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Electro-magnetic irradiance and sunlight
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CO, and O, fixation by Rubisco
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Development of C4 photosynthesis

{L;HEOFC}E_
ClHEDFOg_ 0 ClHEDFDg_ HC~OH
((l.'i'—_GH C—{l:{GH_Jl-I 0-C=0
- 4
Ll“:‘fl‘fl\HJr1 ] O l|3=D L?r ) 0=C-0
f |
HC—0OH H{|3—DH H HF—.DH
CH0PO5 CH,0PO)
Intermediate 3-PGA
i
c=0
H |
H= l!: —0= PO, C\.
I 0 '(f \0
C =0 3-phosphoglycerate
i RUBISCO
o=0 + H _.;I; =0H . +
oxygen -
H=C =0H o
i U‘l"cf

ribulose-bisphosphate H

Z-phosphagiycolate



Oxygenic photosynthesis was established in Cyanobacteria
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http://www.kazusa.or.jp/cyanobase/Synechocystis/map/click/6803.gif
http://www.kazusa.or.jp/cyanobase/Synechocystis/map/click/6803.gif

Plastids derive from endosymbiosis
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Localisation of the photosynthetic complexes

- 100 chloroplasts/cell

- chloroplasts have two membranes with different origin
(lipids, proteins)

- thylakoids derive from inner (procaryotic) membrane
- grana- and stroma thylakoids

-new compartment: lumen vs. stroma
- different transport processes for proteins into the two plastid compartments

-photosynthesis in thylakoid membranes



Pigments: chlorophyll, carotinoid, phycobilin
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POR is light-
dependent




In the dark:
Protochlid accumulates and forms
prolamellar body
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Pigments: chlorophyll, carotinoid, phycobilin
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Carotenoids have two functions:

- light absorbance

- protection against excess light



Energy dissipation by xanthophylls

2

Violaxanthin 2 NADP +2H,0
Ascorbate ‘\ /V

DE-EPOXIDATION EPOXIDATION
high light low light
pH 3.1 pH 7.5

2 Zeaxanthin / \ 2NADPH +20,

Dehydroascorbate

Low light = Violaxanthin is present in and around PSI|

High light = Zeaxanthin synthesis in and around PSlII
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The Violaxanthin Cycle
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Epoxidation

ZE

pH 7.5

O,, NADPH
FAD, ferredoxin

Low light

In response to high light, plants have evolved photo protection mechanisms to dissipate the
excess absorbed light energy and thus avoid damages to the photosynthetic apparatus. One of
the mechanisms is through transfer of the absorbed energy from chlorophyll a to xanthophyl|
pigment zeaxanthin since excited zeaxanthin decays to the ground level much more

rapidly than excited chlorophyll a. Under excessive light condition, violaxanthin is

converted to zeaxanthin in the xanthophyll cycle, and thus accelerates the energy

dissipation from excited chlorophyll a to zeaxanthin.




Pigments: chlorophyll, carotinoid, phycobilin

phycoerythrin
phycocyanin
allophycocyanin

COOH COOH

Phycocyanin: chromophor is bound to the protein
Open chain tetrapyrol system



Phycoerythrin, 545 nm
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Organisation of light harvesting complexes in
cyanobacteria and higher plants

cyanobacteria higher plants

Cyanobacterial

Photosystem II supercomplex

Antenna with phycobilisomes Antenna of higher plants
ON the thylakoid membrane IN the thylkoid membrane
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Chromatic Adaptation Cyanobacteria
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Light harvesting complexes Higher plants

Antenna harvest light energy and transfer it to the reaction centers
of the photosystems Il or |

Pigments in antenne:
Energy transfer

Pigment (P680 or P700) in the photosystems
Photochemical work

Chlorophyll molecules transmit energy from :I':';fx

excited electrons in the antenna complex to Photon acceptor
a reaction center.

Electron transfer

Reaction
Reaction- center
center
chlorophyll

Reaction

canter Photon

Transfer

of energy pigment

— molecules
Chlorophyll molecules in antenna complex Photosystem

Figure 10128 Biological Science, 2e ©2005 Pearson Prentice Hall. Inc.



Most of the chlorophylls and carotenoids are organized in light-harvesting complexes
of the photosystems | and Il

Grana Grana margins Stroma lamellae

Light >
NADP*+ 2H* NADPH

Calvin cycle

Xanthophyll

Sy
v
Fag
LL
Sa
_________
"""""""

.......

