
Journal of Experimental Microbiology and Immunology (JEMI)  Vol. 13:29-35 
Copyright © April 2009, M&I UBC 

Effect of Growth at Sub-lethal Concentrations of Kanamycin on the 
Cell Membrane Integrity and Amount of Capsular Glucuronic Acid 

in Wild-type Escherichia coli and Strain with a cpsB Mutation 
 

Sehyun Cho, Joyce Law and Chi Kwan Ng 
Department of Microbiology & Immunology, UBC 

 
It has previously been reported that the aminoglycoside antibiotic kanamycin induces the 

production of extracellular capsular polysaccharide and loss of cell membrane integrity in 
Escherichia coli due to the introduction of misfolded membrane proteins.  However, it is 
not known if the increased production of the polysaccharide capsule protected the bacterium 
by allowing the recovery of membrane integrity.  We attempted to examine this possibility 
in this study by growing E. coli B23, CLN08w1 (a cpsB mutant not expected to produce 
capsule), and BW2511-3 (parent strain of CLN08w1) with sub-lethal concentrations of 
kanamycin, determined by minimal inhibitory concentration test, in M9 minimal medium 
with 0.4% w/v glycerol.  The growth of each strain was followed by turbidity readings, and 
no difference in growth rates was observed between the treatment and controls.  We 
isolated the capsular material at an initial and late stage of growth to perform a glucuronic 
acid assay, and observed an increase in capsular production of all three strains in the 
presence of kanamycin.  No consistent pattern of change in membrane integrity was 
observed as measured by propidium iodide.  From the results, we concluded that either 
production of capsules is not correlated to change in membrane integrity, or that the 
propidium iodide assay is not sensitive enough to monitor the change in membrane integrity. 

 
 

 
  

Capsular polysaccharide (CPS), which is composed 
of a polymer of sugars called colanic acid, plays a 
crucial role in the survival of Escherichia coli when the 
bacterium encounters various environmental stresses 
(13, 16). In the natural environment, E. coli is exposed 
to various antibacterial agents (antibiotics) produced by 
other bacteria in a process that ensure survival of the 
fittest. In response to the antibiotics, E. coli has been 
shown to upregulate cps genes which dictate the 
synthesis of colanic acid, which is a polymer of four 
different sugars: glucose, fucose, galactose, and 
glucuronic acid (7, 14). Since colanic acid is also 
important in the maturation of biofilms, which 
contribute to antibiotic resistance in a population, the 
production of colanic acid has important implications to 
human health as biofilms have been shown to allow 
persistence of antibiotic-resistant bacteria on various 
surfaces (14, 15). 

        Previous studies such as the one by Ganal 
et al. have demonstrated that the concentration of 
glucuronic acid increases in E. coli B23 in the presence 
of sub-lethal doses of kanamycin (5). This increase in 
glucuronic acid was likely correlated to the increase of 
CPS production, since glucuronic acid is one of the 
sugars that consists colanic acid (7). Davis et al. also 

demonstrated that kanamycin reduces cell membrane 
integrity due to the insertion of misfolded membrane 
proteins that in turn increase the permeability of the 
lipid bilayer (3). Taken together, the presence of a 
capsule may prevent further inhibition of protein 
synthesis by kanamycin and allow the synthesis of 
properly folded membrane proteins to take place in the 
cells (thus inducing the recovery of the cell membrane) 
since an increase in the thickness of the capsule may 
impede the movement of kanamycin into the cell (8, 12). 

This study examined the potential relationship 
between an increase in capsular production in E. coli 
B23 and the membrane integrity during growth in sub-
lethal concentrations of kanamycin. A non-capsular 
CLN08w1 strain, derived from E. coli JW2035-1 with 
the removal of kanR gene, was used as a positive control 
to demonstrate that capsule production was responsible 
for membrane recovery. However, we hereby report 
that no consistent pattern of change was observed for 
membrane integrity while increases in capsule 
production in the presence of sub-lethal concentrations 
of kanamycin were observed for all strains. 

