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Abstract

We have implemented 10ns molecular dynamics (MD) calculation for six Michaelis and acyl complexes of
antibiotic methicillin (MC1) and nitrocefin (NC1) with Penicillin-binding protein 2a (PBP2a) of Staphylococcus aureus
and for apo enzyme as well. The contrary known on the very stable covalent SauPBP2a-B-lactam complexes and the
resistance of SauPBP2a has been explained by analyzing structure, dynamics of inhibitor and protein as well. The
rearrangement of the helix 02 N-terminus and the strand B3 in active region is not only cause of the resistance. RMSF
analyse shown that the flexibility of helix a2 N-terminus, the flexibility of the ligand molecule and Ser403 support
significantly the acylation which is more convenience in NC1-complex than in MC1 one. The dynamics of hot-spot
residues and the active site adjacent cleft are of particular interest, as they should be suggested to provide additional
opportunities for drug discovery that could potentially mitigate the effects of drug resistance.

1. MO PAU

Nghién ciru co  ché khing thubc cia
Staphylococcus aureus, mot nguyén nhan chung cia
cac bénh nhiém khuédn cé tAm quan trong dic biét
trong viéc phat trién cac thé hé thudc khang sinh méi
gop phan ngan chin cin bénh nguy hiém nay. Trong
cong trinh trude [1], ching t6i da thong bao vé su
phat hién ra khe (cleft) B3Z bén canh tam hoat dong
Ser403 c6 vai trd rat dang quan tim trong viéc
nghién ctru co ché khang thubc cua MRSA. Vé
nguyén tic, sy axyl hoa bao gdm giai doan chuyén
B-lactam vao vi tri axyl hoa, nghia la dua nhom
keton cta vong lactam lai gan Ser403, tao phic
Michaelis. O day c6 su thay ddi ciu hinh ving hoat
dong ciing nhu khe BsZ bén canh n6 béi vi cdu tric
enzym apo khong thuan lgi cho viéc di chuyén nay
[1]. Tiép theo 13 su tao thanh phirc trung gian axyl-
PBP2a. M6t lan nita cAu hinh khong gian cta ving
hoat dong lai thay d6i do qua trinh tao lién két C-O
gitta C cia nhom keton vong lactam véi Oy cua
Ser403 va cit dut lién két C-N vong lactam. Nhu
vay, néu phdi tir va cc axit amin trong ving tim
hoat dong cang linh dong (flexible) thi kha nang
axyl hoa cang 16n. Phén tich chi tiét vé sy khac biét
cau truc va dong luc duoc xac dinh bang phuong
phap dong lyc phan tir (molecular dynamics - MD)
giita cac phirc Michaelis va phirc axyl (lién két cong

hoa tri) s& cho cai nhin méi vé co ché khang p-
lactam va s& c6 ich cho viéc thiét ké nhimg khang
sinh hi€u qua hon. Hai chét thu dong B-lactam dac
trung la metixilin (MC1) va nitroxefin (NC1) c6
hoat tinh khac nhau d6i véi MRSA da duoc lua chon
dé tinh toan.

2. PHUONG PHAP TINH

Manh cit PBP2a** tir SauPBP2a bao gém cac
axit amin tr 327 dén 668 dugc st dung thay cho
SauPBP2a* day du dé giam bét thoi gian tinh. Viée
cit giam nay khong anh huong den viéc nghién clru
dong hoc va céu tric cia sy gan két B-lactam 1én
SauPBP2a [1]. Co su khac biét trong viéc xac 1ap
cac tép topo cho phuc axyl va phirc Michaelis. Vi
thé, d6i khi phai thyc hién bang tay. Noi chung qué
trinh chudn bi tinh MD bao gém 3 budc:

1. Chuan bi phdi tir cho cac phirc Michaelis. Cau
tric cta cac phdi tir MC1 va NC1 dugc t6i wru hoa st
dung 1y thuyét phiém ham mat 46 B3LYP vdi bd
ham co s 6-31G* thyc hién trén phan mém
GAUSSIAN [2]. Tép topo cua cac phéi tir duge xdc
lap tryc tuyén trén trang WEB cua phan mém
PRODRG [3].

