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Summary

In this study, the recombinant plasmid pTE353-BG was created by inserting the p353-2 cryptic plasmid region of pLP3537 into pTEG5
recombinant plasmid contains pUC18 and 3-1,3-glucanase gene of Cellulosimicrobium cellulans. The recombinant plasmid pTE353-BG was then
introduced into Lactobacillus plantarum by electroporation. Insert analysis of pTE353-BG digested with Sacl produced 1.9 kbp B-1,3-glucanase
gene band on agarose gel as well as 1.9 kbp DNA encoding 3-1,3-glucanase gene insert amplified on the recombinant vector via PCR indicated the
integration of the gene into the plasmid. Recombinant L. plantarum colonies with pTE353-BG on MRS-laminarin-agar plate showed clear positive
zones by Congo-red staining that revealed the expression of 3-1,3-glucanase encoding gene. The -1,3-glucanase enzyme of recombinant strain
produced the same activity band with C. cellulans enzyme in terms of molecular weight, which showed the activity of secreted protein without any
proteolytic degradation. Optimal temperature and pH values of L. plantarum B-1,3-glucanase have been determined 40°C and 6.0 respectively, by
enzymatic analysis. These results revealed that recombinant L. plantarum could be considered as a silage inoculant for aerobic spoilage of silage.

Keywords: Cellulosimicrobium cellulans, -1,3-Glucanase, Lactobacillus plantarum, Cloning, Gene expression,
Recombinant silage inoculant

Aerobik Stabilite icin Yeni Silaj inokiilanti Olusturmak
Amaciyla Cellulosimicrobium cellulans 3-1,3-Glukanaz Geninin
Lactobacillus plantarum’da Klonlanmasi ve Ekspresyonu

Ozet

Bu calismada, rekombinant pTEG5 plazmit DNA'sina (pUC18 + Cellulosimicrobium cellulans'in 3-1,3-glukanaz geni) pLP3537 plazmitinin p353-2
kriptik plazmit bolgesinin aktariimasi ile rekombinant pTE353-BG plazmit DNA'si olusturulmustur. Rekombinant pTE353-fG plazmiti Lactobacillus
plantarum’a elektroporasyon teknigi ile transfer edilmistir. Sacl enzimi ile kesilmis pTE353-BG'nin agaroz jelde 1.9 kbg biyukligiinde gen bandi
Uretmesinin yani sira, B-1,3-glukanaz genini sifreleyen 1.9 kb¢ buytkligtindeki DNA parcasinin PCR ile rekombinant vektorden amplifiye edilmesi
genin plazmite entegrasyonunu gostermektedir. pTE353-BG iceren rekombinant L. plantarum kolonileri MRS-laminarin-agar plaginda Congo-
red boyamasi ile 3-1,3-glukanaz geninin eksprese oldugunu goésteren acik renkli pozitif zon vermislerdir. Rekombinant sus tarafindan uretilen
enzim, C. cellulans enzimi ile ayni molekiler agirlikta aktivite bandi Gretmis ve bdylece enzimin herhangi bir proteolitik parcalanmaya maruz
kalmadigi anlasiimistir. Enzimatik analizler sonucunda L. plantarum tarafindan tretilen 3-1,3-glukanaz enziminin optimum sicaklik ve pH degerleri
siraslyla 40°C ve 6.0 olarak bulunmustur. Bu sonuclar, rekombinant L. plantarum’un silajin aerobik bozulmasini 6nlemek icin inokilant olarak
disundlebilecegini ortaya ¢ikarmistir.

Anahtar sozciikler: Cellulosimicrobium cellulans, 8-1,3-Glukanaz, Lactobacillus plantarum, Klonlama, Gen ifadesi,
Rekombinant silaj inokdilanti
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INTRODUCTION

Endo-1,3-B-glucanases (EC 3.2.1.6 and EC 3.2.1.39) are
widely distributed among bacteria and higher plants .
These enzymes catalyse the hydrolysis of B-1,3-glucan
component found in the yeast cell wall and other 3-1,3-
glucans such as laminarin, curdlan and pachyman 23, The
bacterium Cellulosimicrobium cellulans (also known with the
synonyms Cellulomonas cellulans, Oerskovia xanthineolytica,
and Arthrobacter luteus) has been regarded as a major
source of yeast-lytic enzymes, particularly endo-§3-1,3-
glucanases, proteases and mannanases . Commercially
available yeast-lytic glucanase preparations derived from
this organism, namely Lyticase, Zymolyase, and Quantazyme,
have been produced and widely used for yeast protoplast
preparation and yeast DNA isolation ¢, Only one of these
preparations (Quantazyme, Quantum Biotechnology, Canada)
is produced recombinantly and protease-free 1,

