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Tém tit. Vi sinh vat c6 vai tro quan trong trong tuan hoan vt chat trong sinh quyén, dic biét 1a tham gia
vao viéc xu ly céac chét c6 nguén géc tir xac ba thuc vat. Viéc tuyén chon cac chung vi sinh vat va khao
sat diéu kién tét nhét cho sy san sinh cellulase cua vi sinh vat 1a can thiét dé tao co s& cho viée xtr Iy cac
vat chat c6 nguon gbc tir thyc vat tuong tmg. Trong nghién ctru ndy, 37 chung vi khuén da dugc phan lap
tir nhiéu nguén goc khac nhau, trong do hai ching vi khuan TH-VK22 va TH-VK24 c6 nguén gbc tir rom
va mun cua sau trong ndm da duogc tuyen chon va dinh danh thudc loai Bacillus subtilis, dugc dat tén
tuong tng 13 B. subtilis TH-VK22 va B. subtilis TH-VK24. Ca hai chung vi khuan nay déu th hién kha
ning sinh tong hop cellulase trong moi truong c6 diéu kién pH 4,0 tai 35°C véi 1% chat cam tmg rom cho
B. subtilis TH-VK22 va 2% mun cua cho B. subtilis TH-VK24, cho thdy tiém nang xir 1y cellulose trong
mdi trudng acid cua hai chung vi khudn nay.

Twr khéa. Bacillus subtilis, cellulase, enzyme ngoai bao, phan huy cellulose.

ISOLATION, SELECTION AND ENHANCED CELLULASE
PRODUCTION OF TH-VK22 AND TH-VK24 BACTERIAL STRAINS

Abstract. Microorganisms play an important role in the movement of nutrients through the biosphere,
especially in conversion of plant-derived residues and wastes. Therefore, selection of bacterial strains and
investigating the conditions for enhanced production of cellulase are necessary to provide a basis for the
treatment of relevant plant-derived materials. In this study, of out 37 bacterial isolates, two strains TH-
VK22 and TH-VK24 were selected for their high capacity of cellulase production. These two strains were
later characterized and identify as Bacillus subtilis, namely B. subtilis TH-VK22 and B. subtilis TH-
VK24. Both strains showed the ability to highly produce cellulase in a medium with a start pH of 4.0 at
35°C with 1% straw for TH-VK22 and 2% sawdust for TH-VK24, which showed the potential
applications of these two bacterial strains in cellulose treatment in the acidic environment.

Keywords. Bacillus subtilis, cellulase, extracellular enzyme, cellulose degradation.

1. PAT VAN PE

Cellulose 1 hop chit polymer sinh hoc phong pha nhat trong tu nhién, chung dugc cu tao tir 8.000 dén
12.000 don vi don phén glucose lién két véi nhau théng qua lién két p-1,4 glycoside va dugc tim thay
trong vach té bao cua cac loai thyc vat va tao [1, 2]. Cellulose dugc xem la nguén nang luong sinh hoc
gia thanh thép, c6 kha nang tai tao dé thay the cho céc ngudn nhién lidu héa thach dang ngay cang can
kiét, diéu nay rat quan trong cho sy phat trién bén viing ciia nhéan loai [3, 4]. Trong nhiéu linh vic khac
nhau, viéc phén huy cellulose v6i su xtc tac cua céc cellulase tao ra cellobiose va glucose la mot bude
quan trong va can thiét. Cac cellulase thuong duoc chia thianh 3 nhém nhém chinh dya vao co ché phan
giai cellulose: cac endoglucanase (endo-1,4-B-D-glucan-4-glucanohydro, EC 3.2.1.4) xtic tac su thuy phan
ngiu nhién cic lién két p-1,4-glycoside bén trong phan tir cellulose, cic exoglucanase hay
cellobiohydrolase (exo-1,4-B-D-glucan cellobiohydrolase, EC 3.2.1.91) xtc tac giadi phong cellobiose hay
glucose tir dau khong khtr cua cellulose, va p-glucosidase hay cellobiase (EC 3.2.1.21) xtc tac giai phong

© 2019 Trudng Pai hoc Cong nghiép Thanh phé H5 Chi Minh



248 PHAN LAP VA KHAO SAT DIEU KIEN SINH TONG HGP CELLULASE
CUA HAI CHUNG VI KHUAN TH-VK22 VA TH-VK24

glucose tur cellobiose va céac cellodextrin tan trong nudc [5]. Su thuy phan cellulose dugc ting dung trong
nhiéu linh vuc khac nhau nhu 1am mém vai trong cong nghé dét, san xuét cac chét tay rira, xtr Iy moi
truong, ung dung trong cong nghé thuc pham, loai bé muyc trong cong nghé san xuat gidy, img dung trong
cong nghé dugc liéu, ... [6-9]. Ngoai ra, nhiéu nghién ctru ciing di cho thdy ung dung cellulase trong
cong ngh¢ san xuét nhién liéu sinh hoc va cdn sinh hoc tir cac ba thai thuc vat [10, 11].

