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Tom tiit

Chi Bacillus bao gdm cac vi khuan Gram duong, hinh que, c6 kha niang hinh thanh noi bao
tor (endospore) chiu nhiét va phan bd rong rai trong cac h¢ sinh thai tur dét, nude bién dén duong
tiéu hoa dong vat va sinh vat bién. Bai bao tong quan nay hé thong hoa toan dién cac dic diém
hinh thai, sinh 1y chuyén hoa ky khi tity tién, di truyén hoc tao bao tir va tiém ning ing dung cong
nghiép/probiotic ctia hai loai tiéu biéu: Bacillus subtilis va Bacillus pumilus. B. subtilis dong vai
trd 1a sinh vat mé hinh trong nghién ctru nhan d6i nhiém sic thé, biét hoa té bao va 1a nha may té
bao thuong mai tiét ngoai bao enzyme véi ning suat dat 20—25 g/L (van Dijl & Hecker, 2013).
Trong khi d6, B. pumilus thé hién nang lyc thich Umg sinh théi cyc doan, chéng chiu birc xa UV,
hoa chét diét khuan va tiét cac peptide khang khuan c6 gia tri. Phan tich phan loai hoc da pha két
hop profile ester methyl axit béo toan bd té bao (FAME) va giai trinh tu gen 16S rDNA (kich
thudc amplicon ~454-500 bp) xép ca hai loai vao Nhom 1 (B. subtilis group) véi do twong dong
chudi dat 99-100% (Ash et al., 1991; Parvathi et al. , 2009). Déc biét, danh gia an toan vi sinh ghi
nhan dir liéu thyc nghiém mang tinh budc ngoat vé sy xuat hién cua gen doc té nén mira cesB
(kich thudc amplicon 635 bp, d6 twong dong nucleotide 96%) & chung B. pumilus NIOB 133 phén
14p tir c4 ctra song tai Cochin, An D6 (Parvathi et al., 2009). Mic du Bacillus spp. duoc trao trang
thai an toan GRAS (US FDA) va QPS (EFSA), va thu nghiém 1am sang trén nguoi cua chung B.
subtilis CU1 (liéu 2 ty bao tir/ngay véi phac dd 10 ngay udng, 18 ngay nghi mdi thang kéo dai 4
thang) chung minh tinh an toan tuyét d6i (Lefevre et al., 2017), _cac nguy co rui ro sinh hoc nhu
hién tuong nhay rudt banh mi va nhiém tring co hoi dit ra yéu cau bat budc phai danh gia an toan

sinh hoc & cap do chung (strain-specific assessment) dua trén cong nghé gidi trinh tu toan b hé
gen (WGS).

T khoa: Bacillus subtilis, Bacillus pumilus, 16S rDNA, FAME, Sporulation, cesB, Probiotic.
1. Pat van dé

Chi Bacillus dai dién cho mét trong nhitng nhom vi sinh vat da dang va phan b rong rai
nhét trong sinh quyén. Céc thanh vién thudc chi nay 1a vi khuan Gram dwong, hinh que, hiéu khi
hoic ky khi tiy tién, c6 dic tinh sinh hoc noi bat 1 kha nang hinh thanh noi bao tir (endospore) dé
khang manh mé& véi nhiét do cao, hoa chat diét khuén, buc xa va sy can kiét dinh dudng. Kha nang
tao bao tir nay cho phép vi khuan Bacillus duy tri stre song va thich ung bén viing trong vo sb moi
truong sinh thai da dang, tir hé sinh thai dat giau chat hitu co, nudc bién ven bo va dai duong siu,
co thé sinh vat bién (nhu bot bién, c4, giap xac) cho dén dudng tiéu hoa ciia dong vat nhai lai va
con nguoi (Errington & Aart, 2020; Parvathi et al., 2009; Paul et al., 2021).
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Trong chi Bacillus, Bacillus subtilis dugc coi 1a sinh vat m6 hinh (model organism) vi
khuan Gram duong chuan muyc nhét cho cac nghién ctru sinh hoc phén tir vé co ché nhan d6i nhiém
sdc thé, qua trinh biét hoa té bao va mang ludi diéu hoa tao bao tir (Errington & Aart, 2020; Losick,
2020). Bén canh gia tri hoc thuat, B. subtilis con 1a "ngua kéo" (workhorse) thuwong mai hang dﬁu
trong cong ngh¢ sinh hoc nho nang luc tiét ngoai bao luong 16n enzyme coéng nghiép va protein
tai to hop. Mt khac, Bacillus pumilus ndi 1én nhu mét dbi twong nghién ctru then chdt trong hé
sinh thai bién/ven bién va cac moi truong cyc doan. Loai nay s¢ httu kha nang chdng chiu vuot
troi d6i véi brc xa cuc tim (UV), cac chat oxy hoa manh nhu \text{H} 2\text{O} 2, tinh trang
mat nudc (desiccation) va c6 kha ning sinh tong hop cac hop chit khang khuan, bacteriocin c6
hoat tinh sinh hoc cao (Nieminen et al., 2007; Parvathi et al., 2009).

