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Summary 

Three hundred five actinomycetes isolated from different habitats were screened 
for their proteolytic activity using gelatin as substrate. As many as 153 (i.e., 50.17 %) 
isolates were found positive for proteolytic activity, out of which 12 isolates showed 

greater relative enzyme activity (REA  8.5). These isolates have been identified 
and further tested for production of proteases in liquid cultures. Streptomyces ex-
foliatus CFS 1068 and Streptomyces sampsonii GS 1322 were found to possess 
excellent protease activity i.e., equivalent to 115.2 and 116.0 U/ml.h in the culture 
filtrates. The significance of these actinomycetes in nature and in management of 
industrial waste has been discussed in the present paper.  
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Introduction  

The habitats with various abiotic characte-
ristics may differ greatly in their microbial com-
munity. Microorganisms inhabiting different ha-
bitats may show diversity in their biochemical 
characteristics. Actinomycetes have been re-
ported as the most productive organisms and 
have been exploited for production of antibio-

tics 2, 4, 5, 8, 10, 15. Considering their diverse 
biochemical properties, actinomycetes can al-

so be explored for industrial production of other 
biologically active molecules such as enzymes 

6, 9, 12, 16. The screening of any available 
collection of microorganisms may yield new 
information about the nature of the available 
gene pool. In the present study a total of 305 
isolates of actinomycetes, collected form va-
rious habitats, have been screened to identify 
strains with excellent proteolytic activity. 

 

Materials and Methods  

Test organisms. Three hundred five actino-

mycetes, isolated from different habitats 8, 11, 
were obtained from the Microbial Culture Col-
lection of the Department of Applied Microbio-
logy and Biotechnology, Dr. Hari Singh Gour 
Vishwavidyalaya, Sagar, India. These include 
13 actinomycetes from animal feed (AF), 71 
from cultivated field soil (CFS), 46 from compost 
(CM), 61 from decaying organic matter (DOM), 
69 from garden soils (GS), 30 from stored agri-
cultural products (SAP), and 15 from soils near 
hair saloons (SHS). All these actinomycetes 
were studied for their proteolytic activity. 

Determination of proteolytic activity. 
Method I. Test actinomycetes were grown 

on Difco-nutrient agar with gelatin as protein 
substrate (pH 6.0), which contained (g/l): pepto-
ne - 5; NaCl - 5; Beef extract - 3 and Agar agar - 

20 3. Separately sterilized aqueous solution 
of gelatin (8 % w/v) was added to the medium 
before pouring to obtain 0.4% gelatin concen-
tration in the medium. An aliquot of 20 ml of the 
medium was poured in each plate. After solidi-
fication, the medium was streaked in a straight 
line along the diameter of the plate with a spore 
suspension of the test actinomycete. After 7 days 
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of incubation at 28±1 ºC, the plates were flood-

ed with 1.5 % HgCl2 in 20 % conc. HCl. The ap-

pearance of a transparent zone around the co-
lony in contrast to the opaque whitish back-
ground indicated production of protease by the 
test actinomycete. Relative enzyme activity 
(REA) of each protease positive actinomycete 
was calculated using the following formula: 

REA = Diameter of zone of enzyme activity 
in mm / Diameter of the colony in mm. 

Based on REA test actinomycetes have 
been categorized into four groups showing ex-

cellent (REA  8.5), good (REA  5.0 to < 8.5), 

fair (REA  2.0 to < 5.0) and poor (REA < 2.0) 
protease activity. 

Method II. The test actinomycetes were 
grown in nutrient broth (peptone - 5; NaCl - 5; 
Beef extract – 3, g/l), supplemented with 0.4 % 
gelatin for 7 days at 28±1 ºC under shaking at 
100 rpm. The cell free filtrate from cultures was 
obtained by centrifugation at 5000 rpm for 10 min 
followed by millipore filtration using syringe fil-

ters (0.22 ). The culture filtrate obtained in this 
way was then used as a crude enzyme sam-
ple. For the assay of protease activity in the 
culture filtrate, Difco nutrient agar medium con-
taining 0.4 % gelatin was prepared as above 
and poured into the plates after sterilization. Af-
ter solidification of the medium, 8 mm well is bo-
red in the center of the plated medium using 

sterile cork borer. 150l of crude enzyme sam-
ple was then poured in each well and the plates 

were incubated at 28±1 ºC for 24 hours. To de-
termine protease activity, the plates were flood-

ed with 1.5 % HgCl2 in 20% conc. HCl. The ap-

pearance of a transparent zone around the well 
as a result of protease activity was measured. 

