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MO PAU
1. Pat van dé

Cung véi sy phat trién caa cong nghé sinh hoc hién dai, cdng nghé enzyme
d3 c6 budc phét trién vuot bac, ngay cang cé nhiéu thanh tyu va duoc tng dung
rong rai trong nhiéu nganh cdng nghiép, dem lai loi ich to 16n cho con ngudi.
Trong sé cac enzyme dang dwgc ¢ng dung hién nay, cellulase 1a mét trong
nhitng enzyme ¢é nhiéu tng dung trong thuc tidn. Cellulase xtc tac cho phan
tng thay phan lién két p-1,4-glycoside trong phan tir cellulose va cac dan xuat
tao thanh glucose va cac duong don gian. Do d06, cellulase duoc tng dung trong
cong nghiép thuc pham, san xuat thic an chan nudi, san xuat bia, bot gidy,
nganh cdng nghiép chat tay ri:a, nganh cong nghiép dét may, nhién liéu va hoa
chat, quan Iy chat thai va xt Iy 6 nhiém moi trudng.

Cellulase 1a mot phuc hé enzyme gom 3 loai enzyme chinh gom:
endoglucanase, exoglucanase va B-glucosidase. Trong d6, endoglucanase la
loai enzyme c6 kha nang thay phan manh phéan tir cellulose ¢ ving vo dinh
hinh, ¢6 nhiéu tiém niang tng dung trong thuc tién va duoc tap trung nghién
ciru nhiéu nhat hién nay. Trén thé giéi da c6 nhiéu nghién cau vé cellulase,
nhitng nghién ctu vé cellulase cha yéu tap trung vao viéc tach dong gen ma
hoa cellulase, tinh sach va nghién ctru dic diém hoa sinh cua cellulase, t6i wu
nhitng diéu kién nudi cay thu nhan ché pham enzyme tir cac loai nam méc, Vi
khuan va xa khuan. Nhiéu cong ty trén thé gioi da tao ra nhitng ché pham
cellulase thuong mai va ung dung vao thuc tién. O Viét Nam di c6 nhiing
nghién cau vé tinh sach, nghién ctu dic diém hod sinh tir mot s6 chung nam
soi nhu: Penicillium, Aspergillus, Trichoderma; xa khuan Actinomyces dugc
cong bd. Tuy nhién, viéc khai thac tng dung cellulase tir nguon tu nhién gap
nhiéu han ché do niang luc sinh tong hop caa chang gidng, khéng chi dong

ngudn enzyme, khd can thiép thay doi tinh chat vé dong hoc enzyme, do bén



nhiét d6 va pH, kha niang hoat dong trong nhimg diéu kién nong do cao chat

tay rira va dung méi hitu co.

Bang céc k¥ thuat tai té hop DNA di cho phép cac nha céng nghé sinh hoc
phan 1ap va khuéch dai mot gen don tir hé gen cua mot sinh vat dé co thé nghién
ctru, bién d6i va chuyén nd vao co thé sinh vat khéc tao protein téi té hop. San
Xuit enzyme bang con duong tai to hop co thé chu déng vé ngudn nguyén liéu
cung cip enzyme ban dau ; ning cao ning sudt , chit lyong enzyme ; dé dang

cong nghé hoa qua trinh san xuat va giam gia thanh san pham.

Trén thé gisi, da c6 nhiéu phuong phap duoc dua ra dé nang cao ning suat
cellulase nhu 1a tuyén chon céc ching ¢ kha ning sinh tong hop cellulase cao,
t61 uu hoa cac diéu kién 1én men nham thu duogc luong 16n enzyme nay. Bic biét
véi sy phét trién caa cong nghé, mot sé6 gen ma hoa cellulase cua vi sinh vat va
thuc vat da duoc tach dong va biéu hién & cac hé biéu hién khac nhau (biéu hién
& E. coli, nAm men, nam soi). O Viét Nam, viéc nghién ciu cellulase cha yéu
ding & viéc phan Iap tuyén chon cac chung vi sinh vat san xuat enzyme cao va
danh gia mot so tinh chat cia enzyme dé (ing dung trong cdng nghé sinh hoc va
xt 1y moi truong. Viéc nghién cau tao ché pham cellulase tai to hop va tng

dung céac ché pham nay con han ché.
Xuat phat tir nhiing ly do trén chdng toi tién hanh thuc hién dé tai:

“Tinh sach va nghién ciu dac tinh caa cellulase tw nhién va tao

cellulase tai t6 hop tir nAm si tai Viét Nam”.
2. Muc tiéu nghién ctu

(i) Tinh sach va danh gia duoc dac tinh cuaa cellulase tu nhién tir chang
nam soi tuyén chon;

(i) Tao duoc endoglucanase tai t6 hop khéng chtra peptide tin hiéu tir

ngudn gen dd dugc phan lap tir chung nim soi tuyén chon tai Viét Nam.



3. N§i dung nghién cau

3.1. Nghién ctu tuyén chon ching nam soi c6 kha ning sinh tong hop

cellulase manh trong b suu tap tir nhiéu ngudn khac nhau:

3.2. Nghién ctiu téi wu thanh phan méi truong, diéu kién 1én men quy mo
phong thi nghiém phu hop véi chung ndm soi tuyén chon lam co s¢ san xuat

cellulase tu nhién;

3.3. Tinh sach va phan tich tinh chat ly héa cua cellulase tinh sach tir chung

nam soi chon loc tai Viét Nam;

3.4. Nghién ctu biéu hién gen ma héa endoglucanase khéng chua peptide
tin hiéu tr ching ndm soi Aspergillus niger VTCC-F021 trong Pichia pastoris
GS115 va téi wu méi trudng 1én men phu hop dé san xuét endoglucanase tai to

hop khong chira peptide tin hiéu;

3.5. Tinh sach va phan tich tinh chat Iy hoa cua endoglucanase tai to hop

khong chra peptide tin hiéu.
4. Nhirng déng gop moi caa luan an

(i) Endoglucanase tir chiing nim soi Peniophora sp. NDVNO1 tuyén chon
tai Viét Nam duoc tinh sach ¢o6 kich thudc khoang 32 kDa. Endoglucanase c6 do
bén cao trong khoang nhiét ¢6 30-37°C va pH 4,0-7,0. Enzyme nay bén ddi véi
dung moi acetone ¢ nong do 1-20%; ethanol va n-butanol ¢ nong do 1-5%;
isopropanol & nong do 1-15% va d6 bén cao ddi voi chat tay rira Tween 20,
Tween 80, Triton X-100 va triton X-114.

(i) Gen ma hda endoglucanase A khdng chira peptide tin hiéu (meglA) tu
chang A. niger VTCC-F021 da duoc bi éu hién thanh céng trong P. pastoris
GS115. Endoglucanase A tai to hop (rmEgIA) tinh sach c6 kich thudc khoang
32 kDa. Enzyme hoat dong ti uvu & nhiét d6 50°C, pH 3,5, bén ¢ 30-37°C va rat
bén trong khoang pH 3,0-8,0. Enzyme c6 d6 bén cao ddi véi chat tay rira Tween
20, Tween 80, Triton X-100 va triton X-114.



5.'Y nghia khoa hoc thuc tién cia luan an
5.1. Y nghia khoa hoc

Két qua nghién cau gop phan lam sang to dic diém hoéa sinh cua
endoglucanase c6 ngudn géc tir ndm soi thudc chi Peniophora va gop phan l1am
sang to6 anh huong cua peptide tin hiéu dén tinh chat endoglucanase cua chung A.
niger VTCC-F021 biéu hién trong nim men Pichia pastoris.

Két qua tao endoglucanase tai t6 hop khdng chua peptide tin hiéu da cang
cb thém co s& khoa hoc trong hudng cai bién hoat tinh va tinh chat enzyme tai t6
hop bang céch cét bo doan peptide tin hiéu.

Cac bai bao khoa hoc cong b trén tap chi khoa hoc chuyén nganh quoc té
va trong nudc clng vai trinh ty gen cong b trén co so dir liéu Ngan hang gen

Qudc té 1a nhitng tai liéu co gia tri tham khao trong nghién cau va giang day.
5.2. Y nghia thuc tién

Endoglucanase tir chiang nam soi Peniophora sp. NDVNO1 va
endoglucanase tai t6 hop khong chaa peptide tin hiéu c6 tinh chat phi hop véi
hudng @ng dung san xuat ché pham bé sung vao thtc dn chin nudi dé chuyén
hoa hop chat glucan nang cao hiéu qua sir dung thirc an va ting trong vat nuoi.
Pong thoi, hai enzyme nay co thé sir dung trong chuyén hoa sinh hoc nguyén
licu, chat thai néng nghiép giau cellulose thanh duong st dung trong cong

nghiép 1én men.

Thanh phan méi truong va diéu kién 1én men téi wu ddi véi chung nim soi
Peniophora sp. NDVNO1 va chang nam men P. pastoris tai to hop c6 thé duoc
st dung dé 1én men luong I6n, phi hop dé san xuat ché pham endoglucanase tu

nhién va tai to hop trong diéu kién thuc tién tai Viét Nam.



Chuwong 1. TONG QUAN TAI LIEU
1.1. Cellulase
1.1.1. Nguén géc va phan logi
1.1.1.1. Nguon géc

Cellulase 12 nhém enzyme thuy phan c6 kha niang cit méi lién két p-1,4-O-
glycoside trong phan tu cellulose, oligosaccharide, disaccharide va mét sé co
chat tuong tu khéc.

Cellulase c6 thé dugc tdng hop tir rat nhiu ngudn khac nhau trong tu
nhién, trong d6 vi sinh vat dugc xem la nguén cung cap enzyme véi nhiéu uu
diém ndi bat va c6 tinh chat doc ddo vuot xa so véi enzyme cd ngudn goc tir
dong vat, thuc vat. Qua trinh phan giai cellulose bai vi sinh vat la mét trong
nhitng chu trinh quan trong nhat cua ty nhién. Trong tw nhién c6 rat nhiéu
chung vi khuan, xa khuan, nam sgi va mot sb loai nam men c6 kha ning sinh

tong hop cellulase [24].

N4m soi 1a mot trong nhiing vi sinh vat c6 kha ning sinh tong hop cellulase
manh nhat. Nhiéu chung nim soi thuéc cac chi Aspergillus, Trichoderma,
Penicillium, Phanerochaete da duoc nghién ciu cho thay cé kha ning sinh tong
hop cellulase manh nhu: A. niger [50], [52], A. flavus, A. fumigatus, A. terreus
[63], A. oryzae [124], A. awamori [126], T. reesei [135], Penicillium sp. DTQ-
HK1 [13], Penicillium persicinum, P. brasilianum [76], Phanerochaete
chrysosporium [77].

Bén canh nam soi, vi khuan ciing duoc xem 14 mot trong nhiing déi tuong
c6 kha nang sinh tong hop cellulase kha phong phl véi uu thé chu ky sinh
tredng trong thoi gian ngan. Nhiéu loai vi khuan hiéu khi da duoc nghién cau 13
c6 kha nang sinh tong hop cellulase manh nhu Acidothemus cellulobuticus [37],
Bacillus pumilis [68], Cellulomonas flavigena, C. udai [30], Pseudomonas
fluoressens [104]. Khéng chi c6 cac vi khuan hiéu khi ma mot sé vi khuan ky
khi ciing c6 kha ning sinh tong hop cellulase manh nhu Clostridium [156].



Nhiéu ching xa khuan thudc chi Actinomyces, Streptomyces ciing c6 kha
ning sinh tong hop cellulase manh nhu: Actinomyces griseus [16],
Streptomyces reticuli [168]. Nam 1955, hoat dong phan giai cellulose baoi vi
sinh vat séng cong sinh trong da cé cua cac dong vat nhai lai da dwoc chung
minh [36]. Bén nam 1971, nguoi ta di phan 1ap duoc mot sb 1oai vi sinh vat co
kha nang phan giai cellulose trong da cé. Trong d6 c¢6 hai chung dugc nghién
ctru ki hon ca la Ruminococus albus va R. flavefaciens [24]. Ngoai ra, cellulase
con dugc sinh tdng hop & thuc vat Arabidopsis [40], & dong vat nguyén sinh va
mot sé dong vat khong xwong song khac nhu mdi [171], & dong vat than mém
nhu vem xanh Mytilus edulis [178].
1.1.1.2. Phan loai

Theo Uy ban danh phap caa Hiép hoi Hoa sinh va Sinh hoc phan tir Quéc
té, cellulase thuoc 16p 3 (hydrolase): cac enzyme xuc tac phan ang thity phan; to
2 (glycosidase): cac enzyme thiy phan céc lién két glycoside; nhém 1: cac
enzyme thaty phan lién két O- va S-glycoside [189].

Cellulase 1a mét phac hé gom nhiéu loai enzyme khéc nhau. Tuy theo quan
diém cua tirng tac gia ma cac enzyme thudc phic hé cellulase duoc xép thanh
cac nhom khac nhau. Trudc day, cellulase dugc chia lam hai nhom: nhom
enzyme C; va nhdm enzyme C,. Cac enzyme C; c0 kha nang thuy phan soi
cellulose tu nhién, c6 tinh dac hiéu khéng rd rang. Cac enzyme C, dugc chia
thanh hai loai: exo pB-1,4-glucanase (E.C.3.2.1.21) xUc tac cho phan ung cat dut
g6c glucose tir dau khong khir cua chudi cellulose; endo B-1,4-glucanase
(E.C.3.2.1.4) hoat dong tly tién hon, xuc tac phan Gng thiy phan lién két bén
trong phan t cellulose. Hién nay, cellulase dugc chia lam ba dang: Endo-f3-
(1,4)-glucanase (hay con goi la endocellulase (1,4-B-D-glucanohydrolase);
CMCase hoic C,) (E.C.3.2.1.4) thuy phan lién két B-1,4-glycoside bén trong

chudi cua cellulose va mot s6 loai polysaccharide twong tu mot cach ngau nhién.



San pham thay phan 1a céc oligosaccharide phan tir lugng thap, cellodextrin va
mét s6 duong khir. Endo-B-(1,4)-glucanase thiy phan dé& dang cellulose viing vo
dinh hinh nhung tac dung rat yéu & ving cellulose két tinh va khong phan giai
cellobiose. Exo-B-(1,4)-glucanase (hay con goi la exocellulase; 1,4-B-D-
glucancellobiohydrolase hoic C,) (E.C.3.2.1.91) phan cit cellulose tir dau khir
va dau khong khir giai phong ra cac cac oligosaccharide, cellobiose va glucose.
C. ¢0 tinh chat khong dic hiéu. Dudi tac dung cua C;, cac loai cellulose bi hip
thu nude, truong 1én va chuan bi cho sy tac dong cua cac enzyme khéac. Néu tach
riéng C; cho hoat dong doc lap thi tac dung nay lai khong rd rang. B-(1,4)-
glucosidase hay cellobiase (E.C.3.2.1.2) thuy phéan cac phan ta cellobiose va
cellooligosacharide mach ngan tao thanh glucose, nhung khéng co tac dung ddi

véi cellulose va cellulose dextrin cao phén tu [62], [148], [154].
1.1.2. Co chat cellulose

Cellulose la mot polymer mach th:Emg khong cuén xoan , duoc tao nén tu
cac don vi B-glucose thong qua lién két B-1,4-O-glycoside. Muc d6 polymer hoa
duoc danh gia dua vao s6 phan tu glucose trong chuéi . Déi voéi ce lulose tu
nhién, con s6 nay khoang 10000-14000 va khéi luong phén tu cua ca chudi la
1,5x10° Da, dai 5pm [64]. Cac phan tir glucose trong chudi polymer c6 dang ghé
banh, phan tu nay quay 180° so voi phan tu kia. Cac nhém B-OH glycoside déu

nam trén mat phing ngang cua cac phén tu glucose [51].

Bing phuong phap phén tich su dung tia ronghen , nguoi ta da tim ra cau
truc cua cellulose trong té bao thuc vat ¢6 dang soi . Pon vi nho nhat cua
cellulose co du’bng Kinh vao khoéng 3 nm. Cac so1 so cép hop lai thanh v 1 soi
hay con goi la micelle . M6i micelle thwong co khoang 60 phan tu cellulose, c6
duong kinh tu 10-40 nm, dai 100-40000 nm. Cac micelle nay hop lai thanh timg
b6 soi to hon ndm dan xen vao nhau cé thé quan sat dugc dudi kinh hién vi

quang hoc. Cac bo soi cellulose lién két v6i 16p polysaccharide trong thanh té



bao thuc vat tao nén mot phuc hé bén virng dong vai tro nhu 16p két dinh sinh

hoc trong thanh té bao thuc vat (hinh 1.1) [120].

Té bao thwe vat ) 0

Vi soi
H,ou OH CH20H H OH CH20H
‘OOHH OOHH Oonu””
o ou HA
Cellulose

Hinh 1.1. Hinh 4nh mé hinh su sip xép cac chudi cellulose trong thanh té

bao thwe vat [120]
Cellulose co cAu truc khong dong nhat gom hai vung;
- Vung két tinh c6 trat tu cao.

- Vung v6 dinh hinh ¢6 ciu trac khong chit ché, cac mach tip hop v6i nhau
nho luc Van der Waals , dé bi tac dong boi cac yéu té bén ngoai . Khi gip nuoc
chang c6 thé hip thu nudc va truong phong 1én  , nho vay cellulase rat dé tac
dong. Trong khi do, & ving két tinh , cac mach cellulose lién két voi nhau theo
mot trat tw déu dan nho lién két hydrogen n6i nhom —OH thu nhat cua mach nhy
voi nhom —OH o C 5 ctia mach khac nén di ngin can dugc sy truong ndy . Nho
do ma enzyme cung nhu nhiéu phan tu khac kho co thé xam nhap vao duoc bén
trong phan tu cellulose dé phan huy [85].

1.1.3. Cdu truc cra cellulase

Cellulase tir cac ngudn gbc khac nhau c6 thanh phan ciu tao va cau trdc
khac nhau. Su khac nhau dé thé hién trudc hét & sy da dang vé khéi lwong phan
ttr, thanh phan va trat tu sap xép cua cac amino acid trén chudi polypeptide.
Chang A. oryzae KBN616 sinh tong hop hai loai endoglucanase 1a CelA va



CelB. Phan tir protein CelA gém 239 amino acid, khéi luong phan ti 31 kDa,
dugc xép vao ho cellulase H. Trong khi d6, CelB duogc xép vao ho cellulase C
gom 416 amino acid va khéi lugng phan tir 53 kDa [106]. Endoglucanase tir A.
aculeatus bao gém 410 amino acid vai khéi luong phan tir 43,7 kDa [163]. Cac

endoglucanase tir A. niger Z10 c6 khdi lugng phan tir 83 kDa va 50 kDa [50], tir
A. terreus la 25 kDa [63], tur T. reesei la 48 kDa va 55 kDa [98, 116], tur Bacillus
sp. D04 c6 khéi lugng 35 kDa [153]. Endoglucanase tir A. niger 12 EgIC ¢4 kich
thudc 50,9 kDa gdm 858 amino acid [28], tir A. aculeatus 1a 45 kDa [121].

Hinh 1.2. Hinh anh cau tric phin tir ciia mot so cellulase

A: endoglucanase cua A. niger [102]; B: f-glucosidase cua Trichoderma reesei

[89], C: Exoglucanase ciia Cellulomonas fimi [173]

Sandgren va dtg (2003) da c6 nhitng nghién ciu chi tiét vé cau tric Cel12A
thuoc ho 12 (GH 12) endoglucanase tir ndm soi chiu nhiét Humicola grisea.
Cel12A cua H. grisea 1a mot chudi polypeptide gém 224 amino acid ciu tao nén
cac chudi a, B va cac vang néi (hinh 1.3). Sy khac nhau vé cau triic cia cac
enzyme con thé hién & su sap xép trong khéng gian cac chudi polypeptide, cac
trung tam xGc tac va cac vung lién két co chat. Chinh nho sy khac nhau vé cau
trdc khong gian cta cac enzyme dan toi sy khac nhau vé cac tinh chat hoa Iy caa
ching. Phan tir Cel12A cta H. grisea cau tao boi 1 chudi a, 2 chudi B (A va B).
Chudi B-A dugc ciu tao bai 6 dai xoan B (Ai-Ag), chudi B-B duoc cau tao boi 9
dai xoan B (B;-Bg). Cac dai xoin B duoc ndi véi nhau boi cac ving ndi, cé 4
viing néi lon 29-32, 40-47, 92-96, va 165-169 noi twong ung cac dai xoan B: B,-
As, As-Ag, As-Bs v As-B; (Hinh 1.3A) [152].
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* Cdu trdc caa trung tam xac tac va ving lién két co chit

Trung tdm xUc tac cua Cel12A tir H. grisea gdm 2 amino acid glutamic E-
120 va E-205 (hinh 1.3B), con ¢ Cel12A tur T. reesei la E-116 va E-200 [152].

Hinh 1.3. Hinh dnh mé hinh cau triic khéng gian (A) va trung tim
xuc tac (B) cia Cell2A tir H. grisea [152]

Vai trd lién két co chat khi tham gia xdc tac thuy phan cellulose cua céc
cellulase duoc thuc hién nho cac ving lién két dic hiéu cellulose binding
domain (CBD). C4c CBD c6 thé nam trong trung tdm hoat dong cua enzyme
hoac khong. Tuy thudc vao tung loai enzyme ma ving lién két nay c6 cu tao
hoa hoc va cau tric khong gian khac nhau. Cel12A tir H. grisea c6 3 ving lién
két voi sy tham gia cia cac amino acid, trong dé cysteine (C175, C206, C216)
dong vai tro trung tim. CBD1 véi C175 lam trung tm nam trén dai xoin p-Ag
lien két yéu voi cac amino acid T85, 1123, Al44, F173, 1177 va F180 bing
tuong tac van der Walls. Lién két gitra cac amino acid trong CBD1 c6 kich
thude 3,5 d¢én 4,1 A (hinh 1.5A). CBD2 voi C206 lam trung tdm nam trén dai
x0an B-B, lién két véi cac amino acid Q34, W52, W54, S63, P65, Y91, A98 va
T204. Lién két giira cac amino acid trong CBD2 c¢6 kich thudc 3,3 dén 4,9 A va
CBD2 chua trung tdm hoat dong (Glu 205) (hinh 1.5B). CBD3 véi C216 lam
trung tdm nam trén dai xoan p-A, lién két véi cac amino acid W48, V87, W89,
F214 va F219. Lién két giita cac amino acid trong CBD3 ¢¢ kich thuéc 3,3 dén
4,8 A (hinh 1.5C) [152].
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Hinh 1.5. Cau tric ving CBD ciia Cel12A tir Humicola grisea [152]

A:CBD1;B:CBD 2; C: CBD 3
* Co ché x(c tac cia cellulase

Khi nghién cuu co ché thuy phan cellulose , nhiéu tac gia da trinh bay co
ché tac dong cua cellulase theo cac cach khac nhau . Reese (1950) 1a ngudi dau
tién dé xuat co ché thuy phan cellulose hoa tanbo i enzyme C; va C,. Theo
Reese thi C; 1a yéu t6 tién thay phan, no chi c6 tic dung 1am truong no cellulose
tu nhién tao thanh cellulose hoat dong co mach ng'?ln hon . Sau do, Cy sé& tiép tuc
phan cit cac chudi nay tao thanh cac dwong tan va cudi cung tao thanh glucose
[149]. Eriksen va Goksoyr (1977) da dua ra co ché tac dung phoi hop cua
endoglucanase; exoglucanase va B-glucosidase. Pau tién, nhung vung co muc
d6 két tinh thap trong soi cellulose bi cac endoglucanase tan cong tao cac dau tu
do. Tiép do, exoglucanase se bat dau phéan cat tu cac dau tu do dé tao thanh cac
cellobiose; cellooligosaccharide va glucose. B-Glucosidase se thuy phan tiép va
cudi cung tao thanh glucose [62].

Theo nghién ciu cua Martin (2000), cellulase 14 phic hé gom hai nhém
enzyme la endoglucanase (EC 3.2.1.4) va cellobiohydrolase (EC 3.2.1.91) thuy
phan lién két B-1,4-O-glycoside trong phan tir cellulose theo hai co ché dao
nguoc va gitr lai (hinh 1.6) [117].
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Niam 2002, Lee va dtg da dwa ra co ché phan ung ctia phuc hé cellulase. Mdi

dang enzyme trong phurc hé cellulase tham gia thuy phan phan tir co chat theo mot

co ché riéng. Tuy nhién, nhitng enzyme nay thuong phdi hop hoat dong dé thiry

phan hoan toan phan ti co chat thanh san pham don gian nhat 12 glucose.

Endoglucanase tham gia thay phan cac lién két p-1,4-glycoside & bén trong

cac phan tir cellulose va mot sé loai polysaccharide twong tu khac. San pham

phan cit | c4c oligosaccharide. Exoglucanase thiy phan céac lién két ¢ dau khir

va dau khong khor cuoa phan tir co chat, giai phong cac oligosaccharide,

cellobiose va glucose. B-Glucosidase thuy phén cac phéan ti cellodextrin va

cellobiose tao thanh cac phén tu glucose (hinh 1.7) [111].
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1.1.4. Tinh sach va danh gia tinh chat caa cellulase

1.1.4.1. Tinh sach cellulase

Trong san xuét ché pham enzyme thi viéc gitt dugc hoat tinh enzyme 13
mét trong nhitng yéu cau hang dau. Thong thudng qua mdi budc tinh sach thi
mot phan enzyme ciing nhu hoat d6 caa ché pham bi mat di, gia thanh ting cao
do chi phi vé thiét bi, nguyén liéu, céng stic va do mat hoat do. Bé han ché toi
da sy giam hoat d6 enzyme trong qué trinh tinh sach can chon dung dich chiét
rat enzyme thich hop, vira cho hiéu suat chiét xuat enzyme cao, vira khong lam
bién tinh enzyme. Véi muc dich d6, viéc tim dugc nhimg phuong phap tach va
tinh ché enzyme phu hop 14 rét quan trong.

Céc cellulase tir cac chung Aspergillus duoc tinh sach qua cac budc nhu
taa ammonium sulfate, taa dung mdi va qua cot sac ki (loc gel, trao ddi ion,
tuong tac ky nudc, ...). Cellulase dugc tinh sach tir cac ching A. niger ¢6 nguon
g6c khéc nhau rat khac nhau vé kich thudc: 31 kDa [140], 24 kDa [118], 26 kDa
[180], 37 kDa [81], 40 kDa [26], [185], 50 va 83 kDa [50], 90,5 kDa [74], 78-80
kDa (A. terreus [123]), 24 va 39 kDa (A. aculeatus SM-L22 [45]), 32 kDa (A.
awamori VTCC-F099 [127]), 36 kDa (A. oryzae VTCC-F045 [124]).
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Céc cellulase tir A. terreus M 11 dugc tinh sach 18 1an véi hiéu suat thu hdi
14% va hoat tinh dac hiéu dat 67 U/mg protein [63], tir A. terreus DSM 826 sach
27 1an véi hiéu suat dat 10,5% [60] va tir A. terreus NA; sach 40 lan véi hiéu
suit dat 1,32% [123].
1.1.4.2. Tinh chdt cia cellulase

Gia tri K, va Vi dac trung cho tinh dac hiéu cua mot enzyme véi mot co
chat, K, bé thi & luc cua enzyme véi co chat I6n va nguoc lai. Ky, cua p-
glucanase tur S. sclerotorium (8,7 mg/ml) [169], K, cua B-glucanase tur A. niger
(52-80 mg/ml) [84], K., cua B-glucanase tir M. verrucaria (0,5 mg/ml) [73] va tu
A. awamori VTCC-F099 (5,83 mg/ml) [127]. Vax Cia B-glucanase tinh sach tur
A. terreus AN1 la 200 U/mg protein [123] va tad A. awamori VTCC-F099
(333,33 U/mg) [127], tur A. terreus DSM 826 la 4,35 U/mg protein khi stir dung
co chat CMC [60].

Nhiét d6 va pH phan ang anh huong manh mé dén hoat tinh x(c tac cua
enzyme, moi enzyme c6 mét nhiét dd va pH phan tng thich hop. Trong gisi han
nhiét do chua 1am bién tinh enzyme, hoat tinh enzyme ting khi nhiét do ting.
Tuy nhién, khi nhiét d6 tang qua gidi han thi hoat tinh cta enzyme lai giam.
Nguyén nhan cé thé do khi nhiét do ting cao da lam dat gdy mot sé lién
két yéu trong phan tu protein enzyme, lam thay doi cau tric cua phan ta
nay, dac biét 1a cau trdc trung tdm hoat dong cua enzyme, tir d6 anh
huong toi hoat tinh xdc tac cua enzyme [4].

Nhiét d6 va pH téi wu cho hoat dong cua p-glucanase tir A. niger VTCC-
F021 1a 55°C va pH 5. Hau hét cac B-glucanase tir cac ching Aspergillus tir
nhiéu nghién ctru trude ciing c6 nhiét d6 tdi wu (50-70°C) va pH téi uu (3,5-5).
Nhiét do va pH téi uu cua B-glucanase tir A. terreus DSM 826 [60] va A.
awamori VTCC-F099 [127] la 50°C va pH 4,8-5, tir A. oryzae VTCC-F045 la
55°C va pH 5,5 [124], cellulase tir A. niger NRRL-363 la 50°C va pH 5,5 [14].
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Céac B-glucanase tir A. niger IFO31125 la 70°C va pH 6-7 [27], tur A. terreus
M11 la 60°C va pH 2 [63], tir A. terreus AN; la 60°C va pH 4 [123], tir A. niger
Z10 lai hoat dong tét & nhiét d6 40°C va pH 4,5-7,5 [50]

Endoglucanase tir A. niger VTCC-F021 bén & dudi 50°C va pH tir 5-6. Do
bén nhiét va pH cua endoglucanase tir A. niger VTCC-F021 ciing giéng véi
endoglucanase tir A. awamori VTCC-F099 va A. oryzae VTCC-F045. Theo
Nguyen va Quyen, endoglucanase tir A. awamori VTCC-F099 bén ¢ duéi 40°C
va dai pH tir 4,5-5,5, hoat tinh con hon 80% sau 36 gio u ¢ 30-40°C va pH 4,5-5,5
[127], endoglucanase tir A. oryzae VTCC-F045 bén ¢ dudi 55°C va pH 5-6, hoat
tinh tang tr 21-27% sau 4 gio u ¢ 30-55°C va con 72% sau 1 gio u 6 pH 5-6 [124].

Theo Elshafei va dtg (2009) endoglucanase tinh sach tir A. terreus DSM
826 van gitr nguyén hoat tinh khi u & 50°C trong 1 gi®, nhung chi con 56% hoat
tinh khi u & 80°C trong 5 phut [60], endoglucanase (celA) tir ching A. oryzae
KBN616 bén & dudi 55°C sau 20 gid t va mat hoat tinh & trén 60°C va CelB thi
bén ¢ dudi 50°C va mat hoat tinh & trén 55°C va ca CelA va CelB déu bén ¢ pH
3-7 [106]. Céc endoglucanase tir A. terreus M11 bén & pH 2-5 va con hon 60%
hoat tinh khi u 1 gio & 70°C [63], tir A. terreus AN; bén & 50°C va pH 3-5 [123].
Theo Akiba va dtg (1995) endoglucanase tir A. niger IFO31125 lai bén ¢ dai pH

cao hon (5-10) va khéng 1am mat hoat tinh enzyme sau 2 gid u ¢ 60°C [27].

