Chem 452 - Lecture 2
Protein Structure
110928

Proteins are the workhorses of a living cell and involve
themselves in nearly all of the activities that take place in a
cell. Their wide range of structures are manifested by the
wide range of 3-dimensional structures that they are able to
possess. Proteins are linear polymers of amino acids, whose
sequence is determined by the sequence of DNA base pairs in
their corresponding gene. The connection between this linear
sequence of amino acids for a protein and its 3-dimensional
structure will be the focus of this lecture.
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Protein Folding

+ Anfinsens Experiment

Bovine Ribonuclease A
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+ Anfinsens Experiment
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Protein Folding

..we have occasionally called (9) the
“thermodynamic hypothesis.” This hy-
pothesis states that the three-dimen-
sional structure of a native protein in
its normal physiological milieu (solvent,
pH, ionic strength, presence of other
components such as metal ions or pros-
thetic groups, temperature, and other)
is the one in which the Gibbs free
energy of the whole system is lowest;
that is, that the native conformation is
determined by the totality of inter-
atomic interactions and hence by the
amino acid sequence, in a given environ-

ment. ...

Christian Anfinsen
1972 Nobel Prize in Chemistry
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Protein Folding

DNA proposed structures

+ Watson & Crick’s DNA structure also

made biological sense:

+ "However, if only specific pairs of bases can
be formed, it follows that if the sequence of
bases on one chain is given, then the
sequence on the other chain is automatically
determined?”

+ "It has not escaped our notice that the
specific pairing we have postulated
immediately suggests a possible copying
mechanism for the genetic material”

Anfinsen
ze in Chemistry

hem 452, Lecture 1 Introduction to Biochemistry 14
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Protein Folding

+ The primary
structure determines
the other levels of
structure.

..In terms of natural selection
through the ‘‘design” of macromolecules
during evolution, this idea emphasized
the fact that a protein molecule only
makes stable, structural sense when it
exists under conditions similar to those

Christian Anfinsen
1972 Nobel Prize in Chemistry

for which it was selected—the so-called
physiological state.

Chem 452, Lecture 2 - Protein Structure 8

Wednesday, September 28, 11


http://nobelprize.org/nobel_prizes/chemistry/laureates/1972/anfinsen-bio.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1972/anfinsen-bio.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1972/anfinsen-bio.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1972/anfinsen-bio.html

Protein Folding

+ The primary
structure determines
the other levels of

structure.

« Christian Anfinsen

demonstrated this in the

1950 Chris’riap Ar?ﬁnsen |
1972 Nobel Prize in Chemistry

Chem 452, Lecture 2 - Protein Structure 8

Wednesday, September 28, 11


http://nobelprize.org/nobel_prizes/chemistry/laureates/1972/anfinsen-bio.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1972/anfinsen-bio.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1972/anfinsen-bio.html
http://nobelprize.org/nobel_prizes/chemistry/laureates/1972/anfinsen-bio.html

Protein 3-Dimensional Structures

+ The first proteins to have their 3-D
structures determined were

determined in the late 1950's
myoglobin and hemoglobin.




Protein 3-Dimensional Structures

+ X-ray crystallography (Section 3.6)
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Protein 3-Dimensional Structures

+ X-ray crystallography (Section 3.6)
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Protein 3-Dimensional Structures

+ X-ray crystallography (Section 3.6)
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Protein 3-Dimensional Structures

+ NMR Spectroscopy (Section 3.6)
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Protein 3-Dimensional Structures

+ NMR Spectroscopy (Section 3.6)
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Protein 3-Dimensional Structures
+ NMR Spectroscopy (Section 3.6)

(A) 2D-NOE spectrum
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Protein 3-Dimensional Structures

+ NMR Spectroscopy (Section 3.6)

2D-NOE spectrum
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Protein 3-Dimensional Structures

+ NMR Spectroscopy (Section 3.6)
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Protein 3-Dimensional Structures
+ NMR S
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Protein 3-Dimensional Structures

+ Prediction from amino acid sequence
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Protein 3-Dimensional Structures

