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TOM TAT

Trén thé giéi va ¢ Viét Nam, m51 ngay déu c6 mot luong 16n cac chat doc hai tir cac hoat dong

cong nghiép, nong nghiép, san xuat thuc pham va dich vu cham soc sttc khde thai ra moéi truong.

Trong d6, nhiéu hop chat ngoai sinh ban chét 1a chat vo hai va khong giy ung thu (tién ung thu),

nhung khi vao co thé dugc hé enzyme cytochrome P450 monoxygenase (CYP) chuyen hoa thanh hop
chét nguy hai gdy dot bién gen va c6 kha ning gay ung thu. Do do, viéc phat trién cong cu phan tich
sinh hoc dé nhanh chong xéc dinh cac hop chat tién ung thu s& ¢6 ¥ nghia rat 16n trong cong tac an
toan thuc pham va kiém soat méi trudng. Muc tiéu ciia nghién ciru nay 13 tao biosensor tir chung nim
men Saccharomyces cerevisiae Y486 dugc dong blen nap hai phtrc hgp promoter—gen la CYP3A4—
CPR va DIN7-GFP. Két qua cho thdy, protein tai to hop déu dugc biéu hién tét ¢ tit ca cac ching
bién nap. Khéi lugng phan tir cia CPR va CYP3A4 tai t6 hop lan luot 1a 75 kDa va 56 kDa. Enzyme
CYP3A4 chi thé hién hoat tinh chuyén ho4 khi duoc biéu hién cung voi CPR. Cac héng ) dong hoc
K, Vimax, Vinax/Km ctia phirc hé enzyme CPR-CYP3A4 lan lugt twong tng 14 3,2 uM, 3,5 pmol/pmol
CYP/min, 1,1 pL/pmol CYP/min. Khi dong biéu hién phirc hgp enzyme nay voi phirc hgp DIN7-
GFP trong t& bao chung Y486 di xac dinh dwoc aflatoxin Bl trong khoang 0,1-0,4 uM va
benzo(c)phenanthrene trong khoang 10-40 uM. Tuy nhién, biosensor nay khong phat hién duoc su
¢b mit cia cac hop chét tién ung thu khac nhu, N-Nitrosodimethylamine & tit ca cac ndng do khao
sat. Day 1a két qua bude dau cho viée tiép tuc phat trién cac dang biosensor dé xac dinh nhiéu hop
chét tién ung thu khac trong tu nhién thong qua viéc thiét ké lai hé biéu hién hay thay thé cac CYPs
va promoter cam g dic hiéu khéc nhau.

Tir khoa: cytochrome P450 monoxygenase (CYP), CYP3A4, hop chét tién ung thu, hing s6 dong
hoc enzyme, NADPH cytochrome P450 reductase (CPR)

MO BAU

O nhiém thyc phdm va méi truong noéi chung,
ngo doc thuc phérn va nudc nhiém chit doc hai
noi riéng luon 1a van dé nong khong chi ¢ Viét
Nam ma trén toan thé gi6i. Thuce vy, trong thuc
pham 6 nhidm c6 ngudn gbe tir ngii cde thuong
chura aflatoxin B1 (Sapsford et al., 2006), sira hu
hong c6 sterigmatocystin (Yao et al., 2006) nude

bi 6 nhiém thuong chira cac kim loai ning hodc
trong nudc thai cong nghiép c6 mat cac hop chat
hydrocarbon thom da vong (PAHs) déu c6 kha
ning gay ung thu (Siddens et al., 2012). Dé xéac
dinh céc hop chat ndy, nguoi ta thuong ding cac
phuong phap phan tich hoé Iy (HPLC), khdi phd
(GC-MS) (McCoy et al., 2008; Rodriguez
Velasco et al., 2003) hoac cac phuwong phap hoa
sinh nhu cac dang test ELISA (Gundinc et al.,
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2009) va gan day la cac cam bién sinh hoc
(biosensor) dugc phat trién tr DNA, enzym,
protein, plasmid.

Tuy nhién, cac phuong phap HPLC, GC-MS,
cling nhu cac biosensor ché tao tt DNA, enzym,
protein... chi phu hop cho viéc phéat hién, dinh
tinh, dinh lugng mot hop chit chir khéng danh
gia duoc anh hudng vé mat sinh hoc nhu doc tinh
té bao (cytotoxicity), doc tinh gen (genotoxicity)
cuia hop chat 6. Hon nira, khi cac chit doc hai la
chat moi, chua duoc xac dinh hodc cong bé thi
cac phuong phap trén khong phu hop nia. bé
giai quyét van de nay, cac té bao cua vi khuén,
dic biét la ciia nAm men thuong dugc sir dung dé
biéu hién protein va tao biosensor dang té bao (Gu
et al., 2004; Wada et al., 2008). Boi 1§, tong s6
gen tuong ddng gitta ngudi va nim men 1a hcm

40%, cac con dudng sinh hoa gitra nguoi va nam
men dugc bao ton cao, té bao nim ‘men c6 ty thé,
6 nhan that, noi ma DNA nhim sic thé duoc goi
cudn trong mdt cau truc bac cao tuong dong voi
cAu tric tim thdy & dong vat c6 va (Petranovic et
al., 2010) Nguoc lai, nhung diac diém quan trong
nay khéng tim thay ¢ vi khuén.

