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Tom tit: Viéc lam dung céc thudc khang vi sinh vat ¢d ban chét tu nhién 1an héa hoc di va dang |a nguyén
nhan tao nén cac chung vi sinh vat khang thudc. Thém vao dé, tinh trang can kiét nguén khang sinh mai la
mét trong nhitng mdi lo ngai hang dau cua thé gidi. Do do, dé tai nghién ciru nay da duoc tién hanh véi
muc dich budc dau khai thac ngudn hop chat khang vi sinh vat tiém ning tir c&c loai Bacillus. Kha nang wc
ché cac vi khuan gay bénh, anh huong cua diéu kién nudi cay dén kha nang san xuat cac hop chat khang vi
sinh vat tir hai chung Bacillus subtilis NN12 va Bacillus licheniformis KN12 da dugc khao sat. Thir nghiém
dbi khang invitro cho thay chang B. subtilis NN12 va B. licheniformis KN12 ¢6 kha ning wc ché manh dbi
véi chuing vi khuan B. cereus. Ngoai ra, két qua khao sat anh huong caa diéu kién nudi ciy dén su sinh téng
hop cac hop chat khang khuan B. cereus caa 2 chung nghién ctru da cho thiy méi truong chira 1,0% glucose,
0,5% peptone hoic cao nim men, pH 6,0, toc d6 lic 150 vong/phut trong 18 gid, & 33°C 1a diéu kién thich
hop ddi vai B. subtilis NN12 va méi trudng bd sung 1,0% glucose hoic tinh bot, 0,5% ure, pH 5,0, toc do
Iic 150 vong/pht trong 18 gid ¢ 37°C-45°C 1a diéu kién thich hop di voi B. licheniformis KN12. Hoat
tinh d6i khang cua dich nudi cay B. subtilis NN12 nhay cam véi nhiét do va proteinase K, trong khi dich
nudi cdy B. licheniformis KN12 thi thé hién su bén nhiét va bén véi proteinase K. Cac két qua dat duoc s&
la tién dé cho cAc nghién ctru hop chét khang vi sinh vat gay bénh trong twong lai gan, gép phan vao céc
phuong phap hd tro diéu tri bénh nhiém triing, cac nganh ndng nghiép va cong nghi¢p thuc pham.

Tir khoa: Bacillus subtilis, Bacillus licheniformis, Bacillus cereus, khang khuan.

1. GIOI THIEU

Nhitng ndm gin day sy xuat hién vi sinh vat khang thuéc 1a mét tinh trang dang bao dong trén toan thé gioi.
Theo bao c4o cua WHO, viéc lam dung céc thudc khang vi sinh vét, ma chu yéu 1a khang sinh (antibiotic)
trong ca y té 1an néng nghiép da dan dén khoang 700.000 ca chét trén toan thé gigi mdi nam do nhiém vi
sinh vat khang thudc. Ngoai ra, tinh dén nay, c6 hon 1 triéu ngudi tir vong do nhiém siéu vi khuan khang
khang sinh [1, 2]. Ngoai ra viéc lam dung khang sinh trong diéu tri c6 thé dan dén viéc tiéu diét cac vi sinh
vat c6 ich séng cong sinh trong co thé nguoi, réi loan duong tiéu hda, mién dich, than kinh va tang nguy
co beo phi [3]. Su khan hiém céc loai khang sinh mai 1a mét tro ngai va de doa Ion trong viéc diéu tri cac
bénh nhiém tring khang thudc tuy nhién ciing 1a dong lyc thic day cac giai phap thay thé, bd sung va an
toan chang han nhu cac bacteriocin va bacteriocin-like substances (BLS) [4, 5].

Chi Bacillus la tap hop cé4c vi khuan Gram duong, c6 kha ning sinh bao tir phan bé rong ri trong tu nhién.
Bacillus tir 1au da dugc wng dung rat nhiéu trong cac nganh cong nghiép khac nhau, trong xtr ly méi truong,
cong nghé thuc pham, va nhu cac probiotics cho con ngudi va vét nudi [6]. Nhiéu loai Bacillus co thé tao
ra mot s6 lugng 16n va da dang cac hop chat khéng vi sinh vat c6 ban chat héa hoc va ciu tric khac nhau,
chang han nhu cac ribosomal va non-ribosomal peptide, polyketide, va cac hgp chit bay hoi véi vai tro
chinh 12 duy tri, tham chi giam s6 lugng vi sinh v4t canh tranh trong cing moi truong séng [7, 8]. Mot sb
hop chat nay, duoC san Xuit bai cac loai Bacillus dugc xem 12 an toan (GRAS, generally recognized as
safe) c6 pho tic ché rong ddi voi cac vi khuan Gram am, Gram duong va ca ndm mbc, nim men [8]. V¢i
nhiing dic diém trén, cac hop chét khang sinh vat tir Bacillus da va dang dugc @ng dung trong nhiéu linh
vuc khéac nhau nhu cong nghiép san xuit va bao quan thuc phdm; wc ché hay tiéu diét cac vi khun, nim,
virus gay bénh & ngudi va dong vat; tc ché té bao ung thu [5, 9]. Mot s6 nghién ciru cho thay su sinh tong
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hop céc hop chét khang vi sinh vat tir Bacillus chiu anh huong cia nhiéu yéu té méi truong dinh dudng,
thoi gian nui cay [10-12]; thanh phan moi truong, pH, nhiét do [13, 14].

