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Hemeproteins

» Hemeproteins are group of specialized proteins that contains heme

as tightly bound prosthetic group G TOPRRRING. ol il STy 56 i i oA
plEaly djle declio deganaS @l le gouo0

» Function in
- Oxygen binding - Oxygen transport
- Electron transport - Photosynthesis

» The most abundant hemeproteins are Myoglobin and hemoglobin

o9t gadls myoglobin o hemeproteins 8385 254 <
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Structure of heme

budys il by dadsy

» Function according to the protein it

binds Iron can form six bonds: :
— four with porphyrin nitrogens,
plus two additional bonds,

» Heme is a complex of protoporphyrin IX one above and one below
and ferrous iron (Fe*?). The iron is held [B8the planar porphyrin ring
in the center of the heme moleculeby | S
bonds to the four nitrogens of the

POrPhYrin FiNG.  soils ot sotissson oo sams o 53ke oot
—_— &“F".‘:E”"n.ﬁ.&'q' by l_?fl-.L_w.uw.“ pliz [+ FE) H—L.h”
.‘.'H‘_;,.I-,#_;.g..ﬂ while oy Ek.}_;"ﬂ Qﬁg_;..‘.‘.‘ﬂ l_,]l Sl J‘:J.im—

» The heme Fe*? can form two additional
bonds, one on each side of the planar

orphyrin, in myoglobin and

emoglobin, onye of these positions is
coordinated to the side chain of a
histidine residue of the globin molecule,
whereas the other position is available

tD blnd nygen pes Hemaglobin s Myoglobin o8 sgseeall sopdsall calgs e cols 18 e aslyupedlol saasw FET2 pogll Koy ol o%as
oSl byl plis caBge Yl ol s o Glabin eglr oo g bli ge Gegladl iladadl 8 b8l gall 038 ol o

HicH; H = EC

H CH,

CamScanner


https://v3.camscanner.com/user/download

Structure of myoglobin
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» In heart and skeletal muscle -

» Functions as reservoir for oxygen and as oxygen carrier

» Consists of siggle polypeptide that is structurally similar to
hemoglobin subunit.

rtnli s dar g8 dedal G1Sa Sag illes usly Polypeptide pa os8ss

» Consist of eight a-helices which represent 80% of the structure
which are ended by proline or B-bends stabilized by ionic and
hydrogen bonding T Rl o S e e e e ki

L.'f.‘-:’-"ﬂ)*.‘-ﬂjlﬂ ._:’QJ,-I‘“ :b;_-b_'.'" :Jr:n...u'g.n _:.Ei:...u| B-Bends

» Polar and charged aa are present on the surface of the molecule
which form hydrogen bonding with water R T SIP o I IRE

elally oo g il doalys 1523 &Ll

» with the exception of two histidines, nonpolar aa‘s form the interior
structure ——— e

Jaols et Ll zasas ulbundnasa pa sl ebzzaly
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Binding of 02 to myoglobin

» The proximal histidine binds the iron of the heme while the distal
histidine helps to stabilize the binding of oxygen to the ferrous iron.

pdl ol gl e Ly Loy ol s il sz b
gl andl s S B bl i e

» The globin portion of myoglobin thus creates a special
microenvironment for the heme that permits the reversible binding of
one oxygen molecule (oxygenation). MMM e By G
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molecule
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Hemoglobin

el pamdl :.u.J| Lnds qé

» In red blood cells

» Transport oxygen from lung to the capillaries of tissues as well as
CO-;- il‘l the reverse diremiﬂn oSleall olagidl 3 .00 iy dad¥ dpgandl Olpasll Jl ) e peaensl L6

» Hemoglobin A, mainly in_adults, composed of four polypeptide
chains (2a and 2B) held together non-covalently ... iiisesa

(23 3 2}:’1] S Y J.-I‘:J._u En.:-_:,l e
i |y W) GblE yoi los foins

» Oxygen binding is regulated by interaction with allosteric effectors

saall Oloua 2 J,r.l.'.‘l.J' 39\_;..'::- S ll_h.b-...uﬂe‘.‘“ inay F.I.,!r:l_i p

» The subunits occupy different relative positions in deoxyhemoglobin
compared with oxyhemoglobin

o s Eod ablss e pll Sl gll Lo <
ol gaad aSaly Bolis gl sans oSy
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= Tetramer HemogLobin
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Structure of hemoglobin  -siw.i

samaall S Ll gk
»The hemoglobin tetramer composed of two identical dimers,
(ap1l) and (af2. The two polypeptide chains within each dimer are

held tightly together, primarily by hydrophobic interactions

»Interchain hydrophobic interactions form strong associations ;. .50

between a-subunits and p-subunits in the dimers, ionic and b G

hydrogen bonds also occur between the members of the dimer. e
A

- blgy e
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Hemoglobin

» The deoxy form of hemoglobin is called the “T or taut (tense) form, a
constrained structure that limits the movement of the polypeptide
chains, has a low oxygen-affinity. $5a a5 Taut (Tense) ol T* 2334 Hemoglobin o Deoxy JSall s

.;_~:=1-a5"i| Godias & el Polypeplide bt 255 fs am s

» The binding of oxygen to hemoglobin causes rupture of some of the
ionic and hydrogen bonds. This leads to a structure called the ‘R’ or
relaxed form, in which the polypeptide chains have more freedom of

movement. higheaffinity A g3 132 o gpagily il Dlasu s B3 pessle gaedll A oS da) i

A8l Eaps s asjell Lgaal L, | J,...J‘:J...u IR ey | _:lgl "R" Ji._;‘.lr ez Ba

Some ionic and
hydrogen bonds
between off dimers
are broken in tha
oxygenaled state.

