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Extracellular proteinase production by seven strains of Bacillus subtilis group 
isolated from fermented African locust bean was compared. The seven strains, 
which were designated BSl, BS2, BS3, BLl, BL2, BL4 and BP2, showed signi- 
ficant differences (cx=O.OS) in extracellular proteinases production. The order of 
proteolytic activity (in descending order) of the strains in nutrient broth medium 
containing African locust bean was: BL2 > BP2 > BS2 > BL4 > BS3 > BLl > BSl. The 
proteinases of strains BL2 were purified and characterized by ammonium sulphate 
precipitation, ion-exchange chromatography. Three proteinases (serine proteinase, 
neutral proteinase and an esterase) were identified with MW of 18.2-19.7, 226 and 
33.5 kDa, respectively. The serine proteinase was highly hydrophobic while the 
esterase was characterized by low specific activity. 

Introduction 
Iru (also known as dawadawa) is a 
fermentation product of African locust 
bean cotyledon. It is a popular food 
flavouring condiment among the rural 
dwellers of West and Central Africa. 
Apart from imparting flavour, it serves 
as a source of protein supplement in the 
diet of poor families (Simmons 1976). 
The fermentation is brought about by 
strains of Bacillus subtilis (Odunfa 
1981). Many strains of the B. subtilis 
group have been isolated from iru 
samples obtained from different sources 
in southwestern Nigeria (Odunfa and 
Oyewole 1986). 
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Proteolysis was found to be the major 
biochemical process taking place dur- 
ing bean fermentation (Odunfa 1985). 
Fogarty et al. (1974) noted variation in 
the capability of strains of Bacillus spp. 
to produce extracellular enzymes. Thus, 
one of the aims of this study is to 
screen and compare proteinase produc- 
tion among seven strains of the B. sub- 
tilts group isolated from iru. Strains that 
are capable of producing higher yields 
of proteinases will be the choice for 
development as starter cultures in large 
scale bean fermentation. 

Extracellular enzyme production by 
Bacillus spp. have been studied and 
reviewed (Fogarty et al. 1974, Priest 
1977, 1984). Three main types of pro- 
teinases have been reported to be pro- 
duced by known strains of Bacillus spp. 
These are the serine proteinase (Perl- 
mann and Lorand 19701, the neutral 
proteinase (Yasunobu and McCann 1970) 
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and the esterase (Millet 1970, Prestidge 
et al. 19711. It is necessary to compare 
the types of extracellular proteinases pro- 
duced by the strains isolated from iru 
with other known strains such as that 
of B. subtilis (Aderibigbe and Odunfa, 
1988). In this study the extracellular 
proteinases produced by one of the B. 
Zicheniformis strains (BL2) are purified 
and characterized. This strain had the 
highest capability to produce protein- 
ases when compared with other strains. 
Knowledge of the types of proteinases 
produced by strains from iru may lead 
to better understanding of the bio- 
chemical activities occurring during the 
fermentation. 

Materials and Methods 
Organisms 
The organisms used were strains of Bacillus 
subtilis group previously isolated from iru 
samples (Odunfa and Oyewole 1986). They 
were part of the culture collection in the 
Department of Botany and Microbiology, 
University of Ibadan, Ibadan. Seven strains 
that were more efficient in degrading casein 
on agar plates were selected and sub- 
cultured onto nutrient agar slants and 
plates. These strains were BSl, BS2, BS3 
(strains of B. subtilis), BLl, BL2, BL4 
(strains of B. lichenifirmis), and BP2 (strain 
of B. pumilus). 

Inocula 
Inocula for experiments were prepared by 
growing each strain in 0.1% peptone at 37°C 
on a rotary shaker for 12 h. 

