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Halobaktérie — H* pumpa
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acteriorhodopsin_insight.asp

- Protonova pumpa halobakterii obsahuje pigment-protein bakteriorhodopsin (brdp)
- 7 helikalnich jednotek s pigmentem — retinalem (aldehyd vitaminu A)
- absorpce fotonu = konformaéni zména proteinu = translokace protonu

- abs. maximum: 412 nm (neprotonovany brdp), 570 nm (protonovany brdp)

Bakteriorhodopsin — elektronicka soucastka?
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Jin Y et al. PNAS 2006;103:8601-8606
- brhp v pevném stavu je schopen vést elektricky proud
- zména ve vodivosti pod vlivem svétla

(viz V-A charakteristika) kandidat pro biomolekularni elektroniku !!!
- vysoka stabilita




Obecny princip €innosti RC

Reakéni centrum (RC): &
- jadro

- sekundarni donor e-

- sekundarni akceptor e

Jadro RC:

- P- primarni donor e ((b)chl
dimer)

- A, - primarni akceptor e

- A, - primarni stabilni akceptor e

VA YA AN

- vjadru nabojova separace:
P> Pt+e

- smérovany prenos elektronu napfic
proteinem membrany
- rychlost pfenosu e- postupné klesa
- pfenosu konkuruje rekombinace:
P*+A> P +A
ale ma velmi nizky vytézek

red. pot.

+

Bakterialni RC -1

sek. donor e-

light- harmﬁ# ing complex 2

dytochrome) subunit

"Special pair” of
bacteriochlorophylls
(see Web Figure 7.5.8)

Bacteriopheophytin

Membrane-
spanning, L and M
protein helix

H pratein—"

¢ snadné oddéleni od anténnich systémui (LH1 a LH2), relativné snadna krystalizace
¢ 1984 - prvni RTG strukrura na Rhodopseudomonas viridis (Deisenhofer, Huner, Michel —
Nobelova cena 1988)

¢ Jadro RC: proteiny L — 21 kDa (low), M — 24 kDa (medium) — 10 transmemranovych helixd,
4 behl b (2 — spec. par — P960, v pf. bchl a - P870), 2 bph b, menachinon (Q,, MQ),
ubichinon (Qg, UQ), mezi MQ a UQ je Fe?*3* (usnadnéni pfenosu e), car - ochrana

¢ H protein — 28 kDa (high)

¢ cytochrom c: 4 hemova Fe — sekundarni donor e




Bakterialni RC - 2

“Special pair" of
- bacteriochlorophyll
reacts with light
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Elektronovy transport u purpurovych bakterii

hv Fourheme ctype cytochrome

H,S

Exterior

p NAD*
{periplasm)

Cytoplasm

2H*Y  2H*
Photosynthetic Cytochrome be,
reaction center

- cyklicky i necyklicky elektronovy transport generuje gradient protond napfi¢
membranou — syntéza ATP pomoci ATP syntazy




Elektronovy transport u purpurovych bakterii

Purple bacteria
reaction center | Mémbrane Cytoplasm
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- SDH - sukcinat dehydrogenaza, NQO — chinon-NAD* oxidoreduktaza
- reakéni centrum typu PSII (chinonovy typ)

Elektronovy transport u zelenych bakterii

(b) Chlorobiaceae
reaction center . Cytosol
-06 -
Pg40* BPHD—»Fe—S\ co,
Fd
~
- Carbohydrate
o [ F[\F *NADH\ 7 metabolism
NAD—" ATP
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Cyt 0555 Sgoa
---------- Pea0 ~" s
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- reakéni centrum typu PSI (Fe-S centra)




Elektronovy transport u zelenych bakterii

Light

Periplasm

Legend:

W scnic
o reme

——»Light and excitation energy transfer
——» Electron transfer

W Fess]custer YO [2Fe-2S] cluster

Q0 enagunone OO0 FAD

Rieske ISP

X sonia

Reaction center core complex

Cytochrome ¢

cytochrome b complex

Bakterie — FS charakteristiky

Table 7.1. Characteristics of photosynthetic bacteria

Photosynthetic e~ donor Growth conditions and
Group pigments (substrate for growth)  other properties Examples
1. Greens BChl a plus H,S Light, autotrophic; strict Chlorobium limicola,
(a) Chlorobiaceae  BChl ¢, BChl dor Na,S,0, anaerobes; non-motile  Ch. thiosulfatophilum,
BChl e H, PS apparatus: Prosthecochloris
Carotenoids Chlorobium vesicles aestuarif
Reaction centre P840 and associated
(BChl a) membranes
(chlorosomes), PSi-type
. RC
(b) Chloroflexaceae ~ Similar to (a) Organics Facultative aerobi

