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Phytoremediation of dioxins using the transgenic Arabidopsis thaliana genetically engineered by
lignin-degrading enzyme genes.
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Abstract. It has been of great concern that halogenated aromatic hydrocarbons cause the disruption in the
endocrine system of animals. Among them, the serious toxicity of dioxin-related compounds is becoming more
severe especially in Japan. To clean up the polluted environment, biological remediation system using plants,
so-called phytoremediation, is expected to solve the environmental pollution problem. The degradation of
dioxin-related compounds by white-rot fungi has been extensively studied in the process of lignin degradation.
As a result unique extracellular oxidative enzymes, lignin peroxidase (LiP), manganese-dependent peroxidase
(MnP) and laccase (Lac) were found to be responsible for degrading a wide variety of organic recalcitrant.
Thus, these enzymes are thought to be useful in bioremediation of dioxin-related compounds.

In this study, the cloning of the genes of lignin-degrading enzymes was tried to construct the transgenic
Arabidopsis thaliana involving these genes in the genome.

According to the sequence data base, specific primers for cloning of genes for lignin-degrading enzymes
were constructed, and then full-length cDNAs were prepared using the RT-PCR system with full-length
mRNAs from white-rot fungi as templates. The nucleotide sequence of each mRNA of lignin-degrading
enzymes was determined using the DNA sequencer and the homology searching was carried out in the DNA
library of NCBL-BLAST. As a result, mRNA for each LiP and MnP, and Lac was captured from
Phanerochaete chrysosporium UAMH 3641, and Trametes versicolor UAMH 8272, respectively with about
95 % homology. Therefore, cloning for each gene was tried using a universal cloning method based on the site-
specific recombination system of bacteriophage lambda, Gateway technology (Invitrogen). As a result, the
PCR band equivalent to the full base length for each enzyme was cloned with the homology of 95 % or 97 %
for base sequence or amino acid alignment, respectively. The expression of cloned gene for each lignin-
degrading enzyme was investigated using protein-expression vector system in E. coli, and then the protein band
equal to the size for each LiP, MnP and Lac was detected with SDS-PAGE. The vector for transformation of
plant, pPPDB-GB that involves each lignin-degrading enzyme gene was constructed to apply this kind of vector
for creating the transgenic plant.
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Fig. 1. BP Reaction: BP reaction facilitates recombination of an attB substrate (attB-
PCR product) with an attPsubstrate (donor vector, pDONR221) to create an
attL-containing entry clone. This reaction is catalyzed by BP Clonaseenzyme
mix.

destination vector
(pDEST15)
(pPDB-GB)

entry clone by-product

(entry clone)

Fig. 2. LR Reaction: LR reaction facilitates recombination of an attL substrate (entry
clone) with an attR substrate (destination vector, pPDEST15, pPDB-GB) to create
an attB-containing expression clone. This reaction is catalyzed by LR Clonase™
enzyme mix.
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Primers for LiP (5"--3)

1.attB1_PP_LiP_F melting temperature : 76.3 °C, 79 mer {first annealing temperature : 62.2 °C , 24mer)
2EEgACAAGTTTGTACAAAAAAGCAGGC TteC TOGAAGTTCTGTICOAGGGGOCCATGGCCTTCAAGCAGCTCTTCGCA
2.attB2_LiP_R melting temperature : 73.8 °C, 53 mer (first annealing temperature : 62.2 °C , 23mer}
ggegACCACTTTOTACAAGAAAGCTGGGTCTCATTTAAGCACCCGGAGGCGGA

Primers for MnP (5"--3)

3.attB1_PP_MnP _F melting temperature : 76.7 °C , 77 mer (first annealing temperature : 62.3 °C , 22 mer)
geeRACAAGTTTGTACAAAAAAGCAGGC T CTGGAAGTTCTGTTCCAGGGGUCCATGGCCTTCGETTCTCTCCTCG
4.attB2_MnP_R melting temperature : 73.3 °C , 55 mer (first annealing temperature : 62.1 °C , 25 mer)

gegg ACCACTTTOTACAAGAAAGCTGUGTCTTAGGCAGGGCCATCGAACTGAACA

Primers for Lac (5--3)

