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EFSAVEEREYICHNTCOBMEERT L DL VIV IRE
[=eN Streptococcus mutans 7L — 7" H B IE "autans
streptococci” EMFREhTNWDY 2, Zhb B v Y ERE
. HREEOSERREDOMFELAEREICEINT a B b B
D8RI HATHS, DNA f1od G+C & & DNA/DNA KEN

V-OHRBREMS, "S. mutans YL — 7"k S. cricetus
(a#®). S rattus (b ®) . S mutans (c/e/f ) |

S. sobrirus ( d/g ®) . S. downei ( h #) LN xh T3S,
EHIC, Bk 5. ferus ¥ S. macacae & A S NIEHEMN
c AR ERETHILBHMESh TNEY, Zhd

5. mutans -0 HH, HERIZE P OSEEEMINS B L

LEFEETHMINSOI S. mtans \ BADTH ¢ BICET S
HHETHHY -2,

S. mutans ICKBDOMBEDE —BBIL. NEMNHET & ZL .

FUMBETHIEDDEESDY . O&EOTILIE BB T,

S. mutans DI H Y EHEEER ( glucosyltransferase;

GTase ) ICKY RV O--ZANSEME N D REWERBE®RETI LA VD
FEAECHED NATHDDREI R EMNE L HY . BZEE T, 2
HEEELE S nutans ARE ETHERMICEE., BEL. BR
FHCIIBEICRAL, DBEFERT S, 20, S. nutans & WE &
OEFERE, SBARORKERBENO L DL LT, R AK
MO REA TS,

FB-BREOMPMECRELTERATH, MERLTKHEEOXN
HCHELORFMERL Tnad, MENOEFEL Tk, HEER
KHEETDZEEOBSY. bbb, MFENSGRSEHEIE, VR A
8. (Tase ’—’?mﬁ%,f&//\*}’g ZRHEOEE ’9//\’7’E1M5?n
ErBITHIENTEDY, —F, Wl (FiC=F ANLE) M
BHONDODDOERA Y RIVENBREL, XUV NBERENET,
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ZOEDIC. S mutans OWEANOFEIFFFH I, S. nutans HkK
RBORGEANVINEDHEFERICIYRESNSE EEIZOLAT
WABN, FORMEEHOERIIODOWTETHRANS I EIATY
58,

&2 AT, Llehner B, YW EHWES#MEROREHNWT
S. mutans W& EOSTF& 190,000 LEEShHEFFREA VAN
DB DB DT v F L LTEBTHDHZ L E R
LED . o N--TREDE, ZOFREICHTSE ) Y-+
WK EERL . CHhEBEICERTHETCZHFREMNRIIID
LEEL TSI D Fd= . R Russell SO TEHHHA
(& S. mutans OHEERERB A VNN VHATBEOMFEETH>THEN |
Lehner & & FIERIKHBIC OB FEA VAV ERBEN ST
FUELTHEHTHDILERBITIHBEEHRELEY,

ZDE D REEMNS, S nutans OFAEEREREORTEREC |
B FREARIVEMEMERR2ED L LD >RE'Y ., UHF
VEUTEHEHTHHZEMDERZT, AHED 3. nutans OWHE
ANDEBHSNWEIHAETOBBICRALIOREEREZL TS
EEZXDBHFREZTZNY,

Moro & M. Russell'™ | B X Ayakawa & '> X, BHFEA
YRV EHEICHTAIMAEHWEABEERIKEICLBE»D, 2
OHFEA S, mutans EA EOWMEREEY ( fuzzy coat )%
MLUTWBZEHRLTE, —F. McBride &'% X, S. mutans O
MRS TOHEERBKENMETUEDDZIHT, ZhiEH
BREE UE, WEREDY Y RVED SDS- sSRU 7V U7 IRy
WESLE) ( SDS-PAGE )R, BRKEOETULERKE TS
F& 190,000 O YRV EMRRELTHWAHZLERKBLE, HH
. CORYRIVEDPBECHESATV2ES TR RNVHERE
ERILHDTHADERRTNWS, TOBEL, & TREVNRY
BHEH S, mutans & & ORMOBUKMEEERCED > T
HZERBTHITDIEDTHSH, LAL., ZhEHOBKENMMRTL E
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BAEBERTE A VAVERBELE G TR VFE Y £ OO Mo FEE
EZBHMBACHROTEMNEZ-TWD I s, FERMKEEE N
FRAVAVEFRREETICHE ST 2 RETE RN EH I HHR
FbHung ',

I, BERFEAVNVETRIEICN T L IAEN SR HIMERIC
X% S mutans OEEREETHILHBEIATNS 'V,
ORBE. A RVEREIAEEH A D> TNB L ERRT 2
HDTHB.

AFRTIE, OB FRAIVARVEVEOEEZ X VELLLA
HEHIC, IThea—- RT5EEF% ¢ B S. nutans AH V11—
ZVTL, FOEERFIERELE, BB, OB TRA Y
BHFIFRY L —Fick->T I/11 2, B *®, IF 2V p] 22
REEFINTHY, HRFEATE, fi—hTuir, 2EUL.
ZHHOHMENRE O O TH B &%, Forester 22 HEEIC
s MC LTS, AFIRTIE. CORE% PAc ( protein

antigen serotype ¢ )EMEIZ L9 B Y,
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MRLE T

1. HBITTITRIN

AFRTEELUTCHWE S. nutans MT8148 # (MR ¢ ) ¥
. ABRKF AT RBAER DN RERSNREED D SRR D L
ENEEKRTH D, EBIIC, L&D =S, S. cricetus E49 ¥ (M
%% a ). S. rattus BHT #(Mmi&H b ). S. mutans MT703R
(MFER e )B LT OMZ175 #k(Mm#ER f ). S. sobrinus B13 ¥k
(MmER d )H L UT3791 BR(MER g ). S. downei MFe28 #
(R h ), S. sanguis ST3 £k & O ATCC10557 #k.

S. salivarius HHT #. S. pyogenes SF42 Bk:#tRU%Z. U Lo
HHREWThd, BENLTFHEETAFRTREHESTRIURESAT
NnH5HNTH B,

TIAINRIA—DBFEL LU TR, REKXRFERZEHAFTMAE
R CTRHENRBEFE SN TS Escherichia coli JM1098k2> .
MC1061 Bk2® BXTF MV1184 # (E#LE. W) EHVE,
ra—=YTHTSAIRKR7 2 - LT, pUCll8 BXUT
pUC119 (i) AV,

2. MRS & Ok

S. mutans MT8148 #kD#E&E LA 5 DEAE-Sephacel £ A4 2 3t#t
rnvw M7 57 4 —B X Sepharose CL-6B ¥ )VEE THHEL =
2RV ERE PAc IAHBESEK (E PHEEHERENELE
W) AoEEEhE, 2O PAck Y XIC Freund L7V
N> b ( Difco Laboratories, Detroit, Mich., USA ) & & $iC
FRMNICESFU, #t PAc EE/E, E coli I IR
RIGEBRL =8, filmFEE2HHH» U E. coli JMI09 HREFKT
XU THAHERICHEL =,

3. HIRBERIR & UGS



BEOHREZES LT T4 INA U - BB FHRERE
BREBLEB I CEEHN (KR) o582, RIBZEEERKICKRM
SNTVBIETRFICK >, DNA D7 Ho— 2 ELKKE B
Mupid-2 (2 ZE - N4 2, HHE) &, 7H1 — 2t Seakem ME
( FMC Co.,Rockland, Me., USA) 2 Fiu 7z, DNA HFR<—H—
LUTI, 2 DNA/HindIII (EEEH) % HuE, '

4. S. mutans MT8148 »» (et {k DNA IR

S. mutans MT8148 #k#% 20 mM D,L- b LA =Y (RIEMZE, X
BR) #MZ % Todd-Hewitt o=z ( TH 1 X : Difco ) HT
37°C..18 BFIFR/ U=, B EELIK L >TED. 1 ol =F 1L Y
VVIVEM (EDTA ) 280 10 mM b U X ERMIEEHR

( pH 8.0; UF, TE BEHBKEM) TEROKELE., HikE 209
Tha—2ea8€ TE BEHBICEHEEZ®, VYF— LA (8 ng/nl;
AEFETE, ") &, 37°C. 0SMRIGE#E, DN E, M B
#2728 (0.1 mg/ml )& 50°C, 30 R, UKRXZL 77— A
( 0.3 mg/ml; Sigma Chemicals, St.Louis, Mo., USA )& 37°C.
303, DWT, Y-8 E (0.3 ng/ml; BIP{L2ETE, &=
) & 37°C, 304, ZThEFNRIGE®E, KIS, -S4
PLav VBT UL (Signa )EBKEEN 2% ERBEDIC
A, 37°CT 15 HMRIBLZ, BLUTCREDERE, 7 ) —
oo (11, v/v ) )REHERICESHE S 3 |,
DT/ oI AICK DMt E 2 E{TH>7%, DNA 280 KE %
TE BEHICH U TEH L., 4°C CHRELE.,

5. E. coli BHDTIXI NS
1) KEFH

TIAIRDKBERESIZ Sasakawa 29 ORBICK SN TH -
%z, E. coli MC1061 k%2 7>V ( 50 pg/ml )EET LB

B [N b hUT b2 (Difco) 10 g, R -¥ 2 ( Difco )
)



5g Y¥aCl5g % 1 Uy bofiA44 2 KICENLT, pH 7.2 I
F&l] he37°C, 18 KRG H L, HEREELLUTED, S0l @
25% 22— EEL 50 mM b RIEREHE ( pH 8.0 )ICEE
SH.ZhIC000Bml o YR Y-+ A( 5 mg/nl )&
0.5ml @ UVF—2 (10 mg/ml ) % MAT, 4°C, 5 HMK
SEEE, DOWT, 2mnl o 0.25 M EDTA ( pH 8.0 ) MR T
4°C ¢ 10FIMEL, 5, 8ml oMY b EH ( 017 b
DAY X100 BL* 0.6 mM EDTA &L 50 oM bV ZEHHK.
pH 8.0 Y&hX 7=, 4°C T 150MEBEL. EOULTTBEYERE,
FHIC 1/79 80 5 M NaCl & 0.313 BHED 427 R x=FL v
F)a—)v 6000 (FoeMiZE, KIR) BWEEMmA, DNA &
B, 4°C, 18 BHIKE L =nb ., BOICK > THE 2 ERL |
0.5 M NaCl BX 50 mM EDTA 2 & 50 M b U R EMEEE

( pH8.0) 4 ml ICHBEMLE. ZhiC, 3.6 g oML L
(FYEMEE) BXT 0.3 nl ORI FIDI L (10 ng/ml,

Sigma )& U, Beckman SW 50.1 11— % — %33 U %= Beckman
L 8 M BEBFELOBT 200,000 x g, 40 BFHIBELOU . EHODER T,
TIRIRDNRY RERIMR T CHREL ., EHB LAV TERUE,
AT ) - VB TR F U LERE, Zht TE EEE
WX U CEHUE,
2) H&E&E

FTHO - ZBLAKERETTIAIFORBE 21T D L & DIREE
&L T, Birnboim & Doly @ FE*Y 2 HwWE, 7VEY UV %
ST 1B HMihCIE®R LU B coli W L.5ml v A 10Fa
—FicEy, 10,000 xg, 5 HTHELUE, EHE 0.1 nl DUV
F—LW (2 mng/ml UJF—LA, 50 F)va—-2B KT 10 mM
EDTA%&E 25 mM b U RIERERE &AL, pH 8.0 )ICRRE L. 20°C,
5 AMIEIGEEE, 0.2 M NaOH & 0.1% FFYIUmEgFT b~y
. ( SDS ) BHE 0.2 ml fnz., 4°C T 10 FMBELEDD |

3MEFFNUDL (pH4.8)% 0.15 ml fuX, EHIC 4°C T
6



10 AELE, ThEaELUTHEELEE 04nl iICx¥ - 1
ml EMACTIAIFNERBESEE, ELQUTCEIRULETT 23
FiZ 0.1 MBEREF MU DLESEL 50 M b U ARFERAREH
~(pHT7.0) 0.4 ml CHEAIUBELY ) - VLB ET-oE, B
% 70% =& ) - T Db, HEEHELU, 0.1 nl o TE &%
WICHERUE,

6. —HEREEEREFOER
TEYIIUVT7—F 1T 2FHLUE—-HFRREXERBETOE
FBUCIE Henikoff OFAE® &¢XiCLEFOY -2y 2HTV —
vayvyxyvh (ZlEE) 2#E-7#, plCLL8 HBHiE plUCLI9
PACHIE % a— NI B2 BEFERALETS I AINERIBRDFET
BHUE, 20 10 pg 2REF Y bOBBEFTICE N, HIRESE
fbal B&C Kpnl THIWFL ., DNA 2 &L EWR % TE EEKTH
MUE7x ) —T—B, DT/ ook iLAT—EHELUE, K
BeiHloRLECBL, 2.5 FREO-H ) - )UEMA T, DNA %
VBEEz, ChEFELCE>TERLU, 5 705 =& ) —)
TEOWEHER LS, EEERUE, 20 DN 2 EEFy b o
VX7 —¥ TTHEHEK ( 0.1 nl )ICE»L, 180 B0 —F
VISV T7—¥ III 2R, 1 481K 10 ¢l RIGHE 2 R&H
U. BIICAHBUERF*Y MO mung bean X/ L7 —BHEEK
(0.1ml)BULE. 65°C, 5 FMMBLTRICEIES, 50 &8
20> mung bean XY L7 —F¥ AN T 37°C, 60 HHIREES B =,
Ric#, ERo& DI, 7x ) —WHES ST noakov L,
& ) )VkBEEfTW, DNA 2EBIRUZE, 2h%, AFxybho
Klenow BEERIAREM ( 50 pl ) ICHEMR B, 2 B10 Klenow
BEREMA T, 37°C, 15 SlIRICS ¥, RIGH., BRI 2.5
RO ) —)UEMAT DNA 2B x ¥, Rk H>iCc A
)=V, ETEEREEE%, 40 «] 0 TE BHBECE» U,
D 10 £l & TADNA U —BICKBEARICICAHWE,
7



RISHD DNA R WEEREICEY B coli KBAL, 7YEY
DY (50 pg/ml VEED LB BERH CHEEREEBERUE,
BONEWEEREDT T 23 K REETHE U, Pstl, EcoRI
SOHIRBR YN, 7HO - AELRBICL > TESNEE X
DTTAIRKCBIBREDKE S EHEUE,

7. T R
1) E. coli OME&RE

E. coli OHEEHIL Morrison OFE*V Ko%=, 50 nl O
LB Brsh CHER U Z=NBOBEMAID E. coli 2HOICKVEEL.
10 mM CaCl. Z=&T 10 mM MOPS #E® ¥ ( pH 6.8; Sigma ) T—H
% Uz, Zhk 75 oM CaCl, 2 BLFESER ( 2.5 nl ) CHS
WU, 4°C T 18 FFMIMELE. ZOE®K 0.3 ml 1T 0.1 - 0.5
1g OFFTAIN DNA M T, 4°C T 45 HMBELE, Zh
% 42°C T 1 SR U =%, 3 nl o LB ¥#t% Mz C 37°C T
1 RHERUE, COEEBEYSCHRLU,. 7BV U Y (50 g
/ml ), -7 OEA4-200-3-4A Y KU NW-B-D-HSH NET IV
K ( 40 xg/ml; Boehringer Mannheim GmbH, West Germany )
KAV TOEN-B-D-FAHFTHIPPET IV RN (0.2 oM ;
Boehringer Mannheim ) % &€ LB FEXREFHICEEL &,
2) S. mutans OHEERE

S. mutans MT8148 kD E#L# kX, Lindler & Macrina o
FEEP? #HWE, S. mutans MT8148 #% 10% wwmiE:2 &L
TH Jo X THANY 7Y 25 s (BBL Micorbiology Systenms,
Cockeysville, Md, USA )ic&k VY., 37°C, 18 BEfMk&ISE L E,
2050 £l % 2 nl OREHICEMU, 37°C, 4 RRIBEREL
7o NECHMBOE®K 0.3 ml 2 10 g @ DNA A THEIC
1 BHERERT . ChEBYICHFRL, v/ dy
(5 rg/ml ) & Mitis-salivarius FEXEH#H ( Difco )IcH:
BUE,



