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Tém tit. Cellulase 1a enzyme dugc thu nhén chu yéu tir vi sinh vat, c6 tic dung thity phan cellulose thanh
cac phan tir duong c6 cau trac don gian hon va dugc tmg dung nhiéu trong xu Iy mdi truong cung nhiéu
linh vyc cong nghiép khac nhau nhu cong nghiép gidy, may mdc, thuc pham,... Trong nghién ctru niy,
chung t6i tién hanh khao sat cac diéu kién thich hop cho sy sinh tong hop cellulase cua chung Bacillus
amyloliquefaciens D19. Két qua cho thiy sau khi nuéi cdy chung vi khuin nay trong méi truong cd pH ban
dau 13 5,0 bao gdm cac thanh phan nhu 0,5% rom, 1% bot ddu nanh (w/v), 1% NaCl (w/v), 0,5% cao nim
men (W/v) sau 48 gio & diéu kién lac 150 vong/phut va nhiét do 37°C, thi hoat tinh enzyme dat cao nhét 1a
879,47 Ul/ml. Két qua nay s& lam tién dé cho nhimng nghién ciru tiép theo nhu khao sat cac didu kién bao
quan ché pham cellulase tho thu nhan duoc tir ching vi khudn nay, nghién ctru 1én men & qui mé pilot, qui
mo cong nghiép dé thu cellulase v6i s6 lwong 10n, nghién ctru sdu nham san xuat ché pham enzyme thuong
mai hodc tmg dung cua cellulase cho nhidu muc dich khac nhau trén thuc tién.

Tu khéa. Bacillus amyloliquefaciens, cellulase, enzyme ngoai bao, phan hay cellulose.

ENHANCED PRODUCTION OF CELLULASE FROM Bacillus amyloliquefaciens D19

Abstract. Cellulase is an enzyme mainly produced by microorganisms, which hydrolyzes cellulose into
monosaccharide and is widely used in environmental treatment and many different industrial sectors such
as industrial paper, garment, food, ... In this study, we have found suitable culture conditions including
substrate source, nitrogen source, carbon source, initial pH, and culture temperature for Bacillus
amyloliquefaciens D19 cellulase biosynthesis cellulase biosynthesis. The results showed that after culturing
this strain in medium supplemented with 0,5% straw, 1% soy flour (w/v), 1% NaCl (w/v), 0,5% yeast
extract (w/v) in 48 hours at shaking conditions 150 rpm, 37°C, initial pH 5,0, the highest enzyme activity
obtained was 879,47 Ul/ml. This result will pave the way for further studies such as investigating the storage
conditions of raw cellulase products obtained from this strain of bacteria, conducting fermentation studies
on pilot and industrial scale to obtain cellulase in large quantities and quality, production of commercial
enzyme products or applications of cellulase for a variety of practical purposes.

Key words. Bacillus amyloliquefaciens, cellulase, exoenzyme, cellulose degradation.

1. GIOI THIEU

Cellulose duoc tong hop chii yéu o thuc vat, 1a thanh phan tao nén d6 cing cho véch té bao. Bén canh do,
cellulose con duoc tao ra bai vi khuan, hay con goi la Bacterial Cellulose (BC) théng qua qua trinh polymer
hoa cac phan tir glucose thanh chudi B-1,4-glucan. Mot lugng 16n cellulose dugc tich liy hang ngay trong
dat do céc san pham tur thyc vat, canh 14 hoa qua rung xuong, cay cbi chét di, mot phan do con ngudi thai
ra duéi dang rac thai ndng nghiép nhu rom ra, rac thai thuc pham, rac thai cong nghiép va sinh hoat nhu
gidy vun, mun cua,... Cac chit thai nay néu khong duoc sir dung hoic khong duoc tai ché s& gay 6 nhiém
moi truong [1]. Bén canh do, viéc phan huay cellulose bang cac tac nhan ly hda can phai c6 sy tac dong cia
nhiéu loai hda chat khdng thong dung hoic ¢ diéu kién nhiét 6 va &p suét cao, mat nhiéu thoi gian [2, 3].
Cellulase 1a enzyme duoc san xuat chu yéu bai vi sinh vat, cd kha ning xtic tic mot cach hiéu qua qué trinh
phén giai cellulose thanh cac monosaccharide "duong don" nhu B-glucose hoac thanh céc oligosaccharide
va cac polysaccharide ngin hon va khong tao ra cac phu pham doc hai [4]. Su phan hiy cellulose c6 tam
quan trong dang ké vé kinh té, bai vi né gilp chuyén hda thanh phan chinh cellulose caa thuc vat thanh san
pham d& tiéu thu va st dung [5]. Do dé, cellulase dugc xem 1a mét trong nhitng loai enyzme dwoc sir dung
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phd bién va duoc tmg dung rong réi trong thuc té nhu xtr Iy cac phé phu pham néng nghiép, xir ly moi
truong, san xuat nhién liéu sinh hoc, ung dung trong cac nganh cong nghiép nhu cong nghiép thuc pham,
lam gidy, may mic.. nham gia ting hiéu suat xir ly va chat lugng san pham.

