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Summary . The present study was carried out to elucidate the mechanism by which
living cells of Salmonella typhimurium confer long-lasting immunity in mice against murine
typhoid. Living cells of either virulent or avirulent organisms of S. fyphimurium induced
higher levels of mouse protection of which the duration correlated with the persistence of
each bacterium in the liver as a L form. In contrast, S. schottmiilleri, of which O
antigenicity is identical to that of S. #yphimurium, induced only short-term protection, since
L forms of the bacteria existed in the liver only over a short period. The capacity of
salmonella L forms to persist in the liver was attributable to the ability of salmonella
organisms to produce cytotoxin and they changed into L forms. This cytotoxin was toxic
only to macrophages and polymorphonuclear leukocytes in vitro. The persistence of L
forms in mice resulted in high production of both the tumor necrosis factor and membrane
associated interleukin 1 upon challenge with virulent S. fyphimurium, which would lead to
the initiation of S. typhimurium-specific immunity. These results suggest that the persist-
ence of salmonella L forms in mice might be required for longer-lasting immunity against
murine typhoid after immunization with live-cell vaccines.
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ACEELEB EELLRTERQ). Lol Hsu@—
Ik B OEE DO A5, murine typhoid DERE & LT
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THHE, BCIHEBREKBECRETLHHENRLE DI
EHTHHIELRDLR TS, ZOFIXS. typhimur-
iwum DAEKNTHRERER L R bRMERFL C
WATABEM R TRET 5 S DTH B, FFEH 30 BT
2o, BERI D AFEIERI W EDb, Bk



(524) LA

DORBTHEELTW5 LIF LI . —DDAEEM: &
LT, S typhimurium 7L BB & UCEERICEEL
BoTwBZ e E LR,

¥, murine typhoid D RERBETH 5 S. typhimur-
fum &, AW L MEFMCHEFURFREOAZRICL
~v AEREREMETH BS. schottmiilleri B O°S.
typhimurium © R BERBAE AT, ERBERO <Y
AMEHNICE T 5 BEENE ORI BEY LA & oY
B DN L, MR B RYME D FAE & SRR
Bz oW THEERin 2 i,

Ttk & W

1. &% ddY Hi~v 2 (5~6384, SLC X hEA)
BORE4 D C3IH/He] i~ v R(AR2Z v 7)) R KR
CHEL 7. PRI B AREMH X Y BALCHE
€y b (H 2k ®FEHL.

2. Bk Salmonella typhimurium LT 2%k, LT 2
Bk D two-heptose  mutant T H 5 SL 1004 %, K O°S.
schottmiilleri 8006 ¥k % F\~te. LT 28D ddY <o =
x4 % LDso % 10° colony-forming unit(CFU) TH 5.
8006 #EK 0F 1004 BRiZm = v 2 iext LT 108CFU Ll kT
I TR & Tndv o .

3. LIEEDFEE . Brain heart infusion broth(BHI,
Difco) T 4 R BB 2 U 1= S.oyphimurium % L TG
BEXEHA % FEEEME, 2% NaCl, 10 % su-
crose, 1.5 % agar 7% BHI broth) kic=2 v 5 » DT
BHL, Z£oOHRIT Penicillin G(Pc)10 F B EH D
disc #E & 37 C48 W& L 7. Pc i X AHIEMH O
WIBED LN HARN R LB 2 e = — %L, Pc
10 FEAEF L AEFER AR (L BFEEREL D
ERXOZBEBRE LI bD)IERL, 37°CC L HEYH
JEI @7, b5 Bk, RBRE ORI L7 L B &ko—I
I UWEAECER L CRCBRMNR L TRER L
T (stable L) %187z,

4. cytotoxin D4 : stable LEGABEERE 1gn %
10ml @ 0.1 % SDS BRIz T 37°C30 FBHNE T 5
ZERXDEBEE LY, 2,2000 EiEE 60 50X D
&R 282 L1, Sephadex G-25(Pharmacia Fine
Chemicals, Tokyo) i CHiiEt%, AB11 A 8Ion Retar-
dation column(Bio Rad Laboratories, Tokyo)iZT
SDS #Fx#% 1L, Hanks balanced salt solution(HBSS)
CHS5BEN Licd 0%, IEBEE L T8, 0 cytotoxin
EERTE Ui, M, EERIE R L Tiz4 sample D&
8% 500 ug/ml i F5% Uiz, BEBOHER Bio Rad
#® Protein-assay kit &\ 7.

