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ABSTRACT 
C \tracellular protease was produced from thermophtl1c Strcptomyce.1 1lter111ov11/garis (93-177) at 50 'C. lirstl) 111 a 
shake-flask culture and subsequently in a fermenter. Appreciable protease activity assayed by the azocasem protease 
tc0>t 11as obtained after 96h of cultivation. ' ' hen growth of the organism had stopped at an alkaline pll of 7.5- 8 0 
Puriticdtion of the protease ''as b) ammonium sulphate fractionation. ion exchange chromatograph~ u:.ing DEAE­
cellulose 52, gel filtra tion us mg sephacryl S--100 column and tinall~ b~ h) drophobic interac11on chrornatogrnph) 
using phenyl scpharose CL--113 column. It had a molecular \\ eight of 30KDa as determined b~ sod1ulll dodCC) I 
sulphate polyacrylamidc gel electrophoresis ( DS PAGE) Ma:-..illlum proteolytic activity was ob,crv.:d at 70"C in a 
30min incubation assay with Im 1 CaCI~ present and there was broad opt1111ulll activity at pl I 7 5-10 5. No loss of 
acll\ it~ was observed a tier 2-lh at 50"C and the half-life at 75"C \1as I h l'he protease was inac11,·ated b) phen) I 
meth) I 'ulfonyl fluoride (Pi\ISr) but not b~ eth) Jene di.1mme tetra-acetic acid (EDTA). indicating It could be a 
seri ne-I~ pe protease and not a metallo-enZ) me. !here \lib h~drol) 11c .1Ct1\ it) of the protease towards the est..:r 
compound N-benzoyl-L-t) rosme ethyl ester ( 131 LE) but not to\1 arJs N-benzoyl-L-arg1nine-P-n1troanilidc 
(13AP:-:A). The results sho'' that the enz) me is heat stable. and an alkaline protease with chymot~ psin-like nature. 
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INTROD CTION 

Proteases are degradati\'c enzymes " ·hich catalyze 1he Iota! hydrolysis of proteins. fhey are 'cry 
imponant enzymes employed in various biolechnological processes like food and detergent 
industri es as well as in medicine. Their involvement in the life cycle of disease-causing 
organisms has led them to become a po1en1ial target for developing therapeutic agents against 
fatal diseases such as cancer and AIDS. Their appl ication also in the leather industry for 
dehairing and bating of hides to subslitute currently used toxic chemicals (Rao et al .. 1998) is a 
relatively new development and has conferred added biotechnological importance. Sources of 
proteases include plant. animals and microorganism among which are the Strep10111yces. 
, treptomyces have been widely used for antibiotic production as well as an enormous varic1y of 
other natural products (Williams et al, 1983; James el al. 1991 ). The genus S1repto111yces is well 
knO\\n for the production of mult iple proteases (Chandrasekaran and Dhar. 1987). Mesophilic 



 

strains such as S. coelicolor and S. lividans have been particu larly well investigated and ha\ c 
been used to develop a variety of genetic exchange systems (Hopwood 1981; Lampel el al; 
1992). Other strains, which have been studied to a certain ex tent with respect to their proteolyuc 
activity include Streptomyces moderatus (Chandrasekaran and Dhar, 1983), S. pe11ce1i11s (Gibb 
and Strohl, 1988), S. rimosus (Renko el al, 1989), S. aurofaciens, (Laluce and Molinari, 1979). S 
ambofac1e11s (Benslimane el al. 1995). Interest has focused on them1ophilic bacteria because of 
advantages of faster growth rates for cost saving in industrial processes (Wiegel and Ljungdahl, 
1986). However, of the known facultativcly thcmophi lic streptomyccs, little work has been 
reported concerning their physiology, biochemistry, growth kinetics or molecular biolog). 
Although, there have been reports on the production of secondary metabolites such as anti b1ot1cs 
and various proteolytic enzymes from thennotolerant streptomycetes (James and Edward, 198 ; 
Jame et al; 1991 ), there is yet no report in the proteolytic activity of the thennophilic ·. 
thennovulgaris which unlike most thermophilic organisms has relat ively simple culti vat ion\\ 1th 
high yields. 

In this work , the extracellular protease of S. thcrmovulgans \\'as isolated. purified and 
characterized. 

Materials and methods 

Materials 

Azocasein sodium salt (Fluka), Tris (Merck), D-Glucose (Merck), Gelatin, '.\!utricnt buth (Difeo). 
Y caste xtract (IC Biomedical). malt extract (IC Biomedical), Agar (Fluka), \J-Be111oyl-L -
tyrosine e thy! ester (BTEE) substrate (Serva), EDTA (Roth), Triton X-100 (IC · Biomedical), 
BSA (Boehringer Mannheim GmbH, Gem1any) and other chemicals of analyt ical grade \\ ere 
used. 

