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Aeromonas  hydrophila
produces toxins and a varietl
enzymes enhancing its
extracellular proteases have
including a 38 kDa thermostable metalloprotease ' % a
68 kDa temperature-labile serine protease *~> a 19 kDa
zinc-proteinase ¢ and a 22 kDa serine proteinase 7 . The
contribution of the proteases to the pathogenesis was due to
invasiveness and establishment of infection by overcoming
initial host defenses and by providing nutrients for cell

proliferation 8~ .

ymonas hydrophila . To know better
activity.  Methods We cloned a
BI21 by using pET-32a as vector.
activity of the purified protein by
addition we also purified the native
aion exchange chromatography and
yme showed a pH optimum at 8.5

stable for heat. Both the elastase
A the cation chelator and OPA a
unst the inhibitors. And the metal
he similar enzymatic characteristics
talloendopeptidase. This is the first

1se.

ty elastase is capable of
s including elastin a major
issues that is resistant to
Elastase is therefore regarded
as one of major virulence factors of some pathogenic
bacteria. Many A. hydrophila strains secrete elastolytic
activity into culture medium. Encoded by the ahyB gene
elastase is synthesized as a preproprotein with a 19-amino-
acid signal peptide a 164-amino-acid N-terminal
propeptide and a 405-amino-acid intermediate that is

further processed into a mature protease and a C-terminal
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propeptide in A . hydrophila AG2 " .

The studies on the elastase of A. hydrophila mostly
focused on its roles in the pathogenicity of this bacterium
and the processing mechanism of protease but biochemical
characterization about this enzyme has not been sufficiently
evaluated. In this study we tried to express the elastase
gene of A. hydrophila J-1 in E. coli BL21 purify the
recombinant protein and investigate its property and
activity. Meanwhile we also purified the native elastase
from the culture supernatant

analyzed its property.
1 MATERIAL AND MET

1.1 Bacterial strains ple
conditions

A. hydrophila strain J-1
dead fish with haemorrhagic
China in 1989. The strain w
the species A . hydrophila by
amplification of 16s TDNA ge
as the recipient for initial clo
BL21 was used as expression
pET-32a was used in expres
pMDI18-T as cloning vector.
LB broth or on a
hydrophila J-1 was cultured it
5 ¢/L Sucrose 2.5 g/L. NaCl
1.2 DNA manipulations

Bertani

Bacterial genomic DNA w
the manuals for the genomic I
kits QIAGEN . Plasmid D
QIAprep spin miniprep kit. .
DNA Purification Kit were suppuca vy ranaa.
1.3 Cloning of the elastase gene of A. hydrophila J-1
Oligonucleotides ahyB-F 5'-GGGGAAITC GGCAACGTC-
AAGACTGGCAAGT-3"  and ahyB-R  5'-TTACTCGAG
AGCCGCAGGCTCCCTGATCG-3"  corresponding to mature
protease gene fragment were used to amplify ahyB gene
from A. hydrophila J-1 by PCR. PCR conditions were as
follows initial denaturation at 94°C for 2 min followed by

35 cycles of denaturation at 92°C for 1 min annealing at
47.8°C for 30 s and extension at 72°C for 1 min. An
extension step of 5 min at 72°C was carried out following

the last cycle in order to ensure full-length synthesis of the

fragment. The PCR product was ligated to pMD18-T
vector and transformed into E. coli DH5a. The internal
fragment was recovered by EcoR I and Xho | restriction
digestion EcoR I and Xho | sites in the primers are
and finally ligated into EcoR I and Xho |

digested pET-32a which contains an ampicillin-resistant

underlined

Ap"  gene and transformed into E. coli BL21. The
recombinant transformants were selected using ampicillin
100 pg/ml on LB agar plates. The colonies containing the

identified and confirmed by

fication of the recombinant

:ombinant clone of ahyB were
containing ampicillin 100
ed for 3 'h by 1 mmol/L
ide  IPTG . After the
or 15 min the precipitate was
affer 0. 5 mol/l. NaCl
I/L imidazole pH 7.9 and
w5 s with 5 s rests in an
IY92-1I  Xinzhi