5. cytotoxin {EMDHIZE | Thioglycollate medium

XN

(TGO THFHE L~y A EHEBHMEA X b,
Kumagai £0HEG) X b 58 L 7= Mg HilEl % 10°
/well DB 96 K FEE~ 1 7 v 7 v — b (Falcon)ic
BEL, 37C5% CO M vF 2 _—x -T2/ 7 v
— P EECEES LR, ERERREYEREL, a-
modified MEM (Flow Laboratories, Mclean, VA)IZ
THEBAIR L 72 sample %4 well iI2in %, 37°C 5% CO,
AV F =2 —-NTREEE, 24 KB LEYRE
L HBSS Tl L e EFEHlaL A # v T7 v a —
CHBLIcZ VAAAAL TV y VRTHRELL. £V
=D RIEE % 540 nm O P K T ELISA-Reader % A
WCHIRE L7z, cytotoxin &ML, BT =A (254 ¥
ADHBTMe EEE LY =A)D 540 nm & 31F 5% %
HE % 50 %128 L B EAFREHD log, TRR
Lic. X= v AEMEAN B D ST A B (PMN) O
% 0.2 % casein2ml &= v AJEERNICEEL T b
4 B 4 ml © HBSS it CHEEBHE T VH L,
Percoll density gradient i CREE L (7), M¢ DKL
KEDHEEIC T cytotoxin assay 4T -7z Y v SBRiext
3% cytotoxic activity OBIE b R T -7, T
#ifa, B DS BEIESEOHE@ LI T o<
T ote. < v AR 2> b plastic adherence
HE2ERDIEL, WEMBLERE L, Julius E0k
# Oy nylon wool column %\ T HilES
. —7F BlilRES IHERREYBRELL~ Y AR
MR ER & ¥~ v 2 T #iladiik(Cedarlane) & &
(Low-Tox-M, Cedarlane) CUET5HEIL X h B, B
2, FhrFhoMaES % Mage %@ panning method
AT, 7€y b~ v 2 IgG Hifk(Cedarlane)
% poly-L-lysine CT#E &8 L7z plastic dish 12T 37C
60 Rt &€, B fiflax BINWIciEG Sk, JEME
MlREzEDTHI G LBR T L. B,
dish ic#&& L7 B #ifa iz HBSS ¢+ 4 1z pipetting 3
DT EIEDEIRL, X< LE, BEBMaEL
TRV Zh b oM FITC Stk d Ay ic
HETE DI ITBUEOMETH D, dye exclusion
test iz X D 98 B LA LD &FHR T H - 7z. Cytotoxin
assay I, 96 7 FE~A 27 r 7 Vv —IZ a-MEM 'Cﬁ%
B L7 sample 100 1 &h0 x iz, v v SBRIEE
(2 x107/mDD 100 ul & v =AEKEML T, COT
VEFaX— g —NT2URERGHRIC ) S T
Bl ) O EFERYRD . KB D cytotoxic
activity 1%, 50 %BIEIFH 73 sample O &K AFHREE
¥ log, TERLI.

6. LEBEIC I 2B EHR  LAEOEE LI
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% sucrose &7 HBSS I L - B B EH > A
WT Ageonm=0.1 1A% L%, [ buffer ic TEEH
MUK % 100 11 370 L FERETZEEHICEEE L 37C
TT7THREEZEL, £C%kL colony B VEEXEFL
7o —fE®D colony 1Z—2®D L form 2L E 5 &L
T, LEEE X L-forming units(LFU) THFR L. &
2 DBED LEERK 0.1ml &~ v AFERCES Lk,
15, 30, 40, & 0F60 H Bz 1000 LDs,» LT 2 fEREPI s
PTG ESGREBE L. ZOBEEFE 10 Eo~
v A% T,

7. REE~ v AOMAPYKE, K OB GO R
E I EADY 7TV TRERNL o< v A D salmonel-
la FURER T 5B KIGE, LT 2D A1~ Y VIE
Bk 10E 2 ERPR & Ui delayed footpad response
MOFRAD OB X b HE L 7o,

IMEFRAML, 78— 7AFe FEADK I DE
ARMBECHARCEE BB E RS S8, passive
hemagglutination s (PHA) I & h I L 7. LT 2 Bk
233 % whole-cell agglutinin(WCA) % Rz RIE L
fo.

8. Tumor necrosis factor(TNF)D#I%E | TNF i
Urushizaki D FEAD I TfT - 7. 6 R~1 7 » 7
v — Mz L929 M= v & e ZF M fa) % 100 113 x
104/welD##E L, actinomycin D1 ug/mDBFET T a
-MEM & THEHFER L sample % 100 x1 2% L,
ASBFMEIE S v — P IME LTV B L 929 MifaR 2 Y %
BN F Uy b THA L, 540 nm THRIEE R BIE Lic
<=y R Y a2v v b TNF(Genzyme #) & £ #E 4 v
71 & LT TNF ESEREE L04D.

9. LEERY:M¢ @ interleukin 1(IL-1)2E £ E
40LFUE D LT 2 K% 08006 #kHa sk L #U B % fE e A 4%
582, TRO14 BHI~ Y AfEREAMREEEIRL, 2x
10%/well D T 24 ]FE~ 1 7 » 7 v — + (Falcon)
AL, 2K, 37C, 5% CO M vF 2 =2 — AT
i X @7tk FEMEMREEREL, 108D LT 2 inZk
W EHE «a-MEM % 1 ml %L, i 24 RERIEE#EE O
EEAMBEAIL-1ERE L. IL-10EEIZXC3H/
HeJ] @ thymocyte % i \» 7z co-stimulation assay(15)
X BB L. Genzyme D bV 2 v EF v b IL-
18 %M\~ T standard curve Z{FH L7, —HEEET
IL-1 &M BB R BRE L, MEMRE T 1 a7
AT e FCEEL, T2 L, % E R co-
mitogen assay ¥EIC X b HIE L 7=,

