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EARLY ecvents in protein folding

(nv¢leation sites)

(a) What are the nucleation sites?

Sc.condry s$trv¢ture clements?

helices? W—

B turng? —

Hydrophobic¢ ¢lusters?

N



Take a protein fragment
in water

TN

Does it fold?

Does it have some tendency er?
preference to a given structure

Role of hydrogen bonding, )
hydrophobi¢ forc¢es. strvetvre
de.'tc.r‘: as a driViﬁg force to strvEtvre
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Initiation of folding

* What are the forces at the
begining?

* Hydrogen bonds? Hydrophebicity?
*Structvred water molecvles arovnd

the peptide?

*Can we svuggest separation of time
s¢ales between solvent/side ¢hains/
back bona dynamics?
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Examples: Four peptides

CAAAAC - reference

CHDLFC - analog to peptldes _-
that block channels

RVEW - Experiment suggeSfs;z
some structure’= B{ n'dalyé‘t;_a[a
Eur. J. Biochem. 91, 201(78)%.w -

lﬂ*&

SYPFD\/ ~ _xPernmer\t by J

Yao et al. JMB 243 736(1QQ4)
~ D. Mohanty



(*) Roitberg and Elber - LES

Use a mean field approx. for the
density, represent the density by a
sum trajectories, e.g.

p(Ry,R2)=2 p(R1)p(R2)
p(R)=Zwi 6(Ri—Rik (1))
Perform annealing.

Md2R;y (t)/dt2 = ZwjdU/dR(t)




Wbhat to "multiply"? (4 coples)

COIéH—CHH-C%NH

<

CHR{CO-NH-CHR-CO-NMH-CHR}CO

The last option works best



Examples: Four peptides

CAAAAC - reference

CHDLFC - suggested by lattice
studies to have a strong
tendency to structure
(E. Shakhnovich)analog

to peptides that block
channels

RVEW — experiment suggests

some structure, 1DNMR
Bundi et al.

Eur.J. Biochem 91, 201(78)

Simmerling & Elber

SYPFDV - Experiment by the
Dyson group: Yao et al,
JMB 243,736

Mohanty & Elber
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F.gure 18.

The atomic structure of the peptide CAAAAC. The dashed lines
indicate the position of the cutting point between LES fragments.
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TABLE VI

RESULTS FROM LES ANNEALING
SIMULATIONS OF CAAAAC IN SOLUTION

Simulation Simulation Initial RMSD* to
Number Length (ns)  Temperature  Struc.ure #12 (A)
1 0.25 7500K 1.9
2 0.25 7500K 2.3
3 1.0 7500K 2.0
4 1.0 7500K 2.0
5 1.0 7500K 1.4
6 1.0 7500K 1.1
7 1.0 7500K 1.9
8 1.0 7500K 1.8
9 1.0 7500K 2.2
10 2.0 7500K 0.42
11 2.0 7500K 2.0
12 4.0 7500K 0.0

“ Root Mean Square Deviation of C,_ atoms
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Figure 32.

13

370 ps

440 ps 500 ps

Snapshots in t me from a simulation of CAAAAC in solution, with the
initial peptide coordinates obtained through annealing in vacuum.
Water motecules insert into intra-peptide hydogen bonds and lead to
unfolding of the structure. For clarity, not all water molecules are
shown.
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SUMMARY OF CAAAACIN
VW ATER

*No vnique structure
*Hydrogen bonds replaced by
many alternative hydrogen bonds
t0o water molec¢vles

*No “strv¢tvred” waters

+“Unfolding” of vacvum
$trv¢tvre by water insertion

-15-
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Ahnhe,

-
L

a single set of water molecules is shown. The structures are very

Overiap of wo final annealed LES structures for CHOLFC ir solution. Only
similar.

Figure 47.
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TABLE VHI
RESULTS FROM LES ANNEALING SIMULATIONS OF CHDLFC IN SOLUTION

#  Trajectory Box Initial T Phe-Leu RMSD'
Length (nc) Size (A)  (K) Distance® (A) to #15(4)
1 0.75 26 7500 7.4 0.46
2 0.75 26 7500 7.4 0.16
3 0.75 26 7500 4.4 0.40
4 1.0 26 7500 6.9 0.24
5 1.0 26 7500 4.3 0.28
6 1.0 26 7500 6.7 0.26
7 1.0 21 7500 10.5 0.17
8 1.0 21 7500 9.6 0.27
9° 1.5 26 7500 4.4 0.16
10 1.5 21 7500 4.8 0.13
11 1.5 21 7500 4.3 0.29
12° 20 21 7500 5.2 0.40
13° 20 21 7500 4.2 0.19
14 2.0 21 7500 4.4 0.25
15 20 21 7500 4.8 0.0
16 2.0 22* 7500 44 0.30
17 2.0 22° 6500 4.3 0.12
18° 2.0 22° 7500 4.6 0.30
19 2.8 26 7500 45 0.20
20 2.8 26 7500 4.0 0.27
21° 4.0 21 7500 4.2 0.18
22 4.0 21 7500 4.8 0.37

* Distance between side chains: from the C, of Leu to the center of mass of Phe ring
* Root Mean Scuare Deviation of C, atoms in HOLF residues

¢ Sodium counterion used
‘Variable box size used. initial size was 25 A, final size was 22 A

* All atom OPLS/AMBER used for His and Phe side chain aromatic rings

_.l?_.



Hyo/r-ko ,D}m!’m'(, 'Pa;r*

u_J_- I 4 i ,j
H

e ) . “

I Ll T e e N

) et

-
. P

#—,MWECL[/&/( S‘%Mc‘?tqrg ol
C

CHDLFC

-8 -



CHDLFC in solution
5 copies, annealed
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Figure 58.

A stick f
CHDAA
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ure showing the best overlap of the optimized structure for
in solution, with the solution structure of CHDLFC.
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SUMMARY OF CHDLFC IN
WATER

+Unique structure, Indvced by
hydrophobic¢ pair: L/F

*No strong hydrogen bonding

*Time scale for side ¢hain
motions shorter than backbone
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Figure 79. The atomic structure of the peptide RVEW. Dotted knes 3enoe the
division bétween LES fragments.
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RVEW
distance between Trp and Val side chains
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SYPFDV - Type VI turn and a
hydrophobic core

suggested by experiment
(YPF)

Yao et al. JMB 143,736
(*) Are hydrophobic forces
drive the structure?

(*) If not what drive it to
structure?
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Figure 1.2: Anatomy of a red-cell membranc (Ref.[5]). The lipid bilayer is its main strue-
tural component. Band 3 and glycophorin are two types of intramembrare proteins. The
cytoskeleton on the ¢ytoplasmic (inner) side of the cell is formed primarily of inear spoe-

trin molecules cross-linked via actin molecules. It is anchored to the lipid bilayer by fts
association with glycophorin via band 4.1 (protein), 2nd with band 3 via aakyrin (protein).
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Vigure 6=22 A seanning clectron
micrograph of human red Blood celly,
e cells Bave a biconcave shape and
lack nuclei. Courtesy of Bemadene
Chuilley.
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Figure 17-24  Scanning electron
micrograph of mammalian blood cells
in a small blood vessel. The larger, more
spherical cells with a rough suiface are
white blood cells: the smaller,
smoother, flattened cells are red blood
ceils. IFrom RO Hessel and R.H.
Kardon, Tissues and Organs: A Text-
Atlas of Scanning Electron Microscopy.
San Francisco: Freeman, 1979. © 1979
W.H. Freeman and Company.
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