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TiINH TOAN DU BAO ANH HUGNG CUA POT BIEN GEN PEN
HOAT TiNH CUA cD38 P01 VOl PHAN UNG TAO THANH CADPR

Dén Téa soan 17-8-2007
DANG UNG VAN

Trung tam Ung dung tin hoc trong héa hoc, Dai hoe Quéc gia Ha Noi

SUMMARY

A suitable calculation procedure has been introduced to predict the mutagenesis effect on
NAD cyclizing activities of CD38, a multifunctional ectoenzym responsible for catalyzing the
conversions from nicotin amide adenine dinucleotide (NAD) to cyclic ADP-riboz (cADPR) and
from cADPR to ADP-riboz (ADPR). The results indicate that there are obviously differences
between binding energy of NMN on CD38 and on its mutants. That is why all the mutants
exhibited enhanced cyclase acriviy. There is also a linear relationship berween binding energy of
nicotine amide on £{46-mutants and kinetic constant of cyclizing.

- MO DAU

Trong nhing cong trinh trude day [1, 2],
ching t6i da céng bd nhing k&t qua ban diu
img dung tin hoc trong nghién ciu ¢ac qua (rinh
gin két (docking) phdi tir 1én protein va DNA.,
Xu huéng dng dung tin hoc trong nghién cifu
cdc qud trinh héa sinh dang ngay cang phat trién
rong rdl. V&i su xudt hién cidc phan mém két
hop co hoc luong tr (QM) va co hoc phan tr
(MM) nguti ta da khong chi du bdo khad chinh
xdc vi tri gan kél clia phoi tir ma con tinh todn
duge gia tri cdc hang s6 thu dong (inhibition
constant) chiang han nhu IC50, trong dé ICS50
=10""* E_bind 12 nang luong tu do gan két
gitra phdi tu va protein:

Ehind = Ec.\ + Evdw —TdS + Elnr (1)

E., la nang lugng tuong tic tinh dién, E,,, 12
nang luong tuong tic Van der Waals, E,, 12
nang lugng bién dang phot tr va TdS 1a phan
gbp cua yéu td entropy. Kha nang dinh gid
twong d6i chinh xdc nang lugng gan két da cho
phép chiing ta c6 thé thuc hién cac tinh todn du
bdo cho cac hién tuong héa sinh phic tap. Bai
bdo nay trinh bay nhitng két qua dau tién ching
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161 thu duge khi str dyng cdc phuong phap héa
tin dé tinh todn tac dong dot bién gen dén hoat
tinh xiic tic cha protein CD38.

11 - POl TUONG VA PHUONG PHAP TINH

D38 dugc biét nhu 1A mét khang thé can dy
vap vat chi cé cdc chic nang lympho bao bao
26m su biét hda (differentiation), su ting sinh
(proliferation) vi chét t€ bao theo chuong trinh
(apoptosis) [3, 4]. Su hién dién cha né con phé
bi€n trong cic mé khong tao  huyét
(nonhematopoietic). Ngoat chic nang khdng
thé, CD38 ciing ¢4 nhiéu hoat tinh xic tac [5,
6], khong chi cho su thiy phin clia NAD
{nicotinamid adenin dinucleotid) va cic cADPR
(riboz ADP- vong) ma con vong hdéa NAD va
cdc dong ding cia né nhu 1a NGD (nicotinamid
guanin dinucleotid) dé cho ra cADPR va
¢GDPR (riboz GDP vong). Thém nita, né cé thé
ding NADP (nicotinamid adenin dinucleotid
photphar) va axit nicotinic nhu 1& cic chit nén
{substrate) va xiic t4c phan ting trao déi bazo dé
cho ra NAADP (muéi photphat adenin nucloetid
cua axit nicotinic). Ca hai cADPR va NAADP
déu 12 cdc thé truyén tin hiéu Ca* héa giai



