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Previous studies have shown that pre-treatment of Escherichia coli B23 with sub-

inhibitory concentrations of aminoglycosides leads to a subsequent increase in the level of 
capsular polysaccharide, as well as an increased resistance to streptomycin. Using capsular 
polysaccharide synthesis pathway mutants, we investigated the correlation between the level 
of capsular polysaccharide and streptomycin resistance. Antibiotic resistance was measured 
by minimum inhibitory concentration. Capsular polysaccharide was isolated and quantified 
via an anthrone carbohydrate assay. After pretreatment with 2 μg/ml of streptomycin, E. 
coli strains B23 and up-regulated capsule strain JW0429-1 showed increased levels of 
capsule polysaccharide, while the mutant parental strain BW25113 and the down-regulated 
capsule strain JW2205-2 showed decreased levels of capsule. We did not observe an 
increased level of resistance in any of the 4 strains following treatment and could not 
confirm the previously reported effect on the B23 strain. We propose that an increased 
production of capsule has little effect on streptomycin resistance in E. coli. The differences in 
resistance and capsule production with streptomycin treatment may be due to different 
mechanisms of response in the strains. 

 
 

 
  

Streptomycin is a bactericidal agent that is part of the 
aminoglycoside family. It is used as a human 
therapeutic as well as a pesticide in the agriculture 
industry (14). The emergence of multi-drug resistant 
Escherichia coli in environmental isolates poses major 
clinical and agricultural threat. Streptomycin 
specifically causes aberrant formation of the ribosomal 
complex, thus preventing the ribosome cycle (10) and 
causing the subsequent misreading of mRNA (1). This 
inhibitory effect of streptomycin has been demonstrated 
through the decrease of overall protein content in the 
cell (4). However, an increase of total carbohydrate 
content of the cell, attributed to possible increase of 
capsular polysaccharide, was noted in E. coli exposed 
to sub-inhibitory concentrations of streptomycin (4). A 
common mechanism of antibiotic resistance is the 
disruption of antibiotic permeability; indeed in both 
Gram positive and Gram negative species capsular 
polysaccharide has been speculated to hinder the 
movement of antibiotic molecules (5). 

Surface polysaccharide serves as an important 
cellular feature for interaction with the environment 
(15). It was previously noted that treatment with sub-
inhibitory concentration of streptomycin or kanamycin 
leads to an increase in capsular polysaccharide (CPS) 
content in Escherichia coli B23 as well as the 

subsequent increase in resistance to the antibiotic in 
treatment (9). This correlation between the increase in 
capsular polysaccharide and antibiotic resistance lead to 
the proposition that the increase in antibiotic resistance 
was a result of increased polysaccharide which prevents 
antibiotic entry (9).  

CPS production in E. coli is coded by the cps operon 
that is positively regulated by rcsAB, members of the 
LuxR transcriptional factors. Therefore, deletions in 
either one of these positive regulators are expected to 
result in capsular deficient phenotypes. Normally, RcsA 
is quickly degraded by the Lon protease, resulting in 
half-life of less than 1 minute (3).  However, by 
maintaining RcsA in Δlon cells or over expression of 
RcsA using multiple copy plasmids, high level 
expression of the cps operon can be achieved (3).   

Using genetic mutants with disruptions in the 
capsular polysaccharide synthesis pathway, we 
explored the relationship between extracellular capsular 
polysaccharide level and streptomycin resistance after 
exposure to sub-inhibitory concentration of 
streptomycin in E. coli. We hypothesized that strains 
capable of capsule production would show an increase 
in levels of extracellular polysaccharide following sub-
inhibitory streptomycin treatment, and that this would 
correlate to an increase resistance to streptomycin. We 
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predicted that E. coli with a deletion in rcsA would be 
deficient in capsule production, and therefore we 
expected no such increase in either capsule production 
or in streptomycin resistance with sub-inhibitory 
treatment. 

 
MATERIALS AND METHODS 

 
Bacterial strains. E. coli strains B23 and BW25113 were obtained 

from the MICB 421 laboratory stock of the Department of 
Microbiology and Immunology, UBC. The Keio strains JW0429-1 
and JW2205-2, expected to have up-regulated and deficient levels of 
capsule respectively (Table 1), were obtained from the Coli Genetic 
Stock Center, Yale University. All cultures were incubated at 42 ºC, 
unless otherwise stated, to prevent possible cross-resistance from the 
kanamycin resistance genes carried by Rts1 plasmids in Keio 
selection strains (13). 

