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Amino Acid Metabolism 1



L_earning Objectives

Amino acid classification (0.5 h)
Amino acid digestion and absorption (0.5 h)
Amino acid metabolism (1.5 h)

Interorgan flow of amino acids and organ-
specific metabolism (1.5 h)
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Table 7.1 Structural Classification of Amino Acids.

1. With aliphatic side chains
Glycine (Gly)

H—CH— COO
I
NH,

Leucine (Leu)
CH,

::CH— CH—CH—COO0™

i |
CH, P}JHE-

2. With side chains containing hydroxylic (OH) gmups*
Serine (Ser)

CH;— CH—COO~

| |
OH  NH,

3. With side chains containing sulfur atoms
Cysteine (Cys)

CH,—CH—CO0O0"~
| |
SH NH,

@ 2005 Wadsworth - Thomson

Alanine (Ala)
CH— CH—CO0O

NH,

Isoleucine (Ile)

CH,
\
CH,
N
K:::H— (|2H—CDD‘
CH, NH,

Threonine (Thr)

{?HJ—J:':H—(|:H—cm—
OH NH,

Methionine (Met)
CH—CH;— CH—000F

| |
S—CH, NH,

Gropper et al. 2005

CH,

CH;

Valine (Val)

:CH—CH—CDD"

|
\H



4. With side chains containing acidic groups or their amides

Aspartic acid (Asp) Glutamic acid (Glu)
~00C—CH,—CH— COO~ 0\\
| C—(CH,)—CH—CO00"~
NH, _ P (CHy)—
O NH,
)
Asparagine (Asn) Glutamine (Gln)
O O
Q\\\\C CH CH COO™ \\\\C (CH,));—CH COO™
/ 2 | / 272 |
NH, I\} H, NH, I}jH;
5. With side chains containing basic groups

Arginine (Arg) Lysine (Lys) Histidine (His)
H,N—C—NH—(CHy)y;—CH— COO~ H;N——(CH,),—— CH——COO" H'_T:(;—CHE—(IZH—CDD_

” Ng~.-NH NH,

'.h;”']:?_ I}IH-} [:JHB H

6. With side chains containing aromatic ring
Phenylalanine (Phe) Tyrosine (Tyr) Tryptophan (Trp)
QCHE—CH—CDG_ HO@CHg—TH_CGD_ @L J CH, C|H COO™
NH, NH, i N NH;
=+ 1 H il

* Although tyrosine contains a hydroxyl group, it is classified as an amino acid containing an aromatic ring (see Group 6).

& 2005 Wadsworth - Thomson
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Table 7.1 (Continued)

7. Imino acids
Proline (Pro)

f?lﬁz—ual“H1

H,C. * CH
N 850 o
HZ

8. Amino acids formed posttranslationally
Cystine (Cys-5-5-Cys)
—O0C—CH—CHy—5—5—CH; —CH-—C00"

NH,; NH,
* +
Hydroxyproline (Hyp)

T
N

2

COO~

Hydroxylysine (Hyl)
CH;—CH—CH; —CH; —CH—CO0O™

NH, OH NH,

3-methylhistidine (3-meHis)
— CH, CH—CODO™

N—CH; |
s

|
Ny

& 2005 Wadsworth - Thomson
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Essential (indispensable) amino acids (EAAS)

« BCAAs: leucine, i1soleucine, valine (branched-
chain amino acids; BCAAS)

e basic AAs: lysine (totally indispensable), arginine
(conditional), histidine (infant)

e aromatic AAs: tryptophan, phenylalnine
* hydroxylic AA: threonine (totally indispensable)