2. Purple sulphur
bacteria
(Chromatiaceae)

3. Purple non-sulphur

bacteria

(Rhodospirillaceae)

4. Heliobacteria

BChl a or BChl b
Carotenoids
Reaction centre P870
or P890

BChi aor BChl b
Carotenoids
Reaction centre P870
or P960

BChl g
Reaction Centre P798

H,S, Na,S,0,
HZ

Organic, e.g.
acetate

Organic, e.g. succinate,
malate
HZ

Organics

RC

Autotrophic and
heterotrophic in light;
strict anaerobes; PS
apparatus:
chromatophores; PSlI-
type RC.

Heterotrophic or
autotrophic in light and
anaerobic; will grow
aerobically and
heterotrophically in the
dark; -PSll-type RC

No chromatophores or
chlorosomes; PSI-type
RC

Chloroflexus

Chromatium D
Thiocapsa
roseopersicina

Rhodospirillum rubrum

Rhodopseudomonas
viridis, Rhodobacter
sphaeroides

Heliobacterium chlorum
H. mobilus




Pirenos elektron( — kyslikova FS

- Necyklicky (linearni) elektronovy transport: voda (PSIl) - NADP* (FNR)

- Cyklicky elektronovy transport kolem PSI: z Fd zpét na plastochinon (PQ)
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Elektronovy transport v PSII

« zakladni funkéni proteiny (integraini) - D1, D2 (homologie k L a M u bakterii),
CP43, CP47 (vnitini antény PSII), cyt bsgg

« periferni - MSP (,manganese spliting protein“), OEC (oxygen evolving complex)
- 4 atomy manganu v mocenstvi 2* az 4+

« funkéni pouze jedna vétev (jako
u bakterii)

* P680 - dimér chl a - prim. donor
e (pfijem energie excitaci z
CP47 nebo pfimo)

* Pheo - feofytin - primarni
akceptor e

* Q, - chinon - primarni stabilni
akceptor e

* Qg - vazany plastochinon (PQ) -
sekundarni akceptor e (2e
akceptor, Qg ,kapsa*“- misto
kompetice s herbicidy)

* Z - tyrosin- sekund. donor e
(D1), D - Tyr (D2); funkéni
zejména vétev pres Tyr Z

Stroma

hv

Lumen




Redukce PQ v PSII

« redoxni stav PQ je signalem pro aktivaci/inaktivaci rGznych regulacnich procest

FIGURE 7.27 Structure and

() reactions of plastoquinone that
a operate in photosystem II. (A)
clHa The plastoquinone consists of a
HyC (CH, — C— CH— CH.), — H quinoid head and a long non-
2 = polar tail that anchors it in the
H.C membrane. (B) Redox reactions
3 of plastoquinone. The fully oxi-
o dized quinone (Q), anionic
Plastoguinone semiquinone (Q¥), and reduced
hydroquinone (QH,) forms are
8 shown; R represents the side
®) chain.
(0] o* OH
H,C R . H,yC R e She HOLNR
+ > — o+
HyC HyC HC
(0] o OH
Quinone Plastosemiguinone Plastohydroquinone
Q) (5] (QHy)
Cytochrom bgf komplex
PetG hemové Fe Stroma i

C PetL C

C

Lumen
2Fe-2S centrum




(A) First turnover

Q - cyklus

2@ * pfechod mezi jednoelektronovymi a
dvouelektronovymi prenasedi

« translokace protont

» PQ - dvojelektronovy prenase¢

» 2Fe-2S centrum v Rieske Fe-S
proteinu - 1e- pfenase¢

2@ (PSII) 4> PQH,
PQ 1

Lumen

* cyt f - 1e pfenasec

» PC (plastocyanin) - 1e- pfenase¢
* cyt b, a cyt b, — nizko- a vysoko-
potencialovy cytochrom b

