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The Citric Acid Cycle

Nov. 26, 2007

There is hope!

Please study the lecture slides that are posted affer

lecture

Quiz 5 is this week (20 pts)

Quiz & next week (20 pts)

Extra credit is being tallied and posted this week

Find study buddies through VOH.

— Network, network, network

= 1.5 hours tends to be a good amount of ime

— Make everyone show up with a problem already worked
oul and ready Lo explain 1o the group

= Assign a brief lopic thal each member has 1o leach the
group

~ Stay on topic. Save the drama for your momma

Overview

Second stage of cellular respiration
* RXNSof TCA Cycle (AKA Cytricand Kreb Cycle)
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The Citric Acid Cycle

Nov. 26, 2007

There is hope!

Please study the lecture slides that are posted after
lecture

Quiz 5§ is this week (20 pts)

Quiz & next week (20 pts)

Extra credit is being tallied and posted this week

Find study buddies through VOH.

= Network, network, network

— 1.5 hours tends to be a good amount of time

— Make everyone show up with a problem already worked
out and ready to explain 1o the group

— Assign a brief topic that each member has to teach the
group

~ Stay on topic. Save the drama for your momma.
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Overview

« Second stage of cellular respiration
« Rxns of the TCA Cycle



3 Stages of cellular respiration

v

3 Stages of cellular respiration
1. A""ew“_:'o'“ Getacetyl-CoA from pyruvate (from fatty acids,
W‘:_ production carbs, or proteins) 1. Acetyl-CoA
2. Acetyl-CoA ‘acetyl coanzyme A production
e R 2. Acetyl-CoA
l 3. Electron transfer - .o:lduﬁon
{ -:..-.. Y and m"datwe- . 3. Electron transfer
w. - phosphorylation cycle and oxidative
phosphorylation
OV D i .

wlectron transport system

Reactions of the Citric Acid Cyde Function of cycle is to oxidize acetyl-CoA
OAA = oxaloacetate Acetyl-CoA

Reactions of the Citric Acid Cycle
NADH itrate =6C (akacitric acid)

| wooa | 6C compound

ph: (5C loss CO»)

e aoe CoA has a thiol group that acts to transferacyl groups.
- Thiol bond energy is large and has enough energy to make GTP.

Step 1 is catalyzed by citrate

Step 1 is catalyzed by citrate
synthase synthase

1. Acetyl-CoA + oxaloacetate + H,O = CoASH + citrate

1 Acetyl-CoA + oxaloacetate + H,O s CoASH + atrate
2c bmpa e cmgd GC ome
o - | e ooy - =, % b
B o b, . b o \ = | L .
.»”‘ . ' — |- o5 ey N Y

Citrate synthase =enzyme

Step 2 is catalyzed by
aconitase
Step 2 is Catalyzed by ‘Why would ourcell bother

with rearranging this:
2 o 3%alcohols cannot be 2 Citrate = 1socitrate
aconitase recuced without
breaking C-Cbond.
o 2%alcohols canbe
reduced more easily

2. Citrate = 1socitrate :‘J—T

ook Z-oH '
o — § oo | =L mei
1 ' . 7 _—
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AGY = +6.7kJ/mol
Enzyme =aconitase Atequilibriumcitrate is favored

Aconitase utilizes an Fe-S
cluster )

+ ey’-‘s
SlelIaIE\()HLl)H o

P

Step 3 is catalyzed by
isocitrate dehydrogenase

3. Isocitrate + NAD® = a-ketoglutarate + NADH + CO, +H*

O Oy

: L

¢ — e 7T‘ H—¢ H—t—n

e wemm. |SSUT | copm ET
e

iaou decarboglation ketore

5C
Coxidizedinto CO2
NAD*reduced to NADH

Missing Slide Figure 21-21
© Mechanismofrxn3

Step 4 is catalyzed by a-
ketoglutarate dehydrogenase
complex

Enzyme =alph: 1ase complex

4. a-Ketoglutarate + CoASH+ NAD® += sucanyl-CoA + NADH + CO, +H'

