BB 422/622

Exam 1

Phase II; GAPDH, PGK, PGM, Enolase, PK
Summary: labeling studies, logic, energetics
Catabolism of Other sugars
Pasteur: Anaerobic vs Aerobic
Fermentations; Lactate, Acetoacetate, Ethanol
Aerobic
Pyruvate; PDHC
Krebs’ Cycle
How did he figure it out?
Overview
8 Steps
Citrate Synthase
Aconitase
Isocitrate dehydrogenase
Ketoglutarate dehydrogenase
Succinyl-CoA synthetase
Succinate dehydrogenase
Fumarase
Malate dehydrogenase
Energetics
Regulation
Summar
Oxidative Phosphorylation
Energetics, Mitochondria, Transport
Electron transport
discovery
Four complexes
Complex I

Complex II Exam 2

Complex IIT
co_mslﬁ v
Electron Transport Exam 3
Complex 1V: Cytochrome C (Fe2) - Hz0
Chemiosmotic theory: Phosphorylation
ATP synthesis
ATPase
Mitchell Hypothesis
Binding-Change Model
Connection to the proton motive force
Net ATP production

OUTLINE:
Lipid Catabolism
Fat Catabolism
d\le’r
Storage
Fatty acid Catabolism
FOUR stages:

Mobilization from adipose
hormone regulated
specific lipases

lycerol
Acﬁvaﬁon of fatty acids
Fatty-acyl CoA Synthetase
Transport
carnitine
Oxidation
Rationale
Saturated FA
B-oxidation
4 steps
dehydrogenation
hydration
oxidation
thiolase
energetics
Unsaturated FA
Odd-chain FA

Ketone Bodies Catabolism

energetics
Pro’rei?] Degradation
(Catabolism
Digestion
Inside of cells

Protein turnover
Ubiquitin
Activation
Conjugation
Ligation
Proteosome
Amino-Acid Degrad.
Dealing with nitrogen
Ammonia
free
transamination
Urea Cycle
5 Steps

Carbamoyl-phosphate synthetase
Ornithine transcarbamylase
Arginino-succinate synthetase
Arginino-succinase
Arginase
Energetics
Urea Bi-cycle
Elimination of N
Regulation
Dealing with carbon
energy vyield
7 families

‘Efdwsga/%ﬁ;/a(rgp%se family (a£D.QN)
s

pyravafe Family (cs,
a-KetobiFyric Family m.m)

a. Lone-cacbon E:mball

Aromatic amli?' (F.Y)

-Refoadipic Eamily x w)
Regulation Branchedrchain tal 1Y vy
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Amino Acid Degradation:
the carbon “skeletons”

The SEVEN (7) Families

C. Related to biosynthesis (8)
1. Glu Family (R,P,H)
a. Introduce oxidases/oxygenases
b. Introduce one-carbon metabolism (1C)
2. Pyruvate Family (G,S,C)
a. PLP reactions
3. a—Ketobutyric Family (M, T)
a. 1-C metabolism
D. Dedicated (7)
1. Aromatic Family (F,Y)
a. oxidases/oxygenases
2. a—Ketoadipic Family (K,W)
3. Branched-chain Family (V,I,L)
E. Convergence with Fatty Acids: propionyl-CoA
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Amino Acid Degradation

Glutamine Histidine  Proline  Arginine

‘fups 2 su/ /Zshps

Glutamate }<L Glu-semialdehyde

Ketone

bodies | /\[‘

a-Ketoglutarate ‘

Acetoacetyl-CoA

Citric

Citrate acid Succinyl-CoA
eyde

Succinate
Oxaloacetate

[~=|=| Malate

Acetyl-CoA

1.Transaminase/Deaminase Famil
2.Glu Family
3.Pyruvate Family

Glucose 4.0-ketobutyric Family
5.Aromatic Family
6.a-ketoadipic Family

T

Alanine
7.Branched-chain Family
@ Serine
[ Glucogenic

Glycine &

LD [ Ketogenic
€0, + NH,* A <€ Oxidative decarboxylation by a complex yielding NADH

