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PURPLE BACTERIA

Purple bacteria are gram-negative phototrophic bacteria, pigmented with
bacteriochlorophyll a or b, together with various carotenoids, which give them colours
ranging between purple, red, brown, and orange.

Green Purple
nonsulfur sulfur
bacteria bacteria

Purple
nonsulfur

Green sulfur

Heliobacteria

bacteria

bacteria

- Most diverse group
- SY deposited outside the cell


https://en.wikipedia.org/wiki/Gram-negative_bacteria
https://en.wikipedia.org/wiki/Proteobacteria
https://en.wikipedia.org/wiki/Phototroph
https://en.wikipedia.org/wiki/Bacteriochlorophyll
https://en.wikipedia.org/wiki/Bacteriochlorophyll
https://en.wikipedia.org/wiki/Carotenoid
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TAXONOMY

Genus
Blastochoris

Species

Blastochloris viridis

Rhodopseudomonas viridis




Which applications might have purple bacteria? p

Versatile
metabolism

New, efficient and economic

methods to treat water Survive in
restralmng
conditions
- Removal of dye in rivers -

- Removal of macro-pollutants
- Removal of heavy metals

Photo from:
https://cutt.ly/bzcacQY

Public Domain


https://cutt.ly/bzcacQY

STRUCTURAL ORGANISATION
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Photosynthetic reaction center

Resolution: 2,9A
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Co-factors i
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Bacteriochlorophyll b (x4) j”‘é et

Bacteriopheophytin b (x2)
Carotenoid (x1) , Core
Non-heme iron (x1)

Quinones (x3)
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H subunit

258 residues
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H subunit

Structural regions

- N-terminal segment
contains a transmembrane
helix

- Globular domain contains
antiparallel B sheets

Functional overview Interactions Evolutionary aspects
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H Subunit chainrH 1 MYHGALAQHLDIAQLVWYAQWLVIWTVVLLYLRRE
chainH 36 DRREGYPLVEPLGLVKLAPEDGQVYELPYPKTFVL
chainH 71 PHGGTVTVPRRRPETRELKLAQTDGFEGAPLQPTG

N-terminal segment chain H 106 NPLVDAVGPASYAERAEVVDATVDGKAKIVPLRVA
chainH 141 TDFSIAEGDVDPRGLPVVAADGVEAGTVTDLWVDR
chainH 176 SEHYFRYLELSVAGSARTALIPLGFCDVKKDKIVV
chain H211 TSILSEQFANVPRLQSRDQITLREEDKVSAYYAGG
chainH?246 LLYATPERAESLL

Helix
B-sheet

N-terminal segment.
Transmemibrane helix.
lleH12 - AspH36
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] chainH 1 MYHGALAQHLDIAQLVWYAQWLVIWTVVLLYLRRE
H Subunlt chainH 36 DRREGYPLVEPLGLVKLAPEDGQVYELPYPKTFVL
chainH 71 PHGGTVTVPRRRPETRELKLAQTDGFEGAPLQPTG
chain H 106 NP LVDAVGPAS)YAERAEVVDATVDGKAKIVPLRVA
chainH 141 TDFSIAEGDVDPRGLPVVAADGVEAGTVTDLWVDR
chainH 176 SEHYFRYLELSVAGSARTALIPLGFCDVKKDKIVYV
chainH 211 TSI[LSEQFANVPRLQSRDQITLREEDKVSAYYAGG
chainH 246 [LLYATPERAESLL

Globular domain

Globular domain.
Antiparallel B sheets.
ValH124 - ValH203

Antiparallel B
sheets.



Introduction Structural organisation Functional overview Interactions Evolutionary aspects

L subunit
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L subunit

Co-factors
Bacteriochlorophyll-b
Bacteriopheophytin-b

Quinone
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L subunit mmCLYTIZ - ggN 199 e
L. A 226 T o

5 transmembrane helices < £ o & . 3 ¢ <
1) Vall3l-GInL55 R A 95 S <+ . 5 & <
2) ProlL79 - GlyL112 - : ALY ol U \é
3)  TrpLll5 - Alal145 e . - S8 & N
4)  AsnlLle6 - AsnlL199 . 9 ) Y/D\l.\. -t
5)  Alal226 - Alal250 N\ - .; N TS

GLNSS  AUA 145w ™ N/ndl

RPRO 79 ¢ ALA 250 ¢ )

' | ASN 166 4

Secondary structure

EPTI! 1 ALLSFERKYRVRGGTLIGGDLFDIFWVGPYFVGFFGVSAI VGFFGVSAIFFIFLGVSLIGYAASQ

! 56 GPTWDPFAISINPPDLKYGLGAAPLLEGGFWQAITVCALGAFISWMLREVEISRK
EETNe111 LGIGWHVPLAFCVPIFMFCVLQVFRPLLLGSWGHAFPYGILSHLDWVNNFGYQYL

chain L3 LGLHGGLILSVANPGDGDKVKTAEHENQYFRDVV
221 |GlYSIIGALSIHRLGLFLASNIFLTGAFGTIASIGP FWTRGWP EWWGWWLD I PFWS
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M subunit

324 residues
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M subunit

Co-factors
Bacteriochlorophyll-b
Bacteriopheophytin-b

Quinone

Non - heme iron

Carotenoid

T



Introduction Structural organisation Functional overview Interactions Evolutionary aspects

GLY 228
M subunit LEU138 Ly 26 i
THR 142 g;’ﬂg_\
5 transmembrane helices. GLY - /\)'%)
1) GlyM52 - ValM77 ) AT A
2) ProMI06 - LeuM138 (i 2 2%
3)  ThrM142- GlyM172 ,9 /_/ /,)\/\) g
4)  AsnMI193 - GlyM228 ? 2 S A
5)  GluM261 - ThrM285 IHR 22 5 ~aNY /
GLY 172 AsN 193 S O y
o\ A
Heli PRO 106 ‘?f\\/ ]
B-sheet VAL 71 Secondary structure

Y 1 ADYQTIYTQIQARGPHITVSGEWGDNDRV/GKPFYSYWLGKIGDAQIGPIYLGASG
ey 56 IAAFAFGSTAILIILFNMAAEVHFDPLQFFRQFFWLGLYPPKAQYGMGIPPLHDG
RN 111 GWWLMAGLFMTLSLGSWWIRVYSRARALGLGTHIAWNFAAAIFFVLCIGCIHPTL