Media. Mueller-Hinton (MH) broth, dehydrated (Difco #0757-01-
4) was dissolved in distilled water according to manufacturer’s 
instructions. MH plates were prepared by adding 1.5% w/v agar 
(Invitrogen Select #30391-023) to MH broth. All media was 
autoclaved and then stored at 4ºC. 

Streptomycin resistance test. Keio collection strains are known to 
carry kanamycin resistance genes. Kanamycin and streptomycin are 
both aminoglycosides that have similar modes of action. To confirm 
strain sensitivity to streptomycin, overnight cultures were prepared by 
inoculating 10 ml of MH broth with a loopful of liquid culture and 
incubated in a shaking water bath at 200 rpm. Final streptomycin 
amounts of 5, 10, 20, 50, 100, and 200 µg per disc were prepared 
using small disc-cutouts of Millipore 47 mm media pads. To each 
MH plate, 100 µL of overnight culture was spread plated onto the 
agar and the six streptomycin discs were placed on the agar. Plates 
were incubated overnight and the zones of inhibition were measured 
the following day. 

Determining colony forming units per milliliter to optical 
density ratio. This procedure was carried out as described by 
Wiegand et al. (18). An overnight inoculation of each E. coli strain 
was prepared by inoculating 5 ml of MH broth from isolated colonies 
from MH agar streak plates. The liquid inoculums were incubated at 
42 ºC at 200 rpm. The OD600 of undiluted, 1/6, 1/3 and 1/10 dilutions 
of culture were measured using a Spectronic 20D spectrophotometer. 
Further serial dilutions were performed for spread plating 100 μl of 
10-2, 10-3, 10-4, 10-5, and 10-6 dilutions onto MH agar. The plates were 
incubated at 42ºC overnight and CFU values for plates yielding a 
countable range (30-300 CFUs) were recorded. The CFU/ml/ OD600 
calculated for the four strains were averaged. 

Sub-inhibitory streptomycin pre-treatment for minimum 
inhibitory concentration (MIC) assay. 4 ml of ON culture were 
added to each 16 ml of MH broth to give total volumes of 20 ml. 

These newly inoculated cultures were grown at 37 ºC at 200 rpm to 
approximately 0.4 OD600. For each strain, one of the duplicate 
cultures was selected and given streptomycin to a final concentration 
of 2 µg/ml, while the other culture was reserved as control. The 
cultures were then re-incubated for one hour at 37 ºC at 200 rpm. The 
OD600 readings were measured and adjusted with sterile MH broth to 
the lowest OD600 measurement of the cultures to give uniformed CFU 
concentration in the inoculums for the subsequent steps. One milliliter 
of each culture was transferred to a sterile microfuge tube, 
centrifuged at 4,000 × g for 2 minutes using an Eppendorf Centrifuge 
5424. The cells were washed and then resuspended in 1 ml of 
streptomycin-free MH broth.  

Preparation of streptomycin stock solutions for MIC assay. 
Using a 20 mg/ml streptomycin (IGN #100556) stock, a secondary 
stock with a concentration of 1280 µg/ml was made with sterile MH 
broth. This 1280 µg/ml solution was adjusted with MH broth to give 
solutions of 160 µg/ml, 128 µg/ml, and 48 µg/ml concentrations. 
Further serial dilutions were performed, giving a final range of stock 
solutions of 160, 128, 64, 28, 32, 24, 16, 8 and 4 µg/ml.  

Broth microdilution MIC assay. Microbroth dilution was carried 
out as described by Wiegand et al. (18). From the 1 ml of washed and 
resuspended cultures, inoculums of 4-8 x 106 CFU/ml were prepared 
according to the CFU/OD600 conversion factor as previously 
determined. The following steps were performed in triplicate. Using a 
96-well microtiter plate, 50 µL of the appropriate antibiotic stock 
solution, along with 50 µL of sterile MH broth and 100 µL of the 
diluted cultures were to give a final volume of 200 µL and 2-4 x 105 
CFU/ml in each well.  A growth control (GC) and a sterility control 
(SC) were set up in each replicate. In the GC wells, 100 µL of diluted 
culture was added to 100 µL of sterile MH broth. Into the SC wells, 
200 µL of sterile MH broth was added. Microtiter plates were 
incubated overnight and OD595 on the following day using a BioRad 
Model 3550 Microplate Reader. 

