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BIEU HIEN ENDO-B-1,4-MANNANASE TU CHUNG BACILLUS SUBTILIS Gl O
ESCHERICHIA COLI VA MQT SO TINH CHAT CUA ENZYME TAI TO HQP

Quyén Pinh Thi, Nguyén S§ Lé Thanh, Pham Viét Cudng

Vién Cong nghé sinh hoc

TOM TAT

Ching vi khuén Bacillus subtilis G1 sinh téng hop enzyme endo-B-1,4-mananase duge chon dé tao
ra mannanase t4i t6 hop. Gen ma hoa endo-B-1,4-mannanase coa B. subtilis G1 duge khuéch dai véi cap
mdi dic hiéu MAF va MAR thiét ké dua theo trinh tu gen ma héa endo-P-1,4-mannanase AF324506. San
phém PCR dugc nhan dong T/A trong vector nhan dong pTZ37R/T. Trinh ty nucleotide cha gen md hoa
endo-f-1,4-mananase dai 1101 bp da duge ding ky trong GenBank: DQ309335. Gen nay duoc cat voi
hai enzyme han ché Neol vd EcoRl va chuyén vao vector biéu hién pET22b{+) ciing duge cit bai chinh
hai enzyme dé. Plasmid tai td hop thu duge pEMAG dugc bién nap vao E. coli BL21 tao ra hé thong bidu
hién E. coli BL21/pEMAG. Endo-B-1,4-mannanase tai (6 hop c6 nhiét dd va pH phan (mg t6i wru lan lugt
& 45°C va pH 7,0. Céc dung méi hitu co vdi némg dd 10 - 30% déu e ché enzyme, hoat tinh con lai dat

35 - 82%.

Tir khéa: Bucillus subtilis G1, bidu hién, endo-f1,4-mannanase, tinh r.jhd} Iy héa

MG PAU

Endo-1,4-B-mannanase {(EC 3.2.1.78) la enzyme
thiy phan dudng glycosyl cua mach polymannan tao
ra cac manno-oligosaccharide nén ¢ vai trd phén
hiy hemicellulose trong sinh khéi thye vat. Ngudn
thu endo-f-1,4-mannanase rat phong phu, tir vi
khuin (Mendoza ez al., 1995), nidm moc, ndm men,
tac blen, tdo nudc ngot, hat ndy mim {Mo, Bewley,
2003), va ca ddng vat (Xu et al., 2002).

Trén thé gidi, endo-pB-1,4-mannanase da dugc
sin xudt trén quy md cong nghiép. Ché phim
enzyme thuong mai co (mg dyng trong nhiéu nganh
cong nghi¢p nhur céng nghigp giay (Kansoh, Nagieb,
2004), thye phim, ché bién thire in gia sic (Wu et
al., 2005), dugc pham cho dén diu khi. C6 nganh chi
cin sir dyng riéng endo-p-1,4-mannanase 13 du
nhung cing ¢4 nganh phai két hop mannanase voi
mot sb enzyme khac dé dat higu qua cao nhét. Viét
Nam 1a mdt trong nhifng nuorc’xuat khau nhiéu ca
phé, mét trong nhitng loai a6 udng duogc wa chudng
trong x& h@i hién dai. St dung endo-p-1,4-
mannanase dé san xuit ca phé tan 1a huong g dung
chil yéu sip téi. Ngoai ra, véi kha ning thiy phan ba
com dira, mannanase dirge s dung dé san xXudt cée
oligosaccharide Umg dung trong duge phém (tiéu diét
cdc vi sinh vt gay bénh dudng rudt).

