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Efficiency of Different Chemical and Physical Agents for Curing of Plasmid/s from Salt
Tolerant Bacterial Strains
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Abstract: Curing efficiency was higher with different TMP concentrations in combination with alkaline pH (9 ) at 37 as
well as 42°C. Both strains could tolerate up to 3.5 M NaCl in L agar but in L broth RCa-1 could deter 2 M and Ca-2 upto
2.5 M NaCl. Curing was accomplished with loss of salt tolerance property. Salt tolerance among the cured derivatives
ranged from 0.1 M (majority) to 0.5 M (few) in L broth. Generally, Na* ion uptake was more in the cured derivatives as
compared to their parental strains when grown in 0.1 M Neel supplemented broth under optimum temperature and pH.
A comparison of cell wall composition of parental strains and their cured derivatives exhibited more peptidoglycan (PG),
diaminopamelic acid (DAP) and teichoic acid contents in the plasmid free isolates.
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Introduction

Two of the biggest concerns to the farm viability and environment
in Pakistan are problems of salinity/sodicity and water logging. One
way of characterizing plasmid is to cure plasmidls from the host
strain and study plasmid associated characters. Curing refers to the
complete loss of plasmid from bacterial strains and loss of the
property from the bacterial host is evidence of plasmid controlled
attributes. Since no universally affective curing agent has been
identified, curing experiments are generally conducted on trial and
error basis, both with respect to the choice of curing agents and
culturing conditions used. Both physical and chemical agents are
used for this purpose (Caro et al., 1984; Stanisich, 1988;
Gerhardt et al., 1994; Yasmin and Hasnain, 1996; Muzzamal,
1998). Line of action of these agents is either interference with DNA
replication or affecting a particular organelle or enzyme of the
bacterial cell (Stanisich, 1988). While some compounds may cause
curing in a rather non specific way. Among various chemical and
physical agents reported for successful isolation of plasmid free cells
include intercalating dye like acridine dye, ethidium bromide, sodium
dodecyl sulfate (SDS) (Stanisich, 1988) and antibiotics like
trimethoprim (TMP), novobiocin (Hooper et al., 1984; Diver and
Wise, 1986), high temperature (Stanisich, 1988; Lebrun et al.,
1992) and pH (Saint and Venables, 1990; Lakshmi and Thomas,
1996; Qazi and Hasnain, 1997).

Inspite of the fact that curing has been reported successfully in the
bacterial strains with these agents but curing conditions and curing
agents are specific for particular plasmid. The present work deals
with the optimization of curing conditions for removal of plasmid
from two halotolerant bacteria (a pseudomonad, RCa-1 and a
member of Vibrionaceae, Ca-2). Curing efficiency of different
combinations of TMP concentrations, temperatures and pH were
investigated. Effects of curing on cell and colony morphology, some
cell wall constituents and Na uptake in the two bacteria are also
being reported.

Materials and Methods

Different chemical (IMP-125, 150, 175 pg ml~" conc.) and physical
(temperature-28, 37 and 42°C; pH-6, 7, 9) agents, in various
combinations, were used for curing of plasmids in two salt tolerant
bacterial strains (RCa-1 and Ca-2). The strains were isolated from
rhizoplane (RCa-1) and histoplane (Ca-2) of Chenopodium album
growing along Riwind road near Lahore.

The salt tolerant bacterial strains RCa-1 and Ca-2 belonging to
Pseudomonadaceae and Vibrionaceae, respectively, were used for
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curing experiments. These strains were isolated from histoplane
(Ca-2) and rhizoplane (RCa-1) of Chenopodium album and could
tolerate 2.0-2.5 M NaCl in nutrient agar and 1 min liquid medium.
The optimal temperature of RCa-1 was 28°C while Ca-2 gave
maximum growth at 37°C while optimum pH of these strains was
9. Plasmids pSH1403 and pSH1402 reside in RCa-1 and RCa-2,
respectively (Yasmin and Hasnain, 1998). Normaly these strains
were grown in L broth and L agar (Gerhardt et al., 1994)
supplemented with 1T M NaCl at 37°C.