Cellulase c¢6 thé thu nhan tir nhiéu ngudn khac nhau va cha yéu duoc san xuét tir cac chung vi sinh vét
nhu vi khuan va nim [12-15]. Cac nguyén lidu duge s dung trong san sut cellulase tir cac vi sinh vat
thudng 1a cac rac thai thuc vat ré tién, sé lugng 16n va than thién méi trudng nhu than cay chubi, b mia,
rom ra, 151 bép, bi thai cdy co diu, cy bong vai, ... [16-20]. Cellulase dugc san xuat tir vi khuan duoc
xem 1a chét xuc tac tt do ching it bi han ché boi céc nguyén lidu va quy trinh san xuét don gian [21, 22].
Nhiéu nghién ctru da dugc thuc hién dé xdy dung qui trinh san xut cellulase tir cac vi khuén khac nhau,
trong do cac chung vi khuén thudc chi Bacillus duge tmg dung nhiéu nhit do cac dac tinh ndi troi vé kha
nang song manh m@ trong cdc mdi trudng do sy hinh thanh céc ndi bao tir, nhu cau dinh dudng thap, kha
nang tiét enzyme ngoai bao cao va co kha nang chiu nhiét thich hop cho viéc tng trong cac nganh cong
nghiép khac nhau [3, 23, 24].

Viét Nam la dat nude nong nghiép voi lugng xdac ba thyc vat thai ra nhiéu va da dang, viéc phan lap va
tuyén chon céac chung vi khuén c6 kha ning san sinh ra cellulase cao va khao sat cdc diéu kién sinh tong
hop enzyme nay 1a céan thiét. Trong nghién ctru nay, chiing toi da phan l4p, tuyén chon va dinh danh cac
chung vi khuin c6 kha ning tong hop cellulase ngoai bao co hoat tinh cao va xac dinh cac diéu kién thich
hop cho qua trinh san xuét cellulase cua céc ching tuyén chon dugc. Nghién ctru nay tao co s cho viéc
xtr 1y chét thai thuc vat tao ra cic san pham c6 gia tri img dung trong cac linh vuc khac nhau.

2. VAT LIEU & PHUONG PHAP NGHIEN CUU

2.1. Phén lap va tuyén chon vi khuin phan giai cellulose

Cac mau dét dudi 16p 14 cdy muc duoc thu thap ¢ dia ban xa Hung Khanh Trung A, huyén Mo Cay Bic,
tinh Bén Tre. MAu dat sau d6 duoc pha lodng trong nudc mudi sinh 1y va trai trén méi truong Cao thit-
peptone (cao thit 1,5 g/L, peptone 5 g/L, NaCl 5 g/L, agar 20 g/L) co bd sung 0,5% CMC, u & 37°Ctrong
72 gid. Cac khuan lac riéng r& c6 kha ning tao vong phan giai cellulose (CMC) khi c6 sy hién dién ciia
dung dich lugol dugc chon va cdy ria lién tiép 3 lan trong cing moi trudng va diéu kién nhu trén dé lam
thuan.

2.2. Danh gia so by kha nang phan giii cellulose

Khuén lac ctia cac chung vi khuén c6 kha ning phén giai cellulose dwgc nudi cdy trong méi trudng Cao
thit-peptone & 37°C cho dén khi ODggonm dat khodng 0,6 va 2 ul dich huyén phu dugc nho vao dia thach
Cao thit-peptone + 0,5% CMC, u ¢ 37°C trong 72 gio. Kha nang phan giai cellulose cua cac chung vi
khuén dugc xac dinh bang cach so sanh d6 16n vong phan giai A =D — d véi D 1a duong kinh vong phan
giai va d 1a duong kinh khuén lac. Chung vi khuan c6 kha ning phan giai cellulose manh nhét s& dugc
chon dé nghién ctru cac diéu kién nudi cdy thich hop cho su sinh tong hop cellulase.

2.3. Pinh danh vi khuén

Chung vi khuén luya chon duoc dinh danh so b thong qua dénh gia dic diém khuan lac, nhudém Gram,
nhudm bao tir va kiém tra kha ning sinh catalase. Chung vi khuan dugc dinh danh & mirc phan tir bang
phuong phéap giai trinh tu doan gen 16S-rRNA bai phong thi nghiém Cong nghé dong vat (Truong Dai
hoc Konkuk, Seoul, Han quéc) voi cap mdi dugc sir dung 1a 27F 5’-AGAGTTTGATCCTGGCTCAG-3’ va
1492R 5'-GGTTACCTTGTTACGACTT-3' v6i phuong trinh PCR nhu sau 95°C - 5 phut, 30 chu ky tiép
theo (95°C - 30 gidy; 55°C - 40 gidy; 72°C - 90 gidy) va 72°C - 5 phut. Két qua giai trinh tu dugc so sanh
v6i co s dir liéu 16S-rRNA cuia vi khuan c6 san trén National Center for Biotechnology Information
(NCBI) bang cong cu BLASTN (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.4. Xac dinh hoat d9 cellulase bang phwong phap Bernfeld

Phuong phap nay dua trén co s sir dung thudc thir 3,5-acid dinitrosalicylic (DNS) ¢6 mau vang sau khi
cho phan rng vdi duong khir (san pham thdy phan cua cellulose) s€ tao thanh 3-amino,5-nitro salicylic
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acid mau do cam c6 kha ning hap thu cuc dai budc song 540 nm va c6 cuong do ty 1& thuan véi lugng
duong khir dugce tao ra nho sy xuc tac cta cellulase. Dich nudi céy vi khuén sau khi da ly tam loai té bao
(13.000 vong/phut trong 10 phat & 4°C) dugc cho phan tmg véi dung dich CMC 1% trong 1 gid va thude
thr DNS duoc thém vao dé xac dinh lugng duong khir dugce giai phong. Pon vi hoat tinh (UI) cta
cellulase duoc xac dinh bang luong enzyme céan thiét dé giai phong 1 micromole dudng khir & 50°C trong
1 phut [25].

