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Abstract

The o-amylase gene, amyL, from Bacillus licheniformis was expressed in Lactobacillus brevis 2.14 and
Escherichia coli DH5a using two different shuttle vectors, pCW4 and pSJE. E. coli transformants (TFs) harboring
either pPCW4Ta or pSJETa produced active o-amylase but L. brevis TFs did not, as determined by enzyme assays
and zymography. But amyL transcripts were synthesized in L. brevis TFs. In terms of plasmid stability, pSJE,
a theta-type replicon, was more stable than pCW4, an RCR (rolling circle replication) plasmid, in L. brevis without

antibiotic selection.
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INTRODUCTION

Lactobacillus brevis is one of the major lactic acid
bacteria (LAB) isolated from kimchi and other fermented
vegetables (1,2). It produces carbon dioxide and ethanol
in addition to lactic acid from carbon sources such as
glucose, thus contributing significantly to the unique
taste of kimchi (3). Although L. brevis is an important
organism with industrial applications, few efforts have
been made for strain improvement. Strain improvement
via genetic engineering methods has great potential for
developing strains for various commercial applications.
There have been only a few reports on the heterologous
gene expression in L. brevis as a host (4,5). For success-
ful heterologous gene expression in a specific host, avail-
ability of suitable vectors are essential. pSJE, an E.
coli-Leuconostoc shuttle vector, was constructed pre-
viously (6) and successfully employed for heterologous
expression of aga encoding o-galactosidase from
Leuconostoc mesenteroides in Leuconostoc citreum (7).
In this communication, heterologous expression of amyL
encoding a-amylase from Bacillus licheniformis in L.
brevis 2.14 is reported. amyL encodes a 55-kDa a
-amylase, and its gene was successfully expressed in
Lactobacillus casei strains (8).

MATERIALS AND METHODS

Bacterial strains and culture conditions
Bacterial strains and plasmids used in this study are
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described in Table 1.

Escherichia coli cells were grown in Luria-Bertani
(LB) broth at 37°C with vigorous agitation. L. brevis
2.14 was grown in MRS (Difco Lab, Detroit, MI, USA)
broth without agitation at 37°C. Antibiotics were used
at the following concentration: erythromycin (Em), 200
pg/mL for E. coli, 5 pg/mL for L. brevis.

Plasmid construction

The o-amylase gene in pTA322 originated from
Bacillus licheniformis ATCC 27811 (9). A 3 kb fragment
encompassing amyL was amplified by PCR and subcl-
oned into pGEM-T Easy vector (Promega, Madison, WI,
USA). The fragment was then moved into the unique
Notl site of pSJE (6), resulting in pSJETa. In the same
manner, pSJ33ETa was obtained from pSJ33E (6).
pCW4Ta, pCW4 (10) containing 3 kb amyL at its Notl
site, was constructed previously (11).

DNA isolation and manipulation

Plasmid DNA from E. coli was prepared using a
QIAprep spin miniprep kit (Qiagen, Valencia, CA,
USA), and plasmid DNA from L. brevis was prepared
by the method of O'Sullivan and Klaenhammer (12).
Restriction enzyme digestions were performed in accord-
ance with the supplier's instructions (Promega) and DNA
ligations were conducted with T4 DNA ligase (Promega)
at 4°C for overnight. DNA fragments for subcloning
were isolated from agarose gels using a Gel SV gel ex-
traction kit (General Biosystem, Seoul, Korea). Agarose
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Table 1. Bacterial strains and plasmids

Bacterial strain or plasmid Description Reference
Escherichia coli
DH5a SuUpE44 AlacU169(p80dlacZM15) hsdR17 recAl endAl gyrA96 thi-1 relAl  Gibco BRL
Lactobacillus brevis 2.14  Sak’, Imm’, indicator strain for sakacin A Axelsson et al. (18)
Plasmids
pCW4 5.3 kb, an E. coli-lactobacilli shuttle vector derived from pC7 Park et al. (10)
pCW4Ta pCW4 containing amyL as a 3-kb NotI fragment from Bacillus licheniformis Jeong et al. (11)

pSJE pSJ33E with 1.16 kb Fspl fragment deleted, 6.6 kb, Em'

