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I. Introduction

I1. Photosynthesis and Photorespiration
I1I. Plant respiration

IV. Plant carbohydrate metabolisms

V. Plant lipids metabolisms

VI. Nitrogen metabolisms

VII. Response to plant pathogen



Plant Biochemistry

Outline
L Introduction

IL Photosynthesis and Photorespiration
IIL Plant respiration

IV. Plant carbohydrate metabolisms

Y. Plant lipids metabolisms

V1. Nitrogen metabolisms

VII. Response to plant pathogen

* Involvement of biochemistry in plant life cycle

» Bioenergetics consideration
+ Aspect of enzyme

+ Compartmentation and organelles
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Food, Phamarceuticals, W 0,/ #n GO, Hawiunirazdaiimaninaiu,
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Cremisal compounds gty
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Lipid (unsaturated and saturated fatty acid, wax)
Amina acid and protein {(storage protein, enzyme)
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Hormone,
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N-compounds {Alkaloid, non-protein amino acids, ON-)
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DTN YD (water, mineral, inorganic cpd) (g0

\ M
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Diffusion : Conc gradient,
Osmosis © conc gradient, -- short distance

Pressure-buik flow -- long distance

« DIFUNIVDIE SN membrane
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=
- U

o

U [#17] LLa% permeability of membrane

. 4w ) .
Passive transport YUNY conc gradient [high] wgs(low]
Active transport T9W8 391U [low] g [high]

Facilitated transport [highl-we [low) ¥ carrier, i 1dmdaiu




Wopia e (Bioenerpetics)
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« mafnmlfsudlamwduiifatuninlusaduaz e ihasaaiuFasdan
o jaas o A Y = w .

- maialffsendaniifardoetuniafougiwdaau (energy transduction process)

Gibbs Free Energy

AG=AH-TAS
AG <0 means Exergomc favorable process
AG »0 means Endergone, reverse process favored

m-m]ﬁﬂuutﬁ@awﬁ'&aﬂuﬁmzug‘“ﬁ%m%q Al
AGY =-RT In K,

(R = Apafiaasund, T = fuURi, K; Keq = mmmmﬂmmﬂgﬁ“&m
« A G Muenfifmisaesdiizen

« dwmduan G¥ raijiten MifmALATTS (couple reaction) ABNATINLEN
G” auAav)Ten Coupled Reactiohs

For

A === B (AG" = +10 -kJfmiol) and

<= D (AG” = -20kT/mel),

&+ Ca=s B 4D (AG" =10 - 30 =20 klimiol)




Energy Generating Systems

1. Hydrolysis of energy compounds
(High B) ATP+H.O smsb AMP+2Pi G >-60 kl/imal
ATP+ HO saatp ADP+Pi ~G"= -30 kl/mol
ADP + H,0O mesp AMP + Pi ~G" = -32.2 kJ/moi
(low B) AMP + H,0Q mspadenosine ~G'= -14.2 kJimol
GTP, UTP, CTP, Acetyl CoA,
Phosphoenol pyruvate, Glycerate 1,3 diphosphate

2. Oxidation-reduetion reactions

Oxidant = Oxidizing agent A3V e-
Reductant = Reducing agent A1 e-
AL, +0,-mmb ATHO,
reductant  oxidant
A+ e-wamp-- A- A QD reduced Reduction U e (U Fet -mmemr Fe**
A~ wmsmp—- A+e- A-Qf oxidize Oxidation 1Y e T T O — Fe*

« Redox potential measures potential to accept or donate electron (E”)

0, E'=+082V

NADH E'=-032V
e- 10 NADH el 0, ; 0, gn reduced; NADH Q0 oxidized
FMN/FMNH E°= -022V

NAD/NADH E'= -032V

e- 910 NADH azate 11/1% FMN/FMNH

A= aF AR = SIHARTIHATIZU04 o Row
n = number of e~ flow , F = Faraday constant,

E' = 1A 1IMIeNA 1999481 redoxpotential
B Foatiputiu + Sa9ufiu spontaneous reaction
Light driven oxidation-reduction reacticn

proton electrochemical gradients across membrane




Aspects of enzymes
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« seulglimihfidudasnl§iTenls idesneulddluinReuiinmamaiad fidelw
\WeRATEALINAIILAES transition state
w o = = s ]
Trens@ady substrate wasiavinufizenau g Wdaglufianredimansaninlbiie
ar LY ana ) 8 2 o

nsaamdsunsziuralfide (active energy) as ¥il#nnzulae substrate lehTiu

a &
product intdiEaiu

oo ] ar o a

- eyl azhin/feunasiwemd tnuddsyranlfife

roatlion Pathwal mwsmie
1658 GARLAKD RUBLISHING

CATALYS S

melacule A enzyme- enzyme- molecule B
{substrate) subslrate proguct (product)
complex coraplex

1993 GRALAHD PUBLISHING.

UfA3enaflusemeaaiinsdiiuluwiandu viasaidlas Jaduiludadd
wulaivareaiin wuldiuilsfaendendnsnsiassauladdnfvilaaniu
substrate UazRsrnunARSuaA Tl 1Ty substrate vaaeulgidnly (du
dfidennismelassauigsg )

maleculs molecule molecile mnlecule rivietule
@ 5.8 ety ®
‘calelysis by catalysis b calalysis by atalysis by catalysis b
anzyme | enzyme 2 enzyme B anzyrne 4 enzyme 3

1042 GARLAND PUBLISHRIC




ey

wisieuleiiily 6 mn’lmgﬂ (class) maadneaelfnzen

5 t’;‘asstficatlon 5

'echemxcai Prapemes

O’qureduf;taaes ! f-\cton mang chemlca! gmumngs 1 ac.d QUTeNE hgdmgen atom

Transfe?{ funcliong| grouns:betwesn donor and acceptormalecules:

| vases

Transferasss Transferases thatiaguiate retabolisniby.
‘ 7 4 g pt s;ahate :fremzA P 10- othsr molecufea :
Hydrolases l Adtf water 4Cr085.4 bond, hydrotyzmg |t
Addwater, amimoniaor carbon dioxide acrgss dOuble bonds or

i

remove these eiements to produce double bonds

Isormerases

Carry out many kinds.of isomerization: L t6 D |somenzat!ons miltase
react ans (shlrts of chemlcal groups) and others

Ligases

: Catslyze raactions in which two chsmiczlgroups are Jomed {or gateti) :
Juith the use of 2rerdy fiom ATP :

: 1. Oxidoreductiase \

[ A B emy B-X




wWaniddpoueulnfilssnandan Active site uaz l’:.j_n_c;iingj_iim Faitdnmmsiaiuaad
1. filagagu 3 iR Usenaudiag amino acid éaﬂn@mﬂéwﬁuai%iﬁ’uuumﬂ polypeptide Wy
35, 52, 62, 63, 101
2. fluuTionudng Lu enzyme

s o o . . - A et o A e o
1. 4N i) (hinging site) Phaidnuviarsaeulniinmwinntaduf Substrate
g o w e L .
- Binding site auiinsnaciilulannrnduiy substrate Anmuss Hydrophobic interaction, s
ATz,
ar . . a @ 2 .qlp‘i’: L s . . @
- fnazilssnauday amino acid veasaiwrnAlifandu 1wl Lysozyme 1 amino acid 6 M2
HT4 6 Wne sacoharides
A . ra o , —
- wurifinnnrdadu ruasulnifaaaldsuds i iisnsauiuglitemes substrate
= . L - A PR T o 9 =
2. Winnugd (catalytic.site) thaifnai substrate azfadiffeuefisuoulnliiifia
NARST
- graazitlud At e IndiL binding site

. o da T S
- fnaziliznaulldianniaesiuidds nre wa amino acid wanl azvinwihuaniuss /
afrefiuazlvial 9ae substrate tiafBeu substrate Tl product Gunnsancfilufivin

winfiilin cataiytic amino acid

v fwfl amino acid e flaguam active site Uaz binding site ustlal s
widudengit Arauddyandesdmizesueuled vy R axfod
nneglirnasAnanivinzayidarensdduty sustrate

¢ Raniu seseulafifanuddydentsinuaeenlnd tnefidaudaslums
fruadnumlefesvasmiiorng Lo active site

substrate binding |
 oractivesite |

L 3
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1. §AdU substrate Lm”mmﬂgm‘m ey 1
active site Taakowlas] LT

2. nJz'i"ﬂuﬁﬁmemﬁmﬂgjﬁ’%m’mLﬁ@'ﬂ-ﬁiﬁﬁiﬁwﬁm.- i
m'Lmnmmﬁ‘@mwaamumumwmﬂgmm {active er
A ERGTAL ey

3. MinspacfiiuiGion active site ﬁ-ﬁ;c.a_"_[a_-\ytict:g_rgquﬁ.;ﬁﬁia j
sty Wit substrate iRt substrat

[P n! '. o T H v 1
Hadendinananiminauseneules Wi

1). PBurnueulas 2). U3n1my substrate
3). pH 4. qounnil
5) a3eaulza (Medifier) etc.

1), Psnaeuaulesl

snnsAnedrsuivresiiteiisslaneuls ues aaumansuneulal wudn
- L3 o w 3 ] s Ly A/ i o
Wiatii Funne substrate Aefl dmsuiluninisalfiFenveseuladasaueg i
Wuowveuaulad (giadail 5)

2. Bumees substrate

d 1 i 1 L oy g o
WanuanBuoneulsdliiaed usznuddnsiionasd §ietuiu unm
substrate (gWadad 5)




3 pH

X
1) Ha12d oH iﬁ@ﬂ']ﬂﬁ‘\ﬁﬂﬂﬂﬁ‘ﬂ’} ﬂ’?ﬁ‘t?\iﬂ{]ﬂﬁ‘ﬂ"l’ﬂﬂ\‘]L@l&lﬁﬂ"%‘lll&ﬂﬂﬂﬂ pH 284

mi‘awmﬁ ﬂgnsmﬂmL@u"lﬂnmvmmuimm 1 pH aavasazm ey anAd
Wit (pH optimum) dlasann pH HrastaL ?zm{LW‘Wﬂummrgﬂm\,mmulw R
substrate

«idladRausnnazisalizen 1alugag pH 5-9 61 pH Aivndn vidagandiil anasin

& a Y \ - =

Phenltleulad@uaniw fieeaan 30 stucture gnsang wiitiaulsiunesda
de yuid o . e a . ‘
InelaRy pH LuNTH 1AM 11 pepsin sizaldusnauan 1y alkaline
phosphatase

2) Bvisnares pH samuadosyeaeules  Inadweulsdly preincubate Al pH
e ihunatadnaliaanuyinty nalflunifimeed activity seaaulsd udo
4 oA
Fovaulnd 9 pH BN97) 87W7 activity ¥ optimum: pH

 m u 4 oe A . o
+utmiuneriinenafinuadesinndiafun pH AwAnd19ATn pH optimum
e P T LRI TR T L)

enzyme A

/

Fotative
enzyme
activity
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enzyme A enzyme B

[ N

welatihve
enzyme
activity

4) ua18d Temperature Aaewlny

= o o 9 =3 Ly o X I e N (3
» s Temp s ldnedovealfiteniagg wiliiaddn wmanzieudin]
lulilsfuiidl 30 structure Hfudaw waenieulsdisol§iFon 1 enlnt
o . o
azfiaafl 30 structure Muwsvandilvivg R 184 amino acid Ipaianznss
active site {nadriaaameminzfiandduiu S uanfioaljien s
+ 3D structure avaspliFassiasenAaussmgnadaunaaiun:s noncovalent fne
L) 3 ar 1] dv 1 ' o & g// A A A‘
Frunuinn Gntuszumarisrhauinsgniane deinlledis emp Wigaau
lumauurnazinlidnsuiraadfitawi mesinlinanudiduees €8
JA I < = .
complex LANT Wi grungfiinaudn audnliiewlsli@eanwly asvinl
gmrnFirenlfitoranas
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100 7

%
initial
activity 30

Time

8 @asfaudag (Modifier)
" - i f o = . (TIPS
« Moditier rsinanaiinn fenroauandnsiderealiitaisulailiduawiie
- o = & - ' ' . .
aradls mwmugmumﬂummﬁmmm@n Amy e dauluaidluans intermediate vida
= = o e

gnruAnnaniniuluuaung metabolism, Tans uazinaiiu

o a - A sl ) ‘ -
- Modifier ANsnALITL active site viTantaRndun e active site 19aiauland

Modifier 1 2 uuy Ae }
1) Positive modifier Wiemanaziu (Activator) Suavia Wisne Faaeelfiffeneueuladifiu

ulmivansriialiannraiwuld vieianludnm Gafidaunnwnlaid
Fanszdy fanssiuscuvn)diu metal ion wazBnciiu Tannsnarafuszniaednu
el domzduuaiinduans intermediate WemmRnuesf AR U
metabolism TaglUduriuynadnannuaulsd

.
2 Negative motifier Wi Afiuta (abigion Teaditldane m'umﬂgnsmﬂfaqmu‘lmuﬂmm
.o E - . o I~ o
FdiugnsoduiueulinNuTn active site WiantnTnoauibild active site 2a4
aulpl




aeeuRNmMIIMI YR LAl

'
el

. %7 metabolism LlAReduf Rate geganaanaan axiiinedaeas el cycle 7
174 metabolic patheway Qné’ué’qﬁﬂﬁﬂﬁﬁ?ﬂﬁqmﬁﬁmq Aaulilld Fudn
mnn"fa‘mw}umi‘ﬁwmmmL@uimﬁﬁgéaﬂﬁﬁ?mmuqm (Rate limiting step) 184
3t

At

1). IAYLANLUL Allosteric  {Allosteric Regulation)

2, ma*muau'tmmmﬁmmmﬂ%ﬂauuﬂmmmﬁ {Covaient modification)

sl |

3). merquanlngnIgfn Proteoiytic activation

4), mearuAunIdLATzikasaaeienlnl

1) NMFAAMUANLIL Allosteric (Allosteric Regulation)

- Aliosteric Regulation Lﬂumﬁ‘muqm‘iﬂﬂm?ﬁﬁ‘fumqamwﬁm V4 ligand
(3ain allosteric effector) Lﬁﬁuﬁ’uLﬂuiﬂnﬁmsau’%*l,f;m%dw?i@gjLmnﬁmmnmn
Wi active site udndualdianmansnsalunindaljizesauoulesl
[fiaidaanas

. Ligand : organic molecule Mifleuaén wu ATP , Tsfiuifiounadn,
substrate 99 product

« nnadumes aliosteric effector i allosteric site azwilinah ifoulniiulagulase
a as P . s ;
ullal mldpapanunsnunnedi substrate wee ligana 21 e agly

guiussammazdomafing
‘}@ viinndumaluTatgauid

y,
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« angd Y (FontineiAe Threonine) .
Fhugnesadiu dau A BC usx D Feedback Inhibition
usnnans was X (lufaeeaiiils o
Isoleucine) illunan@ngavineves

