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Abstract: In the present work the activities of mutant Serratia marcescens nucleases at the basis level of

expression their genes, which are being m the pHisNucSma plasmid were determmed. Invert correlation between
an elimmation of pHisNucSma plasmids and an activity of the S. marcescens nuclease was established at

the basis level of expression of their genes. Tt is shown, that as higher is the level of activity of the mutant

S. marcescens nuclease at the basis level of expression their genes, the higher ampicillin resistance. Correlation

between the level of ampicillin resistance, p-lactamase activity and an amount of plasmid copies in recombinant

E. coli strains is also revealed.
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INTRODUCTION

In recent years genetic engineering 1s used to solve
a wide range of challenges m molecular biology and
biotechnology. One of these tasks is the making of
recombinant DNA straing that have the ability to
synthesize the desired protein in large quantities. This
over expression can be achieved either by increasing the
gene dosage or by increasing its transcription activity[1].

Vector DNA adds new properties to the host cell,
by giving it selective advantage. However replicative
synthesis of plasmid DNA, over-synthesis of the product
of a foreign gene has an extra metabolic load on the host
cell [2] which makes it vulnerable to elimination from the
cell in nonselective conditions. Therefore the stability of
the vector 1s what 1s important 1 order to maintamn high
level gene expression of foreign DNA.

In recent years Serratia marcescens endonuclease is
widely used n biochemistry, medicine, molecular biology
and agriculture. Increasing demand in the use of
S. marcescens, calls for the necessity of researches
directed at acquiring new over-producers of this enzyme
and the study of its properties [3,4]. Tlus enzyme can be
used for DNA and RNA degradation, protein purification
and can also serve as a model for studying mechanisms of
protein transport from the inside of cells into the
extracellular environment in gram-negative bacteria [5].

Noncellular Serratia marcescens endonuclease has
selective cleavage of phosphodiester bonds in the
substrate molecule. In both, single and double stranded
DNA, cleavage first takes place in GC-rich regions and
then at a low rate in GA-rich regions. DNA/RNA hybrids
are better substrates, likely because DNA strand in a
hybridized duplex shows a-similar conformation [6].

The purpose of this work 1s to define the effects of
basal level Serratia marcescens endonuclease expression
on the stability and pHisNucSma plasmid copy number in
the cells of Escherichia coli recombinant strains.

MATERIALS AND METHODS

In the present work were used strains of
Escherichia coli TGE900 and LKI11IA carying
pHisNucSmaHis894la,  pHisNucSmadrgd74la  and
pHisNucSmawt. In these plasmids mutant variants of
Serratia marcescens endonuclease genes are under the
control of P, promoter of phage 2 while the transcription
activity is regulated by heat-sensitive Cl-repressor [4].

In order to create selective conditions for culturing
recombinant strains, ampicillin with a concentration of
150 pg/ml was added to LB media.

For Plasmid elimination 0.1 ml of fresh culture, grown
in LB broth and ethidium bromide (EtBr) with
concentrations of 50 pg/ml and 200 pg/ml, respectively
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was added to 49 ml LB broth. At the same time
moculation of cultures not treated with elimination agents
was conducted. Separately grown colonies were pricked
1n petri-dishes contaimng LB agar that contains ampicillin
with a concentration of 125 pg/ml. Plasmid elimination was
made according to the loss of resistance to ampicillin by
the cells.

In order to determine non specific nuclease, activity
indicator agar, the method suggested by Meiss et al. [7]
was used.

The level of resistance was taken to be the minimum
concentration of the antibiotic under which no visual
growth occurred during an incubation period of 18-20 h at
28°C [8].

To determine pP-lactamase activity the method
suggested by Perret [9] was used.