8. an=—ALJ)TJOv M

FyEYUY (50 ug/ml )& LB BXEH ECHEL LK
Bobotwivo— R ( BA8S, Schleicher & Schnell, Dassel,
West Germany ) EiC. #H#X E. coli dan=—2®KED>ELD
UTCHEMEL, 37°C, 18 RiE&ELE, —botkro—xEE 0
ORNVLAERKCBUTCEHEBEHS ., 50 AFLINVY 5&T PBST
(0.14 MNaCl & 0.5 WA —> 20 8% 0.05 M U UERERH
. oH 7.2 )FTHEEZHRVWELEL, £0%%E 20°C |, 1 KM
BUE, Zo=botio—xfEE 1000 FHRLUEY T FH PAc
ML 20°C, 1 BRIEISE®. DWWC, % PBST THEHE.,
HIC 3,000 EH/RANAFOHT —EHEESVYIHIY X Ig6 ( Bio
Rad Laboratories, Richmond, Cal., USA ) % 20°C, 1 BfMIRJG
SHE, BE, BrkrUrz%, BEEE ( 0.5 ng/nl 4~ 00-
1-F7 b=, 0.01% Ho0, BKC 208 A% ) — x5 10nM b
UZEREEIE., pH8.0)EMAT, REBDEREBEL L,

9. VIR TERE BTG
PAc BXUH#EZ PAc DX IVAWBERIGIE, 0.05 M Nod—
IREEERZED 1% 7HA0 -2 WV ERHWTIT- Y,

10. SDS- WU P27 VN7 I NS IVERGE Y TRV T
oy b
SDS- WU 72U NT7 I RV EXkE) ( SDS-PAGE )iX. 7rHEEH
FWEUT, 1.5 FVT72 V)7 I RN, BREEAZLVELT,
3 RUFZVIUNTIRFIVEMEN, Laemnli®*? O FHEICH > T
>7. ABOBEKKEIE 30 mA Tii-2, FFREHOEDD
—h—eUT. BATFEABIUES FEHAERKE T YU TV —
vay¥wv b ( Pharmacia Fine Chemicals, Uppsala, Sweden )%
e, kg, YVADR YA TENY RE Y-y —FU) 7
9



¥ M FI— R250 ( Sigma )IC&k > THBL =,

Y 2A Y7oy barHriL. Burnette®® ORFICKE >7=., SDS-
PAGE DU NV E—bobin— ABEICER, FENID AH,, R
VIBLKUCTITIAFIYIRTH Y FA Y FRICERELU., 60 nA T
RBEUCHYVHAORAYAVE R=bobo—2ABICEEU =,
zobobn—RERran-—A A 7oy b ERBICUHE
UTHURERIGS ANV RERIU E,

11. E. coli Bkt DHFH

Mz B coli 7 YEVV Y EEE LB ¥H (500 nl) T#
W BEREIAIC R 2 S CREBLE, BERLICK>TED., 25 nl
D 0.1 mM 3>t T7 =V AFIVAIVR =) ( PMSF; Sigma )% &
50 mM U ZEREER ( pH 7.2 )ICBEBLE., 2hE, 4°C
CHHL ZRETHERARSE ( UR-200P, PI-KI. ®X) K
MY BRAHIT 2 BT ERERLUE, XU 7 - PL (10
cg/ml; £{LFETE) T 37°C, 30 HHNEE, REYWEROK
EHOTRE, LHECHEBEY VE- D LE 108 SR nsdL>Cm
ZATCAYNRNIVBEREEESE, BELOICE>TohE2EDE, WEYE
10 ml @ 0.1 mM PMSF &% 50 M b U RIEREE®K ( oH
T.2))ICEIU., FEERICHU TERU .

12. b VR70 7 AV QVESIVE- IV

DNA @ **P B#WX, v 52V -YaryETT->EY,
Jr—7 R DNA1 pg 2.5 ¢l OBEK ( 50 mM MgCl, &
0.5 M bV ZEREER., pH7.5), 5 2l ORI VUAFRU VR
B (TAXVTPT IV 3 VVB, TAXYITIVY 3 VY
B, 7AFYFIVY 3 UV, & 0.3 mM ; HEH) 4 ul
ODNF7—FT1 (0.1 ue/ml ), 4 1 DDNARIAF—F I
(40/p1), 1 pl o[ a-*?P] FAXVIVFIY I U
( 10 mCi/ml; 7V L - Uvx NNy, BHE) OBERICMA., £
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HRE S0 ¢l LUE, COBEAHE 14°C T 2 BRI HE
#. 0.25 MEDTA % 5 ul ANTRIGEE L s+, Sephadex
G-50 ( Pharmacia )D/IH S (0.5 cm x 5 cm JICZHEEEL .
TE MEH CHEH S, KA NFRICHTL 5883 DNA B s &
ST NATIFALE—VayviciunE,

13. ADZ—NATIVHEAL -V ay

a0Z—NATIVH ¥ -2 a2k, Grunstein & Hogness O
TEETICEL TR,

TYEVYYESY B EXER ECRBELEA- MO RELD— X
BEzod, BREOELDUCHERX E coli #EUE, 37°C T
18 BB RE, —bown—xE% 0.5 ¥ NaOH WEHIiC 10 4
MRUE, B2 10 MU HBREEK ( pH 7.4 )T 5 HEEYT
BfE% 3 BHRE U=, 1.5 M NaCl 28T 0.5 0 b 1) 2 HaEpks
BRI SHMBLUE, —hobern—EERES, 708 =4 ) —
Uy DWT, 1008 =& ) — )VTHEL, BORE X E, BEIC,
K% 80°C ¢ 2 BrfulfexfHiTLm L 7=,

VDRIV RV-VavET P EHUET O~ DNA I,
HHAUS 100°C, 10 HEmME L, BEH SR THB L, B
elk=bobro—-xEE 10 nl ONATUFALP—2 gy
B ( 50% AIVALT7 IR, 0.5% SDS, 0.6 M NaCl, & 20 mM
EDTAZ S0 b ) RIEMEEW. pH 7.9 )ICBULE. chicyn—
DNA ( 10° cpm )& MNZ., 42°C, 24 BEHINA TUX L ¥ - g
RISEfTber, IGHK, —bobenrn— 2E% 508 KILAT 3
Fea8 2 x SSC (0.3 M NaCl, 0.03 M Y Y@+ h Y NP IR
BT AE, DT, 2xSSCHEET 2 HRLE, —ho+n
—ABERESEEE, PSS TEMNT, K BE T AL (3
Xw 7 X-Omat AR; Eastman Kodak, Rochester, N.Y., USA )% H
WTC, -70°C T B RMA-PSIYAYT T4 —-%iFo7.

11



14. YF Ty bk

Y7oy MgEld Southern O P ICHEL T~ =, IR
BRETYMUE DNA Mo 7Ho - 2BREKE 2170, 205
% 0.25 M HBErRIC 20°C, 15 MR UM A A VKT 2 @EHL
2o WIS Zv% L5 M NaCl &€ 0.5 M NaOH dic 20°C, 30
SEBUE, BAAVKTHEH, 3 M NaCl 288 0.5 hU X
ERARERICR LT 20°C, 30 AMMEL =, Zh EManiatis o
DEE*Y ICHEH-T, 20 x SSC ( 3 M NaCl, 0.3 M V= VEEF bV
D) ICBUEAKECOE, TRt — 2, 2K
DOMEICHEE, R=NR=—F2FIWEFDLEIC S5cn OBESICRDED
KER, M 1 ke DEULEUE, 20°C T 18 BMEEAT -2
E.obhobeo—ZBEERYHBE LU, 2 x SSC T 2 BEI¥ELE,
ChzREUE#E, 80°C T 2BFHIBEE AT, ap=—- NS TV
A E-—YayEeRBRC P B o --JERIGERE,

15. TIIBY VTR —A—IC&D7 I )BBETIRE

S. mutans MT8148 #¥E% PAc (0.5 mg)% 60 u«1 o 0.5%
SDS BHICHEM U=, PAc O7 I JBEECY % Edman RO EH
KEIHWT, 7I ) KFEUISEMHEY — Vot~ — (EFL
470A, Applied Biosystems, Forester City, Cal., USA )CNE®K
# Uk,

16.  SEARIIREE
1) —A$ NA OFEY

pUC118 H B Wik pUCL1Y ICIEEES 2 ET 2RIz THH 2 #
AUETSZIRRY X~ % ER L, BEBRECEY, E coli
MV1184 BRICEA L=, 2hE, 7o UY (150 ug/nl )&
F7IV(00E)EEL 2 x YT B30 ( XY FART MY 186 g,
BBt d 2 10 g, NaCl S5 g % 1 Uw b JLOBA AV KICEML |

pH 7.6 & Uk) T, 37°C, 18 BEMIgiiEs# LU=, 3 nl @ 2 x YT
12



BEICHTERIE 30 1] ML, BEESETE, 550 m o B
HEN 0.2 ThR-OEBEATANIIS—T 7 —3 N3 K07 (10'°
pfu/ml; HFELE) 30 «l B2, 37°C, 30 SHERLUEE
70 pg/ml LRBEDICHhFIY AL VRS (RIJestiZE) 2z,
EDEE 37°C, 18 BRI RL =,

BRI ERED (8,000 x g 5 4D UTCHERERRE, L7
Lnl 2Rl 4o n0Fa~Tickor, Zhic, 0.2 nl o 20%
RIVTFUYTUa—)L 6000 8% 2.5 M NaCl Iz, 20°C,
15 FHIBEUE, BOMBEICEY EEEBRE, WY 0.1 0l O
TE BHBICHEN L, ZRICT ) — VR 2 10k L b
BRELE ) — VB ETF->T, —AS DNA 8%, '
2) EERTIRE

SBERPIREDZDIC, T-DEAZA ¥ — 2 Y 2% v b (£HliE)
EFAL. FY MOERBCH > TEREF>2, ZhiZ.

Sanger DIFTAF VD #FHIC U~ Mizusawa DB EO » ‘
FRALEYDTHSE, ¥4 /0Fa—TFIC 5 pl (1 ug YD—K
BUDNA L L5 4] OBBEER. 1 1]l 0TSS4 v -BEBLT
HEKEMATLEY® 12 1l LUE, INEHDF a0 —FiICrusE
MOTAXY A VAF FEEBHEEFNTR 2 1l $OREL
THN, ERRO—KY NA 7S A v —BEBEHIC 2 21 O
[a-"°8] FAXIYFYY 3 U UBE ( 10 nCi/nl; PoY v )
&1 #l (2U)D Klenow BEE X, BELES, 3.4 p] F
DUHBHOTAFR Y R Y UAF RERICHAE, 25°C, 30 HREE
GEREE, AXY MOFo 4 2B 1 1l 2MAT. Fic20 4
RS & B 7=,

RIGHEBIC, 6 1] OFUVAT IFHE ( 0,18 FSLUYY7 )
I 01R TOATz )TN &L 5% "AULTIR) B
A, 95°C, 3 RIMBMUEE, BB L. EESICESKE ICHL
. BRUKBATY VB IOV 2 o9~y — b (80802 B+E
HT74Wh HR) AV, 7YKARBLIKEIEE ( GH2040:

13



BELEHET7ANL) CEBL TR L ITHr, ¥ 7
TOBEBU. 2500 VT 3 FFRIWNEI U, REE. FLE BHEIC
TERSHE. FVERE (P — A-3700; 7 k. H3) CEMSx
W%, AN TVELE - ay bdiEct—bsUS Y
ZT74 k1o,

3)  Phc RURTF Royss i
BONTIBERIIEROBITICIE. DNASIS Vo k7 3w
YV (HMY TRy DT ER) BERL R, kM
Ov M, Kete & Doolittle DAV 1Lk Y, sKYNFF Ktk
NET I IMBEEEEGDOHAEE 2 HICUTERLE, 2V N80
TIREBORERE T Chon & Fasman OFED 2 FALY. Zh
J. Ty Y ABEREERITES A X INVHEDZRBEDTF - 4
KEITNT, 57 I )BRIIN, EOLOI BT KBELIS D%
HETHLOTH S,

2wl

17. TI2ORAY VB ETOBAICL B PAc R
B PERY

S. sanguis DXV ANV AYU#ET S 2 I K ( pVAl ) *®
ROTY 2074 Y YBHERETF ( Enm Y EHB> R 28V Y
MudE'™ {3 H. K. Kuramitsu f#- ( Northwestern A 2%,
Chicago, Tli., USA ) M"AHHELE R RFIF =, = MudE h F 2 2K
VL T LBEEO aini-Mu M52 2Ry 2 ( pBC40AL ) 1)
TS LBHBECHRETS In° 2MAAAESDTH 5, MudE %
BamHI THIMTL . En" 2 &L 1.8 kb OMA 2 FEL L, 2O
FE7x ) =B L7 nodou MBI X > CERL .
pPCl2 O pac BIRFHICHTET S Bglll ¥4 MCHALE. =
DUTHEBLNET I X IN%E Pst] CHIMFL =%, S. mytans
MTR148 MRICTHHE IR ETHAL =,

18. VA R K PE D Bl E
14



EADBUKMEIL, Rosenberg B4 DHFEEBEBICUTHELE .
Brain heart infusion J131 2 ( Difco )THEU LHK%:
550 nm TOWRNEEMN 0.6 &5 K DIC PUM &% ( pH 7.1;
KoHPO4-3H.0 22.2 g, KH.PO4 7.26 g, JR¥E 1.8 g LT
MgS0,-TH.0 0.2 g % 1 Uy MIVOBEA AV K) ICIEHEESEE, Z
DOEERBEE 3 nl I n-AFYTFhHY (EFRERIFE, #5)
0.3 ml A, KWFY 27 AIFH—T 1 #HEMLE, 20°C
T 15 HHBBELUEE, 7ABV -2 —TCLEEODAXYTHVE®:R
BE, KEBOBRGERHEE 550 nm TRIZUE. EEOBIKMX,
UFNEICAFHTHYEMRABRORFHBEDOBRIE CHT S
KEBOBRXEDEE ( 3 )THHDOULE.

