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Abstract

By comparing the crystal structure of apo enzyme PBP2a* and its acyl complexes with methicillin and nitrocefin
we exploit an active site adjacent cleft which has closed and open situation. The existence of a two conformation
adjacent cleft of the active site should be paid attention in resistance mechanism. The cleft closed conformation detected
in SauPBP2a apoenzyme structure prevents PB-lactam far from active site. The cleft open conformation observed in
SauPBP2a structure of acyl complexes allows B-lactam molecule pass over approaching the position suitable for
nucleophilic attack. Using a combination of AutoDock docking and GROMACS molecular dynamics software we
confirm the cleft existence, its two situation and the ability of conformation change from closed to open situation which

appropriate for acylation process.

1. MO DAU

Staphylococcus aureus - nguyén nhan chung ctia
bénh nhiém khuén tu cau — nhay voi penixilin, mot
loai B-lactam phd dung trudc nhitng nim 1940. Viéc
khang penixilin thé hé 1 hinh thanh tir viéc lan
truyén nhitng chung c6 chita men B-lactamase loai
A. Dép ting véi nhitng thach thirc cua p-lactamase ,
thé hé tha hai cua penixilin trong d6 c6 metixilin da
dugc phat hién. Tuy vay, khoang nam 1961 mot
chung cua S. aureus dugc hinh thanh c6 kha ning
khang ca metixilin va cac B-lactam khac. Ching nay
sau do duogc g01 1a S. aureus [1] khang metixilin
(MRSA). Viéc gan day hinh thanh cac bién thé cia
MRSA khang v6i cac khang sinh glycopeptid nhu la
vancomyxin dd m& ra mot giai doan moi trong tién
hoa cta sinh vat nay. Ngay nay MRSA gay nén mot
trong nhiing bénh nhiém khuan nguy hiém nhat.
Viéc tién hoa theo hudng khang lai cac thude khang
sinh 1a didu rat dang quan tim [2]. Nhu cau cb
nhitng khang sinh mé&i dé diéu tri cin bénh nay 1a rat
quan trong [3]. Hiéu biét vé co ché khang thudc cua
enzym nay, do d6, thu hat dugc sy quan tam
rong rai.

D3 c6 nhitg téng quan trinh bay vé& co ché
khang B-lactam [4, 5]. C6 3 co ché duoc gia dinh:
1) san sinh ra men B-lactamase c6 kha nang xtic tac
thuy phan f-lactam; 2) st dung ciac men
transpeptidase mang té bao nhay v6i P-lactam
(PBPs); va 3) truc xuit cic phan tir B-lactam khoi
cac t& bao gram 4m bang con dudng bom thoat.
Theo co ché thir hai, viéc khang thudc khang sinh 1a

do mot enzym co6 tén la PBP2a (penicillin-binding
protein), mot chung méi dugc phat hién khac han
voi cac chung PBP khac do S. aureus tao ra [6].
Enzym nay xuc tac cho viéc tao thanh mang té bao
(cua khuan) va qua trinh nay bi trc ché boi B-lactam,
1am yéu vi khuén va c6 thé giét chét n6 [7]. Acyl hoa
- chia khoa dé thu dong PBPs bédi B-lactam — co thé
bao gdm budc tao nhanh phirc khong cong hoéa tri -
Michaelis rdi sau d6 1a viéc tan cong &i nhan boi tam
hoat dong Ser403 1én vong B-lactam cho ra san
pham trung gian phtric cong hoa tri acyl-PBP [8].
Thém nira do phtrc nay rat bén nén qué trinh acyl
hoa PBP boi B-lactam 1a mot chiéu (single-turnover)
[9] Vay ma, voi nhimng p-lactam bi khang nhimg san
pham phirc trung gian nay khong ton tai in vivo [1]
nén nhitng yéu t6 co ban cua tinh khang thuéc ma
chung ta quan sat dugc 1a do ai luc thip cua
B-lactam d6i v6i cac enzym PBP2a (hiéu vmg kg —
phtrc Michaelis) [10,11] va téc d6 acyl hoa cham
(hiéu tmg k,). Bang cach phan tich cau trac tinh thé
cac phirc acyl va cdu tric apo, Lim va Strynadka
[12] d3 gia thiét mot co ché khang thube co thé chap
nhan dugc, trong d6 su thay ddi cu triic tdm hoat
dong trong qua trinh chuyén tir phirc Michaelis sang
phuc trung gian acyl-PBP doi héi mot nang lugng
16n dé dwa fS-lactam vao vi tri acyl héa. Qua trinh
nay doi hoi mot sy van nép gap B3 (gém cac axit
amin 594-603) v&i mot sy thay doi thich hop cua
xodn a2 dau N (bao gém cac axit amin 402-408) véi
Ser403 cho tin cong 4i nhan. Tuy véy, nhiing tinh
toan ciia chung t6i trinh bay dudi day chi ra rang bén
canh tam hoat dong con c6 mat mét ranh (cleft) hoat
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dong gitta mot bén 1a nép gip B3 va mot bén 1a
nhom cac axit amin 440-447 dugc goi la cuén Z
dong vai trd quan trong trong viéc tao thanh phuc
Michaelis lién quan dén chét trung gian acyl-PBP.

