Strukturni komponenty

Strukturni komponenty — hierarchie:

molekularni (enzymy, pigmenty, lipidy, ...)

supramolekularni (pigment-proteinové komplexy (PPC) v membranach)
organely (chloroplast, oddéleny membranami od cytosolu)

buriky (chloroplasty, mitochondrie, peroxizém, ..., v cytosolu)

tkané (skupiny bunék, pf. mezofylové burky v listu)

organy (asociace rGznych tkani, pr. list)




Struktura listu

kutikula
Upper epidermis

Palisade
parenchyma

cévni svazek

Xylem

Phloem <

Lower epidermis s/ T
Bhien o N7

mezibunéény prostor Spongy mesophyil Mesophyll cells Bundle sheath cells

C;— bifacialni list:

¢ kutikula, svrchni epidermis — proti ztratam vody, ochrana pred UV, regulace praduchy s
chloroplasty, u jednodéloznych priduchy u nahore

¢ palisadovy parenchym — 1-3 vrstvy, svétlovodny efekt

¢ houbovy parenchym — mnoho rozhrani voda/vzduch — rozptyl (spodek listl svétlejsi) , vétsi
diferenciace na vy$si ozarenosti

¢ jednotna funkce chloroplastu

C, — mezofylové buriky nahodile + buriky pochvy cévniho svazku (Kranzovy, vénéité)

* mezofylové chloroplasty — fixace CO2 do malatu (bez Rubisco), FS s Rubisco v chloroplastech
bunék cévnich svazku (C, rostliny ,pracuji* i s do¢asné zavienymi priduchy)

Diferenciace bunék u C, rostlin

Mesophyll
cells

Dunuie-snedatil
cells

Vascular
SUgCIl‘ tissue

Figure 10-25b Biological Science, 2/e © 2005 Pearson Prentice Hall, Inc.




Rostlinna bunka
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Chloroplasty

o chloroplast - organela s vlastni DNA (u fas a vy$Sich rostlin, dvojitA membrana,
endosymbidza sinice), vnitfek chloroplastu - stroma, systém thylakoidii (stromalni
thylakoidy, grana), thylakoid — zakladni strukturni jednotka FS, v thylakoidnich
membranach - proteinové komplexy, které vazi fotosyntetické pigmenty,

e v burice 20 — 200 chloroplastd, chloroplasty — mnoho tvarG - ovalny (nizsi a vyssi rostliny,
pramér 3-20 um), u fas i jiné tvary (miskovité, hvézdicovité, Sroubovicové)

Intermembrane space

Stroma
lamellae

Granum
(stack of
thylakoids)

membrane
Stroma

Stroma
lamella

Granum
(stack of thylakoids)




Thylakoidy

o vSechny thylakoidy - navzajem spojeny (jeden Utvar z prolamelarniho télesa), shlukovani
do gran, rozmér grana 300-600 nm — rozptyl svétla

® snimek ultramikrostruktury chloroplastu - pfi¢ny fez - TEM (visualizace membran - OsQO,,
KMnO,), PG - plastoglobule (zasoba plastochinonu — PQ), nékdy Skrobové zrno

Ontogeneze thylakoidu - 1

RS 5

larni téleso — 3-D struktura, zasobarna lipidt

a R z T
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FIG. 2.14. An electron micrograph of a developed etioplast in a primary leaf of an oat [Aven& sativa
+%; seedling grown in the dark for 11 day: The plastids in dark-grown plant cells accumulate a Hpid-
T

=. rich, organized three- of ting tubules, called the prolamellar
body. The time course of etioplast development is variable among different species, but usually
ranges from 1 to 2 wk for maximal production of prolamellar bodies. Extending from these struc-

1

tures are rudi; y prothylakoid (From Lutz, 1981. Reprinted with permission.)




