


QM/MM calculations of alanine water dimer

Geometry optimization

of the alanine water
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E File Edit Yiew Toaols Modify ‘Window Help
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QM/MM calculations of alanine water dimer

Technical details of
the QM calculations

H ubunix.buffalo.edu - ubunix - S5H Secure Shell

File Edit ‘iew “Window Help
H gl 2 S0 S @
& Quick Connect ] Prafiles

H -0.596 -1.696 n.nola
N -4,590 -1,334 -1.4%9
H -5.456 -1.630 -1.167
H -4,201 -0.668 -0.3863
fend

Q)
frem
jobtype opt
exchange b3lyp
bhaszis B-31+G*
nem static 128
mem_ total 2000
fend
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QM/MM calculations of alanine water dimer

Final structure after
QM geometry

optimization \

+1 ViewerPro - [compl]

3

Ik LRl 7

ﬁ File Edit Wew Tools Modify window  Help

LheE & g H ©

.
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QM/MM calculations of alanine water dimer

Geometry
optimization of
alanine in the
presence of the
fixed MM atoms
of water

+1 ViewerPro - [compl]

ﬁ File Edit Yew Tools Maodify Window Help

bhzE & g H H

h
i
g
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QM/MM calculations of alanine water dimer

Cartesian coordinates
of the alanine only

Hl ubunix.buffalo.edu - ubunix - 55H Secure Shell

File Edit Wiew ‘Window Help

B &k~ 2 &

dh | S &N

& Quick Connect || Prafiles
i
Fmolexule
(N
) 0.9354 0.95z2 -0.492
C -0.332 0. 7s0 0,232
C -0.772  -0.677 0.157
H 1.151 1.9790 -0.473
H 0,532 0.703 -1.463
H -0.143 0.97a 1,292
C -1.434 1.6%3 -0.244
0 -1.420 -1.243 1.009
] -0.4zz2 -1.263 -1.015
H -Z.397 1.500 0,349
H -1.725 1.4%2 -1.300
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QM/MM calculations of alanine water dimer

Additional commands
of the QM calculations

E ybunix. buffalo.edu - ubunix - SSH Secure Shell

File Edit Wiew ‘Window Help

H &l &2 B S S @K

.-'_'| Cuick Conmect || Profiles

[ i3 -l.215  2.732 -0.133

H -0.749 -2.1831 -0.993

fend

Frem

jobtype opt

exchange b3lyp
Nbasis G-314G*
Lgeum_npt_ipruj 0
zyumetry off
Nzvm ignore trie
mem_static 258
mem_total Z000

Fend
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QM/MM calculations of alanine water dimer

MM atoms are
represented by point
charges and vdW

Spheres ‘E ubunix.buffalo.edu - ubunix - S5H Secure Shell
File Edit Wiew Window Help
E &[4 ¥ B S8 % &N

&1 Quick Corhegt || Prafiles

fexternal char l;rles\A

3.053 -0.57%0 o.757 -0.534 0.o00z24z 5.5954000
3.911 -0.:261 0.463 0.417 0. ao0aoa 0. oooaoo
2.375 -0.040 0.305 0.417 0. ao0aoa 0. oooaoo

vdW spheres of the | sena
QM atomS 1] _parameters

1 0.00020 7.40
.0oaLlo 7.e0
.0oolo 7.eo0
.goans 4.z0
.goans 4. z0
.ooaos 4. 20

Lm NIy B o Y ]
Lo I O s Y s Y o }

249,
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QM/MM calculations of alanine water dimer

Final QM/MM
geometry (red) Of +| ViewerPro - [compl]

alanine, compared | e et vew Iods todfy window Heb
with full QM T
geometry of the
dimer (blue)

1.94
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QM/MM calculations of alanine water dimer

Energy componens i

the QM/MM
calculations

File Edit Wiew Window Help

H &l " 2 & M SO N @

;j Quick Connect | Profiles

Adding external point charges to ohe-electron Hamiltoni

Number of point charges = 3

x T z Charge

5.769 -1.077 1.457 -0, 53534

7.391 -0,493 0.875 0o.417
\ 4,485 -0.076 0.576 n.417

Mucleus-charge energy
Charge-charge energy
Lennard-Jones energy
Fequested basiz set iz 6-31+G(d)

There are 44 shells and 125 basis functions
Job mamber = 2, Threshold = 1.00E-11
Eymmetry turned off temporarily

0.323374322707 hartrees
-0.3177499178 hartrees
0.0036021323 hartrees
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QM/MM calculations of alanine water dimer

Final total energy of
QM alanine, calculated

El ybunix. buffalo.edu - ubunix -

in the presence of MM -
H sk =

& Quick Conmect || Profiles

Window  Help

S55H Secure Shell

RN

facii = e = = e R e o = 2

Point Group:

Energy is

0.5814a70
-0.1259584
-1.491:240
-1.527497
-0.337533
-£.397357
-1.717532
-1.137953
-0.6%90461

MMl oo

705505
949141
LB92091
204281
. 316691
L 503715
523705
. 738471
LZZBETE

-1.
1.
-0.
0.
-0.
0.
-1.
-0.
-0.

495402
280020
221435
942304
969133
363392
254057
078437
943152

cl Mumher of degrees of freedom: 33

-324.0517474a4
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QM/MM calculations of alanine water dimer

Atomic charges of QM
alanine with the
presence of MM water T ——

molecule O an oS NET O
;'_'l Quick Connect || Profiles

‘Hl ybunix. buffalo.edu - ubunix - SSH Secure Shell

Milliken Net Atomic Charges

Atom Charge [(a.u.)

1N -0.906071

2 C -0.123479

cl 0.551474

4 H 0.387156

5 H 0.403635

6 H 0.232629

7C -0.644078

g0 -0. 446354

| 80 -0. 602140
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QM/MM calculations of alanine water dimer

Dipole moment of
QM alanine with the
presence of MM
water molecule

& ybunix. buffalo.edu - ubunix - 55H Secure Shell

File Edit Wiew MWindow Help

H &l 2 & B £ S S @7

&1 Quick Connect ] Prafiles

sum of atomic charges = O, 000000

Charge (ESU x 10-~10)

0. o000
Dipole Moment [(Debye)
® -0.5216 T 1.4515 Z
Tot 2.3569
Quadrupole Moments [(Debye-Ang)
s -42., 3210 A -0.9557 T
XZ 2.9255 Tz Z.9590 ZZ

mctapule Moments (Debye-Ang™Z)

-1.731%9

-28.6852
-37.0901

3679,5
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QM/MM calculations of active site of PCAF

Experimental
structure of the «#| DS ViewerPro - [prot-nph.pdb]

PCAF proteln ﬁ File Edit Wiew Tools Modify ‘Window Help
with a ligand DEH & w g H &

k
s
S
g’a
o
g
Jo
a.
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QM/MM calculations of active site of PCAF

The ligand of
the PCAF —
t . w2 DS ViewerPro - [nph]
pro ein ‘E File Edit Wiew Tools Modify Window Help

[Ded & e mad||nad| | 1] e|w)

ARSI
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QM/MM calculations of active site of PCAF

PDB file of the ligand,

should have the 8 1:u2.ccr.buffalo.edu - U2 - SSH Secure Shell
residue name: QMM Fle Edt Vew Window Help
EH & = # S8 % &N
='| Guick Conmect || Profiles
ﬂTDﬁ\X\lQQl CE1 OMM 1 -le. 262 -Z.184 2.570 1.00
ATOHM 1992 1HE QMM 1 -le.37d -3.Z50 Z2.663 1.00
ATOHM 1993 CR1 QMM 1 -le.6d8 -1.537 1.377 1.00
ATOHM 1954 1HER QMM 1 -17.061 -2.114 0.562 1.00
ATOHM 1985 CZ QMM 1 -l6.4593 -0.136 1.250 1.00
ATOHM 1996 HZ QMM 1 -l6.782 0,359 0.336 1.00
ATOM 1997 CRZ QMM 1 -15.959 0.61c 2,320 l.00
ATOM 1993 ZHR QMM 1 -15.843 1.685 2.222 1.00
ATOM 1999 CEZ QMM 1 -15.574 -0.030 3.520 1.00
ATOHM Z0oo  H24 QMM 1 -15.163 0.562 4,338 1.00
END
17,1
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QM/MM calculations of active site of PCAF

The ligand with
hydrogen atoms

N

+#1 DS ViewerPro - [nph]

@ File Edit Wiew Tools Modify  Window Help
&n% wallln®
3

i

S

E

o

¢

Jo

.

Jr

Ve

V=
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QM/MM calculations of active site of PCAF

Antechamber
program creating
the preparations
file of the ligand

“H 1:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit

H &l 2 BB &S S @

&1 Quick Connect | Prafiles

Wigw window  Help

ala-wat.pdh diwvcon. out npmcl npp £

ANTECHAMEBEER., &4C. AC divcon.rst npmcl.pdbh nppf.pdb

l CHAMEEFR.,_&AC.ACO leap.log npmt FREF.INF

u iNECHAMBER, AMI1BCC. AC NEWPDE.PDE npwf.pdb prot-noh.p
LMEER, AMIECC PRE.AC npd.in npocl prot-nph. t

IEEFR._EOND TYPE.LC npZ.pdh npocl.in prot-nph.x

LMBRE._BOND TYPE.ACO npch3.pdhb npocl.pdbh  gpdb.pdhb

npel.pdhb npof FEADME
ANTECHAMEEER, PN npf.pdh npof.in
ATOMTYPE. INF nph npof.pdh
complex.pdh nph.in npof. top

[mfreinfbono pocafl]s antechamber -i nph.pdh -£fi pdh -0 nph.in
-fo prepi -c hccl
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QM/MM calculations of active site of PCAF

The preparation file, generated by
the "antechamber" program

& 1:u2.ccr.buffalo.adu - U2 - S5H Secure Shell
Edit

File

Wiew  indoh

H &l 2

;'_'| Quick Connect | Profiles

RIS

Thiz iz a remark line

molecule.res

M

INT

COFEECT
0.000a

L I R I P o T ]

DI
DI
DT
Nz
HNZ
H4%
Ch

0
OMIT DO

o
oo
DT
NT
H

H

CT

EHREHEEE=

BEG

O S R TU R X B S

LA R T e T e ]

el el el el =]

.aon
. 449
Lha2z
. 540
.aon
.aon
L4310

.0

.0

111.1
111.:208
750230
154.045
91.547

1a0.
177.
=78,

al.

. Qooaa
.Qooao
L0oooa
.20508
345344
L 34355
14331
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QM/MM calculations of active site of PCAF

Merging the pdb
structure of the ligand
with the pdb structure

Of the protein H 3:u2.ccr.buffalo.edu - u2 - S5H Secure Shell

File Edit Wiew Window Help

&1 Quick Connect | Prafiles

EEEY L

)il 1992 C L¥3 115 7,881 g.370 -11.203
AT 1993 0 LT3 115 g. 299 T.263 -11.535
ATOM 1974 0T LY3 115 7,795 9.254 -12.053
TER.

ATOM 1995 NI QMM 112 -14, 745 -3.9985 7.037
ATOM 1976 HNZ QMM 1159 -15.003 -3.032 G, 959
ATOM 1997 H4S OMM 119 -13.584% -4.084 7. 466
ATOM 1978 Ca 0OMM 119 -14.700 -4, 5889 S.e62
ATOM 1979 1HA (MM 119 -14. 426 -5.4611 5.703
ATOM 1930 =ZHA (MM 119 -15.653 -4.450 3.169
ATOM 19581 CE OMH 119 -13.a616 -3.7a0 4,941
ATOM 195z 1HE (MM 119 -13.5%2 -4.045 3.596
ﬂTDH 1983 ZHE QMM 112 -l2.657  -3.972 3.389
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QM/MM calculations of active site of PCAF

The "tleap"

. ‘H 1:u2.ccr.buffalo.edu - U2 - S5H Secure Shell
program reading

File Edit Wiew Window Help

the preparation B ek ss IR A
flle &1 Quick Connect ] Prafiles
nph. pdh prt.in prt.pbs  pre.xye  gochemnzpdbh.inp  ommm_setupn

[mfreinfbono nphls tleap

-I: Adding Autilsawber/amher?/dat/leap/prep to search path.
-I: Aadding futilsawber/amber?/dats/leapslibh to search path.
-I: Adding futil/awber/amber?/dat/leap/parm to sSearch path.
-I: Adding futil/awber/amber®/dat/leap/cmd to zearch path.

