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ABSTRACT
Twenty isolates of Serratia marcescens were isolated from inflammation of the urinary tract (UTI)., These isolates
were found to produce hemolysin as indicated by blood agar plates in which the hemolysis of red blood cell
indicate a positive result. Isolates were selected according to their hemolysis activity by measuring absorbance of
hemoglobin at 405 nm that released from red blood cell. Hemolysin was completely purified using 50-75%
saturation of ammonium sulphate followed by ion exchange chromatography with DEAE-cellulose then gel
filtration chromatography by sepharose 4B. Accordingly molecular weight for the purified toxin was estimated as
45 KD.
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INTRODUCTION
Serratia marcescens is a gram-negative bacterium
ubiquitous in nature that occurs in hospital
environments and it is a nosocomial and opportunistic
pathogen. Infections with this bacterium often cause
septicemia, meningitis, endocarditis, and wound
infections. The high and broad intrinsic resistance of
this organism to various antibiotics makes S.
marcescens infections difficult to treat [1]. Resistance of
bacteria to antibiotics is generally attributed to
alterations of the drug target, enzymatic modifications
to reduced drug accumulation as a result of efflux
pump-mediated antibiotics, or drug exclusion or a
membrane barrier [2].
Patients with significant Serratia infections may have a
variety of debilitating diseases such as diabetes
mellitus, heart disease, renal insufficiency or malignant
diseases. Relatively little is known about the virulence
determinants of this bacterial species [3]. Clinical
isolates of S. marcescens were shown to produce
various exoenzymes [4]. A metalloprotease was
described that induces pneumonia in laboratory
animals, enhances vascular permeability through the
activation of a Hageman factor-dependent kallikrein
pathway in vitro, and causes fibrinolysis [5].
http://ijps.aizeonpublishers.net/content/2013/6/ijps386-390.pdf

Recently, Braun [6] noticed that all S. marcescens
strains rapidly lyses human erythrocytes in solution.
These observations stood in contrast to the narrow
lysis zone around Serratia colonies on blood agar. The
cell-bound hemolysin activity required metabolizing
Serratia cells. No hemolysis activity was found in the
culture supernatants. Hemolysis might initiate human
invasive nosocomial infections with subsequent spread
and blood stream invasion [7].
Serratia marcescens synthesizes a hemolysin [8]
encoded by the shlA gene. It also acts as a cytotoxin on
epithelial cells and ﬁbroblasts, where it causes ATP
depletion and potassium efﬂux [9]. The ShlA toxin is
secreted across the outer membrane by the ShlB
protein, encoded by the ShlB gene [10], there by
distinguishing this type of secretion from all other
known secretion systems [11]. The aim of this research
is isolation, and purification of hemolysin from local
toxigenic isolates of Serratia marcescens.

MATERIALS AND METHODS
Microorganisms
Twenty isolates suspected to be Serratia marcescens
were obtained from AL-Yarmok hospital, Baghdad
386
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hospital and child center hospital Baghdad city /Iraq.
For identification of the isolates, a number of
biochemical and cultural tests were done including
growth in brain heart infusion broth at 40°C, neuclease
production, citrate utilization, motility, indol phenol
oxidation reaction and liquefaction of gelatin, according
to systematic key proposed by purges. Api-20E system
(Bio Merieux-France) was also included as a
confirmatory test system for identification of these
isolates.
Hemolysis assay
For the determination of hemolysis in an exponentially
growing bacterial culture, 20 ml of cultures of S.
marcescens were incubated at 37°C to a time until an
optical density at 578 nm of 0.5 was reached. From the
sediment of washed erythrocytes, 0.66 ml was added to
the culture, and hemolysis was determined after 15min
incubation at 37°C. The bacterial cells and unlysed
erythrocytes were removed by centrifugation, the
supernatant was diluted to 1:100 in distilled water, and
the absorbance at 405 nm of the released hemoglobin
was measured [12].
Hemolysin production
Stock cultures were streaking on brain heart infusion
agar plates, and incubated overnight at 37°C, and then
isolated colonies were picked, streaked on brain heart
infusion slants, and incubated overnight. The growth
was scraped and suspended in brain heart infusion
broth which contain 15% (vol/vol) glycerol and was
stored in aliquots at -70°C. For each experiment, an
aliquot was thawed and used to inoculate a slant. After
overnight incubation at 37°C, loopfull growth from this
slant was suspended in brain heart infusion broth and
used to inoculate 100 ml of brain heart infusion broth.
Cultures were centrifuged for 20 min at 10,000 rpm,
and supernatant was taken for purification.
Protein concentration
Cultures were grown in flasks containing 100 ml of
brain heart infusion broth medium. The protein
concentration was assayed by adding 0.1 ml of cultural
liquid and 0.4 ml of the Tris-HCl buffer in the test tube
and 2.5 ml of the coomassie solution was added, mixed
well and left for 5 minutes, the absorbance was
measured at 595 nm. Standard curve of BSA (bovine
serum albumin) was used to calculate protein
concentration [13].
Purification of Hemolysin
Precipitation by ammonium sulphate
The supernatant (crude extract) was fractionated with
ammonium sulphate at (0-25, 25-50, 50-75 and 75100) % saturation, maximum precipitation of the toxin
was obtained at 50-75 % saturation and then the
precipitant was separated by centrifugation at 10,000
rpm for 20 min. The precipitant was resuspended in 10
ml Tris-HCL buffer.
Ion exchange chromatography
DEAE-cellulose ion exchange column was prepared
according to (14). The sample obtained with 50-75 %
http://ijps.aizeonpublishers.net/content/2013/6/ijps386-390.pdf

