Protein Physics 2016 Lecture 1, January 19

Course Introduction &

Simple Interactions
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e Understanding protein structure &
stability

e Understanding protein folding
e Sequence-structure-function

Predicting proteln structure
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'Engineering protein structure

o Mix of chemistry/biology/physics




course

e http://courses.theophys.kth.se/SI12700/

e Full schedule with changes online asap

e Copies of slides, papers, etc. will be uploaded



http://courses.theophys.kth.se/SI2700/
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“Protein Physics”
Alexei Finkelstein & Oleg Ptitsyn
e ISBN 0-12-256781-1

Can be C] blt hard to get try onllne
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~® Passon 2hand-in task + 70% on E-part =

e There will be 2 hand-in tasks (pass/fail)

e 2-part written exam (E, D-A)

e Reports must be passed before
taking the exam

e D-A decided 13'/ rest of written exam
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e Basic concepts - possibly repetition for some
e Amino acids, proteins

e Basic physical properties of aa & proteins

e Structure of proteins, protein folding

g Elementa ry interactions in protelns i
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Amino Acid Structure

Hydrogen

Carboxyl
o)

Common Amino Acids are Stereoisomers,

Meaning they have a Chiral « Carbon center.

Mirror

variant
Fe-n=nn

different properties

L Amino Acid D Amino Acid

Amino Acids can exist in either the D or L configuration.
However, All Chiral Amino Acids in Proteins have the L configuration

19 out of 20 are chiral: natural stateis L!



NONPOLAR, HYDROPHOBIC POLAR, UNCHARGED
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Carboxyl-
terminal end terminal end




Peptide bond

rigid & planar

(sp2- hybrldlzatlon
~ electron
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Example Proteins-:

Molecular Number of Number o

Welght ~110 PEramino acid weight residues polypeptide chains
Cytochrome ¢ (human) 13,000 104 1
Ribonuclease A (bovine pancreas) 13,700 124 1
Lysozyme (chicken egg white) 13,930 129 1
Myoglobin (equine heart) 16,890 153 1
Chymotrypsin (bovine pancreas) 21,600 241 3
Chymotrypsinogen (bovine) 22,000 245 1
Hemoglobin (human) 64,500 574 4
Serum albumin (human) 68,500 609 1
Hexokinase (yeast) 102,000 972 2
RNA polymerase (E. coli) 450,000 4,158 5
Apolipoprotein B (human) 513,000 4,536 1
Glutamine synthetase (E. coli) 619,000 5,628 12
Titin (human) 2,993,000 26,926 1




Case study: Titin

2122

Z-repeats

'\\N-terminus

Frnlll domains

Kinase domain

C-terminus

O.ooooC‘C‘C‘C‘:’OC

00000 000 = 00

muscle contraction
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Diffracted
rays

molecule

cww&\”

Protein
structure
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X-ray structure
Took 22 years...



Protein structure i

Rod MacKinnon - 2003
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Kv1.2 ion channel



Protein structure -

Peter Agre - 2003
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“rotein structure

ribosome

Ribosome

r Moore



Protein structure

GPCRs

ADHESION
(24) uer

cell membrane

inside

“ RHODOPSIN
(701)

25 unique
structures

Brian Kobilka 2012
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VOLUTION WILLNOT Bt
EHYSTMHZ[I]

MOVE OVER X-RAY CRYSTALLOGHAPHY

CRYQ-ELECTRON MICHOSCUPYIS

KICKING UP A STORM IN STRUCTURAL e T e e
BIOLOGY BY REVEALING THE HIDDEN (inormsimmiones e SdiomyCon Natu re, 20 | 5

£5-mullion (US
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OH

Carboxyl-
terminal end terminal end
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Conformational space

e How many conformations are there?
e Sample ®,¥ torsion in 10 degree units
e 36 ‘states’ for each torsion
e 362 states per residue
e Fora 100-residue chain we get:
e (362)100=36200=10308 states for the chain

e Only one is the native structure
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Cis/trans isomers

—
Cyclophilin,
FXBP PPlases

—

trans

Metogen-activated
protein kinases Protein
cyclin-dependent phosghatase-2A

protein kinases CTD phosphatases

Peptide Group

, Function A | 'Fuxti:n B :

Nature Reviews | Molecular Cell Biology

In Proline, both Cis & Trans occur,
and it is important for function!
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- Natural degrees of freedom for amino acids
(due to steric clashes)
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Ramachandran speae/‘”

Glycine more flexible”
Proline less flexible;

General

even messes up
previous residue!

Proline Pre-Pro e e o
= Left-handed helix
- ..:. L . : ;... aL
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e Anfinsen: Proteins adopt the structure
corresponding to the global minimum in
free energy

e Levinthal: But how can a protein find
that? Even with just 2 states per amino

acid and 100 residues there are 2A100
states! (Levinthal’s Paradox)
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e Backbone degrees of freedom:
e Peptide (Q) bond (trans)
e O (C-N-CA-Q),¥ (N-CA-C-N) torsions

e Side chain degrees of freedom:
Rotational barrier around

“single” (CH3-CH3) bond
~isroughly 2-4 kcal/mol =

* K/ ALd

® X1,X2,X3torsions




Primary
Structure

Lys

Lys

Gly

Gly

Leu

Val

Ala

His

Residues

Protein Structure

Secondary
Structure

~

’

Helix

Tertiary Quaternary
Structure Structure

8 -
Chain Subunits



Helices

e Naturally occuring amino acid
helices are right-handed

e Nomenclature: Nm-helix
e Residuei h-bondstoi+N
e M atoms per helical turn
® 4,3 (a) helix - most common!