Asparagine
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Amino Acid Degradation %S¢

Pyruvate Family NAD* NADH
N

+
i NH
Glycine s [Glycine] €O, + NH;
+ Pathway #1: glycine cleavage enzyme CH,—COO~
— apparently major pathway in mammals
— separation of three central atoms N5, N"’-methylene " o
- releases CO2 and NHa H, folate glycine SH NH
. . 3
— methylene group is transferred serine H,0 cleavage
to THE hydroxymethyl- CHy,—CH—C00]
- mechanism like PDH transferase ipoate, 2
complex FAD
H, folate ! e
2 Microbes hydrolyze ) 02
+ Pathway #2: hydroxylation to serine > NH HzS & ammonia with cysteine NAD*
. 3 desulfhydrase or TA d' nase
pyruvate via SerOHMe transferase & | then SH>SCN loxyge NADH
Set/Thr dehydratase HO—CH,—CH—CO00~ -m _ ek
— Reverse reaction major feeder of one- SOz NH3
carbon to THF _
‘ CH,—CH—CO0
serine/threonine H,0 3-sulfinoalanine

dehydratase
+ Pathway #3: D-amino oxidasey H;0

‘ ’ transamigase
— relatively minor pathway NH+
- ultimately oxidized 4 @ a-ketoglutarate

to oxalate
— major component of SO,- O glutamate
kidney stones | _|ll_spontaneous |
Ry CH;—CH—C00 CH,—CH—C00™ = _ _, oo
’ 9 Pyruvate SO3- H20 3-sulfinyl-pyruvate Acids

Methylglyoxal  oxalate
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X Amino Acid Degradation &S:C
Pyruvate Family . NAD* NADH
Glycine s Glycine N O, + NH;

+ Pathway #1: glycine cleavage enzyme CH,—COO~
— apparently major pathway in mammals

— separation of three central atoms N5, N’°-methylene - o
- releases CO2 and NHa . / H, folate glycine SH NH;
— methylene group is transferred serine cleavage
to THF hydroxymethyl PLP decarboxylation |_g CH,—CH—COO
- i i 2
mechanism like PDH transferase a-elimination Doate,
complex AD
H, folate
Microbes hydrolyze . Oz
- Pathway #2: hydroxylation to serine > NH3 ;‘:’juf;:y’;r’::g‘;";‘x‘ di cysteine NAD*
pyruvate via SerOHMe transferase & | then SH>SCN loxygenase NADH

— Reverse reaction major feeder of one-
carbon to THF

Set/Thr dehydratase HO—CH,—CH—CO0™ SOs ﬁH
3
[

B-elimination

All these uses of PLP; CH,—CH—COO0]|
H,0 let’s have a closer ook  3-sulfinoalanine

serine/threonine

dehydratase

+ Pathway #3: D-amino oxidase H;0

trgpsammingse
— relatively minor pathway NH+
— ultimately oxidized 4 o a-ketoglutarate
to oxalate ¢ 1ation
— major component of 0 sO,- O glutamate
kidney stones Il spontaneous |
CH;—CH—CO00™ —CH— = .
i Kc C/D 3 CH,—CH—CO0™ ~ _ _ i'l,ed
o = - T - cids
Meihohorl  oxalate Pyruvate SO;- H20 3-sulfinyl-pyruvate
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X Amino Acid Degradatlon G,S,C
Glycine

Pyruvate Family: %
Glycine Cleavage Enzyme ™"

See Sapling animated Figures

NAD® NADH

. . Decarboxylation
ht nt P e "
'y i ":ﬁl—c‘f} S N’-N‘°-methylene-THF
CH cH N "
! ! !H co, ” This is similar to how THF was

HO, HO.
I ]/\® I I\® HO. cI ) HO__C used to pick off the form-
Hie” N Hy<” N L,B/\@ D I(ﬂ/@ S— imino group in His catabolism
b .
Hie” N

H H
. N . 3C
Carbanion  Quinonoid . . M . In Photosynthetic Parts of Plants, this is one of the most
intermediate Schiff base Quinonoid intermediate