Threoning

8 E1, E2, E3, E4 wax E5 s oneiesonece ool Enzjime 1 Threanine Deacalnase
ol o laas o o ; _ _
wulnfdulfiienaudf i g tovote ot stoucinn,
. ; (rsunne)
X omargnitldlu suostrate ; N
© apsewlnli@daw annfdiand [1#permégiate s

ERZyme 3

Antermad gteC;

nasien X W Raléddae v liae

v i :
NITETANY8Y X Avhuaadiied i ¥ Enmmea o
Y T o @ ! M (Thﬁéonina dessiingse)
Aansilaliians ¥ grRendlalifiu :
v & v . Enzyme 5 Low lavals of ¢
X Toe X azlidiudainismienuaes

ET

= -
2. meajuanlaanisiiansilasundamiand (Covalent

modification) Aaaulailuana
- ihimasenlasnaadseeu sl fisenieulsiEws vinlheulsil
#n3150gN

- activate (indanansnLsel fRTeq1#)
- deactivate (M lua s AR 18 Weinnuliliassy

< & L) ]
+ iy - M3fin phosphorylation! dephosphorytation Faflunisium) Phosphate
Wran siamy phosphate aanaimanlig

3. mranuesiannIginia Proteclylic activation

el le ¥l d sl ldd bl i3

«fummsgfunsinemeseulnfeglugnilisansos U §ise
(proenzyme) Winanaidueulnfiswl§ield  eaannisinauas
proteolytic enzyme

ar

v fethueulmgnacandianszuountsil i trypsinogen - aieafugen—
gelifanididn—eoadu trypsin
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4, ﬂ'ﬁﬂ"&ﬁﬂuﬂ'ﬁﬂ%ﬂ"i’\ “LL‘Rw’d’&’iE‘IL’ﬂu‘L‘ﬁN

. mnmﬂnm@.u'l’numﬂﬂgn?mmqﬂgmﬂwm diansiannngs g
dledlevdenadiieia Wanuldammuadenfifmunlay

« e 1 2 wuy
- ATUANNNS transcription (MMIAAATIZW MRNA)™ wWUNIN
- ATUANNG transiation (Nsdnaselusfiuain mRNA)

I3

ATAYLANRTARN e
e nm Iy \
- eulmingnacupulnediilaziduaulnfibiannsoflagludadnananan
me.,ml,flwaumwmfamm ez Thaylgs] N proteolytic degradation
taneanoielmTmenil

il recalving

\mwrne\‘wn%

3 Fcanacily for
movement and
sipansion

- import m’i

oxport of
maleculas

Compartmentation

1. Comparimentation wanalios

i eukaryotes, faspuilaidoaseds@nininaas
metabolism ﬂ'ﬂ mﬁ‘@mqqm‘vmummwj 11 metabolism
1470 subaeilular compartments flmaNanng

+ Eg. enzyme 7 catalyze UfjATen13&uALH fatty acid Az
2t cytosol WAUjATEINNAANE fatty acid ag
mitochondiria.

) o a . =
+ Compartmentation A3 iiaN17ALAN metabolism AT
AR Ay

+ Ml metabolites 11agsanii uasdrafanIAARNILER
enzymes TutfiRzen.

15



2. Comparimentation ghenzymes complex

8 ot luead Tnafinneda G Enzymes ﬁLfﬁiJ{‘jﬁ?ﬂ'ﬂu pathway 41
C eauAuTe multienzyme complexes

= dobenlmidal it nailng

enzymes AINAIRLIL membranes g good for interaction.

, tlaafuntsuwengrans 469 metabolite

spacialization of issues

4. Compartmentation

s sun K ol A o e
Fldidaitetiunumwiiaumy |

i site-specific reguiation of metabolic processes.
- I I wed o . 6
dinfindairtiareweulnMdlueadrnauuwnnsari

Coll ol R
!

0L A B

s SR Fadaaank:
8 Girrnn




2. Compartmentation 2Nzymes complex

Ty multienzyme complexes

leulnlisal fiensaileq

enzymes Ax3INA0E L membranes ) good for interaction.
. teeriunIsunsnazans 104 metabolite

. Compartmentation specialization of tissues

Mlsidladeffunumwifidamay
\im site-specific requlation of metabolic processes.

& =

Ei" d’ - d’d‘ 3| o 3 o
welteasirinveweulmifidesflsznauuansnaty

B \indunelugas Tnefinisdace Enzymes iaufiiGenlu pathway sn

Cilbpsembionm: Nk

Eriedenplassnsic sisthowrn with
5 ribosomes el

Chitnoplin
/

™ Rilwssamse

* Phisng memboe

© 2003 Thomaon - Yadawarth
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information

B1998 GARLAND: PUBLISHING

export of
molecules




1.Nucleus

Central of genetic control in the cell.

«  Contain DNA, RNA, some proteins outer
nuclear
«  DNA replication, transcription nuclear rhembrane
envelope | inner
«  Components hiicladr nuclear
i ¥ membrane
- Nuclear membrane (ihuiiiatu 2 fu) e ER membrane
- Nuclear pores mLARMSIENannaada 7121 5 R lymen

= &
nucleus AT dAIUB"| TBAUGAL
=l o
- pore VAN nucleus NU cytosol / ER
- Nucleolus W{IuLF1atund DNA, RNA, protein 1nqaiin
(axlarin47)
P oy o . 1
- Huidiiinisa¥1e Ribosome (~rRNA) 3y
AURLNDBNUAN
perinuclear

nucleus Lﬁ’ﬂﬁ\ilﬂ?’]Zifi‘Tﬂ?ﬁu space nuclear
pore

nuclear
laming

©1999 GARLAND PUBLISHING

2. FEULLNNLTUADIULTRR
(Cytomembrane Network)

Al o ) ' o =l
Wusziy Aifinneduiesanstiin organelle sine) sz ladod
5197 Lmadviie secrete aanuaniead

1 k7
= w

Protein Mignaf1aaiuanluily eukaryote
- ueriafigndslile cytoplasm e ldanuiud wiedlue organelle
- Al imadan dnuszLy membrane network

Membrane network 1l3znavudne

2.1 Endopiasmic reticulum
2.2 Golgi apparatus

2.3 Vesicles




Transport of Protein

TRANSPORT
THROUGH

| NUCLEAR

< PORES

TRANSPORT
ACROSS
MEMBRANES

©
TRANSPORT BY
VESICLES

©1998 GARLAND PUBLISHING

Membrane network

4 late
nuclear envelope &
i " % endosorme
<5""\

endoplasmic
raticuium

Golgi apparatus

©1998 GARLAKD PUBLISHING
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Vesicles: Transport of bio molecule to target organelles

|_DONOR ORGANELLE |

coated
vesicle

[ TARGET ORGANELLES |

docked
transport

CYTOS0L vasicle

®1998 GARLRND PUBLISHING

3. Peroxisomes and Glyoxisomes

s

oxisomes hugeussqeuln@lindfdeasaonanlei wesnsnass
1w (Beta-oxidation)

* NANBRIO9UNATET ALl Hydrogen peroxide Fafldumsesiamas
-H,0, maaneliiflu 0, uavi Inenoulml catalase 14 peroxisomes
laane ETOH (wgadiunazln)

o &0 s 4 H o %’ as { &
Glyoxisomes (wuluie) faulasiimding waenliiuuasiiufiasan s
Wudeng
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4. Mitochondria

wibii : cellular respiration a¥awdsendlugy ATP
Structure :

Outermembrane
Intermembrane space

inner membrane Haulm u electron transfer oxidative phosphorylation
adamszf ATP

% L e

NITUNNLTEN membrane F98RNNUAR ATP
Mitochondrial matrix : citric acid cycle

11 DNA uaz ribosometadsaiey

T
e e g

9. Plastid

3 types: chloroplast, chromoplast, amyloplast
Chloroplast : Photosynthesis, Carbon metabolism
Thylakoid membrane (light reaction)

Lumen
Stroma (Dark reaction)

il DNA us ribosomeve9iL84

P 2 T g

inner membrane....
,/" e

cristas
#

_nOUtEr IMembrane..,

~=-intermembrane space-
e MALFIY strama -
thylakoid space.......
e, ot 1] 1

.

S FbOSOMEs e

thykaleid membrang-

®199% GARLAND PUBLISHING
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Photosynthesis reaction in Chloroplast

CYTOS0OL

1998 GARLAND PUBLISHING

Light reaction : Electron tranfer reaction

shtenna i

Al
con'iplex m

_ e
STROMA ’ it

thylekoid g
mertn-

brane L

i
|

|

i ; movement of
water- F plastoquinane plastocyanin ferredoxin  protons down
splitting ot their electrochemical
enzyme R+ A e proton gradient

THYLAKOID . : i

SPACE

{585

®1998 GARLAND PUBLISHING
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6. Vacuole have multiple functions (in plants)

3 [
ADHTAUME Tonoplast

L |
UUIMN

*Maintain cell turgor

*Storage function (nitrate, phosphate, malate, carbohydrate, protein)

- accumulation of osmotically active substance

*Recycling (hydrolytic enzyme for protein, nucleic acid, polysaccharides)

¥ senescence

*Waste deposits

(&)

Vacuole and lysosome

HY
ATPase

vacuole

membrana H*

nucleus

cell wall-

©1996 GARLAND PUBLISHING
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7. Cell membrane

| phosphatigyicholine gl cn]i]nd
y y
: sphingamgelm
cholestaral

ﬁ, ’%;

i ’ g

/ /
phosphatidylserine / phosphatidylethandlamine
phosphatidylinositol

£1998. GARLANN PUBLISHING.

EXTRACELLULAR
SPACE

CYTOsoL

11998, GARLAND.PUBLISHING ..

synthetic
lipid
bilayer

©1398 GARLAND PUBLISHING
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IT. Photosynthesis and
Photorespiration

t line

1. Light reaction and photophospharelation

1.1 Pigments, Light absorbtion and energy conversion, Return of
chiorophyll from the 1% singlet stage to ground stage, Antenna

1.2 Photosystems and electron transport pathway
2. Carbon reactions

- Calvin cycie

- CO, Fixation in C4 & CAM plants

3. Environmental effects on photosynthesis
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- filasaasrailu tetrapyrole ring (3 Mg atina19lAgaas1e) A phytol tail

(hydrocarbon side chain) siaas]
- NSRAUATIEI precursor AR 8-aminolevuleic acid (ALA) %ﬂﬁ'ﬂm?'}xﬁm

{10 glutamate

 Glutamate #% = ALA: ¥ Protoporphyrin IX = Mg-protoporphyrin -

= =5 = = chlorophyll a s chlorophyll b
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chlorophyll ilzﬂri')@gijfﬂ chlorophyll- binding protein

(A) Chlorephylls
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1
Chlorophylla b Visible solar spectrum

A7 f - Chlorophyli b T4 Bacteriovhlorophyll
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Carotenoids

] ol =
- B8 lUNTRANRULAS ANENIARY 450-500 nm
- RaA5IMNNAIN 8 isoprene units
. TAseasslsenaumas conjugated-double bond e8¢ hydrocarbon
- Huanenin bAn carotene, lutein, zeaxathin, zeoxanthin
v oal ;
*WUINYIUDYE carotencids

*1. Accessory light-harvesting pigments ‘1 mfimmnauum WA
AaWA191ULES chiorophyll
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Light absorbtion and energy conversion

quantum U4 N30 photon iy aumﬂﬁmﬁwﬁwm (energy-
carrying particles)
=hv=hc/lamda (h=6.626 x 107 J*sg » ¢ = velocity of light, lamda =
wave length)
« 1714 1 Binstein = WA H11970004 1 mole
=hv*N
=50 keal
(N= Avocrado number, hv =photon)
- Awldrauna visible (Blue— red)
*  Quantum efficiency : | molecule photosynthetlc product i]wﬁl@ﬂmlﬁﬂ

duannirIns 2m1 Tiana o, MAAIIN oxidation veniwealdum g
quanta

ll

J Imcnszty VG LAl THUA energy nio 1 photon #1@ WHWU’E’NEIU
Ao

pigments A1 1181 (photon) WA4911 114 photon

wmam‘w"lﬂmn photon Ilﬂ’n"lﬁl‘tv‘i electron U9 plgments ‘VIE]ULMJ lower-energy
orbital Lﬂaﬂumuwm‘lﬂamwﬂu energy orbital wmmu laun 1¢ singlet stage

]

o 4 [ [ ; = = E;
s zduwds91v04 pigments W/3ou91n ground stage 111U excited stage

i 3
© MIAUAMNUY orbital V04 electron 11711 1¥1An resonance form U84 conjugated
double bonds 11 tetrapyrole ring Y94 chlorophyll a1 hydrocarbon Y94

carotenoid
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Fluowescengs

UNUINUBY carotenoid Ao photoprotection

+ muldnneifnnudunaage E narefiminiduliloz lnssdu
I Chlorophyll ﬁ’h’s;r' 11¢ triplet stage ("Chl) WA991UUD4 *Chl 9%
W ld 0, Aoy singlet oxygen (102)

* carotenoid AM1INTY excited energy Y93 °Chl tatlo ey luly

1in singlet oxygen
= oo ci 1 d‘ = . . .
- HauAtenfny My, AWM block carotenoid biosynthesis
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Return of chlorophyll from 1* singlet stage to ground stage

. wdani chlorophyll gANTUNAIUIET a1 1Y - lilaglu
5¢AU 1% singlet stage a7 e ﬂ”ﬂﬂﬂﬂﬂﬂﬂ‘i’\lﬁﬁ\ﬂmmwﬂﬂUﬁ
ground stage 3nA3a1% d1035 13 deit

- MuNen excited electron Jlfams T SJHﬂW}N“] Ty photosynthesis

system VI‘VITHLIWIJ.‘U?..! clectron acceptor it chemical product 138A
ﬂ‘i“"]J’JuﬂTS‘Ll’n photochemistry
ligth-- fluorescense
- heat
minfliman1salfii ¥ E usradhg photochemical rx Wild Razimdons 2
=

¥
NNAD heat, fluorescense NS 1ZALTUMIIAA photochemistry T4HAALA1

heat & fluorescense

ntenna capture light and transfer of energy to
r'eacﬂ'on center

*  Antennae ﬂﬁwﬂaﬂﬂmaimaﬂaiﬂmum chlorophyll meﬂg (protein-bound
chlorophyll molecules) wmqmummumn
+ Amihiigad photon tazsemennFe a1 reaction center UAY accessory
pigments (carotenoids)

da 4
* 1O, MNAYU / 2400 chlorophyll molecules 1182 / 8 photon

. msmﬂmﬂwawm (photons) 910 chirophyll 1184 chlorophyll ma;j‘“ﬂﬁu 2
& w Wy
AnTwile chlorophyll M ssaafulufiemiafimanzay uailogaiudaly
NIWNa Inmsthanen photons
« Chlawii reaction center 1182 antenna, Chl b WUMWIE 7 ant enni

* Antennac #41)3gnan 1"11‘?1 20 carolenoilds Tuda A caratenoid/ total chl -




Antenna 1 2 g

*  Light Harvesting complex (LHC) : $9U39M@Y/ exitons

*  Core complex : 4 exitons 111 Photosynthetic reaction center
(PS 1, PSII}

O
EYEITTTET:
9 5 A

Photosystém | Photosystem It
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complex
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thglakuidg:
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splitting N their electrochemical
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1 dauilaznanirng o lu photosynthetic systems

Photosynthetic system 11 (PS I1) 152navudne Antennae (LHC II, Core complex) 11ag
P680 Reaction center

Photosynthetic system I (PS T) U52N8URAY Antennae (LHC 1, Core complex) Wag P700

Reaction center
LHC 984 PS I /11 PS 1T 931901
w LHC I maouilm LaC 18 iedluannnsenuannan s LHC I naouihild
Sn1dauued PS 1 uaz P 11'inaft wlsifua condition HErgInnHieon
+  Plastoquinone
+ Cytochrome b fcomplex
«  Plastocyanin

*  ATP synthasc

2 =.. @ '3 1 i .
M390T69A1v09 BaR152n019 T photosynthetic systems U thylakoid membrane

¢ Photosynthetic system II (PSII): in appressed (stack and granal)

membranes

L] 1

* Plastoquinone : EJ;EJ‘UM PSII uﬁmmmmﬁauﬁaﬂwmw PSTI

a

A cytochrome b6f complex
¢ Cytochrome b6f complex : N3EIWBY AN UAND VU membrane
*  Plastocyanin ; afﬂu thylakoid lumen

* Photosynthetic system I (PS 1) : unstacked and stroma exposed

membrane

* ATP synthase: stroma exposed membrane
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In the light, PS II functions as a water- plastoquinone oxido reductase, transfer e- from

water to plastoquinone (PQ) ‘

PSlllﬂu intregral membrane complex a4

ij‘iﬁﬂﬂﬂﬁ’?ﬂ LEC I, core complex 1Lay PeRO

Gtroma
rx cenfer.

