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- nift hybridization
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3 LogP 3.1 xylene
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monitoring
probe
« 3 )
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1.
- bacteria total cell number (1.5 X 10XGcells
per dry gram of soil) 0.003-3.5% ,
(From Feb. 1997 to Feb. 1998)
. BTX degraders aromatic carbon plates
specific probes colony hybridization ,
5 s
2 total CRUs  70% -
20-40% -
- nitrogen-fixer AVA colony  morphology
nifH hybridization , C
)] total CFUs 20% -

2. Microcosm

- , SJ-N3 (potential nitrogen fixer),
SJ-T27 and SJ-X9 (aramatic compound degraders), and SJ-44 (neither hybridizing
to genes encoding degradation enzymes nor degrading aromatic compounds)

soil
miCrocosms -

- (edifenphos or diazinon)

pH



library

(indigenous population)
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« 2 )
1. 2.4D 10
’ Gram -
Alcaligenes sp.(strain PS1, PS2, CN1, CW2) Pseudomonas sp.-(strain YC1,
YC2, KW1, DY1, DY2, DY3) -

2. 10
w2 Yc, Y2 2.4-D , PS1, CW2,
YC1  phenol - biphenyl,
p—-chlorobiphenyl - YC2 DY2, DY3

4—chlorobenzoic acid .

3. meta- Alcaligenes sp.
, Pseudomonas sp.

4. xylene(3.1)

5. 4 meta-cleavage pSY1,
pSY2, pSY3, pSY4 -

6. pSY3 puCl19 Pst 1 6.0kb  cloning multi-cloning site
4 site pSYy4  puCli9
Pst 1 2.5kb  cloning multi-cloning site 5
site -
7. cloning DY3 bphC 1 bphD
- bphCl1 298 897 bases bphC2
293 879 bases - bphD 286
858bp -
8. DY3 35 60
0.3% pH 85 9 -
9. , , DY3 Oobgbm  CRU
=75 -2



4 , =75 -20
10. DY3 -
11.
12. 8.7 meta-ring cleavage ,

meta-ring cleavage -

13.
¢ 3 )
1. , P. chrysosporium ATCC 24725 (x
107) 85.5% , sodium
deoxycholate  sorbose 60% -
16 11
lignin peroxidase (LiP) - 50
guaiacol LiP P.
chrysosporium , Wood-A
200 lignin peroxidase @a1za unr ) -
2. 3 4 17
T. versicolor 0 50%
LiP P. chrysosporium
10% -
LiP, Mn Peroxidase (MnP)
Laccase -
3. P. chrysosporium ATCC 24725 37
2 27



4. Modified Kirk 10 P.

chrysosporiun Laccase 8.9 , Mnt 0.17 mMm
0.85 1.7 mM P. chrysosporium Mn Peroxidase
1.35 1.58 , LIP, Laccase - P.
chrysosporiun, T. versicolor LiP, MnP, Laccase Mo, Zn, Fe

413mM, 17.4mM, 1,.8mM

5. P. chrysosporiun ATCC 24725 LiP, MnP, Laccase
pH 4.2 , glucose 7% 5
- P. chrysosporium ATCC 24725 T. versicolor MD-277 LiP 36

Uzt , 130.7 U/t -

6. Tween 80 Veratryl alcohol P. chrysosporium

- Veratryl alcohol 4
4.7 LiP , 0.25% tween 80 0.05% LiP
7. 2,4,5-trichlorophenoxy acetic acid P. chrysosporium 5
32 3% , -
8- 2
, com, starch, corm steep liquor, lignosulfonate 80:15:3:2
60% pellet - pellet
2 3 , 30 ppm 2,4,5-trichlorophenoxy acetic acid
63 55% T. versicolor P. chrysosporium 1
9- 2
Miintan 11 10 , hollow fiber Na—alginate
24 17-1% T. versicolor
10. pellet



SUMMARY
( )

Analyses of the natural agricultural soil showed that the proportion of
the bacteria degrading aromatic compounds and hybridizing to the corresponding
gene probes increased rapidly after pesticide treatment. The major
environmental factors affecting the dynamics of microorganisms were tested by
estimating their effects on four representative bacterial isolates in the paddy
Tield at Yongin; a potential nitrogen-fixer SJ-N3, a todCBA-hybridizing SJ3-T27,
a xylL-hybridizing SJ-X9, and one strain SJ-44 neither degrading aromatic
compounds nor hybridizing to the above probes. Each bacterial cell in soil
microcosms retained its initial cell number for 2-3 months of incubation at 2
0O . To look at the effect of pesticides, as we have seen iIn the natural
condition, the pesticides such as edifenphos and diazinon which had been
frequently used after rainy season (Jul.-Aug.) were added to the soil microcosm
containing four bacterial strains. SJ-44 has not been detected at all by
plate-counting, and SJ-N3 and SJ-T27 temporarily decreased in their CHFUs
followed by rapid increase iIn their CRUs. SJ-X9 which hybridizes to xyl probe
and utilizes aromatic compounds as a sole carbon source, however, is negatively
affected by the presence of the pesticides. In addition, the low pH which could
be derived from the degradation products of S- or P-organic compounds did not
support the long-term survival of SJ-X9. In conclusion, it appears that the
pesticide-treatment, among the various environmental parameters, to soil
greatly effects on the microbial composition through the year.

10 strains are isolated from soils and wastewaters after the culture in
a minimal medium containing 2,4-D or other ring-cleavage compounds as the sole
carbon source, and the strains that can effectively degrade 2,4-D under the
stress of unfavorable conditions is selected by using the variety of aromatic
compounds and organic solvents. The selected isolates are identified as

- 10 -



Alcaligenes sp. and Pseudomonas sp. based on their morphological and
physiological characteristics. In addition, the enzyme activity is investigated
on the substrates of meta-ring cleavage dioxygenase in the isolate. The result
shows that Pseudomonas sp. strains have a wide selectivity in the specificity
of meta-cleavage dioxygenase for substrates. Also, the isolated strains are
tested to examine the organic solvent tolerance. The result shows that three
strains can grow in xylene in the organic solvent of the logP value of 3.1.

Strain DY3 has tw genes coding for 2,3-dihydroxybiphenyl
1,2-dioxygenase and a gene ocoding 2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoate
hydrolase. According to the gene mapping, two genes, bphCl and bphC2 are quite
different. DNA sequence analysis of the genes is performed. The bphCl gene
consists of 897 bases encoded by 298 amino acids, and bphC2 is 879 bases
encoded by 293 amino acids, and bphD is consists of 858 bases encoded by 286
amino acids.

The other goal for this research is to monitor the fate of recalcitrant
aromatic compounds—-degrading microorganisms in soil ecosystem and to develop
its imobilization materials. When the microorganisms immobilized in saw dust,
rice bran or activated carbon was stored at -7/5 , -20 , 4 or room
temperature, all grownth and CRU of the immobilized microorganisms in LB
decreased as the storage temperature increased. In this study the most
efficient imobilization matrix for DY3 1is rice bran. The growth of
microorganisms in the outdoor soil are higher than that of indoor, even at low
temperature. When the soil is sterilized, the microorganisms don"t grow well
even after 3 months. Meta-ring cleavage microorganisms are existed about 8.7%
in either the outdoor soil or indoor soil. The number of meta-ring cleavage
microorganisms is proportion t the total numbers of soil microorganisms.

The white-rot fungi Phanerochaete chrysosporiun ATCC 24725, T.
versicolor MD-277, Pleurotus ostreatus ATCC 32783 were mainly investigated for
the research. 16 mutants of P. Chrysosporium derived from UV-irradium were
initially selected based on the discolorization of straw and guaiacol media
and secondly higher lignin peroxide activity compared to the mother strain.
White-rot fungi were also isolated from the rotten leaves. Wood A, showed the
lignin peroxidase activity 1124 U/t , which is 200 times higher than that of P.
chrysosporium.

Trametes versicolor MD-277, Pleurotus ostreatus ATCC 32783, and P.
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chrysosporiun ATCC 24725 degraded the lignin in rice-straw by 50, 32, and 10%,
respectively in 3 months at room temperature. Mutants of P. chrysosporium and
wood A showed the similar degradation rate of lignin in rice-straw to that of
original strain, even though the LiIP activities of mutant and wood A were
higher that of P. chrysosporium. The enzyme which were responsible for the
lignin degradation were LiP, MnP, laccase. Trace elements were standardized to
1.7nM Mn+, 41.3wM Mo, 17.4mM Zn, 1.8mM Fe for the maximum enzyme production and
mycellium growth. The optimum incubation temperature for the white-rot fungi
was 25 27 except P. chrysosporium was 37 . Incubation pH and period for
the optimum growth and Lip production were respectively 4.0 4.2 and 5 days
with agitation.

30 ppm of 2,4,5-trichlorophenoxy acetic acid contaminated in model soil
was hydrolyzed to 63 and 55% by T. wversicolor and P. chrysosporium,
respectively, In one wk at 27 . Crude enzyme solution from the culture broth
of T. versicolor, P. chrysosporium and P. ostreatus were concentrated and the
applied the rice-straw to degrade the lignin in rice-straw. Approximately 17 to
19% of lignin in rice-straw were hydrolyzed in 24 hrs by the immobilized crude

enzyme concentrates of T. versicolor.
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1
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non-selective agar plates ( , R2A,
AVA) colony ,

- nitrogen-fixing bacteria nifH,
aromatic ring cleavage bacteria  todCBA, xylL, tmoABCDE
coding gene probes DNA hybridization
bacteria degradation phenotype benzene (B), toluene (1),
p—xylene (X) sole carbon source agar plates colony

C . ) ( ,
, )] soil samples colony-forming-units (CRU)
- nift hybridization
, CRU 20%
- 2 bacterial comunity
, BTX
tod, xyl, tmo
32%
Aromatic ring cleavage nitrogen fixation , soil
bacterial community , detection C
, Specific DNA probe hybridization , carbon plate
, colony morphology ) 3 (control) 1
bacterial isolates microcosm
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1. DNA probe
ring cleavage
4 DNA hybridization
probe DNA - probe labeling specific hybridization
condition 2 -

- Toluene dioxygenase

tod Pseudomonas putida F cloning , todABC
gene products toluene cis-toluene dihydrodiol
(reductase, ferredoxin, iron-sulfur protein )] - pHG2
plasmid DNA  BamHI , 4 kilo base-pair DNA
fragment  agarose gel labeling reaction -
- Toluene-4-monooxygenase
Toluene  p-cresol system  Pseudomonas mendocina KR1
’ tmoABCDEF operon -
toluene-4-monooxygenase (T4MO)system - tmoABCDEF
, toluene Pseudomonas spp-  template PCR

- forward primer 5"AAGC AGGGCCCACAGGC AAGGAGGACAAGAATATGGCG3,
reverse primer 57 CCTTAGCGCCGACATTACG  CCACTGAGAATTCTACTAAAACCS®

PCR - 50 MM KCI; 10 mM Tris-HCI; 2wV MgCI2;
0-1% Triton X-100 buffer , 94  / 5min; 94 / 1min, 38 /
imin, 72 7/ 4min 20 cycles amplification; ;
72 / 10min final extension 4639 base-pair DNA ,

labeling reaction -
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. cis—p-toluate-dihydrodiol dehydrogenase

cis—-p-toluate-dihydrodiol dehydrogenase  dihydrodiol catechol

4-methyl catechol , coding xylIL pTOLO47

. pToLo47  EcoRl  Pstl double-digest ,
800 base-pair DNA fragment agarose gel electrophoresis QiaexIl1
gel extraction xylL  labeling reaction

- Dinitrogenase component 11 (nitrogenase reductase)

nitrogen-fixing bacteria conserved nifH
PCR - niH 19 , 407 sequences
homologus  primers ; GCIWTYTAYCGIAAR GGIGG, AAICCRCCRCAIACIACRTC
L W= A T, Y=C T, R= A G, I=inosine]. Primer Bioneer
Co. . - 50 MM KCI; 10 mM Tris-HCI; 2mM MgCI2 buffer
, 94 / 7min; 94 / Imin, 42 / 1min, 72 / 1min 25
cycles amplification; ; 72  / 10min Tinal extension

390 base-pair DNA fragment -

2. Colony hybridization, dot-blot hybridization specific carbon
plate
- Optimal conditions for DNA hybridization
5 DNA probes tmoABCDE, nifH, todABC, xylL
hybridization optimal condition - probe Random Primed DNA
Labeling kit (Boehringer Mannheim) Klenow enzyme DIG-dUTP
, 4 42 prehybridization , 16
hybridization . Post-hybridization washing condition 2X, 0.5X,
0.1XSsC Wash solution 15min 65  (tmoABCDE
52 ) - NBT BCIP colorimetric reaction
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soil sample

|

resuspension in M9 solution

|

sonication

|

supematant

|

spreading on non-selective media

|

incubation at RT

1 1

replica-plating
onto colony-liftin
benzene, i J
onto
toluene, .
membrane filter
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xylene plates
! ! !
colony morphology colony growth colony
analysis analysis hybridization
! ! !
total CRU C-source probe
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optimal conditions for DNA hybridization

Gene probe Size (bp) Function Hybridization
Washing
condition condition
todCBA @ 4200 Transformation of toluene at 42 0.5X SSC*
to cis-toluene dihydrodiol at 65
1tmoABCDE 4639 4639 Transformation of toluene 0.1X SSsC
to p-cresol at 65
xylL @ 800 Transformation of dihydrodiol 0.1X SSC
to either catechol or at 65

4-methyl catechol

nifH 390 A subunit of nitrogenase 0.1X SsC
complex (component ) at 65

*X SSC solution contains 150mM sodium chloride, 15mM sodium citrate, and pH
7.0.

- Selection of media for growth of soil microbial assemblage

soil sampling

. Soil particle attached microbial assemblage
dissociation , sample  1min, 3min,
5min sonication . 1 gran soil sample MO solution [NaHPO4
30g, KHPO4 159, NaCl 25g, NHALl 5g per 500mil] 10ml resuspension ,
sonication ice 15min supermatant
MO solution dilution plates R2A  1/21B  spreading
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CRU/ml

after 48 hr after %6 hr
treatment
R2A 1/21B R2A 1/21B
vortex 1.2 X 106 1.3 X 105 2.4 X 106 1.8X 106
for 1min
sonicator 5 1.3 X 106 4.3 X 105 2.6 X 106 1.8 X 106
for 1min
sonicator 10 1.6 X 106 3.8 X 105 4.0 X 106 1.8 X 106
for 1min
sonicator 15 1.7 X 106 4.0 X 105 4.3 X 106 2.9 X 106
for 1min
- Treatment of soil microbial assemblage
soil microbial assemblage
, 4 plate (/2 LB, R2A, AVA, Pseudomonas Isolation Agar)
culture - R2A heterotrophic bacteria
oligotrophic bacteria , AVA , Rhizobium
Bradyrhizobium spp , PIA
Pseudomonas spp- . 1721B
Table . 20-25 48hr incubation
CRU/ml Table - colony num. dilution
CRU ; colony morp. 48hr 84hr plate
(morphology)  colony - Table sonication
3 , R2A plate total CRU bacterial cells
support -
Sonication R2A AVA PIA
treatment
CFU/ml CFU type CRU/mI CFU type CFU/ml  CFU type
1 min 5.4 X 106 16 4.9 X 105 13 - -
3 min 7.3X105 29 4.2 X 105 18 1.0 X103 1
5 min 2.8 X 105 22 2.2 X 105 15 2.0 X 104 1

- 38 -



- Specific carbon plate

non-selective media culturable CRU , colony-
hybridization DNA probe carbon-plate (
, benzene, toluene, phenol plate)
genotype .