® 310 helix



X helix

310 helix

The xX-helix is the most
relaxed of the helical
structures



Figure 7-11. The right-handed o hakx

EIAMe A-14° L6 LApj-pougeq o-pejix:
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e Local structure is very ordered

e Helices
e Sheets
e Jurns
e Stable building blocks
. Palred hydrogen bonds —
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Antiparallel sheets Parallel sheets



Beta sheets

e Extended chains

e H-bonds between, not
inside individual chains

e Pleated sheets
e Slightly twisted (both for
strand & sheet)




Helix & sheet discove

e Pauling, Corey (and partly Branson) - 1951 s

e “The protein papers” (8 papers in PNAS vol 37)

Ve 7. 0 CHAMISTRY - FavLING

ncaas §
The Malle whih 3.7 susiluns gor bors

(OREY., ARANSON

ovas b
The belln wih 5.1 coduns go s

e reviewed by David Eisenberg (hand out)

Vor. 37, 1951 CHEMISTRY: PAUL. ND CO. 251

THE PLEATED SHEET, A NEW LAYER CONFIGURATION OF
POLYPEPTIDE CHAINS

By LiNus PAULING AND ROBERT B. COREY

GATES AND CRELLIN LABORATORIES OF CHEMISTRY,* CALIFORNIA INSTITUTE OF TECH-
NOLOGY, PASADENA, CALIFORNIA

Communicated March 31, 1951

For many years it has been assumed that in silk fibroin, stretched hair
and muscle, and other proteins with the 8-keratin structure the polypeptide
chains are extended to nearly their maximum length, about 3.6 A per resi-
due, and during the last decade it has been assumed also that the chains
form lateral hydrogen bonds with adjacent chains, which have the opposite
orientation. A hydrogen-bonded layer of this sort is represented diagram-
matically in figure 1.1—*

FIGURE 1 FIGURE 2
Diagrammatic representation of a hy- Diagrammatic representation of a hy-
drogen-bonded r structure of polypep-  drogen-bonded layer structure of polypep-
tide chains wi alternate chains op- tide chains with all ns similarly ori-
positely oriented. ented (the plea

We have now discovered that there is another, rather similar hydrogen-
bonded layer configuration of polypeptide chains, which differs from that
of figure 1 in several ways. In the new configuration, which we shall call
the pleated-sheet configuration, the plane formed by the two chain bonds
of the a carbon atom is perpendicular to the plane of the sheet, as shown in
figures 2 and 3, rather than being coincident with it. In this structure the
successive residues in a chain are similarly oriented, directing their car-
bonyl groups in one direction and their imino groups in the opposite direc-
tion, and all of the chains are oriented in the same way, instead of adjacent
chains being opposed in direction.



Pauling DNA

“ CHEMISTRY: PAULING AND CORE] 'moc. N.A. S

which are involved in ester linkages. This distortion of the phosphate
£ F I

groap from the regular tetrabedral configuration is not supported by direct
experimental evidence; unfortunately no precise structure determinations
have been made of any phosphate di-esters. The distortion, which cor
responds to a larger amount of double bond charsgter for the inner oxygen
atoms than for the oxvgen atoms involved in the ester linkages, is a reason-

FIGURR &

Plan of the macleic acid structure, showing several nuckeotsde residues

able one, and the assumed distances are those indicated by the observed
values for somewhat similar substances, especially the ring compound
S0y, in which cach sulfur atom is surroanded by a tetrahedron of four
oxygen atoms, two of which are shared with adjacent tetrahedra, and two
unshared. The O—O distances within the phosphate tetrahedron are 2.32
A (between the two inner oxygen atoms), 2.46 A. 255 A, and 2.60 A. The
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Ramachandran, again‘:

e a-helices occupy favorable part of diagram
e 3.6 residues per turn (100 degrees per residue)



Helix dipoles

Amino
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How can a K ion pass through
the membrane almost without barriers?



e Extremely high freezing & boiling points
compared to similar molecules (02,CHj)

e All due to the hydrogen bonds

+0.4]
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All partial charges
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Example interaction energy:
Two charges separated by ~1A: 330 kcal/mol!
-~ (Compare to bond rotation, 2-4 kcal)
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Thymine
Adenine

Phosphate-
deoxyribose °?’\)
backbone -

O-H or N-H group is donor
Other O group is acceptor
Donor group is very directional:
max 30 degrees offset!

5 kcal/mol energy!



: ‘ . ,‘ i Y

L A ' 5
\ \ 4 './"/" W, B

NN . < :
g ; v AT " ’ d

[ [ 'J O BN
] . ; e $
“— - : Pl ll' 7

S TN N .

e A \ Bt
X - N

V|rtuaIIy all h-
s S ol ;';.-

 bonds are intact!
1.7 per water)
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Summary

e Read chapters 1-2 of “Protein Physics”
e Understand amino acids, conformations

e Understand hydrogen bonds

i *;.‘**"“ i N R R T S e 4_ LRSS e
& Levinthal - what did they say?

®» Questions?

"-l" !'. ..

e Anfinsen




“Attending the class helps a lot in
understanding the book contents”

“Start reading in the beginning! Try to
read the covered chapters the same day
or week”

“Go to the lectures | guess. | didn'tand it

was really




e More on interactions, charges &
electrostatics

e Hydrogen bonds
e The peptide bond properties
i .o«BoItzmann'distibution e et e e

® Free tnergy

® Demnnitions of entropy, temperature, etc



