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Supplementary Figure S1. Multiple amino acid sequence alignment of 
Synechocystis F-DVR, Arabidopsis HCAR and predicted F-DVR of 
Phaeodactylum. Synechocystis F-DVR (SyF-DVR) (accession No. 
NP_441896), Arabidopsis HCAR (accession No. XP_002285592) and 
predicted F-DVR of Phaeodactylum (PhaeF-DVR) (accession No. 
XP_002186085) sequences were aligned using ClustalW, as 
implemented in BioEdit. The conserved residues are outlined.

10 20 30 40 50 60 70 80 90 100 110 120
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

SyF-DVR -MTVPAP------------------------------------HQKAKGLKPGSPRPAKELCSDCGLCDTYYIHYVKEACAFIN---QQFDHLEEQTHGRSRELG------KEDEVYFGV
HCAR MITVVTSRLSLLPPVFSVVNSSSSRSKDMNLEPKKKVKLREDWREKSRPIPPGGTYPAKDHCSQCGLCDTYYIAHVKEACAFLGDGMSRIESLEPVVHGRGRKAD------SLQDTYFGV
PhaeF-DVR --------------------------------------------------------PAKEHCSKCGLCETSYVARVKEACAFLEPGMSRIDTLETKVHGRRRKTTDDKTIVQADERRFGV

130 140 150 160 170 180 190 200 210 220 230 240
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

SyF-DVR HQKMLTAQKKEPIPGAQWTGIVSTIGCEMLNKGLVEGVVCVQNTPEDRFQPQVVIARTPAEVLAAKVNKPTLSPNLSVLEEVEKS-GLKRLLVIGVGCQIQALRAVEKQLGLEKLYVLGT
HCAR HQEQLYARKLKPVEGAQWTGIVTTIAIEMLKSNMVEAVVCVQSDPEDRLSPRPVLARTPEEVLAARGVKPTLSPNLNTLELIEAS-GVKRLLFCGVGCQVQALRSVEQHLNLEKLYVLGT
PhaeF-DVR QYQPLRLARGISMPGAQWTGVVSSIAISMLETRQVDAVACVASNEETWSNPNPILAQTTDEVLKGRGVKPSLAPSLNILDEVKNDPSIRRLLFCGVGCSVQALRSIENELGIE-IFILGT

250 260 270 280 290 300 310 320 330 340 350 360
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

SyF-DVR PCVDNVSRAG-LQKFLETTSRS-PETVVYYEFMQDFRVHFKHEDGSTELVPFFGLKTNQLKEVFAPSCMSCFDYVNGLADLVVGYMGAP-FG-------WQWLVVRNQTGQEMLD--LVQ
HCAR NCVDNGTRDG-LDKFLKAASKE-PETVLHYEFMQDYKVQLKHLDGHIEEVPYFSLPANDLVDVIAPSCYSCFDYTNALADLVIGYMGVPKYSGLNMTDHPQYITVRNERGKEMLS--LVE
PhaeF-DVR NCVDNSPSPGAAAAFIEKGAKVFSDSVRGYEFMQDFRVHVKTEETYLT-IPYFCLPGTIAESSIAKSCRSCFDYTNALADVVVGYMAAPLDGKSRMDESWQTVTVRNERGNQMVETAITQ

370 380 390 400 410 420 430 440 450 460 470 480
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

SyF-DVR DQLHIGQVS-SSGDRHQAVQQGITAYDKAVT----------LPMWVAKIMGLVIDKIGPTGLEYARFSIDSHFTRNYLYVKRNHPEKLAD-HVPPFAKKIVEQYKLPQQ-----------
HCAR NLLEITPTI-SSGDRRPFVTETVKADDAAKFGQG---PAQPAPLFVGNIIAFILNLVGPKGLEFARYSLDYHTIRNYLYVNRKWGKQRANTHMPSYAKKIVEMYNKNGQIDKMLSKK---
PhaeF-DVR GRLEVGDIVRGSGDHQQLAIATTKSDALVQAMVGGKVQENGMPLWLGNIMATVLRKVSAKGIAFARYSIDYHIVRNYFHVLNEWGEHRARSSTPQFALEIVDEY----------------



