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EVIDENCE FOR THE IDENTITY OF THE MATING-SPECIFIC SITE OF MALE CELLS 

OF ESCHERICHIA COLI WITH THE RECEPTOR SITE OF AN RNA PHAGE 
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Since the discovery of male-specific bacterial filaments as receptors for RNA 

phages (Crawford and Gesteland, 1964) it has been tempting to associate such 

structures with the transport of genetic material (Brinton et al.~ 1964): As a 

working hypothesis it is conceivable that sex-specific fimbriae (pili) may pro- 

vide an entry channel through the cell membrane for phage RNA (much as does 

the tail of, for exampl% T-phages for phage DNA); on the other hand such fim- 

briae may ~iso serve as a channeling device for donor DNA during bacterial 

conjugation. If these fimbriae are involved in such dual functions~ conjugation 

should interfere with phage invasion and phage invasion should disturb bacteri- 

al conjugation. Experiments to be described will provide supporting evidence 

for such hypothesis. 

Materials and Methods -- Bacterial and phage strains have been described 

(Marvin and Hoffmann-Berling, 1963; Knoll% 1966a, 1967d) as well as the ge- 

neral techniques of their handling (Knolle, 1967a, b), and their preparation for 

mating (}(nolle and ~rskov~ 1967~. The preparation and the properties of UV- 
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i r r a d i a t e d  p h a g e  (UV-fr**) h a v e  b e e n  d i s c u s s e d  b e f o r e  (Knolle,  1966b) .  M e d i a  

we re  u s e d  a s  d e s c r i b e d  e l s e w h e r e  (Knolle,  1967a;  Knot le  a n d ~ r s k o v ,  1967).  

R e s u l t s  

1. Reduc t i on  of r e c o m b i n a t i o n  f r e q u e n c y  a f t e r  p r e - t r e a t m e n t  of  donor  c e l l s  

w i th  UV-fr  - -  If f i m b r i a e  a re  i n v o l v e d  in t he  m a t i n g  p r o c e s s ,  c o a t i n g  of t h e s e  

s t r u c t u r e s  wi th  i n a c t i v a t e d  p h a g e  (i .  e . ,  UV-fr) s h o u l d  i n f l u e n c e  t h e  e f f i c i e n c y  

of  pa i r ing ;  a s  a c o n s e q u e n c e ,  t h e  r e c o m b i n a t i o n  f r e q u e n c y  s h o u l d  be  r e d u c e d ,  

d e p e n d i n g  on the  amoun t  of  UV-fr  u s e d .  That  t h i s  i s  i n d e e d  t h e  c a s e  i s  shown 

in  T a b l e  1. 

T a b l e  1 

R e c o m b i n a n t  f o r m a t i o n  a f t e r  t r e a t m e n t  of donor  c e l l s  w i th  UV-fr:  Donor  c e i l s  
( s t r a i n  AB261, Hfr, m e t - ,  grown in CaYT to  a t i t e r  of 2 x 108), w e r e  m i x e d  
wi th  UV-fr  ( IMdo 60 and  600, in 2 e x p e r i m e n t s )  for 10 rain a t  3 7 ° C .  An e q u a l  
v o l u m e  of r e c i p i e n t  c e i l s  ( s t r a in  W 6 7 7 - 4 1 ,  F - h i s - p r o - t h r - l e u -  sm r, grown e x -  
p o n e n t i a l l y  to  a t i t e r  of  2 x 108, c o n c e n t r a t e d  by  c e n t r i f u g a t i o n  and  r e s u s p e n -  
s i on  in  CaYT to  a t i t e r  of 2 x 109 ) w a s  a d d e d .  After  15 rain a t  37°C (to a l l o w  
pa i r ing)  t h e  mix tu re  w a s  d i l u t e d  by  t h e  a d d i t i o n  of a 1 0 - f o l d  v o l u m e  of warm 
CaYT. After  a t o t a l  of 2 hours ,  s a m p l e s  we re  p l a t e d  on s i n - m i n i m a l  agar ,  s u p -  
p l e m e n t e d  w i th  h i s  and  pro, for  s c o r i n g  of  r e c o m b i n a n t  c o l o n i e s .  P a r a l l e l  
s a m p l e s  we re  p l a t e d  on min ima l  a g a r  s u p p l e m e n t e d  w i th  met  for  t h e  d e t e r m i n a -  
t i on  of  the  number  of  c o l o n y - f o r m i n g  donor  c e l l s .  The number  of  c o l o n y - f o r m -  
ing  r e c i p i e n t  c e l l s  w a s  d e t e r m i n e d  on s m - m i n i m a l  a g a r  s u p p l e m e n t e d  wi th  h i s ,  
pro, thr, and leu. 

Donor (AB261) pre-treated with UV-fr I/i0 UV-fr Control 

Relative titer* of recombinant colonies 35 + 3 120 + 5 175 _+ 6 

I 

Relative titer of donor input [ 51 + 7 37 + 6 47 + 7 
I 

Average counts from 5 plates. 

