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Tom tit:

Su ¢6 mit ciia cac loai vi khuin trong mdi trwong khong khi, dit va nwée 12 mdt trong nhirng nguyén nhan chinh
giy ra cic bénh vé duwong hd hip va cic bénh ngoai da cho con ngudi va cac loai vat nudi. Do d6, viéc phat hién sém
cac vi khuin quanh moi truong s()ng 1a yéu t6 then chét aé ngin chan moi nguy hai phat sinh tir vi Khuén. Trong
nghién ctru nay, tac gia thiét ké va xiay dung mot glay loc nh6 c6 dwong kinh khoang 0,5 cm dugc hap phu thém
luciferin va enzym luciferase. Glay lgc nay ¢6 kha néang dinh lwgng dwoc lwgng vi khuin trong miu thong qua viée
dinh lwgng ham lugng ATP ¢6 trong vi Kkhuén. Quy trinh ché tao giay loc hap phu luciferase va luciferin da dwoc toi
wu héa. Gidy loc hip phu luciferase va luciferin cho thiy kha niing giir 6n dinh luciferase va luciferin trong 30 ngay
& diéu kién nhiét do phong, va kha nang phat hi¢n nf)ng dg E. coli co thé Ién téi 1,17x10° CFU/ml. Phwong phap phat
hi¢n vi khuén qua viéc dinh lrgng ham lwgng ATP bang glay loc hap phu luciferase va luciferin ¢ thé gidm thoi
gian phat hién vi khuin xuong con 5 phat. Phwong phap xac dinh ham lugng vi khuéin bang glay loc hap phu enzym
luciferase va co chit luciferin 13 mot phuong phap méi, trién vong cao trong viéc phat trién cic cam bién héa sinh

¢6 dd chinh xic cao va cho két qua nhanh.
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Md dau

Cac vi sinh vat nhu vi khuan, virus, ndm tiém 4n nhiéu nguy
co gy bénh cho cong dong do kha ning phat tan manh mé& qua céc
moi truong dat, nude, khong khi [1, 2]. Con ngudi gap rat nhidu
kho khan dé chéng lai sy lay lan cua nhimg vi sinh vat nay khi
chiing bung phat thanh dich bénh. Vi chling ¢6 kich thudc nho nén
rat dé dang di chuyén va phat tan trong pham vi rong 16n nho cac
dong dich chuyen cua khong khi, gio, nude. Chang c¢6 thé tham
nhdp vao co thé con ngudi va lay lan qua qua trinh ho hép, bai tiét;
tir d6 c6 thé gy ra dai dich trén pham vi rong 16n [3, 4]. Chinh vi
nhimg nguy co tiém 4n trén nén viéc phat hién vi sinh vét trong
thoi gian thuc, cho két qua chinh xac 1a vo ciing can thiét. Hién nay
c6 mot vai phwong phap truyén théng duoc ding dé phat hién vi
khuén trong méi truong nhu phuong phap nudi cay [5, 6], phuong
phép sinh hoa, phuong phap vi dién tu [7, 8], phuong phdp xét
nghiém mién dich [9], PCR [10, 11]... Tuy nhién, viéc phat hién
vi khuan trong thoi gian thyc gip nhiéu kho khan do céc budc tién
hanh thi nghlem phirc tap va gia thanh cao [1]. Cu thé nhu, phuong
phap nubi cay vi khuan t6n vai ngay dé vi khuan c6 thé 16n va hinh
thanh khuan lac dé co thé dém bang mét thuong [12, 13]. Hon
nita, voi phuong phap nay, chi ¢6 mot lugng nho vi khuan (khoang
10%) ¢ thé nudi cdy [14], phan 16n con lai khong thé nuéi ciy
[2]. Mot phuong phap phan tich khac cho d§ chinh xac cao hon
1a PCR [15, 16] nhung phuong phap nay ciing ton vai gio dé thyc
hién, yéu cau quy trinh cong nghé phtrc tap va budc phai duoc tién
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hanh béi cac chuyén gia [1]. Gan day, phuong phép phét hién vi
sinh vat thong qua viéc xac dinh lugng ATP trong phan tng phat
xa gilta ATP va luciferin/luciferase da dugc nhidu nha khoa hoc
quan tam [12, 17]. Trong phdn ng phat xa luciferin/luciferase,
luciferin phan tmg voi ATP dudi xtc tic cia enzym luciferase dé
tao ra oxyluciferin, adenosine monophosphate, va anh sang. Anh
sang phat xa co budc séng tir 550 dén 570 nm va duge do lai bang
may do quang [18]. Tu tin hi¢u cuong do sang phat xa do dugc
ta c6 thé tinh toan duoc lugng ATP tuong mg tham gia phan tmg
va luong vi khuan tuong mg ¢6 trong mau da thuy phén ra lugng
ATP @6. Tuy nhién, phuong phap nay hién c6 nhiéu han ché, nhu
hoat d6 cua enzym luciferase bi giam nhanh chong trong diéu kién
phong va dung dich phan (g chtra luciferin va luciferase thuong
ton thoi gian dé chudn bj. Viéy nén viéc phat hién vi sinh vat theo
thoi gian thuc véi cac bude tién hanh don gian, gia thanh thap van
con la mot thach thirc 16m.

