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STRUCTURE OF PROTEINS

� Proteins have different levels of structural organization; primary,
secondary, tertiary and quaternary

1. Primary Structure:
� Primary structure denotes the number and sequence of amino acids in

the protein

� The primary structure is maintained by the covalent peptide bonds

Gly - Ala - Val (1)
Gly - Val - Ala (2)
� Both the tripeptides shown above contain the same amino acids; but

their sequence is altered. When the sequence is changed, the peptide is
also different

*�ϡϫΩϧϋhigh molecular weight���ϥϣ�έΛϛ�ϥϣ�ϥϭϛΗΗΑ�ΔϠγϠγ�Ύϣ·�Ύϳ�Ϫϣϫϭ��AA�ϭtwo 
peptidesΔρΑέ�ϡϬϧϳΑ��ϝ�ωϭϣΟϣ�ϥΎϛ�ϭϟ�ϰΗΣAA�ϥϣ�ϝϗ�ϡϬϳϓ�����ϡϬϧ·�ΎϣΑ�αΑ2�ϭϬϓprotein

�έϣ�ϥΎϣϛ�έϳϛΫΗϠϟΓ�

�ϱΩϧϋ�ϭη�ϥϋ�ΓέΎΑϋ�ϭϫ�ΔρΎγΑΑAAϡϬΑϳΗέΗ�ϭηϭ�ΔϠγϠγϟΎΑ

ϙϧϳϠϟ�ωϭϧ�ω�ϭίϛέϭ��ϋ�ϝ΅γ�ϲΟϳϳ�ϭϟ�ΎϳϠόϓ�ωϭϧ�ϥ
ϝlink�ϝ΅γ�έΑΗόϳ�ϭϬϓfreeϩϭέγΧΗ�ϡέΣ

ϝester linkϝΎΑlipids
ϝglycosidic link
ϝΎΑcarbohydrates

�Ύϧϋ�ϥϭϫtwo peptides��ϝ�αϔϧ�ϡϬϳϓ�Ϫϧ·�ϥϣ�ϡϏέϟΎΑϭAA�ϻ·
νόΑ�ϥϋ�ΎϣΎϣΗ�ϥϳϔϠΗΧϣ�ϡϫϼΧ�ϡϬΑϳΗέΗ�ϑϼΗΧ�Ϫϧ·��

ϝ�ΩΩϋ�ϭϫ�ϡΎϋ�ϝϛηΑ�ϲϧϣϬΑ�ϲϠϟΎϓAA��ϡϬϋϭϧϭ��ϡϬΑϳΗέΗ�ϪοέΑϭ



�έϳϐΗ�ϥϣ�ΞΗϧϳ�ϥϛϣϣ�ϲϠϟ�ϕέϔϟ�ϰϠϋ�ϝΎΛϣϛ�ϭAA�ΔϠγϠγϟ�ϲϓ�ΩΣϭ�ϡϬϣ�ϝΎΛϣ�ϭϫϭ���Ύϧϋ�έϳλΑ�ϲϠϟ
ϝ�νέϣΑSickle cell anemiaϭϫ�ΔϳόϳΑρ�ΔϠγϠγϟ�ϥϋ�ϪΗόΑΗ�ΔϠγϠγϟΎΑ�ϕέϔϟ�ϥϭϛΑ�ϲϠϟAA�ΩΣϭ

ρϘϓ���ϲϓ�ϥϭϛΑ�ΙϳΣΑvalineϝ�ϝΩΑglutamic acid

Primary structure

ϝN terminus
έΎγϳϟΎϋ���ΔϳΩΑ�ϲϫϭ

ϥϳϭϛΗϟ

ϝC terminus
ϥϳϣϳϟΎϋ���ΔϳΎϬϧ�ϲϫϭ

ϥϳϭϛΗϟ
ϝϭprimary�ϲϠϟ

ϝ�έϬυ˶ΗΑAA
ΎϬΑϳΗέΗϭ�ΓΩϭΟϭϣϟ



� The 1ry structure does not give a specific
shape to the polypeptide chain

� The conformation of the protein molecule will
be described under 2ry, 3ry, and quaternary
structures

