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User friendly packages are available for
simulations 1 biology

PACKAGES
AMBER NAMD GROMACS
Assisted Model Nanoscale Groningen
Building with Molecular Machine for

_ Energy Dynamics Chemical
Refinement wiww.ks.uiuc.edu/Research Simulations
http://amber.scripps.edu/ /mamd/ www.igce.ethz.ch/GROMOS
FORCE FIELDS

AMBER CHARMM GROMOS
all-atom all-atom united atom
094 f96 CHARMM22 GROMOSS7
199 ff99SB CHARMMZ27 GROMOS96
{102 {103 united atom

CHARMMI19




Accessible properties are similar to polymers; presence of
water and 1mitial configuration are different

Complete dynamics are difficult to access
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Modeling solvent effects
water models: TIP3P, TIP4P, SPC/L,F3C

Simulation size of biological systems
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Initial protein structures

Experimentally determined Computational methods for
NMR structures structure prediction

= Rosetta@home

E P D B Protein Folding, Design, and Docking
PROTEIN DATA BANK

www.rcsb.org http://boinc.bakerlab.org/rosetta/




EFducate yourselt when choosing a force field

Conformational dynamics of trialanine 1n water

Mu et al., J.Phys.Chem B 2003, 107:5064-5073

Possible conformations for trialanine from simulation

Ramachandran Plot (¢, g angles)
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Ion permeation through a narrow membrane channel
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Allen et al., Biophys. J. 2006, 90:3447-3468

Conductance prediction across membrane (pS)
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Vanations within force field families and with water

are less important
AMBUER force fields variants

simulation of alanine tetrapeptide

Ramachandran plots

floosB
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ffo4gs

Hornak et al., Protemns: Struct. Funct. Bioinf. 2006,65: 712-725

Models for water
simulation of ubiquitin

Showalter et al., J. Chem. Theory Comput. 2007, 3(3):961-975
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Nature uses sugars to survive dessication

Head Group —

Resurrection Plant
(Selaginella)
Alkyl y
Trehalose and sucrose: preservation of biologicals Tails
* Proteins: enzymes, antibodies
: \
* Cells: stem cells, platelets, bacteria, sperm, seed Phospholipid

embryos



Trehalose stabilizes membranes during re-hydration
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bilayer dried with trehalose

@ What drives melting of freeze-
dried liposomes: tails & heads?

@ What 1s the nature of the transition
and “liquid crystalline” state with
trehalose?

@ How does trehalose affect the
dynamics of lipid heads & tails?
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This study combines simulatton with QENS

QENS follows
proton motion
~—
“hide” specific
parts with
deuteration

e
hhDPPC

dTrehalose

dhDPPC

dhDPPC

Systems 1nvestigated

e h'Trehalose
dhDPPC

e hdDPPC

e hhDPPC+dTrehalose
e ddDPPC+hTrehalose
e dhDPPC+dTrehalose
* hdDPPC+dTrehalose

e 128 DPPC
molecules

* 100 water
molecules

* 256 trehalose

molecules

e 384 DPPC molecules
* 300 water molecules




The GROMOS force field 1s accurate for

this system

Dry bilayers

Headroup P separation (A)
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We combined HFBS and DCS dynamic runs and used

HEBS for elastic scans

Dynamic run

Elastic scan

NG4 Disk-chopper time-of- - NG2 Backscattering
flight spectrometer spectrometer

o = |
R ot

At =0.5-40 ps | At ~240-5000 ps
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Melting in dry bilayers without trehalose 1s driven by hipid tails

0Q=0.62-1.75 A!

Flastic Scans: melting of
dhDPPC hdDPPC Tails, Heads and

Whole Lipid
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@ melting transition: lipid tails
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O
H; obility varies between heads and tails and with tail position

No translational motion:

] ocexp(—Q2<u2>/3)

Three regimes n tail dynamics:

1. Vibrational motion
2. “Localized” motion
3. Translattonal motion

u=r,—‘re

Molecular Simulations

Y PARY 8%l mean displacement
310K

Dry Bilayer
395K

Previous QENS hydrated bilayers:

equivalence of tail protons
(Konig et al.,J. Phys 11, 1992)
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Trehalose restricts headgroup mobility

QENS: elastic scans

Trehalose
Headgroups
Trehalose+Lipid
Headgroups+Sugar
1
0Q=0.62-1.75 A1
08 |
i £ ATAN A
0.6 |
= A
@ I'rehalose restricts headgroup =
mobility O
.o i ——d-DPPC + h-trehalose at q=1.60
o Trehalose and.p}.losphollpl.d 0.2 r A hd-DPPC +d-trehalose at q=1.60
headgroups: similar mobility
0
100 1000 10000

time (ps)
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This behavior 1s encountered 1n polymer

mixtures
PEO “poly ethylene oxide” 5
~ 220 K, more mobile A }
JVCH CH,~O— 2 | e
CDG L 2
=3 i
et s 2
CH, 2 ¢ . .
1.5 2 2.5 3

