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ABSTRACT

In this study, Mn-doped ZnSe/ZnS core/shell quantum dots (CSQDs) were
synthesized in aqueous solution using 3-Mercaptopropionic Acid as a
surface stabilizer and successfully applied in the detection of Escherichia
coli O157:H7 and methicillin-resistant Staphylococcus aureus (MRSA) for
the first time. The CSQDs were conjugated with anti-E. coli antibody
and anti-MRSA antibody via protein A supported by 1-ethyl-3-(-3-
dimethylaminopropyl)carbodiimide  hydrochloride  for  fluorescent
labeling of the intact bacterial cells. The etection was performed for the
bacterial strains cultivated in Luria-Bertani liquid medium. The
obtained results indicate that E. coli O157:H7 and MRSA can be
detected within 30 min at a high sensitivity of 10" CFU/mL. This labeling
method based on the highly fluorescent CSQDs may have great potential
for use in the food industry to check and prevent outbreaks of foodborne
illness.

Gidi Thiéu chung

TU Céc chdm lugng t phat quang (QDs) la cac hat co
khéd nang phét quang & kich thudc rét bé. Cac hat nay
dad va dang dugc Ung dung mét cach réng rai trén
nhigu h vyc! Cac nghién clu trudc day thudng

dugc thuc hién dua trén nguyén t6 cadimi va téng hop
trong moéi trudng hitu ¢d vi né cho hiéu suat phat
quang cao va su phat huynh quang 6n dinh [2]. Tuy
nhién, phuong phap nay con nhiéu han ché vi Cd la
nguyén t& déc hai thuéc nhém A (Cd, Hg, Pb) [3] va
téng hap trong moi trudng hitu co khéng than thién
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vai moi trudng, quy trinh phan Ung phuc tap, gdp mét
s6 han ché khi Uing dung trong sinh hoc va dac biét la
thai ra méi trudng mét lugng 16n chat déc. !

M&c du d& dat dugc nhiing thanh cong déang ké va
dugc Ung dung rong rai trong cdng nghé, song va&i do
la cac van dé gay hai vé mdi trusng khi cac hat QDs
dugc t6ng hgp trong dung méi hitu co, déng thdi anh
hudng dén suic khoe con ngudi bdi cac nguyén té déc
hai. Do do, Nhitng nghién clu gén day da hudng téi
su phat trién cac QDs ma khéng cé cac nguyén t6 doc
hai nhodm A trén,® Cd trong QDs c6 thé dugc thay thé
bdi cac kim loai chuyén tiép®® ™ dé€ (ng dung cho
nhiéu finh vuc khac nhau.™™! Trong céc chét ban dan
loai II-VI khéng chira Cd dugc lam 18§, thi ZnSe c6 do
rong vung cdm & nhiét dé phong la 2,71 eV (452 nm)
la mot vat liéu dac biét thi vi vdi nhiéu Ung dung réng
rai trong cac ing dung y sinh.!"1 D& tang hiéu suét
phat huynh quang ngudi ta pha tap mét s6 kim loai
vao hat nano phat quang.®?" Trong s& d6 Mn?* 13
mot chét pha tap thudng dung cla nhiéu loai ban dan
loai 1I-VI.2? Ngoai ra, C4c lién két treo trén bé mit cla
nano tinh thé tao thanh cac trang thai bay, lam anh
hudng tdi sy huynh quang va anh hudng téi hiéu suat
luong tr cia né.! Do do, khi cac trang thai bé mat
dugc thu déng héa trd nén én dinh thi kha nang phat
xa cla QD clng trd nén tét hon*?°) Mét phuong
phap dé &n dinh bé mat ctia QD la boc thém vao mét
hoac hai I8p chat ban dan khac co do réng viing cdm
I6n han. 281 Cac chat ban dan dugc chon dé lam vo
boc phéai c6 dé réng vung cdm Ién hon doé réng ving
cadm cla I6i va hang s6 mang phai gan véi hang s6
mang cla I6i dé cho I6p vd dugc nudi trén 16i khdong bi
qué thay ddi tai I6p tiép giap gitta hai chat. ")

