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https://docs.google.com/spreadsheets/d/14BC7n6t5bfMV7QExwSbxNdLvgFE-OqPiqIEUzyWAwbQ/edit?usp=sharing
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Globular proteins

*  What are globular proteins?

- Proteins which their Amino acid chains are folded into shapes that resemble “spheres”.
* Benefit of that folding :
That type of folding increases the solubility of proteins in water.

* Polar groups = on the protein’s surface

* Hydrophobic groups = in the interior

l i l l

Hemoglobin Myoglobin al, a2, B- v-globulins
globulins (immunoglobulins)
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i - oxygen i i - oxygen i i - various i i - |mmu.ne i
| transport | | storage/supply | . functions. | __function. |
i function. i i function in heart i
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Enzymes

- catalysis of
biochemical



This slide is Extra (from the foundation block) ..
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Glycolysis in Erythrocytes:

1,3 Bis phosphoglycerate

Mutase
ADP

[

2,3 Bis phosphoglycerate

(2,3BPG)

Phosphoglycerate

ATP Phosphatase

3-phosphoglycerate

* Net ATP production during production of 2,3 BPG in RBCs= 0 ATPs
* Increase in 2,3 BPG shifts the oxygen dissociation curve to the right

435 Biochemistry Team



By the end of this lecture, the students should be able
to know:

* the structure and function of hemoglobin.
* the factors affecting oxygen binding to hemoglobin.

« examples of normal and abnormal hemoglobin
structures.

435 Biochemistry Team
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A hemeprotein found only in red blood cells.

Oxygen transportation
“from the lungs to

@ )

tissues”
It Contains heme as prosthetic group. Hemoglobin:

Prosthetic means it acts as a co-factor ( it

. . Males: 14-16 g/dL [Functions:] . .
doesn’t consume the oxygen itself but it aes o/ Carries carbon dioxide

delivers 02 to the tissues). Females: 13-15 g/dL \ from tissues back to
- j the lungs
__________________________ HbA (97%)
Carboxy Hb ﬁfﬁmj@if:: 5:3: —>
g N T HbA, (2%)
Types
Met Hb Abnormal e Normal HbF (1%)
| 4
Sulf Hb HbAlc
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«* What is “Heme”’?
A complex of protoporphyrin IX and ferrous iron (Fe?*). iron has to be in the ferrous state, otherwise it will not bind to Hb

¢ Structure:
- Fe?* is present in the center of the heme.
- It binds to 4 nitrogen atoms of the porphyrin ring.
- It also Forms two additional bonds with:
1- Histidine residue of globin chain.
2- Oxygen. “Molecule not atom”
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Histidine residue of one of the subunits
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}) Hemoglobin A (HbA)

¢ Major Hb in adults.
¢ A Hb molecule contains 4 heme groups and carries 4 molecules of O,

Composed of four The dimers are Held together by non-covalent
polypeptide chains: These chains form two interactions ( weak hydrogen and ionic bonds).

Two a and two B dimers of af subunits
chains.

Y\

Each chain (o or B) is a subunit with a heme
group in the center that carries oxygen.

________________________________________________________________________________________

i The two polypeptide chains within each dimer are held

T tightly together by hydrophobic interactions . These multiple

S>3 interchain interactions form strong association between a-
. subunits and B-subunits in the dimers, so there is almost no
. movement between the subunits “with chains”! |
' In contrast, the two dimers are held together by polar bonds.
' The weaker interactions between the dimers allow themto
' move with respect to one other. This movement results in the
' two dimers occupying different relative positions in |
. deoxyhemoglobin as compared with oxyhemoglobin (see
' next slide).

. Adimer: <
o subunits

Also called
Adult hedoglohin | heterodimer

Heme
(protoporphyrin + iron)




%)iochemistryTeam

HbA forms:

T-form (Taut form )

R-form (Relaxed form)

Deoxygenated form

The oxygenated form

The movement of dimers is constrained
by DPG (will be explained in next slides).

The dimers have more freedom of
movement.

Low-oxygen-affinity form

High-oxygen-affinity form.