FEN 166 VGSWSEGVPFGIWPHIDWLTAFSIRYGNFYYCPWHGFSIGFAYGCGLLFAAHGAT
ey 221 I LAVARFGGDREIEQITDRGTAVERAALFWRWTIGFNATIESVHRWGWFFSLMVM
e 276 VSASVGILLTGTFVDNWY LWCVKHGAAPDYPAYLPATPDPASLIPGAPK
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Subunits L-M: Core complex

10 membrane-spanning
alpha helices

Helices cross each
other in an X shape

Secondary structure
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C subunit: Cytochrome

336 residues
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C subunit: Cytochrome

Co-factors
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C subunit: Cytochrome

4 Heme group binding segments:

7-20-residue helixliturn BCys-X-Y-Cys-His

-19MKQLIVNSVATVALASLVAGCFEPPPATTTQTGFRGLSMGEVLHPATVKA
B-sheet

31 KKERDAQYPPALAAVKAEGPPVSQVYKNVKVLGNLTEAEFLRTMTAITEW
81 VSPQEGCTYCHDENNLASEAKYPYVVARRMLEMTRAINTNWTQHVAQTGV
131 TCYTECHRIGTPLPPYVRYLEPTLPLNNRETPTHVERVE[IRSGYVVRLEAKY T

181 AYSALNYDPFTMFLANDKRQVRVVPQTALPLVGVSRGKERRPLLSDAYATF
231 ALMMSISDSLGTNCTFCHNAQTFESWGKKSTPORAIAWWGIRMVRDLNMN
281 YLAPLNASILPASRLGROQGEAPQADCRTCHQGVTKPLFGASRLKDYPELGP

331 IK[AAAK




Introduction Structural organisation Functional overview Interactions Evolutionary aspects

C subunit: Cytochrome

Cys-X-Y-Cys-His

Heme groups are connected to cytochrome cysteines with thioether bonds

CYS: 244, 247, 305, 308, 135, 132, 90, 87
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C subunit: Cytochrome

Fe helps to stabilize the union between subunit C and heme groups interacting with
Histidines.

HIS: 91, 124, 136, 248, 309
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Light harvesting complex

Light harvesting complex

17 alpha-polypeptides

17 beta-polypeptides

16 gamma-polypeptides

Interactions

Evolutionary aspects
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Light harvesting complex

Light harvesting complex

17 alpha-polypeptides

17 beta-polypeptides

16 gamma-polypeptides

Cytoplasm
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Periplasm

Light harvesting complex

Light harvesting complex

17 alpha-polypeptides

17 beta-polypeptides

16 gamma-polypeptides
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Light harvesting complex

,/12 : Periplasm
, &

Light harvesting complex

17 alpha-polypeptides

& \
17 beta-polypeptides ){" ) N-terminus on
. ' 0 periplasm
16 gamma-polypeptides

Cytoplasm
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Light harvesting complex

Gamma-polypeptide
gap for quinol
exchange
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Light harvesting complex

Two BCB and one
carotenoid bound
between each alpha-beta

heterodimer




FUNCTIONAL OVERVIEW

Which is the function of the Photosynthetic Reaction
Center?

Which are the chemical processes behind the
function?
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Photosynthetic electron transport

NADH ATP
dehydrogenase synthase
complex ?

(N

N

\ ADP+P, L

Used in Calvin Cycle to make /

carbohydrates from CO,

Interactions

Evolutionary aspects
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Photosynthetic electron transport

1. Aphoton excites an electron of BC
2. The excited electron moves to BP_

3.  The excited electron moves to
menaquinone-9

4. Two electrons reach the
ubiquinone-9 and it becomes
protonated

5 QBH, dissociates and moves to the
Cytochrome b/cl protein

6. There the electrons and protons are
transferred outside the membrane
to generate a proton gradient and
synthesize ATP

— o ==



Introduction

Structural organisation

Photoexcitation

Functional overview

’

High energy electron

Low energy

Interactions

Evolutionary aspects

NON-RADIOACTIVE
DECAY

The excited electron
passes from BCBI to
BCB2 so it can not
return to the ground
state because in
BCB2 there is no low
energy hole.



INTERACTIONS

Which interactions take place between cofactors and
the core complex subunit in order to develop their
function?

Which are the fundamental interactions that cause
unidirectional transport?

Which interactions allow the transport of the excited
electrons?



Introduction Structural organisation

BCB excitation

1. A photon excites an electron of
BCLP

2. The excited electron moves to BP_

3.  The excited electron moves to
menaquinone-9

4. Two electrons reach the

ubiquinone-9

Quinone B is twicely protonated

6. QBH, dissociates and moves to the
Cytochrome b/cl protein

7. There the electrons and protons are
transferred outside the membrane
to generate a proton gradient and
synthesize ATP

Ul

Functional overview

Interactions

Evolutionary aspects
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Bacteriochlorophyll-b (BChl-h)

Accessory pair
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Bacteriochlorophyll-b (BChi-h)

Special pair

e Overlap of the pyrrole rings
e Two-fold symmetry

e Paralel pyrrole rings
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry Break the symmetry

HIS L173, M200 BC,,, contacting
carotenoid molecule

Accessory BChl-bs rings | Side chains of accessory
BChl-bs

HZO molecules Subunit H
h-bonded to HIS and transmembrane helix
accessory BChl-bs

SubunitsLand M
transmembrane helices
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry Break the symmetry

HIS L173, M200 BC,,, contacting
carotenoid molecule

Accessory BChl-bs rings | Side chains of accessory
BChl-bs

HZO molecules Subunit H
h-bonded to HIS and transmembrane helix
accessory BChl-bs

SubunitsLand M
transmembrane helices
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry Break the symmetry

HIS L173, M200 BC,,, contacting
carotenoid molecule

Accessory BChl-bs rings | Side chains of accessory
BChl-bs

H,O molecules Subunit H
h-bonded to HIS and transmembrane helix
accessory BChl-bs

SubunitsLand M
transmembrane helices
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry

HIS L173, M200

Accessory BChl-bs rings

H,O molecules
h-bonded to HIS and
accessory BChl-bs

SubunitsLand M
transmembrane helices

Break the symmetry

BC,,A cpntactmg
carotenoid molecule

Side chains of accessory
BChl-bs

Subunit H
transmembrane helix

Interactions

Evolutionary aspects
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry Break the symmetry

HIS L173, M200 BCMA contacting
carotenoid molecule

Accessory BChl-bs rings | Side chains of accessory Accessory BChl-b

BChl-bs

HZO molecules Subunit H » -
h-bonded to HIS and transmembrane helix

accessory BChl-bs

SubunitsLand M
transmembrane helices
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry

HIS L173, M200

Accessory BChl-bs rings

H,O molecules
h-bonded to HIS and
accessory BChl-bs

SubunitsLand M
transmembrane helices

Break the symmetry
BC,,, contacting
carotenoid molecule

Side chains of accessory
BChl-bs

Subunit H
transmembrane helix

Interactions

Accessory BChl-bs

-l 2
\_®200.M
L

Evolutionary aspects
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry Break the symmetry

HIS L173, M200 BC,,A contacting
carotenoid molecule

Accessory BChl-bs rings | Side chains of accessory
BChl-bs

Hzo molecules Subunit H
h-bonded to HIS and transmembrane helix
accessory BChl-bs

Subunits Land M
transmembrane helices
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry Break the symmetry

HIS L173, M200 BC,,, contacting
carotenoid molecule

Accessory BChl-bs rings | Side chains of accessory
BChl-bs

H,O molecules Subunit H
h-bonded to HIS and transmembrane helix |
accessory BChl-bs =

SubunitsLand M
transmembrane helices ﬁ
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry

HIS L173, M200

Accessory BChl-bs rings

H,O molecules
h-bonded to HIS and
accessory BChl-bs

SubunitsLand M
transmembrane helices

Break the symmetry
BC,,, contacting
carotenoid molecule

Side chains of accessory
BChl-bs

Subunit H
transmembrane helix

Interactions

Evolutionary aspects
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Bacteriochlorophyll-b (BChi-h)

Symmetry

Obey the symmetry

HIS L173, M200

Accessory BChl-bs rings

H,O molecules
h-bonded to HIS and
accessory BChl-bs

SubunitsLand M
transmembrane helices

Break the symmetry
BC,,, contacting
carotenoid molecule

Side chains of accessory
BChl-bs

Subunit H
transmembrane helix

Interactions

Evolutionary aspects
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Bacteriochlorophyll-b (BChi-h)

Protein-pigment interactions

Interactions between:

Nitrogen of histidine L173 with Mg?* of
BC, ,and Nitrogen of histidine M200
with Mg®* of BC,,,

BC, , acetyl group to histidine L168

BC,,, acetyl group to tyrosine M195

Ring V keto carbonyl oxygen and
threonine L248, just in L chain
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Bacteriochlorophyll-b (BChi-h)

Protein-pigment interactions

Interactions between:

Nitrogen of histidine L173 with Mg?* of
BC, , and Nitrogen of histidine M200
with Mg®* of BC,,,

BC, , acetyl group to histidine L168

BC,,, acetyl group to tyrosine M195

Ring V keto carbonyl oxygen and
threonine L248, just in L chain

Interactions

Evolutionary aspects
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Bacteriochlorophyll-b (BChi-h)

Protein-pigment interactions

Interactions between:

Nitrogen of histidine L173 with Mg?* of
BC, , and Nitrogen of histidine M200
with Mg®* of BC,,,

BC, , acetyl group to histidine L168

BC,,, acetyl group to tyrosine M195

Ring V keto carbonyl oxygen and
threonine L248, just in L chain

Interactions

Evolutionary aspects
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Bacteriochlorophyll-b (BChi-h)

Protein-pigment interactions

Interactions between:

Nitrogen of histidine L173 with Mg?* of
BC, ,and Nitrogen of histidine M200
with Mg®* of BC,,,

BC, , acetyl group to histidine L168

BC,,, acetyl group to tyrosine M195

Ring V keto carbonyl oxygen and
threonine L248, just in L chain
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Bacteriochlorophyll-b (BChi-h)

Protein-pigment interactions

Special pair environment of aromatic A
residues in direct contact of with its | a
tetrapyrrole rings .

Tyrosine L162 located between the S
special pair and the closest heme
group (HE3) of the cytochrome
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Bacteriochlorophyll-b (BChi- h)
Protein-pigment interactions ~ J roe——~—"

Special pair environment of aromatic
residues in direct contact of with its
tetrapyrrole rings

Tyrosine L162 located between the
special pair and the closest heme
group (HE3) of the cytochrome




Introduction Structural organisation Functional overview Interactions Evolutionary aspects

Electron transfer from BCB to BPB

—

A photon excites an electron of BC

2. The excited electron moves to BP_

The excited electron moves to

menaquinone-9

4. Two electrons reach the

ubiquinone-9

Quinone B is twicely protonated

6. QBH, dissociates and moves to the
Cytochrome b/cl protein

7. There the electrons and protons are

transferred outside the membrane

to generate a proton gradient and

synthesize ATP

W

o

— o ==
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Electron transfer from BCB to BPB

Unidirectional transport

' Chain L r
Electrons are transferred -

from the special pair only to \

the cofactors of the L chain /\\ *
in an unidirectional way

4 \)
Structural differences of BCB X \

rings:

Deviation from symmetry: M ring
more deformed than L ring.

Ctin
BP, is O.5A closer to the special pair 4\ ,
L
than BP,, is. f \
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Electron transfer from BCB to BPB

Unidirectional transport

Structural differences of BCB
rings:

Deviation from symmetry. M ring
more deformed than L ring.

BP, is O.5A closer to the special pair
than BP,, is.

Differences in overlap
of electron orbitals

Interactions

Evolutionary aspects
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Electron transfer from BCB to BPB

Unidirectional transport

Differences in structural order Carotenoid
between L and M branches

Phytyl side chains of BC,,, and BP,,
are partially disordered at their ends

Carotenoid in M chain also
contributes to structural
differences.

M-branch is more disordered
than the L-branch.
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Electron transfer from BCB to BPB

Unidirectional transport

Differences between BP _and BP,,

BP,, interacts with valine M131, while
BP_ interacts with glutamic acid L104,
through H-bonds.

