QO Haematocrit OR Packed cell

&

The haematoerit blood test determines ?

the percentage of blood cells in a
given sample.

& RRBRCS the majoritg Aok
in males =47% ,

females it = 42%.

Am@ change (Lnerease or
decrease) = oisense

100

Hematocrit

Ab - . #: - Il'..';:j\ .. '
l il y k¥
s

Log,, Concentration in pg/mL

ls made of 2 components: ( everything )

the main way of communication between
organs and the outside environment.

1. Plasma ( liquid that cells are suspended
( not soluble

2. Cellular component ( RECs
(erythrocytes), WeCs (leukocytes) and
Platelets )

the mixture of WBCs and platelets "Buffy Coat’

Blood: what is inside plasma

~ .}
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> Composition: = water (92%) = Solids (£%)

> More thawn 500 plasma proteins have beewn
Ldentified

> Normal range 6-8 g/dl (the major of the
solios)

> Simple § conjugated proteins (glycoproteins
§ Lipoproteins)

Organic:
» Plasma proteins: Albumin, Globulins & Fibrinogen
» Non-protein nitrogenous compounds: urea, free amino acids, uric acid,
creatinine, creatine & NH;
» Lipids: Cholesterol, TG, phospholipids, free fatty acids
» Carbohydrates: Glucose, fructose, pentose
» Other substances as: Ketone bodies, bile pigments, vitamins, enzymes &
hormones
» Inorganic: Na*,K*,Ca?*,Mg?*,CI,HCO3 ,HPO4 *, S04 *

O Proteins differ in MW and their shape

- s .
10 rrm MNa* CI” Glucose

0 SR w3
AJarmin Ha
69,000 a4 500

O
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®

(2 technigues):

i saLt’ng out :
® (ammonium sulfate) %

Plasma v
the precipitation of proteins
depending on their solubility
# The Lower the solubility of a
protein, the earlier it will
precipitate ( salts > proteins)

@ ﬁbriwog&m albumin, and
globulins

. Gel electrophoresis:
W (most common) 3
Plasma X

Serum Q/

( serum; Plasma without clotting
factors (maiwl,g flbrinogen) )
(defebinated plasma)
Mechantsms :

The serum added to the wells and
the plasma proteins ( negative
charge , MW ) will result in 5
bands including : albumin,
alphai, alphaz,beta gamma

NORMAL VALUES:

_ Albumin .

F
&

L, i

ZIDLJFT'IH‘I 0, (1, V] Y

Name Absolute values (g/1) Relative values (%)
Albumins 35-55 50 = 60
al-globulins 2-4 42-7.2
a2-globulins 5-9 6.8—12

f-globulins 6-11 93-1

y-globulins =17 13-23

> Albumin Ls smaller than
@LG@%L@A} ﬁ%f%fi Siﬁglﬂiig migﬁtivﬂ@
charoed ( one band only )

Albumin makes (50% to @0%) of the 6- grams
plasma proteins which means it is approximatet5
(2.5-5.5g/dl).

> globulins (3 banods):

> 0 band:

v ot reglon consists mostly of ad-
antitrypsin

v a2 reglon Ls mostly haptoglobin,
a2-macroglobulin, § ceruloplasmin.

> B bawnd: transferrin, LDL,
complement s ystem proteilws

>y band: the tmmuno-globuline

(5 types = g ( MAGDE ), B cell

salting out the precipitation of ﬁbrmc;;gew, Placma v
AVAMONLUM, protelns depenaing mb“"’“‘*}""ﬁ and
sulfate ow thetr solubtlity globuline
el 1;:18 SEEAM ajdlid to a;b;mig, alpha, | ol pevwn x
: the wells ana tihe alpha,oeta

electrophoresis L vy P Serum v
MOSE COMUIMOM plasma proteins O A

negative charge , MW

)
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# alpha band separated easund, anol
Lf we give more time, beta band will

separated too. [ ]

K Concentrations ;

O DISEASE

albumin >

X Densttometer measures the
thickwness of the band and convert it

to a4 curve. 5)

gamma >

alphas and the beta :)

Longstanding
inflammation

olobulins concentration
Lnereases

ELECTROPHORESIS ASPECTS INSEVERAL TYPES OF DYSPROTEINEMIA

rRenal fatlure (filtration
failure or nephrotic
synarome)

SOMAE proteiws were Lost
from the blood (in urine

)

% not selective to any
specific type of protein.

