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w1E

=

FL1H BEEORLLEF

BHIY, ESETER (BNRS, FEWNEE) , B9, kEREL, L2609, %
BETETT VA -5, BAEE, BE 73/BE $6% #, pH, BELH
ETHILITE->TEBEINS D,

—EDREICERINREZTRHCHET A LI, AREE LBHTEETH 2
DT, EEANFRED 5WITBECHETIHRIIKE L ENTE,

FEOBRE LUHAER, HBAUKDSEDBEIC L - TELASNIDTE L EHE
L CRAA UV RBRBIETRELTEDRAZP S ENTESL D, AR =5
C, BB EICHRT A7 7V REXY, BEARRCERINIAT /LUy @
DRICHBORHEEL SN TWENT, BEL L THBEELEERTOETZE L ict 5T
INLZBRETHI LN TE B,

WY ST (KBH) OSMITL>TELBNT, AR (60 C, 10 HR) 24
BILITE-THIEING P, ERETIBRARS (BRY) ORBRE (B)TFW) Ic
RF =2 XTF UL DEENREFIRT A HES &, BE/ 0T T —Viok 38
BIE© Lath s,

BNRITEFND (DbNE) &, 3-bFaXy—4,5-UXFN—206])-75
/2 (VhE) DREICL->TEASNTEY, LHICERRTOET LS LIz
TRETHI LW TE B,

5B, BYVIRRCI-TOHELRY, NISRES LCRUBOERRC, Sieg
DIRFY, HEHEME LUBRBLEZVES ST LML T NS ©

CNLDIIPITY, BEDLVITEERNRLELBECEL T, BroEsr bk
 DBFFH7 ST &b, REICHOWTI 28 L 7= Bl LILTWBEL LWTHY, R
§6L<d7V97t@§@%%K%Téﬁ%d,@tkE&éhf:&#oto

F2HE TVEORMEREAFROBR




TV ORI T SIREV BN ENI2DIT 1943 FETHY, Ty vEke
TR 1 ERBEITES TSI EITEY, MBEIEHLSAL O Snblg YL
Y DFEFEMEIEZE CEAINTET2, TV P 22 RDE[ICEAT A LIE-Th
FRARIE OV %, 22U vy ooRORE 00 L LREERAECY ok, HEEEY
FEL, BT, TV U OESNTED, BHEY S ECY, FEECY, Im0e Aoz
DoNTZ, UENEHIZ, 7V Vi3 ERE CREN RIS L I ST a1,

—%, TV CDERICELTIL, FRZ02 574 —ic L aREFECD He
1974 FICHREI N2, Ough"® BEZOFEZKRAL, FETL I — kBB L S
YERTWELZ, ZORER, BAIEIC 170 ppb, 74 12 6 ppb, E—T 1 ppb @)
TV UIFEENLTENHLRELY, THIRDT V2 —NWERELP D Vv g ERDIRE
i B2V b kDT,

T BRI 1980 S, EFTUAL LRI VS CERICHT ABEIER D, 2D
%, MDT NI —MREHIOW T Y Vo v Bl R EDl. FHUICLEDE, TL oy
DERTEMEIL, T—7NTLY (Tha—)v 14% LITF) 30 pob, 75 =54 774
F7A Y (7= P74, HEDINITHKY) 100 ppb, XEY v b (74 XF—, ¥
A v 77%) 150 ppb, RET T2 71— () F 2 =)L) 400 ppb LITFCThor2 b
DRGHEFZED LNI2Z EITEY, TAI-NMREHROTL 2 v OERE BRI 2 FE
DFIFEY, BERLBEOBLL>TE,

TV yDERIRRE LTS, Vv (NH.C00C.Hs) DD L#E LT, 7oz
—NVEARBIRICEREICE EN S F ATV =PRSS T L HEETE B, —
HORSEEWZ, BRITBALTHE AN NELVE (NH,-C0-) 2E(LAMTH D
R ANSINY VB, ¥ VY YEDHEEE NI, CNLDHTRE, REVA 2
MEESTTNX= 0D HEICHEBC L > THERINDIZ &, RBRERARERE L
TERT I LPHEESH, BEEFRFICERICATNILIHESNTAAE O
VI YRR EZFNT NI =NED LR {(NH:)200+C,Hs0H = NH,COOC,Hs +NH,} 12
PE->TAER Y SNBILRTTIHMOLNTEY, TV nAEREHIET 3751003
EETHIRRZBRETUT LW EEZ 07,

T3 = NMRBHRDRROREFEE LT, 72EH 20375 ) PRHKOSHH
VT —EERAVTR {(WH2).C0+H0 = 2NH, +00: } 16~ THRRT 2 HE O Hea
%énfwtotﬁtﬁﬁ6,:h6®¢ﬁ7VT—€u,ﬁ#@ﬁ?%é?w:—wﬁ
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FHPTIERFFTRIE ) LTLE ). Lied>THRET LT -2 HWTT7 L2 —LakE
PORRLGMRET 70143, BREREICHERTILEN D), TR TS5
%ifiﬁ%téwfdtho%l?,Cmﬁ%ﬁ%%&Téﬁ&th,@ﬁﬁtiﬁ
Kisp HeHFT 27 VT —EDEREE L2, AYVT —¥OMERIC LY, BB
é%iﬁﬁ@%kﬁ%ﬁ?%,it&%wﬁiﬂﬁﬁtiofTwﬂ—wﬁﬂ¢®ﬁiﬂ
FRE, DWTL, 7V R iBldnzs ine £z b s,

RIERICE il HEHT 5717 2Rl SN0 1976 £Th 5, 74
bB, Moreau & 0 {3, F X IOWEIB DRESWMEETET 2BET, Lacto-
bacillus BHIEHRNT VT —EDEER)Sp HYf 3 THEZ L 2HALMICL, Bz
Suzuki & Y {3, ADBAERENSFZ TR T BB HBES N7, Lactobacillus
fermentun RN V7 —CDEERSp HA® 4 THIBEHEL, AERTEETV
T—EemBLTwD, LrLidh, FiEL: 2 2OHE I IBENEEN 7O — 5
%iﬁnttﬂ%?%étbn,7VT—€%§§$%K%6WM§EQ$%KﬁL<%
NIEREABETIIZ K, 7V T —¥0EERGp H ) BtkhE%EHEH L CRE I ATw
Iy &t _

FELRIDILILERNDL LI, BiEYLVT X%, BEELHE LTERT2
CEZHMICLUTHIRICETF Lic, YTV T —C2BBEE L C, EEELHIE LTE
RIET 2720i2id, BYLBEY VT — AR BARE L URGEERY bRk LA
BBy 5L, CNLEERBROBET VT —CnWEE2Ho T2 s, T
HIBIE TR VT — Y2 BET 2D FEZFELT 22 L, 7o —tkkihic 13
%@ﬁ?VT—ﬁﬂﬁiﬂ%fﬁ%%%%#KTélt,tgﬁﬁgﬁﬁéo

AMXIL, CDE) LuERFIHES TUTbNI—EDOWE 2~ 22 L b inT
H5,




B2E BT VP —YARED
FRER & SR

E1E #E

il

BERBRIETH 2TV a - MR OREERET 200101, BIERICEER) S H
2HEL, BERGT CRREER2EEICHRNT 2REY LT —COEEIER L £ LI
b0 CDE)UBRBET VT -3, BURFT CEET 5 EWIARET 3 ThetE
LHEES D, BUSHETICH ABENDSREEL LTI, MEAR, BiHDE, i
B, BH5VIZEMNE L BISECIBUENER L EFEL b, CHLEDHT, R
BAFNES 3% LIS, B UENEMEREDOMRET I LIc L, £72, 2R
BEFIZET L OBIETIIZ W, BESH T CES L0 h it SH A %REL
FIRICHRSEDRR L Lz, BIS, BFEKD ) bEBESHTTL (AL T 2IME LR
ORI 720 KIS, SO LS IRELTESIERIEY LT — CAEE O S
72DTLUTFICEERT 5,

R2H EBMEL LU

1. #%
B LESHIIRIHLZE W) 5, L B SHEHT BBL Microbiology Systems, U.S.A. 75
GAM7 4 3 5 B/KBIEE (B2 SEBA L,

2. BBROSEE

BERDZRES, JER ©® DFEICHE, SEEEEBOBRIILITFD & S NTH 5,
B L5 DML, 0.3%W/v) ATXXZ, 0.5%w/v) FRTXX, 0.5%w/v) B
BxXX, 1%6/v) <7+, 0.5%G/N) FVTZ Y, 0.3%6/) V4T,
0.05%(w/v) BT > 7', 1%(/N) ZNa—2, 0.1%@G/N) ) o8 2 YA,
0.1%(w/v) ) YB 1 Z V7 A, 0.02%%/v) BER-732 Y74, 0.001%w/y) EibF

4




Y74, 0.00067%(w/v) BiEE~ 77>, 0.06%(w/v) L- 2574 AERE, 0.001%
(w/v) WS 1 8%, 0.1%(w/v) R VY I~x—} 80, 1.5%w/v) R (pH 7.2) T
5. LB S CY DfRIZ, 1%w/v) HEAL >, 0.5%6w/v) BRZXZ, 0.6%
W VIV YBR 1 AT, 0.2%W/N) 2EZVBT VE=T 4, 0.1%MW/N) K V~x—
b, 22w/ V)TX R bu—2X, 2.5%w/v) BEEF F )74, 0.058%(w/v) e~ % o
74, 0.012% (w/v) BiER= 77, 0.0034% (w/v) BREEES 1 8%, 1.5%(w/v) R (
PH 5.5) TH%b, TATACHH Y Dlkid, 1.5%Ww/N) <7+, 1%0G/N) Y
7 My 1%Gw/v) BERERX R, 0.1%(w/v) 2 —2m—2X, 0.1%®Ww/v) X2,
1.6%(w/v) XK (pH 7.7) T» 3,

7EBL=T7 M) 2BEIL2obIT, BHICH, +HBONASY S RE LERIC
gl o, &ED =X, 72, =9 Y, v}, 99X LTy ko B,
AX, 23, EroMBLbNRREL, BHESEENEE LTHER L, A LEIMIL
BAEYH L UFEER 100 ng %, 100 nl DBWHEAKICEE L7, & ORENROEY 707
Wiey 0.1 ml 2, PREMHIBE A TS 2 B LESMTAR (B 9 cn o~} Y I) ,
Lactobacillus JEMIERINEEHTH 5 L B SHEHIFAR, 3 LU Streptococcus JBUIEE
FEHTH S TAT A CHMPIRICERIE L7, BLE LILB SHEMARIT, =HEEAE
BEODR MT P —1025 BURGHEEET, TATACHHTFRIL, v bR [ C
—43 EMBIRNERS CIFRSMT 37 C T 48 WERIESEE L7z, AU % bk L |
LITOFEBRTHER L7,

3. BV VT - AR

RRALHCRESOMBIL, 1.0% (w/v) RFE (F@KRE) , 4.2%w/v) LB Stz
0.001% (w/v) 7BE 7 VY =Vr=T)N, 0.75%w/v) ZR (pH 5.5) T 5, e
BERHIBOMRIZ, 1.0%(w/v) JRFE (FBERE) , 3.0%w/v) B Lk, 0. 001% (w/v)
7x/ =Wl F, 0.75%@w/v) &R (pH 7.0) Th 5,

BRIE7 VT —CERERERET 272012, SHRE RIS L Ot M i T (
9 SUHMERE Y v — V) 1SS, IFRE L UHESHTC 37 C T 24~72 (R
L72o IREDMRTELT BT ¥ E=TISEET 3 p HISRED I %, REBOFHEIC
L7z, BAEMSREEICE 2N 2 p HISREN BRI T S 2, T AT L 5A L 21k
SEZLOVIEERIS, BRMESTIEMAR, R CIE O VT =¥, ThbbEk

.




TVT —XEREELTWREEI LIS,

4, SYEERROD ek

STREPRIS, BB (16 x 150 mn) (240 L7 10 ml OifefAsiih (AEH) (o4 L
T, 37 C T 48 WYMISFESE L, AN (ARSH) MR, 3.0%MW/A) ZLa
—X(%ﬁ%XOJ%WN)ﬁ@+FUﬁA,LWﬁWﬂfﬁﬂwa10%WN)WI#
A, 0.8%(w/v) BERETX X, 0.5%(w/v) At} Y74, 0.5%w/v) JRE, 0.005%
(w/v) B~ 77~ 4~5 KFIE LU 0.005%(w/v) Hie= 4V 6 IKFIHTH 5.
AW THERDEBTFBVHAIT, BAMEERMTHZCAMT [ 3 o4 v
i= 0.005% (w/v) BitBE~ 77> 4~5 kHMIE LUF 0.005% (w/v) BaEe= 4L 6 7KAHI
WEML TR THERBRICTHELL, LB GCAMT A 3 VOB, 0.5%0/v) &
BIX X, 0.5%w/V) FFBIZX X, 1%m/) bV FFH—%, 1%W/v) TP, 0.3
%WN)WI%XW03%WN)EM+FUWA,Q%%WN)UV@Z:fFW7A
0.5% (w/v) FBHET 7>, 0.08%W/N) VF 4725+ 7Y arL—}, o 25% (w/v)
ZNVva—-X (pH 7.3) TH 53, |

TEERDBE R THRE 2 0l FO031F LT —80 C THisL, C DEAGHE % TR1F
R L LTUBDFERICHEL 72,

5. WikBEEL EiFnTm

SEREEREOSHE (12,000 x g 15 4F, 4 C) LT, ik (Ek) bl AN
72 WRIZZREKITRE LEOSEE (12,000 x g, 15 5, 4 C) T2 L1057 2
I L, RENICRRE L7, BRI & LB 2 %I 25 L e L%

6. VVT —EiEEENRIE

RERIEIEY, RRZHEL LTERT AT v =7 # ik cals Lie, BRETHY
VT - CRERRET 2720043, 0.2 M J T UENSEE (pH 4) 2, FHET OIEHER
B3, 0.2 M ) EMEER (pH 7) %, PARY HETOEMERIZEIIE, 0.2 M 7Y
viREHR (pH 9) 2EHL,

0.2 M MRIEHRITIEAR L7 167 oM REEWE 2 nl 12, B 2 n] Z@MLT, 37
C T 15 ARG €72, 4 0l O 10%W/N) MU Z oVEERERHINL TRIS 2SR
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B2DL, ARk L7z E R 058 (2,000 x g, 10 4f) I2&->TlRELS. KivikH
DT YE=TEZ=baT7Nyy FEROREETIHAEFECY TERLE, LSBT
WCBNWTITEHZY) 1 mol DT VBT 24K T IBERE2 1 2= P LED,

7. WD[REE

fEH L7z8Ei, B5hE, BRI Bergey's Manual of Systematic Bacteriol-
ogy, Vol. 1©%, Vol. 2 % 3 XX Manual for the Identification of Medical
Bacteria *® |[ZfE-72,

L- 5 LU D- FLARIZ, FURRBIKRBMEROEMTAERT 2 &R0 BNELE
THHRERTHET S LITLDERLA OV,

DNAIZ, SaitobDHECY THEMEHEPOBLEZ Y 74 VA RFIAILT
=z—F (SDS) &, 7=/ - NTEHLTELDELzDBIC, EE»LTRLT,
DNAHSME (77 /v v+ by [GHC] &8) 13, DN ADBAGIHRE R
T BIRHEE (260 nm) %, 2600 EISENEET (Gilford Instrument Laboratories,
U.S.A.) TRIETHZLICENERLAE 9,