Véi nhitng tiém ning 16n trong viéc san xuat cac hop chat khéang vi sinh vat cua chi Bacillus dugc dé cap
& trén, kha ning khang vi khuan, khdng nim méc gay bénh va cac diéu kién nudi cy thich hop cho sy san
Xuat cac hop chat khang vi sinh vat caa hai chung vi khuan Bacillus subtilis NN12, Bacillus licheniformis
KN12 da duoc nghién ctu, 1am tién dé cho cac giai phap bo sung, hd trg hoac thay thé dbi véi nhitng khang
sinh hay chat diét vi sinh vat tong hop héa hoc da, dang, va c6 nguy co bi dé khéng trong tuong lai.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nhan gioéng va bao quan cac ching vi khuan

Hai chung vi khuan Bacillus subtilis NN12 va Bacillus licheniformis KN12 dwoc phan lap tir dat, dinh danh
& muc phan tir bang phuong phéap giai trinh ty doan gen 16S-rRNA va két qua giai trinh tu dugc so sanh
V6i co so dir lieu 16S-rRNA cua vi khuan c6 sin trén National Center for Biotechnology Information
(NCBI) bing cong cu BLASTN (https://blast.ncbi.nlm.nih.gov/Blast.cgi) (thudc bd suu tap giéng cua
Phong thi nghiém Cong nghé Vi sinh, Vién Cong nghé sinh hoc Thyc pham, Trudng Pai hoc Cong nghiép
Thanh ph H Chi Minh) duoc sir dung lam dbi twong nghién ciru va 6 chang vi khuan duoc su dung dé
xéc dinh hoat tinh khang khuan gay bénh trong nghién ctru nay gom 2 ching Gram duong 1a Staphylococcus
aureus (ATCC 25923), Bacillus cereus (ATCC 11778) va 4 chung Gram am gom Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC 27853), Salmonella enteritidis (ATCC 13076); Salmonella
typhimurium (ATCC 13311). C4c ching nay duoc luu gitr tai Bo mén Cong nghé Sinh hoc, Vién Cong
nghé Sinh hoc va Thuc pham, Trudng Pai hoc Cong nghiép Tp. HCM ¢ diéu kién -70°C va duoc hoat hoa
qua dém trong méi trudng Luria-Bertani broth (LB broth) & 37°C trudce khi thuc hién cac nghién ciu tiép
theo.

2.2. Panh gia kha ning d6i khang vi khuan kiém dinh cia B. subtilis va B. licheniformis

Céc chung vi khuan duoc sir dung dé xac dinh hoat tinh khang khuan duoc hoat hoa qua dém trong moi
truong Luria-Bertani broth (LB broth) (Tryptone 10,0 g; cao nim men 5,0 g; NaCl 10,0 g; nudc cét di
1.000 ml; pH 7,0-7,2) ¢ 37°C. Viéc xac dinh kha ndng khang khuin dugc thuc hién theo phuong phap
khuéch tan giéng thach [15]. Céac chung vi khuan duoc nudi ciy trong méi truong LB broth dén khi dat
dugc do dyc 12 0,5 theo tiéu chuan McFarland. Dich vi khuan (0,1 ml) duogc trai trén dia méi truong MHA
(Mueller Hinton Agar). Cac dia Petri sau d6 dugc duc cac gleng c6 duong kinh 6 mm, 20 ul dich vi khuan
B. subtilis NN12/B. licheniformis KN12 (thu sau 24 gio nudi cay trén moéi truong LB broth, ly tdm 14.000
vong/phut ¢ 4°C trong 15 phat, va loc qua mang loc 0,45 pm) dugc thém vao cac giéng thach, dé yén ¢ 4°C
trong 2 gid cho dich thim vao méi trudng. Mau déi ching am dugc thuc hién voi méi truong LB broth v
tring. Kha nang déi khang cua B. subtilis NN12/B. licheniformis KN12 di véi vi khuan kiém dinh dwoc
xac dinh bang duong kinh vong vo khuan sau 16-18 gio nudi i & 37°C.

2.3. Khio sat anh hwéng ciia cac yéu té méi trwdong 1&n kha ning dbi khang B. cereus

Hai chung vi khuém dugc nudi trong mdi truong LB long ¢ 37°C, 150 vong/phut trong 24 gio va dugc sur
dung nhu ngudn gidng ting sinh cho cdc thi nghiém khao sat diéu kién sinh téng hop cac hop chat déi
khang nhu anh huong cua nguon carbon, nito, diéu kién nhiét d9, pH khéac nhau. Kha nang dbi khang B.
cereus cuia dich nudi cay vi khuan dugc kiém tra sau khi loai bo té bao (ly tam 14.000 vong/phit & 4°C va
loc qua mang loc 0,45 um) bang phuong phép khuéch tan giéng thach va so sanh dudng kinh vong doi
khang ¢ cac diéu kién thi nghiém khac nhau.

Dé khao sat anh huong ciia cac nguon carbon, méi truong LB long véi thanh phan bao gém 5,0 g cao nim
men; 5,0 g pepton; 5,0 g NaCl; nuéc cat vira du 1.000 ml; pH 7,2-7,4 va b sung 10,0 g mot trong cac
ngudn carbon khac nhau nhu glucose, sucrose, lactose, dextrin, tinh bot. Ngudn carbon cho két qua ddi
khang cao nhét dugc sir dung cho cac thi nghiém khao sat tlep theo.

Anh huong cia nguon nito 1én sy sinh tong hop cac chat d6i khang duoc kiém tra trong méi truong LB
long véi thanh phan carbon cho két qua cao nhat trong thi nghiém trén va b sung 5,0 g mot trong cac ngudn
nito bao gdm: peptone, cao nam men, NaNO3, NH,NOs, NH4CI, ure.
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Két qua chon loc tir cac didu kién thich hop s& duoc sir dung trong khao sét anh hudng ciia pH moi truong
én s sinh tong hop céc hop chat doi khang. Mai truong thir nghiém duoc diéu chinh & cc gi tri pH ban
dau khac nhau 4,0; 5,0; 6,0; 7,0; 8,0; 9,0+0,1 bang dung dich NaOH va HCI ¢ 2 ndng d6 0,1N, 1,0N va sau
d6 vi khuan duoc nubi o trong moi truong c6 nguon carbon, nito thich hop dé dugc chon loc.