« AA with sulfur atom: methionine



Zymogen

Pepsinogen

Trypsinogen

Chymotrypsinogen

Procarboxypeptidases

Enzyme or
Activator

HCI or pepsin
—

Enteropeptidase
e
or Trypsin

Trypsin
—_—

Trypsin
—

Table 7.2 Some Enzymes Responsible for the Digestion of Protein

Pepsin

Trypsin

Chymotrypsin

Carboxypeptidase
A

B
Aminopeptidases

Site of
Activity

Stomach

Intestine

Intestine

Intestine

Intestine

Substrate
(peptide bonds adjacent to)

Most amino acids, including
aromatic, dicarboxylic, leu, met

Basic amino acids

Aromatic amino acids, met,
asn, his

C-terminal neutral amino acids
C-terminal basic amino acids
N-terminal amino acids

@ 2005 Wadsworth - Thomson
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Amino acid absorption

e Brush border membrane absorption
Na*-dependent active transport

Na*-independent active transport

Lumen Enterocyte \
(small intestine)

Amino Amino
acids acids

Brush border

membrane % Gropper et al. 2005
/ 9




Amino
Step 1 acid

Na*

Amino acid A
transporter A

Step 2

22
Amino
Aacid /A
7?7}} Cell membrane

Amino

Intracellular
amino acid
metabolism

O\ :"
N N
e~ Cytosol
':}—“'-h 7 y
— .:
(]
L]
&
&
(] j Na+ -
2 S
LJ ()
L]
o Na* /K *
ATPase [0
74 N
) 2
)
®
)
6
()
®

Gropper et al. 2005 Step 5
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Table 7.3 Some Systems Transporting Amino Acids across the
Intestinal Cell Brush Border Membrane

Amino Acid

Transport Sodium Examples of
Systems Required Substrates Carried
L No Leucine, other neutral
amino acids
B Yes Phenylalanine, tyrosine,
tryptophan, isoleucine,
leucine, valine
IMINO Yes Proline, glycine
yt* No Basic amino acids
AT s Yes Aspartate, glutamate
Bo+* Yes Most neutral and basic
amino acids
bot No Most neutral and basic

amino acids

“In the presence of sodium, neutral amino acids can competitively inhibit the
y* system and participate in exchange reactions with the basic substrates [3]. 11

© 2005 Wadsworth - Thomson Gropper et al. 2005



Basolateral

Enterocyte Membrane
Lumen
ATP
Nal
ADP 1 P,
Nal
Amino
Acid
Amino
acids Carrier
A Nal
Required for
some amino
Brush > acid transport Nal
border
membrane

Peptides > Amino Gropper et al. 2005
Acids 19
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Table 7.4. Some Systems Transporting Amino Acids across the
Intestinal Cell Basolateral Membrane

Amino Acid
Transport Sodium Examples of
System Required Substrates Carried
1k No Leucine, other neutral
amino acids
y* No Basic amino acids
bot No Neutral and basic
amino acids
X Yes Aspartate and glutamate
A Yes Alanine, other short-chain,
polar, neutral amino acids
ASC Yes Alanine, cysteine, serine,
other three- and four-
carbon amino acids
asc No Same substrates as ASC

@& 2005 Wadsworth - Thomson
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Amino acid absorption

most rapidly absorbed AAs
branched-chain AAs > smaller AAs
neutral AAs > dibasic or dicarboxylic AAs
EAAs > NEAAS

Met, Leu, lle, Val

Most absorbed AAs

Glu, Asp

14



Gastrointestinal

Tract
D‘EtaFY Nonstructural
protein Plasma tissue proteins
: Peptide  proteins d ni
Nitrogen ‘ _ fexprares and nitrogen-
Digestive containing compounds

input
/ enzymes \
Protein Structural proteins

secretions
Endogenous / Enzymes
E protein /
Immunoproteins

s Absorption Blood /

Amino > | amino Anabolism
acids and acids

;E;g o Hydrolysis

Digestion

W

Transport proteins

b

Fecal
nitrogen Gropper et al. 2005

@ 2005 Wadsworth - Thomson
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/Hismminc-