Weak ionic and

hydrogen bonds occur
between «fi dimer pairs
in the deoxygenated state

~—

Strong interactions,

ggmarlly hydrophobic,
tween « and §

chains form stable

uf} dimers.
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"T,” or taut, structure of deoxyhemoglobin
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"R," or relaxed, structure of oxyhemoglobin

Copyright @ 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins

T-State and R-State of
Hemoglobin

A B s I (el ) 50 e 5 gl
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OXYHEMOGLOBIN

DEOXYHEMOGLOBIN
v

Recall: RBCs use
anaerobic pathway ( due
to lack of mitochondria),
so the net ATP for RBCs
is 2, but the “shunt”
consumes these 2 ( to
unload 02), this shunt is
DPG.


https://www.youtube.com/watch?v=LKvQLasB6jw
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Oxygen Dissociation Curve

Extra picture

It is a curve that plots the proportion of hemoglobin in its saturated (oxygen-laden) form on the vertical (X) axis

against the prevailing oxygen tension on the horizontal (Y) axis.

** The curves show important differences between hemoglobin and myoglobin (e.g the graph illustrates that myoglobin

has a higher oxygen affinity at all pO2 values than does hemoglobin).

Increasing

== hemoglobin.

= Curve’s shape: sigmoidal in shape. We get the Sigmoidal shape because as you slowly start to
increase 02 the degree of saturation does not go up directly.

- Indicates cooperation of subunits in O, binding.

=  Cooperative binding of oxygen by 4 four subunits of Hb means:
Binding of O, to one heme group increases O, affinity of others.
= This effect is referred as: Heme-heme interaction.

Cooperativity is when one 02 binds to Hb it will cause a conformational change that goes to the other
subunits and facilitate the binding of the second molecule and so on.

L@@M&m_acdhe_\@\ﬂ\.cjmd\sc&PY\QEM\@&DJ\MBL‘)Jc\)A%W@M\"ﬂ.ﬂ.u" \_\\kfuu

affinity
for

02

Myoglobin.

-Myoglobin curve is called : hyperbolic curve.

- Notice that the p50 of myoglobin is 1 mmHg (because it has one subunit), while the p50 of
hemoglobin is 26 mmHg.

°Oxyqen Binding Curve for Myoglobin and hemoglobin

N i

=

= / Hemoglobir

2 50 -

s |

=2

T

(77}

O
0 AW 1 S
°T T 40 80 120
Partial pressure of oxygen (pO,)

(mm Hg)

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,.

p02 in

p°2 in
tissues

lungs

oo

P50=1 Pgq = 26

Copyright © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins



https://www.youtube.com/watch?v=Y3hRYzEmKrc&index=2&list=PL9jo2wQj1WCOw55cYBu3wMVm8s7Y-FN7Q
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Factors affecting oxygen binding (

effectors)

We have 3 allosteric factors ( pO2 & pC0O2) are counted as one.

Y

pO2 (partial oxygen
pressure)

A4

pH of the environment

}

!

pCO2 (partial carbon dioxide
pressure pressure)

Availability of 2,3-
bisphosphoglycerate

Pso:
< It is the pressure at which Hb is 50% saturated with O, (mm Hg).
% It indicates affinity of Hb to O,: )
* High affinity = slow unloading of O, = low P50 value
* Low affinity = fast unloading of O, = high P50 value.

= Lung pO, is 100 mmHg > Hb saturation 100%.
= Tissue pO, is 40 mmHg => Hb saturation reduces.
= Hence O, is delivered to tissues.

The body get rid of CO2 by to ways :

1- by binding to hemoglobin ( 10%).
More explanation for the first method:
You breath in = 02 is bound to hemoglobin forming oxyhemoglobin.—> goes to the muscles = oxygen release
(due to low 02 amounts in tissues )= CO2 binds to the N-terminus of the amino groups of each globin, forming

carbaminohemoglobin, then it travels through the circulation to the lungs, and then got unloaded in the lungs to
be excreted.

2- by Bohr effect (90%).

