v’ Synthesis ,degradation &
biomolecules derived from amino
acids.

v’ Describe Synthesis of glycine
amino acid.

v Enumerate biomolecules derived
from glycine amino acid .

v’ Discuss biosynthesis and
biochemical role of Glutathione,
Creatine, choline.

Dr. Shimaa Badawy
Lecturer of Biochemistry
Glycine metabolism




Metabolism of individual amino acids
Glycine metabolism
1-Nature >>>>... 2-Synthesis>>....3- Anabolic fate>>>

4- Catabolic fates >>> 5- Metabolic defects>>>>>
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Glycine metabolism

Nature
-Non essential amino acids - Glucogenic amino acids

DEGRADATION OF
GLYC{iNE TO SERINE & TO GLUCOSE

[
NH,-CH-COOH

Glycine

Methyliene

THE Serine Hydroxymethyl
PLP Transferase

THF
CH_OH
[

sSerine
NH_ -CH-COOH dehydratase
Serine o

1
CH;-C-COOH

—————— > Glucose
Pyruvate
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Synthesis of Glycine

SYNTHESTS OF GLYCINE

From Carbon dioxide and ammonia
From Glyoxylate
From Serine

. From Threonine

5. From Choline




1-Denovo synthesis>>>
Degradation of Glycine

Degradation of glycine

FH, Glycine N: N Methylene FH,

synthase, PLP
Glycine %—fo CO, + NH,

NADH + H* NAD*




2-Synthesis of Glycine from - Serine Reversible reaction

H,O

HO CH->—CH-COOH serine @ 8 HCH COOH
I . hydroxymethyl - — I
N H2 transferase N H2

serine glycine

glycine hydroxymethyltransferase

HOOC—CHz—CHz—ICH—COOH HOOC—CHZ—“CHz—‘C':H—COOH
N N
o= O=é
tetrahydrofolate N>, NP methylene
HH CH2 H HH CH2 52
X
H-N N—H

N e >—;°H
N >—N
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3-Synthesis
of Glycine
from
Glyoxalate

3. Synthesis of Glycine from
Glyoxalate:

Glutamate o-Ketoglutarate
COOH 4 \ PLP / lecme
Transammnase
CHO

Glyoxylate




4-Synthesis
of Glycine
from
Threonine

Synthesis of Glycine from Threonine

COOH
| :
Threonine aldolase

CH=— NH, C|°°H
CH OH - 2
| |
CH, H

: Glycine

Threonine Y

Dr. N. Sivaranjani

CHO

I
+ oon,

Acetaldehyde
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5-Degradation of Glycineto ~ Ammonia &CO?2

- tetrahswdrotf ol ate =10 - methylens tetrahwdrof alate
- /
iNHE — - O 4 M,
H ofycinea decarboxylase H
glwcine ™~ A M ACH + H

Catabolic fate of glycine:

1-Production of co2and NH3
2-Glyoxylic acid

3-pyruvate

4-detoxication reaction by conjugation




Role of Glycine biosynthesis of molecules
Anabolic Fate

>xalic acid

y
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Functions of Glycine: Collagen synthesis

1 .1Collagen —rich in Glycine -30%

(-G LY---x---v-l-G LY---X---Y--)--

X= PROLINE

Y= Hydroxy Proline

Praline
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Role of Glycine in synthesis of Cysteine
*Glycine SHMT f “Serine Homocysteine
CH,-THF I

‘CO, + NH; €5rc *Glycine *Cystathionine

NADH THF Nap

Cysteine




Functions of Glycine :Formation of purinering

J.2Formation of purine ring : N7

N N -Methenyl-

tetrahydrofolate

tetrahydro-
folate

Amide nitrogen of glutamine




Functions of Glycine -3.Synthesis of Glutathione

- Reduced glutathione has the following functions:

v" Amino acid transport across the cell membrane (including
absorption).

v It is a coenzyme for maleylacetoacetate isomerase enzyme, see
tyrosine. It is also a coenzyme in S-adenosylmethionine and heme

Glutamate

ATP Cysteine

ADP + i NH;
synthesis, and for formaldehyde dehydrogenase, glycogen synthase HOOC—(:‘,H
and glyoxylase. )-Glutamylcysteine Ch 600
v" Synthesis of leukotrienes (see prostaglandins). ATP Glycine o O
v' Detoxication by conjugation (see metabolism of xenobiotics). arione U= A
v' It functions as hydrogen donor in oxidation reduction reactions that], = SEEKEES " e
- . ADP +Pi CH-CHy—$—$~Chy-CH
include: ] |
v" It protects hemoglobin against oxidation by hydrogen peroxide. O’ﬁH 'g: ’
v Keeps the integrity of the cell membrane against damage by ’ 2:2 5 o "
oxidants, e.g., H,0,. Thus, it prevents lipid peroxidation of the - NH—CH-CNH=CH, COOH ('3H2
membrane lipids of RBCs and thence its hemolysis by various CH CO0H CH-0O0H
oxidants because it is the most liable among cells, sees Favism. CHy rl\le
CH—NH,
COOH
Glutathione (65H) oxidized glutattione

(6556)



v" It maintains the SH group(s) at the active site of several enzymes that is essential for their activity, e.g.,

glyceraldehyde dehydrogenase.
v' It inactivates insulin in the liver by reductive cleaving of the 2 disulfide linkages of insulin into separate

polypeptide chains catalyzed by insulin-glutathione transhydrogenase.
v’ -It protects the a-cells of pancreas from the degenerative action of alloxan or dehydroascorbic acid. This
protective action is due to antioxidant properties of glutathione, which reduces alloxan to inactive

substance and reduces dehydroascorbic acid to ascorbic acid.

