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MM parameters
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MM parameters
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MM parameters
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MM parameters (Chloro-alanine)

New atom +1 ViewerPro - [ala-wat.pdb]

ﬁ File Edit Yew Tools Maodify Window Help
- Distances (Cons.) | D& H & g H @
- Angles (Const.) N
- Torsions (Const.) |+
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- Van der Waals ;
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MM parameters (Chloro-alanine)

QM geometry
optimization of the
molecule in the gas

File Edit

H gl © 2 B

;j Quick Connect | ] Profiles

Wi Window  Help

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

RN LS

phase

m

C
0
H

n -1 h n L

]
fend

$rem
jobtype
excharge
hasis

LEm_ sStatic
mem_total
Fend

171
. 265
L322
L1393
. 529

a.
9.
10.
. 135
D22

o

=11
043
103

Zonneck guickly without profiles

10.
10.
10.
10.
10.

823
466
375
a9
g9

opt
b3lyp
E-31+G*
256
2000

geonetry optimiza
hybrid exchange
Pople'z double =ze-
Static memory
Total memory

S5HZ - aes128-che - hmac-md
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MM parameters (Chloro-alanine)

Results of the

+ ViewerPro - [ala.pdb]

ﬁ File | Edit Wwiew Tools Modify Window Help

DeE & g H H P

calculations

Far S e R £

\ 106.3
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MM parameters (Chloro-alanine)

Calculations of the
optimal geomery
with a ﬁxed &5 Fle Edt View Tools  Modify Window Help

interatomic Dl & /@ e ue H & S
distance

FEP DTSR G
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MM parameters (Chloro-alanine)

Constrined interatomic
distance

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

File Edit

H &l 2 B

&1 GQuick Connect ] Prafiles

Wiew  Window Help

B &) S @

SEEem
Jobtype opt
excharnge h3lyp
ba=is B-314G*
uEm Static 258
wey total 2000
§end

AN
Fopt
CONSTRAINT
stre 1 2 1.4
ENDCONSTRAINT
Fend

Connecked ko bono, ooy, buffalo, edu

geonetry optimiza
hybrid exchatnoge
TPople's double =e
Jtatic memory
Total memory

93H2 - aes128-chbe - hmac-md
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MM parameters (Chloro-alanine)

Results of the
calculations

Ed Microsoft Excel - ala-vib.xls

@_] File Edit Miew Insert  Formak
ARWER= RV = NENE- 2 0P
Chart &rea = s
A BE | ¢ |
1 |Dist. Energy
2 |Angs  ALL kcalim
& 1.4 7832277 7244
4N 1B 78332290 1269
] 18 7833431 000
B 20 -783.3355 479
7 22 7833191 15.04
o 240 7833012 2629
=)
10 -783.3431
14
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MM parameters (Chloro-alanine)

E3 Microsoft Excel - ala-vib.xls

Potent|a| energy ‘] Fle Edit Wiew Insert  Format  Tools  Data  Window  Help A
. L1 - A
stretching 5 T ET F | & | A | |

Ny [/

1

3 C-Cl Potenatial - B3LYP/6-31+G*

2 \t\ Y= 199" - 789x + 778
30 -

; /

5 A
25

5]

7

&)

e

Harmonic E \ /
approximation: 73" /
11 > 10 h
1 12| 3 \ /y —— Caculated
E=_K 2 13| & 5 i
— A (q o q()) 14 V ——Harmonic
2 5 0
16
17 3 .
18 14 1.6 1.8 2.0 2.2 24 2.6
;ﬁ Distance C-Cl {Angstrom)
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MM parameters (Chloro-alanine)

Geometry
optimization with a
constrined torsion RGN
angle @Eile Edit  Yiew Tools Modify Window Help
DEE & g H @

To Sy 3 s fow
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MM parameters (Chloro-alanine)

Geometry
optimization with a
constrined torsion
angle

# 1:bono.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit \Miew ‘Window Help

H &l @ &2 BB

& Quick Connect || Profiles

EEEN IS

Fopt
CONSTRAINT
tors 1 2 &
ENDCONSTEAINT
send

& l0o.0

Connecked ko bono, cor, buffalo, edu

b3lyp
6-31+G*
256
2000

hybrid exchange
Pople's double =zei
Static memory
Total memory

99H2 - aes128-che - hmac-md!
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MM parameters (Chloro-alanine)

Results of the
calculations

E3 Microsoft Fxcel - ala-rot.xls

f] Ble  Edit Wiew Insert  Format
RN REAR= RENEA- =N
k25 - &
A E c |
1 |Angle  Energy kcalim
2 0.0 -7333365 456
3 2000 7833382 3450
< 400 7833413 154
5 (00 73533433 029
= 800 7E334ME 136
7 10000 7833375 3.88
= 12000 7833348 56B
E 140,00 7833367 4.46
10| 160.00 -733.3411 167
11| 180.0 -783.3433 000
12| 20000 -783.3411 167
13| 2200 7833367 4.46
14| 2400 7333348 &ER
15| 260.0 -783.3376 384
16| 2800 -7833416 1.3R
17| 3000 -783.3433 029
18| 3200 -783.3413 1.54
19| 340.0 -¥83.3382 3.A0
20| 3B0.0 7333365 456
21
22 -783.3438

Page 14



MM parameters (Chloro-alanine)

Potential energy
surface of the
internal rotation

- Angle at the minimum
- Energy at the maximum
- Number of maxima

EJ Microsoft Excel - ala-rot.xls

@_] File Edit Wiew Insert Format  Tools  Data  window  Help

RN NENIE NEN A <SR RN AN RAER

25 - A

E| F | G | H | | L
1
2 CH2 Cl-Internal Rotation - B3ILYP/6-31+G*
El N
4 A
5] 50 1\ /N
E INENL
71 40 N /
M NEAREEREY
31 30
o AN A
11 2.0
12 (B v v/
13| 1.0 \ -
14 \/ \/
15| 0.0
16
17| -1.0 |
18 0 40 80 120 160 200 240 280 320 360
;g Internal Angle {Deqree)
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MM parameters (Chloro-alanine)

Calculations of natural

orbitals 0 &R os

;'_'| Quick Conmect || Profiles

File Edit ‘iew ‘indow Help

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

EEEY IS

C 1.264207
a 1.4463351
a 1.923343
H Z.503199

nho

mem static
mem total
§end

Connected to bona,cor, buffalo,edu

0.1186356
0.497125
0.631a05
1.338225

sp
b3lyp
6-31+GF
true
256
2000

0.156556
1.320134
-0.8823504
-0.549317

! geometry optimi=zat
! hybrid exchange

! Pople's double =zet
I natiral orhitals

| 3tatic memory

! Total memory

SSHZ - aes128-che - hrmac-rmdS
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MM parameters (Chloro-alanine)

‘H 3:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit Wew Window Help

B &gl " & & B £ S S @

& Quick Connect ] Prafiles

Atomic charges
calculated using
natural orbitals

Hatural Fopulation

Natural  —--——-———mm

Atom Mo Charge Core Valence Bydberg
________ R == =

clL 1 -0.07987 0,99975 T.0ez270 0.01722

c =z -0.45593 1.999:22 4, 34025 0.01645

H 3 0,271449 0. oooon 0.727148 0.00133

H 4 0,25751 0. oooon 0.74l28 0.00121

C 5 -0.19245 1.599911 4,17113 0. 02221

N & -0.905957 1.99953 L.88223 0.0z2781

H 7 0,39422 0. oooon 0.e0420 0. o009

H & 0.41695 0. oooon 0.581lek6 o.ool3a

H 2 0.27417 0. oooon 0.72459 0.00lz4

E 10 0.81l668 1.9994]1 3.13497 0.04595
Connected to bonao,cor, buffalo,edu S5HZ - aes128-chbe - hmac-mds -
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MM parameters (Chloro-alanine)

QM calculations of
a dimer with a
water molecule

+| ViewerPro - [ala-wat.pdb]

ﬁ File Edit Wiew Tools Modify wWindow Help

\D@EI% " g H &

N

TFEF NS R W ey )
Al
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MM parameters (Chloro-alanine)

Geometry

optimization using

the MM method

Eand S

«1 ViewerPro - [ala-wat.pdb]

ﬁ File Edit Wew Toaols Modify ‘Window Help

H H P

parameters for
Chlorine are
modified in order
to have the same
geometry of the
dimer as from the
QM calculations

from input

E,S
from force field
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MM parameters (Chloro-tyrosine)

New atom
+2| ViewerPro - [tyr.pdb]
- D|Stance (ConS) ﬁ File Edit Wiew Tools Modify  Window  Help

- Angle (Const.) NEE & g H @&
- Torsion (Const.) N
- Charge &
- Van der Waals o
Vod
¢
Jo
.
r
Y
=
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MM parameters (Chloro-tyrosine)

QM geometry
optimization of the
molecule in the gas
phase

Fil=  Edit

H gl ~ 2 &

& Quick Connect | ] Profiles

Wiews Window  Help

El 3:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

EEEYLS

-1 Oy on L

§LED
jobtype
exchange
hazis
nem_static
mem_total
Fend

171
. 265
322
193
S 529

g.
9.
10.
9.
7.

=11
043
103
T35
QZZ

Conneck guickly without profiles

10.
10.
10.
10.
10.

G235
466
375
a9
g9

opt
b3lyp
B-3L1+GF
256
Z000

geometry optimiza
hybrid exchange
Pople's double ze
Static memory
Total memory

S5HZ - aes128-chbe - hmac-md
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MM parameters (Chloro-tyrosine)

Results of the

calculations

ﬁ File Edit “iew Tools Modify Swindow Help
\ NS H & L H @

E s R OEET )
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MM parameters (Chloro-tyrosine)

Calculations of the

optimal geometry

with a fixed «1 ViewerPro - [tyr.pdb]
interatomic
distance

ﬁ File Edit W%ew Tools Modify Sdindow  Help

heE & g H & P

LN

k
i
o
¢
v

)

g
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MM parameters (Chloro-tyrosine)

Constrined interatomic
distance

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

File Edit

H &l 2 B

&1 GQuick Connect ] Prafiles

Wiew  Window Help

B &) S @

SEEem
Jobtype opt
excharnge h3lyp
ba=is B-314G*
uEm Static 258
wey total 2000
§end

AN
Fopt
CONSTRAINT
stre 1 2 1.4
ENDCONSTRAINT
Fend

Connecked ko bono, ooy, buffalo, edu

geonetry optimiza
hybrid exchatnoge
TPople's double =e
Jtatic memory
Total memory

93H2 - aes128-chbe - hmac-md

Page 24



MM parameters (Chloro-tyrosine)

Results of the
calculations

E3 Microsoft Excel - tyr-vib.xls

@_] File: Yiew  Insert  Format

HRWER= RV E N2 P

K7 - f

A E | C | D
1 |Dist.  Energy
\& |angs. A kealim
YA 1.4 10894733 5092
4 1.6 -1089.5504 564
5 1.6 -1089.5584 0.00
B 2.0 -1089.5553 259
i 2.2 10895471 774
g 2.4 -1089.5395 12.41
5