{mediating) su chuyén dong cua Ca™ noi bao du
trir trong mot dién rong cdc (€ bao tir dong vat
don bao, thuc vat dén con ngudi [7]. Pa co
nhiéu thuc nghiém dugc tién hanh theo hudng su
dung ky thuat dot bign gen true vi (site-directed
mutagenesis) tai mot vai tam hoat dong (active
site) coa CD38 bao gbébm Glu226, Trpl25,
Trp189, Glul46 va Aspl35 dé thu duoc nhitng
thay déi rdt manh mé hoat tinh ctta CD38 trong
~ cdc phan iing thily phan va vong héa NADI[8],
thiy phan va tong hop NAADP[9] va
cADPR[10]. Cic thé dot bién duoc khao sit
trong bai bao nay gém: E146L, E146F, E146D,
E146G, E146A, E146K va E146Q bing cach
thay thé axitamin GLU146 lan lugt bang cac
axitamnin: Leucine (L), Phenylalanine (F), axit
aspartic (D), Glycine (G), Alanine (A), Lysine
(K) va Glutamine (Q). Cac thé dot bien E226G
cua CD38 (md s6 trong ngan hang dir liéu
protein PDB la 2HCT) véi sy thay thé Glu226
bing Gly, phSi tr la NMN (nicotinamide
mononucleotide - C, HN.OP- moét manh
(substrate) clia CD38), phic cha thé dot bi€n
E226Q cta CD38 véi cADPR (cyclo-ADPriboz)
(ma 203Q), phirc E226D-cADPR {mid 203R),
phic E226G-cADPR (ma 203S) duge sir dung
dé kiém nghiém phuong phdp tinh do da c6 ddy
du dir liéu cau tric tinh thé trong PDB.

Qua trinh tinh todn doi hoi 3 thuat todn cot
16: 1) tinh nang lugng gan két, i1) thay thé timg
axit amin trong tam hoat dong cua protein ty
nhién bang cac axit amin khdc (tuong duong véi
k¥ thuéat dot bién gen truc vi) va t6i wu hinh hoc
cdc thé dot bién (mutant), i) gén két phdi tir lén
cdc thé dot bién dé tinh todn nang luong gan két
cua phifc dugc tao thanh. Nhdam nang cao do tin
cdy cla cdc két qua tinh ching t6i da sir dung
phGi hop cac phuong phdp hién c6, dong thai
thuc hién phép so sinh dé lya chon duge phin
mém 161 wu ding cho cdc tinh todn. Hién nay da
¢6 cdc phdn mém dugc minh ching rang cé do
pht hgp cac vdot thuc nghiém nhu
QUANTUMI[1!] hoic GLIDE [12] v&i nhilng ap
dung ky thuat QM/MM gan day nhdt [13].
Phi¢n ban 3.3 cia QUANTUM la phin mém
cho dong thdi kha niang mo phong gin két va
tinh todn nang lugng gin két chinh xac hon céic
phan mém hién ¢é do da phdi hgp duoc phuong
phdp tinh nhanh theo nguyén Iy thit nhat (fast

first principle) hay con goi la ab-initio v&i
phuong phidp co hoc phén tir. Nang lugng gin
két va IC50 duoc xdc dinh theo (1). QUANTUM
ciing cho giao dién dep véi céc giai phap hién
thi khac nhau.

Viéc thuc hién dot bi€n gen va t6i uu hinh
hoc san phidm thu duge duge thuc hign trén
HYPERCHEM phién ban 7.0 [14]. Trong
HYPERCHEM c6 cdc giai phdp tinh luc khic
nhau, hoic AMBER [15}, OPLS [16] va
CHARM [17]. Dé giam sai s& gay nén do su
khic biét giita cdc ky thuat 161 uu hinh hoc khac
nhau, chiing 16i da t6i vu lai cau hinh CD38 tu
nhién trudc khi dua vio cic tinh todn k& tiép va
sir dung cdc tham s6 lyc tuong tac OPLS.

Cic dir licu tinh todn gén két bing phin
mém QUANTUM cé d¢ lap lai rat cao. S&
khong c6 thay déi gi vé két qua giffa cdc 1an tinh
khdc nhau n&u xuit phat tir cing mét bo dif lidu
ban dau. Nhung viéc t61 vu cdu hinh protein va
cic thé dot bién anh hudng rat manh dén gia tri
nang lugng gin két phéi tl-protein. Tinh todn
cho thay, néu lua chon do hoi ty gradien cha
phép tinh cau hinh t6i vu la 10" KJ/(A.mol) thi
sau khi 1ap lai cong viéc 161 vu (1ic 1 1ay két
qua toi wu ldn trude lam dau vao), gid tri nang
lugng lién két phoi t-protein thay déi khoang
10%(!). Khi giam do héi tu gradien xuéng 100
lan thi sy thang gidng kél qua tinh nang lugng
gin két cling gidm khdang 100 14n. Vi thé,
nhitng tinh todn t6i vu hinh hoc duge thuc hién
trén HYPERCIIEM 7.0 can dat tdi d6 chinh xdc
107 KJ/(A.mol).

