CLONING AND EXPRESSION OF A GENE ENCODING CHITINASE FROM LECANICILLIUM LECANII 43H IN PICHIA PASTORIS
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Abstract. Chitinase (EC.3.2.1.14) is an enzyme catalyzing hydrolysis of 1,4-β-glycoside bonds in molecular chitin and can be produced by a wide variety of organisms. Chititnase has been used in controlling pathogenic fungi in plants and insects. Recently, the gene encoding the chitinase from several microbial strains have been cloned and expressed in heterologous host cells and recombinant enzymes have been purified and characterized. In this study, the gene encoding the chitinase from Lecanicillium lecanii 43H (1269 bp, GenBank JX665045) was cloned and expressed in Pichia pastoris X33 by using an expression vector pPICZαA. The transformant expressing the highest level of the chitinase (1.107 U/ml supernatant) was selected. The recombinant chitinase was produced with the highest level in culture YP after induction of 1.5% methanol for 120 h. The recombinant chitinase showed a molecular mass of 45 kDa on SDS-PAGE. The chitinase was successfully expressed in P. pastoris X33.
I.    INTRODUCTION

Chitin is a polysaccharide consist of N-acetyl glucasamine moieties. Chitin is the second abundant biopolymer in the nature and also a constant source of renewable raw materials on earth. Chitin exist in the cell walls of fungi, the outer skin of animals invertebrates (insects, crustaceans, molluscs) [2].
Chitinases are a group of enzymes hydrolysis the 1,4-β-glycoside bonds in chitin into low-molecular-weight products. Chitinases include: Endochitinase (EC.3.2.1.14) cleaves chitin randomly at internal sites, generating low molecular mass multimers of N-acetyl glucosamine; chitobiosidases (EC.3.2.1.29) catalyze the progressive release of diacetylchitobiose starting at the non-reducing end of chitin, and β-(1,4) N-acetyl glucosaminidases (EC3.2.1.30) cleaves the oligomeric products of endochitinases and chitobiosidases, generating monomers of N-acetyl glucosamine [7].  
Chitinase play an important role in the degradation of chitin in the oceans [5]. In addition, chitinases can be used for the production of chitooligosaccharides, which have been found to function as antibacterial agents [8]. Chitinases can also be used in agriculture to control plant pathogens and are degrade the cuticle of various insects effectively [1]. Chitinase are produced by different organisms, such as bacterial, fungi, plants and animals. Among them, chitinase from microorganisms were produced for commerce. For further applications, many chitinase genes from bacterial and fungi have been cloned and expression, and properties of chitinase have been characterized. In this study, we cloned and expression a chitinase gene from L. lecanii 43H in P. pastoris X33 under the control of AOX1 promoter.
II.    MATERIALS AND METHODS
II.1. Chemicals and reagents
Chitin was from HiMedia Laboratories (Mumbai, India); peptone and yeast extract were purchased from Bio Basic Inc. (New York, USA); 3,5-Dinitrosalicylic acid was sourced from Fluka (Sigma-Aldrich Co., St. Louis, USA). Restriction enzymes, Taq DNA polymerase, T4-DNA ligase, First Strand cDNA Synthesis kit, DNA cloning kit were supplied from Fermentas (Thermo Fisher Scientific Inc., Waltham, USA); DNA extraction kit was from Qiagen (Venlo, the Nethelands); EasySelectTM Pichia Expression Kit, Primers and Trizol reagents were from Invitrogen Corp. (Carlsbad, USA).

II.2. Strains and vectors

L. lecanii 43H strain from the Laboratory of Functional Biocompounds, Institute of Biotechnology, VAST was used as the source of the chitinase gene. E. coli DH5α and pJET1.2/blunt (Fermentas, Thermo Fisher Scientific Inc., Waltham, USA) were used for DNA manipulation and amplification. P. pastoris X33 and pPICZαA (Invitrogen Crop., Carlsbad, USA) were used for expression of the chitinase.

II.3. DNA manipulations

Genomic and plasmid DNA isolation was carried out as previously described [6]. DNA fragments and PCR products were excised from a agarose gel and purified as described by Qiagen (Venlo, the Nethelands). DNA sequencing was performed on ABI PRISM 3100 Avant Genetic Analyzer (Applied Biosystems, USA). E. coli DH5α was transformed by using heat shock method as previously described [6].