Cac ion kim loai dong vai trdo quan trong trong viéc dinh hinh ciu trdc
khdng gian caa phan tir enzyme hoic trong mot vai truong hop né 1a nhan té can
thiét trong trung tam hoat dong cua enzyme. Do d6 ion kim loai c6 anh hudng

I6n t6i1 kha nang hoat dong cia enzyme.

Céc ion kim loai Cu®*, Fe’* va EDTA lam ting hoat tinh B-glucanase A tir
A. niger VTCC-F021 Ién 12-52%, trong khi c4c ion Mn?*, Zn* va Ni* lai lam

giam manh hoat tinh endoglucanase & ngay nong do thap, con cac ion K*, Ca*",
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Co®* va Ag" 1am giam 18-54% hoat tinh & néng d6 15 mM [140]. Nghién cau
cua Nguyen va dtg (2010) cho thiy, c4c ion Fe**, Cu** va EDTA lam ting hoat
tinh endoglucanase tir A. awamori VTCC-F099 Ién t6i 55%, con cac ion Ag’,
Ca”™, Co**, Mn*, Ni**, Zn*" lai lam giam hoat tinh enzyme [127]. Trong khi do,
cac ion kim loai va EDTA déu l1am &c ché manh hoat tinh cua endoglucanase tir
A. oryzae VTCC-F045 [124].

Chen va dtg (2001) cho thay Fe* kich thich hoat tinh cia ca 5 loai CMCase
(EG lI-1, EG 11-2, EG 1lI-1, EG 111-2 va EG V) tir A. aculeatus SM-L22 [44].
Hoat tinh endoglucanase tir A. terreus DSM 826 tang 83% va 25% khi u voi
Co* 25 mM va Zn** 50 mM, nhung Hg? lai 1am giam 50-71% hoat tinh khi o
v6i Hg™ 25 va 50 mM [60]. Cu®* va Hg*" ¢ ndng d6 2 mM tc ché hoat tinh
endoglucanase tir A. terreus M11 tir 59-77% [63]. Hoat tinh cua pB-glucanase tur
A. niger IFO31125 bi tic ché boi Hg* va Cu?*, nhung lai khong bi anh huong
boi cac chat uc ché khac nhu p-chloromercuribenzoate va N-ethylmaleimide
[27]. Nhu vay, Fe?* hoat héa céc B-glucanase tir A. niger VTCC-F021, A.
awamori VTCC-F099, A. aculeatus SM-L22. Con Cu?®* ¢6 anh huéng hdn hop
Ién endoglucanase, hoat hoa endoglucanase tir A. niger VTCC-F021, A.
awamori VTCC-F099 [127], nhung lai ¢c ché endoglucanase tir A. terreus M11
[63], A. niger IFO31125 [27], A. oryzae VTCC-F045 [124].

Cac dung mdi hitu co va chét tay ria thuong sir dung dé bién tinh protein
va hoa tan céc co chat ki nugc trong phan ¢ng caa enzyme. Endoglucanase c6
kha nang khang cao véi methanol va ethanol ¢ 10-20% (v/v) va gitt lai duoc
hon 86% (7,15-7,81 U/mg) hoat tinh so véi dbi chiang. Cac nghién cau cua
Nguyen va Quyen (2010) ciing cho thdy céc endoglucanase tir A. awamori
VTCC-F099 va A. oryzae VTCC-F045 déu khang cao vai cac dung mdi hitu co
isopropanol, acetone, methanol va butanol va giit dugc hon 80% so véi dbi
chung [124], [127].
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Endo-B-1,4-glucanase tir A. niger VTCC-F021 c6 sac khang cao voi
Tween 20 va Tween 80 ¢ 0,5-2% (v/v) va gitt dugc hon 80% hoat tinh so vai
d6i chung. Két qua nay ciing gidng véi nghién ctu cia cac tac gia trudc. Cac
endoglucanase tir A. awamori VTCC-F099 c6 sic khang cao véi Tween 20,
Tween 80 va Triton X-100 ¢ nong d6 10-20% (v/v) [127] va tir A. oryzae
VTCC-F045 khang cao vai Tween 20 ¢ 0,4-0,8% (v/v) [124].

1.2. Ung dung ciia cellulase

Céc cellulase duoc (ing dung rong réi trong nhiéu nganh cong nghiép nhu:
cdng nghiép thuc pham, cong nghiép san xuat thic an gia stic, cdng nghiép san
xuat dung méi hitu co, san xuat chat tay rira, cong nghiép gidy va bot gidy, dac

biét trong cdng nghé xir Iy rac thai san xuat phan bon vi sinh.
1.2.1. Ung dung trong cdng nghiép theec phdam

Str dung cac ché pham enzyme c6 thé coi 1a mot trong nhimg phuong
hudng tién bo c6 trién vong nhat cia san xuat nudc qua va nude udéng khdng con.
Dich qua sau khi ép chiét thuong chira cac thanh phan té bao thit qua va cac chat
xo ¢6 ban chit polysaccharide 1am cho dich c6 d6 nhét cao va mau duc.
Glucanase thuong dugc sit dung dé pha vd thanh té bao, thuy phan cac
polysaccharide lam giam d6 nhat caa dich qua tao thuan loi cho qué trinh tach
chiét va 1am trong. Glucanase két hop vai cac hemicellulase, pectinase trong ché
pham enzyme Viscozyme 1201 dugc ung dung chu yéu dé xir ly pha v mang té
bao dau twong [22]. Trong qua trinh san xuat nudc ca rét thuong st dung

endoglucanase xir Iy ¢ giai doan dich hoa da tao ra nhiéu pectin hon.

Trong c6ng nghé san xuat bia, dich 1én men ngoai cac thanh phan duong,
protein con c6 mét Iuwgng khdng nho cac phan tir trong luong cao cellulose va -
glucan anh hudng xau dén qua trinh loc va chéat luong san pham. Nguoi ta
thuong s dung B-glucanase dé loai bo nhitng thanh phan nay. Cac ché

pham nhu Finizym 200 L gom cac cellulase tir A. niger, B-glucanase tur
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Bacillus subtillis, Disporotrichum dimorphosporum da dugc st dung trong san
xuat bia [107].

Ca phé Viét Nam chu yéu du oc san xuit bang phuong phap kho , cho chat
lwong ca phé khong t6t . Pé ning cao chét lyong ca phé , phuong phap 1én men
da duoc ap dung. Do la qua trinh st dung phuc hé enzyme cellulase va pectinase
dé xtr Iy boc vo ca phé va 1am ting kha nang li trich dich qua . Trong khau boc
v, cellulose gdy hién tyong thAm mau , lam giam bt chat lugng sau  khi siy,
dong thoi can tro cho viéc boc vo . Khi su dung ché pham A. niger ¢ hoat tinh
pectinase va cellulase cho thiy, luong ca phé duoc boc vo ting, hat ca phé dugc
boc vo bang ché pham khong con nhét nhu hat khong st du ng ché pham

enzyme va hjéu suat boc vo kha cao [16].

Ngoai ra, cellulase con duoc st dung trong cong nghé san xuat banh mi,
banh bisqui va thyc pham chtc niang. cellulase tir Humicola insolens duoc
tng dung trong san xuat banh mi, lam ting d6 mém va xp cho banh my.
Cellulase tir T. reesei, A. niger duoc ung dung trong san xuat
fructooligosaccharide. Pay 1a mot trong sé cac oligosaccharide chirc ning
(prebiotic) duoc san xuit dé b sung vao khau phan in. Cac phé phu pham
nong nghiép nhu 16i ngd, ba mia, ba san, vo trau 1a co chét 1y tudng cho viéc
san xuat cac oligosaccharide. Cac enzyme tét nhat sir dung cho qua trinh nay

chu yéu c6 ngudn gdc tir ndm méc [154].
1.2.2. Ung dung trong cdng nghiép sdn xudt thikc dn chéin nuéi

Cho dén nay, cic enzyme dugc dung nhi éu dé bd sung vao thirc an chin
nubi va cho hiéu qua cao la cac enzyme phan giai polysaccharide khéng phai
tinh bot cua lta my, 1Ga mach, yén mach. Céc chat nay duoc xem la céc chat
khang dinh dudng, vi khi ¢ dang hoa tan n6 lam tang d6 dinh trong rudt non
ctia dong vat, do d6 1am giam mic d6 va téc do tiéu hoa cac chat dinh dudng.
Thac an gia sac, gia cam dugc ché bién tir cac loai ngdi céc chwia nhiéu

cellulose va glucan. Nhiing thanh phan nay thuong khong duoc tiéu hoa triét
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dé, lam tang d6 nhét cua dich da day. Do d6 chung da han ché sy hap thu cac
chat dinh dudng, lam giam kha ning tiéu hoa cua dong vat. Bé sung P-
glucanase vao thirc an s& lam tiang kha ning phan giai cac hop chat trén, giai
phong glucose va céc oligosaccharide, 1am giam d6 nhét, ting kha ning hap

thu va chuyén héa thire an [22].

Nhiéu nghién ctu cho thay, khi b6 sung glucanase doc 1ap hoac két hop voi
cac enzyme khac vao thirc dn chin nuéi lam ting dang ké téc do ting trudong va
giam thiéu bénh tat cho vat nudi. Omogbenigun va dtg (2004) cho thay, khi bd
sung t6 hop ché pham glucanase va mot so enzyme khac (amylase, invertase,
protease, phytase, xylanase) xir Iy thirc dn cho lgn con 25 ngay tudi ¢ tac dung
nang cao kha ning tiéu hoa so véi ddi ching 1a khau phan co s khéng bd sung
enzyme nhu sau: kha nang ti€u hoa tinh bot tang 86,7-94,2%, cac polysaccharide
khac tang 10,1-17,6%, phytate tang 59-70% [133].

Tiém niang tng dung to 16n cia glucanase trong chin nudi da thu hat sy
quan tdm cua nhiéu cong ty ché bién thirc an gia stc va gia cam. Mot sé ché
pham 12 t6 hop céc enzyme khac nhau c6 thé ké dén nhu: Rovazyme G2 (DSM
Nutritional Products Ltd, Thuy Sy) 1a t6 hop cua 3 loai enzyme (cellulase, f-
glucanase va xylanase); Roxazyme G (DSM Nutritional Products Ltd, Thuy S¥)
la t6 hop cua 7 loai enzyme (cellulase, glucanase, protease, amylase, pectinase,
xylanase va hemicellulase); Natugrain (tdp doan BASF, Duc) 1a hon hop cua
endoxylanase va endoglucanse; Rhodizyme-CF (Rampart-Power Bangladesh
Ltd) 1a to hop cua 5 loai enzyme (cellulase, amylase, protease, lipase va
pectinase). Ché pham SSF cia My hién dang ban tai thi truong Viét Nam 13 to
hop cua 6 loai enzyme: B-glucanase (200 BGU/g), phytase (1000 PU/g), a-
amylase (30 FAU/g), pectinase (4000 AJDU/g), protease (700 HUT/g) va
xylanase (100 XU/qg) [3].

O Viét Nam da c6 mot s6 nghién cau vé ung dung enzyme trong chan nudi

nhu: Chu Thi Thanh Binh va dtg (2002) d nghién ctu (ng dung cac chung nam
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men trong ché bién b thai tir hoa qua gidu chat so lam thirc 4n cho gia stic. Con
hau hét cac nghién ctu chi dung lai & mirc d6 nghién ctiu vé tac dong cua cac

enzyme nhap khau 18n sy sinh truéng caa vat nudi [2].
1.2.3. Ung dung trong céng nghigp sdn xudt dung moi hitu co

Str dung glucanase xtr ly nguyén liéu giau cellulose, glucan truéc khi 1€n
men d3 1am tang hiéu suat thu hdi dung méi Ién trung binh [a 1,5%. Nhiéu ché
pham enzyme d3 duogc sir dung trong nganh cdng nghiép nay nhu Neutrase 0,5L
c6 chua cellulase sir dung trong cdng nghiép san xuat ethanol. Cellulase dugc si
dung trong qua trinh duong hda cac nguyén liéu lignocellulose nhu ba mia, rom
ra, co switch, mun cua. San pham cua qua trinh duong héa nay duoc tinh loc va
st dung 1én men san xuat ethanol sinh hoc [107]. Bong thoi, nhiéu chung vi sinh
vat ky khi trong chi Clostridium sinh tong hop glucanase dugc sir dung trong
cdng nghé 18n men san xuat dung méi hitu co, acetic acid [46], san xuat acetone,
butanol va isopropanol [57].

1.2.4. Trong cong nghiép san xudt gidy va bét gidy

Trong cdng nghiép san xuat gidy va bot gidy, nguyén liéu ban dau duoc
nghién co hoc va xur Iy hoa hoc dé céc soi gd duoc tach riéng khoi nhau chuyén
thanh bot gidy chira cac soi va bot min. Trong quy trinh san xuat gidy can loai
bo lignin khoi bot gidy, con cellulose thi duoc giir lai. Phuong phép thong
thuong 1a bo sung dung dich chlor hoidc chlordiocide. Pay 1a mot phuong phap
tén kém va thuong gay 6 nhidm méi truong do thanh phan chlor toén du trong
nuéc thai. Vi thé, trong nhitng nim gan day mot giai phap méi dugc dua ra dé
thay thé phuong phap truyén thong, d6 1a sir dung cac ché pham enzyme trong
d6 c6 glucanase dé xu ly bot gidy [23].

Glucanase thudng dugc bd sung vao cong doan nghién bot gidy dé lam
thay d6i nhe ciu hinh cua soi cellulose, ting kha ning nghién va tiét kiém
khoang 20-40% ning luong cho quéa trinh nghién co hoc [107]. Bong thoi xu ly
glucanase trugc khi xir Iy héa chat nghién bot hda hoc s& 1am pha v 16p vo
ngoai cua gd, lam tang kha nang khuéch tan cia hoa chat vao phia trong gd, ting
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hiéu qua khir lignin [22], [23]. Pic biét trong céng nghé tai ché gidy, glucanase
duogc sir dung dé tay muc in bam trén gidy. Ky thuat nay da mé ra trién vong day
hira hen cho nganh cong nghiép san xuat gidy va bot giay tai sinh [83].

1.2.5. Ung dung trong cong nghiép sdn xudt chadt tdy riza va cong nghé xi ly
rac thdi

Cung véi protease, lipase, amylase, cellulase va hemicellulase dwgc urng
dung dé san xuat chét tay ria. Cellulase c6 kha ning 1am thay ddi ciu trdc soi
cellulose dé thay doi gia tri cam quan va do sdng mau cua soi vai. Cellulase s&
thay phéan céc to soi cta Soi vai 1a noi bam cta cac phan tir bui ban, loai bo
ching khoi quan 4o [107]. Tinh dén nam 2002 d3 c6 nhiéu cellulase duoc san
Xuat dung cho bét giit nhu: endoglucanase va exoglucanase tir Thermomyces
lanuginous [132].

Stir dung enzyme trong xu Iy chat thai, cdng nghé tai sir dung phé thai,
chuyén cac phé thai thanh san pham c6 ich 1a mot huéng quan trong trong xir ly
chéng 6 nhiém moéi truong. Trong nhiéu nam qua trén thé gisi va ca ¢ Viét Nam,
cac chang vi sinh vat sinh tong hop enzyme phan huy cellulose da dugc tng
dung rat c6 hiéu qua dé xir ly rac thai sinh hoat. Nguyén Lan Huong va Hoang
Pinh Hoa (2003) da phan 1ap va tuyén chon dugc cac ching vi khuan va xa
khuan c6 hoat tinh cellulase, sau d6 bd sung vao bé 1 rac thai da rat ngan duoc
chu ky xu ly rac thai sinh hoat tir 5-7 ngay [10]. Nhiéu chung vi khuan, xa khuan
va ndm da duoc nghién ctu va tng dung c6 hiéu qua trong qua trinh xir Iy rac
thai ¢ Viét Nam. Nhiéu ché pham vi sinh trong d6 chta hé sinh vat sinh tong
hop cellulase d& dugc nghién cau va san xuat dé xir Iy rac thai. Trong do, ché
pham Micromix 3 khi bo sung vao bé u rac thai c6 thoi khi da rat ngin dugc 15
ngay u, giam maot nta thoi gian 1én men so voi ddi chimg. Pong thoi, lwong man
tao thanh khi xu Iy rac bang ché pham Micromix 3 cao hon 29% va céc chat
dinh dudng cao hon 10% so véi d6i ching. San pham cua qué trinh xu 1y rac

thai duoc phéi tron va bod sung mét sé vi sinh vat cd ich ¢ dinh dam tao thanh
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phan bon vi sinh, duoc st dung rong rai trong néng nghiép da gdp phan nang
cao nang sudt cdy tréng, giam thiéu duoc ngudn va nguy co giy 6 nhiém moi
truong [1], [5], [8], [15], [22].

1.3. Nghién ciu tao cellulase tai t6 hop

Cho dén nay, trén thé giéi da c6 kha nhiéu tac gia nghién cau vé tao
cellulase tai t6 hop bang cach biéu hién gen ma hoa cellulase trong nhiéu hé
théng biéu hién khac nhau. Nhitng nghién cau nay tap trung biéu hién gen ma
hoa cellulase c6 nguon goc tir sinh vat nhan so va nhan chuan trong hé biéu hién
vi khuan, nam men va nim maoc. Ngoai ra, cac nghién ctiu con thir nghiém biéu

hién trong té bao thyuc vat va dong vat.
1.3.1. Biéu hi¢n gen ma hoa cellulase trong E. coli

Do vi khuan E. coli sinh treéng nhanh, thuan tién cho cac thao tac sinh hoc
phan tir nén nod thudng dugc chon dé biéu hién gen ding cho nhitng muc dich
nghién ctu khac nhau. Vi mong mudn san xuat ra mot lugng lén B-glucanase,

nguoi ta da sir dung E. coli dé biéu hién cac gen ma hoa B-glucanase.

Yang va dtg (2010) da nhan dong va biéu hién cellulase bén nhiét tir chung
Bacillus subtilis 15 trong E. coli BL21 (DE3). Hoat tinh cellulase tai t6 hop dat
6,78 U/ml, cao hon nhiéu so véi enzyme ban dau (dat 2,82 U/ml). Nhiét do va
pH t6i uu 12 60°C va pH 6, hoat tinh con hon 90% sau khi 6 2 gio & 65°C [181].
Niam 2011, Peng va dtg da biéu hién thanh cong gen ma hda cellulase bén nhiét
tir Clostridium thermocellum trong E. coli. Hoat tinh enzyme tai t6 hop dat 6,4

U/ml, tang 1,5 1an so véi chung tu nhién [138].

Khong chi c6 gen ma hda B-glucanase tir prokaryote dugc biéu hién trong
E. coli ma nhitng gen ma hoa p-glucanase tir eukaryote ciing duoc biéu hién
trong E. coli. M6t sé gen nhu egl tach tir Rhizopus stolonifer var. reflexus TP-02
va B-glucanase I, 11, 11 tich tir Trichorderma reesei QM9414 da duogc biéu hién
trong E. coli véi hoat tinh enzyme tai t6 hop dat 0,715 U/ml [165] va hoat tinh
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dic hiéu véi co chat CMC caa EG I, 11, 111 tai té hop twong tng 1a 65, 49 va 15
U/mg [122].

Tuy nhién, cac B-glucanase do gen mé hda c6 ngudn gbc tir eukaryote duoc
biéu hién trong E. coli con ton tai mot s van dé nhu chung khong hinh thanh
dugc dung cau tric giéng trong tu nhién va cac protein dwgc biéu hién thuong &
dang khong tan. Thém vao d0, qua trinh sira doi sau dich m rat can thiét dé hinh
thanh cac protein c6 hoat tinh da khong xay ra ¢ E. coli. Vi vay dé giai quyét
van dé nay nguoi ta di theo huéng dua cac protein tai to hop tiét ra ngoai moi
truong nudi cay bang cach sir dung cac promoter, trinh tu tin hiéu va cac vat chu
khac nhau dé biéu hién & mot s6 diéu kién hoic biéu hién cung cac chaperone
gitp hinh thanh cac protein c6 hoat tinh. Ngoai ra, protein ngoai bao con c6 mot
s6 thuan lgi so vai protein ndi bao nhu 1a hau hét né & dang hoa tan, c6 hoat tinh
sinh hoc va it bi phan cat boi protease. Quan trong hon 1a viéc tinh sach protein
ngoai bao don gian va it tén kém hon noi bao [47].

1.3.2. Biéu hi¢n gen ma hoa cellulase trong ném men

Pé c6 thé dua enzyme vao sir dung trong cac linh vuc thuc tién, ngudi ta da
cd gang giam chi phi bang cach nang cao hoat tinh va san lugng enzyme. Mot s6
B-glucanase tir ndm méc da duoc biéu hién thanh cdng & mirc do cao trong nam
men P. pastoris va S. cerevisiae [172], [175], [185].

Nam 2001, Hong va dtg da phan 1ap gen ma hoa p-glucanase tur A. niger
IF031125 va biéu hién trong nam men. Hoat tinh cta enzyme tai t6 hop con lai
56% sau khi 1t 1 gid ¢ 80°C, hoat tinh t6i vu & 70°C [81]. Gutierrez-Nava va dtg
(2003) da biéu hién CelcflIB (mot gen ma hoéa B-glucanase) tir Cellulomonas
flavigena va danh gia tinh chat Iy héa cia enzyme thu dugc. Gen nay duogc
chuyén vao vector pQE30, biéu hién p-glucanase c6 khbi luong phan tir khoang
58 kDa [69].

Pé nang cao hiéu qua biéu hién caa endoglucanase tai to hop, Zhao va dtg da
str dung phuong phap t6i uu héa codon gen engl tir A. niger IFO31125 thu duoc
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gen syn-egl bi thay d6i 193 nucleotide, thanh phan G+C giam tir 54% xudng 44%.
Sau d6 gen nay dugc chén vao vector pPICIK, biéu hién trong hé biéu hién P.
pastoris GS115. Két qua hoat tinh ctiia enzyme téi t6 hop dat 3,3 U/ml véi co chat
CMC sau 96 gio nudi cdy va 120 U/ml véi co chat B-glucan, hoat dong tdi uu
trong moi truong pH 5 va nhiét do téi thich & 70°C [185].

F1-CMCase cua A. aculeatus da biéu hién trong S. cereseviae voi vector
PYEC91 duoi su diéu khién cua promoter GAP  (glyceraldehyde-3-phosphate
dehydrogenase). Hoat tinh ciia enzyme téi to hop dat 60 U/I sau 48 gid biéu hién
& 30°C [134]. Nam 2012, Shi va dtg da biéu hién thanh cong gen Aucell12A ma
hoa endoglucanase tir A. usamii E001 trong P. pastoris. Hoat tinh cao nhat dat
240 U/ml sau 96 gio nudi cay ¢ 30°C. Enzyme tai té6 hop hoat dong tot nhat &
60°C va pH 5, bén ¢ 55°C va pH 3,5-7 [157].

1.3.3. Biéu hi¢gn gen ma hoa cellulase trong Bacillus

Pé thu duogc sb lugng 16n cellulase, mét hé biéu hién duoc quan tam d6 1a
hé biéu hién Bacillus. Ngudi ta dd dua gen ma hoa cellulase phan 1ap tir mot s6
loai vi khuan thudc cac chi Pyrococcus va Clostridium biéu hién trong Bacillus.
Cac gen nay di biéu hién tét dé thu duoc lugng cellulase cao hon nhiéu so véi
biéu hién trong E. coli va so véi ching ty nhién [66], [100]. Kashima va dtg
(2004) khi nghién cau biéu hién cellulase chiu nhiét tir P. horikoshii trong B.
brevis da thu dugc ning suat biéu hién enzyme téi té hop dat khoang 100 mg/I
moi trudng, cao hon 300 1an so vai san xuat enzyme tai to hop trong E. coli, dic
biét kha ning sinh enzyme téi to hop tang 20 1an khi chén thém mot amino acid
alanine hoic valine trong phan tir protein ¢ vi tri gitta dau C cua peptide tin hiéu

va dau N caa doan cellulase chinh [100].
1.3.4. Biéu hign gen ma hoa cellulase trong ném méc

Mot s6 gen ma hoa B-glucanase tir nAm méc sau khi phan 1ap duoc dua vao
hé biéu hién chinh n6 [163] hoic loai khéac [147] da thu duoc ning suét cao hon
gap nhiéu lan so voi chang tu nhién. Cac chung ndm méc A. niger va A. oryzae
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thuong dugc dung lam hé biéu hién gen ma hoa B-glucanase st dung trong
thuong mai [150], [164]. Bén canh d6, T. reesei cling dugc phat trién thanh vat
cha dé biéu hién co hiéu qua cac protein ngoai lai trong d6 c6 cellulase [70].
Rashid va dtg (2008) da biéu hién F1-CMCase (24 kDa, 221 aa) tur A.
aculeatus trong A. oryzae D300. Hoat tinh enzyme téi t6 hop dat cao nhat (18,3
U/ml) sau 120 gid biéu hién trong moéi trudng chira ngudn tinh bot. Nhiét do va
pH t6i wu 14 50°C va 4,5, bén & pH 2-9 va dudi 45°C [147]. Nam 2002, Rose va
Zyl da biéu hién thanh céng p-glucanase | tir T. reesei trong A. niger D15 dudi
su kiém soat cia promoter glyceraldehyde-6-phosphate dehydrogenase (GDP)
va terminator glaA. Enzyme téi t6 hop hoat dong t6i uu trong mdi truong pH 5,
¢ 60°C. Hoat tinh enzyme con trén 80% sau khi u ¢ 50°C trong 3 gio [150].
Nam 1998, Takashima va dtg da biéu hién cellulase tir T. reesei trong A.
oryzae dudi sy diéu khién cua promoter Taka-amylase. Cellulase téi to hop hoat
dong tot nhat & 50-70°C va pH 4-5, hoat tinh dat cao nhat sau 3-4 ngay nudi
biéu hién [164]. Todaka va dtg (2010) d biéu hién gen ma hoa p-glucanase tir
mot loai cong sinh (Reticulitermes speratus) ¢ méi trong A. oryzae cho biét
enzyme tai to hop tinh sach cd hoat tinh riéng 769,6 U/mg va V. dat 603

pmol/mg/min cao hon so vai B-glucanase téi t6 hop trong T. reesei [166].
1.3.5. Biéu hi¢n gen ma hoa cellulase trong déng vt va thuc vat
1.3.5.1. Trong thuc vat

Bén canh viéc dua gen ma hoa B-glucanase tir cac vi sinh vat biéu hién
trong vi khuan, nAim men, nim méc, mot sé tac gia da biéu hién cac gen ma hoa
B-glucanase tir vi sinh vat trong thuc vat nham cung cap cho vat nudi thac an da
c6 san B-glucanase ma khong can phai bo sung. Sun va dtg (2007) da biéu hién
gen ma hoa endoglucanase E1 tir Acidothermus cellulolyticus trong béo tam.
Enzyme biéu hién trong béo tim da thé hién hoat tinh sinh hoc va mac d6 biéu
hién dat 0,24% tdng lugng protein hoa tan. Hoat tinh endoglucanase E1 tai t6
hop dat 0,2 U/mg, enzyme c6 nhiét 6 phan @ng téi uu 80°C va pH tbi wu 5,0
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[162]. Nam 2011, Jiang va dtg di biéu hién thanh cong gen ma hoa cellulase E2,
E3 va dang lai E2-E3 tir vi khuan bén nhiét trong cay thudc 14. Cay thudc 14
chuyén gen biéu hién cellulase E2 ¢6 hoat tinh cao hon 1,5 1an so véi chang tu
nhién va bén & nhiét do dudi 65°C [90].

1.3.5.2. Trong dong vat

Xa hon nira, c&c nha khoa hoc con ¢6 y tuong tao ra cac loai dong vat co
kha ning biéu hién B-glucanase dé tiéu hoa B-glucan ma khéng can bd sung bat
ky mot ngudn B-glucanase nao tir vi sinh vat. Néu y tuong d6 thanh hién thuc,
thi gia thanh thic an chan nudi sé giam va kéo theo la gia thuc pham sé ha
xudng. Do d6, mot s6 nghién ciru da thuc hién dua gen mé hoa B-glucanase cua
vi khuan vao biéu hién trong céc té bao dong vat [71]. Zhang va dtg (1999) da
biéu hién thanh cdng gen ma hoa endoglucanase cua B. subtilis trong tuyén tuy
cta chudt. Enzyme tai to hop duoc tiét vao trong rudt non va thé hién hoat tinh
sinh hoc dong thoi cd kha ning khang protease thuy phan [184]. Li va dtg
(2010) da biéu hién thanh cong B-glucanase Il tir T. viride trong té bao tam
MmN va 4u tring tam. Enzyme tai to hop hoat dong tét ¢ 50°C va pH 8, bén ¢
40-60°C va pH 5-9 [114]. Trong tuwong lai, gia cam va lon chuyén gen c6 thé tu
san xuat dugc B-glucanase tir hé tiéu hoéa caa chinh ban than chiing nham ting
cao kha nang thuy phan cellulose c6 trong thire an.

1.3.6. Nghién cezu cellulase va biéu hi¢n gen cellulase ¢ Viét Nam

Nam 1999, Tang Thi Chinh va dtg da nghién ctru cac diéu kién 1én men va
anh hudng cua cac yéu to moi truong dén sinh tong hop cellulase ciia mot sb ching
vi khuan wa nhiét dugc phan 1ap tir bé u rac thai. Két qua cho thay, cac chung vi
sinh vat nghién ctiu c¢6 kha nang chiu duoc nhiét do 80°C, nhiét d6 1én men téi uu
tir 45°C dén 55°C, pH mdi truong ban dau thich hop nhat 1a 8. Ngudn cacbon tét
nhat cho sinh truong va sinh tong hop cellulase cua cac ching vi khuan nghién ciu

la glucose va CMC; ngudn nitrogen Ia peptone va cao nim men. CAc tac gia ciling
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d3 nghién ctru dong thai cua qua trinh sinh tong hop cellulase va két qua cho thay,
thoi gian tich lily cao nhét & 48 gio 1én men [5].

Nguyén Puc Luong va dtg (1999) cho biét kha ning sinh tong hop cellulase
cua Actinomyces griseus cao nhit & 58°C, pH ban dau 1a 6,7, 46 4m ban dau 13
55% v&i thoi gian nudi cdy 1a 72 gio va ngudn lignocellulose thich hop 1a bd mia
hodc mun cua [16]. Ciing trong niam nay, Pham Thi Ngoc Lan va dtg da tuyén
chon dugc mét s6 chung xa khuan wa 4m phan 1ap tir min rac & mét s6 noi c6 kha
nang phan giai cellulose manh. Trong s6 195 chang xa khuan nghién ctu thi cac
chang xa khuan phan lap duoc tir cAc mau rom muc va dat chan déng rom c6 kha
nang phan giai cellulose vd CMC manh nhat [15].