 
MATERIALS AND METHODS 

 
Bacterial strains and media preparation. E. coli strains B23, 
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BW2511-3 (genotype Δ(araD-araB)567, ΔlacZ4787::rrnB-3, LAM-, 
rph-1, Δ(rhaD-rhaB)568, hsdR514), JW2035-1 (genotype is the same 
as E. coli BW2511-3 except that it is additionally ΔcpsB747::kan), 
and E. coli BT340 (containing pCP20 plasmid) were streaked on 
Luria agar (0.5% w/v Bacto Yeast Extract, 1% w/v Bacto Tryptone, 
0.5% w/v NaCl, 2% agar, pH 7) followed by incubation at 37°C for 
24 hours. Once sufficient growth was achieved, the plates were stored 
at 4°C until use. With the exception of E. coli B23, which was 
acquired from the Department of Microbiology & Immunology of the 
University of British Columbia (Vancouver, British Columbia), 
MICB 421 culture collection, all other strains were provided by the 
Coli Genetic Stock Center (Department of Biology, Yale University, 
New Haven, Connecticut). Unless otherwise stated, M9 minimal 
medium (8.5 mM NaCl, 49 mM Na2HPO4, 22 mM KH2PO4, 18 mM 
NH4Cl, 0.80 mM MgSO4•7H2O) supplemented with 0.4% w/v 
glycerol as carbon source was used to grow the bacteria for the 
experiments. 

Isolation of plasmid pCP20 from BT340 cells. A loopful of E. 
coli BT340 was inoculated into 5 mL of Luria broth (0.5% w/v Bacto 
Yeast Extract, 1% w/v Bacto Tryptone, 0.5% w/v NaCl, pH 7), and 
the liquid culture was incubated overnight at 37°C with shaking at 
200 rpm. PureLink Quick Plasmid Miniprep (Invitrogen, K2100-10) 
was used to isolate pCP20 plasmid from BT340 overnight culture.  
The isolated pCP20 plasmid (ts-rep, [c1857](lambda)(ts), bla(ApR), 
cat, FLP(II), ampicillin-resistant, chloramphenicol-resistant) was 
subsequently stored in -20°C.  

Removal of transposon containing kanamycin-resistance gene 
cassette from strain JW2035-1 via electroporation of strain 
JW2035-1 with plasmid pCP20 to generate strain CLN08w1. The 
electroporation of strain JW2035-1 with plasmid pCP20, and the 
subsequent removal of the kanamycin resistance gene and the plasmid 
from JW2035-1 were based on the procedure described by Himaras et 
al. (10). The kanamycin/ampicillin-sensitive strain of E. coli 
JW2035-1 generated at the end of the procedure was renamed strain 
CLN08w1, and subsequently used in the study.  

Determination of minimal inhibitory concentrations of 
kanamycin on strains CLN08w1, BW2511-3, B23. The cells from a 
colony on the LB plates of each strains were inoculated into 200 μL 
of M9 minimal medium in a 96-well plate with final kanamycin 
concentrations of 0 to 10 μg/mL (with increments of 1 μg/mL) for 
strain CLN08w1 and final kanamycin concentrations of 0 to 2 μg/mL 
(with increments of 0.25 μg/mL) for strains BW2511-3 and B23. 
Following inoculation, the plate was incubated at 37°C overnight at 
200 rpm. 

Measurement of growth of CLN08w1, BW2511-3, and B23. 
Overnight 100 mL M9 minimal medium cultures of CLN08w1, 
BW2511-3, B23 cells were prepared from their respective LB plate 
cultures and incubated at 37°C and 170 rpm. Six sterile 500 mL 
Erlenmeyer flasks filled with 225 mL of M9 minimal media were 
inoculated with 50 mL of the overnight cultures of CLN08w1, 
BW2511-3, and B23 strains the next day, with two cultures set up per 
strain, and incubated in 37°C water bath at 200 rpm for 30 minutes. 
Kanamycin of sub-lethal concentrations were added to one of the two 
cultures of each strain after 30 minutes, and turbidities of 3 mL of 
cultures from each of the six flasks were taken at 2, 10, 20, 30, 40, 50 
and 60 minutes after addition of the antibiotic. The turbidities were 
measured with Spectronic 20+ spectrophotometer set at a wavelength 
of 460 nm. The assessment of growth of B23 strain with and without 
kanamycin was later repeated with the turbidity measured at 2, 15, 30, 
45, and 60 minutes after introduction of kanamycin to the treatment 
flask.  

