BCHS 6229
Protein Structure and Function

Lecture 1 (October 11, 2011)

Introduction

Basic Structural Principles
PDB



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, 2"Ed, 2005

Grade:

e One short in-class exam (20 %)
 Two homework assignments (40 %)
* One project presentation (40 %)




Yeo Laboratory — Research Interests

e Type V Secretion in
Haemophilus influenzae

* Virulence factors of
Campylobacter jejuni




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

TATA binding protein Myoglobin Blnd | ng

Ly /

The TATA binding protein binds a specific Myoglobin binds a molecule of oxygen

DNA sequence and serves as the platform reversibly to the iron atom in its heme

for a complex that initiates transcription of group (shown in grey with the iron in
genetic information. (PDB 1tgh) green). It stores oxygen for use in muscle

tissues. (PDB 1a6k)

DNA polymerase HIV protease CataIyS|S

DNA replication is catalyzed by Replication of the AIDS virus HIV depends
a specific polymerase on the action of a protein-cleaving enzyme

that copies the genetic material called HIV protease. This enzyme is the 4
and edits the product for errors in target for protease-inhibitor drugs (shown

the copy. (PDB 1pbx) in grey). (PDB 1a8k)




Examples of biochemical functions performed by proteins (Il)
Switching o

@

The GDP-bound ("off'; PDB 1pll) state of Ras differs significantly from the GTP-bound ("on"; PDB 121p) state.
This difference causes the two states to be recognized by different proteins in signal transduction pathways.

Structural Proteins

Silk F-actin

Silk derives its strength and flexibility from its
structure: it is a giant stack of antiparallel beta sheets.

Its strength comes from the covalent and hydragen Actin fibers are important for muscle contraction
bonds within each sheet; the flexibility from the and for the cytoskeleton. They are helical
van der Waals interactions that hold the assemblies of actin and actin-associated proteins. 5

sheets together. (PDB 1slk) (Courtesy of Ken Holmes)




There are four levels of protein structure

Secondary
N

Primary

C

alpha helices beta strands

Quaternary




Amino acids

R
+ _
H.N C, COO

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.

Backbone of an amino acid
IS composed of the N, Ca,

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

e Ca s chiral, except in Gly



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 (lle, 1), 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 (GIn, 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)



TABLE 4-1. COVALENT STRUCTURES AND ABBREVIATIONS OF THE “STANDARD” AMINO ACIDS OF PROTEINS, THEIR
OCCURANCE, AND THE PK VALUES OF THEIR ION1ZING GROUPS

Name, Residue Average
Three-letter Symbol, Structural Mass Occurence pK, pK, pKy
and One-letter Symbol Formula*® (D)* in Proteins (%)° a-COOHY a-NHj ¢ Side chain?
Amino acids with nonpolar side chains
Glycine (I:oo- 57.0 7.2 235 9.78
Gly H—C—H
G |
NH;
Alanine ('?OO 71.1 7.8 2.35 9.87
Ala H—C—CH,
A
NH;
Valine (|:00 CH, 99.1 6.6 2.29 9.74
/
Val H— ? - C{-I
v
NH; CH;
Leucine (I:oo : CH, 113.2 9.1 233 9.74
/
Leu H—C—CH,—CH
L
NH; CH,
Isoleucine COO~ CH, 113.2 5.3 232 9.76
Tle H—C——C*~CH,—CH,
1
NH;{ H
Methionine (i_'OO 5 131.2 22 213 9.28
Met H—C—CH,—CH,—S—CH,
M |
NH;
Proline H, 97.1 5.2 1.95 10.64
Pro €Qo" x Y~CH,
P A
d N CH
H
Phenylalanine  COO- 147.2 39 2.20 9.31
Phe H—é—CH: @
F |
NH{
Tryptophan ?OO B 186.2 1.4 2.46 9.41
Trp H—C—CH,—5
w [ l:
NH{ o
H
* The ionic forms shown are those predominating at pH 7.0 although residue mass a yven for the neutral oompound The C, atoms, as well as those atoms
marked with an asterisk, are chiral centers with configurations as indicated g to Fischer projecti The dard orga bering
system is provided for heterocycles.

