Computational microscope views the cell
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Blue Gene / Cray XT4 Performance of
NAMD
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Blue Gene results from work
Mo of cores with Sameer Kumar, 180
Research




PME Optimized by DCMF Many-to-
many

Sameer Kumar [IBM)
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Viewing the 10 ys Folding of a Protein
* Solvated system is Protein dynamics in cells go out to a
=30.000 atoms millisecond and longer. We recently
Sirmulaled in NAMD increased computational time scales from
using CHARMMZZS 100 ns fo 60 microssconds!
CMAP )
~100 ns/day on 329 Ower 30 microsecond of protein folding
pProcassors WT willin head piece; exp 4 45, sim 6 45

= Slarling conformations
gifher Tully axtended or
thermally denatured

* Thres indapandent WT f
simulations done ( .
Six mutant simulations ‘

* Alogeiber over 50 us of
simutation

Simulations of W
domain reveal deficii of
force field




WT-FOLD]

Folding WT villin in silico

Thres Inl2ing simusatians reach native s1ate winin 58 g5
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Imiplementing Polarizable Force Flelds lnto ™ AMD

Aromic polarizability netT ver
accounted for in modeling,
Respective force fields are being
develaped; here the fluctuating
charge moded of Brooks et al,

Folarizakle warer, fluct. charge
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Goal: Realize polarizabie force
fields in our madefing program
effectrealy,
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Inspecting the mechanical Strength of a blood clot
Callabormior: Bemard C. Lim [Mayoe Clmic College of Medscme)
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Inspecting the mechanical Strength of a blood clot

Collabormtor: Bemard C. Lim (Mayo Clmic College of Medscine)
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Petascale simulations will Permit Sampling

For Example Carrying out a Second Simulation Required
by a Referee




Simulation of soft, tertiary structure elasticity of titin

T —
This type of elasticity was fist discovered in ankynn: -

Ankyrin - tertiary strueture spriog at weak Foree (25 pN) 280 000 mbom simulation
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Stretching titin Ig6 (Ig65-lg70) at low force
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Stretching titin Ig6 (Ig65-Ig70) at low force
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Secondary structure elasticity of titin Igb

The simulation shows the stretching and ruptu-
ring of g6 one domain at a time, as seen in
AFM experiments of (191 }N constructs.
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Reaching for Overlapping Time Scales
Microsecond simulations of muscle elasticity

2000 -
1800 ® simulation .
E‘ @ experiment (Carrion-Vazquez et al, 1999) "
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Impact of methylation on mechanic stability of DNA
Experimenis: Greg Timg, EGE ard Beckman Bimulatons
Harmann Gach, ManoCantes, L WMirech Miaaji] S and Klaus Sonclian
Prooe 1 Proba 2 : :
2 & o s % ety isac ONA.

Mathylation increases the
bindirng energy of bwo strands,
s = it which makes mathylated DNA
Sustral pofiaded by miare stable than unmethylated
CMA

fat, ]

Mottelatnd QN4
w0 = SEIET 2 7. B0 ol & QETIOE = 000113
widlh & (U0E0A0T + 0000718 wichh & 0 (BB 18 1 D D007




Computational microscope views the cell

siCEn pode comgpes (M aboans

¥
¥ im

presm folding (10" aloms

100 - 1,000,000
DrOCessS0rs v o fommed By BAR domanm (Sx 107 sloms]

Petascale Simulations Support Hybrid Microscopy
Advance through combination of X-

ray and EM
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Mnlecuiar D}manucs Flexible Fitting with NAMD
4 _ Performance on NCSA Abe
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Discovery Through the Computational Microscope

Gating mechanism of protein synthesis by the ribosome as key
o~ frf_hading step after codon recognition

PNAS commentary from
o axpedt M. Rodring
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Successes of Computational Microscope Prototype
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Modeling a ribosome-channel complex

Simulation spstem
2.7 million atoms
simulated in total for
nearly 50 ns

* Ribosome-SecY channel complex:
known only from low-resolution density
maps (grey outling)

* Used MD Flexible Fitting to fit atomic
structures to map

‘Simulations reveal atomic-scale
interactions that maintain complex

Modeling a ribosome-channel complex

Simulation system
2.7 million atoms

simulated in total for
nearly 50 ns

* Ribosome-SecY channel complex:
known only from low-resolution density
maps {grey outling)

« Used MD Flexible Fitting to fit atomic
structures to map

‘Simulations reveal atomic-scale
interactions that maintain complex




Modeling a ribosome-channel complex

+ Ribosome-5ecY channel complex:
known only from low-resolution density
maps {(grey oullineg)

- # Lsed MD Flexible Fitting to it atomic
! structures to map

Simulation system
2.7 million atoms

simulated in total for 4 | ]
nearly 50 ng Simulations reveal atomic-scale

interactions that maintain complex
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The Nuclear Pore Complex - What Is It?

NPC Section to be studied by molecular dynamics
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FG-nup Binding Pattern

How does the NPC
distinguish bebtween
transport receptors and inert
macromolecules?

« Ay macromolecule may have i
random FG-nup binding spois
* Transport receptors exhibit a
particular surface binding spot
patferm

= Binding spois tend to be

clusterad with a ~14 A

spacing between spols
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FG-fup coling o tundied, — The Computational Microscope Reveals
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Computational microscope views the cell
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Viewing the Morphogenesis of a
Cellular Membrane from Flat to
Tabular in 200 us
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Computational microscope views the cell
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The proteins that make up the chromatophore
ui‘ phﬂtﬂsynthetjt bacteria
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Chromatophore of Purple Bacteria
(section of the chromatophore membrane)
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Component 1: Light Harvesting Complex 1 (LH2)
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Structure of LH2 established by
crystallography & homology modeling
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LH2 aggregates induce curvature via packing

fhe

7 hexagonally-packed LHIs

"packed” — no lipids babween LH2s
"sparse” — one laver of ligids betwean LHZs

“packed” vs, “sparse”
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LH2 curvature partially driven by electrostatics
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Much reduced curvature in LH1-LH2 mixed system

LH* manamer surrounded by seven LHZ complaces
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Component 2: Light Harvesting Complex 1 (LH1)
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All-atom Simulations of a Membrane-Bending Protein
Complex

Photosynthetic core complex:

0.9 million atoms
gimulated in wotal for = 51 ns

* Core complex stacks into
tubes in bacterial cells

* Each core complex is
thought to induce local
curvauire in membrane

S e il Chem Pl 35T 1ESL 197 (NERSS
Fisin et al | Misglers, L0 pros (3005

All-atom Simulations of a Membrane-Bending Protein
Complex

= Simulations revealed the membrane-bending process
= 5ize of the membrane curvature matched that of experiment
* Local curvature is related to long-range organization of the complex

il (e Pl 351 | B0 5T C20080
Flsinn ol Biaphys. & o pres (20080




Knowing the Atomic Level Structure
: of the chromatophore, one

can systematically
describe its physical

mechanism

B Serar ] Cieer, K Forer, ard 4 Schulen. VS D04
TATI3-15T50, T

The “Physics” of Light Harvesting in the Chromatophore
Caboalated Energy Tronsfer Bates Determine (eptimal Flacement of Proleins in Cheomatophore

W m ["I W) ]um:s: induced dipole - induced dipole interaction




The “Ph;,f:-.]-_ 5" of L:ghl Harvesting in the Chromatophore
" " T dy 3 d) (P i) links: induoced dipole - induced
: rad "'__.',',"-__"_ dipole interaction
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