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Summary . Two outbred mouse strains, ddY and CF 1, were tested for their ability
to be protected against infection with Salmonella typhimurium by several types of salmonel-
la vaccines. These strains have the same levels of innate susceptibility to S. #yphimurium,
and also have the same capacity to develop delayed-type hypersensitivity (DTH) to
salmonella antigens. Both the crude ribosomal fraction (CRF) and live-cell vaccines
conferred acquired resistance on both strains, characterized by greater responses of T cells
to salmonella antigens. Mice of the ddY strain were also protected by the purified trantfer
RNA (tRNA) vaccine, which was free of O antigens, but CF 1 mice were not, despite the
presence of T-cell reactivity with salmonella antigens. Neither strain was protected by
phenol-water-extracted lipopolysaccharide (LPS). The tRNA-immunized CF 1 mice were
protected by transfer of antiserum to CRF, but not by transfer of anti-LPS antibody. This
antiserum to CRF, however, did not transfer acquired resistance into non-immune mice of
either strain.

These observations suggest that CF 1 mice may require an antibody to another non-O
antigen existing in CRF to develop acquired resistance, and that stimulation of the defense
system by tRNA may be essential to the development of acquired resistance in CF 1 mice.

The active component in CRF of Salmonella typhimurium, capable of inducing protec-
tive antibody, was partially purified by two series of chromatography (Sephadex G-150 and
DEAE-Sepharose CL 6 B) after sodium dodecyl sulphate (SDS)-treated CRF was
precipitated with ammonium sulphate. The major active component was eluted by 0.4-0.45
M Nacl from DEAE-Sepharose CL 6 B, and its molecular weight was 43,000 as determined
by SDS-polyacrylamide gel electrophoresis. Immunization with the fraction containing
43,000 component alone did not always confer protection on CF 1 mice, but its administra-
tion together with either the purified tRNA or Freund’s complate adjuvant (FCS) was much
more effective against infection with S. typhimurium. Western blot analysis showed that
43,000 component did not react to ansiserum to LPS, but to antiserum to CRF. The
antibody elicited by non-O antigenic component and the cell-mediated resistance stimulated
by the adjuvant effect of RNA together confer effective protection on CF 1 mice.
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CFU) % RPMI 1640 I2{FiER Ld7cd DD 500 ul &~
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& <Azl RPMI-1640 1ml #inz 5% CO,
chamber PIC 37°C 40 - HE#E L7c. 0% HBSS T 2
ELEEDH0.5%F Y ¥ a2 — LB Y — £ EW 500 ul
T~/7mr77 - YREMLETB LR LHETCFU
Time 40 #HIE LTz, S. typhimurium ORFERNEER I
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LT2#pisr=Y VIEEERBRERE LTHEHAL, 0
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i (PHA) 2X - Tfrote.
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CRF @ 1 mg % 2 % ® sodium dedecyl sulfate
(SDS) #&%3 % 10mM Tris-HCl g E# (pH 7.4
R L 37°C2 kB, 10 mM Tris-HCl iEER T
3 BB OBBITAIE A 36,000 g 1 B (4C) OFEE
EWhEFTVWSDSEHRELL. 20 LEOREL40%
~80 %EAFIDE 4% 10 mM Tris-HCl SR E R IC B L
[ CRBEW T 48 BB L7c. 20 b 0% E UREKR T
SE#7{l U7 Sephadex G150 @ 5 & (1.0x55cm) %
FRL T AERE T, 2D void volume ZE %
DEAE-Sepharose CL6B # 5 & (2x30cm) #@BEE
ECHABERES 0.05M~0.8 M CEHIHCELS ¢
7z gradient elution %17 - 7.
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IOVEBECEM L. Z0b0% 10mM V) vERiE
B (PH 7.2) {1 7z Sephadex G200 2 X % %
NEBEITWZ D void vol. ED TRMERIZ X » B
LTy VRS A L e,
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(PAGE)

