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Some notes about the
previous lecture:

Hydrophobic interactions are really
The forces that determine the protein structures important because they are crucial
are: in determining the tertiary protein
non covalent interactions such as electrostatic, — structure which is the 3D structure
hydrogen bonds, van der waal and hydrophobic
interactions

Fibrous proteins are fibrous and elongated they are mainly
structural proteins which means that their function is to support
structures and organs

Collagen is a hydrophobic protein to make the fibers and amino
acids cluster so when it’s stretched it is packed to each other to give
support and strength to the structures

Elastin is also hydrophobic while both elastin and collagen have
hydrophilic regions

keratin is abundant in hair and nails and what makes it stronger is
cysteine disulfide bonds and nails are stronger because they have
more disulfide



Functions of myoglobin and hemoglobin

Mayo = muscle @ L;, globin ;They are a class of proteins
that have their own structural

So this protein (myoglobin ) feeﬁg?sr?rsl muscles tissue
Myoglobin functions in binding and storing O2 in muscles. During periods of
oxygen deprivation, oxymyoglobin releases its bound oxygen.
Which is Hypoxia
Hemoglobin:
transport of O, and CO,
blood buffering

Hemoglobin and myoglobin both bind to oxygen but
hemoglobin main function is to transport it from lungs
to tissues and its secondary function is to transport
CO2 from tissues to the lungs so it can be exhaled



H emo p rOte | NS The class of proteins that hemoglobin and myoglobin belongs to

They proteins that has a heme
group attached to it

Many proteins have heme as a prosthetic group called hemoproteins.

— It means The extra thing and they bind to them covalently
pH <
e + W
pH=7 heme b

hemoprotein apoprotein

COH

CO,H
native heme b (1)

The protein environment dictates
the function of the heme.

A prosthetic group is a tightly bound, specific non-polypeptide unit required
for the biological function of some proteins. The prosthetic group may be
organic (such as a vitamin, sugar, or lipid) or inorganic (such as a metal ion),
but is not composed of amino acids.

Mb, Hb NOS, P450
Transferand storage Oxygenation reaction
0, O, +e

Cyt c, Cyt b

Electron transfer
e




About the previous slide

Both hemoglobin and myoglobin are holoproteins which are the proteins that has a non
protein group attached to it which is the heme group and if we removed it we will have a
apoprotein

Apoproteins are the protein components of lipoproteins that we took in the mid exam

We have a class of enzymes that will be studied in the next course that are called
cytochrome p450 and p means pigment and 450 as it absorbs light at a wave length 450
nm they do some reactions in different tissues mainly in liver cells

Those hemoproteins bind to an electron or oxygen and they transfer these electrons to
generate energy again and we have some hemeproteins that are sensors (gas sensors) for
oxygen, carbon monoxide and so on

The amino acids that surrounds the heme molecule are the ones that determine their
function Any different in amino acid - different function

Heme group is prosthetic groups that attache to the proteins covalently

RC P ey



Heme structure Methyl Methylene

'\EH CH=CH; 3 CH=CH,
It is a complex of protoporphyrin IX + Iron -
(Fe2+)' ﬂ a QEH =CH, AS | CH=CH,
The porphyrin is planar and consists of four 3
rings (designated A-D) called pyrrole rings. Pmmiurphurmm F'mc-.nw

They extend
in one
direction and

Each pyrrole can bind two substituents.
Two rings have a propionate group each.

. . th
Note: the molecule is hydrophobic. ; 3 hﬁs,ﬁmc
Fe has six coordinates of binding. 7\ out therest
5 2 is
N Pyrrole hydrophobic
i

Y

Ironisin the middle and
has the ability to form6
covalent bonds 4 of them
is with the heme:

This molecule is
composed from
four rings
structures that
are called pyrrole
(Fe-protoporphyrin IX) rings



Stru Ctu re Of myoglo bl N Myoglobin has hydrophilic amino acids that is to the

outside and hydrophobic to the center where they

It's composed of one polypeptide chain cluster inside the protein and they surround the heme

Myoglobin is a monomeric protein that is mainly found in molecule as it’s a hydrophobic molecule
muscle tissue.

