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2uvoyn Tou JETAaBOAICHOU

udaTaVOPAKWY OTA PUTA

MeTaBoAIoudg
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MNapaywyn
ATP
. OgeIdWTIKNA
Mapaywyn ]
O NADH, FADH, PWO®OPUAiWON

KukAog TCA
(Krebs)




H @wTtoouvBeon gival Bacikn «Eicodog»
TOU avOpaKa oToVv METARBOAICHO.

MeTaBoAioudg
auUAou ~ CeH,1,04
(atT0BrKEUON) , KUkAog P-
N
MeTaBoAiopog o ) Mapaywyr)
ooUKpPOING m—) \ADPH
(METOPOPA/ONU
aTod0TNON)
GA 3-P ,
/ Ac€apevry = TAukOAuon/
CO;, p-rpiozov] TAukoveoyéveon
dwTtoouvOeon
MNapaywyn
ATP
. OCeIdwTIKN
Mapaywyn ]
O NADH, FADH, ®Wo®opuAiwon

KukAog TCA
(Krebs)



H @wTtoouvOeon gival BaciKn «Eicodog»
TOU avOpaka oTov NETABOAIOUO.




Tom Donald
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AN INNOVATION FROM THE PLANT CELL

PwToouvleon
q)wTo_ggqu(bpsvs‘g‘ QAvTIOPACEIC TNG

ideas to grow on

in Plant Biology™

‘ Teaching Tools



https://www.flickr.com/photos/clearwood/9058871983/in/album-72157626284715720/

Mepiypaupa TOU HOOAMATOG

 Eicaywyn otnv @wtoouvleon

*  DWG Kal XPWOTIKEG

e  KautruAn atrokpiong oT1o Qwg Kal KBavTikr atrodoon

* [lAaoTidla kal XAWPOTTAACTEC

« ECENIEN Kal TTOIKINOPOP®@Ia TNG pwTooUVOEONGS

o «PWTOOUVOETIKOI» PUKNTEC Kal {wa

* BeAtiwon Tng owrtoouvBeong

» Texvnt ewTooUVOEDN

* Aoun Kal AsIToupyia TwWV QWTOOUVBETIKWY CUUTTAOKWY
* TpOTTOI HETAPOPAGC NAEKTPOVIWV

* [lpoocappoyny 0To WG: ATTOPUY KATAOTPOPWV KI £TTIOI0POWON

Teaching Tools
in Plant IOIOgY"‘ AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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2UVOTTTIKA: H pWTOOUVOEDT OECUEVEI TNV
PWTEIVI EVEPYEIA WS AVNYUEVO AVOpaKa

“Yynhi )
avspva’la”, \ Pwro-£§apTWUEVES avr:6pda£l?
aVIYHEVOS 1° BAMA gival n SEGPEUCN TNG
avBpakag PWTEIVAG evEPyElag WG ATP ka

Eiopon ewreivig avaywyikn ouvaun, NADPH y
EVEPYEIQC

ATP l l NADPH
4 Mn pwro-s§aprwueveg aanpaaelg\

AtreAeuBEpWON 20 Bripa ival n YETaPOPA AUTAG TNG
0 O, wg EVEPYEIOG KAl AVOYWYIKAS dUVANNG aTTo
“XaunAn evépyeia”, TTAPATTPOIOV 10 ATP kil NADPH 010 CO,, yid
0&EIdWHEVOG TIAPAYWYN AVNYHEVWY OAKXAPWY
\UYNAWwvV O€ evepyeia Y,

avBpakag oto CO,

6 CO, + 6 H,0 > CH,,0:+ 6 O, Q

Teaching Tools
in Plant IOIOgY"‘ AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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H epwTtoouvBeon oAoKAnpwvVeTal o110 OUO
OMAOEC CUEUYHEVWYV AVTIOPATEWYV

2 NADPH

@Tzw

< > 2 NADP* ]

Chloroplast ‘

2H,0 - Q,+2H*+2@ ADP H+ATF’

O1 QWTEIVEC avTIOPACEIC YivovTal
OTIC MEPPBPAVEC TwV BUAAKOEIDWV &

Beopsuon TOoU AvOpaka,
CARBON-FIXATION, yiveral
OTO OTPWHA TWV
XAWPOTTAQOTW)

Adapted from Kramer, D.M., and Evans, J. R. (2010). The importance of energy balance in improving photosynthetic productivity. Plant Physiol.155: 70-78.