� The term conformation is used in protein
chemistry to designate the over-all structure
and shape of the molecule

�Ϸ�ϲΛϼΛϟ�ϥϳΗϭέΑϟ�ϝϛηΩΎόΑ�

Ύϧϋ�ϑ˵ϋΎϓ�ϭϔόϟ�ΏΣΗ�ϭ˷ϔϋ�ϙϧ·�ϡϬϠϟ



� It is folding of the polypeptide chain, along its long axis,
into specific coiled structure, held together by hydrogen
bond

� The alpha-helix is the most common and stable
conformation for a polypeptide chain.

� It consists of 3.6 amino acids per turn, stabilized by
hydrogen bonds between the carbonyl oxygen of one
amino acid and the amino hydrogen of the fourth amino
acid below (# 1 with # 5, and # 2 with # 6, etc.)

� The side chains of amino acids (R groups) extend
outwards from the helix axis

2. Secondary Structure of Proteins

A. Alpha helix

(The most common structure)

�ΏΑγΑ�ϲϧϭίϠΣ�ϝϛηΑ�έϬυΗΑbondsΔϧϳόϣ

ϝ�έϳλΑ�ϲϧϭίϠΣ�ϝϛηΑ�έϳλϳ�Ύϣϟamino acidϝ�ϝΑΎϘϣH�ϥϳΩϳϼγ�ΩόΑ�ΔρΑέϟ�οϭΗ�Δϣγέ�ϲϓ���΄ηϧΑϭ
έέϘΗγ�έΛϛ�ϭ�ϯϭϗ�ϪϳϠΧΗΑ�ΔρΑέ�ϡϬϧϳΑ���Δ˴Ϙ˴ϠΣ˴�ϝϛϭ�turn���ϰϠϋ�ϱϭΗΣΗΑthree AA�ϭ0.6 AA�3.6 AA�

ϝϭR groups�˴Ϙ˴ϠΣ˴ϟ�ΝέΎΧ�ΔόϟΎρ�ϥϭϛΗΑΔ



The peptide chain is  
folded in the form of a  
right handed  
(clockwise) alpha-helix

Right-handed
helix

Left-handed
helix

(Anti clockwise)



)ϝR group�ΝέΎΧ
ϝhelix�

*ϰϠϋ�ϱϭΗΣΗΑ�ΔϘϠΣ�ϝϛ
three AA�ϥϣ�˯ίΟϭAA



Features of alpha helix
� The alpha helix is stabilized by the intra-chain hydrogen

bonds between the NH groups and C=O groups

� As each peptide bond participates in the hydrogen bonding,  
this gives maximum stability to alpha helix

� The R -groups of amino acids project outwards of the helix

� The R groups of some amino acids can disrupt the alpha  
helical structure e.g. proline, tryptophan, histidine, lysine,  
arginine, aspartic acid and glutamic acid, due to formation  
of other types of bonds as ionic bonds or their ring  
structures disturb the helical formation

ϝ�ϥϳΑ�ϥϭϛΗΗΑ�ΔρΑέϟϭAAϝ�αϔϧϟpolypeptide�ΎϬϳϣγΑ�ϑ�intra-chain bond����ϱΩϧϋ�ϥϭϛΑ�Ύϣ�ϲϧόϳ
two polypeptides���ϭϫ�Ϸpeptide�ϩέλΎϧϋ�ϥϳΑ�έΎλ�ΩΣϭbonds

ΡΎΟϧϟϭ�ϖϳϓϭΗϟ�ϙϟΎγ�ϲϧ·�ϡϬϠϟ��ΓέΧϵϭ�ΎϳϧΩϟ�ϲϓ



B. Beta-pleated sheet

� The polypeptide chains in beta-pleated sheet is almost fully extended

� The chains line up side by side to form sheet and the side chains are above
or below the plane of the sheet