From overnight cultures at 37°C inoculum was given in L broth
adjusted at different pHs (6, 7, 9) containing different
concentrations of trimethoprim (TMP-125, 150, 175 ug ml~') and
incubated at 28°, 37°, 42°C. Cultures were subcultured in
prewarmed L broth (with specific pH) containing the respective TMP
concentrations after every 24 hours of incubation at respective
temperatures upto three subcultures. At the time of subculturing
samples were drawn and dilutions were plated on L agar plates with
respective pHs (6, 7, 9) and incubated at the specific temperatures.
Salt sensitive colonies were screened by replica plating on NaCl
(1 M) and L agar plates with respective pHs (6, 7 and 9) and
incubating at specific temperature (28, 37 and 42°C). Removal of
plasmid was authenticated by the gel electrophoresis of total cell
lysate (Thomas, 1984) of salt sensitive colonies.

Na uptake by the parental strains and their cured derivatives grown
for 24 hours at 37°C in 0.1 M NaCl supplemented L broth was
determined on flame photometer (Furman, 1975).

Cell wall of the two parental strains and their cured derivatives were
purified ensuing by Leduc et a/. (1989) and Hancock (1994).
Method of Work (1957) was followed for DAP (diaminopimelic acid)
estimation and those of Leduc et a/. (1989) and Hancock (1994) for
PG (peptidoglycan estimated as hexosamines i.e. glucosamines) and
TA (teichoic acid), respectively.

Results

Before curing experiments M.I.C. (minimum inhibitory concentration)
and LDg, of trimethoprim was determined for the two strains. M.I.C.
and LD, for two salt tolerant strains were 80 and 150 pg ml™'
TMP, respectively. LDy, and two other TMP concentrations (125,
175 ug mi~") were used for curing experiments.

For plasmid curing, salt tolerant strains were grown in different
concentrations of TMP (125, 150, 175 pg ml~"), at three different
pHs (6, 7, 9) and three temperatures (28, 37 and 42°C) upto three
subcultures. Hundred colonies (or less in those cases where number
of single colonies obtained were less) from each combination at
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every subculture were screened for salt sensitivity by replica plating
and removal of plasmid from salt sensitive colonies was ascertained
by gel electrophoresis of total cell lysate. Response of the two salt
tolerant strains RCa-1 and Ca-2 harbouring plasmids pSH1403 and
pSH1402, respectively, varied with different combinations of curing
conditions.

No salt sensitive colony was obtained at acidic pH for both of
strains (except Ca-2, Il subculture,175 pg ml~" TMP). The salt
sensetive colonies were obtained in first subculture at alkaline pH
while in neutral medium salt resistance was lost in subsequent
subcultures. Effective TMP conc. was different in all the three
cases. However for RCa-1 combination of high temperature and
alkaline pH with different concentrations of TMP (125, 150,
175 ug ml~") yielded salt sensitive colonies at all subcultures (except
RCa-1 at 175 pug mi~' TMP, Il subculture and 150 pg ml~' TMP,
Il subculture). Whereas for Ca-2 salt sensitive colonies were
obtained at neutral and alkaline pH with varying temperatures.
Generally the percentage of salt sensitive colonies decreased in
subsequent cultures. In RCa-1 all the three temperatures at alkaline
pH proved effective to yield salt sensitive colonies at subculture |,
but the proportion of salt sensitive colonies was higher at 28° and
42°C. At 37°C salt sensitive colonies were obtained at 150 and
175 pug mi~" TMP. While in Ca-2 at alkaline pH salt sensitive colonies
were observed at 28° and 37°C (I subculture) but not at 42°C. In
subsequent subcultures (Il, Ill) some salt sensitive colonies were
obtained either at 28° or 42°C for RCa-1 and some at 37° or 42°C
for Ca-2. At neutral pH salt sensitive colonies were scored in
subculture Il and lll especially at 28°C. The frequency of salt
sensitive colonies was higher in subculture Il for RCa-1 and in
subculture 11l (42°C) for Ca-2. Some salt sensitive colonies were
also scored at 37°C in subculture Il with neutral pH. Hence in
RCa-1 at neutral pH, high TMP concentration (175 pg mi™") in
subculture 1l and alkaline pH at 150 pg mi~' TMP at 28°C or
125/175 ug mi~" at 42°C in subculture |, yielded highest proportion
of salt sensitive colonies. In Ca-2 salt resistance was lost with high
frequency at low TMP concentration in subculture Il and withlesser
frequencies at high TMP concentration which further declined in
subculture lll. Loss of salt tolerance was accomplished at non
permissive temperature and low TMP concentration in neutral
medium in subculture Il which further raised to 100 percent in
subculture Ill. Ca-2 rendered salt sensitive colonies both at low
(I subculture), optimum (I, II) or high (lll) temperature in alkaline
medium (Table 1).

