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Abstract

The aim of the rescarch was to clone the protease gene from Xanthomonas campestris into Escherichia coli. This
enzyme is active over a particulary broad pH range. Shotgun cloning was used to compare technigues using four different
plasmids and vector. The results indicated that when (a) plasmid pUCI9 in E. coli DHS5a was used, 5 recomibinaitt plasmids
with a 0.5 - 7,5 kb EcoR1 insert were obtained, (b) plasnid pBlucscript in E. coli XL-1-Blue was used, 1 recombinants
plasmid witita 8 kb EcoR1 insert were obtained, (c) plasmid pRK415 in E. coli DH5a were used, 3 recombinant plasmids
with a 1,5 - 10 xb EcoR1 insert were obtained, (d) plasmid pBBRIMCS2 in E. coli JM 107 was used, 47 recombinant
plasmids twitha 1,4 - 8 kb EcoR1T insert were obtained. Of these recombinants, two produced a typical clearing zone, when
analysed wsiig Skim Milk Agar. Howewer, the typical clearing zene was not clear or stable. Witen the E. coli (pMBS)
recenibinant was transferred buck into a protease negative mutant of Xanthomonas campestris, using a triparental method,
a typical clearing zone in the Skisn Milk Agar media was obscrved, confirming that the protease gene had succesfully cloned.
Avecombinant of E.coli (pMB.8) was growt in nutrient broth contaimng glycerol, the protease activity was detected after
20-2< fewrs. The crude protease showed optimunt pH at 8,5 - 10, optinium temiperature 60°C and molecular sizes approximately
49 and 43 kD. The enzyme was inlibited by EDTA and also by PMSF indicating a serine proteasc function.
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Introduction also been used as a protease source, such as

Aspergillus, Mucor and Rhizopus (Ward, 1983;

Protease plays significant roles in various Mangunwardoyo, 1994).

physiological reaction. It is involved the Xanthomonas campestris (Xc) is a patho-
reaction of the degradation of protein, spore genic bacterial of soybean. This bacterium
formation, germination, post translation, is able to produce xanthan gum and is thus
modulation of gene expression, enzyme useful in the food industry. The bacterium
modification, the secretion of others protein also produces a protease with a broad range
and enzymes (Ward, 1983). Protease is also of pH activity which might also have
important industrially. The sources of most industrial application. The characteristics of
industrial protease is the genus Bacillus, with the enzyme from these bacteria has not been
species such as B. cereus, B. pumilus, B. sub- throughly explored. Tang et al. (1987) re-
tilis, B. lichenifornus, B. stearothermophilus and ported expression of the protease gene from
B. polymixa. Other bacteria used as protease Xc pv campestris in E. coli ]M 107, but not
producers include Aeronionas, Pseudontonas, after transfer to E. coli ED8767. Down et al.
Streptomyces and Staphylococcus. Fungi have (1990) reported extracellular proteases from
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Xc pv campestris which were characterized
as two proteases, namely, PRT1 and PRT2.
PRT1 was found as a serine protease and
PRT2 was zincs metallo protease. Liu et al.
(1990) studied the location of t protease gene
from the recombinant pIJ3070. Deletion
analysis showed that the gene was located
within the 2,2 kb DNA fragment. Sequen-
cing of the protease gene revealed an open
reading frame encoding 580 amino acid
polypeptide with molecular weight 57 of kD.

Xanthonmonas campestris pv glycine (Xcg)
IFL and YR 64 have been collected from the
infected soybean in Indonesia (Mesak et al.,
1994; Rukayadi, 1995). Research on the
molecular and biochemical characteristics
of the protease of the Xcg IFL has been
conducted in our Laboratory. The enzyme
was stable at pH 6-12, the optimum tem-
perature was 60°C and optimum pH 7 and
12 (Santosa, 1997). Transposon mutagenesis
using Tn5 has been reported by Rosana
(1997) the result was designed as pLRQ 6
containing 6.2 kb fragment DNA of Xantho-
nonas canipestris 8ra. The plasmid was fur-
therly used as a probe for Southern hybri-
dization of the isolates of Xcg. IFL, YR64 and
YR32, to detect the presence of similar pro-
tease gene within the isolat. The study
indicated a signal hybridization in the 6,2 kb
EcoR1inIFLand YR32, 6,2 and 5,5 kb EcoR1
in YR 64 (Rundupadang, 1998).

