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GOAL: expand and extend the light-harvesting potential of cyanobacterial cultures by
controlling the synthesis of unconventional Chls (Chld and Chlf), improving thereby
their growth rate and fitness under PBR relevant conditions.
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CHLOROPHYLL D, A GREEN PIGMENT OF RED ALGAE

Manning & Strain 1943 JBC Vol 151/1: 1-19

R2 => formyl group
(in Chla and Chlb
R2 is a vinyl group
CH=CH,)

Chlorophyll d as a
major pigment

Miyashita et al. 1996 NATURE Vol 383

We have now isolated a previously un-
described oxygenic photosynthetic pro-
karyote containing chlorophyll 4 as a
major green pigment: it has only a small
amount of chlorophyll a.

We isolated the new organism trom
a suspension of algae squeezed out of
Lissoclinum patella, a colonial ascidian,
collected in 1993 from the marine
coast of the Palau islands in the western
Pacific Ocean. Cells are unicellular and
spheroidal or ellipsoidal, 1.5-2.0 pm in
diameter and 2.0-3.0 pm in length. They
are photoautotrophs, and have evolved in
the presence of oxygen. We used electron
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- Chlb and Chld both contain a formyl side-chain

- putative Chld synthase => could belong to the
CAO superfamily

Ry R; R, R4
chlorophyll a CH, CH=CH, CH, CH,-CH;,
chlorophyll b CH, CH=CH, CHO CH,-CHj,
chlorophyll d CH, ﬂ CH, CH,-CH,
chlorophyll f CHO CH=CH, CH, CH,-CH,

8-vinyl chlorophyll a CH, CH=CH, CH, CH=CH,

(taken from Loughlin et al. 2014 SCIENTIFIC REPORTS Vol 4: 6069)

Niche adaptation and genome expansion in the
chlorophyll d-producing cyanobacterium
Acaryochloris marinag Swingley et al. 2008 PNAS Vol 105/6: 2005

- Five putative CAO-like proteins are encoded by A. marina

- Most of these fall into orthologous clusters with other hypothetical cyanobacterial proteins
and only one, AM15665, does not have any significant homologs
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Here we describe RCC1774, the type strain of a new species that is phylogenetically related to the Acaryochloris
genus, but which possesses Chl a as the major photopigment as well as Chl b, zeaxanthin, (3,=-carotene and PC
as main accessory pigments. This is the first time that this suite of pigments is reported for a member of the
Acaryochloris genus and for cyanobacteria at large. This novel species, that we propose to call Acaryochloris thom-
asi sp. nov. in honour of its isolator, Jean-Claude Thomas, is therefore the fourth ‘green oxyphotobacterium’ ever
described, but the only one which possesses substantial amounts of PC. This discovery should thus provide inter-
esting novel insights into the evolution of pigment synthesis in cyanobacteria.

tree; Fig. 1), when such genomes will be available. In any case, the genomic comparison of RCC1774 and Chl
d-producing Acaryochloris spp. should help discover valid candidate(s) for Chl d synthase(s). In this context,
although it has been suggested that A. marina MBIC11017 AM1_5665 might have this function*, the presence
of a close homolog in RCC1774 (C1752_00555) somewhat invalidates this hypothesis, while two other proposed
candidates (AM1_5023 and AM1_5798) have only distant homologs in RCC1774 and are therefore more likely
to be involved in Chl d synthesis.
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DOT 10.1007/s11120-015-0082-4

@ CrossMark

REGULAR PAPER

Establishment of the forward genetic analysis of the chlorophyll
d-dominated cyanobacterium Acaryochloris marina MBIC 11017
by applying in vivo transposon mutagenesis system .
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(seven copies, four of them located on plasmids), recD (three
copies, including two plasmidic copies), recF, recG, rec/ (two
copies), recN, recO, recQ (two copies), recR, ruvABC, ssb (two
copies), sulA, umuC (three copies including two plasmid copies),
umuD (four copies including two plasmid copies), uvrABCD
and xerC (eight copies, including six on plasmids). However,



Nature comes to the rescue: Chlf

R1 => formyl group

(in Chla and Chlb

R2 is a methyl group CH,)

R, R, Rj R4
chlorophyll a _CHy CH=CH;, CH; CH,-CH,
chlorophyll b CH, CH=CH, CHO CH,-CH,
chlorophyll d CH, CHO CH,4 CH;-CH,4
chlorophyll £ CHO  CH=CH, CH;, CH,-CH,

8-vinyl chlorophyll a CH, CH=CH, CH, CH=CH,

(taken from Loughlin et al. 2014 SCIENTIFIC REPORTS Vol 4: 6069)



Science

A Red-Shifted Chlorophyll

Min Chen, Martin Schliep, Robert D. Willows, Zheng-Li Cai, Brett A. Neilan and Hugo Scheer

Science 329 (5997), 1318-1319.

