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Supplementary tables

Table S1. The rate constants and thermodynamic parameters for the hydride transfer step for
the various POR enzymes in the presence of either pro-S NADPH or S-NADP’H (S-NADPD).
All rate constants were measured at 25°C as described in the Methods. The enthalpies of
activation, AHi', and the entropies of activation, ASi, have been calculated by fitting the

temperature dependence data to the Eyring equation.

Thermosyn. Synechocystis Gloeobacter Arabidopsis
elongatus sp. PCC6803 violaceus POR B
ky- (s™ x10% 1.87 +0.17 1.86 +0.18 1.86 +0.12 1.81 +£0.24
kp- (s™ x10%) 0.98 +0.14 0.98 +0.13 0.95+0.18 0.96 +0.11
KIE 1.91 +£0.17 1.90 +0.16 1.94 +0.13 1.91 +£0.23
AH* (kJ mol™) 9.3 +0.4 11.7+02 13.3+0.5 13.6 0.7
(< -27°C) (27.2 £0.5) (35.0 £ 1.0) (33.1 £ 1.0) (33.7 £ 1.0)
AAH (kJ mol™) 82+0.6 7.0+0.3 6.9 +0.7 7.6+0.9
(< -27°C) (0.4 +1.0) (0.4 + 1.5) (0.5+1.2) (03+1.2)
AS* (J mol K™) 944 +12 -85.9+0.5 -78.6 1.1 794 £ 1.7
(< -27°C) (-21.8 £0.3) (10.0 £0.2) (0.3 +0.1) (2.8 +0.1)
InA 124 +0.2 13.4+0.1 143 +0.2 1424023
(< -27°C) (21.1 £0.3) (25.0 £0.5) (23.8 £0.5) (24.1 £0.5)
A’y/A’p 0.08 +0.02 0.11 +£0.01 0.15 +0.05 0.08 +0.04
(< -27°C) (3.6 +2.0) (3.4+2.7) (3.1+1.9) (3.5+2.3)




Table S2. The rate constants and thermodynamic parameters for the proton transfer step for
the various POR enzymes in either H,O or ’H 20 (D,0) buffers. All rate constants were
measured at 25°C as described in the Methods. The enthalpies of activation, AH*, and the
entropies of activation, AS*, have been calculated by fitting the temperature dependence data

to the Eyring equation.

Thermosyn. Synechocystis Gloeobacter Arabidopsis
elongatus sp. PCC6803 violaceus POR B
ku+ (s x10%) 274+1.0 30.4 + 0.6 152.0 5.7 123.3 £3.7
kp+ (s™ x10%) 13.6+0.8 16.9 +0.7 98.9 +2.7 820+ 1.9
SIE 2.01 £0.14 1.80 +0.08 1.54 +0.07 1.50 +£0.07
AH* (kJ mol™) 53.7+1.6 52.1% 2.1 43.9+0.8 36.7+1.3
AAH? (kJ mol™) 156 +3.1 17.6 3.7 2.6+2.4 1.0£1.9
AS* (J mol' K™ 19.4 0.5 144 £0.5 1.7+0.1 243 +0.6
InA’ 26.1 0.6 255+0.8 24.0+0.3 20.8 +0.5
A’H/A’p 0.004 £0.005  0.002 + 0.003 0.55 +0.57 0.90 +0.70




Table S3. Rate constants of the product release steps for the various POR enzymes. All
values were measured at 25°C as described in the Methods. n/a means not applicable as no
rate constant is measurable. Standard errors are within 5% of the measured values for the rate
constants. These are approximate rate constants for each kinetic phase fitted by using a single
exponential expression to each resolved phase as previously described (2), rather than fitting

to a more complex sequential model. Data for 7. elongatus is taken from (2).