Ngudn carbon va nito cho két qua dich nudi cy c6 hoat tinh déi khang B. cereus cao nhat s& duoc chon dé
tiép tuc khao sat sy anh huong caa nhiét dd nudi cay I1én su dbi khang cua vi khuan. Chang vi khuan dugc
nudi trong méi trudng thir nghiém c6 ngudn carbon, nito, pH thich hop va dwoc nudi G & cac diéu kién nhiét
d6 khac nhau 25°C; 28°C; 33°C; 37°C; 45°C+0,1°C va kiém tra hoat tinh ddi khang.

2.4. Khdo sat anh hwéng cha nhiét d§ va proteinase K [én hoat tinh khang B. cereus cia dich nuoi
cay B. subtilis va B. licheniformis

Dich nudi cay cua cac chung B. subtilis NN12 va B. licheniformis KN12 trong diéu kién thich hop di duoc
khao sat va lva chon duoc loai bo té bao bang phuong phép ly tam 14.000 vong/phit & 4°C va loc qua mang
loc 0,45 pm.

Anh huong caa nhiét do 18n hoat tinh khang khuan cua dich nudi ciy vé bao dugc khao sat bang cach 1 1
ml dich & cac méc nhiét do: 55°C; 65°C; 75°C; 85°C; 95°C+0,1°C trong 15 pht, sau d6 kiém tra hoat tinh
bang phuong phap khuéch tan giéng thach.

Anh huéng cua proteinase K 1én hoat tinh khang khuan cua dich nudi cay v6 bao duoc khao sat bang céach
1 dich véi proteinase K ¢ ndng do 1 mg/ml trong 2 gid & 37°C, sau d6 kiém tra hoat tinh bang phwong phap
khuéch tan giéng thach.

2.5. Phwong phap thong ké va xir ly s6 liéu

Tt ca cac thi nghiém duoc 13p lai 3 1an. S6 ligu dugc tinh toan, V& bicu do trén Microsoft Excel 2013 va
dugc xt ly thong ké bang cong cu ANOVA cua phan mém Statgraphics Centurion 18.

3. KET QUA VA THAO LUAN

3.1. Kiém tra cac chiing B. subtilis NN12 va B. licheniformis KN12

Nhim xéc dinh hai ching vi khuan B. subtilis NN12 va B. licheniformis KN12 duoc sir dung trong nghién
ctu khong tap nhiem va co cac tinh chat dac trung, hai chung vi khuan nay dugc kiém tra hinh thai khuan
lac, hinh thai vi thé véi cac dac tinh nhuém Gram va nhuém ndi bao ta (Hinh 1).

(c)

Hinh 1: Hinh thai khuan Iac sau 72 gio nudi 0 trén moi truong LB (a), nhuom Gram (b) va nhuém bao
tir (c) cua cac chung B. subtilis NN12 (A) va B. licheniformis KN12 (B) (X400)
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Hinh thai khuan lac trén méi treong nudi ciy thach LB sau 2 ngay nudi u cho thay ca hai chung thé hién
cac ddc diém dién hinh caa chi Bacillus vai khuan lac tron, ria khuan lac nhan, bé mat gd ghé, nhan nheo
nhu tao cAc mang bam, mau trang duc dén vang sang. Két qua nhuom Gram cho thay ca hai chang vi khuan
1a Gram duong, hinh dang dong nhat, khéng c6 su nhiém tap cac vi sinh vat khac trong mau nhuoém. Ca hai
chung déu thé hién kha ning hinh thanh ndi bao tir. Sau khi kiém tra d6 thuan cua vi khuan nghién cuu,
khuan lac dic trung cua hai ching vi khuan duoc chon loc, tang sinh va sir dung trong cac nghién ciu tiép
theo.

3.2. Kha niing d6i khang vi khuin kiém dinh cia B. subtilis va B. licheniformis

Kha ning sinh tong hop cac chat ddi khang cua hai ching vi khuin s& duoc khao sat trén cac vi sinh vat
kiém dinh gom 6 chung vi khuan gay bénh trong thuyc pham. Dich nudi cdy B. subtilis NN12 va B.
licheniformis KN12 sau 24 gio nudi u trong méi trudng long LB duoc kiém tra kha nang d6i khang theo
phwong phap khuéch tan giéng thach va két qua duoc trinh bay trong Hinh 2.

Trong diéu kién thi nghiém, dich nudi cy B. subtilis NN12 thé hién kha nang dbi khang Ién hai vi khuan
kiém dinh 1a Bacillus cereus va Salmonella enteritidis véi duong kinh vong dbi khang 1a 3,020,1 mm va
4,5+0,2 mm, va khong thé hién hoat tinh d6i khang trén bén chung vi khuan con lai Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium (Hinh 2A). Khochamit va céng su
(2015) da ghi nhan kha niang dbi khéng cua B. subtilis KKU213 véi cac chung vi khuan Bacillus
cereus, Listeria monocytogenes, Micrococcus luteus, Staphylococcus aureus [16]. Trong nghién ciru cua
Ouoba va cong su (2007), ching B. subtilis B7 thé hién kha nang dbi khang Micrococcus luteus, Bacillus
cereus, Listeria monocytogenes, Escherichia coli, Salmonella enteritidis, .... [17]. Két qua cho thay tiém
nang d6i khang cac vi khuan gay bénh cua chung B. subtilis NN12.