Muc tiéu ctia bai bao tong quan nay nham hé thong hoa va phan tich toan dién cac dic diém
phén loai hoc phan tir, hinh thai, sinh ly chuyén hoa, di truyén hoc qua trinh tao bao tur, doc t6 hoc
va cac tiém nang ung dung cong nghiép ciing nhu probiotic ciia B. subtilis va B. pumilus dya trén
dir liéu thye nghiém thuc té tir cac cong trinh nghién ctru hién dai.

2. Pic diém hinh thai, phan loai phin tir va tiéu chuin kiém nghiém vi sinh
2.1. Pic diém hinh thai té bao va sinh héa diic trung

Té bao B. subtilis va B. pumilus déu c6 dang hinh que (rod- shaped), duong kinh trung binh
tir 0,25-1,0 \mu m va chiéu dai khoang 4-10 \mu m. C4 hai loai déu chuyén dong nho hé thong
roi (flagella) phan bd quanh té bao va cho phan tmg Gram duong.

V& mit sinh thai - chuyén héa, hoat tinh enzyme ngoai bao ctia hai loai phan anh sy téi vu
hoa véi sinh canh ty nhién: cac ching B. pumilus phan 1ap tr méi tm’ong bién va cira song thé hién
ty 18 tiét protease va lipase cao nham phan huy cac nguén hitu co giau protein va lipid tir dong vat
bién (c4, gidp X4c); trong khi B. subtilis t6i wu hoa kha nang phén giai cac polysaccharide phuc tap
(tinh bot, cellulose) phd bién trong sinh canh dat va ving ré thyuc vat (rhizosphere).

Bang 2.1: So sanh dic tinh sinh héa va kha ning sir dung co chit giira Bacillus subtilis va
Bacillus pumilus

Chi tiéu Sinh hoa / Co chit Bacillus subtilis Bacillus pumilus
Nhuém Gram Positive (+) Positive (+)
Thir nghiém Catalase Positive (+) Positive (+)
Thir nghiém Oxidase Bién d6i (Variable / -) Positive (+)
Phan wng Voges-Proskauer (VP) Positive (+) Positive (+)
Str dung Citrate Positive (+) Negative (-)
Thir nghiém Indole Negative (-) Negative (-)
Thir nghiém Urease Negative (-) Negative (-)
Khir Nitrate (Nitrate reduction) Positive (+) Negative (-)
Kha ning di dong (Motility) Positive (+) Positive (+)
Thiiy phan Gelatin (Gelatinase) Positive (+) Negative (-)
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Thiiy phian Casein (Protease) Positive (+) Positive (+)
Thiiy phan Tinh bot (Amylase) Positive (+) Positive (+)*
Thiiy phan Lipid (Lipase) Positive (+) Positive (+)
Thiy phan Chitin (Chitinase) Negative (-) Negative (-)
Thiiy phan DNA (DNase) Negative (-) Negative (-)
Lén men D-Glucose Positive (+) Positive (+)
Lén men D-Xylose Positive (+) Positive (+)
Lén men D-Mannitol Positive (+) Positive (+)
Lén men L-Arabinose Positive (+) Positive (+)
Lén men Galactose Positive (+) / Bién ddi Positive (+)
Lén men Fructose Positive (+) Positive (+)
Lén men Lactose Bién d6i (Variable) Negative (-)
Lén men Maltose Positive (+) Positive (+)
Lén men Sucrose Positive (+) Positive (+)

(Nguén téng hop: Aryal, 2022; Parvathi et al., 2009; Paul et al., 2021)

2.2. Phuwong phép phén loai phén tir, so 40 FAME va giai trinh tw 16S rDNA

Pé dinh danh chinh xac cac chung thudc chi Bacillus, viéc két hop giita phan loai hoc hinh thai
truyén thong va cac cong cu phan tur hién dai 1a tiéu chuan bat budc:

Phan tich profile ester methyl axit béo toan b té bao (FAME): Trich xuét va phan tich
sic khi khi cic ester methyl axit béo bang hé thong Sherlock TSBA Library (phién ban
3.9). Chi s trong ddng (Similarity Index) >60\% cho phép phan nhom chinh xéc cac chiing
& cAp do loai (Parvathi et al., 2009).