Sub-inhibitory streptomycin treatment for capsular isolation. 
Identical method used for the cultures to determine the MICs was also 
used for capsular isolation cultures for consistency, except that 
culture size was scaled up to 100 ml and grown to an OD600 of 
approximately 0.6 – 0.7. To one of the duplicate cultures, 
streptomycin (20 mg/ml) was added to give a final antibiotic 
concentration of 2 µg/ml. The cultures were then re-incubated for 
another hour, and the OD600 were again recorded.  

Capsular isolation. Using a modified procedure employed by Lu 
et al. (9), approximately 95 ml of each culture was centrifuged at 
17,000 × g for 20 minutes using a Beckman J2-21 centrifuge with a 
JA-14 rotor. The supernatant was discarded and the pellet was 
resuspended in 1/4 of its original volume in PBS. The suspension was 
blended at maximum speed for 5 minutes using an Osterizer 8300 
Series Waring Blender. Exopolymers were then precipitated with 50 
ml of ice-cold acetone. The suspension was centrifuged at 6,000 × g 
for 10 minutes, and the pellet was resuspended in 10 ml of distilled 

Strain Expected Phenotype Noteworthy Mutations 
B25 Wild-type (prototroph)  

BW25113 Parental F-, Δ(araD-araB)567, ΔlacZ4787(::rrnB-3), LAM-, rph-1, Δ(rhaD-
rhaB)568, hsdR514 
 

JW0429-1 Up-regulated capsule 
production 

F-, Δ(araD-araB)567, ΔlacZ4787(::rrnB-3), Δlon-725::kan, LAM-, rph-1, 
Δ(rhaD-rhaB)568, hsdR514 
 

JW2205-2 Down-regulated 
capsule production 

F-, Δ(araD-araB)567, ΔlacZ4787(::rrnB-3), LAM-, ΔrcsB770::kan, rph-
1, Δ(rhaD-rhaB)568, hsdR514 

 

 
 

TABLE 1.  E. coli strains used and relevant phenotypic and genotypic information. 
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water. Using Spectra/Por molecularporous membrane dialysis tubing 
with a molecular weight cut-off of 6,000 – 8,000 kDa, the samples 
were dialyzed against 4 L of distilled water at 4 ºC for 96 hours, with 
the dialysis water changed once.  The exopolymer samples were then 
frozen and lyophilized overnight. The dried exopolymers were then 
dissolved in 20 ml sterile 10 mM MgCl2 with 5 µg/ml DNaseI (Sigma 
#D-5025) and 0.1 mg/ml ribonuclease A (Sigma #R-4875). Samples 
were incubated for 5 hours at 37ºC on a shaking platform. Following 
incubation, pronase (Boehringer Mannheim #D-68298) solution was 
added to each sample, giving a final concentration of 0.1 mg/ml. The 
solution was then incubated at 37 ºC for 24 hours. Samples were then 
heated to 80 ºC for 30 minutes and then centrifuged at 17,000 × g for 
20 minutes using the Beckman J2-21 centrifuge with a JA-20 rotor. 
Next, samples were dialyzed against 4 L of distilled water for 24 
hours, as described above, with the dialysis water changed once. The 
exopolymers were frozen and lyophilized. Finally, samples were 
dissolved in 0.05 M Tris base containing 0.1 M NaCl. Sodium 
deoxycholate was added to a final concentration of 0.75 micellar 
concentrations. The mixture was incubated for 15 minutes at 65 ºC 
and allowed to cool on ice until room temperature. Acetic acid was 
added to give a final concentration of 1% v/v. Remaining 
lipopolysaccharide and dexoycholate were pelleted by centrifugation 
at 16,000 × g for 5 minutes. The supernatant, containing the isolated 
capsular polysaccharide was stored at 4 ºC.  

