N
University of Fallujah i=alall & |
College of Medicine UNIVERSITY OF FALLUJAH

Protein metabolism

Lecture: 1,2&3
Stage : 2"d Stage
Lecturer : Assia. Prof. Dr. Mustafa Saleam

Department: Chemistry and Biochemistry

Date: 1/ 3/ 2026




3

da gldl) > YR il g Al g a4l

oujjl\
g;M\,Gmtsy\&}mugmﬂ\@ym&yuﬁu\jﬁ\e@x\ i 50l 1) el
kil (5 Snse

Al )
(usj\Cqu}cam‘}a)m@k%a)wumﬂ\wﬁaﬁwum&mﬂaﬂu.ud.aje.\hu
33 gall alaas Lclaay! Lealuall Aaalall g AilusY)
uM\dﬂ‘fd’J\ ua.d\ 4_\;}1) M\ L_\Lm;.d\j u\;\m;ﬂ M\A.M‘)!\LAQUJJJ\A g\_\la\ C._a);.\
ta.\;d\ Lé 4_1;..45\
M:J\ c_\};.d\} e.ﬂ:_d\ L_“AA Lﬁ MY\ C_u.a.d 4\.\5\.:: u\s..a\}u 4\.\.».».1)3.1 m ).Ulmj

—slaaty)
e.\sj\MCAUA\dSu.\L_\H\MJLAAwe@_\SmLJ\a)\.@.dbbd\)&bﬂ\ﬁ)&d\e@_aﬂchja\c_aﬂ
ARy gl

il Al 53 5258l plea 385 A3 Aiggdl e gk el Alexl] sl el
LAS’J‘ g_a\)m}d\) UL‘J}M d)ta ) JA.MAS\ @H\ L_\.a)..\..d\j
GA.mlSY\ sz.\.wd\ J.\j}a.d d\fj‘ CJ\A} d;\.l M\j Mﬂ\ g_aha.u}d\ &= UJ\-"-‘M e J{)a.ﬂ
O Al bl aay) dulll A jladll e.dz_\j 5 Aoy il el
il JiaY) S e Al dmall i gadl o Tl Liale Tiny T3S 50 Q0 (55 o & o
sufiedl  cleall Gl ae ol addsdl dex & Gsadl ool
dAts“_m:.ﬁf.w\@bﬁeumwjmjamdbwcam@wgmw\
Jlad SED



Learn objectives:
-ldentify the principle of protein digestion
and absorption

Know the digestion and absorption process
Know , what are products of protein
Igestion

know , What are aminotranferase reaction

know , what are deamination reaction



Introduction
*Proteins, the primary constituents of the body.
*A regular & adequate supply of protein in the diet is essential for cell
integrity & function
*Dietary proteins serve three broad functions:
-Their constituent AAs are used for synthesis of body proteins.
-The carbon skeletons of AAs can be oxidized to yield energy
-Their “C” & “N” atoms may be used to synthesize other
nitrogenous and non-nitrogenous metabolites.
*Digestion is the disintegration of complex nutrients into simple form
*Proteolytic enzymes responsible for degrading proteins are produced
by three different organs; The stomach, pancreas and the small
intestine.




Characteristics of Proteolytic enzymes
Peptidases :- *Endopeptidase : acts inside the core of protein, forms small
peptide fragments

*Exopeptidase : acts from the amino terminal or carboxyl
terminal ends of protein:-
*Aminopeptidase
*Carboxypeptidase Peptidases
Pro-enzymes (zymogens) :- Peptidases are secreted in the inactive form ,
when it reach the site of action they are activated

otTeins




Digestion of Proteins (Overview)
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Digestion in Mouth

No digestion of protein in mouth.

No proteolytic enzymes present in the saliva.

Function of the saliva - lubricate the food, this helps in making food soluble for the
action of proteolytic enzymes.

After mastication and chewing, the bolus of food enters stomach where it is acted
upon by gastric juice

Digestion in Stomach

Digestion of protein starts in stomach.

The pH of gastric juice is 1.5-2.5.

Stomach | Hydorchloric acid

Pepsinogen

secrets (HCI)

: Secreted by Chief

Strong acid by
(HCI) cells. Activated to
pepsin by HCI.
And autocatalysis.
Proenzyme - Pepsinogen
pepsinogen HCL

Pepsinogen
Pepsin = = $ | Autocatalysis

Pepsin




Also called Chymosin Ka
Active in infant<
Curdling of milk

Absent in adulr Stomach




Digestion of proteins in the Intestine By Pancreatic Enzymes
As the acidic stomach contents pass into duodenum, the low pH triggers the

secretion of the hormones...

