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Summary. The effect of soy sauce oil and various other
oils on protease production by Aspergillus oryzae NISL
1913 was studied in chemostat cultures (dilution
rate=0.02 h~?). Soy sauce oil was consumed as a car-
bon source by the cells and also accelerated protease
production. When soy sauce oil was used as sole car-
bon source, the specific protease production rate was
2.89 protease units-(mg dry weight of myce-
lium)~'-h ™", which was threefold higher than that with
starch. The specific protease production rate with li-
noleic acid, oleic acid, Tween 80 and soybean oil exhi-
bited similar values to that with soy sauce oil but the
fatty acids with carbon chains shorter than six, such as
caproic acid and acetic acid, did not stimulate protease
production. The oils did not cause an increase in other
exocellular enzymes such as a-amylase, indicating that
the protease production was selectively stimulated by
the oils.

Introduction

We have already succeeded in operating a chemostat
culture of the salt-tolerant fungus Aspergillus oryzae
NISL 1913 for more than 50 days without any bacterial
infection in the presence of 10% NaCl (Fukushima et
al. 1989). Previously, starch was used as a carbon
source and soy sauce oil was used as an antifoam. In
successive experiments, it was noticed that soy sauce oil
was not only consumed by the cells, but also markedly
promoted protease production. Since, soy sauce oil is
cheaply obtained as a by-product of the soy sauce in-
dustry (Uchida and Mogi 1971), its use as a carbon
source would decrease the cost of protease produc-
tion.

Many workers have reported that fatty acids, oils
and surfactant promoted the production of exocellular
enzymes (Yamamoto et al. 1964; Reese and Maguire
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1969, 1971; Tangnu et al. 1981) and some substances
such as riboflavin (Kojima et al. 1972). They suggested
that their effects were due to derepression, induction or
stimulation of secretion. However, there have been few
reports concerning the effect of oils on protease pro-
duction by Aspergillus sp. as well as oil utilization. In
this paper, we have investigated the effect of soy sauce
oil, other types of oils and fatty acids on protease pro-
duction by 4. oryzae NISL 1913.

Materials and methods

Chemostat culture conditions. Chemostat cultures of A. oryzae
NISL 1913 were carried out as described previously (Fukushima
et al. 1989) except that the broth was harvested by using a weight
controller system with a balance (Mettler, Greisensee, Switzer-
land) and a micro-computer (Epson, Tokyo, Japan) in order to
keep a constant volume in the fermentor and diminish plugging in
the tube attached to the fermentor (Fig. 1). Preculture medium
contained soluble starch, 3.5%; polypeptone, 2.0%; KH,PO,,
0.5%; MgSO,-TH,0, 0.5%; CaCl,-2H,0, 0.026%; ZnCl,, 0.01%;
yeast extract, 0.03%; NaCl, 10% in tap water. The chemostat was
started after preculture for 72 h with stirring at 300 rpm with
1vvm of air. In the chemostat culture the dissolved oxygen was
maintained above 50% of air saturation with 0.02 vvm oxygen and
0.1 vvm air, and stirring at 400-550 rpm. The culture was con-
trolled at 30°C and pH 6.5 by adding 5 N H,80, or 5 N NaOH.

When the effect of soy sauce oil concentration on protease
production was studied, the first feed medium (start up) contained
the same components as those of the preculture medium except
that 1.30% isolated soy protein (ISP) was added as a nitrogen
source, and 1.25% soluble starch and 0.40% soy sauce oil were
included. After the protease activity reached a steady state (after
10 days), feed medium, containing the same components as pre-
culture medium except that 2.60% soybean flour as the nitrogen
source, and 1.0% soluble starch and various concentrations of soy
sauce oil as carbon sources were added, was supplied continuous-
ly. The dilution rate (D) was fixed at D=0.02 h~", the optimum
found in previous work (Fukushima et al. 1989). The effect of
NHJ on protease production was studied as follows:after pro-
tease production reached a steady state, NH,Cl was transiently
added to the broth in the fermentor to a concentration of 800 ppm
NH. — N, then the protease activity and residual NH} — N were
determined. The feed medium, containing the same components
as preculture medium except that 1% soybean flour as the ni-
trogen source and 1% soy sauce oil as the carbon source were in-
cluded, was supplied at D=0.03 h~".
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Batch culture conditions. Spores of A. oryzae (NISL 1913) were
inoculated into a 500-ml erlenmeyer flask containing 100 ml me-
dium comprising the same components as the preculture medium
except that 1% soybean fluor as a nitrogen source and 1% oil or
2% sugar as carbon sources were included. The spores were cul-
tured on a rotary shaker at 30°C for 72 h.

