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Previous studies have demonstrated that exposure to sublethal levels of kanamycin 

antibiotic increased the capsular polysaccharide production by Escherichia coli B23 cells. 
The capsular polysaccharides were associated with resistance against antibiotics. This 
study attempted to investigate whether an interaction exists between the antibiotic and 
either isolated capsular polysaccharide or isolated soluble polysaccharide to assess a 
direct relationship between antibiotic insensitivity and capsular polysaccharides.  Three 
types of polysaccharides including capsular polysaccharides obtained from Escherichia 
coli B23 grown with or without kanamycin pre-treatment and soluble capsular 
polysaccharide secreted by Escherichia coli K1-K12 hybrid EV36 were mixed with 
kanamycin and these samples were used for the MIC assay, kanamycin sensitivity test 
and the Kirby-Bauer (KB) assay. It was found that the addition of polysaccharides did 
not have a significant effect on either the growth of cells or the MIC of kanamycin while 
all three types of polysaccharides provided protection against low concentrations of 
kanamycin observed in the kanamycin sensitivity tests. In the KB assay, filter disks 
containing 20 µg/ml and 10 µg/ml of kanamycin near the filter disks of the capsular 
polysaccharide from cells with kanamycin pre-treatment showed smaller and inward 
distorted shaped inhibition zones, while the disks of the same kanamycin concentrations 
near the disks of the capsular polysaccharide from cells grown without kanamycin pre-
treatment had normal zones. The difference in the degree of protection observed against 
exposure to low concentrations of kanamycin between the two types of capsular 
polysaccharides could not be determined. 

 
 

Members of the Enterobacteriacae family including 
Escherichia coli are known to produce capsular 
polysaccharide (CPS) which can attach as extracellular 
capsules on the surface of bacterial cells (7). It is a well 
organized layer of polysaccharides that are water 
soluble, commonly acidic, and have molecular weights 
in the order of 100-1000 kDa (7). The capsule of 
Escherichia coli B23 is composed of hydrophilic 
polysaccharides carrying negative charges (1). For 
example, in Escherichia coli B23, non virulent capsular 
polysaccharides known as colonic acid is produced 
instead of capsular O and K antigen expressed by 
pathogenic E. coli (16). Colonic acid is a major 
component of capsular polysaccharides synthesized by 
E. coli and is composed of fucose, glucose, galactose 
and glucuronic acid (16). The large partially negatively 
charged macromolecular structure of the CPS 
surrounding the cells may result in decreased drug 
uptake efficiency (11). This resistance can also be 
maintained through impeded antibiotic diffusion across 
the cell surface by an increased thickness of bacterial 
capsule and an increased attraction between the 

opposite charges of antibiotics and capsule constituents 
(10). Kanamycin, a cationic aminoglycoside antibiotic, 
inhibits protein synthesis, and subsequent bacterial 
growth by binding to the 30s rRNA subunit and 
limiting proper protein translational activity (4). The 
fissures created by positive charge of kanamycin in the 
cell membrane result in enhanced uptake of the 
antibiotic by cells and  the leakage of intracellular 
contents (6). Moreover, varying total concentration 
levels of polysaccharides in cells exposed to the 
sublethal level of the antibiotic suggested change in 
metabolic activity (13). Ganal et al. have shown that 
Escherichia coli B23 pre-treated with sublethal doses of 
kanamycin produced increased levels of capsular 
polysaccharide (10). Cho found that there was a higher 
number of glucuronic acids produced after pre-treating 
Escherichia coli B23 with sublethal levels of the 
antibiotic when compared to untreated cells (3). This 
finding indicated the possibility of a change in the 
composition of CPS after kanamycin pre-treatment of 
cells. Also, Lu et al. confirmed a role of capsular 
polysaccharides in response to environmental stresses 
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by showing that Escherichia coli possessing the cps 
gene cluster which encodes for the capsular 
polysaccharide were more sensitive (13).   