bé phat hién va danh gia doc tinh gen, doc
tinh té bao cua hop chat, biosensor thuong dugc
phat trién dya trén viée bién L nap t6 hop promoter—
gen thong bao vao té bao nam men, trong d6 hoat
dong cua promoter dugc cam ung boi sy c6 mat
ctia hop chat phan tich din toi qua trinh biéu hién
cua gen thong bao tao ra tin hiéu do dugc. Mot )
promoter & nim men Saccharomyces cerevisiae
nhu RAD54, RNR2, PLM2 duoc nhiéu nghién
ctru st dung lam yéu t6 cam tng, trong khi gen
ma hoa cho protein cung tén GFP (green
fluorescent protein) thuong dugc st dung lam
gen thong bao (Afanassiev et al., 2000; Cahill et
al., 2004; Bui et al., 2015). Tuy vay, cac dang
biosensor nay chi c6 thé phat hién va danh gid cac
hop chét gy bién dbi gen (genotoxin) hay gy
ung thu (carcinogen), ma khong phat hién dugc
cac hop chat tién ung thu (procarcinogen) nhur
aflatoxin B1, PAHs... Theo nhiéu tai liéu bao
cado, & nguoi cac cytochrome P450 (CYP) bén
canh chire ning chuyén hoa va khir doc cac cht
ngoai lai (xenobiotics), CYP con hoat hoa cac
chit vo hai hay con goi la tién ung thu
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(procarcinogen) thanh cac chét ¢6 hai cho co thé
nhu cic hop chét gay bién doi gen (genotoxin)
hoac gdy ung thu (carcinogen) (Walsh et al.,
2005; Guengerich et al., 2008; Irigaray et al.,
2010; Luckert et al., 2013). Loi dung tinh chat
nay, chung toi da str dung mot s6 gen méa hoa cho
cac CYP nhu CYP3A4, CYP2B6, CYP2D6 va
CPR cung bién nap véi to hop RAD54-GFP vao
ndm men tao biosensor phat hién cac hop chit
tién ung thu (Bui et al., 2016). Tuy nhién, cic hé
thong dong biéu hién nay méi thir nghiém danh
gia duoc mot vai hop chat nhat dinh va c6 nhimg han
ché nhét dinh vé d6 ddc hiéu.

V6i myc tiéu tao thém hé thdng biéu hién
nham danh gia thém vé d6 dic hiéu va hop chat
moi, trong nghién ctu ndy chung téi su dung
phtc hé¢ DIN7-GFP va CPR-CYP3A4 duogc
déng biéu hién vao té bao nidm men
Saccharomyces cerevisiae Y486 tao cam bién
sinh hoc m6i va sir dung trong nhén biét ba hop
chat tién ung thu, aflatoxin B1 (AFB1),
benzo(c)phenanthrene va N-
nitrosodimethylamine (NDMA).

VAT LIEU VA PHUONG PHAP

Nguyén vat li¢u

Chung E. Coli DH5a™ d bién nap riéng ré
cac plasmid DIN7-GFP—pUMGP5, CPR—pESC,
CYP3A4—pESC, CPR-CYP3A4—pESC tao ra bon
chung tai t6 hop tuong (ng. Chang nim men
Saccharomyces cerevisiae (Y486 wt) duoc cung
cap boi Phong Thi nghiém trong diém Cong nghé
gen, Vién Cong nghé sinh hoc, Vién Han lam
Khoa hoc va Coéng ngh¢ Viét Nam.

BSn hop chét thir nghiém da duoc lya chon
va chuan bi trong céc dung dich gc nhur sau: 0,8
uM aflatoxin B1 (249,82 ng/mL; AFB1), 80 uM
benzo(c)phenanthrene (18,26 ug/mL; B(c)P), 80
mM  N-nitrosodimethylamine  (5,9mg/mL;
NDMA); Béi chimg dwong 0.1 mM methyl
methanesulfonate (11,01 pug/mL); cac hoa chat,
dung moi va cac enzym sur dung trong nghién
clru ndy dugc cung cép tir cac hang Merck (Dic),
Fermentas (M¥), New England Biolabs (Pric).

Plasmid pESC mang gen chi thi chon loc
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URA3 va gen khang khang sinh ampicilin dung
dé biéu hién gen CPR va CYP3A4 dugc cung cip
boéi  Stratagene  (Agilent  Technologies,
Stratagene, Santa Clara, CA, USA). Khang thé
dac hiéu cua CPR va CYP dugc cung cép bai
Phong Thi nghiém trong diém Céng nghé gen,
Vién Cong nghé sinh hoc, Vién Han lam Khoa
hoc va Cong nghé Viét Nam. Khang thé thir cap
lién két véi enzyme phosphatase kiém (anti-
Mouse-IgG-AP hoac anti Rabbit-1gG-AP) cung
cdp boi hing Sigma. Mang nitrocellose dugc
cling cap boi Pall GmbH (Dreieich, Pic).

Moi truong SD/-URA (Synthetic Drop-out
Uracine), m6i truong F1(Afanassiev et al., 2000)
sir dung danh gia doc tinh gen, doc tinh té bao.

Moi truong SD/-URA; F1/-Ura sir dung cho
biéu hién CYP450 va CPR: glucose duoc thay
thé bang galactose véi luong twong duong (2%)
cong vai 0,5% raffinose va 0,02% G418.

