Iragi Journal of Agricultural Sciences —2018:49(3):438-444 Hashim & Nema

PRODUCTION AND PURIFICATION OF CHITINASE FROM AEROMONAS
SPP. AND STUDY ITS EFFECT ON SOME CANCER CELL LINES IN
VITRO

S. T. Hashim M. M. Nema
Asst. Prof. Researcher
Department of Biology, College of Science, Al-Mustansiriyah University, Iraq
mahmoud.bio.89@gmail.com

ABSTRACT

Three hundred samples of stools were collected from children who are suffering from diarrhea.
Twelve of them (4%) were positive for Aeromonas spp. test, the ability of Aeromonas isolates to
produce chitinase enzyme was tested on medium supplemented with colloidal chitin. Chitinase
enzyme was extracted, the crude extract activity and specific activity was 13 U/ml and 7.3 U/mg
respectively. The enzyme was purified by precipitating with ammonium sulfate 70% saturation
followed by ion exchange chromatography using DEAE- cellulose column and gel filtration
chromatography using Sephadex G-200 column. The specific activity reached 154.5 U/mg with 21.16
purification fold and yield of enzyme was 52.3%. The molecular weight of the purified chitinase was
48 kDa when determined by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
Cytotoxicity effects of chitinase enzyme on different normal and cancer cell lines were investigated by
MTT assay. The results showed that the chitinase has a cytotoxic effect on breast cancer cells line
(MCEF-7) at concentration of 300 pg /ml., and it was cytotoxic to prostate cancer cell line (PC-3) at 400
pg/ml. Whereas it showed no cytotoxic effect on normal embryonic liver cell line (WRL-68).
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INRODUCTION

Aeromonas species got amassed attention as
opportunistic pathogens because its link with
diarrhea and extra intestine diseases in human
especially, in children and adults with
impaired immune system (19, 28). Isolation of
Aeromonas from water and food sources, and
the growing resistance of this bacteria to
antibiotics and chlorination in drinking water,
their spreading in the environment is
considered as threating issue for public health
because food and water are main sources of
human infection (29). Among bacteria
etiologies of diarrhea, Aeromonas is known
progressively as a clinically important enteric
pathogen (17). Chitinase is part of the glycosyl
hydrolase group, which breaks the 1, 4 g-
glycoside bond of N-acetyl D-glucosamine.
Except for chitinase (3.2.1.14), which casually
breaks glycosidic bond in chitin molecule a -
N-acetyl glucose aminidase has a significant
role in the hydrolysis method. This enzyme
has many important and various applications
specially, in the medicine field and tumors
researches (24). Cancer is a molecularly
heterogeneous disease and one of the main
reasons of death worldwide. The presence of
several types of tumors with diverse
histopathology, genetic and  epigenetic
differences, and clinical consequences, is
difficult  understand this disease the
mechanisms of action of chemotherapeutics
and the making of new therapies (30). The
objectives of this study are isolation and
identification of Aeromonas spp. from patients
suffering from diarrhea and screening the
ability of local Aeromonas spp. isolates for
chitinase enzyme production, optimization
conditions of chitinase production from
selected isolate of Aeromonas spp. then
studying the effect of purified chitinase
enzyme in vitro against normal and cancer cell
lines.

MATERIALS AND METHODS

1. Samples collection: A total of 300 stool
samples were collected between October and
December 2016 from children who suffering
from diarrhea, before starting their antibiotic
therapy. Samples were collected from Fatima
Al Zahra Hospital and Shaheed Al-Sadr
Hospital. Stool samples were taken from the
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patients and inoculated on specific media by
direct streaking method.

2. Isolation and Identification of bacteria:
Isolated bacteria was tested and recognized by
cultural, microscopic, biochemical testes, and
Vitek 2 system.

3. Screening Aeromonas spp. isolates for
chitinase production: 3.1. Semi quantitative
screening

For screening of chitinase producing bacteria,
the agar medium was supplied with the used
colloidal chitin. The medium contains:
NazHPO4 6 g, KH2PO4 3 g, NH4C| 1 g, NaCl
0.5 g, yeast extract 0.05 g, agar 15 g, and
colloidal chitin 1% w/v in 1L deionized water
(D.W.) The isolated bacteria were screened by
inoculate the isolates on the medium, and
incubated at 37 °C for 96 h., the positive
isolates will produce clear zones (25).

