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Abstract — We subcloned a 58 KD chitinase gene of Serratia marcescens into Escherichia coli and
investigated the expression and secretion of the chitinase. Chitinase was produced in E. coli by
using its own promoter but the levels of enzyme were very low, less than 5 mU/m/. However,
by the combined action of the chitinase and lac promoters, the chitinase activity increased up
to about 80 mU/mi. The most of the chitinase produced in E. coli was localized in periplasm and
the small amounts were ohserved in cytosol and culture medium. Intracellular chitinase activities
increased in proportion to the growth of E. coli up to the early stationary phase but rapidly decrea-
sed thereafter, which was assumed to be degradation of the chitinase by E. coli proteolytic enzymes.

Chitinase hydrolyzes chitin, a (-14-polymer of
N-acetyl glucosamine (NAG) and is widely found
in a variety of organisms such as bacteria (1-6),
fungi (7,8), plants (9-12), insects (13, 14), crusta-
ceans (15), and some vertebrates (16, 17). The bio-
logical roles of the chitinase are somewhat different
for the organisms they beélong: in fungi, crusta-
ceans, and insects, chitinases play an important role
in the modification of their structural constituent;
in higher plants, chitinases are involved in the host-
defense mechanism for the fungal pathogens by hy-
drolyzing the fungal cell wall containing chitin as
a structural element; in bacteria, chitinases are one
of the hydrolytic enzyme they produce for utilizing
the chitin as carbon and energy sources.

A gram negative bacterium Serratia marcescens
has been well-known for producing extracellular
chitinases. Their chitinases are considered as com-
posed of three kinds of enzyme, an endochitinase,
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a chitobiase, and a factor required for the hydroly-
sis of crystalline chitin (1). S. marcescens has been
believed to produce at least five chitinase isozymes
consisting of 58, 52, 48, 36, and 21 KD in their mo-
lecular weight (18-20). Several investigators have
reported that these chitinases are partly responsible
for the antifungal activity of S. marcescens, presu-
mably by hydrolyzing fungal cell wall (19, 21-23).
Recently, Chi A and Chi B genes, encoding 58 KD
and 52 KD chitinases are cloned and sequenced (18,
19, 21, 24). These chitinase genes have been app-
lied to construct transgenic plants and breed the
root-colonizing bacteria for repelling the plant-pa-
thogenic fungi (18, 19, 21-23, 25-27). However, still
these five chitinase enzymes are not investigated
in detail with respect to their enzymatic characteri-
zations and antifungal avtivities of each purified
isozyme, and to their interrelationships for hydroly-
zing insoluble chitin and fungal cell wall. To solve
these problems, previously we cloned 58 KD chiti-
nase gene from S. marcescens ATCC 27117 and exa-
mined its antifungal activity (21). At present paper,



512

we described the subcloning and expression of 58
KD chitinase gene in K, colt.

Materials and Methods

Chemicals and enzymes

Crab shell chitin (Sigma (C-4666) was purchased
from Sigma Chemical Co. (St. Louis. Mo., USA),
restriction enzymes, 1; DNA ligase, and calf intesti-
nal phosphatase (CIP) from Promega Biotech (Ma-
dison, Wi, USA), and standard marker proteins,
SDS-PAGE reagents, and Econo-PacQ cartridge
from Bio-Rad {(Richmond, Calif., USA). Other che-
micals and reagents were purchased from Sigma
Chemical Co. and were of reagent grade.

Bacterial strains, plasmids, and media

E. coli JM109 was used as a host microorganism
for transformation and plasmid pUC19 as a cloning
vehicle for all cloning experiments. Plasmids pCHI
89, pCHI43, pCHI30, and pCHI26 were constructed
in this study and had an 8.9 Kb, 4.3 Kb, 3.0 Kb, and
2.6 Kb insert DNAs in pUC19, respectively. E. coli
was routinely grown in Luria Bertani (LB) medium
at 37C. In order to screen E. coli transformants
showing chitinolytic activity, the transformants were
tooth-picked on LB agar plate supplemented with
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(IPTG, 0.1 mM), and swollen chitin (1%, w/v), and
incubated for two weeks at 37C . The swollen chitin
was prepared from crab shell chitin by the method
of Monreal and Reese (1).

