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Especially on Induction of Protective Response

Heiji SATO, Masaya SAKATA*, Hisashi Koga**
and Masami MOCHIZUKI
(Laboratory of Veterinary Microbiology)

* B
FRIPE RS |3 1 M BRPYR D IF BT B 43, #512
4 H, BREIRE U TORRMEREYERZ (UE D BEMIL L
CHIBNTWD LA THD. —RICHFHRIYR 2
AR e =T BRI BT L D b, FiA

B2 L ORAIC L DIRDTIVHNTH B EhB.

UL, RBEESTEREICA D BV &) B 5,
U7 F L ERMEIC L B E 2 IRRBERAR S
TS, IXIZbbhil, BREBEHO KR &
FURENEHT S L BREL 20319, TORRIC
HWEREICHIRZ D B, SR RBIOERLEZIE S
T D7 DARKEETV, -
I3 5.

ER A

1. BEEHE7 /7 AN

HI2Y L [EKE Pseudomonas aeruginosa 1300 #k
29O F MBI 2ARA L LTHW. &
EIXAMB¥RT, Lanyli O9¥IZEhiE Group 7 12
B3 5. v 8l Minimal Medium (9 V#B
20 LT7g, VOBl Ay va38, 2 Y
—4£0.058, Hifg7 t=v2s1g5HEMKI, 000m
VZIERR L, 121°C 16 TR BEE U 7= 2 D2k I, kR
TSR D L2488, TRUBE208, ZEH K 100 ml ©
7R B 2 REKE L TInZ %) 12, SRR
IR 2 YoM L CHERE L,  37°C ICHp BB R 18
M IR IR A2 10,000 512785 & 512 F 24—
VEINZ, 3ERBEEET (20°C A THERME L
Hilz. TDOv I F > (MM whole vaccine) % 5, 000
rpm 30 RS, 0.22um OFEEL DI Y E 7
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74 VA —THEH#EL, %z MMAF (Minimal Me-
dium Autolysate Filtrate) XLFEA 7=,

2. RAPWEER

v v AXHA S L7 HEED JCL-ICR % SPF = w»
2, 4B 19~228) RV, K, FEREE, &
— U, BURWRHEE L TEE Lz, AR Lk~ 2iiE
|x D 10% OEEEZHMB LT, OB, EEOKREHE
(UUF Ps.) 2y .— FEFREX (DIFCO) 12XY
BSE L. ALY 255 0.6% 12 Ps. 239
XNz, MEFRNIZIEWTN Y Lanyi® o5 — 7
BIZBT 2 DTH - 7. EEIGRZEIEY 272 0.5ml]
ZHEPEN (p) BESL, ZEEIL Freund B2 7 o
/N2 M2 MMAF 2ZBEMLOZ25ml—-5->7H
T2, BN IIofiEREInzy+¥o
SREHLEE & AV 72, Mg 3 B E T, My
DR, HERABET-200C ICBRE L TRELE. =
U ABBIIATR O LA LS, "= b T a—U s
Tu 2 1 HIEESFERL, 5%+ 7 (Granular mu-
cin, Wilson & Co. Inc, Trpe 1701W) &1 :9»
HEITEL, FRECHEEZD 0.1ml Hizate &
DICHRBIL, <o AEERICESR L7 1ERBEL,
Behren-Kauber #:i2Jk b LDs, %5 LB5EES %
FHRELL /2.

3. AvEA—T7TOYORE

122 —7 20  OERITIE, < U AEHEIEMIES
¥ L-929 #ufask LokfadknRx s 1 42 (V.S V.) =
2P —U—-HEHW Mfakke V.SV,
=V = U—HRIIVWT N B RAERF L Y Y5 I n
LOTH5. REDFHER, 35mm 5 2F oo v s
— LIZ4.5x10° filo> L-929 Ml sraE L, 24 Befns
#E#%, I MMAF 0.5ml 08 %2517 v =2
3PL-o > L b 1w IR UIyE S e L, #EEk
(MEM+ 2% v > [aJRIE) TREBAERL 25 %