Bk#E= (RROBNE - RBRBEORNE) / (FHOBRIEEK)
x 100 ( %)

15



S

1. 8. mutans MT8148 BRDY:faik DNA Pstl 54 75U —ofE
BMEH PAc MBEEANVEXR I Y= 7

S. mutans MT8148 kMefsfk DNA % HIBRBEZE Pstl CHINFL. 7
eI XINRY &2~ piCl18 0 Pstl MATICHEE L=, Boh
EFATTIRINE B coli M09 HMICTHEERECHEALE |
% 5.000 EOMMEL E coli KOWT, PAc 2RELTNBHAE
M E DY FH Phe MBEMNEIT=~ A4 L) T 0y NETR ¥
Y=V T Uk, ZORR. 6 BORGEEY 0~ Y XBHEE,
ZABOIT—YMBTIAIK DNA £ U, Pst] CEIML,
T HO-ABLRG EToL, ZOKE, WFhoro—2 s plC
118 iCHY 3.8 FdgEH (kb )DKE XD S. mutans DNA HTH
FEAZRTNBZ Ldbhok (K1),
e 1234567
23 -
9. -
67 -

L4 -

2.3~
22°

1 #i PAc MiERICHIME E. coli 20— T 52 NDITHT.
G #x B coli BT IAINEHHEL., HIRE
# Pst] TEME, 7HO - RBLRkSH ET-72., A TF
Z3I FAR%Y %— pUC118; B, S. mutans DNA B3k 3.8 kb
MrH, 1, pUCIL8; 2 - 17, XTI AIF,

16



Thh 6 EOEBZ E coli Yo—-YoEEMEHEY AR
Y7uy METHHTHE, WFhD7o— Y i PAc MF &R
ST HAFER 95.000 DAVRVBEEELELTNWDZ EMNREE,
ZhHDTIFTAIRD—DOEES, pPCl2 Lap&a U T, L TFTOHA
WCHWE,

2. BAUNIEHEERa-RFI38EETOMNBLE A

pPC12 DEFTH XNV EHRE O FE ( 95.000 ) A%,

S. mutans OKRE PAc OWEHFCHBERVOE, yu—=27
Ehiz 3.8 kb d DNA M ME 2% PAc &L T ( pac )2 &
BEUTWRVWEDEEIDBNSE, £2C. pac BEFORY DK
BEIN—=V T BED, pPCl12 o MBI BEFONBLEH
HMOREETHE,

¥9°, pPC12 DHIPRBERMR EER L. S. mutans DNA HKOD
3.8 kb BFFHC Sacl #¥AZE HindIII BN EhELO EOEE
$HZEERHMUE (RK2). pPCI2 % Sacl #Buik HindIII
THML, ThFh 0.7 kb, 0.6 kb O £ YR E L THLE
8L (K2, del.S BLY del.H ), ZOIEDDODREERTS
A3 K% E coli MCI061 #RICEEA L, x4y 7y hET
EFNEFADNELETHHNEOFELRET S L, HindIII 0.6 kb
WiF & R%&UE del.H ik pPCL2 EE U4 F& 95,000 OHF % &
HEL TN, Sacl 0.7 kb MiFr 2 R#E U= del.S OHEIRSF
BM 60,000 &/ o TUE,

DI, pPC12 H1 3.8 kb DNA I =¥V X I U ¥ —¥ III
EEHCE, —BO—FRRAERBEFEERLUE. ZhBoR
SEERBEFEHETS E coli POTI5AINEHEL. Pstl T
gL EDE, 7HO—RAEBEXRBHIICEI>TENETRDOREDKE

EEWEUE, # 500 HES ( bp )FOHIBREhE—HD Y O —
17



VEZEF (K2, del.1 % del.6 ), TRFRICHONTYI T XN
7oy bETHEOEERRRE, R2ICER 3K DIC,
del.1 75 del.3 X7 pPC12 LU H TR 95,000 DK % &
ELTWE, —H, del.d 2% del.6 Oy 10~ Vide << HE %5k
EUTHWERDDE,

D DERDS | pac BETFIE pPCl2 ) 3.8 kb DNA oo
R HindIII fIASEEHST Sacl iAW TNBEEZ S RE
EnIC, pUCII8 @ lac YHE—F—~ICH U CTHMEIC 3.8 kb
A 2HBAUCHHBEOELAZEEEOT LRI >EDT, 2D DNA
BT HIC S. mutans BIRDTHOE~F - MNEEL T 5 L HEHIX

pUCL18 /_
A“”’Z — 4 PAc MWERIST D
:‘ NG El 3 By N EONFR
pBCID =n = 95K
del 0 — 95K
del.§ ---» . — 60K
del, 1 » 95K
del. 2 » e 95K
Cdel, 3 p—— e ' 95K

K2 pPCl2 DEHIREERHRE pPCl2 ORAERBEFIELET
BN FR., 77 AIFK pPCl2 & S. mutans MT8148
B:o» 3.8 kb DNA MiH % pUCLI8 o~ NFru—=TH A
MOESEUTHERULE, REBEFOREBIILSHRTRL
o TRNOOTIAIRMIRBHRI BZAFER Y AF YTy
METHHUE,
18



hiz, UEEEMS, pPCl2 & 3.8 kb DNA I[CHTET S pac &
LZFIE PAc BUROD N RREFHIFESICHIET DD ERIOBNE,

3. 5%&% pac BRIz FOHE

S. mutans MT8148 HkZifa{k DNA % Sacl THIMTL . Y¥HF U NA
TIVEAE-YarveEfd>e. 4 kb OK& &M DNA WA A
pPC12 @ PstI-Sacl 0.7 kb Wi &NA TV X L XT B2 EARH
Ehi (K3) ., RICHELE pac BEFOHFAIS., 20/ 4
kb @ Sacl WiFr EiC pac BIEFORY OEIMNEETHLEXD

pPC4l
o — R :
pPC31 = o, pPCI2 =om
2zl =| 2l
= »—~ Ju—J

3 Pic 0 C RKEHICHNET ABRTFOIO--=VY,
S. mutans MT8148 ¥ DNA o Sacl SA4TS5U—-5ERU,
pPCI2 O Psti-Sacl ¥k e Ju-—-7eLTap=—NA7
VHAAE-YarvEfTHIE.

hiz, Z2°C. NT8148 BkYufafk DNA % Sacl THIMFL., 7Hn

— 2 BRKEIE 5 - 3 kb ODKEXD DNA Y FEL, pUCLI8

CHEBUE, BohBEE#RBKEEZ pPC12 @ 0.7 kb PstI-Sacl

Wi e/ n—JsLCan=—NATIVFLE-2avyTarr”y—

VT UEER. B 300 Boryo—ras 22 BEoRIGEHE Y o
19



—VMEShE, Zhbn oa—-—rvnTI5AIFRE. wihd
4.2 kb O Sacl BiFMEAIHh T, TOO &>, pPC3l %5
27 pac BIEFOEECHWE,

M 3ICRT & DIC, pPC3L % Sacl THIET#. pPC12 @ Sacl
fLicEREL. Zh% B coli MC1061 HRiICHEEHMETHALE .
BOhEHEEBREISTIAINEHE U, 740 — RBXKUKE)
KL TEDREZERELE, 8 7.5 kb OFA DNA 2 HYT 3
TSRAINEHEODIO-VEEAT, EETHREORES |2V
2B vToy bETHERE, WEBDO Y 11— SDS-PAGE. ETH
FE A%210,000 A5 190,000 Ch=sEFEHEEELEL T
o 2B O—YDTIAINDODVEDER pPC4l AT k.
pPC41 DHIFREBERMT EX 4 ISR,

S PBH P P $ El4H P

pac EEF

(S S —

1 kb

4 pPC4l OHIBEEERIEE, AKX S. mutans MT8148 BReh3K
@ 7.5 kb DNA BFH, SE8iIxT I A I FAR Y & — plClls,
B, BamHI; Bg, Bglll; E, EcoRl; El4, EcoTl4l;
H, HindIII; P, Pstl: S, Sacl.

4., H#x PAc ¥R

E. coli ( pPC4l ) AEE4T H##HE PAc ( Coli PAc ) SDS-
PAGE iR %M 5ImU%E, Coli PAc i SDS-PAGE k¢ 8.

mutans FAED PAc J U TEMNETAKEVWERORIXRTF R E
20



UTHbLbWE, DX2 070y bOER, ZOEBOR IS F
Fidwvwghd 3. mutans R PAc LFEEE. H PAc M & KIS
Uk, &3, E coli ( pUCLI8 ) EKHEMICIL, #L PAc MiE
LRIGEST 22V AV BB REIhARD L,

Coli PAc & S. mutans HI3E®D PAc DB FHBEERMEE Y VA
WERIGIC K> THELUE (K6 ) . U9 XH PAc MFICHU.
Coli PAc & S. mutans PAc L EWICREE T AULEH 2R L .
Coli PAc MSEREHME R S. nutans PAc DZhEFA—T5 5
ZENEALMCEoE, BB, PAc O N KBENESERELT
naeEZHN3 pPCl2 OEAFFEICEDUMERIIITLSHFT DD
THolk,

A B
MW 1 2 3 1 2 3
220K-
94K- = &
67K- R
60K-
43K-

M5 E coli (pPC41) ARHT HMBEAHE ( Coli PAc )N
2B vTuy b,
A: H—U—TFUYFU TR, B: vYFHM
Ficksamrxay7oy hF. 1, S. nutans MT8148
BesE% PAc. 2, B. coli (pUCL18) o E{AMLIY).
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(pPCAN M RBT B PAc O VARG, 1,
oli (pUCL18) oEfifkiiii# ; 2. S. mutans DR
PAc: 3, E. coli (pPC4l) o ERMii%; 4. E coli
(pPC12) DEkmEY. A, Y X PAc miF.

5. pac BETLHAROD 3 BEFOH

pac BIcFLHERAEOH HBEFAMBOL VI REICEET 5D
arE, Y¥rITny hETHRNE, Tu—-7&UT pPC12 o
SacI-EcoT14I Mifr ( 1.7 kb )2 Az, R4»n., ZOMH X
PAc @ N KWICHYT2EEXSN B, pPC12 % Sacl B& T
EcoT141 THIMFL ., 7 H o — X BERkEH#., 1.7 kb OMiF 2451V
EUlE, ZhEy 2 b AV -V avkT %P E#LU. 7o
—Je Uk, BEOL VYREDRMAK DNA % 5. mutans MT8148
BOENEFBEICHE L, EcoRl THIBLE, ChE7Hn0— 2 &
K[GBE, —boen—RBICEEL., BEBEBRY> FOER (N
ATNHEALAE-Vay) oFELERARE,

K7 EDIC, pac FO— Tk S. mutans MT8148 #k (IiE
B c) o DNA Ofth. S. mutans MT703R # (MFH ¢ ) BL O

OMZ175 #k (MR £ ) @ DNA ENAT VXL ZUEN, ol
22



VHERED DNA &k, NATUE AL XUBEIoT,

A
Mw
(kb) 1234567 89101112
23 -
S.4 -
67 - ”w S~
L4 -
23-
22-°
B Probe
pPC41 00— ene——— {00
]
ac gene —
pac 92 1kb

R7 HEOKEVVYRE NA & pac BIEFOYTFINLITUEY
A¥—=ay, pPC4l > S. mutans B3k 7.3 kb DNA MF
Foo>b, 7o—-JeUTHWERSRBTRULE, REII
pac BETOMELFHF. 1, S. cricetus E49 (MmER
a ); 2, S. rattus BHT (m#F® b ) ; 3, S. mutans
MT8148 (Ii{H® c ) ; 4, S. sobrinus B13 (MiFH
d ): 5 S. mutans MT703R (M.{EEl e ) ; 6, S. mutans
OMZ175 (Mai$® f ) ; 7, S. sobrinus MT3791 (fu{EH
g ) 8, S. downei MFe28 (MiEH h ) ; 9, S. sanguis
ATCC10557 ; 10, S. sanguis ST3 ; 11, S. salivarius
HHT ; 12, S. pyogenes SF42.



6. pac BEF DA

pac BELTDBERFIREDZHIC, pPCL2 BXT pPC31 O
FThra-YEERLU, FREFABHE» S EEXETIREETE,
X 8IC pac BEFHEL 5,169 bp K YRBIEAABIEZRU L.
pac BEFICHIGT AT U —F 42TV —-Lid 200 FH
O ATG BRI R A 4895 HHETT., ZTOKRE XX 4,696 bp
THor, COMICIE. ANV EEa-RUDIBA-TU—F
LV T IV — NZEHEhRN 7, ATG BB RY o 4 bp E
¥icit Shine-Dalgarno ECH*™ LA BN B GGAGG BLFIAER S H v,
EHIIC, -0 BKU 35 TE—-2 I LEZShBHET
MNEOERICHFEEL T,

7. PAc O

EREFDSHEZNS PAc D7 I ) BEF 2R 8 ICTRT,
pac BIEFRI—RITBH2VNIEIE 1,565 TIJBAH RS
T8 170,713 OAVNRVETH k. 207 I )BEFNOELHE
PHERTH7-8, KB S. mutans PAc O N K7 I JBECTID—
BET7IIBY— 75— 2—TROE. TOHERIBEETI» S
ReHET I JBEFIO 39 ZEMS 48 FH ( Asp-39 - Asp-48 )
F—BUTWE, Met-1 25 Ala-38 £TO7 I JBMEFICIEY
SLBHEOY T FIRTF ROBFEARDHNED, Thbb |
N KRBT I JMAS L. TORICHEHKEY I )V BM»LA
TWE, EBICTIVOANVEFYNERI TN EhLZ LS
SOMEL—HTHY, FIIBRY—-DVrx—A-ICXB0HE
BrogEZ, Met-1 5 Ala-38FTHI T FIWARTFRNTH D
LEwmaEhik,
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47