Culture Medium 
The medium used was a modification of that 
used by Millet (1970) and contained the 
following (1-r): KCl, 1 g; MgS04 7Hz0, 0.125 g; 
MnClz 4H,O, 2 mg; CaClz, 0.01 g; FeS04, 
0.278 mg; KzP04 buffer (pH 7.01, 20 mM; 

trace elements solution SLlO (Widdel et al. 
19831, 1 ml; vitamins solution (Widdel and 
Pfenning 1981), 0.5 ml; nutrient broth, 1.6 g; 
African locust bean, 8 g. 

Culture Conditions 
Sterilized medium in loo-ml Erlenmeyer 
flasks was inoculated with O-2 ml of inocula 

and the flasks were incubated at 37°C on a 
rotary shaker (120 rpm) for 42 h. Samples 
taken at regular intervals were centrifuged 
at 5000 rpm (4°C) for 15 min to remove 
bacterial cells. Supernatants were assayed 
for proteolytic activity. 

Enzyme assays 
Proteinase activity. Proteolytic activity was 

assayed by modifying the casein digestion 
method of Kunitz (1947). A 1% casein (Sigma 
Chemical Co, St Louis, MO1 solution was 
prepared in 0.05 M potassium phosphate 
buffer (pH 7.0) and heat denatured by 
heating at 100°C in a water bath for 15 min. 
The solution was allowed to equilibrate at 
35°C before use. To 1 ml of casein solution in 
a tube was added 0.5 ml of enzyme prepara- 
tion mixed and incubated at 35°C for 1 h in 
a water bath. The reaction was terminated 
by adding 3 ml of cold 10% TCA. The control 
tube contained only casein solution during 
incubation at 35”C, after which TCA was 
added before the addition of enzyme pre- 
paration. The undigested proteins were 
allowed to precipitate by standing the tubes 
at 4°C for 1 h. The tubes were centrifuged at 
11000 rpm (4°C) for 15 min. 

Supernatants were analyzed for unpre- 
cipitated protein by reading the absorbance 
at 280 nm with a spectrophotometer 
(Hitachi Model 100-40). All assays were done 
in triplicate. One unit of proteolytic activity 
(UC1 was arbitrarily defined as the amount 
of enzyme causing an increase of 0.01 h-l in 
the absorbence at 280 nm (Olutiola and 
Nwaogwugwu 1982). 

Esterase actiuity. Esterolytic activity was 
assayed using the method of Hummel 
(1959). A IO-3 M solution of benzoyl-l- 
tyrosine ethyl ester (BTEE) was used as 
substrate (Millet 1970). Measurements were 
made with quartz cells with l-cm paths. 
One millilitre of substrate was placed in 
each cuvette, with the control cuvette re- 
ceiving 50 pl of buffered enzyme solution. 
After each addition, the contents of each 
cuvette was mixed for 5-10 s by stoppering 
them and inverting twice. A Hitachi spectro- 
photometer fitted with a heating system 
maintained at 30°C was used to measure 
absorbance changes at 256 nm and at 1-min 
intervals. 

One unit of esterolytic activity (UE) was 
defined as the amount of enzyme causing an 
increase of 0.001 min-1 in the absorbance at 
256 nm (Bayer and Carlton 1968). 
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Polyacrylamide gel electrophoresis 
(PAGE) 
The crude enzymes of the seven strains 
were electrophoresced on 5-20% gradient 
polyacrylamide slab gels (Lorentz 1976). 
The running buffer was Tris-Glycine (pH 
8.3). Electrophoresced samples on gels were 
stained for proteinases (Andary and Dabich 
1974) and esterases (Higashi and Johnson 
1986). The relative mobilities (Rf) and MWs 
of the proteinase and esterase bands were 
calculated (Maurer 1974). 