3.2. Quantitative screening

Screening was achieved with bacterial isolates
on the colloidal chitin agar medium incubated
at 37°C. Positive isolates were selected after
96 h. of incubation and screened for maximum
enzyme production in nutrient broth media
supplemented with colloidal chitin. The
cultures were centrifuged at 10,000 rpm for 15
min. at 4 °C and the crude extract was used for
chitinase assay (25).

4. Preparation of colloidal chitin: Chitin
powder (40 g) was gradually added to 600 ml
of HCI and kept for 60 min. at 30 °C with
continuous stirring. Chitin was settled as a
colloidal suspension by adding 2 L of water
slowly. The suspension was filtrated and
washed by suspending in about 5 L of D.W.
Washing was repeated 3 times until the pH of
the suspension became neutral (10).

5. Measurement of chitinase activity: The
reaction mixture contained 100 pl of
supernatant and 100 pl of substrate 1% of
colloidal chitin, it was incubated at 40 °C for
10 min. 400 pl of 3,5- Dinitro salicylic acid
(DNS) regent was added to the mixture and
boiled for 15 min. 4.4 ml with D. W. was
added and the colour was measured at 535 nm.
The chitinase activity was then reported due to
a standard curve of N-acetyl-D-glucosamine
prepared from a standard solution. One unit is
defined as the amount of chitinase, which
releases one pmol of N-acetyl-D-glucose
amine in 1 min. (18).
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6. Determination of protein concentration:
The protein content was determined by using
Bradford method with bovine serum albumin
as the reference protein, (3).

7. Purification of chitinase enzyme: The
enzyme crude extract collected was subjected
to different steps of purification including
ammonium sulfate precipitation, dialysis, and
passed through DEAE-cellulose ion- exchange
chromatography column with dimensions
(2.5x30 cm) at a flow rate of 5ml/3min., then
Sephadex G-200 gel filtration column with
dimensions (2.5%x25cm) at a flow rate
5ml/3min, both columns were equilibrated
with Tris-HCI buffer pH 7.

8. Determination of molecular weight of
chitinase: The molecular weight was
determined by SDS- Poly acrylamide gel
electrophoresis (SDS-PAGE) as mentioned by
Lameli (14).

9. Effect of chitinase on tissue cultures in
vitro: Effect of different concentration of
chitinase enzyme on the adherent cells in 96-
well microtiter plate has been achieved by
MTT-assay according to method of (2). The
cell lines that used in this study were MCF-7
(Human breast cancer cells), WRL-68 (Normal
embryonic liver cell line), and PC-3 (Human
prostate cancer cells), these cell lines were
supplied by the Biotechnology Research
Center, Al-Nahrain University.

10. Statistical Analysis: The Statistical
Analysis System- SAS program, (27) was used
to notice the effect of different factors
(Concentrations, lines) in viability. Least
significant difference —LSD test (ANOVA)
was used for comparison between means.
RESULTS AND DISCUSSION

1. Isolation and Identification of bacteria:
Out of three hundred (300) stool samples
analyzed, only 12 (4%) samples were positive
for Aeromonas bacteria. This finding agrees
with the result of Lobna (15) that reported
3.15% (11 isolates) out of 349 stool samples in
Babylon province was Aeromonas spp. Also
agreed with other studies, Obaid (20) stated
2.7% (13 isolates) from 479 stool samples in
Babylon province, Rogo (23) found 3.12% (4
isolates) of 128 stool samples in Nigeria, and
Guerra (9) stated 6.6% (27 isolates) from 408
stool samples in Brazil were Aeromonas spp.
The isolated colonies of Aeromonas that were
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grown on culture media looked 2 mm,
rounded, smooth, convex, and small colonies
on agar medium (4). The Aeromonas agar (Hi
Media) supplied with ampicillin was used as a
selective and differential medium. The
microscopical examination of positive isolates
of Aeromonas spp. revealed Gram negative
rod bacteria, that looked single, or in pairs
slide this finding agreed with the result that
was realized by (4, 26). The positive isolates
of Aeromonas spp. gave a positive result for
oxidase, catalase, indole, methyl red, vogues -
proskauer, citrate utilization. This bacteria can
ferment glucose on Kligler iron agar and give
red color on the top while the bottom seemed
yellow without H,S production. It gave a
negative result for urease test. This is agreed
with the standard characteristics of Aeromonas
spp. That were cited by (7, 15). Vitek 2
System was used to confirm the positive
results that was obtained from the former tests.
Other studies (5, 11) were used Vitek 2
System as effective biochemical test for
identification of Aeromonas spp.

