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The sprT gene encoding Streptomyces griseus trypsin
(SGT) was introduced into Streptomyces lividans TK24
and Streptomyces lividans 1326 to study which strain
would be better to overexpress the extracellular
proteinase. Various media with different compositions
were also used to maximize the productivity of SGT in
heterologous hosts. The SGT productivity was best
when the transformants of S. lividans TK24 and 1326
were cultivated in R2YE medium, and their relative
trypsin activity of the culture broth measured with an
artificial chromogenic substrate, N-o-benzoyl-bL-
arginine-p-nitroanilide, were 382 units/ml and 221
units/ml, respectively. They produced high levels of
SGT in GYE medium but relatively lower than those in
R2YE medium, and negligible amount of SGT was
produced in Ferm, RASF, LIVID, and NDSK media.
Considering non-SGT associated activity in Pronase
powder, it was estimated that the transformant of S.
lividans TK24 can produce SGT in R2YE 3.5 times
more than the amount by S. griseus 10137 from which
the sprT gene had been originated. The growth of S.
lividans reached the maximum level of cell mass at 5 d
of culture, but SGT production started in the stationary
phase of cell growth and kept increasing until the ninth
day of culture in R2YE medium, but in GYE media the
productivity reached at the maximum level at 7 d of
cultivation.

Keywords: Optimization, Streptomyces griseus trypsin,
Streptomyces lividans.

* To whom correspondence should be addressed.
Tel: 0335-330-6198; Fax: 0335-335-8249
E-mail: skhong @bioserver.myongji.ac.kr

Introduction

Proteinases of commercial importance are produced from
microbial, animal, and plant sources. The proteinases
constitute a very large and complex group of enzymes
which differ in properties such as substrate specificity,
catalytic mechanism, and stability profiles depending on
pH, temperature, and ionic strength. Commercial
proteinases have application in a range of processes which
take advantage of the unique physical and catalytic
properties of individual proteolytic enzyme types.

Streptomyces griseus produces a mixture of proteinases
which has been sold under the commercial name of
Pronase with a variety of industrial use. Pronase has also
been widely used for the amino acid sequencing in a mixed
state with different proteinases, which gave a limit to
broaden its use (Trop et al., 1970). Therefore, there have
been many efforts to isolate each component of Pronase,
but the low content of each proteinase makes it difficult
(Awad et al., 1976; Tsuyuki et al., 1991). For an efficient
purification of the Pronase component, we had cloned
genes which encode proteinases and studied their
overexpression system.

Streptomyces griseus trypsin (SGT) is a bacterial serine
proteinase with an active serine sequence, Asp-Ser-Gly, and
has more similarity to mammalian trypsin than to S. griseus
proteinase A and B, two other chymotrypsin-like serine
proteinases from the same bacterium (Olfason et al., 1975;
Henderson et al., 1987). The general similarity of the
substrate binding regions of SGT and bovine trypsin (BT) is
consistent with the similarity of their interactions with
substrates and inhibitors. SGTs act in a specific manner for
the hydrolysis of lysine and arginine residues in the B-chain
of oxidized insulin, in the same manner as BT, as well as the
synthetic substrate N-o-benzoyl-L-arginine ethyl ester, and
is inhibited by iPr2P~F] and by naturally occurring trypsin
inhibitors (Trop er al., 1968). The sprT gene (Genbank
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accession No. M64471) encoding S. griseus trypsin has been
isolated from a S. griseus genomic library (Kim er al.,
1991). We constructed an overexpression system of the sprT’
gene using S. lividans TK24 as a heterologous host and
purified the SGT from the transformant and Pronase, and
compared their enzymatic properties to each other (Koo et
al., 1998). The SGT with a molecular weight of 23 kDa
calculated from its deduced amino acid sequence was
confirmed to be the protein band with a molecular weight of
28 kDa in SDS-polyacrylamide gel electrophoresis. Another
overexpressed protein with a molecular weight of 42 kDa
was thought to be a premature form of the SGT protein.
Obviously, overexpression in heterologous host makes it
easier to isolate SGT from the cultural filtrate (Koo et al.,
1998).

In this report, we studied for the optimal conditions to
maximize overexpression efficiency of the sprT gene by
changing the host in various media. The productivity of
SGT by the transformant in different conditions was
compared with those by S. griseus 10137.

