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NGHIEN cUU PONG LUC PHAN TU ANH HUGNG cUA POT BIEN
E226Q DEN TiNH CHAT CUA PHUC ENZYM CD38 VOI cADPR

Dén Toa soan 21-8-2008
DANG UNG VAN
Truong Dai hoc Hoa Binh, Ha Ngi

ABSTRACT

Using GROMACS software a molecular dynamics simulation of the cADPR-CD38 (A) and
cADPR-E226Q mutant (B) complexes has been implemented. The calculation results shown that
there are no obvious differences between thermodynamic properties of these complexes. However,
the variations of the molecular structure and kinetic properties as well could explain the essential
elimination of catalytic activities by GIlu226[ls mutation. In A the cADPR could embed deep
toward the bottom of the active site pocket making salt bridge with a catalytic residue Glul46,
while there is no such a saltbridge in B. The averaged hydrogen bond number between cADPR
and protein in B is higher than in A and on the contrary, the self-diffusion coefficient of cADPR in

B is about two times smaller than in A.

- MO DAU

Trong cong trinh trudc day [1 - 3] ching t6i
da trinh bay nhiing két qua nghién cttu anh
hudng cia dot bién gen dén hoat tinh xuc tac
ctia enzym CD38 d6i véi cdc phan tng déng
vong va thuy phan bang cdc phan mém docking
QUANTUM [4] va GLIDE [5]. Mot trong
nhitng két luan quan trong duogc radt ra 1a lién két
hydrogen c6 tic dong nhat dinh tGi hoat tinh xtdc
tic cia CD38 d6i v6i phan tGng thuy phan
cADPR' va déng vong ADPR. Tuy vay, ban do
lién két hydrogen dugc quyét dinh boi cdu tric
khong gian clia phitc enzym-phdi th, trong khi
thuat todn gan két (docking) [4, 5] khong cung
cdp cau hinh phtc véi do tin cay can thiét va vi
thé dé dan dén nhiing két luan khong duogc
chudn xdc. Nhim bd sung cho nhitng két qua
nghién citu trudc day bang phuong phéap gan két

1 Nhitng danh phdp viét tat trong cong trinh nay la:
ADPR: adenosine-5-diphosphoribose, cADPR:
cyclic adenosine diphosphate-ribose, NAD:
nicotineamide-adenine-dinucleotide.

ciing nhu khang dinh lai nhitng két luan da duoc
cong bo cong trinh nay va cdc cong trinh ti€p
theo s€ trinh bay nhiing két qua thu duoc khi su
dung phuong phap dong luc phan tir (molecular
dynamics — MD) dé nghién cttu céc hé enzym
CD38 - phoi tlr. Uu diém co ban clia phuong
phdp MD da duoc khang dinh vé nguyén tic 1a
céch ti€p can c6 cong hiéu va trién vong nhat dé
nghién ciu tuong tic va cau hinh phic enzym-
phoi tir [6, 7]. Phan II. trinh bay vé phuong phap
tinh va d6i tuong nghién ctu. Phan III, IV va V
trinh bay cac két qua tinh toan dong luc phan tu
ctia hé enzym CD38 tu nhién (wild) -cADPR va
thé dot bién E226Q — cADPR. Phan VI thao
luan vé cac két qua thu dugc.

11 - PHUONG PHAP TINH VA POI TUONG
NGHIEN CUU

Phuong phap dong luc phan ti da dugc trinh
bay trong nhiéu cong trinh da duoc cong bo trén
thé gi6i cling nhu & Viét Nam. Trong s6 cac
phan mém hién hitu duoc sit dung dé mo phong
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dong luc phan tlir hé enzyme - phéi tir phai ké
dén TINKER [8] va GROMACS [9]. Véi nhiing
uu th€ vuot troi, GROMACS duoc xem la
nhanh, tién lgi va dugc cung c4p mién phi ké ca
chuong trinh nguon. Vi thé, nhiing tinh todn
du6i day déu dugc thuc hién trén phan mém
GROMACS ma nguén mé phién ban 3.3.3 phat
hanh nam 2005 v6i hé diéu hanh LINUX
UBUNTU. Ngoai ra, viéc xay dung cac tép
INPUT toa d6 va topo cuia cic phdi tlir duoc thuc
hién truc tuyén trén phan mém PRODRG [10].
VMD [11] ciing dugc st dung dé hé trg qua
trinh xtr 1y két qua mo phong.