Randomly picked ten (or less in case where less number of salt
sensitive colonies were obtained) salt sensitive colonies were
checked for their plasmid loss by gel electrophoresis of total cell
lysate. All showed deletions except 10 derivatives which exhibited
complete plasmid loss (Table 2). Sizes of plasmids with deletions
were smaller when compared with that of parental plasmid.

When the cured strains were examined for the effect of curing on
Gram staining behaviour and their cell as well as colony
morphology, striking differences were observed. Colony size of all
derivatives of RCa-1 increased and their color changed from yellow
to offwhite. Allignment of rods to filamentation was also recorded
in derivatives of RCa-1. However Gram staining character was
retained except that crystal violet was retained relatively more due
to increased deposition of PG. In the derivatives of Ca-2 colony color
changed to white only in case of Ca-2a2, while degeneration
in rods of Ca-2b and Ca-2e was recorded.

None of cured derivatives could tolerate more than 0.5 M NaCl in
liqguid medium. For studing the impact of plasmid on Na* uptake,
parental strains and their cured derivatives were grown in 0.1 M
NaCl L broth for 24 hours at 37°C and Na* in the bacterial pellet
was estimated. A significant increase in Na* uptake by all cured
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derivatives of RCa-1 (except RCa-1d) was displayed. However
derivatives of Ca-2 behaved somewhat differently. Only Ca-2b
showed exalted level of Na* uptake, Ca-2a and Ca-2d exhibited
lesser increase and slight decrease in rest of the derivatives was
observed (Fig. 1).

To probe whether curing/treatment with TMP, pH, etc. have any
effect on cell wall composition, teichoic acid, DAP and PG contents
of the cell walls of parental strains and cured derivatives were
determined. Increased incorporation of PG in walls of cured
derivatives of both RCa-1 and Ca-2 (except Ca-2b) was obierved.
The increase was more pronounced in some of the derivatives when
compared with respective parental strains (Fig. 2a). Generally
increased DAP incorporation in cured derivatives of Rca-1, but
decreased in those of Ca-2, were recorded. Nevertheless great
variability was exhibited in DAP content of different
cured derivatives (Fig. 2c). Amount of teichoic acid (TA) varied in
different cured derivatives. Among plasmid free isolates of RCa-1
amount of TA decreased relative to parental strain. In RCa-1
decrease was not significant where as TA in other derivatives was
almost neglegible. In the cured derivatives of Ca-2, TA incorporation
increased significantly, over parental strain, in Ca-2a1, Ca2a2 and
Ca-2b. In rest of the derivatives of Ca-2 the amount of TA was very
low (Fig. 2b).
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Fig. 1: Na uptake by salt tolerant parental strains and their
plasmid free derivatives in 0.1 M NaCl supplemented L
broth.
Discussion

Many workers have reported plasmid/s residing in salt tolerant
/moderately halophilic bacteria (Hasnain and Taskeen, 1989;
Sherwani and Hasnain, 1990, 1994; Fernandez-Castillo et al., 1992;
Vargas et al., 1995; Mellado et al., 1995, 1997; Hasnain and
Thomas, 1996; Ventosa et al., 1998; Mirza et al., 1998). Plasmids
are extrachromosomal autonomous DNA elements which are
normally inherited stablly in the next generation and can only be lost
spontaneously from the host cells by replication error segregation
(Old and Primrose, 1994). Plasmids bear certain genes for plasmid
maintainence functions such as initiation and control of replication
(Couturier et al., 1988).