10. Salmonella FURKFRK T MRIGE @ fE~ v
A, FEGEEE~ v AR EE T fMila%z RPMI 164010 %
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fetal bovine serum, 10 mM HEPES 5x10=°* M 2-
mercapthoethanol )T 2 x 105/ml DEEICFHE L,
96 RFEE~1 7 v 7V — bI250 wl $O4HL, acces-
sory cell & LT mitomycin CEE(30 xg/ml, 30 %)
TGC-FHEM¢ #R AT 4 v 212 2x 10/ ml DEE
TR L 7cth, £V =250 pl FoBMLI R & LT
X 10MED LT 2 A<V YIEHEEER 100 ul D 2 54 ¥
ACBB LI DRE Y = A2 . 37C, 5 % CO, A
TT2RREEL, BEKT R2REEIcE Y =112 1.0
©Ci @ tritiated thymidine(CHJTdAR, 2 Ci/mmol,
Amersham, Japan)# iz, DNA ~DOCHITdR B b A
BB ERCHE > THE L e,

11. HEOFE | ¥ L-toxin HifE X 1mg o L #hiH
¥ %% & o0 Freund’s complete adjuvants IZE LTS ¥
v P RNCEERTES L, 14 BREET 3 ERER, 6 B
BRI L, WESEEIC T y-globulin 4E %5 7:.

i~ v A TNF-a €/ 7 v —F L H K% Genzyme £
HodbowRFERL .

12.  S. typhimurium L TVEAEERRE | e LVE
%, 10 % sucrose &7 HBSS(HBSS-sucrose) iz T 3 [
¥y, 1ml © HBSS-sucrose 12T, Asnm=0.11Z7%
X 5 CFEEI L 1 % poly-L-lysine CTHE LIch =25
A (B 15 mm [ i v 7 v 288, 15 SHERIC
B %, HBSS Tl o7, 2% 72— A7 AT FEE
HBSS = T B & L HBSS-sucrose i — B % 4°C 12 T
BEI R, TOK]1 BEMRA X 3 v &% &1 HBSS-
sucrose I CHEE % 1 FETT - 7. 50 %, 70 %, 80
%, 90%, 95 %7 va—nkAGCTIERBIAL, REIC
100 %7 v a —AZ BT, 3EPBK L. EfR1 Y 7 3
M T2EERL 8%, BARAREEREEM’ITACHI
OPTICAL POINT DRYER)IZC, &€ A+ v 2 —
Z—FANT, B4 A vEa—F4vI7GEmA/B) L
%, EEFETEHSEHITACHI S800) I THZEL .

& R

1. EEAE#EO~Y <AL EEEE : HEEL
(0.1 LDso &, 100 CFU) D S. typhimurium [ERERES-
BHNEEKOZEE LAEER B L 2 A,
#% 15 H B IicFFA4£EH#0% maximum(mean log;, CFU
=3.9DWEL, o 10 BE CERMHCABERIED
L, 830 B BURECHIBEERERC I - T R L b &
BIXEIR & nih - 7= (Fig.1). —7%, LEEHIX15 B
B oI BRI L, %60 B # i maximum
(mean LFU=820)1cB|E L, FDHE b T il Uiz
90 HHT% mean LFU 139 740 TH o7 FFRLEE




(526) L XA

5 - ~10

1
o
2
o)
< - 8
£
3 2
0]

1
5 -6 9O
£ —~
R -
wn 3 -
o2 53
°3 02
0 Y= L 4 <=
z° =
3 2 8e
oo L o
Lz a
Q 8D
o L 2 >|._||..
> ~=
- [ J
o e

T T T T T 14 T T 1 T L) L] T
3609 15 21 24 30 60 90

Days after inoculation

Fig. 1. Relationship between the number of salmonalla organisms and that of L forms in the liver of
Salmonella-infected mice.
(—) : infected with 100 cfu of S. #yphimurium LT2
(-=-) ! infected with 10® cfu of S. schottmiilleri 8006

DEEL, BEEH 3 7 A B\ \Th mean LFU 440
THHZENLBELNT - T,

LT 2 ® two-heptose mutant T & % SL 1004 #k 108
CFU %85 L Rric b FMABEH L LARROHER S,
LT 2 DB 100 CFU 85 LR & ziERAEoKBR T
B o tc. —7F S.sheottmiilleri 8006 #% 1058 5- L 7T
PABBUIIET 2 RO L TEBICA e, £EIH
5% 15 HEMBERFAI VERE L ot B2 L
WEIL 12 HEE»OBEHE IS S T OB S 30 B
Bz 200 LEU T maximum WEL, % OHEITEEIH
AL, 60 H B LI L BB OBIRITHSE 22y 5 1o,

2. LIEOREPER | AEESHCRD OIS
FFA L T O FHETREE O AL & MR BEE R H % b
D& BN Db% in vitro THEE L LEEYAWT, L
RO RGBSR IO THE L. FEIhAELE
HIXEEBRRIC B\ CER 150 nm DR FIROREE
FELTWcFig. DE«DBED LAEY ~ v 2 [Fke