Viét Nam 1a nudc ¢ nén nong ‘nghiép truyen thong va dang trong qua trinh cong nghiép hoa, hién dai hoa,
chinh vi vay, dé c6 dugc mot nén kinh té phat trién bén viing, vira gia tang s6 lwong va chat luong san pham
trong mét sé nganh cong nghiép san xuat, vira giai quyét duoc van dé & nhidm moi truong gay ra bai luong
rac thai hiru co (da sb c6 thanh phan cellulose) thi viéc nghién ctru san xuit ra lwong 16n cellulase 1a diéu
tat yéu. Trong d6, vi sinh vat 1a nguon san xuét cellulase tiém ning boi kha ning sinh san, phat trién voi
téc d6 cuc ky nhanh va sinh téng hop lugng I6n cac enzyme ngoai bao cé hoat tinh cao. Thém vao do,
nghién ciu san xuét cellulase tir Bacillus amyloliquefaciens da va dang 1a moi quan tam cua nhiéu nha khoa
hoc trén thé gigi [6-8]. Chinh vi vay, ching t6i d tién hanh khao sat cac diéu kién nudi Cay thich hop cho
su sinh tong hop cellulase tir chung B. amyloliquefaciens D19 nham dap tng cac nhu cau ang dung thuc
tién ctia enzyme nay.

2. VAT LIEU VA PHUONG PHAP

2.1 Vit liéu

Chung vi khuan B. amyloliquefaciens D19 dugc phan Iap tir dat & Thanh ph6 H6 Chi Minh, da dugc dinh
danh & mirc phan tir bang phuong phép giai trinh ty doan gen 16S rRNA boi Pphong thi nghiém Cdng nghé
dong vat (Truong Dai hoc Konkuk, Seoul, Han qudc) véi cip mdi duoc st dung la 27F-
AGAGTTTGATCCTGGCTCAG va 1492R 5-GGTTACCTTGTTACGACTT-3' [9]. Két qua dinh
danh nay di timg duoc cong bd bai nghién ctu trude day [10]. Két qua giai trinh tu dugc so sanh véi co s¢
dir liéu 16S-rRNA cuia cac vi khuan c6 sin trén National Center for Biotechnology Information (NCBI) dé
xac dinh d&én mirc d6 loai. Chung vi khuan duoc luu luu giit tai B mdn Cong nghé Sinh hoc, Vién Cong nghé
Sinh hoc va Thuc phdm, Trudng Pai hoc Cong nghiép Tp. HCM ¢ diéu kién -20°C va duoc hoat hoé 12 gio
trong mdi trudng Luria-Bertani broth (LB broth) ¢ 37°C trude khi thuc hién cac nghién ciu tiép theo.

2.2 Phwong phap

2.2.1 Phwong phdp xay dung dwong cong ting truwéng cia vi khudn

Chung vi khuan B. amyloliquefaciens D19 tir bo suu tap gidng duoc hoat hoa 12 gio trong méi truong LB
broth & 37°C, lac 150 vong/phut trong 16 gio & diéu kién 37°C. Gibéng da duoc hoat héa trong 5 ml moi
truong LB, sau d6 tiép tuc duoc cdy vao trong 50 ml mdi truong LB long c6 b6 sung 1% CMC, lic 150
vong/phit trong 16 gio & 37°C. Sau d6, 10 ml gidng tang sinh dugc cdy vao 100 ml méi trudng LB 16ng c¢6
b6 sung 1% CMC, lic 150 vong/phut va gi tri ODgoonm ctia dich huyén phu duoc xac dinh sau mdi 2 gio,
lién tuc trong 24 gid dé khao sat duong cong ting trudng. Pudng cong ting truong duoc phan tich va vé
b&i phan mém GraphPad Prism 8 [11].

2.2.2 Phwong phdp xdc dinh khd néng sinh téng hep cellulase cia vi khudn

B. amyloliquefaciens D19 duoc cay theo phuong phap ciy diém trén dia thach LB ¢6 bo sung 0,5% CMC.
Chung nay s& dugc nudi t & 37°C trong 72 gid. Sau 72 gid, lugol dwoc trai déu trén bé mit dia thach va
quan sat vong phan giai. Kha ning sinh tdng hop cellulase dugc danh gia bang d6 Ion cua vong phan giai
A = D-d véi D 1a duong kinh vong phan giai (mm) va d 1a duong kinh khuan lac (mm). D6 16n cua vong
phén giai cang lon phan anh hoat tinh enzyme cang manh va nguoc lai [12].