Tstiunszneudrudlu ps 18 > 20 viin
proteins 1dun

- DI, D2 : SUNV e~ transfer prosthetic group
i P, » Pheophytin, quinone (QA,QD)

- CP43, CP47: 3UDY chl a antenna
pigments

- 33, 32, 17 kDa : water oxidation

- unknown protein : cyt b559

* P, center iull‘,lJﬁ)glﬁ)‘U quinones 2 %1 fo Q0.

X0, Rty the 1% e- accpetor, Q,, {l oM - acceptor.
+ matve- 00 P W Q, iz o, § 4 dunon:

I e- mw I azlaeseenain Peso Jn Pheophytin -uazenn i @, ifmiu o,

2 mn‘uu e- g Qﬂm"l'ﬂ“lw Q, 1A1A semiquinone Q, 187 Q, “azlfeunduiihy Q,

3. e il 2 filavuaanoin peso - 1114 Pheophytin uazdediold Q, 11nde 2 faifiy
2MQ,

4, 2Q, dv-1d QB'Lﬁmﬂu Q% uaz 18 @, nfufuan

qmmn the fully reduced Q ﬂ‘i]w‘i'u protons (H) 2 §12910 stoma 1AALTIL plastoquinol,

QuH, " O PQH mﬂuu ﬂ“l?}ﬂ’ﬂuﬂﬁ)ﬂﬂiﬂﬂ psi Tenu lipid bilayer U89 thylakoid
membrane L‘W’ﬂ’d\‘l e 11 Cytochrome b,f




Uszneudat e- carrier 3 ¥iin ;
- a high-potential c-type cytochrome (cytf)

- a high-potential 2 Fe-2S protein (the Rieske
Fe-§ protein)

- b-type cytochrome (Cyt B

A

Cytb fopx mthiindouthe 2 e 910

plastoquino! (POH o Talls¥ plastocyanin (PC}
e A 9 d

S UVUENUNTAADUEY 2 e~ NIZINT

aou 2 1 Hsﬁ’t.:f lumen U84 thylakoid
membrane

b First turnover

Strona

(B) Secord taimover

EREY

L




Proton transtocation via cytochrome b6f is though to involve Q-cycle
Cyt b6f cpx b quinol binding site (Qp) ﬁdi}ﬂ W4 lumen @z quinone binding site (Qn)
'e‘Jgj:F}h stroma U®4 thylakoid membrane

#l Qp site (luminal side) : quinol (PQ* ) 92e4 ¢ 1 913 1119 Rieske Fe-s center (111
o qu " . [l IO .
1 quinol ARG semiquinone, PQ7) 1A% Reiske Fe-S 92d9 e- 19/14 eyt f
P v g oW T ) ) @ @ — Yoy
How g E‘}‘i plastocyanin (PC) AUtz imsnaaud 182 H+ 1 st

lumen

A e- B | 1 VB9 semiquinone (PQ7) 9284 ) 1o guinone (PQ) 7 Qn site {stamal
side) Aaudly semiquinone (PQ)

2937 2 ffﬁ]“l.ﬁﬂﬁu%ﬂ L 301 lpomsiiansad 2 ¢- 0 plastoquinol it 2
(PQH ) Tng e- @]’J‘Vl 1 ﬂﬂﬁﬂﬂﬁl“ﬁ PC @ e- m*n 2 a9l 1 semiquinone (PQ")
ety quinol (PQ%) mﬂuu (PQY) 25V 2 H" 910 stroma uqumaﬂﬂm Qn site
wazildon 2H* (1q tumen nduLUTiL PQ ilondu IR On site Snass

aaftldain Q cvete

- plastoquinol (PQ Dan oxndnzed i quinone (PQ) 1'1 Qp site Hazad e- 1 ﬂﬂ‘ﬁ PC
n 1N PQ fl Qn site 20 PQ Aazdoundu iy 2 e 910 Q. v uaz
mitowin 8 sou Aefildao

2 e-gn aa hfln e

4 H +meunin stroma @f lumen Ha proton gradient (39N1D 4 H+ 910 water
oxiadation 1 PS )

faidealy e- 910 chlorophyll i P680 Tngaaanhugilves quinol (PQH,) 2 Turaga
Cyt bor Whugadifadnsuiivesmsaiomon e fiddaiign

Plastoeyanin (PC) LY soluhle protein aznuvg i 134 lumen Vo9 thylakmd membrane
Uszneudan Copper atom il oxidation stage 910 Cu™ — Cu* 9e3N505Y e- 210
eyt b6 1'ldazedn wloda 1 ps 1




]

=n.

ps 1 dsznevldaaTils@diu ~ 15 subunits
Psa A and Psa B : 900D major e- transfer carriers

e- 910 PC azaa 1 P700 A1l e gnnszduTanaa
e-azgnadlifli A, AL ¥, ¥, F, qao ezds 'l

1 Ferredoxin (Fdx)
Fdx 2 Ferredoxin reductase (FNR) iﬂ'ﬂ‘é)gj

FRN #i FAD il prosthetic gr c‘éamu Wi 2 e
il FADH, 9w 2 ¢- azgnas Wi NADP
I product it NADPH oy N9y dark
reaction 7191/

(A}

s falis)

~i4

-12~

vl

fﬁqﬂ Electron transport in photosynthetic systems
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Cyeclic electron transport chain

- Fox AA%Y e- 210 Ps 1 aznaantly Fax.,
| -+ Fax- aziaRauands e- Wi PQ Fudafifenlng Fdx-PQ oxido-reductase

Qs as P
- Fdx- Asnaunnilu Fdx uasdaunavldd ps 1 an

[

Biromn,

‘uam ATP & udl @d19 NADPH lalld




Oxidation of water produces O, and release ¢~ required by PSII

AT3IPA oxidation VI - MAMNTEYIUNITFUF D UMM BT HA DM
ad g
- INAVUN luminal side w99 PS 11
v - 4w ¥
« oxidation Y84y 9zMTANBUINY 4 ¢ 970311 2 THiana

1H,0mb O, +4H +de-

v

X X % a4 Aw wmnua . . 4
aumsitaztadiunaluiuseuduniiodoafulilhiifn Reactive oxygen species (ROX, O%) B3

o ¢ SR T o 3
dudunnosiesad nalonisdlesiuiiBar i matadidgie Ma = s Tugh

W
Oxidation Y941
« P680 a4 e~ T lumstiomea e- nanendly peso*

+ P60 9Pl e- 1IN Z (tyrosine on reaction center protein) MINALNU T3
¥
naeilu Peso Bnass, Z nanaithi 2

« Mn RN dae- 19 Z+ mp Mo naneily Mo+
Fd @ £l
11919 3 Tugou sxfas1iu 4 70U W1 P6SO dosonon e 11 Tuseny
110N0ABIAAATBUNINA 4 o 1FORIYFaunT 1Y NADPH 1 Tuiana
« 10 Mn 18U e- AU 4 §2 (310 Ma 4 §2, M cluster) 4Ma” 3218 oxidize
¥ ¥ )
112 Twaga daiflu 0," uag e 4 & vinthazd< 11 aMn® ionduan
¥
(Thy aMn Boass (S,)

* ZHO0-w= O,+4H +4c-

SZP . mb hy @HSZP. " o SZ'P. @ §'ZP (8= Mn)
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2. Carbon reaction in plant : caivin cycle in stroma

1 ¥ '
AniadsiaTese co, ulFlumsadraimadl ¢ 3 vzaou (GAP) uazilt NADPH, ATP
#14nn light reaction m”hﬂuﬂf:}ﬁ?awi'm I eyele

E
+ 1380 pathway #1 Calvin cycle 138 C3 carbon fixation pathway

r o
« Gonflynguitiiniina co, unldu Catvin eycle {191 C3 plants
g4 2 =

ado BT o

_—
carboxylation, reduction UQ¥ regeneration

1).carhoxylation phase : 1l 11§A501 Tag 1fia carboxylation Y84 RuBP 18 3-PGA iy
product

P4 3 = aama o )
3-PGA e Tag 3 co, mﬂﬂg]ﬂim carboxylation N1 C5-sugar (ribulose 1,5-
“ 4 W
bisphosphate, RuBP) 3 Tuiafa iisuilu C6 intermediate 3 Tuianadavzgndassnunily 3-

¥
PGA 6 ‘Imaqaﬁuﬁ ﬂﬁniU'lﬁgﬂmTﬂamu"Ecvﬂ Ribulose 1,5-BP carboxylase/ oxygenase
{(RuBisco)




. & B delw yéf“ o oo e o w
Rubisco iflenlaaifi§u 1dis co, unz o, AniuTuiamsuisdudiu
N )
send1afe 2 witaitlumsdusuenlal 1win Rebisco i 0, Tdunfes
#1197 Calvin eycle (Ananas

2) reduction phase : fsyneudas 2 W{A5e il 3-pGA 6 Yuiane nifeuhhil
o

glyceraldehyde-3-P (GAP) 6 Tuafja Tuasuiliinigydl ATP uag NADPH 10 light
reaction nld
ana o’; dl o @ = ar r
1) Regeneration phase : ﬂizﬂa‘uﬂgmm 10 U3 WD UAI N RuBP wuunuuﬂanuﬂ%’im
GAP 3 Tmaqa 2111 phase 2 WAy 3 ATP gﬂﬁmﬂ%’ regenerate RubBy 3 Tiimf}’tﬂ

4 ° s 4 4
aar 8n 1 Tuagaesgmih I lunsdunsien carbohydrate wag winlsznnubug

U chlovoplast cytosol
Triose Pegy  Carbohydrate
Lipids,

N-compound '

Hibslade i
Bisplosphate |
%

@
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CO, fixation in C4 & CAM plants

C4 plants : 917 Twa , §ou, ve1 , dicots UMwila

]

iy Sadni chloroplast lei 2 ﬂq&l mesophyll & bundie sheath cells

7 »
- Environmental factors fii11¥ C4 fingase CQ, Amuu_"lﬁ'uﬂ
: . N |
- Hhgh temperature s CO,/0,0A79 wsp photorespiration: photosynthesis IWUAUY

e A1l 0 ,O vapor in air space l.wmm B xﬁaumﬂ‘luum W 94 6A stromatal
condyctance ..w11wamwmismmﬂaaumcﬁaﬂm i lalFune co, feiunldiu
mydaasznaIanag

-l ca Ianona lndusdoiiu photosynthetic efficiency wazaamstdo lunzis
guuiga

How? 1@.81“3& CO,- wapping efficignoy mmﬂﬁwwmﬁmﬁ stromatal
conductance Fevz i liArTap 1S 1314
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. a3 0o, vee Wy o4 s ldna Tnlumisvhansmfuserhasad 2 ofia fio
mesephyli (10 bundie sheath cells

i mesophyll cells s@nniaais co, udnbwuldoufeglugd neo™ mmiu Heo™ o
s PEP (€3) 10U oxaloacetate (C4) I§RTondignisalag PEP carboxylase

mnﬁu oxalpacetate %Qﬂ’rfﬂ“]ﬂﬁﬂ bundle sheath cells
“ﬁ bundle sheat cells oxaloacetate 9z 01T €O, ung C3 acid
Co, %Qﬂﬂ'gﬂﬂﬂ Rubisco W Calvin cycle
49 €3 acid 9 gnaandu TR mesophyll celis ot dums 124 pEP iondu 14 1ws]

L )
+ @91 - Calvin cycle az3imw1zf bundle sheath chloroplasts
- PS IT uag PS I activities IAAMIAT mesohpyll cells, H bundle sheath cells Tioouan

B N o1 o T 1 ar
- PEP carboxilase 3231 HCO™ 184 u livew o, Hivy lifiamsudeiulumsto
11 enz 53319 CO, U O,

" H

£0s {air}

Mresephyii
i, 2011

Mosapiyli-colt

Fondly stiath vell

| Megeneratiin

Pecarboxylation i

Y Bundle sheath
el
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msiravvounu ey C4 pathway ganruguldidatulumisAfiues iy
PEP carboxylase, PPDK Taw nrsazaugaldiianisyiiauvo aen o 2
w'm protein phosphorylation

o

nwddEam sy st

§: mesuphyll uaz-bundle shreath cells J
AauIa fladwneing: tight veaction i
mesﬂphyll cells ozl €4 acid (oxaloacetate) dalif

Lighe Erark

2 - .
Al phﬂtusynthesm hibvganzTnag e

iieie sefimsnaugud

Loke Bliver Sore activie

ekl ?< {aghe
i ¥

®; 2

CAM metabolism involves the temporal separation of CO, capture

nuluisnuds, ndae’ll, nszueunys--il caticle H

Taia 1 CAM plants wu‘flmmmmnunwsnymmm ﬂmcnaa“luﬁn gyl
g2 WedadSudalanly Co, tixation mechanism Aaaosdted inesismmudarhs
¥01 CO,