Teaching Tools
in Plant 1010gY"A AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists

ideas to grow on



http://www.plantphysiol.org/content/155/1/70.full

O1 pwTEIVEG aVvTIOPAOTEIG YivovTal (CUVHOWG)
OTIGC MEMBPAVES TWV BUAAKOEIOWYV

Prokaryotes Eukaryotes
Gloeobacter violaceus, —
TO NOVO KUAVOBAKTHPIO lamydomonas
Xwpig BUAAKOEIBIG [l’e)\lnhal‘dl’l, MOVTENO PLANT
HEpBpPaveg XAWPOPUKOG

Light-induced
differentiation =
/

...... = ,--' -E: -H""-
TN L
o y R,
» I /s . = i,
e | = .
; S L e —EE_E__._,I
i 1 pm

300 nm 200 nm -

;

- Chloroplast
Synechocystis spp. PCC6803, Pl_r|°plait'd -
HOVTEAO KUQVOBOKTAPIO (MpotrAaarTidio)

Reproduced with permission © Annual Reviews of Plant Biology Nickelsen, J. and Rengstl, B. (2013).Photosystem II assembly: From cyanobacteria to plants. Annu. Rev. Plant Biol. 64: 609-635.
Teaching Tools
in Plant Biology™ AN INNOVATION FROM THE PLANT CELL
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http://www.annualreviews.org/doi/abs/10.1146/annurev-arplant-050312-120124

O1 pwTEIVEG avTIOpAOEIG TTapayouv: O,,
ATP ka1 NADPH

2 NADPH
Cytochrome S T o+
ATraitouvTal apKeTA bsf complex
. 2 NADP*

TTOAU-TTPWTEIVIKA
OU}JW’)\OKGZ ouo lADP ATP Photosystem
ouoTAPATa | (PSI)
PWTOOECUEUONG
(photosystems, PSI kai 2H,0 " Q,+2H*"+ 2
PSII), To oUuTTAOKO
cytochrome bgf , kai X
Al SYTINESE Photosystem Il (PSII) ATP synthase

Adapted from Kramer, D.M., and Evans, J. R. (2010). The importance of energy balance in improving photosynthetic productivity. Plant Physiol.155: 70-78.
Teaching Tools
in Plant Biology™ AN INNOVATION FROM THE PLANT CELL

ideas to grow on
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http://www.plantphysiol.org/content/155/1/70.full

H XAWPOQPUAAN CEKIVA TIC PWTEIVES AVTIOPATEIC
OEOMEVUOVTOC TNV EVEPYEIN TOU PWTOG

1° pwroxnuIko
Brua
2 chr, , @
A
O daKTUAIOG
XAwpivng Photon \
TTayIOEUEl QUITOVI
H+
¢ ?ﬂ H,O
H xAwPOPUAAN . Chl w ChI'@y 0
, ‘ ’ ’ ,
gggg}ﬁaﬁgl §—e Pwrtdvia deopevovTal ATTO TV
TTPWTEVGV- H‘C?”j”CH XAwPo@UAAN (Chl) dieyeipovrag  H Chl* avayetal
XPWOTIKAC PECW Lo Vv (ChI*). H Chl* pmopei va TraipvovTac éva
NG PUTOANG H{:—caa XAo€l Eva NAEKTPOVIO, NAEKTPAVIO OTTO TO VEPOD
I METATPETTETAI OE OLEIDWMEVN KAl ATTEAEUBEPWVEI
r XAWPOQUAAN (Chl*) TTPWTOVIA KAl 0§UyOvOo

Chlorophyll a

Buchanan, B.B., Gruissem, W. and Jones, R.L. (2015) Biochemistry and Molecular Biology of Plants. American Society of Plant Physiologists.
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http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0470714220.html

H di1eyeppeEvN XAWPOPUAAN UTTOPEI V’
ATTOOWOEl TN OECHEUMEVN EVEPYEIQ ME
O1APOPOUG TPOTTOUG

PwToxnPIKa (1° BANA pwWTOoUVOECNC)
Chl* St ®Bopiopoé (>600nm)
Photon \ Mn-@wTtoxnuikh amréopeon (11.X., OgpudTnTa)

3Chl* MeTATpOTI O€ KATAOTPOQIKY KATACTAON TPITTAETAC

Chl

H «TOXN» TNG DECPEUPEVNG PWTEIVIC EVEPYEIAG KAl APA TNG
PWTOOUVOETIKNG atTtddoong eTTnpealovtal atro TTOAAOUG

TTAPAYOVTEG, OTTWG: BEpPOKpaaia, dIaBecIuOTNTA VEPOU KAl
OPETTTIKWYV, KATATTOVNOEIG (Stress), kal AAAOUG TTapAYOVTEC.

