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Tom tit

Bai viét trinh bay két qua nghién ciru mé phong déng lec hoc phdn tir trong méi truong dung
dich nuée ciia phire chat CD38 véi mét s6 chat ke ché vi mé va nano nho sir dung trueong lhiec phan iing
ReaxFF tich hop vao SCM ADF. Viéc phan tzch va xir Iy két qua dwa trén tép quy dao nguyen twe .rxkf
dwoc tao bang ADF va du’Uc hé tro béi phan mém bén ngoai Hbond. Két qua cho thdy rang, trudc tién,
ReaxFF c6 thé dwa ra cdu hinh tam hoat déng cia protein trong ving cé khodng cich R<3A tir cdc
nguyén tir ciia chat irc ché 417, phiv hop véi div liéu cdu tric tinh thé trong khi trieong liec c6 dién danh
gid qud cao s6 phdi tri ciia cdc nguyén tir ndy. Thit hai, ngodi cdc yéu to6 anh huéng dén hoat déng cia
chat ke ché nhir cau triic héa hoc, nhém chive va kha ndang hinh thanh lién két hydro, con ¢6 mét yéu to
khdc dwoc goi la yéu 16 hinh hoc lién quan dén moi quan hé hinh hoc gitta axit amin o tam hoat dong va
phoi tir chat ke ché. Cu thé, chdt ire ché c6 hoat tinh irc ché CD38 cao hon néu: i) cdc nguyén tir ciia né
tiép cdn véi nhiéu axit amin tam hoat dong hon; ii) tong tan sudt gdp cdc nguyén tir khéng phai hydro
ciia cdc axit amin & khodang cdch R<3 A vé6i cac nguyén tir chat ik ché thap hon va iii) s6 heong lién két
hydro gitka chdt ikc ché va axit amin ciing nhw H20 cao hon.
Tir khéa: Pong liee hoc phan tir, trieong lwe phan teng, CD38, chat ke ché, lién két hydro

ReaxFF molecular dynamics study on the active site configuration of hCD38 in aqueous
solution with some inhibitors
Abstract

The paper presents molecular dynamics simulation of the aqueous solutions of CD38 complexes
with some micro and nanosized inhibitors by using ReaxFF reactive force field integrated into the SCM
ADF. The obtained results which were analyzed and processed by using a .rxkf trajectory file created
with ADF and supported by Hbond software show that (i) An active site configuration in the region of
distance R< 3 4 from 417 inhibitor s atoms which fits well with the crystal structure data while the clas-
sical force field overestimated the coordination number of these atoms, (ii) Besides the factors influence
the activity of inhibitors such as chemical structure, functional groups and the ability to form hydrogen
bonds, there is an another factor called geometric factor involving geometric relationship between ami-
no acids and inhibitor ligand in the active site. Specifically, the inhibitor has a higher CD38 inhibitory
activity if: (i) its atoms approached more many active site amino acids, (ii) the total prevalence of en-
countering non-hydrogen atoms of amino acids at R<34 distance from inhibitor atoms is lower and (iii)
the number of hydrogen bonds between inhibitors and amino acids as well as H,O is higher.
Keywords: Molecular dynamics, reactive force field, CD38, inhibitors, hydrogen bonds
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1. Giéi thiéu

CD38 1a mot loai enzyme xuyén mang
c6 mat rong rdi trong hau hét cic md cua
dong vat c6 vu [1], dobng mot vai tro quan
trong ca trong mot loat cac chirc nang sinh ly
tir tiét insulin, phan img mién dich vi nhiém
tring va diéu hoa oxytocin tiét ra doc tinh
than kinh ¢ chudt cling nhu lién quan truc
tiép dén nhidu bénh, ching han nhu bénh
tiéu duong man tinh, AIDS va bénh bach cau
lymphocytic [2]. Gan day, cac nghién ctru da
chi ra ring enzym NADase CD38 déng vai
tro trung tam trong viéc gidam NAD + trong
khi giam NAD + 1a yéu t6 quan trong 1am gia
tang cac rdi loan chuyén héa do tudi tac [3].
Vi véy, viéc tim kiém cac chat (rc ché CD38
¢ hoat tinh e ché cao va co thé su dung
duogc trong thyc hanh 1am sang da duoc nhiéu
nha khoa hoc quan tam.

