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ABSTRACT

Escherichia coli K-12 GFP-based bacterial biosensors allowed the detection of cy-
totoxic and genotoxic effect of anticancer drug— cyclophosphamide and antidiabetic
drug — metformin in PBS buffer and surface water. Experimental data indicated that
recA::gfpmut2 genetic system was sensitive to drugs and drugs mixture applied in
experiment. RecA promoter was a good bioindicator in cytotoxic and genotoxic effect
screening of cyclophosphamide, metformin and the mixture of the both drugs in PBS
buffer and surface water. The results indicated that E. coli K-12 recA:.gfp mut2 strain
could be potentially useful for first-step screening of cytotoxic and genotoxic effect of
anticancer and antidiabetic pharmacist residues in water. Next steps in research will
include more experimental analysis to validate recA::gfpmut2 genetic system in E.
coli K-12 on different anticancer drugs.
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INTRODUCTION

Cyclophosphamide, ifosfamide, methotrex-
ate, S-fluorouracil, taxol, vinca alkaloids and
platinum compounds are commonly used as che-
motherapeutic agents on cancer. Cytostatic com-
pounds have a generally polar structure and have
been detected in hospital wastewaters, the influ-
ents and effluents of WWTPs and surface waters
[Besse et al. 2012, Zhang et al. 2013, Yu-Chen
Lin et al. 2014]. According to a review by Kosjek
and Heath [Kosjek and Heath 2011], last studies
have been primarily focused on hospital effluents,
and only a few of them have focused on environ-
mental samples and their fate. Most cytostatic
compounds are not likely to undergo biodegra-
dation or volatilization processes, and a limited
number of studies has reported their degradation
by sunlight photolysis [Kosjek and Heath 2011].

Cyclophosphamide (CP) — a cytotoxic agent
that alkylates DNA, has a wide spectrum of clini-
cal uses in the chemotherapy treatment of many
neoplastic diseases. The acute toxicities of CP
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are associated with its genotoxicity. CP was de-
tected worldwide at ng/l to pg/l levels in surface
water (<30-64,8 ng/l) [Kosjek and Heath 2011,
Besse et al. 2012, Zhang et al. 2013, Yu-Chen
Lin et al. 2014].

The antidiabetic drug metformin is among
the pharmaceuticals with the highest production
amounts world-wide. Measurements performed
in sewage and surface waters, showed an almost
ubiquitous presence of metformin in the aquatic
environment. Metformin was found in all investi-
gated river waters. Concentration levels depend on
the sewage fraction of the analyzed waters and in
most rivers they are in the range of several to 100
ng/l, i.e. in the same order of magnitude or even
higher than for other relevant pharmaceutical resi-
dues [Scheurer et al. 2009, Quinn et al. 2013].

The pharmaceutical residues of cyclophos-
phamide and metformin were detected worldwide
at ng/l to pg/l levels in environmental samples
(influents and effluents, surface water). Due to
their highly potent mechanism of action (they di-
rectly or indirectly act with structure and function
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of DNA) these specific groups of drugs are con-
ceived to be hazardous to living organisms and
human health. There is a need to target them with
environmental significance, quantify them, and
assess their cytotoxic and genotoxic risk to liv-
ing organisms [Scheurer et al. 2009, Kosjek and
Heath 2011, Besse et al. 2012, Quinn et al. 2013,
Zhang et al. 2013, Yu-Chen Lin et al. 2014].

In case of cytotoxicity and genotoxicity assess-
ment bioassays are valuable bacterial assays based
on genetically modified bacteria carrying a SOS-
regulon, DNA damage-inducible recA promoter
upstream of enhanced-mutant variant of gfp gene
that is expressed when DNA repair is induced by
chemical agents. So far, several constructs were
tested, the SOS-gfp biosensor with rec4 promoter
was found to be highly sensitive to the detection of
carcinogens, cyto- and genotoxins. In such living
cell systems, bacteria are especially attractive due
to their rapid growth rate, low cost, and easy han-
dling [Ptitsyn et al., 1997, Kostrzynska et al. 2002,
Zaslaver et al. 2004, Matejczyk 2010, Alhandrami
and Paton 2013, Park et al. 2013].