Decarboxylation rxn

oo
|

H—g— —— . H—C —H
H—C—H + MS-CoA H—C —h
|
Cm0 C=0
| NAD" |
oo™ - v $-cCon

o,
- succinyl Cod
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Aconitase utilizes an Fe-S cluster

Slbslrate\()H?H ‘\
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Step 3 is catalyzed by
isocitrate dehydrogenase

3 Isocitrate + NAD® += a-ketoglutarate + NADH + CO, +H*

e S | S =
e ) = ) ) 5K

Figure 21-21 Probable reacsion mechanism of isociirate dehydrogenase

Step 4 is catalyzed by a-
ketoglutarate dehydrogenase
complex

4 a-Retoglutarate + CoASH + NAD® w mccinyl-CoA + NADH + CO, + B”

gt b s

S
g




High energy thiol-ester linkage used
to make high energy compound GTP

Pugn 783

(].KG DH Complex Probably evolutionarily related

Complex has 3enzymes
(looks very similar to pyruvate
dehydrogenase complex)

(homologous)

Enzyme Coenzyme
a-ketoglutarate Thiamine
dehydrogenase pyrophosphate
Dihydrolipoyl Lipoic acid, CoASH
transsuccinylase

Dihydrolipoyl FAD, NAD*
dEhyergenase Same name asin pyruyate

Step 5 is catalyzed by
Succinyl-CoA synthetase wamerorreverseresion

5. Succinyl-CoA + GDP + P, = succnate + GTP + CoASH

OO

coa

H—C—H sutcenyl Coh vprehetase H—C

He=C—H '77_7T' M=
¢ |
1 ®

S =CoA

succinyi-Coh

-

N+ MS-CoA

wccinate

GTP has guanosine
ATP hasadenosine

Figure 21-19 Mechanism and stereochemistry of citrate synthase rxn
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aKG DH Complex

Enzyme Coenzyme
a-ketoglutarate | Thiamine
dehydrogenase pyrophosphate
Dinydrolipoyl Lipoic acid, CoASH
transsuccinylase

Dihydrolipoyl FAD, NAD*
dehydrogenase

Step 5 is catalyzed by
Succinyl-CoA synthetase

5. Sucanyl-CoA + GDP + P, += sucanate + GTP + CoASH

Figure 21-22a
Formation of succinyl phosphate, a “high-enengy” mixed anhydride

8 w, Suscimyl-Cod

Figure 21220 Fomnaton of phospharyi-Hs, & Tegh-snergy” insemediate




Figure 21-21 Probable

D
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Figure 21-22c

Transfer of the phosphan group to GDP, forming GTP

o The first five steps of the TCA
cycle produce NADH, CO,,
GTP (ATP), & succinate

Figure 21-22a
F of yl phosp a “high-energy” mixed anhydride Step 6is catalyzed by
succinate dehydrogenase
6. Sucainate + [FAD] = fumarate + [FADH, ]
0o e oo
COO— CO0— L " —
o CH, i CH, "1—" ’ ; o j
0-P-0 + o, CHy 4+ CoAS G W bicand
i )i cintn RN
CoAS o O,P —C o
; ¥ Buccinyl-CoA I p].“.;::::; &

kla‘l\ WQ‘J

Figure 21:23
Covalent attachment of FAD 12 His residun of suctinale dehydmgenase.

Figure 21-22b  Formation of phosphoryl-His, a “high-energy” intermediate ol
) iy
' , ™
‘Jl
. CO o i CO -
N H CH, ot - CH,
+ cn, + CH,
w4 N .

