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TOM TAT 

Trong nghiSn ciiu nay, hgt composit dugc tao thinh cdng tu chitosan va cao-lanh hogt hda 
cd dudng kinh khoang 4,5 mm va kich thudc Id hat 10^50 pm. Hi?u qua cl dinh, dg bin hgt, dp 
bin enzyme sau khi c l djnh va khi ning tai sii dung ciia enzyme cd dinh cung dugc danh gia. 
Cellulase dugc tinh sgch tii mdi trudng nudi ciy nim Trichoderma sp. su dung sic kl frao ddi 
ion DEAE-cellulose va sic ki Igc gel Sephadex GlOO, sau dd dugc cd dinh fren hgt composit vdi 
hi?u suit 78,7 %. Enzyme co dinh cd dg bin nhiet va pH cao hon dang kl so vdi dgng tir do 
(hogt tinh cdn lai ting 35 % khi li enzyme d nhiet do 60 °C va 22 % d pH 9,0). Enzyme cl djnh 
cd thi tai sir dung it nhit 4 lan va viri duy fri fren 50 % sau 12 lin sir dung. 

Tir khoa: cellulase, Trichoderma, cd dinh enzyme, chhosan, hat composit. 

Vdi dac tinh uu viet, cac qua frinh sii dimg enzyme da dugc dua vao ap dimg frong nhieu 
nganh cdng nghi$p nhu cdng nghiep thuc phim, cdng nghiep dugc, hoa nong nghiep va xu li 
mdi truong. Tuy vgy, ngoai nhirng uu diem fren van tdn tai nhirng van de frong qua trinh su 
dyng enzyme: gia thanh dk phan lap, tinh sgch enzyme cdn cao, cau tnic va hoat tinh enzyme 
kem ben khi chiing dugc phan lap tii mdi trudng tu nhien. Hon nua, phan Idn cac enzyme se 
phin tan frong d cac he xiic tac dgng Idng do vay chiing lim "nhiem ban" san pham phin ling va 
khdng thi ph\ic hdi hogt tinh dl tai sfr dung. Mgt sd phuang phap da dugc quan tam nghien ciiu 
dk khic ph\ic hgn chl nay, frong dd cd dinh enzyme la phuang phap thanh cdng nhit. Enzyme cd 
dinh la enzyme dugc djrUi vi hda - li vao mdt vai viing xac dinh fren chat mang ma vin giu dugc 
hoat tinh va cd the su dung lap lai nhieu lin. Cac polymer cd the dugc sii dung cho viec co dinh 
enzyme bdi chiing cd cac nhdm chiic thich hgp va de bien ddi ve mat hda hpc. Mgt frong nhiing 
chit mang quan frgng nhat cho miic dich nay la cac polymer tu nhien nhu agarose va chitosan 
(Vd. cho enzyme p- va a-amylase; [I, 2]. Chitosan la mdt polymer sinh hgc cd ban chit hda hgc 
la polysaccharide mach thing glm cac dan vi D-glucosamine va N-acetyl-D-glucosamine lien 
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ket v4i nhau theo kieu p-(1.4)-glyccside. Chitosan 14 mpt nguyen lieu tuong d6i re, co tmh tro, 
ua nuoc va tuong thich ve mat sinh hpc nen la mot vSt li?u phi hc?p cho vi$c c6 dinh enzyme. 
Hon nua, su co mat cua cac nhom amin cua chitosan va protein enzyme de dang tao hen ket 
cong hoa tri voi cac chjt clu n6i, vi du nhir cac goc aldehyde [3]. 