A through H, that are connected by short non-helical oxygen binding to £\
regions.
The a-helices are connected by short coils, a structure that
is known as the globin fold, which is a hydrophobic O,-
binding pocket.
It contains heme as a prosthetic group internally.
Myoglobin can be present in two forms:

oxymyoglobin (oxygen-bound)

deoxymyoglobin (oxygen-free)

Right in the g g
middle in the

Dr.mamoun said that there is different definitions of the fold inner globin
but are required to know that the globin fold is oxygen fold we have
binding bocket the heme

molecule



Arrangement of amino acids

Like other globular proteins, the hydrophilic
amino acids are generally on the surface, while

hydrophobic amino acids are predominantly Ei:;iai:z
internal. on helix E
Except for two histidine residues in helices E  andit’s
and F (known as E7 and F8) amino

F8 His is designated as proximal His, whereas E7 acid
vy number 7

His is known as distal His.
J.uu
As we said before iron bind 4 bonds with the

heme and the 2 left are : one with the
proximal His which is covalently bound to it
and the other with oxygen at the sixths
coordinate then we call it oxygenated
myoglobin

Whenever we see a
charged amino acids
in the center we
know that they have
a special function

F helis H helix




lron

Iron can bind in the center of the four rings.
Fe is in the ferrous state (Fe?*) and can form 6 bonds:
4 bonds with the nitrogen of the rings,
One bond (known as the fifth coordinate) with the nitrogen
of the proximal His.
A last one with O, (the sixth coordinate) when O, is there

When oxygen is released iron is oxidized
forming ferric Fe3+ but this doesn’t happen
because it’s surrounded by hydrophobic amino
acids that have the ability to prevent the
oxidation of iron because we must have iron in
the ferrous state to bind to oxygen which is the
reduced state

@ Oxidation of iron to the Fe3*, ferric, state makes the molecule incapable of
normal O, binding.

@ Upon absorption of light, heme gives a deep red color.  Thisiswhy
muscles are

red




Structure-function relationship

The planar heme group fits into a hydrophobic pocket of the protein and the myoglobin-heme interaction is stabilized
by hydrophobic attractions.

The heme group stabilizes the tertiary structure of myoglobin.

The hydrophobic interior of myoglobin (or hemoglobin) prevents the oxidation of iron, and so when O, is released, the
iron remains in the Fe(ll) state and can bind to another O,.

The covalent bond between iron
and the heme with the proximal
histidine stabilizes the & el
myoglobin

@ The distal histidine acts as a gate that
opens and closes as O, enters the
hydrophobic pocket to bind to the

h eme. Doesn’t allow anything else to pass because if it allowed
anything to pass it will interact with the iron

® |t also stabilizes the interaction with e e
oxygen.




(5 helix
Exterior of the protein

Propionate
interact with
amino acids
on surface.

Propionate

Propionate

Distal

Hydrogen bonding between ™ ob
Distal histidine A:H I O-0> ydrophobic
(from protein molecule) here

Heme molecule is:
Distal histidine (positively charged) is the gate keeper 1. Flat

that allows only oxygen binding because anything 5 Theironis at the center

can bind with iron easily 3. Hydrophobic molecule except for two groups
Distal histidine forms a hydrogen bond with oxygen (propionate are charged hydrophilic and they
stabilising the interaction with myoglobin protein interact with the hydrophilic amino acids on
(favorable interaction) the surface of the molecule further stabilising
If any other molecule came, the interaction will be the interaction between heme & myoglobin.)

unfavorable hence no interaction will happen.



Oxygen binding to myoglobin

Strong interaction to prevent any release of
oxygen in the tissues unless it’s hypoxia

-Myoglobin binds O, with high affinity.
-The P50 (oxygen partial pressure
required for 50% of all myoglobin
molecules) for myoglobin ~2.8 torrs (or
mm Hg).

-Given that O, pressure in tissues is
normally 20-40 mm Hg, it is almost fully
saturated with oxygen at normal

conditions.

The pressure of oxygen in lungs is
approximately 100 torr and hemoglobin (or
myoglobine the doctor said both of them are
correct) molecules is almost 100% oxygenated
in tissues the pressure is 30-40 torr and they
are also 100% oxygenated

1.0

0.5

Y (fractional saturation)

&~
©

The curve
shape is
hyperbolic

The

fraction of
> OXxygenated
myoglobin
P, = 2 torr
| | | |
0 25 50 75 100

pO> (torr) Or mm of mercury
Oxygen pressure

The binding of O2to
myoglobin follows a

hyperbolic saturation curve.