Histdine CO— Carnosine

B-alanine

3-methylhistidine

Serotonin —= Melatonin

_._._-__,__.___._.—--"
Tryptophan ﬁ: NAD

Picolinate
e U]
.r‘"ﬁ'

Aspartate & Pyrimidines

Glutamine
N Y
:'f_ Glutamate > GABA
Methionine - /= Cysteine Glutathione
SAM* Y
Threonine Taurine s Taurocholate
Y = Polyamines
Glycine N Serine |— Ethanolamine — Chaline
x Pnrph}rrin_q
SAM® ™Glycocholate
—  Arginine . » Creatine
\ Nitric oxide Proline
* Polyamines
Phenylalanine »  Tyrosine *= Dopamine

¥ e ’

Lysine 7—> Carnitine Thyroid Melanin Norepinephrine

hormones *

= SAM* Epinephrine
16

“SAM = s-adenasyl methionine.

Gropper et al. 2005
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o f?ﬁﬂi&igﬁﬁi&

(1) Glycine

(2) Methionine

(3) Tyrosine
(4) Arginine

/J~ B% 154 v]'{ﬁ{lo}i‘- ?

Absorption Of Peptides And Amino Acids

Proteins in the intestinal lumen

FPancreatic
protease

— Oligo-peptides .
Alanine

/ D| tri-pe |desOO
Na' EoE @ \ Prollne

Feptidase
ingle transport Peptide

transport

D| tri-peptides
ytosolic peptidases

K+
Amino| Acids
)ATP (

Na*
Fig. 22-12 Khc

3-8-oligopeptides

http://www.mfi.ku.dk/ppaulev/chapter22/kap%02022.htm 17



Transaminase (aminotransferase)

» alanine aminotransferase (ALT)
glutamate pyruvate transaminase (GPT)
higher concentrations in liver, heart, kidney
o aspartate aminotransferase (AST)
glutamate oxaloacetate transaminase (GOT)

higher concentrations in heart, liver, muscles

18



COO~ COO~

T ]
G c—0

(I:Hz | (|:Hz |
C CH,
H,C” | CH, |
H COO~
Leucine a-ketoglutarate
Branched-chain
amino acid
Amino transferase
J (PLP)*
COO~ (|:OO
I n |
T T
- C.o CH,
H,C” | “CH, |
H COO~
a-ketoisocaproate Glutamate

(2) Transamination reaction: Amino transferases

Groff and Gropper. 2000 transfer an amino group from an amino acid to

. an a-keto acid. *PLP, pyridoxal phosphate.

19



‘ Alanine ‘ a-keto acid
(typically a-ketoglutarate)

Alanine amino-

ELE transferase (ALT)
= GPT
Pyruvate a-amino acid
(typically glutamate)
x-keto acid (typically a-ketoglutarate) Aspartate

Aspartate amino-

transferase (AST
=GO

pyridoxal phosphatePLP

a-amino acid Oxaloacetate

Gropper et al. 2005 (typically glutamate)

B 2005 Wadsworth - Thomson



COO™ COO™

_|_
Threonine _
HSN C—H dehydratase* e= ¥
H—C—OH PLD) N CH, Pk
| H.O | Ammonium
CH, . CH,
Threonine a-ketobutyrate

*The enzyme is called dehydratase rather than deaminase
because the reaction proceeds by loss of elements of water.

