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BCHS 6229

Protein Structure and FunctionProtein Structure and Function

Lecture 1 (October 11, 2011)

Introduction

Basic Structural Principles

PDB
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Overview

Main Goals:

• Carry out a rapid review of the essentials of protein structure & function

• Provide a basis for evaluating current structural biology literature

• Cover selected important topics in protein science

• Include literature as much as possible

Suggested Textbooks:
• Introduction to Protein Structure, 2nd Ed., Branden and Tooze, 1999

• Protein Structure and Function, Petsko and Ringe, 2004

• Fundamentals of Biochemistry, Voet, 2ndEd, 2005

Grade:
• One short in-class exam (20 %)

• Two homework assignments (40 %)

• One project presentation (40 %)
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Yeo Laboratory – Research Interests

• Type V Secretion in

Haemophilus influenzae

• Virulence factors of

Campylobacter jejuni
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Overview: Basic Structural Principles
Examples of biochemical functions performed by proteins (I)

Binding

Catalysis
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Examples of biochemical functions performed by proteins (II)
Switching

Structural Proteins
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There are four levels of protein structure
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• Backbone of an amino acid
is composed of the N, C ,
and C

• Amino acid structures and
sequences are written from
left to right, starting with the
N-terminus (amino) and
finishing with the C-terminus
(carboxyl)

• The thing that differentiates
each amino acid is the “R”
group

• C  is chiral, except in Gly

Please carefully note the 

charged ends (termini).

At physiological pH, the

ends of an amino acid are

charged.  Certain “R”

groups will also be charged

at pH 7.

Amino acids
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General properties

• The backbone of individual amino acids are zwitterionic (i.e.

has both a positively charged and a negatively charged

group)

• In addition, some amino acids have ionizable (i.e. charged)

side chains

• Because of these ionizable groups (backbone and some

side chains), amino acids can have a number of different

charge states

• The “R” group in an amino acid is called the side chain

• An amino acid is often called a “residue” (i.e. an amino acid

residue)

• There are 20 standard amino acids - they all differ in “R”
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Classification
• Non-polar (9 aa)

– Glycine (Gly, G), Alanine (Ala, A), Valine (Val, V), Leucine (Leu, L),

Isoleucine (Ile, I), Methionine (Met, M), Proline (Pro, P),

Phenylalanine (Phe, F), Tryptophan (Trp, W)

• Polar (6 aa)

– Serine (Ser, S), Threonine (Thr, T), Asparagine (Asn, N),

Glutamine (Gln, Q), Tyrosine (Tyr, Y), Cysteine (Cys, C)

• Charged (5 aa)

– Aspartic acid (Asp, D, -1); Glutamic acid (Glu, E, -1)

– Lysine (Lys, K, +1); Arginine (Arg, R, +1), Histidine (His, H, +1)
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van der Waals

Hydrophobic effect

H - bond

Polar & non-polar

interface

Amino acid structure and the chemical characters of the

amino acid side chains
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Amino acids

• The amino acid, Alanine (Ala, A) is shown below

in line, stick, ball and stick, and CPK (space

filling) representations.
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Linear arrays (polymers) of amino acids can
make a huge number of molecules

Consider a peptide with two amino acids;

There are 20 possibilities at each site

AA1 AA2

20     x    20      =   400 different molecules

AA1 AA2 AA3

20   x     20   x     20   =    8000 different molecules

For 100 amino acid protein the # of possibilities are:

130100
1027.120 x=
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Peptide bonds

• As mentioned previously,

amino acids can be

connected together (i.e.

condensed) to form a

bigger molecule, now

containing two amino acids

• The bond formed is a

“peptide bond” and the

molecule is a dipeptide.

• If we add another amino

acid, then we would have a

tripeptide
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Disulfide bond formation

• Amino acids in a poly-

peptide chain can also

be cross-linked via two

Cys residues

• Cys residues have “SH”

groups at the end of their

side chains.  Two of

these groups can be

oxidized to form an S-S

(disulfide) bond.

• Disulfide bonds can

provide stability to a

protein structure
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Amino Acids:

The building blocks of proteins

-amino acids because of the -carboxylic and -amino groups

pK1 and pK2 respectively  pKR is for R group pK’s 

Remember these values for the

pK1  2.2 while pK2  9.4 pKa’s of the termini for ALL AA’s

pK1pK2

In the physiological pH range, both carboxylic and

amino groups are completely ionized!!

Hint: draw the structures of an amino acid at several pH values

pKR
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Acid - Base properties of amino acids
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Henderson-Hasselbalch Eq.

Isoelectric point: the pH where

a protein carries no net
electrical charge

The observed pKa of an amino
acid side chain is dependent on
its environment in the protein -
standard pKa’s can be
substantially shifted by the
protein environment

Glycine
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Isoelectric point

• pI = 0.5(pKi + pKj); for 2 ionizable groups

• If amino acid has ionizable side chain, then it must be taken
into account when computing pI

• If the side chain is negatively charged when ionized (Asp,
Glu), then pI = 0.5(pK1 + pKR) (remember pK1 is the pKa of
the C-terminus, -COOH)

– e.g., pI of Asp = 0.5(2.20 + 3.90) = 3.05 (the total charge
from the side chain and C-term at pH=3.05 is –1 which
balances with the +1 charge of the N-term to give a total
charge of 0)

• If the side chain is positively charged when ionized (Arg, Lys,
His), then pI = 0.5(pKR + pK2) (remember pK2 is the pKa of
the N-terminus, -NH2)

– e.g., pI of Lys = 0.5(10.54 + 9.4) = 9.97
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Amino acid nomenclature

• Greek lettering used to identify atoms in all amino acid side

chains - lysine and glutamate are shown as examples

• Naming is for Carbon atoms - anything attached to the

carbon has the same Greek letter
• For example, the NH3+ at the end of the Lys side chain is N
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Nomenclature

Glx means either Gln or Glu; same for Asx (Asn or Asp)

Long name - drop -ine and add -yl and put amino acids in order

(e.g. alanine – alanyl, lysine – lysyl, etc.)

