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ABSTRACT 1 
Photosynthetic organisms have developed sophisticated strategies to fine-tune light energy conversion 2 
to meet the metabolic demand, thereby optimizing growth in fluctuating light environments. Although 3 
mechanisms such as energy dissipation, photosynthetic control, or the photosystem II (PSII) damage 4 
and repair have been widely studied, little is known about the regulation of protein synthesis capacity 5 
during light acclimation. By screening a Chlamydomonas reinhardtii insertional mutant library using 6 
chlorophyll fluorescence imaging, we isolated a high chlorophyll fluorescence mutant (hf0) defected in 7 
a gene encoding a putative plastid targeted DEAD-box RNA helicase called CreRH22. CreRH22 is 8 
rapidly induced upon illumination and belongs to the GreenCut, a set of proteins specific to 9 
photosynthetic organisms. While photosynthesis is slightly affected in the mutant under low light 10 
(LL), exposure to high light (HL) induces a marked decrease in both PSII and PSI, and a strong 11 
alteration of the light-induced gene expression pattern. These effects are explained by the inability of 12 
hf0 to increase plastid ribosome amounts under HL. We conclude that CreRH22, by promoting 13 
ribosomal RNA precursor maturation in a light-dependent manner, enables the assembly of extra-14 
ribosomes required to synthesize photosystem subunits at a higher rate, a critical step in the 15 
acclimation of algae to HL. 16 

17 
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INTRODUCTION 18 
In natural environments, photosynthetic organisms face highly fluctuating light conditions, and 19 
developed a complex network of regulatory mechanisms to adjust the capture and transformation of 20 
light energy to the metabolic demand. Such mechanisms are highly desirable since any disequilibrium 21 
between the conversion and use of light energy may result in severe photo-damage due to the 22 
formation of harmful reactive oxygen species (Niyogi, 1999). A wide range of mechanisms 23 
dynamically regulate light-energy conversion and photosynthetic electron flow, and operate at 24 
different time scales (Erickson et al., 2015). The short-term response involves energy dissipation by 25 
photosystems through a pH-dependent de-excitation of chlorophylls (Peers et al., 2009). On longer 26 
time scales (minutes to hour), other acclimation mechanisms operate in addition to the pH dependent 27 
NPQ, including state transitions (Depege et al., 2003; Allorent et al., 2013), adjustment of chlorophyll 28 
antenna size and photosystem stoichiometry (Bonente et al., 2012; Erickson et al., 2015). The PSII 29 
damage and repair cycle, although initially considered as a wasteful process (called photoinhibition) 30 
and involving selective destruction of PSII core subunits followed by active protein synthesis (Ohad et 31 
al., 1984), is now viewed as part of a dynamic and sophisticated machinery in which PSII is degraded 32 
and further repaired (Murata et al., 2012; Adams et al., 2013; Erickson et al., 2015; Li et al., 2018). 33 
The PSII repair cycle would protect the photosynthetic electron transfer chain, particularly PSI 34 
(Tikkanen et al., 2014). During the PSII repair cycle, translation of plastid-encoded PSII subunits D1, 35 
D2 and CP43 is enhanced (Christopher and Mullet, 1994; Kettunen et al., 1997; Minai et al., 2006; 36 
Jarvi et al., 2015). However, despite extensive studies on PSII repair, mechanisms involved in the 37 
regulation of translation remain largely unknown (Sun and Zerges, 2015). Analysis of gene expression 38 
during a day-night cycle showed that nuclear genes encoding chloroplast ribosome proteins are rapidly 39 
and transiently expressed upon sudden HL exposure, indicating that ribosome biogenesis is critical in 40 
such conditions (Zones et al., 2015). 41 

DEAD-box RNA helicases catalyze ATP-dependent unwinding of RNA structures, and are 42 
involved in many aspects of RNA metabolism, including RNA synthesis, cleavage, modification, or 43 
ribosome biogenesis (Silverman et al., 2003). CrhR, the unique DEAD-box RNA helicase present in 44 
the genome of the cyanobacterium Synechocystis sp. PCC 6803, participates in redox regulation of 45 
gene expression (Kujat and Owttrim, 2000), low temperature acclimation of photosynthesis (Rosana et 46 
al., 2012; Sireesha et al., 2012), and was recently shown to interact with transcripts associated with 47 
photosynthesis (Migur et al., 2021). In plant chloroplasts, DEAD-box RNA helicases participate in 48 
ribosome biogenesis (Asakura et al., 2012; Chi et al., 2012), chloroplast differentiation (Wang et al., 49 
2000), and responses to diverse abiotic stresses (Nawaz and Kang, 2017), but a role of these enzymes 50 
in the light-response of eukaryotic photosynthesis has not been reported so far.  51 

With the aim to unveil new regulatory and acclimation mechanisms of photosynthesis, a 52 
forward genetic approach was developed in the unicellular microalga Chlamydomonas reinhardtii by 53 
screening an insertional mutant library based on the analysis of chlorophyll fluorescence (Tolleter et 54 
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al., 2011). We report here on the isolation of a high chlorophyll fluorescence mutant (hf0) defected in a 55 
gene encoding a putative plastid DEAD-box RNA helicase (CreRH22), and show its involvement in 56 
ribosomal RNA processing and ribosome biogenesis. CreRH22 belongs to the GreeenCut2 57 
(Karpowicz et al., 2011) and its expression is rapidly and transiently induced upon HL exposure. 58 
Photosynthetic activity and photoautotrophic growth of the hf0 mutant are affected at HL intensity. We 59 
conclude that rapid induction of CreRH22 promotes ribosome biogenesis upon HL exposure, thus 60 
increasing the translation capacity and enabling efficient turnover of plastid-encoded photosystems 61 
subunits. 62 
 63 
RESULTS 64 

Isolation of high chlorophyll fluorescence Chlamydomonas mutant defected in a DEAD-box RNA 65 
helicase. From the screening of an insertion mutant library based on the analysis of chlorophyll 66 
fluorescence transients of Chlamydomonas colonies grown in photo-autotrophic conditions (Tolleter et 67 
al., 2011), a mutant (hf0) showing a high F0 fluorescence level was isolated (Fig. 1A). The hf0 mutant 68 
harbors a single insertion of the AphVIII paromomycin resistance cassette (Fig. 1B and Supplemental 69 
Fig. S1) located within the 7th exon of a gene (Cre03.g166650) encoding a putative DEAD-box RNA 70 
helicase named as CreRH22 (Fig. 1B). The Cre03.g166650 transcript was not detected by RT-PCR in 71 
hf0 (Fig.1C). CreRH22 shares common properties of DEAD-box RNA helicases, including the Asp-72 
Glu-Ala-Asp (DEAD) sequence, an RNA-binding motif and an ATP hydrolyzing domain (Fig. 1B). 73 
Phylogenetic analysis showed that CreRH2 belongs to a DEAD-box RNA helicase clade containing a 74 
previously characterized member in Arabidopsis (AtRH22) (Chi et al., 2012) (Supplemental Fig. S2). 75 
AtRH22 was reported to be targeted to the chloroplast and to be involved in ribosomal RNA 76 
processing and chloroplast ribosome biogenesis (Chi et al., 2012). By using the prediction tool 77 
Predalgo specifically developed for intracellular targeting of microalgae (Tardif et al., 2012), 78 
CreRH22 was predicted to be chloroplast targeted, like six other putative DEAD-box RNA helicases 79 
encoded by the C. reinhardtii genome (Supplemental Fig. S3). Moreover, the CreRH22 protein 80 
belongs to the GreenCut2 (identified as Hel15), an inventory of proteins identified on a phylogenomic 81 
basis, conserved in plants and green algae but not in non-photosynthetic organisms (Karpowicz et al., 82 
2011). Complementation was attempted by both nuclear and chloroplast transformation. For nuclear 83 
complementation, a genomic DNA fragment corresponding to the full CreRH22 gene was cloned into 84 
a vector containing a hygromycin resistance cassette, and resistant clones were screened by 85 
chlorophyll fluorescence imaging (Supplemental Fig. S4). Full complementation was observed in one 86 
strain out of 400 hygromycin resistant clones. For plastid transformation, a synthetic gene with a 87 
codon usage adapted to the Chlamydomonas chloroplast genome was used (Supplemental Fig. S5). 88 
Two independent homoplasmic chloroplast transformants were analyzed, chlorophyll fluorescence 89 
measurements showing a full recovery of the wild-type phenotype in both transformants 90 
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(Supplemental Fig. S4). We conclude that inactivation of CreRH22 is responsible for the hf0 91 
chlorophyll fluorescence phenotype, complementation by plastid expression confirming chloroplast 92 
targeting.  93 

We observed that the chlorophyll fluorescence phenotype of the hf0 mutant vanishes when 94 
batch cultures reached a high cell density. Since the photon flux received by each cell is lower in a 95 
dense culture than in a diluted culture due to cell-shading, we hypothesized that the mutant phenotype 96 
may depend on the light intensity. Indeed, when cells were grown under HL (240 µmol photons. m-2 s-97 
1) chlorophyll fluorescence induction of the mutant was strongly affected, showing higher F0 and Fs 98 
levels and reduced PSII yields as compared to wild-type control and two complemented lines (Fig. 2A, 99 
C). However, when cells were grown under LL (15 µmol photons m-2 s-1) differences in the F0 levels 100 
and PSII yields between hf0 and control strains were much smaller (Fig. 2B, D).  101 

Ribosomal RNA processing is affected in hf0. We next investigated whether CreRH22 is involved in 102 
chloroplast ribosomal RNA processing by analyzing this mechanism in hf0. Chloroplast ribosomal 103 
RNAs are organized in polycistronic transcription units, which need to be matured into a set of 104 
overlapping RNAs through a series of processing steps. The non-mature polycistronic rRNA 105 
undergoes endo-nucleolytic cleavages to produce mature 7S, 3S, 23S and 5S rRNAs (Holloway and 106 
Herrin, 1998) (Fig. 3A). Accumulation and processing of chloroplast ribosomal RNAs were further 107 
examined by Northern blot using specific probes for mature 3S, 7S, and 23S rRNAs. We found that 108 
RNA precursor levels are increased in hf0 as compared to the wild-type, mature RNA levels being 109 
reduced accordingly (Fig. 3B). Plastid transcript level encoding PSII and PSI subunits, analyzed by 110 
RT-qPCR, showed a slightly higher level of transcripts in hf0 compared to the wild-type both under LL 111 
(30 µmol photons m-2 s-1) and HL (240 µmol photons m-2 s-1) (Supplemental Fig. S6A, B). Analysis of 112 
chloroplast transcripts encoding non-polycistronic ribosomal components (rpl36 and rps18) showed 113 
no obvious difference in the levels of transcripts (Supplemental Fig. S6C, D), the 16S transcript level 114 
being lower in hf0 compared to the wild-type (Supplemental Fig. S6E). We conclude from these 115 
experiments that, as previously reported for AtRH22 (Chi et al., 2012), CreRH22 is involved in 116 
chloroplast ribosomal RNA processing, its defect resulting in an accumulation of unprocessed rRNA 117 
forms and thereby a decrease in the amount of plastid ribosomes.  118 

Accumulation and turnover of PSII and PSI subunits are affected in hf0. To better characterize the 119 
effect of CreRH22 on protein synthesis, quantitative immuno-analysis was carried out on a set of 120 
chloroplast proteins, including plastid ribosomal proteins and components of the photosynthetic 121 
electron transport chain (Fig. 4). Under LL, no differences in protein amounts were observed between 122 
hf0 and the wild-type, except for chloroplast ribosomal proteins L30 and S21, both present at lower 123 
amounts in hf0. Upon HL exposure, the amount of both ribosomal proteins increased in the wild-type 124 
while remaining at a low level in hf0. In wild-type cells, HL exposure induced a slight decrease in the 125 
amounts of PSII subunits PsbA (D1), PsbC (CP43) and PsbD (D2), and PSI subunits PsaA, PSAD and 126 
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PSAF, but the effect was more pronounced in hf0. The amounts of other chloroplast components, 127 
including AtpB, a subunit of the ATP synthase (CF0-CF1), PetA a subunit of the cytochrome b6f 128 
complex, and LHCB2 a light harvesting subunit remained unchanged. 35S pulse-labeling experiments 129 
of thylakoid proteins were then carried out to determine to what extent such changes in protein 130 
amounts reflect changes in protein synthesis activity. No difference in pulse labeling patterns was 131 
observed under LL between wild-type, hf0 and two complemented lines (Fig. 5). However, upon 6h of 132 
HL exposure a lower D1 labeling was observed in hf0, the effect being reversed in both complemented 133 
lines. The turnover of D1 is known as the highest of plastid proteins due to the existence of an efficient 134 
damage/repair system (Jarvi et al., 2015). Note that slight differences in labeling between wild-type 135 
and hf0 were also observed, although at a lower extent, on other proteins including LHCII and the PSI 136 
subunit PsaC. On the other hand, the labeling of ATP synthase (CF0-CF1) subunits AtpA and AtpB 137 
was unaffected in the mutant. We conclude from these experiments that the protein 138 
translation/synthesizing capacity in hf0 is lower than in the wild-type due to a lower ribosome content, 139 
which becomes limiting under HL, and results in a decreased accumulation of plastid proteins actively 140 
synthesized under HL, such as D1. 141 

In order to confirm that PSII inhibition observed in hf0 under HL results from a defect in 142 
protein synthesis capacity, we used chloramphenicol, an inhibitor of chloroplast protein synthesis. In 143 
the absence of chloramphenicol, ΦPSIImax and operating PSII yield progressively decreased upon HL 144 
exposure in hf0 but not in wild-type or in complemented lines (Fig. 6 A, C). As previously reported 145 
(Schuster et al., 1988), PSII was more strongly inhibited by HL in the presence of chloramphenicol, 146 
similar inhibitions being observed in hf0, wild-type and complemented lines after 7h to 24h exposure 147 
(Fig. 6 B,D). Since the chloramphenicol treatment of wild-type somehow mimicked the CreRH22 148 
mutation, we conclude that the HL sensitivity of hf0 likely results from a decreased protein synthesis 149 
capacity. Since both turnover and accumulation of some PSII and PSI subunits were affected in HL-150 
acclimated hf0 cells, we measured how PSII and PSI activities are impacted (Supplemental Fig. S7). 151 
While a 50% reduction in the maximal PSII yield was observed in hf0 under HL, a smaller decrease in 152 
the PSII/PSI ratio was measured, consistent with the existence of reduced PSI activity, although to a 153 
lesser extent than PSII inhibition. 154 

