" 3 Biological Chemistry Department

e

Biological Chemistry

CONJUGATE
PROTEI

Speciality: Pharmacy for forei




Conjugated proteins classification.
Chromoproteins.
2.1. Hemoproteins, structure and functions.
3. Glycoproteins and proteoglycans, structure an
functions.
4. Lipoproteins, structure and functions.
5. Metaloproteins, structure and functi
6. Phosphoproteins, structure and f

f § . § Lecture Plan
xR R

1,

2.

Individual work
1. Glycoproteins as phar




1. Biological Chemistry: Textbook / A.L. Zagayko, L.M.
Voronina, 6.B. Kravchenko, K.V. Strel’ chenko. - Kharkiv:
NUPh; Original, 2011. - 33-47 p.

2. Training Journal for Licensed Exam “KROK-1": Study
Material in Biological Chemistry. - Kharkiv: NUPh, 2017. - 18-
26 p.

3. Laboratory Manual on Biochemistry. Kharkiv: NUPh, 2017.
29-31 p.

4. Hemoglobin and Myoglobin: The Medical Biochemistry Page.
Available on:
https://themedicalbiochemistrypage.org/hemoglobin-
myoglobin.php.

5. Lipoproteins: The Medical Biochemistry Page. Available on:
https://themedicalbiochemistrypage.org/lipoproteins.php.



On the basis of composition, proteins A4 Sos @
are classified as simple or conjugated. (L "« ey
Simple proteins contain only amino o\ \\\‘Qw,{f&k/
Scig (& -

Each conjugated protein consists of a ﬂ ¥
simple protein combined with nonprotein 4 ‘\-/
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S Tes The nonprotein component is called a

§g @4 prosthetic group. A protein without its

B is iea prosthetic group is called an apoprotein. A
st 22 protein molecule combined with its
$50L%  prosthetic group is reffered to as a
noloprotein. s g s e

0859S9j5LXngDZFuVry0gzo2et9oMyq71gk58TX3CB6b540keUg4Orw=s95
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CLASSIFICATION

-Glycoproteins and Proteoglycans (contain a carbohydrate
component)

-Lipoproteins (contain lipid molecules)

-Chromoproteins: (contain colored component
for example hemoproteins)

-Metaloproteins (contain metal ions)
-Phosphoproteins (contain phos

-Nucleoproteins (contain n
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Hemoprotelns Oxidizable

Unoxidizable — =
respiratory pigment  *—<

Fe2+
Hemoglobin

Enzymes and
coenzymes

H,C—CH, H,C—CH,

- |
M yog I 0] b IN COOH COOH

Porphyrin
HC=CH

CH=CIL,

Cytochrome ¢

H,C CH,

https://lh3.googleusercontent.com/TaEgfDZMYmn7NAcueXAeL3KM
a-ZvoOQfgJ8HAKACIgP7w7RzsfU2vcW9Y 6iH8p80s2UWWZk=s93
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COOH COOH

https://Ih3.googleusercontent.com/890Z1487cqdlyJImWkM60Cj8i
OABYdBUMHRI5aZXxTrTAxeGJ49xzHKVOHamoOl_2dRxX8 heme b




Hemoglobin (HbA) primary function is to transport oxygen
from lungs to every tissue in the body and
remove CO, from them. HbA is composed
of two achains and two B-chains.

The four chains of
hemoglobin, arranged in
two identical subunits -
a.B,and a, B, -are held
together by noncovalent
Interactions. The
association between the
chains is primarly
hydropobic in nature, but
hydrogen bonds and
several salt bridges are
also important.
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H,
" QOC—C(C—CH,

https://Ih3.googleusercontent.com/QByLZZ91bM_UloB-Pto-
fQ1DUT3cm3xVH26pZo_6X6Hxs_IZnkExIdPSQORX7KuMBNWS6jg=s85

https://Ih3.googleusercontent.com/EzIWbM5h7xBrdeK7dv5owxw-
RSz50efqyuNyffHkd3-oPcmEfVGP54piavf7GEIdKHNjQQ=s85

https://Ih3.googleusercontent.com/60AmM2rJ5IBT3kr-
dDK5MEZ_7dvAYzeK9rEbkyZfnySpMUr3d3_py38iX0I41lwQulyeO



Sickle-cell anemia

Of the mutations leading to qualitative alterations in hemoglobin,
the missense mutation in the B-globin gene that causes sickle cell
anemia is the most common. The mutation causing sickle cell
anemia is a single nucleotide substitution (Ato T) in the codon for
amino acid 6. The change is converts a glutamic acid codon (GAG)
to a valine codon (GTG). The form of hemoglobin is persons with

—f
2 pm
https://lh3.googleusercontent.com/KYWF_ZcPbsEnrLBC91XMwoyNfbBd7qUb3xFR6MoQrqOdV3gOsiisICsrT2EgVAFH5t8iw=s170
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Myoglobin

Myoglobin is a monomeric heme
protein found mainly in muscle
tissue where it serves as an
Intracellular storage site for
oxygen. During periods of oxygen
deprivation oxymyoglobin releases
Its bound oxygen which is then
used for metabolic purposes.