Trong s6 cac loai vi sinh vat, ndm soi 1a mot trong nhitng d6i twong cé kha
nang sinh tong hop cellulase cao. Viéc tim ra c4c chung nam soi ¢4 kha ning
phan huay cellulose cao va téi uu diéu kién sinh tong hop cellulase cua ching da
va dang duoc nhiéu tac gia quan tam. Nam 2003, Hoang Qudc Khanh va dtg da
nghién cau kha ning sinh tong hop va dic diém cua cellulase tir chung A. niger
NRRL-363. Qua nghién ctu, tac gia di tim ra duoc mot sé thong tin va diéu
kién co ban cho su tong hop cellulase cua ching nay trén moi trudng trau xay va
mot s6 chat thai cong nghiép nhu mat ri duong [14].

Tran Pinh Man va dtg (2009) da sang loc cac ching Geobaccillus sinh
cellulase bén nhiét phan lap tir Tuyén Quang cho thay, cac chung nay san xuat
cellulase bén nhiét tét nhat & 75°C. Hoat tinh cellulase dat tir 84-105 U/ml sau
48 gid nudi cay ¢ 65°C [167]. Phan Thi Tuyét Minh va dtg (2010) da nghién
ctiu cé4c tinh chat cia CMCase tao ra tir chiung Bacillus sp. VLSHO08 dé ung
dung trong san xuat con nhién liéu. CMCase hoat dong tot nhat trén moi truong
chtra 5% cam gao va 0,25% cao nam men (dat 14 U/ml). Nhiét 6 va pH ti uu
12 60°C va 5,8 [19].

O Viét Nam, hau hét cac nghién ciru mai chi quan tam dén B-glucanase tu
nhién, cé it cac nghién ctru dé cap dén B-glucanase tai té hop. Nam 2010,

Nguyen va dtg da nhan dong gen ma hoa B-glucosidase tu A. niger PBC va biéu
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hjén thanh cong trong P. pastoris SMD1168 voi hé vector biéu hién la pPIC 9.
Hoat tinh B-glucosidase tu nhién dat cao nhat (44 U/mg) ¢ 60°C, pH 4-5, trong
khi d6, B-glucosidase tai to hop lai hoat dong tét nhat ¢ 50°C va pH 5,5 [125].
Tran Pinh Man va dtg (2010) dwa trén ki thuat megaprimer, di gin thanh cong
doan gen ma héa exoglucanase (1450 bp) tir Cellulomonas fimi ATCC484 va
promoter (180 bp) tur B. subtilis va biéu hién trong E. coli ¢é hoat tinh 0,25 U/ml
[17]. Nam 2011, Pham Thi Hoa va dtg da nhan dong va biéu hién thanh céng
gen eglA mé hoa endoglucanase thuoc ho 12 tir chung A. niger VTCC-F021
trong ndm men P. pastoris GS115. Endoglucanase tai té hop (rEglA) hoat dong
cao nhat & 55°C va pH 5, bén & 30-37°C va pH 3,5-4,5. rEgIA c6 ai luc cao véi
B-glucan (Ke/Km Vi co chit B-glucan 1a 505,05 min™). Cu®* va EDTA hoat hoa
rEglA. Cac ion kim loai khac déu lam giam hoat tinh caa rEglA. rEgIA giir duoc
70-98% khi u vai ethanol, acetone 10-20% (v/v) va Tween 20, Tween 80 0,5-
2% (v/v) [141].

1.4. Nam Peniophora sp. va Aspergillus niger

1.4.1. Peniophora sp.

Peniophora 1a mot chi nAm c6 kha niang gay bénh trén thuc vat. Cac loai
trong chi nay thuoc ho Peniophoraceae, bo Russulales, 16p Nam téan
Agaricomycetes, nganh phu Nim dam Basidiomycota, Gigi Niam Fungi.
Peniophora 1a mot chi ndm twong ddi pho bién c6 khoang 62 loai [105]. Chi
nay duoc mo ta lan dau tién boi Mordecai Cubitt Cooke vao nim 1879. Loai
dién hinh Ia Peniophora quercina, ban dau c6 tén Ia Thelephora quercina do
Christian Hendrik Persoon dé xuat vao nam 1801 trudc khi dugc xép vao chi
Peniophora boi Cooke vao nam 1879 [49]. Nam 1996, Hallenbegs va dtg da
phan loai 24 loai trong chi Peniophora dya vao trinh tu ITS trong vling gen
mé& hoa rRNA [72]. Hién nay cé khoang 83 trinh ty gen ma héa rRNA dung
trong phan loai cac loai trong chi Peniophora da duoc cong bb va khoang 83
loai d3 duwoc cdbng bd trén co s&  dix  ligu  Taxonomy
(http://www.ncbi.nlm.nih.gov/taxonomy/?term=peniophora).



http://www.ncbi.nlm.nih.gov/taxonomy/?term=peniophora

30

Mot s6 nghién ciru co ban va tng dung cac loai chi Peniophora da dugc
cong bd. Nam 1980, Gerber va dtg di nghién ctu ciu tric va hoat tinh khang
khuan cua hai khéng sinh Peniophorin A va B tir chung Peniophora affinis Burt
[65]. Nam 2004, Bannwarth va DTG da nghién ctu, xay dung mé hinh cau tric
phan t enzyme Pyranose 2-Oxidase cua Peniophora sp. [34]. Gen md hoa
Pyranose 2-Oxidase tir Peniophora gigantean di duoc nhan dong va biéu hién
trong E. coli [35]. Nam 2005, Jordaan di phan 1ap, phan tich dic diém xuc tac va
d6 bén nhiét cua laccase tir Peniophora sp. strain UD4 [93]. Nam 2010, hoat tinh
laccase tir chung Peniophora sp. CBMAI 1063 da duoc khao sat, gen ma hoa
laccase tir ching nay da dugc nhan dong va phéan tich trinh ty [38]. Nam 2012,
Poojary va dtg d toi vu thanh phan méi trudng cho san xuét laccase tir ching
Peniophora sp. hpF04 bang phuong phap toi uu toan hoc dap ung bé mat [143].

Ngoai enzyme laccase da duoc nghién ciru va cong bo, phytase tir cac ching
Peniophora da dugc nghién cau. Gen ma héa phytase tir chung P. lycii da duoc
nhan dong va biéu hién, phytase tai to hop da duoc dénh gia cac dic tinh ly hoa
[110]. Nam 2006, Xiong va dtg da biéu hién cao gen ma hda phytase tir ching P.
lycii trong nAm men P. pastoris [177]. Chang nim P. cinerea con dugc ghi nhan

c6 kha nang san xuat ethanol theo nghién ctiu ciia Okamoto nam 2010 [131].

Tuy nhién, nhiing nghién ctu vé enzyme cellulase tir cac loai thuoc chi
Peniophora rat han ché trén thé giéi. Hghley da nghién cu anh hudng mot sd
ngudn cac bon dén kha ning sinh tong hop cellulase (C, va C,) cua chung
Peniophora “G,”. Ngudn polysaccharide, go thich hop sinh téng hop d6i Véi
enzyme C, la cellulose va gd thong; d6i voi C; la cellulose va gd cay hoan diép.
Ngudn ni to thich hop ddi véi sinh tong hop hai loai enzyme 1a cao nam men
[79]. O Viét Nam chua c6 cong trinh ndo cong bd lién quan dén loai nao thudc

chi Peniophora va cellulase c6 ngudn gdc tir cac loai thudc chi nay.
1.4.2. Aspergillus niger

A. niger 1a mot trong nhiing loai nam pho bién nhét thuoc chi Aspergillus. A.
niger gay ra bénh méc den trén mot s6 loai trai cay va rau qua. A. niger phan b
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pho bién trong dat, tuy nhién bao tir loai nay c6 thé phat tan trong khdng khi nho
gid. A. niger duoc sur dung san xuat nhiéu chét trong cong nghiép. Cac ching
khac nhau cua A. niger dugc st dung trong viéc san xuit axit citric (E330) va
axit gluconic (E574) dugc To chuc Y té Thé gisi danh gia 1a an toan thuc pham.
Nhiéu enzyme hitu ich duoc san xuat bang cach 1&n men céng nghiép chang A.
niger. Glucoamylase san xuat bai A. niger dugc st dung trong san Xuat si ro
fructose ngd va pectinase duoC st dung trong rugu tdo va rugu vang. Alpha-
galactosidase, mot enzyme phan huy mot sb loai duong phic tap, 1a mot thanh
phan trong cac san pham lam giam day hoi. Cac enzyme protease c6 ngudn goc
tir A. niger va duoc sir dung dé san xuat cac phu gia Clarity-FERM. San pham
nay dang dugc st dung trong nganh cong nghiép san xuat bia dé giam ham
luong gluten lta mach va lia mach [142].

Trén thé giéi da c6 nhiéu nghién cau cdng bd vé cellulase tir nim A.
niger. Nhitng nghién ctu tap trung vao san xuét cellulase tir A. niger trén céc
nguon co chat khac nhau [25], [55], [67], [87], [94], [137]; tinh sach va danh
gia tinh chat cua cellulase ty nhién tir A. niger [55], [63], [91]; nhan dong va
biéu hién cellulase tai to hop [144], [158]. O Viét Nam di c6 nhitng nghién
ctiru vé cellulase tir A. niger [14], [21]. Pham Thi Hoa va dtg da tuyén chon
chung A. niger VTCC-F021 c6 kha ning sinh tong hop cellulase manh nhat
trong sb nhirng chung A. niger do Bao tang Gidng chuan vi sinh vat Viét Nam
cung cap, toi vu moi truong 18n men, tinh sach va danh gia tinh chat cua
endoglucanase tu nhién [139], [140]. Pong thoi, tAc gia da nhan dong va biéu
hién gen eglA ma hda cho endoglucanase A coO chtra peptide tin hi¢u trong P.
pastoris GS115. Gen eglA tir chung A. niger VTCC-F021 c6 chiéu dai 720 bp.
Enzyme tai t6 hop (rEglA) di duoc tinh sach va danh gia tinh chat. Tuy nhién,
ning suét biéu hién enzyme tai t6 hop con thap, mot sé tinh chat cua enzyme
nhu pH phan tng téi vu, d6 bén pH chua phu hop ti wu voi hudng tng dung
b6 sung vao thtrc an chin nudi [141]. Diéu nay d3 dit ra yéu cau can co sy cai
bién dé nang cao ning suat biéu hién cua hé biéu hién va thay d¢6i mot sé tinh

chat caa enzyme.
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Chwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat ligu, hda chit va dia diém nghién ciru
2.1.1. Vat ligu

B suu tap 42 ching ndm soi do phong Céng nghé sinh hoc enzyme - Vién
Codng nghé sinh hoc - Vién Han 1d&m Khoa hoc va Cong nghé Viét Nam va
Phong thi nghiém sinh hoc - Khoa Khoa hoc Su séng - Truong Pai hoc Khoa
hoc - Pai hoc Thai Nguyén cung cap dung dé tuyén chon chiing nim soi ¢ kha
nang sinh tong hop cellulase manh va sang loc cellulase cé tinh chat mai lam

nguyén liéu dé tao cellulase tai té hop.

Té bao E. coli DH5a duoc sir dung dé nhan dong gen, té bao P. pastoris
GS115 duoc sir dung dé biéu hién. Vector pJET1.2/blunt (hdng Fermentas cung
cap) duoc dung dé tach dong gen, vector pPICZaA (hdng Invitrogen cung cap)

dugc dung dé biéu hién gen meglA.

Hinh 2.1. Cau tric vector tach dong pJET1.2/blunt (A) va vector biéu hién
PPICZaA (B)

Vector pJeglA mang gen ma hoa endoglucanase A cé chira peptide tin hiéu
tur chang A. niger VTCC-F021 do phong Cbng nghé sinh hoc enzyme - Vién

Cong nghé sinh hoc - Vién Han 1am Khoa hoc va Cong nghé Viét Nam cung cap.
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2.1.2. Héa chdt, dung dich va méi truwong thi nghigm
2.1.2.1. Hoa chat

Hoa chét str dung trong thi nghiém déu ¢ dang tinh khiét dugc cung cap boi
cac hang chuyén cung cap hoda chat phan tich uy tin trén thé gioi. Mot s6 hoa
chat chinh duoc liét ké & bang phu luc PL2.1.
2.1.2.2. Dung dich va dém

Céc loai dung dich va dém dung cho thi nghiém duoc pha theo huéng dan
cua cac bai thi nghiém chuan c6 thanh phan va nong do dugc tom tat trong bang
phu luc PL2.2.
2.1.2.3. Moi truong

Cac moi trwong AMM, BMM, BMMY, LB, LB low salt, YP, YPGS [78]
va Czapek [6] duoc sir dung nghién ctu. Thanh phan cta cac méi trudng duoc
liét ké & bang PL2.3.
2.1.3. Pia diém nghién cru

Céc thi nghiém dugc thuc hién tur thang 7 nam 2009 tai Phong Céng nghé
sinh hoc enzyme va Phong thi nghiém trong diém Cong nghé gen thuoc Vién
Co6ng nghé sinh hoc - Vién Han lam Khoa hoc va Cong nghé Viét Nam.

Cong trinh duoc hoan thanh tai Khoa Khoa hoc Su song - Trudng Pai hoc
Khoa hoc - Pai hoc Thai Nguyén.
2.2. Thiét bi thi nghiém

Céc thiét bi duoc st dung 1am thi nghiém déu méi, hién dai va c6 do chinh
xac cao thuoc phong Cong nghé sinh hoc enzyme va Phong thi nghiém trong
diém Co6ng nghé gen, Vién Cong nghé sinh hoc, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam (bang PL.2.4).
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2.3. Phuwong phap nghién ciru
2.3.1. Cdac phwong phap vi sinh vt

Nudi cdy hoat héa ndm sei: Cac ching nam soi tir cac 6ng giéng duoc nudi ciy

trén moi truong Czapek long & 30°C, pH 6,5, lic 200 rpm trong 48 gio [6].

Nubi cdy nam sgi thu enzyme: Cac ching niam soi sau khi hoat héa duoc
nudi cdy chim trong méi trudng CPY Véi co chit CMC 1% (w/v), & 30°C, lac
200 rpm. Sau 120 gid nudi cdy, dich nudi cdy duoc ly tdm loai sinh khéi té bao

va thu dich enzyme thd [13].

Nudi cay E. coli: Chung E. coli bao quan & -84°C duoc hoat hoa trén dia thach,
i ¢ 37°C qua dém. Mot khuan lac riéng ré trén dia thach dugc nudi vao 2 ml LB
long, 1ac 200 rpm & 37°C qua dém. Céc chang tai to hop duoc nudi trong cac moi

truong tuong ng bo sung ampicillin (ndng do cudi cuing 100 pg/ml) [151].

Nudi biéu hién: Chung nam men P. pastoris duoc nudi lic trong mdi truong
YP bd sung glycerol 1% (w/v), lac 200 rpm ¢ 30°C qua dém, sau d6 chuyén sang

mdi truong YP va tiép methanol 1% (v/v) hang ngay dé cam tng biéu hién meglA.
2.3.2. Cdc phwong phap sinh hoc phan tir
2.3.2.1. Tach chiét DNA téng sé cia nam mac

Té bao nim duoc nudi cy trong 100 ml moi trudng Czapek ¢ 30°C, lic
200 rpm, sau 72 gio dich canh truong dugc ly tdm 10000 rpm trong 10 phat.
Sinh khéi té bao (2 g) duoc nghién nhanh trong nito 1ong bang cdi chay s, sau
d6 dugc bo sung 600 ul dém phé té bao va lac nhe. Sau do, 25 ul protease K
dugc b6 sung va u & 56°C trong 2-3 gid. B6 sung tiép hdn hop
chloroform:isoamyl alcohol (24:1) véi thé tich twong dwong, tron déu trong 5
phut, sau d6 ly tam 12000 rpm trong 15 phat. Hat 500 pl dich noéi chira DNA
sang ong eppendorf méi va bo sung 500 ul isopropanol lanh. HAn hop duoc dao

nhe va tata DNA ¢ -20°C trong 30 phit. Tua sau khi ly tAm duoc rira bang 500
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ul ethanol 70% dé loai mudi va isopropanol. Sau khi ly tam 12000 rpm trong 10
phut, taa dugc lam kho, hoa trong 40 ul éém TE va bao quan ¢ -20°C [48].

2.3.2.2. Tach chiét DNA tong sé6 ndm men

Té bao nam men duoc nudi cdy trong 5 ml moi truong YPG qua dém &
30°C, lac 200 rpm. Dich nudi duoc ly tdm 5 phdt véi 8000 rpm, thu can té bao.
B6 sung vao can té bao 300 ul dung dich pha té bao nam va lac nhe cho tan. H3n
hop duogc u 15 phit & -84°C sau d6 cho ngay vao 95°C u 1 phdt, 13p lai 3 lan.
Han hop duoc bd sung tiép 250 pl chloroform: isoamyl alcohol (24:1), lac ki va
ly tam 20 phdt véi 12500 rpm. Dich trén dugc thu sang dng méi, bd sung 300 ul
ammonium acetate, dé lanh 15 phut sau d6 ly tdm 12500 rpm trong 10 phut thu
dich trén. DNA duoc tia bang 600 pl isopropanol lanh, u 10 phit & -84°C va ly
tam 10 phat véi 12500 rpm. Tua duogc rira véi ethanol 70%, ly tam thu tua, dé
kho ¢ 37°C. Sau d6, tia dugc hoa trong 30 ul TE va 0,25 ul RNase, va u 15 phat
& 37°C [78].

2.3.2.3. Tach DNA plasmid

Té bao vi khuan duogc nudi trong 1,5 ml méi trudng LB long bod sung
ampicillin (100 pg/ml) ¢ 37°C qua dém. Dich nudi dugc ly tdm 8000 rpm trong
5 phut. Tua duoc bo sung 150 pl dung dich | tron déu bang may lic rung, 150 pl
dung dich Il, lac nhe va giir trong da lanh 3 phat, va 150 pl dung dich 11, lic
déu. Sau d6, hdn hop duoc bd sung tiép 450 pl chloroform : isoamyl alcohol
(24:1), tron déu va ly thm 12000 rpm trong 10 phat. Dich trén dugc chuyén sang
6ng eppendorf méi, bé sung 320 ul isopropanol, tron déu va u & -20°C trong 30
phut hoac -80°C trong 5 phut. Sau khi ly tdm 12000 rpm trong 15 phut, tia dugc
rira bang con 70%, 1am khé va dugc hoa trong 20 pl TE. Dién di kiém tra trén
gel agarose 0,8 % [151].

2.3.2.4. Cat plasmid bang enzyme gidi han

Pé kiém tra plasmid lya chon c6 mang san pham mong mudn hay khong,

plasmid tai to hop tir cac khuan lac duoc cat bang cac enzyme gigi han. Trinh tu
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nhan biét cua cac enzyme nay dugc thiét ké ¢ hai dau cua doan gen ngoai lai. Hon
hop phan tng cét duoc tron vai ti 1¢ sir dung theo hudng dan cua hang san xuat.
Phan ung duoc u trong 2-3 gio ¢ 37°C, sau d6 dién di kiém tra [151].

2.3.2.5. Tinh sach phdan dogn DNA

Phan doan DNA duoc tinh sach bang kit tinh sach cua hing Qiagen. Mau
DNA duoc chay dién di trén gel agarose 0,8% dé thu phan doan can tinh sach.
B sung 3 lan thé tich dung dich lién két (thé tich dugc qui d6i 1 g gel cho 1 ml).
Hon hop duoc t & 55°C trong 15 phit cho gel tan hoan toan. Dich DNA duoc
cho Ién cot, dé 2 phut ¢ nhiét do phong, ly tim 13000 rpm trong 1 phut dé loai
dich long. Cot gan DNA duoc rira 2 1an voi 500 pl dung dich ria va ly tam
13000 rpm trong 1 phat. DNA duoc thdi bang nuéc cat tiém.,

2.3.2.6. Nhan ban gen bang PCR

Bing 2.1. C4c ciip moi sir dung trong phan ing PCR nhén gen

Tén moi Trinh tw (5'>3") San pham Kich ~ Nguon goc/co s&
thwoce (bp)
ITS1 5.CTT GGT CAT TTA genmahda 1200 [80]
GAG GAAGTA A-3 rRNA
NL4 5-GGT CCG TGT

TTC AAG ACG G-3’
GpPICF 5’-GC GAA TTC AAG Nhén gene 720 Thiét ké dya trén

CTC YCH DTG RCA  eglAdé ving bao thu cta
CTT-3 biéu hién ho 12 glycoside
véi vector hydrolase

GpPICR 5’- GC TCT AGA GC pPICZaA
GTT GAC ACT RGC

RGT CCA-3°
pPmeglAF  5°-GC CGA ATT CCA Gen meglA 672 Thiéet ké dya trén
GAC AAT GTG CTC  débicu phén tich trinh ty
TAG-3’ hién véi peptide tin hiéu
vector va vung bao thu
GpPICR 5’-GC TCT_AGA GC pPICZaA cua ho 12
GTT GAC ACT RGC glycoside
RGT CCA-3’ hydrolase

(Y: Choac T, H: A hodac C, D: A hoac G hoac T, R: A hoac G)

Nguyén tic: PCR 1a phuong phap dung enzyme khuéch dai chon loc mot
doan DNA theo luat sé6 mii. Phan Gng nhan gen duoc thuc hién véi DNA
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polymerase chiu nhiét, 2 mdi tong hop va 4 loai deoxyribonucleotide (dATP,
dGTP, dCTP vadTTP).
Tién hanh: Gen rRNA va meglA dugc nhan ban véi cac cap moi twong tng
(bang 2.1) trong phan tng PCR c6 thanh phan nhu trong bang 2.2 va chu trinh
nhiét nhu sau: 95°C/5’, 30x (95°C/45", 55°C/45", 72°C/1"); 72°C/10".

Bang 2.2. Thanh phian PCR

Thanh phén Nong dd Thé tich (ul)
Pém 10x 2,0

MgCl, 2,5 mM 1,2

dNTP 2 mM 2,0

Moi xudi 10 pmol/pl 1,0

Moi nguoc 10 pmol/pl 1,0
Tag-polymerase 5 U/ul 0,2

DNA khuon 50-100 ng/pul 1,0

H,O khtr ion vo trung 10,6

Téng thé tich 20,0

2.3.2.7. Phan ing noi ghép gen

Phan @ng gan dinh san pham PCR vao vector pJET 1.2/blunt dugc thuc
hién theo protocol cia hang Fermentas. Hon hop bao gom: 2 ul H,O, 5 ul dém
2x reaction, 0,5 ul DNA blunting enzyme, 1,5 ul san pham PCR. Hén hop
duoc tron déu va u ¢ 70°C trong 15 phit. Sau dé, bo sung tiép 0,5 pl vector
pJET1.2/blunt va 0,5 ul T,-DNA ligase. Phan ng gén dinh duoc thuc hién &
22°C trong 2-3 gid dé tao vector tai to hop.

Phan ng gan dinh phan doan DNA tinh sach vao vector biéu hién bao gom
1 ul dém gan dinh 10x,0,5 ul DNA plasmid, 2 pl phan doan chén DNA, 0,5 pl
T4 ligase, 6 pl H,O cat vo tring, tong thé tich 10 pl phan tng. Tron hdn hop

phan ang can than va u qua dém ¢ 22°C.
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2.3.3.8. Bién nap bang sac nhiét

Bién nap plasmid vao E. coli DH5a: Dich ndi ghép duoc u vai té bao kha
bién trong d4 30 phuat va shock nhiét 45 gidy ¢ 42°C rdi chuyén nhanh vao da.
Sau 5 phat u ¢ da, dich shock nhiét duoc bd sung 250 pl LB 16ng, lic 200 rpm &
37°C trong 1 gio. Dich bién nap duoc trai trén dia thach chira khang sinh phi
hop vai vector st dung. Pia thach sau d6 duoc i 37°C qua dém [151].

2.3.3.9. Bién nap bang xung dién

Vector téi to hop duoc bién nap bang xung dién vao P. pastoris GS115 va

hoi nhap véi genome ciia nAm men tai diém AOX1 (hinh 2.2).

Chudn bj té bao khd bién P. pastoris GS115: Chung P. pastoris duoc nudi
cay trong mdi truong YPG long, lic 200 rpm & 30°C qua dém. Tiép gidng 0,2%
trong 20 ml YPG long va nudi lic trong vong 16-18 gid, ODggo nm dat 1,4-1,6.
Dich nuéi dugc dé lanh 30 pht cho 6n dinh, ly tdm 5000 rpm trong 5 phut thu té
bdo. Té bao duoc rira 1an 1 bang nudc khir ion, 1an 2 bang sorbitol 1 M. Té bao

sach duoc hoa tan trong 100 pl sorbitol 1 M chuan bi cho bién nap [78].

Chudn bi pPmeglA mé vong: DBé bién nap vector pPmeglA vao P. pastoris
GS115, vector tai to hgp dugc cit mé vong tai ving AOX1 bang Sacl. H6n hop
phan wng 500 pl (gom 200 pl plasmid (5 pg), 50 pl dém 10x Sacl, 10 ul Sacl
(50 U), 240 pul H,0) duoc u 37°C qua dém. pPmeglA ma& vong duoc tinh sach

bang céach chiét isopropanol va chuan bj cho bién nap [78].

Bién ngp plasmid vao P. pastoris G115: dich té bao kha bién duoc bo sung
dich plasmid tai t6 hop da dugc xtr Iy bang Sacl. Bé 6n dinh 15 phat, chuyén
sang cuvette dé xung dién. Ché do: 1,5 kV, 25 pF, 200 Q. B6 sung ngay 1 ml
sorbitol 1 M va dé lanh 15 phat. Chuyén toan bo dich bién nap sang dng falcon
15 ml va u ¢ 30°C trong 1-2 gio. Dich bién nap sau d6 duoc trai trén dia thach

YPGS dic chtra 100 pug/ml zeocin, u & 30°C trong 3-5 ngay. Khuan lac moc trén
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dia thach chtra gen khang zeocin dugc nudi trong méi trudng YPG bd sung 100

ng/ml zeocin dé tach DNA kiém tra gen chén [78].

Pichia Genome (HIS4 or his4)

5 Paoxy T Zeocin a8 5 AOXT T3

Expression Cassette

Hinh 2.2. M6 hinh hgi nhap gen meglA vao genome ciia P. pastoris [78]

2.3.2.10. Giai trinh ty nucleotide

Plasmid tai to hop mang gen ma hoa rRNA cia Peniophora sp. NDVNO1,
plasmid nhan dong pJmeglA va plasmid biéu hién pPmeglA dugc tinh sach theo
phuong phéap chuan ding lam khuén chay PCR dé doc trinh tu theo phuong phap

giai trinh tu tu dong. Mau duoc giri cho hing Macrogen caa Han Quéc doc trinh ty.
2.3.3. Cdc phwong phdp hoa sinh
2.3.3.1. Xac dinh hoat tinh cellulase theo dwong Kinh thiy phdn trén dia thach

Hoat tinh cellulase duoc xac dinh tuong ddi theo phuong phap khuéch tan
enzyme trén dia thach. Pia thach chaa co chit CMC 0,5% (w/v) trong dém
acetate 100 mM pH 5, day khoang 0,5 cm duoc duc 16 voi dudng kinh 0,5 cm.
50 pl dich enzyme duoc b sung vao 16 rdi u 12 gio & 4°C cho enzyme khuéch

tan déu xung quanh. Sau khi u tiép 8 gio & 37°C, mau duoc nhuém bing dung
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dich lugol 1% (w/v) va do duong kinh vong phan giai co chat. Hoat tinh tuong
d6i cuia enzyme ty 18 thuan voi duong kinh vong phan giai co chat: Hoat tinh =
D - d (v6i D 1a duong kinh vong ngoai va d 1a duong kinh 16) [6].

2.3.3.2. Xac dinh hoat do cellulase

Nguyén tdc: Dya trén sy thay phan CMC bang dich cellulase sau d6 bat
hoat enzyme va tao phan @ng mau bang DNS. Luong glucose tao ra duoc Xac
dinh bing phuong phap do do hap thu & budc séng 540 nm theo phuong phap
cua Miller (1959) [119].

Tién hanh

Ong thi nghiém: 0,1 ml dich enzyme dugc cho vao éng nghiém, thém 0,4
ml dung dich CMC 1% (w/v) trong dém acetate 100 mM, pH 5. Hon hop duoc
lic déu va i ¢ 55°C trong 5 phut, sau d6 bé sung ngay 1,25 ml dung dich DNS
va dun so6i cach thuy 5 phut.

Ong dsi chiig: 0,1 ml dich enzyme duoc cho vao 6ng nghiém, thém 1,25
ml dung dich DNS, u trong 5 phat, b6 sung 0,4 ml dung dich CMC 1% (wi/v).
Hén hop duoc lic déu va t ¢ 55°C trong 5 phit, sau d6 dun soi cach thuy 5 pht.
HGn hop sau phan tmg duoc do do hap thu quang phd ¢ bude séng 540 nm. Do
hap thu quang phd duoc dbi chiéu voi do thi chuan nong do glucose dé suy ra
ham lugng duong khir trong duwong duoc giai phong ra.

Don vi hogt tinh: Mot don vi hoat tinh (U) duoc dinh nghia la luong
enzyme lam thuy phan co chat (CMC) thanh duong khir tuong duong 1 pmol
glucose trong mot phat ¢ diéu kién thi nghiém.

2.3.3.3. Tinh sach cellulase tir nhién

Dich enzyme (15 ml) sau khi ly tdam & 10000 rpm trong 10 phat duoc taa
Véi 90% (6,675 g) ammonium sulfate bdo hoa va dé & 4°C qua dém. Sau khi ly

tam 12500 rpm, ¢ 4°C. Tua duoc hoa véi dém acetate 100 mM pH 5,0 va tham
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tich loai mudi. Dich taa sau khi loai mubi (8 ml) duoc dua qua cot sic ky loc gel
Sephadex G75 (2,6 x 60 cm) di duoc can bang véi dém acetate 50 mM, pH 4,5.
Téc @6 chay 1a 25 ml/gio. Thé tich mdi phan doan 1a 1,5 ml. Nhitng phan doan
c6 hoat tinh manh dugc thu hoi va dua qua cot sic ky loc gel Biogel P100
(2,6x60 cm) da duoc can bang véi dém acetate 50 mM, pH 4,5. Téc d6 chay la
25 ml/gio. Thé tich mdi phan doan 1a 1,5 ml. Ham luwong protein va hoat tinh
enzyme duogc xac dinh trong mdi phan doan, sau d6 dién di trén gel 12,5%

polyacrylamide dé kiém tra do tinh sach.
2.3.3.4. Tinh sach protein tai té hop

Nguyén Iy: Protein tai t6 hop duoc tinh sach bang cot resin gan nickel
chuyén dung cho cac protein tai to hop co dudi polyhistidine. Trong dé, resin 1a
chat mang dang agarose lién két chéo, chua thy thé iminodiacetic acid va chat
nay 1am cau néi véi Ni**. Cot resin-nickel cé ai luc cao véi dudi polyhistidine.
Viéc gan két hinh thanh thdng qua lién két gitra ion Ni** va duéi 6xHis trong
phan tir protein. Tinh sach protein duoc thuc hién duédi cac diéu kién bién tinh,
khong bién tinh va hdn hop theo mé ta cua Invitrogen. Protein lién két véi resin

duoc thdi bang dém pH thap hoic bang dém chira mudi imidazole.