Ontogeneze thylakoidu - 2

(3

FIG. 7.5. Electron mi hs of chloropl at diffe stages of development in barley leaves.
A: A plastid in the earliest stage of development. Thylakoid formation has begun, but all exist as
single vesicles. B: A plastid in an intermediate stage of development, with very short regions of

thylakoid fusion to form the first, rudimentary grana. C: A plastid at a later, nearly fully dgveloped,
stage. Grana formation by thylakoid appression is now extensive. D: A mature plastid with ab.un-
dant thylakoid membranes, which are distinctly differentiated into granal and stromal thylakoids.

This developmental process requires between 24 and 48 hr of continuous light. (From Robertson

and Laotsch, 1974, Reprinted with permission. Micrographs courtesy of W. M. Laetsch.)

Ontogeneze thylakoidu - 3
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FIG. 7.2. The pathways of chloroplast development in higher plants. The organelle in the youngest
cells of a leaf exists as a simple, double-membrane vesicle. Often as proplastids begin to develog.
i inations of the inner b are found. In i light, the amount of thylakoid mesa-
branes steadily increases. No prolamellar bodies form. Early in development thylakoids begin dif~
ferentiation into grand. In contrast, in seedlings initially grown in the dark, the proplastid develogs
into an etioplast, which usually contains one or two prolamellar bodies. Upon transfer of the dark-
grown plant to continuous light, the prolamellar body in the etioplast disperses, and the plastd

dually fills with thylakoid t This stage of devel is similar to devel-
opment in continuous light as just above. In a third pathway, proplastids in plants grown in light-
dark cycles (e.g., 2-min-light-98 min-dark) develop slowly into protochloroplasts, which containa
few thylakoids, no chlorophyll b, and no grana. Exposure of protochloroplasts to continuous light
results in a rapid development into the mature chloroplast.
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Cut leaves
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[~ & pelets
Centrifuge

200x g for 3 min
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Centrifuge
to separate braken
chloroplasts from intact
chloroplasts
(1-6 min. depending
on plant type)

Priprava chloroplastt

e natfihani, homogenizace, filtrace, 1-2x
centrifugace, resuspentace, separace na Percollu
(koloid: nanocastice kfemicitant s vodou a
polymerem)

e Sigma — kit (CIB — chloroplast isolation buffer)

e Obecné v izolaénim a resuspendaénim pufru:

V' osmotikum (0,3-0,5M sacharéza, ...)
V' pufracni létka pH 6-8 (Tris-HCI, MES, HEPES,.)
v’ soli: 10mM NaCl, mM MgCl,
v

stabilizatory: BSA — albumin hovéziho séra, kyselina
askorbova

Optimal conditions for intact chloroplast isolation

Plant Ratio - ml of 1x CIB Centrifugation Percoll
to gm of leaves (step 8)
Spinach 4:1 200 x g. 3 min 40% layer
Tobacco 6:1 Not required 40/80% gradient
Mangold 4:1 400 x g, 1 min 40/80% gradient
Cabbage 4:1 200 x g, 3 min 40% layer
Pea 6:1 Not required 40/80% gradient
Lettuce 4:1 200 x g, 3 min 40% layer
http://www.sigmaaldrich.com
/content/dam/sigma- 0%
aldrich/docs/Sigma/Bulletin/ D
) 40%
cpisobul pdf c
80%

Intaktnost izolovanych chloroplastii

New Phytol. (1975) 75, 1-10.

CRITERIA OF INTACTNESS AND THE
PHOTOSYNTHETIC ACTIVITY OF SPINACH
CHLOROPLAST PREPARATIONS

By R. McC. LILLEY*, M. P. FITZGERALD,

K. G. RIENITSt anp D. A, WALKER

1) halé (aureola) kolem intaktnich
chloroplastl v optickém mikroskopu —

aureoly nejsou intaktni

fazovy kontrast, chloroplasty bez

~0.2-0.3 — poskozené

A

061
3
<
Eoaf
® 2711
: L suspenze:
£ ~1 — intaktni
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NH, CI . . ,
| 3) ferrikyanidovy test:
ight
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i
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| 1 1 | 1 1
o] [6X-] 1o 1.5
Time (min)

2) méfeni poméru absorbanci Aggsy/Aggg

% intactness = (A - B) x 100

in which A 1s the rate after osmotic shock and B 1s the rate prior to esmotic shock.