5.attB1_PP_Lac_F melting temperature © 75.2 °C , 85 mer (first annesling temperature : 61.9 °C , 30 mer)
geggACAAGTTTGTACAAAAAAGCAGGU T CTRGAAGTTCTGTTICOAGGGGCECATGGGCAAGTTTCACTCTTTTGTGAACGTC
6.attB2_Lac_R melting temperature : 73.8 °C , 53 mer (first annealing temperature : 62.2 °C , 23 mer)
gereACCACTTTGTACAAGAAAGCTGGGTCTCAGAGGTCGGACGAGTCCAAAG

Fig. 3. The nucleotide sequence of primers for each LiP, MnP and Lac to obtain attB-
PCR product.The underlined sequence shows PreScission Protease

recognition site.
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cDNA % Hl & L2 PCR % fT> & H, P.
chrysosporium 7 5 LiP (71,300 bp) ¥ & U° MnP
(#71,300bp), T. versicolor %> Lac (# 1,700 bp) O
NV BRSO NT: (Fig. 4)o 25 DPCREW %1%
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# ¥r v 7 F , GENETYX Mac Version 8.0
(SOFTWARE DEVELOPMENT) % H\»CE# L7z
&2 A, LiP OEFIE Y00262 DECHI & e LT, #
PIEEOMNMPRONL Z EHHBE L, Th
W LT X12698 Tid, BRIF-DEERDFE—TH -
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72 (Table 2), LiP D X 9 ZIEREOMINPLREITR S
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Fig. 4. Agarose gel electrophoresis of PCR products using
cDNAs from white-rot fungi as templates. These PCR
Products have attB arrangement, needed for BP
reaction. 1: 100 bp DNA ladder markers. 2: Full-length
cDNA of LiP from P.chrysosporium. 3: Full-length
cDNA of MnP from P.chrysosporium. 4: Full-length
cDNA of Lac from T.versicolor.
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Table 1. Sequence homology of LiP found in P. chrysosporium UAMH 3641 to those in the library.

Accession Origin Homology (%)
number Nucleotide Amino acid
X12698 P. chrysosporium 97.8 98.0
Y00262 P. chrysosporium 98.3 95.8
1.08963 P. chrysosporium 85.1 89.4

AB158478 C. versicolor 68.2 60.8
731011 T. versicolor 69.9 62.1

L29039(MnP)  P. chrysosporium 59.0 45.4

Table 2. Sequence homology of MnP found in P. chrysosporium UAMH 3641 to those in the library.

Accession Origin Homology (%)
number Nucleotide Amino acid
J04980 P. chrysosporium 98.3 99.2
L.29039 P. chrysosporium 98.7 99.5
J04624 P. chrysosporium 80.0 82.7

AV217670 C. subvermispora 76.5 82.5

X12698(LiP) P. chrysosporium 58.5 47.0

Table 3. Sequence homology of Lac found in T. versicolor UAMH 8272 to those in the library.
Accession - Homology (%)
Origin ; : :
number Nucleotide Amino acid
U44431 T. versicolor 95.6 97.9
D84235 C. versicolor 96.0 97.9
AF414808 T. pubescens 91.9 96.0
U44430 T. versicolor 68.4 70.0
AF176231 P. ciliatus 71.7 71.1
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97.4 kDa

66 kDa

Fig. 5. SDS-PAGE of GST fusion proteins of LiP, MnP and
Lac expressed in E. coli (BL21). 1: Markers for
molecular weights. 2: GST-LiP fusion protein
expressed in E. coli with molecular weight of 68444
Da. 3: GST-MnP fusion protein expressed in E. coli
with molecular weight of 68811 Da. 4: GST-Lac fusion
protein expressed in E. coli with molecular weight of
84853 Da. 5:As a control, native proteins from non-
transformed E. coli (BL21).
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