Tryptofan M250 is bound to BP and
facilitates the electron transmission to
QA. The equivalent in chain L is
phenylalanine L216, with a smaller side
chain, so it cannot perform a similar
bridging.

Interactions

Evolutionary aspects
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Electron transfer from BCB to BPB

Unidirectional transport

Differences between BP _and BP,,

BP,, interacts with valine M131, while
BP interacts with glutamic acid L104,
through H-bonds.

Tryptofan M250 is bound to BP and

facilitates the electron transmission to
QA. The equivalent in chain L is
phenylalanine L216, with a smaller side
chain, so it cannot perform a similar
bridging.

Interactions

Evolutionary aspects
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Electron transfer from BCB to BPB

Unidirectional transport

Differences between BP _and BP,,

£
BP,, interacts with valine M131, while l
BP interacts with glutamic acid L104,

through H-bonds. \ &

Tryptofan M250 is bound to BP and
facilitates the electron transmission to
QA. The equivalent in chain L is
phenylalanine L216, with a smaller side
chain, so it cannot perform a similar b
bridging.
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Electron transfer from BCB to BPL

Protein environment of the pigments: BCB

The phytyl chain is in Van der
Waals contact to tetrapyrrole
rings of BCB , and BP_

Distance between the special
pair and BP is close to 10A

Van der Waals contacts with
both the special pair and BP

It is in the middle of the special
pair and BP , but BP is directly
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Electron transfer from BCB to BPL

Protein environment of the pigments: BCB

The phytyl chain is in Van der
Waals contact to tetrapyrrole
rings of BCB , and BP_

Distance between the special
pair and BP is close to 10A

Van der Waals contacts with
both the special pair and BP

It is in the middle of the special
pair and BP , but BP is directly

Interactions

Special pair

Evolutionary aspects
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Electron transfer from BCB to BPl

Protein environment of the pigments: BCB

Special Pair

The phytyl chain is in Van der
Waals contact to tetrapyrrole
rings of BCB , and BP_

Distance between the special
pair and BP is close to 10A

Van der Waals contacts with
both the special pair and BP

It is in the middle of the special
pair and BP , but BP is directly
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Electron transfer from BCB to BPL

Protein environment of the pigments: BCB

The phytyl chain is in Van der
Waals contact to tetrapyrrole
rings of BCB , and BP_

Distance between the special
pair and BP is close to 10A

Van der Waals contacts with
both the special pair and BP

It is in the middle of the special
pair and BP , but BP is directly

Interactions

Evolutionary aspects
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Electron transfer from BCB to BPL

Protein environment of the pigments: BPB

BP, Hydrogen bonds

Ring V ester carbonyl
group and tryptophan
L100.

Ring V keto carbonyl
oxygen and glutamic acid
L104. Unique for the
L-branch.

Interactions

Evolutionary aspects
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Electron transfer from BCB to BPL

Protein environment of the pigments: BPB

BP, Hydrogen bonds

Ring V ester carbonyl
group and tryptophan
L100.

Ring V keto carbonyl
oxygen and glutamic acid
L104. Unique for the
L-branch.

Interactions

Evolutionary aspects
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BP,,

\/?

Electron transfer from BCB to BPL

Protein environment of the pigments: Special pair

MTRP 250

Aromatic residues

Neighborhood of BP, is richer in
aromatic residues than that of L

BP,, & l . /-(__‘\

Tryptophan M250. Bridge . L ')J
between BP and Q,
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From BP, to QA

1. Aphoton excites an electron of BC

2. The excited electron moves to BP,

3. The excited electron moves to
menaquinone-9 (QA)

4. Two electrons reach the

ubiquinone-9.

Quinone B is twicely protonated

6. QBH, dissociates and moves to the
Cytochrome b/cl protein

7. There the electrons and protons are
transferred outside the membrane
to generate a proton gradient and
synthesize ATP

o




Introduction

Structural organisation

From BP, to QA (MNQ-9)

Quinones. Near the non-heme iron.

Non-heme iron. Bound by five
protein side chains:

Two histidines from L chain
Two histidines from M chain
One glutamic acid from M chain

Functional overview

Interactions

M HIS 297 230

\
WIS, 100" ~ :"—:.:’.

—Or s
R4
/M HIS 2€\>4
~ /M GLU 232

Evolutionary aspects
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From BP, to QA (MNQ-9)

Non-heme iron. Octahedral environment. MALARIS
/

Axia.l ligands 1 - M HIS 217
His L230 ' S MHIS 4 >
His M264 A = R

‘N
0 20840,30 A
Equatorial ligands 0 _'.9:"&7 FE

His L190
His M217 M GLU 232
Glu M232

His L190: binding of Q_

His M217: binding of Q,
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From BP, to QA (MNQ-9)

Non-heme iron. Octahedral environment.

Axial ligands u@e
His L230 4
His M264
\ /M HIS 217 //f\|71 H 64
g 8 15A
Equatorial ligands {7 \2.2 A
His L190 ILHIS 116 ) \
Glu M232 A

MGLU232 ™
ILGLU 212

His L190: binding of Q_

His M217: binding of Q,



Introduction Structural organisation

From BP, to QA (MNQ-9)

Quinone A (MNQ-9)

Head group bound in a
hydrophobic pocket.

Carbonyl oxygens bound to -NH
of Ala M258 and N6 of His M217

Functional overview

261

MELHYI83264

Interactions

IM HIS 217

Evolutionary aspects
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From BP, to QA (MNQ-9)

Quinone A (MNQ-9) Mmpff \V\{

- ¥ P
\

Trp M250 is part of the QA'S ;"/
binding pocket and participates
in the electron transfer
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QA binding pocket is well shielded

From BP, to QA (MNQ-9)
» VN from the cytoplasm by the globular
{/ ﬁj N domain of the H-subunit

Isoprenoid side chain of QA is folded
along the surface of the L-M complex
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From QA to QB

1. Aphoton excites an electron of BC

2. The excited electron moves to BP,

3. The excited electron moves to
menaquinone-9

4. Two electrons reach the
ubiquinone-9

5. Quinone B is twicely protonated.

6. QBH, dissociates and moves to the
Cytochrome b/cl protein

7. There the electrons and protons are
transferred outside the membrane
to generate a proton gradient and
synthesize ATP
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From QA to QB

/L SER 223

Hydrogen bonds to \ | | PoSIRIS
Histidine L190, Serine 1223 ,_ %o 3 27gh4%0A gt

and glycine L225 3390A =
ST

Phe L216 forms a significant

part of the QB binding pocket 2 217A

3
%

/LHIS 190
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From Q, to Q,

Non-heme iron

- M HIS 217
Location
Binding to residues from , ‘
subunits L and M f & ' \
' ILHIS 1890 . ™
.\. )"I
= 2217A
= »
QB % ’J
Increases the structural %} .‘\‘»‘, &
stability of the reaction ?

centre /L PHE 246
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From QB to QBH,

o

A photon excites an electron of BC
The excited electron moves to BP_
The excited electron moves to
menaquinone-9

Two electrons reach the
ubiquinone-9.

