Hemoglobin synthesis
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Hemoglobin synthesis
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Hemoglobin synthesis -
Consist of 8 reactions , 4 of them are mitochondrial and 4
:reactions are cytosolic ( 1T mitochondrial , followed by 4 cytosolic

:reactions , followed by 3 mitochondrial reactions ) .So

intermediates of hemoglobin synthesis reactions are going from
rand to mitochondria through the mitochondrial bilayer
membrane .
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Why don't you react to what happened in one place?

It‘s a way of enzyme activity regulation, called Compartmentation or
Compartemetalization Which means that not all reactions happen at the
rsame siteinside the cell, so adding more regulatory factors. double layer
rmitochondrial membkane

*if all heme synthesis step are done in the cyvtoplasm NO control over
production of Heme increase the production of globin more hemoglobin more
ervthrocytes (polyvcythemia)

1. Increase the blood viscosity

2. Slow blood flow

<, Thrombi > stagnation of blood

4. Adding more load on the cardiac muscle & may be heart failure

The treatment of polycythemia are transfusion of blood ( 483 aale & ,aal) ) |
:Because if we want to treat it medically we have to inhibit the secreation of
EPO .
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- CoOA~SH & the glycine carboxyl are lost following the condensation.
> (sene pXflession . .
-ALA synthase( 1s catalyzing the committed step of the heme synthesis
pathway, & 1s usually rate-limiting for the overall pathway.
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- Regulation occurs through controle gene expression.
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- Heme functions (@s a feedback inhibitor, repressing the transcription of
ALA synthase gene 1n most cells.

- A variant of ALA synthase expressed only in developing erythrocytes
1s regulated instead by availability of iron in the form of iron-sulfur
clusters.

There are two forms of ALAS: iy, -

1-ALASI is considered a Kouse-keeping gene and is expressed in all
cells (located on chromosome 3).

2-ALAS2 1s an erythroid-specific form of the enzyme, expressed only in

sgpetal liver and adult bone marrow (located on the X chromosome).
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Mnemonic for steps in heme synthesis

- S—SOME - Succinyl CoA

- G—GOOD -Glycine

e D—DOCTORS -Delta-Amino Levulinic Acid
- P — PALPATE -Porphobilinogen

 H— HEART - Hydroxymethylbelane

- U—UNDER -Uroporphobilinogen 3

- C—COVER -Copronbporohvrinogen 3
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PBG syth.as (ks 4) 7 Jell PBG Synthase
(porphobilinogen synthase), /p‘ﬂwmf;w 00T COO" o0
also called ALA dehydratase; % Y
catalyzes condensation of two " CH, CHy COO™ CH,

molecules of o- arpmolevulmate to CH, CH, TH0) CH, CH,
form the pyrrole ring of +

porphobilinogen (PBG). /e C=0 C=0-9p>» C—=C
L : — )\ . | |
-The Zn™™ 1in the active of site ~o\>;;\wg CH CH HC—C
mammalian porphobilinogen ~¢ : : : | Vi
synthase, acting as binding sites . NH5" NH;" NH;" H
for ligands 1pclud1r+1§ CySteIne S, 9 5 aminolevulinate porphobilinogen
it cgn.a.1s0 bind Pb (.lead).> TAd (ALA) (PBG
- Inhibition of porphobilinogen gk Tk
Ly . Gaa Rubr—  GARugte —>  &F i
synthase by Pb*" results in Rechse Convastrn’]

elevated blood ALA, as impaired R
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heme synthesis leads to de- o~ ol
repression of the transcription of ( At i +)

ALA synthase gene. sraleb capet L



- Dehydratase = remove water molecule
- The first pyrrole ring produced are ( porphobilinogen )

2. - the porphobilinogen which produced from reaction of PBG
synthase enzyme ( ALA dehydratase enzyme ), has different
substitutions that bind to carbon atoms ... one with acetate and
other with propionate , sothe heme is an asymmetric molecule .