Welcome to LEalP!

Gourcing leapreo: Afutil famber//amber9/dat/leapscndsleapre

Log file: . /fleap.log

Loading parameters: /utilsamber/amber?/dat/s/leap/parnsparm?9.dat
Ceading title:

PLEMSS for DHNA,FNA A2, organic molecules, TIP3P wat. Polariz.s LP 1

Loading library: /util/amber/amberS/dat/leap/libsall macleicf4. lihb
Loading library: /util/amber/amber®/dat/leap/libsall_amino%4. 1ib
Loadiigy library: /atil/amber/amber®/dat/leap/libsall_aminoctd. lih
Loading library: Autil/famber/amber9/datileap/lib/all aminont94. 1ib
Loading librarvy: Jutil/amber/amber?/dat/leap/lib/ions%4.1ib
Loading\library: Autil famber/amber?/dat/leapslib/solvents.lib

> loadinberPrep nph.inl
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QM/MM calculations of active site of PCAF

The "tleap"
program reading
the PDB file of
the protein and
the ligand

B 1:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit

Wieww window  Help

E gl 2 B B S S @Y

& Quick Canmect || Prafiles

Loading parameters: Jutil/amber/anber?/dat/leap/parmn/parm?9.dat

Feading

title:

PARMOS for DMA,ENA, &L, organic molecules, TIPSP wat. Polariz.s LP i

a9

Loading
Loading
Loading
Loading
Loading
hoading

likhrary:
library:
library:
library:
library:
library:

Atil famberfamberS/dat/leapn/lib/all_rmcleic94. 1ib
Autil famher famber® /dat/leap/lib/all_amino%4.lib
Jsutil famher famber®sdat/leapslib/all _aminoct84, 1ihb
JAutil famher famber®sdat/leapslib/sall _aminontS4, 1ib
futil famber fanber9/dat/leap/lib/ions94. 1ib
Mtil/famber fanber9/sdat/leap/lib/solvents. lib

> NoadinberPrep nph.in
Loa®ing Prep file: . /nph.in
> P = loadPdbh prot-nph.pdb

Loading PDE file:

Aprot-nph. pdb

Added mizsing heawy atom: BESCLYS S32-.A<0 22>

4dded missing heawy atom: FCLYS 532>, A40XT 23>

total atoms in file: 1011

Leap added 959 nissing atoms according to rezidue templates:

2 Heawy
9537 H / lone pairs
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QM/MM calculations of active site of PCAF

Hl 1:u2.ccr. buffalo.edu - U2 - SSH Secure Shell

File Edit “iew ‘Window Help

H &l @ &2 B #h &) K &N

.-'_'| Quick Connect || Profiles

The "tleap"” program
adding Chlorine anions
for neutralization

total atoms in f£ile: 1011
Leap added 9289 missing atoms according to residue templs
Z Heawy

2\ 987 H / lone pairs
» addIons F Cl- 0O
5 Cl- ions required to neutralize.
Adding 5 counter ions to P using lA grid
Grid extends from solute wdw + 2.47 to 5.47
Fesolution: 1.00 Angstrom.
grid build: 0 sec

[no zolvent present)
Calculating grid charges
charges: 5 3zec
Placed Cl- in
Placed Cl- in
Placed Cl- in
Placed Cl- in
Placed Cl- in

at {2z.81, -10.01, 9.40).
at (6.81, 16.99, 3.40).

at {9.81, -15.01, &.40).
at {8.81, -3.01, -13.60).
at {2l.81, -0.01, 7.40).

La=To = N = s = B e ]

Done adding ions.
>
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QM/MM calculations of active site of PCAF

The "tleap" program
saving the PDB file,

the topology file and

the coordinates file

“E 1:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit

H &l &2 B

& Quick Connect ] Prafiles

Wiew Window  Help

EEEN LS

> addIons P Cl- 0

5 Cl- ions required to neutralize.

Adding 5 counter ions to "PT using 1A grid
Grid extends from solute wdw + 2.47 to  §.47
Resolution: l.00 Angstrom.

gr§d build: 0 sec

In\ solwvent present)

at {2z.8l, -10.01, 9.40].
i P at (6.81, 16.99, 3.40).
Placed Cl- i at {9.8l, -15.01, &.40].
Placed Cl- in R oat (8.81, -3.01, -13.60).
Placed Cl- in P {z1.81, -0.01, 7.40).

Done adding ions.
> gaveldb P prt.pdb
Writing pdbh file: prt.pdb
Converting N-terminal residue name to PDE format: NGLY -> GLY
Converting C-terminal residue name to PDE format: CLYS -> LY3S
» gsaveAwberParm P prt.top prt.xye I
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QM/MM calculations of active site of PCAF

Quiting the "tleap"
program

E 1:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit \Miew ‘Window Help

H &l @ &2 BB B SO S @

& Quick Connect || Profiles

<QMM 833-=: ClZ2 CE1 CD CEZ
<OMM 833=: LCD CRl CE1L HEL
<OMM 833=: CE1 CZ CRl HEL
<OMM 833>=: CE1 CRZ2 CZ HZ
<OMM §33=: L2 CEZ CEZ HEZ
<OMM 833=: LD CEZ CEZ H:24
total 403 inproper torsions applied
& ilmproper torsions in old prep form
Building H-Bond parameters.
Mot Marking per-residue atom chain types.
Marking per-residus atom chain types.
[Residuez lacking connectl/connectl -
theze don't have chain tCypes marked:

Q res total affected
CL¥a 1
NGLY 1

!

[no restraints)
= quitl

Page
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QM/MM calculations of active site of PCAF

Running the "perl"
script generating the
input file for the
QM/MM calculations

B 1:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit  Yiew Window Help

H &k & &

& Quick Canmect || Profiles

YRR WL

total 403 improper torsions applied
6 improper torsions in old prep form
Euilding H-Bond parameters.

Not Marking per-residue atom chain types.

Marking per-residue atom chain types.
[Residues lacking connectlfconnectl -
theze don't have chain types marked:

res total affected
LYS 1
KLT 1

[mfreinfbono nphlN 13

leap.logy prot-nph.jdbh prt.log prt.pdb
nph.in prt-all.pdh prt.out prt.top
nph. pdh prt.in prt.pbhs prt.xys
[mfreinfbone nphlé . Aoqoum setup.pl I

chem?pdh . exe
gqohenzpdb. £
gqechemZpdb. inp

Page
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QM/MM calculations of active site of PCAF

The input f||e for the H 1:u2.cer.buffalo.edu - U2 - SSH Secure Shell

QM/MM calculations Fle Edt WView Window Help
E] ég?Ei jﬁ By dh éﬂ ij ﬁé 'ﬁ; N?

;j Quick, Connect | Profiles

-15.574 -0.030 3.520
H -l5.183 0. 562 4,338

fend

Frem

jobtype opt
exchange b3lyp
basis G-314G*
Symme try off
geamn_opt_ipraj 1]
3YyIL_ignore Lrue
mem static 125
mem_ total Z000
Fend

fexternal charges
25,450 1.1a59 9. 488 0.2%4  0.000271 0 6.141614
25.4949 2.156 9.280 0.1ed4  0.000023 2.034136
25.931 0.997  10.360 0.1e4  0.000023 2.034136
24. 496 0.&59 9.367 0.1a4  0.000023 2.034136
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QM/MM calculations of active site of PCAF

The PBS script
for the QM/MM
calculations

# 1:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew Window Help

H &l " 2 & M SO N @

;j Quick Connect | Profiles

M /bin/tosh
#PES -3 /binstcsh
§FES -1 nodezs=d:pphn=2
#PBS -1 walltime=01:00:00

#PE3 -o prt.log

#PBS -N prt

#PBS -3 oe

et JOE = "prt”

cd $PBEZ_0_WORFDIE

source FMODULEZHOME finit/tcsh
wodule purge

wodule load modules

wodule load gchem

setenwv ONEEXE -DONEEXE
setenwv QCECEATCH facratch
setenwv QCLOCALACE $PESTMPDIR

cat §PES_NODEFILE | awk '{printf "%s.ccr.buffalo.edutn”

setenv PES _NODEFILE tmp.§s

getenv P4 BSHCOMMAND Ausrs/binsrsh

get NPREOCI = "cat §PB3_NODEFILE | weo -1°
#

gchen -pbs -np §NPROCS $J0E.in §J0B. out

(510 = tmp. 5%

Page 13



QM/MM calculations of active site of PCAF

Final results of the
QM/MM calculations

‘Hl 1:u2.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit %iew Wwindow Help

H &l @ 2 BB &) K @7

& Quick Canmect ] Profiles

n.154197 0.1590049 0. 1l&0150 0. 160497 0. 162590
0.165556 0.194463 0.219750 0.2z2590 0.232359
0.255571 0.257052 0.300357 0.325205 0. 342045
0.349347 0.357383 0.355301 0.359252 0. 360097
0.361855 0.363030 0. 366449 0.3737848 0.3774z1
0.410295 0.4z9607 0.433856 0.4380z21 0.473230
0.482925 0.4z3761 0. 544955 0.584619 0.993585
Hinjimum Zearch - Taking Simple BFO Ztep
Adearching for Lamda that Minimizes Along All modes
Walue Taken Lamda = -0.0000004L1
adtep Taken. Atepsize iz 0.008743
Mawimum Tolerance Crwrepd 2
& Gradient o.0oo074a 0. 000300 TES
Displacement 0.003250 O.oo0lz00 No
Energy change -0.000a0l O.oo0001 TES

e o i i e i i i e e e e e i e e il

*#*%  OPTIMIZATION CONVERGED **
SR e e e e e

Enalysis aof 3CF Wawefunction

Page
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QM/MM calculations of active site of PCAF

The optimal
calculated geometry R0
of the ||gand (b|ue) B8 Fle Edt view Toolks Modfy Window Help
compared with the DNEE & =i

initial experimental
geometry of the ™
ligand (green)

H &
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QM/MM calculations of active site of PCAF

H 1:u2.ccr.buffalo.edu - u2 - S5H Secure Sh

File Edit

Wiew window  Help

H sk & B

&1 Quick Connect || Prafiles

"WT-

H 1:u2.ccr.buffalo.edu - uZ - S5H Secure Shq

File Edit Wiew Window Help

H gk "2 288 4 &

&1 Quick Connect || Prafiles

139
20
21
22
23
24
25
26

moEmoE o o

-la.610121
-la. 922682
-1la. 547519
-16.653603
-la. 241552
-l&.181249
-15.5817746
-15. 4765860

. 606309
270359
. 259033
071380
L5A0187
LB26333
153650
062122

Point Group: cl humher of degrees

Energy is

Total energy of the ligand in the protein

—-50E. 756817363

1:f ¢ -16.
20 H -16.
21 -16.
2z H -16.
23 -15.
24 H -15.
25 -15.
26 H -15.