Enzyme lien quan trong de tai nay. cellulase [endo-(l,4)-P-D-glucanase (EC 3.2.1.4), exo-
(l,4)-P-D-glucanase (EC 3.2.1.91) va p-glucosidase (EC 3.2.1.21)] da dupe thuong mji hoa va 
hiin dien ca trong nghien cim co ban va cac nghien ciru cho myc dich cong nghiep [4, 5]. Cac 
ket qua nghien ciiu chiing minh ti6m nang cua cac enzyme nay trong cac nganh cong nghiep nhir 
thirc phim, thiic an gia siic, cong nghe d6 uang, nong nghi?p, giay va bpt giay, cong nghiep det 
va chit tiy nia. Trong de tai nay, chung toi nghien cuu kha nSngco dinh Trichoderma cellulase 
tren hat composit tao bdi chitosan va cao-lanh hoat hoa qua lien kSt cau noi cua mpt aldehyde. 

2. VAT LIEU VA PHirOfNG PHAP 

2.1. Sinh tong hgp enzyme 

Chung Trichoderma sp. duac nuoi cay tren m6i truang len men long Cf cac dieu ki?n thich 
hpp (nhi?t do 35-37 "C; pH 6,0) tiong h? 16n men 2,5 L co xyc khi (0,5-^1 v/v/ph) va khuiy lien 
tyc. Thanh phin moi trucmg nuoi ciy nim nhu sau (cho 1 L m6i hniong): rom (cit nho Kl,5 
cm) lOg, MgSO4 0,5 g, KIi2P041,5 g, cao nim men 2,0 g, dung djch vi lupng (vet) 1,0 ml. 

2.2. Tdch chiet va tinh sach enzyme 

Dich ISn men dupe li tam 10 000 v/ph, loai can ling, protein trong phin dich dupe ket tua 
bing axeton 60 %. Sau khi U tam, phin can protein dupe hoa trong dem Na-acetat 20 mM, pH 
6,0. Djch enzym dupe tinh sach bing phuong phap sic ki trao d6i ion DEAE-cellulose, va sic ki 
Ipc gel Sephadex GlOO [6]. Lupng protein dupe xac dinh vol Roti® - Nanoquant Kit (Roth, 
Karlsruhe, CHLB Due) va protem chuan BSA (bovine serum albumin) theo phuong phap ciia 
Bradford [7]. 

2.3. Xdc dinh hoat tinh enzyme 

Hoat tinh cellulase dupe xac dinh sir dung dinitrosalieylic acid theo phuong phap ciia 
Miller [8] va Pechsrichuang et al. [9]. 

2.4. Chuan bi h^t composit 

100 g cao-lanh (kaolm) tu nhien (C.ty TNHH Vi?t Trung, Gia Lam, Ha Npi) da khir oxyt 
sit (FciOj < 0,4 * 1,5 %) dupe hoat hoa vcri 200 ml HjSO, 1 M a 80 °C trong 2 gio. Djch dupe 
loc qua giay thiiy tinh va nia bing nucrc cit den trung tinh roi say kho o 110 °C. Cao-lanh da 
hoat h6a a tren dupe tron vol chitosan (Sigma-Aldrich, Science Park Road, Singapore) (tl 1$ 1'. 
l,;̂ w/w) h-ong dung dich axit acetic 1 M. Dung dich co dp nhot cao dupe nho qua xi-lanh vJo 
h6n hpp chiia NaOH 15 % va ethanol 95 %. Sau khi de 1 ngay, cac hat composit duoc nia voi 
nuoc eat den pH 7,0, khi do kich thuoc duong kinh hat khoang 4,5 mm. Cho 0,1 g hat composit 
vao binh tam giac chiia glutaraldehyde [0,1 % (w/v) CH2(CH2CHO)2; Meek, CHLB Dire). L4C 
100 v/ph trong 2 gio tren may lie ngang 6 30 °C, d6 het phan dich, nia nhe voi nuac cat va luu 
giii den khi dimg. 
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2.5. Anh hien vi dien tir quet (scanning electron microscope, SEM) 

Mau dugc liy ra tir dung djch, riia so qua bang nude cat 2 lin rdi dl khd frong khdng khi. 
Sau dd, gin mSu len fren dl mlu va hut chin khdng sa bg frong 1 gid. Sau khi hut chin, mau 
dugc phun xa (ion sputtering) mgt lop mdng Platin trudc khi quan sat dudi kinh hiln vi dien tii 
quet phit xa trudng (Model S4800, Hitachi, Nhit Bin). 