__________________________________________________________________________________

-If lead ( Pb+2 ) in high concentration binding to Zn+2 in the active sute of
-ALAdehydratase enzyme , it will inhibit the activity if this enzyme so only

.one step

-{are done in pathway , so no production of hemoglobin , and the ALA which
iproduced from first step will be acummulated because AL A has
isimilar

Estructure of GABA ( which is the main inhibitory neurotransmitter ) , the E
.accumulated ALA will bind to GABA receptors , this will lead to loss of balance |
'between excitatory & inhibitory neurotransmitter functions , so convulsions :

ioccur . “Ain Reflace Geba

** number of inhibitory neurotransmitters is much less than number of
excitatoryneurotransmetters so if there is an analogue of GABA that bind to its
Ereceptor,

ithis results in loss of function of GABA and loss of balance between

neurotransmitters = increase excitatory functions ends up with convulsions



- High ALA 1s thought to cause some of the COO~  COO"

neurological effects of lead poisoning, although (|3H2 éHz

Pb*" also may directly affect the nervous system. | |

CH CH
- ALA 1s toxic to the brain, perhaps due to: (I)_ZO éHZ
1- Similarity in the structures between ALA and | i
CH, NH3"

GABA (y- aminobutyric acid). |
<é?- ALA autoxidation generates reactive oxygen species NH3"
(oxygen radicals). ALA  GABA

Do Awinsks
- Porphobilinogen (PBG) is the first pathway 7" 4 g
intermediate that includes a pyrrole ring. A ‘ ‘
- The porphyrin ring 1s formed by condensation of 4?
molecules of porphobilinogen. N
- Porphobilinogen deaminase Pe Anitakn A, H
(hydroxymethylbilane synthase) catalyzes pyrrole

successive PBG condensations, initiated in each
case by elimination of an amino group. it leads to
the formation of the tetrapyrrole hydroxymethylbilane.



Hvydroxymethylbilane has two fates:
1- The most important 1s regulated, C00"

enzymatic conversion to i -
uroporphyrinogen III, the next |
intermediate on the path to heme (¥ Ch Ch
which 1s mediated by a holoenzyme
%ﬁ comprised of uroporphyrinogen 00C—CH, A% CH,—CH,~CO0
synthase plus a protein known as \ NH  HN /
uroporphyrinogen III cosynthase.’ HO
s _mglf i A‘”:'ﬁ’”‘) —NH HN
2- Hydroxymethylbilane can also non — / \ CH,—~C00
enzymatically cyclize forming @ CH, / V\
uroporphyrinogen L Lt Robdne Lol y
Not et ’ | ’ 2
C00CO0 CH,

hydroxymethylbilane ~ coo



[ydroxymethylebilane molecule :

t is a molecule which is produced from reaction between 4 PBG molecules

'y deamination of its amino groups and linearization of it by

q.

.
1 Hydroxymethylebilane is cyclized .. which mean ring number 1f will binding r

1( Uroporphyrinogen synthase )

This enzyme has two states :

acetate propionate ———- acetate propionate ———-
acetate propionate )
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- Non - enzymatically ... it will bind 1 & 4 rings in the same substitution ( acetate / propionate -—-

This will form structure called ( Uroporphyrinogen I )

Enzymatically in the presence of special co- factors called

(5.

wil) Gompld, " Cling

)

ropophyrinogen d¢
eaction , by removij

( Uroporphyrinogen III co-synthase )........ during binding of 1&4 rings , ring
number 4 will turn around itself so give more assymetry in the structure of heme .. the binding ssill be as (
a ¥ acetate / propi ate ;

€ ———- *propionate / acetate™ )

Uroporphyrinogen I has no function , this because there are no eng ynlecjniactqpon
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ethyle = CH3 **** g0 decarboxylated acetate —

X2 from each acetate group

methyl )

i The molecule produced are known as ( Coproporphyrinogen )