2.5. Khio sat diéu kién nudi cy thich hop cho s sinh tong hop cellulase ciia vi khuin

Chung vi khuan duogc hoat héa qua dém trong moéi truong Cao thlt—peptone 0 37°C dugc pha loang 10 1an
va nudi cdy lic 150 vong/phut ¢ 37°C trong cung mdi trudng cd bo sung cac chat cam ung v6i ndng do
chat cam ung khac nhau, & nhimng diéu kién pH ban dau va nhiét d6 khic nhau. Hoat tinh cellulase ciia
dich nudi cay sau khi loai bo té bao duoc xac dinh sau mdi 12 gio nudi cdy bang phuong phap Bernfeld.
Dé khao sat anh hudng cia cac loai chit cam ung, moi trrong thir nghiém duoc st dung la Cao thit-
peptone ¢ bo sung 1% mat trong 4 loai chit cam tmg: rom, mun cua, xo dira, CMC.

Chét cam ung cho hoat tinh cellulase cua dich nu6i céy cao nhat s& dugc chon dé tiép tuc khao sat su anh
huong ctia pH ban dau: Mbi truong thir nghiém c6 bd sung 1% chét cam Gng thich hop duwgc diéu chinh ¢
cacglatrlprandaukhacnhauZO 3,05 4,0; 5,0; 6,0; 7,0; 8,0,9,0+0,1.

Gia tri pH ban dau ctia méi trudng nudi cdy cho hoat tinh cellulase cao nhat s& dwoc chon dé tiép tuc khao
sat sy anh huong cia nhiét do nudi cdy: chung vi khuan dugc nudi trong méi trudong thir nghiém co bd
sung 1% chat cam tng va pH ban dau thich hop dwgc nuéi i & cac didu kién nhiét do khac nhau 25°C,
30°C, 35°C, 37°C, 40°C +0,1°C.

Piéu kién nhiét d6 nudi céy cho hoat tinh cellulase cao nhat s& duoc chon dé tiép tuc khao sat su anh
hudng nong do chat cam tmg: chung vi khuan dugc nudi trong méi truong thir nghiém bo sung chat cam
g dugc chon & cic ndng do khac nhau 0%, 1%, 2%, 3%, 4% trong diéu kién nhiét do va pH ban dau
thich hop.

2.6. Phwong phap thong ké va xir Iy s6 liéu
Gia tri két qua cuia cac thi nghiém Ia trung binh cua 3 1an ldp lai. S5 liéu duoc tinh toan, vé biéu dd trén

Microsoft Excel 2013 va dugc xir Iy thong ké bang phuong phap ANOVA bang phan mém Statgraphics
Centurion 18.

3. KET QUA VA THAO LUAN

3.1. Phin lap va tuyén chon cac chiing vi khuin c6 hoat tinh cellulase

Cac ching vi khuén dugc phan 14p tir cac mau dat thu thap tir nhiéu dia phuong khac nhau thudc tinh Bén
Tre, trén mdi truong Cao thit-pepton c6 bd sung 0,5% CMC va nudi & 37°C trong 72 gio. Két qua phan
1ap dwoc 37 chung vi khuan khac nhau c¢6 thé sinh truong va phat trién trén méi truong chon loc va duge
dit tén theo thur ty TH-VKO1 dén TH-VK37. Két qua sang loc voi dung dich lugol cho thay c6 18 ching
vi khuan c6 kha ning hinh thanh vong phan giai CMC véi dudng kinh tir 0,3-1,5 cm. Cac chung vi khuan
¢6 kha ning phan giai CMC manh dugc thé hién trong hinh 1 va do 16n vong phén giai dwoc thé hién
trong bang 1 va hinh 2. Cac chung vi khuan thé hién d6 16n vong phan giai nhé hon 0,3 cm dugc xem nhur
kha nang sinh tong hop cellulase ngoai bao khong dang ké (19 ching).
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Hinh 1. Kha ning phén giai cellulose cia mot sé chung vi khuén phén 1ap duoc.

Duya trén két qua duoc thé hién ¢ bang 1 va hinh 2, trong s6 18 ching vi khuan thé hién kha ning phan
giagi CMC thi hai chung TH-VK22 va TH-VK24 cho thiy kha ning sinh tong hop cellulase ngoai bao tot
nhit voi duong kinh vong phan giai twong Gmg 1,5 £ 0,2 va 1,4 £ 0,1 cm, hai ching vi khuan TH-VK35
va TH-VK37 cho dudng kinh vong phan giai 1,2 £ 0,1 cm, trong khi cac chung con lai c6 vong phan giai
thap hon. Két qua phan tich thong ké cho thdy c6 su khac biét dang ké ctia d6 1on vong phéan giai CMC
ctia ching TH-VK22 va TH-VK24 so v6i phan 16n céc chiing con lai (ANOVA, n=3, d¢ tin cdy 95%). Do
d6, hai chung vi khudn TH-VK22 va TH-VK24 dugc tuyén chon cho céac thi nghiém khao sat diéu kién

sinh tong hop cellulase tiép theo.