Point Group: cl

Energy is -444, F6E055503

N/

(left) and in the gas phase (right)

347037
937066
134951
293020
685043
408151
5hee3z
175574

. 743348
.450811
. 454614
151007
. 445105
. 452416
.05Hzs55
.TEE3ED

humher of degrees
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QM/MM calculations of active site of PCAF

‘H 1:u2.ccr.buffalo.edu - u2 - S5H Secure Shell ‘H 1:u2.ccr.buffalo.edu - u2 - S5H Secure Shel
File Edit Wiew Window Help Fil=  Edit Wew ‘Window Help
H & 2 # | & HE &l 2 dh | £ 2
;j Quick Connect | Profiles & Quick Connect || Profiles
Mulliken Net Atowic Charges Mulliken Net Atomic Charges
Atom Charge [a.u.) Atom Charge (a.u.)
1N -0. 544263 1N -0.791z207
ZH 0.353870 £ H 0.369232
3 H 0.403554 3 H 0.374104
4 C -0.176578 4 C -0.364378
S H 0.239912 i H 0.194359
6 H 0.280197 & H 0.1839552
7C -0. 537120 T C -0.317377
8 H 0.238251 i H 0.209943
H 0.187182 H 0.120733

N

Atomic charges of the ligand in the protein
(left) and in the gas phase (right)
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QM/MM calculations of active site of PCAF

“El 1:u2.ccr.buffalo.edu - u2 - S5H Secure Shell
File Edit

Wiew Window  Help

H gl " 2 &

&1 Quick Cannect || Prafiles

TEEX

B ¢ -0, 407188
Z6 H 0.151745
sum of atomic charges = 0. oo00oo0

Charge (EST x 10-10)

0. oooo
Dipole Moment (Debye)
® 2.2011 Y -2.6519
Tot 3.4491

H 1:u2.ccr.buffalo.edu - u2 - S5H Secure Shell
File Edit

Wiew  Window Help

E &gl © &2 B

& Quick Connect ] Prafiles

B | &) S % e

b= c

-0.053454
26 H 0.173559
Sum of atomic charges = 0.0ooooa

Charge (E3U x 10+10)

0,000
Dipole Moment (Debye)
b 0. 7aa0 T 1.2870
Tot 1.4934

Dipole moment of the ligand in the protein
(left) and in the gas phase (right)
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QM/MM calculations of active site of PCAF

Molecular oscillation
calculations of the ligand

inSide the protein ‘Bl 1:u.ccr.buffalo.edu - u2 - $5H Secure Shell

File Edit Wiew ‘Window Help

E gl 2 B

& Quick Canmect || Prafiles

SR WA

; -15.317746
H -15.476860

Srem

Jobtype
exchange
basis
SYLLEeLEY

geom opt_iproj
aym_imore
mem static
mem total
zend

gexternal charges
25,4450 1.1a9
25,499 2.158

0.153850 3.4873270
0.86Zl2E 4, 2319581

freg
b3lyp
-3 14+GF
off

true
1zs
2000

9. 455 0.294 0. 000271
9,280 0.164 0.000023

G.141614
Z.034136
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QM/MM calculations of active site of PCAF

Final results of the
oscillation hessian

. A 1:u2.ccr.buffalo.edu - u2 - SSH Secure Shell
calculations —

H &l 2 B2E

;j Quick Connect | Profiles

Wiew Window  Help

RN

C 0.001 -0.00% 0.003 0.000 o.0oo0 o.000
H -0.003 0.052 -0.010 0.000 -0.001  o.000
C -0.023 -0.051 -0.055 0.000 o.0oo0 o.000
i 0,293 0.655 0.691 0.000 o.0oo0 o.000
C -0.001 0.002 -0.007 0.000 o.0oo0 o.000
H N 0.007%7 -0.0Z0 0.053 0.000 o.000 oO.000
C 0.000 o,000 0,000 0.000 o.000 0,000
H -0.001 -0.008 -0.001 o.000  o0.000 O.000
C 0.000 o.000 o.000 0.000 o.0oo0 o.000
H -0.003 -0.007% 0,008 0.000 o.0oo0 o.000

STANDARD THEFMODYMNAMIC QUANTITIES AT  £95.13 K AND

Thiz Molecule has 0 Imaginary Frequencies
Zero point wvibrational eherdgy: 150,925 kcal/mol
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QM/MM calculations of active site of PCAF

‘Bl 1:u2.ccr.buffalo.edu - u2 - SSH Se H 2:u2.ccr.buffalo.edu - u2 - SSH Se
File Edit Wiew ‘Window Help File Edit Wew Window Help
Baek g eac H sk sz #
& Quick Canmect || Prafiles & Quick Connect ] Prafiles
Hode: 70 Mode: 70
Fremquency: 3390, 46 Frequency: 3670.06
Force Cnst: T.3244 Force Cnst: g.3044
Fed. Mazsz: 1l.0814 Red. Ma=za: 1.0565
IR Active: YEZ IR Actiwve: YEZ
IE Intens: Se.915 IR Intens: 45,085
Faman Actiwve: YE3 Faman active: YES

X T Z ® W Z
N 0.000 0,000 Q0,000 1) 0.002  0.002 0,003
H 0.000 oQ.000 Q.000 H 0.003 0.002 0.003
H 0.001 0.000 0.001 H 0.002 0.001 0.00z2
C 0.000 0.000 0.001 C o.000 0.000 0.003
H 0.0o00 0.001 0.001 H 0.003 -0.009 0.00z2

High frequency oscillations of the ligand in the
protein (left) and in the gas phase (right)
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QM/MM calculations of active site of mannitol enzyme

Experimental

structure of the

mannltOI enzyme ﬁﬁile Edit Mjew Tools Modify window  Help
~NoEE & g H

PEP TSRO/
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QM/MM calculations of active site of mannitol enzyme

+1 DS ViewerPro - [1VRY.pdb]

E File Edit Wew Tools Modify SWindow Help

held & + B

The active site of the
enzyme, which is
connected by two
chemical bonds with
the protein backbone

) /

g H

h
e
G

4
J
i
.
v

)

e

V=
2
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QM/MM calculations of active site of mannitol enzyme

Two chemical bonds
have been cut, and free
chemical valences of
the active site have
been filled out by
hydrogens

+1 DS ViewerPro - [1VRV.pdb]

ﬁ File Edit Wwiew Tools Modify Window Help

DEE & &+ =20 Ky He I

Heavy atoms from both
sides of the backbone
have been removed
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QM/MM calculations of active site of mannitol enzyme

The active site of the
enzyme has been

temporary separated

. @ File Edit Yew Tools Modify ‘Window Help
from the protein

structure \

Lbed &

.

H H

Ty SO~ R 067
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QM/MM calculations of active site of mannitol enzyme

The "antechamber”
program has been
used to generate
the preparation file
of the active site

H 3:u2.ccr.buffalo.edu - u2 - SSH Secure Shell

File

H ek 2 @

&1 Quick Connect ] Profiles

Edit  Wiew Window Help

B é a0 % &

CHAMEER,_AMIECC PRE.AC diveon.out win. in prt-o
HAMEER._EOND TYPE.AC enz-ini.pdb NEWPDE.PDE  prt.p
EF_BOND TYPE.ACO enz-min.out FREF. INF pre.t
ono enzyme 5§ purd

ANTECHAMEEFR, FEEF. AC ENEZ.min.out pre.i
ANTECHAMEER, FRFEF.ACO ene-min.pbs prt.m

ANTECHAMEEER. &C.A4 LTOMTYPE. INF leap. log rrt.m
AWNTECHAMEEER. AMIECC. divcon.in mdinfa pro.m
AWNTECHAMEEE, AMIECC PPY.AC diwcon.ont min.in prt-o
ANTECHAMEEF._EOND_TYPE. enz-ini.pdh MNEWFDE.PDE  prt.p

ANTECHAMEER EOND _TYPE.ALC ENZ-min. out PRET. INF prt.t
[mfreinfbono enzyme]i antechamber -i mqum.pdbh -£fi cqom.pdbh -0 gom. in
-fo prepi -c boc -nc -2
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QM/MM calculations of active site of mannitol enzyme

Missing parameters
of the active site

have been included
in the parameter file

H 2:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit Yiew ‘Window Help

H &k &2 B #h | £SO S @

N Guick Connect || Prafiles

C -CT-NT g0.0 111.20
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QM/MM calculations of active site of mannitol enzyme

The new pdb structure of
the active site has been
merged with the protein
structure

Hl 2:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit

H gl " 2 &

Wiew  Window  Help

YL

¢'| Cuick Conmect || Profiles

ETDH 66  CGZ2 VAL 4 382 112.510 G6.877 -16.2458
ATOM ] ALA A 333 111.745 Z.288 -16.1584
ATOM Ca ALdY & 353 111.135 l.040 -15.735
ATOM CE  ALA A& 383 111.354 -0.043 -16.7835
TEE. 7o ALA 383

ATOM 71 0 oMM C 1 lo9.569 -2.599% -13.011
ATOM 72 C MM C 1 110,642 -2.124 -1Z.175
ATOM 73 HC QMM C 1 110.5834 -2.630 -11.337
ATOM T4 Ch QMM C 1 111.310 -0.7735 -12.414
ATOM 75 N oMM C 1 110,907 -0.240 -13.709
ATOM 76 HT1 QMM C 1 109.914 -0.124 -13.7:Z8
ATOM 7 OHTE QMM C 1 111.182 -0.874 -14.431
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QM/MM calculations of active site of mannitol enzyme

The main backbone of
the protein has been
divided into three chains

&l 2:u2.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit

gl 2 BB #h &) K &N

Wiew wWindow  Help

C 1 109.531 -0.054 -10.974
C 1 109. 460 0.656 -9.516
C 1 105027 0.653 -9.009
C 1 110.355% -0.033 -3.5Z1
C 1 lo9.91a £.129 -9.652
1
B 385 110.303 -4.004 -10.664
ATOM g9 C &3P B 355 105.793 -3.94% -10.504
ATOM g0 0 A3F B 385 los.198 -4.718 -11.560
ATOM 21 CE &4XF B 385 lil0.668 -4.362 -9.225
ATOM 92z CG &4XF B 3385 110.023 -5.68% -8.837
ETDH 93 001 43F B 335 109.133 -6.167 -9.5956
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QM/MM calculations of active site of mannitol enzyme

The"tleap" program has
been used to generate
the topology and PDB
file of the enzyme with
the modified active site

H 7:u2.ccr.buffalo.edu - U2 - S5H Secure Shell
Edit

File
H & & B S B @R

.-j CQuick Conneckt | Profiles

Wiew  Window  Help

einfhono ensyme]s tleap

ing Sutilfamber fanber?/dat/leapfprep to zearch path.

: util famber fanbher9/dat/leapslibh to =search path.

-I: Adding SNl fanber fanberf/dat/leap/parm to search path.
i Adding Jutil erfamber?/dat/leap/cnd to search path.

Welcome to LEaP!
Sourcing leaprec: futilfawber/amber9/dat/leaps/cmd/leapre

Log file: . /fleap.log

Loading parameters: Jutilfamber/fanber?/dat/leap/parmn parmi9
Feading title:

PARM9S for DNA,BNA, AR, organic molecules, TIP3PF wat. Polari
Loading library: sutil/amber/samber?/datsleapslib/sall nmuaclei
Loading library: Jutil/amber/amber?/datsleap/lib/sall amino?
Loading library: /atil/famber/amberS/dat/leap/lib/all _aminoc
Loading library: /util/famber/amber9/dat/leapslib/all aminon
Loading library: Autil/fanbersamber9/dat/leap/lib/ionzs94. 1lihk
Loading library: Autil/fambersamber9/dat/leap/lib/szalvents.l
> loadimberParams omm.par I
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QM/MM calculations of active site of mannitol enzyme

First the parameter and
the preparation files of
the active site have been
loaded

= 2:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit

Wiew Window  Help

H &l @ &2 BB &) S @R

;j Quick Connect | Profiles

Welcome to LEaP!
Fourcing leaprc:
Log file:

Autilfamber fanber9/datfleap/ondsleapre

LSleap. log

Loading parameters: /utilsamber/amber?/dat/leap/parm/parn

FEeading

title:

PARMSS for DNA,FNA AL, organic molecules, TIPIP wat. Pols

Loading
Loading
Loading
Loading
Loading

library:
library:
library:
library:
library:
library:

JAarcilfamber famber®/dat/leap/libs/all nuacl
Aatilfamber famber®/dat/leap/libsall _amir
Aarilfamber famberd/dat/leap/lib/all_anir
Jutil famber fanber®/dat/leap/lib/all amir
Autilfamber fanber8/datsleap/libsions94d, ]
Autilfamber fanber8/datsleap/libssolvent:

> loadimberParamns omm.par
Loading parameters: . /omm.par
Feading force field modification type file (frcmod)