2.2.3 Phuwong phdp khdo sdt diéu kign sinh téng hep cellulase tir B. amyloliquefaciens D19

Anh huong cua cac loai chat cam tng Ién kha ning sinh tong hop cellulase cua ching vi khuan B.
amyloliquefaciens D19 duoc khao sat trén 6 loai nguyén li¢u co thanh phan chinh 1a cellulose nhur rom,
trau, bd mia, mun cua, xo dira, CMC. Mbi trudng nudi Cay co ban duoc st dung la LB long (10 g/L tryptone,
5 g/L yeast extract, 10 g/L NaCl, 20 g/L agar, pH 7,0) c6 bb sung 1% CMC (w/v). Rom, trdu, bi mia, xo
dira, min cwa dugc st dung dé thay thé CMC trong cac nghiém thiic khéc nhau. MGi chit cam g dugc
xay nhuy&n va b6 sung vao méi truong LB long véi ti 1& 1% (w/v). Khuan lac cia ching D19 duoc hoat
hoa, sau do ting sinh & 37°C trong didu kién nudi ciy lic (150 vong/phit). Mat do té bao duoc xac dinh
bang phuong phap do OD ¢ budc séng 600 nm dat gié tri khoang 0,8 s& dugc ciy vao méi trudng nudi ciy
Véi ti 1& 1%. Qua trinh Ién men thu nhan enzyme dugc thuc hién ¢ diéu kién nhiét d6 37°C, 150 vong/phiit.
Sau mdi 12 gio nudi cay, dich enzyme tho dugc thu nhan bang cach ly tam tach té bao khoi dich nudi ciy
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véi van toc 13000 rpm trong 10 pht & 4°C va xéac dinh hoat tinh. Loai chat cam ang cho hoat tinh cellulase
cua dich enzyme tho cao nhat s& duoc chon dé dé tién hanh céc thir nghiém tiép theo.

Anh huéng ciia ndng d6 chit cam tng 1én kha nang sinh téng hop cellulase ctia ching D19 ciing dugc khao
st trén chat cam ung thich hop dugc chon tir thi nghiém trudc voi cac gia tri néng d06 khac nhau 0% 0,5%,
1%, 2%, 3%, 4% (W/v). Qua trinh nudi cay va thu dich enzyme tho dugc tién hanh tuong tu nhu trén. Nong
do chit cam ung cho hoat tinh cellulase cta dich enzyme tho cao nhét s& duoc chon dé thuc hién cac thu
nghiém xac dinh ngudn nitrogen thich hop tiép theo.

Céc ngudn nitrogen vo co 14n hitu co nhu NaNOs, (NH2).CO, NH4NO3z, (NH4)2S04, NH4CI, peptone, bot
dau nanh, bot trun qué dugc bd sung thay thé cho tryptone trong thi nghiém khao sat anh hudng cua cac
ngudn nitrogen 1én sy sinh tong hop cellulase. Cac muoi NaNOs, (NH2)2CO, NH4NOs, (NH4)2SO4s, NH4CI
dugc quy d6i theo ti 1€ 1% (w/v) ham luong nguyén t6 nitrogen c6 trong moi trudng, con peptone, bot dau
nanh, bot trin qué duoc b sung véi luong 1g/100 ml méi trudng. Chimg D19 duge nudi cdy va dich
enzyme tho dugc thu nhan nhu céc thi nghlem trén. Nguon nitrogen cho hoat tinh cellulase ctia dich enzyme
tho cao nhét s& dugc chon dé xay dung maéi trudng sinh tong hop cellulase cua vi khuan.

Ngoai ra, chung t61 con khao sat sy anh huong cua cac ngudn carbon khac nhau 1én sy sinh téng hop cellulase
ctia B. amyloliquefaciens D19 dé chon loc ngudn carbon thich hgp. Méi truong nudi cdy c6 chira chat cam
(g véi ndng d6 thich hop va ngudn nitrogen duoc chon tir két qua thi nghiém trude 1am miu déi chimg, cac
nghiém thirc khéc dugc bo sung thém 0,5% (w/v) ngudn carbon nhu D-Glucose, Sucrose, Arabinose,
Maltodextrin. Viéc nudi cdy va thu nhan enzyme tho dugc tién hanh twong ty nhu cac thi nghiém trén.

Bén canh cac thanh phan moi truong nhu chit cam tng, nguon nitrogen va ngudn carbon, cac diéu kién
nudi cdy nhu pH ban dau va nhiét d6 ciing c6 anh hudng dén sy sinh téng hop cellulase ctia chung D19. Do
d6, thi nghiém nay duoc tién hanh véi moi truong nudi cdy dugc pha ché theo két qua duge chon cua thi
nghiém trudc ¢ diéu chinh cac gia tri pH ban dau khac nhau 3,0-9,0. Nhiét d6 duoc khao sat ¢ cac gia tri
25°C, 30°C, 37°C, 40°C, 45°C. Qué trinh nudi cdy va thu dich enzyme thd duoc tién hanh nhu cac thi
nghiém trudc.

2.2.4 Phwong phdp xdc dinh hogt tinh cellulase

Hoat tinh cellulase dugc xac dinh theo phuong phap Bernfeld. Phuong phap nay dua trén co s¢ khi cho
duong khtr (san pham thity phan cua cellulose) phan wng véi thudc thir 3,5-acid dinitrosalicylic (DNS) c6
mau vang tao thanh 3-amino,5-nitro salicylic acid c6 mau dé cam va hip thu cuc dai & budc séng 540 nm.
Cuong d6 mau cua san pham phan ung ty 1€ thuan voi lugng duong khir duoc tao ra nho hoat dong xuc tac
cua cellulase. Dich nudi cay vi khuan sau khi da dugc ly tam loai bo té bao duoc cho phan @ng véi dung
dich CMC 1% trong 30 phut, sau d6 thudc thir DNS duoc thém vao dé xac dinh lugng duong khir duoc giai
phong. Pon vi hoat tinh (UI) cua cellulase duoc xac dinh 1a lwong enzyme can thiét dé xtc tac cho phan
ung phan giai cellulose tao thanh mot micromole duwong khir trong thoi gian mét phat [13].

