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A method of isolating high-molecular-weight DNA from plasmids FB1 and FBI drd of condi- 
tionally pathogenic strains of Escherichia coli has been developed. By electrophoresis of the 
DNA fragments in agarose gel and by sedimentation in a neutral glycerol concentration gra- 
dient the molecularweights of the isolated plasmid DNA were found to be of the order of 
30"106 and 40.106, assuming two different plasmids, or 70"106 if only one. 
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Plasmids  FB1 and FB1 drd were discovered during a study of the conjugation proper t ies  of cells of a 
conditionally pathogenic s t ra in  of E scher ichia  coli belonging to the serotype 06:K54 (L):H10 [ 2]. Whereas 
plasmid FB1 is a r ep ressed  variant  of the sex factor  F of serotyped s trains  o f  E. coil, plasmid FB1 drd is a 
de repressed  mutant of that factor.  

The object of this investigation was to isolate plasmid DNAs from cells of conditionally pathogenic 
s t ra ins  Of E. coli  containing plasmids FB1 and FB1 drd and to investigate some of their physicochemical  
proper t ies .  

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

Plasmid DNA was isolated by modified methods of Guerry  et al. [ 7] and Clewell and Helinski [5] ,  using 
cul tures  of E. coli (AP1 and AP2) whose cells  contain plasmids FB1 and FB1 drd, respect ively .  These cultures 
were grown in 200 ml nutrient broth at +37~ to a t i ter  of 5.6"108 ce l l s /ml  and then centrifuged. The cell r e s i -  
dues were resuspended in 12 ml of a cold 25% solution of sucrose  in 0.05 M T r i s - H C l b u f f e r ,  pH 7.2, Each 
cell suspension was treated with 2.4 ml of a solution of lysozyme (5 mg /ml  in 0.25 M Tr is -HCl ,  pH 8.0), and 
5 rain later ,  with 4.8 ml of 0.25 M EDTA, pH 8.0. The spheroplasts  thus formed were lysed by the addition of 
a 10% solution of sodium dodecyl sulfate to a final concentrat ion of 1%. Chromosomal  DNA was precipitated 
by adding 5 M NaC1 solution to the lysates to a final concentration of 1 M and then allowing the lysates to stand 
at 4~ overnight.  The supernatants  were separated from the residue,  their volumes were measured,  and they 
were treated with 200 tzg/ml ethidium bromide and dry CsC1 at the rate of 0.75 g /ml  to a density of 1.57 g / c m  3, 
equivalent to a re f rac t ive  index of 1.398 on the IRF-22 re f rac tomete r .  Equil ibrium centrifugation of these 
supernatants  was ca r r i ed  out on the Beckman L-5-50 ul tracentr ifuge in a Ti-50 ro tor  at 44,000 rpm and 15~ 
for 50 h. The resul t ing plasmid DNAs were dialyzed against 100 volumes of 0.01 M T r i s - H C l b u f f e r ,  pH 7.2, 
and 0.05 M NaC1. 

The molecular  weights of the plasmid DNAs was determined by two methods: by sedimentation in a neu- 
tral  g lycerol  concentrat ion gradient  and by e lec t rophores is  in an agarose gel of DNA fragments  obtained by 
treating plasmid DNAs with the enzyme EcoR1. 

In the f i rs t  case a neutral  g lycerol  gradient was made up by the method of lhler and Kawai [ 8], using a 
gradient of glycerol  (10-30% w/w) in a solution containing 0.02 M Tris-HC1, pH 8.0; 0.001 M EDTA; 1.0 M 
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NaCl. A linear gradient was formed by means of the device described by McConkey [1].  To each gradient 
3 ~g of plasmid DNAs was applied. The specimens were centrifuged on the L-5-50  ul t racentr i fuge in the 
SW-41 ro to r  at 38,000 rpm and at 4~ for 7 h. After centrifugation, the contents of the ni trocel lulose cent r i -  
fuge tubes were passed through a highly sensit ive " A n a l a b s "  UV-densi tometer  (flow rate 4 ml/h,  sensitivity 
of the instrument 0.04 ~ g). The molecular  weight was calculated by the equation of Burgi and Hershey [4] : 

DI/D2(LI/L2) 0~ 

where D i and D 2 are the distance traveled in the centrifuge tube by the DNA fractions and L i and L 2 are the 
molecular weights of the DNA fractions. Plasmid CoIEl, the molecular weight of which is 4.2.106 daltons, was 

used as the marker. 

