Amber F|HDF5| &

TSUBAME Computing Services, Global Scientific Information and Computing Center

2023-12-29



Table of contents

Amber MIFBDF5|E

1. 1xC®HIC
11.8ETES/N—-TaY
1.2. &
13.%=a7J)L
2. AmberD{ER AL
2.1. Amber® E1T
3. Amber®EtE0FiN
4. DT OEERE
4.1. Leap
42. ANT— 42 0fl
4.3. xLEaPOERTIIE
44 LEaPOANLTaAT Y K
45 LEaPO v > K
5. R FENNFEHE
5.1. Minimization(f&&Ri#E1t)
5.2. B &= ZE L EMMEHE(IBiE:iE L)
5.3. ;818 #ZE L =MDt & (CPU/GPU)
6. GPUIC & % =iR1E
6.1. &
6.2. pmemd.cuda &pmemd & DE L

CHRT R R

- 2/40 -

10

23

23

29

30

31

33

37

37

37

40



Amber MIFBDF5|E

1. IEC®HIC

A& IF. Amber& RRTE X FZMEIRIERE > 2 — D TSUBAME3 TRIA T B 77EICDOWTHAL TWET. . TSUBAME3 2F|AT 2 ICH
feo Tl [TSUBAMEFIFDFSIE] CETE V. FRREBCIESER S FMICEERENTEYET.
Amber® FFTT T IFAmber(CBI T 5WebR—J 2 RBL TOWET. RO7 FLRESBLTLIEE W,

http://ambermd.org/
Ty ar 7Ly I AL OAMberO R—JIFXDEY TT .

http://www.conflex.co.jp/prod_amber.html

11 FATES/NN\—Yay

TSUBAME3THI AT RERRET/\— 2 3 Y [CDWTIFTSUBAMEETEH —EXWebH A hD 77U S —2 3y R—IUETHFET I
ARICHZESZWRY .. NITEBEODA>TWBRIRECFHETE L.

1.2. 1%

AmberlZAR 2 Y NI B - REEODFENZHBEORLOCHAESNETOISATTN, RETREBAD/NS A—4EHRIN. £F - EYROH
ROHCHELBRLEY -V EB->TEE L. CEDOMATIHATZIBER. =2 7LPEET 2HIZFOERAMZ L CFAXT. Amberh'iR
ALTUW2ETILPIERORR. CHERZZIEELTECENMVETY. RE. AmberldyY —23— FZ2EHRICIE—FTEILRETEEEA
A RIKABTHAT 2 CEIEFRERNT. ChERICESHICRRLEFEEIMYIAL L BFIRETT .

Amberd XL T OS5 AELUTICSRLET.

1.2.1. EFIVER

LEaP
AmberO AN F— 2 DIER ZBBICT 2D TR S S AT, LUTDprep. link. edit. parmDiEEEHATVET.

PREP
Amber®F—AN—RICIF20BD 7 = / BFERE LS S UBOEBMAI=Z Y NIHT5 MRAY—T 7 A LATFHHEINATLET. ZOF—ER—
RlCa—gMER LIz b RAY—T 7 1L EHRIHASH THERIRLEMT 2 LHAEETT .

LINK
AmberF— A R—ZRPPREPICK > THEINLERE ROV —2FALT. AFO—XEEERETEETV2—LTT. LEADFHEEIDD
BRETHEBINTWSIBETH. CORTYITEBBETIVNENHY ET.

EDIT

EDITICIFIATISRE3DDIEEENH Y £F. LINKTIER L b RR Y —DERE-ZEM O _EA%. PDB(Protein DataBank) 7 + —< v MNCEHEL £
7.

LINKCIERL SNz 7 7 1 )L & CartesianEAER EICEIBLET. BEAPFORAYICKRFERET S LICKYKABRDYZaL—2 3> OVER
T2 EERLET.

PARM

DFNENG A— L (TEHERE. FTEHESA. NOEH. 77> - T - 7T—LRNELVI—OY NEE)EZEBHELS L UEFFICEY LTS
EVa2—)LTT. BADERSIAFD/IS A —L2HBAmberDF ) PFILTF—EAR—RICHWMES X FFRIC/IAS A—2 EERML T(H B W IEE AT
DNEABELEL TR SACHATHITIVENHYET.

1.2.2. sTEMIE

SANDER
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IXRLF—RMEORFENNZHEEITOIEY 2 —ILTY. BETIR. BABRERKYE. WRENZSHAKER) R ENMEAZDIFEEALADTE. T
>4 TIL(NVE, NVT,NPT)DIEEHITAET. £l Amber4.1/ 5 k. EwaldiEFZAWHEATRETYT . (KRFIFESHRKATMEF£#H->T
Wbz, AFEOBREBENEEERIGEEHRETRUET. BEAELOH A X & COBREEREHY FF 7T 2ICEHFTYICEHNSWzoH. {5
DOTIRDPREBLERYET. ZO—DHAEWalEETY . FAHEREZHOT TR R2FE2R2 LERCLOBRAMERMIC. 1A VEROLSIC
BREHMERIILTVET. EwaldETlIE. RFV v LIRLF—2BERELNTOEREBHOME 7 — U TIRMGERFERTORM) O —FEEDIET
KIEAL. A VERTORT Y v LIXNF—DOMENELCEELTUWET). SANDERTIEFC DMEICNMR-NOET—4 %Y 7 7 4 > § HHEEEN
AT arv L THESNTULET.

PMEMD
sanderOFEEEZXRICURL B O TY . WHINLMRLERKECELLTOWET. Xeon Phi¥GPULHR— SN TUET.
GIBBS

2DDIREBOBBRIRILF—EE5HETEEY 21—/ TT. BRI RILF—IEHE(Free Energy Perturbation) 2416 £ T 25500 F T a v HARE
ENTVET.

NMODE
IRLF—OBEZICET 2—R. ZXBAOHEL L BRREORRCEERINBTET>EIa—LTY.
ROAR

IBEZHL5R L ="Penn State"kRMsander© ¢ . ERRIE. YA TFAD—HEZEFNFRICERT I LN TESLATYT. TOfE. Nose-Hoover®d
IESEMDIE %, Ewaldi%. multiple-time-scalef@a & BALTWET.

Z0ftt

F— AR DT=HDEY 2 —JLANAL. CARNAL. RDPARM. NMANAL/LMANALZEAH Y £F. AmberOEREI 1 —ILIF LZDBY TTHA. BF
Ta—I)LERITTHROCEHELARABRGENS A— (A EELOXRES. s—O>I0OHy bF TR v ZaL—2 a VEEE)CHEL—
NERDBA T3V EIEELRFNERYEEA. CADICOVWTIEI=aTIL. AmberlClT 2RI ESBLTTEW.
13.¥=a7J)L
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2. AmberD{ERFHE

2.1. Amber®E1T
211. 41>V AS5 9574 TET

OJA HEESZECOIAY /) —RCATAYE AVE50F 47/ —REAMALREXEEESEIC/ — REXIEGIE(TE THRRLTTFE 0.
DTLEOfFITIE. £2THE/ — MRS A Y LRRETITOUWETY.

2.1.1.1. CUIE{T

LTFEHLETHATY B TIULTT. EROFEICIEmdinprmtop,inperdRED A > Ty b7 7 A ILPHERINS A— 2 ELH L =7 7 1 LD
BELRYET.

MA>835F 1 TTOERLIEOBEDFAFIEEZLLTICRLET.

$ cd <MALEVWTrLIRYU>
$ module load amber/16
$ sander [-O|A] -i mdin -o mdout -p prmtop -c inpcrd -r restrt

2)1>4859F 4 TTOILHNIE(sanderMP)DIZEEDFIBFIEELLTICRLET.

$ cd <RIALEEVWT T LOKY>
$ module load amber/16
$ mpirun -np [YFI¥] sander.MPI [-O|A] -i mdin -o mdout -p prmtop -c inpcrd -r restrt

B) 1> 43505 4 7T TOHOGPUZEXILIE(pmemd.cuda) DIFEDFIFFIEZ AT ICRLET.