Trong nghién ctru nay, chiing t6i d& xuit mot giai phap co thé
do luong vi khuan tai thoi gian thyc sir dung gidy loc di duoc toi
uu hoa qua trinh hap phy hdn hop luciferase va luciferin 1én bé mit.
Phuong phap nay c6 thé giam thoi gian phat hién, ting thoi gian
hoat hoa ctia enzym luciferase ¢ diéu kién nhiét do phong. Gidy
loc sau khi dugc hp phu enzym luciferase va co chat luciferin, ¢6
thé bao quén tai diéu kién nhiét do phong va ¢ thé sir dung tryc
tiép khong can qua cac budc tién xir 1y. Kha ning phan tich ciia
gidy loc v6i Escherichia coli (E. coli) theo thoi gian bio quan ciing
duoc khao sat.
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Abstract:

There are numerous microbes in the air, soil, and water,
which is one of the main cause of some respiratory
diseases and external ailments in human and livestock.
Therefore, the early detection and identification of
microorganisms is a key factor to prevent the risks
associated with microbial infections. In this study,
paper discs (0.5 cm in diameter) was prepared with
the adsorption of luciferase and luciferin and used
to determine the adenosine triphosphate (ATP) in
bacteria. The repetition of sequential adsorption/drying
of the reaction solution (luciferase and luciferin) on the
paper discs was optimised. The storage stability of the
paper discs was about one month at room temperature
after the preparation. The paper discs adsorped with
luciferase/luciferin could detect the ATP extracted from
Escherichia coli (E. coli) as low as 1.17x10° CFU/ml. ATP
evaluation using the paper discs for detection of bacteria
may reduce the detection time to less than 5 min. The
novel paper discs immobilized with luciferase and
luciferin are valuable for the development of fast and
sensitive sensors for early detection of microorganisms.

Keywords: ATP, bacteria detection, biosensor, luciferase,
luciferin, paper disc.

Classification number: 2.7

Nyuyén liéu va phueng phap
Héa chiit va vi khuén

Chung t61 str dung luciferin, enzym luciferase, dung dich dém
pH, dung dich dém thuy phan, va chét chuan ATP dugc chia trong
bo KIT “Roche ATP Bioluminescence Assay Kit HSII” (Sigma-
Aldrich; Merch KGaA, Darmstadt, Dtic). Hon hop luciferin va
luciferase duoc tron 1n theo ty 1¢ n6ng d0 cua bo Kit va thém vao
2,5 ml dung dich dém (c6 chira san ion Mg). Dung dich hdn hop
luciferase va luciferin vira pha s& dugc chia nho 1am nhiéu phan,
mdi phén chira 200 pl va dugc bao quan lanh tai nhiét do -20°C.
Gidy loc duoc st dung trong thi nghiém nay 1a gidy loc cellulose
Whatman dugc mua tir Cong ty Sigma-Aldrich (Merck KGa A).
Gidy loc dwogc cit nho thanh nhiing dia tron v6i duong kinh 0,5 cm.
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Anh séng phat ra tir phan (g giira ATP va luciferin/luciferase s
duogc do cuong anh sang bing may luminometer (spectramax-M2,
Molecular devices corp., Sunnyvale, CA, USA). Dung dich dinh
dudng va agar dinh dudng dugc mua tir Becton & Dickinon, Co.
(Franklin Lakes, NJ, USA).

Nuéi cdy vi khudn

V6i qué trinh tién nudi cdy, mot khuan lac E. coli tir trong
dia thach nuoi cy dugc lay ra va nhan nudi trong dung dich dinh
dudng (5,0 g Peptone, 3.0 g protein trong 1 lit nude cit) lic qua
dém véi toe do 150 vong/phut va nhi¢t do 37°C. Sau do, E. coli
duoc nudi cdy lan hai, ciing trong dung dich dinh dudng trén véi
ty 1¢ dung dich chtra E. coli trong dung dich dinh dudng ban dau va
dung dich dinh dudng méi 14 1:100. E. coli nuéi dén khi dat nong
o khoang 108 CFU/ml s& duoc thu hdi bang cach ly tim véi toe
dg 13.000 vong/phut trong 10 phut, sau d6 rira 3 lan voi nuée, va
hoa tan lai v6i nudc cit ¢ cing thé tich dé thu dugc dung dich E.
coli da loai bo hoan toan dung dich dinh dudng.