. A Abundant proteins and its called Glycine Decarboxylase
R P bili intermediate
esonance structures for stabili- | ol aldimine)

zation of a carbanion by PLP 1820c_glycine cleavage.html]

96



http://media.saplinglearning.com/priv/he/lehninger/aem/1820c_glycine_cleavage.html

Xl Mechanism of Glycine Decarboxylase

u,ﬁ—%—cw'
+ In plants, this same ortholog of Glycine “00C—cH; —
Gly-clevage enzyme is called

Gly decarboxylase

Flux through rubisco reaction
and glycolate pathway can be
high in bright sun, so plants
need a lot of glycine
decarboxylase.
— makes up 50% of protein in
some plant leaves
— but non-photosynthetic
parts of plants (tubers, etc.) U4
have little glycine
decarboxylase

N*,N'0-methylene H, folate
Figure 20-49

Glycine Decarboxylase Is Abundant in Photosynthetic Parts of Plants
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X Amino Acid Degradation G.s.C

Pyruvate Family: Serine/Glycine
Sel’ine hydroxymethyl tranSferase See Sapling animated Figure
(shows Gly->Ser)
A8 H A '
1P H .’\
4
H N eo; B Z~cof ' ~co; HOA
?p P OH T OH OH &/‘ [o} ,,c’OH

a-elimination THF

Serine - R L

He N \
E-aldimine (external) N%N’C N H\N/\Oti? ]

H =t I |
N)% | HoN \N N
b b
N5-N19-methylene THF
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X Amino Acid Degradatlon G,S,C
Pyruvate Family: Serine

Ser/Thr dehydratase See Skt Figures
H=A . B-elimination
B:\L| OH OH b
p CH

H
OoP COz
| H,C (I Cco0
NH}

CH3 B- ellmlnatlon St

© r/
3

H deprotonation

serine-PLP + H.0

serine dehydratase
T .
serine+E-PLP Schiff-base 3
hydrolysis L

H4C—C—CO0™
|

Oy o
HEA
CH3 Pyruvate
NH| (8201 cn, QCHZ
€]
0”7 co; o A o ~l
- °
hydrolysis imine/Schiff base eneamine
101
PLP Catalyzes Many Types of Reactions
Acid d?nates protory
[~ ODH \_( N Base abstracts fﬁ,ﬁiimﬁé’n' Yoom
| Y r \{ protonfrompcarbon Y -
" CFR C ® H- CL"‘H Protonation ‘FI
@QJS) J <l c¢° ofPLPaIdehyde s g
H N C\éo ®H y \// Base abstracts OPH _)NU‘/\Z;‘\O‘ carbon 3 2\
o gZH) . P proton from a-carbon ‘ t OH ‘ OH
e — Q\ e 3 RS
PER N g E s N ok
L. M H - L quinonoid intermediate i
o
Ca-bond: L NPT @H ( s] @ o
@ Transamination of Amino Acids . ”j/e . f H -
 Decarboxylation of Amino Acids YR ey op
. . . . . O > _o” OH
®) a-elimination of Amino Acids - U —_ l.AJ\ [
: CHy N7 e P2 CHy
H |
cysteine H
After Ca-H abstracted (3 : ) i
@ Racemization of Amino Acids o G
®) B-elimination of Amino Acids "CHa ) { . J Howdo th
aliminati : . M NTooy M N ol ow do the enzymes
@ y-elimination of Amino Acids . et op [ \E o control which bond fo
e T | 9 ‘ S destabilize?
i i
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http://media.saplinglearning.com/priv/he/lehninger/aem/1820a_serine_dehyratase.html

Amino Acid Degradation
PLP Catalyzes Many Types of Reactions

Acid donates protory
— to leaving group

) Y Base abstracts (water when Y=0H)
| H -~ Y proton from B-carbon y -
H-C;=R H-C;=R N ® . . " 7
(‘D L o  Protonation Cr~R
D, |® H, ol #®  ofPPaldehyde (~
o) 3 _0 H N X carbon |, o= o
LN Joid H N~ T Base abstracts OoP D o~ op N !
@ \ 5 \ proton from a-carbon P O~
8 & o= Y oon o= I OH OH
(S — g e, g
o ¢ .2
NT cHy N et | ¢ N ey
- H R = - quinonoid intermediate H -

