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Purpose: Recently, the whole DNA sequence of Bacillus subtilis (B. subtilis)
was identified, revealing the existence of the YovrK gene encoding a 43
kD oxalate decarboxylase (OXDC), which degrades oxalate by a simple
pathway. The objective of this study was to develop recombinant
Escherichia coli (E. coli) expressing the Yvrk gene from B. subtilis.
Materials and Methods: After the extraction of total DNA from B. subtilis,
the YurK gene was cloned by polymerase chain reaction. The cloned DNA
encoding OXDC was inserted into the pBAD/glIII-A vector, downstream
of the L-arabinose promotor. The plasmid vector was transformed into
TOP 10 E. coli, and the transformants were selected with ampicillin. The
recombinant E. coli, named pBy, was then analyzed by DNA sequencing
and Western blot. To evaluate the oxalate-degrading function of pBy, pBy
was cultured in LB broth containing oxalate, and then the amount of
oxalate in the medium was assessed. The oxalate-degrading activity of
homogenates of pBy was evaluated.

Results: DNA sequencing showed the successful transformation of the
YurK gene into TOP 10 E. coli. Western blot analyses showed that pBy
expressed OXDC. pBy removed oxalate during the overnight culture in
oxalate-containing LB broth, and the homogenate of pBy degraded 90%
of oxalate under acidic conditions.

Conclusions: A recombinant E. coli expressing the YurK gene was success-
fully produced. The bacteria showed potent oxalate-degrading activity.
The results of this study will provide a solution to the treatment of calcium
oxalate stones and hyperoxaluria, for which there are few medical treat-
ment modalities. (Korean J Urol 2009;50:1022-1026)
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B. subtilis 128 T (ALY E ALl vk
H A 2 LB broth (DIFCO, USA)E A-£3lo] 95% 0,/5%
CO,, 37°Ce] 714 =710llA ulloFsladet.

2. Yvrk ¥ X} cloning

B. subtilisS LB brothol| A 24X 7k mljekal & 4°Col|A] 55
7k 5,000xg 2 A4l Eelste] AF A dol Uitk Wot gle
|2 2e] 48315 QlAamp DNA mini kit (Quiazen, USA)

AL&-3}o] genomic DNAE %3130t} B. subtilisoll A 3
g genomic DNAE 12| A2 primerE A-&3le] o4
FHELAMTHS ol &3l vk FRAAE FEF
oAk wWhg 2712 94°Col|A] 587 wES A 7] 5 94°C 30%,
62°C 30%, 72°C 3024 30 F7]|Z HFS-A| 71 3 72°Ce)| A
527 A% 5 4°CollA vhes AAAT L A7 B 5E
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Yvrk-F: ATGAAAAAAC AAAATGACAT TCCG
Yvrk-R: TTTACTG CATTTCTTTT TCACTAC

3. yrk XIS LHHE W Mol ¥ &R0 FE

QAT EEA M-S H S o]gsto] QdolR Yvrk DNA
A& histidine 78] 35 &3] pBAD/gII-A vectorol] 4Hs
o Yvrk WA WE| & A4s}Si vl Automated DNA sequence
(ABI Prisr®) o185 412} DNA fragmen %1714 % 2}
olstoiet. e wE] & wiA7} E3% vy L4 TOP 10
E. colioll Yol 9027 42°C2] ¥%74 (heat shock)S 7}
skaL vhA] 1027F 4°CollA] WX A A A3l
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1) Western blot: ¥ A 3= A+ (pBy)= 37°C Hlgk
Z71ol| A L-arabinose7} E3+= LB brothol] 44]7F ujjoksl &
chul A S 2E3ko] 10% SDS-PAGE gel2 A 7| 45417 ¥
Coomassie blue 3 2.2 £}21s} 3 antihistidine antibody &
o] 8-s}o] Western blot2 A]#§s}9t}.

2) Yvrk gene recombinant E. coli2| T4 23l &0l

(1) pByQ A 23ls &3, TOP 10 E. coli$} pByZ
L-arabinose 2%2} 1 mM oxalate”} 33+ 37°C LB broth 5
miof| Al ©hekdt pH (pH 3-7) 271 3lol] 24417k &< kst
Ak A7) ol S ol AR EalsteA €71 93
& WA g3 4t 239 wiA (L-arabinose 2%k 1
mM oxalate”} E3+% LB broth)& 27282 A3t vl
9k=l TOP 10 E. coli B pByE 3,000 rpmeoll4] 1027 AAE
glste] wieksl F& AAsI FAto]l £3HE vl A
He FAsIAY FAE 4FNY] 4 FEF oxalate kit
(Trinity Biotech, USA)E 2430 TOP 10 ti4-F3} pBy7}
Ao EE F4S Fokehsn Helshgleh

(2) pBy homogenate2| TAH2S]S SH; k= TOP 10
E. coli ¥ pByE $73k0] 20 Hz sloll 207+ A W14 &5
] (sonication)qt ¥ 574k 1 mM F=2] PBS &0l 37°C
2] tpoksk pH %71 &}ol| shaking incubatorol] 4] 3X]7F HE-S-A]
7] & A 552 H3lE oxalate kit (Trinity Biotech, USA)
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2. Yvrk gene-recombinant pBAD/gIII-A vector M|Z}
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Fig. 1. Yvrk gene cloning by polymerase chain reaction (PCR). M:
1 kb plus DNA ladder, PCR using 1«1 (1, 2), 31 (3, 4), 6 11

(5, 6), and 01 (7) genomic DNA showing a 1.2 kb band.

1.2 kb—»

Fig. 2. Identification of Yvrk transformation by PCR. M: 1 kb plus
DNA ladder, Y: Bacillus subtilis, S: pBy. 1.2 kb band of the Yvrk
gene is seen in both B. subtilis and pBy.

Yvrk 5732} cloning} SDS-PAGE £4-& A]e§3}l3L Coma-
ssie Blue %34 3! Western Blot £-4-5 AJe§3}ic). o A3}
1,200 bp2] ILZFoll4 AoIR vwrk +A A7} pByll A= %
259t (Fig. 2).
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Fig. 3. Western blot for oxalate decarboxylase (OXDC). Using

anti-histidine antibody, a 43 kD protein (oxalate decarboxylase)
was observed.

1 Control
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Fig. 4. Functional assay of pBy. pBy showed oxalate-degrading
activity during overnight culture in the LB broth containing
oxalate. The activity was dependent on pH.
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Fig. 5. Functional assay of pBy homogenate. Measurement of the
oxalate concentration after mixing 1 mM oxalate and homogenate
of pBy for 3 hours showed that most of the oxalate was degraded
at pH 5.
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At (Fig. 5).
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