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o A hemeprotein found only in red blood cells

O
o Contains heme as a prosthetic group




The heme group

A complex of protoporphyrin IX and ferrous
iron (Fe??)

Fe?* is present in the center of heme

Binds to four nitrogens of the porphyrin ring
Plus two additional bonds with:

— Histidine residue of globin chain

— Oxygen
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The heme group: Fe?*— porphyrin complex with bound O,




Normal: ____HbA (97%)

HbA, (2%)
HbF (1%)

HbA,.
Abnormal: Carboxy Hb

Met Hb

Sulf Hb




HemeglelbinA (/A

O Major Hb in adults
o

O
o Contains two dimers of af3 subunits
O

o Each chain is a subunit with a heme group in
the center that carries oxygen




Polypeptide
chains

B chains
(146 a.a.)

o chains
(141 a.a.)

Heme
(protoporphyrin + iron)
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Weak ionic and Strong interactions, Some ionic and
hydrogen bonds occur rimarily hydrophobic, hydrogen bonds
between «fi dimer pairs tween o and 3 between «f} dimers
in the deoxygenated state. chains form stable are broken in the
«ff dimers. 3 oxygenated state.

"T,” or taut, structure of deoxyhemoglobin "R," or relaxed, structure of oxyhemoglobin
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OXYHEMOGLOBIN

O The deoxy form of Hb

o The movement of dimers is
constrained

DEOXYHEMOGLOBIN




OXYHEMOGLOBIN

O The oxygenated form of Hb

o The dimers have more
freedom of movement

DEOXYHEMOGLOBIN




Femoslobin
&

O Carries oxygen from the lungs to tissues
O

o Normal level:

- Males: 14-16 g/dL
- Females: |3-15 g/dL




Ractogslaffectingfoxysenibinding

O Three allosteric effectors:
o pO, (partial oxygen pressure)

o Availability of 2,3-bisphosphoglycerate




O The curve is sigmoidal

o Binding of O, to one heme
group increases O, affinity

of others

Cunpvel(©PE)

(The oxygen dissociation curve for Hb is |

steepest at the oxygen concentrations
that occur in the tissues. This permits
oxygen delivery to respond to small
changes in pO,.

pO, in pO, in
tissues lungs
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PON(Rastialfoxysenlpiessuie)

o p50 (mm Hg): the pressure at which Hb is 50%
saturated with O,

o High affinity = slow unloading of O,

O
o Lung pO, is 100 mm - Hb saturation 100%

o Hence, oxygen is delivered to tissues




COjsisreleased O binds to
from hemoglobm hemoglobin

Carbammohe@oglobm Oxyhemoglobln
\g %/

C02 bindsto  Ogis released




llihelBohideffect

o Effect of pH and pCO, on:

O
o Deoxygenation at the tissues

o Tissues have lower pH (acidic)
than lungs

o Protons reduce O, affinity of Hb

O The free Hb binds to two
protons

Decrease in pH results in decreased
oxygen affinity of hemoglobin and,

therefore, a shift to the right in the
oxygen dissociation curve.

% pH=7.6

-h
o
o

N\ pH=72

At lower pH, a
greater pO, is
required to
achieve any
given oxygen
saturation.

% Saturation with O, (Y)
3
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Copyright @ 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins




o Protons are released and react with HCO? -
to form CO, gas

O The Bohr effect removes insoluble CO2 from
blood stream




AvailabilityZo 23

O Binds to deoxy-Hb and stabilizes the T-form
o When oxygen binds to Hb, BPG is released

2,3-BPG =0
(Hemog|0bin A single molecule of 2,3-BPG

. i itively ch d
stripped of 2,3-BPG) cavity formed by the p-chains

of deoxyhemoglobin.
100

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

2,3-BPG = 8 mmol/L At high altitudes there is
(Blood from individual -increase in no. of RBCs

adapted to high altitudes) -Increase in conc. Of Hb q

+
+
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Hiigh elidtuds end ©y, afffinliyy

o High altitude decreases Hb O2 affinity
o Hypoxia

o Increases 2,3 DPG levels

o Decreases O2 affinity

o Increases O, delivery to tissues




High O2 affinity occurs due to:
O
O

o Multiple transfusion of 2,3 DPG-depleted
blood




“Left-shifted”
-

“Right-shifted”
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Normal P50 = 28 mm Hg
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Retaliiiemoglobink(zibE)

O Major hemoglobin found in the fetus and
newborn

o Higher affinity for O, than HBA
O




o Appears ~ 12 weeks after birth
O

o Composed of two a and two O globin chains




o HbA is slowly and non-
enzymatically glycosylated

o HbAlc levels are high in
patients with diabetes
mellitus

Hemoglobin A HCO

H(IDOH
HO('I)H
HCI)OH

HCOH
CH,OH

Glucose

NH NH
HCH HCH
co co
HOCH HOCH
HCOH HCOH
HCOH HCOH
CH,OH CH,OH

Hemoglobin A,
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AbnesmalliEbs

o Unable to transport O, due to abnormal
structure

O Met-Hb: Contains oxidized Fe3+ (~2%) that
cannot carry O,




Rlefekences

o Lippincott’s lllustrated Reviews- Biochemistry
(PP 25-34)