11 - KET QUA VA THAO LUAN

1. Dot bién gen va tdi wu hinh hoc

Bang 1 trinh bay két qua tinh todn cau hinh
c6 ning luong cuc tiéu trén phin mém
HYPERCHEM?7.0 ctia CD38 tu nhién va cdc thé
dot bién EIl46lL, EI146F, El146D, E146G,
E146A, E146K va E146Q). Cic tham s diung
trong qud trinh tinh téan la: RMS gradien =
0,001 Kcal/(Amol), thuat todn téi wu la Polak —
Ribiere, trudng tuc co hoc phan tor OPLS, hang
¢ dien moi = 1, thira s¢ can chinh tuong tic 1-4
déi vai lue tinh dién 14 0,5 va luc Van der Waals
12 0,125, khong cét luc xa va tinh tat ca cic luc
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thanh phén bao gém: luc kéo cang, luc cét, luc
x04n luc van der Waals va lyc finh dién. Co thé
thiy dugc ring tuong tdc tinh dién déng vai trd
rat quan rong trong viéc xac dinh nang [ugng

co hoc phan tir (MM) cua protein cling nhu cdu
hinh cta nd. Cau hinh ¢6 ning lugng cuc tiéu
thu duoc ctia CD38 va céc thé dot bién dugc sit
dung cho cac budc tinh toan ti€p theo.

Bdng I: Nang lugng MM cuc tiéu cia CD38 va céc thé dot bién

Thé dot bién Kéo cang Cit kéo Van Van der Waals Tinh dién
E146F 38,6880 387,120 304,647 -1626,660 -13424.4
El46L 38,6611 385,866 563,029 -1624,64 -13428,7
E146K 38,6356 384,666 577925 -1623,89 -13398,7
E146G 38,5014 384,370 562,471 -1611,24 -13433.0
E146Q 39,0262 386,828 564,345 -1627,03 -134712
E146D 38,6214 386,287 567,294 -1617.73 -13591,3
El146A 3877098 384,493 562,493 -1614,75 -13433,3 |
CD38 39,0502 388,302 565,883 -1620,27 -13593.8

" Gién ket phéi tir (docking).

Qua trinh gan két (docking) dugce thuc hién
trén phin mém QUANTUM 3.3. Thoat tién
nhitng tinh toan gan két duge thuc hién véi céc
hé phic protein-phdi tir da c6 cdc s6 ligu thuc
nghiém vé cdu tric tinh thé dé xac dinh do tin
cay cta phan mém. Cic h¢ dugc chon gém:
2HCT, 203Q, 203R va 2038, Trong 56 céc
két qua ddu ra clia QUANTUM 3.3 cé: IC50
(uMol/L), E bind (kJ/mol) - nang lugng gan
két, Ees (kJ/mol) - nang lugng solvat héa va
nang luong tinh dién, Evdw (kJ/mol) - ndng

lugng tinh dién khoang cdch gin va nang
lugng Van der Waals, TdS (kJ/mol)-phan gép
cia entropy, Etor (kJ/mol)-bién thién ndi nang
cia phéi ti, dién tich Q, khdi luong M, s6 cic
lién két déo (flexible) cua phdi tir n va RMSD
- can cua binh phuceng sai khdc trung binh toa
dd cac nguyén tir cha phéi tir gifra gia tri do
duoc va tinh todn. K&t qua tinh todn gan két
phéi tir - protein dugc rinh bay trong bang 2,
cing véi két qud tinh bing phin mém
QSITEFINDER [18] dé so sanh.

Bdng 2: Két qua tinh todn gin két phéi tir - protein CD38 va cac thé dot bién
(2 c&u hinh cé nang luong cuc tiéu trong méi trudng hop)

SIT E yinks E ronaen E TdS E RMSD | Qs'
PHCT | 432520 | -266225 | -458236 | -383056 |-9.1113 |06842 |68
32,1916 | -10,1466 | 40,1298 | 22,7869 | -47021 |53212 |0
203Q | 370319 [-267672 | -399502 | -264803 | 32051 6,0640 | 42
34,5746 | -15,6394 | -41,6894 | 229388 |-0,1846 |02981 |0
203R | -370485 | -257198 |-400410 | 281092 |06932 |03198 |0
344071 | 251102 | -372226 | 247035 |32222 61247 [50
2038 | -37.5786 | 28,7170 | -393611 | -28.9777 15218 [6,1885 |3l
36,7304 | 26,8606 | -38,5805 | -294607 | -0,7500 | 06142 |0