......... which has

isubstitution as follow ( methyl/ propionate ——— methyl / propionate ———

imethyln/ propionate ———- propionate methyl)
L
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cesssssnssnsnnnnnnd
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Copropophyrinogen will go in the mitochondria to give the rest of reactions in hemoglobin

tubyan ﬂ\‘«j LN

It will go in oxidative decarboxylation reaction of two of protionate groups on ring 1& 2 to
Econvert it to vinylgroups by enzyme called ( coproporphyrinogen oxidase ) , so the substitution

1of the new molecule are as follow ( methyle /7 vinyl -——— methyle / vinyl

' -
'propionate -—

EThis structure is known as ( protopophyrinogen ) which will go into oxida
iprotopophyrinogen oxidase ) to convert it into ( protopophyrine ) . \'\'F%h
because the bonds which link the

'1. Acetate propionate on each ring

........................................................................

yr (ile rin%s with each other are not methyline bonds , it is methynele so this enzyme form
Oouble bonds

propionate / methyle )

in the methyline groups that link the 4 pyrrole rings together .

the final asvmmetry of hemoglobin is attributed to :

12. More asymmetry on ring 4 by its rotation around itself .
53. Another asymmetry by decarboxylation of all acetate groups to convert it to methyle groups .

methyle /
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- Uroporphyrinogen III
synthase converts the linear - o e
tetrapyrrole hydroxymethylbilane to mfybiwe |, L w
the macrocyclic uroporphyrinogen III. '

- Uroporphyrinogen III synthase

catalyzes ring closure & flipping over
of one pyrrole to yield an asymmetric
tetrapyrrole.

-The distribution of acetyl & propionyl
side chains, as flipping over of one
pyrrole yields an asymmetric
tetrapyrrole.

€00TC00 CH,

Uroporphyrinogen [11 THZ
co0 Synthase 0 OO0
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- Uroporphyrinogen III 1s the precursor

for synthesis of vitamin B12,

chlorophyll, and heme, in organisms

that produce these compounds.



- Conversion of uroporphyrinogen III to protoporphyrin IX occurs in
several steps.

- All 4 acetyl side chains are decarboxylated to methyl groups (catalyzed
by uroporphyrinogen decarboxylase) ( 1,2)

- Oxidative decarboxylation converts 2 of 4 propionyl side chains to
vinyl groups (catalyzed by Coproporphyrinogen oxidase) ﬁmwff /NJ?L“

- Oxidation adds double bonds (Protoporphyrinogen oxidase). e flard

- Fe++ 1s added to protoporphyrin IX via Ferrocheletase, a homodi}me@
enzyme containing 2 iron-sulfur clusters. ¢ It e

- A conserved active site His, along with a chain of anionic residues, may
conduct released protons away, as Fe++ binds from the other side of the
porphyrin ring, to yield heme. [ protoporphyrin X o heme

€O0" yroporphyrinogen 11 protoporphyrin IX

CH, coo’ ﬁ“z

CH, CH, CH CH,3

"00C—CH, CH,—CH,—coo" HiC CH=CH,

‘00C—CH,— CH,—CO00O" H3C CH3




Q: Ferrous in the heme molecule has 6 bonds , although its valincy are 4 not6 , why ?? Qe D»!MS
A: although there are alot of defense mechanism to prevent oxidation of ferrous iron into tam

: . R R > J\M
ferric , but some times oxidation occur , so there are enzymeinside erythrocytes known as (
methemoglobin reductase enzyme ) which will convert hemoglobin to its active functional form Ll gt/
after any change of any part of hemoglobin into methemoglobin . g\ )erz{ '

Bonds of ferrous are :

4 bonds with the nitrogen of four pyrrole rings .
one with proximal histidine

one with 02
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Pathway of Heme Biosynthesis




- In addition to the heme b found in hemoglobin, there are two different
forms of heme found in cytochromes such as those involved in the
process of oxidative phosphorylation.

