Kor. J. Appl. Microbiol. Biotechnol.
Vol. 24, No. 3, 282-289 (1996)

Mg T E. coli CK10927} A44AESHE 2,3-Dihydroxybiphenyl
Dioxygenase2| HA| % S4

UEL - YA DY - UAE - AR
ZE0ystm 0jAIS S, ' okatn}

Purification and Characterization of 2,3-Dihydroxybiphenyl Dioxygenase from Recombinant E. coli
CK1092. Hyo-Nam Park, Young-Soo Kim’, Young-Chang Kim, Chi-Kyung Kim and Jai-Yun Lim*. Deparirnent
of Microbiology. 'Department of Pharmacy, Chungbuk National University. Cheongju 361-763, Korea — 2,3
DHBP dioxygenase was purified from E. coli CK1092 carrying the pcbC gene, which was cloned from 4-chlorobi-
phenyl-degrading Pseudomonas sp. P20. Purification of this enzyme was done by acetone precipitation, DEAE-
Sephadex A-25 ion exchange chromatography, and preparative gel electrophoresis. The molecular weight of
subunit was 34 kDa determined by SDS-PAGE, and that of native enzyme was about 270 kDa. It suggests
that this enzyme consist of eight identical subunits. This enzyme was specifically active against only 2,3-DHBP
as a substrate with 18 uM of Km value, but not catechol, 3-methylcatechol, 4-methylcatechol and 4-chlorocate-
chol. The optimal pH and temperature of 2,3-DHBP dioxygenase were pH 8.0 and 40~60C. The enzyme
was inhibited by Cu?', Fe’" and Fe®' ions, and was inactivated by H»O. and EDTA. The lower concentrations
of some organic solvents such as acetone and ethanol don't stabilize the activity of 2,3-DHBP dioxygenase.
The enzyme was completely inactivated by adding the reagents such as N-bromosuccinimide, iodine and p-

diazobenzene sulfonic acid.
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Fig. 1. Catabolic pathway for the degradation of 4-chiorobi-
phenyl and proposed gene organization of the pch ABCD
operon in Pseudomonas sp. P20(17).

(top)-Compounds: I, 4-chlorobiphenyl; 11, 2,3-dihydro-2,3-di-
hydroxy-4'-chlorobiphenyl; 1II, 2,3-dihydroxy-4'-chlorobi-
phenyl: IV, 2-hydroxy-6-0x0-6-(4'-chlorophenyl)hexa-2,3-
dienoate{meta-cleavage compound); V, 4-chlorobenzoate.
Enzymes: A, 4-chlorobiphenyldioxygenase; B, dihvdrodiol-
dehydrogenase; C, 23-dihydroxybipenyldioxygenase: D,
MCP hydrolase.

(bottom)-Genetic structure of pCK1, pCK1092 cloned from
Pseudomonas sp. P20.
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Fig. 2. Time course of E. coli CK1092 cell growth and 2,3-
DHBP dioxygenase activity.
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Fig. 3. DEAE-Sephadex A-25 ion-exchange chromatogram
of 2,3-DHBP dioxygenase from E. coli CK1092.

Table 1. Purification of 2,3-DHBP dioxygenase from E. coli CK1092.
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Fig. 4. Native-PAGE of 2,3-DHBP dioxygenase.

(A) active staining (B) Coomassie brilliant blue R-250 stai-
ning. Molecular weight markers; 1. a-lactalbumin (14,200},
2. bovine serum albumine (66,000 & 132,000), 3. urease
(272,000 & 545,000).

Purification step Total af:tivity Total protein Spf?ci_fic Recovery Purification
(Unit) (mg) activity yield (%) Fold
Crude extract 109,006 825 132 100 1
Acetone precipitation 78,737 415 190 72 14
DEAE-sephadex A-25 55,972 116 483 51 3.7
Preparative electrophoresis 3,352 5.2 645 3.1 4.9
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dm‘xygen_ase%- tyrosine & *|2Fql iodine®} trypto- O: none, @: ethanol, %/: acetone, ¥: glycerol, []: isopropyl
phan *H 3 A|2kq) N-bromosuccinimide, histidine ¥ ¥ alcohol
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Table 2. Effect of metal ions on the 2,3-DHBP dioxygenase
activity.

Relative activity (%)

Metal i1ons®

0.1 mM 1 mM
None 100 100
Co* 74 43
Mn?' 68 88
Ni*’ 89 0
Zn®' 95 81
Mg 94 109
Fe?" 30 0
Cu™ 0 0
Fe’ 68 38

*Metal ions were used as chloride salts except for Fe*"
(sulfate) and Cu*' (sulfate).

Table 3. Effect of group-specific reagents on the 2,.3-DHBP
dioxygenase activity.