Hemoglobin (Hb)
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Chlorophyllproteins
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https://lh3.googleusercontent.com/mrbP5V9_CRj2Y- 2 red for ' ! |
Db3N5FZZM9pcPIGMOTgnylRBPsaSB04faJ14Ng603cICTQJIEL L:'.- ‘-:JJ

https://lh3.googleusercontent.com/7TXw8TLnNOIUrCwr2GRxUMbji8sEpNBD7eAl6cCALSuOh8uWb_glsvcIlISDm_zbSpAkR=s148




Glycoproteins

The carbohydrate chains covalently attached to glycoproteins are
generally oligosaccharides of much lower molecular weight than the
proteoglycans. The carbohydrate portion commonly constitutes from 1%
to about 70% of a glycoprotein by weight, and never 99% as in the

proteoglycans.
Carbohydrate Fibers of extracellular matrix (ECM)

i Glycoprotein \
Glycoprotelns are a

diverse group of
molecules that are
ubiquitous

constituents of most

living organisms.

Cholesterol

Lipid bilayer
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- Complex recognition phenomena such as cell-molecule, cell-
virus, and cell-cell interactions.

-Transport proteins (transferrin, ceruloplasmin)

- Number of hormones (follicle-stimulating hormone)
-Many enzymes (ribonuclease)

-Different properties: protection from denaturation, resi
to proteolysis, high viscosity, antifreeze properties.

https://Ih3.googleusercontent.co



Proteoglycans

This molecules are found predominantly in the extracellular matrix of
tissues.

All proteoglicans contain glycosaminoglycans (GAGS).

— \
; Collagen

The specific GAGs of physiological Lo
significance are:
hyaluronic acid,
dermatan sulfate,
chondroitin sulfate, s
heparin, heparan sulfate,
and keratan sulfate. SN

https://1h3.googleusercontent.com/Nma6206SgZp4th-
vKLrnjycJ7k95MyIrbEU8VHe2JiStR2Ze8uJDSswKCt_Y -isk WLpBVw=s85
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Glycosaminoglycans cHoH
are formed from e oo coo- (13,080
repeating disaccharide ) jﬁ,,  Fond H Ao\ b ,I,"o »
5 . 4—Q / - 4 % !
arrays. This units contain HQ:-_-} = 3 S @L“‘"
a h ! ] . = H  0SOy H  NHSO,
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acetylhexosamine sulfate Chendroitin-4-sulfate Hepurin
(or N-acetilglucosamine). CHLOS0," GHLOH
Many disaccharide units HO A1 3 2o g0, 3,
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. H 2 3 ./ H NHOCH, " ¥ NHCCH.
and sulfate functional G w¥ ° 5 \'K"ofn i ) w;m'
groups. H OH g
MNAcetyl- H O NAceny
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All the GAGs therefore H,0H CH,050,™
have large numbers of o B 05>’0
: | H M
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hg p . arges at _U‘ e L o/ H mu!”].m, HO 4O\ P 4H o NHOGH,
physiological pH. e 1)) o Ke W/ o
{_ N §]
https://Ih3.googleusercontent.com/NuxAOItKucRF86WcDP l 'v i 'MM“Y] o & e NAcent
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Along with the high viscosity of GAGs comes low compressibility, which
makes these molecules ideal for a lubricating fluid in the joints. At the
same time, their rigidity provides structural integrity to cells and provide
passageways between cells, allowing for cell migration.

proteoglycan aggregate

Hyaluronates
components
humor in t
fluid, th
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Heparin, natural Initial Condition o

antlcoagulant substance. It Large amourts o cleing sgens

. Blooa ins 10 leak th o

binds strongly to S et 1 20 et

antithrombin [II and inhibits

blood clotting. Effective Clotting
Clotting agonts colect o the

Thrombus Formation

Whan 100 many clotting agonts
accumulate, a rombus forms,
paruady blocking Blood flow,

Low Dose Heparin

Low domes of heparin Clasr the
vombus yel eve enough of the
clotting agents for e effective
closure of the vesse! wall defect

High Dose Heparin

High dosos of heparin completely
oliminate clotting agents. This
nadx to uncontroling

through the vassel wall defect.

https://lh3.googleusercontent.com/KXBwi4P5803191zShBJZrYOEQjSWs;j
Ix_3MbqZDddxE70IXkY=s85

https://lh3.googleusercontent.com/77LjFmrTMXi_bS4sx0Y.
Vg8FY8X2JJVnaF63wE=5s96




LIPOPROTEINS group of molecular complexes found in

the blood plasma of mammals.