In our study, we investigated whether a chemical 
interaction exists between the antibiotic and capsular 
polysaccharide to assess the potential of a direct 
relationship between antibiotic insensitivity and 
capsular polysaccharide production. If the chemical 
property of the CPS contributes to the antibiotic 
resistance through charge interaction, then in the 
presence of isolated CPS, it was expected to observe 
less sensitivity in the cells. On the other hand, if the 
addition of the CPS did not result in the kanamycin 
resistance in susceptible cells, then CPS would provide 
protection to the cells through physical structure only. 
If there was a change in chemical composition of CPS 
after exposing the kanamycin sensitive cells to 
sublethal levels of kanamycin before isolating the CPS, 
then kanamycin treated CPS might have a different 
degree of effect on the antibiotic sensitivity of the cells 
compared to the effect of  CPS that came from 
untreated cells. To understand the effects of CPS from 
the pre-treated and untreated cells on antibiotic 
sensitivity of cells, CPS from both sources were 
isolated, purified and mixed with the antibiotic. Then, 
the effect of the mixtures on kanamycin sensitivity of 
Escherichia coli B23 was tested. A soluble type II PS 
secreted by the pathogenic Escherichia coli K1 strain 
was proved to be highly negatively charged and the 
charge resulted in the reduced adsorption of the 
pathogenic Escherichia coli on a positively charged 
surface (14). To investigate the effect of the negative 
charge of the soluble type PS on antibiotic sensitivity of 
the cells, the supernatant of Escherichia coli K1-K12 
hybrid EV36 that contained plasmids inserted with kps 
genes was isolated, purified and added to Escherichia 
coli B23 and its effect on antibiotic sensitivity in these 
cells were observed and compared to the CPS treated 
cells. 
 

MATERIALS AND METHODS 
 

Bacterial strains and growth conditions. Escherichia coli B23 
was obtained from the MICB 421 culture collection in the 
Microbiology and Immunology Department of the University of 
British Columbia. E. coli EV36 (galP23 rpsL9 (argA+rha+kps+)) are 
E. coli K1-K12 hybrid transformed with plasmids inserted with kps 
genes was obtained from Dr. Vimr’s lab at the university of Illinois. 
E. coli EV36 was streaked onto an LB agar plate and incubated at 
37˚C for 24 hours. The overnight cultures of the two strains were 
prepared by inoculating 100 ml of M9 media(8.5 mM NaCl, 49 mM 
Na

2
HPO

4
, 22 mM KH

2
PO

4
, 18 mM NH

4
Cl, 0.80 mM MgSO

4
, and 

0.2% (w/v) glycerol) with either one K1-K12 colony grown on an LB 
plate or 100 µl of E. coli B23 stock solution. The inoculated cultures 
were incubated overnight in a water bath at 37˚C and 200 rpm. 
Thirty-five millilitres of the overnight culture of E. coli EV36 was 
then inoculated into a flask with 160 ml M9 minimal medium. Each 
thirty-five millilitres of overnight culture of E. coli B23 was 

inoculated into two flasks with 160 ml M9 minimal medium. The 
newly inoculated cultures were grown for 4 hours to 0.55 OD460 in a 
water bath at 200 rpm and 37˚C. 

    Kanamycin was prepared by mixing kanamycin (Sigma 
#60615) with 120 ml of distilled water to give a final concentration of 
500 µg/ml. 

    Sublethal antibiotic pretreatment. Fresh kanamycin solution 
was added to one 195 ml culture inoculated with E. coli B23 to create 
a 10 µg/ml kanamycin pre-treatment condition. The second 195 ml 
culture was inoculated with E. coli B23 in the absence of kanamycin 
served as a control. Both cultures were incubated for an additional 1 
hour in a water bath at 200 rpm and 37˚C to induce the kanamycin 
resistance and polysaccharide production. 

Capsule Isolation. The capsular polysaccharide isolation was 
performed with some modifications to the protocol outlined by Lu et 
al. (12). 195 ml of each culture sample was centrifuged using a 
Beckman J2-21 centrifuge using the JA-14 rotor at 17,000 x g for 20 
min. The dialysis was done in 20 ml of distilled water and placed in 
Spectra/Pormolecularporus membrane dialysis tubes with a molecular 
weight cut-off of 6,000-800  kDa. After second lyophilisation, the 
partially purified and dried CPS was weighed and dissolved in 0.05 M 
Tris base containing 0.1 M NaCl. Sodium deoxycholate was added to 
a final concentration of approximately 0.0015M. Sample mixtures 
were incubated at 65°C for 15 min, chilled to room temperature on 
ice and then 20% acetic acid was added at final concentration of 1%. 
Lipopolysaccharides (LPS) and deoxycholate were pelleted out by 
centrifuging in a Beckman J2-21 centrifuge using the JA-14 rotor at 
16,000 x g for 5 min. Purified capsule contained in the supernatants 
was stored at 4°C until use. 

