DNA Shuffling을 이용한 Fungal Lignin Peroxidase의 기능성 향상
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The lignin peroxidase H2 gene was isolated from P. chrysosporium. The recombinant LiP H2 was similar to that of horseradish peroxidase and lignin peroxidase, indicating that the molecular weight of recombinant LiP was about to be 38Kda. We performed cloning into pYD vector for yeast cell surface display of lignin peroxidase- H2 gene. In result by rapid screening method, 5 colonies were expressed Lignin peroxidase H2 at high level. Supernatants were not changed color, but washed cells were changed color from white to red. 2,4 - DCP degradation activity of surface displayed LiP was shown 21.5% - 25.1%. In this aspect, the yeast surface displayed lignin peroxidase could utilize the degradation of xenobiotics or pollutants, aromatic compound.

Introduction and theory

P. chrysosporium is capable of degrading a wide variety of organopolulltants(1). The fungus secretes two types of heme containing peroxidases, lignin peroxidase (LiP) and manganese peroxidase (MnP) (3). Both LiP and MnP are involved in lignin and xenobiotic degradation by this fungus (2). DNA shuffling is a recently developed technique that allows improved protein properties and directed protein evolution in vitro. This technique has been shown to be useful in combining independently isolated mutations of a gene into a single progeny (4). These powerful combinatorial methods become available, but designing selection or screening strategies become the most critical step in the successful evolution of molecular diversity (5). Screening can be based on chromogenic substrates or easily observed colony phenotypes (6). An alternative selection method is to display libraries of mutated proteins on phage or microbial cell surfaces and then to select mutant enzymes having desirable properties (7). 

Here, we report method of screening by colorimetric and selection by yeast surface display, as the basic research for the study on directed evolution of lignin peroxidase. And we performed DNA shuffling for functional improvement of fungal lignin peroxidase
Experiments

Strains and vector 

Phanerochaete chrysosporium KCTC 6147(ATCC 24725) , JM109 and DH5α E. coli host cell, pGEM TE easy cloning vector, cloning vector pET 22b(+), yeast cell surface display vector(pYD) system.

Rapid screening method for peroxidase activity (colorimetric assay)
The colorimetric assay was performed in agar plate and 96 well-plate(2,4-DCP 100ppm, 4-antiaminopyrine 200μM, various concentrations of peroxidase). Initially, horseradish peroxidase of various concentrations was spotted in agar plate, which was then exposed H2O2 vapor to plate.
PCR and cloning of Lignin Peroxidase

After extraction of total DNA and mRNA, lignin peroxidase H2 gene from P. chrysosporium was achieved by PCR using Taq DNA polymerase. Amplification of the mature region of the lignin peroxidase gene was achieved by PCR using Pfu DNA polymerase.
Expression and construction of displayed Lignin Peroxidase on yeast cell surface 

After we have achieved LiP H2 gene, we have performed cloning into the pYD vector as described in commercial technique manual . 
Characterization of Lignin peroxidase with degradation activity of 2,4 – DCP

2.4 - DCP concentration and activity of lignin peroxidase was analyzed using UV spectrometer at 280 nm and. UV detector at 284 nm by RPC-HPLC.

Result and Discussion
Rapid Screening method (colorimetric method) 
Color products of different intensity were developed depending on the peroxidase activity in agar plate and 96 well - plate. When peroxidase concentration was increased, the red color intensity on the agar plate and the 96 well plates and liquid condition was increased proportionately (Figure. 1). 

2,4- DCP degradation activity of lignin peroxidase from P. chrysosporium

When the fungi was cultured in C/N(carbon/nitrogen) rich condition, 2,4- DCP degradation activity was higher than C/N limited culture condition. (Table 1)

Expression of Lignin peroxidase into pET expression vector

The migration of recombinant LiP H2 in SDS-PAGE was similar to that of horseradish peroxidase, indicating that the molecular weight of recombinant LiP was about to be 38Kda(Fig. 2).
Determination by Rapid Screening method (colorimetric method) and 2,4-DCP degradation activity of yeast cell surface displayed Lignin peroxidase 

Lignin peroxidase H2 gene was expressed into S. cerevisiae strain EBY 100 under control of the GAL1 promoter. The selected colonies were 78 colonies. These were determined to expression of LiP H2 by colorimetric assay. In this result, 5 colonies were expressed Lignin peroxidase H2 at high level. The washed cells were screened by rapid screening colorimetric assay. Supernatants were not changed color, but washed cells were changed color from white to red(Figure. 3.). 2,4 - DCP degradation activity of surface displayed LiP was shown 21.5% - 25.1%(Table 2). It was about minimum 63% degradation level of that of wild type lignin peroxidase from fungi.
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	Absorbance at 510 nm

	
	Supernatant
	Cell pellet

	LiP 01
	ND
	22.2

	LiP 02
	ND
	25.1

	LiP 03
	ND
	22.3

	LiP 04
	ND
	21.5

	LiP 05
	ND
	19.2


	
	2,4-DCP degradation rate (%)

	
	Low C/N 

culture
	High C/N culture

	Crude
	27.4
	34

	Supernatant
	21.3
	26.1

	Purified LiP
	28.5
	40.1


        a      b    c    d    e           a    b    c   d   e   f
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Figure 1. Colorimetric detection method of peroxidase activity

A: Peroxidase activity on agar medium (a,b,c,d,e : horseradish peroxidase 0.5, 1, 2, 5, 10U), B: Peroxidase activity on  liquid medium (a,b,c,d,e,f : horseradish peroxidase 0.25, 0.5, 1, 2, 5, 10U)
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Figure 2. SDS-PAGE of recombinant Lignin peroxidase H2.

Lane 1: size marker (seeblueplus, Novex, Co.)  lane 2 : horseradish peroxidase 
lane 3 : whole cell protein in recombinant rLIPH2

C1   S1  C2   S2  C3  S3  C4  S4

Figure 3. Colorimetric analysis of surface displayed lignin peroxidase activity

C: Washed cell, S: supernatants in broth 
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Table 2. Absorbance of yeast cell surface displayed Lignin peroxidase at 510 nm by colorimetric screening method
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Table 1.  2,4- DCP degradation activity of lignin peroxidase from P. chrysosporium in culture broth
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