.44 121
Limonium stenophyllum 2.6 8.4 310 0.976 457 2.46

Limonium virgatum 2.4 8.5 282 0.909 381 2.83

Mean 2.76 8.61 320 1.09 380 2.92 112
Standard Error 0.13 0.23 9 0.05 12 0.13 1
Aegilops biuncialis 3.2 16.8 190 0.932 470 1.98 96.3
Aegilops comosa 2.86 13.5 212 0.722 360 2.01 106
Aegilops cylindrica 3.68 13.7 269 1.12 451 2.48 109
Aegilops juvenalis 3.25 20.6 158 0.86 492 1.75 90.4
Aegilops speltoides 3.24 16.5 196 0.86 447 1.92 102
Aegilops tauschii 2.86 14.9 192 0.892 495 1.80 107
Aegilops triuncialis 2.62 12.8 205 0.754 380 1.98 103
Aegilops uniaristata 2.7 13.8 196 0.865 450 1.92 102
Aegilops vavilovii 3.32 13.3 250 0.835 363 2.30 109
Mean 3.08 15.1 207 0.87 434 2.01 103
Standard Error 0.11 0.8 11 0.04 18 0.08 2
Oryza barthii 2.5 14 179 0.798 479 1.67 107
Oryza eichingeri 2.5 14.1 177 1.01 612 1.66 107
Oryza glaberrima 2.7 14.9 181 1.01 586 1.73 105
Oryza glumaepatula 2.4 15.2 158 0.693 484 1.45 109
Oryza longistaminata 2.2 15.1 146 1.02 757 1.35 108
Oryza meridionalis 2.6 14.6 178 0.636 382 1.66 107
Oryza nivara 2.7 15.6 173 0.991 611 1.62 107
Oryza punctata 2.7 14.9 181 0.571 342 1.87 97
Oryza sativa 2.4 8.9 265 0.941 369 2.65 100
Mean 2.52 14.1 182 0.85 514 1.74 105
Standard Error 0.06 0.7 11 0.06 46 0.12 1
Puccinellia distans 5.4 22.2 243 1.14 488 2.34 104
Puccinellia lemmonii 5.2 28.1 185 2.06 1120 1.81 102
Puccinellia maritima 5.4 20.8 260 1.65 676 2.45 106
Puccinellia nuttalliana 4 25.2 159 1.08 717 1.51 105
Mean 5.00 24.0 212 1.48 750 2.03 104
Standard Error 0.34 1.6 24 0.23 133 0.22 1
Agriophyllum squarrosum 2.8 15.4 182 0.656 339 1.94 93.9



Agrostis scabra

Agrostis stolonifera
Amphicarpaea bracteata
Arabidopsis thaliana
Arctagrostis latifolia
Artemisia myriantha
Artemisia vulgaris L.
Atriplex glabriuscula
Avena sativa
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Beta vulgaris

Brassica oleracea
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Chenopodium petiolare
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Flueggea suffruticosa
Foeniculum vulgare
Glycine canescens
Glycine max

H. vulgare

Helianthus annuus
Helianthus maximus
Hordeum brachyantherum
Hordeum murinum
Hordeum vulgare
Hypericum balearicum
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Iris douglasiana
Kundmannia sicula
Lablab purpureus
Lactua sativa

Lepidium campestre
Lolium multiflorum
Lolium perenne

Lolium rigidum
Lycopersicon ensculentum
Lysimachia minoricensis
Macrotyloma uniflorum
Manihot esculenta
Medicago sativa
Mentha aquatica
Mercurialis annua
Musa velutina
Nicotiana glauca Grah.
Nicotiana tabacum
Pallenis maritima
Petroselinum cripsum
Phaseolus carteri
Phaseolus coccineus
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Table S2. Kinetic parameters V (s?), K (uM), S (s*.mM?) and S¢/o for Cs, transitional and C4 species.

Species Ve Kc Sc Vo Ko So Sc/o
Flaveria cronquistii Cs 3.04 10.3 297 2.34 431 3.51 84.6
Flaveria pringlei Cs 2.80 12.2 229 1.61 321 2.63 86.9
Flaveria angustifolia C3-C4 2.82 12.8 220 2.53 86.8
Flaveria anomala C3-C4 3.8 10.7 355 2.75 605 4.56 77.9
Flaveria chloraefolia Cs-Cs 3.35 12.4 270 2.46 740 3.31 81.6
Flaveria floridana C3-C4 3.22 13.2 244 1.55 530 2.92 83.6
Flaveria linearis C3-Cy 3.43 12.5 274 1.46 415 3.51 78.1
Flaveria ramosissima Cs-Cy 2.77 12 231 2.09 722 2.89 79.8
Flaveria sonorensis Cs-Cy 2.69 10.2 264 2.46 785 3.13 84.3
Flaveria brownii Cy like 2.58 12.8 202 0.907 378 2.41 83.8
Flaveria palmeri Ca like 3.54 13.5 262 0.603 193 3.13 83.8
Flaveria vaginata Ca like 3.78 21.4 177 1.97 880 2.24 78.7
Flaveria australasica Cs 3.84 22 175 0.697 309 2.62 77.2
Flaveria bidentis Cs 4,13 20.0 206 1.48 530 2.61 78.8
Flaveria kochiana Cy 3.68 22.7 162 150 2.11 77