The aim of the present study was to evaluate
the potential applications of SOS-gfp biosensor for
in vitro rapid screening of cytotoxic and genotoxic
effect of residues of anticancer and antidiabetic
pharmacist in water. In experiment reporter strains
of Escherichia coli K-12 recA::gfpmut2 with a
plasmid-borne transcriptional fusion between
DNA-damage, genotoxin inducible rec4 promoter
involved in the SOS regulon response and fast fold-
ing GFP variant reporter gene-gfpmut2 was used.

In the presented data more stable and fast
folding mutant of gfp gene — gfpmut2 with excita-
tion and emission wavelengths of 485 and 507 nm
was used [Zaslaver et al. 2004].

MATERIALS AND METHODS

Bacteria strain and plasmid. In the experi-
ment genetically modified Escherichia coli K-12
MG1655 logarythmic phase cells: Escherichia coli
K-12 recA::gfpmut? and Escherichia coli K-12
promoterless::gfpmut2 were used (a gift from Prof.
Uri Alon, Department of Molecular Cell Biology
& Department of Physics of Complex Systems,
Weizmann Institute of Science Rehovot, Israel).
They contained a pUA66 plasmid-borne transcrip-
tional fusion between DNA-damage, genotoxin-
sensitive rec4 promoter involved in the SOS regu-
lon response and fast folding GFP variant reporter
gene-gfpmut2 [Zaslaver et al. 2004].

Bacteria growth condition. Escherichia
coli K-12 MGI1655 strains: Escherichia coli
K-12 recA::gfpmut2 and Escherichia coli K-12
promoterless:.gfpmut2 were cultured overnight in
LB agar medium (Merck, Germany) at 30 °C sup-
plemented with 100 pg/ml of kanamycin (Sigma-
Aldrich, Germany). Colonies were carried to LB
broth medium (10 g NaCl, 10 g tryptone and 5 g
yeast extract per 1000 ml of distilled water) with
100 pg/ml of kanamycin and incubated overnight
at 30 °C. After that, bacteria cultures were re-
freshed in LB broth medium with 100 pg/ml of
kanamycin and were cultivated to logarithmic
phase of growth (2 hour cultivation). Following
that, the cells were washed with PBS buffer (1.44
g Na,HPO,, 0.24 ¢ KH,PO,, 0.2 g KCl, 8 g NaCl
per 1000 ml of destilled water, pH=7).

Monitoring of bacteria growth and bacte-
ria concentration. At the start of the experiment
the initial bacteria cells density was standardized
to OD = 0.2 (Optical Density) value by the use of
spectrophotometer (Perkin Elmer Enspire 2300) at
wavelength of 600 nm. The concentration of bac-
teria cells per ml of PBS was assessed by series
dilutions system and expressed as Colony Forming
Units per ml (CFU/ml) values. The growth dynam-
ic of bacteria strains treated with CP (Sigma Al-
drich, USA Company) and metformin (Bialystok
pharmacy) was monitored with the use of standard
spectrophotometer analysis of Optical Density val-
ues at wavelength of 600 nm. The values of bac-
teria growth inhibition (GI) during the treatment
with drugs at the start of bacteria incubation with
drugs - time 0 and after 3 and 24 hours were calcu-
lated according to the formula: GI (%) = OD (%)
— 0D, (%), Where: OD_ (%) — Optical Density of
control sample =100%, OD_ (%) — Optical Den-
sity of bacteria samples treated with drugs.

Bacteria cells treatment with cyclophospha-
mide and metformin: 1 ml of stationary phase
bacteria cells (1x10® CFU/ml; OD=0.2) were sus-
pended in 4 ml of PBS buffer and the following
drugs were used in testing: cyclophosphamide
(CP), metformin (M) and CP+metformin (CP+M)
in five different concentrations, for CP: 0,0001;
0.001; 0.01; 0.1 and 1 mg/ml; for metformin: 0.3;
0.7 and 1 mg/ml. For CP+metformin three dif-
ferent combinations were used: (1) 0.0001+0.3;
0.001+0.3; 0.01+0.3; 0.1+0.3 and 1+0.3 mg/ml;
(2) 0.001+0.7; 0.001+0.7; 0.01+0.7; 0,14+0,7 and
1+0.7 mg/ml and (3) 0.001+1; 0.001+1; 0.01+1;
0,1+1 and 1+1 mg/ml. Bacteria strains were incu-
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bated with drugs in 3 and 24 hours at 30 °C. Drugs
concentrations were selected experimentally and
after reviewing the reference recommendation
[Rhizos and Elisaf 2013]. The time of bacteria in-
cubation with drugs (3h and 24 h) was estimated
for monitoring the sensitivity of recA::gfp ge-
netic construct for quickly (3 h) and later (24 h)
response. The control sample — Escherichia coli
K-12 recA::gfpmut2 strain in PBS buffer was not
treated with drugs. To verify the correct activity
of recA promoter, Escherichia coli K-12 strain
containing pUA66 plasmid without promoter —
Escherichia coli K-12 promoterless::gfpmut2
was used as a control. Additionally, to assess
genotoxic sensitivity of recA::gfpmut2 construct,
4% acetone was used as a negative control and
50 puM methylnitronitrosoguanidine (MNNG,
known genotoxin) as positive control [Ptitsyn et.
al. 1997, Kostrzynska et. al. 2002].