Anthrone carbohydrate assay. This procedure was followed as 
described (6). The tubes with mixture of anthrone reagents and CPS 
were placed in to a boiling (100°C) stationary water bath and capped 
with glass marbles. Glucose equivalent standards ranging from 0 
μg/ml to 100 μg/ml were prepared using α-D (+) glucose (Sigma #G-
5000) diluted with M9 minimal medium without glycerol. Standards 
were treated the same way as test samples, and a standard curve was 
generated. A second anthrone assay was performed using D-ribose 
(Sigma #24899392) to make the second sugar equivalent standards. 
The samples were then read at 471 nm using the Spectronic20D 
spectrophotometer.   

The effect of addition of CPS on cell growth sufficient volumes 
of capsular polysaccharide  from kanamycin treated cells were added 
To 16 x 125mm test tube to produce duplicates of final 
polysaccharide concentrations of 10, 30,50,70,90,110, 200 and 250 
μg/ml in a total volume of 5ml. M9 minimal medium was then added 
to bring the final volume to 4.95ml. The same procedure was used to 
prepare 8 test tubes in duplicate containing capsule sample from 
kanamycin untreated cells. Fifty microlitter of the overnight culture 
was added aseptically to each test tube.  A control was set up in 
duplicate by adding 1.2ml of the overnight culture to 3.8ml of 
solution containing M9 minimal medium. Samples were vortexed 
carefully, incubated overnight in a water bath shaken at 200rpm at 
37°C. Samples were read at 490 nm using Spectronic20D 
spectrophotometer. 

The effect of CPS on the kanamycin sensitivity of the cells. 
Sufficient volume of capsular sample from kanamycin treated cells 
was added to produce duplicates polysaccharide solutions with final 
concentration 240 µg/ml in a total volume of 5 ml. Sufficient volumes 
of kanamycin fresh solution with concentration of 1000 µg/ml were 
added to seven 16 x 120 mm test tubes to produce duplicates with 2.0, 
4.0, 6.0, 7.0, 8.0, 10.0 and 12.0 µg/ml final kanamycin 
concentrations. Mueller-Hinton broth (Difco™  #  225230) with 
cation-adjustment of 20mM calcium and 12.5mM magnesium was 
then added to bring the final volume to 4.90 ml. The same procedures 
were used to prepare duplicate samples containing CPS isolated from 
kanamycin untreated cells and the K1-K12 supernatants. All the 
samples were shaken at 37˚C and mild aeration for 30 min. Then, one 
hundred microliter of the overnight culture (adjusted to an initial 
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turbidity of 0.30 OD
600

) was added aseptically to each sample. A 

control was set up in duplicate by adding 100 µl of the overnight 
culture to 4.90 ml of Muller Hilton broth medium containing 
kanamycin concentrations similar to the samples. All samples were 
incubated overnight at 37˚C and 200 rpm. Samples were read at 600 
nm using Spectronic20D spectrophotometer. 

Broth dilution methods to determine MIC of kanamycin in 
the presence of CPS. The MIC assay was performed with some 
modifications to the protocol outlined by Wiegand et al. (20). A 10 
ml of cation-adjusted Muller Hilton broth was inoculated with 1 
isolated colony of E. coli B23 and incubated overnight at 37 ºC at 200 
rpm. The OD600 of the overnight culture was adjusted to 0.30. One 
millilitre of fresh kanamycin solution was prepared with 
concentration of 4000 μg/ml with Muller Hilton broth. Antibiotic 
dilutions were prepared in sterile Muller Hilton broth in sterile test 
tubes with 10 series of one half dilution with final concentrations of 
60.0 µg/ml to 0.2 µg/ml. As the antibiotic solution would later be 
inoculated with an equal amount of bacteria in broth, the dilutions 
were prepared at concentrations twice the desired final 
concentrations. Proper volume of either type of capsules was 
transferred into each concentration of kanamycin to give final 
capsular concentration of 240 µg/ml. These kanamycin solutions were 
incubated at 37°C for 30 min before the addition of the cell cultures. 
A 96-well microtiter plate (No: 82.1581.001) from its sterile packing 
was labelled with the respective antibiotic concentrations and type of 
CPS. All tests were done in triplicates. Three hundred microlitres of 
Muller Hilton broth was added in the sterility control well while 150 
μl of Muller Hilton broth was added in the growth control well. For 
each bacterial isolate to be tested, 150 μl of dilution of each antibiotic 
and capsule mixture was added. Each well containing the antibiotic 
solution and the growth control well was inoculated with 150 μl of 
the bacterial suspension. After incubation at 37°C for 16–20 hours, 
turbidity changes were observed in each well and were recorded. 
Also, colonies were counted on each plate and recorded.  

