


PROTEIN CHEMISTRY
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Learning Objectives

» Denaturation of protein

» Separation techniques for Protein
» Plasma proteins, including

~» Albumin

» Globulin

» Fibrinogen



Denaturation of proteins

» Defined as disruption of secondary ,
tertiary and whenever applicable
guaternary organization of protein
molecule due to cleavage of non-
covalent bond

» Primary structure I-e peptide bond
remains intact



Alteration In protein after denaturation:

(a) Chemical alterations: Greatly decreased solubility
specially at Pl of the protein.

« Many chemical groups which were rather inactive become
exposed, e.g. -SH group.

* Denaturation can be reversible.

(b) Physical alterations:

*»r Confers increased viscosity of the solution.

Rate of diffusion of the protein molecules decreases

(c) Biological alterations:
Increased digestibility by proteolytic enzymes.

Denaturation destroys enzymal and hormonal activity.
Biologically becomes inactive.




Protein separation is based on
1) Protein solubility

2) Size of protein molecule
3) Charge of the molecule

Methods of protein separation
* Chromatography.

* Salting out

* Electrophoresis.

* Dialysis.

Ultracentrifugation.
Cohn’s Fractionation




Chromatography

Chromatography is a group of separation
techniques, where a mixture of molecules is
separated.

The separated molecules are divided
between a stationary solid phase and liquid
mobile phase.

The separation process depends on the
tendency of one type of molecules in the
mixture to associate more strongly with one
phase than the other.




Salting out:

» Based on solubility of protein In
solutions of high salt concentrations

» Addition of salt ions shield proteins with
multi-ion charges helping protein
molecules to aggregate

» Conc. Is different for different proteins
eg albumin by full saturation with
ammonium sulphate and globulin with
half saturation
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Cohn’s Fractionation:

Cohnused varying concentrations of ethanol at
low temperature to separate out fractions of

proteins which are called fraction |, Il, etc.

Fraction | is rich in fibrinogen
- Fraction |l is y-globulins

Fraction |ll contains a and 3-globulins including
Isoagglutinins and Prothrombin

Fraction |V contains a and -globulins
Fraction V contains predominantly aloumin




Electrophoresis

* Itis movement of charged particles in an electric
field towards the oppositely charged electrode.

* Byelectrophoresis a mixture of amino acids,
polypeptides or proteins can be separated into
distinct bands by using electric current.

al-Globulin B-Globulin - Globulin

Abumin a?_-Clobulin Fibrinogen Drgn




Paper electrophoresis:

» Paper electrophoresis uses filter paper,
ends of filter paper strip dipped into
buffer solution of known PH usually 8.6
with sample of protein at one end

» Current Is passed, strip dried and
stained with suitable dye



Gel electrophoresis:

» Sodium do decyl sulphate poly
acrylamide gel electrophoresis(SDS-
PAGE)

» Proteins move based on molecular
weight & charge.



Dialysis
+ Dialysis means separation of colloids from crystalloids.

Proteins have a high molecular weight that forms a colloidal
solution.

* Ifthereis a mixture of proteins (colloids) and salts
(crystalloids) they can be separated by dialysis, i.e., by using
a semi-permeable membrane. Crystalloids with very small
molecular weight can pass through this membrane, while
colloids can not due tothe large size of their particals




Ultracentrifugation

* Using high speed centrifuge, a mixture of
proteins is separated into different fractions
according to their densities.

Lipoproteins can be separated by

ultracenrifugation to chvlomicrons, VLDL,
LDL, and HDL.




PLASMA PROTEINS
Addanticoagulants .