Bang 1: B9 16n vong phan giai CMC cua cac ching vi khuan phan lap dugc

Chung vi khuan bo ;;: X"(‘éfn I;han Chng vi khuin B 16n X"?fnghan glat
TH-VK4 04+0,2 TH-VK24 1,4+0,1
TH-VK6 04+0,1 TH-VK26 1,1£0.2
TH-VKS 0,8+0,1 TH-VK28 1,0£0.2
TH-VK9 03+0,1 TH-VK29 03+0,1
TH-VK12 0,8+0,2 TH-VK31 0,9+0,3
TH-VK18 0,5+0,2 TH-VK33 1,0+0,1
TH-VK19 0,5+ 0,2 TH-VK35 12+0,1
TH-VK20 0,5+0,1 TH-VK36 0,9+0,2
TH-VK22 1,5+0,2 TH-VK37 12+0.1
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Hinh 2. D6 1én vong phan giai CMC cta mot sb ching vi khuin phan lap dugc

3.2. Pic diém hinh thai khuén lac, vi thé va dinh danh vi khuin TH-VK22 va TH-VK24

Hai chung vi khudn tiém ning sinh téng hop cellulase TH-VK22 va TH-VK24 duoc kiém tra cac dic
diém v@ hinh thai khuan lac, nhuém Gram, kha nang hinh thanh bao tu, dac diém san sinh catalase va so
sanh trinh ty doan gen ma hoa cho 16S-rRNA dé xéc dinh vi tri phan loai cda hai chung vi khuan nay.
Hinh thai khuén lac cta hai ching vi khuén dugc quan sat sau khi nudi o trén méi trudng Cao thit-pepton
& 37°C trong 72 gi (Hinh 3-a). Khuén lac ching TH-VK22 c6 kich thude 0,3-0,5 cm, trong khi khudn
lac chung TH-VK24 ¢6 kich thudc nho hon 0,2-0,4 cm, céc khuén lac déu c¢6 mau tring duc, ria khong
déu va gd cao, bé mit nhan, 16m phan tim. Két qua nhuém Gram cho thiy ca hai chung vi khuén nay déu
hinh que va thuéc nhém vi khuan Gram duong (Hinh 3-b). Kha ning hinh thanh ndi bao tir ca hai ching
vi khuin dwoc kiém tra bang phuong phap nhuém véi malachite green va safranin. Két qua cho thdy ca
hai chung TH-VK22 va TH-VK24 déu hinh thanh ndi bao tir v&i té bao sinh dudng mau xanh va ndi bao
tr mau do6 (hinh 3-c). Ngoai ra, kha ning sinh enzyme catalase cta hai ching ciing dugc kiém tra va xac
nhan (hinh 3-d).

(d)

|

Hinh 3. Hinh thai dai thé va vi thé ctia 2 ching vi khuan TH-VK22 (A) va TH-VK 24 (B). (a) Hinh thai
khuan lac trén moi truong Cao thit-pepton sau 72 gio nudi u ¢ 37°C (b) Hinh anh nhuém Gram & d¢
phong dai X1.000. (¢) Hinh anh nhuém bao tr (mau dé) ¢ do phong dai X1.000. (d) Hoat tinh catalase
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ctia 2 chung vi khuan, (-) d6i chimg am véi méi truong cao thit-pepton va H,0, 3%, (+) ching vi khuan
va H202 3%,

Bén canh d6, mot ph?m trinh ty doan gen ma hdéa chol6S-rRNA (913 bp cho TH-VK22 va 902 cho TH-
VK24) cua hai ching vi khuan ciing duoc kiém tra va so sanh voi ngan hang dir liéu trén NCBI. Két qua
cho thdy gen ma hoa cho 16S-rRNA ciia ching TH-VK22 c6 ti 1¢ tuong ddng 96.7% véi ching Bacillus
subtilis Bio AAS1 (FJ966223.1) va 16S-rRNA cua ching TH-VK24 ¢ su twong dong véi Bacillus
subtilis F2-2-18 (KX350026.1) voi ty 1€ 96,4% (bang 2). Dya trén cac két qua thu dugc, hai ching vi
khuén TH-VK22 va TH-VK24 dugc xac dinh thudc chi Bacillus, loai Bacillus subtilis va duoc dat tén
Bacillus subtilis TH-VK22 va Bacillus subtilis TH-VK24.

Béng 2: Mot phan trinh ty doan gen mi héa chol6S-rRNA cho TH-VK22 va 902 cho TH-VK24

Chung vi Trinh ty doan gen ma hoa chol6S-rRNA
khuin
TH-VK22 | TCGCTGCCTTATACTGCAGTTCGAGCGGGGGGATGGGAGCTTGCTTCCCTGATGTTTA
(913 bp) GCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGG
GAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTG
GCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACG
GCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGA
AAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGT
TGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAG
AAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGT
CCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCC
CCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGA
GTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGA
AAGCGACTCTCTGGTCTGTAACTGACGCTGAGAGCGAAAGCGTGGGGAGCGAACAGGA
TTAGATACCCTGGTAGTCCACGCCGTAACGATGAGTGCTAGTGTTAGGGGTTTCCGCC
CCTTATGCTGCAGCTACGCATAGCACTCGGCTGGGGAGTACGGTCGCAGACTGATACT
CAATGAAATGAAAGGAGCCCGCCACAGCCGTGGTATCATGTGT
TH-VK24 | TCACTTCCGCGGCTGGCTCCTAGAGGTCACCTTCACCGACTTCCGGGTGTTACAAACT
(837 bp) TCTCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTTCCACCGCGGCAT
TGCTGATCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTCGCAGACTGCGA
TCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTG
TTCTGTCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGT
CATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATG
CTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGAC
ACGAGCTGACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGGGGACGTCCTAT
CTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATT
AAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCACTCTT
GCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTATCTGCAGCACTAAGGGCGGAA
ACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCACGGTATCTAATCCT
GTTCGCTCCCACGCTTTCTCCTCACGTCAGTTACTAGCGAGAGATCCCGTCCCCTGTG
GTCTCCACTCTACCATAACGCCTACTGGAATTCTCCCTCTTCTGGCACTTCGATTCAC
AGCTCCGTGGAACCGGCGGTTCTTC