Kirby-Bauer (KB) assay. One hundred microlitre of turbid E. 
coli B23 culture was pour plated on LB plates. Filter disks soaked in 
5.0 µg/ml kanamycin were placed near filter disks soaked with 240 
µg/ml of either type of polysaccharide isolated from E. coli B23 with 
or without kanamycin pre-treatment.  The same procedure was 
performed for 10 and 20 µg/ml kanamycin concentrations. A control 
was prepared by only placing the kanamycin disk with different 
concentrations in the absence of either type of polysaccharide. All the 
plated were incubated at 37˚C for 72 hrs. The plates were observed 
every 24 hours and the observations were recorded.  
 

RESULTS 
 

Anthrone carbohydrate assay. The total 
carbohydrate concentration in isolated capsule from 
pre-treated or untreated E. coli B23 with kanamycin 
was not measurable by using α-D (+) glucose as the 
standard. The chromogen produced by CPS isolated 
from the cells with or without kanamycin pre-treatment 
displayed peaks around 480-490 nm while the 
chromogen of the α-D (+) glucose standard (10 µg/ml) 
had a peak at 580-600 nm. The position of the peak on 
the two samples was similar to the position of the peak 
of D-ribose. However, the anthrone assay using D-
ribose standard did not work as well as the UV scan of 
the standard (10 µg/ml) showed a peak around 480-490 
nm with a very different trend over the rest of the 
wavelengths compared to the UV scans of the two 
samples. This suggested the presence of other five 
carbon sugars in the two samples.  

The effect of addition of capsular polysaccharide 
on cell growth. The E. coli B23 in this study was 
treated with different concentrations of capsular 
polysaccharides isolated from E. coli B23 pre-treated 
with kanamycin or left untreated. The concentrations of 
CPS ranged from 10-250 µg/ml to determine if it had 
any effect on cell growth. The addition of either type of 
polysaccharides slightly stimulated cell growth 
compared to the culture untreated with exo-
polysaccharides over all concentrations. 

 

FIG. 1. Effect of capsular polysaccharide treatment on 
E.coli  B23 growth. Sample cells were treated with varying 
concentrations of capsular polysaccharides  isolated from cells 
either pretreated with 10 µg/ml kanamycin(black column)  or left 
untreated (grey column). Among the different samples, “Control” 
(white column) refers to the absence of treatment with capsular 
polysaccharide. All cells were subsequently grown overnight in 
M9 minimal medium at 37°C with mild aeration. 

The MIC assay of cells grown in control condition 
was between 8 µg/ml and 9.5 µg/ml while MIC of the 
cells incubated with either type of capsular 
polysaccharide was between 9.5 µg/ml and 10.5 µg/ml.  
There was no growth observed above 10.5 µg/ml of 
kanamycin concentration in cultures incubated with or 
without capsular polysaccharide. 

The effect of CPS on kanamycin sensitivity. 
Figure 2 represents the effects of capsular 
polysaccharides isolated from E. coli B23 with or 
without kanamycin pre-treatment on kanamycin 
sensitivity of E. coli B23 observed through cell growth. 
In general, it was observed that presence of either type 
of capsular polysaccharide increased the growth of E. 
coli B23 when the cells were treated with low 
concentrations of kanamycin (2-6 µg/ml) compared to 
the control (Fig. 2). More specifically, E. coli B 23 that 
grew with 2-6 µg/ml kanamycin in the presence of 
either type of capsular polysaccharides had an OD