Product release Thermosyn. Synechocystis Gloeobacter Arabidopsis
event elongatus sp. PCC6803 violaceus POR B
Conformational 350 ! 350 ! n/a n/a
change
NADP" release 457! 45 57! 10" 655
NADPH 1657 n/a 15" 115"
rebinding
Chlide release 175" 0.2s" 0.04 5™ 145"
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Figure S1. Inferred evolutionary history of plant and cyanobacteria PORs based on the
alignment in panel B. The scale bar represents amino acid replacements per site. Numbers
next to nodes correspond to % bootstrap replicates; only shown for the main cyanobacteria

and plant clades.
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Microcystis --=- -MIQDKKP I TGTTSGVMCGLYAAKS VMACRD | PKMEQAAKE
Nostoc -—-- -MVQDRKSTVVITGASSGMGLYAAKA VMACRDVAKAQLAAQS
Crocosphaera -—— —MVENRQS.VITGASSG.GLYAAKA VMACRNQPKAHQAAQS
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Prochlorococus -----------—-——————MSSFQSAPG LITGTTSGVMGLYATKA I TANRSPERAEKAAVK
Nicotiana V@I P---KE-NYTVMEILDLEWIL EMAANQEVDT - F[dRSGRPLPALVCNAAVML PIIAKEPTF TED[®F E L MA@
Cucumis AMIT---KE-NYTVMEILDLEWLDSRANQ@VDN - F[JQSGRPLEBJVLVCNAAVML PIRIAKEP TF TEAE[®F E L FRAAE
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Arabidopsis-thaliana A@MP - --KD-SYTVMELDLES L DSAANO[IVDN - F[JRAEMP L[NVLVCNAAVIQPIIANQP TF TEYE[E®F E L EAAS
Hordeum AM@MP - - -KG-SYTI VEILDLES LDSAANO@YV KN -V[JQOLDMP I[B]VVVCNAAVNMQPIIAKE P S F TEDI® F E MRS
Zea A@MD---KD-SFTVV[EILDLESLDSAANOEY RN -V[HQL KMP | [BVVVCNAAVMQPIIAKEPSY TEAD[®F EMERAA®
Triticum Al MA---DG-SYTVMLDLLDQVDA

Avena AMMA- - -DCG-SYTVMEILDLES LD SRAANQ|§VDA - FRAEMPLVLVCNAAIRPARI(PTFTEVEM
[ Gloeobacter L[MR - --PQ- H-AS-SVREFR

Acaryochloris VGIP---RD-SYTVIHLDLACFESIHRFVKD- FREMGRS NAA|YMPLLKKPLHTAEGYELNVG
Trichodesmium VGMT---QD-SYTVMHLDLASLEVVKRFVKT-FRESGRS NAAVYLPLLKEPMRS IDGYEISVA
Microcystis LNIP---RD-NYCIEFIDLGSLDSVRRFVKN-FRALGRS NAAIYLPLLKEPLRSPDGYELSMA
Nostoc VGIP---HQGSYTIMHIDLGSLDSVRQFVKN-FRASGHS NAAIYMPLIKEPLRSPEGYELTVT
Crocosphaera LGIA---LD-AYTVMHIDLGCNLDSVRQFAQD-FRATGKT NAAIYMPLLKEPLRSPECYELSMT
Synechocystis LGFP---KD-SYTI IKLDLGYLDSVRRFVAQ-FRELGRP NAAVYFPLLDEPLWSADDYELSVA
Thermo LQIP---PE-AYTILHLDLSSLASVRGFVES-FRALNRP NAAVYYPLLKEPIYSVDGYEITVA
Plectonema LGMS ---PD-SYTLMHIDLGSLDSVRKFVTQ-FRESGKS NAAVHMPLLKEPMRSPEGCYELSVA
Synechococcus MDLP---KE-RLQHVLMDLGDLDSVRRAVD----ALPDR NAAVYKPKLKQPERSPQGYE | SMA
Cyanothece VGIP---LD-SYTVMQIDLGSLDSVRQFVKD-FRATGKS NAAIYMPLLKEPLRSPEGYELSMT
Anabaena VGIP---KD-SYSIIHIDLGSLDSVRQFVND-FRATGKS NAAIYMPLIKEPLRSPEGYELTMT
Prochlorococus LGLPFRCPK-QLQHISIDLSDLDSVSKGVKDLLDKLDEP NAAVYMPRLSKPRRSPQGYELSMA
Nicotiana TNHLGHFL[SSRL[SLDPLKQSDYP---------- QKRL I