Strong interactions,
primarily hydrophobic,
batween o and

chaina form stabla

efi dimers.

YWeak lonic and
hydrogen bonds oceur
batween i dimer palrs
in tha deaxygenated stale.

O3z

ap d

"T." or taut, structure of deoxyhemoglobin "R," or relaxed, structure of oxyhemoglobin
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Hemoglobin

oealeganall ne el pomnS oylis S0 g8 RS

» The R form is the high oxygen affinity form of hemoglobin.

» The oxygen- dissociation curve for hemoglobin is sigmoidal in
sﬁdqge in contrast to that of myoglobin, which is hyperboalic),
indicating that the subunits cooperate in binding oxygen.

ol Sl b gialass e all ol seas las o elaill ga g Myaglobin pe <l e el Lle} (Sall 3 Sigmoidal 38 Hermaglobin | peeeesil (55 pos ol

» Cooperative binding of oxygen by the four subunits of hemoglobin
mﬁganst at the binding atone heme group increases the oxygen
affinity

oS a5 s g s Bamlg e gams b Tl ol e poalt pacall 8 ma¥l gppdll LB ps oSS B glaall By

» The steeg slope of the oxygen-dissociation curve permits

hemoglobin to carry and deliver oxygen efficiently from sites of high
to sites of low pQ 2.:==!ro2 ailye Jidlle gilse o 5l poanaS il poniiy Jas) nrole gandl oS TR s o sl aoaall oy

.;,..In,q..mEQ‘J.J Eadimdl brgpinll sa Blacll lis s ..}-‘5"-'-"5‘“ PR IS L T ..'.'l T | ‘_;J.Ir.'l_"i“ l_,,..:-......51| alffh s gae pie o
Aneuill ) s il i o) ollif g Sl i Gl closl gasm 8 a3 gl e brﬂil PR SURIEI (S P

» A molecule with a hyperbolic oxygen-dissociation curve could not
achieve the same degree of oxygen release within this range of
Partial pressures of oxygen. Instead, it would have maximum affinity
or oxygen throughout this oxygen pressure range and so would
deliver no oxygen to the tissues.

(e
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increase affinity = more 02 binding lo hemoglobin

decrease affinity= more releasing for 02

Sigmoidal O ,-dissociation curve

The oxygen-dissociation curve is
steepest at the oxygen concentrations
that occur in the tissues. This permits
oxygen delivery to respond to small
changes in p0,.

pO,in pO,in
tissues lungs

il

| | R]L
_\/¢Myoglobin

% Saturation with O, (Y)
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Allosteric effector

The pH of the environment (the decrease in the pH enhances the
release of O, from Hb) (B 02 10 5= ToH1 mr dgandl i35 p o) el o icbganl 3

The pCO, (increase in pCO, enhances the release of O, (Bohr
effect)

PCO (2 Sl PCOW slasdl im0 (33 BOHR)

The availability of 2,3-bisphosphoglycerate. 2,3-BPG binds to the Hb
and decreases its oxygen affinity and shifts the oxygen-dissociation
curve 1o the right ) Wizs HB J| vy bisphosphoglycerate. 2.3-BPG-2.3 s

el | S B o [3eiy pemaSil oyl e

The oxygen-dissociation curve of Hb is shifted to the right to cope
long-term with the effects of chronic hypoxia or anemia

J.a_:..n“ i.'l_lJl b gl dzas fall ﬂ.:h.l.u.ﬁl e _:.El- R L_!,T',}ln.” L;_LAJI u].r_ dma J,dl.l..,” !-?é q.?'.‘"".‘“ '_3”‘ HE Lt J.I.b......ﬁe‘“ al= A L Jg:-u

Carbon monoxide (CO) binds tightly (but reversibly) to the
hemoglobin iron, forming carbon monoxyhemoglobin, HbCO.

HBCO . pa05) monoxyhemoglabin JeSa5y . geesle sl pasdl J| (lgwsie 5515) alEsb (CO) pantl sl Lol by
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E ffect of pH
G a gl B il dpganll Dlpmall b taag)

» Source of the protons that lower the pH: adall gssn olsall b £ i3 slacol g

» The concentration of both CO, and H* in the capillaries of
metabolically active tissues is higher than that observed in
alveolar capillaries of the lungs, where CO, is released into the
expired air. = N
» Organic acids, such as lactic acid, are produced during ' 2 el el
anaerobic metabolism in rapidly contracting muscle ST
> In the tissues, CO, is converted by carbonic anhydrase to
carbonic acid: o

COQ + H-0 s HzCOa

» which spontaneously loses a proton, becoming bicarbonate (the
major blood buffer):

H.CO;, & HCO, + H*

> This differential pH gradient (lungs having a higher pH, tissues a
lower pH) favors the unloading of oxygen in the peripheral tissues,

and the Toading of oxygen in the lung which makes hemogiobin a

z & wrd darys il el G gandl a0 a3y 1)zl Laslall gyl s s
more efficient transpoHer Of Xy gen. T e o s Bl ey

s B e r:‘"!j 5y ddar Hemrmaalakin
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351 ol e sl angll Deawy Sl ol Gas BOHR 3ol oSe
i 33l Lia cumy pwyhemoglobin g sl ol gigyl

MN-Terminal A-Amino Olegama J2a sl Gl Ol ganall
E e C.t 0 p H o PRAS el le gxomd all fasmall frsasgll il Sl

Ouyhernoglobin w» Deoxyhemaglabin

Mechanism of the Bohr effect /}

» The Bohr effect reflects the fact that the deoxy form of hemoglobin
has a greater affinity for protons than does oxyhemoglobin. This
effect is caused by Ionizable groups, such as the N-terminal a-amino

roups, and specific histidine side chains that have higher pKas in

eoxyhemoglobin than in oxyhemoglobin.
Ol 30 ey (5 goeas) Obgig sl maed o] J Oleganall ais (latasdl i ge 3 olass] J] Easlll) Slbgig il 3555 L8 il g el
oSl nylits b plasil JI ok ea uiessle sacdl o Denxy JSall Lubad 1Sy Olaadl ok picud (el jgus Loyl awd) dg

> Therefore, an increase in the concentration of protons (resulting in a
decrease in pH) causes these groups to become protonated
(charged) and able to form ionic bonds (also called salt bridgesg).