Bacteria cells treatment with cyclophos-
phamide and metformin in surface water. Sur-
face water samples were collected in sterile flasks
from Bialka river. Samples were sterilized by fil-
tration. 1 ml of logarythmic phase bacteria cells
(2x10% CFU/ml; OD=0.2) was suspended in 4 ml
of surface water at combination of CP (0.1 mg/
ml) and metformin (1 mg/ml) used in genotox-
icity testing. Drug concentrations were selected
to the highest stimulation of gfp gene expression
in PBS buffer (for IF= 10.42). The conditions of
bacteria incubations and the control protocols
were the same as above.

Analytical method for the intensity of gfp
gene fluorescence (FI) analysis. After exposi-
tion of bacteria cultures to tested drugs strains
were washed with PBS buffer and the intensity
of fluorescence of gfp gene in the volume of 1
ml of bacteria cells suspension (1x10* CFU/ml)
in PBS buffer was measured with spectrofluo-
rometer (Perkin Elmer Enspire 2300). The mea-
surements were taken at excitation and emission
wavelengths of 485 and 507 nm.

Assessment of SFI values. The specific fluo-
rescence intensity (SFI) value which is defined as
the fluorescence intensity (FI) divided by the op-
tical density (OD) measured at each time point at
600 nm was calculated according to the following
formula to detect the level of genotoxic activity of

drugs: SFI =£, where: SFI — Specific Fluores-

cence Intensity, 7 — the Fluorescence Intensity of
the strains at excitation and emission wavelengths
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of 485 and 507 nm, OD — Optical Density at 600
nm of the strains.

Detection of S » and I . values. For each
. fpexp. gfpexp.

concentration of the tested drugs the levels of

stimulation of gfp (Sg ;pexp,) or inhibition (Ig o epr) were

calculated, according to the formulas:

e forthe SFI values with an increase with the lev-
el of gfp expression (CP and CP+metformin)
in comparison with the control sample: ngpex A
(%) = SFI ¢ (%) — SFI (%), where SFI (%)
— SFI values for tested drugs sample, SFI ¢
(%) — SFI for control sample, =100%,

e for the SFI values with a decrease with the
level of gfp expression (metformin) in com-
parison to the control sample: Igfpexp(%) = SF-
I, (%) — SFI_ (%), SFI ¢ (%) — SFI for con-
trol sample, =100%, SFI (%) — SFI values
for tested drugs sample.

Assessment of F, values. For each concentra-
tion of the tested drugs induction factors (F) were
calculated. F,_(FI/OD)/(F1 /OD)), where FI, is the
fluorescence intensity of the culture treated with
DNA — damaging compound; F1 is the fluorescence
intensity of the control sample without genotoxin;
OD, is the optical density at 600 nm of treated cul-
ture and OD, is the optical density of the control
sample. The ¥, S = andI_  values express the
potency of genotoxic activity of both drugs.

Classification of tested drugs as genotox-
ins. The F, values were calculated for classifica-
tion of the tested drugs as genotoxins. According
to Ptitsyn et. al. [1997] and Kostrzynska et. al.
[2002], genotoxin was identified as a chemical if
its induction factor was 2 or more (F >2).

Statistical analysis. Experiments were con-
ducted in three independent series. Statistical data
obtained in this study are expressed as mean +
standard deviation (SD) for n = 6. The data were
analyzed with the use of standard statistical anal-
yses, including one-way Student's test for mul-
tiple comparisons to determine the significance
between different groups. The values of P<0.05
were considered as significant.