Quinone B is twicely protonated
QBH, dissociates and moves to the
Cytochrome b/cl protein

There the electrons and protons are
transferred outside the membrane
to generate a proton gradient and
synthesize ATP

Functional overview

Interactions

Evolutionary aspects
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From QB to QBH,

QB is twicely protonated
and transferred to
) cytochrome bcl.

/L HIS 190

QB site: polar nature
Bottom is formed to a large
part by the side chain of Glu

L212.

Protons’ path:
Cytoplasm » Glu L212 > QB
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From QB to QBH,

Rhodobacter sphaeroides
First proton transfer:

Asp H124 - His H126 - His H128 -

Asp L210 » Asp L213 » Ser 223 L GLU212

~ JLPHE 216

Second proton transfer:

5 .
Involves glutamic L212 '/ i

!
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From QB to QBH,

A photon excites an electron of BC
The excited electron moves to BP_
The excited electron moves to
menaquinone-9

Two electrons reach the
ubiquinone-9.

Quinone B is twicely protonated
QBH, dissociates and moves to the
Cytochrome b/cl protein

There the electrons and protons
are transferred outside the
membrane to generate a proton
gradient and synthesize ATP

Functional overview

Interactions

Evolutionary aspects




EVOLUTIONARY ASPECTS

How are chains M and L related?

Is the Reaction Center of Rhodopseudomonas viridis
related to the reaction center of Plants photosystem 117

Are the Reaction Center of Rhodopseudomonas viridis
sequences conserved among Purple Bacteria and other
Photosynthetic bacteria?
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Evolutionary theory of heterodimeric RC "

* Monomeric RC

Photosynthetic reaction centers have a

heterodimeric arrangement with two Dimerization by
: gene duplication
subunits.

Monomeric ancestor

Gene duplication and dimerization
Divergence

Heterodimeric complex l

Homodimeric RC

A WN -

Divergence

Two potential electron transfer pathways

Heterodimeric RC
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Subunits L-M: Core complex

Sequence alignment

CLUSTAL 2.1 multiple sequence alignment

iprclL
1prcM

iprcL
1prcM

1prcL
1prcM

1prcL
1prcM

1prcL
1prcM

1prcL
1prcM

-ALLSFERKYRVRG PYFVGFFGVSAIF
ADYQTIYTQIQARGPHITVSGENGDNDRVGKPFYSYNLGKIGD QIGPIYLGASGIAAFA

. % .. * * * .ok * e vk

FIFLGVSLIGYAASQGPTWDP FAISINPPDLKYGLGAAPLLEGGFWQAITVCA
FGSTAILIILFNMAAEVHFDPLQFFRQFFWLGLYPPKAQYGMGIPPLHDGGNNLMAGLFM

* . (8 ** . . ** ** * ** ** *

LGAFISWMLREVEISRKLGIGWHVPLAFCVPIFMFCVLQVFRPLLLGSWGHAFPYGILSH
TLSLGSWWIRVYSRARALGLGTHIAWNFAAAIFFVLCIGCIHPTLVGSWSEGVPFGIWPH

LA R vk Rk R * * Kk . . sek Kekk% LA

LDWVNNFGYQYLNWHYNPGHMSSVSFLFVNAMALGLHGGLILSVANPGDG
IDWLTAFSIRYGNFYYCPWHGFSIGFAYGCGLLFAAHGATILAVARFGGDREIEQITDRG

** * * * * * % % W . . ** ** ** *

KTAEHENQYFRDVVGYSIGALSIHRLGLFLASNIFLTGAFGTIASGPFWTRGWPEWWGWW
TAVERAALFNRNTIGFNATIESVHRWGNFFSLMVMVSASVGILLTGTFVDN WYLWCVKH

. Kk .ok .k . . . .. . . . * *

LDIPFWS
GAAPDYPAYLPATPDPASLPGAPK

*

Evolutionary aspects
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Structural organisation

Functional overview

Core complex: L - M superimposition

o @

Chain L

\

Interactions

Evolutionary aspects

RMSD: 1.28

Nfit: 225

1% 29.22

1PRC
Deisenhofer, J., et al


https://www.rcsb.org/search?q=audit_author.name:Deisenhofer,%20J.

Photosystem reaction center origin

- Photosystem Il of plants contains two homologous proteins D1 and
DY

- Photosynthetic reaction center of purple bacteria contains two
homologous proteins L and M

Functional data

Sequence analysis

A

Common ancestor
Divergent evolution

Different ancestor
Convergent evolution
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L and D1 alignment

--ALLSFERKYRVRG GTLIGGDLFDFWVGPYFVG--FFGVSAIFFIFLGVSLIGY

MTAILERRESTSLWGRFCNWITSTENRLYIGWFGVLMIPTLLTATSVFIIAFIAAPPVDI
* * . * * * . * * .. . x: .9 IRR

Amino acids important for the function: =i = o iN ST et

AASQGPTWDPFAIS INPPDLKYGLGAAP LLEGGFWQAITVCAL

DGIREPVSGSLLYGNNIISGAIIPTSAAIGLHFYPIWEAASVDEWLYNGGPYELIVLHFL

histidine173: ligand to the Mg2+ ] 3 s Zgaiieel T T S T
of the special pair
GAFISWMLREVEISRKLGIGWHVPLAFCVPIFMFCVLQVFRPLLLGSWGHAFPYGILSHL