SDS-PAGE 1% Daemmli?® O ¥EICEET 10 %D 4 v %
R L T - . BAKIX100C5 5 © I # & 2- mer-
captoethanol TEIE L THESKIkE L7z. Coomassee
blus R © 2 R Geta DB 4 BHEIRIN 40 % 2 & 7 — M IT
X b B e,
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Fig. 1. Log,, viable count (colony-forming units,
CFU) of S. typhimurium 1LT2 in spleens from
ddy (&——®) and CF1 (0——0) mice. Each
point represents the geometric mean count of
S.typhimurium per spleen as derived from
five mice. The bars depict the range of
counts. Intraperitoneal challenge dose was
108 CFU for ddY mice and 5X10° CFU for CF
1 mice,

ddY =7 2D S. tyhimurium LT 2 B35 LDs
10 THY, CFl=v20FhIE5x102¢H 5. CF
1= 20D%4 1000 LDs @ LT 2 Bk RS % L
HER 1 T ZOBNERZ ARCHEmL 3
H7YZE 6 HTRICES D, ddY = v 2 DBEFOBENE
BOIEEES S AR EENET6 HE X v A%
EMLT7T~9 H B RBHECHENL CREES L
MBI L. 2hb2R0< v ADORKHBIER L, LDy
THEST HEE H 3EH 2T R b3 1000 LDs, D FE
BENBEE OB S OBANEROHLIE L VERRLRD
R~ v AT RV B BRI O RG R D B
B EBRLT WA,

2. RPEHMEERETH7 75 OREH

ddY =% 2 & CF1~% 2121000 LDs, ®» LT 2 ¥ 3K
B LA RGBS YRS T2V 7 7 v OB
F1FRTWL, ddY =¥ AR WCIEBEEEY 7 &
v (SL1004) @ 6 x 10° CFU, CRF (20 ug) KO tRNA
10 ug) PHEER I Y&~y AEFTHKL, CF1
< U ADBEIIFEHEER 6 x 105 X O CRF 30 ug D5
2 X 0SB IR A BN T % 23 tRNA 1354 & 48
ZhehHbh, LPSEH~ v AL TH- .
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Table 1. Protective capacity of salmonela vaccines
in both mouse strains

9% survival against a

Vaccine challenge of 1000 LDy,
type* ddy CF1
Live cells
4X10° 95 (27.2)1 75 (22.3)
6X10° 100 100
CRF
5 ug 80 (24.6) 75 (24.8)
10 ug 85 (25.5) 80 (25.6)
20 ug 100 90 (28.3)
30 ug 100 100
tRNA
5ug 80 (25.3) 0C7.0
10 ug 100 0(8.6)
20 ug 100 10 (13.4
100 g 100 10 (10.5)
LPS
1.0 ug 0C7.5 0C5.0
10 ug 0(9.5 0(5.2
100 g 0(8.0 0 4.8
Saline 0(7.2) 0(4.5

*Each group consisted of 10 mice and was challenged
intraperitoneally with 1000 LD;, of strain LT 2 for each
mouse strain 14 days after immunization. Survival rate
was determined at 30 days post-challenge.

T Numbers in parentheses indicate mean time to death
(MTD; days).

Table 2. Delayed footpad responses in ddY and CF 1
mice after immunization with salmonella

vaccines
Vaccine Delayed footpad swelling (X 0.1 mm)
type* ddyY CF1
Live cells 13.8£2.4 (P<0.01)t 15.6£3.2 (P<0.01)
CRF 15.24+4.3 (P<0.01) 16.24+2.8 (P<0.0D)
tRNA 10.4+3.1 (P<0.01) 12.3£2.6 (P<0.01)
LPS 3.56+1.2 3.4x1.6
Saline 2.3%0.8 2.7£0.5

* Groups of five mice were immunized with the optimal
dose of the designated vaccine and tested for footpad
response 14 days later. Footpad swelling was measured 24
hr after footpad injection of salmonella antigen.

T Mean®=SEM. The level of significance for the observed
frequencies was determined by the student’s ¢-test.
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Table 3. Superoxide anion (O3) release and intragellular killing
of S. typhimurium by macrophages of ddY and CF 1 mice

Macrophage activity*

Vetlccme O3 production Intracellular killing
ype ady CF1 ady CF1
Live cells 198.7+13.6f 174.5+20.3 65.4+3.5F 60.5+4.3
(P<0.05) (P<0.05) (P<0.05) (P<0.05)
CRF 224.84+20.5 206.2%+15.8 70.8+t4.6 72.6+3.2
i (P<0.05) (P<0.05) (P<0.05) (P<0.05)
tRNA 154.3+13.4 133 =+20.5 54.2+3.8 48.5+2.5
(P<0.05) (P<0.05) (P<0.D (P<0.D
LPS 94.6+ 9.4 98.7+10.2 40.4£2.7 39.9+3.2
Saline 70.4£10.3 82.3+14.7 36.5+4.2 35.4+5.6

Data were obtained from three different experiments and expressed as
the mean+=SEM for triplicate cultures.