Dua theo céng trinh nghién ctu.”® Trong nghién cdu
nay, chung toi trinh bay két quad anh hudng cta cau
trdc dén tinh chdt quang clia hat nano phét quang dua
trén nguyén té Zn it doc hai pha tap mangan va dugc
téng hgp trong méi trudng nudc, day la xu hudng
t6ng hgp than thién maéi trudng, diéu kién phan Ung
don gian va tiét kiém chi phi. Phuong phép téng hop
nay c6 s dung chdt én dinh bé mat la 3-
Mercaptopropionic Acid (MPA) nham hd trg qué trinh
phan tan, tdng cudng dé phat quang va dac biét la
tdng kha nang thich Ung sinh hoc cho quéa trinh Ung
dung dé nghién cltu phat hién nhanh vi khuén, vi rdt,
nam gay bénh.

E. coli 1a mét trong nhiing loai vi khuén chinh ky sinh
trong duong rudt cla ngudi va déng vat mau nong.
Chung la cac tryc khudn Gram am.” Vi khudn
Staphylococcus  thuéc ho  Staphylococcaceae BY 3
nhting vi khuan hinh cdu, bat mau Gram duong B". Sy

U trd trong ¢ thé va méi trudng bénh vién gitta cac
loai ty cau khudn tiét niéu dan tdi su truyén cho nhau
khd nang khang thuéc, lam cho su khéng khéang sinh
tdng 1én. Nhiéu phuong phap sinh hoc phan to da
dugc &p dung dé phat hién nhanh vi khuén S. aureus
MRSA va E. coli O 157: H7..B% 33 Tuy nhién, két qua
am tinh gid van dudc ghi nhan trong nhiéu trudng
hop. DE giai quyét cac van dé trén, hién nay, ing dung
cdbng nghé nano trong y sinh dang dugc dau tu nghién
clu, mot trong nhitng hudng Ung dung 1a chin doan
nhanh tac nhan vi sinh gdy bénh bang kj thuat nano.

Phat hién nhanh va chinh xac tac nhan gay bénh la
nhu cdu tat yéu trong bdi cdnh hién nay tai Viét Nam,
khi ma s6 truong hgp nhiém trung bénh vién va ngd
doc thuc phdm ngay mét gia tang. Viéc chdn doén
nhanh, dung tac nhan s& gép phan hd trg cong tac
diéu tri cho bac st lam sang, gdp phén dinh hudng
trong cong tac phong chéng dich bénh cho khéi y té
du phong va han hét bénh nhan sé nhan dugc dung
phac do diéu tri nhanh, gép phan ci thién suc khde..

Thyc nghiém va phuang phap nghién cdu
T6ng hgp chdm lugng ti phdt quang

Qué trinh t8ng hgp dugc chia thanh hai giai doan:

Giai dogn 1. Qué trinh téng hop 161 ZnSe (hodc
ZnSe:Mn): Chuén bi hé phan Ung: binh cau 3 6 cé
chfa hdn hop dung dich nhu sau: 10 ml kém acetate
0,1 M, 90 ml nuéc cat, va 40 ml dung dich chét én dinh
bé mat (MPA) 0,1 M. Hé phan Ung dugc khudy tron
déu va dudi khéng khi bang khi N2 trong 30 phut, pH
cla dung dich la 7, gia nhiét d6 hé phan Ung Ién 90
°C.

Dung dich NaHSe dugc diéu ché ti bét Se, NaBH4, va
nudc trong moi trudng chan khéng. Can 0,4 gam Se
va 0,3 gam NaBH4 cho vao binh phédn dUng. Tiém
nhanh 1 ml nudc cat vao binh phan (ng, phan Ung xay
ra tUc thi tao dung dich trong suét ta thu dugc dung
dich NaHSe.