-1089.5594
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MM parameters (Chloro-tyrosine)

E3 Microsoft Excel - tyr-vib.xls

POtentIa| energy @_] Fil=  Edit Miew Insert  Format  Tools  Datka Window  Help
surface of the O-C| HANEN" REN= RENE AN NN AN RACRAN
. L9 - B
stretching S - R R
1
N2 0-Cl Potenatial - B3LYP/6-31+G*
3 o y = 130x° - 523x + 519
1 \1;\ |
5 | 25 —— Caculated
b \ ——Harmonic
. 720
Harmonic 8
: : 8115
approximation:
PP DSEN =
E = IK 2 13| 5 //f
. (q o qo) 14 v
16
17| 5 1
13 1.4 1.6 1.8 2.0 2.2 2.4 2.6
;ﬁ Distance O-Cl {Angstrom)
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MM parameters (Chloro-tyrosine)

Geometry

optimization 7 ViewerPro - [tyr.pdb]

with a 83 Fle Edit Wiew Tools Modify Window Help
constrined DEE & w ¢ H @
torsion angle N
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MM parameters (Chloro-tyrosine)

Geometry optimization
with a constrined torsion
angle

File Edit

B gl © 2 B

&1 Quick Connect || Profiles

Yiew Window  Help

& 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

EEREY L

exchange
basis

mem static
el total
§ BT

Fopt
CONSTREAINT

tors 1 2 L 6
ENDCOMNSTEAINT
fend

loo0.0

Connected to bono,cor, bufFalo,edu

bilyp
B-31+G*
256
2000

hybrid exchange
Pople's double =et
Static mewmory
Total memory

S5HZ - aes128-che - hmac-mds

Page

28



MM parameters (Chloro-tyrosine)

Results of the
calculations

E3 Microsoft Excel - tyr-rot. xls

; @_] File

Edit  Wiew Inserk  Faormak

ARNE=R" RENE= REN AN

Chart Area | =

A B c |
1 |Angle  Energy kcal/m
2 0.0[-1089.5572] 1.0
~_,  200]-1083.5576| 087
4 40.0( 10895577 075
& B0.0|-1039.5585) 027
3] §0.0( -1039.5558| 0.00
7 | 100.0)-1059.55858| 007
§ | 1200 -1059.5586| 022
8 | 1400)-10592.5580| 059
10| 160.0(-1089.5576| 0.83
11| 180.0(-1089.5573| 1.02
12| 2000 -1039.5576| 0.83
13| 220.0|-1039.5550| 058
14| 240.0(-1039.5586| 022
15| 2B0.0|-1039.5558| 0.07
16 | 280.0(-1039.5559| 0.00
17| 300.0(-1089.5585| 027
18| 320.0(-1089.5577| 075
19| 340.0(-1089.5576| 087
20| SR0.0)-1089.5572) 1.07
21
22 -1039.5559
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MM parameters (Chloro-tyrosine)

Potential energy
surface of the
internal rotation

- Angle at the minimum
- Energy at the maximum
- Number of maxima

Edit

Wi

Insert

E3 Microsoft Excel - tyr-rot.xls

2] File

Farrnak Data

Wiindoe

Help  ado

NG H ISR TE s B S0 o)

L7 - i

D E | F H | ]
1
S COCl-Internal Rotation - B3LYP/6-31+G"
3 A
2.5 1

4
5
E 2.0
i =
8] 2 15
9| =

X
0] = 1.0 £ )
ISR /
E 2 05 \ 4

[SN]
14 \_/ \/
15 0.0
16
17 0.5 ,
18 0 40 80 120 160 200 240 280 320 360
lg Internal Angle (Deqgree)
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MM parameters (Chloro-tyrosine)

Calculations of natural

orbitals 0 &R os

;'_'| Quick Conmect || Profiles

File Edit ‘iew ‘indow Help

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

EEEY IS

C 1.264207
a 1.4463351
a 1.923343
H Z.503199

nho

mem static
mem total
§end

Connected to bona,cor, buffalo,edu

0.1186356
0.497125
0.631a05
1.338225

sp
b3lyp
6-31+GF
true
256
2000

0.156556
1.320134
-0.8823504
-0.549317

! geometry optimi=zat
! hybrid exchange

! Pople's double =zet
I natiral orhitals

| 3tatic memory

! Total memory

SSHZ - aes128-che - hrmac-rmdS
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MM parameters (Chloro-tyrosine)

‘H 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell

File Edit Wiew Window Help

B gl 2 B

&1 Quick Canmect || Prafiles

\ Natural Population

Atomic charges
calculated using
natural orbitals

EEE LS

Natural  ---—————— e
Atom Mo Charge Core Valence Bydberg
cl1 1 0.12906 Q.99938 6. 35690 0.0141l6
oz -0.458746 1.99975 = L 0.02111
cC 3 0.27141 1.939579 3. 70448 0.02534
C 4 -0.22947 1.93301 4, 21371 0.01675
H 5 0.z26056 0.00o0o00 0. 73793 0.00121
C & -0.23l6l 1.99904 4, 21724 0.01l533
H 7 0.245341 0.000oao 0. 75063 0.0009&8
C & -0.23122 1.939901 4, 21550 0.01&672
H 2 0.25980 0.0oooo 0.73899 0.00122
C 10 -0.23625 1.99905 4, 22091 0.01l628
H 1l 0.z246la 0.0oooo 0. 75274 0.0011o0
E 12 -0.03054 1.99306 4, 01377 0.0177:2
Connected ko bono,cor, buffalo,edu 33HzZ - aes1z28-che - hmac-mds -
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MM minimization of amino acids and base pairs

MM minimization
requires two files:
preparation and

Initial
Coordinates

parameters files for

each molecule J] Preparation
(amino acid) | File
Minimization
Parameter
l File

Minimized
Coordinates

Page 1



MM minimization of Chloro-alanine

Chloro-alanine +F| ViewerPro - [ala]
\ @ File Edit Wew Tools Modify Swindow  Help
Lz & g H P

FRPIES R OGN

Page 2



MM minimization of Chloro-alanine

Preparation file
of Chloro-
alanine

“E 1:ubunix. buffalo.edu - ubunix - SSH Secure Shell

Filz

H &l &£ B

Edit  Yiew indow  Help

;'_'| Quick Conmect || Profiles

EEEY IS

B o =z
Thiz iz a remark line
malecule.res
ALT INT O
COREECT OMIT DO

0.o000

1 DM DO il

2 DUMM DO il

3 DUMM DO il

4 CL Cl il

5 CE CT il

& HEZ Hl E

7 HE3 Hl E

g Ci CT ol

9 N n B

10 H H E
11 HN H E
12 Hi Hl E
13 C C il
14 0 ] E
"ala.in™ 32L, 131&C

BEG

=

Connected to ubunix, buffalao,edu

L R Y Y oy O 8 Y SO T o T el |

[m R R e R T, BN OO O SR S =

11
[ el A

L0 Y SO oy Y Y R o T A I

R = =l =l = =T I S S S S

.0on
. 4449
52
. 540
.T60
.09l
. 080
52l
. 4359
.oon
.oon
L0592
.5lE
.2534

111.
111.
1Z1.
105.
109,
110,
105.
109.
109.
109.
111.
115.

.0

.0

1

208
g3l
747
g dd
135
450
510
503
251
755
dZd

.0

.0

.0
130.
-14z.
-Z1.
-140.
3.
6.
a0,
-59.
-177.
-55.
Ta.

oo
a0z
473
337
130
ool
157
g0d
g05
5
g5

Looooo

.goano

.goano
-0.175356
-0.01Z53
0.09014
0.07a35
0.12766
0.&8951:2
0. 36630
0.373868
0.10l1as
0.63173
0. 52737

55HZ - ags128-che - hmac-mds - none




MM minimization of Chloro-alanine

Parameter file of

Chloro-alanine ‘# 1:ubunix. buffalo.edu - ubunix - $5H Secure Shell

File Edit ‘iew ‘indow Help

EH & £ S8 % &

;'_'| Quick Conmect || Profiles

BOND

C1-CT 200,00 2.00

ANGLE

C1-CT-CT 100,00 109,50

Cl-CT-HC 100,00 109,50

DIHEDEAL

C1-CT-CT-C 1 10,000 1a0. 000 3.000
Connected ko ubunix, buffala,edu S5HZ - aes128-ch
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MM minimization of Chloro-alanine

Antechamber
program
generating the
preparation file

“E 1:ubunix. buffalo.edu - ubunix - SSH Secure Shell

File Edit Wiew Window Help

H S " & B2Bl8 #& 00 % &8

&1 Quick Cannect || Prafiles

for Chloro- :
. [mfrein@bono alals 1=
alanine ala.in ala-mm. pdb ANTECEAMEER,_AC. ACO ANTECHAMEER, FREF. A

dala-min.out ala.par ANTECHAMEER, AMIECC.AC ATOMTYFPE. INF
ala.min.out ala.pdb ANTECHAMEER, AMIECC PEE.&AC divcon. dmx
ala-min.phz ala.top ANTECHAMEER, BOND TYFPE.AC divcon. in
ala.min.pdbh ala.xy= ANTECHAMEER_BOND TYPE.ACO diwcon.out
ala.min.xvyz ANTECHAMBER_AC.AC ANTECHAMEEER_FEEP.AC divcon. rat
[mfreinf@hono alals module load amber /S

[mfrein@bono alals 1=

ala.in ala-nm. pdh ANTECHAMEER,_A4C.ACO ANTECHAMEEE,_FREF. 4
dala-min.out ala.par ANTECHAMEER, AMIECC.AC ATOMTYFPE. INF
ala.min.out ala.pdb ANTECHAMEER, AMIECC PEE.&AC divcon. dmx
ala-min.phz ala.top ANTECHAMEER, BOND TYFPE.AC divcon. in
ala.min.pdbh ala.xy= ANTECHAMEER_BOND TYPE.ACO diwcon.out
ala.min.xvyz ANTECHAMBER_AC.AC ANTECHAMEEER_FEEP.AC divcon. rat
[mfrein@hono alalsy antechamber -i ala.pdbh -fi pdb -0 ala.in -fo prepi -c boc
< N
Connected o ubuni:, buffala, edu S5HZ - aes128\che - hrac-mds - none | 981

PDB Input file Prep output file
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MM minimization of Chloro-alanine