In the second case plasmid DNAs were treated with EcoRl restrictase by the method of Greene et al. [6] 

with slight modification in an incubation mixture with a total volume of 50 ~I, containing i00 mM Tris-HCl, 

pH 7.3, 5 mM MgCl2, 50 mM NaCl, 2.5 ~g plasmid DNA, and 7 ~l EcoRl restrictase. The mixture was incubat- 

ed at 37~ for 70 min, the reaction was stopped by heating the mixture to 70~ for 5 rain, after which it was 

cooled in an ice bath. The mixture was then applied to the upper end of a tube (0.6 • ]0 cm) containing 0.65% 

agarose gel in the proportion of 1.5 ~g/20 #l DNA, and the tubes were placed in a Reanal apparatus for elec- 

trophoresis. The tubes were covered with electrophoresis buffer E (0.004 M Tris-acetate buffer, pH 7.8; 

0.02 M CH3COONa; 0.2 M EDTA). Electrophoresis was carried out at room temperature with a voltage of 

20 V for 14 h. The molecular weight of the fragments was determined from their relative electrophoretic 

mobility compared with fragments of phage hi 434, whose DNA fragments have molecular weights of 13.7.10 ~, 
3.7"106 , 3.5"106 , 3.2"106 , 3.0"106 , 2.1"106 , and 1.0-106 , respectively. 

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

After equilibrium centrifugation in a CsC1 gradient two bands were found in the tube. 

Bauer and Vinograd [3] showed previously that a preparat ion of DNA from virus SV 40 contained two 
c lear ly  distinct zones after centrifugation in a CsCI gradient in the presence of ethidium bromide.  After in- 
vestigating the mater ia l  from each zone, these workers  concluded that the lower zone contained supercoiled 
molecules  of plasmid DNA, which bound the dye more weakly, whereas the upper zone contained l inear and 
open-r ing  molecules  of plasmid DNA and res idues  of chromosomal  DNA, which are  more  accessible  for in ter -  
action with ethidium bromide. On interaction with the different forms of DNA, the ethidium bromide thus r e -  
duced their density to a different degree.  On the basis of these findings the presen t  wr i t e r s  concluded that the 
upper zone formed in the tube after  equilibrium centrifugation consisted of l inear and open-r ing molecules  of 
plasmid DNA and chromosomal  DNA of E. coli, whereas the lower band consisted of supercoiled molecules  of 
plasmid DNA. Material  from the lower band was accordingly used in the subsequent investigations. By the 
method descr ibed above DNA was isolated from each F- l ike  plasmid tested, in amounts of 250 and 300 ~g from 
1 l i ter  of the E. coli culture (AP1 and AP2) with a t i ter of 5.6.108 ce l l s /ml .  DNA f rom plasmids ColE1, 
ColE 12124, and also RI and RII, which were used as marke r s ,  also were isolated by the method described 
above. 

As was pointed out above, the molecular  weight of the plasmid DNAs tested was determined by sedimen-  
tation in a neutral  g lycerol  concentrat ion gradient  and by e lec t rophores is  in agarose  gel of f ragments  obtained 
from these DNAs after  t rea tment  with EcoR1 re s t r i c t a se .  The resul t s  are  i l lustrated by curves  in Fig. 1 
(a and b) and Fig. 2. Clearly,  af ter  sedimentation of the plasmid DNAs in a neutral  glycerol  gradient and after 
pass ing the mater ia l  f rom the centrifuge tube through the UV-densi tometer ,  severa l  homogeneous peaks were 
found (4 peaks in Fig. la  and 3 peaks in Fig. lb), indicating distribution of the DNA ~mong the fractions.  The 
molecu la r  weight (in daltons) of the resul t ing fract ions was calculated by the use of plasmid DNA ColE 1 with 
a molecular  weight of 4.2"106 daltons as the marke r  in a paral lel  gradient  in accordance with the equation of 
Burgi and Hershey [4].  The calculations showed that for fract ions 1, 2, 3, and 4 of DNA il lustrated in Fig. l a  
the molecu la r  weights were 27.2-106, 41.3,106, 61.4.106, and 127.9-106, respect ively;  whereas for fractions 1, 2, 
and 3 shown in Fig. lb the molecular  weights were 27.4.106, 42.6.106, and 62.4"106, respect ively.  

