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Summary. Fimbriation factor was transferred from EH. coli Hfr C to different sero- 

types of S. dysenteriae and S. boydiw. Evidence was obtained that fimbriae of Shigella 

recombinants are serologically identical with those of H. coli strain used as the donor. 

It was also found that Shigella strains that acquired ability to form fimbriae undergo 

the same fimbrial phase variations as the donor strain. 

Evidence has been obtained that the determinant responsible for the synthesis 
of fimbriae may be transferred, like other chromosomal markers, from one bacterial 

cell to another, following genetic conjugation. Transfer of fimbriation by conjugation 

and transduction among strains of EL. coli was reported by Brinton et al. (1961) 

and by Maccacaro and Hayes (1961). It was also found that the fimbriation factor 

is transferrable not only among strains of H. coli; Brinton and Baron (1960) 

demonstrated the possibility of transferring the fimbriation character by conjugation 

from LE. colt to genetically non-fimbriate strains of Salmonella typht. Mulezyk and 

Lachowicz (1969) transferred fimbriation from E. coli to some serotypes of Shi- 

gella flecnert. By interrupted mating analysis the gene for fimbriae was located two 

minutes from the threonine locus, on the far side of leucine on the H. coli K12 chro- 

mosome (Maccacaro and Hayes, 1961; Brinton et al., 1961). 

The present paper reports the results of successful transmission of fimbriation 

from E. colt to different serotypes of Shigella dysenteriae and Shigella boydit and 

describes some of the characteristics of fimbriate recombinants. 

MATERIAL AND METHODS 
STRAINS 

The list of strains used and their characteristics are shown in Table 1. The Shi- 

gella strains were supplied by the „„Krakowska Wytwórnia Surowie i Szczepionek””. 
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Table 1. Genetic characterization of the bacterial strains used 

Genotype 

fermentative | auxotrophic 

Strains fimbria- nico- | me- try- 

tion | 0297 | xylo- |rham-| p, | ginie | thio- | pto- | 996" |РАВА 
tose se nose . : ne 

acid | nine | phan 

a. Donor 

H. colt K-12 

Hfr C + + aja <> -Г + — + + + 

b. Acceptors 

S. dysenteriae 2 — — -- + — — + — — -- 

>» 3 — — — — — — + — “f° + 

»» 4 — — ++ — — — + — ef + 

> 5 — — — = — — + + + + 

» 6 — — — = = — + — + = 

>> 7 — — — — — — + + + aj 

» 8 — — — — — ef ++ + + + 

S. boydii 1 — — -|- — — rte = sk ak + 

99 2 — — Tr — — — — + + — 

» 3 — — + = — — + + — = 

99 4 — — + — — — + + + + 

>» 5 — — + + + — + + + + 

1 6 — — — — — — + + + + 

» 7 — — + — — + + = + + 

> 8 — — + + — — + "Г + + 

» 9 — — — — — — + — + + 

99 10 — — a + — — + + app + 

2 11 — — + — + — + + + +} 

» 12 — — — — — — + + + + 

» 18 — — — = + <= “+ + + + 

32 15 = — — — — — + ~ p +                   
  

Explanation: + present, utilized or synthesized, 

— absent, not utilized or not synthesized. 

CULTURE MEDIA 

The following media were used: 

Complete media: 1) nutrient broth, 2) nutrient agar, 3) Mac Conkey’s medium, 

4) Mac Conkey’s medium in which instead of lactose, xylose was added, 5) Mac 

Conkey’s medium in which rhamnose was substituted for lactose; 

Minimal media: 1) minimal agar according to the formula of Falkow et al. 

(1962), enriched when recquired with growth factors in concentrations recommended 

by Clowes and Hayes (1968). The requirements for the growth factors of the reci- 

pient strains were determined by the method previously described (Lachowicz 

et al. 1972).
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CROSSING AND SELECTION OF RECOMBINANTS 

Crosses between H. colt Hfr C strain as a donor and S. dysenteriae and 8. boydit 
serotypes as recipients, were performed by the method of Jacob and Wollman 
(1961). Recombinants with the ability to ferment lactose (Lact) appeared after 
2 hrs of incubation; and those being able to ferment xylose (Xyl*) or rhamnose 
(Rha) after overnight incubation of mating mixture. 

Selection of recombinants was made on the minimal medium with appropriate 
sugar: lactose, xylose or rhamnose. 

The recombinants were purified by repeated spreading and isolation of single 
colonies on the suitable selection medium. Recombinants which were non motile 
and fermented respective sugar without gas, were considered pure. 

DETECTION OF HAEMAGGLUTINATING ACTIVITY 

The presence or absence of fimbriae was assessed in terms of haemagglutinating 
activity exerted by the strain tested on guinea pig red cells. Bacteria to be tested 
were passaged in nutrient broth. After each passage the bacteria were tested for 
haemagglutinating activity, as described by Duguid and Gillies (1957). Strains 
which showed no trace of haemagglutinating activity after 10 passages in broth, 
were discarded. Non-fimbriate phase cultures from fimbriate ones were obtained 
by serial cultures on agar plates under aerobic static conditions by the method 
of Duguid and Gillies (1957). 

IMMUNE SERA 

The antisera for fimbriate and non-fimbriate bacteria] strains were obtained 
by immunization of rabbits, by the method of Duguid and Gillies (1957). Pure 
antifimbrial sera were obtained by absorption of the crude fimbrial antisera with 
non-fimbriate phase bacteria of the same strain as that used for immunization. The 
agglutination and agglutinin absorption test was carried out by the technique 
described earlier (Mulezyk, 1960). 