-2
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GBIV AEINT A4 F Ly b IKIZI0% IZ T 507
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DI 277 L P2 DR TG ECE Rd Tz AR
WA 4 v a—7 2nr i, By 4 2 (V.8 V)
ORFEEIET 54 > 42— 7 = v VEERTF LW I2I
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4. [RHRBE

MMAF ok B %, Amicon #:BIFEA B,
UM 10 (10,000 #v > cut off)y, UM2 (1,000 &
s k> cut off)y, UMO05 (500 #v k> cut off) T
BBRLEY PV EHOT, TNFNOREEZL S
NP EEOEMT, % Amicon Model 52 12+ o
ML N, %2 1.5kg/cm? BTl E TV, 30k
DIBFHITEBETEML, WREZHEIEL, 420D
NE Rz, CONEIET Y R7ITE D BB L 72
Db, HHETACIZHEEL 7z B DWEIRLAN DFR
WILRBRIZ T 51246305, 0.05MPBS (pH7.0)
THBICERLUTRY 7 7 ST 2\ &L
7z.

5. B

MMAF % 65°CIZHfiL 2D 54 — 2~ 2CT30 457
fE s L <asIcim U .

6. ErRUNIE

TEEOEEEE L LTl Tripsin (Merck #4 2, 000E/
g), BiERMEEH L L <13 RNase (E{L2pTZEM)),
DNase 13 DNase I (Bolinger Manheim {L&) % Hi
W MMAF RIS RS RRE 2TV, <O
s

i) hY T A FEE{E LT MMAF 95 ml 12

0.2M Tris buffer (pH7.7) 2in%, 0.2M Tris ami-
nomethane © pH7.7 2B L2 O HEL 2.
wesEysE L trypsin 5mg/ml % 0.01M Tris buffer
(pH7.7) ZRWCHEML /2. RISIZEE 45 ml 2w L
5ml @ trypsin IR2INZ T - 72

ii) RNase MU : trypsin ALPRERE pH 7.7 123
L7 MMAF 45mli20.01M Tris buffer (pH7.7)
M L - RNase 7A¥ (1mg/ml) 1.5ml ZEFIL
RIB%1T - 7=

iii) DNase U : JLELK & L T, AL 23 0. 02

Mic2s % & 5 12Hif~ 4’3 & 9 L 2L 72 MMAF
(PH6.8) %I\ 7z BERIHIZ 0.01MPB (pH 6. 8)
< DNase 1 7% (1mg/ml) 2{EY), HE45mlic
1. 5 ml OEEFHISHZ A 7=

V) RISORN SR, BN AT 3TC 1S
BELTHEWELORRAL, 37°C 24 BERIG 217
ot BT & D U AT AR TR L, B
1Y K7 WEEE# 4 CITER{E L 72

£ B & B
1. MMAF 74 F OB
M@ v 7+ (MM whole) & MMAF ODijfj
#h ZNFNIPLsHOD Y ZI20.5ml, 4 HIE
<20, ip H4fL, W5 8 HEHICHE 21T
o 72452 Table 1 1IZRIND & 512, BRYLBEIE
B 5.6x100 L ETH -7z, £72, MMAF %
AfERERARL, Z00.5ml % 1E10tsoD >
2R L CHEEL Db, 17LD; DOBRtTHREL
P43 Table 2 O X 378 b DT, 4,096 [ IZ7H
ANV o F o TO R BIERYBEEZ OO T EH S
TH - Tz

Table 1. Protective index (PDso) of Pseudomonas
aeruginosa vaccine

Vaccine LDso*! PDso*?
MM whole*? >1.8X10° >5.6%103
MMAF** >1.8X10° >5.6Xx10°
Control 3.2X10?

*l. LDso was calculated by Behren Karber's method.
*2. PDso=LDso of vaccinated mice/LDso of control.
- Whole autolysate in minimal medium.

. Membrane filtered autolysate.

