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Cloning of the Genes Coding for Extracellular Proteases from
Alkalophilic Xanthomonas sp. JK311
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The alkalophilic bacterium, Xanthomonas sp. JK311, producing extracellular proteases, was isolated
from soil. Xanthomonas sp. JK311 produced five extracellular proteases that are all metalloproteases.
Four of them were resistant against 1% SDS. Chromosomal DNA of the Xanthomonas sp. JK311
was digested with BamHI and cloned into pUC19. Among E. coli strain HB101 transformants, a
clone secreting the proteases was screened through halo formation on skim-milk agar plate and
by Southern blot analysis. It had the recombinant plasmid pXEP-1 containing the 7.5 kb-BamHI
DNA fragment and produced three extracellular proteases. Their protease properties corresponded

to those of Xanthomonas sp. JK311.
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Microbial proteases are very important enzymes that
are now widely used in food, leather, detergent, and
pharmaceuticals. The industrial importance of these pro-
teases has influenced many workers to study the gene
structure, regulation of gene expression and excretion
processes of the proteases. Microbial extracellular pro-
teases are produced by various microorganisms including
genus Bacillus (15, 18), Serratia (8, 19), Vibrio (3,4, 5), and
Pseudomonas (6). Those from Gram-positive bacteria
have been extensively studied mainly due to their quan-
tity production, and information on the expression, pro-
cessing, and industrial application have been markedly
accumulated. On the other hand, in Gram-negative bac-
teria, their toxicity and poor ability to secrete proteins
have limited studies mainly to the genetic level, and
comparatively little is known of them. Among them, the
major extracellular protease of Servatia marcescens, which
is widely used as an anti-inflammatory agent, has been
characterized by a number of groups (10, 12). Recently,
there are numerous applications for enzymes or pharma-
cologically active chemicals that are stable at high pH.
Alkaline proteases secreted by both neutrophilic and al-
kalophilic microorganisms are of interest because they
represent a major source of commercially produced pro-
teolytic enzymes (1,9). Most of these enzymes are clas-
sified as serine protease by their catalytic mechanisms
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and exhibit optimal activity at pH of 9 to 11. In general,
these enzymes have molecular weights ranging from 20,
000 to 30,000 and have characteristically high isoelectric
points (9, 11). Most of the truly alkalophilic microorgani-
sms have either been isolated from specific, enriched
environments such as indigo dye balls (16) or alkaline
lakes (14,17), or they have been isolated upon suitable
enrichment culturing of soil. Notably, the alkalophilic Ac-
tinomycetes and many of the alkalophilic Bacillus species
have been isclated from soils that are not particularly
alkaline. In Gram-negative bacteria, Pseudomonas aerugi-
nosa is known to secrete two proteases, elastase and
alkaline protease. Vibrio alginolyticus secretes several al-
kaline serine proteases (2, 5). In this study, we found
that the alkalephilic bacteria Xanthomonas sp. JK311 sc-
reened from soil produced the extracellular alkaline pro-
teases and that the protease genes were expressed in
k. coli HB101.

Materials and Methods

Media and culture condition

Isolates and E. el were grown aerobically in LB me-
dium at 30C and 37C. Isolates were routinely cultivated
on LSC agar medium containing 10 g of Bacto tryptone,
5 g of yeast extract, 10 g of sodium chloride, 15 g of
Bacto-agar (per liter), 2% (w/v) of sodium carbonate, and
1.5% (w/v) of skim milk. E. coli transformants were sc-
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reened based on the halo formation on LB agar medium
containing 50 ug/ml of ampicillin and 3% skim milk after
12 hr cultivation at 37C.

Strain isolation and characterization

Xanthomonas sp. JK311 was isolated from soil. A soil
sample was suspended in 3.0 ml of distilled water by
vigorous vortexing and the suspension was plated direc-
tly onto alkaline LSC-agar medium (pH 9.0) and incuba-
ted for 24 hr at 37C. Individual colonies were picked
and purified by streaking four times onto alkaline LSC-
agar plates. The purified isolates were analysed by mic-
roscope and Gram-staining. The other physiological pro-
perties were analysed by the API 20E kit and ATB sys-
tem.

Protease and protease inhibitor assay

Proteolytic activity was measured by the hydrolysis
of azocasein (19). The standard assay mixture (90.5 ml)
contained 0.1% azocasein, 50 mM sodium carbonate buf-
fer (pH 9.5) and appropriately diluted enzyme samples.
The reaction was terminated after 30 min by the addi-
tion of an equal volume of 15% trichloroacetic acid and
then cooled on ice for 5 min. The precipitate formed
was removed by centrifugation for 3 min at 12,000Xg
in a microcentrifuge. Supernatant absorbance was mea-
sured at 440 nm. One unit of activity is defined as the
amount of protein which produces a change of 0.1 absor-
bance umt under the assay. conditions.

To test their effects on protease activity, the following
protease inhibitors were added to the gelatin gels during
incubation in Triton X-10) and Tris-HCl buffer: PMSF
05 to 2 mM), EDTA (2 to 8 mM), mercaptoethanol
(20 mM), DTT (20 mM), and histidine (0.5%).