State transitions

—Linear flow
—Cyclic flow

Grana ends .
Grana margins

Lumen

Grana stacks Stroma lamella



Chl a and b (and carotenoids) not covalently bound to light-harvesting proteins of
antenna

Stable antenna for the photosystems | and Il
Mobile antenna migrates between photosystems
Pigments are also bound to the two photosystems
-inner antenna
- reaction center pigmnents
-Light harvesting proteins are encoded by multigene families
-Specificity for the two photosystems

-Phyologenetic analyses

-Early light-induced proteins (ELIPs)



PSIl core cytochrome PSi core
complex

Mobile antenna

Non-mobile antenna

Both contain Chl, car, and LHCPs
LHCPs evolved from ELIPs

NADP*

stroma

lipid
bilayer

lumen
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Mutants in photosynthesis

Light is absorbed by antenna

and emited as fluorescence

hctf (high chlorophyll
fluorescence) phenotype



Redoxpotential
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Pigments in PSIl and PSI reaction centers are excited by different
wavelengths
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Redox signals regulate plastid and nuclear gene expression
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Adaptation to unbalanced excitation of PSIl and PSI
(1) — state transition (fast): relocation of mobile antenna

(2) — change in plastid gene expression: genes for limiting PS complex are
upregulated

(3) — change in nuclear gene expression

Redox regulation of PSI| gene expression

transcript

petE promoter psaD promoter
Nucleus psaF promoter




LHCII CP|24

NADP*

stroma

lipid
bilayer

lumen

PSll core cytochrome PSi core

compiex




2. Light reactions at the thylakoid membrane

The four photosynthetic complexes are evolutionary conserved from
cyanobacteria to higher plants

Photosystem ||
Cytochrom ,4s-complex
Photosystem |

ATP-synthase



Lichtreaktion der Photosynthese
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D1
PsbA

Lumen H&
 His'

Thr —_—Ac
Struma E g\E—;}_rm

Hla
His?S .. Fe

Membrane | 1 I1 111 IV Vv

TFI:'I--..Z is18| P680 Jon Nield 1007

P T |
His = His

Cﬁlnyi coo

The predicted membrane folding pattern of the mature spinach D1 protein. Roman numerals I-V

indicate the membrane-spanning helices. Two minor helices, on the stromal and lumenal sides, are
also indicated in green. The putative positions of the bound cofactors and histidine residues on the
proposed transmembrane helices are shown. Sequence data were obtained from the SWISSPROT

database.
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Transcription i
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Translation i —_— ROS
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D1 protein

- high turnover
- de novo synthesis in the stroma thylakoids during insertion into membrane
- co-factor bindung
- translational arrest when no chlorophyll is available
- transport to grana thylakoids
- association with antenna

- high light: photodestruction

- D2: similar regulation



(A)

(B)

Two electron transporters: Q, and Qg

8 C|H3
bzt iy (CH, — C=CH — CH,),— H
H3C
0
Plastochinon
o) 0°®
HyC R - H;C R
+ —>
H.C | H,C __i
0 o-
Chinon Semichinon
(Q) (Q°)

7.26 Struktur und Reaktionen des Plastochinons und seine
Rolle als zwei-Elektronen-Schleuse im Photosystem I1. (A) Das
Plastochinon besteht aus einem Chinon-Kopfteil und einer lan-
gen unpolaren Seitenkette, die es in der Membran verankert.
(B) Redoxreaktionen des Plastochinons. Das vollstandig oxi-
dierte Chinon (Q), anionisches Semichinon (Qe) und reduziertes
Hydrochinon (QH,) sind abgebildet. R steht fUr die Seitenkette.

OH

H.C R
1e 2 H+ :
+ — o+ —

H5C

OH

Hydrochinon
(QH,)



=
Hﬁ to Cythf

Antenna

1

1,0,

Schematic diagram showing the association of the main redox components within the PSI reaction
centre, The substrate water, binds to a manganese (Mn) cluster attached to the lumenal surface of

P51, The arrows indicate the electron transport pathway from water via the Mn cluster, ¥, (I1-
Tyrla1), P6S0, Pheophytin, O, and the double reduction of Q. The minimum complex needed for

high rates of oxygen evolution requires the 33 kIDa extrinsic protein and CP47 /CP43 proteins to be
present (see section 1.5.2 and Fig. 1.4).