-Secretin — stimulate pancreas to secrete bicarbonate. It neutralizes HCL and
rises the pH from 1.5-2.5t0 7.0

-Cholecystokinin - stimulate secretion of pancreatic

--Endopeptidase — Trypsin, Chymotrypsin, Elastase

--Exopeptidase — Carboxypeptidases, Aminopeptidases




Endopeptidas
-

Exopeptid
ase

Endopeptidase

- Cleave internal
peptide bonds.

- Results intfo
formation of
smaller peptides.

Exopeptidase

- Cleave off 1 AA at
time from either the
&

or N end of the
polypeptide

Endopeptidase secreted
by pancreas are...

-Trypsin (Trypsinogen)

-Chymotrypsin
(Chymotrypsingen),

-Elastase (Proelastase)

Exopeptidase
secreted by pancreas
are...

- Carboxypeptidase
(Procarboxypeptidase)

- Aminopeptidase



(Exopeptidase)
Carboxypeptidase A
Carboxvpeptidase B




- Trypsin r1

Secreted in the zymogen form (Trypsinogen)

activated by Enterokinase and trypsin itself.

specific for cleaving peptide bonds contributed by

Tr'ypsin lysine, arginine (basic amino acids)

= Acts on the zymogen forms of other pancreatic
enzymes and activates them

= It has weak action on casein

Enterokinase |

Trypsinge > Trypsin

Trypsin |
CHymolrypsingen > Chymoifrypsin
| Trypsin I
pro-elastase > Elastase
Trypsin
Procarboxypepftidase > Carboxypeptidase
CHYMVMIOTRYPSIN ELASTASE
(Endopeptidase) {({Endopeptidase)
0 Zymogen form — O Zymogen form — Proelastase

Chymotrypsinogen
(1 activated to elastase by
(d activated to chymotrypsin trypsin
by trypsin
(1 Acts on peptide bonds
(1 Hydrolyzes the peptide formed by the amino acids
bond formed by the like glycine, alanine, serine
carboxyl group of aromatic
amino acids



CARBOXYPEPTIDASE

Carboxypeptidase

- Zinc containing
- Exopeptidase
- Zymogen form is

procarboxypeptidase

- Activated by trypsin

- Cannot act on dipeptides

Carboxypeptidase A
Carboxypeptidase B

acts on the Carboxy
terminal peptide
bond connected to

Tyrosine,
Phenylalanine or
tryptophan

acts on the carboxy
terminal peptide

bond connected to
Arginine, lysine




‘Overview of Digestion of proteins
Pepsinogen Try A B

Phe "Ala | (Ala) (A r'g’\|

Carboxypeptidase B

|

procarboxypeptidase A

T

Trypsinogen chymotrypsinogen

|

Procarboxypeptidase B



Digestion of protein in intestine

* Present on the luminal surface of the
intestinal mucosa

Amino + Is an exopeptidase.
peptidase | Acts on the amino terminal peptide bond
* Release free amino acid

+ Present on the surface of the intestinal
. . mucosal They act on dipeptides and release
Di and Tri free amino acids

* Enterocytes take up some di and tripeptides

* These peptides are hydrolyzed to amino acids
by intracellular dipeptidase

peptidases




Amino acids absorption
-Active transport
-Na-amino acids co-transportal

Sodium-amino - 1
cotranspor.

Brush
Border

Intestinal
epithelium

Sodium- @ @&
Potassium - & s
Amino Acids - “‘

capillaries



Disorder
Transport System AAs Transported

= Small neuifral « Alanine, Serine & = Hartnup
amino acids Threonine disease
= Large neuvutral = Isoleucine, Leucine,
amino acids Valine, Tyrosine,
fryptophane, PA
< Basic amino acids = Arg. Lys, Ornithine & » Cystinuria
Cystine
e Acidic amino = Glu acid & Asp acid
acids
e imino acid and * Proline, OH-proline & -
Glycine Glycine Glycinuria

Cystinuria- Common transporter for cystine,
ornithine, arginine and lysine(COAL) is present
in gut and renal tubules. Deficiency of

transporter results in loss of these amino acids proximai tubule's reabsorption of
: . : acicia (Ornithine. arginine. tysine).
in the feces and urine. S < g
~ e D)
Ny S /_]'-.\ \
Hart/ Nup Disease- There is deficiency of Cystine < f Cystine
Ornithine [ ornithine | [}
Trapsporter for tryptophan and neutral amino picoer fﬁ,,";"’,_\ L.y
cjd. no absorption of tryptophan takes place The insbiity to resbeort *

e 7 and subsequent pr itat .
ptophan deficiency produce neurological and | of siones of cystine in he |

