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Fundamental Studies on the Bacteriophages for Typing Pseudomonas aeruginosa and Their

Propagating Strains
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* University)

Abstract: Using the bacteriophages and their propagating strains shown in Table 1,
lysogenicities of the strains, sensitivities of the strains to the phages and sensitivities of
phage resistant mutants to the phages were tested to clarify specificities of the phages.
Growth inhibition of the strains with low reproducibilities were observed by spotting the
culture filtrates of the strains (Table 2). Applying plaque assay method, lysogenicities
were found in 20 combinations (Table 3). Differences between two methods may be
caused by different induction rates by the time and also by pyocine activities when undi-
luted filtrates were spotted. From these results, it can be said that there is no misreading
caused by lysogenic phages in the stocks of typing phages when 1—3x10° PFU/ml solu-
tions were applied. In addition, frequent host-induced modifications were observed
among lysogenic phages originated from the same culture filtrate grown on different hosts
(Table 4). Sensitivities of the propagating strains to typing phages were shown in Tables
5 and 6. The same host range between the two phages was not seen in each method except
between phages 44 and 1214 in the method of spotting 10° PFU/ml. This result shows
specificity of each phage, and possibility to select two out of four non-lysogenic strains
for propagating 12 phages. Forty-nine kinds of phage resistant mutants were isolated from
11 strains except GN3405, and a total of 410 mutants were tested for sensitivity to
the phages (Table 7—13). Thirteen cases gained the sensitivity to originally insensitive phages
and 16 cases lost the sensitivities to all phages in almost all strains. Six kinds of phage
119X resistant mutants originally not sensitive to phage 21 retained the sensitivities to the
other phages and two kinds lost also sensitivity to phage 21, but there was no phage 21
resistant mutant isolated. This result indicates that phage 119X is specific to the other
phages but there is some relation between phages 119X and 21. Table 14 summarised

cross-resistances between two kinds of phage resistant mutants. Cross-resistance was
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always observed between phages 7 and 352, 7 and M4, M4 and E79, 1214 and M4, E79
and M4, and M4 and C11, whereas no cross-resistances were found between 7 and 1214
or F8, 352 and 44, 1214, F8, E79 or C11, F8 and M4, 21 and C188, 119X and eight
kinds of phages. Finally, the similarity indexes of the Iytic spectra of two phages on 410

mutants show the correlation between phages 7 and 352, 44 and 1214, F8 and E79 which

support the typing method of Sakamoto et al.
E79, 1214 and E79, M4 and C11 (Table 15).

(1977) and between 44 and F8, 44 and
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Table 1. Strains used in this experiment

Propagating strain Phage
IFO No. Symbol IFO No. Symbol
13739 7 20036 7
13740 352 20037 352
13741 44 20038 44
13742 1214 20039 1214
13743 F8 20040 F8
13744 M8s8 20041 E79
13745 M4 20042 M4
13746 C11 20043 C11
13747 21 20044 21
13748 C188 20045 C188
13749 119X 20046 119X
13750 G N3405 20047 $S-5

IFO: The Institute for Fermentation, Osaka.
All strains were kindly supplied by IFO.
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Table 2. Lysogenicity among the propagating strains by spot method

Culture filtrate

Indicator
strain 7 352 44 1214 F8 Ms8§ M4 Cl1 21 C18 119X GN3405
7 —+ ++
sy —F —— 4 —— — 4 EREN
— e+ —— +— e+ —— +— -
-t T T
IV . T oo
T 4 —— = =+ - == 4
—— - R i
-+ ++ 4 —— ——
Mes 4 ++ 4+ ++ ++
—— 4= - —— +— — 4
My ++ -+ —— - —— - -
—+ —— +— 4
2 —— +— ++ +—
gt +— —+ —— ——
—+ ++ — —+ -
Cies  _4 —+ - —+ — —
—+ R —— .= =t 4= - -
mex 4 ++ —— ++ -+ —— ++ —+ ++
—
GN3405 O

Checker-board experiments were repeated four times using newly prepared filtrates.

Exp. 1, Exp. 2

Results were arranged as Exp. 3. Exp. 4 and blanks mean no reaction at all.
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Table 3. Lysogenicity among the propagating strains by plaque count method

Culture filtrate

Indicator
strain 7 32 44 1214 Fg Msg M4 Cll 21 CI88 119X GN3405
7
352
44
1214 10" 75 R
re iic RS
Ms R fer S
ME o g5A UG E 1T
c11 51U
21 57 F
C188
119X it R I
G N3405

Checker-board experiments were repeated three times using newly prepared filtrates.

minimal
maximal
* . No plaque formation in Exp. 3.

Numbers indicate

titers in log,oN/ml and blanks mean no plaque formation.

