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¢ Divide-and-conquer(DC), W. Yang, PRL 66, 1438 (1991)

¢ Elongation method(EL), A.Imamura et al., JCP 95, 5419(1991)

¢ Incremental correlation method(IC), H.Stoll, PRB,46, 6700(1992)

¢ The fragment molecular orbital (FMO) method, Kitaura et.al., CPL(1999)

¢ Adjustable density matrix assembler (ADMA), T.E.Exner, P.G.Mezey,
JPCA,106,11791,(2002)

¢ Molecular fractionation with conjugate cap approach (MFCC), D.W.Zhang,
J.Z.H. Zhang, JCP, 119, 3599 (2003).

¢ Molecular tailoring (MTA), K.Babu, S.R.Gadre, JCC,24, 484 (2003)

¢ Systematic fragmentation approach(SFA), V.J.Deev, M.A.Collins,
JCP,122,154102 (2005)

¢ Kernel energy method (KEM), Huang et al., [JQC, 103, 808(2005)

¢ Electrostatically embedded many-body expansion (EE-MB), E.E.Dahlke,
D.G.Truhlar, JCTC, 3, 46 (2007).

¢ Generalized X-pol(GXP), L. L. Cembran et al., JCTC, 6, 2469(2009)

For fragment-based approaches, see M.S.Gordon et al., Chem. Rev.
112,632(2012) 2




Outline of the Fragment MO (FMO) Method

¢ A molecule is divided into N fragments
and ab initio MO calculations on the
fragments (monomers), fragment pairs (dimers)
and optionally triples (trimers) are performed
under electrostatic potential from other
monomers.

¢ The total energy of the whole molecule (E) is
calculated using the energies of the monomer
(E,), dimer (E,;;) and trimer (E,x);

FMO2: E™MO2 =N'E, + 3 AE,

1 I>J

FMO3: EMM® = ET™MO? 4+ N(E . —AE,, —AE ;x —AEy;)

I>J>K
where, AE, =(E,-E, —E,)




Computational procedure of FMO

Fock equation for fragment

(monomer) and fragment pair (dimer)
(x=I for monomer and x=IJ for dimer)

F C'=S'C¢"
F=H'+G",
Hx V:I{,lev+l//icv

Total energy of monomer and dimer

E %Tr{])’(ﬁui’“)}

HF total energy of whole system
E:ZEI +Z(EIJ —£, _EJ)
1

I>J

Correlation energy correction
ECOI'I‘:ZEICOI‘I‘_I_Z(EIC})I‘I‘_EICOI‘I‘_EC]OI‘I‘)
1

I>J

divide a molecue into & fragrents

'

gererate iritial dersity matrices for all fragments (monomers)

+

prepare ervironmental electostatic potentials
using previous dernsity matrices

r

sohve Fock equatiors for all momomers
F'o =SC%', frI=1toN

Are  all  moromer
dersities conerged?

prepare environmental ekectmstatic potentialks for all
fragrrent pairs (dimers) using monorrer dersities

!

sole Fock ecuations for dirrers
FiCc'=8"C'¢s", rI=21oN,J=1t0T-1

r

calculate total erergy and pmoperties of molecule




Basis of FMO

FMO is a many-body theory of molecular interactions,

derived from the energy decomposition analysis(EDA)
(IJQC,10, 325 (1976)) of many-body molecular interactions

ES:electrostatic Eps = <(D? - @} H12‘CD? '(Dg>—E10 ~-E)

EX :exchange repulsion £ex = <A<CD? -cDg]le‘A@)? .q)g)>—<cp? - @} le‘q)? CD(2)>

PL : polarization Ep = (@, @, |H,,|®, - D, )~ (D] - DY |H,,| D) - T

CT:charge transfer Eer = <A((D1CT JUN Xle‘A@)fT @3 )>_<CD? @, le‘q’? (Dg>

Total interaction energy: AE), =E), —E' —E) = Eyg+Epy + Ep + Ecr + Eyy



Taking many-body interactions into
energies of monomer and dimer
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Total energy is writtenas; E =Y E,+» (E,—E,-E,)
1