Antechamber
program
generating the
preparation file

‘H 1:ubunix.buffalo.edu - ubunix - S5H Secure Shell

File Edit Wiew Window Help

E &l "2 2260 & S0 % &8

& Quick Connect ] Prafiles

fC)r (:r]|C)r()' -rwy-r--r-- 1 mfrein furlani 1465 Dec & 15:35 ANTECHAMBEER, BEOND TYPE.ACO
alar_lir.]e -ry-r--r-- 1 mfre%n furlan% 1468 Dec 6 15:33 ANTECHAMEEER EOND TYPE.AC
-rw-r--r-- 1 mfrein furlani 1465 Dec & 15:35 ANTECHAMBER AC.ACO
-rw-r--r-- 1 mfrein furlani 1468 Dec & 15:35 ANTECHAMBER AC.AC
-tw-r--r-- 1 mfrein furlani 781 Dec 6 15:38 diwveoon.in
-rw-r--r-- 1 mfrein furlani 845 Dec & 15:38 divcon.rst
-rw-r--r-- 1 mfrein furlani leedd Dec 6 15:38 diwvcon. doms
-rw-r--r-- 1 mfrein furlani 61394 Dec & 1l5:38 diwvcon.out
-rw-r--r-- 1 mfrein furlani 1465 Dec & 15:35 ANTECHAMBEER AMIECC PRE.AC
-ry-r--r-- 1 mfrein furlani 1465 Dec & 15:35 ANTECHAMBER AMIEBCC.AC
-rw-r--r-- 1 mfrein furlani 1465 Dec 6 15:35 ANTECHAMEEER PREF.ACO
-rw-r--r-- 1 mfrein furlani 1468 Dec & 15:35 ANTECHAMEBER FREFP.AC
-tw-tr--r-- 1 mfrein furlani 3008 Dec & 15:38 ATOMTYPE.INF
-rw-r--r-- 1 mfrein furlani 1318 Dec & 15:38 ala.in
-rw-r--r-- 1 mfrein furlani 1557 Dec & 1l5:33 PEEP.INF
-rw-r--r-- 1 mfrein furlani g45 Dec 6 15:35 NEWPDE.FPDE
[mfreinfbono alals I A
Connecked to ubunizx, buffalo,edu 55HZ - ags128-cbe - hmac-mds - none | 95

New PDB file
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MM minimization of Chloro-alanine

The preparation
file for Chloro-
alanine

El 1: ubunix. buffalo.edu - ubunix - $5H Secure Shell

Fil= = Edit  Wiew ‘Window Help

HE &l 2 B

&1 Quick Connect || Profiles

RN L

oo =z

Thiz is a remark line

molecule.res
LLT INT 0

COREECT OMIT DO
0. o000

1 DM Do M

g DUMM DO il

3 DM DO M

4 CL cl M

5 CE o3 M

& HEZ hl E

7 HE3 hl E

g Ci 3 M

9 N ni B

"ala.in™ 3Z2L/\ 131&C

BEG

L I R R Y O S T O s

L T R R O FL I S s B

= O

.0oa
. 443
Lh2E
. 540
760
.091
090
52l
433

111.
111.
1:21.
10s.
109,
l1a.
103,

208
g3l
a7
gdd
1395
450

1a30.
=142,
-Z1.
-140.
93.
al.

oaa
S0z
473
337
150
ool

.0ooaa
.ooooo
Looooa
-0.17545
-0.01276
0.09003
0.o%7ao
0.12735
-0.335241

S5HZ - ags128-cbe - hmac-mds - none | 95

The atomic types should be corrected
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MM minimization of Chloro-alanine

The home directory
of the AMBER
program

File Edit

H &l &2 B

& Quick Connect ] Prafiles

Wiew Window  Help

“El 1: ubunix. buffalo.edu - ubunix - $SH Secure Shell

EEEN LS

fremod. constph freomod.mod phipsi. 2
fremod. dod fremod. nma

froemod. ££03 fromod.pols

Rrcomod. meok fremod. spoe
[mXreinfbono parm]s pwd

AatN famber fanberd /dat/leap /parm
\riffbono parm]i ls

Xhiol3 freomod. nma
fromod. coaatph fromod.pols
fromod. dod freomod. spoe
froemod. ££03 fremod. tipdn
fremod. meoh fremod. tipdpew
fremod.mod_phipsi.l frowmod. tiplp
froemod.mod phipsNE  freomod.urea
[mfreinfbono parm]¥) pwd

Aatilfamber fanber8fdat/leap /parm
[mfreinfbonn parm]sé vi parm?9.dat

Connected ko ubunix, buffala, edu

fromod. tipdpenwr
fremod., tipsnp
fremod.urea
gaff.dat

gaff. dat
glycanid, dat
glycanldEF. dat
ricgen. dat
opls.info

opls parm.dat
parmil. dat

S5HZ - aesl28-che - hmac-mdS - none

glycanOdEP. d=
rmicgen. dat
opls.info
opls_parm.dat

parmdlix.dat
parm?d, dat
parmia. dat
parmis. dat
parm?9, dat
parm9EP. dat

G
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MM minimization of Chloro-alanine

The Parm99 file

‘H 1:ubunix.buffalo.edu - ubunix - S55H Secure Shell

File

H &k &2 B

& Guick Cannect || Prafiles

Edit

Wiew Window  Help

WEEEIE WL

EARHSS for DNA,FNA AR, organic molecules, TIP3P wat. Polariz.s LI

C

Ci
CE
CC
CD
CE
CH
CH
Ci
CE
CT
Cv
CI
o+
CT
CZ
cao

Connected to ubunix, buffalo,edu

1:2.
1Z.
1z.
1z
12
1:2.
1Z.
1Z.
1:2.
1Z.
1z.
1z
12
1:2.
1Z.
1Z.
40.

oL
oL
oL
oL
oL
oL
oL
oL
oL
oL
oL
oL
oL
oL
oL
oL
03

1]

L I O s Y e O s Y s Y s s s Y s e N s e Y o s |

.B1l6
360
L3360
. 360
. 360
. 360
360
360
360
360
LG5
. 360
. 360
. 360
360
360

apa
zpa
sp2
sp2
apa
apa
zpa
apa
apa
zpa
sp3
sp2
apa
apa

C carbonyl group

C pure aromatic [(ben=ens
aromatic C, 5&6 memhere:
aromatic C, 5 memh. rin
C atom in the middle of:
C & mewmb.ring in purine:
C pyrimidines in pos. !
C aromatic 5S&6 memb.ring
Cin 5 mem.ring of puri:
arom as CQ but in HI3
aliphatic C

arom. 5 memb.ring w/l N
arom. & memb.ring wsl M-
arom. 5 memb.ring wsl =

nitrile C [(Howard et al.dJCC,

zp C

[Howard et al.JCC,16,2:

calcium

553HZ - aes128-cbe - hmac-mds - none | 82
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MM minimization of Chloro-alanine

& 1:ubunix. buffalo.edu - ubunix - 55H Secure Shell

File Edit \Wiew ‘Window Help

H &l © 2 B B S S @

&1 Quick Connect || Profiles

The parameter file
for Chloro-alanine

BOND
C1-CT Z00.00 l.80

ANGLE
Cl1-CT-CT loo. oo 113.00
Cl1-CT-HC loo. oo 10&.00

Should be 1 for a
particular torsion

0. o000 3.000

The maximum energy
divided by 2 and by
number of torsions
involved in this bond

55HZ - aesl28-chbe - hinac-mds - nc

/ . ‘
Should be 0 if the Should be 180 if the Number of
Maximum is at 0 degree Minimum is at 0 degree maxima

Page 10




MM minimization of Chloro-alanine

Tleap program
links the
preparation and

parameter files with

initial coordinate

file, and generates

the topology and

starting coordinate

files

Initial
Coordinates

J] Preparation
) File
Tleap
Parameter
J} J7 File
Topology Coordinate
File Files

Page 11



MM minimization of Chloro-alanine

E 1:ubunix. buffalo.edu - ubunix - S5H Secure Shell

File Edit \Wiew ‘Window Help

d &l 2 & d ) % @

& Qs Conmect || Profiles

Tleap program

ala-mm. pdh CHAMEER_AMIECC PRE.AC diwcon.out

ala.par EF_EOND_TYFE.AC divoon. rat
[mfreinfhong alals tleap

-I: Adding futil/fawber famhers/dat/leap/prep to search path.
-I: Adding futil/sawber/amberd/datsleapslibh to zearch path.
-I: Adding Autilsawber/ambers/dat/leap/parm to search path.
-I: Adding futilsawber/amberd/dat/leap/cmd to search path.

Welcome to LEaP!

Sourcing leaprc: Jutil/amber/awmber8/dat/leap/cund/leapre

Log file: . /fleap.log

Loading parameters: /utilfamber fambers/dat/leap/parn/parm?9.dat
Loading library: /util/amber/amberS/dati/leap/libsall mucleic94. 1lib
Loading library: /til/amber/amherS/dat/leapslibsall amino94, 1ib
Loading library: util/amber/amberS/datileapslibsall aminoct94. 1ib
Loading library: /til/amber/amberS/dats/leap/libsall aminont24. 1lib
Loading library: Juatil/amber/ambers/dat/leap/lib/ionzs%4.1ib
Luiding library: Autil/famber/awberd/dat/leap/lib/solwents.lib

=

Connecked to ubunizx, buffalo,edu 99HZ - aes128-chbe - hmac-mds - none | §2x19
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MM minimization of Chloro-alanine

Loading
parameter file

Loading
preparation file

Loading
coordinate file

‘H 1:ubunix. buffalo.edu - ubunix - 55H Secure Shell

File Edit Wiew ‘Window Help

H &k &2 & #h S S @

& Guick Connect ] Prafiles

Welcome to LEaP!
dourcing leapro: Aatil famber/amberd/dat/leap/scndsleapre
Log f£ile: . /leap.log
Loading parameters: futil//awber/amber/dat/leap/parn/parm39. dat
Loading library: /util/amber/amberf/dats/leap/libsall macleic94.lihb
Loading library: /til/famber/amberS/dat/leap/libsall_aminod4. 1ibk
Loading library: Mtil/fawber/amberd/dat/leap/libsall aminoct94. 1ib
Loading library: /til/amber/amberd/dat/leap/libsall aminont94. 1ib
Loading library: Autil/amber/amberd/dat/leap/libsions%4.1ib
Loding library: Aatilfamber/amberd/dat/leap/slib/ssolvents.lib
» loadimberParans ala.pat
Loading parameters: ./ala.par
Bgading force field mod type file (frcmod)
> loadiwmberPrep ala.in
Loading Prep file: .Jfala.in
> P = loadPdb ala.pdh

O¥ding PDE file: .sala.pdb

total atoms in file: 13

Connecked ko ubuniz:, buffalo,edu 53H2 - aes128-che - hmac-mds - none | §2x19

Page 13



MM minimization of Chloro-alanine

& 1:ubunix. buffalo.edu - ubunix - SSH Secure Shell

File Edit Wiew MWindow Help

H &l " 2 BE

&1 Quick Connect || Profiles

Generating and
saving the topology
and initial coordinate
files

EEEN IS

Loading PDE file: . /ala.pdhb
A total atoms in file: 13
= gavelnberParm P ala.top ala.xye
Checking Thit.
Building topology.
Building atom parameters.
Building bond parameters.
Euilding angle parameters.
Building proper torsion parameters.
Building improper torsion parameters.
old PREP-specified impropers:
<ALT 1>: L[4 0 C 0xT
total 2 improper torsions applied
1l improper torsions in old prep form
Building H-Eond parameters.
Mot Marking per-regidue atom chain types.
Marking per-residue atom chain types.
[ho restraints)
> quit ]