A-V are related to the next table.
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Table 4. Host range of lysogenic phages among the propagating strains

Indicator Lysogenic phage
strain ABCDETFGHIE KTLMNGOTPI QRS STUYV
7 *
352 2 2 2
44 LI T S T
1214 4 4 4
8 5 6 6 6 35 5 4
M8s8 4 3 7 4 5
Md 4 43 4 2 * 4 6 2 4
Cl11 2 2 * %
21 2 3 4 3 6 * %
C188 3 4 £ %
119X 2 3 2 6 2 3 4 3 3 3 9 5
G N3405 2 * * %

A-V were mentioned in Table 3 and RTD of these stocks propagated from each combination

were shown by Gothic number.
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Table 5. Sensitivity of the propagating strains to typing phages by spot method
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Typing phage

Indicqtor
strain 7 3 44 1214 F8 E79 M4 C11 21 Clss 119X ¢S-5
7 23 22 3 /4 /4 /43323 s 228 /2
552 3/3 3/3 3/3 3/3 23 2/3 /v 33 /1 33
44 s/3 3/3 /1 /1 1/3 1/3
1214 A 23 3/3 /2 23 2/3
F8 o 13 13 1/3 8/3 3/3 2/3 33 12 13 173
Mss  3/3 12 1/3 1/3 3/3 33 /1 2 /1 13
Me 33 3/3 3/3 /3 3/3 33 83 33 33 /118 2/3
cu 13 2/3 3/3 2/3 3/3 8/3 /1 33 23 1/3
o1 3/3 12 12 12 12 12 3/3 /1 2/3 /1
c188 173 /1
19X 1/3  3/3 13 /1 23 3/3  3/3 2/3 /2 3/3 23
G N3405 2/3  2/3 2/3

Results were obtained by spotting 10%/10° PFU per ml suspensions of each phage.

3 : confluent lysis, 2

Mo, Bmn T 2B 7 » — V~OBEHEDET
B

R REKROBRIAT 7 — 2T 5 BRIERR
(75975

KRBT » — ¥ %10° PFU/ml 12/’ & 51

RUEe BT, BERERIZE TN TN T2

Table 6. Sensitivity of the propagating strains to typing phages by plaque count method

. semiconfluent lysis, 1 : plaques, blank : no reaction.

PR 2 s, EUHoEE—RE Licon
FO6THA.

HitE M4 119X 211D 7 7 — VIR R
L, WD » — VI CBRER R LeORT, 352,
M88m 3, 9fEAF8LCllm24k 8, 7,
5, 3, 2fEmEhnel, 44, 1214, GN3405
CI88D T2 TH » 1o LD 5 BRI

Typing phage

Indicator
strain 7 332 44 1214 F8
7 9.3 7.6 3.7 6.5 6.4
352 9.4 9.7 9.9 8.6 8.2
44 9.9 9.5 7.7
1214 6.6 9.5 5.5
F8 6.3 9.9 9.5 9.6
Mss 8.9 6.9 9.7 9.3 9.4
Ms 81 57 9.6 88 9.1
ci1 9.0 7.1 9.9 9.3 9.6
21 82 55 83 7.4 1.0
C188
119X 9.1 7.4 2.9 7.2

G N3405 8.2 8.5

E79 M4 C11 21 C188 119X ¢S-5

7.5 9.9 7.0 7.8 9.5

7.4 9.6 8.0 8.9 3.5

7.3 8.5 8.6 9.8

8.1 8.7

9.5 9.6 9.9 5.3 9.9

9.3 4.1 3.1 9.3 9.8

9.3 9.6 8.5 7.7 9.1 5.5

9.5 9.9 7.9 9.4

6.1 9.1 9.7

7.0 9.7

9.4 9.7 9.9 9.9 4.4 9.9 6.7

9.0

Number indicates higher titer in log;N/ml from two experiments.

Gothic number means the titer on propagating strain.




126

2T, ST » — x4 5 ER B 4 L
BELZEND EDHEAR LY » - o RT3
E, BT T57 > —oM4 L119X, B#k352
%7 > —v44; F8%H44, M4, CI1, 119X;Ms8
%44, 1214, F 8, 21, 119X; M4skf4d; C11xt4d;
ZIRI9X; 119X C11, 21Th b, Wikkd, 1214,
C188, GN3405CIXIET » — ¥ DLl s
ALTU e