Struktura thylakoidnich membran

- lipidova dvojvstva s peripernimi a integralnimi protein. komplexy, tloustka — 4-6 nm,

- 50 % hmotnosti - lipidy, zbytek proteiny, pigmenty

- lipid — hydrofilni hlava a hydrofébni ocas (acylovy fetézec — zbytek mastné kyseliny)

- hlavni lipidy: galaktolipidy: MGDG - nonogalaktosyldiacylglycerol a DGDG -
digalaktosyldiacylglycerol, fosfolipidy: PG — fosfatidylglycerol , sulfolipidy:
sulfochinovosyldiacylglycerol - SQDG

STROMA, [low H*)

LUMEN (high H*)

gradient

Lipidy thylakoidnich membran

- hlavni MGDG cca 50 % — netvofi dvojvrstvu — asociace s proteiny
- DGDG (30 %), PG (15 %), SQDG (5 %) — tvofi dvojvrstvu

- asymetrie lipidi v dvojvrstvé

MGDG <« neutralni — DGDG
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Palmitic acid (16:0)
CH,

VAVAYAYAYAYAYAA

HOOC

Palmitoleic acid [16:1 (9)]

VAVAYA YA S Vo Ve N

HOOC 3

A7, 10, 13-Hexadecatrienoic acid [16:3 (7,10,13)]

SN

HOOC 3

Stearic acid (18:0) CHy

VaVaVaYaYa%a % %%

HOOC

Oleic acid [18:1 (9))

AN NNy,

HOOC

Linoleic acid [18:2 (9, 12)]

Acylové fetézce

- velké zastoupeni polynenasycenych
mastnych kyselin — zejména 3 - enol

- linolenova kyselina (18:3) —az 90 % (-3
mastna kyselina, esencialni pro ¢lovéka)

- linoleova (18:2) (w-6 mastna kyselina,
esencialni pro ¢lovéka)

- hexadekatrienolova kyselina (16:3)
- palmitova kyselina (16:0)

- mira saturace (pocet =) rozhoduje o fluidité

/\/\/\/\=/\=/\/\/cu3 thylakoidni membrany

HOOC

- pohyby nasycenych a nenasycenych
a-Linolenic acid [18:3 (9, 12, 15)] v pv yuy yg ,y y y
fetézcu jsou rlizné

ANNINACNANAN &

HOOC

yLinolenic acid [18:3 (6,9,12))
YV VanVan VanVeve W

Eicosapentaenoic acid [20:5 (5,8, 11, 14, 17)

HOOC

Docosahexaenoic acid [22:6 (4,7, 10, 13, 16, 19)]

HOOC

Konformace acylového retézce

| cis

carboxyl group,
OH / g on

0=C

ohnuty retézec COOH
/\/\V/J

trans
naprimeny retézec

NN NN cooH

- dvojna vazba se projevi
ve ztraté linearity

- ,zlomeni*“ mastné kyseliny
roste s rostoucim pocétem
dvojnych vazeb v cis
konfiguraci

- pfirozené zejména cis
konfigurace (trans mastné
kyseliny TFA: jednotky
procent v mléce, sadle,
vznikaji pfi smazeni a kat.
hydrogenaci)

stearic acid: an 18 carbon
saturated fatty acid

oleic acid: an 18 carhon
unsaturated fatty acid




Konformace acylového retézce

- saturace mastné kyseliny se projevi ve vyssi viskozité

- ztuzovani olejll — hydrogenace mastnych kyselin

R
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S
T

S
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I

Cam LG G G e G et e e H
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Fatty acids

(a) Fat molecule (triacylglycerol)

(b) Hard fat (saturated): Falty
acids with single bonds
between all carbon pairs

{c) Qil (unsaturated): Fatty acids
that contain double bonds
between one or more pairs

of carbon atoms
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Acylové retézce lipida thyl. membran - 2
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Struktura thylakoidnich membran

*HYDROPHILIC-HYDROPHOBIC
BALANCE

S
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it
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liquid crystal crystal

L - gelova faze INVERTED HEX g
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Fig. 1. Dependence of Llipid phase behaviour on hydrophilic-
hydrophobic balance.