Connected to ubunix,buffalo,edu S5HZ - ags128-chbe - hmac-mds - no

Page 14



MM minimization of Chloro-alanine

‘Hl 1:ubunix. buffalo.edu - ubunix - $SH Secure Shell

File Edit %iew Wwindow Help

H &l @ 2 BB &) K @7

& Quick Canmect ] Profiles

Generating and
saving by hand
technical details of
minimization

2000 zteps of minimization
sontrl
N\ imin=1, ntwin=2, drms=0.10,
nth=0, cut=12,
ntc=1, ntf=1,
ntpr=100,
maxcyc=2000,

- S A - -

"min.in™ 8L, 133C

Connecked to ubunix, buffalo, edu 95HZ - aes128-che - hrmac-mds -
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MM minimization of Chloro-alanine

H 1:ubunix.buffalo.edu - ubunix - 55H Secure Shell |._||E|

File Edit Wiew Window Help

H &l @ 2 BB # &S S &N

&1 Quick Connect || Prafiles

Generating and
saving by hand
technical details of

running the MBS -5 /bin/tosh
. . . . #PES -1 walltime=1:00:00
minimization 4PES -1 nodes-lippnel

#PESN T debug

#PE3 -m e

#PE3 -j oe

#PES -0 ala-min.out

#

source FMODULESHOME /init/tcsh

module load amher /5

#

# Set munmber of processors Lo mumber requested from PER
# (requires nodes=l:ppn=N syntax)

#

get NP = “cat §PES_NODEFILE | wec -1°

#

cd $FES_0_TIOREDIER

#

g00_PARALLEL §AMBERHOME /exe/sander -0 -i min.in -o ala.min.out
-¢ ala.®xyz -p ala.top -r ala.nih.xye

Initial coordinate file  Topology file  Minimized coordinate file

Page 16



MM minimization of Chloro-alanine

Transforming the
coordinate file
into a PDB file

“E 1:ubunix. buffalo.edu - ubunix - SSH Secure Shell

File Edit Wiew Window Help

H &l © 2 B SO S @K

& Quick Connect || Profiles

get NF = ‘cat sPEX_NODEFILE | weo -1°

#
cd $PBS_0_WORKDIE.

DN PARALLEL $AMEBERHOME fexe/zander -0 -i minh.in -0 ala.min.

ala.in ala-mm. pdh ANTECHAMEER_AC. ACO
ala-min.out \ala.par ANTECHAMEER_AMIECC. AC
ala.min.out ala.pdb ANTECHAMEER, &MIECC_PRE.AC
dala-min.pbs alN.top ANTECHAMEEER, BOND _TYFPE.AC
dla.min.pdb alaNye ANTECHAMEEER, BOND TYFPE.ACO
ala.min.xyz ALNTECXAMEER AC.AC ANTECHAMEEER FREF.AC

Connected to ubunix, buffala,edu S5HZ - aes128-che - hmac-mds

out -c ala.xy

ANTECHAMEEER. T
ALTOMTYPE. INF
divoon. doms
divcon.in
divcon. out
divcon.rst

[mEreinfbono alal$ awbpdb -p ala.top < ala.min.xyz > ala.nin.pdb I

-none | Q0x16

Page 17



MM minimization of Chloro-alanine

Optimal geometry

«| ViewerPro - [ala.min]

Of Ch|OrO-a|anlne @Eile Edit Miew Tools Modify  Window  Help

after MM NSH| & walln®

minimization
of
&
r
[
g
o
i
i
e
i

Page 18



MM minimization of Chloro-alanine

Modified

# 1:ubunix.buffalo.edu - ubunix - 55H Secure Shell

parameter file of
Chloro-alanine H Sk =

& Quick Canmect || Profiles

File Edit %iew ‘Window Help

YEEKE YL

B O

Cl1-CT 200,00

ANGLE

C1-CT-CT loo. 0o 113.00
C1-CT-HC loo. 0o 10e.00
DIHEDEAL

C1-CT-CT-C 1 10.000

L |

Connecked to ubunix, buffalo, edu

130, 000 3.000

35HZ - aes128-che - hmac-mdS - none
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MM minimization of Chloro-alanine

Optlmal StrUCtU re +| ViewerPro - [ala.min]
Of Ch|OrO-a|anIne @ File Edit Miew Tools Modify  Window  Help
after parameter Nl & ‘s o H @

modification

Fa Seowy WG DD

Page 20



MM minimization of Chloro-tyrosine

Optimal structure

of Chloro-tyrosine
after QM
calculations

ﬁ File Edit Wew Tools Modify ‘Window Help

LDedE &

H #

PRP PSR O EF

I

Page 21



MM minimization of Chloro-tyrosine

The parameter
file of Chloro-
tyrosine

Hl 1:ubunix. buffalo.edu - ubunix - S5H Secure Shell

File Edit \Wiew ‘Window Help

H &l @ 2 B

& Quick Connect || Profiles

RN

BOND

0s-Ccl 200.00 Z.00

0%-Ch Z00.00 1.40

ANGLE

Cl-03-Ca loo.0o 1z20.00

05-CA-Ca 100,00 120,00

DITHEDEAL

Cl-03-Ca-Ca 1 0,250 lao.0ao 2.000

Connecked ko ubunizx, buFfala,edu

S5HZ - aes128-che - hmac:
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MM minimization of Chloro-tyrosine

The optimal
geometry of F ViewerPro - [tyr.min]
Chloro-tyrosine
after modified
MM
minimization

ﬁ File Edit W%ew Tools Modify Sdindow  Help

LeE &

oS e R e S

Page 23



MM minimization of a small peptide

The initial
geometry of
ALA-TYR
peptide

AN

+#1 ViewerPro - [small. pdb]

DeE &

ﬁ File Edit Wwiew Tools Modify Window Help

T S | R -=:r{}+§+/€=-=r
e

Page 24



MM minimization of a small peptide

The minimized
structure of the +F| ViewerPro - [small.pdb]

peptlde (red) ,@Eile Edit “iew Tools Modify ‘Window Help
compared with bed & H -
the initial A
structure of this s
4
molecule (blue) =
\ =
4
o
2.
dr
¥
=

Page 25



MM minimization of a small peptide

The input file of
minimization with
absolute constrins

# 2:bono.ccr.buffalo.edu - U2 - §SH Secure Shell

File Edit Wiew ‘Window Help
H &k @ 2 B S Y SN

;j Quick Connect | Profiles

2000 steps of minimization
socntrl

imin=1, ntmin=2, drms=0.40,
nth=0, cut=12Z,

nte=1l, ntf=1,

ntpr=100,

waxcyc=2000,

ntr=1,

restraint wt=500.0,
Bestraintmask='@32",

"wAT.in™ 1ZL, Z200C

The position of the
atom 32 is constrined

55HZ - aes128-cbe - hmar

Connecked ko bono, ooy, buffalo, edu
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MM minimization of a small peptide

The |n|t|a| (blue) +¥| ViewerPro - [small. pdb]

and final (red) &3 Fle Edt Wiew Tools Modfy Window Help
geometry of the JoEa & 2
peptide after
minimization with a
constrined position
of the carbon atom

PR TS RO H

The constrained atom

Page 27



MM minimization of a small peptide

The input file of
minimization with
relative constrins

Hl 3:bono.ccr. buffalo.edu - U2 - §5H Secure Shell

File Edit %iew ‘Wwindow Help
H Sk @ 2 B dh S Y @R

.-'_'| Quick Connect || Profiles

2000 zteps of minimization
sontrl
imin=1, ntmin=:, drms=0.40,
nth=0, cut=1Z,
ntc=1, ntf=1,
ntpr=100,
A maxcyc==0000,
mmropt=1,
£
Wt type='END' f
DIZANGF=zmall.rst

‘min.in™ 1ZL, 120C

Connecked ko bano, oo, buffalo.edu S5HZ - aes128-che - hrnac-me

The file with constrins

Page 28



MM minimization of a small peptide

The ConStralnS flle ‘El 3:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew Window Help

B gl 2 B S S @K

&1 Quick Canmect || Prafiles

# interatomic constraints
kst lat=12,34, rl=3.80, rZ=4.00,
r3=4.00, rd4=4.20, rkZ=50.0, rk3=50.0, /

The atoms to be
constrined

The shape of
the potential

S5HZ - aes128-che - hmac-rmds

The potential
force constants

Page 29



MM minimization of a small peptide

The initial (blue) < ViewerPro - [small.pdb]

and the flnal (red) @Eile Edit Wiew Tools Modify Window Help
geometry of the NEH & ™ g [ H
peptide, N
minimized with the |
mteratqrmc \i
constrain By

r

7

o

a.

o

¥

=
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MM dynamics of small proteins and nucleic acids

MM dynamics has
two steps: heating
and real dynamics

Each step requires
two files the topology
file and the initial
coordinates file

Minimized
Coordinates

v

1. Heating

v

Topology
File

Heated
Coordinates

!

2. Dynamics

v

Topology
File

Trajectory

Page 1




MM dynamics of Chignolin

Experimental
PDB structure
of Chignolin

+7 ViewerPro - [1UAO.pdh]

ﬁ File Edit Yew Tools Modify ‘Window Help

LhzE & g H P

N

PSR S A

Page 2



MM dynamics of Chignolin

The PDB file of
Chignolin

El 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

Fil=  Edit

H gl 2 B B E) S | @ N7

&1 Quick Connect || Profiles

Wiews Window  Help

Technical details

ERYSTl l.000 1.000 lL.000 20,00 20,00 20,00 P 1

H ORIGHL l.o000o00  o.000000  0.000000 0. oooao
()f €3)<F)Ear|rT]EBr1t 0.o0000o00  1.000000  0.000000 0. 00000
ORIGS 0.000000  o.000000  1.oooooo 0. 00000
SCALEL l.o00ood  o.00000d  0.000000 0. 00000
JCALEZ 0.o0000o00  1.000000  0.000000 0. 00000
GCALES 0.000000  o.000000  1.oooooo 0. 00000
MODEL 1
ATOM l1 N GLY & 1 -6.773 -1.424 4.z200 1.0
ATOM £ Ch GLY & 1 -6.578% -0.705 Z.5896 1.0
ATOM 3 C GLY &4 1 -5.557 -0.8540 Z2.138 1.0
4 0 GLY &4 1 -4.640 -1.504  Z.579 1.0

Atomic
coordinates

Connected ko bana,cor, buffala, edu S5HZ - aes128-che - hmac-rds -
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MM dynamics of Chignolin

The initial
coordinates in
a PDB format

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

File  Edit

E &l 2 B

&1 Quick Connect ] Profiles

Miew  Window Help

S8 % @

RTOR A
ALTOM
LTOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ALTOM
LTOM
ATOM

"chi-ini.pdbh™ 73L, A31&C

Connecked ko bana, ooy, buffala, edu

CE TYR
CG TYR
CI'l TYR
CDz TYR

R REREREREREPREREREE

| S T T R ot T o T I I i i

-,
-a.
-4,
-4,
-5,
-4,
-3.
L25E
-4,
-3.
-Z.
-Z.

g
G785
557
A0
452
132
137

430
z2la
780
474

-1.
-0.
-0.
-1.
-0.
-0.
.T44
. G943
-0.
-0.
-1.
LOL5

4z
705
G40
504
212
302

045
141
383

200
LG94
. 138
.59
L9949
213
LT
0,34z
-1l.264
-Z.065
-z.544
-Z.342

o e T T Y ot Y % Y Y

S5HZ - aes128-che - hmac-n
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MM dynamics of Chignolin

The Tlep program
generating & 1:bono.ccr.buffalo.edu - U2 - S5H Secure Shell
topology and

coordinates files

File Edit Wew Window Help

B &gl " & & B £ S S @

+ | Quick Connect || Profiles

chi.mdl.:x chi.mdd.ene chi.mdé.pdb chi.wd®.crd chi.pdb
[mEreinfbono chi module load anber/S

[mfrein@bono chigmols tleap

-I: Addding Afutilfawmber/amberd/dat/leap/prep to search path.
-I: Aadding Autilfamberfamberd/dat/leapslib to search path.
-I: Adding Autilfawber fambers dat/leapsparm to zearch path.
=I: Adding Autilfawbersamberd/dat/leapscmd to search path.

