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The first objective of the present study was to examine the presence of Oxalobacter formigenes (an
oxalate-degrading bacterium in the human intestine) according to sex in a large number of Japanese.
The second objective was to study the presence of three related genes in Bifidobacterium breve, which is
considered to be a new oxalate-degrading bacterim. Fecal samples were collected from 55 male and 37
female healthy volunteers. O. formigenes was detected by a polymerase chain reaction (PCR) and a
culture-based method. DNA was amplified by the PCR method including the site of important base
sequences of each gene in order to detect oxc, frc, and OxIT. O. formigenes was present in 80% of 54
male and 62% of 34 female subjects in the PCR-based assay, while it was present in 62% of 40 male and
50% of 24 female subjects in the culture-based assay. The partial base sequences of the three related
genes in B. breve were determined. The RNA polymerase-binding site in promoters and the p-
independent termination sequence were preserved in oxc and frc. In conclusion, the rate of the
presence of O. formigenes was the same as in previous reports. Female subjects showed a 15% lower
rate than males. B. breve is considered to be an oxalate-degrading bacterium since it was found to have
oxalic acid-degrading ability and three genes involved in oxalate degradation.

(Acta Urol. Jpn. 49: 371-376, 2003)
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Gene Primer Position (5;3)  Size (bp)
TATGCGGCATACTCGGAA (—67; —50)

A oxc TTCCTTCGATGTAACCGG (214 ; 197) 281
ATACTCGGATTGACGT* (—59; —43) (273)
AGTTAGTACCTTCAGCCCTTTG (—116; —95)

Jre TGATCATCTGTTCCAGAAGCTC (262 ; 241) 378
AGCCCTTTGGGCGAAGTTTTTC* (—103; —82) (365)

B oxc GAAACCACGCAAACGTCTTGA (1,242 ; 1,262)
CTGGTTGTGGATCTGCTTCGTT (1,477 ; 1,456) 236

C OxIT TCGGCCGTTACAAAACCATGT (845 ; 865)

X
CTTGGAATAACGAAGGTAGCC (1,196 ; 1,176) 352

*: Nested primer.

Fig. 1. Primer set designed for amplification of each genes.
regions of oxc and frc genes.
site of oxc gene. C: Ox(T gene.
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AR TIE, ZHROBRNOEFERELHE, 0.
formigenes (OxB) OFEIZDOWTHRCHRELL. #
LG, #FHocRE LAY o vEBSHE IO WTIE, 3
DORERETFICOWT, OxB HROEETEHEICL
TEEEFT|OMBIZOWTRET L2

& EHE

1. & FEEF 0. formigenes (OxB) D

v M EFEIIRIE, 22D ’mﬁﬁﬁx%?ﬁ(ﬁ Ltﬁ

ARy 7 AT HTHIREIGEA . § CITERICH
Whnailk —80°C ITRE L. KB EEEA
(20~704’c0>55z}\, MAEEDBEEIIE ) BHSSA,
37 A% E£D 7. PCR (polymerase chain reac-
tion) FIMEOFEL OxB DM L LTo PCR &
2oV THE, BERERIZLAD 722 251, va
TEEANT T LIZE ) AE LN 2 YRR
DA =—2 k> TEBHICR BBEBEIZDOWTIL,
Allison 5DFEINCLY, BERFYEL T 1
2. ¥ a U BRGEE OBET RN

(1) HefkoFH

WBEARE, Oxalobacter formigenes A (ATCC 35274)
& Bifidobacterium breve (YIT 4014) % H\ 7z, A&
0.2% > 278, 1% 7 Vva—Ar&t PYG, BEIE
1% 7 Va—2%&t GAM I X b feR k%
(37°C) L7-. %581k, WL D# RNA, DNA %l
L.

PEARIZDOWTIE, FHERE LT0.2% Y = VIR,
1 %7 Va—2%&t PYG OEREHIC A%
(37°C) L, au=—0FEMERIZZHZ LY,
avBEODBEHE L. E56I1T, oxe, fre DK
BEEENL VR LA ) TX 7 VEF FTa—-7%

A: Promoter

B: Thiamine pyrophosphate binding

HWTRNA Fy 78y b A7) 51 E—
av DIG YRFAFy b, "=y HF=—2n
1200 %7, EdBEERLL.