ReaxFF (“truong lyc phan Ung”) la
truong lyc dya trén lién két giita cac nguyén
tir dugc phat trién boi Adri van Duin, William
A. Goddard, III va cac dong nghiép tai Vién
Cong nghé California [4]. Uu diém co ban ctia
ReaxFF 13 c6 thé mo ta cac phan tng hoa hoc
xay ra trong cac hé bao gdm mét sb luong 16n
cac nguyén tor ma cac phuong phap hoa hoc
lugng tr chua 4p dung dugc. Ly do co ban &
day 1a trong khi cac truong luc truyén thong
khong thé md hinh héa cac phan ting hoa hoc
do nhu cu ph4 v& va hinh thanh cac lién két
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duogc xac dinh ro rang, ReaxFF tranh cac lién
két 18 rang (c6 hodc khong cé lién két) bang
cach dua ra khai niém vé béc lién két dé cho
phép lién két hinh thanh va pha v lién tuc.
ReaxFF ciing di duoc tmg dung dé mo phong
peptide va protein dya trén truong lyc phan
tmg thich hop [5]. Gan day, truong luc nay
dugc str dung dé mo phong dong luc hoc phan
tr (MD) ctia mot sd phire chit trc ché CD38
[6] trong chan khong dé 1am 1 co ché wrc ché
clia cac hop chat khac nhau. Tuy nhién, tinh
toan chan khong chi cho két qua han ché.

Trong bai viét ndy, chung toi dé cap dén
mo phong ReaxFF-MD ctia mot s6 phirc chat
trc ché CD38 trong dung dich nudc. Trong sd
céc chét e ché CD38 loai phan tir nho dugc
dé xuat, c6 ba nhom chiém wu thé: indole [7],
flavonoid [8,9], quinoline [10] hodc quinazo-
line [11,12]. Ba trong s6 ching duoc chon
dé khao sat trong nghién ctru nay 13 cac din
Xuét quinoline hodc quinazoline (xem Hinh
1) bao gobm C, H,,ON; (412), C22H27N O,S
(78C) va C24N8OH20F4 (1AM) véi ICSO
trén CD38 ctia con ngudi tir micro dén nano
mol. Cau héi nghién ctru 1a ddc diém céu tric
nao cua hé théng bao gom lién két hydro giita
chat {rc ché va cac axit amin CD38 va véi
H,0 thu dugc tor mé phong ReaxFF-MD c6
thé duoc st dung lam chi thi cho hoat dong
trc ché cua ching chéng lai CD38?

o111 1.67

Hinh 1. Céu tric héa hoc clia cac chit wre ché, ma cac nguyén tir (chit ding) va ty 18 phd bién cua
lién ket hydro voi with H O (chir nghiéng) twong tmg vdi cac ky hiéu s dung trong cac bang dudi
déy. Tur trai sang phai: 1AM (C, N,OH  F4 IC50 =4 nM), 41Z (C H, ON, IC50 = 7.2uM) and

78C(C 1

20021

N.0.S IC50 = 7 nM).
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CTEC Ngsfm F ReaxFF E:’I:é Ng;'iye" F ReaxFF
1AM N* 0.794 0508 | 78C N’ 0.616 0.363
N 0.638 0.368 o' 3.250 1.616
N 0.925 0.635 N* 0.570 0.400
N4 2.441 1.365 0! 0.413 0.000
N 1.361 0.963 o+ 0.266 0.257
NI 2.844 1.558 N3 0.477 0.291
N 0.579 0.483 g% 0.389 0.122
F! 0.261 0.100 Tong 5.980 3.048
F¥ 0.055 0206 | 41Z o+ 1.569 1.012
Pl 0.104 0.036 N+ 3.038 1.436
N4 4315 2.189 NI 1.168 0.557
o’ 1.791 0.858 NI 1.218 0.688
Tong 16.196 9.119 Tong 6.993 3.693

Bang 1. Np ctia cac cip nguyén tir cho-nhdn c6 khoang cach <= 3.0A giita chat trc ché va cac axit

amin/H,O trong m6 phong MD véi truong luc khong phan g (F) va voi ReaxFF

N Tinh thé Mo phong
guyen tr Axit amin/ Hz0 R (A) Np ctia cic lén cin R (A)
0% O H:0 2.253 1.012
N Oe? Glu™ 2.880 =3
ﬁ 1.436
N.4 .Ddl Agp'ﬁ 3014
N Og' Thr*?! 2.874 0.557
N - - 0.668