Phwong phap

Bién ngp plasmid thong bao vao té bao ndm
men bang phwong phdp soc nhigt

Plasmid thong bao sau khi dugc ching toi
thiét ké, tao dong va kiém tra doan chén duoc
bién nap vao té bao nim men bing phuong phap
duoc Gietz va cs phat trién (Gietz et al., 2007).
Té bao nim men Saccharomyces cerevisiae tir
canh truong nudi cdy duoc li thm & toc do 3500
rpm rdi duoc rira lai bang 500 pL dung dich
LioAc 100 mM, 1 tai tu lic 30°C, 800 rpm, trong
30 phat. B6 sung 50 pL dich té bao vao 4ng
nghiém c6 chira san 3 pL plasmid, G tai 30°C
trong 20 phat. Thém 300 pL dung dich PEG
40% hoa tan trong 100 mM LioAc, u tai 30°C
trong 20 phat. Sau do, bd sung 35,5 pL
DMSO, rdi tién hanh séc nhiét tai 42°C trong
15 phat. Ly tdm 7000 rpm trong 3 phat, loai
bo dich ndi. Hoa tan cin thu dwoc trong 1 mL
moéi trwong YPD, 1 trong ta lac 30°C, 850 rpm
trong 3 gio. Sau d6 tién hanh li tam 3500 rpm
trong 5 phut, thu can. Cin té bao dugc hoa tan
trong phan dich con lai va dugc ciy trang déu
lén moi truong thach SD/~URA. Sau do6 duoc
U qua dém trong ti 30°C.

Quan sat su biéu hi¢n ciia protein GFP dudi
kinh hién vi hupnh quang

Té bao ndm men tir dia thach moi trudng SD—
URA dugc nudi trong mdéi truong SD-URA
dich, & qua dém trong tu lac 30°C, 250 rpm. B
sung thém moi truong SD-URA dich vao dich
mau nudi sao cho OD dat 0.2 va dich mau duoc
chia lam 2 binh tam giac lan luot: binh ddi ching
(khdng bd sung héa chat) va binh b6 sung thém
MMS (0,2 mM). Sau d6, u trong ta lic 30°C, 250
rpm trong khoang 16 h, tién hanh soi duéi kinh
hién vi huynh quang. Vat kinh dwoc st dung c6
d6 phong dai 10.000 lan, buéc séng kich thich/
phét xa dugc st dung la 485/535 nm (mau xanh
luc).

Bién nap vector dong biéu hién pESC-CPR-
CYP3A44 vao té bao Sacharomyces cereviciae
Y486

Vector tai t6 hop duogc ching toi thiét ké va
tao dong duoc bién nap vao té bao S. cerevisiae
(Y486) bang phuong phap dugc Gietz va cs phét
trién (Gietz et al., 2007). Thé bién nap va plasmid
tai t6 hop dugc duy tri trong sudt qué trinh ting
sinh va phan bao bang cach tiép tuc chon loc trén
trong moi treong thach khdng c6 uracil, SD/-Ura
agar (Clontech, TaKaRa, Phép). Cac chung bién
nap dugc nudi cdy trong méi trudng SD/-Ura
chira 2% galactose va 0,5% raffinose & 30°C, lic
tai 220 vong/phat. Sau 24 gio nudi cay, thu hoach
té bao nAm men bang cach ly tam (3000 g, 4°C,
10 pht). Can té bao (pellet) dwoc hdi phuc trong
dém dong nhat (50 mM phosphate kali, pH 7.9,
1 mM EDTA, 5% glycerol, 2 mM DTT, 1 mM
PMSF) t6i ODgoo= 20. Huyén phu té bao duoc
thém vao 1 g hat thuy tinh da rtra axit (duong
kinh 0,4-0,5 mm, Sigma Aldrich). Té bao dugc
phé& bang voltex (3x5 phut, xen gitra mai lan 1a
cac budc lam mat trén d4) bang may Mixer Mill
MM 300 (Retsch, Haan, Bwrc). Phan ndi phia trén
duoc tach ra khoi cac manh vun va hat thuy tinh
bang cach ly tdm tai 14 000 g & 4°C trong 15 phut
(Hettich, Tiibingen, Duc). Sau d6 tién hanh siéu
li tam dich ndi tai 100 000 vong trong 1 gio & 4°C
(Beckman Coulter, Krefeld, Puc) thu cac
microsome chinh la cac protein CPR, CYP3A4.
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Céc protein nay duoc giit trong dém ddng nhat
va dung cho cac thir nghiém ti€p theo.

Phuong phap Western Blot

Protein sau khi dugc phan tach bang phuong
phap dién di trén gel SDS-PAGE (Sambrook et
al., 2001), duoc chuyén 1én mang nitrocellulose
trong dém tris-glycin (tris 25 mM, glycerin 142
mM) c6 20% methanol & dong di€n 15 V trong
30 phiit. Trong qua trinh dién chuyén, vi tri cac
bang protein van dugc giit nguyén. Tiép theo bao
gdm cac budc sau: rira mang 2 1an bang dém TBS
(tris-HCI 50 mM, pH 7,5, NaCl 150 mM); cé
dinh mang 30 phut 2 1an bang dung dich dém
TBS dugc bd sung BSA (3%) hoic sita da tach
kem (5%); rira mang trong 10 phuat va lap lai 2
lan trong dém TBST (TBS bd sung Tween 20
(0,1%) sau do6 rira 10 phit trong dém TBS; U
mang véi khang thé so cAp dic hiéu véi CPR va
CYP3A4 trong 1 gio tai 37°C; loai bo khang thé
so cdp bam khong dic hiéu trén mang bang cach
rira trong dém TBS; U mang voi khang thé thu
cép thich hop c¢6 gin voi phosphatase kiém ti 18
pha lodng 1:1000 trong dém TBS; rira mang 4 1an
trong TBST. Khang thé duoc nhan biét béng viéc
U trong dich co chét phat mau: 1 mL dung dich
NBT (nitroblue tetrazolium), 1 mL dung dich
BCIP (5-bromo-4-chloroindolyl phosphate) va
100 mL dung dich dém (Tris 0,1 M, MgCl, 0,5
mM, pH 9,5). Phan tng ctia co chat duogc dimg
lai khi 0 trong nudc khir ion.