Tr—CERNTRGORAET » — RS Mt
B
MRETEOEH TR L 5 LTy cx
7 = VEPRERED 71 5 v 1 REE%0. 1m] 28k
FER2.oml & L4 e BB LSRR b, Bilp)ze)
7 7 =Y ®10°PFU/ml 2 510°PFU/ml 1% 2 104
FREO T LT RIET, 1 REEBCAEE L8
2L UTFHE7 —131 %\ T1210'PFU/ml & #
& DRIREE D E CRAFE AR L gia s +,
10°PFU/ml # % TR EHa2wid 0o+, 10°
PFU/ml MDA C RABEE 7L 75 » 74K %
ROTET BIAC DB & & 48T — LT 7o,
BT BREANERS: HTREBCR LT
511 RT DR CRAREEZRT 7, M4,119X 0
3D 7 5 — 0 LTI Bk p M ¢
oo T/TEERER Lic 0B < C BRI 7 » — o M4
ENOX e LT WEMEATF L, Bl IERS
THoTe7 7=V CI88 1K LT BB A 7 LT Ls
7oo T/MARSEETE 71080 5 B 9 B Rk 7
7=V T EIOX T 5 BREhA %5 TH D, 5

Table 7. Sensitivity of phage resistant mutant
isolated from Strain 7

Strain cb(i?o.n;r)f Sensitive pattern

7 to——— Fo——t—

/7 10 - - +-
8 — — _

/M4 1 - - +-
1 - - +

/119X 2 + +

The arrangement of typing phages is the same
as Tables 5 and 6. +: highly positive, =+:
positive by high titer suspension. Remarks are
also effective to Tables 8—13.

B 1LY/ TOHE LEKT » — v C1881c -+ 5 1%
RESRBBLL T, B LBRIRFahb 7 » —
YNIX KT B B D LA LT\ . 7/119
XiZ 2B CE DR TH oo, BT »—
U7 & MARKT B E M B iz e <, 7/7, 7/
M4 & i3T50 o T8I L.
EHO2EREAMLEER: ZS LR L X o
B BERZ AR T 8 MoBAMY » — o0 )
B C188 DAL B T LB R AE N L
BHSEERRIDBECE oo T, 352/7 DARM9
KR CBERRL, 75— Cl188~m B3 0 &
BERLEYY > —C0En 6D 7 » — o L IR
Phd& 7o Tuate. 352/352 1% 8 kb 5 M7 5 — oo
1214 £ C188% R 5D 7 » — o~ EHiME L o
D, BHIWRIThThARE, 26, 1E07 5 —
ONLEIETH o 7. 352/44 T SHED B B 4
a7 > —21214, F 8, E79~LIEHM:, o 2
FRiE & 51 C188~ 4 HEHIME L 72 b, 785 2Bk Cix
6%, 4%ED 75> — o BHMAR L. 352/

Table 8. Sensitivity of phage resistant mutant
isolated from Strain 352

No. of

Strain colony Sensitive pattern
352 Frtttt—t—t——
/7 9 === - %
5 ooote- - 4
1 + +
/352 1 ——f+Et — 4
1 Fott+t++ — +
1 AT - -
1 Fr—t—— — -
/44 2 tt———— 4 -
4 s +
1 T —— - -
/1214 1 tmm + o+
6 fh——— + +
1 o + +
/F8 1 fE———— + +
8 tH—t+—— + +
2 th——— - =
JE79 5 fh———— 4+ 4
1 FH—t—— 4+ +
2 R —— - -
5 - - -
/C11 1 fht——— -
2 FH—t-—— — -




1914-Cx 8 Bkdh 6 #3352, /Mo 4 k& F LT, %
5 2B LR T » — 2 352, WE LRk
iz 7 » = Cl1E C188A LRI L i o T,
352/ F 8 1 x 100k 8 BipiAllsic 7 » — 244 L ET9 ~
LEGEE 7, LERRL24AY, fllo LHRLE S
7352~ BEHI AR Lz, 352/ E79 o 8 Fkek 5
12352/44 L 352/1214 TREE b % — v L[H
—, 2t s —44, 1214, F8, Cl11,C188
~NLIEHME, 1RR344E F 8 ~LIEHIME L 7o Tl
#-. 352/ CL1TEEkM 7 » — o w B &, 108k 5 #k
M7 2= T E352%ER< 57 » — o ~LEHE,
2RI T PR 6 7 > — o h P, Flo 2 5%s
75— T, 352, 1214% 0, BB L7 » — v
7, 352, 44 %R, WTTh{ 47 > =oAL ER
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Table 9. Sensitivity of phage resistant mutant
isolated from Strain 44, 1214 and F8

Strain (];\(I)(l)(;n;f Sensitive pattern
44 ——t =+
1 — _
/44 ) " Tz
6 —+ + +
/1214 : - -
/119X 5 i - -
1o a e
/1214 3 - -z
/ET9 10 - - -
N b
/44 5 Fh————++ +-
9 e -
/1214 1 ————tE -
2 Ft—————— +—
/F8 10 Ft-——ktE 4
/E79 . e -
/M4 1 @ —————- -
/C11 0 —————= -
/119X 10 +H+++++ -