Electrophoresis

The gelatin SDS-PAGE in slab gels containing SDS
and gelatin as a copolymerized substrate was used for
the detection of protease activity. Cultures were sedime-
nted by centrifugation and 1.0 ml supernatant samples
were mixed with 0.1 ml of SDS (25% w/v) and 0.1 ml
of glycerol, and incubated at 37C for 30 min. After elect-
rophoresis, the gels were washed in Triton X-100 for
1 hr at 4C to remove the SDS and restore enzyme
activity. The gels were incubated in 0.1 M Tris-HCl bui-
fer (pH 8.0) for 3 hr at 37C, and stained with 1% (w/v)
amido black (Sigma Co.).

Southern blot analysis

Southern blotting was performed as described by Sou-
thern (13) with slight modifications. DNA used as a hyb-
ridization probe was labeled by random primed incorpo-
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ration of digoxigenin (DIG)-labeled deoxyuridine-triphos-
phate (Boehringer Mannheim Biochemica). After vacuum
blotting, the nitrocellulose filter paper was incubated at
63C for 18 hr with the DIG-labeled probe. The hybridi-
zed nitrocellulose filter was detected by enzyme-linked
immunoassay using an antibody-conjugate and enzyme-
catalyzed color reaction with 5-bromo-4-chloro-3-indolyl
phosphate and nitro blue tetrazolium salt (NBT).

Results and Discussion

Isolation and identification of the alkalophilic bac-
teria producing extracellular proteases

To isolate the alkalophilic bacteria producing an extra-
cellular alkaline protease, we screened the microorgani-
sms from soil through plating on skim-milk agar plate
(Fig. 1). The isolate forming the halo on the plate was
identified as a motile, rod shaped, Gram-negative bacte-
rium by microscope and Gram-staining. The characteris-
tics of the isolate JK311 were analysed by the API 20E
kit and the ATB system and are listed in Table 1. On
the basis of thuse results, the isolate was identified as
Xanthomonas sp. belonging to the family Pseudomonada-
ceae, and was designated as Xanthomonas sp. JK311.

Effect of pH and temperature on the growth of
the Xanthomonas sp. JK311 and on the production
of proteases

To determine the effects of culture pH on growth
rate and protease production, Xanthomonas sp. JK311

Fig. 1. Certification of the isolate, JK311 producing extracellular
proteases. The clone was toothpicked and incubated at 37C for
18 hr. The control cells, £ coli HB101 (HB101) and Bacillus subtii-
lus (Baci)) did not «how halo, whereas a large halo appeared around
JK311 strain.



Kim, Jang, Yeeh, Kim, and Kim

Table 1. Characteristics of Xanthomonas sp.

strain JK311.

Test

Result

General properties
Cell morphology
Motility

Gram staining

APl 20E

ONPG (B-galactosidase)
Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Citrate utilization
H,S production
Urease production
Tryptophane deaminase
Indole production
VP reaction
Gelatin liquefaction
Cytochrome C oxidase
Acidification of
Glucose
Mannitol
m-inositol
D-sorbitol
L-rhamnose
Sucrose
Melibiose
Amygdalin
_-arabinose
ATB system
Rhamnose
N-acetyl-glucosamine
D-ribose
Inositol
D-saccharose
Maltose
Itaconate
Suberate
Malonate
Acetate
D-lactate
L-alanine
Mannitol
Salicin
D-melibiose
L-fucose
L-arabinose
Propionate
Caprate
Histidine
2-aceto-gluconate
3-hydroxy-butyrate
L-proline
Glycogen
3-hydroxybenzonate
[-serine
Esculine
Oxidase
Nitrate reduction
DNase
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Fig. 2. Effect of pH on growth (@) of Xanthomonas sp. JK311
and on productivity () of proteases. Cells were grown at 37C.
The pH of the media (LB) was maintained either by 50 mM sodium
phosphate buffers (pH 6.0 and 7.0), 50 mM Tris-HCl (pH 8.0), 50
mM sodium carbonate buffer (pH 9.0 and pH 10), or 50 mM CAPS
buffer (pH 11 ard pH 12).

was cultured ar various pH and the growth rate of cells
and the production of proteases were determined (Fig.
2). The isolate grew well in the pH range of 7 to 10,
indicating that the strain belongs to a facultative alkalo-
philic bacteria. The cell growth rate was maximum at
pH 9.5. The production of the total protease activity was
also nearly constant at that pH range, suggesting that
more than onc alkaline protease may be produced in
this strain. As the effect of temperature on the growth
and protease productivity of Xanthomonas sp. JK311 was
investigated, both cell density and protease productivity
were a little higher at 37C than at 30C. Production of
proteases started when growth reached late log phase,
and total protcase activity reached maximum at statio-
nary phase.