2. Chuan bi protein. Ciu tric tia X cia PBP2a
(PDB ID = 1vqq) va cac phuc ctia nd véi metixilin
(Imwu) va nitrocefin (1mws) duoc 1dy tir Ngan hang
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Dt liéu Protein (PDB). Viéc bd sung cac axit amin
con thidu dugc thuc trén phdn mém Modeller [4].
Céc nguyén tir hydrogen dugc bd sung va tép topo
ctia protein d6i duoc xac dinh bang modun pdb2gmx
ctia phan mém GROMACS [5]. C6 2 loai cdu truc
protein duge dung lam cdu hinh ban dau cho céc
phirc Michaelis: i) cdu trac apo cua protein (1vqq);
ii) cdu truc apo hydrat hoa trung binh dong lyc phan
tor 6 298 K [1] ¢6 cau trac i) 1a ciu hinh ban dau va
iii) cau tric protein trong cac tinh thé phirc tuong
ung (1 mwu va 1 mws).

3. Chuén bi cac phirc Michaelis va axyl. Cac ciu
tric tinh thé Imwu va 1lmws duoc st dung lam cAu
trac ban dau cho cac tinh todan MD cua phiic
PBP2a** véi lan luot 1a metixilin va nitroxefin. Cau
trac ban dau cua cac phirtc Michaelis khe BsZ dong
va mé dugc tao nén boi phﬁn mém AutoDock [6]
gan két cac phéi tir 1én 1an luot cac cau trac ii) va iii)
clia protein da trinh bay & trén. Véi mdi ciu triic ban
dau, sau khi hydrat hoa mot ) phan tir nudc duoc
thay thé be"mg jon Na" dé dam bao hé dat dugc can
bﬁng dién tich. Sau d6 hé duge tdi vu nang luong
bang thuit toan dwdng ddc nhat (steepest decent)
trong phan mém GROMACS. Trudong luc
GROMOS96.1 dugc st dung trong tat ca cac tinh
toan MD.

Tinh toan dong luc phan tir dugc thyc hién trén
phan mém GROMACS theo mét quy trinh 2 budc
[7]: i) d6t nong hé 1én 298K sir dung t6 hop hai tinh
toan mo phong trong hai tap hop chinh tac: thé tich
khong d6i va sau do ap suét 'khong doi.; ; i1) tinh toan
& thé tich can bang khong dbi trong 10ns dé thu thap
dir liéu. Mot s6 tham sd quan trong la: hop md
phong c¢6 kich thuéc sao cho cach nguyén tir gan

Nguyé~n Hoa My va cong sy

mép hop nhat 12 10A (1 nm). Tuong tac xa dugc cat
0 khoang cach 10A M6 hinh tuong tac tinh dién
dugc xir ly bang phuong phap PME (particle mesh
Ewald). Pong luc Langevin dugc sir dung dé kiém
soat nhiét d9. Cac budc moé phong cach nhau 2fs;
tong s6 20ps danh cho mé phong thé tich khong ddi
va 100ps cho ap suat khong d6i. LINCS duoc sir
dung dé cudng buc cac lién két hydro véi cac tham
s6 xac dinh. Sau d6 hé dugc duy tri ¢ thé tich khong
d6i va 298K cho dén khi RMSD 6n dinh. Thoi gian
tong cong 1a 10ns cho mdi hé duoc tinh toan. Quy
dao chuyén dong nguyén tir va ning lugng dugc ghi
lai sau mdi 0.4 ps. Phan tich RMSD, RMSF, khoang
cach, goc van ... dugc thuc hién béng cac modun cua
GROMACS.

