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SUllFlARY: Ninicircular DNA of E.coli 15 can be transferred together with 
Co1 E DNA by a da-repressed sax factor into other strains of E.coli, 
which’ara pal+. Both plasmids are lost, when the & A 1 mutstion is 
transferred into calls harbouring these plasmids. A mutant with a tampe- 
rature-sensitive ploymarasa I (a A 12) is capab$,a of replicating mini- 
circular DNA and col El DNA et 50 C but not at 45 C. However, these 
latter plasmids are replicated at the restrictive temperature in a DNA 
replication mutant (dna E) with a temperature-sensitive DNA polymerase 
III. 

Evidence has been recently presented that the colicinoganic factor El 

(m El) cannot ba maintained in strains dsfactiva in DNA polymarasa I 

(po1 A 1) (I). Furthermore, experiments carried out in our laboratory 

have indicated that the maintenance and/or replication of col El DNA do 

not require the presence of polymarasa III (2). In contrast, several sax 

factors (E V, Co1 Ib, Hly, F’l4, RI and A 64) are replicated normally 

in & A 1 mutants, but the replication of these factors requires DNA 

polymarasa III (2). Ninicircular DNA of E.coli 15 (3) and several other 

small plasmids isolated from various wild strains of E.coli have been 

shown to be closely related to Co1 E 
-1 

DNA in their nucleotide sequences (4). 

In addition, minicircular DNA of E.coli 15 exhibits some physiological 

properties in common with && El DNA e.g., the replication of both plasmids 

proceeds in the presence of chloramphanicol (5,6) and at the restrictive 

temperature in a class of temperature-sensitive DNA replication mutants 

(dna 8) (7). Both plasmids are present in the bacterial call in several 

copies, which are selected randomly for replication (7,S). 

It was therefore of interest to examine whether minicircular DNA of 

E.coli 15 would also show the same unusual requirement for DNA polymarasa I 

aa col E, for ita maintenance and/or replication. We have therefore examined 
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the ability of the minicircular DNA of E.coli 15 to replicate in the 

sbeence of the DNA polymeraaea I or III. The results suggest that DNA 

polymerase III is not required for the replication of the minicircular 

DNA of E.coli 15, but the replication and maintenance of this bacterial 

plasmid is strongly dependent on a functioning DNA polymeraee I. 

IIATERIALS AND mETHODS: The bacterial strain8 used in this study (listed 

in Table 1) were grown in phosphate-buffered minimal medium (6). Isolation 

Table 1: BACTERIAL STRAINS and their properties 

Strain Properties Source 

K 12 (HlYpm 152) lac-, nal’ H,W.Smith 

15 THU- (Co1 E,,mini,5) thy-, his-, ura-, 6 

atr r, Co1 E,, mini15 

W 5110 pol A 1 thy , pol A 1 20 

mm 383 thy-, BU-, rha-, str’ 15 

lac-, pol A 12 

1026 str rr dna E 17 

of the supercoiled plaamid DNA was performed by the lyaozyme-Erij 56 

technique (9). 

Transfer of the de-repressed Hly-Pactor,originated Prom E,coli Pm 152 (lo), 

to E.coli 15 THU- (C-g& E,, m15) was performed by mating E.coli 15 THU- 

(s E,, mini,5 ) with E.coli K 12 (H1Y,m ,52 ) (70). The conjugal tranefer 

of the col E, factor and the minicircular plaemid which both lack SEX 

factor activity, was promoted by this f& factor. Log phase cultures o? 

the donor strain E.coli 15 THIJ- (Hly, $&. E,, q5) and of the desired 

recipient strain were mixed on ENS-agar plates (6) and incubated overnight. 

The recipient wae isolated on appropriate media. The resulting colonies 
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were examined for the presence of the Co1 E 
-1 

fsctor by testing for colicin 

production as described by Frfidbricq (11). The & A I mutation was trans- 

ferred to E.coli K 12 met E (3 E,, n&i,5 ) by conjugation with E.coli 

W 3110 J& A 1 (u). Bethionine prototrophic colonies were counter selected 

on an appropriate minimal medium lacking methionine. These coloniee were 

further examined for sensitivity to methyl msthanesulfonate (flT%). NFlS-sen- 

sitive colonies were cultured in ENB broth. Crude extracts of these cells 

were prepared and DNA polymerase I activity was assayed as described by 

Kohiyama end Kolber (12). 