These bonds preferentially stabilize the deoxy form of hemoglobin,

producing a decrease in oxygen affinity.
HbO, + H* = HbH + O
oxyhemoglobin deoxyhemoglobin

> where an increase in protons (or a lower p02) shifts the equilibrium

to the right (favoring deoxyhemoglobin), whereas an increase in pO2
(or a decrease in_proto_)_ﬁ‘ﬂ_tgns Shifts L_e equilibrium to the left.

bl 2315 doams (Sbgiandl b plassl ol) PO2 2 6oks ol o b u(deonyhemoglobin Jeass) peadl Gl oilsall (PO2 81 l) Sbgsaall b 5aleill o Lo
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E ffect of pH

| Decrease in pH results in decreased
| oxygen affinity of hemoglobin and,
| therefore, a shift to the right in the
oxygen dissociation curve.

% Saturation with O, (Y)

8

\— pH=7.2

_ At lower pH, a
) greater pO, is
: | required to

achieve any
| given oxygen
saturation.
L 1 rl-l ;|

0 40 80 120

Partial pressure of oxygen (p0O,)
(mm Hg)

P

o e o e
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T
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Effectof CO,

» some CO, is carried as carbamate bound to the
uncharged a-amino groups of hemoglobin COyisreleased O binds to

& i > i 2 —_— from hemoglobin  hemaoglobin
(carbamino-hemoglobin) = 5o ooe s o s ssntl o in Jot |\ SREFIS

(3ol peoale 3a8) serale epll Eigmasall 3t goallall

Hb-NHz + CO, & Hb-NH-COO™ + H~*

» The binding of CO, stabilizes the T (taut) or deoxy
form of hemoglobin, resulting in a decrease in its

affinity for oxygen. S ol (S5l T 55 ol 0O B3l ok
oSl wsill b slasil ee gy las poale sagl

» Inthe lungs, CO, dissociates from the hemoglobin,
and is released in the breath.

3900 ooy apudyll b
il o o glaa] ppy ol sl

e O

sbindsto O is released
emaglobin from hemaglobin

TISSUES
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E ffect of 2,3-bisphosphoglycerate on oxygen
affinity

» 2,3- Bisphosphoglycerate (2,3-BPG) is an important :
regulator of the binding of oxygen to hemoglobin. =030 oy 20

» It is the most abundant organic phosphate in the red
blood cell, where its concentration is approximately .

that of hemoglobin. T P T T e o l

omplegangll 355 Loyl Bglues 03500 555 S
\ o

» 2,3-BPG decreases the oxygen affinity of o
hemoglobin by binding to deoxyhemoglobin but not e TEiRHIE &0 @
to oxyhemoglobin. BLiY Bl 6 s alrsand! 4 0 BPG-23 M H-C-0<P"

eafdall aasle 3acgls sy fonaSU € 950m o n gug

Glycolysis

g
» This preferential binding stabilizes the taut. i H,O
conformation of deoxyhemoglobin. SV g
Sl & 5500 ‘l( PO,
HbO, + 23BPG &€ Hb-23-BPG + O |

oxyhemoglobin deoxyhemoglobin W
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E ffect of 2,3-BPG

One molecule of 2,3-BPG binds to a pocket,
formed by the two B-globin chains, in the center
of the deoxyhemoglobin tetramer . = =

e aSes ael e Boosli bl Alle e oS o ome BPG-23 e SaslyBnde IS

wrys dagny BPG-2.3 pe fuslginge by
deoxyhemogiobin J ke bl s oo donall

=

This pocket contains several positively charged
amino acids that form ionic bonds with the
negatively charged phosphate groups of 2,3-

BPG. Bty ..'1‘,""":":' o apanll e ool L g gans

Slegans gs Bogd ey 1825 MEasllas g

BPG23 b ezl L0 Dla ol
A mutation of one of these residues can result in
hemoglobin variants with abnormally high
oxygen affinity  coe svernci o oo is

RO, " LIPS PR T Bk ST PR

2,3-BPG is expelled on oxygenation of the
hemDQIOhin rale g ol Ea S BPG-2.3 030 px

A single molecule of 2,3-BPG
binds to a positively charged
cavity formed by the B-chains
of deoxyhemoglobin.
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» In RBC’s, the presence of 2,3- BPG
significantly reduces the affinity of
hemogilobin foroxygen, shifting the
oxygen-dissociation curve to the right.