Teaching Tools
in Plant Biology™

ideas to grow on
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H Ogppokpacia, ¢npacia, & aAAEG
KOTOTTOVNOEIC ETTNPEA(OUV TNV
PWTOOUVOETIKA atTédOo0N

i PwTO-E£CAPTWHEVEC AVTIOPATEIC O1 300 AUTEC OPBDEC
~ ~ aAvTIOPACEWV
ADP ATP  NADP* NADPH OUVOEOVTAIl HECW TWV
— — Si1a8éoipwy ATP/ADP
, , , and NADPH/NADP*
AvTidpdaoceic dEopeuong AvBpaka

® v

lNapadeiyua....

*H upnAn Bepuokpaacia eTTnpeadlel TNV oTaBEPOTNTA TTPWTEIVIKWY CUNTTAOKWY Kal TN

PEUOTOTNTA TWV BUAAKOEIDWY UEPBPAVWV

*H XaunAr Bepuokpacia kaBuoTepEi TIC EVCUMIKES AVTIOPATEIC

*H ¢npaacia eTayel TO0 KAEIOIYO TWV OTOPATWY, PEIWVOVTAG TNV TTPOCANYN Kal apa déapeuan Tou CO,
“EANEIPN/TOEIKA cUCOWPEUOT BPETTITIKWY ETTNPEACOUV TA CUCTAUOATA HETAPOPAS NAEKTPOVIWYV

Teaching Tools
in Plant IOIOgY"‘ AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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H «o¢uyevikn» @wWTOOUVOEON ATTAITEI
AYO pwToOUCTAMATO

loxupd _q 5
aAvaywyIKO
T’ avaywyika divouv
nAekTpovia o€ aAAa_ 10
yopia ’

T+ 3
(0]
>0
g8

L é OO0
ge)
O]
nd

05

v 21,0 4G
loxupo \
O,

oteidwriks 1.0%= :
Ta oéeidwrika agaipouv
NAEKTPOVIa aTTO AAAQ

uopia

4 H

Teaching Tools
in Plant Biology™

ideas to grow on

AN INNOVATION FROM THE PLANT CELL

PSI 'P700* gival IoXup6
P700* ayaywleé - WOoTE va
Oivel NAEKTPOVIQ OTO
\ NADP*
N O

NADP*=» NADPH

. P700*
P700

P680* ival TToAU 1I0XUpO
0ZEIDWTIKO— TOOO I0XUPO
TTou o¢e1dwvel H,O!

© 2015 American Society of Plant Biologists



PSI & PSIl ouvdéovTal pue pia aAucioa
METAPOPAC NAEKTPOVIWV

loxupo 15 S|
AVAYWYIKO .
T’ avaywyika divouv P700
NAEKTPOVIa O€ c’r/\A_a,I = \
uopia .
T 3 -
s 8-0.5} ‘ (e~
% £ NADP*=» NADPH
2 8
L2 b.f
o x 0.0 Cyt bg
I5
ad PC
‘ 05k . P700*
21,0 16 P700
loxup6 N
OEEIBWTIKO 1.0 A H aAucida peta@opdc nAeKTpoviwv
0 oEe150TKG dpaIpoy 4H" O, 6r’]p|oupysl’ TrprC')VIO-Klvr']’TIKr']
nAekTpévIa amo dAa duvapn yia Tnv TTapaywyn ATP.
uopia

Teaching Tools
in Plant IOIOgY"‘ AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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AuTO 1O dlaypappa Asyetal Z-scheme (oxnua Z)

loxupo 5
AVAYWYIKO
T’ avaywyika divouv
NAEKTPOVIa O€ d/\A_a,I 0
uopia .

>
t ° “
o C__U _05 o @
@ £ NADP*=» NADPH
L0
\% 8—
o x 0.0
©
()
|
05
21,0 4O
loxup6 N
oteidwriko 1.0 + H aAuoida peTagopds nAekTpoviey
4H" O, SNUIOUPYET TTPWTAVIO-KIVNTIKNA

Ta oéeidwrika agaipouv
NAEKTPOVIa aTTO AAAQ

uopia

duvaun yia Tnv Tapaywyn ATP.

