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TOM TAT

Trong nghién ciru nay, hat composit duqc tao thanh c¢dng tir chitosan vé cao-lanh hoat héa
c6 dudng kinh khoang 4,5 mm va kich thuéc 16 hat 10+50 pm. Higu qué ¢é dinh, do bén hat, 4§
bén enzyme sau khi ¢6 djuh va kha ning tai s\ dung cla enzyme ¢b dinh ciing duqc dénh gla
Cellulase dugc tinh sach tir méi trudmg nudi cdy ndm Trichoderma SP- sir dung sc ki trao dbi
ion DEAE-cellulosc va skc ki loc gel Sephadex G100, sau d6 dugc ¢4 dinh trén hat composit véi
hiéu suét 78,7 %. Enzyme cb dinh c6 do bén nhiét va pH cao hon dang ké so véi dang tr do
(hoat tinh con lai ting 35 % khi u enzyme & nhiét d 60 °C va 22 % & pH 9,0). Enzyme cb dinh
6 thé tai sir dung it nhat 4 1dn va vin duy tri trén 50 % sau 12 l4n sir dung.

Tir khéa: cellulase, Trichoderma, cb dinh enzyme, chitosan, hat composit.
1. MO PAU

Véi dic tinh wu vi§t, cic qué trinh sir dung enzyme dd dugc dua vao 4p dung trong nhidu
nganh cong nghigp nhu cong nghigp thyc phim, cong nghiép dugc, héa ndng nghiép va xir Ii
moi trudng. Tuy vdy, ngoai nhimg wu diém trén vin ton tai nhimg vAn d& trong qua trinh sir
dung enzyme: gi thanh dé phén 13p, tinh sach enzyme con cao, cau tric va hoat tinh enzyme
kém bén khi ching dugc phan lap tir méi truémg tu nhién. Hon aifa, phén 1ém cic enzyme s&
phan tan trong & che hé xiic tic dang 16ng do viy chiing lam “ahi&m ban" sin phdm phan img va
khong thé phuc hdi hoat tinh dé tai str dung. Mét s6 phuong phép da dugc quan tam nghién ciu
dé khac phuc han ché nay, trong d6 ¢b dinh enzyme 12 phuong ph4p thanh céng ohit. . Enzyme cb
dinh 12 enzyme duqc dinh v héa - 1i vdo m§t vai viing xéc dinh trén chét mang w4 vin glu dugc
hoat tinh va cé thé sit dung 13p lai nhidu lin. Cic polymcr co the duge str dung cho viée cé dinh
enzyme bdi ching ¢6 cic nhém chic thich hop va dé bién dbi v& mat héa hoc. Mt trong nhimg
chét mang quan trong nhit cho muc dich nay 14 cic polymer ty nhién nhur agarose va chitosan
(Vd. cho enzyme f- v u-amylase {1, 2]. Chitosan 12 mdt polymer sinh hoc c6 ban chét héa hoc
la polysaccharide mach thing gdm cac dom vj D-glucosamine va N-acetyl-D-glucosamine lién
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Kkét véi nhau theo kiéu B-gl—4)-glyocside. Chitosan 1a mét. nguyén ligu tucnlg‘déi‘ré,' ¢6 tinh tro,
\ra nuée va twong thich vé mit sinh hoc nén la mdt vit lidu ph\f hop cho vige ¢ dinb enzyme.
Hon nifa, sy c6 mat cia cic nhém amin cia chitosan va protein enzyme dé dang tao lién ket
cong hoa tri voi cic chét cAu ndi, vi dy nhwr cac géc aldehyde [3].