Welcome to LEaP!
Jourcing leaprc: Jutil/samber/amberd/dat/leap/scmd/leaprc
I Nt Log file: ./leap.log

L'()Ea(jlr]gg tr]ea |r]|t|€i| Loading parameters: futil/awber/amber3/dat/leap/parm/parn99.dat

Coord|nates Loading library: /util/amberfamberS/datisleaps/libfall_rmcleic94d. 1ihb
Loading library: /utilfamber/ambers/dat/leap/libsall amino®4.1ihb
Loading library: /utilfamber/samberS/dat/leapslibsall aminoctf4.lib
Loading library: /utilfamber/sambers/dats/leapslibsall aminontf4.lib

oading library: /util/amber/amberd/daty/leap/lib/ions94. lib

Lod{ing library: /util/amber/amberd/datsleapslibssolvents.lib
> P = loadPdb chi-ini.pdbl]

Connected to bona,cor, buffalo,edu S5HZ - aes128-che - hmac-mds - none | 9
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MM dynamics of Chignolin

A 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew Window Help

HE gl 2 B

&1 Quick Connect || Profiles

. T i | &l e 9
Saving the initial L8 % &x

PDB flleS sourcing leapro: Afutil/amber/samberd/dat/leapscmd/leaprc

(W'th hydrogens) Log file: ./leap.log
Loading parameters: Jutil//amber/awmberd/dat/leap/parm/parnd9.dat
Loading library: /til/famber/amberS/dati/leapslibfall_rmcleic94. 1ib
Loading library: /util/amber/ambers/dat/leaps/libsall amino94.1ib
Loading library: /util/amber/amberS/dat/leapslibsall aminoct94.lib
Loading library: /util/ambersambers/dats/leapslibsall aminont24. lib
Loading library: Jutil/amber/samberd/dat/leap/lib/ions94. 1lihk
Loading librarvy: Asutil/amber/sambers/dat/leapslib/ssolwvents.lib

H » P = loadPdbh chi-ini.pdb
SaVIng the Loading PDE file: ./chi-ini.pdh
total atoms in file: 77
top0|ogy and Leap added 6l missing atoms according to residue templates:
. . ‘ )
coordinates files 51 H / lone pairs

> gavePdbh P chi.pdb
Writing pdb file: chi.pdhb

shortening residue name for PDE format: NGLY ->= GLY
Khortening residue name for PDE format: CGLY -> GLY
> savebnberParm P chi. top chi.xyzl

Connecked ko hana.ccr.huFFalaﬂdu K 95HZ - aes128-che - hmac-mds - none

Topology file Coordinates file

Page 6



MM dynamics of Chignolin

Building the
topology and
parameter data

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

File Edit Wiew ‘Window Help

HE &l 2 B

&1 Quick Connect || Profiles

RN L

Euilding topology.

Building atom parameters.

Building bond parameters.

Building angle parameters.

Building proper torsion parameters.

Building improper torsion parameters.

N total 34 improper torsions applied

Building H-Bond parameters.

HNot Marking per-residue atom chain types.

Marking per-residue atom chain types.
[Fezidues lacking connectO/connectl -
these don't hawe chain types marked:

res total affected

CGLY 1
MNGLY 1
!
[no restraints)
> mquit ]

Connecked ko bono, ooy, buffalo,edu 953HZ - aes128-che - hmac-md

Page 7



MM dynamics of Chignolin

& 1:bono.ccr. buffalo.edu - U2 - SSH Secure Shell

File Edit  Yigw ‘Window Help
EH & -4 S B @R

;'_'| Quick Connect | Profiles

Technical details
of minimization

EDDD gteps of minimization
sontrl
A imin=1, ntmin=2, drm==0.20,
nth=0, cut=1lZ,
nte=1l, ntf=1,
ntpr=100,
maxcyc=2000,

AR -

Connected to bono, ook, buffalo,edu 53HZ - aes128-chbe - hmac-m

Page 8



MM dynamics of Chignolin

Technical details
of running
minimization

‘H 1:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit Wew Window Help

B &gl " & & B £ S S @

& Quick Connect ] Prafiles

Input flle Of B Set number of processors to mumber redquested from FES
# (requires nodez=l:ppn=N syntax)
minimization #
==t NP = "cat §PFE3_NODEFILE | wc -1°
#
cd §PES_0_WOREDIR
#

>
D00 _PARALLEL fAMBERHOME /exe/sander -0 -1 min.in -o chi.min.out
-c¢ chi.xy¥z -p chi.top -r chi.min.xys

Initial N
coordinates 12,1 Bot

Zonneckéd ko bono.cor. bufFalo. edu S5HZ - aes128-che - hmac-md$ - none | ¢

/ / I
Topology file Minimized Output file of
coordinates minimization

Page 9



MM dynamics of Chignolin

Technical details

. ‘Hl 1:bono.ccr.buffalo.edu - U2 - SSH Secure Shell
of heating

File Edit Wiew Window Help

H Sk 2 2@

&1 Quick Connect | Prafiles

EEEY L

Eﬂps dynamics, heating 0-300K
&ontrl
A imin=0, irest=0, ntx=1l,
ntt=1, tenpi=0.0, temp0=300.0, tautp=1.0,
ntc=1l, ntf=1, nth=0, cut=1:z,
ntwe=200, ntw<=200, ntpr=200,
natlim=20000, dt=0.001,

E -

"wdl. in™ 8L, Z07C

Connecked ko bono, ooy, buffalo, edu 93HZ - aes128-che - hrmac-mds

Page 10



MM dynamics of Chignolin

El 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit Wiew ‘Window Help

H gl ~ 2 & B S | @R

& Quick Conmect || Profiles

Technical details
of running heating

#

source (MODULESHOME finit/tocsh

module load amher/S

#

# Jet nmumber of procezsors to number requested from PES
# (requires nodes=l:ppn=N syntax)

Input file of
heating

et NP = "cat
#

cd §PES_0_WORKDIE
# N
D0 _PARALLEL $AMBERHOME /exessander -0 -i md0.in -o chi.wnd0.out
-¢ chi.min.xy¥= -p chi.top -r chi.nd0.xys

PES NODEFILE | weo -1°

Initial
coordianates

20,0-1 Eot

Connected ko bdno,cor, buffalo, edu 55HZ - aes128-che - hmac{mds - none | ¢

Heated Output file of

Topol fil
OpOIogY e oordianates heating

Page 11



MM dynamics of Chignolin

Technical details

Of dynamiCS ‘Hl 1:bono.ccr. buffalo.edu - U2 - 55H Secure Shell

File Edit  Yiew Window Help

HE &k 2 @

& Quick Canmect || Profiles

YRR WL

EIIZIps dyhamics

sontrl

A imin=0, irest=1, ntx=5,
ntt=1, templ=300.0, tautp=1.
ntc=1, ntf=1, ntb=0, cut=1Z,

0,

ntwe=500, ntwm=500, ntpr=500,

nstlim=100000, dt=0.001,

E R -

"nd.in"™ &L, 180C

Connected to bono,cor, buffalo,edu

1,1

53HZ - ags128-che - hmac-mds

Page

12



MM dynamics of Chignolin

Technical details
of running
dynamics

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

File Edit Wiew ‘Window Help

E &l 2 B B &) S S @

&1 Quick Connect ] Profiles

Input and output
. . wodule load amherfﬁ
files of dynamics
¥ et _rnumber of processors to number requested from PES

# (requiresodes=1:ppn=N ayntax)

#
get NP = “cat §FBS_NOD | wc -1°
- #
Initial cd $PES_0_WOREDIR
. # =
coordinates |$D0_PARALLEL §AMBERHOME/exe/sander -0 -i md.in -o chi.mdl.out -c

chi.wd0.xy=z -p chi.top -r chi.wdl.xyz -x chi.mdl.crd -e chi.wmdl.ene

@ v A
9,19 47%
Connecked to bono, oo, buffalo, g 93HZ - Aes128-che - hmac-mds - none | 67x13

Final Complete Energy
coordinates trajectory components

Topology file

Page 13



MM dynamics of Chignolin

Technical details
of running several
steps of the same
dynamics

A 1:bono.ccr.buffalo.edu - U2 - S5H Secure Shell - 'E|

File Edit Wew Window Help

B &k @ 2 &B # S0 % SN

& Quick Connect ] Prafiles
§D00_PARALLEL sAMBERHOME /exe/sander -0 -i md.in -o chi.mdl.nutl -C
chi.wdl.xy¥z -p chi.top -t chi.mdl.x¥= -x chi.mdl.crd -e chi.wmdl.ene
§D0_PARALLEL sAMEERHOME /exe/zander -0 -i md.in -o chi.mdZ.out -c
chi.mdl.®xyz -p chi.top -r chi.wdZ.xyz -x chi.wdZ.crd -e chi.wmd2.ene
§D0_PARALLEL SAMBERHOME fexe/zander -0 -i md.in -o chi.md3.out -co
chi.mdZ.xyz -p chi.top - chi.md3.xy=s -x chi.md3.crd -e chi.wmd3.ene
D0 _PARALLEL sAMBERHOME /exe/sander -0 -i nd.in -o chi.wd4.out -C
chi.md3.xy¥z -p chi.top -r chi.mdd.xy=z -x chi.mdd.crd -e chi.wmdd.ene
§D00_PALRALLEL sAMBERHOME fexe/sander -0 -i nd.in -o chi.wd5.out -C
chi.mdd.xy¥z -p chi.top -t chi.mdb.xy¥= -x chi.md5.crd -e chi.wmdb,ene
§D0_PARALLEL sAMEERHOME /exe/zander -0 -i md.in -o chi.mda.out -c
chi.md5.xyz -p chi.top -r chi.wmdé.xyz -x chi.wdb.crd -e chi.wmdS. ene

