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TOM TAT

Xylanase 1a chét phu gia thirc &n chan nudi dwoc str dung réng rdi nhdm gidm déd nhét, cai thién kha nang tiéu
héa cla vat nudi. Tinh bé&n nhiét va kha ndng hoat ddng & pH thap Ia nhitng yéu té quan trong quyét dinh chét lwong
cla xylanase ng dung trong chan nudi. Nhirng dac tinh nay gilp xylanase chiju dwgc qua trinh ép vién & nhiét do
cao va hoat dong tét trong dich da day dong vat. Trong nghién ctru nay, dé tao xylanase tai té hop, doan gen c6 do6
dai 636 nucleotide ma héa endo-1,4-B-xylanase dwa trén trinh tw FJ212324 (Xyl11B) ctia Bispora sp. MEY-1 dwoc tdi
wu héa codon va tdng hop héa hoc. Gen tdng hop sau d6 dwoc chuy&n vao genome clia Pichia pastoris X33 va biéu
hién ngoai bao sir dung vector pPICZaA. Hoat lwc xylanase ctia chiing tai t& hop sau 10 ngay nudi cdy trén mai
trwong khoang véi methanol la ngudn carbon duy nhat dat 96 u.mi™. Endo-1,4-B-xylanase sau tinh sach co kich
thwée 30 kDa, hoat ddng & pH thap va tbi wu & 65°C, pH 3,0. Enzyme tai t& hop kha bén nhiét va duy tri 90% hoat
tinh sau khi xt ly & 70°C trong 20 phat. Enzyme bé&n vé&i pepsin, mot protease chinh trong dich tiéu hoa cia da day.
Xylanase tai t& hop bi trc ché bdi sw c6 mat ctia SDS, ion Mn®* va Cu®** Véi mirc d6 biéu hién xylanase ngoai bao
cao, dap &ng cac tiéu chi clia enzyme chan nuéi, chiing P. pastoris X33 tai td hop dwgc danh gia cé tiém nidng tng
dung trong san xuét.

T khoa: B&n nhiét, chan nudi, chiu axit, enzyme, Pichia pastoris, téi td hop, xylanase.

Expression of Synthetic Gene Encoding Acidic, Thermostable Endo-1,4-3-Xylanase
for Application in Feed Industry

ABSTRACT

Xylanase is widely used as feed additive to reduce viscosity and to improve digestibility. Thermostability and
activity at low pH of feed grade xylanase are important characteristics that allow it to withstand pelleting process at
high temperature and to remain active in acidic environment of animal stomach. This study was aimed at producing
recombinant xylanase for application in feed industry. The GenBank sequence FJ212324 of 636 nucleotides
encoding endo-1,4-B-xylanase Xyl11B from Bispora sp. MEY-1 was optimized for codon usage in Pichia pastoris and
synthesized by GenScript. The synthetic sequence was inserted to pPICZaA and transformed into P. pastoris X33 for
heterologous extracellular enzyme production. Recombinant P. pastoris X33 strain showed xylanase activity of 96
IU.mI™" after 10 days of cultivation using flask culture in mineral medium with methanol as sole carbon source. The
purified enzyme had a molecular weight of 30 kDa. Endo-1,4-B-xylanase was most active at 65°C and pH 3.0. It was
thermostable and retained 90% of activity after 20 min of incubation at 70°C. Recombinant enzyme retained more
than 90% activity at a wide range of pH from 1 to 8.5. The enzyme was resistant to the proteolytic activity of pepsin.
The enzyme activity was inhibited by the presence of SDS. Metal ions, such as Mn?*, Ccu?®* negatively affected the
enzyme activity. Endo-1,4-p-xylanase obtained met the important requirements for feed grade enzyme. With high
level of extracellular enzyme production. The recombinant P. pastoris strain could be a potential candidate for
industrial application.

Keywords: Acidic, enzyme, feed, xylanase, Pichia pastoris, recombinant, thermostable.