B. cereus S. enteritidis S. typhi P. aeruginosa E. coli S. aureus

Hinh 2: Kha nang d6i khang voi céc vi khuan kiém dinh ciia B. subtilis NN12 (A) va cia B. licheniformis KN12
(B). (-) @6i ching; (+) mau dich vi khuan.

Tuong tu nhu két qua dat duoc trong thir nghiém véi dich nudi ciy vi khuan B. subtilis NN12, dich nudi
cay B. licheniformis KN12 ciing thé hién hoat tinh ddi khang véi vi khuan kiém dinh Bacillus cereus va
Salmonella enteritidis va khong ddi khang vai céc vi khuan kiém dinh khac. Tuy nhién, dich nudi cay B.
licheniformis KN12 thé hién hoat tinh d6i khéang véi B. cereus manh hon so vé6i hoat tinh dbi khang
Salmonella enteritidis véi duong kinh vong ddi khang twong ng 1a 3,0+0,1 mm va 1,5+0,1 mm (Hinh 2B).
Trong nghién cau cua Sharma va COng su (2010), vi khuan B. licheniformis IITRHR2 ciing thé hi¢n hoat
tinh d6i khéng véi Bacillus cereus va mot sé loai vi khuan kiém dinh khac nhu Listeria monocytogenes
MTCC1143, Pediococcus pentosaceus NCDC273, Shigella flexneri MTCC1457, dong thoi B.
licheniformis ITRHR2 trong nghién ciru nay cting khdng thé hién hoat tinh d6i khang véi Salmonella typhi
[18].

3.3. Anh hwéng cia ngudn carbon trong méi tredng nudi cay 1én kha niing khang B. cereus

Thanh phan moi truong nuoi cdy anh huong dén kha nang sinh tong hop cac hop chét thir cp cua vi sinh
vat, dac biét 1a cac hop chit co kha nang khang khuédn hoic khang moc Carbon 1 thanh phan khéng thé
thiéu trong cac moi trudong nudi cay vi sinh vat. Do d6, chung t6i tién hanh khao st anh huong cua cac
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ngu0n carbon khac nhau (glucose, sucrose, lactose, dextrin va tinh bot) 1én qua trinh sinh tong hop. Két qua
thé hién anh huong cua ngudn carbon dén kha nang khang B. cereus cua dich nudi cy hai ching vi khuan
dugc trinh bay trong Hinh 3.

Két qua khao sat nguon carbon trong méi trudng nudi cdy cho thiy chung vi khuén B. subtilis NN12 c6 kha
nang hinh thanh cac chat ddi khang vé6i B. cereus trong ca nim nguodn carbon. Trong sé d6, trén méi truong
¢6 bd sung glucose va tinh bot duong kinh vong khang khuén 16n nhat 1an luot 12 8,7+0,3 mm va 7 ,7+0,3
mm (Hlnh 3A va 3C). Su dbi khang cao trong mdi truong co bd sung glucose co thé do glucose 1a ngudn
carbon dé sir dung cho su sinh trudng va phat trién cua vi sinh vat, giap vi sinh vt tang trudng nhanh va
tich lity sinh khéi cao hon cac ngudn carbon khac, diéu nay c6 thé gian tiép giup cho viéc hinh thanh cac
chat trao d6i thir cip co kha ning d6i khang B. cereus nhiéu hon trong cac loai méi truong cé chira ngudn
carbon khac. Ngoai ra, két qua khong c6 su khac biét khi nuéi cay ching B. subtilis NN12 trong méi trudng
chura lactose, sucrose va dextrin véi duong kinh vong doi khang 1a 6,2-6,3 mm (ANOVA, n=3, d¢ tin cay
95%). Nhur vy, glucose 14 ngudn carbon phii hop cho qué trinh nudi cay B. subtilis NN12 sinh tong hop
dugc cac hop chat dbi khang B. cereus va duoc chon dé st dung trong méi trudng nudi cdy cho cac thi
nghiém tiép theo.

GLUCOSE SUCROSE DEXTRIN STARCH LACTOSE
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Hinh 3: Anh hudng cta nguon carbon trong méi truong nudi cdy 1én kha nang khang B. cereus cia B. subtilis
NN12 (A, C) va B. licheniformis KN12 (B, D). (-) doi ching.

Trong trudng hop B. licheniformis KN12, ching vi khuan nay chi thé hién kha nang sinh tong hop duoc
cac hop chit dbi khang khi dwoc nudi cy trong méi truang c6 ngudn carbon I glucose, tinh bt va sucrose.
Trong mdi truong ¢ bd sung lactose va dextrin, ching vi khuan van ting trudng sinh khdi nhung trong
diéu kién thi nghiém thi khdng thé hién duoc kha nang ddi khang véi B. cereus. Ngudn carbon la glucose
dugc sir dung trong mdi truong nudi cdy cho két qua thé hién hoat tinh khang khuéan cao nhit véi duong
kinh vong uc ché 1a 4,3+0,2 mm, trong khi ngudn carbon tinh bot cho dudng kinh vong tc ché 1 4,2+0,2
mm (Hinh 3B va 3D). Két qua phan tich thdng ké cho thay khdng c6 su khac biét vé hoat tinh d6i khang
khi sir dung hai ngudn carbon nay trong méi truong nudi cay (ANOVA, n=3, d¢ tin cay 95%). Ngoai ra,
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viéc bd sung sucrose vao méi trudng nudi cdy lam cho kha ning khang khuan trong dich nudi cdy giam
50% véi duong kinh vong we ché 1a 1,8+0,2 mm. Trong nghién ciu caa Olivera va cong su, nhom tac gia
d bo sung thém glucose trong madi truong BHI nudi cay B. licheniformis P40 gitip gia ting su sinh hop
chat twong tu bacteriocin (BLS) [19]. Bén canh d6, Kayalvizhi va cong sy da bd sung sorbitol vao moi
truong dé tang kha nang sinh peptide khang khuan MKU3 cao nhét [20]. Két qua cho thay tly thudc ban
chét caa cac hop chat dbi khang cua ting loai vi sinh vat, nhu cau vé nguon carbon dé sinh tong hop hop
chat d6i khang khac nhau. Nhu vay, cin cir vao két qua dat duoc, ngudn carbon thich hop cho sy sinh tong
hop cac hop chat ddi khang B. cereus cho ca hai chung vi khuan B. subtilis NN12 va B. licheniformis KN12
la glucose va tinh bot, trong d6 glucose ¢ su ndi troi hon trong truong hop cia vi khuan B. subtilis NN12.
Do d6, glucose dugc chon lam nguon carbon bo sung cho méi truong sinh tong hop chat dbi khang B.
cereus.