» This reduced affinity enables hemoglobin
to release oxygen efficiently at the partial

pressures found in the tissues.
izl b Bage gall & iadl batall we 5elsfy pemaSil @bl e gl gadl nssaall iafll oda Ea3

» The concentration of 2,3-BPG in the red
blood cell increases inresponseto —
chronic hypoxia (obstructive pulmonary
emphnysema, or at high altitudes), where
circulating hemoglobin may have difficulty
receiving sufficient oxygen I

il e lpandl adl Lbls 8 BPG-2,3 3555 lajs
e 3l galunsdl Wl Flasl) e all dnuusl el
Jalazall raale s gll amlas 5 oon i lle Cale L
ST o S GaS e lgas)l b dges

E ffect of 2,3-BPG

2,3-BPG=0
(Hemoglobin

stripped of 2,3-BPG)

% Saturation with O, (Y)

=

8

0

| i L 1 1 L 1 | i L L 1

40 80 120
Partial pressure of oxygen
(mm Hg)

2,3-BPG = 5 mmol/L
(Normal blood)

2,3-BPG = 8 mmolL
(Blood from individual
adapted to high altitudes)
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o 9 3-BPG in transfused blood

ezl g | o s
5 a Sl g ol syl

o _,.a....ﬁ'w “heas S BPG-2.3
oSl i) L1k ai g8

» storing blood in acid-citrate-dextrose, leads to a decrease of 2,3-
BPG in the red cells. Such blood displays an abnormally high
oxygen affinity, and fails to unload its bound oxygen properly in the
tissues. Hemoglobin deficient in 2,3-BPG thus acts as an_oxygen
“trap” rather than as an oxygen transport system.

» Transfused red blood cells are able to restore their depleted
supplies of 2,3-BPG in 24 to 48 hours. However, severely ill patients
may be seriously compromised if fransfused with large quantities of
such 2,3-BPG-"stripped” blood. The decrease in 2,3-BPG can be
prevented by adding substrates such as ingsine to the storage

medaium. mag.icly 48 JI 24 n3ak b BPG-2,3 o siiwall lghgises aleca| dgizall 2 basdl pul s g bazus
ol ol i e S OlaS U3 g 1] Ao pblsal iydas olyal arboall ool oess ad,oll
ondll By Gl il Joe U85 ELE] By e BPG-23 slissl ga oSas el BPG-23 (e

» Inosine, an uncharged molecule, can enter the red blood cell, where
its ribose moiety is released, phosphorylated, and enters the hexose
monophosphate pathway eventually being converted to 2,3-BPG.

elyasdl pull dds L5 ol ungomas st o gin 383,30 e
ol olus Jonsg il p3 s Ja | ede 3okl iy e
BPG-2,3 J ialell o Jaad ausSgll Dolavugd
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-« Binding of CO

(COY 38 amus] 1yl dasiyy
g [ paie [S2y S]3) §ds
il (HbCO) swsleganl
D2 e Bra PR ki

Carbon monoxide (CO) binds ti#htly (but reversibly) to the
hemoglobin iron (HbCO) with affinity 220 times more than O,,.

When carbon monoxide binds to one or more of the four heme sites,

hemoglobin shifts to the relaxed conformation, causing the
remaining heme sites to bind oxygen with high affinity.

e il Sl R bosall magll alilga el ag tas ma el caSal ] wralegangll lasy danydl magl ol se 35T gf aslgr g0 anaS] 15l dasisy lasce
i ;& poi!| Bllga Joliiyl | B ey laa ompal PgSa ) gl gangll | gomity sdia gl moagll ndl g s 325 3 LSl oSl gl daaiyy

This shifts the oxy%en saturation curve to the left, and changes the
normal sigmoidal shape toward a hyperbola makes hemoglobin
unable to release oxygen to the tissues o ses i o

o Las ,a81) wkod gad o dafl ol 152 a5,

ol ] o SHT FA te 385 1k ol gl

Carbon monoxide toxicity appears to result from a combination of
tissue hypoxia and direct CO-mediated damage at the cellular level
which 15 treated with 100 percent oxygen therapy (facilitates the
dissociation of CO from the hemoglobin). —

iaSll ol e maie e 32T 530 awaS] Vol G ol gany
N PRERVR. { | JWSN 1 [ 1% S| BRI BV P P P, |
M) 100 Ty e Sl #a 2llai pilla, ealsdl pasiall
Lomalsaad! 5o s St sl 1ol tami
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Zero percent CO-Hb
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Fifty percent CO-Hb

O, Content (ml/100 ml blood)
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0 40 80 120

Partial pressure of oxygen (pO,)
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» HDbF: in infants

Minor Hemoglobins

Goure 1 only on first three moths of pregnancy

X

iodgll e B gal 12 0my 2l slagaa

» HbAZ2: After 12 weeks after birth

> HbA1c: under unphysiologic conditions

(glycosylated) (Je35083) i i 3 B I b 2 1] stz
Chain - Fraction of
‘Form composition [total hemoglobin
HoA | o, (oo%)
L
ok | o
‘HbAic | @:Pr-glucose | ~ 3-9%

Percentage of total globin chains

Time of

birth

a-Globin-
like chalns

£

P-Glubln-
ike chains

— — — — — e f— — — — — — e, | S —

1
9 -6 -3 0

3

]
9
Months before and after birth J
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b tgell elsl HBF 3.lss > HoF el e Byle
aay gl GLJE aalail bl e o sSa
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o safall iadl sl ga. . , Wl sy
===2z~Fetal hemoglobin (HbF) ==,
el sl s sl

» HDF is a tetramer consisting of two a chains identical to those found
in HbA, plus bmo_t%ﬂmma_(&mﬁiﬂﬂgﬁ). The y chains are
members of the globin gene family

> HbF synthesis during development: In the first few weeks after
conception, embryonic hemoglobin composed of two zeta chains
and two epsilon ci%ains (CZEZE, is synthesized by the embryonic yolk

Sa D- et stnl e pa il HBF 2 . o 121 bl plad 3 {HBF) _qu'il;ua:hq-and-'_kqi-nﬁ_-r:';ﬁx'ﬁi-m-'--ﬁ Eé_.ei-éi ok A
i Sl a1 gl Tls el jand 200 DS 3 cinlopad] Mand e BED gl Jmapiisls sein] A dee gl