Giai trinh tw gen 16S rDNA: S dung cip moéi van ning EUB-F (5'-
gcacaagcggtggagcatgtgg-3 ') va EUB-R (5 ! —gcccgggaacgtattcaccg—3') dé khuéch
dai doan gen 16S rDNA vdi kich thudc amplicon khoang 454-500 bp (chinh xac 454 bp).
Phan tich so sanh BLAST trén NCBI xép B. subtilis va B. pumilus vao Nhém 1 (Group 1 -
B. subtilis group) v&i d6 twong dong chudi dat 99—-100% (Ash et al., 1991; Parvathi et al.,
2009).

AP-PCR (Arbitrarily Primed PCR): K¥ thuat nhan ban ngu nhién doan DNA sir dung
moi don CRA22 (5'-ccgeagecaa-3') tao ra 4-10 dai bang DNA dic trung, giup phan
tich su da dang di truyén sau trong ndi bo loai B. pumilus (Parvathi et al., 2009).

2.3. Ghi nhén thye nghiém mang tinh buéc ngoit vé dich chuyén di truyén gen déc t6 cesB
6 B. pumilus bién Cochin

Mot phat hién sinh hoc phan tir c6 y nghia budc ngodt da dugc ghi nhan tai ving bién ven

bo Cochin, An D6 khi tién hanh phan 1ap 82 ching Bacillus spp. (bao gdbm 16 chung B. pumilus,
15 chung B. cereus, 10 chiung B. subtilis...) (Parvathi et al., 2009):
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Khi sang loc cac gen mé hoa doc t, ching B. pumilus NIOB 133 phan 1ap tir ca ctra song
da cho san pham khuéch dai PCR kich thudc 635 bp khi phan tng véi cip moi ddc hiéu EM1-F
(5' -gacaagagaaatttctacgagcaagtacaat-3' ) va EM1-r (5'—
gcagccttccaattactccttcetgecacagt-3"') hudng dén gen cesB (Parvathi et al., 2009).

Gen cesB dinh vi trong cum operon ces ma héa cho enzyme cereulide synthetase - mot
phue hop Non- Ribosomal Peptide Synthetase (NRPS) chiu trach nhiém tong hop cereulide (ddc
t6 nén mira chiu nhiét doc hai thuong chi xuit hién & cac chung B. cereus mang plasmid doc luc
pCER270 kich thudc 270-kb) (Ehling-Schulz et al., 2004; Horwood et al., 2004; Parvathi et al.,
2009).

_ Phan tich trinh ty doan gen cesB ciia chung NIOB 133 cho thiy do twong dong 96% vé
chuodi nucleotide va 92% vé chudi axit amin so véi gen cesB trén plasmid pCER270 cua B. cereus
(ma truy cap GenBank DQ889676) (Parvathi et al., 2009; Rasko et al., 2007).

Mac du mang gen cesB, chung B. pumilus NIOB 133 lai am tinh v&i gen cesA (khi st dung
cip moi CER1/EMT1) va hoan toan khong thé phan biét dugc véi cac chung B. pumilus lanh tinh
khac thong qua cac phan tng sinh hoa, profile FAME hay kiéu hinh phan tir AP-PCR. Sy hién
dién cta gen cesB (du thiéu cesA) & ching vi khuan bién nay phan anh dau vét ciia hién tuong
chuyén gen ngang (Horizontal Gene Transfer - HGT) hoic sy tién hoa phan doan ciia operon doc
t6 gitra cac loai trong chi Bacillus & méi trudng ty nhién (Parvathi et al., 2009).