**Abbreviations used: UV.-fr, Ultraviolet-inactivated fr (from 6 x i0 II to 102 
PFU); IM, input multiplicity (cf. Knolle, 1966a); IMdo , IM with regard to the 
concentration of donor cells; PFU, plaque-forming unit; SRP, serum-resistant 
PFU; YT, yeast tryptone medium; CaYT, YT supplemented with M/500 GaOl2; 
sin, streptomycin. 
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The IM h a s  b e e n  c a l c u l a t e d  on t h e  b a s i s  of  t he  number  of  PFU p r e s e n t  in  t he  

f r e s h l y  p r e p a r e d  l y s a t e  b e f o r e  U V - i n a c t i v a t i o n .  In c o m p a r i s o n  w i th  t he  con t ro l ,  

t h e  y i e l d  of  r e c o m b i n a n t s  i s  d e c r e a s e d  to 69% wi th  t he  tow I M d o  (60), and  to  

20% wi th  t h e  h igh  IMdo  (600) u s e d .  The v i a b i l i t y  of the  donor  c e l l s  h a s  no t  

b e e n  a f f e c t e d  b y  c o a t i n g  of t h e i r  f i m b r i a e  wi th  i n a c t i v a t e d  p h a g e .  

2.  I n f e c t i o n  of c o n j u g a t i n g  c e l l s  w i th  UV-fr:  If  s e x - s p e c i f i c  f i m b r i a e  

s e r v e  a s  c h a n n e l s  for  c h r o m o s o m a l  t r a n s f e r  a s  w e l l  a s  for  RNA i n v a s i o n  (Knoll% 

1967b,  c; Knol le  and  ~Jrskov,  1967), m a t i n g  c e l l s  s h o u l d  be  r e f r a c t o r y  to  RNA 

p h a g e  i n f e c t i o n ,  w h i l e  s t i l l  p e r m i t t i n g  p h a g e s  to  a d s o r b . *  Such e f f e c t s  a r e  

d e m o n s t r a t e d  in  T a b l e  2. In  c o m p a r i s o n  w i th  a c o n t r o l  (B), p r e - i n c u b a t i o n  of  

m a l e  w i t h  f e m a l e  b a c t e r i a  (A) r e s u l t e d  in  a r e d u c t i o n  of t he  e f f i c i e n c y  of f r -  

i n f e c t i o n  to  17%. The e f f i c i e n c y  of p h a g e - a d s o r p t i o n  w a s  much l e s s  r e d u c e d .  

(F- c e l l s  c o u l d  not  be  i n f e c t e d  and d id  not  p r e c i p i t a t e  p h a g e  (D); t h e y  d id  not  

i n t e r f e r e  s i g n i f i c a n t l y  w i th  a d s o r p t i o n  and  i n f e c t i o n ,  when  a d d e d  5 min  a f t e r  

t he  p h a g e  w i t h  d i l u e n t ) .  

The e f f e c t  of  r e c o m b i n a t i o n  on the  s e n s i t i v i t y  of m a l e  c e l l s  to  fr  i s  d e m o n s t r a -  

t e d  in T a b l e  3. C e l l s  of two m a l e  s t r a i n s  were  m a t e d  w i th  r e c i p i e n t s .  After  

m ix ing  w i th  an  e x c e s s  of  p h a g e ,  more  t h a n  95% of  t h e  m a l e  c e l l s  in c o n t r o l  

t u b e s  w e r e  i n f e c t e d  b y  f t .  In c o m p a r i s o n  wi th  t h i s  con t ro l ,  w i th  t h e  F + s t r a i n  

3300-141  t h e  r e l a t i v e  c a p a c i t y  of  t he  c e l l s  to  b e c o m e  i n f e c t e d  i s  r e d u c e d  to  a 

f i n a l  v a l u e  of 20% a s  m a t i n g  p r o g r e s s e s .  W i t h  t h e  Hfr s t r a i n  AB261, bo th  t h e  

a b s o l u t e  and t h e  r e l a t i v e  c a p a c i t y  of c e l l s  to  be  i n f e c t e d  by  fr drop,  t h e  l a t t e r  

to  a f i n a l  v a l u e  of l e s s  t han  5%. 

P r e v i o u s  r e s u l t s  had  shpwn  t h a t  in  t h e  p r e s e n c e  of  s t rong  i n t e r f e r e n c e  w i th  
f r - i n v a s i o n  b y  UV-fr  (Knolle ,  1966b) or  by  sod ium a z i d e  (Knolte,  1967c) ,  t h e  
r a t e  of  p h a g e  a d s o r p t i o n  w a s  o n l y  s l i g h t l y  r e d u c e d .  
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Table 2 

Efficiency of adsorption and infection of fr with male cells, pre-incubated 
with female cells: Donor cells (AB261) and recipient cells (W677-10s, P-thr- 
smr) were prepared as described for Table i. After pre-incubation, fr was ad- 
ded to the mixtures (IM 10-2). After 5 rain at 37°C, dilutions were made for 
the assay of SRP and of non-adsorbed phages. 