Fig. 2. Scanning electron micrographv of L forms of

PicE 54, 7 HEIZ 1000 LDso® LT 2 & IEREPIBUE L S. typhimurium LT2. Each particle represents
30 BMAHERYHEL7-(Fig.3). =7 2% b 20~40 approximately 150 nm in diameter. (magnifi-
LFU £ ##88 T3 100 % D £, 100 LFU &0 cation x20,000)

REEE T 20 %D4EFEERY, 160 LFUEHM ETizge<
D= YANFEE L. Lal, SoOBETIELT 2 B 2




R 357 AERFT B EERERAERF B 55 (527)

100 § 200
L]
Liso
o
5
80 1 160 2
2
o 140 &
® 607 L120
= E
]
2 —100 L
£ a
T 407 8o 6
3 ¢
E L 60
! 5
20 1 T
Q
=]
L 20 £

0.625 1.25 2.5 5.0 10.0

optical den.sity (A'ﬁsn x 102)
of the inoculu

Fig. 3. Relationship between the mouse protection
and inoculum size of L forms derived from S.
tyhimurium LT2. Groups of 10 mice were
challenged intraperitoneally with 1000 LDs, of
S. typhimurium LT2 7 days after an intraper-
itoneal injection of L forms.

~3 HURKEETDO=Y AREIE L. COEMSDE
O L HECIBEEBEDHREIE LN, KEO LEE X
LEECII~ Y ADRBREUETTEI D LBRDH
i,

Kz, LIERIH ST X 5 < v 2D S.typhimurium
LT 2 i+ pRZ Mo/ EFE~7. LT 2, SL1004,
FO8006 BRIk W B LEED 200 LFUER =V &
MR I B LT s 2 A1 1000 LDyo LT 2 THE
BB LR~ Y 2D 50 BT T 5 HESTw %
HEE L 72 (Fig.4). =2v b r—100% sucrose &%
HBSS 0.1ml #5)~ v 2F0D STs2 7.6 H, LT 2#
LS~ A T3.4H, SL1004 LI T4.2
H, T L T6HK D LEETI4.2HTH » . S
typhimurium © LB E % 200 LFU #i#% 535 2 & i
IV BHROSE, RELr2bbF~rv20S
typhimurium X3 5 B ITTE L. —7, 8006 Bk
O L BB CLIfic s 23T U e,

3. L-toxin ™48 . LT 2 ##kd whole cell lysate
k= 2D S. typhimurium R 5 ERZ MR T &
BHEREANBD O IcENLD S, typhimur-
ium O LEEZORME b rOERRTFHIEETHDOT

100 Q a —\
mice treated with 8006-L form
80 - )
Vehicle control
o0
-~ 60 d L forms
) mice treated
® | with LT2: LT2:L 3.4
= : L form : SL1004-L 4.8 !
2 40 | | 8006-L  14.2 \ y
5 ! ! Control 7.6 :
2] E I |
1 | 1
1 1 1
20 - | , |
| | |
4 1 1 !
1 | :
L < ! L ! 3 : — N y/4
} f + = + : + : » t ; ' #
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Days after infection

Fig. 4. Enhanced susceptibility to S. &yphimurium LT2 of mice pretreated with L forms of three strains.
Groups of 10 mice were challenged intraperitoneally with. 1000 LDs, of S. typhimurium LT2 7 days
after an intraperitoneal injection of 200 LFU L forms.
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FitohEHEI R, FCCLT20LEE%0.1%
SDS THE® L, "EEES 25 lon retarda-
tion # 3 A(AG11ARIK X h» SDS #FEL THLL
KA E« DRE T~ v ARBENCHIHREL, 2
H Bz 1000 LDso® LT 2 Bk CIEERBE #1775 - .
Fig. 5 w3 < 50 ug L EORIHF 5 T200 LFU D L
B EREARTR S LR L AR, WlE~v 20 S
typhimurium W5 % BRI L.

% 2T Z OB OMREME IO\ TRR R in 2 .
Table 1 wR"FIM<, MEREZ~ Y ABEMy, RO
PMN & L CoORBNFEEZR L. £ OFRE M
R LT cytolytic THotc. Lo L, S. schottmiilleri
8006 #ko> L BE i IMifadmt B Do bhishote. &
7z, SL1004 ¥k L BEHMHKF IS LT2 %R LEEO
K & BEREOEEIRD b, WTFhomBKg
% T #ifg, B MRk 2B IR DT, ZofFH
12 Mg B0 PMN 1% LCDLERD bhte.

Bz LT 2 o L & H #h ¥ © cytotoxic component

100 4

80 -

60

40 1

Survival rates (%)

20

)

10 25 40 50 75 100

Fig. 5. Effect of L-form extract on the susceptibility
of mice to S. typhimurium.