Liver failure (alcoholic
Liver, cirrhosis, flbroses
hepatitis)

all proteins except
gamma globulins thetr
percentages will come
dowwn.

plasma cells with
cancer (mature B
Ly mphocgt&s)

gamma globuling will
rise

Qone type of gamma
rise

Q@ stypes of gamma

YLSe

Most of the plasma proteins are made
nactive (preproproteins) and they are
modified Later, this is done for 2 veasons:

1,no need for the protein to function
uwnless tts needed (it will be activated
Later as in flbrinogen).

2.,Uf the site of sywnthesis differs from the

site of function.

v/ 30 mins up to several hours

Normal Serum Protein
%) Electrophoresis ©

cnaZB Y

Chromec Lives Faduse

albal a2 B

Plasma Cell Myaloma
& e

.

albal az P Y

Longstanding Inflammation
+ o

Nephrotic Syndrome
S 2 =

alb al a2 B

Polyclonal Gammopathy
+ S

alb al a2 P Y

** ALL plasma proteins are glycosylated

except for albumin (carbohydrates are
Lmportant to Limprove soLubELitg, communleation
andl attachment). becomes denser (Viscosity
tnereases) and harder to move.

|

LA
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> Mostly Liver (albumin, globulins), y-
globulins (plasma cells; Lg mph nodes,
bone marrow, spleen)

> Most plasma proteiws are sy nthestzeo
as preproteins (signal peptide)

> various posttranslational
modifications (proteol Y sis,g lycosy Latiown,
phosphory latiown, ete.)

> Most plasma proteins are
ngaopmteiws (N- or O- Linked).
Albumin s the wmajor exception because
the concentration of albumin is the
highest, and attachwent of the
caroohydrates increase the solubility and
that Lead to increases viscosity.

Q Plasma pm’cem anol pol marphis

‘ﬁi’ mutatlon ic o permanent alteration L at

least one nucleotide tn the DNA, it might result
in a change of one or wmore amino aclos

* Not all mutations result Lin diseases.

X POLYMORPHISM : Whewn a mutation
atfects 1% or wmore of the population

** any mutation may result tn a different
sequence of amino aclds, thus different shapes
of & protein.

SINGLE-NUCLEOTIDE POLYMORPHISM
(SNPs): change happens tn one nucleotioe

# Almost all plasma proteins have
polymorphisims (not all people have the same
sequence of amino aclds for plasma proteins)

> A wmendellan or monogentie tralt

> Exists tn population in at least two
‘Phewotgjpes, nelther Ls rare

> The ABO blood groups are the best-known
examples

> aL-antitrypsin, haptoglobin, transferrin,
ceruloplasmin, and tmmunoglobulins

> Electrophoresis or Lsoelectric focusing

O Plasma protein half-lives

* Plasma proteins vary in half-lives (albumin
20 days, haptoglobin only 5 days)

Proteins’ half-lives are determined through a
procedure Rnown as iSDtO‘PiG La bBLLVLQ)

» Half-lives of plasma proteins are affected by
diseases, mostly Gl diseases because Gl has a
high blood supply

> Determined through isotope Labeling
studles (11.21)

> Albumin § haptoglobin (20 § 50[&155)

> Diseases can affect hal{-lives (ex.
Crohwn's disease), albumin Mmay be
reduceo (1 m@)

> Protein-losing gastroenteropathy
(gastro: stomach, entero: intestines,
pathy: disease)

“ Protein-losing gastro enteropathy *
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Functions of plasma proteins:

Functions of plasma proteins:

Specific functions (vary from one protein to another)

1)Enzymes (e.g. rennin, coagulation factors, lipases)

2)Humoral immunity (immunoglobulins)

3)Blood coagulation factors

4)Hormonal (Erythropoietin)

5)Transport proteins (Transferrin, Thyroxin binding globulin, Apolipoprotein)

General functions (for all plasma proteins due to their common amino acid
structures)

1) A nutritive role: when there is no food these proteins are broken down to
provide energy.