I>J



Many-body interaction energy in FMO

Total energy: E= ZE +ﬁ:(EU ~E,—E,)

I>J

Intenal energy: E! :Ex ~Tr(D*V)

X

N N N N N
Total energy in  |E=YE+Y Y (£, -E -E})+ Y Y Tr(AD” V)
terms of internal N P =
energies =NE+ + 7 (AD¥ V¥
Z[: ;;{ U M} @
J J 1
where, ADY =D" -D|, foruel,vel ADM
U J ,
AD,, =D, -D,  foruel,velJ <: >\/|JK(: )
ADU DU for,uel,veJor,ueJ,VEI
Z
V;JV— Z ZDPO ,uv|,00' Z<,u‘ 4 V> = ZV;JVK, for u,vell
k(#i,)) | p.oek ack ‘l‘—Ra K(#1,J)

Pair Interaction Energy (PIE): AE, =AE), +Tr(AD” V")



FMO-MP2 calculations of water clusters

cycli )
c 1
Table 1 Intermolecular interaction energies of water clusters® Vo ¢,
HF COIT. HF+corr. 2?603 J;'. \‘,\
FMO ab initio FMO  ab initio FMO ab initio 2 ’\‘ ;%'é 5
(H,0); cyclic 0/9;\ h714
AE 2591 -25.93 -2.55 2.32 -28.46 2825 270
AE? -21.84 -21.86 -2.07 -2.05 -23.91 -23.91 e S
AE® -4.06 -4.07 -0.48 -0.27 -4.54 -4.34 (-228 383146)
(H20)3 linear
AE -10.33 -10.18 -1.14 -1.16 -11.47 -11.34 linea ]
AF® -11.06 -11.03 -1.33 -1.36 -12.40 1239 T gen % Cov
AE® 0.73 0.85 0.20 0.20 0.93 1.05 (2997 1014 -
(H,0)4 N 0;’)3- g
AE -47.45 -46.63 -3.15 2.94 -50.60 4957  ? y ¢
AE® -34.52 -35.26 -1.76 -1.70 -36.28 -36.96 228.357719
AE® 1213 -1056 127 -0.92 1340 -11.48 e
AE® -0.80 -0.80 0.13 -0.28 -0.93 -1.08
a . . . 2.638
Energies are given in kcal/mol. 7 £ :
597 895 :
Energy of isolated moleculeE; , 2-body e, =E,, —E; —E, , and 3-body | (896 (897 |
. . o . . i o C
e = (E,OJK E -E) - EO) ¢! —e’. —¢", interaction energies in the series expansion 263 | ) @ 2

______________ 2
Ey . x ZEO+ZeIJ ZeIJK+"'+eIO2---N )3

1>J I1>J>K
E=-304.530058
(-304.523146)



FMO for covalent bonded system(RHF level)

Fock equation for fragment (monomer) and fragment pair (dimer)
(x=I for monomer and x=/J for dimer)

F*C'=SC%" Hybrid orbital

F-H +G , / projector
AL

Electrostatic potential
o R H 5 sp? hybrid orbitals
. Z, T ———
I/,uv = Z V)i+ l)/[facu LN,pO) o \N%t S to divide variational
Kx | AeK ‘r R‘ | o

| space along the
Total energy of monomer/dimer

bond-detached atom(BDA)

f:l f: 1+1
), u % i

electron pair of detached

.-"/ \N/. F S bond is assigned to fiI+1

detached bond

1 o PG nuclear charge
E =— TI"{])’ (H *+F x)} x=1.1 "'1 to keep the original
* 2 ( ’ J) W\ fragment charge

Total energy of whole system

E= ZE+ZEU ~E,-E,)

I>J




Examples of fragmentation in FMO
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Intra- and inter-fragment pair interaction
enegy (PIE) is obtained with FMO

S

1=1 J>I =1 J>I 1=1 J>I

N
= ZE; +ZZ{AEI’J +T’”<ADUVU )} PIE (this term can be further
]IV = decomposed into EL, EX, CT
= ZE] +Z>]AEU / interaction energies by PIEDA
1 I=1 J>1
¢ Intramolecular interaction: | J
AE,, indicates interaction ) W

energy between residues except
covalent bonded ones.