Bang 2. So sanh l4n can O, N, F, S ciia c4c nguyén tir 41Z trong tinh thé va mé phong MD ReaxFF

2. Phuong phap nghién ciru
2.1. Mé phong dong luwc hoc phin twr
ReaxFF

Khi thyc hién cac phép tinh véi chat G
ché CD38 duoc halogen hoa, mdt phién ban
stra d6i cua trudng lyc phan tng protein [13]
da duoc sir dung, trong do, chi lién két NN
va cac thong sd lién quan duoc cai thién bang
cach tham s6 hoa chinh x4c & murc héa lugng
tir cia d6 dai lién két N-N trong nhom pyr-
rolo cia 1AM [3,4-c] pyrazole. Cau trac tinh
thé ciia hCD38 duogc ldy tir Ngan hang Di
li¢u Protein (http://www.rcsb.org/) voi ID 1a
Iyh3 [14], dugc xir 1y trude bang phan mém
PdbViewer [15] va phén tir e ché duoc gin
vao bang phan mém AutoDock [16]. Phan tu
phtic chét protein - phdi tor dugc dat trong
mot hop 1ap phuong 65A chira day nudc. Cac
tinh toan MD-ReaxFF dugc thuc hién trén
phan mém ADF / ReaxFF trong tdp NVT sir
dung bd diéu nhiét Berendsen v&i muc giam

khong dbi 0,1 ps. Cac phuong trinh chuyén
dong da duogc giai bang cach sir dung thuat
toan toc do Verlet va budc thoi gian dugc dat
bang 0,25 f5. Trudc khi md phong MD-NVT,
hé théng da duge dua vé muc ning luong tbi
thiéu tai T = OK. Sau d6, nhiét d¢ hé thong
tang tir 0 dén 300 K trong 60 ps. Sau khi dat
dén 300 K, moé phong MD-NVT dugc thuc
hién ¢ 300 K cho 500 ps ma khong co bat ky
han ché nao. Céac diéu kién bién tuan hoan ba
chiéu dugc str dung cho tit ca cac md phong.
Sau khi dat trang thai can bang, dit lidu vé
dong luc hoc va cau trac cua hé théng duge
ghi lai trong 01 ns tiép theo.
2.2. Xdc dinh s6 phéi tri va lién két hydro
Hién tai, trong phin mém ReaxFF
dugc tich hgp vao ADF cling nhu GRO-
MACS, khong c6 quy trinh riéng biét nao
dé xac dinh muc d6 phd bién cua mot cip
nguyén tr nhat dinh dé theo doi no, vi vy,
chung t6i da sir dung phan mém HBond hd trg
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bén ngoai dugc thiét ké dé co thé phan tich su
thay d6i khoang cach giira bat ky cip nguyén
tir ndo ciia hé thong trong qua trinh mod phong
dua trén tép quy dao .rxkf dugc tao biang phan
mém ADF. Thuét toan co ban 1a xac dinh mirc
d6 pho bién ctia mot cap nhat dinh, trudc tién,
tai mot diéu kién khoang cach nhat dinh gitra
ching trong qua trinh mo phong. Sau do, dé
xéc dinh lién két hydro, can phai tim nguyén
tir hydro di kém cua chét cho. Piéu kién cua
lién két hidro 14 khoang cach gitra cap nguyén
tor cho - nhan khong vuot qua 3A va goc a
tao boi cdp nguyén tir da cho va nguyén ti
hidro khong vugt qué 200. Viéc tinh toan lién
két hydro chi dugc thyc hién v6i cac nguyén
ter O, N, S va F trong cht Grc ché, céc axit
arrgin va ca H,0. Muc do phé bién (Np) cta
moi cdp nguyén tir va lién két hydro dugc xéac
dinh boi s6 1an xuét hién trén tong s6 budc mod
phong dugc ghi lai. Co hai truong luc dugc
st dung trong tinh toan MD cta phan mém
ReaxFF-ADF: truong luc phan ing (ReaxFF)
va truong luc khong phan ing (mac dinh 1a
AMBER hogc SYBYL).

