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Centr tfugation of p repa ra t ions  of spherop las t  m e m b r a n e s ,  t r ea ted  and untreated with s tur ine 
and infected with DNA of phage ~, in a suc rose  densi ty  gradient  (30-55"~0) showed that s tur tne 
t r ea tmen t  of the spherop las t s  i nc rea se s  the adsorpt ion of phage DNA by about three  t imes .  
Under these c i r cums tances ,  about 50% of the phage DNA molecules  absorbed by the sphe ro -  
p las t s  a re  bound with the cy top lasmic  m e m b r a n e  of the s t u r i n e - t r e a t e d  spherop las t s ,  and 50 % 
of the DNA molecules  are  bound with the cel l  wall  of spherop las t s  untreated with s tur ine .  I t c an  
be concluded f rom these r e su l t s  that the s t imulat ing effect  of s tur ine  in t ransfee t ion  of E.  coli 
sphe rop las t s  by phage ~ DNA is connected with a redis t r ibut ion  of phage DNA adsorbed  on the 
sphe rop las t s  f rom the cell  wall  to the cy toplasmic  m e m b r a n e ,  thereby faci l i tat ing penetrat ion 
and a t tachment  of the introduced DNA to the m e m b r a n e .  
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The re  is as yet no unanimity regard ing  the mechan i sm of the s t imulat ing action of basic  prote ins  in 
t rans fec t ion  of bac te r ia l  spherop las t s .  The lack of factual  ma te r i a l  on this question has led to the promot ion 
of var ious  hypotheses all of which requ i re  expe r imen ta l  ver i f ica t ion [1, 3-5] .  In par t icu la r ,  it has been shown 
that the t r ea tmen t  of spherop las t s  with pro tamine  i nc rea se s  the eff iciency of binding isolated phage DNA with 
the recipient .  During contact  between the bac te r i a l  rec ip ien ts  and the protamine ,  s t ruc tu ra l  changes have been 
observed  in the sur face  of the spherop las t s ,  and the basic protein is found both on the sur face  of the sph e ro -  
plas ts ,  in the cy toplasmic  membrane ,  and to a l e s s e r  degree ,  d i rec t ly  in the cy top lasm itself .  

The object  of this invest igat ion was to study interact ion between isolated biologically active DNA of phage 
and the membranous  s t ruc tu r e s  of Esche r i ch i a  col i  spheroplas t s ,  e i ther  t r ea ted  or  untreated with the basic 

protein s turine.  

E X P E R I M E N T A L  M E T H O D  

Phage X C1857 D N A J H  was used for  t ransfec t ion .  DNA-3H-labeled phage was p r epa red  by t h e r m o -  
induction of s t r a in  E. coli CR-34 (X C1857) ?~ B~TL-thymine-,  lysogenic for this phage, obtained f rom Baldwin 
(USA), and grown in synthetic medium with thymidine-3H (5 #Ci/ml)  [ 7]. Phage ~ DNA-3H was i s o l a t e d b y  
double phenolization followed by d ia lys is  against  0.01 M T r i s - H C l b u f f e r ,  pH 7.8. The labeling e f f i c i encywas  
36,000 c p m / # g  DNA. The rec ip ient  was E. col[ s t ra in  7026, a K12 (lac-, p ro - ,  B~) der iva t ive  obtained f r o m  
Beckwith (USA). Lysozyme spherop las t s  were  p r epa red  and t rea ted  with s tur ine  as desc r ibed  previous ly  [6]. 
The combined s tu r ine -p ro t amine  f rac t ion  f rom s turgeon milt  was kindly provided by E. P. Yulikova (Moscow 
Universi ty) .  

The biological  act ivi ty  of the DNA was a s s e s s e d  f rom the number  of infected spherop las t s .  For  this 
purpose  DNA was added to 1 ml of a suspens ion of spherop las t s  (109 sphe rop la s t s /ml ) ,  af ter  p r e l imina ry  con-  
tact  with s tur ine  (3 h at 4~ :up to a final concentrat ion of 0.5 ~g /ml ,  andthe mixture  was incubated for  10 mtn 
at 37~ The s amp l e s  were  then invest igated by the agar  layer  method with E . . co l i  7026 as the indicator s t ra in .  

L a b o r a t o r y  of Molecular  Microbiology, N. F. Gamaleya  Institute of Epidemiology and Microbiology, 
Academy of Medical Sciences of the USSR, Moscow. (Presented  by Academic ian  of the Academy of Medical 
Sciences of the USSR, V. D. Ttmakov.)  T rans l a t ed  f rom Byulleten'  ~ k s p e r i m e n t a l ' n o i  Biologii i Meditsiny, 
Vol. 83, No. 5, pp. 597-599, May, 1977. Original ar t ic le  submit ted October  18, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 22 7 West 17th Street, New York, N.Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ 7.50. 

709 



t.O 

o,7 
o.8 
o,5 

0.2 
o,I 

~oi ~o5 o,~ 

2 

I 

Fig. 1. Dependence of binding of phage X DNA molecules  by E._. coli spheroplasts  
on quantity of phage DNA added: 1) untreated with sturine; 2) t reated with s tu r -  
inc. Abscissa,  quantity of phage DNA added (in ~g/ml  suspension containing 109 
spheroplasts) ;  ordinate, number of bound molecules of phage ~, DNA per  sphero-  
plast. 

