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Krebs cycle (tricarboxylic acid
cycle; TCA)

Ahmed Salem, MD, MSc, PhD, FRCR



,pyruvate i ziv 5 cytoplasmdb Lx=s glycolysisd) Al
Jsaiys carrier b O mitochondriad! Jax 7 U
4¢eall pyruvate dehydrogenase &k (= acetyl CoAd

| nt rOd UCtIO N Jals acetyl CoA pusl: beta oxidationd) OS5 7 Al

Krebsw Adlaidl il e 5 G 4mn mitochondriad)  winem  szentovorayi Geae: Krebe
mitochondriadl s 17421789 18931986 19111996 1900-1981
* Name: tri-carboxylic acid cycle (TAC), Krebs cycle, or citric
acid cycle  ASkll s ‘s i L) Hans Adolf Krebs s2 5 (proposed it) s @l ) allall s Lland o
three 4 S e b |8l La 8338 Ll (J5Y) 4and e 42l Jast named) padindy Lial 43y auil
citric acidd) s8 S jall (ala ) (i BaY My Leilhand (saa) caaw (ala 5 carboxylic acids
It is the major common pathway of oxidation of CHO,

lipids & protein (they all yield acetyl coA) .« Ui oxidationd! major common pathwayd! o 43 Leiseal
* Generates 12 ATP (old) or 10 ATP (new) + 2 CO2 ks specific Uis 4 =) proteinsd s lipidsd! ,carbohydratesd!
(acetyl CoA U shay J s JS 43 il 5 | carbohydratesd!

Site: totally in mitochondria & generates high amount of U = aile 48l Lidaat LY 5 mitochondriadl sy
energy = mitochondria is power house of cell il power housed) s» mitochondriad) s

To start, you need one molecule of acetyl coA & one %= o= 0555 (Sees ,2C units e OS5 acetyl CoAd™

molecule of oxaloacetate ,FA oxidationd! Gk o= sl ,glycolysisd) ¢ pyruvated!
s acetyl CoA o= molecule cpalisa cycled! s (ils Glic (ketolysisd! sl ,ketogenic amino acidsd! ik o=

pyruvated! G (ulll pile doasts LI oxaloacetated! e JA! <ua synthetase Ll (i synthase 4d) axin**
5AYI 5 Laall & ~laill g 5 gill Gl ) aglll | ATP e zliay ) w3leliilly oS5 synthetased)




o=c|:-coo'

Il
H,C—C ~ S-CoA

Acetyl CoA CoA-SH

CH,-COO_

oxaloacetate

HO—CH-COO NAD" 2 Aconitase
CH,-CO0"
Malate
\7 Fumarase + H,0
= +H,0 \
_ H—(l.;,—COO
00C—C-H 2 Aconitase
Fumarate
ITRI )
¢ ¢ Isoci
FADH, ACID
CYCLE G
(FAD, 5
cl;Hz-coo' 6 Succinate e
cH,coo™ | dehydrogenase
Succinate 3 Isocitrate
dehydrogenase

1 Citrate synthase

NADH + H"
GMaIate dehydrogenase

H,0 /

C GTP
GDP + Pi

3 Isocitrate
5 Succinate thiokinase dehydrogenase
CoA-SH ,/
O=? ~ S—-CoA /.
Hy NADH+#H  NAD (CO;)  CoA-SH
CH,-COG
Succinyl CoA \ i o

Acetyl CoA (2 carbon), enters the cycle. These are released as CO2 in steps 3 and 4. So

Citric acid

CH,-COO
HO—-C-COO~
CH,-COO”

ﬁH-coo"
cI:-coo"
CH,-COO

Cis-Aconitate

HO—CH-COO
?H-coo"
CH,-COO~

trate

0=C-CO0"
CH-COO
CH,-COO

Oxaio succinate

o=c|;-coo‘
CH,
CH,-COO

4 Alpha ketoglutarate dehydrogenase

Alpha ketoglutarate

Acetyl CoA is completely oxidized by the time cycle reaches alpha ketoglutarate
All reactions are readily reversible; except 1st and 4th steps