» Within a few weeks, the fetal liver begins to synthesize HbF in the
developing bone marrow. HbF is the major hemoglobin found in the
fetus and newborn, accounts for about 60% of the total Hb in the
erythrocytes during the last months of fetal life. -

» HDbA synthesis starts in the bone marrow at about the eighth month
of pregnancy and gradually replaces HbF 2o mes-
» Under physiologic conditions, HbF has a higher affinity for oxygen
than does HbA, so HbF’s binding only weakly to 2,3-BPG. i
> In contrast, if both HbA and HbF are stripped of their 2,3-BPG, they
then have a similar affinity for oxygen. The higher oxygen affinity of
HbF facilitates the transfer of oxygen from the maternal circulation
across the placenta to the red bloodcells of the fetus.

peaael koo W olasas lagll BPG-2 3 oo (HEF) il Swgiy pasdlo A2 [HBAZ) satple pasgd o B aypnd i L] ol e okl e
ot eliand] 2ul s 0 dagsal] g 2 ape £ 5 5pa0 e cemea®l & et 0 Y [HE.F_:. _\_.r..qul i pad ] AT S
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Hemoglobin A2 (HbA?2)

>

1

bA2 is a minor component of normal adult hemoglobin, first

ppearing about twelve weeks after birth and, ultimately, constituting

el Bl pgla gaum o Ugill UgSia HDA2 32l

bout two percent of the total hemoglobin. 5 o0 e o e

ool sasgll Man| ne %2 g lgall 8 IS

QO QO

> Itis composed of two a-globin chains and two delta- (5) globin
chains (a262) T —
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Hemoglobin Alc

» Under physiologic conditions, HbA is slowly
and nonenzymically glycosylated, the extent of
glycosylation being dependent on the plasma
concentration of a particular hexose. The most
abundant form of glycosylated hemoglobin is

HbAT1. BIII o saing 5 gl pob Sty ala HBA BISLE pay e gl 3uiadll Lhgplill 3
_ HOAT 98 35laall sl ga gl coa By 351 15l L)l 8 55580 3550 e

» It has glucose residues attached predominantly
to the NH, groups of the N-terminal valines of
the B-globin chains NH g 8] b it S5Soladl W o gy

B-globin Luva b N Jplall Sl e Olegasay

» HbA1c are found in red blood cells of patients
with diabetes mellitus . ..o sbarcase

Hemeoglobin A,
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Organization of the globin genes
Gene family

» The genes coding for the a-globin-like and 8 -globin-like subunits of
the hemoglobin chains occur In two separate gene clusters (or
families) located on two different chromosomes

dliies neagazagyS e ol (plile ol) ppalados pones pesgame B rsleganall Ladid forale- B g igetlly peslion @ Bl Eam il Solas gll 50l Dlomd | am 55

» The a-gene cluster on chromosome 16 contains two genes for the a
-globin chains. It also contains the zeta () gene . ... oo cin o gy

(T bt o e g3omd a8 pporalig S (oo
> A single gene for the g -globin chain is located on chromosome 11.

There are an additional four p -globin-like genes: the epsilon (¢
gene, two y genes and thé © gene S ?Pwﬂ'mﬂﬂﬂ)mmm
3 --_-_'-‘-——-

B mmady sl s (8] nalea] e neaale Lo Sa 8 dla|
Two copies of the a-globin

£ a2 o gene are designated o1 and
a-Globin-like genes ~ 2. Each can provide
(Chromosome 16) | ES B -] | \ G-globin chains that combine
with -globin chains. =
Hemoglobins are formed l R— - _
by combinations of ¥ al 2 wslitl fomr oo eminad LIl slad
a-globin-like chalns Hb Gower 1 Hb F Hb Ao Hb A i b3 lagea JE 5ay 82 _
and p-globin-like chains Lot A Uody U s pale B pa amad il sralicn
A //
B-Globin-like genes | - -:- - -

(Chromosome 11)
£ Gy Ay 3 B
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Steps in globin chain synthesis

Expression of a globin gene begins in the nucleus of red cell
precursors, where the DNA sequence encoding the gene is
transcribed. il g i g i o i A ) s B 8 il e 5 il i

The RNA produced by transcription is actually a precursor of the
messenger RNA (mRNA) that is used as a template for the
SynthESiS of a glﬂbln chain. giaadl gasdl el izl milgl L8 as wdl o 26ldl gigall gasdl mandl <

o] il Bolid IS pasenad g (MRNA) gyl

Before it can serve this function, two noncoding stretches of RNA
(introns) must be removed from the mRNA precursor sequence, and
the remaining three fragments (exons) reattached in a linear manner

ol n (._ang_;._._.‘iIJ Ll ‘533.'.” ool coa aphna gt ‘__...-fl_;.b- i3l ey id, el ads elul od piary ‘}l g n-
dedas ipylon (Coligeddl) dofizall 23l 2 ljm il By bulels o gl giganll g2l simendl el

The resulting mature mRNA enters the cytosol, where its genetic
information is translated, producing a globin chain

o sl Il gl sl mRNA Lo <
croale Elaba pacs las B30y il wilaglas pe gl
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hemoglobinopathies
Lo ok st prglagen o gin plil <
Olas g opa L3S 5 2 Dla® 31a5
» Hemoglobinopathies are disorders caused by: 1295 J330 31 < dymgral aslasangl

» Production of a structurally abnormal hemoglobin molecule

» Synthesis of insufficient quantities of normal hemoglobin
subunits

> or, rarely, both.

