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TOM TAT

Chaing vi khuén Bacillus M5 c6 kha néng sinh tdng hop cellulase da dwoc nudi cay dé thu dich enzyme véi muc
dich tinh sach va khao sat mét sb dac tinh cla cellulase thu nhan tir chiing nay. Dich enzyme thé dwoc thu nhan
bang cach ly tam va két tia bang dung méi hiru co sau d6 hoa tan dé thu ché phadm ky thuat. Dé khao sat mét sé
dac tinh enzyme vé& nhiét do, pH t6i wu ciing nhw dd bén nhiét, bén pH va anh hwéng cla mét sé ion kim loai,
enzyme ky thuat dwoc xir ly trong cac didu kién khac nhau. Két qua cho thay cellulase thu nhan tir chiing Bacillus M5
hoat déng & nhiét d6 tdi wu 65°C; pH ti wu 5,5; bén nhiét & khodng 50°C hoat d6 con lai 53% sau 120 phat; bén pH
trong khoang tr 6,0 dén 6,5; cac ion kim loai Ca2* va Mg®* lam tang hoat d enzyme con ion Zn?* lam hoat d6
enzyme gidm. Enzyme thu dwoc cé khéi lwong phan to 1a 45 kDa.

Twr khoa: Bacillus sp. M5, cellulase, dac tinh enzyme, tinh sach.

Purification and Characterization of Cellulase from Bacillus sp. M5 Strain

ABSTRACT

The objective of the present study was to purify and determine the properties (optimal temperature, heat
stability, optimal pH, pH stability, effects of metal ions) of cellulase derived from Bacillus sp. M5 strain. The crude
enzyme produced from the culture of cellulase-producing bacillus M5 strain was collected by centrifugation and
precipitated for purification and characterization. To investigate the enzyme's characteristics on optimal temperature,
pH as well as heat stability, pH stability and the effect of certain metal ions, the enzyme fluid was treated under
different conditions. The enzyme was disolved in acetate buffer pH 5.50 mM to determine enzyme activity. Results
showed that the cellulase from Bacillus M5 strain was active at an optimal temperature of 65°C; optimal pH of 5.5;
heat stability at about 50°C (activity remains 53% after 120 minutes); pH of 6.0 to 6.5. ca® and Mg2+ metal ions
increased enzyme activity and Zn* ion decreased enzyme activity. The enzyme had the molecular weight of 45 kDa.

Keywords: Bacillus sp. M5, cellulase, purification, enzyme characterization.

cellulase vao thiic 4n vat nuéi (Pang Thi Thu va

1. DAT VAN DE cs., 2004), cai thién chit lugng dat néng nghiép

Cellulase 1a hé enzyme xtc tac chuyén hoéa (Ramesh et al., 2011).

cellulose thanh cic san phdm hoa tan théng qua
su cit dit cac lién két B-1,4-glucoside. Cellulase
gitp tang san lugng dich qua khi ép, cai thién
chat lugng va niang sudt trong 1én men bia va
rugu vang (Ramesh et al., 2011), ting kha ning
hap thu va chuyén héa thic #n khi b8 sung
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Cellulase phan bé rong rii trong tu nhién,
¢6 thé thu nhan ti nhiéu ngudén khac nhau nhu
dong vat, thuc vat va vi sinh vat (Watanabe &
Tokuda, 2001). Tuy nhién, enzyme tu dong vat
va thuc vat thuong khong duge st dung nhiéu
bdi qua trinh thu nhan va bao quan phitc tap.
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Nguén thu cellulase phong phi va hiéu qua
nhat 14 ti vi sinh vat.