2. Screening and selection the chitinase
producing isolates: All isolates were screened
on the colloidal chitin agar medium. Producing
isolates showed clear zone surrounding the
colonies. The results showed that three isolates
were chitinase producer while nine isolates
were not able to produce this enzyme.
Selection of the isolates were done upon the
diameter of the clear zone around the colonies.
3. Extraction of the enzyme: The selected
isolates were grown in Luria Bertaini broth
medium, (pH 8), incubated at 37°C for 48 h.
into shaking incubator then centrifuged under
refrigeration, and the supernatant was used as
crude enzyme extract. The chitinase activity
and specific activity was 13 U/ml and 7.3
U/mg respectively, (Table 1).

4. Purification of chitinase enzyme: After
extraction, the pellet was taken for 70%
ammonium sulfate precipitation. The chitinase
activity and specific activity was 35.3 U/ml
and 29.9 U/mg respectively. The sample was
exposed to dialysis against Tris- HCI buffer
pH 7. The results in Table 1 display increasing
in both activity of chitinase (52.2 U/ml) and
the specific activity (46.6 U/mg protein). The
dialyzed chitinase was applied to DEAE-
cellulose column with dimensions (2.5 x 30)
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cm equilibrated with Tris-HCI buffer pH 7.

The column was washed with an equal volume

of Tris-HCI buffer and eluted by using

gradient concentrations of NaCl 0.5, 1, and 1.5

M. Figure 1 shows one protein peak in the

washing step, and another protein peak

appeared after elution by the gradient
concentrations of NaCl. The protein peak
obtained after elution step shows that the
eluted protein fractions (61 to 69) contained

the most chitinase activity that reaches 98.2

U/ml. Results in Table 1 show that the protein

concentration, chitinase activity, and specific

activity in this concentrate were 0.821 mg/ml,

98.2 U/ml, and 119.6 U/mg protein

respectively, with purification fold of 16.29

and enzyme vyield of 75.5 %.

Figure 1. lon exchange chromatography for
purification of chitinase produced by
Aeromonas spp. using DEAE-cellulose

column (2.5%30 cm) equilibrated with Tris-
HCI buffer pH7 at flow rate 5ml/3min

T 1w
+ 80
e 3 Wash Elution L a0
c | —
L
2 =0 Absouctaice == hetkity _ "' E
‘: LS T8 o
& T Z
c | B
21 K ra 2
-
1y €
[ <
‘g 0 .. + 20
+ 10
L—M 1;-' 0
] 0 x 0 W %0 &0 0 &

Fractions

The enzymic fractions were pooled and
applied to Sephadex G-200, which was
previously equilibrated with 0.1 M Tris-HCI
buffer (pH 7). Figure 2 shows two peaks with
chitinase activity appeared after elution with
Tris- HCI buffer. Fractions representing
chitinase  activity were  pooled and
concentrated. Protein concentration, activity
and specific activity of chitinase were
measured, and the results in Table 1 show that
there is a decrease in the activity and protein
concentration of the purified enzyme (68
U/ml) and (0.44 mg/ml) respectively, but there
were an increases in both specific activity
(154.5U/mg) and Purification fold (21.04).
Park (22) reported 33.1 purification fold for
purified chitinase produced by marin Vibrio