Tién hanh: 8 ml dich nudi biéu hién rmEgIA & ndm men duoc st dung truc
tiép dé dua 1én cot chira 2 ml resin da dugc can bang bang dém gin NBB. Sau
d6, mau dugc U Vi resin trong cot khoang 45 phat, lac dao nhe nhiéu lan. Cot
duoc rira 3 1an véi 8 ml dém NWB. Cudi cling mau duoc thdi bang 8-10 ml dém

NEB (1 ml cho mdi phan doan) [86].
2.3.3.5. Di¢n di gel polyacrylamide (PAGE)

Nguyén tdc: Gel polyacrylamide duoc st dung dé dién di protein
polyacrylamide vai nong do6 12.5% theo phuong phap dién di bién tinh cua
Lemmli 1970 [109]. Ban gel dugc d6 hai 16p, 16p dudi 1a gel tach duoc db céch
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mat trén 1,5 cm, dé déng 30 phut, cai luoc rdi d6 tiép 16p gel ¢d ¢ trén, dé 30

phut cho gel dong hoan toan va 6n dinh.

Pién di: Ban dién di duoc lap vao hé thdng dién di va chay véi cudng do
dong dién 20 mA cho 16p gel cd va 30 mA cho I6p gel tach trong 45 phat. Sau
dién di, ban gel dugc tch khoi phién kinh rdi nhuém bang Coomassie Brilliant
Blue (cellulase tu nhién) trong 1-3 gi¢r va ban gel duoc tdy mau bang dung dich
tay, hoic nhuém bang AgNO; 0,1% (w/v) (rmEglA). Céac protein dudi dang

monomer tinh sach xuat hién mot bang duy nhat.
2.3.2.6. bién di SDS-PAGE nhugm hoat tinh

Pé phét hién bang protein thé hién hoat tinh endoglucanase, mau duoc chay
dién di trén gel polyacrylamide nong do 10% c6 chira 0,2% CMC vai dém mau
c6 chtra SDS va mercapthoethanol nhung khéng bién tinh nhiét do. Sau qua
trinh chay dién di, ban gel duoc cat 1am hai phan. Phan mét nhuém bac hoic
Coomassie Brilliant Blue. Phan hai nhuém hoat tinh theo phuong phép dugc mo
ta boi Yamabhai M. va dtg (2008) c6 cai tién [179]. Gel duoc loai SDS bang
cach rira trong nudc deion hai lan trong 30 pht, rira trong dung dich 1% Triton -
X100 trong 1h, rira bang dém acetate 0,1M pH 4,5 trong 30 phut. Ban gel duoc
u trong dém acetate 0,1M pH 4,5 qua dém ¢ 37°C. Sau d6 ban gel dugc ria
nuéc deion hai lan va nhuom dac hiéu bang dung dich d6 Congo 1% trong 30
phut. Bang thay phan co chat CMC duoc hién hinh bang cach rira ban gel trong
dung dich 1M NaCl trong 15 phut.

2.3.2.7. Xdc dinh ham lirong protein téng sé

Ham lugng protein dugc xac dinh theo phuong phap Bradford [39].
Phuong phap nay dua trén nguyén tac: cac protein khi phan ung véi Coomassie
Brilliant Blue s& hinh thanh phtic hop mau c6 kha nang hap thy 4nh sang manh
nhat & budc song 595 nm, cuong d6 mau ti Ié thuan véi ndng do protein trong
dung dich. Ham luong protein tong sé duoc xac dinh dya vao do thi chuan

protein tir dung dich albumin huyét thanh bo.
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2.3.2.8. Nghién citu dnh huéng cia mét sé yéu té Iy hoa 18n hoat tinh va dé bén
cia endoglucanase ty nhién va tai té hop
Dong hoc cua phdan wng enzyme

Pé xac dinh anh huong cta ndng do co chat, enzyme tinh sach duoc phan
g Vé6i co chat CMC va co chét barley B-glucan. Bong hoc co chét cua enzyme
d6i véi co chat CMC va B-glucan duoc xac dinh qua hang sé6 Michaelis-Menten,
Km, V& van toc phan ang t6i da Ve [4].

Nguyén tic: Bé xac dinh hang s6 Ky, dwa vao phuong trinh Lineweaver Burk:

1 Kol 1 . Volavan toc ban dau
v, v [5] ARy Trong do: Vmax 12 van toc cuc dai

max

Puong biéu dién cat truc tung ¢ diém 1/V e VA cat truc hoanh o diém -
1/Kp. Tir d6 c6 thé tinh duoc cac gid tri Via, Km.
Nhiét dp va pH toi wu

Nhiét do va pH téi wu cia cellulase tu nhién va rmEglA duoc xac dinh
bang cach do hoat tinh enzyme theo phuong phap di mo ta & trén st dung dém
acetate 100 mM (pH 3,0-5,5) va @ém phosphate 100 mM (pH 5,5-8,0), nhiét do
thay doi trong khoang 30-85°C tai pH 5 va pH thay d6i tir 3,0-8,0 ¢ 37°C.
Dé bén nhi¢t va dp bén pH

Pé danh gia d6 bén nhiét va do bén pH cua cellulase tu nhién va cellulase
tai to hop, dich enzyme da tinh sach (0,53 pug cho mdi phan tng) duoc o & cac
nhiét d6 khac nhau tir 30°C dén 55°C ¢ pH 5,0 va pH khac nhau tir 3,0-8,0 (pH
3,0-6,0 v4i dém acetate; pH 6,0-8,0 vai dém phosphate) ¢ 37°C, sau cac khoang
thoi gian 2-24h (cellulase tu nhién) va tir 1- 8h (cellulase tai t6 hop). Hoat tinh
con lai cua enzyme dugc xac dinh.
Anh hwéng ciia ion kim logi, chit tiy rira va dung méi hivu co

Dich endoglucanase ty nhién tinh sach (0,53 pug cho mdi phan tmg) duoc
véi ion kim loai 2-10 mM (K*, Na*, Ag*, Fe**, Ni**, Mn**, Ca*", Zn**, Ba**, Cu™",
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Mg?"), EDTA va mercaptoethanol; véi dung mdi hiru co 1-20% (v/v) (acetone,
ethanol, isopropanol, methanol va n-butanol) va vai chét tay rira 1-20% (v/v)
(Tween 20, Tween 80, SDS, Triton X-100 va Triton X-114) ¢ 37°C. Sau 1 gio 1,

hoat tinh con lai cia enzyme duoc xac dinh.

Dich rmEgIA tinh sach (1,5 pg cho mdi phan tng) duoc u véi ion kim loai
2-10 mM (K*, Na*, Ag", Fe*, Ni**, Mn**, Ca*", Zn*, Ba**, Cu*, Mg*"), EDTA
va mercaptoethanol; v&i dung mdi hiru co 1-20% (v/v) (acetone, ethanol,
isopropanol, methanol va n-butanol) va véi chat tay raa 1-20% (v/v) (Tween 20,
Tween 80, SDS, Triton X-100 va Triton X-114) ¢ 37°C. Sau 1 gio u, hoat tinh
con lai cia enzyme dugc xac dinh.
2.3.2.9. Xdc dinh san pham thay phan bang ky thugdt TLC

Pé xac dinh san pham thuy phan, 1,6 mg endoglucanase tinh sach da duoc
11 Vi co chat CMC 1% & 37°C trong 72h. San pham thay phan da duoc chay sac
ky 16p mong (TLC) (ban 20x20 cm silicagel 60, Merck), thuc hién véi mot pha
dong cua n-butanol/acetic acid/nude (2:1:1, viviv). Céc tiéu phan thiy phan da
duoc hién hinh bing cach phun cac ban TLC véi 10% (v/v) acid sulfuric trong
ethanol va u & 120°C trong 15 phat. Mau duoc so sanh vai chat chuan gom
glucose (G1), cellobiose (G2), cellotriose (G3) va cellotetraose (G4) [129].

2.4. Phwong phap xir ly so6 liéu

Cac thi nghiém hoa sinh duoc tién hanh Iap lai 3 1an. S6 liéu thu dugc dugc
xt Iy thdng ké sinh hoc tinh cac tham s thdng ké bang phan mém Microsoft
Excel [18].

- Gia tri trung binh (X ): Y:% n X,
i=1
(Xi _Y)Z
- b6 léch chuan(s): s=\"= -
- Sai s m: m=+

51
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Chuong trinh DNAstar duoc dung dé phan tich, so sanh trinh ty nucleotide
va xay dung cay phan loai chang nim nghién ctu. Phan mém tryc tuyén SignalP
4.1 Server [188] dé phan tich trinh ty peptide tin hiéu, phan mém truc tuyén
NetOGlyc 4.0 Server phan tich diém O-glycosyl hdéa [187], phan mém truc
tuyén NetNGlyc 1.0 Server [186] phan tich diém N-glycosyl.
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Chwong 3. KET QUA NGHIEN CUU

3.1. Tinh sach va nghién ciru diic tinh ciia cellulase ty nhién tir nAm sei tai Viét Nam
3.1.1. Tuyén chen va phan logi chiing n@m sei sinh téng hep cellulase

Cac chung nam soi (42 chang) duoc 18n men 16ng trén mét trudng CPY bd
sung CMC cho sinh tong hop cellulase, sau 96 h nudi ciy thu dich enzyme thé.
Str dung phuong phap khuéch tan enzyme trén thach va phuong phap do hoat
tinh cellulase thong qua lwong duong khir tao thanh theo Miller cho thay 37
chang nam Trichoderma sp. ¢6 hoat tinh cellulase thap hoic khéng c6. Trong 5
chang nam soi thugc nganh phu Nam dam cé 4 chang cé hoat tinh cellulase cao.
Trong d6 chang nam soi NDVNO1 c6 hoat tinh cao nhat dat 1,47 U/ml (Bang
PL3.1; hinh 3.1). Chang NDVNO1 dugc chon dé tién hanh nhitng nghién cau

tiép theo.

Hinh 3.1. Hoat tinh cellulase ciia mdt s6 chiing nam sei nghién cru

(T1-T31: mét s6 ching nam Trichoderma; 1: Peniophora sp. NDVNO1; 2: Pleurotus

sajor-caju; 3: Pleurotus ostreatus; 4: Ganoderma lucidum; 5: Flammulina velutipes)
Ching NDVNO1 duoc phén loai dua vao trinh tuy nucleotide gen mé héa
rRNA. DNA tong sé cia chung NDVNOI1 dugc tach chiét, tinh sach va dién di
kiém tra (hinh 3.2A). Két qua cho thay bang dién di DNA tong s6 gon, khéng bi
dut gdy dam bao chat luong cho phan tng PCR nhan dong gen. Phan ung PCR
khuéch dai gen ma hoa rRNA duoc tién hanh véi cap moi ITS1 va NL4. Sau khi
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dién di kiém tra, san pham PCR c6 kich thudc khoang 1200 bp twong (ng Véi
tinh toan ly thuyét (hinh 3.2 B).

San pham PCR sau d6 dugc gan vao vector pJET 1.2/blunt tao plasmid tai
t6 hop va bién nap vao té bao E. coli DH5a. Cac khuan lac duoc chon loc va
nudi cdy dé tach plasmid. Plasmid tai t6 hop mang gen ngoai lai nén c6 kich
thudc 16n hon plasmid d6i chung (hinh 3.2C). Plasmid tai t6 hop dugc cit kiém
tra bang Xbal va Xhol. San pham cit dugc dién di kiém tra cho thay xuét hién 2
bang kich thude twong tng véi doan DNA thudoc gen ma hoa rRNA (~ 1200 bp)
va pJET1.2/blunt (~3 kb) (hinh 3.2D).

M

Hinh 3.2. Hinh anh dién di DNA nhan gen ma hda rRNA

DNA téng s6 (A-1); San phdam PCR nhan gen ma hoa rRNA #r khudn DNA
tach chiét tir ching NDVNO1 (B-2); Plasmid tdi t6 hop (C-3); San pham cdt
plasmid tdi t6 hop/Xbal va Xhol (D-4); Marker 1 kb (M); pJET1.2 (C-BC)

Plasmid tai t6 hop duoc tinh sach va giri doc trinh tu tai hdng Macrogen -
Han Quéc. Két qua xac dinh trinh tu nucleotide cho thay doan DNA cuia gen ma
hoa rRNA cua chung NDVNO1 c¢é chiéu dai 1255 bp gém mét phan gen 18S;
toan bo trinh tu ITS1, gen 5,8S va trinh ty 1TS2; mot phan gen 28S (bang
PL3.2). boan DNA cua gen md hoa rRNA cta chung NDVNO1 cé 316



48

nucleotide loai A (25,18%), 343 nucleotide loai G (27,33%), 296 nucleotide loai
T (23,59%) va 300 nucleotide loai C (23,9%). Tong sb nucleotide loai A va T 14
612 (48,76%) va tong s6 nucleotide loai G va C la 643 (51,24%). Ty Ié
A+T/G+C bang 0,952.

So séanh trinh tu gen ma hoa rRNA cua chang ndm sgi nghién ciu véi mot
s6 trinh ty d3 cong bd trén GenBank bang phan mém Blast truc tuyén cho thay,
chung NDVNO1 c6 quan hé ho hang gan véi mot sé dai dién thudc chi nAm soi
Peniophora. Phan tich sé liéu biang phan mém DNAstar cho thay trinh tu
nucleotide gen ma héa rRNA cua ching NDVNO1 c6 d6 tuong ddng 93,7-99,2%
véi cac chung thuoc chi Peniophora, trong dé twong dong cao nhat (99,2%) voi
chang Peniophora sp. M104-3B (mi s6 GenBank: HM595611) va Peniophora
pini (M s6 GenBank: EU118651). Cay phan loai caa chang nam soi NDVNO1
da duoc dung bang phan mém DNAstar va dugc thé hién & hinh 3.3. Trén hinh
3.3 cho thdy, chung NDVNO1 va mét sé chang c6 trinh tu nucleotide tuong
d6ng thudc chi nim soi Peniophora duoc chia thanh ba nhom. Trong dé, chiing
NDVNO1 va hai ching c6 d6 tuong déng cao nhat (Peniophora sp. M104-3B
(P611) va Peniophora pini (P651)) duoc xép vao cung nhém. Trinh tu gen ma
héa rRNA cua chang NDVNO1 di dugc ding ky trong GenBank voi mi sb
JF925333 va ching da duogc dat tén 1a Peniophora sp. NDVNO1. Pic diém phan

loai nhu sau:
Giéi Nam Fungi
Nganh phu Nam dam Basidiomycota
Lép Nam tan Agaricomycetes
Bo Russulales
Ho Peniophoraceae
Chi Peniophora

Loai Peniophora sp. NDVNO1
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Nucleotide Substitutions (x100)

Hinh 3.3. Cay phan loai cia chiing NDVNO1 dua vao trinh tw gen ma héa rRNA

P424: Peniophora cinerea (AF506424); P617: Peniophora clone (JF449617);
B198: uncultured Basidiomycota clone bas07110 (HQ433198); P612:
Peniophora sp. M126-1 (HM595612); P853: Peniophora sp. MLB-2010
(HQ604853); P854: Peniophora aurantiaca (HQ604854); P425: Peniophora
incarnata (AF506425); P622: Peniophora sp. TW06-13 (AB672622); P610:
Peniophora sp. M161 (HM595610); P333: Peniophora sp. NDVNO1
(JF925333); P611: Peniophora sp. M104-3B (HM595611); P651: Peniophora
pini (EU118651); D428: Dichostereum aff. Pallescens (AF506428); V484
Vararia investiens (AF506484); R726: Russuloid isolate BB1 (AF283726)

3.1.2. Toi wu diéu Kign méi trwong nudi cdy sinh téng hep cellulase
3.1.2.1. Thoi gian nudi cdy thich hop

Pé danh gia kha ning sinh tong hop cellulase ngoai bao theo thdoi gian,
chang NDVNOI duoc nudi cdy trong méi trudng co ban ¢ 30°C, lic 200
vong/phuat. Dich méi truong dugc thu & cac gio khac nhau xac dinh hoat tinh.
Két qua cho thay, hoat tinh cellulase ngoai bao tang cham tir 24h (12%) dén 72h
(31%) nudi cay, sau 72h kha ning sinh tong hop cellulase ngoai bao ting tuyén
tinh va dat cuc dai & 120h nudi cdy vai hoat tinh dat 2,32 U/ml, sau d6 giam
dan con 62% (1,44 U/ml) & 216h (hinh 3.4A).
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truong (B) dén kha ning sinh tong hop cellulase ciia chiing Peniophora sp. NDVNO1

Nhitng nghién ctu trude dy trén mot sé6 chang nam sgi thudc nganh phu
N4am dam cho thay chang nAm rom Volvariella volvacea sinh tong hop cellulase
manh nhat sau 5 ngay nudi cay [41], nhung chung Bjerkandera adusta UAMH
8258 sinh tong hop manh nhit sau 6 ngdy va chung Pycnoporus sanguineus
CEIBMDO1 sau 8 ngay nudi cay [145]. Trong diéu kién 1én men ran, chiung nam
huong L. edodes sinh tong hop cellulase manh nhat sau 30 ngay [97]; ching
Fomitopsis sp. RCK2010 sau 11 ngay [54]. Nhu vay, chang nam Peniophora sp.
NDVNO1 c6 thoi gian sinh tong hop cellulase manh nhét tuong dwong hoac

ngan hon so vai mét s6 chung soi thudc nganh phu Nam dam da cong bo.
3.1.2.2. Anh heong ciia pH ban dau ciia méi trwong va nhiét dg nudi cdy

pH ban dau cta méi truong 1a mot trong nhitng yéu té quan trong nhat anh
huong dén kha ning sinh trudng va sinh tdng hop enzyme ngoai bao cua vi sinh
vat. Chung Peniophora sp. NDVNOL1 sinh téng hop cellulase ting dan tir 1,17
U/ml (pH 4,0) 1én 2,62 U/ml (dat 100%) ¢ pH ban dau ctia méi truong bang 7,0,
sau d6 kha nang sinh téng hop cellulase giam nhanh chéng chi dat 0,39 U/ml
(bing 15% so véi cuc dai) & pH 10,0 (hinh 3.4B). So sanh véi nhitng nghién ciu
da cong bd cho thiy, chung Peniophora sp. NDVNO1 ¢6 pH ban dau thich hop
tuong duong véi chung nAm dam phan 1ap tir g& [161]. Tuy nhién, nhitng ching

nam dam khéc lai sinh tong hop cellulase ti wu trong diéu kién pH mdi trudng
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ban dau thip hon nhu: ching B. adusta va P. sanguineus thich hop ¢ pH 5,0
[146]; chung V. volvacea thich hop ¢ pH 6,0 [41]; chung Fomitopsis sp.
RCK2010 sinh téng hop cellulase manh nhat trong méi truong c6 pH ban dau
bang 5,5 [54]. Nhu vay, chung Peniophora sp. NDVNO1 c6 kha ning sinh tong
hop cellulase manh nhat trong diéu kién pH trung tinh, khac biét so véi céc
chang ndm soi khac thuong sinh tong hop cellulase trong diéu kién pH ban dau

ciia méi truong thudng nghiéng vé phia acid.
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Hinh 3.5. P thi anh huwdng cia nhiét dd nudi ciy (A); Biéu dd so sanh anh
hwéng ngudn co chit cam ing (B) dén kha niing sinh tong hop cellulase ciia

ching Peniophora sp. NDVNO1

CMC: carboxymethyl cellulose; PTG: vo ca phé; C: xo duwa; PS: vo lac; P: bot

gidy,; RS: rom lia; SD: mim cua

Chung Peniophora sp. NDVNO1 sinh tong hop cellulase ting dan tir 2,25
U/ml (75%) & nhiét @6 22°C 1én 2,99 U/ml (100%) ¢ 28°C va sau d6 giam manh
khi ting nhiét d6 chi dat 20% so véi cuc dai (0,61 U/ml) ¢ 33°C (hinh 3.5A).
Nhu vay, chung Peniophora sp. NDVNO1 thudc ching wa 4m. Két qua nay
tring véi nhiét d6 ti wu cho sinh tong hop cellulase cua chang B. adusta va P.
sanguineus [146] nhung thip hon so voi chung Fomitopsis sp. RCK2010 (thich
hop ¢ 30°C) va chung V. volvacea (thich hop ¢ 37°C) [41], [54].
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3.1.2.3. Anh hwrong cua chdt cam g

Co chat cam tng 1a yéu té quan trong anh huéng dén kha ning sinh téng
hop cellulase cua cac chung ndm. Chang Peniophora sp. NDVNOI duoc [én
men trong mdi trudng chira cac ngudn co chat lignocellulose khac nhau ¢ nong
d6 0,6% (w/v). Két qua cho thdy co chat bot gidy c6 kha nang cam ¢ng sinh
tong hop cellulase manh nhét dat 3,31 U/ml, cao hon 5 1an so Véi co chat CMC
(chi dat 0,6 U/ml) (hinh 3.5B). Chang Peniophora sp. NDVNOL1 sinh tong hop
cellulase tang dan khi ting ndng do bot gidy cam tGng va dat cuc dai ¢ néng do
0,5% (W/v) véi hoat tinh cellulase ngoai bao dat 3,37 U/ml. Khi nong do bot
gidy tiép tuc ting thi kha ning sinh tong hop cellulase lai giam dan chi con 0,33
U/ml (10% so véi cuc dai) & nong do 1% bot gidy (hinh 3.6A).
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Hinh 3.6. P6 thi anh huwéng ciia ndng d bot gidy (A) va nong do dich chiét khoai

tdy dén kha niing sinh tong hop cellulase ciia chiing Peniophora sp. NDVNO1

Nhitng nghién ciru trude ddy cho thay, co chat cam ung thich hop déi véi
chang A. niger VTCC-F021 va A. awamori VTCC-F099 la CMC véi nong do
tuong ng 1a 1 va 2% [126], [139]. Chung ndm rom V. volvacea c6 co chat cam
tng thich hop 1a cellulose két tinh (Avicel) & nong do 1% [41], chung nim so
Pleurotus saijor-caju co co chat cam ung thich hop 1a 18i ngd [11], nhung bot
gidy lai khdng c6 tac dung cam tng sinh tong hop cellulase cua ching nam dam
phan Iap tir vung sa mac Sonoran - My [161]. Nhu vay, cac loai khac nhau co
ngudn co chat va nong do cam tng sinh téng hop cellulase khac nhau phu thudc

vao dic diém di truyén cua loai.
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3.1.2.4. Anh hirong cua nong do dich chiét khoai tay b sung

Déi voi ndm soi, dich chiét khoai tay c6 anh huong 16n téi kha nang sinh
tredng va sinh tong hop enzyme. Bé tim méi truong thich hop san xuét cellulase
trong diéu kién Viét Nam, chung Peniophora sp. NDVNOI duoc Ién men trong
moi trudng ¢b bd sung nong do dich chiét khoai tay khac nhau. Két qua cho thay
kha nang sinh tdng hop cellulase ting dan khi ting nong d6 dich chiét khoai tay
va dat cuc dai & ndng do 80% (v/v) véi hoat tinh cellulase ngoai bao dat 6,95
U/ml. Khi nong do dich chiét khoai tay tiép tuc ting thi kha ning sinh tong hop
cellulase cua chung Peniophora sp. NDVNO1 lai giam dan chi con 83% (5,97
U/ml) so véi cuc dai & ndng d6 100% dich chiét khoai tay.

3.1.2.5. Anh hwong cia nguén cacbon

Pé khao sat anh huéng cia ngudn cacbon dén kha ning sinh tong hop
cellulase, chung Peniophora sp. NDVNO1 da dugc 1én men trong moi truong
chtra 80% (v/v) dich chiét khoai tay, 0,5% (w/v) bot gidy lam co chat cam ung
va 0,2% (w/v) cia mot ngudn bd sung cacbon (CMC, vo ca phé, xo dira, 18i ngd,
Vo lac, rom ra, mun cua, ba mia, galactose, glucose, mannose, xylose, lactose, va

sucrose). Két qua duoc thé hién & hinh 3.7.

Qua hinh 3.7 cho thay, ngudn cacbon rom laa cé kha ning l1am ting ning
suat sinh tong hop cellulase ctia ching Peniophora sp. NDVNO1 manh nhat Ién
hon hai 1an (7,02 U/ml) so véi ddi ching khdng bo sung thém ngudn cacbon
(3,48 U/ml). Céc ngudn cacbon phuc tap khac (CMC, mun cua, 18i ngd, ba mia)
c6 vai trd lam ting nhe ning suat sinh tong hop cellulase tir 3-4%. Pa sb cac
ngudn cachon vo co khao sat déu 1am giam nang suat sinh tong hop cellulase
cua ching nam, trong d6 glucose 1am giam manh nhat chi con 33% so véi doi
chung khong bo sung thém ngudn cacbon (hinh 3.7A). Piéu nay duoc giai thich
la do trong c&c ngudn cacbon phuc tap cellulose duoc tong hop boi cac dudng
don lién két v6i nhau bang cac glycoside, dé ¢ ngudn duong sir dung cung cap

cho qua trinh trao d6i ning luong chang nAm da phai sinh tong hop ham lugng
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cellulase cao dé thiy phan. Do d6, da sb cac ngudn cacbon phic tap cé vai trd
lam ting ning suat sinh tong hop cellulase va rom laa duoc chon dé ti vu nong

d6 bd sung thich hop.
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Hinh 3.7. Biéu d6 anh huéng ciia mot s6 nguon cacbon (A) va do thi anh
hwéng ciia nong d6 rom lia (B) dén kha ning sinh tong hop cellulase ciia

chiing nam Peniophora sp. NDVNO1

CMC: carboxymethyl cellulose; CS: vo ca phé; C: xo dwa,; CC: 16i ngé, PS: vo
lac; RS: rom lua;, SD: mun cua; SB: ba mia; Gal: galactose; Glu: glucose;,

Man: mannose; Xyl: xylose; Lac: lactose; Suc: sucrose; DC: doi chitng

Két qua phan tich cho thiy viéc b sung rom lua lam ting ning Suat
cellulase bai Peniophora sp. NDVNO1 1én dang ké tir 5,97 U/ml (34%) trong
moi trudng ¢d chira 0,1% (w/v) rom lta dén t6i da 17,37 U/ml (100%) trong moi
truong c6 chta 0,6% (w/v) rom laa, sau d6 giam dan con 5,46 U/ml (31%) trong

moi truong ¢ chua 1,4% (w/v) cta rom laa (hinh 3.7B).

Trong s6 cac nguon cacbon khac nhau dugc thir nghiém (16i ngd, than cay
ngd, rom lda mach, cdm lda mach) cdm lGa mach cho san xuat t6i da cellulase
boi Fomitopsis sp. RCK2010 [54]. Cam lGa mach ciing 14 nguén cacbon thich
hop cho san xuét cellulase cao boi hai chung nam dam phan lap tir sa mac
Sonoran [161]. CMC cho ning suét sinh tong hop cellulase cao nhat, tiép theo Ia
cellobiose va avicel trong s6 cac nguon khac nhau: glucose, xylose, CMC,

cellulose két tinh (avicel) va cellobiose duoc khao sat dé danh gia 1a ngudn
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cachon thich hop cho san xuét cellulase cua chung nam hoai sinh Phlebia
gigantea [128]. Céc chat thai cia qua trinh san xuat ethanol tir IGa mach, vo quyt
la ngudn cacbon thich hop nhat cho qua trinh san xuat cellulase cua cac chung

nam dam Fomes fomentarius 1BB, Pseudotremella gibbosa IBB 22 [59].
3.1.2.6. Anh hwong ciia nguén nito

Cung véi ngudn cachon, nito 1a mét trong nhitng yéu té dinh dudng anh
huong 16n dén kha ning sinh truang va sinh tong hop cellulase cua ching nam
trong diéu kién 1én men. Chung Peniophora sp. NDVNO1 duoc Ién men trong
moi truong ¢6 bo sung cac nguodn nito vo co va hiru co khac nhau. Két qua cho
thay, ammonium hydrogen phosphate lam ting ning suét sinh tong hop cellulase
cua chung Peniophora sp. NDVNO1 t¢i 21,19 U/ml, ting 29% so v&i d6i ching
khdng bd sung ngudn nito. Ngudn nito hiru co (bot ca va cao thit) 1am giam nhe
tir 5-10% nang suét sinh tong hop cellulase, nhitng ngudn nito khac 1am giam
manh ning suat sinh tong hop enzyme, dic biét 1a cao nam men lam giam chi
con 5% (0,89 U/ml) so véi ddi chitng (hinh 3.8A).

Pé xac dinh néng do thich hop, ching Peniophora sp. NDVNO1 duoc lén
men trong méi trudng co bd sung ammonium hydrogen phosphate véi nong do
tir 0,1-1,0% (w/v). Két qua cho thay, viéc b sung 0,2% (w/v) cta ammonium
hydrogen phosphate 1a t6i wu cho viéc san xuat cellulase boi Peniophora sp.
NDVNOI1 dat 21,5 U/ml va su gia tang hon nira ammonium hydrogen phosphate
trong moi truong 18n men lam giam ning suét sinh tong hop cellulase chi con
3,29 U/ml (15% so véi cuc dai) & ndng d6 1% (hinh 3.8B).