Centrifugstion conditions and other experimental details are given in the 

legends to the figures. 

RESULTS and DISCUSSION: 

1. Transfer of the minicircular DNA of E.coli 15 

The minicircular DNA of E.coli 15 (mini,S) is a small plasmid with unknown 

function, which does not possess transfer properties (3,13). It is there- 

fore difficult to transfer this extrachromosomal element to other bacterial 

strsins. The Co1 E, factor, which determines the production of the anti- 

biotic protein colicin E, closely resembles the minicirculsr DNA of E.coli 15 

in its nuclsotide sequences (4). and seems to have (a) replication site(s) 

in common with this latter plasmid (6). The col E, plasmid also cannot 

promote its own transfer. However it appeared reasonable to assume, that 

both plasmida may be co-transferred by an appropriate trsnsfer factor into 

other strains of E.coli. Recently, we have isolated mutants of E.coli 15 

(C&), which are cured for the lsrge P ,-like plasmid (6), inherent to 

all strains of E.coli 15 like the minicirculsr DNA (14). We have trans- 

ferred to a cured mutant a de-repressedd-hemolytic factor, which exhibits 

a high efficiency of transfer with all strains of E.coli tested (10). With 

the use of this donor, the minicircular plssmid of E.coli 15 and C& E, 

DNA are co-transferred into E.coli K 12 strains with a frequency of 1 - 5 $. 

The amount of the minicircular DNA and col E, DNA is about 1 $ of the 
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total cellular DNA in all recipients which we obtained so Per. However, 

the ratio between these two small plsamids varies from recipient to raci- 

piant and depends on the growth temperature. Using this donor strain, 

E.eoli 75 (m, col E,, mini 
-15 

) we have transferred the minicircular plae- 

mid together with the col E, factor, a) to the E.coli K 12 wild strain, 

b) to a .& A 12 mutant (Ml 383), possessing a temperature-sensitive 

polymerasa I (16), and c) to a dna E mutsnt (1026), possessing a tamperatura- 

sensitive polymerasa III (16,17). 

2. Stability of the minicircular plasmid in J& A+ and Q& A 1 strains 

o? E.coli K 12. 

A colicinogenic non-hemolytic recipient strain of E.coli K 12 & A+ 

obtained by mating E.coli K 12 with E.coli 15 THU- (&y, m El, &&,5) 

ss described above, was cultured in 30 ml of phosphate-buffered minimal 

medium. 
3 

H-thymidine (S@Zi/ml) was added to the cells in the logarithmic 

growth phase. The plasmid DNA was isolated by tha lysozyma-Brif 58 technique 

(9). The rasultsnt lVclaarsd lysata” was subsequently centrifuged to 

equilibrium in a casium chloride-athidium bromide (CeCl-EB) gradient .(lB) . 

This procedure results in the saparstion of the supercoiled plasmid DNA, 

which bands in the gradient at a higher density, from the residual 

chromoaomal and relaxed plaemid DNA, which band at a lower density (IB). 