ammonium sulphate saturation, was dialyzed in
distilled water for 24 hr., the concentrated protein
solution then applied to DEAE-cellulose column (3.5x7
cm) previously equilibrated with Tris-HCL buffer pH 8,
the column was washed with the same buffer and
eluted with a linear salt gradient with the same buffer
containing (0-1) M NaCl. The fractions were collected in
test tubes at flow rate of 100 ml/ hr. Protein
concentration in each fraction was monitored by
spectrophotometer at 280 nm. Fractions of the protein
peaks were assayed for hemolysin. Fractions containing
hemolysin was collected and concentrated for
measurements.
Gel filtration chromatography:
Determination of the void volume (Vo) of the
column
Sepharose-4B column (77.5×1.5 cm) was prepared and
packed according to the instructions of the
manufacturing company (Pharmacia-Sweden). The
column was equilibrated overnight with 0.01 M TrisHCl buffer pH 8.0 with a flow rate of 50 ml/hour. A 2 ml
blue dextran 2000 solution was passed through the
column, and 225 ml of Tris-HCl buffer pH 8.0 was
added to the column. Fractions of 5 ml were collected.
The absorbency at 600 nm for each fraction was
measured.
Determination of hemolysin elution volume (Ve)
Sepharose-4B column (77.5×1.5 cm) was prepared,
packed and equilibrated for a second time .A 5 ml of
purified hemolysin sample was passed through the
column carefully, and equilibrated with 0.01 M Tris-HCl
buffer pH 8.0, with a flow rate of 50 ml/hour. Fractions
of 5 ml were collected. The elution volume (Ve) was
estimated for the separated fractions of purified
Hemolysin, by following the absorbency at 280 nm.
Measurement of standard proteins elution volume
(Ve)
Different standard proteins were applied through
sepharose-4B column and then eluted with 0.01 M TrisHCl buffer pH 8.0, with a flow rate of 50 ml/hour, as
shown in table (1).
The elution volume was estimated for each standard
protein by following the absorbency for the separated
fractions at wavelength 280 nm. The (Ve/Vo) ratio was
calculated for each standard protein and for the
dissolved fractions and separated fractions of purified
Hemolysin , then standardization was done, by plotting
the elution volume (Ve) of each standard proteins to
the void volume (Vo) of the blue dextran 2000 (Ve/Vo)
versus the log value of molecular weight. The
Hemolysin-molecular
weight
was
accordingly
calculated.
Table 1. Molecular weight of standard proteins
Standard proteins
Inuline
Casein
Bovine serum albumin
Catalase

Molecular weight (Dalton)
5000
23600
67000
232000
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RESULTS AND DISCUSSION
Screening of isolates for hemolysin:
Twenty isolates were screened for their productivity of
hemolysin as detected by determining of hemolytic
activity spectrophotometrically at 405 nm. Results
shown in table (2) indicate that isolate Sm 11 gives the
highest absorbance; accordingly it was selected for
further experiments.
Table 2. Production of S. marcescens for hemolytic activity
No. of isolate

O.D at 405 nm

Sm 1
Sm 2
Sm 3
Sm 4
Sm 5
Sm 6
Sm 7
Sm 8
Sm 9
Sm 10
Sm 11
Sm 12
Sm 13
Sm 14
Sm 15
Sm 16
Sm 17
Sm 18
Sm 19
Sm 20