Reduced Glutathione

ﬂ -+ -
NADP Hwvdrogemn
2 GsH -
/ Peroxide

Glutathione Reductase Glitathione Peroxidase

Requires Riboflawvin (FAD) Requires selenium

\ Oxidised Glutathione / \ VWater

NADPH "+ H ™
GSSG



Functions of Glycine inDetoxification by conjugation reaction

J.4Detoxification by conjugation reaction

* Bile acids = cholic acid /cheno cholic acid

* Cholic acid + Glycine—> Glycocholic acid

* Chenodeoxy cholic acid+ Glycine = Glyco- cheno deoxy cholic acid
* Benzoic acid +Glycine = Hippuric acid )excreted by kidney(




Synthesis of Heme from Glycine

Synthesis of heme

SUCCinYI CoA Glycine

CoASH o- Aminolevulinate

Synthase

o- Aminolevulinate

|

25- Aminolevulinate
5- Aminolevulinate
HO dehydratase

Porphobilinogen

|

+-Porphobilinogen

Uroporphyrinogen |
uroporphyrinogen
Il cosynthase

Uroporphyrinogen Il
Uroporphyrinogen
4€O, decarboxylase
Coproporphyrinogen llI
Coprophyrinogen
«“0, (1 oxidase

Protoporphyrinogen Il

, Protophyrinogen
«H 4/] i
oxidase

Protoporphyrin IX

Fe*
Ferrochelatase



Arginine,Glycine
& Methionine
(SAM(

involved in
synthesis of
Creatine

H P C S NH3’
|
COO™

L-Arginine

O
H Y
N—C

HN=C
N_CH2
|
CH,

Creatinine

(Kidney)
ARGININE-GLYCINE
TRANSAMIDINASE /N H,
> Hgﬁl = C\
*H;N—CH,—COO~ Omithine Glycocyamine
nidoacetate
Glycine , (qua ;
(Liver)
S-Adenosyl- ATP
methionine
GUANIDOACETATE
METHYLTRANSFERASE
S-Adenosyl- ADP
homocysteine
NONENZYMATIC
IN MUSCLE /NH ~®
- HN= C\
f N — CH,— COO™
I
Pl + HZO CH3
Creatine phosphate




Creatine & creatinine : clinical significance

Creatine Creatinine
Serum 0.6- 0.2mg/ dI 1.0- 0.6 mg/ dI
Urine 50 — 0mg/day 2- 1gm /day

** Creatinine estimation
—KFT ( CREATININE —-ENDOGENOUS ,NOT ABSORBED NOR SECRETED SECRETION,DAILY EXCRETION(

+** Creatinine coefficient - mg / kg body weight / day
Man - 24-26mg / kg body weight / day
Woman - 22-20 mg / kg body weight / day

Creatnuria : muscular dystrophy /Diabetes Mellitus / Hyperthyroidism/ starvation



Metabolic disorders of Glycine

***Primary hyperoxaluria
Increased formation of urinary oxlate calculi

%

oxalosis )deposition in various tissue)

Generally defective Glycine transaminase
DEGRADATION OF

+impairment in Glyoxalate oxidation to Formate SLICHE TR0 atE

|
NH, — CH - COOH

Glycine

/ 0, N1 Formyl THF
"
oxidase
\> H,0,
v

Formate

0 =CH-C0O If accumulate leads
Glyoxylate to kidney stor,
Oxalat Urine

xalate » S

\
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Primary Oxaluria type |

leads to renal /kidney
stone formation

&is responsible for
mental retardation

TRANSAMINATION OF 6GLYCINE

il _, Glycine
Primary Y Alanine
Oxaluria type I < R Slvexylete
ﬂ Transaminase
Alanine *°
Glyoxylate
Mental e
retardation oxidation ol
Kidney stone /s 02
Oxalic acid .
K




Metabolic
disorders of
Glycine

Glycinuria

@ This is a rare disorder.

@ Serum glycine concentration is normal, but very
high amount (normal 0.5-1 g/day) is excreted in
urine.

@ It is due to defective renal reabsorption.

@ It is characterized by increased tendency for
formation of oxalate renal stones.

@ Urinary oxalate level is normal in these patients



Kidney stones(Calcium oxalate)

Kidhey Stone

PPN,

€9




CO,+ NH,

.
NADH + W'

s i Glycine

Cleavage
System

Summary o

Of Metabolic Serine Glyoxylate

Hydroxymethyl- Aminotransferase
pathways of transferase

Serine Glycine * Glyoxylate
Glycine 7 § .7/‘ \¥

N -Methylene ﬂ' tw m

Threonine
Aldolase

v
Threonine




Proteins Proteins
\ / Glycine metabolism

Serine——  Glycine —— Ammonia—— Urea

— Serine —— Pyruvate —— Glucose

Choline

CO?2 + Glyoxalic acid — Oxalate
Creatine — CP —— Creatinine
C4, C5, N7 of purine ring

1-C ALA — Heme
Glutathione

NH5 +

Bile salt
Conjugation, e.g. hippuric acid




Learning check
Q1:Which out of the following amino acids in not required for creatine synthesis?
a) Methionine
b) Serine
c) Glycine
d) Arginine

Q2: Which out of the following amino acids is not needed for the synthesis of
Glutathione?

a) Serine

b) Cysteine

c) Glutamic acid

d) Glycine

Q3:Glycine is required for the synthesis of all of the following except:
a) Creatine

b) Glutathione

c) Heme

d) y-aminobutyric acid (GABA)