Téi wu héa qud trinh hép phu luciferase va luciferin lén gidy
loc

Gidy loc duoc cat thanh hinh tron voi dudng kinh khoang 0,5
cm va duoc tiét trung. Tiép theo, dung dich hon hop luciferase
va luciferin da chudn bi dwgc nho tryc tiép 16n trén bé mit glay
Sau qua trinh nho dung dich hdn hop luciferase va luciferin, gidy
loc dugc l1am kho tur tir trong 2 gio trong binh kin chura silica dat
& nhiét do phong. Qua trinh nho hn hop dung dich va lam kho
tu nhién nay dugc lap lai vai 1an. Cubi cung, giéy loc sau khi da
duoc hép phu luciferase va luciferin [én bé mat, s& dugc 1am kho
ty nhién trong binh chira silica thém 24 gio nita dé loai bo hoan
toan nudc ra khoi gidy loc trude khi ¢6 thé st dung. Céc gidy loc
hép phy luciferase va luciferin sau d6 s& dugc bao quan trong binh
chtra silica ¢ nhiét do phong cho toi khi st dung. Quy trinh chuan
bi gidy loc hip phu luciferase va luciferin duoc so dd hoa nhu
hinh 1.

Luciferase/luciferin
dung dich 10 pl

Luciferin .
. Luciferase

Lam kho

Dia giéy loc sau hfip phu

Hip phu/lam kho
3 lan

Dia gi:‘iy loc (d=0,5 cm)
Hinh 1. Quy trinh chuén bj giay loc hap phuy luciferase va luciferin.

Do cwong dp dnh sing phit xa khi sit dung gidy loc hip phu
luciferase va luciferin

Gidy loc hap phu luciferase va luciferin dugc Iy ra tir binh bao
quan va dit vao dia 96 15 dé do cudng do anh sang. Dung dich E.
coli sau khi dugc loai b hoan toan dung dich dinh dudng, dugc
ldy 100 pl va dem thay phan nhiét & 95°C trong 10 phut. Qua trinh
thity phan nhiét nay s¢ gitip giai phong ATP ra khoi té bao. Sau d6
50 pl dung dich E. coli sau khi thily phan s¢ dugc nho 1én trén bé
mit gidy loc hip phu luciferase va luciferin da duoc dit bén trong
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di ia 96 16. Ngay sau khi dung dich thuy phén E. coli dugc nhé vao
gidy loc, chung dwgc chuyén dén méy do cuong do¢ anh sang va do
cuong do anh sang phat xa ngay 1ap tirc. Déi voi thi nghiém khao
sat kha nang phan tich cua gidy loc qua thoi gian, gidy loc hap phu
luciferase va luciferin s& dugc chuan bi véi s6 lugng 16n cling mot
thoi diém, sau d6 dem di bao quan trong binh chtra silica ¢ nhiét do
thuong. Gidy loc sau do s& duogc 1an luot liy ra khoi binh bao quan
(saul,5,7,9,11,15,19,25, 30, 40, 50, 60 ngay) va do cuong do
anh xa phat ra tir mau E. coli c6 cung 1 ndng d6 & tit ca céc lan do.