$u-icsation and characterization 

Ammonium sulphate precipitation. From 
preliminary studies, the proteinases were 
precipitated at the 50-70% ammonium 
sulphate (NH&SO4 saturation level. The 
strain BL2 was grown in the culture 
medium for 36 h and then centrifuged. Dry 
ammonium sulphate was added to the crude 
enzyme preparation until 50% saturation 
was reached. The precipitate was collected 
and dry (NH&SO4 was further added till 
70% saturation. The precipitate collected 
was then redissolved in buffer and dialyzed 
against several volumes of the buffer. The 
buffer used throughout the study (except 
where stated) was 0.1 M Tris-HCl buffer (pH 
7.8) (+2 mM CaCl$. 

Ion-exchange chromatography (IEC). The 
anion exchanger DEAE Sephadex A-50 
(Pharmacia) equilibrated in 0.1 M Tris-HCl 
buffer (pH 7.8) (+2 mM CaClz) was used. The 
packed column was allowed to equilibrate at 
4°C and washed with 2 volumes of buffer 
before applying the enzyme preparation. 
The column was washed again with buffer 
before elution with buffer containing a 
linear gradient of NaCl (O-1 M). The ab- 
sorbance at 280 nm, proteolytic activity and 
esterolytic activity were measured in the 
fractions collected. 

Gel filtration and inhibition tests. 
Sephadex G-75 and Sephadex G-50 (Phar- 
macia) were equilibrated in buffer at 4°C 
and packed into columns. The column was 
washed with buffer. Pooled proteinase activ- 
ity peaks from the IEC run were applied 
and washed with several volumes of buffer. 
El&t fractions were collected and assayed 
for proteinase activity. 

Inhibition tests were carried out using 
ethylenediaminetetraacetic acid (EDTA) and 
phenylmethane sulphonyl fluoride (PMSF), 
which are specific inhibitors of neutral and 

serine proteinases, respectively. Equal vol- 
umes of inhibitor solution and enzyme 
solution were mixed and incubated at 4°C 
for 2 h before it was assayed for proteolytic 
activity. 

The MWs of the different enzyme activity 
peaks were determined by their elution vol- 
umes during chromatography on Sephadex 
G-75 and Sephadex G-50 (Cooper 1977). 
Calibrations were done using cytochrome C, 
chymotrypsinogen A (CTA) and bovine 
serum albumen (BSA) as standard proteins, 
while dextran blue 2000 was used to 
determine the void volume. 

Protein determination. The protein 
content in samples at the different stages of 
purification was assayed by the Bio-Rad 
protein assay method (Anon 1981). The 
microassay procedure was used. A stock 
solution of 25 mg per 100 ml BSA (Boe- 
hringer, Mannheim) was used as protein 
standard. 

To 0.8 ml of suitably diluted sample in 
microlitre sample tubes was added 0.2 ml of 
Bio-Rad Dye Reagent concentrate. Each was 
mixed using a Vortex mixer and allowed to 
stand for 30 min. The absorbance at 595 nm 
of each solution versus blank (contained 
0.8 ml of buffer and 0.2 ml of dye reagent 
concentrate) was read. The protein content 
of each sample was read from a standard 
curve of OD (595 nm) vs concentration (l- 
25 pg ml-l) of the standard protein. 

Hydrophobic interaction chromatography 
(HIC). The proteinase peak 1 which was 
suspected of having hydrophobic properties 
was subjected to HIC on phenyl Sepharose 
CL-48 which was equilibrated in buffer 
containing 2 M NaCl at 4°C. The column was 
washed with buffer containing 2 M NaCl 
before elution was attempted with buffer 
containing a negative salt gradient 2-O M 
NaCl and positive gradient solution of 
O-0.1% Triton X-100. Absorbance at 280 nm 
and proteolytic activity were assayed in the 
collected fractions. Following failure to get 
the enzyme eluted, attempts were made to 
elute the proteinase with 20% methanol. 