Phuwong phdap xdc dinh hoat tinh CPR
(Guengerich et al., 2009)

Hoat tinh cua CPR dugc xac dinh bing
phuong phap quang phé ké théng qua viéc do toc
do khir cytochrome c khi c6 mat NADPH (Sigma
Aldrich). 500 pg cytochrome ¢ (Sigma Aldrich)
hoa trong dém potassium phosphat (50 mM, pH
7,5) duoc tron 1an véi 100 pg microsome protein
(chta CPR), sau d6 dinh muc bang dém
potassium phosphat dén 950 uL. Phan img duoc
bat dau khi thém 50 pL dung dich NADPH 12
mM (méi pha trude khi phan tng). Bién thién do
hap thu dugc ghi lai & budc séng 550 nm trong
20 giay trén may quang phd ké UV/Vis
SmartSpec Plus (Bio-Rad). Hoat tinh cuia CPR
dugc tinh toan theo dinh luat Beer Lambert qua
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phuong trinh sau: AODssophat/e, trong d6 AODssg
1a bién thién d6 hap thu do dugc & 550 nm, ¢ 1
hang sb tit va bang 21 mM™* cm™. Mot don vi
enzyme dugc dinh nghia la pmol/phut.

Phuwong phadp xdc dinh hoat tinh ciia enzyme
CYP3A4 (Guengerich et al., 2009)

Hoat tinh cua CYP3A4 dugc xac dinh dya
trén qua trinh xtc tdc phan tng deethyl hoa co
chit 7-ethoxycoumarin tao ra san pham phat
huynh quang 7-hydroxycoumarin: Dung dich co
chat bao gom 2,5 mM 7-ethoxycoumarin-3-
carbonitrile (Sigma Aldrich, Pic) hoa tan trong
dém potassium phosphate (100 mM, pH 7.4), 3
mM NADPH va 0,02% (v/v) pluronic F-68
(Sigma Aldrich) duoc u trudc trong vi dia 96
giéng thanh mau den va day phang trong subt
(dinh dang dia 8 x 12, Greiner Bio-one, Buc) ¢
37°C trong 5 phut va sau do tron voi 200 pg
CYP3A4 trong dém potassium phosphat (100
mM, pH 7,4) dé dat téng thé tich phan &ng 250
uL trén mdi giéng. Tin hiéu huynh quang duoc
do tai 405 nm (budc séng kich thich) va 460 nm
(budc sdng phat xa) va duoc ghi lai mdi 10 phut
trong thoi gian 120 phat bang may doc vi dia
(Safire Microplate, Tecan, Thuy Si) dugc diéu
khién bang phin mém XFLUOR4 SAFIRE II.
Céc tham s6 dong hot (Vimax, Km, Vimax/Km) dugc
tinh toan théng qua viéc xac dinh hoat d6 enzyme
tai 10 nong do co chit khac nhau (10 - 100 pM),
duoc biéu dién gian tiép trén do thi dang tuyén
tinh Lineweaver-Burk hoic biéu dién truc tiép
trén d6 thi dang phi tuyén tinh ciia phuong trinh
Michaelis Menten str dung cac ham hoi quy phi
tuyén tinh nls R nhu da mé ta trong cac nghién
ctru trude day cua chang toi (Bui et al., 2016).

Dong bién nap hai loai plasmid khéc nhau tao
biosensor méi tir té bio Sacharomyces
cereviciae Y486 va thir nghiém phadt hién cdc
hop chit tién ung thw

Mot plasmid dugc hinh thanh trong nghién
ctru nay (da duoc mo ta ¢ trén) mang ca gen CPR
va CYP3A4, mét plasmid dugc tao ra va sir dung
trong cac nghién ctru trude cia chung toi (Bui et
al., 2016) mang ciu triic gen thong bao DIN7-
GFP duogc bién nap dong thoi vao chung
Sacharomyces cereviciae Y486. Ddi véi qua
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trinh dong bién nap, cac budc giéng nhu da dé
cap ¢ trén, nhung moi trudng SD /-Ura da duoc
bd sung thém 0,2 mg/mL khang sinh (G418) dé
chon loc dong ddng bién nap. Cac dong té bao
déng bién nap ndy goi la Biosensor va dugc st
dung dé phat hién va phan tich cac chat gay dot
bién gen bao gom ca MMS (ddi chung dwong),
gdy ung thu va tién ung thu AFBI1, B(c)P va
NDMA.

Qua trinh phéan tich duoc thuc hién trén dia
384 giéng (dinh dang giéng 24 x 16, Greiner
Bioone, Puc) voi thanh mau den va day phang
trong sudt. Mdi ndng do chat can phén tich duoc
Iap lai ba Ian tai 3 giéng khac nhau dé lay gia tri
trung binh va tinh toan d6 léch chuan (SD). Sau
do, dia dugc day bang mang thoang khi. Trong
nghién ctu nay, tat ca cac phép do huynh quang
dugc thuc hién sau 16 gio t ¢ 30°C ¢d lic nhe
trong may doc vi dia (thiét bi do huynh quang)
nham dam bao sy thoang khi hay qua trinh ho
hip cua nAm men. Cuong do huynh quang dugc
do tai 485 nm (budc séng kich thich) va 535 nm
(budc séng phat xa), ddng thoi do do hap thu té
bao tai 600 nm hay ODsoo. Quy trinh phén tich va
danh gia doc tinh gen bao gém céc budc: thiét ké
thi nghiém trén dia 384 giéng, phdi tron chat
phan tich, bé sung dich nudi nAm men, do cudng
d6 huynh quang, xt ly va phan tich dir dugc mo
ta ddy du trong cac nghién ctru trudc day cua
chung toi (Bui et al., 2015, 2016).

