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Method for early and rapid detection of foodborne pathogens caused
by Salmonella bacteria will help control contaminated food in the
market. Therefore, in this study, a procedure for detecting Salmonella
in foods by LAMP technique has been developed to quickly and
accurately detect strains of Salmonella spp. based on the invA2
primer set specifically for the invA gene region of Salmonella. The
products were visualised directly by colour changes of the reaction.
Positive results were indicated by green fluorescence and negative by
orange colour. The test was further evaluated for specificity, sensitivity.
The optimized LAMP protocol include concentrations of primers
F3B3/FIPBIP 200Nm/1600nM (1:8) and Betaine 0,8M, 60 minutes
heating at 63°C, the specificity of LAMP protocol for the detection of
Salmonella spp. was 100% while sensitivity was 5pg/reaction (on DNA
template), 4.1x101CFU/ml (on bacterial strain). The results were
compared with those obtained by realtime PCR.
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Viéc phat hién sém va nhanh cac mam bénh trén thuc pham do vi
khuan Salmonella gay ra s& gitp kiém soat dugc thyc pham ban trén
thi truong. Vi vay, trong nghién ciru nay da xay dung quy trinh phéat
hién Salmonella trong cac loai thuc pham bang ky thuat LAMP dé
phat hién nhanh va chinh x&c céc chung vi khuan Salmonella spp.
dua trén bo mdi invA2 chuyén biét cho viing gen invA cua vi khuan
Salmonella. Sau qua trinh t6i wu cac thanh phan va diéu kién can
thiét nhu ti Ié moi F3B3/FIPBIP 200Nm/1600nM (1:8), nong do
Betaine 0,8M, nhiét do 63°C va thoi gian la 45 phat, quy trinh LAMP
phat hién Salmonella spp. ¢6 d6 dac hiéu ky thuat 100%, do nhay ky
thuat trén nong d6 DNA 1a 5pg/phan tng; d6 nhay ky thuat cua
LAMP trén ching khuén 1a 4,1x101CFU/ml. P6 nhay cta xét nghiém
LAMP dugc so sanh vai phan ing realtime PCR.
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1. Giéi thiéu

Céc loai thyc pham c¢6 nguy co bi nhiém Salmonella cao la thit gia cam, san pham thit, tring
va cé4c san pham tur triing, thay hai san. Hau hét céc tiéu chuan an toan vé sinh thuc pham cua
Viét Nam, thé gioi déu khdng cho phép su c6 mat cua Salmonella trong thuc pham. Nhiing
Salmonella gay ngo doc thuong gap la S. typhimurium, S. choleraesuis va S. enteritidis [1]. Do
do, viéc chuan doan chinh xac va nhanh chéng vi khuan Salmonella s& c6 y nghia rat quan trong
vé mat bao vé sirc khoe, vé sinh cdng cong, du phong bénh truyén nhiém [2]. Phu'orng phap kiém
soat Salmonella trong thuc pham & Viét Nam va trén thé gioi 1a mot quy trinh vi sinh, doi hoi
nhiéu budc nudi ciy phu, sau dé 1 xét nghiém sinh héa va huyét thanh hoc (1SO 6579-1: 2017).
Phuong phéap nay tén nhiéu thoi gian (5 dén 7 ngay) va rat ton cong sic. Mot s6 ky thuat phét
hién Salmonella dia trén PCR ciing duoc thiét 1ap, chang han nhu immuno-PCR, real-time PCR
va multiplex PCR [2], [3]. Cac phuong phdp xét nghiém mién dich dya trén khang nguyén cho
két qua dac hiéu, chinh xac, thoi gian phat hién ngan (2 ngay). Tuy nhién, cac phuong phap nay
yéu cau st dung thiét bi va hoa chat dit tién. Vi vay, phat trién va ng dung mot phuong phap
chan doan nhanh, dang tin cdy, it ton kém va c6 thé phat hién sang loc Salmonella ngay tai hién
truong 1a yéu cAu cap thiét. K§ thuat LAMP 1a phuong phap khuéch dai DNA (tdng hop mot
doan DNA 16n) ma khdng can cac chu trinh bién nhiét dugc phét trién bai Notomi va cong su.
(2000), thuong wng dung dé phat hién cac virus, vi khuan,...[4]. LAMP khac véi PCR & chd sir
dung bdn hoic sau doan mdi dé thuc hién khuéch dai gen muc tiéu, ky thuat sir dung mét budc
nhiét d6 duy nhat ¢ 60°C - 65°C trong khoang 15-60 phdt. San pham khuéch dai DNA - vong
mai dugc tao ra vai lugng lon [5], [6]. Do d6, LAMP thyc hién nhanh chong, don gian hon PCR.
Hon nira, boi vi LAMP tong hop mét luong 16n DNA, cac san pham c6 thé dugc phét hién bang
mat thuong do su két tua cua phan wng tao mudi pyrophotphate (Mg.P,0O7) hoic phat quang khi
nhudém bang thudc nhudm [5], [7]. K thuat LAMP s& phu hop cho cac hoat dong thuc hién bén
ngoai phong thi nghiém cling nhu phong thi nghiém véi trang thiét bi con han ché [8]. Két qua
nghién ctru nay s& cung cap co so khoa hoc cho viéc lua chon phuong phép chan doan phan tir t6t
nhat dé phét hién Salmonella nhiém trén thuc pham. Trong bai béo nay, LAMP tng dung dé phat
hién nhanh Salmonella spp. trén thyc pham nham cung cip co sé khoa hoc cho viéc lya chon
phuong phap sang loc nhanh Salmonella hiéu qua va tiét kiém chi phi chan doan, tir d6 gop phan
xay dung phuong an phong ngira va kiém soét thuc pham ban (nhiém vi sinh vat gay hai) thich hop.

