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Primary Protein Structure

Primary structure of a proteins is the sequence
of amino acids connected by peptide bonds.
Along the backbone of the proteins is a chain of
alternating peptide bonds and a-carbons and
the amino acid side chains are connected to

th ese Planar units along a protein chain
H R H



Secondary Protein Structure

 Secondary structure of a protein is the
arrangement of polypeptide backbone of
the protein in space. The secondary
structure includes two kinds of repeating
pattern known as the «a-helix and f-sheet.

o Hydrogen bonding between backbone
atoms are responsible for both of these
secondary structures.



FULLY EXTENDED POLYPEPTIDE CHAIN

Left
handed
alpha-helix.

psi Right handed
alpha-helix.

180l ™

-180 - phi 0 + phi 180
http:ﬂwww.crvs?.hhk.ac.ukaPSchuursefspectiunSIrama.html



J— Ja-Helix: A single
3{ -q protein chain coiled

in a spiral with a
right-handed
(clockwise) twist.

. a-Carbon

. Carbonyl carbon
& Hydrogen

. Nitrogen

@ Oxygen

@ sidechain




_Ip-Sheet: The polypeptide chain is held in place
by hydrogen bonds between pairs of peptide units
along neighboring backbone segments.

| R group
1




Hydrophobic interactions— CH,C—N—He » «O—CH
Pleated sheet structure water-free pocket 2| | | | :
O H H
Salt bridge Hydrogen bond

between side chains

Hydrogen bond

between
peptide groups
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/
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Shape-Determining Interactions
In Proteins

*The essential structure-function relationship
for each protein depends on the polypeptide
chain being held in its necessary shape by
the interactions of atoms in the side chains.
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Antibody

antigen-binding sites
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Antibody Binding Sites

antigen within antigen antigen-binding site

antigen-binding site E :
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antigen % :,.:_
(bacteria) g = aphr special cell that
eats antigens
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SARS-CoV-2

Envelope Protein - Spike Protein

Nucleocapsid
Protein / RNA

Hemagglutinin ——
Esterase Dimer



Non-structural proteins Structural and accessory proteins
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COVID-19 Antibodies

Monoclonal & Polyclonal Antibodies to SARS-CoV-2

The antibodies available below have been validated to bind to proteins from SARS-CoV-2 (COVID-19),
but were developed originally to target proteins from SARS-CoV-1, the virus responsible for the 2003
outbreak. We are currently developing monoclonal mouse and polyclonal rabbit antibodies specific to
SARS-CoV-2 spike and nucleocapsid proteins. The polyclonal antibodies will be available in May. The
monoclonal antibodies will be available sometime between July - August.

o P2 Rabbit Anti-SARS-CoV-2 Nucleocapsid Protein
?ﬁ . Rabbit Anti-SARS-CoV-2 Coronavirus Nucleocapsid Protein
w | W— """ CODE: 128-10165-1

" -—— $1,450.00

ADD TO COMPARISON LIST

Mouse Anti-SARS-CoV-2 Nucleocapsid Protein
Mouse Anti-SARS-CoV-2 Coronavirus Mucleocapsid protein
CODE: 128-10166-1

$1,450.00

ADD TO COMPARISON LIST

- | Rabbit Anti-SARS-CoV-2 Spike Protein
- . I—— Rabbit Anti-SARS-Associated Coronavirus (COVID-19) Spike Protein
| | CODE: 128-10168-1

$1,450.00



Fast Screening Kit
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Real-time RT PCR

Amplification Plot

10000000
1000000
= /,/ . 7
m o
& 100000 I/ {,/ ; fr
/ FAS i
177/
/ .
I / :__r .-"I'
10000 /o1
/ ,-"l E_."l .-"l;
({414
1000 o S N N L Y i I I I
2 6 10 14 18 22 26 30 34 g 42

Cycle
MW RP N1 N3 N2



Sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE)

Protein mixture




Protein Denature



SDS-PAGE
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2D PAGE
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An Introduction to Carbohydrates

Carbohydrates are a large class of naturally
occurring  polyhydroxy aldehydes and
ketones.

