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ABSTRACT

We cloned a gene coding chitinase (chi42) from strains Trichoderma asperellum SH 16 isolated from Thua Thien
Hue province, Vietham. Expression of the chitinase in Saccharomyces cerevisiae INVScl produced a fusion protein
of approximately 50 kDa (42 kDa of mature chitinase, 4 kDa of signal peptide and 3.4 kDa of fusion tag of
pPYES2/NT(C)/chi42 vector). The effect of induction time on the chitinase production was investigated. The results
showed that the highest total activity (0.012 unit/mL) of chitinase occurred after 12 h of induction with 2%
galactose.
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INTRODUCTION

Chitinases (EC 3.2.1.14) are a heterogeneous grbepzymes that catalyze the hydrolytic reactioghifin, which

is the second most abundant polysaccharide (a#tul@se) in the world [3] and is long-chain polymaf N-
acetylglucosamine (2-acetamido-2-deoxy-D-glucog®eld byp-1,4 bonds [4]. Chitin is absent from vertebrates
and plants but is commonly found in the exoskeletofinsects and crustaceans as well as in furdysame algae
[15].

Chitin is degraded by chitinases into oligosacalexmj mainly (GIcNAc)2, which is further degraded Ry
acetylhexosaminidases (EC 3.2.1.52) to GlIcNAc. iGdées are produced by a variety of organisms aay ptay
important physiological and ecological roles. Numer genes encoding chitinase have been cloneddroariety
of organisms. Chitinases have been classifiedtimtoglycoside hydrolase families, 18 and 19, bamedmino acid
sequence similarity. Family 18 chitinases cleawefti,4-glycosidic linkage of not only GIcNAc-GIcNAabalso
GIcNAc-GIcN, whereas family 19 chitinases cleavecN#Ac-GIcNAc and GIcNAc-GIcN linkages [11, 12].
Therefore, it is generally accepted that chitinasesiot cleave thg-1,4-glycosidic linkage of GIcN-GIcN [7].

Because of the important applications of chitinasdhe fields of pest control, pollution abatemantl in basic and
commercial biology [5], many have been characterizaostly from plants and bacteria and in minorportion
from fungi. The production of chitinase has recdivatention as one step in a bioconversion protedseat
shellfish waste and produce single-cell proteingioimal and aquaculture feed. The production dirdge enzyme
is thought to be one of the primary economic vdeialin the bioconversion of chitin, estimated toamt for 12%
of the total production cost [2] and is presentheconomic due to the high prices of the commerciallailable
chitinase. A more efficient and economically viaplecess is essential for chitin utilization and thanagement of
shellfish wastes. DNA recombinant technology mayvjute a technique to approach this problem.

In this paper, we described the expression of #regencoding chitinaseh{42), this enzyme was isolated from
Trichoderma asperellum SH16, inSaccharomyces cerevisiae.
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MATERIALSAND METHODS

Subcloning the chitinase gene

The chitinase genet{i42) of Trichoderma asperellum SH16 were digested from recombinant pGEM-T Easyorec
[9] by EcoRI and BamHI and purified by Wizard® SV Gel and PCR Clean-Spstem Kit (Promega) after
electrophoresis on 0.8% agarose gel. The gene leasligated intaEcoRI and BamHI sites downstream of the
GAL1 promoter of pYES2/NT(C) vector (Invitrogen) caransformed intcE. coli DH50 competent cells. The
resulting plasmid (pYES2/NT(G}i42) was characterized by restriction analysis.

Transfor mation of Saccharomyces cerevisiae

The pYES2/NT(CYhi42 plasmid was transformed inf® cerevisiae INVScl (MATahis341 leu2 trpl-289 ura3-
52/MAT o his341 leu2 trp1-289 ura3-52), which was obtained from Invitrogen (Carlsbadliféeia), by the lithium
acetate method, according to the manufacture’sucisdn. The pYES2/NT(C) vector is designed forivet
expression of protein of interest®cerevisiae. It contains th&JRA3 gene for selection in yeast.

Expression of the chitinase gene

S cerevisiae INVSc1 cells containing the recombinant vector witle coding sequence of chitinase geae42,
were grown at 3T, on a shaker with rotation speed of 250 rpm @&y, of 0.4, then added galactose to a final
concentration of 2% for induction of expressiortiud chi42 gene and incubated at°8D Culture was then further
grown for 4 to 24 h, and the cells were harvesteddntrifugation at 15000 xg for 5 min &G4 Sonication was
carried out for 10 min to break cells and recombirahitinase was obtained by extraction buffer (@@ Tris.HCI

pH 7.4, 5 mM imidazole, and 500 mM NacCl). Expresdevel of chitinase was assayed by electrophomsit2%
(w/v) polyacrylamide gel. The gel was then staingith Coomassie Blue R-250 and image was analyze@uality
One software (ver 4.1, BioRad).