600 
reading of 1.4 to 1.9 times higher than the control (Fig. 
2). However, in high concentrations of kanamycin (7-
12 µg/ml), the treatment with either type of 
polysaccharides did not increase the growth compared 
to the control (Fig. 2). In the control, a sudden drop of 
cell growth was noted between 8 µg/ml and 10 µg/ml of 
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kanamycin while the growth of cells was relatively 
constant when exposed to antibiotic concentrations 
between 2 µg/ml and 8 µg/ml (Fig. 2). On the other 
hand, the growth of cells incubated with either type of 
capsular polysaccharide gradually decreased in 
response to antibiotic concentration increase except 
between 4 µg/ml and 6 µg/ml of the antibiotic (Fig. 2). 
In 6 µg/ml of the antibiotic, the growth of cells with 
either type of capsules was higher than in 4 µg/ml of 
the antibiotic (Fig. 2). Also at antibiotic concentrations 
of 4 µg/ml, 6 µg/ml and 8 µg/ml, the cells incubated 
with capsular polysaccharide isolated from cells pre-
treated with sublethal level of kanamycin showed 
higher growth than the cells treated with capsular 
polysaccharide isolated from cells without kanamycin 
treatment (Fig. 2).  In contrast, at 7 µg/ml and 10 µg/ml 
of the antibiotic, the growth of cells incubated with 
kanamycin untreated capsular polysaccharide was 
higher than the sample incubated with kanamycin pre-
treated capsules (Fig. 2).  The E. coli B23 treated with 
supernatant isolated from E. coli K1-K12 hybrid cells 
showed a similar trend to the cultures treated with 
either type of CPS in the low antibiotic concentrations 
(Fig. 3). More specifically, in the presence of K1-K12 
supernatant, E. coli B23 showed ~2 times higher 
turbidity at OD600 when exposed to 2 µg/ml kanamycin 
concentration compared to the control (Fig. 3). The 
growth of cells significantly decreased between 2 µg/ml 
and 4 µg/ml of the antibiotic in the presence of E. coli 
K1-K12 hybrid supernatant EV36 (Fig. 3). Also, the 
addition of purified capsules from cells that were either 
treated or untreated with kanamycin resulted in greater 

cell growth than isolated E. coli K1-K12 supernatant at 
all concentrations of the antibiotic except at 2 µg/ml. 
Interestingly, the growth of cells with the KI-K12 
supernatant was lower than for the growth observed for 
the control at 10 µg/ml of the antibiotic. 

FIG. 3.  Effect of K1-K12 supernatant on kanamycin 
sensitivity of E.coli B23. Sample cells were treated with 240 
µg/ml supernatant isolated from K1-K12 cells (black column). 
Among the different samples, “Control” (Grey column) refers to 
the absence of treatment with K1-K12 supernatant.   All cells 
were subsequently challenged with varying concentrations of 
kanamycin antibiotics, and grown overnight in Mueller-Hinton 
broth medium at 37°C with mild aeration. 

 

FIG. 2.  Effect of capsular polysaccharides on kanamycin 
sensitivity of E.coli  B23. Sample cells were treated with 240 
µg/ml capsular polysaccharide isolated from cells either 
pretreated with 10 µg/ml kanamycin(black column)  or left 
untreated (grey column). Among the different samples, “Control” 
(white column) refers to the absence of treatment with capsular 
polysaccharide.   All cells were subsequently challenged with 
varying concentrations of kanamycin antibiotics, and grown 
overnight in Mueller-Hinton broth medium at 37°C with mild 
aeration. 

Kirby-Bauer (KB) assay. For the control, zones of 
inhibition of diameter 8.5 mm (diameter of filter disk 
was 7.0 mm) was observed around the filter disk 
containing 20 µg/ml and 10 µg/ml of kanamycin 
indicating sensitivity while no zones of inhibition were 
noted for the 5 µg/ml kanamycin concentration 
implying resistance at that antibiotic concentration. For 
the filter disks of kanamycin concentrations of 20 
µg/ml and 10 µg/ml placed near filter disks containing 
capsular polysaccharide obtained from E. coli B23 with 
kanamycin pre-treatment, a zone of inhibition around 
the disks of diameter 8.5mm  with a portion of the 
circle 0.5 mm distorted inwardly was observed 
compared to the control. However, the change in the 
size of the inhibition zones of the kanamycin disks near 
CPS obtained from cells with kanamycin pre-treatment 
was too small to determine interaction between the 
inhibition zones around the filter disks containing the 
CPS and the kanamycin.  In contrast, there was no 
change in the size and the shape of the inhibition zones 
around filter disks of kanamycin concentrations of 20 
µg/ml and 10 µg/ml placed near filter disks containing 
capsular polysaccharide obtained from E. coli B23 
without kanamycin pre-treatment compared to the 
control.  
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DISCUSSION 
 