Membrane integrity assay using propidium iodide. The 
membrane integrity assay using propidium iodide was modified from 
the protocol developed by Asay et al. (1). Once culture turbidity 
measurement was done, each of the 3 mL samples taken from 
different time points was diluted with phosphate buffered saline (PBS; 
8 g/L NaCl, 0.2 g/L KCl, 1.44 g/L Na2HPO4, 0.24 g/L KH2PO4, pH 
7.4) to 0.2 OD460, and propidium iodide (PI; Sigma, P4170) to a 
concentration of 2.9 μM was added to the diluted samples. The 

samples were subsequently incubated in the dark for 5 minutes. After 
incubation, the fluorescence readings were measured using Turner® 
QuantechTM Digital Filter Fluorometer with excitation wavelength of 
490 nm and emission wavelength at 585 nm. The membrane integrity 
assay was repeated in the second experiment with kanamycin-treated 
and non-treated B23 strain but the diluted samples upon PI addition 
were incubated in the dark for 4.5, 5, 5.5, and 15 minutes before 
fluorescence readings were taken to test for possible inherent 
fluctuations of the fluorescence readings. 

Capsule isolation. Polysaccharide capsular materials from 
CLN08w1, BW2511-3, B23 cells from control and treatment samples 
were collected from cells at 10- and 60-minutes after addition of 
kanamycin based on the protocol by Ganal et al.(5) with some 
modifications. 4 x 109 cells were taken from the samples to 
standardize the number of cells and prevent bias in capsule 
concentration readings. The cells were centrifuged in 50 mL 
centrifuge bottles at 17,000 x g for 20 minutes using Sorvall RC-5B 
centrifuge (SS-44 rotor). 15 mL PBS was used to resuspend the cells 
in the bottles, and the samples were blended by Osterizer 8300 Series 
Waring blender for 5 minutes at “Liquefy” setting. After the samples 
were collected from the blender, they were centrifuged again at 
17,000 x g (Sorvall RC-5B, SS-44 rotor) for 20 minutes and the 
supernatants were kept. 25 mL ice cold acetone was subsequently 
added to precipitate the polysaccharide capsule in the supernatants. 
The samples were centrifuged at 6,000 x g (Sorvall RC-5B, SS-44 
rotor) for 10 minutes, and pellets were resuspended in 3 mL of 
distilled water (dH2O). The 3 mL samples were dialysed against 1 L 
of dH2O overnight at 4˚C by Spectra/Por Molecular Porous 
membrane dialysis tubes with molecular weight cut-off between 6 – 8 
kDa. After dialysis, all samples were collected into 18 x 120 mm 
glass test tubes and frozen at -20˚C for lyophilization. After the first 
lyophilization, the dried samples were dissolved in 3 mL sterile dH2O 
containing 10 mM of MgCl2. We added deoxyribonuclease I (DNase 
I) (Sigma, D-0876) and ribonuclease A (RNase A) (Fermentas, 
EN0531) to 3 mL samples to achieve final concentrations of 5 μg/mL 
and 0.1 mg/mL, respectively. The samples were incubated in 37˚C 
water bath for 5 hours. Pronase (Boehringer Mannheim, 165921) was 
subsequently added to the samples to a final concentration of 0.1 
mg/mL to degrade proteins in the samples and samples were 
incubated overnight and heated to 80˚C for 30 minutes. After heating, 
the samples were centrifuged at 17,000 x g (Sorvall RC-5B, SS-44 
rotor) for 2 minutes, and supernatants were dialysed against 1 L dH2O 
at 4˚C for 3 hours by Spectra/Por Molecular porous membrane 
dialysis tubes with molecular weight cut off between 6 – 8 kDa. Fresh 
dH2O was replaced every 30 minutes, and the samples were placed 
into 18 x 120 mm glass test tubes and frozen at -20°C. Finally the 
samples were lyophilized for 24 hours. 1 mL of solution containing 
50 mM Tris base, 100 mM NaCl, and 1.5 mM sodium deoxycholate 
was added to dissolve each of the lyophilized samples. The 
resuspended samples were heated to 65˚C and subsequently cooled to 
room temperature, followed by addition of 52.6 μL of 20% v/v acetic 
acid. The samples were then centrifuged in microfuge tubes at 16,000 
x g for 5 minutes (Eppendorf 5415 D microfuge). 

