Chem 352 - Lecture 10

Lipid, Amino Acid, and

Nucleotide Metabolism
Part II: Amino Acid Metabolism

Introduction
Amino acid metabolism is complex

We will focus on a couple of important

themes:
- 17.1 Nitrogen fixation and the nitrogen cycle
+ 17.2 Assimilation of ammonia
- 17.3 Synthesis of amino acids (Ala, Asp, Asn,
Glu, Gln, Arg, Pro, Ser, Gly)
- 17.4 Amino acids as precursors
+ 17.7 The urea cycle
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Nitrogen Fixation

Inorganic sources of nitrogen include
- N2 from the atmosphere
+ NO2 (nitrite) and NOs- (nitrate) ions

Both are reduced to NH; for
assimilation info living systems.

Most animals get their nitrogen from
amino acids.
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Nitrogen Fixation

Inorganic sources of nitrogen include
+ N2 from the atmosphere
- NO;" (nitrite) and NOs™ (nitrate) ions

N,
Atmospheric nitrogen

Lighming// Wgenase
)

Amino acids
NO; NH; N i
Nitrate Ammonia pathways Phospholipids
Nitrate Nitrite
reductase reductase
N0

Nitrite
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Nitrogen Fixation

Nitrogen

fixation.

« Carried out by a limited number of bacteria
» Most notably, the symbiotic Rhizobacteria
found in the root nodules of leguminous

plants.

N, + 8H* + 8¢ + 16 ATP ———

2NH; + Hp + 16 ADP + 16 P;
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Nitrogen Fixation
. @ ‘\ Homocitrate
Nitrogen /
- Carried| ® @ pacteria
» Most acteria
found inous
(b)
plants.
N, + 8H" + 8 6 ADP + 16 P;
@\ "
(O carbon i () Sulfur
(OHydrogen (D iron
@ oxygen () Molybdenum
Q@@ nitrogen
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Nitrogen Fixation
. 8 Homocitrate
Nitrogen
- Carried| ® pacteria
» Most acteria
found inous
Fe Protein ) MoFe Protein MofFe Protein Fe Protein
P-cluster
MoFe,S,;N-homacitrate
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Nitrogen Fixation
. {2) o) Homocitrate
Nitrogen \
- Carried| bacteria
» Most 1 acteria
found inous
plants
N, + 8H* + 8 6ADP + 16 P;
(O carbon N () sulfur
(O Hydrogen (D Iron
@ oxygen () Molybdenum
Q@D nitrogen
Chem 352, Lecture 10, Part I: Lipid Metabolism 4




Nitrogen Fixation

Nitrogen fixation.
« Carried out by a limited number of bacteria
» Most notably, the symbiotic Rhizobacteria
found in the root nodules of leguminous
plants.

N, + 8H* + 8e" + 16 ATP ——— 2NHz + H, + 16 ADP + 16 P;
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Nitrogen Fixation
Nitrogen fixation. i
+ The source of electrons /g / ‘
are the electron tranport 45 e
proteins ferredoxin and | % < \.,, 4
flavodoxin ol a0
B iﬂ ‘/"} %
- We saw ferredoxin in in ) 7“ y v
the light reactions of R
photosynthesis “\ ‘ v
Ferredoxln
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Assimilation of Ammonia
Ammonia is assimilated primarily
through the amino acids glutamate and
glutamine.
+ Mammals do not assimilate much NHs directly.
(00 NAD(PIH +H® I ® §00©
of=0 NAD(P/® HN _C—H  ATP ADP 4P yN—CH
%Hz + NH® (L—;o éuz %mm% %Hz
EHz deﬁ::::;zease %Hz NH:QV""’“”E ‘|3Hz
o7 No© 0//C\oe o//c\m-u2
a-Ketoglutarate Glutamate Glutamine
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Assimilation of Ammonia

Ammonia is assimilated primarily
through the amino acids glutamate and

glutamine.
- Mammals do not assimilate much NH3 directly.
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Assimilation of Ammonia

c00®
Ammonia is (+f—§—
through the| .
glutamine.