Teaching Tools
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To PSI Aseitoupyei xwpic 1o PSII, aAAG Oev
mTapayel O,, oute NADPH

KUkAIKR peTa@opd nAEKTpOViwV: PSI

» Ae&imoupyei To PSI P700*
» Agev ouppeTtExel To PSII

*  2UMMETEXEI N OAUCIOO PETAPOPAG NAEKTPOVIWV

* [lapayetai ATP

 Aev ekAUeTal O, ‘
« Aev mapayetal NADPH

PC
. P700*
P700

H aAucida pyeta@opdag nAeKTpoviwv

ONMIOUPYEI TTPWTOVIO-KIVNTIKA
duvaun yia Tnv TTapaywyn ATP.

Teaching Tools
in Plant IOIOgY"‘ AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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Ta QWTOOUCTAMATA EIVOI EVOWMATWHEVA
OTIC MEMBPAVES TWV BUAAKOEIOWYV

Plastid
STROMA
LUMEN Cytochrome b6f" 2 NADPH
(Cyt bgf) TTOAU-TTPWTEIVIKO S T o
OUMTTAOKO EVOWHATWHEVO ) NADP
aTn MEMPBPAV ¥
STROMA N uepBpavn
Thylakoid PQ Cyt byf
Membrane
“.c) :
2RO =, @ psi &2 Psl
L PC
AH' O H plastoquinone (PQ- |
2 TTAQOTOKIVOVN) €ival PIKPO, H plastocyar,un (P’C—
LUMEN KIVNTO, HOPIO-PETAPOPENS 'IT)\GO"TOKUGV’IW]) eival
NAEKTPOVIWV MIKPN, KIVNTH, TTPWTEIVN-
OH METAPOPEAC NAEKTPOVIWV
HsC PQ
Teaching Tools > o

in Plant BlOlOgy AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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HAekTpIKEG KOl HT BaBuidwoeic odnyouyv
oTnv ouvBeon ATP

2 NADPH
2 H+T S ADP+P / ATP ATP
Synthase
. 2NADP* \
Thylakoid Cyt by
Membrane
.y
2 H,0 2. .
jAO — @3 psil Pl .
4 H* O, [H*]
Proton
gradient
from high
(in) to low
(out)

Teaching Tools
in Plant IOIOgY"‘ AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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Ta TTPOIOVTA TWV PWTO-ECAPTWHEVWYV
AVTIOPACEWV KOATAVOAAWVOVTOI OTN OECOMEUCT)
avepaka

Aéopguon 1 CO, Carbon-fixing reactions

atraitei 3 ATP kai 0 CO,
2 NADPH Rubisco _
ADP ATP RibUloS6-1 5- * Carboxylation

bisphosphat

Calvin-
Benson

Regeneration ~ Cycle

I
+
q
T
+

ATP  Energy

Glyceraldehyde 3- .
&osphate (GAP) ADP + P, Input
) ) CHO
[Na k&Be 3 OEOUEUMEVO . NADPH " Reducing
CO, mapayetal 1 GAP yia 1 x GAP ower inout
BiooUvOeon ) TTapaywyn CHO® NADP*+H* P >
EVEPYEIQC

Adapted from: Buchanan, B.B., Gruissem, W. and Jones, R.L. (2000) Biochemistry and Molecular Biology of Plants. American Society of Plant Physiologists.
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http://www.aspb.org/publications/biotext/

Mepiypaupa TOU HOOAMATOG

« Elcaywyn otnv wtoouvBeon

@Dwg KAl XPWOTIKEG

e  KautruAn atrokpiong oT1o gwg Kal KBavTiK atrodoon

* [lAaoTidla kal XAWPOTTAACTEC

« ECENIEN Kal TTOIKINOPOP®@Ia TNG pwTooUVOEONGS

o «PWTOOUVOETIKOI» PUKNTEC Kal {wa

* BeAtiwon Tng owrtoouvBeong

» Texvnt ewTooUVOEDN

* Aoun Kal AsIToupyia TwWV QWTOOUVBETIKWY CUUTTAOKWY
* TpOTTOI HETAPOPAGC NAEKTPOVIWV

* [lpoocappoyny 0To WG: ATTOPUY KATAOTPOPWV KI £TTIOI0POWON

Teaching Tools
in Plant BlOlOgy'"‘ AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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Dwc Kal XPWOTIKEG

To @wg €xel oTOBEPN
TaxutnTa, ¢ =3 x 108 m/sec.
H cuxvornta (v) €ivai
aAvTIOTPOPWC avaloyn HE TO
MNKOG KUMATOG (A):

H @wrtelvr) evépyela gival avaioyn 1ng
ouxvoTtnTag: E = hv kal avTioTpdpwc avaioyn
TOU UNKOUG KUUOTOG.