Anthrone carbohydrate assay. The assay was performed as 
described by Lu et al. to measure the total extracellular carbohydrate 
isolated. (9). Anthrone (Matheson Colemen & Bell #AX-1655) was 
dissolved in absolute ethanol to a concentration of 40 mg/ml. The 

solution was dissolved with concentrated sulphuric acid to a final acid 
concentration of 5% v/v and chilled until used. Glucose standard 
solutions were made by diluting a 1 mg/ml stock solution of D-
glucose with distilled water to final concentrations of 0, 20, 40, 60, 
and 80 µg/ml. Duplicate 0.5 ml glucose standards and capsule 
samples were combined with 2.5 ml of anthrone reagent, which were 
then capped with glass marbles and placed into a 100 ºC water bath 
for 10 minutes. The samples were then cooled, and absorbance 
measurements were read at 625 nm. 
 

RESULTS 
 

Streptomycin sensitivity test.  For each of the four 
strains, wild-type (WT), parental (P), up-regulated 
capsule (Cap++), and down-regulated capsule (Cap-),  
zones of inhibition were observed around all the disks 
soaked with streptomycin, ranging from 5 μg to 200 μg, 
demonstrating that all of these strains are susceptible to 
the antibiotic. At the same concentration, all strains 
exhibited zones of inhibition similar to each other. At 
concentrations between 5-20 μg, Cap- exhibited clear 
zones of similar size as the rest except with a ring of 
minor growth around it, making the apparent area of 
inhibition appear to be larger than the rest. Overall, no 

FIG. 1.  Effect of pretreatment with 2 µg/ml streptomycin on the streptomycin resistance of A) wild-type B) parental C) Cap++ and D)
Cap- E. coli strains. Black bars represent the control untreated bacteria, while light grey bars were pretreated. Turbidity measurements were
standardized by dividing the observed turbidity at each concentration of streptomycin by the turbidity of the corresponding strain growing at 0
µg/ml streptomycin. 
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noticeable difference was observed between the strains.  
Antibiotic resistance tests.  The untreated WT 

strain demonstrated the highest normalized turbidity 
ratio of all four untreated strains in streptomycin 
concentrations from 0.5-2 μg/ml (Fig. 1A). Also, upon 
pretreatment with streptomycin, WT strain also 
demonstrated the highest normalized turbidity ratio of 
all four strains (Fig. 1A). In all isolates, pretreatment 
with 2 μg/ml of streptomycin either slightly decreased 
or failed to noticeably change the turbidity ratio 
compared to untreated cells (Fig. 1).  The Cap++ strain 
gave noticeably higher raw turbidity values than any 
other isolates at high streptomycin concentrations (4-6 
μg/ml) in both the treated and control replicates, as 
expected. 

Anthrone carbohydrate assay.  All four strains had 
comparable levels of carbohydrate in untreated 
replicates. For each of the four strains, pre-incubation 
with streptomycin resulted in a noticeable percent 
change in the amount of carbohydrate isolated from the 
cultures when compared to untreated, although the 
effects varied as to whether polysaccharide levels 
increased or decreased (Table 2).  Pretreated WT and 
Cap++ produced comparable levels of carbohydrate and 
noticeably higher than pretreated P and Cap- strains. 
 

DISCUSSION 
 
We were unable to reproduce the observation of 

increased streptomycin resistance after sub-inhibitory 
concentration pretreatment as seen by Lu et al. (9). 
These contradictory observations could result from 
differences in technique. First, the sub-inhibitory 
concentration of antibiotic utilized by Lu et al. at 10 
μg/ml was much higher than the 2 μg/ml used in this 
experiment. Although it was possible that the sub-
inhibitory concentration of 2 μg/ml  was insufficient to 
induce the desired resistance response, considering the 
minimum inhibitory concentration of streptomycin was 
found to be in the 6 to 8 μg/ml range (Fig. 1), 10 μg/ml 
would not be a sub-inhibitory concentration.  

Secondly, the choice of media may have played a 
role in the difference in data. While Lu et al. (9) chose 
to use M9 minimal media, a common media used for 
proliferation of E. coli for phage and DNA preparations, 
this study uses Mueller-Hinton media, a rich, undefined 
media commonly utilized for determining antibiotic 
susceptibility. The significance of this media difference 
is uncertain; however, the growth rate is known to 
affect the accumulation of streptomycin in cells, with 
faster growing cultures accumulating streptomycin 
more rapidly (12). Therefore, growth in rich media, as 
opposed to minimal media, may lead to a greater 
accumulation of streptomycin, perhaps contributing to 
the differences observed in this experiment compared to 
past studies. 