The aim of this research was to clone the
protease gene from Xanthomonas campestris
into E. coli in order to study expression of
the recombinants.

Materials and Methods

Materials

Microorganism and Plasmids. The bac-
terium and plasmids were obtained from the
collection of Microbiology and Biochemistry

Laboratory, Inter University Center for Bio-.
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technology, Bogor Agricultural Institute. E.
coli JM 107 and the X. camipestris (prt) mutant
were gifts from Prof. M.]. Daniels (The Sain-
bury Laboratory, John Innes Institute, UK)
(Table 1).

Methods

DNA Chromosome preparation. Chro-
mosome isolation followed the procedure of
Leach ¢t al. (1994) with some modification.
A single colony of Xcg grown for 48 hours
on a Luria Agar (LA) plate was grown in
Luria Broth (LB) consisting of peptone 1 g,
NaCl 1g and yeast extract 0,5 g/100ml of
distilled water, at pH 7,2. Of 1,5 ml over-
night culture of bacteria were harvested by
centrifugation at 10.000 g for 2 minutes. The
pellet was suspended in 250 pl of TE buffer
containing 12,5u! of lysozyme and incubated
at 37°C for 60 minutes. This was followed
by addition of 50 ul SDS 10% and 5 pl pro-
teinaseK, before shaking and further incuba-
tion at 37°C for 60 minutes. 100 ul 5M NaCl
and 100 pl CTAB/NaCl were than added
and the mixture was incubated at 65°C for
20 minutes. The protein debris was extracted
using chloroform:isoamylalcohol (24:1),
shaken for 30 minutes and centrifuge at 10
000 g for 15 minutes. The supernatant was
pipetted into a clean eppendorf and 600 ul
isopropanol was added before incubation
at 20°C for 10-15 minutes. Stranded DNA
floated in the suspension. Of 1000 pl was
added ice cold ethanol followed by centri-
fugation at 10.000 g for 5 minutes. The pellet
was then dried using a concentrator for 15
minutes and 10-20 yt! sterile water was added
te dissolve the DNA. One il of DNAase free
RNAase was then added to eliminate the re-
maining RNA traces. One pl of the resultant
DNA suspension was electrophoresed to
check the quality of DNA. '

DNA Plasmid Isolation. The DNA plas-
mid was extracted using a Wizard™ Plus
Miniprep DNA Purification System (Pro-
mega) according to the manufacture’s
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Table 1. Bacterial and plasmids used

Genotype Sources
Bacteria
Xanthon:onas campestris YR64 wild type Rukayadi, 1995
Xanthomonas campestris 1IFL wild type Mesak et al., 1994
Xanthomonas campestris protease mutant Daniels, 1998
E. coli
DHSa supE44FlaczU169 (80 lacZAM15) Sambrook et al., 1986

recAlisdR17 GyrA, thi- rel Al

M 107 supE4dendAlhsdR17gyrA96 Sambrook et al., 1986

relAlthi lac-proAB Daniels, 1998
XL-1-Blue supE44 rec AlendAllisdR17qyrA46 Sambrook et al., 1986

rel Althi- lac-
Plasmids
pUC19 Apr Sambrook et al., 1989
pRK415 Tcf Keen et al., 1988
pBluescript Ap' Strata Gene, 1991
pBBRIMCS2 Km' Kovach et al., 1994
pMB1-43 " fragment DNA This research
instruction.

Partial digestion of chromosome and
plasmid: The chromosome preparation was
partially digested with EcoR1 (Promega).
The plasmid preparation was digested with
the same enzyme and both were incubated
at 37°C for 16 hours. The DNA was electro-
phoresed in 0.1%(w /v) agarose (Pharmacia)
at 40 V for 2 hours. The appropriate part of
specific lane containing chromesomal DNA
was excised and purified using a Genen
Clean Kit Bio 101 Inc, La Jolla. California.