¢ Intermolecular interaction: HQP W E?{H;é

A E, indicates interaction oﬁ‘ RI FR,
energy between a residure and AEugy g “AE,
ligand. Ligand B

L



Example of PIE analysis: Intermolecular

Interaction betweenFKBP and its Ligands
Nakanishi et al., Proteins: Struct., Funct., Bioinf. 68, 145 (2007)

 FK506 is an immunosuppressant.

» We calculated the following four FKBP-ligand complexes by FMO.

* The complexes have 107 amino acid residues (about 1,800 atoms).

» The ligand geometries were optimized at FMO2-RHF/3-21G level using
truncated 20 residues model complexes (about 500 atoms).

» The binding energies were calculated at the FMO2-MP2/6-31G* level.

j@] 1fkf (FK506)
g\(

sz&o
fﬁfﬁ
ki ()

11' ’\/Q oi/goo |
' ' Ry
FKBP-FK506 complex (PDB:1fkf) w 12




pair interaction energy (keal/mol)

PIE between ligand and each residue
, in FKBP-ligand complexes

LG
LASp#IT -
~35 e

residue number

a) Empty bar:HF, filled bar: correlation energy
contribution. b)Ligand binding modes. The
proteins is shown by surface model.

*The sum of pair interaction
energies correlates well
with the experimental binding
affinity, 1fkb>1fkf>1fkb>1fki.

*Val55, Tyr82 and Try26 are
common important residues
for the all ligand bindings.

*The stronger binders have
additional interactions with
Asp37 (1fkb and 1fkf) and
Glu54(fkb).

*The correlation contribution
is very large: 70-80% of
binding energy.

13



Availabel free FMO Programs

1) FMO in GAMESS, coded by D.G.Fedorov et al.

http://www.msg.ameslab.gov/ GAMESS/GAMESS.html

2) ABINIT-MP, coded by T.Nakano et al.
http://www.fsis.lis.u-tokyo.ac.ijp/en/result/software/

3) PAICS, coded by T.Ishikawa
http://www.paics.net/get paics.html

GUI programs for FMO pre- and post-processing

*Facio for GAMESS: http://www1.bbiq.jp/zzzfelis/Facio_Jp.html

FU for GAMESS: https://sourceforge.net/projects/fusuite/

-BioStation for ABINIT-MP:
http://www.advancesoft.jp/product/advance biostation/

*PAICS View: http://www.paics.net/get_paics.html
14
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FMO2-RHF : original FMO (2-body expansion), Kitaura et al., CPL,313,701(1999)
FMO3-RHF : 3-body expansion FMO, Fedorov et al., JCP,120, 6832 (2004)
FMO2,3-UHF: BAzk& D 3IEHIFRHartree-Fock;%, Nakata et al., JCP,137,044110 (2012)
FMO2,3-ROHF: BAFkZR D HIRHartree-Focki%, S.R.Pruitt et al., JCTC,6,1(2010)
FMO2,3-DFT: FMO-based density functional theory, Fedorov et al., CPL,389, 29 (2004).

FMO2,3-MP2 : FMO-based 2nd order Mgller-Plesset perturbation theory, Fedorov et
al., JCP, 121, 2483 (2004), Mochizuki et al.,CPL,396, 473(2004)

FMO2-MCSCF: FMO-based MCSCF, Fedorov et al.,JCP,122,54108(2005).
FMO2,3-CC: FMO-based coupled cluster theory, Fedorov et al., JCP, 123, 134103 (2005)

FMO1-CIS and CIS(D) : FMO-based configuration interaction singles, Mochizuki et al.,
CPL, 406, 283 (2005).

MEFMO : FMO-based multilayer method, Fedorov et al., JPCA,109,2638 (2005).
FMO1,2-TDDFT : FMO-based time dependent DFT, Chiba et al., JCP, 127, 104108 (2007).

FMO/PCM : FMO combined with polarizable continuum model (PCM), Fedorov et al.,
JCC, 27, 976 (2006).

FMO/EFP: FMO combined with effective fragment potential method, Nagata et al.,
JCP, 131, 024101 (2009).