The primary goal of making silage is to maximize
the preservation of original nutrients in the forage crop
for feeding at a later date .. Therefore, ensiled forages are
the most commonly used feeds for ruminants all over the
world B, Lactobacillus plantarum and other Lactobacillus
species, Enterococcus faecium and Pediococcus species are
most common silage inoculant bacteria and one or more of
these bacteria to be included in silage inoculants 7, One of
these bacteria, L. plantarum, is the most important bacterium
used in silage fermentation. However, aerobic spoilage by
yeasts and moulds is a major cause of reduced nutritional
value of silage and increases the risk of potential pathogenic
microorganisms 1'%, Various chemical additives with anti-
fungal properties, such as propionic acid, sorbate, benzoate,
acetic acid, ammonia, urea, some enzyme preparations and
Lactobacillus buchneri as silage inoculant have been used
to prevent or enhance of aerobic stability and decrease of
spoilage ", However, usage of most of these additives has
been restricted because of their other undesirable
properties. For instance, propionic acid is difficult to
handle because of its corrosive nature as well as at a pH
of 4.8, about 50% of the acid being undissociated '",
sorbate, benzoate, and acetic acid being too costly ',
Besides, L. buchneri as silage inoculant causes dry matter
losses in silage material at early fermentation phase 2.

In the present study, we aimed to express the 3-1,3-
glucanase gene of C. cellulans in L. plantarum to create
a recombinant silage inoculant to enhance the aerobic
stability and decrease the spoilage by secreting the 3-1,3-
glucanase enzyme by L. plantarum.

MATERIAL and METHODS

Strains of Bacteria and Growth Conditions

Lactobacillus plantarum strain 5057 was cultured on
MRS broth (Merck, 1.10661) and MRS agar (Merck, 1.10660)

at 37°C without shaking. For culturing of recombinant L.
plantarum, both MRS-broth and MRS-agar supplemented
with ampicillin (50 pg mL?"). Cellulosimicrobium cellulans
(Oerskovia xanthineolytica, ATCC 21606) was cultured in
GYM Streptomyces medium (glucose (0.4% wt/v), yeast
extract (0.4% wt/v), malt extract (1% wt/v), pH 7.2) at 28°C
with shaking at 250 rpm. Agar (1.2% wt/v) and CaCO,
(0.2% wt/v) were added into GYM Streptomyces medium
for preparation of GYM Streptomyces agar. Recombinant
Escherichia coli carrying recombinant pTEG5 plasmid DNA
was cultured in LB-broth (10 g bacto tryptone (Merck), 5
g yeast extract (Merck) and 10 g NaCl (Merck) per L, pH
7.5) at 37°C with shaking at 250 rpm. Agar (1.5% wt/v)
was added into LB medium for LB-agar. Both LB-broth and
LB-agar were supplemented with ampicillin (50 pg mL").
For activity testing of recombinant L. plantarum on MRS-
laminarin-agar plate, the plate was stained with Congo-
red solution (0.1% wt/v Congo-red) for 15 min and then
destained with 1 M NaCl solution for 15 min. Clear haloes
on the MRS-laminarin-agar plate indicated the presence of
-1,3-glucanase activity 1",

Plasmids

Recombinant vector pTEG5 was previously created
in the Animal Biotechnology and Genetic Engineering
Laboratory, Department of Animal Science, Faculty
of Agriculture, Cukurova University ', The recombinant
vector pTE353-BG (pUC18 + B-1,3-glucanase gene + p353-
2 cryptic plasmid) was created using Escherichia coli/
Lactobacillus shuttle vector pLP3537 (ampicillin resistant
and erythromycin resistant; amp®, er?) "1 and pTEGS5.
PTE353-BG was used for L. plantarum transformation ¢,
Recombinant L. plantarum strain carrying the recombinant
plasmid pTE353-BG, was cultured in MRS broth and on
MRS agar at 37°C supplemented with ampicillin (50 pg
mL"). Recombinant plasmid pTEG5 was isolated from
E. coli cells as described previously 1'”l. On the other hand,
PTE353-BG was isolated from recombinant L. plantarum
cells as described previously '8,