Analysis of characteristics of the extracellular pro-
teases by gelatin-PAGE

The extracellular proteases produced by Xanthomonas
sp. JK311 were examined by gelatin-PAGE. At least five
bands (Prt 1~Prt 5) of protease activity were detected
(Fig. 3, A). To identify the presence of a protease having
a basic isoeleciric point, the electrophoresis was carried
out at reverse polarity. However, no protease activity
was detected in this condition (data not shown). When
the effects of inhibitors on protease activity were investi-
gated, all proteases were inhibited by 5 mM EDTA but
not by 2 mM PMSF (Fig. 3, B). This result suggests
that all extracellular proteases from Xanthomonas sp. JK
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Fig. 3. Properties of the extracellular proteases from Xanthomonas
sp. JIK311. Cells were cultured in 1L.SC-medium (pH 9.5) at 37¢.
A: Extracellular proteases of the cultured medium secreted from
Xanthomonas sp. JK311 on the gelatin SDS-PAGE. Lane a, no con-
centration of the sample. Lanc b, 20-fold concentration. B; Effect
of PMSF and EDTA on the activity of proteases. a, untreated cont-
rol sample; b, preparation treated with 2 mM PMSFEF; ¢, 5 mM
EDYTA. C: Effect of SDS on the activity of proteases. a, untreated
control sample: preparation treated with SDS at 02% (b). 0.5%
(c). and 1% (d).
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Fig. 4. Screening of E. coli transformants on the skim-milk agar
plate. A; The transformant represented as arrow was selected as
a protease producing clone. B; Xanthomonas sp. JK311 (), E. coli
transformant containing the plasmid, pXEP-1 (b) and pXEP-2 (c),
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Fig. 5. Restriction map and characterization of the pXEP-1. A)
Restriction map of plasmid. The thin line indicates the part of pUC
19 vector and the thick line indicates the cloned protease gene
of Xanthomonas sp. JK311. Abbreviations: B, BemHI; E, EcoRI
H. HindIll; S, Smel; X, Xhol. B) Southern blot analysis of Xantho-
monas sp. JK311 chromosomal DNA by using the cloned protease
gene as probe. The chromosomal DNA was digested with BamH]
(a), EcoRl (b), anc Hindlll (0.

311 are metalloproteases. In order to investigate
SDS-resistance of proteases, the gelatin gel was treated
with SDS during soaking in Triton X-100 and incubation
in 0.1 M Tris-HCl buffer. Four proteases except protease
5 (Prt 5) were resistant to SDS up to 1% (Fig. 3, C).
This property of SDS-resistancy is very exceptional in
microbial proteuses except for the fungus Tritivachium
proteinase K which is widely used for protein removal
in genomic DNA isolation (7) and the V. allginoliticus
exoprotease A (5).
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Fig. 6. Comparison of the extracellular proteases produced from
the E. coli transformant [pXEP-1] with those from Xanthomonas
sp. JK311 by gelatin SDS-PAGE. Lane a shows the extracellular
proteases from Xanthomonas sp. JK311 and lane b, those from E.
coli HB101 [ pXEP-1], and lane ¢, those from E. coli HB101 _pXEP-
2].
Cloning and expression of the protease gene of Xa-
nthomonas sp. JK311 in E. coli strain HB101

In order to clone the genes encoding the extracellular
proteases of Xanthomonas sp. JK311, bacterial chromoso-
mal DNA was isolated and cut completely with BamHL
The digested DNA fragments were inserted into the co-
rresponding site of pUC19, and E. coli HB101 was trans-
formed with the ligated DNAs. Among about 3,000 trans-
formants, one clone showed a clear zone around the
colony on LB agar medium containing 1.5% skim-milk
and 50 wpg/ml of ampicillin (Fig. 4). The plasmid DNA
was isolated from the selected transformant, designated
as pXEP-1, and digested with several restriction enzymes
to map their restriction sites within the cloned fragment
(Fig. 5, A). The size of the cloned DNA fragment was
about 7.5 kb. To identifv the foreign gene fragment ori-
ginating from Xanthomonas sp. JK311, the cloned DNA
fragment from pXEP-1 was electro-eluted and labelled
with DIG by random priming. As a result of Southern
blot analysis, hands specific to the probe DNA were de-
tected to correspond with the restriction mapping of the
cloned plasmid (Fig. 5, B). On the basis of the restriction
map, plasmids deleted at both ends of the cloned DNA
fragment were constructed (Smal or Hindlll deletion
from pXEP-1) and their protease production was investi-
gated. However, no halo formation on skim-milk agar
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plate was detected in both cases (data not shown). It
is not clear whether these deletions inhibit protease
gene expression or damage the sequence involved in
secretion process of the proteases. On the other hand,
the plasmid, pXEP-2, which was constructed to be an
anti-orientation of the cloned gene fragment against the
pXEP-1, produced the extracellular proteases in E. coli
HB101. This suggests that the cloned gene express the
protease using its own promoter. The extracellular pro-
tease produced from E. coli [pXEP-1 and pXEP-2] was
compared with that from Xanthomonas sp. JK311 by ge-
latin-PAGE (Fig, 6). The result showed that three hands
of protease activity were detected and they corresponded
to those of Xanthomonas sp. JK311 protease Prt 3, Prt
4, and Prt 5. Also, effects of the protease inhibitors and
SDS on these proteases were similar to those on Xan-
thomonas sp. JK311.
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