- Cytochromes of the ¢ type contain a modified iron protoporphyrin IX
known as heme c. _ () ty Py

- In heme ¢ the 2 vinyl (éZC) side chains are covalently bonded to
cysteine sulfhydryl residues of the apoprotein.

- Only cytochromes of the ¢ type contain covalently bound heme.

- Heme a 1s also a modified iron protoporphyrin IX.

- Heme a 1s found 1n cytochromes of the a type and in the chlorophyll of

green plants. Heme ¢ 6 Veayle 439.&)
B
Heme b @k
.
CHax CHj, HsC é CH,

CH,
S—CH,—
HyC Z HyC 2
CH,
HsC— CH, HyC— CH,

HooC COOoH HOOC COOH w




- Regulation of transcription or post-translational processing of enzymes
of the heme synthesis pathways differs between erythrocyte forming
cells & other tissues.

- In erythrocyte-forming cells there is steady production of pathway
enzymes, limited only by iron availability.

- In other tissues expression of pathway enzymes 1s more variable &
subject to feedback inhibition by heme.

-The rate-limiting step in hepatic heme biosynthesis occurs at the ALA
synthase catalyzed step, which 1s the committed step in heme synthesis.

-The Fe’* oxidation product of heme is termed hemin which acts as a
feed-back inhibitor on ALA synthase.

- Hemin also inhibits transport of ALA synthase from the cytosol into the
mitochondria as well as represses synthesis of the enzyme.



- In erythroid cells all of the heme is synthesized for incorporation into
hemoglobin and occurs only upon differentiation when synthesis of
hemoglobin proceeds.

-When red cells mature both heme and hemoglobin synthesis ceases.
-The hemoglobin must, therefore, survive for the life of the erythrocyte.

- In reticulocytes (immature erythrocytes) heme stimulates protein
synthesis.

- Additionally, control of heme biosynthesis in erythrocytes occurs at
numerous sites other than at the level of ALA synthase.

- Control has been shown to be exerted on ferrochelatase, the enzyme
responsible for 1iron insertion inte protoperphysingdXgmand on
porphobilinogen deaminase.



Regulation of Porphyrin Synthesis
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Regulation of iron absorption and transport

- Iron for synthesis of heme, Fe-S centers and other non-heme

- Iron 1s obtained from:
1- The diet ta \y0s
2- Release of recycledliron from macrophages of the reticuloendothelial

system that ingest old & damaged erythrocytes.

- There 1s no known mechanism for iron excretion.

- Iron 1s significantly lost only by bleeding, including menstruation in
females.

Bona

Dietary Erythropoiesis Blood loss
iron - Bileading
- Manstruation

Transferrin REBC
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Bile
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ransfe
S —— a2+ I i (FeZ*)
Farroxidasa
(ceruloplasmin)
10-159% oL ES Lirine Sweat desquamation
absorbead T 1
(€D by vitamin C) Iron loss




i The treatment & dignosis of iron metabolism & deficincy are very complicated because it has diffrent
itypes of proteins playing very important roles in the metabolism of iron , it is subdivided into 3 groups :

I
I
: Q Key determininats of iron regulation at different physiological levels >

I

Vs proteins determine what are the requirments of iron under physiological conditions ?? , is itabsorbed
1?? and determining their level in blood either increasing or decreasing ?? etc

:

I

JExamples : ferritin & transferrin

% ferritin : when we investigate iron deficincy anemia , not Hb & iron are the only mesurments .. we have
\to complete full investigation to treat IDA in a full term . (‘ ,-,].3 /“je P—"’ " )

\“* transferrin : carrier protein which carry ferrin from side to side . //f\‘ Jo -){ _ ¢

‘ § ﬂaﬁ-{'
1 “* hepcidin : secreted from liver as hormone . C_ | Ry N ppj.,,( w 9

@l‘ ransportation of iron across cellular membrane .