The resul ts  of e lec t rophorvs i s  of res t r ic t ion  f ragments  of plasmid DNAs after t reatment  with EeoR1 
res t r i c t a se  are shown in Fig. 2. The number of bands is about 10, and this evidently ref lects  the number of 
DNA fragments  formed.  

To determine the molecular  weight (in daltons) of the hypothetical f ragments  of plasmid DNAs, the stand- 
ard curve plotted for DNA fragrilents of phage %i 434 with knoWn molecular  weights was used. As the calcula-  
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Fig. 1. Centr ifugat ion of DNAs of p l a smids  FB1 and FB1 drd in a neut ra l  g lycero l  concen t ra -  
tion gradient  (420 rain, 38,000 rpm,  4~ Vert ical  a r r o w s  indicate d imens ions  of DNA f r a g -  
ments  calculated by equation [4] .  Molecular  weight of m a r k e r  p lasmid  ColE1 taken as 4.2"106 
daltons:  a) DNA of p lasmid FB1, s t ra in  AP1; b) DNA of p lasmid FB1 drd, s t ra in  AP2. 
I, 2, 3, 4) DNA fractions, Abscissa, distance from beginning of gradient, relative units. 

Fig. 2. E l e c t r o p h o r e s i s  of r e s t r i c t i on  f r agmen t s  of p lasmid DNAs in 0.65% 
aga rose  gel: a )DNA of p lasmid FB1 without t r e a t m e n t  with EcoR1  r e s t r i c t a s e ;  
b) the s ame  DNA af te r  t r ea tmen t  with enzyme;  c) DNA of p lasmid FB1 drd with- 
out r e s t r i c t a s e  t rea tment ;  d, e) the s a m e  DNA but a f te r  enzyme t rea tment ;  
f) DNA of phage hi 434 a f te r  enzyme t rea tment .  

tions showed, f r agmen t s  of i sola ted DNA of p lasmid  FB1 had the following molecu la r  weights (in daltons):  
13.7"i06, 13.3"106, 11.7-106, 10.0.106, 8.4.106, 8,1.106, 3.7-106, 2.4.106, 2.2-106, 1.6-106, Fragments of DNA iso- 
lated from plasmid FB1 drd had molecular weights (in daltons) of 13.7-106, 12.3.106, 12.1.106, 9.8-10 G, 9.3.106, 
7.8-10 s, 4.4-106, 2.7-106, 2.4-106, 2.2.106. Summation of the molecular weights found for the DNA fragments 
shows that the molecular weight of the whole DNA molecules of plasmid FB1 was 75.1.106 daltons, whereas the 
molecular weight of the whole DNA molecules of plasmid FB1 drd was 76.7"106 daltons. The molecular weights 
of DNAs of plasmids FBI and FB1 drd were thus of the order of 70.0-106 daltons when determined by the sedi- 
mentation method in a neutral glycerol gradient, and between 75.1"106 and 76.7.106 daltons in the case of deter- 
mination of the molecular weight of the fragments of the plasmid DNAs after their treatment with EeoR1 re- 
strictase. 

Two hypotheses can be put forward on the basis of these data: 1) The plasmid DNAs in the preparations 
studied were present as monomers and dimers. The mean molecular weight of one form of plasmid DNA, in 
this case, was about 30.0-106 daltons and that of the other form 40o0.106 daltons; 2) plasmid DNAs in the prep- 
arations tested were present in only one form with a molecular weight Of about 70.0.106 daltons, but existed as 
supereoiled, linear, and open-ring molecules, possibly formed as a result of the manipulations with the DNA 
preparations. The quantitative ratio between the different molecules in the DNA preparations from plasmids 
FB1 and FBI drd was different. 
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Fur ther  investigations are required to prove which of these hypotheses is cor rec t ,  

The authors are  grateful to Candidate of Physico-Mathemat ical  Sciences V. A. Zaginaiko for help with 
the mathematical  analysis  of the data and to D. A, Vorozheikina for technical help with the investigation. 
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