3. Sinh Iy chuyén héa, thich ‘ng méi truwong va di truyén hoc tao bao tir
(Sporulation)

3.1. Sinh Iy chuyén héa hiéu khi va 1én men ky Kkhi

Vé lich st phan loai, B. subtilis tirng dugc xem 1:21 vi khuan "hiéu khi bét budc" (strict
aerobe). Tuy nhién, cac nghién ctru sinh hoa hién dai da diéu chinh dinh danh sinh Iy cua loai nay
thanh vi khuan "ky khi tuy tién" (facultative anaerobe) (Nakano & Zuber, 1998; Paul et al., 2021).

Trong diéu kién thiéu hut oxygen, B. subtilis duy tri sinh truong bang ho FEW ky khi (str
dung nitrate lam chét nhéan electron cudi ciing nho hé thdng enzyme nitrate reductase) hodc chuyén
sang con dudng 1én men acid hdn hop. Vé dong hoc chuyén hoa phan tir, hé gen caa B. subtilis
chira gen pta mi hoa cho enzyme phosphotransacetylase. Enzyme ndy xic tac qua trinh chuyén
d6i Acetyl-CoA thanh Acetyl-phosphate, tir d6 tong hop ATP thong qua con duong phosphoryl
hoéa cap mirc co chét (substrate-level phosphorylation) va giai phong acetate ra moi truong ngoai
bao, dam bao duy tri can béng nang luong khi thiéu hut oxy (Dauner et al., 2001; Rahman et al.,
2020).

3.2. Kha nang thich ing véi moi treong cuc doan

Ca B. subtilis va B. pumilus déu thé hién ngudng chdng chiu sinh Iy rat cao, cho phép chung ton
tai trong cac diéu kién moi trudong khac nghiét:

Nhiét d6: Kha nang sinh trudng trong dai nhi¢t do rong tir 5°C dén 50°C (Parvathi et al., 2009).
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D6 pH: Duy tri su song trong dai pH mai truong linh hoat tir 5.0 dén 11.0 (Parvathi et al.,
2009).

b6 man (NaCl): Sinh truong t6t trong diéu kién ap sudt tham thau cao v6i nong do NaCl dao
dong tir 6,5% dén 10% (Aryal, 2022; Parvathi et al., 2009; Paul et al., 2021).

Chéng chiu btrc xa va han han: Bao tu cua B. pumilus thé hién nang luc séng sot trudce tinh
trang mat nuéc kéo dai (desiccation), tiép xGc voi cdc hoa chat diét khuan
(\text{H} 2\text{O} 2), btrc xa cyc tim (UV) va moi truong ngoai khong gian (Horneck et al.,
2010; Nicholson et al., 2000; Parvathi et al., 2009).

3.3. Di truyén hoc va co ché diéu hoa qua trinh tao bao tir (Sporulation)

Qua trinh hinh thanh noi bao tir & B. subtilis 1a hé thong mé hinh tiéu chuan cho su biét hoa té
bao ¢ vi khuan.

Té bao sinh dudng (Khi kiét dinh dudng)
v
Kich hoat chuyén déng roi, tiét khang sinh / enzyme, nap DNA (Competence)
v
Su phdn vi bit dbi xtng ctia Nhiém sdc thé& (1/3 chromosome di vao Tién bao tu
trudc)
v
Vach ngdn bidt dbi xtmg hinh thanh —% Tién bao tu (Forespore) & Té bao me
(Mother cell)
v
Cascade yéu tb Sigma: Yéu td o"F gidi phéng hoat héa trong Tién bao tu
F— Té bao me (chtta 2/3 chromosome): Gen SpoIIAB mad hdéa SpolIIAB (Anti-sigma
factor Gc ché o"F)
L. Tién bao tu (chta 1/3 chromosome): Gen SpoIIAA mad hdéa SpolIIAA (Anti-anti-
sigma factor giai phéng o"F)
v
Péng gdéi Phuc hop Ca-DPA, Protein SASPs & V6 protein da 16p (Multilayered
coat)
v
Bao tu chin hoan chinh (Khang nhiét, UV, héa chét)

Dong luc kich hoat: Khi nguon dinh dudng bi can kiét, té bao khong 13p tirc tao bao tir
ma kich hoat cac phan tmg dap tng thay thé: ting cuong chuyén dong roi (chemotaxis), tiét enzyme
thity phan (protease, amylase) dé tim kiém thirc an, tiét khang sinh tiéu di¢t dbi thu, va kich hoat
trang thai nap DNA ngoai bao (competence) dé sira chita DNA ton thuong (Stephens, 1998; Tan
& Ramamurthi, 2014).