DNA Modification

The following modifying enzymes were purchased and
used for DNA modifications; Sacl, Smal, EcoRl, Hindlll, and
bacterial alkaline phosphatase, bacteriophage T4 DNA
ligase as well as Pfu DNA polymerase (Fermentas, Vivantis
and Promega Corporation). Restriction enzyme reactions
were monitored by examining digestion by agarose gel
electrophoresis using standard methods . Linearised
plasmid DNA and PCR products were excised from gels and
purified using Genomic DNA Purification Kit (Fermentas).

Cloning Procedures

p353-2 cryptic plasmid region (2.4 kbp) was derived from
pLP3537 vector by digestion with EcoRIl and then ligated
to EcoRl digested pTEG5 vector to construct the pTE353-
G recombinant plasmid.
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The pTE353-BG was electrotransformed into Lactobacillus
plantarum 5057 strain using the modified method " as
follows: For electroporation, 50 uL of the competent L.
plantarum cells were mixed with 1 pg of plasmid DNA and
transferred to a prechilled electroporation cuvette (1 mm
gap). After incubation for 2-3 min, the cells were exposed
to a single electrical pulse using a Gene-Pulser (Invitrogen)
set at 25 pF, 200 Q, 1300 V (13 kV cm”) and 25 mA
resulting in time constant of 5 ms. After electroporation,
electrotransformed L. plantarum cells were diluted with
500 pL MRS broth and incubated at 32°C for 4 h. Finally
the cells were plated on MRS-agar containing ampicillin
(50 pg mL") and incubated at 37°C for 48 h.

PCR and Restriction Endonuclease Analysis

The sequences of the primers used for amplifying of (3-
1,3-glucanase gene from the recombinant vector were 5'-
AGAGCTCGTGGCACTGCACTCGTTCGAGTCT-3’ (forward) and
5'-AGAGCTCGACGGGCGCGGTCAGAGCGTCCAG-3' (reverse)
based on the gene sequence . The PCR mixture consisted
of 5uL of reaction buffer, 1 uL of 40mM dNTP mix (200 uM
each final), 1 uL each of forward and reverse primers (20
pmol each primer), 0.5 uL of Pfu DNA polymerase (2.5U/
pL), 1 L of 50% wt/v DMSO (1% wt/v final), and 210 ng
of template in a total volume of 50 uL. The following
amplification program was used: Initial denaturation step
at 94°C for 2 min, then 30 cycles of denaturation at 98°C
for 10 s, annealing and elongation at 68°C for 5 min. A
final extension step was performed as 72°C for 5 min. PCR
reaction performed with recombinant plasmid analysed
by agarose gel (0.8% wt/v) electrophoresis.

For restriction endonuclease analysis, recombinant
plasmid pTE353-BG was isolated from L. plantarum trans-
formant. To detect the 3-1,3-glucanase gene, recombinant
plasmid was cleaved with Sacl+EcoRl restriction endo-
nuclease mixture and analysed by agarose gel (0.8% wt/v)
electrophoresis. Furthermore, pTE353-3G was digested by
HindIll to obtain a single linearized band.

Electrophoretic Analysis of Extracellular Proteins

To obtain the extracellular proteins of C. cellulans and L.
plantarum strains from culture supernatants, the overnight
grown cells were pelleted by centrifuge. The extracellular
extracts (supernatants) were mixed with 1:1 volume of
20% TCA for precipitation. After the incubation at room
temperature for overnight, protein pellets were obtained
by centrifuge. Air-dried proteins were dissolved in 0.1 M
Tris-HCL buffer (pH 8.0).

