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Tom tit

Bacillus subtilis 12 loai vi khuan duoc Gmg dung rong réi trong san xuat probiotic.
Céc chung thudc loai nay c6 kha nang tao ndi bao tu, chiu duoc diéu kién pH acid cua da
day va nhiéu ching dd dugc ching minh c6 kha ning san xuét cdc enzyme hd tro tiéu héa
thirc dn va e ché cdc loai vi khuan giy bénh. Trong nghién ctru niy, phuwong phap phat hién
va dinh luong Bacillus subtilis d3 duoc xay dung dua trén viéc nhin gen aprE bang k§ thuét
realtime PCR. Gen aprE ma héa tién chét cua doc td subtilisin va 1a mot gen dac hiéu, c6
tinh bao ton cao ctia B. subtilis. Phuong phép dugc danh gid c6 dd nhay cao voi gidi han
phat hién 12 10> CFU/mL, gi6i han dinh luong 12 10> CFU/mL, d6 dic hiéu va do chinh xac
déu dat 100%. Céc duong cong chuin duoc xiy dung bang cdch sir dung chu ky ngudng
(Ct) so v&i mat do vi khuan B. subtilis thé hién tuong quan tuyén tinh (R% =1, do dbc = -
3,584).

Tir khoa: realtime PCR, Bacillus subtilis, aprE, probiotic.

1. PAT VAN PE

Bacillus subtilis, mot loai vi khudn probiotic sinh bao tir, thuong duoc tim thay trong
dat va duong tiéu héa ciia mot s6 dong vat ¢6 vi. Vi khuan nay c6 thé gitip duy tri sy cin
béng thudn loi ctia h¢ vi sinh vat trong dudng ti€u héa. B. subtilis tao ra chit nén ngoai bao
¢6 tac dung bao vé va c6 lgi voi cac vi khuén probiotic khéc [1]. Viéc str dung céc vi khuén
thudc loai Bacillus va dc biét 1a B. subtilis lam ché pham sinh hoc da thu hiit dugc sy quan
tam 16n cta cdc nha khoa hoc. Cac chung B. subtilis da dugc bdo cdo la c6 hi¢u qua trong
viéc ngin ngira nhiém tring duong hé hap va rdi loan tidu héa, khic phuc cic triéu ching
lién quan dén hoi ching rudt kich thich [2-3]. Sy hién dién cua B. subtilis gitp duy tri h¢ vi
sinh vat cin bang thuan loi trong dudng rudt va ting cudng kha ning sinh trudng va ton tai
cta vi khuan Lactobacillus va ching probiotic khac [4]. Nhitng dic tinh probiotic nay cia
B. subtilis duoc cho 12 ¢6 lién quan dén kha ning kich thich hé thdng mién dich [5] va san
xuét chat khéng khuén [6-7], hodc trc ché vi sinh vat gdy bénh [8]. B. subtilis da dugc chung
minh c6 kha nadng tao ra nhiéu chat khang vi khuén, trong do, cac chét thudéc nhém
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lipopeptide nhu iturin va fengycin c¢6 hoat tinh turong ddi tot. Ngoai ra, chiing con sinh nhidu
hop chit c6 hoat tinh sinh hoc rt da dang nhu khéng nim, khang virus va wrc ché khéi u [9].
Ching c6 thé hoat dong theo cic co ché khdc nhau, nhu phd v& ciu tric ctia cic vi sinh vat
khéc hay 1am giam sirc cing bé mit ciia mang sinh hoc [10]. Do chi Bacillus c6 sb luong
loai 16n va cdc mod ta thudong khong day du vé mot s6 loai méi duge bdo cdo nén viée dinh
danh con gap nhiéu khé khan. Viéc phét hién va dinh luong nhanh céc loai vi sinh vat 1a rat
quan trong trong dam bao an toan thic pham nham kiém tra nhanh va chinh x4c s6 lwong vi
khuén. Trong thap ky qua, nhidu nha nghién ctru da phat trién phuong phap PCR thoi gian
thuc (realtime PCR) sir dung thu6c nhudm SYBR Green, dé phét hién va dinh lugng vi khuén
v6i do nhay cao, don gian va it ton kém hon [11]. Trong nghién ctru nay, chiing i xdy dung
phuong phép realtime PCR nhan gen aprE, gen dich ma héa tién chat doc t6 subtilisin va 1a gen
dic hiéu, c6 tinh bao ton cao cta B. subtilis nham phat hién va dinh lwvong nhanh B. subtilis.