® The residue masses are given for the neutral residues. For the molecular masses of the parent amino acids, add 18.0 D, the molecular mass of H,0, to the
residue masses. Forudechmnmsubtnc( 56.0 D, the formula mass of a peptide group, from the residue masses.

¢ Calculated from a database of d ins containing 300,688 residues as compiled by Doolittle, R. F. in Fasman, G, D. (Ed.), Predictions of
Protein Structure and the Principles of Protein Coq[ormauon, Plenum Press (1989).

¢ Source: Dawson, R.M.C., Elliott, D.C., Elliott, W.H. and Jones, K.M., Data for Biochemical Research (3rd ed.), pp. 1-31, Oxford Science Publications
(1986).

 The three- and one-letter symbols for asparagine or aspartic acid are Asx and B, wh for gl ine or gl ic acid they are Glx and Z. The one-letter
ymbol for an und ined or * dard™ amino acid is X.
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Name, Residue Average
Three-letter Symbol, Structural Mass Occurence pK, Pk, pKy

and One-letter Symbol Formula* (D)* in Proteins (%)* a-COOH* a-NHi 4 Side chain?
Amino acids with uncharged polar side chains
Serine COO~ 87.1 6.8 2.19 9.21
Ser  H—C—CH,—OH
N |

NH;
Threonine  coo- H 101.1 5.9 2.09 9.10

|
Thr p—c——Ctom,
T | |

NH{ OH
Asparagine* ?oo- 0 114.1 43 2.14 8.72
Asn Yy C—CH,—C
N |

NH; NH,
Glutamine* COO- 0 128.1 43 2.17 9.13
Gl Yy C—CH,—CH,—C
Q X

NH; NH,
Tyrosine ?00' 163.2 3.2 2.20 9.21 10.46 (phenol)
Tyr H—-C—CH:—@—OH
Y |

NH;
Cysteine COO~ 103.1 1.9 1.92 10.70 8.37 (sulfhydryl)
Cys  y—C—CH,—SH
C |

NH;
Amino acids with charged polar side chains
Lysine CO0- 128.2 5.9 2.16 9.06 10.54 (e-NH3)
;’s H—C—CH,—CH,—CH,—CH,—NH}

NH;
Arginine COO~ NH, 156.2 5.1 1.82 8.99 12.48 (guanidino)
Arg H—(II—CH:—CH:-—(‘H:—NH—C
R .

NH; NH;

Histidine (ISOO - 137.1 23 1.80 9.33 6.04 (imidazole)
His H—C-—CH:—@
H | =

NH; N

X H
Aspartic acid* COO~ 0 115.1 5.3 1.99 9.90 3.90 (p-COOH)
Asp /
H—C—CH,—C

D \

NH{ &)
Glutamic acid® COO- 0 129.1 6.3 2.10 9.47 4.07 (»-COOH)
Glu H—C—(‘H_.-—CH,—Cl
E | N

NH; 0

11




Amino acid structure and the chemical characters of the
amino acid side chains

S
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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

AALl M AA2
20 x 20 = 400 different molecules

AAl 1 AA2 1 AA3

20 x 20 x 20 = 8000 different molecules

For 100 amino acid protein the # of possibilities are:

20" =1.27x10""

14



Peptide bonds

* As mentioned previously,
Bi H R o amino acids can be
mii—c—d  + a—N—c—¢ connected together (i.e.
condensed) to form a
bigger molecule, now
containing two amino acids

\ > H,0 e The bond formed is a
v “peptide bond” and the
R O Rz 0 molecule is a dipeptide.

HsN—C—C N—C—C * If we add another amino
H g g O acid, then we would have a
Copyright 1999 John Wiley and Sons, Inc. All rights reserved trl p eptl d e
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Disulfide bond formation
« AmiIno acids in a poly-

C=—0
H—C— CH,— SH L HS
NH
0] —
Cysteine . > H,0
residue *
Y
C @)
H—C—CH,—S—S—CH;
NH

NH
CH,—C—H

C=0

Cysteine
residue

NH

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

( ) bond.