The bacterial growth observed between E. coli 
supplemented with any type of CPS and E. coli B23 
with no CPS addition were similar indicating that the 
presence of CPS at any concentration had no effect on 
the growth of E. coli (Fig. 1). While CPS slightly 
stimulates cell growth, the similarity of growth 
throughout the tested concentration range of capsular 
polysaccharides in figure 1 suggests that it will not be a 
factor in the inhibition test because it is not inhibiting 
cell growth. Also, CPS from both sources behaved 
similarly in the growth assay so any variations observed 
in the antibiotic inhibition test could not be due to 
intrinsic differences in the growth assay 

The small variance in antibiotic resistance indicated 
by increased bacterial growth in E. coli samples treated 
with CPS and exposed to low levels of kanamycin 
noted in figure 2 is likely attributed to a chemical 
interaction between the kanamycin antibiotic and the 
isolated CPS particles. Capsular polysaccharides not 
only infer antibiotic resistance by limiting the uptake of 
antibiotic across bacterial membranes through a 
structural role but also by maintaining an ionic 
interaction between the positively charged antibiotic 
and negatively charged CPS (11). The attraction of the 
capsular polysaccharide particles to the antibiotic in the 
extracellular environment may physically hinder the 
antibiotic uptake at bacterial membranes and 
subsequent diffusion contributing to the increased 
bacterial growth noted for bacteria treated with CPS. 
However, when treated with kanamycin doses higher 
than 7 µg/ml, significant variations in cell growth could 
not be observed between E. coli treated with CPS and 
not treated with CPS (Fig. 2). Generally, as kanamycin 
concentration increased further, decreasing cell growth 
was observed for all cells and the variation in cell 
growth between E. coli treated with CPS and not treated 
likewise became insignificant (Fig. 2). While a constant 
concentration of 240 µg/ml of CPS was added to each 
E. coli sample individually treated with increasing 
concentrations of kanamycin stock solution starting 
from 2 µg/ml; the results shown in figure 2 indicate that 
the quantity of CPS available does not proportionally 
correspond to a change in strength of chemical 
interactions between the negatively charged CPS 
particles and the positively charged kanamycin 
antibiotic. This observation could be explained by the 
diversity of structures and components of the capsular 
polysaccharide: CPS exhibit high variance in the 
monosaccharide units that make up the polysaccharide, 
the configurations in which the monosaccharide are 
joined together and the length of the polysaccharide 
chains (17). Thus, likely only some of the 
monosaccharides within the large macromolecular 

polysaccharide complex will have negative charges 
contributing to the overall negatively charged 
characteristic of the CPS. Colonic acid is known to be a 
common constituent of CPS produced by E. coli B23 
contributing to the overall negative charged property of 
CPS (16). At low concentrations of kanamycin, the 
ionic interactions between the kanamycin and CPS infer 
moderate antibiotic resistance; however, at higher 
antibiotic concentrations, the same chemical 
interactions are overwhelmed by the ability of the 
antibiotic to penetrate bacterial membranes. Similarly, 
the ability of the antibiotic at higher concentrations to 
form chemical interactions with the bacterial 
membranes resulting in penetration may negate the 
interactions forged between the CPS and the antibiotic 
in the extracellular environment. Thus, at high 
concentrations of kanamycin, E. coli are less resistant to 
antibiotic exposure and the presence of CPS becomes 
insignificant at inducing resistance. 