P680°

ho

P680°  P680

a ho

The S-state cycle for the oxygen evolving reactions of PSII (Kok et al., 1970). Diagram adapted from
Rutherford, (1989).



Photonen- > Kapazitat zur
Fhotonennutzung

erste Verteidi-

gungslinie: ;" =
Vermeidungs | Warme| S50 &

mechanismen

toxische Photéprodukte— 3ChIY, O3, H;O5

zweite Verteidungslinie: ] «0OH, '02", Re
Entgiftungssysteme

(z.B. Carotinoide, Super-
oxiddismutase, Ascorbat)

Zielmoleklle
3 (z.B. das D1 Protein im PS-I1)

NGRS

Reparatur, de novo Synthese

)

—

i

oxidierte Zi'elmoiektjle
Photoinhibition

7.33 Gesamtlbersicht Gber die Regulation der Lichtabsorption,
den Lichtschutz und die Reparatur von Lichtschiden. Der Schutz
vor Lichtschaden erfolgt auf mehreren Ebenen. Die erste Vertei-
digungslinie ist die Vermeidung von schaden durch die Um-
wandlung Gberschissiger Anregungsenergie in Warme. Wenn
dieser Mechanismus nicht ausreicht und toxische Photopro-
dukte gebildet werden (der Triplett-Zustand des Chlorophylls
[2Chi*], superoxid [O3], Singulettsauerstoff ['05], Wasserstoft-
peroxid [H;05] und Hydroxylradikale [«OH]), kodnnen diese
durch eine Vielzahl von Entgiftungssystemen (Carotinoide, 5u-
peroxiddismutase, Ascorbat) vernichtet werden. Wenn auch
diese zweite Verteidigungslinie nicht ausreicht, kénnen die re-
aktiven Photoprodukte bestimmie besonders empfindliche Mo-
lekiile zerstéren. Vor allem das D1-Protein des P5-1 ist betrof-
fen. Die Schadigung fahrt zur Photoinhibition. Das D1-Protein
wird dann aus dem Reakticnszentrum des PS-1l entfernt und ab-
gebaut. Ein neu synthetisiertes D1-Protein wird in das P5-|I-Re-
aktionszentrum eingebaut und so die Funktionalitat wieder
hergestellt. (Nach Asada 1996)



Three main features:

i) Plastoquinol-plastocyanin oxido-reductase
ii) Pumps 2H' from stroma to lumen via the Q-cycle
iii) Participates in cyclic e” transport from PSI



(A) Oxidation des ersten QH,
Cytochrom-b f-Komplex

e

 membran /|

Plastocyanin

 Thylakeid-
s anembran

P700
PS-1

7.28 Mechanismus des Elektronen- und Protonentransfers im Cytochrom-bgf-Komplex. Dieser Komplex enthalt zwei b-Typ-Cyto-
chrome (Cyt b), ein c-Typ-Cytochrom (Cyt ¢, aus historischen Grinden als Cytochrom f bezeichnet), ein Rieske Fe-S-Protein (FeSg), und
zwei Stellen, an denen Oxidation oder Reduktion des Chinons erfolgt. (A) Ein am PS-Il (siehe Abb. 7.26) gebildetes Plastohydrochi-
non(QH,)-Molekl wird in der Nahe der Lumenseite des Komplexes oxidiert. Dabei Gbertragt es jeweils ein Elektron an das Rieske-Fe-
S-Protein und an eines der beiden b-Typ-Cytochrome. Gleichzeitig werden zwei Protonen in das Lumen abgegeben. Das an FeSg ab-
gegebene Elektron gelangt tiber Cytochrom f (Cyt f) zu Plastocyanin (PC). PC reduziert im PS-1 das P700. Das reduzierte b-Typ-Cyto-
chrom Gbertragt ein Elektron auf das andere b-Typ-Cytochrom, und dieses reduziert das Chinon (Q) zum Semichinon (Qe) (siehe Abb.
7.26). (B) Ein zweites QH, wird oxidiert, wobei ein Elektron von FeSg zum PC und weiter zum P700 gelangt. Das zweite Elektron wird
Gber die beiden b-Typ-Cytochrome auf das Semichinon Ubertragen und reduziert es zum Plastohydrochinon. Dabei nimmt es aus dem
Stroma zwei Protonen auf. Insgesamt werden fur jeweils zwei Elektronen, die zum P700 gelangen, vier Protonen durch die Membran

transportiert.