Bacterial CFUs of which
grew on the non-selective agar

E R2A plate
[ AMA plate

site 1
107 e - —
- [1 e | BT g
1|}b | :7 7 l-.)' |
- N R '
g 105 — - i :
i | & ] £
g . R EE AN .
e W = E = o o
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Sampling date
Percent ofthe CFUs whic
grow on the specific carbon
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- Colony hybridization;

(total culturable bacteria)

treatment , membrane filtration R2A AVA plate
, bacterial colony Tilter DNA probe colony
hybridization - Bacterial colony Tilter 10% SDS,
Denaturing soln, Neutralizing soln, 2X SSPE Tilter paper -
, bacterial colony DNA
Tilter - labeled probe specific hybridization
colony hybridization probe-positive colony -
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rhizobia mannitol-utilizing bacteria AVA )]
colony-forming-unit (CFU) (¢ , » pH,
)] 106 - 107 CRUs per dry gram of soil
- Fluorescent dye total cell nurbers 0.003 - 1.8%
degradation phenotype sole
carbon source 0.1% benzene (B), toluene (1), xylene (X), phenol (P)
, CRUs total CRUs
percentages -
2 (8/25/97) BTX degraders total CRUs  70%
(10/15/97)
- P degraders -
R2A AVA colonies  membrane filters 10% SDS
solution, a denaturing solution, a neutralizing solution, 2XSSPE
, W cross-linker DNA  filter , Digoxygenin-11-duTP-labeled
specific DNA probes hybridization - DNA probes hybridization ring
cleavers specific carbon plate colonies
, specific carbon plate colonies
. The nifH probe-positive CRUs C )]
total CRUs 20% -
3 MICrocosm
1 (19%. 11 1997. 10)

(beneficial microorganisms) ,

1997 2 1
non-selective agar plates (R2A, AVA) colony
nitrogen-fixing bacteria nifH, aromatic ring cleavage
bacteria todCBA, xylL, tmoABCDE  coding gene probes
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DNA hybridization )
bacteria degradation phenotype

benzene (B), toluene (1), p—xylene (X) sole carbon source
agar plates colony -
1
microcosm study 2
- Aromatic ring cleavage nitrogen fixation
, soil bacterial community , detection
, , Specific DNA probe hybridization , carbon
plate , colony morphology 3 bacterial
isolates microcosm CRU
- environmental parameters microcosm

in situ bacterial community

1. Microcosm

1 c2)
benzene, toluene, xylene, phenol agar plate specific DNA
probes hybridization (¢ table ; o+
hybridization signal ), microcosm
SJ-N3 SJ-T27, SJ-X9 microcosm
growth on carbon plate DNA hybridization
strain name B T X P tod xyl nif
1 -+ ++ + - +
2 ++ - + - - - +
3 - - - +
4 - - - -
5 + ++ ++ + - - +
6 + + - -
7 -+ +++ +++ - + + +
8 -+ ++ ++ - + + +
9 ++ - - +++ +++ ++ [SJ-X9]
10 - - - -
11 -+ +++ ++ -+ + + +
12 -+ +++ ++ -+ + + +
13 + + + ++
14 + + + +
15 - + - -
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=
(o]
|
|
|
|

17 - - - -
18 ++ + - -
19 + - - -
20 ++ + + +
21 ++ + ++ +
22 -+ +++ +++ -+
23 + - - -
24 ++ + + -+
25 + + + -+
26 + + + -
27 + - + -+
28 + + + -
29 ++ ++ ++ -
30 - - + +
31 - - - -
32 - - -
33 -+ +++ +++ -+
34 + - - -
35 + - - -
38 - - - -
39 ++ +++ +H++ -+
40 - - - -
41 - - - -
42 +
43 - - - -
44 - - - -
45 - - - -
46 - - - -
47 - - - -
48 -+ +++ +++ -+
49 - - - -
50 - - - -
N1 + + - -
N2 ++ +H++ + -
N3 -+ +H++ - +
N 9706-2 +++ -+ +H++ ++ -
N 9706-5 ++ ++ ++ - +
N 9706-71 + + 0 0
N 9706-72 0 0 - -
N 9706-10 0 + 0 0
N 9707-6 + + + 0 ++
N 9707-9 O + + - ++
N 9707-15 ++ +++ +++ 0
N 9707-16 + + + -
N 9707-181 ++ +++ +++ -
N 9707-182 ++ ++ ++ +
N 9707-21 + 0 + -
N 9707-27 ++ + + -
X 9706-2 0 0 0 0 +
X 9706-101 + + + +
X 9706-102 + 0 + +
X 9707-1 ++ -+ ++ + +
X 9707-3 + + + - +
X 9707-51 0 0 - -
X 9707-52 + + + -
X 9707-61 +++ +++ +++ +
X 9707-62 ++ ++ ++ -
X 9707-7 +++ +++ +++ ++ -
X 9707-17 + 0 + -
T 9706-11 0 - 0 -
T 9706-12 + ++ ++ 0
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T 9706-14 + + 0 + + + +
T 9706-25 -+ +++ +++ ++ 0 0 0
T 9706-45 + + + - 0 - -
T 9706-47 + + + 0 - -
T 9706-50 + + + - 0 - -
T 9706-52 ++ ++ ++ + +++ + +
T 9706-531 + + + - ++ + +
T 9706-532 +H ++ +H+ - + 0 0
T 9707-1 + + + - + + +
T 9707-2 +++ +H+ +++ - 0 0 -
T 9707-3 ++ ++ ++ + + + +
T 9707-4 +++ +H+ +++ + 0 0 0
To 9707-6 + + + - ++ +++ ++
T 9707-8 + + + - - - -
T 9706-1 ++ ++ ++ 0 ++ +++ +
T 9706-3 +++ +++ +++ ++ - - -
T 9706-41 + + ++ - ++ ++ +
T 9706-42 + - + - ++ +H++ ++
T 9706-11 ++ +++ +++ ++ - - -
T 9706-16 + - + - 0 + ++
T 9707-1 ++ ++ +++ ++ - - -
T 9707-4 +++ -+ +H++ - + + +
T 9707-5 +++ -+ +H++ - + + +
T 9707-15 ++ ++ ++ - + +
B 8-31 ++ + ++ 0 - -
B 8-32 ++ + ++ 0 -
X 8-6 + - + ++ +H++ -+
- SI-N3  nifH amplification
(SIN3)  nifH
gene DNA hybridization polymerase chain reaction
( agarose gel )- ,
nitrogen-fixing bacteria conserved nifH PCR
(1 )- niH 19 , 407 seguences
homologus  primers 5 CCIWTYTAYGGIAARGGIGG, AAICCRCCRCAIACIACRTC
L W=A T, Y=C T, R= A G, I=inosine]. Primer Bioneer
Co. o - 50 mM KCI; 10 mM Tris-HCI; 2mM MgCI2 buffer
, 94 / 7min; 94 / 1min, 42 / 1min, 72 / 1min 25
cycles amplification; ; 72  / 10min Tfinal extension
390 base-pair DNA fragment -

DNA probe hybridization signal SI-N3 C
hybridization ) PCR , lane 1
390bp size DNA size DNA (larne 2).
SJ-N3 nif gene (lare 1

Bradyrhizobium spp.) -
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A
B
C
D

- gene probes hybridization

SJ-N3, SJ-T27, SJ-X9 tad, xylL, nifH
DNA hybridization - membrane filter
. tod, xylL, nifH prabe
DNA hybridization tad S3-127 , xylL  SJ-X9 , nifH
SJ-N3  SJ-X9 signal -

12 3 4 5

8§ 7 5 2 1 1 2 3
20 18 12 11 SJ-X9 N1 N2 SJ-N3
SJ-127 25 24 22 21
48 39 33 29
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. Selected bacterial isolates

, plasrid DNA , Gram staining,
microcosm
- - - SJ-44
Soil bacterial isolates SJ-N3 SJ-127 SJ-X9 ( )
- negative negativ n v n iv
Gram-staining/Cell shape 9 gative egative egative
rod rod rod rod
Colony morphology , green - small
whi 11
on R2A, AMA te yellow fluorescent yellow
B + + + -
Growth on T + _ + _
specific
C-plates X - + - -
P + + - -
Specificity tod + +H ot nd
to DNA xyl + - +++ nd
probe nif ++ ++ +++ nd
Rif + - + nd
Amp + - +++ nd
Resiistance Sm + - + nd
to antibiotics Km + - - nd
Cm - - +++ nd
Tet + - + nd
Utilization of Edifenphos + + + -
pesticides and Diazinon + + + -
herbicide (0.1%) Paraquat + _ + -
2. microcasm
Autcclave soil ethanol dry plastic
container (size : 15 X 15 cm) , MO
salutiaon water saturation , bacterial cell
treatrent 30 incubatiaon . Microcosm
autaclave rm. temp. soil V9 solution (no

cell) contral incubation
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. Micraocosm

Characteristics of Yongin agricultural soil used for ricrocosm study

Texture Loam
Particle size distribution (%) Sand 41.6
Silt 44.6
Clay 13.6
pH 1:5inHoO0 5.5
EC (dS/m) 1.40
Organic Material (%) 3.5
PZ05 (mg/kg) 117
Total Nitrogen (%) 0.21
Ex. cation (cmol/kg) K+ 0.16
Caz+ 5.0
Mg+ 0.9
Na+ 0.33
CEC (cmol/kg) 12.0

saoil (homogenization of bacterial
cells within soil particles) plastic box center side
5 soil sample bacterial cell
table homogeneous -
sampling site SJ-N3 SJ-T27 SJ-X9
avg. 15.0 X 107 2.9 X 107 0.6 X 107
std. dev + 7.6 + 3.5 + 0.43
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- bacterial cells

2, 3, 5, 9, 15, 31 day time point

3. microcaosm

Micracasm

R2A plate  streaking , 4, 20, 30, 40C 24
72 agar plate ,
20-30C gptimal growth , 3

broad growth temperature range -

after 24 hr after 72 hr
strain temperature (C) temperature (C)

4 20 30 40 4 20 30 40
SJ-X9 + + + - + + + -
SJ-T27 - + + - - + + _
SJ-N3 + + + + + + + +

20 minimal starvation medium
incubation SJI-N3 SJ-X8 1 cell
density - SJ-T127 10

starvatiaon i}
SJ-T27 pure culture M9  incubation
¢ campetition
sectiaon )- 20C , 35C starvation Figure
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CEU I mI

Changes in numbers of strain SJ-N3, 5J-T27,5J-X9
inthe M8-microcosms at 20°C
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Changes in numbers of strain SJ-N3, §J-T27, 5J-X9
in the M9-microcosms at 35°C
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(campetitian)

24 culture

R2A broth

spot-on-lawn

R2A plate 48hr
growth inhibition

suspensiion

n
inhibition

spot cell

lawn

1
inhibition

lann cell

spot

S
inhibition

lawn cell

spot
lawn

, b

spot
SJ-T27

lony

, SJ-X9

running co

. data

bition

rICrocasm

, R2A plate

tal parameters

environmen

tudy

mICracosm s

SIN

29| 33| 39| 48| N1| N2

SJ
27

n

n
n

S

b|b
b|b

b|b

n
n

n

S

11{12|18|20| 21| 22| 25

SJ-

n

1125, 7|8

n

spot
AN
lawn

SJ-9

11
12
18
20
21

22
25
SJ-27

29
33
39
48
N1
N2
SJ-N3
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SJ-N3, -T9, -X27 cells R2A plate cross—culture , N
cell crass—culture , T X
- (nutrient-rich agar plate campetition , liquid broth
carpetition starvation condition 2
- microcasm
( ; - - ] - - 30% ]
70%; )] -
soil sample -
edifenphos
O
.-&4\ | o
f' ?}——-s———P——-S-{f N
'1—.-"r " 1 ,r";
DCH,CH,
@ - ethyl 5, 5 - diphenyl phosphorodithicate
D
(after 24hrs)
bacteria concentration (%)
strain
0 0.01 0.05 0.1 0.2 1.0 1.5 2.0 3.0
1 + + + + - - - -
2 + + + - - - - - -
3 + + - - - - - - -
4 + + + - - - - - -
5 + + - - - - - - -
6 + + + + + + - - -
7 + + - - - - - - -
8 + + - - - - - - -
SJ-X9 + + + + + + + +
10 + + + + + + - - -
11 + + + + + + - - -
12 + + + + + + - - -
13 + + + + + + - - -
14 + + + + + + - - -
15 + + + + + + - - -
16 + + + + + + - - -
17 + + + + + + - - -



18
19
20
21
22
23
25
26

SJ-T27

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
N1
N2

SJ-N3

i TR T TR T T T T o T S e e e e e e e e S e T I S S S 1

L+ + 4+ 1+ +++ + +

I+ +++++++++++ 1 +++++++++++
L+ 4+ +4+ 0101 +1 ++

+ 4+ 4+
0+ o+

L+ + 4+ 1+ +++ + +

I+ 1 + + 1

0+ o+

L4+ 4+ + 1 4+ 4+ +1

I+ + 1 1

0+ o+

L+ 4+ + 1+ 4+ +

1+ +1 1

+ 1+ + 1+

2)

) M9 microcasr

miCrocosm

minimal M9 solution

inhibition

1.0%
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) soil ricrocosm

Minimal medium , soil microcosm
. 4, 20, 35
- M9 solution survivalship -
mixed culture inoculaticon 4, 20, 35
incubation , SJ-T27  scil micracaosm
. 35
. 3
4 bacterial isolates, a potential
nitrogen-fixer SJ-N3, a todCBA- hybridizing SJ-T27, a xylL-hybridizing SJ-X9,
and specific probes  hybridization
SJ-44 , microcosms cell 107 CFUs
.4
autoclaved soil minimal medium 30 abundance
dynamics edifenphaos soil
microcasms . SJ-N3 SJ-T27 abundance
10:-103 CFUs 10%
- SJ-X9 - SJ-44
CFU  detection limit .
diazinon - paraguat
SJ-N3 SJ-127  SJ-X9
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1. Microcaosrs » » pH
bacterial
isolates R2A plate cell norphology, gram
staining cell shape, , ,
utilization, campetitian

micracasm
SJ-N3 (potential nitrogen fixer), SJ-T27 and SJ-X9 (aromatic compound
degraders), and SJ-44 (neither hybridizing to genes encoding degradation
enzymes nor degrading aramatic campounds) -