Nhitng nghién ciru truée day cho thiy, kha niang sinh tong hop cellulase
ctia nam phu thudc khac nhau vao nguon nito tiy thudc vao dic diém di truyén
va loai nito. Chung nam dam Fomitopsis sp. RCK2010 sinh tong hop cellulase
manh nhat v&i nguon nito ure [54]. Chung Aspergillus ornatus sinh tong hop
cellulase manh nhat véi 0,2% ammonium hydrogen phosphate [182], peptone la

ngudn nito thich hop doi véi chung Sporotrichum thermophile LARS5 [32] va
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chang Pleurotus dryinus IBB 903, con dbi véi ching Funalia trogii IBB 146
ngudn NH,NO;thich hop nhét trong khoang nong d6 10-20 mM [95]. Nhu vay,
ngudn nito thich hop ddi véi ching Peniophora sp. NDVNO1 tuong ddng Véi

chang Aspergillus ornatus nhung c6 su khac biét so véi cac loai nam khac da

cong bo.
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Hinh 3.8. Biéu d6 anh hwéng clia ngudn nito (A) va dé thi anh huwéng cia
nﬁng do ammonium hydrogen phosphate (B) dén kha nang sinh téng hop
cellulase cuia chiing Peniophora sp. NDVNO1

FM: bt ca; ME: cao thit; Pep: peptone A; SM: Bot dau twong; YE: cao ndm men;

3.1.2.7. Anh hurong cuia mét sé nguon khoang

Pé khao st anh huong cua mot s6 ngudn khoang, chung Peniophora sp.
NDVNO1 duoc 1én men trong méi trudng véi cac thanh phan va diéu kién da toi
uu duoc ¢6 bd sung mot sé nguon khoang vai nong do tir 0,05-0,2% (wiv). Két
qua cho thay, viéc bo sung KCI va CaCOs véi nong d6 0,1-0,15% lam ting ning
suat sinh tong hop cellulase cua ching nam 1én 12%, nhung ¢ nong d6 0,2% thi
hoat tinh cellulase ngoai bao lai giam. Cac ngudén khoang khac nhu MgSOy,
BaCl,, FeSO, déu lam giam kha nang sinh tong hop cellulase, ndng do khoang

cang tang thi nang suat sinh tong hop cellulase cang giam (hinh 3.9A).
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Hinh 3.9. Biéu d6 anh hwéng ciia mdt sé6 nguon khoang (A) va niing suét sinh
tong hop cellulase ciia chiing Peniophora sp. NDVNO1 trong méi truong tdi

wu va chwa toi wu (B)

STU: sau téi vu; TTU: truoc 167 wu

Ngudn khoang 1a mét trong nhitng yéu té vira c6 vai trd kich thich va tc ché
kha nang sinh tong hop enzyme. C4c ion kim loai c6 thé tham gia vao trung tam hoat
dong ctia enzyme trong cac chu trinh sinh héa trong té bao nAm nhung ciing c6 thé
tic ché hoat tinh cua cac enzyme dan dén 1am giam kha ning sinh tong hop enzyme.
Nghién ctru trude da chi ra rang, tat ca cac nguon khoang khao sat (FeSO,, MgSO.,
CH5COOCu, PbCl,, MnCl,, CaCl,, BaCl,, KCI, NaCl) lam giam ning suat sinh tong
hop cellulase cua Rhizopus oryzae [99].
3.1.2.8. So sanh khd ndng sinh tong hop enzyme trong méi trieong toi wu va

chwa toi wu

Pé danh gia anh huong tong hop cia cac yéu to di téi uu dén kha ning
sinh téng hop cellulase, ching Peniophora sp. NDVNO1 d3 duoc 1én men trong
moi truong ¢ thanh phan va diéu kién 1én men téi vu. Két qua cho thay, ning
suat sinh tong hop cellulase dat 24,65 U/ml, cao hon 8,6 1an so voi moi truong
co ban ban dau chua téi vu (hinh 3.9B). Nhu vay, thanh phan méi truong téi vu
c6 chira 80% (v/v) dich chiét khoai tay, 0,6% rom lua; 0,2% (w/v) (NH4),HPO,,
0,5% (w/v) bot gidy 1am co chat cam ung, 0,15% KCI va 0,1% CaCOs. Diéu
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kién 1én men thich hop & 28°C, pH ban dau ctia méi truong bang 7,0, thoi gian
I&én men 120 gio.

Nang suét sinh tong hop cellulase trong diéu kién tbi wu cua chung nam
rom V. volvacae dat 18,7 U/ml [41], chung A. niger dat 3,9 U/ml [55], chang
nam soO trang P. ostreatus dat 7,08 U/ml, chung nam so tim P. sajor-caju la 2,2
U/ml [103]. Nhu vay, chung Peniophora sp. NDVNO1 sinh tong hop cellulase

manh hon so véi mot sé chung ndm khac da cong bd.
3.1.3. Tinh sach va ddnh gid tinh chdt cellulase ciza chiing Peniophora sp. NDVNO1

3.1.3.1. Tinh sach cellulase

Chung Peniophora sp. NDVNO1 duoc lén men trong mdi trudng téi wu.
Sau thoi gian 1én men canh truong duoc ly tdm 10000 vong/phut thu dich
enzyme tho va dugc tia bang 90% (w/v) ammonium sulphate b&o hoa. Dich sau
tham tich loai mudi dugc tinh sach qua cot loc gel Sephadex-G75 thu 15 phén
doan. Cac phan doan 5-11 ¢6 hoat tinh manh duoc thu hoi tién hanh qua cot loc

gel Biogel-P100 thu 15 phan doan.

Két qua cho thay, & cac phan doan 6, 7, 8, 9, 10 ¢6 hoat tinh cellulase manh
(hinh 3.10A). Mtrc d6 tinh sach va khéi lwong phan ti twong dbi caa cellulase
duoc xac dinh trén gel polyacrylamide sir dung marker protein chuan. Dién di do
(hinh 3.10B, giéng 3) cho mot bang protein duy nhat ¢d khdi luong phan tir
khoang 32 kDa. Két qua dién di hoat tinh khang dinh bang tinh sach thu duoc l1a
cellulase (hinh 3.10C). Sau khi taa bang ammonium sulfate, qua cot sic ky loc
gel Sephadex G75 va cot Biogel-P100, cellulase c6 do sach 2,34 lan so véi dich
enzyme thd ban dau, hoat tinh riéng dat 146,42 U/mg nhung hiéu suat thu hoi
thap chi dat 4,33% (bang 3.1). Nhu vay, Peniophora sp. NDVNO1 sinh tong hop

cellulase c6 khéi lugng phan tir 32 kDa.
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Hinh 3.10. Sic ky d6 tinh sach cellulase trén ¢t Biogel-P100 (A) va hinh
anh dién di protein sian pham tinh sach (B), dién di hoat tinh (C)

M: marker protein (Fermentas); 1: phé dién di dich enzyme thé; 2: phé dién di
dich enzyme qua cot Sephadex-G75; 3: phé dién di dich enzyme qua cét Biogel-
P100 (dich tinh sach), 4: Phé dién di nhuém hoat tinh ddc hiéu; (™):Ham luong

protein; (4 ): Hoat tinh cellulase cua cac phan doan

Bang 3.1. Thong s6 k¥ thuit cac buéc tinh sach cellulase tir chiing
Peniophora sp. NDVNO1

Z 2 HOglt n .
Buéctinh  Protein 1 0n9  TOng g, Higu Do sach
sach (mg/ml) protein  hoat riéng suatthu  (lan)
. I's A= o
(mg)  tinh (V) (UImg) hdi (%)
Enzymethd  0,1964 19,64 1424 72,48 100 1,0
Tua mudi
(NH4),504 0,172 7,396 722 97,62 50,69 1,35
Loc gel
Sephadex G- 0,048 2,474 369 149,15 25,93 2,06
75
Locg?lloB(;Ogel 0014 0,364 61,67 169,42 4,33 2,34

3.1.3.2. Béng hoc co chat cua cellulase

Cac hang s6 dong hoc K, Vimax, Keat V& Koo/ Km 18 nhitng dai luong dic

trung cho phuong trinh dong hoc co chat caa mot enzyme. Cellulase tinh sach
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cua chung Peniophora sp. NDVNO1 di duogc xac dinh céc hang sé dong hoc ddi
V6i co chat CMC va B-glucan IGa mach (barley B-glucan) thong qua phuong
trinh Lineweaver-Burk (hinh 3.11). Két qua dugc thé hién & bang 3.2.

Bang 3.2 cho thdy dong hoc ddi voi co chat B-glucan lia mach cua
cellulase tir chiing Peniophora sp. NDVNO1 ¢6 K, thap hon, Kes V3 Kea/ Kin €20
hon so véi co chat CMC. Pidu nay ching to ai luc caa cellulase dbi Vi co chat
B-glucan lta mach cao hon so véi co chit CMC, hay cellulase dé dang thuy
phan co chat B-glucan IGa mach hon. Van tc cyc dai caa phan ung do cellulase
xuc tac ddi voi co chat CMC dat 1825 U/mg, con d6i véi co chat p-glucan lua
mach dat 9804 U/mg.

Bing 3.2. Hang s6 dong hoc co chit ciia cellulase tinh sach tir Peniophora

sp. NDVNO1
£ V U/m .
Cochit K, (mg/ml) Barxoiein) 9 K (mind) Ko Ko
B-glucan lGa 59 9804 6,14x10° 1,04x10°
mach
CMC 34,8 1825 1,14x10° 0,33x10*

Nhitng nghién ctru trude da chi ra: hiang s6 dong hoc Kp, Kea VA Keal Kim
cua cellulase tir chung nim dam L. sulphureus var. miniatus d6i véi co chat -
glucan va CMC lan luot 1a 0,67-3,7 mg/ml, 13,5-5,3 5", va 20,1-1,45 mg/ml/s
[77]. Nam 2009, Nazir va dtg da xac dinh gia tri K, K. va K/Ky, cia
cellulase tir chiing A. terreus ddi véi co chat B-glucan lta mach va CMC lan luot
12 0,654-14,2 mg/ml, 19,1x10°-2,1x10° min" va 29,7x10°-0,15x10°. Van tdc cuc
dai cua phan ¢ng do enzyme xdc tic d6i véi co chat p-glucan IGa mach,
xyloglucan va CMC duoc xac dinh 1a 1.9x10%, 0.79x10*, and 0.2x10* pmol/mg
protein [123]. Nhu vay, cellulase tir chung Peniophora sp. NDVNOL1 cé gia tri
Km cao hon va cac gia tri K va K Kiy thép hon so véi mét sb cellulase tinh

sach tir mot s6 chung nAm da cong bd.
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Hinh 3.11. Phuong trinh ddng hoc Lineweaver-Burk déi véi co chit CMC

(A) va co chat p-glucan lGa mach (B)
3.1.3.3. Bac hiéu co chadt cua cellulase

Mre d6 dic hiéu co chat cua cellulase tir chung Peniophora sp. NDVNO1
da duoc xac dinh bang cach cho enzyme thuy phan mét sb co chét c¢6 cung kiéu
lien két O-glycoside trong phan tir. Két qua cho thay, cellulase ¢o tinh dic hiéu
cao dbi voi co chat B-glucan Iia mach va CMC, trong d6 manh nhat d6i véi p-
glucan IGa mach. Di véi co chat xylan, LBG va avicel, cellulase cua ching

Peniophora sp. NDVNO1 khong co tac dung thuy phan (bang 3.3).

Bang 3.3. Pic hiéu co chit ciia cellulase tir chiing Peniophora sp. NDVNO1

Co chéit (1% wiv) D““t;é cau Lien két Ho‘i‘fig‘i“(‘},/f);"“’“g

B-glucan lta mach B-glucose B-1,4-O-glycoside 456

CMC B-glucose B-1,4-O-glycoside 100

Xylan B-xylose B-1,4-O-glycoside 0
B-mannose B-1,4-O-glycoside

LBG 1,6-O-glycoside 0

Avicel B-glucose B-1,4-O-glycoside 0

Nam 2009, Nazir va dtg da xac dinh endoglucanase caa chung A. terreus
c6 hoat tinh xdc tdc manh theo thir ty giam dan ddi véi cac co chat p-glucan IGa
mach, xyloglucan, lichenin va CMC [123]. Endoglucanase cua chung Neisseria
sicca SB ¢6 hoat tinh thiy phan manh ddi voi co chat CMC va xylan, hoat tinh

thiy phan yéu ddi véi co chat cellulose d tién xir ly acid nhung khong c6 hoat
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tinh dbi véi co chat avicel [108]. Nam 2009, Hong va dtg nghién ctu di chi ra
rang endoglucanase cia chung nam dam L. sulphureus var. miniatus c6 hoat
dong thay phan manh d6i véi co chat B-glucan lda mach, lichenan va CMC,
nhung hoat dong thap ddi voi B-glucan tinh thé nhu cellulose, rom ra, va avicel
[82]. Nhu vy tinh dic hiéu co chat cua cellulase cia chung Peniophora sp.
NDVNOI twong d6ng véi tinh dic hiéu caa mot sé endoglucanase tir mot sé

chang ndm dam va vi nim da cong b.
3.1.3.4. San pham thaiy phdn co chdt cua cellulase

Carboxymethyl cellulose da duoc thuy phan boi cellulase tinh sach tu
chang Peniophora sp. NDVNO1, c4c san pham thiy phan duoc phan tach va
phat hién bang phuong phap sic ky ban mong (TLC). Két qua cho thay, san
pham thay phan cha yéu caa CMC 1a cellobiose (G2) va cellotriose (G3), tiép
theo 14 cellotetrose (G4) va cac oligomer I6n hon G4. Glucose (G1) 1 san pham
thu dugc it nhat (hinh 3.12).

Nhirng nghién ctru trude da chi ra endoglucanase tir A. terreus thuy phan
co chit CMC va B-glucan thu duoc cac san pham chinh 1a cellobiose va
cellotriose [123]. San pham thuy phan cua endo-1,4-glucanase tir ching
Neisseria sicca SB ddi v&i co chét cellulose acetate cha yéu 1a G2, G3, G4 va
cac oligomer I6n hon G4, khong thu dugc G1 [108].

Hinh 3.12. Hinh anh pho chay sic ky TLC san
pham thity phén co chat CMC ciia cellulase
tinh sach tir ching Peniophora sp. NDVNO1

1: Phé chay chat chudn; 2: phé chay dich
cellulase tinh sach; 3: ph5 chay dich thuy phan; 4:
phé chay co chat CMC; G1: glucose: G2:

cellobiose; G3: cellotriose, G4: cellotetrose

1 2 3 4
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3.1.3.5. Nhiét dé phan ing toi wu va dé bén nhiét dé cuia endoglucanase

Pé xac dinh nhiét d6 phan tng téi uu, phan @ng gitra enzyme tinh sach va
co chit CMC duoc tién hanh trong khoang nhiét do tir 30-85°C. Két qua cho
thiy hoat tinh cellulase ting dan tir 32% & nhiét 6 30°C 1én cuc dai & 60°C
(100%). Sau d6 khi ting nhiét d6 thi hoat tinh cua enzyme giam dan chi con
51% & 85°C (hinh 3.13A).
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Hinh 3.13. P thi anh huwéng ciia nhiét dd phéan wng (A) va d6 bén nhiét do

(B) caa endoglucanase tir chiing Peniophora sp. NDVNO1

Endoglucanase cta chiung Peniophora sp. NDVNO1 van gitr duoc hoat tinh
& nhiét d6 45°C, hoat tinh twong d6i con lai trong khoang 62-76% sau 24 gio xir
ly tai 30-45°C. Tuy nhién, khi xir ly ¢ nhiét d6 cao 50-55°C thi hoat tinh cua
enzyme giam manh (hinh 3.13B). Nam 2009, Hong va dtg da xac dinh dugc
endoglucanase tinh sach tir chung nam dam Laetiporus sulphureus var. miniatus
gitr dugc 50% hoat tinh tai 70°C va 75°C sau 15 gio va 22 gio xu ly [82]. Hai
endoglucanase tir Trichoderma sp. (shmosaTri) ¢6 thé chiu dugc 60 phat ¢ 50°C
ma khdng mat hoat dong enzyme. CMCase | va Il giir lai 14,0 va 26,5% hoat
tinh tai 70°C sau 90 phuat [58]. Endoglucanase tinh sach tir Aspergillus terreus
6n dinh & nhiét do 40 va 50°C & pH 3-5, nhung mét 14, 39, va 31% hoat tinh khi
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xt ly 1h ¢ 60°C trong dém c6 pH 3, 4 va 5 [123]. Nhu vay, endoglucanase tinh
sach tir Peniophora sp. NDVNOI twong dbi bén trong khoang nhiét do 30-45°C.
3.1.3.6. pH phdn wng téi wu va dé bén pH cia endoglucanase

Hoat tinh endoglucanase cua chung Peniophora sp. NDVNO1 ting dan tir
75% & pH 3,0 dén t6i da 100% & pH 4,5 va sau d6 giam dan chi con 26% ¢ pH
7,0 vd mat hoat tinh & pH 7,5 (Hinh 3.14A). pH phan ung tdi wu cua
endoglucanase tur chung Peniophora sp. NDVNO1 trong khoang 4,5-5,0. Nghién
ctiu tinh chat caa mot sé endoglucanase tir chung nam dam cho thay pH tdi uu
trong khoang 4,0-7,5. Endoglucanase tir Laetiporus sulphureus var. Miniatus
hoat dong t6i vu & pH 4,0 [82]. Endoglucanase tir Fomitopsis pinicola KMJ812
c6 pH téi wu 1a 4,5 [92]. pH t6i uu cho endoglucanase tir P. byssoides va
Volvariella volvacea dugc xac dinh la 6,0 va 7,5 [42], [56]. Nhu vay, pH thich
hop cua endoglucanase tir chung Peniophora sp. NDVNO1 va mat s6 ching nam

khac thuong nghién vé phia acid.

Endoglucanase tir Peniophora sp. NDVNO1 c6 d6 bén cao trong khoang
pH tir 4,0-7,0 véi hoat tinh tuong d6i con lai trén 90% sau 24h U trong dém &
nhiét do 37°C. Trong khoang pH tir 6,0-7,5 hoat tinh twong d6i ciia enzyme van
con tur 83-89% sau 24h xur ly (Hinh 3.14B). Hai endoglucanase tur Trichoderma
sp. (shmosaTri) bén trong khoang pH dao dong tir 3,0-9,0. CMCase | van hoat
dong ¢ nhiét d6 phong sau 24 gio trén mot pham vi pH rong (3,0-9,0), trong khi
CMCase II twong d6i 6n dinh trong pham vi pH tuc 4,0-6,0 [58]. Endoglucanase
tir Aspergillus terreus hoat dong on dinh ¢ pH (3,0-5,0) va ¢ nhiét do 40-60°C
sau 4 h [123]. Nhu vay, endoglucanase tir chung Peniophora sp. NDVNOI ¢6 d6
bén pH cao trong dai pH rong tir 4,0-7,0. Pay 1a mot dic tinh wu viét dé cd thé
tng dung ché pham enzyme trong nhitng diéu kién pH khac nhau va thuan loi

trong qua trinh tinh sach, bao quan enzyme.
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Hinh 3.14. P6 thi anh huéng ciia pH phan vng (A) va do bén pH ciia
endoglucanase tir chiing Peniophora sp. NDVNO1

3.1.3.7. Anh hwong cua ion kim logi dén hogt tinh endoglucanase

lon kim loai 1a mot trong nhiing yéu t6 c6 anh huong I6n dén hoat tinh
enzyme. Tac dong cua ion kim loai c6 thé 1am ting cuong hodc kim hdm hoat tinh
enzyme [4]. Do do, xac dinh anh huong caa ion kim loai [a mét trong nhiing co
s& dinh huéng tng dung va bao quan enzyme. Anh hudng cia cac ion kim loai va
mot s6 thubc thar dén hoat tinh cua endoglucanase tir chung Peniophora sp.
NDVNO1 da dugc phan tich (Bang 3.4).

Két qua cho thay rang hoat tinh cta enzyme d duoc ting cudng véi sy hién
dién cua Ni** trong khoang 2-10 mM, Ca** ¢ ndéng d6 2 mM, Zn** ¢ nong do 2
mM, Ba®* ¢ ndng d6 4 mM va mercaptoethanol trong khoang nong do 2-6 mM.
Trong do, ion Ni%* tang cuong manh mé hoat dong cua enzyme, lam tang hoat
tinh twong di 1én 168% & nong dd 2 mM. Tuy nhién, hoat tinh cellulase da hoan
toan bi trc ché bai viéc bd sung cac ion Ag* va Cu®* & nong do 4-10 mM. Sy hién
dién cua K*, Na*, Fe**, Mn®*, Mg®* va EDTA lam giam cac hoat tinh enzyme tur
3-39% & nong d6 khac nhau tir 2-10 mM. Sy gia ting hoat tinh enzyme khi b
sung mercaptoethanol ching to khéng c¢6 nhom thiol trong cau tric phan tir va
hoat tinh enzyme bi ¢ ché khi bo sung EDTA cho thay hoat dong caa enzyme c6
thé phu thudc vao cac hoat dong hda hoc va trong cau tric c6 thé chira cac nhdm

v0 co, trong d6 hinh thanh phirc hop khéng hoat dong vai EDTA [33].
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Bang 3.4. Anh huéng ciia ion kim loai va mot sé thudc thir dén hoat tinh

endoglucanase cia ching Peniophora sp. NDVNO1

lon kim loai va
mét so thuoc thw

Hoat tinh twong d6i (%)

(mM) 2mM 4mM 6mM 8mM 10mM
K* 915+30 938+26 928+31 937+33 915+30
Na’ 864+58 855+18 808+35 942+28 974+30
Ag’ 71,8 £2,0 0+0 0£0 0£0 0+0
Fe?* 699+28 769+32 918+24 933+26 101,3+25
Ni?* 1685+16 1473+14 1085+31 1053+3,1 1043+26
Mn?* 651+32 844+24 955+26 948+32 97,0+£3.2
Ca” 102,3+2,3 1004+29 988+20 91,7+24 863+28
Zn* 1059+28 974425 992+29 988+18 987+12
Ba®* 976+48 1154+14 934+35 919+32 906+21
Cu** 52,8 £2,2 0+0 0 £0 0£0 0+0
Mg?* 78,6+28 739+34 785+23 80,1+25 787+31
EDTA 613+1,1 646+24 658+30 710+22 67131
2-Mercaptoethanol 1146 #2,6 1081 #32 103123 100,2+#25 937 #1.2
Pbi ching 100+ 6,9

3.1.3.8. Anh hwong cua dung mdi hitu co va chdat tay rira déen hoat tinh

endoglucanase

Anh huéng cua dung méi hitu co dén hoat dong cua cellulase tir chung
Peniophora sp. NDVNOI di dugc phan tich. Viéc bd sung dung méi methanol
(1% v/v), ethanol (1-5%), isopropanol (1-10%), n-butanol (1-5%) va acetone (1-
15%) tang cuong hoat dong cua enzyme, nhung khi & ndng d6 cao dung moi
methanol (5-20%), ethanol (10-20%), isopropanol (15-20%) va n-butanol (10-
20%) @c ché hoat dong cua enzyme. Trong d6, dung moi acetone ¢ noéng do
15% (v/v) 1am ting hoat tinh cellulase manh nhat véi hoat tinh tuong d6i dat

121% so véi dbi chiing khdng bo sung dung méi. Dung mdi n-butanol véi nong
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d6 tir 10-20% (v/v) tc ché manh hoat tinh enzyme, hoat tinh tuwong d6i con lai
39-41% so voi ddi ching (hinh 3.15A).
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Met: Methanol; Eth: Ethanol; Ipro: Isopropanol; n-But: n-Butanol; Ace:
Acetone; T20: Tween 20; T80: Tween 80; TX-100: Triton X-100; TX-114: Triton
X-114; PC: Péi ching

Chét tay rira 1am ting strc cang bé mat cua dung dich do d6 anh huong dén
hoat tinh enzyme. Khi b sung 1-20 (v/v) cua c4c chat tay rira Tween 20, Tween
80 va Triton X-100 lam tang cuong cac hoat dong cua endoglucanase tur
Peniophora sp. NDVNO1 vaéi hoat tinh twong ddi dat 112-155%. B6 sung céc
Triton X-114 tai nong do 1% (v/v) ting cudng manh nhat hoat dong cia enzyme,
nhung & néng do tir 10-20% Trixton X-114 tc ché hoat dong enzyme. Trong s6
cac chat tay rira khao séat, SDS tc ché hoan toan hoat tinh cua enzyme, diéu nay
c6 thé lién quan dén viéc anion hoa phan tir enzyme khi cac phan tir SDS bao
quanh phéan tir enzyme (hinh 3.15B). Nam 2008, Jianmin va dtg khi nghién cau
anh hudng caa chat tay rira dén hoat tinh cua endo-p-1,4-glucanase tir A. terreus
d3 xac dinh dugc enzyme hoan toan bi tc ché boi viéc bd sung Tween 100 va
SDS & néng d6 1% (w/v) [91]. chat tay rira SDS ¢ ndng d6 10 mM ciing lam
giam hoat dong cua endoglucanase tir ching A. terreus voi hoat tinh twong doi
chi con 13,7% [123]. Nhu vay, endoglucanase tir chung Peniophora sp.

NDVNO1 1a mot enzyme kha bén véi chat tay rua.
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3.2. Nhan dong va biéu hién gen meglA tir chiing Aspergillus niger VTCC-
F021 trong Pichia pastoris

Chung A. niger VTCC-F021 c6 kha ning sinh tong hop cellulase manh
nhat da duoc tuyén chon trong sé nhitng ching A. niger do Bao tang Gidng
chuan vi sinh vat Viét Nam cung cip. Chang A. niger VTCC-F021 di duoc tdi
ru méi treong 18n men thich hop, tinh sach va danh gia tinh chét cua cellulase tu
nhién do ching A. niger VTCC-F021 sinh tong hop [139], [140]. Nam 2011,
Pham va dtg dd nhan dong va biéu hién gen eglA c6 chiéu dai 720 bp mi hoa
cho endoglucanase A chua peptide tin hiéu tir chung A. niger VTCC-F021 trong
P. pastoris GS115. Endoglucanase A tai t6 hop (rEgIA) c6 kich thuéc khoang
33-34 kDa, hoat tinh riéng 16,2 U/mg protein. rEgIA hoat dong cao nhat ¢ 55°C
va pH 5, bén & 30-37°C va pH 3,5-4,5. rEgIA ¢6 &i luc cao voi B-glucan. lon
Cu®* va EDTA hoat héa rEglA. Cac ion kim loai khac déu 1am giam hoat tinh
cua reglA. Enzyme rEglA gitt dugc 70-98% khi u véi ethanol, acetone 10-20%
(v/v) va Tween 20, Tween 80 0,5-2% (v/v). Chung P. pastoris GS115/pPeglA tai
t6 hop co ning suat biéu hién endoglucanase A thap, chi dat 1,67 U/ml [9],
[141]. Peptide tin hiéu la doan peptide nam & dau N cua chudi polypeptide c6
vai tro trong qué trinh tiét protein qua mang va duoc cat bo bai peptidase khu trd
bé mit phia ngoai cuia mang tao ra phan tir protein c6 hoat tinh sinh hoc [4], [7].
Viéc biéu hién dong thoi ca peptide tin hiéu cd thé 1am giam ning suét biéu hién,
anh huong dén hoat tinh va tinh chat caa enzyme tai té hop. Do d6, biéu hién
endoglucanase tai t6 hop khéng chira peptide tin hiéu ty nhién c6 thé nang cao
nang suat biéu hién enzyme tai té hop va thay doi mot s tinh chét cua enzyme
tai to hop. Vi vay, chung t6i da tién hanh biéu hién gen meglA mi hoa
endoglucanase A tai t6 hop khdng chira peptide tin hiéu (rmEgIA) caa ching A.
niger VTCC-F021 trong P. pastoris GS115 voi muc dich nhiam cai thién ning
suat biéu hién va thay d6i tinh chat cia enzyme tai t6 hop phl hop véi dinh

huéng tng dung.
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3.2.1. Nhan dong gen meglA

Dua trén trinh ty protein suy dién va st dung phan mém phan tich truc

tuyén SignalP 4.1 Server (http://www.cbs.dtu.dk/services/SignalP/) da xac dinh

dugc peptide tin hiéu cua endoglucanase A tir chang A. niger VTCC-F021 gém
16 amino acid & dau N cua chudi polypeptide (hinh 3.16). Cip mdi dic hiéu
(pPmeglAF/GpPICR (bang 2.1)) da duoc thiét ké dé thuc hién phan tng PCR
nhan dong gen meglA ma hoa cho rmEglA tur plasmid pJeglA. Theo tinh toan ly
thuyét sau khi cat bo doan ma hda peptide tin hiéu (48 bp), gen meglA c6 chiéu
dai 672 bp.

# SignalP-4a.1 euk predictions
>Sequence

SignalP-4. 1 prediction (euk networks). Sequence
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# Measure Position Vvalue Cutoff signal peptide?
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max. Y 17 8.728
max. S 1 9.951
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o] 1-15 2.882 8.458 YES
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Hinh 3.16. Hinh anh két qua phén tich trinh tu peptide tin hiéu ciia EglA

bz"lng phz‘“in mém SignalP 4.1 Server

San pham PCR duoc dién di kiém tra trén gel agarose cho thdy da nhan

dugc mot bang DNA dic hiéu c6 kich thudc khoang gan 700 bp. Khi so sénh
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véi san pham PCR nhan gen eglA (d6i chimg duong) thiy kich thudc nhd hon
(hinh 3.17A). Gen meglA duoc nhan dong trong vector pJET1.2/blunt tao thanh
plasmid tai t6 hop pJmeglA (hinh 3.17B). San pham cat pJmeglA cho 2 bing
tuwong tng véi gen meglA (672 bp) va pJET1.2 (~3 kb) (hinh 3.17C).

bp dc M 1 2 3 4 bp M 5

—1720

750—

500 ~672 bp

A B C
Hinh 3.17. Hinh anh dién di sain pham PCR nhan gen meglA (A),
plasmid tai t6 hop pJmeglA (B) va san pham cit pJmeglA bing
EcoRI/Xbal (C)
dc: san pham PCR doi chirng ém (khéng cé khuén DNA); 2: san pham PCR
nhdn gen eglA (d6i chitng dweong); 3: san pham PCR nhén gen meglA; 3:
plasmid pJmeglA; 4: plasmid pJET1.2 (@i chitng); 5: sdan pham cdt pJmeglA
bang EcoRl/Xbal

Dé xac dinh trinh gen meglA, plasmid pJmeglA mang gen meglA duogc st
dung lam khuon chay PCR doc trinh ty theo phuong phap giai trinh tu tu dong
tai Hang Macrogen - Han Quéc. Trinh gen meglA dugc nhan dong co chiéu dai

672 nucleotide (hinh 3.18).