Chlorophyll protein complexes are affected in hf0. In order to gain insight on changes in 155 
photosynthesis machinery occurring in hf0 upon HL exposure, we first performed low temperature 156 
(77K) chlorophyll fluorescence measurements (Fig. 7). When grown under LL both wild-type and 157 
mutant strains showed closely related patterns, with a slightly higher fluorescence emission peak at 158 
712nm (E712nm) in the mutant (Fig. 7A). Upon HL exposure, the E712nm peak dramatically increased in 159 
hf0 (Fig. 7B). The chlorophyll emission ratio (E712nm/E686nm) and the F0 level (measured as the F0/Fm 160 
ratio) both strongly increased in the mutant while remaining at nearly constant values in the wild-type 161 
(Fig. 7C, D). In order to determine whether the E712nm fluorescence peak increase is related to the 162 
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phenomenon of state transition, phosphorylation of thylakoid proteins was analyzed (Fig. 7E). During 163 
state transitions, reduction of the PQ pool triggers the STT7 kinase, which phosphorylates LHCII and 164 
PSII subunits. The phosphorylation status of thylakoid proteins of wild-type and hf0 are similar under 165 
LL, and slightly differed under HL (Fig. 7E). However, contrary to what would have been expected if 166 
hf0 was more in state 2 than the wild-type, a lower phosphorylation status was observed in the mutant 167 
as compared to the wild-type upon HL exposure. Moreover, the blue shift of the 712nm peak observed 168 
in HL acclimated hf0 cells (Fig. 7B) is likely due to an increased fluorescence emission from the PSI 169 
core or LHCI oligomers, suggesting that part of PSI-LHCI is dissociated into PSI core and LHCI 170 
oligomer or that LHCI oligomers accumulate because of the absence of PSI core (Takahashi et al., 171 
2004). We conclude from these experiments that both E712nm and F0 increases do not result from a 172 
transition to state 2, but likely reflect the presence of LHCI oligomers. We then performed blue native 173 
gel electrophoresis of thylakoid protein complexes, and observed no major difference in the 174 
distribution of chlorophyll protein complexes in hf0 as compared to the wild-type under LL (Fig. 7F). 175 
However, under HL exposure, the pattern of chlorophyll protein complexes of hf0 differed from that of 176 
the wild-type, two weak upper bands (PSII-LHCII supercomplexes) disappearing and a lower band 177 
(LHCI oligomer) appearing in the mutant, a similar effect being observed when LL wild-type cells 178 
were treated with chloramphenicol (Supplemental Fig. S8). Two-dimensional blue native-PAGE 179 
showed that a group of polypeptides, associated in wild-type cells to a large complex, are found 180 
associated to a smaller complex in hf0 (Fig. 8A, B). Mass spectrometry-based proteomic analysis was 181 
performed on a gel strip taken on the 2D gel in the ~20-35kDa molecular weight range (see red box on 182 
Fig. 8B). Various polypeptides were identified, and notably several subunits of PSI (PsaA, PsaB, 183 
PsaC, PSAD and PSAF), light-harvesting proteins of PSI (LHCA3, LHCA4, LHCA5, LHCA6, 184 
LHCA7), several subunits of PSII (PsbA, PsbB, PsbC and PsbD), and one Light Harvesting Complex 185 
II (LHCII) polypeptide (LHCBM8), a component of trimeric LHCII (Girolomoni et al., 2017) 186 
(Supplemental Data Set S1). Polypeptides with molecular weights comprised between 20 and 35kDa, 187 
which corresponds to the gel strip taken for the proteomic analysis, include the five LHCA 188 
polypeptides, the two nuclear-encoded PSI subunits (PSAD and PSAF) and LHCBM8. The presence 189 
of higher molecular weight polypeptides such as PsaA, PsaB, PsbA, PsbB, PsbD in this area of the gel 190 
suggests that some degradation of PSI and PSII photosystems occurred in HL-acclimated hf0 cells. The 191 
presence of orphan LHCAs, normally associated with high MW complexes (PSI-LHCI) in a stable 192 
manner (Takahashi et al., 2004; Nellaepalli et al., 2021), indicates a defect in PSI organization, in line 193 
with 77K chlorophyll fluorescence data (Fig. 7B). It is inferred from this experiment that accumulation 194 
of PSI-LHCI and PSII-LHCII supercomplexes, which normally occurs when the synthesis of subunits 195 
encoded by nuclear gene and chloroplast genes is properly synchronized, is impaired in hf0 under HL 196 
conditions. As a consequence, PSII-LHCII and PSI-LHCI bands disappear, some PSI and PSII 197 
reaction centers are degraded and LHCI oligomers accumulate at detectable levels. The increase of 198 
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LHCII monomer observed in hf0 under HL (Fig. 7F) reflects the fact that in contrast to LHCI, only a 199 
small fraction LHCII is normally associated to PSII-LHCII supercomplexes (Tokutsu et al., 2012). 200 

CreRH22 expression is transiently upregulated during light transients. By searching data related 201 
to CreRH22 (Cre03.g166650) transcript levels in a previous study reporting the dynamics of the C. 202 
reinhardtii transcriptome in cells synchronized by a night-day cycle (Zones et al., 2015), we found that 203 
CreRH22 expression shows a sharp and transient increase at the beginning of the light period 204 
(Supplemental Fig. S9A). In this study a gene cluster named “light stress cluster” characterized by a 205 
similar gene expression profile as CreRH22 was defined. This cluster contains several HSP genes 206 
(such as HSP70B and HSP90C), as well as light stress genes such as PSBS2 or VTC2 (Zones et al., 207 
2015). Although CreRH22 was not assigned in this work as a member of the “light stress cluster”, its 208 
expression pattern actually meets most criteria used to define this cluster during the light period, the 209 
transient expression increase observed during the dark period (reaching 51% of the maximum 210 
expression) preventing the classification in this cluster (criteria limit <40%). In order to determine 211 
whether CreRH22 expression is regulated by a light transient independent of circadian regulations, we 212 
then performed a dark to light transient on non-synchronized cells, which showed that CreRH22, like 213 
HSP70B and HSP90C, is induced by a light (Supplemental Fig. S9B).  214 

Light-dependent nuclear gene expression is severely impaired in hf0. RNAseq analysis was then 215 
performed in order to determine how the light-induced transcriptional response is affected in the 216 
absence of CreRH22. For this purpose, C. reinhardtii cells were grown under LL in PBR operated as 217 
turbidostats thus allowing acclimation to constant growth conditions, and then switched to HL. Global 218 
transcript profiles were analyzed by RNA sequencing after 24h LL acclimation and then after 2h and 219 
24h of HL exposure (Supplemental Data Set S2; Fig. 9). In wild-type cells, 3020 differentially-220 
expressed genes (DEGs) were up-regulated, and 445 down-regulated upon 2h of HL exposure (log 221 
2(Fold Change) > 1 and <-1, respectively) (Fig. 9A). The number of up-regulated DEGs doubled (up 222 
to 6023) after 24h under HL, the number of down-regulated DEGs remaining at a low level (576). The 223 
effect of HL on gene expression was strongly attenuated in hf0 in comparison to the wild-type, since 224 
only 1241 and 1291 genes were up-regulated after 2h and 24h of HL, respectively. In contrast, the 225 
number of down-regulated genes doubled as compared to the wild-type. MapMan classification of up-226 
regulated DEGs showed that most represented gene categories are distributed in a similar manner in 227 
both strains at different time points (Fig. 9 B,C).  228 

Since CreRH22 is involved in chloroplast ribosomal RNA processing, we focused on the 229 
expression pattern of ribosomal protein genes (RPGs) of translational machineries located in the 230 
cytosol, chloroplast, and mitochondria (Fig. 10). A previous study has established that RPG expression 231 
is highly coordinated in the three cellular compartments during light-dark cycles, the expression of 232 
cytosolic RPGs peaking at the beginning of the dark period, while the expression of chloroplast RPGS 233 
is maximal at the very beginning of the light period (Zones et al., 2015). When wild-type cells were 234 
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shifted from LL to HL, the maximal RPG expression of cytosolic components was observed under LL 235 
and strongly decreased upon HL exposure. In hf0 cells, cytosolic RPG expression was much less 236 
affected upon HL exposure (Fig. 10 A,D). The effect of HL on RPG expression of chloroplasts 237 
components was dramatically different. Indeed, while expression of chloroplast RPGs was essentially 238 
not affected by the HL shift in wild-type cells, a strong and progressive increase in chloroplast RPGs 239 
expression was observed in hf0 2h and 24h after the HL shift (Fig. 10 B,E). On the other hand, 240 
mitochondrial RPGs showed a similar expression pattern in the wild-type and hf0 after the HL shift, a 241 
similar increase of expression being observed in both strains (Fig. 10 C,F). The dramatic difference 242 
between chloroplast RPGs expression observed in hf0 and wild-type cells in response to the HL 243 
sharply contrasts with changes in ribosomes abundances, since an increase in ribosomal protein 244 
amounts was observed in the wild-type and no change in hf0 (Fig. 4). The increase in chloroplast 245 
ribosome abundance observed in wild-type cells in response to HL and the absence of changes in 246 
chloroplast RPG expression strongly suggests that chloroplast ribosome abundance is mainly driven 247 
by post-transcriptional regulations (i.e. increased translation of ribosome subunits). The strong 248 
increase in chloroplast RPG expression observed in hf0 upon HL exposure and the absence of changes 249 
in ribosome abundance suggests that 23S rRNA processing by CreRH22 is a critical step in the 250 
biogenesis of additional ribosomes in wild-type, which cannot be compensated by an increased 251 
expression of plastid RPGs in hf0.  252 

Biomass productivity is decreased under HL in hf0. We then aimed to assess the impact of the 253 
CreRH22 defect on growth capacity and biomass productivity under different light regimes by 254 
performing PBR experiments in a turbidostat mode (Fig. 11). Steady-state dilution rates of cultures 255 
maintained at constant biomass concentration allowed to determine specific growth rate, which 256 
increased as a function of light intensity in both wild-type and hf0 cell cultures until a saturation 257 
plateau, which reached a 40% lower value in hf0 as compared to the wild-type (Fig. 11A). 258 
Remarkably, the decrease in the cellular chlorophyll content observed upon HL acclimation of C. 259 
reinhardtii cells (Bonente et al., 2012) was strongly diminished in hf0 (Fig. 11B) indicating a strong 260 
impairment of light acclimation in the mutant. Under stress conditions, such as nutrient depletion 261 
(Siaut et al., 2011) or HL (Goold et al., 2016), Chlamydomonas cells accumulate starch and oil, which 262 
is generally viewed as the result of an imbalance between photosynthesis and growth capacities. While 263 
intracellular starch and oil reached high levels in the wild-type at HL, starch accumulation was much 264 
lower in hf0 (Fig. 11D), the difference in oil contents being less marked (Fig. 11E). We conclude from 265 
this experiment that CreRH22 is critical for Chlamydomonas to acclimate to HL conditions and 266 
achieve maximal biomass productivity.  267 
 268 
DISCUSSION 269 
We have shown here that CreRH22, a DEAD-box RNA helicase targeted to the chloroplast and 270 
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involved in ribosomal RNA processing and ribosome biogenesis, has a critical function during HL 271 
acclimation in the green unicellular alga C. reinhardtii. CreRH22 belongs to the GreenCut2 272 
(Karpowicz et al., 2011) and shows similar gene expression profile as a transiently expressed cluster 273 
of light stress genes (Zones et al., 2015). We propose that rapid induction of CreRH22 upon HL 274 
exposure promotes ribosome assembly, thus increasing the translation capacity and allowing synthesis 275 
of plastid-encoded proteins of the photosynthesis machinery, and particularly the D1 protein of PSII to 276 
avoid photoinhibition. In the absence of CreRH22, plastid-encoded PSII subunits (and to a lesser 277 
extent the PSI subunit PsaA/B and PsaC) are not synthesized at a sufficient rate during HL exposure, 278 
thus leading to an imbalance between the synthesis of nuclear- and plastid- encoded subunits of 279 
photosystems, to the accumulation of lower levels of PSII-LHCII and PSI-LHCI complexes and to the 280 
accumulation of oligomeric LHCI, thus explaining the increase in the F0 chlorophyll fluorescence. As 281 
a consequence, light-induced gene expression, photosynthesis and biomass production are strongly 282 
affected under HL (Figs. 11 and 12).  283 

Physiological functions of plastidial DEAD-box RNA helicases. DEAD-box RNA helicases are 284 
involved in different aspects of RNA metabolism and participate to many cellular functions (Linder 285 
and Jankowsky, 2011). In Arabidopsis, among 58 DEAD-box RNA helicases identified in the genome, 286 
ten and eight are predicted to be respectively targeted to chloroplasts or mitochondria and involved in 287 
plant response to abiotic stresses (Nawaz and Kang, 2017). Proteomic analysis revealed the presence 288 
of six of the plastidial DEAD-box RNA helicases, including RH22, in high molecular mass stromal 289 
complexes, thus suggesting an involvement of these proteins in ribosome biogenesis (Olinares et al., 290 
2010), which was confirmed for RH3 and RH22 by studies of Arabidopsis mutants (Asakura et al., 291 
2012; Chi et al., 2012). However, despite the presence of DEAD-box RNA helicases in the chloroplast 292 
stroma, a possible function of these proteins in regulating photosynthesis has not been documented so 293 
far. Indeed, loss of the Arabidopsis RH22 gene is lethal, and knock-down mutants show a severe 294 
growth phenotype (Chi et al., 2012). In contrast, disruption of the C. reinhardtii gene confers a light-295 
dependent phenotype, the mutant growing normally under LL and at a slower rate than the wild-type 296 
under moderate to HL. Such a phenotype difference between plants and unicellular algae may be 297 
related to the requirement of a high protein synthesis capacity during the process of plastid biogenesis 298 
and/or differentiation occurring during plant greening (Sun and Zerges, 2015). In this context, any 299 
disturbance in the translation machinery has a strong impact on plant chloroplast biogenesis. However, 300 
unicellular organisms such as microalgae do not experience such a greening process since chloroplasts 301 
divide as green organelles (Jarvis and Lopez-Juez, 2013). Both CreRH22 and AtRH22 are thus likely 302 
needed when active protein synthesis is required, either during chloroplast biogenesis in plants, or 303 
during the PSII repair cycle in HL conditions in algae and most probably also in plants. However, the 304 
later function is difficult to assess due to the strong phenotype of the Arabidopsis RH22 mutant.  305 
 306 
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CreRH22 is part of a network of proteins involved in ribosomal biogenesis. Remarkably, five out 307 
of the seven DEAD-box RNA helicases predicted to be plastid targeted in Chlamydomonas, including 308 
CReRH22, belong to the gene cluster 1 (Supplemental Fig. S3), defined as genes showing a strong 309 
induction during the first hour of illumination followed by a sharp decrease (Zones et al., 2015). These 310 
genes are expressed before the maximal expression of most ribosome protein genes, which peaked at 311 
two hours of light exposure (Zones et al., 2015), in line with a function in ribosome biogenesis. Very 312 
recently, four of these DEAD-box RNA helicases, including CreRH22, were identified as interacting 313 
with chloroplast ribosome proteins (Westrich et al., 2021) (Supplemental Fig. S3). Chloroplast 314 
ribosomes are made of a small subunit (30S) containing the 16S ribosomal RNA and a large subunit 315 
(50S) containing 23S ribosomal RNA. While AtRH22 in Arabidopsis (Chi et al., 2012) and CreRH22 316 
in Chlamydomonas (this work) are involved in 23S ribosomal RNA maturation, a bacterial-type 317 
ribosome binding factor (RbfA) was proposed in Arabidopsis to participate in the processing of 16S 318 
ribosomal RNA. RbfA also belongs to the GreenCut, and was shown in Arabidopsis to be essential for 319 
chloroplast development and photoautotrophic growth (Fristedt et al., 2014). As it is the case for 320 
CreRH22, the Chlamydomonas RBF1 homolog (Cre02.g145000) belongs to the gene cluster 1 (Zones 321 
et al., 2015), was found in high molecular mass stromal complexes (Olinares et al., 2010), and was 322 
enriched in 30S ribosomal fractions interactome (Westrich et al., 2021). Together, these studies 323 
suggest that chloroplast CreRH22, in association with other plastid-targeted DEAD-box RNA 324 
helicases, is involved in ribosome biogenesis in response to the light supply. CreRH22 would be part 325 
of a complex network of regulatory proteins including other plastid targeted DEAD-box RNA 326 
helicases and other factors such as RBF1, involved in a coordinated increase in the translation 327 
machinery capacity required when algal cells are exposed to HL. 328 

Crosstalk between transcriptional and post-transcriptional regulations during HL acclimation. 329 
Chlamydomonas implements diverse regulation strategies and photoprotection mechanisms to avoid 330 
photo-oxidative damages. PSII photoinhibition occurs when the rate of PSII damage exceeds the rate 331 
of repair. The PSII damage and repair cycle is actually part of a dynamic machinery, acting on a 332 
principle similar to that of a circuit breaker, which in coordination with other regulatory processes 333 
operating on shorter time scales (such as photosynthetic control or qE), protects PSI from irreversible 334 
photo-damages (Krieger-Liszkay et al., 2000; Suorsa et al., 2012; Tikkanen et al., 2014; Chaux et al., 335 
2015). Optimal functioning of photosynthesis under HL therefore relies on a fine poise between PSII 336 
degradation and synthesis, the latter depending on the translation capacity, which in bacterial systems 337 
greatly relies on the level of free ribosomes (Kim et al., 2020). In such a scenario, chloroplasts need to 338 
improve the translation capacity to increase the production of photosystem subunits, particularly D1, 339 
in response to HL to avoid severe photo-oxidative damages. CreRH22, together with other plastid-340 
targeted DEAD-box RNA helicases and other factors such as RBF1, may contribute to finely tuning 341 
the translation capacity to the protein synthesis demand. Ribosomes represent important energy cost 342 
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and resource allocation for cells, and in bacteria, the number of ribosomes is the result of a trade-off in 343 
the use of nutrients between protein synthesis capacity and production of metabolic enzymes (Kim et 344 
al., 2020). In bacteria and yeasts, allocation of resources towards ribosome synthesis is tuned to 345 
optimize growth (Chure and Cremer, 2022). Photoautotrophic organisms are likely to have similar 346 
constrains, especially when it comes to tune ribosomal content devoted to photosynthetic proteins 347 
when light is the sole source of energy given the strong turnover rate of photosynthetic proteins (Li et 348 
al., 2018). Optimizing the number of chloroplast ribosomes to available light resources is most likely 349 
to be critical to maintain photosynthesis functioning and generate the required energy to optimize 350 
fitness during adverse conditions of light fluctuations, and the DEAD-box RNA helicase CreRH22 351 
appears to play a prominent role in such a regulation (Fig. 12).  352 