* But when we reach the
hypoxic level we will have
a suddendrop in the
oxygen level so the

myoglobin release oxygen
* How muchis the p50 ? P50 is

the pressure of oxygen when
50% of myoglobin is
saturated and 50% is
unsaturated

* Whenever the p50 decrease
the strength of bindingis
higher meaning that a lower | | I |
partial pressure of oxygen s 25 50 75 100
needed to achieve half pO> (torr)
saturation thus the lower p50
corresponding to a higher
affinity of myoglobin for
oxygen

1.0

o
)

P, Iy = 2 torr

Y (fractional saturation)

o
()

o



Hemoglobin



Hemoglobin structure

Quaternary structure unlike myoglobin that is made
up of one polypeptide chain 2 alpha 2 beta

Hemoglobin is a tetrameric hemeprotein (four globin protein chains with each bound to
heme).
In adults, the four globin proteins are of two different types known as a and B, so a

hemoglobin protein is termed a22 globin protein.
o, polypeptide = 141 amino acids (Vall & Arg141) The alpha and beta chains are like

i = ; ; i myoglobin made of alpha helices
B polypeptide = 146 amino acids (His146) Beta: eight

Alpha: seven erminus  C-ierminus

Hemoglobin: primary, secondary, tertiary, Quaternary structure 8,
Myoglobin: primary, secondary, tertiary only.

Each polypeptide has
one heme (four in
hemoglobin; one in

Remember: myoglobin

-Quaternary structure made of - Each heme can

more than one peptide bind to one oxygen >
-Secondary structure of myoglobin |

is eight alpha helices e

evaglabin Hemaglobin



How are the subunits bound?

The four polypeptide are associated together non-covalently

A dimer of dimers (I made up this term) OR two ap-protomers
(0-B), Two Dimer alpha-beta come together to form a tetramer /1 For the purpose of interaction between the

The chains interact with each other via hydrophobic interactions. four chains
Therefore, hydrophobic amino acids can also be present on the surface.

Between alpha-beta and alpha-beta

Between each alpha and electrostatic interaction.
beta chain: hydrophobic -

interactions

Weak ionic and

Strong interactions,
hydrogen bonds occur :

marily hydrophobic,

. . . . . between «ff dimer pairs tween « and 3
0 E I ect ro Stat | C | n te ra Ct I O n S N-Eu&rrnmu Gierminus in l deoxygen?ted stle. ﬁBﬂ;l"\':et?sﬂﬂ 'stable

(salt bridges) and
hydrogen bonds also exist
between the two
different chains.

£



Oxygen binding to hemoglobin

-Hemoglobin must bind oxygen efficiently and

become saturated at the high oxygen LUNGS
pressure found in the lungs (approximately \ / :
100 mm Hg). ~—~ Saturated HCO;,

NHCOO" O O,

-Then, it must release oxygen and become €. é%””
. . : Fdie FelFe L YIETIES
unsaturated in tissues where the oxygen BLe 00,
pressure is low (about 30 mm Hg). / \

Do you expect hemoglobin to have a high or TISSUES ~ Muscles (myoglobin)
low affinity for oxygen?

Strong interaction with oxygen in the lungs
Weak interactions with oxygen in the tissues



Th e Sa t u ra t i O n C u rve Oxygen saturation curve for

hemoglobin = sigmoidal shape (looks

like an S)
The saturation curve of hemoglobin binding to O, has a Muyoglobin has a stronger affinity
sigmoidal shape. for oxygen than hemoglobin
A sigmoidal curve indicates that the protein has different (servesit’s purpose)
structures. Tissues Lungs

At 100 mm Hg, hemoglobin is 95-98% saturated
(oxyhemoglobin).
As the oxygen pressure falls, oxygen is released to the cells.

Hemoglobin has '
two states:
ﬁ—High affinity

In contrast to a low p50 for myoglobin, the p50 of hemoglobin
is approximately 26 mm.