TABLE 2.3 Relative frequencies of amino acid residues in secondary structures

Amino acid a helix B sheet Reverse turn
Glu 1.59 0.52 1.01
Ala 1.41 0.72 0.82
Leu 1.34 1.22 0.57
Met 1.30 1.14 0.52
Gin 1.27 0.98 0.84
Lys 1.23 0.69 1.07
Arg 1.21 0.84 0.90
His 1.05 0.80 0.81
Val 0.90 1.87 0.41
lle 1.09 1.67 0.47
Tyr 0.74 1.45 0.76
Cys 0.66 1.40 0.54
Trp 1.02 1.35 0.65
Phe 1.16 1.33 0.59
Thr 0.76 1.17 0.96
Gly 0.43 0.58 1.77
Asn 0.76 0.48 1.34
Pro 0.34 0.31 1.32
Ser 0.57 0.96 1.22
Asp 0.99 0.39 1.24

Note: The amino acids are grouped according to their preference for o helices (top group), B sheets

(second group), or turns (third group).

Source: T. E. Creighton, Proteins: Structures and Molecular Properties, 2d ed. (W. H. Freeman and

Company, 1992), p. 256.

Chem 452, Lecture 2 - Protein Structure 19

Wednesday, September 28, 11



Protein 3-Dimensional Structures

+ Predicting a 3-D structure (tertiary
structure) by analyzing the amino
acid sequence (primary structure)

» By comparison to structures found in the
protein data bank.

Wednesday, September 28, 11



Pra

+Pr
st
ac

G|+

http:/ fwww.rcsb.org/pdb/explore/explore.do?structureld=1UUN

RCSB PDB - 1UUN Structure Summary
¢ | (Q~ Google

4
& [0 B wiki MSDS ChemdS52v Chemd53v SciFinder mobileme webmail mbv Googlev News (53)v Apple (305)v UWECY wpr npr NSFv PDB Lit.y BAMEDv Jmolv NMRv¥

©

»

[ =)
v
L—
o

PROTEIN DATA BANK

A memser or e @ IPD B
101 An Information Portal to Biological Macromolecular Structures
As of Tuesday Sep 27, 2011 at 5 PM PDT there are 76132 Structures

PDB Statistics ] @ =&

Search | il categories:

» All Categories [ Author fifi Macromolecule @ Sequence Ugand @

e.g., PDB ID, molecule name, author

@ Advanced

égh Browse

- B

t MyPDB Hide

Login to your Account
Register a New Account
Query Results (95)
Query History (1)

$ Home Hide

News & Publications
Usage/Reference Policies
Deposition Policles
Website FAQ
Deposition FAQ
Contact Us

About Us

Careers

External Links
Sitemap

New Website Features

t Deposition H

All Deposit Services
Electron Microscopy

X-ray | NMR

Validation Server

BioSync Beamlines/Facilities
Related Tools

I

summar s Sty T3 Siary | s i & o

‘ MAIN PORIN FROM MYCOBACTERIA SMEGMATIS (MSPA)

DOI:10.2210/pdbluun/pdb

Primary Citation

The structure of a mycobacterial outer-membrane channel.
Faller, M., Niederweis, M., Schulz, G.E./
Journal: (2004) Science 303: 1189

PubMed: 14976314 [/ )
DOI: 10.1126/science.1094114 (7
Search Related Articles in PubMed 1

PubMed Abstract:

Mycobacteria have low-permeability outer membranes that render them resistant to most antibiotics. Hydrophilic
nutrients can enter by way of transmembrane-channel proteins called porins. An x-ray analysis of the main porin
from Mycobacterium smegmatis, MspA, revealed a homooctameric goblet-like conformation with...

[ Read More & Search PubMed Abstracts ]

$ Tools Hide

Download Files

Compare Structures

File Formats

Services: RESTful | SOAP
Widgets

t Molecular Description Hide
Classification: Porin

Structure Weight: 38999

Molecule: MSPA

Polymer: 1
Chai A B

Type: protein Length: 184

$ PDB-101 Hide

Structural View of Biology
Understanding PDB Data
Molecule of the Month
Educational Resources

Launch Help System
Display Settings
Video Tutorials
Glossary of Terms
PDBMobile FAQ

Fragment: RESIDUES 28-211
Mutation: YES
UniProtKB: QSRLP7

Polymer: 1
Scientific Mycobacterium smegmatis ' & Taxonomy (/ Expression Escherichia coli
System:

o SCOP Classification v1.75: 2 Domains - cata from SCOP (%!
o CATH Classification v3.4.0: 4 Domains - cata from CATH (%
o PFAM Classification: 2 Domains - data from PFAM [y

Information from the Structural Biology Knowledgebase 7/

© Models from the Protein Model Portal: 148 models 77

o Protein Targets from TargetDB: 0 targets ('

o Related Biological Annotations: >15 annotations (7

o Related Clones from PSI:Bioloqy Materials Repository: 0 clones (7

¥ Display Files ~

1 U U N * Download Files ~

Share this Page ~

&

More Images...