Chloroplasts are semi-autonomous organelles of prokaryotic origin housing photosynthesis in 353 
plant and algal cells. Most of the genes initially present in the endosymbiotic ancestor of chloroplasts 354 
have been relocated to the nuclear genome, leading to a situation in which multi-subunit 355 
photosynthetic complexes and ribosomes are partly encoded by nuclear and plastid genes. Therefore, a 356 
coordinated control of gene expression and of protein synthesis between these two compartments is 357 
needed to ensure a well-orchestrated assembly of these complexes and an optimal functioning of 358 
photosynthesis (Stern et al., 2010). The expression of plastid genes is tightly controlled by complex 359 
regulatory mechanisms involving more than hundred nucleus-encoded proteins (Stern et al., 2010), 360 
and plastid-targeted DEAD-box RNA helicase most likely contribute to such a control.  361 

An intriguing question relates to the origin of the strong changes in transcriptional regulation 362 
that occur during light acclimation in hf0. The expression of nuclear genes depends on a retrograde 363 
signaling originating from the chloroplast, the origin and nature of which being a matter of intense 364 
debate. It has been alternatively proposed that the redox state of the PQ pool or the redox state of PSI 365 
acceptor side may contribute (Escoubas et al., 1995; Allen and Pfannschmidt, 2000; Pfalz et al., 2012; 366 
Dietzel et al., 2015). In Arabidopsis leaves, the redox state of compounds on the reducing side of PSI 367 
was considered to be more important than PQ-mediated redox signals in controlling the expression of 368 
nuclear genes (Piippo et al., 2006). The redox status of the PQ pool can be assessed from chlorophyll 369 
fluorescence measurements in certain conditions through the use of the parameter 1-qL (Kramer et al., 370 
2004). However, the high chlorophyll fluorescence of the hf0 mutant, which results from the presence 371 
of non-connected antennae, is not consistent with the “lake model” hypothesis that considers fully 372 
connected units (Kramer et al., 2004), thus preventing the use of this parameter in this context. Since 373 
phosphorylation of LHCII antennae, which depends on the reduction state of the PQ pool (Depege et 374 
al., 2003), is not increased in hf0 (Fig. 7. E), it seems likely that the redox state of the PQ pool is not 375 
increased in hf0. In fact, a lower redox state of the PQ pool is likely to occur in hf0 since PSII is more 376 
strongly inhibited than PSI under HL (Supplemental Fig. S7B). In this context, we propose that the 377 
strong impairment of the transcriptome response observed in hf0 under HL would be rather due to 378 
limited over-reduction of PSI acceptors under HL resulting from a lower synthesis of photosystems. 379 
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Among the 32 Chlamydomonas DEAD-box RNA helicases listed in the Supplemental Fig. S3, 380 
11 belong to a gene cluster (cluster 1) containing genes characterized by a strong induction during the 381 
first hour of illumination followed by a sharp decrease (Zones et al., 2015), and four out of these 11 382 
gene products were recently identified as physically interacting with plastid ribosomes (Westrich et 383 
al., 2021). It seems therefore likely that, in addition of CreRH22, several other plastid-targeted DEAD-384 
box RNA helicases may participate, via the nuclear control of the plastid protein synthesis, to the 385 
coordination between nuclear and plastid compartments, which is critical for a correct assemblage of 386 
chloroplast complexes, particularly in changing light conditions. Recently, many DEAD-box RNA 387 
helicases have been identified and partially characterized in crop plant genomes, including rice (Lu et 388 
al., 2020), wheat (Ru et al., 2021), Medicago truncatula (Cheng et al., 2021) and Brassica rapa 389 
(Nawaz et al., 2021), and plastid-targeted DEAD-box RNA helicases have been proposed to play a 390 
role in the response to abiotic stress such a drought, salinity or cold (Nawaz and Kang, 2017). As light 391 
is as a key parameter that potentiates the effects of abiotic stress on photosynthesis (Schwenkert, in 392 
press), plastid-targeted DEAD-box RNA helicases may represent promising targets towards improving 393 
the productivity of crops in stress conditions. 394 

 395 
MATERIALS AND METHODS 396 
Strains and culture conditions. C. reinhardtii strains (CC124 called wild-type, the hf0 mutant and 397 
complemented strains) were grown photo-autotrophically on a minimal medium (Harris, 2009). Batch 398 
cultures were grown on a rotary shaker in Erlenmeyer flasks (100 mL) placed in a thermo-regulated 399 
(25°C) incubator (Multitron, Infors) under continuous illumination (40 or 240 µmol photons m-2 s-1) in 400 
the presence of 2%CO2 enriched air. For continuous photoautotrophic growth experiment, cells were 401 
cultivated in four autoclavable 1L PBRs (BIOSTAT® Aplus, Sartorius Stedim Biotech) equipped with 402 
a biomass probe (Excell probe, Exner, measuring O.D at 880 nm with a 2 cm light path) and operated 403 
as turbidostats (Dang et al., 2014). Light was supplied by eight fluorescent tubes (Osram Dulux L 404 
18W) disposed radially around the PBR to reach light intensities (measured at the surface of the PBR). 405 
Growth rates (d-1) were calculated by dividing the daily dilution volume by the PBR volume (1L) and 406 
biomass productivity from dry weight measurements. 407 

Mutant screening, isolation and molecular characterization. The C. reinhardtii strain CC124 (mt- 408 
nit1 nit2) was used as a genetic background to generate an insertion mutant library as described 409 
previously (Tolleter et al., 2011). The pSL-X plasmid harboring the paromomycin resistance cassette 410 
AphVIII was linearized by KpnI and used for nuclear transformation by electroporation. Around 411 
12,000 random insertion mutants were isolated on selective medium and mutant phenotypes were 412 
analyzed by chlorophyll fluorescence using a homemade imaging device. The hf0 mutants showed a 413 
high F0 chlorophyll fluorescence level. The insertion site of the paromomycin cassette was identified 414 
on genomic DNA upon phenol/chloroform extraction (Tolleter et al., 2011). First, Genome walker 415 
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protocol was adapted as follows from Universal GenomeWalkerTM kit (Clontech). 250ng of gDNA 416 
were digested overnight by 80U of AfeI (New England Biolabs). The restriction enzyme was 417 
eliminated by precipitation with 1/10 (v/v) of ammonium acetate 2.5M (pH 5.6) and 1V of cold EtOH. 418 
Digested DNA was dephosphorylated for 1h by 10U of antartic phosphatase (New England Biolabs). 419 
DNA adaptator was ligated overnight with 2,000 u of T4 DNA ligase (New England Biolabs). Two 420 
PCRs were carried out by using nested primers designed on the adaptator and on the paromomycin 421 
resistance gene using the Advantage® GC genomic LA polymerase mix (Clontech). PCR products 422 
were subcloned for sequencing and blasted on the C. reinhardtii genome, thus leading to the 423 
identification of the Cre03.g166650 gene (thereafter called CreRH22).  424 

Southern blot analysis. Genomic DNA (8μg) was digested by NcoI (New England Biolabs) overnight 425 
and loaded on 0.8% agarose gel. After migration, gel was depurinated in 0.25M HCl for 10 min, 426 
denatured in 0.5M NaOH/1.5M NaCl, and neutralizated for 30 min in 0.5M Tris-HCl (pH 7.5), 1.5M 427 
NaCl. The DNA was transferred overnight onto a nylon membrane using a 10 x SSC buffer, and was 428 
fixed onto the membrane by a UV treatment (1,200W, UV Crosslinker, UVP Laboratory Product, 429 
UK). Paromomycin probe was labeled with dUTP-DIG during PCR reaction (PCR DIG probe 430 
synthesis kit, Roche; see table primers list). Membrane was pre-hybridized 1h at 50°C in a DIG eazy 431 
Hyb (Roche) and then hybridized overnight at 50°C in same buffer using a denatured probe. Two 432 
washing steps were realized, first using a 0.2 x SSC buffer containing 0.1% SDS (5 min at RT), and 433 
then a 1 x SSC buffer containing 0.1% SDS (20 min at 65°C). Detection was done by Western Blot 434 
with anti-digoxigenin antibody, coupled with alkaline phosphatase. We followed Roche procedure: 5 435 
min in washing buffer, 30 min in blocking buffer, hybridization during 1h (1/10e4 anti-DIG in 436 
blocking solution), two washing step of 15 min. Membrane was then equilibrated with detection buffer 437 
(pH 9.5) before to add chemiluminescent substrate CSPD® (disodium 3-(4-methoxyspiro {1,2-438 
dioxetane-3,2’-(5’-chloro)tricyclo [3.3.1.13,7]decan}-4-yl) phenyl phosphate) (Roche). The chemio-439 
luminescent signal was detected by using a G-Box (Syngene). 440 

Mutant complementation. Complementation of the hf0 mutant was first attempted by nuclear 441 
transformation by cloning the genomic CreRH22. The CreRH22 gene was amplified by Phusion® 442 
High-Fidelity PCR Master Mix with CDS helicase primers (Supplemental Fig. S10), subcloned into 443 
the topoXL vector, and transferred into the pSL vector carrying the hygromycin resistance cassette 444 
using EcoRV/SpeI sites (Berthold et al., 2002), and the CreRH22 gene under the control of psaD 445 
promoter and terminator. The vector was linearized by KpnI and transformation was performed as 446 
previously described (Tolleter et al., 2011). Transformants were selected on hygromycin (7.5µg mL-1) 447 
and further analyzed for chlorophyll fluorescence properties. Complementation was also attempted by 448 
means of chloroplast transformation. A synthetic CreRH22 gene optimized for the Chlamydomonas 449 
chloroplast codon usage (Supplemental Fig. S5) was cloned into the pLM21 vector under the control 450 
of the psaA promoter using BglII restriction sites (Michelet et al., 2011; Tibiletti et al., 2016). Cells 451 
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were grown at 25°C under continuous light (100 µmol photons m² s-1) in liquid Tris-Acetate-452 
Phosphate (TAP) medium until a density of 4.106 cells mL-1 and then spread onto agar plates. 453 
Bombardment was realized at 7 bars with 10µg DNA of the PLM21 vector bound to gold carrier 454 
particles (Seashell Technology kit). Transformants were selected on a medium containing 100 µg mL-1 455 
spectinomycin, and replated on increasing spectinomycin concentrations (up to 500 µg mL-1) until 456 
homoplasmy was reached, as controlled by PCR (Baltz et al., 2014). 457 

RNA extraction and reverse transcription. After harvesting cells by centrifugation, cell pellets were 458 
frozen in liquid nitrogen and resuspended in 0.5 mL of RNA reagent (Life Technologies™) to isolate 459 
total RNAs. Cells were broken (two times for 10s at 5500 rpm, 4°C) using ceramic beads in a 2 mL 460 
tube using a Precellys24® homogenizer (Bertin technologies, France). 100μL of NaCl 3M and 300 μL 461 
of chloroform were added sequentially. After centrifugation (13,000g, 4°C) the upper aqueous phase 462 
was mixed with isopropanol in order to precipitate nucleic acids. After washing with 70% EtOH RNA 463 
samples were air dried. A DNAse treatment was done with TURBO® DNAse (Ambion®) followed by 464 
purification with NucleoSpin® RNA clean-up (Macherey Nagel). Reverse transcription was 465 
performed on 1µg of the total RNA using the SuperScript® vilo™ cDNA synthesis kit (Life 466 
Technologies™). Expression of CreRH22 was monitored by PCR on cDNA using TaKaRa LA Taq® 467 
DNA Polymerase. CBLP2 (RACK1 Cre06.g278222.t1.1) was used as a control (Supplemental Fig. 468 
S10). 469 

Northern blot and real time quantitative PCR. For Norther blots, 5µg of total RNA were separated 470 
on 1.4% agarose denatured gel (2% formaldehyde), transferred on nylon membrane and hybridized 471 
with DIG-labelled probes obtained by PCR DIG Probe Synthesis Kit (Roche) with specific primers 472 
(see table primers list). The membrane was pre-hybridized and hybridized at 50°C in DIG eazy Hyb 473 
(Roche). Two double washing steps were realized using 0.1% SDS, 0.2x SSC, during 5 min at room 474 
temperature and 20 min at 65°C. Detection was performed using an anti-digoxigenin antibody, 475 
coupled with alkaline phosphatase. RT-qPCR reactions were realized on LightCycler® 480 (Roche) 476 
with MESA FAST qPCR MasterMix Plus for SYBR® Assay No ROX (Eurogentec). The cycling 477 
conditions used were as follows: 95°C for 10 min, then 45 cycles at 95°C for 10 s, 60°C for 15 s, and 478 
72°C for 10 s. The relative transcript ratio were calculated based on the 2-ΔΔCT method (Livak and 479 
Schmittgen, 2001), with average cycle threshold obtained based on triplicate measurements. 480 
Ribosomal protein gene rpl36 was used as chloroplast reference gene. 481 

RNA-seq experiments. 10 mL of PBR turbidostat cultures of both wild-type and hf0 (with a cell 482 
density of 3 x 106 cells mL-1) were harvested and centrifuged (4000 rpm, 1 min, 4°C). Samples of two 483 
replicate cultures (two independent PBR experiments) were taken after 24 h cultivation under 30 µmol 484 
photons m-2 s-1 and then 2h and 24h after a switch to 240 µmol photons m-2 s-1. Total RNAs of all 485 
samples (12 samples in total) were extracted as described above. Each library was sequenced using an 486 
Illumina Sequencer generating 23.3-25 106 50 nt single end reads for each sample. The sequencing 487 
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reactions and RNA-Seq data analysis were performed at Beijing Genome Institute, Hong Kong. For 488 
transcriptomic analysis, reads were aligned onto the C. reinhardtii genome assembly version v5 using 489 
SOAPaligner/SOAP2 (Li et al., 2008; Li et al., 2009). No more than two mismatches were allowed in 490 
the alignment. For each sample 17.2-19.8 106 reads were mapped to single copy sequences on the C. 491 
reinhardtii genome. NoiSeq (Tarazona et al., 2011) was applied to screen Differentially Expressed 492 
Genes (DEGs) between two groups. We used a False Discovery Rate (FDR) ≤ 0.001 and the absolute 493 
value of ≥ 1 as the threshold to judge the significance of gene expression difference. These DEGs were 494 
submitted to functional analysis using the MapMan 3.5.1R2 (Thimm et al., 2004) software package to 495 
attribute DEGs to biological pathways. 496 

Starch and oil measurements. Starch extraction was performed using the method described by Klein 497 
and Betz (1978). One ml of culture was centrifuged (14,000 rpm, 2 min), re-suspended in 1ml of 498 
methanol and centrifuged again. Chlorophyll concentration was estimated directly on methanol 499 
supernatants by absorbance at 663 and 645 nm. Pellets were heated for 15 min at 120°C for starch 500 
solubilisation after the addition of 400µL water. 200µL of amyloglucosidase solution Starch Assay 501 
Reagent (Sigma-Aldrich, Saint-Louis, MO, USA) were then added and incubated at 55°C for 1h. 502 
Glucose was subsequently assayed using an automated sugar analyser (Ysi model 2700 select, Yellow 503 
springs, OH, USA). Lipid extraction and TAG analysis were performed as previously described (Siaut 504 
et al., 2011).  505 