$ cd <RIALIEVWT LD KY>
$ module load amber/16_cuda
$ pmemd.cuda [-O] -i mdin -o mdout -p prmtop -c inpcrd -r restrt

4) 1> 43555 1« 7 TOGPUILFIILIE(pmemd.cuda.MP)DIBEDFIAFIEE U TICRLET.

$ cd <MIALEEVWT LI RY>
$ module load amber/16_cuda

$ mpirun -np [YI#] pmemd.cuda.MPI [-0] -i mdin -o mdout —p prmtop -c inpcrd -r restrt

2.1.1.2. GUIET

5T [E2R5R3EH T BIYSHT/ — &L TOONOAEY B TONIBEEBELTEBY Y.
BYYHT/ —RiFaTy FRITEBCEVTWVWS/ —RTTOT. BATHIC/ —NEIEETHLETEEEA.

#qrshMEFT

$ qrsh -g [TSUBAMEZJL—F] -1 s_core=1 -1 h_rt=2:00:00

r0iOn0:~> . /etc/profile.d/modules.sh

r0iOn0:~> module load amberl6uplO_cuda

r0iOn0:~> xleap

-I: Adding /apps/t3/slesl2sp2/isv/amber/amberl6uplO_with_cuda/dat/leap/prep to search path.
-I: Adding /apps/t3/slesl2sp2/isv/amber/amberl6uplO_with_cuda/dat/leap/lib to search path.
-I: Adding /apps/t3/slesl2sp2/isv/amber/amberl6uplO_with_cuda/dat/leap/parm to search path.
—-I: Adding /apps/t3/slesl2sp2/isv/amber/amberl6uplO_with_cuda/dat/leap/cmd to search path.
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*xxleap O [H H**

212. Ny FV a3 TRHE Va2 —5—UGEICKBFEIT

UTFEHLEETHATY R TILTT . HREDOETEICEprmtop,inperdZs EQWEANS A — 2 28 #H LT 7 ALK BBERY ET.
Ny FFxa—Y AT AOBEOFAFIEEUTICRLET.

$ cd <FALERVFT LD RY>
parallel.sh&RIAT 3188
$ gsub parallel.sh

A9 U T MMl CPUILHIMLIE

#!/bin/bash

TSI )T«

#$ -p -5

$RTTALORY ALY ST LORY

#$ —cwd

#$ -N amber_parallel test_job #job%
HEERA—IT RLR

#$ -M ambertest([at]o.cc.titech.ac.jp
#TS—AYvE—IT7 AR REELEERD )T e.J0BID
#$ -e uge.err

HREHN D 7 1 LR, RELLRERXD )T . 0.50BID
#$ -o uge.out

R | EIRY 1 TOERE

#$ -1 h_node=2

A : R

#$ -1 h_rt=0:10:00

#$ -V

#CPUBIDEE L BREDH N

export NSLOTS=28

echo Running on host “hostname®

echo "UGE job id: $JOB_ID"

echo Time is ‘date’

echo Directory is ‘pwd’

echo This job runs on the following processors:
echo This job has allocated $NSLOTS processors

R D 7 1 ILDIEE
in=./mdin
out=./mdout_para

- 6/40 - 2023-12-29
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inpcrd=./inpcrd
top=./top

$1YTYRIT P AIVERD YT ERICESATIHEDLE
cat <<eof > $in
Relaxtion of trip cage using
&cntrl
imin=1,maxcyc=5000,irest=0, ntx=1,
nstlim=10, dt=0.001,
ntc=1, ntf=1, ioutfm=1
ntt=9, tautp=0.5,
tempi=298.0, temp0=298.0,
ntpr=1, ntwx=20,
ntb=0, igb=8,
nkija=3, gamma_ln=0.01,
cut=999.0, rgbmax=999.0,
idistr=0
/

eof

#+ET 21— ILOFUHL
/etc/profile.d/modules.sh

module load amber/l6up_10

#sander.mpiDEFT

mpirun -np $NSLOTS \

sander.MPI -O -i $in -c $inpcrd -p $top -o $out < /dev/null

$RBEL D 7 1 )LDHIBR

/bin/rm -f $in restrt

25V 7 Myl GPUILZIILIE

#!/bin/bash

#$ -p -5
#$ —cwd
#$ -N amber_cuda_parallel_test_job
#$ -m e

#$ -e uge.err

#$ -o uge.out

#$ -1 h_node=2

#$ -1 h_rt=0:30:0
#$ -V

export NSLOTS=8

echo Running on host “hostname’

echo "UGE job id: $JOB_ID"

echo Time is “date’

echo Directory is “pwd"

echo This job runs on the following GPUs:
echo This job has allocated $NSLOTS GPUs

in=./mdin
out=./mdout
inpcrd=./inpcrd
top=./top

cat <<eof > $in
FIX (active) full dynamics ( constraint dynamics: constant volume)

&cntrl
ntx = 7, irest = 1,
ntpr = 100, ntwx = 0, ntwr = 0,
ntf = 2, ntc = 2, tol = 0.000001,
cut = 8.0,

nstlim = 500, dt = 0.00150,
nscm = 250,
ntt = 0,
lastist = 4000000,
lastrst = 6000000,
/
eof

/etc/profile.d/modules.sh
module load amber/16_cuda

mpirun -np $NSLOTS \
pmemd.cuda.MPI -O -i $in -c $inpcrd -p $top -o $out < /dev/null

/bin/rm -f $in restrt
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3. AmberDstE D /RN

AmberDstEE1T51BE D ERNBRIEEDOTENEUTICRLET. 12459547/ —FETETILOERZED 7V RIEBEITL. HE. B#BIF
MIBIFUGET DY 3 TIRAN. 124859 F 4T/ —RTITS5TENTEET.

g p

pdb4amber
1
antechamber, force
— MCPB, field
EF L OERBED T ILE
prmiop
projcrd
parmed
s J
g )
- NMR sander,
E+§ XRAY iﬁio p:‘:br;‘d
> J/
g WMPESA DY | - D
z amberlipt‘:y, mdout_analyzer,
ﬁ* *ﬁ- m EE FEW cpptra
- J
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4. N DIERFTE

4.1. Leap

LEaPIZAmberR FENNZE T OIS ADA Y Ty h 7 7 AL EHHETBHEV 2 —IILTT. LEaPOZHIDHEKIE. Amber®E < 2 —JLDOPREP-LINK-
EDIT-PARM®DEEM F(LINK. EDIT and PARM)A > £ TWET

LEaPIC IFtLEaP & xLEaP D) —fE5ENH Y. £ D 5 BxLEaPIFEX-WindowsDJ 357 4 HJL » A—HF A > 2Tz —REFAL B DT, REBEICHF
OHEENMTAET.

4.2. AN17—2 Dl
421. av> Rk

LEaPD#ZIFAX Y RS AV AV BTz —RATHY. ARV RICE->THT V2 MEBELET. LEaPAI Y RO T+ —< v MEUTO FEEEHN
HYET.

command argumentl argument2 argument3 ...

variable = command argumentl argument2 ...

Z ZTargumentENUMBERs. STRINGs. LISTsZ% & ®Objects T3 . commandIZ DWW TIF3.5ETIHAL 7.

4.2.2. Objects

Objects & [FLEaPOE AR ERTT .

Objects|c [ENUMBERs**STRINGs M Simple Objects & UNITs. RESIDUEs. ATOMs®Complex Objectsh¥@& Y &9. Complex Objects & [E1841D
Simple Objects % & A 120bject ©9 . {5l Z IX. RESIDUEsIZATOMs & residue name. connect atom. residue type% & As7=Complex Objects 9. —
&K £720bjects[EUNITsTH Y. Molecular DynamicsDInputFileDE 72 Y £F .