Organism and culture conditions 

S1reptomyces thennol'ulgaris (93-177) \\'ith optimal growth temperature at 50"C (lnyang et al. 
1995) was used fo r the study. The p re-inoculum a nd l he i noculum were prepared as f ollo" s: 
Spores from 72h yeast malt extract agar (Garg et al. 1996) cultures were grown in the production 
medium NYG (Ginther, 1979) with a slight modification as indicated below. The composition of 
the yeast malt extract agar per litre is as follows: malt extract I Og, yeast extract 4g, D-glucose 
4g, agar l 5g, pH 7.2. The YG medi um consists of 8g/l nutrient broth, 2g/l yeast extrac t, I Og I 
glucose, pH 7 .0. There was addition of 0. 1 % gelatin (w v) to induce protease production and this 
modified medium was called YGG and was used throughout the experiment as the production 
medium. The glucose solution was separately sterilized and mixed with the remaining solution 
after sterilization. The strains were pre-grown in 20ml of the above NYGG medium contained in 
I OOml, four baffle Erlenmeyer flasks incubated at 50°C for 48h at 200 rpm. A I ml amount was 
then used to inoculate an identical fresh NYGG medium nask, and incubation continued for 24h. 
A !Oml amount of the second seed culture was then used to inoculate 200ml of the production 
medium earl ier described in a 2-liter, four-bafne Erlenmeyer nask in the shake !las" method 
used for the preliminary determinations. 

Preliminary protease production using shake fl ask method. 

Incubation o f the shake flask cultures were at 50°C at 200 rpm. The growth and protease 
production were fo llowed for 6 days. Turbidity was used as a measurement fo r the growth of the 
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organism and was detennined spectrophotometrically by removing I Om! samples at various 
times during the fennentation. These were centri fuged at 8,000-x g for 20min at 4°C. The 
resu lting pel lets were s uspended t o I Om! in 0 .2M T ris/HCI p H 7 .2 and a bsorbance at 6 50nm 
carried out with an Uvicon 930 spectrophometer (Kontron Instruments). The supernatant from 
the centri fuged samples were used for the assay of extracellular protease and the pH of the spent 
medium recorded . 

Fermenter Studies. 
Subsequent production of the protease was done using a fennenter with contro l pH device for 
determination of effect of pH on the extracellular protease production. The organism was grown 
and maintained as described for the shake-flask cultures, at 50°C for 96h, but in this case, 1 OOml 
of the seed cu lture was used as the inoculum. Fermentations were carried out in a 31 KLF 2000 
bioengineering fennenter with a 21 working volume of a constant temperature of 50°C. Agitation 
was at 500 rpm and aeration at I !min - 1

• The pH was maintained at the desired value ±0.1 by 
addition of 3 sulfuric acid and 3 aOH with a feedback loopset. 

Protease assay 

Protease activi ty was detennined employing the simple azocasein assay technique of Peek et 
al. (1992) in which the test mixture (!ml) contained 0.2% azocasein (w/v), lmM CaCli and 
0.2ml culture filt rate in 0.2M Tris/HCI, pH 7.5. The samples were incubated at 50°C for 30 min, 
and the reaction was terminated by the addition of I ml of I 0% trichloroacetic acid. The samples 
were allowed to stand for I Omin and then centrifuged at 3000 x g for 5min and the absorbance of 
the supernatant read at 350nm. One unit of enzyme activity was defined as a change of 1.0 in 
absorbance at 350nm in 1 h. 

Protein content 

Th is was estimated by the method of Bradford (1976) using Bovine Serum Albumin (BSA) 
as a standard. 

Purification of the protease 

The 96h supernatant ( I OOOml) was treated to 80% saturation with (NH4)i S04 in a stepwise 
manner. The precipitates were redissolved in the eluting buffer Tris-HCI, pH 7.5, containing 
lmM CaCl2• This was centrifuged and dialyzed against the same buffer for 24h with 5 changes 
before applying onto a DEAE-Cellu lose 52 (2x20cm) column. After equilibration with the same 
buffer, the enzyme was eluted using 0 - 0.5 M NaCl gradient at a flow rate of 1.5 ml min·1

• The 
fraction with high protease activity was pooled and passed through sephacryl S-400 (2X70cm) 
column and eluted with the same buffer. The eluate was brought to IM concentration with 
(NH4h S04 before loading onto phenyl sepharose CL-48 (lx12cm) column, equilibrated with 
Tris-HCI buffer pH 7.5 containing IM (NH4)2S04. This was eluted with 1.0 - OM (NH4)2$04 
gradient in the eluting buffer at a flow rate of 1 ml min-1• The fraction collected was concentrated 
by diafiltration using Amicon cell. This pure enzyme was stored in the frozen state at - 20°C 
unti l used. 
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Molecular weight determination. 