'
4

na'le : Waalnnism3e co, udndduuunidiu noo® evhi §iGuidu PEP

carboxylase Ad1EAY C4 imBaTulad Ry If tinmE1IiY

€0, 9vgnaiaing PEP carboytase (luglves HCO™) naunatafu diarirlilvia
ﬂﬁﬁ%mﬁ"u PEP ity oxaloacetate nné’mmﬂ%auﬁlu malate @zanlu vacuole
maeana Y Iana 19 ounsyRalua malate 95QRUUTIEBNINGIN vacuoles 1R
Malfn3en decarboxylated ewAn CO, iz pyruvate iy Co, dzgnnislag

Rubisco

PEP carboxylase Arautunsunalf i Iﬂﬂgﬂﬂiuﬂiliﬂﬁ endagenous
civeadinm rhythms 198 exogenous light & dark signat hiflareniaiamveaeslen
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. Jugr100m13%% PEP carboxylase axagiugy day form agaiudianvirandag

malate i iuneuna1siu wulsilugy night form axligniudiTng matate vilifiu

» 4 k'
aunsornazasay matae I salanisaiugy form W3 2 vewouluiiifeides

iy protein phosphorylation iaz dephospherylation

esp

139 Rubisco ¥ oxygenase activity il product 910 dark reaction ARB

« Tu Chloroplast: 2 Tsana Rubis 1,5 P sxgaafanwiiu 3-PGA 2 Twana uaz 2-
phosphoglycorate 2 Tua fit
+ i peroxisome 1 Z-phosphoglycorate 2 Tuvana sxgnildonfu giyoxylate 2 Tuaga

st mitaghondria glyoxylae 2 Twiana qnﬁ11ﬂsﬂ§uu1ﬂu glycine 2 Tumnalag
transamination a0l glutamate 919 chloroplast mmfu glycine 2Tmaqa wegn
fRenlifiu Serine 1 Tana uenan Serine 13 5114 NH, uag co, iite
1l dadhe glutamate Tu chloroplast A

A Y w4 . 4 &
* VINUU serine ICHBUNAUUIN peroxisome uﬁzgmﬂaumﬂu hydroxypyruvate #3498
20 reduce Taa NADH Lﬂﬁﬂurﬂu glycerate

*  Glycerate ﬂ%gﬂﬁﬂﬂﬁ chloroplast wandewilu 3-pGA n’hq’ calvin cycle 1&8n
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aqlnIiaIuves Rubisco
« WU carboxylation #9214 Rubis 1,5P 1 Tmaqmﬁaiﬁ‘lﬁ’ 3-PGA 2

Tuana

3 Tuana

J01§8u04 Photorespiration Anel ATP 2 Tuana, aa PGA

WY axygenase #8114 Rubis 159 ptation 2 Tmaqmﬁa‘lﬁ"lﬁ 3-PGA

ﬂi’;ﬂa *ﬂmﬁu photodamage, ot mﬂﬁzﬁ glutamate T choroplast tﬁﬂl“ﬁu N-

metabolism
o, Ks] o o}
Carbaxylase \?’f \?j
. activity
?Hgo@ CHO 8 [N HGw— OH % HG e O
|
TR s Faad cHO® cHO@®
H({J DM ’ C—OH 3-Fhosphoglycerate 3-Phosphoglycerate
I—f({t ~=0OH HGwmOH
c"sz@ CHQQ@ g:&\ o “@ P 0
Ribuloss 1,5- Einediolate o ) ¢ + ple
hisphosphate intarmediate ; |
Hci: —OH CHO®
Opygensae . 3 i
n;:fsifvi%y CHO® -Phosphoglicolate
FPhosphoglveerate
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1. 0
¢+ hvem PGB;—»phe-

AN

P

mammmmuumm Reaction center C 32U 1

N .
w oA

Twdsnuerguadahug

+  fluorescense/heat 30

« i Chl
Chiorophyll + E 4#iQ =sp 'Chl

tiie 'Chl ganszdueo azyilvha *Chl Gail half

Light intensity w N o taom
HietNMNH WadNUVDY “Chl ﬁ'ﬁJ"l‘ifl‘ﬂ"lﬂ{]ﬂ‘iﬂT

o a a .
fiv O, el :01 {singlet oxygen)
< inifasnn® PS 1T M PS

«  MSEENen e~ 910 Q il PQ H1ae nanah PQ oglunag reduced stage
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* Introduction

* Glycolysis

* Citric acid cycle

* Electron transport chain**
* Alternative pathways
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Respiration (carbon catabolism)

I

Glycolysis pathway

Fate of pyruvate

Citric acid cycle

Electron transport chain and oxidative phosphorylation
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o L NMIaa18 Glucose (Glucose Catabolism)
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Difference in the regulation of glycolysis
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Electron transport chain
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STAGE 2 OF AEROBIC RESPIRATION THE ELECTRON TRANSPORT CHAIN
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Effect of ADP on Mitochondria respiration J
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Alternative pathways

¥ o
ar @ o

A a P 1 ar ] .
itoifn ON- 1§19 Cyta (Cpx Iv) Al5ing i 0, Samagn uptake g ait N duifs
Tildidan1sda e- 110 Cyta 1i 0,

2.

HiieIAY Rotenone W1 NADH §agn Oxidize Tl NAD"

WAy Actinomyein UQ fagn reduced Tufifhs UQH,

]
~

¥ 1 : )
AUUTNI192T alternative pathway A1 - ndoui 1) 1dvatema Taofilideq
¥
AU complex 199 ATWS ALY

Alternative pathway of e- transport Tuwar e

L.NAB(PYH Dehydrogenase (ND

“extema)

)

+ 9gA1UBNVOY inner membrane {1150 oxidized NADH 130 NADPH fi1191n
cytoplasm 4

* M3 Oxidize NADH 910 glycolysis otn1el@n1saiuguues [Ca®| K for Ca™ = 0.3 uM

= M7 Oxidize NADPH 910 Penthose Phosphate pathway ag'lma“l@’fmm'mﬂwum
[Ca™] K_ for Ca®" > 0.3 uM

¥
1 e P - i o W I -4 el
ol aewadfad] [Ca? 1leq 0.1-0.2 uM Foiuen'less NADPIH Dehydrogenase 94
B Mo 1 I - B , & o g9 Yo e o omw
antounn usluan 1y fifa siess [Ca?'] wgaanniarilfion w14
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2. NAD(PI Behydrogenase (N ) é)ummvmu matrix 130 catalyse oxidation Y84 NADH
118 NADPH LAZ0UNOA ¢- mn”lﬂ“lw uQ) ‘Iﬂﬂ"!.ugnﬂummﬂ Rotenone (360 pathway LI’H
Rotenone-resistant pathway

- ND, (NADH) K, > Cpxl thsitoiou lnfifveiinamd 18ide [NADH] gaan #aluanzil INADH]
QUUIN 1A Wi NAD+ fovas (swmgmm”lﬂmmﬂ W NADH 110 Tastnwizdi Kreb
cycle) W regenerate 191 NAD+ ﬂnu"iﬂ”lﬂﬂﬂ

«ND, (NADPH) K ~25 uM toulfil Saine wmu"lﬂmua NADPH #1°) Wik i

3. Altcrn;}t; Oxidase (A()‘(} i alternate pathway U03115 reduce O, Taw pathway 'ﬂwmamma
[UQH ]L’Wllmﬂ pathway iz l1‘1.!51ﬁEJ‘lJEJx‘STi?It‘J CN , CO,N; Sune- transport pathway u’n
cyanide-resistant respiration e pathway uﬂﬂﬂmjﬂﬂﬂ SHAM (Salicylhydroxamic acid)

‘H‘m“ﬂ ﬂﬂ‘lf’.ltlﬂﬂ ¢- over flow ﬁNiJa.Tlﬂmﬂﬂ Reactive Oxygen sp LW‘E"I“’%‘] AOX e 9 1ud'ld
transfer m‘n 0, LAY UAIZI 2 e- WD uAY

26



Alternative pathways : ND o NDy,
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* 1o [NADH] gawn azavanlag ND,_
* 119 [UQH,) tfimnn aanTag AOX

« @ ND_, wihanuileiia stress
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A ' = . ) o w
* WD e- WU 9710 Cpx I W% UQ LAY alternative oxidase M1UA1ALIZY
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o 01 e- AU Cpx I 117 UQ uazandt AOX vz hifims a1 ATP it
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« f1omen ¢- 110 UQH, il o,

* Non oxidationtive phosphorylation

* CN- resistance but inhibit by SHAM
W ol .

MHINUBLAOX

e Thermogenic respiration

Energy Overflow, Balance C metabolism, prevent form of harmful active oxygen species

fo : lﬁﬂ Aclivity woaoulaaily TcA cycle ﬁ“lﬁ’ product W reducing

_ equivalent = NADPH, NADH GAN%H"J}‘]QF e- transport fuxﬁaﬁmﬂﬁﬁafﬁimn
'l vinldgadien T e- transport 88110192 reduced state uazmIdans
S ATP fifin Taiviu qartho TCA eycle axuyald wmwanmm"ﬁuiwmmmma i
i e Tea eycle Taildiin ue Key 11 ATP synthesis (111 el
intermediate 11 TCA mﬂwaqﬂumsmmﬂwmsami‘luqﬂiﬂn

WAaiaTiaee Taoui - Mazea i1 UQ  (UQH2 lugasidnsasusa
U e~ transport) 1AYT e- 1% Aox il TCA duiuge 114
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state 192n3zAU I AOX 11971 1UM30A Reduce state 0 9 ETC

| o
mu'quﬁ“lu Kreb eycle 19 Isocitrate dehydrogenase Tumsnlaeu isocitrate hllfl,‘lJu
) \ 4
alpha-ketoglutarate 12 malate dehydrogenase Fai)aou malate “liJl,‘]dJ‘u oxaloacetate ¢4

W
¥4 2 AT e192limsdun 12 NADPH + H * eonidon
NADPH +H * 41wl reducing agent 14
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4 ! o 3 & o e
3) @15 intermediates 14 TCA cyole 15U pyruvate, citrate MY H1D9010 x AUTTU
=] % ow o e
Tldhanitr 18409 Resfudanszdu aox Tdiandnd

Suorose

PHAvate
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Citric Citrate ———e
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1 { d
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18 Woiladosan citrate 0410080 citrate 990910 mitochondria
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P i

110H Reactive OXXygen species 310 ﬁﬂi’ﬂmﬂcﬁﬁﬂmﬂﬂﬂ Detoxification
d
systems R}

1. SOD (Superoxide dimutase)

20, +2H"  H,0,+0, udi1da H,0, catalase
2. Ascorbate-glutathione cycle

- Ascorbate peroxidase

- Dehydroascorbate reductase

- Monodehydroascorbate reductase

- Glutathione reductase
3. Glutathione peroxidase

4. Thioredoxin/ Thioredoxin reductase system

M 0,
- B2
20, = H,0,
Aussibate Monodehydroascorbate
peroxidase teduetise

NADPH +H'

¢ Glutathione
reductase

NADP'

Dehydroascorbate
reductase




By pass reactions give plants metabolic flexibility see pp 669

Fruciose 6-phosphate

|

Fructose 1,6-hisphosphate

Dihydroxyacetone
phquhale

Glye rraids-hydn K—pho-iphale

-,

Giyceratdehyde £,3- !;iiplu»piaate

» e

%E’hfmphuglycerale

z—l’hzwphogl yeerate
Phosph Ipyruvate
L

Pyryvate =
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IV. Plant Carbohydrate
Metabolisms

Outline

. Introduction : carbohydrate metabolic pathways
. The hexose phosphate pools
. Biosynthetic pathways that consume hexose P
- Synthesis of sucrose
- Synthesis of starch
4. Catabolisms pathways that generate hexose phosphate
- Degradation of sucrose
- Degradation of starch
5. The triose P/ pentose P metabolisms
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Hexose P, Triose P/ pentose P ’
pools flows in plastids, cytosol,

and chloroplasts

2. The Hexose Phosphate

Wimad “’mq’luﬂq'n Hexose phosphate # 3 vilafe : glucose 6-P, glucose 1-P 422 fructose 6-P

* Hexose P ‘1@%’111‘&'1@:11&1%& fali 4
- FUATIZHAUNN triose phosphaﬁ: Faithy products U84 photosynthesis
o
- phosphorylation of free hexoses Fuilu product VINNIIAAY starch LA sucrose

- gluconeogenesis

@
» Hexose P ami139111 111911 metabolisms 6ee) fail
2 ﬁq}ﬂi"lxﬁ sucrose UA1E starch

- TN cel](wall
- FunsIEH penthose phosphate Tae pentose P pathway
A g 4 q 9 g g o o 4 :
- aaaite 114 ATP w3l 151 lumsdunnziarsoulu glycolytic pathway

Hag citric acid cycle




NISUUTI Hexose P 551714 chloroplasts colorless plastids 2% cvioplasm

Hexose P pools s 5awulévialy eytoplasm o plastids

MIVUTL Hexose P 531314 eytoplasm 1 chloroplast

« TauWhud Leat ehtoroplasts 1aiil hexose phosphate carrier Aaviu msuanuduw v
Hexose P pools i%ﬂ’.l'nlchioroplast 1ag cytoplasm ldlas msuaou Hexpe P pools il
iy €3 intermediates 341800 DHAP {dihydroaxy acetone-P) GAP (glyceraldehyde 3- P)

< e o a &4
udrdanldeunduunihi Hexose P pools 8nn¥anila

. f inner membrane Y93 chloroplast 0zl triose phosphate trans!ocato“r (TPT), cdﬁximi
uanasunTovudinsllainszniia chloroplast 1az cytoplasm adulaunaln antiporter
audlumsuanilauy C3 intermediates A1) inorganic phosphate (Pi)

Cliloenplast.
.‘s‘t;r};!-'m_a:

% ;
* ugi Chloroplasts Turiieifiow13%3ia 19y Developing fruit #30 sucrose-fed leaf (uftarzay
sucorse) @14158 1 hexose P 191 chloroplast Talasnss ioinnlilumsdunsizims

113U Hexose P 5217919 cytoplasm iy amyloplasts

Amyloplasts tiluuvidaerzas starch Aa3159UUAA glucose 6-P 130 glucose 1-P, 910
cytoplasm whanlu plastids ﬁ‘lﬁﬁﬂﬂﬂid

(B} Developing fruit or sucrose-fed leaf {C) Seed.or starchsstoring organ

Chloroplast Anyloplast
| stroma stroma
Glucuse 6-1 Glueose 6-P
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3.1

| 3. Biosynthetic pathways that consume hexose phosphates |

Synthesis of sucrose

3.2 Synthesis of starch

Sucrose is synthesized in ¢

Sucrose 13 product ﬁﬁ'ﬂ ey
o o
HHIN YDA Sucrose :

“ A sforage

meimsvurnhnaligl Sie
carbons (alpha-Carbon). 2193 glut
oxidation p; A0BgIN 2

%3 (3
TUNTIEH sucrose

"Iu*i"nn oil-rich tissues 44l osynthetic tissues 9231 lipid 11

Gﬁsbm_;iiast
stroma

Gluicose 6

]
!