Feading

title:

> loadinberPrep dum.in I
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QM/MM calculations of active site of mannitol enzyme

After loading the PDB file
of the system, the
program generated
additional atoms

# 2:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit ‘jew indow Help

H & & B M SO S @

& Quick Connect ] Prafiles

> loadimberParams oum.par

Loading parameters: . /oum.par

Feading force field modification type file [(frcmod)
Feading title:

> loadimbherPrep oum.in
Loading Prep file: . Jfomm.in
> P = loadPdb enz-ini.pdhb
Loading PDE file: . /enz-ini.pdb
Q 4dded missing heavy atom: B<CALL 383>.4<C 9>
Added miszsing heavy atom: B<CALL 353-.40 10>
Added mizsing heavy atom: BSCALALA 353-.,A<0KXT 11>
Added missing heawvy atom: .(B<NASP 355=.4<N 1=
Added missing heawy atom: .(F<CHIE 471, A<0XT 18-
total atoms in file: 739
Leap added 755 wmissing atoms according to residue temp
5 Heawy
750 H 7 lone pairs
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QM/MM calculations of active site of mannitol enzyme

The "desc" command
has been used for
descrlptlon Of the ALA File Edit Wiew Window Help

residue Hdan e B M a0 % e

;j Quick Connect | Profiles

# 2:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

N 750 H / lone pairs
> desc P.383
FESTIDUE name: CALLA
FESIDUE szecquence humber: 353
FESIDUE PDE secuence nuamber: 9
Type: protein
Connection atoms:
Connect atom 0: A<N 1>
Inproper torsions:
Contents:
AZOXT L1
A0 10
AC 9=
AHES &=
AHEZ T=
AHE1 &=
ACE 5=
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QM/MM calculations of active site of mannitol enzyme

The "remove" command

& 2:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

has been used to delete Fle Edt View window Help
atoms between the protein | g ar » = W a8 % &N
and the aCt|Ve S|te & Quick Conmect || Profiles

Tvype: protein
Connection atoms:
Contiect atom 0@ AN 1>
Inproper torsions:
Contents:

A<0XT 11

A0 10

L3830
.383. 10
.za3.11 ]

> remowve
F IEMOWE
» FEMOWE

o W A
L= = R - |
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QM/MM calculations of active site of mannitol enzyme

In the similar way, protein
atoms from the other side
of the active site have
been removed

& 2:u2.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit “iew ‘Window Help

H & "2 206 4 S8 % &8

.-'_'| Quick Connect || Profiles

Contents:
A0 14

AT 13

L0D2 12
L4001 11
LCE 10
LHES 9%
L<HEZ &

it

> remowe P OP,385.1

> remowe P OP,385.2

> remowe P OP,385.3

> remove P P.385.4 I
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QM/MM calculations of active site of mannitol enzyme

The PDB file, the
topology file and the
coordinates file have
been saved

S 2:u2.ccr.buffalo.edu - U2 - §5H Secure Shell

File Edit Wiew ‘Window Help

H &l "2 206 & 230 % @

.-'_'| Cuick Conmect || Profiles

AHEZ 8-
ALCE T

= EEmOve

= Femove

> Femove

> EEmOve

> gaveldb P prt.pdb

Writing pdbh file: prt.pdb
Converting N-terminal residue name
Conwerting C-terminal residue name
Conwerting N-terminal residue name
Converting C-terminal residue name

> gavelnberParm P prt.top prt.xys I

To
to
to
to

PDE format:
FDE format:
FDE format:
FDE format:

3ER -> 3ER
CALA - ALL
NASP - A3P
CHIE - HIE
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QM/MM calculations of active site of mannitol enzyme

The input file for

minimization of all

hyd rogens # 2:u2.ccr.buffalo.edu - u? - S5H Secure Shell
File Edit ‘jew indow Help
HER s nara 00 %
;j Quick Connect || Profiles

Z000 stepz of minimization
sontrl

imin=1, ntmin=:2, drms=0.01,
nth=0, cut=1Z,

ntc=1l, ntf=1,

ntpr=100,

maxcyc=2000,

ntr=1,

restraint wt=500.0,
restraintmask="'[![{H=])",
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QM/MM calculations of active site of mannitol enzyme

The pbs
script for
minimization

El 2:u2.ccr.buffalo.edu - u2 - SSH Secure Shell

File Edit Wiew ‘Window Help

H gl ~ 2 & B S | @R

& Quick Conmect || Profiles

EPBEQ—S /hin/tcsh

#PB23 -1 walltime=01:00:00

#PES -1 nodes=2:GM:ppn=2

#PES -gq debuy

#PES -m e

#IE3 -] oe

#PES -0 en=-min.out

#

source $MODULESHOME finit/tocsh
module load amber /8

#

# Zet nmumber of processors to number requested from PES
# (requirezs nodeszs=l:ppn=N =syntax)

#

set NP = ‘cat §PES_NODEFILE | we -1°
#

cd $PES_0_WORKDIR

#

§D0_PARALLEL $AMEERHOME /exe/sander -0 -i min.in -o prt.min.out -© prt.xye
-ref pro.x¥v¥E -p prt.top -r pro.nin.gsve
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QM/MM calculations of active site of mannitol enzyme

Generating the
pdb file from
the minimized
protein
coordinates

E 2:u2.ccr.buffalo.edu - u2 - S5H Secure Shell

File | Edit  Yiew ‘Window Help

H &k &2 &

& Quick Conmect || Profiles

I L

f pro.xv¥z -p prt.top -r pro.nin.xve

ATOMTYPE.INF min.in prt.top
divcon.in HEWPDE. PLE prt.xye
divcon. out IEEF. INF qum. in
enz-ini.pdh prt.in ommm_setup.pl
EnZ-nin. out prt.mih.out oom.par
. ENZ.mih. out prt.minh.pdh  dqum.pdb
PE.AC0 enz-min.pbs prt.min.xy=
ANTECHAMEEE, PREF.4AC leap. log prt-old.pdh
ANTECHAMEEE, PREF.ACO wdinfo prt.pdb

[wEreinfbono enzyme]é ambpdbh -p prt.top < prt.min.xys > prt.pdb I
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QM/MM calculations of active site of mannitol enzyme

The "gmm_setup" perl
script has been used
to create the g-chem
input file for the
QM/MM calculations

# 2:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit Wiew ‘Window Help

H &k "2 2068 & 40 % @

& Guick Connect ] Prafiles

-EW-LrW-r-- wfrein furlani 1040 Apr 11 16:15 NEWPDE.FDE

ry-r—--r—-- wfrein furlani 40 apr 11 1l6:2]1 gum.par

-NIF-rw-r-- wfrein furlani 61535 4pr 11 16:32Z enz-ini.pdb
mfrein furlani 1537 Apr 11 16:33 oqum.in

wfrein furlani 1040 Apr 11 16:33 gquu.pdhb
nfrein furlani 14080 Apr 11 16:52 cpemn_setup.pl
wfrein furlani 87922 4pr 11 le6:5Z2 prt.in
wfrein furlani 99645 ipr 11 17:38 prt.pdb
-EW-LrW-r-- wfrein furlani 579922 ipr 11 17:40 prt.top
—EW-LrW-r-- wfrein furlani 54284 4pr 11 17:40 prt.xvye
—rw-rw-r-- 1 Nfrein furlani 17654 Apr 11 17:40 leap.log
[mEreinfbono ensyme]ls ls

I

K

]

I

i

H

I

I
el e e

LVEV . pdb ANTECHAMEEER. EOND _TYPE.ACD enz-ini.pdb
ANTECHAMEEER, AC.AC ANTECHAMEEF, PREF.AC leEp.lug
ANTECHAMEEE_AC.ACO ANTECHAMEEF, PREF.ACO HEWPDE. PDE
ANTECHAMEEER_AMIECC. AC ATOMTYPE. INF FEEP. INF
ANTECHAMBEER, AMIEBCC_PERE. & divcon.in prt.in
ANTECHAMEEER. EOND TYPE.AC N\ divcon.out prt.pdb

[nfreinfbono enzyme]s . Aoquon setup.pl I
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QM/MM calculations of active site of mannitol enzyme

The g-chem input file
for the QM/MM
calculations

H &l @ &2 B

The charge of the

;j Quick Connect || Profiles

File Edit ‘jew indow Help

# 1:u2.ccr.buffalo.edu - u2 - S5H Secure Shell

EEEY LS

molecule should be i

fmolecule
changed S

a 109,
C 110,
H 1l1.
C 111.
N 110
H 109
H 111.
H 11=z.
C 110,
H 111.
H 1l1.
0 105,
F 109.
a 105.
a 110,
a 105,
§

end

56
633
200
304
G968
g85
273
391
913
033
632
598
457
nel
354
g9

L5587 -13.
114 -1Z.
L8677 -11.
LT 12,
243 -13.
266 -13.
728 -14.
LETE -1E.
170 -11.
L1598 -11.
028 -10.
L0158 -10.
L6899 -9,
L8280 -8,
046 -3,
088 -9,

oo
227
795
416
677
784
454
414
321
a7
317
15
455
nlz
537
Aad
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QM/MM calculations of active site of mannitol enzyme

The calculations with
the fixed pOSition Of ‘H 1:u2.ccr.buffalo.edu - u2 - $5H Secure Shell
two atoms of the Fie Edt View Window Help

ligand Sk 2 2@

;j Quick Connect | Profiles

Eymmetry off
geom opt_ipraoj 0
S¥m_ignore Lrue
LEm Static 123
mem total 000
Fend

R L

Fopt
FIXED
2 W¥E
5 XYE
ENDFIXED
Fend

jexternal charges
114.349 7.814 -38.019 0.185 0.000=71  6.141614
114.595 8.793  -37.987 0.190  0.000023 2.034136
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QM/MM calculations of active site of mannitol enzyme

The geometry
optimization in
cartesian
coordinates

H 1:u2.ccr.buffalo.edu - u2 - S5H Secure Shell

File Edit

Wiew Window  Help

H &k &2 &

& Guick Connect ] Prafiles

Y LS

*% GEOMETEY OPTIMIZATION IN CARTESIAN COORDINATES ++
Gearching for a Minimum

Optimization Cycle: 2

ATOM

o0 =1 o s L

f=ciita s =R xR o e

104,
110,
111.
111.
l1a.
109,
111.
11z,

Coordinates [Angstroms)

x
495264
437056
2999490
0e3683
TeZ056
TT9143
JZ0974
156043

-Z.
-Z.
-Z.
-0.
-0.
-0.
-0.
-0.

T
320533
072015
TEI072
649136
138015
342128
TFe9ET
735933

-12.
-12.
-1z.
-12.
-13.
-14.
-14.
-12.