The fractions, contsining auparcoilad DNA wars pooled and Purther analyzed 

on a neutral linear sucrose gradient (Fig. IA); Supercoiled col El DNA 

(23 S) and minicircular DNA (16 - 17 S) are not quite separated under 

these conditions. The separation of the latter two plasmida can only be 

performed on an alkaline sucrose gradient, since the open circular form 

of Cal E - 1 DNA (17 S) OVerlap under neutral cantri?ugation conditions 

with the supercoiled form of the minicircular DNA. The fractions of the 

neutral gradient between 16 - 23 S ware therefore ra-centrifuged on an 

alkaline gradient. Fig. 16 demonstrates the preaance of supercoiled 

& El DNA at 48 S and of supercoiled minicircular DNA at 30 - 32 S under 
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Fiq. 1: Sucrose gradient analysis of the eupercoiled plaemid DNA of 
E.coli K 12 (H&, col E , mini ) and its correepon ing 01 A 1 mutant. 
Cultures of E.coli K 12’(Qr& El, mini -I5, pal A$) an%ts correepondiq 
& A 1 mutantBwere grown at 57 C and labe ed at a cell density of 5 x IO 
cells/ml with H-thymidine (5 @i/ml) for 1 h in the presence of 250 pg/ml 
deoxyadenoeine. Cleared lyeates of both cultures were prepared and centri- 
fuged to equilibrium in CeCl-ethidiumbromide gradients. Fractions of the 
heavy density regions containing the supercoiled plaemid DNA were pooled, 
dialyzed and centrifuged through neutral 
20 C, SW 65 rotor, 

gradienta (45000 rev./min, 60 min, 
L2-5OB centrifuge) Fractions (IO drops) were collected 

from the bottom of the tube in small vials, from which samplea (IO JJ~) were 
taken for the determination of the radioactivity. For the separation of 

& El DNA and minicircular DNA the corresponding fractions (26 - 31) of 
the neutral sucrose gradient were re-centrifuged on an alkaline 5% to 20% 
sucrose grBdient , containing 0,7 Pl NaCl and 0,2 A NaUH (45000 rev./min, 
90 min, 20 C, SW 65, L2-5DB). Fractions (IO drops) were collected from the 
bottom of the tube directly on filter papers, which were waehed, dried, 
and counted in a liquid scintillation counter (SL 30 Intertechnique/France). 
(A) - Neutral eucrose gradient of+the supercoiled DNA of E.coli K 12 

(Hlv, Co1 E , mini 
(B) - Alkalire&oee g -%i% if)iractione 26 - 31 of the gradient A 
(C) - Qutral aucroee gradient of the supercoiled DNA of the & A 1 mAtant. 
w--B- P-labelled Co1 E1 DNA used as internal marker. 
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these conditions. The slower sedimenting DNA species (17 - IS S) represent 

the open circuler form of u El DNA. 

A met E mutant of this E.coli K 12 strain wa8 selected and crossed with 

E.coli W 3110 pal A 1 (Hly).The two genes met E and po1 A 1 are close 

together on the chromoame of E.coli and are co-transferred with a relative- 

ly high frequency (19). E.coli K 12 met+-colonies were isolated and 

further examined for sensitivity to methyl methanesulfonate (PflS). Pol A 1 

strains are known to be sensitive to MI% (19). Among the met +-isolates 

tested two colonies could be obtained, which were sensitive to IVIS, These 

two colonies were also non-colicinogenic. Polymeraae I activity could not 

be detected in extracts of these strains. Plasmid DNA was isolated as 

described above. The results are shown in Fig. IC. It is evident that 

neither Co1 E - , DNA nor minicircular DNA is present in the pal A 1 strain, 

whereas Hly DNA is observed sedimenting at 76 - 78 S as supercoiled DNA, 

and at 4% - 50 S as open circular DNA. 

3. Failure of the ,minicircular DNA and col E, DNA to replicate at 43’C 

in the mutant I1M 383. 

lYlA 383 is a mutant with a temperature-sensitive DNA polymerase I. This 

mutant has been recently isolated by Monk and Kinross (15). The mutation 

is not identical to the pal A 1 mutation previously isolated by DeLucia 

and Cairns (20). and has been therefore designated & A 12. We have 

transferred col E, DNA with E.coli HfrH (C& El), and col El DNA together 

with minicircular DNA with E.coli 15 (Hly, col El, &&,5 ) as donor 

strains to this mutant. It proved to be difficult to obtain stable coli- 

cinogenic colonies of this mutant uith either of the two donor strains. 