Cho dén nim 1993 mdi chi ¢6 3 trinh oy

nucleotide duge cong bd (Akino et al., 1989; Luthi e
al., 1991; Arcand erf al,, 1993). Nhung tir khi thiy rd
cong dung ciia enzyme trong viéc tdy tring gidy thi
s6 trinh tur nucleotide duoc cong bd nhiéu hon. Céc
doan gen thudmg c¢6 kich thudce trung binh tir 1,5 dén
4,5 kb. Cac gen nay da dugc tach dong, giai trinh ty
vi biéu hién & cic té bao chi khac nhu E coli
(Akino et al, 1989), nim men S. cerevisiae
(Stalbrand er al., 1995; Setati ef al., 2001) va Pichia
pastoris (Xu et al., 2002; Tan et al., 2005). Cac té
bio tii td hop sinh ra mannanase tii td hop, mang
cac dac tinh twong tu véi enzyme gbe. Ngudi ta da
nhian dong gen endo-B-1,4-mannanase & vi khudn
Bacillus subtilis (Mendoza et al., 1995; Zhang ef al.,
2006), Streptomyces lividans (Arcand er al., 1993),
Thermoanaerobacterium polysaccharolyticum (Cann
et al, 1999) Caldicellulosiruptor (Gibbs et al,
1996), nim soi (Clostridium cellulovorans), thuc vat
(Marraccini ef al., 2001; Mo, Bewley, 2003; Yuan ef
al., 2006) va ddng vat (Xu et ai., 2002). Gen mi hoa
endo-p-1,4-mannanase chiu nhiét chang Bacillus
stearothermophilus di dugce nhin dong bang vector
pUC18 va duogc biéu hién & té bao E. coli BL21 nhd
vector pH6EX3 (Ethier er af, 1998). Gen endo-B-
mannanase tr nim Trichoderma reesei duge nhin
dong bang vector uni-ZAP XR (duoc thidt ké tir
Lambda ZAP 11 v&i EcoRI va Xhol) va biéu hién nhér
vector pAJ401 & nim men S. cerevisiae (Stalbrand ef
al., 1995).

183



Ci’Viét Nam, mét s6 nghién ct _vé nudi ciy,
sinh téng hop va xac dinh cdc tinh chét hoéa ly cia
endo-P-1,4-mannanase tr cac chung vi sinh vat da
duge cong b (Cao Thi Van Hau, 2003; Dang Thi
Thu et al., 2003; Lé Thi Thu Giang et al., 2003). O
bai bao trude, chiing t61 dé cdng bd két qua vé chon
chuing, x4c dinh déng thai sinh truémg, nhan dong va
phén tich trinh tr gen mi hoa endo-fB-1,4-mannanse
tir B. subtilis G1 (Nguyén Sy Lé Thanh ef al., 2006).
Trong bai bao nay, ching t6i tiép tuc cong bd nhimg
két qua v& biéu hign va danh gia mdt s tinh chét hoa
Iy chia mannanase tai t6 hop & E. coli.

NGUYEN LIEU VA PHUONG PHAP
Chiing vi sinh viit va héa chit

Ching té bao B. subsilis G1 sinh tong hop
endo-B-1,4-mannanase do Phong Vi sinh vét phin
t, Vién Coéng nghé sinh hoc cung cép. Plasmid
pTMan duoc sit dung dé phan lap phin doan gen
man nhu d3 md ta truée day (Nguyén S Lé Thanh
et al., 2006). Té bao E. coli BL21 va pET22b+
duge ding dé biéu hién Man.

D(+)-mannose, locust bean galactomannan, guar
gum va 3,5 dinitrosalisilic acid mua tir Sigma (M¥);
peptone, cao ndm men ti Difco (M§$); sodium
dodecylsulfate tr Merck (Pirc); EcoRl, Hindlll,
BamHI, T4-ligase, agar, CIAP, proteinase K, DNA
cloning kit, DNA extraction kit tir Fermentas.

Nuéi cay vi sinh vit

E. coli BL21 dugc nudi cdy trong LB (Luria-
Bertani): 1% (w/v) bacto tryptone, ,5% (w/v) cao
ndm men, 1% (w/v) NaCl, pH 7.5, khir trung, véi
mdi trudmg rin bd sung 2% (wiv) agar. Déi véi viée
chon loc chang mang plasmid, méi truong duge bd
sung 100 pg/ml ampicillin, B. subtilis Gl sinh tong
hop endo-p-mannanase duge nudi cdy chim trong
binh tam gidc 250 ml chita 106 ml mdi truong LB
long véi 1,2% co chéi guar gum, & 30°C, lac 200
vong/phut.

Xic dinh hoat tinh

Hoat tinh endo-p-1,4-mannanase dirge xac dinh
trong ddi theo phuong phép khuéch tan enzyme trén
dia thach chira cor chét 0,5% LBG trong dém KP nhur
d3 md ta trudc diy (Nguyén Sy Lé Thanh ef al,
2006).
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Hoat tinh endo-f-1,4-mannanase duge xac dinh
chinh xac¢ theo phuong phap quang phdé (Miller,
1959), vdi co chat 0,5% LBG trong dém phosphate.
Ham lugmg dudng khir giai phong ra trong dung dich
phan {mg & 30°C trong S phut dugc do bang quang
phé) budc song 540 nm. Dd hﬁp phu duoc déi chifu
véi dudmg chudn ndng dd dudng mannose dé tinh
ham hrgng dudng gidi phong tuong dwong. Mét don
vi hoat tinh mannanase dugc dinh nghia 1a lugng
enzyme XGc tac thiy phén giai phéng 1 pmol
manose trong 1 phitt & diéu kién thich hop.