© 2005 Wadsworth - Thomson

Gropper et al. 2005
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Muscle Blood Liver
Glycogen —— Glucose «—— Glucose «—— Glucose

6-PO, ;
lani | Gluconeogenesis
Glycolysis alanine Ccycie
Pyruvate Alanine —> Alanine —> Alanine Pyruvate
——transamination ——
Glutamate  a-ketoglutarate a-ketoglutarate  Glutamate
1 deamination
a-keto acid x NH;,
Y, ureagenesis l
Branched-chain U

amino acid rea

a-ketoglutarate
© 2005 Wadsworth - Thomson

Gropper et al. 2005
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NH; € — | Glutamine

2ATP =
| Glutamate
CO, <
2ADP + P, NAG N-acetylglutamate

Carbamoyl-PO,
H,N-COO~P
2C

Acetyl-CoA

O
| :
H2N'C' NH2 K

Urea «

_— aus®® ﬁtochondria 6C

Citrulli Ci
Arginine cycle : 7 e 4C ( TC:: },:"irebs itrate
cytosol i

: /\ : s ATP / N
Fumarate Arginino- \ FU“‘L&I;EE?_ 4£ ru/v

succinate
AMP + PP, X we 0,
: 2

a-keto- Clutamate
glutarate n

\ Alanine Pyruvate

—

Aspartate Oxaloacetate

[ ] Amino acids Gropper et al. 2005

© 2005 Wadsworth - Thomson
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(1) Cori cycle

(2) Deamination
(3) Glucose-alanine cycle

(4) Urea cycle

Amino Acid Metabolism

% of total

1 1 1
0 10 20 30 Liver

Alanine

. \ "8 Glutamine

Alanine

- >
Serine

1k Other glucogenic Kidney
- _amino acids

f
I'I

Muscle
Glucose

http://www.mmi.mcgill.ca/mmimediasampler2002/ 24



Glutamine utilization I1n intestine

glutamine glutamine
glutaminase lutaminase
\ NH4+ g \ NH4+
| tévmate(ammonium) | (ammonium)
u o
deamlnatl% NADP* (NAD*) glutarm‘tecransamlnatlon
glutamate |: GPT I: pyruvate
dehydrogenase \NNHAPPH (NADH) + H (ALT)| -
a-ketoglutarate a-ketoglutarate
TCA cycle TCA cycle

ATP production ATP production

25



Asp
Asn

Phe
Tyr
Asp

Val
Ile
Met
Thr

Glucose \

Phosphoenol
pyruvate (P E P)

gluconeogenesis \

Ala
Gly ;
Ser I
C}'S
Trp -

A Thrt
Thr Trp

!

(malate)

T

—— = | Fumarate

> I‘Succinx] CUAI

*Physiological contribution unclear

B 2005 Wadsworth - Thomson

*irreversible
pyruvate dehydrogenase

Citrate

| a-ketoglutarate | <—

Ketogenic: Leu, Lys

Partially ketogenic and glucogenic

Glucogenic

Gropper et al. 2005

vrmat
\ Acetyl Co] <——

—— IDxa loacetate I\

&N

W

Tyr
Phe

l

Arg
His
Pro
Glu
Gln

Acetoacetate |—> Ketones

Palmitate
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Amino acid metabolism In skeletal muscles

e synthesized de novo and released into the blood
alanine (ala), glutamine (gln)

 catabolized in skeletal muscles for utilization
aspartate (asp), asparagine (asn), glutamate (glu),

leucine (leu), isoleucine (ile), valine (val)

27



Ile

Leu

Val

E

Ser

@ 2005 Wadsworth - Thomson

Muscle
Val
3 Leu
Blood
Ala |«<— Ala
Glu
Py
Gln N
Blood  Gropper et al. 2005 -8



Amino acid metabolism in kidney

e synthesized de novo and released into the blood
arginine (arg), histidine (his), serine (ser)

e catabolized in kidney for utilization
aspartate (asp), glutamine (gln), phenylalanine,

alanine (ala), glycine, citrulline (cit)

29



Kidney

@ 2005 Wadsworth - Thomson

Gropper et al. 2005

a

excretion
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AmIino acid metabolism In brain

e synthesized de novo and released into the blood
glutamine (gln)
o catabolized in brain for utilization

tryptophan (trp), tyrosine (tyr)

31



Brain Blood

> | GIn

Gropper et al. 2005
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Tryptophan

COO™

O | CHE—(IZH

x\x NH;