95

143

191

239

14

287
30

335
46

383
62

431
78

479

94
527
110

575
126

623
142

671
158

719
174

767
190

815
206

863
222

911
238

959
254

1007
270

1055
286

1103
302

1151
318

1199
334

1247
350

1295
366

1343
382

T TTG

GAA AAA

GTIT TIT

TIT TTA

GGA GGA

SD
ATT AGT
Ile Ser

TCT GTA
Ser Val

GAT GTA
Asp Val

AAT TTG
Asn Leu

CAA ACC
Gln Thr

ACT GAT
Thr Asp

GTT GTC
Yal val

GAA GCA
Glu Ala

GCT GAG
Ala Glu

GCT CAT
Ala His

AAA GAA
Lys Glu

CGC ATT
Arg lle

TTG GCT
Leu Ala

GCC AAT
Ala Asn

CTG AAA
Leu Lys

ACT GCT
Thr Ala

AAT GAA
Asn Glu

ACT AAG
Thr Lys

AAT GCC
Asn Ala

ACA GAG
Thr Glu

TAT GAA
Tyr Glu

GCT GAA
Ala Glu

TAT GAA
Tyr Glu

AAA] GCT
Lys| Ala

TGC

TAG

ATT

ACG

TTT

AAA
Lys

GCA
Ala

GAT
Asp

CCA
Pro

AAG
Lys

CTT
Leu

CAA
Gln

GTC
Val
GAT
Asp

GAG
Glu

CAG
Gln

AAT
Asn

CAA
Gln

CAA
Gln

CGT
Arg

GTA
Val

GAA
Glu

TTA
Leu

GCA
Ala

CTT
Leu

GCA
Ala

AAT
Asn

GCT
Ala

AAT
Asn

TTT

CAG

TCA

TAT

ATG
Met

ACA
Thr

GGA
Gly

ACT
Thr

GAG
Glu

CTG
Leu

GAT
Asp

GAT
Asp

CAA
Gin

ATT
Ile

GCA
Ala

TAT
Tyr

GCT
Ala

TAT
Tyr

GCaA
Ala

GTT
Val

GCA
Ala

ATT
Ile

GCT
Ala

AAC
Asn

GCT
Ala

GCT
Ala

ACT
Thr

GCA
Ala

GCC
Ala

AGA

CGA

GCA

ATT

AAA
Lys

CTG
Leu

CAA
Gln

AAA
Lys

GCT
Ala

GAG
Glu

CAA
Gin

GCC
Ala

AAA
Lys

AAG
Lys

GAA
Glu

GAA
Glu

GCA
Ala

CAA
Gln

GCC
Ala

CAG
Gln

GCA
Ala

AGA
Arg

CAA
Gln

GAA
Glu

CGT
Arg

GTA
Yal

GCA
Ala

CTC
Leu

GCA
Ala

ATT

TTG

AAA

ACA

GTC
Val

TGT
Cys

AAG
Lys

GTA
Val

CAA
Gln

AGA
Arg

GCA
Ala

GAT
Asp

GAA
Glu

AAG
Lys

GTT
Val

AAA
Lys

AAT
Asn

GCA
Ala

TAT
Tyr

GAA
Glu

AAT
Asn

AAA
Lys

TAT
Tyr

GCA
Ala

GTT
Yal

GCA
Ala

ATT
Ile

AAG
Lys

AAC
Asn

AAT GTT GGA TAA
AAT GTG TTT ATA

ATT GAC AAA TCA
-35
AAA ATA TAT TTG

AAA AAA ACT TAC
Lys Lys Thr Tyr

GGT GCT GTT CTA
Gly Ala Val Leu

GTT TTT GCC‘GAT
Yal Phe Ala Asp

GTT GGA ACA CAA
Yal Gly Thr Gln

GGG AGT GCG AGT
Gly Ser Ala Ser

CAA ATG GTT CAT
Gln Met Val His

GCA AAA GAT GCT
Ala Lys Asp Ala

GTT AAT AAA GGA
Val Asn Lys Gly

ACT GAA ATT AAA
Thr Glu Ile Lys

ACA ACA GAT CAA
Thr Thr Asp Gln

GCT AAA ATC AAA
Ala Lys Ile Lys

GAT ATG GCA GCT
Asp Met Ala Ala

GCT GCC AGT AAA
Ala Ala Ser Lys

GAT TTA GCA GCC
Asp Leu Ala Ala

CAA AAA GCC CTT
Gln Lys Ala Leu

GCT AAT GCA GCC
Ala Asn Ala Ala

AAT GCC AAA AAT
Asn Ala Lys Asn

CGC AAT GCA ACG-
Arg Asn Ala Thr

CAA 'GCT GAA CTA
Gln Ala Glu Leu

GAC TAT CAA GCT
Asp Tyr Gln Ala

CAA AAA GCC AAT
Gln Lys Ala Asn

GCA AAT AAT GCC
Ala Asn Asn Ala

AAG CAA CGC AAT
Lys Gin Arg Asn

CAA TAT GAG GCC
Gln Tyr Glu Ala

GAA GCA GAC TAT
Glu Ala Asp Tyr

25

AGT

ATT

AAT

GAA

GGT
Gly

GGA
Gly

GAA
Glu

ACT
Thr

AAG
Lys

ACC
Thr

AAG
Lys

ACT
Thr

GAA
Glu

TAT
Tyr

GCT
Ala

CAT
His

ACA
Thr

GTT
Val

GCT
Ala

GCC
Ala

ACA
Thr

GCC
Ala

AAG
Lys

AAA
Lys

GCG
Ala

AAA
Lys

GAG
Glu

GAT
Asp

CAA
Gln

GTG

CTG

CAA

GAT

TTT
Phe

ACA
Thr

ACG
Thr

GGA
Gly

GAA
Giu

ATT
Ile

TCT
Ser

GTT
Val

GAT
Asp

AAA
Lys

AAA
Lys

AAA
Lys

GCT
Ala

CAA
Gln

GCT
Ala

AAA
Lys

GAA
Glu

AAA
Lys

CGT
Arg

TTG
Leu

GAT
Asp

AAT
Asn

AAT
Asn

TTG
Leu

GCT
Ala

GAG TTT
ATT CAG
TTA TAT
TTA TTC
CGT AAA

Arg Lys

GTA GCA
Val Ala

ACC ACT
Thr Thr

AAT CCA
Asn Pro

GCT GAA
Ala Glu

GAA GTA
Glu Vval

GCT GGT
Ala Gly

AAA ACA
Lys Thr

TAC ACA
Tyr Thr

TCG GAT
Ser Asp

AAT CAG
Asn Gln

GCC GAG
Ala Glu

TAT GAA
Tyr Glu

AAA| ACC
Lys|Thr
TAT CAG
Tyr Gln

GCC GCT
Ala Ala

ATT GCC
Ile Ala

GCT GAA
Ala Glu

GTT CAG
Yal Gln

ACC GCC
Thr Ala

GCT AAA
Ala Lys

GCG GCA
Ala Ala

GCT AAG
Ala Lys

GCA GCG
Ala Ala

AAA TTG
Lys Leu

GTG CTC
ACA TTA

TAC AAT
-10
AGA TIT

AGT AAA
Ser Lys

GCA GTC
Ala Vval

ACT AGT
Thr Ser

GCG ACC
Ala Thr

CAA AGT
Gln Ser

CCT AAA
Pro Lys

GTC AAT
Val Asn

CCT GAA
Pro Glu

AAA CAA
Lys Gln

GTA GCT
Val Ala

GCA ACT
Ala Thr

GTT GAA
Val Glu

GCT AAA
Ala Lys

AAT GCT
Asn Ala

GCT GAA
Ala Glu

TAT GAT
Tyr Asp

GCT GCC
Ala ‘Ala

TAT GAG
Tyr Glu

A-2
GAA|GCT
GlujAla

TAT CAA
Tyr Gln

GCG ACC
Ala Thr

CTC ACA
Leu Thr

GCG ACT
Ala Thr

GTG AAA
Yal Lys

ACC GCC
Thr Ala

46

94

142

190

238

13

286
29

334
45

382
61

430
77

478
93

526
109

574
125

622
141

670
157

718
173

766
189

814
205

862
221

910
237

958
253

1006
269

1054
285

1102
301

1150
317

1198
333

1246
349

1294
365

1342
381

1390
397



1391
398

1439
414

1487
430

1535
446

1583
462

1631
478

1679
494

1727
510
1778
526

1823
542

1871
558
1919
574

1967
590

2015
606

2063
622

2111
638

2159
654

2207
670

2255
686

2303
702

2351
718

2399
734

2447
750

2495
766

2543
782

2591
798

2639
814

2687
830

2735
846

TAT
Tyr

GCG
Ala

CTC
Leu

GCT
Ala

TAT
Tyr

GAT
Asp

AAA
Lys

TAT
Tyr

TTC
Phe

AAA
Lys

ACT
Thr

GGG
Gly

TCA
Ser

ACA
Thr

ATT
Ile

CAA
Gln

GTT
Val

TTT
Phe

AAT
Asn

AAC
Asn

TCT
Ser

ACT
Thr

AAA
Lys

TCT
Ser

GTT
val

ATG
Met

ATT
Ile

GTT
Val

AAA
Lys

CAA
Gln

GCC
Ala

ACA
Thr

GAT
Asp

CAA
Gin

GAA
Glu

AAT
Asn

GAT
Asp

CTT
Leu

GCA
Ala

AAC
Asn

AAT
Asn

CAG
Gln

GCT
Ala

TCT
Ser

GGT
Gly

TTT
Phe

ATT
Ile

TTT
Phe

TCT
Ser

GGT
Gly

CTT
Leu

AAT
Asn

TGG
Trp

ACT
Thr

CCT
Pro

TGG
Trp

ACT
Thr

CCA
Pro

ACA
Thr

TAT
Tyr

GCT
Ala

TAC
Tyr

AAA
Lys

CAA
Gln

GAA
Glu

CTT
Leu

AAG
Lys

AAA
Lys

TTA
Leu

TIT
Phe

GTT
Val

ACA
Thr

AAA
Lys

CAA
Gin

GCT
Ala

AAA
Lys

GAT
Asp

ATT
Ile

TCA
Ser

AAC
Asn

AGT
Ser

TAT
Tyr

GTA
Yal

GTT
Val

TAT
Tyr

AAG
Lys

ACT
Thr

GAG
Glu

GAA
Glu

GAA
Glu

GAA
Glu

GAT
Asp

ACT
Thr

GAC
Asp

GAG
Giu

GCT
Ala

TAT
Tyr

GAA
Glu

GGT
Gly

AAA
Lys

TAC
Tyr

ATT
Ile

AAG
Lys

TCT
Ser

AAT
Asn

AAT
Asn

GAG
Glu

TCT
Ser

TTT
Phe

CAA
Gln

GGA
Gly

GGA
Gly

GTT
Val

TCT
Ser

GAA
Glu

TAT
Tyr

CTC
Leu

GCA
Ala

AAT
Asn

GCA
Ala

TTA
Leu

TCT
Ser

GGA
Gly

cCA
Pro

TCT
Ser

GAC
Asp

CAA
Gla

GAT
Asp

TGG
Trp

ACT
Thr

GTC
Yal

GTT
vVal

GCT
Ala

GAA
Glu

GCC
Ala

ATG
Met

ATT
Ile

AAA
Lys

GCT
Ala

GCA
Ala

GCA
Ala

CCT
Pro

TTA
Leu

AAA
Lys

GAA
Glu

GCT
Ala

GCT
Ala

ACT
Thr

AAA
Lys

GCA
Ala

ATT
Ile

AAC
Asn

AAT
Asn

GCT
Ala

CAA
Gln

TCT
Ser

AAA
Lys

GGA
Gly

AAC
Asn

TAC
Tyr

TGG
Trp

TAT
Tyr

TTC
Phe

CTT
Leu

GCT
Ala

GGT
Gly

CAG
Gln

GGT
Gly

GGG
Gly

ACT
Thr

GGT
Gly

AAT
Asn

cce
Pro

ACA
Thr

CGC GTT
Arg Val

GTA GCA
Val Ala

GCA ATT
Ala Ile

CTT GCT
Leu Ala

GAC TAT
Asp Tyr

AAA GCT
Lys Ala

TTA ACA
Leu Thr

GCG AAC
Ala Asn

GTG GAT
Val Asp

AAA ATT
Lys lle

AAT GAT
.Asn -Asp

‘GCT GGC
Ala Gly

TCG GTA
Ser Val

CTG CAG
Leu Gln

AAG TAT
Lys Tyr

TTA GGT
Leu Gly

ACA GGT
Thr Gly

ACT TTC
Thr Phe

CTC TCA
Leu Ser

AAA GAT
Lys Asp

GAA AAG
Glu Lys

GGT GAA
Gly Glu

TCA GGA
Ser Gly

GCT ATT
Ala Ile

TCT GCA
Ser Ala

AAG GAC
Lys Asp

GGT AAA
Gly Lys

ACA CCT
Thr Pro

GAA AAG
Glu Lys

CAA
Gln

GCa
Ala

AAG
Lys

AAG
Lys

CCA
Pro

GCA
Ala

GAA
Glu

TTA
Leu

GAT
Asp

CTT
Leu

GTT
Val

TGG
Trp

CIT
Leu

AAT
Asn

ACA
Thr

ATT
Ile

CAA
Gln

TAT
Tyr

GTG
Val

TAT
Tyr

AAT
Asn

GGT
Gly

TGG
Trp

AAA
Lys

ACA
Thr

AAT
Asn

ATC
Ile

[o{o]¢}
Pro

CCA
Pro

2

AAA
Lys

AAT
Asn

AAG
Lys

TAT
Tyr

GIT
Val

CTG
Leu

CCA
Pro

TCT
Ser

GCT
Ala

CAA
Gln

GCT
Ala

TCA
Ser

TTA
Leu

TCT
Ser

GTG
Val

7T
Phe

GTIT
val

CAC
His

ACT
Thr

AGT
Ser

GGC
Gly

GGC
Gly

GAT
Asp

ATG
Met

AAT
Asn

ACT
Thr

CGT
Arg

GTT
Val

TTA
Leu

6

GCC
Ala

AAT
Asn

CGC
Arg

CAA
Gln

AAG
Lys

GCA
Ala,

TCT
Ser

TTG
Leu

TTT
Phe

TTA
Leu

TCT
Ser

ACG
Thr

GAG
Glu

TAT
Tyr

GAC
Asp

ACC
Thr

GAA
Glu

GAA
Glu

TCT
Ser

GGT
Gly

ATG
Met

TCT
Ser

AGT
Ser

TCT
Ser

GTA
Val

GAT
Asp

GCG
Ala

AAA
Lys

AAA
Lys

AAT
Asn

GCC
Ala

AAT
Asn

GCA
Ala

TTA
Leu

GAA
Glu

GCT
Ala

ACA
Thr

AGC
Ser

GAT
Asp

TCT
Ser

ACA
Thr

CGC
Arg

TAC
Tyr

CCT
Pro

GAT
Asp

AAA
Lys

GAT
Asp

CTT
Leu

AAA
Lys

ATT
Ile

CGC
Arg

TCA
Ser

GGT
Gly

ATG
Met

GGC
Gly

GTT
Val

CCA
Pro

CCG
Pro

GCG
Ala

GCA
Ala

GCG
Ala

GAT
Asp

AAG
Lys

CTT
Leu

CAA
Gln

ACA
Thr

AAA
Lys

GAT
Asp

ATG
Met

GTA
Val

GGT
Gly

AAT
Asn

AAG
Lys

CCA
Pro

AAC
Asn

GAA
Glu

AAC
Asn

TTT
Phe

TAT
Tyr

TGG
Trp

GAT
Asp

CCG
Pro

CcCA
Pro

AAA
Lys

AAT
Asn

ACA
Thr

GCA
Ala

GAT
Asp

AAT
Asn

GAT
Asp

CTT
Leu

GCA
Ala

GAA
Glu

AAT
Asn

GAT
Asp

AGC
Ser

CTA
Leu

GAG
Glu

AGC
Ser

CAA
Gln

GGT
Gly

TCC
Ser

ACT
Thr

ACT
Thr

AAA
Lys

CGT
Arg

GTC
Val

GCT
Ala

ACT
Thr

GCG
Ala

AAT
Asn

GTT
Val

AAA
Lys

GTIT
Val

GCT
Ala

CCA
Pro

GCT
Ala

GCA
Ala

GCT
Ala

GCC
Ala

TAC
Tyr

AAA
Lys

TTG
Leu

GGG
Gly

ACT
Thr

GAT
Asp

CTT
Leu

AAT
Asn

AGC
Ser

AAA
Lys

AAG
Lys

TTA
Leu

TCT
Ser

cca
Pro

GAA
Glu

AAA
Lys

ACA
Thr

ATG
Met

CCG
Pro

AAC
Asn

TCT
Ser

CCA
Pro

CCT
Pro

CCA
Pro

GTA
vVal

AAA
Lys

GCG
Ala

AAA
Lys

AAA
Lys

GAA
Glu

CAT
His

GTC
Yal

AAG
Lys

TCA
Ser

ATC
Iie

TAT
Tyr

AAC
Asn

GCA
Ala

AAG
Lys

TTT
Phe

GGT
Gly

ATT
Ile

ATT
Ile

CAT
His

ATC
Ile

GAT
Asp

TAT
Tyr

AAT
Asn

CAT
His

GAC
Asp

AAT
Asn

AAA
Lys

ACT
Thr

GCT
Ala

1438
413

1486
429

1534
445

1582
461

1630
477
1678
493

1726
509

1774
525

1822
5§41

1870
557

1918
5§73

1966
589

2014
605

2062
621

2110
637

2158
653

2206
669

2254
685

2302
701

2350
717

2398
733

2446
749

2494
765

2542
781

2590
797

2638
813

2686
829

2734
845

2782
861



2783
862

2831
878

2879
894

2927
910

2875
926

3023
942

3071
858

3119
974
3167
890

3215
1006

3263
1022

3311
1038

3359
1054

3407

1070
3455

1086

3503
1102

3551
1118

3599
1134

3647
1150

3695
1166

3743
1182

3791
1198

3839
1214

3887
1230

3935
1246

3983
1262

4031
1278

4079
1294

4127
1310

CCA
Pro

GCA
Ala

TTG
Leu

CCG
Pro

ACC
Thr

TAT
Tyr

CCA
Pro

ACT
Thr

GTT
Val

GAA
Glu

AAA
Lys

GGA
Gly

GGT
Gly

GAT
Asp

GCaA
Ala

ACG
Thr

TAT
Tyr

TCC