Examples : slide

ludtll lefJ’f 9,>

- Iron utilized in synthesis requierments you need absorption it will increased , you don't need
rabsorption it will decrase .

iBut under normal physiological conditions , the iron absorption are not exceede 5% although the cause of
lincreasing demand of it .

1 ** s0 absorption of more iron = formation of more heme = formation of more RBCs = polycythemia
I

i+

I - - - - - - - -

1 Iron in circulation if doesn't carreid it is toxic

I



E** The iron which we take have to be bounded =salt ._= }p,v dndorfe

E** Salt is not allowed to be absorbed , so the ionization occur , this ionization

v gastric acid ( HCI&( 1,480 you have to be carful , don't drink coffee at
'the early morning because it will lead to acute gastritis , which will lead to
.chromlc gastritis , so parital cells function will decrease and HCI production
R B e e
'** s0 before treatment of IDA , I have to make sure what is the situation of the

.gastrlc mucosa because in the state of gastritis you will not use tablet or
.capsules you will use L.V injections because of problems on absorbtion

\** jonization may also occur by glutathion indirectly .

:
E
l** most of doctors during treatment of IDA by tablets or capsules add vit. C to
:mcrease state of ionization .
|
|

: . R
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If iron take in diet as heme ( not free iron ) there are no ionization in this:
state , there are special receptor

for heme , which increase ability of heme to cross inside , then inside the

heme oxygena?é %e#!zcv}“ﬁ'emsv'stteéf‘n( which are more than one enzyme, it is
group of enzymes not one enzyme ) ....

either iron cross by DMT1 or by heme oxygenase enzyme system , inside cell it

will bind to apoferritin andconvert into ferritin which are known stored iron

When the body need this iron for utilization , iron exit from the cell by
.proteln Known as ferroportlnC.m.Qd{N 9.\.,,,»,} ............................................... when it
'blnd to any protein ( as ferroportin ) it have to be converted into ferric
-form how it will be converted from ferrous into ferric in this state ??

(By effect of protein known as ( cupper dependant ferroxidase )

MMPW!
e e This process regulated by hepcidin protien / hormone . /ld(’( Cﬂk,,[’}
Lo gl o

** Outside the intestinal cell , iron have to be converted into ferrous form

by effect of ferroxidase (Cu+2) =copper dependent ........



Iron metabolism and proteins i Rop erw\“}"%
- ManX Pproteins have been 1dentified playing roles in iron ‘metabolism
% . - . .
such as ferritin or ffansferrin are the main cargos of blood iron, whereas
peptides such as iron regulatory proteins, hepcidin, and matriptase2 ar
key determinants of iron regulation at different physiological levels.
(2 <Tlantoidin (Ron) Closs Coll fumfate . Genebe iy mokilptes Lo
- A set of different proteins, notably divalent metal transporter-1,
ferroportin, and transferrin receptors 1n assocratton with terroxidase
> [aPPf\f . . .
such as duodenal cytochrome B,[Ceruloplamin_and heme carrier protein,

are involved in the cellular membrane transportation of iron.
> Tf'h?a/l jop sle u{ 5}3{0}— ulizafios

- Others proteins such as myoglobin, Hb, and many different enzymes
are the ‘end’ products OCf iron metabolism, because they require iron

: . A
for their functions. - CJ’O(WM/:B il ia P beek D
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main storage site 1s liver Disoccinkion  Jy Uil i gomath -

2- Pass across basolateral membrane to be carried to transferrin through a
protein ferroportin and hephaestin from o o utic

3- Fet+2 is converted to Fe+3 by ferroxidase (Cu+2)”’

4- Hepcidin act as down regulator peptide secreted by liver.



Regulation of iron absorption and exportation by enterocytes

- Transcription of the gene for the iron transporter ferroportin 1s
responsive to iron.> Avbi sl oal-

- When 1ron levelsi;ire high or 1n response to cytokines produced at sites
of inflammation, hepcidin 1s secreted to induce ferroportin
internalization and degradation, thus, leads to decreased absorption of

. . . | . ‘
dletary. iron and decreased o uzzy,\/T Gonfny probin — hemes Yoy
serum 1ron. 7 ll :‘{ ‘ 00 Woh F'g}mpm-w'/) Chuicdiet?