However, we finally succeeded in isolating the desired recipianta. Fig. 2A 

and S indicate that a strain, which has been made colicinogenic by mating 

with E.coli 15 THU- &I&‘, col E,, !I&&), contains all three plaemids at 

3O’C. However when the temperature of a culture of this strain is raised 

to 43’C and ‘H-thymidine is added at this temperature, no incorporation 
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fia. 2~ Incorporation of 
3 

H-thymidine int.8 pla8midoONA a? the* A 12 
mutant RR 383 (I&, Co1 E , s, ) at 50 C and 43 Co 
A culture of E,coli x3233 (Hly, $ E W&&s was grown to the logarith- 
mic phase (5 x 10 cells/ml) at 30 C aAd divi ed into thrge equal parts. d’ 
One part was further incubated at 30°C and laballed with H-thymidine 
(5 yCf/ml) for 1 h. The second pert was incubated at 43’C and labelled 
with oH-thymidine (5 @i/ml) for 1 h. The third part yaa incubated for 1 h 
at 43 C and 1abelQd for 1 h with the same amount of H-thymidine and then 
shifted back to 30 C and incubated for another hour. Supercoiled plaemid 
DNA was isolated as described in Fig. 1, and further analyzed on a linear 
aucroaa gradient (5% to 20%). Centrifugation conditions were the same as 
described in Fig. 1. 
(A) - Neutrgl sucrose gradient of the auparcoiled plasmid DNA synthesized 

at 30 C. 
- Alkaline eucroae gradient of the fractions 25 - 29 of the gradient A. 
- Neutrgl sucrose gradient of the supercoiled plaamid DNA synthesized 

at 43 C. 
(D) - Neutrtl sucrose gradieni of the aupercoiled plaamid DNA synthesized 

33 30 C after 1 h at 43 C. 
me--- P-labslled Co1 E, DNA. 
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TABLE 2 

Inccxporation of C14-Isoluecine, 
and Phenylalanine into Protein bv Isolated 

Cells from Normal and Diabetic 

(cpm/w potein) 

Valine 
Liver Parenchymal 
Fats* 

Dlabetlc Pats 
Hours after Insulin Withdraw1 

Normal 
1omM Fed 0 hr 48 hr 72 hr 96 hr 

Substrate Fats 

Isoluecine 869 +, 58 1'+77+-124 650 +, 86 463 +, 27 286 t 57 
(5) (5) (6) (3) (5) 

Valine 1009: 85 1621+126 1176518 528 + 43 322 t 50 
(5) (5) (6) (3) (4) 

Phenylalanine 764 i 65 1206+,U9 10472113 435 f 85 200 t 20 
(5) (5) (6) (3) (4) 

*A 1 ml aliquot of the Lhnbreit Pinker cell suspension was incubated 
for 1 hr in 2 ml of Lhnbreit Pin-r buffer containing 1OmM cold amino 
acid, 0.5 uCi of UL C14+mi.no acid and 100 w/100 ml plucose. 

in diabetic rats deprived of insulin for 72 or 96 hr. Control cyclic AMP levels 

show a maximal level at 72 and 96 hr after the withdrawal of insulin. Similar 

increases in cyclic AMP levels in livers from acute alloxan diabetic rats have 

been reported by Jefferson et al. (11). They also found that livers from un- 

treated alloxan diabetic rats have higher cyclic AMP levels than do livers from 

treated rats. 

The decrease in the ability of glucwn to increase cyclic AMP levels or the 

decrease in C14-amino acid incorporation into protein in isolated diabetic liver 

cells after the withdrawal of insulin is not a function of cell deterioration 

or changes in cell counts. While the cyclic AMP response to glucafton and rates 

of protein synthesis deminish, rates of gluconeop;enesis are elevated. Gluconeo- 
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Fig. 3: Incorporation of ‘H-thymidine bg plasmid DNA of the & mutant 1026 
30°C and at 45 C. 
(I&, col E,P mini ) 
and then dividxl o 

was grown to a cell density of 
two parts. One part was 

incubated further at 30°C and labelleg with 
f 

H-thynidine (5 &i/ml) for 30 
min. The other3part wa8 shifted to 45 C and laballed at th&s temperature 
with 5pCi/ml H-thymidine for 30 min. Incorporation at 45 C was stopped 
by pouring the culture on a mixture of ice and water, containing 200 ug/ml 
sodium azide. Supercoiled plaemid DNA was isolated and analyzed on auorose 
gradienta as described in Fig. 1. Supercoiled Co1 E DNA and minicircular 
DNA were again separated on en alkaline 
(A) - 

eucros’;;-;;ra ient. a 
Neutral eucroee gradient 8f the plaemid DNA of E.coli 1026 (ti&, col E,, 
m&& ) synthesized at 30 C. 
All&&e Sucrose gradient of the fractions 26 - 310f the gradient A. 