Bacteria utilize a number of mechanisms to maintain low copy
number plasmids (Jensen and Gerdes,1995; Holcik and lyer, 1997).
These can be divided into mechanisms that actively distribute the
plasmid to daughter cells at cell division. Those which resolve
oligorners (when they occur) into monomers and those which cause
the death of plasmid free daughter cells by post segregational
killing. In all cases of post segregational killing a plasmid encoded
gene system produces a stable poison and an unstable antidote. In
a plasmid defficient offspring a protein antidote is more readily
digested by cellular proteases than the poison and the cell is killed
by the toxic effects of the later (Falla and Chopra, 1999). One way
of analysis of plasmid born characteristics is to cure plasmid from
the bacterial strain and observe its impact. With the assumption
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Fig. 2: Cell wall components of salt tolerant parental strains and their plasmid free derivatives a) peptidoglycan, b) teichoic acid, c) diamino

pimelic acid. Baterial strains were grown at 37°C and pH 7 for 24 hours on L agar and from the purified wall different components
were determined.

Table 1: Percentage salt sensetive colonies screened by replica plating

Subculture TMP (pg ml™")

Strains pH Temp 125 150 175 125 150 175 125 150 175
28 - - - - - - - -
6 37 - - - - - - - - -
42 - - - - - - - - -
28 - - - 62.5 60 (33) 100 22 20 11
RCa-1 7 37 - - - - - -
42 - - - - - - - -
28 90.9 100 84.6 - - - 10 - -
9 37 60 50 - - - - - -
42 100 80 100 15 12 - 4 - 3.3
28 - - - - - 66 - - -
6 37 - - - - - - - - -
42 - - - - - - - -
28 - - - 58 18 14 - 8 7
Ca-2 7 37 - - - - - - 14 15 7
42 - - 28 - - 100 - 20
28 19 - 7 - - - - - -
9 37 - 50 29 - - - - 10 -
42 - - - - - - 3.6 - 3
Note: Numbers in parenthesis indicate the total number of colonies obtained
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Table 2: Cured derivatives of RCa-1 and Ca-2 along with the
conditions where curing was accomplished
Cured derivatives Complete Plasmid Loss

RCa-1a 175 pug ml~' TMP, Il, pH-7, 28°C
RCa-1b 125 ug ml~' TMP, lll, pH-9, 28°C
RCa-1c 150 pg mi~! TMP, 1, pH-9, 28°C
RCa-1d 125 pg mi~' TMP, 1l, pH-9, 42°C
Ca-2a1 175 pug mi~" TMP, Il, pH-6, 28°C
Ca-2a2 175 pg mi~' TMP, Il, pH-6, 28°C
Ca-2b 125 pg mi~' TMP, 1ll, pH-7, 42°C
Ca-2¢c 150 ug mI~' TMP, Ill, pH-9, 37°C
Ca-2d 175 pug mi=! TMP, 1, pH-9, 37°C
Ca-2e 175 ug mi~' TMP, 1, pH-9, 37°C

that salt tolerant property may be associated with plasmid/s residing
in RCa-1 and Ca-2, curing experiments were performed.

Curing agents can interfere plasmid replication mechanisms. In the
absence of a universally effective curing agent, combinations of
different physical and chemical curing agents may be examined for
their curing efficiency. Treatment of bacterial strains with various
curing agents could promote plasmid loss (Stanisich, 1988;
Lakshmi et al., 1988; Saint and Venables, 1990; Debbia, 1992;
Crosa et al., 1994). Yasmin and Hasnain (1996) have reported TMP
as a successful curing agent, hence curing was accomplished with
it. For determination of effective concentration of TMP at which
plasmid loss can be promoted, minimum inhibitory concentration
(MIC) of TMP was worked out which was 80 pug ml~'. Keeping in
view the MIC of TMP, three different concentrations of TMP were
selected and applied in combination with different temperatures and
pH conditions. Plasmid loss/deletion rates have also been reported
to be governed by the type of substrate and pH of growth medium
(Lakshmi et al., 1988, 1989; Saint and Venables, 1990). Different
combinations of TMP conc. with temperature and pH conditions
yielded different results. At pH 7 salt sensitive colonies were
attained in subculture Il but at alkaline pH (9) strains rendered
plasmid free derivatives in the subculture | with high frequency.
Curing efficiency (complete loss/deletions) varied from 3 to 100 per
cent in these strains. This could possibly be attributed to the
plasmid and particularly to the bacterial host carrying plasmid
(Stanisich, 1988). Present results demonstrated that curing
efficiency is also influenced by environmental conditions. Plasmid
loss did not have much impact on the colony morphology except
that colony colours of all derivatives of RCa-1 and Ca-2a1 of Ca-2
were changed. Cell morphology of plasmid free strains (RCa-1b,
RCa-1c, FiCa-1d, Ca-2a1, Ca-2a2) showed difference from the
parental strains. All plasmid free derivatives of RCa-1 exhibited
slight elongation in the sizes of the rods which displayed tendency
towards chain formation. Morphological changes in cured strains
have also been reported by other workers (Yasmin and
Hasnain, 1996; Muzzamal, 1998). Cell elongation followed by
asymmetrical cell division plays an important role in determining
plasmid curing. Curing process is a result of plasmid segregation
into minicell like elements (Debbia, 1992).