2. Nguyén li¢u va phwong phap nghién ciru
2.1. Nguyén li¢u

Chung vi sinh vat: Cac chung dung trong nghién ctru dugc liét ké ¢ Bang 1.

Mai: str dung 4 bo moi tham khao tir nghién ciru caa HaraKudo va cong sy (2005), Chen va
cong su (2011), Wang va cong su (2013), Masoji va cong su (2017) [9]-[12] dya trén trinh ty gen
invA thu nhan tr GenBank (https://www.ncbi.nlm.nih.gov/nucleotide (véi tir khoa “Salmonella
typhimurium InvA (invA) gene”)) dé lva chon bo mdi cho phan tng LAMP liét ké & Bang 2.

MOi cho phan wng PCR la cap mdi S139/S141 (Bang 2) khuéch dai cho trinh ty gen muc tiéu
invA [13].

Bang 1. Cdc chuing khudn sir dung trong bai bao

STT Ténching S6 lwong Ngudn goc Ky hiéu
1 Salmonella typhimurium ATCC 14028 1 MicroBiologics ATCC 14028
2 Salmonella enteritidis ATCC 13076 1 MicroBiologics ATCC 13076
3 Listeria monocytogenes ATCC1911 1 MicroBiologics ATCC 1911
4 E. coli ATCC 25922 1 MicroBiologics ATCC 25922
5 Staphylococcus aureus ATCC 6538 1 MicroBiologics ATCC 6538
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2.2. Phwong phap nghién ciru
2.2.1. Xé&c nhdn DNA si dung cho phan iing LAMP la tir chiing khudn Salmonella spp .

Hai chung khuan Salmonella (Bang 1) duoc hoat hoa va ting sinh trong mdi trueong Buffered
peptone water (BPW) (Himedia, An Do) ¢ (37 £ 1)°C trong (18 * 2) gio. Tiép theo sé tién hanh
ly trich DNA cua cac chung vi khuan nay bang nhiét & 100°C trong 15 phiit dé thuc hién phan
ng PCR vai trinh te mdi S139/S141 véi cac thanh phan phan ung nhu sau: 5 pl OneTaq
Standard Reaction buffer (5X); 0,125 pl One Taq DNA polymerase (5000 U/ml) (NEB, M¥); 0,5
ul dNTPs (10mM) (Thermo Scientific™, Lithuania); 1 pl moi S139/S141 (10 uM) (IDT, My); 2
il DNA vi khuan tach chiét va bé sung thém nuclease- free water (Invitrogen, My) dé du 25 pl.
Phan ttng khuéch dai gen invA duoc thuc hién trén méy Proflex PCR System. Quy trinh phan wng
PCR 1a 94°C (30 gidy), sau d6 1a 40 chu ky 95°C (30 gidy), 55°C (30 giay), 68°C (60 giay), 1 chu
ky 68°C (5 phut), gitt mau ¢ 4°C. San pham khuéch dai duoc kiém tra bang cach dién di trén gel
agarose 1,5% .

Bing 2. Cdc cdp méi sir dung trong khdo sdt phan iing LAMP

Tén Mbi  Trinhtu (5’ —3”) TLTK
invA-1 FIP gACgACTggTACTgATCgAT-AgTTTTTCAACYTTTCCTgCgg Hara-

BIP CCggTgAAATTATCgC-CACACAAAACCCACCYCCAgg Kudo va

F3 ggCgATATTggTgTTTATgggy cong su,

B3 AACgATAAACTggACCACgg 2005 [2]

LF gACgAAAgAQJCgTggTAATTAAC
LB gggCAATTCgTTATTggCgATAg

invA-2 FIP gCgCggCATCCgCATCAATA- TgCCCggTAAACAGATOAQT Chen va
BIP gCgAACggCgAAgCgTACTg- TCgCACCgTCAAAQgJAAC cong su,
F3 CggCCCgATTTTCTCTgg 2011 [3]

B3 CggCAATAQCgTCACCTT
LF ggCCTTCAAATCggCATCAAT
LB gAAAgggAAAgCCAgCTTTACY

invA-3 FIP 0CgAggTTTggCggCTgATATTTTTCgCgACgJACAAAATCTgg Wang va
BIP AACTTTAQCgCAAggTgCCTCTTTTTgCCggTAAACTACACYGATYA  ¢ong sy,
CATg 2013 [4]

F3 CTgggCgTTTTTTTgTCCTg
B3 099AAggTTAAQgAgggTgA
LF AggCTTCgCgTACAgAQgg

LB CACgTCAgCAA AgCgTACC

invA-4 FIP gCgCggCATCCgCATCAATA-TCTggATggTATgCCCqgg Masoji
BIP gAACggCgAAgCGTACTggAC-ATCgCACCgTCAAAggAA va cong
F3 gAACQgTgTCgCggAAgTC su, 2017
B3 CggCAATAgCgTCACCTT [5]

S139/S14  S139 GTG AAATTA TCG CCA CGT TCG GGC AA Rahn va

! S141 TCATCGCACCGTCAAAGGAACC cong su

6]

2.2.2. Chon loc moi LAMP dic hiéu cho vimg gen invA dé phdat hién Salmonella spp. trong thyec phim

Kiém tra insilico cAc moi: Trinh tu moi F3B3 cua 4 bd moi invA-1, invA-2, invA-3, inv-A4
(Bang 2) duoc kiém tra trén phan mém truc tuyén http://insilico.ehu.eus/PCR/index.php dé kiém
tra kha ning phat hién céc serotype vi khuan Salmonella spp. caa b moi trén ly thuyét.