(EBV) L hades B .Joti Byalo (HBS 23a) loveall pall 358 jasa <
(EEK) L Eladus b B3k (HBC 238) € owalrsacdl y2 <
Examples: o

> Sickle cell disease (HbS disease) point mutation in 8 chain (E6V)
> hemoglobin C disease (HbC disease) mutation in B chain (E6K)

» thalassemia syndromes (a and B thalassemia)

» methemoglobinemia

H H H
H 51 H.1
PP e b — - W PP M [ P b - G S
i
cH, HG . CH, CHy
- CiHy
coo £ tHy
. |
1 r'_‘“i'
L
Wal - His « Leu  The « Pro - G - Gl - Lys sfes Uul-m-Lm-T‘v-Pm-;al-Gm-Lﬁ-.w Wal-HE - Les - Thr- Pro - Lys - Glu « LySepste "
i 2. % 4 K & T @ 1 ¢ 3 4 5 8 T @ b I - EEERT R R R B
slectro- | Hemogiobing are negatively
HbA HbS Hhc phoreaia | charged snd migrate toward
the anode,
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Sickle cell anemia

B ‘_,,,-5]_«..” e J".'S*J‘L‘-' '__,”_ digm il

» The substitution of the nonpolar valine for a charged glutamate
residue forms a protrusion on the B-globin

> At low oxygen tension, HbS polymerizes inside the red blood cells,
first forming a dgel, which assembled later to fibrous polymers
producing rigid, misshapen erythrocytes. b sl sk sl s ot mas slisil e

—_— oA e memsy iy livds ipladl 8 BaSa e jasdl il Lvls

ingas ide oljam po DlyS laa fa) ey

> Sickled cells block the flow of blood in the narrow capillaries leading
to localized anoxia nxy%en deprivation) in the tissue, causing pain
and eventually death (infarction) of cells in the vicinity of the
blockage:

dpganll Ol el B 2l 3 Elecall L] s«
o el e s J| by las il
(elaun |} Diga Balgdl Ly @l oy las Bl
Ty || biomea qé Lls:":',:'aﬂ
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for structurally
altared Hb5.

A paoint mutation
in the DMA codes

Hydrophoblc
pocket ™~

Intrace/luter fibers
of Hb5 distert
the erythrocyte.

Wal Hig Ly Thr Prg nll.IEMme

Val Hig Loy TrrPro Wal Gulys ~asr
B Chain

In the decxyganated
state, HES
polymerizes

into long. rope-like
1ihers.

N [

7
1%
f-8-Valine—"

Elongated erythrocyles
ootlude blood llow
in tha capillaries.

Mierainfarcts produce
tiEsua anoxia, I'H-l.llﬂl'lg
in severa pain.
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factors increase sickling

ey el By leeadl pdlics

» Sickling and the severity of disease is enhanced by:

» decreased oxygen tension as a result of high altitudes or flying in
a nonpressurized plane

iloghung yob 53l 3 olpdall gl el Solelis il dan il gl olasil <

> increased pC0O2  rcozsise

> decreased pH ot e b«

elpamdl adl DlyS 3 BPG-2,3 355 dulyj <

» An increased concentration of 2,3-BPG in erythrocytes.
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Treatment

2K by ]

Adequate hydration

Analgesics =2

N L T | ERp e Solslizally chisfa F¥e 3

Aggressive antibiotic therapy if infection is present

transfusions in patients at high risk for fatal vasocculsions.
Intermittent transfusions with packed red cells reduce the risk of

stroke Shilar U5 coaa? Lugan? Leg¥! il TloW 508 slasd oo mall o pall pll S5 Clolae 4
Eilasl T L Bl s s Bl ol pand) ] Ly Babnfiaall adl 163

gt
L

Hydroxyurea (an anti- tumor drug) decreases the frequency of
painful crises and reduces mortality. The mechanism of action is
not understood, but it may increase HbF that decreases sickling

55y s (alagt alina elga) Loge S3psall Mis §
sk Jodll )1 Slagll lims os Uiy dalbal iyl
Ll el npagler gapll s agds B @S] e gpde
Joadl e Hiy
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Sickle cell anemia

The high frequency of the HbS gene among black Africans, despite
its damaging effects in the homozygous state ol 180 o s g 053

altlazall Al 2 Hylanll 08T sy il

heterozygotes for the sickle cell gene are less susceptible to
malaria, caused by the parasite Plasmodium falciparum.

TE5E Bt oleeall sl s el o bilasall gk sl p8%l
Adecall §ygezall |abs g ol b ally dlayl

This organism spends an obhFato ry part of its life cycle in the red
blood cell. Because these cells have a shorter life span than normal,
the parasite cannot complete the intracellular stage of its

dE‘VE‘]Opment ) Lt a8 1oyl RS B il B e il Do ondl o g
agakad s dpgladl Lals il gall s8] Loaball mobnza o solomall s gndl yar

This fact may provide a selective advantage to heterozygotes living
in regions where malaria is a major cause of death.

gl ppelslacall gt alpaS) E 5Ll e G dndl ala yhgi B
gl Ly s Loblall g8 0% 3halia B a2i0e

(8 CamScanner


https://v3.camscanner.com/user/download

Hemoglobin C disease

oerale Lo alada s d,.u.JL...Jl migall sy l.;!_..a' ooas | Hoizea| o L l_‘...,;idb-HH 4 Al s u..,ggb—g.n‘..g“ LS ‘_,..,lglb-HH .,!-‘-‘

» Like HbS, HbC is a hemoglobin variant that has a single amino acid
substitution in the sixth position of the B-globin chain

> In this case, however, a lysine is substituted for the glutamate (as
compared with a valine substitution in HbS T T

srtaleraacall 8 oAl Hleals d3lia} foadlly

» Patients homozygous for hemoglobin C generally have a relatively
mild, chronic hemolytic anemia. These patients do not suffer from
infarctive crises, and no specific therapy is required.