Cucumis TNHLGHFL[SRL[MLEBLNKSSYP---------- SKRL I

Pisum TNHLGHFL[SRLINLEPLKKSDYP---------- SKRL I

Pinus TNHLGHFL[SSRLIBLEM®LKTSDFN--- --SKRVI

Marchantia TNHMGHF L[SARL[AMEBILQKAKDS - - - --LKRMI

Vigna TNHLGHFL[MSRL[BLEBLNKSDYP - - - --SKRLI

Daucus TNHLGHFL[SSRL[SLDBLNKSDYP--- --SKRLI

Arabidopsis-thaliana INHLGHF L|RSRL|{®I DBJLKNSDYP - - - --SKRLI

Hordeum VNHLGHF L[NARE[NLEPJLKASDYP-=-=--=-=-=-=-~-~ SKRLI

Zea VNHLGHF L[MARE[NLSBILQSSDYP---------- SKRLI

Triticum VNHLGHF L[BARLIEMEPILQKSDYP - - - --SRRMV [RYGH

Avena VNHLGHF L[NARLINLEPILQKSDYP - - - --SRRLVI[BMGCH

[__Gloeobacter NHLGHF L[NCN] EBJLQNSPAA- - - - - - - — - - EPRLVI

Acaryochloris NHLGHFLLCNEMLEDLMRSGYD---------- QRRLIITEG G LGDMRGLE
Trichodesmium NHLGHFLLCN --DKRLVIEG G LGNLQGFE
Microcystis NHLGHFLLSNLLLEDLKNSPSP-----—----- DRRLVILG G LGDLEGFA
Nostoc NHLGHFLLCNEMEEDLKKSSS - - - -------- EPRLVILG G LGDLQGFA
Crocosphaera NHLGHFLLCN EDLSHSSAP--- --EKRMVILG G LGNLEGFA
Synechocystis NHLGHFLLCN EDLKACPDA--- --DKRLIIEG G LGNFEGFE
Thermo NHLGHFLLIN EDLKNSPES---------- G G LGNLEGFE
Plectonema NHFGHFLLCN EDLKHSTHN---------- G G LGDLSGLE
Synechococcus NHLGHFLLVQ GRLQNSSHP--- G G LGDLSGFE
Cyanothece NHLGHFLLCN EDLKRSPAP---------- G G LGNLEGFA
Anabaena NHLGHFLLCK EDLQKSSAV------o-—-- G G LGNLEGFA
Prochlorococus NHFGHFLMIQ ENLSKSKRPVWKGRSWGIESSRLVMEG G LGDLSGFK
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LFRFLFPKFQRFITGGFVTEELAGTRVAQVVSDPLFGKSGVYWSWGNRQKEGRP-SFEQEMSNESLDDT
LFQKLFPLFQKNITGGYVSQDLAGERVAAVVKDPEYKESGI YWSWGNRQKKDRK-SFVQEVSDEASDDD
FFQQFFPWFQKNITGGYVSQELAGERVAMVVADPEYRQSGAYWSWEGNROQKKEGK-SFVQRVSPQARDDE
LFQKIFPLFQKY I TKGYVSQELAGERVAAVVADPEYNQSGVYWSWEGNRQKEDGK-SFVQKVSPQARDDD
LFQKI FPWFQKNVTGGYVSQELAGERVADVMVTKPEYGESGSYWSWGNROQKKDRQAAFVANVSPQAQDEA
LFRTIFPWFQKNVTKGYVSQELAGERVAMVMVADDKFKDSGVHWSWGNRQQAGRE-AFVQELSEQGSDAQ
LFQKLFPLFQKKITGGYVSQELAGERVAMVVADPEFRQSGVHWSWGNROQKEGRK-AFVQELSAEASDEQ
VFQKVFPWFQKNITGGYVSQELAGERTAQVVADPEFKQSGVHWSWGNROKEGRE-SFVQELSEKVTDDA
AFQTI FPWFQKNITGGYVSQALAGERVADVVAHPDFAESGVHWSWGNRQKKDGQ-QFSQELSDKATDPD
LFQKIFPWFQKNITGGYVSQELAGERVADVMVTKPEYGQSGSYWSWGNROQKKDRKAAFVAQKVSPQAQDEA
LFQKIFPLFQKYITGGYVSQELAGERVADV IAAPEYKQSGAYWSWEGNRQKKDGK-SFVQKVSPQARDDE
I FQWLFPLFQRFVTGGFVSQPIEAGKRVAQMVSSPEFGISGVHWSWEGNROKKNGE-QFSQKLSERITDPE

-

Zea (KK LW[R | S[AKL V[ERA - -
Triticum (AR K VWL S[AKL V[ERRA - -
Avena (AR K VWIS L S[AK L V[eRA

