
©          Nature Publishing Group1983

~'l~6-----------------------------------nL£~Inlt~RS~T~Q~NnA~riOR£~~------------------~N~AT~u~R~E~v~o~L.~3~o2~2~1~A~P~~~L~I~983 

Table 1 Mobilization of two non-conjugative plasmids by standard 
plasmids of known incompatibility groups 

Mobilization 
efficiency 

++ 
+ 
± 

ND 

Representative plasmids of incompatibility 
group mobilizing: 

R300B 

B,I,M,P, W,X 
N 

D,HII 
C, F, HI, J, K, T 

pHH1310a 

B, I, M, P, W, X, N, T, HII 
C,D,F,K 

HI, J 

ND, none detected. F and I indicate plasmids of the F or I complex. 
Standard plasmids were as listed in refs 2, 4 and 10. The method was 
as for the Murray strains (Table 1) except that instead of a wild strain, 
a distinguishable K-12 strain carrying a known plasmid was used. 
Confluent growth on selection plates was scored as + +, semiconftuent 
as + and separate colonies as ±. Counts from sample matings showed 
that + + represented transfer frequencies > 10-4 per donor, + -10-5 

and± -10-8
• 

present strains of Klebsiella isolated from human infections are 
ampicillin-resistant, having chromosomally determined {3-
lactamases6. This need not imply that Klebsiella as a genus has 
acquired ampicillin resistance since 1949; most of the Klebsiella 
species isolated by Murray were recorded by him as 'Friedlan
der's bacillus' and they may prove to belong to different species 
(or biotypes) from the Klebsiella species prevalent today. The 
Klebsiella species differ in their {3 -lactamases and naturally 
resistant biotypes may have been selected in the recent past. 
The only tetracycline-resistant cultures belonged to the genus 
Proteus, most strains of which have chromosomally determined 
tetracycline resistance. We found no other antibiotic resistance 
and no resistance to sulphonamides, although the collection 
extended well into the era of sulphonamides and into the early 
years of antibiotic therapy. 

A high proportion of the present day resistance plasmids 
determine mercuric chloride resistance 7 '

8 for which there is no 
satisfactory explanation. Only three of the Murray strains 
showed this resistance and none transferred it to E. coli K-12. 
The only transferable resistance plasmid we identified deter
mined tellurite resistance, which is relatively uncommon in 
antibiotic resistance plasmids9

'
10

, Resistance to copper sulphate 
and sodium arsenite was a frequent finding but no transfer of 
either resistance was demonstrated. Although these resistances 
may be plasmid-borne11

-
13 there is no evidence that they are 

commonly so. They occur sufficiently frequently in E. coli 
strains to have been used in epidemiological typing14; we have 
no information on their general occurrence in bacteria other 
than E. coli. 

Gene transfer was determined by 104 strains; one strain 
showed transfer of tellurite resistance and 103 strains demon
strated the ability to mobilize a non-conjugative plasmid. Their 
dates of collection were from 1917 to 1941. Conjugative plas
mids from 84 strains were transferred to and established in 
E. coli K-12; 20 other strains brought about transfer of R300B 
or pHH1310a but genetic determinants for mobilization were 
not detected (10 cases) or only transiently present (10 cases) 
in K-12. Of the 84 plasmids in K-12, 36 determined 
colicinogeny, one determined tellurite resistance and 47 were 
cryptic. All the Coli plasmids had molecular weights between 
5.5 x 107 and 6 x 107

, measured by comparison with reference 
plasmids of known molecular weights after agarose gel elec
trophoresis of K-12 lysates. The tellurite resistance plasmid 
had a MW of 1.05 x 108 and the other conjugative plasmids, 
except for two that were undetected in agarose gels, were in 
the range 2.5-7.0X 107

• The indicator plasmids, R300B and 
pHH1310a, were visible in the agarose gels. In addition, lysates 
of K-12 strains that had acquired conjugative plasmids from 
cultures of S. sonnei, but not from other species, revealed cryptic 
plasmids of <5 x 106. Small cryptic plasmids in antibiotic-resis
tant strains of S. sonnei were reported by Jamieson et al. 15

• 

Soon after genetic recombination in bacteria was discovered, 
among 2,000 wild strains of E. coli screened for the ability to 
transfer chromosomal genes to E. coli K-12 p-, 2% gave 
positive results16. This represents, as far as we know, the only 
relevant survey of cultures of the same period as the Murray 
collection and used, of course, a much less sensitive test for 
genetic transfer than a plasmid mobilization tese. The latter 
test has been used more recently to identify conjugative plas
mids in drug-sensitive bacteria and their prevalence was found 
to be comparable with that in the Murray collection, that is, 
17% of 300 faecal E. coli strains from people outside hospital17 

or 20 of 60 E. coli strains from healthy pigs, cattle and human 
beings18. 

The proportion (24%) of Murray strains in which genetic 
transfer function was demonstrated is probably an underesti
mate because of plasmid loss or the use of an inappropriate 
screening test. We do not claim that the cultures are perfectly 
representative of the relevant bacterial genera over the period 
of the collection, but they are many and varied enough for us 
to conclude that conjugative plasmids were as common in 
enterobacteria before the medical use of antibiotics as they are 
in drug-sensitive strains today. This was not wholly expected 
as it was believed that the use of antibiotics has encouraged 
the spread of bacterial clones carrying such plasmids19. Plasmids 
that determine antibiotic resistance have a symbiotic relation
ship with their bacterial hosts. It is unknown whether the 
conjugative plasmids that we have identified encode characters 
useful to their hosts or whether they are entirely parasitic. 
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Corrigendum 
In the letter 'Stratospheric warming following the El Chich6n 
volcanic eruption' by D. E. Parker and J. L. Brownscombe, 
Nature 301, 406-408 (1983), the temperature scales for SSU 
27 in Fig. 3a and b were wrongly labelled. The correct labelling 
is shown below. 
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