MTUUAE Triose P (DHAP) 910 Chloroplast
y A
00ng cytoplasm e UATIZH Glucose 6- P




wEv aldolase
Fructose 1,6-P

Fructose 1,6-hisphosphatase 4: Pi, F 6-P, F2,6 BP, AMP,

Fructose 6-P
glucose G-phosphate isomerase

Glucose 6-P o
g phosphoglucomntase

UDP+ATE Glucose 1-P

UDP-glucose
UTP e pyrophesphorylase

Sucrose phosphate
Suerose P synthase phoesphatase

o
Fructose 6-P .’ . sucrose-6-P mQtfgse +Pi
3 :

o o . v &g w
. ﬂﬁﬁﬁm'ﬂxﬂ sucrose INAVIN 3 reactions HANNE o

UDP-glucose pyrophosphorylase.

Glucose 1-P + UTP Guosd UDP-glucose + PPi

Sucrose 6-P synthase

UDP-glucose + fructose 6-P Gy Sucrose 6-P + UDP

Suerose phosphate
phosphatase

Sucrose + Pi

Sucrose 6-P + H,0




H O H @SocH, o} OH
H
+
OH H - H HO
HO O g H GH,0H
H HO O H

UBP-plucose Fructase 6-phosplate

o
X

CHOH

H HO OH| H

Sucrose

MINUANMSTURTIZH Sucrose

1. AURMANITI1MYBIsucrose phosphate synthase (SPS) Tat]33F covalent modification &
. i o ow
allosteric modulation manugumsihaveueu il ox ﬁuwuﬁﬁ’uﬂ?mm hexose P

= ma glucose-6- phos;)hate mnn Hax Pi uuaﬂu cytoplasm (mmmn Pi gmmnnu Triose P
910 chloroplast weiandunsizi glucose-6-phosphate )
ghucosc-6-phosphate ﬂ“nsuﬂumu‘lmn sPs Invaz@uiv glucose 6-p o2 lifudans
WD SPS kinase (Gavimihitlumaiin p 1 sps villd sps ogfluan M less active) Hil¥
ses aglumntn active form MlMRAMIFUNTIZH sucrose

vindoyaluilogiiu wutimsinuves SpS kinase ganszfulan 14-3-3 proteins faw

- iite mnnddives Phosphate (Pi) T cytoplasm aﬁuqaﬁf‘mnn,(;;ﬂmi]
glucose-6- phosplmfcql‘l& cytoplasm mmﬂ)

Pi azﬂ‘umms‘n‘mumm SPS uaz SPS phospimtase {mﬁmﬁ’lummﬂ P a9n01n SPS ‘nﬂﬁ
SPs efluann active form) Wil sps Judaansanfiuumneglugy active form 18 34
asafUNIIZH sucrose 14

i s q o d
2. MUANANTHINUUDA Sucrose phosphate phosphatase : INOIMTTUATIZH sucrose 18
b o o ¢ & ey 5 5
WINWOUAY sucrose 92 T séf o1t i Yau33 allosteric modulation




Regulation of Sucrose phosphate synthase (SPS)

Ligns

Glucose

Gephosphiat s

Glucose
Gphosphate

a o @ i .
3.2 ﬂ"]‘iﬂﬁm‘i‘wmi‘ﬁﬂ o Chloroplast tay Amyloplast

+ uihoggndunnsinazazaniing il Chtoroplast wamnivazazmuilslfiduszoznannug
aivlu nazanviomida nsuumsian s Huazazan vxagly amyloplast

« lumsdansiwiuth Avel Abr-gincose dluenasadu
magansiyiuilalu Chioreplasts
o ¢ a A A o ' ¢ ¢ a e
+ msduaneiuileziaiuile Snsmsvud sucrose senoIntradanas (radumeniaernduda
A0 suerose) Aoz lifamsazanuas Triose P ild01 Catvin eyele

» Wwoznlden Triose P 1 hexose P (Glucose 1-P) 21031 Glucose 1-P axgnnfaeuundy
ADP-glucose v lilumsdansiziihadlsazas3u chioroplast




miFamnzintddy amyloplasts

oziin3UUAY Glucose 6-P 010 cytoplasm 11y amyloplasts e liNFlunsdans izl dTnoase

(€} Seed or stasch-storing organ

Amyloplast
stroma

MIVUT Glucose 6-P 910 cyotoplasm

!’ﬁﬁj amyloplast

High 3-PGA Pi
Tunraeiinms

4
(ratio iHluiifia
)

— biar

g aldolase

Fructose 1,6-P
Fructose 1,6-bisphosphatase

Fructose 6-P
glucose 6-phosphate isomerase
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praauaun sFans ety chiumplasts

qmmuquﬂﬁmmﬂvmﬂa Bgﬂmﬁmuﬂumammm ADP-glucose pyrophasphorylase

| ADP-glucose ‘I
| pyrophosphorylase |
]\Glucose 1-P+ ATP  <€=mmp  ADP-glucose + PPi )
ADP-glucose-pyrophosphorylase (AGF)

- {4 heterodimer sznaudne 2 large & 2 small subunits

- fivae isozymes (tissue specific, uAvnUInluieaz tissue ﬁ’q‘iﬁmw)

w
o 0

ADP-glucose-pyrophosphorylase ganszsuniaviinlan 3-PGA uasgnifusloy pi

- 3-PGA/ Pi ratio ihuilodumdnlumsmungunisdunsnzsiuths aalnnauguilieuns
mamimnu‘ivmum‘mumsum ADP-glucose pyrophosphory]ase NTRIETTAN Produtt
@-PGA) 71l photosynthesis Tatiovlfazsinhuiia 3-PGA fain Jmamsatay e
photophosphorylation (114 light rx) e il [Pi] Tu chloroplast g4 (!.i?{ﬂ»i‘n triose P
Funszanne) Pi sxiudanisdunsiziulls

- Tuvadisinsdans g sucrose nioluhai liiinsdunsizviadunounarsauosil
3814 Triose P 800§ eytoplasm yazuanianmun Bi i1y chloroplast ¥al# 11 4/p7
ratio 1u chloroplast amaa @seslfuiimsdunsieiud suiy

’ msnuaumsdunszviitlaly chioroplasts

Stroma

Glucose 6-phosphate TIRINITTT Glucose T-phosphate

T
!
T

Bucrose

Triose phosphiate

1,3-Bisphosphoglycerate

1
|
3-Phosphoglycerate ORI
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Photosynthesis




mamugumsdanszietlly Amyloplasts

+ MIMUAUMITNINIUUBI ADP-glc pyrophosphorylase 1w amyloplast Tavazniugulag
5 pi udszdumsnIvguezadiesndilu chloroplast

11169910 Glucose 6-P mamsFuaneruilsly amyloplast i@ MNsUUEIIAYIT Glucose 6-P/Pi

antiporter ﬁ'\iﬁ‘;u Tummzﬁﬁ Pi qﬂu amyloplast namadl Y3t Glucose 6-P amyloplast i

Vo (;f}mmﬂrhaanzj cytoplasm 370) ﬁflﬁ‘ﬂm‘r’amwﬁuﬂagni‘fué’a

msﬂ'mf]uﬂﬁﬁuﬂﬂ:mn‘]q?u Amyloplasts |
]

i

Home work 2 (2.5 pt)

l Regulation of the interconversion of starch and sucrose

Trioseal? oo iumsa 3PGA
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daa e amylose : amylopeetin 333viavn unrTnssariravodionls Wildnamifiues
¥ ey 1 G A et » G ¥ a 1
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oulani 3 wiian mhitlunsi hexose P andunsizviudls :

ADP-glucose pyrophosphorylase
Glucose 1-P + ATP ADP-glucose + PPi

Starch synthase

ADP-gle + a-glucan - a-glucan +ADP

i+

. Starch-branching enzyme
Linear (1-4) a-glucan N Branched (1-6), (1-4) a-glucan

Amylose N
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MIAUATIZH Amylose & Amylopectin

H

Clucose _
Lephosphate ‘fdﬂwf 3PGA

Starch synthase

+  iwhii glucose 910 ADP-gluose Tidnlsy nonreducing end Y23 preexisting amylose 138
amylopectin chain ﬁaziumqn Tnuredeius: (1-4) alpha-glycosidic

*  Starch synthase flviae isoenzymes
- insoluble stroma of plastids
- bound within growing starch granules

130A mutation Y84 starch sypthse ulnz isozyme (single isozymes mutans) lilnsaadrs
utlal3erunladlyl msnaaoaiiiansd starch synthse UFIAY isozymes AWAURAMIAHY

AY. waxy mutants mwu"!uwwmnwa mutants H‘I’IﬂﬁWﬂ‘]NN granule-bound starch synthase
Avvoniezdans el amylose iludmilszney Fauandldisiun

= ﬂlﬁﬁdiﬂ‘i'w‘}’i amylose HR01NA15111914U99 hound starch synthase isozyme

o @ wmFumsFunsied amylopectin AN 5H19Uv09 01l 2 wila ;
P i o ¢
1. soluble form starch synthase whidunse (1-4) alpha-glucan

2. branching enz a1z amylopectin 910 (1-4) alpha-glucan fildam 1.




starch- bmm{&i“g CRZYIG

R At e SR polysaccharides Ivinundls Tmﬂmu‘?%mmmﬂ FUBE (1-4) alpha-linkages
Y93 amylose a“ltl‘H'm wnih polyﬁ;acdmmle ﬂmaaﬂm‘lﬁwammn‘u C-6 U89 glucose UH
amylose mundn fdaeonifan 20 2 dawifuss (1-6) alpha-linkage

. W2 isozymes : branching enz I uag 11 «?'3\1-111nmsnﬂamﬁluﬁnmmnmwuﬁ isozymes ¥14 2
HANUTUWIZAD substrate M1afY
Isoxzyme I : a higher affinity for unbrance starch (amylose)
Isozyme I : preferentially brances amylopectin, produce a more branced form of
amylepectin,

A 3 & 9 < = d = sy r v o
Huealiia 2 isozyme Tunsarsna ulanilsiianysel naziinaan@ uazgaliaeheg i

1) 1J msFans izt daaliiawlan 3 e ADP-glucose pyrophosphorylase, starch synthase,
uay starch-branching enzyme

« Isozymes AHAM 199 vpaevlalimaifannsaiauay wm‘lfﬂﬂwmuﬁmuﬂmawnﬂ
wanKaw cneu‘ﬂamwuﬂuﬂsviﬂwwaqwmﬂnﬁu : paper, fiber, boards, paint,
packaging, bioplastics, foods

. ! = i i . ey .

. malfunlAsunsiaes isozymes UAazyiin (manipulation of isozymes) Int3%5 genetic

engineering production mnsosdaniliidigamuifnuideans mielflugnammnnssn

4.} Sucrose Degradation in cytoplasm

Sucrose mnsadouaainlatily free hexoses ¥30 UDP-glucose + fructose

: ° . o .
* 130 Suerose A EHNNAY pholem tods Tl uwadiidoaansly sucrose Hoanduad
e sucrose 921 cent 18 2 ma

1. Plasmodesmata N’ﬁq‘ cytoplasm dosaaonTofvazonly vacuole
#38 2. Enter cell membrane (against a conc gradient) WIMEUN S apoplastic pathway wuly

embryo AiMdainnng,

*  misteumay sucrose 14 cyotplasm Magnmsvaveauniles 2 via

sucrose synthase
Sucrose + UDP @ssp UDP-Glucose + fructose

invertase
Sucrose + H,0 =  Glucose + fructose




lf.

Glucnse Frisctose Fructose
Geplicsphiate  6-phosphate 6-phosphate |

d i

« ihgiuiThinnunihiniuidauea invertase ua sucrose synthase Mo siowlaiing 2
n‘l’ o 3 é‘l d n‘; [y n‘l’ = o
# avinduluanzla ilosnmnensonueulying 2 siaf 1dlua 1@ty

¢ ST 5 o o e do )
- toulaaing 2 viladailnag isozyme FumasoonvosduiFunsey isozymes marilozgn
o & A ¢y v
muguldiiavulunsiivaddeansld

. mmlmnﬂ'wﬁﬁﬁ'mu U4 invertase 4D sucrose synthase
; ¢ ; 2
- invertase rx - WA free hexoses ﬁdn:g}ﬂlﬂaﬂu'lﬂlﬂu hexose-P ldWelalvadil ATP.

- U9 sucrose synthase - W UDP-glucose ﬁﬂﬂ]m‘iﬂﬁ]ﬂﬁﬁ%mﬁﬂ pyrophosphate (Pl’i)‘]ﬁi{
glucose 1-P 12z UTP n150A hexose phosphorylation Tatdumiasi Sadmiu ATe-
independent pathway titasnnlaifagld ATP




[ Product fildonnseraie Sucrose

|
I mminm‘hﬂv FUATIZ9 cell wall ;f

(,e[l walls H09AUssnoundn 2 Uszian :

polysaccharides Uae lignins

. madsdlunsdunse

- polysachharides 19 hexose-P pool,

- lignins fo erythrose 4-P (910 Pentose
phosphate pathway) Uaz PEP (10 glycolysis

R

B
Hexoues

Rurbew deplsy smcmo—

PRPIS ——

13 Bisphosphoglycerate

AL

2Phosphoglyccrate

Phasphoomdpyrivate

e Erhanol
A ackds Pyruvate Lactte
Anino aclds Acotyl-Cod Tergrmes

T ety et

————— Pyelodines

Citzic acid cyels )

Porphyring sl \ e Alalitds
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*  Polysaccharides Fauiluoadlsznovuoa cel walls fi@ cellulose 11z noncellulose polysaccharides

* Cellulose tlu (1-4) B-linked polyglucan ##i glucose #1911 2,000 - 20,000 w3y fibril L1f0
UsEnoue e cellulose ~36 #10 GuFouFuN UG intra-iaz inter chain hydrogen bonds 7

&
MAUHIZNIIA OH groups VB4 glucose

H CHOH
Cellobiose
{1-54IB-glucuse disaccharide)

B}

Microfibetis or bundies




o I .
+  Cellulose §ANIATIZHYUIINAITINUYDA cellulose synthase complex

o substrate N4¥1U cellulose synthesis fio UDP-gle FFunaTIzHn hexose phosphates (glucose
1-P) Taer UDP-gle pyrophospholylase HaZ21AD 159018 sucrose Ay sucrose synthase

UDP-glucose pyrophesphorylase

Glucose 1-P + UTP UDP-glucose + PPi

Sucrose synthase

Sucrose + UDP === UDP-Glucose + fructose

Model Tup1sa5na cellulose Toe Cellulose synthase complex # 2 rmuﬁgm

1. Cellulose synthase mumagn‘mm plasma membrane 9311 UDP-glucose 210 cytoplasm
(product &0 2 rx anau) T FNans 129 cellulose
* 2. sucrose synthase i plasma membrane-bound i isoenzymes 'iJ"'iﬂbﬂgﬂ‘lJcellu]ose
synthase el complex M54 plasma membrane 1un3diil UPD-glucose ﬂ1ﬂﬂ1ﬂmiﬁmﬂ
sucrose Tnetoulnd sucrose synthse ﬂzgnmﬂﬂw cellulose synthase TN unsred cell wall
Talaenss

Cetbwall

Crystatiization iy !
\s\'xg S
Hubunit

Noneellulose polysaccharides
- sznaudie hexoses, pentoses U0 uronic acids
S Yo e | : A o ¢
- MIANUND UDP-gle 910 eytoplasm Taazgnaadn1a/lu golgi apparatus adunsiz
polysaccharides = 1339 polysaccharides T34 vesicles Eﬁ)aanq’ external surface U943 plasma
4 o ¢
membrane o lW/l4Funsev cell wall
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4.2 Starch Degradation in plastids

- nalnAIVAY starch degradation §3lains1uiiva

Phosphorolytic Starch degradation

itethavion 3 wlwnifisamfuaeiondls starch phosphorylase, debraching enzyme, uaz
glucosyltransferase

starch phosphorylase
‘ a-glucan_. + Pi a—glucan( ”+ glucose 1-P .