Tinh toan, xa ly va biéu dién két qud

Cuong do huynh quang riéng (GFPrieng) cua
mdi giéng duoc tinh bang cach lay cuong do
huynh quang cua moi gleng (xtr ly hoic dbi
chirng) chia cho mat do te bao tuong ung (ODsoo)
do dugc cua chinh gleng do (xir ly hoac ddi
chang). Tiép theo, sé lan cam ¢ng huynh quang
s0 V6i mau ddi chimg duogc tinh bang cach ldy
cuong d6 huynh quang riéng cua giéng xu ly
(GFPrieng, xi 1y) chia cho cuong do huynh quang
cua giéng ddi chung (GFPring, asi ching). Qua trinh
tinh toan dugc tom tit dudi dang cong thirc nhur
sau: GFPx 1y hose déi ching / ODe0o xir Iy hoge déi ching =
GFPrieng; GFP rieng, xirtly /| GFP rieng, aéi ching = (SO lan
cam ung , GFP fold induction). Sé lan cam tng
> 1,3 lan dugc coi la c6 kha ning gay doc gen

(Cahill et al., 2004). Kha nang gy doc té bao
duoc xac dlnh théng qua ty I¢ phan tram (%) té
bao sinh truang khi xir Iy véi hoé chat so véi mau
khéng xir 1y hay dbi chung (100%). Ty 1€ % té
bao xu ly voi hoa chat/ddi chang nam trong
khoang 30 - 80% duogc cho 1a giy doc té bao
(Cahill et al., 2004).

KET QUA VA THAO LUAN

Bién nap plasmid thong bao DIN7-GFP-
pPUMGP vao té bao nAm men

Biosensor dang té bao dugc tao ra bang cach
bién nap plasmid DIN7-GFP-pUMGP5 vao té
bao ndm men Saccharomyces cerevisiae (Y486
wt) theo phuong phap sdc nhiét. Tién hanh chon
loc bang cdy trang trén méi truong thach SD/-
URA. Két qua cho thay c6 xuat hién khuan lac
moc trén bé mat thach. Theo Ii thuyét, nhirng té
bao nam men binh thudng khong thé sinh trusng
trén moi trudng SD/-URA do thiéu nguyén liéu
cho qua trinh tong hop ARN cua té bao. Do do,
nhitng khuan lac xuat hién la nhitng khuén lac c6
chira plasmid DIN7-GFP-pUMGP5 mang gen ¢6
kha ning tong hop uracil.

Quan sat biéu hi¢n huynh quang dwéi kinh
hién vi

Dé kiém tra két qua tao biosensor, ching toi
tién hanh chon ngau nhién mot sé khuan lac trén
dia thach SD/-URA va nu6i trén moi truong dang
dich c6 bé sung 0,2 mM MMS. Sau 16 gio nudi
i & nhiét d6 30°C, té bao ndm men dugc quan sat
dudi kinh hién vi huynh quang. Két qua duoc
trinh bay ¢ Hinh 1.

Két qua cho thiy, c6 su khac biét vé hinh anh
thu duoc trong cac diéu kién khéac nhau. Khi soi
mau dudi kinh hién vi véi anh sang tring cac té
bao nAm men véi hinh thai dic trung xuat hién ¢
ca mau xu li voi MMS va mau déi ching (Hinh
1 A va 1C). Nguoc lai, khi soi mau duéi anh sang
huynh quang tai cap budc song kich thich/phat
Xa twong ung 1a 485/535 nm céc té bao nam men
phat huynh quang xanh luc & mau xir li véi MMS
(Hinh 1B), nhung khéng cd tin hiéu huynh quang
phét ra & mau déi chiang (Hinh 1D). Diéu d6 cho
thiy promoter DIN7 chi dugc kich hoat khi c6
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mat MMS, dan dén qué trinh phién m4, biéu hién
gen GFP va phat tin hi¢u huynh quang. Ngoai ra,
con ching t6 rang vector thdng bao DIN7-GFP-

Nguyén Thi Thu Huyén & Bui Vin Ngoc

PUMGPS5 da dugc bién nap thanh cdng vao té
bao nam men va cau tric promoter—gen, DIN7-
GFP, hoat dong binh thuong.

A B C D

Hinh 1. Quan sét té bao ndm men S. cerevisiae Y486 duwoi kinh hién vi huynh quang (D6 phong dai 10.000 Ian).
A: Ching téi,té hop xt i voi MMS (anh sang trang); B: Chang tai t6 hop x& Ii véi MMS (anh sang huynh quang);
C: Ching d6i chirng (&nh séang trang); D: Chung dbi chirng (anh sang huynh quang: 485 (s6ng kich thich)/

535nm (song phat xa).

Kiém tra sy biéu hién ciia CPR va CYP3A4

1 2 3
1 2 3
97.4kDa 97 4kDa
66.2kDa e
—
45.0kDa 45 0kDa
A B

Hinh 2. Kiém tra sw biéu hién cia CPR va CYP3A4 &
chdng bién nap ca hai vector DIN7-GFP-pUMGP5 va
CPR-CYP3A4—pESC bang ky thuat Western Blot.
Gieng 1. Marker; Giéng 2: microsome cua chdng
mang vector tai to hop lai voi khang the cia CPR (A)
va lai v&i khang thé CYP3A4 (B); Giéng 3: doi chirng
am.