3. KET QUA VA THAO LUAN

RMSD cua phbi tir sau khi khép binh phwong
nho nhat v&i khung protein cta ciu tric ban dau
duoc trinh bay ¢ hinh 1. D& thay rang RMSD cua ca
hai phtrc axyl va Michaelis cia MC1 déu thap hon
cac gia tri tuong tmg ctia NC1 va RMSD cuta phuce
axyl ciia ca hai MC1 va NC1 déu thap hon cac gié tri
ciia phitc Michaelis twong tng. Piéu d6 co nghia
rang, NC1 trong cac phirc véi PBP2a* linh dong hon
s0 véi MC1 va phdi tir trong cac phirc Michaelis linh
dong hon so v6i trong cac phire axyl.

Sw sdp xép lai ving tAm hoat dong

Theo gié,thiét ctia Lim va Strynadka [8], dé khao
sat su sdp xeép lai vung tam hoat dong, nghia la cac

apo
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0.15 ncl-mich
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Hinh 1: RMSD cua khung protein (trén) va phdi ttr (dudi) nhan duoc bang cac khép binh phuong téi thiéu
v6i khung protein ban dau trong phtic axyl, phirc Michaelis khe B3Z mé va cau tric apo
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Vé tinh linh dong cia phdi tit...
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Hinh 2: Sy sai léch ctia khoang cach Co trung binh (nm) ciia cac axit amin trong xoén a2 dau N
(3 nhoém dd thi dau tién bén trai hinh trén) va nép gap p3 (6 nhom do thi ké tiép tinh tir trai qua
ctia hinh trén) va gitra xo4n a2 dau N va nép gap B3 (hinh dudi) trong phirc axyl va phirc
Michaelis khe BsZ mé so voi gia tri twong ing trong cau tric apo

axit amin “néng” trong nép gip P3 va xodn o2 dau
N, chung t61 da tinh khoang cach trung binh Ca giita
cac axit amin chii chét bao gdbm: Serd03, Lys406 va
Leu408 trong xodn a2 dau N ciing nhu 1a Ser598,
Gly599, Thr600 va Glu602 trong nép gip p3. Két
qua tinh todn ddi véi cac phitc Michaelis va phic
axyl dugc trinh bay trén hinh 2 so sanh véi cu tric
apo. Co thé thdy rang khong co su sai l1éch dang ké
(< 1,0 A) ctia khoang cach Ca trong xoén a2 dau N
giita cdu tric apo va phic Michaelis khe p;Z mé cia
MC1, giita ciu tric apo va phirc axyl caa MC1 ciing
nhu giita ciu tric apo va phtrc Michaelis khe B3Z mo
cua NCI1. Trong khi d6, c6 mot sy sai 1éch dang ké
dugc tim thay trong phtc axyl NC1 ma & d6 khoang
cach Ca giita Ser403 va Leu408 tang 2,62A va gilra
Ser403 va Lys406 tang 2,30A so voi nhiing khoang
cach twong tng trong ciu triic apo. Trong nép gip
B3, ngoai trir truong hop phic Michaelis khe B;Z
md cua MC1 ¢6 mot sy khac biét dang ké cua
khoang cach Ca giita Ser598 va Thr600. Cu thé cac
gia tri khoang cach nay véi cac phirc axyl cua MCl1,
phuc Michaelis khe f;Z mo cua NC1 va phuc axyl
cia NC1 lan luot la: 1,62, 1,08 va 1,46. Diéu can
phai nhin manh 14 sy axyl héa dé tao phuc axyl cia
NCI bao gém su tao phitc Michaelis doi hoi su sip
xép lai xodn 02 diu N va nép gip B3 nhiéu hon so
véi viée tao phuc axyl cia MC1. Bai vi nitroxefin la
chit thu dong hi€u qua hon so voi metixilin nén
hoan toan co thé khing dinh ring su sip xép lai xoin
02 dau N trong ving hoat dong khong phai 1a 1y do

duy nhét giy nén sy khang thudc cua PBP2a*.