(m) n- H

Debranching enz

Branched (1-6),(1-4) a-glucan linear (1-4)a-glucans /,

~

a-glucan +a-glucans(n} Ll a-glucan(m+n_l)+glucose

{m)

Starch phospholyrase fia gle 1NFY
1/218 non reducing end vosluanauilioant
' a L9 Y Vil
azvivy uazi@y Pi 1900 glucose 181w Gle
gl o [ A Om&!ﬁ,sﬁucwl
1-P oy laiiienansnda glucose ABGBH | | Jiiies e
UNTTRUNAD glucose 4 ML H1a9IgA ?W"” oysidens
LY fiaked €618,
UYUS (branch point) 9xvgASTA i
210194 debraching enzyme AR (1-6) B
a-glycosidiec bonds A539AUUMA c?iws‘lﬁ’ﬁa ' ) Starch phiosphorylase
§ o o S o
alpha-glucans MUY HaRLONIN_2INY SRS
glucosyltransferase 92311 glucans ll‘ﬂﬁan
o oF oA =l
Y glucans MHan nenily glucans i
0959 G3027119 starch phospholyrase 6ia

glucose 1dnaly
A 5-gucosideye
i free glocoss @
g If Starch phosphorylase
if W




«  Starch phosphorylase
- 1210 isozymes, WUMINTY plastids
A Wovdy aw s oque Ao w & e
- toavinieulsiiidosld pi dulidy glucose igndeesnin dnfumsmamves
= s : - A e
tow laioragnaaunu Tan3ur inorganic phosphate (P) dslusamefidansaaioutl waag
¥
; 2 . A
lusmgriu waddoanisd Hexose P /uiose P 1114 metabolisms &4 Triose P /
, ] \ o ) P

Hexose P 00N cytplasm aziinsuannfaeuer pi dhe plastids il [pi] Tu plastias qaduds
w1 Idion Tl starch phopholyrase e Iéde Tuigeun

Hydrolytic starch degradation

+ wenvnmsaaouileTagld Phosphorolytic degradation dsfind 11 owuhlu lumdad

°_ o =

midasen imsamenillagliieniud amylases Faiilu hydrolytic enzyme

alpha-amylase

(l—4)a-D-glucansm P (l-4)a-D-qucans(x)+(1-4)a-D-qucan(y]

beta-amylase

(I-4)a-D-qucans(") S (1-4) z:l-D-giuc:mss(“_2 + maltose

)

alpha-glucosidase
(1-4)a-D-glucans(") Sl (1-4)a-D-glucans("_l) + D-glucose
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nsnszguliRansiuang Hydrolyt

zymes VnizdnfIdsen

f Alpha- amylase 2% alpha-glucosidase : ,

| luvnuzndadidasen ozl gibberellins nisoan
010 embryo Tfwadilegu3ne Aleurone

| layer (843019 endosperm) titonszduliifa

r NISUAANEBNYEY gene aztanyizviow ity

a
2 ¥HAUNIN

Beta-amylase : 1Jnﬁmag”]umﬁnﬁv‘aua{mﬁﬂz‘:’a"ln‘aan T
lﬁuaq’lugﬂ precursor beta-amylase (in active form) u‘iia
miasen fosiimsada proteolytic enzyme Tdon
peptides NMIG1Y C-terminus voaewlsisan’lisdu
sinlshoatlasinsAumuanoghigy active form

= =

-

&=

P v
i laniirag mmitozgnaaldonutlils endosperm 14 glucose
hexokinase azt@n Pi 19y glucose
1 glucose-P Tdunsrizd sucrose AIU31994 sutellum

Yue suerose T3 embryo ielilumsioaiuin

Aleurong

o ' { o o w
myhamveaeu laingvus iwdaiduen
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Triose-P/ Pentose-P pools

#19 triose P / pentose P pools lumsdauns1eWas intermediates vianaiiaie 14

{11 carbon skeleton TumsdanseHarsaeg

Pentose Phosphate e 2
Spliosphatase &
pathway rogenue [ NATPH & H

f . Ghidtative
A shiige
Licotiate
b
S INATIPH
(G

Ribulose Sqyphosplhate

Xyhilose S phosphate Ribose
Sephosphate B

Badabeptuloss Glyeoraldelyde .
F-phosphate Fphosphate ™

Fructeose Erythromse
H-phosphato Aephosphate

@ }’@l m Dibydicacyacetone
@ A

phosphiate
Fructose 1,6+
bisphosphate

Glycorstdohyde o
Fopluospluate
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V. Plant Lipids metabolisms

Outline

1. Tnssadrauasniifiues Lipids

2. MIFUATIZH fatty acid 0¥ unusual fatty acids
3. MIFUATIZHUDLAAY triacylglycerol

4. mydunseriiaznifives membrane lipids

5. Genentic engineering of lipids




 Introduction

. . i wa ¥ [y [ I Jz 17 9 Q@ ﬂ;
metabolism YO fatty acid 10 lipids lufirdidnsuen Tadedun
o A etates oA i 3 A
e ludalidInyiindy od191sAam lipid pathways vosiaiin
s @ ) A =y zg’ [& 1
FUdouInn I iessnunaiulu organclies vaoau s

= .. Y ' 1 ' L

uanidou lipids AusznIeduag molumad (e 1)
q M . @ & oy G Lo A o
Tyl atty acid > 200 %iia - Gadoaldonlaivarvsiias iy

¥
CTERTAL LATETR

i Pevoxisamel
glvoxyseine

e

“Endéplasmic,
seficulisin

Fig. 1 Lipids synthesis and metabolism take place in various organelles and in some cases

involve movement of lipids from one cellular compartment to another




1. Tnsers1anayniiveq Lipids

wil 84 Lipids Tuia (Table 10.1)

1) dailseneunanves biological membranes - phospholipids

2) d?ﬂﬂizﬂﬂﬂﬂﬁﬂ%ﬂ@tby[akoid membrane - galactolipids

3) UNAINANIUEIT04 - triacylglycerols

gy ihimsdadudmiudunseiasdsy oV T 15 faty acid, steroid

5) Unflosfaaindaanden -waxes, cutin, suberin

6) amilsznanlu signal transduction pathways : Jasmonate, phosphatidylinosito! and
ils derivatives

7) AR cellular processes w49 Taena lnmaifia acylation 1 proteins.

o

Uszinnved lipids Mgy

Lipids wiisihu 2 ngju Ing) -
- Glycerol lipids : triacylglycerols, phospholipids, galactolipids, sulfolipid.
shingolipids
- Non-glycerol lipids : Steroid etc.
« duilsgneundanves Glycerol lipids fin fatty acids, glycerol HazMTe ‘H{J: function Sun

= Fatty acid (FA) ﬁi‘ﬂm}x‘lﬁﬂszﬂﬂUﬁﬁ'ﬂiuﬁ‘]ﬁ fin polyunsaturated fatty acids laun
tinoleic acid (18:2"*'%) uag linolenic acid (18:2"1515) Taova T vzwu FA Aldnnu
C 16 Uay 18 aznou




Glycerol lipids NEATY ‘Vl’ﬁﬂ Al

« Triacylglycerols ;

o o ¥ ar [
- nuluwaa uag pollen imuniinlumsag arunasamuuag carbon skeleton 1151
ar s A
dunsieaslsznauoug

- 'hiazmﬂ”!u aqueous phase U4 cells %’a“l;iﬁwaﬁ;am osmotic potential Y94 cell
+  Phospholipids :

= fl‘lf'l?\i‘s’}’m polar L1@ non polar nﬁuﬁau'ﬂssnamm membrane

- 11 7 classes (Table 10.3 major classes of membrane lipids)

«  Galactolipids : wuhl plastid membranes lipids floed) galactosyl ED) sulfoquinovosyl
group unuH phosphoryl head gr Y949 phospholipids

- glycolipid 1w 2 nqu : 18:3 (Fuas 1w lu ER) | 16:3 (Funs1z4 U plastids)

+  Sphingolipids : NUH plasma membrane 52N0UAY ceramide LDy glycosylceramides

2. Fatty acid biosynthesis

2.1 MIFUATIZH Fatty acids (fig 2)

. Funs1er U chloroplast

- dfATemsdunsied FA Tnaetunou Tﬂﬂﬂmﬁﬂ‘ﬁ‘uﬂ";ﬂ o101 acetyl
moieties VB4 acetyl-CoA wdefuauldae hydrocarbon 'ﬁﬁ C 16 n50 18

*  Enzymes MNodeIfuMsFUATIET FA fio acetyl-CoA carboxylase (ACCase) LI01%
fatty acid synthase (FAS)

& &
dunpumadunigi

.« qunl ﬂg‘iﬁ?mmsﬁ’amﬂzﬁ malonyl-CoA Tag14 acetyl- CoA iihumssiadu
ﬂﬁﬁ?mﬁﬁﬂﬂ&l acetyl-CoA carboxylase (ACCase)

Tudhuusn biotin Faifiu prosthetic gr mmmgﬂu ACCase sz 1115y
o, il carboxybiotin ﬂ:‘]nimuhwmmu‘lugﬂ ATP  910%U carboxybiotin 11
ﬂgﬂ'szﬂnu Acetyl CoA ¢l malonyl-CoA 1TunGana




& o 4 4 o

¢ WUN 2 Malonyl-CoA : ACP transacylase 9% malonyl-CoA Tipudofiy Acyl-
carrier protein (ACP) iendly Malonyl-ACP
¥ ]

+ it 3l §iTensTamdafuszndi Acetyl Coa (C2) a2 malonyl-ACP (C2)

el acetoacetyl-ACP M50 3-ketobutyryl-ACP (C4) uaziimstdos CO, B0 1
Tmaﬂa

. sznm 46 lﬂﬂﬂgﬂ‘im@lﬂmm 3 euuﬂau flo reduction, dehydration 48 reduction
aunszia14 saturated acyl-ACP Hafi$mou ¢ 4 pznon (Butyryl-ACP) 1ilunana

ﬂ{}ﬂitﬁ‘lﬂ 3-6 ﬂmﬂﬂﬂi’fmwﬁmmﬂmu #1Wdmau € 999 acyl-acP oy 2
a0 Tavil malonyl CoA Lflum‘l,w Carbon T saturated acyl-ACP ﬂgnmww
Al aunsziald acyl-ACP 8481 ¢ 16 (16:0- ACP) 130 18 /7 (18:0 -ACP) gathe
Acp sxgndnean 11815y Fatty acid #4i0 16: 0 150 18:0
1];]ﬂﬁ tmTufq 3-61541n8 Fatty synthetic synthase (FAS) FAS iy enzyme complex
Usznoudaoouladvarssilnogdiof uagll Acyl-carrier protein (ACP) ¥neihil

=
1lu protein cofactor




« ACCase reaction 11 chloroplast iiuganiugudasus " lumsduns ey Faty acid
Tuiogifunmudn ACCase ganaunuTasnaln thioredoxin (gna’lnlu Photosynthesis)

uae phosphorylation

« UgTee Tumsdansied FA Keeld NADE)H s w730 Taeldan
Photosynthesis °lwmwuum LIAE 7N Pentose phosphate pathway Tuaiaa laifinera

Bi-so
L ﬂ"I‘ELWTJJﬂ’JHJEJTNJN tatty acid 114U1']!ﬂ1! € Mostof ihe 1HO-ACT
is desateented fo

| il CACH b
191 16 1130 18 carbon ﬂﬂ‘lmmﬂﬂﬁ'ﬂ'l\ﬂu %L%%Mi?ﬁé

o Some of e 18:0-ACP
that-vesalls from fatty-acid
synthesis is used directly
For lpid synthesis by one of

U0V elongase u cytoplasm

180
« maduiused WA unsaluii (aty acid @heist LAcrs
e lipld
desaturation) 3AADINAITHNIHYDS synthesis by one

olseverd
Y o'

o1 i lu chloroplasts Az ER (Table 10.4)
uada finsunalanaum (Fig 3)

) some lipiddinked
e Yig desaturated
o 152 2,

fr T

© Someof the
Tipid-linked 182 %3
is further desaturated
10 183 %I 4

ol dihelieny Fig 3 Double bonds are

lgiLis introduced into fatty acids by

a series of desaturase




2.2 Acetyl C,,QAﬂJM"f'!JWW]‘IﬂuﬂN dunae fatty acid Y¢nannatoundesianielunag

18U chloroplast (Fig 4)