AINEELS, WA 2 BERR Lo bIicmOs8EL, tiEd 2 %ow/v) kgt )
VAL=TZ ) =VERE M )T THRLTTULI YO, RPF RV ALDT L)
REAIARIS, —RIEDBHRE LT Y7o EAT A - B 7k (75 : 10 : 15, v/v)
Z, RILDBFRELTAZ /=N EYD i 10NERR 7k (4:8: 2 : 14, v/
AT KTHE 7~ b 2574 — U0 Tat LT,

F3H FEBRERE LUEE

1, BV VT —CAEREO S L R

£ 271 ISRT &I, 10 BEOBYOEFES LU 2 BEOBIOBILENEYE
BL, LBSEIUTATACHMTHRAE I UHASKMT CHEREL, 16,324 BrOWIE
2oEELTZ,

SNLDSEERE, RELORPEURKES LUPRBETRET, 37 C T 24
~42%%%§Lto%@%%,@ﬁ%%%l&%4%@5%ﬂmﬁﬁ,@ﬁ&%ﬁ?ﬁ




LETHDAREEFRL TR EEZ LN, PR ETIIRRZ DB L TWirnwin L
ZHNTz, 5T, TNb 700 HRIZRERICEERISp HEHT 28T LT — i
HEHEEIN B,

CHORE, BITHERTB2DIC, THbH 700 DOBEREMICOWT, Bt i
BLUTNG )V HERERF T, 7VT7 —CiEERRIE L,

Y, HEYEROSEL TELLEDEE, ThhbERY LT — ikt S
2-2 2R, 4 700 #ki3, pH 4 OREBRFTIIV VT —EiEEE R L2, pH 9
TIHRERFLUTTH Y, EHEZEOSN 572, pH 7 DIRERP TIE 614 BRI
HRFLTOEHETH ), 86 HIMBUIFEEERLE, S0 86 HOBEREMIT T
Dimad, PH 7 ENDpH 4 BT AERDFI I T SDLI I, 700 BT
75, BUEBICERERIGp HEAT A7V T — 2 HANICERELTWwE = EHCHRR L7z,

—77, HEWEROGELIOLD EEDEE, $hbbEEIYT LT - iEikhan
DONTARI, 1 RTH-o7, FROBEINY VT —LiEtHL, pH 4 OEEERT
0.4 wnits/ml, pH 7 & 9 T <0.05 units/ml TH-72, TIABRIIBEERAIC LR
VT —EREZRLP H 4 OBERFT 1.1 wits/nl THo72,

L EDFER, BIBHEFEITEWTYH 700 BT~ THEMES 1/7—4:"2£%L'cw'5:
EUTEERT & 72, 72, WAINBERDBEERKIT 1 BTH Y, ANEBT DR VT -t
WEABERTH -2,

2. BV VT — ARG

CHNH 700 PR DR VT —CAERIL, ZoOMIEN, AESEEEICETE 6
TN=TIZRG3nr: (% 2-3) ,

7N=7 1 RRZFINT 370 t (BMET V7 —CHEED 53% 1<i%) 13, 2
7hth A2 T -t IBEBMEO T 2 LEERERETA D, T — 28k
TERBECHELZERT A 55 Streptococcus RBOBRIZFB I,

Th=711 O 6 bk (BETVT —CEERD 0.9% 148%) 13, 75 LBEtE, A
77 —Xistt, EEEMD E E 23 ERORE T, TN =X CBREBERT B0, &
AERL7r W e Staphylococcus BOEREIZRBE 7>,

ZN=7 11 & 312 tk (BT VT —C4EEED 45% Y 13, 75 Ak,
27—, EEIEOBETSY, rua — AP L RERD L INT o BIgREE T
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Table 2-1. Isolation of Acid Urease-Producing Bacteria

Number of bacteria

Origin Material
Isolated Acid
urease positive
House Feces 929 70
Pig Feces and 5,116 443
intestines
Chicken Feces and 5,961 1
intestines .
Rat Feces : 1,036 122
Rabbit Feces 188 0]
Guinea pig Feces 370 62
Honkey Feces S o 2
Dog Feces 202 0
Cat Feces 272 o)
Man Feces 2,000 : 0
Total 16,324 700

Table 2-2. Effect of pH on Urease Activities

Number of bacteria

pH of buffer:*

Urease activity (units/ml)

<0.05 ~1.0 ~2.0 ~3.0
4 0 501 182 17
7 614 86 0 0

9 700 0 0 0

* Buffers used were 0.2 M citrate buffer (PH 4), 0.2 Y potassium

phosphate buffer (pH 7) and 0.2 N glycine-NaOH buffer (pH 9).




Table 2-3. Taxonomic Prdperties of Acid Urease-Producing Bacteria

Group Properties:® Number Identifi-
of cation
o bacteria
B 'g
o
& 45 o, = o - 5
—~ » ) o w 0 o o
O 0 ord “ o0 :‘3‘ r;L ‘E
~ B, = - g o e E
WRSF iR a B ot s/ s e
O 2 ) = TR & AL o
1 % “Uocel +° =" —~ - ND°® 370 Streptococcus
I Cocci o - - + ND 6 Staphylococcus
II' Rods + - D’ - ND 312 Lactobacillus
V  I.Rodsc + - = & ND 1  Bifidobacterium
V  Rods - + + + — 9 Escherichia®
V. Rods - + 4 + + + 2 Morganella !

All strains were facultative anaerobes and negative for oxidase.

+, positive; —, negative: D, different reactions for different species: ND

t

not determined.

Irregular Rods

All strains were motile with peritrichous flagella.

All strains produced acid from lactose, dulcitol and 2-sorbitol. No strain

utilized citrate.

All strains produced acid from D-mannose, but not from maltose or inositol.

No strain utilized citrate, produced indole or hydrolyzed gelatin.




HEEZART A &2 5 Lactobacillus BOBEEICKREBIN,

TNV=7 N i3 1t (BRE7VT —EAEED 0.1% ISHHY%) T, 754084 7»
27—t FEEEMEDSRAN LI EORET, VLI LIIYFEL L a8
3N, DNA G+CERIL 65.5 TNVY THBIE, RTZFFIZ)V I ATAN=F >
—RNY=TI=VRTHEIL, #) 50% DFFERETI NI — X2 HEBICERT 3 =
&7 Bifidobacterium BOWEREICIFBI NI,

TN=7 V i3 9Bk (BREVVT —CAEERD 1% ISHN) T, 75 ABM, 4%
YT —EBEIV T 2= AT Z7=VBT I BERPEERST, BERXETESMEET
TNaA=ZAPLRE LT ZZHERL, ANV b=, HE YLE =L bR
AW, JZVBRERILLWI L5 Escherichia BOERE (Escherichia coli) &
Rl 37z,

TN=7 VI O 2 Bk (BRYEY VT —CAERERD 0.3% ISHHY%) 13, 77kt F
XYYt 7==-ATI3=VRT I BERYE BAEAAT S ESEET, 7
NA=ZAPORBIUVTZZERL, 72 ) - XD bBEERT Y, =V —X, 4/
9%—»#%@%&&ﬁf,7I7&2ﬁmﬁf,fi%yémm&%ﬁf,4??—»
2ER LT &2 5 Morganella BOBREICIRBI AL,

VEDLSIZ, 700 %hOBAEY VT —CAREI, ZOWENIEEDS 6 RIS
LTnwaZ, £nKES (98%) i3, Streptococcus JEE Lactobacillus JEOEET
HEILHGIr L7572, £ T T Streptococcus BE Lactobacillus JBICET 2EeM:
VT —CEERDOBERGHEE 2 FICHEL T,

3. Streptococcus JRIZBT AEEME Y V7 — B OB 2R =

Streptococcus BIZIBT AEEMET VT —CAEBEITOWT, X DEFERI AT 2 et
L72& 2%, Bergey's Manual of Systematic Bacteriology, Vol. 2 9 IZ-7T, 7
WN=TSALTN=TSBD 2 IN—-FIZHHEINT: (£ 2-4) ,

TIV—=T7S AP 358 # (Streptococcus BAERED 97% I1ZHHY) i ey pH
9.6, 6.5%(w/v) LT b )V ADFHT CHIER S, TAX = L EREE S L7\
C &b Oral streptococci ZNV—ZITIFBI NI,

7V =7 SB® 12 # (Streptococcus JBAEEMD 3% IZHIL) 12, 10 C, 45 23
PH 9.6, 6.5%(w/v) ¥E{tF ) 2aDEMHTF TS 2 = &6, Enterococci 7V

1




—7IREB_INI,

BT, ZNV—7SA (Oral streptococci ZNVv—7") 12/ BEtE V7 —YAEE
CONTEDEEMMEREZRAT L2 2B, ATV —TFIL, 5 TN —F (subgroup
SA—I~SA-V) IZ8HEIN (F 2-5) ,

T77N=7SA= T2 220 tk (V=TS ABT 8D 61% i) 2R,
LTEY, nbiz, 4%/v) EBIbF b ) 7 A TR, TRZ ) Y& HRET, =
V:r—»#Q@%E&ﬁf,vl—?u—x#67§7&V%E&L&wctba,g
mitior &[EEI NIz,

Y7I7N=T7SA-NDLSA-Nd, HSR~AEHOHES HHIFLT S,
mitior L ¥ 3T EHNBEEHLLIDY, HAHICRY BIEERTE £ in b B b

Table 2-4. Taxonomic Properties of Acid Urease-Producing Bacteria

Belonging to the Genus Streptococcus

Group Properties® Number Group of
of the genus
Growth at or in: Hydrolysis of: bacteria  Streptococcus

10°C 45°C pH 6.5% Arginine Hippurate
3.6 NaCl

SA S L - - - €l Oral streptococci
SB +® 4+ + s + o4 12 Enterococci

* All strains mainly produced lactic acid from D-glucose and were negative for
B ~hemolysis.

* +, positive; - » negative; +, varied with the strain.
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Table 2-5. Taxonomic Properties of Acid Urease-Producing Bacteria Belonging to

the Oral Streptococci Group of the Genus Streptococcus

Sub- Properties® Number Identifi-
group of cation
Growth  Hydrolysis Acid Production bacteria
in of esculin production of fructan
4% NaCl from
B-mannitol
SA- ] - — - o 220 S.mitior
SA- 1 - - +*® - 74 S.mitior
SA-TI + - - - 25 S.mitior
SA-V - + - - 23 S.mitior
SA-vV - + — + 8 S.salivarius
ek ~ - - S.mitiore
gk P - + S.salivariuse

* All strains produced acid from D-fructose, D-glucose, maltose, D-mannose and

sucrose. No strain produced acid from L-arabinose, D-gluconate, melezitose,

D-ribose, D-sorbitol, trehalose or D-xylose.

> +, positive; —, negative: +, varied with the strain.

© According to “Bergey's Mannual of Systematic Bacteriology,” Vol.2 ¢38),




TIZN—=-TizGB|mLiz,

Thbb, Y7I7N—=FSA-11E L 74 %k (INV—7SAICBT 28D 21% |-
%) 3, 2= NP LREPERTHIEHTE B,

VT IN—=7SA-INTIZ 33 Bk (INV—=T7SAIRBTHHD 9% 12H%) »RBL
Tz, b, 4%Gw/v) LT F ) 7 ATHMEFRETS 5,

ERYTIN=T7SA-NITIZ 23 tk (INV=TSAICBT D 6% IcHEY) #¢
EEN, T2 )V ESRTHENFRLD, |

VT ITN=TSA-VD 8tk (FNV=T7SAICETHIHD 2% 12HY) 1T, 4%
(w/v) $EALFT P )T ATHIER T, X2 Y20RL, $l2or=F b LB PR
Y, Y2-70-XRL7777vRAERL, 2 =MD LBEER LW Ep
6 S.salivarius & [RIEI N2,

—7, ZWVv—7SB (Enterococci ZNV—7) ICBT AEEME™Y L7 —CAREEEICHOW
T, TOWHFMIEEZRET LicE A, A7NV=713, 4 77V —7 (subgroup S B
—I1~SB-N) ZGETAHIELPBYEALNT (F 2-6) .

T77N=7SB=1D 14k (FNV=7SBIZBT 5D 8% IH8Y) it, TA¥
=VEFML, AVF - LBEEKRL, TIE)-Z, AVEF-X, 574 ) —
AP LRRZER LW L5 S, faecalis ERIEI N, |

YT7IN=T7SB-I& L7 9 #k (FV—7SBIZBT 25D 75 % 1<H%) i3,
TNX=220 L, AVEF-IPLEBEPAERL, A VF =20 5BEPER LW
&6 S, faecium ERIEZ NI,

Y7 7N=7SB-N 1t (FV—7SBIZET AN 8% 12HEY) I3, TAX
=YEDHET, TIE/) —REAVF P =0 LBEERL, 2VEF—-2ES574)
— AP LEEBAER LW L2 L S.aviun X FIEIAL,

T77N=T7SB=ND 1tk (FNV—7SBIZBT A 8% I24%) It, TLX
SYeRBEY, T7E/)—R, 2YEEX-2, 574 ) -2 bBEERL, 2L+
TABOREERETY, 0.1% AFVrTN - INIICBIFAEBIMRTE LS Lo
©» S.gallinarum &RIEI N,

4. Lactobacillus JBICB T 2B L 7 — Y AEEOE2LHNRE
—77, Lactobacillus JBICBT 2Bt L 7 — VAR ST b, TOEFEREY
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HziRet Lz 25, A4EERIL, Bergey’'s Manual of Systematic Bacteriology, Vol.
209 25T, 6 ZVv—7 (LA~LF) 283N (3 2-7) .
7NV=7LAIZiZ 2 tk (Lactobacillus BAEERRD 0.6% ISHL) HELTEDY,
CALRTNT —Rip &6 R ERIREET L-FLUBEE 4R, 15 C, 45 C TR L7\ o
&6 L. ruminis &RIES NI,
7 —7LBIZIZ 120 & (Lactobacillus BAYEEED 38 % ICHIY) »RBL, c#

Table 2-6. Taxonomic Properties of Acid Urease-Producing Bacteria Belonging to

the Enterococci Group of the Genus Streptococcus

Sub- Properties® Number Identifi-
group ' of cation

5 Acid production from: bacte-

g 3

3 o ria

: o

= 0 & @

g D 9 2 Q & &

>~ s o 4 (o] o

= L, S 0 S o ,_c.;

£ A 5 9 =

2 1 T ) CHE:

S = o 1 = = o
SB- I + ¢ + —c Lo — — 1 S.faecalis
SB- 1 + o+ + ¢ - + + 9 S.faecium
SB-1I ‘ A - + + - - 1 S.avium
SB-N  we & + = + o+ 1 S.gallinarum

All strains ‘produced acid from D-cellobiose, D-fructose, D-galactose,

D-glucose, lactose, maltose, D-mannose, D-ribose, salicin, sucrose and

trehalose.