441

sp. 98CJ11027 with specific activity of 43
U/mg after applying of the enzyme on the
Sephadex G-200 column, while purification of
chitinase with Sephadex G-100 achieved 3.23-
purification folds with specific activity of
114.74 U/mg (8).
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Figure 2. Gel filtration chromatography of
chitinase produced by Aeromonas spp. using
sephadex G-200 column (2.5x25cm)
equilibrated with Tris-HCI buffer pH7 at
flow rate 5ml/3min
5. Determination of molecular weight of
chitinase: Figure 3 shows the SDS-PAGE gel
analysis for chitinase molecular weight
determination. The results revealed that the
molecular weight of chitinase was 48 kDa.
This result agrees with other studies that
reported the molecular weight of chitinase
from Bacillus subtilis was 45 kDa when

determined by SDS PAGE technique (1).

150 KDa
100 KDa
75 KDa
50 KDa

35 KDa
25 KDa
15 KDa

Figure 3. SDS- PAGE gel (15%poly
acrylamide) analysis of chitinase Lane I:
ladder protein Lane 2: sample
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Table 1. Purification steps for chitinase produced by Aeromonas spp.

protein Total Total | specific
steps of volume | Activity | concentration | activity | protein | activity | purification | yield
purification (ml) (U/ml) (mg/ml) V) (ng) (U/mg) fold %
crude 100 13 1.77 1300 177 7.3 1 100
Ammonium
sulfate 30 35.3 1.18 1059 35.4 29.9 41 815
Dialysis 20 52.2 1.12 1044 22.4 46.6 6.35 80.3
lon
exchange 10 98.2 0.821 982 821 1196 163 755
Gel
filtration 10 68 0.44 680 44 1545 21.0 523
6. Effect of chitinase on tissue cultures in
vitro: Results in Figure 4 and Table 2 show -~ —
that the purified chitinase has cytotoxic effect T W
on MCF-7 cells and the half-maximal 801
inhibition concentration (ICsp) values of 2
purified chitinase-treated MCF-7 cells after 24 =
h. of incubation at 37 °C was 300 g /ml. 5 a0
°
100+ 9 204
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§ il . Figure 6 Cytotoxicity effect of purified
3 | chitinase on WRL-98 cell line
20 | Table 2. Cytotoxic activity of Chitinase on
| -
. ' WRL-68, MCF-7, and PC-3 cell lines by
4 0 1 2 Ics 3 using MTT assay
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Figure 4. Cytotoxicity effect of purified
chitinase on MCF-7 cell line
Results from Figure 5 and Table 2 show that
the purified chitinase was cytotoxic to PC-3
cells and the 1Cso of purified chitinase-treated
PC-3 cells after 24 hr. was 400 pg/ml.
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Figure 5. Cytotoxicity effect of purified
chitinase on PC-3 cell line
While the results in Figure 6 show that the
purified enzyme was not or less cytotoxic on
WRL-68 cells.

1 ili 0)

Concentratio I\xsrll_g SD of viability (%) LSD
n (ug/ml) 8 MCF-7 PC-3  value
400 85.23+ 50.87+ 66.38+ 9.644

2.78 7.07 6.66 *
200 93.63+ 6540+ 75.01+ 9.261

1.45 10.78 247 *
100 941'23%i 78.16 + 86.74+ 8.633

' 8.54 7.21 *
50 971'17%i 7975+ 93.88+ 7.912

' 8.73 2.40 *
o5 9845+ 83.79+ 9490+ 8.022

0.76 7.45 3.13 *

LSD value 8.177* 11':105 10'315

* (P<0.05)

Krithika and Chellaram (12) and Fadhil (6)
findings were confirmed that the chitinase
plays a great role in the medical field as an
anticancer. Lam and Ng (13) recorded
specificity of chitinase cytotoxicity against
breast cancer cells. Pan (21) observed that 0.5
U/ml of family 18 chitinases could induce
surface lysis of several kinds of cultural cancer
cells as a results of chitinase induced lysis
cancer cells killed during 24 h. whereas
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normal cells were not killed. Xing (31)
suggests that new polycarbohydrates, which
react with chitinase, will appear on the surface
of many cancer cells. These carbohydrates will
have digested by chitinase, so their original
function is damaged, and the tumor cells die.
As normal mammalian cells do not appear
these carbohydrates on their surfaces, so the
treatment with chitinase will not hurt them.