Gene clean analysis (Gene Clean Kit Bio
101) The excised chromosomal DNA was
purified using a protocol according to the
manufacture’s instruction.

Ligation, Competent cell, Transform-
ation and Selection (Sambrook ¢t al., 1986).

Ligation: the ligation process was con-
ducted at 4°C for 16 hours using T4 ligase
(Promega) in buffer. The total volume for
ligation was 20 ul consisting of 1 ul of DNA
plasmid and 10 ul DNA chromosome, 2 il
T4 ligase buffer and 7 pl sterile dH,0. A
control ligation was carried out using a
cigested plasmid without adddition of the
DNA chromosome fragment. A control
transformation was also prepared using
uncut plasmid.

Preparation of competent cell: a single
colony was picked from a plate incubated
for 16-20 hours at 37°C and transferred to 10
m| of LB medium and incubated for 16 hours
at 37°C. Of 1 ml the cell suspension was
grown in 10 ml of LB medium for 3 hours to
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reach the logarithmic phase. Of 1.5 ml cell
suspension was centrifuged and 1000 p} of
50mM CaCl2 was added to the pellet. This
was incubated for 20 minutes in ice. After
centrifugation for 1 minutes, it was
resuspended with 200 pl fresh pre-chilled
50 mM CaCl, before being further incubated
for 10 minutes. The competent cells were
then ready for the transformation.

Transformation: the fresh competent cells
were added to the ligated DNA (50 ng in
volume of 10 pl or less to each tube). The
tube was mixed by swirling gently and then
stored in ice for 30 minutes. The tube was
then transferred to a circulating water bath
preheated at 42°C. It was left in the water
bath for exactly for 2 minutes without
shaking. The tube was then rapidly trans-
ferred to anice bath. The cells were chilled
for 1-3 minutes. Of 1000 ul of fresh LB
medium were added to each resulted
transformant mixture and cultured for 60-
90 minutes to allow the bacteria to recover
and express the antibiotic resistance markers
encoded by the plasmid. They were then
agitated vigorously at 200 cycle/minute.
Controls for transformation and ligation
were done at the same time.

Selection of the recombinant: of 50-100
ul the transformed competent cell pre-
paration were transferred into LA+ Ap(50
mg/ml for pUC19/DH5( and pBluescript/
X-L-1Blue); Te(10 png/ml for pRK415/
DH50); LA+Km (50ug/ml for pPBBRIMCS2/
JM107) preplated agar. They were surface
spread with 4 pl IPTG (200myg/ml) and 40
ul X-gal (20 mg/ml) using a steriie bent glass
rod. The plates were left at room temperature
until the liquid has been absorbed. They
were then incubated at 37°C. Colonies
appeared after 12-16 hours incubation. The
control transformation and ligation were
prepared in the same way except that the
competent cells only were spread on the LA
medium.
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Triparental mating: the donor protease
gene used was from E. coli DH5a (pMBS),
the helper was E.coli HB 101 (pRK2013) and
recipient Xanthomonas campestris (prt’). This
was carried out following the procedure of
Suwanto (1993).

Protease activity: the analysis carried out
using casein 2% (w/v) as a substrate. One
unit activity is defined as released 1umol of
tyrosin/minute under assay conditions. The
procedure was carried out followed Walter
(1984).

Protein analysis: analysis was carried out
following the procedure of Bradford (1976).
Polyacrylamide gel electrophoresis (PAGE):
PAGE was carried. out by the method of
Laemmli (1970), with 10% acrylamide for the
resolving gel and 4% polyacrylamide for the
stacking gel, using Tris-HCI buffer pH 8.8
and 6.8.

The zymogram: was prepared without
SDS and the substrate casein was added in
the resolving gel. Proteins were stained
using Coomassie Blue R-250.