> MBM, methylene blue milk

¢ +, positive: —, negative:; +, varied with the strain: w, weakly positive.
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Table 2-7. Taxonomic Properties of Acid Urease Producing Bacteria Belonging to

the Genus Lactobacillus

Group Properties Number Identifi-
of | cation
Fermen- Lactic Growth at: bacteria

tation acid

type isomer* 15°C 45°0

LA Homo L - - 2 L.ruminis

LB Homo L - +* 120¢ L.animalis or
L.salivarius

LC Homo DL — + O L.acidophilus or
L.amylovorus or
L.crispatus or
L.gasseri

LD Hetero 2& - - 2 L.vaccinostercus

LE Hetero 2£ - + 178 L.reuteri or
L.fermentum

Lr Hetero DL o - E* L.viridescens

L, 80%(w/v) or more of the total lactic acid was of the L-configuration: DL,
20~80%(w/v) of the total lactic acid was of the L-configuration.

* 4+, positive: —, negative.

c

No strain produced acid from L-arabinose, D-ribose or D-xylose.

* All strains produced acid from D-cellobiose, salicin and sucrose.

No strain produced acid from D-galactose or ammonia from arginine.




LIZZNa -2 b R ERIEREETC L-FER 24, 45 C THML, 15 °C THEML %
WZ &2 5 Loanimalis . L <3 L.salivarius Z0WV—=7¢ 5B EWBYTH B,

JNV—7LC 6 t& (Lactobacillus BAREEIRD 27 ITHEY) (3, 73 —Xrb
hEREREEC DL—FE R AR L, 45 °C THFEL, 15 C TRRLAWS E2b L
acidophilus, L.amylovorus, L.crispatus $ L <{3 L.gasseri ZNV—7L T B2 LHR
Rt P AV (RAR

ZNW—7LDITRZ3N72 5 ¥ (Lactobacillus JBArEEkke 2% 1oHBK) 13, 70
IR HbNT ORERRET DL-FLERZ4ERKL, 15 C, 45 C THE LW &2 b L.
vaccinostercus & [RIZEINT2,

ZNW—=7LE® 178 t& (Lactobacillus BAEEHRD 57% ICHK) i3, Z7hva—X
P oNT D RRREET DL-FLERZ4AERL, 45 C THWEL, 15 C TR LW &h 5
L. reuteri $ L<I3 L. fermentum ZNV—7, B EWEUTH 3,

JNW—=7LF &3z 1 #k (Lactobacillus BSEERRD 0.3% 124Y) 13, 7=
— AW o~T O RIERERET DL-FB24R L, 15 C THML, 45 C T LAWT &
6 L.viridescens L[EZEINT2,

Lactobacillus BICIBT 55 EEkkD, ﬁiﬁﬁéﬁﬁﬁgﬁﬁhfﬁblﬁb<%/\'Z;.fé&‘>6:.
ZJWV—7LA, LB, LD, LF#25 1D, FREEROEHRIFBL TV 2L
LE»> 56 5 tROfUERZEY, DNAERMRE, HIEEERTF k27 4 4R % 2
L7z (% 2-8) o RETEEBRODNA G+ CENLY B LUNTF 27 7 RO
fakid, RIS 2 XERGTIRAES JUR O & L —FKLTwi,

L2»L, ZVv—=7LE® Rt-82 H LUF Rt—114 $kdDDNA G+ CENY fHIT, #*
NN 36.6 BLU 36.9 ENV% THY), XHCREE—FKLur -7, Thbb
L. reuteri # LU L. fermentun NDNA G+ CENY I, FHNFH 40~42 B LS 52
~54ENYp LRSI TE Y O, BL2IT Rt-82, Rt-114 BkODNA G+ CENLY
EL D b&v. FIFHT Rt-82, Rt-114 $kODNA G+ CENY fHlL, ¥ Lactoba-
cillus RO~T v RIF| BEREREEBITE O SRR L 3 —F L e 572, L7zt T, Rt-82

PRE L UF Rt-114 #RlZ, Lactobacillus BIZBRTAHEWIGEWEE 2 RTHEREEEZ 5
na,

5. TRAFHEE D 50tk




Table 2-8. Taxonomic Properties of Representatives of the Genus

Lactobacillus
Group* Strain Properties Identifi-
cation
DNA Peptido-
G+C glycan
content type®
(mole%)
LA PG-G8 45.6 mDAP L.ruminis
LB MU-4 41.6 Lys-Asp L.animalis
LD Rt-100 6.2 ND L.vaccinostercus
LE MU-12 39.8 Lys-Asp L.reuteri
MU-18 40.7 Lys-Asp L.reuteri
RE<5 40.3 Lys-Asp L.reuteri
Rt-82 36.6 Lys-Asp L.sp¢
Re-114 36.9 Lys-Asp L.spe
LF PG-303L 41.5 ND L.viridescens

* See Table 2-7.
* mDAP, m-diaminopimelic acid; Lys, lysine: Asp, aspertic acid;

ND, not determined.

¢ See the text.




Lk ic, FEOEIHLERNSYS L URED LI LR KESy
#%, Streptococcus JBH, Lactobacillus BE7Z Y DFERE “» THo72, £2T, £
HFHRBEIBRBOMRLETHI L &L, MBIEANREEA? 5 AF L7z Streptococcus
J&, Pediococcus J&, Leuconostoc J& ¥ LUF Lactobacillus BEERICOWT, FiRbzE
LIRIREEERIT YV, BV VT —YAERE TN, TORRER, R 118 #k (Strepto-
coccus J& 32 ¥k, Pediococcus J& 26 #f, Leuconostoc J& 6 #k¥ LUF Lactobacillus
J& 54 Bk) M b Lactobacillus fermentum IFO 14511, 14512, 14513 @ 3 #k#%, EtE
VT —REAERER LT

Bi4En EE

REVVT —E2AEEL) 54EME, K BRAREB IUREEHRPICRELZES
5, BEILEATTE L URED? 5028k 16,324 $:9D9 HD 700 bk, BRIFHE
HE 118 $RD ) B 3 BRICAEREEZ R L2, EHLENANE LURE» 5B L0
1z 700 BROBRYEEY VT — CAEEROBFREEE LR LER, Chbonkiss (98
%13, Streptococcus J&, Lactobacillus JBICJBL Tv»72134, Staphylococcus J&,
Bifidobacterium J&, Escherichia J&, Morganella JB? 4 BICd AL TWwiz,

Streptococcus JBIZIBT 5 DDOKESIL, S.mitior THY, fbid S.salivarius,
S.faecium, S.faecalis, S.avium, S.gallinarum T#&H-72 , Lactobacillus BOKEES
i3, L.reuteri L <3 L. fermentun ZV—7", %%\t L.animalis L < i3 L.sa-
livarius ZV—7I1Z)&L, flid L. ruminis, L.viridescens, L.vaccinostercus ¥ LUf
LTS 1 7v—7 (L.acidophilus, L.amylovorus, L.crispatus & L <i3 L.

gasseri) ICHFHINIZ, RTFEHR? LB LNIEBEY VT —AEE 3 #i2, wWFhd
L. fermentun TH- 72,




3E BMET LT - 2R

F1E #

illf

#ZHRTBANILSIT 703 ORI VT —CEREIL, £0OKEH Lacto-
bacillus J&% L < i3 Streptococcus JBICEL, CHLIIEIS, W2rDIN—F%2
WIIBICOTINBZZ LR RH LI,

t:%?%%ﬁﬁ&é%%,ﬁtﬁ%ﬁﬁ%ﬁ?ttfé,%ﬁ%@%hﬁﬁéﬁm
ﬁﬁ%éﬁi&énéCtﬁ,i%ﬁ%%ﬁwmnn¢yﬁ§“”,ﬁ%ﬁﬁ%ﬂ%ﬁT
5:x%5—%&7xx7:&—f““”’xium%m%@¢QWVT—%“”éﬁ'
DElZIEDE LTHoicE 2 2% (-

@ﬁ?VT—ﬁm%%,E%L(uﬁmﬁﬁé%ﬁﬁiﬁTéﬁiﬁEﬁ,@—ﬁﬁ
@ém&@#,%ht&ﬁﬁ@%&é%@@ﬁ#é&éé@#@%é#?&ho

%CT$§Tﬁ,@ﬁ7v7—f%§§%#%%¢m&ﬁ%%ﬁbf,%ﬁ%@&m
;5§$§E@ﬁ%§®§%&,%@ﬁEEOwTKﬁLt@?,%%nowrm«6°

F2H EBMEE LUHE

1, %
-t77u~x0b%,Tym§4>/%U77U»TSF&%/QM)7V—F(pH

4.0~6.5) |3, Pharmacia Biotechnology Products, Sweden 2 SEEA L7, BElFrsg

7V7—€,VwFﬂ&?ﬁ%?éﬁ%ﬁﬁﬁmmﬁﬁﬁEﬁd,ﬁma%mkﬂ
Company, U.S.A. 2 LEEA LT,

2, WAEYOIE%

® 2 RE 2 Hi—4 1B THIB L 22 RAR 36 10 o] 2, 5 FEDznL L odg

v\’—7—7x:c:§}izu; 4 L Dtk (5 2 we o Hi—4 o Asgiy) SEELT,
&t:?72ﬁ@§§%%Lto




3. BV VT —iEHDRIE
% 2 BE 2 H—-6 DHEIEST, 0.2 M7 ZUBARE®R (pH 4) 2BwTHlE
5,

4, HWiEHBROTER

4 1 DREFBEEHOSEE (12,000 x g, 15 5[, 4 °C ) L, &% 100 nl oies
BT (LM D 2=ANHT 22 ) —Neatr 50 o b XERREE, pH 7) o
LorEE (12,000 x g, 15 54, 4 C) 2 EIE>TIERESH LBz, EE%T
CBELT 40 nle L7z, cnk o LT L7cURsiithz, KESUERT(§)5 5501 —
MEZV>F7V R (12,000psi) THREL, ZLSEE (76,000 x g 20 53, 4 c) i
LNz BifE, WikHbRE L CERICER L,

5. WUTZ VT I Py NESRIE

RIT 2 VNT I PP NVESEENL, EHET IV E LT 4% /) P2 YALT 3 F#%,
STEETNE LT 6%w/N) T2 YNT 3 FREE L, Davis D#BfEg “» {25 md kX
(EFRXLXFN) P25y, 192 m 7V, pH 8.3} TiFo72 15 4l o
WEHEE L, 15 11 @ 0.1%w/N) TRET =) VTN - &1 50%w/Y) Lo —
70— RIERDIBAMEREL E L O L, 4C T 6 BRIESKEN L7, BXUVKENEIC
The 0.05%(w/v) 7ues VY= NR=TN%ET 50 M 2 T L BBISE (p H4)
BL, 4°C T30 HBIKEBELE, 252 0.05%w/v) 7uaxs UV = oR—F b
T30 M 7 UBRERE (DH 4) 225 L, 7PN meicBal bt s 2 ¢
4 C THRELZ, ®IT 0.05%®w/v) Toes VY =NR=TNeE&0 1 %o/v) RE
%?ﬁ%&t?ﬁtﬂ%»%&t,%iﬁ@&%%bt07»¢@@&7VT-€§E@

BEEL, Heazdsr L7 aniEta sy kb LTREIN, BEEBBICL - TaE
gxL72,

6. FERNDPIE

TYHR74 2 PAC 7V~ (pH 4.0~6, ) EAWT, FEEERAENEIT7,
T VT —Cntils, s NTZ7INT 3 BN ERIKEN 51 200055 & Fle
CLT, BT L,

ok




7. YVFBIZ L ASTEIAIE

7»FERI6Q%EM%M,t77u—XCL—6Bﬁ§A(asxmcm§ﬁz
LTI o 72, Figbs L OEHESERICIE, 0.02%0/v) T ULy — &% 0.1 M &
m%rva%@&OJSMvV@%@ﬁ(pH75)%ﬁ%Lto@&EEgu,Tﬁ
710%7(%%§4ﬁﬁ%),B—Tiﬁ—f(ﬁ%izmﬁm),T»:—»?t?
R7T =¥ (4F8& 150,000) , TLMEFTNT S (5FE 66,000) , HLK= v 7
T oA F7—% (5FE 29,000) %EH L%,

F3HT ERERBIUEE

1., BXUKEREIC & 2047

ggzﬁvm&tiia,&ﬁWVTwaﬁﬁﬁiGEmﬁﬁtfsn,%@kﬂﬁ
i3 Lactobacillus J& L TF Streptococcus JBIC/E LTwiz, L Les, Chebnk
RN VT — SRR T 2REELY, FI—EHETH20%, 2h Y1)
BHTHLOPIIFHTH 2, 23T, CORZALPITT B2, UT0ERFF-
st

RIEY V7 —CEEbkd > 5, Lactobacillus RICIES % 28 Hitkk, Strepto-
@g@ﬁy>9%ﬁ,%ﬁ37%%%§ﬁt,:nem%wmmﬁ%ﬁﬂL1£U77u
wTEF?»%ﬁ%ﬁtﬁﬁéﬁﬁ%EﬂﬁﬁE%%&toC@%%,i3ﬂ¢3ﬁﬁl
5t,%ﬁ%ﬁ&t;é§£§8@ﬁﬁ§(Rfﬁ)ﬁewMTét,&ﬁ7v7—fm
3, 6 RS FEIGFETHE EHH LD E 7o 72, X TCRILHEEE (R f 1) 257
VIV =T OBRBAIRF—2 4 7ICBT 3 0L L, BIN=TIZZ 4 7HES %O
TRATEZ &L,

C:?,Eﬁéﬁtﬁ£§56947t&ﬁ7V7—€$§%Et®%%%itbf
IXGET PP DRET VT -2 4ET 2012 L. animalis, L.salivarius 7)1 —
TORER 247 I oBEEL, L reuteri, L.fermentun 7Vv—7fikkk, 547
Il DBEERIL, L. reuteri, L.fermentun TN—=7 LU L.vaccinostercus DICERE,
747 N OBEFRIL, Loanimalis, L salivarius 7V —7% X 1F L. runinis DftEk
247 V DKL, S.mitior DNEk, 247 VI oEEZII, S. salivarius DftFkk
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Table 3-1.

Rf Values of Acid Ureases

Source of

acid urease

Source of

acid urease

.animalis MU-4¢

. Sp.
. Sp.
.fermentum IFQ 14511¢

MU-22¢
MU-29¢

It“lt“Il’"ll"‘ll"‘ll‘"‘l[“ll“ll"‘ll"“lt"‘lt“lt"“ll"‘ll"“ e I el § o § o

.SPp.
. SPp.
. Sp.
. SPp.
.Sp.
. Sp.
. Sp.
.Sp.
. Sp.
. SPp.
. SPp.
. Sp.
. Sp.
B,
. SPp.

Bl -54

Rt-34¢
Rt-41¢
REZS0)
Rt-82¢
Rt-85¢
Rt-87¢
Rt-89¢
Re-114¢
MU-12¢
MU-17¢
MU-18¢
MU-106¢
HU-1174
Mr-8¢

sp. Mr-19¢

vaccinostercus MU-100

.vaccinostercus MU-102
.sp. PG-73¢
.sp. PG-80¢
.8p, PG~204¢

L.

L.

L

L

L

L

L.sp. Re-6+

L.sp. Rt-14¢
E.sp. 'Re~-36¢
L
L
5.
S.
S,
.
S.
5.
S,

.ruminis PG-98

ruminis Mr-17

mitior PG-118
mitior PG-154
mitior PG-324
mitior PG-449
mitior Pg-475

salivarius PG-81

salivarius PG-202

b

(el

Qe

numbers in Fig. 3-1.