Capabilities of FMO in GAMESS

http://www.msqg.chem.iastate.edu/gamess/capabilities.html

SCFTYP= RHF ROHF UHF GVB MCSCF
SCF energy cOFpEP CDFQEP CIHFPEP CD-pEP CHFpEP
SCF analytic gradient COFpPEP CDFPEP COFPpEP CD-pEP CEP
SCF analytic Hessian COFpp-- CD@—— CQtp-- CD-p-- -D-p-
VB energy Cr==m=~ Crmmme
Recentl
MP2 energy CEP CDEEP CD-pEP -—=——- CD-pEP . . y,
MP2 gradient CHEpEE ~D-phpl ED-pEP ———-~~ ===~~~ Nishimoto et. al.
CI energy CE@—— CR=Pp-— =55 CD=Zp== CDFp== have developed
CI gradient CD==== —————= e FMO-DFTB(J
CC energy COERE~ CHFE— ~r=rm= mecmems cesmess PCL 6 (2015)
EOMCC excitations CD—SE=ICD=SRE ==85ss Brssas sxrans 5034) and
DFT energy cdrpEP CD-pEP CIFpEP n/a n/a implemented its
DFT gradient CHFpPEP CD-pEP CIHFPEP n/a n/a .
DFT Hessian CD-p-- CD-p-- CD-p-- n/a n/a COdeS into
GAMESS.
DFTB energy yes/F ——-———- yes n/a n/a
DFTB gradient yes/F —————- yes n/a n/a
DFTB Hessian yes = —————- yes n/a n/a

Here:

C= conventional storage of AO integrals on disk

D= direct evaluation of AO integrals whenever needed

F= Fragment Molecular Orbital methodology is enabled, "F" pertains to the gas phase; for FMO with PCM or
EFP see manual.

p= parallel execution 16
E= Effective Fragment Potential discrete solvation

P= Polarizable Continuum Model continuum solvation




Useful FMO methods in drug design

E 2R
Salb—3i3y

BH~B+HEEYH
HEMHIEEMERR

- VIAV -

Fast geometry
optimization
calculations
»Frozen
domain FMO
(FMO/FD)

Fedorov et al.,JPCL, 2
(2011).

S FERETETDFET R
BEHES YO BEHE A MO EEHEE
ESMEHEE (KB BR DRBETHILF—)

Computations and
analysis of molecular
interaction energy
»PIE/PIEDA analysis
»QM:QM hybrid
method for accurate
calculations

(ONIOM+FMO)

Asada et al., J. Phys. Chem.
Lett.,3 (2012)

Geometry opts
»Analytic gradients
Nagata et al. (2012)
»MQ/MM hybrid
(FMO/MM)

Fedorov et al.,Acc
Chem. Res(2014)

»Geometry opts in
solution(FMO/PCM

gradients) Nagata et al

1

/

Solvation energy
» PCM model
(FMO/PCM)

»EFP,PCM model
(FMO/EFP/PCM)
»Binding energy
analysis(FMO/PCM/
, PIEDA) Fedorov et al.,

JPCA, 116 (2012).

(2012)
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Polarizable Continuum €5 JL (PCM)

J. Tomasi, B. Mennucci, R. Cammi, Chem. Rev., 105 (2005) 29909.

-REDEF AT FINEEZTRO T, FYET+REIZE RSN D Eself-
consistent|Zf#<, B FIEZ S E TRV IKBAVONSBEET L,

GREHBEBRIRILE— AHE-AEHEEER

(ele + rep +disp )

Gy =AG, +Go + G + GLP + Gy
o
AG,  RENFOREBIRILE—TIL (SHEDE) é _
!
G BESTEBROBTHARRIINLE—E | 5 =7
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PCMO)%%IEE'DJ\%@IE, Gcav’ Grep’ Gdisp

FrET—avIriLE—: G,

N A,
(™ Z G.w(R;) (Pierotti—Claverie M)
k=1 4.7TR (R
k cav k\)