Khuéch dai PCR

Pé khuéch dai gen mi héa mannanase tir chiing
B. subtilis G1, cac mdi xudi MAF (5'- GGC_CAT
GGG GGA GTT GCA TTT -3') va nguge MAR (5'-
GGGA ATT CTC AAC GAT TGG CGT -3" duge
thiét ké dya vao trinh tu nucleotide ciia gen ma hoa
endo-B-1,4-mannanase ching B. subtilis mia sb
AF324506, duge bd sung diém cit han ché Hindlil
v EcoRI dé chén vao vector biéu hign pET22b+.

Hon hop phin ‘mg PCR bao gdm: 2,5 pi dém
PCR, 0,5 pl Tag polymerase, 2 pl MgCly, 2 ul 2,5 mM
dNTP, 1 pl khuon DNA, 1 pl mdi mdi loai, bd sung
nudce cit 1én 1dng thé tich 25 pl. Phan (mg duge thure
hién theo diéu kién: 94°C/3 phut, 35 chu ky: (94°C/1
phut, 54°C/1 phit, 72°C/1 phit), 72°C/10 phit,

Cac phuwong phip sinh hoc phéin tir khic

Céc phuong phap sinh hoc phin tir ohu tach
chiét DNA téng sd, plasmid DNA, cit DNA bing
enzyme han ché, tach phin doan DNA tr gel
agarose, gin dinh DNA, bién nap plasmid héa hoc
duge mé ta trong cong bo truée ddy (Nguyén Sy Lé
Thanh et af., 2006).

Gidi trinh ty DNA

Sau khi tinh sach plasmid ti t& hop, phan doan
chen dugce gidi trinh tr theo nguyén 1y cia phuong
phap Sanger cai tién dua trén céc dideoxy trén may
doc trinh tr twr dong ABI PRISM 3100 Avant
Genetic Analyzer, Vector pET22b+ durge gin 2 trinh
tr mdi xudi nguoe dé doc trinh tu phan doan chén
DNA ngoai lai.

Dién di pelyacrylamide

Pién di protein duge thyc hién trén  gel
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polvacrylamide 12,5% theo (Laemmli, 1970).
Phin tich nucleotide va amino acid

Chuong trinh DNAStar duge sir dung dé phin
tich trinh tu nucleotide va amino acid cia DNA va
protein.

KET QUA VA THAO LUAN

Thlet ké vector biéu hién endo-f-1,4-mannanase
t4i tb hop & E. coli

Plasmid pTMan va pET22b+ tinh sach dugc
cit bing hai enzyme han ché Ncol va EcoRI.
Biang man[NE] co6 kich thuée khoang 1,1 kb va
plasmid pET22b(+)}[NE] di m¢ vong duge tinh
sach va gin dinh v&i nhau tao ra plasmid tai to
hop pEMan. Dich gén dinh dugc bién nap vao té
bao kha bién E. coli DH5a, nudi lac phuc hdi, ria
lén dia thach va G qua dém. Plasmid tai t& hop
ciia mot sd khuédn lac duge tach chiét va cit vai
hai enzyme han ché Ncol va Hindlll. Cic
plasmid tai t& hop d&u chira hai phan doan DNA
twong ng vai cac kich thuae pET22b+ (5,4 kb)
va gen man (1,1 kb).

Biéu hién gen mi héa endo-B-1,4-mannanase & E. coli

Pé biéu hién gen ma héa endo-B-1,4-mannanase,
plasmid tai té hgp pEMan duge bién nap vao ching
E. coli BL21 tao ra hé théng biéu hién E. coli
BL21/pEMan. Dong E. coli BL21/pEMan dugc nudi
lic trong méi trwémg LB bd sung ampicillin va chat

A B

cam Umg IPTG dé biéu hién enzyme tai & hop.
Endo-B-1,4-mannanase dugc biéu hién ¢ thoi gian
cam mg 1,5, 3 va 4,5 h (Hinh 2, giéng 2 - 4), chua
biéu hién & thoi gian cam tmg 0 h (Hinh 2, giéng 1)
va ham lugng protein ting Ién theo thdi gian cam
(mg. Mirc d¢ bidu hién wéc tinh chi dat 5% protein
témg s6.

