
Highly Variable Mutation Rates in Commensal 
and Pathogenic Escherichia coli 

Escherichia coli in humans is a commensal 
inhabitant of the gastrointestinal tract as 
well as one of the most freauentlv isolated 
bacterial pathogens ( 1  ). In study~ng food- 
borne E.  coli pathogens, as well as the 
ECOR collection of natural isolates (2),  
LeClerc et al. found that mutant bacter~a- 
defective in methyl-directed mismatch re- 
pair (MMR)-were present in pathogenic 
strains at an unexpectedly high frequency 
(over I%), thus raising the possibility of a 
link between mutator phenotype and 
pathogenicity (3). 

In an independent study, we have sur- 
veved mutation rates arnone different E .  coli 
populations isolated from Zistinct environ- 
ments. We studied 504 natural isolates, 
which represented the genetic diversity of 
the species as a whole, encompassing both 
human commensal [n  = 216 (4)] and 
pathogenic [ n  = 288 (5)] strains. Our data 
(Fig. 1) show a frequency of strains bearing 
defects in MMR genes similar to that re- 
~ o r t e d  bv LeClerc et al.. but such defects 
i7ere found in all the phylogenetic groups 
and independently of the commensal or 
pathogenic nature of the strains. The MMR 
defective strains were distributed 31288 in 
pathogens versus 11216 in nonpathogens, a 
difference that is not statistically significant 
( X 2  = 0.05, P > 0.5). Likewise, taking the 
data in the study by LeClerc et al. (3) all 
together, MMR defective strains were dis- 
tributed 91268 in pathogens versus 0181 in 
nonpathogens, which is also not statistically 
significant (XL 1.6, P = 0.2), the Yates 

correction for small numbers has been ap- 
plied to the chi2's). The two data sets do 
not differ significantly ( X 2  = 0.96, P = 0.2 
to 0.5). In short, the numbers are too small 
at this point to support any hypothesis. 

Besides MMR defect, however, there are 
other pathways leading to a mutator phe- 
notype. Therefore, to detect a wide range of 
rnutator effects, we undertook the screen of 
all mutational events leading to gene inac- 
tivation (6), unlike LeClerc et al. (3),  who 
could detect only a few point mutations In 
the essent~al rboB gene that confer resls- 

L - 
tance to rifampicin (7). Furthermore, we 
could also detect clones with small increas- 
es in mutation rate because each papillating 
colony could be an independent assay for 
mutation rate. With this assay, we found 
that as much as 14% of bacteria had an 
enhanced mutation rate, the majority being 
mild mutators. These rnutators were also 
present in all phylogenetic groups, includ- 
ing pathogenic and commensal strains of E .  
coli. When the mutation rate to rifamuicin 
resistance of these mutators was monitored, 
a high level of polymorphisrn was observed, 
ranging continuously from less than 10-' to 
more than (Fig. 1). In general, the 
highest values correspond to MMR defi- 
ciencies, whereas other rnutators are likelv 
to be due to different mechanisms. 

A hieh incidence of rnutators was ob- " 

served not only among emerging pathogens, 
but also among classical pathogenic and 
commensal strains, such as those isolated 
from feces of healthy Dogons for whom 

Fig. 1. Frequency of mutaton to rifamp~cn re- jE.5?--, , ,-- 

s~stance among mutator strains. F~ve hundred , . muts- - r n u t ~ -  

and four natural E. coii isolates were screened 
for forward mutageness n the lac! gene. A total . . rnutL- 
of 69 strans (1 4%) has been found to form dark 
blue pap~llae on mlnmum medium contanng g 1 ~ - ~ 1  o . . X .  

n limited glucose, X-gal, and P-gal (the latter can 6 ! @ 

only be used as a carbon source by i ac i  m u -  5 o o  @AgAaA.* + *: ** I.. * *  . *.** . 1 ..-:I 
tants) We montored the frequency of rifampi- $ ' E - ~ "  
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I @  ' .I c~n-res~stant mutants In three independent cul- 
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tures of these strains (median value IS present- 1 ~ - 9 ~  - , - - 1 

ed), as well as the frequency of 52 non-papllat- 10 20 30 40 50 60 70 
Strain number 

ing stra~ns (data not shown). Non-papillating 
strains had an average mutation rate to r~fampc~n resistance of about 1 x 1 O-e (a value commonly 
found for wild-type laboratory strains Ike E. coli K-12) and a small variance (data not shown). 
Papillatng strains had an average mutation rate of 2.6 x lo-', rangng from less than 1 0-8 to more 
than lo-? thus valdating our initial screen. Strans that do not have increased mutageness to 
r~fampicln resstance [which reveals base substitutons (7)] are likely to involve other classes of 
mutators such as those generating frameshfts. deletions, or ~nsertions. This h~gh polymorphism of 
mutation rates was observed n all groups [commensal stra~ns isolated from France (L). Ma1 (O), or 
Croatia (A) and in strains involved in dverse pathologes, urlnary tract ~nfections (*), bacteremia (x), 
pus (A), neonatal menlng~tis (W), and haemolytc-uremic syndrome or haemorrhagc darrhea (a)]. 
Defects in mismatch repalr genes were identfied by complementation w~th plasmid-carrying w~ld- 
type MMR genes. 