� From 2 to 5 adjacent strands of polypeptides may combine and form these
structures

� It is stabilized by hydrogen bonds between NH and C=O groups of
neighboring polypeptide segments (inter-chain hydrogen bond)

� Adjacent strands in a sheet can run in the same direction with regard to
the amino and carboxy terminal ends of the polypeptide chain (parallel)
or in opposite direction (anti parallel beta sheet)

ϝchainϝ�ΕόΑΗpolypeptide�ϑΎϔΗϟ�ΎϬϟέϳλΑ
Ώ�ϪΑη�έϳλΗΑϭtwo chainsρΑέϟ�ϡϬϧϳΑ�ΎηϧΗΑϭ�νόΑ�ΏϧΟ�ϥϳϳηΎϣΔ

�ϥϳϭϛΗ�ϩΎλϗ�ΩΩόϟ�ϝλϭϳϭ�Γέϣ�ϥϣ�έΛϛ�ϑΗϠϳ�ϥϛϣϣϭfive chainsΓέϭΎΟΗϣ

ϝ�ϥϳΑ�ΔρΑέϟ�Ϫϧ·�ΎϣΑϭAAϝ�αϔϧϟpolypeptide�ΎϬϣγ�ϲϬϓinter-chain bond��ϝΎΑalpha�ΕϧΎϛintra��

ϝparallelϝ�Ύϣϟ�ϥϭϛΗΑtwo chainsϝ�ϥϭϛΗ�νόΑ�ΏϧΟ�ϲϠϟN/C terminusνόΑ�ΏϧΟ�ϡϬΗόΑΗ��
ϝanti parallelϝ�ϲϠΧΗΑ�ΔϘϳέρΑ�ϑΎϔΗϟϹ�ϥϭϛΑN/C�νόΑ�αϛϋ

�ϥϳΩϳϼγ�ΩόΑ�έΛϛ�οϭϣ�ωϭοϭϣϟ�





ParallelAnti-parallel

ϟ�ΔϘϳέρϟ�υΣϼϧΑ�ϲϠ
ϝ�ΎϬϳϓ�Ε˷ϔΗϟchain
ϝ�ΕϠΧϭN/C

�αϔϧϋ�ΕέϭΎΟΗϣ
ΔϬΟϟ

ϟ�ΔϘϳέρϟ�υΣϼϧΑ�ϲϠ
ϝ�ΎϬϳϓ�Ε˷ϔΗϟchain
ϝ�ΕϠΧϭN/C

�ΕΎγϛΎόΗϣ

Anti-parallel

Parallel



ϝ�Ϫϧ�υΣϼϧϭhydrogen bondϝΎΑ�ϥϭϛΗΑadjacent AA�ΓέϭΎΟΗϣϟ���ϲϓ�Ύϣ
�ϡϬϧϳΑ�ΓέϳΑϛ�ΔϓΎγϣ�ϝΎΑ�ϑϭηϧ�Ρέ�Ύϣ�ϱίtertiary�

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϥΎΣΑγௌϳυόϟϡ



�Ύϧϋ�ϥϭϛΑ�ΎϧΎϳΣϭalpha�ϭbetaϥϳΗϭέΑϟ�αϔϧΑ�νόΑ�ϊϣ



3. Tertiary Structure

� Is a description of the way the whole chain
(including the secondary structures) folds
itself into its final 3-dimensional shape.

ϝ�ϝϣηΗΑ�έΎΑΗϋϹ�ϥϳόΑ�ΎϫΫΧϭΑ�ϲϠϟ�έϭϣϻsequenceϝϟAA��ϱί
ϝprimary���ϡϬΑϳΗέΗ�ϑϳϛϭalpha�ϻϭbeta�ϝ�ϱίsecondary���

ϝϭtertiary�ΔϘϳέρϟ�ϑλϭΑ�ΔϠΑόϛϣϟ��ϝ�ΎϬϳϓ�ϝϛηΗΗΑ�ϲϠϟchain



� Interactions between the side chains - the "R" groups

¾ Ionic interactions:
¾ These bonds are formed between oppositely charged groups of amino acid side

chains

¾ Some amino acids (such as aspartic acid and glutamic acid) contain an extra -
COOH group. Some amino acids (such as lysine) contain an extra -NH2 group.

