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MonekynapHaa guHamunka 8 NAMD
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FIG. 21. Continuous development effort over the years toward simulating with
NAMD realistic biological objects of increasing complexity from a small, solvated
protein, on the thousand-atom size scale, in the early 1990s, to a full protocell, on

the billion-atom size scale, nowadays. Version 3.0 Single-Node ALPHA Release (2020-08-12)

https://doi.org/10.1063/5.0014475

» doi:10.1038/nMeth.4638 GOES QUANTUM!

HatnsHo- ORCA, MOPAC,
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Terachem v1.93P (Pascal)

1 GeForce 1080Ti 1 Tesla K80
Taxol Valinomycin| Olestra Taxol Valinomycin | Olestra
Method 110 atoms | 168 atoms | 453 atoms | 110 atoms | 168 atoms | 453 atoms
1013 bfns | 1350 bfns | 3181 bfns | 1013 bfns | 1350 bfns | 3181 bfns
Upg, xyz) | (rg, xyz) | (Rg.xyz) | (Rrg, xyz) | (rg, xyz) | (RY, Xyz)
RHF/6-31G* | 34.79 sec |56.01 sec 175.3sec |81.6sec |130.7 sec 341.33 sec
BLYP/6-31G* | 47.96 sec | 55.05 sec 277.1sec |78.76 sec | 91.85 sec 373.9 sec

DFT- pna! d-dyHKUMKU- pal

GTX1080 npotme 8 agep Ryzen 1700x
BHHLYP/2492 6.¢. sHeprua+rpaneHT B TOYKE, MUHYT

Terachem* Q-chem || Firefly
wall, min| 10 74 92
Nscfit 19 19 21

ORCA |
GAMESS RIJCOSX*™ noRI gauss16)| nwchem
439 55 144 107 247
21 14 14 26 20

*nns Terachem foctynHa npobHas Bepcua Ha calite
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FIG. 7. Timings for key components in a hybrid QM/MM calculation of myoglobin
(PDB ID: 3RGK) at the HF-CASCI/6-31G level of theory with a (16e, 160) active
space for the lowest three singlet states. Conventional Fock builds were done in full
double precision with all integral thresholds set to 10~ Different QM regions were
selected based on a distance criterion from the heme cofactor. Calculations were
run on a Tesla V100 GPU using a single core of a 3.4 GHz Intel Xeon E5-2643v4
CPU.

https://doi.org/10.1063/5.0007615

Cl, CASSCF- no ¢daKTy noKa HeT



Ba*KHbIK ab3au u3 ctatbu npo NAMD....

* In general, positions and elements of QM atoms are passed on to the QM package along with
positions and magnitudes of partial charges representing the local MM environment. In
return, NAMD expects forces, total energy, and partial charges for QM atoms, and possibly
forces acting on MM partial charges due to electrostatic interactions.

-------------------------------------------------------------------------------

mSoftware  “custom”
NAMD paer : q . NAMD xouet

: gmExecPath  “/path/to/wrapper/script” :
12 1129 ------------------------------------------------------------------------------ _21211362753598914
-15.969461 -3.544493 11.983027 C -8.955610277116083 -8.566433268617422 13.381047870527484 -0.353621
-16.864322 -3.994110 12.444480 H 1.16629677029223 -2.6029745221297564 0.5863371344861709 0.143775
16.076230 -2.488491 12.123853 H -0.18543937606023464 23.722640628287568 1.5376467631374873 0.117190
16.028334 -3.750397 10.922295 H 1.3817033275146584 -1.95090127381355 -13.429310832072556 0.110795
-16.241749 -6.696307 3.485626 -0.834000 Cun, pencTBylOWKUX OT KM YacTn Ha MM 3apAafabl, OH He
-15.906726 -6.335190 4.329142 0.417000 TpebyeT ana paboTbl MHTEepderca No yMmonyYaHuio...
-16.278723 -7.652245 3.608761 0.417000 (mocTaToyHO YacTMyYHbIX 3apAgoB Ha KM vacTtu)

Hem amo ypesamo ?




Bo3HMKaeT He cCKomNeHcMpoBaHHanA obLLLasa cuna

OnucaHwme cuctem

TpuanaHuH B chepe MoneKyn Boabl

* UpuTTep-noHHan popma
TpuanaHuHa, 33 atoma;

* 1361 moneKyna Boapl B popme

= 1212 monekyn soabl B popme
chepbl paguycom ~20 A, 3636

chepsl paguycom ~20 A, 4083 aTOMOB;

daToOMa;

* Mtoro: 4116 atomos.

MonHaa 3Heprus, Kkan/monb

-27300
-27350
-27400
-27450
-27500
-27550
-27600
-27650
-27700
-27750

* Utoro: 3648 atomos.

y = 0,0035x - 27666
R?*=0,9931

Bpemsa cumynaumm, Hc/2

NMA B chepe moneKkyn Bogpbl
* N-meTunauetramma, 12 atTomos;

80000

[TpoTOKOAN NoArotoBkM K NVE cumynaumam

* MuHuUmm3auma, 10000 waros;
* Knaccmnyeckas NVE M/, 50 nic, war 1 Hc;
* KM/MM NVT M/ 50 nc, war 0.5 Hc.