Trén thé giéi cting nhu é Viét Nam da tim
duge nhiéu ching vi khudn c6 kha ning sinh
cellulase nhu Bacillus megaterium,
Cellulomonas flavigena (V6 Van Phuéc Qué va
2011) Bacillus
Clostridium  butyricum, Bacillus pumilis
(Nguyén Dtic Lugng, 2004; Ariffin et al., 2006),
Bacillus licheniformis (Aygan et al., 2011). Tuy

Cao Ngoc Diép, subtilis,

nhién, enzyme tit mdi ching vi khuén lai c6 dac
tinh khéac nhau dé phu hop tng dung trong linh
vuc khac nhau. Do d6, dé dua enzyme vao tng
dung trong quy md cong nghiép thi enzyme can
phai c6 cac dac tinh tét dap tng dudc yéu cau
trong san xuat. Chung Bacillus M5 dugc xac
dinh c6 kha n#ng sinh cellulase d&c hiéu véi co
chat CMC cao (Sam & Nguyen, 2017). Muc tiéu
clia nghién ciiu la sau khi tinh sach enzyme sé
xac dinh mot s6 dic tinh ctia ching (nhiét do to1
uu, d6 bén nhiét, pH téi wu, d6 bén pH, anh
huédng ctia mot s6 ion kim loai) lam co sé cho
viéc ting dung vao thuc tién.

2. PHUONG PHAP NGHIEN CcUU

2.1. Vat liéu nghién ctru

Cellulase thu nhan tit vi khuadn Bacillus
M5. Chung vi khuén da duge phan lap va giit
giéng tai B6 mén Sinh hoc phan ti va Céng
nghé sinh hoc tng dung, Khoa Cong nghé sinh
hoc, Hoc vién Nong nghiép Viét Nam.

2.2, Mo6i truong thi nghiém

Moéi truong LB (Luria and Bertani) dung
hoat héa chtng vi khuin Bacillus M5 (w/v):
peptone 1%, NaCl 0,5%, cao ndm men 0,3%, pH
7,0 £ 0,2, méi trudng dic bé sung 1,5% agar.

Mbi trudng thi hoat tinh cellulase (w/v):
LB b6 sung carboxymethyl cellulose (CMC) 1%,
2% agar trong dém phosphate c6 pH 7.

2.3. Phuong phap nghién citu

2.3.1. Thu nhan enzyme

Chung vi khuén Bacillus M5 dugc hoat héa
va nudi trén moéi trucng LB dac 6 37°C qua dém.

Sau @6 dung dau tam ch&m vao khuén lac va
nhing vao 100 ml méi trusng LB léng & 37°C
trong 24 gio, ldc 180 vong/phit. Sau 24 h thu
dich nudi sinh khéi vi khuén dem ly tAm véi toc
do 10.000 vong/phit trong 15 phiat. Dich nu6i
bén trén dugc thu nhan va loc qua mang loc
kich thuée 0,45 um dé loai bd t& bao. Dich thu
duge chita enzyme cellulase dudge thu nhan va
dung cho cac thi nghiém tiép theo.

2.3.2. Tinh sach enzyme

Enzyme cellulase dugc tach va thu nhéan
bing dung méi hitu co (ethanol 96° va acetone)
dé tao ché& pham ky thuat.

Dich enzyme thé dude thu bang cach ly tam
lanh 100 ml dung dich nudi cdy & 6.000
vong/phut trong 15 phut 6 4°C va thu dich néi.
Dich néi va dung méi hiiu co riéng ré (ethanol,
acetone) dudc git lanh sao cho nhiét 6 dat ti 0
dén 4°C.

Dung moé1 htiu cé duge thém ti tu vao dich
enzyme theo ti 1& thé tich enzyme: dung méi 1:1,
1:2, 1:3, 1:4, khudy déu, giit lanh 60 pht, ly tAm
6.000 vong/phit ¢ 4°C trong 15 phit. Két taa
duge sdy kho tu nhién 6 nhiét d6 phong (duéi
30°C), dé dung ludn hoic bao quan lanh & 4°C.