Vector déng biéu hién CPR-CYP3A4—pESC
va vector théng bao mang céu trac DIN7-GFP—
pUMGP5 duoc ddng thoi bién nap vao té bao
nam men S. cerevisiae Y486. Thé bién nap duoc
nuoi trén moi truong chon loc khdng cé uracil,
nhung b sung khang sinh G418. Nhitng khuin
lac moc 1a nhling dong mang cé hai vector,
vector dong biéu hién (CPR-CYP3A4—pESC) va
vector théng bao (DIN7-GFP—pUMGP5).
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Protein tai t6 hop, CPR va CYP3A4, sau khi
duogc phén tach trén gel SDS-PAGE duoc chuyén
1én mang nitrocellulose dé lai voi khang thé dic
hiéu tuong tng (Hinh 2A va 2B).

Két qua phan tich Western blot cho thay cac
bang protein quan sat dugc dang véi kich thudc
ctia CPR va CYP3A4 theo 1y thuyét. Trong do,
bang dam (Hinh 2A, Giéng 2) véi kich thuéc
khoang 75 kDa tuwong ung voi kich thudc cua
CPR, bang nhat (Hinh 2B, Giéng 2) véi kich
thudc khoang 56 kDa tuong tng véi kich thudc
cia CYP3A4. Piéu d6 cho thay, & cac ching
mang vector dong biéu hién, ca hai protein tai to
hop déu duoc biéu hién. Tuy nhién, s& 1a y nghia
hon néu hai protein enzyme nay thé hién hoat
tinh chuyén hoa cua chiing. Do d6, budc tiép theo
1a can xéac dinh hoat tinh xuc tac va tinh toan céac
hang s6 dong hoc ciia hai enzyme nay khi chuyén
hoé céc co chét dic hiéu cua chung.

Xéc dinh hoat tinh cia CPR va CYP3A4

Két qua biéu dién trong Hinh 3 cho thay hoat
tinh ciia CPR dugc thé hién ¢ ca dong mang
vector dong biéu hién hai protein enzyme
(PESC-CPR-CYP3A4) hodac chi mang CPR
(PESC-CPR-). Tuy nhién, cac dong chi mang
vector pESC va pUMGP5 (d6i chimg am) khong
thé hién hoat tinh xtc tac ciia CPR, mgc du ban
thAn S. cerevisiae ciing c6 hé enzyme
oxidoreductase noi sinh. Diéu d6 cho thiy bat ky
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thé bién nap nao mang gen ma hoa cho CPR déu
c6 thé tham gia xtc tic qua trinh khir
cytochrome c. Khéac vai hoat tinh CPR, hoat tinh
CYP3A4 chi dugc thé hién & céac dong 3A4+
mang vector ddng biéu hién pESC-CPR-
CYP3A4, cac dong con lai déu khong thé hién
hoat tinh xfic tic trong viéc chuyén hod co chit
7-ethoxycoumarin-3-carbonitrile  thanh  san
pham 7-hydroxycoumarin (Hinh 3B). Diéu nay
khing dinh hoat tinh xtc tac cuia CYP3A4 can
ngudn dién tir va CPR 1a ngudn cung cip dién
tt. Thuc vay, ¢ cac dong CPR- chi mang vector
PESC-CYP3A4, khi khong c6 ngudn cung dién
tir hoat tinh xuc tac cia CYP3A4 da khong duoc
ghi nhan (Hinh 3B). Két qua nay tuong tu so voi
két qua ching toi tién hanh trudc day khi xac
dinh hoat tinh ching chi bién nap mét vector
(CPR-CYP3A4-pESC) (Bui et al., 2016) ciing
nhu ¢6 tinh tuong ddng khi déng biéu hién CPR-
CYP2D6 ¢ nam men Pichia pastoris (Dietrich et
al., 2005). Khi chuyén hoa vé6i cac ndng do co
chét 7-ethoxycoumarin-3-carbonitrile khac nhau
va str dung ham hoi quy phi tuyén tinh nls R, cac

4.5
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~ 35
£
g 3
E 25
o
E 2
2
< 15
£
.
£ 05
3A4+ CPR- NC

A

hang s6 dong hoc Michaelis Menten da duoc xac
dinh: hang s6 ai luc giira enzyme va co chat K,
=3,2 uM, van tbc phan ung cuc dai Vimax = 3,5
pmol/pmol CYP/min va hiéu sudt phan tng
Vima/Km = 1,1 uLL/pmol CYP/min. Trong d6, Km
1a hang s6 c6 tinh chat quyét dinh dén viéc lua
chon co chat, khi tri s6 Kn cang nhd ai lyc
enzyme—co chit cang 16n, tbc do va hiu suat
phan ung cang cao va nguoc lai. Thuc vay, khi
cung dugc biéu hién &' S. cerevisiae va co chit 1a
(3S)-3-hydroxyquinidine (Raghevendran et al.,
2006), tri s6 Km = 74,2 uM, tuc ai lyc giita
CYP3A4 va co chat kha thap. Do vay, c6 thé két
ludin ring co chat 7-ethoxycoumarin-3-
carbonitrile kha thich hgp véi CYP3A4 (Knm =
3,2 uM). Két qua xac dinh hoat tinh enzyme, cac
thong s6 dong hoc 1a tuong dong giita ching
ddng bién nap hai vector trong nghién ctru nay
va chung chi bién nap mot vector biéu hién nhu
trong nghién ctru trude cuia chung t6i (Bui et al.,
2016). Nhu vdy, qua trinh bién nap dong thoi hai
vector khong 1am anh hudng dén su biéu hién
clia cac protein tai to hop.
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Hinh 3. Kiém tra hoat tinh ctia CPR (A) CPY3A4 (B) cua cac chung bién nap ca hai vector riéng ré: 3A4+, chiing
mang vector ddng bidu hién pESC-CPR-CYP3A4 va pUMGPS5-DIN7-GFP; 3A4- va CPR-, cac chliing mang
vector pESC-CYP3A4- hoac pESC-CPR- va pUMGP5-DIN7-GFP; NC, d6i chirtng am mang vector pESC va