Cac bo moi duoc kiém tra kha nang khuéch dai gen muc tiéu bang phan tng LAMP thuc hién
trén nén mau DNA ly trich tir chiing chuan Salmonella typhimurium ATCC 14028; Salmonella
enteritidis ATCC 13076. Thanh phan phan ting LAMP & nhiét do 65°C trong 60 phut gém: 1X
Isothermal Amplification Buffer Il (10X); 6mM MgSO4 (100mM); 320 U mL* Bst 3.0
polymerase (8000 U mL?) (NEB, My); 1,4 mM dNTP (25 mM) (Thermo Scientific™,
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Lithuania); 1M Betaine (5M) (Sigma, buc); 1,6 uM FIP/BIP (40 uM) (IDT, My); 0,2 uM F3/B3
(5 pM) (IDT, M¥); 0,4 uM LoopF/LoopB (10 uM) (IDT, My); 50 ng DNA; Nuclease- free water.
Tiép theo, tang nhiét do 1én 80 °C trong 10 phut dé két thuc phan ang LAMP. Hiéu qua khuéch
dai phan tng LAMP s& danh gia bang chat nhugm SYBR Green | va quan sat phan tmg duong
tinh néu chuyén mau tir cam nhat sang xanh dudi tia UV 310 nm. San pham LAMP con duoc
nhudém véi Gelred va dién di trén gel agarose 1,5% & 80 V trong 60 phut, két qua duoc quan sat
va chup anh bang may Gel Doc XR+.

2.2.3. Xa&y dung va toi uu héa quy trinh LAMP phdt hi¢n vi khuan Salmonella spp. gay bénh trén
thuc pham

Sau khi chon duoc bo méi hoat dong tét nhat trong 4 bo mdi khao sat, nhom tién hanh téi wu
04 yéu té chinh cua phan tng LAMP la: ndng d6 moi, nong do Betaine, nhiét do u, thoi gian
phan ing. Phan tng LAMP s& tién hanh trén nén DNA ly trich tir chiing chuan Salmonella (Bang
1). Ti 1 ndong do moi duoc khao sat bang phwong phap ma tran 5 x 5, theo d6 néng do cudi cung
ctiia cac mdi lan luot 1a 100, 200, 300, 400, 500 nM. Néng do Betaine cho phan tng LAMP s&
khao sat tir 0,6 M - 1,4 M, mdi budc nhay 1a 0,2 M. Nhiét do u duoc khao sat & cac muc lan luot
la 60°C, 61°C, 62°C, 63°C, 64°C, 65°C. Thoi gian ctia phan tung duoc khao sat lan luot 1a 15, 30,
45, 60 phut véi nhiét do, ty 16 moi va nhiét 6 da ti uu trude do.

2.2.4. Banh gia d¢ dac hi¢u ky thudt cua phan #ng LAMP

Do dic hiéu la d6 chinh xac caa phan tng LAMP khi kiém tra voi DNA khudn mau khac gay
bénh trén thuc pham khong phai la Salmonella spp. Phan tng LAMP duoc kiém tra vi DNA ly
trich tir 3 chung khuan khac nhau thuong nhidm trén thuc pham nhu Listeria monocytogenes
ATCC1911, E. coli ATCC 25922, Staphylococcus aureus ATCC 6538, 2 chung Salmonella
(Bang 1) va mau DNA ly trich tir mau thuc pham khong nhiém bénh dé danh gia do dac hiéu.

2.2.5. Panh gid dé nhay kithudt cia phan ieng LAMP

Do nhay ky thuat dugc danh gia qua chi s6 LOD (limit of detection), 1a giGi han lugng dich
mau phan tich it nhat c6 trong chat nén dic trung co thé cho két qua dwong tinh. Dé thuc hién
viéc khao sat ¢ nhay ky thuat hay LOD cua quy trinh LAMP, phan tmg dugc tién hanh voi diéu
Kién da t6i wu ¢ ndi dung 2.2.3 véi nong do DNA tir 5 pg dén 50000 pg. Hon nita, d6 nhay ky
thuat caa phan ung LAMP ciing dugc khao sat trén ching Salmonella typhimurium ATCC 14028
nudi cdy trong moi trudong buffered peptone water (BPW) ¢ (37 +1)°C trong (18+2) gio va pha
lo&ng 10 lan lién tiép trong dém PBS (pH 7.0) dén mat d6 107 . Bén canh d¢, ciing so sanh hiéu
qua phat hién cung gen muc tiéu (gen invA) cta phuong phap LAMP vai phan (ng realtime PCR
(Kit thuong mai).

3. Két qua nghién ciru va thao luan
3.1. X&c nhdn DNA si dung cho phdn ing LAMP la tir chiing khudn Salmonella spp.

Hinh 1. Két qua PCR khuéch dai DNA vi khudn Salmonella spp. cia cap moi $139/5141
Giéng (1): DNA ly trich tir mau t%zucphcfm khéng nhiém bénh; Giéng (2)(3): DNA ly trich tir Salmonella
typhimurium ATCC 14028; Giéng (4) (5) DNA ly trich tir Salmonella enteritidis ATCC 13076, Gieng
(6)(7): DNA ly trich tir Escherichia coli ATCC 25922; Giéng (8)(9): DNA ly trich tir Staphylococcus
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aureus ATCC 6538, Giéng (10)(11): DNA ly trich tir Listeria monocytogenes ATCC1911; M: thang DNA

Ching khuan Salmonella typhimurium ATCC 14028, Salmonella enteritidis ATCC 13076
dugc hoat hoa va tang sinh ¢ (37% 1)°C trong (18+2) h. Tiép theo sé tién hanh ly trich DNA cua 2
chang Salmonella nay va 3 chung khuan (Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 6538, Listeria monocytogenes ATCC1911) dé phan tich bang PCR véi bo moi $139/5141
(khuéch dai trinh tu gen invA). Mdi S139/S141 khuéch dai hau hét DNA ly trich tir cac chang
Salmonella spp. va khong cho san pham khuéch dai voi DNA ly trich tir 3 chung khuan con lai
trong phan ung PCR.