DEYLEaPIZ. LW DA D& 0bjectsEHAEHLEBRIIDUNITsEE-> T A TV 2 & MERIODFIEHEY 7 FTT. LITICObjectsDi§E 7
REAEEHETET. GHEK~Y=a2 7L ESEBLTTIW. )

Simple Objects
BI=)=| Bl
Numbers 1EFEE D EIE.
STRINGs XFGe AR—ZADICAD EERATLI+—F—2 3> TLL 5.
LISTs —ENDObjects TRD & S5 ICFAT 5. {123}
PARAMETSETs AmberfIIBD /XS A—4& D+t v k(bond. angle. torsion. nonbonded parameter)

Complex Objects

BI=]=| FREA
ATOMS name(STRING). type(STRING). charge(NUMBER). position(NUMBER)7: &£ M Objects % & A f2Complex Objects.
RESIDUESs #E#IDATOMs Objects & connect1 $sim$ 5(#&E D1EFR). restype. name®Objects % &L Complex Objects

UNITs RESIDUESIZPARAMSETs % /il 2 7=Complex Objects T % EE % Objects.
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4.2.3. Complex Objectsh > Sub objects~D 7 ¥ £ A F5i%

& % Objectsh b ZDHICHFEN S 0bjectslCT7 I R T BEFCEdot FVET.
5 z [Xdipeptide& LV 5 7 7 A LE DT WP R TF FALAPHEICE W T ALAZF7 2R L. desca~vy RTIBRESISHTIBSICIE. UTD2i®
YDT I RAFTENHY ET.

desc dipeptide.ALA (dipeptide®ALAE L\ DERIOREDIDUES)

X(&
desc dipeptide.1 (dipeptide® 1&HBEDREDIDUES)

FHEIC. ALADSBEDREFDCANT I LR THBCIEUTOLS ICITVWET.

> desc dipeptide.ALA.CA
X(&
> desc dipeptide.ALA.3

X[
> desc dipeptide.l.CA

(&
> desc dipeptide.1.3

4.2.4. Variables

Objects ZI#{ET 2 1= [CFF 1=& Bl % Variables& LW\WVE T . Variablesl&lista<v >y FTRRTEET.

4.3. XLEaPD{ER X

XLEaP[&LEaPDX-Windows/A—¥ 3 > TF. A—H AV 42Tz —REZBLCTETILOBENTAET. KIETIHIDNAZFICHAL £F. module
a7y RICTAMberIBIEZHHAATVNS. E WS BHERMEICTHABAWELET.

4.31. T— 2 D ¥R

FTaLIYEERLET.

$ mkdir amber
$ cd amber

pdb7 7 A ILEAER T B TcHDnabT 7 1L EERLL £ T

$ vi nuc.nab
HATORAETH

molecule m;

m = fd_helix( "abdna", "aaaaaaaaaa", "dna" );
putpdb ( "nuc.pdb", m, "-wwpdb");
pdbT 7 A L EERL £
$ nab nuc.nab
$./a.out
$ 1s -la

total 17736

drwxr-xr-x 2 XXXXXXX tsubame-users 512 Sep 1 09:27 .
drwxr-xr-x 9 XXXXXXX tsubame-users 4096 Sep 5 09:25 ..
—rwxr-xr-x 1 XXXXXXX tsubame-users 18000464 Sep 5 09:26 a.out
—rw-r—--r-— 1 XXXXXXX tsubame-users 573 Sep 5 09:26 nuc.c
—rw-r--r—— 1 XXXXXXX tsubame-users 93 Sep 5 09:26 nuc.nab
—rw-r—--r-- 1 XXXXXXX tsubame-users 51686 Sep 5 09:27 nuc.pdb
—rw-r--r-- 1 XXXXXXX tsubame-users 2165 Sep 5 09:27 tleap.out

4.3.2. xXLEaP D #cEf

XLEaP##CENT B e IClFH—/\ ETxleapa<> FEETLET.

$ xleap -s —-f <filename>
<filename>(d. $AMERHOME/dat/leap/cmd/ DI 71 ILEEEEL TIEE L\,
$ xleap -s -f /apps/t3/slesl2sp2/isv/amber/amberléupl0/dat/leap/cmd/leaprc.DNA.bscl
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xleapa <> k&FE{TT % &Universe Editory 4 > RO ARRTENET .

XLEaPD#EEN DA T a v 2L TICRLE TS

-h start-up options®Y X kNET

-I {dir} T—FI3F LD ~UDEM

-f {file} RA—KBICETIBIVYROASRET 71 ILDFEHAH
-s X5 — kBT leaprc' EHRIHFIATHEL)

4.3.3. /85 A—E DM
EMTHBERHAE . 7 1Y FIRTUTOLS CRITLET.

> seource leaprc.water.tip3p
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$4 XLEaP: Universe Editor@loginl

TS EFHFANTED TPDBEFHAL =D LTFOKSICHRITLET.
TRRlEa—¥MMERLET LI U ZRIBELTCREEW

> dna = loadpdb "<PathToDirectory>/amber/dna/nuc.pdb"
total atoms in file: 638

PDBZ &R #RET 27 LTOESICRITLET.

> edit dna

E1T#. DNAAKRESNlzUniteditory « > kOB RRENET.
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XLEaP: Unit editor: dna@logini \ =NRC l_.é@_J

Unit Edit Display

Manipulation

("Select v Twist -~ Move -~ Erase - Draw

Elements

( C I H | 0 | N | S | P | W other elements

UToavwy RTEEEZHODNAD/INS A —L EREFTEET.

> saveamberparm dna dna_vac.prmtop dna_vac.inpcrd

COEFRETHEUTOEFICETEZT7—=> IAEETHA. prmtopB & Linperd 7 7 1 ILAMER ENET. prmtopd & Linperd 7 7 1 )L [F5F
THEALEY. I~ =2 7L ECHELEEWL.

> saveamberparm dna dna_vac.prmtop dna_vac.inpcrd
Checking Unit.
WARNING: The unperturbed charge of the unit: -18.000000 is not zero.

—- ignoring the warning.

Building topology.



Building
Building
Building
Building
Building

atom parameters.
bond parameters.
angle parameters.
proper torsion parameters.

improper torsion parameters.

total 110 improper torsions applied
Building H-Bond parameters.

Incorporating Non-Bonded adjustments.
Not Marking per-residue atom chain types.
Marking per-residue atom chain types.

(no restraints)

43.4. F v —TOFM

D—=2 IR 5H. LTOAXRY RTAFOMMEITVET. 0FEFTE/ —FIICTHEVSF

> addions dna Na+ 0

-1I8DEEICITLTI8EF b Y T A/ T HBEMESNEL Tz

> addions dna Na+ 0
18 Na+ ions required to neutralize.
Adding 18 counter ions to "dna" using 1A grid
Grid extends from solute vdw + 3.65 to 9.75
Resolution: 1.00 Angstrom.
grid build: 0 sec

(no solvent present)
Calculating grid charges
charges: 0 sec
Placed Nat+ in dna at (6.44, 3.95, 17.79).
Placed Na+ in dna at (5.44, -5.05, 10.79).
Placed Na+ in dna at (-10.56, 5.95, 13.79).
Placed Na+ in dna at (-10.56, -6.05, 19.79).
Placed Nat+ in dna at (-1.56, 11.95, 9.79).
Placed Na+ in dna at (-10.56, -4.05, 6.79).
Placed Na+ in dna at (-6.56, 4.95, 27.79).
Placed Na+ in dna at (11.44, -8.05, 22.79).
Placed Na+ in dna at (0.44, -12.05, 13.79).
Placed Na+ in dna at (11.44, 7.95, 10.79).
Placed Na+ in dna at (1.44, 11.95, 19.79).
Placed Na+ in dna at (10.44, -9.05, 4.79).
Placed Nat+ in dna at (-7.56, 7.95, -0.21).
Placed Na+ in dna at (-11.56, -8.05, 27.79).
Placed Na+ in dna at (13.44, 1.95, 24.79).
Placed Na+ in dna at (-2.56, -12.05, 23.79).
Placed Nat+ in dna at (-10.56, 8.95, 21.79).
Placed Na+ in dna at (13.44, 0.95, 3.79).

Done adding ions.

AIYB—AF o HED KD ICA - bR

> edit dna

DNADRBEYICHI Y B—AF U BFEET S ENERETEE L.

23 oH. UT%E

LET.

