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Characteristic of peptide bond: Rigid and Planar

Coplanar 9/l

* Planar: The six atoms of the peptide group lie in a single plane, with the
oxygen atom of the carbonyl group and the hydrogen atom of the amide
nitrogen trans to each other. i\ ol
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* Rigid, Unable to rotate around its axis. The two amino acids linked by such a

bond are not free to rotate around the N—C linkage because the peptide bond

has a partial double-bond character, unlike the N—C and C—C bonds to the
central carbon of the amino acid. o\ odnal\
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Longer than double bond but shorter than a single bond
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A Protein’s Function Depends on the its Shape
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» Proteins consist of long amino acid chains folded into complex shapes
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* The shape of a protein 1s very important because it determines the protein’s
function. il kg sy ¥ i s sl | S o

* a general principle about proteins structure and the folding of the polypeptide
chain (s): essentially all the internal amino acids are nonpolar ones, amino
acids such as leucine, valine, and phenylalanine. Water’s tendency to
hydrophobically exclude nonpolar molecules pulls the nonpolar portions of
the amino acid chain into the protein’s interior.
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* This situation positions the nonpolar amino acids in close contact with one
another, leaving little empty space inside.
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* Polar and charged amino acids are restricted to the surface of the protein
except for the few that play key functional roles.
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* When a cell synthesizes a protein, polypeptides folding is driven and
reinforced by the formation of various bonds and forces between parts of the
chain, which in turn depends on the sequence of amino acids.
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* Many proteins are roughly spherical (globular proteins), while others are
shaped like long fibers (fibrous proteins).
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Levels of Protein Structure
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The structure of proteins 1s
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Protein Primary Structure

* Protein Primary Structure refers to the specific amino acid sequence (type,
number and order of amino acids)
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» This sequence is determined by the nucleotide sequence of the gene (DNA) that

encodes the protein. Sty S 301 (DNA) cpadl o &l isatSonill uadecs J5Un (o el 158 1355 a3y
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* Because the R groups that distinguish the various amino acids play no role in the
peptide backbone of proteins, a protein can consist of any sequence of amino

acids.
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Protein Secondary Structure
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* Secondary structure is about the arrangement of the polypeptide chain in space
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* Most proteins have segments of their polypeptide chains repeatedly coiled or folded in
patterns that contribute to the protein’s overall shape.
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* These coils and folds (pleats), collectively referred to as secondary structure, are the
result of hydrogen bonds between the repeating constituents of the polypeptide
backbone (not the amino acid side (R) chains).
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* The folding of the amino acid chain by hydrogen bonding into these characteristic coils
and pleats is called a protein’s secondary structure.
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* The a—CgoH and o —NH2 groups of the main chain form quite good hydrogen
bonds.
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* Two patterns of H bonding occur: a helix and f-pleated sheet patterns.
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* Inone, hydrogen bonds form along a single polypeptide chain (intrachain), linking one
amino acid to another farther down the chain, and thus tends to pull the chain into a

coil called an o helix:
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* In the other pattern, hydrogen bonds occur across two polypeptide chains (interchain),
linking the amino acids in one chain to those in the other. Often, many parallel chains
are linked, forming a pleated, sheet-like structure called a p-pleated sheet.
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o helix and B-pleated sheet
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The a Helix Is a Common Protein Secondary Structure
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* The simplest arrangement the polypeptide
chain could assume with its rigid peptide
bonds (but other single bonds free to rotate) is
a helical structure called the a helix.
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* In a helix structure the polypeptide backbone
1s tightly coiled around an 1maginary
longitudinal axis, and the R groups of the
amino acid residues protrude or extend
outward from the helical backbone.
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* A tightly coiled backbone forms the inner part
of the rod and the side chains extend outward
in a helical array

* The a helix 1s a coiled Structure stabilized by
intrachain hydrogen bonds.
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* The screw sense of a helix can be right-handed
(clockwise) or left-handed (counterclockwise).
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* Essentially all a helices found in proteins are
right-handed.
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Hydrogen-Bonding Scheme For an o helix.
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In the a helix, the C=0 group of residue » forms a hydrogen
bond with the N-H group of residue n+ 4.