(exponential phase) bacterial cell miniral medium
washing 107 CFU minimal medium
nutrient starvation, » PH,
survival - nutrient
starvation minimal medium CFU
30 - edifenphaos diazinon
mMiCrocasm 0.1% , SJ-N3  SJ-T27
abundance  10:-103 CFUs 10%
. SJ-X9 .
SJ-44 CRFU detection limit -
paraquat SJ-N3, SJ-T127 SJ-X9
Microcaosm (N: P:
K =21:17:17, )] 4 CFU cantral
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CFU per mi
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- pH

SJ-X9 acidic

pH (pH 4) CFU -
5J-NE
pH 4 T SJ.T2Z
SJ-X9
. SJ-44
ey
or ¥ T r .
Il g .
1o 'rsl 5 g x_};
. e = .
E -1 i =
- 3 ;
g " =
= %,
'8 h
[E] a 1
T
3
e |
I-
Iu
i 4
1 5 1 15 P 26 3 35 47 L1 L] ] &0

2. 1In situ soil microcosm

- calany

survival  activity

in situ microcosm . soil
container (80cm X 50cm X 12cm)  3cm
107 CFU miCrocosm CFU
10:-106 CFU , bacteria
CFU 10% SJ-T127

population

- B8 -



Total bacterial nurber of the control and the In situ microcosm added with 0.1%
edifenphas

fn site microcosm

*

[
ik
i

CFU par

Addition DA% sadifenphos

-, Contral
* # NTX

Incubation time |(day|

Bacterial numbers of each strain in the contral and in situ microcosm added
with 0.1% edifenphos

in gty mieroacosm

hddition 0.1% sdifenphosn
—.IP'._ 2
. - = = -
e )“* A—E & =
T o A L
£ J L] - -
i 3 T y '
= ¥ -
. L J -
o I
L d - B.J-M3
v BJ-TEZT

- ]

Incubation tim e [day)

caolony hybridization

in situ microcosm
colony marphalogy data
B, T, X, P carbon plate prabe

colony hybridization .



Growth on 0.1% BTXP plate in situ microcosm containing the SJ-NTX cell

g9 -

B0 4

b o

B0

50

ad

an

20

14

o .E
5 13

15 20 25 a0 a5 40 45 50
Incubation tim e (day)

Parcent of the total CFUs

Hybridization with specific DNA prabe in situ soil microcesm containing SJ-NTX
cell

Hybridization with specific DNA

—
L ]
— x|

i
E:
2
g2 e
o
o
10 LE-] rll r g . 30 30 40 a8
, In situ soil microcosr  0.1% edifenphos
R2A plate , BTXP plate ,
colony hybridization , total bacterial CFU
, SJ-X9 CRU
, SJ-127
CFU  detection limit 10
CFU  10% - BTX plate colaony specific DNA
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prcbe hybridization colany
10%
phencl soil total DNA
hybridization CFU  DNA
5
1.
- bacteria
per dry gram of scil) 0.003-3.5%

(From Feb. 1997 to Feb. 1998)

. BTX degraders

ricrocosm

bacterial cell chloraofarm
, xylL, todCBA, nifH prabe

total cell nurmber (1.5 X 101(cells

aramatic carbon plates

specific probes colony hybridization ,
5 ,
2 total CFUs  7Q0% -
20-40% .

- nitrogen-fixer
nifH hybridization
)] total CFUs

2. Nicrocasm

AVA

calaony

) (
20% .

morphology

, SJ-N3 (potential nitrogen fixer),

SJ-T27 and SJ-X9 (aramatic compound degraders), and SJ-44 (neither hybridizing
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to genes encading degradation enzymes nor degrading aramatic compounds)
soil
microcasms -

- (edifenphos or diazinaon)

pH
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1
- C-
2,4-D 10
pH4.0
pH11.5 -
3 LogP 3.1 xylene
(ortha, para, meta)
. phenyl side group
’ pH 2
35 , 0.-3%
pH 8.5 9 -
main degradation pathway cloning
monitaring

prabe -



cloning
2
1.
C- (Carbon-rinimal medium)
. C- 18 (NHOZSC, 5g; KHPO<, 2.93g; KZHPO<, 5.87g; MgSQ<

7H.C, 0.3 g; NaCl, 2g; CaClz, 0.03g; FeSCs 7H:C, 0.01g; NiSCs 7H:0, C.6mg; yeast
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extract, 0.2g; trace elerents solution (2 ) , pH 7.0 -
trace elerents solution 4mg, MoC:; 28mg, 2ZnSC4.5HZ0; 2mg, CuSCZ.5HC;
4vg, HBC:; 4mg, MnSCZ.EBHC; 4mg, CoClZ. 6HXC -

2_.4-Dichlarophenoxyacetate(2.4-D) - C- 0.5%
0.1% - ,
. C- (16 ) 0.1g
100 30 37
- 1%
100 petri dish (90mm, , )] LB plate
3 (stationary incubatar) - ,
- benzene
ring ,
( )
spectraphotoreter - benzene
artho ring artho-cleavage reaction artho pathway
, benzene meta ring
nmeta-cleavage reaction meta pathway - benzene
pathway pathway
pathway .

artho-pathway

- meta-pathway spectro-
photareter
. plate
calony .
meta-pathway
- p-catechal, 3-methylcatechaol,
4-methylcatechaol, 2,3-dihydroxybiphenyl -
(20mv) LB plate colany
calony 4
- LB plate single colany
isclation -

- 68 -



C-
0.1% 3 , 6 , 10
. 2 ,4-dichlorophenoxyacetate,
phenal, biphenyl, p-chlarobiphenyl, sodium benzcate, p-hydroxykenzoate,
protacatechuic acid, 3-chlorobenzoate, 4-chlarcbenzoate, n-hexane,
propybenzene, o-dichlorobenzene, cyclchexane, xylene, stylene, tcluene, benzene

- meta-
(stressed conditions) - ,
- table 1
, log P octancl water
lag - log P
- LB (5%,
v/Vv) , - 3
60CNm 0.3
Table. 1 LogP

LogP organic sclvents

6.6 Dodecane

5.6 Decane

4.5 Cctare |

4.3 Diphenylether

3.6 Prophylbenzene |

3.5 n-Hexane |

3.2 Cyclchexane

3.1 Xylene

3.0 Styrene

2.5 Toluene

2.0 Benzene
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- Single colaony isclation API20 Kkits Bergy®s manual of
bacteriology .

- glyceraol stack solution(15-20%) -80
2.
2.4-D 10
, Gram -
Alcaligenes sp.(strain PS1, PS2, CWl, CW2) Pseudomcnas sp.(strain YC1l, YC2,
Kwl, Dyl1, DY2, DY3) - Pseudomonad

Pseudoranas Isclation Agar(P1A) plate -

. Table 2 .

Table 2. Physiological and biochemical characteristics of the isclated strains

o . Isclated Strains
Characteristics - . - .
PS1 | PS2 | CW1 | CW2 | YC1 | YC2 | K\1 | DY1 | DY2 |DY3

\Gram reaction - - - — — _ _ _ 1

IPIA + + + + + + + + + + |
|ONPG B - - - - - - - - - - |
Arginine dihydrolase - - - - + + + + + +

\Lysine decarboxylase | - - - - - - - _ - -
|Crnithine decarboxylase| - - - - - - - - - -
Simrons citrate + + + + + + + + + +
|Production of H:S - - - - - - - - - -
\Urease B - - - - - - - - - -
Tryptophane desaminase - - - - - - - - - _
Indcle - - - - - - - - - -
|Acetoine + + + + + + + + + +
Proteolysis of gelatin - - - - - - - - - -
|Glucose - - - - - - - - - -
\Mannitol - - - - - - - - - -
Incsitol - - - - - - - - - -
Sorbital - - - - - - - - - -
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Table 2. to be continued

Characteristics . __Isolated Strains |
I PS1 | PS2 | Cwl | CW2 | YC1 | YC2 | KWl | DY1 | DY2 DY3 |
Rhamnose - - - - - - - - - -
Saccharose -l -1 -1-1-1-1T-1-"1-1-]
\Melibiose - - - - - - - - - - |
|Amygdaline - - - - - - - - - - |
\L(T)-arabincse 1 - - - - - - - - - - |
|Praduction of nitrites | + + + + + + + + + + |
|Praoduction of nitrogen | - - - - - - - - - - |
Mobility + + + + + + + + + +
\McCankey agar + + + + + + + + + + |
CF-0 - - - - + + + + + +
OF-F - -1 -1T-1T-71T-71 - - -1 -]
Cxidase + + + + + + + + + +
0.1% C- 3, 6, 1C
Table 3, 4, 5 -
10 w2  YC1, YC2 2.4-C
, PS1, Cw2, YC1 phencl -
benzcic acid - benzoic acid
catechaol - i
p-hydroxybenzoic acid -
biphenyl, p-chlaorcbiphenyl -
PS1, PS2 3-chlorobenzoic acid Kwl
4-chlaraobenzaic acid -
benzene -
- , PCP(pentachlorophencl)
5 -
Cl-  dechlorination
(@230 )] - Cl-
chlorcbenzoic
acid(2-, 3-, 4-chlarcbenzaic acid) - 2-, 3-,
4-chlarabenzoic acid , 2-, 3-chlarobenzoic acid
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4-chlarabenzoic acid
. YC2 LCY2, DY3 4-chlorobenzoic acid

hexane, propylbenzene, cyclohexane, xylene, styrene, tcluene,

benzene )
Table 3. G )
Substrates Strains PS1 | PS2 | CW1 | Cw2 | YC1 | YC2 | KW1 | DY1 | DY2 | CY3
2 bictoraieroy [+ [« e e | e e e o] o |
Phenol - - + ++ | | = - + - +
Benzoic acid | A | A | A | | | | | |
p-Hydroxybenzaic acid — || = | | | | | | |
Catechol 4+ | A | | - + - + + +
3-Chlorabenzoic acid - - + ++ - + ++ + + +
4-Chlorabenzaic acid - + + | | | - ++ | |+
Biphenyl 4+ | A | | |+ + + + + +
p-Chlarobiphenyl e B I R e o e B e
Hexane ++ | | - ++ | ++ - ++ | o+ |+
Propylbenzene - +++ - +++ + ++ ++ - + ++
o-Cichlorabenzene - - - - + - - + + -
Cyclcohexane | | - | | - ++ | ++
Xylene - +++ + — |4+ + ++ - ++ ++
Styrene - ++ - - - - - - - -
Toluene | | | S [ENINIF [ FIFIFIS (IFE TR
Benzene | |+ - + | | 4+ - ++ | ++

++++: best growth, +++: good growth, ++: growth,
+: a little growth, -: no growth



Table 4. 6 )
Ubstratos —TTeWMS ps1 | Ps2 | ML | GM2 | YCL | YC2 | K1 | DYL | DY2 | D¥3
zadicntoreieroy [ [ e v v e v e e
Phenal | - + ||+ - - - +
Benzoic acid | | | | A | | | | |
p-Hydroxybenzaic acid — || = | | | | | | |
Catechol ottt | A | A + + | | |
3-Chlorcbenzoic acid | - - + + | | | | |
4-Chlaradbenzoic acid + + + + + + + + ++ | +++
Biphenyl ottt | At | | | | | | | |
p-Chlarobiphenyl | | | | | | | | |
Hexane | | | = | | = | |
Propylkenzene | | = | | A - |
o-Cichlorabenzene - - + - + - - + + |
Cyclchexane e G = o B = = S P I S B I O R R = R R
xylene I e e e e I o e e I e e e
Styrene ++ |+ - - - =+ | | - ++ | o+
Toluene ot | | | — | | | | |
Benzene | | - | | | - ++ | A+

++++: best growth, +++: good growth, ++: growth,
+: a little growth, -: no growth




Table 5. g )

Substrates Strains oy | psp | owl | awz | e | vc2 | kwi | Dyl | DY2 | CY3
2,4—2222:grgg?gnoxy ++ ++ ++ | | A | | ++ ++ |+
Phencl ++HH+ | - o . - + - +
Benzoic acid e I e R ol e o
p-Hydroxybenzoic acid | ++ | ++++| = | HHHE | HeeE | bR | b | R | |
Catechol L I I o B I A T e e e
3-Chloraobenzoic acid - - ++ I T o o o e o o I S o S A B
4-Chlorabenzoic acid + + + I o = | A |
Biphenyl | A | | | | | | A | |
p-Chlarobiphenyl ++ ++ | | I I B I
Hexane ++ ++ | - | - | |
Propylbenzene ++ +++ - 4+ | | A | - ++ |
o-Dichlorobenzene - - + - + - - + + | 44+
Cyclohexane ++ | | - | A | - | 4+
Xylene + | A - || A | | A | |
Styrene ++H+ |+ - - - ++ | 4+t - ++ ++
Toluene HHHE | | | - e = = I
Benzene | | + +++ | | - ++ | A+

++++: best growth, +++: good growth, ++: growth,
+: a little growth, -: no growth

. meta-cleavage enzyme

meta-
p-catechal,

3-methylcatechol, 4-methylcatechal, 2,3-dihydroxybiphenyl -
Table 6 - YC1, YC2, Kwl, DY1, CY2, DY3
cwl, CW2  4-rethylcatechal, 2,3-dihydroxybiphenyl
. PS1, PS2  3-rethylcatechal -
Alcaligenes sp. (strain PS1, PS2, CWl, CW2)
, Pseudomonas sp. (strain YC1, YC2, KW1, DYl, CY2, DY3)

- 74 -



Table 6. meta-Cleavage Enzyme

Substrates
Strains 3-Methyl |  4-Nethyl | 2,3-Dihydroxy |
p-Catechol catechol catechol biphenyl
Ps1 ++ - + M
PS2 ++ - + M
oWl - - + M
w2 - - + M
oil +++ + ++ i
YC2 ++ + + -
KWL . + ++ et
CY1 +++ + ++ o
CY2 +++ + + -
CY3 ++ + +* i
+++ 1 deep yellow, ++ : yellow, + : light yellow, - : colorless

xylene -
dodecane, decane, diphenyl ether, propylbenzene, n-hexane,

cyclchexane, xylene, stylene, toluene, benzene(LogP 2.0 6.6 )]

, LB 5%, v/v)

» 3

- Table 7 -
toluene(LogP 2.5)
- toluene
LogP xylene(3.1)
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Table 7.