- 14/40 -
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XLEaP: Unit editor: dna@logini

E=REEn x|

Unit Edit Display

l Manipulation
‘ (_’\Select v Twist ~Move -~ Erase - Draw

Elements

C | H | 0 | N | S | P | W other elements

435 MDOANI 7 7 1 ILDIERK
BN/ —<IVICI > feprmtop &inperd 7 7 A L ERTFEL £ T
> saveamberparm dna dna_cio.prmtop dna_cio.inpcrd

IS—ARRI>TWEWS EEEELTLEE L.

> saveamberparm dna dna_cio.prmtop dna_cio.inpcrd
Checking Unit.

Building topology

Building atom g eters.

Building bond parameters.



Amber MFADF5|E

Building angle parameters.

Building proper torsion parameters.
Building improper torsion parameters.
total 110 improper torsions applied
Building H-Bond parameters.

Incorporating Non-Bonded adjustments.

Not Marking per-residue atom chain types.
Marking per-residue atom chain types.

(no restraints)

4.3.6. 7KOfI7N
BB EEANS D, JE—EERLTEEET.

> dna_cio = copy dna

KDRY 4 REEBLET. TIPS PETFILEFIAL. DNAOEY [C8F Y FRA bA—ADKRY ¥ REERLE T

> solvatebox dna TIP3PBOX 8.0

IS—MEI>TWEWI EEEELTLIES L.
276 7B DIKDF Tt ENT=#147x46x59D K v & AQMEREhEL T=.

> solvatebox dna TIP3PBOX 8.0

Solute vdw bounding box: 27.738 26.738 40.099
Total bounding box for atom centers: 43.738 42.738 56.099
Solvent unit box: 18.774 18.774 18.774
Total vdw box size: 46.743 45.963 58.910 angstroms.

Volume: 126564.801 A"3
Total mass 56295.944 amu, Density 0.739 g/cc
Added 2767 residues.

KNEDES ICASTeFERT B8 LTFERITLET.

> edit dna

DNADRY ICKNA-TeZ EMRERTEE L Tz

EEOHETHAT 5 =HIC/\ERRY I RTHRET SLHICTREROIAYY FERITLET.

> solvateoct dna_cio TIP3PBOX 8.0

-16/40 - 2023-12-29



Amber MFADF5|E

DTFoHNsrRRESNET.

> solvateoct dna_cio TIP3PBOX 8.0
Scaling up box by a factor of 1.368620 to meet diagonal cut criterion
Solute vdw bounding box: 27.987 26.927 38.921
Total bounding box for atom centers: 60.819 60.819 60.819
(box expansion for 'iso' is 51.9%)
Solvent unit box: 18.774 18.774 18.774
Volume: 118123.162 A"3 (oct)
Total mass 61286.376 amu, Density 0.862 g/cc
Added 3044 residues.

ARIEL THRRLE T

> edit dna_cio

MW \EKRE L > TWSprmtop &inperd 7 7 1 L ERTZLE T

> saveamberparm dna_cio dna_wat.prmtop dna_wat.inpcrd

KTIEHDNAZPdbT 7 A IVICHATHICELUTOaI~Y>Y FERITLET.

> savepdb dna dna.pdb
> savepdb dna_cio dna_cio.pdb

BREADWMESFUTOL S ICRRENET.

> savepdb dna dna.pdb
Writing pdb file: dna.pdb
printing CRYST1 record to PDB file with box info
> savepdb dna_cio dna_cio.pdb
Writing pdb file: dna_cio.pdb
printing CRYST1 record to PDB file with box info
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437 D FODEE

Unit editer(C & 23 FOEEFIEICONT. HLREFHAATEDNAERFIC L > THRALET.
PDBAFR/R RETSEH. UTOLSICETLET.

> edit dna

XLEaP: Unit editor: dna@logini \ o | & |—§3—]

Unit Edit Display

Manipulation
( “Select -~ Twist -~ Move -~ Erase -~ Draw

Elements

(C|H|U|N|S

P | W other elements

Unit editer® (2L £ ¢ .
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Manipulation

~Select -~ Twist -~ MHove -~ Erase " Draw

DrawE— K

Unit editory « > R YRODDRAWRZ > %S Y v I L. IR H—YIL%EViewing Window( ERIDZEWEFRICANS £ IR H—VILHREDF
CRYET

ZDE— RFREDRAWE— FEFUET. COE— FTIRUTOMENTZET.

FEFOEM
VWEBERBEF%1BIRL. ViewingWindowETo U v s LEd. BEFIEElementsT U 7DARA>. &L < [Zother elementsk YIBIR I2& Ly

Elements

’/ C | H I 0 I N I S I P I ¥ other elements

- FEE DIERL

HEDHENLRAETRS v ILEY. —EHESOBEF2E. ZEHFSDBFIFIEITVET.
TRHOERASREPOBEERT. AR REROBERTERYET.

=

EFILOEEL. BEN X—Z>5
EFIIOEEL. 8. X— =2 J[ZDRAWE— K. ERASEE— K. SELECTE— K. TWISTE— K. MOVEE— FOWTINDE— KFICEWTHLUTD
BRIETITAET.

* EFIILO[OEER

RUVADHREY TS ILET.
(RUVRECES>TEHFAREZYARNEDORA—ILI Yy JICEIYETONATVNEEONTEVEY)

*ETILOFITIZE
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RYRDEREYTRIvILET.

BFPOBEEFRT

cEFILOILK - FEh

ROV SEIBLENSEIY Y SEIBL. v T
HLLCIE CriF—2BLAEADBIIROAREYTRS v I LET.
CERY YV DREICLYERDIGENHY ET.

ERASEE— I
ERASER&Z> %45 Y v o L. ERASEE—RICLET. COE— RTCHEFFLFESEHDEI Y v ITIHLEFCOEENEETEET.

SELECTE— K
SELECTR4> %5 U v o L. SELECTE—RICLET. YVRDEREZY TR v I35 LBREEOEFIBIRSN. BS5BTRREINET.
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BIRGEEORRIE. Y7 MF—EWTLAALIVRERAYTRS v I LET. BIRSNEZEFIEIMOVEE— RPTWISTE— FTIRIENITAE
ER

TWISTE— k

4D DEHSNTVWSHEFESELECTE— FTEIRL =%, TWISTRA>%E2S U v o L. TWISTE—RICLET. YUREREAVERSYvITS
EV1DODFEFEL LICLTEREARY RO EELET.

MOVEE— k
MOVER&Z>%5Yw o L. MOVEE—RICLET. YTVREREZV>ERS YT 5ESELECTE— RTEBIRESNERERFLEFIRRELET.

BADERSDFD/INS A—EHBAMBERD A Y VLT —ER—R[CRWMEEF HRICNAS A— K ZENTI2VERHYET. TTICHRESNT
WBIBERECDOE Y avEEELTTE L,

SELECTH4EETHRE L I=WLWEF Z1BIR L. Unit editor 4 >~ K™ MDDisplay * = 2 —m >Names & Types £BIRL. RREEET.
Edit * = 2 —# 5 Edit selected atoms &3&IRL £

Edit selected atoms™ 1 > R MNRREN S DT NAME TYPE, CHARGEEZ ##REL £ 7.
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GIBES £V Al ETEIFINF -HEETIBSICLE

MDA ROBEIER. - ORHEORE

IREHHR D - = S Edit selected atoms™ 1 > K DTable * = 2 —& Y Save and quitZi&RL. #£TLET.

438.FxvYy

Check unitl&IA TDASEICDOVWTF = v 4 EITVE T,

« bonds length
* non-integral total charge of the UNIT
- missing force field atom type

« close contacts between nonbonded ATOMs
Unit editor™y 4 > R TSELECTE— RICL. RTF F2EEBIRLET.

Unit menu 5 Check unitZi&R L. types. chargelCRIBEN W & &MERLET.

4.3.9. BiERIBEL

Edit menuh 5 Relax selectionZIEIRL £¢. ChIFBIRESNiz[EFDbonds. angles. torsionslc DWW THRE(EZITLWET .
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Universe Editory 4 > R T, helpa~x>y RERITT S LEATRELIATY FO—EBNRTENET. Ffo. helpa~xy FOS|IEEUCEHAZEY

FWaR Y FEDHTEITTSE F0OaAX Y ROFWABEI = a7INRTENET .