¾ e.g. the epsilon-amino groups of lysine is positively charged and second (non-
alpha) carboxyl group of aspartic acid is negatively charged

What holds a protein into its tertiary structure?

ϝϭbondsϝ�ϥϳΑfar AA��ϝ�Ύϧϛγϣ�ϭϟ�ϲϧόϳchain�ϡϬϧϳΑ�νόΑ�ϊϣ�ϥϳρΑΗέϣ�ϲϠϟ�Ϫϧ�ϑηΗϛϧ�Ρέ�ΎϫΎϧΩέϓϭ
ΓέϳΑϛ�ΔϓΎγϣ��ϝ�αϛϋ�ϰϠϋsecondaryΓέϳΑϛ�ΔϓΎγϣ�ΎϬϧϳΑ�ϲϓ�Ύϣ�ϪρΑϭέ�ΕϧΎϛ�ϲϠϟ

�Δϳϋϭϧ�ϥϣ�έΛϛ�ϲϓϭbondsϝ�ϝϭΣΗΑchain�ϥϣsecondaryϝtertiary
ϝ�ΎϬϧϣϭionic bonds

�ϥϳΑ�ϥϭϛΗΗΑϭacidic AA�ϭbasic AA��ϝΎΑ�ϥϳΗϭέΑϟ�έϭϬυ�ϝΎϣΗΣ�ϙέΗΑ�ΎϣΩ�ϡϫΩΟϭΗ�ΙϳΣΑtertiary 
structure

�Δϗϼϋ�ϱ�ΎϬϟ·�Ύϣ�ϱΎϫ�ΔρΑέϟϭ
ϝΎΑprimary carboxyl�ϭ

ϝprimary amino groups�ϡϬϧϹ
όϳ�ϥΎηϋ�νόΑΑ�ΕϼλΗϣ�ϼλ�ϭϠϣ

ϝchain���ϥϭϛΗΑ�ΔρΑέϟ
ϝΎϋgroupsρόΗΑ�ϲϠϟ�ΔϳϓΎοϹ�ϲ

ΑΟϭϣϟ�ϭ�ΔΑϟΎγϟ�ϪΗϧΣη�ΏϛέϣϟΔ

ϥΎΣΗϣϺϟ�ϡϬϣÅ

ϝ�ϲϫprimary groups

ΔρΑέϟ�ϥϭϛΗΗΑ�ϥϭϫϭ



¾Hydrogen bonds
� Notice that we are now talking about hydrogen bonds between side

groups - not between groups actually in the backbone of the chain.
� For example, the amino acid serine contains an -OH group in the side

chain. You could have a hydrogen bond set up between two serine
residues in different parts of a folded chain.

� For example, the amide group of glutamine and asparagine,

�Ύϣ�ΎϬϠΑϗ�ϲϠϟ�Δϣγέϟ�ΩΑϣ�αϔϧ�ΩϘΗϋ
�οϭ�Ωέ�ϲϋΩ�ϲϓ��

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϪϘϠΧ�ΩΩϋ��Ϫηέϋ�Δϧί˶�ϭ��ϪΗΎϣϠϛ�ΩΩϣϭ



¾Disulfide bond (S-S): between 2 cysteine  
residues, forming cystine

¾ The hydrophobic bond: between the non
polar hydrophobic side chains of neutral
branched chain amino acids as valine

¾ Van der Waals interactions: These 
weak interactions also  contribute 
to the stability of  proteins

