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~UMMARY: E s c h e r i c h i a  c o l i  dnaO- and dnaK-gene p r o d u c t s  have 
been i d e n t i f i e d  i n  a system ~ minice- ' r l 's  i n f e c t e d  w i t h  the  
a p p r o p r i a t e  t r a n s d u c i n g ~ p h a g e s .  The m o l e c u l a r  w e i g h t s  
of these  p o l y p e p t i d e s  i n  dodecy l  sulphate/acrylamide e l e c -  
t r o p h o r e s i s  amounted to  39,000 end 77 ,000 ,  r e s p e c t i v e l y .  
Equilibrium sedimentation of minicell lysates in metrlzamide 
density gradients has revealed that both these host proteins, 
indispensable for~DNA replication, are membrane-bound. 

INTRODUCTION: The E s c h e r i c h i a  c o l i  dnaO- and dnaK-gene p rod -  

u c t s  be long  to  a set  o f  host  p r o t e i n s  which have to i n t e r a c t  

f u n c t i o n a l l y  w i t h  one of  the  p h a g e ~ r e p l i c a t i o n  p r o t e i n s ,  

the  P-gene p r o d u c t ,  f o r  t he  proper~LDNA r e p l i c a t i o n  in  v i v o  

to  take  p l a c e  ( 1 ,  2,  3 ) .  The m e m b r a n e - a f f i n i t y ,  r e c e n t l y  

demons t ra ted ,  o f  the  P p r o t e i n  (4)  i s  c o m p a t i b l e  w i t h  the  

h y p o t h e s i s  t h a t  these i n t e r a c t i o n s  occu r  i n  an i n t i m a t e  

a s s o c i a t i o n  w i t h  the  b a c t e r i a l  membrane. I n  t h i s  c o n t e x t  i t  

was r easonab le  to  s t udy  t he  membrane a f f i n i t y  of  t he  dnaO 

and dnaK-gene p r o d u c t s .  

MATERIAL~ ANO METHOO~: The b a c t e r i o p h a g e s  ~dnaK and ~dnaO 
~7~dnaOd=naK~14J were kindly givenby Or.H. Uchida ( ' 5 ) ;  the 
9hages 2udnaOdnaK and AudnaOdnaKam3 - by Dr.C.P.Georgopoulos 
(6). Phage infection of minlcells, labelling of proteins, 
lysls od minicells, metrizamide density gradient sedimenta- 
tion end dodecyl sulphate/acrylamide elect rophoresis were 
performed as described in (4). 
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Fig. i .  E lec t rophoret lca l  pattern of polypeptides synthe- 
szz--i~-6-d-in nonpermissive CsuO) E°col i  m in ice l l s  infected 
with transducing ~,phages. The phaqes used for in fec t ion 
were: %dn~OdnaKam3 ~a) , /~udna~ ~b) .~LdnaOdnaK (c) . ~dnaK 
{d) and~ Ca). The last path (f) represenI~ polypeptides 
synthesized in noninfected minicells. The " C-labelled 
polypeptides were separated in IO~ polyacrylamide slab 
gel containing dodecyl sulphate and detected by fluoro- 
graphy. The bacter ia l  gene products IdnaK and dnaD), as 
well as some of the /Lgene products (E, P) are marked. 

RE&ULT~ AND DI~CUb~ION= Per forming the now c l a s s i c a l  i d e n t i -  

f i c a t i o n  of gene p roduc ts  in  ~ - i n f e c t e d  m i n i c e l l s  by the 

use of the appropriate amber or  d e l e t i o n  mutants ~Fig.  Z),  

we have noted tha t  the apparent mo lecu la r  weight of the 

d.naK-gene product  i s  much sma l l e r  than the pub l i shed  va lue 

of 93,000 found in  the system of ~ - i n f e c t e d  U V - i r r a d i a t e d  

b a c t e r i a  ( 6 ) .  A d e t a i l e d  a n a l y s i s  ( F l g .  2) revea led  tha t  the 