3.3. Susinh truwdéng cua B. subtilis TH-VK22 a B. subtilis TH-VK24 .

Sy sinh truong cta hai ching vi khudn B. subtilis TH-VK22 va B. subtilis TH-VK24 duoc kiém tra theo
thoi gian trong moi treong dinh dudng cao thit-pepton co bd sung 5% CMC ¢ 37°C va lac 150 vong/phut.
Mat d6 quang & bude séng 600nm duoc kiém tra sau mdi gio. Puong cong ting trudng cua vi khuan duoc
thé hién trong hinh 4.
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Hinh 4. Buong cong tang trudng cua B. subtilis TH-VK22 va B. subtilis TH-VK24

Hai chung vi khuan thé hién sy ting truéng cham trong 2 gid dau va phat trién manh trong thoi gian tiép
theo. Mat d¢ sinh khéi vi khuén dat gia tri OD600nm cao nhét trong khoang thoi gian 12-14 gid nuoi G va
duy tri pha can bing trong thoi gian nudi u tiép theo. Viéc san sinh cellulase ngoai bao ciia cac vi khuén
thuong xudt hién cao nhat khi mat do té bao cuc dai. Do d6, thoi diém sau 12 gio nudi u duge chon dé
khao sét sy sinh tong hgp enzyme ngoai bao trong cac thi nghiém tiép theo.

3.4. Anh huéng ciia chit cam vng 1&n su sinh tong hop cellulase cia B. subtilis TH-VK22 va B.
subtilis TH-VK24

Su tong hop enzyme ngoai bao cua vi sinh vét chiu anh huong truc tiép boi chat cam tng trong moi
truong. Do d6, dé xac dinh diéu kién sinh tong hop cellulase ngoai bao cua hai ching B. subtilis TH-
VK22 va B. subtilis TH-VK24, chiing t6i tién hanh khao sat anh huéng cua cac chat cam tng khac nhau
12 rom, mun cua, xo dira, va CMC. Hoat tinh cellulase cta dich nudi cdy sau mdi 12 gid nudi u dugc thé
hién & hinh 4.
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Hinh 5. Anh hudng cuia cic chét cam tmg 1én sy hinh thanh cellulase ctia vi khudn B. subtilis TH-VK22 (A) va B.
subtilis TH-VK 24 (B).

Két qua cho thiy ca hai chung déu c6 kha ning san sinh cellulase voi cac mirc d6 khac nhau duéi anh
hudng cua cic chat cam mg khac nhau. Chiing TH-VK22 cho thy kha ning san sinh cellulase cao nhat
khi dugc cam ung boi rom va hoat tinh thu dugc cao nhét 14 63,8 + 1,3 Ul/ml sau 36 gi0 nudi u va giam
dan theo thoi gian. Cac chit cam mg mun cua, xo dira, CMC thé hién 1a cac chat cam tmg khong thich
hop véi hoat tinh thu duge sau 36 gio nudi u 1a 49,5 + 2,2 Ul/ml, 47,8 = 1,6 Ul/ml, 36,4 + 5,7 Ul/ml
(Hinh 5A). Bén canh d6, ching TH-VK24 thé hién kha ning sinh tong hop cellulase manh nhat véi 2 chat
cam ung la mun cua va rom véi hoat tinh thu duogc twong tng 1a 62,5 £+ 1,4 Ul/ml va 60,6 + 3,0 Ul/ml. Xo
dira va CMC ciing khong phai 1a chét cam tng thich hop cho khi hoat tinh thu duoc chi 1a 45,6 + 3,0
Ul/ml va 48,3 + 2,0 Ul/ml sau 36 gid nudi o (Hinh 5B). Ngoai ra, rom ciing dugc ghi nhan 1 chat cam
{mg thich hop cho su tong hop cellulase cta Bacillus sp. 313SI trong diéu kién 35°C theo Varsha Goyal
va cong su (2014) [26]. Tuy nhién, thoi gian t6i thich cho ching vi khuan Bacillus sp. 313SI duoc ghi
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nhan sau 60 gio nudi u, trong khi ¢ hai chung vi khuén B. subtilis TH-VK22 va B. subtilis TH-VK24, thoi
gian nudi u thich hop ngdn hon nhiéu (chi sau 36 gid). Bén canh d6, két qua phén tich thong ké cho thay
¢6 sy khac biét dang ké ciia rom véi cac chéat cam tmg con lai dbi voi ching B. subtilis TH-VK22, trong
khi rom hodc mun cua 1a khac biét dang ké véi cac cac chat cam ung con lai dbi v6i ching B. subtilis TH-
VK24 (ANOVA, n=6, d6 tin cay 95%). Do do, nham lam da dang hé cellulase ngoai bao, rom dugc chon
loc 1am chét cam (g cho céc thi nghiém khao sat tiép theo d6i v6i chung vi khuan B. subtilis TH-VK22
trong khi mun cwa dugc chon cho chung vi khuan B. subtilis TH-VK24.

