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Abstract — To investigate high-level expression of Serratia marcescens metalloprotease (SMP) in
Escherichia coli and S. marcescens, we constructed various recombinant plasmids: pSP2, containing
SMP gene and lac promoter; pKSP2, containing SMP gene and fac promoter; pTSP2, containing
SMP gene, tr¢99a promoter, and lecl® The recombinant E. coli (pKSP2) strain expressed SMP
to a high-level, about 36% of total cellular proteins but accumulated inactive SMP precursors
intracellularly, which indicated that E. coli does not have activation and secretion system for SMP.
To overproduce active SMP, we transformed S. marcescens with the recombinant plasmids by
a modified CaCl, method. The recombinant S. marcescens ATCC27117 (pSP2) containing lac promo-
ter for SMP transcription produced 530 U/m/ of active SMP on LB broth, which is about 5.1
times of the SMP yield, 105 U/m!/ of a control strain, S. marcescens ATCC27117 (pUC19). However,
S. marcescens ATCC27117 (pKSP2) containing fac promoter for SMP transcription did not grow
healthy and hardly produced SMP. To overcome a harmful effect of the strong fac promoter,
we constructed a regulatory plasmid pTSP2 containing a strong f7¢99a promoter and its repressor
gene lacl®. When S. marcescens ATCC27117 (pTSP2) was induced with 1.0 mM PTG after 9 hr
cultivation, 2,200 U/m/ of SMP was obtained in LB broth, which is about 21 times of that of
a control strain.
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Fig. 1. Recombinant plasmids constructed for high-level expression of SMP in E. coli and S. marcescens.
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Fig. 2. Induction of SMP precursor from E. coli JM109
(pKSP2) with 1.0 mM IPTG. E. coli IM109 (pKSP2)
was cultivated overnight and final 1.0 mM IPTG was
added to culture broth., S and P represents the standard
marker proteins (in kilodaltons) and the purified SMP
from S. marcescens, respectively.
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Fig. 3. Localization of SMP precursors in E. coli JM
109 (pKSPZ). E. coli JM109 (pKSP2) was cultivated
with 1.0 mM IPTG and cellular fractionation was car-
ried out according to Materials and Methods.

(a) SDS-PAGE gel was visuahzed with Coomassie brl-
liant blue staining. (b) SDS-PAGE gel was immuno-blo-
tted with SMP anti-serum. Lanes: 1, sonication-insotu-
ble precipitate of cells; 2, sonication-soluble precipitate
of cells: 3, periplasmic protein of cells; 4, extracellular
proteins. (c) E. colt JM109 (1) and E. coli ]M109 (pK5P
2) (2) cells were observed with a transmission electron
microscope (TEM). Arrows indicate inctusion body of

SMP precursors.
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Table 1. Effect of culture temperature on the transfor-
mation efficiency of S. marcescens ATCC27117

evemt e
B

Culture Transformation
temperature efficiency
(C) (transformants/
ug pUC19)
25 1.1 <10
30 3.2 % 10°
37 3.8 1¢

Table 2. Effect of cell growth on the transformation
efficiency of S. marcescens ATCC27117
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ug pUC19)

0.23 1.93 X 10*
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Table 3. Effect of CaCl; concentration on the transfor-
mation efficiency of S. marcescens ATCC27117

CaCl, Transformation
Concentration efficiency
(mM) (transformants/
pg pUC19)
10 5.00< 10°
30 1.35X 1¢°
50 3.65 X 10°
100 2.80 X 10
200 3.50 <10
300 6.30 X 1¢#
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Heating time{min)
at 15T
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Fig. 4. Effect of heat treatment on the rapid isolation
of plasmid DNAs from S. marcescens ATCC27117 tran-

sformants. Cells were heated at 75°C for 0, 2, and
S5 min and followed the alkaline lysis method. E repre-
sents the plasmid DNAs isolated from E. coli by the
alkaline lysis method without heat-treatment.
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Fig. 5. Proteolytic activity of S. marcescens transforma-
nts on LB-skim milk agar plate.

1, S. marcescens (pUC19); 2, S. marcescens (pSP2); 3,
S. marcescens (pKKZ223-3); 4, S. marcescens {pKSP2);
5, S. marcescens (pTrc99A); 6, S. marcescens (pTSP2).
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Fig. 6. Cell growth and SMP production of 8. marcescens ATCC21074 (a) and ATCC27117 (b) strains harboring

pUCI19 () and pSP2 (@) in LB broth.
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Table 4. Effect of culture temperature on the produc-
tion of SMP from the S§. marcescens ATCC27117
(pSP2)*

Culture Cell growth SMP
temperature (Abs. 600 nm) activity
(C) (U/mf)

20 5.5 343

25H 5.5 530

30 3.8 400

37 3.6 0

*Cells were grown in LB broth for 36 hr.
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Fig. 7. SMP production from S. marcescens (pTSP2)
in LB broth. SMP production from S. marcescens
(pTSP2) was induced with 1.0 mM IPTG (@) after
9 hr cultivation. SMP production without IPTG induc-
tion is represented as open circle.
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Fig. 8. SDS-PAGE of the culture supernatants of §.
marcescens strains harboring various plasmids, grown
in LB broth. Ten / of samples taken from 48 hr-cultu-
res was analyzed with 12% SDS-PAGE gel

Lanes: 1, from S. marcescens (pUC19); 2, from S. mar-
cescens (pSP2); 3, from S. marcescens (pTSP2); S, stan-
dard marker proteins (in kilodaltons).
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