il 43Y  pathway a5 cycle oo W 43 oz 3N Yl
acetyl J) 4L (ilii cycled) s ,4dza yi 4y 4leilb 5 oxaloacetatedb
s oxaloacetated! 2C b~ citrate synthased) 2k o= CoA
4l uas citrated) & ,(6C 48 ,citric acidd) 4ud) citrate Ll
H20 ik JsY)) oiisha e Aconitased) (i b o= isomerization
iso-citrated! ¥ ,(6C 4 L) iso-citrated Jsai s (lleiudy 20
i 7 A) oxidative carboxylation agd 4 sy (48 shay a7 )
(e & (5C 4@ ) alpha ketoglutarate Lishsy s (carbons aed
z ) ae 4a 5 (4C) Succinyl CoAd Jsakh (pamy ,CO2 Jeléll yala
Syl Jsas el 3y (CO2 U3 e allaiy € e Le S ia3) CO2
lalh ¥ sm s Malate &3 ,Fumarate & ,Succinated
Oe 2C Jiiy e s 058 7 U a0 5« Oxaloacetated!
be Jasa) jlaialy jla AU cycled) Jay aa ns S% acetyl CoA
3 ddla Je Jeani U)d cycled) d3a 5 ,CO2 JS& e ) g=lla g 2C
FADH2 5 ,(3 ATPs (hais aaill aUaill o ) NADH (2 5 JS3
(ATPJL denill) GTPJ! 4dlaYLy (2 ATPs (s apall alail) Caa)

End result:

2 carbons from acetyl coA leave as 2 x CO2

Energy captured:

1 x GTP > substrate level phosphorylationd! &k oo <t A

SO e )
X (oxidative phosphorylation




Reversible vs irreversible reactions: look in upcoming slides
CH; — CO ~ S-CoA

: CoA- SH
Acetyl CoA Citrate Synthase / CH, — COOH
oy

O=C-COOH H.O (—.3S5) condensation be juay 7 5 54 -1 HO - C- COOH
Oxalo-acetate ‘ 2 o A (2C) acetyl CoAd! &= (4C) oxaloacetate! Citrate Aconitase
CH, - COOH citrate synthased! &b o= (6C) citrate Loy CH, — COOH
Cpilad Ue juay o8 -2 H,0
The Citric Acid Cycle = e CH, — COOH
Or (Tricarboxylic Acid Cycle) cltrate” isomerization , .
Aconitased! G2k G Cis-aconitic
Or (Krebs Cycle) &, Cis-aconitic Likaay acid C - COOH
Second Half on Next Page First Half a4 oy ity H20 e ‘
z isocitrate dehydrogenased) dus 4a p (nils o e jualy 3 shadll gla -3 s Qfd;erécil]ogziisgnd CH-—COOH
oxalo-d isocitrate ;= Js¥! ,two oxidative reactionsd catalyzing Jex iso?c?:te J‘L (H20J) H,O
(C Jsl Lasé ) 98 5) alpha-ketoglutarate Y a3 ,(NADH is captured) succinate R Aconitase
CH, - COOH CH, - COOH CH, - COOH
Isocitrate Isocitrate
CH, dehydrogenase H-C-*COOH dehydrogenase H-C-COOH
< > ‘ < N}
O =C-COCH *Cgf O =C- COOH NADH + & NAD+  HO - CH - COOH
2 B |t 1stan A 2CY) adlai Shal Lidaa Lia) 43 s e Socitrate
o- Ketoglutarate Oxalo-succinic =" %] ‘fl’f‘ _dm_‘@&‘ e d“‘“"ﬁ CO2 Jes
acid S Sl g 43) jsocitrated! g LA A caadd)

oxidative decarboxylation 4lex (Sas



Not regulated by de/phosphorylation 045 ,succinated) & ¢ succinate thiokinased! G b o= oY) -5