— -

Balance

Analytical methods. Protease activity at pH 7.0 was measured ac-
cording to Fukushima et al. (1989). One unit of the protease activ-
ity (PU) was defined as the amount that catalysed the release of
1 ug tyrosine per minute. @-Amylase activity was measured by the
method reported by Ushijima et al. (1990). One unit (U) of a-
amylase was defined as the amount that hydrolysed 1 mg starch
per 30 min. Total organic carbon (TOC) was determined with a
TOC analyser (Shimadzu, Kyoto, Japan). Cell yield [cell dry
weight (DW)/TOC] was calculated by dividing the DW (mg/ml)
by the consumed TOC (mg/ml), measured by subtracting the re-
sidual TOC in the broth from TOC in the feed medium. The
NH. concentration was measured by the method reported by
Tobor (1970).

Materials. Silicon oil (KM-72F) was purchased from Shin-etsu
Kagaku (Tokyo, Japan). The ISP (Purina 630J) was from Fuji Pu-
rina, Tokyo, Japan. The defatted soybean flour (Puffmin SM) and
soy sauce oil were prepared by Kikkoman, Noda, Japan.

Results and discussion

Effect of soy sauce oil on protease production in
chemostat culture

Figure 2 shows the time course of protease production
‘in a carbon-limited chemostat culture with soy sauce oil
as the carbon source. With increasing soy sauce oil con-
centration (0.65-2.0%), protease production increased
and reached 2500 PU/ml. The averages of the various
parameters in the steady state at various concentrations
of soy sauce oil in the chemostat culture are shown in
Fig. 3. With increasing soy sauce oil concentration up
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Fig. 1. Scheme of chemostat culture:
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Fig. 2. Effect of soy sauce oil on protease production in a che-
mostat culture at dilution rate (D)=0.02 h~!. PU, protease units

to 2.0%, the mycelium DW increased from 14 mg/ml to
22 mg/ml and the specific protease production rate
also increased from 1.50 to 2.20 PU-(mg DW)~'-h~",
In contrast, the residual ammonia decreased.

The increase in the specific protease production
rate might have been due to a decrease in nitrogen cata-
bolite repression by decreasing NH, . In order to in-
vestigate the effect of NH; on protease production,
NH,Cl was transiently added to the chemostat culture
at a steady state of carbon limitation (Fig. 4). However,
the level of protease activity was not varied by chang-
ing the NH, concentration, indicating that the pro-
tease production was not repressed by excess ammonia
in a carbon-limited chemostat.

Comparison of soy sauce oil and sugar as carbon
sources for protease production in chemostat cultures

In order to investigate the effect of soy sauce oil on
protease production, we tested various carbon sources
including carbohydrate as limiting nutrients in carbon-
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Fig. 3. Effect of soy sauce oil concentration on protease produc-
tion and cell growth, measured as cell dry weight (DW) in che-
mostat culture. The DW, protease activity, residual ammonium
and residual total organic carbon (TOC) were measured (see text)
at the steady states of various concentrations of soy sauce oil in
chemostat culture (see Fig. 2): O, DW; @, protease activity; O,
specific protease production rate; A, residual ammonia; W, cell
yield against consumed TOC

limited chemostat cultures (Table 1). When starch was
used as the sole carbon source, silicon oil was used as
an antifoam. The specific protease production rate with
soy sauce oil as the sole .carbon source was 2.89
PU-(mg DW)~'.h~!, which was threefold higher than
with starch as the sole carbon source. The specific a-
amylase production rate with starch as the sole carbon
source was 38.0 U-(mg DW)~'-h~!, threefold higher
than when soy sauce oil was the sole carbon source.
This indicates that starch was an inducer of a-amylase
production, in agreement with published data (Erratt et
al. 1984). When starch was used in the presence of
0.65% soy sauce oil, the specific @-amylase production
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Fig. 4. Effect of excess ammonium addition on protease produc-
tion at steady state in carbon-limited chemostat culture at
D=0.03h""

rate was almost the same as that with starch in the ab-
sence of soy sauce oil. Consequently, it was concluded
that soy sauce oil did not accelerate the secretion of a-
amylase and caused selective acceleration of protease
production.