DOI: 10.1126/science.1191127originally published online August 19, 2010

The morphological features of stromatolites
provide a unique environment for specific but di-
verse cyanobacterial communities (7). We cultured
a sample from Hamelin pool under near-infrared

light (720 nm) (&). Analysis of a methanolic ex-
tract of stromatolites from Shark Bay, Western Aus-
tralia, by high-performance liquid chromatography
(HPLC) revealed a complex mixture of chloro-
phylls (Fig. 1A): In addition to a detectable amount
of Chl a (peak 3) and bacteriochlorophyll a (peak
B), there were trace amounts of Chl d and a new
pigment, Chl f (peak 2 in Fig. 1A). The optical

s Peak 1

Peak 2
s Peak 3

Absorbance (A.U)




Chlf (and chld) is produced as a MINOR pigment in several cyanobacteria strains

The synthesis of Chlf/d is part of a COMPLEX ACCLIMATION PROCESS:
FaRLiP (far-red light photoacclimation)

Leptolyngbya sp. strain JSC-1
Fig. 2. JSC-1 cells have
enhanced absorption at 700 A
to 750 nm when grown in

far-red light. (A) Appearance

of cells grown in WL, GL,

645-nm light, and 710-nm

light. (B) Absorption spectra

of strain JSC-1 cells grown in

WL (black line), GL (green B
line), 645-nm light (red line),
FR (solid blue line), and
710-nm light (dotted

blue line).
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Extensive remodeling of a cyanobacterial photosynthetic apparatus in far-red light
Fei Gan, Shuyi Zhang, Nathan C. Rockwell, Shelley S. Martin, J. Clark Lagarias and Donald A. Bryant

Science 345 (6202), 1312-1317.
DOI: 10.1126/science.1256963originally published online August 21, 2014
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RfpA, RfpB, and RfpC are the Master
Control Elements of Far-Red Light
Photoacclimation (FaRLiP)

Chi Zhao', Fai Gan'', Gaozhong Shen' and Donald A. Bryant "**
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RfpA: red/far-red photoreceptor (histidine kinase domain)
RfpC: response regulator (transfers a phosphate from RfpA to RfpB)
RfpB: response regulator (DNA-binding domain) activates transcription

Additionally, the cells synthesize both chlorophyll (Chl) f and Chl d. Using biparental
mating from Escherichia coli, we constructed null mutants of three genes, rfpA, rfpB, and
MpC, in the cyanobacteria Chlorogloeopsis fritschii PCC 9212 and Chroococcidiopsis
thermalis PCC 7203. The resulting mutants were no longer able to modify their
photosynthetic apparatus to absorb FRL, were no longer able to synthesize Chl f,
inappropriately synthesized Chl d in white light, and were unable to transcribe genes
of the FaRLIP gene cluster. We conclude that RfpA, RfpB, and RfpC constitute a
FRL-activated signal transduction cascade that is the master control switch for the
FaRLIiP response. FRL is proposed to activate (or inactivate) the histidine kinase activity



During FaRLiP several subunits of the photosynthetic apparatus are replaced by
divergent protein variants encoded from a large gene cluster in the genome
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> 15 species of cyanobacteria contain the FaRLiP gene cluster

m) experimentally confirmed to grow photoautotrophically and to synthesize
Chlf/d in Far Red light
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Light-dependent chlorophyll f synthase is a highly divergent paralog of PsbA of photosystem

|
Ming-Yang Ho, Gaozhong Shen, Daniel P. Canniffe, Chi Zhao and Donald A. Bryant

Science 353 (6302), aaf9178.
DOI: 10.1126/science.aaf9178originally published online July 7, 2016

Using a conjugation-based DNA transfer system
(14), we constructed null mutants for psbA4 genes
in two cyanobacteria capable of FaRLiP (8): C.

one \'\1;135:";5 fritschii PCC 9212 and Synechococcus sp. PCC

_ and P oS : ne 7335 (fig. S3). Neither psbA4 mutant was able to
Tvanﬁm“\?“ (he ene(®) ved FaRLiP i’L di-  synthesize Chl f when the mutant cells were with Chl £ Heterologous
%es’teﬂ in the GD‘—;;E S :{am'\\‘! grown in FRL. The characteristic long-wavelength expression of the pshA4
activity led mme o e B =
cluster m mb “S\lﬁet't psit we 9212 in the model non-FaRLiP cvanobacterium
vet‘é‘ﬁ“tn i, o sub ous €% Synechococcus sp. PCC 7002 led to the syn-
encod) 5 the D1 co¥ 1d heterolos of tWO thesis of Chl f. These results showed that pshA4
Pam\o?:’e e ?;E“em:; &1 h emegpgiﬁ (renamed chiF) encodes the Chl f synthase.
used .1 n o entify v . gi ﬁﬁﬁ sp- Growth experiments using intervals of FRL
YESS‘\D)L @Vab\: an Syﬂechﬂa and darkness showed that Chl f synthesis is
?ﬁhﬁ pCcC 921~ light-dependent, which implies that ChlF is a

photo-oxidoreductase that oxidizes Chl a (or

Chlide a) instead of water.



Hp 1:
- psbA4 (renamed ChlF) encodes for Chlf synthase

- homodimers of ChlF constitute “specialised” RC that oxidise Chla to Chlf

Chlorophyll fsynthesis by a super-rogue photosystem
“ Complex Trinugroho et al. 2020 NATURE PLANTS Vol 6: 238
Hp 2:

- ChIF can replace D1 in the RC forming “modified” RC (heterodimers of ChlF/D2)
substitute) capable of synthesising Chlf

- These new class of PSIl compexes are termed “super-rogue”

still... the complexity of Chld and Chlf synthesis remains unknown
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