C—0 PMMA
O “poly methyl methacrylate”

T, ~ 400 K, less mobile

CH,

1000/T (K™

3.5



Significant sugar-headgroup hydrogen
handimne s ikely

HaC_I:GHE—GH}n'GHE

PVPh One dynamic response:
30 - 709 PVPh
it

04 1 409% PVPh/PVEE -9
PVEE HECE_D i 00000 e T g —4—90
l ——85
HEE—[CHE— H}I"I'GHS v —x—80
0.2 /" —e—75
——70
. . . TN ——65
Hydrogen bonding = stmilar dynamics s PN
T ——55
0 - —B=—52

2 '}og?o[FjreqﬂenSCy (dl—lz?] 0
Trehalose and lipid headgroups have significant hydrogen bonding

*Zhang, Runt, et al., Macromolecules (2004, 2003)
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Trehalose also restricts mobility of hipid tails

Tails with and without, sugar
Dry Bilayer 9Xp)
with .
trehalose

0Q=0.62-1.75 A1 399K

Dry Bilayer
395K

<

@ 'I'rehalose lowers melting transition and restricts mobility
@ Some differences below Tm
@ Large difference above Tm



Molecular nature of mobility 1s different when

trehalose 1s present Molecular Simulations

No translational motion:

2/ 2 Tay isplacements with
| OCeXp(_Q <u >/3) a?)%l?ry\g}\?gg&?rehalose
310K

Dry Bilayer
/Trehalose
395K

Trehalose decreases the mean
displacements and restrains the
lipid mobility
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The melting transition differs with trehalose

395 K

With trehalose Without trehalose
"melting” =
bottom of Tm
- | |
tails 310 K : : 310 K
| |
| |
| |
| |
l l
I I
| |
| |
| | “melting” -
l | top of tails
395 K : :
I I
| |
| |
| |
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l;ynamic runs were made on tail labeled samples

HFBS

1 F
- o dhDPPC 390K
. ; - Resolution DCS
NG4 Disk-chopper time-of-  NG2 Backscattering 2 o1t ,
) = 3
7 Tl S 001k
X é\ o
<
S 0001
0.0001 b——— :
6 4 2 0 2 4

Energy transfer (meV)

At =20.5-40 ps
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Tal motion In QENS window has two processes

« pcs —  <«HFBS »  Fastprocess: trans/gauche
1Isomerization 7-45 ps

Slow process: lipid A

rotation 2-12 ns

p
If varying !
mobilities, ) | e
B<1 T: typical ime
- f / scale for
Fit lines | ™ /) trans/gauche
1(q,t)= AKWW, KWW, | isomerization
KWW =E, +(1-E, )exp[(—t/ri )ﬁ']
L KWW Limiting cases
> 1. characteristic time
> [B: distribution of times B= 1: same Tt for all protons
» E: motion in restricted geometry _ o
E = 0: no spatial restricion
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Isolating the fast process reveals conformational

transitions
1.00
—  T=310 dhDPPC —  T=330 dhDPPC
0.90 | —— T=350 dhDPPC T=370 dhDPPC
20 | 7=395 dhDPPC T=370 dhDPPC+dtreh
0.80 |
0.70 |
0.60 |
050 |
0.40
0.30
020 | fast process
010 [ Q=0.98
0.00 & .
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time (ps)
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KWW, =E, +(1— El)exp[(—t I7,) J

fast process
Q=1.58

—T=310 dhDPPC
—— T=330 dhDPPC
—— T=350 dhDPPC
T=370 dhDPPC
——T=395 dhDPPC
T=370 dhDPPC+dtreh

1 10
time (ps)

100

» trehalose decreases conformational transitions
» eftect 1s similar to decreasing T to between 310 & 330 ” below Tm

» larger spatial restriction of protons

10(¢
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Trehalose slows conformational transitions

and 1ncreases spatial localization

Hydrated bilayers, T=333 K: 1 = 7-45 ps
Venable, et al, Science, 262, 223 (1993)
Characteristic times: 0.80 ¢
: : ' & T=310 dhDPPC
Slower with decreasing T’ 070 £ © &7-330 dhOPPG
L1 h wi h - o A T=350 dhDPPC
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2 F y=30589x"""" : s
' Spatial localization
0 Larger with decreasing
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temperature AND with trehalose

2.50
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Modeling of spatial localization quantifies the variation
in mobility along hipid tails

Q dependence of EISF

Single sphere size

E(Q){sjl(Qr)T i

Pure lipid tails

Qr
varying sphere sizes 0
E(Q)—ile 3j,(Qr,) 2
- N n=2 an

Diftusion in impenetrable
spheres
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m glmula!lon leec!ly proEes !1"erence in moblity with 4

carbon position

Simulation: neat lipid tails

QENS with simulation mput
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Five things to remember

lipid headgroups and trehalose:
significant hydrogen bonding

9 @
sm nature of main transition may

be different with trehalose

Melting: lipid tails

>

N

Trehalose decreases spatial
extent of mobility

Spatial extent of mobility
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