Results 

Comparison of proteolytic activities of 
the Bacillus sp. 
The proteolytic activities of the seven 
strains in medium with African locust 
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Fig. 1. Proteolytic activities of the seven strains of Bacillus spp. in nutrient broth con- 
taimng 0.8% (wiv) African locust bean. 

bean are shown in Fig. 1. Strain BL2 
showed the highest activity followed by 
strains BP2 and BS2, while strain BSl 
showed the least activity. The results 
obtained were subjected to statistical 
analysis using one-way ANOVA. The 
levels of significance chosen was at 
a=0.05. The results of the analysis 
confirmed that there were significant 
differences in the amounts of extra- 
cellular proteinases produced by the 
strains (F=43.11 calculated; F=4.38 
table). Duncan’s Multiple Range test 
was used to compare differences in pro- 
teinases production between individual 
strains. The following (descending) order 
was obtained when the proteolytic activi- 
ties of the seven strains were compared: 
BL2>BP2>BS2>BL4>BS3>BLl>BSl. 

At range 2, the differences in total 
proteinase production between strains 
BLl and BS3, BS3 and BL4, and be- 
tween BS2 and BP2 were not signifi- 
cant. Also, at range 3 there was no 
significant difference in proteinase pro- 
duction between strains BLl and BL4, 

but in all other 17 forms of comparisons 
of any two strains there were signifi- 
cant differences in proteinase produc- 
tion among the strains. The results 
indicated that strains within a species 
group differed in the quantity of extra- 
cellular proteinase excreted. 

Figure 2 shows the proteinase bands 
obtained after electrophoretic separation 
of the crude enzymes of strain BS2. The 
MWs of the proteinase bands PI-P, 
were 530, 110, 84, 56.5, 33, 19.6, 10.2 
and 9.1 kDa, respectively. Similar mul- 
tiple proteinase bands were obtained in 
the other strains, whether African locust 
bean was present in culture medium or 
not. The esterase bands patterns of the 
seven strains of Bacillus spp. in med- 
ium containing nutrient broth and African 
locust bean are shown in Fig. 3. A major 
esterase band (el) was common to all 
the strains which did not have corres- 
ponding proteinase band on the basis of 
Rf and MW. The MW of the esterase 
band el was calculated and found to be 
164 kDa. 
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Fig. 2. Proteinase bands of B. subtilis BS2 and marker proteins on polyacrylamide gradient 
slab gel. Lane 1, Marker proteins: thyroglobulin, ferritin, catalase and bovine serum, albu- 
min (BSA) with MWs of 655, 455, 240 and 68 kDa, respectively. Lanes 2-5, Crude enzymes 
solution of strain BS2 grown in 0.1% nutrient broth and taken at 12, 24, 36 and 42 h, 
respectively. Lanes 6-10, Crude enzymes solution of strain BS2 grown in 0.1% nutrient 
broth plus African locust beans and taken at 12, 18, 24, 30 and 36 h, respectively. P, 
proteinase band. 

Markers 

ESI 

BS2 

6S3 

ELI 

EL2 

EL4 

BP2 

Fig. 3. Esterase bands of crude enzymes solutions of thee’seven Bacillus spp. and marker 
proteins on polyacrylamide gradient slab gel. Lane 1, Marker proteins. Lanes 2-7, Enzyme 
solutions of strains BSl, BS2, BLl, BL2, BL4 and BP2, respectively, taken at 42 h. 
el, major esterase band. 
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Fig. 4. Chromatrography of (NH4)2S04-precipitated enzyme (10 ml) of strain BL2 on DEAE 
Sephadex A-50 (1.5~20 cm column). Flow rate of 15 ml h-1; fractions of 2 ml. (a-*), protein 
absorbance at 280 nm; (x-x) proteolytic activity. 
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Fig. 5. Gel filtration chromatography of strain BL2 proteolytic activity peak I on Sephadex 
G-75 (1x97 cm). Flow rate of 12 ml h-1; fractions of 1.6 ml. (a-*), protein absorbance at 
280 nm; (o-o), proteolytic activity. 
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Table 1. Proteolytic activity, protein content and specific activity of peaks I, II and 
III of strain BL2 