Z
TTEE5
352940
074005
495145
g83940
1oz014
475974
4405994
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QM/MM calculations of active site of mannitol enzyme

The CaICUIated Optlma| +&1 DS ViewerPro - [enz-ini]
geometry and the initial | & ele edt view Todls Modfy window Help
experimental geometry | D2l & @ |
(green) o_f the ligand in |
the protein &
g

H ®

s

i)

e
v
/.
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QM/MM calculations of active site of mannitol enzyme

+1 DS ViewerPro - [enz-ini]

ﬁ File Edit Wew Tools Modify Window Help

DEE & g H &

The fixed atoms used S
in the caclulations =
4
=
%
4
e
&
i
Va
=
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QM/MM calculations of chemical reaction in renin protein

Experimenta

Structure Of @Eile Edit Wiew Tools Modify Window  Help

the renin DEd & @ Bo wy H
protein  ~_|x

B

i

o

Ja ":’6.4'?-‘. :

V= fama oL oy
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QM/MM calculations of chemical reaction in renin protein

The active site
Of the renin +| ViewerPro - [Molecule1]
prOteIn ﬁ Fil= Edit Wiew Tools Modify Window Help

L3
s
s
=
hr]
g
o
2.
I
¥
s
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QM/MM calculations of chemical reaction in renin protein

The -
orotonation

. @ File Edit Wew Tools Modify SWindow  Help
reaction of

: O =
the renin =l
ligand X

Ea
4
: \ QM1 M2
7
4
o

H H

)

A

Iz
Va
Ve
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QM/MM calculations of chemical reaction in renin protein

The pdb file of
the renin ligand

El ybunix. buffalo.edu - ubunix - S55H Secure Shell

Fil=  Edit

Wiews Window  Help

¢ Cuick Conmect || Profiles
ATDﬁ\XQ 1l Cg QM1 1 -5.298 48,721 -22.000 -0.127460
ATOM 2 HA4A7 QM1 1 -6.043 49,335 -21.93%  0.040320
ATOM 3 H49 QM1 1 -L.672 47,795 -Z1.951 0.050070
ATOM 4 HE1 QM1 1 -4.8le 48.841 -22.868 0.053310
ATOM 5 CTY Ml 1 -4, 327 48,939 -Z0.845  0.388400
ATOM 6 07 QM1 1 -4.679 49,644 -19.566 -0.643760
ATOM 7 Hel QM1 1 -4.898 50,5658 -20.181 0.411500
ATOM & H4L 0M1 1 -3.800 49,745 -Z21.11a  0.055680
ATOM 2 Nz QM1 1 -3J.248 45.107 -20.780 -0.521580
ATOM 10 HE3 QM1 1 -3.573 47 225 -Z0.445  0.374730
ATOM 11 C2 QM1 1 -2.098 43,505 -19.941 0.111620
ATOM 12 H3Z QM1 1 -2.289 49,434 -19.623  0.082490
ATOM 13 Cl QM1 1 -1.968 47.708 -18.702 0.11=2710
ATOM 14 HZ9 QM1 1 -2.671 48.035 -15.071 0.082360
ATOM 15 H31 QM1 1 -2.155 46,757 -15.947 0.033930
ATOM le 05 QM1 1 -0.785 47,717 -185.017 -0.402500
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QM/MM calculations of chemical reaction in renin protein

Generating the
preparation file
for the ligand

A ybunix. buffalo.edu - ubunix - 55H Secure Shell
Edit

File

HE & "2 206 M 830 % &8

Y| uick Connect || Profiles

Wiew Window Help

diwvcon.out prt-ini.pdb oml.top
divwcon.rst prt-min.out oml.xy=
leap. log prt.min.out om2.in

mdinfo prt-min.phs om2.Ear
nin.in prt.min.pdbh  gmZ.pdb
nag. in prt.min.xv¥z dmZ.top
nadg. par prt.pdh s . XY=
ANTECHAMEEER, FEEFNAC nad. pdh prt.top ren-ini.pdh
ANTECHAMEEF, FREF.AK0D nad. top pEL.XYE ren. pdb
ATOMTYPE. INF nag. xy= qul.in ren. top
divcon. dumx HEWPDE.PDE oml.par LEen. XY=

diwcoon.in FEET. INF ol . pdh
[mfreinfhono reninl]s antechamber -i mqml.pdb -£i pdb -0 qml.in -fo prepi
-c bcc I
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QM/MM calculations of chemical reaction in renin protein

The parameter file of
the ligand

E ubunix.buffalo.edu - ubunix - 55H Secure Shell

File Edit %iew Window Help

H & X | E S S @7
s NQuick Commect || Profiles

I 1

LNGLE

OH-CT-NT Go.0 111.:20
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QM/MM calculations of chemical reaction in renin protein

The pdb file of
the substrat of
the reaction

E ybunix. buffalo.edu - ubunix - SSH Secure Shell

File Edit Wiew ‘Window Help

d &k 2 B S S @K

" NGuwick Connect | Profiles

ETDHK 1 0 oMz

1 3.471 50,209 -19.104 -1.009920
ATOM £ H1 QM2 1 4,427 50,339 -15.843 0.336650
ATOM i HZ Mz 1 3.309  50.629 -19.997 0.336660
ATOM 4 Hi 0QMz 1 3,269 49,231 -19.153 0.336630

E I A A 4
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QM/MM calculations of chemical reaction in renin protein

Generating the
preparation file
for the substrat

\

H ubunix.buffalo.edu - ubunix - 55H Secure Shell

File Edit Wiew ‘Window Help

EH &k 2
\| Guick Connect | Profiles

RN LS

ANTECHAMEER, EOIN) TYPE.ALCO
ANTECHAMEEER, FEEFN\AC
AWNTECHAMEEER. FREF.
ATOMTYFPE. INF
diwcon. does
diwvcon.in

-2 hoo -ne 1 I

diwvcon. out
divcon.rst
leap.log
mdinfo
min.in
nag. in
nag.par
nag.pdh
nag. top
nag. xys
HNEWPDE. PDE
PEEFP. INF

prt-
prt-
prt.
pri-
prt.
prt.
prt.
prt.
prt.
cml.
qml.
oml.
[mEreinfbono renin]é antechamber -i qmZ.pdb -fi pdb -0 fmZ.in -fo prepi

ini

min
min

pdh
top
XYE
in

par
pdb

pdb
min.
min.
.phs=
.pdhb
mirn.

ot
out

KYE

qml. top
il . xy=
que. in
g2 . par
gz . pdh
s . Top
s . XY=

ren-ini.

ren.pdh
ren. top
EEn.XYEZ

pdh
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QM/MM calculations of chemical reaction in renin protein

The parameter file
of the substrat

# ubunix.buffalo.edu - ubunix - S5H Secure Shell

File Edit Wiew ‘Window Help

H &l =2 S S @
s Nouick Connect || Profiles

TR

ANGLE

HO-0H-HO go.o 105,00
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QM/MM calculations of chemical reaction in renin protein

Merging the ligand
pdb file with the
protein structure

Hl ybunix. buffalo.edu - ubunix - SSH Secure Shell

File Edit %iew ‘Wwindow Help

H &l @ 2 BB &)L K &N

Quick Connect || Profiles

AR 340 12,560 37.752 ZZ.e644 1.00 27.08
AR 340 12.440 39.203 ZZ.543 1.00 31.35
AR 340 12.331 40.06d4 Z3.563 1.00 31.%94
ARG 340 12.651 39%.691 Z4.514 1.00 31.37
ARG 340 12.02% 41.32% £3.326 1.00 32.92
ARG 340 10.43% 35.523 19.213 1.00 Z2.76
ARG 340

Ml 1 -5.298 48.7Z1 -zZZ.000 -0.127460
Ml 1 -6.043 49.385 -zZ1.939 0.040320
Ml 1 -5.672 47.795 -Z1.851 0.050070
Ml 1 -4.3le 45.841 -ZZ.863 0.053510
Ml 1 -4.327 45.939 -Z0.345 0.3a63400
Ml 1 -4.67% 49.644 -19.366 -0.643760
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QM/MM calculations of chemical reaction in renin protein

Merging the
substrat pdb file
with the protein

& ybunix. buffalo.edu - ubunix - 55H Secure Shell
structure —

H &l © 2 B B S S @

&1 Quick Connect || Profiles

Wiew  Window Help

ﬂTDH &7 H:T QM1 1 lL.765 43,273 -21.013 0.40172Z0
i TOM 28 H37T MMl 1 0.1%0 4%.800 -19.314 0.100500
ANOM 29 03 QM1 1 -0.785% 45.566 -Z0.764 0.115380
ATOY 30 H35 0Ml 1 -0.564 47.692 -21.195 0.037250
ATOM 3l 03 0l 1 -0.943 49,530 -21.790 -0.583070
ATOM X 3Z H55 QM1 1 -1.710 49,264 -ZZ.330 0.411:Z60
TER

ATOM 1 0 Mz Z 3.471 50,209 -19.104 -1.009320
ATOM & H1 QMz Z 4,427 50,339 -18.843 0.336650
ATOM 3 Hz QM2 Z 3,309 50,6829 -19.957 0.336660
ATOM 4 Hi QM2 2 3.268 49,231 -19.153 0.336680
TER
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QM/MM calculations of chemical reaction in renin protein

The initial pdb

flle Of the +21 ViewerPro - [prt.min]

prote|n Wlth @ File Edit Wew Tools Modify Swindow  Help

theligand and | D= H S Ly H

the substrat —

RS e T
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QM/MM calculations of chemical reaction in renin protein

Loading the

parameter file of @ ubunix. buffalo.edu - ubunix - SSH Secure Shell
the ligand in the Fle Edt Yiew Window Help
"tleap" program B ek i M 1S

& Quick Conmect || Profiles

[mfreinfhono reninls tleap

-I: adding Aatilfanmber/amberf/dat/leap/prep to search path.
-I: adding Aatilfamber/amber®/dat/leap/lib to search path.
-T: Adding Afatil famber/awber®/dat/leap/parm to search path.
-T: Adding Afuatil famber/awber3/dat/leap/cmd to search path.

WMAlcome to LEaP!

Jougcing leaprc: Afutil/sambersamnberS/dat/leap/scmd/sleaprc

Log Kile: .fleap.log

Loading parameters: /util/amber/famber?/dat/leap/parm/parm99.dat
Beading title:

PARMOS f\yr DMNA,FNA Ak, organic molecules, TIP3P wat. Polariz.s LP i
Loading 1library: Satil/amber/amber9/dat/leapslib/all micleic%4. 1ib
Loading likrary: Aatil/famber/famber9/dat/leapslib/fall_amino94. 1ib
Loading libAary: Jutil/amber/amberS/dat/leapslib/all aminoctS4. lib
Loading libragy: Jutilfambersamber9/dat/leapslibsall aminont94. lib
Loading library: Autil/ambersamber9/dat/leap/lib/ions94. lihk
Loading libraryd] sutil famberfamber?/dati/leap/lib/solwents. 1ih

» loadiwmberParans dqml.par I
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QM/MM calculations of chemical reaction in renin protein

Loading the
parameter file of

the substrat in the
"tleap" program

& ybunix.buffalo.edu - ubunix - 5SH Secure Shell

File Edit Wiew ‘Window Help

E &gl F 2 B #h &) S @R

& Quick Cammect || Prafiles

Welcome to LEaP!

SJourcing leaprc: Jutil/famber/fawmber9/dat/leap/cnd/leapre
.Aleap.log

: futil famber fanber9/dat/leap fparnSparnd9, dat

] ofutil/amber fanber3sdatsleapslibsall nucleic®4, 1ib
library: /til/amber/amher®s/dat/leapslibsall amino®4, 1ihb
Loading oSutil/anber fanberdsdat/leapslibsall _aminoct?d, lib
Loading : Jutilfamber famber8/dat/leap/lib/all aminont24. 1ib

Loading : Autil famber fawber3/dat/leap/lib/ions94. 1ib
Loading voSutil fanber famber9sdatfleap S lib feolvents. 1ib

ra: .fqml.par
Feading force f£ikld modification type file (frcmod)

Feading title:

> loaddwberParams om2.par I
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QM/MM calculations of chemical reaction in renin protein

Loading the
preparation file of
the ligand in the
"tleap” program

& ybunix. buffalo.edu - ubunix - 55H Secure Shell
Edit

File

H &l 2 & B £ S S @7

&1 Quick Connect ] Prafiles

Wiew wWindow  Help

Feading title:

PARMOS for DNA,BMNA, AL, organic molecules, TIP3P wat. Polariz.s LP :
Loading library: /util/amber/amber®/datsleap/libsall mmcleic94.1ib
Loading library: /util/amberfamber®/dati/leaps/lib/fall_amino94. 1ib
library: /utilfamber/amber®/dat/leap/lib/all aminoctf4.lib
library: sutilsamber/amher®/dat/leapslibsall aminontf4.lib
library: /utilfamber/amber9/datysleap/libsions94. 1lihb
library: /util/amber/amber?/daty/leap/libssolvents. lib

Beading\force field modification type £ile (frcmod)
Beading N\itle:

> loadimher
Loading para
Feading force
Feading title:

aramz ouns.par
heters: | JSomZ.par
ield modification type file (frcmod)

> loadimbherPrep oqml.in I
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QM/MM calculations of chemical reaction in renin protein