* O; production was expressed as n mols/60 min/mg protein. Intracel-
lular killing was expressed as percentage killing during the 40-min

incubation.

T Statistical significance was determined by Student’s #-test.

Table 4. Antibody responses in ddY and CF 1 mice
after immunization with salmonella
vaccines

"Antibody responses (log,)t

Vaccine

type* WCA titres Anti-LPS HA titres
ddy CF1 ddy CF1
Live cells 7 9 5 7
CRF 12 10 8 9
tRNA ND ND ND ND
LPS 6 6 7 8
Saline ND ND ND ND

WCA : whole-cell agglutination. Anti-LPS HA : anti-
LPS haemagglutination. ND : not detectable.

*FEach group consisted of five mice and sera were
obtained 14 days after immunization.

t Data were obtained from two different experiments
and expressed as th mean of five mice.

Bl RILTTWLSBHEEREY 7 7 v (SL1004
B, CRF R U tRNA Hilho~ v A1c b FRE OEH:
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B 14 BB O~ v ADMB YT L EhEho#
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ZHARMBEERRS (PHA) THE L. &4 RTH
{ CRF T/ LicB AR~ v 2dkic WCA ©xf L
SEWEEM AR L LPS £ ClihEE D, tRNA T
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Table 5. Salmonella-specific T-cell proliferative
responses

Proliferative response
((*HJ-TdR uptake c. p. m./5Xx10° cells)t

type* ddyY CF1

Live cells 16,240%1,120 (11.7)% 15,360+1,430 (10.8)
CRF 18,540%2,430 (13.4) 17,280+1,960 (12.1)

Vaccine

tRNA 14,330+1,280 (10.3)  12,090=+1,243 ( 8.5)
LPS - 1,869+ 358 1,630+t 196
Saline 1,380+ 275 1,420 215

* The T-cell fractions were prepared from splenocytes
of mice immunized with salmonella vaccines.

T cells cultured with accessory cells (5X10®) and
heatkilled LT2 (107) for 4 days. Values were mean c. p.
m. =SEM for triplicate cultures.

I Numbers in parenthese indicated the stimulation
index. Stimulation index=c. p. m. of test sample/c. p. m.
of control sample.

R o BIER RIS 2 CehEhov 75T
R LTTR~ 7 A DML v R L T M S.
typhimurium LT 2 BROINEFEE &0 2 7o 9V & % 7 #
Rz s~y 2 THREMEREREBY FH)
thymidine ® DNA ~DH D ;AL ZIFEICHRR Lic. &
5 1RTI0< B5 4B (SL1004), CRF K U tRNA TH
L=y 20 Ty vEX SHEOHRMCX D
TR~ v R &b FREOHEREEA LR L, LPS
FRED = 7 A TIERIGIEFRD bhisho e,

7. tRNA ®% CF1 =~ v R R ETHEOHE

tRNA CHRE LA CF1 ~v 2 12§BHEAE (SL1004)
B\ X CRF THE L CF1 = ¥ &M1& % e Py i 5
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FRICIL tRNA 45 CF 1 ~ ¥ A WYt 2 51 %
BETIH D % 2%, HL LPS FiA I i3 £ DRETI 0¥ i\~ & & 23]
L.

8. CRF Ho#lRHEORER

D EREOEBROMEEND tRNA THRELAECFL <
T A CERWERRR YL 2 5T 5 LPS DUt o HR W E
DEENRE 2 LR SDTCRFARI VDO ZDHEHNED
SEERER 2R 7. SDS U % L 7= CRF % Sephadex
G-150 # 5 & (1.0x55cm) &k by AiERETW(X
1(@)) o void volume (P-1) & P-IIcZE L ZhZF

Table 6. Effect of immune serum transfer on resis-
tance in CF1 mice immunized with tRNA
vaccine

9% survival at 30
days post-challenget

0 (6.2
10 (15.4
90 (26.5) p<0.01
85 (25.8) P<0.01

*Sera were obtained from 20 mice immunized with
indicated vaccines. Groups of 10 CF1 mice that were
immunized 14 days previously with 20 ug of tRNA
received intraperitoneally 0.4 ml pooled serum of each
immune group and were challenged intraperitoneally with
1000 LDs, of strain LT2 3 hr later.