Phan tich bang phan mém DNAstar cho thay trinh ty amino acid suy dién
cua rmEglA dai 223 amino acid. Trong d6 c¢6 9 amino acid mang tinh bazo
manh (K, R), 2 amino acid mang tinh bazo yéu (H), 19 amino acid mang tinh
acid manh (D, E), 97 amino acid ky nudc hoac khong phén cuc (A, I, L, F, W, V,
M, G, P) va 96 amino acid phan cuc (N, C, Q, S, T,Y). Enzyme rmEgIA c6 khéi
lugng tinh toan theo Iy thuyét khoang 24,24 kDa véi pl bang 4,24. So véi rEgIA,
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thanh phan amino acid thay doi: giam 1 amino acid c6 tinh bazo manh (K, R),
giam 11 amino acid ky nudc hoac khdong phéan cuc (A, I, L, F, W, V, M, G, P) va
giam 3 amino acid phan cuc (N, C, Q, S, T,Y). Enzyme rmEgIA c6 khéi luong
giam khoang 1,5 kDa va pl giam 0,129 so véi rEglA.

cagacaatgtgctctcagtatgacagtgcctcgagccccecccatactcagtgaaccagaac 60
Q T Mm ¢ Ss Q@ Yy b sS A S S P P Y S V N QN 20
ctctggggcgagtaccaaggcaccggcagccagtgtgcatatgtcgacaaactctccage 120
L w 6 E Y 0 G T G S o CcC A Y VvV D K L S S 40
agtggtgcatcctggcacaccgaatggacctggagcggtggtgagggaacagtgaaaage 180
s G A S W HTEWT W S G G E G T V K S 60
tactctaactctggcgttacatttaacaagaagctcgtgagtgatgtatcaagcatccce 240
Yy S N S G Vv T F N K K L vs DV s S I P 80

acctcggtggaatggaagcaggacaacaccaacgtcaacgccgatgtcgecgtatgatctt 300
T S v BE W K @ D N T N V N A D V A Y D L 100
ttcaccgcggcgaatgtggaccatgccacttctagecggegactatgaactgatgatttgg 360
F T A A NV D H AT S S G DY E L M I W 120
cttgcccgctacggcaacatccageccattggcaagcaaattgeccacggecacagtggga 420
L AR Y G N I Q P I G K Q I A T A T V G 140
ggcaagtcctgggaggtgtggtatggcagcaccacccaggccggtgeggagcagaggaca 480
G K S W E VW Y G S T T QA G A E Q R T 160
tacagctttgtgtcggaaagccctatcaactcatacagtggggacatcaatgcattttte 540
Yy s F V S E S P I NS Y S G D I N A F F 180
agctatctcactcagaaccaaggctttcccgccagctctcagtacttgatcaatctgecag 600
s 'y L. T @ N o G F P A S S Q Y L I N L Q0 200
tttggaactgaggcgttcaccgggggcccggcaaccttcacggttgacaactggaccgee 660
F G T E A F T G G P A T F T V DN W T A 220
agtgtcaactag 672
S vV N - 223

Hinh 3.18. Trinh tw gen meglA va trinh ty amino acid suy dién ctia mEgIA
tir ching A. niger VTCC-F021

T*: vj tri Threonine cd thé xdy ra glycosyl hoa
Str dung phan mém truc tuyén NetOGlyc 4.0 Server phan tich diém
glycosyl hoa (http://www.cbs.dtu.dk/services/NetOGlyc/) xac dinh duogc trén
chudi polypeptide ciaa mrEgIA c6 thé xay ra O-glycosyl hda tai vi tri caa amino
acid Threonine-219 (T*) (hinh 3.18). Tuy nhién, khi phéan tich biang phan mém
truc tuyén NetNGlyc 1.0 Server (http://www.cbs.dtu.dk/services/NetNGlyc/)

khong phét hién duoc vi tri c6 thé xay ra qua trinh N-glycosyl. Qua trinh


http://www.cbs.dtu.dk/services/NetOGlyc/
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glycosyl héa gan vao chudi polypeptide nhitng phan ti duong. TUy thudc vao
lodi va hé biéu hién, loai dudng va sé luong phan tir ¢ su khac nhau c6 thé 1a
dudng mannose, glucose, galactose, .... hodc mot sb loai cung duoc gén Vao
chudi polypeptide. Piéu nay, 1am ting khdi lugng phan tir cua phan tir protein

enzyme va thay doi mot sé tinh chat caa enzyme [136].
3.2.2. Thiét ké vector biéu hign meglA

Plasmid pJmeglA mang gen meglA va vector pPICZaA cung dugc cat bang
EcoRlI va Xbal. Gen meglA va pPICZaA md vong dugc tinh sach bang kit thoi
gel, duoc dién di kiém tra (hinh 3.19A).

1

bp bp 3 4 bp 6 M bp

~3600- 3000 <3000

672 <750

<750

A B C D

Hinh 3.19. Hinh anh dién di san pham thdi gel (A), plasmid pPmeglA (B),
san pham cit pPmeglA bang EcoRI va Xbal (C), sin pham cat pPmeglA
bang Sacl (D)

1: pPICZad md vong; 2: gen meglA; 3: pPmeglA; 4: pPICZaA (d6i chitng); 5:
pPmeglA cdt bang EcoRI va Xbal; 6: pPICZad bang EcoRI va Xbal (doi
ching); 7: pPmeglA cdt bang Sacl

Sau d6, dugc ndi véi nhau bang T4 ligase tao plasmid tai to hop pPmeglA.
Dich lai dugc bién nap vao E. coli DH5a bang sdc nhiét. Sau khi bién nap dich
nudi duoc lac phuc hoi roi trai trén dia thach LB Low salt bd sung khang sinh
zeocine, U 37°C qua dém. Mot s6 khuan lac moc dugc nudi, tach plasmid va
dién di kiém tra trén gel agarose. Plasmid c6 doan chén cé kich thudc 16n hon,

nén nam cao hon so v4i vector khong ¢ doan chén (hinh 3.19B).
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Plasmid tai tb hop pPmeglA tinh sach duoc cit bang EcoRI va Xbal cho hai
bang la pPICZoA (~3,6 kb) va gen meglA (672 bp) (hinh 3.19C). pPmeglA duoc
doc trinh ty dé kiém tra cdu trac biéu hién trudc khi bién nap va biéu hién ¢
P. pastoris GS115. Ciu trac biéu hién ding khung doc, gen meglA duoc chén

vao dang vi tri mong mudn, du diu kién dé dwa vao biéu hién trong P. pastoris

GS115 (hinh 3.20).

ATGAGATTTC CTTCAATTTT TACTGCTGTT TTATTCGCAG CATCCTCCGC ATTAGCTGCT 60
CCAGTCAACA CTACAACAGA AGATGAAACG GCACAAATTC CGGCTGAAGC TGTCATCGGT 120
TACTCAGATT TAGAAGGGGA TTTCGATGTT GCTGTTTTGC CATTTTCCAA CAGCACAAAT 180
AACGGGTTAT TGTTTATAAA TACTACTATT GCCAGCATTG CTGCTAAAGA AGAAGGGGTA 240
TCTCTCGAGA AAAGAGAGGC TGAAGCTGAA TTCcagacaa tgtgctctca gtatgacagt 300

EcoRI
gcctcgagcce ccccatactcec agtgaaccag aacctctggg gcgagtacca ggcaccggca 360
gccagtgtgce atatgtcgac aaactctcca gcagtggtgc atcctggcac accgaatgga 420
cctggagcgg tggtgaggga acagtgaaaa gctactctaa ctctggcgtt acatttaaca 480
agaagctcgt gagtgatgta tcaagcatcc ccacctcggt ggaatggaag caggacaaca 540
ccaacgtcaa cgccgatgtc gcgtatgatc ttttcaccgc ggcgaatgtg gaccatgcca 600
cttctagcgg cgactatgaa ctgatgattt ggcttgcccg ctacggcaac atccagccca 660
ttggcaagca aattgccacg gccacagtgg gaggcaagtc ctgggaggtg tggtatggca 720
gcaccaccca ggccggtgcg gagcagagga catacagctt tgtgtcggaa agccctatca 780
actcatacag tggggacatc aatgcatttt tcagctatct cactcagaac caaggctttc 840
ccgccagctce tcagtacttg atcaatctgc agtttggaac tgaggcgttc accgggggcc 900
cggcaacctt cacggttgac aactggaccg ccagtgtca acGCTCTAGA ACAAAAACTC 960
Xbal

ATCTCAGAAG AGGATCTGAA TAGCGCCGTC GACCATCATC ATCATCATCA TTGA 1014

Hinh 3.20. Trinh tw nucleotide ciia cAu triic biéu hién pPmeglA

6x Histidine

(Tir nucleotide 1 dén 267 md héa cho a-signal ciia vector, tir 274 dén 942 ma
hoa cho mEgIA fir A. niger VTCC-F021)

3.2.3. Biéu hign rmEgIA trong P. pastoris GS115

3.2.3.1. Xay dung hé théng biéu hién P. pastoris GS115/pPmeglA

Pé biéu hién meglA, plasmid tai t6 hop pPmeglA dugc ciat mo vong bang
Sacl (hinh 3.19D) va duoc bién nap vao té bao P. pastoris GS115 kha bién bang
xung dién. Gen ma hoa endoglucanase dugc sat nhdp vao genome cua P.
pastoris GS115 theo hai phwong thic: chén gen hodc thay thé gen tao hé biéu
hién P. pastoris GS115/pPmeglA. Do chién lugc sir dung 1a tai to hop tuong

ddng tai vi tri promoter AOX1 nén da phan cac thé bién nap c6 su chén gen, do
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d6 gen AOX1 van ton tai trong bo gen ctia ndm men. Tuy nhién do su tai to hop
ma gen AOX1 c6 thé mat di. Vi vay, DNA bd gen cta cac dong tuyén chon duoc

kiém tra bang phuong phap PCR véi cip moi 5°-3” AOX1.
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Hinh 3.21. Hinh anh dién di san phAm PCR véi cip mdi dic hiéu 3°-5
AOX1 (A); dién di protein tong s6 dich 1én men chiing P. pastoris
GS115/pPmeglA (B); dién di nhuom hoat tinh dich 1én men chiing P.
pastoris GS115/pPmeglA (C)

1: PCR genome P. pastoris GS115/pPicZa (doi chitng); 2-8: PCR genome P.
pastoris GS115/pPmeglA; 9: dich lén men dong P. pastoris GS115/pPICzaA
(doi chitng); 10-12: dich 1én men mét sé dong P. pastoris GS115/pPmeglA; 13:

nhuom hoat tinh rmEgIA

Két qua dién di san pham PCR ciia DNA bd gen chung P. pastoris
GS115/pPmeglA tai to hop cho thiy 2 bing: mdt bang co kich thudc 1,3 kb
tuong tmg vai kich thudc gen AOX1 c6 chén gen meglA cua vector pPmeglA va
mot bang co6 kich thude 2,2 kb twong ung voi gen AOX1 cia ching P. pastoris
GS115 (Hinh 3.21A). Nhu véy, ¢ ching P. pastoris GS115/pPmeglA tai to hop
c6 kha ning gen meglA di dugc chén vao bo gen, dong thdi gen AOX1 ciia ndm
men van hién dién trong genome. Do d6, kiéu hinh ctia chung tai to hop co thé 1a
Mut®. Cac ching P. pastoris GS115/pPmeglA c6 mang gen meglA dugc tuyén

chon, 1én men dé x4c dinh hoat tinh endoglucanase.
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3.2.3.2. Sang loc cdc dong P. pastoris GS115/pPmeglA sinh tong hop rmEglA manh

Dé kiém tra két qua va mac d6 biéu hién rmEglA, 39 dong tai té hop c6

genome mang gen meglA duoc nudi biéu hién trong méi truong YP bd sung

methanol 1% sau mdi 24 gid. Sau 72 gid cam ung thu dugc 35 dong biéu hién

c6 hoat tinh endoglucanase, 4 dong khdng c6 hoat tinh. Trong dé, dong sb 14 c6

hoat tinh cao nhat (dat 1,95 U/ml) (bang 3.5).

Bang 3.5. Hoat tinh rmEgIA ciia cac dong P. pastoris GS115/pPmeglA tai tb hop

Dong HT (U/ml) Dong HT (U/ml) Dong HT (U/ml)
1 1,459+0,038 14 1,952 £+ 0,058 27 1,556 + 0,066
2 0,961 +0,057 15 0,496 + 0,066 28 0,497 £ 0,005
3 0 16 1,513 £ 0,091 29 1,513+0,073
4 0,680 0,061 17 1,133 £ 0,034 30 0
5 0,876 £0,043 18 0,757 £0,043 31 0,817 +0,058
6 1,525+0,086 19 1,506 + 0,083 32 0,919 +0,041
7 0 20 0,969 + 0,056 33 0,538+0,041
8 0,333+£0,034 21 1,727 £ 0,045 34  0,59+0,021
9 1,618+0,013 22 1,872 £ 0,062 35 0,527 +0,003

10 0 23 1,241 + 0,051 36 1,219+0,043
11 1,729+ 0,093 24 1,739 £ 0,053 37 0,779 £ 0,029
12 1,135+ 0,042 25 1,489 + 0,074 38 0,698 + 0,027
13 1,127 £ 0,064 26 0,623 £ 0,031 39 1,462 +0,045

Nam 2011, Pham va dtg da biéu hién gen eglA ma hoa endoglucanase c6

chtra peptide tin hiéu tor A. niger VTCC-F021 trong P. pastoris GS115 trong

cung diéu kién vai nghién ciru nay nhung nang suat biéu hién chi dat 1,59 U/ml

[141]. Nhu vay, viéc cat bo peptide tin hiéu c6 thé di 1am tang ning suit biéu
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hién 22,6% so véi biéu hién co chira peptide tin hiéu trong hé biéu hién P.
pastoris GS115. Dong P. pastoris GS115/pPmeglA/14 dugc sir dung cho céc

nghién cuu tiép theo.

Sau 72 gio biéu hién, dich ngoai bao duogc dién di trén gel polyacrylamide
nhuém bac va nhuém hoat tinh bang dung dich congo dé. Két qua cho thiy
rmEglA di duoc biéu hién va kich thudc protein tai té hop khoang 32 kDa (hinh
3.21B,C). Nhu vay, rmEglA da bi glycosyl hoa lam kich thuéc phan tu tang
khoang 8 kDa (33%) so vai tinh toan ly thuyét khi khdng bi glycosyl hoa (24,2
kDa). Nam 1997, Heimo va dtg khi biéu hién gen ma héa viing domain xuc tac
cua glucoamylase tr chung A. awamori trong hé P. pastoris thu dugc enzyme tai
t6 hop kich thugc phan tir 16n hon so véi géc khoang 20 kDa. Trong d6 10 kDa
do qué trinh N-glycosyl héa va khoang 10 kDa do qué trinh O-glycosyl héa vaéi
khoang 20-30 géc mannose dugc gan vao phan ti protein tai to hop [75].

3.2.4. Toi wu mét s6 thanh phan mai sruwong va diéu kign 1én men sdn xudt rmEgIA
3.2.4.1. Lya chon mdéi trirong thich hop

Pé khao sat mirc do biéu hién rmEgIA trén cac moi truong khac nhau, dong
P. pastoris GS115/pPmeglA/14 duoc nudi biéu hién trong cac moi truong khac
nhau tiép methanol hang nay. Két qua cho thiy mdi truong YP 12 méi truong
thich hop nhat trong s cac méi trudng khao sat cho 1én men san xuat rmEglA
v6i niang suat biéu hién dat 6,66 U/ml & 96 h cam ung 1% methanol (hinh
3.22A). Két qua nay tring v&i nghién ciru khi biéu hién endoglucanase c6 signal

nhung ning suat biéu hién cao hon khoang 4 lan [9].
3.2.4.2. Nong d@é cao nam men toi wu

Cao ndm men la mot trong nhitng thanh phan dinh dudng quan trong anh
hudng dén kha nang sinh truéng clia ndm men. Dé xac dinh anh huéng cua cao

nam men, dong P. pastoris GS115/pPmeglA/14 dugc 1én men trong moi truong
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YP nhung c6 thanh phan cao ndm men thay di tir 0,2-2,0% (w/v). Két qua cho
thay khi ndng do cao ndm men ting dan thi hiéu suit sinh tong hop rmEglA ting
lén va dat cuc dai 9,64 U/ml o n(‘A)ng 1,2% cao nAim men. Sau d6, khi néng do
nam men ting qua thi hiéu suét sinh tong hop lai giam chi con 7,12 U/ml & ndng

d6 2% cao nam men (hinh 3.22B).
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Hinh 3.22. Biéu d6 so sanh anh hwéng ciia loai méi truwong (A) va dd thi anh

hwéng nong dd cao nAm men (B) dén ning suit bic¢u hién rmEgIA

Nhu vay, so véi biéu hién trong méi truong YP ban dau, nong do cao nam
men c6 anh hudng ting cudng su biéu hién rmEgIA caa dong P. pastoris
GS115/pPmeglA/14. Nam 1997, Sreekrishna va dtg khi nghién cau téi wu tong
hop protein bang hé théng biéu hién P. pastoris cho rang cao nam men la thanh

phan quan trong va thudng lam ting cudng qua trinh biéu hién protein [160].
3.2.4.3. Nong dé peptone toi uu

Cung véi cao nam men, peptone 1a thanh phan dinh dudng quan trong trong
mdi trudng nudi cdy. Dong P. pastoris GS115/pPmeglA/14 biéu hién rmEgIA
nang suat cao nhat dat 10,52 U/ml ¢ ndng d6 1,6% peptone. Khi ting nong do
peptone 1én cao thi ning suét biéu hién lai giam (hinh 3.23A). So véi biéu hién
trong moi truong YP ban dau (v6i 2% peptone) thi dong P. pastoris
GS115/pPmeglA/14 biéu hién manh enzyme téi té hop trong diéu kién nong do

thap hon. Theo Kang va Chen, cac ngudn dinh dudng nhu cao nim men,
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peptone anh huéng dén su biéu hién protein I1a do anh hudng dén su sinh truéong

va kha nang ton tai caa té bao nim men [43], [96].
3.2.4.4. pH ban dau Ciia méi truong

pH téi wu 13 yéu té rat quan trong trong qua trinh 1én men cac chuang vi
sinh vat. Bé tim pH ban dau cua moéi truong thich hop cho quéa trinh 1én men,
dong P. pastoris GS115/pPmeglA/14 duoc nudi cdy trong méi trudong cd pH
ban dau khac nhau. Két qua cho thay, nang suat biéu hién rmEgIA tang dan khi
tang pH ban dau cia moi truong va dat cuc dai & pH 5,0 véi niang suat biéu
hién dat 12,68 (U/ml). Khi pH tiép tuc tang thi nang suét biéu hién giam chi dat
7,54 (U/ml) khi 1én men trong mdi trudng c6 pH ban dau 8,0 (Hinh 3.23B).
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Hinh 3.23. P6 thi anh huéng ciia nong dd peptone (A) va pH ban diu cia
moi truong (B) dén ning suat biéu hién rmEgIA

Theo Soden, pH 1a mot trong nhiing yéu to rat quan trong cho su ting
trudng cua té bao, su tao thanh protein va do bén cua protein. pH thudng dugc
chon trong qua trinh tdi wu hé thong biéu hién P. pastoris [159]. Jahic va dtg da
chi ra rang khi giam pH tir 5,0 xudng 4,0 ciia méi truong trong binh 18n men l1am
tang kha nang biéu hién phtc hop protein CBM (ving lién két cellulose)-CALB
(cellulose 6A va lipase B) cua P. pastoris tai to hop tir 40-90% [88]. Trong qua
trinh biéu hién laccase cua Trametes versicolor trong P. pastoris, khi b6 sung
alanine dé 6n dinh pH cta méi truong & mac 3 dian dén muc do biéu hién

enzyme cao hon so voi khdng bd sung alanine 6n dinh pH méi truong. Tir d6
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nguoi ta cho rang trong qué trinh biéu hién protein bang P. pastoris nén tién
hanh 18n men chiang trong mai truong c6 pH thap 6 dinh [130]. Tuy nhién, Khi
biéu hién lactoferrin tai to hop trong P. pastoris, ting pH ban dau cta moi
truong nudi cdy lén 6,0-7,0 dan dén nhitng cai thién dang ké, va mac do biéu
hién c6 thé dat téi 12 mg/l [170]. Nhu vay, pH ¢ anh hudng khac nhau dén muc
d6 biéu hién protein cua P. pastoris phu thudc vao tirng loai protein biéu hién.
Do d6, dé xac dinh duoc pH thich hop, c&c nha nghién ciru déu cho rang phai

tién hanh khao sét qua trinh 1én men trong nhiing diéu kién pH khéac nhau.
3.2.4.5. Anh huong cua nhiét do

cung vaéi pH, nhiét d6 1a mot trong nhitng diéu kién 1én men anh huong
I6n dén tang trudng va niang suat biéu hién cia ching nam men. Két qua khao
s&t cho thdy dong P. pastoris GS115/pPmeglA/14 biéu hién rmEgIA manh nhat
trong diéu kién nhiét do 1én men 25°C véi ning suat biéu hién dat 13,33 U/ml,
cang ting nhiét 6 thi ning suat biéu hién rmEgIA cang giam chi dat 4,93 U/ml
& 37°C (hinh 3.24A).
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Hinh 3.24. Biéu dd so sanh anh hwéng ciia nhiét @9 (A) va dd thi anh huéng

ciia nong d6 methanol (B) dén ning suat biéu hién rmEgIA

Nhitng céng b vé anh huang cia nhiét do dén niang suat biéu hién protein

tai t6 hop cua chung P. pastoris cho thiy khoang nhiét do thich hop trong
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khoang 20-25°C [112]. Trong P. pastoris, nhiét o thich hop cho biéu hién
protein laccase tai té6 hop 1a 20°C [130], cho phuc hop protein CBM (ving lién
két cellulose)-CALB (cellulase 6A va lipase B) 1a 22°C [88], cho hAFP la 23°C
[113], cho Galactose oxidase va SAG2 la 25°C [115], [174].

3.2.4.6. Anh hirong cua nong dg methanol cam ing

Methanol 14 yéu t cam ¢ng quan trong trong viéc biéu hién protein tai to
hop bang chung P. pastoris. Su biéu hién protein lién quan dén hoat dong cua
gen AOX1 va AOX2, dong thoi ching P. pastoris GS115 ¢4 kha ning sinh
truong trong diéu Kién nong dd methanol cao hon so véi cac chang P. pastoris
con lai ding biéu hién [112]. Nghién ctu anh huong cia nong dd methanol dén
nang suat biéu hién rmEgIA cuaa dong P. pastoris GS115/pPmeglA/14 cho thay
khi ting ndng d6 methanol 1am ting ning suat biéu hién va dat cuc dai 17,13

(U/ml)& ndng @6 1,2% (v/v) sau 96h cam ung (hinh 3.24B).

Niam 2012, Pham Thi Hoa khi nghién ciu anh huéng cua nong do 0-2,0%
methanol dén ning suat biéu hién rEgIA caa chung P. pastoris GS115/pPeglA
thu dugc 1% methanol 1 thich hop nhat [9]. Ling va dtg khi nghién ctu biéu
hién SAG2 trong P. pastoris xac dinh duoc ndng d6 methanol thich hop 1a 1%,
khi tang ndng do 1én 2% thi ning suat biéu hién giam manh [115]. Nhin chung,
viéc biéu hién protein tai to hop trong P. pastoris lién quan chat ché dén sy kiém
soat ndng d6 methanol. O mot ndng do thich hop s& cam tng promoter AOX
hoat dong diéu khién su biéu hién gen ngoai lai. Nhung & néng do cao, methanol
du thira c6 thé gay doc cho té bao, 1am giam hoat dong cua promoter AOX,

tham tri c6 thé gay chét té bao [115].
3.2.4.7. Anh hirong cua thoi gian dén nang sudt biéu hién rmEgIA

Dong P. pastoris GS115/pPmeglA/14 dugc Ién men trong cac binh tam
giac khac nhau. Dich nudi biéu hién theo gid duoc ly tim thu sinh khéi, xac dinh

theo phuong phap can khdi lugng va xac dinh hoat tinh enzyme (hinh 3.25A).
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Theo thoi gian, sinh khéi va biéu hién enzyme ting dan, tuy nhién do gidi
han diéu kién méi trudng cac vi sinh vat chi phét trién téi mac do nhat dinh,
d6ng thoi biéu hién dat cuc dai & mot thoi diém nhat dinh. Khi nudi cay dén 96
gio, sinh khdi té bao va ning suét biéu hién rmEgIA dat cuc dai 17,16 U/ml. Khi
thoi gian tiép tuc tang thi c6 su suy giam sinh khéi té bao va hoat tinh enzyme.

Nhu vay, thoi gian biéu hién tbi vu 1a 96 h.

-
N

20 - — —_ _
=E. 18 1716 g E 20 17,26
S 16 L =}
< 14 8% <15
o 12 £ o
E 10 06 5 4o
c 8 =
E - 0.4 <
§ 4 L 0.2 s 5
r 2 = 1,98
-
0 0 o ]
0 24 48 72 96 120 144 168 192 216 0
- TTU TU
Thei gian (h) Méi trwong
A B

Hinh 3.25. P6 thi anh hwong ciia thoi gian 1én men (A) va biéu d6 so sanh
niing suat biéu hién rmEgIA trong méi truwong va diéu kién toi wu (B)
TTU: Méi trudng va diéu kién trude tdi wu; TU: M6i truong va diéu kién toi
uu; (@): Hoat tinh rmEglA; (M) sinh khi (g)
3.2.4.8. So sanh néng sudt biéu hién rmEgIA trong méi truong toi wu va chira toi wu
Sau khi toi wu mot s6 thanh phan méi truong va diéu kién 1én men, dé danh
gia hiéu qua ctia moi truong téi uu dong P. pastoris GS115/pPmeglA/14 duoc
lén men v&i thanh phan mai trudng, diéu kién 18n men ti wu (1,6% peptone;
1,2% cao nam men; 1,2% methanol cam tng sau 24h; pH ban dau 5,0; nhiét do
Ién men 25°C va thoi gian 1én men 96h lac 200 vong/pht) va méi truong, diéu
kién ban dau (chua ti wu). Két qua cho thiy, nang suat biéu hién rmEgIA trong
mdi trudng va diéu kién tdi vu dat 17,26 U/ml, tang 8,8 1an so véi 1én men trong

moi truong va diéu kién ban dau chua t6i vu (1,98 U/ml) (hinh 3.25B). Nam
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2012, Pham Thi Hoa di danh gia ning suat biéu hién rEgIA cua chung P.
pastoris GS115/pPeglA tai to hop sau khi tdi vu mot sé thanh phan va diéu kién
1én men dat 1,67 U/ml [9]. Nhu vay, ning suat biéu hién rmEgIA cua dong P.
pastoris GS115/pPmeglA/14 cao hon so véi biéu hién rEglA.

3.2.5. Tinh sgch rmEgIA

Dich I1én men dong P. pastoris GS115/pPmeglA/14 sau 96 h cam ng
methanol dugc ly tdm loai bo sinh khéi thu dich enzyme thd. rmEgIA biéu hién
c6 thém dudi 6x histidine dé tinh sach enzyme dé dang va hiéu qua cao. rmEgIA

dTM

tinh sach qua cot ProBond™ resin (Invitrogen). Két qua duoc thé hién & bang

3.6 va hinh 3.26A.

Bang 3.6. Thong s6 ky thuit cac buéce tinh sach rmEgIA

Miu Protein Hoat Hoat tinh Do Hiéu suit
tong sb tinh riéng (U/mg)  sach  thu héi (%)
(mg)  tong (V)

Dich noi 1,91 60,75 31,81 1 100
Dich qua cot 0,79 12,53 15,86 20,63
Dich rtra 1 0,72 7,21 10,01 11,87
Dich tinh sach 0,16 30,64 191,5 6,02 50,44

Bang 3.6 va hinh 3.26A cho thay, dich tinh sach tr P. pastoris
GS115/pPmeglA cho 1 bang dam duy nhat c6 kich thudc khoang 32 kDa,
rmEgIA tinh sach c6 hoat tinh riéng 191,5 (U/mg), do sach dat 6 1an va hiéu suat
thu hoi enzyme dat 50,44%. Enzyme rEglA (chwa cit bo peptide tin hiéu) tinh
sach bang phuong phap tuong tu ¢ hoat tinh riéng dat 16,24 (U/mg), d6 sach
dat 2,69 1an va hiéu suat thu hdi enzyme dat 49,8% [9]. Nhu vay so véi qué trinh
tinh sach rEglA, rmEgIA tinh sach c6 hoat tinh riéng va do sach cao hon, hiéu

suat thu hoi enzyme tuong duong.
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Pé danh gia muc do sach cia ché pham rmEgIA, khdi luong phan tir va so
sanh vai khdi lugng endoglucanase chwa cat bo peptide tin hiéu dich enzyme tinh
sach cua rEglA va rmEglA duoc phan tich dién di trén gel polyacrylamide, nhuém
bac va dién di hoat tinh enzyme. Két qua duoc thé hién trén hinh 3.26B cho thiy
rmEglA ¢6 d6 sach cao va co khdi luong khoang 32 kDa thap hon so véi khéi
luong cua rEglA. Pdng thoi, qua két qua dién di hoat tinh cho thay bing protein

tinh sach duoc la endoglucanase va c6 hoat tinh manh hon so vai rEglA.

kba 1 2 3 4 M 5 6 7

116—
66
45

35 ~32 kDa

A
Hinh 3.26. Hinh anh dién di cac phan doan tinh sach rmEgIA (A), dién di so

sanh rEglA v6i rmEgIA va dién di nhu¢m hoat tinh (B)
1: dich lén cot; 2: dich qua cot; 3-4: dich riva; 5-7: cdc phdn doan tinh sach; §:
nhuom hoat tinh rEgIA; 9: rEgIA tinh sach; 10: rmEgIA tinh sach; 11: nhuom
hoat tinh rmEgIA; M: marker

3.2.6. Tinh chdt ciia rmEgIA
3.2.6.1. Béng hoc co chat cua rEgIA

Cac hang s6 dong hoc Km, Vima, Keat V& K/ K 12 nhimg dai luong dic
trung cho phuong trinh dong hoc co chat cia mot enzyme. Phuong trinh dong
hoc Lineweaver-Burk caa rmEglA dbi voi co chat CMC va B-glucan IGa mach
(barley B-glucan) di dugc xac dinh bang thuc nghiém (hinh 3.27).

Tir phuong trinh Lineweaver-Burk di tinh ra duoc céc hang sé dong hoc.

Pong hoc ddi véi co chat B-glucan Iia mach caa rmEgIA c6 K, thap hon, Ky
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va Kea/ K cao hon so voi co chat CMC. Biéu nay chiing to &i luc cua enzyme
Vi co chét B-glucan IGa mach cao hon so v&i co chat CMC. Van téc cuc dai cua
phan tung do rmEglA xuc tac di véi co chat CMC dat 588,2 U/mg, con d6i voi
co chat B-glucan IGa mach dat 666,67 U/mg. Khi so sanh véi cac hang sb dong
hoc ctia endoglucanase chua cit bo peptide tin hiéu (rEglA) da nghién ciru truéc
nhan thay c6 sy thay doi I6n trong hang sé dong hoc. Kn giam, Vima Va KK
déu tang ddi véi co chat CMC va B-glucan lGa mach. Biéu nay ching to viéc cat
bo peptide tin hiéu di 1am ting i luc cua rmEglA ddi véi co chat hon so v6i
rEglA. Nhu vay, viéc cit bo peptide tin hiéu da dan dén nhiing thay doi vé mat
Cau tric cua phan tir protein enzyme theo hudng thuan lgi cho hoat tinh x(c téc.