13,62 g0%

Connected ko bono,cor, buffalo,edu S5HZ - aes128-cbe - hmac-mds - none | 67x13

Page 14



MM dynamics of Chignolin

Energy
components
after 820ps

Hl 1:bono.ccr. buffalo.edu - U2 - §5H Secure Shell
Edit

File

H &l @ &2 B

Wiew wWindow  Help

EEEY I

.-'_'| Quick Connect || Profiles

o
L1

o oo oo oo oD

Hsteps
Tenp
Pres_scal solw
wolume
Fressure
EEConTot
¥IRIAL tot
E_hhon
E_1dwrdur
AV permMoment
Load
L 2941613449E4035
.1000000000E+01
. 0000o0o00a0oE+00
L 000oooo0aooE+Q0
. 0000000000E4+00
.0000o0oo0aooE400
. 000oooo0aooE400
L 345ZZ60Z95E402
.00000oo0a0oE+00

time [(ps)
T_zolute
Boxi
pres_X
EECoM _x
VIRI&L x
E pot
E_hon

E_

l4el

AV indMoment

0. 8205000000E4+03
. 294161353449E403
L T3356036390E402
. Ooaooao0ooE+0D
00000000 00E+0D
L00a00a0000E+00
.1451895299E403
LA95Z857510E402
L 5240150555E403
LQoaooao0ooE+00

Connecked ko bono, ooy, buffalo,edu

Etot

T_zalw

Box¥

pres_T
EECoM ¥
VIRIAL_ ¥
E_wrdw
E_angle
E_const

AV totMoment

-. 2589403531 443E+02

[ I I o

Lo R e B |

93HZ - ags128-che - hmac-mds - none | 91xz1

£83333644ZE+035

L T7254455130E+02
. J0a0oooao0E+00
. 000000000 0E+Q0D
LO0oo0oo000E+QI0
. 3552134356E4+02
LTIETe23366E402
.0oaooaoaooE+00
.0oaooaoaooE+00

EFinetic
Prezs_zacal_saln

Eox=

pres_Z
EECoM =
VIRTAL =

E el

E_dih
E pol

Denzity

0.1192492155E4+03
0.
L FEBE38EZ620E402
L O0o00o0000E+00
L O0000o0000E+00
L O000000000E+00
LB9ZE011656E403
QG605 170BE402
LO0o00o0o00E+00
LO0o00o0000E+00

Lo e I o

Lo e R Y |

dV/dlanbda

lodooooaooE+0l

0.00000C
1,1

Page 15



MM dynamics of Chignolin

Total energy of the

E3 Microsoft Excel - energy. xls

t . E_] File  Edit Insert  Format  Tools  Daka  window  Help
protein as a RN = DI NEN A W e - P
function of C6 2
dynamics time D N - N —

2 Total Protein Energy
i 10 -
5 0 f"\\
5 /1
7= 10
] [ —
8 | E
9| % 20 / \ (
01 /T 1
11 & 30 ™ / \ /
12| @
13| w40 Vi
14 U
15 -50
16
17 50
13 100 300 500 700 900
;g Dynamics Time (ps)

Page 16



MM dynamics of Chignolin

Temperatu re of the E3 Microsoft Excel - temp.xls
prote"'] as a E_] Eile Edit  Wiew Insert  Format  Tools Data  Window Help A
functlonof ijlg 2| il?ﬂlﬁ a @3- J !.E.ﬁ.rial
. . L0 - 2t
dynamics time 5 1 E | F T o1 7 1
2 \ Protein Temperature
£ 330 1
4
5 n
= 320
Lo 310 }
5| =
il LA [N
10| & 300 42 ] -
VIR WAW
12| E
S RARVIRY
14
15 280 v 7
16
17 270
18 100 300 500 700 900
;g Dynamics Time {ps)

Page 17



MM dynamics of Chignolin

Superposition of
10 protein <1 ViewerPro - [chi.md1.pdb]

structures obtained | & &e Edt iew Toos Modfy iindow Help
from 1ns dynamics || D &H & B .

s
&
=
]
g
o
a.
i
e
]

Page 18



MM dynamics of Insulin

Experimental -¥) ViewerPro - [1APH.pdb]
PDB structure &5 Ele Edit Yiew Tools Modfy indow Help
of Insulin DEH &

N

ng H i

Hw R WS e A

Iz
Va

Page 19



MM dynamics of Insulin

Modified PDB file of
insulin

(no crystalographic
water molecules)

“El 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit

H gl " 2 &

& Quick Canmect | Profiles

Wiew  Window  Help

YL

[ N

ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

Connected ko bono,cor, buffalo, edu

[ w S B VR T OO T S

L]

10
11
12
13
14
15
la

]
Ch
[

=

Cxl
CGZ
CIrl
]
Ci
C

0

GLY
GLY
GLY
GLY
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
WLL
V4L
V4L
V4L

FEEPEREREREERRERERERERFRR

LA R T P oot T N T S o T O T A T S e el S

13.
14.
1.
la.
la.
17.
13.
139,
17.
13.
17.
13.
13.
143,
139,
20.

a7l
365
a7a
JZ6
0ag
335
497
382
456
37z
T35
T4z
464
G459
73n
gle

47,
da.
45,
45,
44,
44,
45,
44,
43.
4z,
44,
41.
da.
47.
47,
47,

214
425
G637
oo
973
177
nod
ala
205
155
0ga
naz
330
127
a03
a47

32.135
3l.004
31.343
JZ£.396
30.301
30.435
30.695
31.428
29.193
£9.540
£7.97a6
2d. 433
30.172
30.475
31.917
32.540

53HZ - aes128-che - hmac-mds

Page 20



MM dynamics of Insulin

Bonding cysteine
amino acids in the
tlep program

File Edit Wiew Window Help

H gl " 2 &

& Quick Canmect | Profiles

“El 1:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

YL

- Unit name
- Residue number
- Atom number

ABHEZ 62

A4CE 5-
AHE &

> bond P.7.8 PL2E.E

> bond P.E.2 P.11.8

> bond P.Z0.8 P.40.8

> gavePdb P izl.pdh

Writing pdbh file: izsl.pdb
Shortening residue name for
Shortening residue name for
Shortening residue name for
Shortening residue name for

Saving the topology
and coordinates files
with sulfur bridges

Connected ko bono,cor, buffalo, edu

PDE format:
PDE format:
PDE format:
PDE format:
> gavelnberParm P izl.top isl.xve

NGLY
CLasH
NPHE
Cald

-
-
-
-

53HZ - aes128-che

GLY
ATN
THE
AL

- hrac-mds - non

Page 21



MM dynamics of Insulin

The total energy of
the protein as a

Edit

Views  Inserkt

E3 Microsoft Excel - energy-ins.xls
2] File
HRNET = PR VLA AP R e

Farrnak

Toals

Data

W indo

Help M

Arial

function of

118

-

F

dynamics time

| F

G|

Ho |

Total Protein Energy

//\ _

/ \ A
/ N

/

Dynamics Time (ps)

Page 22



MM dynamics of Insulin

Tem peratu re of the E3 Microsoft Excel - temp-ins.xls
prote|n as a functlon @_] Eile Edit Miew Insert Formak  Tools Data  Window  Help  f
of dynamics time RN = FENFE RN A NN A - EE
24 - ot
p | E |l F | 6 | H [ 1
1
2 \ Protein Temperature
3 330 -
4
5
E 320
F —
g | =< 310 =,
5| < / \ /\
10| & 300 ' S
1] \-/\/
12| E
14
15 280
16
17 270
18 100 300 500 700 900
;ﬁ Dynamics Time (ps)

Page 23



MM dynamics of Insulin

+&| ViewerPro - [isL.md1.pdb]

Superposition

Of 10 prOteln Eﬁile Edit Yiew Tools Modify  Window  Help
structures D& S H @
obtained from ‘;}
1ns dynamics \QS;

g \

J

Jo

a.

¢

Ja

=

Page 24



MM dynamics of DNA

Experimental
PDB +# ViewerPro - [dna-ini.pdb]
@ File Edit Yiew Tools Modify ‘Window Help

structure of a

small DNA PEW & L
L3
z@; §
(@-) b - - !." 5
4 k *
fo _.
- AR
r ) .':,
e ’ )
= . !

Page 25



MM dynamics of DNA

Adding sodium
cations to neutralize
the nucleic acid, in
the tleap program

H 1:bono.ccr.buffalo.edu - U2 - §SH Secure Shell
File Edit Wiew ‘Window Help
H & = | E S S @R

;j Quick Connect | Profiles

Leap added 324 missing atoms according to residue templates:
A 324 H / lone pairs

> addIlons P Na+ 0O

26 Na+ ions required to neutrali=e,

4dding 26 counter ions to "PT using 14 grid

Total solute charge: -26.00 HMax atom radius: 2. 10

Grid extends from solute vdw + 1.5% to  7.327

Box:
enclosing: -10.81 -Z.05 -6.59 £3.34 42,41 40,16
zized: 117.1% 125.95 121.41
edge: 1z8.00

Eesolution: 1.00 Angstrom.

Tree depth: 7

grid build: 0 sec

Volume = 1.537% of box, grid points 32921
I(nn solwent present)

Connecked ko bano, ooy, buffalo, edu 95HZ - aes128-che - hmac-mdS - none | 8¢
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MM dynamics of DNA

Minimization with
constrained
positions of
phosphorus and
sodium atoms

& 1:bono.ccr.buffalo.edu - U2 - 55H Secure Shell
File Edit Wiew Window Help
H & & = ) E S W @

&1 Quick Connect || Profiles

1000 steps of minimization

&cntr!

imin=1, ntmin=2, drms=0.20,
nth=0, cut=12,

nto=1l, ntf=1,

ntpr=100,

maxcyc=1000,

ntr=1,

restraint wt=500.0,
restraintmask="'({{EF=) | (:Nat)',

Connected ko bono,cor, buffalo,edu S3HZ - aes128-che - hmac-mds -

Page 27



MM dynamics of DNA

Total DNA energy E3 Microsoft Excel - energy-dna.xls
as a funCtIOH Of E_] File Edit Wiew Inserk  Format  Tools Data  Window Help A
dynamics time RNEN= BEYFE RN A N REEN R . -

J11 - A
D | E | F G | H | |
A Total DNA Energy
-3000
-3500

4000 /\/\\
NIV
5000 \-/ \ /

V

£ 5500

=
Energy (kcal/mol)

17 £000
13 100 300 500 700 900

Dynamics Time (ps)

Page 28



MM dynamics of DNA

DNA temperatu re E3 Microsoft Excel - temp-dna.xls
as a funCtIOH Of E_] File Edit Wiew Insert Formak  Tools  Chart Window  Help
dynamics time J leg Jsl'j il?ﬂl # =3 [~ S E Arial
Chart Area = i
. b | e ] F Jo6 [ H [ 1
1 |
S DNA Temperature
3 \1{
: N
B 320
7
g 310

18 100 300 500 700 900

Dynamics Time (ps)
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MM dynamics of DNA

Superposition
of 10 DNA
structures
after 1ns

+2 ViewerPro - [dna-md1.pdb]

@ File Edit “ew Tools Modify ‘Window Help

dynamics
temperature

L)
s
s
<
jr
g
do
a.
e
i
s

Page 30



MM dynamics in water solution

MM dynamics in
water solution can be
performed using
implicit or explicit
water molecules

MM dynamics with
explicit water
molecules used a
TIP3P water model

Minimized
Coordinates

v

Water
Coordinates

1. Heating

v

Topology
File

Heated
Coordinates

!