Ché phidm enzyme thu duge & cac thi
nghiém hoa tan trong 50 ml dung dich dém
acetate pH 5,5 mM, xac dinh hoat do béng cach
4 v6i dung dich CMC 1%. Ché phdm enzyme c6
hoat d% cao nhat trong cac thi nghiém trén dugc
stt dung dé nghién ctu dic tinh. Ti 16 enzyme
tho/dung méi c6 hoat d6 cao nhat duge st dung
cho cac thi nghiém tiép theo.

2.3.3. Xac dinh hoat do enzyme

Hoat d6 cellulase dudc xac dinh bang cach t
0,1 ml dich enzyme véi 0,9 ml dung dich CMC
1% (dung dich CMC dugc pha trong dém natri
acetate 50 mM pH 5. Hén hgp enzyme va CMC
duge 0 & 40°C trong 30 phit sau dé bd sung
1,2 ml DNS va dun s6i 6 100°C trong 10 phut dé
diing phén ting. Lugng dudng giai phéng ra dudc
xac dinh bang cach do mat do quang & buée song
540 nm (Miller, 1959).

Mot don vi hoat d6 cellulase (U/ml) dugc
tinh bing lugng enzyme cin thiét dé giai phéng
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1 umol dudng khi trong moét phut 6 diéu kién
thi nghiém (40°C, pH 5,0) (Singh et al., 2013).

2.3.4. Xac dinh mét sé6 dic tinh enzyme

- X4c dinh nhiét dé téi uu cua enzyme
cellulase

U 0,9 ml dung dich CMC 1% pha trong dém
natri acetate 50 mM, pH 5 vé1 0,1 ml dich
enzyme & cac nhiét dé khac nhau (40, 45, 50, 55,
60, 65, 70 va 75°C). Sau d6 hoat d6 enzyme dugc
x4c dinh theo phuong phap mé ta ¢ muc 2.3.2.
Nhiét do t61 uu ciia enzyme tuong ing vdi nhiét
d6 6 d6 hoat d6 enzyme thu dudc cao nhat.

- Xéc dinh pH t61 uu cia enzyme cellulase

U 0,9 ml dung dich CMC 1% pha trong dung
dich dém 6 cac pH khac nhau 4,0; 4,5; 5,0; 5,5;
6,0; 6,5; 7,0; 7,5; 8,0 (pH 4,0 - 7,0: 50 mM citrate
buffer; 6,0 - 8,0 dém phosphate) cung v6i 0,1 ml
dich enzyme, sau dé tién hanh xac dinh hoat d6
enzyme theo phuong phap mé ta 6 muc 2.3.2. Gia
tri pH t61 vu clia enzyme tucng tng véi gia tri
pH 6 d6 hoat d6 enzyme thu dudc cao nhat.

- Xéc dinh dé bén nhiét ctia enzyme cellulase

Enzyme dugc xii 1y 6 cac nhiét d6 50, 60 va
70°C, trong cac thoi gian 15, 30, 45, 60, 75, 90,
105 va 120 phut. Sau khi xt 1y nhiét, hoat dd
cellulase xac dinh theo phuong phap moé ta &
muc 2.3.2. D6 bén nhiét cia enzyme duge danh
gia bing gia tri phan tram hoat d¢ con lai trong
cac dich da xi 1y nhiét do.

- Xac dinh d¢ bén pH ctia enzyme cellulase

Dich enzyme dugc git trong dung dich dém
theo ty 1& 1:1 ¢6 pH 5,0; 5,5; 6,0; 6,5; 7,0; 7,5
trong thoi gian 30, 60, 90, 120, 150 phut 6 40°C.
Sau khi xti Iy 6 cac pH khac nhau, hoat dd
cellulase xac dinh theo phuong phap moé ta &
muc 2.3.2. Do bén pH ctia enzyme dudc danh gia
bang gia tri phan tram hoat dd cellulase con lai
trong céc dich da xu ly pH.