Relative activity (%)

Reagents

01l mM 1 mM
None 100 100
[odine 0 0
N-Bromosuccinimide 0 0
p-Diazobenzene sulfonic acid 0 0
B-Naphthoquinone-4-sulfonic acid 80 18
2,4,6-Trinitrobenzene sulfonic acid 88 56
Glyoxal 102 97
Monoiodoacetic acid 105 65
N-Ethlymaleimide 88 89

Modification reactions were carried out at 30C in 10 mM
Tris-HCI (pH 8). Modification reactions were initiated by
adding reagents to the enzyme solution. Aliquots of reaction
mixture were taken after 30 min incubation and subjected
to activity assay.
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Table 4. Effects of oxidant and chelators on the 2,3-DHBP
dioxygenase activity.

TRPTITS WPVt e s AR AR
——rETTTTRCE T

Relative
Compunds Concentration activity
(%)
None 100
Oxidant
50 uM 0
Chelators
EDTA 5 mM o8
10 mM 16
Tiron 5 mM 106
10 mM 85
o-Phenanthrolin 5 mM 121
10 mM 94

PIXE 4SS ool B ZAI Table 4ol A9} o] 1
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ble 50| 4| ¢} o] 2,3-DHBP dioxygenase+= 2,3-DHBP
ofjnt Eolz o 2 ukgsteict Catechole]t} 3-methyl-
catecholell+= Z+2F 1.2%2} 2.2% % o5 vlo|gt vb2-&
Bt} Pseudomonas sp. DJ-129) 73 5-¢|+= 2,3-DHBP
wal olujel catechol(d45%), 3-methylcatechol(7%)%
—E’*@H gro)al Hashedch(9). o] A2 DJ-12 #5771 4-CB

£ protocatechuate7}z| &HA R 5= 5], P209]
4 CBell4 4-CBA7Z}A|IRE Fafidhe +F0|7] wFel
DJ-124#52] 2,3-DHBP dioxygenase7} 2 #&4-¥r}
7)1 22 e A7t W Aeg Agzrxich 3 Hiroses
(1994)2- o4l extradiol aromatic ring-cleavage dioxy-
genase(EDO) 5] EA)S v|wdlgl+d] Pseudomonas
sp. KKS1022} Pseudomonas paucimobilis Q12 EDO+=
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Table 5. Substrate specificity of the 2.3-DHBP dioxygenase.

Enzyme Relative
Substrate”® activity activity
(U/mi) (%)
2,3-Dihydroxybiphenyl 289.94 100.00
Catechol 3.45 1.18
3-Methylcatechol 6.38 2.20
4-Methylcatechol ND? ND
4-Chlorocatechol ND ND

*The substrate specificity of 2,3-DHBP dioxygenase was de-
termined by adding various substrate to the standard assay

condition.
ND?: No detectable activity.

viard yle #Hele] 7)AE E&lg ¢ qlder, ofq
vbsl] Pseudomonas sp. KF707¢] EDO%} Pseudomonas
sp. LB400+= 2,3-DHBPel| =& 7|3 5o|A-§& Bt
B wsledch2]). weld, £ i 7Aoot 7]
Aol L8t A&, BAIeFSL v)xs] B u] Pseudomonas
sp. LB400¢]|} Pseudomonas sp. KF7073} -f-A}&l,
Fe?' o] 2 ojsl] &£43Adel FriER] derkes Aol

o) she.
2 ¢

4-CB 2#l35<¢ Pseudomonas sp. P20° 2 H-g
pcbC FAAS FEYS & E coli CK10925 5]
2,3-DHBP dioxygenases &, Azlsled 843 54
S ZAEIGIT, 8Aae] A A= acetone A A, DEAE-Se-
phadex A-25 ion exchange chromatography, prepara-
tive electrophoresis ¥ o2 A st} 2,3-DHBP

dioxygenase®] ¥-AleFE <F 270kDac.® FA x|,
SDS-PAGE<)] #|gt F 2l 34 kDaelsict. wlebA,

%43t subunit 8707} #Ez}s}= octamerZE FH =t}
o] AAw 2,3-DHBPe o3l 52 7|AEo|E L9
o ], catechol, 3-methylcatechol, 4-methylcatechol, 4-
chlorocatecholdl] W& = ZA4E Ho|A i) 2.3-
DHBPol| tH3 Km 3t-< 18 uyMelsiem, 30 uM o] 4+e]
71 AsEd A o] zrAidgct. Ao FHAH
pH+ 8.0¢]4 2w, pH7.0~10.0 H| A= <A1
A, HA A &£EE 40~60Te]H, 60C7A = vl F
otAsleich =] o] a4+ Cu?™, Fe?', Fe*' o] &5
o3t A A e] A=l x, H0.9F EDTAC] £f3l
M gAjol AEgom, 10%] 7] 8ned s 4]
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