


FAT METABOLISM

2. Fatty.Acid in Plants

Ldn\l9i)ln  fat Liar  oil Qlnyru~~s=nau~7un-inrujru  3 Turana  tta:

glycerol 1 'T*rLaqa  %a~?% fat n4n  oil t?lua~&xrnn  triglycerides

In5Ua~iv~svn5nIviIu  glycerol ua  z triglyceride ,ati\ly&t  1

fatty acid

R3 - C - OH

glycerol HO - CH
I 2

HO - CH
I

HO - al2



triglyceride

(fat or oil)
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40
RI  - C - 0 - y2

0 I

%
- c//- 0 - a

0O 'R3- C- OL CH2

ad 1 ttW~~nsw~%~~n~  fatty acid, glycerol and

triglyceride

(1)  Saturated fatty acids nsm'Lufluti~ztnn&kl double bond

'i&wn7kn4tin&ou  G(?o;lun-inrabir~s=tnrJ~nYttfi lauric  acid, myristic

acid, palmitic acid, stearic acid tta: arachidic acid etc.

Laurie  acid cH3(cH2)  1o  cool4

Myristic acid

Palmific  acid

Stearic.acid

Arachidic acid

CH3(CH2)  12  COOH

CH3(CH2)  14 COOH

cH3 ((X2)  16  COOH

'X3(cH2)  18  COOH
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(2) Unsaturated fatty-acid nsfi~uEutisetnni%  duble bond(s)

Oleic acid Ch3(cH2)7Cb CH CH(CH2)7COOH

Linoleic acid CH~(CH~)~CH  CHcH2CH=CWH2) 7COOH

Linolenic acid CH3CH2CH=CHCH2CH=CHCH2CH=CH(~2)7COOH

Palmitoleic acid cki3(m2)5CH=CN(CH2)7COOH

Tartaric acid Ch3(CH2)10C=C(CH2)4COOH

fl?n;?\r nsm~uIjutiszrrm(ir~n6  chaulmoogric acid, sterculic acid, vemolic

acid etc.

Chaulmoogric acid
cH= CH,
I
cn2- CK’

CH(CH2)1.2COOH

3. Synthesis of Saturated Fatty Acids

nis8;iun-in'luLlu¶uftu~knElumYau~~n'2*7nln 4 &nnu?% formations

of acetyl CoA and malonyl CoA, initiation reaction, chain elongation,
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and termination reaction

3.1 Formations of Acetyl CoA and Malonyl CoA ?un75&1u

nsn7ulluGauGax acetyl CoA ~a: malonyl CoA ~-hhl~n~u~Ku  multi-

enzyme ~74~~8f)\)21iirnl~~1~37n~~n~u7n’i~  q KuB\ru&

Acetyl CoA Cn2
- Biotin malonyl CoA

Acetyl CoA Carboxylase

OAA
40 2’  Mn*
peroxide

malonyl CoA + CO2

3.2 Initiation Reaction

~n~rrini-ia;7unsnruIruu,~lln;~7"  acetyl CoA &J  acetyl group

'LGfiu I-IS-group (sulphydryl  group) 'LIDV  multienzyme complex t&l

fatty acid synthetase MotJffn4uid  1

acetyl group = -co-cH3
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multienzyme
I SH

I

' SH

acetyl CoA

SH
multienzyme

. S -acetyl

Reaction lst

3.3 Chain Elongation

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  malonyl CoA &E.I  malonyl

group "Lcfiu HS-group &uwau  multienayme complex (G~nTui~  2) n’0-

?~!IIni&u  acetyl groupIL!swfiu malonyl group (@t-Auid  3) "Lu ~aa7  t KuaKu

carboxyl group '~109 malonyl group ~L~nntia~mYnl4;E3u~m~an~~LIF;*anZ11  (tJ@lol

%f 3) u"l?i multienzyme complex B side chaintls:nou&um~~uau  4 otv~au

side chain Pf~‘irn&~~~  tdduu  ~bumn~uilu~ur~a7do~tl  m’o~7n~~u?-sj~~n4ol~~n~~~~~

d 1 (@jiinT&l  4) "nIsrws&.~  (dfp75u7d  5) ~w.cjFin&iu&~aoo  (U$jn507d  6) u"uFf

side chain -3uImY acyl group P/~~P~T&KPJ  4 ormaaJL?Jnail\l&knuu

malonyl group L -CO-CH2-COOH

Multienzyme
/ SH

i

A S-acetyl

malonyl CoA Reaction 2%

,S -malonyl
multienzyme

.S -acetyl

condensation

decarboxylation

co2

'Reaction .rd
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i
multienzyme

, S-CO-CH2--CO-CH3

I
' SH

I Reduction I

OH

multienzyme
, S-CO-CH-CH-CH3

I

' SH

dehydration

multienzyme
, S-CO-CH=CH-CX3

i

' SH

reduction II

multienzyme
, s-co-cH2-cH2-cH3

' SH

Reaction 4fh

Reaction .th

Reaction ,th

multienzyme'
S-CO-CH2-CH2-CH3

' SH

shifting Reaction 7th
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/ SH
multienzyme ,