Jeong et al. (6)

pSJIETa pSJE containing amyL as a 3-kb Notl fragment from Bacillus licheniformis This study

pSJ33E A shuttle vector for E. coli and Leuconostoc sp, 7.7 kb, Ap’, Em' Jeong et al. (6)
pSJ33ETa pSJI33E containing amyL as a 3-kb Notl fragment from Bacillus licheniformis  This study
pNZ8020 a pNZ8010 derivative carrying the gusA gene carrying MCS2 de Ruyters et al. (19)

gel (1%, w/v) electrophoresis was conducted with Tris-
Acetate-EDTA buffer (pH 8.0).

Electroporation

Transformation of E. coli and L. bevis cells was per-
formed by the electroporation method. Frozen E. coli
competent cell preparation and electroporation proce-
dures were followed by the method of Dower et al. (13).
Frozen competent L. brevis 2.14 cells were prepared by
the method of Berthier et al. (14). A single colony on
MRS agar plate was inoculated into 5 mL of MRS broth
and incubated for 8 hr at 37°C. Then the culture was
inoculated into 500 mL of MRS broth and incubated
at 37°C. When the optical density (at 600 nm) reached
0.5, cells were recovered by centrifugation at 5,000 X g
for 10 min at 4°C, resuspended in 500 mL of 10 mM
MgCl,, and centrifuged for 10 min. Cells were washed
with 10 mM MgCl, once more and resuspended in 200
mL of 0.5 M sucrose containing 10% glycerol. Cells
were recovered by centrifugation at 5,000 X g at 4°C for
15 min and washed with 200 mL of 0.5 M sucrose con-
taining 10% glycerol once more. Cells were resus-
pended in 1/200 original culture volume of 0.5 M su-
crose containing 10% glycerol and then stored at -76°C.
Plasmid DNA was added into 40 pL of the competent
cells, the mixture was transferred to a cold electro-
poration cuvette (0.1 cm), and a single pulse was applied
(25 uF capacitance, 200 Q resistance, and a field strength
of 15 kv/ecm) with GenePulserll (Bio-Rad, Hercules, CA,
USA). The pulsed mixture was immediately diluted with
1 mL of MRS broth, incubated for 2 hr at 37°C, and
then spread on MRS plates with Em (5 pug/mL).

Enzyme assay

Qualitative o-amylase activity measurements were
done by staining plates containing soluble starch (1.0%,
w/v) with 10 mM [,-KI solution and measuring the size
of clear zones. For quantitative a-amylase assays, the
method described by Bernfeld (15) was used. Each strain
was cultivated in MRS broth or LB until optical density

at 600 nm reached 0.9 to 1.0. Then each culture was
subjected to centrifugation, 5,000 x g for 10 min at 4°C.
Culture supernatant was decanted into a clean tube. Cell
pellet was resuspended in 0.2 M sodium acetate buffer
(pH 5.4), 0.2 volume of the original culture volume. The
suspension was placed on ice and subjected to sonication
using Bandelin Sonopuls HD60 homogenizer. Sonicated
cells were centrifuged at 5,000 xg for 10 min at 4°C,
the supernatant was recovered as a cell pellet fraction,
and used for assays. 0.5 mL of sample was mixed with
2 mL of acetate buffer (pH 5.4), 5 mL of 0.5% soluble
starch, 1 mL of 1% NaCl, 0.5 mL of distilled water,
and then incubated at 65°C for 30 min. The reaction
was stopped by cooling on ice. The amount of released
reducing sugars was measured by the dinitrosalicylic
acid (DNS) method. One enzyme unit was defined as
the amount of enzyme which released 1 pmol of re-
ducing sugars (maltose) from soluble starch at 65°C per
min.

