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ها و اسیدهای نوکلئیکآشنایی با ساختار، خصوصیات و عملکرد پروتئین: هدف کلی

General Goal: Familiar with structure, properties and function of proteins and nucleic acids
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Proteins

• Building blocks of proteins

• Inter and intra-molecular interactions in 

macromolecules structure

• Different levels of proteins structure

• Protein folding and its relation to stability

• The role of solvent in structure and activity 

of protein

• Protein structure-function relationships

هاپروتئین
واحدهای سازنده پروتئین•
ار های بین و درون مولکولی در ساختکنشمیان•

هاماکرومولکول
هاسطوح مختلف ساختاری در پروتئین•
تاخوردگی پروتئین و ارتباط آن با پایداری•
نقش حلال در ساختار و فعالیت پروتئین•
هارابطه ساختار و عملکرد پروتئین•

اسیدهای نوکلئیک
واحدهای سازنده اسیدهای نوکلئیک•
در اسیدهای نوکلئیکStackingتشکیل جفت باز و •
پارامترهای ساختمانی در اسیدهای نوکلئیک•
آرایش فضایی بازها و قندها در انواع ساختارهای اسیدهای •

نوکلئیک
های فضایی اسیدهای نوکلئیکانواع آرایش•
ای، تهساختارهای سه رش)ساختارهای خاص در اسیدهای نوکلئیک •

...(ای وچهاررشته
نقش حلال در ساختار اسیدهای نوکلئیک•

Nucleic Acids

• Building blocks of nucleic acids

• Base pairing and stacking in nucleic acids

• Structural parameters in nucleic acids

• Spatial arrangement of sugar and bases in 

structural variants of nucleic acids

• Unusual nucleic acids structures (triplex, 

tetraplex and ….)

• The role of solvent in structure of nucleic 

acids

Syllabus))سرفصل 
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Each polypeptide consists of a chain of amino acids linked together by peptide (amide) bonds.

The exact amino acid sequence is determined by the gene coding for that specific polypeptide.

When synthesized, a polypeptide chain folds up, assuming a specific three-dimensional shape (i.e. a specific

conformation) that is unique to the protein. The conformation adopted depends on the polypeptide’s amino

acid sequence, and this Conformation is largely stabilized by multiple, weak interactions.

Overall, a protein’s structure can described at up to four different levels.

• Primary structure: the specific amino acid sequence of its polypeptide chain(s), along with the exact

positioning of any disulfide bonds present.

• Secondary structure: regular recurring arrangements of adjacent amino acid residues, often over relatively

short contiguous sequences within the protein backbone. The common secondary structures are the α-

helix and β-strands.

• Tertiary structure: the three-dimensional arrangement of all the atoms which contribute to

the polypeptide. In other words, the overall three-dimensional structure (conformation) of a polypeptide

chain, which usually contains several stretches of secondary structure interrupted by less ordered regions

such as bends/loops.

• Quaternary structure: the overall spatial arrangement of polypeptide subunits within a protein composed

of two or more polypeptides.

Proteins, an introduction
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A protein’s structure can described at up to four different levels. 



PRIMARY STRUCTURE
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Amino Acids

Aromatic

Nonpolar

Polar Tyr (Y)

Aliphatic

Nonpolar Gly (G), Ala (A), , Pro (P)

Polar

Uncharged Ser (S), Thr (T), , Asn (N), Gln (Q)

Charged

Basic

Acidic Asp (D), Glu (E)

Amino acids

Nonessential

 Standard amino acids (20)
 Prolin (P) → imino acid
 Ile and Thr → Two chiral center

 Gly → without chiral center
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Uncommon 
Amino Acids

constituents of 
proteins

4-hydroxy proline

5-hydroxy lysine

Phosphoserine

not constituents of 
proteins

Ornithine

Citrulline

Beta-Alanin

Uncommon amino acids created by modification of common residues already

incorporated into a polypeptide.
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Amino Acid Sequence Determination

 Edman degradation

MS (Mass Spectrometry)
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Peptide Mass Fingerprinting (PMF)
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شکل((PIRپروتئینیاطلاعاتمنبعو((SIBسوئیسبیوانفورماتیکموسسه،((EMBL-EBIاروپابیوانفورماتیکموسسهشاملموسسهسههمکاریباUniProtسایت
.هستندکاربهمشغولپشتیبانیوافزارنرمتوسعهداده،پایگاهمسئولعناوینبانفر100ازبیشموسسهسههمکاریبا.استگرفته

دادهمرکزوکتابخانه)TrEMBLوSwiss-ProtمحتوایتولیدبهباهمSIBوEMBL-EBIکهصورتبدین.داردعهدهبررامختلفیوظایفمذکورموسساتازهرکدام
توسطشدهتهیههایدادهمجموع.باشدمی((PIR-PSDپروتئینتوالیاطلاعاتیبانکتهیهمسئولPIRموسسههمچنین.پردازندمی(شدهترجمهنوکلئوتیدیهایتوالی

.دهندمیپوششرااعظمیبخشباشند،میپروتئینیمختلفهایتوالیبهمربوطکهموسساتاین
TrEMBLهمکاریباSwiss-Protمجموعه.پردازندمیمحتواتولیدبهبالاییسرعتباPIRوتهیهراهاپروتئینتوالیاطلاعاتیبانکمجموعهحالهمیندرنیز

.دادندشکلراUniProtوکردهادغامهمباراخومنابعمذکورموسسهسه2002سالدر.کندمینگهداری



34



Bioinformatic analysis of sequence data
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Sequence similarity and sequence alignment analysis

BLAST

(Basic Local Alignment Search

Tool): UniProt or NCBI

Alignment

Pairwaise alignment

Multiple alignment

Homology

Similarity

Identity
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57 similar amino acides
37 full match
20 +

% identity = (طول ناحیه انطباق)× 100 /تعداد ریشه های یکسان

% Similarity =  تعداد ریشه های یکسان+ تعداد ریشه های مشابه) طول ناحیه انطباق)× 100 /
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SECONDARY STRUCTURE
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Secondary structure: α-helix, β-strand and β-Turn

Tertiary structure

Quaternary structure

Fibrous proteins versus Globular proteins

Why Secondary structures are formed?

α-helix and β-strand properties

Loops such as β-turn

Types of β-sheets: Parallel, Antiparallel and Mixed

Detection of secondary structures by???
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Proline
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• For homologous amino acid sequences from different species insertions and deletions are

mostly found in loop regions.

• Homologous sequence proteins show similar core structure which are not affected with

various loop regions.56
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TERTIARY STRUCTURE
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EF hand

Troponin C has four EF hands

• Helix-turn-Helix is specific for DNA 
binding.

• Helix-Loop-Helix is specific for calcium 
binding.
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Domain and Motif

• Several motifs usually combine to form
compact globular structures, which are called
domains (fundamental functional and
structural units).

• Tertiary structure: the way motifs are
arranged into domain structures and for the
way a single polypeptide chain folds into one
or several domains.

• Large polypeptide chains fold into several
domains.
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• There are many known examples where several

biological functions that are carried out by

separate polypeptide chains in one species are

performed by domains of a single protein in

another species.

• Sequences → Structural Motifs → Domain →

Tertiary structure

The number of such combinations is limited.
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Tertiary structure
Domain, Motif (structural motif, sequence motif, functional motif) and Fold
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QUATERNARY STRUCTURE
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Difference between Conformation and Configuration
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کانفیگوراسیونوکانفورماسیونتفاوت
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