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Functions of Proteins

Proteins perform many different functions in the body.

Class of
Protein
Structural

Contractile

Transport

Storage

Hormone

Enzyme

Protection

Function in the Body

Provide structural
components

Movement of muscles

Carry essential substances
throughout the body

Store nutrients
Regulate body metabolism
and nervous system

Catalyze biochemical
reactions in the cells

Recognize and destroy
foreign substances

Classification of Some Proteins and their Functions

Examples

Collagen is in tendons and cartilage.
Keratin is in hair, skin, wool, and nails.

Mpyosin and actin contract muscle fibers.

Hemoglobin transports oxygen.
Lipoproteins transport lipids.

Casein stores protein in milk. Ferritin
stores iron in the spleen and liver.

Insulin regulates blood glucose level.
Growth hormone regulates body growth.

Sucrase catalyzes the hydrolysis of
sucrose. Trypsin catalyzes the hydrolysis
of proteins.

Immunoglobulins stimulate immune
responses.
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hexokinase (1cza) rubisco (Trcx) alcohol dehydrogenase (2ohx)
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Neutral, nonpolar

© 2010 Pearson Education, Inc.

Tyrosine
(Tyn) (Y)

Serine

(Ser) (5)

Threonine

(Thn) (1)
Asparagine

(Asn) (N)

Glutamine

(Gin) (Q

Cysteine
(Cys) (©)

Acidic

Aspartic acid

(Asp) (D)

Glutamic acid
(Glu) (E)
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Essential @u,_m mm}mi/ Non-Essential
Histidine Arginine Alanine
Isoleucine Asparagine Asparatate

Leucine Glutamine Cysteine

Methionine Glycine Glutamate
Phenylalanine Proline
Threonine Serine
Tryptophan Tyrosine
Valine
Lysine
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Asp
Thr
Ser
Glu
Pro
Gly

Ala

Cys
Val

Met
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aspartic acid
threonine
serine
glutamic acid
proline
glycine
alanine
cysteine
valine

methionine
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Leu

Phe
His
Lys
Arg
Trp
GIn
Asn
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isoleucine
leucine
tyrosine
phenylalanine
histidine
lysine
arginine
tryptophan
glutamine

asparagine
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Secondary structure

Hydrogen bond
B pleated sheet

oL
Sl
238

B strand, shown as a flat
arrow pointing toward
the carboxyl end

Hydrogen bond
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Tertiary structure
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TERTIARY STRUCTURE

Hydrophobic
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Amino Acids

Pleated sheet

/\

Sa helix

" Pleated
. sheet

Alpha

helix

Levels of protein organization

Primary protein structure
is sequence of a chain of amino acids

Secondary protein structure
occurs when the sequence of amino acids
are linked by hydrogen bonds

Tertiary protein structure
occurs when certain attractions are present
between alpha helices and pleated sheets

Quaternary protein structure
is a protein consisting of more than one
amino acid chain

meat, meet
meat,
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Myoglobin Hemoglobin

Monomer

Heterotetramer ( o,f3,)

Similar tertiary structure, different quaternary structure.
The quaternary structure of Hemoglobin confers allosteric properties.
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1. Breakdown of RBCs

kabiﬂ

&

Haem
RBCs |

-
Iron (Fe2+)
w Albumin

2. Uptake into Liver

7. Urobilinogen -

Excretionvia Kidney
3. Conjugation

6. Reabsorption of

‘ﬁ- + Glucoronic acid Urobilinogen

|

Conjugated billirubin

l_*

Excretion in Bile ‘

Gallbladder

5. Stercobilinogen -
Excretion via faeces

O sle sanedl &

effete rbc phagocytized
by macrophages

Macrophage ‘

degraded in
phagolysosome

Heme + globin —-aa

_ Unconjugated
gy POrPRYFR—= bilirubin
e

added to proteins
stored (ferritin or
hemosiderin) o2,

2

Unconjugated
bilirubin + albumin

Released to

transferrin

with aid of ceruloplasmin
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Result Interpretation

Reference ranges:

® Children at birth - 13.5-19.5 g/dl
m Children (2-5 years) - 11.0-14.0 g/dl
® Children (6-12 years) - 11.5-15.5 g/dl
®m Adult men - 13.0-18.0 g/dl
® Adult women - 12.0-15.0 g/dI
® Pregnant women - 11.0-13.8 g/dl
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Myoglobin vs. Hemoglobin
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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.,.