XN

ZRIHBR >SS 5 7»ic, Bio-GelP 100(Bio Rad)
X By MERETIR- 7 & 5, void volume X b 4
LEN THIH X h 5 40F5E 36.000 A58 OB S I HEMTE
HED bR, RICZ OEMES 7 — A LTr + 7
+ 7 (Bio RaDic X 5 FBHRESKKEG %147 1
b pH3.0-10.0, 12w EEJI, 4BEDEfToc L 2 5,
EEYE I pH 7.8 MO SEIRD bl Z OES
ZEDEEE, «-MEM £ CHH5EBFL, 254 K7
5 A_bicBE# L M¢ D monolayer i 0.5, 5, 10 ug/
ml DBEE THINL, BRBHENEEFESIHER, 0.5 ug
/ml T HIRE o iZEb & LD toxic vacuoles 23FR
HHR5 pg/ml L ETRKIEH 1EERUAI Mé D%
EAEER AR 2 LcD T, ZOES % L-toxin & LT
LA SEBRIZHE U, 3, SL 1004 #k L BB H 12 LT
2 o L BB & i L-toxin B8 X 7223, S. schott-
miilleri 8006 #k D L ZVEE 2> 51 L-toxin B O E W E
ZRRD b sk e

4. L-toxin D &P EAE | L-toxin 0.5 ug % 118
B ik5 HER3EI®R SR U5 ug & 1 EEIL10 B H
RT3EHEED 4 DDUBE S V- THDL Y, FRES
# 7 HE® 1000 LDso® LT 2 Z ERA BB L7z, 0.5 ug
T 3 EIRTLE Ui~ v ABEIC I8\ TiX 90 % D R Gupl 42
PE/ELH, BEIUEHREIHEI R TH2ERRD S
N1 (Fig.6). —7 5 ug #5 CRfh o 57 b &L
TEREEHENS B~ 7 2D S, typhimurium TR T B
RS DOTUENFRD b i,

5. v 7FvERBOREINE . Stphimurium LT
2 ¥k, SL 1004 #kF O* S.schottmiilleri 8006 koD A5 K O°
L BB 555 o0 REYBh B2 f9 J1A el B Ot AP B 440 i B OF
DFR iz 2> \» T X 7=(Table 2). LT 2 o & & (100
CFU) RU'SL 1004 oA (10° CFUO) B ZzhZho L
BB (40 LFU) RGP s R Vg 60 EETHRH L
e, Lol 8006 Bkoo 45 (108 CFU) Ti:amE 30 H
B LARERRYBh s RAME T L, 40 H B TIX65%, 60 H
BT 30 %BI3gfE& T Lic, 8006 #kad L EVE D fRELR b

Table 1. Cytotoxic activity of L-form extracts
from three strains

Extract of Cytotoxicity

L-forms Macrophages PMN T cells B cells
S. typhimurium LT2 12+ 2 10+1 ND ND
S. typhimurium SL1004 8§+2 9+t2 ND ND
S. schottmiilleri 8006 ND ND ND ND

Cytotoxic activity was expressed as the highest log, dilution of the
sample to achieve a 50% cell death.

ND : not detectable.
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Groups of mice

Survival rates (%) at 30 days

postinfection

20 40 60 80 1400

immunized with

0.5 g of L toxin once

b

0.5 rg of L toxin 3
times at a 5-day interval

-
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at a 5-day interval

-

Fig. 6. Mouse protection by L toxin of S. #yphimurium LT2 against 1000 LDs, of homologous

organisms.

Table 2. Duration of the protection
induced by various vaccines

Mouse protection at 30
days postinfection (%)

Vaccines X . .
Days after immunization

15 30 40 60

S. typhimurium LT2
Live cells (100 cfu) 100 100 100 95
L forms (40 LFU) 100 100 8 75
S. typhimurium SL1004

Live cells (10® cfu) 100 100 80 90

L forms (40 LFU) 100 100 8 70
S. schottmiilleri 8006

Live cells (108 cfu) 100 95 65 30

L forms (40 LFU) 65 40 25, 30

LT2-L toxin (0.54g%x3) 90 75 20 10

Each group consisted of 10 mice. All mice were
infected intraperitoneally with 1000 LDs, of strain
LT2 7 days after the final immunization. All control
mice died with in 12 days after infection.

LT 2 #ko LEE L TH<, BEH 30 HBENER
DO EMBERRBE LB EE ot Big, LT20L
-toxin(0.5 ug)3 HEEBEL, HEH 30 HBEEEORK
BpER AR LT hs, Th AR B R U
40 A B % 20 %I{E T Lo MAHAMER O DFR 125\
TIXGEE 14 HBRARLY, LT 2 hoEEHE G
1% DFR DRy, WCA B UL L-toxin FLi&{H o L F 23
e bt 23 SL 1004 Bk 4 B 5B 13 DFR D BT
& B L-toxin $iE M D L& D & T % - 7 (Table 3).
8006 #E D A B 5-B5 121 DFR Oz & WCA 04 L5
LT\, Big, 3#ko L BB 5”523 DFR ORI
LN NWCA D ERIRD bhigh ot —7F

L-toxin(0.5 ug)3 EIFERE CTI¥, #i L-toxin ¥ifkD k
Aoz@Bdbhic. ThbDv 275V ThES <Y
AMBEEE T Mo LT2 s~ ) VEEREY T
HRIGUEZRFARIE A EEBSROAL LT LEE
BE~v 2T THREORIGELRD bhi
(Table 4). L» L, L-toxin ffE~ v 2Dk T 4
iz x SHBERIGLE R - .