Plastocyanin
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Photosystem |

Carbon fixing
reactions

Three main features:

i) Multi-subunit complex > 18

ii) Plastocyanin-ferredoxin oxido-reductase

iii) Participates in cyclic e” transport with cyt §
in addition to reducing NADP
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Cyclic electron transport

- electrons from PSI to cytochrome-bgf-complex, back to P,
- no oxygen evolution, no NADPH synthesis

- generation of proton gradient



Main feature:
Translocation of 3H" from the lumen to the stroma
leading to the conversion of one ADP to one ATP
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Paul D. Boyer and John E. Walker have shown how the enzyme ATP synthase makes ATP. ATP synthase is found in chloroplast

and mitochondrial membranes and in the cytoplasmic membrane of bacteria. A difference in hydrogen ion concentration across the
membrane drives the enzyme to synthesise ATP.

"The Binding Change Mechanism"

Using chemical methods Paul Boyer proposed that ATP synthase is like a cylinder with alternating alpha and beta subunits. An

asymmetrical gamma subunit in the middle of the cylinder causes changes in the structure of the beta subunits when it rotates (100
r.p.s.). He termed these structures open (beta,), loose (beta,) and tight (beta,).

Four stages in ATP synthesis
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Ribulose-1,5-bisphosphate-carboxylase fixes CO,
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Bifunctionality of Rubisco
- binding O, instead of CO,

- photorespiration

)

RUBISCO OXYGENATION REACTION H= ?_ o= pﬂ;

HO=—C=—H
H T
| - E‘
H=— tI: —0—= PO, 'J *\.G
=0 2.phosphoglycerate
_ | EUBISCO
o=o + y —tl:; —O0H — - +
OX¥EEN -
H=— —0OH o
| %c;

H =C —0=PC, I

I H—C—0—Pa;,
H fﬂ_ﬂﬂ

ribulose-hisphosphate H
2 phosphoglycolate




Photorespiration
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CHLOROPLAST
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- High light intensity *  high photorespiration, stomata closure

C4 plants:
more efficient CO, fixation by phosphoenolpyruvate (PEP) carboxylase

Polyphyletic origin, convergent development

C4 vs.Crassulaceae acid metabolism (CAM) plants:
samle biochemistry, different morphology and CO, fixation

Examples for C4 plants: maize, sugar cane, Sorghum, Chenopodiaceae,
Euphorbiacecae

Examples for CAM plants: succulent plants of Crassulacecae, Cactaceae,
Compositae, Euphorbiaceae



Mesophyll cell

Bundle sheath cell

Mesophvyll cell:

Normal chloroplasts with grana

Chloroplast dimorphism

Bundle sheath cell:

Starch-rich plastids without
grana (no PS II)



COy (air)
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mesophyll cell

1 - PEP carboxylase
2 — malate dehydrogenase

‘_,//J bundle sheath cell

3 — malate enzyme
4 - Calvin cycle



Biochemistry in different cellular compartments
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Summary C4 photosynthesis

- Spacial separation of CO, fixation and carbohydrate biosynthesis

Mesophyll cells:

PEP carboxylase high affinity to CO,, no O, fixation

More efficient CO, fixation in spite of closed stomata than C3
plants

First C fixation product: C4 compound oxalacetate

Reduction of oxalacetate to malate in plastids of mesophyll

cells requires NADPH from photosynthesis

Malate is transported to bundle sheath cells via

plasmodesmata

Bundle sheath cells:

Oxidation of malate to pyruvate and CO, generates NAPDH
' chloroplast dimorphism



CAM plants

Temporal separation of CO2 fixation and carbohydrate biosynthesis

Night: stomata open: CO, fixation

Day: stomata closed: carbohydrate biosynthesis and photosynthetic
light reactions

Storage of CO, fixation product: malate in vacuole (acidification
during night)
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Evolution of PEP carboxylase

A PEP carboxylase gene (PEPC) is present in many eukaryotic cells,
but the gene product does not play an important role in the
metabolism.

