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1. INTRODUCTION

1.1. Green algae - Chlamydomonas reinhardtii as a model organism
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1.2. Photosynthetic light reactions
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1.2.1. Linear electron transport
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1.2.2. Cyclic electron transport
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1.3. Alternative electron sinks of photosynthesis
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1.4. Additional mechanisms regulating photosynthetic electron transport
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1.4.1. Non-photochemical quenching
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1.4.2. Photosynthetic control at Cytochrome bgf
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1.4.3. State transitions
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1.5. Hydrogen production in green algae
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1.5.1. The role of hydrogenases as an alternative electron sink
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1.5.2. Different protocols to induce hydrogen production
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1.5.3. Improving hydrogen production via genetic modifications
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2. AIMS OF THE STUDY
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3. METHODOLOGY

3.1. Growth conditions and C. reinhardtii strains
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3.2. Photosynthetic activity measurements

3.2.1. Chl a fluorescenceand P700 measurements
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3.2.2. Electrochromatic shift analysis
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3.2.3. Low temperature fluoresc ence emission spectroscopy
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3.2.4. Oxygen exchamge/evolution and H >0, analysis
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3.3. Transcript analysis

3.3.1. Quantitative Real-time PCR
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3.3.2. Next-generation RNA sequencing
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3.4. Protein analysis
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3.5. Hydrogen production

3.5.1. Sulfur-deprivation protocol
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3.5.2. Magnesium-deprivation protocol

%oa&tit' "< tt .—Z-—"te ™Miri ' <f.S Bfe tfe |
i —eZs tTHe ", bt Z%—eStTf t— fZ&4& trsw & ¢ —f%1%
e—foetf "t Ltetc—ctee <o et tc—o fe tTHe..”7¢,]
—fee " N L fZ7e <ot ® %o "7 fe [I7ice% Y irxed. 2 fSTw
e—f%ta ...1Z7Z« ""Fa..etc—ceft - %oamttt2tFfd N MEE-—S
"7feS ® % f— f .00 feX[fKIR BT ABsr BFde Z<"—'—+ ‘" sS

o7 ™i"f —Ste "Zf .. it <o—' %ofe@—<%S— %oZfee “<fZs

co.—, f=FT "7 tur S& ™c—8 . tee—_foe— oSffadetdff—slt feh

CZZ—scof—c'e tetc—ctes THe "¢ tT f, 714



4. MAIN RESULTS

4.1. The interplay of O, photoreduction and cyclic electron transport
protects photosynthesis
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4.1.1. Flavodiiron proteins are up-regulated when there is an excess of
electrons in the photosynthetic electron transport chain
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4.1.2. Q photoreduction via flavodiiron prot eins is crucial for survival under
fluctuating light
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4.1.3. PGRL1-mediated cyclic electron tansport is essential during high light

transitions
' —St” 'f—S T freinhardtii S —‘e>e—Stece <o cft<f-%1t »
fet =St f f<Zf.pdfld—»e* . f'—— o——fe— ‘Z7%t—-%f" t—- fZ44
oo, Zt ' e——1> —Sce "f-S™f5 fet <—e UE"f—cte MG ‘.
& ocoecZf" fTe " teete_f7 . tetc—ctee ™ME"H fF7ZZSEF PooScae’ LI
o—f-F 138 Z'™ Z<%S- &4 weARSA%hSE Ze%S— A4 trr As'Z 'S
e@t®sy Sc%S A t7 (<o f<” A fef(Z'T™ f<” A ottt a fef
ete—<teed —St fZ%t ... —"'e — fee’ " "Phagll foet falSF ™™
¢S ™I T o' ecY%oec <. fe— T TF"Fe.  fe ['TF «—& <«%o& tstd
etc—<pgda S fFT O f it — .t fet o—7""e% t"~
Lteltete TMfe "teltesec 7% "7 —Sce tZITf-—F¥e 4 Mfri 7
fefZroett ,» 2™ —fe'f"f——"1 vyy LSZUASSTZfYE—""t.
'Ste'S s Zf—<'e  fTIA L & B L POHE S AT f e ="t e%o 25

(o.“":tfoi'r _"foo(_(‘o _‘o-_"f-%%"t'So‘f'$‘")2f_(‘o L _é:t
t{ad tx feoft ss —Sfe fSE"™_4 <«%adt ad S—ead —-ST S<%

—eT1” Ltetimctee <o ZeotZ> t—1 o L 2E et TETAS B Fufacc
Tfe— <ot — . —<te T ™ fe "ft — pgrit &Mc—Sce S ece <o
St %" ™pgHl e s S'— <*UEf..='T"ed E"f—ft fe ——7 <

e R it —et i fSE eBftsates TIe. ATk %F UER METD



—SE LedTf—PEnESBEL™IET <ot f<"ET %" ™S —eti” e T a—<
sft<f [t 4 <Yod U A ZTT - —PYrT < oforon T MEL_SEf e
<o Z<%S— <o—feec—> t—"co% —St ZETde%e—"" 24V EE T -
ettita —ST WpYiHIM «& 'S — "t f ... —""e ™Mfe of 17175 <o’ fc"f
“<7e— v S fT—%" -8t ¢S ¢ ErEsAs A1 B " —‘eew cco wr A
'St_te @t@s fot 5 ece zrr Aecdpa@sSfetfie o ‘etpgrllechZ et
oS ™MET <o’ fc"tt %" ™S fe e f it —f ™_H e S¥UsPotde—BF
se fTesft«f-1%7 oo F L P %y —feec—cloe 7T MBt o~
'St—te>e_Steced | ———fredt athef> T—"co % %ot Mo —f

4.1.4. The loss of PGRL1 leads to treased mitochondrial respiration and
elevated O, photoreduction
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4.1.5. Underlying mechanisms behind the phenotypes of the pgrll and pgr5
mutants under fluctuating light
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4.2. Impact of alternative electron transport on hydrogen production
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