Peak I Peak II Peak III 

Volume (ml) 20 16 31 
Proteolytic activity (UC ml-l) 252.8 176.2 7 
Protein (mg ml-l) 0.0587 0.0428 0.035 
Specific activity (UC mgl) 4306.6 4116.8 198.3 

Purification and ChUFCXteFizUtiOn 

studies 

The chromatogram of IEC of strain BL2 
proteinases on DEAE Sephadex A-50 
(15x20 cm) is shown in Fig. 4. Two 
main peaks I and II were eluted in frac- 
tions 16-34 and 68-82, respectively, and 
pooled. Fractions 94-120, which had 
very low proteolytic activity, were 
pooled. Subsequent chromatography of 
the pooled fractions on Sephadex G-50 
confirmed the presence of a single pro- 
teolytic activity peak which was then 
labelled peak III. Similarly, low pro- 
teolytic activity peak III was observed 
in B. subtilis strain BS2 (Aderibigbe 
and Odunfa 1988). Proteinase activity, 
protein content and specific activity of 
the pooled fractions of enzyme activity 
peaks are shown in Table 1. 

Figure 5 shows the chromatogram of 
BL2 peak I (from DEAE Sephadex A- 
50) on Sephadex G-75: two protein 
peaks were obtained; the first protein 

peak had a corresponding proteolytic 
activity peak. Fractions 29-38 were 
pooled, and when the pooled peak was 
rechromatographed on Sephadex G-50, 
the chromatogram in Fig. 6 was ob- 
tained with a single protein peak and 
corresponding proteolytic activity peak. 
Fractions 34-40 were pooled, and the 
effects of inhibitors on the proteolytic 
activity of the peak are shown in Table 
2. The enzyme was strongly inhibited 
by PMSF while EDTA had only little 
effect on its activity. This indicated that 
BL2 peak I was a serine enzyme. 

The gel filtration chromatogram of BL2 
peak II on Sephadex G-50 is shown in 
Fig. 7, and inhibition tests on single frac- 
tions confirmed the homogeneity of the 
peak. Fractions 32-39 were pooled, and 
the effects of the inhibitors EDTA and 
PMSF on proteolytic activity of the en- 
zyme are as shown in Table 2. The 
enzyme activity was completely inhibited 
by 5 mu EDTA while, in the presence of 
PMSF, 96.3% activity was detectable. 

Table 2. Effects of inhibitors on proteolytic activity of strain BL2 proteinases, 
peaks I and II 

% Inhibition of proteolytic activity 

EDTAa PMSF” 

2mM 5mM l!TlM 5mM 

Peak I 
Peak II 

13.6 98.5 97.1 
- 100 3.7 

a Ethylenediaminetetraacetic acid. 
b Phenylmethanesulphonyl fluoride. 
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Fig. 6. Gel filtration chromatography of strain BL2 proteolytic activity peak I on Sephadex 
G-50 (1x93 cm). Flow rate of 6.6 ml h-1; fractions of 1 ml. ( *-a), protein absorbance at 
280 nm; (o-o), proteolytic activity. 
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Fig. 7. Gel filtration chromatography of strain BL2 proteolytic activity peak II on Sepha- 
dex G-50 (1x93 cm). Flow rate of 6.6 ml h-1; fractions of 1 ml. (*--a), protein absorbance 
at 280 nm; (o--o), proteolytic activity. 
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Thus, BL2 peak II was identified as a 
neutral/metallo-proteinase. Figure 8 shows 
the chromatogram of BL2 peak III after 
gel filtration on Sephadex G-50, with a 
single peak of proteolytic activity with 
corresponding esterolytic activity. Frac- 
tions 27-32 were pooled, and strain BL2 
peak III was identified as an esterase 
with proteolytic activity. 