Polysialic acid containing capsular polysaccharide 
secreted by the Escherichia coli K12-K1 hybrid EV36, 
showed a similar trend of inducing increased bacterial 
growth at low kanamycin concentrations (Fig. 3) (19). 
The EV36 strain contains the kps gene cluster which is 
transfected from the virulent E. coli K1 strain and 
encodes a unique capsular polysaccharide containing 
polysialic acid (19). Polysialic acid is associated with 
the virulence mechanisms exhibited by uropathogenic 
E. coli K1 strains; thus, a comparison between the CPS 
secreted by E. coli B23 and polysialic containing CPS 
secreted by EV36 was made by studying the possible 
effects of differences in CPS components on bacterial 
growth at varying kanamycin concentrations. When the 
CPS obtained from EV36 was added to E. coli B23 
treated with 2 µg/ml of kanamycin, greater bacterial 
resistance measured by a turbidity reading at OD600 of 
approximately two times greater than the turbidity 
reading recorded for the E. coli sample having addition 
of CPS from E. coli B23 was observed (Fig. 3). This 
observation could be explained by considering that the 
chemical structure of the polysialic acid capsule of the 
EV36 strain consists of a long linear homopolymer of 
200 sialic acid residues and that for each polysialic acid 
monomer, the carboxyl group attached gives the 
molecule a strong negative charge (19, 8). Thus, the 
significant increase in bacterial growth noted at 2 µg/ml 
of Kanamycin when polysialic acid containing CPS was 
added may be the result of an increased number of 
negative charges per monomer of the CPS indicating 
that more kanamycin was able to forge chemical 
interactions with the extracellular CPS inferring greater 
bacterial resistance. However, a notable increase in 
bacterial growth in the bacteria treated with polysialic 
acid containing CPS when compared to bacteria treated 
with CPS from E. coli B23 was not observed at 
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kanamycin concentrations above 6 µg/ml  (Fig. 3). 
Similar to the observations and analysis previously 
conducted, at higher doses of kanamycin treatment, the 
chemical interactions made by the kanamycin and the 
bacterial membrane initiating intake of kanamycin 
likely overwhelmed the chemical interactions forged 
with the isolated CPS in the extracellular environment. 
Lastly, overall the cell growth determined by turbidity 
was higher for the bacterial cells treated with either 
type of isolated CPS from E. coli B23 than cells treated 
with the supernatant from the EV36 strain.  The 
addition of the supernatant instead of purified and 
isolated capsules may account for the difference in 
observation of growth. The supernatant obtained from 
the EV36 strain contains not only capsular 
polysaccharides but also a variety of other cell debris; 
thus, while CPS elicits a chemical interaction with 
kanamycin contributing to enhanced growth at low 
kanamycin concentrations where the cell is resistant, 
the same cannot be said for other constituents of the 
supernatant.  

While previous experiments by Lu et al and Ganal 
et al studied the direct antibiotic resistance inferred 
from the induced secretion of CPS, isolation of the CPS 
for the subsequent addition into E. coli cultures exposed 
to kanamycin was conducted to observe a possible 
direct chemical relationship between kanamycin 
antibiotic and CPS contributing to antibiotic resistance 
(10, 13). The manipulation of the concentration of CPS 
added to growing E. coli cells showed that 
concentration levels of CPS were not a significant 
factor contributing to antibiotic resistance; rather, the 
structural and chemical roles of CPS in inducing 
antibiotic resistance could be inferred. The chemical 
properties of CPS indicate acidic, and negatively 
charged characteristics while structurally, the 
polysaccharide are organized into layers (7). A previous 
study suggested that both chemical and physical 
properties of the CPS aid in antibiotic resistance by 
inhibiting drug uptake through formation of a large 
negatively charged macromolecular structure creating a 
permeability barrier (11). However, the procedures for 
capsular polysaccharide isolation including prolonged 
dialysis and lyophilization may have disturbed the 
native capsular structure hindering the effect of CPS on 
antibiotic sensitivity that had been observed in previous 
studies. Lyophilization induces a reversible 
conformational change of proteins by decreasing the 
percentage of unordered structures forming the protein 
(12). The more ordered state causes aggregation of the 
proteins increasing the strength of intermolecular 
interactions (12). Likewise, similar observations for 
polysaccharide properties were noted in the study 
conducted by Dintzis et al who suggest that 
lyophilization somehow denatures polysaccharides 

causing changes in solubility and viscosity properties 
(5). Likewise, alkali treatment abolishes the 
heterogeneity in the sedimentation profiles of the 
capsular polysaccharides, possibly by breaking bonds 
between neighbouring chain molecules (1). Thus, a 
significant difference in antibiotic sensitivity of E. coli 
treated with isolated capsular polysaccharides and 
untreated E. coli may not have been observed because 
the structural properties involved in inferring antibiotic 
resistance was likely lost during the isolation process of 
the CPS.  

Additionally, through a qualitative observation of 
the MIC assay, 0-2.5 µg/ml variance in MIC values of 
the E. coli B23 treated with either kanamycin pre-
treatment induced CPS or non induced CPS over 
control E. coli treated with no CPS was determined. 
The higher MIC value for the CPS treated bacteria was 
likely due to the ability of the CPS to induce enhanced 
bacterial growth at low kanamycin concentrations 
which is consistent with our findings in figure 2. No 
cell growth indicated by non-turbid samples was noted 
at kanamycin concentrations above 10.5 µg/ml for both 
cell types either treated or not treated with CPS. For the 
E. coli B23 tested, past the MIC values noted, bacterial 
membranes became very permeable to antibiotic intake 
and diffusion resulting in the inhibition of cellular 
metabolic activities and growth. Though, in figure 2, 
turbidity at OD600 was observed for the E. coli samples 
exposed to kanamycin concentrations greater than 
10.5µg/ml, the same observations of bacterial growth 
were not depicted by the MIC assay. The difference in 
observation may be due to the inaccuracy of visual 
observation to detect slight turbidity caused by minor 
bacterial growth.  