2. Dynamics

v

Topology
File

Trajectory

Page 1




MM dynamics of Chignolin in a sphere of water

Experimental
PDB structure

+7 ViewerPro - [1UAO.pdh]

ﬁ File Edit Yew Tools Modify ‘Window Help

of Chignolin DSH & CERIIE
\ N
B
4
Ee
2
4
Vo
a.

Page 2



MM dynamics of Chignolin in a sphere of water

E 2:bono.ccr.buffalo.edu - U2 - §5H Secure Shell
Edit

File Wiew  Window Help

H &l © 2 B

&1 Quick Connect || Profiles

Loading the initial #h S0 % &N

PDB file of the protein

Loading parameters: /atil/amber ambers/dat/leapsparnspari
Loading library: /util/amber/amberd/dat/leap/lib/sall mc!
Loading library: /util/amber/amberS/dat/leap/libsall amiz
Loading library: /util/amber/amberS/dat/leap/lib/fall_amiz
library: Autil/famber/ambers/dat/leap/libsall amir
library: /util/amber/anberd/dat/leap/lib/ions94d. .
library: /util/amber/anmberd/dat/leap/lib/solvent:

Finding the center of
the protein

Loading PDE file: ./chi-ini.pdb

total atoms in file: 77

Leap added 61 missing atoms according to residue templ:
6l H / lone pairs

> center P

Thi center iz at: -0.60, -0.59, 0,45

*

33HZ - aes1z28-che - hmac-mds

Connected ko bono,cor, buffalo, edu

Page



MM dynamics of Chignolin in a sphere of water

Solwating the protein A 2:bono.ccr.buffalo.edu - U2 - S5H Secure Shell
by a Sphere Of eXp||C|t SE Edit@fiew ﬂinduwﬂelp

water molecules, of a S 2 &
rad|us 12A &1 Quick Connect | Prafiles

EEEY L

Loading library: /til/famber/amherS/dat/leap/libsall amir
Loading library: /til/amber/amherS/dats/leapslibsall amir
Loading library: /util/amber/amherS/dats/leapslibsall amir
Loading library: Jutil/amber/amberd/dati/leaps/lib/ions%4. .
Loading library: Juatil/amber/ambers/dat/leap/lib/zolvent:
» P = loadPdbh chi-ini.pdh
Loading PDE file: ./chi-ini.pdb

total atoms in file: 77

Leap added 6l missing atoms according to residue tCempl:

6l H / lone pairs

> \center P
Thllcenter is at: -0.60, -0.59, 0.45
» golwvateCap P TIPSPECOX { -0.60 -0.59 0,45 % 12,0
Added 121 residues.
o |

Connecked ko bono, ooy, buffalo, edu 93HZ - aes128-che - hrmac-mds
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MM dynamics of Chignolin in a sphere of water

Saving the PDB, the
topology and the
initial coordinates files

S 2:bono.ccr.buffalo.edu - U2 - SSH Secure Shell

File Edit \Wiew ‘Window Help

H &l 2 B B &) S @

&1 GQuick Connect ] Prafiles

Loading library: Aatil/amber/amberd/dat/leap/libszalvent
AP = loadPdh chi-ini.pdh
Lizvading PDE file: . J/chi-ini.pdb

tytal atoms in file: 77

The centyr iz at: -0.60, -0,59, 0,45
» golwvatelap P TIPIPECOK § -0.60 -0.59 0.45 % 12.0
Ldded 121 Desidues.
» savePdh P chi.pdb
Writineg pdh file: chi.pdb
Shortening rezidue name for PDE format: NGLY -> GLYT
Shortening residue name for PDE format: CGLY -> GLY
> gavednberParm P chi.top chi.xyzl

Connected ko bono, cor.buffalo,edu 55HZ - aes12E-cbe - hmac-mds

Page 5



MM dynamics of Chignolin in a sphere of water

The coordinates of
TIP3P water
molecules in the
PDB file

& Quick Connect ] Prafiles

H 2:bono.ccr.buffalo.edu - U2 - S5H Secure Shell

File Edit Wew Window Help

B &gl " & &

S5 % &N

ATOM 133
ATOM 134
ATOM 135
ATOM 138
4 TOH 137
ATDYH 138
BER
ATOM 133
ATOM 140
ATOM 141
TER

ATOM 14z
ATOM 143
ATOM 144

Connected to bonao,cor, buffalo,edu

Ci
ZHA
SHA

C

0

0T

0
Hl
Hz

0
Hl
Hz

LY
LY
LY
LY
LY
LY

raT
raT
AT

AT
T
raT

10
10
10
10
10
10

11
11
11

1z
1z
12

229
-0.
-1.
-1.
-1.
-Z.

1a0
387
g7
289
949

L7358
. 04da
. G083

L4335
312
123

S5HE -

LT
-3.
-Z.
-5,
-G.
-4.

249
943
03l
n9z
91z

440
115
575

L9268
L6852
156

451
L31E
115
.014
. 852
. 554

Lh o tn o s

o

L7137
gd.021
g.555

5.756
5.144
5.279

aes1z28-che - hmac-mds

Page 6



MM dynamics of Chignolin in a sphere of water

Chignolin protein
Surrounded b | ViewerPro - [chi.min.pdb]
Water molecu?/es ﬁﬁile Edit Miew Tools Modify  Window  Help

\ DEE & g H i

b

)

k

<
e
4
&

.
2

=
vk
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MM dynamics of Chignolin in a sphere of water

Technical details

Of mlnlmlzat|0n Z2:bono.ccr. buffalo.edu - U2 - S5H Secure Shell

File Edit  Yigw ‘Window Help

H &S 2 2@

;'_'| Quick Connect | Profiles

RIS

EDDD gteps of minimization
sontrl
N\ imin=1, ntmin=Z, drms==0.20,
nth=0, cut=1lZ,
nte=1l, ntf=1,
ntpr=100,
maxcyc=2000,

&oFF F o d

"min.in” 3L, l3&C

Connected to bono,cor, buffalo,edu S5HZ - aes128-che - hrmac-mdt
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MM dynamics of Chignolin in a sphere of water

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

Technical details

File Edit Yiew ‘Window Help

of_rt_mplng_ =IETIEY SIS % SN
mlnlmlzatlon ;j Cuick Connect || Profiles
#

source FMODULEZHOME finit/tcsh
wodule load amber/S

# Set rmumber of processors to mumber requested from PES

#

set NF = “sat §PE3_NODEFILE | wo -1°
#

cd FPES_0_WOREINR

#

§D0_PARALLEL $AMEERHOME /exe/sander -0 -i min.in -o chi.min.ouc
- chi.xyz -p chi.top -r chi.min.xy=

20,0-1 Eot

Connected ko bono,cor, buffalo,edu S3HZ - aes128-che - hmac-mds - none |
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MM dynamics of Chignolin in a sphere of water

Technical details
of heating

‘Hl lennon.cer. buffalo.edu - lennon - S5H Secure Shell

File Edit “iew ‘Window Help

H Sk "2 28

.-'_'| Quick Connect || Profiles

Parameters of the
water sphere

20ps dynamics, heatinll] 0-300K

As&CHtrl

imin=0, irezt=0, ntx=1l,

ntt=1, temnpi=0.0, temp0=300.0, tautp=1.0,
nte=1l, ntf=1, nth=0, cut=1:z,

iwvcap=0, fcap=10.0,

ntwe=200, ntwm<=200, ntpr=200,
natlim=20000, dt=0.001,

1

Connecked to lennon.cor,buffalo,edu S5HZ - aes128-che - hmac-rmd
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MM dynamics of Chignolin in a sphere of water

Technical details
of running
heating

4 lennon.ccr.buffalo.edu - lennon - 55H Secure Shell |Z||E|

File Edit %iew Wwindow Help

H &l " 2 B2E

& Quick Canmect ] Profiles

EEEY L

aource MODULESHOME finit/tosh
nodule load amber /S

D0 _PARALLEL §aMBERHOME /exeszander -0 -i mdd.in -o chi.md0.out
-C chi.min.x¥z -p chi.top -r chi.mdl.=xvz

20,0-1 Eot

Connecked to lennon., cor,buffalo,edu 93HZ - ags128-che - hmac-mds - none | &
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MM dynamics of Chignolin in a sphere of water

Technical details
of dynamics

#l lennon.ccr. buffalo.edu - lennon - SSH Secure Shell

File Edit Wiew ‘Window Help

H Sk 2 28

& Quick Conmect || Profiles

RN

100ps dynamics

socntrl
imin=0, irest=1, ntx=5,
ntt=1, temnp0=300.0, tautp=1.0,
nte=1l, ntf=1, nth=0, cut=1:Zz,
iwvcap=0, fcap=10.0,
ntwe=500, ntwm<=500, ntpr=500,
nztlim=100000, dc=0.001,

A -

a,

Connecked to lennon.cor,buffalo,edu 35HZ - ags128-che - hrmac-mds -

Page



MM dynamics of Chignolin in a sphere of water

Technical details
of running
dynamics

4 lennon.ccr.buffalo.edu - lennon - 55H Secure Shell |Z||E|

File Edit %iew Wwindow Help

H &l @ 2 BB &) K @7

& Quick Canmect ] Profiles

ﬁ [requires nodes=l:ppn=N =syntax)
#
set NP = ‘"cat §PE3_NODEFILE | wc -1°

D00 _PARALLEL §AMBERHOME fexeszander -0 -i md.in -o chi.mdl.out
-2 chi.mdl.xyvz -p chi.top -t chi.mdl.xvz - chi.mdl.crd

-g chi.mdl.ene

7D0_PARALLEL sAMBEFHOME /fexessander -0 -i md.in -o chi.mdZ.out
-¢ chi.mdl.x¥z -p chi.top -r chi.mdZ.xvz -x chi.md2.crd

-g& chi.mdZ.ene

700 _PARALLEL sAMBEFRHOME fexeszander -0 -1 md.in -o chi.nd3.out
- chi.wdZ.xy=z -p chi.top -r chi.md3.xyz -x chi.wd3.crd