Materials and Methods

Preparation of S. lividans transformant harboring the sprT
gene Two strains of S. lividans TK24 (str-6) and S. lividans
1326 (SLP2 and SLP3) were used as hosts for sprT over-
expression because they have low levels of milk protein-
hydrolyzing proteolytic activity (Lichenstein et al., 1988; Bender
et al., 1990). S. lividans 1326 and TK24 were obtained from the
John Innes Institute, United Kingdom (Hopwood et al., 1985). S.
griseus 10137, from which the sprT gene had been cloned, was
obtained from the American Type Culture Collection.
Streptomyces strains were maintained on R2YE agar, and S.
lividans TK24 and 1326 grown in R2YE liquid broth at 28°C
were used for the preparation of protoplasts and the isolation of
plasmid DNAs (Hoopwood et al., 1985).

Protoplasts of S. lividans 1326 and TK24 were prepared as
described by Sohng er al. (1996). Cells were grown in 100 ml of
R2YE containing 0.5% glycine in a 500 ml baftled flask and
incubated for 18 to 24 h. The obtained cells were treated with 20
ml of P buffer containing 80 mg of lysozyme, and the resulting
protoplasts were suspended in P buffer at a concentration of
~10%ml and frozen at —=70°C. P buffer had a pH of 7.2 and
contained 103 g/l sucrose, 0.25 g/l K,50,, 2.02 g/l MgCl,.6H,0,
0.05 g/1 KH,PO,, 3.68 g/l CaCl,.12H,0, 5.73 g/l TES, 0.2%(V/V)
of trace element (Okanishi ez al., 1974). Streptomyces protoplasts
were transformed as described by Sohng et al. (1996) by using
100 i of protoplasts (~10%), 1 Hg of plasmid DNA in 20 yl of TE
buffer, and 500 yl of 25% PEG1000 in P buffer. Samples (100 ul)
were plated in 2.5 ml of 0.6% soft R2YE agar on R2YE
regeneration plates. After incubation at 28°C for 18 to 24 h, the
plates were overlaid with 2.5 ml of 0.6% soft R2YE agar
containing 25 pg/ml of thiostrepton. Transformants were visible
after incubation for an additional 3 to 5 d at 28°C.

The plasmid pWHM-T, which is an E. coli-Streptomyces
shuttle vector containing the entire sprT gene, was constructed as
previously described (Koo et al., 1998) and their detailed map is
shown in Fig. 1.
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Fig. 1. Restriction map of expression vector pWHM-T containing
an insert of the entire sprT gene at EcoR1 and HindIIl sites. The
thick line indicates the sprT coding region. The organization of
the structural gene, with pre-pro peptide () and mature
proteinase (223 amino acids, [J), is shown below the map.
Abbreviations: Bm, BamHI; Bgl, Bgil; Bgll, Bgill; Ec, EcoRlI;
Hd, HindIll; Kp, Kpnl; Pv, Pvull; Sa, Sall; Sc, Sacl; Sm, Smal.

Cultivation of cells and quantitation of SGT The
transformant of S. lividans TK24 and 1326 harboring the pWHM-
T recombinant plasmid were grown in 100 ml of R2YE media in
500-ml baffled flasks at 28°C with vigorous shaking at 250 rpm.
After 2 d cultivation, 10 ml of cultural broth was used for
inoculation into 100 ml of various liquid media listed in Table |
in 500 ml baffled flasks at the same condition. Five ml of culture
broth were sampled everyday and centrifuged at 5000 rpm for 10
min. The supernatant was used for the measurement of protein
concentration and proteinase activity, and the cell pellet was used
for the quantitation of protein after cell disruption by sonication.

Trypsin activity was measured spectrophotometrically by the
release of p-nitroaniline due to the enzymatic hydrolysis of an
artificial chromogenic substrate, N-o-benzoyl-pL-arginine-p-
nitroanilide. The assay reaction mixture, which was composed of
890 ul of reaction buffer [S0 mM Tris-HCI (pH 8.0), 20 mM
CaCl,} and 10 pl of 50 mM N-o-benzoyl-pL-arginine-p-
nitroanilide was prewarmed for 5 min at 37°C, rapidly mixed with
100 w1 of enzyme solution, and incubated for 15 min. The
reaction was stopped by adding 400 ul of 30% acetic acid in
dioxane and the absorbance at 405 nm was recorded. One unit of
trypsin was defined as the amount of enzyme corresponding to
(.1 increase in absorbance at the above conditions. Protein
concentrations were measured by the method of Bradford (1976).
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Table 1. Proteinase production media used in this study.