Ser

AAT
Asn

AAT
Asn

TAT
Tyr

TCA
Ser

GAA
Glu

AAT
Asn

GAA
Glu

AGA
Arg

TTT
Phe

CCA
Pro

AAT
Asn

AAT
Asn

GAG
Glu

GAG
Glu

ACA
Thr

TAT
Tyr

GAA
Glu

AAC
Asn

GAT

_Asp

CAT
His

ATT
Ile

CAA
Gln

CGT
Arg

TAT
Tyr

GTC
Val

GCA
Ala

ATT
Ile

AAG
Lys

AAT
Asn

[ofo] ¥
Pro

GGC
Gly

TAT
Tyr

GCA
Ala

GAA
Glu

GGT
Gly

GCA
Ala

CCT
Pro

TAT
Tyr

ATG
Met

CAA
Gln

TAT GAA AAG
Tyr Glu Lys

CCA AAC
Pro Asn

AAA
Lys

CCA GCA CCT
Pro Ala Pro

AGG ACA CCG
Arg Thr Pro

GAA ACA Gaa
Glu Thr Glu

P-3
GCA|GAG CTCA

Ala|Glu Pro

AAA CCT
Lys Pro

GTT
vVal

CCT GTT
Pro Val

TAT
Tyr

TTC CAT
Phe His

TAC
Tyr

AGA AAC AAT
Arg Asn Asn

TCT GTT
Ser Val

GTT
Val

GAT GAA ACC
Asp Glu Thr

CAA TTT
Gln Phe

AAT
Asn

ACT TAT
Thr Tyr

GAT
Asp

ACT TTG GCT
Thr Leu Ala

TAT CCA
Tyr Pro

ACA
Thr

AAT AAT
Asn Asn

TTC
Phe

GTT GTT
Val val

CGG
Arg

AAT AAT
Asn Asn

AAT
Asn

GTT GTT
Yal Val

ATT
Ile

GAG CTA
Glu Leu

ACT
Thr

GAT ACC
Asp Thr

ATT
Ile

GCG CTT
Ala Leu

GAA
Glu

AAT GAA GTT
Asn Glu Vval

GCC CCT
Ala Pro

CAA
Gln

AAA GGT GCT
Lys Gly Ala

GAT ACT TAT
Asp Thr Tyr

GTT GTT AAA
Val Val Lys

GCT TAC CAA
Ala Tyr Gln

ccc
Pro

GTT
Val

GAT
Asp

AAG
Lys

ACG
Thr

GAG
Glu

CAA
Gin

TTT
Phe

AAC
Asn

AAG
Lys

ACT
Thr

CcCT
Pro

AAT
Asn

LACG
Thr

GTG
Val

ACG
Thr

GTG
Val

TAT
Tyr

GAT
Asp

TGG
Trp

CAA
Gln

TTG
Leu

ACT
Thr

GAA
Glu

TTC
Phe

GTC
Val

AAA
Lys

ATT
Ile

Pro

ACA
Thr

GAG
Glu

CAG
Gln

CCG
Pro

CCA
Pro

CCA
Pro

GAT
Asp

AAA
Lys

GAT
Asp

TTC
Phe

TCC
Ser

GAA
Glu

GCA
Ala

TTT
Phe

GTC
Val

CTC
Leu

ACA
Thr

ATT
Ile

GGT
Gly

GAT
Asp

AAA
Lys

CGT
Arg

GGT
Gly

ATT
Ile

CAA
Gln

AAA
Lys

CaA
Gln

GAC
Asp

Thr

[ofele]
Pro

CCA
Pro

GCA
Ala

TTG
Leu

CCG
Pro

ACT
Thr

CTT
Leu

CTA
Leu

ATT
Ile

CAG
Gln

TTT
Phe

GCT
Ala

ACT
Thr

AAT
Asn

GGA
Gly

ACA
Thr

ACT
Thr

AAA
Lys

AAA
Lys

TTG
Leu

GGA
Gly

CAG
Gln

GTT
Val

AGA
Arg

ATT
Ile

ACT
Thr

ATG
Met

TTT
Phe

Pro

CCG
Pro

AGC
Ser

GAG
Glu

GAG
Glu

ACA
Thr

TAT
Tyr

CCA
Pro

GCT
Ala

AAT
Asn

CTG
Leu

GTC
Val

ACA
Thr

AAT

Asn

GCT
Ala

CAA
Glin

GTC
Val

CCT
Pro

CCa
Pro

ACA
Thr

GAT
Asp

TTT
Phe

GAT
Asp

AGT
Ser

GAT
Asp

TTC
Phe

GGA
Gly

GGA
Gly

GGT
Gly

27

Pro

ACC
Thr

TAT
Tyr

CCA
Pro

CCA
Pro

CCa
Pro

GAG
Glu

ACA
Thr

GTT
Val

ATT
Ile

AAG
Lys

TG
Leu

AAA
Lys

ACA
Thr

GAT
Asp

GTT
Val

AAT
Asn

GGT
Gly

ACT
Thr

GTT
Val

CAA
Gln

TAC
Tyr

TTA
Leu

GTG
Val

GTT
Val

CGT
Arg

ATT
Ile

CAA
Gln

AAT
Asn

Thr

TAT
Tyr

GAA
Glu

AAT
Asn

GCA
Ala

ACA
Thr

GTT
Val

CCT
Pro

CAG
Gln

GAC
Asp

ACA
Thr

GTA
val

GCT
Ala

GTC
Val

TTG
Leu

CTT
Leu

GAT
Asp

AAA
Lys

AAG
Lys

CTT
Leu

TAT
Tyr

TAT
Tyr

GTG
Val

GAT
Asp

CTT
Leu

GCC
Ala

GAT
Asp

ACA
Thr

GGT

Gly

P-1
I:GAG CCA ACA CCG CCG ACA AGG ACA CCG
Glu

Arg Thr Pro

GAA ACA GAA
Glu Thr Glu

pP-
GCA|GAG CCA
Ala|Glu Pro

AAA CCC
Lys Pro

ACA
Thr

CCT GTT GAG
Pro Yal Glu

CCA GAT
Pro Asp

CAA
Gln

ATT CCA
Ile Pro

ACA
Thr

CCA TCT GAT
Pro Ser Asp

CCG CAG
Pro Gln

GTT
Val

AGA ACT
Arg Thr

TTG
Leu

GCA GAT
Ala Asp

CTC
Leu

GAT CCC
Asp Pro

CTG
Leu

GCA AGC
Ala Ser

CcCT
Pro

ACC TTC
Thr Phe

AAG
Lys

ACT AAG
Thr Lys

TCA
Ser

AAT GAT GGC
Asn Asp Gly

GCT TAT
Ala Tyr

GGC
Gly

CCA AAT
Pro Asn

GAT
Asp

GTT AAT
Val Asn

AAA
Lys

GCC GGT
Ala Gly

TCA
Ser

AAA AAC
Lys Asn

GAC
Asp

GAT
Asp

GTA GAT
Val Asp

AAG ATT
Lys Ile

ACA
Thr

ACT
Thr

AAT TAT
Asn Tyr

TCT AAG
Ser Lys

GCA
Ala

CCA
Pro

GAT AAT
Asp Asn

TTG AAG
Leu Lys

ATT
Ile

GGC GGC
Gly Gly

AGT
Ser

TAT GCA TCA
Tyr Ala Ser

GAT
Asp

AAG
Lys

ACA
Thr

[ofef¢}
Pro

CCA
Pro

CCA
Pro

CCG
Pro

CCA
Pro

AAC
Asn

GTG
Val

CcCT
Pro

CCA
Pro

GGC
Gly

GCA
Ala

GTG
Yal

GCA
Ala

ATT
Ile

CCA
Pro

AAC
Asn

ACG
Thr

cGe
Arg

TAT
Tyr

GAT
Asp

AAT
Asn

GGA
Gly

AGA
Arg

GTA
Val

TAT
Tyr

AAT
Asn

CAA
Gln

CCG
Pro

CCG
Pro

CCG
Pro

AGC
Ser

GAA
Glu

cCaG
Pro

ACT
Thr

AAA
Lys

GCT
Ala

GCT
Ala

TCT
Ser

TIT
Phe

ACT
Thr

GCA
Ala

ACT
Thr

AAA
Lys

GAT
Asp

GAA
Glu

AAT
Asn

TCT
Ser

CCaA
Pro

GCT
Ala

CTT
Leu

ATT
Ile

GAA
Glu

TCA
Ser

GAA
Glu

ATC
Ile

3166
989

3214
1005

3262
1021

3310
1037

3358
1053

3406
1069

3454
1085

3502
1101

3550
1117

3598
1133

3646
1149

3694
1165

3742
1181

3790
1197

3838
1213

3886
1229

3934
1245

3982
1261

4030
1277

4078
1293

4126
1309

4174
1325



4175
1326

4223
1342

4271
1358

4319
1374

4367
1390

4415
1406

4463
1422

4511
1438

4559
1454

4607
1470

4655
1486

4703
1502

4751
1518

4799
1534

4847
1550

4895
1566
4943
4991
5039

5087

5135

GTT ATC AAT
Yal Ile Asn

ACA CTT GAT
Thr Leu Asp

CTT AAT ACA
Leu Asn Thr

AAT CAC TCA
Asn His Ser

CAA ACA GGA
Gln Thr Gly

GAT ATC ACT
Asp Ile Thr

ACT CAG TAT
Thr Gln Tyr

ATT AAG TTC
Ile Lys Phe

TTC CAA GCT
Phe Gln Ala

TTT GAA AAT
Phe Glu Asn

AAT ACA GTG
Asn Thr VYal

CCG CAA GAT
Pro Gln Asp

CCT CAA TCA
Pro Gln Ser

AAT ACG GGA
Asn Thr Gly

GGC TTA GTT
Gly Leu Val

"TGA CAG CAT

Aok

AAA TCA CAG
AAT AAC TAG
AE& AAT ATC
TTT AAC TAT

ATT ACT AAC

AAT
Asn

CCG
Pro

GTC
Yal

GAA
Glu

GAT
Asp

CTT
Leu

ACG
Thr

AAG
Lys

GAA
Glu

ACC
Thr

AAA
Lys

CCA
Pro

ACT
Thr

GTA
val

ACT
Thr
AGA
ATT
cCcT
ATT

CIT

GTT

GTT
Yal

GCT
Ala

TTT
Phe

GAA
Glu

CAC
His

AAA
Lys

ACA
Thr

GAA
Glu

AGT
Ser

TAT
Tyr

ACA
Thr

TCA
Ser

GCT
Ala

ACA
Thr

AGT
Ser
CAT

GAG

ATC

CCT
Pro

GAT
Asp

AAT
Asn

CTC
Leu

TAT
Tyr

AAC
Asn

GCG
Ala

GCC
Ala

TAT
Tyr

ATT
Ile

ACT
Thr

TCA
Ser

TAT
Tyr

AAC
Asn

TTT
Phe
TAC

CTT

TTT

AAG
Lys

ACA
Thr

TAC
Tyr

TTT
Phe

ACT
Thr

GGT
Gly

GAA
Glu

TTT
Phe

ATC
Ile

AAT
Asn

ACT
Thr

CCG
Pro

‘CAG
Gln

AAT
Asn

AGT
Ser
ATT

TTA

GTT

AAC CAA TTT
- —

TCT TAA AGA

TGA TAA GGT

ATT AAC
Ile Asn

AAT AAT
Asn Asn

CGT TTG
Arg Leu

GAA TAC
Glu Tyr

GGT CAG
Gly Glin

GTT ATT
Yal Ile

GTT GAT
Val Asp

CTG CGT
Leu Arg

CAA ATG
Gln Met

ACT GTC
Thr Val

CCT GAG
Pro Glu

CGG ACT

-Arg Thr

CCA AGC
Pro Ser

GCT TAT
Ala Tyr

TTG CTT
Leu Leu
AGA ATT
TCT CAT
CTA TTA
TAG CAA
AAA AAT

ACT TCG

cCT
Pro

GTT
Yal

ATT
Ile

AAT
Asn

TAT
Tyr

ATC
Ile

ACC
Thr

TCT
Ser

AAA
Lys

AAT
Asn

GAT
Asp

TCA
Ser

TCT
Ser

ATG
Met

GGT

Gly

AAA

T

AAA

AAC

GCT

CAC

AAG
Lys

GAT
Asp

GGT
Gly

TTC
Phe

AAA
Lys

AAG
Lys

ACT
Thr

GTT
Yal

CGT
Arg

GGG
Gly

CCT
Pro

ACT
Thr

GTT
Yal

CCT
Pro

TTA

Leu

AAG

TTG

AAA

GAT

ATA

TGC

AAA
Lys

GGT
Gly

GGC

Gly

TAT
Tyr

GTT
Val

TCA
Ser

AAA
Lys

TCA
Ser

ATT
Ile

GTA
Val

GCA
Ala

GTA
Val

CAA
Gln

TTA
Leu

AAG

Lys

TGA

ATT

CAG

CAT

ATA

CTT

GAT
Asp

CAG
Gln

ATT
Ile

GAT
Asp

TTT
Phe

GGT
Gly

GGT
Gly

ATT
Ile

GCG
Ala

ACT
Thr

GAC
Asp

ATT
Ile

GAA
Glu

CTT
Leu

GCT

Ala

GAT

AAT

TTA

TTA

TTT

GTG
Val

ACT
Thr

ATC
Ile

GAT
Asp

GCC
Ala

ACT
Thr

GCT
Ala

"GAT

Asp

GTT
Yal

TAC
Tyr

CCT
Pro

ATC
Ile

ACA
Thr

GGT
Gly

AAG
Lys

AGA

TAA

ACC
Thr

ATT
ile

CCT
Pro

TAT
Tyr

AAG
Lys

GAG
Glu

ATC
Ile

TCA
Ser

GGT
Gly

AGT
Ser

ACT
Thr

TAC
Tyr

TTA
Leu

ATT
Ile

AAA
Lys

AGC

AAG

TTA
Leu

CCA
Pro

GCA
Ala

GAT
Asp

GTT
Val

TTA
Leu

ACA
Thr

GCC
Ala

ACT
Thr

TCA
Ser

GAT
Asp

AAA
Lys

CCA
Pro

ATT
Ile

GAT
Asp

GAT

AGA

TGC TTA AAT

GTG TGA GTT

TAG TTG CAC

K8 pac BIEFOEEERFEEFRMLHEEEESND T I )BT,
TH-35¢—10RTOE~—4—-EEIDLNBEHERY,
T# SD i Shine-Dalgarno EE¥[*", KHIEZY VFI~RT
FrOYMTBELEX O DNVE.
AvaCrUz (A1, -2, -3 BXU P-1, -2, -3 ).,
3’ THOA—Ix—¥—-BEFEEAITRUE,

2

8

2DODEUL RS VIR

4222
1341

4270
1357

4318
1373

4366
1389

4414
1405

4462
1421

4510
1437

4558
1453

4606
1469

4654
1485

4702
1501

4750
1517

4798
1533

4846
1549

4894

1565

4942

49930

5038

5086

5134



PAc OERTY I VBB Oy b (K9 ) M5 PAc T
9 FOEEURE (K9 ; A1, A-2, A3 BXT P-1, P2,
P-3 )MEETHZLAREShE, 0L N KBAIICHEEL, 82
FIIMALRBEBERND 3 DHATNIEEILRE (A&
BURALY, R10A), ZCOBEDRHIE. BR7 I OBEDS
BEICT7SoUNSNETHE, ABEBEURNAS Ve FDERE
( Ala-157 25 Ala-488 )CRAT I JBOI BT I U » 32%
EESHTWE, 5, Chou & Fasman D FED ICkB L. A
BURALY 2EL PAc OB 4 4D 1 k. a-~NUv T XEE
EMAHEBDBNT S VERED T NVE I VBEENS L, BER
2iCa- NV ABBEERH->TWHEHESNE,

AEDHOBIE UBEIRX PAc o C RWRIFY ICHEEL E.
ZHhIZ 39 TIBMALELMEN 2.5 BAUATNELELSN
£ ( PBEURALY, K10B). PEELRALY EZONE

A

1565

R9 PAc 7 IMEFIOMEEETDY b, M, HimL v PAc
07 I )BRY., BFR7IVBEREY. L0807 IVH
D>HEM—HTIERICAMADIS.

29



£ ( Pro-835 »% Pro-985 ) TR L7 IJEO>HL U A 30
% B THE, PAc @ C KBENCH T 1Y VOB W IHEEBNE

2L ( Pro-1,493 »% Pro-1,508 ), 16 BED>H 6 EHA T

VYTHolz,

Al 219 TNAANQAAYQKALAAYQAELKRVQEANAAAKAAYDTAVAANNAKNTEIAA

A2 301 ANAANEADYQAKLTAYQTELARVQKANADAKATYEAAVAANNAKNAALTA

383 ANAANEADYQAKLTAYQTELARVQKANADAKAAYEAAVAANNAANAALTA

. —HTA7I I BOYE
269 ANEEIRKRNATAKAEYETKLAQYQAELKRVQE

sz o33 ozIozrosoiroso: 43/82
351 ENTAIKQRNENAKATYEAALKQYEADLAAVKK
it osrogsTozivotovoiis oL 69/82
433 ENTAIKKRNADAKADYEAKLAKYQADLAKYQK
B
P1 867 EPTPPTRTPOQAEPNKPTPPTYETEKPLEPAPVEPSYEA
B R R L R 39/39
P2 906 EPTPPTRTPDQAEPNKPTPPTYETEKPLEPAPVEPSYEA
TIIsorosiss oIz ossre 19/23

P3 945 EPTPPTPTPDQPEPNKPYEPTYE

M10 HEUFASvFORUBEDE, A, A BEUFAA
YiB, PEEURNAL Y, EROBFRT I ) BMEREAK.

PAc @ BT OV FOERARL1ITHS, ZORNS, N
Kl L C KWBOMHICBKEDBNWEEAH D Z ALY
Fo ZMDBH, N RWMEOBUKMEERIEY VF IR TF FICHS
LT, C EREOERIZ, JRYREO Jarfr A2 %
ABELUYREO N A A2 LB, 2V AYHERERRC
BETBHBT7YH-LUTOBERHDZ EEZLND,
EERFIDSHEESNE PAc 07 I JBEM%E S. nutans
Ingbritt Bk» % Forester H22 MR UZ PL #iE ( PAc &[H

—?{tiﬁi) DEFhERBELEEZ A, PAc DEET I JEBRHEMIL PL
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NDENEERW—BERUE (F1).
DEDHEREELEHT PAc OEEEETNVELEDDER 1T 2
IKRUE,

L TRy
%!
>
&

LU
P =

4

o4
-
87

wawmfhmwﬂqﬁwa wMJW ‘W q.AﬂWMﬁM&

259 3ée 18

T X OB

EM !W’W\\[ﬁﬂ\f\k/ ,wM ........ | T ..............................