2) Maintenance of blood pH (amphoteric property): all act as a buffer (H+ donor
and acceptor) regardless to its nature because the existence of free carboxylic and
amide groups at the terminus.

3) Contribution to blood viscosity: anything dissolve in water increases the
viscosity.

4) Maintenance of blood osmotic pressure (oncotic pressure): it is the force applied
by proteins themselves within blood on the plasma (water) to keep water inside the
vessels (attract water), so it won't let water leak outside the vessels into the
interstitial fluid.

xSt rfLilwg forces: two opposite fomes

controlling the exchange of nutrients
J Arterioles, venules ve. tesue vetweew capillaries and tissues.
hydrostatic pressure (37 § 17 vs. 1 1) Owncotic pressure (directs water to the
mmtHo) vessels).
v Plasma protelns oncotic pressure is 25 2) Hydrostatic blood pressure: pressure
mm Ho applied by the fluid in the wall of

’_ vascular system. (to the interstitial

v Edema cawn be a result of protein Auid).
deficiency

O NORMALLY proteins control the process ana
don't allow water to get outsioe the vessel
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|Arteriole | Venule
Blood pressure | 40 10
(mm Hg) | |
Osmotic pressure | 25 25
(fixed) | F A_
Resultant 15 outside | 15 inside
with with
nutrients | wastes

* n abnormal conditions (heart
failure or kziolwe@ problems) it is
not balawnced

Acute-phase pmte’f,ws

> Levels tnerease (0.5-1000 folds),

acute inflammation, tissue
damage, chronic inflammation §

cancer. C-reactive protein (CRP), a1
-antitrypsin, haptoglobin, §

flbrinogen

> nterleukin-1 (IL-1), main

stimulator (gene transcription)

> Nuclear factor kappa-B (NFRB):
Exist in an tnactive form tn cytosol,

activated and translocated to

nueleus (Lnterleukrin-1)

> Negative acute phase protelns:

prealbumin, albumin, transferrin

Arteriole Venule
Blood pressure (mm Hg) | 40 10
Osmotic pressure(fixed) | 20 20
Resultant 20 outside with | 10 inside
nutrients with wastes

A Lot of plasma proteins are called

ACUTE-PHASE PROTEINS,

because under cases of acute

inflammation, tissue damage,

cancer or chronic inflammation,

SOVLE prote‘ilm,s’ cONCENEYatLons

LWCYEase dmmat‘icaug (sometimes
1000-fold of their regular

concentration)
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THE MECHANISM:

1. nflammatory processes

2. Activate nterleukin-1 (1L-1)
targets Liver cells

2. translocation to a
transcription factor™ called
Nuclear factor kappa B
(NFRB) from the cytosol
(inactive form) to the nucleus
(active form).

4. In the nueleus (NFR®B) binods
to the DNA

5. start transceription (MRNA)

6. thew translation to produce
proteins (Lnereasing their
concentration)

For example %
C-reactive protein (CRP)
0L -antitrypsin
haptoglobin

flbrinogen

Negative acute-phase proteins

SoOME prote‘ivus decrease Ln

concentration (or do not get aftected

at all) in cases of acute
inflammations, chronic

inflammations or cancer

*Prealbumin, albumin,
transfervin®
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Notes :
Fuwnction; * The major protein in blood plasma
X The main contributor to the osmotic pressure (F5-20%) # MW= 69 RDa

** wajor transporter for almost everything in

blood b@ binding to ABD (albumin binding domain # Owne polypeptide chain,

Albuming;

Sy nthests

# Preproproteins

» Sywnthesized from liver 12g/day (25% of total Liver protein

products Ls albumin)

CUINICAL DISORDERS

# hal{-lite = 20 days.

# 585 amino aclds, 17 disulfide bownds.

# Anlonic at pH 7.4 with 20 negative
charges

# Ellipsoidal shape

% The normeal albumin concentration s
2.5-5.5 g/dl

w Albumin s used in Liver function test (Lncrease or decrease tn albumin means that
there is a problem tn Liver)

Awnalbuminemin HgPoaLbummem‘L: H@peraLbummem‘La
what? (no albumin) Decease lnerease
Notes very rare conolition less than 2 g/dl
CauUSe mutation that affects splicing * Malnutrition (generalised | caused by dehydration, and
# Autosomal recessive inheritance edlenn) some Liver cancer cases.