RESULT AND DISCUSSION

Plasmid Elimination Using EtBr: In order to clarify how
stable the given plasmid 1s inherited in a series of cell
generations and also to show that variations in the level
of resistance to ampicillin in recombinant strains 1s not
connected with the mutations of the host strain itself or
with transposition of a resistance gene from the plasmid
m to the chromosome it 15 necessary to shown that
plasmid loss is followed by the loss of the cell’s ability to
grow on media with ampicillin. For this we conducted
pHisNucSma plasmid elimination from recombinant
E.coli TGE 900 stramns using EtBr.

It 15 known that S. marcescens endonuclease
preferably cleaves DNA A-form compared to DNA B-form
[10]. It is possible that the nuclease cuts the origin region
that has been modified by EtBr to A-form, thus
substituting the initiated replication action of DNA-
topoisomerase. As shown from the data presented in
Table 1, treatment with EtBr leads to decrease of the
bacterial survival rate. Cell survival was analyzed on the
lost ampicillinresistant. From Table 2 itis clear that with
the
percentage increases. However m recombinant F.coli
TGE 900 pHisNucSmaHis8941a stramns plasmid loss takes
place at a huigher frequency as compared to the two other
strains. pHisNucSmadrg574la plasmids are eliminated
at a lower rate than pHisNucSmaHis8%4la plasmids
but at a  Thigher rate when compared
pHisNucSmaHis894la  plasmids. This can only be
explained by the following there may be cells in
the population of bacteria in which the protein-
repressor Cl may be weakly bound to the operating region
of the P, promoter and therefore transcription of

increase of EtBr concentration the elimination

to
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Table 1: Survival rate of recombinant E.cofi strains exposed to EtBr

Strain EtBr concentration, 11g/ml Survival rate, %
TGESO0) pHisNucSina 0 100.00
His89Ala 50 27.33
200 1.36
TGESO0) pHisNucSina 0 100.00
Arg37Ala 50 215
200 0.04
TGES) pHisNiicSmawt 0 100.00
50 1.35
200 0.006

Table 2: Plasmid elimination of E.coli TGE900 cells by the action of EtBr

E1Br concentration, Resistance to

Strain ug/ml Amp loss to, %
TGES pHisNucSinaHis8941a 0 57.7
50 100.0
200 100.0
TGE pHisNucSnaArg 5741a 0 12.0
50 20.0
200 68.0
TGES) pHisNiicSmawt 0 7.0
50 2.0
200 28.0

S. marcescens endonuclease gene 1s under the control
of P, promoter (basal level gene expression). Because
His89Ala mutant protein lacks nuclease activity while
Arg57Ala mutant only has 35% nuclease activity as
compared to the original protein (wild type) [11], the
results only indicate that there exists inverse correlation
between endonuclease activity and plasmid elimination.
(Table 1, Table 2)

Determination of non Specific Nuclease Activity by
Means of Indicator Agar: Non specific nuclease activity
determination under basal level expression of genes was
carried out using indicator media that contamned toluidine
blue and polymeric DNA [7]. (Figure 1).

As shown in Figure 1, nuclease activity only exists in
lysate of strain cells (TGES00 pHisNucSmawt and TGES00
pHisNucSmadrg574la) that carry the plasmids with wild
type nuclease genes (100% nuclease activity) and with
35% nuclease activity which explains the presence of pink
zones around the deposited sample. The zone size directly
depends on the level of nuclease activity: the wild type
has a much bigger pink zone area around the sample as
compared to the one with a 35% nuclease activity
(pHisNucSmadrg574la plasmid). The lack of the pink
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of mutant

level
endonuclease on indicator media: 1 - TGEIN
pHisMucSma Hig894la; 2 - p His MucSma His89Alqa;
3 - TGEQOO pHisNucSmawi; 4 - TGESOD

Fig. 1: Basal gene  expression

zones around the TGEI00 pHisNucSmaHiz894la and
TGEIA] cell lysates only tells us about the absence of
nuclease activity that corresponds to the nuclease mutant
forms with no activity of the given enzyme and a non
plasmid strain. Nuclease activity shown by the above
listed strains on indicator media corresponds to 100%6 and
36% of the wild type and Arg57 Ala mutant respectively
which is in line with literature data [11, 12].