Results and Discussion

A. Shot gun cloning using plasmid vector
pUC19 and E. coli DH50. host.

After transfer to the selective medium §
white colonies were obtained, out only 5
were stable on subculture. No recombinants
showed protease acitivy on LA+Ap+2%
skim milk medium. Verification showed that
5 recombinants harboured inserts of 0,5;0,8;
1,9; 4,9 and 7,5 kb (Figure 1).

B. Cloning a 2-8 kb insert using pBlue-
script vector and E. coli XL-1Blue host.

After the bacteria were transferred to the
selective medium LA+Ap+IPTG+X-gal, 7
white colonies were obtained. When these
transformants were grown on the LA+Ap+
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2%skim milk medium, clear zones sorround-
ing the colonies were not observed. Verifica-
tion of the recombinants showed thatonly a
single insert was identified, 8 kb in size
(Figure 2).

Figurel. Verification of plasmid recombinants
resulted from shot gun cloning of Xantho-
monas campestris IFL, using pUC19 vector
and E.coli DHSa host (A) (pMB1) 1.9 (B)
{(pMB2) 0.8 (C) (pMB3) 4.9 (D) (pMB4) 0.5
(E)(pMB5) 7.5 kb and (M) 1 kb DNA Ladder.

= 10. 12 14
.78
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Figure 2. Verification of plasmid recombinants
resulting from cloning of & 3-8 kb EcoR1
Xanthomonas campestris IFL, using pBlue-
script vector and E. coli XL-1Blue hest. Nos
1,3,5,7,9,11and 13 EcoR1 digested plasmid.
Nos 2,4, 6, 8,10, 12, and 14 non digested
plasmid (15) 1 kb DNA Ladder. Lare 1
shows the 8 kb insert.

C.Cloning a 6,2 kb insert using pRK415
vector and E. coli DHSa host.

The protease gene was probed using
pLRQ on the 6,2 kb Asel fragment cons-

b
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tructed by Rosana (1997). Rundupadang
(1998) has previously probed the chromo-
some of Xcg IFL and a positive signal for
hybridization was detected on the 6,2 kb
EcoR1 fragment. The 6,2 kb EcoR1 fragment
from Xcg IFL was excised from the agarose
gel, ligated with pRK415, and transformed.
On the selection medium, 23 white colonies
were obtained but only 3 were stable on
subculture. Verification resulted in inserts
of 1,3 and 2,8; 10 and 2,9 kb (Figure 3). The
transformants grown on LA+Tc+2% skim
milk medium did not give clearing zone on
the Skim Milk Agar medium.

Figure 3. Verification of plasmid recombinants

resulting from cloning of a 6,2 kb EcoR frag-
ment using pRK415 vector and £.coli DH5at
host. (A) (pMB6) 2.8 and 1.5 (B) (pMB7)10
dan (C) (pMB8) 2.9 (M) 1 kb DNA Ladder.

D. Cloning a 5,5- 6,2 kb insert using
pBBRIMCS2 plasmid and E. coli JM 107 host.

Fourty seven white colonies were ob-
served on the selected medium LA+Km+
IPTG+X-gal (Figure 4 A, B and C). Some
recombinants seemed to produce conca-
temers (self ligation of the plasmid), whilst
others had 2 inserts and the remainder had
only one insert. The insert size varied from
1,4 - 8kb. When transferred to the LA+Km+
2% skim milk medium, there were no
positive results.

Selected retransformation from the
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Figure 4.A. Verification of plasmid recombinants resulted from cloning of a 5.5-6.2 kb EcoRI fragment using
pBBRIMCS2 vector and E. coli JM 107 host. (a) (pMB9) 3.7 (b) (pMB10) 4.0 (c) (pMB11) 6.5 (d) (pMB12)
3.1 (e} (pMB13) 4.2 (f) (pMB14) 6.5 (g) (pMB15) 3.1 (h) i kb DNA Ladder (i) intact plasmid (j) (pMB16)
4.5 (k) (pMB17) 9.5 () (pMB18) 2.8 (m) (pMB19) 2.8 (n) (pMB20) 2.8 (0) (pMB21) 3.7