Separace MGDG pfri stresovych podminkach

- fazova separace MGDG: tvorba cylidricky intertovanych micel (Hex Il struktur) v

thylakoidnich membranach - pfi vysSich teplotach (nad 40 °C), dehydrataci, vysoké
koncentraci cukrt nebo pfi nizkém pH (<5)

»,Packing factor” lipid

Optimal surface area (a?)
size of headgroup

chain length (¢) electrostatic repulsion between headgroups
chain length lipid - hpid hydrogen bonding
chain saturation headgroup hydration

Volume swept out by lipid chains (v
chain tength
chain saturation
Packing factor (p) = ¥ Van der Waal interaction between chains

— hydrophobic interactions
0
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“Packing factor” vs. struktura membran

Packing ' Critical Structures
Paraimeter packing shape formed
Cone Spherical micelles
<1/3 vt Y ye)
_________ LR, N
£ [
Truncated cone vesicles
— —— g
1/2-1 i L__. i M
----- - L 2 I TP
Inverted Inverted micelles
truncated cone ﬁ |
>1 J_h \%:?‘\ Oé:
________ 4i__ o folo%
‘ b“c‘/f i
P

Fig. 3. Classification of lipids in terms of their characteristic
packing factors (adapted from Israelachvili et al., 1980).

Fazové prechody vs. faktory prostredi

- s rostouci teplotou — fazova separace NBL (non-bilayer forming lipids, MGDG),
constrained NBL - separované MGDG v membrané, pfi vysSi teploté mimo membranu

- s klesajici teplotou pfechod na z L, na L

- s klesajici hydrataci membran pfechody stimulovany
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Chilling
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Fi.g. 7. Diagram illustrating the type of phase separations that
might be expected for a natural membrane subjected to different forms

of environmental stress.

PHASE-SEPARATED P

L z
REHYDRATION

Temperatur¢

REHYDRATION

MELT

FREEZE-DEHYDRATION

Lg

CONSTRAINED
NBL

Ccoou

Hydration

>

Fig. 9. Diagram illustrating the effects of freeze-dehydration on
the phase behaviour of membranes and isolated lipids.
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Ultramikrostruktura thylakoidni membrany - 1

- REM - rastrovaci elektronova mikroskopie s pfipravou preparatti metodou ,freeze
fracture” — mrazové lamani: membrany se zmrazi, kraji se tenka vrstva ultramikrotomem pfi
-190 °C ve ,vakuu“. Z obnazené plochy se sublimaci odstrani povrchova vrstva ledu.
Vyvstanou hydrofébni struktury a povrch se stinuje.

- S — ,surface” (povrchova, pavodni)

- F — fractured” (Stipnuta, zlomena)

- P — ,protoplasmic” (v kontaktu se stromatem)
- E — ,exoplasmic® (v kontaktu s lumenem)

- s — ,stacked” (granalni)

- u — ,unstacked" (stromalni)

- PSu, PSs — Rubisco, CF1 (mebranova ¢ast ATP syntazy) (freeze — etching, odlupovani)
- EFs, EFu— PSlI s LHC, PSIl bez LHC (8 — 16 nm)
- PFu, PFs — PSI (8 — 13 nm), cyt bgf komplex (8 - 9 nm)

Ultramikrostruktura thylakoidni membrany - 2

- freeze-fracture: lomové plochy — mista mensiho odporu — mista hydrofébni interakce
lipidG dvojvrstvy, rozstépeni na monovrstvy s proteinovymi komplexy
— — _ - e

13



Ultramikrostruktura thylakoidni membrany - 3

\\\“W““W o\g,@:wwvz @ﬁ%

mmm a exoplazmatickou (E) p y. U
:h (F) a posiéze oblast dotyku membrén (s) a me membrdn volnych ().