Flaveria trinervia Cs 3.85 18.2 212 2.15 671 2.73 77.7
Mean 3.33 14.8 236 1.72 521 291 81.3
Standard Error 0.12 1.1 13 0.17 58 0.16 0.9

Panicum bisulcatum Cs 2.6 7.8 333 1.57 416 3.80 87.7
Panicum milioides Cs-Cs 2.2 7.4 297 1.24 387 3.22 92.3
Panicum amarum Ca 3.2 33.1 97 0.86 800 1.08 89.5
Panicum antidotale Cs 3.9 74.5
Panicum coloratum Cs 3.4 11.1 306 1.59 445 3.61 84.8
Panicum deustum Cs 5 15.4 325 1.17 306 3.83 84.8
Panicum dichotomiflorum Cs 3.1 36.3 85 1.41 154 0.92 92.6
Panicum milliaceum Csy 2.1 7.2 292 1.13 313 3.65 79.9
Panicum monticola Cs 53 18.2 291 1.97 543 3.67 79.4
Panicum phragmitoides Cs 2.8 25.1 112 0.707 687 1.04 107
Panicum virgatum Ca 3.3 12.7 260 0.854 271 3.15 82.6
Mean 3.35 17.4 240 1.25 571 2.80 86.6
Standard Error 0.31 3.38 32 0.12 120 0.40 2.9

Amaranthus edulis Csy 4.14 18.2 227 0.847 289 2.94 77.5
Amaranthus hybridus Cs 3.8 16 238 1.85 640 2.97 80

C. dactylon (o 21 402 89.2
Cenchrus ciliaris Cs 6 19 316 2.1 470 4,52 69.9
Chrysanthellum indicum Ca 4.7 28.1 167 1.21 598 2.03 82.4
Echinochloa crus-galli Ca 18.4 83

Eragrostis tef Ca 7.1 349 203 1.46 640 2.29 89

Megathyrsus maximus Cy 53 13.9 381 1.25 265 4.75 80.3
P. dilatatum Ca 19.9 415 88

Potulaca oleraca Ca 5.9 13.6 434 5.56 78

Saccharum officinarum Cs 3.9 26.3 148 1.80 82.2
Setaria italica Ca 32.1 58

Setaria viridis Cs 5.67 18.1 313 2.77 619 431 72.7
Sorghum bicolor (o 5.4 29.9 181 2.58 70

Urochloa mosambicensis Cq 5.7 14.8 385 2.14 464 4.67 82.5
Urochloa panicoides (o 5.6 15.4 364 2.04 444 4.64 78.3
Z. japonica Cs 18.5 403 84.1
Zea mays Cs 4.19 30.6 137 0.920 596 1.68 81.6
Mean 5.18 21.6 269 1.66 480 3.44 79.0

Standard Error 0.27 1.6 28 0.20 36 0.37 1.8




Appendix

Derivation of the kinetic equations: The concentrations used in the kinetic equations are E: activated form of the en-
zyme; R: unbound RuBP; ER: RuBisCO...RuBP complex; ER*: RuBisCO...enediolate of RuBP complex; C: free CO; O:
free O2; ERC: RuBisCO...carboxylated intermediate complex; ERO: RuBisCO...oxygenated intermediate complex; ERP:
RuBisCO...carboxylated product complex; ERX: RuBisCO...oxygenated product complex; G: 3-phosphoglyceric acid; Q: 2-

phospho-glycolate.

The mass balance equation for the kinetic mechanism (Fig. 1) is given by (E: is the total activated enzyme concentration)

E+ER+ER*+ERC+ERO+EP+EX-E=0

The steady state ordinary differential equations (ODEs) for this kinetic scheme are

dER/dt = kyE-R — (k, + k3)ER + k,ER* = 0

d ER*/dt = ks ER — (ky + ksC + ky;0)ER* + k4ERC + k;,ERO = 0
d ERC/dt = ks C - ER* — (kg + k;)ERC + kgEP = 0

d EP/dt = k, ERC — (kg + ko)EP + kioE -G -G =0

d ERO/dt = ky1 0 - ER* — (kyy + k13)ERO + ky,EX = 0

d EX/dt = ki3 ERO — (kyy + kis)EX + kigE-G-Q =0

It is convenient to define the following constants:

ac = (ko +kg)/k; ag = (kis + kia)/kq3
Bc =ko+keac o =kis +kizao

(A1)