127

BHMBERBERAETES: 29 LB X 5 Bk
17— 44, 1214, 21, 119X 0 4 FRc R R
PETH - 720y, 421058 BEINRINC K - 1. 44/
443fbd 3 7 » — DB L TR S D 2108k 6
BRETMado, 2H7 »—v 119X 2d, 18
BEBIT =24, BB LHRIEE7 7 —v
CHSHIMETH o 7o, 4471214 T S KRR T ERAY T
— 44 P119X i d EHM L 0D, 1 HRisEeEn
ML fe s Tunte. 44/119X03 10 OBk 7 » —
Az, LERIZE BT » — o2 I ER
L.

BHI24BRIERNEER: RIFRCHH LD
W DBAEL 7 - — ol TR SRR TR B i
BEB D, BOHE L TN TEREE TH
B EET TR Lish - 7o, 1214/ E790% LORRH
o TREREIE L e b, 1214/1214 T SR D
WA o Toh, TSNS > —o & L LIcET9
LS D, 7 —o2URFEER R LT

Eik F8 psRIRMMETEN: KITBURLICX
5 Bk R R A R T T 7 » — VK
PitEor s o TE. BRLcTht
NLOEE A » T SRRIEHNE & 72 - Cuvieoik, F8/
E79, F8/M4, F8/CllTh - T, F8/1214hm 4
b UHEA R LS, 5 b2k 7 =7,
352, C188 ~p#EHitha k- Tz, F8/119X4x
RisTEMY » —ooREIME L/ 2. 5 ¥4y
HiC X Rl CR—Em LR L FR/44i, 77—
1214, F 8, E79, 119X =L ¥EHiME & 70—,
7 o= 7, 352, CL88~IEHM A K- T iz,
F8/1214 % L #kCiz7 » —v 44, F8, ET79,
119Xz 4 HEPThE & 7o 5 —T7, CL88~DIEHIEL
BT\, 108 —o F8/F8i1 7 » —v 44,
1214, 119X~ LI\ L 05 —0F, 77— 7,
352, C183~ iz K- T 7.

B M8 BRiEMHE RN R0 hd L 5T
TR 7 > — UIEE YR Lo b, B
Hen s { BRUBEO S BEN T X 7ohs» 7o M88/21 &Ik
<, 6FED7 > — Uik BB EREE .
MS88/7 13 3T NTCHT » — v 4 & F 8ALIEH
PEThote. 108RERERC© X7z M8B/44Tix 3 ¥kiv 7
»—27, F8, ET9~%, firFEoIH 2 3o
w7 ,—27, F8, E79, 21, 7-—v 7, F8,
21, 7-—vF8, ET9~Y, 1RR7 »—v 7,
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Table 10. Sensitivity of phage resistant mutant
isolated from Strain M88

Table 11. Sensitivity of phage resistant mutant
isolated from Strain M4

Strain g}‘f&n;f Sensitive pattern
Ms8 -ttt —t—
/7 3 —+-* 4+ =
2 — —+—— 4+
2 - —+—%  —++
/44 3 — === 4+
2 £ o= 44+
1 — —f—x +++
1 Ft————  — -
/1214 2 - +
2 —_—— x—
/F8 1 tt———— 4+ =
1 + —t+—*  +++
1 ft————  x -
/E79 5 tt——— - +
4 tt——m—— =
/19X 10 fE++++ - =

F 8~ M 2RI L BRI b, £fn7 »
— v C188icxf 4 B I|PUME & % Tuviz. M88/1214
3R 28Rk T » — 44, F 8, ET79, 214,

TR EHI7 » — 2 119X~ HEHitE©, 3Hks
7 v — U352~ DEHE NS LTV . MBS/ F
8, dtkh2futY > — 7, 44, 1214, E
79, 119X ~LIEPiMEE e 5—FF, 7 »—3 C188
~OEFMER R, 17 » — 44, 1214, ET79
NHIEHME L I B K, 7 > — 0352 ~DIEHiE R
HE, o5 1HKTIRE 7 > —odd~ B Lo
T, 77— C18~DOEPIM A K Thric. M8g/
E7912108kh 5 ¥k 7 » — 044, 1214, F 8, 21~
L, AHRAIED S b7 > — 21wk 3L,
18t 7 » —o 44, 1214, F 8, 119X~ EHE
LB =07, TRC7 7 — 32~ DEHtkA 1%
LWz, ZBoM88/119X Cizlofkfii-T7 » —
QANBIERME L Ao K, 77— 352 NI
PEAEET LT\ 7.