400



DBang Thi Kim Anh, Than Thj Hwong, Nguy&n Thanh Thay, Béng T4t Thanh, Vi Nguyén Thanh,

1. DAT VAN DE

Endo-1,4-p-xylanase (EC 3.2.1.8) 14 enzyme
thude ho glycoside hydrolase 11, phan cit cac
lién két glycosidic bén trong mach chinh cta
phtic hgp xylan, thanh phadn quan trong cua
hemicellulose c6 nhiéu trong thiic &n cta vat
nudi (Octavio and Francisco, 2006; Quyén Dinh
Thi va D6 Thi Tuyén, 2015). Xylanase thuong
duge bd sung vao thtc an lam giam dd nhét,
gitp cho vat nudi tiéu héa va hap thu chat dinh
dudng tot hon, cai thién hé vi sinh vat duong
rudt theo huéng cé 1¢i, déng thoi lam giam lugng
phan thai ra gidy 6 nhifm moi trudng
(Roberfroid, 1997; Vazquez et al., 2000).

Enzyme tng dung trong thic adn chin nuoi
doi héi phai c6 nhiing dic tinh phu hgp véi diéu
kién san xudt nhu cé hoat tinh cao, chiu nhiét
do6 cao cua qua trinh ép vién, hoat dong tot
trong mdi trudng axit cua dich da day. Nhiéu
enzyme ti ndm moc dugdc coi 14 c6 tiém ning
ting dung trong chin nuéi. Tuy nhién, viéc si
dung cac ching tu nhién trong san xuit enzyme
gidp mot s6 khé khan nhu lugng enzyme tao ra
thap va c6 thé chia cac thanh phan khéng mong
mudn, t& bao ndm soi dé bi dit gay khi khuay
dao, sinh khoi c6 thé gay téc duong oOng..
(Kanwar and Sunita, 2012). San xuit enzyme
tai t6 hop st dung hé biéu hién Pichia pastoris
dudc coi 1a lua chon thich hgp do mic d6 biéu
hién cao, chiing tai t6 hgp 6n dinh vé di truyén
ma khong cin duy tri bang khang sinh, thanh
phan mai truong nudi cdy ré tién, sinh san dang
don bao va phu hgp véi 1én men cong nghiép
(Sue et al., 2005; Krainer et al., 2012).

N4m moéc ua axit Bispora sp. MEY-1, dugc
phan lap ti ngudén nudc thai chia axit cia mo
quang uranium, c6 kha ning sinh téng hop cac
enzyme thiy phan lignocellulose hoat dong & pH
thap nhu: mannanase (Luo et al, 2009c),
xylanase (Luo et al, 2009a, b, c¢; Luo et al,
2010a), galactosidase (Wang et al., 2009; Wang
et al, 2010), glucanase (Luo et al, 2010b),
glucoamylase (Hua et al., 2014)... Xylanase tu
Bispora sp. MEY-1 dudc quan tdm déc biét do
tinh bén nhiét cao ciing nhu kha ning hoat
dong trong moi trudng axit (Luo et al, 2009a,
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b). Trong @6, hai gen Xyl10C, Xyl11B (ma sb
GenBank tuong tng la FJ492963 va FJ212324)
ma héaendo-1,4-B-xylanase da dugc Luo va CS
nghién ctu tach dong va biéu hién trén P.
pastoris GS115. Véi muc dich tao ching tai td
hop sinh xylanase dap ting dugc day du cac yéu
cdu trong san xudt thic an chan nudi, trong
nghién ctu nay, ching t6i tién hanh téng hgp
gen Xyl11B dua trén trinh tu FJ212324, biéu
hién trén P. pastoris X33 va xac dinh déc tinh
enzyme téi t hop.