Enzym CD-38 clia nguoi la mot enzym
ngoai bao da chtic nang, chiu trach nhiém trong
viéc xiic tdc cho su chuyén héa NAD sang c-
ADPR va tr cADPR sang ADPR [12]. Ca
cADPR va ADPR déu la cdc phan tir tin hiéu vé
canxi, né c6 thé gitip chuyén dich canxi tir trong
noi bao ra ngodi ciing nhu chuyén dich ngugc
lai vao trong ndi bao. Dit liéu céu tric tinh thé
ctia CD38 v6i ADPR ¢6 ID la 1yh3 va cla thé
dot bién E226Q véi c-ADPR ¢6 ID 1a 203q nhan
dugc tir Protein Data Bank.

TruGe khi vao tinh todn, dang tu nhién cta
CD38 va thé dot bién E226Q duoc tdch ra khoi
tép toa do phic va xir Iy bang SwissPDBViewer
dé bo sung cdc phan tir con thi€u trong cdc axit
amin. Nham trdnh nhitng sai khdc trong qud
trinh tinh todn cidc nguyén ti hydro trong tép
.pdb nguén déu dugc bdo qua. GROMACS tu
dong bo sung trong qua trinh tinh todn. Phoi ti
duoc dua truc ti€p vao PRODRG dé x4c lap cac
tép toa do .gro va tép topo .top va .itp

Qua trinh tinh todn dugc thuc hién trong 22
buGc. Chi tiét xem [13]. Nhiing buéc chu yéu
gbm: xdc 1ap cédc tép toa do va topo clia enzym,
xac 1ap hop mo phong, solvat hod toan bo hé mo
phong, cuc tiéu hod nang lugng, mo phong
cudng biic toa do nguyén ti trong d6 toa do cua
cdc nguyén tlr cia protein dugc han ch€ va cac
nguyén ti nudc, cling nhu phai tr duge hoi phuc
(relax) xung quanh protein trong khoang thoi
gian 20 ps (mdi budc hoi phuc 0.002 ps). Sau d6
tinh todn mo6 phong dong luc phan to ddy du
dugc thuc hién trong 500.000 budc (Ins). Cudi
cung la viéc phan tich cic dit liéu thu duoc.
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III - CAC BPAI LUONG NHIET PONG

Bang 1 trinh bay mot s6 dai lugng nhiét
dong trung binh ctia hé CD38-cADPR va hé
E226Q-cADPR thu dugc sau 1000ps mo phong
dong luc phan ti. Dé dang thay rang viéc dot
bién E226Q khong anh hudng dén nhiét dung va
chi lam giam thé€ nang clia hé mot dai lugng
khoang 590 J/mol c¢& phuong sai cta thé nang,
tang chit it RMSD ciing nhu d¢ thang gidng cua
thé nang. Su khdc biét vé céc luc tuong tadc khac
ciing khong ddng ké (vai phan nghin) gitta hai
hé phic. Trén thuc t€, su khac biét gita hé
CD38-cADPR va hé E226Q-cADPR nam duy
nhat & axit amin 226 trong dang tu nhién la
Glutamic axit (Glu, E) va trong dang dot bién 1a
Glutamine (GIn, Q). Hon thé€ nita, chi & nhém
nguyén tir: NH, (v6i Gln) va OH (véi Glu) trong
s0 hon 4000 nguyén t&r va hon mot van phan tir
dung moi nudc. Tuy vay, thuc nghiém chi ra
rang Glu226 1a mot axit amin xdc tac, boi vi khi
thay th€ né bang cdc axit amin khic, bao gobm
Glutamine, tinh chat xic tidc cia CD38 giam rat
dang ké. Vay nén viéc thay doi vé co ban dac
tinh xtc tdc cia CD38 khi thuc hién dot bién
E226Q can phai duoc xem xét & mitc do vi mo
nhitng thay d6i vé c4u tric va dong luc ctia phan
tir phuc.