RESULTS

Logarithmic phase Escherichia coli K-12
MG1655 recA::gfpmut2 strain treatment with cy-
clophosphamide (CP) and metformin (M) showed
that separate administration of both drugs caused
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a significant dose- and time-dependent decreased
(P<0.05) in SFI value and increased the inhibition
of recA promoter activity and intensified I ez
value compared to non-treated cells in PBS buffer
(control sample) (Table 1). A sustained decrease
in SFI values was observed after 24 hours incuba-
tion of bacteria cells with both drugs.

3 h and 24 h simultaneous co-administration
of CP+M to a logarithmic phase the bacteria (es-
pecially up to 24 h) significantly modulated CP
activity and intensified the sensitivity of recA

promoter and gfp gene expression and stimulated
SFLF (F,>2)andS values compared to con-
trol sample and samples treated separately with
CP and M. Progressive significant stimulation of
SFIL,F and S  values were obtained for higher
concentratlon "of CP (1; 0.1; 0.01; 0.001 mg/ml)
and M (1; 0.7 mg/ml) during 3 h and 24 h incuba-
tion comparing to control sample. The maximum
point for rec4 promoter stimulation was observed
for co-adminiastration of 0.1 mg/ml CP and 1 mg/
ml M in 24 h (S = 838%).

Table 1. SFI values for logarithmic phase E. coli K-12 recA::gfp mut2 treated with cyclophosphamide (CP), met-
formin (M) and combination of CP and metformin (CP+M) in three different metformin concentrations (0.3; 0.7;

1 mg/ml) in comparison with the control sample (bacteria strain in PBS buffer)

CP M Control sample M | CP CP+M
(mg/ml) | (mg/mi) | SFI+SD SFI+SD G | srirsp  lwen (B)) SFIeSD Py
03 | 3 | 1845:343 | 15541284 | 158 | 1623t23 | 12 | 22.30£245% | - -
24 | 38004656 | 31.124420° | 20 | 19.34+2.73% | 50 103:8.20% | 2.65 | 165
1 0.7 | 3 | 1845343 | 14.14t3.84 | 158 | 16.23t23" | 12 | 41.0£4.40% | 222 | 122
24 | 38004656 | 27.65:4.43° | 20 | 19.34+2.73% | 50 163+8.23% | 420 | 320
1 3 | 1845:343 | 13.70+203 | 158 | 16.23%23° | 12 80:6.40% | 4.82 | 382
24 | 38904656 | 25.30:3.43° | 20 | 19.34:273® | 50 | 270+10.75% | 6.94 | 594
03 | 3 | 1845343 | 1554t284 | 158 | 17.14t222° | 7 | 211422547 | - -
24 | 38004656 | 31.1244.20° | 20 | 21.14+273% | 5566 | 130:843% | 334 | 134
0.7 | 3 | 1845343 | 14.14+384 | 158 | 17.14+222" | 7 38:3.10% | 2.06 | 106
01 24 | 3800:6.56 | 27.65:4.43° | 20 | 21.14:273% | 5566 | 240%9.20% | 617 | 517
1 3 | 1845:343 | 13.70£203 | 158 | 17.14+222° | 7 15047.20% | 813 | 713
24 | 38.906.56 | 25.30£343" | 20 | 21.14+2.73" | 5566 | 365:11.30%c | 9.38 | 838
03 | 3 | 1845343 | 1554t284 | 158 | 17.93t1.92° | 28 | 2012¢1.13% | - -
24 | 38004656 | 31.124420° | 20 | 22.30:2.45% | 4267 | 98+545% | 252 | 152
0.7 | 3 | 1845343 | 14.14:3.84 | 158 | 17.93+1.92° | 28 328200 | _ -
0.01 24 | 38004656 | 27.65:4.43° | 20 | 22.30:2.45% | 4267 | 160+7.24% | 411 | 311
1 3 | 1845:343 | 13.70+203 | 158 | 17.93+1.92° | 28 | 12146.23% | 6.56 | 556
24 | 3800+6.56 | 25.3043.43° | 20 | 22.30+2.45¢ | 4267 | 200:9.17% | 514 | 414
03 | 3 | 1845343 | 1554t284 | 158 | 18.02t2.43" | 233 | 24.22t246% | - -
24 | 38904656 | 31.12+4.20° | 20 | 29.34+293" | 2458 | 120+6.56%c | 3.08 | 208
0.7 | 3 | 1845:343 | 14.14+3.84° | 158 | 18.024243° | 233 | 363.74% | - -
0.001 24 | 3890+6.56 | 27.65:4.43° | 20 | 20.34+2.93" | 2458 | 180+840% | 463 | 363
1 3 | 1845:343 | 13.70:203 | 158 | 18.02:243° | 233 | 110:6.10% | 596 | 496
24 | 38.90:6.56 | 25.30£343° | 20 | 20.34%2.93® | 2458 | 130+7.23% | 334 | 234
03 | 3 | 1845343 | 1554t284 | 158 | 18.28+287° | 09 20+1.76" - -
24 | 3890:6.56 | 31.12:4.20° | 20 | 37.34%3.83% | 4 40:4.84v | -
0.7 | 3 | 1845343 | 14.14:3.84 | 158 | 18.28+2.87° | 0.9 26+2.24" - -
0.0001 24 | 38004656 | 27.65:4.43* | 20 | 37.34%383% | 4 424432 - -
1 3 | 1845:343 | 13.70:203 | 158 | 18.28:2.87° | 09 | 23.3:3.16% | - -
24 | 38904656 | 25.30:3.43° | 20 | 37.34%383% | 4 | 48.30503" | - -