Tinh linh djng cta cic axit amin trong viung tim
hoat djng va khe lan cin B;Z

bé xac dinh nhitng dac tinh dong luc cua cac
axit amin trong hai hé phic axyl va Michaelis cua
MC1 va NCI, ching toi da tién hanh phan tich sy
thang giang cia RMSD xung quanh gid tri trung
binh (root-mean-square fluctuation - RMSF). Két
qua duoc trinh bay trén hinh 3. C6 thé thiy ring sy
thang giang 16n nhat 1a & trong ving cua cic axit
amin Lys606-Glu609 thudc cudén Y (bao gém cac
axit amin 602-612) ké tiép voi nép gip P3 va la
nhiing axit amin con thiéu trong cAu tric tinh thé ciia
phurc axyl [8]. Nhu vy, cdc axit amin nay khong
anh huong dang ké dén bién thién nang luong sip
xép lai ving tdm hoat dong khi axyl hoa. Tuy viy,
céc axit amin ndy trong tat ca cac phirc ma chung toi
khao sat déu thé hién tinh linh dong kém hon trong
chu trac apo. Trong truong hop MCI, phirc axyl co
cac RMSF thap hon so voi phiic Michaelis, trong
khi d6 co mét sy sai 1éch khong dang ké giita cac
phuc axyl va Michaelis cia NC1. Bén canh do, cac
phtrc NC1 ¢6 RMSF thap hon nhidu so véi cac gia
tri tuong ung cia MC1 (Hinh 3a). Diéu thu vi 1a gia
tri RMSF cua cac axit amin trong nép gip p3 (594-
603) khong thay di rd rét giira cac phuc va ciu tric
apo (hinh 3a). Mot nhom khac c6 sy sai léch ro rét
gitta RMSF cua cac axit amin trong ciu tric apo va
trong phurc 1a cudn Z (440-447). Su tdn tai cta hai ca
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hai phdi tir déu 1am giam gia tri RMSF cua cac axit
amin 438, 439, 442, 443, 444 and 445 (hinh 3b).
Diéu nay chi ra sy 6n dinh dang ké cua cudn Z khi
protein lién két véi NC1 va MC1 ca trong phirc axyl
va phic Michaelis. Pac biét 1a, co sy tang gia tri
RMSF cua mot sb axit amin cia xodn a2 dau N
trong phitc ctia NC1. Sy gia ting 16n nhét 1a &
GIn405 cta phuc NCl-axyl va Pro401 cua phuc
NC1- Michaelis, trong khi d6, khong c6 su khac biét
1 rét giita cac gia tri RMSF cuia phic MC1 va céu
truc apo (hinh 3c). Sy thang giang vi tri 16n hon cua

Nguyén Hoa My va cong su

cac axit amin trong ving xoan a2 dau N va su giam
sau hon cia RMSF cua cac axit amin trong cudén Y
ctia phitc NC1 so véi phirc MC1 c6 thé gop phan
vao su tang hiéu qua (rc ché PBP2a* cia nitroxefin
so v6i metixilin. Nhiing axit amin cta xodn a2 dau
N cua phiic NC1 cang linh dong hon (RMSF cang
lon) so voi cac phirc MC1 thi viéc axyl héa PBP2a
cua NC1 cang thuan lgi hon so véi MC1. Ngoai ra
nhing axit amin cudn Y ctia phirc NC1 c6 RMSF rit
thip hon nhidu so v6i phirc MC1 chimg t6 phiic
NCI1 1a bén hon so véi phitc MC1.
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Hinh 3: Phan tich RMSF. RMSF trung binh/axit amin trong cAu tric apo (duong lién), trong phtc axyl cua
PBP2a** v6i MC1 (hinh tron) va NC1 (hinh vudng) va trong phirc Michaelis khe 3;Z m¢& cua PBP2a** v6i
MCI1 (hinh tam giac) va NC1 (hinh thoi). (a) nép gap B3 va cudn Y; (b) cudn Z; (c) xoan a2 dau N

Sw thay ddi cAu tric p-lactam va tinh linh dong
ciia phoi tir trong cac phirc.