Enzymes were electrophoresed on polyacrylamide gels.

The letters I through V[ in parentheses correspond to the lane

Strain belongs to the group composed of L.animalis and L.salivarius.

Strain belongs to the group composed of L.reuteri and L.fermentum.




T‘%’Df:o
Esqc;.L%Lt&%?:D4H®%§§E@ﬁﬁﬂy—y%ﬁTo:@%ﬁ%

ENCHELAUERBERIE, UTOBUEY VT —CAEE» LTS, 247 1 DEEFIT

L.animalis MU-4 2* 5, 247 11 DB L. fermentun IFO 14511 Ph, 747 1

DEERIL L. reuteri Rt-5 5, 247 N OBEKIL L runinis PG-98 #5, 47 V
DEERIT S.mitior PG-118 25, 47 VI DEERKIZ S.salivarius PG-202 P HFERL
RONTHY, BMRDIAT7ESL, BRAENOL - &S (1 3-1) =L Tw3,

X 3-1 DV =2 11 T3 2 TR/ SY FPREI N, FHD Sy FIZSAkT
%O,ﬁ%ﬁﬁtibéﬂttémfééo*ﬁva—ﬁ?M,éé%@%&miéﬁ
%EE@ﬁT““:ﬁﬂenTwéo%CT,éé¢®%&m¢%5%m,m%%m%%
NHB7Y) B =MIOWTHN, B 3-2 IRTE 12, L. fermentun [FO 14511
%W%&@%,70%0—»%@&&WQ1MUV&%@%(DH7)*?-%OCT?
1E%ﬁﬁtt@%m%ﬁ%@%ﬁ5t,Lﬁmﬂykﬁ&&éntot:%ﬁ;%@%'
iﬁﬁ%SWMWW:VUtD—w§@UW%@ﬁ*?-%OEY?lﬁ@ﬁﬁtt@%ﬁ
%ﬁ%ﬁ%ﬁia,?ﬁmﬂyFmﬁ#&&éhéﬁ%d%bsn&#oto¢%ﬁ?v
ﬁﬁtt%t%%?ﬁﬁmﬁTu%b%hf,@ﬁ7V7—EMSW6WN)fUtD—
w*?ﬁﬁﬁﬁ?é@ﬁﬁ@?%éitﬁﬂ%tto

LmLtiﬁm,4E£ivz7w~7tﬁﬁ¢637@&&7V?—€$§%%
ﬁ%Lf%ELtﬁ%,%m%ﬁ%@%ﬁ%&m&mwteﬁﬁmﬁ%ﬁﬁ,%&5%
%n;oféﬁéhfhé:tﬁﬁbahto—ﬁ,%ﬁ%@&@f»t?@%%ﬁmﬁ
Mzk<73¢&, v—yI,Niuwxwmth,E&dﬂ%h%héiﬁykm
mt,ﬁ%%KEnTL#é%<%6T674%—&NVFﬁ—?%b%ﬂ(EB%),
:@iimﬁ—%%#,ﬁ@gmﬁtéﬁﬁmvv7—€tﬁiéhé§§%$&f&%
t$, KE Y9 Fo5 60 # LU Proteus )&, Providencia JBEH 5V BN By L7
—EEAECEWTIMLATW 2,

@&7V7~€@¢K,%ﬁ%ﬁ%t%ﬁgwiﬁéﬁ%ﬁﬁﬁETé:tu,$ﬁ
ﬁﬁﬁ?ﬁﬁiv%mﬁwﬁEK%Lf,3%&%%TC&%%%LThé°%CTE3
-1?ﬁLt%ﬁ%@WKﬁ@§@§&é6947@ﬁ§$ﬁWV?—€mowf,mm
ETOMEEFARBZ L & B st
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Fig. 3-1. Acid Ureases from Strains Belonging to

the Genus Lactobacillus and Streptococcus.

Cell-free extracts were loaded onto a 6% (w/v)
polyacrylamide gel with a 4%(w/v) stacking gel
and electrophoresed at 4 °C. The gel was
equllibrated with 20 m’l.’I' ciﬁrate buffer, pH 4,
containing 0.05%(w/v) bromocresol purple, and
then transferred onto a filter paper wetted with
a solution containing 1%(w/v) urea and

0.05%(w/v) bromocresol purple.

Lanes: 1, L.animalis MU-4: I, L.fermentum IFO
14511; W, L.reuteri Rt-5: IV, L.ruminis PG-G8;

V., S.mitior PG-118; and VI, S.salivarius PG-202




Fig. 3-2. Effect of Glycerol on Acid
Urease Aggregation.

Ceil-free extract of L.fermentum IFQO
14511 was incubated at -80 °C for 1 week

(A) in 0.1 E potassium phosphate buffer
(PH 7) or (B) in 0.1 E potassium
phosphate buffer (PH 7) containing 50%
(v/v) glycerol. Experimental details are
described in the legend of Fig.3-1.




I TV VV

Fig. 3-3. Acid Ureases from Strains Belonging to

the Genus Lactobacillus and Streptococcus.

Dotted lines indicate slowly developing urease
active band, and solid lines indicate the main
bands shown in Fig.3-1. Experimental details
are described in the legend of Fig.3-1.

Lanes: T, L.animalié MU-47 T, L.fermentum IFO
145117 W, L.reuteri Rt-5; IV, L.ruminis PG-C8;

YV, S.mitior PG-118; and VI, S.salivarius PG-202
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BRI BEIENREL S 6 24 7ORERZNFFEE2, t770—-2CL -
6 B 7 AZRWATNVFBREICL N RdIz, % 3-2 ITRTLEIIS, b 6 247D
REREERIS, TFRICBLTERELRLTEY, BANS TR L aninalis MU-4 [
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i3, FKIT 220,000 THBIZH22 06T, BRREOBEEIIRL > TWEDOHNEE S
niz, ORI, FFEIDIVIZY, BEREFINBIEIAE WEHEERLY,
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DFFEVELSFNIFET VT - TIHMEN T WS, hiEyL 7 —EDGFEDHT,
B/ ND B DIIN— 2 AAAEEEKD 125,000 52 THY, KkEWLol: Selenomonas
ruminantium HRDEERD 360,000 3 L < Ureaplasma urealyticum EEEE@%?\
7 380,000 " TH b, EDMDBEAEMHEDFIET VT —¥DAFRIL, 200,000~
250,000 “* *572%) DFWHEHLFEIN TS, AFETHLPIZINIBETLT -0
o7 FEI3, 140,000~350, 000 NFEIZHFLTE D, 200, 000~220, 000 DY FRDOBESR
BEPSI2Z NI, FHTVT —EDORFROSHEFUL T B EE L LN 2.,

3. FER

6 A TNOREMRNER L2, SELABTRIEC > THIEL: (& 3-2) onis
Dk, NEHEROEERIL 4.6, 4.7, 4.8 LELZ 3 HIIAHLTRBE LAoHE L
72, L.reuteri RT-5 3 XUF L. fermentun 1FO 14511 HIRODBERENES ST, 22N
4.7 BLV 4.8 LR 5T (% 3-2), BB L72 L 512, L. reuteri Rt=5 & L. fer-
mentun IFO 14511 HRDBERNSTFRITIIT 220,000 LHEES N2 bbb,
VT 7 VNT S FrVBERABINBEIEICIZZE S -7, CDBHENEIIETENE
SEELTWALE#ES NS,

T VT —CDBAITY, HBEHEOREIC k- TELHH»mMLEN T 3,
Brevibacterium ammoniagenes HISRDEBEZNEE &)1 4.1“®, Bacillus pasteurii
ROBERDEERIT 4.6, Arthrobactor oxydans HRDBRNEE ST 4.3~4.7

‘*9), Morganella, Providencia, Proteus RERDERNEESIL 5.1~5.960 Tk
6Ctﬁﬁ5h130,@ﬁ?VT—ﬁm%gamﬁmﬁfgéo
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Table 3-2. Properties of Acid Ureases

Source of Mole- Iso- Optimum* Optimum® Stablec¢ Stable®
acid urease cular electric pH tempera- pH tempera-
weight point ture ture
(°c) (°C)
L.animalis MU-4 350,000 4.8 4 55 4~ 8 below 40
L.fermentum IFO 14511 220,000 4.8 2 65 3~9 below 60
L.reuteri Rt-5 220,000 4.7 2 65 3~8 below 60
L.ruminis PG-G8 150,000 s 3 55 4~ 8 below 30
S.mitior PG-118 200,000 4.6 4.5 65 3~8 below 50
S.salivarius PG-202 140,000 4.7 o 821 60 4~ 8 below 40

Buffers used for measuring enzyme activities were 0.2 E sodium acetate-HC1l
buffer (pH 1~4) and 0.2 E citrate buffer (pH 3~6).

Temperatures used for measuring enzyme activities varied from 20 e 89 °C.
The enzymes were incubated at 37 °C for 30 min. Buffers used for the
incubation of the enzyme were 0.2 ﬁ sodium acetate-HCl buffer (pH 1~2), 0.2
E citrate buffer (pH 3~5), 0.2 ﬁ potassium phosphate buffer (pH 6~8) and
0.2 E glycine-NaOH buffer (pH 9~11).

The enzymes were incubated at pH 4 for 20 min. Temperatures used for

incubation of the enzymes varied from 20 "G to B0
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bF7 4 —RBIE T7450 202 13, BASA IS v K S5KS MY —ZH) LA
L7z PAG 7V —}F 4/15 B X1F DS PAG 7V — b 10/20 i, F—{LEEZ W) D> S8
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2. WY
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ments, U.S.A.) 2fHAL, #HEEREI 07774 —IE ) HBEL:, Skl
su= b7 773, BIMBEERT@B M 655 B2ERA LR, B3, 0.1%0/N) +) 7
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Table 4-1-1. Purification of Acid Urease from L.fermentum IFO 14511

Total Total Specific Purification Yield
Step protein activity activity (fold) (%)
(mg) (units) (units/mg)

Extraction 1,444 17,900 12.4 1.0 100

Ethanol precipitation 543 16,500 19.8 1.6 92.2
Toyopearl HW-55F 165 13,100 79.4 6.4 73.2
DEAE-Sepharose CL-6B 52.0 8,890 171 13.8 49.7
First affinity gel 19.1 5,820 305 24.6 32.5
Chromatofocusing NT: 3,010 NT NT 16.8
Second affinity gel 6.6 2,010 304 24.5 i, 2

+ NI, not tested.

Table 4-1-2. Purification of Acid Urease from L.reuteri Rt-5

Total Total Specific Purification Yield
Step protein activity activity (fold) (%)

(mg) (units) (units/mg)

Extraction 1,410 18,300 13:0 1.0 100

Ethanol precipitation 521 15,800 30.38 2:3 86.3
Toyopearl HW-5SF 140 13,440 96.0 7.4 73.4
DEAE-Sepharose CL-6B /8.2 10,248 131 10.1 56.0
First affinity gel 18.0 6,426 257 RS 351
Chromatofocusing NT* 3,274 NT NT 17.9
Second affinity gel V% 2,520 350 26.9 13.8

* NT, not tested.

Table 4-1-3. Purification of Acid Urease from S.mitior PG-118

Total Total Specific Purification Yield

Step protein activity activity (fold) (%)
(mg) (units) (units/mg)

Extraction 1,150 19,500 16.9 1.0 100
Ethanol precipitation 436 17,700 40.6 2.4 0.8
Toyopearl HW-SSF 105 11,900 113 5.7 61.0
DEAE-Sepharose CL-6B 56.0 9,850 176 10.4 50,5
First affinity gel 11.7 5,480 469 L7 28.1
Chromatofocusing NI* 3,490 NI NI 17.9
Second affinity gel 6.3 2,900 458 27.1 14.9

* NT, not tested.
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Fig. 4-1. Polyacrylamide Gel Electrophoresis

of Acid Ureases.

(A) 6 ug of each purified enzyme was
electrophoresed on a 6%(w/v) polyacrylamide
gel. (B) 3 ug of each purified enzyme was
electrophoresed on a 15%(w/v) SDS-
polyacrylamide gel.

Lanes:1, L.fermentum IFO 14511 ; 2, L.
reuteri Rt-5 : and 3, S.mitior PG-118.




<, BT B T =y FMIBMTLT —Xokrksl, 7 W7 2=y MIRIET
5vto¢ﬁ7V7—€t@ﬁ7V?eﬁmmmﬁﬁmﬁ%ﬁuﬂﬁiotﬁmfﬁﬁL
T2y (5 3 2% 3 H-2), BEIEBRT 29722y POV~ THET 2 &,

LERLE L) RO FROSMEBIIRL > TH B EFHLDE 2o T,

FHT VT XTI, AL 3 BREOY T 2=y F ORI, RIVTZINT 3
FTRDISL EDT 2 b2 ) = 2EINT, WFNRD (¢:18:7,), EHEEIN T
B ity

ARTRESNLBEY VT X0y 72=y MERKIL, 1) SDSEYT2 )L
73 F7NVEIRECTHELIY 722y b vy FOF UL b 2 b ) — ol S, %
V72=y bPOFGFRTRLLMEDH I H 1:2:1 THBI L, 2) PAFRETHEES
NIREKBERDOITEY, SDSRYTIZYAT I FYAERRIIECRE ST 2
=y POGFRELLICLTER 1:2:1 2RELCHELAREE—KERTE L 20,
L. fermentun IFQ 14511, L.reuteri RT-5, S.mitior PG-118 HIRDWFHOREEDYT
2=y POBRED (e18:71): LHEINL, o8, ARELLT L fermentum IFQ

Table 4-2. Molecular Weight of Subunits of Acid Ureases

Source of Yiolecular weight of subunit

‘acid urease

a B 4
L.fermentum IFQ 14511 67,000 16,800 8,600
L.reuteri Rt-5 68,000 16,100 8,800

S.mitior PG-118 66,000 15,600 8,600




Mmlm%@@§®SDS—£U77UwTEFfw%ﬁﬁﬁmfwﬂykm?yyfx
F)—%2K 4-2 IZRT,

4, FER

3 MRMRNDFERE, TURIA V2EURYT I YULT I P2 LEE SESKE
RIS L RO, FRARTRBINFER, 3 HWEBREQIRTTH— <Y FTHY,
L. fermentum IFQ 14511, L.reuteri RT-5, S.mitior PG-118 HIRDEBERENEE NI, #
NZN, 4.8, 4.7, 4.6 THole, INLOMAIL, % 3 5 3 H—3 Tk L7tk
W2 EA L TRIE LML & {—F L Twi,

5. RS

FEEYY BIUKRE Y HROFHETIVT -, ¥ 72=9 } 1 TAHSY
2ENVD=y TNEERLTWAILFMLNT WS, 27 ) THENFHY LT —+
DiGald, F—472=y P THRINIBEETIE, Y 72=y } 1 ENH2N 1 EN
‘”““®:v7w%,it,3Eﬁ@§&5#71:7Fﬁ%%&éhfhéﬁi?ﬁ
(@1B827:2 ) 2=y B2 2 BTNLEH 3D D= r LR aHETHE LAPEINT
W25,

TCT, AETHRESNCBEI VT D=y ry V&E2, BEFREEC L - T
ZL72, L. fermentum IFO 14511, L.reuteri RT-5, S.mitior PG-118 HIRDEEF D=

TIVERIL, (ai1B.7:) 2=9v} 1 EAHED 1.9 TN, 1.8 ®NV, 1.9 ENEET
ﬁéﬁf:o :@ﬁ%ﬁ’gy V‘fﬂ@&ﬁﬁl/?—*@%), (01,827’1 ) 2=9w b1 FEN
HIZN 2 END= gy 5 NEEBELTWIHDEHEIND,

6. 7 I /EEHRK

3 WRHBERZ 4% (v/v) A7) a-NE2ED 6 N BEEETICHEHRT, 110
C T 24, 48, 72 BRIIKSMRLT, 20T I/ BHERETE €)Y, FLd=s
tiOﬁ@%ﬁﬁ%*%,4VU49V,ﬂUV@?Z%@ﬁ(%kﬁ)%%ht”“o
%@@@Ti/@%ﬁﬁﬁ,m*ﬁ%ﬁﬁﬁi6%#@&A5ﬁ<$@ﬁéibto
R A3 ICEDMERE, TTICHBEINTWS Klebsiella aerogenes *”), Brevibacte-
Tiun ammoniagenes “*), F+#F Y B LIUKE “O BIRDBED LT — LT 3 /G
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Fig. 4-2. Densitometric Tracing of Poly-
acrylamide Gel Stained for Protein.