Medium Ingredient Amount
(g/)
NDSK NaNO, 4.28
(in this study) K,HPO,-3H,0 0.23
HEPES 4.77
MgSO,-7H,0 0.12
trace element 2 ml
skim miltk 10
maltose 45.04
Livid MOPS 1.49
(Jayant et al., Nutrient broth 1.0
1993) CaCl,2H,0 0.735
KH,PO, 0.5
K,HPO, 0.5
fructose 0.25
skim milk 20
pH 7.2
Ferm glucose 20
(Kim et al., skim milk 10
1991) KH,PO, 1.0
K,HPO, 34
MgSO,-7H,0 0.3
FeSO,7H,0 0.01
ZnCl, 0.1
CuSO,7H,0 0.01
MnCl,-4H,0 0.003
CaCl, 0.01
NaCl 0.03
pH 7.0
RSAF K,SO, 0.25
(Daza et al., MgCl,-6H,0 10.12
1990) casamono acid 0.1
yeast extract 5.0
TES 5.73
CaCl, 2.9
proline 3.0
trace element 200 ul
pH 7.0
GYE glucose 125
(Gregory et al., yeast extract 5.0
1989) CaCO, 8.0
NaCl 5.3
pH 7.2
R2YE sucrose 103
(Hopwood et al., K,SO, 0.25
1985) MgCl,-6H,0 10.12
glucose 10
casamino acid 0.1
yeast extract 5
K,;HPO, (0.5%) 10 ml
CaCl,-2H,0 (3.68%) 80 ml
L-proline (20%) 15 ml
TES (5.73%, pH 7.2) 100 ml
trace element 2 ml

Results and Discussion

Production of SGT in various media Two S. lividans
strains harboring pWHM-T and §. griseus 10137 were
cultured in various liquid media to study the best
compositions of media for the SGT overproduction. In §.
griseus 10137, the enzymatic activity of the culture broth
was 268 units/ml and 232 units/ml in R2YE and NDSK
media, respectively (Fig. 2A). In Ferm, RASF, Livid, and
GYE media, the level of SGT activity was relatively low
(Fig. 2A). The SGT activity produced by §. lividans 1326
transformant with pWHM-T reached to 221 units/ml and
206 units/ml of culture broth in R2YE and GYE media,
respectively (Fig. 2B). On the other hand, the S. lividans
TK?24 harboring pWHM-T produced SGT at 382 units/ml
and 283 units/ml of culture broth (Fig. 2C). Both strains of
S. lividans produced very low levels of SGT in Ferm,
RASF, Livid, and NDSK media. All three strains showed
highest level of SGT activity in R2YE and the S. lividans
TK24 transformant produced 1.4 times more than the
amount produced by S. griseus 10137. In the previous
paper, we reported that more than 60% of the total trypsin
activity in Pronase powder should be non-SGT associated
activity (Koo er al., 1998). Therefore, the real content of
SGT in the culture broth of S. griseus 10137 will be lower
than the amount estimated from the BAPNA assay. From
this fact, it was expected that the S. lividans TK24
transformant may produce 3.5 times more SGT than the
amount produced by S. griseus 10137 in R2YE media.

Comparison of SGT productivity and cellular growth
Because the SGT productivity of tested strains were much
better in R2ZYE and GYE media than those in other media,
the productivity of SGT in R2YE and GYE by different
strains were summarized in Fig. 3. S. lividans 1326 and S.
lividans TK24 harboring pWHM3 vector, which were used
as controls, showed negligible amounts of SGT activity,
i.e, less than 10 units/ml in both media, which supports the
idea that those strains are useful candidates for the host to
overexpress foreign proteinases (Tomich, 1988). In R2YE
medium, §. lividans TK24 showed 1.4 times higher titer of
SGT than that of S. griseus 10137, but S. lividans 1326
showed only gi of the SGT activity produced by S. griseus
10137 (Fig. 3A). In GYE medium, §. lividans TK24 and
1326 transformant with pWHM-T produced 4.2 times and
3.0 times more SGT, respectively, than that by S. griseus
10137 (Fig. 3B). If we consider non-SGT associated
activity by S. griseus 10137, both strains of S. lividans
could overproduce the SGT more than that produced by
S. griseus 10137 in both media.

