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EKPERIME&TS. 
1). Alternative changes between 1.2 and Fla- in Si~l061 culture. 

The origianL% stab culture of ~~1061 was streaked on EMB-gal plate azd 

a colony, which has 1.2 antigen, was transferred toapenassay broth medium. 

After 2 days at 37%. the aulture was streaked again on B!B-gal plate, adl antigen 

types of the colonies grown in the plate were tested by slide agglutination. 

8 amoilg 20 eoloniea tested showed 1.2 reaction, whereas the remained 12 colonies 

did not agglutinate by either anti-i or anti-l.2 serum, or even by polyvalent 

8eru.a Single colonies of 1.2 antigen type ax& no&glutination type (-1 were 

isolated to penassay broth in each, and, after 2 day culture, they were streaked 

again on ED-gal plate and also plated with mot sgar. The antigen type and the 

motility of the colonies grown were listed in table 1: 1.2 and (-), and motile 

and non-motile -peered mixed. 

Correspondence of 1.2 types to motilsand (-1 to non-motilswere 

confirmed by testing the antigen type of motile and non-motile colonies after 

isolating to penassay broth and by testing the motility of 1.2 and (-1 on mot- 

agar plates. 

These results are repeatable on single colow isolates, and indicate 

that monophasic SW1061-1.2 strain produces freauentlu non-motile H-negative (Fla-) 

subolones. whiah in turn revert freauentls to motile cells with 1.2 antken, 



2). lkansduotion of H from SW803 (b:enx) to sWlo61 (1.2). 

hnaasay broth cultures of SW1061 (mixture of 43% 1.2~t,ype cells and 57 

$ (0) cells) were mixed with the lysate of phase 2 culture of SW803 and brushed 

on mot-sges plate supplemented anti-l.2 serum. 38 swarms grown were isolated 

to penassay broth media and antigen types were examined. 24 among 38 showed 

“bn type, 13 nenxn, and remained one “1” (!Eable 2). 

They were selected by mot-stab containing uorreeponding antiserum 

in order to see alternative phase. q Of 24 b cultures, 23 produced swarm on anti- 

b mot-agar media. The other one has not produced swarm even on repeated 

selection by anti-b mot-agar stati: Swarms of alternative phase didn’t develope 

from 13 enx culture’sat all. The i-phase oalture grew swarms which showed 1.2 

type. 1:1.2 are the alternative antigens of TM2, the ancestor of ~~1061, SO 

the% last type may appear either by transduction or by reversion, or by both. 

If reversion is involved in the development of type IV (i:l. 2) ,%type must 

also appear from SW1061 without transduction. !I!his was proved by selecting 

~~1061 by anti-l.2 in mot stabs. Amorrg 20 anti-l.2 mot agaf: stabs, 5 produced 

swarms whiah were agglutinated by anti-i. !Ihey were all diphasic 1:1.2 in 

successive subcultures. Thue, mono~hasic atru ~1.061 1 _ cw - l 3 s to diphasic 

either by reversion or by transdaction of Hi but not bv transduction of H%, 

with one apparent exceptional case in b-transduced monophasic clone. 

Transduction from TM2 (i:1,2) to the b-transduced monophasio clone (type II 

in table 4) showed that this is also &e case to whiuh above rule is applicable. 

!l?he mixture of the panassay broth culture of type II clone with the lysate 

of phase 2 culture of l!M3 was brushed on mot-agar plates supplemented anti-b 

serum aa selective egent . 20 swarms developed were isolated ard antigen 

types and alternative phases were tested by the same method as the foregoing 

qperiment. !l?he results, summarieed in table 3, indicates that b is replaced 

not by 1 but 1.2, that is Hb in type II clone is not Hl lo&s but H2, 



10 clones were sampled from b:(1.2) and enx-monophasic transductious, 

ati also from Original ~~061-1.2 monophasic euI.tures as controls. They were 

cultured in penassay broth media iu parallel for two days, and plated with 

mot-agax. The numbers of non-motile and motile colonies grown in these plates 

were listed in table 4. Both original monophasic 1.2 and enx-transduced 

mon~phasics produced non-motile subclones, which in h,rn produced motile cells 

with the same antigen as before, in high frequencies, whereas b clones whir& 

changed from monophasic to diphasia, lost the potency to produce non motile 

subclones in high frequencies. Ssmely i:1.2 clones, both obtained on the 

course of transduction and anti-l.2 selection, lost the potancg t0 produos 

am-mtile ~~cl-a,~b I&# %tb#hib$bb h w ereas monophasic b clone has still 

continued to prOdUC8 non-motile subclones. One of the non-motile subclones 

obtained from b:(1.2) plate (see table 3) is very stable and reversion to motile 

was not observed. Another one is reversible and prOdUo8s motile 08118 frequently, 

However, the motile oells produced are diphasic b:1.2 ard donnot produce non- 

motile aubolones differed from the motile6 obtained fr&m noti-motile subclones 

of monophaair sw1061(1.2). These results are summarired in brief that the &=&Se 

from monophasic to diphasic cou~lee, with. the loss of the POtenCY to c*e 

between motile bud non-motile, 

These results may well be explained by assuming that, in ~~1061, Hl 

is inactive, by its own struotural change or by f$b suppressive action Of the 

factor closly linked t(b it, remained its speoificity to produce i antigen 

uneqwessed, whereas H2 changes its stat8 as in usual diphasic strain, and 

when H2 is active, phase 2 (1.2) antigen is prodWmd but When H2 changestto 

inactive, that is both HI apd H2 are inactive, H-antigen cannot be produced 

and the 0811 becomes to Fla-. Wo non-motile colonies obtained from b(1.2) 

plate may be Fla’ mutants different from the inactive Hl. 