Figure 4.B. Verification of plasmid recombinants resulted from cloning of a 5.5-6.2 kb EcoRI fragment using
pBBRIMUCS2 vectorand E. coli JM 107 host. () (pMB22) 4.5 (b) (pMB23) 4.9 (c) (pMB24) 4.3 (d) (pMB23)
2.8 (e) (pMB26) 4.8 (f) concatemer (g) (pPMB27) 1.7 and 2.1 (h) i kb DNA Ladder (i) intact plasmid (j)
(pMB28) 1.7 and 2.1 (k) (pMB29) 4.3 (1) (pMB30) 1.7 and 2.1 (m) (pMB31) 1.7 and 2.1 (n} (FMB32) 4.5.

Figure 4.C. Verification of plasmid recombinants resulted from cloning of a 5.5-6.2 kb EcoRI fragment DNA using
pBBRIMCS2 vector and E. coli JM 107 host. (a) (pMB33) 7.5 (b) (pMB34) 4.0 (c) (pMB35) 1.7 and 2.1 (d)
(pPMB36) 1.7 and 2.1 (e) (pMB37) 4.5 (f) (pMB38) 4.0 (g) (pMB39) 4.1 (h) i kb DNA Ladder (i) intact
plasmid (j) (pMB40) 1.4 (k) concatemer (1) (pMB41) 8.0 (m) (pMB42) 3.7 and (n) (pMB43) 7.0

transformants with a 2,8-4,8 kb insert was
carried out using E. coli JM107 from Prof. M.].
Daniels collection. The recombinants were
grown NYGA+Km+2% skim milk medium,
2 showed clear zones around the colonies
(Figure 5). However, the recombinant plas-
mids did not exhibit stability after sub-
culturing. '

The possibility of instability recom-
binants in the E. coli host was studied using
a triparental mating method. X. campestris
protease negative mutant (prt) was used as
a host. The resultant transconjugants of X.
campestris (pMB8) grown on YDC+Tc(10
pg/mi)+Km(25 pg/ml)+Rif(50ug/ml)+ 2%

skim milk medium, showed a clear zone

around the colonies. The zone was signi-
ficanly larger than obtained for X. campestris
(pRK415). Proteolytic indices from the
transconjugant X. campestris (pMB8) and X.
campestris (pRK415) were 1,85 and 1,25. This
indicated that physiology of the host plays
an important role in the expression of the
recombinant. While the typical clearing zone
sorrounding the transformant colonies was
not found when E. coli was used as a host.
This clearing zone significanly appeared
whwn the X. campestris (prt’) was used as a
host. The instability of the recombinant may
be caused by incompatibility between host
and vector plasmid.

The attempts at transformation using



[ ] Biotech., June (20Q0) 413 - 422

several methods and various plasmids or
vector described here gave different results.
These differences may be caused by differing
interspecific characters of the plasmids
vector and hosts used. Transformation is a
natural phenomenon but can be carried out
in the laboratory. The genus Bacillus and
Haemophillus have been found to contain a
DNA binding protein whose function
appear to be necessary for the initial stage
of transformation (Rodriguez and Tait,1983).
Transformation is also influenced by the
temperature, size/amount of DNA, endo-
nuclease activity, heat shock, ion strength,
conformation and concentration of DNA,
and host specificity (Rodriguez and Tait,
1983, Hanahan, 1983; Smith, 1990). Factors
that can affect the expression of cloned gene
include: promotor strength, translational
initiation sequences, codon choice, secon-
dary structure of mRNA, transcription ter-
mination, plasmid copy number, plasmid
stability, host cell physiology, maturation of
the enzyme, folding, degradation, and
tertiary structure (Frfed felder, 1987; Brown,
1990; Suhartono, 1992; Dale, 1993).