Glucuronic acid assay. The glucuronic acid assay was carried out 
based on procedures described by Bitter and Muir (2). After 
centrifugation, 0.5 mL of each of the purified capsular samples was 
used for the glucuronic acid assay. 3 mL of 0.025 M sodium 
tetraborate solution, not sodium tetraborohydrate as erroneously 
described by Ganal et al. (5), was added to each sample and incubated 
at 100˚C for 10 minutes. The samples were cooled to room 
temperature after heating in an ice bath. 0.1 mL of 0.125% w/v 
carbazole solution was then added to each sample, and the samples 
were again heated to 100˚C for 10 minutes and cooled to room 
temperature. Absorbance was measured with Spectronic 20+ 
spectrophotometer at a wavelength of 530 nm.  Glucuronic acid 
(Sigma, G5269) standards of concentrations 0, 10, 20, 40, 60, 80, and 
100 μg/mL were prepared to a total volume of 0.5 mL each with 
dH2O, and treated the same as the capsular samples. A standard curve 
was generated to determine the glucuronic acid concentrations in the 
samples. The 0.025 M sodium tetraborate solution was prepared by 

 
30 



Journal of Experimental Microbiology and Immunology (JEMI)  Vol. 13:29-35 
Copyright © April 2009, M&I UBC 

dissolving sodium tetraborate in sulfuric acid (93% v/v), while 
0.125% w/v carbazole solution was prepared by dissolving carbazole 
in absolute (100% v/v) ethanol. 

 
RESULTS 

 
Determination of sub-lethal kanamycin 

concentrations for E. coli B23, BW2511-3, and 
CLN08w1.  The B23, CLN08w1, and BW2511-3 
strains of E. coli were assessed of their minimal 
inhibitory concentrations (MICs; the minimal 
concentrations of antibiotic in which growth is inhibited) 
to kanamycin to determine the highest sub-lethal 
concentrations (i.e. the highest concentration in which 
growth still occurs) to be used in the study in the 
evaluation of membrane integrity and capsular 
polysaccharide production.  The MICs for the three for 
the E. coli strains CLN08w1 (kanamycin-sensitive, 
cpsB mutant), BW2511-3 (parent strain of CLN08w1), 
and B23 were visually determined to be 4 µg/mL, 0.50 
µg/mL, and 1 µg/mL, respectively.  Therefore, the 
sub-lethal concentrations of kanamycin, which were the 
highest kanamycin concentrations in which cell growth 
still took place, for strains CLN08w1, BW2511-3, and 
B23 were chosen to be 2 µg/mL, 0.25 µg/mL, and 0.75 
µg/mL, respectively.  