I
S-CO-CHZ-CH2-  CH3

malonyl COA
Reaction 8 lh

t
multienzyme

, S-malonpl

I
' s-CO-CH2:CH2-CH3

I

Reaction 3 rd

1

Reaction 4
th

Y

I
Reaction Sth

G
I

Reaction 6
th

multienzyme
S-CO-CH2-CH2-CH2-CH2-CH3

\. SH

2 (N+l) El:vlmJ

3.4 Termination Reaction

rfia multienzyme complex B acyl group Ikwu~~5~Mundw~?

acyl group ~qn&uworn~tiii~  HS-group TJWJ coenzyme A (HS-CoA) &WI

-
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multienzyme
, S-CO-(CH2-CH2)n-CH3

I

1 SH

CoA-SH Reaction 9
th

t
multienzyme/ SH

\ SH
+ COA-S-CO-(CH~-CH~)~-CH~

1

I H20 -Reaction 10
t11

4. Synthesis of Unsaturated Fatty Acid

(1) nR~i3ind  multienzyme complex il acyl group &n-6-

53;l\lml;uoua3wlud  9 uaz~:~au~  10 ~uudfjn4ui  dehydrogenation

ifinTuni5  riin double bond iTuum’0  7 ItJ&dua7~l~~~uind$i~u~

dehydrogenation uaonsm~uilub&Gr~  (El double bond a&& )