% Saturation with O, (Y)

Partial pressure of oxygen (pO,)
|| (mmHg)

Fm='| Pm=2ﬂ
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“» Fe Met-hemoglobin
Hemoglobin iron heme
group ;
- Formation:
<« Fe Oxidation of Fe**(ferrous) toFe*** (ferric) oxidized state

Methemoglobin

MOGBRSH! In Met-Hb the O. cannot bind to Fe***

NADH NAD* l
L
Cytochrome b5 reductcse Ti Ssu e h ypo Xia
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Symptoms

Methemoglobin Hemoglobin

e EAL S "’
0 L)
N ‘V

: Ei_L =
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Glucose-é-phosphate  é-phosphogluconate




Hemoglobin CN

K+ Ferricyanide

Hemoglobin (Fe+?) m—s—- Methemoglobin (Fe+?)

Oxidation
+

K+ Cyanide

l

Cyanmethemoglobin (HICN)



Carboxy hemoglobin

Normal
oxygenation

‘ Carbqn
1) Oxygen (O») and 2) Ozand CO monoxide
carbon monoxide (CO) enter blood poisoning
arc inhaled 2 Healthwise, Incorporatad

Carbon monoxide

Erythrocyte Hemoglobin

@+b+eco=Hbco @e

Carboxyhemoglobin

(stable compound)

Carboxyhemoglobin cannot carry oxygen and carbon dioxide

\

Anoxaemia

N2

Suffocation
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With a mutation on one of the two "*J/

#-globin genes, a carrier is formed fi-gene from father
— I (-ccne from mother

with lower protein production, but "T'“

enocugh hemoglobin

Without a mutation

enough Hemoglobin
a &

f

Mo thalassemia
carmrier

With one mutation

less Hemoglobin
& [}

i

[i-thalassemia carrier
without illness, but less
hemaglobin (slight
aneamia)

With two mutations

no [i-globin
i

Q

o
B
f-thalassemia major
patient with severe
aneamia

il



Sickle cell anemia HBS
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Normal Red Blood Cell Sickle Cell

@ Abnormal, sickied, red blood celts
(sickle cells)

Sticky sickle colls




Hemoglobin C

e This results when one
of the beta subunits is

rcplaccd with beta C

Beta C

The mutation that causes this
change in the beta happens
because a glutamic acid residue
replaces a lysine residue at the sixth
position of the beta globin chain.



Beta thalassemia major

A parent who is a carrier

of beta thalassaemia

|

Carrier of
beta thalassaemia

BETA
THALASSAEMIA
MAJOR
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A parent who is a carrier

of beta thalassaemia

Normal blood

Carrier of
beta thalassaemia
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3 Thalassemia Major Bone Changes "




Beta Thalassemia Major

Reduced or nonexistent production of B-globin
— Poor oxygen-carrying capacity of RBCs
* Failure to thrive, poor brain development

— Increased alpha globin production and precipitation
* RBC precursors are destroyed within the marrow
Increased splenic destruction of dysfunctional RBCs
— Anemia, jaundice, splenomegaly
Hyperplastic Bone Marrow
— Ineffective erythropoiesis—RBC precursors destroyed
* Poor bone growth, frontal bossing, bone pain

— Increase in extramedullary erythropoiesis
Iron overload—increased absorption and transfusions

— Endocrine disorders, Cardiomyopathy, Liver failure




Beta thalassemia minor
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One parent with alpha thalassemia trait

One parentaggilent carrer (I thalassemla \ﬁ"“ﬂ“yu uj‘
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Silent Hemoglobin H
carrier disease