The standard method to write an amino acid sequence is from the

N-terminus to the C-terminus

N-terminus-AA1-AA2-AA3-AA4-…AAn-C-terminus

The protein is different, if named backwards!!

KCAT (Lys-Cys-Ala-Thr) is different from TACK

Order DOES count
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Non-standard amino acids
• Post-translationally modified

amino acids

• These transformations are made
after the amino acids are already
incorporated into a protein

• Typical alterations include:
hydroxylation, methylation,
acetylation, carboxylation, and
phosphorylation

• Addition of PO3
2- to a Ser, Thr, or

Tyr is a common theme in signal
transduction
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Non-standard amino acids

• Neurotransmitters

– GABA: glutamine decarboxylation product

– Dopamine: tyrosine derivative

• Local mediator of allergic reactions

– Histamine: histidine decarboxylation product

• Thyroid hormone that stimulates vertebrate metabolism

– Thyroxine: tyrosine derivative

• About 250 amino acids have been found in various plants and fungi
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Gene and Proteins

Linear relationship, single-nt polymorphism

Conservative substitutions
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Table of the frequency with which one amino acid is replaced

by others  in amino-acid sequences of the same protein from

different organisms

From Protein Structure & Function (Petsko & Ringe)
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N                N+1

Diagram of an extended polypeptide chain

Biochemist way - residue
Structural purpose - peptide unit around C  
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Any specific number is highly dependent on the context

in which the interaction is found!!
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Retrieving and Viewing Protein

Structures from the Protein Data Bank

(PDB)
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Protein Data Bank

• Established in 1971
– Funded by NSF, DOE, NIH

– Operated by Rutgers, SDSC, NIST

• Purpose: Make protein structure data available to
the entire scientific community

• In the beginning: “less than a dozen” protein
structures

• Currently has xx,xxx protein structures

• Growing at 20% per year

• New structures 50 times larger than those in 1971
are common place
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PDB Growth

As of October 4, 2011, 76288      



31

• Engineered bacteria as a source of proteins

• Improved crystal-growing conditions

• More intense sources of X-rays

• Cryogenic treatment of crystals

• Improved detectors & data collection

• New method - NMR:

– Accounts for 15% of new structures in PDB

– Enables determination of structure of proteins in
solution

“Protein Structures: From Famine to Feast”, Berman, et.al.

American Scientist v.90, p.350-359, July-August 2002
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Not all Structures are Different

PDB Growth in “New Folds”
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Structure vs. Sequence

• New protein sequences are being discovered much

more quickly than new protein structures are being

solved

– Currently, known protein sequences vastly outnumber

known protein structures

– The “sequence-structure” gap continues to widen

Known

Structures

Known

Sequences

time

number
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Point of Information

• Today’s material is:

– a subset of the information available to you

in online tutorials

– presented to “get you started” quickly and

to “shorten the learning curve”

– not exhaustive or even sufficient

=> should be augmented by actually

working through the online tutorials
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PDB Website
http://www.rcsb.org/pdb/home/home.do

Enter what you

know (names,

id codes..)
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Query Result BrowserWhich one

do I want?

Let’s look at

this one …
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Structure Explorer View it…

Download it…

Yep, that’s the

right one…
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View Structure
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Download/Display

Download

the file…

Display the

file …
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Header Information
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Visualizing Proteins

• High complexity

• Multiple levels of structure

• Important properties are “distributed”

throughout the 3D structure

Branden & Tooze
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Visualization Objectives

• Structure
– Backbone; secondary, tertiary & quaternary

• Side chain groups
– Hydrophobic, charged, polar, acidic/base, etc.

• Cross-links
– Hydrogen bonds, disulfide bonds

• Surfaces
– Van der Waals, solvent-accessible

• Charge distributions, distances & angles, etc.
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Display Conventions

Wireframe Ribbon

Space filling Molecular Surface
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Important URLs &

Visualization Tools

PyMol: http://pymol.sourceforge.net/

Chimera: http://www.cgl.ucsf.edu/chimera/

VMD: http://www.ks.uiuc.edu/Research/vmd/

MolMol: http://hugin.ethz.ch/wuthrich/software/molmol/index.html

Cn3D: http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml

iMol: http://www.pirx.com/iMol/

Molview: http://www.danforthcenter.org/smith/MolView/molview.html

RasMol: http://www.bernstein-plus-sons.com/software/rasmol/

• Operating systems – Unix, Windows, Mac

• Our choice (arbitrary) :

–PyMOL

–SwissPDB (stand-alone) etc.
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PyMOL



47

SwissPDB



48

SwissPDB – Toolbar

Center

Translate

Zoom

Rotate

Distance between two atoms

Angle between three atoms

Measure omega, phi and psi angles 

Provenance of an atom

Display groups a certain distance from an atom