- X4c dinh dnh hudng ctia mét s6 ion kim
loai dén hoat dé enzyme cellulase

Dich enzyme sau khi tua dudc xt 1y v6i ion
kim loai & néng d6 5-10 mM (Ca?*, Mg?*, Zn*").
Sau 1 h xac dinh hoat d6 enzyme theo phudng
phap md ta d muc 2.3.2. D6 anh hudng cta ion
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kim loai dudc danh gia bing gia tri phan tram
hoat d0 con lai ciia enzyme (Lee et al., 2010).

2.3.5. X4ac dinh khéi luong phan ti enzyme
bing phuong phap dién di (SDS-PAGE)

Khéi lugng phan ti cua cellulase duge xac
dinh theo phudng phap dién di SDS - PAGE.
Enzyme da tinh sach dugc thém vao dung dich
dém (0,05% bromophenol xanh, 5%
B-mercaptoethanol, 10% glycerol va 2% SDS
trong dung dich Tris-HC1 1 M, pH 6,8) va sau
d6 dun 6 nhiét do6 100°C trong 2 phit. Cac mau
sau d6 duge dung dé chay dién di S

DS-PAGE (gel tach: 12,5%; gel c6 4%) trong
hé théng Mini - Protein II (Bio - Rad, My) &
diéu kién nhiét do phong, 1,5 gid, hiéu dién thé
100 Volt.

2.3.6. X1t Iy s6 liéu thuc nghiém

Cac thi nghiém dugc lip lai 3 lan, s6 liéu
dudc xt 1y thong ké trén phan mém Excel 2016.
Cong cu ANOVA duge dung dé kiém dinh su
khac biét gitia cac cong thic thi nghiém véi mic
y nghia P = 0,05.

3. KET QUA VA THAO LUAN
3.1. Ché& phAm ky thuit ctia cellulase

3.1.1. Két tua cellulase bing dung méi hitu co

Két qua thu duge (Hinh 1 va 2) cho thay khi
tang ti 1& ethanol hoat d6 enzyme thu dudc tang
theo. Cac s6 liéu dudc phan tich thong ké ANOVA
cho thay su khéc biét gitia cic mtic thi nghiém c6
¥ nghia (F > F crit). O ty 16 tiia enzyme va ethanol
tuong ting 1:4 cho hoat d6 cellulase cao nhat
(24,05 U/ml). Piéu nay c6 thé giai thich 1a khi ti 1é
ethanol tidng thi hang s6 dién moi trong dung
dich giam dan t6i do
enzyme/protein trong dung dich gidm, do d6 lam

hoa tan cta cac

tang hiéu qua két tia enzyme. Tuy nhién, khi
lugng dung méi tiép tuc téng 1:5 thi hoat do
enzyme giam, vi 6 nong d6 ethanol cao, cac 16p
hydrate xung quanh enzyme giam manh nén
ethanol ¢6 thé giy bién tinh enzyme lam giam
hoat do. O thi nghiém nay ti 1é két tia enzyme va
ethanol 1a 1:4 12 pht hgp dé thu nhan cellulase.
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bing acetone cao hon so véi ethanol.

Tuong tu nhu ethanol, khi st dung acetone
lam tac nhan két tua, 6 ti 1é enzyme va acetone

A%!

vay, enzyme cellulase thu nhan tu két taa

bang acetone dudc st dung cho cac thi nghiém

14 1:2 cho hoat d6 cellulose cao nhat dat 37,63
U/ml. Hoat dd cellulase thu dugc khi két tua

tiép theo.
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Hinh 4. D bén nhiét cia enzyme cellulase

3.2. Diac tinh cua enzyme cellulase

3.2.1. Nhiét dé téi uu

Két qua 6 hinh 2 cho thay anh hudng cta
nhiét d6 1én hoat d6 cta cellulase thu dugc ti
chting Bacillus M5 dudgc ghi lai trén mot pham
vi nhiét d6 kha rong (40-75°C) va dat gia tri
hoat &0 cuc dai tai 65°C (50,66 U/ml). Tuy
nhién, khi nhiét d6 tang lén 70 va 75°C thi hoat
do ctia enzyme giam dan, con 83,85% 6 75°C so
v6i hoat d6 cuc dai. C6 thé két luan ring
enzyme hoat dong to6t trong khoang 55-75°C,
nhiét d6 phan ting t61 vu ctia enzyme 1a 65°C.