o China . Most of elastases

Scientific

body. The inclusion body
ed in binding buffer filtered
d purified as described in the
Purification Kit Novagen .
ivity the purified enzyme was

buffer containing 6 mol/L

nt removal of denaturant by

of protein was determined by

The purified protein was

wiyoon 1y vuaswn uoueoyl  sulfate-polyacrylamide  gel

SDS-PAGE ~ with 5% stacking gel and
12.5% separating gel. The samples were heated at 100°C

electrophoresis

for 5 min prior to electrophoresis. Twenty micrograms

20 pg  of proteins were loaded per lane and the protein
bands were visualized by staining with Coomassie brilliant
blue. The enzyme was stored at — 20°C .
1.5  Purification of the elastase from culture
supernatant of A. hydrophila J-1

Cells of A. hydrophila J-1 were grown in 2000 ml of

TS medium at 28°C for 48 h with shaking. After the cells
were removed by centrifugation at 2500 X g 5 min at 4°C
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the resulting supernatant was used as the crude enzyme
sample.

The culture supernatant was concentrated to 87 mL by
ultrafiltration using a 10 kDa nominal molecular weight
and then

fractionated with ammonium sulfate. The 30 to 60%

cut-off membrane in Millipore  Pellicon

ammonium sulfate-insoluble precipitate was dissolved in
50 mmol/L Tris-HCI buffer pH 8.0 and dialyzed against
the same buffer at 4°C for 24 h. The dialyzate was loaded
onto a DEAE-cellulose DE-!

1.0 emx 20 em  equilibrat
TrissHCl pH 8.5 . The co
0.5 mol/L linear gradient of
buffer B 50 mmol/L Tris-H(
a flow rate of 0.1 mL/min.
and analyzed for elastalytic :
were pooled and loaded on a
Pharmacia Biotech  USA
25 em 278 | The active e
peak with buffer A and used
the purified enzyme.
1.6 Properties of proteas
1.6.1  Thermostability of
purified elastase to heat w
elastase 0.2 mL taken in a
30 min and 70°C for 10 min
while the sample without heal
1.6.2 Metal ion requiremer
elastase activity was determi
purified enzyme with 0.3 mm
room temperature for 15min.
mixture without metal ions.
determined according to stantaw wosuy conasuon.
1.6.3 Effect of pH on elastase activity The optimum pH
for the elastolytic activity was examined by using buffers
with a variety of pH 0.05 mol/L citric acid at pH 4.0 to
6.0 0.05 mol/LL Tris-HCl at pH 7.0 to 9.0 and
0.05 mol/L glycine-NaOH at pH 10.0 to 11.0° . The
mixtures containing purified elastase buffer with different
pH separately and substrate in an Eppendorf tube were
incubated at 37°C with shaking for 1 h. After incubating
the elastolytic activity was measured.
1.6.4 Effects of the inhibitors on elastase activity The

effects of the following inhibitors were determined

10 mmol/L. or 20 mmol/L. ethylene diamine tetraacetate
EDTA 10  mmol/LL  phenylmethylsulfonyl fluoride
PMSF 10 mmol/L or 20 mmol/L. 1 10-phenanthroline
OPA . The mixtures containing 50 pL of purified

elastase and 50 pl. of each of the selected inhibitors

separately in an Eppendorf tube were preincubated at room
temperature for 30 min and then activity was measured as
described above. Residual protease activity was expressed

as a percentage of a control preincubation without

elastase activity To evaluate
with identical concentrationg
astase activity an attempt was
is-HCl borate glycine-NaOH
wuffer pH8.0 was separately
ure  containing elastase and
ivity was assayed after 1 h
ing.
say
was examined in a single-
fied enzymes in the wells on
plemented with 0.3%  wt/
ss. The Petri dishes were
in the humidified chamber.
reveal activity. Quantitative
elastin Congo red assays.
L of filtered enzyme 0.45-
dded to a reaction mixture
o red in 0.25 mL of distilled
L Tris-HCI buffer pH 7.5 .
wubated at 37°C for 1 h with
the reaction was stopped by
<ecr - phosphate buffer pH 6.0 .
After centrifugation at 13000 X g the supernatant was

B I e A o R R

detected. One elastolytic unit was defined as the amount of
enzyme hydrolysing 0.25 mg elastin-Congo red in Ay for
1 h of incubation at 37°C ° . Standard curve was drawn
according to the method of Sarchar ¥ . Each assay was

performed in triplicate.