Trong khoang thoi gian /ns tao dir liu
dé xac dinh s6 phéi tri va lién két hydro, ching
t6i da str dung 500s dau tién cho truong luc
khong phan tmg va 500s tiép theo cho ReaxFF.
Co6 su khéc biét 10 rang gitra hai truong hop
trong viéc xac dinh ty 1& phd bién cta cac cip
nguyén tir. Bang 1 trinh bay muic d6 pho bién
Np cua cdp nguyén tir li€n phan tr & khodng
cach <3A giita chit (rc ché va cac axit amin/
H,O xung quanh nhén dugc trong hai trudng
hop: mé phong MD truong luc khong phan
{mg va ReaxFF. C6 thé dé dang nhéan thay rang
khi str dung truong luc khong phan tng, ty 1€
tim thdy cac cac cap nguyén tir axit amin - chat
{rc ché va chat rc ché - H,O ¢ khoang cégh
< 3A gan nhu gap doi so voi ReaxFF. DBiéu
nay xdy ra véi tat ca cac chat e ché 417, 78C
va 1AM. Ngoai ra, trong mot sb truong hop,
MD truong lyc khong phan ung da danh gia
qué cao sO phéi vi dén muc khong c6 y nghia
vat 1y. Vi dy, sb phdi vi cia N** (1AM) lén
dén 4.315 va dbi voi O (78C) 1én dén 3.250.
Ngoai ra, MD ReaxFF dwa ra mic do phd
bién cua céc nguyén tor O, N, F, S lan cén ¢
khoang cach <= 3 A tir cic nguyén tir cua 417
1a kha phu hop véi dit liéu lién két hydro thuc

nghiém thu duoc tir cdu tric tinh thé CD38-
41Z-NA7 [12] va Phan mém CHIMERA [17].
Cu thé, trong tinh thé, chung t6i tim thdy mot
nguyén tir O (nudc) & R = 2,253A tir O, hai
nguyén tr oxy Oe® Glu'*® va nguyén tir Od'
Asp'® & R =2,880A va R = 3,014A tir N**, va
mot nguyén tir oxy Og' Thr*?! & R = 2,874A
tir N''. Ty 18 pho bién ctia cip nguyén tir tuong
g nhan dugc tir md phong MD ReaxFF lan
luot 1a: 1,012, 1,436, 0,557 va 0,688 (Bang 2).
Rt tiéc, chang t6i khong co dir liéu cau tric
tinh thé twong tmg ctia cac phirc CD38-78C va
CD38-1AM dé so sanh thém. Do do, tt ca dit
lidu trong cac cudc thao luan bén dudi dugc
lay tir cac vong lip c6 trudng luc phan tng.

3. Két qua va thao ludn

3.1. Hydrat héa cic nguyén tiv chit irc ché
trong tam hoat dong ciia CD38

Bang 3 trinh bay két qua xac dinh mirc
d6 pho bién (Np) cta lién két hydro gifra HzQ
va cac nguyén tu O, N, F, S cta chat uc che
1AM, 78C va 41Z. Co thé thiy rang kha ning
hydrat hoa cua cac nguyén tir chat e ché
trong vung hoat dong khong khac nhiéu so
v6i trong dung dich nude. Cac nguyén tur oxy
trong nhém = O ciling nhu nguyén tir N trong
nhom NH, c¢6 nhiéu kha ning tham g%a Vé}o
lién két hydro v6i nude hon. Ty 1€ pho bién
ctia chiing 14 1,616 (= O' trén 78C), 1,012 (=
0% trong 41Z), 0,532 (= O57 trong 1AM),
1,555 (N*' trong 1AM), 1,375 (N** trong
417) va 1,238 (N** trong 1AM). Cac nguyén
tu nito trong nhém NH cling tham gia tao lién
két hidro voi H,O. Np cua chung dugc xéac
dinh 1an luot 1a: 1,142 (N** / 1AM), 0,483
(N**/1AM), 0,113 (N"*/ 78C) va 0,114 (N
/ 41Z). Ngoai ra, ty 1& hién dién lién két hydro
ctia nhém NHx v&i tu cach 1a chéat cho voi
H,0 la nhé tir 0,059 (N ciia 78C) dén 0,021
(N ctia 417) va 0,001 (N** ciia 1AM) va c6
thé duoc bo qua trong phan tich cau tric.

