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*Procedure to obtain uu 3D-DFs.

« Calculate correlation function of solvent(water, ion, ...)
by vv 1D-RISM.

h;g (r)= Zwac Con (r)*wdb+zp Zwac o (rcd) h (rdb)

“waw.cd V'
S ~~-

« Calculate correl atloh*unc'tol'ref.proteln by uv 3D-RISM.

-~
--

h.(r) - ZZJg(r)(‘ Lr—r|>+p*h (r’ —rf))dr

 Cadculate correl atlon mnctlon of ligand by uv 1D RI'SM
\k;(r) Z waﬂ (r)\*\m + Zp Z waﬂ (r) h(\:/bv(r)

—_— oy,
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« Cadculate correlation function betWEEITpFOteT&y gand
by uu 3D-RISM. S3~~~~<y

h,(r) = ch (r)e (r' —r|)dr’ +Zch(r Yo, he(r — r[)dr’
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Information of ligand:
Distribution function

Where? How?
Location Orientation

[ Two different types of scorefunction ]
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Ap poach

For determining the location and the orientation

[ Box search ] [Orientation search]

Distribution

: Orientation
function




System Phospholipase A2 - Aspirin

Phospholipase A2 and Aspirin form the complex for inducing
Anti-inflammatory effects through the specific binding site. [1]

X-ray structure (PDB: 10XR) Protein and ions: Amber99
Water: TIP3P

ligand: Antechamber (GAFF)

- \ (a) 2-acetoxy- (b)4-acetoxy-
F\ benzoic acid benzoic acid
" O BRIy (aspirin) (p-aspirin)
& ;\ ;; o - HO O
O
o N O\”/CHS
aspirin o o
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[1] R. K. Singh, A.S. Ethayathulla, T. Jabeen, S. Sharma, P. Kaur, and T. P. Singh., JDT. 13, 2005, 133.



3 BDF 0of Aspiri n
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3 BDF 0f p- Aspiri n
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Box Search

Affinity based on the probability of ligand.:

-
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- 1 N
L];[ Vbox _Vprotein (X) J-Vbox v (r | X)dr j for Vbox _VIOFOtein (X) 2 \/Iigand

fIoc (X) =9

0 for V. -V

box protein
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« Re stwfl Box Searc h aspirin

HO V Center of molecule

fodX) >1.45



« Re stwfl Box Searc h p-aspirin

Center of molecule
O
O
HO

o=

fodX) >1.45



« Re stwfl Box Searc h  Overlap

aspirin p-aspirin
HO.__O

O
Red: O\H/CHS Blue: HO>_©70\H/CH3

f,,{X) >1.45



Orientation Search

Affinity based on overlap:

HO._O
hd

1:ori (X! Q) — ﬁ gy (X +

/ Distributions

|, -R(®))
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Center of molecule
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hig

O

CHs

+

Euler angle
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e Re stwfl Or aation Searc h

aspirin

order o B Y overlap HO. O

@ 1 10 330 50 2.33E+05 0 on

(b) 2 40 260 40 2.02E+05 D

¢ 3 60 220 50 1.83E+05 O
Red: Predicted
Blue: X-ray
‘ fﬁ\i ”'"\*
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T

VvV

VvV
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e Re stwfl Or aation Searc h

aspirin

order o B Y overlap HO. O

@ 1 10 330 50 2.33E+05 0 on
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¢ 3 60 220 50 1.83E+05 O
Red: Predicted
Blue: X-ray
‘ fﬁ\i ”'"\*
I\ ‘ \ ,
Vor .

HO. _O—His48 HO. _O—His48
\r/ =

T

VvV

VvV

34



e Re stwfl Or eation Searc h
p-aspirin
order o B Y overlap
@ 1 250 30 30 9.26E+07 O
(b) 2 60 300 150 7.72E407 HO@OTCHS
(c0 3 300 250 110 5.90E+07 O
Red: Predicted
(a) (b) (C) Blue: X-ray
- TN $'-Z P
u
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Summary

*Phospholipase A2
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http://goo.gl/uLohs

Placement algorithm

P ( ) p bulngrzdg

Download/
strip PDB

Solute

Parameterize
structure

3D-RISM
calculation

Solvent

Placement
algorithm

atomic coordinates

Structure topology/parameters

éolvent susceptibility

distribution function

1D-RISM
solvent
calculation

i

Explicit solvent coordinates

r+0; T, +0

[p(7)dr=1, [

P,,(F)dF'=0

i

St
e

i) Read 3D-RISM
distribution

ii) Convert to
population

'v.b) Evacuate one

v) Identify new

population unit maximum

i) Identify maximum iv.a) Insert explicit

atom at maximum

vi.a) Insert explicit
atom at maximum

vi.b) Evacuate one
population unit

J

TILLU a7 YU vy Uevi iy
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Examples