PEPC gene

1- Stronger promoter: higher expression level

2- Tissue- specific cis-elements in promoter: expression in
mesophyll cells

PEPC enzyme

3- Optimization of CO, binding side: higher affinity to CO,



5.-Nand S
metabolism

NADPH and reduced ferredoxin from light reaction is also used to
reduce NO,  and SO %

Nitrate reduction

Nos_ NR > NOZ_ NIR > NH4+

Sulfate reduction

SO,2 SR | SO, SIR | g+




5.-Nand S
metabolism

NADPH and reduced ferredoxin from light reaction is also used to
reduce NO,  and SO %

Nitrate reduction

NOB_ NR > NOZ_ NlR > NH4+

cytosol

Sulfate reduction

SO,2 SR | SO, SIR | g+




5.-Nand S
metabolism

NADPH and reduced ferredoxin from light reaction is also used to
reduce NO,  and SO %

Nitrate reduction

Nos_ NR > NOZ_ NlR > NH4+

plastid

Sulfate reduction

so2 SR, 502 SR _, g

plastid




Nitrate assimilation
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cytoplasmic energy source
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co-factors
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Ammonium is toxic and rapidly metabolized
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Sulfate assimilation
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http://upload.wikimedia.org/wikipedia/en/a/a5/Sulfur_assimilation.png
http://upload.wikimedia.org/wikipedia/en/a/a5/Sulfur_assimilation.png

Siroheme

Life on earth is dependent on sulphur (S) and nitrogen (N). In plants, the second step
in the reduction of sulphate and nitrate are mediated by the enzymes sulphite and
nitrite reductases, which contain the iron (Fe)-containing siroheme as a cofactor. It is
synthesized from the tetrapyrrole primogenitor uroporphyrinogen lll in the plastids via
three enzymatic reactions, methylation, oxidation and ferrochelatation. Without
siroheme biosynthesis, there would be no life on earth.

Baishnab C Tripathy, Irena Sherameti, and Ralf Oelmuller (2010) Siroheme. An essential component for life on earth
Plant Signal Behav. 2010 Jan; 5(1): 14-20.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Tripathy%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=20592802
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sherameti%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20592802
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oelm%26%23x000fc%3Bller%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20592802
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2835951/
https://en.wikipedia.org/wiki/File:Siroheme.svg
https://en.wikipedia.org/wiki/File:Siroheme.svg

6. Plastid gene
expression

Plastids contain DNA — plastome

- Maternal inheritance

(advantage for biotechnological application)
(Mirabilis japonica, Correns 1909)

- 100 x 100 plastoms/cell
- prokaryotic origin, procaryotic genes and expression

- gene transfer to the nucleus



Gene expression in plastids is procaryotic
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Inheritance in plastids

- Pelargonium:

- biparental
- maternal (most of the angisperms)

- paternal (gymnosperms, Sequoia, Pinus)



plastome

- DNA is attached to thylakoid membrane (nucleoid)

- 15 nucleoids/plastid, 10 DNA molecules/nucleotid (polyploid)
- circular DNA

- 130 bis 160 kb

- inverse duplication

- small and large single copy region

- loss of inverse duplication e.g. conifers, Papilionaceae

Epiphagus
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The plastome of the holoparasite
Epifagus virginianais
substantially reduced

Model system for plastid
genetics




Tobacco
(155.939 bp)

Maize
(140,387 bp)

Rice
(134.525 bp)

Marchantia
(121,024 bp)

Black pine
(119,707 bp)

Epifagus
(70,028 bp)

Plastomes of land plants

Large single- Inverted  Small single- Inverted
copy region repeaty coOpy region  repeat 5
Hii GHG 23,341 18.571 25,311
82,155 28,748 12,535 22,748
BO,592 12.334 20,798
81,095 11,0158 19,813 1058
G5, 606 a3.nzl
£
19,788 22,735 4754 22,735



Genes of the plastome
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Gene expression in plastids requires pro- and eukaryotic elements

FPalycistronic mENA

pshB pshT prsbH peth

perl)

Genes Il Imtron |
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psh N

MMonocistronic mBEMN A -

Operons und Introns



Most of the promoters are procaryotic — but not all of them

~35" ~10°
rbcl TACGGTTGGG TTGCGC CATATATATGAAAGAGTA TACAAT AATGATGT
atpB AAATTTACTC TTGACA GTGGTATATGTTGTATATG TATATC CTAGATGT
psbA TAGATATTGG TTGAGA CGGGCATATAAGGCATGT ~TATACT GTTGAATA
psbB TCAACTCCCA TTGCGT ATTGCTACTTATCGAGTA TAGAAT AGATTTGT