Comments: T — time of bacteria strain incubation with drugs, FI — induction factor values, Igfpexp. (%) — the percent of
inhibition of gfp expression after treatment of bacteria cells with M and CP in comparison with the control sample (100%),
Sgtpexp. (%) — the percent of stimulation of gfp expression after treatment of bacteria cells with CP and CP+M in comparison
with the control sample (100%). Data points represent mean values + SD; n=6; a - significantly different from control (p<0.05);
b - significantly different from metformin (M) group (p<0.05); ¢ - significantly different from cyclophosphamide (CP) group

(p<0.05); * - no significantly different.
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In case of bacteria incubation bacteria incu-
bation with CP and M administrated separately
there was no increase in F, values (F, > 2) for two
phases of bacteria cells. F, values > 2 were ob-
tained for the highest concentration of CP and M
in simultaneous co-administration of both drugs.
The treatment of bacteria with the smallest con-
centration of CP (0.0001 mg/ml) resulted in a pro-
gressive decrease in F, (below 2) values.

The monitoring of bacteria cultures growth
(OD) at the start of bacteria incubation (time 0)
and after 3 and 24 h with drugs, indicated sig-
nificant increase in GI (growth inhibition) values
for all tested concentration of M and CP in 24 h
treatment. Simultaneous action of both drugs on
bacteria cells significantly enhanced the growth
inhibition values in 24 h incubation in comparison
to separate administration of the drugs and com-
parable to control sample. In shorter time (3 h) of
drugs influence on bacteria cells, there were no sta-
tistically important differences for OD values.

Metformin, in relation to CP caused statis-
tically significant increase in the cytotoxic and
genotoxic activity of CP. Logarithmic phase pro-
longed treatment (up to 24 h) of bacteria cells
with metformin at concentrations of 0.7 and 1
mg/ml significantly influenced the growth inhi-
bition of bacteria. After 3 h of incubation there
were no significant changes in OD values. Bac-
teria incubated with PBS buffer (control sample)
without any drug, resulted in no statistical dif-
ferences in OD value from 0 to 24 hours of con-
tinuous cultivation.

The treatment of gfp biosensor bacteria strain
in surface water (n=6) enhanced the sensitivity of
recA::gfpmut2 genotoxic system and increased
the stimulation of gfp expression and SFI value
in comparison to incubation in PBS buffer. Pro-
longed treatment (up to 24 h) of bacteria cells
with combination of CP (0.1 mg/ml) and met-
formin (1 mg/ml) in surface water significantly
influenced gfp expression with the maximum val-
ues of IF=13.20 and 1220% of S values com-
parable to control sample.