Két qua dién di & hinh 1 cho thiy két qua phan @ng PCR thuc hién véi cap moi S139/S141,
san pham thu dugc & mau DNA ly trich tir Salmonella typhimurium ATCC 14028, Salmonella
enteritidis ATCC 13076 c6 vach DNA rd nét c6 kich thudc twong &ng gan véi vach 284 bp véi
kich thuéc san pham PCR du kién (trinh ty gen muc tiéu invA duogc cong bd bai Rahn va cong su
(1991)) [13]. Mat khac, cap mdi S139/S141 khdng cho san pham khuéch dai voi cac DNA ly
trich tir Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 6538. Dwa vao két qua
nay, DNA ly trich tir chang khuin Salmonella enteritidis ATCC 13076, Salmonella
typhimurium ATCC 14028 dugc st dung 1am nguén DNA dé xay dung quy trinh LAMP phét
hién Salmonella trong bai bao nay.

22 Chon lpe mor LAMP dic hidu cho viing gen invA dé phdt luén Salmonella spp. trong e plidm

Mbi F3B3 cua cac bo mdi invAl; invA2; invA3; invA4 dugc kiém tra trén phan mém truc
tuyén http://insilico.ehu.eus vé kha ning phat hién cac serotype ciia Salmonella spp. ciia bo moi
trén Iy thuyét. Két qua kiém tra duoc thé hién qua Bang 3 cho thiy cip mdi F3/B3 caa bo moi
invA2 phét hién duoc 42/45 sevovar cua Salmonella, cao hon so vai cac bo mdi con lai lan luot
la invAl (phéat hién 40/45 sevovar); invA3 (phat hién 23/45 sevovar); invA4 (phéat hién 17/45
sevovar).

Bing 3. Két qua kiém tra kha ndng phdt hi¢n cac serotype vi khuan Salmonella spp. ciia cac bg moi

invAl, invA2, invA3, invA4 trén ly thuyet

B§ moi S6 lwgng sevovar phét hign
invAl 40/45
invA2 42/45
invA3 23/45
invA4 17/45
el 4 56 789 10 11 12
iF §58 58 £
1AL AL AL
. (@) ‘ , () \
Ong (1) (4) (7) (10): chieng @m bg moi invAl; Gieng (1) (2) (3) (4): mau am cua bd moi invAl,
invA2; invA3; invA4; Ong (2) (3): hoat déng invA2, invA3, invA4; Giéng (5) (6): DNA ly trich

khuéch dai cuiia bé moi invAl trén DNA ly trich tir ~ tir Salmonella enteritidis ATCC 13076 véi bg moi

Salmonella enteritidis ATCC 13076; Ong (5) (6):  invAl; Giéng (7) (8): DNA ly trich tir Salmonella

hoat déng khuéch dai cia bg moi invA2 trén DNA  enteritidis ATCC 13076 véi bg méi invA2; Giéng
ly trich tr Salmonella enteritidis ATCC 13076; Ong  (9) (10): DNA ly trich tir Salmonella enteritidis

(8) (9): hoat dgng khuéch dai ciia bg moi invA3 ATCC 13076 véi bg mai invA3; Giéng (11)

trén DNA ly trich tzz Salmonella enteritidis ATCC ~ (12):DNA ly trich tzz Salmonella enteritidis ATCC

13076; Ong (11) (12): hoat déng khuéch dai ciabé 13076 véi bg méi invA4; Giéng M: Thang DNA
moi invA4 trén DNA ly trich tir Salmonella
enteritidis ATCC 13076
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Hinh 2. Kiém tra dg hoat dgng thuc té ciia moi invAl, invA2, invA3, invA4 d@é phét hién vi khuan
Salmonella spp: (a) nhdn biét bang SYBR GREEN | va (b) nhén biét bang dién di trén gel agarose

Kiém tra d6 hoat dong thuc té caa cac moi invAl, invA2, invA3, invA4 trén phan tng LAMP.
Theo Zhang va cong su (2012) bao cdo phan tng LAMP duong tinh ¢ mau xanh khi ¢ sy hién
dién cua SYBR Green I, nguoc lai hinh thanh mau cam [14]. Két qua hinh 2a cho thdy, SYBR
Green | cho vao dng khi phan tng két thac, céc éng (2) (3), 6ng (5) (6) va bng (8) (9) tuong (ng
V6i bo moi lan luot 14 invAl, invA2, invA3 déu cho mau xanh ddc trung nhung ¢ bd moi invA3
cho mau xanh nhat hon so véi bd mdi invAl, invA2. Riéng ¢ 6ng (11) (12) twong tng véi bd moi
invA4 cho mau cam. Diéu ndy chang to bo méi invAl, invA2, invA3 c6 kha niang khuéch dai trinh
tu muc tiéu gen invA trén DNA ly trich tir Salmonella enteritidis ATCC 13076. Nhung bd moi
invA4 khéng khuéch dai duoc trinh ty gen invA muc tiéu tren DNA ly trich tir Salmonella
enteritidis ATCC 13076. Tuy nhién, bo moi invA1, invA2 cho hiéu suat khuéch dai trinh tu muc
tiéu gen invA cao hon bd méi invA3. Mat khac, phan img LAMP ciing dugc kiém chang bang dién
di trén gel agarose 1,5%, nhudm véi Gelred, hién thi & budc séng 310 nm (Hinh 2b) cho thay bo
moi invA2 c6 kha nang khuéch dai trinh ty gen muyc tiéu invA cao nhit (Giéng 7,8 bang DNA dam
nhét). Do d6, lya chon bo mdi invA2 la bd mdi sir dung cho phan tng LAMP phat hién Salmonella
Spp.