2. VAT LIEU VA PHUONG PHAP

2.1. Tao chuing tai to hop

Doan gen c6 6 dai 636 nucleotide ma hoa
endo-1,4-B-xylanase dya trén trinh tu
FJ212324 duge t6i uu hoéa codon, téng hop hoa
hoc va dua vao plamid pUC79 st dung dich vu
tong hop ADN cta GenScript (M§). Poan ma
h6éa enzyme thanh thuc caa Xyll1B duge
khuéch dai tit pUC79/Xyl11B bang PCR st
dung cap moi X11B-Mature-F (5-
GAAGCTGAATTCGCCCCTACATCAGTTC-3)
va X11B-R (5-TTTTGTTCTAGATTAATTAGA-
3) da dugc bd sung cac trinh tu nhan biét caa
enzyme giéi han EcoRI va Xbal (phan gach
chan). Pé dam bao giam thiéu cac 15i c6 thé gip
trong PCR, enzyme PhusionHigh-Fidelity DNA
polymerase (Thermo, M§) dudc st dung. Phan
ting PCR dugc thuc hién bao gébm cac thanh
phan: 5 ng ADN khuén 14 vector pUC79/Xyl11B,
10 pmol mdi X11B-Mature-F va X11B-R, 200
uM dNTPs, 1 IU enzyme trong dém Phusion
High-Fidelity DNA polymerase v6i ché do nhiét:
98°C trong 30 giady; 25 chu ki phan tng (98°C:
10 giay; 52°C: 10 gidy; 72°C: 30 gidy); 72°C
trong 10 phdt trén thiét bi C1000
Touch™Thermal Cycler (Bio-Rad, Mgy). San
phdm PCR duge xi ly bing enzyme giéi han
EcoRI, Xbal (Thermo, My) va tinh ché bing Kit
GeneJET Gel extraction (Thermo, My) va gén
vao vector pPICZoA (Invitrogen, M§y) da dudc
mdé vong bang cic enzyme tuong tng. Hén hgp
phan ting ghép ndi sau dé dudc bién nap vao té&
bao kha bién E.coli DH5a (Invitrogen, M¥) bang
phuong phap soc nhiét (Sambrook et al., 1989).
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Té bao E. coli DH5a mang vector
pPICZaA/Xyl11B dudc nudi cdy lic trong 10 ml
LB low salt-zeocin (0,5% yeast extract, 0,5%
NaCl, 1% tryptone, 250 ug zeocin) trén 6ng
Falcon 50 ml ¢ 37°C. Sau 16 gio, t& bao duge thu
nhan va tach chiét plasmid bing kit GeneGET
Plasmid Miniprep (Thermo, My). Vector
pPICZaA/Xyl11B sau dé dugec mé vong bing
enzyme gi6i han Mssl (Thermo, M¥), tinh ché va
chuyén vao hé gen ciia ndm men P. pastoris X33
(Invitrogen, My) bang bién nap xung dién
(Cregg, 2007). Céac thé bién nap dugc tinh sach
trén dia YPDS-zeocin (1% yeast extract, 2%
peptone, 2% glucose, 2% agar, 100 ug.ml*
zeocin) va sang loc trén vi dia 24 giéng v6i moi
truong BMMY (1% yeast extract, 2% peptone,
1,34% Yeast Nitrogen Base (HiMedia, An Do),
40 ppm Biotin, 100 mM K-phosphate pH 6,0,
1% methanol). Sau 96 gid biéu hién, dich
enzyme dugc thu héi va xac dinh hoat tinh
xylanase.

2.2. Lén men, thu héi va tinh sach endo-1,4-
p-xylanase tai to hop

Dong P. pastoris X33 tai t6 hop sinh
xylanase cao nhit dugc nudi cay ting sinh trong
200ml moéi truong khoang 2MM (1% glycerol,
1,7% KH,PO, 02% MgSO,7H,0, 1,5%
(NH,),S0,, 100 mM K-phosphate pH 6,0, 0,2%
PTM4 (0,2% CuSO,.5H,0, 0,008% Nal, 0,3%
MnSO,H,0, 0,0148%  (NH,):Mo,0,, 4H,0,
0,002% H,BO,, 0,05% CoCl,, 0,7% ZnCl,, 2,2%
FeSO,H,0, 0,02% Biotin, 0,1% H,SO,)) trong
binh tam giac 1 lit ¢ 28°C véi toc do ldc 150 vong
phit?. Cé sau 24 gio, 4 ml méi trudng tiép
dudng (2 ml methanol 50% va 0,6% PTM4, 2 ml
dém 1,75 M K-phosphate pH 6,0) dugc bé sung
vao mdi trudng 1én men. Sau 10 ngay biéu hién,
dich enzyme thé dudc thu nhan bang cach ly
tam & téc d6 8.000 vong phut™ trong 10 phut dé
loai bo sinh khéi ndm men.

Dich enzyme thd dugc c6 lai bing phuong
phap loc tiép tuyén VivaFlow 200 (Sartorius,
Dtic) véi mang loc 5 kDa NMWCO 6 4°C véi toc
do loc khoang 100 ml gis™'. Nham loai mudi va
cac thanh phan c6 phan ti lugng nhd tit méi
truong nudi cdy, dich sau khi ¢6 téi 10" thé tich
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duge bd sung dém 20 mM Na-Acetate pH 5,0 va
tiép tuc loc cho t6i khi néng dé mudi goc theo
tinh toan giam dugc 100 l1an.