_ B 3y Ry L
GC,‘W—RT{ In(1 —y) + T /(Rg) + Y,

5 At ](1;) } . ¥ =52R

XERFEIRILE—: G

rep
Gl'ep — Ps Z Z NS z a’/\Ams(rmk).nk H
kel seS meM 4
(1Z)
A 1 Ao _ /
ms rms) 5 12 ! ms
" ms )—,

PTHRIRILT—: G

di
181136 -
—_—— “(;S 7o ¥+ E 4 A (electrostatic, exchange-
, 3 "ms repulsion, dispersion, charge-transfer)



FMO/PCM;%

¢ FMO is combined with polarizable continuum model (PCM)

¢ Solute electrostatic field V on

cavity surface is calculated from

many-body series expansion;
N N

DR AR AR AN S
=1

I1>J

x___ x i Aa
A T;»(D1 w)+;(—Ra_Ri
Wi =t = lv) wvex

r-R,|[ .
¢ Several approximation levels are

possible depending on V and electron
density (D*) expansion:

(1) FMO/PCM[1] uses one-body
expansion V and one-body density
(2) FMO[2] uses two-body V and two-
body density
(3) FMO[1(2)] uses two-body V and two-
body density (no self-consistent)

FMO/PCMI[1(2)] is recommended

Compute FMO-PCM[1]
calculating V" for each dimer

5!

compute V = iV' +§:(V” ~V! —V")
1 i>J

and g, solve Cq=g, find q.

.

y

for =1 to N ,compute W! and F!
solve monomer equations
F'C'=8'C'e’
obtain D', compute V'

Yes

for I=2 to N, J=1 to I-1, compute W and FY,
SO]Ve I“UCU - SUCIJE J
obtain D", compute V"

'

No R

~ .~
—— o

S -
- -

flowchart of FMO/PCM[2]




FMO/MM: FMO-based IMOMM

D.G.Fedorov, et al., J. Phys. Chem. A 2007, 111, 2722.

IMOMM: Maseras, F.; Morokuma, K. JCC 1995,16,1170.
SIMOMM: Shoemaker J. R.; Burggraf, L. W.; Gordon, M. S. JPCA 1999,103, 3245.

The total energy E and its gradient are divided into FMO and MM contributions,
E=Epo(R)+Ey(R,R,)

O _ 0Epno Oy

OR, 0OR,  OR, —
0E  OE,,,
OR, OR,

where R1 and R2 are a set of atomic coordinates in the FMO region and

atomic coordinates in the MM region, respectively. Note that the interaction
energy between FMO and MM atoms are included in and the link atoms in
FMO region do not feel MM forces.

23



Geometry optimization of protein by FMO/MM

D.G.Fedorov, et al., Acc. Chem. Res, Acc. , 2014, 47, 2846.
BHEW, B3 GEEARS) 2012

Computational Details: s (f ey

1. System: alpha subunit of protein kinase 2 (CK2) ~A\/"J
and its ligand ((1-{6-[6-(cyclopentylamino)-1H- , 1
indazol-1-YL]pyrazin-2-YL}-1H-pyrrol-3-YL)acetic

acid) A

2. FMO2 at the RHF-D/6-31G level (D:empiric (@5 L Sy
dispersion) and AMBER f99 (protein) and gaff Con W ‘);
(ligand) force fields and TIP3P (water) were A, ;"‘:ﬁf,
employed for MM. 9 ﬁ

3.The FMO region was defined to include the ligand
and the amino acid residues and water molecules

separated by the unitless FMO distance70 of 2.0 EMO atoms are colored in

from the Ii.ga_nd. purple (ligand) and blue (the
4. We optimized all FMO atoms (667) and 1980 of binding pocket of the protein).
MM atoms. MM atoms are shown as

5. A single point calculation took about 36 min on yellow (optimized) and green

the Heian cluster (112 CPU cores of Xeon 3.0 GHz) (frozen) for the protein, and

and 470 FMO steps were required for convergence. cyan (optimized) and pink
(frozen) for water. 24



Intermolecular interaction between the
protein and ligand

The protein recognizes its ligand with various kind of non-
bonding interactions at multiple interaction sites. These
Interactions should be described in a well balanced mannar.