Ca-bond: » @ y(H:GiL ®

BNH_—s- lcy~ H s—fors CH,
@ Transamination of Amino Acids . " ; . }( " e
 Decarboxylation of Amino Acids AN 4 V&S op
@ a-elimination of Amino Acids - Uo — X e
: CHj E CHs LT/ CHs
After Ca-H abstracted 0 : i e .
Racemization of Amino Acids - ) (:H"
@ B-elimination of Amino Acids Jors . A,
@ y-elimination of Amino Acids i ¥ 7" > g’ o Howdothe enzymes
N SO o control which bond to
T ‘?‘/ o ® ‘Nn‘ - destabilize?
i P
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Amino Acid Degradation
PLP Catalyzes Many Types of Reactigns@)

Acid donates protor
to leaving group

v ! Base abstracts (water when Y=0H)|
? y - Y proton from p-carbon y
H-Cj=R H-Cz=R @ H- ‘ch SD ; e 4
° rotonation C/i‘FI
@H @ H, > L C// of carbanion e
N o [N _o H o NG K ata-carbon, | o=°
Ho NG H N~ w7 Base abstracts SUE §1 Sh oP NTOR
3 @ N P \ proton from a-carbon OH P O~
on O~ on O~ ‘ T — C O
| @b — 19 NT “cH ‘ o |
w/ CHj3 f\‘l CHs ¢
(@
Ca-bond:

@ Transamination of Amino Acids
@ Decarboxylation of Amino Acids
®) a-elimination of Amino Acids

. /
Q v

Amino acid-PLP Schiff base . The enzyme oriCTltS theffCo—H, Y, or —
R so that the orbitals Jfare parallel to the]

ni-cloud, thus drivin;
and breaking the

After Ca-H abstracted O :

(@ Racemization of Amino Acids
@ B-elimination of Amino Acids

@ y-elimination of Amino Acids

it from sp3 to sp2)|
bond.

Delocalized o carbanion
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Amino Acid Degradation G-S:C

+ Intermediates of the central metabolic pathway
+ Some amino acids result in more than one intermediate.
+ Ketogenic amino acids can be converted to ketone bodies.

Seven to Acetyl-CoA Leu,” lle,” Thr, Lys,® Trp,6 Phe,5 Tyrs
+ Glucogenic amino acids can be converted to glucose.

Six to pyruvate3.t Thr, Trp
Five to a-ketoglutarate2

Four to succinyl-CoA7#4 lle, Met, Thr, Val

Two to fumarates Phe, Tyr

Two to oxaloacetate!

v
v
v

Cee opatagine
Tryptophan  =Aspartare=
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Amino Acid Degradation:
the carbon “skeletons”

The SEVEN (7) Families

C. Related to biosynthesis (8)

2. Pyruvate Family (G,S,C)
a. PLP reactions
3. a—Ketobutyric Family (M, T)
a. 1-C metabolism
D. Dedicated (7)
1. Aromatic Family (F,Y)
a. oxidases/oxygenases
2. a—Ketoadipic Family (K,W)
3. Branched-chain Family (V,I,L)

E. Convergence with Fatty Acids: propionyl-CoA Before MT
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Amino Acid Degradation

Glutamine Histidine  Proline  Arginine

Mups 2 su/ /Zshps
— Glu-semialdehyde

bodies | /\[‘

a-Ketoglutarate ‘

5 Steps

Citrie \ Methionine

Citrate acid Succinyl-CoA <€ aketobutyric€—— Threonine

eycle

Acetoacetyl-CoA

Acetyl-CoA

Succinate

Onaloacetate

[~=|=| Malate

1.Transaminase/Deaminase Famil

2.Glu Family
3.Pyruvate Family
Glucose 4.a-ketobutyric Family
T 5.Aromatic Family
Alanine 6.a-ketoadipic Family
7.Branched-chain Family
@ Serine
[ Glucogenic
Glycine
LD [ Ketogenic
€O, + NHy* <€ Oxidative decarboxylation by a complex yielding NADH
Asparagine
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X Amino Acid Degradation  MT