COsisreleased  Og binds to
fromh hemoglobin

ICarl';amir\lohemoglobin bxyhemoglobin
VW )]

NS 7/4

CO, O,

COsbindsto Oy is released
hemoalobin from hemoalobin




é) Factors affecting oxygen binding ( effectors)

Y

pO2 (partial oxygen
pressure)

! }

!

pCO2 (partial carbon dioxide

pH of the environment
pressure pressure)

Availability of 2,3-
bisphosphoglycerate

The Bohr effect :

**The Bohr effect is a physiological phenomenon stating that Hemoglobin's oxygen binding affinity is inversely related
both to acidity and to the concentration of carbon dioxide. That is, an increase in blood CO, concentration, which leads u Bohr effect

to a decrease in blood pH, will result in hemoglobin proteins releasing their load of oxygen.

«* What is “Bohr effect”?

- It is the effect of pH and pCO, on:
1-Oxygenation of Hb in the lungs.
2-Deoxygenation in tissues.

- Protons (low PH — High CO2) reduce 02 affinity of Hb = Hb releases its load of oxygen

«* Source of the protons that lower the pH:

= Tissues have lower pH (acidic) than lungs.
v Due to proton generation:

CO, +H,0 >

> HCO, + H*.

In tissues, Co2 is converted by carbonic anhydrase to carbonic acid which spontaneously loses a proton,
becoming bicarbonate. The H+ produced by this pair of reactions contributes to the lowering of pH.

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

-
(=
o

A\ pH=72

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

50 -~

% Saturation with O, (Y)

£ 0§ | ey —

0 40 80 120
Partial pressure of oxygen (pO,)

o
T T T T

(mm Hg)

Copyright © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins



https://youtu.be/D_fmHT82mK0
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Factors affecting oxygen binding (

effectors)

}

!

pO2 (partial oxygen
pressure)

pH of the environment

pressure pressure)

pCO2 (partial carbon dioxide

Availability of 2,3-
bisphosphoglycerate

The Bohr effect :

«* Mechanism of the Bohr effect:

Tissues have lower
pH (acidic) than
lungs.

Due to proton
generation:

CO, + H,0 > H2C03
> HCO, + H*.

Result: The Bohr effect
removes insoluble CO,
from blood stream
(Produces soluble
bicarbonate).

B)S\.AAJL)\})'S)E Wj&hg?}@\@;)ia)}ﬁﬂ\*

The free Hb binds to
two protons.

Protons
Causing easier
reduce 02 O, release into
affinity of Hb. the tissues.

The proton-poor
Hb now has
greater affinity for
O, (in lungs).

Protons are released (in the lungs)

and react with HCO? ~ to form CO,
gas

(HCO, + H*>CO, + H,0)

Extra picture

- D. Hemoglobin and CO, transport

v
A €0, 0,
) [ | \\ A ‘
{
€0, * Hy0 4=—f1i= [H,C0,]*—
\ > HCoP | (® HcoP +HEHb C Hb-0, + [H,CO;]
| e </ ae
100mmHg | |
74
e "f’ Blood Erythrocyte
_7{; ({\‘:\( N
o \ Hear
I =
) ae Ll
f =24 = o B
HCoP HCOP + HP Hb Hb <0, * [HyC0,]
5 A
POy 0 7
30:40 mmiig » (0 * H,0 —F—[H,00;] —=
€0,
7 4
Arte |
Q.
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Factors affecting oxygen binding (

effectors)

}

!

pO2 (partial oxygen oI el e pCO2 (partial carbon dioxide tAvallablllty of 2,3-
pressure) pressure pressure) bisphosphoglycerate
Effects of 2,3-bisphosphoglycerate on oxygen affinity:
¢ Binding of 2,3-BPG to deoxyhemoglobin: Liije o o 2l Of 1 slaY |
- It Binds to deoxy-hb and stabilizes the T-form. e ‘_;fff?f _____________ 2.3-BPG =0
-When oxygen binds to Hb, BPG is released. [ , (Hemoglobin
A single molecule of 2,3-BPG stripped of 2,3-BPG)
binds to a positively charged —
cavity formed by the p-chains 2 1000
<+ At high altitudes & hypoxia : LIRS SRR S0
= | 2,3(-NBPG =|El:,> Immdc;l/L
- ormail Dioo
ilE Hb conc. BPG :
NUIMbET | —> S —— increases 2
: © 2,3-BPG = 8 mmol/L
INCreases _ 5 (Blood from individual
v 2,3 BPG levels rise | 2 adapted to high altitudes)
2
1 (1} S T T S T T S S
dechQ;SeS 0 Thus increases O, 0 40 80 120
o 2 i i i Partial pressure of oxygen
=iy @ s delivery to tissues o