Ultramikrostruktura thylakoidni membrany - 4

SPINACH THYLAKOIDS

0)EFs -face (Bs) b) PFs-face (Cs)
cia08 21404
40% =}~ 60%
60 PARTICLES <I40& PARTICLES >i408 &0
n-270 ne 08
e nara ieie22a
r1a7a

NUMBER OF 4" IELES

[TTHL, m
4G 160 160 200

PARTICLE DIAMETER A

Figure 3 Histograms of particle sizes found on the four types of membrane fracture faces of spinach
chloroplasts. The histograms are labeled a—d, and each is identified by individual labels.

Staehelin 1976, Journal of Cell Biology, 71, 136-158




Ultramikrostruktura thylakoidni membrany - 4

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

STROMA

Thylakoid
membrane

Table 12.4 Distribution of photosynthetic components in chloroplast

membrane regions

Niegd E <

PSI £ 10 90
LHCIl  PSIl Cytochrome PSI  ATP synthase Cytochrome bg f complex 50 50
trimer bef dimer LHC-IT 90 10
ATP synthase 1 0 100
Plastocyanin® 40 3 60

Buch a kol.: Biochemistry and Molecular Biology of Plants 2000

Separace pigment-proteinovych komplext - 1

- pusobeni detergentu na thylakoidni membrany a nasledna ELFO na PAGE
- SDS - dodecylsulfat sodny, neni pfili§ Setrny k separaci PPC, SDS pfidavano i do el. pufru

‘ Thornber 1966 ‘ - prvni separace: Thornber a kol. 70. léta, FP ~ 30 %

- v 80. letech standardem metoda s SDS podle Andersonové
1978, FP ~ 10 %, jsou chl v membrané i volné???

. Andersonova
CP1 e

PSI

‘ vnitini anténa PSII ‘

| LHCP' uwss LHCII-trimer
| LHCH ' LHCP? .. LHCll-dimer

CPa ”‘Wﬂ vnitfni anténa PSII ‘

J— LHcP® @@ L HCl-monomer
volné pigmenty ' o

FC == | volné pigmenty

15



L] - r o
Separace pigment-proteinovych komplexu - 2
- pfi vysoké koncentraci SDS — kompletni rozpad PPC na proteiny a denaturace proteinti
- pfi niz8i koncentraci SDS — rozpad PPC ale bez denaturace proteinu

- koncentrace musi byt ale vySSi nez kriticka micelarni, pak teprve naruseni lipidové dvojvrstvy

SN (H’

S —— Na" 0— —(CHy);;CH;g

&S1—= H
—>> —> @—@_—@_4 0
Hoat E N - s h— -

- o K 4 Sodium dodecyl sulfate
I N (SDS)

- Markwell et al. 1979 vyménil SDS v elektrodovém pufru za Deriphat-160 (N-lauryl- B -
iminodipropionat, amfoterni detergent), FP ~ 3% a porovnal s predchozimi metodami =
volné pigmenty jsou artefaktem PAGE !

Markwell - Peter a Thornber 1991 - nativni Deriphat-PAGE PPC
1979 optimalizovana na pfipravu z listl jeémene. Frakcionalizace
S pomoci Setrného detergentu — decylmaltoside, Deriphat-160

pouzit v elektrodovém pufru, FP ~ 5%

- Dreyfuss and Thornber 1994 - mirné upravena metodika
Petera a Thornbera (1991) - sledovani zmén v relativnim
zastoupeni PPC béhem zelenani listd je€mene na
kontinualnim svétle, PSI (PSI s LHCI), CCI (PSI bez LHCI),
CCII - Psill)