+ Mammals do

NH,
Glutamine

Glutamate
synthase

Animals do
not have
this
enzyme

&

2]
H3N—

c
Y
o No®

coo®
§=° narily
utamate and
o/c\oe
a-Ketoglutarate|

(

c00®

h NHs directly.
NAD(P)H
+H

NAD(P)®

C—H
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CHy
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Assimilation of Ammonia
Nitrogen can then transferred to
other amino acids using the
transamination reaction.
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Assimilation of Ammonia
Nitroge  c0o® c00® 4 fo
other gH:N—¢H o=¢
transan R R:
(a-Amino acid), (a-Keto acid),
Transaminase
coo® coo®
| €]
o=c| H3N—C|H
R, R,
(a-Keto acid), (a-Amino acid),
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Assimilation of

Ammonia

Nitrogen can then transferred to

other amino acids

using the

transamination reaction.
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As

similation of Ammonia

Nitrogen is then transferred to other

am

ino acids by the transamination

reaction.
+ The transamination reactions uses the
coenzyme pyridoxal phosphate (PLP, Chapter
7.8)
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Assimilation of Ammonia
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Assimilation of Ammonia
Nitrogen is then transferred to other
amino acids by the fransamination
reaction.
- The transamination reactions uses the
coenzyme pyridoxal phosphate (PLP, Chapter
7.8)
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Assimilatinn nf Ammnnin
a-Ketoglutarate Amino acid
Nit1nH, @, er
ami Glutamate Transaminase
dehydrogenase
rea
. G .
a Glutamate a-Keto acid
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Assimilatinn nf Ammannia

a-Ketoglutarate Amino acid
NittnH @ er
ami Glutamate Transaminase
dehydrogenase
rea
- G .
Glutamate a-Keto acid
e] 7 S
Glutamine a-Ketoglutarate Amino acid
Glutamine Glutamate n .
/\ synthetase synthase ransaminase
NH,®
Glutamate Glutamate a-Keto acid
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Assimilation of Ammonia

Nitrogen is then transferred to other
amino acids by the transamination

reaction.
+ Glutamine synthetase has a lower Ky than
glutamate dehydrogenase.
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Assimilation of Ammonia

Nitrogen is then transferred to other
amino acids by by additional
transamination reactions.
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Synthesis of Amino Acids

Glucose 6-phosphate —> Ribose 5-phosphate —>  Histidine
“‘,'I""‘,:‘": «—(serine ) —— 3-Phosphoglycerate
Erythrose 4-phosphate
henyieenin®)— (Tyrosine
Alanine
Pyrovate—— | Valine
Asparagine Leudine
Lysine
Cysteine) < Methionine < Aspartate
i fiat
soleucine 1 am |
ad
1 ade | Arginine
aKetoglutarate — (Glutamate) — | Glutamine.
Proline

s
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Synthesis of Amino Acids

Glucose 6-phosphate —> Ribose 5-phosphate — ( Histidine

@ Serine l—!-!hnsﬁngly(erme l
i Erythrose ‘thnsphme

Tryptophan

— (Tyrosine

Alanine
Pyrovate—s | Valine
Asparagine Leudine

Lysine
Cysteine — Methionine < Aspartate —

/lhmm-- (»o xaloac -m-w

Isoleuding awic |
acid
1 ade | Arginine

a-Ketoglutarate —s (Glutamate] — | Glutamine

| Y Proline
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Synthesis of Amino Acids

n,.n sphate —> Ribose 5-phosphate —> ( Histidine

3-Pho ph glycerate J
Erythrose 4phuph te

Tryptophan
Alanine
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Synthesis of Amino Acids

Glucose 6+ pho phate —> Ribose 5-phosphate —> ( Histidine

3 rhosphoglmrm l
Erythrose 4-phosphate
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Synthesis of Amino Acids

Glucose 6+ phosphnh —>Ribose 5-phosphate — ( Histidine

Erythrose 4- phosphm
n mopl- n
Pv
A.,ar-.ln.
il
ppsine (ispartate —

Cpsteng) < Methion

/ reonine (» i

Isoleuine 1
T

— (Tyrosine

acid

eydle Arginine
aKetoglutarate Glutamine
Proline

<—<—<—J<;

L

Chem 352, Lecture 10, Part I: Lipid Metabolism 12

12-5



Synthesis of Amino Acids

Glucose 6-phosphate —> Ribose 5-phosphate — ( Histidine

ﬂ Erythrose lthnsphme
. an /J

Cysteine <—ll'-|‘|hlon§n- P
reonine Oxaloacetate.
r !