Plasma lipoproteins transport lipid molecules (triacylglicerols,
phospholipids, and cholesterol) through the bloodstream from one
organ to another.

Apoprotein
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https://Ih3.googleusercontent.com/a0cFLyJ89vQe81Z4Vno_6Eu7hRJ_JbZTZChrYdgXGwClaWIgRb-
mKrKEAJ-C2g045M6MaVI1=s134
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https://In3.googleusercontent.com/wVN2xZIlleJFAg7jdPuRG1mvZKe8IKpfpbGzj061j71qvmotQfP4 v
wC31N886whk56DYqYqw=s105



Classification of Lipoproteins

"Bad" "Good"
(Non-HDL)

e
> % N -.i-f

w 3 ol * *ﬂ. ?
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Chylomicron VLDL IDL LDL HODL

and '.r'gr:.r Lit:l-w IntErnm;:IIate D:wm DHIgI;u
Chylomicron ensity ensity s ensity

rht;-mnant Lipoprotein  Lipoprotein Lipoprotein Lipoprotein
1000 rm 70 nm 40 nm 26 nm 16 nm
& IR MEdmovie.com™




Lipoproteins differ in the ratio of protein to lipids, & in

the particular apoproteins & lipids that they contain.

They are classified based on their density:
Chylomicron (largest; lowest in density due to high
lipid/protein ratio; highest % weight triacylglycerols)
VLDL (very low density lipoprotein; 2nd highest in
triacylglycerols as % of weight)

IDL (intermediate density
lipoprotein)

LDL (low density
lipoprotein, highest in
cholesteryl esters as % of
weight)

HDL (high density 0 O =
Ilpop_rotem; hlgh_est N ViDL IDL LDL HDL
density due to high

protein/lipid ratio) et

. Chylomicron
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https://Ih3.googleusercontent.com/J_EDHMc3hs



dietary fat
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Formation of chylomicrons
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transport to bloodstream
via lymphatic vessels.
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Lipoproteins and atherosclerosis

Cholesterol
is @ waxy fat (lipid)
carried through blood
by lipoproteins. The

two main types of
lipoproteins are high
density lipoproteins
(HDLs) and low density
lipoproteins (LDLs).

on not permitted

away from artery walls. LDLs stick to artery walls
and can lead to plaque build-up (atherosclerosis).

LDL n VLDL — atherogenic

HDL- antiatherogenic

Normal caronary arteny




Phosphoproteins

1) Nutritious (casein)
2) Structural (histones)

3) Enzymes (regulation of
the enzyme activity)

CH,OH OH OH

| |

CHNH HO—P—(0 —>» HC—O0—P—/0
2 _I_ -H O 2

| 2 | |

COOH OH CHNH2 OH
Serine

COOH
Phosphos

https://In3.googleusercontent.com/VAfE9tir2GdggoO69H_jz5-cplOONY mekFBYtNr2v4AXALHjM_DuK7ZIn37n0CygMKTrE
https://Ih3.googleusercontent.com/5CzrA6_eZKZzTg-YqoAli7Bmb16ujCAqjWg_EqY_gFXXZttR0OJAefTkbhLMyFogG

https://Ih3.googleusercontent.com/wxnhcudgHojtccSvSZjWxKo_fczBXEqfT2vOASsmp3k8LUnzmb4F9zPQUL!



2) Storage (ferritin)

Ferritin protein consisting
of 24 subunits

=
Single ferritin subunit S ’;“éﬁ"‘» y
' . PV g

.

e Y
s

3) Enzymes (alcohol
dehydrogenase)

3,

!

4) Neutralizing

https://Ih3.googleusercontent.com/M4QuYOqY VREskXmVTDVhOlyMDwtmAUG6L Y 2zeuAXhrp
T2FWX361chJQeXXWZJ1JeCTJ_CZvg=s128

Iran
Mineral
Core

https://1h3.googleusercontent.com/e4imtvwKcsCNOugMkSwe_ZBLjgRG_RkoH135z3rfIWH
EuYIMI4KVP_CIfxtCzUq3q2k-4g=s106

https://Ih3.googleusercontent.com/na4r7B_-
GD5j1_9wpYRII07i9vDLKkBoghxFalrINqdZVwxLKAgMIFTrPbEq061ng7BFOsU=s115

https://Ih3.googleusercontent.com/Of7ZBXbcZnlS6SsWQio3311opn7iEcvaKy4I ThKVVu5XuDyJ3
XMQqoVyxOKoY0cvPUFZd=s113
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Conclusions

1. Based upon the chemical composition proteins are divided into
two major classes: simple proteins, which are composed of amino
acids and additional organic and inorganic groupings.

2. Conjugated proteins include glycoproteins, which contai
carbohydrates, lipoproteins, which contain lipids, chro
which contains pigments, etc.

3. In living organisms conjugated proteins serve
functions.
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Do you have any questions?

Thank you for your' attention!
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