E# M4 BREAMEER: FIlcRLel)d
B 8D 7 » — DR AR Licat, BIE
LR oBHAR L T7 » —2 TIEFKI S X7
Drofo. M4/44 2 M4/12140 &0k, MA/F8d 2 #k,
M4/E790 9 ¥k, M4/M4 o4H:, M4/Cllop 8 #k
WESEEE Ry, M4/119X 347 > —pic

Strain (I:\(I,i)'n;f Sensitive pattern

M4 Fot ettt —t—

/44 10 - ————— —

/1214 4 _ -

2 — e e —

3 - ————t— -

. 1 e

/¥8 1 o+ ————tx -

2 + ————tx +

1 + t=——+=* -

9 —_— ————— —

/E79 1 + _____~ -

/M4 10 - ————— -

8 e —

/C11 1 + ——— —

1 - +++++- -

/119X 10 + 4+ =

DIZBEHME & 72 o Ttz BRI DWW CREM: 2
BlLi7>—ol LTRET2E, S8R LE
M4/F8i33#mn7 » —o M4, 1H N7 -7 &
M4, 1¥»75>—-27, M4, Cll, 287 »
-7, M4, Ci1, 119X, 1#n7>—27,
44, M4, C11, M4/E79-M4/Cllp 1 Bt 7 »
-7, M4/Cllp 55 1t 7 » — 244, 1214,
F8, E79, M4 ¢tk 7.

E# Cll AREHNTEY: E12LB0 X5
B RECREM 2 RT 6B 7 » — D iK%
OBD ZEHERTH M TER. Cll/44 o 8§k,
C11/1214 + C11/F8 o4k, C11/E79 o 8 #,
Cll/Cli o THutr 4L 7 » — D il & b,
CLI/M9X D3> TEI 7 » — Y O R Hi
LigoTofe. BAKTIRCIL M 1 kM7 » —
v CI1E119X 124, RIKILENY » — Yok,
Cl1/E79 p 1kt 7 » — v 44, 1214, F 8, Cl1
id, Cl1/Cllo 1 a7 »—44, F 8, E79,
119X d, A1#L7 » —2 F 8, 119X 12§t
[ T A

E#2IBRERNEEK: ZRTBO X > IcE
EoRFAAECRE U T M T2 212113 3L 4
7 = VIXK L BRI TH D, 21/119K (33
T7 5 = P2~DREZME - T .




Table 12. Sensitivity of phage resistant mutant
isolated from Strain C11 and 21
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Table 13. Sensitivity of phage resistant mutant
isolated from Strain C188 and 119X

Strain (I:\Z)?(;n;f Sensitive pattern
C11 -ttt =t ——t+—
8 e —_ p—
/44 1 —tEE - =
1 —tE+ o+ o+
/1214 10 _——— = —
/F8 10 —_———— =
- 8 —_—— —
/E79 1 e +
7 [ — — —
/Cl11 1 —t—— — —
1 ++—-+ — —
/119X 10 ++++ + —
5 WU +—f—
/21 3 - —
/119X 10 + -

Strain é\;?o'n;f Sensitive pattern
cig8 0000 m— e ——— b —
/21 3 — 4
3 -
/C188 3 o
4 +—
119X T T B
1 — —_ =
/1 1 - ———t
7 - ———x *
1 — o _
/E79 1 — —_— +
3 - ——=—=x +
S . I %
1 - —++ =
/119X 7 + — 4+ —
2 + +4++ —

HE# C188 BN MHERK: KB LEBRURT X
51z C188/21 % HHEALEEA S  HEERITED - 7o
MIBRTRC N7 > Y DR ERETHD,
C188/C188 Tlxahld7 v — VORI WHiEL oo
feon THR, SBEEHMY Rl o 3KkTh-
7z

Btk 119X ARERUEEREK: EBTERO LI
B RZM AR LMD 7 » =YD b7 7 —
OM 4 IEF RO Sk AR & o 7. 119X/7
Tk 9Bk 8 ka7 » — E79, M4, Cllicd,
1B T A b7 » — 19X |PUE L oo
—J7, 75— 2l EHMEE RS> Tk, 119X/
E79¢x 5 #krb 3 ¥R2SRIE0 8 BERE & W) UEI A 7R L,
1T &7 » — v iRBdE, B5 LikiL7 » —v2l
~OREMAL R E SHA L AR CTh - 7o 119X/
Cliz\vThd 7 »—2 7, E79, M4 ~4IEHME
Eleh, THD S B3ETILT 7 — V2D
o Thte. 119X/119X Cix 10tk 78R 7 &
—vET9C Y, 2HRIEEN Y » —-v ok, 1
7 »—v 7 L ETRC LR L.