3.4. Anh hwéng cia ngudn nito' trong méi truedng nudi cay 1én kha ning khang B. cereus

Bén canh ngudn co chat carbon, nito 14 thanh phan khong thé thleu trong sy sinh truong va phét trién cua
cac loai sinh vat. Sy sinh tong hop cac hop chat trao ddi thir cp trong méi truong nudi ciy cua cac vi sinh
vt ciing bi anh hudng bai thanh phan nay. Do d6, dé xac dinh anh huang cia nito 1én su sinh tong hop céc
hop chat ddi khang B. cereus cua B. subtilis NN12 va B. licheniformis KN12, chiing tdi tién hanh khao sat
cac nguon nito khéc nhau 1a NHsNOs, NH4CI, NaNOs, ure, cao nim men, peptone I&n sy sinh tong hop chat
dbi khang. Hoat tinh d6i khang B. cereus cua dich nudi cay dugc kiém tra sau 24 gio nudi 1 va duogc thé
hién & Hinh 4.

NH,CI NH;NO, NaNO, Ure Peptone YE
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- 12,0 - —_

£ £ -
£ E

~ 10.0 A = 4.0 |
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& 3
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—g 6.0 rg

= £ 20 -

e c

£ 4.0 S

- [-T4]

En S 1.0 4

D 2.0 - 'g

3 [~

@ 0.0 - 0.0 -

NH,Cl NH,NO; NaNO; Ure Pepton NH,Cl NH,NO; NaNO; Ure Pepton
Ngudn Nitrogen Ngudn nitrogen

Hinh 4: Anh hung cia ngudn nitrogen trong mdi truong nudi cy 1én kha nang khang B. cereus cia B. subtilis
NN12 (A, C) va B. licheniformis KN12 (B, D). (-) doi ching.

Ca hai chung vi khuéan B. subtilis NN12 va B. licheniformis KN12 déu cho thy kha nang sinh tong hop cac
hop chat doi khang su sinh tredng cta B. cereus bi anh hudng bai thanh phan nitrogen b6 sung vao méi
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truong nudi cdy. Trong mdi trudng nudi cay ¢ bd sung cac ngudn nito khéc nhau, kha ning wc ché B.
cereus caa hai chung vi khuan thé hién khac nhau. Chang B. subtilis NN12 thé hién kha ning dbi khang
cao nhat trong méi trudng ¢6 bd sung cao nam men va pepton véi dudng kinh vong dbi khang thé hién
tuong wng la 10,0+0,1 mm va 9,5+0,3 mm. Su khac biét vé kha ning d6i khang trong hai méi truedng nay
khong dang ké sau khi phan tich théng ké (ANOVA, n=3, d¢ tin ciy 95%) (Hinh 4A va 4C). Anh hudng
cuia nito trong méi trudng nudi cdy 1én kha ning sinh téng hop bacterocin caa B. subtilis ciing dugc ching
minh trong cac nghién cttu B Thi Hién va Asma Ansari vai ngudn nito thich hop tuong tng 12 yeast extract
va peptone [21, 22]. Két qua tuong tu ciing duoc quan sat thay trong nghién ciru ciia Anthony va cong su
(2009), kha ning san xuét peptide khang khuan (ABP) cua B. licheniformis AnBa9 da dugc tang cuong khi
mdi trudng dugc bd sung cao ndm men va NH4NOs [13], va chung vi khuan B. licheniformis MKU3 thé
hién kha ning sinh tong hop hop chét khang khuan khi méi truong co ngu0n nito 1a cao nam men va pepton
[20]. Tuy nhién, chung B. licheniformis KN12 lai thé hién hoat tinh d6i khang t6t nhat trong moi trudng co
nguon nito 1a ure véi hoat tinh 4,3+0,2 mm, va cao hon dang ké so véi diéu Kién moi truong chira cac nguon
nito khéc (hinh 4B va 4D). Két qua thu duoc c6 sy khac biét so voi mot sé nghién cau khac vé kha ning
khang khuan cua chung vi khuan B. licheniformis, cho thiy su da dang trong viéc sinh tong hop céc chat
khang khuan cua cac ching thuoc chi Bacillus. Can ctr trén céc két qua thu dugc, ngudn nito dugc sir dung
cho méi trudng nudi ciy cac chang B. subtilis NN12 va B. licheniformis KN12 twong ng 1a cao nam men
va ure, mdi trudng ndy s& duoc st dung cho cac thi nghiém tiép theo.