NH-N




Dispersion interaction is indispensable to

obtain reasonable binding structure
¢FMO-HF/6-31G failed to reproduce the binding structure (RMSD:0.75A)

¢ FMO-MP2 reproduced experimental structure with RMSD of 0.61A

¢ Convenient HF-D also reproduced the binding structure (RMSD:0.56A)

HF-D: RHF augmented with empirical dispersion force (S. Grimme, JCC, 25,
1463(2004) ) Nai—1 Na Cg

, . ) — : g 1
Edisp = —356 Z Z R_(,,/dmp(R[j) Cg = \/CéCf() ,/dmp(Rij) T 1 + e—dRy/R—1)

i=1 j=i+l1 "7y y ’

protein kinase 2

PrE—=

(CK2)CompIe
. { e\ MP2/6-31G (0.61A)
Ligand == _"\
HF-D/6-31G (0.56A)

In parentheses are given RMSD between
optimized and experimental coordinatss.



Optimized Structure of Ligand Binding Site

a) b)

- 3.44/3.59/3.25 @
4.96/4.74/1477 3.61/3.80/3.50
: N

6

@ Ly \2.7412:8312 89 A

3.38/3.79/3.63 B ) 3.69/3.97/3. 89‘/‘: NE x" =
*\ " 2.93/2.99/2.73 '

e N _ }
@ s N 342/347/395 R
---- Godyw, [/
2.96/3.28/2.87 D/ \Q O  363/3.46/367 @
2.95/3. 23/3 02

The left and right panels show the top and side views of the binding site, respectively.
For each distance between heavy atoms (A), three numbers are given, corresponding
to the FMO/MM minimum, MM minimum and experimental values, respectively.

— 3.39/3.61/3.61

3.73/3.55/3.59

As shown in the figure, the FMO/MM and MM structures show in general
somewhat similar deviations from experiment. However, the NH...N and
CH...O hydrogen bonds between the pyrazine moiety of the ligand and VAL116
are not well described by the force field. In this particular complex, multiple weak
interactions are reasonably described by both FMO/MM and MM methods. 27



Calculation of binding free energy

¢ Target system is the complexes of protein kinase 2, CK2
¢ CK2a (a-subunit) is a potential target for nephritis therapy.

¢ Variety of CK2a ligands were selected for binding free energy

calculations
polar ligand charged ligand
N = > o 2
‘o g ‘ol ~ALdes I
HN/(\N//E HY HN/(\N /NN go d O
A oo S S o
A C B . =
Binding site
& bromo tetraquinone
Br Br
Br;@:)\l / HO O (0} OH (0] OH
. S
\ r
R e L
D F G

Structure of CK2a (a0 subunit)
Affinity: A>B>C>D>E>F>G

28



Binding free energy in solution was calculated with
FMO/PCM (polarizable continuum solvent model)

¢ Binding energy of protein-ligand complex (PL) in solution

‘o—> + ®

AG®

complex protein ligand

AGEOI — G}s)il . G;Ol . GEOI
Gy =G ™ + Gy + G + Gy +G? (X =PL,P, L)

¢ 1) FMO-MP2/PCM/6-31G*
2) conductor-like PCM in GAMESS
3) cavity was created with the simplified united atomic
radii, H:0.01A, C:1.77A, N:1.68A, 0:1.59A, and S:2.10A
4) 60 tesserae per sphere.

29



Entropy term:quasi-harmonic approximation

AS : quasi-harmonic analysis
Levy, et. al., Macromolecules, 1984, 17, 1370-1374

covariance matrix: o, = <(Xl- - <xi>)(x i~ <x1>)>

l 6'= M 26M 2
. . %
quas1—modf frequenceis: @ = (k,T/A')>

_ QOQH QH QH
AS = SPL B SPL(P) B SPL(L)

0 MD simulation for entropy term
- Initial structures and restraint conditions were the same as used for the
structure refinement.
- 10 ns MD simulation : NPT ensemble (1 atm, 300K) with 1000 kcal/mol
restraint to fixed domain (production run: last 5ns) :
- 1199, gaff and RESP charges were used. 30 &
- AMBERY program :



Calculated binding free energy vs Experiment

-15 . o g .
tetraquinone-

.20 G +5kcal/mol

.
-
.
. .
. .
—_— . .
- .
p— - -
. - L
.
25 ’
.
- g .
. L .
4 r O M
. .
. .
. .
. .
- B
.
.
.
.
.
.