Btk GNAOHEFERUERER: FEK > T
11F5, 6%LBET »—U4d, 1214, 6S—51C
AR LI, 7y — P E 124 CREEE T

LARCER B EIAR L, 7> — Y 98— 5 TRH
B Rl ST, HEYE LR &
EABET R el o 7o,

Z o

HrE A EKREICH D W BRI

R AT T LR 2 ot T, 1448
LR oWTABOREAR LT\ 50, TOHKR
FEH—-F Loz, e TcdindLbl
EriE R —% LcEREHIEE 775 7%
Wa BBz, cod bEn, 3@, 2EBETH-
FoRFRERAM, 9M, 2LoFB4E T, D
U 1 B RBEThH 7. ThEZRig-TL
2 BEFT 7 fFR L BRI oW T A 7y 7B
ERIToTeRIORBELZ DL &, 2008 RERTE
D, 3LA4ETEFRFRLIBEIY S, 7R Sh
T o fo. W TETERGEO 4 izt h ThER 3
»C, D, E, Nigchtch, 3o 9ETIZ5
Le@ENEIHOF, G, H, L, O, Vicii4L<T
oS, BRA SHIL T Ty 2 BNV, kK3
»P, S, T, Un4fitA, B, K, M, Q, R
O 6L FRER T TR 2@, 1E &igo T
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oo TOXSREFEET Sy 7LD AR bR
TR, 77y 7B S EoEICADRAET
LHLNEL O BRY > — VBT 00N
REEL—HNTb 50, BEEBRER Y Ao
THTREA Y VERORELEL RS, Z0MH
B Ui A R AR RERR IR AT » T,
AEFTE T, BIR7 » — O0MER U sk
OFUHFIRA 7 » — VEHMERE LA T 0L
oJfkek v, BRIRA7 » -V REEPCEERLE
7 7 =V OERAIT 5B S d 7. FIT
F3 W LICERER o R 7 - — v Q077
PFU/mD #»#ALTL%E, HPM7 »—vo
Ffizd10 M P FU/ml i LTk, BHha )l
W51 —=3x10PFU/ml 432 75—V
HROEIR 7 » — VBRI L B D
N5 L VB CERZM Ch - Bk~ H
PREZIRTVSE 1 -3 x10°PFU/ml %o B4
LR DFEIEZEBCANTELLRETHD. 0
e 7 » — 244 ¢S — 5 iciRIE LELRE Y -
— RGO SR TERENAE L O TH -
7o

BIR7 7 =P Fh PR R L4 0
HE TS 2707 » — PR OEREA R L= 4
ORFNE, BRI > - rBETAHEREY » -
BEL DO ZEFHATE L. KERIE Do
BIR7 7 =V AT EOIERRA2% ¥ Cicis
HETT - o Thrh, P U-CHREK -
HNEZECTOEABIE KDL, FhniboTd
HEbNeDEB, DD27 -V ThoTo B
FERBRECHE T » oo L O 50810
ARBRITAT » Tinwdy, Bico BTt - HH
BAT o BRI R0 7 » — v oy, H
CREEEI 2 R bhviehiste. & OFF RitiglE
BHRIE Y > - PREFREEERAR LB o b %
ML D E bR LR, BRY » — B+ 555
CEEBEET 5N ThH 5.

BIBIA7 » —C OBREAEKAD kRS

S5 ORNEEE T OBEET T 78 L olic
V3, HiFEORBEEEANI2M, HBETOZREMEN 3 ML
->C BWR7 » — 0% U135 o disti2ilo 5
H7 7 — 2 CI88KEHMSSDF S DT %o T,
&5 MOV T AR 0BT REETH

sl HRRECHAEEIT L > TH7 » -V DfE
A BT 5 &, BIKEFE 75, 7T
ELZMMRF U & — VY HIRLIZORT, ShEkR<
107 » — 22 ThFh i - Tz, Sakamoto et
al. (1977) #WEOFHL 7 £352, 4411214, F 8
EENORZhERAE LTHAIH IR CThBDT, 44
EL2UME— % — VAR LI SR vz, =
NEEDUFED A2 —vRALRIZ LR »
—fH A2 OBIEE R LIz D EV 2 5.

7] UCBAE H PR O B IR & LT s &,
RIHHETE PR O BERR 7 E M4 DR MEF c&
HLEEEDHDLDDFE— % — VEIRLIIZNL,
FWRORZHEBCEDL D - fo. K6 CHEREHERG
PREZMEA IR Lz 7 » — U8z C188m2, G N3405
D3, 2UD S HRIFETHULEE s TV BDT,
KICRCCBEFERELED e 572352, F8, M
88, 119X 4 fRTHPE S -4 7 » — ¥ OIEFAEK
PR L, 5B 2ERAHBMAEK L LTRSS
BOBEEEL LR B.