Comparison of growth of kanamycin-treated 
versus non-treated E. coli B23, BW2511-3, and 
CLN08w1.  The growth rates of the kanamycin-
treated and non-treated conditions of each strain were 
assessed to determine whether the concentrations of 
kanamycin determined from the MICs were in fact sub-
lethal concentrations of the strains of E. coli used in the 
study. In our first assessment of growth of the strains 
CLN08w1, BW2511-3, and B23 in M9 minimal 
medium (0.4% w/v glycerol as carbon source) we 
observed that the growth rates of BW2511-3 and 
CLN08w1 strains with treatment of kanamycin and 
control without kanamycin, were essentially identical 
(within a 5% difference). B23 strain was an exception 
where the non-treated control group had a rate ≈2.4 
folds greater than its kanamycin-treated counterpart. 
Furthermore, with regards to the assessment of growth 
of the strains, we also observed differences in the 
turbidities of the kanamycin-treated cultures and the 
non-treated control cultures for each strain tested.  We 
repeated the growth assay for B23 and found that the 
growth rates between the kanamycin-treated group and 
the non-treated group were relatively similar (within 
5% difference, and they were collectively identical to 
the growth rates of the treated and non-treated strains 
BW2511-3 and CLN08w1 in the first assessment of 
growth. 

Membrane integrity assay using propidium iodide.  
The membrane integrity assay using propidium iodide 
(PI) in this study was used in an attempt to assess the 

extent in which the cell membranes of the three strains 
was compromised by kanamycin, and determine if 
recovery of cell membranes took place over time. In our 
membrane integrity assay using fluorescence of PI as an 
indicator, there were no observable trends within any of 
the samples when the relative changes in membrane 
integrity were plotted for each strain; rather, the 
fluorescence readings for samples appeared to fluctuate 
across the time points examined (Fig. 1).  The extent 
of “membrane stress” was calculated by subtracting the 
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FIG. 1.  Effects of sub-lethal kanamycin concentration on cell 
membrane integrity of E. coli B23 (A), BW2511-3 (B), and 
CLN08w1 (C).  Cells were grown in M9 minimal medium with 
0.4% w/v glycerol for 60 minutes with or without sub-lethal 
concentrations (A, 0.75 µg/mL; B, 0.25 µg/mL; C, 2 µg/mL) of 
kanamycin.
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lowest overall fluorescence reading of a strain from 
each of the individual fluorescence readings within the 
treated and non-treated samples of the same strain.  
The membrane integrity assay for B23 was repeated at 
30-second incremental differences in the time in which 
the PI was incubated, in addition to 15-minute 
incubations as per Asay et al. (1), in the samples before 
obtaining fluorescence readings of samples to 
determine if the fluctuations in the membrane 
integrities observed in each of treatments were actually 
due to inherent fluctuations of the assays.  The results 
from this were similar to what were seen with the first 
one, with no apparent trend observed (Fig. 2). 

Capsule content determination by glucuronic acid 
assay.  Polysaccharide capsule isolation followed by 
glucuronic acid assay were carried out for standardized 
number of cells of each strain from each treatment at 
10- and 60-minutes after addition of kanamycin to 
determine if addition of kanamycin would indeed 

correlate to increased production of polysaccharide 
capsule for capsule-producing strains (B23 and 
BW2511-3) over time.  From Fig. 3, a significant 
increase of glucuronic acid content in the isolated 
capsules was observed for kanamycin-treated strains 
B23 and BW2511-3 between 10-min and 60-min post-
kanamycin treatment, with an increase of ≈2.1 folds 
(105 µg/mL to 225 µg/mL) and ≈2.4 folds (48 µg/mL 
to 115 µg/mL ), respectively. However, the kanamycin-
treated CLN08w1 (cpsB mutant) strain also experienced 
an increase of ≈2.4 folds (55 to 130 µg/mL) in 
glucuronic acid content in the capsule, and a rather 
significant increase of ≈1.6 folds (55 to 90 µg/mL) in 
capsule glucuronic acid content was also observed for 
its non-treated counterpart.  By comparison, the strains 
B23 and BW2511-3 in the non-treated groups 
underwent ≈1.2-fold increase (70 µg/mL to 85 µg/mL) 
and no change in glucuronic acid content, respectively. 
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FIG. 3  Effect of sub-lethal concentrations of kanamycin on 
glucuronic acid concentration from capsules of E. coli B23, 
BW2511-3, and CLN08w1. 