Acetyl-CoA s faduit i carbon skeleton A4 anT 124 fatty acids ‘vgﬂﬂfuﬂ

'i’lijﬂﬁﬁﬁﬂﬁuﬂﬂ‘lj’ﬂu”} e 1911 metabolism Aee) ameluaad fariu Acetyl CoA 19
J 8

gndunsigitun wazih hlduased ulgasennnmefinaiulusad

imasiiue acetyl CoA Minnddunmey fatty acid MIMHAENNUAZAU AT Fail
1) maly chioroplasts DEAY pyruvate dehydrogenase ﬁ‘l‘}%ﬁ/‘l‘ﬁt‘dgﬂ‘u pyruvate (1911} ~3-
PGA 1M Fansizine) Wamedh acent-coa 18 Tnonsa
mnms‘wﬂamwmw N3 IMINUVBY pyruvate dehydrogenase Tu chloroplast
U4 oilseed (lﬂﬂﬂﬁ“ﬁﬂ‘u?&lu) llElB‘lﬁ"ILlﬂﬂ!ﬂUQﬂuﬂ‘U ’é]ﬂﬁ"lﬂﬁﬁ\‘llﬂﬂuﬂ fatty acid

synthesis MoTuwad wanvIndidan pyruvate Lﬁumsﬂmuﬂanmﬁmmﬂums

o o
WAUATILN fatty acids Tu chloroplast ¥84 oilseed

2) imsfinunlu chioroplasts ¥iAfif) pyruvate dehydrogenase activity 817 U156
acetate THfL chlrorplast il chloroplast A fIaTIEH tatty acid moluaadiia
Idmunind  usm i@y pyruvate ndumIT chioroptast liaunsoiamidasims
Fungie fatty acid 1418

o " o I'd
uaasliiug chloroplast 31501187 acetate AN BUDAUN IFTUATIZH fatty
ar o aan 1

acid 18 uadesordoien lsinarewiadhilul§izen wu
- mitochondrial pyruvate dehydrogenase 11 mitochondria (Wien)aou pyruvate Tliddu
Acetyl CoA
- cytosolic ATP -citrate-lyase Tu cytoplasm monaou citrate, ATP, LLID¥ coenzyme A
aliihy acetyl CoA, 0xa10acetﬂte, ADP, 1% iorganic phosphate.
- %‘muu Acetyl CoA 819186 il acetate Aou i Tadudhls 1y chloroplast
mwuwﬂammawuﬁu acetyl CoA mazaﬂ@ﬂmu lars¥ Acetyl CoA synthetase lu
stroma 1184970 acetyl CoA liauninmasusiimg chloroplast membranes 1ABATIINS
18 vazilagiiufgahiwudil wansporters Haunsmit Acetyl Coa i1 ehloroplast 14




Fig 4. The central role of acetyl

CoA in metabolism P

+  pathway 7lin5 1% malonyl-CoA 1nfiga Ao MsdunTIZH fatty acid T chloroplast
by 4 i w
« T cytoplasm ASMsFuATIEY malonyl-CoA tie S ua & sdudmda

- flavonoid biosynthetic pathways

fatty acid elongation reactions l ER
- malonylation of some amino acid,
- the ethylene precursors

- aminocyclopropanecarboxylic acid (Fig 3)




Fig 5. Multiple fates of malonyl CoA

Endoplasmic
reticulum

o d
2.3 MITAUATIEH unusval fatty acids

« il fatty acid M1ANI 200 FiiA
Fatty acids w1 Taoi2 11l d o I ajaziiii membrane uag storage lipids #9ia C 16 1z C18
A ar ] o . o ) { 2 L] 1
FA Gaiifiuseg (¥1in cis-double bonds) $117u 0 51 3 WUy i Carbon BeaBUAIUAR LM
o
i 9 dluduly
Ay 1 [ o A o 3
*  Fatty acids ﬁ”lzjslgluﬂqmﬂmammmﬂu unusual fatty acids FINNVEWULRWIY seed oil UDY
P ;
Ayussianiniy Felidse Toadmadiugaavngsy i lauric (12:0), erucic (20: 1414),
ricinoleic (12-OH, 18:119)
o ) il ) \ 2
¢ unusual fa ANUNINTY seed oils D1V IMEINNEINY defense function (189910 fa AL
- 4 o ' " A ' - o da '
- Aty vieda Sdeo 118 deengvdndlesimariinnda i
acetylenic fa, alpha-fluoro fa, cyclopropenoid fa dUdamsaate fa;  Malvalic uaz
¥
sterculic acids Tu conton dudansinsam Tavea lepidopteran larvae

- i antifungal agents




Fig 6 Unusual fatty acids

HaCIOH,)oGH = CHIGHL,C00H
Luballenie acid, an allente acid

HyGlCHa L2 B0, EO0H

Srearclic avid, amoncacetylie adid

)

e

Pl GHEHG - I
las“M A R ]
HoOH i

1

Chanlmeogric acd, o cyclopentenyl adid

QH&,{QHQ,;’%‘W CHOH == CHIGH,CO0H

K~ CHss CHIGH,|,COOH
Vernolicackd,.an epoxy fafty acid

HyGiCH;)

A faran-contalning fatly ackd

Uz A lumsdunsizy unusual fatty acids

1

¢ O T
-+ eulmivawyiiaiinahiiduns
fatty acid Tnefiy

f unusual FA avadrondaduoulysinlddamns

+ andba il ifanen unusual FA 9safsaulofl msfun facey acid ffilasaaislniyg
A 3 1 = «:i ) Iy 1 A A | ) £3 44 =5
vaenmsdnngs FA Anuludveiianieg damddufivesulesidaminaloms
Fans1eH, MIazaaazunLINKINAvee unusual FA Tuiy

" 4 { .
flaguiuiinis 1aTin1s Tnau gene vaaoulan] oleate ~12-hydroxylase daithuow laifivh

nifidaAs12H ricinoleic (12-OH, 18:1°9) Az hydroxylated FA 8149 910 1udanzyq 1ag

¥
Lesquerella fenderli WU wWunsaozl Tuve o ledfidanundenianil microsomal

oleate”12 desaturase (W WTIARoIIU) B4 ~ 70%

& A Y ya vad , A A 1 a
b mnuum"lﬂnmﬁﬁnuﬁﬂﬂ‘lmﬁ site-directed mutagenesis INDNIZNI YN nynazil Ty

a dd o o Y A @ Yo Yy A
wiialafidhudmsmuaunnmmiiivessu ol oleate ~12-hydroxylase 1#vimihi

3 .
UANANDIN oleate”12 desaturase  WINATEARMITHRUT IS Euaiiaveansaoes T 7

& 1 o q " . i &y o G W
AWM HUIVEN hydroxylase winld geometry YO active site Y8 hydroxylase affou T s In

W el e oy o o
o laitin Ao dfnu desaturase 16
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3. Synthesis and catabolism of storage lipids

«  triacylglycerols iy lipids nanidluunas carbon skeleton tag a¥eruwdaay inuly
miin wa'hd 1oz pollen grains (azo0aLITY)

o msdansied

A13@@18 Lipids tHen hexose p pools (Fig 7)

» triacylglycerols 134 oit bodies i!::gnmn?fi@ﬂ lipases k1 glycerols il fatty acids f‘ﬂ'm‘lij‘s‘l-i
fatty acids 9zgn@adng glyoxisomes toamievalagia beta-oxidation Aty Acetyl
CoA Tuana Acetyl CoA 2 Tuafaazgnindng glyoxolate eyele ionfauu iy
suceinate 1 1M@7D 910HHU succinate i]vv;;n"r'q"lﬂs“f& mitochondria iHandunily
malate malate 9% nlmmnha oxaloacetate c)toplasm Lwéﬂﬂum‘smmﬂm hexose
Tog gluconeogenesis pathway

. MIAMY fatty acids WdnITagussasdudndio 1 Idndean 119 metabolism
199 meluerad :.m‘]uwmmmﬂsumﬂmﬂﬂﬂmam beta-oxidation pathway 1131’1‘]1
UONINDY ﬂmwamﬁammwa“lw‘lﬁwamuum mu”lmwa mmmmmw%sﬂumsm
i (precursors) ‘1umsﬁ\1mﬂ“wmsw wu‘ﬂwu“lu waafifdeen triacylglycerols Tlgﬂ
ﬁvﬂmg“lumaﬂgﬂmmmﬂu glucose LAY AT metabolltes @199 WINNTY (Fig §)

Tansiunaznaii (fat and oil)

UfAToneameilindu

OH R{?Oz H ROOO-
ifi
—OH  + RCOH TR R‘CE)OM%
OH R'CO,H R OO0
Glyeerol Fatty acids . Triglvcerides
Triglyderide

triglyceride
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Fig 7 :
AT13ER 18 Lipids wietd hexose p pools
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4. Synthesis of membrane lipids

4.1 MITLUATIEN membrane lipids TUNY (Fig 9)

3

Y N ¢ Ao a ny v i
lipid fihieeA1sgno Va1 membrane vosiy Ivareaiialdus phosphatidylglycerol
galactolipids

pathway ﬁ"l‘i’f’ﬁ'amﬂzﬁ phospholipids N2 pathways T 16:0, 18:0 uoz 18:19 -ACP

é = ar o
Fuburdanannnisduns1z fatty acid molu chioroplast 819995 114 ums

#A51ZH phosphatidic acid (Fig 10)Tag

Prokaryotic pathway moly chloreplast

Eukaryotic pathway molu ER

Phosphatidic acid (PA) ‘n'lmnﬂ Prokaryotic pathway 182 Eukaryotic pathway i]wi,;]f!uﬂ‘ﬂ

i'nlﬂ'u glycerol 1 phosplmlldylg%y(,erol ua phosphatidylglycerol ‘ﬂ"lﬂ‘inﬂ pathway
maammﬂmaﬂumsm fdtty acid i aﬂgﬂﬂ sn-1 U0 sn-2 Yo glyeerol nanFURAU

- prokaryotic pathway : If M3 s0-2 vxiiluiia 16:0 1AL sn-1 vzl 18:1%0

- Eukaryotic pathway : AR sn-2 ﬂztﬂuﬁfﬁﬂ C18 FA 1agh so-1 azilu 16:0

phosphatidic acid fifaaseaflu chioroplast Ia#l prokaryctic pathway wanan
azgnunlldensnzal phosphatidylglycerol wda Sanuasovlldaaszsidy
diacylglycerol Ialnenaulas] phosphatidic acid-phosphatase ‘ﬁ@ﬁl inner
membrane 484 chloroplast

diacylglycerot gl e sdulunedaiame lipids m‘v"nmﬁm%‘uq eN
wludauilsenasana chloroplast b monogalactosyldiacylglycercl,
digalactosyldiacylglycerol, Was sulfoquinovosyldiacylglycerol {SQD) (Fig 9)

phosphatidic acid fifansziiing eukaryotic pathway 16l phosphatidylcholine
phosphatldylethanolamme phosphatidylinositel, and phosphatidylserme
phospholipids mmmﬂumﬂmmawm membranes ﬂm lipids UWgduazgangy
Tl chicroplast LWﬂﬂzﬁLﬁmm chloroplast membrane ml,mrﬁlamn'ml,ﬂm,ﬂﬂﬂu
lipids MszuINg ER wa chloroplast esnelsfisudalaianuisansulddnnag
waniaen lipids Hirsdulneaaln (m model fig 11)

'




Fig 9 membrane lipids synthesis by

prokaryotic and eukaryotic pathways

DAL —— PO, 11

I OGP 1L TS
i le0 ]
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@B

Fukaryotic
\iptin

DAG = MO, DG,
S0
ARG - 1

Prokarpolie
Viphds

TTawm

' . . e
Fig 10 The biosynthetic pathway to s
Dihydroxyacelone

phosphatidic acid (PA) & phosghae

Phosphatidate
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Fnduplasmic
veticutum

Hypothetical
scheme :

Fig 11 n1suanul@eu phospholipids
FENIN chloroplast #ag ER

4.2 N9 U99 membrane lipids

@ 1 L. 7 . i a
AATINYDY Membrane llpl(§ WQL:}EH E]ﬂﬂl]ﬁ%ﬂ'f)‘l.lgurﬂ»'] membrang ﬂNﬁ?—’l'E)TTEﬁTI'N‘Iu
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nitrogen Fl'1~‘l°]

. Mnaeg Nitrogen AlFlumsdunsier organic compound H1910 2 1
A34 N, 9100106
. A . S A a
A nitrate 90 ammonia 1uu1wiaﬂu

* 99% UDJ nitrogen compound T @955 309910 nitrate

1. m5sfaess nitrate lhilu NH 4+ (The reduction of nitrate to NH 4+)

, o a 44 .
- Nitrate assimiration (iadunlunazsn (Fig. 10.1).
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¥ .
unumdidg luszezdunduiniu lumeassidw liudunas Ty uasfivnszgais suia
b 1 ]
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A ay @
FTUUNITYA nitrate NIINVLDININANIU (energy-dependent uptake system) (Fig 10.1)
¥
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pump proton 1491911517619 mitochondrial
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Tneld NADH 114 reductant, unWv1aviiaensa NADPH 11/ reductant Jataiuni (Figl0.2 a)
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2) 210U nitrite ﬁzgmﬂaﬂm'ﬂu NH;T@“’J nitrite reductase lu chloroplasts ﬂg‘jﬁ?m
reduetion AU slas nitrite Tl NH, " Bavuildodly e- 896 @ (Fig 10.4)

nitrite reductase 9219 reduced ferredoxin 11 la01n Photoesystem 1 Tu light reaction il
electron donor am"lmi’uﬁ"lﬁﬁ;m ﬁ&mﬂ'ﬁ‘ NADPH 210 pentose phosphate pathway ¥
reduced ferredoxin 311301 reduced nitrite 191§y NH‘;r N
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3) Glutamine synthetase 11 chloroplasts 92311 NH :’"l‘ﬂﬁmf]ﬁ?mﬁ‘u glutamate (N
Wy glutamine  YFATeHlY ATP w52l o3 (Fig A waz 10.6)
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4) 1M Glutamine iFan 3R chloroplasts wgmﬂ?iﬂunﬁ’nmv‘i]u glutamate 2
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glutamate synthase 101315015 NADPH 14 reductant 1aam)

aan

alpha- ketoglutarate flhanl¥hnl §asmmsdaun 51w glutamate i N
mitochondria lng alpha-ketoglutarate ﬂsgﬂﬁaﬂ'ﬂﬂmﬂ mitochondria m‘n cytosol
uazgna Nl chloroplast M4 translocator Taglém suantag iy malate

#3031910 Citrate 910 Kreb cycle Seozgnuanuily alpha-ketoglutarate 1u cytosol
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Tawa- J‘JJﬂlJSw@‘l}ﬂ 1aursaeenuesbu {gene expression)

sNitrate reductase Li‘luiﬂmumnawmﬁmamﬁu (short-lived protein) s laifid Tas
wu'lnfazgaduns it nfm;d“lu‘r’;ammaammﬂmﬂauu nitrate Tt nitrite
wawm'ﬁmﬂsw nitrite 1MiAvananta mu"tcuum)“gﬂﬁam"lﬂ sufusarmsdaasigd
oW 1c1fuummmn n«a;mw%’awna Inanuqumsduased uagnalonsgdumsiauves

nitrate reductase WiRaTL una U IAE (Mol 1 $2Tw9)
- hiseimuguszdumanaaeenvetuiimiidunsigH niteate reductase (Fig 10.9)
- Nitrate, glucose, carbohydrate ‘lfllﬂﬂNﬂ HASLIT Lﬂuw“l’lﬂ'i ﬁ'umsﬁuﬂsum@u“lmu
. . . L, A o y o v v W
- glutamine HDY amino acids 9U9 ﬂmmm‘ﬂumaﬂﬂa
(R - 1 oo 1 ' w1 ¥ dy =t ad
613 lsnaw Jegiuda lunswniledesing mmu"lﬂﬂ‘mﬂnmmﬂmaanmawuhﬂaﬂﬂ

. mmm Sensors maamﬂuwaamaamuﬂm FUATTEUATIEH nitrate reductase THH
Uitz Taodusussuiaanuaeems umadans 12y amino acids waz1/3inu
carbon skeletons 911 CO, assimilation