(B) Second turnover

Stroma

2@"

PQH,

2@ (PSID 7= PQH,

Lumen

Elektronovy transport v PSI

« zakladni funkéni proteiny (integralni) — A (PsaA), B (PsaB), vazou celkem asi 120 molekul
chl a),
» mnoho perifernich proteind s nejasnou funkci

* C (sek. akcep. e-),
*F-vaze PC,D, E-vaze-Fd
(ferredoxin)

Stroma
* P700 - dimér chl a - prim. donor e-
(nabojova separace - vysoce
ireverzibilni)

* A, - chl a - primarni akceptor e

* A, - fylochinon (vitamin K1)

* Fy - vdzané 4Fe-4S cetrum -
primarni stabilni akceptor e (7e
akceptor)

* F, Fg - vazané 4Fe-4S - centra -
sekundarni akceptor e (vazany
ferredoxin)

Lumen




Stroma

Lumen

ATP-syntaza

;‘4,;?
» CF,- CF, komplex
» CF, (komplexy I - IV): translokace H*

fi < CF, (komplexy o, B, %, 8, €) — syntéza
ATP
« komplex Il kotvi ,hlavu® (3a, 3B)
« translokace H* (vazba H*) spojena s
rotaci komplexu Ill, komplex Il se pevné
vazan k komplexu y, ktery se napina,
mechanicky torzni moment sily je vyuzit k
rCh syntéze ATP v hlavé syntazy
» pomér 4 H* /ATP

* vyuziti Ay, ~ ApH, Ay (el. napéti napfic¢
membranou)

* u mitochondrii: Ay

Linearni elektronovy transport

* ve tmé pH lumenu a stromatu neutralni
* pfi osvitu — pH lumenu az 5,5 a pH stromatu 7,5-8
* nejpomalejsi (limitujici) reakce pfenosu elektrond linearniho transportu — oxidace PQH,

ADP + ®; SATP:

CF,

(
A

Lumen
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Z schéma kyslikové FS

Z-Scheme of Electron Transport'in Photosynthes'is

ZNADPH

2ZNADP*

Redox Potential, electron volts

s _OWET « ENERGY « HIgNET se—

& Govindjee & Wilbert Veit (2010}
hitgy: e [t ilimnis ecu/gevindjeeipaged himi; hitp:iww. e, ilinois sougovindjestextzsch him; and hop-favww moleculanstvanunas. ne

Linearni elektronovy transport

Paraquat—>0O 35— —=H,0,

DBMIB

H,0 —|P680—> Q, Sg»PQ«I» Cytbd‘»@—» P700 — Fy— F,/Fg @D — NADP'

c 5 « studium elektronového transportu pomoci inhibitor(i a
| Ot umelych akceptort
e M + DCMU: 3-(3,4- dichlorfenyl)-1,1-dimethylkarbonyldiamid
CHy (diuron) - herbicid
DCMU. an inhibitor of PSIT * DBMIB: 2,5-dibromo-3-methyl-6-isopropylbenzoquinone
) * paraquat (methylviologen, MV), N,N'-dimethyl-4,4'-
ok - it o bipyridinium dichloride - herbicid
CH, * MV — souvislost s Parkinsonovou nemoci (Tanner a kol.
Environmental Health Perspectives 119, 866-872, 2011)
Br CHj;
e}

DBMIB, an inhibitor of the Cyt by f complex

CHa_ﬂM_CHS

Paraquat (methyl viologen)l:l

11



Aktivace temnotnich reakci FS

SATP:  (ADP+@®)
Mg?*, CO,

Rubisco +L—i> Rubisco % Rubisco Rubisco
& % &
NHg* NH* NH* 2@\

|
coo~
Mg2+

Inactive Active o

]

Photosystem I

e
%
I

bisc Ferredoxin Ferredoxin
oxidized reduced
NH -
@ @ @ o S Ferredoxin— —
NHg* NH, NH e théioretdoxm
1 i reductase
C00™ Mg?+ il I~
Thioredoxin Thioredoxin
reduced - - oxidized