IV - CAU TRUC CUA HE CD38-CADPR VA
E226Q-CADPR

S6 cap nguyén tir trung binh, cau muoi va
lién két hydro

Hinh 1 trinh bay céu tric trung binh nhan
dugc sau 1000ps mo6 phong cua phitc CD38-
cADPR va E226Q-cADPR. Mot su khac biét rd
nét gitta 2 phic CD38-cADPR va E226Q-
cADPR 1a uu thé ctia E226Q so v6i CD38 trong
viéc tao lién két hydro véi phdi tir cADPR. Hinh
2 va bang 2 trinh bay phan bd lién két hydro
cling nhu s6 cdp nguyén tir ¢6 khoang cach nho
hon 3.5A trong qud trinh m6 phdéng. Mac du
cADPR tham nhap sau hon vao ving tam hoat
dong cia CD38 nhung s6 lién két hydro trung
binh trong E226Q lai 16n hon (2,408) so véi
trong CD38 (1,465). Su khac biét nay tao nén
tinh bén viing tuong doi cua phiic cADPR véi
E226Q va c6 thé xem la 1 yéu t6 dan dén su



thay déi hoat tinh xic tdc ciia CD38 do dot bién.

Bdng 1: Mot s6 dai lugng nhiét dong trung binh ctia hé CD38-cADPR va hé E226Q-cADPR

. Trung binh RMSD Thang giang
Nang luong, J/mol - =2 E226Q | CD38 | E226Q | CD38 | E226Q
LI-14 780,518 | 777.63 | 62799 | 63,1436 | 52,5331 | 57,0692
Coulomb- 14 255954 | 252989 | 94,9217 | 93,3721 | 91,2915 | 91,1305
LJ (gan) 790225 | 790586 | 614475 | 620,731 | 614238 | 620,304
LJ (xa) 167,17 | -1166,18 | 326857 | 3,24928 | 3,0875 | 3,18298
Coulomb (gan) 2558500 | -558895 | 881,329 | 893,867 | 880,907 | 893,817
Coulomb (xa) 2104816 | -104787 | 82,1441 | 82,6795 | 81,7084 | 81,653
Thé nang 1551285 | -551876 | 540,942 | 549,135 | 533,113 | 545,164
Pong nang 999647 | 100002 | 354,746 | 355,197 | 354,739 | 355,176
Téng nang 451321 | 451873 | 409,032 | 418,788 | 399,103 | 412,946
Nhiét do (K) 209984 | 299,985 | 1,06456 | 1,06551 | 1,06454 | 1,06545
Ap sudt (bar) 0,998209 | 0,082189 | 89,1334 | 90,0445 | 89,1301 | 90,0181
T-Protein 209709 | 299731 | 4,17005 | 4.,19528 | 4,16972 | 4,19517
T-CXR 313,071 | 313,816 | 30,7006 | 31,8598 | 30,6606 | 31,4089
T-dung moi 20999 | 299988 | 1,10972 | 1,11053 | 1,10972 | 1,11043

Cv (J/mol K) 12,472 12,472

Hinh 1: Céu tric trung binh cia CD38-cADPR (A) va E226Q-cADPR (B) sau 100 ps mo phong

Tuy vay, do xam nhap sau hon vao ving hoat dong ma s6 cAu mudi (saltbridge) - lién két ion
yé&u — giita cADPR véi CD38 lai 16n hon han (6) so véi thé dot bién E226Q (3) (xem bang 2) trong
d6 c6 cau mudi tao v6i Glul46 mot axit amin von dugc xem la tdm xdc tic ctua phan Gng thuy phan
cADPR. Trong truong hgp cta cADPR véi E226Q cau mudi dugc tao chu yéu véi cdc Arginine
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(Arg). Nhu vay, c6 thé két luan dugc 1a: méi lién hé giita hoat tinh xtc tdc clia enzym véi cau tric vi
mo con dugc quyét dinh bsi cdu mudi gitta phoi tf cADPR va Glul46. CD38 ¢6 hoat tinh xtc tic

manh hon han so véi E226Q [14].