. Mephrotic sgw&irome
* Clyrhosls (maimg ascltes)
« qastrointestinal Lloss

S ;_,j ngta; NAS

moderate Edema

(other proteins Lncrease , not
specific)

Life threating

EDPEMA

generalized (bn the whole
bodg) or Localized (mostly
Ln the

abdomen (ASCITES)

Treatment

This is treated bg having a | drink water (h 5dmt’£ow).
rough diet or by
pamc&wt&sLs

w drug-drug interaction

Bilirubin toxicity

% bilirubin: broken heme **
Babies: high bilirubin (#-10) Dlﬂlds \Jﬂuwdicrﬂ
# Suwn light as a treat #
BRR : lmumature
ASPIRIN + new baby = high accumulate bilirubin in | (High affinity to albuwmin)
brain “kernicterus “ -—-=> mental retardation

Phﬂwgtoiw—diaouma rol Lnteraction

# Phﬁmgtam ls an anti-epileptic drug .
# Dicoumarol Ls an anti-coagulant.

( BLnd to the same s]mt)
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Prealbumin or Transth 5r€tm (transport, th Y rotd gland t3, t4)

Function: carrying T3 ana T4

Notes and compare
% cmall ngooproteiw (rich tn tr@ptopl/la n, 0.5% carooh 5dmtes)
EMwW=62 RDa
% (taster than albumin) in gel electrophoresis
** short haltf-life (only 2 days)
** Blood Level is a Lot Lower thaw albumin (0.25 g/L).

** more sensttive indicator for Liver function

Globulins
a1-globulins a2- globulins B- globulins | y-globulins

s1-antitrypsin | «Ceruloplasmin | «CRP «GG
«a1-fetoprotein |«Haptoglobin « Transferrin «|IGA
«Q1- acid «02-macroglobulin | «Hemopexin «IGM

glycoprotein B2- «IGD
«Retinol binding microglobulin | |IGE

protein
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o1 - fetoprotein
(Alpha 1 band)

Sywthesis; fatal yolk sac =2 Liver parenchymal cells.

% not produced in adults (\/er5 Low Level)

# Level of az-fetoprotein increases in: - -

- Fetus and pregnant women Normally

- Hepatoma § acute hepatitis (cancer in Liver)
# Functions of a1-fetoprotein:

* Protecting fetus from bumunotypic attacks
* Modulating the growth of fetus

* Transporting compounds e.g., sterotos

* Low level in pregnancy): increased risk of Down's syndrome.

a1 - awtitrgpsiw B - awtiprotease

(52 kpa) , 90% of a1

# function : neutralize (work against) tr@psiw § trgpsiw like ENZYMES (elastase).

antagonlist (neutralizer) for tr@psm { serine protease (h 5olmmse) }

1- Elastase ( X €lastin )=> skin, blood vessels and lungs

Elastase is produced by macrophages (WBC) during inflammation to break down the
elastin of microorganism, but it wWill also affect the elastin in the alveoli walls (lungs)

*H Antitrypsin oreaks down elastase then the lung tissue Ls regenerated. So,
ANELLrYPSLn Prevents excessive damage of tissues .

