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ABSTRACTS: The objectives of the current studies were to establish the optimal conditions for the
production of extracellular protease inhibitor in a strain of Streptomyces fradiae. As results, it was
found that cell specific growth rate was very critical for the production of protease inhibitor and the op-
timum specific growth rate was found to be 0.05 h-1. Dissolved oxygen tension and pH were also im-
portant to regulate the inhibitor production. The inhibitory mode of the purified inhibitor to a-chymotryp-
sin was found to be competitive (K;=5.5x 10-7 M). One mole of inhibitor could bind two moles of
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a-chymotrypsin and the complex has very low dissociation constant.
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A number of protease inhibitors have been dis-
covered from various animal and plant tissues (Kaus-
sell, 1970; Boison, 1983) as well as the culture filtrate
of microorganisms (Umezawa, 1972; Imade er a/.,
1985). It was reported that Sireptomyces spp. pro-
duced different molecular weights of protease inhibi-
tors in restricted culture conditions (Murao e/ a/.,
1972; Umezawa, 1972; Oda et al., 1989). Protease
inhibitors play important physiological roles, such as
controlling proteolysis and cell differentiation, how-
ever, the detailed physiological functions has not
been well elucidated (Chung et a/., 1983; Yuan el a/.,
1989; Laskowski er al., 1982).

It was reported that a tylosin non-producing st-
rain in Streptomyces fradiae produced an extra-
cellular serine protease inhibitor in very restricted
conditions and the physicochemical properties were
characterized (Chung e al., 1990). In the present
study, environmental effects on the fermentation
kinetics of the protease inhibitor production were ex-
amined and inhibition kinetics characters of the puri-
fied inhibitor were also evaluated.
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MATERIALS AND METHODS

Microorganism and Media used.

One variant of Strepromyces fradiae NRRL 2702
was used throughout this work. The variant was iso-
lated from the parent strain by single colony isolation
and found that it lost the ability to produce tylosin.
The maintenance of the strain and media compos-
tions for seed culture and fermentation were follow-
ed the previous report (Chung e al., 1990).

Culture conditions

One loopful spores and mycelia of the strain of
Streptomyces fradiae were inoculated in 100 m/ of
seed medium in 500 m/ baffled flask and cultured at
30°C for 60 hours with a rotary shaking incubator
(speed 200 rpm). Then the seed was inoculated into 2
liters culture medium in a 3 liter jar fermentor
(Chemap CF). Temperature was controlled to 30°C
and agitation speed was maintained at 350 rpm. Co
tinuous cultures were operated with changing feeding
rate from 0.2 h™' t0 0.1 h™!, The effects of dissolved
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oxygen tension and pH on the protease inhibitor pro-
duction was evaluated as well.

Analytical Methods

The concentrations of cells, glucose, and protein
in the culture broth were analyzed by the methods
described in previous report (Chung et al., 1990). The
activity of e-chymotrypsin was estimated as follows;
1.9 m/ of a-chymotrypsin solution in 0.127 M trietha-
nolamine (TEA) buffer (gave 0.6 unit/m/) were pre-
incubated at 25 °C for 5 min. Then 1.0 m/ of 2.5 mM
succinyl-phenylalanine-p-nitroanilide (suc-phe-p-na)
solution was added and reacted for 30 min. Optical
density at 280 nm was measured immediately and
again after 30 min. One unit of a-chymotrypsin was
defined as the amount needed for the production of 1
umol of p-nitroanilide per min. The inhibitory activi-
ty was calculated by the following equation; (A-B/
A) x C x 100; where A was the activity of e-chymo-
trypsin without the inhibitor, B was the activity of
a-chymotrypsin with the inhibitor, and C was the
dilution factor of the sample. One unit of inhibitor
was defined as the amount needed for the 50% inhi-
bition of 1 unit of a-chymotrypsin.

RESULTS AND DISCUSSION

Kinetics of the protease inhibitor production

Data on the concentrations of biomass, residual
glucose, and protease inhibitor at the steady-state are
shown in Fig. 1A. The specific glucose uptake rates
(Qy and protease inhibitor production rate (Q,) are
shown in Fig. 1B. It was clear that concentrations of
glucose in the steady-state culture at different dilu-
tion rates were so high that it was thought that glu-
cose was not limiting factor for the growth. It indi-
cated that the cell growth was limited by other fac-
tor(s) which was fed also to the culture as the in-flow
of medium.