Nhiét d6 phan {ng téi uu ctua enzyme
cellulase thu dudc tit chung Bacillus M5 cao hon
khi so sanh véi két qua cta cac nghién ctiu truée
day. Cu thé, enzyme cellulase thu dugc tit ching
Bacillus pumilus B6.4 c6 nhiét d6 phan tng t6i
uu 1a 55°C Mam et al, 2017), chung Bacillus
pumilus EB3 sinh enzym cellulase c6 nhiét do
phan tng t61 vu la 60°C (Ariffin et al, 2006),
Bacillus mycoides S122C cellulase 50°C
(Balansubramanian et al., 2012) hay 60°C cho
Bacillus subtilis YJ1 cellulase (Li et al., 2010).
Ngoai ra, Bacillus vallismortis RG-07 cellulase
lai c6 nhiét do t61 uu 65°C (Rajeeva et al., 2015),
tuong tu véi nhiét d6 phan Gng t6i uu cua
enzyme cellulase thu dugc tit chung Bacillus M5
trong nghién ctu.

3.2.2. pH t6i vu

Két qua cho thay hoat d6 enzyme cellulase
ting trong khoang pH tu 4,0-5,5. Hoat do

842

cellulase dat cuc dai 6 pH 5,5 (39,24 U/ml). O
pH 6,5 hoat d6 gidm con 65,75% va con 44,65% &
pH 8 (Hinh 3).

Cé thé thdy ring, gid tri pH t6i uu cua
enzyme cellulase thu dugc tit ching Bacillus M5
c6 gia tri tuong tu véi enzyme cellulase thu dugc
ti mot s6 ching Bacillus khac dudc cong bo trong
nghién ctiu cia Mawadza et al. (2000) 1a ti 5,0
dén 6,5. Gia tri nay thap hon gia tri pH 6,5 caa
Bacillus pumilus B6.4 cellulase (Mam & Nguyen,
2017), pH ti 6,0 dén 6,5 clia Bacillus subtilis YJ1
(Li et al, 2010), pH 7 ctua cac enzyme Bacillus
vallismortis RG-07 cellulase (Rajeeva et al.,
2015), Pseudomonas flurescence cellulase
(Bakare et al, 2005) hay  Bacillus
amyoliquefaciens DL3 cellulase (Lee et al., 2008).

3.2.3. D6 bén nhiét

Két qua ¢ hinh 4 cho thay hoat d6 enzyme
cellulase ctia chiung Bacillus M5 bén tai mot
khoang nhiét do6 kha cao 50-70°C trong khoang
thoi gian xt 1y 2 gio. Tai cac nhiét do khao sat,
cellulase bén nhat 6 50°C; hoat dd cellulase con
58,92% sau 60 phut va 46,34% sau 120 phut.
Khi nhiét d6 cang cao d6 bén nhiét cta cellulase
cang gidm. Sau 60 phut hoat d6 enzyme & 60°C
chi con 50,55% va & 70°C chi con 39,97%. Sau
120 phit hoat d6 enzyme 6 60°C con 22,82% va
4 70°C con 18,63%. Cac s6 liéu dugc phan tich
ANOVA cho thay sy khac biét gitia cac mic thi
nghiém 14 c6 ¥ nghia (F >F crit). K&t qua nghién
cttu cho thiy enzyme cellulase thu nhan tu
chtung Bacillus M5 bén & nhiét do 50°C.
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Nhiing enzyme cellulase bén nhiét c6 y nghia
rit 16n trong tng dung vao thuc t& san xuit va
bao quan sau nay vi nhiét d6 khong nhiing anh
hudéng dén chat lugng va thoi gian bao quan ma
con anh hudng dén viéc tao ra san pham.