2.6. Co dinh enzyme len chat mang 

Bd sung djch enzyme vao chit mang d cac ti le enzyme khic nhau (tuong ling 1:0,1M:0,1; 
w/w) trong d$m phosphat (pH 7,0; 100 mM). Dl d nhiet dd 4 °C frong 18 gid, sau dd phin kit 
tiia dugc lgc va phin enzyme khdng gin kit se dugc riia logi bing dem tuang ling. Miu dugc 
bao quan d 4 °C tdi khi sii dimg. Lugng enzyme c l djnh dugc tinh qua lugng enzyme cellulase 
ban diu trii di lugng protein cdn lgi frong dung dich nia. 

2.7. Dp ben h^t vk enzyme co dinh 

DO ben ciia hat dugc danh gia theo % hgt cdn lgi frong dimg dich vdi dai pH khac nhau (pH 
5 -!- 9) sau khi li hgt d 25 °C frong dem phosphate 100 mM qua dem fren may lie ngang 100 v/ph. 

DO ben ciia enzyme dgng t\r do va sau khi cd dinh fren hgt dugc xac djnh d dai pH vi nhiet 
dg trong khoing thai gian khic nhau. Dli vdi dp ben pH, mau dugc li d 25 "C frong d^m 
phosphate 100 mM, pH 5,0; 7,0; va 9,0. De xac dinh dp ben nhiet mau dugc ii d 25 "C, 37 °C v i 
60 °C trong d§m phosphate 100 mM pH 7,0, Sau khoang 2, 4, 6 va 8 gid mau dugc liy dl xac 
dinh hogt tinh cdn lgi ciia enzyme so vdi hoat tinh ban dau. 

2.8. Danh gid kha nang tai su- dijing cua enzyme co dinh 

De dinh gia kha ning tai sii dung cua cellulase sau khi cd dinh, hat composit cd gan 
enzyme dugc nia vdi nude cit va d?m sau mdi phan ling enzyme, sau dd tiep tuc dugc sii dung 
cho phan ung tiep theo. Hoat tinh enzyme dugc xac djnh va so sanh vdi hoat tinh sau khi xiic tac 
phan ling lan thii nhit. 

3. KET QUA VA THAO LUAN 

3.1. Sinh tdng hop cellulase bdi Trichoderma sp. tren mdi trirtmg dich the 

Bk thu dugc lugng enzyme du Idn cho cac nghien ciiu tiep theo khi enzyme dugc sinh tong 
hgp d lugng tdi da, dgng hgc qua trinh len men enzyme cellulase bdi Trichoderma sp. dugc 
nghien ciiu tr6n mdi trudng 18n men Idng, quy md 2,5 L/me dudi dieu kien khuay vi xuc khi Uen 
tuc. 

Ket qua thi hi?n fren Hinh 1 cho thiy pha log (pha luy thua) kit thiic ngay sau khoang 15 
ngay nudi ciy, pha cin bing khdng keo dai va ket thuc sau khoing 18 ngay. Trong khi dd, sinh 
tdng hgp enzyme bit diu manh ngay sau ngay thii 9 va 12 vdi hoat tinh cellulase tuang ling tu 
6100 U/L din 7300 U/L. Nhu vay, dl thu dugc enzyme vdi boat tfrih cao qua trinh len men cd 
thi kit thiic frong khoang 2 hian nudi ciy. pH mdi tiirdng cd su thay ddi tu pH ban diu 6,0 den 
pH 4,8 sau 30 ngay nudi cay. 
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Sinh tdng hop enzyme thuy phan cellulose bdi Trichoderma sp. bat dau sau khoang 3 n^y 
(= 72 gid) phii hap vdi cac nghien cuu frudc day fren mdi truongca chat ba ngo [10, 11]. Co 
chit giau ceUulose (bi ngd, ram...) dugc bilt la ca chit cim irng tot cho qua frmh ISn men smh 
enzyme cellulase. Hon nua. khi sir dung cic ca chit dang tho nay hogt tinh enzyme thuang tang 
cung vdi su phat friln cua nim, frong khi do boat tinh enzyme chi duy tn hogc tang nh? khi sir 
dung cac CO chit da xu li frudc. Trong nghien ciiu nay, sir phit frien manh cua nam (15 ngay) 
diln ra ngay sau khi hogt tinh enzyme dat tli da (12 ngay). 