apparent molecu la r  weight of t h i s  polypeptide amounts to 

77,000° Qu i te  r e c e n t l y  the l d e n t i t y  of the dnaK-gene product  
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Eig. 2. Log molecular weight versus mobility plot for the 
estimation of molecular weights of the E. coli dnaO- and 
dnaK-gene products, following electrophoresis in i0~ poly- 
acrylamide gel containing dodecyl sulphate. Protein molec- 
ular weight standards were : phosphorylase b (94,000), 
transferrin (7b,O00), bovine serum albumin (67,000), 91u - 
tamate dshydrogeoass (53.000), ovalbumin (43,000), al- 
dolaae (38,900),~E-gene product (38,000), ~P-gene prod- 
uct (23,000). The full and broken arrows indicate the 
mobilities of the dnaK- and dnaJ-gene products, respec- 
tively. 

with 866.0 protein (M r 75,000) of E. coIi has been estabIish- 

ed (7). It seems, therefore, that the size of the dnaK-gene 

product synthesized in minicells is practically the same as 

in UV-irradiated bacteria. In our hands the dnaO-gene product 

appeared as a I'i r 39,000 polypeptide, close to the published 

v a l u e  of  37,000 ( ~ ) .  

~,e have used the  p r e v i o u s l y - e l a b o r a t e d  g e n t l e  methods 

f o r  m i n i c e l l  l y s i s  and l y s a t e  f r a c t i o n a t i o n  : l y s i s  by T4 

lysozyme w i t h o u t  d e t e r g e n t s ,  and f r a c t i o n a t i o n  by e q u i l i b -  

r ium s e d i m e n t a t i o n  i n  a m e t r i z a m i d e  d e n s i t y  g r a d i e n t j  both 

at low i o n i c  s t r e n g t h  ( 4 ) .  The ~ - c o d e d  p r o t e i n s  s y n t h e s i z e d  

i n  m i n i c e l l s +  appear i n  two major  f r a c t i o n s  : as f r e e  p r o -  

t e i n s  at the  bot tom of  the  c e n t r i f u g e  t ube ,  and as membrane- 

bound p r o t e i n s  at the  buoyant  d e n s i t y  of  1,18 - 1,22 g/cm 3 

( 4 ) .  Both E . c o l i  p r o t e i n s  coded by the  ~ L t r a n s d u c i n g  phages 
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Fig.3. Profile of proteins, the bacterial dnaO- end 
~-gene products, synthesized in ~vdnaOdna--~-infected 
minicells, after metrizamide gradient sedimentation of the 
minic~1 lysate. The proteins synthesized in minicells 
were - G-labelled. Every second fraction from the metri- 
zamide gradient was analyzed by dodecyl sulphate/acrylamlde 
electrophoresis and the proteins were detected by fluoro- 

~ raphy. The relative peak sizes of the dnaO - gene product e) and of the dnaK-gene product Co) we~determined by 
scanning the fluorogram and by integrating the areas under 
the peaks. 

appeared predominantly (dnaK), or exclusively ~dnaD) in the 

membrane peak (Fig. 3). In the presence of the ionic deter- 

gent, sarcoeyl, both these proteins appeared in the frac- 

tion of free proteins (results not shown). 

The above-demonstrated membrane-affinity of E. coli 

dnap- and dn~K-gene products, together with the membrane- 

affinity of the phage ~-gene product (4) suggest that 

their interaction, inferred from genetic studies, may occur 

on the bacterial membrane, leading to an extremely effec- 

tive initiation of~LDNA replication in vivo. The recent 

success in establishing an apparently membrane-less in vitro 

system for~k~ONA replication ~9) does not contradict this 

hypothesis; in spite of the use of highly concentrated bacte- 
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rial extracts, only i out of I0 molecules of~dv DNA was 

replicated at op~mum conditions. The membrane-affinity of 

dnaO-and dnaK-gene products may help in planning the strate- 

gy of preparative isolation of these proteins. ~ith purified 

proteins and specific antisera it should be possible to check 

the role of dnaK- and d naO-gene products in the in vitro 

~DNA replication as well as in the in vitro replication of 

plasmids containing the ~.coli chromosomal origin (10). 
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