Loading the
preparation file of
the substrat in the
"tleap" program

E ubunix.buffalo.edu - ubunix - 55H Secure Shell

Edit

File

H S "2 206 & 840 % @

& Guick Canmect | Profiles

Wiew window  Help

Loading librarvy: futilfamherfamhergfdatfleapflihfall_nucleicﬂ4.lih
Loading library: /til/amber/amherSs/dat/leapslibsall amino94, 1ihb
library: /util/amber/famher2/dati/leap/libsall aminoct24. lib
library: sutil/awber/famber2/datileap/libsall aminont?4. lib
library: Autil/amber/awber3/dat/leap/lib/ion=94.1ibk
library: Autil/amber/amber9/dat/leap/lib/solwents.lihb
NadimberParams oml.par
Loadiyy parameters: . foml.par

> loadinherParans dmZ.par
Loading payameters: ./ om.par
Feading forge field modification type file [(frcmod)

Feading tithe:

> loadinberPrap gqml.in
Loading Frep fY¥e: ./ qul.in
> loadiwberPrep dqmz.in I
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QM/MM calculations of chemical reaction in renin protein

Loading the pdb file
of the protein, the
ligand and the
substrat in the
"tleap” program

H ubunix.buffalo.edu - ubunix - S5H Secure Shell

File Edit ‘iew “Window Help

H &h "2 2EB M a0 % @&

& Quick Connect ] Prafiles

Loading library: /utilfamber/samberd/dat/leapslibsall aminoctf4.1lib
Loading library: /util/amber/samber®/dat/leapslibfall aminontf4.lib
Loading library: Jutil/samber/amber?/dat/leap/lib/s/ions94. lib
Loading library: /util/awber/awherd/dat/leap/lib/solvents.lihb

> loadimberParams gqml.par

Loading parameters: . /foml.par

Beading force field modification type file (frcomod)

Feading title:

> loadiwmberParams ome.par

ocading parameters: ./ dqun.par

Reading force field modification type f£ile [(frcmod)
Brading title:

> NoadiwmberPrep dquml.in
Loaging Prep file: .J/oml.in
> lokdinmberPrep dquz.in
Loadpg Prep file: ./gqmz.in
> P = loadPdb prt-ini.pdb ]
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QM/MM calculations of chemical reaction in renin protein

Removing atoms of
the prOteln WhICh Eile Edit Mew ‘Window Help

gretooclosetothe I B % &N
|Igand & Quick Conmect || Profiles

#l ybunix. buffalo.edu - ubunix - SSH Secure Shell

&=CC 13-
ATHDEZ 12%-
AHDZEL 11
ANDE 105
&C0D1 2
ACh G-
AHES 7>
ACHEEZ &>

LTEL
72,9
72,10
LT2011
LTEll2

X LEmove
F LEmove
= LEmOvVe
> IEmOVE
=
=

=T - B - B - B - ]
o= = B = B = B

remowe
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QM/MM calculations of chemical reaction in renin protein

Adding sodium
cations (Na+) to
neutralize the
protein system

‘E ubunix.buffalo.edu - ubunix - S5H Secure Shell

Edit

File

E &l "2 206 & S0 % @8

Wiew  Window  Help

& Quick Connect ] Prafiles

A

» addIons P Nat+ 0O
9 Na+ ions required to neutralize.

Adding 9 counter ions to "P" using 14 grid
Grid extends from solute wdw + 1.87 to 7.87

Fezolution:
grid build: 0 zec
[no solvent present)
Calculating grid charges
3: 31 sec

charge
Placed
Placed
Placed
Placed
Placed
Placed
Placed
Placed
Placed

Na+
Na+
Na+t+
Na+t+
Na+
Na+
Na+
Na+
Na+

in
in
in
in
in
in
in
in
in

2=

o= = B = B - = I = B < R ]

1.00 Angatrom.

at
at
at
art
at
at
at
at
at

(-20.85,

35,749,

-8.31).

{11.15, 31.79, -4.31).
{16.15, 50.79, l2.69).
{8.15, 19.79, 11.69].

{41.15,
(36.15,
(-2.65,
(27.15,
(-4.85,

30.79,
33.79,
32.79,
21.79,
22.79,

-2.31).
9.69].
-21.319.
19, 69),
0.69].
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QM/MM calculations of chemical reaction in renin protein

Saving the pdb file of
the protein system

El ybunix. buffalo.edu - ubunix - SSH Secure Shell

File Edit

H gl "2 &

;j Quick Connect | Profiles

Wiew  Window  Help

R L

Adding 9 counter ions to P ousing 1A grid
Grid extends from solute wdw + 1.87 o
FEesolution:

1.00 Angstrom.

grid build: 0 zec
[0 solvent present)
Calculating grid charges

charges:

Placed
laced

Placel
Placed
Placed

Na+t+
MNa+
WNa+
WNa+
WNa+
Wa+

in
in
in
in
in
in
in
in
in

3l =zec

I3

oo b b b d R

at
at
at
at
at
at
at
at
at

Done adding ions.
> gavePdbh P prt.pdh I

{-20.85, 35.79, -8.31).
{11.15, 31.79, -4.31).
{16.15, 50.79, 12.69).
{g.15, 19.79, 11.69].

{4l.
{36,
i-2.
iz7.
i-d.

15,
15,
g5,
15,
a5,

30.

33

21

79, -2.319.

.79, 9.69),
32,

78, -21.319.

.79, 19.89).
2z,

79, 0.69].

T.87
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QM/MM calculations of chemical reaction in renin protein

SaVing the tOpOlOgy A 1:u2.ccr.buffalo.edu - U2 - SSH Secure Shell
and the coordinates Fle Edt Wew Window Help
fiIEBES = éé%[}i ) Ep &4 -Eﬂ £:I ﬁﬁa &QB A2

&1 Quick Connect ] Prafiles

[no solvent present)
Calculating grid charges
charges: Z3 3zec
Placed Na+ in P at (-20.85, 35.79, -5.31).
Placed Na+ in at (ll1.15, 31.79, -4.,31).
Placed Na+ in at (16.15, 50.79, 12.69).
Placed Nat+ in at (8.15, 19,79, 11.69).
Placed Nat+ in at (41.15, 30.79, -2.31).
Placed Na+ in at (36.15, 33.79, 9.69).
MNaced Ha+ in at [(-Z.85, 32.79, -21.31).
Placed Na+ in at (27.15, 21.79, 19.69).
Plackd Na+ in at (-4.85, 22.79, 0.69).

Lo =T~ I = B = = I = I = I =

Done adiing ions.
> savePdb\P prt.pdb
Writineg pd\ file: prt.pdb
Converting M-terminal residue name to PDE format: NGLY
Conwerting C-yerminal residue name to PDE format: CARG
> gavednberParm P prt.top prt.xys I
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QM/MM calculations of chemical reaction in renin protein

The input file for the
minimization of the
protein SyStem H 1:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit Wiew ‘Window Help

E &l M2 206 & S0 % &8

&1 Quick Connect ] Profiles

EDDD gteps of ninimization
&cntrl
\ imin=1, ntmin=2, drms=0.01,
nth=0, cut=12,
ntec=1, ntf=1,

ntpr=100,

waxcyc=2000,

ntr=1,

restraint wt=500.0,
restraintmaszk="'{!@dH=)"',
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QM/MM calculations of chemical reaction in renin protein

The pbs script for

L. . ‘# 1:u2.ccr.buffalo.edu - U2 - S5H Secure Shell
the minimization =

H &l @ &2 B M SO S &K

;j Quick Connect || Profiles

Wiew Window  Help

#PBS -1 nodes=Z:GM:ppn=2

#PES -q debug

#PE3 -m e

#PES -] oe

#PES -0 prt-min.out

#

source $MODULESHOME finit/tcsh
wodule load amber/S

#\3et nmumber of processors Lo rmumber redquested from PE3I
# \requires nodes=l:ppn=N syntax)

#
set \WP = ‘cat §PES_NODEFILE | wc -1°
#
cd $P§S 0 WOREDIR
\
#

HDD_PARALLEL FAMBERHOME fexe fsander -0 -i min.in -o prt.min.out
-C prt.®ye -ref prt.¥yZ -p prt.top -r pre.min.xys
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QM/MM calculations of chemical reaction in renin protein

Generating the pdb
file of the minimized
protein structure

File Edit Wiew ‘Window Help

& Quick Conmect || Profiles

#l 1:u2.ccr. buffalo.edu - U2 - SS5H Secure Shell

H &2 206 & 280 % @8

[wEreinf@bono reninl]é l=

ZBEN. pdb min.in

l CHAMEEER_AC. AC hag.in

L NTECHAMEER,_&AC. AC0O nadg.par

KCHAMEER, AMIECC. AC nag. pdh
LMEER. AMIECC_PRE.&C nag. top
WEER,_BOND TYFE. AC nag. xys

prt-ini.
prt-min.
prt.min.
divcon.in prt-min.
divcon. out prt.min.
divcon.rst prt.min.
leap. log prt.pdhb
wdinfo prt.top

[wfreinfbono reninlé ambpdbh -p prt.

LGER, BEOND TYPE.ACO HNEWPDE.PDE
K FREFP. INF

pdb
out
out
phs
pdh
X¥E

prt.xvs
oqml.in
qml.par
cml. pdh
qml. top
qml.xXys
s, 1
o= . par
qu= . pdh
oI, top
s . XYE
ren-ini
ret. pdh
ren. top
LEen.xX¥e

pfib

top < prt.min.xyz > prt.pdhb
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QM/MM calculations of chemical reaction in renin protein

Creating the g-chem

input file for the 4 3:u2.ccr. buffalo.edu - U2 - SSH Secure Shell
QM/ MM calculations File Edit Yiew ‘Window Help
E &a = #h | &) E B &N

& Quick Canmect ] Profiles

The script assumes *NGEOMETRY OPTIMIZATION IN DELOCALIZED INTERNAL COORDINATES *¥

that the topology file

Optinmizati Cycle: z
has a name "prt.top", i
. o :
the pdb flle haS a \Ton Xnurdlnates éﬂngstrnms] .
n n [mfreinfhond reninl]s la
name prtpdb ’ and 29685.pid  PIXS97T0E prt.log prt.out prt.pdb  gohem?pdb.pl
the QM molecules gas prtNin  prt.min.pdbh prt.pbhs prt.top ommm setup.pl
[mfreinfhono remNn]s 13
i 296858, pid prt.lo prt.pdh reaction
ave residue names
. " " gas prt.min.gdbh prt.top ren.pdb
W|th the QM PIZO708 prt.out gchem?pdh . pl rer. top
pPrt.in prt.phs gmmn_setup.pl  twp. 29662
keyword [mfreinfhono reninlé . /qumm setup.pl []
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QM/MM calculations of chemical reaction in renin protein

The input file of the
g-chem program,
the charge of the
molecule is "+1"

.-'_'| Quick Connect || Profiles

File Edit “iew ‘Window Help

H &l @ &2 B

Hl 3:u2.ccr.buffalo.edu - U2 - SSH Secure Shell

EEEY I

omom@mEeE@oD@oDo o mmDo

43.
43,
47,
43.
43.
49,
50.
49,
43.
47,
43.
43,
47,

703 -Z1.
543 -Z2.
g0y -Zl.
sz2d -ZE.
994 -20.
gd40 -19.
lae -20.
gl8 -Z1.
075 -20.
1958 -Z0.
5z4 -19.
S48 -19.
65l -14.