Enzyme sau khi loc tiép tuyén duge b6 sung
(NH,),SO, t6i néong d6 1,25 M sau d6 tinh sach
bing séc ky tuong tac ki nude trén hé thong séc
ki AKTA Purifier (GE, Thuy Dién). Dich enzyme
thé duge dua vao cot duong kinh 1 em chtia 10
ml Butyl Sepharose HP (GE, Thuy Dién) va rtua
dai bing gradient (NH,),SO, v6i nong do giam
ti 1,25 M t61 0 M. Qua trinh rta dai duge theo
doi bang cac thong s8: d6 protein (OD,g,,), d0
dan dién (mS cm™), hoat tinh xylanase (IU ml™?).
Cac phin doan chta hoat tinh xylanase cao
nhat duge dén lai dé nghién ctu xac dinh dic
tinh enzyme.

2.3.Xac dinh dic tinh ctia xylanase tai t6 hgp

2.3.1. Hoat tinh enzyme

Hoat tinh xylanase dugc xac dinh theo
phuong phap cua Miller (1959). Phan ting thuy
phan dugc thuc hién 6 65°C tronglO phut st
dung co chit xylan (X0627-Sigma) trong dém 50
mM Na-citrate-phosphate pH 2,6. Lugng dusng
khii giai phéng dude xac dinh bing thudc thi
axit 3,5-dinitrosalicylic (Merck, Dic) va do 6
buéc séong 540 nm. Mot don vi hoat tinh
xylanase (IU) dugc tinh bang lugng enzyme can
thiét dé giai phéng 1 pmol dusng khi tuong
duong cua xylose trong 1 phit ¢ diéu kién thi.

2.3.2. Phan tich zymogram

Phéan tich zymogram dudc thuc hién tucong
tu nhu 12% SDS-PAGE (Laemmli, 1970), véi
thanh phan gel chtia 2% xylan va mau khong xt
Iy nhiét trude khi nap. Sau khi dién di, gel dugc
ngdm trong 100 ml 2% Triton X-100 trong 30
phit c6 14c va liap lai 2 1lan. Sau d6, gel dudc
ngdm trong 100 ml dém 100 mM citrate-
phosphate pH 2,6 trong 15 phit, c6 lac va lap lai
2 lan. Dé thuc hién phan tng, gel duge ngam
trong 100 ml dém 100 mM citrate-phosphate
pH 2,6 va 1 6 50°C trong 30 phut. P& hién thi,
gel duge nhudém trong 100 ml dung dich Congo
red 0,1% 6 50°C trong 1 gio sau d6 ria 2 lan
bang 200 ml NaCl 1M, mbi lan 15 phit.
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2.3.3. Nhiét dé t61 wu va dé bén nhiét

Pé xac dinh nhiét do t6i uu cia enzyme,
phan ting vé6i co chat duge thuc hién & pH 2,6
trong thoi gian 10 phuat véi cac nhiét do khac
nhau st dung thiét bi nhiét Thermomixer
Comfort (Eppendorf, Diic). Hoat tinh tuong d6i
ctia enzyme 4 cac nhiét d6 khac duge tinh theo
hoat tinh & nhiét do t6i uu. Dé kiém tra d6 bén
nhiét, enzyme dugdc pha lodng vé néng do xap xi
1,5 TU ml™? sau dé U & cac nhiét dd khac nhau
trong 20 phut va hoi tinh & 4°C trong 24 gio.
Hoat tinh con lai cua enzyme dugc xdc dinh 6
65°C, pH 2,6. P6 bén nhiét cta enzyme dudc thé
hién qua hoat tinh tuong d6i so véi hoat tinh ctia
mau déi chiing khéng qua xt 1y nhiét (1 & 4°C).