Monosaccharides also known as simple
sugars, are the simplest carbohydrates
containing 3-7 carbon atoms.

sugar containing an aldehydes is known as
an aldose.

sugar containing a ketones is known as a
ketose.



« The number of carbon atoms In an
aldose or ketose may be specified as
by tri, tetr, pent, hex, or hept. For
example, glucose is aldohexose and
fructose iIs ketohexose.

 Monosaccharides react with each other
to form disaccharides and
polysaccharides.

 Monosaccharides are chiral molecules
and exist mainly in cyclic forms rather
than the straight chain.
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a-D-Galactose Open-chain galactose B-D-Galactose



 Anomers: Cyclic sugars that differs only in
positions of substituents at the hemiacetal
carbon; the a-form has the —OH group on
the opposite side from the —CH,OH; the -
form the —OH group on the same side as
the —CH,OH group.

o-D-Galactose B-D-Galactose



Some Important Monosaccharides

Monosaccharides are generally high-melting,
white, crystalline solids that are soluble 1n water
and 1nsoluble 1n nonpolar solvents. Most

monosaccharides are sweet tasting, digestible, and
nontoxic.
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D-glucose



o-D-Fructose B-D-Fructose
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Some Common Disaccharides

“CH,OH

Glucose Fructose
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Polysaccharides
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Cell-Surface Carbohydrates Involved in Molecular Recognition

W (=

Bacterium

Glycoprotein

roTmone Glycolipid



Lectin

Lectins are sugar-binding proteins which are highly specific for their sugar
moieties. They typically play a role in biological recognition phenomena involving
cells and proteins. For example, some bacteria use lectins to attach themselves
to the cells of the host organism during infection.
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Lipid

Lipids are naturally occurring molecules
from plants or animals that are soluble in
nonpolar organic solvents.

Lipid molecules contain large
hydrocarbon portion and not many polar
functional group, which accounts for their
solubility behavior.
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A cis unsaturated fatty acid
(linolenic acid)
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Stearic acid, an 18-carbon saturated fatty acid



Water
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| Polar head
(hydrophilic)

AN

Nonpolar tail
" (hydrophobic)

J

Membrane lipid Lipid bilayer

Liposome



Properties of cell membranes:

Cell membranes are composed of a fluid like
phospholipid bilayer.

The bilayer incorporates cholesterol, proteins,
and glycolipids.

Small nonpolar molecules cross by diffusion
through the lipid bilayer.

Small ions and polar molecules diffuse through
the aqueous media in protein pores.

Glucose and certain other substances cross
with the aid of proteins without energy input.

Na*, K*, and other substances that maintain
concentration gradients inside and outside the
cell cross with expenditure of energy and the
aid of proteins.



Small ions and polar molecules diffuse
through the agqueous media in protein
pores.

Glucose and certain other substances
cross with the aid of proteins without
energy input.

Na*, K*, and other substances that
maintain concentration gradients inside
and outside the cell cross with
expenditure of energy and the aid of
proteins.
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Central

DNA replication
(DNA -> DNA)
DNA, Polymerase

DDA oNA

reverse transcription
transcription (DNA -> RNA)
Rev.Transcriptase RNA.Polymerase

NN (+) Sense RNA

translation
(RNA -> Protein)
Ribosomes

O-0-0-0-0-0O-0 Protein

Dogma

RNA replication
(RNA-> RNA)

(-) Sense RNA pfT T TT Mg T

RNA Dependent
RNA Polymerase



From DNA to Protein

https://www.youtube.com/watch?v=gG7uCskUQOrA



https://www.youtube.com/watch?v=gG7uCskUOrA

*In RNA, the sugar is ribose.
*In DNA, the sugar is deoxyribose.