Enzyme lién quan trong 48 tai ndy, cellulase [endo»(l,4)-ﬁ—D—gh3¢anase (EC 342.1.'4), exo-
(1,4)-p-D-glucanase (EC 3.2.1.91) va f-glucosidase (EC 3.2.1.21)] da dugc thuo-‘n_g mai héa va
hién dién c trong nghién ciru co ban va cc nghién ciru ch€> myc dic!\ cd[{g llgl‘ilcp [4, .5.], Cic
két qua nghién ctru chimg mioh tiém ning cfia cac cozyme nay trlt‘mg cacAnggnb cong ughl.ep nhfx
thyc phAm, thirc 3o gia sic, cdng nghé do uong, nong nghiép, giay vé'bot gl.éy, cOng nghiép dét
va chit tAy rira. Trong dé tai niy, ching t6i nghién ciu kha ningfé {!gnh‘_Trl.choderma cellulase
trén hat composit tao bi chitosan va cao-lanh hoat héa qua lién ket c4u noi cua mdt aldehyde.

2. VAT LIEU VA PHUONG PHAP
2.1, Sinh ting hgp enzyme

Chiing Trichoderma sp. dugc nubi cdy trén mdi truémg 1én men long & cac didu kién thich
hop (nhigt d¢ 35-37 °C; pH 6,0) trong hé 1én men 2,5 L c6 xyc khi (0,5+1 v/v/ph) va khuay lién
tuc. Thanh phan mdi trudmg nudi cdy ndm nhu sau (cho 1 L méi trudmg): rom (cﬁt nhéd {+1,5
cm) 10 g, MgS0,40,5 g, KH,PO4 1,5 g, cao nim men 2,0 g, dung djch vi lugng (vét) 1,0 ml.

2.2, T4ch chiét va tinh sach enzyme

Dich 1én men dugc Li tim 10 000 v/ph, loai cin Idng, protein trong phin dich dugc két tia
bing axeton 60 %. Sau khi li tam, phén cin protein dugc hoa trong dém Na-acetat 20 mM, pH
6,0. Dich enzym dugc tinh sach bing phuong phép sc ki trao d8i ion DEAE-cellulose, va sic ki
loc gel Sephadex G100 [6). Lugng protein dugc xac dinh véi Roti® - Nanoguant Kit (Roth,
Karlsruhe, CHLB Birc) va protein chuin BSA (bovine serum albumin) theo phuong phéap ciia
Bradford [7].

2.3. Xic dinh hoat tinh enzyme

Hoat tinh cellulase dugc xic dinh sir dung dinitrosalicylic acid theo phuong phap cta
Miller [8] va Pechsrichuang ef al. [9].

2.4. Chuén bj hat composit

. 100 g cao-lanh (kaolin) ty nhién (C.ty TNHH Viét Trung, Gia Lam, Ha Noi) da khir dxyt
sat (Fe,0, £ 0,4 + 1,5 %) dugc hoat héa véi 200 ml H,SO, 1 M & 80 °C trong 2 gi&. Dich duge
loc qua giay thiiy tinh va rira bing nuéc cit &én trung tinh r3i sky khé & 110 °C. Cao-lah da
hoat héa ¢ trén dugc trgn véi chitosan (Sigma-Aldrich, Science Park Road, Singapore) (ti 1¢ 1 ¢
1, w/w) trong dung dich axit acetic 1 M. Dung djch c6 4% nhét cao duge nho qua xi-lanh vao
hén hop chira NaOH 15 % va ethanol 95 %. Sau khi dé 1 ngay, cic hat composit dugc rira véi
nude cat dén pH 7,0, kbi 46 kich thudc dudng kinh hat khoang 4,5 mm. Cho 0,1 g hat composit
vao binh tam giac chua glutaraldehyde [0,1 % (w/v) CHy(CH,CHO);; Meck, CHLB Dirc]. Lic
100 v/ph trong 2 gits trén may lic ngang & 30 °C, db hét phén dich, nra nhe véi nude cit va hu
gitr dén khi ding.
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2.5. Anh hién vi dién tir quét (scanning electron microscope, SEM)

Miu dugc 1Ay ra i dung dich, na so qua bang nudc ct 2 14n rdi dé kh trong khong khi.
Sau d6, gin mAu Ién trén dé min va hit chan khdng so by trong I gid. Sau khi hiit chin, miu
dugc phun xa (ion sputtering) mt 16p méng Platin truéc khi quan sét dudi kinh hién vi dién tir
quét phat xa tnrong (Model S4800, Hitachi, Nhit Ban).