(2 PCREEDNA V-2 vy

19 ¥, 0xT'V OBRBIETFOEHERETILY,

KT 74— DEEZITo 72 (Fig. 1). PCR HEIEH
i, ZEBETOEERERIIEEZOND LAY
BIRL 7. PCR RGBT OB IIEH'? L AHTH
D, DNA £F 50~100ng FEA L7z R¥F 472
YRMO—=Vid OxB 2w/, 7=—" v 7iBEZ,
TuE— % —EBA (Fig. 1A) oxc D4, $F 1M
PCR 7% 52~53°C, % 2[d] nested 75 4 <— (*Hl)
FERBEAT 50~51°C THh A. fre iZFIC 52~53°C B
L " 56°C Td A. Thiamin pyrophosphate #& & &
fiz (TPP, Fig. IB) ix 55~56°C, OxIT (Fig. 1C)
X 53°C T&H%. PCR O A 7 )70 % Ak Fig.
2 IR L7

PCR 7u ¥ 7 VIZHBINN Y RSN OIRERI /N>
FABRT2HEE, LEASAYFORROYHBLT,
FERE, RKDORT v FIZHEA, B PCR X, Fu¥y
X)) l/loi%mm“( R4 7w (Fig. 2) Dk
FESIZTIE— P EMATIT o7, BRELAZBHN

Temperature Time Cycle

Denaturation (first) 95°C 3 min 1
Denaturation 95°C 40 sec
Annealing x°C 2 min 5
Extension 72°C 1 min

i
Denaturation 95°C 30 sec
Annealing %°G 30 sec | 30-35
Extension 72°C 30 sec*
Extension (final) 72°C 7 min 1

*: One min in case of the fic gene.

Fig. 2. PCR thermal cycles.
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Table 1. Coordinate detection of Oxalobacter formigenes using the PCR-
based and culture-based assay systems

No. of Samples*

Detection
Male Female
PCR positive and oxalate degradation positive 24 8
PCR positive and oxalate degradation negative 14 6
PCR negative and oxalate degradation positive 0 2
PCR negative and oxalate degradation negative 2 5

* Total no. 61 healthy volunteers (40 males and 21 females).
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1. BERANZBITAE NEMS 0. formigenes (OxB)
DR
T oA 3HETHEREL 272 113 PCREK

THRHELAERETH D, BHMET43E (RHE
80%), M34%F2l% (62%) PRI TEA. Bk
BB DOHNTIBIZK 2D, —F, EEEIIRESH
ETIE, BHEOAFAHE 62%), KHEAURFI2H
(50%) HIHETEH -7 HBE64EF8%ITHLT 5.
Table 1 1213, FRAEICTHIZT v 21 LiER%
wL7z. ARHEIBEM40%, KHAB T -7 W7 -
A OB IXBE24% (60%), KHES%H (38%)
THhO, FIZBEEOHFIEN 2%, THESETH-
AR

2. ¥ a BRGSO REE S TR

(1) 7a€—% —4fE

0. formigenes (OxB) @ oxc'®, fr® © DNA o —
LRI L7 5T, B breve DIEEELF| % Fig.
BA IR L7, OxB EWET B &, oxe, fre $£IZ,
Sidhu 5% DEBBIZ L7225, ATG BIET K & D
5 kiMoo T, FNEN, V)RV — LEEEEL,
TATA Kv 7 X, RNA R x5 —EREEHMMENE
EEHIA—FH L T/, IBEOHEIIKFTRL.

(2) oxc @ TPP L

TPP # & &AL (1,351~1,437bp) 281+ % OxB

0xc —54 —45

—27

OxB : CGGAATTGACGTTAA ACAACGTTITATCAAA ACCAACCAAAGAAAG
B. breveve : CGGAATTGACGTTAA ACCGCGTTTATCAAA ACCAACCAAAGAAAG

-9

OxB
B. breve

A fre
Oxb

B. breve

0OxB
B. breve

1 36
: GTATTACTCATGAGT AACGACGACAATGTA GAGTTGACTGATGGC

: GTATTACTCATGAGT AACGACGACAATGTA GAGTTGACTGATGGC
-8l —72 —40

* TTTCTTGGCAGTTCC TTTCGGGGAAACAGC CACAGAGAATAAAAA
: TTTCTTGGCAGTTCC TTTCGGGGAAACAGC CACAGAGAATAAAAA
-36 -8 1

: CCAAAAGTTGTACCA ACGACAAGGAAATGA GAAATTATGACTAAA

: CCAAAAGTTGTACCA ACGACAAGGAAATGA GAAATTATGACTATA

oxc

OxB
B. breve

OxB
B. breve

1351
: GGCGATAGCGCATTC GGTTTCTCCGGTATG GAACTGGAAACCATC

: GGCGATAGCGCATTC GGTTTCTCCGGTATG GAACTGGAAACCATC

139 1400 1437
: TGCCGTTACAACCTG CCAGTTACCGTTATC ATCATGAACAAT

: TGCCCTTACAACCTG CCAGTTACCGTTATC ATCATGAACAAT

Fig. 3. Nucleotide sequences of each gene. A: The promoter regions of oxc and frc
genes in Bifidobacterium breve strain. From the ATG at position 1 to 5 up-
stream, ribosome-binding site, TATA box, and RNA polymerase-binding
site are shown underlined. B: The TPP-binding site of oxc gene in B. breve
strain.
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GATC GATC

B

Fig. 4. Sequencing results of the amplified oxc
gene. A: OxB strain. B: B. breve
strain. Nucleotide 1400 is cytosine
not guanine (arrow).