(Co-factor & Mgd) 352 ) GTP e Juaaiy
CH, - COOH Ketoglutarate dehydrogenase CH, - COOH :
Succinate CH. - COOH
Complex £C0, ‘ L 2
CH ” thiokinase ‘
2 —> -
CH, - CO(~,)S-CoA 7' N
‘ NA-IT/Tpp' Lipoic acid, \NAI;H + H 2 .Mg++ orp CHz - COOH
O=C-*COOH CoA-SH, FAD \ Succinyl CoA GDP + Pi CoA-SH Succinate
Coenzymesd! Jsas 5* Gk o= GTP & reactiond) b=le25 4 kap
a- Ketoglutarate decarboxylation svsa: 7 05 -4 peadl g Jeldll alesr (hagall substrate level phosphorylation
,Succinyl CoA Lk s CO2 e allay 3 alpha ketoglutarated! Ly ) 54 43Y CoA-SHJ! high energy J hydrolysis s Cua :
alpha ketoglutarate J s» (s catalyzing enzymed s succinyl CoAJ thio-ester link Succinate
Alia ala . ) Yo o dehydrogenase
. . pyruvate.dj ) ua .3 ,dehydrogenase complex The Citric Acid Cycle e O -6 . ydarog
o= regulation Lx=: Lo o4 43) 3Al (S dehydrogenase complex ) . . succinated! dehydrogenation
43y 4Ly dephosphorylation s phosphorylationd! Gk Or (Tricarboxylic Acid Cycle) aladidly fumarate Ludasy 5 FAD. H
Krebs cycled 2 ~Y! irreversible stepd s~ reactiond! (=l Or (Krebs Cycle) ,succinate dehydrogenased! C?
*Tpp= Thiamine Second Half FAD s Jelill j=las H-C- COOH
Pyrophosphate Restart the cycle FADH2 L=y s dependent
oxidation 4=y malated) s sha AL 5-8 hydration oe 3,be 55hall sl -7 HOOC-C-H
malate J! &2k (= oxaloacetated J s~ le miiysJeléily H20 Jax & H.O
,(NAD linked enzyme s 1) dehydrogenase fumarased) Gk e malate Fumarate
NADH is capturedd o s J
‘ dehydrogenase CH. - COOH
Oxalo-acetate CH,-COOH ¢ 47\ > 2" Fumarase
NADH + H* NAD*  Malate

succinate dehydrogenased) ..claiedl doga ALt

Reversible vs irreversible reactions: look in upcoming slides ** malonated) (& »b oe inhibition 4 s



Pathway Step Enzyme Source Method of No of ATPs W No of ATPs o .
ATP formation gained per glucose g as per old el 43) 2 systemsd o SAl
(new calculation) m calculation Lidazy NADH JS 45) aiay oS
u . e
/Glycolysis 1 Hexokinase - 3\ Minus 1 o Minus 1 43 5,2.5 el O OSI 3 ATPs
Do 3 Phospho- - Minus 1 - Minus 1 N2 ATPs (b FADH2 JS
fructokinase - 15 aeil oy
Do 5  Glyceralde- NADH |Respiratorychain 25x2= 5 = 3x2=6 -2 AL O
hyde-3-P DH o .
Do 6 1,3-BPG kinase ATP Substrate level 1x2 2 : 1x2=2 1.5 x 2 for FADH2 if glycerol
\Do 9  Pyruvatekinase ATP / Substrate level 1x2 2 . 1x2=2 phosphate shuttle
a N - . . . - = o .
Pyruvateto - Pyruvate NADH |Respiratorychain 25x2= 5 = 3x2=6 ATP i oS Uliny Jgaall (ala
Acetyl CoA dehydrogenase - oxidationd! 3 shas glycolysisdu
— ) —
fcAcyde 3  IsocitrateDH  NADH )Respiratorychain  25x2= 5 8 3x2=6 1) acetyl CoAd pyruvated!
Do 4  alpha keto NADH | Respiratorychain 25x2= 5 : 3x2=6 | #AlS A2 NADH+H led i
glutarate DH - Waille 5 Wl 6 ATPs U sl
Do 5 Succinate GTP Substrate level Ix2= 2 o Ix2= 2 2 ’ ’Lx. Al s J;M
thiokinase o (5 A:l'PS shazy 43) (il
Do 6  Succinate DH FADH2 |Respiratory chain 1.5x2= 3 - 2x2=4 Jsall aless s Krebs cycledbs
Do 8 Malate DH NADH / Respiratory chain 2.5x2= 5 o 3x2=6 aatin | an) b g
N L/ = S ATPY) M) o g
[Net generation in glycolyticpathway ~ Ominus2= 7 = 10minus2=8 | 8 A yas glucose molecule J<
' Generation in pyruvate dehydrogenasereaction = = 5 o = = § | 5 Pt Jsaall il cula oxidation
[ Generation in citric acid cycle |Lq_,l_u Lald 4 ol ) glucosedtc Jaad
Net generation of ATP from one glucose mol 32 38 Bk e Krebs Jax (See 4