2.3.4. pH t6i uvu va dé bén & cac pH khac
nhau

DPé xac dinh pH téi uu, enzyme va co chit
xylan 1% dugdc dua vé cac pH khac nhau su
dung hé dém tuong tng (pH 1,0-2,0, dém 0,1 M
KCI-HCI; pH 2,6-8,0 dém 0,1 M citrate-
phosphate; pH 8,5-10,0, dém 0,1 M Glycine-
NaOH) va xac dinh hoat tinh 6 65°C trong thoi
gian 10 phit. Hoat tinh tuong d61 ctia enzyme 6
cac pH khac nhau dugc tinh theo hoat tinh 6 pH
t61 wu. P& xac dinh anh hudng cua pH dén do
bén, enzyme nong dd cao (80 IU ml?) dudc pha
vao cac dém vé6i cac pH khac nhau nhu da néu
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trén sau d6 1 6 4°C trong 60 phit. Enzyme sau
d6 dugce chinh vé pH t6i uu bing cach pha lodng
bing dém tuong tng va chuén d6 pH. Hoat tinh
con lai duge xac dinh 6 65°C trong 10 phiut. D61
chiing 1a mau enzyme dugc u tai pH té6i uu.
Hoat tinh tuong d6i cua enzyme dudc tinh dua
theo hoat tinh con lai ctia mau d6i chiing.

2.3.5. Anh hudng cua ion kim loai, SDS,
EDTA va p-mercaptoethanol

Anh huéng ctia ion kim loai, SDS, EDTA va
B-mercaptoethanol duge xac dinh bing viéc bd
sung cac thanh phan trén vao dung dich phan
tng va kiém tra hoat tinh enzyme & 65°C, pH
2,6 trong 10 phut. Ion kim loai ti cac loai mudi
sau duge st dung: Cu®" (CuSO,); Ni** (NiCl);
Ca? (CaCly); K" (KCl); Mn?* (MnCl,); Mg*
(MgSO,). Hoat tinh tuong d6i cta enzyme dugc
tinh theo hoat tinh ctia mau déi chiing khong bo
sung cac yéu td khao sat.

2.3.6. Tac déong cua pepsin

Enzyme tai t6 hop dude xt 1y bang 10 IU
ml? pepsin #P7125, Sigma, My) trong dung
dich 0,1 N HCI 6 37°C trong 30 phut. Mic do6
phén huy ctia enzyme duge xac dinh bang SDS-
PAGE. Dé phuc vu d6i ching, BSA (Bovine
Serum Albumin, Merck) ciing duge xti Iy bang
pepsin trong cung diéu kién.

Bang 1. Anh huéng cua ion kim loai, SDS, EDTA va p-mercaptoethanol
t6i hoat tinh cia enzyme endo-1,4-p-xylanase Xyl11B tai to hop

Chét héa hoc

Hoat tinh twong déi (%)

2mM 5mM 10 mM
cu® 111 95 62
Ni%* 100 102 100
Ca” 81 94 96
K* 98 113 111
Mn?* 46 42 38
Mg?* 92 97 99
SDS 9 7 8
EDTA 82 82 88
f-mercaptoethanol 99 101 98
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3. KET QUA VA THAO LUAN

3.1. T6i vu héa codon gen ma héa endo-1,4-
p-xylanase

Pichia pastoris 14 hé théng biéu hién dugc
st dung phé bién trong nghién ctiu va san xuit
enzyme tai t6 hgp. Mtc d6 biéu hién cta gen
ngoai lai phu thudc vao nhiéu yéu td, trong d6 c6
ham lugng G + C trong gen, tan xuat st dung
cua codon va dic biét 1a su ¢6 mét cia cac codon
hiém c6 thé dAn dén 156i dich ma & P. pastoris
(Sinclair and Choy, 2002). Khac v6i phuong thic
tach dong bang PCR, viéc t6ng hgp gen cho phép
t61 vu héa trinh ty cho pht hgp nhat véi vat ch
du kién trudc khi téng hop va chuyén vao vat
chti méi.

Dua trén trinh tu gen FJ212324 ma hoa
endo-1,4-p-xylanasetit ndm méc Bispora sp.
MEY-1, gen Xyl11Bduge t6i uu héa codon bing
cac thuat toan cia GenScript. Trinh ty gen sau
khi t6i uu c6 30,5% thay d6i so véi gen gdc chiia
693 nucleotide. Su thay d6i kha 16n nay, tuy
nhién khong din t6i thay d6i trong trinh tu axit
amin. Hé s6 CAI (Codon Adaptation Index) ting
tit 0,64 thanh 0,83 (du kién CAI tt 0,8 dén 1,0
cho mtc biéu hién t6t). Ham lugng G + C giam
xuéng con 44,7% thap hon 6,8% so véi trinh tu
gbc. Gen Xyll1B cai bién duge téng hop va dua
vao pUCT9 st dung dich vu cia GenScript.