Tiém nhanh dung dich NaHSe da dugc diéu ché vao
hén hgp phan Ung trén, va tiép tuc khudy trén tai nhiét
dé 80 °C trong vong 90 phut.

Giai dogn 2: Qué trinh boc vd ZnS cho 18i: Chun bi
tién hanh boc vd: Can 0,05 gam Zn(OAc)2.2H20 pha
trong 5mL Hz0, tién hanh cho vao binh phan Ung
bang cach nhd giot ti ti cho dén khi hét. Tién hanh
can 0,03 gam Naz2S.9H20 pha trong 5mL H20, tién
hanh cho vao binh phan Ung bang cach nho giot tur tur
cho dén khi hét. Sau do tiép tuc khudy dé phan Ung
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trong 90 phut & nhiét d6 80 °C. Sau phan Ung, hé
dugc dua vé nhiét d6 thuong dé két thuc phan Ung.
San phém dugc U trong 24 gid va luu san pham.

Ung dung cdc hat nano phdt quang dé phdt hién vi
khudn

Dung dich hat chdm lugng t& phat quang dugc pha
lodng bac 10 trong nudc cat vo trung thanh cac ndng
dé 107, 102, 107, Cac vi khudn thir nghiém dugc pha
lodng thanh dung dich c¢é ndng db McF 0,5 tuong
duong 108 CFU/ml. Nghién cltu va danh gia diéu kién
t&i uu cho quy trinh gan protein A 1én hé hat nano
phat quang (chdm lugng tr phét quang — protein A).
DE 6n dinh cét, Cho 2 ml dung dich hat nano phat
quang qua cot vdi lugng 1 ml/10 phat. Cho 25 pl khang
thé khang E. coli, va Staphyloccocus qua cot vai lugng
Tul/1 phut (cho riéng biét ting khang thé qua ting cét
khac nhau). Cho 2ml dung dich dém qua cét dé én
dinh c6t va rita nhiing lién két khéng bén viing ra khoi
c6t. Cho 1ml dung dich vi khudn & ndng doé 108 CFU/m
qua cot vdi lugng 1 ml/20 phut. Quan sat cét dudi den
UV. Chuén bj két qua dé déi ching doé la cho 25
khang thé khang E. coli, va Staphyloccocus tuong tac
vdi 2ml dung dich hat nano phat quang trong 20 phut.
Cho 1ml dung dich vi khudn & néng do 108 CFU/ml qua
c6t vdi luong 1 ml/20 phdt. Quan sat dung dich dudi
den UV va ghi nhan két qua.

Ké&t qua va thao luan

Khdo sdt dnh hudng ctia Mn pha tgp dén cuong dé
phdt quang cta DQs ZnSe:Mn

Cac phuang phép ly hda hién dai nhu phuong phép
nhiéu xa tia X (XRD), phuong phap phd héng ngoai
FT-IR, hién vi dién t truyén qua (TEM), phan tich dinh
tinh thanh phan nguyén t6 (EDS), phd t& ngoai kha
kién va phé quang dién tlr tia X (XPS) dugc st dung dé
nghién cltu cac tinh chét dac trung clia ZnSe:Mn-MPA.
Két qua thé hién & hinh 1.

Gidn dd XRD ctia QDs ZnSe:Mn-MPA dugc t6ng hap &
cac ndéng dé Mn®* pha tap khac nhau (hinh 1a) déu cé
cau truc lap phuong tinh thé (cdu tric gid kém -Zinc
Blende) vi co cac pic nhiéu xa tai 27,37°, 45,47° va
54,17° tuong Ung vdi cac mat phang (111), (220), (311)
phU hgp vdéi khi so véi thé chudn JCPDS 012-6803. Su
pha tap Mn®* & cac ndng dd khac nhau trong diéu
kién khado sat khéng anh hudng dén thanh phan pha
tinh thé. Két qua nay kha phu hgp vai két qua da cong
bé cla cac nghién clu trudc. Bang chu y la, khi pha

tap Mn, cac pic nhiéu xa dich chuyén nhe vé phia géc
2 theta bé hon so vdi cac pic nhiéu xa clia ZnSe t6ng
hgp & cling diéu kién (hinh 1b).
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Hinh 1: Nhiiéu xa tia X clia ZnSe:Mn-MPA dudc t6ng
hop & nhiét d6 90 °C, & pH 7 va & cac ndng dé Mn?*
pha tap khac nhau