SV Glhial (e (e cpaile Ud) G CHO metabolismd) sl (e J oY) (e il glycolysisd\ 43 ) € [ipidsd! sl proteins! metabolismd)!
e dianiy 43) G gy Jsaall TCA cycle pathwaydle Lslki o1 ¥ acetyl CoAd) e Ll o caati I ATPU) 4aS s (Sae L) Tanall (i (4e
2 acetyl e Jasiy glucose molecule JS (5 ,cycled JAx 3 NADH molecules per each acetyl CoA = ,step 3, 4, 8 i« JS NADH
(step 6 =) 2 FADH2 5 (step 5J) =) 2 GTPs 5 6 NADH+H Le dlasdl 51 CoA




S 1Sy yuay iy ATP Lk oS Krebsd) 4 glycolysisd) (s dla ye JS 48 jra 8 lan dagall sl (pa**
4} & sim 90 () processdl (e ¢ sl skip Llee  dima ddadi (e 5l paisa JS4 reactiond) Wsa s ATPJ)
“*(2¥ 7o net gaind) JUb |1 ATP Lale 8619 Jals G-6-P Likany = 5 A glycogend) o Jilss

Important facts of Krebs cycle

Contrary to glycolysis, Krebs cycle can only happen under aerobic conditions
anaerobicds aerobicdb Sashy A glycolysisd) (S e aerobic conditions <ad lagé juaty

Enzymes of TCA are found in the mitochondrial matrix, in close proximity to the

enzymes of the respiratory chain Oe A8l (e 5 S 408 we capture Y LI power housed =3 mitochondriadl s

ATP Luasi 5 respiratory chaind) Jaxi = A TCA cycledh FADH2J) s NADHJ! G2k

Different isocitrate dehydrogenases are seen (isoenzymes)
 NAD+ specif_ic_ in_ mitochondria w% At 3 daai**
* NADP+ specific in cytoplasm

Alpha ketoglutarate dehydrogenase is irreversible step
» Citrate synthase is irreversible but body can reverse it via ATP-citrate lyase

* IDH step of the citric acid cycle is often (but not always) an irreversible reaction due to its large negative
change in free energy

05Se ) 2als reaction s dads &1 cycledh 3 irreversible reactions s 43 misa
alpha ketoglutarate dehydrogenased! s4 s completely irreversible




4ad agd y2i ullladl) structuresd) (e , SXill**
**acetyl CoA ,oxaloacetate ,pyruvated!

Glucose Oxidation

!

Pyruvate Fatty acid
e, Acetyl CoA 4 Cholesterol

Fatty acids / 1
Ketogenic

Steroid hormones
amino acids

Ketone bodies

Sources and utilization of acetyl coA

ketogenic AAJ s ,FAJ! ,(glucosed! () pyruvated) » o bas
,FA synthesisd & (48 Lukaay 5) Krebs cycled) (8 4easiuwig
& 5 ,(steroid hormonesd! ¥ s«a5) cholesterol synthesisd
ketone bodies synthesisd!

Oxaloacetate as a “catalyst” and
junction point of metabolism

Glucose l Fatty acid
Phosphoenolpyruvate Pyruvate
Oxaloacetate + Acetyl CoA
A 4 I l I A 4
Aspartate Malate Citrate

AilSaYl oaic Cua | junction point Uiz (Ses oxaloacetated
Gk o= glucose Lihsy s phosphoenolpyruvate Lidas,
Likasy s pyruvated) (b oo 4aliil o4 (Sas 5 gluconeogenesisd
acetyl J) (s 2C Jiiey )38 43 ALY | malate Sl aspartate
Jale oa oxaloacetated! «&S < siiy b citrate Likxy s CoA
438 metabolismdb s_sae
s catalyst Ui 58) catalyst & o ixi (S 4d) daga 5 53] Adaii 5
,regeneration 4leziy aa  cycled) & 4Y (Ulie) 3 e oS
e by s Jacetyl CoAd! oxidation ezt o (liie daadiugy g
wsd sl Osn s L) Al cycled)