Tir két qua kiém tra danh gid khd ndng phat hién cac serotype vi khuan Salmonella spp. va
kiém tra d6 hoat dong thuc té caa cac méi, ching tdi chon bd mdi invA2 sir dung cho cac thi
nghiém tiép theo.

3.3. Xay dwng va toi wu héa quy trinh LAMP phadt hién vi khudn Salmonella spp. gay bénh
trén thgc pham

Ihira va cong su (2004) di cong bd rang, ti 16 mdi dao dong 16n s& anh huong dén do nhay cua
phan tng LAMP [15]. Anh huéng cua ti 16 moi dén san pham LAMP trong nghién ciru nay duoc
nhan biét bang chat chi thi mau SYBR Green | va phan tich trén gel agarose. Két qua hinh 3a va
3b cho thiy, DNA di duoc khuéch dai ngay khi ti 16 méi 1a F3B3/FIPBIP 1a 1:4 (50nM/150nM)
nhung luong san pham tao thanh rat thép Khi tang ti 1¢ nong do mdi 1én thi luong ADN duoc
khuéch dai nhiéu hon. Véi ti 1& moi ngoallmol trong la 1:8 (200nM/1600nM) thi phan ung
LAMP cho ham lwong DNA duoc khuéch dai 6n dinh. Vay ti 18 nong d6 moi ngoai va mdi trong
(F3B3/FIPBIP) la 200nM/1600nM (1:8) la t6i wu nhat cho phan tmg LAMP dé phat hién trinh tu
gen muc tiéu invA cta Salmonella spp.

-
=
-
=
-
=

HH YW v

TR T n

M 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72

(@) (b)
Hinh 3. Anh hwong cua ti 1¢ F3/B3 va FIP/BIP cia b moi invA2 dén san pham phan izng LAMP:
(a) nhdn biét bang chdt chi thi mau SYBR Green va (b) nhdn biét trén gel agarose
Giéng (ong) 55, 58, 61, 64, 67, 70: ching &m; Giéng (ong) 56, 57 (200/200 nM); Giéng (ong) 59, 60
(200/400 nM); Giéng (ong) 62, 63 (200/800 nM); Giéng (ong) 65, 66 (200/1200 nM); Giéng (ong) 68, 69
(200/1600 nM); Giéng (dng) 71,72: (200/2000 nM)

Nghién ctru Chen va cong su (2011) da chi ra rang, betain c6 tac dung lam tang hiéu qua khuéch
dai va tang tinh dac hiéu caa phan ing LAMP [10]. Tuy nhién, khi st dung nong d6 betain cao c6
thé 1am giam hoat tinh cua enzyme DNA polymerase dan dén giam hiéu suat phan ung. Trong
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nghién ctu nay, ching t6i khao sat anh huong cua nong do betaine tir 0,6 M - 1,4 M dén hiéu qua
khuéch dai cia phan ang LAMP. Két qua danh gia anh huong ciia nong do betain dén phan ung
LAMP cho thay san pham khuéch dai twong @ng voi cac nong do betain 0,6 M; 0,8 M; 1 M; 1,2
M:; 1,4 M duoc khao sat trong phan tmg LAMP déu lam thay d¢6i mau SYBR Green | (mau cam)
sang mau xanh (Hinh 4b). Khi chay dién di san pham (Hinh 4a) cho thay, khi nong do betain trong
c4c phan tng tang 1én, cac bang ADN xuét hién ddm va rd rang hon. Tuy nhién, khi ting ndng do
betain 1,2 M; 1,4 M, san pham khuéch dai mo dan so voi cac nong do thap hon. Do d6, nong do
betaine 0,8M duot lya chon cho cac thi nghiém ké tiép.

v e et

@) (b)
Hinh 4. Anh hwong cia nong dé betain dén phan émg LAMP:
(a) nhan biét bang dién di trén gel agarose va (b) nhdn biét bang SYBR Green |
M: Thang DNA; Giéng (6ng) 1,2: nong dg betain 0,6 M; Giéng (ong) 3,4: nong d betain 0,8 M; Giéng
(éng) 5,6: nong dg Betain 1M; Giéng (ong) 7,8: nong do betain 1,2 M; Giéng (ong) 9,10: néng d¢ betain
1,4 M; Giéng (ong) 11,12,13,14,25: mdu am

BE BEBR SRS SR SSRERE "“““'““

M 12 345 6 7 89 101112131415 16 17 18

(a) , , (b)
Hinh 5. Anh huong cua nhiét dé dén phan iing LAMP:
(a) nhdn biét bang SYBR Green | va (b) nhdn biét bang dién di trén gel agarose
M: Thang DNA; Giéng (ong) 1,2: nhiér dg 60-C; Giéng (ong) 3,4: nhiér dé 61-C; Giéng (6ng) 5,6: nhiét
dé 62-C; Giéng (ong) 7,8: nhiér dé 63-C; Giéng (ong) 9,10: nhiér dé 64-C; Giéng (ong) 11,12: nhiér dg
65°C; Gieng (ong) 13,14, 15,16,17,18: doi ching am