Disulfide bonds can
orovide stabllity to a
nrotein structure 16




Amino Acids:
The building blocks of proteins

‘s A~

H,N— C;— COOH oK,  Hil —C—C00™

N i

o.-amino acids because of the a.-carboxylic and a.-amino groups
pK, and pK, respectively pK, is for R group pK’s
Remember these values for the
‘ pK, = 2.2 while pK, = 9.4‘ pKa’s of the termini for ALL AA’s

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



Acid - Base properties of amino acids

[A]
PH = pK+Iog([HA])

Henderson-Hasselbalch Eg.
Isoelectric point: the pH where

a protein carries no net
electrical charge

pl=%(pKi+ij)

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

12

10

0

1)
- \-\v}\\ “

) O/ =
cO
eve
\\-Fb

0.5 1.0 1.5

H™ ions dissociated/molecule
Inc. All ights reserved

000-’ 4

Glycine

2.0



Isoelectric point

pl = 0.5(pK; + pK;); for 2 ionizable groups

If amino acid has ionizable side chain, then it must be taken
Into account when computing pl

If the side chain is negatively charged when ionized (Asp,
Glu), then pl = 0.5(pK; + pKg) (remember pK; is the pK, of
the C-terminus, -COOH)

— e.g., pl 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 pl = 0.5(pKy + pK,) (remember pK, is the pK, of

the N-terminus, -NH,)

— e.g., plof Lys = 0.5(10.54 + 9.4) = 9.97
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Amino acid nomenclature

H O H O
| I | |
—NH—C —C— —xu—(l‘—(‘—
|
HoC Il._)(‘
1 I
H,C H,C
B | B
H,C COO
N
H,C
i

NH;

Lys Glu

» 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 NH;+ at the end of the Lys side chain is Ne

20



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-AA;-AA,-AA;-AA,-...AA -C-terminus
The protein is different, if named backwards!!

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

21



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 PO,? to a Ser, Thr, or
Tyr is a common theme in signal

transduction

i 3
, COO™
4-Hydroxyproline

| "OOC\ /COO‘
0—PO%~ ,{([Z'H
(FHZ CH,
—NH—CH—CO— =N CH—C0—
O-Phosphoserine y-Carboxyglutamate
0
|
NH—C— CH;y
(‘: II:{ ’
.CH,
CH,
CH.,,
AL
CH, |
s nCH‘-’
—NH—CH—CO— |
—NH— CH—CO—

3-Methylhistidine

g-N-Acetyllysine 22



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

HO I I

~00C —CH, l(IJH2 3—- HO©7(I;”2 Ho©o~©i(lmz
- -
HyN —CH, i HyN — CH2 H,N — CH, i 1 H,N —CH—CO0~
v-Aminobutyric acid (GABA) Histamine Dopamine Thyroxine

23



Gene and Proteins

Ist positi 3rd positi
S{E.p'[:fr: Cr):m U c A G r(Snglldl}nn

Phe Ser Tyr Cys U
U Phe  Ser  Tyr Cys G
leu Ser STOP STOP A
Leu Ser STOP T G
Leu Pro  His Arg U
c Lew Pro His Arg c Prokaryotes Eukaryotes
leu Pro  GIn  Arg A
leu Pro GIn  Arg G
le  Thr Asn  Ser U RTECLCLCLTLCLC LR DNA AL~ TETETE " 16 14N
A le  Thr Asn  Ser C
lle  Thr Lys  Arg A
Met  Thr Lys  Arg G Transcription
Val  Ala  Asp  Gly ]
G Val  Ala  Asp Gl c
Val  Ala  Glu Gl A .
Val  Ala  Glu  Gly G ~intron exon -
primary transcript ANA" ~NANANA " ~ WA ~ VAN
Amino Abbreviations Codons AL ROB i e
acids Yt X £ s
Alanine Ala A GCA GCC GOG GCU RNA ﬂrﬂCESSfﬁg l:ﬂUl:lﬂl.lS:]
Cysteine Cys C UGE UGl e Ty
Asparticacid  Asp D GAC GAU
Glutamic acid  Glu E GAA GAG S g ¥V ¥ 5
Phenylalanine  Phe F U UuU | AN ARARARAA NN ANAN mRNA relnl ’
Glycine Gy G GGA GGC GGG GGU
Histidine His H CAC CAU
ILSF?::;C'HE Ejb :‘ iz: izg G Translation (cytoplasm of eukaryote)
Leucine leu L UUA UUG CUA CUC CUG cUU
Methionine ~ Met M AuG . _
Asparagine  Ash N AAC AAU VIOV — Protein ——— QIO
Proline Pro P GCA CGC GGG GCU
Glutaming Gin 0 CAA CAG
Argining Arg R AGA AGG CGA CGC CGG CGU
Sarine Ser 8 AGC AGU UCA UCC UCG UGU
Threonine Thr T ACA ACC ACG ACU
Valine Val V¥ GUA GUC GUG GLU 1 i i 1 i
S Linear relationship, single-nt polymorphism
Tyrosine Tyr ¥ JAC Ual