(heparin, potassium
oxalate)

Centrifuged Blood Sample

—

/‘, { & %”A :
Place in tube Plasma

(55% of total blood)

Buffy Coat
«— |eukocytes & platelets
(<1% of total blood)

Withdraw {7 Plasma
Blood '
Erythrocyles

7 Buffy Coat (45% of total blood)

:I Formed Elements
Erythrocytes




Components of Plasma

Blood plasma Consists of:

Water 90%
Plasma Proteins 6-8 % Plasma
Electrolytes (Na* & CI) 1% s it 1)

Red blood cells (435)

Other components:
Nutrients (e.g. Glucose and amino acids)
Hormones (e.g. Cortisol, thyroxine)

Wastes (e.g. Urea)
Blood gases (e.g. CO,, O,)




TYPES OF PLASMA PROTEINS

» Three major types:
A. Albumin

B. Globulin
C. Fibrinogen



General characteristics of plasma proteins

1. Theyare synthesized in liver except
immunoglobulin.

2. Almost all plasma proteins are glycoproteins.

3. Many plasma proteins exhibit polymorphism such
as a,-antitrypsin, transferrin, haptoglobin.

4. Each plasma protein has a characteristichalf-life in
the circulation.

5. Acute Phase Proteins, APP



Types of plasma proteins

1. Albumin
2. Globulins

o-globulins : o4 a a-globulins
3-globulins: B, a B,-globulins
y-globulins

3. Fibrinogen

Under different pathological conditions the protein
levels depart from the normal range.



Albumin

aAlbumin (69 kDa) is the major protein of
human plasma (3.4-4.7 g/dL)

aMakes up approximately 60% of the total
plasma protein.

aAbout 40% of albumin is present in the
plasma, and the other 60% is present in the
extracellular space.

aHalf life of albumin is about 20 days.

aMigrates fastest in electrophoresis at
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Albumin

* Highestconcentration plasma protein

* 585aaand17 disulphide bonds

*» Two primaryfunctions

— Colloidal osmotic pressure (80%)
— Bind and transport of numerous substances

* Bilirubin, steroids, fatty acids, Ca™, Mg™,
* salicylic acid & other medications




Functions of Albumin

1 Colloidal osmotic Pressure-albumin is
responsible for 75-80% of the osmotic
pressure of human plasma due to its low
molecular weight and large concentration

alt plays a predominant role in maintaining
blood volume and body fluid distribution.

aHypoalbuminemia leads to retention of fluid
in the tissue spaces(Edema)




EDEMA

* Colloid osmotic pressure, is a form of osmotic pressure
exerted by proteins in blood plasma that usually tends to
pull water into the circulatory system.

— Because large plasma proteins cannot easily cross through the
capillary walls.

* Inconditions where plasma proteins are reduced,

— e.g. from being lost in the urine (proteinuria) or from
malnutrition,

— there will be a reduction in osmotic pressure, leading to
enhanced fluid retention in tissue spaces (edema).




Functions of Albumin

ransport function-albumin has an ability to
bind various ligands, thus acts as a
ransporter for various molecules. These
include-
a free fatty acids (FFA),

acalcium,

acertain steroid hormones,
abilirubin,
acopper




Functions of Albumin

aNutritive Function

Albumin serves as a source of amino acids for
tissue protein synthesis to a limited extent,
particularly in nutritional deprivation of amino
acids.

1 Buffering Function-Among the plasma

proteins, albumin has the maximum buffering
capacity due to its high concentration and the
presence of large number of histidine residues,
which contribute maximally towards
ce of acn::l base balance.




Clinical aspects

Hypoalbuminemia

— lowered plasma albumin

— in malnutrition, nephrotic syndrome and cirrhosis of
lhver.

Albuminuria

— albumin is excreted into urine

— in nephrotic syndrome and certain inflammatory
conditions of urinary tract.




Globulins

albumin

globulins

;
:
:
:
:

[mmune serum
Ag adsorbed serum




Globulins

2Globulins are separated by half saturation
with ammonium sulphate

aMolecular weight ranges from 90,000 to
13,00,000

1By electrophoresis globulins can be
separated in to -

2, —globulins

20,—-globulins




Synthesis

» Alpha and beta synthesized in liver
» Gamma by B-cells of lymphoid tissue

High mol wt(90k to 1300k),separated by
half saturation



Alpha 1 globulins

o —Antitrypsin

0; Gz B [}
I iz

~Itis a glycoprotein with 394 aa.