6. TNF-assay : 4« DV 7 5 v#EE<v 2121000
LDso®d LT 2 B IBRERE S L, 2 K% oEREE K
o TNF {EMEZRRIE L& A, LT 2 KOV SL 1004 #
OLBERE <Y RCBTAEBERE~ v 2D ERE
HRICR LT 2.5 6%, FrfE~v AL C6.4f50mR
WITNF EMEABE Ehic, —F 8006 Bk &BE X O'L
REHE <Y A TiEav b e -1 2 %0 TNF HH
PEH & it & £ % 57 (Table 5).

200LFU B0 LT 2 fisk LEVE AL <~ v 212 LT 2
WERT 2 BRIH TNF-o &/ 7 v — 5 LHAKQ0 ug/
mouse, Genzyme)E\ %7 ¥ v b L-toxin Hi k%
(100 ug/mouse) ¥ 5 L 7%, 1000 LDgoE > LT 2 fEfE
NEB% Lick &5, i TNF-a filki b~ v 2 Cli~
v ADBHUFEERD bR, 5 WA LD~y AREFL
7z(Table 6). —JF#i L-toxin §ifF#f L5~V 2Tl 25%
DY ADREFLIICE EE ol

7. IL-1 assay : LT 2 %R 0t 8006 ¥k 40 LFU @ L
BEULFUOHE S~y A0 M¢ o IL-1 ELEREY
Fig.7Tww/m U7 LT2HRELBERE~ Yy 2 DR
M¢ T, Mifast IL-1 AR O R b T, EEEE O IL
SIEARRTHHUELOAERCEALL. LaL,
8006 BRHIZR L BB B~ v 2 D Mg TixMfas IL-1
DELEDHZVRD DNIITEE - 7.
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Table 3. Immune responses after immunization
with various vaccines

Immune responses

Vaccines
WCA titers Anti-L toxin Ab DFR

S. typhimurium LT2

Live cells (100 cfuw) 1:256 1:128 7.9+0.6

L forms (40 LFU) <1: 2 1:256 6.4 £0.5
S. typhimurium SL1004

Live cells  (10® cfw) <1: 2 1: 64 6.7 0.3

L forms (40 LFU) <1 2 1:128 6.1£0.3
S. schottmiilleri 8006

Live cells  (10® cfuw) 10 64 <1 2 6.3+0.4

L forms (40 LFU) <1: 2 < 2 5.8 £0.2
LT2-L toxin (0.5ugX3) <1: 2 < 1512 2.1+0.1
Saline control — — 2.2x£0.1

Each group consisted of 10 mice. Five mice were killed by extracting blood
on day 14 of immunization for measurement of antibody responses. Remaining
five mice were used for DFR test, DFR was expressed as x107! nm. Values of
DFR in all vaccinated mice except L toxin-immunized mice were all statisti-

cally significant (P<0.01) as determined by Student’s t-test.

Table 4. Salmonella-specific responses of T cells prepared
from mice immunized with various vaccins

Vaccines

Salmonella-specific
T-cell proliferation

(mean cpm + SD,/culture)

S. typhimurium LT2

Live cells (100 cfw) 21,624 + 2,433

L forms (40 LFU) 16,128 + 3,145
S. typhimurium SL1004

Live cells (108 cfw) 17,317 £ 3,106

L forms (40 LFU) 15,214 = 2,692
S. schottmiilleri 8006

Live cells (108 cfw 14,364 + 1,917

L forms (40 LFU) 13,723 = 1,584
LT2-L toxin 0.5ugx3) 712 = 304
Saline control 637 £ 214

Except for responses of T cells from L toxinimmunized mice,
values of T cell responses in all immunized mice were statistically
significant (P<0.01) as determined by Student’s ¢-test.
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Table 5. TNF production in the peritoneal cavity of immunized
mice after infection

TNF activity in
Vaccines peritoneal exudate
(u x 1072/ml)

S. typhimurium LT2

Live cells (100 cfw 5.6 +1.9°
L forms (40 LFU) 14.1+2.3°
S. typhimurium SL1004
Live cells (108 cfw) 5.2 +0.22
L forms (40 LFU) 12.4£2.3°
S. schottmiillevi 8006
Live cells (108 cfw) 4.8£0.7°
L forms (40 LFU) 4.3 +1,5°
LT2-L toxin. (0.51g%3) 2.3+0.8
Saline control 2.2%£0.3
TNF activity was measured by ELISA. Each assay was done in
triplicate.
e P<0.01.
b P<0.005.

Table 6. Effect of anti-TNF-« antibody on acute death of L
form-treated mice following infection with S.
typhimurium LT2

Dose Mortality

Antibodies (ug/mouse) rate (%) P values
Anti-TNF o 20 25 <0.01
Anti-L-toxin 100 75 <0.1
Control (NRG) 100 100

Each group consisted of 10 mice. Mice were injected intraper-
itoneally with 200 LFU of LT2-L forms 6 days before infection and
received one of antibody preparations intravenously 2 days prior to
challenge with 1000 LD, of strain LT2. Mortality rate was recorded
until day 7 of infection.