*3
4

Table 2.  Protection of mice with various dilutions
of MMAF vaccine

Vaccine dilution  No. of micd died No. of mice

inoculated
1:1 0 10
1:4 0 10
1:16 0 10
1:.64 0 10
1:256 0 10
1:1024 0 10
114096 0 10
Control 9 1

Note: 1. Challenge dose 17 LDso
2. Significant protection (P<0.001)
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2. TOFVOBMBHBRREBORM

MMAF O 5850 0 HB R 2 00 5 4129 2 720,
HH 3OO~y 2% MMAF 0.5ml ip 0D %,
FERFAIC BB 217 » TH 745012 Table 3 Th 3,
VI F A VHBIZKR L O34 iR
R ONLD - 7288, B4 24 R 72 IRt
bNDEHITHY, vrFr—o 5 B2 AEICIET
TIIC LI e, BAMZRL TN

Table 3. Induction period of protection with
MMAF in mice

Interval between vaccination LDso*! PDso*?
and challenge

>1.4%10° >1.0X10°
>1.4X105 >1.0%X10°
6.4X10° >4.5x10?
1.4X100 >1.0x10!
3.3X10' >2.3x10°
<1.4X10'  1.0x10°
<1.4%10!

4 days before challenge
2 days before challenge
24 hours before challenge
0 hour (immediate challenge)
1 hour after challenge
4 hours after challente
Control

*1 2. See Table 1

3. AVER—TJTIOVBRFOEN

MMAF 10 ip H4% 5 13 72 = v 2 MiGdo
V.S V. 75 o s FERRBIER T, 14448 155 0
4R HEEZTIZRO N, IR 40 [5FETH Y, Ps.
DEBEHTIEA v 2 — 7 - 0 DR TFO BT
3k 2s 4> 72 (Table 4).

Table 4. Interferon-like substance in the serum of
MMAF -injected mice and challenged mice

Hour(s) after vaccination Potency*

=
=

A
N}
S

After 1st vaccination

7

~

After 2nd vaccination
After Pseudomonas
challenge

4
7

DO b= DN

OO DN W N0 B U1 WO O e D — O
oo
[y

12 <20
24 <20

° Potency was shown in maximum serum-dilution
which reduced plaque less than 50% of control.

N

4. TIOFUBRBROBHOCKEHE
BERsEL A (0.5ml 1IAD, FEEEEEE (4 BRI 2 [,
v FURBE 10 0MHEE), FO#E (MMAF %

2HEICHER, 2HRBTlLHS>HBICKTZES) O
EDDFEERA . BREE% 4 HEICKR L 25
Tid, Table 5 D& 312, BABEIRILEI L) -7
%3, FECAYIC MMAF 2380 L 72~ 7 213 650 fRaRs
OESHEZ LD & 5127 5 7.

Table 5. Protection induced in mice with administ-
ration of vaccine from various routes

Routes LDso! PDso*?
intra peritoneal >2.3X108 >1.0X%10%
per oral 1.5%10* 6.5%X102
intra nasal 1.4X10° 6.0X10°
Control 2.3X10!

*1 2 See Tabl 1

5 ZHRE

Freund 7 v L %0 b Z2HWTlES 729 4 ¥ OH;
7D FERMEIE, +TORFEIZHLTY 16 {ERED
BWDLDOTH -7z, ZOHMIFE MMAF % 1/10 &
WEHEL 729 o v LRI, ¥ VIR IS 5
5%t L L, B2z IRMancEsan
Tew 0 203, ERHBIRIZHL, WEO< w20 105 5
EWVIRNHIENEEI N, L L, SREER ST
otz UHF OMIFTY 14X 103 K RREE O kyupsise
BEASEBD SN CORGBEE Y ¥ FOIM751212 Lanyi
DN~ T 4AFEIT0 LT 4D BEE S B T L s
D72 (Table 6).

Table 6. Passive protection with immune sera
Sera LDso*! PDso*?
Immune rabbit serum 2.3%108 1.0X10°
Not immune rabbit serum 3.2X10* 1.4%x10°
Control 2.3%10!