« Fd- aktivuje ferredoxin-thioredoxin reduktazu L [
(FTR), ktera aktivuje fadu enzym( (i enzymy Calv. HS SH><: s—s

cyklu) pomoci redukce disulfidickych muastkd
« pro aktivaci enzymu Rubisco je tfeba z ngj arget enzyme
vyvazat RuBP, karbamylace a vazba Mg?*- role ‘ﬁ_\—/
Rubisco aktivazy, ktera je aktivovana pomoci FTR S=S e LISERSH

2

za spotfeby ATP

Cyklicky elektronovy transport kolem PSI

» dulezity pro zivot rostlin i za normalnich podminek (spotfeba ATP/NADPH = 1,43 v ramci
Calvinova cyklu; LEF poskytuje 1,3; 0,13 ATP/NADPH — diky cyklickému el. transportu (CEF)!)
* Fd- donuje e zpét

( nha PQ za ugasti Fd-

PQ-oxidoreduktazy
(mozna FNR)

@ @ + aktivace kdyz
lineadrni pfenos e~ na
NADP* je inhibovan
Stroma 2@" (akumulace NADPH,
nedostatek NADP*) pfi
e napf-. inhibici fixace
; 1 CO, (stres suchem —
zavieni praducht
nebo vyssi teploty)
* generace gradientu
H* napfi¢ thylakoidni
membranou bez
redukce NADP*
* zména poméru
NADPH/ATP pfi
zachovani
ho elektronového
transportu

Fdx-PQ
oxido-
reductase

Lumen
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2 typy CET kolem PSI

(i) PGR5/PGRLA1 (coz je FQR, 2013) — vyuziti i za normalnich podminek
(i) NDH — NAD(P)H-dehydrogenaza (vysoka homologie s komplexem | u mitochondrii)
vyuziti za stresovych podminek (nadbytek NADPH)

Assimilatory reactions
Metabolism

ADP +Pi

TRENDS in Plant Science

Cyklus voda - voda

- uplatnéni kdyz je Fd redukovany (CET ,nestiha®)

NADP™ 2(;51_[ DHA stromal

N ADPH cssc scavenging
NAD(PJ sysiem
NAD(P)*

thylakoidal

lumen
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Emersontiv efekt — kooperace fotosystému

« dukaz prace PSl a PSIl v sérii (Emerson a kol. 1957), méfeni kv. vytéZku vyvinu kysliku
« far red” (A > 690 nm) preferenéné excituje PSI, ,red* (A ~ 650 nm) — excituje PSl a PSII
* pouziti: stanoveni rozsahu kooperace po stresovém pusobeni

/Quantum yield

e

_—Absorption
spectrum

=t
=
o]

Quanturmn yield of
photosynthesis

0 1 I 1
400 500 600 700

Wavelength (nm)

Visible spectrum ————

FIGURE 7.12 Red drop effect. The quantum yield of photo-
synthesis (black curve) falls off drastically for far-red light of
wavelengths greater than 680 nm, indicating that far-red
light alone is inefficient in driving photosynthesis. The slight
dip near 500 nm reflects the somewhat lower efficiency of
photosynthesis using light absorbed by accessory pigments,
carotenoids.

Relative rate of
photosynthesis

(!

Farred  Off Red light Off Both Off
light on on lights on

Time

FIGURE7.13 Enhancement effect. The rate of photosynthe-
sis when red and far-red light are given together is greater
than the sum of the rates when they are given apart. The
enhancement effect provided essential evidence in favor of
the concept that photosynthesis is carried out by two pho-
tochemical systems working in tandem but with slightly
different wavelength optima.

SR

Prechod stav 1 — stav 2

* povrchovy naboj thylakoidni membrany je zaporny (1e/6 nm?2) diky lipiddm PG a SQDG a
disociovanym —COOH skupinam postranniho fetézce AMK Glu a Asp proteinti =
thylakoidni membrany se odpuzuji

Co je spojuje do gran?

pH>5: -COOH=-COO "+H*

HA & H + A

pK =-log K; K- disocia¢ni konstanta

pH = pK + log ([A"]J/[HA]) (Hendersenova-Hasselbalchova rovnice)

pK kyseliny HA je pH, pfi kterém je kyselina zpoloviny disociovanad

PK (a-COOH) ~ 2 (pro pH>2 je skupina disociovana —COO -)
pK (a-NH;*) ~ 9.5 (pro pH>9.5 je skupina nedisociovana —NH,)