Nhiing tuong tac giita cdc nhdm chirc trong phan tir enzyme ciing thay doi.
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Hinh 3.27. D6 thi phuong trinh dong hoc co chat Lineweaver-Burk ciia rmEgIA

A: co chit CMC; B: co chat -glucan lia mach

Bang 3.7. Hang s6 dong hoc co chit ciia rmEgIA tinh sach

Enzyme K Vmax
A m P
Co chat (mg/mi) (U/m_g Keat (MIin™) KKy,
protein)
B-glucan lba mach 0,60 666,67 1388,89 2314,81
rmEglA
______________________________ CMC . 5Ar 5882 122549 22401
S-glucan lia magch 4,04 102,04 2040,82 505,05
rEglA [9]

CMC 10,17 28,99 579,71 57,01
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3.2.6.3. Xdc dinh tinh ddc hiéu co chat cia rmEgIA

Dé xac dinh muc d6 dic hiéu co chit, rmEgIA dugc thir nghiém chuyén
hoa cac co chat khac nhau. Két qua dugc thé hién & bang 3.8. rmEgIA ¢4 tinh
dic hiéu cao ddi véi co chit B-glucan lGa mach (hoat tinh twong d6i dat 217,6%
S0 véi chuyén héa co chat CMC) va CMC (hoat tinh twong ddi 100%), kha ning
thuy phan co chét cellulose két tinh (avicel) rat thap (1,7%) va khdng c6 kha
ning thuy phan co chat xylan, LBG va tinh bot. Nhu vay, rmEgIA thay phan
lien két B-1,4-O-glycoside do cac phan tir B-glucose lién két vai nhau nhung cd

cau trac vo dinh hinh.

Bang 3.8. Mirc d dic hiéu co chat ciia rmEglA

Co chit (1% w/v)  Pon vi cAu tao Lien két tw'o,"lf’;-‘figi”(ﬁ‘) o
B-glucan lua mach B-glucose  B-1,4-O-glycoside 217,6
CMC B-glucose  B-1,4-O-glycoside 100
Xylan B-xylose  B-1,4-O-glycoside 0
LBG B-mannose B-1,4-O-glycos!de 0

1,6-O-glycoside
Avicel B-glucose  B-1,4-O-glycoside 1,7
Tinh bot a-glucose  a-1,4-O-glycoside 0

3.2.6.4. San pham thuy phan cia rmEgIA

Pé xac dinh san pham thuy phan, carboxymethyl cellulose dd duoc thay
phan bai rmEgIA tinh sach. Cac san pham thuy phan dugc phan tach va phat
hién bang phuong phap sic ky ban mong (TLC). Két qua cho thay, san pham
thuy phan CMC chi yéu cua enzyme 1a cellobiose (G2) va cellotriose (G3), tiép
theo 1a cellotetrose (G4) va cac oligomer 16n hon G4. Glucose (G1) 1a san pham
thu duoc it nhat (hinh 3.28). Nhu vay, san pham thiy phan co chat caa rmEgIA
la mot hon hop cac duong (G2, G3, G4) va cac oligomer 1én hon G4.
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Hinh 3.28. Pho chay sic ky TLC san pham thity phan co chat CMC ciia rmEgIA

1: Phé chay hén hop chat chudn; 2: phé chay dich thity phan;, 3: phé chay dich
cellulase tinh sach, 4: phé chay co chit CMC; G1: glucose: G2: cellobiose; G3:
cellotriose, G4: cellotetrose

3.2.6.5. Nhiét phan ing téi wu va dé bén nhiét dé cia rmEgIA

Pé khao sét nhiét d6 phan ng téi wu, rmEglA duoc phan ng véi co chat
CMC ¢ nhitng diéu kién nhiét @6 khac nhau. Két qua duogc thé hién ¢ hinh 3.29A.
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Hinh 3.29. Nhiét do phan wng toi uu (A) va do bén nhiét do cia rmEgIA

Khi tang nhiét do phan ang tr 30-50°C thi hoat tinh cua rmEgIA tang
dan va dat cuc dai & 50°C. Sau d6, nhiét do ting thi hoat tinh rmEgIA giam
dan chi con 45,25% so v&i cuc dai & 85°C. Nam 2012, Pham Thi Hoa di
biéu hién rEgIA (c6 chta peptide tin hiéu) trong cung diéu Kién va danh gia
tinh chat da xac dinh nhiét do thich hop d6i voi enzyme 1a 55°C [9]. Nhu
vay, nhiét do téi wu cua rmEgIA (cat peptide tin hiéu) giam so véi chua cat
bo peptide tin hiéu (rEglA).
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rmEglA ¢6 d6 bén cao trong khoang nhiét do 30-37°C, sau 8h xir ly hoat
tinh tuong ddi con lai khoang 88%. Tuy nhién, khi tang nhiét d6 cao 45-55°C
enzyme mat hoat tinh nhanh (hinh 3.29B). So véi d6 bén nhiét ¢6 cua enzyme
chua cat peptide tin hiéu thi rmEgIA c6 khoang nhiét 6 bén twong duong (30-
37°C) nhung d6 bén thi cao hon. rEgIA sau 8h xtr Iy ¢ 30-37°C hoat tinh tuong
i con lai 40-60% [9].

3.2.6.6. pH phdn ing téi wu va dé bén pH cia rmEgIA

rmEgIA c6 pH phan tng toi wu 1a 3,5, khi pH tang thi hoat tinh ciia enzyme
giam manh chi con 26% so véi hoat tinh cuc dai ¢ pH 8,0 (hinh 3.30A). Nghién
ctru cua Pham Thi Hoa nam 2012 cho thay, pH thich hop di véi endoglucanase
tai t6 hop chua cat peptide tin hiéu 1a 5,0 va khi ting pH méi trudng phan ¢ng
Ién 7,0 thi enzyme méat hoat tinh [9]. Nhu vay, d6i véi endoglucanase tir chung A.
niger VTCC-F021 biéu hién trong P. pastoris GS115 cat bo peptide tin hiéu da
lam giam pH phan @ng t6i wu vé phia acid. Bac biét, rmEgIA hoat dong trong
khoang pH rong hon so voi rEgIA. Piéu nay cé thé lién quan dén viéc cat bo
peptide tin hiéu 1am giam 01 amino acid c6 tinh bazo manh, trong khi sé6 amino
acid co tinh acid manh khong bi mat (phan tich & muc 3.2.1) tir d6 1am giam pH
ti wu ctia phan ang.
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Hinh 3.30. pH phin ng toi wu (A) va @ bén pH (B) ciia rmEglA
Két qua khao sat do bén pH cua enzyme cho thidy rmEgIA rat bén pH.
Trong khoang pH rong tir 3,0-8,0, sau 10 h xir ly hoat tinh twong ddi cua

enzyme van con 77%. Bac biét, ¢ khoang pH tur 3,0-5,0 hoat tinh tuong ddi cua
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rmEglA van con 84-91% (hinh 3.30B). So sanh vé&i dd bén pH cua
endoglucanase chua cit peptide tin hiéu (rEglA) c6 su khac biét 16n. rEglA
twong d6i bén trong khoang pH 3,5-4,5 véi hoat tinh twong ddi con lai khoang
50-70% sau 8 h xir Iy. Nhung & pH 5,5 sau 8h xir Iy rEgIA mat hoan toan hoat
tinh [9]. Trong khi rmEgIA bén trong khoang pH 3,0-8,0, hoat tinh twong ddi
van con 77% sau 10 h xtr 1y. Nhu vay, viéc cat bo peptide tin hiéu da 1am thay

d61 d6 bén pH cua enzyme.
3.2.6.7. Anh hwong cua ion kim logi dén hogt tinh ciia rmEgIA

lon kim loai ¢ anh hudng truc tiép va gian tiép dén hoat tinh cua enzyme.
Tac dong caa ion kim loai c6 thé théng qua lam cau néi gilta enzyme va co chat,
lam thay d6i thé oxi hda - khir, 1am bén phan tir protein enzyme [4]. Két qua khao

sat anh huong cua ion kim loai dén hoat tinh rmEglA duoc thé hién & bang 3.9.

Bang 3.9. Anh huéng ciia ion kim loai dén hoat tinh rmEgIA

Kim Nong df Kim Nong do

loai " 5mM  10mM 15mM loal  5mM 10mM  15mM

K" 1181412 1090+24 1044+21 Ni* 1205+27 1073+1,3 1032+1,8

Ag" 560+16 425+20 41,7+07 Mn* 1151+28 837+15 736+17

Ca®* 129,1+3,6 1195+3,2 1122+15 Cu* 1316%3,3 1152+2,8 1005+2,4

Ba®* 129,3+2,3 1235+2,7 1232%+2,1 Co** 153,0+1,7 158719 1542+26

Mg®* 130,1+4,3 679+29 638+25 Pb* 372£07 0,0 0,0

Zn** 1326+1,8 1096+25 971+17 AP 609%£09 0,0 0,0

Fe* 863+16 725+14 699+22 EDTA 886+12 860+19 853+20

Doi
Hg®* 57,0#1,3 0,0 0,0 100,0+2,8
chung
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Bang 3.9 cho thiy, ¢ ndng d¢ tir 5-15 mM céc ion K*, Ca*, Ba®*, Ni**, Cu™,
Co?* 1am ting hoat tinh cua rmEglA. Céc ion Fe**, Hg**, Pb**, AI** tic ché manh
mé hoat tinh rmEgIA. Trong d6, Ba®* lam ting hoat tinh enzyme manh nhat 1én
123-129% so vé6i ddi ching. lon Pb?* ic ché manh nhét, & ndng d6 5 mM hoat
tinh twong d6i con 37,2% so véi dbi chimg, khi ting 1én 10 mM thi enzyme mat
hoan toan hoat tinh. EDTA 14 chat ¢ ché dic trung v6i metaloenzyme c6 vai trd
trc ché hoat tinh rmEgIA véi hoat tinh tuong d6i giam con 85-88% so véi doi

chung ¢ nong do 5-15 mM.
3.2.6.8. Anh huong cua dung mdi hitu co va chdt tay rira

Cac dung mdi hitu co c¢6 anh huong khac nhau dén hoat tinh rmEgIA. O
nong do 5% cac dung méi déu cé vai tro 1am ting hoat tinh enzyme, trong do
isopropanol va acetone c6 1am ting manh nhat véi hoat tinh twong d6i dat 150%.
Khi ting ndng d6 dung mdi hitu co thi hoat tinh rmEgIA giam dan. Trong cac
dung moi khao sat, methanol khéng lam giam hoat tinh enzyme, n-butanol uc

ché manh nhat ¢ 20% lam mat hoan toan hoat tinh enzyme (hinh 3.31A).

O ndng d6 khao sat tir 0,5-2,0%, c4c chat tay rira Tween 20, Tween 80,
Triton X-100, Triton X-114 déu lam tang hoat tinh enzyme tir 14,9-56,3% so Véi
d6i chung. Trong d6, Triton X-114 1am ting hoat tinh enzyme manh nhat. Triton
X-114 va Tween 80 anh huéng c6 xu hudng ting dan khi ting nong do. SDS

lam tc ché hoan toan hoat tinh enzyme (hinh 3.31B).

Niam 2012, Pham Thi Hoa danh gia tinh chit ciia rEglA (enzyme chua cét
bo peptide tin hiéu) da xac dinh duoc cac dung moi hitu co (methanol, ethanol,
isopropanol, acetone, n-butanol) va cac chat tay rira (Tween 20, Tween 80,
Triton X-100, Triton X-114, SDS) déu tc ché hoat tinh enzyme véi mac do
khac nhau phu thudc vao ndng do [9], [141]. Nhu vay, anh huong cua dung moi
hitu co ddi véi rmEgIA c6 sy khac biét 16n so vai rEgIA. Viéc cit bo peptide tin

hiéu di 1am thay d6i kha nang khang dung moi va chét tay rira cua rmEglA.
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Hinh 3.31. Biéu d6 so sanh anh hwéng ciia dung méi hiru co (A) va chat tay
rira (B) dén hoat tinh ciia rmEgIA
Met: methanol; Eth: ethanol; Ipro: Isopropanol; Ace: acetone; n-But: n-

butanol; T20: Tween 20; T80: Tween 80; TX-100: Triton X-100; TX-114: Triton
X-114; SDS: Sodium dodecyl sulphate; PC: doi chirng

Peptide tin hiéu co vai tro quan trong trong qua trinh tiét protein va sy van
chuyén protein qua hé théng mang sinh hoc. Tuy nhién, biéu hién dong thoi
peptide tin hiéu c6 thé anh huong dén hoat tinh va tinh chat cua enzyme. Do do,
viéc cat bo peptide tin hiéu c6 thé thay d6i hoat tinh va mot sé tinh chat cua
enzyme. Sy khac biét vé tinh chat cia endoglucanase tai to hop co chira peptide
tin hiéu va khdng chira peptide tin hiéu tir chung A. niger VTCC-F021 biéu hién
trong P. pastoris GS115 dugc thé hién & bang 3.10.

Bang 3.10. cho thay c6 su thay d6i I6n vé tinh chat cia rmEgIA so véi
rEgIA. Hang s6 dong hoc K, ciia rmEglA ddi véi co chat CMC va B-glucan déu
giam so vai tEglA. Piéu nay chung to viéc cat bo peptide tin hiéu da lam thay
d6i dong hoc co chat cta enzyme, lam ting &i luc cia enzyme ddi Véi co chat,
Nhiét do va pH phan ang ti vu cia rmEgIA déu giam so véi rEglA. Do bén pH
ciia rmEglA cao hon va khoang pH bén rong hop so véi rEgIA. Anh hudng cua
ion kim loai c6 sy thay doi 16n, cac ion K*, Ca**, Ba**, Ni**, Cu**, Co®* 1am ting
hoat tinh ctia rmEglA nhung hau hét céc ion kim loai khao sat déu lam giam
hoat tinh ctaa rEglA. P9 bén dung mdi cia rmEglA ting hon so véi rEglA, dic
biét rmEgIA rat bén véi cac chat tay rira Tween 20, Tween 80, Triton X-100,
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Triton X-114 (déu c6 vai tro 1am tang hoat tinh trong khoang néng d6 khao séat

0,5-2%) nhung lai Gc ché hoat tinh d6i véi rEgIA.

Bang 3.10. So sanh mét s6 dic diém ciia rmEgIA va rEglA

Pic diém rmEgIA rEglA [9]

Khbi luong Khoang 32 kDa Khoang 33-34 kDa

K 0,6 mg/ml d6i véi p-glucan 4,04 mg/ml déi véi B-glucan
5,47 mg/ml d6i vdi CMC 10,17 mg/ml d6i v6i CMC

Vmax 666,67 U/mg d6i voi B- 102,04 U/mg d6i véi P-
glucan glucan
588,2 U/mg d6i voi CMC 28,99 U/mg d6i véi CMC

Nhiét d6 toi vu  50°C 55°C

pH t6i uu 3,5 5,0

Do bén nhiét dd 30-37°C, hoat tinh tuong 30-37°C, hoat tinh tuong ddi
d6i con 88% sau 8hxrly  con 40-60% sau 8h xir 1y

D6 bén pH 3,0-8,0 3,5-4,5

Anh huong cia

1on kim loai

K*, Ca*, Ba*, Ni¥', Cu”,
Co?* 1am ting hoat tinh. Céc
ion Fe**, Hg**, Pb**, AI* uc

ché manh mé hoat tinh

EDTA va Cu®* hoat hoa nhe
& ndng do 5 va 10 mM. Cac

1on kim loai khac déu trc ché

Anh huong cia

dng moi hiru co

methanol khong lam gidm
hoat tinh enzyme, n-butanol
tic ché manh nhit & 20%
lam mat hoan toan hoat tinh
enzyme

Cac dung mdi déu lam giam
hoat tinh

Anh hudng chat
tay ria

Tween 20, Tween 80, Triton
X-100, Triton X-114 déu
lam tang hoat tinh, SDS lam

mét hoat tinh

Cac chat tay roa déu lam

giam hoat tinh
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Chwong 4. THAO LUAN

4.1. Tinh sach va nghién ciru dic tinh cia cellulase tw nhién tir nam sgi tai
Viét Nam

Peniophora sp. NDVNOL1 14 ching nAim dam phan lap ¢ Viét Nam c6 kha
nang sinh tong hop cellulase manh da duoc tuyén chon. Méi truong véi nhiing
thanh phan dé kiém & Viét Nam d3 duoc t6i wu. Chung Peniophora sp.
NDVNO1 sinh tong hop cellulase manh nhat trong moéi truong toi vu gom 80%
(v/v) dich chiét khoai tay, 0,5% (w/v) bot gidy, 0,6% (w/v) rom laa, 0,1% (wW/v)
CaCO; va 0,15 % (w/v) KCI dat 24,65 U/ml. Nhitng nghién ctru trudc day da
cong bd, ning suit sinh tong hop cellulase trong diéu kién ti wu caa mot sb
chang ndm dam va vi nam tir 2,2 - 18,7 U/ml. Chung ndm rom V. volvacae dat
18,7 U/ml [41], chung nam so trang P. ostreatus dat 7,08 U/ml, chung nam so
tim P. sajor-caju la 2,2 U/ml [103], chung A. niger dat 3,9 U/ml [55], chuang
Penicillium DTQ-HK1 dat 5,09 U/ml [13]. Nhu vay, chung Peniophora sp.
NDVNO1 cé ning suat sinh téng hop cellulase manh hon so véi mot sé chung
nam khac da cong bo. Thanh phan méi truong va diéu kién ti uu co thé dugc sir
dung dé 18n men san xuét ché pham cellulase tir ching Peniophora sp. NDVNO1

trong diéu kién Viét Nam.

Cellulase cua chung Peniophora sp. NDVNO1 da duoc tinh sach bang tua
mudbi ammonium sulphate va phuong phéap loc gel c6 khdi lwong phan tir khoang
32 kDa. Nhitng nghién ciru da cong bd cho thay, cellulase cia mot sé ching
naim dam da dugc tinh sach bang cic phuong phap tuwong tu (tua bang
ammonium sulphate, sic ky loc gel: Sephadex-G75, Sephadex-G100, sic ky trao
d6i ion: DEAE-Sephadex) c6 trong lugng phan tir khac nhau 26-42 kDa khi dién
di trén gel SDS-PAGE. Cellulase tinh sach tir Phanerochaete chrysosporium cé
khdi luong 26 kDa [82]. Cellulase tinh sach tr Laetiporus sulphureus var
miniatus c6 khéi lugng 28 kDa, hoat tinh riéng dat 29 U/mg, hiéu suat tinh sach

dat 5% va do sach dat 16 lan [77]. Cellulase tinh sach tir ching ndm rom
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Volvariella volvacea c6 khdi lugng khoang 42 kDa, hoat tinh riéng dat 324
U/mg, hiéu suat dat 1,5% va do sach dat 42 lan [56]. Chao va dtg da tinh sach
cellulase tir chung nim dam Periconia byssoides thu dwugc enzyme c6 khdi
luong 35 kDa, hoat tinh riéng dat 44 U/mg, hiéu suat dat 27% va do sach dat 4,5
lan [42]. Cellulase tir chung Aspergillus terreus duoc tinh sach ¢ khéi luong 78
kDa, hoat tinh riéng dat 60 U/mg, do sach dat 40 lan nhung hiéu suit tinh sach
chi dat 1,3% [123]. Nam 2010, El-Zawahry va dtg da tinh sach duoc hai
cellulase tir chiing nam Trichoderma sp. (shmosaTri) c6 khéi wong lan luot 1a 58
va 34 kDa, d6 sach 3,43 va 3,35 lan, hiéu suat dat 1,9 va 2,14%, hoat tinh riéng
dat 170,53 va 166,51 U/mg [58]. Nam 2013, Bai va dtg da tinh sach cellulase tur
chung nam Penicillium simplicissimum H-11 c6 khéi lugng 33,2 kDa, d¢ sach
dat 2,27 1an va hiéu suét tinh sach dat 33,2% [31]. Cellulase tir chung A. aculeatus
SM-L22 c6 khéi lugng 24 va 39 kDa [45], 36 kDa la khéi luong cua cellulase tir
chang A. oryzae VTCC-F045 [124]. Ching Penicillium DTQ-HK1 sinh tong hop
hai loai cellulase c6 kich thudc khoang 36 va 58 kDa [12]. Nhu vay, so véi kich
thudc cua cac cellulase da tinh sach tir c4c chiing nam dam va vi nam da cong b,
cellulase cua Peniophora sp. NDVNO1 c6 su khac biét lon. Do d9, cellulase cé
kich thuéc 32 kDa cua chung Peniophora sp. NDVNO1 lan dau tién dugc tinh

sach va nghién cuu tir chi Peniophora c6 thé 1a mot cellulase moi.

Cellulase tir chung Peniophora sp. NDVNO1 c¢6 tinh dac hiéu cao di voi
co chat B-glucan lGa mach va CMC; khong c6 tac dung thily phan co chat xylan,
LBG, avicel. Tinh dic hiéu nay twong dong véi tinh dic hiéu co chét cua
endoglucanase cua mét s6 chung nAm dam va vi nim da cong bd nhu: nim 2009,
Nazir va dtg da xac dinh endoglucanase cua chung A. terreus c6 hoat tinh xtc
tac manh theo thér tu giam dan dbi véi cac co chat p-glucan IGa mach,
xyloglucan, lichenin va CMC [123]. Endoglucanase cua chung Neisseria sicca
SB ¢6 hoat tinh thay phan manh déi véi co chat CMC va xylan, hoat tinh thay
phan yéu dbi voi co chit cellulose d tién xu ly acid nhung khong cé hoat tinh

dbi vai co chat avicel [108]. Endoglucanase cuia chung nAim dam L. sulphureus
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var. miniatus c6 hoat dong thiy phan manh di véi co chit p-glucan lda mach,
lichenan va CMC, nhung hoat dong thap ddi véi B-glucan tinh thé nhu cellulose,
rom ra, va avicel [82]. San pham thay phan CMC cua cellulase tir chung
Peniophora sp. NDVNO1 chu yéu 1a cellobiose (G2) va cellotriose (G3), tiép
theo 1a cellotetrose (G4) va céc oligomer 16n hon G4. Két qua nay tuong tu
endoglucanase tir A. terreus thiy phan co chat CMC va B-glucan thu duoc cac
san pham chinh 1a cellobiose va cellotriose [123]. San pham thuy phan cua
endo-1,4-glucanase tir chung Neisseria sicca SB ddi voi co chat cellulose
acetate chu yéu la G2, G3, G4 va cac oligomer 16n hon G4, khong thu dugc G1
[108]. Trong ba loai cellulase: endoglucanase cho san pham thay phan Ia céc
duong kha (chi yéu gom G2, G3, G4) va céac oligomer I6n hon G4,
exoglucanase cho san pham thay phan chu yéu 1a cellobiose, B-glucosidase cho
san pham thay phan chu yéu 1a glucose [51], [62], [64], [148], [176]. Nhu vay,
tir két qua nghién ctru dong hoc co chat, tinh dic hiéu co chat va san pham thay
phan co chat ctia enzyme c6 thé nhan dinh cellulase tinh sach tir Peniophora sp.

NDVNO1 la mét endoglucanase.

Nhiét d6 phan ung anh huong manh mé& dén hoat tinh xdc tac cua enzyme,
moi enzyme ¢ mot khoang nhiét do phan @ng thich hop. Trong gii han nhiét
d6 chua lam bién tinh enzyme, hoat tinh enzyme ting khi nhiét d6 ting. Tuy
nhién, khi nhiét 6 tang qua gidi han thi hoat tinh cta enzyme lai giam. Nguyén
nhan c6 thé do khi nhiét do ting cao da lam dut gy mot sé lién két yéu
trong phan tir protein enzyme, lam thay doi c4u tric cua phan tir nay, dic
biét 1a c4u tric trung tdm hoat dong cua enzyme, tir d6 anh hudng tsi hoat
tinh xuc tac cua enzyme [4]. Endoglucanase cua chuang Peniophora sp.
NDVNO1 c6 nhiét @6 phan ung téi wu 1a 60°C va tuong dbi bén trong khoang
30-45°C véi hoat tinh tuong ddi con lai 62-76% sau 24h xu ly. Nhiét d6 phan
tng t6i vu ctia mot s6 endoglucanase tir cac chung ndm dam da duge xac dinh
trong khoang 50-75°C. Nhiét d6 t6i wu cho hoat dong cua endoglucanase tinh

sach tir Volvariella volvacea la 55°C [56], tir Periconia byssoides 1a 50°C [42],
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ter Flammulina velutipes la 60°C [101] va tur Laetiporus sulphureus var.
miniatus 1a 75°C [82]. Endoglucanase tinh sach tir mot s6 chung vi ndm c¢é nhiét
d6 tbi uu trong khoang 50-60°C. Nhiét d6 t6i wu cho hoat dong cua enzyme tinh
khiét tir Trichoderma harzianum CECT 2413 duoc xac dinh tai 50°C [53]; tur
Beltraniella portoricensis la 55°C [183], tur Aspergillus terreus la 60°C [123] va
tir Trichoderma sp. (shmosaTri) tai 50°C [58]. Nhu vay, nhiét dd phan tng toi
uu cua endoglucanase tir chung Peniophora sp. NDVNO1 tuong duong vdi
endoglucanase chung Flammulina velutipes va Aspergillus terreus; cao hon
nhiét do t6i uu cua endoglucanase mot so chung nam khac da cong bd. Nam
2009, Hong va dtg da xac dinh duoc endoglucanase tinh sach tir chiung ndm dam
Laetiporus sulphureus var. miniatus gitr dugc 50% hoat tinh tai 70°C va 75°C
sau 15 gio va 22 gio xu ly [82]. Hai endoglucanase tu Trichoderma sp.
(shmosaTri) c6 thé chiu duoc 60 phit & 50°C ma khéng mat hoat dong enzyme.
CMCase | va Il gitr lai 14,0 va 26,5% hoat tinh tai 70°C sau 90 phut [58].
Endoglucanase tinh sach tir Aspergillus terreus 6n dinh & nhiét 6 40 va 50°C &
pH 3-5, nhung mét 14, 39, va 31% hoat tinh khi xt Iy 1h ¢ 60°C trong dém c6
pH 3, 4 va 5 [123]. Nhu vay, endoglucanase cua chung Peniophora sp.
NDVNO1 bén trong diéu kién nhiét d6 thap hon so véi nhitng nghién ciu da

cong bé.

Endoglucanase cua ching Peniophora sp. NDVNO1 ¢6 pH phan ang tbi uu
la 4,5 va rat bén trong khoang pH 4,0-7,0 véi hoat tinh twong d6i con lai hon
90% sau 24h xut ly trong dém o nhiét do 37°C. Hai endoglucanase tur
Trichoderma sp. (shmosaTri) bén trong khoang pH dao dong tur 3,0-9,0.
CMCase | van hoat dong & nhiét do phong sau 24 gio trén mot pham vi pH rong
(3,0-9,0), trong khi CMCase II twong ddi 6n dinh trong pham vi pH 4,0-6,0 [58].
Endoglucanase tir Aspergillus terreus hoat dong 6n dinh ¢ pH (3,0-5,0) va ¢
nhiét @6 40-60°C sau 4 h [123]. Endoglucanase cua chung A. oryzae VTCC-
F045 bén trong khoang pH 5,0-6,0 hoat tinh twong d6i con 71% sau 1h xu Iy
[124]. Endoglucanase cua A. awamori VTCC-F099 bén trong khoang pH 4,5-5,5
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véi hoat tinh twong d6i con lai 80% sau 36h xur ly [127]. Endoglucanase tir A.
terreus M11 bén & pH 2-5, con hon 60% hoat tinh khi u 1 gio & 70°C [63]. Nhu
VAay S0 V&i cac nghién ctru da cong bd, endoglucanase caa ching Peniophora sp.
NDVNO1 c6 d6 bén pH cao trong khoang pH kha rong (4,0-7,0). Pay la tinh
chat wu viét dé c6 thé ting dung ché pham endoglucanase cua ching Peniophora
sp. NDVNOL1 trong nhimng diéu kién khac nhau va thuan loi trong qué trinh tinh
sach, bao quan enzyme.

Céac ion kim loai déng vai trd quan trong trong viéc dinh hinh ciu trdc
khdng gian caa phan tir enzyme hodc trong mot vai truong hop né 12 nhan té can
thiét trong trung tdm hoat dong cua enzyme. Do d6 ion kim loai c6 anh hudng
I6n t6i kha nang hoat dong cua enzyme. Hoat tinh cua endoglucanase tir
Peniophora sp. NDVNO1 di duoc ting cuong véi sy hién dién cua Ni** trong
khoang nong d6 2-10 mM, Ca®* ¢ ndng d6 2 mM, Zn** & ndng d6 2 mM, Ba®* ¢
nong d6 4 mM va mercaptoethanol trong khoang nong do6 2-6 mM. Tuy nhién,
hoat tinh cellulase d3 hoan toan bi Gc ché bai viéc bd sung cac ion Ag* va Cu**
& nong do 4-10 mM. Su hién dién caa K*, Na*, Fe**, Mn**, Mg”* va EDTA lam
giam céc hoat tinh enzyme tir 3-39% & ndng do khac nhau tir 2-10 mM. Két qua
nay c6 su khac biét so vai nhitng nghién ciu vé anh huong caa ion kim loai dén
hoat tinh endoglucanase cua cac chang nam da cong b nhu: Hong va dtg (2009)
d4 nghién cau chi ra rang, bd sung cac ion Ni**, Co*, Fe**, Ca** c6 vai tro ting
cudng cac hoat dong caa endoglucanase tir ching nam dam L. sulphureus var.
miniatus, trong khi cac ion Mn* va Cu®* tic ché hoat dong cua enzyme [82].
Endoglucanase tinh sach tir A. terreus cho thay hoat dong dugc ting cuong khi
b sung Cu**, Mg*, Ca**, Na*, DTT va mercaptoethanol, trong khi d6 ion Fe*,
Mn*, Zn®*, K*, SDS va EDTA, giam cac hoat dong cua enzyme lan luot 12 26,4;
7,0; 13,6; 8,5; 13,7; va 4,8% [123]. Chen va dtg (2001) da xac dinh ion Fe?* kich
thich hoat tinh cua ca 5 loai CMCase (EG II-1, EG 1I-2, EG 1lI-1, EG IlI-2 va
EG IV) tu A. aculeatus SM-L22 [44]. Hoat tinh endoglucanase tur A. terreus
DSM 826 tang 83% va 25% khi u véi Co** 25 mM va Zn** 50 mM, nhung Hg**
lai 1am giam 50-71% hoat tinh khi u voi Hg** 25 va 50 mM [61].
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EDTA la chit tc ché dic trung cua enzyme kim loai, thuong dugc dung dé
phan biét enzyme kim loai va cdc nhom enzyme khéac [4]. Endoglucanase cua
Peniophora sp. NDVNOL1 bi &c ché tir 29-39% hoat tinh twong d6i khi ting ndng
d6 EDTA tir 2-10 mM. Do d6, endoglucanase cua Peniophora sp. NDVNO01cé
thé 12 mot metalloenzyme. 2-mecaptoethanol 12 hop chat duoc dung dé kh lién
két disulfide va c6 thé phan tmg nhu 1a mot chat chéng oxy hoéa bing cach cat
cac gbc hydroxyl cua cac chat khac. 2-mecaptoethanol c6 thé 1am bién tinh
protein biang bang kha ning phan cit lién két disulfide cua chat nay [22]. Khi
khao sat anh huong cua 2-mecaptoethanol ddi véi endoglucanase cua
Peniophora sp. NDVNO1 nhan thay 2-mecaptoethanol & ndng d6 2-8 mM khong
lam mét hoat tinh enzyme, ¢ nong do 2 mM 1am tang 15% hoat tinh tuong d6i
ctia enzyme so véi d6i ching. Diéu ndy chang té endoglucanase caa Peniophora
sp. NDVNO1 la moét monomer hoic trong cau trdc phan tir khdng cé su hién

dién cua lién két disulfide.