> > help
Help is available on the following subjects:

_cmd_options_ _types_ add addAtomTypes
addH addIons addIons2 addIonsRand
addPath addPdbAtomMap addPdbResMap alias
alignAxes bond bondByDistance center

charge check clearPdbAtomMap clearPdbResMap
clearVariables combine copy createAtom
createParmset createResidue createUnit crossLink
debugOff debugOn debugStatus deleteBond
deleteOffLibEntry deleteRestraint desc deSelect
displayPdbAtomMap displayPdbResMap edit flip
groupSelectedAtoms help impose list

1listOff loadAmberParams loadAmberPrep loadMol2
loadMol3 loadOff loadPdb loadPdbUsingSeq
logFile matchVariables measureGeom quit

relax remove restrainAngle restrainBond
restrainTorsion saveAmberParm saveAmberParmNetcdf saveAmberParmPert
saveAmberParmPol saveAmberParmPolPertsaveAmberPrep saveMol2
saveMol3 saveOff saveOffParm savePdb
scaleCharges select sequence set
set_default setBox showdefault solvateBox
solvateCap solvateDontClip solvateOct solvateShell
source transform translate verbosity
zMatrix

For a list of the current aliases, type "alias".

45 LEaPDa<> k

CCTlk LEaPTEREShBERa~Y FOEREERLET. ftoax > RICDWTIlkhelpazs >y ke 5V ERZa7LESBBLTTFEL.

4.5.1. addPath

addPath path path: STRING
77 AINEY—F 7 HPassDIiBENN.

> addPath /home0O/procon/xkibuse

4.5.2. alias

alias [ string1 [ string2]] string1: STRING string2: STRING
T4 YT7RADIER.

> alias g quit

4.5.3. charge

charge container
container: UNIT/RESIDUE/ATOM

Total charge D5t &E.

> charge ALA

4.5.4. check

alias unit [ params ]
unit: UNIT params: PARMSET

-23/40 -



Amber MIFBDF5|E

UNITOF = v & . bonds length. total charge. missing force field. close contactslc DWW TiERS.

> check ALA

4.5.5. combine

variable = combine list variable: objest
list: LIST

listh MUNITsZE—2DDUNITICEF 3. EFOHESIFITHA L. (sequence commandlFfEEHITI. )

> tripeptide= combine ALA GLY PRO

4.5.6. copy

newvariable = copy variable newvariable: objest variable: objest
aAE—%E5.

> ala = copy ALA

wE

> ala = ALA

[FBSEKT, CNFALAICalal VWSRIBEMIRIEICEDET, DFED, alaZMET S EALAEABICRESNT T

4.5.7. desc

desc variable variable: objest
object DB D K-

> desc ALA
> desc ALA.1

4.5.8. edit

edit unit unit: UNIT
I5 4 42— DiEE(xleapD I TENE).

> edit insulin_monomer

4.5.9. help

help string string: STRING
AT

> help quit

4.5.10. impose

impose unit seqlist internals unit: UNIT
seqlist: LIST internals: LIST

UNIT®@internal coordinates# 4 > R—XF 5. TOFTIE. UNITHR®Dsequence numbers 1. 2. 3MORESIDUEEBROANY v S RaAY T+ A= 3>
ICLTWET.

> impose peptide { 1 2 3 } { { $N $CA $C $N -40.0 } { $C $N $CA $C -60.0 } }
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4.5.11. list

list
WAEEHZRSNTLBLTDvariablesz xR

> list

4.5.12. listOff

listOff library library: STRING
library [C{R7E & 1T LY B UNITs/PARMSETs D K 7TRo

> 1listOFF aminod.lib

4.5.13. loadAmberParams

variables = loadAbmerParams filename variable: PARMSET
filename: STRING

AMBER format papameter set filex 8 — kL. variablelC& < »

> parm9l = loadAmberParams parm9lX.dat

4.5.14. loadAmberPrep

loadAbmerPrep filename filename: STRING
7 7 4 )L&filenameDAMBER PREP input fileZ O — kK L. filename& BLZBIDOUNITE LT 5.

> loadAmberPrep cra.in

4.5.15. loadOff

loadOff filename filename: STRING
7 7 4 JL&filename®OFF libraryZ A — KF 5. ZDlibrary®UNITsXPARAMSETsDETHAA— kEh 3.

> loadAmberPrep cra.in

4.5.16. loadPdb

variables = loadPdb filename variable: object
filename: STRING

7 7 4 L &filename®Protein Databank format fileZ A — k¥ 5. ZOCommandDERDIRIXIENNETT. Y=aF7ILESBLTTFEWL.

> crambin = loadPdb lcrn

4.5.17. mesureGeom

mesureGeom atom1 atom?2 [ atom3 [ atom4 ] ] atom1: ATOM
atom2: ATOM atom3: ATOM atom4: ATOM

distance. angle. torsion®zt3Al.

> measure ALA.ALA.1 ALA.ALA.3 ALA.ALA.5
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4.5.18. quit

quit
LEaPD#27T .

> quit

4.5.19. saveAmberParm

saveAmberParm unit topologyfilename coordinatefilename unit: UNIT
topologyfilename: STRING coordinatefilename: STRING

FOUNITICHTT 2 hROT—T 7 1)L &coordinate 7 7 1 L ERET 5. Chb OfilesHLEaPDRIRERMMIT. CDRICEMDOAT T 7 1ILIC
5.

> saveAmberParm ALA ala.top ala.crd

4.5.20. saveOff

saveOff object filename object: object
filename: STRING

UNITs*PARAMSETs % filename TObject File Format(OFF) TiRfF. & LfilenameMBEFT 2725 Z DfilelCiEME N 5.

> saveOff BGLU bglu.lib

4.5.21. savePdb

savePdb unit filename unit: UNIT
filename: STRING

UNITs*PARAMSETs % filename TObject File Format(OFF) TfRfF. & LfilenamesBEFT 2725 Z DfilelCiEME N 5.

> saveOff BGLU bglu.lib

4.5.22. sequence

variables = sequence list variable: UNIT
list: LIST

listR OUNITsZ—2DDUNITICEIF 5.

> oxytocin = sequence { CYS TYR ILE GLN ASN CYS PRO LEU GLY }
> edit oxytocin
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XLEaP: Unit editor: oxytocin@login0 e (o5 S

Unit Edit Display

Manipulation

(’\Select v Twist -~ Move -~ Erase -~ Draw

Elements

’7 C I H I 0 I N I S I P I W other elements

T

7

4.5.23. solvateBox

solvateBox solute solvent buffer [ closeness ] solute: UNIT
solvent: UNIT buffer: object closeness: NUMBER

soluteMA Y (AR EAET 5. bufferldsolute ATOMM 5BIEDBOXDEFE TOIEEET. B—DEHIEDEx. y« zHRIE TSI L TR LEHIED
Nnad. CThIFTOHIDOEKSICLISTTIAEEBIZ ICIEETE 5. closenessldAlE &soluteDIEBETY . BAIIFA

> solvateBox sol WATBOX216 8 2.0

> solvateBox sol WATBOX216 { 8.2 7.4 9.0 } 2.0
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4.5.24. solvateShell

solvateShell solute solvent thickness [ closeness ] solute: UNIT
solvent: UNIT thickness: NUMBER closeness: NUMBER

solute®A Y ISHED Y = L E(ES.

> solvateShell shell WATBOX216 8.0 2.0

4.5.25. source

source filename
filename: STRING

FHR M7 7 A ILDOHBDCommand % R1T.

> source file.x

4.5.26. zMatrix

zMatrix object zmatrix
R-aT7ILECHERETI L.
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DFENFHEFUTOFIETITVWET .

AmberBSA Y A —ILENTVET AL I M FE—RLENA—VarvICkoTERY FTH. RIBEZHE L THTRT. SAMBERHOMEICERES

nEd.
COTFT4LIMITOERT 4L I MY ELTICRLET(fITIEamber/16up10).

