3-D Structure of Proteins

* The spatial arrangement of atoms in a protein is called its conformation.
* Proteins in any of their functional folded conformations are called native proteins.
* Stability - the tendency to maintain a native confirmation.

*  When water surrounds a hydrophobic molecule, the optimal arrangement of
hydrogen bonds results in a highly structured shell or solvation layer of water in
the immediate vicinity.

The earbony] oxygen has a partial negative
charge and the amide nitrogen a partial positive
charge, setting up a small electric dipole.

Virtually all peptide bonds in proteins occur in
this trans configuration; an exception iz noted in

Figure 6-8b.
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3-D Structure of Proteins

* Primary Structure — basic amino acid sequence

* Secondary Structure — refers to the local conformation of some part of the
polypeptide [a helix; B conformations]

* Teritiary Structure - is the overall 3-D arrangement of all atoms in a protein.

* Quaternary Structure — is the 3-D complexes of protein subunits.
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o helix — different aspects of its structure
a helix — ¥ = -450 to -500; ® =-600
Each helical turn includes 3.6 amino acid residues
The helical twist of a helix found in all proteins is right-handed.



Knowing the Right Hand from the left.
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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.

Five different kinds of constraints affect the stability of an o helix:

1. Electrostatic repulsion (or attraction) between successive amino acid residues
with charged R group.
Bulkiness of adjacent R group
Interactions between amino acid side chains spaced three (or four) residues apart.
Occurrence of Pre and Gly residues.
Interaction between amino acid residues at the ends of the helical segment and the
electric dipole inherent of the a helix.
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pB-conformation of polypeptide chains.
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() Parallel

The structures are somewhat similar, although the repeat period is shorter for the parallel
conformation (6.5A versus 7A for anti-parallel) and the H-bonding patterns are different.

B turns are common in proteins.

Type I B turns
occur more than
twice as frequently
as type IL.

Type II B turns
always have Gly as
the third residue.

trans cis
Proline isomers
()



Ramachandran plot for a variety of structures if‘ A
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Secondary Structures and Properties of Fibrous Proteins

Structure Characteristics Examples of occurrence

o Heli, cross-linked by disulfide Tough, insoluble protective a-teratin of hair, feathers, and

bonds structures of varying hardness nails
and flexibility
 Conformation Saft, flzxible filzments Silk: fibroin
Collagen friple helix High tensile strength, without Collagen of tendons, baone matrix
siretch
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Structure of Collag_

® Like all the o-keratins,
collagen has evolved to
provide strength.

® Found in connective
tissue such as tendons,
cartilage, the organic matrix
of bone, cornea of the eye.
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Tertiary structure of sperm whale myoglobin
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X-ray Diffraction
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Approximate Amounts of « Helix and @ Conformation
in Some Single-Chain Proteins*

Residues (%)

Protein (total residues) o Helix A Conformation
Chymotrypsin (247) 14 a5
Ribonucleass (124) 26 35
Carboxypeptidase (307) 358 17
Cytochrome ¢ (104) 39 .
Lysazyme (129) 40 12
Myoglobin (153} 78 0

*Portions of the polypeptide chains that are not accountad for by & helix or 3 conformation
consist af bends and irregularly coiled or extended stretches. Segments of o halix and &
conformation sometimes deviate slightly from their normal dimensiens and geometry,

* Supersecondary structures, also called motifs or simply folds, are particularly
stable arrangements of several elements of secondary structure and the
connections between them.

* Class and Fold - are purely structural

e Family - similar structure and function

* Superfamily - little primary sequence similarity, but make use of same major
structural motif and have functional similarity
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(b) Typical connections Croszover connection
in an all-# motif {not observed)



{¢) Right-handed connection
between 2 strands

Left-handed connection
betweaen & strands
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Serum albumin Ferritin-like a/a toroid DNA-binding 3-helical bundle
Serum albumin Ferritin-like Glveosyltransferases of the Homeodomain-like

Serum albumin Ferritin superhelical fold Homeodomain

Serum albumin Bacterioferritin (cytochrome b)) Glucoamylase _ engrafled Homeodomain
Human (Homo sapiens) Escherichia coli Glucoamylase Drosophila melanogaster

Aspergillus mwamort, variant x100
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_ Fold
Superfamily
Family
Protein
Species
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e-Amylase imhibitor
a-Ampylase inhibitor
a-Ampylase inhibitor
HOE-467A
Streptomryees tendae 4168
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A-Prizm I1

er=[l-Mannose-specific plant lectins
er=[l-Mannose-specific plant lectins
Lectin (agglutinin}

Snowdrop (Galanthis nivelis)
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Single-stranded left-handed 8 helix
Trimerie LpxA-like enzymes

UDP N-acetylglucosamine acyliransferase
UDP N-acetylglucosamine acyltransferase
Escherichia coli
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Immunoglobulin-like 8 sandwich
Immunoglobulin

Antibody variable domain=like
CDs
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Ipex

Four-bladed g prapeller

Hemopexin-like domain

Hemopexin-like domain

Collagenase-3 {(MMP-13),
carboxyl-terminal domain

Human (Hamo sapiens)
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NAINPrbinding Rossmann-fold domains Crolonase-like Phozphofructokinase
NAINPEbinding Rossmann-fold domains Crotonaze-like Phozpholructokinase
Alcoholiglucese dehydrogenases, Crotonase-like Phozphofructekinase
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- 2pil
Pilin

Pilin
Pilin

Pilin
Netsserio gonoreforae

Iufia
- Ubiguitin-conjugating enzyme
Ubiguitin-conjugating enzyme
Ubibuitin-conjugating enzyme
_ Ubigquitin-conjugating enzyme
Human (Hamo sepiens)

1zyn

Thymidylate synthase
Thymidylate synthase
Thymidylate synthase
Thymidylate synthase
Escherichio coli

Green fluorescent protein
Green flusrescent protein
Green flusrescent protein
_ Green luorescent protein
dellyfish (Aequoreea victorio
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Quaternary Structure

*  Multimer — multi-subunit protein — from 2 to 100 subunits
e Oligomer — multimer with few subunits
* Protomer — multimer with repeating structural unit

Symmetry
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Mative state:
catalytically active.

(SRTER SRt T

mcldditiomn of
wirtam s Fnrwad
SRS EE R T |

Linfoldoad state;
inactive, lHsulfide
crogas-links reduced to
ield Cys residuacs.

FU A B el —

roriowa l o of
(BRSSP R AT |
[ER A S E R ST |

Ilaabiwres,

carbaalyrbiczaally

srctiawer smbsatba=.

I Fisulfide ocross=linlks
correctly re-formmed.




A simulated folding pathway

Boginning of helix formation nnd collnpse
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(1) Unfolded Unfolded protein

protein hinds
to the GroEL
pocket not
blocked by
GroES.

@ ATP binds to
each subunit

of the GroEL
heptamer.
(@) ATP hydrolysis TP T
leads to release 7 ADP
of 14 ADF and

@ Proteins not

folded when
released are
rapidly bound
apgain.
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