Subcloning and DNA manipulation

Unless stated otherwise, all recombinant DNA te-
chniques were performed according to the labora-
tory manual of Sambrook ef al (28). By using the
plasmid pCHI89 constructed in our previous paper,
subcloning was carried out and the resulting subc-
loned plasmids are shown in Fig. 1. Large scale pla-
smid DNA was extracted by cleared lyzate method
and purified by Econo-PacQ cartridge. DNA frag-
ments after the treatment of restriction enzyme
were eluted with Biotrap 1000 (Schleicher &
Schuell, Germany) or Gene-Clean kit (BIO 101, Ca-
lif., USA) from 0.7% agarose gel. Transformation
of E. coli JM109 was carried out by the method
of Cohen ef al. (29).

Sodium dodecyl sulfate-polyacrylamide gel elect-
rophoresis (SDS-PAGE) and activity staining of
chitinase

SDS-PAGE was conducted according to the me-
thod of Laemmli (30) with SE 600 electrophoresis
system (Hoeffer Scientific Ins., Calif., USA). After

ampicillin -~ (50 ug/m/), isopropyl thiogalactoside SDS-PAGE, the activity staining of chitinase was con-
Plasmids Insert DNA Chitinolytic
' kb tivit
Pstl(2.6) Size (kb) activity
EcoRI Pstl(3) BamHI(4.3) EcoRI(8.9)
BamHI1 | Pstl(1.3) Pstl(3.6) BamHI(6.2)
Pstl(1.3) Pstl(3)  BamHI(4.3)

BamHl | Pstl(2.6)} Pstl(3.6)

Pstl  Pst(1.7)

Pstl(1.3)] PSH12.3) BamHI(3.0)
| Pst1(1.3) .
Pstl BamHI(2.6) Pic

Fig. 1. Relationship between subcloned fragments and enzyme activities.



Vol. 20, No. 5

ducted by the sligtly modified method of Trudel
and Asselin (31) described in our previous paper.

Cellular fractionations

The recombinant E. colt was grown in 100 m/ LB
media with ampicillin (60 ug/m/) and IPTG (0.1
mM) and the culture supernatant was collected by
centrifugation at 5000 rpm (Beckman, rotor JA-10)
for 10 min at 4C. Proteins in culture supernatant
were precipitated by saturation with 80% ammo-
nium sulfate and collected by centrifugation at
15,000 rpm (Beckman, rotor JA-20) for 30 min at 4
C . The protein precipitate was dissolved and dialy-
zed against 10 mM potassium phosphate buffer (pH
7.0) and used for extracellular enzyme fraction. For
the preparation of total intracellular enzyme, if ne-
cessary, the washed cell suspension was disrupted
by sonication (Vibra-Cell, Sonics & Materials Inc.,
Conn., USA) for 1.5 min and the supernatant was
collected after centrifugation at 10,000 rpm for 10
min at 4C . Periplasmic enzyme fractions were pre-
pared from the harvested cells according to the
method of Cornelis ef al. (32) by osmoti%c shock.
After extraction of periplasmic enzyme, the remain-
ing precipitated cells were resuspended 1n 5 m! of
10 mM Tris-HCI buffer (pH 7.5), sonicated, and ce-
ntrifuged at 10,000 rpm for 20 min. The supernatant
was collected as cytosolic enzyme fraction. From
100 m/ of culture hroth, final 5 m/ of extracellular,
periplasmic, cytosolic fractions were prepared (20-
fold concentration).