»Itis a major constituent of a,; globulin fraction of
plasma protein, normal concentration about 200mg/dl.

>Itis a serine protease inhibitor and can combines
with trvpsin, elastase and other protease and inhibits

them.




a,~Antitrypsin

1. Emphysema: used to represent
the abnormal distension of lungs.

— About5% is due to the
deficiency of a,—AT.

This is associated with lung
infection and increase the

activity of macrophage that

damage lungs tissue.

Smoking can cause oxidation of Metss; To methionine
sulfoxide and inactivate a—AT.




|. Raofe i Fmphyrsemes Lunp: Y d-E'ﬁI::iIE!FIIE-"!r' af |'J..|—.ﬁ|.T has a
role in certain cases, approx. 3 per cent, of emphysema of
lung. This occurs mainhy with 27 phenotype who synthesise P.

Biaschemicaf meckxa iy or

Normally oAl protects the lung tissues from INjurcus

effects by binding with the proteases, viz. aciive sfasfase.
A partcular methionine (358 residue ) is iInvolved in binding

with the protease.

Thus,
Active elastase + o, -AT
4
Inactive elastase: o« -AT complex
4
MNo proteclysis of lung % Mo tisswe damapge

* When mM-AT is deficient or abs emt the above complex
with active elastase does not take place and active elastase
brings about proteolysis of lung and tissue damage.

Active elastase + No or | o -AT
J

Active elastase  proteolysis of lung
[complex does not form)

Tissme dam ap

.S . B . E .



2. a;—antitrypsin

deficiency liver disease

due to mutant a, -
antitrypsin accumulates
and aggregates to form
polymers, by unknown
mechanism, cause liver
damage followed by
accumulation of collagen
resulting in fibrosis
(cirrhosis).




Alpha 2 globulin:

Hepatoglobin (Hp)

» It can bind with the free hemoglobin (extra-
corpuscular Hb) in a tight noncovalent complex Hp-Hb
during hemolysis.

» Hp-Hb cannot pass through glomeruli of kidney

while free Hb can, and Hp prevent the loss of free
Hb into urine.

Low levels of plasma concentration of Hp can diagnose
hemolytic anemia.




Ceruloplasmin({CER)

>It is a blue-coloured, copper-containing a;
fraction.

»It can carry 90% of plasma copper tightly

so that copper is not readily exchangeable.
It processes copper-dependent oxidase
activity.

»Wilson disease (Excess Copper),




» Not involved in Cu transport

» Main function is as ferroxidase(oxidises
iIron which can then be incorporated into
transferrin)

» Increased In inflammation,
oregnancy,Oral Contraceptive use

» Decreased in Wilsons disease




B Globulins

B Globulins of clinical importance are -
a Transferrin

a C-reactive protein

aHaemopexin

aComplement Clq

2B Lipoprotein(LDL)




Beta globulin

_ clifie
Transferrin (Tf) S

»It is a glycoprotein, part of p fraction.

»It can transport iron in plasma as ferric ions (Fe®*)
and protect the body against the toxic effects of
free iron.




e
Clinical Significance of Transferrin

alncreased levels are seen in iron deficiency
anemia and in last months of pregnancy

1 Decreased levels are seen in-
aJProtein energy malnutrition
aCirrhosis of liver
aNephrotic syndrome
a1 Trauma
JAcute myocardial infarction
aMalignancies

Ing diseases




) C-reactive protein

» Normally less than 1 mg/100m|

» Sensitive indicator of inflammation, high
In leukemias and tumors,cancers.

» High CRP levels can also indicate that
there Is inflammation in the arteries of
the heart, meaning a high risk of heart

attack.