- Neutral sucrose gradient of the plaemid DNA synthesized at 43’c. 
(D) - Qkaline euoroee gradient of the fractions 24 - 29 of the gradient C. 
-w-m- P-labelled col E, DNA. 
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in & E mutant8 represents semi-conservative replication and not repair. 

It therefore seems reeaonable to conclude that minicirculer DNA 

is also replicated semi-conservatively in the absence of a functioning 

DNA polymeraae III. 

Ths data auggeet, that there may be a class of related plaemida in E.coli 

which require8 a DNA polymeraae for its replication other than the chro- 

moaomal DNA and the larger plaamida known as sex-factors. The latter repli- 

cons seem to depend on DNA polymeraae III for replication and probably re- 

quire DNA polymeraae I for repair. In contrast, col E, DNA and minicircular 

DNA of E,coli 15, representing a possibly greater class of related plaa- 

mide, seem to require DNA polymarase I for replication and maintenance, 

whereas DNA polymeraae III doe8 not seem to be involved in these 

processes. 

ACKNOWLEDGEIYENTS: The authors wish to thank Prof. Dr. Lingena for his 
interest and support of this work. We are obliged to fl. Monk for providing us 
the strain BF1 3ei. llra. Mairi Sauer is thanked-for reeding of the manua- 
cript. The akilful technical esaiatance of mr. K. Kapasaakalis is ackow- 
ledged. 
This work was supported by a grant from the De&ache Forachungsgemeinachaft. 

1. 

2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

17. 

18. 

19. 
20. 

Kingsbury, D.T. and D.R. Helineki, Biochem.Biophya.Rec.Comm., 
4J 1538 (1970) 

Goebel, W., Nature, 237, 67 (1972) 
Cozzarelli, N.R., R.B. Kelly and A. Kornberg, Proc.Natl.Acad.Sci.US., 

60, 992 (1968) 
Goebel, W. and H. Schrempf, J.Bacteriol., in press 
Clewell, D.B., J.Bacteriol., 110, 667 (1972) 
Goebel, W. and W. Schroen, manuscript in preparation 
Goebel, W. and H. Schrempf, Biochim.Biophya.Acta, 262, 32 (1972) 
Bazaral, II. and D.R. Helinaki, Biochemistry, 2, 39-1970) 
Clewell, D.B. and D.R. Helineki, Proc.Natl.Acad.Sci.US., 62, 1159 (1969) 
Goebel, W. and 8. Pokora, manuscript in preparation 
Frbdericq, P., Ann.Rev.llicrobiol., 2, 7 (1957) 
Kohiyama, il. and A.R. Kolber, Nature, 228, 1157 (1970) 
Lee, C.S. and N. Davidson, Biochim.Biophya.Acta, 504, 285 (1970) 
Ikeda, H., A. Inuzuka and 3. Tomizawa, J.Aol.Biol., 50, 457 (1970) 
monk, II. and 3. Kinroaa, J.Bacteriol., 109, 971 (1973 
Gefter, ll.L., Y. Hirota, T. Kornberg, J.A. Wechaler and C. Barnoux, 

Proc.Natl.Acad.Sci.US., 68, 3150 (1971) 
Ntisalein, V., 8. Otto,-F. Bonhoeffer and H. Schaller, Nature, 254, 

285 (1971) 
Radloff, R., W. Bauer and 3. Vinograd, Proc.Natl.Acad.Sci.US., 

57, 1514 (1967) 
Gross, J. and fl. Groae, Nature, 224, 1166 (1969) 
DeLucia, P. and J. Cairns, Nature, 224, 1164 (1969) 

600 