L: Phe216 i DI: Phe255 binding to LGVACYMGREWELSFRLGMRPWIAVAYSAPVAAATAVFLIYPIGQGSFSDGMPLGISGTF

* * % * * ** . D * . * .
Qg

DWVNNFGYQYLNWHYNPGHMSSVSFLFVNAMALGLHGGLILS
NFMIVFQAEHN-ILMHPFHMLGVAGVFGGSLFSAMHGSLVTSSLIRETTENESANEGYRF

* .. .- % * . - % .. R v * %

GDGDKVKTAEHENQY|FRDVVGYSIGALSIHRLGLFLASN IFLTGAFGTIAS---G
GQEEETYNIVAAHGYF RLIFQYASFNNSRSLHFFLAAWPVVGIWFTALGISTMAFNLNG

* . . k% . * *

PFWTRGWPEWWG- - - -WWLDIPFWS
FNFNQSVVDSQGRVINTWADIINRANLGMEVMHERNAHNFPLDLAAVEVPSTNG

®, Rk
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M and D2 alignment

ADYQTIYTQIQARGPHITVSGEWGDNDRVGKP - FYSYWLGKIGDAQIGPIYLGASGIA-A
-MTIAIGKFAKEENDLFDIMDDWLRRDRFVFVGWSGLLLFPCAYFALGGWFTGTTFVTSHW
. % . . - % ** . * - % . * e on .
Amino acids important for the i B T R i il ’ ' Kiifae ™
function: FAFGSTAILIILFNMAAEVHFDPLQFFRQFFWLGLYPPKAQYGMGIPPLHDGGWWLMAGL

YTHGLASSYLEGCNFLTAAVSTPANSLAHSLLL-LWGPEAQGDFTR-WCQLGGLWTFVAL
AL, T oA L S Ay MO S o S RS I SLEE ®
histidine200: ligand to the
PAgZ+ofthespechpaW FMTLSLGSWWIRVYSRARALGLGTHIAWNFAAAIFFVLCIGCIHPTLVGSWSEGVPFGIW
HGAFGLIGFMLRQFELARSVQLRPYNAIAFSGPIAVFVSVFLIYPLGQSGNFFAPSFGVA
M: Trp 250 i D2: Trp254 binding ma W IR S BEEER W REUW Newa Ber M i
tO(QA PHIDWLTAFSIRYGNFYYCPWH(
AIFRFILFFQG FHNNTLNP'H MGVAGVLGAALLCAIHGATVENTLFEDGDGANTFRAF

IEQITDRGTAVERAAL WTIGFNATIESVHRWGWFFSLMVMVS- - --ASVGILLTGTF
NPTQAEETYSMVTANR QIFGVAFSNK- - -RWLHFFMLFVPVTGLWMSALGVVGLALN

* . . . * % RE ok %o e ek

VDNWYLWCVKHGAAPD LPGAPK-
LRAYDFVSQEIRAAEDPEFETFYTKNILLNEGIRAWMAAQDQPHENLIFPEEVLPRGNAL

*% * X % .- % * %
.- . .
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1 Rhodopseudomonas viridis
2 Rubrivivax_gelatinosus
H0m0|0gy M 3 Rhodospirillum_rubrum
4 Allochromatium_vinosum
5 Rhodobacter_sphaeroides
6 Roseobacter_dentrificans

RWTTIG
RWTMG
RWTMG
RWTMG
RWTM
RWTM

nununaun

S
S
S
S

n um
a0

Histidine M200 Tryptophan M250
Histidine M217 Alanine M258
Glutamic acid M232 Histidine M264
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1 Rhodopseudomonas viridis
2 Rubrivivax_gelatinosus
H0m0|0gy M 3 Rhodospirillum_rubrum
4 Allochromatium_vinosum
5 Rhodobacter_sphaeroides
6 Roseobacter_dentrificans

L FIWIRWT I GF
FIWIRWTMG F
FIWIRWTMG F
FIWIRWTMG F
FIWIRWTMG F

L FIWIRWTMGF

> 0O

nwununun

S
> S
> 5

aOUNNWN-
1)

0
0

M His Fyr'S 2%
Histidine M200 Tryptophan M250 A .
Histidine M217 Alanine M258 g ;‘;6;:;?;"
-

Glutamic acid M232 Histidine M264 W ot

~ /M GLU 232
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1 Rhodopseudomonas viridis
2 Rubrivivax_gelatinosus
H0m0|0gy M 3 Rhodospirillum_rubrum
4 Allochromatium_vinosum
5 Rhodobacter_sphaeroides
6 Roseobacter_dentrificans

oAU hANWN-H
nuununuunnn
nuwunrxn
OO unmunun

Histidine M200 Tryptophan M250 » ’;L:;Z
Histidine M217 Alanine M258 ‘%, __ T
Glutamic acid M232 Histidine M264 /m

) 409

/
IMTRP 250
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Homology L
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Glutamic L104

Tyrosine L162
Histidine L168
Histidine L173
Histidine L190
Asparatic L210

1 Rhodopseudomonas viridis
2 Allochromatium vinosum
3 Rubrivivax gelatinosus
4 Rhodopseudomonas palustris
5 Rhodobacter spheroides
6 Roseobacter dentrificans

>
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Glycine L225 |

Histidine L230
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1 Rhodopseudomonas viridis
2 Allochromatium vinosum
H0m0|0gy I_ 3 Rubrivivax gelatinosus
4 Rhodopseudomonas palustris
5 Rhodobacter spheroides
6 Roseobacter dentrificans

GWHYV -V MFCVL Lk EIG:S
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Glutamic L104 Glutamic L212
Tyrosine L162 Aspartic L213
Histidine L168 Phenylalanine L216
Histidine L173 Serine L223
Histidine L190 Glycine L225

Asparatic L210 Histidine L230
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1 Rhodopseudomonas viridis
2 Allochromatium vinosum
H0m0|0gy I_ 3 Rubrivivax gelatinosus
4 Rhodopseudomonas palustris
5 Rhodobacter spheroides
6 Roseobacter dentrificans