[_Gloeobacter [¥YRR LWD LSAGL V[gNA
Acaryochloris KAQRLWELSEGLVGLSSQDTSMPQMSTSR
Trichodesmium KATKLWELSSKLVGLS -------------
Microcystis RCAKMWEYSAKLVGLA--=--=---==-=---~
Nostoc KGDRLWQLSAKLVGLA
Crocosphaera KAEKMWNLSEKLVGLA--
Synechocystis KAQRMWDLSEKLVGLV
Thermo KARRLWELSEKLVGLA-------------
Plectonema KAKRMWELSEKLVGLA-
Synechococcus TARRVWDLSMQLVGL--
Cyanothece KAERMWELSEKLVGLP--=--=--------~
Anabaena KAERLWDLSEKLVGLESQKPVALNS----
Prochlorococus TASDVWDLSMKLAEVNVK-----------

Figure S2. Sequence alignment highlighting total conservation (pink) and differential
conservation in the cyanobacterial (green) and plant PORs (red). Gloeobacter violaceus
(black box) shows a mixture of conservation of features relating to both groups of POR.
Species ‘“Thermo’ represents the sequence from Thermosynechococcus elongatus. The bracket
indicates the additional 4 residues at position 281 (numbering in 7. elongatus POR) in the
PORs referred to in the main

cyanobacteria manuscript.
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Figure S3. Kinetic transients showing the absorbance changes at 696 nm for POR from
Thermosynechococcus elongatus and Gloeobacter violaceus following laser photoexcitation
at 450 nm. The initial increase in absorbance represents hydride transfer (1) and the slower
decrease in absorbance represents the proton transfer step (1). Transients were collected at

25°C as described in the Materials and Methods.
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Figure S4. The viscosity-dependence of the proton transfer reaction. The viscosity
dependence of the rate constant for the decrease in absorbance at 696 nm, representing proton
transfer, is shown for POR from Thermosynechococcus elongatus (A), Synechocystis sp.
PCC6803 (B), Gloeobacter violaceus (C) and Arabidopsis thaliana POR B (D). All
measurements were recorded over a range of timescales as described in the Methods. The

error bars were calculated from the average of at least 3 traces.



0.096{ A 041 B
€
E < 0.09
o 0.092 o
& IS © £
< £0.11 % 0.08 S50.06
0.088 g o ©
[ORYS © o -
3 5010 c 0.05
3 80.09 S 0074 2
= g S 3
G 0.084 80.08 2 50.04
o @D
2 £0.07 < 0.06 <003
0 20_40 60 80 9 10 20 30 40 50
0.080: Time (ms) Time (ms)
0 0.1 02 0.3 04 0.5 ) 0.2 04 06 08 1.0
Time (s) Time (s)
0.075-
c 0.80{
€0.0701 g
o 0.0751
'«\D [ 'C\> £
© c
+=0.065- < > S
© ©0.08 ] 20.060
8 © @ 00704 ©
£ 0.0601 007 2 $0.055
o) e 8 e
5 £0.06 5 0.065- g
@0.055- 5 2 5 0.050
Q @ Qo a
< 2 0.05 < < 0.045
0.050- 0 02 04 0.6| 00601 S0 10 2o 30 40 50
: Time (s) Time (ms)
10 15 20 0 02 04 0.6 0’8 1.0
Time (s) Time (s)
NADP+ NADPH
Chlide Chlide /4 Chid \ Chlide
1 1 ide 1
POR » POR' > > POR —>cFr:ﬁ§
1 1 1 1 e
NADP* NADP* (AB70) NADPH (AB70)
(A681) (A685)

Figure SS5. Kinetic transients showing product release steps following laser photoexcitation at
450 nm. Transients, showing all three spectroscopic changes associated with the product
release and NADPH re-binding events, were measured at 670 nm for POR from
Thermosynechococcus elongatus (A), Synechocystis sp. PCC6803 (B), Gloeobacter violaceus
(C) and Arabidopsis thaliana POR B (D) (2). All measurements were recorded over a range
of timescales at 25°C as described in the Methods. A scheme of the product release steps is
shown at the bottom to indicate the spectral change associated with each phase (2). The rates

of each product release step are shown in Table S3. Panel A is taken from (2).
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