Ecoly THGAGEA e R TATANT

psbD/C  GAAAGAAGCATAAAGTAAGTAGACCTGACTCCTTGAATGATGCCTC TATCCGCTATTTCTGATATATAAA

TYYVYY

N [ aipB -

610 -488 290 -235 +1 +1063
Pl P2 P33 P4 P5




psbB operon: complex processing steps

psbB psbT psbH petB petD
) | Intron | | l Introm _:
Genes,,
psbN ‘
Pre-mBNA pshB pshT pshH petB petD
5.6 kb [ N I T Toien [ [ [ Tniron I —
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|
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1.7 kb-
BN [T fnoen [ T  + @

!l ot

J9kb [ T [ | [ ]
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2.55 kb I:_Z-:-ZI (N T 7 T J1.8kb
245 kb I:+-:-] (7 T ]1.5kb
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2.0 kb I

19kb [ [ N | 0.42 kb [[E]
psbB-T mEMNA psbH mEMNA



psbB operon
- multiple promotors, multiple transcription start sites
- both strands encode genes
- polycistronic transcripts
- primary transcript is large and unstable
- RNA codes for independent proteins
- transcript ripening, oligocistronic transcripts
- monocistronic transcripts
- specific endonucleases
- Exonucleases: processing of 3"-ends
- hair pin loops stabilizes RNA

- secondary structures prevent degradation



Plastids contain two RNA-polymerases

- Epiphagus: lost the genes for RNA-polymerases, but still contain white plastids

- nuclear-encoded RNA-polymerase - plastid-encoded RNA-polymerase

- phage type - bacterial type

- one subunit - ~13 subunits, nuclear- and plastid-encoded
- sigma factors (bacteria-like)

- Expression of early genes - Expression of late genes

E. coli-type RNA polymerase
A

MNuclear-encoded
bacteriophage T3-
and T7-like

RMNA polymerase

Plastid gene

INA

b |




Editing change plastid transcripts —
Hydrolytic deamination of cytidine to uridine

(A) Creation of initiation codon (B) Amino acid changes (C) Creation of a stop codon
o G G QD (i)
55— AAUACGGCGAAA—T S— GUUCAU--UCAUCA—T S— UUCCAAUCC—3
AUG UAU UUA UAA
(D) Silent editing (E) Creation of both initiation and stop codons
GeD @&
55— UCCAAA—T 55— AAUACGGCG. . . AAUCAAAAU—Y
ucu AUG UAA



Most of the transcripts are stable
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Gen RNA-Spiegel Transkriptionsrate Relative RNA- Transkriptionsraten und
Stabilitat abgeleitete RNA-Stabilitaten
SE— f |4p RN&_mmﬂ fur ausgewanhlte pl qstid dre
%@n 5. 108 Plggtcijdg[r- Smin - kb Trah%kﬁtion%rate Gene der G%E;em%lil;ﬂes'
sungen wur -
RISA, TN Iiertgen Plastiden aus den
MGG Llas . L ikalen Blattbereichen von
trnfM-trnG 51,6 174 0,3 épl aitiie
trnK-ORF 504 3,7 30,5 0,1 erekeiml e
A ’ ' gefiihrt, die 4 Tage in Dun-
Photosynthese kelheit angezogen wurden.
rbcl 45,1 25.8 1o Die absoluten RNA-Mengen
psbA 38,1 153 0,2 wurden mittels Dot-blot-
psbD 13,0 1235 1,0 Hybridisierung bestimmt,
psaA 8i5 5,6 0,5 synthetische Transkripte der
atpB 3,9 14,3 0,3 entsprechenden Gene
petB 125 4,3 2.8 dienten dabei zur Erstellung
von Eichkurven. Die Tran-
fl:lﬁg)h!:l—l(omplex 03 24 01 skriptionsaktivitdten wurden
' : ' durch das Run-on-Tran-
Ribosomale Proteine skriptionsverfahren ermittelt
rol16 2,4 2,4 1,0 (nach Rapp u. Mitarb.)
RNA-Polymerase
rpoA 1.6 1,2

1
rpoB 0,05 0,5 0,

s



Many genes from plastids were transferred to the
nucleus

- DNA fragment

- as RNA after reverse transcription (e.g. as edited transcripts)
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