So sanh tong Np lién két hydro cua
cég nguyén tir chat trc ché véi H,0O ciing cho
thay su vuot troi cuia 1AM (7,372) so voi
78C (2,704) va 41Z (2,781). Tuy nhién, mbi
tuong quan khong rd rang khi so sanh 78C
va 41Z. Mic du ching c6 sé luong lién két
hydro bang nhau, 78C c¢6 hoat tinh wc ché
vuot tri (IC50 = 7nM) so voi 41Z (IC50 =
7,2uM). Dé dua ra két luan chic chan hon,
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Chat irc | Nguyén Np Chatirc | Nguyén Np
ché tir ché tir
Chit nhin | Chat cho Chit nhin Chat
cho
1AM N? 0.508 78C N’ 0.363
N3 0.352 o' 1.616
N 0.635 NI 0.113 0.059
N4 1.142 001 o 0.0
N0 0.743 o 0.256
NI 1.555 N 0.291
N 0.483 s 0.065
F 0.097 Tong 2.764
F0 0.030 41Z N0 0.280
Fl 0.036 NH 0.114 0.021
N 1.238 0% 1.012
o’ 0.532 N 1.375 0.039
Tong 7372 Tong 2.841

Bang 3. Np cuia lién két hydro cta cac nguyén tir chit trc ché véi H20

Hinh 2. Hinh anh tdm hoat dong ctia hCD38 trong su c6 mat clia cac phéi t e ché thu
dugc tir MD ReaxFF sau 1ns can bang dong. Tir trai sang 41Z,78C va 1 AM. Mau xanh mo
ta bé mit clia cac axit amin thudc vé tim hoat dong AC1 theo [10]; mau ghi mo ta AC2.
Phan tir nude khong duoc biéu dién

chung t6i da tinh toan muirc d6 phd bién cta
lién két hydro gitta cac phéi tir e ché va pro-
tein. Cac két qua duoc trinh bay dudi day.
3.2. Lién két hydro chit irc ché - protein
Béng 4 trinh bay mic d6 phd bién cia
lién két hydro giira chat trc ché va protein bao
gdm céc nguyén tir O, N, S va F. V6i khoang
cach cia cac nguyén tir cho-nhan 1a <3,0A
va gbc cét 1a 20 do, cac lién két hydro dang
hinh thanh nay cé thé dugc lap lai voi cling
mot nguyén tr “cho”, “nhan” va nguyén ti
H. Tuy nhién, chung ciing chi c¢6 thé duoc lap
lai voi cac nguyén tir “nhan” hodc nguyén tur
“cho” ciing v6i nguyén tir H ctia nd. Tong ty
1¢ pho bién cua lién két hydro giita cac phdi

tir 41Z, 78C va 1AM véi CD38 lan luot la
0,5746, 0,3252 va 1,019.

Vi vay, céac lién két hydro giita chat Grc
ché va cic axit amin cia CD38 trong ving
hoat dong bi han ché. Ty 1& pho bién cua lién
két hydro giira cac nguyén tir chét trc ché 78C
va céc axit amin cia CD38 tham chi con thap
hon 41Z. Két qua nay pht hop véi tinh toan
trudc ddy cia cing mot chat e ché - phirc
chat CD38 trong chan khong [6], theo do,
1AM c6 thé tham gia mot lién két hydro voi
cac gbc & vi tri hoat dong trong khi 41Z va
78C thi khong, mic di mot s6 nguyén tir cho
- nhén cac cdp co thé tiép can gan nhau.
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Chat 1rc che Cho H Mhin Np
1AM Og' Thr**! Hg' Thr*! NI2 0.015
Ne! Trp™® Hel Trp™ N 0.002
Ne! Trp'™® He'! Trp'™ F! 0.003
N H O Trp'® 0.046
Og' Thr**! Hg'Thr**' N 0.640
N Arg'?’ H Arg'?’ o* 0.283
N Thr**! H Thr**'! o 0.029
41Z Og Ser™* Hg Ser*** Nio 0.155
Og' Thr*! Hg' Thr**! NH 0.363
N3 H Og Ser** 0.056
78C Og' Thr*! Hg' Thr**! NI 0.272
Og Ser'™ Hg Ser'™ NP 0.005
Og' Thr**! Hg' Thr™*! s 0.047
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Bang 4. Np lién két hydro giira chat wrc ché va cac axit amin ctiia CD38