. * Methionine
a-Ketobutyrate Family ﬁ degradation involves

Cytosine
riYYy /g transfer of sulfur to
vee h ;
. NC/S‘A Ny - L serlng, generatlng
NH; T N onamethy: \ /K cysteine.
/Methio“ine o of Transferase . o Cocbond:
H3C—S—CH,—CH,—CH—COC s, SAM g e oot A Aaas
THE "’”_z:’C_"" . : ® o-elimination of Amino Acids
%”I (Nf\; After Ca-H abstracted D :
s " Racemization of Amino Acids
H H ® p-elimination of Amino Acids
Bz gﬂitt?"aosne'ne w (ijjie\limina:‘ign ofAAmino :ci:s B
Vitamin B2 4 + S-adenosymor::ocysteine (SAH)
NH3 Adenosyl-
| homocysteinase
NS-methyl-  HS—CH,—CH,—CH—COO™ \_/%
THF Homocysteine <1)>
o o
ST+ . -elimination | = | " . -
" Ho/\,‘iwcystathmmne PLgerine®B € atio ]d Adenosi The maln.pathway
Mo B-synthase oh for threonine
degradation involves
o 8 NH,
Hok‘;/\y/i\f\("“ cystathionine PL: - the same enzyme
s o steine L
MZHO y-lyase | Y 4 [® p-elimination used for Ser.
0 B . z :
serinefthreonine OH NH,3
oS HS/\»‘:LOH dehydratase sl ol
H3;C—CH,—C—CO00~ H3;C—CH—CH—CO0™

. PLP
| @ v-elimination " a-Ketobutyrate

" NH; H,0
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Amino Acid Degradation: One Carbon

Folic acid B
Summary of One-Carbon

Metabolism

DNA-HISTONES
methylation

Serine
Trans-sulfuration
pathway

generation DMG=dimethyl-Gly

Homocystinuria /A

dNTP synthesis

Cystathionine
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Amino Acid Degradation MT

+ Intermediates of the central metabolic pathway
+  Some amino acids result in more than one intermediate.

+ Ketogenic amino acids can be converted to ketone bodies.

Seven to Acetyl-CoA Leu,” lle,” Lys,8 Trp,® Phe,5 Tyrs

+ Glucogenic amino acids can be converted to glucose.

Six to pyruvate3.t Trp

Five to a-ketoglutarate2 _

Four to succinyl-CoA74 e, Val %ﬁﬂlﬂ!’:" hodiar mh%
Two to fumarate® Phe, Tyr

Two to oxaloacetate!

SSASS

[ Glucogenic
levmnion Ketogenic
—AspaTCT— g
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Amino Acid Degradation:
the carbon “skeletons”

The SEVEN (7) Families

C. Related to biosynthesis (8)

3. a—Ketobutyric Family (M,T)

a. 1-C metabolism
D. Dedicated (7)
1. Aromatic Family (F,Y)
a. oxidases/oxygenases
2. o—Ketoadipic Family (K,W)
3. Branched-chain Family (V,I,L)
E. Convergence with Fatty Acids: propionyl-CoA Before FY
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Amino Acid Degradation

Glutamine Histidine  Proline  Arginine
i K({s“"‘ 15%/ steps
Glutamate <L5| ialde
Ketone (-semialdhyde
bodies /_\ l
socitrate a-Ketoglutarate ‘

\ Methionine

6.0-ketoadipic Family
7.Branched-chain Family

118
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X Amino Acid Degradation  FY