994
109
TZ5
236
211
19
nsz
401
Tan
427
947
a0l
70l
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QM/MM calculations of chemical reaction in renin protein

There are two

ratction
COOrdInateS ﬁﬁile Edit Wiew Tools Modify Window  Help

N-H distance

O-H distance
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QM/MM calculations of chemical reaction in renin protein

The calculations for
the reactants valley

B 3:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

N_H distance File Edit ‘“iew ‘Window Help
constrained H sk 2 #hoED B SR
.-j Quick Conneck || Profiles

geom opt_iproj 0

Fym_ignore Lrue
WEm_Static 125
mem total 2000

fopt

CONSTELINT

stre 19 36 3.0
ENDCONSTELINT
fend

sexternal charges
-0.244 59,876  11.863 0.294  0.000271 6.141614
I 0.497  60.545 11.700 0.1ed4d  0.0000=3 2.034136
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QM/MM calculations of chemical reaction in renin protein

The calculations for

the products valley @ 3:u2.ccr.buffalo.edu - U2 - SSH Secure Shell
File Edit Wiew Window Help
O-H distance H ek r 2 S % @
constrained & Quick Connect ] Profiles
gEOL_Opt_ipraoj ]
SYIL_ignore Lrue
mem_ static 125
mem_total 2000
fend
2\
sopt
CONSTEATNT
stre 34 36 3.0
ENDCONZTRAINT
fend

fexternal charges
-0.244  59.878  11.8a3 0.2%4  0.000271 6.141614
0.437  60.545  11.700 0.1a4  0.000023  2.034136
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QM/MM calculations of chemical reaction in renin protein

The energy of the QM
systems as the function of the
reaction coordinate in the
protein

E3 Microsoft Excel - profile.xls

@_] File Edit Miew Insert  Format  Tools  Dak
HRRE=R" RN NENEA N -
J24 - b
A |l B | ¢ | D |

1 |R{OH) Ri{MH) R-Del Energy kcalfm
2 102 400 -2.93 94532201 B335

A 1020 3000 -1.83 -945 3559 4587
4 1.02 200 -0.93 94538318 2953
o 1.02 1.80 -0.78-9453014 2357
5] 1.02 1600 -0.53-945.4001 18.09
7 1.02 140 <038 9454085 1286
a 102 120 <018 9454200 559
9 1200 102 018 9454141 930
10 1400 102 038 9454245 295
11 1600 102 053 9454289 003
12 1800 1.02 078 9454290 000
13 2000 102 0.93-945 4267 1.42
14 3000 1020 1.93-945 43650 -4.71
15 4000 1.02 283 -945 4367 -4.83
16
17 -H45 4285
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QM/MM calculations of chemical reaction in renin protein

The energy of the QM
systems as the function of the
reaction coordinate in the gas
phase

Microsoft Excel - profile.xls

|3_le File Edit Wwiew Insert Formak  Tools  Data
ARNER" NN RN AN TR
J24 - 2
A | B |l ¢c| D | E| F
19 [R(OH) RiMHY B-Del Energy [ kcalim
20 1.02 400 -293 -8028228 5218
|21 1.02 300 -1.93 -802.8419 4023
2N .02 2000 -098-8028663 2453
23 1.02 180 -0.78 -8028745 1968
24 1.02) 160 -0.53 -802.8315 1536
25 1.020 140 -0.33 -802.8374 11.65
26 1.02 120 -013 -802.89%:2 G113
27 1200 102 013 -802.8928 826
28 1400 102 033 -802.9015 280
29 1600 102 0458 -802.9060 000
30 1800 102 078 -8029056 022
31 2000 102 0938029039 1.32
32 2000 1.02  1.93 8029103 -2
33 400 1.02 293 8029054 -029
34
35 -002 9060
=
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QM/MM calculations of chemical reaction in renin protein

The final results of E3 Microsoft Excel - profile.xls
the reactlon proflle @_] File Edit Wiew Insert Formatk  Tools  Data  window  Help  Ade
calculations in the e R PRA R L g
protein and in the gas & | H | T T J T kK [ L
1
phase 2 Protonation Reaction of Renin Active Site
3 B3LYP/6-31+G*
P 70 4
B \
I 30 \"N ——Protein
S Gas Phase [

.

40

ol N
\\

12 20

13 10 \

H . AN

=
Energy (kcal/mol)

16 S
17 -10 !
18 3.0 2.0 -1.0 0.0 1.0 2.0 3.0
19

Reaction Coordinate Rgy - Ryy (Angstrom)

Page 32



QM/MM electronic excitations in yellow protein

+ DS ViewerPro - [10DV.pdb]
Expe”mental ﬁ Eile Edit Wew Tools Modify Window Help
structure of the D2l & - g

yellow protein

3
G
%
E | .
ol
g
Jo
‘;"M -
Jr
Ja
J=




QM/MM electronic excitations in yellow protein

The active site iR I f
Of the ye”OW ﬁ File Edit Wew Tools Modify Window Help
protein heEed & g H #& e

IS

St R R RN SRV -

Page 2



QM/MM electronic excitations in yellow protein

The pdb file of the

Ilgand # 3:u2.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit  Wiew Window Help

H 2l © =2 # E S N @ N

#'| Guick Canmect || Profiles
ﬂTDH‘\ﬁ\ 1 01 oMM 1 69.151 43.Z15 30.566
ATOHM 2 Cl oMM 1 67.940 42,931 30.66Z
ATOHM 3 Ha3 IMM 1 67.376 43,512 31.249
ATOHN 4 Cz 0MM 1 67,270 41,796 25,972
ATOM 5 Hz27 QMM 1 66,292 4l.632 300102
ATOM & C3 0MM 1 67,977 41.010 25,190
ATOM 7 Hz25 MM 1 63.813 41.385 28.7389
ATOHM 4 Cl' oMM 1 67.630 39.83Z Z8.865
ATOHM 9 C&' 0MM 1 6d.44%  33.893 Z5.014
ATOHM 10 H3l OMM 1 69,225 39.343 2Z7.573
ATOHM 11 C3' QMM 1 63,208 37,539 27.76E
ATOHN 1Z H33 MM 1 63.866 37.00Z2 27,234
ATOM 13 C4' OMM 1 67.041  36.936 28.253
ATOM 14 04' OMM 1 a6, 740 35,723 27.934
ATOM 15 H3% 0MM 1 66,6043  35.614 26,994
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QM/MM electronic excitations in yellow protein

Creating the
preparation file of
the ligand, using
the "antechmaber™
program

“E 3:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew Window Help

H gl " 2 &

&1 Quick Cannect || Prafiles

R L

ATOM 13 C4' 0MM 1 67.041 36.936 Z8.253 0.1429
ATOM 14 04' OMM 1 a6.740  35.723  Z7.934 -0.49:24
ATOM 15 H3% 0MM 1 a6.643 35.614 EZ6.994 0.4227

nfreinfbono yellow]s 13

ANTECHAMEER, FREF.ACO
ATOMTYPE . INF
divcon.in

diwvcoon., out

FEEF. INF

prt-ini.pdh
prt-min.out
prt.min.out

BIIECC_PRE.AC leap.log prt-min.phs
ANTECHAMEEER, BON® TYFE.AC ndinfo prt.min.pdh
ANTECHAMEER, BOND NFE.ALC0 min.in prt.min.xyz
ANTECHAMEEE,_ FREF.&C " NEWFDE. FLE prt.pdhb

[mEreinfbono yellow]s antechawber -i gqum.pdb -£fi pdb -0 quw.in
-fi prepi -c bcc
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QM/MM electronic excitations in yellow protein

Creating the parameter
file of the ligand

E 3:u2.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit Wiew MWindow Help

H &l @ &£ &

| uick Connect | Profiles

EEEN IS

I X

EOND

C -Ha 200.0 1.00
LNGLE

Hi- C-Ci g0.0 1z20.00
0 - C-Ha g0.0 1=20.00
n] C-Ca a0.0 120,00
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QM/MM electronic excitations in yellow protein

Merging the pdb
structure of the ligand
with the structure of
the protein

“E 3:u2.ccr.buffalo.edu - U2 - §5H Secure Shell
Edit

File

H &l &2 B

Wiew Window  Help

& Quick Connect ] Prafiles

S8 % &N

T84
755
i1
a7
T35

1

Lu S B VI I OO I

CE

CGl
CGz
0T

0l
Cl
Hz3
CZ
HzZ7
C3
Hz2
cl'

WAL
WAL
WAL
WAL
WAL
QI
QMM
QMM
QM
QM
QMM
QMM
QI

Lox B B o B s B

125
125
125
125
125

1

el e I R

53,
a3,
a4,
22,

a9,
a7,
a7,
a7,
ah.
a7,
ad.
a7,

328
dld
204
104

151
940
3va
270
292
=M
gl3
630

43,
4z,
44,
43.

43,
4z,
43,
41.
41.
41.
41.
39,

nsl
542
201
433

215
931
5lz
796
63
oL
3g5
632

6.
27,
25,
3.

30.
30.
3l.
29,
30.
£9.
2d.
23,

402
739
10
93

5ag
BEZ
249
972
10z
130
739
g65
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QM/MM electronic excitations in yellow protein

Running the "tleap"
program, loading the

H 3:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

. File Edit %iew ‘Window Help
parameter file of the IR Y B S B @
|Igand .-j Quick Connect || Profiles

[mfreinfbono yellow]s tleap

-I: Adding sutil/fawmber/anber?/dat/leap/prep to search path.
-I: Adding sutil/amber/amber?/dat/leap/lib to zearch path.
-I: idding Autil fawber/amber3/dat/leap/parm to search path.
-I: Adding Autil fawber/amber9/dat/leap/cmd to search path.

Welcome to LEaP!

Jourcing leapro: Jutil famber/amber9/dat/leapscndsleaprc

Log f£file: ./leap.log

Loading parameters: /atil/amber//amber?/dat/leap/parm/parns9.da
Feading title:

RALEMAS for DMA,FMNL, A2, organic molecules, TIP3IP wat. Polariz.s
Loading library: /util/amber/amber9/dat/leap/lib/all nucleic9d
Loading library: /atil/amber/famber9/dat/leap/libsall_amino%4. 1
Loadyng library: /util/amber/amber9/dat/leap/libsall aminoct94
Loadikg library: futilfamheﬂfamhergfdatfleapflihfall_aminunt94
Loading library: /util/amber/fanber9/dat/leap/lib/ions%4.1ib
Loadingibrary: sutil/samber/amher?s/dati/leaps/libssolwents. lib
» loadinberParans qmm.parl
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QM/MM electronic excitations in yellow protein

Loading the H 3:u2.ccr.buffalo.edu - U2 - 55H Secure Shell
preparation file of File Edit WView Window Help
the ligand Hask e B 4 S0 % e

&1 GQuick Connect ] Prafiles

Welcome to LEaP!

Sourcing leaprc: futil/amber/amber3/dat/leap/cndsleapre
Log file: . /fleap.log

Loading parameters: /utilfanber/amber?/dat/leap/parm/parm?d
Feading title:

PARM9S for DNA,BENA, AL, organic molecules, TIP3P wat. Polar
Loading library: suatil/amber/amber2?/dat/leap/libsall mucle
Loading library: sutil/amber/amber?/dat/leap/libsall amino
Loading library: /util/amber/amberf/dat/leap/lib/all amina
Loading library: futilfamhe!famhergfdatfleapflihfall_aminu
Loadineg librarvy: Auatil famber/amber3/dat/leap/lib fions94.11
Noading library: sutilfamber/famber?/dat/leap/libszolvents.
> \loadinberFarans omm.par

Loa¥ling parameters: . /omm.par

» loaddwherPrep gum.in I
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QM/MM electronic excitations in yellow protein

Loading the pdb
file of the protein
and the ligand

H 3:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit

Wiew  Window Help

E &l "2 206 & S0 % @8

& Quick Connect ] Prafiles

Jourcing leaprc:
Log f£ile:

Autil famber /fanber9/dat/leap/cndsleaprc

LSleap. log

Loading parameters: Afutilfawher/amberd/datc/leap/parm/parms

Feading

title:

PARMO9 for DNA,FNA, AL, organic molecules, TIP3IP wat. Polar

Loading
Loading
Loading
Loading
Loading
Loading

library:
library:
library:
library:
library:
library:

JAutil famber fanber®/dat/leap/libsall nucle
Jutil famber /anber?/dat/leaps/libsall aminc
Jutil famber fanber?/dat/leapslibsall aminc
futilﬁamheﬂfamher?fdatfleapflihfall_aminc
Autil famber fanber9/dat/sleap/lib/sions94. 11
Autil fanber fawber®/dat/leap/lib/solwvents.