Apa, WG PE MIKPO MAKOG KUMATOG (TT.X., UV)

v=c/A EXEl MEYOAUTEPN EVEPYEIT ATTO PWG MEYAAOU
MAKOUG KUNATOG
Wavelength 1 nm 1pum 1 mm 1m
Gamma rays uv I I IR Radio waves
X rays - Visible - Microwaves
400 500 600
Wavelength am. nm.nm
High energy Low energy
High frequency Low frequency

Short wavelength

Teaching Tools
in Plant Biology™

ideas to grow on

Long wavelength

AN INNOVATION FROM THE PLANT CELL
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To @WCG TTOU PTAVEI OTA PUAAA gival
KUpiwg ot1o opato @aocua (400 — 700 nm)

Paoua wTOC oTa PUAAQ
(umol photos / m?/sec)

Ultraviolet

300

H atpéo@aipa
ATTOPPOPA TA TTOAU
XAMNAG hRKN KUPOTO

Teaching Tools
in Plant Biology™

ideas to grow on

400

500 600 700 800
Wavelength (nm)

g
#

Atmospheric
Opacity
g
1

O NAIOC EKTTEUTTEI QWG O€
TTOAQ UNKN KUPATOG, aAAG TO
TTOAU XOUNAQ PRKN KUPATOG
ATTOPPOPOUVTAI ATTO TNV
atuoo@alpa.

1 I U 1 | 1 i 1
Dinm  tom  10am 100nm 1pm  10pm 100pm 1 mm

Wavelength

AN INNOVATION FROM THE PLANT CELL

T
1em

1 ] i 1 1
10em 1m 10m 100 m 1 km

NASA

© 2015 American Society of Plant Biologists


http://coolcosmos.ipac.caltech.edu/cosmic_classroom/ir_tutorial/irwindows.html

2UVOAIKA Ol YVWOTEG PUWTOOUVOETIKEG
XPWOTIKEG KAAUTTTOUV OAO TO OPOTO PACUA

OAa Ta pWTOOUVBETIKA CUCTHHATA
TTou £gapTévTal ATTO TV

atroppPOPnNONnG TouG.

* Chlorophyll b Bpioketal o€ QuTa
¢NPAG, XAwpo@uKn Kal
KuavoBakTripia

+ Carotenoids (kapoTevoeldn) o€
OAQ Ta PWTOCUVOETIKA CUCTANATA
TTou Baacifovtal oTNV XAwPOPUAAN 300 400 500 600 700 800

* Phycoerythrin (pukogpuBpivn)
O€ KUQVOPBOKTAPIA KAl QUK EKTOG
XAWPOQPUKWYV Kal phycocyanin
(pukokuavivn) oe KuavoBakTipia

XAWPOPUAAN TTEPIEXOUV Chlorophyll a
chiorophviie i ° Chlorophyllb } 2 o
Ta d1G@opa CUCTANATA-KEPAIES 2 pny 5 L
OE0UEUONG PWTOC TTEPIEXOUV =" _ § g
SIOPOPETIKES ETTITTAEOV XPWOTIKES YIaL S Phycoerythrin S &
va SiEupUvouV To PATHA 5 / Phycocyanin }J g 2

S

(@)

>

S

X

S~

ddaopa ammoppdPnong
PWTOOUVOETIKWV XPWOTIKWV

Wavelength (nm)

Teaching Tools
in Plant 1010gY"A AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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O1 BoNONTIKESC XPWOTIKEG OPYAVWVOVTAI
O& CUMTTAOKO-KEPAIEG OITTAO OTA KEVTPO
avn6paong TWV (prooucTnpava