Cac enzyme bén nhiét con c6 uu thé trong
viéc xu ly thiic an. Thiic &n U & nhiét dd cao
trong vai gid ma van khong giadm hoat d6 nhiéu
ma con ting tdc dd phan ting. Hon nfiia, viéc
tron enzyme vao thiic &n 6 nhiét d6 cao truéc
khi cho vat nuéi &n con c6 tac dung giam su tap
nhiém cta vi sinh vat gy hai thusng phat trién
d 30°C dén 40°C. Mat khac, cac cellulase bén
nhiét con c6 lgi thé trong viéc xt 1y cac phé thai
néng nghiép trong qua trinh lam phin bén hiu
cd, thuong cac dong u c6 nhiét do6 tuong doi cao
45°C dén 70°C (Tran Ngoc Hitu va cs., 2014).

O cac nghién ctu khac, Natesan & Nelson
(2014) da cho thiy dd bén nhiét cia enzyme
cellulase 1a trong khoang tit 60-70°C & Bacillus
pumilus S124A. 0 Bacillus
amyoliquefaciens DL-3, enzyme cellulase sinh
ra bén trong khoang nhiét ti 50-70°C (Lee et
al., 2008). Bacillus pumilus B6.4 cellulase cé
khoang bén nhiét 55-65°C (Mam & Nguyen,
2017). Thém vao dé, su bén nhiét cia enzyme
cellulase c6 thé 1én dén khoang 60-100°C, tuy
nhién chi gitt lai duéi 30% hoat d6 & 100°C theo
cac bao cao ctiia Aygan et al. (2011) va Liang et
al. (2009). Do d6, cting c6 thé thay ring cellulase
cua chung Bacillus M5 c6 kha nang chiu nhiét
kha tét va ciing c6 thé duge ap dung cho mot s6
muc dich cong nghé sinh hoc va thuc pham.

chiing

3.2.4. D6 bén pH

Két qua 6 hinh 5 cho thiy cellulase tuong
d6i bén & khoang pH 6,0-6,5. O khoang pH nay
hoat do cellulase van con hon 80% sau 90 phit
va trén 50% sau 150 phit. O cac gia tri pH 5,0-
6,0 va 7,0-7,5 d6 bén cua cellulase thap hon;
hoat d6 ctia enzyme nay chi con trong khoang ti
40% dén 49% sau 150 phut. Cac s6 liéu dugc
phan tich ANOVA cho thay su khac biét gita
cac muc thi nghiém la c6 § nghia (F > F crit).

Qua két qua trén c6 thé thdy cellulase cua
ching Bacillus M5 tuong d6i bén ¢ moi truong
axit yéu. M6t s6 nghién citiu truéc dé cho
thdy enzyme cellulase dugc sinh ra ti chung

Bacillus sp. 6n dinh & khoang pH tuong d6i rong
(Mawadza et al., 2000; Lee et al., 2008). Hoat do
enzyme cellulase tU chung Bacillus pumilus
B6.4 dat hon 56% & pH tu 5,5 dén 6,0 Mam &
Nguyen, 2017) hay cellulase tu Bacillus
vallismortis RG-07 bén trong khoang pH 4,0-9,0
(Rajeeva et al, 2015). Enzyme cellulase néi
chung bén trong mot khoang pH rong ti 5 dén
10 (Kim et al., 2005; Tahir et al., 2009).

3.2.5. Anh hudng ctia mét sé ion kim loai

dén hoat dé enzyme cellulase

Két qua d hinh 6 cho thay enzyme khi xt ly
v6i ion Ca?, Mg* hoat d0 enzyme sé& ting,
ngudc lai enzyme khi 4 véi ion Zn?* s& khién
hoat d6 enzyme giam.