Té bao ciia cic ching vi khuan E. coli
BL21/pEMan, BI21/pET22b(+), BL21 va B. subtilis
Gl duoc phi va cho vao 10 dia thach véi co chat
LBG. Sau khi xir ly theo phuong phap khuéch tan
enzyme, két qua dinh tinh dugc thé hién trén hinh 3.

Céac miu pha té bao c6 vong thuy phin co chit
sang mau trén dia thach gidng véi vong thily phén co
chét ctia ching B. subtilis G1 (46i chimg durong tinh)
duge coi la chung ¢ hoat tinh. Vong thay phin co
chit cua chung E. coli BL21/pEMan tdi td hop rong
hon cua B. subtilis G1. Cac ching £. cofi BL21 va E.
coli BL21/pET22b(+) déu la dbi chimg am tinh,
khéng c6 hoat tinh endo-f-1,4-manranase. Pidu nay
c6 thé két lugn ring gen man tai t& hop trén plasmid
pEMan di bidu hién trong hé& théng E. coli
BL21/pEMan. Mannanase duo¢ biéu hién & E. coli
BL21/pEMan phin 1én & dang ndi bao chiém toi

99% (340 U/ml), trong khi do ¢6 rét it enzyme duogc
tiét ra moi trudng (3,2 U/ml) chiém khoang 1%.
Trong ¢in t& bao ¢6 hoat tinh twong don cao, ¢o thé 1a
enzyme con ¢ dang thé vui do pha té bao chua trigt
dé. Hoat tinh dich phé té bao BL21/pEMan cao gap
48 lan so v&i hoat tinh trong chung goc B. subtilis
G1 tinh theo don vi trén 1 g t bao. Dleu nay chimg
t6 doan gen man d3 duoc bidu hlf;n t6t & E. coli
BL21.

1 23 45 bp M 1 2 3 4

500
C D

Hinh 1. Dién di d6 sén phdm cét plasmid pET22b(+)[NE] (1A) va pTMan[NE] (2A) v&i Neol va EcoRlI: san
phém tinh sach phan doan gen man[NE] (1B) va plasmid pET22b(+)[NE] (2B): plasmid dbi chung pET22b(+)
{1C) va cac plasmld tai t0 hop pEMan tinh sach (2 — 5C); san ph&m cét kiém tra plasmid tai tb hop tinh sach
pEMan sé 2 - 5 vi&i Neol va Hindlll {1 - 4D) vé&i marker (M).
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Dic tinh ciia endo-B-1,4-mannanase tai to hop
Nhigt dp 161 wu

Khi tang nhiét d6 phan img tir 30°C 1én 45°C thi
hoat tinh mannanase ciing ting din tr 84% lén
100%, hoat tinh enzyme dat cao nhit & 45°C (321

Quyén Pinh Thi et al.

U/ml) (Hinh 4). Khi nhiét d6 phan {mg tiép tyc ting
trén nhiét do t6i wu 45°C thi hoat tinh lai theo chiéu
huéng giam din. Nhiét d6 phan tmg tdi wu cho
mannanase tai to hop la 45°C, két qua nay phi hop
voi cong bd cua mot sb tac gia (Mendoza er al.,
1995).

Hinh 2. Bién di dd protein tong s cha dich t& bao BL21/pEMan sau 0; 1,5; 3: 4,5 h cdm ong IPTG (1-4) va

khong cam trng IPTG (5-8) vé&i protein chudn (M)

Hinh 3. Hoat tinh mannanase trong dich nédi
BL21/pEMan (1); chc dbi chirng am tinh BL21 (2) va
BL21/pET22b{+) (3); dbi chirng dwong tinh B.
subtilis G1 (4).
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Hinh 4. Anh hudng cla nhiét do phan &ng lén hoat
tinh mannanase.

Bang 1. Hoat tinh mannanase trong t& bao E. coli
BL21.