2. PHUONG PHAP TINH

2.1. Chuin bi cu triic phdi tir va protein cho viéc
tinh toan mo phéng

CAu trac tinh thé cua phan manh PBP2a tir S.
aureus (goi la SauPBP2a*) dugc xac dinh bdi Lim
va Strynadka (ky hi€u trong Ngan hang dir li¢u
protein - Protein Data Bank - PDB la 1VQQ) duoc
chi ra trong hinh 1 ¢6 thé chia thanh hai manh. Manh
thir nhit tir axit amin 27 dén 300 va manh tht hai tir
axit amin 301 dén 668. Tam gan két bao gébm nép
gap B3 va xodn a2 dau N dinh vi ¢ cuc thi hai va
nam xa cac nguyén tur cua manh thir nhat hon 20 A.
Chung t61 minh ching rang tac dong cua cac nguyén
tr ciia manh thir nhat d6i véi dong hoc cua tim gin

Nguyén Hoa My va cong su

két 12 khong dang ké.

Dé dinh lwong hiéu tmg cua viéc bé qua manh
thir hai dén dong hoc ctia tim gan két nham rat ngan
thoi gian tinh, ching t6i da thyc hién nhiing tinh
toan mo phong dong lyc phan tir (MD) trén phin
mém GROMACS véi hé phiic acyl metixilin-
SauPBP2a*. Ciu trac tinh thé phirc acyl cia
metixilin voi PBP2a* (ky hi¢u trong PDB 1la
IMWU) duoc sir dung lam cdu trac ban dau. Quy
trinh tinh dwoc trinh bay chi tiét trong tai liéu cua
GROMACS. Thoi gian ghi cau hinh tirc thoi cia hé
1a Ins. Hinh 2 cho thdy d¢ sai léch binh phuong
trung binh (root mean square deviation - RMSD) cua
metixilin khi khop véi toan bo toa do cac nguyén tir
& cdu hinh ban diu cia SauPBP2a* day du khong
khac dang ké so véi gia tri thu duoc khi khép véi
céc nguyén tir & cAu hinh ban dau cia chi manh thi
hai cua SauPBP2a*. Piéu nay chimg to ciu tric
protein di cit bo manh tha nhdt (ky hiéu
SauPBP2a**) 1a dii cho cac nghién ctru vé dong hoc
cua sy gan két phdi tir tai tam gan két.

Hinh 1: Céu hinh ctia SauPBP2a* (viing mau dam va nhat),
SaPBP2a** (mau dam) va Ser 403 (cac qua cau)

Ngoai viéc cit bo phan manh thi nhat, co 3 kiéu
protein dugc dung cho cac tinh duéi day: i) cdu tric
tinh thé apo (protein khong phéi tir) co ky hiéu 1vqq
trong Ngan hang dit liéu protein (PDB) ; ii) ciu triic
apo hydrat hoa trung binh tinh duogc tir két qua mo
phong dong lyc phan tir ¢ 298K va iii) cau trac
protein trong céc tinh thé phirc acyl ciia metixilin va
nitroxefin c6 ky hi¢u PDB tuong tng la IMWU va
IMWS. Cu tric tinh thé 14y tir PDB duoc bd sung
cac axit amin con thiéu bang phan mém Modeller.
Céc nguyén tir hydro dugc bd sung va cac tép topo
ctia protein nhan dugc tir modun pdb2gmx ciia phan
mém GROMACS.

Céu tric cta cac phdi tir metixilin (MCI) va

nitroxefin (NC1) dugc tdi wu déy du bang phuong
phap phiém ham mat d6 voi gan dung B3LYP su
dung bd co s¢ 6-31G* thuc hién trén phan mém
GAUSSIAN. Théng tin vé topo phan tir nhan dugc
bang phan mém tryc tuyén PRODRG.

