BioChem 330 - Course Qutline

e Metabolism and Bioenergetics (ll)

— ENZYME CATALYSIS:

e kinetic constants k__,, K.

e Catalytic strategies, the serine proteases

— CATABOLISM (breakdown)

e Carbohydrates
— Glycolysis
— Tricarboxylic Acid Cycle
— Electron Transport
— Chemiosmosis and ATPase

e Fatty acids and amino acids



Fatty Acid Metabolism..... Proof of B oxidation

Fatty acid fed Breakdown product Excretion product
| ! Va 7
@—CHz—(CHZCHz),,— CH, —c\ - @— \ —_— ©— C —NH —CH, — COOH_
o (n+1)C, Glycme residue
Odd-chain fatty acid Benzoic acid Hippuric acid
! 1 I
@—mz—cr{z — (CH,CH,),— —c T» @ —c @ —c —NH —CH, — COOH
0"' (n+1)C, Glycinevresidue
Even-chain fatty acid Phenylacetic acid Phenylaceturic acid
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Fatty Acid Metabolism..... Activated by CoA

//O
R—C ﬁ
\o‘ R—C—SCoA
Fatty acid <”) ﬁ Acyl-CoA
+ T» R—CDO—T—O—Adenosine +
0 ) o Q‘ ‘ 0
_ N Al — PP;j o Al
O—T—O—'l’—o—'l’—o— enosine inorganic Acyladenylate H—SCoA o—r|>—o— SRosine
o (o (ol H20 pyrophos- mixed anhydride o
ATP phatase AMP
2P;
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Cytoplasmic enzyme: acyl
CoA synthetase

Figure 20-10



Fatty Acid Metabolism....transported through
mito via transferase — PART A

o j
+
(CH3)3N—CH;—CH—CH,—CO0~ + R—C—SCoA
Carnitine (4-trimethylamino-

3-hydroxybutyrate)

'H, carnitine palmitoyl transferase

0
I
R—C—?
+
(CH3)sN—CH,—CH—CH,—CO0~  + H—SCoA

Acyl-carnitine
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Fatty Acid Metabolism....transported through
mito via transferase -PART B

Cytosol Inner Matrix
mitochondrial
membrane

] e i

ogs .o 1
R-C-SCoA Carnitine < Carnitine R-C-SCoA

carnitine Carritine carnitine
1] palmitoyl carrier protein palmitoyl 3
transferase | transferase Il
H=5CoA R-ﬁ-Carnitine > R—ﬁ—Carnitine H=5CoA

0 é’éo
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Figure 20-11



Fatty Acid Metabolism — the mitochondrial details

T
/->CH3—(CH2),,—(IZB—?¢,—C—SC0A
H H
Fatty acyl-CoA

ETF: ubiquinone

atyl-(o: e = oxidoreductase oy QH Nllitochondrial H20
1| dehydrogenase (AD) A> 6 7 8 ter:;tsf;:‘n
ETF: ubiquinone hai :
FADH, ETFoyx Q chain 0,

oxidoreductaseyaqg
T ﬁ re //*“\\

CH3—(CH3)y—C=C—C—SCoA 2ADP
I + 2P;

2ATP

H
trans-A2-Enoyl-CoA

2 H20
enoyl-CoA hydratase (EH)

Y i
CH3—(CH)p— ?—CHz—C—SCoA

OH
3-L-Hydroxyacyl-CoA
NAD*
3-L-hydroxyacyl-CoA
dehydrogenase (HAD)
NADH + H*
oo
CH3— (CH3),—C—CH;— C—SCoA
B-Ketoacyl-CoA

4 CoASH
B-ketoacyl-CoA thiolase (KT)

Trifunctional complex in mitochondrialmembrane

0 0
Il ]
\— CH3—(CHa);—C—SCoA + CH3z—C—SCoA
Fatty acyl-CoA Acetyl-CoA

. (2 C atoms shorter)
Flgure 20-12,1 3© 2008 John Wiley & Sons, Inc. All rights reserved.