 
DISCUSSION 

 
The major finding in this study was that in E. coli an 

increase in capsular production induced through 
kanamycin addition is not an important factor in the 
maintenance and recovery of membrane integrity.  Our 
initial hypothesis predicted that membrane integrity 
would decrease in the presence of kanamycin during 
growth due to the inhibition of protein synthesis and 
subsequent introduction of misfolded membrane 
proteins in the cell membrane; however, we also 
predicted that membrane integrity would increase 
across time as capsular production increased and 
excluded further kanamycin entry into the cell.  
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FIG. 2.  Effects of the length of propidium iodide incubation 
on observed membrane integrity of E. coli B23 samples grown 
for different times with (B) or without (A) sub-lethal 
concentration of kanamycin.  The treatment samples (B) 
contained a sub-lethal concentration (0.75 µg/mL) of kanamycin. 
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However, as demonstrated from our propidium iodide 
(PI) assay, membrane integrity in all samples remained 
constant within the inherent fluctuations associated with 
fluorescent assays. On the other hand, similar to the 
study by Ganal et al. (5), our study also demonstrated 
that glucuronic acid production increased in the 
presence of growth in kanamycin, correlating to an 
increase in the production of capsular polysaccharide 
(CPS).   

The results of the PI assay (Fig. 1) demonstrated no 
trend between the fluorescence readings of the control 
and treatment samples of each strain, nor was there any 
trend during the time course within each sample. The 
absence of a trend led us to hypothesize that kanamycin 
did not induce sufficient membrane stress that would 
allow detection by PI assay and that the fluctuations 
observed in the control samples are inherent fluctuation 
of the assays. To test this hypothesis we proceeded to 
grow a B23 treatment and a B23 control culture and at 
predetermined time points collected samples for 
turbidity readings and the PI assay.  To determine the 
error and fluctuation associated with the PI assay and 
the rate at which the fluorophores degraded we 
measured the fluorescent intensities of the samples 
added with PI after 4.5, 5, 5.5, and 15 minutes of 
incubation in the dark. There was no observable trend 
(Fig. 2) in the FIU readings between the time points. 
Fluctuation of FIU between 30 second time points 
ranged from 1 to 15 FIU, whereas the fluctuation 
between the 15 minute and 5.5 minute time points 
ranged from a decrease of 7 FIU to an increase of 27 
FIU.  These results led to the conclusion that the 
observed fluctuations in the initial growth experiment 
are inherent of the assay and do not necessarily 
represent an increase or decrease in cell membrane 
integrity. Furthermore, since the 15 minute time point 
demonstrated both increase and decrease in FIU from 
the 5.5 minute reading it could be concluded that 
quenching (or degradation) of the fluorophore did not 
occur in the time that the readings were taken.  

Fluorescent assays are associated with a degree of 
error and fluctuation in FIU (4). Fluorophores bound to 
surfaces compared to those in solution may exhibit 
differences (e.g. of change in extinction coefficient, 
spectra shift) that may affect the fluorescence reading. 
Furthermore, at high concentration self-quenching 
occurs and overtime, especially in the presence of light, 
fluorophores will degrade and no longer exhibit 
florescence (4). These factors contributed to the 
fluctuation in our PI assay. Another explanation 
concerning the fluctuation in fluorescence observed is 
that PI is actually impermeable to viable cell 
membranes depending on the physiological state of the 
cell (11). In early exponential phase Lei et al. found 
that 40% of cells took up PI while in stationary phase 
only 2% of cells took up PI (11). Since the growth 

phase and nutritional availability of the culture changed 
over the time course of the experiment it is likely that 
the percent of cells that were able to uptake PI would 
also have decreased over time. At later stages of the 
experiment, nutrition might have become more limited 
and cells are no longer in early exponential phase, 
thereby producing the fluctuation in fluorescence 
readings. Consequently, the PI assay may not possess 
the degree of sensitivity and accuracy required to detect 
minute changes in membrane integrity associated with 
kanamycin induced capsular production increase. 