2.6. C6 dinh enzyme Ién chit mang

Bb sung dich enzyme véo chat mang & cdc ti 1¢ enzyme kbac nhau (tuong img 1:0,1+4:0,1;
w/w) trong dém phosphat (pH 7,0; 100, mM). Dé ¢ nhiét ¢ 4 °C trong 18 gid, sau d6 phin két
tia dugc loc va phdn enzyme khong gin két s& dugc nira loai bing dém tuong img. MAu dugc
bao quan & 4 °C téi khi sir dung. Lugng enzyme c6 dinh dugc tinh qua hugng enzyme cellulase
ban dau trir di lugng protein cda Jai trong dung djch rira.

2.7.D§ bén hat va enzyme ¢ dinh

D§ bén cua hat dugc danh gia theo % hat con lai trong dung dich véi dai pH khic nhau (pH
5+ 9) sau khi i hat & 25 °C trong dém phosphate 100 mM qua dém trén méy lic ngang 100 v/ph.

D6 bén cua enzyme dang ty do va sau khi cb dinh trén hat d\mc xdc dinh & dai pH va nhiét
d6 trong khoang théi gian khic nhau. B6i véi d6 bén pH, miu duoc i & 25 °C trong dém
phosphate 100 mM, pH 5,0; 7,0; va 9,0. D& xéc dinh d bg nhiét mau duge & 25 °C, 37 °C va
60 °C trong dém phosphate 100 mM pH 7,0. Sau khoang 2,4, 6 va 8 gi miu dugc ldy dé xic
dinh hoat tinh cén lai cia enzyme so véi hoat tinh ban dhu.

2.8. D4nh gi4 kha nang téi sir dyng cia enzyme c§ dinh

Dé danh gia kha nang tai sir dung clia cellulase sau khi co & dinh, hat composit cé gén
enzyme dugc rira véi nube cét va dém sau m3i phan (mg enzyme, sau d6 tiép tuc dugc sit dung
cho phan u-ng tiép theo. Hoat tinh enzyme duge xéc dinh va so sanh v6i hoat tinh sau khi xdc tic
phén img 14n thir nht,

3. KET QUA VA THAO LUAN
3.1. Sinh téng hop cellulase béi Trichoderma sp. trén méi trudmg dich thé

Pé thu dugc lugng enzyme di 16n cho cic nghién ciru tiép theo khi enzyme dugc sinh tdng
hop & lugng t&i da, déng hoc qua trinh 1n men enzyme cellulase béi Trichoderma sp. dugc
nghién ciru trén méi truémg 1én men 1ong, quy md 2,5 L/mé dudi diéu kién khuay va xyc khi lién
tuc.

Két qua thé hién trén Hinh | cho thiy pha log (pha lily thira) két thic ngay sau khoang 15
ngdy nudi cdy, pha cin bang khéng kéo dai va két thic sau khoéng 18 ngay. Trong khi d6, sinh
tdng hop enzyme bit ddu manh ngay sau ngly thir 9 va 12 véi hoat tinh cellulase twong (mg tir
6100 U/L dén 7300 U/L. Nhu vay, aé lhu dugc enzyme véi hoat tinh cao qua trinh 1én men co
thé két thiic trong khoang 2 tudn nubi cay pH méi truéng c6 su thay 4di tr pH ban dhu 6,0 dén
pH 4,8 sau 30 ngdy oudi chy.
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inh 1 e ¢ thiy phan cellulose boi Trichoderma sp. bt diu sau khoing 3 ngly
(= 725::1;)!4;1111& l:x?;: mc ngli'xgu ciru truoc day trén moi trucmg co chit bi ngd (10, 11). Co
chét gidu cellulose (ba ngé, rom...) dugc bict 14 co chAt cam tmg t8t cho qua trinh 1én men sinh
enzyme ccllulase. Hon nira. ldn sir dung céc co chét dang thé nay hoat tinh enzyme thudng ting
cung véi sy phél trién ctia nAm, trong khi d6 hoat tinh enzyme chi duy tri hofic mng nhe khi sir
dung céc co chét da xir If trude. Trong nghlen ciru ndy, sy phat trién manh cua nim (15 ngay)
didu ra ngay sau khi hoat tinh enzyme dat t8i da (12 ngay).
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Hinh 1. Dong hoc qua trinh sinh tdng hop enzyme ciia ching Trichoderma sp.
trén méi truémg dich thé. (¢ ): Sy phét trién ctia nim qua OD méi trudmg (A = 620 nm);
(#): Hoat tinh cellulase trén co chat CMC (U/L); (—): pH méi truémg,