Bacteria also possess restriction and
modification systems. The host restriction
endonuclease can cleave DNA that has not
been modified previously by the same strain.
With an insert size between 0,5 - 10kb, itis
possible that the bacteria contained a
restriction and modification system which
involved the genes isdM, IisdS dan lisdR.
(Rodriguez and Tait, 1983). This may explain
the difficulty in obtaining optimum expres-
sion of the protease gene in the experiment
(using selective solid media).

The plasmid recombinants were not
stable. Having maximized the expression
of the protease gene, it is important to
consider the effect of the recombinant on the
host bacterium. The instability of the
recombinant plasmid was possibly due to
segregational instability causing the loss of
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plasmids due to defective partitioning. As
we observed in our experiment, minimal
experession in the selective media was found
(Figure 5), eventhough this was lost in
further examination. Naturally occuring
plasmids are maintained stably because they
contain a partitioning function which
ensures that they are accurately segregated
at each cell division. Structural instability
of the recombinant plasmids may arise by
deletion, insertion or rearrangement of DNA
(Corfield et al., 1988; Old and Primrose,
1983). Several reports describe the instability
of B. subtilis recombinant plasmids. Even bi-
functional (hybrid) vectors that can replicate
in both B. subtilis and E. coli are known to
replicate stably in E. coli, but suffer effective
rearrangement in B subtilis (Zaghloul ¢t al.,
1994). Eventhough the expression of the
recombinant in the selective solid not opti-
mum/instable, we found interesting result,
that when grown in the liquid media, the
extracellular protease activity of the trans-
formant was indeed detected significantly.

Analysis of the protease activity and
biochemical characterization were carried
out. The recombinant (pMBS) was grown
in on 2% (w/v) peptone, 1%(w/v) yeast
extract and 3% (v/v) glycerol, the activity
of recombinant gave a significant different
compare with E. coli (pRK415) control. After
16 hours of fermentation protease activity of
recombinant was increased while that of the
E.coli (pRK415) control was not detected.
(Figure 6).

Further analysis confirmed the present of
extracellular protease of the recombinant.
SDS-PAGE and Zymogram analysis for
determination of molecular weight is shown
in Figure 7. The recombinant protease has
two proteases with molecular weight of 49
kD and 45 kD. This is in agreement with
previous report of two types proteases from
Xanthomonas campestris pv campestris (Dow
et al., 1990).
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Figure 5. Retransformation of a recombinant using E.
coli IM107 (Prof. ‘v!J Daniels collection) on
NYGA + Km + 2% skim milk. A-G recom-
binant E.coli. H. E. coli (pBBRIMCS2),

—8— Ecdi (pMB3)
—&— Ecdi (pRK145)

Pretusse sctivity (unk/md

4 8 12 16 18 20 2

Fermented on time (hours)

Figure 6. Pratease activity of E. coli (pMB8) and E.coli
(pRK415) grown on NYGB medium

protease gene from Xanthomonas campestris

Figure 7. SDS-PAGE and Zymogram >ta1mng of
recombinant protein
A :Protein marker

B. Recombinant protein

Based on the data from fermentation, the
production of the protease was carried out
with the E. coli DH5a (pMB8) recombinant.
The results obtained were compared with
the previous research on protease of Xcg IFL
donor. Analysis of the temperature opti-
mum, pH optimum, inhibition by PMSF/
EDTA and molecular weight of the E. coli
(pMBS) recombinantand Xcg IFLas a donor
gene is shown in Table 2. The biochemical
characterization of the recombinant indi-
cated similarity enzyme product of donor
gene. This biochemical characterization data
confirmed that the protease gene was indeed
cloned into E. coli and was expressed more
significantly when the transformant is
grown in the liquid media.

Table 2. Biochemical characterization of protease recombinants and the donor

Molecular weight

49 and 45 kD

- Protease recombinant Protease donor
(Santoso, 1977)
pH optimum 8,5-10 7,5-10
Temperature optimum 60°C 60°C
PMSF inhibitor (5mM) remaining activity 26% remaining activity 56%
EDTA inhibitor (5mM) remaining activity 34% remaining activity 25%

45 kD (YR32)

o
R
<
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