No chemical electronic bond

ϝ�ϱΎϫbond�Δϳϭϗ�ΩΟ�ϡϬϧϳΑ�ϯϭϗϷ���
ϝΎΑ�ΔϣϬϣ�έϳΛϛϭinsulin

�ΔΑϭΗϛϣ�ϲϫbond�ϲϫ�ΔϘϳϘΣϟ�ϲϓ�ϥϛϟinteraction

ΎϫΩΑϣϭϪϧ·ϝhydrocarbon chains�ϲϫ�ϲϠϟhydrophobic�ϊϣΟΗΗ�έϳλΗΑ
˯Ύϣϟ�ϥϋ�ΩόΑΗ�ϥΎηϋ�νόΑ�ϊϣ��Α�αΑ�ϲϫ�ΎϬϧϳΑ�ρΑϭέ�ϱ�έϳλϳ�Ύϣ�ϥϭΩΑ�ϊϣ�ΞΗΗ

νόΑ��ϝΎΑ�ϲη�έΛϛ�έϳλΗΑϭbranched chain AA�ϡϬϳϓ�ϲϠϟmethyl 
groupsνόΑ�ϝϭΣ�ϭόϣΟΗΑ�ϑ�έϳΛϛ

�ϥϭ˷ϛΗΑ�ΎϣbondsέϳλΑ�ϲϠϟ�αΑϝ�ϑέρϷ�Ϫϧ·oppositely charged
νόΑΑ�ϭϗίϠϳϭ�ϭΑέϘϳ�ϭέϳλΑ��ΗέΛϛ�ΏΑγΑ�αΑ�ϑϳόο�ΩΟ�ϭϫϭΓϭϗ�ϭρόΑ�ϡϬ

Atoms are polarized and attract one another



Tertiary Structure



� Some globular proteins are composed of 2 or more polypeptide
chains; each is called a subunit or monomer

� These proteins are called oligomeric proteins. An example is
hemoglobin, which is composed of 4 polypeptide chains (it is a
tetramer)

� Each of these subunits has its 1ry, 2ry and tertiary structures

� The quaternary structure describes the spatial relationships
between the separate subunits.

� The forces stabilizing the quaternary structure are similar to those
described for the tertiary structure

4.Quaternary Structure
�ΓΩϋ�ϥϋ�ΓέΎΑϋpolypeptide chains�ΏϧΟνόΑ���

ϝ�ϝΎϛη�ϝϛ�Ϫϧ·�ϲϧόϳ�νΎϫϭbondsϝϭstructures
�ϥϭϫ�ΎϬϳϗϼϧ�ϥϛϣϣ�Εέ˷ϣ�ϲϠϟ

(Tetra = 4 chains)

Ώϳρωϭοϭϣϟ�ιΧ˷ϟ�ϝϭΎΣ���ϝ�ϥϣ�ΔϳόϳΑρ�ΔϠγϠγ�Ύϧϋ�ΎγϫAA�ϥϳόϣ�ϝγϠγΗΑ�ϝ�ϱΎϫprimary����ϥϳΩόΑ
ϝadjacent AAϝ�ϲϠΧΗ�ΔϘϳέρΑ�νόΑ�ϊϣ�ϭρΑΗέΑchain�ϥϳϋϭϧ�ϲϫϭ�ϥϳόϣ�ϝϛη�ΫΧϭΗalpha/beta��ϱΎϫ

ϝsecondary���ϝ�ϥϳΑ�ρΑϭέ�ϲϠϣόΗΑ�ΓΩϳΩΟ�ϯϭϗ�΄ηϧΗΑ�ΔϠγϠγϟ�ϱΎϫ�ϝϼΧ�ϥϳΩόΑdistant AA�ϡϬϳϠΧΗΑϭ
�ϭΫΧϭϳ3D structure�ϝ�ϱΎϫtertiary���ΗΧϣ�ϥϳΗϠγϠγ�ϥϳΑ�ϥϛϟϭ�ϯϭϘϟ�ϥϣ�ωϭϧϟ�αϔϧ�΄ηϧΗΑ�ϥϳΩόΑ�ϥϣ�ϥϳΗϔϠ