II.4. Total RNA extraction

The frozen mycelia (15 mg) from L. lecanii 43H were ground to a fine powder under liquid nitrogen using a mortar and pestle, suspended in 1 ml of Trizol Reagent, and incubated at room temperature for 5 min. A volume of 200 µl of chloroform : isoamyl alcohol (24:1) was added and shaken slightly for 15 s, and incubated at room temperature for 3 min. After centrifugation at 12500 rpm and 4°C for 15 min, the upper (clear) aqueous layer was transferred into a fresh 1.5 ml Eppendorf tube, supplemented with 0.5 ml of isopropanol, mixed thoroughly by shaking for 15 s, and incubated at room temperature for an extra 10 min. After centrifugation at 12500 rpm and 4°C for 15 min, the supernatant was carefully removed and the RNA pellet was supplemented with 1 ml of 75% DEPC-ethanol and vortexed at low speed for 5-10 s to wash the pellet thoroughly. After centrifugation at 6000 rpm and 4°C for 15 min, the supernatant was carefully removed and the RNA pellet was air-dried at room temperature for 5-10 min. The RNA pellet was then dissolved in DEPC-dH2O (30-100 µl, depending on the yield) by gently pipetting and incubated at 55°C for 5-10 min.
II.5. First cDNA strand synthesis

Prior to cDNA synthesis, the RNA was treated with reaction reagents [8 µl of RNA, 1 µl of 10x reaction buffer with MgCl2, and 1 µl of Dnase I (1 unit)], and incubated at 37°C for 30 min. The reaction mixture was then supplemented with 1 µl of 50 mM EDTA and incubated at 65°C for 10 min. The first strand of cDNA was synthesized, from the RNA prepared above, using  a cDNA Synthesis Kit. The reaction mixture containing 10 µl of template RNA (1 µg). 1 µl of oligo(dT)18 primer (0.5 µg), and 1 µl of water was then supplemented with 4 µl of 5x reaction buffer, 1 µl of RiboLock Rnase inhibitor (20 U/µl), 2 µl of 10 mM dNTP mix, and 1 µl of RevertAid M-MuLV reverse transcriptase (200 U/µl). The mixture was then mixed gently and incubated at 37°C for 60 min. The reaction was terminated by heating at 70°C for 5 min, kept on ice, and subjected to control PCR amplification.

II.6. cDNA sunthesis and plasmid construction

The first-strand cDNA product was used directly for the amplification of the gene chitinase using two primers ChitF (GC GAA TTC ATG TTG AGC CTA CTC AAA) and ChitR (GC TCT AGA TC TTT CAT GCC ATT CTT GA). The PCR mixture contained 1 µl of 10x PCR buffer, 0.8 µl of 2.5 mM dNTP, 0.6 µl of 25 mM MgCl, 1 µl cDNA (50 ng) from the control RT reaction, 0.2 µl 5 unit Taq polymerase, and 0.5 µl each primer (10 pmol), supplemented with 5.4 µl of distillated water to a final volume of 10 µl. The thermocycler conditions were performed as follows 94°C/4’; 35 cycles of 94°C/45”, 54°C/1’, 72°C/1’; 72°C/10’. PCR products were inserted into the pJET1.2/blunt vector, resulting in pJChit, and transformed into the E. coli DH5α. The recombinant plasmid was confirmed by restriction enzyme analysis and DNA sequencing. cDNA obtained from pJChit digested by EcoRI and XbaI was inserted into pPICZαA, resulting in the recombinant plasmid pPChit.

II.7. Yeast transformation and screening

pPChit linearzed with PmeI was transformed into P. pastoris X33 according to the EasySelectTM Pichia Expression Kit. Transformants were screened on YPD (1% (w/v) yeast extract, 2% (w/v) peptone, 2% (w/v) dextrose, 2% (w/v) agar) plates containing ZeocinTM at a final concentration of 1000 µg/ml. The presence of the gene chitinase in the transformants was confirmed by PCR using yeast genomic DNA as template.

II.8. Gene expression
The transformant P. pastoris X33/Chitinase was cultivated in 30 ml of YP medium (1% (w/v) yeast extract, 2% (w/v) peptone) supplemented with 1% (w/v) glycerol and at 30°C with agitation at 200 rpm until an OD600nm was 5-6. The cell pellet was harvested by centrifugation at 6000 rpm for 5 min. For AOX1 promoter-controlled expression of the chitinase, the cell pellet was resuspended in 30 ml of YP medium dupplented with 1% (w/v) methanol, and every 24 h to maintain induction. Cultivation was performed at 30°C and 200 rpm. The culture supernatant was collected periodically by centrifugation at 12000 rpm and 4°C for 10 min to estimate the chitinase activity.