Qs*. Do chinh xdc cha két qua nhan durge or phan mém QSITEFINDER [18).
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Dutng nhu la ning lugng gin két khong
déng bién véi RMSD. Trong he 203Q va 2038
cuc ti€u ning lvong gin két ¢c6 RMSD 16n hon
nhiéu (> 6.0) so vdi ciu hinh k€ tiép c6é ning
lugng cao hon nhung lai gan nhu tring khép véi

di ligu tinh thé (RMSD = 0,30 va 0,61). Hinh 1
trinh bay truong hgp hai cdu hinh phitc k€ tiép
ciia thé dot bien E226Q clia CD38 véi cADPR
(cyclo-ADPriboz) (mid 203Q)) nhan dugc tir
QUANTUM.

Hinf I Vitri ciia cdc phoi tir cADPR trong hai cau hinh ké ti€p nhan dugc tir QUANTUM so sanh
vGi thuc nghiém. C&u hinh a ¢6 nang luong gan két 16n hon c&u hinh b nhung sai khac nhiéu hon so
' vOi thuc nghiém

Km (mM)

-15 -14 13 -12
Binding energy (KJ/mol)

Hinh 2: Sy phu thudc giita nang Iuong gén két
NA-protein va hang s6 toc do phan fmg vong
: héa NADK__

Diéu nay goi ¥ viéc sir dung than trong hon
QUANTUM khi tinh toan mod phéng cic cdu
hinh phiic ma ta khong ¢6 s6 li¢u thuc nghiém
dé tham chi€u. Nhiing tinh todn dudi day clia
chiing 61 chip nhan ca hai cdu hinh k& tiép co
ndng luong gan két 16n nhét. Viéc loai trif cau
hinh nao ciling déu phai rat than trong. Cing co
mot cach khac la sir dung nhimg phdn mém bd
sung. Tuy vay, khong phai lic nao cling gilp
ching ta lva chon duge hop ly. Cot cudi cling

cla bang 2 trinh bay két qua tinh truc tuyén
bang phin mém QSITEFINDER [18]. Chi ¢6 3
trong s6 4 cau hinh duoc tinh téan gidp ching ta
lua chon duoc 6t hon. Cau hinh thit nhdt coa
phitc 203R do QSITEFINDER chon ciing cé
RMSD cao hon hén so v6i cdu hinh thi hai.

Tinh toan di bao ndng lwong va cdu hinh ciia
cdc phitc phoi ti-thé dot bién

Bang 3 cot 2 trinh bay nang lugng gin két
cia NMN voi cdc thé dot bién khic nhau cua
CD38 & cau hinh cé nang lugng (6 uu so sanh
v6i gid tri tuong ting cia CD38 vy nhién. C6 thé
dé dang thdy dugc ring, tdt ca cic thé dot bién
déu c6 ning luong gin két véi phdi tir NMN cao
hon han so v6i dang ty nhién CD38. Diéu nay
phil hop dinh tinh rat 16t véi thuc nghiém ring
trong khi CD38 tu nhién khong ¢6é hoat tinh xic
tac v4i qud trinh vong héa NAD tao cADPR thi
toan bo cdc thé dot bién dugc khido sat bai
Graeff va cong su [8] déu ¢6 hoat tinh nay.

Nhitng tinh todn tuong tu duge thuc hién vai
cdc phitc clia thé dot bién véi NAD, cADPR va
NA (nicotine amide) (xem bang 3, cdc cot 3, 5
va 6). C6 mot su doéng diéu 1o rang gilra ning
lugng gan két cua cdc phiic NA-protein vdi két
qua thue nghiém. Ngoai trir trudng hop cia thé
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dot bién E146G cé gid wi nang luong gan két
x4p X1 gid tri cua CD38, su phu thuoc giia nang
luong gin két NA v&i cdc thé dot bién khic cua

CD38 va hing s6 t6c do K, ctia phan ting déng
vong tao thanh cADPR gin nhu 1a tuyén tinh
(hinh 2}.