ϝAA��ϝ�ϱίhemoglobin�ϥϣ�ϥϭϛΗΑ�ϲϠϟ4 polypeptides�ϝ�ϱΎϫquaternary�



ϝϛΩΣϭϥϣ�ϭϫ�ϝϭοϫtertiary structureϩΩΣϭϟ����
ϝ�ϝϛ˷ηΗ�νόΑΑ�ϭρΑΗέ�Ύϣϟ�αΑquaternary

ϝϭtertiary�ϥϋ�ΓέΎΑϋsecondary
ϝ�αΑchain�ϝϛη�ΕΫΧ3D

ϰϧϐϟϭ�ϑΎϔόϟϭ�ϰϘΗϟϭ�ϯΩϬϟ�ϙϟ΄γ�ϲϧ·�ϡϬϠϟ





Quaternary structure

Primary structure

αϔϧέΑ�Ωϳϼγ�ϡϛ�ϝΑϗ�ϪΗΣοϭ�ϲϠϟ�ϡϼϛϟ�Ϫο-



Insulin

ϱΎϫtertiary bond

ϝϭοϫϭquaternary
�ϥϳΑ�ϡϬϧϻtwo chains

Æ

Æ

Æ

*ϡϬϠϛϭDisulfide 
bonds

υΣϼϧΑϝ�Ϫϧ·�ϪοέΑinsulin�ϑΗϠΧϣ
Α�ϪϠϛ�νΎϫϭ�ϲϧΎΛϠϟ�ϥΎϛ�ϥϣ�Ύ˷ϳϠϛ�ΏΑγ

�ϑϼΗΧAA�ϭ�ΩΣϭ�ϠγϠγϟΎΑ�ρϘϓΔ

ϝ�Ύϣϟinsulinϝ�ϥϣ�ϊ˷ϧλΗϳpancreas�ϝϛη�ϰϠϋ�ϥϭϛΑpro-
insulin�Ϫϣγ�ϲη�ϲϓ�ϥϭϛΑϭconnecting peptide��ϭC 

peptideέΎλΗΧ��ϝ�ϥϳΑ�ρΑέΑtwo chains���Ϫϟέϳλϳ�Ύϣϟϭ
activationλϔϧΑϝϝC peptide�Ϫϟ·ϭΕΎϣΩΧΗγΓΩϳϔϣΎϬϧϣϪϧ·
ϑέόϧϝ�ϝϫinsulinέΑ�ϥϣ�ϻϭ�ϡγΟϟ�ϥϣ�ϱΎΟ����

ϝ�ϝΑϗ�ΎγϫactivationϝC peptideϝ�ΔρΑέ�ϥϭϛΗΑchains
νόΑΑ���ϥϭϛΑ�ΔϳΩΑϟΎΑ�Ϫϧ·�ϲϧόϳ�νΎϫϭtertiary�ΕϧΎϛ�ΎϬϧϹchain

ΓΩΣϭ���έϳλΗΑ�ϝλϔϧΗ�αΑϭquaternary

Connecting 
peptide

A chain

B chain

(A)
Pro-insulin

(B)
Active 
insulin

ϥΎΣΗϣϼϟ�ϡϬϣ



Conformational classification:  
according to the protein conformation

1- Fibrous proteins: They consist of polypeptide chains that are arranged in a parallel 
form along  a single axis yield long fibers or sheets. e.g. collagen, elastin and  ߙ-keratin.

II- Globular Proteins: They are tightly folded into compact spherical or globular shapes. 
e.g. most of enzymes, hemoglobin, many hormones, immunoglobulins and plasma 
proteins.