SDS-PAGE and zymogram

SDS-PAGE was carried out according to the method
of Laemmli (16). Stacking gel (4%) and separating gel
(12%) contained 0.25% soluble starch. Enzyme samples
were mixed with equal volumes of 2 X sample buffer
(2.3% SDS, 2.25% glycerol, 0.25% p-mercaptoethanol,
0.001% bromphenol blue and 62 mM Tris-HCI, pH 6.8)
and heated for 5 min at 100°C. After electrophoresis,
one half of the gel was stained with coomassie brilliant
blue, and the other half was washed four times (for 30
min each) in 10 mM Tris-HCl (pH 6.8), and the gel
was incubated overnight at 37°C in the same buffer. This
washing step removed SDS and allowed renaturation of
proteins for zymography.

Slot blot experiments

RNA from L. brevis 2.14 TFs was isolated by the
Trisol-bead method, using 1 mL of Trisol (Invitrogen,
Carlsbad, CA, USA) and 80 mg of zirconium-silica bead.
Each 10 pg of RNA preparation was heated, denatured,
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and applied onto a Hybond-XL nylon membrane
(Amersham Bioscience, Piscataway, NJ, USA) using a
slot blot system, SE646 (Amersham Pharmacia Biotech
Inc., Uppsala Sweden) (7). A 3 kb fragment encompass-
ing the amyL was amplified by PCR and used as the
probe after being labeled with alkaline phosphatase using
Amersham Alkphos Direct Labeling and Detection
System (Amersham Bioscience). One hr of prehybridiza-
tion and 12 hr of hybridization were performed in
ULTRAhyb (Ambion, Austin, TX, USA) at 42°C.

Plasmid stability

Stability of pSJETa or pPCW4Ta in L. brevis 2.14 was
examined as follows (8,10). Actively growing L. brevis
2.14 TFs in MRS broth containing Em (5 pg/mL) were
inoculated into fresh MRS broth without antibiotic, and
incubated for 24 hr at 37°C. Cells were then inoculated
again into fresh MRS broth without antibiotic. Daily sub-
culturing in MRS broth without antibiotic was repeated
up to 13 days. Each day, aliquots of culture were taken
and serially diluted with 0.1 volumes of MRS broth.
0.ImL of diluted samples were spread onto MRS agar
plates and plates containing Em (5 pg/mL), respectively.
Plates were incubated at 37°C for 48 hr and the percent-
age of cells harboring plasmid was calculated as follows.
Percentage of cells keeping plasmid=number of cells on
MRS Em/ number of cells on MRS x 100.

RESULTS AND DISCUSSION

Transformation of L. brevis 2.14 with pCW4To and
pSJETa

Several plasmids were tested for the transformation
of L. brevis 2.14. One ug of plasmid DNA was used
for each transformation and transformants (TFs) were
counted after 36 hr of incubation at 37°C on MRS plates
containing Em (5 pg/mL). The transformation efficiency
of L. brevis 2.14 was 1.7x 10> TFs per pg of pCW4
DNA, 1.5x10° TFs per pg of pSJE DNA, 1.1 x 10’ TFs
per pg of pSI33E DNA, 4.5x10° TFs per pg of
pNZ8020 DNA (Table 2). Transformation efficiencies
of L. brevis 2.14 by three different plasmid vectors
(pCW4, pSI33E, and pNZ8020) were in the same range,
around 10° TFs/ug of plasmid DNA, and quite lower
than those of E. coli DH5a cells, which were at least
10° TFs per pg of plasmid DNA. Similarly low TF effi-
ciencies are commonly observed for many LAB hosts.
When plasmid DNA was prepared from TFs and di-
gested with Notl, no difference in size of pCW4Ta and
pSJETa was observed between plasmid preparations
from E. coli and L. brevis 2.14 TFs, and the 3 kb Notl
fragment encompassing amyL was generated as expected

Table 2. Transformation efficiencies of L. brevis 2.14 with
various plasmids

Transformation

Plasmid f Reference
requency (per Ug)

pCW4 1.7x10° Park et al. (10)

pCW4Ta 9.0x10° Jeong et al. (11)

pSIE 1.5x10° Jeong et al. (6)

pSJETa 1.3x10° This study

pSI33E 1.1x10° Jeong et al. (6)

pSJ33ETa 5.9x10° This study

pNZ8020 45x10° de Ruyters et al. (19)

(results not shown).