0.4
0.5
0.4
0.6
0.8
0.7
0.6
0.2
0.4
0.7
0.9
0.7
0.5
0.8
0.3
0.7
0.6
0.4
0.4
0.6

Precipitation of proteins by ammonium sulphate
In order to concentrate the crude extract of toxin and
remove as much as possible water and some protein
molecules, ammonium sulphate were used at (0-25, 2550, 50-75, 75-100) % saturation, the saturation ratio of
50-75% was chosen which give highest precipitate.
This step allows the salting out of molecules from
water. Since ammonium sulphate has the ability to
neutralize charges at the surface of the protein and to
disrupt water layer surrounding the protein, it will
eventually cause a decrease in the solubility of protein
which, in turn lead to the precipitation of the protein by
the effect of salt [15 , 16]. Ammonium sulphate is
widely used because of its availability, high solubility,
low cost and it stabilizes the protein [14].
Ion exchange chromatography
Purification of hemolysin was done by ion-exchange
chromatography using (DEAE-cellulose). Fig (1)
showed the wash and elution peaks for precipitated
products of isolate Sm 11. No hemolysin was detected
in the wash steps, while the eluted fractions revealed.
The presence of two peak indicate that we have two
purified proteins but Only one peak for elution shows
activity as detected spectrophotometrically
by
measuring absorbance of hemoglobin at 405 nm,
which in turn indicate hemolytic activity. Results show
that as much as 29 µg/ml hemolysin was quantified as
estimated by comparison of absorbance (0.82) with
that of standard protein.

Figure 1. Purification of Hemolysin separated from culture liquid of isolate Sm 11, by DEAE-cellulose ion exchange
chromatography column (3.5x7)cm equilibrated with 0.01 M Tris-HCL buffer PH 8, hemolysin eluted with linear salt gradient 0 1 M NaCl, flow rate 50ml/hr.

Detection of hemolysin
Detection of hemolysin in fractions eluted from ionexchange chromatography was done by measuring
absorbance at 405 nm of released hemoglobin from red
blood cell incubated with the toxin as reported by Ralf
[12] who used this procedure for detecting hemolytic
http://ijps.aizeonpublishers.net/content/2013/6/ijps386-390.pdf

activity, it was shown that as much as 22 µg/ml of
hemolysin was quantified as estimated by comparison
of absorbance (0.71) with that of standard protein.

388

Kadhem AK et. al. / Int J Pharma Sci. 2013, 3(6): 386-390

Purification by gel Filtration chromatography
The two eluted proteins passed through Sepharose-4B
then fractionated on the gel fractions were collected up
to 40 fractions. Hemolysin was present in fractions 24-

31 depended on measuring of activity and increase
absorbency of fractions. The result of purification
showed one-peak as indicated in figure 2.

Figure 2. Purification of hemolysin by using Sepharose-4B column (77.5×1.5 cm) with flow rate of 50 ml/hour.

Determination of molecular weight of hemolysin
Molecular weight of hemolysin was determined using
Sepharose-4B column (77.5×1.5 cm). The void volume
(Vo) of the column was calculated by estimating the
void volume of blue dextran 2000 to the elution volume
(Ve) for each one of standard proteins and for the
separated fractions of purified hemolysin. The ratio of
the elution volume of each standard protein as well as
the separated fractions of the purified hemolysin, to
that of void volume of the blue dextran 2000 was
calculated. Results shown in figure (3), indicate that the
(Ve/Vo) ratio of purified Hemolysin was about (45
KDa), the ratio of (Ve/Vo) of each standard protein to

the log molecular weight of each standard protein was
plotted. Tiwari [17] reported that molecular weight of
hemolysin also estimated as (45 KDa) by using
ammonium sulphate fractional precipitation and gel
filtration through Sephadex G-75 column. Homogeneity
was determined by gel electrophoresis and purified
hemolysin was tested for its stability and other
characteristics. Other published paper mentioned that
molecular weight of hemolysin estimated as (165 KDa)
[18]. These differences are possible to be due to the
purification method used in the purification of the
toxin.

Figure 3. The (Ve/Vo) ratio of standard proteins and purified protein

http://ijps.aizeonpublishers.net/content/2013/6/ijps386-390.pdf

389

Kadhem AK et. al. / Int J Pharma Sci. 2013, 3(6): 386-390

S. marcescens is known for its production of
exoproteins, yet a hemolytic activity identified in this
organism was demonstrated to be cell associated. This
stands in contrast to the majority of bacterial
hemolysin reported to date, which are secreted
extracellularly [18]. In the present study, the molecular
weight of the S. marcescens hemolysin was estimated as
45 KDa which is mimicking that reported by Braun
[10].

6.

7.

8.
9.

CONCLUSION
S. marcescens was shown to have the ability to
produced different exotoxin and hemolysin is shown to
be one of them. Isolation and complete purification was
done to hemolysin to determine the molecular weight
of it and it was 45 KDa. Purified hemolysin can be used
in further studies.
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