Chitinase assay

Chitinase activities were determined according
to the our previous paper (21). One unit{lJ) of enz-
yme was defined as the amount of enzyme that
produced one micromole of NAG from swollen chi-
tin per hr under the experimental conditions. One
milli unit (mt) was alsc defined as 1/1000 U and

used for convenience.
Results and Discussion

Subcloning of 58 KD chitinase gene
Previousely, it was confirmed that plasmid pCHI
89 encoded 58 KD chitinase of S. marcescens ATCC
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27117. E. coli containing the plasmid pCHI89 pro-
duced very low level of chitinase, only detectable
on swollen chitin agar plate after 7 days-incubation.
However, chitinase activities produced by this E.
colt strain were not detectable by the colorimetric
method of Somogyi-Nelson (33). For the further
characterizations of 58 KD chitinase gene and its
product, the subcloning of 58 KD chitinase gene
from pCHI89 was carried out and resulting recom-
binant plasmids are shown in Fig.1 with restriction
enzyme sites. The plasmid pCHI43 containing 4.3
Kb-BamHI DNA {fragment of pCHI89 gave similar
chitinolytic activities on swollen chitin agar plate
with pCHI8S. But pCHI30, deleted 1.3 Kb BamHI-
Pstl DNA fragment downstream the lac promoter
of pCHI43, gave no chitinolytic activity, which sug-
gested that the 1.3 Kb BamHI-Pstl DNA fragment
1s prerequisite for the chitinolytic activity. A 2.6 Kb
DNA fragment including this essential 1.3 Kb DNA
was prepared by double-digestion of pCHI43 with
BamHI and Pstl, and used to construct pCHIZ26.
Chromosomal DNA fragment of pCHI26 was located
in pUC19 with opposite-orientation as compared

with those of pCHI89 and pCHI43. The pCHI26
showed larger chitinolytic activities than pCHI89
and pCHI43. Clear halo was observed on the swol-
len chitin agar plate of E. coli JM109(pCHI26) after
24 hr 1incubation. This result suggested that open
reading frame (ORF) of chitinase in pCHI89 and
pCHI43 has the opposite-orientation to the lac pro-
moter, producing low levels of chitinase by its own
promoter, while ORF in pCHI26 has the same orie-
ntation to the lac promoter, producing high levels
of enzyme by the combined action of both lac and
chitinase promoters.

Chitinase activities of subcloned fragments and
their products analysis

To compare the chitinase activities of the subclo-
ned fragments, 5m/ enzymes of intracellular and
extracellular fractions were prepared from 100ml]
culture of E. coli (20-fold concentration) and their
chitinase activities are shown in Table 1. As descn-
bed previousely, E. coli containing pCHI89 gave
very low level of chitinase activities, below the de-
tectable range of Somogyi-Nelson method (less than
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Table 1. Chitinase activities of E. coli strains harboring

various recombinant plasmids

Plasmad Chitinase activity (mU/m/)
Intracellular Extracellular
pUC19 N.A¢# N.A,
pCHI8Y <5 <5
pCHI43 <5 <kt
pCHIZ6 80 <5°

Enzyme fractions were prepared by the method desc-
ribed in Materials and Methods. “ No chitinase activity.
Cells gave no chitinase activity not only on swolien
chitin agar plate but also in culture broth. ®*Cells gave
chitinase activity on swollen chitin agar plate but pro-
duced very low levels of enzyme in culture broth, not
detectable with reproducibility by Somogyi-Nelson me-
thod.

10 ug reducing sugar per mi per 2 hr). Intracellular
and extracellular chitinase activities of pCHI43
were also very low level, jess than 5 mU/m/. But
pCHI26 produced about 80 mU/m/ of chitinase int-
racellularly. Extracellular chitinase activities produ-
ced by pCHI26 were less than 10% of itracellular
enzymes. This indicated that most of the chitinase
produced by FE. ¢oli are accumulated intracellularly.

