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Abstract

As shown in our previous reports, nitrocefin has much better strength than methicillin to inhibit PBP2a enzyme of
Methicillin-resistant Staphylococcus aureus in acylation reaction. In this study we focus on the inhibition mechanism of
nitrocefin-like structures as well as modified nitrocefin (NC1') in acylation reactions with the PBP2a in order to find the
structures with improved inhibition strengths. NC1' have the six member-ring B-lactam structure as in nitrocefin (NC1),
and the substituent group in NC1' is simple. QM calculations are performed at the B3LYP/6-31G* level. The results
show that the barrier energy for the acylation reaction of NC1’ is lower than that of MC1 in the reaction with PBP2a.
The mechanism of the reaction is discussed in details in this report.
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1. MO PAU

Staphylococcus aureus (SA) hay con goi 1a vi
khuan tu cAu vang - mot loai vi khuan giy bénh va Ia
nguyén nhén phd bién ciia bénh nhiém trung tu cau
khuén [1-4]. Tuy vAy SA khong ngimg tién hoa bién
d6i khang thudc khang sinh beta-lactam nhu Ia
meticillin. Hién nay dd xuit hién ching MRSA
(Methicillin-resistant Staphylococcus aureus) khang
tat ca cac loai khang sinh beta-lactam manh nhit,
yéu ciu c6 thudc méi diéu tri hiéu qua ching khang
thudc nay 1a rat cip bach. Theo cac cong trinh di
cong bd ciia cic tic gia Lim va Strynadka [1],
MRSA ¢6 chira enzym PBP2a xuc tic xdy thanh té
bao c6 lién két cong hoa tri rat chit ché véi B-lactam
nhung ngay ¢ nong d6 -lactam gay chét nguoi hoat
dong xay thanh té bao van dién ra va vi khuan khong
bi tiéu diét. Nghién ctru co ché khang thudc 1a viéc
lam can thiét trong viéc tim kiém cac thudc khang
sinh méi thy dong MRSA hi€u qua hon. Trong cac
cong trinh truéc day cua ching toi [2-4]... chi tiét
ctia co ché twong tac cong hoa tri giita meticillin va
nitrocefin voi PBP2a di dugc tinh toan va cong bo.
Trong d6 su khac nhau trong co ché va kha ning tc
ché PBP2a cua Nitrocefin so voi Meticillin 1a do
mot s6 nguyén nhan sau:

a) Su khac biét goc cing ciia vong bon canh

trong MC1 so véi NC1, cu thé 1a sic cang vong 4
canh ctia NC1 16n hon MC1 khién cho lién két N-C
cua vong 4 canh trong B-lactam cta NC1 dugc phan
tach dé dang hon.

b) Céu trac trang thai trung gian (Int') ciia NC1
1a rat 6n dinh do céc electron w lién hop, phan tng
axyl hoa gitta NC1 v6i PBP2a duoc bén héa cong
hudng 16n hon.

Do nhimng dic diém khac biét vé cdu trac trén
dan dén tinh chat tot hon cua Nitrocefin trong phan
ung axyl hoa PBP2a. Trong bai bao nay chung toi
thay d6i cu tric cua Nitrocefin bang cach giir
nguyén céu trac 1a vong 4 canh va vong 6 canh,
nhom thé duoc thay bang nhom thé don gian hon
(hinh 5). Viéc 1am nay nham tim kiém mot chét co
kha ning phan ung cong hoa tri véi PBP2a t6t hon
Meticillin va khang dinh wu diém tir khac biét cau
trdc vong 6 canh so véi vong 5 canh trong céu tric
ctia NC1” bang cac phuwong phap tinh toan 1y thuyét.

2. PHUONG PHAP TiNH

Nghién ciru co ché phan tmg giita NC1” véi mo
hinh PBP2a bing cac phwong phap co hoc lugng ti,
cac tinh todn dugc thuc hién trong pha khi trén hé
thong tinh toan hiéu ning cao ciia Pai hoc Kyoto.
Vé mit 1y thuyét, qua trinh hinh thanh va pha v lién
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két trong vong lactam cuia phan mg axyl hoa giita
Methicilin (MC1), Nitrocefin (NC1), Modified
Nitrocefin (hinh 2) va md hinh PBP2a dugc thuc
hién & mirc B3LYP/6-31G* cho ving QM. Bé tim
bé mit thé nang cua phan tng, cac tinh toan quét hoi
phuc dugc thuc hién b::ing cach ¢b dinh mot khoang
cach xac dinh co thé duoc gia dinh nhu 1a mot toa do
phan tmg trong khi t6i wu hoa tat ca cac toa do khac.
Sau d6, toi uu hoa hinh hoc day dii dugc thuc hién
cho céc trang thai trung gian hodc cac trang thai
chuyén tiép. Tinh todn ning luong diém khdng -
duoc thuc hién.