(A2)
(A3)
(A4)
(A5)
(A6)

(A7)

From the above steady state ODESs we can readily express the concentrations of free enzyme E and all reaction intermediates
in terms of the product complexes (either EP or EX). For the carboxylation reaction (EP) we obtain (assuming only that prod-

uct release is “irreversible” i.e. K,y = K, =0):

K,ER + k,EP + k,EX
kR

Summing (A2) to (A7): E =

From (A5): ERC = o EP

From (A7): ERO = a,EX

kEP+KERC _ A o,

From (A4) + (A5) and (A9): ER* = C .C

k,O-ER* _ kO Lo,
IBO ﬂOkSC

From (A6) + (A7), (A10) and (A11): EX =

EX = o Bck,O EP

From (A10) and (A12): ERO = o
PoksC

(A8)

(A9)

(A10)

(Al1)

(A12)

(A13)



k,EP + k EX +k,ER*
k3

From (A2), (A8), (A11) and (A12): ER =

ZﬁEP-I- IBCkllklso EP-I- k4ﬁC EP

Al4
Ko BKkC kkC (A1)
Substituting (A8)-(A14) into (Al) and factorizing we get the steady state equation in the form
E (S S
R A e e (A15)
EP R C RC
where the coefficients fic are given by
K, + ke,
fo=-—2C (Al16a)
k3
K, (k, +K,)
f2C —_9\72 3/ (A16b)
k1k3
fsc _ B (k3 +K, + (ks + ks + ksao)klloj (A16¢)
k3k5 lHO
f4C — ﬂc k2k4 + (kz + ks)kllklso (Alﬁd)
klk3k5 (6]
The rate of CO, consumption is given by
dC
V, = T =k,C-ER*—-k,ERC = (ky + ks )EP — k. EP = k,EP (A17)
Rewriting (A15) in terms of EP and substituting the result into (A17) gives
V, = k,E.RC (A18)

fo+fSR+ fSC+(f° +1)RC

C
max ’

When both substrates, R and C, are saturating the maximum rate of CO, consumption,V ~ , is obtained as,

k
VC :1+—9CEt :kc Et (Alg)

max cat
1

o . . Cc .
Substituting (A16a) into (A19) and rearranging we get for kcat in terms of the rate constants ki



C k3 k7 k9

k> =
KK, + KoKy + KoKy + K kg

Finally, rewriting (A18) in terms of Vrfax gives the familiar (e.g. (Farquhar, 1979)) general form of the steady state rate equa-
tion,

VER-C
Ve=—c—- . (A20)
Ky +K;R+KC+R-C
where Ki© = f5 /(L+ £.7). (A21)

It immediately follows that the rate of oxygen consumption by the enzyme can be written as

VO R-O

max

V. =
°© K2+KR+KPO+R-0O

o _ I(15 _ k3 I(13k15

= 1+ flo k3k13 + k3k14 + k3k15 + k13k15 .

0 0
where Vmax = kcat Et and K

The Michaelis-Menten equation (A20) for the single substrate C when R is saturating becomes

— Vn?ax C

¢ KS+C

From (A21), (Al6a) and (Al6c):

C
KS =g P fi i, + Bt TReo)k,0 (A22)
1+ £ (A+ £O)kk, Bo
K,. + K.« K a a,
Substituting f,” = 2——-C0 Ky =——— y. =—C and yo = — 25
ubstituting T, " R K, +k, Ve 1+ f1c and }o 1+ f1o

into (A22) yields the Michaelis constant in the presence of the other (O) substrate

@)
KS =K |1+ —
2 c( K J

o

where K . = kg +keae k;t +7cKe
¢ 1+ f1C)KRk5 KekKs

(A23)

0
and K, = Kis +0k12ao _ Keat + 7oKio (A24)
@+ 1) Kgky Kekyy

The specificities of each of the reactions are then



C C
_ K _ Ko

KgKs

k° k°
Ke - kcfit+7/ck6 -

cat __ cat

KRkll

S — _Dcat™SRMI1
© Ko k(gt + 7oK,

and S,

and so the specificity of carboxylation relative to oxygenation (relative specificity) is given by

c (1,0
Scio = :_C = tskkceg (kkcact +70ks) (A25)
0 11Kea (Keae + 7cKs)

cat

In terms of the rate constants we find the coefficients of k, and k,, :

kg + Ky )KS KoKg + KoK
Ve = acC:(s 9)cat= 3Rg T K3Ke (A26)
1+ f] K, K, Kk, + KaKg + KoKg + KK
Yo = %o = (kyq + kis)Kee _ KaKyy + KsKis (A27)
1+ 1, KiaKss Kakys +Kakyy + Kakis + Kygkis

Thus the range of 7 is limited to [0,1].