2.2. Phin mém gin két AutoDock va dong lwc
phéan tir GROMACS

C6 nhiéu phan mém co thé dung dé gin két phdi
tir 1€n protein, vi du nhu QUANTUM, GLIDE hodc
AutoDock. Riéng AutoDock véi d6 tin cdy cao lai la
phan mém mién phi nén dugc trich din nhiéu nhat
trong cac cong trinh nghién ctru vé phirc phdi ti-
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protein. Trong cong trinh nay ching t6i cling su
dung AutoDock dé xac 1ap cdu tric phirc Michaelis
cua cac hé nghién ctru. AutoDock c6 2 k¥ thuat tinh
toan: k¥ thuat axit amin cung (rigid) va ky thuat axit
amin linh dong (flexible). Trong k¥ thuét axit amin
cing toan b toa dd nguyén tir cac axit amin cuia
protein dugc giit nguyén khong doi. Trong ky thuat
axit amin linh dong, mot sb axit amin xac dinh duoc
phép thay doi toa do nguyén tir do két qua ciia viée
thay d6i cac goc nhi dién twong ing ma khong lam
thay d6i khung (backbone) protein. AutoDock cho ra
nhidu cu hinh gin két khic nhau (thong thuong 1a
10) ctia phdi tir hodc cua phdi tir va cac axit amin
linh dong (v&i k¥ thudt axit amin linh dong) va dugc
xép theo thir ty ting dan cua niang luong tu do gin
két Ebind.

Ciing c6 rat nhiéu phan mém md phong dong luc
phan tr. GROMACS 1a phin mém mi ngudén mg,
mién phi, c6 hi€u ndng tinh toan va dd tin cay cao.
Trong bai bao nay chung t6i chi sir dung cac modun
thiét 1ap hop mo phong editconf, hydrat hoa genbox,
bd sung ion genion va tdi wu céu hinh theo thuat
toan duong ddc nhat (steepest decent).

vé sy t6n tai cua khe hep...
3. KET QUA VA THAO LUAN

3.1. Su khac biét trong ciu triic tinh thé cua
protein apo va ciia cac phire acyl.

Khi so sanh khoang cach gilra cac nguyén tir cia
céc axit amin trong cdu tric tinh thé chung t6i phat
hién ra mgt khe (cleft) lan cén voi Ser403 tao nén
boi nép gip B3 va cudn Z (bao gom cac axit amin
440-447) duge goi 1a khe PsZ c6 thé dong vai tro
trong co ché khang thudc boi vi c6 su khac biét kha
13 nét gitta cdu hinh khe trong protein apo va trong
phtrc acyl. Khoang cach Ro.o gitta Thr444- O, cua
cudn Z va Glu602-Oel cua nép gap B3 giam di dang
ké tir phirc acyl MC1 va NC1 dén protein apo. Hoan
toan ¢6 ly khi gia thiét rang co 2 céu dang ctia khe
tiy thudc vao khoang cach Ro.o. Ciu dang thir nhat
c6 Ro.o 16n tao nén trang thai mé cua khe quan sat
dugc trong cac phtic acyl. Cau dang thtr hai ¢6 Ro.o
nhd tao nén trang thai dong cua khe quan sat dugc
trong cdu trac apo protein. D& dang du bdo rang,
trang thai déng cua khe s& ngin can phdi tir lai gan
tAm tan cong ai nhan Ser403. Trang thai mé ciia khe
s& cho phdi tir di qua va tiép can Ser403 (hinh 3).
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Hinh 2: Minh hoa vé anh huéng cua hai nhanh caa SauPBP2a* dén dong hoc génqkét phéi tir. RMSD cua
metixilin trong phirc acyl v6i SauPBP2a* nhan duoc khi khép binh phuong toi thiéu MC1 véi cau hinh ban
dau cua SauPBP2a* day du (mau nhat) va véi chi riéng phan manh SauPBP2a** (mau dam)

Minh chirng cho su hoat dong ciia khe p;Z

Dé khang dinh gia thiét vé su ton tai clia khe
hoat dong P;Z, chung t61 da thiét 1ap mot quy trinh
tinh toan phéi hop gila gan két bang AutoDock véi
cuc tiéu ning luong bing GROMACS cho hai kiéu
phuc Michaelis cua metixilin va nitroxefin: i) st
dung ciu hinh apo protein nhu 1a protein dbi (target)
c6 trang thai dong cuia khe B3Z; ii) sir dung c4u hinh
protein trong céac tinh thé phiic acyl tuong tmg (tirc