SDS-PAGE method was used. The purified enzyme protein was treated with 1% SOS and 1% 2-
mercaptoethanol and subjected to electrophoresis in I 0% gel as described by Weber and Osborn 
( 1969). 

RESULTS 

Production rate of extracellular protease of S. tltermovulgaris in shake-fl asks. 

Appreciab le protease activity was obtained after 96h or cul tivation or S. 1her111ovulgaris. w/11c/1 
coincided wi th the period when growth had stopped (Fig I). 
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Figure 1: Production of Protease from S. thermovu/garis using shake-flask method at 50°C 

• = Turbidi ty as m easurement o f grow th was determined as a 
change in absorbance at 650nm) ( • = extracellular protease production (U/ml/h) 
samples were assayed for protease act ivity at pH7.5 using 0.2% azocasein (w/v) as 
substrate. One unit activity was defined as a change of 1.0 in absorbance at 350nm in I h. 
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Under the growth conditions with 0.1 % gelatin (w/v) in the medium, S. thermovulgaris actively 
grew until 48h. Afterwards, growth decreased steadily and reached a minimum at 144 h. 

E ffect of pH on production of the protease by S. ther111ov11/garis. 

The results of the effect of pH on production of extracellular protease by S. thermovulgaris at 
various pH values between pH 6.0 to 9.0 are shown in Fig 2. 
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Figure 2: Effect of pH on production of the protease of S. thermovulgaris at 50° C for 96 h 

Samples were assayed for protease activity at pH 7.5 using 0.2 % azocasein (w/v) as 
substrate. One unit activity defined as a change of 1.0 in absorbance at 350nm in I h. 

The optimal production of the enzyme was therefore between pH 7.5 and 8.0 after 96h of 
fermentation. 
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Determination of optimum pH of protease activity. 

Theorell - Stenhagen universal buffer of pH 4 - pH 12 was prepared and 5.6µg of the pure 
enzyme pre-incubated for 30min at room temperature for each pH value prior to protease activity 
determi nation under the test conditions previously described under materials and methods. The 
results revealed a broad optimal alkaline range of pH 7.5 l 0.5 fo r the protease activity in the 
pure sample as measured with the azocasein assay (Fig 3). 
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Figure 3: Effect of pH on Proteolytic activity of S. thermovulgaris 

The extracellular protease activity of the pure enzyme pre-incubated at the 
desired pH values for 30min was assayed using 0.2% azocasein (w/v) as 
substrate, with one unit activity being defined as a change of l .0 in 
absorbance at 350nm in 1 h. 

Also, when this pure form of S. thermovulgaris protease was separately incubated at two chosen 
pH values of 8.5 and l 0.2 at room temperature for a period of 2-3h, prior to protease 
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determination in order to assess its stability at those values, there was 100% retention of activity 
in both cases. 

Effect of temperature on the proteoly tic activity. 

5.6~tg of the purified protease was incubated in the assay mixture using azocascin as substrate for 
30min at several temperatures under the same conditions as described under material and 
methods. The temperature at which the maximal enzyme activity was obtained was 70°C (Fig 4), 
and 
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Figure 4: Effect of Temperature on Protease Activity of S thermovulgans 

5.6µg pure preparalion of the protease was incubated in the assay mixture using 
azocasein as substrate for 30 min at the various temperatures investigated and activity 
determined as described in the text. 

this was 2.3 times higher than at 50°C. At 85°C, the activity measured decreased to 64. 7% of the 
maximal activity while it was only 4.5% of the maximal activity at 40°C. 

The thermostabil ity of the pure enzyme was investigated by incubating at several 
temperatures for 1 h prior using azocasein assay. There was 50% loss of the activity afler I h at 
75°C, and there was little or no activity retained at 90°C after I h (Fig 5). 
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Figure 5: Thermostability study of protease of S. thermovu/garis after incubation 

The enzyme was incubated at several temperatures for I h prior to azocasein asay as 
earlier described in text. 

There was l 00% retention of the proteo1Y1ic activity for 24h at 50°C, but 70% retention of 
activity 7 days 

Effect of inhibitors 

The pure enzyme preparation was pre-incubated at room temperature in l mM PMSF and I OmM 
EDT A, for one hour. Protease activity was measured using azocasein as substrate after 30min 
incubation at 50°C in the test and control samples. The activi ty of the control was taken as I 00%. 
There was about 50% inhibition of activity in the PMSF treated enzyme, but no inhibition in the 
EDT A treated enzyme. 