Conservative substitutions 24



Table of the frequency with which one amino acid is replaced
by others In amino-acid sequences of the same protein from
different organisms

Gly Ala Val Leu lle Met Cys Ser Thr Asn Gin Asp Glu Lys Arg His Phe Tyr Trp Pro

Gly

Ala

val 10 37

lew 2 10 30

lle 7 168 125

Met 1 3 8 21 6

tbys 1 3 3 2

Ser 45 4 3 2 2 12

The 5 19 5 13 3 1

Asn 16 11 1 4 4 Y 17

il 9 3 &8 1 2 5 4 5

Asp 16 15 2 1 10 6 53 8

BRI 11 27 4 2 4 1 9 3 9 42 83

[ c 6 2 4 4 9 17 20 32 15 10

1 3 2 2 3 2 1 142 2 129 48

He 1 2 3 4 1 3 1 23 244 2 2 10

el 2 2 1 17 9 2 a1 1 1 2
Tyr 9 2 2 1 3 2 2 4 1 1 4 2
Trp 1 3 1= Bl
POl 5 35 5 4 1 1@?39144?51

From Protein Structure & Function (Petsko & Ringe)



Diagram of an extended polypeptide chain

Biochemist way - residue
Structural purpose - peptide unit around Ca

hackbone

/
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peptide
plane



Chemical Interactions that Stabilize Polypeptides

Interaction

Covalent bond

Disulfide bond

Salt bridge

Hydrogen bond

Long-range _
electrostatic interaction

Van der Waals interaction

Example
—a—C-
—Lys-5-5-Cys-
0-H-N-H
- G /__ I+
%0
kN ’
N-H -—~0=C
s .
|
H—hi—f
0
e H
- C ' —
0
A
-L-H H-C-
| |
H H

Distance dependence

Donor (here N), and
acceptor (here Q)
atoms <3.5

Donar (here N}, and
acceptor (here Q)
atoms <3.5

Depends on dielectric
constant of medium.
Screened by water,
1/r dependence

Shart range.

Falls off rapidly beyond
4 A separation,

1/1® dependence

Typical distance

154

224

284

30A

Variable

354

Free energy (bond dissociation
enthalpies for the covalent bonds)

356 kl/male
{610 kJ/mole for a G=C bond)

167 kd/maole

12.5=17 kJ/maole; may be as high as
30 kJ/mole for fully or partially
buried salt bridges (see text),

less if the salt bridge is external

2-6 kJ/mole in water;
12.5-21 kJ/mole if gither donor
or acceptor is charged

Depends on distance and environment.
Can be very strong in nonpolar region
but very weak in water

4 kd/mole (4-17 in protein interior)
depending on the size of the group
{for comparison, the average
thermal energy of molecules at
room temperature is 2.5 kJ/mole)

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)

28



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

29



PDB Growth

Year

19396 .=

1935 =y

y

13945
1993

N

A

‘d

19924

A Y

19915s

R

1990
198903
198508
198715
19868
19858
19845
1983
1582
1581
1980
15790
1978
1577
1976
1975
1574
1573
1572

Yearly Growth of Total Structures

number of structures can be viewed by hovering mouse over the bar

Mumber
10,000 20,000 30,000 40,000 50,000 0,000

W Total mYearly

70,000

80,0¢

30
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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”