1 G I MFCECVLEOQVFE L E &GS A LS N

2 G I A Y ENDE VNN ILM G LS S

3 GM AXMNT LYY X PILM G S S

4 G I AY VL YND PVLM G FT S

5 G1I A L% LYLLEF PVMM A WT S

6 GM KEME L VY EF PLLM G FS S

F - o

Glutamic L104 Glutamic L212 / / Ae
Tyrosine L162 Aspartic L213 2T ,
Histidine L168 Phenylalanine L216 ,f) !
Histidine L173 Serine L223 I/LHIS168
Histidine L190 Glycine L225 - P i
Asparatic L210 Histidine L230 /" l
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1 Rhodopseudomonas viridis
2 Allochromatium vinosum
H0m0|0gy I_ 3 Rubrivivax gelatinosus
4 Rhodopseudomonas palustris
5 Rhodobacter spheroides
6 Roseobacter dentrificans
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Glutamic L104 Glutamic L212

Tyrosine L162 Aspartic L213
Histidine L168 Phenylalanine L216
Histidine L173 Serine L223
Histidine L190 Glycine L225

Asparatic L210 Histidine L230



Introduction

Homology L
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Glutamic L104
Tyrosine L162
Histidine L168
Histidine L173
Histidine L190
Asparatic L210

Structural organisation

Glutamic L212
Aspartic L213
Phenylalanine L216
Serine L223
Glycine L225
Histidine L230

Functional overview

(2]

OO0 060

Interactions

1 Rhodopseudomonas viridis
2 Allochromatium vinosum
3 Rubrivivax gelatinosus
4 Rhodopseudomonas palustris
5 Rhodobacter spheroides
6 Roseobacter dentrificans
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Evolutionary aspects
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1 Rhodopseudomonas viridis

2 Allochromatium vinosum
H0m0|0gy I_ 3 Rubrivivax gelatinosus

4 Rhodopseudomonas palustris

5 Rhodobacter spheroides

6 Roseobacter dentrificans
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Glutamic L104 Glutamic L212
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Histidine L168 Phenylalanine L216
Histidine L173 Serine L223
Histidine L190 Glycine L225

Asparatic L210 Histidine L230



Introduction Structural organisation Functional overview Interactions Evolutionary aspects

C

OUTAWN-

AMALGLH

Homology L

LALSMH
LAMSMH
A LALH
BALALH
LALALH

OO 6060600

Glutamic L104
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Histidine L168
Histidine L173
Histidine L190
Asparatic L210

1 Rhodopseudomonas viridis
2 Allochromatium vinosum

3 Rubrivivax gelatinosus

4 Rhodopseudomonas palustris
5 Rhodobacter spheroides

6 Roseobacter dentrificans
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1Chain_C
2 Rubrivivax gelatinosus

Homolo C 3 Allochromatium vinosum
4 Roseobacter denitrificans

5 Chloroflexus aurantiacus

C

MALAVRISTLTVAVTAAALLA

- - - - - - - - I I - .- - - - - - - - - - - - - .- - - - ----------MNLGKQLTLPAVAVVASVVLL
MITrPKWIDKWNADNPTNITIPGPAILIGVLGVAVIGAAAIVS
AIVVSVAVGIVVAVITTATFWWVYDLTLGRAQREAAQTAGARWSPSDGIKVITSSPPVTPTDGRQNWMGTQAWNEGVQAGQAWIQQYPN

FRGLSMGEVLHPATVKAKKERDAQYPPALAAYV

A QTG KA-EGPPVSQVYKNVKVLGNLTEAEFLRTMTAITEWVSPQ EGCTYCHDE
CERP-PVDAVQRGYRGTGMQHIVNPRTLAEQIPT-QQAPVATPVADN-SGPRANQVFQNVKVLGHLSVAEFTRQMAAITEWVAPT EGCNYCHT
CERP-PPEVVQKGYRGVAMEQNYNPRLLEASIKA-NLPVESLPAAAP-GGPSVSDVYENVQVLKDLSVAEFTRTMVAVTTWVAPK--EGCNYCHVP -

GNPAQTASMQTGPRGTGMIIVACLCINVTRIAPDPTILCECYYTLCAPYIPCGGECLAKDIYCNVQVLGDLTDODODNIPNRVMTAMTQWI API CEGCVREECIE G C G
s s = = === == === = e = = = = = = = = . = = = = = = = = = = = = = = = ===« =--=-=-------VYNVQVLIGMSSAQ---IWTYMQQYVSGALGVGCQYC
S YVVARRMLEMTRAINTNWTQHYV AQTGVTCYTCHRGTPLPPY VRYLEPTLPLNNRETPTHVERVETRSGYVVRLAKYTAYSALNY
ENLADDSKYQKVVSRRMLEMTQKVNTQWTQHYV AATGVTCYTCHRGNPVPKE---TWFTAVPQNKRADFIGNLDGQNQAAK VVGLTSLPY
GNWASDDIYTKVVSRRMFELVRATNSNWKDHV---AETGVTCYTCHRGNPVPKY---VWVTDPGPNQPSGVT--PTGQNYASS--------TVAYSALPI
| =45 ; GCONLYTKVVARRMIQMTQOQNINLCNWDGIHVNANALVGVYVNCYTCIHRGCLCIIVPSI IWIPN ITPVTECATAGWASVQQNRATEP LSQSTSEPS
IAARNMLRLVRDVNAEFIVNLPNWQGNYVQCATCHNNAPNNLEGFGAQFINSVPPIKVTVDPLDANGMAILDPAQ--KPEAIREPV

P RQVRVVPQT ALPLVGVSRGKER RPLSDAYATFALMMSISDSL CTFCHNAQTFESWGKKST PQRA IA
DPFTTFL KEETNVRVYGTT - ALP TGTSK ADIKQAEKTYGLMMHFSGAL CTYCHNTNGFGSW-DNAA PQRA TA
D P TR L DQSNE IFRMAL GQ T - = si=iwve AL P =R RN TET s S LKQAEWTYGLMMQISDSI =T FEENS RSFYDW K ST s=isln = SUi O REF =T
NALCTIVYL TCYCAVNVIDLI SRVA GVPNDVEVASIQKTECMTISLMNYTIMrSNSLGVNCVICIHNSRATINYDP GQUT PQWA T A
QVWKPFDPNDPESGRGSLAL----TYDGG---RTQDQVTINQNVMNYQAWSLGVGCTFCHNSRNFVAY-ELNPAGDNVLNPLYAYNK
I LNMNY LA P LNASLPASHILEERQ-GEAPQA-DCRMECHHOGV TKIRIL FGASRLKDYPELG PIKAAAK
IRMA RDLNNNF ME =G LTKTFPAHRLGPT GDVAKI NCSTCHQGAYKPLYGAQMAKDYPGLK PAPAAAAASAVEAAPVDAAA
I RA:V>- < =3RRI NQINGY = =t EW's —=iPos = s ~-LNDALPASRKGPY-GDPFKV-GCMTCHQGAYKPLYGAQMAKDYPALYE-SA AEAAPATEEAPAAEAEA
RQMV ICMNQLY LI P LEDCYPEDRLGPVYADAPKA ACKTCIHKGYQKPMQGLNVIADWPLCLAT T EA PNY S
bWl NWPRYGATAKPEIPTGSGAASRYSYQRLGD--GQIYNVPGCYTCHQGNNIPLASIN-----------QANIPSGDAGIVVLPPQIRG
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1Chain_H