DISCUSSION

Previous studies showed that recA promoter
was induced by known genotoxins and selected
anticancer drugs [Ptitsyn et al. 1997, Kostrzynska
et al. 2002, Zaslaver et al. 2004, Matejczyk 2010,
Alhandrami and Paton 2013, Park et al. 2013].
According to the results obtained in our experi-
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ment M in simultaneous co-administration with
CP was shown to modulate and dramatically in-
crease the reactivity of rec4 promoter in relation
to separate bacteria treatment with CP and M.

Amador et. al. [2012] indicated, that chronic
metformin exposure may be potentially genotox-
ic in vitro. The results of the above experiment
provided the confirmation of the possible influ-
ence of metformin on the genes, especially in
quickly dividing cells, because in 50% of cases
there were significant differences (comparable to
the control sample) in the level of recA promoter
sensitivity and gfp expression after logarithmic
phase bacteria treatment with the whole applied
concentrations of metformin and in longer time of
incubation (up to 24 h).

Our results indicated that prolonged expo-
sure of bacteria to metformin (up to 24 h) in co-
administration with CP resulted in a progressive
stimulation of recA promoter reactivity and gfp
gene expression. F, values > 2 were obtained for
CIS+M after 24 hours and for 3 h of incubation.
The strongest stimulation of rec4 promoter and
2fp expression was noticed after addition of the
higher CP concentration — 1, 0.1 and 0.01 mg/
ml than for lower concentrations of antidiabetic
drug. The investigated concentrations of M and
CP inhibited SFI values of bacteria growth in the
logarithmic phase. It can be suggested the pos-
sible repression of recA::gfp genetic construct on
transcription by both drugs. Our results showed
that CP treatment significantly inhibited E. coli
K-12 longer (up to 24 h) bacteria cells growth.
Metformin could has cytotoxic effect by inhibi-
tion of bacteria cells growth, for highest applied
concentrations and 24 h treatment. CP is a very ac-
tive drug, especially for dividing cells. The above
data confirmed that coadministration of CP+M
importantly intensified cytotoxic effect and recA
promoter activity. The obtained results are in
agreement with earlier empirical studies of other
authors (with the use of cisplatin) who demon-
strated that co-administration of metformin with
chemotherapeutic agents intensified the inhibi-
tion of cancer cells proliferation and significantly
improved cisplatin-induced cytotoxicity [Quinn
et al. 2013]. DNA damage can initiate a cascade
of cellular biological effects including cell death.
The direct and indirect metformin influence on
DNA could be the main biological mechanism of
enhancement the cytotoxic and genotoxic activity
of CP, especially in simultaneous co-administra-
tion of both drugs.
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Preliminary results indicated stronger reac-
tivity of recA::gfpmut2 genetic system in surface
water for drugs treated samples (n=6) (data not
shown). The influence of surface water on genetic
system, which was used, could be a consequence
of the presence of different chemicals (e.g. com-
pounds from hospitals) in surface water than we
used in our experiment. These unknown water
compounds could increase the gfp expression in
bacteria strain, similarly to the drugs (cyclophos-
phamide and metformin) used in our experiments.
The maximum point for rec4 promoter stimulation
was observed for co-adminiastration of 0,1 mg/ml
CP and 1mg/ml M in 24 h being S e 122070 (as
comparedto S = 838% for CPand M in PBS).

To assess genotoxic sensitivity of recA::gfp ge-
netic biosensing system 4% acetone was tested as a
negative control. For this chemical F, values did not
increase during 3 h and 24 h of incubation. Meth-
ylnitronitrosoguanidine (MNNG) at concentration
of 50 uM was used as a positive control. For this
chemical F=8.4 during 24 h incubation and F =2.8
during 3h were obtained (data not shown). These
results showed stronger sensitivity of recA::gfp bi-
osensing system for MNNG than acetone stressor.

CONCLUSIONS

1. The results of the presented study indicated that
recA::gfpmut2 genetic system was sensitive to
drugs applied in experiment and drugs mixture.

2. RecA promoter was a good bioindicator for cy-
totoxic and genotoxic effect screening of cyclo-
phosphamide, metformin and the mixture of the
both drugs in PBS buffer and surface water.

3. The results indicated that E. coli K-12
recA::gfp mut2 strain could be potentially use-
ful for first-step screening of cytotoxic and
genotoxic effect of anticancer and antidiabetic
pharmacist residues in water.

4. Next steps in research will include more ex-
perimental analysis to validate recA.:gfpmut2
genetic system in E. coli K-12 on different an-
ticancer drugs.
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