Ty —CHERNERROT ; —C BT

F£ 7T 130 BT Lck 51 G N34058k % B
LA MR TR L 7 » — VBT EENS5Th -
7-7% 352/C188, 44/21, 1214/21, M88/21, M4/
7, 119X /MA%ER 49D 7 » — VIR Rk
DEECE . SROMPSEECE G AIREEDL0
B, 10Kk Tir etk 3 LAt 4108k o BiEnvE S
Rhic. Bifk7, F8, M8, 119X 1 b »13fEs 1Kk
AL TIRZMED B & 7 e ST, F—1E
RPN — DA R Licons 2281798k, 2 4%
DARE— VR LICOMNTHE, 3HE: 148, 44%:
45, SERE 6RRLHTh 1 BEEMIBEN SN
st A—REOLBEAEBIH 7 » — 2o+ TiiE
itk & 7o o 7121214/ E79, F8/E79, F8/M4,
F8/C11, M4/44, M4/1214 (& 445, M4/M4,
C11/1214, C11/F8, 21/21 (4345 1087k
T, REBOKD ZEEHMELYR Licoix 7/M4
ok 88 , M4/E79 (9 :10) , M4/Cl11
(8 :10) , C11/44 (8 :10) , C11/E79 (8 :
9), C11/C11 (7 : 9) o 6 48Kk, —IZpooik
PNELFEREM L /s el 44/44 (1 1 10) , 44
/1214 (1 : 8), 1214/1214 (3 :10) , F8/1214
(2:5), M4/F8 (2 :10) , C188/C188 (3:




10) , 119X/E79 (1 : 5) o 7 f@E3fkTH - 7o
s AR AR 3 ST 148 TR R ER 036, 1% % 15,
%7 5 — VIEPMEEREOHER & LTAD L, 49
D5 Bl (32.6%) Tiihd7 5 — v ~OEHME
(s bR b a L b Lick v b, —hFH
e Ll 7 5 — U ~DOEFOLE BB Licoin 7/
119X (428 , 44/44 (6 :10) , F8/119X%,
M4/119X, C11/44 (1 :10) , C11/119X, 21/
119X, C188/21 (43 , C188/C188(7 : 10,
110X/119X (2 :10) ol0E6IKTH »7 Z#

LD 5 BTy — v IXEHHETNT 7 »—v2l
WA R X Toh o R BikREBR TH b, Eioi
P ERER | Te44/119X £ M88/119X 10832 Tl
FRER IBEE IOk TR 7 » — Y2l 5
FlERERL O 32T7 »— v 119X flio
7=V R TEY, 7y — U218 2BEE
NHHEELLND.

%7 —130R#EH b E—EkE ko &7 » — VK
PR 2 o, ko BRyE Lic
27 5 — DET B B HERRE DR LR TH)
FELDD, FOMICREBIENRDbRICT 7 —
SR LTIETLE, RT TR »—V7
M4, F8CTT E352,4451214, F8, ET90%
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34, 12142 F8, E79, M4, Cllop 44, E79k
M4, Cllo2#, M4 & Cll, EIOTT &44, 44
LF8, ET9n 24, 1214LF 8, E79o 24, F
8 L E79, Ello¥add kL1214, F8, ETY, M4,
Cllo 54, 1214 F 8, E79, M4, Cllo 44,
F8 L E79, Clim2, E79LM4, Cllo 2 4,
M4 r Cllkteh, El2odd, 1214, F 8, ET79,

Cllt %1307, E79, ClUTRFNRERERRK
AR LT 7. SR BolARD D BTl

kA Bic LCR UAERD 7 » — VI T 5585
DB BOT, 207 - — B0 AR
OEBCIFTTE EDIOARUTHS. ThiT X
BE7 -7 4352, TEM4, 42LF8, 4k
E79, 1214+ E79, 1214:M4, E79:M4, M4
L Cllo 8 LTI Hc S MBUENBOL L THE 9,
Huicgoinimum L b — T &1214,
7LF 8, 352444, 1214, F8, E79, Cllo 5
7 =, F8EM4, 214 C183, 119X & 8D
7 — O OITR TR A S AL RS T, H L
CHBED 5T > — v kbR BEHUHED
544441214, 12142 F 8, 12142 C11, F8LE
79, E79% Cllo 58 TRkt x R 1oty
NEL, XL T L4d, T LCl11, 441M,

o, 1214 E79, F8 LETY, RIFBEROGE

1214+ E79, HFE TR Ti14d L1214,

F 3,

E790

142 Cl1, F 8 & Cllo 5 Tifilh & &kl
o 7.

Table 14. Number ofthe combination showing cross-resistance between two kinds of
phage resistant mutants

Phage
Phage
352 44 1214 F8 E79 M4 C11 21 C188 119X ¢S-5
7 1:0 1:1 0:2 0:2 1:2 1:0 1:1 0:3
352 0:1 0:1 0:1 0:1 0:1
44 4:2 5:0 5:0 1:1 2:2 0:5
1214 4:1 6:0 2:0 3:1 0:35
F8 4:1 0:2 2:2 0:4
E79 2:0 4:1 0:5
M4 2:0 0:3
C11 0:4
21 0:1 0:1

in Tables 7—13.