*1 2 See Tabl 1

6. BRABBICLDESEORRDBEE

RANME SN 72 50081E, F, (MW : >>10,000), F,
(MW : 1, 000~10, 000), F; (MW : 500~1, 000), F,
(MW : <500) &H{-T1F778, ZTORNEZ 4 AR
2[E0.5ml ip B4t 2 5 1 72~ v 2T BT B 58,
Table 7 IZW2 X 512, 2F# 1,000 £ LB FD
SYETIE 10° 5 LI EOB® AR L, 7898500 200
L 1,000 %00 b > DOYHET 3. 2x 10% £ iM% 7
L, rFa 500 vk VEIFD Fy TY, 2,000 £%LL
Eowv S smopigeR L 7.
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Table 7. Protection with ultrafiltrate of MMAF

vaccine
Fractions LDso*! PDso*?
Fraction 1 >1.2%X10° >1.0X10°
(MW: >10, 000)
Fraction 2 >1.2X10° >1.0%10°
(MW: 10, 000~1, 000)
Fraction 3 3.8X10° >3.1x10¢
(MW: 1,000~500)
Fraction 4 2.4X%10 >2.0x10°
(MW: <500)
Control <1.2%10!

*l *2. See Tabl 1

7. #FIBEVNRORE

fn# MMAF X JEi MMAF k Officid Table 8
RBND LD, i HOMED B Hoh T, BRI
#12 ) > Th, MMAF 3% ORRYLEEH SRR 1T 8
%5213 725> - 7= (Table 9).

Table 8. Effect of heat treatment on protective
effect of MMAF vaccine

Specimens LDso*! PDso*?
MMAF >2.2%10° >1.0X10°
Heated MMAF*3 >2.2%10° >1.0%10°
Control <2.2X10

*1 *2. See Tabl 1
*3. 65°C, 30 minutes in water-bath.

Table 9. Effect of enzyme treatment on protective
effect of MMAF vaccine

Vaccines LDso* PDso*?
Trypsin treated MMAF >3.0X10° >3.1x10°
RNase treated MMAF >3.0X10° >3.1%X10°
DNase treated MMAF >3.0%X10° >3.1x10°

Control 9.5x10!
*1 %2 See Tabl 1
% ®
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MMAF DN I8 & 25y, 4> 78 500 LT o
SFEIZY 2 X10°PDsy &\ 5 BB EAE %, B
G950 H 5 i3, |REBELOME, S8
B, )R - AL BREADRFRS BT L ERBE LT
W5, BJABE, Y S, RNase, DNase /3 Y DR
RIWFIZE 5 TYH, MMAF O35RSEBEINTH -
PLEBLDEARLET S LS 12BN B,

PLED LS 2 DR 6, FRMBEE O BYLp 8
ISIZIE, EE OB EBES I L 2508 D132,
PR HE L RE AR, iivsn T,
=Yoo, VrovER, THIKE, B#HIKSL &xd 23R
FEMMIR T 12 & BB ORBIYL HIIZB 2 - T
ST EBBRING. bhbnid, [1F, MMAF th
DAYITEYER T O BB & iRHERR IS > THISR 2 ks
TH 5.

E 0

FRIBE RGN S 2 IR L KR Y 2 7 o (MM-
AF) DRFEREIZOWT, MO RKBIRER, 12 4 —
70 R, U0 F L OBEHEICL 2, Y
T, BULFE, BESRAFIORE L PIToW TR 0
BRZIT0, UTOX S %#iR%2 872 ¥70b5, MM-
AF 3= o 212 & 2 @Y BRERIC X Y, Misd T
PiEZ b5, LA OB THATH 20 LS x
N7z, MMAF 3= » 285 4 [ H ISR OHEH
ZMEL, 2ZHERBOTY /) O 2 H83
5. ZORBOYEEDHKEIZBEL L, 14—
= B CORENIEEMNTH - 72. £72, MMAF 135%
ARBICE - Th = v 2IZIEHME R 52 2 2 L3380 5
PIZE N7z, MMAF OENEEIZ X 2585008 % v
7RG BB TIE, TR 500 40V kL LUF DAY
KON SRS H 2 ¢ LRI NS, MMAF i1
BALE (65°C304), Y S >, RDase, DNase /5
EOBEFMIIZ L 5 THM SIS0 L2305
PIZEINTz. U EDE L DS 5, MMAF o
MU GREICIE, MBS OBER HEHE L Lo
2T, IR T2 22 X 2o RER Y B
BLTWBZ L RBE Ntz

Wi AEBERTOYY, L-929 Mtk X ook
BHARY A VA2 —-U s -0 —HRSE T 12,
R KEEFEH B ARG mild U
3.