2. VAT LIEU VA PHUONG PHAP

2.1. Chung vi sinh vat

Céc ching vi sinh vat st dung trong nghién ctru bao gém:

- Céc ching chuan dugc cung cp tir ATCC bao gém: Bacillus subtilis ATCC 6633,
Bacillus cereus ATCC 10876, Escherichia coli ATCC 8739, Staphylococcus aureus ATCC
29213, Salmonella enterica subsp. enterica serovar Enteritidis ATCC 13076.

- Céc chung phén 1ap va duoc dinh danh bang k§ thudt MALDI-TOF dang duoc luu
gilr tai Vién kiém nghi¢ém An toan vé sinh thuc phém Qudc gia bao gém: Bacillus clausii
(714), Bacillus fastidiosus (404), Bacillus amyloliquefaciens VTCC 11041, Bacillus
coagulans (669), Bacillus pamilus (571), Bacillus licheniformis (402), B. subtilis (ma ky
hiéu 400, 401,407,434, 435,484, 509, 515, 548.)

2.2. Héa chét va thiét bj
2.2.1. Héa chdt chinh

Proteinase K 20 mg/mL (Sigma), Luminaris HiGreen qPCR master mix, 2X
(Thermo), kit tich ADN Gene JET genomic ADN pufirication (Thermo), Primer (IDT), dai
éng real time PCR (Thermo), TSA / MYP agar (BD), Peptone water (BD), Primer (IDT).
2.2.2. Thiét bi

Real time PCR QuantStudio 6 Flex (Thermo), may do nong d6 DNA/protein Nanodrop
1000 (Thermo), mdy li tim lanh Mikro 200 (Hettich), mdy phd v& té bao (Labnet), ti am
(btic), may l4c xody vortex (IKA), spindown (Gene Reach) va cic thiét bi phu trg khéc.
2.3. Phwong phap nghién ctiru

Phwong phap nuéi ciy truyén thong: Pha lodng thap phan ¢ cdc dai ndng do thich
hop tir huyén phit ban dau va hit pipet cho vao mdi dia méi trudng TSA 0,1 mL mau thu.
Diing que dan mau, dan déu dich 10ng khip bé mit thach cang nhanh cang tot. Dé cdc dia c6
day nap khoang 15 phiit & nhiét d6 phong 14t nguoc dia. U & ti 4m c6 nhiét d6 30°C tir 18-
24 h. Néu khong thay céc khuan lac ¢ thém 24 h nita. Dém khuan lac va tinh két qua.
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Phwong phap tich chiét DNA. sinh khi vi khudn dugc ddng nhat, tich chiét theo kit
tach ADN Gene JET genomic ADN pufirication (Thermo). Dung dich sau tich chiét ¢6 mat
d6 quang ODago tir 1,8 - 2,0 dugc st dung dé phan tich realtime PCR.

Phuong phép realtime PCR khuyéch dai gen dich:

Primer duoc thiét ké dua trén trinh tu gen aprE theo Sadeghi va cong sy [11]. Trinh ty
mdi duoc trinh bay trong Bang 1 va thanh phan phan tmg va chu trinh nhiét duoc trinh bay

0 Bang 2
Bing 1. Trinh tw ¢dp moi ddc hiéu nhan vao gen aprE
Trinh tuw méi Kich thudéc sdn Gen Tai liéu
' pham dich  tham khio
Bs F: 5’-ACCATT TAGGT -3
s F: 5°-ACC GCGGTAGGTGCG-3 212 bp, aprE -

Bs R: 5’-GCGTTTGTCCAAGTCGGG-3’

Bing 2. Thanh phan phdn vmg va quy trinh nhiét

Luminaris HiGreen qPCR master 10 uL
mix, 2X
Thanh phén phn iing A]?N khuon (100 - 200 ng) 1,0 uL
Moi xu6i (10uM) 3ulL
Modi nguge (10uM) 3uL
Thém nuéc dén 20 uL
Chu trinh nhiét
Budc 1 Bién tinh ban dau 10 phiit & 95°C
Budc 2 40 chu ki tiép theo gdm:
Bién tinh 30 gidy 6 95°C
Gan mdi 30 gidy ¢ 55°C
Kéo dai 45 giay 6 72°C
Budc 3 Phan tich duong cong néng chay 65°C - 95°C