The real mechanism of the anticancer effect of
chitinase is not clear yet, thus future studies
are necessary.

REFERENCES

1. Berini, F.; P., Laria; P., Fabrizio; P., Marco;
M., Kjell; P., Loredano; S., Sara and M.,
Flavia. 2016. Production and characterization
of a novel antifungal chitinase identified by
functional screening of a suppressive-soil
Metagenome. Micob. Cell Fact, 16: 1-16

2. Betancur-Glavis, L. A.; G. E., Moralis; J. E.,
Forero and J., Roldan. 2002. Cytotoxic and
antiviral activities of colombian medicinal
plant extract of the euphoria genus. Mem Inst
Oswaldo Cruz, Rio de Janeiro, 97(4): 541-546

3. Bradford, M. M. 1976. A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of
protein—dye binding. Aral. Biochem., 72: 248-
49

4. Brenner, D. J.; N. R, Krieg and J. S,
Staley. 2005. Bergey's Manual of Systematic
Bacteriology. 2" vol., 2" ed. Springer, New
York, USA, pp., 556-578

5. Deng, J.; L., Fu; R, Wang; N., Yu; X,
Ding; L., Jiang; L., Fang; Y., Jiang; C., Lin;
L., Wang and X., Che. 2014. Comparison of
MALDI-TOFMS gene sequencing and the
vitek 2 for identification on seventy- three
clinical isolates of enteropathogens. J. Thorac.
Dis., 6 (5): 539-544

6. Fadhil, L.; A., Kadim and A., Mahdi. 2014.
Production of chitinase by Serratia
marcescens from soil and its antifungal
activity. Journal of Nature Sciences Research,
4(8): 80-86

7. Fadin, W. C.; S. D., Allen; W. M., Janda; E.
W., Koneman; G. W., Procop; P. C,
Schreckenberger and G. L., Woods. 2006.
Koneman's Color Atlas and Text Book of
Diagnostic Microbiology. 6" ed. Lippincott
Williams and Wilkins, USA. Pp. 550

443

8. Farag, A. M.; H. M.; Abd-Elnaby; A. A. and
M. EI- Shenawy. 2016. Purification,
characterization and antimicrobial activity of
chitinase from marine-erived Aspergillus
terreus. The Egyptian Journal of Aquatic, 42:
185-192

9. Guerra, I. M. 2007. Aeromonas associated
diarrheal disease in south brazil. Brazilian
Journal Microbiology, 38: 638-643

10. Hsu, S.C. and J. L. 1975. Powdered chitin
agar as a selective medium for enumeration of
Actinomycetes in water and soil. Appl.
Microbiol., 29 (3): 422-426

11. Kivanc, M.; M., Yilmaz and F., Demir.
2011. The occurrence of Aeromonas in
drinking water and the porsuk river. Brazilian
Journal of Microbiology, 42: 126-131

12. Krithika, S. and M., Chellaram. 2016.
Isolation, screening and characterization of
chitinase producing bacteria from marine
wastes. International Journal of
Pharmaceutical Sciences, 8: 34-36

13. Lam, S.K. and T. B. 2010. A caconin, a
chitinase like antifungal protein with cytotoxic
and anti HIV-1 reverse transcriptase activities
from Acacea confuse seeds. Biochimica
Polonica, 57 (3): 299-304

14. Lameli, U. K. 1970. Cleavage of structural
proteins during the assembly of the head of
bacteriophage T4. Nature, 227: 185-680

15. Lobna, A. J. 2016. Physiological study for
extracted surface layer from Aeromonas
hydrophila  isolated  from  diarrhoea.
Mesopotamia Environmental Journal, 2 (3):11-
26

16. MacCfadin, J. K. 2000. Biochemical Test
for Identification of Medical Bacteria.
Lippincott Williams and Winkins. 3 ed.
Wolter Klumer Company, Philadelphia, pp.
501.