X [

1) Abe, C., Shionoya, H., Hirano, Y., Okada,
K. and Homma, J. Y.: Common protective
antigen (OEP) of Pseudomonas aeruginosa.
Jap. J. Exp. Med., 45, 355-359 (1975)

2) Almo, T.H. and Bass, J.A.: Immunization
against Pseudomonas aeruginosa 1. Induction
of protection by an alcohol-precipitated frac-
tion from the slime layer. J. Infect. Dis.,
117, 249-256 (1967)

3) Bass, J.A. and McCoy, T.C.: Passive im-
munization against experimental Pseudomons
infection: Correlation of protection to Verder
and Evans “O” sero-type. Infect. & Immun.
3, 51-58 (1971)

4) Bjornson, A.B. and Michael, J.G.: Biolog-
ical activities of rabbit IgM and IgG antibodies
to Pseudomonas aeruginosa. Infect. & Immaun.,
2, 453-461 (1970)

5) Feller, J. and Pearson, C.: Pseudomonas
vaccine and hyperimmune plasma for burned
patients. Arch. Surg., 97, 225-229 (1968)

6) Harvath, L. and Anderson, B. R.: Evalua-
tion of type specific Pseudomonas vaccine for
treatment of Pseudomonas sepsis during gran-
ulocytopenia. Infect. & Immun,, 13, 1139-
1143 (1976)

7) Hirao, Y. and Homma, J. Y.: Therapeutic
effect of immunization with OEP, protease
toxoid and elastase toxoid on corneal ulcers
in mice due to Pseudomonas aeruginosa infec-
tion. Jap. J. Exp. Med., 48, 41-51 (1978)

8) Homma, J. Y., Abe, C., Tanamoto, K.,
Hirao, Y., Morihara, K., Tsuzuki, H., Yana-
gawa, R., Honda, E., Aoi, Y., Fujimoto, Y.,
Goryo, M., Imazeki, N., Noda, H., Goda, A.,
Takeuchi, S. and Ishihara, T.: Effectiveness
of immunization with single and multi-com-
ponent vaccines prepared from a common
antigen (OEP), protease and elastase toxoids
of Pseudomonas aevuginosa on protection
against hemorrhagic pneumonia in mink due
to P. aeruginosa. Jap. ]. Exp. Med., 48, 111-
1333 (1978)

9) Jones, R.]J.: Protection against Pseudomonas
aeruginosa infection by immunisation with
fractions of culture filtrates of Pseudomonas
aeruginosa. Brit. J. Exp. Path., 49, 411-420
(1968)

10) Jones, R. J., Lilly, H. A. and Lowbury,
E. J. L.: Passive protection of mice against
Pseudomonas aeruginosa by serum from re-
cently vaccinated mice. Brit. J. Exp. Path.,
52, 264-270 (1971)

11) Jones, B. J.: Specificity of early protective



138 Ve o SIHHER

ST UCRE =

responses induced by Pseudomonas vaccines.
J. Hyg. Camb., 70, 343-351 (1972)

12) Kojima, Y., Homma, J. Y. and Abe, C.:
Property to induce interferon of Pseudomonas
aeruginosa endotoxin and its component. Jap.
J. Exp. Med., 41, 493-496 (1971)

13) Laborde, H.F. and Fajardo, C. L.: Pseudo-
monas vaccine. I. Preparation and assay.
J. Bact., 90, 290-291 (1965)