4 . d o o 1 A cy A y

11194970 nitrate reductase NYAdURTIZHIU TN lugeRadAvamsilon nitrate
d L & | w d o ¢ L. W A P o
lahidh nitrite Winiu undannRFuas e nitrite Toiioweands wulasinazgn
. ¥
aane’ll lugeiidamyraed! ewfunannusuih i Tiou ladusdmdaho
y
1 LI -] o .
dp BURANIT AN nitrite 16 duluradiefing longan1siiaived nitrate
i

reductase Mo lu@on# Tav3T covalent modification Taon13via YD protein

. s 4 G e .
kinase ¥R Nitrate reductase kinase %992 T1)iAu Phosphate fi nsaeziiu serine M54

active site U814 nitrate reductase (Fig 10.9)

3
Nitrate reductase kinase %Qﬂﬂ‘i%ﬁ’uﬁmﬁwmiﬂﬂ Ca+ ions UazdUde Tao DHAP

(dihydroxy acetone phosphate) and glucose 6-P

° ﬁmmnm serine g}ﬂmn phosphate vuflﬂum i 14-3-3 protein mmwmmﬂu

a

inhibitor 419U FaazihIiAansdufamememueaenlal nitate reductase Wum3

¥

9818 electron 910 NADH 119 nitrate (Fig 10.2)




Light

Other I
shienuli Photosynihosis
Cat Trigse phasphate and olher phosphate esters
Glucese Ligh i % £
{other [ Nh!iﬁv& " P :
carbohyeirnes) & ©o Nitrate meuctase
- . — Inkibilor
v ATR Yt ADP profein
NS e
& ¥’
— T -~ k s
ngimsm e [ Nivate roductase Nivato recuctase | - | Nitrata rocustose
e {-3 aotve cavtive inactive
i T p
? Serwcﬁ\ww/ ger—0-{F) ser-0~F)
13
: ; Milrate reductase
1 phospliatase
Glutarnirig 1 ‘
{other amdng aeids) Chadale acid

Fgure 100 Regulution of mitrate redictase (M), Synthesis of the NI protein isstimulted by carbo-
hydeates (prrhiaps glucose or ity metabolic produts) and Bpht [5], and inhibited by ghetwmine or other
g agids [~ The newly formed NR protein i degraded within o thme span of & few hotes. Nitsate
resluctase i inhibited by phosphorylation of a serine residue and the subsegient interaction with an
iuhiblmr ?rmeixi After hydrotytic liberntion of the phosphate residue by.u protein phiosphatase, the
inhibisor is dissointed and aitrate reductase vegaing it ful) activity, The activity.of the aitrate reduc-

pase kinnse iy tnhibited B the lipht, yiekiing nitrate reduciase aitive in the light, Okadaic geid, an

inhibisor of protein phosphatases, prevents the-activation of mittate reductase. (After Buber e al

19963

3
b

, cv 4 ) & o ; e 5
8. MIFAUATIZY NIRRT 11 iy end-product U nitrate assimilation

o giuumsduns 1o amino acids invannaty

| o . . ' ' &
< mM3duns 1z amino acids mu”lmuuﬁwuuﬂu chloroplasts

o HaHan ‘ﬂ"lﬁi)"lﬂ co, assimilation umﬂmﬁu carbon skeletons 11 Tﬂﬂﬁﬂwmammo acids
G]N'lﬁ’mmnﬂmmmm 1dun glycolysis, photosynthesis, pentose phosphate pathway, citric

acid cycle

.« AMIWUBIMITUASIEH amino acids weraslugal 10.10

43
+  amino acid ‘Yl’ﬁ\‘l!.ﬂﬂ wuunmmnmm"h]“lfummﬂm protein UBANINT amino acids 1119
‘]fuﬂfh’i‘l’l"l'ﬂ"u"l'l"]ﬁu"] mu

W ar 2 - .
wilumsdamilunsdunsizy secondary metabolites Wa103ia 1uN 191 Hormone
uazmsilsgneuiildinfloafizninnisgnyngn (defense compound)

., 9 2 9 . = . R . o ]
= MHUINVUINY nitrogen ' ldnn nitrogen assimilation 910 sources €4 sinks Tududias

Ed L]
v & o & P ¥ o dw : ' a o o
AaTuMIFUATIZH amino acids TaFURUT AU metabolism #1199 Tudey Fuiifeateaiums
o '3 = o/
duaszvninezilu ﬁduﬂﬂzgﬂﬂﬁﬂﬂniﬂf} metabolic, environment, 110¢ develeopmental

factors

11



1 o o . ; a
-, adlsAmm pathways v9amsFauns K amino acid Tufiy Tuvaredu S1e89n91n

a LY as ] U a o

pathway Fitiatulu E. coli naz yeast suilogiiusida hingwdmsdunizd uaznaln
o ¢ .

AIVAUMTTUATIZH amino acid TuiwTusdils

' o o = ) P @ o . . 7 ]
ﬂﬂ"l\‘lnliﬂﬂ'lll fanalimsfindenszuiumsdunszd amino acid Uiy Taald molecular
biology techniques Tu Arabidopsis

= o

. . ) o o o P a4
Amino acid pathways Tufiarduiluthwinediigesnsdnuluandteiiug uialszgngd

¥ o1

' Ao w v
ane Teeithwmeididn Taun
o & A
- na InAIRUNITFUNTIZN amino acid TuiNy
- o e i :
2 ﬁnyﬁjmﬂﬁﬂwﬂumimmﬂw secondary compounds 911 amino acid precursors
- manipulating amino acid synthesis pathways in transgenic plants U

- enzymes Waneiialu pathways M3dauns 1z amino acid galdihuthwinevean
o o a M & | @ o 3 Yy ' o @ o M
fidadany - Tad llgnisaSunlaeuduly wansgenic plant W dnimadesiiadaive
ganany; UFunlAuuia i mmide osmotic 11z salt stress; AN MvInTADLE TU
yngialuldsfuvosiivomis

]:W . Photosynthesis }

é

J-Phospho-
giveezale

3 k|
Phospho- Erythiosé Fitose Phspho-
Wenulpymvnlﬁ- d-phosphate  S.phosphate  giycalale

Mo
...M"/‘FM %\\1

o

i«

Wwvaiﬁv

Cixnlonceiie

e-Ketoghatarate
Ala Gilig e Gl AsposAse Phe Hig iy
Lau ¥ ¥ Tyr Bar ~» Oy
vt Arg Tre L
Pro i
Lys
Mat

Figure 10,10 Origin of eavbon sheleging for vartous aming acids.




i

it e e
=oE

(i

it
i

T

i
ryptoghan

o
mglu{mm

.
Kot
o

{ui:w»u
e bisphusplaie
raf

Gitig
o

G
1
FPhosphogliee

=
£ iz B
£ £ R T o
=

e e e

=

R

13



1. MITUATIZH
Glutamine, Proline llay

Arginine 91 glutamate

AP ADP HALPY  NADPY

i 3*{“»@ T,

i
P HEy e coo*’ G, HESC00
k %’:
o [Ww.w
cabiyiaie
Ghatamate PUTOEY T B R

HADFH  NADP®

‘ Hg'—g—w ) :»‘w-?:? ?

s

N Hyti er—
ot ot W,
AeAgatyt Orrittsne At
wrrtiing

Tigure 10,32 Pathaay for e fopntion oF aimion asids trom gl

2. MITaATIE
Asparagine, Lysine,
Threonine Uaz

Methionine 970 Aspatate

(Kt
asmmm whitarate Ghemming  Bhilgmpt
; . ] f e o 0%
AN nvé{hﬂua‘ W
X piseaarseiv. oy o
GHy s He > My
Glulita oot &
mﬁ*‘*‘* Ap app 07 HM,
i 4 E
Qudinnpetts rnslerase Adpariate r—
fomre P

HADRH MADP*

coo0 o

= G o

e ; ‘\ <;;m N /f i et

oy

T, [EET et e L CH;
(ol e2 L [ R s ‘ o m}

o Ao s '”;"e‘t' ‘%’“ﬁ
Aspadtyic sl g - T
phoaphale samiakiahyde LnD el Ngl? Gy

i Goo” e
BARH. oy Bytieae RS Lysing
Digminopiriaiaa
pAL®
m> ADP ;wzo P
HOOY 09
) e
Ho- - NS \ 5 (;} N \ el ms?
GHy mep He tm:«n
H,(Sw:m ;w--umg& 3_
Humiozeging o Pioaphe \‘ Thaganire
Ay

%

Brofhinseng

Figure 40,15 The pribasy forthe Rudsation of aming atids from sspisiase




Aspariaw

..,-"" ADp 7 %
Agpariyiphosphate

‘ |
Aspanate ﬂm?'%é

2 Homegenng | sensi-aldabyde | )
y iduh)faiogemisi E yrenas 1

s}

LY
i
%
. e
:—-
%
é’
i e e A

2 1 .
| i Ll
[‘E@iﬁ-@

figure 1045 Feodback a;shlimlnn by endsprodiely repulates thi Hest eyt Tor the spnihesis af
e il Friomi g g to demand. [] indioates inbibiiion,

-Kéto & L " .
Gaate gwg;;w 3. MIFAUA1ZH Leucine, Valine 910

@t d
?GO"” \ f o Pyruvate HAZNTAUATILH Isoleucine

4 Jv— : e £ N E .
i LR 910 Threonine
GHa GHy,
Pyrovate Alaning
i oete-
Acetolactal " NA.TJP’*' Hal? Glutamaly  glidarate
synthase
coo® TR ccm"" ; cooP
| Tep p i %
Cop wn-m&-— GO A H*?wma
CHy i GHﬂré‘}—(’)H Gy c~u Chyg--H
¥ n i, GM; éua cmj GHy
e T Acetotactate 5 o-Ketolsovalerate valing
C=0 CHyC - SCoA - .

-
éﬂz CoASH /w’-’
2 Pyruvate \\ o a-Keto-
o NAD®  NADH

Gliamate  glularsle

.Af”f .
(I:o‘:}“ coo® \ r;oa" \ ?oo"
. £=0 H-C g

L I c oH
“mci—cm BOOC~ cm c " é:ﬁg GHp
OHy-g- CHy~G-H CHy~C#t CHy~ G H
Hg CHly Ha Ha
w-isepropyimalate rleopropyimalate a-Katniseoapronate LGuing

Figure 10,164 Pathways for the formation of amino acids from pyruvate.




T Thieoning ] hestolnciale
des&mmacﬁj K synthass

pufrale Ll
oo coor coot
oo NHE e <» By M}w o0 g Dy G- r‘: OH
ﬁ-i"% M\ H- c H ; H G \ c =0
H e CH e
2 HO : r :}ﬂ oo, ?
i b . NADPH
(!:;0 + HY
: B
ety Tl NADP®
Pyruvate
T 0
e Gltamate
-, a-Kaptoghdarate
mﬂ
i
H-CeNHE
CHy~CH
Gy
s
isolpuging

Figure 10.168- Pathways for the Tarmation of dming acids from pyeuvate,

2 Pyrurate
Avetolactate z
yniaes Chicrsuliurong

Imazathapyr
e E‘] {}Zi“m_,‘“ (hesbicides)

ol Aetolactate

" [isopropyt- . :

; malate ‘ :

synihase ’,’

i " /

a

e
é

[ teveino |

Figure 10.17 Synthesis of valine and leucine s adjusted 1o demand by the inbibitory effeet of both
amino acids on acetolactate synihase and the inhibition of isopropylmalate synthase by leucine. The
herbickdes chlersulfurone and imarethapyr inhibit acetolactate aymhmm indicates inhibition.




mIFansIEn Tryptophan Phenylalanine, 118 Tyrosine 910 PEP a¢ Erythrose 4-P
.

Fhosphnanal
Wuﬁmaéﬁam
?me‘ ww NADP®
B S, Mo coc“ \_&. w/
oL ~ &
ﬂo*g:w'&“’ % o ”T’““"“ L
0 pooow _
Eryiions Shaphats, F Dt F-Dafydrostisimate Are St

p ;
oo oo’
Ciliatping
Gardmate {éﬁ: § i
- Gai0® 0 R
Pttt A

o
Arlticaniiain
Chorsaty tiylshikim
~.7)/ Snicagns (£P5 |
| e,
/ il v o
Baring., SoB0, LHeGU0o? GG, ’%W |
¥ é e é LI o R

v
X
B,

tar:
gg@w i QRtamata phitarate o Phasybiiasion
Bahdupboalis Tk
; A . R i
Praphensto L S E
nAp® Y cwﬂ,‘vw
H
Fysuging
Figure 40,19 Arcimatic amning i ized by e shikinge pathwiy




PER + Eryihecse 4 phosphate

Shikimate

hwiay |

CRGHEMA st FORH
Uibiiguingne

B
Phenylalenine  Tryplophan Tyrosing
Ww\
Flavonoids Aikaloiciy Uyawigenio glycosiles
Cuinsiitig Plastoquinnne
Lgyitin Tanopharst

Figure 10,21 Spveral secondary metabolies are synthesicad vin the shikimte pathway

Eryltioss
A-phiosphiate PEP

|
|
|
|

Shikimate amsp'ham

e l

{herbicide)

EPSP

Chasiamate

Huta. Wﬁ" Sevpral m;mﬁn g syiesis ol wm:&mmim a@d&émmsﬂkwﬁ*’r pradugt feedhack
hibdiiz e rate.of 3ynth hisis of tyriye

sk nn(twaenmsmnnefﬂmu serbicide glyphosate (Mg

JQ} mfnh»w mrmuxm{:}




VII. RESPONSE TO PLANT PATHOGEN

Out line

1. Ways in which plant pathogen cause

disecase
2. Genetic basis of plant-pathogen interaction

3. Biochemistry of plant defense reactions




1. Ways in which plant pathogen cause disease
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2. Genetic basis of plant-pathogen interactions
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3. Biochemistry of plant defense reactions
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Plant defense systems ﬁg TR 39 fatl

1) Hypersensitive response (Hr) results in rapid locallized cell death

2) Reactive oxygen species are often produced during the early stages of' a plant resistance
response

3) Production of nitric oxide, a signaling molecule in mammals, is induced during incompatible
interactions in plants.

4) Cell wall fortifications and extracellular activities contribute to plant disease resistance
responses.

5) Benzoic acid, Salicylic acid, Jasmonic acid and ethylene

6) PR protein

7) Phytoalexins




1} Hypersensitive response {HR) results in rapid locallized cell death
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2) Reactive oxygen species are often produced during the early stages of a
plant resistance response
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3) Production of nitric oxide, a signaling molecule in mammals. is induced during

incompatible interactions in plants,
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5) Benzoicacid, SA, Jasmonic acid and ethylene
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6) Pathogen resistant protein (PR)
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Parallel signaling pathways coordinate the complex, highly localized

plant defense responses.
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