3.2. Téch chiét va tinh sach protein ¢6 hoat tinh cellulase

Dich nuéi cdy Trichoderma sp. (t6ng thé tich 4 L) dugc lgc chin khdng va li tim 6000 v/ph
trong 10 ph, loai cén. Protein tdng dugc tha véi axeton 60 %, lom dung méi va hoa thanh 50 ml
trong dém phosphate 10 mM, pH 6,0. Sau khi tinh sach & budc dAu tién sir dung séc ki trao 46
anion qua cjt DEAE-cellulose, dém Na-acetat 100 mM, pH 4,0 thu duoc 2 phan doan ¢6 hoat
tinh cellulase (hoat tinh tdog 287,3 U). Cac phén doan nay dugc thu va tinh sach uep qua cdt she
ki loc gel Sephadex G100. Két qua thu dugc phan doan ¢6 hoat tinh (phan doan 8+20, twong
duong thé tich rira 30 + 80 ) ml) véi hoat tinh cellulase tdng 14 176,1 U trén co chit CMC (Hinh
2). Sir dung phuo‘ng phép sic ki trao d6i ion va shc ki loc gel Scphadex, Wang ef al. [12] ciing d2
tinh sach thanh cong cellulase tir ching Salinivibrio sp. NTU-05 (hoat tinh tgng 71,3 U). Tuong
t, v6i cac budc tinh sach ndy Li & Yu [13] thu dugc cellulase tir ching Bacillus sp. (157 8 U)
sau kln tia protein bing (NH,),S0,. Phuong phap phd bién dé phan tach cellulase tir méi trudng
nudi cay Trichoderma 1 sir dung sac ki trao ddi ion ¢4t thudmg cho thdy tuong déi higu qua va
ré tidu, trong khi do sir dyng hé séc ki FPLC (Fast Protein quuld Chromatography) qué trinh
tinh sach nhanh hon, dov gian hon nhung doi hoi thiét bj dét tidn [14].
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Hinh 2. Tinb sach cellulase tr ndm Trichoderma sp. trén cot Sephadex G100.

(#): Hoat tinh cellulase trén co chét CMC (U/ml); (—): Protein (mg/mt).

3.3. Tao hat composit v ¢b dinh enzyme cellulase

Hat composit dugc tao thanh céng tir chitosan va cao-lanh hoat héa (ti 1§ 1 : 1) c6 dudng
kinh ~ 4,5 mm, kich thudc 13 trén bé miit hat 10 + 50 pm, Hat ¢6 d¢ bén cao (khong bj tan hay
truong n&) véi didu kién pH > 6,5 (=100 % hat con tai dudi didu kién lic 100 v/ph qua dém &
25 °C), trong khi d6 trong dung dich pH 3,0 + 6,0 hat nhanh bi tan sau khoang 10 phit (Hinh 3).
100
80

60 -

0

D6 bén pH (% hat con lai)

Hinh 3. D bén pH cila hat composit theo % hat con lai
trong dung dich c6 pH kbéc nhau (pH 3+9) du6i ditu kién lc 100 v/ph qua dém.