IV)Haemopexin:
» Mol.wt.:57000 — 80,000

» Synthesized in the parenchymal cells of liver.

Function: Is to bind & remove circulating heme
which'is formed in the body from breakdown of
Hb., myoglobin or catalases.

It binds heme & other porphyrin in 1:1 ratio.

This complex is removed by parenchymal cells
of liver.




v) Complement C1q;:

» It Is a thermo labile, destroyed by heat.
» Normal value: 0.15gm/I

» Mol. Wt.:400,000

» It can bind heparin & bivalent ions such as
Cat++.

» It participate in Immune reactions,

» Is the 15t complement factor that binds after
the formation of Immune complexes.



3.Fibrinogen( clotting factor )

» A glycoprotein constitute 4 to 6 percent
of plasma protein

» |t takes part in coagulation of blood &
IS the precursor of fibrin .

» synthesized in liver.

» Being large & asymmetrical with an
axial ratio 20:1, i1s important for
viscosity of blood.



Other proteins of clinical importance:

Bence-Jones’ proteins are |."li.~.]|.]tﬂ ed, but when

. Bence-Jones' Protein heated further it dissolves again. Reverse occurs on
Li . cooling.
An abnormal |."TU.1.'|['I occurs In blood and urine of * Best detected by zone electrophoresis and immuno-
people suffering from a disease called multiple electrophoresis of concentrated urine.
mmhwrrrr (2 plasma cell tumour). Defined as Note

lonal lieht chains oresent in the urine of Normally only very small quantities of " and A
monaciona’ gl cldths presetit it e e o Immun mlnbulm] chains are excreted in urine. They

patients with FJIJ?[’«*[L‘iI‘.ﬂt‘H‘.]C states. Either pass through glomerular filter but are reabsorbed
monaclonal ‘%" or ‘A’ hight chains are excreted 1n by kidney tubules and broken down in the lining

T 3 EEN o mor - cells and thus not found in urine.
alE] f]u]t'l. amounts 1 about 2l per cent cases Uf

mulfiple myeloma. It has a molecular weight 43001,

m1h1~~u tmonfafion malfictont of18€ 80 ) These are proteins which are coagulated when plasma

dnd has sedimentanon Coetncient OMETImes or serum is cooled to very low temperature | (2 to 4°C).

chains excreted may bea ‘dimer’ of L-chains. Most commonly they are monoclonal IgG or IgMor a

lentification—Heat Test mixture of two. Traces are present even in normal

tentification—reat les individuals. Their molecular weights vary from

* The protein is identified easily in urine by a 163,000 to 6,00,000. | |

simple Heat Test. On heafing the urne 000 00°C,  Increase: They are increased in rheumatoid arthritis,

lymphocytic leukaemia, mi ultiple myeloma, lymphosar-
comas and s systemic lupus erythem atosus (SLE).

t_'l

Cryoglobulins




Acute phase proteins

The levels of certain proteins may increase in

blood in response inflammatory and
neoplastic conditions, these are called Acute

phase proteins.

Examples-
1C- reactive proteins

2Ceruloplasmin
JAlpha =1 antitrypsin




Functions of plasma proteins

aNutritive

JFluid exchange
JBuffering
1Binding and transport
aEnzymes
JHormones

1Blood coagulation
aViscosity
1Defense

JReserve proteins
JTumor markers




Clinical Significance of Plasma proteins

Hyperproteinemia- Levels higher than 8.0gm/dl|
Causes-

1 Hemoconcentration- due to dehydration,
albumin and globulin both are increased
Albumin to Globulin ratio remains same.

aCauses- Excessive vomiting
aDiarrhea

aDiabetes Insipidus

JPyloric stenosis or obstruction




Hypoproteinemia

Decease in total protein concentration

JHemodilution- Both Albumin and globulins are

_decre.ase.d, A:G ratio remains same, as in water
Intoxication

1 Hypoalbuminemia- low level of Albumin in
plasma

Causes-

aNephrotic syndrome
JProtein losing enteropathy
aSevere liver diseases

_JMaI hutrition or malabsorption
jve skin burns




Proteinuria:

T ywpoes of prrofcirrperias: Classified under bwo major heads:
A, Funchional proteinurias
B. Organic profeimurias

A. Functional Proteimurias: Those condibrons thhat are mvot
related o a diseasesd organ. The amount of protein
excreted 1= usually small, majority of cases show
= than 0.2 per cent and the condition s usuallwy
termporary.

CaTad s =

- Yiolent exverciser Soldrers after lone mmarches, atheletes
after stremnuons coontbtests camnm have suach tl;.']'l"lj__' Orary
proteinurias. Here, there may be shight kidney damage
to account for it, but the condition almost alsw rays clear

L.

- Coldd batfreine: Leadine to conmsstriction of renal Blosaod
vessels and producing temporary anoxia.

- Afdrmentfary profefmuria: Ococcasionally proteimnuria

may ooour affer excessive protein ingestiomn.

- Proegrancy: Proteinuria is freguently, associated with
pregnancy, probably as a result of pressure imterfering
writh the return of blood in renal veins.

- Cr¥rihhostafrclfor posfural profefsrrria: This ocours
chaefly im chaldren or in adolescents, usually I age
sroup of 14 to 18 years. In these :.'-.'-l.:u"s._-. individuals.,
the urine contains protein when they are 1 upright
position ondy. YWihen they are Ivinmg down it is free from
[:'-rn‘.'-u_-ln_—u_



B. Organic Proteinurias: There are many pathologic

conditions that cause organic pro teinuria, which may
be classified in three major groups.

(a) Pre-renal,

(b) Renal, and

(c) Post-renal.

(a) Pre-renal

Conditions causing proteinuria of this group are those
that are primarily not related to kidney. In most cases,
they affect the kidneys in such a way as to render it
more permeable to the protein maolecule.

Causes

Cardiac diseases: By affecting the circulation of
kidneys leads to prﬂtemuna

Any abdominal tumors, or mass of fluid in the
abdomen does the same by exerting pressure on the
renal veins.

Fevers, covulsions, anaemias and other blood diseases,

liver diseases and many other pathologic states can
affect in similar manners as stated above.

Cancers: An increased amount of urinary muco-
[Jn:utr-:ms generally accompanies elevated serum muco-
protein levels. Such has been observed in patients with
cancers, with highest values when carcinomatous
invasion is widespread.

Collagen diseases and inflammatory conditions also
have high mucoprotein levels. -

(k) Renal

Proteinurias are found in various types of kidney
diseases and are called as Renal proteinurias.

Causes

* Acute glomerulonephritis: Always associated with
proteinuria.

o Chronic glomerulonephritis: Proteinuria is seen in
early stages, but may disappear later as the kidney
becomes more and more impaired.

o Innephrosclerosis, TB of kidney and in carcinoma of
kidney: Proteinuria is frequently found but it is not
always.

* Innephrotic syndrome (Type II): Large quantities of
albumin is lost in the urine and there may be gross
hypoalbuminaemia in blood.

* Polypeptides, the so-called, proteoses and peptones,
sometimes are excreted in urine. This may happen in
pneumonias, diphtheria, carcinoma and other
conditions and is due to some protein containing
materials, e.g. an exudate or a tissue mass/ pus
undergoing autolysis.

k) Post-renal
These are sometimes called as false proteinurias,
whereas the above two are frue, because in these

conditions (postrenal) proteins do not pass through
the kidneys.

Causes

* May be due to inflammatory, degenerative or trau-
matic lesionsof the pelvisof the kidney, ureter, blad der,
prostate or urethra.

* Bleeding in genitourinary tract also will account for
proteinuria.
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