Tham dinh phwong phép: Céc thong s6 bao gdom gidi han phat hién (LOD), d6 chinh
xdc (accuracy-AC, > 90%), do dac hi¢u (Specificity- SP, > 90%), d0 nhay (sensitivity-SE, >
90%), gi6i han dinh lugng (LOQ), d6 1ap lai (< 25), d0 ti lap (< 35) duoc xdc dinh dya trén
céc cong thuc sau [12-14]:

_ TP+ TN

x 100
N

SE x 100

“TP+FN
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SP N 100
=—X
TN + FP

Trong d6: AC (Accuracy): do chinh xac
SE (Sensitivity): dd nhay
SP (Specificity): d§ dac hi¢u
TP (True positive): duong tinh diing
TN (True negative): am tinh ding
FP (False positive): duong tinh gia
FN (False negative): am tinh gia
N: téng sé mau phan tich
Do 1ap lai danh gid thong qua do l1éch chuan tuong ddi (RSDy), tinh theo cong thuc:
_loga; +logb;

Xi )
Rs, - J 14[(log a; = log b) /)
2n
Trong dé: a;, bi: Céc két qua phan tich song song cta kiém nghiém vién.

X;: Két qua trung binh cua hai 1an thi nghiém song song.
n: S5 két qua phén tich song song ctia kiém nghiém vién.
D6 tai 1p ndi bd phong thir nghiém dénh gid thong qua do 1éch chuan tuwong dbi

(RSDr) theo cong thuec:
v = log a; + log b;
L 2
— j .[(log a, — log b)/x.J?
R =
2n

Trong d6:  aj, bi: Cdc két qua phén tich song song cua ca hai kiém nghiém vién A va B.
X;: Két qua trung binh cta hai 1an phén tich song song.

n: S6 két qua phén tich song song cta ca hai kiém nghiém vién A va B.
3. KET QUA VA BAN LUAN
3.1 Kiém tra sy khuéch dai cip mdi B.subtilis

Chung chuin B. subtilis ATCC duoc nudi cdy trén moi trudng TSA & 30°C, 24h.
Khuén lac dién hinh ¢6 mau tréng duc, hinh dang det, bé mit nham va khé, vién nhan, duong
kinh tir 2-4 mm. Chung B. subtilis ATCC 6633 dugc tich chiét theo muc 2.3 va DNA cua
ching dugc kiém tra sy khuéch dai cap mdi trén. Két qua duogc thé hién ¢ Hinh 1.
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Amplification Plot Mt Curva Plot

Hinh 1. Buong khuéch dai dién hinh va nhiét d¢ nong chdy cia ching chudn
B. subtilis ATCC 6633.

Dua vao két qua duong cong khuéch dai huynh quang ching chuan B. subtilis c6 dang
ctia mot dudng cong dién hinh voi gid trj Ct ~ 27 (Hinh la). Két qua phan tich nhiét d6 néng
chay duoc thé hién ¢ (Hinh 1b) cho thdy Tm cua san phim phan tng 13 82,6°C twong tu nhu
nghién ctru cua Alieza Sadeghi va cong sy nam 2014 véi Tm = 82,2°C [11].

3.2. Giéi han phat hién ctia phwong phap (LOD)

LOD cua phuong phdp 1 mat d6 vi sinh vét trong mau thip nhét, tai d6 c6 tdi thiéu
90% mau cho két qua duong tinh. Pé x4c dinh LOD, DNA tir ImL mau c6 mat do B. subtilis
khdc nhau: 107, 10°,10°, 10%, 10%, 10%, 10! CFU/mL dugc dung 1am khuon trong phan tng
realtime PCR sir dung cip méi dic hiéu nhan gen aprE. Két qua thu duoc thé hién trong
Hinh 2.
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Hinh 2. Két qua khdo sdt gici han phdt hién ciia phirong phdp véi cdc mdu cé mdt dg
B. subtilis khdc nhau (10" - 10’ CFU/mL)
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Két qua tir Hinh 2 cho thdy, tai mat d¢ vi khuan 10' CFU/mL ngudng chu ky Ct xap
xi 36. Vi vay mat d6 vi khuan 10' CFU/mL duoc du dodn 1a mat do thdp nhit ma phuong
phép c6 thé phat hién duoc vi sinh vét dich. Dé xdc dinh gidi han phat hién, phan tng dugc
13p lai 10 14n tai mat d6 vi khuan 1a 10! CFU/mL. Tuy nhién sb phan tng phat hién duogc vi
sinh vat dich tai mat do vi khuan 10' CFU/mL khong dat > 90%. Vi thé, thi nghiém duoc lip
lai 10 1an v6i mat d6 vi khuan 10> CFU/mL. Két qua thu dwoc trong Hinh 3. Két qua ¢ Hinh
3 cho thay, ti 16 % duong tinh tai mat 6 vi khuan 10> CFU/ mL 1a 100%. Do viy, gi6i han
phit hién cta phuong phdp (LOD) 1a: 10 CFU/ mL.