Immunoblot analysis. Upon harvesting, 20x106 cells were harvested and frozen from PBR cultures. 506 
Totals proteins were extracted with SDS 0.2% and acetone 80%. The pellets were treated with a 507 
denaturing buffer from Thermofisher (LDS Sample Buffer supplied with DTT) and heated during 20 508 
min at 70°C. Gel electrophoresis was performed using a NuPAGE Novex System (10% Bis-Tris gel, 509 
MES running buffer) and proteins transfer using iBlot® 2 Dry Blotting System. Depending on the 510 
sensitivity of the antibody, detection was based on chemiluminescence using HRP conjugated 511 
antibody, chemiluminescent substrate and a GBOX imaging system (Syngene), or fluorescent 512 
detection using a Fluorescent Alexa Fluor 680 dye conjugated antibody and Odyssey imaging system 513 
(LiCor). Antibodies against PsbA, PsbD, PsbC, PsaC, PSAD, LHCB2, AtpB, and PetA were 514 
purchased from Agrisera and the phosphothreonin antibody was purchased from InvitroGen. PsaA and 515 
PSAF antibodies were kindly supplied by Michel Goldschmidt-Clermont (University of Geneva, 516 
Switzerland), and L30 and S21 antibodies by William Zerges (Concordia University, Montreal, 517 
Canada). Immuno-quantification was performed in the linear range of each antibody response. Protein 518 
amounts loaded for immunoblots were 8µg (PsaA, PsaC, PSAD, PSAF, PsbC), 4µg (PetA, L30), 519 
1.6µg (AtpB, PsbA), and 0.8µg (PsbD). Densitometries were analyzed by using the GeneTools 520 
analysis software (Syngene) for chemiluminescence measurements or the Odyssey analysis software 521 
(LiCor) for fluorescence measurements. Quantifications were based on biological triplicates and 522 
expressed as relative values of the average wild-type protein level at LL.  523 
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Blue native PAGE and two-dimensional analysis of thylakoid proteins. Thylakoid membranes 524 
were purified under dim light at 4°C by using a protocol adapted from (Chua and Bennoun, 1975). 525 
Cells were harvested during exponential growth (about 5 107 cells) by centrifugation (5,000 rpm, 5 526 
min, 4°C). Cell pellets were resuspended in 5mL of buffer A containing 5 mM HEPES-KOH (pH 7.5), 527 
0.3M sucrose, 10 mM EDTA, Protease Inhibitor Cocktail (SigmaAldrich). Cells were disrupted using 528 
a French Press (Aminco) and centrifuged (12,000g, 10 min, 4°C). Cell pellets were resuspended in 529 
buffer A containing 1.8 M sucrose, and blended with a potter homogenizer. The homogenate was 530 
covered with 4 mL of buffer A without EDTA and containing 1.3M sucrose and 4 mL of buffer A 531 
containing 0.5 M sucrose. Upon ultracentrifugation (274,000g for 1 h), membranes were collected in 532 
the 1.3M sucrose layer and at the interface with the 0.5 M sucrose layer. Purified membranes were 533 
then diluted in the HEPES buffer and centrifuged (20,000 rpm for 20 min). Thylakoid membranes 534 
were then resuspended in s sample buffer (NativePAGE, ThermoFischer) at 1mg chlorophyll. mL-1. 535 
Solubilization was carried out in the dark (5 min at 4°C) by adding an equal volume of 2% dodecyl 536 
maltoside. Insoluble material was removed by centrifugation (12,000 g, 20 min, 4°C) and one-tenth 537 
volume of Native PAGE 5% G 250 Sample Additive was added. Blue native PAGE was performed by 538 
using 3-12% Bis-Tris gels (NativePAGE, ThermoFischer). For two-dimensional PAGE, strips were 539 
excised and conserved at -80°C until use. After solubilization in LDS Buffer (Thermofisher) 540 
containing 5.5 M urea, two-dimensional PAGE was performed in 15% (w/v) polyacrylamide gels 541 
containing 5.5 M urea, and proteins revealed by silver staining. 542 

Mass spectrometry-based proteomic analysis. For proteomic analysis, 2D gels were stained by 543 
Coomassie brilliant blue and proteins were digested in-gel using trypsin (modified, sequencing purity, 544 
Promega), as previously described (Casabona et al., 2013). The resulting peptides were analyzed by 545 
online nanoliquid chromatography coupled to MS/MS (Ultimate 3000 and LTQ-Orbitrap Velos Pro, 546 
Thermo Fisher Scientific) using a 30 min gradient. For this purpose, the peptides were sampled on a 547 
precolumn (300 μm x 5 mm PepMap C18, Thermo Scientific) and separated in a 75 μm x 250 mm 548 
C18 column (PepMap C18, 3 μm, Thermo Fisher Scientific). The MS and MS/MS data were acquired 549 
by Xcalibur (Thermo Fisher Scientific). Peptides and proteins were identified by Mascot (version 550 
2.8.0, Matrix Science) through concomitant searches against the Uniprot database (Chlamydomonas 551 
reinhardtii taxonomy, January 2022 download), and a homemade classical database containing the 552 
sequences of classical contaminant proteins found in proteomic analyses (human keratins, trypsin, 553 
etc.). Trypsin/P was chosen as the enzyme and two missed cleavages were allowed. Precursor and 554 
fragment mass error tolerances were set respectively at 10 ppm and 0.6 Da. Peptide modifications 555 
allowed during the search were: Carbamidomethyl (C, fixed), Acetyl (Protein N-term, variable) and 556 
Oxidation (M, variable). The Proline software (Bouyssie et al., 2020) was used for the compilation, 557 
grouping, and filtering of the results (conservation of rank 1 peptides, peptide length ≥ 6 amino acids, 558 
false discovery rate of peptide-spectrum-match identifications < 1% (Coute et al., 2020), and 559 
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minimum of one specific peptide per identified protein group). Proteins from the contaminant database 560 
were discarded from the final list of identified proteins. Proline was then used to perform MS1-based 561 
label free quantification of the identified protein groups based on razor and specific peptides. The 562 
relative abundances of the different proteins were evaluated through calculation of their intensity-563 
based absolute quantification (iBAQ, (Schwanhausser et al., 2011)) values. 564 

Radiolabeling of total cellular proteins. Total cellular proteins from C. reinhardtii were labeled with 565 
35S as described previously (Ozawa et al., 2010) with some minor modifications. Cells grown photo-566 
autotrophically in batch cultures under LL (20 μmol photons m-2 s-1) in the presence of 2% CO2 567 
enriched air until reaching a cell density of 2 x106 cells mL-1, then switched to HL (300 μmol photons 568 
m-2 s-1) for 6 h, and resuspended (at 25 μg chlorophyll. mL-1) in a sulfur free HSM media to induce 569 
sulfur starvation for 1 hour. During starvation light conditions were same as they were grown 570 
previously. Total cellular proteins were labeled by adding 5 μCi mL-1 of [35S] Na2SO4 (American 571 
Radiolabeled Chemicals) for 10 min. Labeling was stopped by adding 10 mM cold Na2SO4, 572 
chloramphenicol (100 μg mL-1) and cycloheximide (10 μg mL-1). Thylakoid membranes were purified 573 
by discontinuous sucrose density gradient ultracentrifugation, and radiolabeled polypeptides were 574 
separated by (12-25%) SDS-PAGE (Nellaepalli et al., 2018). After electrophoresis, the gel was dried 575 
and exposed to an imaging plate for several days and labeling was detected by using a fluorescence 576 
image analyzer (FLA7000, Fujifilm). 577 

Chlorophyll fluorescence and ECS measurements. Chlorophyll fluorescence measurements were 578 
carried out at room temperature on whole cells using a Dual Pam-100 (http://www.walz.com). 579 
Samples were taken from batch or PBR cultures and placed into the PAM cuvette under constant 580 
stirring. The maximal PSII yield (ΦPSII) was measured as the Fv/Fm ratio at a single saturation flash 581 
illumination (15,000 µmol photons m-2 s-1, 200 ms duration) upon 15-30 min dark adaptation. For ETR 582 
(Electron Transport Rate) measurement, actinic light was increased step-wise from 3 to 800 µmol 583 
photons m-2 s-1. After 2 min stabilization at each light intensity, a saturating flash (15,000 µmol 584 
photons m-2 s-1, 200 ms duration) was applied, the PSII operating yield measured as (Fm’-Fs)/Fm’ and 585 
apparent ETR calculated by multiplying the PSII yield by the actinic light intensity. 77K chlorophyll 586 
fluorescence was measured using a SAFAS Xenius optical fiber fluorescence spectrophotometer as 587 
described previously (Tolleter et al., 2011; Dang et al., 2014). PSII/PSI ratios were determined from 588 
electrochromic shifts of carotenoids (ECS) absorbance changes measurements at 520 nm using a 589 
JTS10 spectrophotometer by measuring signals induced by a saturating single turnover flash in the 590 
absence or in the presence of PSII inhibitors hydroxylamine and DCMU at final concentrations of 1 591 
mM and 10 μM, respectively (Tolleter et al., 2011; Dang et al., 2014). 592 
 593 
 594 
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Accession numbers. Sequence data from this article can be found at Phytozome under the following 595 
accession number:  RH22 (also named HEL15 or CGLD3) as Cre03.g166650. The RNA-seq data 596 
generated in this study were deposited to the SRA database at the National Center for 597 
Biotechnological Information under the accession number PRJNA834659. 598 
 599 
  600 
 601 
 602 
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LEGENDS OF FIGURES 643 
Figure 1. Isolation and molecular characterization of hf0, a C. reinhardtii high chlorophyll 644 
fluorescence mutant. (A) The hf0 mutant was isolated from the screening of an insertion library based 645 
on the analysis of chlorophyll fluorescence transients (after recording F0 fluorescence in the dark, a 646 
saturating flash at 5s was followed by 240 µmol photons m-2 s-1 actinic red light at 14 s). (B) The 647 
paromomycin resistance cassette (AphVIII gene) is integrated in exon 7 of the Cre03.g166650 locus 648 
encoding a gene annotated as a DEAD-box RNA helicase, renamed here CreRH22 based on a 649 
phylogenetic analysis (Supplemental Fig. 2). The CreRH22 gene is composed of 9 exons (blue boxes) 650 
and 8 introns (black lines). Orange arrows show primers used for RT-qPCR shown in (C). The 651 
CreRH22 protein shows typical features of DEAD-box RNA helicases, including a Q motif, an ATP 652 
binding domain containing a DEAD motif, and an ATPase RNA unwinding helicase domain. (C) RT-653 
qPCR showing the absence of the CreRH22 gene transcript in hf0. CBLP (alias RACK1 654 
Cre06.g27822) is used as loading control. 655 
 656 
Figure 2. Effect of light on photosynthetic properties of the hf0 mutant. Wild-type (WT), hf0 and 657 
two complemented lines (hf0::HF0-c7 and hf0::HF0-g6) were grown photo-autotrophically in 3% CO2-658 
enriched air under HL (240 µmol photons m-2 s-1 A, C) or LL (15 µmol photons m-2 s-1 B, D). 659 
Representative chlorophyll fluorescence measurements during a dark/light (100 µmol photons m-2 s-1) 660 
transient for HL (A) or LL (B) grown cells. Black and white boxes indicate dark and light periods, 661 
respectively. (C, D) PSII yields determined from chlorophyll fluorescence measurements as Fv/Fm in 662 
the dark after 15 min dark adaptation or (Fm’-Fs)/Fm’ in the light in HL (C) or LL (D) grown cells. 663 
 664 
Figure 3. Ribosomal RNAs processing is altered in the hf0 mutant. (A) Scheme showing the 665 
organization of the C. reinhardtii chloroplast ribosomal RNA (rRNA) operon and location of the 666 
different probes (black bars) used for Northern blot analysis. (B) rRNAs levels analyzed by Northern 667 
blot in WT and hf0 cells grown photo-autotrophically under a light intensity of 60 µmol photons m-2 s-668 
1. 5μg of total RNA were loaded on agarose gels, blotted on nylon membrane and hybridized with 669 
DIG-labeled probes. For loading controls (lower blue boxes), nylon membranes were stained with 670 
methylene blue after hybridization. 671 
 672 
Figure 4. Accumulation of major chloroplast proteins in WT and hf0 upon HL exposure 673 
determined by immuno-analysis. Cells were grown photo-autotrophically in photobioreactors in 3% 674 
CO2-enriched air at LL (7.5 µmol photons m-2 s-1) and exposed to LL (60 µmol photons m-2 s-1), for 6h 675 
or 26h, respectively corresponding to light intensities of about 20 and 200 µmol photons m-2 s-1 in 676 
flasks (Dang et al., 2014). Protein quantification based on immuno-analysis performed in the linearity 677 
range of the antibody detection. Shown are mean values (+/-SD, n=3) normalized on the WT protein 678 
content measured at t0. 679 
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 680 
Figure 5. Pulse labeling experiments of thylakoid proteins show a strong decrease of D1 protein 681 
synthesis under HL in hf0. Cells were grown photo-autotrophically at LL up to a cell density of 2. 682 
106 cells mL-1 and then switched to HL for 6 h to the cell density of 6. 106 cells mL-1, and then labeled 683 
for 10 min with 35S (Na2SO4). Upon extraction and SDS-PAGE separation of total cellular proteins, 684 
labeled proteins were visualized by autoradiography. Autoradiograms show labeled thylakoid 685 
membrane proteins of WT, hf0 and two complemented lines, hf0::HF0-c7 (complemented line obtained 686 
by chloroplast transformation) and hf0::HF0-g6 (complemented line obtained by nuclear 687 
transformation). The gel was stained with Coomassie brilliant blue before exposing to the imaging 688 
plate. 689 
 690 
Figure 6. Effect of HL and chloramphenicol addition on photosynthetic activity of the hf0 691 
mutant. Wild-type (WT), hf0 and two complemented lines (hf0::HF0-c7 and hf0::HF0-g6) were grown 692 
in batch cultures under LL (15 µmol photons m-2 s-1). At t0 cell cultures were switched to HL (240 693 
µmol photons m-2 s-1) in the absence (A, C) or in the presence (B, D) of 50 mg. L-1 chloramphenicol 694 
(chlΦ) added 1h before the HL switch. At different time points after the light switch, maximal PSII 695 
yields were measured as the Fv/Fm ratio after 15 min dark adaptation (A, B) and PSII operating yields 696 
were measured as (Fm’-Fs)/Fm’ following a 3 min light period (430 µmol photons m-2 s-1). Shown are 697 
means ± SD (n=3). 698 
 699 
Figure 7. Low temperature chlorophyll fluorescence and chlorophyll-protein complexes are 700 
affected in hf0, but state transitions are not. WT and hf0 cells were grown photo-autotrophically in 701 
photobioreactors in 3% CO2-enriched air at LL (7.5 µmol photons m-2 s-1) and then switched to HL (60 702 
µmol photons m-2 s-1), respectively corresponding to light intensities of about 20 and 200 µmol 703 
photons m-2 s-1 in flasks (Dang et al. 2015). (A, B) 77K chlorophyll fluorescence emission spectra of 704 
cells grown under LL (A) or 26 h after HL switch (B). (C) 77K chlorophyll fluorescence emission 705 
ratio E712nm/E686nm, and (D) F0/Fm chlorophyll fluorescence at different time points after HL switch. (E) 706 
Immunodetection of phosphorylated LHCII using an anti-phospho-threonine antibody. Arrows 707 
indicate protein bands with lower abundance in hf0. (F) Blue-native PAGE of thylakoid complexes 708 
from WT and hf0 grown under LL or upon 26h of HL exposure. Two left arrows indicate green bands 709 
with lower abundance in hf0 and the right arrow indicates a green band of higher abundance in hf0. 710 
 711 
Figure 8. Two-dimensional PAGE of thylakoid proteins from WT and hf0 cells upon HL 712 
exposure. WT and hf0 cells were grown photo-autotrophically in batch cultures under LL (40 µmol 713 
photons m-2 s-1) and then exposed to HL (240 µmol photons m-2 s-1) for 26h. Thylakoid proteins were 714 
solubilized with 1% dodecyl-maltoside, separated by blue native PAGE in a first dimension and by 715 
SDS-PAGE in a second dimension. The red dotted ellipse highlights proteins associated to high MW 716 
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PSI-LHCI supercomplexes in the WT (A) that migrates as low MW complexes attributed to LHCI 717 
oligomers in hf0 (red arrow in B). The gel strip in the 20-35kDa MW range shown as a red box (B) was 718 
taken for proteomic analysis by mass spectrometry (Supplemental Table 1). 719 
 720 
Figure 9. RNAseq analysis of light-induced gene expression in wild-type and hf0 C. reinhardtii 721 
cells. Cells were cultivated in PBRs operated as turbidostats in 3% CO2-enriched air under LL (7.5 722 
µmol photons m-2 s-1) for 24h and then exposed to HL (60 µmol photons m-2 s-1). Samples for RNAseq 723 
analysis were taken from two biological replicates under LL before the HL switch, and the 2h and 24h 724 
after the switch. (A) Shown are numbers of up and down Differentially Expressed Genes (DEGs) with 725 
a log 2(Fold Change) > 1 and <-1, using a False Discovery Rate (FDR) ≤ 0.001. (B, C) Functional 726 
analysis was performed DEGs from WT (A) and hf0 (B) using the MapMan 3.5.1R2 package (Thimm 727 
et al., 2004). 728 
 729 
Figure 10. Expression patterns of genes encoding chloroplast-, mitochondria-, and cytosol-730 
targeted ribosomal proteins. (A to C) Heat maps depicting relative expression levels of ribosomal 731 
protein genes and translational regulators targeted to cytosol (A), chloroplast (B), and mitochondria 732 
(C). The maximum expression level for each gene is set to 1. * Genes without significant differential 733 
expression (|log2FC|<2 as defined in Methods). (D to F) Boxplot of normalized expression values of 734 
ribosomal protein genes targeted to cytosol (D), chloroplast (E), and mitochondria (F). 735 
 736 
Figure 11. Biomass productivity and concentrations of intracellular starch and TAGs are 737 
reduced in hf0. Wild-type and hf0 cells were grown in PBRs operated as turbidostats in 3% CO2-738 
enriched air and maintained at a constant biomass concentration (≈ 1.5 x 106 cells mL-1) by continuous 739 
addition of fresh medium. (A) Specific growth rates were determined from dilution rates measured at 740 
different light intensities (ranging from 7.5 up to 300 µmol photons m-2 s-1) following at least 24h 741 
stabilization. Shown are means ± SD (n=4 for 60 and 200 µmol photons m-2 s-1, n=2 for 7.5, 11, and 742 
300 µmol photons m-2 s-1). (B) Chlorophyll content, (C) chlorophyll a/b ratio, (D) intracellular starch, 743 
and (E) intracellular TAG contents were determined on cell samples following at least 24h 744 
stabilization at the specified light intensity (shown are means ± SD, n=3). 745 
 746 
Figure 12. Hypothetical scheme proposed to explain the hf0 mutant phenotype. The hf0 mutant is 747 
defected in a plastidial DEAD-box RNA helicase (CreRH22) involved in the processing of plastidial 748 
rRNA operon and ribosome biogenesis. (A) Under LL the turnover of chloroplast proteins is low and 749 
the translation capacity is sufficient to maintain photosynthesis at similar levels in the wild-type (WT) 750 
and hf0. (B, C) Under HL exposure, the amount of chloroplast ribosomes increases in the WT but 751 
remains constant in the mutant. In these conditions, a much higher rate of protein synthesis is needed 752 
due to the permanent degradation and synthesis of the D1 protein and to the biosynthesis of additional 753 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 19, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 23, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