. . NH3+
Aromatic Family { ontcoo-
02
Phenylalanine hydroxylase k
N H20

NIH-shift
S HOOCHZ—é—COO‘

aKetoglutarate

Tyrosine aminotransferase T PL
o) lutamate
2
HO CH,—C—C00~
carbocation s)
p-Hydroxyphenylpyruvate 02
p-hydroxyphenylpyruvate dioxygenase C co:
NIH-shift 6 . 2
S e
to 8 2 1
CH,—C00"~
Ferryl-peroxyl Homogentisate 1,2-dioxyg e 02
4 5 6 7 3 2 1
~00C—C=C—C—CH,—C—CH,—C00"
HH Il
[¢] ¢}
4-Maleylacetoacetate
Maleylacetoacetate isomerase
H
‘00C—C=67C¥CH2—C—CH,—COO’
H Il I
o]
4-Fumarylacetoacetate H20

Fumarylacetoacetase .

+
Succinate  Succinyl-CoA 'm
N J ?

I
|Acetoacetate |H,c—C—CH,—C00~

3-ketoacyl-CoA transferase

120

Amino Acid Degradation: Oxidases

Nomenclature

Oxidases — use molecular oxygen as an electron acceptor, but
no atoms into substrate

- e.g., cytochrome oxidase, proline oxidase
— usually have water or hydrogen peroxide as product

A(red) + O, + 4H* = A(ox) + 2H,0

Oxygenase* — use of molecular oxygen to put into the substrate
— dioxygenases — use both atoms; e.g., cysteine dioxygenase

A+029A02

— Mmono-oxygenases — one atom in substrate, one atom as water

RH + BH, + O, > ROH + B + H,0

NAPHH Oxidized Reduced R * The enzyme is a cytochrome called P-450
Se—— eylochrome 0, » The co-substrate electrons are from
PVAS(ZFr:-dS\)\dase P-450 X NADPH
2 * There is Cytochrome P-450 reductase to
NADP* Reduced Oxidized ROH funnel electrons from co-substrate (B)

*a.k.a.: hydroxylase, mixed-function oxygenase, “mixed-function oxidase”

121
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Amino Acid Degradation FY

+ Intermediates of the central metabolic pathway
+ Some amino acids result in more than one intermediate.
+ Ketogenic amino acids can be converted to ketone bodies.

Seven to Acetyl-CoA Leu,” lle,” Lys,s Trp,6
+ Glucogenic amino acids can be converted to glucose.

Six to pyruvate3.t Trp

Five to a-ketoglutarate2 E—
. i
Four to succinyl-CoA74 lle, Val ~Protime—
Two to fumarate® ‘ socitrate a )
a-ketobutyric
Two to oxaloacetate! N foeucine
/ Valine
v
v
v
v
[ Glucogenic
T | 7 Ketogenic
125

Amino Acid Degradation:
the carbon “skeletons”

The SEVEN (7) Families

D. Dedicated (7)
1. Aromatic Family (F,Y)

a. oxidases/oxygenases
2. a—Ketoadipic Family (K,W)
3. Branched-chain Family (V,I,L)

E. Convergence with Fatty Acids: propionyl-CoA Before KW

126
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Amino Acid Degradation

Ketone

bodies /\

Glutamine Histidine  Proline  Arginine

Mups 2 su/ /Zshps

etoglutarate ‘

Lysine ‘si) a-ketoadipic

5 Steps|
3 Steps|
Tryptophan

f‘ =~ Citric

T~ acid Succinyl-CoA
Rydle
~

S N Succinate
<

Vo s/6 steps

Tyrosine

1.Transaminase/Deaminase Famil
2.Glu Family

3.Pyruvate Family
4.a-ketobutyric Family
5.Aromatic Family
6.a-ketoadipic Family
7.Branched-chain Family