Enzyme assay

Chitinase activity was assayed by Tsujibo’s methibt] with a slight modification. Reaction was perfed by
mixing a 70 puL of diluted enzyme with 14QL of 2.5 mM p-nitrophenylf-N-acetylglucosaminide p{NP-$-
GIcNAc) in 50 mM acetate buffer (pH 5). After inatiobn at 50°C for 10 min, the reaction was terngdaby
adding 1.4 mL of 0.2 M N&GOs. Chitinase activity was measured at 420 nm \ithitrophenol standard curves.
One unit of chitinase activity was defined as theoant of enzyme that liberateduinol of p-nitrophenol in 1 min
under the conditions described above.

RESULTSAND DISCUSSION
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Figure 1. Digestion by Sall for pGEM-T Easy/chi42 and pYES2/NT(C)/chi42. SM: DNA size marker (MEcoRI), 1: pYES2/chi42 cut by
Sall, 2: pGEM-T Easy/chi42 cut by Sall.
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Subcloning chi42 gene of T. asperellum SH16

The chi42 gene ofT. asperellum SH16 was recovered from recombinant pGEM-T Easyovesnd ligated into
pPYES2/NT(C), employinge. coli DH5a competent cells. The resulting vector (pYES2/NT¢hiX2) was subjected
a digestion bysall. This digestion produced a linearized DNA fragieh7.5 kb in length, as expected indicating
that the gene were indeed inserted with the vedithile the digestion of pGEM-T Easpi42 vector by Sall
produced two DNA bands of approximately 3.8 kb 8668 bp (Fig. 1).

Expression of chi42in S. cerevisiae

PYES2/NT(C)thi42 expression vector, together with empty pYES2 veata control, were transformed iro
cerevisiae (Fig. 2). The transformed yeast cells were cuttureminimal medium with 2% glucose as carbon seurc
and then used to inoculate rich medium containitig galactose, where induction of the gene took pl&cem
these data, it is apparent that a substantial aseref chitinase activity was produced after 4 hlymiwth using
galactose as an inducer.
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Figure 2. PCR amplification of chi42 gene. SM: DNA size marker (AMEcoRI), NC: negative control (yeast without pYES2/NT (C)/chi42), 1:
pYES2/NT(C)/chi42, 2: yeast transfor med with pY ES2/NT(C)/chi42.
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Figure 3. Expression of chitinasein yeast cellswereinduced by 2% galactose. WM : protein weight marker (97-14 kDa). NC: non-induced
yeast cells. 1 and 2: expression of chitinase after 24 and 12 h of induction, respectively.

Expressed recombinant chitinase was analyzed thr&I5-PAGE. For the inclusion body fraction, a stydwand
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of appoximately 50 kDa (42 kDa of mature proteink@a of signal peptide [1] and 3.4 kDa of fusiomy taf
PYES2/NT(C)thi42 vector) was obtained in culture induced with galae (Fig. 3). Protein bands of chitinase in
unsoluble fractions are very weak (data not showaj.the uninduced cells, no protein band of exgubsizes was
observed, suggesting that induction with galaci®sequired for expression of chitinase genes.

There were some reports on expression of chitigase fromTrichoderma such asch42 gene fromT. harzianum
[1], ech42 gene fromT. aureoviride [8], a novel chitinase frord. atroviride strain P1 [6],chit33 gene fromT.
atroviride [10], ech42 gene fromTrichoderma spp. [13]. However, there are no data in thediteme concerning
expression of the chitinashi42 from T. asperellumin S. cerevisiae.

Profile of chitinase activity in batch culture

A batch culture of recombina® cerevisiae cells was performed in 250-mL Erlenmeyer flaskstfa intracellular
chitinase production. Figure 4 displayed a typ@alve of enzyme production based on the total igtiGenerally,
the total activity of the chitinase increased acmmiusly from the 4 h to 12 h of cultivation withmaximum value of
0.012 unit/mL, and it rapidly decreased after 1Zhis enzyme was absent in the extract from thdrabfnon-
recombinant. cerevisiae).
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Figure 4. Effect of induction time on total chitinase activity of recombinant S. cerevisiae cells.

In conclusion, our experiments show that the cagen 42 kDa fronT. asperellum SH16 was expressed and
functioned inS cerevisiae cells. This recombinang. cerevisiae cell is relatively convenient, therefore, its
application can be further exploited after optini@a for culture conditions will be investigated.
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