
Figure 1.3. Indirect Resistance.

Figure 1.4. PCR amplification of blaTEM-1, blaOXA-48
and16S RNA genes. K. pneumoniae is abbreviated as KP,
E. coli as EC and negative control as NEG. We tested if E.
coli received the resistance genes OXA-48 and TEM-1 from
K. pneumoniae and for the presence of DNA using 16S RNA.
K. pneumoniae showed both genes. E. coli did not receive
the OXA-48 gene but showed a band for TEM-1.The TEM-1
negative control was DNA-free but showed a miniscule band.

Result I – E. coli protection 

• To our best knowledge, this is the first study of IR in K.
pneumoniae.

• Our results show K. pneumoniae can protect E. coli in
co-culture.

• This may be via indirect resistance because blocking
SecA stopped E. coli protection and SecA is involved in
the periplasmic transport of bacterial proteins.

• The faint band in the TEM-1 control suggests there is
cross-contamination in the PCR, and we will need to
validate this.

• E. coli may have received the TEM-1 gene
• These results reveal an important role of K. pneumoniae

on antibiotic-resistance in polymicrobial communities.
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Result III – SecA Inhibition 

• We grew co-cultures of ampicillin-susceptible
Escherichia coli CSHO26 and ampicillin-resistant
Klebsiella pneumoniae K17 in 100 μg/ml ampicillin to
test for indirect resistance.

• We found that E. coli was protected from antibiotic-
killing in co-cultures with K. pneumoniae.

• We showed that E. coli protection was blocked by Rose
Bengal, a known inhibitor for the general secretory
(Sec) pathway.

K. pneumoniae is a Gram-negative rod-shaped bacterium
that belongs to the Enterobacteriaceae family. The
pathogenic form can induce local and systemic infections
in humans. Alarmingly, some strains of K. pneumoniae are
resistant to nearly all lines of antibiotics, making it a global
health threat. Indirect resistance (IR) is the ability of an
antibiotic-resistant bacteria strain to protect susceptible
bacteria without transferring genetic determinants. IR has
not yet been described in K. pneumoniae. In this study we
investigated if ampicillin-resistant K. pneumoniae could
protect ampicillin-susceptible E. coli in co-culture. E. coli
survived at a lethal concentration of ampicillin in the
presence of K. pneumoniae. We then explored whether
this was due to direct resistance (gene transfer) or indirect
(antibiotic resistant bacterial protein secreted into the
periplasm or environment). We blocked the general
secretory (Sec) pathway using Rose Bengal and this has
subsequently inhibited the protection of E. coli. Our results
suggest both indirect and direct resistance might be
involved in the protection of E. coli by K. pneumoniae.
These findings require further validation but highlight the
importance of K. pneumoniae resistance in mixed
infections and present opportunities to study the effect of
K. pneumoniae on the evolution of resistance in co-
habitating susceptible species.

Figure 1.1. Indirect resistance. β-lactamase is a
bacterial protein that degrades β-lactam antibiotics.
Indirect resistance can be achieved by antibiotic resistant
bacteria secreting β-lactamase into the environment.
Adapted from Nicloff and Andersson (2016).

Summary

We investigated indirect resistance (IR) between K.
pneumoniae and E. coli by growing bacteria on LB agar
plates with or without ampicillin (100 µg/ml). Prior to this
experiment, we measured the minimal inhibitory
concentration and showed that K. pneumoniae is resistant
to ampicillin < 1024 µg/ml, while E. coli was sensitive to
ampicillin > 32 µg/ml. We tested bacterial growth in six
conditions (Table 1). To determine indirect antibiotic
resistance, we dropped K. pneumoniae onto a spread
plate of E. coli in LB-agar supplemented with 100 µg/ml
ampicillin. All plates were incubated for 24-48 hours at 37
˚C and pictures of colonies were taken (Figure 1.3.)
Subsequently, K. pneumoniae and E. coli isolates were
screened for the antibiotic-resistance genes, blaOXA-48
and blaTEM-1.
Table 1. Test conditions to determine IR.

Method I – Indirect Resistance

Rose Bengal, a SecA inhibitor, was tested for its effects
on E. coli protection by K. pneumoniae. SecA is an
ATPase motor that binds to SecYEG (transmembrane
protein complex). It attaches to the proteins to be exported
by the cell and through its ATPase activity facilitates the
translocation of proteins into the periplasm (Figure 1.2). It
has been shown to transport β-lactamases. E. coli and K.
pneumoniae were co-cultured on a LB-agar plate
supplemented with 100 µg/ml ampicillin culture and 50
µg/ml of Rose Bengal. The plate was incubated for 24
hours at 37 ˚C.

Figure 1.2. Sec-dependent translocation. Adapted from
(Chaudhary et al, 2015).
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Condition K. pneumoniae E. coli Ampicillin 
(100 µg/ml)

1 present absent absent
2 present absent absent
3 absent present absent
4 absent present present
5 absent absent absent
6 present present present
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Figure 1.5. Rose Bengal inhibited E. coli protection. In
the presence of Rose Bengal, K. pneumoniae survived but
there were no E. coli satellite colonies observable.
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