From our DNA sequencing data of 58 KD chiti-
nase gene, it was revealed that ORF of chitinase
gene 1n pCHIBY and pCHI43 was located in oppo-
site-orientation to the lac promoter (data not
shown). Therefore, it seemed that pCHI89 and
pCHI43 expressed the chitinase gene by using their
own promoters and consequently produced low le-
vels of enzyme. While ORF of pCHI26 was located
in the same orientation with lac promoter. This pla-
smid produced higher chitinase activities, more

than 20 times of those of pCHI8 and pCHI43.

were analyzed by SDS-PAGE and activity staining
methods, all subcloned fragments produced 58 KD
chitinase (Fig. 2). One unexpected result was that
pCHIZ26 produced a minor 20 KD chitinase as well
as a major b8 KD chitinase., This minor chitinase
activity has been also found frequently in the exp-
ression of pCHI8Y and pCHI43 but never been
found in the cells harboring a cloning vector pUC19.
It seemed that the 20 KD chitinase band was deri-
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<« 58 KD
chitinase

Fig. 2. SDS-polyacrylamide gel electrophoresis of pro-
teins produced by E. cofi strains harboring subcloned

recombinant plasmids.
After SDS-PAGE, bands were visualized by activity

staining of chitinase. Lanes 1, pUC19; 2, pCHI43; and
3, pCHIZ6.

ved from 58 KD chitinase by proteolytic digestion
of E. coli. The similar observations were also found
in chitinase Al of Bacillus circulans WL-12: chiti-
nase A2 was originated from chitinase Al by pro-
teolytic removal of a C-terminal portion of chitinase
Al (34-36). However, the posstbilities are still re-
mained that the minor band on SDS-PAGE is ano-
ther chitinase-like enzyme such as E. colr lysozyme.
Purification, characterization, and relationship bet-
ween b8 KD and 20 KD chitinases are thought to
be important task to be done in the near future.

Effect of IPTG on chitinase expression

Plasmid pCHI26 contains two promoters of lac
and chitinase.promoters at the upstream of 58 KD
chitinase ORF. To investigate the effect of lac pro-
moter on the expression of chitinase gene, final
0.1 mM IPTG was added to the culture broth as
an Inducer and chitinase activities were determined
(Table 2). In the presence of IPTG, about three
times of enzyme activities, 71 mU/m{, were produc-
ed in comparison with 26 mU/m/ of chitinase pro-
duced in the absence of IPTG. When the chitinase
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Table 2. Effect of IPTG on the expression of 58 KD
chitinase in E. cofi JM109(pCHI26)

Inducer Culture time Cell Growth Chitinase activity

(hr) (O.D. at 600 (mU/ml)
nm)
1.44 26
- G
11 18 1.66 29
6 1.41 71
+IPTG
18 1.79 47

100 m{ of LB broth containing ampicitlin (50 ng/ml/} and
IPTG (0.1 mM) in 500 m/ Erlemeyer flask was inoculat-
ed with 2 m/ of overnight culture of E. coli JM109(pCHI
26) and cultivated in a rotary shaker at 37C, 200 rpm.
The intracellular enzyme was prepared and measured
by the method described in Materials and Methods.

ORF was located in the opposite-orientation to lac
promoter as pCHI43, chitinase was expressed at
low-level, less than 5 mU/m{ (Table 1) by using its
own promoter. This result suggested that lac pro-
moter contributes to the increase of expression le-
vel of chitinase gene. The pCHIZ26 showed higher
chitinase activities even 1n the absence of IPTG
when compared with pCHI43. This result seemed
to be owing to the partial induction of chitinase
by lac promoter in the absence of IPTG. Because
pUC plasmids are such high-copy-number plasmids,
lac promoter would not be completely repressed
by the repressor proteins, even when overexpress-
ed from the lac Iq allele present in E. coli JM109.
The levels of chitinase activities produced in the
presence of IPTG decreased for the extended culti-
vation of £. coli (Table 2), i'ndicating that chitinase
proteins may be degraded by the proteolytic enzy-
mes of E. coli.

