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Isolation, Purification, and Characterization of Lactobacillus plantarum Lytic Enzyme Produced by
Metarrisium anisopliae (Metschn.) Sorok. Ky-Chul Ryoo, Byoung-Kwon Hahm, Un-Wha Paik', Ju-Hyun
Yu and Dong-Hoon Bai*’. Department of Food and Bjotechnology. and Bioproduct Research Center, Yonses
University, Seoul 120-749. 'Doosan Technical Center, Yongin-gun, Kyonggr-do, 330-187. *Department of Food
Engineering. Dankook University, Chunan, 330-174, and Bioproduct Research Center. Yonsei University,
Korea — To improve the preservation of Kimchi, we isolated Lactobacillus plantarum lIytic enzyme-producing
strain from soil, and the enzyme was purified and characterized. From the observation of cultural and morpho-
logical characteristics, the isolated strain was identified as Metarrisium anisopfiae (Metschn.) Sorok. The enzyme
was purified to 75-folds with 40% yields through affinity adsorption and CM-Sephadex C-50 column chromatog-
raphy. The optimum pH and temperature for lytic activity are 4.0 and 40°C, respectively, and the enzyme
acitvity is stable between pH 3.0 and 9.0, and up to 50°C. The enzyme is a monomeric protein with molecular
weight of 40,000 daltons by SDS-PAGE and gel filtration. The enzyme is endopeptidase which breaks the
peptide linkage of Lactobacillus plantarum peptidoglycan. The lytic action spectra confirmed that Leuconostoc
mesenteroides, a useful strain for the fermentation of Kimchi, is not lysed by the enzyme. The enzyme activity
is inhibited by N-bromosuccinimide (NBS), which probably indicates the involvement of tryptophan residue
in active site of the enzyme, and also inhibited by Ag'. The amino acid composition analysis showed that
the enzyme contains more acidic amino acids than basic ones, and composition of alanine, glycine, proline

and tyrosines was very high.
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Fig. 1. Lysis of Lactobacillus plantarum by Metarrhizium
anisopliae (Metschn.) Sorok on agar plate.
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Fig. 2. Mncroscopm photograph nf Merarrhzzmm anisopliae (Metschn.) Sorok.

A, X400; B, X1,000.
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Fig. 3. Column chromatogram of Lactobacillus plantarum
lytic enzyme on CM-Sephadex C-50.

Column measured 55X12 cm. The flow rate was 20 m//hr
and 10 mi/fraction was collected.
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Table 1. Purification of the lytic enzyme.

Total activity Toté] protin  Specific activity Yield Pufication
Step (U) (mg) (U/mg) (%) fold
Culture supernatant 16116.7 3301.5 4.9 1
Affimity adsorption 9576.7 72.2 132.6 59 27
CM-Sephdex C-50 column chromatography 6466.0 17.6 367.5 40 75
A B C 100
66 KDa
S0
S |
‘: - Lytic enzyme s
@ 40 KDa 35 Kba
3
g
2
20
i4.3 KIa

Fig. 4. SDS-PAGE of Lacrobacillus plantarum lytic enzyme.
A, after CM-Sephadex C-50 column chromatography; B, af-
ter affinity adsorption; C, molecular weight markers.
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Fig. 5. Molecular weight determination of Lactobacillus pla-
ntarum lytic enzyme by gel filtration.

66 kDa, bovine serum albumin; 35 kDa, glyceraldehyde 3-
phosphate dehydrogenase; 14.3 kDa, lysozyme.
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Fig. 6. Effect of pH on Lactobacillus plantarum lytic activity (A) and stability (B).
®. 50 mM sodium acetate-acetic acid buffer (pH 3.0~7.0); B, 50 mM Tris-HCl buffer (pH 7.0~9.0); 4, 50 mM glvcine-

NaOH buffer (pH 9.0~12.0).
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Fig. 7. Effect of temperature on Lactobacillus plantarum lytic activity (A) and stability (B).
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Fig. 8. Release of DNP-amino groups upon digestion of -

Lactobacillus plantarum peptidoglycan by the enzyme

Table 2. Lytic action spectra.