— (Tyrosine

Isoleucine 1 amc |
acid

1 ade | Rrginine
aKetoglutarate Glutamine
Proline.

Chem 352, Lecture 10, Part I: Lipid Metabolism

12

12-6

Synthesis of Amino Acids

Glucose 6-phosphate —> Ribose 5-phosphate — ( Histidine

J-Phnsﬁogly(-mu J
I Erythrose d-phosphate

: " i i
s LE-E), |
linlw(int/ T() C:zh }

(_) Proline
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Synthesis of Amino Acids
Aspartate (Asp) & Asparagine (Asn)
- Start at oxaloacetate
© ) PR )
c|°° a-Ketoglutarate ® Too ATP Ah-:I—P ® TOO
(|;=o Glutamate f HEN_TH HzN—TH
CH,  Aspartate transaminase CH, Asparagine’ CH,
| synthetase |
C C Glutamine C
0// \o@ 0/ \Oe Glutamate O// \NHZ
Oxaloacetate Aspartate Asparagine
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Synthesis of Amino Acids
Alanine (Ala)
- Start at pyruvate
(S]
coo o
Amino a-Keto €o0
cC=0 acid acid HsN_CIH
= ——
CH, Transamination CH;
Pyruvate (PLP) Alanine
|
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Synthesis of Amino Acids
Glutamate (Glu) & Glutamine (GlIn)

- Start at a-ketoglutarate and transminate

Proline (Pro) & Arginine (Arg)
- Start at Glutamate
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Synthesis of Amino Acids

c‘ooe ﬁ c‘oce
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Synthesis of Amino Acids
Glutamate (Glu) & Glutamine (GlIn)

- Start at a-Ketoglutarate and transminate

Proline (Pro) & Arginine (Arg)
- Start at Glutamate
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Synthesis of Amino Acids

Serine (Ser)
- Start at 3-phosphoglycerate

(‘ooe NAD® NADH+H @ Tooe Glutamate a-Ketoglutarate (‘m,e HO P ©00®
N/, ® o I
H—C—OH _— c=o0 ¥ H3N—CH HN—CH
I 3-Phosphoglycerate 1 Phosphoserine 3 Phosphoserne i
CH,0P0® ~ dehydrogenase cH,0P0 @D ikt CH,0p0®  Phosphatase EiuoH
Serine
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Synthesis of Amino Acids

Serine (Ser)
- Start at 3-phosphoglycerate

00®  NAD® NADH+H® ;O Glutamate a-Ketoglutarate o0 ® H0 P c00®
| ] ® |
H—C—oH === c=o = HsN—CH > HN—CH
3-Phosphoglycerate Phosphoserine [ >Phosphoserine
CH,0p0®  dehydrogenase CH,0P0®  transaminase CH,0pQ®  Phosphatase CH,0H
®Lp)
3 Serine

Glycine (Gly)
- Start at serine (Tetrahydrofolate, Chapter 7.11)
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2 Ron
c00® How o I"in
wbo G j wo ok,
Bron 7 fby L
Serine Tetrahydrofolate Glycine 5,10-Methylenete-
trahydrofolate
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Serine (Ser)
- Start at 3-phosphoglycerate
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Synthesis of Amino Acids
Serine (Ser)
- Start at 3-phosphoglycerate
00®  NAD® NADH+H® ;O Glutamate a-Ketoglutarate o0 HO P 00®
|
H—C—OH c=o0 —_— HyN—CH o HsN—CH
buoro® TR Luorop BT dnoro® Bomss Lo
Serine

Glycine (Gly)
- Start at serine (Tetrahydrofolate, Chapter 7.11)

HooH
HN NN

Y r:7 H 0 c00® o coo®

HN s hcH g I | I | °
N7 SCH,—N €~ N— CH— CH,— CH,— C - N— CH — CHy— CH,— €00
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o
n
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Synthesis of Amino Acids

Serine (Ser)
- Start at 3-phosphoglycerate

c‘ooe NAD® NADH +H @ clooe Glutamate a-Ketoglutarate (‘ooe HO P 00®
N \__/ @ ® |
H—C—OH ———=<— <=0 = HN—CH A/, HN—CH
] SPhosphoglycerate I Phosphoserine ] 3-Phosphoserine ]
CH,0p0 @ dehydrogenase CH,0p0D  transaminase CH,0po @ Phosphatase CH,0H
®Lp)