14



Prechod stav 1 — stav 2

4 Y ) I
. . . M i . sl
< "a"'¥-°{,_ "u"';-/}l m—g—cﬁp_ ",n-;-cf" wit-g—Z” m—f—Cf)_ B e W (I PO I R
4 Lo S " I A4 o o chy chy MG, CHa
o] CHig CHy o H, CHz o
o At D \
5
z o
g Glycine (Gly)  Alanine (Ala) Valine (Val)  Leucine (Leu) {lle) (Met) (Trp) (Phe) Proline (Pro)
R TR T (N S (IR T S
PR G e T T L
cha on cH oy cHy ciy
< i e i 1 I
- Bl b /%o llml
0 @ s
n- OH
Serine (Ser)  Threonine (Thr)  Cysteine (Cys)  Tyrosine (Tyr) Asparagine (Asn)  Glutamine (Gln)
> L N . L M
2oowld whd el wld wle
so i i o :
LN 'S it
- Sa ke i
- O ¢ o CHy NH
[0 = 1 R I: A
2 © " EIII "
w Acidic Basic
Aspartic Acid (Asp)  Glutamic Acid (Glu) Lysine (Lys} Arginine (Arg) Histidine (His)

Dept. Biol, Penn State ©2002

Aminokyselina

Prechod stav 1 — stav 2

pK funkénich skupin aminokyselin

a-COOH o-NH;* | skupiny postranniho fetézce

2.3
24

99
9.8

1.8

Kys. Asparagova

Kys. Glutamova

Histidin
Cystein
Tyrosin

Lysin

Arginin

6.0 (imidazolova sk.)

Karlson, P.: Ziklady biochemie, Stryer L.: Biochemistry

8.3 (-SH)
10.9 (-OH)
10.8 (-NH,")

12.5 (quanidinova sk.)
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Prechod stav 1 — stav 2

« kationty (zejména divalentni , Mg?*) zmensuji odpuzovani membran

* LHCII komplexy (hlavné v granu) maji kladné nabity N konec na stromalni strané thylakoidni
membrany - vazba na jinou thylakoidni membranu (,stacking“ - granum) , LHCII v granu
preferenéné dodava excitace na PSI|

* Lhcb1(2) ma Sestou AMK (od N konce) treonin (s OH skupinou v postrannim fetézci), ktera je
pfi pfechodu ze stavu 1 do stavu 2 fosforylovéna protein kindzou (aktivace redukovanym PQ)

Thylakoid membrane

@
100
oooo 90
o° Cepe” oS @0
- ‘. %
e 110 e oe °

- PSI, ATP syntaza — okraje gran a stromalni thylakoidy
- PSII s LHCII — vnitfek gran
-Cyt bgf komplex - vude

STRCMA Thylakoid
membrane

\

M (88— (BB ae- - [8prey "
=era " MR- RATTTN—(IRTIRT- @- oy

Table 12.4 Distribution of photosynthetic components in chloroplast
membrane regions

N8es &

Ultramikrostruktura thylakoidni membrany - 4

LHCH PSII Cymchmme PSI  ATP synthase Cytochrome bg f complex 50 50
trimer dimer LHC-II 90 10
ATP synthase : 0 100
Plastocyanin® 40 : 60

Buch a kol.: Biochemistry and Molecular Biology of Plants 2000
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Prechod stav 1 — stav 2

Regulace distribuce excitaci mezi PSIl a PSI (pro obvyklé intenzity svétla):

- nizka koncentrace kationtt — rozpad gran — LHCII distrubuuje excitace i na PSI

- aktivace protein kindzy (PQ redukované ) — fosforylované LHCII (LHClIp) se odpuzuji — ¢astecny rozpad
gran - migrace LHCIIp do stromalnich thylakoidli, kde excituji PSI (stav 2)

- aktivace fosfatazy (PQ oxidované) — defosforylace LHCIIp — vice gran (stav 1)

- dulezitost: optimalni fungovani PSI a PSII v sérii (linearni el. transport)

- stav 1: ve tmé nebo pfi preferencni excitaci PSI ((A > 690 nm) (PQ oxidované), chemicky

- stav 2: neni preferenéni excitace PSI (PQ redukované), chemicky

- na intenzivnim svétle inhibice kindzy pomoci FTR (hydrogenace —S-S- vazby) — fixace stavu 1!