: KCCM Lysis
Strain No. (%)
1. Yeast

Saccharomyces cerevisiae 11290 0

Candida albicans 11282 0

2. Bacteria

1} Gram negative
Proteus vulgaris 11906 0
Proteus vulgaris 11758 64
Klebsiella pneumoniae 11649 10
Pseudomonas fluovescens 12208 0
Escherichia coli 11967 0
Escherichia col 11587 0
Salmonella typhimurium 11863 25
Serratia marvcescens 21204 53
Azotobacter vinelandii 32407 42

2) Gram positive
Lactobacillus plantarum 11322 100
Leuconostoc mesenterordes 11324 17
Leuconostoc mesenteroides 12030 0
Brevibacterium lactofermentum 11945 0
Brevibacterium sp. 11946 0
Bactilus megaterium 32320 11
Bacillus polymyxa 35411 86
Staphyiococcus aureus 12256 0
Streptococcus faecalis 11814 0

dAe] daks olot®7] ffste] 7hE HE Fv}
5mMo| =HEXE &4 FHrpsto] 30°Cel| 4] 3027k
gk AEIAe SAsignh FE50)9 A

Ag’, Fe?' Pbi' ol o)) #a]|& wre} zbz} 0, 57, 67% 2]

Table 3. Effect of metals on lytic activity.

Metal (6 mM)

Relative activity (%)

None 100
MgSO, 101
AgNO'; 0
NaC(l 99
CaCl, 101
FeS0, 57
MnS0O, 108
CuS0, 101
CoC 12 107
K(l 101
AlCI, 102

Table 4. Effect of chemical modifiers on lytic activity.
Chemical modifiers (5 mM)

Relative activity (%)

None 100
Iodoacetate 101
NEM* 99
pCMB" 94
DTNB* 96
H.O, 101
DEP¢ 103
Hydroxylamine 98
PMSF* 101
Phenvylglyoxal 99
NBS' 0
L. 100

‘NEM : N-ethylmaleimide.

"pCMB : p-Chloromercuribenzoate.

“‘DTNB : 5,5"-Dithiobis-(2-nitrobenzoic acid).
1DEP : Diethylpyrocarbonate.

*PMSF : Phenylmethanesulfonyl fluoride.
'NBS : N-Bromosuccinimide.

AhEEAdE veldch(Table 3). AghS- wiala el
sulfhydryl group(-SH)el| =}8-3l= 7oz ey 9}
o wgh A A F cross linkingAlgj o2 &
g4 3l dimers AAA|F= e deix Q) &
sk Ao} 7% dRRe] sEpAlAle R4
8- w2z F-8l9d 1, N-bromosuccinimide(NBS)e
A AangdAde] skds] M=l o] o g HE
2 w4 A= tryptophan residuer} 3ieoisl=
o R #elxgicHTable 4). 72 Ao o=
axdAdel Aol A== ofstrt (Table 5).

1
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FEA0 ofo|cAl =MEN
gael opv|lil FARA e ZAake Table 69 v}
ebfiiel. B &4+ aspartic acid, glutamic acid 9} 7+




Table 5. Effect of reducing reagents on lytic activity.

Reducing reagents (5 mM) Relative activity (%)

None 100
B-Mercaptoethanol 98
Na-thiosulfate 102
Na-sulfate 100
Na-citrate 101
Cysteine 100
L-Ascorbic acid 96

Table 6. Amino acid composition of the lytic enzyme.

Composition
Amino acids
Mole Number of

percent (%) residue

Ala 12.4 40
Arg 3.1 10
Asx 11.0 36
Cys N.D.* N.D.*
Glx 5.9 19
Gly 11.7 38
His 2.2 7
Ile 3.1 10
Leu 4.6 15
Lys 0.6 2
Met 3.1 10
Phe 1.2 4
Pro 9.6 31
Ser 8.0 26
Thr 7.1 23
Trp N.D.* N.D.*
Tyr 10.2 33
Val 6.2 20
Total 100.0 324

*N.D. : Not determined.
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