0 3 6 9 12 15 18 21 24 27 30 

Thdi gian (ngay) 

Hinh 1. Ddng hoc qua Uinh sinh ting hgp enzyme ciia chiing Trichoderma sp. 

tren moi trudng dich dil. (•): Sy: phat trien ciia nim qua OD moi tmdng (X, = 620 nm); 

(•): Hoat tinh cellulase tren co chit CMC (U/L); (—): pH mdi tradng. 

3.2. Tach chiet v^ tinh sach protein cd ho^t tinh cellulase 

Djch nudi cay Trichoderma sp. (tong the tich 4 L) dugc lgc chin khdng va li tam 6000 v/ph 
frong 10 ph, loai cgn. Protein tdng dugc tua vdi axeton 60 %, logi dung mdi va hda thanh 50 ml 
frong d?m phosphate 10 mM, pH 6,0. Sau khi tinh sgch d budc dau tien su d^ng sic ki trao doi 
anion qua cot DEAE-cellulose, dem Na-acetat 100 mM, pH 4,0 thu dugc 2 phin doan co hoat 
tinh cellulase (boat tinh ting 287,3 U). Cic phan dogn nay dugc thu va tinh sach tilp qua cot sac 
ki lgc gel Sephadex GlOO. Ket qua thu dugc phin doan cd hoat tinh (phan dogn 8-̂ -20, tuong 
duong the tich rira 30 ^ 80 ml) vdi hogt tinh cellulase tdng la 176,1 U fren eg chit CMC (Hinh 
2). Sii dung phuang phip sac ki frao ddi ion va sac ki lgc gel Sephadex, Wang et al. [12] ciing da 
tinh sgch thanh cdng cellulase tu chimg Salinivibrio sp. NTU-05 (boat tinh tdng 71,3 U). Tuong 
tv, vdi cac budc tinh sgch nay Li & Yu [13] thu dugc cellulase tu chung Bacillus sp. (157.8 U) 
sau khi tda protein bing (NH4)2S04. Phuong phap phd biln dl phan tach cellulase tir mdi frudng 
nudi ciy Trichoderma la sir dung sic ki frao dli ion cot thudng cho thiy tuang dli hi?u qua va 
re tien, frong khi do sir dung he sic ki FPLC (Fast Protein Liquid Chromatography) qua trinh 
tinh sach nhanh han, don gian han nhung ddi hdi thilt bi dit tiln [14]. 
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e 0.5 

Thetfch rOa (ml) 

Hinh 2. Tinh sgch cellulase tii nim Trichoderma sp. tren cot Sephadex GlOO. 

(•): Hogt tinh cellulase tren co chit CMC (U/ml); (—): Protein (mg/ml). 

3.3. Tao hat composit v^ co dinh enzyme cellulase 

Hgt composit dugc tgo thanh cdng tii chitosan vi cao-lanh hoat hda (ti le 1 : 1) cd dudng 
kinh ~ 4,5 mm, kich thudc Id fren bl mat hgt 10 -̂  50 pm. Hgt cd dg bin cao (khdng bj tan hay 
truang nd) vdi dilu kifn pH > 6,5 (-100 % hgt cdn Igi dudi dieu kien lie 100 v/ph qua dem d 
25 °C), frong khi dd frong dung dich pH 3,0 -̂  6,0 hgt nhanh bi tan sau khoing 10 phiit (Hinh 3). 