there is no record of antibiotic treatment 
(8). This suggests that all bacterial popula- 
tions have recently experienced adaptive 
evolution (9, 10). Even a modest increase 
in mutation rate has been shown to be 
advantageous during the adaptive evolution 
of bacteria (10, 1 1 ). Therefore, a higher 
percentage of such mild mutators observed 
in some pathogenic isolates might be a con- 
sequence of stronger selection in that spe- 
cific environment (12). A direct link be- 
tween increased genetic variability and 
pathogenesis, however (for example, transi- 
tion between cornrnensalisrn and parasit- 
ism), remains to be demonstrated. 
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Resbonse: Matic et al. raise several issues in 
their comments on our report (1) .  One is 
the higher incidence of hvoermutable - , 

strains in collections of natural E.  coli iso- 
lates they found with the use of a papilla- 
tion assay to monitor mutagenesis of the 
lac1 reoressor gene. As our studies encom- - 
passed Salmonella as well as E. coli strains, 

we elected not to use such an assay because 
98% of Salmonella enterica isolates are nat- 
urally lac-negative. When we apply the 
same criterion for identification of mutator 
clones to the Matic et al. study that we 
imposed upon our own, that is, greater than 
a 50-fold increase In the frequency of mu- 
tation to antibiotic resistance, the two data 
sets are indistinguishable. The benefit of 
holding such a high threshold for mutation 
was twofold: We characterized only strong 
mutators (for example, those carrying de- 
fects in MMR, as Matic et al. have con- 
firmed), and we lessened interference by 
sub-populations of preexisting, antibiotic 
resistant cells found in cultures of natural 
isolates-at the full range of frequencies 
seen in figure 1 of the comment by Matic et 
al. Itself an intriguing phenomenon, such 
sub-populations of mutants complicate the 
delineation of a rnutator phenotype, thus 
necessitating an independent confirmat~on, 
preferably by genetic complementation of 
the mutant defects. In our studies, we have 
sorted out sub-populations with the use of 
sib selection and confirmed each of our 
rnutators by genetic complementation. As 
stated in our report, we likely underestitnat- 
ed the true frequency of mutators in natural 
populations. Whether the estimates by 
Matic et al. are more precise awaits fuller 
characterization of their presumptive weak 
mutators. It suffices to say now that the 
evolution of a constant, low mutation 
rate-similar across species-seen in labo- 
ratory strains (2)  may not pertain as we 
move into the realm of natural strains and 
emerging pathogens. 

With regard to the statistical treatment 
of results obtained using natural strains, we 
would like to reinforce the word of caution 
in note 9 of our report ( 1 ) .  As E.  coli is a 
versatile enteric, it is imperative to draw 
distinction between a commensal and a true 
pathogen that may be derived from an 
asymptomatic subject. This becomes ex- 
tremely difficult when dealing with data 
gathered from study populations where nat- 
ural immunity to some E .  coli pathogens 
may confound such distinctions or where a 
diarrheal condition may not have been de- 
termined. An awareness of complexities in 
assessing pathogens among healthy subjects 
and, likewise, nonpathogel~ic strains from 
diseased individuals, will be helpful in de- 

signing better experiments that are needed 
to investigate factors involved in the erner- 

u 

gence of new traits and the evolution of 
pathogens. 

The substantive issue raised by Matic et 
al. concerns the question of whether a caus- 
al link exists between increased genetic 
variability and pathogenesis. It would be 
faulty reasoning to posit that genetic varia- 
tion benefits the pathogen and not natural 
strains in the environment at large. A pri- 
ori, we would expect hypermutable strains 
to be found among pathogens and non- 
pathogens alike. We can, however, draw 
distinctions between the pathogen-host re- 
lationship and that of the commensal or- 
ganism, a well-established component of 
the host's indigenous microflora. If we 
think of pathogens as microorganisms ac- 
quired by the host accidently and transient- 
ly ( 3 ) ,  their environments are necessarily 
changing ones, particularly as the host mo- 
bilizes its defense systems against the invad- 
er. Instability is the prerequisite of the 
pathogen's condition on its way to coloni- 
zation and infection. Whether special ad- 
vantages of genetic variation afforded by 
the rnutator phenotype in a changing and 
unstable environment (4) accrue to bacte- 
ria that ultimatelv cause disease will likelv 
be revealed by studying the appropriate sets 
of pathogenic and nonpathogenic strains. 
The data collected thus far (including our 
own and those in figure 1 of the comment " 
by Matic et al. showing five pathogen mu- 
tators out of the six hv~ermutable strains , L 

with 50-fold or greater increases in muta- 
tion frequency) suggest that strong mutators 
will be found among the pathogens. 
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