F-ATP Synthase

HIV-1 Protease

40
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KNI-275 bound form of HIV-1 Protease

« HIV-1 protease
— Key step in replication
* KNI-275 is a TS-analog with pM
activity
« Combined x-ray, neutron

crystallography reveal six key water
molecules (PDB ID: 2ZYE)

Adachi, M.; Ohhara, T.; Kurihara, K.; Tamada, T.; Honjo, E.; Okazaki, N.; Arali,
S.; Shoyama,Kimura, K.; Matsumura, H.; Sugiyama, S.; Adachi, H.; Takano,
K.; Mori, Y.; Hidaka, K.; Kimura, Hayashi, Y.; Kiso, Y.; Kuroki, R. P Natl Acad

Sci USA 2009, 106(12), 4641-4646. http://goo.gl/uLohs 41
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NKI275

Predicted

Predicted — near KNI275

http://goo.gl/uLohs

g(r),

g(r),

Lotaced exp
17.72 17.72 301
1028 1028 566
102 102 607
10.14 10.14 354
938 938 608
838 838
7776 776
762 762 322
739 739
733 733 134
725 725 142
705 705 149
703 703 152
6.56 6.56 182
158 458 372
151 451 383
423 423 425
301 301 481
377 377 497
35 35 548
349 349 552
266 266 730
6.68 253 763
468 246 782
1025 235 807
801 184 885
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Rotor Ring of F-Type Na+-ATPase

 Part of F-ATPase machinery
(animation)

 Rotor driven by electrochemical
gradient

 Crystallography reveals sodium and ‘
(after refinement) coordinating |
water atomic structure

« 11-fold symmetry

- &
"
-ﬂ,

|
i )

2 r,j:-"i‘-,’. e -
Periplasm

Meier, T.; Polzer, P.; Diederichs, K.; Welte, W.; Dimroth, P. Science 2005, 308(5722), 659-662.

43,
Meier, T.; Krah, A.; Bond, P. J.; Pogoryelov, D.; Diederichs, K.; Faraldo-Gomez, J. D. J Mol Biol 2009, 391(2),

498-507. (PDB:2wgm)
http://goo.gl/uLohs
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Na* (Expt.)

Oyater (Expt.) Na* (Pred.) O, (Pred.)

http://goo.gl/uLohs

Na* (g(r)>10)

Owater (g (r)>1 0)
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Sodium water

8(r), Iplaced 8(r)y | &(r); |f ptacea
29.19 15.31 15.31 11
28.77 14.7 14.7 17
2748 14 .47 14 .47 24
27.34 14.24 14.24 27
26.88 14.03 14.03 30
26.65 13.8 13.8

25.86 13.62 13.62

25.6 13.31 15531

25.28 13.26 13.26

24.89 13.02 13.02

17.19 12.94 12.94

http://goo.gl/uLohs
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summary

Discrete distributions can be coerced out of 3D-RISM distributions for
both water and ions

This technique matches quantitatively (about 0.5 A error) with experiment
while providing more information

lon concentration required manual adjustment

Can be used to add perspective to 3D-RISM, get insight into specific water
and/or ion interactions, provide an initial snapshot for MD simulations,
give insights into drug design

Info and tutorial on website, work done using free software (Ambertools
and scipy) http://goo.gl/uLohs


http://goo.gl/uLohs
http://goo.gl/uLohs
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3D-RISM

Closure

3D-RISM




3D-FFT

1

— 3D-RISM 20483
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Volumetric
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3D-FFT
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Volumetric 3D-FFT
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[ START

|

Initialization

—

KH closure equation

Forward 3D-FFT

3D-RISM eguation

Backward 3D-FFT

No

Method for accelerating
convergence

]

Physical quantity

[ END

——

Real Space

FFT

I

Fourier Space
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3D-RISM
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» 3D-RISM

3D-RISM
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—  D-RISM MD, MC 3D-RISM

— 3D-RISM  QM/MM
3D-RISM

QM/MM

58






— Many-cores?
— GPU?
3D-RISM for GPGPU

Modified Anderson Method for Accelerating 3D-RISM
Calculations Using GPU, Y. Maruyama and F. Hirata, JCTC, 2012

multi-GPU  3D-FFT

High Performance 3-D FFT using multiple CUDA GPUs, A.
Nukada, Y. Maruyama, S. Matsuoka, GPGPU-5 proceedings, 2012

— 3D-RISM

— ~