In addition to testing different time points we also 
tested a positive control to determine if a decrease in 
membrane integrity would result in an increase in 
fluorescence readings. For the positive control, we 
chose to test the CLN08w1 strain since it did not 
possess any CPS to protect the cell membrane from 
outside stress. The CLN08w1 was treated with toluene, 
which is known to disrupt cell membrane integrity, and 
PI was added to the treated cells. This resulted in a 
fluorescence reading three times higher than the 
readings associated with cells that had not undergone 
toluene treatment. This demonstrated that a decrease in 
membrane integrity enables an increased entry of PI 
into the cells and therefore, an increase in fluorescence 
reading. This clearly indicated that the extent of 
membrane stress caused by the sub-lethal 
concentrations of kanamycin might not have been 
sufficient for detection with PI. 

Results from the glucuronic acid assay demonstrated 
an average of ≈2.4 times higher concentration of 
glucuronic acid at 60 minutes in cells treated with sub-
lethal concentrations of kanamycin compared to control 
samples which were untreated. This is not surprising as 
Ganal et al. (5) had also demonstrated a higher 
glucuronic acid concentration in kanamycin-treated 
cells using a similar approach, suggesting an increased 
production of CPS. In addition, Klebsiella pneumoniae 
was also observed to increase CPS production upon 
exposure to sub-lethal doses of the antibiotics 
ciprofloxacin and ceftazidine, while an upregulation of 
cps expression was observed in E. coli exposed to β-
lactams (9, 14). Surprisingly, however, the cpsB mutant, 
CLN08w1, also increased in glucuronic acid 
concentrations upon exposure to kanamycin. The cps 
gene cluster encodes enzymes responsible for the 
synthesis and translocation of CPS, with cpsB encoding 
for an enzyme involved in the biosynthesis of GDP L-
fucose, one of the sugar building blocks of colanic acid 
in which it is a part of the CPS of Enterobacteriaceae (6, 
16). A knockout of cpsB is expected to prevent the 
synthesis of colanic acid which in turn results in 
bacteria unable to produce CPS. Although no other 
previous studies have associated an increase in CPS 
glucuronic acid production with cpsB mutants, the 
mechanism of CPS assembly is still not completely 
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understood (16). Briefly, UDP-D-glucuronate is a 
building block of colanic acid, and its synthesis is 
independent of cpsB. Therefore, it is possible that UDP-
D-glucuronate is still synthesized in a cpsB knockout 
even though colanic acid cannot be made. However, it 
was still being detected by the glucuronic acid assay 
perhaps due to its possible polymerization with other 
capsular sugars while no capsule might have actually 
formed. Consequently, we concluded that although the 
glucuronic acid assay allowed us to determine an 
increase in CPS production upon exposure to 
kanamycin in strains B23 and BW2511-3, it was not a 
useful assay in determining the presence of intact CPS 
on a cell as the assay may as well detect polymerized 
capsular sugar components that could be made in the 
absence of intact CPS.  

The CLN08w1 control sample also exhibited an 
increase in glucuronic acid production. This increase 
was not expected since, if the theory of upregulation of 
cps genes in response to antibiotics is correct (9, 14), 
then growth in the control sample (i.e. absence of 
kanamycin), should not have led to an increase in 
glucuronic acid. Also, the increase of glucuronic acid in 
the CLN08w1 strain control was half of that observed 
in the kanamycin treatment. This is an indication that 
upreglation of cps genes did not occur in the same 
manner as that of the treatment samples. The presence 
of this increase may indicate an alternative use of cell 
resources in E. coli due to the mutation in cpsB. 
However, this is highly unlikely since all other enzymes 
in the pathway of GDP L-fucose synthesis are still 
present and steps upstream of the cpsB gene product 
still occur. It is likely that this increase is a result of 
experimental error. The isolation of capsule from the 
bacteria involves multiple steps in which capsule could 
be lost or samples could be contaminated. Furthermore, 
the absence of capsule in bacteria may result in a 
difference of light absorption and diffraction. Since 
capsules are large entities, CPS-producing bacteria may 
diffract more light than a non-capsular bacterium. 
Therefore, the OD readings of CLN08w1 strain may 
have represented a higher concentration of cells than 
the OD readings of the other two strains, leadings to a 
higher level of glucuronic acid isolated. Further studies 
are required to determine the source of UDP-D-
glucuronate detected in the CLN08w1 samples and to 
eliminate human error during CPS isolation for 
subsequent UDP-D-glucuronate detection. 