1a cdu hinh protein trong cac phirc acyl c6 ky hiéu
PDB lan luot 1a IMWU va IMWS) ¢6 trang thai mé
ctia khe BsZ. Kiéu phic thir nhit duoc goi 1a phuc
khe dong. Kiéu phuc thir hai goi 1a phirc khe mo.
Thoat tién AutoDock dugc st dung dé gén két phéi
tur 1én protein; sau d6 cac modun genbox, genion va
thuét toan cuc tiéu ning luong duong doc nhit cla
GROMACS duoc str dung dé c6 duge ciu hinh tbi
uu cua phuc.

423



TCHH, T.49(4), 2011

Nguyén Hoa My va cong su

Hinh 3: Minh hoa vé cic trang thai cua khe hoat dong. Trang thai mo (mau sam) trong cAu triic phirc acyl
clia metixilin va trang thai dong (mau nhat) trong cau trac apo protein. Cac axit amin Glu447 va Thr444
thudc vé cudn Z va cac axit min Lys597 va Ala601 thudc vé nép gap p3

Bdng 1: Cac dit lidu ctia phirc Michaelis tinh toan trén phan mém AutoDock va GROMACS

Khoang cach >C=0 va

Phdi  Trang thai khe Ning luong tu do gén két
tu BsZ AutoDock (kcal/mol)

MC1 mo -6,00

MCI1 dong -5,89

MC1  dong voi axit 1,93e+05

amin linh dong

NCl1 mo -8,10

NCl1 dong -7,79

NC1  dong véi axit 1,77e¢+05

amin linh dong

Khoang cach >C=0 va O, ¢

O, AutoDock (nm) cyc tiéu nang lugng
GROMACS (nm)
Rco Ro.o Rco Ro.o
0,32 0,24 0,35 0,24
0,96 1,02 0,95 1,05
0,42 0,32 0,48 0,43
0,55 0,50" 0,29 0,25
1,41 1,37 1,24 1,34
0,38 0,43 0,32 0,25

"Khoang cach ngén nhat giira cdc nguyén tir phdi tir va protein 1a 0,27 nm giita Ser403-Oy va nhom cacboxyl —COO.

Béang 1 trinh bay dit liu cua cac phuc Michaelis
thu dugc khi st dung quy trinh AutoDock-
GROMACS bao gdm ning lugng tu do gin két
AutoDock ctia ciu dang c6 ning lugng tu do thap
nhat, khoang cach Reo gitra C=0O vong lactam va
Ser403-0, trong cAu dang nay va gié tri cia Re.o sau
khi t6i uu nang luong GROMACS. Két qua tinh cho
thdy ca hai phdi tir déu bi ngin can bdi cau hinh khe
B;Z dong & mot khoang cach kha xa tam hoat dong.
Khoang cach R gitta C cia lactam >C=0 va O
ctia Ser403-0, vao khoang 10 - 14 A (xem bang 1).
Khoang cach nay 16n hon nhiéu 50 v6i cac phirc
Michaelis dugc tao nén béi viée gin két phdi tir 1én
cac protein tuong wng c6 cau hinh khe p;Z mé ma &
d6 khoang cach Rc.o c6 gia tri khoang 3A ngoai tru

truong hop nitroxefin tuy khoang cach nay kha 16n
(5,5 A) nhung bu lai, c6 lién két hydro duoc tao
thanh gitra Ser403-O, va O cia nhom cacboxyl -
COO (2,7 A) Nang hrorng gan két ctia cac phdi tir
trong cac cau hinh khe doéng (-5,89 and -7,79
kcal.mol™ 14n lugt vé6i cac phie MC1 va NC1) cao
hon mét chut so v6i nang lugng gan két trong phirc
tuong u’ng ¢6 cdu hinh khe mo (-6,00 and -8,10
kcal.mol™). Dé mang cac phéi tir vao sdu tiép can
v6i Ser403 trong cau hinh protein apo c6 khe B;Z
dong chung t6i thuc hién mot quy trinh sau day:
Budc 1. St dung cdu hinh protein apo tinh thé
1am cAu hinh ban dau. Hydrat hoa ddy du va bo sung
cac ion thich hop sao cho tong dién tich ctia hé = 0.
Thuec hién tinh toan MD trén phan mém GROMACS
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& 298K trong 9ns sau d6 xac dinh ciu tric trung
binh cia protein trong 1ns tiép theo.