3 i Serine

Glycine (Gly)
- Start at serine (Tetrahydrofolate, Chapter 7.11)

"
N
0o® B u o v
o | $ H e 0o® s Lon
HN—CH I T N Scu
] LR T A - T N A
CH,0H H CHa—NH— Serine HN—CH, HyC— N—R
hydroxymethyltransferase 10
L) .
Serine Tetrahydrofolate Glycine 5,10-Methylenete-
trahydrofolate
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Amino Acids as Precursors

Phosphatidylcholines Sphingolipids

L Phosphatidylserines <—— [Sefine ——— Cysteine

Tetrahydrofolat
Deoxythymidylate —— Methylene-
‘tetrahydrofolate

Purines <—— | Glycine] —— Glutathione
tetrahydrofolate

1 Bile salts Glyoxylate
Succinyl
Methionine Con

Porphobilinogen Creatine phosphate
Porphyrins
Chlorophyll __Heme __Cobalamin
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Amino Acids as Precursors
Nitric oxide (NO)

- Science Magazines 1992 “Molecule of the Year)

- Messenger molecule that stimulates the
formation of cGMP

- Used by macrophages to Kill bacteria

- Smooth muscle relaxant, which lowers blood
pressure.
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Amino Acids as Precursors
Nitric oxide (NO)

®WH2 TH, r
C—NH; 30,5 20HO T=o + N=O0
NH NN NH
| Nitric oxide synthase |
THZ THZ
CH, THZ
CH, TH;

CH—c00® CH—c00®
®NH; ®NH;

Arginine Citrulline
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Amino Acids as Precursors
Nitric oxide (NO)

- Science Magazines 1992 “"Molecule of the Year)

- Messenger molecule that stimulates the
formation of cGMP

- Used by macrophages to Kill bacteria

+ Smooth muscle relaxant, which lowers blood
pressure.
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Amino Acids Degradation

Will focus on the strategies that have
evolved for the removal of excess

nitrogen.
- NH; - aquatic organisms allow ammonia to
diffuse into the surroundings.
- Urea - terrestrial animals excrete urea along
with other liquid wastes
- Uric acid - avian animals excrete uric acid
along with other solid wastes
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Amino Acids Degradation

Will focus on the strategies that have
evolved for the removal of excess

nitrogen.
-

! o
_{H,N H
VN HN N
, c=o0 Py [ >=o
/ 02 >N~ N
H H

IH,N

Urea Uric acid
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Amino Acids Degradation

Will focus on the strategies that have
evolved for the removal of excess

nitrogen.
+ NH3 - aquatic organisms allow ammonia to
diffuse into the surroundings.
- Urea - terrestrial animals excrete urea along
with other liquid wastes
- Uric acid - avian animals excrete uric acid
along with other solid wastes
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The Urea Cycle

Discovered by Hans Krebs in the 1930's
shortly before he discovered the citric

acid cycle.
- The first step is the synthesis of carbamoyl
phosphate I.
» In the mitochondria of liver cells
+ The NH3 comes from the oxidative deamination
of glutamate.
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The Urea Cycle
%o oL sor ,
Discovered | . % the 19305
shortly bef P b the citric
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phosphate I {7157"‘&} ST
» In the mit " l\°e
- The NH; cor P deamination
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The Urea Cycle
Discovered by Hans Krebs in the 1930%
shortly before he discovered the citric
acid cycle.
- The first step is the synthesis of carbamoyl
phosphate I.
» In the mitochondria of liver cells
+ The NH3 comes from the oxidative deamination
of glutamate.
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The Urea Cycle

Discovered by Hans Krebs in the 1930%
shortly before he discovered the citric

acid cycle.
- The first step is the synthesis of carbamoyl

© ©
coo ©
NAD (PH +H® C°° ® Too
NAD(P)® Hs - c H  ATP ADP+P; HsN—TH
H:  &(nH @ - CH,
‘ " Glutamate Slitamine |
dehydrogenase R4 CH,
| NH |
// Nyo S //C\
o’ “0® o7 “o© o’ “nH,
a-Ketoglutarate Glutamate Glutamine
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The Urea Cycle

Discovered by Hans Krebs in the 1930's
shortly before he discovered the citric

acid cycle.

- The first step is the synthesis of carbamoyl

phosphate I.