The purified acid urease (10 g g of protein)
from L.fermentum IFO 14511 was subjected to

electrophoresis. Tracing was made at 630 nm

with a Shimadzu CS 910 Chromatoscanner.
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Table 4-3. Amino Acid Composition of Acid Ureases

Amino Mole percent (%)*

acid
L. L. S. Klebsi- ¢ Brevi- *® Jack! Soy!
fermentum reuteri mitior ella bacterium bean  bean

aerogenes  ammoniagenes

Asp?® 12.6 3 5. 12.1 9.2 11.6 106 .12.8
Thre 6.6 6.3 7.4 6.9 . 6.6 2.3
Sere 4.0 3: 8 P 6.1 (> 9 9 5.8
Glu® 8.9 9.3 8.5 10,3 10.2 20 RN 6 g |
Pro 4.6 4.3 4.2 . 4.7 5.0 6.1
Gly 10.0 10.3 196 25, 12.4 9.7 9.4 10.4
Ala 8.6 8.9 8.2 105 10.7 8.8 7.4
H-cys® 1.0 1.4 .2 1.4 0.4 1.5 0.5
Vale 6.8 ra 7.5 7 e 7.8 : 6.6 5.3
Met B3 3.6 3.4 17 1.8 e 2.0
Ile® 6.6 5.9 0.1 = F | 7.9 Bvd
Leu 6.7 2 02 6.9 72 8.2 8.2
Tyr 4.1 4.2 4.2 2.0 1.2 25 2.4
Phe 2.9 2.9 2.4 2.6 3.0 2.9 4.2
His 1.9 2.0 2.9 3.0 2.9 3.0 2.1
Lys 6.0 il 5.2 5.4 4.9 il 5.6
Arg 3.8 4.1 4.0 4.0 4.9 4.5 4.6
Trp 0.8 1.3 0.3 1.0 0.9 0.5 NI*

* The values are the averages for 24-, 48- and 72-hr hydrolyses in 6 N HC1
containing 4%(v/v) thioglycolic acid at 110 °C.

* Free amino acid and corresponding amide.

¢ Obtained by extrapolation to zero time of hydrolysis.

* H-cys: Half-cystine determined as cysteic acid in a 24-hr hydrolysate after
performic acid oxidation.

* Value for 72-hr hydrolysate.

* NI, not tested.

* Taken from (49).

* Taken from (40).

' Taken from (66).

! Taken from (41)




FEZRT, chue sty VT —X¥DT I VBB E T2, L. fermentum IFQ
14511, L.reuteri RT-5, S.mitior PG-118 EH%@@&*?V?—%@?S/@%E&WL v
DY YERED, 1.6~3.5 {58 LA TH=UERED, 1.3~2.1 fEZnC ERERITH
5

7. FEEFRY

L. fermentum IFO 14511, L. reuteri RT-5, S.mitior PG-118 HIRD¥EHIEMEY L 7
—%ﬁﬁ%ttku%vﬁﬁégﬁtt,%ﬁmi,X%»ﬁi,l%wﬁﬁﬁe@TV
%ZTE&@%bEhﬁﬁkmzﬁibﬁoC@%Eﬁﬁﬁﬁ%?i”“i&ﬂﬁ&gg§
B 70 BHROV VT —EnREERNE L ELL TV 3,

8. BREMS LUREMICH LiZT p HE REompm

L. fermentun IFO 14511, L. reuteri RT-5, S.mitior PG-118 HROWEREME Y L7
—ﬁ@ﬁﬁxivﬁi&mxin,pH&ﬁgm%g%%&t<§4ﬁ)oﬁ§th
memmmwomm1&%m@ﬁ@%ﬁ$;wﬁiﬁtﬁiﬁf,thﬁﬁm%g%
BRL7z (X 4-3) ,

L. fermentum IFO 14511, L.reuteri RT-5 HIsRoDESHURRM:™ VT —EDE#ER G p H
i3 2THY, S.mitior P6-118 MRNBEENEERISp Hit 4.5 TH-72, EBERNE
Eld, WFho 3 HMUEED 65 C Thorzy AL 3 WHRMRZ, Bxnp Hokg
@ﬁ¢?37t‘?30%%ﬁﬁtta:5,wfﬂ@@%ﬁﬁépH3~9@ﬁ@?§
Eﬁ%qto—iﬂ;ﬂl4@%@ﬁ*?@ﬁﬂﬁﬁ?soﬁﬁﬁﬁttt:5,g@r
mentum IFO 14511, L. reuteri RT-5 HISROWEBBERIEMIT 50 C LI, S.mitior PG-
118 HRDIFREEREMIL 40 C UTT, BETH-172,

9. BHEAY

L. fermentum IFO 14511, L.reuteri RT-5, S.mitior PG-118 BikEEtEY L7 —+
BHECE JITT, BEEBA T ORELE 46 CRY e WTNOWREEED Hg't
LU Agt 1T > T BHER 21T, Cu** 1ok D EIHILBE S Z1F 2 2 L poHER L7e,
RIZ, TNHDEEMEY LT —¥iEHIcs iZT, SRCAMDHBE T, F 47 12

AT LT, WTFADRREEEY, S HEBEHTH 2,95 2 DOZRER, BIUFL
Xy yy
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Table 4-4. Substrate Specificity of Acid Ureases

Source of* Substrate Activity
acid urease (units/ml)
L. fermentum Urea 20
IFO 14511 Thiourea o)
Methylurea 0
Ethylurea 0
Hydroxyurea 0.25
L.reuteri Urea 32
Rt~5 Thiourea 0
Methylurea 0]
Ethylurea 0
Hydroxyurea 0.29
S.mitior Urea 43
PG-118 Thiourea 0
Methylurea 0
Ethylurea 0
Hydroxyurea Q. 37

* 100 4 g/ml of the purified enzyme was used.




—P%T%é?hftFD##A@K&O%(@%&%H,I%VVVTEVW%@(E
» N5 B

DTA) 2 & TSI IHER R 72, 55 7 DO REARIRIL, L — VR ¢ 3
LU Brevibacterium ammoniagenes “4® HRDHFHEZ L7 -2 HEL, P+ Fo

XY LERIZ, Clostridium sordelii, Escherichia coli, Morganella morganii, Pro-

teus mirabilis, Proteus vulgaris, Providencia rettgeri, Staphylococcus aureus K

KUY DEMETLT - RHET - EFHLENT W B,

Table 4-5. Effect of PH and Temperature on Acid Urease Activities®

Source of Optimum  Optimum Stable  Stable
acid urease pH tempera-  pH tempera-
ture ture
(°C) (‘C)
L.fermentum IFO 14511 ¥, 65 3~9 below 50
L.reuteri Rt-5 2 65 3~8 below 50
S.mitior PG-118 4.5 65 4~8 below 40

* Experimental details are described in Table o
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Fig. 4-3. Effect of PH and Temperature on Activity and
Stability of Acid Urease from L.fermentum IFO 14511.

(A) The enzyme activity was measured under the standard assay
conditions, except that buffers with the indicated pH values
vere used. Buffers were 0.2 M sodium acetate-HC1l buffer

(PR 1~4, [J) and 0.2 ¥ citrate buffer (pH 3~6, ).

(B) The enzyme activity was measured under the standard assay

conditions, except that the reaction temperatures were varied
as indicated.

(C) The enzyme was incubated in buffers at various pHs at 37
'C for 30 min. The residual enzyme activity was assayed after
ad justment of the pH of the reaction mixture to pH 4. The
buffers used for incubation of the enzyme were 0.2 M sodium
acetate-HCl buffer (pH 1~2, Lh) s 0.2 § citrate bufger (pH
3~5, C), 0.2 ¥ potassium phosphate buffer (pH 6~8, A) and
0.2 M glycine-NaOH buffer (pH 9~11, 4 ).

(D) The enzyme was incubated at various temperatures at pH 4
for 30 min and then the whole reaction mixture was rapidly
cooled in an ice bath. The residual enzyme activity was
measured under the standard assay conditions.
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Table 4-6. Effect of Metal Ions on Acid Urease Activities

Metal Relative activity (%)
ion !

(5 mif) L.fermentum L.reuteri S.mitior

IFO 14511 Be-5 PG-118

None 100 100 100
Mg+ S8 97 100
Cat+ 97 o6 95
Hnt» 101 9 G5
Fez+ o8 97 9
Cot* 102 101 100
Nit# 100 0 101

Ot 67 59 27
Znt+ S8 101 0
Sri+ 9 e 97
Ag* 0 0 0
St o6 o8 6
Baz+ 100 103 99
Hgt* o) 0 0

Table 4-7. Effect of Various Chemicals on Acid Urease Activities

Reagent Concent- Relative activity (%)
ration
(mM) L.fermentum L.reuteri S.mitior

- IFO 14511 Re~5 PG-118
None — 100 100 100
PCHB* 0.1 3 4 1
NEM® 10 101 05 102
Acetohydroxamic acid 10 10 8 6
Nitrilotriacetic acid 10 104 102 100
EDTA- 50 73 79 72
NaCN 10 97 101 104
NaN, 10 100 o8 103

-Chloromercuribenzoic acid.

P
* N-Ethylmaleimide.
° Ethylenediamine tetraacetic acid.
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10. Knm fEB LU Vo, &

L. fermentum IFO 14511, L.reuteri RT-5, S.mitior PG-118 HISRMIGHUREENENF
FHYITA - P -2 EFEREpHTH S, pH 2 0 0.2 M B &, pH 4.5 o
0.2 M 7 =Bl 2 FAW"C 37 C TRIE L7, RETH SIRRIREICKT 2 RE S
BREDNT Ty ML, BEDIHTY 2L 7 YHIERER LI, Kn fE5 LU Vaa. fAI2
TAYTZ=N== 7Ty b (R 44 ) o L

L. fermentun IFO 14511 BIRDBERD D H 2 12513 Kn 1885 L Va.. fllld, 2.7
mM & 440 ¢ mol/min/ng protein T#H— 7>,

L. reuteri RT-5 H3RDEBEZENDPH 2 28133 Kn 535 & Vaux i, 2.8 M &
580 ¢ mol/min/mg protein T -7,

S.mitior PG-118 BISRDEERN D H 4.5 I2B1F 3 Kn 535 & TF Vaux fli3, 2.0 mM
& 460 ¢ mol/min/mg protein THH72,

11, ¥72=y F4HEL

3 BB S HERFL LT L fernentun 170 14511 HRDBER 258
V7= rOGWERAL, B 4-5-A ISRT LS 2, W7 e+ 757 4 — 2 EH
LIERBEERZ 3 B, 3UOTHMSRT 2 Laca 2. N6 3 ESHAREED
#71:vhﬁéé:tu,SDS—ﬁUT?U»TSFfw%ﬁ%@@ﬁ%m%?é,
T72=y MY, B, 7, o DEBTEELTW ( 4-5-B) ,

RIS, LMY T 2=y ML BEHRER R 23, WP T 22w P
Z 0.1 M HEPES (N-2-t Fo¥izFot~s YN -2-TF NIRRT i
X LTEN LI, RIS, ¥ 7 2=y b= s LB o : B ir =9yt
102012825551, BREPFERLYE, ThbbYT2=y b a, 50 4z B,
2548 7, T4g &, BREE=y ¥V 6 FkFM, 0.4 4g # 0.1 ml & 0.1 M HEPES #2&
RICERLI, CORMEE, 4 BXUF10C T1 B 2 AFREL2obiz, wL
7 —YEERRE L, BEHERBTE o, LLERBEIEERED L8
ﬁﬁ?ﬁ&é@@Té:t%%ﬁLf,almme%@MmﬁttﬁﬁLt#7J:7
be, 6 MBRRI 7=V 523 8 M REFT 24 C ¢ 4 FFRITRIE L7cn b, i
0.1 M HEPES AREFHEICXT LTEN L2, CHES I LTlRAY T 2= v P2ERAL, ki
LRI TIRA LD BIHE Lk, B e Ehrole, iz et S
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Fig. 4-4. Lineweaver-Burk plot of kinetic data

obtained with acid urease,

A, L.fermentum IFO 14511; B, L.reuteri Rt-5:

C, S.mitior PG-118.
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Fig. 4-5, (A) Reverse Phase HPLC of Acid Urease from L.fermentum
IFO 14511, and (B) SDS-PAGE of the Subunits.

(A) Acid urease (50 xg) was applied to a Micropak Protein C18-
10 column. Elution was performed with a linear concentration

gradient of acetonitrile in the presence of 0.1% IFA. Flow rate
was 1.0 ml/min:

» absorbance at 280 nm; -——-

concentration of acetonitrile (%). Fractions, 1, 2 and 3,

denoted by the bars were pooled.

(B) Electrophoresis was carried out with a 5~ 20% gradient
polyacrylamide gel containing 0.1% SDS.