SAMBERHOME/R D E/AF 4L & MY

FaLIMY Bz

dat/ Amber®F—4&~R—2

examples/ FEYRAPL—YaryF—4

doc/ RZaF7LDIT7AIL

bin/ AmberRITEY a—Ib

test/ BETa—LVERITTRLOORS Y T

Minimization. equilibration. Molecular Dynamicsl&. binF 4 L& b UYRICH % sander EWVS EY 2 —I)LTITLWET. sander DEFERFEIFTO &

SICE>TVWET.

usage: sander [-O|A] -i mdin -o mdout -p prmtop -c inpcrd -r restrt

[-ref refc -x mdcrd -v mdvel -e mden -frc mdfrc -idip inpdip -rdip rstdip -mdip mddip
—-inf mdinfo -radii radii -y inptraj -amd amd.log -scaledMD scaledMD.log]

ENENDT 7 AIVIELLTOBY TY .

sanderiC K 2ETEICHER T 7 ()L

J7AN AR

mdin min/mdIc&1F % 3> kA—JLF—%&(input).

mdout 7Ty b7 74 I(output).

prmtop AFO bRAY—. /X5 A—2DIERD T — & (input).
inperd HIEREE & (T2 3 > T)WIEREE O 5 — & (input).
restrt BREROEE. #EE. Ry I X4 4 X(for Constant Pressure)® 5 — 4 (output).
refc RIDavEREBTBELEEDT—K(input).

mdcrd FEZEO ST o MY T 7 4 )(output).

mdvel EEDO NSV s bY T 74 ) output).

mden IRXLF—D ST zH MY T 7 1) (output).
mdinfo mdout® —&&FT D ES (output). \

-cph-data <file>

AVTYRTFANDF T a ViEEIXentrIAS/DRAICEEH L. T2 a v EHH 3881 L1 TREYIY. &entrl S/ TOITIFLITEEIC

ZHEANTTRE L.

ATy I 7ALTERTESEF 7Y a0 lFRBIII =27 ILESBLTTE WL,
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AVTYNITFANDFTIay

FT7varv
imin
nmropt

ntx

irest
ntpr

ntb

cut
maxcyc
ntr

ntc

ntf
tempi
tempO
gamma_ln
ntwx
ntwr
nstlim
presO
taup

ntt

dt

Bz

0DIFE FMDETE. 1DJBHFTRILF—IMEETE. 50OBE FIREFREITVET .

0NIZEENMREZE LARVETE. 120188 IGNMRETE £{1TVE Y.

Amber MIFBDF5|E

HAERE. EE S S VBRI OFHFAHRFTEDIEE T ZITY . 18T I 4 EBR>TEY . FHEZOHNIFUHE
NEYT. MDAED Y R4 — b TESZEFIAL T #FHAEE. EEEZIFCHLET. ERELIEntb-00 & E(CiThhE

T BB irestN1DEEDH BEEINFREEINETS.

YRE—FTS55TT. ODIBRIFVRE— M 21ThT. 10BEEEECEEEZYRE— NI 7AILDBHRAHAAHET.

mdout® & Umdinfox BT 5 257 v TH. 77 + L 50
BERIER KM ORE
hy bATE BiildF>rFRba—A

1B MEETBEDRAY 1 7 ILEL

0k Y REWEESICABERBEGOREEITVET. TI7 4L MFO

SHAKE:IC & 2D FEIERE. ntfe S ETRALET.
NOFHEZE. ntctBELETRHELET.

HRRERRE

o

SREORTE

it

B
b

SEERT

X

mdcrd

YRE—LNT7AIVEBIFHTEHRT Y TH. 57 #+JL b Idnstlim

MDEtE DR F v T
WMERENRE. T4 MIFKI0

[ESFEMEM. T 7+ ~E1.0

g

m

alL—>arvniH

Bm

iy

Yz MY —HBICEF2EHRATY 7

5.1. Minimization(t#& RiE1k)

5.1.1. Minimization® 4 > 7y b7 7 A JL

#mdin

#minimization (minimization(ZE{T)

&entrl

imin = 1, maxcyc = 200,ntpr = 10,

/

LTFORITEEEXRET 2158 Emdin& W5 BFFT LY Y TILERFL TS L.

5.1.2. Minimization®&17(4 > 435 ¥ T 1« TEIT)

arshax >y RTEHE/ —RICAT AV RICUTOITY FERITLTLREE W,
Y TLVTREMEY A IO LERETEDL S 12H. B/MEFERFTTLERA.
BEIRLF—MET BHICIF14223E DR T v THABBERY ET.
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$ cp $AMBERSAMPLE/dna_pol/* ./

$ 1s

inpcrd inpdip mdin prmtop

$ sander -i mdin -o mdout -p prmtop -c inpcrd

$ 1s

inpcrd inpdip mdin mdinfo mdout prmtop restrt

WHHEEITSBARTRIYY FERTEEL.
BE Y TIVF28UHETERFICSALUNTHRTLET.

$ mpirun -np [YFI¥] sander.MPI -0 -i mdin -o mdoutp -p prmtop -c inpcrd

STEOMEMRT 2158 [Emdout T 7 1)L, BB EEIET 158 [dmdinfoZ MR IEE L.

5.2. 8 & ZRE L MMETE (HBERIE1L)

UTOH > FILidAmberdF 2 — b U 7L ETTICTSUBAMESIRIBICHHhE TEHEIFTOAURNICIRTTE LS ICIERLTHEY 7.
BREZETHBERELARFESHY TTH. AETIE. BEEEELETE (Step1). 2RETE(Step2) Z1TVWE T . FTERBIFEFEL S ICHT
TR L TORMEE LR Y ET. ZOMFECOVWTRHEBRYECHECRESL.

grsha® > RTEHE/ —RICA T4 VRBICLUTOATY FERITLTLEES V. (UTOY > FILTIFAmber10Update10&FIB L £9)
*OT A /) — RTOFERITIIITOAENWTIEE L.

$ module load amber/16upl0
YO TLIT7ANELI O— L. RO YT ERITLET

$ cp SAMBERSAMPLE/dna_wat/stepl/* ./
$ sh stepl.sh

$ cp SAMBERSAMPLE/dna_wat/step2/* ./
$ sh step2.sh

step2.sh&3R1T3 % L2DDPDBT 7 A LWV ERSNhET. £ EN=PDBEIFKRICHA Y > A— KF 5 & TBIOVIA DiscoveryStudioZE D a 481wy —
JVICTHRNTEET.
TRIIEBIOVIA DiscoveryStudioCR[{R{L L fo ABEEZ O ERER. BELEN L2 EORR. MEOEREHLEERLET.
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*REEEROHBHERGR) BECENL 2MEHE(E) OBROERGHE(DNADH)**

5.3. BIE#EE L f=MD5+&E (CPU/GPU)
53.1. E—F 4 ¥ ¥ B L UFHE(

MDEHERS I 5 AE DR E K (Step3) ICHR EARVLTE2RETE(Stepd) EITVLWE T Fiz. Step3D20psTE—TF 1 > FEITL)\. Step4d?D100psT
FEEEITOWET.

Step3ASIiFI{LAR L T65}. Step4ld2/ — k. CPU561i5 Tsander.MPIT &8 Emm Y £3 4% LHNEINED S L ypmemd. MPITIZ34> cudalz &
%2/ — F8GPUiF(pmemd.cuda.MP) TIZ2A R [CEHEI T LET.

StepdTldqsuba <> FECFIALCEE V. BB, TRROY Y TILHEEITIBE [Estepl 205 ERERMIVELARY ET. pmemdFEZERHEFTO
HEETEEREADT. TEECESL.