Thyc hién phan tng LAMP chi & mot diéu kién nhiét do duy nhét cho nén nhiét do phan @ng
nay phai dam bao phu hop véi nhiét do hoat dong cua enzyme Bst DNA polymerase va nhi¢t do
gan moi. Do do, dé xac dinh nhiét d6 phan wng téi uu cho phan g LAMP khuéch dai gen invA thi
cac phan tmg duoc tién hanh ¢ cac gia tri nhiét do khac nhau 1a 60°C, 61°C, 62°C, 63°C, 64°C,
65°C. Két qua anh huong nhiét d6 o duoc thé hién & hinh 5a cho théy phan tng LAMP & cac
khoang nhiét do tir 60 - 65 'C, mirc tang 1'C déu c6 san pham khuéch dai lam thay doi mau SYBR
Green | (mau cam) chuyén sang mau xanh. Hon nita, khi dién di san pham khuéch dai (hinh 5b)
cho thdy, & tit ca cac muc nhiét do khao sat déu xuét hién vach DNA nhung rd va sang nhit &
63C. Két qua nay kha tuong dong véi cac nghién ciu da dugc cong bd trude diy nhu Chen va
cong su (2011), Zhu va cong su (2008), Shao va cong s (2011), Tourlousse va cong su (2012)
[10], [16]-[18]. Do vay, nhiét d6 i 63"'C dugc lya chon dé thyc hién thi nghiém tiép theo.

V6i phuong phap LAMP, thoi gian phan tmg thuong 1a 60 phdt. Tly ting bo mdi ma thoi gian
thich hop cho phan tng dién ra 1a khac nhau. Vi muc dich giam thoi gian phan tng va van thu
duoc két qua rd rang, chdng toi tién hanh khao sat phan ang LAMP ¢ 63°'C véi cac khoang thoi
gian 15, 30, 45, 60 phat. Két thic phan tng LAMP, bat hoat enzyme & 80" C trong 10 phut. Sau do,
thuc hién viéc danh gia hiéu qua khuéch dai trong timg didu kién bang cach sir dung chit nhuém
SYBR Green | (1 pL trén 25uL phan tng) b6 sung vao phan tng va dién di san phim LAMP trén
gel 1,5% agarose. Két qua khao sét thoi gian phan émg dugc thé hién ¢ hinh 6a va hinh 6b cho thiy,
& 15 phat da c6 san pham khuéch dai nhung chua 16 rang nhung thoi gian phan tng ting 1én 45
phat, san pham khuéch dai nhiéu va rd nét nhat. Vi vay, chang t6i lya chon thoi gian phan tng 1a 45
phat cho céc thi nghiém tiép theo.
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Hinh 6. Anh huong cua thoi gian dén phan ing LAMP:
(a) nhdn biét bang SYBR Green | va (b) nhdn biét bang dién di trén gel agarose
M: thang DNA; Giéng (ong) 1,4,7,10: dsi ching am; Giéng (ong) 2,3: san pham LAMP ¢ 15 phut;
Giéng (ong) 5,6: san pham LAMP ¢ 30 phit; Giéng (6ng) 8,9: san pham LAMP ¢ 45 phut; Giéng
(ong) 11, 12: san pham LAMP ¢ 60 phat

3.4. Khdo sat d¢ dac higu ky thugt cia phdan ing LAMP

Két qua khao sat do dic hiéu dugc thé hién ¢ hinh 7 cho thay phan tng LAMP khi thyc hién
trén DNA ly trich tir cac chung Salmonella spp. déu cho san pham khuéch dai 1am thay d6i mau
SYBR Green | (mau cam) chuyén sang mau xanh (Hinh 7a). Két qua dién di san pham khuéch dai
(Hinh 7b) trén gel 1,5% agarose cho thdy phan tng LAMP chi cho két qua khuéch dai dwong tinh
Vi cac mau st dung DNA ly trich tir cac chung Salmonella spp. Nguoc lai, tit ca cac DNA ly trich
tir cac chuing khuan khac déu cho két qua &m tinh. Tir cac két qua nay cho thay do dic hiéu phan
g LAMP xay dyng dat 100%.

6 78 91011

> R

(@) (b)
Hinh 7. Bg dac higu ky thugt cua phan ing LAMP:

(a) nhdn biét bang chi th; SYBR Green | va (b) nhdn biét bang dién di trén gel 1,5% agarose.
Giéng (ong) 1: chizng &m; Giéng (ong) 2,3: Salmonella enteritidis ATCC 13076; Giéng (ong) 4,5: DNA ly
trich tir Salmonella typhimurium ATCC 14028; Giéng (ong) 6,7: DNA ly trich Listeria monocytogenes
ATCC1911; Giéng (ong) 8,9: DNA ly trich tir Escherichia coli ATCC 25922; Giéng (6ng) 10,11: DNA ly
trich Staphylococcus aureus ATCC 6538; M: thang DNA

3.5. Xdc dinh d¢ nhay cua phdn iing LAMP va so sanh véi phédn sng realtime PCR

Phan wng LAMP c6 thé phat hién dugc gen muc tiéu (invA) trén Salmonella ¢ ndng do DNA
pha loang tir 5 pg dén 50000 pg trong phan wng 25ul (Hinh 8). Bén canh do, khi kiém tra d¢ nhay
trén DNA ly trich tir ching khuan chuan Salmonella enteritidis ATCC13076 vai nong do 4,1
CFU/ml &n 4,1x106 CFU/ml duoc ting sinh trong mdi trudng BPW trong 18 + 2 gi & 37°C,
phan wng LAMP biéu hién kha ning phat hién gen dich & nong d6 4,1x10'CFU/ml (Hinh 9).
Ngudng phat hién trong nghién ctu nay twong duong vai nghién cau ciia Hara-Kudo va cong su
(2005) la 5,6x10* CFU/mI [9].