Dich Hoat tinh U/ml
Dich ndi mai trwdrng 3.2
Can té bao 13,5
Dich pha té bao 340,1
Dich rva 1an 1 2,5
Dich pha t bao ching B. subtilis G1 7,0
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Anh huwdng pH dén hoat tinh

O pH 5,0 hoat tinh twong d6i ciia mannanase la
58% (Hinh 5). Khi pH phan tmg ting lén thi hoat
tinh enzyme ting déu theo téi pH 7,0 thi dat cuc dai.
bé$ pH phan img tiép tuc ting Ién thi hoat tinh lai
giam déu xubng con 75% & pH 8. Viy mannanase tdi
t6 hop hoat tinh tdi wu & moi truong trung tinh. Piéu
nay phi hop véi tai ligu cong bd ring cac mannanase
tir vi khun hoat tinh thich hop & pH trung tinh d¢én
kiém yéu (Mendoza et al., 1995).
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Hinh 5. Anh huéng cla pH phan ¥ng 18n hoat tinh
mannanase.

Anh hwong ciia dung méi

Tht ca cac dung mdi hitu co déu lam giam hoat
tinh ciia mannanase (Hinh 6). Hoat tinh con lai giam
manh xudng 35 - 36% dbi véi 30% (v/v) methanol
va n-butanol vi xudng 59 - 63% dbi véi ethanol
acetone. Cac dung méi hitu co voi nong d§ 10% va
20% da e ché nhe endo-p-1,4-mannanase. Hoat tinh
con lai 43 giam khoang 18 - 30%.
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Hinh 6. Anh huéng cda dung méi hiru co 1én hoat
tinh mannanase.

KET LUAN

H¢ théng biéu hién E. cok BL21/pEMAG di
duoc thiét ké thanh cong va endo-B-1,4-mannanase
tai t0 hgp da duge bidu hign.

Mét s6 dic tinh cua endo-B-1,4-mannanase tai t6
hop di duoc xac dinh: nhiét d6 va pH phan mg t6i
wu: 45°C va pH 7; bén & dai nhiét do 30 - 55°C va
pH 6 - 7; cac dung méi hire co véi ndng 43 10 - 30%
déu tc ché enzyme, hoat tinh con lai 30 - 80%.

Lé&i cam on: Céng frinh nay dwoc hoan thanh voi su
hé trer kinh phi cia d@é tai nghién ciru co ban 6-116-
06, "Nhdn dong, phdn tich gen md héa endo-f-1,4-
mannanase tir Bacillus sp., biéu hién cao va nghién
curu ung dung” nam 2006 - 2007, Dé tai: "Nghién
ciru san xudt va wng dung che pham da enzyme co
chat heomg tie vi sinh vit 1di 16 hop nham ndng cao
hiéu qua s dung thirc dn chin nudi”, Bo Néng
nghiép va Phdt trién nong thén, 2007 - 2010. Nhém
tac gia cam on PGS. TS. Pirh Duy Khang, Truong
phong Vi sinh vit hoc phdn tir (Vién Cong nghé sinh
hoc) va ThS. Nguyén Thi Ha, Phong Vi sinh (Vién
Khoa hoc Néng nghiép Vzet Nam) da cung cdp
chiing B. subtilis G/,
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EXPRESSION OF AN ENDO-3-1,4-MANNANASE FROM BACILLUS SUBTILIS G1 IN E,
COLI AND ITS PROPERTIES

Quyen Dinh Thi’, Nguyen Sy Le Thanh, Pham Viet Cuong
Institute of Biotechnology

SUMMARY

The bacterial strain Bacillus subtilis G1 producing an enzyme endo-f-1,4-mananase was selected to
create a recombinant mannanase. The gene encoding endo-B-1,4-mannanase from B. subtilis G1 was
amplified with the specific primer pair MAF and MAR designed on the basis of the nucleotide sequence
encoding the endo-B-1,4-mannanase AF324506. The PCR product was cloned into the T/A cloning
vector pTZ537R/T. The nucleotide sequence of the gene encoding endo-f-1,4-mananase with a length of
1101 bp was deposited in the GenBank: DQ309335. This gene was digested by two restriction enzymes
Neol and EcoRI and inserted into the expression vector pET22b(+)} also cut by the same enzymes. The
obtained recombinant plasmid pEMAG was transformed into . cof/i BL21 resulted in the expression
system E. coli BL2I/pEMAG. The recombinant endo-f-1,4-mannanase had an optimal reaction
temperature and pH at 45°C and pH 7.0, respectively. Organic solvents at the concentration of 10 - 30%
all inhibited the enzyme, activity remained 35 - 82%.
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