Significance/ importance of Krebs cycle (1 of 2)

1. Complete oxidation of acetyl CoA

2. ATP generation

3. Final common oxidative pathway

4. Integration of major metabolic pathways
5. Fat is burned on the wick of carbohydrates

sl zliai 7 ) 43Y  ATP generationd)  cycled) i aal (e -
active Jl e 35l J&3 A 5} muscle contractiond! & 48Ukl
(sl Jua 5ill) nerve conductiond! & s ,transport

acetyl CoAJ ¢ 2CJ) 43Y complete oxidation iz Liayl 58 5 -
we generate ATP 4kl slery CO2 JSi e | sallay

,carbohydratesd) 255 b (e A% fatsd) B 48 J s s -
cba (lie 5 acetyl CoAd! oxidation Jaxt lie L@_LAUM La) A
fatsd! oxidation Jexd (Lic lax dege a3 CHOJ!

Glucose = Pyruvate

Tryptophan—vAlamne
Acetyl CoA
Aspartate — Oxaloacetate
Cntrate
Phenyl- \
alanine; = Fumarate o-ketoglutarate
Tyrosine +
Glutamate
Succinyl
CoA
Histidine
Propionyl CoA Arginine

\ Proline
Odd chain

Valine, Isoleucine, Methionine fatty acids




* The overall reaction for one turn of the TCA
cycle is:

FADH, 3NADH+H"*

FAD | | 3NAD*

Acetyl Co-A / / 2C0,

GDP + Pi GTP

No audio in this slide

L Cacld giall cind ie clif agll



ENERGY YIELD OF KREBS CYCLE (NEW system):

Malate

7

Fumarate

Malonate (toxic)

Succinate

\(

Succinyl CoA

1 = Citrate synthase

2 = Aconitase

3 = Isocitrate dehydrogenase

4 = Alpha ketoglutarate
dehydrogenase

5 = Succinic thiokinase

6 = Succinate dehydrogenase

7 = Fumarase

8 = Malate dehydrogenase

Arsenite (toxic)

A

/.

002

NADH

acetate

Total 10 ATP
per cycle

NADH

Alpha
keto-
glutarate

Acetyl CoA

ATP inhibits
(physiological
regulation)

Citrate

2 Fluoro-

acetate

Aconita (toxic)

2

Isocitrate

NADH
NADH inhibits;
ADP activates

Oxalo-succinate (physiological)

cO,



 ENERGY YIELD OF KREBS CYCLE (old system):
e 3 ATP in step 4 from oxidation of NADH.

3 ATP in step 6 from oxidation of NADH.

* 1 GTP in step 7 substrate level.

e 2 ATP in step 8 from oxidation of FADH2.
 3ATP in step 10 from oxidation of NADH.

Table 18.1. ATP generation steps

* So, total yield 12 ATPs: 11 ATPs from

respiratory chain & one ATP from substrate
no. enzyme (old- (new
e ey | level.

3 Isocitrate -
alpha ketoglutarate NADH 3 2.5

4 Alpha ketoglutarate -  NADH 3 2.5 No audio in this slide
succinyl CoA Don’t worry about numbering of reactions

5 Succinyl CoA — Succinate GTP 1 1

= o : as numbers vary from author to author;
6 Succinate — Fumarate FADH, 2 1.5 . hi . K he NAME of
8 Malate —» Oxaloacetate NADH 3 25 Imp thing Is to know the Y

Total 12 10 reaction where NADH+H... is produced




Significance/ importance of Krebs cycle (2 of 2)

. 6. Excess carbohydrates are converted as neutral fat
7. No net synthesis of carbohydrates from fat
8. Carbon skeletons of amino acids finally enter the
citric acid cycle
9. Amphibolic pathway
10. Anaplerotic role

CJ("@"\ Gﬂ\CHOJSMGL:(QJJH\UCod\_\)calonesh}awm\ﬁ ALMGS\M\-
Al joan FAd Jsai Sae Algdlly A geetyl CoAd &, pyruvated & ,glucosed | o saiy
glucose zWl A fatd) (e wdii Haah e dua msia e 82l fat & deposition
pyruvate DH reaction is completely irreversibled) 43