K&t qua nay phu hgp véi mot s6 két qua da cong bé.
Su dich chuyén nhe nay cho rang da co su thay thé ion
Zn®* bdi cac ion Mn®* trong qué trinh t8ng hop mau
do ion Zn?* va ion Mn?* ¢ cung dién tich va ban kinh
ion Zn?* (0,74 A) gan bang ban kinh ion Mn®* (0,8 A).
K&t qua XRD khong quan sat thdy cé sy xudt hién cac
pic nhiéu xa cla kim loai mangan cling nhu hgp chét
cla mangan. Nhu vay, c6 thé cho rdng mangan da
pha tap thanh cong vao ZnSe ma khéng lam thay déi
cdu trdc clia ZnSe. Trong do, cac ion mangan da thay
thé mét phan vi trf cac ion Zn* hodc xam nhap vao
cac 16 héng khuyét tat mang.

b)

Crromg 45 (a.m)
Curomg 85 (a.m)
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Hinh 2: Phé IR clia mau ZnSe:Mn-MPA duac
téng hop & pH 7, nhiét dé 90 °C va & ti 1é mol
Mn**/Zn®* 5 %

PhS FT-IR clia MPA va mau ZnSe:Mn-MPA dugc téng
hap & cac ndng dé Mn?* pha tap khac nhau ( (hinh 2a)
cho thdy déng thdi van con mii -OH va -C=0 cla
nhém —COOH clia MPA va nhém chiic -S-H clia MPA
khong con chiing té -SH da hinh thanh lién két trén bé
mat cla tinh thé ZnSe:Mn va MPA d3 lién két dugc vdi
cac hat QDs. Nh& dé gilp cho cac hat nano phan tan
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t6t trong nudc va cd nhitng Ung dung tét trong sinh
hoc.

Dang chui y cé su chuyén dich s6 song hap thu lién két
Zn-Se clla mau ZnSe:Mn-MPA (482cm™) so vdi mau
7ZnSe-MPA (478,5 cm™) t6ng hop & cung diéu kién
(hinh 2b). Su thay d&i vi tri pic lién két Zn-Se cla
ZnSe:Mn-MPA, ¢6 thé do su tao thanh lién két Zn-S-
Mn khi Mn pha tap vao ZnSe.

e 20

Tin 56 (%)

. 100 am
I 10.0nm

Hinh 3: Hinh &nh TEM va gidn dé phan bé kich thudc
hat cia mau clia mau ZnSe:Mn-MPA & néng do
mangan pha tap 5 %, nhiét d6 90 °C, 8 pH 7

Hinh thai hoc bé mat va kich thudc hat cia ZnSe:Mn-
MPA (hinh 3) cho théy cac hat ZnSe:Mn dudgc téng hop
& nhiét d6 90 °C, & pH 7, ¢6 ti 1é mol Mn®*/Zn’* 13 5 %
tua hinh cdu. Cac hat phéan bd khé déng déu.

M hin

R e B M ] M R
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Hinh 4: Phé EDX clia QD ZnSe:Mn dugc t6ng
hop & nhiét d6 90 °C, & pH 7, & ti 1é mol Mn?*/Zn**
a5%

Su c6 mat clia cac nguyén t6 Zn, Se, Mn, O va C trong
mau ZnSe:Mn-MPA dudc khdng dinh trén phd EDS
(hinh 4). Ngoai ra, trén hinh anh phé khéng cé sy xuét

hién cta nguyén té la. Ching td cac hat nano
ZnSe:Mn-MPA t6ng hop dudc c6 dé tinh khiét cao.