3.3. Ciu hinh ciia tam hoat dpng vii sw
hign dign ciia chit trc ché

Theo mot hudng khéc, chung t6i xéac
dinh muc do phd bién cta cac nguyén tir axit
amin khong phai Hydro ¢ khoang cach <3A
tir cac nguyén tir chat (e ché (Bang 5). Két
qua cho thay, trong ving c6 khoang céach
<3A tr cac nguyén tu khong phai hydro cua
chat trc ché 1AM, 78C va 41Z, chiing ta c6
thé tim thay cac nguyén tir khong phai hydro
cua cac axit amin tuong ung la 4,486, 6,078
va 6,214. Tham khao hai tdm hoat dong cua
CD38 dugc xac dinh tir nghién ciru tinh thé
cua Bercherer va cong su [10], theo d6, AC1
chira NA7 va AC2 chira phdi tir 41Z, chiing
t6i thay rang trong dung dich nudc, tit ca
417, 78C va 1AM déu dinh vi trong ca ACI
va AC2 ( Bang 5). Sy khac biét 1a ty 1¢ tiép
cin cac axit amin ngoai tim hoat dong 1a rat
it trong truong hop 1AM va 78C trong khi ty
1¢ nay la dang ké v6i 41Z (Hinh 2). Céc ty 18
nay lan luot 12 6,1 13,6 va 41,8%.

Moi twong quan gitra vi tri phéi tir trong
tam hoat dong va hoat tinh trc ché CD38 ciia
nod 1a rd rang. Duong nhu c6 mét nghich ly
khi so sanh hoat dong ctia chit wrc ché 417,
78C va 1AM. Hoat tinh cta chat trc ché cang
cao thi cang c6 nhiéu nguyén tir phéi tir tiép
can axit amin dé tao lién két hydro trong khi
tong ty 1& pho bién cia nguyén tir khong phai
hydro cua axit amin ¢ khoang cach <3A tu
céc nguyén tir chat e ché can phai nho hon.

Thyc sy khong c6 mau thun giita hai quan
sat nay néu chung ta so sanh ty 1& pho bién
cua céc lién két hydro dugc tao ra voi phéi tur
va H,0 (Bang 3). Vi¢c giam Np cdc nguyén
to khong phai hydro ctua axit amin trong
vung R <= 3A tr cac nguyén tir cia 1AM da
thuc su l[am tang sy xam nhap cua cac phan
tor nudc vao tam hoat dong va do do, cling
lam tang ty 1¢ lién két hydro tao v&i phdi ti.

Theo Liu va cac cong su [14], trong
tinh thé, tdm hoat dong ctia CD38 dugc tao
thanh tir cac axit amin diém nong bao gdm
Glu*®, Ser!” va Glu'®, trong do, Glu'*®
dugc bao toan noi ma su thay thé ¢ thé dan
dén ting phan ung xuc tac nhung ciing lam
giam hoat dong thily phdn NAD va thém vao
d6 1a cac nguyén tir N ctia Ser'®® trong phéi
tir cling co thé tao lién két hydro véi cac axit
amin khac & céc vi tri hoat dong nhu Trp125 ,
Asp'*S va Thr??!

Két qua tinh toan ctia chung toi ddi voi
dung dich nu6c (Bang 4) khac véi két qua dugce
Liu va cac cong su luu y. Ca ba phdi tir déu tao
lién két hydro véi céc axit amin 1an cén, tuy
nhién, trong s cac axit amin diém néng dugc
dé cap ¢ trén, chi c6 Thr??! tham gia véi ty 1¢
khong cao. 41Z tao lién két hydro v6i Thr?!
va Ser”* (Np = 0,36 va 0,21, tuong tmg); 78C
tao lién két hydro voi Thr*?! va Ser'? véi Np
thap hon (0,32 va 0,005); 1AM tao ra mot sb
lién két hydro v6i Thr*?! ¢6 Np cao hon mot
chut (0,684) va 4 axit amin khac (tong Np =
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Active site Residue 41Z T8C 1AM
ACl Gluldb 0.231 0.196
Serl86 0.211 1.556 0.058
Trpl89 0.086 0.823 0.658
AC2 Trpl25 1.185 0.076
Serl26 0.283
Argl2?7 0.284
Trpl76 0.873 0.487 0.830
Ser193 0.160 0.006 0.006

Asp219 0.477 0.096
Ser220 0.460 0.487
ACI&AC2 Thr221 1.349 0.868 1.301
N/A Alal54 0.012
Aspl56 0.241
Vall85 0,022

Lys190 0.966 0.261

Ser224 1.100 0.566

Val225 0,533

Total 6.214 6.078 4.486

Bang 5. Tong Np ciia cac nguyén tir axit amin khong phai hydro ¢ viing R<3A tir cac
nguyén tu e che

0,334) bao gobm Trp'* (Np = 0,046).