K11 PAc O—RKBEIOLHEEINHHAKME. Kyte &

Doolittle OFEV ICK Y, PAc OBKHEETOY MU
7. Index WBAKMHEDHKE, 52X HHAKET—D
Ay b HEKE,
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£1 Phc D7 I JREER

BIEBCTI A SHEE U PAc

73K PrepAc? MatPAC? MM Pl B
(mol %)
Gly 4.60 4.45 5.6
Ala 12.33 12.31 12.0
val 6.96 6.75 5.6
Leu 5.37 5.37 4.9
Ile 3.96 3.99 3.4
Ser 5.11 5.04 6.4
Thr 9.58 9.63 8.7
Cys 0.06 0.00 0
Met 0.89 0.85 1.0
Asx 13.55 13.88 13.4
Glx 11.37 11.60 13.0
Arg 1.98 1.96 1.9
Lys 9.20 8.97 8.8
His 1 0.70 0.72 1.0
Phe 2.36 2.29 2.3
Tyr 5.05 5.11 4.5
Trp 0.51 0.52 -d
Pro 6.39 6.55 6.6
ca. YYTFUMRIFREED PAc WK
b. M PAc
c. Forester H2P DFHEI D
d. mERU
o- helix

Alanine-rich (32%)

VIFNRTFR A REURALY

Proline-rich (30%) PEREURNAALY

7V —
g

K12 PAc OBBEET I, PAc i 1,565 O7 I VEERKXUYEY .,
DFROERMEIX 170,773 Lir b,
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8. PAc RIBEEDIER & 7 OE KB KM

PAc A S. mutans DEEBKIEIICEE L TH2DHE D2 %
BMITHEDIC, PAc RRBIDEREKEERLE, J 00—V
JUF pac BaFORHAIC En- BIEFEHAL. ZThi S
mutans MT8148 HRICHEBRRTEALZ (K1 3) ., BHhE En”
B, X 0BR, BE{Kk DNA Lo pac BIEFOARFIC EnT
BLEFMEAZIHTEY, PAc @ N KWBICHYTH0FEWN 6
FORRERRINRTF REEETBICBER, BOhEEERK

.8 P PBg P Bg P
pPC4l ol —= ~p

pPCI2

MT8_I48 Rk DNA

-

in” WRERE

®13 =UznovdyyvEERET ( B ) OFAKL LS pac
WETFOERE PAc RAKOMER. Enm 2a-F¥5
1.8 kb o BamHI HFfH % pPC12 @ BgllIl BAICHEAU
v WRUETI A3 FE Pst] CYHFL. §. nutans
MTS148 BRICTHRIEHU 72, BB/ BRI UK=Y 2
He 4y VRt UCERE N, B35, B Bankl:
Bg, Bglll; P, Pstl; S, Sacl.
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DI, 2 Bk ( PAcEm-2 BX U PAcEm-3 )&FEY, HHF U NAL T
DHEAE—-2ayTHREEK DNA FIIC En” BEFAFAZHATNHS
ZLEENDE (R14), 20 2 BOBEERBKEEATFHTH
VETRHEUEERER2ICRY, PAcEm-2, PAcEm-3 ¥R E &
BKHE Wehd MT8148 BRE AR TESH TEVLZ EDHL M

Ehiz,

SR
(kb) 123

23 -
9.4 -
6.7 -

L4 -

2.3-
22-°

K14 PAc RIBBEICH T 581K DNA 2200))
En" BEFOBRE, etk DNA %
EcoRI CHIMFL. 1.8 kb En" BETF &
P TEBLUTHF Y Toy b3 HEFo -,
1, S. mutans MT8148 #: : 2. PAcEm-2 % ;
3. PAcEm-3 .

#2 xVvzanvAVUVHEREFHEAKLLS

2y N7 EIRERBEOBKYE
%% W RBUK M
AFHFhYANDOEER (%)
MT8148 29.5 + 3.6
‘PAcEm-2 4.9 + 1.5
7.1+ 2.7

PAcEm-3

B 3 ml ICATYTHY 0.3 ml X,
BNWVTFY I AIXFY-—CTERMULE, BERfi#ED
BHBEOBXEDEISAIYTFHUVBICREI N
BHoH& RO, BEH - FHE + SD,
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£ g3

S. mutans OB TRE VAV EHE PAc D& ERHT 2
DI, ThEra—-RFT38EEFOI0 U7 &fi>k, BUHIK
pua—=v Uk Pstl Bikkaogo=-NATJVHEAE-aryT
Yra—=v Uk Sacl Wi 2&EL T, BREMIC 7.5 kb DL
% pac WETEEL DN 20— 75562 8MNTCEE, 1.5
kb EWD EBREVWERTOES., 70— JOMHIC DNA #f
FO—BPRET BB H o=, T2 T, NT8148 Bk B (A
DNA & pPC4l HBEOHIBEBERTYML., YFINSTUFT A E
—YayTlhD NA iFORS BB LE, ZOKR. S8
DEXCERIDONE, yO—=0 7 ULBRETICRER LIS
nweRmIht,

pac WETF W B coli HTHRBE L. SDS-PAGE EToH TR
S. mutans B3R PAc XU FEFREWHE ( Coli PAc )EEAL
7. Coli PAc OHBEHAFFEMIE S. nutans B3 D PAc LU
THHZEN, FIVARBRIETREhE, ShHOFERS IO —
VI UEREBFARERDDTHBHZ L EXZFL TS, Coli
PAc O SDS-PAGE L4 FEM S. mutans DIFFEEFEM HHERU
E Phc MEREYBETFAZNEEE UT, S. nutans @ PAc A
S. mutans BEHOTOF 7 —HILE Y VT F VAT F ROBIRRE
Foo vty T EZTTCnBZEeEREILLNS, £/, Coli
PAc MDAV ISNVEINY KA SDS-PAGE +C¢ EEKREEhBd LD
EEAERIEX, Coli PAc %k E. coli T usy7—EiLEH-T
MOFOTaty T ERTTCNBILERBLTNS, 5,
E. coli MEATHMBI ANV HEM SDS-PAGE ETEBDONY
RERTHIZ. ABUVYYEREO N 2RI BRETEHRESINT
AR RN

Lee B°2 3 Z < &, S. mutans NG5 £k (MR ¢ ) »5 Pl
B ( PAc LRA—VIE) OBMLETF ( spaPl )2 —=vFUE .
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pa—=vH¥ U7 DNAWIFOEEW 5.2 kb THY, BERT S
BEosyFEIE SDS-PAGE £ 185,000 2% 160,000 {ChHE->Th
. E7. FURMBERIGTIE. S. mutans B3RO P1 ( PAc )&
HDEPBRMD ZANR—-E2HEL, REFHNREELSADTIICERRDE
BRTNWB, BB, HHOD spaPl BEFOHIRERTIMHK %
pac EETF OFhE BT 5 & HindlIT A —EFTR R 5 M
BEIL T E,

¥y Toy MFOER (R7) »5 ., pac RIZF L HEHED
HEHBEEFE c Bofs, e e f o 5. mutans KHEETH
ERYMoE, FVARERIGRETE o/e/f B S. mutans OF
DNFE2 VNV EHIE ( PAc/e/f )ik d/g Bl S. sobrinus O
PAd/g ERERIST B2 EAMBATNEY 29 UL, KiF
BOLIBRBEINATVEAL -V ar&BET (8% LED
HREEASRZREZNS) TR, ZhdORIZFOMFEEZRS
Shihoi, Holt » °» X, S. sobrinus 6715 # ( g )
POHTE 21 Fo2 VS EHFKE ( Spah )EEFOI -V
TEFO, ZORGTFEHEEHEOD 2BE T d/g B
S. sobrinus ICHEETHEHE UL, EHIC, BE, BHELE
S. sobrinus MT3791 # (M g ) M HRAUELFRIVNVE
i ( PAg ) ®a—R$BHEETF ( pag ) B2 a—=v U,
pacBin P DM RSB ICHEULSREF LE, EhiCK D L. pag
BEFRAFRLBEUEE T TR pac BEFENSITUEAL XU
O, 65% REOHFEMTHERBTE 3 XD REF T TEHY
BASENATUF L ZUEEDD ( BES, KEE) . 2hbn
DFERIE S. mutans PAc & S. sobrinus PAg OBIEFLANNTO
HEMRZIZEELS BWIEETRRTEZIDDTH S,

»u—=v Uk pac BIinFNHEIKES % Sanger OV T A F
VY TCIRELE, FOBEBE. 4,695 bp AL REA-T U -
FAUT TV —LDOFENREShE, TSN, 2RV E %
a—KRUY% A—TF) —FAUTI7V-LERETERMDE ,
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Z0 pac BIZFIX 1,565 PIJBAIBHLRBLHSFE 170,773 0 4
VIVHEEI-FTS, 2O N KD Met-1 25 Ala-36 F Tlt.
CHETHESNEMD Y I LBHEOY T FVARTF Y DK
DEDIBREEH. Thbd N KRROBEEEY I ) BICK < BK#E
7 I)BOBRIMNEELY . £, YV A MCT I UMEE
MMgHEVOIHREEFBLTHE, BT, TIJBRY—V TR
—2—i{C&k% S. mutans PAc @ N K7 I VBEFNRED #E
YbZOMET IBEF EZFLTWE, PAc BV T FURTF
REFHEHO>Z LT, PAc DPWEBIA Y NRNIETHBHZLERLTNS,
VYFIWRTF RN ENEZROBRR LRI TROS FEIE
166,817 L BHHiahi=,

BRI KRDHE PAc OF& ( 166,817 ) iX, SDS-PAGE
£ Coli PAc 48 ( 210,000 — 190,000 ) kY 21% —
14% v/hahok, FHFROFTRE A BLUVYREO X 20\
P CHVVTRED Jur/Y ¢ THEZTHhTNHS,
Hollingshead »*® ik, M6 2 VNNV OEEBRIAISORHEHLFE
( 48,956 ) i& SDS-PAGE AHR&EHFFE ( 57.000 )k Y 17%
INERHEERELTWS, BHER M 220 C XHBEIICH S
B0V YEEEBOBEELCE S 22— 7 RIIKEED SDS-
PAGE FCEBE%252ZBFERTCIEEVWHAEEIL TS, £, Guss
559 HIFARFALRDE ToF LY 6 oHFE ( 51,871 )
M SDS-PAGE 4> F& ( 67,000 ) XV 23% G/ hxnze %
RHELTWS, vk, CORRLELTE OV VEFEHEBD
FECEELTWS, PAc OBELE OV VEFHRK ( P-HRE
URAAY) BEETHOT, BEEFIDHRDESFRE SDS-
PAGE EpZhbtmENWIZDEDI»B LhBRN, 2, BAKHEY
IVBTHDTI=UNZVEBBEUER ( A BEURAL D) N
FETHZ2LH. SDS-PAGE LS FREERBEOHOENEND
BEOOEDEEZIBNS,

WIFHICUTH, SDS-PAGE EOSFEMNLT U EEOSF&E
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EEBCEKBLUTWSHDTERENWZ L, fnZ RV ETHH
HEEhTW3E, TOF7—ELA I -DOEDTHDHINIINX
2F v DEBERIMORDONESFREIZ 77,000 LEE X BH M,

SDS-PAGE ECik4rFE 110,000 O BICWkEIEh 35, 20
b, TOVYPBETYI VBOESENS N EMBHBE U TET
S5hTn5d°9,

Forester %22 X PAc % SDS-PAGE #. 8=V %P - Schiff
etk T PAc WP ENBZEND, PAc ZEAUNIETH S
EBABUTNWD, 2ZOMRETHEUE PAc b, BOWHOHER .
% OBEEETDZENRENATHS, UAL, BXOERIZE
A KR - Schiff PaETIIYEME N T | Forester HDHERI
BRENATHRNY (KES, RBK) . U, PAc PEEHEEET S
AVNVETHBES, EROFTROEROES O —HBIXEHRD
FELELCFETHZENTE LD,

7 I )BESIOIFHS . PAc ICIE 2 DR UEBNEES
B eraEhz, NRKEHD A-BEURAALICR7S =N
%<, RRED PHEELUNAS VICE T o) Ao, Chou
& Fasman OFE' P CLB_RBEDHEICESE, A-BEUFR
AL VEED N RBARIEERER e —NU Y I ABETHH 7= .
=NV 2BEEOOPEI NV EOREREN LD DIIT A B
VYHRED M 2RI TH3°”, N 27 TE N Kuflo
#1008 Ha— "NV 2BETHD DB, M AV
DEEDD EDIC, BXNSEMEAMRICE 5 ARIERNLDINBH
RIEEAMNBITOH B, VI )BT LWL PAc & M A7 O
MUICHEMEEZD RN, €558 N REfliXAa -~V vy
ZBERLDEZADPLERBE, PAic KHEMBEOBMEEICH T
HERAAH D0 ENR,  EEEIC, Scully ', PAc &
R BIMMBNBELEMIRIC & B S. mutans ORFEF & (BAET
BEHMELTNS,

PAc @ C REMOEEICH, N 2Ry, ToF4Y G T
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FORED TusrAr A LOXBENTDONE, $§8DB, T
OUYOZWWPMERE ETNICKE S BHKEHFEETHS, N 2N
7Tk, C BRloE oy vEREMBEDORTF KTV A Y
BICAYZATWBEZERBEESH TS, Uhlen H° %,
C KmBloBT o) VHEEMNA Y INYE % MPABED & AW & ICELT
THBEDICHERDOTRBENVWAERRTNSD, PAc @ C KumfH

( Pro-1493 »% Pro-1544 )b Z DL I BB EFH> T 5 7R
MraKEWEBDbhS, £, B0 U HEBICEK < BBRKEFRER
M AR, a4 66X TuarM4y A TRBREHATHS
DR, AVNRNVERBRICEEST 7V h—HRLAREHhD
500.39 kDT, PAc OEEICIK. M AUNRY ® Jno
FA4Y G EEARERESRROS BN, 7 I ) BES EoMEEE
B AELRDOhEo)E,

S. mutans DRBHEERFEEFIE A7 10— 205 NEEREE
TNWhy 2E&HMT 58FE GTase THDHV ", 5. mutans &5
SHOFRICAI/ O —ANBEREHOOG EDIE, A7 10— 2N
GTase NEHTHBDENWOIEEICK SV, £, GTase ERBU
7= S. mutans ZELE, DBMEEMET LTS ZLHHLHNT
n5%9 . —%., PAc OIRBERTEULTHORENX, GTase XL
BT nn, ZOEBOD LD, PAc OFFED,. EIC.