\‘ View in Jmoli| Simple Viewer
Other Viewers v+ Protein Workshop

Biological assembly 1 assigned by authors
and generated by PQS (software)

t MyPDB Personal Annotations Hide

To save personal annotations, please login
to your MyPDB account.

t Deposition Summary Hide

Authors: Faller, M., Niederweis,
M., Schulz, G.E.;

2004-01-08
2004-02-26
2009-02-24

Mn:
Release:
Last Modified
(REVDAT):

t Experimental Details Hide

Method: X-RAY DIFFRACTION
Exp. Data:

¥ Structure Factors

EDS (/!

Resolution[A]: i 2.50

Chem 452, Lecture 2 - Protein Structure

20

Wednesday, September 28, 11


http://www.rcsb.org/pdb/explore/explore.do?structureId=1UUN
http://www.rcsb.org/pdb/explore/explore.do?structureId=1UUN

Protein 3-Dimensional Structures

+ Predicting a 3-D structure (tertiary
structure) by analyzing the amino
acid sequence (primary structure)

» By comparison to structures found in the
protein data bank.

Wednesday, September 28, 11



Protein 3-Dimensional Structures

The sequence VDLLKN
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Protein 3-Dimensional Structures

+ Predicting a 3-D structure (tertiary
structure) by analyzing the amino
acid sequence (primary structure)

» By comparison to structures found in the
protein data bank.

»+ By searching for the structure with the
lowest free energy.

+ Rosetta@Home
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Protein 3-Dimensional Structures

+ The Levinthal Paradox
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Protein Folding

+ Proteins folding is highly cooperative
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Protein 3-Dimensional Structures

+ Successive Stabilization
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Protein 3-Dimensional Structures
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Protein 3-Dimensional Structures

+ Predicting a 3-D structure (tertiary
structure) by analyzing the amino
acid sequence (primary structure)

» By comparison to structures found in the
protein data bank.
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Today's issue of Nature Structural Biology reports the determination of the structure of a protein by Foldlt players. This is exciting because &t is perhaps the first example of a long standing
Returning participants scientific problem solved by non-scientists. You might read about this in your newspaper; here is a report that does a good job in explaining how FoldIt came out of Rosetta@home:

Your account - view stats, modify preferences

-
Jun 18, 2011

* Resylts - view your results 4

* Teams - create or join a team Journal post from David Baker

o Shaue This week's issue of Nature magazine has an exciting article (http://www.nature.com/nature/journal/vaop/ncurrent/full/nature10154.htmi) describing work we are doing with collaborators

o Add-ons using Rosetta to design a new class of inhibitors of amyloid fibril formation. Amylold fibrils have been implicated in Alzheimer's and many other diseases. The designed peptides are not suitable

o How to view your structure predictions for use as actual therapeutics in their present form, but hopefully will help lead the way to effective drugs.

¢ Lecicne June 15, 2011
The minirosetta application has been updated to version 3.14. For details and to report bugs, go to this thread.

Community

May 18, 2011

o Message boards Journal post from David Baker

¢ Questions and answers

o Participant profiles A recent issue of Nature describes an exciting approach we are taking with collaborators to fight Malaria. The title of the paper is "A synthetic homing endonudiease-based gene drive system in

* [mages the human makaria mosquito” and the POF is available at my lab web site. The idea is to use enzymes which cut within critical genes in mosquitos to greatly reduce the number of malaria

e LoNguages parasite infected mosquitos. There are still many issues that must be overcome for this strategy to be used against malaria in the real world, but this paper is an important first proof of
concept of the strategy.