Cac dung mdi hiru co va chit tay rira thuong sir dung dé bién tinh protein
va hoa tan cac co chat ki nudc trong phan ung cia enzyme [22]. Endoglucanase
cua chung Peniophora sp. NDVNO1 c6 d6 bén cao d6i véi dung méi acetone &
nong do 1-20%; ethanol va n-butanol ¢ nong do 1-5%; isopropanol ¢ nong do 1-
15% vaoi hoat tinh tuong d6i tang 21% so véi dbi ching ¢ nong do 15% acetone.
Nhitng nghién ctu truéc cho thy, cac dung méi hiru co methanol, ethanol,
acetone, isopropanol va n-butanol déu lam giam hoat tinh endoglucanase cua
chang A. niger VTCC-F021. Trong d6, & nong d6 10-20% dung mdi methanol
va ethanol hoat tinh twong dbi cta enzyme con lai hon 86%; Hoat tinh
endoglucanase con giir duoc 1/3 so véi ddi ching khi b sung acetone, butanol
va isopropanol 10-20% (v/v) sau 2 gio u ¢ 37°C [140]. Cac dung mdi hitu co
methanol, ethanol, acetone, isopropanol va n-butanol ciing déu lam giam hoat
tinh cua endoglucanase cua A. niger VTCC-F099 va A. oryzae VTCC-F045
[124], [127].


http://vi.wikipedia.org/w/index.php?title=Li%C3%AAn_k%E1%BA%BFt_disulfide&action=edit&redlink=1
http://vi.wikipedia.org/w/index.php?title=Li%C3%AAn_k%E1%BA%BFt_disulfide&action=edit&redlink=1
http://vi.wikipedia.org/w/index.php?title=Li%C3%AAn_k%E1%BA%BFt_disulfide&action=edit&redlink=1
http://vi.wikipedia.org/w/index.php?title=Ch%E1%BA%A5t_ch%E1%BB%91ng_oxy_h%C3%B3a&action=edit&redlink=1
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Endoglucanase cua chung Peniophora sp. NDVNO1 c6 d6 bén cao dbi véi
Tween 20, Tween 80, Triton X-100 va triton X-114. O nong d6 1-20% céc chat
tay rira Tween 20, Tween 80, Triton X-100 déu lam tang hoat tinh twong d6i cua
enzyme tir 12-40%. Triton X-114 & nong d6 tir 1-5% lam tang hoat tinh tuong
d6i cua enzyme tir 6-55%, tuy nhién & néng do 10-20% lai 1am giam hoat tinh
tuong ddi tir 20-41% so véi d6i ching. Nhung nghién cau vé anh huong cua
chat tay ria dén hoat tinh endoglucanase cua céc ching ndm di cong bd cho
thay sy khac biét 16n so véi endoglucanase cia chung Peniophora sp. NDVNOL.
Nam 2008, Jianmin va dtg khi nghién ctu anh huang cua chat tay rira dén hoat
tinh cua endo-B-1,4-glucanase tur A. terreus da xac dinh dugc enzyme hoan toan
bi wrc ché bai viéc bo sung Tween 100 va SDS ¢ nong do 1% (wiv) [91]. chat tay
rica SDS & nong d6 10 mM ciing lam giam hoat dong cua endoglucanase tir
chang A. terreus vai hoat tinh twong d6i chi con 13,7% [123]. Céc chat tay rua
Tween 20, Tween 80, Triton X-100 va SDS déu lam giam hoat tinh cua
endoglucanase tir chung A. niger VTCC-F099, A. oryzae VTCC-F045 va A.
niger VTCC-F021 [124], [127], [140].

Nhu vay endoglucanase cia chung Peniophora sp. NDVNO1 hoat dong tot
nhat & diéu kién 60°C, pH 4,5 trong dém acetate. Enzyme c6 do bén nhiét do
twong d6i trong khoang 30-37°C nhung rat bén pH trong khoang 4,0-7,0.
Enzyme c6 thé c6 cau trdc monomer va c6 thé thuoc nhdm metalloenzyme.
Endoglucanase caa chung Peniophora sp. NDVNO1 c6 do bén cao vai dung moi
hitu co acetone, isopropanol va cac chat tay rira Tween 20, Tween 80, Triton X-
100 va triton X-114 (1-5%). Tur su khac biét vé khéi luong phan tir va tinh chat
ly héa cua enzyme cho thiy, endoglucanase cua ching Peniophora sp. NDVNO1
cd thé 1a mot enzyme méi ¢6 nhiéu tinh chat wu viét, ¢6 tiém niang wng dung cao
trong chin nudi va chuyén héa sinh khéi. Chung Peniophora sp. NDVNO1 1

mot ngudn cung cip gen ma hoéa endoglucanase dé tao enzyme téi td hop.
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4.2. Nhan dong va biéu hién gen meglA tir chiing Aspergillus niger VTCC-
F021 trong Pichia pastoris

Theo nghién cau caa mot s6 tac gia trudc, Zhao va dtg di st dung phuong
phap t6i uu hoa codon, gen syn-egl (948 bp, thudc ho 5 glycosyl hydrolase) bi
thay doi 193 nucleotide, thanh phan G+C giam tir 54% xudng 44% va tuong
dong 78,8% so vai trinh ty géc (engl tir A. niger IFO31125). Sau d6 dugc chén
vao vector pPIC9K va biéu hién trong P. pastoris GS115. Hoat tinh cua enzyme
tai t6 hop dat 3,3 U/ml véi co chat CMC sau 96 gid nudi cay va 120 U/ml véi co
chat B-glucan, hoat dong tbi wu trong moi truong pH 5 va nhiét do tdi thich &
70°C [185].

Niam 2012, Shi va dtg da biéu hién thanh céng gen Aucell12A (672 bp) ma
hoa endoglucanase khong chua peptide tin hi¢u tir A. usamii trong P. pastoris
GSCel2-1. Hoat tinh enzyme tai t6 hop dat cao nhat sau 96 gio nudi cay & 30°C,
tiép 2% methanol cam ang. rAucell12A hoat dong tét nhat ¢ 60°C va pH 5, bén
¢ dudi 55°C va pH 3,5-7 [157]. Trong nghién ctu cua ching toi, gen meglA
(672 bp) ma hoa endoglucanase khong chura peptide tin hiéu tir A. niger VTCC-
F021 duoc biéu hién thanh cong trong P. pastoris GS115 vai hoat tinh enzyme
tai t6 hop dat cao nhat sau 96h 1én men ¢ 25°C, tiép 1,2% methanol cam tng sau
24h trong méi trudng chia 1,6% peptone; 1,2% cao nam men; pH ban dau 5,0.

rmEgIA tinh sach c6 khéi luong phan tir 32 kDa, véi hoat tinh riéng dat
191,5 U/mg, d6 sach dat 6,02 1an va hiéu suat thu hoi 50,44%. Hoat tinh riéng
va d6 sach cao hon so vé&i endoglucanase tai t6 hop ¢ chaa peptide tin hiéu
(16,2 U/mg protein va 2,7 lan [141]). Khéi luong phan tir cia rmEgIA (32 kDa)
cao hon so véi kich thudc ly thuyét theo trinh tu amino acid suy dién (24,2 kDa)
va thap hon so véi rEgIA (33-34 kDa [141]). Sir dung chwong trinh NetOGlyc
4.0 Server cho thay, threonine & vi tri 219 (T") duoc du doan 1a vi tri O-glycosyl
hoa trong trinh tw mEgIA. Nhu vay, qua trinh O-glycosyl da lam tang kich thudc
cua rmEgIA so vai ly thuyét va doan peptide tin hiéu duoc cat bo da lam giam
kich thudc cua rmEgIA so voi kich thudc cua rEglA.
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Pong hoc co chat CMC va B-glucan duogc xac dinh dé tinh gia tri K, Vimax
va K. Gid tri K, caa rmEglA tur P. pastoris/pPmeglA/14 1a 5,47 mg/ml CMC
va 0,6 mg/ml B-glucan thap hon gia tri K, cua rEgIA (10,17 mg CMC/ml va
4,04 mg B-glucan [141]). Piéu d6 c6 thé do viéc cit bo peptide tin hiéu da lam
thay ddi cau truc khéng gian cua protein. Sy thay d6i nay dan téi lam ting ai luc
cua enzyme tai to hop d6i voi co chat CMC va B-glucan. Khi so sénh véi
enzyme tu nhién cua chang A. niger VTCC-F021, gi4 tri K., cia rmEgIA thap
hon gié tri K, cua endoglucanase dang tu nhién (8,582 mg/ml [140]). Biéu nay
chung to endoglucanase tai to hop cit bo peptide tin hiéu co ai luc voi co chat
CMC cao hon so véi endoglucanase tuy nhién. Endoglucanase tu nhién ciing la
dang enzyme khong cé peptide tin hiéu. Vay su khac biét nay c6 thé 1a do su
khé&c biét vé qua trinh glycosyl hda trong A. niger VTCC-F021 va hé biéu hién P.
pastoris dan dén cau tric caa phan tir protein enzyme c6 su thay do6i lam thay

d6i &i luc cia enzyme d6i voi co chat.

Nhiét d6 va pH toi wu cua rmEgIA 1a 50°C va 3,5. Zhao va dtg (2010) cho
biét nhiét d6 va pH tdi wu cua endoglucanase tir A. niger biéu hién trong P.
pastoris la 70°C va pH 5 [185]. Cac endoglucanase tir chung A. niger IFO31125
biéu hién trong S. cerevisiae hoat dong tét nhat ¢ 70°C va pH 6 [81], tir ching A.
terreus c6 nhiét do tdi thich & 60°C va pH 2 [63] va tir A. aculeatus biéu hién
trong A. oryzae c6 nhiét do tdi thich ¢ 50°C va pH 4,5 [147]. Nhu vay, cac
endoglucanase tai té hop khac nhau c6 nhiét d6 va pH ti vu khac nhau. Su khac
nhau d6 ¢6 thé do trinh tu amino acid khac nhau, thudc cac ho khac nhau hoic

co ché hoat dong khac nhau gitra céc hé théng biéu hién.

Viéc xac dinh d bén nhiét va pH cia enzyme c6 y nghia quan trong trong
qua trinh thu nhan ché pham enzyme, tinh sach va nghién ctu enzyme. Dong
thoi, gitp cho viéc str dung ché pham enzyme dat hiéu qua cao hon. rmEgIA bén
& 30-37°C va pH 4,0-7,0. Hoat tinh rmEgIA con 88% sau 8 gio u ¢ 30-37°C. So

sanh voi do bén nhiét do cua endoglucanase tai to hop c6 chira peptide tin hiéu
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(rEgIA) thi rmEgIA c6 cung khoang nhiét do bén (30-37°C) nhung kha ning suy
giam hoat tinh cham hon (88% so véi 40-60%). Theo nghién ciu cua Zhao va
dtg (2010) thi endoglucanase tir A. niger biéu hién trong P. pastoris con hon
95% hoat tinh sau khi t 30 phat ¢ 60°C va hon 90% & 70°C, nhung chi con 20%
hoat tinh khi u & 80°C sau 30 phut [185], endoglucanase tai to hop tir A. terreus
gitr dugc hon 60% hoat tinh khi t ¢ 70°C trong 1 gio [63]. Engl (endoglucanase
1) tir A. niger biéu hién trong S. cerevisiae van giit duoc 56% hoat tinh sau 1 giod
1 & 80°C[81]. P6 bén nhiét cua endoglucanase tir A. aculeatus biéu hién trong A.
oryzae la dudi 45°C [147].

Endoglucanase tai t6 hop khong chaa peptide tin hiéu c6 do bén pH cao,
sau 10h xur 1y trong cac dém c6 pH 4,0-8,0 hoat tinh twong d6i ciia enzyme con
lai 77%. So véi endoglucanase téai t6 hop c6 chua peptide tin hiéu (rEglA) thi
rmEglA c¢6 d6 bén pH cao hon han, hoat tinh twong d6i cia rEgIA con 40-60%
sau 8h 1t ¢ trong dém pH 3,5-4,5 [141]. Su khéc biét nay c6 thé 1a do viéc cat bo
peptide tin hiéu da lam giam 1 amino acid co6 tinh bazo manh (K, R), giam 11
amino acid ky nudc hoac khong phan cuc (A, I, L, F, W, V, M, G, P) va giam 3
amino acid phan cuc (N, C, Q, S, T,Y) caa rmEgIA so vai rEglA. Enzyme
rmEgIA co pl giam 0,129 so vai rEglA. Theo nhitng nghién ctru trude da cong
bd, endoglucanase tai to hop tir A. terreus bén trong dai pH tir 2-5 [63]. Engl
(endoglucanase 1) tir A. niger biéu hién trong S. cerevisiae bén trong dai pH tr
3-10 [81]. Po bén pH cua endoglucanase tir A. aculeatus biéu hién trong A.
oryzae trong khoang 2,0-9,0 [147]. Nhu vay, su khéc biét vé d6 bén pH cua
rmEgIA so véi rEgIA c6 thé 1a do viéc cat bo peptide tin hiéu lam thay doi thanh

phan amino acid.

rmEglA c6 do bén dung mdi hiru co cao hon so véi rEgIA. Trong céc dung
moi khao sat, methanol khong lam giam hoat tinh enzyme, cac dung moi khac
(ethanol, isopropanol, acetone) & nong do 5-10% c6 vai trd hoat héa enzyme, n-

butanol ¢ ché manh nhat & 20% lam mat hoan toan hoat tinh cia rmEglA.
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Trong khi cac dung méi twong tu déu 1am giam hoat tinh twong déi cua rEgIA
véi hoat tinh twong ddi con lai 70-80% [141]. rmEgIA rat bén vai chat tay rira
(Tween 20, Tween 80, Triton X-100, Triton X-114) so véi rEgIA. O nong do
khao sat tir 0,5-2,0%, céc chat tay ria Tween 20, Tween 80, Triton X-100,
Triton X-114 déu lam ting hoat tinh enzyme tir 14,9-56,3% so véi dbi chung.
Trong khi & cung ndng do, cic dung modi trén déu 1am giam hoat tinh cua
endoglucanase van chtra peptide tin hiéu (rEglA) [141]. Nam 2008, Jianmin va
dtg khi nghién ciu anh huéng cua chat tay ria dén hoat tinh cua endo-p-1,4-
glucanase tir A. terreus da xac dinh dugc enzyme hoan toan bi ¢c ché bai viéc
b sung Tween 100 va SDS & nong do 1% (w/v) [91]. chét tay rira SDS & ndng
d6 10 mM ciing lam giam hoat dong cua endoglucanase tir chung A. terreus véi
hoat tinh twong ddi chi con 13,7% [123]. Céc chét tay rira Tween 20, Tween 80,
Triton X-100 va SDS déu Iam giam hoat tinh cua endoglucanase tir ching A.
niger VTCC-F099, A. oryzae VTCC-F045 va A. niger VTCC-F021 [124], [127],
[140]. Nhu vay, endoglucanase tai to hop cit bo peptide tin hiéu rat bén véi chat
tay rira Tween 20, Tween 80, Triton X-100, Triton X-114.

Phan tich trinh tu amino acid suy dién cua rmEgIA bing phan mém
DNAstar cho thiy thanh phan amino acid cua rmEgIA c¢6 9 amino acid mang
tinh bazo manh (K, R), 2 amino acid mang tinh bazo yéu (H), 19 amino acid
mang tinh acid manh (D, E), 97 amino acid ky nudc hoac khdng phéan cuc (A, 1,
L, F, W, V, M, G, P) va 96 amino acid phan cuc (N, C, Q, S, T,Y). Enzyme
rmEgIA c6 khéi lugng tinh toan theo ly thuyét khoang 24,24 kDa vai pl bang
4,24. Khi so sanh vai endoglucanase tai to hop c6 chaa peptide tin hiéu (rEglA)
[9], [141], thanh phan amino acid caa rmEgIA c6 sy thay doi: giam 1 amino acid
c0 tinh bazo manh (K, R), giam 11 amino acid ky nuéc hoac khéng phéan cuc (A,
I, L, F, W, V, M, G, P) va giam 3 amino acid phan cuc (N, C, Q, S, T,Y).
Enzyme rmEgIA c6 khéi lugng giam khoang 1,5 kDa va pl giam 0,129 so V4i
rEgIA. Nhu vay, su khac biét vé tinh chat cua rmEgIA va rEgIA c6 thé 1a do su
thay d6i vé thanh phan amino acid do viéc cit bo peptide tin hiéu.
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KET LUAN VA PE NGHI

Két luan

1.

Chung nim dam Peniophora sp. NDVNO1 c6 kha ning sinh téng hop
cellulase cao da duoc tuyén chon tr 42 ching ndm Soi tai Viét Nam . Poan
gen mi hoa rRNA phan lap tu chung Peniophora sp. NDVNOI1 d3 dugc ding
ky trinh tu trén GenBank véi ma sé JF925333.

. Thanh phan méi trudng 1én men sinh téng hop cellulase phi hop trong diéu

kién Viét Nam da duoc téi vu gom: 80% (v/v) dich chiét khoai tay, 0,6% rom
lGa, 0,5% (w/v) bot gidy lam co chat cam ung, 0,2% (w/v) (NH,),HPO,,
0,15% KCI va 0,1% CaCOs. biéu kién Ién men thich hop & 28°C, pH ban dau

ctiia mdi truong bang 7,0, thoi gian 1én men 120 gio, lac 200 vong/phuit.

. Endoglucanase tinh sach tir chiang Peniophora sp. NDVNO1 c6 khéi lwgng

phan tir khoang 32 kDa, hoat tinh riéng dat 169,42 U/mg, d6 sach dat 2,34 lan.
Enzyme hoat dong t6i uu & nhiét do 60°C, pH 4,5, bén & 30-45°C va pH 4,0-
7,0. Enzyme bén dbi voi dung mdi acetone ¢ nong do 1-20%:; ethanol va n-
butanol ¢ nong do 1-5%; isopropanol & nong do 1-15% va do bén cao doi voi
chat tay rira Tween 20, Tween 80, Triton X-100 va triton X-114.

. Gen meglA c6 kich thuéc 672 nucleotide ma hoa endoglucanase A gom 223

amino acid khong chua peptide tin hiéu tir ching A. niger VTCC-F021 duoc
biéu hién thanh céng trong P. pastoris GS115. Thanh phan moéi truong lén
men sinh tong hop endoglucanase A tai to hop phu hop véi ching P. pastoris
GS115/pPmeglA/14 gdbm: 1,6% peptone; 1,2% cao nAm men; 1,2% methanol
cam tng sau 24h; pH ban dau 5,0; nhiét do Ién men 25°C va thoi gian Ién

men 96h, lac 200 vong/phuit.

. rmEgIA tinh sach c6 kich thudc khoang 32 kDa, hoat tinh riéng dat 191,5

U/mg, d6 sach dat 6,02 1an va hiéu suat thu hoi 50,44%. Enzyme hoat dong
t6i wu & nhiét d6 50°C, pH 3,5, bén ¢ 30-37°C va rat bén trong khoang pH
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3,0-8,0. Enzyme c6 d6 bén cao véi mot sb chat tay rira Tween 20, Tween 80,
Triton X-100 va triton X-114.

Pé nghij

Nghién cau 1én men fed-batch chiung ndm men tai t6 hop P. pastoris
GS115/pPmeglA/14 biéu hién endoglucanase A ning suat cao. Xay dung quy
trinh san xuit endoglucanase A tai t6 hop va thir nghiém 18n men quy md lén
san xuat tao ché pham enzyme b sung vao thirc an chin nudi va chuyén hda
sinh khéi.
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PHU LUC

Bang PL2.1. Cac héa chat thi nghiém chinh

Tén héa chat Hing sin xuit (nuéc)

Acrylamide, chloroform, isoamyl alcohol, Merck (Darmstadt, Burc)
EDTA, imidazole, sodium acetate, Triton X-100

Agarose Rockland (M¥)

Ampicillin Mekopha (Viét Nam)

Cao nam men, peptone, Tris-base, Tween 20, Bio Basic Inc. (New York, My)
Tween 80

CMC (carboxyl methyl cellulose) Prolabo (Phép)
3,5-dinitrosalicylic acid (DNS) (Fluka), B-D- Sigma-Aldrich Co., (St
glucan, SDS Louis, My)

BamHI, EcoRl, Ehel, Sacl, Xbal, Xhol, RNase, Fermentas (Thermo Fisher
T4 ligase, Pfu DNA polymerase, Taq Scientific Inc. (Waltham, MY)
polymerase, Protease K, ethidium bromide,

thang DNA, protein chuan, pJET1.2/blunt

moi, Probond™ resin, pPICZoA, zeocin Invitrogen Corp. (Carlsbad, M¥)

Sephadex G100 Pharmacia (Thuy Pién)

Biogel P100 Bio-Rad (My)




Bang PL2.2. Thanh phan céc loai dém va dung dich

Dung dich Thanh phin, nong dd (w/v)

Dung dich APS Ammonium persulfate 10%

Dung dich Bradford goc 100 ml ethanol 95% (v/v), 350 mg serva blue G, 200
ml phosphoric acid 88% (v/v)

Dung dich  Bradford 425 ml H,O, 15 ml ethanol 95% (v/v), 30 mi

working phosphoric acid 88% (v/v), 30 ml dung dich
Bradford gbc

Dung dich A bém Tris-HCI 1,5 M, pH 8,8

Dung dich B bém Tris-HCI 0,5 M, pH 6,8

Dung dich C Acrylamide 30%, bis-acrylamide 0,8%

Dung dich D SDS 10 %

Dung dich imidazole Imidazole 3 M, NaCl 500 mM, sodium phosphate 20
mM, pH 6

Dung dich DNS DNS 1%, NaOH 0,99%, KNaC4H;O¢ 15,3%,
Na,S,05 0,415% phenol 0,38% (v/v)

Dung dich I Tris-HCI 100 mM, EDTA 10 mM, pH 8,0

Dung dich 1T NaOH 0,2 N, SDS 1%

Dung dich III kali acetate 60%, acid acetic 11,5% (v/v)

Dung dich nhuém DNA  ethidium bromide 0,1 pug/mi

Dung dich nhuém gel coomassie brilliant blue 0,1%, methanol 30% (v/v),
acid acetic 10%

Dung dich tay gel Methanol 30% (v/v), acid acetic 10% (v/v)

Dung dich mudi A Na,SO; 20%, C;H;O0sKNa.4H,O 2,5%, NaHCO;
2%, Na,C0O3 2,5%

Dung dich mubi B CuS0,.5H,0 15%, vai giot H,SO, dic

Dung dich mud6i AB

Mudi A: Mubi B (25:1)




bém dién di protein

Tris-HCI 20 mM, glycine 192 mM, SDS 0,1%, pH 8,8

Dém 5x tra mau protein

brommophenol blue 0,05%, glycerol 50% pha trong
dém Tris-HCIl 1 M, pH 6,8

bém TE Tris-HCI 10 mM, EDTA 1 mM, pH 8

bém 10x TBE EDTA 20 mM, Tris-borate 900 mM, pH 8

Pém 6x tra mau DNA brommophenol blue 0,09%, xylene xyanol 0,09%,
glycerol 60%

bém rira DNA Ethanol 70% (v/v)

Pém gén Native Binding NaH,PO,250 mM, NaCl 2,5 M va imidazol 10 mM,

Buffer (NBB)

pH 8

bém ruoa Native Wash NaH,PO,250 mM, NaCl 2,5 M va imidazol 20 mM,

Buffer (NWB)

pH 8

bém thoi Native Elution NaH,PO, 250 mM, NaCl 2,5 M va imidazol 250

Buffer (NEB)

mM, pH 8




Bang PL.2.3. Cac moi truong thi nghiém

Moi trudong

Thanh phan (w/v)

AMM

NaNO; 0,06%, KCI 0,052%, KH,PO, 0,152%, MgSO,.7H,0
0,052%, 1 ml MNS, sucrose 2%.

BMM YNB 1,34%, dém phosphate 0,1 M, pH 6, methanol 1% (v/v)

BMMY YP; YNB 0,34%, 4x10™ biotin, dém phosphate 0,1 M, pH 6,
methanol 1%

Czapek NaNO; 0,2%, K,HPO, 0,1%, MgSO, 0,05%, KCI 0,05%,
sucrose 2%, pH 6,5. Moi truong dic bo sung agar 2%.

LB Peptone 1%, yeast extract 0,5%, sodium chloride 1%.

LB low salt  Peptone 1%, yeast extract 0,5%, sodium chloride 0,5%.

YP Peptone 2%, yeast extract 1%.

YPG Peptone 2%, yeast extract 1%, D- glucose 2%.

YPGS Peptone 2%, yeast extract 1%, D-glucose 2%, sobitol 1 M.




Bang PL.2.4. CAc thiét bi thi nghiém

Tén thiét bi Xuit xir
Bé 0n nhiét VS-1205CW Vision (Han Qudc)
Box ciy vi sinh vat Clean bench TCV.02-1  Viét Nam
B6 xung dién Gen Pulser 11 Bio-Rad (MY)
Hé thong chup anh Dolphin-Doc Wealtec (Dai Loan)

Hé thong dién di dimg Biometra (Biic)
May do pH-827 Metrohm (Thuy S¥)
May lac rung Provocell ™ Esco (MY)

May li tam lanh Hettich Mikro 22R Hettich (btic)

May nudi lac Certomat® HK

Sartorius (Purc)

May quang pho UV 2500 Labomed (M¥)
May PCR Thermocycler Personal Eppendorf (Buc)
Noi khr trung ES-315 Tomy (Nhat)

Ta 6n nhiét MIR-162 Sanyo (Nhat)

Tu lanh sau -84°C MDF-192

Sanyo (Nhat)




Bang PL3.1. Hoat tinh cellulase ciia cic chiing nim soi

Hoat tinh

STT Tén ching (U/ml) STT Teénching Hoattinh (U/ml)
1 T1 0,24+0,02 22 T22 0,54 £ 0,034
2 T2 0,32+0,021 23 T23 0,62 £ 0,031
3 T3 0,38+0,032 24 T24 0,37 £ 0,021
4 T4 0,26 £0,041 25 T25 0,98 + 0,026
5 TS5 0,42+0,048 26 T26 0,25+0,013
6 T6 0,35+0,012 27 T27 0,27 £ 0,032
7 T7 0,25+0,018 28 128 0,23+ 0,031
8 T8 0,17+0,011 29 T29 0,28 £ 0,033
9 19 0,21+0,024 30 T30 0,23+0,018

10 T10 0,45+0,032 31 T31 0,26 £ 0,015
11 T11 0,38+0,031 32 T32 0,23 £0,017
12 T12 0,65+0,045 33 T33 0,54 £ 0,019
13 T13 0,21+0,012 34 T34 0,52 £0,021
14 T14 0,72+0,034 35 T35 0,34 £ 0,024
15 T15 0,63+0,023 36 T36 0,45 £ 0,025
16 T16 0,55+0,031 37 T37 0,31+0,021
17 T17 0,49+0,037 38 1 1,47 £ 0,023
18 T18 0,68+0,032 39 2 0,42 £ 0,021
19 T19 0,34+0,021 40 3 0,86 + 0,032
20 T20 0,56 £0,025 41 4 0,18 £ 0,012
21 T21 0,43+0,023 42 3) 0,34 £ 0,017

(T1-T37: céc chung nam Trichoderma; 1: Peniophora sp. NDVNO1; 2:
Pleurotus sajor-caju; 3: Pleurotus ostreatus; 4: Ganoderma lucidum; 5:

Flammulina velutipes)



Béang PL3.2. Trinh tw nucleotide doan gen rRNA cua chiing Peniophora sp.
NDVNO1

PR ...1In....l ...::IrI iaa ] ..Sln. FEr .I‘Irl. i .EI:I.. .I...EP... I....-"I:.... ....nc

CTTGETCATT TASRGGEARST ARARRGTCCETE ACAARGETTTC CGTAGSSTGAR CCTCEOSGEARG GATCATITGEC GRAGCTIGER a4a
ATECCACSTOC GETACTCOARE CTESOCCAGCE ATESGATCTES CTCSTOTGE:E CTEETSTCOC TTCTOTATTC CRACCOCAROTE 1640
TEAACCAARGT CTECCARCCARE AACACACATE CGOAALDCTORS ATCCTTEACTT TAAATACCCS CCOATTAACT ATCTCAATET 240
ACCTTEIETT AADTOGIADR BATADARRCTT TCAADARCES ATOTOETTGRE TOTOEDATOR ATGERAGARACE CARCGALDLTG 320
CEATRRCTAR TCETERRTTEC RCARTTCAST GRATCATCCR BTCTTTGRAD GCRCCTTRCE CCCCTTHGECR TTCCCAGREE 400
CACGCCTETT CEAGTGETOST FRACTCCTCOC RCOCDCCTACC TTITICERAE GETATIGHEC THEEATTITR:E GRGCTTECE: 480
GSTCOCCTEETC GATCCGECTOT CCTTERATGEC ATTAGCGRARE CCCTTECGED CTITEEFTGETGER TAGTCAICTA CGECCTOEECT 60
TARGCERATCT ATEEGACTCE CTTOCRACCSE TCCCACTEE:E ACARTCRACTA CCRACTTGRC CTCCGARARTCAC GCGGEEACTAC &40
COGCTEAARCT TAAGCATATC AATRAGCCESR GOARAACARAR CTARCAAGCEA TTCCOOITAGT ARACTEOEAGT SRARGCEEGEAT 724
CACCTCARAT TTAAANTCTC CGCETCTTOSE COTCCCACGTT CTAATTTACAR CAMCCETTIT CCOCTGOTCGHR CCOTGTARCAD q00
CRTETOCTEEA ACEEAGOETE ATARAGGETE AGAATOCET CTTISACACE RACCEICACT GRTCTETEAT ACGRCTCTRGEN g80
AGRETCCART TETTTGEEAR TETAGCTCAL BRTELEGTEET GRACTCOCATS TRRACTITARRE TATTEEDGRG AGRCCCATRE 280
CEARCRAGTR COSTEREEER RAGATERAAR GUACTTTE:EA RRAGAGAGTEA ARCACTRACGT GARRTITHETTGE ARRGEEARRC 1040
ACTTERAGTC RETCECETOC GUOGEEATTC RECOGCRRGE TETACTTTCC GETEEACHEEE CCRAGCATCRAC TITCEATCAT 1120
CEGRARAZGE CEAGAGCEARART GTEECACCTC CCEETGETEIT ATAGICTCIT GTCCTATACE STGACCEGEA STGAGERCCE 12040
COTTTETAGE ATSCTGEOST AATGGCTTITA ARCSACCCET CTTEARACAC GGACT 1255