- doba trvani pfechodu stav 1 — stav 2: minuty (u org. s fykobilizomy podobny pfechod: sekundy)

State 2
h-v, ! klnase AX )
hd ¥ activation 4 v
e PSS PQre PSI
h -
e e )—-’ pr00 [F—NADP
PQO,
- - . -~
W phuspmnm )
’
\
~=<p] excitation
== energy
State { == distribution

(direction ond quantitotive relationship)

PSII-LHCII (a) a PSI-LHCI (b) komplex

(a) S” majLHCII “M” majLHCII (b) p-majLHCII
P )
n s X

“M” majLHCII S” majLHClI

Current Opinion in Structural Biology

Pan_a kol. 2013 Current Opinion in Structural Biology 23, 515-525
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Prechod stav 1 — stav 2

StaakEd Unstacked Migration of phosphorylated

LHC-II due to electrostatic

repulsion
hv
o0 ‘ﬁ

Excess excitation of PSII

Ccess

®® excitation

of PST

PSIT

LHC-II
Thylakoid

membranes

aal

. Dephosphorylation
Phosphorylation of LHC-II of EHC—};I Y

and moderate unstacking

Xantofylovy cyklus

3) Pfenos energie z "chl” na karotenoid iniciovany acidifikacii lumenu thylakoidu a naslednou
konformaéni zménou LHCII v souvislosti s deepoxidaci violaxantinu na zeaxantin

(d) CHLOROPLAST
STROMA THYLAKOID LUMEN
OH
2H,0 X Xx--- 0
o X
/- NADP*, HO
Violaxanthin

HO
\ i Antheraxanthin

Dehydroascorbate
-
4H*+0,

OH
/‘ e
k» ~ 2H,0
NADPH HO 12

Zeaxanthin

x Glutathione
(reduced)

Glutathione
(oxidized)




Xantofylovy cyklus

Violaxantin deepoxidaza(VDE):

- 43 kDa enzym v lumenu thylakoidd

- pfi neutralnim pH — mobilni

- pfi acidifikaci lumenu pH < 6 (tj. pfi ozafenosti vy$$i nez odpovida saturaci asimilace
CO,) vazba na thylakoidni membranu

- nutna dostupnost violaxantinu v lipidové dvojvrstvé, V se vyvazuje z LHCII pfi acidifikaci
- pfivyvazani V z LHC fazova separace MGDG (dllezita pro flip-flop antheraxanthinu)

- deepoxidace V—-A —Z (cca 1-2 min.)

- Zse navaze misto V a zméni konformaci LHCII — pfiblizeni luteinu k chl a v LHC (také
role protonovaného PsbS )— zhaseni excitaci (nefotochemické zhasSeni — non-photochemical
quenching- NPQ)

- VDE potfebuje ke konverzi V na Z reduktant - askorbat (vitamin C)

Zeaxanthin epeoxidaza (ZE):

- na stromalni strané - dosud malo prozkoumana
- epoxidace Z—A -V (cca 10 min.) — pomalejsi
- pHoptimum=7,5

- spotfeba NADPH

Mechanismus NPQ

Low light High light

Vio converted to Zea
e UTEE—

ApH
PSll-core &% CP26 ¥ Random quenching centre in aggregate LHC-II
¢ majLHCII trimer CP24 «» Quenching centre of Chls a610-a611-a612-Lut in major and minor LHClIs

s CP29 <= Quenching centre of Chls a603-a609-Zea in minor LHCIIs
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Pomeér PSII/PSI

Table 12.5 Stoichiometry of the photosystems in different oxygen-evolving
systems and in response to changes in light quality

. Cyanobactena

- Red'algae

- Green algae .

. Tobacco mutant Su/Su

o Barley chlorina mutant :

: I.nterrmttent—hght developing plasnds

" ‘Pea chloroplasts

: From plants grown in PSIT light (550 660 nm)
From plants grown in'sunlight. -
From-plants grown. in PSI hght (>660 nm)

Synechococcus 63010

Grown in PSII hght
-~ Grownin sunlight -
Grown in PSI light

04

0.4
1.4
2.7
3.0

41

1.2
18
2.3

0.3

.05
0.7
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