Year

Growth Of Unique Folds Per Year As Defined By SCOP (v1.75)

number of folds can be viewed by hovering mouse over the bar

Number
0 100 200 300 400 500 600 700

800

a00

1,000

1,100

1,200

1,300

1,400

1289

1988

1287

1286

1985 4

1984 4

1983

R

19820
1981,
1980
1979
19784
GE‘..
Hmwmt
1975
1974
1973

1972

w Total m Yearly
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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

Sequences
number

Known
Structures

time



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

34



PDB Website
http://www.rcsb.org/pdb/home/home.do

806 RCSB Protein Data Bank =1

Q:I' I:L/' i“r http:/ fwww.rcsb.org/pdb fhome /home.do E_JJ v B '

a memeer ofF THe S IPD B
v ) - An Information Portal to Biological Macromolecular Structures
TA BANK As of Tuesday Oct 09, 2007 & there are 46557 Structures (@ | PDB Statistics @

Enter what you
know (names,

Id COd ES ) [ Homn"| Search Are you missing data updates? The PDB archive has moved to ftp:/ /ftp.wwpdb.org.

CONTACT US | HELP | PRINT PAGE LB e B bovine pancretic ribonuclease A Site Search

For more information click here.

e wel to the RCSB PDB - —
- M Getting Started eicome to e = Complete News
p Download Files The RCSB PDB provides a variety of tools and resources for studying the = Newsletter
p Deposit and validate structures of bit?logical mi_acromolecules and their relationships to = Discussion Forum
seguence, function, and disease.
| P L 9-October-2007
Dictionaries & File Formats e is a member o e whose mission is to ensure tha
The RCSB b f the wwPDB wh t that
> A the PDB archive remains an international resource with uniform data. PDB archive at
ftp:/ /ftp.wwpdb.org
p General Education This site offers tools for browsing, searching, and reporting that utilize )
) Site Tutorlals the data resulting from ongoing efforts to create a more consistent and As PTBVIOU_SW anncunced, the
comprehensive archive. PDB archive has been
~ M BloSync moved to
} General Information Information about compatible browsers can be found here. ftp//ftp.wwpdb.org. Updated
e — m B weekly, this location
S A narrated tutorial &3 illustrates how to search, navigate, browse, serves the files from the
gL JFrequently Asked Questions generate reports and visualize structures using this new site. [This requires wwPDB Remediation Project
-[5<] Report Bugs/Comments the Macromedia Flash player download.] and all newly released
files. In September,
Comments? info@rcsb.org approximately 14.7
million files were
. > downloaded from
Quick ‘Y}Frs PR N 3p:< Molecule of the Month: Superoxide Dismutase fip.wwpdb.org.
e ; We can't live without oxygen. Qur cells .
zlsrlt_lrn;nFlfémsb.ct:[‘g fmb t rely on oxygen as the final acceptor of m Full article ...
ctailed information abou electrons in respiration, allowing us to
the macromolecular extract far more energy from food than 2-October-2007
Cwstallographic would be possible without oxygen. But
f g e oxygen Is also a dangerous compound.
In ormation File (mmCIF) Reactive forms of oxygen, such as Structure Deposition
data dictionary. superoxide (oxygen with an extra Checklist
electron), leak from the respiratory
enzymes and wreak havoc on the cell.
This superoxide can then cause mutatiens

In DNA or attack enzymes that make
Done

4| p

B



= a memeer or THE @ IPIDB
()
==

~» % ?DB"lol An Information Portal to Biological Macromolecular Structures
PROTEIN DATA BANK al As of Tuesday Oct 04, 2011 at 5 PM PDT there are 76288 Structures PDB Statistics (7] “=
=55 All Categories _:L Author  fifi Macromolecule %) Sequence [ Ligand e

Search | Al categories:

) e.g., PDB ID, molecule name, author &5 Browse @ Advanced

7
.

e Biological Macromolecular Resource

Full Description Latest Release
$ MyPDB Hide New Structure Papers

X Unreleased Entries

Login to your Account $ Featured Molecules Hide

Register a New Account

Structural View of Bhology' List View of Archive By: Title | Date | Category S P Hide
“ “ Enzymes % @ R Redesigned Search: Query

News & Publications g9

History and MyPDB
Usage/Reference Policies

“‘\ ““\ \

Depockion Folides Molecule of the Month Latest features released:

Website FAQ PDB Pioneers | Website Release Archive: | %)
Deposition FAQ Structural biology was born in 1958 with John Kendrew's atomic structure of myoglobin, and

Contact Us in the following decade, the field grew rapidly. By the early 1970's, there were a dozen atomic

About Us structures of proteins, and researchers were discovering that they had a goldmine of
Careers information.