3.2. Chuyén gen ma héa endo-1,4-p-
xylanase Xyl11B vao P. pastoris

Xyl11B ma héa 211 axit amin (aa) cua
enzyme truéng thanh va 19 aa cta peptide tin
hiéu bai tiét. Do tin hiéu bai tiét goc (tit Bispora
sp. MEY-1) c6 thé khong hoat dong tot trén P.
pastoris, doan tin hiéu nay dugc loai bd va
peptide tin hiéu o-factor cua pPICZaA dugc su
dung. Céap modi X11B-Mature-F, X11B-R dugc
thiét k& dé khuéch dai doan gen ma hoéa enzyme
Xyl11B trudng thanh. Ma két thic TAA dugc
dua vao Xyl11B, do vay san ph4m biéu hién sé
khong chtia phan c-myc va His-tag tit pPICZoA
va giam thiéu dugc yéu t6 ngoai lai ctia enzyme
t4i t6 hgp (Hinh 1-B).

San phidm PCR st dung ciap mbdi X11B-
Mature-F, X11B-R cho mo6t bing ADN duy nhat
(Hinh 1-A, giéng M11B) c6 kich thuéc khép véi
tinh toan (636 bp). San pham PCR dudc gén vao
vector biéu hién pPICZoA thong qua hai vi tri
cit giéi han EcoRI, Xbal va bién nap vao té& bao
E. coli DH50. Vector pPICZaA mang gen sang
loc khang zeocin nén san ph4m bién nap cé thé
phat trién trén moéi trusng LB zeocin. Khuén lac
duong tinh pPICZaA/M11B dugc nudi ciy, tach
chiét plasmid lam vat liéu chuyén gen vao P.
pastoris X33. Vector biéu hién pPICZoA/M11B
dude mé vong bdi enzyme giéi han Mssl va bién
nap vao P. pastoris X33 bing xung dién (Hinh

M_ X11B
EcoRlI
ATG > Xy/11B- protein truéng thanh (636 bp) TAA
y c —
Tin hiéu bai tiét l oo
ATG EcoRl Xyl11B TAA TGA
750 b T T 3
P a - factor Xbal o mycepitope

500 bp »

(A)

His - tag

pPICZaA/Xyl11B (4160 bp) |

(B)

Hinh 1. Chén gen Xyl11B vao vector biéu hién pPICZoA

Ghi chi: (A) X11B-S4n pham PCR véi méi X11B-Mature-F, X11B-R va ADN khuén la pUC79/Xyl11B; M: Thang ADN 1 kb

(Thermo). (B) So dé tach dong gen Xyl11B.
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(A)
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(B)

Hinh 2. Bi€n nap pPICZeA/M11B vao P. pastoris X33

Ghi chi: (A) 1-pPICZaA/M11B; 2-pPICZaA/M11B mé vong béng MssI. (B) 1 dén 5-san phdm kiém tra cac thé bién nap
P. pastoris X33 bang PCR st dung cidp méi a-factor, 3-AOX (Invitrogen); M:Thang ADN 1 kb.

2-A, giéng 2). Sau 3 ngay nudi cay ¢ 28°C, nhiéu
khuin lac mau tring sita xuét hién trén dia
thach YPDSzeocin. Cac khuén lac dudc lua chon
ngiu nhién va kiém tra su c6 mit cia gen dua
vao bang PCR. Két qua cho thiy, cac thé bién
nap X33.M11B.1, 2, 3, 4, 5 déu xuat hién bing
ADN c6 tuong ting v6i kich thuée tinh toan (876
bp, bao gdm 636 bp cua gen Xyl11B va 240 bp
viing bAm moi trén vector pPICZoA) (Hinh 2-B,
giéng 1-5). Nhu vay, gen Xyl11B da dugc cai vao
genome cua P. pastoris X33.