Statistics May 14, 2011
* Top participants Journal post from David Baker
Top computers

: Top teams This week's Issue of Sclence magazine features an artice on the use of Rosetta@Home to design novel proteins which bind tightly to the Spanish Fiu (HIN1) Influenza Virus. The paper shows

e Top predictions that the experimentally determined atomic structure of the complex between one of the designed proteins and the virus is precisely as in the computer model. The designed proteins block the
function of the flu surface protein in biochemical tests, and we are guardedly optimistic that the designs will block fiu infection. This is an important miestone for computational protein design
(and for distributed computing)--the first atomic level accuracy design of a high affinity protein-protein interface, and the designed proteins are exciting leads for new flu therapeutics. In the

—— T next few months, we will be using Rosetta@Home to design proteins that bind tightly and hopefully block other pathogens which cause disease. Thanks to all Rosetta@home users for their
el Invaluable contributions to this research!!
finc
ByInc
L J wimore

B news is available as an RSS feed..

Results reporting powered by Moz and supported by .m

SQL Server 2005
—
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Protein 3-Dimensional Structures

+ Taking Rosetta one step further with
Foldit, by turning structure prediction
info an online video game!!




Solve Puzzles for Science | Foldit 12
< » @]+ [nup://sfold.it/portal/ ¢ | (Q- Google ) O]
&3 [0 ##E wiki MSDS Chemd452v Chem453v SciFinder mobileme webmail mbv Googlev News (35)v Apple (303)y UWECY wpr npr »

fold ..

Solve Puzzles PUZZLES® GROUPS PLAYERS RECIPES CONTESTS
. for Science BLOG® FEEDBACK FORUM WIKI FAQ ABOUT CREDITS

GET STARTED: DOWNLOAD
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I i Linux Beta
: - Windows Intel OSX Li ) | '
Click to learn how you XPIVista/7 10.4 or later nux
contribute to science by
° playing Foldit. RECOMMEND FOLDIT

USER LOGIN

Username: *

Password: *
What's New B
Small Update . Create new account

Request new password

We've posted a small update today that should improve some of the introductory
levels! " Sign in using Facebook
(Sun, 09/25/2011 - 01:25 | 6 comments) 3 Share
Puzzle deadlines extended, global chat help B o arn onotrs | TOPKCS
We have extended the deadlines for the Beginner Puzzle and Puzzle 459 by 3 days PLAYER PUZZLE SCORE

(due to all the new visitors to the site). Cake or&nb... 108 3332 460 (<150): Que...ein 10,086

Again, welcome to all the new Foldit players. We are working on improving the server mrhaandi 108 337 460 (<15): Ques...ein 1o.17é
response time. If you are having trouble with global chat, you may want 0 Use an IRC | L & e

| - el 10,41 ;
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Server status

Incongruous 108 238 459 (<150): Mul...zle 10,710

Due to the high volume of new visitors to the site, response times from the server are ~ Kuwaga 108 343 459 (<15): Mult..zle 10,775
slow and some features of the site are disabled. We're working on improving the Junker 108 173 459: Multi-Star...zle 10,948
server response time. Thanks for your patience! = =
(Mon, 09/19/2011 - 19:37 | 3 comments) E] Share ure
FACEBOOK FAN PAGE
L L imle b Al mmsas P aldid AMads oo owdhiaola

e —
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Protein 3-Dimensional Structures

+ Protein Data Bank

» An online repository for 3-D biological
structures.
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Protein Misfolding

+* What happens when a protein

misbehave and misfold.

* Prions
+ Mad Cow Disease (Bovine spongiform
encephalopathy, BSE)
+ Creutzfeld-Jakob disease (CJID)
+ Scrapies
+ Chronic Wasting Disease (CWD)
+ Alzheimers Disease
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Protein Misfolding

+ Prions

PrP>¢ nucleus

i

O O > OO0
0 O 0

Normal PrP pool

Stanley Prusiner
1997 Nobel Prize in Medicine

Chem 452, Lecture 2 - Protein Structure 30
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Protein Misfolding

+ Alzheimers Disease

Amyloid B-fibrils

Chem 452, Lecture 2 - Protein Structure 31
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Modifications to the Primary Structure