FEALFIA T 3 > RITHF

$ cp $AMBERSAMPLE/dna_wat/step3/* ./

$ sh step3.sh

W5F 7 3 > RIThS

$ cp S$AMBERSAMPLE/dna_wat/step3/* ./

$ sh step3_parallel.sh

STEPAD I FIETE (2 / — I /CPU56LFIFI )

$ cp $AMBERSAMPLE/dna_wat/stepd/* ./
$ gsub stepd_bacth.sh

STEPAM I FIEHE (CPU2 / — k/8GPUL 5! F)

$ cp $AMBERSAMPLE/dna_wat/stepd/* ./
$ gsub step4_GPUbacth.sh

5.32.#ER 7 7 1 L DHERR

Molecular DynamicsstED 717 7 4 )bmdout7 7 1 LORBEEZR T, FTEHREHEELTTE V. mdoutd FHLARIF. HIOSTh=RORE®E
Fo TRLF— MEREDFERTT. STTEAIE L TCPUTHEL IZIBE DstepdDETERRO—PERTLET .
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NSTEP = 40000 TIME (PS) = 80.000 TEMP (K) = 296.73 PRESS = 96.5
Etot = —28367.6754 EKtot = 5896.0101 EPtot = —34263.6855
BOND = 148.7758 ANGLE = 359.7502 DIHED = 458.8581
1-4 NB = 167.4830 1-4 EEL = -380.6307 VDWAALS = 3886.5010
EELEC = -38904.4229 EHBOND = 0.0000 RESTRAINT = 0.0000
EKCMT = 2718.6134 VIRIAL = 2514.8148 VOLUME = 97839.7312

Density = 1.0402
Ewald error estimate: 0.2648E-03
AVERAGES OV ER 40000 S TE P S
NSTEP = 40000 TIME (PS) = 80.000 TEMP(K) = 297.10 PRESS = -104.6
Etot = -28396.2451 EKtot = 5903.2761 EPtot = —-34299.5212
BOND = 154.1835 ANGLE = 341.9533 DIHED = 458.8789
1-4 NB = 168.4548 1-4 EEL = —-360.6335 VDWAALS = 3954.1168
EELEC = —-39016.4751 EHBOND = 0.0000 RESTRAINT = 0.0000
EKCMT = 2722.3002 VIRIAL = 2965.6486 VOLUME = 98706.1131
Density = 1.0319
Ewald error estimate: 0.1054E-03
RMS FLUCTUATTIONS
NSTEP = 40000 TIME (PS) = 80.000 TEMP(K) = 19.45 PRESS = 402.2
Etot = 724.1996 EKtot = 386.4596 EPtot = 352.5658
BOND = 11.1978 ANGLE = 15.7098 DIHED = 10.5140
1-4 NB = 4.9522 1-4 EEL = 13.0426 VDWAALS = 201.2018
EELEC = 526.0166 EHBOND = 0.0000 RESTRAINT = 0.0000
EKCMT = 176.9888 VIRIAL = 816.2426 VOLUME = 2935.8983
Density = 0.0276
Ewald error estimate: 0.8083E-04

EBRNSGA-LZORBREUTICRLET

mdout® /<S5 % —4
NS A=4
NSTEPS
TIME(PS)
TEMP(K)
PRESS
Etot
EKto
EPtot
BOND
ANGLE
DIHED
1-4 NB
1-4 EEL
VDWAALS
EELEC
EHBOND
VOLUME

Density

Bl

ATy TH

MDY = 2 L—% 3 VS
mE

EN

k — & JL T )L F — (Bl [$kcal/mol)( =EKtot + Eptot )

EETRILF—

RF> ¥ ¥ LT RILF—(=BOND + ANGLE + DIHED + 1-4NB + 1-4EEL + VDWAALS + ELEC + EHBOND)

HEEo#tTRILE¥—
AEOHMTRILE—
—HEAICLEBITRILE—
T-AFEREMEER T RILF —
T-ABFETRILF —
FEEHEER T RLE—
BEI LY —
KREEOTRILF—
IME(BIIFA3)

ZE (81l l&g/cm3)

5.3.3. mdout_analyzer.py

SETHEZRITo Y > TILFT—2%EFIAL Tmdout_analyzer.pyDFIAFiE%E CRAL £ .

YY TNT—AEFHHFAS RENTHIBERFTRRITY FERITIES L.
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$ mdout_analyzer.py dna_water_min.out
BADHELET— 4 2BALIEVWBERTRIYY FERITIEE L.
$ mdout_analyzer.py <@ U7EU\mdout 771 Jb>

ARV NERITY DL TLOEERNLEENYET.

Mdout Analyzer = R \
File Help
Select Data to Analyze
VIRIAL EKtot Density EKCHMT
RESTRAINT Etot 1-4 NB TEMP{K)
TIME(PS) VOLUME DIHED EHBOND
YIWAALS EPtot 1-4 EEL PRESS
ANGLE EELEC NSTEP BOND

What do you want to do with your data?

Amber MJHDF5|E

Graph Them! Save to File Show Statistics
Histogram Data Autocorrelation Running Average
unmulative Running Averag
—— ———————

Graph Property Control I . L2 _ lﬂlﬂlg

v Show Legend

W Show Grid Lines

[V Mormalize Histograms | Smooth Histograms (KDE)

v Use Time as ¥-Coord

[ Use Separate Plots

Plot Title

H-axis Label

f-axis Label

0
Pts Skip From Begin

1

0,0

Stride Bin Width or -# Bins Running Avg, Window

1,0
Line Width

6.0 Line Style

10

Point Style

Point Size

**mdout_analyzeriCEfjEE**

95 7 #{EM ¥ % [CIEMdoutAnalyzerdSelect Data to Analyze& U '35 Z{EL =LK & > #EIRL . GraphThem!Z 4 U v 4 LTL & W THEIF

51 CHELBEREEICEF 2T RLF—DEIMES ST TT.
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Mdout Analyzer R lglﬂg

Al IE

Total potential energy vs. Frame

|
| —— ENERGY
—40500 =

—41000

—41500 \\
—42000 \

—42500 \

ENERGY

STEP

# €>+Q =B

**StepF D T RILF — DTS
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6. GPUIC & 5 &ER1E

6.1. i

ZDOR—ITIlE GPUSTEICOWTOFRBAEITVLET.

TSUBAME3T [5tE / — D&/ — KICNvidia tesla P1I00AMERE SN TE Y. 21— HFFGPUICK 2ERENBEREZ T LNTEET.

T, GPUSTEICHIGT 277U r—2avdi8ATEY. Amberb ZD—D2TT .

PMEMD D ¥fii#sE & L TNVIDIARGPUZE FLVENVE. NVT. NPTH/ Z AT 4> TILTORBEDFEEBDLICIRSPMEY ZaL—2a vy B L UE
WA BIRETILTH BGeneralizedBorn> ZaL—2 3 v OERIEABITFOLNET. F£lzw I FGPUTOETEICHEWTIGLTLWET.

BB COEICHBBRIFFLEAENRDURLAD DSIA. FEREL>TUVET. L YFL HART=WLAIE ambermd.orgDR—T % 8B 2&
LYo

http://ambermd.org/GPUSupport.php

GPUIC & 2 EEILIEBENAKENTT AN F*EE(I?%L\T:&)J—*)’II;‘I%’}%<téﬂ\gb\‘&étambermdorgfliﬁ’*%h‘(b\i'é' HL. BREIC
EEBLELRAZENDYZIalL—2Ya3 v ECPUTERLT. ¥ZaL—2avBEORBENAESHDTIYAFEITIESICLTLEEL.

6.2. pmemd.cuda & pmemd & MDiE L

6.2.1. HEEEDIE LY

NVE. NVT. NPTH / ZHIIL 7T >4 > FILTOExplicit solvent(BFAIR)PMEY = a2 L — 2 3 > & & Uimplicit solvent(F&A1%)Generalized Born® = a
L—>avik fZEEOGPUEFERLALmemdE FERZEICKD LS CTFHFAYINhTLET.

LALWLDADERIADH Y. FFIARIFEE TR fzambermd.orgDR—T & ZB8BLfEE V. Ffeo BDOLHCPUTEVY ZaL—YarvE
£17L T Ewald error estimateZ#852L . ZLUBHEL B> TLWEIHESHERT I LEBTTHLET.

6.2.2. HIIDEWN

HATZ7A4MDT+—< v MO DOHIDEENDH Y £TCPUSTEICHTIE L fepmemd.cudaTRITL =R pmemd & DRITHER O EIB VXX D4
BTY.