14) Lanyi, B.: Serological properties of Pseud-
omononas aeruginosa. 1. Group-specific som-
atic antigens, Acte Microbiol. Acad. Sci.
Hung., 13, 295-316 (1967)

15) Lieberman, M.M., Wright, G.L., Wolcott,
K.M. and McKissock-Desoto, D.C.: Polyvalent
antisera to Pseudomonas ribosomal vaccines:
Protection of mice against clinically isolated
strains. Infect. & Immun., 29, 489-493 (1980)

16) Markley, K. and Smallman, E.: Protection
by vaccination against Pseudomonas aeruginosa
infection after thermal injury. J. Bact., 96,
867-874 (1968)

17) Mates, A. and Zand, P.: Specificity of the
protective response induced by the slime layer
of Pseudomonas aeruginosa. J. Hyg., 13, 75~
84 (1974)

18) Sasaki, M., Ito, M. and Homma, J. Y.:
Immunological studies on the Original Endo-

toxin Protein (OEP) of Pseudomonas aerugi-
nosa — Adjuvant effect of OEP in vivo. Jap.
J. Exp. Med., 45, 335-343 (1975)

19) Sato, H. and Diena, B. B.: A polyvalent
Pseudomonas vaccine. Rec. Can. Biol., 33,
93-97 (1974)

20) Sato, H. and Ueda, T.: Effect of Pseudo-
monas aeruginosa vaccine on Predonisolon
treated mice. Bull. Fac. Agric. Kagoshima
Univ., No. 30, 131-137 (1980) (in Japanese)

21) Sato, H. and Ueda, T.: Effect of Pseudo-
monas aeruginosa vaccine on irradiated mice.
Bull. Fac. Agric. Kagoshima Univ., No. 30,
139-145 (1980) (in Japanese)

22) Smith, P.L., Wysocki, J.A., Bruun, J.N.,
DeCorcy, S. J. Jr., Blackmore, W. S. and
Mudd, S.: Efficacy of Ribosomal preparation
from Pseudomonas aeruginosa to protect
against intravenous challenge in mice. J.
Reticuloendthel. Soc., 15, 22-30 (1973)

23) Tabuchi, K. and Diena, B.B.: The protec-
tive effect of Pseudomoas culture filtrates
aginst experimental infection in mice. J. Biol.
Stand., 2, 215-222 (1974)

24) Tabuchi, K., Sato, H. and Diena, B. B.:
Pathogenic and immunological properties of
culture filtrates of Pseudomonas aeruginosa.
Can. J. Microbiol., 20, 1417-1422 (1974)



REE AR o 7 139

Summary

Some features of protective responses induced by autolysed Pseudomonas aeruginosa
vaccine (MMAF) were pursued in respects of several analytical points of view. A fixed
number of tests were carried out on the following items: effective fractions, interferon
induction, effects of administration route, early protection response and effects of enzyme
treatment of MMAF vaccine.  The results obtained are as follows:

1. A strong protection was induced in mice by MMAF, and strong protection was
transferred to mice by immune rabbit serum.

2. Very a small amount of vaccine such as 1:4096 was capable of inducing effective
protection in mice.

3. A single inoculation of MMAF protected mice 24 hours after vaccination against
4.5%10? LD,, challenge by homologous Pseudomonas aeruginosa. Interferon-like factor
was detectable in mouse sera for 1-4 hours after injection.  Titres measured by means
of plaque-reducing-method were x40.  This result does not seems to be in support of
the role of interferon in protection against the Pseudomonas infection.

4. MMATF vaccine also protected mice against 6.5x10? LDs, challenge by Pseudo-
monas even in case of per oral administration.

5. Small molecular weight fractions such as 500 dalton prepared by ultrafiltration of
MMATPF still induced a high protection, such as 2x10° of PDsx,.

6. Protectivity of MMAF vaccine was not effected by treatment with heat 65°C 30
min) and enzymes (Trypsin, RNase and DNase).

From the results mentioned above, it was suggested that MMAF vaccine contains
particularly effective fraction (s) which might be distinguished from the ordinary antigens
or endotoxin substances derived from the bacteria.