Thyec té 1a phan tng axyl hoa tir phitc Michaelis
thanh phirc axyl trung gian dan dén thay doi tit yéu
clia cau tric ving hoat dong va ving hoat dong ciing
nhu cac phdi tir cang linh dong thi phan tmg axyl
hoa cang d& xay ra. Dé tiép tuc lam rd vai trd ciia
tinh linh dong cua cac nhém nguyén ti trong kha
nang thu dong PBP2a* cia cac phdi tir, ching toi
ciing da phan tich RMSF va vécto riéng cua phdi tir
va axit amin Ser403 trong cac phuc Michaelis khe
B3Z md cua PBP2a** véi metixilin va nitroxefin
(bang 1). Két qua cho thdy RMSF va véc to riéng

cua ca nitroxefin va Ser403 trong phuc nitroxefin
déu 16n hon 16 rang so voi cac gia tri twong (mg cua
phtrc metixilin. Piéu d6 co nghia 1, trong céu trac
phtc Michaelis khe B;Z md phan tir nitroxefin linh
dong hon so voi metixilin va Ser403 trong phuc véi
nitroxefin cling linh dong hon so véi trong phurc cua
metixilin. Vi thé, bén canh xodn a2 ddu N nhu da
trinh bay & trén, viéc cac phan tir phdi tir ciing nhu
Ser403 linh dong hon da lam cho phan ung axyl hoa
trd nén thuén tién hon nhiéu so v&i metixilin. Nhu
thé, dong lyc cua cac axit amin “néng” can dic biét
quan tdm boi vi chung cung cdp co hdi bd sung cho
viéc thiét ké cac thudc méi giam thiéu nhimg tiém
4n cua nhimng yéu t6 khang thudc trong chinh ngay
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cac chét thu dong nay.

Vé tinh linh dong ciia phoi tit...

Bdang I: RMSF (nm) va vécto riéng (nm?) cta phdi tir va Ser403 trong cac phirc Michaelis khe p;Z
m¢& cua PBP2a** véi metixilin va nitroxefin

Ser403
Phue RMSF, nm Vécto riéng, nm”
Metixilin 0,0132 6,41e-05 5,84e-05 1,38e-05
Nitroxefin 0,0254 8,78e-04 2,70e-04 5,64e-05
Phbi tir
Metixilin 0,0415 5,30e-04 3,82e-04 2,64e-04
Nitroxefin 0,0697 8,22e-04 4,41e-04 3,03e-04
4. KET LUAN phoi tir diing trong nghién ciru ndy.

Chung t6i da tién hanh tinh toan dong luc phan tur
cho h¢ apo va 4 hé phirc ciia metixilin va nitroxefin
v6i PBP2a** t&i 10 ns. Nghich 1y giita tinh bén cua
phirc axyl va sy khang thudc ciia PBP2a da duoc
giai thich bang céac tinh toan MD dua trén viéc phan
tich sy bién d6i ciu trac va dong luc cia chét thu
dong va protein. Boi vi sy thay ddi cau hinh ving
tam hoat dong cua phuc nitroxefin 16n hon han so
voi phirc metixilin trong khi nitroxefin lai c6 kha
nang uc che MRSA 16n hon hén so v6i metixilin nén
su sap xép lai xodn a2 dau N va nép gip p3 trong
ving hoat dong khong phai 1a 1y do duy nhat cua
viéc khang thudc. Mot 1y do khac chinh 14 tinh linh
dong ctia phén tir chat thy dong ciing nhu ctia mot sd
axit amin vung hoat dong da tang cuong kha nang
{rc ché va nguoc lai, tinh linh dong cta cac phan tir
nay giam s& lam cho tinh khéng chét thy dong tang
lén. Pay 1a diém mai do ching toi dé xuit trong
phuong hudng tim kiém céc chat khang sinh méi.

Cac tac gia cam on A. W. Schuettelkopf and D.
M. F. van Aalten da duy tri trang web
http://davapcl.bioch.dundee.ac.uk/cgi-
bin/prodrg beta cho tinh truc tuyén topo ciia cdc

Lién hé: Nguyén Hoa My
Khoa Hoéa hoc
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