+ Many proteins and peptides undergo
post translational modifications

HOH,C
o 2-
OH o /,O
-00C N b OL\\*‘P'\
“u, H, r e —=C v
cH——C H H,C H H,C H o) \CH3 H,C H
[\ \.f X \ s
HZC\ /C\C/ " /C\C ) /C\C S /C\C
\ |I H II : II H II
Hydroxyproline v-Carboxyglutamate Carbohydrate-asparagine Phosphoserine
adduct

Chem 452, Lecture 2 - Protein Structure 32
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Modifications to the Primary Structure

+ Many proteins and peptides undergo
post translational modifications

Hydroxyproline & MO/ Phosphoserine

- Protein Structure 32
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Modifications to the Primary

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire

Methanobactins are peptide-
derived molecules produced by
methane oxidizing bacteria that
are scavengers for copper ions

Chem 452, Lecture 2 - Protein Structure 33
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Modifications to the Primary Structure

+ Some post translational modifications

that we have discovered here at
UW-Eau Claire

Leu? Cys” Gly' Ser? Cys® Tyr4 ProB Cys®P Ser® Cys® Met”
7 e i RN i Tl T
| | _
CH3—CH—CH2—CH—C—III—?H—C—T—CHZ—C—T T—C—T—?—C—T—C')—C—N c—N—CH—c—T—clz C—T—T—C—T—(lz—o—o
| I
H (|3H2 H H c|:H2 H (|)H2 H CHy Z X H CH, H C|)H2 H Cl)Hg H Cl)HZ
I
SH OH SH SH OH SH (|3Hz
|
A mb-OB3b precursor peptide CHg
OH
IH ?
3-methylbutanoyl-Oxa* Gly' Ser? Cys® Tyr*  pyrrolidinyl- Oxa® Ser® Cys® Met’
. N RN v ST T T
I | _
CH3—CH—CH2—C—(/A _C—T—CHZ—C—T T—C—T—T—C—T—T—C—N /B —C_T_T—C_T_T—C_T_T_C_o
(0 H H (|)H2 H CH, H CH, (o) H ?Hg H CH, H c|:H2
o OH o) OH (|:H2
B mb-OB3b T
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Modifications to the Primary Structure

+ Some post translational modifications

that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+ Some post translational modifications

that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+ Some post translational modifications

that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+ Some post translational modifications

that we have discovered here at
UW-Eau Claire

A mb-OB3b precursor peptide

3-methylbutanoyl-Oxa* Gly!
CHg3 S (ljl
|
CHs—CH—CHl C—N—CH,—C—N

B mb-OB3b
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Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at

UW-Eau Claire

A mb-OB3b precursor peptide

3-methylbutanoyl-Oxa*

Gly' Ser?
CH3 0
CHg—CH—CH % N—CH,—C—N——
! !
H
B mb-OB3b
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Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at

UW-Eau Claire

A mb-OB3b precursor peptide

3-methylbutanoyl-Oxa*

Gly' Ser?
CHs o) T
CHs—CH—CHL “ N_CHZ_C_T_T
H H cl:H2
y OH
B mb-OB3b
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Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire
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Modifications to the Primary Structure

+ Many proteins and peptides undergo
post translational modifications

2-sulfo-

4-guanidinobutanoyl- |miA Ala’ Ser? propyl- OxaB Ala3 Ala*
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|| | | | N | .l |
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Modifications to the Primary Structure

+ Many proteins and peptides undergo
post translational modifications

4-guanidinobutanoyl- |miA Ala’ Ser? propyl- OxaB Ala® Ala*
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Modifications to the Primary Structure

+ Many proteins and peptides undergo
post f=-—-'-% B S a—

"NH,
Ho,N—C—N—CH;

H

C mb-SB2
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Modifications to the Primary Structure

+ Many proteins and peptides undergo
post translational modifications
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Modifications to the Primary Structure

+ Many proteins and peptides undergo
post translational modifications

4-guanidinobutanoyl- |miA

+InIH2 ﬁ S_
HQN_C_T_CHQ—CHQ_CHQ_ ¢
H
C mb-SB2
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Modifications to the Primary

+ Some post translational modifications
that we have discovered here at
UW-Eau Claire

Methanobactins are peptide-
derived molecules produced by
methane oxidizing bacteria that
are scavengers for copper ions

Chem 452, Lecture 2 - Protein Structure 36
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Next up
+ Hemoglobin and Myoglobin.
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