Strains
Solvents LogP
PS1 | PS2 | CWl1 | CW2 | YC1 | YC2 | KA1 | DY1 | DY2 | DY3
Dodecane 6.6 + + + + + + + + + +
Decane 5.6 + + + + + + + + + +
Octane 4.5 + + + + + + + + + +
Diphenyl ether| 4.3 + + + + + + + + + +
Propylbenzene 3.6 + + + + + + + + + +
n-Hexane 3.5 + + - - + + + + + +
Cyclahexane 3.2 + - - - + + + + + +
Xylene 3.1 + - - - - + - - + -
Styrene 3.1 - - - - - - - - - -
Toluene 2.5 - - - - - - - - - -
Benzene 2.0 - - - - - - - - - -
3
1.

- Cloning methaods

Cloning Fig-1 - DY3  cDNA
Pst 1 partial digestion agarose gel
- pUC118 SY5 cDNA  partial digestion Pst
CIAP - DNA T4 DNA ligation enzyme
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cali DH5a competent cell transformation

ligation E.
LB+Ampicillin+IPTGtX—-gal solid medium 24 calaony
2,3-dihydroxybiphenyl
colony LB+Ampicillin  liquid medium plasmid
recombinant DNA Pst 1 cloning

Total DNA of DY3 Vector DNA pUC119

Restriction Enzymes

— CIAP treatment

| Electrophoresis of DNA

Cut off 2- 10kb DNA Bands Cut off Vector DNA
and Purification and Purification

L Ligation —|

Transformation

Plate on X-gal Plates

L Spray Plates with 230HBP

Pick up Yellow Colonies

Fig.1 Cloning
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- PDNA preparation as a cloning vector

Plasmid pUC119 campetent cell transformation
LB+Ampicillin solid medium - colaony LB+Arpicillin
liquid mediur plasmid extraction method -3

multi-cloning site restriction enzyne
ethidium bramide plasmid -

- Competent cell preparation

E. coli DH5a 37 , avernight 2 LB
2-4 - 50 centrifugal tube 25
6000 rpm, 4 5 TFB TFB 11

. Transformation method

Competent cell 200 plasmid DNA 30
- 42 2 5 1 LB
37 1 - Ampicillin 2/

LB agar plate or LB+Arpicillin +IPTG+X-gal solid medium 100

- CDNA preparation

DY3 LB , 37
- pellet TE buffer 80mg lysozyme power 37 10
proteinase K(20mg/ 50 )  10% SDS(final conc. C.5%) -
CTAB/NaCl salution DNA phenal
DNA .

- CDNA partial digestion with restriction enzyme and extraction from
agarcse gel
DY3 Pst | 2 10kb
gel DNA - phenal DNA

- Plasmid extraction method
Plasmid  LB+Ampicillin 25 /  liquid medium
pellet Alkali lysis cell phencl
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- Extracted pUC119 restriction enzyme treatrent

DY3 partial digestion Pst 1
phencl -
- CIAP treatment
Pst 1 CIAP phencl

- Ligation, gene expression and final verification

Pst 1 CIAP Pst 1 gel
by3 1:3 T4 DNA ligation enzyme 16
-2 transfarmation LB+Ampicillin+IPTG+X-gal solid medium
37 24 2,3-dihydroxybiphenyl
acetaone calony -
calony  LB+Ampicillin Pst 1

- Substrate specificities of recombinant plasmids in E. coli CH5a
Claoning recarbinant plasrids
LB+Ampicillin+ IFTG+X-gal salid medium acetaone spray
- 2,3-dihydroxybiphenyl, catechaol,
3-methylcatechol, 4-methylcatechol -

- Subclaning of recambinant plasmids

Cloning  recarbinant plasmid

37 phenal ligatian
campetent cell  transformatian - 2YT+Arp+IPTG+XGal solid medium
2,3CHBF colony LB+Amp
band plate - plate calany
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- Restriction Mapping
Cloning plasrid mapping
DNA mollecular rarker

plasmid site -

- Deletion Mutants method  sequence

recarbinant plasmid 5 protruding end a enzyme 3
protruding end b enzyme - Exo nuclease 111 5
blunt-ended strand mung bean nuclease
blunt-ended Klenow fragment 3> blunt-ended strand
blunt ended - ligation transformation mutants
mutants

- mutants  Sanger dideoxy sequencing
procedure 373A DNA sequencer seqguence
web BCM search launcher  NCBI"s sequence similarity
search tacl -

- Optimum temperature, pH and concentration
C- 1%, 0.1% 3 , 3,

37 ,45 , 50 optical density - pH
enzyme activity Fig.2 -
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Culture solution

— 7,000rpm for 5min
sup. ppt.
L suspended with HF buffer*
discard — 7,000rpm for 5min
sup. ppt.
— resuspended with HF
discard
Cell disruption
B 15,000rpm for 30min
pplt. CEFE Cell suspension
discard add to 230HBP ——

Calculation of absorbance increase(A<4X) per min.

HF buffer* : 50mM HEPES, 0.01lmM FeSO4 7HzO, pH8.0

Fig.2 Enzyme Assay
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. Cloning of CY3

cloning 2000 clane 4
positive claone - meta-cleavage
pSY1, pSY2, pSY3, pSY4 - plasmid
DNA Fig.-3 - psvl Pst 1
Fig.-3 plasmid
pSY2 vector 2 pSY3

pSY4 1

1 2 3 4 5 1 2 3 4 5 6
Non-digested plasmid DNA Digested plasmid DNA with Pst 1
Lane 1 : A -Hind  digest Lane 1 : A -Hind  digest
Lane 2 : pSYl Lane 3 : pSY2 Lane 2 - pSYl Lane 4 : pSY2
Lane 4 : pSY3 Lane 5 : pSY4 Lane 5 - pSY3 Lane 6 : pSY4

Fig.3 plasmid DNAs
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- Reconmbinant plasmids

claoning methods strain DY3 4 recarbinant plasmids
- LB+ Ampicillin+IPTG+X-gal
solid medium acetane spray -
Table 8. -

Table 8. Recombinant plasmids

plasmids
substrate
pSY1 pSY 2 pSY 3 pSY 4
2,3- dihydroxybiphenyl 4+ e+ e+ ++
catechol +++ +++ +++ ++
3- methylcatechol + + + +
4- methylcatechol +4+ +4+ 4 ++

Colonies turn yellow after spraying with substrates.
+++, ++ and + means deep yellow, yellow and light yellow, respectively.

- Subcloning of recambinant plasmid pSY2

pSY2  Fig-3 vector 2
subcloning Pst 1 cloning
(Fig.4). subcloning lane 1 lane 2 plasmid
2 _3-dihydroxybiphenyl - pSY2-1 pSY2-2 pSY4 Fig.4
plasmid pSY4
plasmid pSY4 site
pSY2-1  pSY2-2 puC119 multiple cloning site Pst I site pSY4

-(Fig.5)
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Lane 1 - pSY2-1 Lane 2 - pSY2-2

Lane 3 - pSY2-3 Lane 4 - pSY2-4

Lane 5 : 1kb DNA Ladder(marker)

Lane 6 - pSY3 Lane 7 - pSY4

Fig.4 Subcloning recombinant plasmid pSY2

pSY 4 pSY2- 1 pSY 2- 2

1 2 3 4 5

Lane 1: 1kb CNA Ladder Lane 1: 1kb DNA Ladder Lane 1: Pst 1

Lane 2: Pst 1 Lane 2: Pst 1 Lane 2: Hinc 11

Lane 3: Hinc 11 Lane 3: Hinc 11 Lane 3: Xba 1

Lane 4: Xba 1 Lane 4: Xba 1 Lane 4: Sac 1

Lane 5: Sac 1 Lane 5: Sac 1 Lane 5: 1kb DNA Ladder

Fig.5 pSY4, pSY2-1 and pSY2-2
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- Restriction Mapping

Cloning recarbinant plasmids pSY3 pSY4  Mapping puC119
multiple cloning site
-(Fig.6) pSY3 puCl19 Pst I 6.Ckb  cloning 4
site pSY4 puClis Pst I 2.5kb
cloning 5 site - pSY3 pSv4
NVapping Fig.7-1 Fig.7-2 mutants 2,3DHBD , open reading frames
pSY3 pSY 4

i Il ™

1 2 3 ‘4 5 h6 7 89 ib 1 2 3 456 7. 8 9 10
Lane 1 - 1kb DNA Ladder(rarker)

Lane 2 - Pst 1 Lane 3 : Sal 1 Lane 4 - Hinc 11 Lane 5 : Bam HI
Lane 6 - Xba I Lane 7 - Hind 11l Lane 8 : Sma I Lane 9 : Eco RI
Lane 10 : Sac I

Fig.6 pSY3 and pSY restriction mapping

- Deletion Mutants  sequence

Cloning plasmids pSY3 pSY4

deletion mutants Fig.6 pSY3  pSY4

site 5 protruding end a enzyme 3 protruding end b
enzyme - a b enzyre Exo nuclease
11 30 mung bean nuclease
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blunt ended klenow fragrent 3 protruding end strand

blunt ended ligation mutants
Fig.7-1 Fig.7-2 . Fig.7-1, Fig.7-2 mutants
2,3DHBD meta-cleavage
puC118 lac Z promcter
(kb)

Plac_

+ 4+ 4+ + ++++++ A+ 4+

Al

Fig.7-1 pSY3 2,3DHBD activity
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< BphC1 < 2,3DHBD

ORF5 ORFZ ORF3 ORF2  ORF1 Activity

+



(kb)

2.5 2.0 1.5 1.0 0.5 0

| I I I | |

Pst IXho 1 Hinclll Saf I Xbﬁ ISTa I Pst |

I
Plac
BphC2 :} BphD :>
2,3DHBD
pSY4911 ORF1 ORF2 Activity
I I .
I | .
I | .
I .
I | -
| -
| -
I |-
I | -
[
| -
—
pSY4912 e
| I +
| +
| +
| I +
| I +
I +
I +
I | +
I I -
— -
[ -
— -
Fig.7-1 pSy4 2,3DHBD activity



DY3 pSY3 pSY4 Fig.-8 hybridization

DY3
6kb R ———
— - g R ad e -
(A) .
(s "
2.5kb prewr
—— Cr—
-~ )
(B) - P
B

(A) Lane 1, molecular weight marker(1kb DNA Ladder);

lane 2, 3, 4, 5, chromosomal DNA'  Pst I, Hinc 11, Sac I, Sma |
pSY3. probe : 6kb pSY3.

(B) Lane 1, molecular weight marker(1kb DNA Ladder);

lane 2, 3, 4, 5, Chromosomal DNA'  Pst I, Hinc 11, Sac I, Sma |
pSY4. probe : 2_.5kb pSY4.
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Fig.8 DY3 total DNA  bphC genes hybridization

cloning DY3 bphC 1 bphD -
bphCl  bphC2 CNA ,
bphCl1 298 897 bases bphC2 293
879 bases - bpnD 286
858hp - bphC1  Alcaligenes eutrcgphus H850 , Rhodococcus
rhodochrous 38%, 45% -
, bphC2 o95%  4A3% - bphCl  bphc2
50% and 39% - DY3  bphD
Alcaligenes eutrophus H850, Pseudomonas sp. KKS102, Pseudomonas sp.-
LB400 92, 92, 7% - bphCl  bphC2
50%  3%% hybridization
hybridize - aperon
bph - bphC2
bphD bph
- bphC1

- nuclectide sequences Fig.9, Fig.10 -

caactatoaccatoattacacccaocttacatacctocaoccacacatcoacoacoccat 60
atacctoatcccoaaaatottcotacanoatoacatcoaocaccacoacoacttcotcaa 120
oatccccaaococccoatccaccecaaoccataccaooatccacacccaccoatatacct 180
ggcttgcaccaacaccgagtcgctgaagaacgccgcggccgtggcg;ggchcgctggtg 240

ctooacttcootaooocctoacnoaaatcaccaacaanatcoacotataccaccaococctte 300
oacaatcotoaacaocacaaccaootcoatttccacccoaaccaccacatcaccocacta 360
tacccooccatcatottaoatoacaacoaaaccaocacaoccaotatcaotattcaotaaccaa 420
cactacttcatooaatcactaooctactoatacaacoocoocoaacatccooatccacaa 480
aaotanaaacatoacacctacotcoataocaatooccacacootoatcaaotcaocactte 540
acctccoacoaaotoaccatacacttctccoacccoaccatoocoataatoaaccccaac 600
catacctacoocaccatcoanoactocatcoactacaotacaacacctaoatcaoatoccooc 660
accoacoacatcctattcatctoccaocataoacaccotaccocaatanactcaoctacaa 720
accttgcgeaacatcggegagaaagteatcecgcatttcegcaacaagcagtaageecat 780

coooooactacaacacaaccecatttccoooatcacatatatacaccoactttaccaota 840
tacocoootoaacccaocaaaacattcaoccacooaocaaoaccattactectoocaatate 900
acacoacctcanoaccaataatcctattaooacoatoccaccaaccccctoactoacttoa 960

atacgccaagtacaaaaacoagoacatcatgcatogatatccgtggectoggttacgtca 1020
ORF2 bohC1—- M D I R G L G Y V T

ccgtacgttccagcgacctggegcaatggegtcactacgccagccaagtgctgggcatga 1080

Fig-9 bphC1
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Stop codons  * sequences -