-
urinary tract. \-_fj/

in manifestation (pellagra-like rashes). 3 S




Absorption of intact proteins & polypeptides

e Short period, immediately after birth, the small
intestine of infants can absorb intact proteins and
polypeptide by endocytosis or pinocytosis

e |[ntact proteins and polypeptides are not absorbed
by the adult intestine

e Macromolecular absorption in certain individuals
appears to be responsible for antibody formation
that often causes food allergy



— Proteins o= (Proteins from milk, egg, meat, chicken, fish, liver, pulses, etc.)

—— Carbohydrates g
A Lipids/oils Dietary proteins (50-70 g/day)
Diet +——Vitamins TR - . £ g
Rinoahe Digestion | Pepsin, trypsin, chymotrypsin
2 (In GIT) | and other proteolytic enzymes
——— Roughage
—— Water L-amino acids
v

Absorption into hepatic portal blood, transported
to liver and then to extrahepatic tissues

Breakdown of body g ;_ " L-amino acid } pc—)—ol_ s Endogenous synthesis of
) (1
L

proteins (300-400g/day 00g free L.-amino aciﬁ)_!(_ non-essential amino acids

Biosyn.thesis of body «——— Amino acid metabolism — Synthesis of non-protein
proteins (structural biomolecules such as heme.

and functional proteins) Transamination neurotransmitters, histamine.
and blologic.ally active and deamination carnitine. creatine. serotonin.
peptides | S-adenosyl-methionine.
choline, purines, pyrimidines,
Resynthesis J{ R . -
= J : niacin, melanin, taurine, ete.
of amino aclds/<'l ransamination o _Keto acids
endogenous : 325
synthesis of Oxidative P i
amino acids degradation mmonia (NH,)

(Non-essential

Urea cycle (in liver)
amino acids)

Catabolic end products

(Pyruvate, TCA cycle Urea
intermediates, acetyl CoA, \LVia blood
acetoacetyl CoA and acetoacetate)
Kidney
Coa v
“*Synthesis of glucose, 92-/ Urine
fatty acids, steroids o
and ketone bodies CO, + H,O + ATP

Fig. 9.1: Exogenous and endogenous sources of amino acids and their metabolic fats.



Biomedical significance of protein

catabolism

-Most of body energy with intermediates
compounds
-Maintain the nitrogen balance
-Diagnostic markers for liver disorders

Amino acids catabolism
(1) Transamination reaction
(2) Deamination reaction.



Transamination reaction
All amino acid except lysine, threonine
and proline

Donor of c-amino group

Amino ucicl"x> Enz.-Pyridoxal phosphate x Amino acid, (Glurameate)
a-keto acid,

Enz.-Pyridoxamine phosphate o-keto acid, (a-keroglurarate)

Enz. = Transaminase (Aminotransferase) Recipient of atc-amino group
l'l
CHO = H,N-C-COOH

I 1 CH
: ~ * s -P=0O e,

BEEE C-coon MO ToOT e CH,
' CH, O W
R N COOH

Amino acid, Enz.-Pyridoxal phosphate (’./'.""""”."
(amino group-acceptor (Amino acid,)

form of coenzyme)

CH.NH O=C-COOH
ll 2 a2
|

@ F&i T
o - - - = sl |' =
R C ll‘ ~ O

COOH
o-Keto acid, Enz.-Pyridoxamine phosphate x-ketoglurarate
(amino group-donor (o-keto acid,)
form of coenzyme)

Fig. 9.3: Mechanism of transamination reaction.



Glutamate pyruvate Transaminase/

Alanine Aminotransferase %

Alanine + o-ketoglutarate = Gluramate + Pyruvate
(Amino acid ) (o-keto acid)) Pyridoxal phosphate (Amino acid,) (o-keto acid))

Glutamate oxaloacetate transaminase/
aspartate aminotransferase

Aspartate + o-keroglutarate < > Glutamate + Oxaloacetate
(Amino acid)) (a-keto acid,) Pyridoxal phosphate (Amino acid,) (a-keto acid,)

Valine + o-keroglutarate Valine aminotransferase Gluramate + keto-isovalerate
(Amino acid)) (o-keto acid,) = (Amino acid,) (o-keto acid))

Pyridoxal phosphate

Fig. 9.4: Some transamination reactions.