Phan tich cdu tric va tinh chdt quang cla cac hat QD
ZnSe:Mn/ZnS-MPA

%) — Lol ZaSAPA
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Cuomg 46 (a.u)

2 0 40 % 80 < WS “ : 0 ; [ )
Goc 2-theta (do) Goc 2-theta (d0)
Hinh 5: Gidn d8 XRD cla cac hat nano
ZnSe:Mn/ZnS & cac ndng dé Mn?* pha tap khac
nhau a) va ZnSe:5 %Mn b)

Nhiéu xa XRD hinh 5a cho thdy, ham lugng Mn pha
tap khong anh hudng dén thanh phan pha tinh thé.
Cac mau co ti 16 mol Mn?*/Zn®* tr 1 % dén 11 % déu
cho ¢ céu tric 1ap phuong tinh thé (cdu tric gia kém
-Zinc Blende) vi c6 cac pic nhiéu xa tai 27,37°, 45,4° va
54,1° tuong Ung vdéi cac mat phang (111), (220), (311)
phu hop vdi thé chudn JCPDS 012-6803. Nhu vay, ¢
thé cho rang viéc boc thém I6p vd ZnS vao ZnSe:Mn-
MPA khong lam thay déi cdu tric cla ZnSe.

1) TS 1M ZaSAPA
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Hinh 6: Ph& UV-Vis clia ZnSe:Mn/ZnS & cac ndng do
Mn®* khac nhau (a) va phd UV-Vis clia ZnSe:5%Mn-
MPA, ZnSe:Mn/ZnS-MPA

Khac vdi ZnSe pha tap mangan, ZnSe:Mn khi dugc boc
thém 16p vo ZnS khoéng co su dich chuyén céc pic
nhiéu xa so vdi nhiéu xa XRD cla ZnSe:Mn-MPA téng
hgp & cung diéu kién (hinh 5b). Ldp vé ZnS da bao
boc xung quanh mang tinh thé ZnSe:Mn ma khéng
lam thay d&i céu trdc cla ZnSe ban dau. Tuy nhién,
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viéc boc thém I18p vo ¢ anh hudng dén dé tinh thé
hoa, dé tinh khiét va kich thudc tinh thé. Khi boc thém
I6p v& ZnS thi cudng do pic nhiéu xa clia QD tang. C6
nghta 1a, dé tinh khiét va do tinh thé hda ctia QD tang.

Ph& UV-Vis hinh 6a cho thdy su hdp thu cla tinh thé
ZnSeMn-MPA ¢6 b hdp thu quang & budc séng <
366 nm. Két qua phé UV-Vis (hinh 6b) cho thdy, ba
hdp thu quang cla ZnSe:Mn/ZnS-MPA chuyén dich
sang phia cé budc séng dai hon so v&i ZnSe:Mn-MPA.

1 a) ‘: = ZInSe:1%Mn/ZnS MPA
~—InSe:3%Mn/ZnS MPA
~—InSe:5%Mn/ZnS MPA
~—InSe:7%Mn/ZnS MPA
~—InSe:9%Mn/ZnS MPA

Cwéong do huynh quang (a.u)

T T T T T T
300 400 500 600 700 800 900

A (nm)

Hinh 7: PhS PL a) va hinh dnh khi chiéu dén UV b) cua
QDs ZnSe:Mn/ZnS & cac ndng do Mn?* khac nhau

Sy phét quang cua tinh thé nano ZnSe:Mn/ZnS sut
dung chat 6n dinh MPA dugc pha tap Mn & nhiing
ndng dé khac nhau va boc thém I6p vo dugc thé hién
bang ph& huynh quang PL (hinh 7a). Két quéa cho thay
cudng do phat quang tai tm Mn®* & budc séng 604
nm dat cao nhat khi ndng dé pha tap Mnla 5 %, tdm
phat quang Mn?* déng vai trd chl dao trong tinh chat
phat quang cla hat. Két qua nay trung vdéi két qua da
khdo st ddi vdi cac hat nano ZnSe:Mn & nhitng ndng
d6 khac nhau. Mau ZnSe:Mn/ZnS khi dugc chi éu bdi
den UV vdi budc séng 365 nm (hinh 7b). Cudng dé
phat quang quan sat dudi den UV trung khdp vai két
qua do PL 1a & ndng d& Mn?*/Zn** 5 % dat dugc
cuong doé phét quang cao nhét.