Amplification Plot

Mt Curve Piot

Hinh 3. Duong khuéch dai dién hinh (A) va nhiét dé néng chay (B) trong 10 lan thi
nghiém véi mau chita 10> CFU/mL vi khudn B. Subtilis

3.3. B§ chinh xac (AC), dp dac hi¢u (SP) va d¢ nhay (SE) cia phwong phap

Phén tmg realtime PCR v&i cip moi nhin gen dich aprE dugc thuc hién véi 02 nhém
mau nhu sau: nhém 1 bao gdm cic ching B. subtilis (chung B. subtilis phan 13p tir 9 nén
mau khdc nhau da duoc dinh danh bé“lng ky thuat MALDI-TOF hodc giai trinh ty gen va 1
ching chudn ATCC); nhém 2 bao gém céc ching vi khuan khong thudc loai B. subtilis bao
gém: Bacillus amyloliquefaciens (VTCC 11041), Bacillus cereus (ATCC 10876), Bacillus
licheniformis (402), Bacillus pamilus (571), Bacillus clausii (714), Bacillus fastidiosus
(404), Bacillus coagulans (669), Escherichia coli (ATCC 8739), Salmonella enteritidis
(ATCC 13076) va Staphylococcus aureus (ATCC 29213).

Puong khuéch dai va duong cong néng chay ctia 2 nhém mau trén dugc thé hién trong
Hinh 4. Gi4 trj Ct duoc thé hién trong Bang 4.

Két qua trong Hinh 4 va Bang 4 cho thay: dbi v6i nhém ching B. subtilis: 10 mau
khéc nhau chtra B. subtilis déu c6 duong cong khuéch dai dién hinh va nhiét do néng chay
(Tm) ctia cac mau 1a 82,3 + 0,60C. Gi4 tri Tm nay tuong ty nhu nghién ctru cua Alieza
Sadeghi va cong sy (2014) véi Tm= 82,2 [11]. Trong khi do, dbi v&i nhém khéc loai B.
subtilis: 8/10 miu khong c6 dudng cong khuéch dai dién hinh (Hinh 4a), 2/10 miu (B. clausii
va E. coli) c6 Ct cao hon nhiéu (> 38) so véi gid tri Ct & mau B. subtilis (Bang 4). Pong thoi,
nhiét d§ néng chay cua cac loai khong phai B. subtilis khong trung véi nhiét do ndng chay
ctia B. subtilis cho thdy san pham khuéch dai 12 khong dic hiéu (Hinh 4b). Tir d6 cho thay
phuong phép realtime PCR str dung cip moi dic hiéu nhan gen aprE c6 thé phan biét duoc
cac loai thudc chi Bacillus.
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Do chinh xac (AC), d¢ dac hiéu (SP) va dd nhay (SE) cling da duoc xdc dinh dya trén
cong thuc trinh bay trong muc 2.3 va ¢6 gid tri déu bang 100%.
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Hinh 4. Buong khuéch dai dién hinh (A) va nhiét dé néng chay (B) ciia 2 nhém mau

Bing 4. Gid tri chu ki nguong (Ct) ctia 2 nhém mau nhém 1 va nhém 2

STT Tén chiing Ngwéong chu ky Ct
Nhom 1
1 B. subtilis (400) 13,74
2 B. subtilis (401) 14,55
3 B. subtilis (407) 17,88
4 B. subtilis (434) 18,05
5 B. subtilis (435) 23,97
6 B. subtilis (484) 24,59
7 B. subtilis (509) 14,98
8 B. subtilis (515) 18,92
9 B. subtilis (548) 13,86
10 B. subtilis (ATCC) 14,27
Nhom 2
11 B. amyloliquefaciens (VTCC 11041) NA
12 B. cereus (ATCC 10876) NA
13 B. licheniformis (402) NA
14 B. pamilus (571) NA
15 B. clausii (714) 38,94
16 B. fastidiosus (404) NA
17 B. coagulans (669) NA
18 E. coli (ATCC) 39,27
19 Salmonella (ATCC 13076) NA
20 S. aureus (ATCC 29213) NA