3.3. Biéu hién va tinh sach endo-1,4-p-
xylanase Xyl11B tai t6 hop

Céac thé bién nap khac nhau duge sang loc
trén vi dia 24 giéng v6i méi trudng biéu hién

5 6 7

BMMY. Két qua phan tich hoat tinh xylanase
cho thdy, hau hét cac dong tai t6 hop déu sinh
xylanase trong d6 c¢6 10 dong c6 hoat tinh trén
35 IU ml". Dong X33.M11B.21 dudc lua chon dé
nghién ctu kha ning biéu hién va dic tinh
enzyme. Sau 10 ngay nudi biéu hién trén moi
truong khoang v6i methanol 1%, hoat tinh
xylanase ctia canh truong dat 58 IU mg™. Cac
mAu canh truong ti thoi diém ban dau téi sau
10 ngay lén men duge dién di dé kiém tra thanh
phén protein, kich thuéc phan ti ciing nhu hoat
tinh xylanase. Két qua dién cho thiy, bing
protein c6 kich thuée 30 kDa,  vi tri thap hon
so v61 bang hoat tinh zymogram (Hinh 3). M6t
kha ning dat ra 1a khi tién hanh phan tich
Zymogram ham lugng SDS st dung cidn thap

8 9 10 M

- kDa

116.0
66.2

45.0
35.0

25.0

Hinh 3. Dién di zymogram dich canh truong chiung P. pastoris X33 tai to hop

Ghi chi: Anh hién thi Ia két qua chdng anh gel sau nhuém bing Congo Red va bing Comassie Brilliant Blue. Giéng 0-10: dich

canh trudng ban ddu va sau 1-10 ngay nuéi cdy. M-Thang protein chuan.
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Hinh 4. SAn pham tinh ché xylanase tai t6 hop st dung sic ky tuong tac ai luc

Ghi chu: (A) Sdc ky do tinh ché xylanase bing cot Butyl Sephrose HP; (B) 7-13: SDS-PAGE vdi gel polyacrylamide 12% cta
cac phan doan mang hoat tinh tir F7 téi F13. M: protein thang chuan (#26610 Thermo Scientific).

hon khi phin tich SDS-PAGE (trong gel
polyacrylamide 14 0,1% SDS, dém mau 1x 1a 1%
SDS), tuy nhién thanh phan SDS da khong duge
thay d6i dan dén gy bién tinh phéan 16n protein
va nhiing phan ti chua bién tinh sé chuyén
déng cham hon do tuong tac v6i co chat xylan
trong gel nén thé hién bing hoat tinh & phia
trén. Lugng phan ti nay c6 thé rdt nhd nén
khong xuat hién bang khi nhuém Comassie
Brilliant Blue. Sau khi loai bé cac thanh phan
khong mong muén trong canh trudng bing
phuong phép loc tiép tuyén, xylanase tai t6 hop
duge tinh sach bing sic ky tuong tac ky nudc.
Két qua trén sic ky d6 cho thdy, hoat tinh
xylanase chi thé hién tai peak protein tuong
tng v6i cac phan doan F7-11 c6 protein kich
thuée 30 kDa (Hinh 4). Nhu vay, gid thuyét
ching t61 dét ra 1a hgp 1y.

34. Dac tinh cua
Xyl11B tai t6 hop

endo-1,4-p-xylanase

Phan doan F9 chta ham lugng enzyme cao
nhat (542 IU mg™) va dat dd tinh sach duge lua
chon dé nghién ctiu cac dic tinh ctia xylanase
tai t6 hop. Phan tich hoat tinh enzyme & cac
nhiét @6 khac nhau cho thay Xyl11B hoat déng
t61 vu G 65°C va duy tri hoat tinh khéa cao trong
dai nhiét tir 30°C t6i 80°C, tuong tu nhu két qua
phan tich enzyme goc cua Luo et al. (2009a).
Xylanase tai t6 hgp kha bén nhiét va gii duge
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90% hoat tinh sau khi xt 1y § 70°C trong 20
phat (Hinh 5-A). Day 1a mét trong nhiing dac
tinh t6t dam bdo cho enzyme chéng chiu nhiét
do6 cao ctia qué trinh ép vién trong ché& bién thiic
an chin nudi. K&t qua nay kha tuong déng véi
enzyme Xyl11B goc, nhiét.

Bén canh viéc duy tri hoat tinh trong qua
trinh ché bién thic an, enzyme tai td hgp can
phai hoat dong t6t trong duong tiéu héa cta
dong vat, déc biét trong diéu kién pH thap ctaa
dich da day. Phan tich hoat tinh xylanase trong
dai tu pH 1,0 t6i 10,0 cho thay Xyl11B hoat
dong t6i uu & pH 3,0. Phd hoat déng ciua Xyl11B
tuong d61 hep va trong vung axit (ti pH 2,0 téi
5,0). Xyl11B hau nhu khéng thé hién hoat tinh
trong méi trudng trung tinh ho#c kiém (Hinh 5-
B). Xyl11B kha bén khi xti 1y 6 cac diéu kién pH
ti 1,0 t6i 8,5. Déi v6i gen Xyll1B chua t61 uu
codon, enzyme tai t6 hdp c6 hoat luc cao nhét &
pH 2,6 va duy tri dudc khoang 60% hoat tinh 6
dai pH 2,0-4,0 (Luo et al., 2009a).