^ 

Hinh 3. DQ ben pH ciia hat composit theo % hat con lai 

trong dung dich c6 pH khac nhau (pH 3-̂ 9) dudi dieu kifn lie 100 v/ph qua dem. 

Vi?c CO dinh enzyme len chat mang polymer frong nghien ciiu cdng nghe enzyme la cin 
thilt dl ihig dung chung frong cac qua frinh cdng nghiep, xii 11 mdi trudng. Nhieu enzyme da 
dugc CO dinh thanh cdng vdi hieu suit cao [2, 3, 15, 16, 17]. Viec lira chgn vat lieu mang va 
phuang phap cd dinh enzyme rat quan frgng de cd the th\rc hien hieu qua phan ling enzyme 
mong mudn. Su d\mg cac chit cd goc aldehyde nhu glyoxyl [18] va glutaraldehyde [19] dugc 
biet la cd the tao dugc cac san pham ben do kha nang lien ket cdng hda tri da diem. Hinh anh 
hiln vi di$n tii quet (SEM) tren Hinh 4-A cho thay be mat hgt cd dgng vay nhung sau khi cd dinh 



D5 HOu Nghi vi NNK 

protein enzyme (cellulase) qua lien kSt ciu n6i glutaraldehyde be mat hat tra nen nhan mm hon 
ro ret nhu quan sat 6 Hinh 4-B chimg to enzyme da duoc gan tr6n be mat h?t. Batig 1 cho tha;, 
hieu suit c6 dinh enzyme (H^) theo luong protem la 78,7 % nhung hoat tmh con lai tuong do, 
thip (51,6 %) diSu nay CO thj giai thich CO the do dgc tinh ciia glutaraldehyde doi vm enzyme (it 
nhat a nong do thi nghiem 0,1 % (w/v)). 

»'fc 

Hinh 4. Hinh anh hiSn vi dien tii quet (SEM) bl mat h t̂ composit 

trudc (A) va sau khi cl dinh protein enzyme (cellulase; B). 

Bang 1. Hieu suit va hoat tinh enzyme co djnh trfin hat composit. 

Thong s6 '•' 

Zi'.d(mg) 

Zftd(mg) 

«rf(%) 

Z^uiCU) 

Z£ca(U) 

!£. , (%) 

Protein enzyme 

1,5 

1,18 

78,7 

-
-
-

Hoat tinh 

-
-
-

43,2 

22,3 

51,6 

'*'£̂ bd - Hoat tinh enzyme dgng tu do; E^i - Hoat tinh enzyme sau khi co dinh; ̂ ci -
% Hoat tinh enzyme con lai; P^i - Lugng protein enzyme dgng tu do; P^^ - Lugng 
protein enzyme co djnh; //^a- Hifu suit cl dinh enzyme. 

3.4. Do ben cua enzyme co dinh 

Do ben pH va nhi?t ciia enzyme co dinh tren chitosan va cao-lanh hogt hda dugc so sanh 
vdi dg bin enzyme d dang tu do vdi pH 5,0; 7,0 va 9,0 va nhipt dg d 25 "C; 40 °C va 60 °C. Tren 
Hinh 5 cho thay cellulase tir chiing Trichoderma sp. bin d pH trung tinh (pH 7,0), kem bin nhit 
d pH kiem va 50 % hogt tinh giam sau 4 h li trong dem phosphat pH 9,0. 6 pH niy dg bin ciia 
enzyme tang len rd ret sau khi cl djnh (dg bin tang 39 % sau 4 h ii va 19 % sau 8 gid; tiimg buih 
dg ben pH tang 22 %). 6 pH 7,0 do bin enzyme trudc va sau khi cd dinh khac nhau khdng dang 
ke. Vi hat khdng ben (tan) d pH 5,0 nen khdng so sanh vdi enzyme cd dinh d pH nay. 
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Hinh 5. D6 ben pH ciia enzyme tmoc (—) va sau khi co djnh (—) tren chat mang. 