VR SSDLAOWRMHYASOVLGMM
tgotgotcoagoaconagagcagcoagegtotattcctgaagatooacoagegeccctate 1140
V E DESGER L KMDERPYR
gcatcctgatgcagcacagcacccagaatagtttcagcacctgtqgctgaaaaqthccq 1200
I LV O S AODGFGACGWIKV AG
gccagaccaccttcaaccagaccatgaccaagctgcacaccqccqgcqtgchqtgqagc 1260
O A AFDOAVAELHAAGVYVYAVESO
agagcagcactoagcaaoccacgetgegecagotccagacactoacattottcoccaace 1320
G E O A O ALALFADFP
ccaatagcaatcgccacaagctgtactggagcccacgccaaqactthcccgctthtct 1380
DGNRHETLYWGTP ODFARFVS
ccccgatgagcatgcgcagtttcatcagcaacagcctcagcathgccatqthtcctcc 1440
PV GVRGFVSDGL M GHV V LP
gacaccgacCttcaatcgctgccgcaatttCtataagcagqtgatgqgctttqgcctgt 1500
APTFDRCRDFYEOVMGEFGLS
cgoacctgatgaaaatgegcettcacceccgoaccctaccoageconaaaaacgtatecact. 1560
D M K R DPAEPEZKRIHTF
tcatgcactgcaacaacagccgtcaccactcgetgacgatcttcoaatgeacoatacceca 1620
MHCNNGRHHSLAILIFET CPVYVPS
gcagctgcatgcacatgatgatcaagatcac00gcctcaacqacqthgtcgcqcccth 1680
GCVHMMYVEVAGLEDVSGRAL
accgtatgcacaccaacagcatgaagctctccacgaccctgqgccagcacaccaacqacc 1740
RMHANGVIKLSATLGOHTNTDTO
agatgatctccttctacatgaagaccccgtccogtttcoacctooagtacagctgeaacq 1800
M1 SFYMKTW®PSGFDLEYGTCDSG
gcctgctgctccaCtggagccgccacaccccgttccaaagcacgctgctcagccagtgga 1860
L VVDWS HTPFESTVVSO0OWG

gCCaCGaCttCagCatC0gCCgCCaatgaggaCaaCacccatggataaacagatgaccac 1920
H D G 0
00ccca0at0ctccccca0ct0cac0ac00cat0accctccccatcaccacctccccccc 1980
acaccaocaaocccataocactaotacacoancatcctacactcanoacctcaanonacctaac 2040
catcatcaocctacoocootaccoacotcoocctactotacoccaccoocaaootaaancaa 2100
actaotottcaccttcaotctccctcoacttcatcccactcoaoccatacttccacaaonc 2160
acotcaooaaootaccatcoaootoataoaaatcoacoaacocatactactactooooct 2220
acacaccaccaccatoaatataccattcatccccaccacaotaoaocctaoacaccaoacat 2280
gctgcgccacaaccccgacatcaagctgatcgectcgecctacgeccgataoccgtgactg 2340
CRF3 -
aotcacoatocccaocactcaaoctcoacaccoccctaootacacataoatcacoccoatac 2400
ococaotataotaccanatcactooccccoaccactatatanoataoacctattcotocaoac 2460
cacoocaocaocacctacaotcacctotoacoaactootcoacaotocotaoottccacacaooa 2520
gccggcgcgtgcgcatcaggtgttctgggagcgcaac:tgaccaccgccgtggcgaa;gt 2580

acccaotaocacacaccectcotcctacacaccactatataocttcoacotaccaocactt 2640

caaoocctacoccacctcoococanaocoaacacooctaocacoactatatcoatcaota 2700

cotaacctattcccactcccaotacctanaocattacoonaoccttoaococcateccatca 2760

aaocccoaocta. . ... _._._.. ccaccaoaotattcotcoaocoacoactacoacataa 4020

tcacctcaotooattacaaccccoaocacctaacccatoactaatcactanatoacatca 4080

acatccgcctgatcgtcactgacctgtgcgtgctcgacttcctcgggecccagcaccagg 4140
*

Fig.9 - to be continued
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tacacatacactcactacatccaoaotatoaaocctaoacoancotaocacoacaacacaaact
ttoccctacatotocctoancactacccootoaccaccacoccoaccoanacacacttac
aactaoatccanocoactooacccacacaacctocacoccaoccaoctcaanoacaacccac
cooaccaococccaocacactoacaocccatteccanccaaccaccttaccooactaocaat
ag;ggchagcaaaacaataaagaggccgatgaggtggtgctgtacgaagtgcgggacgg
aotaoccctootcaccataoaaccaccccoaogtaccacaacaocccanaactcaocaoatoac
ctataccctooatocoaccttcaccecatacatacaccoatoacoanatcaacotcatcat
cctacocaooactaoacaaacatttctccocconaocacaoacatcoaocacaccacoocatoa
cataaaccacactttcoaccacotoaocctataatacoaccacatcoacaaocctooooa
coaattcctctatacccaocoanocancnacotatacctaooocatataccaoococtaocacoa
catacccaaoccoaccatcaccatootccanaacacctacatcaccaataocctoatact
aocctoaototacoatttoatcotooccaocoacaoatacotacttccaocoacccootaot
acacataoooattccoooaatacactacttcacccacotacatoaactcaatccaocatat
caoccaannaotttctcttcctcaoocacaccaoataccaoacoaocacatacctaccancatooa
catactcaaccocotoataccccocoaocanctanaacacoaaaccttaaccataoccoa
acanatcacccanatcccacocctonacctacaactoancaaacanocaotoaacaacaoc
coaacacctoatooocaaacactcoaccatacacataotattcoocctacaccacttcoa
cccacactcacaacoaottaotatccaoocoatcacctaoocaooctacoacoccaanoacca
tooccaactcccaococoaaccanooacoocataaacatooccatatcactcoataccca
cctoaccacaottactcoottaoccattacccoatcatccanaccaoccatanoctaootcac
coacccacacctootaaccaccacctacaacaccaoooact tcaactttttooccooaac
noaccatcoaoccaocaccanoatanaanocaoocaoatcctcaoaaaccaancacctoaccoacca
cccattcooootcaacttccacatataccanaccaacoccoaanacatcotcoaoctaat
aotacaoccaccaocotacacacaatcaactacaoccoctcocccaoaotaaacanoatoatcac
ccaactcaacoacoccanaataotctacataccccccotaoococactaaancacococa
naanaccatonaaataoocactaoacaotaotoaccataocancoocoaocoacaocactaacca
caccaatccootacccaccaccatactactanaccaootactcoacacaotacacatace
aotaotaoccaocacotoacttcaancnatacccaaatttaotatcaoaccctoocccanooc
acctataacatooocaccaaccaoctcaannacaacccootaccccanaccaccctooca
cgctacctggeggtectttagattgatttasaacttectttttaagaagatggacgagey

cccctatcgeatcatggtacagcacagcgeccagaatggtttcggegectgtggetggaa
gcg

Fig.9 - to be continued
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cctgcagctttcataaccaancnantaagacatgagcatcaoaacgtttgagctacctcaget
CRF1 bohC2-. M S I E R L G Y L G F
tcaccatccagaoatatacccacctggoaccaat ttctgaccaagagcatgagtttgatga
AV ODVPAW L K S V L M
cttcgagttcgactagcoacacttcgetgtaccggaccaatcagegtacttggegeatea
S G S G D S L R ADORAWRTIA

ccatgcagecgagcaaactcaacnacctgacctacacanogcttgaaantgoatagecacca
Vv DLAYAGLTEVDSGAA

ccacgctcaagegcatgaccaacaagctgegccagacanoggatgaccttcaccecgeagta
A M ADIKTLRDO GVAFT G D

acaaaacgctcatgcagcatcgcaaaotcatgagectgttgtgectgcaanacccgtaca
EALMOHRKVYVYMGLTLTCLUOTDZPYSG

gtctgtcgettaagatttactacagcccgacanaaaccttcoaccageccttectgocca
L P AETZFDOPEFLPS

gcactcccatgtcgagcttcatcacgagcaaccagagcatcaggcatttcatgegetgea
A FV TG 0OG 1 GHFVR

tccccnacaccaccaagacgatgoagttctacaccaaaatgetgagetttatgetgtcca
PDTAKAMEFYTEVLGTFVLSD
aCatCatC0aCatCcagatg0ggccg0aaatgagcUtgcccacgcacttcctgcactgca
I 1 DI OMGP M SVPAHEFLUHZCN
ataggcgccaccacacgatcaccctgactaccttcccaatccccaagcgcatccaccatt
G T AL AAFPI1IPKRIHHF
tcatgctgcaanccaacaccatcoataacatgagctataccttcoatcggetgoacacga
M LOANTTIDDVGY F A
ccaggcgcatcacttccctgetcaggegtcacaccaacoaccatacgatctccttctata
G S L DHTI1ISFYA
ccaacacgecgtcgeccatgatcaaaatcoagttcagctggagaccgegcacgatgoatt
D T E F G TV S
cctcctggacgatgotgegccacaaccgcaccaccatgtggagtcacaagtcgatacgea
S W T R H T AMWGH K S G

gCcagcgctgagCCgCgtCattCatCtagttttttcaagaaattcccatgtcaaaactca
0 ORF2 bohD-~ M S E L N
aCaaaagcacgacgagcaaattCatCacCatcaac0aaaaaagcctctccaacttccgca
E VTINEIKGLSNFRI
ttcacctcaacoatacaagcoagagcaaaacgataatcatgotgcacagaagcagaccga
H L ND AV L HGGG
ga0cg0ggaggtggagcaaCtaCtaccgcaaCatc0gccccttcatcaagaccagttacc
N Y N1 GPFVKAGYR
gCGtgatCcttcag0aC0cgccgagcttCaaCaagtccaacaccatcatgatgaacaagc
\ O D G S D 0
agcgcagcttantcaacacgegctcgotcaaanggatgatgoatatactgogcatcaoaaa
R V N SVKGMMDYV I E K
aaacgcacctcatgagaaattccatgagtagcacaagcacgctgaactttactcttaaat
A S MG G AGA AL EY
acccgoagegcaccagcaagcetcatcctcatgaggecgagecagattgagcaacagectgr
P R T G I L MGP L G NS F
tcactacgatgceccatgoaangaatcaagetgetgtttaagctctacaccoagecttcge
TAMPMESGIKLLFIKLYAEPSIL
tcoacacgctcaagcagatgetcaacatcttcctgttcoaccagagectgatcaccoaca
D TLKQ@MLNVFLFDA QSTLTITDE
Fig-10 bphC2  bphD

Stop codons *
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aactgotgcaangacgctggaccaacatccagegcaaccccoagcacctgaagaacttce 1560
L 0 R W A N1 E F L

tcttgagctcgeaaaagttgecactttcgtcctggoacatgtcgacgegeatgogecoaga 1620
LSSOKLPLSSWDVSPRMGE!/I

ttaagaccaagacgcetcatcacctggaggegtoacaacegettcatgecgetgoaccaca 1680
K AKTLVTWGRDDRFVPLTUDHG

gcctcaagetgatcacgaacatgecgoatacgeagttgeacatcttcececgegetgtagte 1740
LKLVANMPDAOLWUHVYVETFP

actggacgcaatggoagcatacgoacaccttcaatcggetgacgetgoacttcctaaocca 1800
W A O E H DAFNRLTLDTFLAN

acagctgagcccccatttccttttttccgcacggaagcaaatctgttggecgectttececcg 1860
G*

caanonaaataoooccactactttactctanaaaaattacatactccatttaacacaacat 1920
aanoanacaacccotoaaacactttttccocaccctactteccottaotctocaccocaot 1980
aotcancaacaocccacaocacaaacaocaccoaocacaccaacttcaccctaotcactaoc 2040
actooocactotoaactttaacttcaacaccaaoaccoacctatataoccaocaoocccot 2100
cccaoanoactaoacotaaacaccaocoacoacaccatactaoacctaoaaatcacttatte 2160
ccttaaccccaactooacooccaocactaoacatcaoocacaocccotcaacacacacctote 2220
coocactaocaacctcoonactttoooocatctcaotaocotaaaacotaococcaoocaat 2280
tctoacactcaactactcoccooacataotooooccctatccacccattcttcaocoacoa 2340
tataaaoctacctcaaoatattcaocaccaocoacoocaocactocaaaacctcaaootaoa 2400
caacaactttoacoacaccttcatcgtcggtgecgactggectttggectgacggctacag 2460
cctctccttcacgctgca 2478

Fig.10 - to be continued.

- Optimum temperature, pH and concentration

DY3 Fig.11 ring-cleavage compounds
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stationary phase -
0.1%, 0.3%, 0.5%, 1%, 5% enzyme activity
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pH12 - Fig.13 , pH 8.5
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C 51%, 15%, 34%) 12mesh  (1.32 mm : Newark, New

Jersey) -
5 7.2 2
autoclave 120 15 3 -
ethanal 1¢ ring- cleavage corpounds(6.050 @) 150
59 ring-cleavage compounds
. 5
. Dvy3 LB 16 (3.91x 109 CFW/ )
150 3
- 20 4
1 - 5 Takle 9
Table 9.
N Sterilization of Injection of Injection of carbon Storage condition
0. _
soile) straink) source of soil
1 Yes No Yes indoar
2 No No Yes indoar
3 Yes Yes Yes indoar
4 No Yes Yes indoar
5 No Yes Yes outdoor
9 : 120 15 3 -
b : DY3
- colony LB
(LB-plate medium - Trypton 10 g/f , Yeast Extract 5 g/ , NaCl 10 g/t , Agar
1.5%WwW/v), pH 7.0) 37 24
CFU(Calony Farring Units) - calony
meta-ring cleavage meta-ring cleavage calaony C.1m

catechol(catechal 0.55 g, acetane 50 )
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meta-ring cleavage ,
(Fig.30, Fig-32).
meta-ring cleavage

3 8.7%
meta-ring cleavage (Fig-30, Fig-33, Fig-34). ,
meta-ring cleavage ,
ring-cleavage DY3
. ring-cleavage compounds
alcahal -
1.77x 107 CFU/g soil meta-ring cleavage 2.55x
106 CFU/g soil (Fig-35, Fig.36). ,
- 2
0 25 , - ,
20 ,
20
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1. 2.4-D 10
, Gram -
Alcaligenes sp.(strain PS1, PS2, CWl, CW2) Pseudoronas sp-(strain YC1,
YC2, Kwl, DY1, DY2, DY3) -

2. 10
w2 ycl, yYC2 2.4-D , PS1, Cw2,
YC1  phencl - biphenyl,
p—-chlcrobiphenyl - YC2 Dy2, DY3

4-chlarobenzoic acid .