3). Transduction8 from S&l061 to SW666. 

It ha8 been already known that Fla666 18 tran$dUCed from Fla+ 

strains to SW666 (b, monophasfc Fla-) linked with Hl at about l@ frequency. 

If Hl in SW&d61 is inactive, as has been assumed in the previous chapter, 

linked transduction produces Fla' (Fl& , HI instetive) and could not be 

recovered by the Fla' ueleetion on mot agar. so, SW1061 -x SW666 will not 

produce Fla* transduction which is transduced phase 1 antigen simultaneously. 

1 ml of wernight penassay broth culture of S~666 were devided 

into three parts and 1 ml of SWlO61-lysate, TM2(phase 8)-lysate or saline 

were added to the each. After 15 minutes, they were centrifuged and 

conuentrated eel1 suspensions were brushed on mot agar plates. DORIS develO&d 

from thsun were isohhd to -gal media and antigen types were tested by 

slide agglutination. Theresultswere swnmarired in table 5. 8 sm~ng 64 (1.25%) 

Bla666 transduotione were linked with Hi in TM2 mx SW666, whereas linked trans- 

duetion was not foa& out in 77 Fla666 transductions in SW1061 -x SU666, 

indicating the v&dity of the assumption. 



DIScuSSIODI. 

~OrmPhasiC nature Of mJ1861 is nOt caused by the stabilisation of 

H2 but inactivation of Hl. Ihe stat6 cbwge of H2 in this strain obcures 

samely a8 in diphasic strains and expresses 1.2 type and ala- alternatively, 

which is in parallel with phase variation in diphasic strains. 

Inactive Hl can revert and express the same antigen as the original 

diphasic q@3eStOr. lhis suggests inautire Hl still holds its speaifioity on 

the antigen control as inaotive HZ does 80. Whether the activation a& the 

i&&ivation of HI is homologous phenomenon with the Hz-state ohange, differed 

only in their frequencies,or different in nature is uzakxmwn. As far a8 has 

been tested, there is no significant difference between the frequency of the 

production of 1:1.2 caone by reversion and OQ the course of transduction, 

but the possibility of the suppression by the &jusoent factor may still have 

to be held until the more quantitative cromparison of the frequenoies is 

oompleted, 

!the present results indiuate that either one of autive H (Hl or H2) 

is enough for the production of H-antigen but inactivation of both losses 

the producibility of H-antigen, suggesting Hl and H2 control the parallel steps 

of flagelhr formation followed to the colamon steps which are controled by 

different Fla loci. 

The process of the appsaranoe of a b-type phase 2 mon0phasic strain 

from SW803 -x SW1061 may involve the replacement of 2 2 '2 by Hb. Whether the 

Hb produced differed from Ht or not and whether replacement are made bstweenwhole 

structure of each H locus or only a part which controls antigaP type specifioity, 

are unlroown. !&e interesting point is that Hb in Hl locus is stable compared 
1.2 to Hinr or H2 whereao Hb in H2 locus is unstable like as H2*-. 19 This suggests 

the unstability of H2 is not relate with antigen type specificity but with 

locus specifioity. 



Table 1. 

Types of cells in 2 day penassay broth uulture of ~~1061-1.2 

J.J w 

or -(-> clone. 

Antigen type of 
original clone 

wnmber of colonies 
which show antigen on mot-agar plates 

1.2 i-1 swarm halo compact 

1.2 5 5 59 

(-1 4 6 11 10 59 

Table 2. 

Transduction of H from SW803 (b:enx) to ~~1061 (1.2). 

(transductions were selected by anti 1.2 serum-mot-agar.) 

Alternative 
We ;bio. of swarms hntigen type antigen type 

I 23 b 1.2 

II 

III 

1 

13 

u u 
b 

IV 1 1 1.2 

Table 3. 

Transduction of H from T#2(phaee 2 culture) to the b- 

moLophasic trazlsduction clone (type II in Table 2). 

Alternative 
30. of 6warms Antigen type antigen type plla- subclone 

7 

13 

1 

1.2 

” b” hit produced 

llllt produced 



Table 4. 

Coiapoeition of motile and non-lootile cells in 2day penassay broth 

cultures of type I and type III transduction clones. 

Tne Yo. of Total no. 
01OXNS tested 

Swarm Halo compact 

I. b: (1.2) 1 
2 

2 
5 
6 

87 
9 

10 
Total 

III. eUx 1 
2 

2. 
5 
6 

;: 
9 

Tota 

SW1061 1.2 1 
(control) 

3" 
4 
5 

$1 
8 
9 

10 
Total 

115 
142 
174 
263 

23 
126 
305 
117 
12i 
225 

1611 

65 
163 
275 
183 

90 
136 
103 
152 
146 

1313 

112 
179 

ii 
76 
43 

3;: 

t8" 
-. SO06 

115 
141 
174 
262 

23 
126 
305 
117 
121 
225 

1609 

24 
79 

133 

; 

47 
68 

66 

z; 
:; 
22 1% 
24 

0 0 
0 1 
0 0 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 2 

13 28 
14 70 

;z 
119 

83 
9 

22 ;: 
24 
23 it: 
14 

180 5819 

15 31 
11 
10 ;t 

8 21 
11 26 

9 12 

332 
12 

165 

5” 2 
110 423 



Table 5. 

H-antigen type8 Of "18666 trEwidUCtiOas in Swl061 -x SW666 bd 

in TM2 -x SW666. 

Donor 

~w1061 

Alo. of swarms Antigen types of 3% 
BeCipient Mla+> recovered traPsauction 

i 
SW666 77 0 

TM2 phaee2 SW666 64 56 a 
SW666 0 0 0 