(A): pH 5; (•): pH 7 va (•): pH 9. 

Hinh 6 cho thay cellulase tuang dli bin d 40 °C vdi > 50 % hogt tinh cdn lgi sau 8 h li d 
nhi?t dg nay, nhung d 60 °C enzyme giim tren 50 % hogt tinh chi sau 2 gid. C) ca hai miic nhiet 
dp nay dO ben enzyme sau khi cd djnh tang len dang ke, trung binh hogt tinh enzyme cdn lgi ting 
35 % so vdi enzyme dang tu do. 

Thdi gian (h) 

Hinh 6. Do ben nhi?t cua enzyme truac (—) va sau khi co djnh (—) tren chat mang. 

(•): 25 "C; (•): 40 °C va (A): 60 "C. 

3.4. Kha nang tai sir dung cua enzyme co dinh 

Danh gia kha nang tai sii dung cua enzyme cl dinh la rat quan frgng cho cic ling dung xiic 
tac sinh hpc frong sin xuat theo me lien tuc. Cellulase cd djnh dugc su dung lap lai nhieu lin cho 
phan ung xiic tic thuy phin CMC. Kit qua thu nghiem the hi?n fren Hinh 7 cho tiiiy enzyme cd 
djnh cd dg bin kha cao khi hoat tinh giam khdng ding ke sau 4 lin tai su dung (hogt tinh cdn lgi 
>80 %) va vin duy tri fren 50 % hoat tinh sau 12 lan. Ket qui nghien ciiu d day cho thiy 
cellulase dugc co djnh fren hgt composit chitosan cd dg ben cao han hoac tuong duong so vdi 
mgt sd enzyme khac c l djnh fren vit lieu nay nhu carbonic anhydrase [20], pepsin [21], lipase 
[22], tyrosinase [23], nhung thip hon so vdi catalase [3], pectmase [22], phosphatase [16, 24]. 



D5 HOu Nghi vi NNK 

So \kn SLF dyng 

Hinh 7. Kha nSng tai su dung cua cellulase cl dinh Uln hgt composit (•). 

4. KET LUAN 

Da thu dugc enzyme tinh sgch cd hoat tinh cellulase tir sinh khdi mdi trudng nudi ciy 
Trichoderma sp. (hogt tinh cao nhit d 12 ngay nudi ciy). 

Tgo thanh cdng hat composit tir chitosan va cao-lanh hoat hda (ti 1? 1 : 1; v/lw), dudng kinh 
hgt ~ 4,5 mm, kich thudc Id hgt 10^50 pm. Protein enzyme (cellulase) dugc co djnh tren hgt qua 
liSn ket ciu ndi sir dung glutaraldehyde vdi hieu suat 78,7%. 

Enzyme cd dinh fren chitosan va cao-lanh boat hda cd uu diem ve dg ben nhi^t, pH va kha 
nang tai su dung cao (hogt tinh cdn lai >80 % sau 4 lan sii dung). 

L&i cam ffn. Nhom tac gia xm cam cm su ho trg v6 tai chinh ciia Vi?n Han lam Khoa hgc vi Cong ngĥ  
Viet Nam thong qua D I tai ho trg can b6 tre (2013) va Dk tai doc lap tre (VAST.DTL.01/14-15). 
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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, 
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In the present study, the composite beads were successfiilly 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 GlOO) chromatography, and was afterward immobilized 
on the composite beads with the yield of 78.7 %. The immobilization efficiency, stabilities of 
composite particle and immobilized enzyme as well as operational stability were evaluated. The 
pH - and thermal stabilities 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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