Electrophoreses of the separated pro- 
teinase activity peaks showed that the 
serine proteinase (peak I) was largely 
responsible for the large proteinase 
band at the top of the gel. The direc- 
tion of migration of the neutral protein- 
ase (peak II) could not be ascertained. 
Though peak III had a single proteolytic 
activity peak, it had multiple protein- 
ase bands (Fig. 9). Many of the pro- 
teinase bands in peak III had corres- 
ponding esterase bands. In addition, the 
major esterase band el is an esterase 
eluted along with peak III which had 
esterolytic activity on a-naphthylace- 
tate but had no proteolytic activity on 
casein. 

Hydrophobic interaction chromato- 

graphy of peak I proved that the serine 
proteinase was highly hydrophobic. At- 
tempts to elute the enzyme with buffer 
containing negative salt gradient of 
2-O M NaCl coupled with positive gradient 
solution of O-0.1% Triton X-100 failed. 
Elution of the enzyme with 10% meth- 
anol, and then 20% methanol, also failed. 
Enzyme activity was detected after the 
column was unpacked and washed with 
0.2% Triton X-100, confirming the hydro- 
phobic nature of the enzyme. 

The MW of the serine proteinase was 
18.2 kDa (using Sephadex G-75) but 
rechromatography on Sephadex G-50 
gave a value of 19.7 kDa. The MWs of 
the neutral and esterase proteinases 
were 22.6 and 33.5 k Da, respectively. 

Table 3 is a summary of the puri- 
fication steps of strain BL2 proteinases. 
There was reduction in the specific activ- 
ity during (NH&-SO, precipitation of 
strain BL2 proteinases. Proteinase peak 
III testerase) was characterized by low 
specific activity, but other peaks had 
higher specific activities with each step 
of purification. 

Table 3. Summary of the purification steps of strain BL2 proteinases 

Total 
proteolytic Total Specific Purifi- 

Volume activity protein activity % cation 
Purification step (ml) (UC) (mg) (UC mgl) Yield fold 

Crude enzymes 250 76750 61.875 1240.40 100 1 

(NH&SO,- precipitation 26 14996.8 2353 637.35 19.54 0.514 
IEC 

Peak I 20 5056 1.174 4306.64 6.59 3.472 
Peak II 16 2819.2 0.6848 4116.82 3.67 3.3 19 
Peak III 31 217 1.0943 198.30 0.283 0.16 

Gel Filtration (Sephadex) 
G-75 

Peak 1 10.5 6027 0.79275 7602.65 7.85 6.129 
G-50 

Peak I 6.5 4511 0.455 9914.28 5.88 7.99 
Peak II 4.5 2097 0.092 22793.48 2.73 18.37 
Peak III 6 207 0.4623 446.89 0.27 0.36 
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Fig. 8. Gel filtration chromatography of strain BL2 proteolytic activity peak III on Sephadex 
G-50 (1x93 cm). Flow rate of 6.6 ml h-1; fractions of 1 ml. Cm-*), protein absorbance at 
280 nm; (x-x), proteolytic activity; (o--o), esterolytic activity. 
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Fig. 9. Schematic representation of proteinase bands on polyacrylamide gradient slab gels. 
1, Proteinase band of peak I; 2, Proteinase band of peak II; 3, Proteinase bands of peak III. 
P, Proteinase band. 
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Discussion 

The results of this study confirmed the 
variability among the strains of B. sub- 
tilis group. Though strains belonging to 
the B. subtilis group have some common 
features (Gibson and Gordon 1974), they 
differ considerably in their biochemical 
activities (Ottow 1972, Fogarty et al. 1974, 
Priest 1977). There were significant dif- 
ferences in the amounts of extracellular 
proteinases produced by the strains 
used. This variation among the strains 
elucidates the need to use attested cul- 
ture(s) as starters (e.g. strains BL2) for 
the fermentation of African locust bean. 