Expression of amyL in E. coli and L. brevis 2.14

Introduced amyL was expressed and endowed E. coli
cells with a-amylase activities. When grown on LB
plates containing soluble starch (1.0%, w/v), cells har-
boring either pSJETa or pCW4Ta produced halos but
cells containing vector only (control) did not. Although
culture supernatant showed higher enzyme activities than
cell pellets, secreted a-amylase if any was not respon-
sible for the halo formation since there was no difference
in the enzyme activities of culture supernatants from re-
combinant cells and control. On the contrary, significant
differences were observed for cell pellets containing cy-
toplasmic proteins. Cells harboring pSJETa had three
times higher activities than cells harboring pSJE. Cells
with pCW4Ta had nine times higher activities than cells
with pCW4. E. coli does not have known secretion sys-
tems, which are essential for a protein to be transported
into culture medium. Considering these facts, lysis of
some E. coli cells might be responsible for the results
shown in the Fig. 1. Lysis of some cells might be respon-
sible for the fact that culture supernatant showed higher
activities than cell pellet. Although the exact cause was
unknown, the same results were obtained after separate
measurements. E. coli cells with pPCW4Ta showed high-
er a-amylase activities than those with pSJETa. Halo
size of cells with pCW4Ta was also larger than those
of cells with pSJETa (Fig. 1). This seemed to be caused
by copy number differences between the two vectors.

L. brevis 2.14 harboring pSJETa or pCW4To ex-
hibited no activities. L. brevis 2.14 TFs harboring pSJET
o did not produce halos when grown on MRS plates
containing glucose (0.25% , w/v) and 1% soluble starch
(results not shown). E. coli cells were transformed with
pSJETa. prepared from L. brevis 2.14 TFs and they pro-
duced halos. This result indicated that structural change(s)
in amyL was not the reason for poor expression of amyL
in L. brevis. a-amylase assay using the DNS method
confirmed that no active enzyme was produced in L. bre-
vis 2.14 TFs although the same plasmid construct al-
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Fig. 1. Halo production by E. coli DH5a (A) and L. brevis 2.14 (B) TFs harboring pCW4Ta or pSJETa. Two uL of culture
grown overnight in LB or MRS was spotted onto LB (A) and MRS plate (B) containing soluble starch (1%, w/v), respectively.
Plates were incubated for 24 hr at 37°C before stained with 10 mM I,-KI solution.

lowed synthesis of active enzyme in E. coli (Table 3).

SDS-PAGE and zymography for protein samples were
performed as described in the materials and methods and
the results are shown in Fig. 2. Although an a-amylase
band could not be located on the coomassie stained gel,
an active 55 kDa band was detected by zymography (Fig.
2). The size matched well with the expected size of a
-amylase from B. licheniformis (8). No active band was
detected from L. brevis 2.14 TFs. This result was differ-
ent from the observations from Lactobacillus casei TFs
which were constructed by introduction of pIL2530a, a

Table 3. o-amylase activities of E. coli and L. brevis TFs
Total activity (U)"

Strains Culture supernatant  Cell pellet
E. coli DHSa
[PCW4] 0.0435 0.0054
[pPCW4Ta] 0.0345 0.0467
[pSJE] 0.0366 0.0077
[pSTETa] 0.0484 0.0211
L. brevis 2.14
[pCW4] 0.0437 0.0938
[pPCW4Ta] 0.0423 0.1362
[pSJE] 0.0550 0.1396
[pSJETa] 0.0568 0.1674

Y1 U is the amount of enzyme which produces 1 pmol of
reducing sugars (maltose) from soluble starch at 65°C per min.
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pIL253 based E. coli-Lactobacillus shuttle vector con-
taining amyL (8). Two L. casei TFs produced active a-
amylase.