3. meta- Alcaligenes sp. (strain PS1, PS2,
awl, Cw2) , Pseudomonas sp. (strain YC1,
YC2, Kwl, DY1, DY2, DY3)

4. xylene(3.1)

5. 4 meta-cleavage pSY1,
pSY2, pSY3, pSY4 -

6. pSY3 puCi19 Pst 1 6.0kb  cloning multi-cloning site
4 site pSY4  puClisg
Pst 1 2.5kb  cloning multi-cloning site 5
site -
7. cloning DY3 bphC 1 bphD
- bpnC1 298 897 bases bphC2
293 879 bases . bphD 286
858bp -
8. DY3 35 60
0.3% pH 8.5 9 -
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4 , -75 -20
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12. 8.7% nmeta-ring cleavage ,
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2 (White-raot fungi) ,
1.
. 1500 1600
Basidianycete -
guaiacal
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Phanerachaete chrysasporium ATCC 24725,

Pleurctus ostreatus ATCC 32783 Trametes versicolor ATCC 42530 Averican
Type Culture Collection (ATCC) -
P. chrysasporium -
c)y (day)
Phanerochaete chrysosporium 37 3
(ATCC 24725)
Pleurotus ostreatus 25 5
(ATCC 32783)
Trametes versicolar 25 7
(ATCC 42530)
37 5
> Arerican Type Culture Collection
** Potato dextrose agar
P. chrysaosporium potato dextrose agar (PDA) 3 6

37 - 4
- P. chrysaosporium
sodium deoxycholate L-sarbose BDS
< 2-1>1 -
A B , LiP
A < 2-2 -
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< 2-1>"BCS

BCS (per ¢ )
KHzPC4 1g
MgSC4 0.259
CaCl2 0.05g
*TES 100x 50
Ammonium tartarate (2 g /100 , autoclaved) 10
Thiamine-HCI (100 /¢ , pH 4.5, autoclaved) 10
trans-aconitic acid (1.74 g/300 , pH 4.5, autcclaved) 300
L-sarbose 30g
Agar 20g
Sodium deoxycholate 0.1g
**TES 100x (per ¢ )
Nitrilotriacetate 1.59
MgSCs- 7HZ0 3.0g
MnSC<- H0 0.5g
NaCl 1.0g
FeSCz 7HX0 0.1g
Caost4 0.1g
ZnSQ¢- 7H0 0.1g
Cusos 7H0 0.1g
AIK(SCY)z 12H:0 0.01g
HBC4 0.01g
NaVaC4 0.01g
*BDS B sodium deoxycholate  sorbose
el nitrilotriacetate 800 H0 1 N KCH pH
18 .
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< 2-2>

- 113 -

A (per ¢ ) B (per £ )
Guaiacal 0.1 Guaiacal C.1
rice-strow 29 rice-straow 29
Agar 209 Agar 20g
Carbendazim (C.3759/100 ) 2
10 N KCH pH 5
37 PCA 10
- Haemacytameter
5x 10%/ - 20 petri dish
254 nm 20 cm 5
10 - BDS 37 5 6
calony . BDS
A LiP Guaiacal
A B .37 56
A 37 5 6
- P. chrysosparium Guaiacal
- lignin peroxidase
LiP < 2-3 - PCA
P. chrysosporium 1 37 4 6
10 ,
glass woacl - Haeracytareter caunt
) 50 10¢/
- , 20
37 -2
(mycellium mat) 2 ,



10 blender .10

325 rl 37
150 rpm - 5 LiP
20 -
< 2-3> Lignin Peroxidase
(per ¢ )
KHzPC4 2g
MgSCz  7HO 0.59
CaCl2 0.1g
Armonium tartarate (2 g/100 , autoclaved) 10
Thiamine-HCI (100 /100 , autoclaved) 10
Veratryl alcohol (0.1M stock, filter sterilized) 20
100X Trace Element Soln (filter sterilization) 10
5% Gluccse (autoclaved) 100
trans-aconitic acid (1.74 g/100 , pH 4.2, autoclaved) 100
Tween 80 0.05% -
- P. chrysosparium  lignin peroxidase
P. chrysosporium LiP
a. veratryl alcchol
veratryl alcahol 4 ,
LiP » PH, glucase -
b. trace element solution 10 ml 30 ml
Cc. Tween 80 0.0%% 0.25%
a. Lignin peroxidasel
veratryl alcahol HCZ LiP veratryl aldehyde
- .5
0.18 veratryl alcochol 2 mM, Na-tartarate (pH 3) 50 mM
HCz 0.4 M UV spectrophotometer

310 nm }
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b. Mn( )-dependent peroxidase2
Mn( )-dependent peroxydase MnC ) phenal red
- 0.25 0.1mM HxL20.25 phenal red
0.5 30 5 - BN NaCH 20
610 nm }

c. Laccase: 4

Laccase 2,2’ -azino-bis(3-ethylbenzthiazol ine-6-sulfanic acid)
(ABTS) - 10 1M  ABTS, 50 mM Sodium
tartarate (pH 3) 1 420 nm .

- gluccse
Dinitrosalicylic Acid (DNS) -

5 2
95 17 19 -
125 2 g 10 mM trans-aconitic acid (pH 4.2)
5 121 40 - PDA
37 30 - 5
3 -
- Klason lignin 6
249 72% HS0¢ 20 4
3% - 2
, glass filter - 100
500 - glass filter 105
- 10 mM trans-aconitic acid
5 lignin ,
3.
1. F. chrysospaorium
P. chrysosporium
5 71.4% 10 85.5% .
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BDS 0.01% sodium deoxycholate

3% sorbose 59.78% . < 2-4> P. chrysospaorium
Basidiamycetes
sodium deoxycholate  sorbose Cald Cheng
P. chrysosporium ,
- Curand 9%
70 9% -
254 nm , 260 nm
- DNA , thymine
thymine  direr - DNA

< 2-4> Sodium deoxycholate L-sorbose P.chryscsporium

D) D) w @0
DS 42.22 59.78
DS+W 5 min 28.60 71.40 11.62
DS+W 7.5 min 23.10 76.90 17.12
DS+WV 10 min 14.48 85.52 25.74

* DS  Sodium deoxycholate (0.01%) L-saorbose (3%)

2.
Cuaiacal A Carbendazin
B . B A
» B Carbendazim
. Field < benomyl 15mg/t Basidiomycetes
benomyl

A, B )

Carbendazim i
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LiP  Cuaiacal LiP

, PDA , LIP
- Guaiacal
< 2-1> , PDA <
2-2> -

Wood Isolates J"'l-

Wood [=solates B

< 2-1> P. chrysosporium ATCC 24725
guaiacacl LiP

- 117 -



< 2-2> potato dextraose agar

3. LiP
1-A LiP - 1A
1 guaiacal ,
LiP - P. chrysosporium
LiP , M9 M 11 9.4 ,
3.1 LiP .

4. P. chrysosporium  LiP

P. chrysosporium 48 LiP ( 26U )
, 120 ( 3BUL) .
P. chrysosparium 4 5
LiP 48 120
LiP - glucase 8 100% -
glucose - gluccse
56 »
- pH 5.7 -
P. chrysosporium  LiP <
2-3> < 2-4> < 2-5> - veratryl alcchol 5
4 LiP
- Trace element solution 10 30 LiP
10 - 0.25% Tween 80 0.05%
LiP - P. chrysasporium
LiP veratryl alcohol » TES 10
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, Tween 80 0.25% 5 -

< 2-5> P .chrysaosporium Lignin
Peroxydase (LiF) LiP
e ) e )
Pc ( )] 5.14 HL-A 1124.0
M1 1.46 1-S6 360.0
2 0 1-S14 911.8
3 0 1-S15-1 312.6
4 0 1-S15-2 752.1
5 0 1-S16-1 674.3
6 7.77 1-S16-2 717.6
7 9.41 1-S17 7.98
8 8.51
9 48.30
10 7.36
11 15.83
12 8.36
13 8.06
14 8.36
15 11.05
16 11.95

* Phanerochaete chryscsporium — **

*k*k
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G0 -
558 -
B0+
45 4

40 -

35-

L e

O 2 4 & 8 1012

Ircisbalicn pesiod (day]

2-3> P. chrysaosporium

@

G0 -
558 -
B0+
45 4

40 -

35-

veratryl
10
34 A
'..‘ -
. il
! il o
- a0

0

O 2 4 & 8 1012

Ircisbalicn pesiod (day]

2-4> P. chrysasporium

Trace element solution

o 4
G0 - 3 -
-
-+ Dow
4 5 4 T
3 24 I|'=
& B0 - B T
2% i § l .I ‘-.i:i.r -'E_i'l:l'l'-'I »
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o ] pﬂqf
sats =
A5~ 0 T T T 7T
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alcahol -
() 30
7 -
v BEE
1 il e
3 a4 | E
i ' ! I
3 o 1* o BH
o 1 '.‘I". |]| 'r‘
24 BIE | AN T
in 3 a |Il +L ,'I'___F,..n
) |
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pak |
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)
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(a) 0.05%
G0 3 i - 0 g
54 1 3
i 30
2 LY L] 3
50 " -
i iy
& g LW | BEL g %
45 & DOOY i
[ L7 10 L
40+ _ "r byia "
" b
15 o . . |
D 2 4 & & 1012
Ircsbsalion penod (day)
2-5> P. chrysosporium
Tween 80
5.
lignin 24%
5%
P. chrysasporiur
33.88%

ostreatus
versicolor 28.73%

1. Tien M,
chrysasporium:

4.

purification,

and T.K. Kirk. 1984.

(b) 0.25%

=1
(=]

o

o PH
DGW

P.

. Mutant 1, 3, 4
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A 1
&
'] it | 0

0 2 4 8 & w12

Incigation pesiod [cay)

lignin
chrysosporium 18.25%, T.

Mutant
LiP

Lignin-degrading enzyme from Phanerochaete
characterization and catalytic properties cof
unique HZ0z-requiring oxygenase. Prac Natl Acad Sci U.S.A 81: 2280-2284

2. Carmen R.J., S. Lareto. R. Vicuna, and T.K. Kirk. 1993. Extracellular enzyre
production and synthetic lignin mineralization by Ceriporiopsis subvermispora.
Appl. Environ. Micrabicl. June: 1792-1797



3. Jensen JR., K.A_, Woli Bao, S. Kawai, E. Srebotrik, and K.E. Hammel. 1996.
Manganese-dependent cleavage of nonphenclic lignin structures by Ceriporiopsis
subvermispora in the absence of lignin peroxidase. Appl. Environ. Microbiol.
Oct: 3679-3686

4_ Nishida T., Y. Kashino, A. Mimura, and Y. Takahara. 1988. Lignin degradation
by wood-rotting fungi. 1. Screening of lignin-degrating fungi. Nokuzai
Gukkaishi. 34(6): 530-536

5. Field, J. A., E. De Jong, G.F. Costa, and J.AN. De Bont. 1992.
Biodegradation of polycyclic aravatic gydrocarbons by new isolates of white-rot
fungi. Appl. Environ. Micrabicl. July: 2219-2226

6. , , , . 1¢87. -
158-159
3
1.
1,500 1,600 Basidionycete
. Lentinus edodes(
), Pleuratus cstreatus( )] -

1970 Liesel
- 30%
pheny lpropane ,
’ CR-CB, cB-cs,’ CB-0-4, Ca-0-4, cs-cs-, C-0-CE, CB
( 3-1)

(polycyclic aramatic
hydrocarbons, PAH) - 1985  Bumpus Phanerachaete
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chrysaspor ium benzo(a)pyrene, CCT FAH
lignin peroxidase, Mn-dependent peroxidase,
oxygenase CCz -
Lip, MnP, laccase
veratryl alcchol, pH,
H
- _.I’J“\-\.\_,.-"}-’II'
. GHOH ;
I.;ﬁ =0§H 0H | 0 — o 10t G
HioH Hy©=
I]'H OH /Q Ty
GHs u IDL’IE:-I [0/t CI
II]
||-F|:=:C| L}‘l M‘H“C”
'? i li | 'E.II
_?_\)_ G [\_\ I_J_,t'.n
0
OCH.
HOH
l:ZIII
CH—
CHAY CHOH E_I'.-EH
0= i HE-
HEOH ]
s =
OO
CHa ™ TBCH
O OH

laccase,

3-1> Schenratic diagram of lignin extracted fraom spruce woad
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a.
Phanerochaete chrysosporium ATCC 24725, Traretes
versicolor MD-277, Wood A - P. chrysosparium ATCC 24725  American Type
Culture Collection - T. versicalor MD-277 US Departrent of
Agriculture, Forest Products Laboratory, Center for Farest Mycclogy Research
, Woad A
- 1
, Wood A P. chrysosporium ,
5-7 -
b.
- P. chrysosporium ATCC 24725 Wood A
PDA 37 3-5 - 4
2-3 . PDA 37 5
10 ,
- haemacytometer , P.
chrysaspor ium 50 18 10¢/ -
, 5-7 37
- Woad A , 108 /7 -
2-3 2 ,
10 blender(Fisher scientific 11-504-204, Biomixer
Homogenizer Complete) - 250 0
(50 )
, 5
- 150 rpm 37 ,
sampling 2 lignin peroxidase (LiP), manganese
peroxidase (MnF), laccase , gluccse, pH -
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< 3-1> Camposition of modified Tien & Kirk liquid culture media

for the enzyre production by white-rat fungil

¢ )
KHzPO4 249
MgSCsz  7HZ0 0.59
cacl2 0.1g
Ammonium tartarate (2 g/100 , autoclaved) 10
Thiamine-HCI (100 /100 , autoclaved) 10
100x Trace Elerent Solution* (filter sterilization) 10
5% Cllucose (autoclaved) 100
trans-Aconitic acid (1.74 g/100 , pH 4.2, 100
autcclaved)
Veratryl alcohol (0.1 M , autaclaved) 20
*100x TES (¢ )
Nitrilotriacetate 15¢g
MgSQs-  7HZ0 3.09
MnSCz  HzO 0.5¢g
NaCl 1.0g
FeSCs  7HZ0 0.1g
CoSC4 0.1g
ZnS0¢ 7H0 0.1g
CuSCe¢- 7H0 0.1g
AIK(S09)z 12H:0 0.01g
H:BC4 0.01 g
NaloC4 0.0lg

¢
Tween 80 0.05%
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. T. versicclaor MD 277

PDA 27, .
4 2-3 -
T. wversicolor
- PDA T. versicoor
0.8 4-5 50
18 -
27 7 .
P. chrysosporium , 2
LiP, MnP, laccase gluccse pH
C.
FeSGz 7H0 0.36, 1.8, 3.6 nM , MnSC< HXO  0.17,

0.85, 1.7 mM, NazvoQ<  0.0413, 0.2065, 0.413 nM, ZnSC¢ 7H.C 0.0174, 0.087,
0.174 mM .
pH pH 3.2, 4.2, 5.2, 6.2
- NH.-tartrate 1.2 M

d.
- lignin peroxidase (LiP)1
Veratryl alcohol(3,4-dimethoxybenzyl alcohal) — HZ LiP
veratryl aldehyde - 5
(6000 rpm, 30 ) , 0.18
veratryl alcohcl 2 mV, Na-tartarate (pH 3) 50 mv HLCz 0.4
] W spectrophotoreter(Hewlett Packard 8452A Dicde
array spectrophotaneter) 310 - LiP 1
unit 1 veratryl alcohol 1p mol
, veratryl alcohcl  maolecular extinction coefficient
9,300 M-1 -1 .
- Manganese peroxidase (MnP) Z,3
MnP  H02 Mh 2 NMn ¢ ,
2,6-dimethoxy phencl Mn Z-phenclic - C.6
0.1 nM  2,6-dimethoxy phencl, 50 mM  sodium tartarte (pH 4.5), 1 mM
MNSC< , 0.4 mM HxCZ 470
- MP 1 unit 1 2,6-dimethoxy phencl 1p mal
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2,6-dimethoxy phenol molecular
extinction coefficient 49,600 M-1 -] -

- Laccase 4
Laccase 2,2’ -azino-bis(3-ethylbenzthiazoline-6-sulfanic
acid) (ABTS) . 0.05 4.7 mM
ABTS, 50 mM glycine-HCI (pH 3) 1 436
- Laccase 1 unit 1 ABTS 1 p mol

. ABTS molecular extinction
coefficient 36,000 M-1 -1 .