SDS-PAGE and SDS-Laminarin-PAGE (0.2% laminarin)
were done as described previously 2" with slab gels (12%
wt/v acrylamide). After the electrophoresis, the gel was
stained for 1 h with Coomassie blue R 250 dye in methanol-
acetic acit-water solution (4:1:5 by volume) and destained
in the same solution without dye ?2?3, For activity staining
(zymogram analysis), SDS was removed by washing the

gel at room temperature in solutions containing 50 mM
Na,HPO,, 50 mM NaH,PO, (pH 7.2), isopropanol 20% v/v for
1 h and 50 mM Na,HPO,, 50 mM NaH,PO, (pH 7.2) for 1 h,
respectively. Renaturation of enzyme proteins was carried
out by keeping the gel overnight in a solution containing
50 mM Na,HPO,, 50 mM NaH,PO, (pH 7.2), 5 mM B-
mercaptoethanol and 1T mM EDTA at 4°C. The gel was
then transferred onto a glass plate, sealed with film, and
incubated at 30°C for 4 h. The gel was stained in a solution
of Congo-red (0.1% Congo-red, 0.2 M NaOH), for 1 h, and
destained in 1 M NaCl for 30 min. Clear bands indicated the
presence of 3-1,3-glucanase activity 2+,

Enzyme Assay

[-1,3-Glucanase activity was assayed by adding 1 mL
enzyme to 1 mL laminarin (2%, wt/v) in 0.1 M Na-phosphate
buffer, pH 6.0 and incubating at 40°C for 30 min. The reaction
was stopped by addition of 3 mL of 3,5-dinitrosalicylic acid
reagent and A,,, .., was measured in a Pharmacia spectro-
photometer 7,

Temperature and pH effects on enzyme activity were
assayed at different temperatures ranging from 20 to
100°C and at pH values ranging from 4 to 11 for 30 min.
Following buffers were used in the reactions: 50 mM Na-
acetate (pH 4-6), 50 mM Na-phosphate (pH 6-8) and 50
mM Tris (pH 8-11) %8, Enzyme assay carried out as described
previously.

For the measurement of thermal stability, the enzyme
was pre-incubated at temperatures between 20 to 100°C
for 30 min at optimum pH. The enzyme activity was
determined under standard enzyme assay condition.
Enzyme assay carried out as described previously.

Supernatants of recombinant L. plantarum were taken at
predetermined time intervals (0 min, 12, 24, 36, 48,60, 72 h)
of culturing period. Enzyme assay of supernatants carried
out as described previously and enzyme production
depending on culturing period determined.

RESULTS

Transformation of Lactobacillus plantarum

The first generation recombinant vector pTEG5 (pUC18
plus B-1,3-glucanase gene of C. cellulans) was created
previously . In present study, the 2.4 kbp EcoRI-EcoRI
p353-2 cryptic plasmid region including replication origin
of L. plantarum was derived from the pLP3537 and ligated
to pTEG5 to create the second generation recombinant
plasmid pTE353-BG (Fig. 1).

The pTE353-BG recombinant plasmid was then electro-
transformed into L. plantarum to express the -1,3-glucanase
gene. Recombinant L. plantarum colonies showed (3-1,3-
glucanase activity on MRS-agar plate supplemented with
ampicillin (50 ug mL") and laminarin (0.1% wt/v) with clear
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zones around of the recombinant colonies (Fig. 2).

While original L. plantarum with no ampicillin resistance
gene did not grow on solid growth medium contain
ampicillin, recombinant L. plantarum/pTE353-BG bearing
Amp resistance gene on the vector grew well on the same
medium (data not shown).

Recombinant pTE353-3G plasmid was isolated from
recombinant L. plantarum strain. It was then subjected
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2

to restriction fragment length analysis together with
PCR amplified DNA encoding the gene on agarose
gel electrophoresis (0.8% wt/v). -1,3-glucanase gene
fragment (~1.9 kbp) amplified by PCR and restriction endo-
nuclease digested recombinant plasmid confirmed
the success of the cloning experiments. Recombinant
plasmid digested with Sacl+EcoRl was yielded the same
DNA fragment consisting of pUC18, p353-2 and B-1,3-
glucanase gene (Fig. 3).
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Fig 1. Construction of pTE353-BG plasmid (~7 kbp) by ligating p353-2 cryptic plasmid region including replication origin of

L. plantarum (~2.4 kbp) into pTEG5 (~4.6 kbp)

Sekil 1. L. plantarum replikasyon orijinini iceren p353-2 kriptik plazmit bolgesinin (~2.4 kbg) pTEG5'e (~4.6 kbg) ligasyonu ile

pTE353-BG plazmitinin (~7 kbg) olusturulmasi

Fig 2. Recombinant L. plantarum colonies showing clear (3-1,3-glucanase
activity on MRS-agar plate with Congo red staining