3.5. Anh hwong ciia diéu kién pH 1én s sinh tong hop cellulase ciia B. subtilis TH-VK22 va B.
subtilis TH-VK24

Bén canh viéc chiu anh huong boi cac chat cam ung, su sinh tong hop cellulase ngoai bao cua cac vi sinh
vat con bi anh huong boi cac yéu t6 pH va nhiét d6 cia méi truong cdy. Dé khao sat anh huong cua yéu
t6 pH 1én sy sinh tong hop cellulase cia vi khuan, méi truong Cao thit-pepton c6 bd sung chit cam tng
rom va mun cua twong tmg cho vi khuan B. subtilis TH-VK22 va B. subtilis TH-VK24 duoc diéu chinh
dén cac gia tri pH khac nhau tir 2,0 dén 9,0 va vi khuan duge nudi céy véi cac didu kién duge trinh bay &
trén. Dung dich enzyme thé dugc thu nhan va kiém tra hoat tinh sau mdi 12 gid nudi cay.
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Hinh 6. Anh huéng ciia didu kién pH ban dau 1én su sinh téng hop cellulase ciia B. subtilis TH-VK22 (A) va B.
subtilis TH-VK 24 (B).

Chung vi khuén B. subtilis TH-VK22 thé hién kha ning tong hop cellulase t6t nhat trong moi truong nudi
cdy c6 gia tri pH ban dau trong khoang 4,0-6,0 va manh nhat & pH 4,0 véi hoat tinh 86,1 + 1,4 Ul/ml
trong khi hoat tinh ¢ diéu kién pH 5,0 va 6,0 14 64,6 £ 1,7 Ul/ml va 62,4 + 4,1 Ul/ml, gidm khoang 25%
s0 v6i diéu kién pH 4,0 sau 36 gio nudi u. Bén canh d6, hoat tinh enzyme thu nhan ¢ cac moi trudng nudi
ciy c6 diéu kién pH 3,0, 7,0-9,0 thé hién hoat tinh thap, dudi 30 UI/ml va chi dat 4,5 + 0,7 Ul/ml trong
diéu kién pH 2,0. Két qua cho thdy ching vi khuan nay hoat dong tét trong méi trudng c6 pH acid tir 4,0-
6,0 va tot nhat trong khoang pH 4,0 (Hinh 6A). Ngoai ra, diéu kién pH 4,0 ciing duoc nhan thay 1a thich
hop cho sy sinh téng hop cellulase cia vi khuan B. subtilis TH-VK24 vé6i hoat tinh enzyme thu dwgc 77,1
+ 1,7 UI/ml. Hoat tinh enzyme cia ching B. subtilis TH-VK24 giam dan trong cac diéu kién pH 5,0 dén
pH 9,0, dong thoi hoat tinh giam manh trong diéu kién acid pH 2,0 (2,8 = 0,9 UI/ml) va 3,0 (8,2 £ 0,9
Ul/ml) (Hinh 6B). Sy giam hoat tinh enzyme trong cac diéu kién pH acid manh (2 - 3) hodc pH kiém (8-
9) do diéu kién bét loi ctia moi truong anh huong dén kha nang sinh trudng va phat trién cta vi khuan, tir
do anh huong dén kha ning sinh tong hop enzyme cta vi khuan. Ca hai ching vi khuan déu cho thay kha
nang sinh tong hop enzyme tang dan theo thoi gian nudi 1 va cho hoat tinh cao nhit sau 36 gio nudi cay
va giam dan theo thoi gian nudi U tiép theo, diéu nay tuong ung vé1 hoat dong sinh truong va phat trién
ctia vi khuén véi sy hinh thanh mat do té bao cao nhat sau 12-14 gio va duy tri pha can bang dén 48 gio
nudi u (hinh 4), do d6 ham luong enzyme dugc tong hop va tich lity cao nhat trong giai doan nay. Sy
giam dan hoat tinh sau 36 gi0 nudi u co thé 1a két qua cua tich lity cac chat tiét nhu cac acid hiru co va cac
san pham trao doi chét thir cap cua vi khuéan trong mdi trudong nudi chy va anh huong dén hoat tinh ctia
enzyme tao thianh. Ngoai ra, két qua phan tich thong ké cho thiy c6 su khac biét dang ké ciia pH 4 khac
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biét dang ké véi cac cac diéu kién con lai (ANOVA, n=6, d6 tin cdy 95%). Do do6, diéu kién pH 4,0 duoc
chon 1a diéu kién pH thich hop cho mdi trudng sinh tong hop cellulase cta ca hai chung vi khuan B.
subtilis TH-VK22 va B. subtilis TH-VK24. Tuong tu, Anu Sadasivan Nair va cong su (2018) ciing cho thay
diéu kién pH ti wu cho vi khuan Bacillus velezensis ASN1 1a 4,72 [27]. Ngoai ra, diéu kién pH thich hop
cho céc chung vi khuan Bacillus khac ciing duoc ghi nhan, phan 16n hoat dong trong khoang tir acid yéu
dén trung tinh pH 5,0-6,5 [3, 24, 28], két qua nay cho thay hai ching vi khuan TH-VK22 va TH-VK24 ¢
phé pH cao, thich hop tmg dung trong nhiéu linh vic khéc nhau.