It is unclear why active a-amylase was not produced
in L. brevis. Low pH value of the culture media, caused
by organic acids produced during lactic acid fermenta-
tion, may have inactivated o-amylase or prevented its
synthesis. To examine this possibility, L. brevis cells har-
boring pSJETa were cultivated in a jar fermenter where
the medium pH was constantly maintained at 7.0 to 8.0
and enzyme activities were measured, but no active en-
zyme was detected. Therefore, it is still an open question
why active a-amylase was not produced in spite of the
synthesis of amyL transcripts (see below).

Transcription of amyL

Slot blot experiments were done to see whether tran-
scription of amyL occurred in L. brevis 2.14. Fig. 3
shows that amyL transcripts were synthesized in L. bre-
vis 2.14 harboring either pSJETa or pCW4Ta. L. brevis
2.14 harboring pSJETa had stronger hybridization signal
than cells harboring pCW4Ta. Future studies are neces-
sary to determine why no active a-amylase was produced
in L. brevis but no transcript was synthesized.

Stability of plasmids
The results of stability testing for pSJETa and pCW4T
a in L. brevis 2.14 are shown in Fig. 4. Without anti-
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Fig. 2. SDS-PAGE and zymogram of protein samples from E. coli TFs. P and S indicate cell pellet and culture supernatant,
respectively. M, protein size marker (Bio-Rad, Hercules, CA, USA); 1, DHS5a [pCW4]; 2, DHS5a [pCW4Ta]; 3, DHS5a [pSJE];
4, DHS5a [pSJETa]. Arrows in the right side of zymogram indicate a 55 kDa a-amylase band.
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pCW4  pCW4Ta

Fig. 3. Slot blot results. Ten pg of RNA samples from L. brevis
2.14 TFs harboring pCW4Ta and pSJETa were applied onto
a membrane and 3 kb fragment containing amyL was labeled
and used as the hybridization probe.

pSJE  pSJETa

Stability (%)

Incubation Time (day)

Fig. 4. Stability of pCW4Ta and pSJETa in L. brevis 2.14.
L. brevis TFs were grown on MRS media without Em. One
% (v/v) daily subculturing onto fresh MRS broth was con-
tinued up to two weeks and culture was taken for the presence
of plasmid. @, L. brevis 2.14 [pCW4Ta]; A, L. brevis 2.14
[pSJETa].

biotic selection pressure, pCW4Ta was not stable in L.
brevis 2.14. After 4 days of daily subculturing in MRS
broth, only 1.4% of cells maintained pCW4Ta and after
13 days, 0.1% of cells kept pPCW4Ta. pSJETa was more
stable than pCW4Ta. 3.1% of cells still maintained
pSJETa. after 13 days of daily subculturing in MRS broth
without Em. The difference in stability reflects the dif-
ferent replication mode for two plasmids. pSJE replicates
via theta type replication whereas pCW4 replicates via
RCR, and RCR plasmids are known to become unstable
if antibiotic selection pressure is missing (17). Plasmid
stability is an important criterion when designing food
grade vector systems since use of antibiotics is not al-
lowed for food applications.

CONCLUSION

Heterologous amyL expression was tried in L. brevis
2.14 by introducing amyL using two different vectors,

pSJE and pCW4. Although active a-amylase was pro-
duced in E. coli TFs, no active enzyme was detected
from L. brevis 2.14 TFs. Slot blot experiment using
amyL as a probe showed that transcription of amyL oc-
curred in L. brevis. In L. brevis, pSJETa was more stable
than pCW4Ta in the absence of antibiotic.
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