» In the mitochondria of liver cells
- The NH3 comes from the oxidative deamination

of glutamate.
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The Urea Cycle

‘The urea cycle involves two new

a-amino acids.

+ Ornithine - which is similar to lysine.
- Citrulline - which is similar fo arginine

|
Tﬂ—cooe

ONH;

Ornithine NH,
‘transcarbamoylase |
@ c=o0
|

Ornithine—_ _— Citrulline

NH

CH—c00®

©NH;
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The Urea Cycle

rdb@.mMrea cycle involves two new

@ MAING dBGigBbes ornithine from lysine?
+ Ornithine - which is similar to lysine.
- Citrulline - which is similar to arginine

CH—c00®

ONH,
Ornithine:

Ornithine
ranscarbamoylase® |
c

ﬂb\

NH,

NH

TH_COOQ

®NH,
Citrulline
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The Urea Cycle

‘The urea cycle involves two new

a-amino acids.

+ Ornithine - which is similar to lysine.
- Citrulline - which is similar to arginine

cH—c00®

@NH;
Ornithine —_

H.
ranscarbamoylase® |

Ornithine N
t
@ c=0
|

_—Citrulline

2

CH—c00©|
ONH,
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The Urea Cycle

oMrea cycle involves two new

W~aMmine cﬂ&idShes citrulline from arginine?
- Ornithine - which is similar to lysine.
- Citrulline - which is similar to arginine

Ornithine H,
{ranscarbamoylase® |
O
e NH
|
THz TH;
p p
CH, TN:
cH—c00® cH—c00®
@NH, ©NH,
Ornithine: Citrulline
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The Urea Cycle

‘The urea cycle involves two new

a-amino acids.
+ Ornithine - which is similar to lysine.
- Citrulline - which is similar fo arginine

Ornithine H,
‘transcarbamoylase \
® §=°
|
i N
T H, CH,
|
THz TH;
THz KIZH,
Tn—cooe CH—c00®
®NH; ©NH;
Ornithine—_ _— Citrulline
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22-5

The Urea Cycle

‘The reactions of the urea cycle.

H)
C:vbamoyl phosphate

Citrulline
HN —(—opo@ '
c00®
Asp:na(e w ol
N—CH
N/
e |
| ]
Ornithine €00,
\\ NH,
HoN —C—NH,
Urea

Fumarate

Arqmme
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The Urea Cycle

2m0p 48, 2479 HCOP

‘The , i.;;
cycle
- So
mi

C
- Th
1

NADIPIH + 2HO
doo®
Glutamate dehydrogenase | Ketoglutarate|

NADIPI®: H,0

he

.
" ;
" p o
e A T
o, L
N c00® I
hcoo® M i
gH—coo! § {n—coo®
o, il "
Arginine €000 prgininosuccinate
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The Urea Cycle

‘The net reaction:

NH; + HCO; + Aspartate + 3 ATP —
Urea + Fumarate + 2ADP + 2P; + AMP + PP;

25
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26-1
The Urea Cycle
The nitrogen atoms in urea comes
from NH; and aspartate.
- The needs for these two sources can be
balanced by altering the flow material.
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26-2
The Urea Cycle
J(@) NHj3in excess (b) Aspartate in excess
NH; NH;
a-Ketoglutarate a-Ketoglutarate|
NADH Glutamate NADH Glutamate
NAD®. dehydrogenase NAD @ —{ dehydrogenase
Glutamate Aspartate Glutamate Aspartate
Oxaloacetate  Aspartate Oxaloacetate  Aspartate
Carbamoyl __ _ Citrulline. Carbamoyl ___,Citrulline
phosphate phosphate
Urea Urea
Urea H\\cy de/ Urea ﬁ\\qdy
H,0 H,0
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26-3
The Urea Cycle
The nitrogen atoms in urea comes
from NHs and aspartate.
- The needs for these two sources can be
balanced by altering the flow material.
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The Urea Cycle

The pyruvate/aspartate shuttles is
used to remove excess NH; from the
muscles.

LIVER MUSCLE
Glucose Glucose
o o
Amino Keto
Pyruvate acid// adid

Lactate .—_wyruvane}-_i Alanine
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Next Up

Lecture 10 - Part III, Nucleotide
metabolism (Moran et al, Chapter 18)

Lecture 11 - Nucleic acids
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