Vige ¢4 dinh enzyme 1én chit mang polymer trong nghlen clru cong nghé enzyme la cin
thiét dé émg dyng ching trong céc qua trinh cong nghiép, xir 1 méi trwong. Nhidu enzyme da
duge ¢ dinh thanh cdng véi higu suft cao (2, 3, 15, 16, 17]. Viéc lua chon vat lisu mang va
phuong phap ¢b djnh enzyme rit quan trong dé c6 thé thyc hién hiéu qui phan tmg enzyme
mong muén. Sir dung céc chét cb goc aldehyde nhu glyoxyl [18] va glutaraldehyde [19] dugc
blel 13 ¢6 thé tao dugc cée san pham bén do kha nang lién két cong hoa trj da diém. Hmh anh
hién vi dién tir quét (SEM) trén Hinh 4-A cho thay bé mit hat c6 dang vay nhung sau khi cb dinh
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két chu néi glutaraldehyde bé ot hat tré nén nhin min hon
g to enzyme di dugc gn trén bé mit bat. Bang | cho lhay
prolcm 12 78,7 % nhung hoat tinh con lai tuong déi
hé do déc tinh ciia glutaraldehyde a8i véi enzyme (it

protein enzyme (cellulase) qua lién
T3 rét uhu quan st & Hinh 4-B chim,
hxcu suft cd dlnh enzyme (HM) theo lugng
thap (51, 6 %) didu nay c6 thé giai thich ¢6 1
nhét & nong d6 thi nghiém 0,1 % (W/v)).

Hinh 4. Hinb 4nh hién vi dién nir quét (SEM) bé mat hat composit
trude (A) va sau khi ¢b dinb protein enzyme (cellulase; B).

Bang 1. Hiéu suét va hoat tinh enzyme cb djnh trén hat composit.

Théng s6 Protein enzyme Hoat tinh
TPy (mg) 1,5 -
2Pea (mg) 1,18 -

Hey (%) 78,7 -
2Ea (U) - 43,2
YEa (U) - 223
LE. (%) - 51,6

) Eyy - Hoat tinh enzyme dang ti do; Ees - Hoat tinh enzyme sau kbt cé dinh; Eg -
% Hoat tinh enzyme con lai; Py - Lugng protein enzyme dang tw do; Py - Lugng
protein enzyme cb dinh; H.q- Hiéu suat cb dinh enzyme.

3.4. D) bén cia enzyme cb djob

Pé bén pH va nhiét cia enzyme ¢b dinh trén chitosan v cao-lanh hoat héa dugc so sanh
véi dé bén enzyme & dang tw do véi pH 5,0; 7,0 va 9,0 va nhiét 44 & 25 °C; 40 °C va 60 °C. Tren
Hinh S cho lhay cellulase Ur ching Trichoderma sp. bén & pH trung tinh (pH 7,0), kém bén nhét
& pH kidm va 50 % hoat tinh gidm sau 4 h & trong dém phosphat pH 9,0. & pH nay 4§ bén ciia
enzyme tang 1én 16 rét sau khi co djnh (d6 bén ting 39 % sau 4 h o va 19 % sau 8 gis; trung binh
a4 bén pH ting 22 %). & pH 7,0 45 bén enzyme truée va sau khi cd dinh khéc nhau khdng dang
ké. Vi bat khong bén (tan) & pH 5,0 nén khong so sanh v&i enzyme cb dinh & pH nay.
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Tuong quan hoat tinh (%)

Thei gian (h)

Hinh 5. Db bén pH cuia enzyme trudc (-—) va sau khi ¢b djnh (—) trén chét mang.
(A):pH 5; (¢): pH 7 va (#): pH 9.

Hinh 6 cho lhéy cellulase tuong ddi bdn & 40 °C véi > 50 % hoat tinh con lai sau 8 h i &
nhiét 4o ndy, nhumg & 60 °C enzyme giam trén 50 % hoat tinh chi sau 2 gi&. O c4 hai mic nhiét
d% ndy 40 bén enzyme sau khi ¢6 dinh ting 1én ding ké, trung binh hoat tinh enzyme con lai ting
35 % so voi enzyme dang ty do.