Budc 2. Gan két phdi tir 1én ciu tric protein
trung binh thu duoc ¢ budc 1 bang phin mém
AutoDock st dung k¥ thuat axit amin linh dong. Cu
thé 1a lwa chon 2 axit amin Thr600 va Glu602 cua
cudn Z lam cac axit amin linh dong.

Budc 3. Hydrat hoa phiic Michaelis thu duogc &
budc 2. B6 sung cac ion Na+ dé can bang dién tich
va thuc hién tdi wu nang luong cda hé trén phﬁn
mém GROMACS theo thuat toan dudng ddc nhét
khong c6 bit ky mot cudng birc nio.

Két qua ciing duoc trinh bay ¢ bang 1. D& thay
rang khong co su khac biét 16n gitra khoang cach Rc.
o xac dinh duoc tir cdu hinh gan két co ning luong
AutoDock thip nhét va cdu hinh ning luong cuc tiéu
GROMACS v6i ngoai 18 1a NCI trong cau hinh
phtic khe B3Z mé co khoang cach ngin nhat khong
phdi 1a gifta Ser403-0O, va lactam >C=0 ma la gitta
Ser403-O, va nguyén tir oxi cia nhom cacboxyl -
COO (0,27 nm). Trong khi d6, AutoDock v6i mot sb
axit amin linh dong da c6 thé mang phdi tir lai gan
Ser403-0, hon trong cau hinh khe B;Z déng (Re.o 1a
0,32 va 0,43 nm lan luot véi MC1 va NC1) so voi
cau hinh thu dugc khi chi ding cac axit amin cimg
(rigid) (cac khoang cach tuong ung la 1,02 and 1,37
nm) va kha gan véi cac gia tri twong tmg trong phirc
c6 khe B;Z md. Mat khac, trong trudong hop nay —
khi str dung mot s axit amin linh dong - ning luong
tu do gan két AutoDock ciia cau dang c6 nang luong
tu do thap nhit trong cau trac khe p;Z dong rit cao
(~ 1x10° kcal/mol) so v&i nang lugng tu do gin két
ctia cdu hinh c6 khe mo hodc cdu hinh c6 khe déng
nhung khong ding céc axit amin linh dong (do phdi
tor khong tham nhap dugc vao vung tam hoat dong)
(khoang 10 kcal/mol). Tuy vdy, thudt toan tbi wu
duong déc nhét ning luong cia GROMACS di co
thé giam gia tri nang luong twong Ung téi gan vai
gia tri ciia phirc c6 khe m¢ ma khong cé su khac biét
16n vé khoang cach Rc.o. vé thuc chét trang thai mo
ctia khe P3Z co thé dat t6i duoc bang thuét toan toi
uu ndng luong.

4. KET LUAN

Chung t6i d2 minh ching duogc sy tdn tai cia
mot khe hoat dong bén canh tam hoat dong Ser403
ctia SauPBP2a* tao nén boi nép gip B; va cudn Z.
Khe nay co6 hai trang thai: dong va mé cé lién quan
dén co ché tham nhap cia phdi tir vao ving tdm hoat
dong chuan bi cho phan tng acyl héa. Qua trinh

Lién hé: Nguyén Hoa Mi
Khoa Hoéa hoc

vé sy t6n tai cua khe hep...

tham nhap phdi tir vao ving tdm hoat dong cho phan
g acyl hoa, nhu vy c6 thé gdbm 3 budc : i) tao nén
mot phire Michaelis khe déng giita phdi tir va céu
trac protein apo ma ¢ do phéi tir nam khé xa tdm
hoat dong ii) sap xép lai khe p:Z dé mang phéi tir lai
gan tim hoat dong Ser403 hon iii) sap x€p lai vang
tam hoat dong dé thu dwogc mot phirc Michaelis on
dinh va thich hop cho qua trinh acyl héa. V& mat
ning lugng, giai doan 1) va iii) 1a tu dién bién voi sy
giam nang luong tu do trong khi do giai doan ii)
khong thé xay ra dugc néu khong duge cung cap
mot ning luong can thiét dé mang phdi tir lai gin
Ser403 khi ma khe ;Z dang dong.

Cac tac gia cam on A. W. Schuettelkopf and D.
M. F. van Aalten vi da duy tri trang web
http://davapc1.bioch.dundee.ac.uk/cgi-
bin/prodrg beta. danh cho viéc xdc dinh tric tuyén
cdc tép topo ciia phéi tir ding trong cong trinh nay.
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