II.9. Electrophoresis analysis and protein concentration

The molecular mass of the chitinase was determined by 12.5% SDS polyacrylamide gel electrophoresis [3] with Biometra equipment (Göttingen, Germany). Proteins were visualized by staining with 0.1% (w/v) AgNO3.

II.10. Determination of enzyme activity

Chitinase activity was determined by measuring the increase in concentration of reducing sugar formed by enzymatic of colloidal chitin. A mixture of 100 µL of the crude chitinase was incubated with 300 µL of 0.5% (w/v) colloidal chitin in 20 mM Tris-HCl pH 7 at 40(C for 2 hrs. To arrest the reducing sugar released in the reaction mixture, 1 mL DNS [4] was added and boiled for 10 min. The tubes were cooled down to room temperature and centrifuged at 10000 rpm for 10 min. The reduced sugar were determined by measuring the absorbance at 540 nm use N-acetyl glucosamin as standard. One unit (U) of the chitinase activity was denfined as the amount of enzyme that released 1 µmol of N-acetyl glucosamine per hr under the standard assay conditions. All measurements were carried out in triplicate with the resulting values being the mean of the cumulative data obtained.
II.11. Effect of concentration of methanol

The concentration range of methanol (0.5, 1, 1.5, 2 and 2.5% (w/v)) were used to optimize the production of the recombinant chitinase.
II.12. DNA and amino acid sequence alignments

Sequence alignments were constructed and analyzed using the program MegAlign DNAStar. The signal peptide was predicted using SignalP 4.0 Server (www.cbs.dtu.dk/services/SignalP/).

III.   RESULTS AND DISCUSSION

III.1. Cloning and sequence analysis of the gene Chit
The gene Chit amplified by PCR using the cDNA from L. lecanii 43H was approximately 1.3 kb as predicted (Fig. 1, lane 1). The restriction enzyme digestion products of pJChit showed 2 bands corresponding to the size of the gene Chit (~1,3 kb) and pJET1.2 (~3 kb) (Fig. 1, lane 2).
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	Figure 1. Electropherogram of PCR products of Chit cDNA (1); pJChit/EcoRI-Xbal (2); M: DNA marker


The sequence of Chit contained 1269 nucleotides (from nt 31 to nt 1300, Fig. 2), encoding a protein of 423 amino acids (MLSLLKKSMA….IKNGMK, Fig. 2) with a 20 N-terminal amino acid signal peptide (MLSLLKKSMAVAVALQAVTA, Fig. 2). The sequence was verified as a chitinase gene by homologous analysis with other fungi chitinase genes, and the complete nucleotide sequence of Chit was submitted to GenBank, gaining the accession number of JX665045.

The nucleotide sequence of gene Chit from L. lecnaii 43H showed an identify of 100% with the corresponding sequence from Verticillium lecanii (DQ41294411).
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	Figure 2. Open reading frame of Chit in plasmid pPchit. Chit form aa MLSLLK….IKNGMK (31-1300 nu).  MLSLLKKSMAVAVALQAVTA, presignal peptide; AAIGSA, C-terminal sequence.


III.2. Construction of expression system Pichia pastoris X33/pPChit
Chit cDNA (1269 bp) was inserted into pPICZαA (3.6 kb), resulting in pPChit which was opened by PmeI (~ 5 kb) (Fig. 3, lane 1). pPChit was integrated into the P. pastoris X33 genome by crossing over at the AOX1 locus, disrupting the wide-type AOX1 gene of the host.
 The integration of Chit was confirmed by PCR with AOX1 primers, showing two PCR products of 1.9 kb band corresponding to the gene Chit (1269 bp) plus AOX1 (588 bp) and 2.2 kb band corresponding to the other AOX1 gene in the P. pastoris X33 genome (Fig. 3, lane 2,3,4,5,6). All the transformants having those bands could express the strange protein. Among 32 checked clonies, clone S18 showing the highest production of chitinase (0.636 U/ml) and which was selected to express the recombinant chitinase (Table 1).
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	Figure 3. pPChit/PmeI (1); marker (M). PCR products using AOX1 primer and transformants S1-S5 (2-6); M: marker