Glucose

[ Glucogenic
Aspartate [ Ketogenic

. <€ Oxidative decarboxylation by a complex yielding NADH
Asparagine

128
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Amino Acid Degradation KW

a-Ketoadipic Family B
i 2 ol

I
s
S¢”N [Tryptophan

. i _ Tryptophan 2,3- Ve & \u-Aminomuconate reductase
o Hyfl—CH,—CH,—CH—CH,—CH—C00' dioxygenase NADPJHH H,0
Hy—cH—coo~ <] 9steps @
Alanine g o NH,
2c0, |
l 3 “—cH:»f-cone Sooc - %H
o _ i 3
oo | 0Ot co0 Mo s
aKetoadipate _c X o’ o
Pyruvate H O\ N-formyl-L-kynurenine
. 10_§ - -, i uconate
Kynurenine HO - N formyl ez
formamidase HCO a-Amino NADHH®
Nin muconate g-
’ & ialdehyd ®
o NH,
W e thcoor ; H semialdehyde NAD'
o H C— CH,—C—C00® dehydrogenase
“cr \ﬁ/(> Hﬁ/ \c‘—coo’ C(N I
-
HEy, HC._ CH H, .
See=N 'l . CH ]
Kynurenine /c Hy,
Tryptophan Nicotinate (niacin), o NADPH o 77\ .
a precursor of NAD and NADP oAsZ [e} ]
Kynurenine NADP* . 2-Amino muconate -
hydroxylase o " 2-Amino 3- semialdehyde
CH,CH,NH, CH,C00™ &—CHz—(II-COO carboxyl- HCO®
HO, NH,* muconate g- 3
. " NH3* semialdehyde N\-y.,0
H OH " decarboxylase
Serotonin, Indoleacetate, Hydroxykynurenine 0°
a neurotransmitter a plant growth

O
r H0
actor .
H Kynureninase CH Non-enzymic
H,cft‘:fcoo\l Y 7/ C Hy Sy
NH*

|
©00C —(CH,),—C— €00®

a-Ketoadipate

NADE® [ NH®

o No
coo o e o e
coo- He m 1/\)%" 2-Amino 3- Quinolinic acid
HzC—gwﬂa' co, H,C—C-NH;* - Muconic carboxymuconate
f Ho. i i
0 { s acid e-semialdehyde
Tryplophan N’ Aromatic amino acid N il
hydroxylase (fieetits H 3'HYﬂmxya"_7',"T—“)‘;:j(:«:o'dxyanthramilic acid
) N
(serotonin) l 3,4-dioxygenase -0

130
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X Amino Acid Degradation

o-Ketoadipic Family -removal of g-amino by reductive de-amination;
o  -results in oxidation of e-carbon

Concept used in Urea Cycle: Asp + Citrulline

)
—00G-CH,CH,~C—~CO0™

a-Ketoglutarate CIZOO_
G
" \@  § ;
H3N‘—CH2CH2CH2CH2—CII—COO_ H—(I:—NH—CHZCHch?CH?—(i‘,—COO_
’ NH5* COo0— . NH3*
Lysine 3 NADPH NADP* Saccharopine 3
Lysine:a-ketoglutarate +
reductase H.O NAD* + H,0
[o] 2 Saccharopine
dehyd
-ooc—cuz—cuz—cnz—g—cow NHa* ey Cragenase @
a-Ketoadipate glutamate !
~00G-CH,CH,~-C-COO0™
1
2-aminoadipate @ Glutamate H NADH
aminotransferase o-ketoglutarate
PLP @ 9 |.I{

]
—00G- CH,CH,CH,~C~CO0~ <7T HC = CH,CH,CH,~C—CO0—
I I
NH,* " NHg*
NAD(FI NAE(P) a-Aminoadipate-

a-Aminoadipate
d-semialdehyde

H,0

a-aminoadipate-§-semialdehyde
dehydrogenase

132

Amino Acid Degradation KW

+ Intermediates of the central metabolic pathway
+  Some amino acids result in more than one intermediate.
+ Ketogenic amino acids can be converted to ketone bodies.

Seven to Acetyl-CoA Leu,” lle,”
+ Glucogenic amino acids can be converted to glucose.

Six to pyruvate3.t

Five to a-ketoglutarate2 . |
e etone —
Four to succinyl-CoA74 lle, Val ; " bodies p———
m
Two to fumarates ‘ i | woie oetoglutarate
a-ketobutyric
Acetoacetyl-CoA / Citrie \ Isoleucine

Two to oxaloacetate!