-g chi.ud3.ene

12,1 6l

Connecked ko lennon.cor,buffala,edu 95HZ - aes128-che - hmac-mds - none | 64

Page 13



MM dynamics of Chignolin in a sphere of water

E3 Microsoft Excel - energy-w.xls

Total energy of

@_] File Edit Wiew Insert Formatk  Tools Data  Window  Help M
the protein after g SR TE % i
dynamics in B14 - e 709 72655843

: o F G | H ] |

water solution i

2 Total Protein Energy

3

N A

g 400

7| =

g E 500 P

513 / \ / \ i

10| =

1 E 800 uv/\ \\__/’—

12| & \

13| w

14 -1000

15

16

17 -1200

18 100 300 500 700 900

;g Dynamics Time (ps)
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MM dynamics of Chignolin in a sphere of water

Temperatu re Of E3 Microsoft Excel - temp-w.xls

the protein after ] B Bt Wew Ineert Fomat Toos Data Window Hep P
P NEHRSAITE S B Hin -

dynamics in 4 - A
water solution : p [ E [ F [T &6 H [ 1
2 Protein Temperature
3 330 -
N
5
E A 320
r
g 310 —

=]
Temperature (K)

"1/ J
\J/

=] 280

17 270
18 100 300 500 700 900

Dynamics Time (ps)
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MM dynamics of Chignolin in a sphere of water

Superposition of 9

protein structure = ViewerPro - [chi.md1.pdb]
obtained from MD &3 Ble Edt Wiew Tools Modfy Window Help
in water solution = |

s
s
=
]
g
i)
.
I
8
5]
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MM dynamics of Insulin in a periodic box of water

Experimental

PDB file of
Insuline

«#1 ViewerPro - [1APH. pdb]

@ File Edit Wew Tools Modify SWindow  Help

LDeE & L H o

k
£

N
b

)

7
4
o

4.
y
Va
Ve

Page 17



MM dynamics of Insulin in a periodic box of water

SOIVating the protein 4 lennon.ccr.buffalo.edu - lennon - S5H Secure Shell
by a box of explicit File | Edit view indow Help

water molecules H ek = TR W A%
& Quick Connect || Profiles

Loading PDE file: ./isl-ini.pdb
total atoms in f£ile: 400
Leap added 375 missing atoms according to residue template:
375 H / lone pairs
% bond P.7.5 P.25.8
=\bond P.6.5 P.11.5
> Rynd B.20.8 P.40.5
» golwateBox P TIPIPFEOX 10

Golute wdw bounding box: 25.941 34.138 Z5.89382
Total bounding box for atom centers: 45,941 54,135 45,952
Golvent unit bhox: 15.774 18.774 15.774
Total wdw hox size: 45,797 57,504 48,937

Wolume: 137454.439 A3
Total mass 60914, 558 amu, Density 0.736 gifoc
Added 3063 residues.

S5HZ - aes128-che - hmac-mdS - none
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MM dynamics of Insulin in a periodic box of water

Saving the PDB,
topology and
coordinates files

‘H lennon.ccr.buffalo.edu - lennon - 55H Secure Shell

File Edit Wiew Window Help

E &gl © &2 B #h | E) S S @

& Quick Connect ] Prafiles

» bond P.20.8 P.40.8
» golwvateBox P TIPSPEOX 10

Golute wdw bounding box: 25.941 34.133 25,9582
Total bounding box for atom centers: 45,941 54,135 45.982
Golvent unit boM: 15.774 18.774 15.774
Total wdw hox size: 45,797 57.504 435,997

Wolume: 137454.439 A3
Total mass 60914, 558 amu, Density 0.736 gifcc
\ idded 3063 residues.
» gaveldbh P izl.pdb
Writing pdbh file: iszl.pdh
Shortening residue name for PDE format: NGLY -> GLY
Shortening residue name for PDE format: CASN - ASH
Zhortening rezidue name for PDE format: NFHE -> PHE
Shortening residue name for PDE format: CALR - ALA
> savehnberParm P izsl.top isl.xyzl

Connecked to lennon, cor, buffalo, edu 959HZ - aes128-che - hmac-mds - none
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MM dynamics of Insulin in a periodic box of water

+| ViewerPro - [isl. pdb]
The PDB f||e Of &5 File Edit View Tools Modfy Window Help
the protein in a DESE &

preiodic box of
explicit water
molecules




MM dynamics of Insulin in a periodic box of water

Technical details of
minimization in
constance volume

We are not using the
Particle Mesh Ewald
method

‘El lennon.ccr. buffalo.edu - lennon - SSH Secure Shell

File Edit ‘jew indow Help
H & @ 2 B2E # S % SN

& Quick Connect ] Prafiles

ED steps of minimization
&CNEE
imin= ntmin=2, drms=0.20,
ntr=0, nth=1, cut=1:z,
ntc=1l, ntf=1,
ntpr=100,
maxcyc=2000,
;
sewmald

use_pme=01,

Connected ko lennon, cor, buffalo, edu S3HZ - aes128-che - hmac-mds -
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MM dynamics of Insulin in a periodic box of water

Technical details
of running

“E lennon.ccr. buffalo.edu - lennon - SSH Secure Shell

m|n|m|zat|on File Edit Wiew Window Help
EH & & Sl G @Y

;j Quick Connect || Profiles

#
aource FMODULEZHOME finit/stcsh
module load amher/S

A Set mumber of processors to mamber requested from PES
# ZWrequires nodes=l:ppn=N syntax)

#

get N = "cat §PE3_NODEFILE | weo -1°
#

cd $PES 0 WORFDIER

# R\

D00 _PARALLEL sAMBERHOME fexe/sander -0 -i min.in -o isl.min.out -c
izl.xy¥=z -p isl.top -r isl.min.xve

z0,0-1 Eot

Connected to lennon, cor, buffalo, edu S5HZ - aes128-chbe - hmac-mds - none | 651
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MM dynamics of Insulin in a periodic box of water

Technical details of
heating in constance
volume

H lennon.ccr. buffalo.edu - lennon - S5H Secure Shell

File Edit Wiew ‘Window Help

;j Quick Connect | Profiles

RN

Z20p= dynawics, heating 0-300K

sontrl
imin=0, irezt=0, ntx=1l,

N\ ntt=1l, tempi=0.0, temp0=300.0, tautp=1.0,
nto=1l, ntf=1, nth=1, cut=1l:z,
ntwe=200, ntw<=200, ntpr=200,
nstlim=20000, dc=0,001,

s
sewald
uze_pme=0,
If
12,0-1
Connecked to lennon, cor, buffalo, edu 99HZ - aes128-che - hrmac-m

Page
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MM dynamics of Insulin in a periodic box of water

Technical details of
running heating

H lennon.ccr. buffalo.edu - lennon - SSH Secure Shell |Z||E|

File Edit Wiew Window Help

H gl " 2 & £ N @K

&1 Quick Cannect || Prafiles

#
source FMODULEZHOME finit/tcsh
Nodule load amber/S

get NR = "cat §PEZ_NODEFILE | wo -1°

cd $PEI\]_WORFDIE

# \

§D00_PARALLEL $AMBERHOME/exe/sander -0 -i md0.in -o isl.wd0.out
- izl.min.xye -p izl.top -r izl.wdl.xy=

19,0-1 Eot

Connected to lennon, cor,buffalo, edu 53HZ - ags128-chbe - hmac-mds - none |1
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MM dynamics of Insulin in a periodic box of water

Technical details of
dynamics in constant

pressure

E lennon.ccr. buffalo.edu - lennon - 55H Secure Shell

File Edit \Wiew ‘Window Help

H &k 2

&1 GQuick Connect ] Prafiles

!DDps dynamnics

socntrl
imin=0, irest=1l, ntx=5,
ntt=1, tenp0=300.0, tautp=1.0,
nto=1l, ntf=1, nth=2Z, ntp=1, cut=1:Zz,
ntwe=500, ntw==500, ntpr=500,
nstlim=100000, dc=0.001,

/

sewald
use_pme=0,

i

Connecked ko lennon, cor, buffalo, edu 99H2 - aes128-che - hmac-mc
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MM dynamics of Insulin in a periodic box of water

Technical details of
running dynamics

‘Bl lennon.ccr. buffalo.edu - lennon - S5H Secure Shell

File Edit Wiew Window Help

E gl 2 B B S S @Y

& Quick Canmect || Prafiles

=1

§D0_PARALLEL £iMEERHOME/exe/sander -0 -1
-2 izl.mdl.¥ve -p isl.top - izl.mdl.xve
-g izl.mdl.ene
$D0_PARALLEL $AMEERHOME /exe/sander -0 -1
-¢ izl.mdl.xy= -p isl.top -r isl.wdd.xvyes
-g izl.ndZ.ene
§D0_PARALLEL $AMEERHOME /exe/sander -0 -1
-c izl.wdZ.xyz -p isl.top -r isl.wd3.xy=
-e isl.md3.ene

Connected ta lennon, cor,buffala, edu

md.

md.

-x

nd.

-

in -o isl.mwdl.out
izl.mdl.ced

in -o izl.mdZ.out
izl.mds.ced

in -o izl.wd3,out
izl.md3.ced

15,1

BE%

S5HZ - aes128-che - hmac-mdS - none | ¢
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MM dynamics of Insulin in a periodic box of water

The energy of the
protein after 1ns
dynamics in water
solution

E@_]Eile
HRNEE" RENE RN A N WEENE -

Edit

e

Insert

Farmak

E3 Microsoft Excel - energy-ins-w.xls

Tools

Data

Window  Help

E i frial

B14 - fe 1777058133
D | | F | G | H | |

1
2 Total Protein Enerqgy
3 17000 -
5 A 17100 44
: \
7= 17200
81 E 17300
91 3
10| = 17400
11| 2 \
12| 5 -17300
13| & \
1 17600 <
15| 47700 h__"“\
16 N
17 17800
18 100 300 500 700 900
;ﬁ Dynamics Time (ps)
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MM dynamics of Insulin in a periodic box of water

The temperature of
the protein after 1ns
dynamics in water
solution

Edit

In=ert

E3 Microsoft Excel - temp-ins-w.xls
@_] File:
HRWER= WA IE NN A AP TN R

Format  Tools  Data

Window  Help &

E i Arial

[24 &
D | F G H |
1
2 Protein Temperature
3 330 -
RN
o
5 320
? —
g | = 310
q | 2
10| § 300 = A~ AN
pint \J o
11 2
12| E
@ 290
13|
14
15 280
16
17 270
18 100 300 500 700 900
;g Dynamics Time (ps)
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MM dynamics of Insulin in a periodic box of water

+3 ViewerPro - [isL.md1.pdb]
@ File Edit Yew Tools Modify Window Help

Lh=E &

Superposition of
9 protein

>
snapshots after |,
1ns dynamics in |

=
I N
water solution ?

7
.
Pz
Va
v

h

L)
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