Photon Photon

2T KUAVOROKTHPIO Ol

BonBnTIKEG XPWOTIKEG b 2 Phycoerythrin "
BpiokovTal oTa () 1\&\ E, T
(PUKOBl)\lO'(’)lJGTG ' ” * Phycocyanin | &0 1 L é ] ]
" ‘ : =2  ZuoTAUaTO KEPAiEg
f J-.\ Allophycocyanin (550 é g IJETG(pépOUV
... R ... ot B EVEPYEIQ OTO

f‘ Chiorophylla o § KEVTPO avTidpaong
/ ?/( 7]
@ %’ ' Q,V'G 5 5
S 3
® O |
Antenna complex Photosystem Antenna complex ,
270 XAWPOPUKN Kal : & Opyavwvovtat
QUTA o1 BondNTIKES o€ oUUITAOKOL
XPWOTIKEC BpickovTal ouMoyn¢ dwTog,
oTnVv JERPAVN TWV LHCs

BuAaKOEIDWYV

Govindjee and Shevela, D. (2011). Adventures with cyanobacteria: a personal perspective. Frontiers in Plant Science. 2: 28; Reprinted by permission from Macmillan Publishers Ltd: Scholes, G.D., Fleming, G.R.,
Olaya-Castro, A. and van Grondelle, R. (2011). Lessons from nature about solar light harvesting. Nat. Chem. 3: 763-774.
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http://journal.frontiersin.org/article/10.3389/fpls.2011.00028/full
http://www.nature.com/nchem/journal/v3/n10/abs/nchem.1145.html

TO @WTOOUVOETIKO pACHO aTTOPPOPNONG
O’ £€VA (QUTO ETTNPEACETAI ATTO TO CUVOAO
TWV XPWOTIKWV TOU

ddopa To @aopa PWTOOUVOETIKNG
amoppoégnong  Opdacong Ocixvel To puBPo
ToU QuTOU PwWTOOUVOEDNC OTAV €Val
OUYKEKPIPMEVO UNKOG
KUMATOG QWTOG TTEPTEI OTO
PUTO.

ddopara |
aTmmoppoPnong

XPWOTIKWV
Chlorophyll a AI0QOPETIKA pAacuaTa OpAong
Chlorophyll b avixveuovtal o€ GAAoug

opyaviopoug avaloya JE TIG
BoNBITIKEC XPWOTIKEG TTOU PEPOUVE.

300 400 500 600 700 800
Wavelength (nm) ﬂ

O1 XAWPOPUAAEC TV KEVTPWV avTidpaong £XOUVE
MEYIOTA atroppoPnong ota 680 kal 700 nm.
MeyaAUTEPQ PIKN KUPOTOG OEV (PEPOUV APKETI EVEPYEID
WOTE VA UTTOOTNPIEOUV TV puwTOOUVBECH OTA PUTA

Teaching Tools
in Plant IOIOgY"‘ AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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O1 BakTNPIOXAWPOPUAAEG gival TTOPOMOIES
OAAQ pE OIOPOPETIKA PACHATA ATTOPPOPNONG

Bacteriochlorophyll a

8
L5
(@) Ny
E &
=~
R ?))
+— C
£ O
)
=9 /
Y
o 0
S o bhytyl0,C  MeO2C
=5 6 Chlib
(&)
o £
o 5 /
(j)v »

300 400 500 600 700 800
Wavelength (nm)

Mikpég aAAayég OTIG TTAEUPIKEG AAUCIOEG
aPKOUVE va TTPOKAAAéoOUVE dla@opd OoTO
QACHA aATTOPPOPNONG TWV
(BakTnp10)XAwpo@UAAWYV

Teaching Tools
in Plant Biology™ AN INNOVATION FROM THE PLANT CELL © 2015 American Society of Plant Biologists
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O1 QWTOCUVOETIKESC XPWOTIKEG
XoapakKkTnpeidovtal atro dikTud OITTAWYV OECUWV
avepaka

Tetrapyrrole ring
with Mg in center

Chlorophyll a
Chlorophyllb y 2«
25
n
Chlorophyll a Phycoerythrin & £
Phycocyanin ] & &

Absorption spectra of
photosynthetic pigments

COOH COOH
HsC, ) HsG 300 400 500 600 700 800
HiC ) HaC Hs HiC
AN\ T Wavelength (nm)

Phycocyanobilin

(linear tetrapyrrole) B-carotene
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BioouUvOeon TG XAwWPOPUAANG

* Aminolevulinic Acid (ALA)
v
v

Protoporphyrin IX

Protoporphyrin IX, Trpodpouo
MOPIO TNG XAWPOPUAANG (PEPEI
Mg) kal TG aiung (Pépel Fe)