Tuong quan hoal tiah (%)

Thoi gian (h)

Hinh 6. Db bén nhiét ciia enzyme trude (—--) va sau khi ¢é djnh (—) trén chét mang.
(#): 25°C; (#): 40°C va (A): 60 °C.

3.4. Khi ning tii sir dyng ciia enzyme ¢6 dinh

Danh gia kha ning tai sir dung clia enzyme cb dmh 14 rét quan trong cho céc img dung xtc
tic sinth hoc trong san xuét theo mé lién tuc. Cellulase ¢ dinh duge sir dung 13p lai nhiéu lin cho
phan img xuc tac thity phan CMC. Két qué thir nghiém thé hién trén Hinh 7 cho thdy enzyme cé
dinh c6 4 ben kha cao khi hoat tinh giam khéng déng ké sau 4 1an tai sir dyng (hoat tinh con lai
>80 %) va vin duy tri trén 50 % hoat tinh sau 12 lan. Két qua nghién ciru & ddy cho théy
ccllulase duoc cd dinh trén hat composit chitosan ¢ do bén cao hon hodc tuong duong so véi
mbt sb enzyme khic ¢b dinh trén vat liéu nay nhur carbonic anhydrase [20], pepsin [21], lipase
[22], tyrosmase (23], nhumg Lhap hom so véi catalase (3], pectinase [22], phosphatase (16, 24].
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Hinh 7. Kha ning tai st dung cilia cellulase 8 dinh trén hat composit (#).

4.KET LUAN

P thu duge enzyme tinh sach ¢6 hoat tinh cellulase tir sinh khéi méi truémg nudi cly
Trichoderma sp. (hoal tinh cao nhit & 12 ngay nudi cy).

Tao thanh cdng hat composit tir chitosan va cao-lanb hoat héa (ti 1§ 1 : l;‘w/w), duong kinh
bat ~ 4,5 mm, kich thudc 13 hat 10-50 pum. Protein enzyme (cellulase) duge c6 dinh trén hat qua
lién két chu ndi sir dung glutaraldehyde véi higu sult 78,7%.

Enzyme c6 dinh trén chitosan va cao-lanh hoat héa ¢6 wu diém vé 46 bén nhiét, pH va kha
niing t4i sir dung cao (hoat tinh con lai >80 % sau 4 1n sir dyng).

Loi cdm on. Nhém téc gia xin cam on sy hd trg vé tai chinh cda Vign Han 13m Khoa hoc va Céng nghé
Viét Nam théng qua Dé tai hé trg c4n b tré (2013) va D& tai déc ldp tré (VAST.DTL.0)/14-15).
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ABSTRACT

IMMOBILIZATION OF CELLULASE FROM FUNGUS TRICHODERMA SP.
ON COMPOSITE BEADS OF CHITOSAN AND ACTIVATED KAOLIN

Do Huu Nghi"*, Vu Dinh Giap', Do Huu Chi?,
Tran Thi Nhu Hang', Tran Thi Hong Ha', Le Mai Huong'

! Institute of Natural Products Chemistry,
’Institute of Biotechnology,
Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Cau Giay, Hanoi

“Email: nghi@inpc.vast.vn

In the present study, the composite beads were successfully prepared using chitosan and
activated kaolin, which had a diameter of approx. 4.5 mm and pore size of 10 = 50 pm. Cellulase
was purified from liquid-state cultivation of Trichoderma sp. by using ion-exchange (DEAE-
cellulose) and size-exclusion (Sephadex G100) chromatography, and was afterward immobilized
on the composite beads with the yield of 78.7 %. The iramobilization efficiency, stabilities of
composite particle and immobilized enzyme as well as operational stability were evaluated. The
pH - and thermal stabjlities of immobilized enzyme were significantly higher than those of the
free enzyme (remaining activity increased 35 % as incubated at 60 °C and 22 % at pH 9.0). The
immobilized enzyme has a reusability of at least 4 times. It remained more than 50 % of its
activity after 12 times of reuse.

Keywords: cellulase, Trichoderma, enzyme immobilization, chitosan, composite beads.
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