& B. breve & DAEE, 1,400bp O GHCIZZEAL
(CGT—CCT) D 1EHX DA TH- 7 (Fig. 3B,
Fig. 4 DXKEN, Lifiz 5 fl).

(3) OxIT DEIETF

OxB ®1,027~1,170 bp D& T, B. breve DIHE
CHEERYRELAELZA, 100%FET T — %R
L7z, PG AAYTL PRI H 53557 3 7
)Ty (AAA) BFEEL: (F— 5 Ii388).

(4) p RFDHERR

oxc, frc 212 OxB, B. breve IZBWTHHETH -7
(7= % 1185).
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migenes \ZJRT HHMRIZ, © MEMEL D IOFEEL LR
ohh 2y V=TS EEREY Ths OEKE,
OxB #k2 EIZ LT oxe @ 5 Lt —59bp & 1) 3-F
H~# 500 bp DIEEEFIAEEHIZ OV THRESH
729 OxB o#itE, TOZV—T T IR %
DNA ¥ =7 ZADOMEEIBIC 774 v —%BEL
T PCR 2TV, 6LV =22y vy e T RIEH
HORENIIITERTHS'?.

v FEFEIS D 0. formigenes DI 2 WO THK
BITHAT. BREFERZVWTIROT v A ETHEHS
DFBE P72 $FiZ, PCR EIZL AT RED
B, BEEPOERBLTHMEBELLTEHLTY
5. BERAPEAME L LT, O. formigenes % &%
o8& I1E, BLZ60~80% DHiFTHRE SNTW

5,7,8,13~16)
5%

bNbNDIERL BB/ OHEHHIZ
AoTWi. ZOfFERIL, 0. formigenes B BEWITAE
BLY BRI ERETAILICE-T, BEESHR
HBREHELTWAZ E2RET 5. ZORDHE
WL ABEEEOERPHOAFEIIBITAEEDERIZD
Wi, 4RO EL R LHENLETHL. BERHOD ]
2L LT, BEOEYWRBMDMEY, AV, HEY
BORA, itk CREEROBEIELZLONRL ).
Thbt, BENEEDONS VANBERLIET, &
FLOREBRICEEYS L, FRAZABEORO TS
Liziza® ZEoid, EBASEATAICLANST
T avBAEEOTET AEENERTTAILEZRL
721 %72, BAO pH (BEATIZ6.5) &, RIF
BN P ARRETHAERELLI ENSL, BE
BRT2EWOEEM LB S NS, Duncan 513,
OxB %A ZMIEM & LT, Bifidobacterium H33E5E
LT WEgsaefIcBWVW Ty, MRS (EFE
AEVY) LD in vitro (X HEBED HMEE LT
518)

PREBAEA DAEFEREZEIE, 1995F 28T A BRR#HE
T EMH9.4%, TH4.1%ThHYH, BT K&K
25:1EHEShTwE THICBITE 0. for
migenes DIFATFERDPBH L Y 5% BERVER%E
AL, HARKREOREHEBRIEIAHTDH 5.
Sidhu &2 XML, 0. formigenes ZFLIBEAIZIEAIZEE
At EMROBEMELT3Y —F, RESERE
BIZBITAHFEERI0%EE LKL, FABREES:
Myt &< 2578 2L, 0. for
migenes DFEERE Y LTIV Y ARBERDE
FEBE, HETLILRESRLTD 2omo
EBITIE, Cl'” Fr A NVERTH 2 ERESHEE
(cystic fibrosis) ® T i216%, Crohn’s # &9 Tl
1% &8, £7:, HEMBEORB R EARE
&, BEM 0. formigenes DFFAE % & T REMD B
D, BYaVBREFIEEITIELELIONLD
T, EEILETHS 0