Lanes: A, holoenzyme (4 ug of Protein); B, fraction 1 (2 pxg):
C, fraction 2 (2 z£g): and D, fraction 3 (2 zeg)
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L. fermentum IFO 14511 HRDBEER D 55 L7 3 ROV 7T 2=y b %, 49
V) FF7)a-LEEat 6 N SERIFETICHEST 110 C, 24, 48 72 FERS,
WAFRLTEDT S/ BHE 2T~ (£ 4-8) . g V72129 bOLRFL Y (4
LARYRT ) BRIMES P B72EY ko valgitn e EXFUo s
TOYYERIIMENC AN TE - 5.7

3#71:7F@?S/@@ﬁ®éﬁﬁt,$D§§@TE/@@&K§ﬁhT§&
LY 7 2= b oMz, stk (FEAH—-3) Liy72=, PEE (218.7.),
THEIEZRELTW S,

13, 72=y FONKET 3 ) 5eEF|

L. fermentum IF0O 14511 HXRDEERD 5B L7 3 V7 2=y bONFKT /B
BcOl%, [T IRy -2z 9 — (Applied Biosystem, U.S.A.) #{fEML7-T F=
COAREETY TRELZ (£ 4-9) . o, 8, 7 Y7 2=y FONKBT I BRERE)
TNZN, Ser-Phe-Asp-Met-, Met-Val-Pro-Gly-, Met-Arg-Leu-Thr- i ¢
DT I BB, F 2 GHED Y L7 —4 (10) *°, Klebsiella aerogenes ¥ k¥
Proteus mirabilis BIRDHET L7 —4r (16) DNKET IV BEESIE B 2 50 Th
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Table 4-8. Amino Acid Composition of Acid Urease
and Its Subunits from L.fermentum IFO 14511

Amino Number of residues per molecule:
acid

Holo- Subunit Subunit Subunit

enzyme Q B 7
Asp® 254.6 83.0 2.5 6.1
Thre 132.8 43.4 B 6.3
Sere /9.9 s B 4.1 1.4
Glu® 180.1 48.9 18.4 ¥0.'1
Pro 9l1.6 26.3 8.7 3.9
Gly 201.6 67.2 16.0 3
Ala 173.9 59.4 7.4 5.6
H-cys! 32.9 16.0 0.1 0.8
Vale 136.8 37.8 12.4 3.8
Met 66.8 20.5 5.6
Ile- 134.1 444 .8 6.0
Leu 136.0 38.4 10.0 o 4
Iyr 8l.6 26.9 9.2 0.1
Phe 57.9 16.4 2.8 0.8
His 38.1 15.1 2.3 0.2
Lys 121.8 30.0 14.2 6.2
Arg 773 19.8 7t 5.3
Irp 17.0 3.4 1.8 0.8

The values are the averages for 24-, 48- and
/2-hr hydrolyses in 6 N HCl at 110 °C in the
presence of 4%(v/v) thzoglycolic acid .
Calculations were based on molecular weights
for the holoenzyme, subunit a , subunit g
and subunit 7 of 220,000, 67,000, 16,800
and 8,600, respectively.

* Free amino acid and corresponding amide.

¢ Obtained by extrapolation to zero time of
hydrolysis.

* H-cys: Half-cystine determined as cysteic
acid in a 24-hr hydrolysate after performic
acid oxidation.

* Value for 72-hr hydrolysate.




Table 4-9. N-Terminal Amino Acid Sequence of

Subunits of Acid Urease from L.fermentum IFO

14511

The sequence analysis was performed by the
Edman degradation method. The amount of subunit
@, B and » was 1,700 pmol, 1,800 pmol and
1,400 pmol, respectively.

PTH-amino acid detected (pmol)

Cycle Subunit Subunit Subunit
a B 7
1 Ser( 476) Het(1,378) Met(1,130)
2 Phe(1,406) Val( 880) Arg( 954)
3 Asp(1,206) Prof 732)  Leu(1,220)
4 Met(1,156) Gly(1,152) Thr( 330)
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RERTREEEDE > L fernentun IFO 14511, L. reuteri RT-5, S.mitior PG-118
HRDOBERZ XA —IC 2 2 3 TRBLT, FOEBEEHL,IC L,

L. fermentum IFO 14511, L.reuteri RT-5, S.mitior PG-118 HiRNIEBIEER NS F
BT NZHN 220,000, 220,000, 200,000 TH-72, WFNOEUEEDL S FRORE
2 37 2=y P RLEBRENTEY, 4 72=y '3 TFRIL, o: 66,000~68, 000,
B+ 15,000~16,800, 7 : 8 600~8,800 DFWEHICHA L Ti7z, WFNDBERL Y7 2
=y POBRMIL (a18:7.) . LHEINS,

L. fermentun IFO 14511, L.reuteri RT-5, S.mitior PG-118 HISROIEBIBENEE
R, ENEN, 4.8, 4.7, 4.6 TH-72,

WINDBERD (a18:71 ) 2=y bd2) 2 EAD= v rNEEHE LT,

3 WKRERNT I/ BHMBRIIEWISERLTE Y, Friy, 2F+=rnaish
M7 VT - I DB ERETH -T2,

L. fermentum IFO 14511 HIRDEERD 3 7 2= } 2WHI 02 F 757 4 -2
LNz, 8 #72=y FPDVZRTFA Y (B LIV RF ) OERIHE, -7,
7 YT 2=y PDAFA=CERIIEL, EXF UL EFOL L OSRIENC Ltk
BIITH-72, a, B, 7 ¥ 72=y FONKET 3 ) BEFIL, ZNZH Ser-Phe-
Asp-Met-, Met-Val-Pro-Gly-, Met-Arg-Leu-Thr- T&-7>,

3 MMROERFRILIIR LR ERL, RELE FoX L RESRBL L,

L. fermentun IFO 14511, L.reuteri RT-5, S.mitior PG-118 HRNDEBBER D BRI
jop Hid, ERZN, 2, 2, 4.5 TH), EFRBEEIZVFND 65 C ThHote, =
o 3 WEMERE, Ha0p HOREHKFT 37 C T 30 HERELEEC S, Wi
DEFREED pH 3~9 DOBETRETH -7, —F, pH 4 OFRERH TELEET
30 riHfrim L72& 5, L. fermentum IFO 14511, L.reuteri RT-5 HR OIS BRI
i3 50 C £T, S.mitior PG-118 HIRNMEHBERIEMEIL 40 C T TRETH-T,

WD 3 FEREREED Hg®, Agh, Cu, N7700RREFE R, TreFno
X ARIC X DBE SN, atey

L. fermentum IFQ 14511, L. reuteri RT-5, S.mitior PG-118 HRDEUBERNTE
Kicp HicE1T5 Ko fii, £1&h, 2.7, 2.8, 2.0 M THY, Vauux fHIZENZFR,
440, 580, 460 p mol/min/mg protein TH-7>,
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BALZ, O3B, <2 AT} v, ZHFIX X3 Difco Laboratories, U.S.A. 7
HEEA L7z,

2. {EREER
L. fermentum IFO 14511 Z{EE L7,

3. BWEENFIE

MR S 553 79 %&%Lt§@%§$%wttfmwto%mﬁ&usﬁ%WW)
Tha =X, 0.2%/v) BERT PV VA, 1L.5%w/N) ~7 by, 0.8%(w/v) B
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L, 32°C T2 HEBEEEL:,




i) 75z aresgi:

PRAFHEEERE 0.1 nl 2, REEWD 10 ol OHASMICHEREL, 37 C T 16 B
AR L7z, COMEEEEY 8 nl %, 200 nl TALYCALY—T5 2D 160 ol
DEEHICIETEL, 32 C T 2 BREIGEEE L,

i) ¥ —HE3Ek

i%@%ﬁﬁZnﬂ%&3%m1@vay74%—7§X3W@2%m1®§$%m
AL, 37 C T 16 REMISFENR L, COMERMLRE 51 Y- 4 | 0
WEHUCIRREL, 32 C T 2 HRgEEE L,

iv) v BERE

PRAFIEEEIE 80 nl %, 200 ! 2 27 80 | DHEAEMICHEREL, 37 C T 24
WRERIFFERSEE L7, CORERMERE 2,000 | > 7H0D 1,600 | dkbiciEmEL,
32 C T 2 HHBEEEEL,

VL EDFETHELZRE, BOSE (12,000 x g, 15 4, 4 C) LTEBEL,
0.2 M 7 T VEBSZERTEOSEE (12,000 x g, 15 4, 4 C) +22¢ictk->T 2 [
UEF L7enn, FRRERICRE LBEREEZHET 2700 BEER s L, ok
LaWGald, COREERRE W CRBREEZRE L7,

4, WiEHhLREROFR
% 3EFE 2 H—4 OFETHMLL,

5. BYEV VT —LIEHNRIE
F2ER 2H-6 DHEIHST, 0.2 M 7o UENEER (pH 4) 2HWTHIE
ER,

6. ERENRE
8 4 BE 2 §i—6 OHETRE L7,

7. N3 —-ZXDPIE
TNA—=RRBTNA AR T - ENR=-F XL ¥~ 2l bel 7N a — 2
ZF “Glu-cinet” ¥ v b (Technicon Chemicals Company, Belgium) THIZE L7,
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8. ¥EEAERENAIE

%%%W%%%Kf&@ﬁﬁﬁuam0xg20%%,4t)Té:tm;ofz
@%&Ltm%t,ﬁ%%m%btoﬁﬁTfsonzwﬁ%%ﬁttmgiﬁ%ME
Ll

FOHT EBRERL LUEs

1, RFEL FUSEHEOLE

Eﬁ%ﬂ#67»:—xtml#xé%htﬁméﬁmbf,%E@ﬁiﬁ(wa
wﬁ)@%EﬁﬁivﬁﬁvV?—fiﬁmﬁi&T%g%%&t(iSﬂLJﬂ%%%
7§7P-X,VV/—X,%ﬁ,?%X}Uyﬁlw7vtvvu§§%@ﬁb,7»
:—xﬂzﬁxivﬁﬁvV?-ﬁi&tﬁéﬁttﬁﬁﬁrgeto%:?,yw:—
ATINREZEACSET, BTV T —CAREICHT 2 70 — —ADYEEEF~I: (K 5

1) o N3 =% 3%(w/v) EIFTIE, 2o — — R IRBEDHIPE- TRt S a1
EERIIMM L7, L Laedts, 7o —xps 3%w/v) LLEIC7 Bk, Hesknipic
TNI—ZERPEIET B E & DIcEET L7 — —CEELFIE L7, ABiI~NT o B
ﬁ%%&:tﬂ,weﬁt&cfhé“”oLt#of,$ﬁ§ﬁ7w3—xtiéﬁﬁ
w&m%t%iéivb,UL%%&@%@RI%%&pH@ﬁTtiéémtéien
P

%m,%@@%ﬁﬁm&ﬁsivﬁﬁvVT—ﬁE&tﬁlmT%Q%%&t(i
5%)0§$ﬁmn@iné%?ﬁQ%M%F%%mé%T%«t#%,«7%/,WI
¥R, BRIXZDEEEEZ, %n%n:u51008/wh)f%o# - 5 s
NLLSIMERE 2 BIRT 57008 e LT, g$ﬁ&@%§@ﬁﬁ%¥%LLﬁwm
TRV, AEHICAFI B, <o AV by, XFIZXZ% L1%6/N) 12765 L5
m%mLT&&?VT—ﬁE&RﬁiHT%%%%«tO§$%mngihé§§ﬁt£
&U,Cﬂé@%ﬁﬁﬁ&ﬁ?VT—%EE%%M?%&#thﬂ%ﬂlé?VT—%
G%Hm:owfﬁ,%&TV%:WAﬁtiém%ﬁﬁgénThé“““kLﬁ%ﬂ:
ﬁ6,$§®%ﬁ,%@TV%=7AE3%@#)t&6i5t§$%ﬂt%%tfé,
BRIEY VT — X DAEREIZHES N Ao 7,
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Table 5-1. Effect of Carbon Sources on Acid

Urease Production and Cell Growth of L.

fermentum IFQ 14511:
Carbon Acid Cell
source urease growth
(3%, w/v) activity (mg DW® /ml)

(units/ml)

Glucose 24L 0.9
Fructose 0.1 0.2
Galactose Vo2 0.6
Mannose ND« 0.1
Maltose 0.6 0.4
Sucrose O 7 0.5
Lactose ND 0.1
Dextrin ND » 2
Glycerol ND 0.1

* L.fermentum IFQ 14511 was cultured

statically in 160 ml of the basal medium in a
200-ml Erlenmeyer flask at 32 °C for 2 days.
> DW, dry weight. |

¢ ND, not detected.
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Fig, (5=1. Bfféct ‘of Glurose on ‘Aeid Urease Production by
L.fermentum IFQ 14511.

L.fermentum IFO 14511 was cultured statically in 160 ml of

the medium in a 200-ml Erlenmeyer flask at 32 °C for 2 days.

O, acid urease activity: A, glucose consumed: [], final pH.
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Table 5-2. Effect of Nitrogen Sources on Acid

Urease Production and Cell Growth of E.

fermentum IFO 14511

Nitrogen Concent-  Acid Cell
source ration urease growth
(%) activity (mg DW®
(units/ml) /ml)
Peptone- 1.0 1.6 0.8
L0 2.4 1.0
k) 2es | 8
Meat extractc 0.5 2 0.9
1.0 2.4 i 6
1°5 Y. el
Yeast extracte 0.4 A 0.8
0.8 B 1.0
1.2 IS 1.0
Casamino acids 15 1.8 2
Bacto-casitone ok 20 11
Malt extract Yo7 1.9 7.
Ammonium sulfate 3.0 2.4 1.0

* L.fermentum IFO 14511 was cultured

statically in 160 ml of the basal medium in a

200-ml Erlenmeyer flask at 32 °C for 2 days.

* DW, dry weight.

¢ Included in the basal medium.
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2. IRRI\Z L bEREENFHUHE

L. fermentun IFO 14511 M4#EE L UMY LT —YEERE LIITRES JURE
FHEEDLEIT O TN, % 53 IKRT LS 1o, IR L X DFEEF A
0.5% (w/v) FRIMLTHEHEL 722 = 2y REDBDBET VT — Dt 4 ERnE
¥, REFEEICIIZNLES TRIBD b e -T2, 72, REZHMLUTHAES L
WEBERIT 5T,

CDRFIC & BEEREAIREY, HEERICL S DIPHWT 5729512, 0.5%w/v)

PRRTN L [FIRE (353 6 BERIE) 12, REHABEERTHE 705072222 (2

pg/ml) ZEHML, FIT 42 BERress U CH R DOBERIEIE 2 T2, bR
HERDH)OBEY V7 —¥iEt, REOADTMI- &> TEAREHOK 4 {Ei1chs
MLIZ b 6§, RELI/o5a7z=2 —NVDRIFERINTIIINITZD S 2o
9t°:hu,K?R;é@?@fwﬁﬁmtbtu,%t&%EEQ&WME&C&%
ANELTEY, RESFENRERLLOD LTSNS, %8B, REOBEIVY —+&
EREICHT BEBREIT 0.5%0/N) THor2DT, BB T S DB+ W7z,

CDEI %, REC L 2FEAEE 57 ) Pty LT —ETdmoTEY,
0.1%(w/v) REFHI L > T Providencia stuartii ®*) & Proteus mirabilis ¥ 2]
ROBERDEEL, ZREN, 4 BE 5 ER8ML- L DIREDDH B,

3. =y TN i oMEREE

EEDGROBMET VT — RIS L ims, EAREWE AW CH, &
5-4 IIRT LI, Ni?* & Co?+ tﬁ*@ﬁ"il/7’~€ﬁ%%fébuéﬁfco RIZ, FAR
BHICEZNS Mn* b&HT, ZBOLBELITTRML, L SDMREFE~I2, T Dk
R, Ni** & Mn?* psEitdery VT —YHEEZ, HERNICHMSE2 EHHIBAL7: (R 5-
2) o =y T NDOTMLY, N7 T )T Dy VT —EDARERDBEINT 5 2 & 1155
HINTRBH 00089 P osgmegidz = TINE2 T DRRFRIT
LT, KRBT L7 —Ep= ., TNEERALTWAZLIIHEELTWADT
(3% 4 S 3 Hi—5) , = TIVIIBER DR 5y & LT AEN D #EIN
éoL#L&ﬁe,vyﬁyu%§¢m&ménf,vyﬁymﬁﬁmcwrmxwvﬁ
5. Btk VT = REEINT 2RO EERIMEEIL 0.005~0, 008% (w/v) T&H-
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Table 5-3. Induction of Acid Urease from L.fermentum IFQ 14511 by Urea and

Urea Analogues

Culture Culture broth Cell-free extract
condition®
Acid Cell Acid Protein  Specific
urease growth urease (mg/ml) activity
activity (mg DW® activity (units
(units /ml) (units ./mg)
/ml) /ml)
BMe« 2.7 1.0 2.3 AL il
BM + Thiourea o8 k:1 0.8 0.4 2\
BY + Methylurea 2.5 1.2 1.0 0.5 2.0
BY + Ethylurea 2.3 1.1 1.1 0.5 PV
BY + Urea L 1.0 5 0.4 8.8
BM + CM¢ 0.4 0.2 0.2 4 2.0
BY + CM + Urea 0.4 0.2 5 0.1 2.0
BY (6 hr)- 0.5 0.3 0.2 0.1 2.0

* L.fermentum IFO 14511 was cultured statically in 160 ml of the basal medium

in a 200-ml Erlenmeyer flask at 32 °C. Urea (0.5%, W/V), urea analogues
(0.5%, w/v) and chloramphenicol (20 /L g/ml) were added after 6 hr of
inoculation. The cells were cultured for another 42 hr.