< T o ¢ 4(agiana

- Inversely, in the absence of e KT@nsy ok Acs c.uq]rvi‘,,

hepcidin, ferroportin 1s
maintained on the cell
membrane, and 1ron

Low hepcidin High hepcidin

Iron uptake Iron uptake

1

transportation 1s facilitated. apwirg s | P9 002
cells cells | .le.mgn. :.
- The plasma membrane

protein ferroportin mediates:
1- Release of absorbed iron

from intestinal cells T apee

to blood. g outann euiyin, maccptnges lnpeioghs

hepcidin

1
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Regulation of iron_absorption and exportation by enterocytes

------------------------------------------------------------------------------

.Hm\ hepcidin regulate the absorption of iron ??

EWith another protein inside cells known as ( Hemojuvelin protein ) , which also
Eknown as iron sensing protein , which sense the level if iron high or low .....

| ¥

:lf iron level high and we are in no need of iron , iron will not go from stored site
.to blood , but the Hemojuvelin protein will increase the transcription of the
gene encoded for the hepcidin to prevent exit of iron outside of cells by

;degredarlon of ferroportin so iron can not go outside .

Elf are level low , there are no need for increase trancription of gene which
iencoded for hepcidin , so ferroportin activity don't stopped , and iron can cross
outside to blood to the site of utilization .

l 5 Negahive ReginoR of Qo) Teomstfhi o

** so(hepcidin has antimicrobial effect , because alot of microbes require iron ,
.so because it regulate the iron absorption it also has antimicrobial effect .

¥ Baduia Depinry under Heccdn ok For



2- Release of 1ron from hepatocytes (liver cells) and macrophages.

- Control of dietary iron absorption and serum iron levels involves
regulation of ferroportin expression.

- Hepcidin 1s considered an antimicrobial peptide because by lowering

serum iron it would limit bacterial growth. -~ % bm«p
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- The plasma membrane transferrin receptor mediates uptake of the
complex of iron with transferrin by cells via receptor mediated
endocytosis.



'When iron bounded to transferrin and wnat to go inside the cells , how rtwill enter
:InSldC the cells ?? , (/'a//:h Ay Leporsdle o 907 .>
: é’ %’( [/\(f(( - lyql_ ) R

uTransferrm with iron will bind to receptor of the transferrin on the cell
.membrane the transferrin - iron complex bind , then the coated pit convert to
'endosomc ( which are seperated from cell membrane ) ...

\Endosome contains &)transfcrrm iron complex & transfcrrm receptors )

: A /4 Eew [WJ 551//3-’>g, 1Rt ATO v %{(bes(,
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'Then , how iron will be seperated from tranferrin ?? . ~ ’("”*"}?/

.There are proton pump , which pumping H+ inside the endosome , which lead to |
'decrasc Ph to be acidic inside the endosome , this leads to sepeartion of iron from !

'transferrm but transferrin still bounded withtransferrin receptors ( iron will
'Ieave transferrin , transferrin will not leaveits receptor ) ¢, [en  Sholajt Qv:]:>

.(lronﬁ@M\uc&amgmmﬂ\gm) od o\ T Nayer be toxic
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'Then iron will go outside by DMT]1 ( dimetal transporter 1) for utilization , ;

:whlle the endosome will go to bind to cell membrane , andthen transferrin will

seperate from its receptor to take up more iron again. 4 “arsParn Roy @Udly -
| )\*5 ’ 2 aks pn
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- Hereditary hemochromat051s 1s a family of genetic diseases

characterized by excessive iron absorption, transport & storage.

- Genes mutated in these disorders include those:

1- Transferrin receptor

2- A protein HFE (Human hemochromatosis protein) that interacts
with transferrin receptor to regulate iron absorption by inhibiting
transferrin-receptor interaction

3- Hemojuvelin, an iron-sensing protein required for transcription of
the gene for hepcidin.