8 



 

lnang. Grewe and Bisswanger (2004) N ig. J. Biorechn. 15 (I) 9 

Hydrolysis of va rious substrates 

The extracellular protease of S. 1her111ov11lgaris did no hydrolyze - b enzoyl-DL-arginine - p­
nitroanilide (BAP A) but hydrolyzed N -benzoyl-L-tyrosine ethyl ester (BTEE). The enzyme 
therefore exhibits a chymotrypsin-like nature. 

DISC SSION 

Extracellular protease was isolated from S. thermovulgaris 93-77, purified and some of its 
properties d etennined. The protease accumulated in them edium after 96h cultivation (Fig I), 
which is not strange as there are various reports on several Streptomyces species showing 
maximum proteolytic activity at different periods of the fennentation (Chandrasekaran and Dhar 
1983, Gibb and Strohl 1988). This accumulation of extracelJular protease from S. thermovulgaris 
occurred when growth of the organism had stopped (Fig 1 ). Gusek et al. ( 1988), generally 
observed that the extracellular enzymes in actinomyces arc produced during the stationary phase 
of growth. while .James et al. (1991) has rcponed protease production 111 actively grow111g 
cultures. There was observed variations in the pH of spent medium in the shake nask method 
(data not shown) which is in line with report of James and Edward ( 1988) who observed simi lar 
variations in pH of production medium with S. thermoviolaceus. evertheless, these common 
variations in pH are usually taken care of by either buffering the production medium or 
emrloying a fcnnenter with pH control. The use of a fermenter with pH control was adopted in 
this study.The observation that the proteolytic activity was not lost at all at 50°C for 24h, but 
50% Iossa t 7 5°C for I h and little or no activity retained at 90°C after I h may be due to the 
possibility of denaturation followed by loss of activity. !nvestigations on optimal pH for protease 
activity of the pure protease of S. ther111ov11lgaris showed that, although the production of the 
protease of this organism was optimal between pH 7.5 and 8.0, a broader optimal alkaline range 
of pH 7.5 - 10.5 was recorded for its activity in the pure fonn (Fig 3). This is similar to the 
report of Matsue et a I. ( 1982) in which thee xtracellular proteases from S . r ectus, a !so a soi l 
microorganism showed optimal activity at pH I 0. 7. However, a report of a protease from S. 
coesp11os11s with opti mum pH of activity of 6.0, and with 50% of activity still present at pH 4.5 
is avai !able (Kurisu et al. 1997). The I 00% retention in activity of the protease from S. 
thermovulgaris pre-incubated for a period of 2-3 h at pH 8.5 and pH 10.5 is a measure of 
stability of this protease under investigation. This suggests that the extracellular enzyme is an 
alkaline protease, a property which was exploited in its purification. This result is close to the 
report of the ex tracellular thennostable alkaline protease of a Thermus sp, with maximum 
protease activity against azocasein at pH 8, and with 95% or more of th is activity retained over 
the range of pH 7.5 - 9.3 and 50% or more in the range of pH 6.0 - I 0.4 (Peek et al. 1992). 
The results of purification are summarized in Table I . 
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Table I. Summary of Purification of extracellular protease of S. thermovulgaris. 

ota act1 vtty pec1 1c un 1cat1011 IC 

(U, h) fold 

( U/mg) 

u ture upematant 1. . 1 

(NH ) so 
4 2 4 

prec1p11auo11 d1alysatc 2080 74.6 27.9 21 37 7 

DEAE-Cellulose 52 

901.8 14.72 61.3 4.7 16.3 

Sephacryl S-400 

556.7 2 09 266.4 20.3 10 1 

Phenyl Sepharose CL-

48 405 1.35 300 22 9 7.3 

Ammonium sulphate precipitation as well as anion exchange, gel filtration and hydrophobic 
interaction chromatography were employed in the purification. There was observed poor 
sedimentation of the ammonium sulphate precipitates which resulted in low yield with 63% losses 
being typical at this stage. Similar losses have also been reported at this stage by other workers (Peek 
et al. 1992). The speci fi e activities increased about 23 fold wi th 7% total yield. The puri tied en7yme 
was homogenous with a single band on SD - PAGE with a molecular mass of 30KDa The 
s1g111ficant 111h1b1t1on of proteolytic act1vtty by PMS!- 111<l1cates that the protease 1s a serine protease 
and not a metallo-proteinase. 

Further work is on the way towards immobilizing this protease as well as characterizing 11. 
To our knowledge, this report is the first report on the abil ity of S. thermovulgaris to produce 
extracellular alkaline proteases. 
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