3.5. Anh hudng ciia pH méi trueong nudi ciy 1én kha ning khang B. cereus

Ngoai viéc chiu anh huong boi cac thanh phan co chat nhu carbon va nito, pH moéi truong nuoi ciy ban dau
cling anh huong dén kha ning sinh truong ciing nhu sinh tong hop cac hop chat thir cap. Dé khao sat anh
hudng cua yéu té pH Ién sy sinh tong hop cac hop chét khang khuan cua vi khuan B. subtilis NN12 va B.

licheniformis KN12, mdi truong dinh dudng véi thanh phan carbon va nito thich hop duge diéu chinh &
cac gia tri pH ban déu khac nhau 4,0; 5,0; 6,0; 7,0; 8,0; 9,0+0,1 va vi khuan duoc nudi cay tai nhiét d6 37°C
trong diéu kién lic 150 vong/phat. Dung dich nudi cdy dugc thu nhan va kiém tra kha nang dbi khang sau
24 gio nubi cay.

pH 4,0 pH5,0 pH 6,0 pH7,0 pH 8,0 pHI9,0

c 10.0 - D 2.0
T 90 1 E 35
£ 80 1 £
= ¥
£ 7.0 4 5
£ 60 - £25
2 50 - 520
> >
£ 40 £15
= 3.0 = 10
0 o
§ 20 - £
3 10 - 30s
0.0 - 0.0
4.0 5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0 9.0
pH méi truong pH moi treong

Hinh 5. Anh huéng cua pH moi truong nudi cay Ién kha nang sinh tong hop chét déi khang B. cereus ciia B.
subtilis (A, C) va B. licheniformis (B, D). (-) d6i chiing.
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Két qua thé hién ¢ Hinh 5 cho thay chung vi khuan B. subtilis NN12 c6 kha nang khang khuan trong cac
mai trudng ¢ gia tri pH ban dau 4,0-8,0, trong d6 kha nang ddi khang cao nhit dat dugc tai pH 6,0 voi
duong kinh vong khang khuan 9,0+0,05 mm. Trong cac mdi trudng ¢ gia tri pH 4,0, 5,0 va 7,0, duong
kinh vong khang khuan dat 6,7+0,4 mm dén 7,0+0,1 mm. Két qua phan tich thong ké cho thay, kha ning
dbi khang B. cereus cua dich nudi cay B. subtilis NN12 trong méi truong c6 pH 4,0, 5,0 va 7,0 thi khéng
c6 sy khéc biét co y nghia (ANOVA, n=3, d6 tin cay 95%). Trong mdi truong cé tinh kiém (pH 8,0-9,0),
kha nang dbi khang giam rd rét véi duong kinh vong khang khuan 1a 5,5+0,3 mm tai pH 8,0 va khang thé
hién kha nang ddi khang khi pH 12 9,0 (Hinh 5A va 5C). Bén canh d6, chung vi khuan B. licheniformis
KN12 thé hién kha ning sinh tong hop cac chat khang khuan trong cac cac méi truong c6 pH khac nhau la
tuong ty nhau voi duong kinh vong dbi khang trong khoang 2,83%0,22 mm dén 3,5+0,36 mm. Két qua phan
tich thong ké ciing thé hién khong co su khéc biét dang ké cua duong kinh vong khang khuan khi nudi cay
chang B. licheniformis KN12 trong méi truong c6 pH 4,0-9,0 (ANOVA, n=3, d6 tin cay 95%), thé hién kha
nang sinh truéng trong phd pH rong cua chung vi Khusn nay (Hinh 5B va 5D). Nhu vay, pH moéi truong
6,0 va 5,0 duoc chon twong wng cho méi trudng nudi ciy cac chung B. subtilis NN12 va B. licheniformis
KN12.

3.6. Anh hwéng caa diéu kién nhiét o 1én kha ning khang B. cereus

Nhiét d6 [&n men 1a mot trong nhitng yéu t6 anh hudng dén sy sinh trudng va kha ning sinh téng hop céc
hop chét thir cap cua vi sinh vat. Anh huong cua nhiét d 1én sy sinh tong hop céc hop chat déi khang B.
cereus cua hai ching vi khuan ciing dugc Kiém tra trong cac diéu kién nhiét do 25°C; 28°C; 33°C; 37°C;
45°C+0,2°C. Dich nudi cdy dugc thu nhan va kiém tra kha nang khang khuan sau mdi 3 gio va két qua
dugc thé hién trong Hinh 6.

25°C 28°C 33°C 37°C 45°C

.12:25°C cahee

~-28°C —+-28°C
33°C —_—

-u 37°C -| 37°C

~6-45°C o8

Pudng kinh vong khang khuan (mm)
S B N W & U1 O N

©O B N W A& U1 O N ®
P S R T

DPuong kinh vong khang khuan (mm)

3 6 12 18 24 3 6 9 12 15 18 21
Thoi gian (gio) Thei gian (gio)

Hinh 6: Anh huéng cia nhiét o moi truong nuoi ciy Ién kha nang khang B. cereus cia B. subtilis NN12 (A, C)
va B. licheniformis KN12 (B, D). Khd nang khang B. cereus tai nhi¢t d6 khac nhau sau 18 gio nudi cay (A, B) va
sau cac khoang thoi gian khac nhau (C, D). (-) d6i chung.

Két qua cho thay rang nhiét do va thoi gian c6 anh huéng l6n dén kha ning sinh cac hop chit khang khuan