Because of many insoluble ingredients in fermentation
media, it was difficult to measure the cell growth and the
concentration of extracellular proteins exactly, therefore, the
SGT activity produced could not be compared in specific
activity except in R2ZYE medium. In R2YE medium, the
SGT activity kept increasing during 9 d of cultivation
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Fig. 2. Comparison of SGT activity produced by S. griseus 10137 (A) and the transformant of S. lividans 1326 (B) and TK24 (C)
cultivated in a variety of media. The amount of enzyme produced was expressed in units/mi of culture filtrate depending on cultivation
time because specific activity could not be calculated owing to insoluble ingredients in the production media. ¢ — 4, R2YE medium;
M- B GYE medium; & — A, Ferm medium; O — O, RSAF medium, [1-[], Livid medium; @ — @, NDSK medium.
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Fig. 3. Comparison of SGT activity produced in R2YE (A) and GYE (B) media by S. griseus and S. lividans recombinant strains. The
amount of enzyme produced was expressed in units/ml of culture filtrate depending on cultivation time because of insoluble ingredients
in the production media. [J— ], §. lividans 1326 with pWHM3 as a control; Bl — I, S. lividans 1326 with pWHM-T; O~ O, 8. lividans
TK24 with pWHM3, @ - @, S. lividans TK24 with pWHM-T; A~ A, §. griseus 10137.

(Fig. 3A), but in GYE medium the productivity reached at production started in the stationary phase of cell growth and
the maximum level at 7 d of culture (Fig. 3B). The kept increasing up to the 9th day of cultivation (Fig. 4).

relationship between the cell growth and SGT production In the previous report, we showed that subcloning of
was studied in R2YE medium. The growth of S. lividans sprT into pWHM3 resulted in the overexpression of SGT
reached the maximum cell mass at 5 d of culture, but SGT in S. lividans TK24, which made it convenient to purify
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Fig. 4. Relationship between the cell growth and SGT
productivity in S. lividans 1326 transformant cultivated in R2YE
medium. The SGT activity of the cultural filtrate (@ — @) was
expressed in unit/mg of cellular protein and the concentration of
cellular protein (i — ) was measured by the Bradford’s method
after cell disruption by sonication.

SGT. We tested two strains of S. lividans to choose a better
strain for use as a host for SGT overexpression and found
S. lividans TK24 to be more useful to our purpose in
various media compositions. The highest productivity (382
units/ml) was obtained when the S. lividans TK24
transformant was cultivated in R2YE medium. We had
used GYE (C5/L) medium for purification of SGT from
the transformant (Koo ef al., 1998), but if we use R2YE

medium as a production medium, the purification step '

should be much simpler because they produce 1.34 times
more SGT than that in GYE (Fig. 2C). In general the
production of protease can be regulated by many factors,
especially medium component. Our results showed the use
of yeast extract with appropriate carbon source such as
sucrose and glucose could significantly improve the
productivity. In addition, the presence of free amino acids
or trace element and buffering capacity of the medium
seem to be important factors to stabilize the productivity.
At this time, we do not understand what differences of the
host strain can affect production yield. However, selecting
a host strain and optimizing culturing conditions of the
selected strain are very important factors for the
overexpression of the foreign genes, and our data cleary
showed that great improvement in the productivity could
be obtained by choosing the appropriate host and medium.

Proteinases are known to have many important
intracellular functions such as cell differentiation, cell-to-

cell recognition, cell growth, virulence, etc. (Park ef al.,
1997). Streptomyces can produce many extracellular
proteinases which can be divided as primary and
secondary proteinases depending on production time. In
general, secondary proteinases were produced after active
cell growth had ceased because of nutritional depletion.
These kinds of secondary proteinases are thought to have
some functional relationship with secondary metabolism
or cell morphogenesis which are also occurring after cell
growth has stopped (Kim er al.. 1996; Moncheva et al.,
1997). The profile of SGT production depending on
cultivation time implies that it belongs to secondary
proteinases. S. griseus ATCC 10137 in R2YE medium
and S. lividans TK24 transformant in GYE medium show
typical production patterns of SGT with two peaks that
represents primary and secondary proteases (Figs. 2A and
2C). However, most of the SGT activity was detected at
the later stage of cell growth, which suggests that SGT is
produced mainly as a secondary protease. Recently, we
studied the in vivo effects of protease inhibitors (Choi er
al., 1997) on the morphological differentiation of
Streptomyces, and found some inhibitors which severely
inhibited the formation of aerial mycellia (unpublished
data). Therefore, elucidating the biological function of
SGT as a secondary proteinase will give us much
valuable information to understanding the complex and
elaborate system of living organisms.
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