NRG : normal rabbit globulin.
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® membrane associated IL-1 activity
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OIL-1 activity (U x 1072/ml)

Days after immunization

Fig. 7. IL-1 production by macrophage of mice im-
munized with 40 LFU of L forms.
(—) ! immunized with L forms of S.
typhimurium LT2
immunized with L forms of S. schott-
wmiilleri 8006

-
HEEZLNhD BlcflRkbs L3, LAEREHTH
DI igstkeo LT 2 CTIRENSE 21T 5 L ERETK
D TNF-a BELEEhBZLTHS. LEERE<Y
A B THESHBRIEIM O M BLE S hic S.ophimur-
ium LT 253 5REZEMDOTIERE, LEEYABELA
Mg 23 LT 2 #H3% D endotoxin fl¥iz & h KED TNF
-a &, Zhdtcachectin & LCfEH LI &Itk B
LRbh b, Zoz &ixHicytotoxin#ik X v b
TNF-a JUEOR#RE Tz ORMIENHETE B & L
LhBEOENTHD, ~VAVRAT I TELBVTSH
TNF-a O#EEATBRPESEORBICE 1, BF
EEAMIEAHE L &5 Nakane £ 0 #iE L ADE
HTHbDTHB,—FT LEGE~ Y 2D M¢ 2K
BARDIL-18 2 EE LB L1 S. bphimurium
@ L EE 3 cytotoxin vk L. monocytogenes D5
FDOE DT, cytotoxin D—BETH 5 EE 25. KEH
7 2 o MRS AEE I H T cytotoxin 2A\ABEDIEA %
L ¥ &%, immunogenic cytotoxin DFFELMRA
FAMBEIC X 5GP & B0 BIEAD S D
o EBbhic.
¥, S. schottmiilleri VESREERIEHIRIT B B MYy
BWHR LML LB, ORI EYEEE L o
TeBEBO—>E LT LEEEL LTRES R TOEFHH
BENZ EBRE bR, Lard LEEIRIMAR LE

xR

o WRED—DIC cytotoxin HEA LG\ 2 &R E %
bR,

U EoRE»D, EWEAEORFME L ZoRkEILR
BEAWCEN LEE L LTEL RESRCEELES
, Bz, T OEERIE L BECE LT 5L Cim-
munogenic cytotoxin ¥ EAE LB LNCHEMNMNT L 5 T
Wk BEREHATRB I N, Lavd S.typhimurium LT
2 DERED B L BB 25 58 X e cytotoxin AR H
LBlehofcZ &b, LEBER¥ED cytotoxin 23—
O stress protein DHEEIFE - T B EBbhb. 5,
cytotoxin O HfE AR EEE~DEA R O, cytotoxin 55
TEHEAE ORI & R~ 7 X 2 b cytotoxin R T
Wz v — v ERBIZT 5 LB, cytotoxin 23 stress
protein & LTEA LT\ B MR RET S ETEETH
5EBbhs.

& S

S. typhimurium OFEFERR LT 2, 5584k SL 1004 X O
S. typhimuvium EMFEHFREEMEORRS S, shott-
miilleri 8006 k% B\ T, murine typhoid iz %1} 5 48
77 F VX BRI O TR L.

1. PR LT 2 R U055k SL 1004 THREH 30 H
BRI X » A EIR S hin 72525, WEO L
BUBEH3REME L CEIR S hRGE S b R S e,

2. S.shottmiilleri 8006 5% % Frpywc L g 0 F
EHRD LN, —BE S, typhimurium 33 B G
PrEsh R SBAL L2y, PR L Y L BERHET 512D
BT REE L .

3. AWV FVIRLBBRPERMEORIEY 77V
CHWICEEOFA T L BB ES B 235D
b,

4. Bty 72 F VERFANLEE L LCEET
Bl 3 BHE» b LEECE/LT 2 CBELC
cytotoxin #EAETHRENBIDETH S LBRD LI,

5. & O cytotoxin ¥ M¢ B O'PMN e L C R
B CIIAMRAR R E R 2R Licdy, ERELY <Y A CRE
#5935 Lk b —Etk SRR OIS 2R
ehote.

6. in vitro THE LT S. typhimurium LT 2 BER O
SL 1004 ® L BB X » T v A BYIEH 25 L
Borhb2Bko LEBERE~ Y AERILCET 5,
TNF-a # X OEFEAT IL-1 OEAERENE L < JUET
Hrib@mbbhie.

R OBEEL, 264 B HAME¥SRESCPR 2 4
4 B, 2 44 B B ARIE S & BV 7 T8 & (PR 3 47 10



AR 3 F 7 AEC KT HEEREREFICE T 5 H5E (533)

A TR L.

Baik 2z, HEERE - BERA=HIFT
BHLET. EMfcE- (B4« DBE 2R ES
HTHEA, WORHEHB I T > e/ FECHE Y
ELET

tional thymus derived murine lymphocytes. Eur.
J. Immunol. 3 : 645, 1973

Mage, M. G., McHugh, L. L. and Rothsteni, T.
L. : Mouse lymphocytes with and without sur-

10)

X 273

1) Collins, F. M., Mackaness, G. B. and Blande,
R. V. ! Infection-immunity in experimental sal-
monellosis. J. Exp. Med. 124 : 601, 1966.