NH, NH,
N - f’J::x : % e T
e g s N
LW 1
N ~N7 “NT SO
“20,POCH, “20,POCH,
OH OH OH

Adenosine 5'-monophosphate (AMP) Deoxycytidine 5'-monophosphate (dCMP)
(a ribonucleotide) (a deoxyribonucleotide)
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B T DNA replication
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Lagging stand Dka:a ki /l

fragment  RNA Primase I I r
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Topoisomerase

Parent DNA
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Leading stand

https://youtu.be/TNKWgcFPHqw
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® Methylation
- Acetylatation
® Phosphaorylation

® Ubiguitination

Nucleoson;e “bead”
(8 histone molecules +
146 base pairs of DNA)

e P e, %

https://www.slideshare.net/jannatiftikhar/role-of-histone-in-dna-packaging
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1

At the simplest level, chromatin

is a double-stranded helical DNA double helix

structure of DMA.,

gﬂ“‘f‘””’“ﬂ”wwWWJLWW\

L7

3

Each nucleosome consists of
eight histone proteins around
which the DMA wraps 1.65 times.

to form nucleosomes.,

DMNA is complexed with histones

Mucleosome core of 3

2 nm

eight histone molecules

&

... that forms loops averaging
300 nm in length.

300 nm

2 250-nm-wide fiber

.......

700 am

The 300-nm fibers are
compressed and folded to
produce a 250-nm-wide fiber,

LIVY

H1 histone.

A chromatosome consists
H1 histene of a nucleasome plus the

> ™ Chromatosome

The chromatosomes
fold up to produce
a 30-nm fiber...

30 nm

8

Tight coiling of the 250-nm
fiber produces the chromatid
of a chromosome,

1400 nm
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Cell

Chromosome

telomeres
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a Normal cells undergo progressive
telomere shortening with cell division
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Cell divisions
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Telomerase

85-90% of tumours

POT1
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Earlier passage normal

Late passage normal
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Similar to break-induced replication

e

Rolling circle amplification

|

10-15% of tumours
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THE CHEMICAL STRUCTURE OF DNA

THE SUGAR PHOSPHATE ‘BACKBONE' WHAT HOLDS DNA STRANDS TOGETHER?

BASE BASE BASE DNA strands are held together by hydrogen bonds between bases on adjacent
strands. Adenine (A) always pairs with thymine (T), while guanine (G) always
pairs with cytosine (C). Adenine pairs with uracil (U) in RNA.

H

kY
N N=H=====-0
rx
N /o\ N H—n €N
DNA is a polymer made up of units called nucleotides. The nuclectides are ‘11{
made of three different components: a sugar group, a phosphate group, and a

N= N
base. There are four different bases: adenine, thymine, guanine and cytosine.

o N

Om THYMINE FROM DNA TO PROTEINS

NH,

The bases on a single strand of DNA act as a code. The letters form three letter
H N \ codons, which code for amine acids - the building blocks of proteins.
N7 N : .
k I /> TRANSCRIPTION TRAMNSLATION

N

An enzyme, RNA polymerase, transcribes DNA into mRNA (messenger
ribonucleic acid). It splits apart the two strands that form the double helix, then
reads a strand and copies the sequence of nuclectides. The only difference

between the RNA and the original DNA is that in the place of thymine (T).
another base with a similar structure is used: uracil (U).
(6) cuanive JC) cviosine
o DNA SEQUENCE 0000000000600
H OY

HN | />
HZN/L\\N N

N\ NH2 mRNA SEQUENCE ([ oo . Gaooooe _ o

AMINO ACID Phenylalanine Leucine Asparagine Praline Leucine

In multicellular organisms, the mRNA carries genetic code out of the cell
/ nucleus, to the cytoplasm. Here, protein synthesis takes place. ‘Translation’ is the
process of turning the mRNA's ‘code’ into proteins. Molecules called ribosomes
carry out this process. building up proteins from the amino acids coded for.

© Andy Brunning/Compound Interest 2018 - www.compoundchem.com | Twitter: @compoundchem | FB: www.facebook.com/compoundchem
This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.




Triple and Quadruple Strained DNA

B. Holliday Junction| C. G-Quadruplex | D. i-Motif
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