2.2.6 Phuwong phdp xir ly sé liéu

Gia tri két qua cua cac thi nghiém 1 trung binh cua 3 1an lap lai. S liéu tho dugc tinh toan va biéu do duoc
vé& bang phan mém Microsoft Excel 2010. Két qua duoc xu ly thdng ké bang phan mém Stagraphics XVI
véi ham ANOVA, muc rii ro o = 0,05.

3. KET QUA VA THAO LUAN

3.1 Pic diém hinh thii dai thé, vi thé va kha ning sinh tong hop cellulase ciia chiing B.
amyloliquefaciens D19

Nham khing dinh ching vi khuan nghién ctru 1a B. amyloliquefaciens va khong bi tap nhiém, chung D19
da duoc kiém tra cac vé hinh thai khuéan lac, nhuém Gram va nhudém bao tir. Khuan lac cta ching D19 trén
mdi trudng LB ¢ 37°C trong 48 gid ¢6 kich thude 0,3-0,5 cm, bé mat khd, mau tring duc, tron, ria khong
déu, c¢6 nhiéu nép nhin go cao 1dm & tdm tao thanh cac hinh 18 tron (Hinh 1A). Két qua nhuém Gram chimg
minh ching vi khuan hinh que va thugc nhém Gram dwong do con giit mau véi tim tinh thé (Hinh 1B). Kha
nang hinh thanh ndi bao tir cta ching vi khuan dugc xac nhan bang phuong phap nhuém véi malachite
green va safranin voi ndi bao tir bat mau xanh va té bao sinh dudng bt mau do (Hinh 1C).
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10 pme = 9

Hinh 1: Hinh théi khuan lac caa chung B. amyloliquefaciens D19 sau 48 gi¢ nudi  trén méi truong LB ¢ 37°C (A).
Hinh anh nhuom Gram ¢ d6 phong dai X1000 (B). Hinh danh nhuom bao tir ¢ do phong dai X1000 (C). Kha nang phan
giai cellulose ciia D19 sau 72 gid nudi 1 trén moi treong LB agar ¢6 bo sung 0,5% CMC (D).

Chung B. amyloliquefaciens D19 dugc cdy chdm diém trén méi trudng LB agar c6 bd sung 1% CMC (w/v)
va i & 37°C trong vong 72 gid va quan sat vong phan giai nhd thude thir Lugol. Sy phan huy CMC trén dia
thach cua chung B. amyloliquefaciens D19 cho duong kinh vong phan giai c6 d6 16n 1a 3,14+0,2 cm (Hinh
1D). Két qua nay tuong ddi cao hon so véi chiing vi khuan Bacillus sp. (2,38 cm) trong nghién ctru cta tac
gia Mai Thi va cong sy nam 2017 [14]. Piéu nay cho thiy chung vi khuan B. amyloliquefaciens D19 c6
tiém nang 16n trong viéc thu nhan cellulase c6 hoat tinh cao.

3.3 Pwong cong ting truéng cua ching B. amyloliquefaciens D19

Téc d6 phan chia té bao va hoat dong trao doi chét cua vi sinh vat (VSV) ¢ mdi giai doan ting truong 1a
khac nhau. Do d6, nham xé4c dinh tudi giéng thich hop ctia ching D19 dung cho cac thi nghiém khéo sat
thanh phan va diéu kién nudi cdy, chiing toi da khao sat duong cong ting trudng ciia chung vi khuan nay
trén méi truong LB 1ong c6 bo sung 1% CMC (w/v), lac 150 vong/phit, & 37°C trong vong 24 gid va xac
dinh mat d6 t& bao & budc soéng 600 nm sau mdi 2 gi. Pudng cong ting trudng duoc phan tich va v& boi
phan mém GraphPad Prism 8 (Hinh 2) véi gia tri R?=0,9933.
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Hinh 2: Buong cong ting trudng ctia B. amyloliquefaciens D19 trong moi truong LB + 1% CMC
Két qua cho thay sau 12 gio nudi cdy, ching vi khuan nay bat diu vao pha can bang. Giai doan cudi pha
tang truong theo ham mil (pha log) va déu pha can bang la thoi diém mat do vi sinh vat dat cao nhét cung
voi hoat dong trao ddi chét manh, do d6 méc thoi gian 12 gio sau khi ting sinh dugc chon dé 1am tudi giéng
ap dung cho cac thi nghiém vé sau.

3.4 Anh hwéng ciia cac chat cam ng 18n sw sinh téng hep cellulase cia B. amyloliquefaciens D19

Céc enzyme ngoai bao duoc sinh téng hgp manh mé& trong diéu kién c6 hién dién cua co chét cam tng.
Chinh vi vay, chat cam mg déng vai trd quan trong trong viéc kich thich sy sinh tong hop cua enzyme
ngoai bao cellulase. Trong thi nghiém nay, CMC, rom, trau, bd mia, Xo dira, min cua duoc sir dung lam
chat cam ung sinh tdng hop cellulase tir chung B. amyloliquefaciens D19, két qua duoc thé hién & Hinh 3.
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Hinh 3. Hoat tinh cellulase cua dich nudi cay B. amyloliquefaciens D19 trong mdi truong c6 b sung cac chat cam
ung khac nhau theo thoi gian (A) va ¢ thoi diém 60 gid nudi cay (B).