* GPU oFFIFImA NS Z &

* GPUMDdevice [t 1eh a2 &

- Conditional Compilation Defines Used & L TCUDANZENTWB Z &

* Ewald error estimate D fIM R ShiZLn I &

8. SETHELER—OANT 7 1 LEHWVWTGPU, CPUENZENTHEL LER&sdiff A<y RTENE L > THRET 2 LROESICRY E
Y. ENGPUEMNCPUEZRY ET.

Amber 16 PMEMD 2016 Amber 16 PMEMD 2016

\ PMEMD implementation of SANDER, Release 16 PMEMD implementation of SANDER, Release 16

| Run on 09/04/2017 at 12:41:23 | Run on
09/04/2017 at 13:37:44

| Executable path: pmemd.cuda.MPI | | Executable
path: pmemd.MPI

| Working directory: /home/7/A2901692/amber/dna_wat3 | Working directory: /home/7/A2901692/amber/dna_wat2

| Hostname: r2i5n7 |

Hostname: r5i4n3

[-O]verwriting

output

[-O]verwriting output

File

Assignments:

File Assignments:

| MDIN: dna_water_md.in | MDIN: dna_water_md.in
| MDOUT: dna_water_md.out | MDOUT: dna_water_md.out

| INPCRD: dna_water_md_fixd.rst | INPCRD: dna_water_md_fixd.rst
| PARM: prmtop | PARM: prmtop

| RESTRT: dna_water_md.rst | RESTRT: dna_water_md.rst
| REFC: refc | REFC: refc
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MDVEL: mdvel
MDEN: mden
MDCRD: dna_water_md.mdcrd
MDINFO: mdinfo
LOGFILE: logfile
MDFRC: mdfrc
Here is the input file:
B&

Note: ig = -1. Setting random seed to

234768 based on wallc
microseconds and disabling the synchronization of rando
between tasks to improve performance.

[ INFORMATION —————=————————————————

GPU (CUDA) Version of PMEMD in use: NVIDIA GPU IN USE.

Version 16.0.0

02/25/2016
Implementation by:
Ross C. Walker (SDSC)
Scott Le Grand (nVIDIA)
Precision model in use:
[SPFP] - Single Precision Forces, 64-bit Fixed Point

Accumulation. (Default)

I ————————————————— CIWATTION IO ————————————————m
When publishing work that utilized the CUDA version
of AMBER, please cite the following in addition to
the regular AMBER citations:

Romelia Salomon-Ferrer; Andreas W. Goetz; Duncan
Poole; Scott Le Grand; Ross C. Walker "Routine
microsecond molecular dynamics simulations with
AMBER - Part II: Particle Mesh Ewald", J. Chem.
Theory Comput., 2013, 9 (9), pp3878-3888,

DOI: 10.1021/ct400314y.

— Andreas W. Goetz; Mark J. Williamson; Dong Xu;

"Routine microsecond molecular dynamics simulations
with AMBER - Part I: Generalized Born", J. Chem.
Theory Comput., 2012, 8 (5), ppl542-1555.

— Scott Le Grand; Andreas W. Goetz; Ross C. Walker
"SPFP: Speed without compromise - a mixed precision
model for GPU accelerated molecular dynamics
simulations.", Comp. Phys. Comm., 2013, 184

[

|

|

[

[

|

|

[

[

|

| Duncan Poole; Scott Le Grand; Ross C. Walker
[

[

|

|

[

[

|

| pPp374-380, DOI: 10.1016/3.cpc.2012.09.022
[

<
[ GPU DEVICE INFO ————————————————————
Task ID: 0
CUDA_VISIBLE_DEVICES: not set
CUDA Capable Devices Detected: 4
CUDA Device ID in use: 0

CUDA Device Name: Tesla P100-SXM2-16GB
CUDA Device Global Mem Size: 16276 MB

CUDA Device Num Multiprocessors: 56
CUDA Device Core Freq: 1.48 GHz
Task ID: i
CUDA_VISIBLE_DEVICES: not set
CUDA Capable Devices Detected: 4
CUDA Device ID in use: 1

CUDA Device Name: Tesla P100-SXM2-16GB
CUDA Device Global Mem Size: 16276 MB

CUDA Device Num Multiprocessors: 56
CUDA Device Core Freq: 1.48 GHz
Task ID: 2
CUDA_VISIBLE_DEVICES: not set
CUDA Capable Devices Detected: 4
CUDA Device ID in use: 2

CUDA Device Name: Tesla P100-SXM2-16GB
CUDA Device Global Mem Size: 16276 MB

CUDA Device Num Multiprocessors: 56
CUDA Device Core Freq: 1.48 GHz
Task ID: 3
CUDA_VISIBLE_DEVICES: not set
CUDA Capable Devices Detected: 4
CUDA Device ID in use: 3

CUDA Device Name: Tesla P100-SXM2-16GB
CUDA Device Global Mem Size: 16276 MB

CUDA Device Num Multiprocessors: 56
CUDA Device Core Freq: 1.48 GHz
Task ID: 4
CUDA_VISIBLE_DEVICES: not set
CUDA Capable Devices Detected: 4
CUDA Device ID in use: 0

CUDA Device Name: Tesla P100-SXM2-16GB
CUDA Device Global Mem Size: 16276 MB

CUDA Device Num Multiprocessors: 56
CUDA Device Core Freq: 1.48 GHz
Task ID: 5
CUDA_VISIBLE_DEVICES: not set
CUDA Capable Devices Detected: 4
CUDA Device ID in use: 1

CUDA Device Name: Tesla P100-SXM2-16GB
CUDA Device Global Mem Size: 16276 MB
CUDA Device Num Multiprocessors: 56

CUDA Device Core Freq: 1.48 GHz

Note:

| MDVEL: mdvel
|  MDEN: mden
\ MDCRD: dna_water_md.mdcrd
| MDINFO: mdinfo
|LOGFILE: logfile
| MDFRC: mdfrc

Amber MJHDF5|E

Here is the input file:

938027 based on wallc
microseconds and disabling the synchronization of rando

ig = -1. Setting random seed to

between tasks to improve performance.

<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
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| Task ID: 6 <

| CUDA_VISIBLE_DEVICES: not set <

| CUDA Capable Devices Detected: 4 <

| CUDA Device ID in use: 2 <

| CUDA Device Name: Tesla P100-SXM2-16GB <

| CUDA Device Global Mem Size: 16276 MB <

| CUDA Device Num Multiprocessors: 56 <

| CUDA Device Core Freq: 1.48 GHz <

[

<

[

<

| Task ID: 7 <

| CUDA_VISIBLE_DEVICES: not set <

| CUDA Capable Devices Detected: 4 <

| CUDA Device ID in use: 3 <

| CUDA Device Name: Tesla P100-SXM2-16GB <

| CUDA Device Global Mem Size: 16276 MB <

| CUDA Device Num Multiprocessors: 56 <

| CUDA Device Core Freq: 1.48 GHz <

[

<

| <

|—mm GPU PEER TO PEER INFO ————————————————— <

||  Peer to Peer support: ENABLED <

| <

B&

| Final Performance Info:

Final Performance Info:

[ \

| Average timings for last 15900 steps: | | Average timings for last 23900 steps:

| Elapsed(s) 27.98 Per Step (ms) 1.76 Elapsed(s) = 55.95 Per Step(ms) = 2/.34

| ns/day = 98.18  seconds/ns = 879.98 | ns/day = 73.82  seconds/ns = 1170.49

[

[

| Average timings for all steps: \ Average

timings for all steps:

| Elapsed(s) = 87.83 Per Step(ms) = 1.76 Elapsed(s) = 116.06 Per Step(ms) = 2.32

| ns/day = 98.37  seconds/ns = 878.34 | ns/day = 74.44  seconds/ns = 1160.64

[ \

| Master Setup CPU time: 3.32 seconds | | Master Setup CPU time: 0.16 seconds

| Master NonSetup CPU time: 87.67 seconds | | Master NonSetup CPU time: 115.83 seconds

| Master Total CPU time: 90.99 seconds 0.03 ho | \ Master Total CPU time: 115.99 seconds 0.03 ho

[

| Master Setup wall time: 21 seconds | | Master Setup wall time: 1 seconds

| Master NonSetup wall time: 88 seconds | | Master NonSetup wall time: 116 seconds

| Master Total wall time: 109 seconds 0.03 ho | | Master Total wall time: 117 seconds 0.03 ho
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