S. mutans B{A LT (XU V) EOMEEERICKE WM EC
BEXHATBY'Y | 20#0. RBEET VAV ICK BREIRMTE
REOBREICEEb->THhWRNWEDHLEDNS,

£ 2 AT, S. mutans (KBRS, DEEMEAHEICES S 55K
CREEABKESRERREEREETEVWOBEDV S OVEEY
58, 2Z2C, AIRTIE, Y O0—=y ¥ Uk pac B FEFH
UT. PAc BRIEUE S. mutans BRBHEEFERL. T OEEKBK
MEFERE (£2) ., 2OHE. PAc RIEEZEKRTE. HEBK
HAESMET U CWE, BEREFIFHICERUKE PAc RIBE
BEETIX, PAc BUNOHEBEIRELER2NWEARULBZDT, 20K
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Ri&. PAc A S. mutans OEEBEAKECEHDbo T2 LR XY
BEEMICRUEDDEWR S, Westergren & Olsson ®V ik, &
RBKENMETUZ S. nutans ZEK T, BEEHEELENA
Faxy 7R84 bAOBREREN. BIEKY BHBECETLTHS
ZEEHRELTHD, ZhHDFERML . PAc PEEBKE E N
UT S. mutans OEEANDNPAMBICEE LU TWH LHRTHZ
EHARETH A D, KR T, PAc REHRIC O\ THEIKEKME
FREUEDN. PAc OWERF LU TOREDPBAKMELZ T THHA
AIEEANEMINHATH S, PAc DREE—BHOAIICTHEDIC
b, ZZTChELBNE PAc RBEOHEEEZ2SHICHFUIHRT S
ERNRETHELEEILNIS,

BUBHICHRRZLDIC, PAc ICRI>BRD VI F LU TOFEEH
REX BHTWNS, Curtiss 52 i, S. sobrinus ¢ spal &
EFEREMORZELUE Salmonella ZEBKFTREXHE, DHIC
MNEBSROED I F UV EUTHATAIMRERABLTHWS., ZOR
AREDEDBHEERBET NI, SEOBMEELFOEIM RN,
AR TIrO—= vV Ehi pac BEFICOVWTHHEU LI BIG
AIEXAETHAD, £, pac BEEFOTIE— 4 —HEEHEL
TKEOD PAic 2EATHERKEBLHZLDVETHS., BHH
PAc 2 KBRICHEZZLEMNTENIE, PAc ZHWEDIHMOU IV F VD
AR —ENEZHh D EHEFENh 5,
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Gl

SPEH D Y ERE S. mutans MT8148 # (MEE! ¢ ) OHKER
BESTFRAIVNAVETE ( PAc Y OBREFIO—=V T 52T,
RS 7 0—=Y 7 Uk pac BEFE E. coli WTRRLU,
SDS-PAGE £ S. mutans HIR () PAc L UHFRDODDAE N
VSVHE ( Coli PAc ) 2EFEAUE., Z0d Coli PAc DREFH
BEFE S nutans MK PAc LE—TH 52 LAY LALER
ECHEMDDIE, pac BIEFOM 1.5 kb DNA BFF %5 11 —
FEUT, S. mutans 2SVNLDODD DL VY RE ORIk
DNA Uy rTuy haEfr>e, MEE c/e/f KBTS
S. mutans @ DNA WAz F o —F L RKIGL. S. sobrinus ¥
oL HERED NA LREIGL BRI 5 E,

EERTIREDHE. pac BETFIX 4.695 bp BB Y,
1,565 D7 I B, $hbb, 78R 170,773 DA VNV E*%
- RUTWBZENELMCR S, PAc OREHELT, 1) ¥
FFNARTF FEFIERED, 2) N KEECTI= 5880
( 32% ) BEUBENHS, 3) & C KmFY Loy e2%
&t ( 30% ) MEUHEENDH B, 4) N KRBT KIS a-~V
VY AEEESTNS, ZLRENPEBMER>E,  SDS-PAGE
AHEESTFR (190,000 ) LEERFH B RHES TR
(170,713 YepBENWE, BROEEUBELE 0V VHEBOE
FECES A=~ I RIEEECEZDDLEEILNS,

BEFTHIC S. mutans MT8148 k5 PAc KBHk % PEELL
o COEERBKOBEERBAKEEAIYTH UV ETHEKELET D L,
EEEOBUKMEEBERCHARTEUSETUTHSZEARHEL IS

BLoJ.

BERIBICHEY ., ARICH U TR TEREEY L MK
FIHE E ULEY PHEETAEFEEHEBERE L EHER D T
41



ICABRAFERFREALERERICOIOBRBOEERERELES, £,
BEF/7O—= v 7BRHCOOWTHEHBICOEYEHERESHEEUE
HEAZREEMRFTHEFRRABS/INBZNMEE RS CICE/IIT2
BIEBRICESBAEBLUET., MAT, Bx@lphrEE EULEE
NP B A R R BHE AT O B kR & B R S E B U 50 M B
RO ERICELS BILBLLET X,
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Molecular Cloning and Sequencing of a Surface Protein Antigen
Gene from Serotype c Streptococcus mutans

Nobuo Okahashi

Department of Dental Research, National Institute of Health
2-10-35, Kamiosaki, Shinagawa-ku, Tokyo 141, Japan
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The structural gene for a surface protein antigen (PAc) of

Streptococcus mutans MT8148 (serotype c) was cloned into the
plasmid vector pUC118. SDS-polyacrylamide gel electrophoresis
and Western immunoblot showed that the E. coli harboring the
chimeric plasmid produced multiple polypeptides of 190,000 to
210,000 daltons (D). Immunodiffusion analysis revealed that the
cloned PAc had the same specific determinants as the S. mutans
PAc. The cloned pac gene was mapped, and its transcriptional
orientation.was determined by characterizing deletion mutants of
the chimeric plasmid. Southern blot analysis with the cloned
gene sequence as a probe revealed the presence of a homologous
sequence in DNAs from serotypes e and f S. mutans. The complete
nucleotide sequence of the pac gene was determined. The gene
consisted of 4,695 bp and coded for a 170,773 D protein. The pac
gene product contained a putative 38-amino acid signal peptide.
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A potential promoter sequence and a putative Shine-Dalgarno
sequence preceded the open reading frame. Two internal repeating
amino acid sequences were present in the PAc. One repeating
region Tocated in the N-terminal region was rich in alanine, and
the other Tocated in the central region was rich in proline.
PAc-defective mutants were constructed by the insertion of an
erythromycin-resistance gene into the pac gene. Cell-surface
hydrophobicity of the mutants was lower than that of the parent
strain.
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Summary

The structural gene for a 190 kD protein antigen (PAc) of Streptococcus
mutans MT8148 (serotype c) was cloned into the plasmid vector pUC118. SDS-
polyacrylamide gel electrophoresis and Western immunoblot showed that the E.
coli harboring the chimeric plasmid produced multiple polypeptides of 190 to
210 kD. Immunodiffusion analysis revealed that the cloned PAc had the same
specific determinants as the S. mutans PAc. The cloned pac gene was mapped,
and its transcriptional orientation was determined by characterizing
deletion mutants of the chimeric plasmid. Southern blot analysis with

the cloned gene sequence as a probe revealed the presence of a homologous
sequence in DNAs from serotypes e and f S. mutans. PAc-defective mutants
were constructed by the insertion of an erythromycin-resistance gene into
the pac gene. Cell-surface hydrophobicity of the mutants was lower than

that of the parent strain.
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Introduction

Organisms of the mutans group of streptococci are composed of seven
genospecies and have been strongly implicated as causative agents of dental
caries (Coykendall and Gustafson, 1986; Hamada and Slade, 1980; Loesche,

1986). Among the mutans streptococci, serotype € Streptococcus mutans is

most frequently isolated from human dental plaque (Hamada and Slade, 1980).

Serotype ¢ S. mutans possesszvarious cell-associated antigenic substances;
much interest has been focused on a wall-associated protein of 190 kD which
has been variously designated as antigen B {R. Russell, 1979), I/II (M.
Russell et al., 1980), IF (Hughes et al., 1980) and P1 (Forester et al.,
1983). This high-molecular-weight protein antigen is produced by serotypes
e and f S. mutans as well as serotype c. This protein antigen shows
serological cross-reactivity with a protein of 210 kD named SpaA (Holt et
al., 1982) or PAg (Okahashi et al., 1986), which is produced by

Streptococcus sobrinus strains (serotypes d and g) (R. Russell, 1979).

Although the biological functions of this 190 kD protein are not well
understood, antigen I/II has been successfully used as a vaccine to protect
monkeys against dental caries (Lehner et al., 1981). In this regard, Scully
et al. (1980) reported that antiserum directed against this antigen
opsonizes S. mutans cells for phagocytosis by polymorphonuclear leukocytes.
In addition, antiserum to this antigen has been reported to block adherence
of saliva-coated hydroxyapatite in vitro (Douglas and Russell, 1984) and to

reduce colonization in vivo (Lehner et al., 1985). McBride et al. (1985)



claimed that the 190 kD protein is involved in the hydrophobic interactions
between S. mutans cells and tooth surfaces.

As an initial step to elucidate the structure and function of the 190 kD
protein antigen of S. mutans, we attempted to clone the structural gene for
this protein. In this report, we refer to the 190 kD protein antigen as PAc

(protein antigen serotype c).



Results

Cloning of the pac gene in E. coli

Fragments of PstI-digested chromosomal DNA of S. mutans MT8148 (serotype c)
were ligated into the Pstl site of pUC118. About 5000 recombinant

Escherichia coli clones were screened for reactivity with rabbit antibody

against the 190 kD protein antigen (PAc) of S. mutans MT8148 by colony
immunoassay. Six clones were positive for antigen expression. Plasmid DNAs
from these antibody-reactive clones were prepared, digested with Pstl or
other restriction enzymes, and electrophoresed on agarose gel. Restriction
endonuclease analysis revealed that all of these plasmids possessed the same
3.8 kb insert.

Western blot analysis of cell lysates showed that all the proteins
expressed by these 6 clones were 95 kD (Data not shown). The chimeric
plasmid present in one of these clones was named pPC12, and used for the

following study.

Determination of coding region and direction of transcription

The molecular weight (95 kD) of the antigen expressed by the clone
containing pPC12 was smaller than that of native PAc (190 kD). Thus, we
thought that the cloned gene was not complete. In order to clone the

remaining region, the coding region on pPC12 and the orientation was



estimated.

pPC12 DNA was digested with Sacl or HindIII, self-ligated, and then
transformed into E. coli MC1061. This self-ligation method resulted in
jsolation of some deletion mutants. The expression of antigen was analyzed
by colony immunoblot and Western immunoblot. As shown in Fig. 1, deletion
of 0.6 kb HindIII fragment of the right side of 3.8 kb inserted DNA (pPC12-
del.H) did not affect the antigen expressed. On the other hand, deletion of
the 0.7 kb SacI fragment of the left side (-del.S) resulted in the reduction
of the molecular weight of tﬁe antigen expressed.

Then, a series of unidirectional deletions of 3.8 kb insert were
constructed, and transformed into E. coli MC1061. Their plasmid DNAs were
extracted, digested with Pstl, and analyzed for the extent of deletion.

The expression of antigen was analyzed by colony immunoblot and Western
blot, and compared with the deletion map (Fig. 1). E. coli harboring
plasmid pPC12-del.1, -del.2 or -del.3 produced the antigen of 95 kD.
However, E. coli harboring pPC12-del.4, -del.5 or -del.6 did not express the
antigen. These results suggested that the cloned gene was transcribed from
near the HindIII site toward the internal Sacl site. The 3.8 kb insert
fragment appeared to contain a promoter that was functional in E. coli,
since clones containing the insert in either orientation with respect to the
lacZ gene (i.e. in either pUC118 or pUC119) produced the 95 kD protein.
Thus, the protein expressed by pPC12 was expected to be the N-terminal half
of the PAc protein.



Construction of the complete pac gene

A preliminary Southern hybridization analysis of SacI-digested S. mutans
MT8148 chromosomal DNA indicated that a single band of approximately 4 kb
hybridized with the radiolabeled 0.7 kb PstI-Sacl fragment of pPC12.
Therefore, the 0.7 kb PstI-Sacl fragment was used for the colony
hybridization to screen an E. coli library which consisted of Sacl
fragments of 3 to 5 kb from MT8148 DNA ligated into the plasmid vector
pUC118 (Fig. 2). About 300 colonies were screened, resulting in the
detection of 22 positive colonies by autoradiographic analysis. The chimeric
plasmids were isolated from these clones and shown to contain a 4.2 kb
insert. One of these plasmids (pPC31) was used for the construction of the
complete gene.

pPC31 DNA was digested with Sacl, ligated into the Sacl site of pPC12, and
transformed into E. coli MC1061. Plasmid was extracted from each
transformant, and the DNA pattern was determined by agarose electrophoresis.
Transformants harboring a plasmid with an insert of about 7.5 kb were
selected, and their expression of the PAc antigen was analyzed. Western
blot analysis revealed that about half of these clones produced the PAc
antigen of high molecular weight (190 to 210 kD). One of these chimeric
plasmid was termed pPC41. The gene was mapped with Pstl, Sacl and HindIII
on the chromosomal DNA by Southern blotting. No significant difference of
sizes of restriction fragments between chromosomal DNA and pPC41 was

detected, suggesting that the complete pac gene was constructed by this



procedure (Data not shown). The restriction map of pPC41 is shown in Fig. 3.

Immunological characterization of the recombinant PAc

Immunodiffusion tests revealed that rabbit antiserum to S. mutans PAc formed
a fused precipitin line with cell extract of E. coli MC1061 (pPC41) and
purified PAc of S. mutans MT8148. E. coli MC1061 (pUC118) extract,

on the other hand, formed no precipitin line. Cell extract of E. coli
MC1061 (pPC12), which produced N-terminal half of the PAc protein, formed

a very weak precipitin line (Data not shown).

SDS-PAGE and Western blot éna]yses of these E. coli extracts are shown in
Fig. 4. The recombinant PAc expressed by pPC41 appeared to be three
closely spaced polypeptides of 190 to 210 kD (Fig. 4, lane 3). The cell

extract of E. coli harboring pUC118 did not react with the antiserum to PAc.

Distribution of sequences homologous to the pac _gene

To determine whether sequences homologous to the pac gene were present in
other streptococcal species, hybridization studies with a specific probe
were undertaken. To generate the pac gene probe, pPC41 was digested to
completion with PstI. After electrophoresis on an agarose gel, 1.5 kb
fragment was electroeluted and 32P—]abe]ed by the nick translation method.

Based on our previous results, this 1.5 kb PstI fragment encoded the central



region of PAc (see Fig. 3).

PstI-digested chromosomal DNA preparations from various streptococci
were transferred to nitrocellulose, and hybridized. As shown in Fig. 5,
hybridization of the radiolabeled probe to a Pstl fragment from S.
mutans MT703R (serotype e) and to OMZ175 (serotype f) as well as to MT8148
(serotype c) was detected. No hybridization to PstI-digested chromosomal
DNA isolated from other strains of oral streptococci and Streptococcus
pyogenes was detected.

Insertional mutation of pac gene and cell hydrophobicity of the mutants

To determine whether the PAc is essential for the cell-surface
hydrophobicity of S. mutans, we constructed PAc-defective mutants. An
erythromycin-resistance (Emr) gene fragment was inserted into the PAc coding
region of pPC12. It was linearized by digestion with PstI, and transformed
into S. mutans MT8148 (Fig. 6). More than 90% of the resultant Em"
transformants displayed a decreased reactivity against anti-PAc serum in
enzyme-linked immunosorbent assay (ELISA). Table 1 showed the result of
ELISA for PAc of two typical transformants, PAcEm-2 and PAcEm-3. Southern
blot analysis utilizing the 1.8 kb Em" gene fragment as a probe revealed
the insertion of the Em" gene into the chromosomal DNA of these
transformants (Data not shown).

The surface hydrophobicity of these transformants was determined by their



adsorption to hexadecane. As shown in Table 1, the hydrophobicity of PAcEm-

2 and PAcEm-3 was lower than that of parent strain MT8148.
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Discussion

In the present study, a gene coding for a high-molecular-weight
protein antigen PAc of S. mutans MT8148 (serotype c) has been cloned. The
cloned PAc reacted with antiserum directed against S. mutans PAc, and
produced a fused precipitin line with S. mutans PAc in immunodiffusion test.
When produced in recombinant E. coli, the protein had a molecular weight
of 190 to 210 kD (Fig. 4). The molecular weights of multiple bands of
cloned PAc was slightly larger than that of S. mutans PAc. No clear
explanation is avai]ab]é for the multiple banding pattern of the cloned PAc
at this time. However, a similar multiple banding pattern has been
observed for the group A streptococcal M protein produced in E. coli (Scott
and Fischetti, 1983; Kehoe et al., 1985).