Mot ciu tric tinh thé cia PBP2a (PDB mi la
IMWU) di dugc st dung nhu mot diém khoi dau
cia nghién ctru [1], chi c¢6 chudi A cua enzym dugc
gilt lai. Hinh 1 chi ra cdu tric tdm hoat dong cua
phirc axyl gitta phdi tr MC1 va PBP2a, twong ting
v6i san phim cua phan tng. Trong tép PDB, Ser403
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Nguyén Hoa Mi va céng su

va phéi tir MC1 duge xac dinh nhu 1a mot axit amin
don vé6i sb thir tu 1a 403. Axit amin ndy duogc chia
thanh hai axit amin riéng biét. Ser403 dugc xay
dung thanh m6 hinh CH3OH trong tinh toan lugng
tr (Quantum mechanics QM).
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Hinh 1: Cau truc X-ray phuc axyl héa PBP2a voi
MC1 (ma trong PDB la IMWU)
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Meticillin Nitrocefin Modified Nitrocefin

Hinh 2: Cac co chat MC1, NC1 va Modified Nitrocefin (NC17)

3. KET QUA VA THAO LUAN

Céc tinh toan chlng toi gia thiét tién trinh phan
ung NC1’ véi CH;OH xay ra theo mot budce. Lién
két C-O duogc hinh thanh kéo theo ddng thoi voi quéa
trinh Hidro chuyén tir nhém (OH) cua Ser403 sang
N cua vong 4 canh va sy phan cit N-C cua vong 4
canh ciing xay ra. Co ché ciia phan tmg NC1’ la
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tuong ty nhu MC1 & mot s6 khia canh, nhung ciing
¢6 nhimng diém khac nhau. Ngay trong budc dau tién
cua phan g gitra NC1’ va md hinh Ser403, lién két
C-O dugc hinh thanh tuy nhién lién két N-C trong
vong bon canh dé& dang bi pha v&. Proton duoc
chuyén tir nhém (OH) cua Ser403 téi nguyén tur nito
dé tao thanh san pham cudi cung (P) trong phan ting
NC1’.
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Hinh 3: C4c ciu hinh tbi uu (cac khoang cach lién két don vi 1a A) trong phan tng cia NC1”
vai PBP2a trong mé hinh QM tadm hoat hoa

Theo céac cong trinh [2-4], su khac biét co ban
gitra MC1 va NC1 trong phan ung v6i PBP2a la &

hang rao nang lugng caa phan tng hinh thanh lién
két C-O (C cua vong 4 canh cua p-lactam va O cua
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Ser403 cua PBP2a). Trong d6 phan (tng cua tac nhan

MCL1 cao hon dbi véi tac nhan NC1 1a 12,5 kcal/mol.

Trong cac nghién cau trén chi ra hang rao nang
luong trong phan ung cia tic nhan MC1 cao hon
NC1 la do vong 6 canh trong NC1 14 mau chét cua
viéc giam hang rao thé ning ¢ budéc phan ung axyl
dau tién hinh thanh lién két C-O. Két qua cua nghién
cau nay hinh 4 chi ra hang rao nang lugng trong
phan tng cua tic nhan MC1 cao hon NC1’ 1a 11,5

(Kcal/mol)
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Nghién cizu co ché phan ing axyl...

kcal/mol. Nhu vay vong 6 canh dugc gitr lai trong
NC1’ da déng gop vao viéc giam hang rao thé ning
& budc phan tng axyl dau tién 12 hinh thanh lién két
C-0 véi PBP2a [5]. Hang rao caa md hinh tac nhéan
NC1’ & budc nay thap hon nhiéu so véi MC1. Nhu
vay, trong thiét ké céc B-lactam mai dé tang toc do
trong phan ung axyl héa véi PBP2a can luu y dén
c4u tric vong 6 canh trong d6 da lam giam dang ké
tbc d6 phan tng.

— — — — - MC1 Reaction

NC1' Reaction

NC1 Reaction
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Hinh 4: Buong nang lugng phan ung cua cac md hinh vung QM

4. KET LUAN

Nghién cttu céc phan tng axyl hda cua cac phdi
tr MC1 va NC1” vé6i enzym PBP2a chi ra rang co
ché cua qué trinh axyl héa cua tac nhan NC1’ la
khéc so véi cia MC1 14 do hang rio thé ning budc
dau tién cta phdi tt MC1 cao hon NC1’, sau budc
dau tién vong 4 canh ciia NC1” dé bi pha v& dén san
pham cubi. Nhu vady NC1° di cai thién dang ké kha
nang phan mg axyl héa. Nhu vay dé cai thién hoat
tinh e ché cia MC1 day 1a mot muyc tiéu ma khi
thiét ké cdu truc nén tap trung vao. Bude axyl hoa
cai thién hang rao hoat héa cho phan uing axyl hoa
giita B-lactam va Ser403 can duoc ha xubng. V& ban
chat, yéu t6 quyét dinh chia khéa cua chidu cao hang

rao la sy cang vong va hiéu ung cong huong [4].
Céc khia canh nay co thé khong duoc kiém tra véi
cac phuong phap gin két thong thuong. Thay vao do,
viéc st dung cac phuong phap co hoc lugng tir 1a
can thiét, va chiing t6i tin ring day sé& la cach thiét ké
cac loai thudc hd trg bang may tinh trong twong lai.

Loi cam on. Tdc gid chdn thanh cam on gido su
Keiji Morokuma, Pai hoc Kyoto dia cho si dung
phan mém va may tinh hiéu ndng cao d@é thyc hién
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dwoc tai tro- boi Quy phét trién khoa hoc va cong
nghé quéc gia (NAFOSTED) trong dé tai ma sé
104.06-2013.68.
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