COOH  COOH j

Fe*, Mg, ATP,
Ferrochelatase Mg chelatase
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Protoheme IX g-Protoporphyrin Lo Soon  J OITTAoU
v v Seopou oTOV
Mg-Protoporphyrin IX- , )
* Monomethylester D SakTUAI0 N pOGeﬂKﬂ p
‘ Protochlorophyllide = Chlorophyllide «oupdc¢»
Hemes :
Dv-PrOlocthfOphy“ide Dark-operative K (pUTOAr] g
* =~ Chlorophyli
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MV-Protochlorophyllide

v

Chlorophyllide

'

Chlorophyll @ and b

Light-dependent
Pchlide reductase

Rissler, H.M., Collakova, E., DellaPenna, D., Whelan, J. and Pogson, B.J. (2002). Chlorophyll biosynthesis. Expression of a second Chl | gene of magnesium chelatase in Arabidopsis supports only limited chlorophyll
synthesis. Plant Physiol. 128: 770-779; Yamazaki, S., Nomata, J. and Fujita, Y. (2006). Differential operation of dual protochlorophyllide reductases for chlorophyll biosynthesis in response to environmental oxygen
levels in the cyanobacterium Leptolyngbya boryana. Plant Physiol. 142: 911-922.
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KautTUuAn atrokpiong oTo W Kai
KBavTIKN atrodoon
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[ari;
Skillman, J.B. (2008). Quantum yield variation across the three pathways of photosynthesis: not yet out of the dark. J. Exp. Bot. 59: 1647-1661 by permission of Oxford University Press .
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[MoooTikOoTTOoIiNON TNG PWTOOUVOEDNG:
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Skillman, J.B. (2008). Quantum yield variation across the three pathways of photosynthesis: not yet out of the dark. J. Exp. Bot. 59: 1647-1661 by permission of Oxford University Press .
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KBavTikn atmrodoon: Moles CO, deuouEovTal
N O, TTou TTapAayovTal avad moles pwToviwyv
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Skillman, J.B. (2008). Quantum yield variation across the three pathways of photosynthesis: not yet out of the dark. J. Exp. Bot. 59: 1647-1661 by permission of Oxford University Press .
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Skillman, J.B. (2008). Quantum yield variation across the three pathways of photosynthesis: not yet out of the dark. J. Exp. Bot. 59: 1647-1661 by permission of Oxford University Press .
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[MAaCTIOIO KOOI XAWPOTTAQAOTES: ATTAPAITNTA
opYyaVvidId YIO TO TTEPICOOTEPA PUTIKA KUTTAPO

Plant cell (outlined) with
many green chloroplasts

ddkeAog (ITTAN pepPBpdavn,
OuoIa e BaKTAPIA) TTEPIEXEI
€I0IKOUG JETAPOPEIG

" 2ZTpwua

MepBpaveg BUAQKOEIDWV

=
® "

The CARBON-FIXING

— ‘ reactions take place in
Mépav TNS pwTooUVOEONC £O6W C : j C:)_) the chloroplast stroma

OpouUV K.a. JETAPBOAIKEG 0DOI:

agopoiwaon N Kal S, Kai n 2H.O " O.+ 2 H* ADP | ATP

oUVOEDT DEUTEPOYEVIV z Mz 29 H*  —
METABOAITWV, XPWOTIKWY,

OPHOVWV, Kal AITTapWYV OZEwWV. The LIGHT-HARVESTING reactions take

place in the thylakoid membranes

Kristian Peters; Louisa Howard, Dartmouth microscopy facility; and3k and caper437
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http://de.wikipedia.org/wiki/Rosettiges_Rosenmoos
http://remf.dartmouth.edu/Botanical_TEM/
http://commons.wikimedia.org/wiki/File:Chloroplast_in_leaf_of_Anemone_sp_TEM_85000x.png

2TA QUTA T TTAOOTIOIO TTOAAOTTAQCIAlOVTAI
ME O1A0XIoN KI ETTEITA OIN@POPOTTOIOUVTAI

Plastids

d 2TTépuara, EUBUIKOI,
UEPICTWUATIKOI, Kal
avaTapaywyikoi
IOTOI.