Saturation with oxygen

Relate the value of p50 to affinity Oxygen level: state (in lungs)
ungs almost ~Low affinit
-When you are sleeping, the 100mmHg > = o Yy
hemoglobin will be mainly saturated hemoglobin state (in tissue)
in the tissues because you wouldn’t almost saturated
be consuming oxygen so some Tissues between
oxygen will be released based on the 30to0 40~ low a4 IR
need of the tissues. affinity but still 5 10 20 30 40 50 60 70 80 90 10
-if you play sports (physical most hemoalobin ,
exe?’cisep) tfyle Iz)xggerli leguel will go is saturatedg Partial pressure of oxygen (mm Hg)
down to almost 20 and affinity will Any sudden drop of oxygen level in the tissues
be very weak the affinity will immediately change into the low
affinity state even if the change is minor.




Saturation with oxygen

Tissues Lungs

10 20 30 ' 50 60 70 80 90 100
Partial pressure of oxygen (mm HgQ)

Between 60-80:
it was 95%
saturated with
oxygen and it
didn’t change
much from the
drop between 80
to 60 (almost
became 90%)

Sigmoidal shape=like an S
which means it changes
from a state to a state

In hemoglobin it is from high
affinity state to low affinity
state when the oxygen level
is low but not hypoxic like
myoglobin

\ 4

But in contrast
between (20=40)8
the saturation of
oxygen dropped
much more due

to the change of
oxygen level
from40to 20

This is the feature of
proteins with two
states, the change
from high affinity
state to low affinity
state releases alot of
oxygen (advantage




T sSlalse 2 =Latls

Hemoglobin is allosteric R
SHT AT
All allosteric proteins are multimeric; but not all multimeric proteins are allosteric
Remember:
Stereoisomers—> stereo=shape, iso=similar, mer=unit Different
-Hemoglobin is an allosteric protein (from Greek "allos" = "other", and "stereos" =
"sha pe ") _ Allosteric proteins: proteins with different structures ( slight changein Zni\c/lgﬁcgls?lt’)ir:r:ilrtlﬁts3gjrlllict>steric structure

structure) which is the characteristic of multi-subunit protein.

An allosteric protein: a multi-subunit protein where binding of a molecule
(ligand) to one part of the protein affects binding of a similar or a different
ligand to another part of the protein by changing its structure slightly.
-Hemoglobin exists in two allosteric forms, T-state and R-state o affin
The T-state is also known as the "taut" or "tense" state and it has a low binging
affinity to oxygen.
-The R-state is known as the "relaxed" state, and it has 500 times higher affinity
to oxygen than the T conformation. Multimeric proteins can homomultimeric (all same peptide)
-Binding of O, causes conformational changes in hemoglobin, converting it from
the low-affinity T-state to the high-affinity R-state .




Structural change of hemoglobin

¥

The oxygen changes the hemoglobin structure.
When oxygen binds to hemoglobin molecule the
structure changes from T->R (low affinity to high
affinity)

Alveoli
Total blood O,
100 - + 20

80 mbuuldmuh

118

Resting physiclegical range
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% O, Saturation of Hemaoglobin

10 0, dissolved in plasma

0102030405060?ﬂ6090i
PO, (mmH
Py, = 28 mm Hg 2 ( g)

i PhysiologyWeb at waww physiologyweb com




How does the structure change? (1)

Heme molecule isn’t flat, it is domed structure and the iron is
right in the middle

When heme is free of oxygen, it has a domed structure and iron is outside the plane of the heme group.
Because the hydrophobic heme is repelled by the proximal His.

When oxygen binds to an iron atom, heme adopts a planar structure and the iron moves into the plane of the heme

pulling proximal histidine (F8) along with it. The dome shaped is
i because of the repulsion
The oxygen will fqrma} : P! When oxygen binds
hydrogen bond with distal between amino acids to theiron. it
histidine so it will come and heme molecule becomes flat because
closer of the distal histidine
.« Val FG5
. , H
o Heme \—N/
g Histidine / Histidine /i }:
> NZ NyZ H
l Iron becomes
on same plane
5= with heme
Helix F ~ Heme is molecule
‘ Leu F4 Heme is domed planar.
(nonplanar).
T state R state

Deoxygenated Oxygenated



How does the structure change? (2)

-This movement triggers
-changes in tertiary structure of individual hemoglobin subunits
-breakage of the electrostatic bonds at the other oxygen-free hemoglobin chains.