Detection of the Level of Resistance to Antibiotics and
B-lactamase Activity in Recombinant F. Colf Strains:
It is known that resistance of bacterial cells to ampicillin
is specified by [-lactamase that splits the antibiotic
(3-lactam ring.

In a series of experiments it was shown that there is
a relationship between gene dosage, responsible for
resistance to ampicillin and the expression. In other
words, we observed a linier correlation between ampicillin
resistance and enzyme synthesis and also between
enzyme synthesis and gene bla copy number [14 -13].
It is also shown that increasing the number of plasmid
copies lead to an increase in the level of ampicillin
resistance [15 -14]. Thus change of the antibiotic
resistance level and [-lactamase activity may serve as an
indirect evidence of its genes quantity change. To prove
the above statement, [3-lactamase activity and level of
resistance to ampicillin were determined in recombinant
E. coli TGE900 strains that contained pHisMicSma
plasmid. The results of the experiments are presented in
Table 3.
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Table 3. Relation between the cells reststance to ampicillin, (§-lactamase
activity and pHisMucSma  plasmud copy number in the
recombinant £ cali FGEO0 strains

Level of (-lactamase  Approximate
resistance to achivity amount of

Plasmid Amp, pgiml (2:10° cells)  plasmid copies

PAPI2: Tri 500 1148 1-2

P shueSmaHis 894 1a 1a00a 350,365 3-4

P shueSmadrg 7 Ala 13000 419174 410

PHisNucSmawt 15000 1084249 100

pAP42: Twi plasmid was used as a reference plasmid, with a known number

of copies

In order to explain whether variation of resistance
level to ampicillin correlates with [-lactamase activity
variation, we measured the enzyme activity using the
iodine titration method based on the ability of the
products of the hydrolyzed [3-lactam antibiotics to reduce
iodine to iodide there Br causing decoloration of the
starch-iodine complex [16 -15]. (Table 3).

As seen from Table 3, Z. coli cells that carry the
pAP42:Trni plasmid grow on media with ampicillin with a
concentration of not more than 500 pg/ml, F. coli TGESOD
pHisMicsSmaHis594la  straing  is  registant to an
antibiotic concentration of 1000 pg/ml, 7. coli TGEIND
pHizMucSmadrgS7Ala strain — 1300 pg/ml and E. coli
TGEIN) pHisMicSmawt strain - > 1500 pg/ml. in the
reference plasmid copy number ranges from 1-2 per cell
which corresponds to the minimal level of 3-lactamase
activity (114.8 units). In strains  with
pHisMucSmaHis5241la plasmid the level of [3-lactamase
activity made up to 350,365 units which corresponds to
3-4 plasmid copies (= 100 activity units per copy).
In E. coli TGE9DO pHisMicsSmadrgS7Ala strainsg -
lactamase activity makes up to 4191,74 units = 40 plasmid
copies. [-lactamase activity in cells carrying the
P HisNueSnawt plasmid was 10842 49 units = 100 plasmid
copies.

On the basis of the results, we can conclude that
exists a direct dependence of cell resistance level to
ampicillin to the amount of plasmid copies, which carry
gene bla, in cells: the higher the antibiotic resistance, the
higher the number of plasmid copies. It was observed
that the increase of plasmid copies lead to the increase of
nuclease activity, coded by the gene under basal level
expression. It is likely that S.marcescens nuclease inifiates
replication of both plasmids and chromosomes by
gubstituting the action of RNA-ase H which cuts RNA in
DNA/RNA-hybrids at the start point of replication with
the formation of 3'- ends that are used as primers for DNA
synthesis.
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We can conclude that basal level expression of
endonuclease genes with high enzyme activity leads
to an increase of the level of resistance to ampicillin,
B-lactamase activity and amount of plasmid copies.
According to the study of the plasmids, it was observed
that the wild type was more stable than its mutant
analogs.
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