3.4 Xay dung dwong chuén

Phuong phdp dinh lugng dugc xac dinh dua trén su li€n hé tuyén tinh gitra mat do vi
khudn trong mau va gid trj Ct twong tng. Trén co s& phan mém cua thiét bi, duong chuan
dugc xay dung nhu trong Hinh 5.
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Standard Curve
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Hinh 5. Buong chudn B.subtilis & cdc nong dd pha loang tir 10" dén 107

Két qua cho thay, dudng chuén c6 tuong quan tuyén tinh cao véi gia tri R? dat 1, do
dbc = -3,584, hiéu qua khuéch dai E = 90,1%. Nhu vay duong chudn ctia phan tng real time
PCR trong nghién ctru niy c¢6 két qua ddng tin cdy. Pudng biéu dién chuan duoc biéu thi
bang mot ham sb biéu thi mdi twong quan tuyén tinh giita chu ky ngudng (Y = Ct) véi log10
ctia s6 lwong ban DNA dich ban dau c6 trong éng phan tmg (X = logio Sq). Ham s d6 1a:
Y=-3,584X + 38,77. Tir ham s nay, tri s6 DNA dich ban ddu Sq (Starting quantity) sit dung
cong thue: Sq= 10[(Ct - 38,77)/-3,584]

3.4. Giéi han dinh luwgng (LOQ)

Tir ndng d6 thap nhat ma phuong phdp c6 thé phét hién dugc, giéi han dinh lugng
(LOQ) ctia phwong phép, d6 13p lai va do tdi 1ap cua phuong phdp da duoc xdc dinh bang
cdch 13p lai thi nghiém 10 1an véi miu ¢6 mat do vi khuan 12 10> (CFU/mL) (Hinh 6). Két
qua cho thdy trong 10 1an 13p lai, phan Gng dat 100% duong tinh. Do d6, c6 thé két luan ring
gi6i han dinh lugng ctia phuong phép 12 10> CFU/mL.

Sample Target Task Dyes cT

Amplificabion Plot
NTC Target 1 UNKNOWN  SYBR-None Undetermi..

LS00 ATTC 102 Target 1 UNKHOWN  SYBR-Mone 33.734
ATTC 102 Targee 1 UNENOWN  SYBR-None 32.193

ATTC 102 Targetr 1 UMENOWN  SYBR-Mone 32.571
ATTC 102 Targetr 1 UNEHOWN SYBR-None 31.773
ATTC 102 Target 1 UNENOWN  SYBR-Mone 31.671
ATTC 1072 Target 1 UNENOWN SYBR-None 32.005
ATTC 102 Target L UNEHOWH  SYBR-Mone 31.002
ATTC 102 Target 1 UNENOWN  SYBR-Mone 33.508
ATTC 10°2 Target 1 UNEHOWN  SYBR-Mone 33.157
ATTC 102 Target 1 UNENOWN  SYBR-Mone 31.740

=l
LA ETIE

| Lusiy (s

A

Hinh 6. Puong cong khuéch dai (hinh A) va gid tri chu ky ngueong Ct (hinh B) ciia 10 lan
lap lai phan vng realtime PCR voi cdc mau B. subtilis ¢é mdt d@6 10> CFU/mL
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3.5. bg lap lai (RSDy), do tai 1ap (RSDr) ciia phwong phap

Pé tién hanh xac dinh d¢ 13p lai, cdc thi nghiém duogc tién hanh song song 2 14an véi 5
lan/méu. Xdc dinh d6 tdi 1ap mdi kiém nghiém vién tién hanh thyc hién Iap lai 10 1an/mau.
Két qua thu duoc thé hién trong Bang 5.