https://doi.org/10.1101/2022.05.16.492170
https://doi.org/10.1101/2022.05.16.492170


 

25 
 

PSII subunits and to a lesser extent PSI subunits. In these conditions, the hf0 mutant is unable to 754 
synthesize photosynthetic proteins at a sufficient rate, thus resulting in an inhibition of photosynthesis.  755 

756 
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Figure 1. Isolation and molecular characterization of hf0, a C. reinhardtii high chlorophyll 

fluorescence mutant. (A) The hf0 mutant was isolated from the screening of an insertion library 

based on the analysis of chlorophyll fluorescence transients (after recording F0 fluorescence in the 

dark, a saturating flash at 5s was followed by 240 µmol photons m-2 s-1 actinic red light at 14 s). (B) 

The paromomycin resistance cassette (AphVIII gene) is integrated in exon 7 of the Cre03.g166650 

locus encoding a gene annotated as a DEAD box RNA helicase, renamed here CreRH22 based on a 

phylogenetic analysis (Supplemental Fig. 2). The CreRH22 gene is composed of 9 exons (black 

boxes) and 8 introns (black lines). Orange arrows show primers used for RT-qPCR shown in (C). 

The CreRH22 protein shows typical features of DEAD box RNA helicases, including a Q motif, an 

ATP binding domain containing a DEAD motif, and an ATPase RNA unwinding helicase domain. 

(C) RT-qPCR showing the absence of the CreRH22 gene transcript in hf0. CBLP (alias RACK1 

Cre06.g27822) is used as loading control. 
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Figure 2. Effect of light on photosynthetic properties of the hf0 mutant. Wild-type (WT),

hf0 and two complemented lines (hf0::HF0-c7 and hf0::HF0-g6) were grown

photoautotrophically in 3% CO2-enriched air under high light (240 µmol photons m-2 s-1 A, C)

or low light (15 µmol photons m-2 s-1 B, D). Representative chlorophyll fluorescence

measurements during a dark/light (100 µmol photons m-2 s-1)/dark transient for high light (A) or

low light (B) grown cells. Black and white boxes indicate dark and light periods, respectively.

(C, D) PSII yields determined from chlorophyll fluorescence measurements as Fv/Fm in the dark

after 15 min dark adaptation or (Fm’-Fs)/Fm’ in the light in high light (C) or low light (D) grown

cells.
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Figure 3. Ribosomal RNAs processing is altered in the hf0 mutant. (A) Scheme showing the

organization of the C. reinhardtii chloroplast ribosomal RNA (rRNA) operon and location of the

different probes (black bars) used for Northern-blot analysis. (B) rRNAs levels analyzed by

Northern blot in WT and hf0 cells grown photoautotrophically under a light intensity of 60 µmol m-

2 s-1. 5μg of total RNA were loaded on agarose gels, blotted on nylon membrane and hybridized

with DIG-labeled probes. For loading controls (lower blue boxes), nylon membranes were stained

with methylene blue after hybridation.
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Figure 4. Accumulation of major chloroplast proteins in WT and hf0 upon high light exposure

determined by immuno -analysis. Cells were grown photo-autotrophically in photobioreactors at

a low light intensity (7.5 µmol photons m-2 s-1) and exposed to high light (60 µmol photons m-2 s-1),

for 6h or 26h, respectively corresponding to light intensities of about 20 and 200 µmol photons m-2

s-1 in flasks (Dang et al. 2015). Protein quantification based on immuno-analysis performed in the

linearity range of the antibody detection. Shown are mean values (+/-SD, n=3) normalized on the

WT protein content measured at t0.
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Figure 5. Pulse labeling experiments of thylakoid proteins show a strong decrease of D1 

protein turn-over under high light in hf0. Cells were grown photoautotrophically at LL up to a 

cell density of 2. 106 cells mL-1 and  then switched to HL for 6 h to the cell density of  6. 106 cells 

mL-1, and then labeled for 10 min with 35S (Na2SO4). Upon extraction and SDS-PAGE separation 

of total cellular proteins, labeled proteins were visualized by autoradiography. Autoradiograms 

show labeled thylakoid membrane proteins of WT, hf0 and two complemented lines, hf0::HF0-c7 

(complemented line obtained by chloroplast transformation) and hf0::HF0-g6 (complemented line 

obtained by nuclear transformation). The gel was stained with coomassie brilliant blue (CBB) 

before exposing to the imaging plate. 
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Figure 6. Effect of high light and chloramphenicol addition on photosynthetic activity of the 

hf0 mutant. Wild-type (WT), hf0 and two complemented lines (hf0::HF0-c7 and hf0::HF0-g6) were 

grown in batch cultures under 15 µmol photons m-2 s-1. At t0 cell cultures were switched to 240 

µmol photons m-2 s-1 in the absence (A, C) or in the presence (B, D) of 50 mg. L-1 chloramphenicol 

added 1h before the high light switch. At different time points after the light switch, maximal PSII 

yields were measured as the Fv/Fm ratio after 15 min dark adaptation (A, B) and PSII operating 

yields were measured as (Fm’-Fs)/Fm’ following a 3 min light period (430 µmol photons m-2 s-1). 

Shown are means ± SD (n=3). 
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Figure 7. Low temperature chlorophyll fluorescence and chlorophyll-protein complexes are affected in 

hf0, but state transitions are not. WT and hf0 cells were grown photo-autrophically in photobioreactors 

under 7.5 µmol photons m-2 s-1 (LL) and then switched to 60 µmol photons m-2 s-1 (HL), respectively 

corresponding to light intensities of about 20 and 200 µmol photons m-2 s-1 in flasks (Dang et al. 2015). 

(A,B) 77K chlorophyll fluorescence emission spectra of cells grown under LL (A) or 26 after HL switch (B). 

(C) 77K chlorophyll fluorescence emission ratio E712nm/E686nm , and (D) F0/Fm chlorophyll fluorescence at 

different time points after HL switch. (E) Immunodetection of phosphorylated LHCII using an anti-phospho-

threonine antibody. Arrows indicate protein bands with lower abundance in hf0 . (F) Blue-native PAGE of 

thylakoid complexes from WT and hf0 grown under LL or upon 26h of HL exposure. Middle arrows indicate 

green bands with lower abundance in hf0 and the right arrow a green band of higher abundance in hf0.. 
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Figure 8. Two-dimensional PAGE of thylakoid proteins from WT and hf0 cells upon HL 

exposure. WT and hf0 cells were grown photo-autotrophically in batch cultures under LL (40 µmol 

photons m-2 s-1 ) and then exposed to HL (240 µmol photons m-2 s-1) for 26h. Thylakoid proteins 

were solubilized with 1% dodecyl-maltoside, separated by blue native PAGE in a first dimension 

and by SDS-PAGE in a second dimension. The red dotted ellipse highlights proteins associated to 

high MW PSI-LHCI supercomplexes in the WT (A) that migrates as low MW complexes attributed 

to LHCI oligomers in hf0 (red arrow in B). The gel strip in the 20-35kDa MW range shown as a red 

box (B) was taken for proteomic analysis by mass spectrometry (Supplemental Table 1). 
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Figure 9. RNAseq analysis of light-induced gene expression in wild-type and hf0 C. reinhardtii 

cells. Cells were cultivated in PBRs operated as turbidostats in 3% CO2-enriched air under LL (7.5 

µmol photons m-2 s-1) for 24h and then exposed to HL (60 µmol photons m-2 s-1). Samples for 

RNAseq analysis were taken from two biological replicates under LL before the HL switch, and the 

2h and 24h after the switch. (A) Shown are numbers of up and down Differentially Expressed 

Genes (DEGs) with a log 2(Fold Change) > 1 and <-1, using a False Discovery Rate (FDR) ≤ 

0.001. (B, C) Functional analysis was performed DEGs from WT (A) and hf0 (B) using the 

MapMan 3.5.1R2 package (Thimm et al., 2004). 
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Figure 10. Expression patterns of genes encoding chloroplast-, mitochondria-, and cytosol-

targeted ribosomal proteins. (A to C) Heat maps depicting relative expression levels of ribosomal 

protein genes and translational regulators targeted to cytosol (A), chloroplast (B), and mitochondria 

(C). The maximum expression level for each gene is set to 1. * Genes without significant 

differential expression (|log2FC|<2 as defined in Methods). (D to F) Boxplot of the normalized 

expression values of ribosomal protein genes targeted to cytosol (D), chloroplast (E), and 

mitochondria (F). 
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Figure 11. Biomass productivity and concentrations of intracellular starch and TAGs are 

reduced in hf0. WT and hf0 cells were grown in 1L photobioreactors operated as turbidostats and 

maintained at a constant biomass concentration (≈ 1.5 x 106 cells mL-1) by continuous addition of 

fresh medium. (A) Specific growth rates were determined from dilution rates measured at different 

light intensities (from 7.5 up to 300 µmol photons m-2 s-1) following at least 24h stabilization. 

Shown are means ± SD (n=4 for 60 and 200 µmol m-2 s-1, n=2 for 7.5, 11, and 300 µmol m-2 s-1). 

(B) Intracellular starch, and (C) intracellular TAG contents were determined on cell samples 

following at least 24h stabilization at the specified light intensity (shown are means ± SD, n=3). 
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Figure 12. Hypothetical scheme proposed to explain the hf0 mutant phenotype. The hf0 mutant 

is defected in a plastidial DEAD box RNA helicase (CreRH22) involved in the processing of 

plastidial rRNA operon and ribosome biogenesis. (A) Under LL the turnover of chloroplast proteins 

is low and the translation capacity is sufficient to maintain photosynthesis at similar levels in the 

wild-type and hf0. (B,C) Under HL exposure, the amount of chloroplast ribosomes increases in the 

wild-type (B) but remains constant in the mutant (C). In these conditions, a much higher rate of 

protein synthesis is needed due to the permanent degradation and synthesis of the D1 protein and to 

the biosynthesis of additional PSII subunits (essentially D1) and to a lesser extent PSI subunits 

(PsaA/B/C, not shown in the figure). In these conditions, the hf0 mutant is unable to synthesize 

photosynthetic proteins at a sufficient rate, thus resulting in an inhibition of photosynthesis.  

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 19, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 23, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

https://doi.org/10.1101/2022.05.16.492170
https://doi.org/10.1101/2022.05.16.492170


Parsed Citations
Adams, W.W., III, Muller, O., Cohu, C.M., and Demmig-Adams, B. (2013). May photoinhibition be a consequence, rather than a
cause, of limited plant productivity? Photosynth. Res. 117, 31-44.

Google Scholar: Author Only Title Only Author and Title

Allen, J.F., and Pfannschmidt, T. (2000). Balancing the two photosystems: photosynthetic electron transfer governs transcription
of reaction centre genes in chloroplasts. Philos. Trans. R. Soc. Lond. B Biol. Sci. 355, 1351-1357.

Google Scholar: Author Only Title Only Author and Title

Allorent, G., Tokutsu, R., Roach, T., Peers, G., Cardol, P., Girard-Bascou, J., Seigneurin-Berny, D., Petroutsos, D., Kuntz, M.,
Breyton, C., Franck, F., Wollman, F.A., Niyogi, K.K., Krieger-Liszkay, A., Minagawa, J., and Finazzi, G. (2013). A dual strategy to
cope with high light in Chlamydomonas reinhardtii. Plant Cell 25, 545-557.

Google Scholar: Author Only Title Only Author and Title

Asakura, Y., Galarneau, E., Watkins, K.P., Barkan, A., and van Wijk, K.J. (2012). Chloroplast RH3 DEAD box RNA helicases in maize
and Arabidopsis function in splicing of specific group II introns and affect chloroplast ribosome biogenesis. Plant Physiol. 159,
961-974.

Google Scholar: Author Only Title Only Author and Title

Baltz, A., Dang, K.V., Beyly, A., Auroy, P., Richaud, P., Cournac, L., and Peltier, G. (2014). Plastidial expression of type II NAD(P)H
dehydrogenase increases the reducing state of plastoquinones and hydrogen photoproduction rate by the indirect pathway in
Chlamydomonas reinhardtii. Plant Physiol. 165, 1344-1352.

Google Scholar: Author Only Title Only Author and Title

Berthold, P., Schmitt, R., and Mages, W. (2002). An engineered Streptomyces hygroscopicus aph 7" gene mediates dominant
resistance against hygromycin B in Chlamydomonas reinhardtii. Protist 153, 401-412.

Google Scholar: Author Only Title Only Author and Title

Bonente, G., Pippa, S., Castellano, S., Bassi, R., and Ballottari, M. (2012). Acclimation of Chlamydomonas reinhardtii to different
growth irradiances. J. Biol. Chem. 287, 5833-5847.

Google Scholar: Author Only Title Only Author and Title

Bouyssie, D., Hesse, A.M., Mouton-Barbosa, E., Rompais, M., Macron, C., Carapito, C., de Peredo, A.G., Coute, Y., Dupierris, V.,
Burel, A., Menetrey, J.P., Kalaitzakis, A., Poisat, J., Romdhani, A., Burlet-Schiltz, O., Cianferani, S., Garin, J., and Bruley, C. (2020).
Proline: an efficient and user-friendly software suite for large-scale proteomics. Bioinformatics 36, 3148-3155.

Google Scholar: Author Only Title Only Author and Title

Casabona, M.G., Vandenbrouck, Y., Attree, I., and Coute, Y. (2013). Proteomic characterization of Pseudomonas aeruginosa PAO1
inner membrane. Proteomics 13, 2419-2423.