ctia B. subtilis NN12 va B. licheniformis KN12 Ién vi khuan kiém dinh B. cereus. Dich nudi cdy ¢ 5 diéu
kién nhiét do khac nhau déu cd kha nang sinh tong hop cac chat doi khang véi B. cereus, tuy nhién tuy thoi
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diém nudi cdy ma c6 hoat tinh khac nhau. Sau 6 gio nudi cay ¢ 25°C va 28°C, dich nudi ciy van chua thé
hién hoat tinh khang khuan, tuy nhién, sau 12 gid nudi cdy, hoat tinh khang B. cereus tai 2 diéu kién nhiét
d6 nay tuong ung 1,5+0,3 mm va 2,7+0,7 mm, sau do6 hoat tinh ting dan véi vong dbi khang cao nht tai
thoi diém 18 gio nudi cdy 1a 2,2+0,7 mm tai 25°C va 3,7+0,3 mm tai 28°C. Trong khi d6 & cac nhiét do
33°C, 37°C va 45°C, dich nudi cy da thé hién hoat tinh ddi khang tai thoi diém sau 3 gio nudi cay. Hoat
tinh d6i khang ting dan va dat gia tri cao nhét ciing tai thoi diém 18 gio nudi cay véi duong kinh vong
khang khuan lan luot 1a 7,3+0,2 mm, 6,8+0,2 mm va 5,8+0,2 mm tuong (mg diéu kién nhiét d6 33°C, 37°C
va 45°C. Nhur vay, diéu kién nhiét do 33°C thich hop nhét cho su sinh tong hop céc chat dbi khéng B. cereus
va thoi gian thich hop duoc chon la sau 18 gio nudi cay (Hinh 6A va 6C). Két qua cho thay thoi gian nuoi
cay chung B. subtilis trong nghién ctru ndy ngén hon so véi nghién ciru trén ciing ddi tugng chung B. subtilis
KIBGE IB-17 ciia Asma Ansari nam 2012 véi thoi gian la 24 gio tai 37°C. [21]

Dich nuéi ciy vi khuan B. licheniformis KN12 tai thoi diém 3 gio ¢ nhiét d6 37°C da co su tc ché trén vi
khuan kiém dinh, ting dan dén 15 gio va giam dan sau d6. Kha ning tc ché B. cereus ciing ¢ su tuong
duong ddi véi dich nudi cdy & 45°C, tuy nhién kha ning ¢ ché chi xuat hién & thoi diém bit dau tir 6 gio
sau khi nudi cdy. Tai nhiét do 25°C va 28°C, sy trc ché vi khuan dbi khang bét dau cé hoat tinh va cao nhét
& 15 gio sau khi nudi cay va giam dan theo thoi gian nudi cay tiép theo. O nhiét d6 33°C, kha ning tic ché
B. cereus tang dan qua cac thoi diém nudi ciy nhung cao nhat & 18 gid va giam dan tir thoi diém 21 gio.
Tai 15 gio, su e ché B. cereus cao nhat ¢ 37°C va 45°C gip 1,5 lan so véi 33°C va gép 3 1an so vai 25°C
va 28°C. Theo két qua thdng ké véi muc tin cay 95%, nhiét o 37°C va 45°C tai 15 gio c6 kha nang khang
B. cereus cua dich nudi ciy B. licheniformis KN12 I cao nhat va khong cé su khac biét gitra hai diéu kién
nhiét d6 nay. Do dé, nhiét d6 37°C va 45°C la nhiét do thich hop dé nudi cay B. licheniformis KN12 cho
su sinh téng hop céc chat khang khuan vai thoi gian nudi cay 1a 15 gio (Hinh 6B va 6D). Trong nghién ciu
cua Olivera va cong su (2004) ciing da cho thiy & nhiét 6 30°C trong 24 gio thi BLS (Bacteriocin Like
Substance) tir B. licheniformis P40 c6 hoat tinh khang tét Ién cac vi khuan kiém nghiém [19], trong khi
chung B. licheniformis AnBa9 tao ra cac hop chat khang khuan cao nhat khi dwgc nudi & nhiét d6 43°C
trong 24 gio [13]. Nhu vdy, thoi gian nudi cdy caa chang B. licheniformis KN12 ngén hon, cho thy tiém
ning va hiéu qua tng dung & nhiét do cao cua chung vi khuan nay trong thyc tién.

3.7. Anh hwéng cia nhiét @ va proteinase K Ién hoat tinh @i khang B. cereus ciia dich nudi cy B.
subtilis va B. licheniformis

Hoat dong khang khuén ciia cac hop chét trong dich nudi ciy cac ching vi khuan thudc chi Bacillus duoc
ghi nhan do nhiéu co ché tac dong khac nhau, trong d6 cac chat thudc ban chét bacteriocin v6i mach peptide
ngin duoc bao co trong nhiéu nghién ctru. Bé hiéu hon vé co ché d6i khang vi khuan kiém dinh ciing nhu
kha nang bao quan, dich nuéi cdy vi khuan B. subtilis NN12 va B. licheniformis KN12 duoc kiém tra tinh
bén dudi tac dong cuia protease (proteinase K) ciing nhu tinh bén nhiét bang cach xir Iy ¢ cac nhiét d6 khac
nhau (60-95°C) va kiém tra hoat tinh d6i khang véi B. cereus con lai sau xtr ly. Két qua dugc thé hién trong
Hinh 7.

Sau khi duge xir Iy & cac nhiét do khac nhau, hoat tinh ciia dich nudi ciy vi khuan B. subtilis NN12 bi anh
huong nghiém trong, hoat tinh con lai dat ~50% dugc ghi nhan tai nhiét @6 xir Iy 65°C va ~20% tai nhiét
d6 80°C. Nhiét do xur Iy cang cao cang 1am giam hoat tinh ddi khang cua dich nuéi cdy, cho thdy sy nhay
cam véi nhiét do cua cac hop chit déi khang c6 trong dich nuéi cdy. Tuy nhién, dich nudi cdy cia ching
B. licheniformis KN12 thé hién d bén nhiét noi troi voi hoat tinh duy tri ~50% khi xtr ly v61 90°C, thé hién
d6 bén nhiét ciia cac hop chat d6i khang trong dich nuéi cay (Hinh 7A). Khi dich nuoi cay duogc xu ly voi
proteinase K, hoat tinh d6i khang khong dwoc quan sat thdy trong trudong hgp cia vi khuén B. subtilis NN12
nhung dugc duy tri trong trong trudng hop cua B. licheniformis KN12. Két qua tuong tu khi déng thoi xur
1y dich nuoi c?iy véi proteinase K va nhiét do (75°C) (Hinh 7B va 7C).
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Hinh 7: Anh huong cua nhiét do (A) va proteinase K (B, C) 1én kha ning khang B. cereus ciia dich nudi cdy cac
ching B. subtilis NN12 va B. licheniformis KN12. (B) dich nudi cay B. subtilis NN12, (C) dich nudi cay B.
licheniformis KN12. (-) d4i ching, (1) dich nudi ciy khong xt ly, (2) dich nudi cay xu ly véi proteinase K, (3) dich
nudi cay xtu ly véi proteinase K va 75°C.