Localization of 58 KD chitinase in E. coli

E. colt harboring pCHIZ26 was cultivated to O.D.gw
=1.0 and cellular fractionations were carried out.
As shown in Table 3, 7.3, 87.8, and 4.9% of total
chitinase activities were found in extracellular, pe-
riplasmic, and cytoplasmic fractions, respectively.
Most of the chitinases produced in E. coli are exc-
reted Into periplasmic space through the mmner me-
mbrane and remained in this place without further
excretion into culture medium. This result was not
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Table 3. Localization of 58 KD chitinase in E. coli JM
109(pCHI26)

Location Chitinase activity (mU/m{)
Cytoplasm 5.0(4.9y
Periplasm 90.0(87.8)
Growth medium 7.5(7.3)

“Parenthesis represents percent of total activity.
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Fig. 3. Production of 58 KD chitinase from E. coli JIM
109 (pCHI26) according to culture time.

500 m/ of LB broth containing ampicillin (50 ug/u/) and
IPTG (0.1 mM) in 3! Erlenmeyer flask was inoculated
with 10 m/ of overnight culture of E. coli JM109pCHI
26) and cultivated at 37C, 200 rpm in a rotary shaker.
The enzyme fractions were prepared by the method
described in Materials and Methods. Symbols: >, cell
growth; U], intracellular chitinase activity; 2, extracel-
lular chitinase activity.

coincided with our previous paper (21) reporting
that nearly the same intensities of chitinase bands
were observed in bhoth intracellular and extracellu-
lar fractions when visualized by the activity staining
after SDS-PAGE. We thought that this controversy
might be due to the non-linearity of band mntensity
with the chitinase activity at the very low concent-
ration of enzyme. Considering the fact that S. mar-
cescens excretes the chitinases exclusively into cul-
ture medium, £. coli seems to be deficient a secre-
tion machinery for the excretion of chitinase into
culture medmum.

Production of 58 KD chitinase in E, coli
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Fig. 4. Growth inhibition of a plant pathogenic fungus,
Fusarium oxysporum by E. coli IM109(pCHI26) and 5.
marcescens ATCC 27117.

A: S. marcescens, B: E. coli JM109(pUC19), and C: E.
coli JM109(pCHIZ6).

Fig. 3 shows the chitinase production of E. coli
according to the culture time. As the cell grow,
intracellular chitinase activities increase up to 88
mU/m/. However, during the stationary and early
death phases, the intracellular chitinase activities
were rapidly decreased. But the extracellular chiti-
nase activities remained nearly at a constant level
during these phases. Decreases in the intracellular
chitinase activities seemed to be occurred by the
proteolytic digestion of chitinases accumulated in
periplasmic space of E. coli.

Antifungal activity of E. coli JM109(pCHI26)

Our previous paper(21) reported that E. coli JM
109(pCHIBY) shows the growth inhibition of Fusa-
rium oxysporum. But the inhibition of fungal growth
was very low. When E. colt JM109(pCHI26) constru-
cted 1n this paper was tested for its antifungal acti-
vity, it also showed a low growth inhibition of Fusa-
rium oxysporumi, as shown in Fig 4. Increases in
chitinase activity by the aid of lac promoter did
not enhance the fungal growth inhibition of E. coli
appreciably. Inhibitory etfect of S. marcescens on fu-
ngal growth was very similar to that of E. coli JM
10X pCHIZ6). From this result, we thought that the
chitinases of S. marcescens are not effective for hy-
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drolyzing the fungal cell wall. Hydrolytic patterns
of 58 KD chitinase and chitinase complex of S. mar-
cescens revealed that they only produced N-acetylg-
lucosamine and chitobiose from swollen chitin by
exochitinase activities(data not shown). Exochiti-
nase activity of S. marcescens seemed to be less
effective for hydrolyzing the fungal cell wall than
endochitinases produced by plants as their defense
mechanism.
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