Tryptophan
hydroxylase

B 2005 wgéjmﬁmmﬁgk’hm

5-hydroxyindole
3-acetate

@ - H.C™ (CHy);—N—
I X

N
H H

1. Manoamine oxidase (MAO) N-acetyl S—metho.s:;}-'semtomn
2. Aldehyde dehydrogenase (melatonin)

/

Aromatic /
amino acid . HO W [::[ "
Decarboxylase i O | C A z— 3
CO,
: N
H

S-hydroxytryptamine (serotonin}

Gropper et al. 2005
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OH OH OH OH
@ OH OH OH
OH

Catechol

CIfH —H (|:H — Ik (|:H2
CH3NH_CH2 HEN_CHQ HzN'—CHZ
@ 2005 Wadsworth - Thomson Epinephrine Norepinephrine Dopamine
?OO‘ $oo—
CH?_ Glutamate CH )
decarboxylase S
CH, (vitamin By) CH,
i 5 CO, i
H,N—CH—COO H,N—CH,
Glutamate v-aminobutyrate
(GABA)

® 2005 wadswortn - Tnomson - (Sropper et al. 2005
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Ketogenesis

Glycogenolysis ——————

Gluconeogenesis —————
Fatt A4
ULy Ureagenesis
acids o Ketones

_"lalanine cycle v

Glucose
|
Alanine /
Glycerol Lactite ieglycolysis Y
/ Y Energy

Pyruvate

Cori cycle ¢

Adipose Glutamine

f'J Lactate
Other
organs Muscle Blood
¥ } Glucagon
Fatty _.)l y Insulin
acids

(a) Adapted starvation Gropper et al. 2005

& 2005 Wadsworth - Thomson
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Gastrointestinal
Tract

Dietary
protein

Digestion i

Hydrolysis Proteins
pg’ﬁ?éis Blood o

d : »  amino [——>Anabolism
S Absorption dcide
amino acids \

Amino acid

Degradation

Nitrogen-containing
compounds

Fecal catabolism Degradation
excretion
Trace / \
Amino Carbon skeleton
group (a-keto acid)
/ \ k* Energy + CO,
Urea Nonessential Glucose anc.:l/ or
ammonia amino acids ketone bodies
o Fatty acids
Majority
Excretion
by kidney

2 2005 Wadsworth - Thomson
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Table 7.5 Nitrogen-Containing Waste Products Excreted in the Urine

Compound Approximate Amounts (g) Excreted per Day
Urea 5-20
Creatinine 1-1.8
Uric acid 0.3-1
Ammonia 0.4-1

@ 2005 Wadsworth - Thomson

Gropper et al. 2005
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Urinary Excretion
of
N-Containin
Compounds and

R — CH ~ COOH
1
NH,

Amino
Urea Creatine Creatinine acids Proteins
5-20 g N/d 0.08 g N/d- Minute trace

1-1.8¢ N/d 0.15 S N/d

Variable; Trace only; Constant;
increases increases increases
with with with
protein muscle muscle
intake wasting mass

Ammonia‘
0.4 g N/d~
1.0gN/d

. O
H
HN)XN
[ o
O \N N
H H :

Some
Nucleic acids

Uric acid

0.3-1.0 g N/d

Increases
with purine
intake

FIGURE 7.23 Nitrogenous wasles in normal urine. {Reproduced )-virh permission from W.C. McMurray, Essentiols of Human

Metabolism, 2/, 1983, Harper & Row, p. 261.)

Groff and Gropper. 2000
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Summary

 The amino acids comprising the pools are used in a
variety of ways.

e The liver is the primary site of amino acid
metabolism. Of particular significance is the
metabolism of branched-chain amino acids In
skeletal muscles and the production of the
ammonium ion in the kKidney.

« Glutamate, glutamine, and alanine play the
Important roles in various metabolic pathways for
amino acids.
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