Xylanase tai t6 hgp bi tc ché rdt manh bdi
SDS. O néng db thap nhat trong khao sat 1a 2
mM hoat tinh ctia enzyme con lai chi 9%. Diéu
nay kha phu hgp véi két qua phan tich
zymogram ma ching téi nhan dinh ¢ phan trén.
Ton Mn?' ciing c6 tac dong kha manh 1én hoat
tinh enzyme. O néng do thap nhat (2 mM) ciing
c6 téi trén 50% hoat tinh enzyme bi mat di. Cu®
cling lam gidm hoat luc enzyme tuy § mic do
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Hinh 5. Anh huéng nhiét d6, pH d6i v6i endo-1,4-p-xylanase Xyl11B tai t6 hop

Ghi chi: (A) Nhiét dé t6i uu va do bén nhiét cua Xyll1B; (B) pH t61 uu va dé bén ciia Xyl11B 6 cac pH khic nhau
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Hinh 6. Anh hudng pepsin d6i véiendo-1,4-p-xylanase Xyl11B tai t6 hop

Ghi chu: M: protein thang chudn.1-Xylanase da xi 1y pepsin; 2-Xylanase khong xu Iy pepsin; 3-BSA khéng xui Iy pepsin;

4-BSA da xu 1y pepsin.

thap hon. Cac ion Ca?, Mg*, Ni** va cac tac
nhan nhu EDTA, B-mercaptoethanol khong thé
hién anh hudéng rd rét lén hoat tinh cua
xylanase tai t6 hop. Ion K*lam ting nhe hoat
tinh enzyme. Anh hudng ctia cac tac nhan khao
sat s& gép phan cung cap thong tin cho viéc xac
dinh diéu kién phan tng va cting héiu ich khi
x4y dung coéng thiic bdo quan enzyme.

Mbt trong nhiing yéu ciu can thiét d6i véi
enzyme Ung dung trong ch#in nuéi 1a phai c6 kha
ning chéng chiu dudc pepsin, protease chinh
trong dich da day dong vat. Pic tinh nay giip
enzyme thuyc hién chiic ndng xic tac sinh hoc
trong qua trinh tiéu hoa. Két qua khao sat su

toan ven cta xylanase tai t6 hop khi xt 1y bang
pepsin cho thiy enzyme hiu nhu khéng bi anh
hudéng duéi tic ddng ctua pepsin (Hinh 6, bing 1,
2). Trong khi dé, véi lugng BSA ban dau kha 16n
(giéng 3) nhung sau khi xi 1y véi pepsin, BSA bi
thuy phan hau nhu hoan toan (giéng 4).

Cac két qua nghién ciu déc tinh cho thiy,
xylanase Xyl11B tai t6 hop tit gen FJ212324 da
dude to1 uu héa codon van duy tri t6t cac dic
tinh dang quy nhu gen goc ma Luo et al. da
cong bo. Tu két qua khao sat nay nhém nghién
cliu sé tiép tuc tién hanh nghién ctiu quy trinh
san xudt xylanase tai t6 hop trén quy mé pilot
va cac diéu kién bao quan enzyme.
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4. KET LUAN

Gen mia héa endo-1,4-B-xylanase t&¥ ndm
méc Bispora sp. MEY-1 da dugc cai bién va biéu
hién trén n&m men P. pastoris X33. Miic d6 biéu
hién ngoai bao clia enzyme tai t6 hgp kha cao,
v6i hoat tinh xylanase trén moi truéng khoang
dat 96 IU ml'. Xylanase tai t6 hop hoat dong t6i
uu ¢ 65°C, pH 3,0. Enzyme tai t6 hgp bén nhiét,
hoat dong trong dai pH axit va c¢6 kha ning chiu
pepsin. Enzyme bi tic ché bdi cac tac nhan nhu
SDS, ion Mn*, Cu?. Vi nhiing dac tinh ké
trén, xylanase tai t6 hop c6 tiém nang tng dung
trong san xuét thic &n chin nuéi.
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