Két qua cho thay chung B. amyloliquefaciens D19 c¢6 kha ning sinh tong hop cellulase duéi sy anh huong
cta ca 6 loai chat cam ung. Tuy nhién, hoat tinh cellulase thu nhan dugc tir thi nghiém véi rom dat cao nhét
& tht ca cac thoi diém (Hinh 3A). Ngoai trir méi trudng c6 co chit cam tmg 12 xo dira, 60 gio 13 thoi diém
dich nuo6i céy c6 hoat tinh cellulase cao nhat v4i hoat tinh enzyme thu dugc la 501,34+14,38 Ul/ml,
431,66+27,08 Ul/ml, 396,32+13,25 Ul/ml, 371,84+10,46 Ul/ml, 331,74+16,19 Ul/ml, 194,42+7,79
Ul/ml trong Ging voi cac chat cam ung rom, triu, CMC, ba mia, min cua va xo dira theo tht tyu tir cao dén
thap (Hinh 3B).
Nhu vay, kha nang cam ung sinh tong hop cellulase ciia xo dira va mun cua la thip nhat. Trong nghién ciu
Cua Mangalanayaki va Aruna nam 2017, cellulase thu nhan dugc béi chiang Bacillus subtilis phan 1ap tai
An D6 ciing cho hoat tinh rat thap sau khi nudi ciy trén méi trudng ¢ co chat 1a xo dira va mun cwa [15].
Nguoc lai khi dwgc cam ¢ng bang rom, cellulase thu nhan dugc cho hoat tinh cao hon nhiing chat con lai
va cao gap 2,5 1an so véi xo dira. Diéu ndy c6 thé giai thich 1 do rom c6 céu triic cellulose kha thua va 16ng
Ié0 véi thanh phan chinh 12 hemicellulose va khoang 10% lignin trong khi mun cwra va xo dira c6 cAu tric
cellulose kha day va cting vai thanh phan lignin chiém dén 30-40%. Két qua nay twong duong vai nghién
ctru cua Ashita Dhillon va cong su nam 2000 cho thay rom 13 nguyén liéu cam tng thich hop nhét cho sy
tong hop cellulase cua chung Bacillus circulans AB [16]. Ngoai ra, trén thé gisi hién nay ciing da c6 mot
so nghién cau st dung rom dé thu nhan enzyme nhu nghién ctu cia Varsha Goyal va cong sy nam 2014
dé nudi cay chung Bacillus sp. 313SI trén mdi truong cd chira rom dé thu nhan CMCase [17]. Rom 1a mot
loai phé phu pham néng nghiép chiém ty Ié cao, dic biét & nuéc c¢6 nén ndng nghiép lua nudc lau doi nhu
Viét Nam. Chinh vi vay, véi kha ning sinh tong hop cellulase c6 hoat tinh cao nho chat cam tmg 1a rom,
B. amyloliquefaciens D19 nay s& la mot chiing vi khuan tiém nang, gop phan quan trong trong viéc san xuat
cellulase thuong mai véi chi phi tiét kiém. Thém vao do, rom ciing 1a mot trong nhiing nguon co chét ré va
ddi dao cho nhiéu nganh cong ndng nghiép, trong d6 (g dung cellulase dé san xuat nhién liéu sinh hoc tir
rom da va dang la muc tiéu quan trong, gop phan cho su phat trién bén vitng cua méi truong [18]. T nhiing
ly do trén, rom dugc chon l1a chat cam twng thich hop cho viéc sinh tong hop cellulase cua B.
amyloliquefaciens D19 dé tién hanh cac khao sat tiép theo.

35 Anh hwéng cia ndng dd chit cam wng 1én sy sinh téng hop cellulase cia ching B.
amyloliquefaciens D19

Chat cam ng c6 ndng d6 khéc nhau ciing anh huéng dén su sinh tong hop cellulase cua vi khuan. Trong
thi nghiém nay, ching tdi tién hanh thay ddi ndng d6 rom bd sung vao méi trudng nudi cay véi cac ty 18
0%, 0,5%, 1%, 2%, 3%, 4% dé xac dinh sy anh huong cua nong do chat cam tmg dén su sinh tong hop
cellulase ciia B. amyloliquefaciens D19 va két qua duoc thé hién ¢ Hinh 4.
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Hinh 4: Hoat tinh cellulase cua dich nu6i cay B. amyloliquefaciens D19 trong mdi trudng co bd sung rom véi cac