	Table 1. Chitinase production by P. pastoris X33/ transformants

	Transformant

U/ml supernatant

Transformant

U/ml supernatant

S1

0.602 ± 0.0002
S17

0 ± 0
S2

0.427 ± 0.0003
S18

0.636 ± 0.0002
S3

0.456 ± 0.0019
S19

0.255 ± 0.0003
S4

0.382 ± 0.0006
S20

0.323 ± 0.0002
S5

0.367 ± 0.0009
S21

0.274 ± 0.0004
S6

0.434 ± 0.0004
S22

0.309 ± 0.0002
S7

0.296 ± 0.0003
S23

0.274 ± 0.0003
S8

0.454 ± 0.0006
S24

0.368 ± 0.0014
S9

0.296 ± 0.0003
S25

0.268 ± 0.0004
S10

0.316 ± 0.0002
S26

0 ± 0
S11

0.534 ± 0.0002
S27

0.265 ± 0.0001
S12

0.272 ± 0.0014
S28

0.258 ± 0.0002
S13

0.581 ± 0.0006
S29

0.253 ± 0.0004
S14

0.392 ± 0.0013
S30

0.336 ± 0.0003
S15

0.521 ± 0.0004
S31

0.326 ± 0.0005
S16

0.374 ± 0.0004
S32

0 ± 0



On SDS-PAGE, all transformants showed an extra protein band corresponding to 45 kDa (Fig. 4, lane 1-3, 5-9), which was not appear in the supernatant of P. pastoris X33 (Fig. 4, lane 5).
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	Figure 4. SDS-PAGE of supernatants of X33 (4); S1, S3, S6, S13, S14, S15, S18 (1-3, 5-9); M: marker


III.3. Effect of concentration of methanol

The induction 1.5% (v/v) of methanol showed the highest production of the recombinant chitinase among different amounts of methanol induction from 0-2.5% (Table 2 and Fig. 5B) after 96 hrs.

	Table 2. Effect of concentration methanol

	Concentration (%)
U/ml supernatant

0

0

0.5

0.683

1

1.089

1.5

1.094

2

1.041

2.5

1.066




III.4. Effect of induction time
Induction time was investigated at 24, 48, 72, 96 and 120 hrs at 28°C and concentration of 1.5% methanol. The chitinase production by P. pastoris X33 increased linearly from 0.24 U/ml at 24hrs to maximum of 1.107 U/ml at 96 hrs cultivation (Table 3 and Fig. 5A). 
	Table 3. Effect of induction time

	Time

U/ml supernatant
24

0.240 ± 0.009
48

0.652 ± 0.012
72

1.069 ± 0.010
96

1.107 ± 0.012
120

1.052 ± 0.016
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	Figure 5. SDS-PAGE protein expression at different time (A) and different methanol concentration (B)


IV. CONCLUSIONS

We successfully cloned and expressed the chitinase (including the signal peptide) from L. lecanii 43H in P. pastoris X33 (1.107 U/ml supernatant). For applications, the recombinant chitinase will be characterized and fermentation conditions will be optimized to provide a good system for production of chitinase in industrial scale.
V. ACKNOWLEDGEMENTS
The study was supported by the Master Program of Development and Application of Biotechnology in Agriculture and Rural Development Towards 2020, Vietnam Ministry of Agriculture and Rural Development (Project: Research and production of conidial fungal Lecanicillium spp. for controlling aphids (Aphididae) damaging crop, 2010-2013).
REFERENCES
[1].
N. Dahiya, R. Tewari, R. P. Tiwari, and G. S. Hoondal, Electronic J. Biotechnol, 8, (2005).
[2].
J. Flach, P. E. Pilet and P. Jolles, Experientia, 48, 701-716 (1992).
[3].
U. K. Laemmli, Nature, 227, 680-685 (1970).

[4].
G. L. Miller, Anal. Chem., 31, 426-428 (1959).

[5].
S. H. Park, J. H. Lee, and H. K. Lee, J. Microbiol, 38, 224-229 (2000).

[6].
D. T. Quyen, T. T. Dao, and S. L. T. Nguyen, Protein Expr. Purif, 51, 133-140 (2007).

[7].
A. S. Sahai and M. S. Manocha, Microbiol. Rev, 11, 317-338 (1993).

[8].
C. M. Wen, C. S. Tseng, C. Y. Cheng, and Y. K. Li, Biotechnol. Appl. Biochem, 35, 213-219 ( 2002).



bp





3000





1500





1000





bp





1500





1000





2      M





M   1





M     1





2  3  4  5 6 M





1        2       3        4       5        M       6        7        8       9





kDa


  114





  66





  45





  35





  25


������������


  18








kDa





75





50


37





25





kDa





75





50


37





25





bp





5000





3000





bp











2500


2000

