Ion kim loai 1a mdt trong cac yéu t6 anh
hudéng dén hoat dd ciia enzyme. Ion kim loai c6
anh hudng truc tiép va gian tiép dén hoat tinh cta
enzyme. Tac déng cua ion kim loai c6 thé théng
qua lam cAu noi gitia enzyme va cd chat, lam thay
d6i thé oxi hoa - kht, 1am bén phan ti protein
enzyme (Pham Thi Tran Chau va cs., 2006)

Trong mdt s6 nghién citu vé anh hudng cua
cic ion kim loai d&n enzyme cellulase, Yoon et al.
(1994) va Bakare et al. (2005) da két luan ring
cic ion Ca?, Mg® kich thich manh hoat tinh ctia
cellulase. Tuong tu trong nghién ctiu cua Wang
et al. (2009), Paenibacillus sp. chung B39 cho
hoat dong enzym t6i da khi méi trudng nudi cay
bé sung 1 mM Ca*. Ngoai ra, anh hudng cia cac
ion kim loai dén hoat tinh enzyme cellulase tu
cac chung khac nhau ciing da dudc nghién citu
trong cac nghién ctiu cia Sangrila (2013) vé anh
hudng ctia Mn?* va Zn* téi hoat d6 ctaa cellulase
tit chting Bacillus phan l4ap tit phan bo, nghién
ctiu cia Rajeeva & Soni (2015) vé anh hudng ctua
mét s6 ion kim loai va céc chét tdy ria t6i hoat
d6 cellulase tu Bacillus vallismortis RG-07,
nghién c@u cta Trinh Dinh Kha, 2015 vé
cellulase tif ndm sgi. TU cac nghién ciiu nay cé
thé thay ring Ca”, Mg c¢6 thé déng vai tro nhu
cofactor clia enzyme, tham gia vao hoat dong xtc
tac tai trung tAm hoat dong ctia enzyme. Vi vay,
khi c6 mét cic ion nay, hoat tinh ca enzyme sé
ting manh, trong khi d6 Zn* c6 thé déng vai
tro nhu chat kim him va lam giam hoat tinh
clia enzyme.
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3.3. Khéi lugng phan ti cua enzyme
cellulase

Enzyme sau khi tinh sach dén ché& pham ky
thuat, két qua dién di cho mdot dai bang kich
thudc khoang 45 kDa (Hinh 7). K&t qua nay cho
thdysan phidm ctia qué trinh két tta kha sach
(chi ¢6 1 vach bang rd nét). Diéu nay chiing to
chung vi khuan Bacillus M5 ¢6 kha nang sinh
tong hop cellulase cao va qué trinh két tua thu
nhan enzyme nay kha dic hiéu. Khéi luong
phan ti & cellulase tit mot s& loai khac nhu
Bacillus sphaericus JS1 29 kDa (Singh et al.,
2004), Bacillus vallismortis RG-07 1la 80 kDa
(Rajeeva & Soni, 2015), Bacillus licheniformis
AFM-07 37 kDa (Fatemeh et al., 2016), Bacillus
sublitis YJ1 1a 32,5 KDa (Lee et al., 2010)

4. KET LUAN

Enzyme cellulase thu nhan tu& ching
Bacillus M5 tinh sach thich hgp & ty 1& enzyme
tho : ethanol 14 1:4, enzyme tho : acetone 1a 1:2.
Nhiét do téi uu ctia enzyme 1a 65 °C, pH t61 vu
5,5; bén nhiét ¢ 50°C. O pH 6,0-6,5 sau 150
phit hoat d0 enzyme cellulase con hon 50%; ion
Ca? va Mg* gitp téng hoat dd enzyme, ion Zn*
lam giam hoat d6 enzyme. Khéi lugng phan ti
enzyme cellulase 1a 45 kDa.
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