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Figure 1-1%
Hierarchies of structure.
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Figure *.4: Two representations of the a-helix. The left picture is a simple structure showing only the
a-carbons and the trace of the main chain. The picture on the right s an {almost) all atom picture
showing all but the side chains in detail. Note the hydrogen bonding between every fourth residue.

Figures from [77. 69].
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Figure *.5: THe structure on the left is an anti-paralfel B-sheet. The amide plans have been shaded in,
The figure on the right is a reverse turn.
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Examine proteins from a physical viewpoint

Much of what we khow about proteins comes from
biochemist. This information tends to be quite detailed
and specific.

Let’'s use ideas from physics and examine various as-
pects of proteins.

e First use a simplified model for proteins.
e Map real proteins onto this model

e Measuring various physically interesting quantities
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Simple models for proteins.

¢ Reduced description of proteins.
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Take the Protein Data Bank of roughly 1g;)
proteins and measure the following quantities

average over this ensemble:
1. Radius of gyration. Scaling behavior.

2. Pair correlation function. Potentials

3. Angle distribution functions

4. Angle correlation functions. (Secondary
Structure)
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Planar Angle Distribution Plot

Real Proteins
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Torsion Angle Distribution

Real Proteins
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Planar Angle ©

.._.oamo:\v_mzmﬂ Rham Plot

Real Proteins

180.0

v 1

90.0 .
L e e — | t.rnp: |
mlﬁ.frnw(w
Velwne
Clwad
el
0.0 —_— . :
0.0 90.0 180.0 — 270.0 360.0
\J -/

Torsion Angle Q

Jb



'. “NC\&*.\. =
* L Green Faw

* Kernols
Chain Corccelation Fumctions ', ‘l::o.r-,.bn

Prw'-ous Corr. ‘huu:\—ious Wwhere -\'\u‘oq‘sk Space

r e(ﬂ

now let vs leeld ot c,orfc‘a,-\-\m o_t.—__\__f—_\na e e hana

‘8

" C(A) Wwheve A s He seperatia
(in wamber o vesi dues) a\ow}
e 3 o

o Fivgd  Lec at Se-luw Covvelatms - yu.ut
"?O\M' vs H-ldmy‘)\u\o\c
prHAUp HppHHpHHHpHpp?

e No cotielatas b

o Sme s “’V\l‘ .'I+ eVNg Wealurves oty .-" "'{-C
20 LceMas AVTGEIN ...

e “TWis s owme %c& T "()rc.hd—\&b 2° 1 ¥rued
frow loca? seq sermet " ( TwdanMcal pewtipephd

_N.'.:bii. R andow Sequemes b AR ot prolums, vt
| Trodecs 5‘1"‘-““" “Yappaw " romdow 17!

28 )



Correlation

1.0

0.8

0.6

0.4

0.2

0.0

Chain Correlation
Polar-Hydrophobic

T T T T T T T 1 + T T T T v T
4

WW

) 1] A " n

0.0

5.0 10.0 150 200 250
Seperation (monomer units)

-4



Chan  Covrve Wtims Cont.
What s §e(ov\hur1 ruckure {
Biolog, Vefrihoan: ' Keys wa om H-Bonds

™) ’D*\lt Z’ s uk-ure (fuo(‘v\',.‘;_g‘ bs‘ L“K +y
- BouL\w} "Pa,-“*vf\'\s. (\(qh}c\n * Scu-&tﬁ)

i ity {40 Led e of - alin
i cear i{-j’ (."l"" i?i"" ‘P“mu‘l (7_.- 3‘4“‘
1--- i“'i, TR i+7-1 awhi -?m“t\ @

y-- 143 (tay) Hurn

e Mot Al so stwple: Wlat 15 H-beud o whd wet also
easq 4o Adlapiane

¢ Nice Aq_’\“_".hm bat o be fue .spu.i-]—.'g_, wer s 3
Ca.sct fo cJttuQ«“-t ;
. '3\”@« ?w\v\fu I Lt smu-'\:. Mol does mat Nawe

‘i‘t&vvr,;; ( Ne H - Bcutl-s )

Cam we Aefine secouknt Shyack wve
M ewv s’;u?\qg MoM‘?!



Yes , We Cem

Re Lead Bio ’Dej': Thas Hiwe k¢t1 T oown

L 3R 4

————r

Rt&mlw\r A"‘macuod s—\' a\\g\w)__:_ﬁ Coﬂ’—\&kd
c&.\ovuA He Cka:MN..

Budr whak s correlated 7

- Not Seqocm
- &V\t\“{s

HCOLSwre_ A\Aa\c - A“(f\‘ coeve Vot an Fm-‘-\m
- - "\' Net Hivanl s Pocs
/'K/r— A - F
(' lOu,* (\\cu) Ci‘uu.h_
i

(g - ), .
< e ‘( ! J *A) > — Convieched Covrelatun.
C

(1€ sulbtrack WMeasn
Co
. LOWJ coviciaking - vp 10 AA
10 vs .;quua,: s\ze o+ 2° W "‘)\o'k.ugg
o Pel comeladd Prece 1 super sccm&nn‘ stvack

30



Cq(8)

Torsion Angle Correlati-on

Real Proteins

g T T T T T T T T T L T T g T T T T

‘.ﬂ, . Py |
0o | Ned qart R{}(a s v 2} |

0.0 5.0 10.0 15.0 20.0 25.0



C(a)

1.0

PR |

Ao b a L o P
5 10 15 20
A (number of resldues)

Leot (©)



Simple models continued:

e Simplified Potentials

— Dominant force in protein folding: compactifi-
cation of structure due to hydrophobic effect.
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Kew = 1

— Pick V(rj;) to compact protein.

— Start with simple two body interactions.
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