The change in the shape of zones of inhibition 
around the filter disks containing kanamycin 
concentrations of 20 µg/ml and 10 µg/ml placed near 
filter disks containing capsular polysaccharide obtained 
from E. coli B23 with kanamycin pre-treatment 
compared to the controls may be caused by the 
interaction and diffusion of the nearby capsular 
polysaccharide through the LB agar. The chemical 
interaction noted between the isolated CPS and the 
kanamycin may also induce the aggregation of 
kanamycin towards the CPS containing filter disk 
resulting in a change in shape of the inhibition zones. 
The same observations could not be extended to CPS 
obtained from bacteria without kanamycin pre-
treatment as there were no differences observed 
between the inhibition zones of control kanamycin filter 
disks and kanamycin filter disks near the CPS. 
However, these observations were not consistent with 
figure 2. Figure 1 indicates that bacterial growth occurs 
in the presence of either type of CPS and the variation 
in bacterial growth during exposure to either types of 
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CPS is negligible. This variation could result from 
differences in how the cells, antibiotics and 
environment interact with one another in the two types 
of assays. For instance, Boyle noted that molecules with 
different compositions have different diffusion rates in 
LB plates (2). Therefore, the diffusion rate of CPS 
obtained from kanamycin pre-treated cells may differ 
from that of CPS obtained from kanamycin untreated 
cells. Also, as Marshall et al suggest, the different 
observations noted for the antibiotic disk diffusion tests 
could result from inconsistencies of zones of inhibition 
observations or a build-up of bacteria around actual 
inhibition zones indicating inconclusive results (14).  

Our observations and results indicate that E. coli 
B23 treated with any type of CPS exposed to low 
concentrations of kanamycin elicited slightly increased 
bacterial growth and decreased antibiotic sensitivity. 
However, the effect of CPS was eliminated at higher 
concentrations of kanamycin indicating that the effect 
of CPS on cell growth was either overwhelmed or 
saturated. Concentration differences of the CPS were 
not a factor in inducing increased bacterial growth. 
Also, in our experiment, the CPS was isolated after 
kanamycin pre-treatment or non pre-treatment and 
potentially subjected to reversible changes in 
conformation and structure (5). Thus, the same 
correlation between increased antibiotic resistance and 
increased CPS level observed in the study of CPS in 
situ was likely not noted because of the alteration of a 
structural interaction.  Our study was unable to prove a 
correlative relationship between antibiotic sensitivity 
and CPS type due to inconclusive results from the KB 
assay and kanamycin sensitivity tests. Further 
experimentation would be required to prove that pre-
treatment induced capsular polysaccharides and non 
treated CPS elicit differing responses to antibiotic 
sensitivity.  
 

FUTURE EXPERIEMENT 
 

Further analysis of capsular polysaccharide 
properties should be studied to determine the actual 
nature of the isolated CPS. Since the isolated CPS did 
not work in the anthrone assay as we expected, it would 
be useful and insightful to conduct experiments to 
identify the composition differences between these two 
types of isolated CPS. To observe and investigate the 
nature of the capsular polysaccharide, an NMR 
spectroscopy could be performed on the purified CPS to 
determine it chemical and molecular structure (15). 
Also, the interaction of the antibiotic and isolated CPS 
can be directly studied by measuring the potential loss 
of antibiotic in the presence of the isolated CPS.  This 
relationship could be verified by mixing CPS with 
Kanamyin antibiotic and conducting a filtration of the 

mixture through a molecular membrane filter permitting 
the passage of the antibiotic but not the CPS. Analysis 
of the filtrate by quantitative measurements would 
determine any change in antibiotic levels while 
separation of the CPS and the antibiotic would allow 
one to determine the necessary amount of CPS needed 
to bind to various antibiotic levels. Additionally, 
through analysis of the capsular material the presence 
of other chemical compounds such as salts may be 
observed indicating the possible role of external 
components in eliciting antibiotic resistance at low 
antibiotic levels and the lack of resistance at high 
antibiotic levels.  
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