Oh 2h 4Ih GF 12h 1tih Z?h 3?h M.'ilture

‘ - g J | g W B
B
b s S CC 1
i o -LHC IIb Trimer
'“ et [T -LHC II Monomer

b m ‘i -Free Pigment

volné pigmenty F

Separace pigment-proteinovych komplext - 3
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Separace pigment-proteinovych komplexi - 4

- Peter a Thornber 1994 — zelenani na kontinualnim svétle, SDS — PAGE — proteinové slozeni
thylakoidnich membran béhem zelenani, 2. rozmér ELFO — proteinové slozeni separovanych
PPC

g Mature
£ &8 5588
S 8 ¥ © v = o o = — —_—
L0
L3

% -PSi-AB

% -cP 47
= -CP 43

—LHC lla
W LHC lib : —
B e ~LHC la & Ib

=LHC la/

Coomassie Western Blot

Separace pigment-proteinovych komplext - 5

- llik a kol. 2002 — Deriphat-PAGE - doporuc¢ena koncentrace vzorku (Peter + Thornber) - 1mg
chl/ml (10 pl) na jamku, diky vysokému kontrastu vysledného elektroforeogramu - 1/4 konc.

W(C) | W(BW) M1 M12 M13 M1/4

PSI L -—“rq
CI =

LHCm

= a
Q =

- '-t—-w
-
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Separace pigment-proteinovych komplexit - 6

- llik a kol. 2002 — Deriphat-PAGE — denzitogram — z obrazku — stupné Sedi

= LHCm je ¢aste¢né dilem elektroforetického déleni :

15 cep I&amera e =1
[:| Objectve

==l
= == Disk diffuser
(—-\—ﬁ Collimating lens

absorbance x conc. factor

0.0+

|
|
|
: — . > —— ' ——  Pinhole
0.0 0.5 1.0 1.5 2.0 2.5 3.0 T Beam
migration distance [cm] |
|

&———>  Condenser
S=———== Interference filter
€—+—>  Condenser

® Halogen lamp

Separace pigment-proteinovych komplext - 7

- separac¢ni metody pouzivané dnes — separace superkomplexu !!!:
- BN-PAGE: jako Deriphat-PAGE ale v elektrodovém pufru je misto Deriphatu Coomassie blue

- BN-PAGE: ve vzorku/elektrodovém pufru je deoxycholat sodny

DM Digitonin |:| 1% DM
H| | I DOC in the sample buffer 0% 0.1%0.3% 0.5%
stacking gel i _ insnluble material ggl-NEﬁm‘; '||
== = = — F21, F2I anmner, — -
PSIl-LHCII sc | | P%I-LHCII me ATP synthase
- = PSI
PSI, PSII dimer,— s N PSIl monomer, Cyt b6f =
ATP synthase ';2; ?‘m:;f:zr LHCII assembly 4 -
B agpnomer. 4 [ cyser ' LHCII trimer
LHCII assembly "\ LHCHI trimer e 7
LHCII trimer  —{ S
HCIl monom -
LHCII monomer. — -




Separace pigment-proteinovych komplext - 7

Gradientova centrifugace

- solubilizace membran
pomoci Setrného detergentu
(napf. decylmaltosidu) jako u
nativni PAGE

- neni nutné dalSi nabiti ¢astic
pro déleni na gelu v
elektrickém poli

-separace komplexu na
00 sacharézovém gradientu 20 —

T T T T T T T
350 375 400 425 450 475 500 525 550 575 600 625 650 €75 700 725 750| 0
Wavelength (nm) 70%

H H H H H
B6 . B7 H B8 H B9 H B10 H B11

B12:PSll megacomplexes-

c

- déleni zejména podle
velikosti ¢astic (také vliv tvaru,
hustoty, viskozity)

- ultracentrifugace: vykyvny
rotor, pretizeni >100 000g
Owiimer s 2N nékolik hodin pfi nizké teploté

(" )stimer

b B, o - zény nejsou ostré jako u
© cp29 " v - . .
O cp2s Psil dmerc X ¢ nativni PAGE