External Links

Sitemap

Full Article

Protein Structure Initiative Featured System
Bacterial Armor

New Website Features

1 Deposition Hide
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SOURCE
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Header Information

Mozilla Firefox
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EYDROLASE 08-SEP-00 1Fs3
CRYSTAL STRUCTURE OF WILD-TYPE BOVINE PANCREATIC
2 RIBONUCLEASE A

MOL ID: 1;
MOLECULE: RIBONUCLEASE A;
CHAIN: A;

o LN ke L B

=d o Ll Lk BO

SYMONYM: RIBONUCLEASE PANCREATIC;
EC: 3.1.27.5;
ENCINEERED: YES

MOL_ID:
ORGANISM SCIENTIFIC: BOS TAURUS;
ORCANISM_COMMON: BOVINE;
TISSUE: PANCREAS;
EXPRESSION SYSTEM: ESCHERICHIA COLI;
EXPRESSION SYSTEM COMMON: BACTERIA;
EXPRESSION SYSTEM VECTOR TYPE: PLASMID

1;

RIBONUCLEASE, RNASE A, BOVINE PANCREAS, HYDROLASE
X-RAY DIFFRACTION
E.CHATANI ,R.HAYASHI ,H.MORIYAMA,T.UEKI

2 i1-DEC-02 1FS3 ) REMARE

1 13-FEB-02 1FS53 0
AUTH E.CHATANI ,R.HAYASHI  H.MORIYAMA ,T.UEEI
TITL CONFORMATIONMAL STRICTHESS REQUIRED FOR MAXIMUM
TITL 2 ACTIVITY AND STABILITY OF BOVINE PANCREATIC
TITL. 3 RIBONUCLEASE A AS REVEALED BY CRYSTALLOCRAPHIC
TITL 4 STUDY OF THREE PHE12{0 MUTANTS AT 1.4 A RESOLUTION.
REF PROTEINM SCI. V. 11 72 2002
REFN ASTM PRCIEI U5 ISSH 0961-B36H
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Visualizing Proteins

e High complexity
e Multiple levels of structure

e Important properties are “distributed”
throughout the 3D structure

o Branden & Tooze



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

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/

e QOperating systems — Unix, Windows, Mac

e Our choice (arbitrary) :
—PyMOL

—SwissPDB (stand-alone) etc.
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PyMOL

@ MacPyMOL

x| PyMOL Tcl/Tk GUI }
Fle Edit Build Movie Display Setting Scene Mouse Wizard Plugin Help Tutorial
(COMPHD 3 CHAIN: A3 ‘| Reset | Zoom | Draw Ray Rock
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\COMPMD & EMGIMEERED: YES - - e - ]
Ob jectMolecule: Read secondary structure assignments, |< = Smp Play > pl MClear
Ob jectMolecule: Read crystal symmetry information, < e = el & e : = :
Symmetry: Found & symmetry operators, Command Builder
Cmcdload: "AUserssyeo/Deskbops/1FS53, pdb" loaded as "1FS3", - = rmmereen: i - |
You clicked AFS3//A/ARG 33/CE
Selector: selection "sele" defined with 11 atoms., |
. |
fOA MacPyMOL |

PyMOL> _




SwissPDB
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SwissPDB — Toolbar

Center Distance between two atoms

Angle between three atoms

Measure omega, phi and psi angles

Zoom Provenance of an atom

Rotate Display groups a certain distance from an atom

Translate

% Swiss PDB Viewer 3.7 (b2) = 0] x|
File /Edit Select Buld Toedls Fit Diéplay” Colof Preferences  SwissModel Window  Help

'f.., I ol 15A 6(1{ | B 2 |[* A } HUTATE | [forson| 9
E@J / SO - ? WDl =5 NS5

9 Move 4l
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