Két qua thu duoc cho thdy cac hop chat dbi khang B. cereus c6 trong dich nudi cay B. subtilis NN12 nhay
cam véi nhiét do va proteinase K, thé hién ban chat Ia protein, c6 thé 1a cac hop chit bacteriocin mach
peptide ngén hoic cac enzyme ngoai bao. Ngoai ra, su bén nhiét va bén voi protease cua dich nudi ciy B.
licheniformis KN12 cho thiy kha ning bao quan cao ciing nhu kha ning wng dung cia cac ché pham tir vi
khuan nay. Bén canh do, ban chit cua cac hop chat d6i khang B. cereus c6 trong dich nudi ciy B.
licheniformis KN12 c6 thé khéng thugc nhém bacteriocin ma thudc cac nhém chat BLIS (Bacteriocin Like
Inhibitory Substance), twong tu nhu két qua duoc ghi nhan trong nghién ctru cua Sharma trén chung Bacillus
licheniformis IITRHR2 [18].

2. KET LUAN

Viéc xuat hién nhiéu vi sinh vat dé khang khang sinh ngay cang gia ting va dang la mot vin dé bao dong
trén toan thé gigi, nham gop phan khai thac cac chung vi sinh vat c6 kha ning sinh téng hop cac hop chat
khéng khuén dé thay thé viéc lam dung khang sinh hién nay, dé tai nghién ctru nay da duoc tién hanh dé
xac dinh cac diéu kién sinh tong hop cac hop chat ddi khang vi khuan gay bénh B. cereus tir B. subtilis
NN12 va B. licheniformis KN12, bao gom ngudn nito, ngudn carbon, pH ban dau ciia moi truong, nhiét do
nudi cay. Két qua cho thiy ching vi khuan B. subtilis NN12 sinh tong hop cac hop chat d6i khang trong
mdi truong chira 1,0% glucose, 0,5% peptone hoic cao nAm men, pH méi truong 6,0 trong diéu kién nhiét
d6 33°C tai tdc do lac 150 vong/phut trong thoi gian 18 gio. Trong khi d6, méi trudng thich hop cho chung
vi khuan B. licheniformis KN12 bao gém 1,0% glucose hozc tinh bot, 0,5% Ure, pH 5,0 trong 37°C hoac
45°C tai toc d6 lic 150 vong/phdt trong thoi gian 18 gio. Hoat tinh ddi khang véi B. cereus cuaa dich nudi
cay chiing B. subtilis NN12 bi anh huong bai nhiét do cao va xir Iy enzyme proteinase K, cho thay ban chat
protein cua cac hop chat khang khuan. Tuy nhién, hoat chat déi khang caa B. licheniformis KN12 thé hién
su bén nhiét va bén dudi tac dong proteinase K, cho thay tiém ning &ng dung caa ching vi khuan nay.

LO1 CAM ON: Nghién ciru nay duoc thuc hién tai phong thi nghiém Cong nghé Vi sinh, Vién Cong nghé
Sinh hoc va Thyc pham, Trudng Pai hoc Cong nghiép TP. HCM. Ching t6i xin chan thanh cam on Ban
Giam hiéu Truong Dai hoc Céng nghiép TP. HCM, Ban lanh dao Vién Cong nghé Sinh hoc va Thuc phdm
da tao diéu kién thuan loi cho chdng t6i thuc hién nghién ciru nay.
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ACTIVITY OF Bacillus subtilis NN12 AND Bacillus licheniformis KN12
AGAINST Bacillus cereus
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Abstract: Overuse/misuse of natural and chemical-synthesized antimicrobials has contributed to the
development of resistant microorganisms. In addition, the shortage of new antimicrobials is one of the top
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concerns around the world. This study, therefore, was conducted with the aim of initial exploiting potential
sources of antimicrobial compounds from Bacillus species. The antimicrobial activity against pathogenic
bacteria and the effect of culture conditions on the production of antimicrobial compounds from Bacillus
subtilis NN12 and Bacillus licheniformis KN12 were investigated. The invitro antagonistic test showed that
these two strains were able to strongly inhibit B. cereus. In addition, the effect of culture conditions on the
biosynthesis of B. cereus antibacterial compounds of the two studied strains was identified. The results
showed that the medium containing 1.0% glucose, 0.5% peptone or yeast extract, at pH 6.0, shaking rate
150rpm for 18 hours, at 33°C is suitable conditions for B. subtilis and the one supplemented with 1.0%
glucose or starch, 0.5% urea, pH 5.0, shaking rate 150rpm for 18 hours at 37°C-45°C is the right condition
for B. licheniformis KN12. Interestingly the antagonistic activity of B. subtilis culture was sensitive to high
temperature and proteinase K, whereas B. licheniformis KN12 culture exhibited thermal stability and
proteinase K resistance properties. The results obtained will be the premise for antimicrobial compound
research in the near future, contributing to therapeutic methods to fight infectious diseases, the agriculture,
and the food industry.

Keywords: Bacillus subtilis, Bacillus licheniformis, Bacillus cereus, antibacterial.
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