Két qua va thao luan

Téi wu héa qud trinh hép Phu luciferase va luciferin lén giﬁ'y
loc

Dé ¢6 thé dat duoc két qua tot nhat tir phép do sir dung gidy
loc hap phy luciferase va luciferin, ching toi da khao sat dé c6 thé
tim ra luong dung dich hon hop luciferase va luciferin tdi wu nho
1én gidy loc va s6 1an nho/lam kho t6i wu. Pau tién, ching i xac
dinh luong hop chit luciferase, luciferin cin hap phu Ién gidy loc
va t6i wu nd. Str dung dung dich hdn hop luciferase, luciferin di
duoc chudn bi va gidy loc thong dung (kich thudc 1 2,5 pm) duoc
dung nhu mot gia dd ¢6 cac 16 trong nho li ti ¢6 thé chira cac phan
tir luciferase va luciferin bén trong n6. Dé dam bao ring dung dich
hon hop luciferase va luciferin khong bi tran ra ngoai bé mit gidy
loc, ma c6 thé tir tir hip phy vao bén trong gidy loc, mot lugng
nho (10 pl) cua dung dich hon hop luciferase, luciferin dugc nho
1én gidy loc va dé yén trong binh chra silica trong 2 gio. Khao st
so lan hap phy (nho/lam kho) khac nhau (1, 3,5 lan) 1én nhiing
gidy loc khic nhau dé tim ra s6 lan t5i wu. Mdi gidy loc sau do
duoc khao sat voi dung dich chira cung luong E. coli (~107CFU/
ml) dd duoc thity phan. Hinh 2 biéu thi su khac nhau vé cuong
d6 anh sang phat xa thu dugc khi sir dung nhimg gidy loc ¢6 s6
lan hép phu khic nhau. Theo d6, s6 lan hap phu Ia 3 lan, twong
duong 30 pl ctia dung dich hon hop luciferase va luciferin, cho tin
hiéu cuong do 4nh sang 14 cao nhat. Khi 10 pl dung dich hdn hop
luciferase, luciferin dwgc nho 1én trén bé mat gidy loc, chung s& tir
tir di chuyén vao bén trong 18 trong (2,5 pm) cua gidy loc, va bi
giit & trong d6. Do d6, cdu trac khong gian cia enzym luciferase
v co chat luciferin dugc ddm bao, va o thé duy tri trang thai hoat
dong trong thoi gian dai ¢ diéu kién nhiét do phong. Khi dung
dich hdn hop luciferase va luciferin dugc nho 1én trén bé mit gidy
loc, mot vai phan ttr luciferase va luciferin s€ khong dugc ¢b dinh
trong 16 trong cua gidy loc ma van ton tai trén bé mit gidy, chung
s& dan dén han ché su hip phu cua luciferase, luciferin di vao bén
trong 18 trong khi s6 luot hip phu tang 1én. Hon nita, nhimg phan
tir luciferase va luciferin trén bé mit glay loc nay sé& dé bi thay doi
céu tric khong gian, din dén enzym bi bt hoat. Do d6, c6 thé thay
1a khong co su tang cuong do anh sang phat xa nao khi str dung
nhitng gidy loc dugc nho/lam kho trén 3 lan (hinh 2). Qua trinh
hép phu luciferase va luciferin 1én gidy loc dugc toi wu nhat voi 3
lan hép phy, mdi 1an hap phu 10 ul dung dich hdn hop luciferase
va luciferin. O nhimg thi nghiém tiép theo, chuing t6i chi sir dung
gidy loc duoc hip phu dung dich phan tmg luciferase va luciferin
v6i ba 1an hap phu.
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Hinh 2. So sénh cuding d 4nh sang phét xa khi st dung nhiing giy loc
c6 56 1an hap phy khac nhau.

Dinh gid khd ning phdt hién E. coli ciia gidy loc hip phu
luciferase va luciferin

Sau qua trinh t6i wu hoa sy hap phy luciferase va luciferin,
ching t6i khao sat kha ning phét hién vi khun E. coli ¢ nhimg
nodng do khac nhau cta gidy loc va so sanh n6 véi két qua thu duoc
tr viée st dung luciferase va luciferin dudi dang dung dich (theo
quy trinh da dugc thuong mai hoa tir b Kit cia Cong ty Signma-
Aldrich). Bu6c dau khao sat mdi twong quan gitta ham luong ATP
va cuong d§ anh sang thu duoc béng phuong phap do quang cho
thiy, khi nong do ATP tang thi cuong d anh sing ting va tring
v6i két lugn ctia Cong ty Sigma Aldrich. Tt do thi hinh 3 cho thay,
khi nong do vi khuan tang thi cuong do anh sang phat xa tang. Vay
nén, khi ndng d¢ vi khuan ting 1én thi ham lwong ATP trong mau
ciing ting 1én . Hinh 3 biéu thi mdi lién hé giira nong do E. coli
voi cudng d anh sang phat xa voi hai phuong phép do (phuong
phép sir dung luciferase va luciferin duoc hap phu trén gidy loc
va phuong phap st dung luciferase va luciferin ¢ dang dung dich
da dugc thuong mai hoa). Tir do thi ching ta thy cuong do anh
sang phat xa tir thi nghiém sir dung gidy loc hap phu luciferase va
luciferin 1a gin nhu twong twong véi cudng do anh sang thu duoc
tr thi nghiém st dung dung dich chtra luciferase va luciferin. Tir
d6, c6 thé két luan rang luciferase va luciferin hap phu trén gidy
loc c6 thé cho két qua tuong duong va dang tin cdy nhu két qua
thu dugce tir viée st dung luciferase va luciferin dudi dang dung
dich da duoc thuong mai héa. Cuong do anh sdng phat xa ting ty
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Hinh 3. Cuong do anh sang phat
xa thu dugc khi khao sat miu véi
nhiing ndng do E. coli khac nhau
va st dung hén hgp luciferase
va luciferin dugc hap phu trong
giay loc va 6 dang dung dich.