1 Data were obtrained from two different experiments,
and numbers in parenthese indicate MTD.

Serum donors*

Normal mouse
LPS-immunized mouse
CRF-immunized mouse
Live-cell immunized mouse
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NOEEEIE LR, 7 EBORTIL EEYE
BP-1eHFETHCERHBELLDOTP-12ER
DEAE-Sepharose CL6B it X 24 A v re< 1 7
774 —%fTotz. ZORERIERT TRICRTWML ZD
FEHRP-CeFET s ENET S hie. BB P-Cic
L BRIBIZLD 60 %D~y ANVERERL, FInFHFETH
# (MTD) % 25.4 HEEBHITER L. wr~) VIE
Biext 7 5 EERM (WCA) bHA L BER R
FG st o33@d b iic, P-Dick 5 MTD iR
K ORPERIGDOHR A + v AT BRECERE U BB RS
HO05MoNaClick - THEHEI b D EELLR
%2, By P-C i X % Apesh R0 & o X b #tk
DHENEDERTH B LEE LIS, ¥ AV RIEERIE
AT S (B2 O P-C = v 211 (well By) 2 P-C
R L—AROWRERR TR T 5 2381 LPS B\ 1341
BERTFMmME XL P-C KRG L V. Z0HEILP-C
I T B R ESR X O HUR (LPS) s b o
THAHZLETRBRTHLDTHS.

2) P-C o SDS-PAGE OFf Rk 2 a iwR_31< &4
FE 43,0000 % v 2 BETHH HRPO S LicHl
<9 2 Ig EHMEEHEH L7z Western blot HRic & » T,
HLCRF = v A MBI P-190D 2 v 2 B SRR
T EER@E20)A) P-CrBHLTCE—HEoEHE
(43kDa) DA% R#H L 7=(X2(b)B) 7213 THLLPS #i
i U CERIGTH - 2 (R 2(0)O). '

9. tRNA &~ v AT 5P P-C~ v X MED

=7
=74

Table 7. Immunogenicity of fractions of CRF obtained by chromatogra-
phy on Sephadex G-150 and DEAE-Sepharose CL 6 B

Survival rate at WCA Delayed footpad
Fractions 30 days post- titres response

challenge (%)* (logt (X0.1 mm)i
P-1(G-150) 80(27.8) 9 10.2+2.3(P<0.01)
P-I1(G-150) 10€10.6) — 7.5+1.4(P<0.05)
P-A(DEAE-Sepharose) 0C 4.9 1 2.6+0.7
P-B(DEAE-Sepharone) 0( 5.0 1 6.9+1.9(P<0.1)
P-C(DEAE-Sepharose) 60(25.4) 7 3.6+1.5
P-D(DEAE-Sepharose) 0(16.2) — 8.3+1.8(P<0.05)
Saline control 0C 4.6) — 2.5+0.8

* Groups of 10 mice were immunized intraperitoneally with 20 ug of each
sample and were challenged intraperitoneally with 1000 LD, of strain LT2 12
days later. Number in parentheses indicated MTD (mean time to death).

T Serum titres of whole-cell agglutinin expressed as mean values of five mice

(logy) ; (—) not detectable.

I Groups of five mice were immunized in the same way and the footpad test
was performed 12 days later. Data were expressed as the mean values=SEM for
five mice. The levels of significance for the observed frequencies were deter-
mined by Fisher’s test for 2X2 tables or Student’s ¢-test
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Fig. 2. (a) Chromatographic separation of the SDS-treated CRF on a column (1.0X
55 cm) of Sephadex G-150 pre-equilibrated with 10 mM Tris-HCI buffer, pH
7.4. A 5ml fraction was collected ( flow rate 5 ml/hr). Vo: void volume. (b)
DEAE-Sepharose CL 6 B ion exchange chromatography of the void fraction.
(P-ID obtained by chromatography on Sephadex G-150. The sample was
applied to a 2X30cm DEAE column. After the sample had entered the
column, the column was wahsed with 200 ml of 10 mM Tris-HCI buffer, pH

7.4, followed by a 0.05-0.8 M NaCl gradient (400 ml total volume). Five
-millilitre fractions were collected.