- gluccse pH 2 .
e. (modified Klason nethod) 2
5
T. P. chrysacsporium 2, 4, 5-trichlarophenoxyacetic
acid (2, 4, 5-7)
P. chrysosparium ,
0.3 (wet cell weight) 0-5% glucase modified Tien & Kirk
10 serum bottle (250 - )] - 10 /¢
2,4,5-T micrasyringe , silicane alurinum seal
.37 20 2,4, 5-T
g. HPLC
, 0.2 p cellulcse
nitrate membrane filter , Beckman Ultrasphere C18
(reverse-phase) calumn (zmrl 25 x 4.6 5) Beckman
liquid chraratography-madel Gold (Beckman Instrument, USA) - mabile
phase methancl : 0.1% Phaosphoric acid 60:40 , 1.0
/min 30 - Beckman Model 160 W detector 230
3.
a- (P. chrysasparium)

P. chrysosporium
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P. chrysosporium

( )
Forest Praoducts Laboratory  Leztan (BR-57) pellet
P. chrysosporium
(¢ 3-1) .
, corn starch, carn steep liguor
lignosulfonate (  3-2 A) , corn steep liquor
modified Tien & Kirk
, P. chysasporium , 1.25 x 106
g 37 7 T
versicolor MD-277 R105-SR PDA
1.5 x 15 ( x ) 25 g 27
2 3 -
90 100% .
< 32 )
A. B.
80 80
carn starch 15 carn starch 15
corn steep liquar 3 3
lignosulfonate 2 lignosulfonate 2
modified
60% 121 30 Tien & Kirk
. 60% 121 30
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C)

b. 2, 4, 5-trichlorophenoxyacetic acid (2, 4, 5-T)
2,4, 5T
, 1979 nmultiple chromosaoral aberration
. 2, 4, 5T »
2,4, 5-T
2, 4, 5-T phenoxy ,
10 /0 P. chrysosporium
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Y 3-291 o] 209 B oF 40%7t EFGICE oletE2 EAEY tiF-E2 wiT 5
4 5go) 343 delxten %= Eijdel Hasigich & Aol L 10
mg/ L EEOjNE FHo| HAe] IV FA UUAW, 50 mg/ Lo FE& HEIAE
M Fgole] o] AAdFAY A x2pA] oty YL FFY 5 YT
2, 4, 5-T¢] &Y LiP 471 Alolols APHY 4B FAE BY T %A
2, LiP 97he wfer x7]6) Hd) & Ushida, o 713t 2, 4, 5-T E3f¥o]
Hrjel Zeg nlRo] LiPg R H4 44g0] 2, 4, 5-T £3)o] VL & A=
ARl LiPe 2% sl wjok 154 o] Fel AL LiP 471E HAEY 4 ¢l
th phs wief 7] 4.2 B} 4 FrRstd e, 154 o] Fol 5 o] LR A5t
Atk olofdhE pHel o= AL XY FHE AWREE TA W 2, 4, 5T
o] d¥E Fouvkz £4dch

8 - 6 ~ 60
—O— LIP aclivity - 140
] —— pH
5 —a— Degradation of glucose | 4pq  [* 50
7 —v— Degradation of 2,4,5-T
4 - 100 L 40§
& [
6- I, 80 & &
53 I g | 30§
T E - 60 &
54 827 oL 20§
5 -0 & B
14 5| &
4 - 20 g 10
0.,
- 0
J - 0
3

T T T T T T T
0 5 10 15 20 25 30

Time (days)

<% 3-2> Phanerochaete chrysosporium ATCC 24725 Ao &%t 10 ppm
2, 4, 5-trichlorophenoxyacetic acid &3] ol ujje¥ %2 B4
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(USCA) Farest Product Laboratory biopulping
6
P. chrysaspaorium 17 3
C 3-3). T. versicalar MD-277
50% , S. sordida HHB-8922-SP 3%
- T. wversicolor MD-277, R105-SR,
ATCC 42530 50, 33, 3% - Biopulping SS-3
warking culture 30% -
, T.
versicolor MD-277 a0 , P.
ostreatus, T. versicolor R105-SR ATCC 42530 60
- Wocd A, Mutant 9 P. chrysospaorium ATCC 24725
10% , 2 -
, P. chrysospaorium

Mudarnit 15 Frms
Sl rtoart 4 § P
Ketant 9
ool B B2
5152
214 £

55-3 waikey cuilluie
& sondida HHE.8502-59
B adusia FOL1361 808P =
T. vergicoior MO-277
et ——
P, chrysosparum BEM-1T67 ©
L adodes ATCC 24282 £2
& osdreales ATCO 32708 [
T varsioolr ATEE 43830 e
P. crymosponum ATCD 24725 50

< 3-3> a0
1: USDA ( ), Forest Praduct Labaratory biopulping
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60

P. chrysospoerium ATCC 24725
L T, versicolor ATCC 42830
50 — | —— P. osfresfus ATCC 32783
T. versicelor R 105-8R
T. versicalor MD-277

= Wood A
& 40 Mutant 9
=
T
o
=30
E
[ =
=]
w 20
=
=
§ 10
0 r
o 30 60 g0
Time (days)
< 3-4>
d.
10 P. chrysospaorium laccase
8.9 , 1. versicolaor laccase
, LIP 1.3 ( 393).
M+ ( 349 LiP laccase
, Mn peroxidase , Mn++ contral 5 10
P. chrysosporium 1.32 , 1.35 , T. versicolor MD-27 1.57
, 1.58 - Mo Zn 5 10

, ( 3-5,3-6).
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< 3-3> FeSC¢ 7H0 (.36 mv, 1.8 mv, 3.6 mV)  P. chrysosporium ATCC

24725 Trametes versicclor ND-277 7 lignin
peroxidase, Mn peroxidase, laccase glucose -
P. chrysosporium ATCC 24725 T. versicalor MD-277
(mM)
0.36 1.8 3.6 0.36 1.8 3.6
((V4D)
lignin peroxidase 7.35 7.9 7.9 30 34.27 40.37
Mn peroxidase 2.47 2.54 1.99 141.87 189.67 159
laccasel 0.59 3.75 5.23 111.05 136.14 107.89
glucose @ 70 41 40 69 76 75
1, 5
< 34> MnSC< HO (.17 mv, 0.85 mv, 1.7 mV) P. chrysosporium ATCC
24725 Trametes versicclor ND-277 7 lignin
peroxidase, Mn peroxidase, laccase glucose -
P. chrysosporium ATCC 24725 T. versicalor MD-277
(D
0.17 0.85 1.7 0.17 0.85 1.7
(u7L)
lignin peroxidase 7.35 6.62 5.99 30 20.97 24.81
Mn peroxidase 2.47 3.27 3.33 141.87 222.79 224.58
laccasel 0.59 0 0 111.05 106.05 106.03
gluccse ¢ 70 41 61 69 75 80
1, 5
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< 3-5> NazvoC4 (0.0413 mM, 0.2065 mM, 0.413 mM) P. chryscsporium ATCC

24725 Trametes versicolor ND-277 7 lignin
peroxidase, Mn peroxidase, laccase glucose -
P. chrysosporium ATCC 24725 T. versicalor MD-277
(D
0.0413 0-2065 0.413 0.0413 0-2065 0.413
(D)
lignin peroxidase 7.35 7.9 6.96 30 30.29 31.87
Mn peroxidase 2.47 2.76 2.86 141.87 147.28 149.5
laccasel 0.59 Q.57 0.48 111.05 133.18 118.97
gluccse ¢ 70 42 42 70 71 68
1, 5
< 3-6> ZnS0¢ 7H0 (0.0174 mM, 0.087 mM, 0.174 mV)  P. chrysosporium
ATCC 24725  Trametes versicalor ND-277 7 lignin
peroxidase, Mn peroxidase, laccase gluccse -
P. chrysosporium ATCC 24725 T. versicalor MC-277
(D
WD 0.0174 0.087 0.174 0.0174 0.087 0.174
lignin peroxidase 7.35 7.05 7.44 30 25.87 28.26
Mn peroxidase 2.47 2.70 2.91 141.87 115.93 154.39
laccasel 0.59 1.51 .96 111.05 124.68 123.68
glucose @ 70 40 40 69 72 72
1, 5

- 134 -



e. pH

P. chrysosporium  ATCC 24725 Lignin
peroxidase(LiP), Nanganese peroxidase(MnP) Laccase
pH 4.2 , Modified Tien & Kirk 0.01IM trans-aconitic
acid buffer - pH 10 4.5 5.2
- 0.01 M 2,2-dimethyl-succinate buffering agent
10 pH 6 , LiP, MnP, Laccase
. Trans-aconitic acid buffering agent
Na-succinate pH .
T. versicolor MC-277 ( 3-5) pH 7
P. chrysosparium ATCC 24725 ( 3-6) pH
- glucase pH 6.2 ,
90% 5 pH gluccse
- T. versicolor MD-277 LiP pH
laccase pH 6.2
f.
P. chrysosporium ATCC 24725 5 glucecse 70%
- LiP 2 3 , laccase MnP
5 2.5 U/t - LiP
0.5% 1% gluccse
, 1% glucase 2 5 LiP 28 W/
¢, 36 U/t , 0.5% glucose , 2 3 45 U
- C 3-7
T. versicalar MD-277 5 glucose 5%
5 glucase - pH 4.31
3 4.16 5
pH 4.29 - LiP 130.69 U/¢ 5
- C 3-8)
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-
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Time(days) Time(days)
70 —|
L € -
I\so =1
S
& A\ﬂ_\a\ﬂ—_ 340 —
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4 — 20 ~
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3 0
T | | ] I T T |
2 4 ] 1 3 5 k)
Time{days}) Time(days)

<1y 3-5) w)oF X7} pHe] WElJ} Trametes versicolor MD-277 F-AbAjol 213t 2% A
47} % glucose 4H]&o nlXs 9%, (-o0-1&7] pH 3.2, -0-:27] pH 4.2,
~a-:%7] pH 5.2, -v-:127)] pH 6.2)
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4.—
10 W
3_—
0
T T T T T 1 T T T T T 1
0 1 2 3 4 5 8 0 1 2 3 4 5 8
Time(days) Time(days)

<23 3-6> Wl &7| pH7} Phanerochaste chrysosporium ATCC 24725¢) 2]%t 2}& XA
47} 9 glucose AM]gol nlX|& P3, (-o0-:1&7) pH 3.2,
-ao-:127] pH 4.2, -a-12)] pH 5.2, -v-:3Z7] pH 6.2)
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158-159

lignin peroxidase, Mn-dependent peroxidase, laccase,
oxygenase (60 1.
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Phacerochaete chrysosporium ATCC 24725,

Trametes versicolor MD-277, Pleurctus ostreatus (tween 80)
lignin peroxidase, Vn peroxidase, laccase
tween 80 -
, 2,4,5-

trichlorophenoxyacetic acid

Phacerachaete chrysasporium ATCC 24725,
Trametes versicolor MC-277, Pleurotus ostreatus . P. chrysosporium  T.

versicolor 2,3 , P. ostreatus
, T. versicalar
5 7 .
b.
P. chrysosporium  T. versicolar 3
. P. ostreatus PDA 10
< 4-1> 27 4
. 5 7
P. ostreatus 0.8 7
50 18 .
10 27
5 6 - 3
- , tween 80 Lignin peroxidase
, 2.50 tween 80
C-2% , 0.5t /min -
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< 4-1> P. ostreatus

¢)
KHzPC4 249
MgSCz  7HZO C5g
CaCl2 0.1g
Armonium tartarate (2 g/100 , autoclaved) 10
Thiamine-HCI (100 /100 , autoclaved) 10
100x Trace Element Solution* (filter sterilization) 10
5% Gluccse (autoclaved) 100
trans-Aconitic acid (1.74 g/100 , pPH 4.2,
autoclaved) 10
Veratryl alcohol (0.1 M , autaclaved) 20
(300g/500  , autoclaved) 300g
*100x TES (¢ )
Nitrilotriacetate 159
MgSCz 7H:0 3.0g
MnSCz HZ0 05¢g
NaCl 1.0g
FeSCs: 7H0 0.1g
CoSc4 0.1g
ZnSCz 7H0 0.1g
CuSCz 7H:0 0.1g
AIK(S0)z 12H0 0.0l g
H:BO4 0.0l g
NaMaC4 0.01 g
¢)
400

, agar .
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C.
Lignin peroxidase(LiP)z, Mn-peroxidase(MnP)<ft, Laccase(lLac):

3 -
d. (tween 80)
3
(vodified kirk ) tween 80 0.05, 0.1, 0.25,
0.5, 1.0% 5 -5 C ) 5
(4500rpm, 30 ) , -
e.
P. chryscsporium, T. versicolor, P. costreatus PCA
5 7
2.50 pH 4.5, 27/37 0.5¢
/min - (4500rprr,
30 ) - 1.5
10-kDa High Flux Biarax Pclysulfane nembrane Ultrafiltration
(Millipore Vinitan Munit) 10 -

- FPLC
0.2 nylon membrane filter
, Fast desalting colurn(HR 10/10, Sephadex G-25 Superfine)

FPLC(Pharamacia)  salt . mobile phase pH 6.0 25 mM sodium
citrate , 0.5 /min 30 - UV detector
280 nm . desalting caolumn salt Mono-Q(Anion
exchange cclumn, Pharamacia) column FPLC LiP -
0.28 / (desalting column 2 ) inject
- mabile phase 25 mM sodium citrate 0 1 M NaCl gradient
, 0.5 /min 50 -
f. s

Na-alginate, hydrophillic cuprammonium rayon

hollow-fiber (180 , )] - 10

2U(LiP )] 4%(w/v) alginate

needle(14C) C.05M CaCl2 2-3mm bead -
CaCl2 - hydraophillic

cupranmonium rayon hollow—Fiber (180 , )] 2-3 aon
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2U(LiF)/1.5g hollow fiber -

Na-alginate  hollow fiber pore size 1 mm
(6x 7 cm) - 1 am )] 1g D.w 300
27 24 -
alginate bead hcllow fiber
- (madified Klason methodl() 2
g-
1 g P. chrysosporium, T.
versicolor, P. ostreatus 10 2U(LiP )]
27 24 - D.W -
- disk
1% modified kirk glucose 1%
(100mesh) 2% agar autoclave petri dish 15
- 0.8 cm paper(Watman No 1) disk 10
100 -
h. 2,4,5-trichlorophenoxy acetic acid
2,4,5-T 2,4,5-T
- 3

(@0%) carn starch(15%), corn steep liquor(3%) lignosulfonate(2%)

modified kirk 60% 121 30 -
P. chrysosparium 1.25% 10¢ g , T-
versicolor, P. ostreatus 1.5x 1.5 cm 15 2

- 60% -
2,4,5-T 30 ppm < 4-1>
5 g(wet weight) P. chrysosporium 37 T. versicalar, P.

ostreatus 27 4 >, 1 5¢
sampling -

- 143 -



Q)

®

- 144 -



©

< 4-1> 2 (A) Phanerochaete
chrysosparium ATCC 24725 (B) Trametes versicalar MD-277 (C)
Pleurotus ostreatus

i. HPLC
sampling 10 g sodium sulfate anhydrous
. 23 sodium chloride sonication 2,4,5-T
(300 rpm, 30 ) - 5
sodium chlaride methancl 10 .2
cellulose nitrate nmembrane filter , Beckman
Ultrasphere C18(reverse-phase) column(zrrl 25 cmx 4.6 mm c.5 )

Beckran liquid chramatography-model Gold(Beckman Instrument, USA)
. mobile phase methancl:0.1% phosphoric acid 60:40
, 1.0 /min 30 - Beckman Model 160 WV detectaor
230 nm -
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3.