Google Scholar: Author Only Title Only Author and Title

Chaux, F., Peltier, G., and Johnson, X. (2015). A security network in PSI photoprotection: regulation of photosynthetic control,
NPQ and O-2 photoreduction by cyclic electron flow. Front. Plant Sci. 6.

Google Scholar: Author Only Title Only Author and Title

Cheng, J., Zhou, S., Yang, K., Yu, H., Chen, R., Zeng, L., Li, H., Wang, Y., and Song, J. (2021). Identification of RNA helicases in
Medicago truncatula and their expression patterns under abiotic stress. Physiol. Mol. Biol. Plants 27, 2283-2296.

Google Scholar: Author Only Title Only Author and Title

Chi, W., He, B., Mao, J., Li, Q., Ma, J., Ji, D., Zou, M., and Zhang, L. (2012). The function of RH22, a DEAD RNA helicase, in the
biogenesis of the 50S ribosomal subunits of Arabidopsis chloroplasts. Plant Physiol. 158, 693-707.

Google Scholar: Author Only Title Only Author and Title

Christopher, D.A., and Mullet, J.E. (1994). Separate photosensory pathways co-regulate blue light/ultraviolet-A-activated psbD-
psbC transcription and light-induced D2 and CP43 degradation in barley (Hordeum vulgare) chloroplasts. Plant Physiol. 104, 1119-
1129.

Google Scholar: Author Only Title Only Author and Title

Chua, N.H., and Bennoun, P. (1975). Thylakoid membrane polypeptides of Chlamydomonas reinhardtii wild-type and mutant
strains deficient in Photosystem 2 reaction center. Proc. Natl. Acad. Sci. USA 72, 2175-2179.

Google Scholar: Author Only Title Only Author and Title

Chure, G., and Cremer, J. (2022). An optimal regulation of fluxes dictates microbial growth in and out of steady-state. bioRxiv,
2022.2001.2027.477569.

Google Scholar: Author Only Title Only Author and Title

Coute, Y., Bruley, C., and Burger, T. (2020). Beyond target-decoy competition: Stable validation of peptide and protein
identifications in mass spectrometry-based discovery proteomics. Anal. Chem. 92, 14898-14906.

Google Scholar: Author Only Title Only Author and Title

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 19, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 23, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Adams,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=May%20photoinhibition%20be%20a%20consequence,%20rather%20than%20a%20cause,%20of%20limited%20plant%20productivity&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=May%20photoinhibition%20be%20a%20consequence,%20rather%20than%20a%20cause,%20of%20limited%20plant%20productivity&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Adams,&as_ylo=2013&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Allen,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Balancing%20the%20two%20photosystems:%20photosynthetic%20electron%20transfer%20governs%20transcription%20of%20reaction%20centre%20genes%20in%20chloroplasts&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Balancing%20the%20two%20photosystems:%20photosynthetic%20electron%20transfer%20governs%20transcription%20of%20reaction%20centre%20genes%20in%20chloroplasts&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Allen,&as_ylo=2000&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Allorent,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=A%20dual%20strategy%20to%20cope%20with%20high%20light%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=A%20dual%20strategy%20to%20cope%20with%20high%20light%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Allorent,&as_ylo=2013&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Asakura,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast%20RH3%20DEAD%20box%20RNA%20helicases%20in%20maize%20and%20Arabidopsis%20function%20in%20splicing%20of%20specific%20group%20II%20introns%20and%20affect%20chloroplast%20ribosome%20biogenesis&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast%20RH3%20DEAD%20box%20RNA%20helicases%20in%20maize%20and%20Arabidopsis%20function%20in%20splicing%20of%20specific%20group%20II%20introns%20and%20affect%20chloroplast%20ribosome%20biogenesis&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Asakura,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Baltz,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Plastidial%20expression%20of%20type%20II%20NAD(P)H%20dehydrogenase%20increases%20the%20reducing%20state%20of%20plastoquinones%20and%20hydrogen%20photoproduction%20rate%20by%20the%20indirect%20pathway%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Plastidial%20expression%20of%20type%20II%20NAD(P)H%20dehydrogenase%20increases%20the%20reducing%20state%20of%20plastoquinones%20and%20hydrogen%20photoproduction%20rate%20by%20the%20indirect%20pathway%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Baltz,&as_ylo=2014&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Berthold,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=An%20engineered%20Streptomyces%20hygroscopicus%20aph%207
https://scholar.google.com/scholar?as_q=An%20engineered%20Streptomyces%20hygroscopicus%20aph%207
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Bonente,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Acclimation%20of%20Chlamydomonas%20reinhardtii%20to%20different%20growth%20irradiances&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Acclimation%20of%20Chlamydomonas%20reinhardtii%20to%20different%20growth%20irradiances&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Bonente,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Bouyssie,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Proline:%20an%20efficient%20and%20user-friendly%20software%20suite%20for%20large-scale%20proteomics&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Proline:%20an%20efficient%20and%20user-friendly%20software%20suite%20for%20large-scale%20proteomics&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Bouyssie,&as_ylo=2020&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Casabona,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Proteomic%20characterization%20of%20Pseudomonas%20aeruginosa%20PAO1%20inner%20membrane&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Proteomic%20characterization%20of%20Pseudomonas%20aeruginosa%20PAO1%20inner%20membrane&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Casabona,&as_ylo=2013&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Chaux,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=A%20security%20network%20in%20PSI%20photoprotection:%20regulation%20of%20photosynthetic%20control,%20NPQ%20and%20O-2%20photoreduction%20by%20cyclic%20electron%20flow.&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=A%20security%20network%20in%20PSI%20photoprotection:%20regulation%20of%20photosynthetic%20control,%20NPQ%20and%20O-2%20photoreduction%20by%20cyclic%20electron%20flow.&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Chaux,&as_ylo=2015&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Cheng,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Identification%20of%20RNA%20helicases%20in%20Medicago%20truncatula%20and%20their%20expression%20patterns%20under%20abiotic%20stress&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Identification%20of%20RNA%20helicases%20in%20Medicago%20truncatula%20and%20their%20expression%20patterns%20under%20abiotic%20stress&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Cheng,&as_ylo=2021&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Chi,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Chi,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Christopher,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Separate%20photosensory%20pathways%20co-regulate%20blue%20light/ultraviolet-A-activated%20psbD-psbC%20transcription%20and%20light-induced%20D2%20and%20CP43%20degradation%20in%20barley%20(Hordeum%20vulgare)%20chloroplasts&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Separate%20photosensory%20pathways%20co-regulate%20blue%20light/ultraviolet-A-activated%20psbD-psbC%20transcription%20and%20light-induced%20D2%20and%20CP43%20degradation%20in%20barley%20(Hordeum%20vulgare)%20chloroplasts&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Christopher,&as_ylo=1994&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Chua,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Thylakoid%20membrane%20polypeptides%20of%20Chlamydomonas%20reinhardtii%20wild-type%20and%20mutant%20strains%20deficient%20in%20Photosystem%202%20reaction%20center&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Thylakoid%20membrane%20polypeptides%20of%20Chlamydomonas%20reinhardtii%20wild-type%20and%20mutant%20strains%20deficient%20in%20Photosystem%202%20reaction%20center&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Chua,&as_ylo=1975&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Chure,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=An%20optimal%20regulation%20of%20fluxes%20dictates%20microbial%20growth%20in%20and%20out%20of%20steady-state.&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=An%20optimal%20regulation%20of%20fluxes%20dictates%20microbial%20growth%20in%20and%20out%20of%20steady-state.&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Chure,&as_ylo=2022&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Coute,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Beyond%20target-decoy%20competition:%20Stable%20validation%20of%20peptide%20and%20protein%20identifications%20in%20mass%20spectrometry-based%20discovery%20proteomics&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Beyond%20target-decoy%20competition:%20Stable%20validation%20of%20peptide%20and%20protein%20identifications%20in%20mass%20spectrometry-based%20discovery%20proteomics&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Coute,&as_ylo=2020&as_allsubj=all&hl=en&c2coff=1
https://doi.org/10.1101/2022.05.16.492170
https://doi.org/10.1101/2022.05.16.492170


Dang, K.V., Plet, J., Tolleter, D., Jokel, M., Cuine, S., Carrier, P., Auroy, P., Richaud, P., Johnson, X., Alric, J., Allahverdiyeva, Y.,
and Peltier, G. (2014). Combined increases in mitochondrial cooperation and oxygen photoreduction compensate for deficiency
in cyclic electron flow in Chlamydomonas reinhardtii. Plant Cell 26, 3036-3050.

Google Scholar: Author Only Title Only Author and Title

Depege, N., Bellafiore, S., and Rochaix, J.D. (2003). Role of chloroplast protein kinase Stt7 in LHCII phosphorylation and state
transition in Chlamydomonas. Science 299, 1572-1575.

Google Scholar: Author Only Title Only Author and Title

Dietzel, L., Glaesser, C., Liebers, M., Hiekel, S., Courtois, F., Czarnecki, O., Schlicke, H., Yan, Z., Boerner, T., Mayer, K., Grimm,
B., and Pfannschmidt, T. (2015). Identification of early nuclear target genes of plastidial redox signals that trigger the long-term
response of Arabidopsis to light quality shifts. Mol. Plant 8, 1237-1252.

Google Scholar: Author Only Title Only Author and Title

Erickson, E., Wakao, S., and Niyogi, K.K. (2015). Light stress and photoprotection in Chlamydomonas reinhardtii. Plant J. 82, 449-
465.

Google Scholar: Author Only Title Only Author and Title

Escoubas, J.M., Lomas, M., Laroche, J., and Falkowski, P.G. (1995). Light intensity regulation of cab gene transcription is signaled
by the redox state of the plastoquinone pool. Proc. Natl. Acad. Sci. USA 92, 10237-10241.

Google Scholar: Author Only Title Only Author and Title

Fristedt, R., Scharff, L.B., Clarke, C.A., Wang, Q., Lin, C., Merchant, S.S., and Bock, R. (2014). RBF1, a plant homolog of the
bacterial ribosome-binding factor RbfA, acts in processing of the chloroplast 16S ribosomal RNA. Plant Physiol. 164, 201-215.

Google Scholar: Author Only Title Only Author and Title

Girolomoni, L., Ferrante, P., Berteotti, S., Giuliano, G., Bassi, R., and Ballottari, M. (2017). The function of LHCBM4/6/8 antenna
proteins in Chlamydomonas reinhardtii. J. Exp. Bot. 68, 628-642.

Google Scholar: Author Only Title Only Author and Title

Goold, H.D., Cuine, S., Legeret, B., Liang, Y., Brugiere, S., Auroy, P., Javot, H., Tardif, M., Jones, B., Beisson, F., Peltier, G., and
Li-Beisson, Y. (2016). Saturating light induces sustained accumulation of oil in plastidal lipid droplets in Chlamydomonas
reinhardtii. Plant Physiol. 171, 2406-2417.

Google Scholar: Author Only Title Only Author and Title

Harris, E.H. (2009). The Chlamydomonas sourcebook. Second edition. (Academic Press).
Google Scholar: Author Only Title Only Author and Title

Holloway, S.P., and Herrin, D.L. (1998). Processing of a composite large subunit rRNA: Studies with Chlamydomonas mutants
deficient in maturation of the 23S-like rRNA. Plant Cell 10, 1193-1206.

Google Scholar: Author Only Title Only Author and Title

Jarvi, S., Suorsa, M., and Aro, E.-M. (2015). Photosystem II repair in plant chloroplasts - Regulation, assisting proteins and shared
components with photosystem II biogenesis. Biochim. Biophys. Acta 1847, 900-909.

Google Scholar: Author Only Title Only Author and Title

Jarvis, P., and Lopez-Juez, E. (2013). Biogenesis and homeostasis of chloroplasts and other plastids. Nat. Rev. Mol. Cell Biol. 14,
787-802.

Google Scholar: Author Only Title Only Author and Title

Karpowicz, S.J., Prochnik, S.E., Grossman, A.R., and Merchant, S.S. (2011). The GreenCut2 resource, a phylogenomically derived
inventory of proteins specific to the plant lineage. J. Biol. Chem. 286, 21427-21439.

Google Scholar: Author Only Title Only Author and Title

Kettunen, R., Pursiheimo, S., Rintamaki, E., VanWijk, K.J., and Aro, E.M. (1997). Transcriptional and translational adjustments of
psbA gene expression in mature chloroplasts during photoinhibition and subsequent repair of photosystem II. Eur. J. Biochem.
247, 441-448.

Google Scholar: Author Only Title Only Author and Title

Kim, J., Darlington, A., Salvador, M., Utrilla, J., and Jimenez, J.I. (2020). Trade-offs between gene expression, growth and
phenotypic diversity in microbial populations. Curr. Opin. Biotechnol. 62, 29-37.

Google Scholar: Author Only Title Only Author and Title

Kramer, D.M., Johnson, G., Kiirats, O., and Edwards, G.E. (2004). New fluorescence parameters for the determination of Q(A)
redox state and excitation energy fluxes. Photosynth. Res. 79, 209-218.

Google Scholar: Author Only Title Only Author and Title

Krieger-Liszkay, A., Kienzler, K., and Johnson, G.N. (2000). Inhibition of electron transport at the cytochrome b(6)f complex
protects photosystem II from photoinhibition. FEBS Lett. 486, 191-194.