As expected, our data suggests that pretreatment with 
streptomycin failed to induce an increase in 
extracellular carbohydrate in the Cap- strain, which was 
lacking the positive regulator RcsB. Though previous 
studies have suggested that basal levels of capsule can 
be produced in the absence of positive regulators, such 
as RcsA, (16), expression of rcsB is necessary for 
normal synthesis of capsule (6). Our result seems to 
contradict this notion, as the Cap- mutant was able to 
synthesize CPS. Surprisingly, a decrease in 
extracellular carbohydrate concentration was seen 
between the streptomycin pretreated and untreated cells 
for both the parental and Cap- strains. Because 
streptomycin that successfully enters the cell will result 
in an overall decrease in mRNA translation (10), the 
level of CPS biosysthesis mRNA transcripts would 
have been negatively affected. This could contribute to 
the decrease in capsule production in both the Cap- and 
parental strain.  

In addition, a previous study has indicated that a 
mutation in the cpsG gene, which encodes a 
phosphomannomutase involved downstream of the rcs 
phosphorelay in colanic acid synthesis, does not result 
in a decrease in CPS production when treated with 
subinhibitory levels of kanamycin and streptomycin (7). 
This provides evidence that the observed capsule 

 
Strain 

Normalized Carbohydrate content/  Culture 
Turbidity (mg/OD600) Percent change 

 A B (%)
WT (B23) 4.1 ± 0.5 5.0 ± 0.3 22 

 

P (BW25113) 4.4 ± 0.8 3.3 ± 0.2 -25 
Cap++ (JW0429-1) 4.8 ± 0.1 5.3 ± 0.1 10 
Cap- (JW2205-2) 4.4 ± 0.1 3.8 ± 0.1 -14 

 
 

TABLE 2.  Effect of sub-inhibitory levels of streptomycin on the abundance of carbohydrate in E. coli.  Carbohydrates isolated after 
1 hour incubation without streptomycin (A) or pretreatment with 2 μg/ml of streptomycin (B), standardized for the OD600. 
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production response mechanism to streptomycin 
pretreatment, be it up or downregulation, is independent 
of colanic acid synthesis via rcsB through cpsG. This 
helps to explain why both the parent strain (rcsB+) and 
the Cap- mutant strain (rcsB-) showed a similar decrease 
in CPS production.  However, the apparent decrease in 
CPS of the P strain between untreated and pretreated 
samples is likely due to the large mean standard 
deviation calculated for the untreated parental control. 
The percent change value is likely inflated, and should 
be viewed skeptically.  

The CPS concentration increase seen in the wild-type 
and Cap++ strains with streptomycin pretreatment were 
in agreement with the results of previous studies (4, 9). 
The results indicate that a smaller increase in capsule 
was observed in the Cap++, lon-deleted mutant strain, 
compared to that of the wild-type B23 strain. Previous 
studies have shown that ∆lon mutants show an increase 
in rcsA expression (3). However, this increase is 
regulated; one study has suggested that other regulatory 
mechanisms are in place for rcsA expression besides 
Lon (3). While the Cap++ strain gave higher normalized 
capsule levels compared to the parental strain, there 
may be additional regulatory mechanisms. The various 
Keio strain mutations could have impacted rcsA and 
subsequent cps expression, providing a different 
mechanism of capsule production response to antibiotic 
pretreatment, causing a less substantial increase in 
capsule compared to the B23 wild-type strain.  

Unexpectedly, in the untreated samples, the amount 
of extracellular carbohydrate isolated from each strain 
was very similar. Capsule production is controlled at 
the level of transcription of the cps genes by the Rcs 
positive regulators; negative regulation only occurs 
indirectly via the ATP-dependent protease action of 
Lon on RcsA (6). The Cap++ lon mutant strain sample 
did not have a significantly elevated yield, and the Cap- 
rcsB mutant strain sample did not have a significantly 
lower yield. This may have been due to a number of 
factors regarding the complex nature of CPS 
biosynthesis in E. coli. Studies have indicated that the 
rcs phosphorelay system is in fact a multicomponent 
phosphorelay, and the response can be mediated with 
auxiliary regulators (11). Therefore, CPS production 
may have continued even without regulation by the rcs 
system.  