' = ZnSe:50MnMPA
|| = TTnSe:50Mn/ZnS-MPA

Cwing d6 buinh quang (a.u)

=1

T T T T
400 S00 800 700 800

2 (nm)

Hinh 8: Phé huynh quang clia ZnSe:Mn 5 % va
ZnSe:5 %Mn/ZnS

Phé huynh quang trén hinh 8 cho théy, khi tao thém
I&p vo ZnS bén ngoai so vdi ZnSe. Biéu nay dugc gidi
thich, khi boc thém I8p vd ZnS vao hat ZnSe:Mn-MPA
thi cudng dé phét quang ctia QD tang lén rat nhiéu.
K&t qua nay kha phu hgp vdi cac két quéd da cong bod
clia cac nghién ctu trudc. Diéu nay cé thé dugc giai
thich, khi cac hat nano ZnSe:Mn dugc boc thém I8p vo
ZnS c6 dé rong vung cdm lén hon va hang sé mang
clia vo (ZnS) gan vdi hdng sé mang cua I6i (ZnSe) dé
cho 16p vé dugc hinh thanh (phat trién) trén 16i khong
bi qua thay ddi tai I6p tiép gidp gitta hai chat, khi do
cac trang thai bé mat dugc thu dong héa trd nén én
dinh thi khd ndng phéat xa clia QD ciing trd nén tét
hon. Hon nita, hang rao I8p vé day bao quanh 16
nano tinh thé s& gidi han cac hat tai bi bay bat trén bé
mat va viéc thém mat 16p vo clia chat ban dan cé do
réng vung cadm I6n hon cé thé lam ting hiéu suét
lugng tr va cai thién dé bén clia ching.

Hinh thai hoc bé mat va kich thudc hat cla
ZnSe:5%Mn/ZnS dugc thé hién hinh TEM (hinh 9). Hinh
nay cho théy cac hat ZnSe:Mn/ZnS-MPA tua hinh cau.
Kich thudc hat trung binh clia ZnSe:Mn/ZnS Ién hon so
vdi hat ZnSe:Mn-MPA.

Primt Mag 208000x 0 1 mn ze nm

10:42:3% & 10-31.-15 1IV=€0.0<V
TEM Modo: Imagang Dixoct Mag: 1C0030m.
ML ab— NI K

Hinh 9: Hinh anh TEM clia mau
/nSe:5%Mn/ZnS-MPA
Sy phan bé kich thudc hat cla cac hat nano
7ZnSe:5%Mn/ZnS tuang déi dong déu.

—— Rhodamine B
—— ZnSe:5% Mn/ZnS MPA
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Cwong do huynh quang (a.u)

Hinh 10: Ph& huynh quang clia ZnSe:5%Mn/ZnS va
Rhodamine B
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Hiéu sudt huynh quang clia mau ZnSe:Mn5%/ZnS (co
ty 1& mol Mn?*/Zn?* 5%) la 55,04 % I&n hon so v&i mau
ZnSe:5%Mn-MPA  chua dugc boc 16p vé ZnS la
32,69%.