The X DNA-spheroplas t  membrane complex was isolated f rom the infected spheroplasts  after washing 
them twice for 1 rain at 12,000g, by osmotic lysis in 5/JM EDTA, pH 7.8. The membrane fract ions were 
separated by centrifugation in a 30-55~ sucrose  gradient on a Spinco centrifuge with SW-39 ro tor  for 16 h at 
35,000 rpm. Fract ions  of 0.2 ml were taken and their  density determined with a re f rac tomete r .  Radiometry 
of the samples was ca r r i ed  out with a Mark II liquid scintillation counter. Standard scintillation fluid (0.6% 
PPO and 0.01% POPOP in toluene) was used for counting the radioactivity on the filter. 

E X P E R I M E N T A L  R E S U L T S  

The aim of the experiments  was quantitative analysis  of the binding efficiency of the phage DNA with the 
cell wall and the cytoplasmic membrane of spheroplasts  either t reated or untreated with sturine. A control  of 
the biological activity of the phage DNA also was set up at all stages specified above with respect  to de te rmina-  
tion of the binding efficiency of the phage DNA. 

Exper iments  with infection of E. coli spheroplasts ,  t reated or untreated with sturine, by isolated DNA-3H 
f rom phage ~, were ca r r i ed  out with considerat ion of the optimal conditions for t ransfect ion determined previ-  
ously [6] :  concentrat ion of spheroptasts  109/ml, concentrat ion of sturine 15 ~g/ml.  The optimal concentrat ion 
of DNA was determined in experiments  to study adsorption and t ransfect ion (Fig. 1); DNA was used in a con-  
centrat ion (0.5/~g/ml) ensur ing stabili ty of the resul ts .  

The proport ion of added DNA to be bound with spheroplasts  untreated with sturine was 18~. The d i s t r i -  
butions of phage ~. DNA molecules absorbed by the spheroplasts  on their  membrane fractions is shown in Fig. 
2: As will be seen, 50% of the DNA bound with the spheroplasts  was distributed in the sucrose  gradient at a 
density of 1.22, charac te r i s t i c  of the cell wall. 

After t reatment  of the spheroplasts  with sturine, 2.5-3 t imes more of the added DNA molecules bound 
with them than with spheroplasts  untreated with sturine. Under these c i rcumstances  about 50~ of the phage 
DNA bound with the spheroplasts  was distributed in the sucrose  density gradient at 1.16, corresponding to the 
density of the cytoplasmic m~embrane. 

Verification of the biological activity of the phage DNA showed that after  t reatment  of the spheroptasts  
with protamine the efficiency of t ransfect ion was increased a hundredfold: f rom 2"102-3-10 ~ infection s i t e s /ml  
in the case of untreated spheroplasts  to 2.10~-4 -10 ~ infected spherop las t s /ml  after  t rea tment  with sturine. 

It can be concluded f rom the resul ts  of these experiments  that stimulation of t ransfect ion with phage 
DNA caused by treat ing E. coli spheroplasts  with sturine is due not so much to an increase in the adsorption of 
phage DNA on the recipient  as to a redis tr ibut ion of DNA already adsorbed f rom the cell wall to the cytoplas-  
mic membrane.  

The very small  increase in adsorption of phage DNA on s tur ine- t rea ted  spheroplasts  obtained in these 
exper iments  compared with the 20-fold increase obtained in experiments  to study adsorption of phage T2 DNA 
on bacter ial  spheroplasts  [ 2] may perhaps be connected with differences in the size of the DNA and, in par -  
t icular ,  with the fact that in the case of phage T2 DNA, whose molecular  weight is much grea te r  than that of 
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Fig. 2. Dis t r ibut ion of DNA of phage ~t among membrane  f rac t ions  of 
infected E. coli  spherop las t s  in suc rose  densi ty gradient :  1) sphe ro -  
p las t s  t rea ted  with s tur ine;  2) spherop las t s  untreated with s tur ine .  

phage ~ DNA, no t ransfec t ion  whatever  is observed  on spherop las t s  unt reated with protamine,  and only t r e a t -  
ment with pro tamine  conver t s  the spherop las t s  into rec ip ien t s  for t ransfec t ion  by T2 DNA. In the ease  of  
phage X DNA, on the other hand, t r ea tmen t  of the spherop las t s  with pro tamine  leads only to s t imulat ion of the 
phenomenon of t ransfec t ion  which a l ready takes  place. 

It was shown prev ious ly  that t r ea tmen t  of spherop las t s  with s tur ine  for  3 h in the cold is essen t ia l  for  
the red is t r ibut ion  of prote in  on the sur face  of the spheroplas t s ,  in the membrane ,  and in the cy toplasm [6].  
The resu l t s  now obtained sugges ts  that s tur ine  is bound with the cy toplasmic  membrane  of the cell  wall, and 
they also conf i rm the hypothesis that the action of s tur ine  during t ransfec t ion  is a imed la rge ly  ~ faci l i ta t ing 
penetra t ion of phage DNA molecules  into the spherop las t s  and their  binding to the membrane .  
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