- loadimberParams omm.par
Ipading parameters: . fomm.par
Feading force f£ield modification type file (fromod)

Eeading

title:

> lojddinberPrep dqum.in
Loadiqq Prep file: . /qum.in
> P = loadPdbh pre-ini.pdb [
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QM/MM electronic excitations in yellow protein

Removing protein W 3:u2.ccr.buffalo.edu - U2 - SSH Secure Shell
atoms which are too Fle Edit View Window Help
close to the ligand H el =2 B M S0 % e

&1 Guick Connect || Prafiles

Type: protein
Connection atoms:
Connect atom 0: A<N 1>
Connect atom 1: A<C 10>
Inproper torsions:
Contents:

A0 11

ACh 3=

AH 2= X

A 1=

> remowe P P.69.85

> remove P P.69.9 I
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QM/MM electronic excitations in yellow protein

Saving the pdb, the

topology and the

coordinates files of the

protein system

Hl 3:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew ‘Window Help

H &2 206 M 28 % @8

&1 Quick Connect || Profiles

Contents:
A0 11
ACO 10
LLHG 9=

> remowve P P.ED.8

> remove P OP.E9.9 K

> gaveldbh P prt.pdh
Writing pdh file: prt.pdb

Converting N-terminal residue name to PDE format: NLET
Conwerting C-terminal residue name to PDE format: CWVAL

> savebuwberParm P prt.top prt.xyz I
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QM/MM electronic excitations in yellow protein

Creating the input file
for the minimization

& 3:u2.ccr.buffalo.edu - U2 - SSH Secure Shell
File Edit Wiew MWindow Help

H && 7 2 6208 # S0 %

&1 Quick Connect ] Prafiles

EDDD steps of minimization
scntrl
N\ imin=1l, ntwin=2, drm=s=0.01,
nth=0, cut=1Z,
nto=1l, ntf=1,

ntpr=100,

naxcyc=2000,

ntr=1,

restraint wt=500.0,
restraintmask="'[{!{H=)"',

Page
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QM/MM electronic excitations in yellow protein

E 3:u2.ccr.buffalo.edu - U2 - SSH Secure Shell
Edit

Creating the pbs
script for the
minimization

File

H &l 2 & B £ S S @7

&1 Quick Connect ] Prafiles

Wiew wWindow  Help

#PES -1 nodes=Z:GHM:ippn==2
#PE3 -g debug

#PBES -m e
; 1 oe
prt-min.out

#
get NP = “cat $PE3_NODEFIL
#

cd §PES_0_WORED IR

#

HDD_PP.RALLEL g AMEEFHOME fexesgander -0 -i min.in -o prt.min.out
-C prt.xyz -ref prt.xyEz -p prt.top -r prt.min.xye
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QM/MM electronic excitations in yellow protein

Hl 3:u2.ccr.buffalo.edu - U2 - S5H Secure Shell
Edit

Converting the
minimized

coordinates into
the pdb format

File

HE &l 2 B B &) S @7

&1 Quick Connect || Profiles

Wiew  Window Help

#

cd §PE3_0_WORKFL IR

#

#D0_PARALLEL sAMBEERHOME fexe/zander -0 -i min.in -o prt.min.out
-C prt.x¥2 -ref prt.¥ye -p prt.top -r prt.min.xye

diwvcon. out prt.min.xy=

leap. log prt.pdh
mdinfo prt. top
min.in PELC.X¥E
HNEWPLE. PDE o, 11
FRET.INF Ot . Prak
ANTECHAMEEER, B0 prt-ini.pdbh dum.pdb
ANTECHAMEEE, FEEF NuC prt-min.out oum. top

ANTECHAMEEE., PEEP. 40N prt.min.out ounm.xXvyE
LTOMTYPE ., INF prt-min.pbhs ¥wel-ini.pdb
divcon.in prt.min.pdb

[wEreinfbono yellow]$ ambpdb -p prt.top < prt.min.xyz > prt.pdb
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QM/MM electronic excitations in yellow protein

“E 3:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

. . Ez an] [T | 4 I
g-chem input file delk s H DD % €K
"] Quick Connect Prafiles
for the QV/MM 3¢ =
. 10DV, pdhb diwvcon. out pEL.Lin.xvye
calculations ANTECHAMEER, AC.AC leap. log prt.pdb
ANTECHAMBEER., &4C. AC0 ndinfo prt. top
ANTECHAMBEER., AMIBCC. AC nin.in pPEL.XYE
ANTECHAMEEFR, AMIECC PRE.AC NEWFDE.FDE o, in
ANTECHAMEER. EOND TYPE.AC PREP.INF Cm . par
ANTECHAMEER_EOND TYPE.ACD prt-ini.pdb cmm.pdb
1 CHAMEEER_FEEF. AC prt-min.out omm. top
L HECHAMEER., FEEF. 4C0 prt.min.out oon.Xys
ATOMYYPE. INF prt-min.phs vel-ini.pdhb
divconNin prt.min.pdb

1low
[mfreinfhonn veldar]s 1=
gas prt.log pry.phs prt.top gmmn_setup.pl

prt.in prt.out proogdbh gohemfpedb.pl tddft
[nfreinfbono yellow]s . /ouom setup.pl I
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QM/MM electronic excitations in yellow protein

Geometry optimization
of the ligand inside the
protein

File Edit %iew Wwindow Help

H &l @ 2 BB

& Quick Canmect ] Profiles

‘Hl 3:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

EEEY L

r 66.440 39.057
H 65.745 39.536

Fend

Srem

Jjobtype
exchange
basis
SYLmeLry

geom opt_ipraoj
S¥mW_ignore
mem sFtatic
mem_ total
zend

gexternal charges
54.943  Z7.594
54,242 Z7.904

29.320
£9.949

opt
b3lyp
-3 1+GF
off

true
1:d
2000

21.973
2Z.6E9

.10l
0.215

0.000271
0.000023

6.141614
Z.034136
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QM/MM electronic excitations in yellow protein

The calculated +¥1 DS ViewerPro - [prt.pdb]
Opt|ma| geometry 85| Bl Edt Wiew Tools Modfy Window Help
of the ligand DS & B .

inside the protein
N

H B

i)

k
£
¥

4

4
o
.
%

Va
v
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QM/MM electronic excitations in yellow protein

TDDFT calculations in
the protein, based on
the optimal geometry of
the ligand in the protein

E 3:u2.ccr.buffalo.edu - U2 - §5H Secure Shell

File Edit Wiew ‘Window Help

H &l &2 BB

.-j Quick Connect || Profiles

EEEY L

| 66.318596
H 65. 593628

Frem
jobtype
exchange
basis
ciz_n_roota
rpa
SYLUeLry
gEOL_Opt_ipraj
SYIL_ignore
mem static
mem_total
fend

fexternal charges
54,943 27.594
54,242 27.904

390203157
39.811112

sp
b3lyp
G-31+G*

Lrue
off

true
123
2000

£21.973 0.101
ZZ.6Z9 0.215

29.031e67
29.555525

0.000271
0. 000023

A.14161d
Z.0341356
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QM/MM electronic excitations in yellow protein

The excitation energy of
the first excited singlet
electronic state

E 3:u2.ccr.buffalo.edu - U2 - SSH Secure Shell

File  Edit

H &l 2 &

&1 Quick Connect ] Prafiles

Wiew wWindow  Help

B £ S S @7

I TDDFT Excitation Energies

Excited =tate l: exeoitation energy (VW) = 2.0273
Total energy for state 1: -612.95858431875110
Miltiplicity: Triplet

Trans. Mom.: 0.0000 X o.oooo ¥ o.ooon 2
aJtrength 0.0000

i D o36) --= Wi 1) amplitude = -0,2146

e D 39 —-= W 1) amplitude = 0,59742

ExcNced =tate 2: exoitation energy (VW] = 3.1289
Tosal energy for state 2t -612.947947904404
Multyplicity: Triplet

Trans\ Hon o.ooon X o.oooo ¥ o.ooon 2
Strength 0.0000
oD 3EN\--= VI 1l) amplitude = 00,9634

Excited state 3: excitation energy [eV) = 3.45894
Total enerogy for state cH -6lz2.934700502301
Miltiplicity: Singlet
Tran=. Mom.: -0.0358 X

-0.3330 ¥ -0.1460 £
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QM/MM electronic excitations in yellow protein

Geometry optimization
of the ligand in the gas
phase

H 3:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit

Wiew Window  Help

H &k &2 &

& Guick Connect ] Prafiles

WY LS

[ ad.
H ad.
C a7,
0 Ga.
H aa.
aE.
H G5,
[ ]
H

%

Srem
jobtype
excharnge
ba=is

SYImELEF

209
G35
042
719
736
133
217
440
745

37.
3.
3.
35,
35,
37
37.
39.
39.

gEOL_Opt_ipraj

SYIL_igno
men stat
mem_tota
fend

re
ic
1

540
247
26l
705
al7
719
260
ns7
agae

£7.
7.
Z£3.
2.
z27.
29,
29,
£9.
£9.

755
175
264
noa
a3z
n3g
411
320
9439

opt
b3lyp

B-314+G*

off

true
123
2000
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QM/MM electronic excitations in yellow protein

The calculated
optimal geometry
of the ligand in
the gas phase

++1 DS ViewerPro - [prt.pdb]

ﬁ File Edit Wiew Tools Modify ‘window Help

DedE & g H e

T Sy | G 4D D o
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QM/MM electronic excitations in yellow protein

TDDFT calculations of
the ligand in the gas
phase, for the optimal
geometry of the ligand
in the gas phase

& 3:u2.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit  Yigw ‘Window Help

H gl " 2 BE #h £ S @K

;'_'| Quick Connect | Profiles

E G, 073474 37.698491 28.917130

H 6L, 118276 37. 265561 29, 208095

C GBE, 405952 358.983204 29, 328480
65, 701630 39,538962 29,937T225

gend

Frem

jobtype = sp

exchange b3lyp

hasis B-314G*

cis_n roots 5

rpa Lrue

SYLmMetry off

geom opt_iproj 0

SYIL_ignore Lrue

mem static 125

mem total 2000

gend
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QM/MM electronic excitations in yellow protein

H 3:u2.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit %iew ‘Window Help

The excitation energy of HaR e AGTRIE I A
the first excited singlet £] Quick Connect (] Profies
electronic state of the I TDDFT Excitation Energies
ligand
Excited state l: excitation energy [eV] = 2.2607
Total energy for state 1: -493,. 1308177924583

Multiplicity: Triplet
Trans. Momw.: 0.0000 X o.ooon ¥ o.0oo0 Z
Strength o 0.oooo0

e Df 36) --= WV( 1) amplitude = -0.2579

e D 39) --> WV( 1) awplitude = 0.9554

cited state Z2: eXcitation energy [eV] = 2.8546
Lotal energy for state 2: -493,. 103990939551

M\ tiplicity: Triplet

Trahg. Mom.: 0.0000 X 0.ooo0 ¥ 0.0o0o0 Z
Jrrenygth : 0.0000
e D X)) --= WV 1) amplitude = 0.9593
i D 36N --> V{ 4) amplitude = -0.2406

Excited statei 3: excitation energy [eV] = 3.2891
Total energy for state 3: -493. 093025919495

Multiplicity: Singlet
Trans. Momw.: O0.03258 X n.0s82 ¥ 0.0555 Z
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QM/MM electronic excitations in yellow proteins

spectrum

. 300 350 400 450 500
The comparison the 1.2 Y Voo S E—
calculated excitation . ‘_( ) Vacuum i{}}ﬁ
energies of the | E(cal.) = 377 nm§§§ {
ligand with the \%_ ﬁi ! }
experiemntal UV = S T
0.0 " ': | : t

AE(cal.) =-23 nm
AE(exp.) =-14 nm

. (B) Protein
08 &

o ' E(cal.) =

[arb. units]

Caps

0.0 . I + |

|

|

|

|

- {C) Solution :
0.8 |
|

0.4 - I
|

0.0 : N '

300 350 400 450 500

7. [nm]

Page 22