Bdng 2: Lién két hydro va cdu mu6i trong phtic ctia cADPR v6i CD38 va véi E226Q

s0 lién két hydro trung binh
cADPR — cADPR-
protein® H,0 Cau mudi v6i cADPR
CD38 1,465 8,777 Argl27, Argl77, Aspl55, Aspl156, Glul46, Lys 129
E226Q 2,408 8,037 Arg 127, Argl77, Arg 212
25 1 Ccp3s 6 E;::Q
E226Q
20 | | 5
15 | | . |
10
5
0 \
(’) 500 1(*)0
5
time (ps) time (ps)
A B

Hinh 2: S6 cap nguyén tu ¢6 khoang cdch trung binh < 3,5A (A) va s6 lién két
hydro (B) giita ph6i tir va protein trong qua trinh mo phong

Phan tich cdu tric cac phdn tu nuoc dung
moi cho thdy trong ving tam hoat dong cua ca
CD38 va E226Q déu thay xudt hién cdc phan tu
nudc (hinh 3). S6 lién két hydro trung binh giira
cADPR va céic phan tt H,O dung moi la 16n
(8,777 v6i CD38 va 8,037 véi E226Q). Phan
tich cdu tric lién két hydro gitta cADPR va H,O
dung moi trong cac cdu hinh trung binh cta hai
phtic cho thdy khong c6 su khac biét 16 rang nao
c6 thé ghi nhan dugc gitta hai 16p vo hydrat. Vi
vay, 16p vo hydrat cling khong cé anh hudng
déng ké dén hoat tinh xtc tdc cia CD38 déi véi
phan tng thuy phan cADPR. Diéu can luu y Ia
btc tranh lién két hydro giita phéi tir va protein
s& thay doi didng ké néu thoi gian mo phong
ngan, qué trinh hydrat hoa s& chua dat t6i can
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béng.
Gidn dé Ramachandran

Phan tich gian d6 Ramachandran (hinh 4)
v6i cu tric trung binh cla hai hé phitc sau 1000
ps mo phong cho thay anh hudng ctia phéi tur
cADPR dén cdu tric bac hai cta protein. Trong
ca hai phic v6i CD38 va E226Q déu c6 axit
amin tam hoat dong (Arg 127) roi vao ving goc
quay (/@) bat thuong thé hién su cudng bic.
Ngoai ra, su khic biét giita hai gian do
Ramachandran xdc nhan moét hién tuong rat
quan trong trong nghién ctu cdu tric phic
protein-ph6i tir d6 1a su bién déi cau tric bac hai
clia protein trong qua trinh tao phic. Nhiing tinh
toan cd dinh toa do protein, vi thé, thuong
khong cho két qua tin cay.



Hinh 3: Lién két hydro (- - -) gitta cADPR (que nhi€u mau) véi cdc phan tir nudc
(.) trong céc phic v6i CD38 (A) va thé dot bien E226Q (B)

Hinh 4: Gian d6 Ramachandran ctia céc phic cADPR véi
CD38 (A) va thé dot bién E226Q (B). Diém den biéu dién Arg
127 minh hoa su cudng bic thay ddi c4u triic protein trong qué

trinh tao phtc

V - CAC TINH CHAT PONG HOC

Tinh todn dong luc phan t& cho cac thong tin
vé buéc chuyén dich trung binh MSD va hé s6
tu khuéch tan D. D@ lieu & bang 3 cho thdy
protein c6 hé s6 tu khuéch tan 16n hon cua phoi
ti cADPR va ca hé so tu khuéch tan cta protein
va cADPR trong phic v6i E226Q déu nho hon
rd rang so véi phic CD38. Diéu nay ching to
cADPR tao phic bén hon véi E226Q so véi
CD38. Nhan xét nay ciing hoan toan phu hop