CP24

Caffari a kol. 2009 EMBO J 28, 3052-3064

Princip separace na sacharézovém gradientu

Sucrose
solution Sample

Small-size
DNA molecules

Medium-size
DNA molecules

Large-size,
DNA molecules

http://www.freewebs.com/ltaing/centrifugation. htm




Proteiny v thylakoidni membrané - 1

Proteiny obecné

- makromolekuly z animokyselin (AMK) spojené peptidovou vazbou

- ¢astecné dvojny charakter vazby (delokalizace n elektronl) = neni volna otacivost

- -CO-NH- : plosny utvar, volna otacivost —C -CO- : fada moznych prostorovych uspofadani

R R
|L OH | : OH
Amino Acid Abbreviations
J— J— + J— R
AN —C—C N l:|:‘°~ C\\ Alanine Ala; A
u 4] H o Arginine Arg; R
Asparagine Asn; N
Aspartic acid Asp; D
Tl /OH S}{Stein'e id gs; g
aci lu;
— HN—C Ci—C + HO Glutami Gln; Q
" Yo [Glycine Gly,G
H Histidine His; H
Isoleucine Ile; I
peptide bond Leucine Leu; L
Lysine Lys; K
Methionine Met; M
- . Phenylalani; Phe; F
konformace: :

. v v, v .. Proline Pro; P
* o helix - atomy tvofi pravoto€ivou Sroubovici Serine Ser; S
(stabilizace H-mUstky, napfic¢ lipidové 2-vrstvy) | Threonine Thr; T
. _ AV & A A Tyrosine Ty, Y
B struktura rovinny rosE (skladany list) Toyptophan T W
stabilizace H-mustky Valine Val; V

(a) Primary structure

e vve votet v orae v o Proteiny v thylakoidni
membrané - 2

] i
3
N/N\é/C\N/f\C/N\C/C\N/f\c/’“\é/c\N/f\c_o-
] Il i Il ] oyl
R, H 0O R H O R H 0

(b) Secondary structure
R

R H.

Struktura obecné:

-primarni — sekvence AMK
-sekundarni — helix, skladany list
~tercialni - segmenty vici sobé

Hydrogen bonds between ¢ helix -kvarterni — proteiny komplexu vici sobé
amino acids at different
locations in polypeptide
chain

Zakladni komplexy v thylakoidni membrané:
(uskutecriuje se molekularni déj)

- PSI (s LHCI)

- PSII (s LHCII),
- Cyt bgf komplex
- ATP-syntaza

R
Pleated sheet

(c) Tertiary structure (d) Quaternary structure
Dulezité proteiny v thylakoidni membrané:
- Plastocyanin (PC)

- Ferredoxin (Fd)
- Fd-NADP+-oxidoreduktaza (FNR)

http://sphweb.bumc.bu.edu/otlt/mph-modules/ph/ph709_a_cellular_world/ph709_a_cellular_world6.html




Dulezité proteiny a komplexy thyl. membr.

CYTOSOL

Ribulose 1,5-
Bisphasphate

2H*+10,

Fotosystém |

Croce, van Amerongen 2013, Photosynth. Res. 116, 153-166
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Podjednotky fotosystému |

Table 12.8 Polypeptide subunits of the PSI core complex

Reaction center protein
i~ Reaction center protein -

-+ Ferredoxin'docking -
: Cyclic electron transport
LHC-I linker - :

- PsaA,B — vazi pouze chl a (vnitfni anténa PSI), mezi nimi P700
- chl b je pouze v LHC komplexech

Fotosystém i

FIGURE7.24  Structure of dimeric multisubunit protein side of the supercomplex, including additional antenna com-
supercomplex of photosystem II from higher plants, as deter- plexes, LHCII, CP26 and CP29, and extrinsic oxygen-evolv-
mined by electron microscopy. The figure shows two com- ing complex, shown as orange and yellow circles.