Supplementary Figure S2. The effects of E. coli lysate on the 
Synechocystis F-DVR activity. HMChlide a and purified Synechocystis F-
DVR were incubated with or without a culture lysate of E. coli containing 
the empty pET vector. NADPH, FNR and Fd were included in the 
reaction mixture. The pigment composition after incubation were 
analyzed by HPLC.
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Supplementary Figure S3. Synechocystis F-DVR activity on Chlide a. 
Chlide a was incubated with a culture lysate of E. coli containing 
Synechocystis F-DVR under the same conditions of Fig. 4C. NADPH, 
FNR and Fd were included in the reaction mixture. The pigment 
composition after incubation were analyzed by HPLC. Gray arrows 
indicate elution positions of HMChlide a and Chlide b.
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Supplementary Figure S4. HCAR activity toward DV-Chlide a, 
HMChlide a and Chlide b. DV-Chlide a, HMChlide a and Chlide b were 
incubated with purified recombinant Arabidopsis HCAR. All reaction 
mixtures contained NADPH, FNR and Fd. The pigment compositions 
were analyzed by HPLC. 1, DV-Chlide a incubated with HCAR. 2, 
HMChlide a incubated with HCAR. 3, Chlide b incubated with HCAR. 
Gray arrow indicates elution position of MV-Chlide a.
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Supplementary Figure S5. NADH effect on DV-Chlide a reduction. DV-
Chlide a was incubated with purified Synechocystis F-DVR and NADH. 
The pigment compositions were analyzed by HPLC. Gray arrow 
indicates elution position of MV-Chlide a.
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Supplementary Figure S6. Substrate specificity of Phaeodactylum N-
DVR. The Phaeodactylum gene homologous to Arabidopsis N-DVR 
(PhaeN-DVR) was expressed in E. coli, and the lysate was used for the 
analysis of DVR activity. After incubation of the pigments with the E. coli
lysate, the pigment compositions were analyzed by HPLC. 1, DV-Chlide 
a incubated with PhaeN-DVR. 2, DV-Chl a incubated with PhaeN-DVR. 3, 
DV-PChlide a incubated with PhaeN-DVR. Gray arrow indicates elution 
position of MV-PChlide a.
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Supplementary Figure S7. SDS-PAGE analysis monitoring  the 
expression and purification  of recombinant proteins. Purified 
recombinant proteins (1 µg) and E. coli lysate (0.5 µL) were loaded onto 
a 12% acrylamide gel, separated with SDS-PAGE  and Coomassie
Brilliant Blue stained. For enzyme assay, 10 µg of purified proteins or 10 
µL of lysate were used. Synechocystis F-DVR (SyF-DVR), Arabidopsis
N-DVR (AtN-DVR) and Arabidopsis HCAR were purified using a nickel 
column. AtN-DVR was further purified using an ion exchange column. 
PhaeN-DVR; Phaeodactylum N-DVR.



Gene Forward primer Reverse primer

Synechocystis F-DVR 5'-CATATGACCGTTCCTGCCCCCCA-3' 5'-CTCGAGTTGCTGGGGAAGTTTATA-3'

Arabidopsis N-DVR 5'-CATATGTCACTTTGCTCTTCCTT-3' 5'-CTCGAGGAAGAACTGTTCACCGAGTT-3'

Arabidopsis HCAR 5'-GGATCCTCCGTCGTTAACTCTTCTTC-3' 5'-CTCGAGTTTCTTGGAGAGCATTTTAT-3'

Phaeodactylum N-DVR 5'-GGATCCATGAGTGTGCGTCGGTTCCG-3' 5'-CTCGAGCTTGCCGGTCACGGGTTCGG-3'

Supplementary Table S1. Primers used in the construction