pUMGPS5.

Xéc dinh va danh gia tin hiéu huynh quang
ciia cAc chiing tai té hop

Céc chung mang cau trac gen khac nhau
dugc xtr 1y voi dai nong do pha lodng néi tiép cua
AFB1, B(c)P, NDMA, MMS dé xac dinh va

danh gia kha nang gy dgc gen. Nong do céc chat
khao sat nam trong pham vi tuyén tinh véi tin
hi¢u huynh quang thu dugc. Trong nghién ctru
nay, tin hiéu huynh quang cua GFP duoc biéu thi
bang s6 1an cam tmg so véi mau ddi chung ty 18
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thuan va tuyén tinh voi néng d6 chat duoc khao
sat (Hinh 4). S6 1an cam mg phu thudc hoan toan
vao cac hé thong mang cic cau triic gen khac
nhau, tinh chat hoa hoc cua cac hop chét thu
nghiém ciing nhu noéng d6 cua chung. Dong té
bao CYP3A4 + DIN7 dugc ddng bién nap ca hai
phtrc hgp CPR-CYP3A4 va DIN7-GFP trong hai
vector riéng biét da tao ra tin hi¢u trén ngudng
gdy doc gen (> 1.3 1an) va ti 1é thuan khi ting
néng d6 cua AFBI1, B(c)P va MMS, nhung
khong tao tin hiéu huynh tai bat ki nong do nao
cua NDMA (Hinh 4).

Trong khi d6, dong DIN7 duoc bién nap mot
vector mang DIN7-GFP tin hi¢u huynh quang

AFB1

Nguyén Thi Thu Huyén & Bui Vin Ngoc

chi dugc ghi nhan va ty 1¢ thuan véi sy ting ndng
d6 cua dbi chung duong 13 MMS (Hinh 4),
nhung khong tao ra tin hi¢u huynh quang khi xu
li v6i AFBI, B(c)P va NDMA (s6 1an cam tng <
1.3, dudi ngudng gay doc gen) & tat ca cac nong
d6 xu Ii (Hinh 4). Nguoc lai, hé thong chi chia
hai vector trong (PC 4m, NC) khong tao ra tin
hiéu & bit ky ndng do nao ddi véi ca bon hop chat
thir nghiém (Hinh 4 va Bang 1). Nhu vay, chi c6
hé thong mang ca hai cu tric biéu hién CPR-
CYP va DIN7-GFP méi c6 thé x4c dinh ca chat
gy dot bién gen, ung thu va tién ung thu, trong
khi d6 cac hé thong co ciu trac DIN7-GFP chi
c6 thé phat hién ra chat gy dot bién gen (MMS).

BcP
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Hinh 4. Cam tng huynh quang trong cac dong t& bao nAm men mang cac cAu tric gen khac nhau khi x ly béi
cac hop chét ung thw va tién ung thw. NT: D6i chirtng am, khdng xt ly héa chét; CYP3A4 + DIN7: Hé théng
mang ca cau tric CPR-CYP3A4 va DIN7-GFP; DIN7: Hé théng chi mang cAu tric DIN7-GFP; Hé théng NCs
(kiém chirng am): Dong tai té hop véi hai plasmid pESC-URA va pUMGP5 réng; Pwéng gach diet (---) 1a ngwéng

cta sb 1an cdm tng GFP c6 gia tri 1,3
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Co6 thé thdy ring CYP3A4 chuyén hoa cac
chét, AFB1, BcP thanh mot s6 san phém trong
d6 c6 ca chat chuyén hoa c6 kha nang gay dot
bién gen, AFB1-exo-8-epoxide (Yamazaki H
et al., 1995), hop chit nay phan ing voi DNA
O vi tri N7 clia guanine dé tao thanh céu tric
AFB1-N7-Gua va tao ra su chuyén doi
nucleotit G thanh T (Donato MT et al., 2004).
Nhu vay, su tao thanh AFB1-ex0-8-epoxide da
kich hoat promoter DIN7 dan dén qua trinh
phién md va biéu hién GFP, tin hiéu huynh
quang dugc xac nhan (Hinh 4 va Bang 1).
Tuong tu nhu vay, CYP3A4 da duoc hoat hoa

sinh hoc B(c)P thanh dong phan lap thé diol
epoxide co kha ning xen cai vao chudi xoin
DNA hoic lién két cong hoa tri véi DNA (Wild
CP et al.,2002). Diol epoide nay lién két cong
hoa tri v6i DNA ¢ vi tri N7 cua guanine, (Yun
CH et al., 1992) do d6 kich thich promoter
DIN7 va biéu hién GFP (Hinh 4 va Bang 1).
Trong khi CYP3A4 khong chuyén héa NDMA
thanh céc san pham chuyén hoa gy dot bién
gen, do d6 promoter DIN7 khong dugc cam
g hoat dong va din dén tin hiéu huynh quang
khong duoc ghi nhan ¢ chung dong biéu hién
CPR-CYP3AA4.