Gel electrophoresis of the crude pro- 
teinases of the seven strains revealed 
multiple proteinase bands. Since simi- 
lar proteinase bands were obtained in 
nutrient broth media with and without 
African locust bean, the presence of the 
latter did not induce the production of 
novel proteinases. Most of the extra- 
cellular proteolytic activity as accounted 
for by the serine proteinase, because the 
peak constituted the largest percentage. 

The serine proteinase of strain BL2 
had unusually low MWs 182 and 19.7 
kDa. The MW of serine proteinases in 
most reports fall in the range of 25- 
30 kDa (Perlmann and Lorand 1970, 
Palubinskas et al. 1976, Priest 1977). 
The serine proteinase did not show any 
esterolytic activity on BTEE or on o- 
naphthylacetate (in gel). Such serine 
proteinase devoid of esterolytic activity 
has been reported by Boyer and Carlton 
(1968). The hydrophobic nature of the 
serine proteinase is a novel dimension 
in its characterization. 

The neutral proteinase of strain BL2 
had a MW of 22.6 kDa which is much 
lower than the values recorded by Vaga- 
nova et al. (1976) and Priest (1977). The 
metalloenzyme aminopeptidase isolated 
from a strain of B. licheniformis by 
Rodriquez-Absi and Prescott (1978) had 

a MW of 37.5 and 36 kDa, while the 
metalloenzyme proteinase isolated by 
Sohoni and Joshi (1982) had a MW of 
25.12 kDa. 

The third enzyme activity peak III 
contained a mixture of at least two en- 
zymes; the esterase with low proteolytic 
activity and an esterase which was able 
to cleave cl-naphthylacetate, but could 
not digest casein. The esterase dis- 
played multiple electrophoretic mobili- 
ties on gradient polyacrylamide gel, 
confirming its similarity to the esterase 
isolated by Mantsala and Zalkin (1980). 

In conclusion, the study has estab- 
lished variability among the strains of 
B. subtilis group isolated from iru on 
the basis of the amounts of extra- 
cellular proteinases produced. Strains 
BL2, BP2 and BS2, which were more 
efficient than others, are recommended 
for development as starter cultures for 
large scale fermentation of African locust 
bean. Secondly, the crude enzymes solu- 
tions of the seven strains showed basic- 
ally similar multiple proteinase band 
patterns. 

The proteinases of one of the strain 
BL2 were identified to be serine, neu- 
tral and an esterase (with low proteio- 
lytic activity), showing the similarity of 
the strain to other known strains. The 
hydrophobic nature of BL2 serine pro- 
teinase is similar to that earlier re- 
ported for a B. subtilis strain, BS2 (Aderi- 
bigbe and Odunfa 1988). The serine 
proteinase also constituted the bulk of 
total proteinases excreted by the two 
strains. The neutral proteinase and ester- 
ase fractions had lower peaks, with the 
latter having the least values in both 
organisms. The similarities observed 
among these strains may be due to the 
fact that they were isolated from almost 
identical ecological environments. Thus, 
it seems that the hydrophobic property 
may be common to serine proteinases 
produced by Bacillus strains involved in 
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fermentation of African locust bean. The 
nature of the solid state bean fermenta- 
tion might be responsible for this hydro- 
phobicity. 

Although the two strains BL2 pro- 
duced proteinases with similar charac- 
teristics, they differed mainly on the 
amount of proteinases produced. The 
use of one-way ANOVA and Duncan’s 
Multiple Range test confirmed that the 
amount of proteinase excreted by strain 
BL2 was significantly higher than all 
the other six strains. It seemed that 
specific strains of the B. subtilis group 
differed in proteinase production. This 
difference is very important with re- 
spect to selection of strain(s) for use as 

starter culture(s) on larger scale pro- 
duction of iru. Optimal production of 
extracellular proteinases by the starter 
strains might enhance the fermen- 
tation. Thus a product with higher 
percentage of soluble proteins can be 
obtained. 
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