Results of the glucuronic acid assay revealed that an 
≈110 times higher glucuronic acid concentration was 
obtained in B23 samples in this study compared to 
results present by Ganal et al (5). The quantitative 
difference could be due to a difference in the number of 
cells that were used for the assay between the two 
studies. Ganal et al. only indicates volume of culture 
used but does not correlate that to the number of cells 

used (5). Differences in cell number would result in 
different concentrations of glucuronic acid as different 
amount of CPS would be isolated. Our experiment also 
used a lower sub-lethal concentration of kanamycin as 
determined by the MIC test. A lower kanamycin 
concentration would allow cells to grow faster and be 
less detrimental to protein synthesis overall. Therefore, 
it is likely that our cells produced more CPS than the 
cells utilized by Ganal et al. (5), contributing to the 
difference in glucuronic acid concentration.  

E. coli B23 and BW2511-3 grown in the presence of 
sub-lethal doses of kanamycin led to an increase in CPS 
production, as demonstrated by an increase in 
glucuronic acid. Moreover, E. coli CLN08w1 treated 
with kanamycin also demonstrated an increase in 
glucuronic acid concentration even though cells are 
cpsB knockout, thereby indicating that the glucuronic 
acid assay cannot definitively indicate presence of CPS 
but rather solely indicates the presence of glucuronic 
acid. Correlation of increase in CPS production to the 
recovery of membrane integrity from membrane stress 
caused by kanamycin was unattainable from the 
propidium iodide assay. It is unclear whether an 
increase in CPS production does not contribute to 
membrane integrity or that the PI assay was not 
sensitive enough to detect changes in membrane 
integrity. 

 
FUTURE EXPERIMENTS 

 
Due to the absence of a trend in our presidium 

iodide assay, further testing is warranted to determine if 
cells grown at sub-lethal concentrations of kanamycin 
would experience a decrease in membrane integrity.  
Another approach that could be taken to examine our 
hypothesis is the use of fluorescence microscopy with 
kits (such as BacLIGHT Live/Dead) that distinguish 
live and dead/membrane-damaged cells to examine the 
change in proportion of cells killed or with damage in 
their membrane through time while growing at sub-
lethal concentrations of kanamycin.  A major 
limitation with this approach is, of course, the inability 
to distinguish between dead cells and cells with damage 
in the membrane since they will be stained with the 
same fluorophore, such as propidium iodide.  
However, this problem may be circumvented when the 
same approach is used to assess the cells grown without 
the antibiotic to estimate the proportion of cells that 
would die due to reasons other than the presence of the 
antibiotic.  If our hypothesis were to be re-examined, 
it will be necessary to also re-evaluate the sub-lethal 
concentrations of kanamycin of the strains used as 
Ganal et al. demonstrated growth in their cells at a 
much higher concentration than that of this study (5). A 
higher concentration of kanamycin may increase stress 
caused to cells and allow for the detection of change in 
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membrane integrity that could not be observed in this 
study. 
Since our glucuronic acid assay indicated the presence 
of glucuronic acid in our non-capsular CLN08w1 strain, 
an alternative assay is needed to correlate an increase in 
CPS production with growth in the presence of 
kanamycin. The use of 6-deoxyhexose assay to 
determine the presence of L-fucose would be beneficial 
to determine if this strain is truly non-capsular (5). 
Since the production of L-fucose as a building block for 
colanic acid requires the mannose-1-phosphate 
guanylyltransferase encoded by cpsB, CLN08w1 strain 
should therefore not produce L-fucose while strains like 
B23 do.  The use of stains (such as India ink) that 
highlight CPS on cells followed by visualization of 
cells by microscopy may also be helpful in determining 
if there indeed is a visible capsule surrounding the 
CLN08w1 cells. 
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