H0m0|0gy H 2 Rhodobacter capsulatus

3 Rhodobacter sphaeroides
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CONGLUSIONS



Purple bacteria are important because they can be used in processes of water
decontamination

Each subunit has a specific structure that allows it to perform its function

Interactions between subunits and cofactors allow the electron transport and define
its path

The photoreaction center from Rhodopseudomona viridis and Photosystem Il might
have a common ancestor

The L and M subunits are more conserved among different species than Cand H
subunits




THANK YOU FOR YOUR ATTENTION!

Do you have any questions?
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QUESTIONS

1. Select the CORRECT option:

Blastochloridis viridis also known as Rhodopseudomonas viridis is a purple sulfur bacteria which deposits S°
inside the cell.

The core subunit of the photosynthetic reaction center is formed by 11 spanning helices, 6 in the M chain and
5in the L chain.

The photosynthetic reaction center has fifteen co-factors, one of which is a non-heme iron.

Chains L and C have a lot of non-polar residues because they are transmembrane.

The H subunit has a globular domain and does not have any transmembrane helix.

2. Which of the following statements about the Rhodopseudomonas viridis photosynthetic reaction center
cofactors are TRUE?

1.

T®  pun

L2200

)

The four heme groups are connected to cytochrome cysteines through thioether bonds.

The carotenoid is in contact with the accessory bacteriochlorophyll b of chain M.

The bacteriochlorophyll b is formed by four pyrrole rings: a special pair and an accessory chain.
The quinones are very far from the non-heme iron.

1,23
1,3
2,4
1,2,3 4
A



QUESTIONS

3. Which statement about the bacteriochlorophyll b special pair is FALSE:

)
b)
c)
d)
e)

The special pair are arranged with a nearly perfect twofold symmetry.

Transmembrane helices of subunits L and M contribute to maintain the twofold symmetry.
a and b are correct

Histidines L173 and M200 act as a ligand to the special pair Mg?* ions.

All options are correct

4. Select the CORRECT option about the light-harvesting complex of the Rhodopseudomonas viridis
photosynthetic reaction center:

1.

H N

0 Q

—_— — —

)

o
—

The light harvesting complex is not involved in the energy transfer to the reaction center.

Has an absorption maximum at 680 nm.

It consists of a- and B- apoproteins bound to bacteriochlorophyll and carotenoid covalenlty.

The light harvesting complex is associated with the reaction center forming a polymeric ring-like structure
around it.

12,3

1,3

2,4

A

1,2,3,4



QUESTIONS

5. Which of the following statements is TRUE?

Glutamic acid L104 is conserved in all currently known sequences of reaction centre L-subunits from purple

bacteria
The photosynthetic reaction center from Blastochloris viridis is related to the photosystem Il from plants.

a and b are true.
The core complex subunits L and M have 60% structural homology.

All are true.

6. Which of the following statements regarding photoexcitation is/are TRUE?

)
b)
)
d)
e)

The photosynthetic reaction in Rhodopseudomonas viridis is a cyclic electron transport.
The electron follows an unidirectional pathway in the photosynthetic reaction center.
Both a and b are correct.

The photosynthetic reaction starts at chain H.

All the statements are correcT

7. Which of these statements about quinones redox processes is TRUE?

a
b
C

)
)
)
)

Q

e)

Quinone A reduces Quinone B to QB- and then quinone B is protonated to QBH.

Quinone A does not participate in the reduction of quinone B.

Quinone B is transported to the cytochrome and then is protonated.

Quinone A reduces quinone B two times to a fully reduced QB-- and then it is twicely protonated to
QBH,,

Quinone A is in direct contact with the cytoplasm to be easily protonated.



QUESTIONS

8. Which of these statements about important residues in photosynthetic function are TRUE?

Tyrosine 162 is located between the special pair and the closest heme group (HE3) of the cytochrome, and
may play a role during reduction of P+ by the cytochrome.

Glutamic acid L104 is conserved in all currently known sequences of reaction centre L-subunits from purple
bacteria and is involved in the protonation of QB.

Both a and b are correct

Tryptophan M250 is an especially noteworthy aromatic residue, whose side chain forms a bridge between
BPL and the next electron acceptor, QA-.

All the statements are correct.

9. Select the correct answer about the evolutionary theory of the photosynthetic reaction center of
Rhodopseudomonas viridis:

a)
b)

c)

It is thought that the ancestor of photosynthetic reaction centers from plants and bacteria was already
heterodimeric.

Photosystem Il from plants and Photosynthetic reaction center of purple bacteria do not share a similar
pattern in their core complex.

L and M subunits from the photosynthetic reaction center of Rhodopseudomonas viridis are
homologous to D1 and D2 subunits from the photosystem Il of plants.

The histidine residues that coordinate the special pair of bacteriochlorophyll Il molecules are found in a
different relative position with respect to photosystem |l from plants.

Bacteria and plants photosynthetic reaction center do not share a commmon ancestor.



QUESTIONS

10. Select the FALSE option:
1.  The subunit H has a transmembrane helix in its N-terminal segment which corresponds to the eleventh
transmembrane helix from the core complex.
2. The 4 heme groups are placed in the H subunit
3. Histidines 173L and 200M are bound to a H,O molecule which in turn is bound to the accessory
bacteriochlorophyll b through hydrogen bonds.
4.  The side chains of the accessory bacteriochlorophyll b help to maintain the symmetry.

a) 123
b) 13
c) 24
d 4

e 1234