1. P. ostreatus

P. ostreatus PDA 10
27 - P. ostreatus
, FDA 14
6 9
. < 4-2 (A)>
P. ostreatus modified kirk
3 < 4-2

(8)>
»® ®

< 4-2> F. ostreatus (A) PDA P.
ostreatus - , , FDA C €
) B P. ostreatus( 6 D)
2. tween 80
P. chrysosporium, T. versicolor 250
pH tween 80
tween 80
. P. chrysaosporiur LiP tween 80 0O 0.25% ,
0.5% 10 , MnP  Lac
- T. versicalor LiP  tween 80
, \vnP Lac  0.05% ,
. < 4-2>
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< 4-2> P. chrysosporium, T. versicolor tween 80

tween8o P .chrysosporium T.versicalar
(D) LiP MnP Laccase LiP MnP Laccase
0 6.6 0.6 0 16.7 41.8 56.2
0.05 11.8 0.7 0 36.7 203.8 237.4
.1 9.4 0.7 0.4 34.7 184.9 200.7
0.25 16.3 1.0 0.4 31.8 155.2 168.9
.5 167.9 0.8 0.4 35.4 118.4 123.3
1.0 166.8 0.9 0.2 50.2 82.1 61.2
180 -
160 f
~T 140 ,-"a
= 10 ;“I
w .'l
[75] ..'
o 100
= /
’é A .f"
E_ B0 ;
c 4
‘T 40 !
o af
~ 2 _,J'
g
0
a &L‘I E-.:J'_m a &..:U 0.7% 1 :_‘II.'

tween 802 =T (%)
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Mn peroxidase{U/L)

Laccase(U/L)

130 4

100

100 4

50

]

000 025 060 075 1.00
tween 802 =5 (%)
Q.00 0.26 050 o7s 100

tween 802 =% (%)

4-3> P. chrysasporium, T. versicolor
(-e - :P. chrysosporium , -o -: T. versicclar)
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3.

- ( )
P. chrysosporium, T. versicolor, P. ostreatus Ultrafiltration
salt 10,000
10 - 10 10
< 4-3>T. versicalor P. ostreatus 10
LiP, MnP, Lac 5 - F. chrysosporiur 2

< 4-3> P. chrysosporium, T. versicalor, P. cstreatus ultrafiltration

Lignin Manganese
Laccase
peroxidase peroxidase
(mg/dL) (V1D
(U7L) /L)
UF UF UF UF UF UF UF UF

T.versicolor 22.4 | 74.3| 35.4 | 92.0 41.3 4755 | 79.3 |736.1

P.chrysosporium| 5.4 | 16.8 | 28.8 | 66.1 3.0 7.0 6.6 | 13.6

P.cstreatus 1.2 | 36.7 | 580.9 |605.8| 17.6 126.9 | 98.7 |633.5

Q)

enzymes activity(LU/L)
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Q)

180 4
160 4

1430

100
- aig |

&l 4

enzymeas activity{U/L)

&7 4

©

]

EQQ

400 o

LR

enzymes activity(LI/L)

[ RA_M 1

< 4-4> ultrafiltration - (A) F. chrysasporium (B)
T. versicolar (C) P. ostreatus (m : , Oz ultrafiltration )
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- Lignin peroxidase

T. versicolor MD-277 (LiP-65.7, NnP-147, Lac-204.2)

fast desalting column FPLC fraction tube number 2,3,4,5
- LiP
FeS04 48mM < 4> LiP -
fraction Mono Q(anion exchange colurn) column FPLC
LiP fraction tube number 10,11,12
LiP LiP < 4-5>
< 4-4> desalting column
fraction tube
LiP MnP Lac
Na.
2 561.6 21.9 98.3
3 394.2 3.9 4.7
4 418.2 0.5 2.5
5 436.2 0.1 25.0
< 4-5> Mono-Q
fraction tube
LiP MnP Lac
No.
10 64.5 0.007 1.7
11 86.3 0 0]
12 72.6 0 0
4.
P. chryscsporium, T. versicolor, P. ostreatus
10
.< 4-6> klacon
- alginate
(100mesh )] 10% , lcm
24 20% , - hollow fiber
30%
-1lcm 24 17%
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< 4-6> P. chrysosporium, T. versicolar, P. ostreatus

€3]
T. versicolor |P. chrysosporium
P. ostreatus
ND-277 ATCC 24725
2.3 2.2 1.9
1 2.4 0.9
1.5 3.8 2.9
1.8 3.4 1.4

< 4-7> P. chrysosporium, T. versicolor, P. cstreatus

¢0)
T. versicolor |P. chrysosporium
P. ostreatus
MD-277 ATCC 24725
12.3 14.4 14.3
alginate 18.3 18.9 18.9
0.15 0.7 0
28.8 30.7 29.5
hollow fiber 17.3 18.3 19.1
0.8 0 0
5. disk
= Hlignin peroxidase,
Mn-dependent peroxidase, laccase, oxygenase Coz
1 1% -
T. versicolor disk
disk
- < 4-5> P. chrysosporium P. ostreatus
6. 2,4,5-T
T. wversicolor, P.chrysosporium, P.ostreatus
pellet 2,45-T30 N 6C%
, 14% 2, 4,
5-T , , T.
versicolor, P.chrysasporium, F.ostreatus 1 63, 55, 46%
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» ®

< 4-5> Paper disk T. versicaolor ( ) 1%
(A) 100 (3-5x 10-U) (B) 100
(9.2x 10-2U)

. 2-3 , , T. versicalar
2 66% .

(palycyclic aromatic hydrocarbons, PAH)
1985  Bumpus] Phanerachaete chrysasparium benzo(a)pyrene, DDT
PAH ,

, €7
2,4,5,-trichlarophenoxyacetic acid

&9 2,4,5-T genatoxic effect
€7

- 153 -



5.
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2. Tien M, and T.K. Kirk. 1984. Lignin-degrading enzyme from Phanerochaete
chryscsporium: purification, characterization and catalytic properties of
unique H0z-requiring oxygenase. Prac Natl Acad Sci U.S.A 81: 2280-2284

3. Carmen R.J., S. Lareto. R. Vicuna, and T.K. Kirk. 1993. Extracellular enzyre
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6. Crant, W.F., 1979. The Genctoxic Effects 2.4.5-T. Mutat. Res. 65 83
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1970

- 1973

1980
CECD, EU, IEA
< 8>

720 TCE 2000 / .

< 5-1>

- 10 TCE
/ 0.4 a.9 8.6 9.9
0.3 a.5 2.8 3.6
0.02 0.05 0.2 0.27
/ 0.1 0.05 4.4 4.55
0.2 0.5 11.5 12.2
0.6 0.3 12.7 13.6
0.2 0.3 13.0 13.5
0.5 0.2 4.0 4.7
0.8 a.5 8.2 9.5
- - 0.3 0.3
3.12 3.3 65.7 72.12
( ? ? I’ )
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250 / 1.3% . 250 M/T
A0% : 200 (1,270 TOE).
UN  IEA
100% 1995
186 ; 1995
1.5 TOE(186 ).
400 TOE(4.8 ) ,
1980

(1982, 1985, 1989, 1995, 1996), (1981, 1984)

1974), (1975), (1980),
(1979, 1981), (1981, 1982), (1984), (1985)

5-2> - kg/1Ca

518 131

113 168

269 70

62 143

217 60

127 123

566 42

201 119

13 a4

138 131

17 305

294 138

646 137
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(1989-1991)"

(1996)

™

1,267kg/ha(

(1982)°
. < g>
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)

M/T

50%

21

I

10>



< 5-3>

- kg/10a
459 265
387 350
427 427
369 300
21 < 11>
- » ( L]
)
1995 5-4
) (619kg/10a)
(445kg),  (444kg), (425kg), (323kg)
. 1986 1995 10 21
< 12 54%, 9.9%
., , 74.7%, 131.3%, 52.8% )
< 54> (1995)
(ha) /T (ha) /T
1,055,868 4,694,956 50,103 715,982
87,497 281,712 15,752 178,321
C ) 2,317 10,275 25,009 194,585
C ) 4,236 3,176 26,030 316,443
17,541 74,465 10,241 129,640
6,896 6,994 24,348 614,801
105,035 159,640 52,263 31,859
18,225 18,973 36,476 26,232
2.675 2,821 1,981 3,883
24,941 118,407 9,358 17,214
14,908 94,514 1,589,782 7,694,893
. (1996), (1996)
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1995
5-5 . 1995 8,262,032
N/T C . )
80.64% . 10
17.9% 14 .5% .
. 1986
1,773,477 ha 1995 1,398,450
ha 21.5% < 12> .
< 5-5> 1986 1995
1986 1995
(ha) MW7) (ha) /7))

| 1,233,000 7,789,000 1,055,868 6,662,527
190,456 630,409 87,497 289,615
C D) 2,565 5,566 2,317 5,017
( ) 4,236 9,065 2,328 4,982
23,645 133,837 17,541 99,282
11,714 18,157 6,886 10,674
133,489 317,704 105,035 249,984
26,872 44,339 18,225 30,072
7,815 12,738 2,675 4,360
27,734 36,332 24,941 32,673
27,767 179,375 14,908 96,306
86,446 396,787 50,103 229,973
9,017 34,896 15,752 60,960
10,812 37,842 25,009 87,532
17,037 62,867 26,030 96,051
14,456 61,727 10,241 43,729
16,773 44,448 24,348 64,522
88,423 115,834 52,263 68,465
34,135 93,871 36,476 100,309
3,875 11,819 1,981 6,042
13,252 26,902 9,358 18,957
1,983,519 10,063,515 1,589,782 8,262,032
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< 13> < 14>

698,818 W/T .
< 56> (1995) : N/T
466,376 6,741
20,273 47,863
351 14,254
350 23,227
6,950 6,496
747 19,954
17,499 4,793
2,105 7,022
305 423
2,287 1,327
21,983 671,326
< 57> (1995) : /T
(ha) /) M/TY*
35,518 1,435,296 8,612
46,483 2,884,772 17,309
6,651 261,787 1,571
88,652 4,581,855 27,492
: 80% , <)
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C D, ( ; brush wood) )

1982)’, - (1989-1991)"
1982-1988 7
1989-1995 -
‘ (1981)”
¢ ) , ,
6-16¢cm 18-28cm 30cm 6-16¢cm 18-28cm 30cm
0.7382 0.2334 0.0284 0.5806 0.3905 0.0289

‘ (1975)”
0.327 0.217 0.147
0.245 0.217 0.222

(1981)

C.141 0.111 0.098
0.160 0.136 0.124
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( )R (
) ha ¢ = 880kg , = 1267kg )
- ( )
C : 16.39n%/ha, : 5.77ri/ha)
(634,000ha) -
- C = Brush wood)
2 M/T/ha( )
(1982)
- 35% -
0.08248 0.0428 0.0109 0.08109 0.02842 0.08295 0.02459
(1989) (G.5 WT/ha/ ) -
1996 1995 645 2 ha
65% 45_82m/ha 266n?,
124nC, 78ms -
, 6 25 ¢ 29%)
- 1995
279,200 M/T » ,
3.3% 9.215
- 6.440
1982 3.2% , 10
(1986-1995) 45 _2%(87 M/T) -
279.20 17% ,
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9.2 < 16>
%

(6.44  W/T)

< 5-8>
: N/T

1982 | 75.89 27.24 11.96 6.18 20.57 10.40 13.11 2.040 |167.38

1983 | 79.00 28.35 12.45 6.23 20.57 10.85 13.09 2.310 |172.85

1984 | 82.62 29.65 13.01 6.23 20.57 11.36 13.08 2.070 |178.58

1985 | 86.12 30.90 13.56 6.22 20.57 11.87 13.06 2.030 |184.32

1986 | 92.14 33.02 14.47 6.24 20.57 12.78 13.05 2.110 |194.37

1987 | 95.67 34.26 15.01 6.26 20.57 11.93 13.00 2.350 |199.05

1988 |103.05 37.08 16.26 6.28 20.57 12.86 12.98 2.570 |211.65

1989 |108.41 39.05 17.11 6.30 20.57 13.28 12.70 2.679 |220.09

1990 (114.05 41.12 18.00 6.32 20.57 13.72 12.68 2.793 |229.25

1991 |120.00 43.30 18.95 6.34 20.57 14.17 12.66 2.911 |238.90

1992 |126.24 45.60 19.94 6.36 20.57 14.64 12.64 3.034 |249.02

1993 |132.80 48.02 20.99 6.38 20.57 15.12 12.66 3.163 |259.70

1984 138.71 50.57 22.09 6.40 20.57 15.62 12.60 3.297 |270.86

1995 |146.97 53.26 23.25 6.44 20.57 16.13 12.58  3.437 |282.67

3% 4% -

(1982) < 17> ;

- 163 -



; ( , , )
< 58 s
TNT
1982 160 1,740 3,620 2,040 7,573
1983 150 2,160 3,520 2,310 8,140
1984 140 2,160 3,690 2,070 8,060
1985 140 2,160 3,680 2,030 8,010
1986 150 2,160 3,430 2,110 7,850
1987 160 2,160 3,430 2,350 8,100
1988 170 2,160 3,430 2,570 8,330
1989 172 2,160 3,430 2,679 8,441
1990 175 2,160 3,430 2,793 8,558
1991 177 2,160 3,430 2,911 8,678
1992 180 2,160 3,430 3,034 8,804
1993 182 2,160 3,430 3,163 8,935
1994 185 2,160 3,430 3,297 9,072
1995 188 2,160 3,430 3,437 9,215
< 5-10>
57.1 16.3 11.7 8.0 1.2 Q.7 5.0
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™%

(< 18> ) .
< 511>
M/T
188 13 %
2,160 151 "
3,430 240 "
6,440 6,440
3,437 0
15,655 6,844
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