Sekil 2. MRS-agar plaginda Congo-red boyamasi ile 3-1,3-glukanaz
aktivitesi gosteren rekombinant L. plantarum kolonileri

€— pUC18 (~2.7 kbp)
€— p353-2 (~2.4 kbp)

€ ﬁ-l}-Glucanase ("1'9 kbp) endontikleaz ve PCR analizleri (M: 1 kb¢ DNA markir,

Culture supernatants of C. cellulans, L. plantarum/
PTE353-BG, and L. plantarum were applied to SDS-PAGE
and SDS-Laminarin-PAGE to visualize total proteins and
zymogram analysis, respectively. For zymogram analysis,
denaturated proteins were renaturated on SDS-Laminarin-
PAGE after removing denaturating agents from the gel and
then allowing to the enzyme to digest substrate, thereby
producing clear zones on the gel. On zymogram analysis,
only B-1,3-glucanase protein band of C. cellulans with
54.5 kDa in size was showed a clear zone together with
extracellular protein counterpart of other recombinant
L. plantarum strain (Fig. 4). It is clearly indicated that
B-1,3-glucanase gene of C. cellulans successfully expressed
in L. plantarum without any significant proteolytic
degradation.

Enzyme Properties

The optimum activity of the enzyme isolated from
recombinant L. plantarum was observed at 40°C. The mean
enzyme activities were 91, 86 and 62% at 30, 50 and 60°C

Fig 3. Restriction endonuclease and PCR analysis of
PTE353-BG plasmid on agarose gel (M: 1 kbp DNA
marker, 1: PCR amplified fragment of 3-1,3-glucanase
gene from pTE353-BG, 2: pTE353-BG/Hindlll, 3: pTE353-
BG/Sacl+EcoRl)

Sekil 3. pTE353-BG plazmitinin agaroz jelde restriksiyon
1: pTE353-BG'dan PCR ile amplifiye edilmis $-1,3-

glukanaz gen fragmenti, 2: pTE353-BG/Hindlll, 3:
PTE353-BG/Sacl+EcoRl)
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respectively, whereas only 23% activity was retained after
incubation at 70°C for 30 min (Fig. 5A). The enzyme also
showed a significant relative activity (80.6%) between
pH 5.0 and 7.0 with an optimum pH of 6.0 (Fig. 5B). For
thermal stability estimation, the retaining activity was
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determined at optimum pH and temperature (Fig. 5C). The
retained original enzyme activity obtained from 20 to 60°C
was 94% for 15 min. The enzyme was stable for 15 min
between at 20 and 40°C, while at 50, 60, 70 and 80°C, 9, 22, 71
and 87% of the original activities were lost, respectively.

3

Fig 4. SDS-PAGE (A) and SDS-Laminarin-PAGE (B) analysis
of recombinant and non-recombinant bacterial proteins
(M: Marker, 1: L. plantarum, 2: L. plantarum/pTE353-BG, 3: C.
cellulans)

Sekil 4. Rekombinant ve rekombinant olmayan bakteriyel
proteinlerin SDS-PAGE (A) ve SDS-Laminarin-PAGE (B) analizleri
(M: Markir, 1: L. plantarum, 2: L. plantarum/pTE353-BG, 3: C.
cellulans)
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Fig 5. Enzyme properties of recombinant 3-1,3-glucanase (A: Effect of temperature, B: Effect of pH, C: Thermal stability, D: Enzyme

production depending on bacterial growth)

Sekil 5. Rekombinant 3-1,3-glukanazin enzimatik 6zellikleri (A: Sicakhigin etkisi, B: pH'nin etkisi, C: Termal stabilite, D: Bakteri gelisimine

bagli enzim tretimi)
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The production of (3-1,3-glucanase by the recombinant L.
plantarum was reached maximum activity at 36 h of
incubation period (Fig. 5D). After 60 h of incubation period,
the enzyme activity started to decrease.

DISCUSSION

With this study, -1,3-glucanase gene of C. cellulans
was cloned and expressed in L. plantarum. The enzyme
secreted from L. plantarum was found to be active with
clear zones on MRS-agar plate containing laminarin. On
the other hand, zymogram analyses clearly indicated that
activity bands with same size surrounded with clear zones
confirming the expression of C. cellulans 3-1,3-glucanase
gene in L plantarum successfully without any significant
proteolytic degradation.