Hinh 4. Cuong do anh sang
thu dugc khi sit dung nhiing
gidy loc hap phu luciferase va
luciferin cung lic va cé thoi
gian bao quan khéc nhau.



1é thuan voi ndng d6 vi khuan E .coli nhu duge dw doan. Hinh 3
cho thdy, cuong do anh sang phat xa do dugc tir gidy loc hip phu
luciferase va luciferin luén cao hon két qua thu dugc tir dung dich
hon hop luciferase va luciferin. Hon nita, thoi gian phét hién vi
khuan trong mau sir dung gidy loc 14 khoang 1-2 phut, tiét kiém
hon rét nhiéu so vdi viée phat hién vi khuan sir dung dung dich
phdn ung luciferase va luciferin khodng 1 gio.

D§ bén phan tich ciia gidy loc sau thoi gian bio quin

Tiép theo thi nghiém kiém tra kha nang phat hién vi khuan cta
gidy loc hap phu luciferase va luciferin, nghién ctru tiép tuc kiém
tra d0 bén phan tich cia gidy loc sau mot thoi gian bdo quan ¢ didu
kién nhiét do thuong. Hay noi cach khac la khao sat thoi gian duy
tri hoat tinh cta enzym luciferase sau thoi gian bao quan. Gidy loc
sau khi duoc hdp phu luciferase va luciferin dugc bao quan trong
binh kin chua silica ¢ nhiét do phong. Nhu vay, trong qua trinh
béo quén, gidy loc hép phu luciferase va luciferin da luon dugc giit
& trang thai kho va enzym luciferase dugc ¢b dinh trong 16 tréng
cua gidy loc, gitp enzym giir dugc cdu triic khong gian bén vimng.
Hinh 4 cho thay cuong do anh sing phét xa da hau nhw khong doi
trong sudt 1 thang bao quan va tir tir giam dan ¢ nhimg ngay sau
d6. Cuong d¢ anh sang giam sau 30 ngay la do sy giam hoat d9 cua
enzym trong gidy loc theo thoi gian bao quan. Enzym dé dang mét
di hoat tinh khi dé ¢ diéu kién nhiét do thuong do bién doi vé cau
tric khong gian ciia viing hoat dong. Nhung khi enzym duoc hap
thy trén gidy loc, cAu tric khong gian cua enzym dugc duy tri bén
vimg trong khoang 30 ngay tai diéu kién thuong. Nhimg két qua
nay chi rarang, g1ay loc 1a mgt nguyén liéu don gidn, hleu qua, tiét
kiém cho viéc hap phu enzym luciferase va gitip giit cau triic clia
enzym ¢ trang thai bén trong it nhat 30 ngay. So sanh véi do bén
cua enzym luciferase trong dung dich tir bg Kit (1 ngay ¢ nhiét d6
15-25°C), chiing ta thy ring hoat do cua luciferase dugc hap phy
trén gidy loc bén viing hon rat nhidu. Hon nita, voi thoi gian bao
quan la 30 ngay tir ngay hép phu luciferase va luciferin 1&n bé mat,
viéc chuin bi glay loc hap phu luciferase va luciferin cho viéc phan
tich lwgng vi khudn c6 trong méu trd 1én don gian, tiét kiém va c6
thé thwong mai hoa.

Tir nhimg két qua thuc nghiém trén ¢6 thé két luan rang, gidy
loc hap phu luciferase va luciferin c6 thé dugc sir dung dé phan
tich lwgng ATP dugc thiy phan tir mau chira vi khuan. Gidy loc
sau khi dugc hip phu luciferase va luciferin ¢ thé duy tri trang
thai bén hoat hoa, on dinh trong 30 ngay & nhiét do phong trong
binh kin chira silica, va c6 thé duoc lay ra sir dung ngay lap tic
cho viéc phat hién vi khuan bat ¢t liic nao thong qua xac dinh ham
lugng ATP dugc thity phan ra tir mau chira vi khuan d6. Gi6i han
phat hién cua gidy loc hap phu luciferase va luciferin 1 ,17x10°8
CFU/ml E. coli. Viy nén, gidy loc hap phu luciferase va luciferin
co kha nang ung dung cao trong viéc phat trién hé cam bién sinh
héa nham phét hién vi khuan trong méi truong va cho két qua do
trong thoi gian thyc.
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