S ,acetyl CoAd! catabolism add_ra: (Sas (ketogenic AAJ!) amino acidsd) == Y -
Jketone bodies Lih= (Lic channeling 4_sa: (Sas sl complete oxidation 4 _ras (Sas
intermediates of Krebs cycled | #l s AV glucogenic AA & Jilaall

)y Caliadl g il 5 sagl) lllul ) agll




Amphibolic aspects of Krebs cycle (serve as catabolic and Anaploretic reactions to replenish Krebs cycle
anabolic pathway) intermediates: s Ana= up <us SUg Jual (e Als Anaploretic 4<1S
Catabolic role paat e Jaath Cus replenish sl refill Sz ) ploretic=fill

catabolic & Jaiis (Kas Krebsd) 43 =3 amphibolic s (Y intermediatesd) xai 5 cycled) & intermediatesd! 4uas sale)
‘3 - u », . . . o .
gt . T : Oflae ye a3V (ala s biosynthesisd) (2 deadiull
* Krebs cycled) 4L Jisy catabolic roled .anabolic ; 2 Y =

o . : L - Carboxylation of pyruvate to oxaloacetate
major integrative and final common pathway for oxidationd Y Py

Jui g pyruvate carboxylase enzyme G:oh (e srar ala
. " M M-‘ . . . . .. b i i ) ) = . = -
Cre DS AaS Lindastiy (CHO/hpld;;Z{E;OtemS) organic substances! biotin 4 Ja 4ca 5 ATP A&

Anabolic role: Pyruvate Carboxylase

- Citrate > acetyl coA + oxaloacetate (citrate lyase in
cytoplasm) = FA synthesis = Oxaloacetate

- Synthesis of Non essential amino acids :

- Transamination reactions

ciais A reactionsd) Wle JUs s transamination reactions be il
reversible <3lelall gla 43Y | 98 13L non essential AAJ) e

. . . . . : succinyl-CoA
- Synthesis of Aminolevulingte required in heme synthesis o 0— C_CH_ - cO, & CoArsH
- Gluconeogenesis — initial step < 4easiusy
heme synthesisd & — 2 \ ALA-synthase A
oo 3ke (A s dagall 3l sall (and synthesisd! s2 anabolic roled) Wl II 00- e eh— cncon
Jiiy &5 mitochondriadk oSt A citrated) ) intermediates e |
,acetyl CoA s oxaloacetate L= citrate lyased) G2 b o= 5 ,cytosold! | / cn, D-aminolevulinate

FA synthesisd) 2 s23%.all gcetyl CoAd! Jaae sa reactiond) u=la s




- -
CH,—CO — S —CoA
Acetyl-CoA

Malate ﬁ Citrate synthase |
dehydrogenase C —COO CoA — SH
<I:H2— CcoOoO™ &H, — Coo
. NADH + H" Oxaloacetate H.O HO é — CcOO—
HO — (FH — COO™ NAD* <|3H oo
‘CH,— COO™ Citrate
Liatate | Aconitase |
[ Fumarase I Fe2*
H,O Fluoroacetate c;:H — COO™
Tl SRS e el ey - . . .. C — COO™
ot B inhibition Je=& Il toxic/ poisonous agentsdl JSXi = (s I —
Fumarate Js¥) Jelall 8 a8l 50 3 &1 50alshs cycled) Jalareactionsdl SFEEeentEE
——— &k e inhibition Asay M Aconitased! a il die g o
Succinate dehydrogenase| xi= ~Ull | (noncompetitive inhibitor 4 s) fluoroacetated! [Aconitase ]Y Fe**
FAD . o ey
—% Malonate | inhibition 4l juay  alpha ketoglutarate dehydrogenased! W
Ery— EoO &Ul 5 (noncompetitive inhibitor s s) arsenited! &b o= fem o
EH, — Eoo- &e inhibition 4= A succinate dehydrogenased) e HO — & coo-
Succinate L. . . .
ATP (competitive inhibitor s& 5) malonated! &b NADY g
CoA — SH Mg®* NADH + H*
Succinate - ADP:’ o dehl)sfgc ol se
St o &h, —Soo- ) . B0 —e
CH, Arsenite a0
o=<|:‘ — S — CoA NADH + H™ co. e
Suceiy Con ¢, —Eoo- i
Alpha-Ketoglutarate dehydrogenase complex (':H —
CoA —SH i M ol
O =C —COO

CO2 a-Ketoglutarate
Source: V. W. Rodwell, D. A. Bender, K. M. Botham, P. J. Kennelly, P. A. Weil: Harper's Illustrated Biochemistry, 13th Edition

www.accessmedicine.com
Copvyright @& McGraw-Hill Education. All nghts reserved.