Bing 5. Gid tri Ct 10 lan ldp lai tai nong do vi khudn 107

Kiém nghiém vién KNVI Kiém nghi¢m vién KNV2
Lan 1(ai) Lan 2(bj) Lan 1(ai) Lan 2(bj)
31,35 33,73 33,73 32,00
34,36 32,19 32,19 31,00
31,55 32,57 32,57 33,50
32,63 31,77 31,77 33,15
31,40 31,67 31,67 31,74

Tir két qua 13p lai gid tri Ct ciia hai kiém nghiém vién & Bang 5 va dp dung cong thirc
xdc dinh d6 1ap lai, d6 tai 1ap trong muc 2.3 ¢6 thé tinh todn duogc: do tai lap cua phuong
phép cta hai kiém nghiém vién 12 0,0053 va 0,0075 thoa man yéu cau < 0,25 nén c¢6 do 1éch
chuan dat yéu cau, d6 6n dinh ctia phuong phép tot. Do tdi 1ap cua phuwong phap 14 0,00898
< 0,35 ¢6 @6 chum dat yéu cau.

3.6 Phan tich thuc té

Kiém tra mat do vi khuan B.subrilis cdc mau thuc phém bao vé suc khoe, thuc phém
bd sung dugc bd sung vi khudn B. subtilis duoc thu thap ngiu nhién trén thi truong Ha Noi
dugc ma héa tén nhu sau: 204/9; 285/10; 151/5. Mau dugc kiém tra song song bang ca
phuong phdp nudi ciy truyén théng va phuong phép nghién ctru. Ca 3 mau déu duoc nudi
céy truyén théng va két qua mat d§ B. subtilis cia ba mau 1an luot 12 4,0 x 107; 1,3 x 108%;
1,7 x 108 (CFU/mL). D@)ng thoi, mau cling dugc tach chiét DNA va pha loang lan Iuot 100
1an, 10000 1an, 1000 1an. Két qua dugc thé hién nhu Hinh 7 va Hinh 8.
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Hinh 7. Puong cong khuéch dai ching B.subtilis ¢ cdc nong dé pha loang tir 10" dén 107
va cdc mau thyec té
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Standard Curve
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Hinh 8. Puong chudn B.subtilis ¢ cdc nong dé pha loang tir 10" dén 10’va cdc mau thue té

Két qua Hinh 7, Hinh 8 va co s tinh todn tir phdn mén trén méy két qua cia mau 204/9
1a 3,1 x 10° (CFU/mL), mau 285/10 1a 2,9 x 10* (CFU/mL) va mau 151/5 1a 1,7 x 10°
(CFU/mL). Piéu nay cho ta thiy két qua ctia hai phuong phép twrong dong nhau.

4. KET LUAN

Nghién ctru da xay dung thanh cong quy trinh phat hién va dinh luong B.subtilis bang
ky thuat realtime PCR. Phuong phép cho d6 nhay tot v6i gidi han phat hién 10? (CFU/mL),
gi¢i han dinh luong 10? (CFU/mL), d6 dic hiéu, do chinh x4c déu dat 100%. Cac duong
cong chuan duoc xay dung bang cdch str dung chu ky ngudng (Ct) so véi mat do vi khuan
B.subtilis thé hién twong quan tuyén tinh (R? = 1, 6 déc = -3,584). D¢ lap, do tai 1ap va do
léch chuén tai 1ap ctua phuong phdp dat duoc twong tmg 1a: 0,0053; 0,0075; 0,00898, cho
thdy phuong phép c6 d6 chum va do ding tét.
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New realtime PCR method development for detection and quantification of
Bacillus sublilis

Dang Thi Huong, Tran Hong Ba, Le Thanh Long, Nguyen Van Cuong, Ninh Thi
Hanh, Nguyen Thanh Trung, Le Thi Hong Hao, Nguyen Thi Xuan Huong

National Institute for Food Control, Hanoi, Vietnam

Abstract

Bacillus subtilis is a widely used bacterial strain in probiotic production. The strains
belong to this species are endosporogenic, tolerant to acidic pH conditions in the stomach,
and many have been shown to produce enzymes that aid in food digestion and inhibit
pathogenic microorganisms. In this study, a detection and qualitification method was
developed based on amplification of aprE gene ultilising realtime PCR. The aprE target
gene encodes subtilisin toxin precursor and is a highly conservative and specific gene of B.
subtilis. The method yielded high sensitivity with LOD is 10? (CFU/mL), LOQ is 10?
(CFU/mL), specificity, and accuracy are both 100%. The preparatory tools were constructed
using cycle threshold (Ct) compare with B. subtilis concentration, which showed linear
correlation (R?= 1, slope = - 3.584)

Keywords: realtime PCR, Bacillus subtilis, aprE, probiotic
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