K8 RTML P-CledT B Ao n 2L Lic A LPS Hifh@L O Hil) &5 LT b Jh LR
<V ATRD HBREDEFHREDOERIRD b DA (HEFE 15 %, MTD 11.)DFRBUIRD b ied o Tz,
THBHDIEHR L 30 ug D tRNA THE 14 A Bicit P-C 10. P-C %2~ v » JEHEM s B+ o Fidk
RS LEBAREORENREFES Y, P-CTHEL 7~ v ADRHEMEMEEK L P-C Lo
MTD 28.6) DRELARBD b iz, —F tRNA g~ ¥ RV v PR IS AT L P-C = 7 & IfifE & P-
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Table 8. Transfer of anti-Peak C antiserum into
mice previously immunized with tRNA

Survival rate at
Transferred serum* 30 days post-
challenge (%)t

MTD}

Recipients (days)

tRNA-immunized Anti-P-C antiserum 85 (P<0.01) 28.6

tRNA-immunized Anti-LPS antiserum 15 NS 11.8
tRNA-immunized Normal mouse serum 10 NS 12.5
Normal control  Anti-P-C antiserum 0 9.5
Normal control  Anti-LPS antiserum 0 6.2
Normal control  Normal mouse serum 0 4.8

* Antiserum to Peak C or to LPS was given intraper-
itoneally to mice that had been vaccinated with 30 ug of
tRNA 14 days before or to normal mice. Each group
consisted of 10 mice and received 0.4 ml of antiserum per
mouse.

T Intraperitoneal challenge with 1000 LD, of strain LT2
was carried out 3 hr later. NS, statistically not significant
by Fisher’s test for 2X2 tables.

I Mean survival days of dead mice.
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ik < 7 v 7 7 — D HfM 2R oMl S D
HikThb o L BRBL T 5.
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BRD BRI

% =

AR IFT7RAERACCTY AV — a7 2 F VOB
EDWTIEENMEA L IcIBET RO = 7 ADBETE

(c)

Fig. 3. (2) Ten percent SDS-polyacrylamide gel electrophoresis. (4) fifty micrograms of the Peak I (Sephadex
G-150). (B) Twenty micrograms of the Peak C (DEAE-Sepharose CL 6B). Both samples were heated
for 5 min at 100°C, and were reduced with 2-mercaptoethanol. Electrophoresis was carried out at a
constant current of 20 mA until the tracking dye had run 10 cm into the separating layer. (b) Western
blot analysis: (A) Peak I; (B and C) Peak C. The first antibody was anti~-CRF mouse serum (A and
B) and anti-LPS mouse serum (c). The second antibody was HRPO-conjugated sheep anti-mouse
immunogolbulin. (c¢) Ouchterlony immunodiffusion analysis. A, : anti-CRF mouse serum; A, : anti
-Peak I mouse serum ; B, : anti-Peak C mouse serum; B,: immune M¢ extract (void fraction of
Sephadex G-200); C, : anti-LPS mouse serum ;C, : salmonella group B typing serum ; D: Peak C.
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Table 9. Enhancement of immunogenicity of Peak C by administration
with FCA or tRNA

e L s p—
. g 3

tion* challenge (%)t (X0.1 mm)i (CHJTdR uptake)$

tRNA 85(P<0.01) 11.5+2.2(P<0.05) 10,625+324(P<0.01)

FCA 70(P<0.01) 9.8+2.7(P<0.05) 8,960+245(P<0.1)

LPS 10 3.6%+1.5 1,403+276

Saline 0 2.84+0.7 1,370+264

* Twenty micrograms of Peak C were mixed with 20 ug of tRNA, 30 ug of LPS
or an equal volume of FCA or saline, respectively.

T Groups of 20 mice were immunized subcutaneously at the base of the tail with
each mixed vaccine. Ten mice of each group were challenged intraperitoneally
with 1000 LDs, of strain LT2 14 days after immunization. P values were
determined by Fisher’s test for 2X2 tables.

I Five mice of each group were subjected to the footpad test, and data were
expressed as the mean values+SEM for five mice. P values were determined by
Student’s ¢-test

§ T cells were obtained from the remaining five mice at 14 days post-immuni-
zation and stimulated with salmonella antigen. Data were expressed as the mean

c.p.m. £SEM for triplicate cultures
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