Regulation of Krebs cycle :

 The main function of Krebs cycle is ATP production so:

ll ATP Activation
II ATP Inhibition

acli Jelaill W) 5) aaasl alpha ketoglutarate DHJ! U ;3 main enzymes b o= &l cycled! regulationd! oY/
e 43 Cus llosteric regulation 5 Jsl Gl (iled 33k e juas controld) s ,(completely irreversible
[ ADPJ) dass 8334y (& ¢ 5S Alall (slen5) activation L way 7 Jil8 ATP) oS ¢ @ 48Ul 1) & Krebs cycled!
inhibition s s NADHJ)s ATPJ) &S <l 3 sl Jiliddly s (activation Jexis agidly ) Jséi ,3ié NAD / AMP

‘GLJSA\AAJ Ao 45 9 4ald dae sdasy g Al Q\A.}u‘



4 1 Arp R T app
1 amvp

Allosteric regulation 1 NAD

\_ J
/ Citrate synthase Rate of glycolysis and Krebs cycle are matched

0

Al 23, k) &

via:
@ - Both inhibited by high levels of ATP & NADH
Isocitrate DH - Citrate is an important allosteric inhibitor of
phosphofructokinase 1
9 (cycled) & 1st stepd! s» ) citrated)

_ ) % B
sk e wa regulationd! k a-ketoglutarate DH / glycolytic pathwaydb ~¢= allosteric inhibitor

substrate availabilityd)! Krebs cycledis ALl LAY b energyd) o5 La*
Substrate availability is required for Krebs cycle: =8 cycledls (g 1) higher ratew Jaidi &
- NAD and FAD: NADH+H and FADH2 must be re-oxidised via active respiratory <Yl & 5 respiratory chaind) &« coupled
chain inhibition Jxa: 7z (02 25> 5 p2=) hypoxiad!

- Active respiratory chain needs high oxygen and high ADP concentrations NADHJ Al slex s | respiratory chaind!
,(#S) 5) accumulation s »ay 7 ) FADH2J 5
- Acetyl coA (via glucose oxidation, FA & KB oxidation and catabolism of Krebs cycled! inhibitiond w2k 7 s
ketogenic AA)

- Oxaloacetate (from malate, aspartate and pyruvate)



,Jsaall dane A5 | Krebs cycledt dagall enzymesd) sz (e 15550 SI extremely rare 4ed (cse/SYA)) defectsd) J s

Table 18.2. Metabolic defects of oxidative metabolism

Enzymes Reactions catalyzed Abnormalities ;
- — (s reactiond! catalyzing Je= A1) pyruvate DHJ aed sl 5
Pyruvate Pyruvate — Lactic acgdosns <us (jrreversible reaction s4 5 ,acetyl CoAd pyruvate
dehydro- acetyl CoA Neurological pyruvated) 3L ) 43Y) Lactic acidosis Wl ~ , defectd)
genase disorders Neurological disorders s (lactated) giai a5 &~
Acyl CoA- Fatty acyl CoA - Organic aciduria, glu- |
dehydro- alpha, beta- tqnc aciduria, a(?'do- catalyzing Je= ) Acyl CoA-DH s SEl enzymed
genase unsaturated sis, hypoglycemia alpha, beta-unsaturated FA J FA CoA (» reactiond!
fatty acyl CoA Electron flow from (Jsaall Aaa 5 defectd) z15) | (CoA

FAD — CoQ affected
Pyruvate Pyruvate —» Oxaloacetate needed
carboxylase Oxaloacetate for sparking TCA o

cycle is deficient. pyruvate carboxylased! s& Ul pa¥) enzymed s

Lactic acidosis defectd) =) ,(oxaloacetated pyruvated! Jds~ )

’ ‘.
hyperammonemia (doaadh Ana e

and hyperalaninemia '

ad) Sala vie Jod%8 | Caagd s culaia g <l 85 sy Le e ginl ) agll