Figures indicate the number of positive : negative cross-resistance from the results shown

Judgement to positive or negative in a kind of mutant was made by a majority of the

results.
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Table 15. Similarity index between phages

Phage
Phage
352 44 1214 F8 E79 M4 Cl11 21 C188 119X ¢S-5

7 67 15 20 15 23 31 48 5 31 11 0
352 9 14 9 16 12 33 4 33 10 0
44 54 74 57 24 27 0 1 0 0
1214 47 50 16 27 12 17 16 0
F8 69 26 30 0 2 0
E79 37 38 4 12 0
M4 51 0 12 2 0
C11 0 26 2 0
21 6 37 0
C188 8 0
119X 0

Similarity index (%) (Bergan, 1972a, b) are obtained by the results shown in Tables

7—-13.

U< E T — 130 A HE 410 B T BilfE 48 &
LT Bergan (1972 a, b) #7213 Sakamoto et al.
(1975) & Kk LC similarity index A RDIED
PEISTHD. ThILT 5 — VTR Zh
BOTw a0 TfllofE s o EIT T, L
L Sakamoto et al. (1977) 7% Group [ o» a, b,
c ELTHWT WS T »—2 7 £352, 4411214,
F8LET9CIXThEN6TY, 54%, 69% &iSlEC,
Koolifte THT2HBChHo . o@ndd
F 8 Ciximflrdy, 44X BT 33044 £ 1214 1 b
RST% %R L, 1214+ E79, M4 L Cllofic 4
haie b e BN B - .

L &

RIREEBE 7 » — V128 & FhZEh o EE
BARWT, BhRoBRREEEANE Y » — st
LRZEHERRL, BEORMCKESE 7 » -V
VIEEREL S, FhooBBAD Y » — ekt
T AREEZMEA R U CU T o B2 H7-.

1) ¥EREBEO S5 » 7EFERC X b, WHHE
Bl2BkD 5 $352, F 8, M8S, 119X %< 8 fic
BEEARD. BRE LTARE7 » — O ofERE
IR 6HEE SERAMREZ L, 28RA~3, 1D B~ 3
ThHote. L LEDONMnG, 7 - —oHBogE
B Cl S TR L 0 LHEE L.

2) BR7 » —O%Ric - B COM « HIE L

B E, ThThoBERCELRD, chbok
R7 7 — VAT ERERERAYB LS L0 L&
7.

3) MPIM 7 » — KRS D L onBEFEER
AN LIS £ T REBREEAED e -t A Bk D
5% 2R CRIBIR Y » — o & i5E 5 WIS
L.

4) 4958, 4108k 7 > — VIKFIMEE BRSO T G
M7 » =T 5 RZHERL, B THEHETH-
TeRETF oM B A 157,

5) Bfk7, F8, M88, 119X Ik bopl13%E814k
B IEREM T h -7 7 » — P D—IFADRK
ZHri st

6) 2208 1798k T13 5D 5 & TIEH— 12
BamL, bl Tize Y » — oEH s
27 D 5 bASR OB & e e
Dk 6 TSRk H48KETH - 7o

7 BNELIE 7 » — VDB~ R EE L
oD X 10BESSRAFR6IFE T H Ao = 5 B 6 Fl52EE
TR 7 > — D213 o Bk kD 7 » —
NIXEHRETH D, 7 » — O ~OEHMHEN 7 »
— P2IN LR & e A 2RE200 108 & AT,
77 = v19Xi2 212 < i 7 > — it B o
LD EEZ B

8) BEORK 2 7 » — v 5 B s £ 5k
ORLUICBECHIE, 27 » — OO EIETIME R
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HEL L, FokEBite R L7 -2 7 11214, F 8 L E79icm{Ex %, Sakamoto et al.

1352, 7LM4, 44, F 8, 442 E79, 1214:M 1977) oFBBPEY KTl Z0iEN44L F8,
4, E792M4, M4 L CILLTGEE 2 . 14 r E79, 1214+ E79, M4 » Cl1z 4 MBIA 8%
9) similarity index #3K»7-§5E, 7&352, 44 7.

g L SRR b 0§ LIS NSRRI

Fan i Mt b, RIEZBYs
LTttt v ic BB A HEYRLET.
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