Co ché phan vi bat d6i xtrg nhiém sic thé va Cascade yéu t6 Sigma: Khi quyét dinh tao
bao tr dugc dua ra, vach ngan bao tu bat do1 xtirng hinh thanh. Vé mat vat 1y di truyén, chi khoang
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1/3 nhiém sic thé dugc dua vao tién bao tir (forespore) trudc, mang locus ma héa cho yéu t6
\sigma”F (sigF) va spollAA. Trong khi d6, locus SpollAB niam trén 2/3 nhiém sic thé con lai ¢ té
bao me (mother cell). Su bat dbi xting khong gian - thdi gian cua nhiém sic thé ndy 1a nén tang
quyét dinh sy giai phong \sigma’F:

o Trong tién bao tir, protein SpolIAA (mé hoa boi spollAA) dong vai tro la anti-anti-
sigma factor, lién két va vo hiéu hoa anti-sigma factor SpollAB, giai phong yéu to
\sigmaF hoat tinh dé kich hoat chwong trinh phién mi tao bao tir (Higgins &
Dworkin, 2012; Slonczewski et al., 2020).

o O té bao me, do locus SpollAB lién tuc dugc phién ma tur 2/3 nhiém sic thé con lai,
nong do protein SpolIAB luén ap déo, duy tri sur trc ché \sigma”F va ngin chin qua
trinh tao bao tir xay ra tai t& bao me (Higgins & Dworkin, 2012).

Céu truc bao tir: Bao tir chin c¢6 vo da 10p (multilayered coat) chdng chiu luc co hoc, chia
ham luong 16n phire hop Canxi - Axit Dipicolinic (Ca-DPA) giup lam kho 13 bao tir va céc protein
dong SASPs (Small Acid-Soluble Spore Proteins) gin chit bao vé cau tric DNA khoi tac dong
pha hily ctia nhiét 4o, hoa chit va buc xa vii tru (Horneck et al., 2010; McKenney et al., 2013).

4. Hé chat chuyén héa thir cAp va co ché kiém soat sinh hoc (Biocontrol)
4.1. Céc hop chit khiang khuin va peptide phi ribosome (NRPs)

Chung B. subtilis va B. pumilus s& hitu tiém ning héa sinh to 16n trong viéc tong hop céc peptide
khang khuan thong qua con duong phi ribosome (Non-Ribosomal Peptides - NRPs):

« Lipopeptide khang nam: B. subtilis san sinh ba ho lipopeptide vong chinh bao gém
Surfactin, Iturin va Fengycin. Cac hop chit nay ph4 hily mang té bao nam, thé hién hoat
tinh khang manh d6i v&i cac nam gy bénh thyc vt nhu Monilinia fructicola va Monilinia
vaccinii-corymbosi (Ngugi et al., 2005; Yanez-Mendizébal et al., 2011).

« Bacteriocin ciia B. pumilus: Chung B. pumilus WAPB4 tiét ra Pumilicin 4 - mot
bacteriocin ¢6 kha ning tiéu diét hidu qua cac vi khuan khang thudc nguy hiém nhu
Staphylococcus aureus khang Methicillin (MRSA) va Enterococcus khang Vancomycin
(VRE) (Aunpad & Na-Bangchang, 2007). Ngoai ra, hgp chat Pumilacidin do B. pumilus
tiét ra ciing thé hién dic tinh khang khuan manh (From et al., 2007).

«  Ghi chii lich sir phan loai vé Bacitracin: Khang sinh chudi peptide Bacitracin thwong mai
ban dau dugc phan 1ap tir chung "Tracy I" thuéc nhom Bacillus subtilis (Johnson et al.,
1945). Tuy nhién, cac phan tich phan loai hoc hién dai da dinh danh chinh thirc chiing
"Tracy 1" thudc loai Bacillus licheniformis (Podstawka, 1945).

4.2. Ung dung kiém soat sinh hoc trong néng nghiép va bio quén thue pham

« Kich thich sinh truémg va khang bénh ciy trong: Khi xAm nhiém ving r& (rhizosphere),
B. subtilis tao mang sinh hoc (biofilm) bao boc r&, gitp cay hap thu chét dinh dudng dong
tho1i kich hoat hé théng khéng bénh ty nhién cta thuc vat (Induced Systemic Resistance -
ISR) (Tan & Ramamurthi, 2014). Ching B. subtilis FZB24 giup gia ting dang ké ning
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lrong sinh truong va san lugng nhuy hoa nghé tay (Crocus sativus) (Sharaf-Eldin et al.,
2008).

