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The possible fates of an excited electron
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Porphyrin ring

- -00C COO-
with an Fe center ~ C|H2 H, Cl/
CH, CH,
What about an \ € y

? C C C
Mg or Co center HC NNV \C/CH3

C
The iron can carry \ | | /
a single electron. C—N N—C
HC e “ CH
r

N
C=N N—C
/ | | \
C C C — CH;
H,C = - \C/ \C/ N
-y H \
// H CH, (IfH

The heme is attached to protein of cyto- CH,
chrome molecule through these groups.
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Absorption
maxima (nm)

' ) : Extract
Pigment H‘ - s R, . . Re  invivo (methanol)

Bacterio- —C CH, —CH —CH~CH; —CH, —C—O—CH,; P/Gg"—H 805 771
chlorophyll a | I 830-890
(purple bacteria) 2 0
Bacterio- —CCH, —CHf =C—CH, —CH, —C—O—CH; P —H 83580 7%
chlorophyll b | I | 1020-1040
(purple bacteria) H
Bacterio- I|'l —Csz
cdierophylle e oy o, —cud —CH, —H E —CH, 745755  660-669
(green sulfur | £ 5 : - :
bacteria) OH —C,Hy —CH,
Bacterio- I|'l
cilosophylles, ¢ en, —aH, —Cl —CH, —H S —CH, 740 667
(green nonsulfur [ : £
bacteria} OH
Bacterio- ]|—| _Csz
chlorophyll 4 —¢ CH, ~C, ~CH —CH, —H F —H 705740 654
(green sulfur N
bacteria) OH —C,H, —CH,
Bacterio- ]|_| _Csz
e R CH S —C,H, —H F —CH, 719726 646
(green sulfur | Il : ;
bacteria) OH o —C,H,
Bacterio- ]l'l
chlorophyll ¢ —C=CH, —CH? —CH, —CH, —C—0O—CH, F —H 670,78 765
(heliobacteria) : 2 = I :

(0]

P, Phytyl ester (CyqHayO—); F, farnesyl ester (C,-H,.0—); Gg, geranylgeraniol ester (C;;H,-0—); 5, stearyl alcohol (C, gH,-0—).
No double bond between C, and C; additional H atoms are in positions C, and C,.

“No double bond between C and C; an additional H atom is in position Cs.

IBac teriochlorophylls ¢, d, and ¢ consist of isomeric mixtures with the different substituents on R3 as shown.

Bacteriochlorophyll Structures




Chloroplast Structure

OUteL Stacked
eele -Stroma\ Thylakoid - thylakoids
Inner — membrane forming grana

(b) membrane



Table 9.1 Some general properties of the various photosynthetic

bacteria
Nonsulfur Purple Green
Purple Sulfur Sulfur Cyano- Helio-
Bacteria Bacteria  Bacteria bacteria bacteria
Source of
reducing H,, reduced H,S H,S H,O Lactate,
power (e7) organic organic
Oxidized
product Oxidized
organic SO,* SO, O, Oxidized
organic
Source of
carbon CO, or
organic CO, CO, CO, Lactate
pyruvate
Heterotrophic
growth Common Limited” Limited” Limited” Required

“Generally limited to assimilation of low molecular weight organics during autotrophic growth.
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Structure and Location of the Chlorosome

Found in GSBs



Structure of the Chlorosome
Found in GSBs

Membrane
(b) proteins



Photosynthetic unit

" Antenna pigments |
absorb light energy
and transfer it —
until it reaches... ) ...the specialized
chlorophylls of the
reaction center.

Reaction
center
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Antenna
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Beta-Carotene, a typical carotenoid
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CHj

H,C CHj,
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IE1 (R  The bacteriochlorophyll present in photosynthetic
bacteria and primary acceptors involved in energy

conserving reactions

Electron Donor

Electron Acceptor

Purple nonsulfur ~ Bacteriochlorophyll a

bacteria and b

Green sulfur Bacteriochlorophyll
bacteria c,d, and e

Cyanobacteria Chlorophyll a
photosystem I

Cyanobacteria Chlorophyll a

photosystem I
Heliobacteria Bacteriochlorophyll g

Bacteriopheophytin a, Q,, and Qg

Bacteriopheophytin a
and FeS-protein
Chlorophyll @ and FeS-protein

Pheophytin a, Q,, Q, and

plastoquinones
Bacteriochlorophyll ¢ and FeS-protein

MICROBIAL LIFE, Table 9.2 © 2002 Sinauer Associates, Inc.



Structure and Location of Phycobilisomes




Phycobilisome of cyanobacteria

Rods composed of blue light-harvesting
phycocyanin and polypeptides.

/

Rods <

\
/

Allophycocyanin/ \\Thylakolid membrane

4 ; :

Core consists of allophycocyanins
linked to reaction centers in
thylakoid membrane.

.
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Chromatic adaptation of a phycobilisome

( Cells grown in green Iight\ " Cells grown in red light b
have rods predominantly have rods predominantly
composed of red pigment made of blue pigment

! phycoerythrin. Y . phycocyanin. y

Red light

B
Green light
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Chromophores of phycobilisomes
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Absorption Spectra
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Reaction center of purple nonsulfur bacteria
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Electron flow in phototrophs

Purple bacterium
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NADPH (from light reactions or
reverse electron flow)

ATP (from light reactions)

12 3-Phospho- 12 ATP
glycerate

(36 carbons)

6 Ribulose

1,5-bisphosphate 12 1,3-Bisphospho-

glycerate

12 Glyceraldehyde
6 Ribulose 3-phosphate
5-phosphate (36 carbons)

(80 carbons) j
Sugar \\ Fructose
rearrangements 10 Glyceraldehyde

6-phosphate
3-phosphate (6 carbons)
(30 carbons) l

Biosynthesis

Overall stoichiometry:
6 CO, + 12 NADPH + 18 ATP ———>
06H1206(P03H2) + 12 NADP* + 18 ADP + 17 Pi




Reverse TCA Iin GSBs

Cell material «<— Hexose-P <«— Triose-P

2H
Oxalacetate
M/alate

 Fumarate

Succinate
ATP

Succinyl-CoA
CO, Ferredoxin,¢qy

o-Ketoglutarate , 2 H /
/\K‘ Isocitrate

CO,

A£ADP
2H ATP
Phosphoenolpyruvate
AMP
ATP

Pyruvate

Ferredoxlnred /& CO,

Citrate

Acetyl -CoA

ATP

Net reaction:
3 CO, + 12 H + 5 ATP —>triose-P




Hydroxyproprionate in GNBs

Cell material <— <— -

Glyoxylate

. 9@ 2
EHO —CH,—C~ CoA <~—<&——~— CH3—C ~ CoA =

| ?ﬁ ATP (Acetyl-CoA) \L
Malyl ~ CoA

ATPyEy ~ A

! O ﬁ CO, T |C|)
CHQOH—CHQ—(“3’V CoA 7—> CH3CH,C ~ CoA > » COOH— C—C~CoA
ATP A1
(Hydroxypropionyl-CoA) 2 9 _ 3
(Propionyl-CoA) (Methylmalonyl-CoA)

Net reaction:
2 CO, +4 H+ 3 ATP —> glyoxylate







A light-driven proton pump of halophilic archaea

(A) Retinal transfers HT to protein.
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Light-driven proton pump of halophilic archaea
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Banded Iron Formations ~2.5 Bya
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