Fatty Acid Metabolism — FAM-4 KT details

0 )
s~ % Il
E_ g+ \* R—C—CH;—C—5CoA

1 B-Ketoacyl-CoA
1 l

R
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Eamct.
+
BH Ccuz

| o} (o
s—C=0, I I
E BH+ ~CHy;—C—SCoA «—> CHy=C—SCoA

0
H3C—C—SCoA
Acetyl-CoA

|
s—C=0
E s

Enzyme-thioester intermediate

41k CoAS—H
N L

E o
+
BH™ gcon

I

3 I
EBH+ + R—C—scoA Acyl-CoA
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Figure 20-14

3

CLAISEN ESTER CLEAVAGE
KT binds substrate at CB via a
active site thiol

Tetrahedral Intermediate is
formed with thioester

Bond cleavage between C-C,
occurs with collapse of this
intermediate

Product 1, acetyl CoA liberated

Product 2, acyl CoA ready for
another round



http://www.huffingtonpost.com/2009/11/16/paul-nicklens-
unbelievabl_n_359623 .html




Fatty Acid Metabolism — dealing with unsaturation
O
|
18 § S S S 1C
“OH
Oleic acid
(9-cis-octadecenoic acid)

O

1 9 1c

Linoleic acid
(9,12-cis-octadecadienoic acid)
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Fatty Acid
Metabolism
— dealing
with

Linoleic acid
2NADY + 2FAD + 2CoA-SH

2 rounds of B oxidation
2NADH + 2FADH; + 2acetyl-CoA B

(o]
8 5 :
NN
scoa

FADH, acyl-CoA dehydrogenase

SCoA
2,5,8-Trienoyl-CoA

[ ]
unsaturation 3:2-enoyl-Con
NADH + acetyI-CoA completion of somerase Problem 3:
B-oxldatlon round Isomerization
Problem 1: 0o
B,y double bond c\ § 2
/\/\/=\/=\/ /\/\/=\/=W
SCoA o SR =
enoyl-CoA isomerase 3,5,8-Trienoyl-CoA .
3,5-2,4-dienoyl-CoA
SCoA isomerase
ANNTTNNAN
Z c/ =
'6 5 3 "
2 : A e N P e g
NAD* + FAD + CoASH one round of B oxidation ™D \

NADH + FADH3 + Acetyl-CoA

+ the first oxidation of A2, A4, A&Tri.;oyl-CoA

the next round

b s NADPH ++H 2,4-dienoyl-CoA
: NADP reductase
A% double bond 4 2 _scon
( 5 )
o i
— NADPH + H" —15 4_dienoyl-CoA V\/\_s/\/\/\/ ~ SCoA
N NADPt ~—{reductase ig:og +| iFAADHz
. cetyl-Co
(“““““g"a") y 3,2-enoyl-CoA
2,4-dienoyl- i 2NAD™ + 2FAD isomerase
CoA reductase /\/\/\/3\/ d +2CoA
(E. coli) i 3 SCOA 5 ounds o
3,2-enoyl-CoA of B-oxidation 3 l.':
isomerase (mammalian) \/\/\=8/\/,3%L;/ N scoA
o
3 E\
NN
g 14 \2 SCoA
Continuation of 8 oxidation
Figure 20-15 © 2008 John Wiley & Sons, Inc. All rights reserved.