2 RESULTS

2.1 Molecular cloning and nucleotide sequence

analysis of A. hydrophila ahyB gene
The ahyB gene was amplified from A. hydrophila J-1
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genome by PCR using ahyB-F and ahyB-R as primers.
Using pET-32a as an expression vector the ahyB gene
was constructed in E. coli BI21. Ap" transformants were
selected on LB agar plates supplemented with ampicillin
100 pg/mL  and elastin. Approximately thirty colonies
with Ap" and elatolytic positive were obtained.

The nucleotide sequence of the cloned gene revealed
787 bp with the capacity to encode a polypeptide of 262
amino acids and with a predicted molecular size of 28
820. The cloned sequence
protease sequences without s
nucleotide sequence of ahyh
GenBank nucleotide sequenc
No. GQ494015.

The nucleotide sequence
DNAstar furthermore the cls
databases at NCBI showed 9z
A . hydrophila strain AG2 9.
gene of A. caviae T-64 and
of Pseudomonas aeruginosa 1
2.2 Purification of expres

The ahyB gene was clc
expressed in E. coli BLL
bacterial cells were induced 1
formed with inclusion body.
was further purified by His
The elastolytic activity of
recovered by incubation in

guanidine HCl and subseque

1

{!I'll'-——ﬁﬁz

50kDa —
“ —450

s

- 1 SDS-PAGE analysis of recombinant elastase expressed in E.
coli BI21. Lane M molecular mass standards kDa Lane 1 purified

elastase.

dilution. Twenty millilitres 20 mL of expressed protein
with the protein concentration of 10 mg/mlLwas obtained
and the elastolytic activity was up to 50 U/mL. The
purified enzyme was moved as a single band on SDS gels

indicating its homogeneity. The molecular weight of fusion
protease was approximately 50 kDa as estimated by SDS-
Fig. 1
with the calculated molecular mass His fragment 22 kDa

PAGE gel electrophoresis which agreed well

+ interest protein 28 kDa of the recombinant enzyme.

e elastase from culture
hila J-1

Tom the extracellular medium
emoving the bacteria by low-
-ation using 10 kDa nominal
brane 30 to 60% ammnium
change chromatography Fig.
aphy Fig.3 . The results of
1 in Table 1. The specific
ne preparation was up to
4-fold increase compared to
cular weight of this protease

estimated by SDS-PAGE, gel
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electrophoresis using protein markers of known molecular
weight Fig.4
1 M \Da

i — | [

—66.2

33 KkDa—=

- 4 SDS-PAGE analysis of purif

of Aeromonas hydrophila J-1. Lane !
Lane 1 purified elastase.

Purification Stage

Crude extract

Utrafiltration

Ammonium precipitate
Ton-exchange Chromatography
Sephaceryl Chromatography

Elastolytic activity detected on 1. 0%  wt/vol  agarose
supplemented with 0.3%  wt/vol elastin in Petri dishes. The Petri
dishes were incubated at 37°C for 24 h in the humidified chamber. 1 2

purified elastase from culture supernatant of Aeromonas hydrophila J-1 3

4 recombinant elastase expressed in E. coli BI21.