Genes of several other surface proteins of mutans streptococci have
been cloned by others. Holt et al. (1982) reported the cloning of a gene
coding for a high-molecular-weight protein antigen SpaA of S. sobrinus
(serotype g). However, the spaA gene expresses a polypeptide of 160 to 170
ckD, which is different from the actual molecular weight of the native SpaA
protein (210 kD). More recently, Holt and Ogundipe (1987) have cloned the
entire coding sequence for SpaA. SDS-PAGE of E. coli extracts containing
the cloned gene has shown a protein band 210 kD. Although S. sobrinus SpaA
protein is known to be immunologically related to S. mutans PAc protein
(Okahashi et al., 1986; R. Russell, 1979), the restriction maps of the two
genes of the SpaA (Holt and Ogundipe, 1987) and our PAc (Fig. 3) did not

-11-



show any correlation between the positions of the restriction sites of
BamHI, EcoRI, HindIII, Pstl and Sall. Furthermore, our Southern
hybridization analysis revealed that the pac gene did not hybridize with the
PstI-digested chromosomal DNA of S. sobrinus under the conditions employed
in this study (Fig. 5). In this regard, we have recently cloned a gene
coding for 210 kD protein antigen PAg (identical to SpaA) of a strain of
serotype g S. sobrinus. DNA hybridization experiments revealed that the
ac-specific probe did not hybridize to the pag gene under the
condition employed in this étudy. However, under the low stringency
hybridization condition'[zo% (v/v) formanide at 35°Cl, significant
hybridization was detected. These results suggested that there is low but
significant homology between pac gene and pag gene (Takahashi et al.,
unpublished data). Recently, Sommer et al. (1987) have cloned a gene coding
for saliva-interacting protein (SR) of S. mutans OMZ175 (serotype f). They
used a polyclonal antibody against SR of 74 kD (74K SR) to screen the lambda
phage library. They found that the antibody-reactive clones produce a
protein of 195 kD, and suggested that the 195 kD protein would be a
precursor of 74K SR. The molecular weight of this precursor protein is very
similar to S. mutans PAc. The restriction map of the gene for the 195 kD
precursor was different from that of the gene for PAc. Thus, the
relationship between these two proteins is unclear at present. Further work
will be needed to compare the precursor protein of the 74K SR with PAc,
since both of these proteins have been considered to be important in the

interaction between salivary component and S. mutans cells.
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Although it has been reported that PAc is a potent vaccine against dental
caries (Lehner et al., 1981), biological roles of this protein are poorly
understood. There is currently great interest in the role of cell-surface
hydrophobicity in mediating bacterial adherence to teeth and oral mucosal
surfaces (Gibbons, 1984). Thus, we have constructed structural gene mutants
by using an erythromycin-resistance gene, and then examined their
hydrophobicity. As shown in Table 1, the hydrophobicity of the PAc-
defective mutants were lower than that of the parent strain. This finding
indicates that the PAc takes'part in surface hydrophobocity of S. mutans.
Other properties of the PAc-defective mutants are now under investigation.

The nucleotide sequence of the pac gene and its regulatory region will be
determined to explore the fine structure of the protein and investigate the
regulation of its expression in S. mutans. The knowledge of the
molecular structure of PAc may lead to an understanding of the role of the
PAc protein in the colonization of S. mutans on tooth surfaces.
Furthermore, the cloned pac gene may be useful for developing an effective

recombinant vaccine against dental caries.
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Experimental procedures

Bacterial strains and plasmid vectors

S. mutans MT8148, a typical strain of serotype ¢ S. mutans, has

been described previously (Okahashi et al., 1984). Other streptococcal
strains used in this study were as follows: S. cricetus E49 (mutans serotype
3), S. rattus FA1 (serotype b), S. sobrinus strains B13 (serotype d),
MT3791 (serotype g), S. downei MFe28 (serotype h), S. mutans strains MT703R
(serotype e) and OMZ175 (serotype f), S. sanguis strains ATCC10557 and ST3,
S. salivarius HHT, and S. pyogenes SF42. These strains were selected from
the stock culture collection at the Department of Dental Research, National

Institute of Health, Tokyo and at the Department of Oral Microbiology, Osaka
University Faculty of Dentistry. E. coli K-12 strains MC1061 (Sasakawa'gg

al., 1983) and JM109 (Yanisch-Perron gg_gl., 1985) were used as a host for
the plasmid. Plasmid vector pUC118 and pUC119 (Vieira and Messing, in

press) were purchased from Takara Shuzo Co., Kyoto, Japan.

Antigen and antibodies

Native PAc antigen was purified from culture supernatant of S. mutans MT8148
grown in TTY medium according to the methods of Russell et al. (1980) and
Forester et al. (1983), as modified by Okahashi et al. (1986). This protein

had a molecular weight of about 190 kD and immunologically identical to

-14-



antigen B kindly supplied by Dr. R. R. B. Russell (R. Russell, 1979;
Okahashi et al., 1986). This antigen and rabbit anti-PAc serum were supplied
by H. Ohta (Department of Dental Research, the National Institute of
Health, Tokyo).

DNA manipulations

S. mutans MT8148 was grown in Todd-Hewitt broth (Difco Laboratories,
Detroit, MI, USA) supplemented with 20 mM D,L-threonine for 18 h at 37°C.
The cells were harvested, washed with TE (10 mM Tris-HC1, 1 mM EDTA, pH 8.0)
buffer, and suspended in TE buffer containing 20% (w/v) glucose. The cells
were lysed with 8 mg m1'1 lysozyme for 30 min at 37°C, followed by N-
acetylmuramidase SG (0.1 mg m1'1, Seikagaku Kogyo Co., Tokyo, Japan) for 30
min at 50°C. The lysate was then treated at 37°C with RNase (0.3 mg m1'1)
for 30 min, and with Pronase E (0.3 mg m1'1, Kaken Kagaku Co., Tokyo, Japan)
for 30 min. Sodium N-lauroylsarcosine (Sigma Chemical Co., St. Louis, MO,
USA) was then added to a final concentration of 2% (w/v), and the mixture
was incubated for 15 min at 37°C, and centrifuged. The supernatant was
extracted three times with an equal volume of phenol-chloroform (1: 1) and
twice with chloroform. Chromosomal DNA in the aqueous phase was extensively
dialysed against TE buffer, and stored at 4°C.

Large-scale preparation of plasmid DNA has been previously described
(Sasakawa and Yoshikawa, 1980). Small-scale preparation for detection

of plasmid and for restriction enzyme digestion was performed by the method
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of Birnboim and Doly (1979).

A series of unidirectional deletions of pPC12 were prepared by using the
Kilo-deletion kit (Takara Shuzo). The pPC12 DNA was digested with
restriction enzymes Xbal and Kpnl, and then treated with exonuclease III.
The digest was treated with mung bean nuclease and Klenow fragment to ensure
formation of blunt-ended DNA. T4 DNA ligase was added to recircularize the

various deletion products (Henikoff, 1984).

Construction of the S. mutans clone banks

Chromosomal DNA from S. mutans MT8148 was digested with PstI (Toyobo Co.,
Osaka, Japan) and ligated with T4 DNA ligase (Takara Shuzo) to Pstl-
digested, calf intestine alkaline phosphatase (Boehringer Mannheim GmbH,
Mannheim, West Germany)-treated pUC118. E. coli JM109 was then
transformed, and plated LB (Maniatis et al., 1982) agar containing
ampicillin (50 pg m1'1), 5-bromo~4-ch1oro-3-indo]y1-B-D-ga]actopyranoside
(40 pg m]'1)(Boehringer Mannheim) and isopropyl-pB-D-thiogalactopyranoside
(0.2 mM)(Boehringer Mannheim). A similar procedure was employed to

construct the Sacl digested DNA clone bank.

Colony immunoblot and colony hybridization

Recombinant clones were transferred with toothpicks onto sterile

nitrocellulose filters placed on LB agar plates containing 50 yg m]'1
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ampicillin. The plates were incubated overnight at 37°C. The filters were
placed over chloroform vapor for 10 min to lyse the cells, and blocked with
5% (w/v) skimmed milk in PBST [0.05 M sodium phosphate, 0.14 M NaCl, 0.1%
(v/v) Tween 20, pH 7.2 ] for 30 min. Rabbit anti-PAc serum in 5% (w/v)
skimmed milk in PBST was incubated with the filters for 1 h at 20°C. The
filters were washed four times with PBST, and reacted with anti-rabbit
immunoglobulin G conjugated with horseradish peroxidase (Bio-Rad
Laboratories, Richmond, CA, USA) for 1 h at 20°C. After extensive washing
with PBST, the filters were developed with 0.5 mg 4-chlpro-1-naphto1 per ml
in 0.01% (v/v) H202 and 10 mM Tris-HC1 (pH 8.0).

Colony hybridization was performed as described by Grunstein and Hoggness
(1975). Recombinant clones were transferred onto the nitrocellulose
filters as described above. The filters were treated with successive, 0.5 N
NaOH, 1 M Tris-HC1 (pH 7.4) and 0.5 M Tris-HC1 containing 1.5 M NaC1 (pH
7.4). After heating at 80°C for 2 h, the filters were reacted with the 32P-

labeled probe.

Preparation of sonic extract of recombinant E. coli

Recombinant E. coli cells were grown to a late logarithmic phase in 500 ml
of LB medium containing ampcillin (50 pg m1'1). The cells were harvested by
centrifugation, suspended in 25 ml of 50 mM Tris-HC1 buffer (pH 7.2)
containing 0.1 mM phenylmethylsulfonylfluoride (PMSF) (Sigma Chemicals), and

sonicated for 2 min at 0°C using a Tomy ultrasonic disruptor (UR-200P, Tomy
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Seiko Co., Tokyo, Japan). After treatment with nuclease P1 (10 ug m1'1)
(Seikagaku Kogyo) for 30 min at 37°C, cell debris was removed by
centrifugation, and the supernatant was concentrated by adding solid
ammonium sulfate to 70% saturation. The precipitate was collected by
centrifugation, dissolved in 10 m1 of 50 mM Tris-HC1 buffer (pH 7.2)

containing 0.1 mM PMSF, and dialyzed extensively against the buffer.

Immunological procedures

For Western blot analysis, the E. coli sonic extracts were applied to sodium
dodecyl sulfate (SDS) polyacrylamide slab gels [7.5% (w/v)] (Laemmli, 1970).
After SDS-polyacrylamide gel electrophoresis (PAGE), the proteins were
transferred to a nitrocellulose membrane by the electrophoretic blotting
technique (Burrett, 1981). The membrane was treated with rabbit anti-PAc
serum. The antibody bound to the immobilized replica proteins on the
membrane was detected by a procedure similar to the colony immunoblot (see
above).

Immunodiffusion analysis was performed in a 1.5% (w/v) agarose gel in 0.05
M veronal buffer, pH 8.6. For ELISA, whole cells (0.2 mg/m1 in 0.05 M
bicarbonate buffer, pH 9.6) were coated to the microtiter plate (100 pu1) at
4°C for overnight, and then rabbit anti-PAc serum (1 : 2000 dilution) was
added. Antibody binding was detected with alkaline phosphatase-conjugated
goat anti-rabbit IgG (Bio-Rad) at a 1 : 1000 dilution with p-nitrophenyl

phosphate as the substrate. After incubation for 60 min at 37°C, the
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optical density at 405 nm (00405) was measured (Hamada et al., 1984).

Southern hybridization

Chromosomal DNAs from various streptococci were digested with PstI. The
DNA fragments separated by agarose gel electrophoresis were transferred to
nitrocellulose membranes by sfandard procedures (Maniatis et al., 1982).
The 1.5 kb PstI fragment of the pac gene was radiolabelled by nick

translation (Maniatis et al., 1982) using'32

P-labeled deoxycytidine
triphosphate. Hybridization on nitrocellulose membranes was performed
according to the procedure of Sasakawa et al. (1986) with 50% (v/v)

formamide at 42°C.

Insertional inactivation of the pac gene

The 1.8 kb fragment coding for erythromycin-resistance (Emr) was isolated
from agarose gels after BamHI cleavage of transposon MudE (Kuramitsu, 1987;
Makino et al., 1988). The Em" fragment was ligated into the BglII site of
pPC12 (Fig. 6). The resultant plasmid pPC12Emr was used as the source of
the defective pac gene. The linear 5.6 kb pac gene fragment with an Emr
insert was isolated from agarose gels after digestion of pPC12Emr with Pstl.

Transformation of S. mutans MT8148 with the defective pac gene was carried
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out as described by Lindler and Macrina (1986). The transformants were
isolated on mitis-salivarius agar (Difco) plates containing erythromycin (5

ug/ml).

Hydrophobicity

The relative surface hydrophobicity of S. mutans was determined by their
adsorption to hexadecane (Rosenberg et al., 1980). Cells grown in brain
heart infusion broth (Difco) were suspended in PUM buffer (Rosenberg et al.,
1980) to an optica]ldensity at 550 nm (00550) of 0.6. Samples (3 ml1) of the
bacterial suspensions were placed in test-tubes, and hexadecane (0.3 ml) was
added. The tubes were then mixed with a vortex mixer for 1 min. After the
aqueous and hexadecane phases were separated, the 00550 of the lower aqueous
phase was measured. Adsorption was calculated as the percentage loss in

optical density relative to that of the initial cell suspension.
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Table 1. Cell-surface hydrophobicity of Em" transformants.

Hydrophobicity? ELISA for PACP
Strain (% adsorbed to hexadecane) (00405)
S. mutans
MT8148 29.5 + 3.6 0.56 + 0.12
PAcEm-2 4,9 + 1.5 0.08 + 0.03
PAcEm-3 7.1+ 2.7 0.09 + 0.04

a. The re]ﬁtive surface hydrophobicity of cells was determined by their
adsorption to hexadecane. Values are the mean * standard deviation (SD) of
triplicate assays.

b. Binding of the anti-PAc antibodies to the cells of each strain. Binding
was measured by ELISA with intact cells coated to 96 well microtiter plates.
Rabbit anti-PAc serum and alkaline phosphatase-conjugated goat anti-rabbit
IgG were used for the assay. Values are the mean + SD of triplicate assays.

00405, Optical density at 405 nm.
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Figure legends

Fig. 1. Partial restriction map of pPC12 and deletion analysis.

The plasmid pPC12 contained the 3.8 kb Pstl fragment of S. mutans DNA
(thick line) at the multicloning site of pUC118 plasmid vector. The broken
lines indicate the regions of DNA deleted. Antigen expressed by each
subclone was detected by the colony immunoblot and Western blot assays.

Abbreviations: H, HindIII; P, PstI; S, Sacl.

Fig. 2. Strategy for the cloning of the gene encoding the C-terminal
portion of the PAc protein. E. coli library which consisted of Sacl
fragments from S. mutans MT8148 DNA was screened by colony hybridization.

32p_1abeled PstI-Sacl fragment of pPC12 was used as the probe.

Fig. 3. Endonuclease restriction map of pPC41. S. mutans DNA insert is
indicated by the thick line. The broken bars indicate the plasmid vector
pUC118. Abbreviations: B, BamHI; Bg, Bglll; E, EcoRI; E14, EcoT14I; H,

HindIII; P, Pstl; S, Sacl. There is no site in the insert for KpnI, Sall

or Xbal.
Fig. 4. SDS-PAGE and Western bolt analyses of cell extracts of E. coli

harvoring pUC118 and pPC41.

A: Coomassie blue staining of the gel.
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B: Western blot showing the reaction of rabbit anti-PAc serum.
Lane 1, chromatographically purified PAc of S. mutans MT8148; lane 2, cell
extract of E. coli MC1061 (pUC118); lane 3, cell extract of MC1061 (pPC41).

Fig. 5. Southern hybridization analysis of various streptococcal DNAs

digested with Pstl. 32

P-labeled 1.5 kb Pstl fragment of pPC41 was used
as the probe.
A: Lane 1, S. cricetus E49 (serotype a); lane 2, S. rattus FA1 (serotype

b); lane 3, S. mutans MT8148 (serotype s); lane 4, S. sobrinus B13 (serotype

d); lane 5, S. mutans MT703R (serotype e); lane 6, S. mutans OMZ175

(serotype f); lane 7, S. sobrinus MT3791 (serotype g); lane 8, S. downei
MFe28 (serotype h); lane 9, S. sanguis ATCC10557; lane 10, S. sanguis ST3;
lane 11, S. salivarius HHT; lane 12, S. pyogenes SF42.

B: The open bar represents the 7.5 kb insert DNA of pPC41. The fragment

used as the probe (1.5 kb PstI) is indicated by the closed bar.

Fig. 6. In vitro inactivation of pac gene and its recombination with the
homologous region of the chromosome. The 1.8 kb BamHI fragment coding for
Em" (hatched box) was inserted into the BqlII site of the pac gene (thick
line) in pPC12. The resultant pPC12Emr plasmid was cleaved with PstI, and
transformed into S. mutans MT8148. The right portion of the figure depicts
the recombinatial event between the inactivated pac gene and the homologous

region of the MT8148 chromosome (open bar). Abbreviations: B, BamHI; Bg,
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BQIII; H, HindIII; P, Pstl; S, Sacl.
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