Mic du so luong lién két hydro duoc
hinh thanh giita cac phdi tir va axit amin trong
tam hoat dong khong nhiéu, nhung tong ty 18
pho bién cua lién két hydro gitta cac nguyén
tir phdi tir va H,O la du cao (Bang 3). Vi ly
do d6, kha nang hydrat hoa cua phbi tir phy
thudc vao sy pho bién cua cac phan tir nude
trong tam hoat dong s& anh huong dén do bén
cua phtrc Michaelis va do do, hoat tinh uc
ché cua phdi tir. Theo nghia d6, nhu di trinh
bay & trén, v6i su hién dién cua phdi tir thi
céu hinh vi tri hoat dong cang rdng, tirc 13, sb
phéi vi ctia cac nguyén tir axit amin ¢ khoang
cach R <= 3A tir cac nguyén tir phdi tir cang
it, thi cang c6 nhiéu vi tri hon cho cac phan tir
nude dé tao lién két hydro véi cac nguyén tir
phéi tir. Hiéu tmg nhu vay chung t6i goi dudi
day 1a “yéu t6 hinh hoc” trong su twong tac
giita phdi tir - protein trong dung dich nuéc.
Can phai khao sat nghiém tic hon yéu té nay.
4. Két luin

Tir két qua tinh toan va thao luan & trén,
chung ta c6 thé rat ra mot sé két luan. Pau
tién, véi sy trg giup ctua phan mém Hbond
bd sung, ching toi co thé xac dinh mic do

phd bién cua bat ky ciap nguyén tir nao tai
mot ving khoang cach nhit dinh ciing nhu
su xuat hién cta céc lién két hydro tuong tng
dua trén tép quy dao .rxkf dugc tao boi phan
mém ReaxFF-ADF. Tir diéu nay, chung toi
dd xac dinh rang ReaxFF c6 thé cung cip
ciu hinh cua vi tri hoat dong ctia CD38 voéi
su hién dién cta chat (c ché 41Z trong dung
dich nudc & ving R<3A phu hop véi cau trac
tinh thé thuc nghiém trong khi trudong luc
khong phan tng danh gia qua cao sb phdi vi
cua chung.

Thtr hai, khi phan tich mtic d6 pho bién
cua lién két hydro gitra cac phdi tir va axit
amin va nudc cling nhu mtc d6 phd bién ciia
cac nguyén tur axit amin khong phai hydro ¢
khoang cach R <= 3A tir cac nguyén tir ph01
tir, chiing t6i nhan thy rang, ngoal cac yeu t6
anh hudng dén hoat tinh cta chat e ché nhu
cau tric hoa hoc, nhom chirc va kha ning hinh
thanh lién két hydro con mét yéu t6 khac duoc
goi 13 yéu 16 hinh hoc lién quan dén mdi quan
h¢ hinh hoc gitra cac axit amin ¢ vi tri hoat ddng
ctia CD38 va cac phéi tir tre ché. Cu thé, chit e
ché c6 hoat tinh {rc ché CD38 cao hon néu: i)
cac nguyén tir phdi tir ¢o thé tiép can nhiéu axit
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amin tai tim hoat dong hon; ii) tong tAn suat Nhiing phat hién nay c6 thé duoc coi 1a goi y dé
gdp céac nguyén tr khong phai hydro cta axit 1am 13 thém co ché trc ché CD38 cuia cac hop
amin & khoang cach R<3A tir nguyén tir chat trc chit khac nhau va hd tro du doan va khuyén
ché thap hon va iii) s luong lién két hydro giita nghi vé cac chét trc ché hoat tinh cao mai.

chét trc ché va axit amin ciing nhu H,0O cao hon.
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