plete reaction centers, each of which is a dimeric complex. Unassigned helices are shown in gray. (C) Side view of the
(A) Helical arrangement of the D1 and D2 (red) and CP43 complex illustrating the arrangement of the extrinsic proteins
and CP47 (green) core subunits. (B) View from the lumenal of the oxygen-evolving complex. (After Barber et al. 1999.)
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Podjednotky fotosystému Il

Table 12.6 Protein subunits of the PSII core complex

Hydrophobic subunits
D1

D2
CP47 .
CP43. .
Cyt bssg

- ovsubunit
B subunit
- PsbH-PsbN ' =
“22kDa :
Hydrophilic subunits
1 033kDa oL :
“T23KDa L psp ,
S Ua e
10 kDa . - psbR

ZZZZ Z0o0on o000

T : : ;
ables 12.6 through 12.9: C, chloroplast; N, nucleus. Buchanan a kol.: Biochemistry and Molecular Biology of Plants 2000

LHC komplexy

Table 12.3 Properties of light-harvesting chlorophyll protein complexes

2 Genes are nuclear-encoded. Buchanan a kol.: Biochemistry and Molecular Biology of Plants 2000
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Struktura Lhcb1-3

> - 3 transmembranové a-helixy
R
- 2 luteiny (rdzova), 1

violaxantin (zluta), 1 neoxantin
(oranzova)
- chl a (zelena), chl b (modra)

I:l - rozdily mezi Lhcb1-3
minimalni (spojovaci fetézce)

II-trimer ) 3
VR k]

stroma

lumen

Pan akol. 2013 Current Opinion in Structural Biology 23, 515-525

- tvofi trimery LHCIl — promé&nné zastoupeni Lhcb1-3 ~ DGDG
- trimery S (,strongy bound®), M (,moderately bound*)
- pfenos energie i na PSI (fosforylované Lhcb)

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

(@) “S” majLHCII “M” majLHCII (b) p-majLHCII
| b 3

Current Opinion in Structural Biology

Pan a kol. 2013 Current Opinion in Structural Biology 23, 515-525

LHC: struktura Lhcb1

- symboly oznaduji chloriny vazané na jednotlivé AMK
-6 chl b (4 chl b jsou vazany pres molekulu vody — modra tecka)
- 8 chl a (ozn. 1-8), Chl b (ozn. 9—14) podle Standfuss et al. (2005)

Hoober a kol. 2007: Photosynth. Res. 94, 387—400
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formovani LHC

- syntéza apoproteinu v

cytosolu
Stroma
-symboly oznaduji
chloriny vazané na
jednotnivé aminokyseliny
Lont -6 chl b (4 chl b jsou
bl | vazany pres molekulu
% N vody — modré te¢ka)

T e - LN - 8 chl a (ozn. 1-8), Chl b
wner S, o] 7 / (ozn.  9-14)  podie
Membrane v} " Chloroplast Envelope Standfuss et al. (2005)

Outer Membrane

=== Chla
B RiL Cytosol == Chl b

Hoober a kol. 2007: Photosynth. Res. 94, 387—400

Pomeér PSII/PSI

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

. CYanobacteria ;
- Red'algae

- Green algae
Trharrnn

 Intermittent-light developing plastids

““Pea chloroplasts G : sl :
— From plants grown in PSITlight (550-660 nm) 12
From plants grown in sunlight 7 - 18
© .- From plants grown 'in PSL.light (>660 nm) T 2.3

Synechococcus 6301 . 5o e

' Grown.in PSIT Tight 0.3
- Grown in'sunlight = : 05
Grownin PSLlight ~ = = 0 : i 07
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Mechanismus NPQ

Low light High light

7

* Psll-core #. CP26 #* Random quenching centre in aggregate LHC-II

5 majLHCII trimer &k CP24 «» Quenching centre of Chls a610-a611-a612-Lut in major and minor LHClIs

o

e CP29 &® PsbS <= Quenching centre of Chls a603-a609-Zea in minor LHCIIs

Current Opinion in Structural Biology

Pan akol. 2013 Current Opinion in Structural Biology 23, 515-525
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