N a3, (residue) il s83u5a5l) C=0 degane aslli Ll Gg3la od thag AT
N+4 5, Gall (o8 N-H degans go diiag s dasl) 00 6S5




Amino Acid Sequence Affects o Helix Stability
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* Not all polypeptides can form a stable a helix. Interactions between amino acid side chains
can stabilize or destabilize this structure.
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* If a polypeptide chain has a long block of Glutamic acid residues, this segment of the chain
will not form an o helix at pH 7.0. The -ve carboxyl groups of adjacent Glutamic acid residues
repel each other so strongly that they prevent formation of the helix. For the same reason,
Lysine and/or Arginine residues (+ve).
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* The bulk and shape of Tyr, Trp, Phe, Met Ile, Val, Thr residues can also destabilize an a
helix if they are close together in the chain.
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* In Asp, Asn, Ser, H-bonding side chains compete directly with backbone H-bonds.
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* A constraint on the formation of the o helix is the presence of Pro or Gly residues.
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* In proline, the nitrogen atom is part of a rigid ring, so free rotation is not possible. Thus, a
Pro residue introduces a destabilizing Kink in an o helix. In addition, the nitrogen atom of a
Pro residue in peptide linkage has no substituent hydrogen to participate in hydrogen bonds
with other residues. For these reasons, proline is only rarely found within an o helix.

e sall Glsall 55 131 (rigid ring) dibus Gila oo Te3a cama il 8,3 0S5 (Proline) eplgall o
LT Sila Syl & 3e3 (Kink) 2L &usl (Pro residue) cusyll Ll o« oJGILs . cSas

¥ Laiad Ayl )1 et Sasmnshl crdisll Ly (o ormns il 8,5 06 «ell3 )] GLsY L (alpha helix\)
s3els (s AV Liaa¥l alaa¥ ] LS o Lilaagytagd) Il (o8 4 Linall L Aoy Cpangpaan )0 el
Ll Gysla AT Al sl amgs Lo T5al ol

o el oica Qe olaubw\ ol 5>-Yid oabibl oizs @ helix Y cugh dlntiun! A\ a5uid end gl Riny
Y8 o) 0 \ad o3 i\ cabibl § i) hielix 6\ \esssy das il el \a)\ ol a0



Glycine occurs infrequently in a helices for a different reason: it has more conformational
flexibility than the other amino acid residues. Polymers of glycine tend to take up coiled
structures quite different from an o helix.
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A final factor affecting the stability of an helix in a
polypeptide is the identity of the amino acid residues
near the ends of the -helical segment.
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* Normally, a small clectric dipole exists in cach peptide
bond. These dipoles are connected through the hydrogen
bonds of the helix, resulting in a net dipole extending
along the helix, with partial positive and negative
charges of the helix dipole actually exist near the amino-
terminal and carboxyl-terminal ends of the helix,
respectively.
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* The four amino acid residues at each end of the helix
do not participate fully in the helix hydrogen bonds.
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* For this rcason, negatively charged amino acids are
often found near the amino terminus of the helical
segment, where they have a stabilizing interaction with
the positive charge of the helix dipole.
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* a positively charged amino acid at the amino terminal
end is destabilizing.

* The opposite is true at the carboxyl-terminal end of the
helical segment.
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S Kkinds of restrictions affect the stability of an a helix

(1) the electrostatic repulsion (or attraction) between
successive amino acid residues with charged R groups.

* (2) the bulkiness of adjacent R groups

* (3) the interactions between R groups spaced three (or four)
residues apart.

* (4) the occurrence of Pro and Gly residues

* (5) the interaction between amino acid residues at the ends of
the helical segment and the electric dipole inherent to the o
helix.

* So, the tendency of a given segment of a polypeptide chain to
fold up as an a helix therefore depends on the identity and
sequence of amino acid residues within the segment.
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