nong do khac nhau theo thoi gian (A) va ¢ thoi diém 48 giod nudi cay (B).
Két qua cho théy hoat tinh cellulase & cac néng d6 khac nhau c6 sy khac biét 16 rang. Tuy nhién, hoat tinh
cellulase khong tuyén tinh theo sy ting nong do chat cam ung (Hinh 4A). Enzyme nay cho hoat tinh cao
nhit 1a 607,39+12,99 Ul/ml sau 48 git nudi céy khi bd sung 0,5% chit cam (mg vao mdi trudong nudi cay.
Hoat tinh nay giam dan khi ting nong d6 chat cam tng 1én 1%, 2%, 3% va 4%. Két qua nay co thé do mat
dd rom trong moi truong cang nhiéu sé& lam thu hep moi trudng song cua vi sinh vat, ngoai ra do co ty trong
thip, rom con anh hudng dén su dao tron ctia méi truong va do thong khi trong méi truong, tir d6 1am giam
kha ning trao ddi chat va sinh trudng cta vi sinh vat. Tuong tu trong nghién ctru cia Yogita Lugani va
cong su nam 2015 ciing cho théy khi tang néng d6 chat cam ung CMC [én 1,5%, 2% va 2,5% thi hoat tinh
enzyme thu dugc tir chung Bacillus sp. Y3 bi giam 13 rét [19]. Pong thoi, két qua nghién ctru ctia ching toi
tuong duong voi néng d6 0,75% rom ma Goyal va cong su ndm 2014 da sir dung dé thu nhan CMCase
[17]. Bén canh do, két qua phan tich thong ké cho thay su khéac biét dang ké gitta ham lugng rom 0,5% so
v6i cac nong d khac (p<0,05). Chinh vi vay, ching toi chon ti 1¢ rom 0,5% dé tién hanh cac khao sat tiép
theo.

3.6 Anh hwéng ciia c&c ngudn nitrogen Ién su sinh tdng hop cellulase cia chiing B. amyloliquefaciens
D19
Ngudn nitrogen dong vai tro thiét yéu trong qué trinh chuyén hoa va trao dbi chit cua vi sinh vét. Do do,
thi nghiém nay duoc tién hanh nham khdo sat su anh hudng cia cac nguon nitrogen khéac nhau dén su sinh
tong hop cellulase ctia ching D19 bang cach sir dung méi truong nudi cdy c6 bd sung 0,5% rom va cic
nguon nitrogen v6 co ciing nhu hitu co nhu: NaNOs, (NH2)2CO, NHsNO3s, (NH4)2SO4, NH4Cl, peptone, bot
dau nanh va bot trim qué. Hoat tinh cellulase thu nhan sau mdi 12 gid nudi cdy dugc thé hién ¢ Hinh 5A.
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Hinh 5: Hoat tinh cellulase cua dich nudi ciy B. amyloliquefaciens D19 trong moi trudng co bd sung cac nguon
nitrogen khéac nhau theo thoi gian (A) va ¢ thoi diém 48 gio nudi cay (B).
Két qua cho thay chung D19 hau nhu khong sinh téng hop cellulase trong mdi trudng c6 chia Urea,
(NH4)2804, NH,Cl1. Bbi véi hai loai mubi NaNOz va NHsNOs, ching D19 nay da sir dung NOs 1am ngudn
nitrogen cho qua trinh sinh truong va trao d6i chat cua chiing va hoat tinh cellulase thu nhan dugc cao hon
cac nguon nitrogen vo co con lai. Dleu nay ciling thé hlen trong két qua nghién ctru ciia Yogita va cong su
niam 2015 [19]. Tuy nhién, NO3 van khong phai 1a nguon mtrogen thich hop nhéat dbi véi chung vi khuan
nay nén hoat tinh cellulase thu dugc chua dat cao nhit. Dbi vi cac ngudn nitrogen hiru co nhu peptone,
bot dau nanh, bot trin qué, ¢6 thé thdy hoat tinh cellulase thu nhan dugc cao hon so véi cac ngudn nitrogen
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con lai. P4i v6i ngudn nitrogen 1a bot trin qué, mic di c6 ham lugng protein twong dbi cao nhung cellulase
thu nhan dugc dén thoi diém 60 gid trd di thi hoat tinh méi ¢6 sy tang 1én rd rét. Piéu nay cho thiy ching
vi khuan D19 can c6 thoi gian dai dé phan hay cac protein trong trin qué dé st dung nguén dam cé trong
trin qué va dan dén qua trinh sinh tong hop cellulose ciing cham hon. Bén canh dé, peptone 1a hon hop cac
peptide va amino acid dugc tao ra boi qua trinh thiy phan protein, do vay, vi khuan dé dang sir dung dé
phat trién va trao ddi chat nhung hoat tinh thu nhan dugc chua cao b?mg moi trudng c¢d chira bot dau nanh.
Khong chi chtra thanh phan chii yéu 1a protein, bot dau nanh con c¢é cac thanh phan dinh dudng khac nhu
lipid, nhiéu loai amino acid can thiét nhu lysine, tryptophan, valine, methionine,... cting nhiéu loai khoang
chat va vitamin [20]. Khi bd sung bot dau nanh vao méi trudng nudi cdy, ngoai viée cung cap cac chat dinh
dudng co ban con dap tmg dugc nhu cau vé cc yéu té ting truong cua vi khuan. Ngoai ra, bot dau nanh
con ¢ chira mot lugng nho cellulose, ciing 12 ngudn chat cam tmg sinh cellulase nén co thé day ciing la
nguyén nhan ma hoat tinh enzyme cellulose thu dugc khi nudi ciy trong méi truong nay dat cao nhat. Cho
dén nay, dd c6 nhiéu nghién ctru ching minh bot dau nanh déng vai trd quan trong trong viéc san xuat
cellulase tur vi sinh vat nhu nghién ctru cia Saravanan va cong sy nam 2012 da b6 sung bot dau nanh véi
lugng 22,5 g/l vao moi truong nudi cay Trichoderma reesei, cho hoat tinh cellulase cao hon so véi khi bo
sung cac nguon nitrogen khac [21]. Ngoai ra, Miao Ye va cong su (2017) da bo sung bot dau nanh (3%)
vao mdi trudng 1én men dé thu nhan cellulase tir chung B. amyloliquefaciens S1 [6]. Trong nghién ctru ctia
ching t6i, & thoi diém 48 gio, hoat tinh cellulase thu nhin dugc trong méi trudng c6 bd sung bot ddu nanh
13 cao nhat 732,13+28,04 Ul/ml, sau d6 1a peptone 620,31+46, 79 Ul/ml (Hinh 5B). Sy khac bi¢t nay co ¥
nghla thong ké  (p<0,05) nén bot dau nanh duge chon dé lam ngudn nitrogen bd sung vao mdi trudng trong
cac khao sat tiép theo.