W

T 1T

Hinh 8. Ngurong phét hi¢n cua phan ing  Hinh 9. Ngwong phat hién cia phan #ing LAMP vgi DNA

LAMP ¢ nong dé DNA tir 0 pg dén duoc ly trich tir Salmonella enteritidis ATCC13076 ¢ mdt
50.000 pg nhén biet bang chat chi thi do 4,1 CFU/ml den 4,1x106 CFU/ml nhdn biet bang chat
SYBR Green | ch7 th; SYBR Green I.

Ong 1,2: 0 pg; Ong 3,4: 5pg; Ong 5,6:  Ong 1,2: 4,1 CFU/ml; Ong 3,4: 4,1x10* CFU/ml; Ong 5,6:
50 pg; Ong 7,8: 500 pg; Ong 9,10: 5000 4,1x10? CFU/ml; Ong 7,8: 4,1x10° CFU/ml; Ong 9,10:
pg; Ong 11,12: 50.000 pg 4,1x10°CFU/ml; Ong 11,12: 4,1x105 CFU/ml; Ong 13,14:
10° CFU/mI
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Bang 4. So sanh gidi han phdt hién cia phirong phap LAMP va realtime PCR ¢ nong do DNA tir 5g dén

50.000 pg
) Ham lwgng DNA (pg)
Phwong phap 5 50 500 5000 50000
Realtime PCR + + + + *
LAMP + + + * *

Chd thich: (-): khdng phat hi¢n; (+): phat hi¢n

Két qua so sanh do nhay phan tng LAMP véi phan ting realtime PCR (Kit Thuong mai) cling
khuéch dai gen invA cho thiy, ca 2 phuong phap déu c6 két qua duong tinh & cac nong do DNA
khuon tir 5g dén 50.000 pg trong thé tich 25ul (Bang 4). Twong tu, ciing so sanh do nhay phan
ung LAMP véi phan ung realtime PCR (Kit Thuong mai) véi trén DNA ly trich ¢ mat do vi
khuan Salmonella tir 4,1 CFU/ml dén 4,1x10° CFU/ml, phan g déu c6 két qua duong tinh & tat
ca cac mat do vi khuan khao sat (Bang 5). Do d6 gidi han phat hién cua phuong phap LAMP
tuong duong so véi phuong phap realtime PCR & ndng d6 DNA khudn la 5 pg trong phan sng
25l va mat do vi khuan Salmonella enteritidis ATCC13076 Ia 4,1x10* CFU/ml.

Bang 5. So sdnh gidi han phat hién cua phuong phdap LAMP va realtime PCR o mdt do Salmonella

enteritidis ATCC13076 tir mdt do 4,1 CFU/ml dén 4,1x10% CFU/ml

Mat dé (CFU/ml)

Phwong phap 41 4.1x10* 4,1x102 4,1x103 4,1x10% 4,1x10° 4,1x108
Realtime PCR - + + + + * *
LAMP - + + + + + *

Ch thich: (-): khdng phat hi¢n; (+): phat hi¢n
4. Két luan

Nghién ctru da chon duoc b mdi invA2 hoat dong hiéu qua va dac hiéu cho ving gen invA dé
phét hién Salmonella spp. trong thuc pham. Phan tng LAMP véi thanh phan: ti 1 moi trong va
mdi ngoai 1a 1:8 twong Gng véi F3/B3 (200nM) va FIP/BIP (1600nM); ndng do betaine 12 0,8 M;
chu trinh nhiét 12 63°C trong 45 phat va phan tng két thic bang cach ting nhiét do 1én 80°C trong
10 phit. Xac dinh duoc céc thong sb ki thuat cua quy trinh LAMP phat hién Salmonella spp. trén
mau thuc phdm nhu do dac hiéu ky thuat (100%), d6 nhay ky thuat trén nong do DNA la
5pg/phan tmg; d6 nhay k¥ thuat cia LAMP trén chung khuan nghién ctu la 4,1x10'CFU/m.
Gidgi han phat hién cua phuong phap LAMP tuong duong so vGi phuong phap realtime PCR &
nong d6 DNA khudn la 5 pg trong phan ing 25ul, mat do vi khuan Salmonella enteritidis
ATCC13076 14 4,1x10* CFU/ml.

TAI LIEU THAM KHAO/ REFERENCES

[1] S. M. Jajere, “A review of Salmonella enterica with particular focus on the pathogenicity and
virulence factors, host specificity and antimicrobial resistance including multidrug resistance,”
Veterinary World, vol. 12, no. 4, pp. 504-521, 2019.

[2] M. Siala, A. Barbana, S. Smaoui, S. Hachicha, C. Marouane, S. Kammoun, G. Gdoura, and F.
Messadi-Akrout, “Screening and Detecting Salmonella in Different Food Matrices in Southern Tunisia
Using a Combined Enrichment/Real-Time PCR Method: Correlation with Conventional Culture
Method,” Frontiers in Microbiology, vol. 8, 2017, Art. no. 2416, doi: 10.3389/fmich.2017.02416.