# A person WELL face a problem when ;

1. A deficiency of Alpha-1 antitrypsin
2. Mutated alpha-1 antitrypsin

* emphysema is characterized by having a barrel chest and difficulty in breathing
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Active elastase + =AT - Inactive elastase: ay=AT complex - No proteolysis of lung -» No tissue damage

Active elastase + ., or no ay=AT - Active elastase - Proteolysis of lung -» Tissue damage

2- Genetics ana alphat- antitrypsin
** plasma protein has at least 75 polywmorphic forms.
alleles are: PiM PLS PLZ ,PIF , phenotype MM is the most efficient and common one

If one M allele is present, antitrypsin will be effective. So, having 2 copies other than
M Will cause a problem.

# ZZ phenotype can lead to emphyisema

O Smoking cawn oxidize the 358th amino acitd methionine to methionine
sulfoxide tn antitrypsin. This residue is on the surface and supposed to bind

to the elastase, so smoking will decrease the ability to bind drastically

H H O H H q
~N—-C—C—... w—N-C—C—..

CH CH

' H,0,-oxidation .

CH, - - CH,

S S0

CH, CH,
methionine methionine-sulfoxide P 3 :

O Liver : The ZZ phenotype antitrypsin has an extra Loop and beta sheet. The beta
sheet of an antitrypsin protein has high atfinity towards the Loop of

another, so they will polymerize and form alpha-1 antitrypsin aggregates in

the liver which can't leave and results in the kRilling of Liver cells, and then

Leads to flbrosis thew to clrrhosis of the Liver.

“10% ot people with ZZ antitrypsin have cirrhosis *
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C/EV'/(.LO‘PLQSVVLLV\/ ( A2 - 'O{JIVLD[ ) * & atoms of copper

OO‘P‘PEY
# A COpper containing glycoproteine (MW=160 RDa)
* COPPpEr LS very Empartﬁmt; MANY ENZYMES USE it, such as:

1. oxidative phosphorylation enzymes (complex (V) for ATP production
2. fervoxidase which oxidizes fervous to ferric (transfervin) amine oxidase,
3. copper dependent superoxidase dismutase, cytochrome oxidase, tyrosinase.

# FUNCTION:

1. Regulates copper level tn blood (A protein called wetallothionein regulates the tissue level of Cu)
as it contains 90% of serum Cu (it stores Cu)
2. The other 10% is bound to Albumin for transport (albumin has a lower affinity for Cu)

# Pathological conditions:
Decreased Levels L Liver disease (Lt Ls prooluced Lt the Liver) (Ex. Wilson's,
autosomal recessive genetic disease)

Ceruloplasmin concentration is decreased, Lless affinity for binding to

the copper, this results tn increment of Cu b plasma thus it enters

tissues, the PErSON'S skein and ey es will become bronz Y

Haptoglobin (HP) a-2 band

In cases of hewolytic anemia

acute phase reactant protein
(damaged RBC— wore hemoglobin in

+ (Mw=90kDa), a tetramer (2, 23) plasma) the

¢ 2 ‘PMEWOtH‘Pﬁs (‘POLH WLQY'PI’IS)Z : # Level 0‘{: HP decreases as it binos to the
2 beta subunits are fixed hemoglobin and gets broken tn the Liver.

Hp 1-1— o1, o1 + 23

Hp 2-1— a1, 02 + 2
Hp 2-2 — a2, a2 + 203

Sowme hemoglobin molecules Leave RBCS to plasma, the function of HP is to bind to free hemoglobin
(65 kDa) to prevent them from getting filtrated in thelr Ridneys and leaving with urine, because
evew though our body can produce heme and globin, it can't produce iron (trace metal) .Half-life of
free HP is 5 days, whew it is bound to hemoglobin the half-lite of the complex becomes 90 mins
(MW=150 kpa), so the complex is transported and broken in the Liver qmial@Lg, and Lrown Ls extracteo
from the complex
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C Reactive Protein (CRP)

- Sywthesis : first discovered, binds with the C fraction of the polysaccharide that is present in the
cell wall of a type of bacteria called pnewmococet.

- function : helps in the defense against bacteria and foreign object in the body.
- acute phase protein. It is undetectable in health Yy naividuals.

% 1ts Level reaches a peak after 48 hours of the incident. Which Ls used as a wmonitoring marker **

CRP Level

20 25
Postop Day
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