3% Y Cea . °<,
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oS- i
Enzsyme-His A-Phospho-His Succinate
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Figure 21-22¢

Transfer of the phosphoryl group to GDP, forming GTP

Don't need to know structure of G part

aor

X o o

Puge 7

The first five steps of the TCA
cycle produce NADH, CO,,
GTP (ATP), & succinate

* First5steps:
o Producing NADH
o Producing CO2
o Produce GTPor ATP
o Produce succinate

Step 6 is catalyzed by
succinate dehydrogenase

FAD has brackets because itis attached covalentlytosuccinate dehydrogenase

6. Succinate + [FAD] = fumarate + [FADH, ]

COO COO™
l succinate dehydrogenase |
H=C—H C—H
| I

H—C—H H ~c‘
o0 FAD OO
succinate fumarate

Succinate dehydrogenase is only enzyme bound to inner mitochondria membrane

Stereospecificbut won'tgo into details of this.
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Step 7 is catalyzed by
fumarase

7. Fumarate + H,O = L-malate

[ ) WBE

no—< i
7 1
ML —h

-~

Step 8 is catalyzed by malate
dehydrogenase

8 L-Malate + NAD® == oxaloacetate + NADH +H*

B
MO =€ =4

(=0
COa - I

"

Net forrxns 1to 8

Acetyl-Col + IHAD" +[FAD] + ADP + B, +2H,0 =
200, +3NADH + 3H" + [FADH, | + ATP + CoASH
A3% = 40 Kimeal

Net for glycolysis and TCA
cycle

Glucose + 2 HO+ 10HAD® + 2 [FAD) +4 ADP+4 B, =
60, + 10 HADH + 10H* +2 [FADH, | +4 ATP

]



Covalentattachment of FAD to a His residue of succinate dehydrogenase
Part of reasoning that succinate dehydrogenase is stuck to mitochondria

Coenzyme Q(found ininner membrame space of mitochondria) is involved into oxidazing FADH 2

backinto FAD

Figure 21-23

NH
" N
o - N
M, O P O P O CH,O
¥ HO © W ) o oM
H 11
il o ¢ n OH OH
HO € M
N CH,
3 e N ¥ o
& Ve Needtobe able torecognize
* N
" =
FAD

Step 7 is catalyzed by
fumarase

7. Fumarate + HyO = L-malate

OO OO
tumarase |
c—n HO—C—H
1 |
H—C H—C—H
COO H,0 COO
fumarate malate
P -0

Step 8 is catalyzed by malate
dehydrogenase

FINALSTEP
8 L-Malate + NAD® += oxaloacetate + NADH +H"*

OO OOy
malate dehydrogenase

DI)—(;-—H (;—n
H— ~H ; ; o

€00 L2 Aov B 0o
vooh  ovdw potine
WD redued-> MADH

Net forrxns 1t0 8

Acetyl-CoA + 3HAD® +[FAD]+ ADP+P, +2H,0 =

4200; +3NADH + 3H" +[FADH, | + ATP + CoASH
~ Go=
e fomn Acotyl-Ch &G = 40 K fmel

Net for glycolysis and TCA
cycle

Glucose + 2 H O+ 10 HAD® + 2 [FAD]+4 ADP +4 P, =2

600, + 10 HADH+ 10 H* +2 [FADH, ] +4 ATP
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Table 21-2

AG™ AG
Reaction Enzyme (kJ < mol ') (k1 - mol ')
1 Citrate synthase 3s Negative
2 Aconitase s 0
3 Isocitrate 21 Negative
dehydrogenase
4 a-Ketoglutarate 33 Negative
dehydrogenase
multicnzyme
complex
] s Succinyl-CoA 21 0
] synthetase
6 Succinate ‘e 0
dehydrogenase
7 Fumarase a4 0
X Malate +29.7 0
dehydrogenase
Doon own.

A typical intramitochondrial concentration of malate is 0.22
mM. If the [NAD+J[NADH] ratio in mitochondria is 20 and if
the malate dehydrogenase reaction is at equilibrium,
calculate the intramitochondrial concentration of oxaloacetate
al 25°C.

Malate + MAD* = oxaloacetats + NADH + H"

8G%= RMa K,

(1=
=-(8.314 JimolsE In
© e [{2o]|22 x 10‘[

-30,000 Jmol _ }
T Tl A4 10
A121=ln (=44 % 107)

x= (56 % 10%) 4.4 x 10%)

x= [onleacﬂm] =0.024uM
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