3.6. Anh hwéng ciia nhiét dd 1én su sinh tong hop cellulase ciia vi khuin B. subtilis TH-VK22 va B.
subtilis TH-VK24

Anh huéng cta nhiét d6 1én su sinh tong hop cellulase dugc kiém tra trong cac diéu kién nhiét do khac
nhau (25, 30, 35, 37, 40°C) trong mdi truong pH 4.0 va 1% chit cam mg. Két qua kiém tra hoat tinh
dung dich enzyme tho sau mdi 12 gio nudi cdy duoc thé hién & hinh 6. Chung vi khuan B. subtilis TH-
VK22 thé hién hoat tinh cao sau 36 gio nudi i & nhiét d6 35°C 1a 99,4 + 3,7 Ul/ml va & nhiét ¢ 35°C 1a
88,2 + 0,8 Ul/ml, trong khi hoat tinh enzyme chi dat dugc khoang 65 Ul/ml & cac nhiét d6 25°C, 37°C,
40°C. So sanh hoat tinh enzyme trong diéu kién nhiét d6 30°C va 35°C cho théy hoat tinh enzyme & nhiét
d% 30°C thé hién su 6n dinh theo thoi gian sau 60 gio nuoi u, trong khi hoat tinh cia enzyme & diéu kién
35°C giam sau 48 gid nudi t. Piéu nay ciing dugc quan sat thiy twong ty trong truong hop nhiét d6 37°C
va 40°C, hoat tinh enzyme ting nhanh trong giai doan dau va giam theo thoi gian U tiép theo. Vi khuan
phat trién cham trong diéu kién nhiét d6 25°C va cho hoat tinh enzyme tang cham theo sy sinh truéng va
phat trién (Hinh 7A). Nhiét d6 35°C ciing 1a nhiét d6 thich hop cho vi khuan khuén Bacillus sp. 313SI va
vi khuan Bacillus velezensis A-68 sinh tong hop cellulase trong nghién ciru cia Varsha Goyal va cong su
(2014) [26], va Wa Gao va cong su (2014) [29], trong khi nhiét do 30°C thich hop cho vi khuan Bacillus
pumillus ATCC7061 [30]. Két qua cho thiy chung vi khuén nay hoat dong tdt trong khoang nhiét do 30°C
va sinh téng hop enzyme nhanh tai 35°C sau 36 gio nudi u twong ty nhu cac nghién ctru trude day.
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Hinh 7. Anh hudng cua nhiét do 1én sy hinh thanh cellulase ctia B. subtilis TH-VK22 (A) va B. subtilis TH-VK 24
B).

Tuy nhién, ching vi khuin B. subtilis TH-VK24 thé hién su sinh tong hop enzyme manh trong khoang
nhiét d6 35°C, 37°C, 40°C va khong tong hop enzyme trong diéu kién nhiét do 25°C trong khoang 12 gid
nudi u ban dau. Hoat tinh enzyme dat cao nhét tai nhiét do 35°C véi 88,5 + 1,6 UI/ml sau 36 gio nudi u,
giam nhe trong diéu kién nudi U tai 37°C 14 80,8 + 1,5 U/ml va giam manh tai nhiét 4§ 40°C 1a 68,7 + 1,8
Ul/ml (hinh 7B). Sau thoi gian nudi ¢ 36 gio, hoat tinh enzyme thu duoc giam déan, két qua nay ciing cho
thdy su nhay cam cua enzyme ddi voi nhiét do cao trong modi truong nudi u. Pidu nay cho thay chung vi
khuan nay ua 4m hon so v&i chung vi khuan B. subtilis TH-VK22 va hoat dong yéu & nhiét do 25°C. Kha
nang hinh thanh cellulase trong khoang nhiét d nay ciing dugc ghi nhan & cac vi khuan B. subtilis Q3 va
vi khudn Bacillus sp. [3, 28] v6i nhiét do thich hop 1a 37°C va vi khuan B. subtilis MU S1 va
Paenibacillus sp. [31, 32] v6i nhiét d6 thich hop 1a 40°C. Két qua phan tich thong ké cho thiy c6 su khac
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biét dang ké vé su sinh téng hop c’ellulase & 35°C voi cac cac diéu kién nhiét do con lai (ANOVA, n=6,
do tin cdy 95%). Dua vao cac két qua thu nhan dugc, nhiét d¢ thich hop cho sy sinh tong hop cia
cellulase cuia vi khuan B. subtilis TH-VK22 va B. subtilis TH-VK24 1a 35°C.