Kojima et al. (1972) reported that fatty acids accel-
erated riboflavin production because of a derepression
effect, and Yamamoto et al. (1964) reported that the sa-
turated fatty acids accelerated amylolytic enzyme pro-
duction by Endomyces sp. because of the same effect. It
is probable that the effect of soy sauce oil on protease
production was due to derepression because the spe-
cific protease production rate with soy sauce oil used as
the sole carbon source was higher than that with both
soy sauce oil and starch (Table 1).

Comparative effect of various fatty acids on protease
production in batch cultures

Uchida and Mogi (1971) reported that soy sauce oil was
derived from soybean oil (triglycerides) hydrolysed to
fatty acids in a brewing process by lipase produced by
the koji mold. Soy sauce oil contains 83-90% fatty
acids, composed of linoleic acid (55-60%), oleic acid
(15-20%), palmitic acid (11-17%), linolenic acid (6-9%)

Table 1. Comparative effect of carbon sources on protease production in C-limited chemostat cultures

Carbon source Protease Dry weight Specific Specific
activity (DW) protease a-amylase
(PU/ml) (mg/ml) production rate production rate
[PU-(mg DW)~"-h~] [U-(mg DW)~'-h~]
Soy sauce oil (1.8%) 1460 10.1 2.85 11.3
Starch (1.3%) + oil (0.65%) 1000 10.0 2.00 38.0
Starch (3.0%)* 620 13.5 0.92 36.0

The components of the feed medium were the same as those of preculture medium except for adding 1.30% isolated soy protein (ISP) as a
nitrogen source and soy sauce oil and/or starch as the carbon source: PU, protease units; U, a-amylase units

# Silicon oil was used as an antifoam instead of soy sauce oil



and stearic acid (2-3%). In order to investigate which
component is effective in protease production, various
fatty acids were compared in batch cultures.

As shown in Table 2, the protease activity (PU/ml)
with linoleic acid, oleic acid, myristic acid and soy
sauce oil were higher than that with starch. Therefore
the effect of soy sauce oil could be due to the fatty
acids it contains, those with carbon chains longer than
14 being effective for protease production. Growth was
entirely inhibited by capric acid, caproic acid, pro-
pionic acid and acetic acid, all with carbon chain
lengths shorter than ten. These data are consistent with
the results of Sheu and Freese (1972). Therefore, it was
not good to investigate the effect of the carbon chain
length, to which growth inhibition was related, on pro-
tease production by batch culture.

Comparative effect of various oils on protease
production in chemostat cultures

As shown in Table 3, the protease activity (PU/ml) and
the specific protease production rate with soy sauce oil,
soybean oil, linoleic acid and oleic acid reached almost
the same level, 1270-1460 PU/ml and 2.49-2.89
PU-(mg DW)~!'-h~', respectively, in chemostat cul-
ture. Fatty acids with carbon chains shorter than six did
not stimulate protease production more than starch.
However the growth yield was independent of the car-

Table 2. Comparative effect of fatty acids and sugar on protease
production in batch cultures

Carbon source Protease (PU/ml)

Soy sauce oil 230
Linoleic acid (Ci3) 270
Oleic acid (C,g) 270
Stearic acid (C;g) 250
Myristic acid (Cyq) 200
Capric acid (C,q) 0
Caproic acid (Ce) 0
Propionic acid (Cs) 0
Acetic acid (C,) 0
Starch 110

Culture conditions: See text
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bon chain length of the fatty acids in the carbon-limited
chemostat culture. These data differed from the results
obtained in batch cultures (Table 2), indicating that cy-
totoxicity was neutralized in the chemostat culture be-
cause the residual fatty acid was kept at low level and
the feed medium was supplied at a slow rate. If the pro-
tease was efficiently produced through derepression
when fatty acids were used, intermediates in the S-oxi-
dation pathway, such as caproic acid and acetic acid,
might stimulate protease production at similar levels to
those with oleic acid and linoleic acid. However, the
specific protease production rate with caproic acid and
acetic acid was about one quarter of that obtained with
oleic acid and linoleic acid. Therefore, it was concluded
that the stimulation of protease was not caused by de-
repression and that fatty acid chain length was impor-
tant in protease production.