In addition, it has been shown that at 37 oC, colanic 
acid is normally not produced in E. coli; transcription is 
mediated at lower temperatures or under stress 
conditions (17). Aminoglycosides, such as streptomycin, 
are thought to cause oxidative stress in living cells 
through mistranslation and misfolding of membrane 
proteins, ultimately leading to the production of 
reactive oxygen species (8). Since our experiment was 
carried out with incubation for growth at 42 oC, it is 
possible that colanic acid production did not 

significantly contribute to the extracellular 
carbohydrate yield. 

Finally, because of the capsule isolation procedure 
used to isolate any extracellular polysaccharides in the 
sample, it is likely that a number of non-colanic acid 
polysaccharides, including those present on the 
bacterial capsule (16), and those attached to the outer 
cell membrane, may have been isolated. It was assumed 
that the majority of the extracellular polysaccharide 
would be capsule, with a significant component being 
colanic acid; however, this was not confirmed in our 
experiment. Anthrone carbohydrate assay detects the 
quantities of all extra-cellular polysaccharides.  While 
it may seem reasonable to assume that all components 
of the capsule would be regulated in a similar fashion, it 
is possible that this is not the case, and that certain 
capsular carbohydrate levels respond differently to the 
sub-inhibitory streptomycin treatment than others.  

The differences in capsule production between strains 
in response to pretreatment are indicative of different 
response mechanisms. As previously noted, the Cap- 
and parental strains showed decrease in CPS production 
with pretreatment, suggesting that the rcsB knock out in 
the Cap- strain was not involved in this response. Key 
genetic differences between the WT strain and the 3 
Keio collection strains may have been responsible for 
the results observed. The parental, Cap-, and Cap++ 
strains all contained mutations in araD-araB and rhaD-
rhaB. Although neither arabinose nor rhamnose are 
directly involved in colanic acid biosynthesis, they may 
be linked to the production of other capsule 
polysaccharides, in particular, the many K antigens 
found in E. coli. This may have resulted in 
downregulation of capsule production to pretreatment, 
differing from the response that was observed in the 
WT strain. However, the pretreated Cap++ strain sample 
had a noticeably higher capsule yield than the two other 
pretreated Keio strain samples. This suggests that lon 
may be involved in regulating capsule production in 
response to streptomycin treatment, though in a manner 
different from the WT strain, as capsule production 
upregulation as a result of streptomycin treatment was 
not as pronounced in the Cap++ mutant as in the WT 
strain.   

While we observed no consistent trend between 
antibiotic resistance and pretreatment with sub-
inhibitory levels of streptomycin, it was noted that 
treatment induced small changes in capsule production 
by certain strains.  However, we were unable to 
reproduce the findings of previous studies, which found 
correlation between increased CPS levels and 
aminoglycoside resistance after pretreatment (4, 9).  
Although in WT and Cap++ strains, capsule production 
was increased, there was no noticeable improvement in 
streptomycin resistance with pretreatment. From this 
we can conclude that the quantity of capsule did not 

 
51 



Journal of Experimental Microbiology and Immunology (JEMI)  Vol. 13:47-52 
Copyright © April 2009, M&I UBC 

significantly contribute to streptomycin resistance in 
these cells. 

 
FUTURE EXPERIMENTS 

 
Our results have suggested that the upregulation of 

capsule after pretreatment is not important in conferring 
streptomycin resistance. However, the pretreatment 
with streptomycin could have hindered capsule 
production by inhibiting proper translation of capsular 
mRNA. If upregulation of capsule production could be 
induced in the absence of streptomycin, and then no 
improvement in streptomycin resistance demonstrated, 
this would confirm our hypothesis that capsule is not 
crucial in terms of streptomycin resistance. 

It appears that capsule production in the mutant 
strains was governed by a more complex pathway than 
we had anticipated. Since genetic tampering added 
many uncertainties with respect to the multiple 
mutations in the strains aside from the capsule regulon, 
we propose increasing or decreasing the amount of CPS 
via alternative means. Because group II and III capsules, 
both of which are composed of colonic acid, are 
thermoregulated and no observable transcription occurs 
at growth below 20 ºC (16). Treatment with salicylates 
has been demonstrated to inhibit capsule synthesis (2), 
and this combined with thermoregulation pose as 
additional means of decreasing capsule levels. If 
decreased level of capsule is not associated with a 
decreased level of streptomycin resistance this would 
also add validity to our results. 
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