3.7 Anh hwéng ciia cac ngudn carbon 1én s sinh tong hop cellulase caa chiing B. amyloliquefaciens
D19

Thi nghiém nay dugc tién hanh nham khao sat kha nang sinh téng hop cellulase ciia chung D19 véi cac
ngudn carbon khac nhau trong méi truong 1én men c6 bd sung 0,5% rom, 1% 'bot déu nanh va cac ngudn
carbon: D-Glucose, Sucrose, Arabinose, Maltodextrin véi ti 1€ 0,5% (w/v), mau doi chung 1a méi truong
khong bo sung thém bat ky ngudn carbon nao. Hoat tinh cellulase thu nhan sau mdi 12 gid nudi cdy duoc
thé hién & Hinh 6A.
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Hinh 6: Hoat tinh cellulase cua dich nuéi cdy B. amyloliquefaciens D19 trong mdi truong co bd sung cac ngudn
carbon khac nhau theo thoi gian (A) va ¢ thoi diém 48 gid nuoi cay (B).
Két qua cho thy trong moi truong khong bd sung thém nguén carbon thi hoat tinh cellulase thu dugc cao
nhét & tat ca cac thoi diém cho thay mdi truong LB long véi nong do chit cam ung va nguon nitrogen thich
hop s& kich thich qua trinh sinh tong hop cellulase ciia vi khuan. Viéc bd sung thém ngudn carbon ¢ cac
dang dudng khac nhau c6 thé 1am gia ting sy sinh trudng ctia vi sinh vat nhung khong dong nghia véi su
gia tang tong hop enzyme ngoai bao (Hinh 6A). Tuong tu nhu thi nghiém trudc, hoat tinh cellulase thu
nhan dugc cao nhit ¢ thoi diém 48 gio, dat 741,82+40,29 Ul/ml cao hon dang ké so voi cac moi truong
khac, c6 y nghia thong ké véi p<0,05 (Hinh 6B). Ddi v6i cac méi truong co bd sung cac ngudn carbon, co
thé thiy hoat tinh cellulase khong cao va khong cé su khac biét rd rang. Két qua nay c6 thé phan nao dugc
giai thich dua theo co ché trc ché dj hoa (catabolite repression). Theo do, su hién dién cia cac loai duong
don gian trong moi trudng nudi cay s& e ché hoat dong cua mot sé yéu tb phién ma dong vai tro hoat hoa
su biéu hién cac gene ma hoa cho cellulase va hemicellilase. Nghién ciru ctia Vinay K. Singh va cong su
nam 1998 ciing cho thay khi bd sung glucose va sucrose vao méi trudng nudi cay thi hoat tinh cellulase cua
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Bacillus brevis VS-1 bi giam [22]. Piéu nay ciing duoc thé hién trong nghién ciru ctia Bobbie J. Stewart va
cong sy nam 1976 khi nudi u Cellulomonas sp. trén dia thach ¢ chat cam tmg va glucose, két qua cho thay
khong c6 vong phan giai cellulose xung quanh khuén lac [23]. Vi vay, ching toi nhan dinh moi truong nudi
ciy khong bd sung thém ngudn carbon 1a thich hop cho su sinh téng hop cellulase cua ching D19.

3.8 Anh hwéng ciaa pH ban dau va nhiét dé nudi cay Ién sw sinh téng hep cellulase cia ching B.
amyloliquefaciens D19

Bén canh ngudn chat cam tng, ngudn nitrogen va carbon thi pH ban dau va nhiét dé nudi cay ciing 1a nhirng
yéu t6 quan trong anh huong dén sy sinh tong hop cellulase cua vi khuan. Bé xac dinh pH ban dau thich
hop cho viéc thu nhan cellulase c6 hoat tinh cao, méi truong nudi cay duoc diéu chinh vé céc gié tri: 3,0-
9,0 va nhiét do nudi ciy duoc khao sat & 25°C-45°C. Hoat tinh cellulase cua dich nudi ciy sau mdi 12 gio
duoc kiém tra va thé hign & hinh 7.
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Hinh 7. Hoat tinh cellulase cua dich nudi ciy B. amyloliquefaciens D19 trong méi truong c6 cac gia tri pH ban dau
khéac nhau (A) va & cac diéu kién nhiét d6 khac nhau (B).