35 polar ligand .-~

.
P
-
.

AG, (calc, kcal/mol)

.
| o
.
-

.45
‘1B
-50
-14.0 -13.0 -12.0 -11.0 -10.0 -9.0 -8.0
AG,, (expt, kcal/mol)

The calculated values are well correlated with experiments
Including charged ligands 3




FMOIZE T 42 fAHREHD AF ik

https://staff.aist.go.jp/d.g.fedorov/

The FMO method
| Download FMO resources (oral presentation etc)
|__ Basics of FMO(735% A2 b5 FENEE D EHE)
| FMO implementation in GAMESS
(GAMESS FMO{EH®D F51F)

BEICHESN-FMOEE =D EH

http://www.cms-initiative.jp/ja/research-
support/about-kobe-support

CMSIf#E /N XA
| CMSI#ENV XA N(T IV r—a @ ER)
_ BEDEBEE—E-BEHLGLE
|_[’sf|’e:23n.F|\/|05°1—|~U7)L )




FU: Open source GUI software
for GAMESS-FMO calculations

https://sourceforge.net/projects/fusuite/
Structure modelings
i B S S—— GAMESS Input data

File Edit Show Select Modelmg Utility FMO Add-on Window Help

G100a BoQ BoG) generation and
| computations

Egcmess ‘Egmner

/| File ExecBatch Help

Method: (ABINITIO | 1 [opTIONS |
Job title:

Charge: ¢ = Spin multiplicity: 1 =
Coordinate: | From FU | | From file | (Option |
Run type: ENERGY | (ootion]
Wave function: | gy +|[-0] [(option]
Basis set: 5T0-3G | [Others]

Set tofayer: |1 |- Apply Del

Solvent model: |None v | | Option
Properties: |NPRINT v | [Onption

NPRINT=-5

Computer nodes: 1 cores/node: 1 r
memory: 1 disk: 256 GB/node

[RunGMS] ‘ [ View ] [ Save ] [Reset]

_——




FUZRW=FMOETE D ER
[FMOF 21—k 7 IILEETXAM(ER27E58258) &Y ik

NE:

. FMO-RHF/STO-3GM15:tE

. FMO-DFT/STO-3GM 155t E

. FMO-MP2/STO-3GMD 1 55tH&

. FMO-RHF/STO-?,Gm)*%uiutnJr,éi

. FMO-RHF-D/STO-3GO & &ERmE{LitE
. RHF/STO-3G(ab initio MO) D155t &

. FMO-RHF/PCM/STO-3G5t&E
KFIETILOERERILFL—VYFMOETE

CONO OB OWN -



1. FMO-RHF/STO-3GM15:5t&...c2h50h-h20

1) fu.exeZckickL T. fumodelZ{2&H3 5.,

2) PDBT—A2H KX DEET—2(T 71 )L 4 :"c2h5-
h20.pdb") ZEHEHAAT. A= 1—"AddDel/(Add)"-"Bond"-
"Use bond length" TH#E& T —2Z 109 % (fumodel D A A
VAR DERR(XdefaultiZETHASN ., KFFTIFAIC

ZELTHD),

e wid B b OB




3) “File"-"Save” A = 2 —~TREFT 3,

Sow Seeca Al Ohange MO ASOn  Wndos  Weip

4) A= 2 —"FM0"-"Fragmentation tool”-"BDA setting"H#ZE{FF 3,
h) ™ X TBDA L BAL B - DlgFETES ) wd (L-Click) ¥ %,

fie G0t Show Sect ASDel Owege M) Addon  Window el

w4 Vo e

N
|
u
I




B) A= 2—"FHO"-"Frasmentation tool”-"BDA getting”®F z v EHF (B FEH
Pgd B), = =7, " File” -” Frazments data” -" Save fragment data as” ¥=
TUT. frazment ¥R ERFEFT 2 (774 NAE. 7 chboh-hlo.frg” 2% 2),