« Bio quan ndng sin sau thu hoach: Két hop tmg dung bao tur B. subtilis voi Chitosan tao
ra 16p mang bao sinh hoc gitp ngan ngura hién tugng thoi moc xanh do nam Penicillium
digitatum gay ra trén trai cay ho cam quyt (Waewthongrak et al., 2015).

5. Tiém niing ing dung caa Bacillus subtilis va Bacillus pumilus trong phét trién ndéng nghiép
xanh, bén virng tai thanh phé Ha Nai

5.1. Co sé khoa hoc va kha ning &ng dung ddi véi san xuit ndng nghiép dé thi

Trong dinh huéng phat trién ndng nghiép xanh tai Ha Noi, viéc khai thac cac ching
Bacillus c6 ich 1a mot huéng nghién cau phi hop nham giam phu thudc vao dau vao hoa hoc, cai
thién suc khoe dat va nang cao tinh 6n dinh cua hé thdng canh tac. Bacillus subtilis va Bacillus
pumilus c6 kha ning hinh thanh ni bao ti, thuan lgi cho nghién ciru tao ché pham vi sinh ¢6 kha
ning bao quan va sir dung trong diéu kién san xuat. Tuy nhién, hiéu qua cia ché pham phu thudc
vao ting chung, cay trong, loai dét, phuong phap phdi tron va didu kién dong ruong; khdng thé
suy rong tir diac diém cua loai sang hiéu qua cua moi chung (Errington & Aart, 2020; Parvathi et
al., 2009).

5.2. Hb tro sinh truwéng cay tréng va cai thién hé sinh thai dat

Céc chiang B. subtilis c6 tiém niang dinh cu ving ré, hinh thanh mang sinh hoc va tham gia
tuong tac c6 loi voi cay trong. Pay 1a co sd dé nghién ctiu tuyén chon céc chung hd trg sinh truéng,
nang cao kha ning khai thac dinh dudng va ting sicc chdng chiu cia cay trong hé théng san xuat
rau, hoa va cy trong gia tri cao & Ha Noi. Di vai B. pumilus, can sang loc riéng tiing chang vé
kha ning thich nghi ving ré va hoat tinh ¢ loi truée khi dé xuat tng dung. Nhitng co ché nay l1a
tiém ning khoa hoc, chua phai bang ching vé muc ting nang suat trén dong ruong Ha Noi
(Errington & Aart, 2020; Tan & Ramamurthi, 2014; Parvathi et al., 2009).

Pé danh gi4 tinh kha thi, can so sanh nghiém thic st dung chiing vi sinh véi ddi ching
khdng xir 1y trong cung diéu kién canh tac; theo ddi ty 1 sdng caa vi sinh vat, chi tiéu sinh trudng,
nang suét, chat lwong ndng san, dic tinh dat va chi phi san xuat. Két qua can duoc kiém ching qua
nhiéu vu va dia diém dai dién trudc khi khuyén nghi nhan rong.

5.3. Phong trir bénh hai cay trong bang bién phap sinh hoc

B. subtilis c6 kha ning sinh tong hop cac lipopeptide nhu surfactin, iturin va fengycin, 1a
co s& nghién ctru hoat tinh d6i khang véi mot sé tac nhan gay bénh thuc vat. Cac co ché canh tranh
sinh thai, tao mang sinh hoc va kich hoat dap tng phong vé cia cay ciing c6 thé gop phan vao hiéu
qua kiém soéat sinh hoc. Vi vay, ¢6 thé wu tién sang loc chung ban dia hodc chang c6 nguén gdc rd
rang dé nghién ciru phong trir bénh trén rau, hoa va cy trong phi hop tai Ha Noi; hiéu lyc phai
duogc kiém nghiém ddi véi tirng tac nhan gay bénh va cay chu cu thé (Ngugi et al., 2005; Yanez-
Mendizabal et al., 2011; Tan & Ramamurthi, 2014). Viéc sir dung ché pham Bacillus nén dugc
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xem la mot thanh phan caa quan 1y dich hai tdng hop, két hop gidng khoe, vé sinh ddng rudng,
quan 1y nude tudi va theo ddi dich hai. Khéng nén coi ché pham vi sinh 1 giai phap thay thé hoan
toan moi bién phap bao vé thuc vat.