vGi cdc két qua thu duoc tir thuc nghiém cua Liu
va cong su [15]. Diéu quan trong 1a nhitng tinh
todn tinh chat dong hoc cua hé phdoi tir - protein
can duogc thuc hién véi mot s6 buéc mod phong
da 16n. Néu dua trén s6 liéu tinh todn cua chi
500 ps dau tién thi nhitng két luan vé hé s6 tu
khuéch tan cua cdc phitc hoan toan trdi nguoc
vGi thuc nghiém (cling xem bang 3), hé s6 tu
khuéch tan ciia cADPR trong phtc véi E226Q
lai 16n hon ddng ké so vdi trong phiic véi CD38.
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Viéc hé phic phdi tu-protein cham dat t6i can
bang duoc thé hién rd trong dién tién clia RMSD
cla protein va phoi tlr trong qud trinh moé phong
(hinh 5). Dé dang nhan ra dugc riang can bang

dong chi dat duoc sau 400 ps diu tién, mac du
rang trong khoang thoi gian sau do (tir khoang
500 ps tré di) su thang gidng cia RMSD, dac
biét véi protein 1a 16n.

Bdng 3: Hé so tu khuéch t4n clia protein vd cADPR trong phiic chat (.10 cm?/s)

Protein cADPR
500 ps* 1000 ps** 500 ps* 1000 ps*™
CD38 | 0,0461 +/- 0,0769 | 0,1619 +/- 0,1021 | 0,0037 +/- 0,0430 | 0,1393 +/- 0,1702
E226Q | 0,0603 +/- 0,0586 | 0,0753 +/- 0,0937 | 0,0198 +/- 0,0007 | 0,0386 +/- 0,0069

“tinh trung binh trong khoang 100 dén 400 ps; **tinh trung binh trong khoang tir 100 d&€n 900 ps.

0.35

p-E2260

c-E226Q

401
th&i gian (ps)

T T T T T

601 801 1001

Hinh 5: RMSD (nm) ctia protein (p-) va cADPR (c-)
trong phiic véi CD38 va thé dot bién E226Q

VI - KET LUAN

Ap dung phin mém GROMACS nghién citu
dong luc phan tlr hé phiic cia cADPR véi CD38
va thé dot bién E226Q da x4c dinh duoc anh
hudng ctia dot bién gen E226Q dén tinh chat
nhiét dong, cdu tric, lién két hydro, cAu mudi
gitta phdi tir va protein, gitta ph6i tir va phan tu
nuGc dung moi va tinh chat dong hoc ctia phiic
chat dugc tao thanh v6i cADPR. Su khéc biét vé
mat nhiét dong hoc gitra hai hé phuc 1a khong 1o
rang, trong khi nhitng thay déi vé cdu trdc vi mo
va tinh chét dong hoc da giai thich duogc su khac
biét gitta CD38 va thé dot bién E226Q vé hoat
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tinh xuc tac d6i véi phan tng thuy phan cADPR.
Trong nhiéu su khéc biét gitta hai cdu tric nay
thi nguyén nhan chu yéu van la su ti€p can cia
cADPR v6i Glul46 trong vung tam hoat dong
clia protein va phic tao thanh giita cADPR véi
E226Q bén hon so véi phic giita cADPR va
CD38. Tuy vay, dé hiéu biét sau hon vé co ché
hoat hod phiic trung gian cling nhu qua trinh
hinh thanh san phdm phan tng vin doi hoi
nhitng nghién ctu ti€p tuc.

Cong trinh nhdn duoc su tai tro tr Bo Khoa
hoc va cong nghé thong qua dé tai khoa hoc co
bdn, md s6 507206. Tdc gid xin chdn thanh cdm
on.
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