Many workers have reported that the production of
various enzymes is stimulated by the addition of surfac-
tants such as Tween 80 (Reese and Marguire 1969,
1971; Tangnu 1981; Stuzenberger 1987), which is an es-
ter of monooleic acid and polyoxyethylene sorbitan.
When Tween 80 was used as the sole carbon source,
both protease activity (PU/ml) and DW were lower
than those with oleic acid. However, the cell yield
against the consumed TOC and the specific protease
production rate were almost the same as those with
oleic acid. The residual TOC using Tween 80 was about
8.3 mg-ml~', which is higher than that using other car-
bon sources (2.0-2.5 mg-ml "), indicating that the po-
lyoxyethylene sorbitan of Tween 80 might not be con-
sumed and might remain in the broth. Thus, the effect
of oleic acid and Tween 80 on protease production
were almost the same; stimulation of protease produc-
tion was not related to a surfactant such as a fatty acid
sugar ester but to a fatty acid of long carbon chain
length.

Effect of Tween 80 on protease and a-amylase
production by washed mycelium

To investigate the effect of oil in batch culture, Tween
80 was used because preliminary experiments had indi-

Table 3. Effect of oils on protease production in C-limited chemostat cultures

Carbon sources Protease DW Specific protease Yield
activity (mg/ml) production rate [mg DW/mg ATOC]
(PU/ml) [PU-(mg of DW)~1.h~Y]
Soy sauce oil (1.8%) 1460 10.1 2.89 0.65
Soybean oil (1.5%) 1390 11.0 2.53 0.72
Linoleic acid (1.5%) 1390 10.0 2.62 0.65
Oleic acid (1.5%) 1270 10.5 2.49 0.68
Caproic acid (2.0%) 350 104 0.67 0.68
Acetic acid (3.0%) 380 10.4 0.73 0.68
Tween 80 (1.8%) 664 5.5 2.41 0.68
Starch (3.0%) 620 13.5 0.92 0.81

The feed medium contained the same components as those in preculture medium except that various oils were used as carbon sources
such that the total organic carbon concentration of the oils or starch in the feed medium were about 1.2% and 1.3% ISP was used as a

nitrogen source
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Fig. 5. Effect of the Tween 80 concentration on protease and a-
amylase production by washed cells. After 22 h cultivation in pre-
culture medium lacking NaCl, cells were washed with 0.05 M
phosphate buffer containing 0.001% CaCl,-2H,0 and 0.003%
MgSO,-7TH,0, transferred to a medium containing the indicated
concentration of Tween 80 in the same buffer as the washing buf-
fer and incubated for 7 h. The initial DW was 5.1 mg/ml: @, pro-
tease activity; A, @-amylase activity

cated that the cytotoxicity of Tween 80 might be lower
than oleic acid (data not shown). Figure 5 shows the
effect of Tween 80 on protease and a-amylase produc-
tion by washed mycelium. Although the protease was
poorly produced in the absence of Tween 80, it in-
creased with increasing Tween 80 concentration up to
1.0%. In contrast, a-amylase activity was independent
of the Tween 80 concentration. This supports the re-
sults described in Table 1 showing that oil selectively
stimulated protease production. When cycloheximide
was added to the medium in the presence of Tween 80,
the protease was not secreted into the medium, indicat-
ing that the protease, which was synthesized de novo,
was secreted only in the presence of Tween 80 (Drucker
1972).

From these results, it is very advantageous to use
soy sauce oil as a carbon source and antifoam for pro-
tease production. We should investigate further the reg-
ulation of synthesis of the protease and its secretion.
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