* DW, dry weight

© BM, basal medium.

¢ CM, chloramphenicol.

o

L.fermentum IFO 14511 was cultured for 6 hr.




Table 5-4. Effect of Metal Ions on Acid Urease

Production by L.fermentum IFQ 14511+

Hetal Relative
ion activity
(0.2 m) (%)
None 100
Na* G8
Mg2+ 103
K* 97
Caz+ 97
Fa** 95
ot 140
Nis+* 170
Zn2* G8
Spre 106
Sn2+* 105
Ba?+* 104

* L.fermentum IFQ 14511 was cultured

statically in 160 ml of the basal medium in a

200-ml Erlenmeyer flask at 32 °C for 2 days.
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Fig. 5-2. Effect of NiSO, and MnSO, on Acid Urease
Production by L.fermentum IFO 14511.

L.fermentum IFO 14511 was cultured statically in 160 ml of
the medium in a 200-ml Erlenmeyer flask at 32 °c for 2 days.
[], 0.001%(w/v) MnSO, . 4~5 H,0: O, 0.002%(w/v) MnSO, . 4~5
H,0: A, 0.005%(w/v) MnSO, « 4~5 H,0.
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12DT, LUTOEERTIIEARIZ 0. 0057 (w/v) BiEE=v &)V 6 7KFI% hin L7,
28 Co®* |2 Mn2* t@ﬁ%ﬁ%ﬂﬁﬁbﬁpﬂ&ﬁ‘?f:o

4. RERUTR B SUEES 2 D

memmmwomm1@$§$;0@&WVT—€$ﬁu,ﬁﬁﬁﬁ%%#??ﬁ
Ml LW, FREBRTHHLTW:, 2o RERAT R 5 LU SERAY 2 0BG R
0.3 volume per volume per minute (vvm) &%, T DLERBERD 0.3 E0EERD
;ﬁxé1%%m@ﬁ¢é:tn;0%&t@§5ﬁtﬁTiim,%%ﬂ@@#wﬁﬁ
BB OT, ERTZADBLINRIZED bNT, ZEXDBTIIEE2E L HEL 72,
ECBY, RETRADBRUIES B L UBlEY L7 —CEEZHMIE, KRBT ZD
Lactobacillus JREHICH§ 2 4B IRES R 5 SN TH N @9, Kirxzi3, L. fermentun
IFO 14511 DAFIC S FRRCHEINTH 5 = L A2HET L7,

5. ¥R

L. fermentum IFO 14511 DAEE & ety VT —YAEEICE li?’f"iﬁfﬁﬂﬁﬁgilﬁhf
N7z, B 5-3 ISRT &S i, ERITHT 2 EEEREIT 34~42 C Tholze —F, B
ﬁva—eméﬁﬁﬁ3Wﬂ6taﬁﬁhﬁx,%T:?%%ﬁé%tto%cvi
REZORSN BT 37 C 12, BERAEmaRT 3 ek

6. 5% pH

Al (AREEARF—-1) L2k ICAEERETIE, 3% (w/v) UEDZ7na —zp558 s
hét%%pHﬁﬁTTét&,fw:—x%%ﬁﬁmTé(ESﬂ)oLtﬁqf,%
%pH%@WEﬁﬁTé:ttiof7w:—X%§§é%b,ﬁié&%@@iﬁ%%
T& 5%, £ZT, 25%@w/v) REEF b ) TLIKBEHE TP HE 4~4.5 I2F% Lo L
fermentum IFQ 14511 233 L 72L& 3, TN =25 6%(w/v) ETHEIN, 24U
&bl TREREER OB 2 55 LA L7 (I 5-4) .

KRIZ, 25%(w/v) b‘%@‘/-—ﬁﬁki@&ﬁ‘n%q’@pH%~%6:%¥ L, &5 LBEREE
tﬁ;&?%@%%&to®5ﬁuﬁﬁt5t,E%d*ﬁtﬁwﬁaaﬂ?botﬁ
&ﬁWV?-ﬁiﬁupH4~¢5m§@ﬁ%ﬁtfwto

pH%ﬁﬁ%Ei?étbm,%EﬂﬁﬁﬂTpHé4~¢5K%§LT%§L,E
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Table 5-5. Effect of CO, or N, Gases on Acid

Urease Production and Cell Growth of E.

fermentum IFO 14511

Gas Sparging Agitation Acid Cell
(vvm®) (rpme¢) urease growth

activity (mg DW¢

(units/ml) /ml)
None* 0 0 4.6 3:0
0 50 4.5 1.0
N, 03 0 4.5 1.0
0.3 50 4.6 1.0
g0, 0.3 0 5 1.1
2.3 50 i .
Air 0.3 0 0.2 0.2
0.3 50 0.1 0.1

L.fermentum IFO 14511 was cultured in 4 ¢

of the medium in a 5-{ Jjar fermentor at 32

°C for 2 days.

vvm, volume per volume per minute.
rpm, revolution per minute.
* DW, dry weight.

* The “none” means that £aS was not sparged.
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Fig. 5-3. Effect of Temperature on Acid Urease Production

and Cell Growth of L.fermentum IFO 14511.

L.fermentum IFO 14511 was cultured statically in 10 ml of

the medium in a test tube for 2 days.

O, acid urease activity: @, cell growth.
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Fig. 5-4. Glucose Comsumption and Acid Urease Production by

L.fermentum IFO 14511 in PH Adjusting Culture.

L.fermentum IFO 14511 was cultured in 4 § of the medium in

a 5-9 jar fermentor at 50 rpm at 32 °C for 2 days. pH was
ad justed to between 4 and 4.5 with 25%(w/v) Na,CO, solution.

C, acid urease activity; /A, glucose consumed .
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Fig. S5-5. Effect of PH on Acid Urease Production and Cell
growth of L.fermentum IFQ 14511,

L.fermentum IFO 14511 was cultured in 4 § of the basal

medium with 6%(w/v) glucose in a 5-0 Jjar fermentor at 50

rpm at 32 °C for 2 days. pH was adjusted with 25%(w/v)

Na,CO, solution.

C, acid urease activity: @, cell growth.
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&8,ﬁ&+FU7A?pH%4~45m%¥tcc%§Lt%éu,ﬁ@ﬁx@ﬁ
@@iﬁ%RﬁTéﬁiﬁ%uﬁbenﬁﬁqtoﬁ@v—ymi6¢ﬁ&@u,ﬁ@ﬁ
xm%i%ﬁiocwﬁ@ﬁxv,%ﬁ%@ﬁ%ﬁ&éhfwétbtﬁ%énéo

7. B EEREMTICE 1 B8

uimﬁﬁﬁ%mgdwf,amotyya%mwtﬁﬁﬁi%ﬁéﬁittoi&
bbb, 6%w/v) ZNna — REEUHARMIC, 0.005%(w/v) BEE= v 7L 6 IkH
;005%wh)ﬁ§%%mLt%ﬁ%ﬁmL,%%Wh)ﬁ@%bUﬁA*@ﬁ?ﬁ%
M@pHé4~¢5n%§L&ﬁ%,%tﬁ?ZB@%%Téé@?%éocmﬁﬁ%
&%%%ﬁ%ﬁsquﬁﬁy<@ﬁﬁ?¥&%§%t0@@ﬁvv7—€%ﬁu40
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Fig. 5-6. Effect of pH-Adjusting Agents on Acid Urease
Production and Cell Growth of L.fermentum IFO 14511.

L.fermentum IFO 14511 was cultured in'4 ) of the basal

medium with 6%(w/v) glucose in a 5-f jar fermentor at 50

rpm at 32 °C for 2 days. PH was adjusted to between 4 and
4.5 with 25%(w/v) solution of (A) Na,CO,, (B) NaOH, (C)
NH,OH and (D) None (pH was not adjusted)l

O, acid urease activity: @, cell growth.
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Fig. 5-7. Acid Urease Production by L.fermentum IFO 14511.

L.fermentum IFO 14511 was cultured statically in 1,600 J/

of the medium in a 2,000-¢ fermentor at 32 °C for 2 days.

P was adjusted to between 4.0 and 4.5 with 25%(w/v) Na,Co,

solution.

O, acid urease activity: @, cell growth; A glucose,

FAH EE

L. fermentum IFO 14511 I & A2EetEr L7 — YN DD BB R DR %47

W, LUITORREH\:,

RRAE7 VT — VAR L TRl RERIZ V2 — 2 Th ) » EREIINT >,
RATXZ, BBLXITHo7, REFTN LTHEREZFEAER S L o5, MikE

hr)BERRIE 4 DMLY, O,

005% (w/v) Biig=v &1 6 KFME, 0.005%

Wh)%&vyﬁy4~5mﬁ%®%w#ﬁ%?50,Qnazﬁﬁﬁuﬁiiﬁtﬁ
LTHFIRER Lic, BWABIEEIL 34~42 C THD, BERAEREIT 30~36 C
BETHE <, 32 C TRIE» 72, £ THEEERIT 37 C T, BERAREE®RII 32 C T
SERLIC, RERF P VA2 HRIFE LT D HS 4~4.5 CHETAZ EiTk D, B

RAEERIE 72,

:nemﬁ%%étm,&wotﬁﬁ@?@%ﬁ%&%ﬁé%ﬁtf%ﬁéﬁok&

Ch, BEV VT —EDiEtEIE 40 units/ml EV ) BWEISE L7,
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Al Difco Laboratories, U.S.A. #*SEEA L72,

2. Bt Vv 7 -+
4 BEE 3ETHRLS, L fernentun IFQ 14511 HRDEHBER 2 FEH L7,

3. REBIVUT v E=7nHIE
7»:—»&ﬂ¢@ﬁ§£i0?y%:7u,&—Uyﬁ—77A4Amzme‘
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4. TV DORIE

TNI=NEBRD7 V2 0L, Joe LDFEE (D ZE->TY7nnXy Tl
Ltm%,yvﬁfwxivt54b?ﬁﬂ&,iﬁttoﬁxauvr757u,%@
SARPT (BB GC-9A BEMERM L, 45 A1% 10%0/v) ZFVITZ)a— LT U= b

(EGA “chromosorb WAW (3 mm x 2 m) (TR7aTEW) 2HEHL, kTX2HEN3
A x4k (FID) TR L7z,

5. RERUER (-2X7x})

f87RB & LT Escherichia coli WP2uvrA ( b V7't 77 YBRER) $ LU Salnone-
lla typhimurium TA98 (F w3 VEEKER) %M, RE Y - T, SRED¥ RS
KPR LR o= 25HF 22 LIz b, RERMNFES L U2 RE L
720 BRHE LTE 3 5 2 Hi—4 IoHE L TRk Cogmn LEtkmibmz#ERL, 17
L~ﬂ%mm2%&)%t05%-mwugﬁagtﬁéiimaﬂ%ﬁMLto

6. SHEMER
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4 BEDMHE- 2 ¢ 5 BRDUET v iz, 8 3 =5 2 §i—4 WZHE TRk T
HLULCHEEHEZEEOLs L, BEXEOFELZBEL:, #5813, 12.5 ~ 100 ng &
Eg/@éﬂal4B%Kbtofﬁ§Lto

F3H EBERB IUEs

1. BV V7 —CnEEh cotstt

@ﬁ7V7—€3;U%&Em%®¢ﬁvVT—ﬁ%,mOmnvt&&éiit%
BISEL, 10 °C, 30 C T 16 HEMRE LTRIFEEE T (F 6-1), iR
REPICBRETV 7 -2 30C T 16 HREREL TS, # 50% DiFtrsaesIhT
30;$§§ﬁ@ﬁ,#OT»:—wﬁ&?vﬁiﬁmghﬁi?béc&ﬁﬂ%tto
CHUTHL, FTIEHERDFHET LT -2, 30 C, 16 BRNRE TRIEEEIZED &
hf,%ﬁ¢n8H6¢E7VT—€mﬁiﬁﬁﬁbT%wémvﬁoto

2. WBPDRFEREICE LHizTinEnpE

B2 DREITE T 2 RENROEREALIT O TTI, 30 ppn DIRF % ETIEE
t&ﬁ?VT—ﬁéfhmMVIt&éliﬁ%ML,w~mT3®§ﬁETﬁﬁLﬁ%
%t#77vy7tfﬁﬁT6R§§%mthdz&4tﬁ?;im,w%:i?ﬁ
WEVEIZE, RERFICIIDENTH -7,

Table 6-1. Stability of Enzymes in Sake

Source of Residual activity (%)
urease * Temperature
(%) Incubation time (day)
0 8 16
L.fermentum 10 100 Q4 80
IFO 14511 30 100 7 48
Jack bean 10 100 51 32
30 100 6 0

* 100 units/) of urease was added.
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Fig. 6-1. Effect of Temperature on Elimination of

Urea by Acid Urease in Sake.