O. formigenes DEE¥EMTH 5 OxB BWHIZIX, 2
DOBRY Y37 L 1DOESY vy &, BIEIC
BWTE, WEES ¥ 87 ©10.5% A% oxalyl-CoA
decarboxylase, 0.2% %% formyl-CoA transferase &
LTEAL, YavBEOSBIHERATLY v
MEE LD SH SN tb D RE T, Eubacterium
lentum?", Enterococcus faecalis®® DIEN DD, oxc &
Jre MBIZFIZBIT A 70 E— ¥ —EROEEES #,
OxB DIFA L B. breve IZDWTHEL . ATG
BIERFG T F > D 5- L, oxc i3 5-GAAAGG-
(=14~ —=9bp), frc iz 5-GAATG-(—13~ —8 bp)
DZE—I0FIBUZ ) R Y — LFESWUAR SN, oOE
FHAL b IEBET I — B LR ST/, Oxalyl-
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CoA decarboxylase i&, Yo 7VEBESFOF ¥V
(O=) B L7 C-C # A 2 YW % Al RS RIS
WEEL LT TPP 2FAT 5 ox BETICEL
ZDEF-TI3297 I VBIRELVEY, GD IHES
D NN ZRDIBEIIRFSINTWAY —F TV X
TH 50 B breve ITBVTIZ, OxB & EERTID
AEOT Y —I3E . 1,400 bp DGHCIZEE (R—P)
LTwad, BEEEF—7h061EThTWwA,
OxIT i3, MEOMRIEIZH BEKEIZEL XY T L
VHEBBIRY vy THY, ¥ vEE (oxalate’ )
DEY AA & X (formate! ™) DHEH A b B
ROMTYRAYTL PR IOES. FICIEFEDH
2, —OBER Lys™) 2#Ho0T, 7o+ v#
BOMEEBEIIET L TWELELLRTHEY
PCR 08 L7 B. breve ® DNA 13, ZO1FETH %
&A%, Lys®™ 0 AAA DFEFELHRL, T0EE
By OxB DFEE—F L7z p BF GEKFE
F—3IFR—%F—) D oxc ik 1,758~1,783bp, frc i
1,311~1,331 bp O#HFIZ L B3 Fo— ks
FOHRIEFEL, T20F3IT 2 (T) LhEs. Fu
FTay AT ETAE— g YT B breve D
oxe, fre BV THHETHAI L EHALL. LEX
D, B.breve \IZBWTIX, 3ODBIEFDESH I
EEFOBEATH 575, RNA R 2 T — BREEHM
R DMDEE LE Z HNHIBERTIIMOLEIZH
W, OxB EFVRET Y —% 27 BERED
Ta v BSHE - TIE VO T, PCRIZL AR
HIIESTH-Th, HEHOREICE, EEIIHHT
HELETRETHAS D).

Sidhu 51X, oxe, fre BIZFIZDWT, HiZT
-y - L p HKFRY —IA—F—%FOR
EOBED S, R RbuzZy s FARDTD—
ETEZVERER LT 2Y Hokama 543, 0. for-
migenes L W 2DODEERY V37 OB LIER L,
VLAY Ty T 4 Y IIT E. faecalis (2T 5 2%
IHELIELEFHEE LA 612, FAEKE 0. for
migenes & @ whole-cell lysate 12 X %5 SDS-PAGE (Z
T, OXIT ® 40kDa # ¥ /87 bR L2 F 72,
Campieri 513, BRED L L T7EEH VDT LR
RIERE I CHMESER LR I » 7 A 2B HERS
BHIEWED, PaVvBOBARNEHST I &
T, YaUBREBLAIENTEDLEEL. £
LT, in vitro 2 X B EME DY o TEEG G %
~,  Bifidobacterium infantis D38 b8 L 7-HIE & DR
#RLAE LaL, AL EOELIBREIZOWT
PCR 12X % oxc, fre, OxIT ® DNA DG %A A7
2, BT E R DoY) FEETFHFIERICEN
L, YavBEESRT AORMITIGERT A0
PEEEL LS. bhtbhdFEIZL A PCR T

i, FORIGER G A 7 Ve & DB ERat
LTH5fToTw5h. [LU Bifidobacterium DHETH
% B. breve (28T, 3 D0EEF D DNA OHiEIR
TRETH - 72,

BT, BYavBRRETOZ » M2 0. for
migenes %X G THTONAF T 4 v ZIEEITT, K
B BO LAV ETFIFBHEY, &oitk bic
BWTh, FEEEHWT in vivo THRERMIZEE S
NTw 5™ ERHIE G I00BRIZRY, 1AL
WRMEETHED OGN TWA. $§IZ, Bifidobacterium 1
BARME /NS v 2R RVIREBIZRODIZRIL - Ty
5. 4tkd, & FOREHRICE > TERZMBE DR
EHFLEEND.

& &

HARADIBEM O. formigenes TAE L, BIEE L
FRDEI G FR LA, HHTlx, ZHEBESEL Y HFE
THN15%BERKD - 72, PCR BEFRBEEIE (K
HiEE LTHBETHA. B. breve 133 o 7 ERTHIETE
AL, E5IT OxB HRIZE D 3 DDREMEF ZFKIZ
RESNTVE I ENREINIDT, ¥ vEBGH
W Th LR 2 i~

BN W72 72 & $ L7, TERZEESRIERE
B SHAEET, RHBFHRICECEHEILES,
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