-1,3-Glucanase gene of C. cellulans (ATCC 21606) was
well studied and enzymatic properties were revealed 2,
Furthermore, the nucleotide sequence of the gene was
determined ?%. In our previous study, the DNA fragment
of gene was generated by PCR from C. cellulans genome,
ligated into Smal digested pUC18 and then first generation
recombinant vector pTEG5 was created ', In the present
study, p353-2 cryptic plasmid region (2.4 kbp) including
replication origin of L. plantarum was derived from
Escherichia coli/Lactobacillus shuttle vector pLP3537 then
ligated into EcoRl digested pTEG5 and second generation
recombinant vector pTE353-BG was created. The pTE353-
BG recombinant vector was then successfully transferred
into L. plantarum 5057.

Silage can spoil rapidly if exposed to air during storage
or feed out stage of silage. Although a common mis-
conception is that molds are responsible for spoilage of
silage, yeasts are the primary microorganisms that cause
aerobic spoilage and heating .. Some chemical additives
and inoculant microorganisms were used to increase the
aerobic stability and to prevent the spoilage of silage.
Molecular studies on silage inoculants have been increased
and then some genes were cloned in lactic acid bacteria
for improvement for DM loses.

Aerobic deterioration of silage is a complex process
which depends on many factors and usually it is initiated
by aerobic yeasts 2% Various chemical additives with anti-
fungal properties, such as propionic acid, sorbate, benzoate,
acetic acid, ammonia, urea, some enzyme preparations
and Lactobacillus buchneri as silage inoculant have been
used to prevent or enhance of aerobic stability and decrease
of spoilage . However usages of most of these additives
have been restricted because of their other undesirable
properties.

Previously, several genes from other microorganisms
were cloned and expressed in L. plantarum such as a-
amylase B34, cellulase, xylanase and endoglucanase 3%,
endo-1,4-B-glucanase B9, levanase 57, (3-galactosidase %

and chitinase B9, Besides, herbal B-1,3-glucanase genes
from soybean 9, jujube fruit ¥ and rice “? were cloned
previously. On the other hand, the C. cellulans 3-1,3-
glucanase gene was cloned and expressed in Bacillus
subtilis and E. coli"3%43, But this is the first report to the
best of our knowledge in which the -1,3-glucanase gene
from C. cellulans was cloned and expressed in L. plantarum
to create new silage inoculant for better aerobic stability.

In our study, the optimum temperature of the recom-
binant enzyme was found with a wide range between 30-
60°C. Although the gene has been cloned in several bacteria
including E. coli and B. subtilis, temperature properties
have not been investigated. On the other hand, temperature
optimums of the B-1,3-glucanases from strain DSM 10297
and TK-1 were reported as 40 and 60°C, respectively ™.
Our finding is in agreement with optimum temperatures
of the enzymes from the strains DSM 10297 and TK-1. On
the other hand, optimum pH of our recombinant enzyme
was found as 6.0 with a significant relative activity (80.6%)
between pH 5.0 and 7.0. The present study indicates that,
this enzyme prefers slightly acidic pH for optimal activity.
Similar pH conditions for activity of native (3-1,3-glucanase
from C. cellulans have been reported previously ?°. pH
values of various silages observed in other studies were
reported as 4.3-4.5 (alfalfa silage with 30-35% DM), 4.7-
5.0 (alfalfa silage with 45-55% DM), 4.3-4.7 (grass silage
with 25-35% DM), 3.7-4.2 (corn silage with 35-40% DM),
and 4.0-4.5 (high moisture corn silage with 70-73% DM) .,
Our enzyme has been protected almost 40 and 55% of its
activity in 4.0 and 5.0 pH conditions, respectively. With our
results, the recombinant enzyme could be considered as
a solution partially for aerobic spoilage at feed out stage.
Besides, considering the development of L. plantarum
at 30°C, this temperature value is quite appropriate for
activation of the recombinant enzyme. Our enzyme
has been suffered the loss of activation over 60°C for 30
min. So, under the unsuitable silage conditions with
60°C, our enzyme began to denature.

In conclusion, the B-1,3-glucanase gene of C. cellulans
cloned in L. plantarum. Recombinant L. plantarum expressing
-1,3-glucanase encoding gene could be considered as
a silage inoculant for aerobic spoilage of silage.
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