It was interesting to note that the protease inhi-
bitor was produced much more at the dilution rate of
0.05 h™' which was considered as optimum dilution
rate in terms of protease inhibitor production, al-
though the biomass concentrations at different dilu-
tion rates were fairly constant. The specific protease
inhibitor production rate (Q,) was also maximum at
the dilution rate of 0.05 h™' whereas the specific glu-
cose uptake rates (Q,) was linearly increased as in-
creasing dilution rates.

These results suggested that the protease inhibitor
production was closely affected by cell growth rate
which was influenced by the physicochemical envi-
ronments of culture medium. Therefore, it was
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thought that elucidation of the factor(s) regulating
the protease inhibitor production was the prime im-
portance,
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Fig. 1. Effect of dilution rate on the protease inhibitor
production kinetics.
Protease inhibitor( ), glucose( &), dry cell weight
(@), specific substrate uptake rate: Q4 ) and spe-
cific product formation rate: Quy(m).

pH effect on protease inhibitor production

In order to evaluate the environmental factor re-
gulating the protease inhibitor production, effect of
pH on protease inhibitor production was evaluated at
steady state in a continuous culture and the data ob-
tained are shown in Fig. 2A. It was clear that pro-
tease inhibitor was produced more at neutral pH
range (pH 6.7-7.3) compared to alkaline or acidic
conditions, although cell concentrations were rela-
tively constant through the different culture pH.
However it was interesting to note that specific glu-
cose consumption rates were higher at acidic or alka-
line pH then those of the neutral culture condition
(Fig. 2B). The results suggested that high glucose
consumption rate at acidic or alkaline pH might be
resulted from the increases in maintenance energy re-
quirement.

Effects of dissolved oxygen tension on protease in-
hibitor production

In order to know the effect of dissolved oxygen
tension (DOT) on the protease inhibitor production,
DOT in continuous cultures were automaltically
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maintained by feedback regulation of aeration.
When aeration rate was controlled to 0.1 vvm, DOT
in the culture broth was maintained 1.2%. Protease
inhibitory activity of the culture broth was 66.5%
(Table 1). However when aeration rate was increased
10 0.6 vvm, DOT was increased to 36.3% and the -
hibitor was not detected but protease was produced
on the other hand. The results indicated that DOT in
culture was very important to regulate the synthesis
either protease or the inhibitor, although the mole-
cular mechanisms were not elucidated.

Table 1. £ffect of aeration on protease inhibitor produc-
tion in a chemost of S. fradiae at dilution rate

0.05h*
Dissolved Oxygen Pl activity Protease
Tension (%) (unit/mf) (unit/m/)
1.2 26.5 0
36.3 0 1.3

Kinetics and stoichiometry and Inhibition

The activity of a-chymotrypsin on the synthetic
substrate, suc-phe-p-nitroanilide, was tested with dif-
ferent concentration of the substrate. As shown in
Fig. 3, the V,, and K, values of the enzyme on the
substrate were calculated as 850 #mol/ min-mg and
2.27 mmol, respectively. It was clear that the inhibi-

tion mode of the inhibitor to e-chymotrypsin was

KOR. JOUR. MICROBIOL.

competitive. In order to known the stoichiometry of
the inhibitor to e-chymotrypsin, residual activities of
a-chymotrypsin of the two molecules which were
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Fig. 3. Inhibition mode of protease inhibitor against a-
chymotrypsin.

Lineweaver-Burk plot of succinyl-phenylalanine-p-
nitroanilide concentration against activity of a-chy-
motrypsin in the presence and in the absence of the
protease inhibitor.

A in the absence of protease inhibitor.

B:in the presence of 13.5g/ m/protease inhibitor.
C:in the presence of 27.0 ug/ m/ protease inhibitor.
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Fig. 4. Determination of the stoichiometry of protease in-
hibitor binding to a-chymotrypsin.
Teh initial **Burst”” of p-nitroanilide release was
measured at 405 nm and used to calculate the con-
centration of free a-chymotrypsin.
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mixed with different molar ratio were measured ac-
cording 10 slightly modified method of Zahanley es
al. (1970). As shown in Fig. 4, it was found that the
residual activity of ae-chymotrypsin was linearly re-
duced as increasing the ratio of the inhibitor to the
enzyme and eventually no activity was remained
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