Unhg dung

o |

Hinh 11: Két qué SDS pages cla cac phic hgp
MRSA va E. coli O 157:H7

e

oA,
§ bl

Hinh 12: Két qué flowcytometry cho
tin hiéu phat quang ré

Theo két qua cho thay, do phat quang cla hat c6 khac
nhau c6 thé la do khi gén vdi vi khuédn s& anh hudng
dén d6 phat quang cla hat. Tuy nhién, diéu nay khéng
anh hudng dén viéc phét hién sy hién dién cta vi
khudn. Ngoai ra, dé khang dinh vi khuén cé thé duoc
phéat hién thdng qua dung dich hat nano phéat quang,
khang thé can phai xac dinh tiép cac thong s6 tiép
theo nhu khéc nhau gitta dung dich c6 vi khuén, va
khéng cé vi khuén théng qua dién di.... K&t qua budc
déau cho théy cé thé gan khang thé 1én chdm luong tur
thdng qua cdu ndi protein A. Phén Uing dugc U & 4 °C
trong vong 5 gio. Khang thé E coli O157: H7 [5,5
mg/ml] va khang thé MRSA [1 mg/ml] dugc pha lodng
trong phuic hgp trén thanh cac ndng dé khac nhau tur 1
ug, 5 pg, 10 pg, 20 pg, 30 ug. Toan bd phuc hdp hat
nano phat quang va khang thé tiép tuc dugc U & 4 °C
qua dém theo so d6 sau: Cac phic hgp gan véi khang
thé, s& dugc tién hanh xac dinh sy khac biét gitta hat
nano c6 gan khang thé va khéng gan khang thé. Cac
ch&m lugng tr cé khang thé cho cudng dé phat quang
thdp hon chdm lugng t& khéng gan khang thé. Céc
phic hgp dugc lua chon cho céc thi nghiém tiép theo
la nhitng phic hgp cudng dd phéat quang ré rang va
c6 gén khang thé. Nhiing phic hop cho tin hiéu khdng

ré mac du, khang thé cé thé gan dugc trén hat van
khong chon cho céc thi nghiém tiép theo.
Két luan

V& cac cham lugng tir phéat quang ZnSe:5%Mn,
ZnSe:5%Mn/ZnS vdi kich thudc nhd hon 20 nm, dugc
téng hgp thanh cong trong pha nudc va cho két qua
rét tét khi phat hién vi khuén E. coli O 157:H7 va MRSA
khé& t6t. Thong qua cau ndi protein A va EDC theo ti |é
clia phtc hgp AT va B2 cho két qua rét tét. Ti Ié phic
hap trén phan Ung t6t vdi khang thé cé ndng do tir 5
ug dén 30 pg. O ti lé 1 ug phan Ung cho tin hiéu khong
rd. Thai gian dé phéat hién vi khudn can 30 phut, tuy
nhién, vi khudn van cé thé dugc phat hién & 15 phut,
tin hiéu khong tét bang 30 phat. Néu phat hién truc
ti€p vi khudn, cho dé nhay cao la 10" CFU/ml, con st
dung phét hién vi khudn tU mau (gid mau) cé dé nhay
3102 CFU/m.

Po6 déc hiéu cta phan Ung 14 100 %. Thdi gian luu gitr
phic hop trong 4 °C, cho hoat tinh én dinh va khéng
bi dnh hudng dén chat lugng cla phan Ung. Dua trén
€O s& két qua nghién clu da dung cac hgp chat ¢o 2
nhém chic chda thiol va carboxilic axit (HS-R—COOH),
dac biét la dung Polyethylene glycol (PEG) la cau ndi
tryc tiép gita mang modng vang va khang thé. PEG
hodc HS-R-COOH it ddc hon EDC va vdi thiét ké nay
chi phi s& dé& chdp nhan hon nhd vao viéc don gian
hoa qua trinh phat hién va phan tich. Nhg lién két chat
ch& gitta nhom —COOH va amin cta vi khuén, tin hiéu
phét quang cla chdm lugng ti sau khi gén két thay
déi, dua trén su khac biét tinh chdt quang hoc (cudng
dé hay budc song) cia cac hé chdm lugng tu-
crosslinker-Ab-bacteria, vi khuén s& dugc phét hién.
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