T sl saspll Oloadl | glilasall o pall Giles <

‘.F'ILLIF":J. Lo A hs e b I..'!I"J..hﬂ pa s N Lagac
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Hemoglobin SC disease

it o glomcall pdl 358 Byilo fople Loy oo pirmy Jasid o ipall lia 8
C el sagll Jps b Bagegall Bpaball 3] saglt Ly Jutdos o

In this disease, some B-globin chains have the sickle cell mutation,
xéqhereas other p-globin chains carry the mutation found in HbC
isease

Patients with HbSC disease have both of their f-globin genes
abnormal, although different from each other

g e Y5 G0 WS 0a © pevslosacall oo ilas
ool Lagoims o Lagdlas| s piall ey eaale

Compared to sickle cell disease, hemoglobin levels tend to be
higher in HbSC disease (may be at the low end of the normal range)

(Al Flacl a1 200 3 03D 5) SO pw sl saag! Joe B el 09 ol ) sl sl Dligaua Jod o laall pll s 125s me d3)lially

Patients with HbSC disease to remain well (and undiagnosed) until
they suffer an infarctive crisis (beginning in childhood) - rsc ot o0 i

wajly |gplany e [ oweits pok 3]
(ipalll ilspa b 05) elase|

This crisis often follows childbirth or surgery and may be fatal.

Bl a5 Ay dslyadl 5' Bl iidjl‘il add el La LLE «
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Methemoglobinemias

S (Fer3) claspasdl @ls M ostisnsd B pedl o538 sl ot
el LI wtans ¥ o uslEsacall e

» Oxidation of the heme_component of hemoglobin to the ferric (Fe*3)
state forms methemoglobin, which cannot bind oxygen.

» caused by:
> The action of certain drugs, such as nitrates
» Endogenous products, such as reactive oxygen intermediates

> Inherited defects, for example, certain mutations in the a- or B-
globin chain promote the formation of methemoglobin (HbM)
» Deficiency of NADH-cytochrome b. reductase which is

responsible for the conversion of methemoglobin (Fe*3) to
hemoglobin (Fe*2), leads to the accumulation of methemoglobin

» newborns are particularly susceptible to the effects of
methemoglobin-producing compounds

oAzl Lz ,Q_g.ll‘ﬂ =t _h._:ll;i-:

.,_J]H"l_l ...."El"é" ...l'd':':".' l:a_'a_:,m ii_l.‘i;‘" 30 aum ._pa,_-;,!l 2 lelaztl ;..Jn._',‘:'-'i"| _'&:»Lu:-. J,:d..ET_J_-LLL.” .._'Lq._._nﬂ <
3l gatoall Enall S5LS pall b of W 2Ly 5 Shpatal my, el Lo e i3]yl
{HBM) swslisasall fua 3505 oo slt
o Jabeall, 1320al o 298520 NADH gl il <
G Fe) s i saa N (Fe+d) poslboazall Ligsd
o 3 gacteall 51,5 1
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Methemoglobinemias

» The methemoglobinemias are characterized by “chocolate gezangsis"

(a brownish-blue coloration of the skin_and memb[aneg) an
chocolate colored-blood, as a result of the dark-colore
methemoglobin

» Symptoms are related to tissue-hypoxia, and include anxiety,
headache, and dyspnea. In rare cases, coma and death can occur.

¢laally LA Jasds At 5 il satyy oheYl b
Blogg &y geed Daod ol Sy B30 Sl> 8 pudicdl oy
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Thalassemia

The thalassemias are hereditary hemolytic diseases in which an
imbalance occurs in the synthesis of globin chains (either the a- or
B-globin is defective)

(L H_IJJ- P TN | E R LN I“.c|_:|.a| i Laardzll
(Loma B gl @ pwraladl 3% ol Lal) sl Lk

As a group, they are the most common single gene disorders in
humans

il gl 1232 sphall oadl Sl ylail 5] g8, 5 gan

Normally, synthesis of the a- and B-globin chains are coordinated, so
that each a-globin chain has a p-globin chain (formation of a2p2

(HbA) il 18 egend ooy By a st bt Blad Bond s dale
— 8202 (Hha) ;3550 Bglobin dals e v sladl

A thalassemia can be caused by a variety of mutations, including
entire gene deletions, or substitutions or deletions of one to many
nucleotides in the DNA. B o i A SR R st T R T T

-1553‘"'” aaml a Oliigalfaull e spaall  J isly b 3' Mdasten | 9' s JalZll

It can be classified as either a disorder in which no_globin chains are
produced (a°- or g°-thalassemia), or one in which some chains are
synthesized, but at a reduced rate (a+- or p+-thalassemia)

(lomtda-4B ol -4a) aises Lumas Dy bl immy mci ad pip ol plais] gl (loani®ts-*B 5l -*a) cowgladl s 2ll ad g ¥ llaisl il e Lol aias oSay
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B-Thalassemias

In these disorders, synthesis of B -globin chains is decreased or
absent, whereas a-globin chain synthesis is normal

Lol ki ] Lot B35 0o lang umanle L Jooblon Bolid ey ol Jiasin (Oblasil sia be

a-Globin chains cannot form stable tetramers which precipitate,
causing the premature death of cells initially destined to become
mature red blood cells o e

