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Fig. 1. Subcloning of f3-1,3-glucanase coding region from the cloned
pLM530. Symbols: B, BamHI; E, EcoRI; H, HindIll; MCS, multiple
cloning site; P, Pstl; X, Xbal; +/—, plasmid conferring or not 3-1,3-
glucanase activity.
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Fig. 2. Schematic representation of the construction of a recombinant
shuttle plasmid pLMS1180. For detailed explanations, see the text in
MATERIALS AND METHODS. Symbols: Ap, ampicillin resistance
gene; B, BamHI; E, EcoRI; H, Hindlll; Km, kanamycin resistance
gene; Oril9, replication origin from pUC19; Oril 10, replication origin
from pUB110; P, Pstl; Plac, lac promoter; X, Xbal.
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Table 1. Activity and localization of an -1,3-glucanase in transform-
ed cells of E. coli, B. subtilis and B. megaterium

Enzyme activity
(mU/ml of culture broth) in

Strains ol
uiture Cell " rotal Ratio
supernatant  extract

B. circulans KCTC3004 40(100) 0 40

(gene donor)
E. coli DH5 o (pLMS1180) 62(7)  759(93) 821 20
B. megaterium ATCC14945 )

(pLMS1180) 179(97) 53) 182 5
B. subtilis RM125

(pLMS1180) 599(100) o0y 599 14

Strains of Bacillus and E. coli were grown in LN medium. All cultures
were aerated vigorously for 16 hr at 37°C before the enzyme samples
were harvested. Numbers in parentheses represent relative distribution
(%) of the enzyme.
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Fig. 3. Changes of f313-glucanase activites in the culture broths
during the growth of E. coli DH5x (pLMS1180), B. subtilis RM125
(pLMS1180), B. megaterium ATCC14945 (pLMS1180) and B.
circutans KCTC3004. The four strains were grown aerobically in LN
medium at 37°C. Culture supernatants and whole cell extracts were
prepared periodicalty and fS-1,3-glucanase activities were assayed.
Symbols: @ - @ |, activity of B. circulans: (O - (O, growth of B.
circulans; & - A activity of B. megaterium (pLMS1180); A - L,
growth of B. megaterium (pLMS1180): Il -M | activity of B. subrilis
(pLMS1180): [1-[1. growth of B. subtilis (pLMS1180); 4-@, activi-
ty of E. coli (pLMS1180); & - <> . growth of E. coli (pLMS1180).
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Fig. 4. SDS-PAGE analysis of f-1,3-glucanase produced by E. coli, B
subtilis and B. megaterium transformants. Whole cell extracts were
appropriately concentrated and applied to 12% polyacrylamide gel.
Lane 1, high molecular weight markers (97. 68, 43, 29, 18K daltons);
lane 2, E. coli (pLMS1180); lane 3, E. coli (pUC19) as a control: lane
4, blank; lane 5, B. megaterium (pUB110) as a control: lane 6. B.
megaterium (pLMS1180); lane 7. B. subtilis (pLMS1130); lane 8. B.
subtilis (pUB110) as a control.
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Fig. 5. Thin-layer chromatogram of the products released from the
hydrolysis of laminarin by the [-1,3-glucanase in B. megaterium
(pLMS1180), B. subtilis RM125 (pLMS1180), E. coli DH5o
(pLMS1180). 0.5 m! of culture supernatants were mixed with 1 m/ of
1% laminarin (0.05 M citrate buffer, pH 5.4) and incubated for 24 h
(lanes 4, 6, 8) or 12 hr (lanes 3, 5, 7) at 50°C, and each sample was
applied to the thin-layer chromatography plate. Lane 1, standard
glucose and cellobiose; lane 2, before start of 3-1,3-glucanase reac-
tion; lanes 3, 4, after reaction of f-1,3-glucanase reaction from B.
megaterium (pLMS1180); lanes 5, 6, after reaction of 3-1,3-glucanase
reaction from B. subtilis (pLMS1180); lanes 7, 8, after reaction of B
1,3-glucanase reaction from E. coli (pLMS1180).
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Fig. 6. Stability of pLMS1180 in E. coli, B. subtilis and B. megaterium
in LB medium. The culture was diluted 1:1000 with fresh medium
every 24hr. Symbols: O - O , stability of B. subtilis (pLMS1180); @
-@, stability of E. coli (pLMS1180); AA-A, stability of B. megaterium
(pLMS1180).
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ABSTRACT: Expression of a $-1,3-Glucanase Gene from Bacillus circulans in B. subtilis and B. megaterium
Ki-Hoon Kim, Ji-Yeon Kim', Han-Bok Kim* and Dong-Seok Lee* (Department of Medical
Laboratory Science and 'Biohealth Products Research Center, Inje University, Kimhae 621-749,

Korea, 2Departmem of Life Science, Hoseo University, Asan 336-795, Korea)

A Bacillus circulans KCTC3004 -1.3-glucanase gene contained in a recombinant plasmid pLM460 derived
from subcloning the original recombinant plasmid pLM530 was trasferred into a new shuttle vector plasmid
pLMS1180 by ligating linearized DNAs of pLM460 and pUB110. B. subtilis RMI25 and B. megaterium
ATCC 14945 transformed with pLMS1180 produced the 3-1.3-glucanase substantially. Most of the enzyme was
produced during the exponential growth period. The maxium activities of the 3-1.3-glucanase produced by the
Bacillus transformants were compared with that of the B. circulans gene donor strain. The B. subtilis RM125
(pLM1180) enzyme showed the activity 14 times higher than that of the gene donor cells. followed by the B.
megaterium ATCC14945 (pLMS1180) enzyme with activity 5 times higher than that of the gene donor cells.
While E. coli secreted about 7% of the produced enzyme, B. subtilis excreted the enzyme into the medium
wholly and B. megaterium about 97% of the total product. The SDS-PAGE of this enzyme produced in E. coli
(pLMS1180), B. subtilis (pLMS1180) or B. megaterium (pLMS1180) indicated a molecular weight of 38,000.
The enzymes overproduced in three different host cells hydrolyzed laminarin to produce mainly laminaribiose,
Jaminaritriose, and laminarioligosaccharides. The plasmid pLMS1180 was stable in B. megaterium, E. coli. but
was unstable in B. subtilis.