Google Scholar: Author Only Title Only Author and Title

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 19, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 23, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Dang,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Combined%20increases%20in%20mitochondrial%20cooperation%20and%20oxygen%20photoreduction%20compensate%20for%20deficiency%20in%20cyclic%20electron%20flow%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Combined%20increases%20in%20mitochondrial%20cooperation%20and%20oxygen%20photoreduction%20compensate%20for%20deficiency%20in%20cyclic%20electron%20flow%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Dang,&as_ylo=2014&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Depege,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Role%20of%20chloroplast%20protein%20kinase%20Stt7%20in%20LHCII%20phosphorylation%20and%20state%20transition%20in%20Chlamydomonas&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Role%20of%20chloroplast%20protein%20kinase%20Stt7%20in%20LHCII%20phosphorylation%20and%20state%20transition%20in%20Chlamydomonas&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Depege,&as_ylo=2003&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Dietzel,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Identification%20of%20early%20nuclear%20target%20genes%20of%20plastidial%20redox%20signals%20that%20trigger%20the%20long-term%20response%20of%20Arabidopsis%20to%20light%20quality%20shifts&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Identification%20of%20early%20nuclear%20target%20genes%20of%20plastidial%20redox%20signals%20that%20trigger%20the%20long-term%20response%20of%20Arabidopsis%20to%20light%20quality%20shifts&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Dietzel,&as_ylo=2015&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Erickson,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Light%20stress%20and%20photoprotection%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Light%20stress%20and%20photoprotection%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Erickson,&as_ylo=2015&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Escoubas,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Light%20intensity%20regulation%20of%20cab%20gene%20transcription%20is%20signaled%20by%20the%20redox%20state%20of%20the%20plastoquinone%20pool&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Light%20intensity%20regulation%20of%20cab%20gene%20transcription%20is%20signaled%20by%20the%20redox%20state%20of%20the%20plastoquinone%20pool&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Escoubas,&as_ylo=1995&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Fristedt,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Fristedt,&as_ylo=2014&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Girolomoni,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=The%20function%20of%20LHCBM4/6/8%20antenna%20proteins%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=The%20function%20of%20LHCBM4/6/8%20antenna%20proteins%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Girolomoni,&as_ylo=2017&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Goold,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Saturating%20light%20induces%20sustained%20accumulation%20of%20oil%20in%20plastidal%20lipid%20droplets%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Saturating%20light%20induces%20sustained%20accumulation%20of%20oil%20in%20plastidal%20lipid%20droplets%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Goold,&as_ylo=2016&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Harris,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=The%20Chlamydomonas%20sourcebook.&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=The%20Chlamydomonas%20sourcebook.&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Harris,&as_ylo=2009&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Holloway,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Processing%20of%20a%20composite%20large%20subunit%20rRNA:%20Studies%20with%20Chlamydomonas%20mutants%20deficient%20in%20maturation%20of%20the%2023S-like%20rRNA&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Processing%20of%20a%20composite%20large%20subunit%20rRNA:%20Studies%20with%20Chlamydomonas%20mutants%20deficient%20in%20maturation%20of%20the%2023S-like%20rRNA&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Holloway,&as_ylo=1998&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Jarvi,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Photosystem%20II%20repair%20in%20plant%20chloroplasts%20-%20Regulation,%20assisting%20proteins%20and%20shared%20components%20with%20photosystem%20II%20biogenesis&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Photosystem%20II%20repair%20in%20plant%20chloroplasts%20-%20Regulation,%20assisting%20proteins%20and%20shared%20components%20with%20photosystem%20II%20biogenesis&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Jarvi,&as_ylo=2015&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Jarvis,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Biogenesis%20and%20homeostasis%20of%20chloroplasts%20and%20other%20plastids&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Biogenesis%20and%20homeostasis%20of%20chloroplasts%20and%20other%20plastids&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Jarvis,&as_ylo=2013&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Karpowicz,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=The%20GreenCut2%20resource,%20a%20phylogenomically%20derived%20inventory%20of%20proteins%20specific%20to%20the%20plant%20lineage&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=The%20GreenCut2%20resource,%20a%20phylogenomically%20derived%20inventory%20of%20proteins%20specific%20to%20the%20plant%20lineage&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Karpowicz,&as_ylo=2011&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Kettunen,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Transcriptional%20and%20translational%20adjustments%20of%20psbA%20gene%20expression%20in%20mature%20chloroplasts%20during%20photoinhibition%20and%20subsequent%20repair%20of%20photosystem%20II&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Transcriptional%20and%20translational%20adjustments%20of%20psbA%20gene%20expression%20in%20mature%20chloroplasts%20during%20photoinhibition%20and%20subsequent%20repair%20of%20photosystem%20II&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Kettunen,&as_ylo=1997&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Kim,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Trade-offs%20between%20gene%20expression,%20growth%20and%20phenotypic%20diversity%20in%20microbial%20populations&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Trade-offs%20between%20gene%20expression,%20growth%20and%20phenotypic%20diversity%20in%20microbial%20populations&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Kim,&as_ylo=2020&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Kramer,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=New%20fluorescence%20parameters%20for%20the%20determination%20of%20Q(A)%20redox%20state%20and%20excitation%20energy%20fluxes&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=New%20fluorescence%20parameters%20for%20the%20determination%20of%20Q(A)%20redox%20state%20and%20excitation%20energy%20fluxes&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Kramer,&as_ylo=2004&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Krieger-Liszkay,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Inhibition%20of%20electron%20transport%20at%20the%20cytochrome%20b(6)f%20complex%20protects%20photosystem%20II%20from%20photoinhibition&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Inhibition%20of%20electron%20transport%20at%20the%20cytochrome%20b(6)f%20complex%20protects%20photosystem%20II%20from%20photoinhibition&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Krieger-Liszkay,&as_ylo=2000&as_allsubj=all&hl=en&c2coff=1
https://doi.org/10.1101/2022.05.16.492170
https://doi.org/10.1101/2022.05.16.492170


Kujat, S.L., and Owttrim, G.W. (2000). Redox-regulated RNA helicase expression. Plant Physiol. 124, 703-713.
Google Scholar: Author Only Title Only Author and Title

Li, L., Aro, E.-M., and Millar, A.H. (2018). Mechanisms of photodamage and protein turnover in photoinhibition. Trends Plant Sci.
23, 667-676.

Google Scholar: Author Only Title Only Author and Title

Li, R.Q., Li, Y.R., Kristiansen, K., and Wang, J. (2008). SOAP: short oligonucleotide alignment program. Bioinformatics 24, 713-714.
Google Scholar: Author Only Title Only Author and Title

Li, R.Q., Yu, C., Li, Y.R., Lam, T.W., Yiu, S.M., Kristiansen, K., and Wang, J. (2009). SOAP2: an improved ultrafast tool for short read
alignment. Bioinformatics 25, 1966-1967.

Google Scholar: Author Only Title Only Author and Title

Linder, P., and Jankowsky, E. (2011). From unwinding to clamping - the DEAD box RNA helicase family. Nat. Rev. Mol. Cell Biol. 12,
505-516.

Google Scholar: Author Only Title Only Author and Title

Livak, K.J., and Schmittgen, T.D. (2001). Analysis of relative gene expression data using real-time quantitative PCR and the 2(T)(-
Delta Delta C) method 25, 402-408.

Google Scholar: Author Only Title Only Author and Title

Lu, C.-A., Huang, C.-K., Huang, W.-S., Huang, T.-S., Liu, H.-Y., and Chen, Y.-F. (2020). DEAD-Box RNA helicase 42 plays a critical
role in pre-mRNA splicing under cold stress. Plant Physiol. 182, 255-271.

Google Scholar: Author Only Title Only Author and Title

Michelet, L., Lefebvre-Legendre, L., Burr, S.E., Rochaix, J.-D., and Goldschmidt-Clermont, M. (2011). Enhanced chloroplast
transgene expression in a nuclear mutant of Chlamydomonas. Plant Biotechnol. J. 9, 565-574.

Google Scholar: Author Only Title Only Author and Title

Migur, A., Heyl, F., Fuss, J., Srikumar, A., Huettel, B., Steglich, C., Prakash, J.S.S., Reinhardt, R., Backofen, R., Owttrim, G.W., and
Hess, W.R. (2021). The temperature-regulated DEAD-box RNA helicase CrhR interactome: autoregulation and photosynthesis-
related transcripts. J. Exp. Bot. 72, 7564-7579.

Google Scholar: Author Only Title Only Author and Title

Minai, L., Wostrikoff, K., Wollman, F.A., and Choquet, Y. (2006). Chloroplast biogenesis of photosystem II cores involves a series
of assembly-controlled steps that regulate translation. Plant Cell 18, 159-175.

Google Scholar: Author Only Title Only Author and Title

Murata, N., Allakhverdiev, S.I., and Nishiyama, Y. (2012). The mechanism of photoinhibition in vivo: Re-evaluation of the roles of
catalase, alpha-tocopherol, non-photochemical quenching, and electron transport. Biochim. Biophys. Acta 1817, 1127-1133.

Google Scholar: Author Only Title Only Author and Title

Nawaz, G., and Kang, H. (2017). Chloroplast- or mitochondria-targeted DEAD-box RNA helicases play essential roles in organellar
RNA metabolism and abiotic stress responses. Front. Plant Sci. 8.

Google Scholar: Author Only Title Only Author and Title

Nawaz, G., Sai, T.Z.T., Lee, K., Park, S.J., Dinh, S.N., and Kang, H. (2021). BrRH37, a cabbage (Brassica rapa) DEAD-Box RNA
helicase, confers drought tolerance and ABA response in transgenic Arabidopsis plants. J. Plant Biol. 64, 327-336.

Google Scholar: Author Only Title Only Author and Title

Nellaepalli, S., Ozawal, S.I., Kuroda, H., and Takahashi, Y. (2018). The photosystem I assembly apparatus consisting of Ycf3-Y3IP1
and Ycf4 modules. Nat. Commun. 9.

Google Scholar: Author Only Title Only Author and Title

Nellaepalli, S., Kim, R.G., Grossman, A.R., and Takahashi, Y. (2021). Interplay of four auxiliary factors is required for the assembly
of photosystem I reaction center subcomplex. Plant J. 106, 1075-1086.

Google Scholar: Author Only Title Only Author and Title

Niyogi, K.K. (1999). Photoprotection revisited: Genetic and molecular approaches. Ann. Rev. Plant Physiol. Plant Mol. Biol. 50,
333-359.

Google Scholar: Author Only Title Only Author and Title

Ohad, I., Kyle, D.J., and Arntzen, C.J. (1984). Membrane protein damage and repair: Removal and replacement of inactivated 32-
kilodalton polypeptides in chloroplasts membranes. J. Cell Biol. 99, 481-485.

Google Scholar: Author Only Title Only Author and Title

Olinares, P.D.B., Ponnala, L., and van Wijk, K.J. (2010). Megadalton complexes in the chloroplast stroma of Arabidopsis thaliana
characterized by size exclusion chromatography, mass spectrometry, and hierarchical clustering. Mol. Cell. Proteomics 9, 1594-
1615.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 19, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 23, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Kujat,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Redox-regulated%20RNA%20helicase%20expression&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Redox-regulated%20RNA%20helicase%20expression&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Kujat,&as_ylo=2000&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Li,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Mechanisms%20of%20photodamage%20and%20protein%20turnover%20in%20photoinhibition&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Mechanisms%20of%20photodamage%20and%20protein%20turnover%20in%20photoinhibition&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Li,&as_ylo=2018&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Li,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=SOAP:%20short%20oligonucleotide%20alignment%20program&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=SOAP:%20short%20oligonucleotide%20alignment%20program&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Li,&as_ylo=2008&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Li,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=SOAP2:%20an%20improved%20ultrafast%20tool%20for%20short%20read%20alignment&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=SOAP2:%20an%20improved%20ultrafast%20tool%20for%20short%20read%20alignment&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Li,&as_ylo=2009&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Linder,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=From%20unwinding%20to%20clamping%20-%20the%20DEAD%20box%20RNA%20helicase%20family&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=From%20unwinding%20to%20clamping%20-%20the%20DEAD%20box%20RNA%20helicase%20family&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Linder,&as_ylo=2011&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Livak,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Livak,&as_ylo=2001&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Lu,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=DEAD-Box%20RNA%20helicase%2042%20plays%20a%20critical%20role%20in%20pre-mRNA%20splicing%20under%20cold%20stress&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=DEAD-Box%20RNA%20helicase%2042%20plays%20a%20critical%20role%20in%20pre-mRNA%20splicing%20under%20cold%20stress&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Lu,&as_ylo=2020&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Michelet,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Enhanced%20chloroplast%20transgene%20expression%20in%20a%20nuclear%20mutant%20of%20Chlamydomonas&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Enhanced%20chloroplast%20transgene%20expression%20in%20a%20nuclear%20mutant%20of%20Chlamydomonas&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Michelet,&as_ylo=2011&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Migur,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=The%20temperature-regulated%20DEAD-box%20RNA%20helicase%20CrhR%20interactome:%20autoregulation%20and%20photosynthesis-related%20transcripts&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=The%20temperature-regulated%20DEAD-box%20RNA%20helicase%20CrhR%20interactome:%20autoregulation%20and%20photosynthesis-related%20transcripts&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Migur,&as_ylo=2021&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Minai,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast%20biogenesis%20of%20photosystem%20II%20cores%20involves%20a%20series%20of%20assembly-controlled%20steps%20that%20regulate%20translation&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast%20biogenesis%20of%20photosystem%20II%20cores%20involves%20a%20series%20of%20assembly-controlled%20steps%20that%20regulate%20translation&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Minai,&as_ylo=2006&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Murata,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=The%20mechanism%20of%20photoinhibition%20in%20vivo:%20Re-evaluation%20of%20the%20roles%20of%20catalase,%20alpha-tocopherol,%20non-photochemical%20quenching,%20and%20electron%20transport&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=The%20mechanism%20of%20photoinhibition%20in%20vivo:%20Re-evaluation%20of%20the%20roles%20of%20catalase,%20alpha-tocopherol,%20non-photochemical%20quenching,%20and%20electron%20transport&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Murata,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Nawaz,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast-%20or%20mitochondria-targeted%20DEAD-box%20RNA%20helicases%20play%20essential%20roles%20in%20organellar%20RNA%20metabolism%20and%20abiotic%20stress%20responses.&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast-%20or%20mitochondria-targeted%20DEAD-box%20RNA%20helicases%20play%20essential%20roles%20in%20organellar%20RNA%20metabolism%20and%20abiotic%20stress%20responses.&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Nawaz,&as_ylo=2017&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Nawaz,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Nawaz,&as_ylo=2021&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Nellaepalli,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=The%20photosystem%20I%20assembly%20apparatus%20consisting%20of%20Ycf3-Y3IP1%20and%20Ycf4%20modules.&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=The%20photosystem%20I%20assembly%20apparatus%20consisting%20of%20Ycf3-Y3IP1%20and%20Ycf4%20modules.&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Nellaepalli,&as_ylo=2018&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Nellaepalli,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Interplay%20of%20four%20auxiliary%20factors%20is%20required%20for%20the%20assembly%20of%20photosystem%20I%20reaction%20center%20subcomplex&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Interplay%20of%20four%20auxiliary%20factors%20is%20required%20for%20the%20assembly%20of%20photosystem%20I%20reaction%20center%20subcomplex&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Nellaepalli,&as_ylo=2021&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Niyogi,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Photoprotection%20revisited:%20Genetic%20and%20molecular%20approaches&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Photoprotection%20revisited:%20Genetic%20and%20molecular%20approaches&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Niyogi,&as_ylo=1999&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Ohad,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Membrane%20protein%20damage%20and%20repair:%20Removal%20and%20replacement%20of%20inactivated%2032-kilodalton%20polypeptides%20in%20chloroplasts%20membranes&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Membrane%20protein%20damage%20and%20repair:%20Removal%20and%20replacement%20of%20inactivated%2032-kilodalton%20polypeptides%20in%20chloroplasts%20membranes&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Ohad,&as_ylo=1984&as_allsubj=all&hl=en&c2coff=1
https://doi.org/10.1101/2022.05.16.492170
https://doi.org/10.1101/2022.05.16.492170


Google Scholar: Author Only Title Only Author and Title

Ozawa, S.-i., Onishi, T., and Takahashi, Y. (2010). Identification and characterization of an assembly intermediate subcomplex of
Photosystem I in the green alga Chlamydomonas reinhardtii. J. Biol. Chem. 285, 20072-20079.

Google Scholar: Author Only Title Only Author and Title

Peers, G., Truong, T.B., Ostendorf, E., Busch, A., Elrad, D., Grossman, A.R., Hippler, M., and Niyogi, K.K. (2009). An ancient light-
harvesting protein is critical for the regulation of algal photosynthesis. Nature 462, 518-521.

Google Scholar: Author Only Title Only Author and Title

Pfalz, J., Liebers, M., Hirth, M., Gruebler, B., Holtzegel, U., Schroeter, Y., Dietzel, L., and Pfannschmidt, T. (2012). Environmental
control of plant nuclear gene expression by chloroplast redox signals. Front. Plant Sci. 3.

Google Scholar: Author Only Title Only Author and Title

Piippo, M., Allahverdiyeva, Y., Paakkarinen, V., Suoranta, U.M., Battchikova, N., and Aro, E.M. (2006). Chloroplast-mediated
regulation of nuclear genes in Arabidopsis thaliana in the absence of light stress. Physiol. Genomics 25, 142-152.

Google Scholar: Author Only Title Only Author and Title

Rosana, A.R.R., Ventakesh, M., Chamot, D., Patterson-Fortin, L.M., Tarassova, O., Espie, G.S., and Owttrim, G.W. (2012).
Inactivation of a low temperature-induced RNA helicase in Synechocystis sp PCC 6803: physiological and morphological
consequences. Plant Cell Physiol. 53, 646-658.

Google Scholar: Author Only Title Only Author and Title

Ru, J.-N., Hou, Z.-H., Zheng, L., Zhao, Q., Wang, F.-Z., Chen, J., Zhou, Y.-B., Chen, M., Ma, Y.-Z., Xi, Y.-J., and Xu, Z.-S. (2021).
Genome-wide analysis of DEAD-box RNA helicase family in wheat (Triticum aestivum) and functional identification of TaDEAD-
box57 in abiotic stress responses. Front. Plant Sci. 12.

Google Scholar: Author Only Title Only Author and Title

Schuster, G., Timberg, R., and Ohad, I. (1988). Turnover of thylakoid Photosystem II proteins during photoinhibition of
Chlamydomonas reinhardtii. Eur. J. Biochem. 177, 403-410.

Google Scholar: Author Only Title Only Author and Title

Schwanhausser, B., Busse, D., Li, N., Dittmar, G., Schuchhardt, J., Wolf, J., Chen, W., and Selbach, M. (2011). Global quantification
of mammalian gene expression control. Nature 473, 337-342.

Google Scholar: Author Only Title Only Author and Title

Schwenkert, S.F., Alisdair R.; Geigenberger, Peter; Leister, Dario; Möhlmann, Torsten; Naranjo, Belen ; Neuhaus, H. Ekkehard.
(in press). Chloroplasts are key players to cope with light and temperature stress. Trends Plant Sci.