[3] R. Heymans, A. Vila, C. A. M. van Heerwaarden, C. C. C. Jansen, G. A. A. Castelijn, M. van der
Voort, and E. G. Biesta-Peters, “Rapid detection and differentiation of Salmonella species, Salmonella
Typhimurium and Salmonella Enteritidis by multiplex quantitative PCR,” Plos one, vol. 13, no. 10,
Art. no. 0206316, 2018, doi: 10.1371/journal.pone.0206316 October 25.

[4] T. Notomi, H. Okayama, H. Masubuchi, T. Yonekawa, K. Watanabe, N. Amino, and T. Hase, “Loop-
mediated isothermal amplification of DNA,” Nucleic Acids Research, vol. 28, no. 12, pp. e63i- e63vii,
2000.

[5] Y. Mori, K. Nagamine, N. Tomita, and T. Notomi, “Detection of Loop-Mediated Isothermal

http://jst.tnu.edu.vn 100 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://doi.org/10.3389/fmicb.2017.02416

TNU Journal of Science and Technology 227(01): 92 - 101

Amplification Reaction by Turbidity Derived from Magnesium Pyrophosphate Formation,”
Biochemical and Biophysical Research Communications, vol. 289, no. 1, pp. 150-154, 2001.

[6] K. Nagamine, K. Watanabe, K. Ohtsuka, T. Hase, and T. Notomi, “Loop-mediated isothermal
amplification reaction using a nondenatured template,” Clinical Chemistry Journals, vol. 47, no. 9, pp.
1742-1743, 2001.

[71 M. Goto, E. Honda, A. Ogura, A. Nomoto, and K. -l. Hanaki, “Colorimetric detection of loop-
mediated isothermal amplifcation reaction by using hydroxy naphthol blue,” BioTechniques, vol. 46,
pp. 167-172, 20009.

[8] C. C. Boehme, P. Nabeta, G. Henostroza, R. Ragib, Z. Rahim, and M. Gerhardt, “Operational
feasibility of using loop-mediated isothermal amplification for diagnosis of pulmonary tuberculosis in
microscopy centers of developing countries,” Journal of Clinical Microbiology, vol. 45, pp. 1936-
1940, 2017.

[9] Y. Hara-Kudo, M. Yoshino, T. Kojima, and M. Tkedo, “Loop mediated isothermal amplifiation for the
rapid detection of Salmonella,” FEMS Microbiology Letters, vol. 253, no. 1, pp. 155-161, 2005.

[10] S. Chen, F. Wang, J. C. Beaulieu, R. E. Stein, and B. Ge, “Rapid detection of viable salmonellae in
produce by coupling propidium monoazide with loop-mediated isothermal amplification,” Applied and
Environmental Microbiology, vol. 77, no. 12, pp. 4008-4016, 2011.

[11]Y. -Z. Wang and D.-G. Wang, ‘“Development and evaluation of a loop-mediated isothermal
amplification (LAMP) method for detecting foodborne Salmonella in raw milk,” Advanced Materials
Research, vol. 647, pp. 577-582, 2013.

[12] V. R. Masoji, R. J. Zende, R. D. Suryawanshi, V. M. Vaidya, R. N. Waghamare, D. P. Kshirsagar, R.
P. Todankar, and A. H. Shirke, “Rapid Detection of Salmonella spp. in Animal Origin Foods by In-
House Developed Loop-Mediated Isothermal Amplification (LAMP) Assay,” International Journal of
Current Microbiology and Applied Sciences, vol. 6, no. 4, , pp. 2523-2532, 2017.

[13] K. Rahn, S. A. De Grandis, R. C. Clarke, S. A. McEwen, J. E. Galan, C. Ginocchio, R. Curtiss, and C.
L. Gyles, “Amplification of an invA gene sequence of Salmonella Typhimurium by polymerase chain
reaction as a specific method of detection of Salmonella,” Molecular and Cellular Probes, vol. 6, no.
4, pp. 271-279, 1992.

[14] T. Zhang, C. Wang, X. Wei, X. Zhao, and X. Zhong, “Loop-Mediated Isothermal Amplification for
Detection of Staphylococcus aureus in Dairy Cow Suffering from Mastitis,” Journal of Biomedicine
and Biotechnology, vol. 435982, pp. 1-5, 2012.

[15] M. lhira, T. Yoshikawa, Y. Enomoto, S. Akimoto, M. Oshahi, S. Suga, N. Nishimura, T. Ozaki, Y.
Bishiyama, T. Notomi, Y. Ohta, and Y. Asano, “Rapid diagnosis of human herpesvirus 6 infection by
a novel DNA amplification method, loop-mesiated isothermal amplification,” Journal of Clinical
Microbiology, vol. 42, no. 1, pp. 140-145, 2004.

[16] S. M. Zhu, J. J. Wu, C. Xu, J. Qu, W. Cheng, and F. S. Chen, “Rapid detection of Salmonella spp. by
loop-mediated isothermal amplification method,” Mod food science technology, vol. 24, no. 7, pp.
725-730, 2008.

[17] Y. Shao, S. Zhu, C. lJin, and F. Chen, “Development of multiplex loop-mediated isothermal
amplifiation-RFLP (MLAMPRFLP) to detect Salmonella spp. and Shigella spp. in milk,” International
Journal of Food Microbiology, vol. 148, no. 2, pp. 75-79, 2011.

[18] D. M. Tourlousse, F. Ahmad, R. D. Stedtfeld, G. Seyrig, J. M. Tiedje, and S. A. Hashsham, “A
polymer microfluidic chip for quantitative detection of multiple water- and foodborne pathogens using
real-time fluorogenic loop-mediated isothermal amplification,” Biomed Microdevices, vol. 14, no. 4,
pp. 769-778, 2012.

http://jst.tnu.edu.vn 101 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