L.fermentum IFO 14511 acid urease (3 units/ Q)

was incubated in sake containing 30 ppm urea at

various temperatures,

C, 10°Ci A, 20°cs [J, 30 °C: @, 40 ‘C: A, 50

.C'
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3. WBEPORFREZE LIZTTpHOR

T2 D p HIZB 1T B RESROREEALE T2, 30 ppn DIRE R STHEICHEM:
VT —¥% 3 units/l L7 L ITHmML, EEE LUKRILF Y 7 L THEBED
PH%Z 3.9, 4.4, 4.9 %3k IR L720b, 15 C TRIGSW, BBz~
UV?LT%%T%W%E%MELtOE6Q:ﬁ#;ﬁ:,ﬁpHﬁ@W?ipHﬁ
mWIE, RERFEDES Tole, CHOBER, HHEAKD D HOBWCI LT, HECR
KRBV TEDHEEE, THNTELWEEND L L 2TE LT W2,

1. WERORIRE B LT TRRROpE

HEFDORKREICE LT THRINBERROME L T/, 30 ppn DRES &1
2, BT VT X% 3, 10, 30 wnits/l %3 L ICHEMLAENL, 15 C CRIES
¥, Y AREREMELZ, X 6-3 ITRT LI 30 pon DREZBET 201
units/t TII#) 8 HMZET 527, 30 wits/! Ti3 4 BREITRETE ., REOKLE
BEIIININFERBEDRIN - TR 2 ), BERROMING EECIREE 2843 2 725
DEMLHEL B EHRETH 5,

ECATHIR L7291, 8 BIITRELMREL LI 32L& 3 mits/l OfEE
PRERTHD, CNEZERREEICHET 2L, FHI2IF 300 wits/ng protein NEEEER
EIMT 2L ANHETOBRELLIREOMMIL, #7210 ppb TH Y, MEOEER
MTHRINIRBERET B LD TRETH D L 2R LT A,

5. RFEBRE LTV DKM

AFRISHEEFICEEINIREEZRET LI LI LT, REEWEE LTHbNS
VI YDEREMHETESZTHS) LI ZZNH IR LR, 23 TARENRY
H2FRB72DIL, UTOEREZITL-72,

THREEICE N HIRENERIL, 10~38 ppn THEZ L FHESN T D O
TIT, BREVVT —EOERTREZ IUTR2IHRE L22EE, L0 30 ppn ORE
EEVBEDHEAME L 10 C, 30 C T 3 ARMMEL, VL9 > DAEROEHEIZS
WTFNTZ, F& 6-2 ISRT L1, 30 ppn DREESTIEESE 30 C T 3 ARERET
5 &, 120 ppb DTV Z X DERDRD btz —F, REREROFETI, RSLLET
THDTVE Y DERIZED 6N 7elr o7z, PLED LS ICEE7 V7 — ¥ % v CREiEHD
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Fig. 6-2. Effect of pH on Elimination of Urea by

Acid Urease in Sake.

L.fermentum IFO 14511 acid urease (3 units/Q )

was incubated in sake containing 30 ppm urea at

various pH at 15 °C.
O, pHi 3.95 A, pH 4.4; ], pH 4.9.
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Fig. 6-3. Effect of Enzyme Activity on Elimination
of Urea by Acid Urease in Sake.

L.fermentum IFO 14511 acid urease was incubated

in sake containing 30 ppm urea at 15 °C.
O, 3 units/¢ i A, 10 units/ ¢ : [J, 30 units/g .
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6. RERMERER
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%ﬁﬁEmﬁbhtct%%waéo&EOVT—ﬁu,wfﬂ@%ﬁ%mﬁhf&
@&ﬁ%&Lt%%mtw&f@ﬁﬁiam:—&@%mut<,%Eﬁﬁuﬁbéh&
TP TE,

Table 6-2. Inhibition of Urethan Formation in Sake

Urea Temperature Urethan (ppb)
(ppm) (°C)

Incubation time (month)

0 1 i 3

Qr 10 ND® ND ND ND
30 ND ND ND ND

30 10 ND ND ND ND
30 ND 40 60 120

* Urea was eliminated by the action of 100 units/) of L.fermentum IFO
14511 acid urease.

* ND, not detected.




Table 6-3. Ames Test for Acid Urease

Number of revertant colonies/plate

Substance Dose
( 1 g/plate) Escherichia coli Salmonella typhimurium
WP2uvrA TAS8
Distilled 100 23 28
water
Acid urease:® 625 16 19
1250 17 24
2500 18 17
5000 16 22
DAPA® 2 342 740
AF-2¢ 0.02 208 295

* 36 mg protein/ml.
* Sodium p-dimethylaminobenzendiazosulfonate.

¢ 2-(2-Fury1)-3—(5-nitro-2-fury1)acrylamide.
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Table 6-4. Acute Toxicity Study of Acid Urease

Species Dose Mortality®*
(mg/Kg)
House 12.5 0/2
25 0/2
50 0/2
100 0/2
Rat 12.5 0/2
25 0/2
50 0/2
100 0/2

* Number of dead animals/

Number of treated animals.




B4 EE

Lactobacillus fermentum IFO 14511 HIXRDBMET VT —¥ 2 HWT, BEPTOR
FREIHET 5HE2 DERICOWTHHN .,

HEPTHRET S EPHET VT —RRARETH 7o, BET VT —VREETH
N 30 'C T 16 HERIRTRD, #9 50 % DIEHAFRIFEL T/,

REDERFEITHA§ 5 B#iREIZ 30~40 C TH-72, pH 4.9 LUFTiE, pH #¢
RV EIRBDBREIIE P -7, BEREZHINS 2 LREDOBRIEEILE 2D, 30
units/! DRET VT —E2EHML, 15 C TRGEEAL, 4 ARET 30 ppn DRE %
TRICBRETHI LHTE,

BRET VT —ETRE L WiEEZ, 30 C T 3 ARRETAE 120 ppb DL 4
YPER LI, THISHL, BEV VT - TREZRELEBEE, 30°C T3 Al
RRLTDH, TV DERIIED L7,

RIET VT —¥ (BEHLE) OXRENES JUEHRBROER, WL BRI
D LN P72,




wTE B

THa =Rt GEBFRRIETS ) ICit, REEWETHE IV P oG Tw
Do TTTERENTNA = NERHFDT V7 CERISHT 2RBIEZ ED2C LIz kD,
TV Y EREBERICIFENMRUBERLBOBL o> TE, B, 715 o
LFNT NI =V ERFDP AT 5 EHEL, TV v OERIEIN DI I3 RIERkK T
DERRDIBIENTHEEEZ, BETVT —¥2EHLT, THa —AkEHnR
ROGREBMEWELT 5 & & BRICATRICET Lz,

T, BIEVVT —YRAEEL) 3EEWE, S BRRE X URFERBICREL
IZRER, EIIHICE NS JURED H D58 16,324 305 B 700 kL, 1
MR PR 118 BRD S B 3 BRICAFERZ B L7, @%ﬁitﬁ?ﬂ%’%ﬁilﬁﬁﬁﬁ‘éﬁ
L7z 700 BROBRMEY VT —CAEROBHEEE 2 ReT LR, S bnkigs
(98% )13, Streptococcus J&, Lactobacillus JEIZ/EL Tv»72134, Staphylococcus J&
Bifidobacterium J&, Escherichia J&, Morganella JB® 4 BIC 24 LTV,

Streptococcus JBICET % bNDDOKESHL, S.mitior THY, it S.salivarius,
S. faecium, S.faecalis, S.avium, S.gallinarum T#H-72 , Lactobacillus JBDKES
i3, L.reuteri $ L<id L. fermentun 7V—7, % 5%WiE L.animalis & L< i3 L. sa-
livarius ZV—"7IZ)&L, il L. runinis, L.viridescens, L.vaccinostercus ¥ tUF
TS 1 7)v—7 (L.acidophilus, L.amylovorus, L.crispatus & L < it g
gasseri) IZHMINTZ, RIFEHP LB LNRE 7 VT —VAEE 3 HIL, “Wihd
L. fermentun TH-72,

KIZ, BIEV VT —CAEEEDOKE DB L T Lactobacillus JBE L UF Strep-
tococcus JRICIET 5 37 Bitky SEAMEEEZFARLTRY T2 VAT I F¥LESRX
BziTy, BRI TBEY VT —CoBEIE2 T, CORE, BiEYLT
—¥iZid, BARKBRIC 6 IS4 7D FEHIHFLEL TW AL LML LEr T, 25
TEIATLREERZ 1 DT08Y, ThbonlE (5FE, S5, BEEEHs
SULREECE LITT p HE SRENYE) 2L T2, WEROWEIC b 218t
HHLHIEWRALP LT,

rFEi3 S.salivarius PG-98 HSRDEEED 140,000 7% L.animalis MU-4 HI5RD
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BER 350,000 DEAEICHAEL TWarz, SEAIL, 4.6, 4.7, 4.8 DE7 2 3 AN
LTw72, E@RIGp Hid 2~5 ORI, BEKNEEL 55 60, 65 CLEL2 3
RIS L Tz, CHOBRERIRETHBpH (37 C, 30 £) 13 3~9 DY
IS, BEREMESLETHLIE (pH 4, 30 2) 13 30~60 C OREIZSF L Tl
72, RUEISTR D LEICIE 2 #2763, L. fernentun IFQ 14511, L. reuteri
RT=5, S.mitior PG-118 HRNBERTH -7, TOMWEIL, BEMORMEY LT —Fn
NZHBED LN NWHDTH 5,

BIC, BRMISTEEENE Y L fernentun IFO 14511, L. reuteri RT-S, S.mitior
PG-118 HIRNDEERZ EXKEMNCH—IC2e 2 T THBL, 20EMEEHL I LT,
L. fermentum IFO 14511, L.reuteri RT-5, S.mitior PG-118 FSRDIERIEER NS FEIT
LRLN 220,000, 220,000, 200,000 THo7e WTFNOEUBEELFFRORALS 3
Y72=y PROERINTEY, v 72=y F3FEIL, a: 66,000~68,000, B:
15,000~16, 800, 7 : 8,600~8,800 NFHEICHMHL Tz, WIFNDBERL YT 2=
ORI (a18.71) » EHEESNI,

L. fermentum IFO 14511, L.reuteri RT-5, S.mitior PG-118 HARDEUERNEE
a3, ENEFR, 4.8, 4.7, 4.6 THo72,

WINDERD (@18.71) 2=y b)) 2 TAD= v X NE2EE LT,

3 WMEMRNT I/ BMRIIEVSERILTEY, Friy, 2F4=rngiih
7 VT - DENC ERRNTH -7,

L. fermentun I[FO 14511 HRDEERD 3 7 2=y } 2¥HI/ v b 7574 =i
ENFILIZ, B ¥ T72=9 bDIZTL Y (HLLRVRFY) DERIHES ST,
r Y7 2=y PDRAFF=CERIIEL, EXFVLEF L nERIHENC L
BEITH-72, a, B, v ¥ 72=y FONKET I ) BEFIL, 12 Ser-Phe-
Asp-Met-, Met-Val-Pro-Gly-, Met-Arg-Leu-Thr- TH-7>,

3 WMEBROEERFEMEIIF U 2RL, RELEFoXVRIELHEL L,

L. fermentum IFO 14511, L.reuteri RT-5, S.mitior PG-118 HIRMDISBIEEE D TEMK
jop Hi3, THEN, 2, 2, 4.5 THY), EBRDEEIITID 65 C THhot>, =
6 3 HKERE, B2OpHOBRERFT 37 C T 30 HEMRELEEZS, Wih
DEREESL P H 3~9 DBEATEETH 72, —F, pH 4 DEERTP CHELEET
30 FRIfRER L72& 5, L. fermentum IFO 14511, L. reuteri RT-5 HISROEERIBEZIEM:
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(& 50 C ET, S.mitior PG-118 BIRDWEHEERIEMEIT 40 C T THKETH 72,
CFRD 3 WREREID He', AP, Cu*, /57 nnKEER, TEbEFok
AR k) B ST, 2 Ta

L. fermentum IFO 14511, L.reuteri RT-5, S.mitior PG-118 HIRMDIEHIEEE D
Kiep HIZHE1T5 Kn flild, 024, 2.7, 2.8, 2.0 M THY, V.. fllZZNZFN,
440, 580, 460 p mol/min/mg protein TH -7,

KIZ, L.fermentum IFO 14511 IT & ZFERME™Y LU 7 — EAFED T2 DD EaBERS{FOMK
AZiT», UToRE2E:,

BRIE7 VT —CEREICHN L TBalZ RBRIZ NV -2 TH Y, BXKFII<T >,
ALXR, BHIXXThH-o7e, REZHBML THEL2FELEILL LA, HKE
HIZNFFREIT 4 HCHHML72,  0.005%(w/v) Big= 7V 6 kAL, 0.005%
(w/v) Wi~ > 77> 4~5 KHNMIOTMPFHTH ), b 2 SREIIRRER N
L THERRIRZR L 72, EREAFIREIL 34~42 C THY, BERAFEIT 30~36 C &
HTE<, 32 C THRIEP 72, £ THEIEHEIL 37 C T, BERARERIT 32 C
THEER L7, KRBT M) 722 FHFE LTHE#FEpHE 4~4.5 22 12k,
MEREPERD S %272, NHLDFERE D LIT, 2,000 | BREEE COREERE2 2
ELTHEEZIT-2L A, BETVT —EDiEHEIL 40 uits/ml & BB EL
e

R\, Lactobacillus fermentum IFO 14511 HRDEMEZ LV P —¥ 2 HAWT, &l
P TORFIREITHET 52 DREEIZOWTHE~N,

HEFCTRIET 2 LHFET VT —CEIRRETH -2, BETVT —YRIEETH
H 30 C T 16 HREIKREED, #) 50 % DIEUEITRIEL Tz,

RFEDERFEIZX T 5 B@BEIT 30~40 C TH-72 pH 4.9 UUFTIE, pH #¢
FWIEERBDOIRENIEDP 572, BEREZMMS TS LREDRFEEILHE L 2D, 30
units/{ DU VT —E2EML, 15 C TRIo€5&, 4 HET 30 ppon DRER
STEIBRETHIELNITET,

BRUE7 VT —ETRHE L WiHEZ, 30 'C T 3 ARRET A& 120 ppb AL ¥
VIR LT, SHITHL, BETVVT - TRESBRE LEES, 30°C T3 AR
RELTYH, 7V 7 DAERIZED b e -T2,

RE7 VT - (B ORERFEES JUHBERBROBEE, Wi b BEIzE
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HA LY, AR THAELCEE 7 VT - 2EEERL2HE L CEBEICTNT 2 ik
i, EBTORAMZRETT CICHEBEREERIIBWURSCERINT, mDTHENL HE
THHI LW, TEMBRETERESN TN Y, BT 0ugh®® |3, ABHETLT —
YIZ L 2RFREY, KEENEHETA VI L TOAN L L 2HMEL T2, EiE
BIZBWT, TENBRETZDOAMENRD LB VT — &%, BictRbo7 L
I = )VEREH R D RTEE DEIIRIICERTE 2 2R L TR 2 20\,




T

ABFFEUT H72 ) ROAEHEEEERE S 1R ) T L7 dtisE R R i R S LR K BT
BERIRE LIt LR IEHOBER L T, BIS, AIREZEHBICH ) HREL
SRR 25 & L tBERERYBRAMCAPBRTERR G L, ASXERERE
L, RBERABEBELICE (BHEL T,

72, ARZATORSE5ZTTIY), BAOEHEELEFEEZBY) 2 L oREK
in LR M ERER T RBARABA MRS FERITL, FEGERHRARA DAL E
W)INERIE L, [RIRBEAEYIRTSCArAT RGN RIS L, EREEDER BRI
F ML L EITE T,

AMRDOBATICHIZY), MURERL R L HBE 2HE Lo SHHEB RS E
Pl —1g L, LB BRI RS AN LEL, REFHEEREELKR XT
RS RRBHESER, AW ITENRMEENREMEE— LRl L E
i3

S L HEZTHEZE LSH 7 - FES S UIEMARSREEL, REE
MRRFHBE, FEERRRELRIETER, FfREILERE—BK, FARRRICHEL
BHLETET,

I HBIE 2THE L AR SH B HEGE RS KK, Rk ER
HRRARK, MEEARBNRRTEERRESIEEL, FFRERERERICESR L
Yo

B, ARICEEEGNRE 2 LREREAEE, MRAERSIER HRkE
MREE, B TRE, EEREH, BREOBRIEHEL T,
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