Citrate acid Succinyl-CoA
cycle Villne

4 g
4 “
|*=|=| Malate
co,

v/ Bypats Glucose
/ ~Atamire—

~€Eysteime—
‘/ Isoleucine ~Glycime——

Leucine “Seriwe—— [ Glucogenic
— M [771 Ketogenic
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Amino Acid Degradation:
the carbon “skeletons”

The SEVEN (7) Families

D. Dedicated

2. o—Ketoadipic Family (K,W)
3. Branched-chain Family (V,I,L)
E. Convergence with Fatty Acids: propionyl-CoA Before VIL

137

Amino Acid Degradation

Glutamine Histidine  Proline  Arginine
2 steps, ﬁ.m
e
Glutamate <€——— Glu-semialdehyde

a-Ketoglutarate e e -
------ o Methiol
\ G e G
NS
ic k%
= DR Z e
2
~
S S Succinate
T
1) /6 steps
Tyrosine
[~=|=| Malate
2
ate
Glucose
e 6.0-ketoadipic Family
7.Branched-chain Family
‘V [ Glucogenic
[ Ketogenic

€ Oxidative decarboxylation by a complex yielding NADH
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Amino Acid Degradation VL

CH3—CIH

coo-
.
HsN—C—H

7steps

+» Degradation of branched-chain amino acids does
not occur only in the liver

* Leucine, isoleucine, and valine are oxidized for
fuel in muscle, adipose tissue, the kidneys, and
the brain

» Branched-chain amino acids are degraded to
succinyl-CoA, an important citric acid cycle
intermediate, and acetyl-CoA, an important fuel

coo- I
+ | H3C—C—S-CoA

H3N—C—H + Acetyl-CoA
CH, NH,

co,

CH

molecule

o (o]
CH3—CH [ ] 6 st Il - I
7 H;C—CH,—CH—CH—C00™ —— P2 H;C—CH,—C—S-CoA—> ~O0C—CH,—CH,—C—S-CoA
CH, _m Propionyl-CoA 3 steps Succinyl-CoA
I I

COo0~
4
H ﬁ C—H
3N 5 steps
HMG-CoA— Ketone
Bodies
6
HO CH;
o "\/ "o
CO2 PN N
0 N~ ~8-CoA
5 4 3 2 1
B-Hydroxy-methyl-glutaryl-CoA
(OMSGAP)
Amino Acid Degradation OXIDATIVE DECARBOXYLATION V,L,L
Alani -
858;'“': Pyruvate pyruvate dehydrogenase complex Acetyl-CoA
Sennr: dm
Histidine Ketoglutarate — ——r——rrrarogenase compren > Succinyl-CoA
Proli B -
Arginine go0 R
_— -Ki c=o0 X
Methionine ___—>* etobutyrate| | é“z Propionyl-CoA
Threonine CH, [
| CH3
CH3
c|00‘ O\c /S-CoA
Lysine ———> o-Ketoadipate | C=0 I
Tryptophan c|H ?Hz Glutaryl-CoA
| ? CHy o
CH ]
P CH, ch/\)ks’COA
CH, | Crotonyl-CoA
| coo”
coo
o0 il o_ S-CoA
& o-Ketoisovalerate N\
HaN—(¢—H ¢=o0 § Isobutryl-CoA
CH3—CH CH;—(lfH cu,—?H
CH3 " CH3 CH3
coo- €00
| o_ S-CoA
Hei yaterate| 1§ Y
-methylvalerate
CH3—CH B—yb CH;—?H CH3—CH a-Methybutryl-CoA
CHy rI:H, ?HZ
branched-chain CHj CHs
o Branched-chain
‘|1°° PLP L I a-keto acid 0 S:CoA
HyN—C—H T=o dehydrogenase CI
CHa a-Keto isocaproate ?H2 complex ‘|:H2 Isovaleryl-CoA
CH3—CH CH;—?H CH;—(IZH
CH CH3 CH3
a-Keto acids Ac‘yI-C.oA
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