Két qua cho thiy, chung vi khuan D19 nay hau nhu khong thé sinh tong hop cellulase c6 hoat tinh trong
moi truong cd pH ban dau 1a 3,0 va 4,0 (Hinh 7A). Tuy nhién, khi ting pH 1én 5,0 thi hoat tinh cellulase
thu dugc & tat ca cac thoi diém déu cao nhat va dic biét 1a & 48 gid, hoat tinh dat 862,48+24,50 Ul/ml. Khi
pH moi truong tang 1€n 6,0 va 7,0 thi hoat tinh cellulase bi giam gﬁn 30% voi cac gia tri lan luot 13
627,95+42,76 Ul/ml va 622,43+45,34 Ul/ml. O méi treong c6 pH ban dau 13 8,0 va 9,0 thi hoat tinh
cellulase bi giam rd rét hon khi ghi nhan két qua & thoi diém 48 gio 1an luot 1a 588,02+37,75 Ul/ml va
505,17+15,97 Ul/ml. Mdi loai vi khuan khac nhau thi s& c6 mot gia tri pH ban dau thich hop dé sinh truong
va trao doi chat. Trong mot sé nghién ciru, ngudng pH tdi uu thuong 1a pH trung tinh nhu két qua cua
Magdi va cong su (2010), ching B. subtilis KO phan 1ap tir dat cho hoat tinh cellulase cao & pH 6,5-7,0
[24]. Abou-Taleb va cong su (2009) ciing chi ra ring chung Bacillus alcalophilus S39 va B.
amyloliquefaciens C2 sinh tong hop cellulase ¢ hoat tinh dat t6i da & pH ban dau 1a 7,0 [25]. Mt khac,
pH 3,5 lai 1a pH thich hop cho ching Bacillus sp. sinh téng hop cellulase c6 hoat tinh cao va dat toi sau 24
gi0 1én men trong nghién cru cuia Maidul Islam va cong su [26]. Déi véi chung B. amyloliquefaciens D19
nay, ngudng pH ban dau thich hop nhét 1a pH 5,0 va két qua nay c6 sy khac biét mang ¥ nghia thong ké
(p<0,05). Chinh vi vay, pH 5,0 dugc chon 1a gia tri pH moi truong ban dau thich hop cho su sinh tong hop
cellulase cua B. amyloliquefaciens D19.

Ngoai pH moi truong ban dau, nhiét d6 nudi cdy thich hop nhit dé ching B. amyloliquefaciens D19 sinh
tong hop cellulase 1a 37°C ciing d4 dugc ghi nhan trong nghién ciru nay (Hinh 7B). Tai nhiét do nay sau 48
gio nuoi céy, hoat tinh cellulase thu nhin duogc 13 cao nhit, dat 879,47+33,43 Ul/ml. Tuong tu nhu pH,
mdi loai VSV c6 mot ngudng nhiét d6 thich hop dé sinh truéng va thuc hién cac qua trinh trao ddi chit. Pa
s6 cac chung B. amyloliquefaciens hoat dong tdt & ngudng nhiét d6 30°C-40°C [27]. D& dang nhan thay dbi
v6i ching D19 nay, ngudng nhiét d6 tdi wu dé sinh tong hop cellulase 1a 37°C. Két qua nay tuong tu véi
nghién ctru cua You-Jung Lee va cong su cho thdy 37°C 1a nhiét do phu hop nhét khi nuéi cdy ching E.
coli JM109/ DL-3 de san xuat CMCase [28]. Nhiét do cao hon hodc thap hon 37°C c6 thé giy anh huong
dén qua trinh sinh tong hop cellulase cing nhu phan ndo anh hudng dén hoat tinh ctia enzyme nay. Diéu
nay da dugc thé hién trong nghién ctu t61 uu hoa cac diéu kién 1én men dé thu nhén cellulase tir Bacillus
sp. ciia Maidul Islam va cong su (2019), cellulase dat hoat tinh cao nhét & 35°C va khi nhiét d6 ting dén
40°C thi hoat tinh enzyme bi giam manh [26].
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4. KET LUAN

Nham goép phan khai thac hé cellulase ngoai bao tur vi sinh vat dé déo tmg cac nhu cau thyc tién hién nay,
dé tai nghién ctru nay da duoc tién hanh nham xac dinh cac diéu kién sinh tong hop cellulase cta chung vi
khuan B. amyloliquefaciens D19, bao gom ngudn co chat cam tng, ngudn nitrogen, ngudn carbon, pH ban
dau cia moi truong, nhiét do nudi cdy. Ket qua cho thay hoat tinh cellulase thu nhan dugc c6 hoat tinh cao
nhit 1 879,47 Ul/ml sau 48 gid nudi cdy chung vi khuan B. amyloliquefaciens D19 trong moi truong co
thanh phan 0,5% rom, 1% bdt ddu nanh, 0,5% cao ndm men, 1% NaCl (w/v). Ngoai thanh phin méi trudng,
cac diéu kién nudi céy thich hop cling dugc xac dinh véi nhiét d nudi céiy la 37°C pH ban daula 5,0 va &
tdc do lac 150 vong/phut.
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