-21175
-21180 O 50000 100000
-21185
-21190
-21195
-21200
-21205
-21210
-21215
-21220

y = 0,0001x - 21208
21225 R? = 0,2695

-21230 5
Bpemsa cumynaumm, Hc/2

JHeprua KBAaHTOBOW NOACUCTEMDI,
KKan/monb



CobcTBEHHO, MHTEepdeunc (McnpaBieHHbIN)

NAMD paet

12 1129

-15.969461 -3.544493 11.983027 C
-16.864322 -3.994110 12.444480 H
-16.076230 -2.488491 12.123853 H
-16.028334 -3.750397 10.922295 H
-14.728684 -4.062380 12.637535 C
-14.254760 -3.682384 13.716159 O
-14.023666 -5.058429 11.949306 N
-14.504999 -5.435342 11.120898 H

NAMD xoueT nonyumTb

-21211.362753598914 1129

-16.241749 -6.696307 3.485626 -0.834000
-15.906726 -6.335190 4.329142 0.417000
-16.278723 -7.652245 3.608761 0.417000
-19.198855 -6.353110 0.268157 -0.834000
-18.377718 -5.951460 0.623150 0.417000
-19.770334 -6.177951 1.016570 0.417000

-8.955610277116083 -8.566433268617422 13.381047870527484 -0.353621
1.16629677029223 -2.6029745221297564 0.5863371344861709 0.143775
-0.18543937606023464 23.722640628287568 1.5376467631374873 0.117190
1.3817033275146584 -1.95090127381355 -13.429310832072556 0.110795
12.87205787454848 2.487946887707482 24.99118107669475 0.255001
-16.026376602464353 0.01285828715703058 -19.97555665160008 -0.408446
-29.58146006447113 -2.1641390915629115 -33.04592530455172 -0.099782
9.867741720842629 6.787982981300107 22.332651838999638 0.141550
44.35259271535196 -3.3807634192849876 -44.028595034794805 -0.287982
-5.524293052772071 -13.968475886096098 2.173087388428163 0.087948
6.947835757384526 -0.1231977465939817 0.9927388941231656 0.138357
-17.65672501195059 -2.024415782652609 43.68782683202874 0.155214

0.07436833234343959 0.03796740898691461 0.4904834547958649
-0.041958077830947814 -0.019751607521598758 -0.3395271184162428
-0.03971533835237085 -0.049114089677161764 -0.2330252655402786
0.06247083927756386 -0.00943392634824204 0.16079994390060348
-0.02966461524645288 0.00884385326411547 -0.09538309472481299
-0.04210814710050284 0.00574221259345192 -0.08697630443792427

n OmkKy0a 83amb amu cunobi?!

3TO M eCTb OTIMYMeE OT CTaHAaPTHOro 0bLeanoCcTynHOro nHTepdeiica .




------- MM / Point charge part -------

------- MM / Point charge part -------
0.0054642591 -0.0586869821 0.0322470440
0.0674408088 -0.0212582007 0.0354285390

dE/dx1= dE(QM/MM)/dx1 + dE(MM/MM)/dx1

F1(QM/MM

— %k
F(MM)12,r12 dE(MM/MM)/dx1=d (pcl*pc2/r12)/dx1

\/
HeMHoOro LKoNbHOM MaTeMaTUKK
v
HeobxoamMmo ounctutb matpuuy “MM / Point 3
charge part” oT Bcex Takux BKnagos! pcl*pc2*Axq,/ry5

He 3abbiBaem KoHBepcuto eanHu, (hartee u bohr B kcal n angstrom)



[Metabolite] / [tCr]

N-amermiacnaprar u NATSL
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B pabote Ariyannur, 2010 naeHtMomnumpoBanm
6enokK, 3aKkoanpoBaHHbIN B reHe NATSL,
Kak ASP-NAT 8



UniProtKB - Q8N9F0 (NAT8L_HUMAN)
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10.1021/acschemneuro.0c0025

KM yacrb:

ASP, AcCoA (uacTb),
ARG102, ARG212...
PBEO/6-31G**

ManeHbKasa ~600 6.¢.
Bonbwan 131 atom 1279 6.¢.

NAMD colvar+UI

DOI: 10.1063/1.2052648

HayanbHsili 6apbep ~27 KKAs1/MOsb

3mo HepeakuuoHHasa cmpykmypa!
Figure 4. Active site in NATS8L as revealed in computer modeling. 10




dopmbl MHTEpMeanTa n ctagmna INT<->EP




«[MpaBUNbHBIN» NN «KPEeaKLMOHHbIN» ES




Cnacmbo 3a BHUMaHuel

PaboTa BbinonHeHa B pamkax npoekta PH® Ne18-13-00030