17. Mansour, A. M.; R. A., Elkhalek; H. I.,
Shaheen; H., Mohammady; and R., Frenk.
2012. Burden of Aeromonas spp. associated
diarrhea among children younger than 2 years
in rural egyptian community. J. Infect. Dev.
Ctries., 6 (12): 842-846

18. Miller, G. L. 1959. Use of dinitro salicylic
acid reagent for determination of reducing
sugar. Analytical Chemistry, 31: 426-428

19. Naharro, N. Q. 2014. Bacteriological and
immunological study of gram-positive bacteria
and mechanisms of their targeting of the cell



Iragi Journal of Agricultural Sciences —2018:49(3):438-444

Hashim & Nema

envelope. Microbiol. Mol. Biol. Rev., 63: 174-
229

20. Obaid, A. J. 2013. Effect of some
Physiological Factor on S-layer Synthesis of
Aeromonas hydrophila in Babylon Province.
M.Sc. Thesis, Coll. of Sci., Uni. of Babylon,
pp. 124.

21. Pan, X. Q.; C. C., Shih and J., Harday.
2005. Chitinase induces lysis of MCF-7 cells
in culture and of human breast cancer
xenograft B11-2 in SCID mice. Anticancer
Research, 25: 3167 -3172.

22. Park, S. H.; J. H., Lee and H. K., Lee.
2000. Purification and characterization of
chitinase from a marine bacterium Vibirio sp.
98CJ11027. Journal of Microbiology, 38(4):
224-229

23. Rogo, L.D.; A., Attah; E., Bawa; A. M,
Aliyu; M. S., Aliyu and A. Z., Gaiya. 2009.
Antimicrobial ~ susceptibility  pattern  of
Aeromoas  hydrophila among  patients
presented with diarrheal attending two
teaching hospitals in northern nigeria. Bayero
Journal of Pure and Applied Sciences, 2(1): 91
- 95

24. Sahai, A. S. and M. S., Manocha. 2015.
Chitinases of fungi and plants: their
involvement in morphogenesis and host-
parasite interaction. Microbiol. Rev., 11: 317—
338

25. Saima, M.; I. Z., Kuddus and A., Ahmad.
2013. Isolation of novel chitinolytic bacteria
and production optimization of extracellular
chitinase. Journal of Genetic Engineering and
Biotechnology, 11: 39-46

444

26. Samal, S.K.; B. K., Das and B. B., Pal.
2014. Isolation, biochemical characterization,
antibiotic susceptibility study of Aeromonas
hydrophila isolated from freshwater fish.
International  Journal of  Current  of
Microbiology and Applied Sciences, 3 (12):
259-267

27. SAS. 2012. Statistical Analysis System,
User's Guide. Statistical. Version 9.1" ed.
SAS. Inst. Inc. Cary. N.C. USA

28. Subashkumar, R.; T., Thaumanvan; G.,
Vivekandhan. and P., Lakshman. 2016.
Occurrence of Aeromonas hydrophila in acute
gastroenteritis among children. J. Med.
Research, 123 (I): 6-61

29. Thayumanava, T.; G., Vivekana. and P.,
Lakshman. 2003. Incidence of haemolysin
positive and drug resistant Aeromonas sp. in
freshly caught finfish and prawn collected
from major commercial fishes of coastal south
india. FEMS Immunol. Med. Microbiol,.
36(2): 5-41

30. Van Staveren, W.C.; D. Y., Solis; A,
Hebrant; V., Detours; J. E., Dumont and C.,
Maenhaut. 2011. Human cancer cell lines:
experimental models for cancer cells in situ for
cancer stem cells. Biochemical Acta, 179 (2):
92-103

31. Xing, Q.; C., Pan; C., Chu; C. Shih and H.,
John. 2005. Chitinase induces lysis of MCF-7
cells in culture and of human breast cancer
xenograft B11-2 in SCID mice. Anticancer
Research, 25: 3167-3172.