2) Hsu, H. S. ! Pathogenesis and immunity in mur-

ine salmonellosis. Microbiol. Rev. 53 : 390, 1989.

3) Hochadel, J. F. and Keller, K. F. : Protective
effects of passively transferred immune T- or B
-lymphocytes in mice infected ‘in Salmonella
typhimurium J. Infect. Dis. 135 : 813, 1977

4) Kita, E., Nishi, K., Emoto, M., Katsui, N.,
Yasui, K. and Kashiba, S. . Analysis of immu-
nity to infection with Salmonella typhimurium in
outbred mice. I. Requirement of the antibody to
non-0 antigen for protection in mice that are not
protected by the RNA-rich vaccine. Immunology
61 : 535, 1987.

5) Angreman, C. R. and Eisenstein, T. K. : Corre-
lation of the duration and magnitude of protec-
tion against Salmonella infection afforded by
various with antibody titres. Infect. Immun. 27 :
435, 1980.

6) Kumagai, K., Itoh, K., Hinuma, S. and Tada,
M. : Pretreatment of plastic petridishes with
fetal calf serum. A simple method for macro-
phage isolation. J. Immunol. Methods 29 : 17,
1979.

7) Kita, E., Takahashi, S., Yasui, K. and Kashiba,
S. : Effect of estrogen(17 B-estradiol)on the sus-
ceptibility of mice to disseminated gonococcal
infection. Infect. Immun. 49 : 238, 1985.

8) Kita, E., Emoto, M., Oku, D., Hamuro, A.,
Nishikawa, F., Tanikawa, I., Yasui, K., Katsui,
N. and Kashiba, S. : Nonspecific stimulation of
host defense by Corynebacterium kutscheri. 11.
Isolation of the active moiety. Nat. Immun. Cell
Growth Regul. 9 : 387, 1990.

9) Julius, M. H., Simpson, E. and Herzenberg, L.
A. A rapid method for the isolationn of func-

1D

12)

13)

14

15)

16)

17

face immunoglobulin . Preparative scale separa-
tion in polystyrene tissue culture dishes coated
with specifically purified anti-immunoglobulin. J.
Immunol. Methods 15 : 49, 1977.

Kita, E., Emoto, M., Yasui, K., Yasui, K.,
Katsui, K., Nishi, K. and Kashiba, S. : Cellular
aspects of the longer-lasting immunity against
mouse typhoid infection afforded by the live-cell
and ribosomal vaccines. Immunology 57 . 431,
1986.

Kita, E. and Kashiba, S. . Immunogenicity of the
ribosomal fraction of Salmonella typhimurium .
analysis of humoral immunity. Infect. Immun.
27 197, 1980

Urushigaki, I. . Definition of tumor necrosis fac-
tor and its production mechanism. Jpn. J. Cancer
Chemothr. 11 : 1356, 1984.

Kita, E., Emoto,M., Oku. D., Nishikawa, F.,
Hamuro, A., Kamikaidou, N. and Kashiba. S. :
Contribution of interferon y and membrane-
associated interleukin-1 to the resistance to
murine typhoid of Ity" mice. J. Leuko. Biol.(in
press).

Mizel, S. B., Oppenheim, J. J. and Rosenstreich,
D. L. : Characterization of lymphocyte-activat-
ing factor (LAF)produced by the macrophage cell
line P 388 D. I. Enhancement of LAF production
by activated T Lymphocytes. J. Immunol. 120 :
1487, 1978.

Thole, J. E. R., Van Schooten, W. C. A.,
Keulen, W. J., Hermans, P. W. M., Janson, A.
A. M., de Vries, R. R. P., Kolk, A. H. J. and
Van Embden, J. D. A.:Use of recombinant
antigens expressed in Escherichia coli K-12 to
map B-cell and T-cell epitopes on the immuno-
dominant 65-kilodalton protein of Mycobacterium
bovin BCG. Infect. Immun. 56 : 1633, 1988.
Mitsuyama, M., Igarashi, K., Kawamura, I.,
Ohmori, T. and Nomoto, K. : Difference in the
induction of macrophage interlekin-1 production
between viable and killed cell of Listeria



(534) B X

monocytogenes. Infect. Immun. 58 : 1254, 1990. essential to host resistance against Listeria
18) Koo, F. C., Peterson, J. W., Houston, C. W. and monocytogenes infection. Infect. Immun. 50 :

Molina, N. C.: Pathogenesis of experimental 2563, 1988.

Salmonellosis : inhibition of protein synthesis by 20) Sokolovic, Z., Fuchs, A. and Goebel, W. : Syn-

cytotoxin. Infect. Immun. 43 : 93, 1984. thesis of species-specific stress proteins by viru-
19) Nakane. A., Minagawa, T. and Kato, K. : En- lent strains of Listeria monocytogenes. Infect.

dogenous tumor necrosis factor(Cachectin)is Immun. 58 : 3582, 1990.