3.7. Anh hwéng ciia ham lwong chit cam ing 1én su sinh tong hop cellulase ciia vi khuin B. subtilis
TH-VK22 va B. subtilis TH-VK24

Sy diéu hoa sinh téng hop enzyme ngoai bao cua vi sinh vat con bi anh huang boi sy hién dién cua nong
d6, ham luong cia chit cam tmg trong moi truorng nudi cdy. Do do, chat cam Ung ¢ cac ham lugng khac
nhau dugc thém vao moi truong nudi cay va kiém tra hoat tinh sau mdi 12 gi0 nudi u tai 35°C. Trong moi
truong khong c6 su hién dién ctia chit cam g, ca hai ching vi khuén déu thé hién kha ning sinh tong
hop enzyme thap va két qua ting dan khi dugc bd sung chat cam Gmg. Ham lugng rom thich hop cho
ching vi khuan B. subtilis TH-VK22 1a 1% v&i hoat tinh enzyme dat duoc 111,5 + 1,4 Ul/ml, su gia ting
ham lugng chat cam tng 1én 2%, 3% va 4% trong moi trwrong nudi G thu dugce hoat tinh enzyme tuong
ung 101,1 = 3,2 Ul/ml, 68,9 + 4,0 Ul/ml, va 60,3 £+ 1,0 Ul/ml sau 36 gid nuoi i (Hinh 8A). Viéc bd sung
rom véi ham lugng 3%, 4% lam giam hoat tinh cellulase cta B. subtilis TH-VK22 c6 thé 1a két qua cua
su han ché d6 thong thoang trong méi trudng nudi G khi co su hién dién luong 16n rom véi ban chét 1a cac
cellulose c6 ty trong nhe va dién tich bé mat cao, dan dén viéc gidm sy sinh trudng va phat trién cua
ching nay 1am trc ché sy hinh thanh enzyme ngoai bao. Tuy nhién, ching B. subtilis TH-VK24 thé hién
hoat tinh enzyme khi duoc nudi u trong diéu kién co 2%, 3% va 4% mun cua tuong ing voi cac gia tri lan
lugt 1a 102,5 + 0,6 Ul/ml, 90,9 + 1,6 Ul/ml, 96,9 + 0,8 Ul/ml sau 36 gi¢ nuodi 4, cao hon so voi diéu kién
bd sung 1% chat cam ung (84,2 + 2,5 Ul/ml). Mun cua c6 kich thudc nho, véi thanh phan cau tric 1a
cellulose, hemicellulose va lignin, sy gia tang ham lugng mun cua 1én 3% va 4% khong anh huong nhiéu
dén @6 thong thoang ctiia moi trudng nudi cdy cho nén hoat tinh enzyme dugc ghi nhan khong giam nhiéu
so v6i diéu kién 2% (Hinh 8B). Két qua phan tich thong ké cho thay c6 su khac biét dang ké ciia nong do
rom 1% véi cac ndng d6 khac dbi véi chung B. subtilis TH-VK22, trong khi ndng 6 min cua 2% - 4% la
khong c6 su khac biét ddi voi ching B. subtilis TH-VK24 (ANOVA, n=5, d9 tin cay 95%). Nhu vy, két
qua thu nhan dugc cho thay chung vi khuan B. subtilis TH-VK22 thé hién kha ning sinh tong hop
cellulase ngoai bao cao nhat trong diéu kién méi truong ¢ chira 1% chét cam tng 1a rom xay nhuyén,
trong khi d6i v6i B. subtilis TH-VK24 13 min cua voi ham lugng 2%. Két qua twong ty véi ham lugng
chat cam tmg 1% dén 2% thich hop cho sy sinh tong hop ctia vi khuan ciing dugc quan st thiy trong cac
nghién ctru khéc [3, 26, 33], trong d6 chit cam tmg rom voi ham luong 1% 1a didu kién thich hop cho sy
sinh cellulase cua Bacillus sp. 313SI theo Varsha Goyal va cong su (2014) [26].
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Hinh 8. Anh hudng cta ham lugng rom 1én sy hinh thanh cellulase cua B. subtilis TH-VK22 (A) va ciia ham lugng
mun cua lén sy hinh thanh cellulase ctia B. subtilis TH-VK 24 (B).

4. KET LUAN

Hai chung ching vi khuan c6 kha ning sinh tong hop enzyme ngoai bao cellulase da dugc phéan lap tir cac
ngudn khac nhau va duoc dinh danh bang phén tich trinh tu 16S rRNA. Hai vi khuén dugc xac dinh thudc
chi Bacillus va loai Bacillus subtilis va dugc dat tén Bacillus subtilis TH-VK22 va Bacillus subtilis TH-
VK24. Piéu kién sinh tong hop cellulase cia ca hai ching vi khuan da duoc kiém tra va xac dinh. Chiing
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B. subtilis TH-VK22 thé hién sy tong hop enzyme tbt nhat trong méi truong c6 bod sung 1% chat cam tng
rom xay, trong khi ching B. subtilis TH-VK24 thich hop v6i méi trurong chira 2% chét cam (mg muin cua.
Piéu kién pH 4,0 va nhiét d6 35°C thich hop cho hoat dong ctia ca hai ching vi khuén. Trong ty nhién,
viéc xur Iy cac xac ba thyc vat duogc thuc hién nho hoat dong ctia cac loai vi sinh vét phan giai cellulose
nho cellulase. Tuy nhién, viéc 1én men xir 1y loai chat thai nay s& hinh thanh cac acid hitu co, lam giam
gid tri pH moi truong va lam giam hoat dong cua cdc loai vi sinh vat trong qua trinh xur ly. Kha nang hoat
ddng tot cua hai chung TH-VK22 va TH-VK24 trong mdi truong pH 4,0 cho thay tlem nang cao trong
viéc tham gia xir Iy cac chét thai hitu co hodc 1én men thire dn chin nudi c¢6 ngudn gdc tir cac xac bi thyuc
vat mot cach hi¢u qua.
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