-~
Copynight © 2008 Wolters Kluwer Health| Lippincott Williams & Wilkins

Copyright ® 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins
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1 High 02 affinity

Shift: Left shift Right shift 100 -
== Normal
P50: Low High 9 1 ~
i /7~ “Right-shifted"
e High pH (alkalosis — low pCO2 — Low pH (acidity — high PCO2 £ 704 —
Low H+) % w tbPG
e
DPG Low DPG: Multiple transfusion High DPG £ -
Factors: of 2,3 DPG-depleted blood. g 7
2 30
E o
T . H _
emp Low temperature High temperature 1 J Normal Pog - 28 mm Ho
01— T T T T T T T 1
Abnormal Hb (e.g High levels of - 0 10 20 30 40 50 60 70 80 90 100
Hb F) PO2 (mm Hg)

Ui gt Glile & jul awall 3ol AS a0 S5 i yall 8LV 5 L sl Al 3 5 ) pall 20 (i |
8 (s I 3 ) jall 5 ¢ 3) A side ) (5368 ey alia i Jglad s (SLY) (any 8 CpausYI | :_ ___________________________________________ Ilh;dﬂ\yj\&_m
Mw‘bﬁu‘;ﬁﬂ . Don’t forget : o
, Shlftmg to left = high affinity of O2.
Right shunt = Reduced “Low” affinity. sl Jagu! Sh'ft'ngto”ght:'OW affinityofo2.
O b Lera s "opanS) b B AT 2 5 aS) ) sae e 3 g gall ailld paall o jas 4d) Lay
Mobal™ jlad dal adhy casgle 5 ) V) MRl 3" e daria jaalll aa LIS Jal gall Al u Hemoglobin & Oxygen Dissociation Curves

Copyright ® 2009 F. A. Davis Company www.fadavis.com



https://www.youtube.com/watch?v=vj8c2jiYI2g

%’ Other normal forms of Hb

Fetal Hemoglobin (HbF) HbA, HbA,
two o and two y chains. Two A and two & Two a and two B -Glucose
The major hemoglobin Appears ~12 weeks after High in patients with
found in the fetus and birth diabetes mellitus.
newborn.

- It has Higher affinity for Constitutes ¥2% of total | An HbA undergoes non-

02 than HbA. Hb enzymatic glycosylation.
- Transfers 02 from - Glycosylation depends on
maternal to fetal plasma glucose levels.
circulation across (Aan sk 48de )
placenta ) - ol Al vie 3 a0 S
ALl 40aS (K1 — (5 S aaie L
iadl L Moy 4 - It indicates a previous history
ﬁ\;ﬁﬁiibmﬁi\ of diabetes ( because it takes ﬁ: :28:
2 to 3 months to change or to i o

Hemoglobin A,

get back to normal).

Copyright Y 208 @attacr Kluwar Haalth | Lppinees Williame & Wikne
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Abnormal forms of hemoglobin

v v

- Hemoglo'?(;” that h?js Cfarﬁon Contains oxidized (ferric) - Forms when sulfur
mono-oxide Instead ot the Fe3* (~2%) that cannot levels are high in blood.
normal oxygen bound to it. : : .

carry O, - (irreversible reaction)
- In smokers.

- CO replaces O, and binds ;--é-------;-H-B-I--;-r-]---"l"""f-i;'"a-"; \

. . Brownish bluish color of bloo

220X tighter than O, E i Caused by some mistakenly

— = i prescribed medications, or |
I""""""""""""""'.'".""""""'"_ """""""""""" S o T i by children who drank some E
| Carboxyhemoglobin is formed in carbon monoxide poisoning : detergents '

' and leads to oxygen deficiency in the body. The source of the
' carbon monoxide may be exhaust (such as from a car, truck,

boat, or generator), smoke from a fire, or tobacco smoke. The

. level of carboxyhemoglobin is a measure of the degree of

' carbon monoxide exposure.