Bdng 3: Nang luogng cla phitc giita cic ph6i tf NMN, cADPR, NAD va NA véi cdc thé dot bién va
hoat tinh xic tdc ciia CD38 trong phan iing vong héa NAD tao cADPR
(2 céu hinh c6 nang lugng cuc tiéu trong méi truéng hop)

. _ E_gan két Thuc nghiém
Thé dét bién -
' NMN cADPR A, NAD NA A, K, #M)*
El146L 28,1434 | 284007 | 025737 38,3173 | -13,5028 | -3,5862 1242
-22,7130 | -28,1496 -35,5926 | -12,i759
El146A -27.9097 i 24,8660 | 3,0437 | -33,1435 | -14,5932 | -6,3157 19+1
-24,7521 |.-24,5893 -32,7537 | -14,3065
E146Q -27.6790 -13,6914 12+2°
& 23,7418 -10,0806
E146D -26,3161 | 26,9948 | -0,6787 | 31,7169 | -13,5617 | -8,8396 8+1
-22,6381 | -25,9828 -28,8530 | -13,0348
E146K -26,2558 -12,6358 616"
24,5223 12,0864
E146G 24,1360 | 274343 | -3,2083 | 33,9417 | -12,6482 | -6,1408 6+1
-23,5075 | -26,4949 -30,7606 | -12,1312
El146F -23,5523 | 28,3270 | -4,7747 | -35,3166 | -14,2220 | -7,2324 1942
-23,3913 | 27,3109 -34,2857 | -12,2363
CD38 -31,6989 | 274104 | 42885 | -32,6871 | -128671 | -75004 0
304101 | -26.6974 -32.3035 | -12.2747

*Hang s6 dong hoc phin vmg vong héa [8]. "Gia tri du bdo. A, = E s - Exvpe 8 = Eeaen + Ena - Enan

Diém khic biét co ban cla cdc phic vdi
NAD va cADPR so v6i cic phic voi NMN va
NA 1a do phan i 16n, c¢éng kénh hon nhi€u nén
khéng thé di sau vio viing cic tim hoat dong -
ciing tic 1a vao ving 16m (pocket) duoge xac
dinh boi cac nhém Glui46 hoac cdc nhoém thay
the (bang 1) va cic nhom Trpl25, Trpl89 va
Glu 226. Hinh 3 minh hoa cdu tric cé nang
luong cuc tiéu cha cdc phitc clia thé dot bién
E146F v6i cADPR va NA.

Vé éo ché phdn img tao thanh cADPR

Nhu vay la cé t6i hai y&u 16 tdc dong dén co
ch€ qua trinh déng vong va hoat tinh xic tic cia
CD30 va cdc thé dot bién: thi nhat 1a hinh hoc
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va thir hai 13 nang lugng. Bang 3 c6t 4 va 7 trinh
bay su khdc biét gifta ning lugng gan két cla
cdc manh protein va phi tif tham gia vio phan
tmg vong hda bao gom: A, = Eapem - B A=
E.aper + Exa - Enap- Viéc tinh A, nhim xdc dinh
vai tro cua tuong tic protein-NMN trong qui
trinh vong hoa NAD. Viéc tinh A, nhdm xem xét
bién thién niang lugng cla phin img NAD —
cADPR + NA. Diang tiéc la trong ca hai truong
hop déu khong thdy o mdi quan hé cia cdc bién
thién nang luong véi hing s6 dong hoc phan iing
K,. Cung véi su phu thudéc gan tuyén tinh cia
nang luong gin két gifta cdc thé dot bién véi NA
va K, (hinh 1) va sy khdc biét rd rang vé nidng



luong gan két NMN vdi CD38 so sdnh véi cac
thé dét bién ching ta cé thé khing dinh duoc 1a
NA, NMN va nang luong gin két NA-protein,
NMN-protein ¢6 vai tro quyét dinh d&i véi phan
img vong héa NAD. Néu nang lugng gan két

giita thé dot bien va NA cang Idn thi phan iing
vong héa cang thuan lgi. Co ché vong hda
cADPR dugc minh hoa trén hinh 3. Co ché nay
phit hgp véi co ché do Qun Liu va cong su dé
xudt [10] trén co 6 thuc nghiém.

Hinh 3: Minh hoa cau hinh ¢ nang luong cuc ti€u clia phic E146F véi 1an luot NAD, cADP, NA
: va cd ch& phan iing vong héa

Két qua tinh todn cia ching t0i cho thdy,
phwong phédp tinh trinh bay & trén ¢é thé dp
dung hiéu qud va rong rii cho viéc nghién ctu
tic dong dot bién gen dén vai trd xic tic cla
cic thé dot bién trong cdc protein khéc.

Céng trinh nhdn duge s tai tro cia Bo
Khoa hoc va cong nghé thong qua dé 1ai, md s6
5.072.06. Tdc gid xin chdn thanh cdm on.
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