FE ;_|_:.u|- ;_-uLI-:"J.:'- Pt !.-'l h_.,ﬂ-_:..."l.ﬂ]l Jutt H.lSh!_.ﬂ Ll j5.a

Accumulation of a2y2 (HbF) and y, (Hb Bart's) also occurs. There
are only two copies of the B-globin gene in each cell (one on each

chromosome 11 i 5 [k omalesnna) ¥ 3 (el sl gane) y2 2 Wil @815 Ll ciasy
(11 p3uze95 5 e Samlg) 8 I8 B pgle Lig tr o0 BB i

Individuals with B-globin gene defects have either p-thalassemia trait
(B-thalassemia minor) if they have only one defective B-globin gene,
or B-thalassemia maijor if both genes are defective

ol Ll pasle b o B 30e 0o pogilay (il ol 3l
130 {38l Lotmatl3 L) Lol it Bt petd 2353
b 3l b pms an |y sl Loy o sl S
st el M8 6 1 3 S Lt
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1 alis iy 3] aze pedd cosle Log s o4 13k
B-Thalassemias :iiilioaisiozis.
gkl Lagads Lo l_}g‘-L..-:mJ|J|_;,.i"i| wh irdall am

sama e | yoaling ¥ baleg digy Juda oy

» Because the p- %Iobm ?ene is not expressed until late in fetal
gestation, the physical manifestations of p-thalassemias apy aEpear only

after birth. Those individuals with g-thalassemia minor make some -
chains, and usually do not require specific treatment

» Infants born with thalassemia major have the sad fate of being
seemingly healthy at birth, but becoming severely anemic during the
first or second year of life (reqmre regular transfusions of blood)

dirdgll e fas Hmens N LIV R |5_1.. 3 om nhmea s pgaal ey Sl Laoidlally soalos naalas ...rr”"” sk
( .n,!n-:...,_anJ,:Lu_'ll‘.,Ln.n: ol .,_J_ln_.,r'.] sl NER _.,-L.,l| gl .,:I_’.l‘il o || |J,5. ,ur'a_l.,....ﬂ aoll yHas - 5;L::u F.,E_ﬂg

» Although this treatment is lifesaving, the cumulative effect of the
transfusions is iron overload (a syndrome known as hemosiderosis),
which fypically causes death between the ages of 15 and 25 years

LALILEEB"IS'—M'.}JJ bg,” -n_',Lr_n_._,...._.,hE_Lﬂ:g (ue-ga_l.“ :_l,a-‘.‘ﬂ e 5 |JF....;L- L,E-_-.n-_p u.a_;.)....ﬂ]_u_l.,hﬂ b_]:;,a _|J|J,:|,- ol lasg) JnSI_)_.,”_h._pLJl I‘i| E|3_;.‘J.|_|._'l,. E‘:J.:d| [ dlu‘ﬂ'm:_;.ﬂulr_

» The increasing use of bone marrow replacement therapy has been a
boon to these patients
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a-Thalassemia

oralmdl bl oS Lo ot g miny ol el s aia

» These are defects in which the synthesis of a-globin chains is
decreased or absent.

e b3l st o e e ml e gy 038 S a0 1300
ol Lall Bl ais e Dl g e lghu (16 pawgegyS IS

> Because each individual’s genome contains four copies of the_a-
globin gene g[‘u'*{ﬂ on each chromosome 16), there are several levels
of u-gldblr] chain dﬁeﬁmenc!es._ e e SN AL S s T
> If one_is defective, the individual is termed a silent carrier of a-
thalassemia (no physical manifestations of the disease)

> If two are defective, the individual is designated as having a-
thalassemia trait Ll g ne ] e 33l ki ot 51 5 bl <

» If three a-globin genes are defective, the individual has

hemoglobin H (HbH) disease, a mildly to moderately severe
hemolytic anemia

oot b spall L8 e cpoale Ll Slos BV wslS 1]
faall bages Jlchis Pasl s yis gagH (HBH) e 3le sagl

» The synthesis of unaffected y- and then B-globin chains continues,

resulting in the accumulafion of y tetramers in the newborri {y,, Hb
Bart’s) or B tetramers (B,, HbH) . s

3l gt oa Loy osle L slall yop Lale cpsale Luthy 8.5y
(H st ses B) Ly Oleley ol (Sl pwslisaa Ya) Lyl nas b Lle Olelyy
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a-Thalassemia

> Although these tetramers are fairly soluble, the subunits show no

heme-heme interaction.

> Their oxygen dissociation curves are alm
that these tetramers have very high oxyge

e WY -EI 2485 doe bl 2 as gl ;l ke a1 ologddl ol Sl layll oda ;_J o pdoll e

oxygen delivers to the tissues

> If all four a -globin genes are defective, fetal
a-globin chains are required for the synthesis of HbF.

ost h;gpg_rbolig, indicating
n affinities (useless as

gl Slalayl ol ..'.'I oll rtip Laa g 1) aeds lgs dealill a8 Sl ioa
FEN N N, 3 [ W P PRI e AW Jer S| & S PR
[ o e 2] e

al death result, because
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L precipitate
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a Key to symbols

Normal gene for
a-globin chaln

=
g A4
Deleted gene for

a-globin chaln

Chromosome
16 pair

Each copy of chromosome 16 has
two adjacent genes for c-globin chalns,

= ol ap o2 SR ol op o2 oy
- - o R

Normal “Silent”
individuals carrier
SO 2 o
GG 2 B
a-Thalassemia trait
(heterozygous form) Show some
mild symptoms
—— - e
=f ol ud -
a=Thalassemia trait
(heterozygous form)
— ol — - ol o2 -
EIHET R
Hemoglobin H Hydrops
disease fetalis

(clinically severe)

(usually fatal at birth)
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