4- Impaired synthesis or activity of hepcidin leads to unrestrained
ferroportin activity, with high dietary intake and high % saturation
of serum transferrin with iron. [ C‘ﬁ@i@

- Organs particularly affected by accumulation of excess iron include
liver and heart.



|
1** Hemochromotaosis = qumeabsorptionsastonageofinonsy

'** hemochromatosis may also occur with persons with hemolysis of +3o~ﬁf
'erythrocytes then blood transfusion is required , and we will add iron Dic- e,
:chelator to reduce iron storage by increasing iron excretion .

'** The hemocromatosis that is related to gene mutation can not be
'treated

'** the liver ( site of iron storage ) are not the only organ which will be affected ,
'other organs may be affected as heart , brain , and some irons goto Beta cells
:msnde islets of langerhans and make destruction inside it which affect
\production of insulin .

:So the cases of human hemochromatosis due to genatic factor mostly willbe
.dlabetlc which known as ( brods diabetis ) because of destruction of beta cells
'bv accummulated iron in the islets of langerhans .

-------------------------------------------------------------------------------



Genetic polymorphism of proteins involved in iron metabolism
- In humans, genome-wide association studies found linkage of various
gene polymorphism (single nucleotide polymorphism; SNP) and iron
status, notably polymorphism of the gene coding for matriptase?.
. . . . o ch o
-There is an evidence that genetic polymorphism of the mafriptase2 gene
1s associated with the risk to develop iron deficiency anemia.

- Also, the investigators found a significant association of SNPs at the
transferrin gene as well as at the HFE gene with 1ron deficiency.



Globin synthesis
- Humans normally carry 8 functional globin genes, arranged in two
duplicate gene clusters:
A- The B-like cluster on the short arm of chromosome 11.
B- The a-like cluster on the short arm of chromosome 16. {’;\
- These genes encode for 6 different globin chains: a,3,y,0,€ and C. j0/
{/wl{jlwcf -{)ﬂl'f\'( ) A W(.,

Type of Hb Type of Globin Gene Region Time
Hb Gawerlf Cl?;]oh (&¢ Yolk Sac 3 weeks of Gestation
Hb Portland({ :(x C &y Yolk Sac 5 weeks of Gestation
Hb Gawer II (0g)y o& e U gen ecpuecon (Y &Y j
Hb F (avy), Ll hovey a&y 29 e Liver & spleen 6-30 weeks of Gestation
Hb A, (a 9), oa& o Liver 30 weeks of Gestation
HbA(a B), oa& P Bone marrow At Birth
Hemoglobin in adults o }0 G A el 20
I

Structure a,p, a,0, a,Y,
Normal % 96-98 % 1.5-3.2 % 0.5-0.8 %



'** At the embryonic life time for the first 5 weeks of gestation , there J §
:are4 types of globin genes which make Hb chains (alpha , gamma , zeta, .
epsilon ) :
u > ~ :

(_pq,\ (S.D\(“Q(1 :
% after ﬁrs't/S weeks, when fetal Hb forms. Zeta & epsilon genes :
'swnches off, and the activated genes are for the globin chains ( alpha & |
'gamma chains ). |

 afer first 30 weeks = 6 months , when HB A2 is formed , gamma gene
.swntches off and the delta gene swnches on

E** at birth , when HB A forms , delta gene switches off and Beta gene
'switches on ... the globin chains then will be ( alpha & beta )



Beta Globin Gene Cluster
Chromosome 11

epsilon gamma delta beta
G A
—E - -
5 Y 3’
Hb F Hb R2Z2 Hb R

Alpha Globin Gene Cluster
Chromosome 16

Zeta 2 Zeta 1 Alpha 2 Alpha 1
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Figure 4.2 Specific chromosomes relative to hurrman

hemoglobin formation.