Pre-incubation a) 1.5 ml 
(i0 min - 37°C) b) 1.5 ml 

Diluent 1.5 ml 

A B C D 

AB261 

F- 

YT 

AB261 
YT 

YT 

AB261 

YT 

F- 

YT 

F- 

YT 

Infected cells (SRP) + 13 + 2 67 + 4 65 + 4 0 
Infected cells ( % ) 17 88 86 - 

Non-adsorbed PFU + 
Adsorbed PFU (calculated, %) 

145 + 5 
90+4 

414 + 9 
71 +3 

185 + 6  
87 + 3  

+ 
See Table I. 

(144 +S) x I0 
0 

Discussion -- The physical properties of Type I pili have been studied ex- 

tensively by Brinton et al. (1954, 1961, 1964). According to these studies such 

pili represent structural components of variable length, depending on the number 

of subunits per filament. These subunits are polymerized into right-handed heli- 

ces with a diameter of 70 ~, with an axial hole of 20-25 ~ diameter. F-fimbriae 

(or -pill) are indistinguishable from Type I pili in their physical appearance and 

may, therefore, be of similar composition and structure. The core of these fim- 

briae would, hence, have dimensions similar to the core of the tails of T-even 

phage, through which DNA injection is known to occur. There has been much 

correlative evidence for the dual involvement of F-fimbriae in bacterial mating 

and in fr-infection (Knolle, 1964; Knolle and ~rskov, 1967)~ and it has been 

proposed that these structures represent elements that are active in phage inva- 

sion as well as in chromosome transfer (Knolle, 1967c; Knolle and ~rskov, 1967). 
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Table 3 

Sensitivity of recombining cells to infection by fr: Exponentially growing donor 
and recipient cells were mixed (5 ml 3300-141_, F+leu-his -, titer 4.2 x 107 and 
5 ml W677-21, F,thr-leu- sm r, titer 513 x 108; 5 ml AB261~ titer 6 x 107 and 
5 ml W677-41, titer 5 x 108; controls received YT in place of recipients). After 
various time intervals samples were withdrawn and infected with fr (IMdo 20). 
After i0 min at 37eG unadsorbed phage was inactivated with antiserum. Samples 
were plated for the determination of SRP. The relative rate of recombinant for- 
mation (with 3300-141 andW677-21, thr selection) was found to be i, 1.75, 
2.25 at 15, 40 and 90 min respectively, in a control incubation. The absolute 
rate of recombinant formation (with AB261 and W677-21) was found to be 2x 10 -4 
with thr-leu selection after 2 hours of incubation in a second control. 

Plaque 
yield 

SRP* 

% 

Time 
after 
mix. 
(rain) 

15 
40 
90 

15 
40 
90 

Mating mixtures, containing 

3300-141 

49+_5 
84 +_6 

120 + 7 

65 
22 
20 

AB261 

52+5 
44+5 

Controls, containing 

1 6 + 3  

45 
24 
4.7 

3300-141 AB261 

76 + 6 116 _+ 
374 + 12 183 + 
584 + 15 

i00 
i00 
i00 

7 
9 

343 + 12 

i00 
i00 
i00 

Average counts from 2 plates. 

In the present  experiments it has  been observed that the ' ab i l i t y  of UV-fr to 

inhibit  recombinat ion is l e s s  than its abi l i ty  to inhibit invas ion of s u p e r i n f e c t -  

int RNA phage (cf. Knolle, 1966b). Since UV-fr (even with low IM) ef fec t ive ly  

inhibits  the invas ion of superinfect ing viable  fr, without s igni f icant ly  inhibi t -  

ing its adsorption, i t  appears  l ikely that UV-fr is capable  of ini t iat ing invasion 

by entry of i ts  RNA into F-f imbriae .  In the present experiments,  a s ignif icant  

reduction in the f requency of recombinant-format ion is found only with a high 

input mult ipl ic i ty  of phage (IMdo 600). This inhibitoDz effect  is, therefore, of 
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different nature and may not be due to blockage of the "DNA-transfer channel" 

by phage RNA: Chromosomal transfer seems to proceed with higher efficiency 

than phage RNA invasion. 

The number of adsorption sites for fr (localized on F-fimbriae) on sensi- 

tive cells had been estimated to be of the order of several hundred per cell 

(Knolle, 1966b). Hence, it appears that the coating of F-fimbriae with UV-fr is 

correlated with the reduction in the efficiency of recombinant formation. This 

effect may be due to a reduction in the capacity of male cells to bind to female 

cells, or due to an interference with the function of F-fimbriae during the mat- 

ing process. 

On the other hand, recombination effectively reducesthe efficiency of in- 

fection by fr while affecting adsorption to a much lesser extent. This differen- 

tial effect of recombination on fr'infection is very similar to the effects of pre- 

infection by UV-fr, or of cell-starvation, on the efficiency of fr-infection and 

-invasion (Knolle, 1966b, 1967c). This finding is supplemented by the fact 

that recombination also reduces the probability of male cells to be infected by 

fr. Therefore, this may indeed be understood as a "crowding-out" effect, in 

which donor DNA blocks the core of an F-fimbrium for the passage of phage RNA. 
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