5.4. Tan dung phu pham néng nghiép va dinh hwéng kinh té tuan hoan

Nang luc tiét enzyme ngoai bao cua B. subtilis, bao gdm cac enzyme phan giai thanh phan
hitu co, tao co s& dé nghién ctu bd sung ching phi hop vao quy trinh xt Iy phu pham thuc vat va
san xuat phan hitu co vi sinh. Vi B. pumilus, kha nang tiét enzyme bién thién theo chung nén can
xéac dinh hoat tinh va diéu kién céng nghé trude khi sir dung. Tai Ha Noi, huéng nghién ctu nay
c6 thé gan vai viéc tan dung phu pham tir san xuét rau, hoa va cay trong khéc, qua dé hd tro tuan
hoan vat chat trong ndng nghiép; cac lgi ich vé thoi gian 1, chat lwong phan va giam phét thai can
duogc do dac thuc nghiém (van Dijl & Hecker, 2013; Parvathi et al., 2009).

5.5. Pinh hwéng tuyén chon, thir nghiém va kiém soat an toan tai Ha Noi

Quy trinh nghién ctru dé xuat gdm: (i) thu thap mau dat va ving ré tai cc ving san xuét
ndng nghiép dai dién cua Ha Noi; (ii) phéan lap, dinh danh va luu gitr chang; (iii) sang loc hoat tinh
c6 loi, kha niang tao bao tir va tinh 6n dinh; (iv) danh gia an toan & cip do chung, chd y cac dau
hiéu doc lyc va nguy co khang khang sinh; (v) thir nghiém trong nha ludi trude khi bé tri khao
nghiém dong rudng cé d6i ching; va (vi) danh gia hidu qua kinh té, tac dong méi truong va diéu
kién chuyén giao. Pac biét, cac bao cao vé dic tinh doc t6 & mot sé chung B. pumilus cho thay
khong thé mac nhién coi moi ching Bacillus déu an toan (Parvathi et al., 2009; Nieminen et al.,
2007).

Céac tng dung néu trén 1a dinh huéng nghién ctu va phat trién cong nghé cho Ha Nai,
khong phai béo c4o vé cac mé hinh da trién khai hoac két qua khao nghiém tai dia phuwong. Viéc
san xut, luvu hanh va sir dung ché pham can tuan thu cac quy dinh hién hanh tuong ung véi loai
san pham.

6. Két luan va trién vong nghién ciru

Bacillus subtilis va Bacillus pumilus c6 nhiing dic diém sinh hoc thuan loi cho nghién ciu
ng dung trong néng nghiép xanh, ni bat 1a kha nang hinh thanh ndi bao tir, thich nghi véi nhiéu
diéu kién moi trudng va sinh téng hop céc chét chuyén hoa cé hoat tinh sinh hoc. Trong dé, B.
subtilis c6 co s& nghién ctru twong d6i rd vé twong tac ving ré va kiém soét sinh hoc; B. pumilus
la ngudn chung tiém ning nhung can sang loc, danh gia hiéu qua va an toan riéng cho tirng chung
(Errington & Aart, 2020; Tan & Ramamurthi, 2014; Parvathi et al., 2009).

Dbi voi Thanh phd Ha Noi, cac hudng uu tién gdm tuyén chon chung hd tro sinh truong
cay trong, phat trién ché pham phong trir bénh hai sinh hoc, cai thién chat lugng dét va nghién cau
xt Iy phu pham ndng nghiép theo hudng tuan hoan. Pé chuyén tir tiém ning sang tng dung, can
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c6 khao nghiém trong diéu kién canh tac dia phuong véi ddi ching thich hop, danh gia hiéu luc
qua nhiéu vy, tinh én dinh caa ché pham, an toan sinh hoc va hiéu qua kinh t& — mai truong.

Trién vong nghién ciu 1a xay dung bo suu tap chung Bacillus ¢6 ngudn gdc va dic tinh

dugc xac nhan, két hop dinh danh phan tir v6i danh gia an toan cip chang, tir &6 lwa chon cac tng
vién phu hop cho thi nghiém quy mo san xuat. Céch tiép can nay co thé déng gop co so khoa hoc
cho phét trién néng nghiép xanh, bén viing tai Ha Noi ma khéng suy dién hiéu qua tir cac két qua
nghién cuu & dia ban khéc.
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