Method III. In this method, the production 
of proteolytic enzymes by the test actinomyce-
tes was measured in the culture filtrates in terms 
of enzyme units by using the reduction in the op-
tical density of a gelatin solution as a criterion 

21. For this purpose, the cell free culture filtra-
tes obtained earlier using method II were used 
as crude enzyme samples. An amount of 0.5 ml 
culture filtrate was mixed with 0.5 ml of gelatine 
solution (0.2 %) in phosphate buffer of pH 7. 
This reaction mixture was incubated at 37 ºC for 
1 hour. After incubation, 0.15 ml of TCA solution 
(0.44 M TCA, 0.88 M sodium acetate, 1.32 M 
acetic acid) was added to stop the reaction. 
Acetonitrile (3 ml) was then mixed and stirred for 
10 min at 30 ºC to allow the precipitation of un-
hydrolyzed gelatin in the solution and the absor-
bance was measured at 700 nm. One unit of 
protease activity was defined as the amount of 
enzyme that caused 1 % reduction in optical 
density of the gelatin solution (0.2 %) per hour. 

Identification of actinomycetes. Cultural, 
morphological, physiological and biochemical 
properties of the selected strains were studied 
according to the methods of Shirling and Gott-
lieb [19] and Williams [23], and strains were iden-
tified using PIBWin computer programme [14]. 

 

Results and Discussion 

Proteolytic activity of the actinomycetes 

In the present study 153 out of 305 test ac-
tinomycetes were found to produce protease 
activity on gelatin containing agar medium 
(Method I). The protease positive actinomyce-
tes showed variable levels of enzyme activity 
in terms of their REA. A total of 13 actinomy-
cetes from animal feed were tested. Among 
these, twelve isolates (92.3 %) showed proteo-
lytic activity but none of them was an excellent 
producer of this enzyme (Table 1). Eleven acti-
nomycetes (73.33 %) from soils near hair sa-
loons possessed proteolytic activity, two of 

which showed excellent protease activity (REA  
8.50). 46 isolates of garden soils manifested 
proteolytic properties. Among these, 5 isolates 
(7.24 %) showed excellent protease activity whi-
le 17 (24.63 %), 19 (27.53 %), and 5 (7.24 %) 
actinomycetes demonstrated good, fair and 
poor protease activity, respectively. Among iso-
lates from decaying organic matter, 47.54 % 
isolates have been found protease positive. Out 

of these, 3 isolates (i.e., 4.91 %) showed excel-
lent production of this enzyme. 43.66 % iso-
lates of cultivated field soil manifested pro-
duction of protease but only two of them (i.e., 
2.81 %) showed excellent activity. It is point 
worthy to note that none of the test isolates 
from stored agricultural products, animal feed 
and compost have showed excellent activity of 
protease in the present screening programme.  

In all 12 actinomycetes (3.93 %) including 
3 of cultivated field soil (i.e., CFS 1068, CFS 
1072 and CFS 1131), 2 of decaying organic 
matter (DOM 1099, DOM 1419), 5 of garden 
soils (i.e., GS 1242, GS 1320, GS 1322, GS 
1323 and GS 1432) and 2 of soils near hair 
saloons (SHS 1422, SHS 1426) have been 
found to have excellent proteolytic properties 
and showed relative enzyme activity equivalent 

to REA  8.50. Waksman 22 demonstrated a 
wide distribution of proteolytic enzymes in acti-
nomycetes with variable levels of activity on dif-
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Table 1. Distribution of proteolytic activity in actinomycetes from different habitats. 

Habitat/ Source  

Number of 
actinomycetes 

Protease positive 
actinomycetes 

(%) 

Number of actinomycetes 

Tested  
Protease 
positive 

Grading of proteolytic activity based on REA* 

Excellent Good Fair Poor Nil 

Animal Feed (AF)  13 12 92.3 
- 

(0.00) 
7 

(53.84) 
5 

(38.46) 
- 

(0.00) 
1 

(7.69) 

Cultivated Field Soil (CFS)  71 31 43.66 
2 

(2.81) 
12 

(16.90) 
15 

(21.12) 
2 

(2.81) 
40 

(56.33) 

Compost (CM)  46 13 28.26 
- 

(0.00) 
2 

(4.34%) 
10 

(21.73) 
1 

(2.17) 
33 

(71.73) 

Decaying Organic Matter 
(DOM)  

61 29 47.54 
3 

(4.91) 
9 

(14.75) 
16 

(26.22) 
1 

(1.63) 
32 

(52.45) 

Garden Soil (GS)  69 46 66.66 
5 

(7.24) 
17 

(24.63) 
19 

(27.53) 
5 

(7.24) 
23 

(33.33) 

Stored Agricultural Product 
(SAP)  

30 11 36.66 
- 

(0.00) 
4 

(13.33) 
4 

(13.33) 
3 

(10.00) 
19 

(63.33) 

Soil Near Saloons  (SHS)  15 11 73.33 
2 

(13.33) 
3 

(20.00) 
6 

(40.00) 
- 

(0.00) 
4 

(26.66) 

Total  305 153 50.16 
12 

(3.93) 
54 

(17.70) 
75 

(24.59) 
12 

(3.93) 
152 

(49.83) 

*The values given in parenthesis indicate the percentage of protease positive actinomycetes.   

Proteolytic activity - Excellent, REA  8.5; Good, REA  5.0 to < 8.5; Fair, REA  2.0 to < 5.0; Poor, REA < 2.0; -, Protease activity nil. 