High temperature has been found to be an effective curing agent.
However results of our study revealed that law temperature (28°C)
proved effective as curing agents at some TMP concentrations and
pHs (RCa-1a-175 pg mI~' TMP, II, pH 7, 28°C; RCa-1b- 125 ug mi™"
TMP, lll, pH 9, 28°C; RCa-1c - 150 ug mI~' TMP, I, pH 9, 28°C; Ca-
2al1-175 ug mi~' TMP, Il, pH 6, 28°C; Ca-2a2 - 175 ug mI~" TMP,
II, pH 6, 28°C ). Nevertheless higher temperature (42°C) also proved
successful in curing these plasmids (RCa-1d - 125 ug ml~' TMP,
Il, pH 9, 42°C; Ca-2b - 125 ug mi~" TMP, lll, pH 7, 42°C).
Generally increased Na uptake by plasmid free strains of RCa-1
may be ascribed to the loss of some efficient check/control on Na

uptake, with the loss of plasmid. Na uptake ability in three cured
derivatives of Ca-2 (Ca-2a1, Ca-2b, Ca-2d) was also increased with
plasmid removal. Hence plasmid might have stringent control on the
uptake of Na, maintaining the low osmolarity in the cell.

Some constituents of cell wall were also analysed to determine if
curing had any impact on them. Diaminopimelic acid, peptidoglycan
and teichoic acid were analysed henceforth. Parental and plasmid
free strains were compared for their cell wall characteristics.
Plasmid curing depends on size of plasmid, cell shape and cell
growth which inturn are maintained by PG synthesis, glycan chain
geometry and orientation (Gally and Cooper, 1993; Nanninga,
1998). Variability in size and shape of cell, exhibited with extreme
of environmental changes, alters PG content (Sabri and Hasnain,
1996). Importance of mechanical interactions among PG in
determining normal cell shape has also been reported (Levin et al.,
1998; Nanninga, 1998). PG content in cured derivatives of Ca-2 and
RCa-1 showed marked increase (except Ca-2b) whilst for other wall
constituents, variation was manifested in different plasmid free
derivatives. Increased incorporation of DAP directly reflects
extension of stress bearing cell surface (Woldringh et al/., 1987;
Nanninga,1998). It seems as if temperature, pH and curing agent
alter arrangement of teichoic acid. Arrangement of teichoic acid and
other component polymers within wall and at its surface is affected
by its ionic environment (Archibald, 1988; Hancock, 1994). Sabri
and Hasnain (1996) have also reported decreased teichoic acid at
alkaline pH and high temperature in cell division mutants. At
alkaline pH (9) marked decrease in teichoic acid contents in RCa-1b,
RCa-1c, RCa-1d, Ca-2c,Ca-2d & Ca-2e is recorded. All of these
were derived at alkaline pH and high temperature. Mauel et al.
(1995) have reported that extremes of pH also affect the
transcription of genes responsible for teichoic acid synthesis. Hence
stress environment evidently affect plasmid loss and efficiency of
plasmid loss is better at sub optimal temperature and/or alkaline pH.
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