->When the heme becomes flat, the proximal histidine
will also be pulled

—>the proximal histidine is in the helix, the helix will also
be pulled

—>this will change the tertiary structure of the
polypeptide that the oxygen binded to

—“when the tertiary structure changes it will break the
electrostatic interactions between alpha-beta and alpha-
beta

—>this will change the Quaternary structure and move 15
degrees

In myoglobin, movement of the
helix does not affect the
function of the protein.




Structural amplification change

e Changes in tertiary structure of
individual hemoglobin subunits 0.4 A
* Breakage of the electrostatic
bonds at the other oxygen-free
hemoglobin chains.

Distal histidine here

Amino acids here
that help form
the dome shape

In oxyhemoglobin
(6 ligands bound)

Fe movement pull
the bound His
upward
completely
shifting an a-helix

o

: J

/

.
<
-

‘
»

S

a,By-a,B, interface / Deoxyhemoglobin

Oxyhemoglobin

Again:

Oxygen gets pulled by Distal
histidine because of hydrogen
bonding, heme becomes flat and
pulls proximal histidine, changes
alpha helix position which changes
tertiary structure which changes
Quaternary structure by breaking
some electrostatic interactions
between alpha-beta and alpha-
beta

The whole proteins changes it’s
shape (the distance is only 10
angstrom (1 nano)) and changes
from low affinity state to high
affinity state

1 Angstrom=10"*-10




Another look at it

Helix F

oxygen binding changes
protein from low affinity
state to high affinity state;
From T- state to R-state;
From tense state to relaxed
state

No oxygen

Helix F

Val FG5

Leu F4
) —— His F8

Porphyrin \Fem' " Porphyrin
Heme< I - -

In the absence of bound
O, ,the Fe(ll) lacks a sixth
ligand, and resides about
0.6 Angstrom out of the
plane of the heme toward
its His ligand (the proximal
His).

Movements of the
hemoglobin's heme and
F helix during the T2 R
transition.

Fig. 7-9 diagrams how the
binding of O, to one
hemoglobin site induces
conformation changes that
influence the O3 -binding
affinity of the other sites.

HillxF There is oxygen

Val FG5

Leu FG3

Heme

02

Upon binding O3 ,the Fe(ll)
is pulled towards the O3
into the plane of the heme.
This also pulls the
attached proximal His
towards the heme. Since
the proximal His is part of
the F helix, this entire helix
is also pulled toward the
heme. These
conformational changes
induce a rearrangement of
the alpha and beta
subunits in the hemoglobin
tetramer.



Electrostatic interactions are broken

7

Weak ionic and
hydrogen bonds occur
between uff dimer pairs

in the deoxygenated state.|

Strong interactions,

o g;imarﬂy hydrophobic,

tween « and §
chains form stable
uf} dimers.

N

"T,” or taut, structure of deoxyhemoglobin

' Some ionic and
hydrogen bonds
between «f} dimers
are broken in the
oxygenated state.

|

Y .
of dimer 2 9
v\_\)J

"R," or relaxed, structure of oxyhemoglobin

Copyrnight © 2008 Wolters Kluwer Health | Lippincott Willlams & Wilkins




For any feedback, scan the code or click on it.

Corrections from previous versions:

Versions Slide # and Place of Error Before Correction After Correction
Slide 24 #Distal histidine gets pulled by Oxygen *Oxygen gets pulled by Distal histidine
#The pl"essure of oxygen in Iungs is . *The pressure of oxygen in lungs is approximately 100 torr

V1= V2 approximately 100 torr and myoglobin and hemoglobin

Slide 6 #They extend in one direction and they *They extend in one direction and they

E— are hydrophilic but the rest of the are hydrophilic but the rest of the heme

rotein is hydrophobic is hydrophobic
*The pressure of oxygenin lungs is *The pressure of oxygen in lungs is

V2 9 V3 Slide 12 approximately 100 torr and hemoglobin approximately 100 torr and hemoglobin or

myoglobin

V3 > V4



https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97
https://forms.gle/1aenUoAoZwLD2Du97

Additional Resources: saladl g il g AL

£ A Gl A Balgldd) Sy
fas das (36 & L)
AMA) Cua B g g ddlS fa

1. Youtube Video : summary the difference
between Homoglobin and myoglobin 0914 138
| grandild Satt

ekl 4ol
il g Aol g el
v L e Sk Gl b ot g Bl


https://youtu.be/Qv-KExGKAYw?si=Ugshb-0OGMjAu1A2
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