Bang 1. Cam (rng huynh quang trong cac dong t& bao nAm men mang céc cAu tric gen khac nhau khi x i béi

céac tac nhan gay tén thwong DNA.

Hop chét thtr nghiém Néng dd6  CYP3A4 + DIN7 DIN7 NCs
NT - - -
. 0,1 pM + - -
Aflatoxin B1
0,2 uM + - -
0,4 uM ++ - -
NT - - -
10 pM + - -
Benzo(c)phenanthrene 20 uM + — —
40 pM + - -
NT - - -
. ) ) 10 mM - - -
N-Nitrosodimethylamine
20 mM - - -
40 mM - - -
NT - - -
25 uM + + -
Methyl methanesulfonate
50 uM ++ ++ -
100 pM +++ +++ -

Trong d6: Sé lan huynh quang clia mau <= 1.3 |a khéng gay doc; +(1.3, 2]; ++ (2,3]; +++ (3,4]; ++++ (4,5];

+++++ (5, =]

KET LUAN

Protein tai t6 hop CPR-CYP3A4 déu duoc
biéu hién tét & ching dong bién nap cé hai vector
riéng ré& (DIN7-GFP-pUMGP5 va CPR-
CYP3A4-pESC). Khéi luong phan tir cia CPR
va CYP3A4 tai to hop lan Iuot 1a 75 kDa va 56
kDa. Enzyme CYP3A4 chi thé hién hoat tinh

chuyén hoé khi duoc biéu hién cung voi CPR.
Céc hang s6 dong hoc K, Vinax, Vinax/Km ctia phtrc
hé enzyme CPR-CYP3A4 lan luot twong tng la
3,2 UM, 3,5 pmol/pmol CYP/min, 1,1 uL/pmol
CYP/min.

Biosensor dugc tao ra khi dong biéu hién ca
hai phirc hgp CPR-CYPA4 va DIN7-GFP trong
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té bao Saccharomyces cerevisiae (Y486) da xac
dinh duogc aflatoxin B1 trong khoang 0,1-0,4 pM
va benzo(c)phenanthrene trong khoang 10 - 40
uM. Tuy nhién, biosensor nay khong phat hién
duogc sy c6 mat cua cac hop chét tién ung thu
nhu, N-Nitrosodimethylamine ¢ tit ca cac nong
d6 khao sat. Pay 1a két qua bude dau cho viée
tiép tuc phat trién cac dang biosensor dé xac dinh
nhiéu hop chit tién ung thu khac trong tu nhién
thong qua viéc thiét ké lai hé thong biéu hién
bang cach thay thé cac CYP450 khac & ngudi
nhu CYP1Al, CYP2B6, CYP2C9... va
promoter cam ung dac hi€u khac nhau nhu
POL30, PLM2, THI4... Béi I&, theo nhiéu tai
lidu cong bd, cac CYP450 nay ciing tham gia qua
trinh chuyén hoa mét sé hop chit vo hai thanh
hop chét doc hai gay ung thu, bén canh vai trd
khir doc trong co thé cta chung.

Loi cam on: Nghién ciu nay dwoc tai tro boi
kinh phi tzr dé tai khoa hoc cong nghé cdp dai hoc
cua Truong Dai hoc Khoa hoc Thai Nguyén ma
s6 DH2015-TN06-04
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BIOSENSOR CARRYING BOTH CPR-CYP3A4 AND DIN7-GFP CONSTRUCTS
FOR MUTAGENICITY TESTING OF PROCARCINOGENS
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SUMMARY

In the world and Vietnam, a great number of toxic substances from industrial and agricultural
activities, food production, and healthcare services are daily released into the environment. Many
exogenous harmful substances are procarcinogens, but become carcinogens by the bioactivation of
human cytochrome P450 enzymes (CYPs). Thus, development of analytical testing for rapid
detection of procarcinogens plays a crucial role in food safety and environmental monitoring. This
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study aims to establish a biosensor basing on Saccharomyces cerevisiae Y486 cotransformed with
two promoter—gene constructs, CYP3A4-CPR and DIN7-GFP. The results showed that all
recombinant proteins were coexpressed in Y486 cells. The molecular weight of recombinant CPR
and CYP3A4 were 75 kDa and 56 kDa, respectively. CYP3A4 enzyme only showed its catalytic
activity in biotransformation of the specific substance as coexpressed with CPR. Kinetic constants,
Km, Vmax, and Vmax/Km, of this CPR-CYP3A4 enzyme complex were 3.2 puM, 3.5 pmol/pmol
CYP/min, and 1.1 pL/pmol CYP/min, respectively. Coexpressing constructs of CPR-CYP3A4 and
DIN7-GFP in Y486 strain was able to identify aflatoxin Bl in the range of 0.1 - 0.4 uM;
benzo(c)pyrene in the range of 10 - 40 uM. However, this system could not detect other
procacinogens, such as, N-Nitrosodimethylamine, at any investigated concentrations. These findings
were the first trial for further development of other biosensors to determine diverse procarcinogens
in the enviroment by redesign of coexpressing constructs or replacement of the specific CYPs and
inducible promoters.

Keywords: cytochrome P450 monoxygenase, CYP3A4, coexpression, enzyme Kinetic constants,
NADPH cytochrome P450 reductase
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