Both elastase preparations showed some identical
EDTA
chelator and OPA the Zn’>*/Fe’* protease inhibitor

properties concerning inhibitors. the cation

2.4 Properties of protease
Both elastase preparations native enzyme from A.
hydrophila J-1 and recombinant enzyme from E. coli
BI21 show elastolytic activity when detected on 1. 0%
agarose supplemented with 0.3% elastin  Fig.5
To examine the roles of Zn Ca Fe and other metal ions
in elastase production each ion was added alone prior to
inoculation of 18 h. The elastase obtained from A.
hydrophila J-1 was strongly influenced by the presence of
metal cation Mg** Zn**
1bited the enzyme activity
| the elastase activity that was
n the control. Ca’* Na*

distinct effects on elastase

ivity
Purification fold

1.0
1.3
1.45
2.9
4.0

stase to a larger extent at
L and 20 mmol/L but the
inhibitor PMSF

bit the enzyme and even

protease

1s above 10% more than the
he whole the recombinant

:e than native enzyme against

ms showed some identical
properues  concenng - wuerent  buffers.  The  enzyme
activity was the highest in Tris-HCI buffer then glycine-
NaOH and borate buffer and the activity was the lowest
in phosphate buffer. The ezyme activity was the 1.7-fold
in Tris-HCI buffer than in phosphate buffer.

Compared with native enzyme the recombinant
enzyme was more stable for heat and remained 75% of
its original activity at 56°C for 30 min and 48% at 70°C
for 10 min. The native enzyme remained 65% and 40%
of its original activity at the two different temperatures

respectively .
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Table 2 Effect of metal ions on elastolytic activity attributed to its ability to secrete toxic or degradative
Metal ion Residual activity/ % enzymes. FElastase is responsible for the majoring of the

Native enzyme

Recombinant enzyme

No treatment

100.0£0.5
MgCl, 55.4+1.1
NaCl 101.2+0.38
ZnCl 47.1+0.9
CaCl, 96.4+1.2
FeCl, 55.3+1.2
MnCl, 100.3+1.4
CuCl, 94.4+0.7
CoCl, 84.5+1.3
BaCl, 109.4+1.¢
KCl 110.3 £ 1.(
Note * and ™ mean significant di

recombinant enzyme within the same

respectively. The same as below.

Table 3  Effects of some inhit

Concentration

fnhibitor L, Nativ
EDTA 10 48,
20 2.
PMSF 10 1.
OPA 10 20.
20 6.

The effect of pH on the en:
carrying out assays at differe
pH there was a distinct enhe
two elastase preparations.
enzyme was 8.5 and 10.

Fig. 6
07
0.6 -
05

04

495

Q

S 03
02
0.1 -

0 1 1 1 1

100.0+£0.4

57.6+1.0
98.0£0.13°
50.3£0.7"

100.4+0.9
58.0£1.27
103.2+1.2"

- 6 Effect of pH on protease activity. Elastase activity was measured
for 1 h at 37°C at the pH values indicated. [l Activity of native

elastase from culture supernatant of A. hydrophila J-1

recombinant elastase expressed in E. coli BL21.

3 DISCUSSION

Much of the virulence of A. hydrophila has been

A Activity of

proteolytic activity found in the supernatant of most strains
of A.

bacterial elastase genes had been efficiently expressed in

hydrophila . Tt had been reported that some

E. coli when strong promoter and efficient vector were
used P10
expression of A. hydrophila J-1 elastase gene without

coli BI21 using pET-32a

In this study we reported the efficient

sienal pentide seaquence in F.
m protein indicated elastase
azyme from A . hydrophila J-
f 33 kDa was purified. There
lar weight of mature elastase
| strains of A. hydrophila .
eported concerning a 38 kDa
ophila AG2 " and a 31 kDa
hydrophila EO063° . There
difference in the recognition
‘e protease processing may be
ondition.
yortant factors that regulate
The pH influences the
es and hence governs their
ictivities  of both  enzyme
unt decrease in acid buffer.

>H optimum at 8. 5 but
. However they both belong

served between both enzyme

eristics such as pH optima

1eless it is interesting to note
that their behavior toward various inhibitors is almost the
same. Only a slight difference could be found in the
inhibition level and recombinant elastase has a higher
tolerance than native enzyme.

Both elastase preparations showed some identical
properties concerning inhibitors metal ions buffers etc
but the recombinant elastase had a higher tolerance toward
some inhibitors and temperature than native enzyme. The
probable mechanism appeared to be an outcome of the
fusion fragment of the recombinant enzyme which connects

C-terminal of interest protease to prelong primary structure
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and influences higher structure of protease '’ . The
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