Siaut, M., Cuine, S., Cagnon, C., Fessler, B., Nguyen, M., Carrier, P., Beyly, A., Beisson, F., Triantaphylides, C., Li-Beisson, Y., and
Peltier, G. (2011). Oil accumulation in the model green alga Chlamydomonas reinhardtii: characterization, variability between
common laboratory strains and relationship with starch reserves. Bmc Biotechnol. 11.

Google Scholar: Author Only Title Only Author and Title

Silverman, E., Edwalds-Gilbert, G., and Lin, R.J. (2003). DExD/H-box proteins and their partners: helping RNA helicases unwind.
Gene 312, 1-16.

Google Scholar: Author Only Title Only Author and Title

Sireesha, K., Radharani, B., Krishna, P.S., Sreedhar, N., Subramanyam, R., Mohanty, P., and Prakash, J.S.S. (2012). RNA helicase,
CrhR is indispensable for the energy redistribution and the regulation of photosystem stoichiometry at low temperature in
Synechocystis sp PCC6803. Biochim. Biophys. Acta 1817, 1525-1536.

Google Scholar: Author Only Title Only Author and Title

Stern, D.B., Goldschmidt-Clermont, M., and Hanson, M.R. (2010). Chloroplast RNA metabolism. Ann. Rev. Plant Biol. 61, 125-155.
Google Scholar: Author Only Title Only Author and Title

Sun, Y., and Zerges, W. (2015). Translational regulation in chloroplasts for development and homeostasis. Biochim. Biophys. Acta
1847, 809-820.

Google Scholar: Author Only Title Only Author and Title

Suorsa, M., Jarvi, S., Grieco, M., Nurmi, M., Pietrzykowska, M., Rantala, M., Kangasjarvi, S., Paakkarinen, V., Tikkanen, M.,
Jansson, S., and Aro, E.-M. (2012). PROTON GRADIENT REGULATION5 Is essential for proper acclimation of Arabidopsis
photosystem I to naturally and artificially fluctuating light conditions. Plant Cell 24, 2934-2948.

Google Scholar: Author Only Title Only Author and Title

Takahashi, Y., Yasui, T., Stauber, E.J., and Hippler, M. (2004). Comparison of the subunit compositions of the PSI-LHCI
supercomplex and the LHCI in the green alga Chlamydomonas reinhardtii. Biochemistry 43, 7816-7823.

Google Scholar: Author Only Title Only Author and Title

Tarazona, S., Garcia-Alcalde, F., Dopazo, J., Ferrer, A., and Conesa, A. (2011). Differential expression in RNA-seq: A matter of
depth. Genome Res. 21, 2213-2223.

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 19, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 23, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Olinares,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Megadalton%20complexes%20in%20the%20chloroplast%20stroma%20of%20Arabidopsis%20thaliana%20characterized%20by%20size%20exclusion%20chromatography,%20mass%20spectrometry,%20and%20hierarchical%20clustering&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Megadalton%20complexes%20in%20the%20chloroplast%20stroma%20of%20Arabidopsis%20thaliana%20characterized%20by%20size%20exclusion%20chromatography,%20mass%20spectrometry,%20and%20hierarchical%20clustering&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Olinares,&as_ylo=2010&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Ozawa,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Identification%20and%20characterization%20of%20an%20assembly%20intermediate%20subcomplex%20of%20Photosystem%20I%20in%20the%20green%20alga%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Identification%20and%20characterization%20of%20an%20assembly%20intermediate%20subcomplex%20of%20Photosystem%20I%20in%20the%20green%20alga%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Ozawa,&as_ylo=2010&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Peers,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=An%20ancient%20light-harvesting%20protein%20is%20critical%20for%20the%20regulation%20of%20algal%20photosynthesis&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=An%20ancient%20light-harvesting%20protein%20is%20critical%20for%20the%20regulation%20of%20algal%20photosynthesis&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Peers,&as_ylo=2009&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Pfalz,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Environmental%20control%20of%20plant%20nuclear%20gene%20expression%20by%20chloroplast%20redox%20signals.&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Environmental%20control%20of%20plant%20nuclear%20gene%20expression%20by%20chloroplast%20redox%20signals.&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Pfalz,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Piippo,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast-mediated%20regulation%20of%20nuclear%20genes%20in%20Arabidopsis%20thaliana%20in%20the%20absence%20of%20light%20stress&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast-mediated%20regulation%20of%20nuclear%20genes%20in%20Arabidopsis%20thaliana%20in%20the%20absence%20of%20light%20stress&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Piippo,&as_ylo=2006&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Rosana,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Inactivation%20of%20a%20low%20temperature-induced%20RNA%20helicase%20in%20Synechocystis%20sp%20PCC%206803:%20physiological%20and%20morphological%20consequences&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Inactivation%20of%20a%20low%20temperature-induced%20RNA%20helicase%20in%20Synechocystis%20sp%20PCC%206803:%20physiological%20and%20morphological%20consequences&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Rosana,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Ru,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Genome-wide%20analysis%20of%20DEAD-box%20RNA%20helicase%20family%20in%20wheat%20(Triticum%20aestivum)%20and%20functional%20identification%20of%20TaDEAD-box57%20in%20abiotic%20stress%20responses.&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Genome-wide%20analysis%20of%20DEAD-box%20RNA%20helicase%20family%20in%20wheat%20(Triticum%20aestivum)%20and%20functional%20identification%20of%20TaDEAD-box57%20in%20abiotic%20stress%20responses.&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Ru,&as_ylo=2021&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Schuster,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Turnover%20of%20thylakoid%20Photosystem%20II%20proteins%20during%20photoinhibition%20of%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Turnover%20of%20thylakoid%20Photosystem%20II%20proteins%20during%20photoinhibition%20of%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Schuster,&as_ylo=1988&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Schwanhausser,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Global%20quantification%20of%20mammalian%20gene%20expression%20control&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Global%20quantification%20of%20mammalian%20gene%20expression%20control&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Schwanhausser,&as_ylo=2011&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Siaut,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Oil%20accumulation%20in%20the%20model%20green%20alga%20Chlamydomonas%20reinhardtii:%20characterization,%20variability%20between%20common%20laboratory%20strains%20and%20relationship%20with%20starch%20reserves.&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Oil%20accumulation%20in%20the%20model%20green%20alga%20Chlamydomonas%20reinhardtii:%20characterization,%20variability%20between%20common%20laboratory%20strains%20and%20relationship%20with%20starch%20reserves.&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Siaut,&as_ylo=2011&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Silverman,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=DExD/H-box%20proteins%20and%20their%20partners:%20helping%20RNA%20helicases%20unwind&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=DExD/H-box%20proteins%20and%20their%20partners:%20helping%20RNA%20helicases%20unwind&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Silverman,&as_ylo=2003&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Sireesha,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=RNA%20helicase,%20CrhR%20is%20indispensable%20for%20the%20energy%20redistribution%20and%20the%20regulation%20of%20photosystem%20stoichiometry%20at%20low%20temperature%20in%20Synechocystis%20sp%20PCC6803&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=RNA%20helicase,%20CrhR%20is%20indispensable%20for%20the%20energy%20redistribution%20and%20the%20regulation%20of%20photosystem%20stoichiometry%20at%20low%20temperature%20in%20Synechocystis%20sp%20PCC6803&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Sireesha,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Stern,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast%20RNA%20metabolism&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Chloroplast%20RNA%20metabolism&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Stern,&as_ylo=2010&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Sun,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Translational%20regulation%20in%20chloroplasts%20for%20development%20and%20homeostasis&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Translational%20regulation%20in%20chloroplasts%20for%20development%20and%20homeostasis&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Sun,&as_ylo=2015&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Suorsa,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=PROTON%20GRADIENT%20REGULATION5%20Is%20essential%20for%20proper%20acclimation%20of%20Arabidopsis%20photosystem%20I%20to%20naturally%20and%20artificially%20fluctuating%20light%20conditions&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=PROTON%20GRADIENT%20REGULATION5%20Is%20essential%20for%20proper%20acclimation%20of%20Arabidopsis%20photosystem%20I%20to%20naturally%20and%20artificially%20fluctuating%20light%20conditions&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Suorsa,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Takahashi,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Comparison%20of%20the%20subunit%20compositions%20of%20the%20PSI-LHCI%20supercomplex%20and%20the%20LHCI%20in%20the%20green%20alga%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Comparison%20of%20the%20subunit%20compositions%20of%20the%20PSI-LHCI%20supercomplex%20and%20the%20LHCI%20in%20the%20green%20alga%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Takahashi,&as_ylo=2004&as_allsubj=all&hl=en&c2coff=1
https://doi.org/10.1101/2022.05.16.492170
https://doi.org/10.1101/2022.05.16.492170


Google Scholar: Author Only Title Only Author and Title

Tardif, M., Atteia, A., Specht, M., Cogne, G., Rolland, N., Brugiere, S., Hippler, M., Ferro, M., Bruley, C., Peltier, G., Vallon, O., and
Cournac, L. (2012). PredAlgo: a new subcellular localization prediction tool dedicated to green algae. Mol. Biol. Evol. 29, 3625-
3639.

Google Scholar: Author Only Title Only Author and Title

Thimm, O., Blasing, O., Gibon, Y., Nagel, A., Meyer, S., Kruger, P., Selbig, J., Muller, L.A., Rhee, S.Y., and Stitt, M. (2004).
MAPMAN: a user-driven tool to display genomics data sets onto diagrams of metabolic pathways and other biological processes.
Plant J. 37, 914-939.

Google Scholar: Author Only Title Only Author and Title

Tibiletti, T., Auroy, P., Peltier, G., and Caffarri, S. (2016). Chlamydomonas reinhardtii PsbS protein is functional and accumulates
rapidly and transiently under high light. Plant Physiol. 171, 2717-2730.

Google Scholar: Author Only Title Only Author and Title

Tikkanen, M., Mekala, N.R., and Aro, E.-M. (2014). Photosystem II photoinhibition-repair cycle protects Photosystem I from
irreversible damage. Biochim. Biophys. Acta 1837, 210-215.

Google Scholar: Author Only Title Only Author and Title

Tokutsu, R., Kato, N., Bui, K.H., Ishikawa, T., and Minagawa, J. (2012). Revisiting the supramolecular organization of Photosystem
II in Chlamydomonas reinhardtii. J. Biol. Chem. 287, 31574-31581.

Google Scholar: Author Only Title Only Author and Title

Tolleter, D., Ghysels, B., Alric, J., Petroutsos, D., Tolstygina, I., Krawietz, D., Happe, T., Auroy, P., Adriano, J.M., Beyly, A., Cuine,
S., Plet, J., Reiter, I.M., Genty, B., Cournac, L., Hippler, M., and Peltier, G. (2011). Control of hydrogen photoproduction by the
proton gradient generated by cyclic electron flow in Chlamydomonas reinhardtii. Plant Cell 23, 2619-2630.

Google Scholar: Author Only Title Only Author and Title

Wang, Y.C., Duby, G., Purnelle, B., and Boutry, M. (2000). Tobacco VDL gene encodes a plastid DEAD box RNA helicase and is
involved in chloroplast differentiation and plant morphogenesis. Plant Cell 12, 2129-2142.

Google Scholar: Author Only Title Only Author and Title

Westrich, L.D., Gotsmann, V.L., Herkt, C., Ries, F., Kazek, T., Troesch, R., Armbruster, L., Muehlenbeck, J.S., Ramundo, S.,
Nickelsen, J., Finkemeier, I., Wirtz, M., Storchova, Z., Raeschle, M., and Willmund, F. (2021). The versatile interactome of
chloroplast ribosomes revealed by affinity purification mass spectrometry. Nucleic Acids Res. 49, 400-415.

Google Scholar: Author Only Title Only Author and Title

Zones, J.M., Blaby, I.K., Merchant, S.S., and Umen, J.G. (2015). High-resolution profiling of a synchronized diurnal transcriptome
from Chlamydomonas reinhardtii reveals continuous cell and metabolic differentiation. Plant Cell 27, 2743-2769.

Google Scholar: Author Only Title Only Author and Title

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 19, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 23, 2022. ; https://doi.org/10.1101/2022.05.16.492170doi: bioRxiv preprint 

https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Tarazona,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Differential%20expression%20in%20RNA-seq:%20A%20matter%20of%20depth&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Differential%20expression%20in%20RNA-seq:%20A%20matter%20of%20depth&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Tarazona,&as_ylo=2011&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Tardif,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=PredAlgo:%20a%20new%20subcellular%20localization%20prediction%20tool%20dedicated%20to%20green%20algae&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=PredAlgo:%20a%20new%20subcellular%20localization%20prediction%20tool%20dedicated%20to%20green%20algae&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Tardif,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Thimm,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=MAPMAN:%20a%20user-driven%20tool%20to%20display%20genomics%20data%20sets%20onto%20diagrams%20of%20metabolic%20pathways%20and%20other%20biological%20processes&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=MAPMAN:%20a%20user-driven%20tool%20to%20display%20genomics%20data%20sets%20onto%20diagrams%20of%20metabolic%20pathways%20and%20other%20biological%20processes&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Thimm,&as_ylo=2004&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Tibiletti,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Chlamydomonas%20reinhardtii%20PsbS%20protein%20is%20functional%20and%20accumulates%20rapidly%20and%20transiently%20under%20high%20light&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Chlamydomonas%20reinhardtii%20PsbS%20protein%20is%20functional%20and%20accumulates%20rapidly%20and%20transiently%20under%20high%20light&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Tibiletti,&as_ylo=2016&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Tikkanen,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Photosystem%20II%20photoinhibition-repair%20cycle%20protects%20Photosystem%20I%20from%20irreversible%20damage&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Photosystem%20II%20photoinhibition-repair%20cycle%20protects%20Photosystem%20I%20from%20irreversible%20damage&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Tikkanen,&as_ylo=2014&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Tokutsu,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Revisiting%20the%20supramolecular%20organization%20of%20Photosystem%20II%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Revisiting%20the%20supramolecular%20organization%20of%20Photosystem%20II%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Tokutsu,&as_ylo=2012&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Tolleter,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Control%20of%20hydrogen%20photoproduction%20by%20the%20proton%20gradient%20generated%20by%20cyclic%20electron%20flow%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Control%20of%20hydrogen%20photoproduction%20by%20the%20proton%20gradient%20generated%20by%20cyclic%20electron%20flow%20in%20Chlamydomonas%20reinhardtii&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Tolleter,&as_ylo=2011&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Wang,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=Tobacco%20VDL%20gene%20encodes%20a%20plastid%20DEAD%20box%20RNA%20helicase%20and%20is%20involved%20in%20chloroplast%20differentiation%20and%20plant%20morphogenesis&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=Tobacco%20VDL%20gene%20encodes%20a%20plastid%20DEAD%20box%20RNA%20helicase%20and%20is%20involved%20in%20chloroplast%20differentiation%20and%20plant%20morphogenesis&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Wang,&as_ylo=2000&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Westrich,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=The%20versatile%20interactome%20of%20chloroplast%20ribosomes%20revealed%20by%20affinity%20purification%20mass%20spectrometry&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=The%20versatile%20interactome%20of%20chloroplast%20ribosomes%20revealed%20by%20affinity%20purification%20mass%20spectrometry&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Westrich,&as_ylo=2021&as_allsubj=all&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=&num=10&as_occt=any&as_sauthors=Zones,&hl=en&c2coff=1
https://scholar.google.com/scholar?as_q=High-resolution%20profiling%20of%20a%20synchronized%20diurnal%20transcriptome%20from%20Chlamydomonas%20reinhardtii%20reveals%20continuous%20cell%20and%20metabolic%20differentiation&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_publication=&as_yhi=&as_allsubj=all&hl=en&lr=&c2coff=1
https://scholar.google.com/scholar?as_q=High-resolution%20profiling%20of%20a%20synchronized%20diurnal%20transcriptome%20from%20Chlamydomonas%20reinhardtii%20reveals%20continuous%20cell%20and%20metabolic%20differentiation&num=10&btnG=Search+Scholar&as_occt=any&as_sauthors=Zones,&as_ylo=2015&as_allsubj=all&hl=en&c2coff=1
https://doi.org/10.1101/2022.05.16.492170
https://doi.org/10.1101/2022.05.16.492170

	Parsed Citations
	Article File
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Parsed Citations