435 Biochemistry Team
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Helpful

summary from
Lippincott

to check out team’s
summary

Hemoglobin

s : Effects of
Structure ] O2 binding I Allosteric effectors { carbon monoxide
I I I I
composed of exis{s as } binds i17 binds
Deoxyhemoglobin| . Oxyhemoglobin Four O, Deoxy form Carbon monoxide
(taut form) (relaxed form) cooperatively (deoxyhemoglobin, (CO)
- : = 7 taut form) |
[ Different Irelatlve positions of slubunlts ] characterized by preferéntial/y leadsto
characterized by characterized by binds
Heme-heme . = Carboxy-
(Low O, affinity]  [High O, affinity) interaction | Allosteric modifiers | Reriediohin
i ot
Constrained More freedom lead]s to { Hydrogen o (17 }
structure of movement | 2,3-Bisphosphoglycerate | characterized by
CcoO
I First O, binding ’ | | ; } High affinity
Y with low affinity leads o [ for CO ]

[ Four subunits ]

composed of

[
leads to

Stabilization of

[ Two types ]

Transition from taut i

the taut state

to relaxed state leads to

compo:sed of

{ Y

[ o Subunits} [ B Subunits]

leads to

composed of  composed of

affinity for O,
|

| Decreased }

Next three
0O, binding with

(o Chains | [ B Chains ] increasing affinity leads to
[
Heme Heme
[ ] leads to “Right shift” in
composed of O,-saturation curve
Sigmoid O,
Proto- binding curve

porphorphyrin IX

Fett |

I
leads to

|

Stabilization of
the relaxed state

leads to

Increased affinity
for bound O,

leads to

“Left shift” of
O,-saturation curve

|
leads to

Hyperbolic O,
saturation curve



http://ksumsc.com/download_center/2nd/2- GIT block/Teams/Biochemistry/Summaries/2-Hemoglobin (Summary)..pdf

Check your understanding!

Q1: : the heme group is a complex of protoporphyrin IX
and ...:

A. (Fe2+) ferrous iron.

B. (Fe3+) ferric iron.

C. ferritin.

D. non of the above.

Q2: : which of the following is a form of Hb that is
unable to transport the 02:

A. HbA2.

B. HbAlc

C. HbF.

D. Met Hb.

Q3: : at the level of the one dimer af subunits are held
by:

A. lonic bond.

B. hydrogen bond.

C. hydrophobic bond.

Q8: : P50 indicate that low affinity = slow unloading of 02 :
A. Fault. |
B. True.

Q5:: T-formof Hbis :
A taut form,

B. has Low-oxygen-affinity.

C. the dimers have more freedom of movement.

D. A+B.

Q6: : one of the 3 allosteric effectors that affecting the
. oxygen binding is:

A. partial pressure of the H ions

 B.pO2.

C.Availability of bicarbonate.

Q7: : from the Oxygen Dissociation Curve tells you that there
s a...:

A. Cooperation in the O2 binding to the heme group.

- B. Cooperation in the Co2 binding to the heme group.

C. Heme-heme interaction.

 D.A+C.



Check your understanding!

Q8: : depending on Bohr effect which of the following will

reduce the affinity of the Hb to the 02 and cause it
release ..:

A. low pH.

B. acidity.

C. Protons.

D. all of the above.

Q9: : Carboxy-Hb is found in ...:
A. fetus+ newborn.

B. healthy adult.

C.smoker.

D. sulfa users.

Q10: : which of the following form of Hb has a high
affinity tothe 02 (in lung) :

A. proton-poor Hb

B. Carboxy-Hb.

C. deoxygenated form of Hb

Q11: : which of the following is true about a person who
lives in a 2,400 meters altitude:

A. his RBC number decreases

B. his Hb conc. decreases

C. the availability of the BPG increases.

Q12: : Fetal Hemoglobin has a higher affinity to 02 than:
A. HDbA.

B. HbA2.

C. all of the above.
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Resources:

-435’s slides and notes.
- Lippincott’s illustrated reviews: Biochemistry — sixth edition.

- The European Respiratory Journal:

a K


https://twitter.com/435biochemteam
https://ask.fm/biochemteam435
http://breathe.ersjournals.com/content/11/3/194