Fatty Acid Metabolism — dealing with odd chain lengths

o

CH3—CH2—ﬂ—SCOA
Propionyl-CoA
ATP + CO,
propionyl-CoA carboxylase

ADP + P;
H O
_ |l
02C—CI—C—SC0A

CH3
(S)-Methylmalonyl-CoA

' methylmalonyl-CoA racemase

H O
CH3—CI-—E-—SC0A
do;
(R)-Methylmalonyl-CoA
' methylmalonyl-CoA mutase
o
~0,C—CH;—CH;—C—SCoA
Succinyl-CoA
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Figure 20-16

Three step process to convert
the three C propionyl to four
carbon succinyl CoA

1. Enzyme has biotin and
resembles pyruvate
decarboxylase.

2. Racemization from Sto R
stereoisomer

3. STRANGE C skeleton
rearrangement that uses
vitamin B12 (deficiency is
known as pernicious anemia)



methylmalonyl-

H H H H
| CoA mutase |

~0,C—C c|: H < = ~0,C cI C—H
CoAS—C H H CI—SCoA

|

(0] (o)

c—f—c Carbon c—c—?
& skeleton &

(R)-Methylmalonyl-CoA Succinyl-CoA
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Figure 20-17

(o]

I
HaN—C—CH>

H3C
7 H3C
HaN—C—CH,

|
NH
él‘lz N CH3
o {

HC—CH3
| N
? CH3

o= |I>—o

0 OH

H
H H 5’-Deoxyadenosylcobalamin
HOHpe N7 H (coenzyme B13)
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Fate of acetyl CoA in liver is not TCA.....
but KETONE BODIES

0 0 0
| / I
H3C—C—CHy;—C H3C—C—CH3
N
(0
Acetoacetate Acetone
OH
0
| V4
H3C—C—CH,—C

| \o_
H

D-B-Hydroxybutyrate
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Three enzymic reactions transform acetyl CoA

to beta keto acid

Liver releases acetoacetate
and B-hydroxybutyrate to
the blood to peripheral
tissue for alternative

fuels...
CH3 HT + CH3
c|: o NADH NAD' "o CI .
| \/ |
CH2 g hydroxybutyrate (|:H2
COo,~ dehydrogenase COy”

Acetoacetate D-B-Hydroxybutyrate
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Figure 20-21

i I
CH3;—C—SCoA + CH3—C—SCoA
Acetyl-CoA Acetyl-CoA
1 | :
thiolase
b= (acetyl-CoA acetyltransferase)

o] o]
Il l
CH3—C—CHy;—C—SCoA
Acetoacetyl-CoA

[
H20: % Big—E—SCah 2] hydroxymethylglutaryl-CoA synthase
H—SCoA <— (HMG-CoA synthase)

OH ﬁ

I
_02C—CH2—(IZ—CH2—C—SC0A

CH3
B-Hydroxy-B-methylglutaryl-CoA (HMG-CoA)

3 hydroxymethylglutaryl-CoA lyase
(HMG-CoA lyase)
o o
= l Il
0,C—CH;—C—CH3 + CH3—C—SCoA
Acetoacetate Acetyl-CoA
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Fatty Acids are made in the cytoplasm in
processes that are the reverse of beta oxidation

B Oxidation Biosynthesis
Occurs in mitochondrion 1 Occurs in cytoplasm
g CoAis acyl 2 ACPis acyl Fatty acyl-ACP (Cp, +2)
——Fatty acyl-CoA (Cp +2) Graupcarelis Srotncalries n+2) —
+
FAD D FAD is electron 3 NADPH is NADP
FADH»> acceptor electron donor NADPH + HT
Enoyl-CoA Enoyl-ACP
H20 — ?ﬁ H,0
3-L.-Hydroxyacyl-CoA SRatiydroxyacy) 4 D-B-Hydroxyacyl 3.p.Hydroxyacyl-ACP
group group 4 5
+
NAD+ NAD? is electron 3 NADPH is C i ¥
NADH +H acceptor electron donor NADPH +H
B-Ketoacyl-CoA B-Ketoacyl-ACP
CoA C> unit product 5 C5 unit donor —~ CoA +CO;
Acetyl-CoA <) is acetyl-CoA is malonyl-CoA N— Malonyl-CoA
\— Fatty acyl-CoA (Cp) Fatty acyl-ACP (C;;) ~——

© 2008 John Wiley & Sons, Inc. All rights reserved.

Figure 20-23