Recipient of o-amino group

Donor of @ Amino acids S a-ketoglumrai-% Ammonia [n_lze'r Urea
O-amino group o eto acids : Glutamate NAD*
- Vit. B, o-keto acids
Enz. = Transaminase Enz. "Oxidative
(Aminotransferase) R Amino acids™ deamination
“Synthesis of non- catalyzed by
essential amino acids o-ketoglutarate GDH

Fig. 9.5: Combined actions of transaminase and GDH to show fate of
a-amino group transfered from different amino acids to a-ketoglutarate.



Biomedical significance of
Aminotransferase
alanine aminotransferase (also
known as GPT)
aspartate aminotransferase (also
known as GOT)

Deamination Reaction

Deamination reactions are of two types:
(a) Oxidative deamination

(b) Non-oxidative deamination.



Oxidative deamination
-Oxidative deamination by L-glutamate dehydrogenase (GDH)

L-glutamate + NAD*(NADP*) # o-ketoglutarate + NADH+H*(NADPH+H*) + NH,
@ GDH \®
ADP, GDP /' ATP, GTP @ = Stimulation ® = Inhibition

Fig. 9.6: Oxidative deamination of L-glutamate by L-glutamate dehydrogenase (GDH).

-Oxidative deamination by L-amino acid oxidase
-Oxidative deamination by D-amino acid oxidase

D-amino acid
L Q \
o
o) G
-3 I
3 =
& 3
~

o~-keto acid + NH,

IL-amino acid (e.g., L -Alanine)
N

-

S
@ o
()

D-amino acid
oxidase

:FMN
L-amino acid
oxidase

FMNH,

a-keto acid (Pyruvate) + NH,

Fig. 9.7: Oxidative deamination of L- Fig. 9.8: Oxidative deamination of D-
amino acid by L-amino acid oxidase. amino acid by D-amino acid oxidase.



Non-oxidative deamination

' tase, PLP . g
Serine Mb Pyruvate (o--keto acid) + H,O + NH,

Histidinase, PLP Bt :
Histidine ——————rocanic acid (o-keto acid) + NH,

Fig. 9.9: Non-oxidative deamination of serine and histidine.

Metabolic fate of ammonia (NH3)
The metabolic fate of NH3 can be described in four heads:
(i) Production of ammonia
(ii) Transport of ammonia,
(iii) Conversion of ammonia to urea

(iv) Disposal of urea.



Production of ammonia (NH3)

o-keto acids

o-ketoglutarate

Proteins —p |_-amino P.LP —p [ -glutamate
(exo- and endogenous acids Transaminases © Oxidative
sources of amino acids) deamination
by GDH"
NH, + o-ketoglutarate
“Major pathway for ® I _-amino acid oxidase™ }
i ) + o-ketoacids
ERAdoEon af NEL, © D-amino acid oxidase™ - i
“*Minor pathways for HE—O Absorption
production of NH, © Non-oxidative PLP 1 from gut (NH
deamination™ > NH, is produced in
LIVER + CO. &ut” byaction
(Urea cycle) > of bacterial
Urine «—UREA urease on urea)

Fig. 9.10: An overview of transamination and deamination to show removal of c-amino
groups from L-amino acids as ammonia. The ammonia is converted to urea in liver.

Transport of ammonia

(i) L-glutamate + ATP Glutamine synthase Mg; v-glutamylphosphate + ADP

- S ot M >y 2+
(i) v-glutamylphosphate + NH_* Sluthmine synthase &b

L-glutamine + Pi

Fig. 9.11: Synthesis of L-glutamine from L-glutamate and ammonia by glutamine synthase.

In Kidney NH P
* Glutaminase 2
L-glutamine + H,O > L-glutamate +~ NH * Texdbar + N =
2 n liver oz
Urea ~" =
Urea cycle
Fig. 9.12: Hydrolysis of L-glutamine by glutaminase.




———— E
: A a-ketOglutarate ‘x’ NADH +H" + NHJ:

- Liver

Glucose i
L-alanine P E

2w
| Amino acids e L= 0-ketoglutarate 4= =P L-alanine £ 3 8 g g Y
A = < 'g o} é
la—keto acids ¢ L-glutamate ° Pyruvate 5 g ~% 35 G
| : SEEEWY
| R -R RN
| g g 2
| Muscle Glucose Wl GalS

Fig. 9.13: Glucose-alanine cycle.