5. Synthesis of Glycerol
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glycerol qLi-37nn~-,  dihydroxyacetonephosphate (D&W)

~~~ihla75~5::niluel~~mu”us~n~l~~~n3ul1ulnaTnla~a BdJan4ul kn’mtuuaaVfuGuc;au~7uKu

‘2a  &mauusn  DHAP ~~Iduu~iru glycerophosphate Trnu?<  NADH+H+  tta::

glycerophosphate dehydrogenase L~YI&U ($p9ud 11) ~~az7kumnudaa~

glycerophosphate ~zLLI~uu~LI~~  glycerol Tmd~nfm enzyme

hydrolysis (ti@l5Uld  12)

DHAP

I

NADH+H+,

glycerophosphate-dehydrogenase

glycerophosphate

I

hydrolysis,

phosphatase

Reaction llth

Reaction IZth

glycerol

6. Condensation of Fatty Acid and Glycerol

I
n13a51\5  f a t s  nTo  o i l s  ’

Y Y Y
LtuwanLiL  2 5unauWI Pia u'unauusn

Fatty acid + CoA-fatty acid CoA complex

&action  13
tll

u"umou&au fatty acid CoA Complex ~:n%&WirTu  glycerol

Tnu~<t&~P&  lipase, a14 ATP
+I"

tta: Mg L&&I In' fats nfa oil Lra~lmY

coenzyme A nWiuu-\  t(ofl~nfo7Q1  14
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3Fafty acid CoA complex + glycerol

1

lipase,

An,

%*

Fat + 3 CoA

Reaction 14
th

Triglycerides _____C fatty acid + glycerol

Reaction 15
th

n'ou~ fatty acidal~gnu'?r~~~u~n~~~  B-oxidation n4e m-

oxidation rLa=a75srrnrn~u9us=gnuir~~~u  glyoxylic  acid cycle or TCA cycle

LtbD~~lVW~\1\1lULLa~al~~u  1 &lllJ

Fatty acid
B-oxidation

Co-oxidation



Fatty acids

& 5 ardlil4nl~i%J glycerol leldn9~7~1a'd9ncdrnl~alu?arnaaJ  3eevers (EYP

pathway = ;lycolysis,  UDP Tlucose  cycle = uridine diphosphate

glucose cycle, FWH2 = flavin mononucleotide)

_ .-  -
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A T P  CoASH

R-CH,-CM,-COOH  \ \

Fatty acid

R-CH,-CH,-CC-S-CoA

Fsltyacyl  CoA

R-CH=CH-;--S-&A

R-C-SCoA

4 6 ttsWwtuuninn75  rltnT$ltoi
B
-oxidation



I.2 a--Oxidation

'Ld&~\l  nsm‘lvauSjnlsucnnr;i?r~~o~ruunil\l  &L~I  r5’un-h  cc-oxidation

Ir~ntu-&:'ku?u%6  a-oxidation ~?r~~un~rn~~lldilnl~u~u~~lL~  13 n:cnnuff\J
Y

18 a3=mau, nscnru~up(dn7;uouua"n~l  13 ~l=(~~~~~~=rj~trrngn~uroC,-oxidation  u'u

wirhn~I&7toi
P
-oxidation L@-&JI &-oxidation O~~LL&L?~JSE~WIOU~/U~

(1) Decarboxylation of fatty acid "L&uusn  carboxyl group
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R-CRZ-CH2-COOA fatty acid peroxidase
+i$o*,  - il*O TV R-CBZ-GVO+C02

(2) Hydration and dehydrogenation Aldehyde nd~ii&uqztuduu

L% fatty acidM7'Ln; ~~~~~I~u~u~~u~uL~IKu~I~u~uzI~u  aldehyde tfjjn4uid  tih

u'u?zJ~mau&u  hydration LLI:: dehydrogenation MuQf?uid  17

R-CH2-CHO+H20 e R-CH2-CO(xI Reaction 17th

CH3-(CH2)16-COOH

I Of-oxidation

1 B-oxidation Reaction lgth

Reaction lsth



M-oxidation B-oxidation

(1) L ndmdmn97n glyoxysome l&ij mitochondria 1taz

uil~I'l~~'?u  TCA cycle (QL~OU respiration)

(2) r&&jn’lui  glyoxylic acid cycle " "Lelo2~a5lulhla
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NADH

I51

NAD’

-i

Mallc
acid

GlVOXVllC
acld

Cltrlc
acld

us~~utt~umw  glyoxylic  acid cycle
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L-

I
fPholph.,enol  C O O H
PV~YWE  accldi

I
C 08 (Phorphocnolpyruvic

I I acadl

W

L i’ I---.-
CH,COOH

lsucclnlc
actd)

1
Fumaric
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7.3 Glyoxylic Acid Cycle

@jnfm glyoxylic acid cycle (024 7) L%J&J&U  acetyl

CoA L&n%J$$nfwnYu  oxaloacetic acid (OAA) ~ra~~~a~~  citric acid n'au1

citric acid gn,rJduutdu isocitric acid 81-i isocitric acid ~zrtwnih?~

glyoxylic acid UP:: succinic acidl;iu~n~u~$f  20 glyoxylic acid -3:n'7

~I$jnTo~iiu  acetyl CoA ~taz?G malic acid Kg$jn3uid 21 ..malic.acid  dr?in

~ua:r&uu~~u  oxaloacetic acid (GiwQnsjuid  22), ~,a=w;~~d-J=*jrp~n~u7Plu

acetyl CoA ?usaun'o~~I

Isocitric acid

isocitric acid lyase

I--

- Reaction 20 th

succinic acid

glyoxylic acid

acetyl CoA,

malic acid synthase

0
malic acid

-keaction  21
th

'J::  rku~%8in$jnSo?  glyoxylic acid cycle
"

qr"ln succinic
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2 A c e t y l  CoA

+
NM, ,

ki20

-2CoA

-mDi:+li"

keaction  23
th

Sbccinic acid

Succinic acid 4(1kn glyoxylic  acid cycle xqp-w\~&<

”
&7u?~rn?a  (QJ~ S) &@jnTui L<*Iwwn  succinic acid aanwn  glyoxysome

” I
L?J7u  mitochondria n'ou? succitiic acid gntduuth  fumaric  acid, malic

acid and oxaloacetic acid WllJa’l~LI  (fldn?U?n?5  LLdfJU  succinic acid LBU

oxaloacetic acid Lik&unduzlavll~nTsiCLu TCA cycle)

Ckaloacetic acid ~~~?zrndnu~aons~n  mitochondria ~-$qi

1
cytoplasm LLPzxaaJl oxaloacetic acid ?:rau  carboxyl group ~Lkq)Iudu

”
Ina pip uarnGunuIm&nIGI (~n~LI7qu~UI;I\)~L~~7UMdOZlD\J~~n3"7  glycolic

acid pathway)

proplastid n$u cytoplasm ?%J7uuln)  n’nul PEP ~:~ntd&.itth4  glucose-

(I.Qnfu4fhisiumsutihl reverse glycolysis)
"

6-phosphate ttaz95Yni3a37u

F&uD~uL~~MP~?~~~~~  7 L?;u&mianQ~nawn  glycose-&phosphate  ?UL7Qlm(ilul