RESULTS 

Tables 2 and 3 show that non-fimbriate serotypes of S. dysenteriae and 9. Боуай 
acquired ability to form fimbriae following conjugation with E. coli H fr C. The 
validity of selection medium for successful isolation of fimbriate recombinants 
is also shown in the Tables. Some of the fimbriate recombinants were found using 
lactose-containing medium, whilst the others — a medium that contained xylose 
or rhamnose. 

Further experiments were designed to investigate whether recombinants syn- 
thesize fimbriae of the same antigenic structure as the donor. To investigate this, 
the donor strain E. coli H Jr C, S. dysenteriae 3, 8. boydii 14 and their recombinants
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Table 2. Transfer of fimbriation from H. coli Hfr C to different serotypes of Shigella dysenteriae 

  

Cross 

Number of re- 

combinants Lact 

Number of re- 

combinants Xyl+ 

Number of re- 

combinants Rha* 
  
tested | fimbriate   tested | fimbriate tested | fimbriate 
  

E. coi Hfr CXS. dysentertae 

G
o
 
S
O
 

m
 
R
 

0
 

8
 

  

20 

30 

25 

40 

25 

20 

25   C
o
O
 

F
O
 
O
S
 

    
x 

20 5 

20 0 

20 3     
10 

10 1 

10 1 
    

Explanation: 

— gterile cross. 

x fermentation of sugar by wild strain, 

Table 3. Transfer of fimbriation from H. colt Hfr C to different serotypes of Shigella boyd 

  — 

Number of re- Number of re- 

  

Number of re- 

  

  

  

combinants combinants combinants 

Cross Lact Xyl+ Bhat 

fim- fim- | ба. 

tested briate tested briate tested briate 

E. coli HfrC x S. boydw 1 25 2 

” и >» 2 20 0 x — 

‚ 39 ‚ 3 25 0 x x 

‚, za » 4 20 4 

” » а 5 20 0 X x 

s» ‚ sk 6 — — — 
‚ ‚ sę 7 25 1 

‚ ‚ ‚ 8 20 5 

R ya » Я 10 0 am — 

» т » 10 30 2 

+ s ss 11 — x — 

‚ № » iZ 25 0 10 0 10 0 

” » s 13 = — — 

‚ » zz 14 30 13 

1 ‚ gł 15 20 15 0 10 0         

Explanation: x _ fermentation of sugar by wild strains, 

— sterile Cross. 

    
were used. Initial experiments showed that the non-fimbriate donor and recipients 

strains used for crossing were not antigenically related (Table 4). 

On the other hand, fimbriate forms of HE. colt and fimbriate forms of recombinants 

showed a close relationship, whilst their non-fimbriate phase varieties did not (Table 

5). 
Crossabsorption tests performed with pure antifimbrial sera and fimbriate 

phase cultures confirmed the complete identity of the fimbrial antigens in Shigella 

recombinants and #. colt donor strain (Table 6). |
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Table 4. Agglutination of EL. colt Hfr C and Shigella strains in homologous and heterologous sera 
  

  

  
  

      

Strains 

Serum Е. сов НС S. dysenteriae 3 S. боуай 14 

FumtN Fum” Fum- 

E. coli Hfr C Fim+N 2560* 0 0 

S. dysenteriae 3 Fim- 0 5120 0 

S. boydu 14 Fim- 0 0 1280 

Explanation: *=expressed as reciprocals, 

Fim- — genotype non-fimbriate, 

Fim+ — genotype fimbriate, 

FimtN — genotype fimbriate, phenotype non-fimbriate, 

Fim*F — genotype, fimbriate, phenotype fimbriate. 

Designation used according to Mulczyk and Duguid (1966). 

Table 5. Agglutination of E. coli Hfr C strain and Shigella recombinants in homologous 

and heterologous sera 

  

  

  

      
  

ij Recombinant Recombinant 

Serum 8). ов НТ 9 S. dysenteriae 3 S. boydii 14 
Fim+F | FimtN | Fim+F | Fim*N | Fim+F | Fimt+N 

E. colt Hfr C Fim+F 10240 2560 10240 0 10240 0 

Recombinant 

S. dysenteriae 3 FimtF 10240 0 10240 2560 10240 0 

Recombinant 

S. boydu 14 Fim+F 20480 0 20480 0 20480 2560 

Explanation: Fim+F — _ genotype fimbriate, phenotype fimbriate, 

Fim+N — _ genoytpe fimbriate, phenotype non-fimbriate. 

It was also of interest to determine whether Shigella recombinants which had 

acquired the ability to form fimbriae undergo fimbrial phase variation similar to that 

of the donor strain. As can be seen in Table 7, both the Shigella recombinants 

and #. colt Hfr C strain became richly fimbriate when cultured serially in broth, 

and became non-fimbriate when cultured serially on nutrient agar. In this respect 

the Shigella recombinants behaved like EL. colt donor strain. 

DISCUSSION 

In the genus Shigella, fimbriae were found in most strains of S. flexneri but 

in none S. dysenteriae and S. boydw (Duguid and Gillies, 1957, Mulezyk, 1967). 

It has been shown in the present studies that fimbriate strains of S. dysenteriae 

and S. boydi can be obtained following conjugation with FH. colt. It was also found 
that three serotypes: S. boydii 6 S. boydit 11 and 5. boydit 18, did not recombi- 

nate. These serotypes behaved in crosses with £. colt like some strains of Salmonella 

which were found unable to accept genetic material from FK. coli (Baron et al. 

1958; Baron et al. 1959).