7) A= 2~ "Add-on"-"zaness-user.py  EEITT 5. "GMMESS Assist For Beginner”7¥
FIHEL

8) "GAMESS Mssist For Beginner” ¥ )L @ “Wethod” 7 FMO” -” FMO2” . ™ Wave
function”™ T” RHF” | "Basis et BIRE T S10-30" %8 &, 512, 7 Coordinate”
®” Fron FU"HR & BT, ®EIC, WRILTEICH 2 Save " RA L ERL, AN
F B %" cZhboh-hZo-fmo-rhf.inp” OBRTCHRET 2.

k‘%‘r‘ﬁm By

(T Ty ——r—— Y CANESS Mt For bmgrvar PV CAMESS Asoat For Beprrar
| Dot e he Emachutch e Foe  Doechatch ety e Cunctats o
02 P TN o2 0P TIONS:
’ 1 3 ) 1
Feom
- B
(ol » 2 -
- 57026 —
1 e el 3 L Cer 1} Sw
- Nora
] - - L
-5 RNT =5 T
L5, 32 L523% LLLS

(FEE) 7V T GIMESS 5187 28413, "Computer” (node #1, core#r. X 2
VE (GBeF 4+ 278 GRBEANTS) TnodeF " W3EIT1IEL, "cores #7713
WAL OATEH G UEASREEAT L. BEANE” ENTER % — 559,



9) "RunGMS”™ R4 - EFRL. GAMERS £FETT 3,

TV CAMESS st For Bagrear
o N— E{TH O GAMESS @ H71” Run GAMESS"/%
Iz
m : o CRPE AR S eo0we i JRIN LA L e

18T GAMESS #E1TT 284, GAMESS @ path & aw v FREODAINRERI NS, =
T TAFILEF— A3, FUDATASET¥Programs¥eaness¥eanesspath.win 77 4 LIZRET R

% (Mac 05K DIBEFD T v 4 VIEFRTFIE. .nac).

h:  cu//gamass.64/scr

Total energy of the molecule: Euncorr(2)= -227. 107862151
(Z DfEl3. #Tab inito MO STEOFER L thEsd 3)



T, IMOGIRERDT 2 2RTET S,

10) fumodel ® A = 2~ “Add-on” -” fuplot.py” EZETL. fuplot 28T 5,

11) fuplot @ A = 2 ~ "File"-"Open output file" ®# ETFF %, = = T,
cZhboh-hZo-fno-rhf.out FFRiadde, THhEF, filter 77 A N OFFHAFK filer
R OT, 22T zaness-fno.filter” 77 (FUDATASET/Filters 7 # L4

—ildHh D) EiRIadte,

Output file %

| open § % PR,
LA 4| Filter file DFE
o | FrahFxHBIR
o K | et b TR
gamess-fmo fil
ter 77 NE
RnRIALP

Open L 7= output file 73
EBITTEINS,




12) fuplot 2RI D" Set for plot”" K& L E#9, WRrALEHRD” Plot props” &
=" PIEDA” H3BIRL 7. ” Plot” R4 584,

e A PRLEBERI, O output file D
e plot BJRE%: property (fiter file T
FEINELD) WU MNEH
A,” PIEDA"#:8 A, T.” Plot"

B ERT,

13) " PIEDA" 2N DT F 7ON 5D ) w323 TOERRTEINS, ETHFD
“yv.range(+/-)ICEEEAIL T Enter " ¥ - E L y OB/ BNMEEETET
XA, ThES0IVCEZ T Enter - 54,

—— | 3720 ~%click$52, O
2l t///,,,,/—M"’ fragment ¢ PIEDA(PIE) D {E AT &

g : | | vEBORKERE. BEEAHLT”
e )| | ENTER"% %879,




14) * PIEDA ¥R NDET O "2DGraph” E#F L 28w T 7. "WolView F 4 L E#F
LOFEERFRRINS (ZHhiEEEBFEE 20250 TREEE I NASE THF
wr k), Thaid, U Plot PIEDA” »¥32L O Fragnent §" IR L =7 — & L 1#EED
LTEDS, PIEDV(HEFRBRGHHS) o v bOBE, Zhsailidtot"OfE
NETENSD,
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