Globular protein (Myoglobin)
Fibrous protein (Collagen)

(Extended)

�ϝϛproteinΎυϭ�ϊϣ�ΏγΎϧΗϳ�ϥϳόϣ�ϝϛη�Ϫϟ·�ϥϭϛΑϪϔ



Denatured Proteins

� If a protein unfolds and loses its three-
dimensional shape i.e: destruction of the
organization (2ry, 3ry and 4ry structures), it also
loses its function

� Caused by shifts in pH (strong acids or alkalis)or
temperature, or exposure to X-ray or UV rays

� A common property of denatured proteins,
however, is the loss of biological activityͶe.g.,
the ability to act as enzymes or hormones.

�ϝ�Ϫϧ·�ϲϧόϳprotein
ϝ�ΩϘϔϳ3D shape�

ϝ�ϝϛ�έϳγϛΗ�ϖϳέρ�ϥϋ�ϡΗΑstructuresϝ�Ωϋ�Ύϣprimary��ΎϫέϳγϛΗϟ�ΕΎϣϳί�ΝΎΗΣΗΑ�ΎϬϧϹ

�ϥϭϛΑ�έϳγϛΗϟ�ϥΎϳΣϷ�ϡυόϣ�ϲϓϭirreversible��ϥϭϛϳ�ϥϛϣϣ�ϥΎϳΣϷ�νόΑΑreversible���ϥΩϘϔϟ�ϱΩ˷΄Α�ϭ
ϪΗϔϳυϭϟ�ϥϳΗϭέΑϟ��όϓ�ϭΩϘϔϳ�Ύϣ�ϥΎηϋ�Δϧϳόϣ�υϔΣ�ϕέρ�ϡϬϟ·�ϥϭϛΑ�ΔϳϭΩϷϭ�ΕΎΑϛ˷έϣϟ�ϙϳϫ�ϥΎηϋ�ϡϬΗϳϟΎ



Read from book

� Chaperones
� Protein conformation and role in disease:

± Prions
± Alzheimer s͛ disease
± Beta-thalassemia

�ϝϭοϫϭ�ϝ΅γ�ϡϛ�ϡϬϳϠϋ�ϲΟϳϳ�Ρέ�ΏΎΗϛϟΎΑ�ΕέϘϓ-

ΩΣ�ϝ΅γϟ�ΏϭΟΏϼρϟΔϳΎϬϧΑΓέοΎΣϣϟΎγϫϭϟΎϧΩΑϑϳοϧinsulinϥϣέΩλϣ�έϳϏ�ϲϧϭϳΣ
ϝ�ϥϣ�ιϠΧΗϧ�ϡίϻ�ϑ�ϡγΟϟΎΑ�ϪόϳϧλΗ�ϡΗΑ�ϲϠϟAA�ϱΩϧϋ�ϝϣόϳ�Ρέ�ΩϭΟϭϣ�ϝο�ϭϟ�ϪϧϹ�ϑϠΗΧϣϟ

ϝϛΎηϣ��ΎϬϟ�ϲϋΩ�ϲϓ�Ύϣϭ�ϡϭϣόϟΎϋ�ΔϣΩΧΗγϣ�έϳϏ�ΔϘϳέρϟ�ϱΎϫϭ

Ύϧϋ�ϑ˵ϋΎϓ�ϭϔόϟ�ΏΣΗ�ϭ˷ϔϋ�ϙϧ·�ϡϬϠϟ



ψϔΣϭ�Εήϗϭ�ΖγέΩ�Ύϣ�ϚϋΩϮΘγ�ϲϧ·�ϢϬϠϟ�Ζ
ΖϤϬϓϭ���Ϫϴϟ·�ϲΘΟΎΣ�ΪϨϋ�ϲϟ�ϩ͉Ωή˵ϓ

�ϡϛΗϭϋΩዊ

Thank You

ϝ�ΔϠΣέ�ΎϨμϠΧ�ϥϮϜϨΑ�Ϛϴϫϭmolecular 
biology����ϮϜΗΪϓ�ϥϮϛ�ϰϨϤΘΑ��έάΘόΑϭ�ϱ�ω

Ϯ˱Ϭγ�κϘϧ�ϭ�ήϴμϘΗ���ዊ