5& PWTOOUVOETIKOUG Etloplast ) Proplasti

I0TOUC OTO OKOTAO!I

Avon,
kaproi  \> & \
Chromoplast Chloroplast Leucoplast

Anoel?Keuan auuAou, eAdiwv, TTowrEivwy

Amy|0p|ast Elaloplast Proteinoplast

Immage credit LadyofHats; see also Sakamoto W., Miyagishima S., and Jarvis P. (2008). Chloroplast Biogenesis: Control of Plastid
Development, Protein Import, Division and Inheritance. The Arabidopsis Book 6:¢0110. doi:10.1199/tab.0110
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https://en.wikipedia.org/wiki/Amyloplast
http://www.bioone.org/doi/full/10.1199/tab.0110

Ta kKUTTOapa TG Chlamydomonas @épouv
MOVAOIKO HEYAAO XAWPOTTAACTN

NN /

\ /

flagella

\:\ //_ 2TIC EIKOVEC PaivovTal Ta BUAAKOEIDN
chloroplast (mpd&aoivo), apuAdKoKKoI (Kagé) Kal hia €10IK)
TTEPIOXN], TO TTUPNVOEIOEC (PY) OTTOU YiveETaI N
o0éapeuan CO..

Engel, B.D., Schaffer, M., Kuhn Cuellar, L., Villa, E., Plitzko, J.M. and Baumeister, W. (2015). Native architecture of the Chlamydomonas chloroplast revealed by in situ cryo-electron tomography. eLife. 4: e04889.
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http://elifesciences.org/content/4/e04889

Ta QUTA TTEPIEXOUV TO XOPOKTNPIOTIKA
Grana ota OUAaKOE£1IO TOUG

= MeUBPAVEC OTIC TTEPIPEPEIES EIVAI [N
EQATTTOMEVEG EVW AUTEC QVAMECQ OTA grana
EQATTTOMEVES. AIAPOPETIKA PWTOOUVOETIKA
oUMTTAOKQ BpiokovTal OTIC dUO AUTEC
TTEPIOXEC TWV BUAAKOEIDWV.

Louisa Howard, Austin, J.R., et al and Staehelin, L.A. (2006). Plastoglobules Are lipoprotein subcompartments of the chloroplast that are permanently coupled to thylakoid membranes and contain biosynthetic enzymes.
Plant Cell. 18: 1693-1703; see also Staehelin, L.A. (1976). Reversible particle movements associated with unstacking and restacking of chloroplast membranes in vitro. J. Cell Biol. 71: 136-158.
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http://remf.dartmouth.edu/Botanical_TEM/
http://www.plantcell.org/content/18/7/1693.abstract
http://jcb.rupress.org/content/71/1/136.long

EQ@amTTWHEVA KAl NN-EQATTTWHEVA
BuAakoEeIdN £Xxouve DINPOPETIKOUS POAOUG

PSIl o ’scpa.md)ueveg buAaKosléﬁg UEUBPAVEC

PSII BpiokeTal Kupiwg o’
EQPATITONEVEG NEUPBPAVEG, Ol
ATP synthase kai PSI o€ un-
EQATITOUEVEG, eVW N Cyt bf
TTavTou

% PSI-LHCI ¢
supercomplex ¢

Daum, B., et al., (2010). Arrangement of Photosystem Il and ATP synthase in chloroplast membranes of spinach and pea. Plant Cell. 22: 1299-1312; Nagy, G., et al. and Minagawa, J. (2014). Chloroplast remodeling during
state transitions in Chlamydomonas reinhardtii as revealed by noninvasive techniques in vivo. Proc. Natl. Acad. Sci. USA. 111: 5042-5047.
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http://www.plantcell.org/content/22/4/1299.abstract
http://www.pnas.org/content/111/13/5042.long
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Pribil, M., Labs, M. and Leister, D. (2014). Structure and dynamics of thylakoids in land plants. J. Exp. uut. vo. 2ovu-aoic uy pernmsorun ur warud
University Press . Von Wettstein, D., Gough, S. and Kannangara, C.G. (1995). Chlorophyll biosynthesis. Plant Cell. 7: 1039-1057..

2TiIfadeg Grana
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http://jxb.oxfordjournals.org/content/65/8/1955
http://www.plantcell.org/content/7/7/1039.full.pdf+html

2uvoyn: Qwg, XPWOTIKEG, KBAVTIKNA
a1Trodo0on Kol XAWPOTTAACTEG.

1° BApa TNS pwTOOUVBEDNC €ival N SEOUEUOT TNG PWTEIVIG EVEPYEIAC OTTO
XPWOTIKEC OTIC OUAOKOEIDEIC HEUPBPAVES TV XAWPOTTAACTWV
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