3
0
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ferent protein substrates. In the present study 
50.16 % of 305 isolates have been found po-
sitive with variable levels of protease activity 
using gelatin as substrate. Proteolytic enzymes 
of actinomycetes have also been reported to 

digest and hydrolyze protein fibers 1, 7, 13, 20 
thus playing an important role in decomposition 
of proteins in nature.  

Twelve isolates, which showed excellent 
gelatinolysis following the method of Hankin 

and Anagnostakis 3, were identified and fur-
ther tested for the extracellular production of 
protease using method II. All of these showed 
protease production when grown on nutrient 
broth containing 0.4 % gelatin. Maximum pro-
tease activity (34 mm zone of enzyme activity) 
was recorded in the culture filtrate of Streptomy-
ces exfoliatus CFS 1068, followed by S. samp-
sonii GS 1322 (33 mm), S. somaliensis GS 1242 
(26 mm), Streptomyces sp. CFS 1072 (24mm) 
and Streptomyces sp. DOM 1131 (24 mm). The 
culture filtrates of all other test actinomycetes 
produced 14–20 mm zone of protease activity 
using this method.  

Protease activity in the culture filtrates of 
these actinomycetes was also determined spec-

trophotometrically 21 using Method III and the 
results are presented in terms of enzyme units 
(Table-2). Crude culture filtrates obtained from 

S. sampsonii GS 1322 showed maximum acti-
vity of protease i.e., 116.0 U/ml.h. Nearly simi-
lar activity of this enzyme was recorded in cul-
tures of S. exfoliatus CFS 1068 (115.2 U/ml.h) 
followed by 102.0 U/ml.h in S. somaliensis GS 
1242. Other isolates showed variable levels of 
protease activity in a range of 21.64 to 83.66 
U/ml.h. Although the proteases are wide spread 
in nature, microbes serve as a preferred sour-

ce of these enzymes 17 because of their ra-
pid growth, limited space requirement for culti-
vation and the ease with which they can be ge-
netically manipulated to generate novel enzy-
mes with altered properties. In the present stu-
dy, three test actinomycetes showed greater 
proteolytic properties using gelatin as a sub-
strate and thus can be of significance in the 
bioremediation of gelatinous waste littered by 
gelatin factories, food and pharmaceutical in-
dustries particularly those manufacturing soft 
capsules. These strains can also find applica-
tion in silver recovery and degradation of waste 

X-ray films 17, 18. The cultures of all 12 test 
actinomycetes have been deposited in our cul-
ture collection i.e., Gour Nodal Centre for Indus-
trially Important Microorganisms (GNCIIM) and 
have been deposited at Microbial Type Culture 
Collection and Gene Bank (MTCC), Chandi-
garh, India. 

 
Table 2. Gelatinolytic activity of some promising actinomycetes. 

 
Test actinomycetes 

Gelatinase activity 

Method I Method II Method III 

Growth 
zone 
(mm) 

Zone of 
enzyme 
activity* 
(mm) 

REA 

Zone of 
enzyme 
activity** 

(mm) 

U/ml.h 

Streptomyces exfoliatus CFS 1068 (MTCC8977)  4 40 10.0 34 115.2 

Streptomyces sp. CFS 1072 (MTCC8971) 5 48 9.6 24 61.72 

Streptomyces sp. DOM 1099 (MTCC8989) 4 40 10.0 16 83.66 

Streptomyces sp. CFS 1131 (MTCC8972) 6 60 10.0 24 67.50 

Streptomyces somaliensis GS 1242 (MTCC6229) 5 44 8.8 26 102.0 

Streptomyces sp. GS 1320 (MTCC8976) 4 38 9.5 18 21.64 

Streptomyces sampsonii GS 1322 (MTCC6231) 6 58 9.6 33 116.0 

Streptomyces sp.GS 1323 (MTCC8973) 6 59 9.8 14 36.66 

Streptomyces exfoliatus DOM1419(MTCC8975) 6 55 9.1 16 50.90 

Streptomyces sp. SHS 1422 (MTCC8974) 5 45 9.0 20 35.28 

Streptomyces sp. SHS 1426 (MTCC8978) 5 46 9.2 18 79.98 

Streptomyces rochei GS 1432 (MTCC8970) 5 50 10.0 14 44.78 

* Including the growth zone.  
**Including the 8 mm diameter of the agar in good health.
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Table 3: Morphological, physiological and biochemical characteristics of actinomycetes.  

Test  CFS 1068 CFS 1072 DOM 1099 DOM 1131 GS 1320 GS 1323 DOM 1419 SHS 1422 SHS 1426 GS 1432 

Spore chain 

Rectiflex (R) + - - + + - + + + - 

Spirals (S) - + + - - + - - - + 

Color of spore mass rosy buff 
mouse 
gray 

mouse 
gray 

white off white 
white to 

gray 
gray gray 

not 
developed 

gray 

Substrate mycelium white white white white white white white white brown white 

Mycelial pigment orange orange 
white to 
cream 

orange orange orange brown brownish 
dark 

brown 
orange 

Diffusible pigment - - - - - - - - brown - 

Melanin production on 
tyrosine agar 

- - + - - + + + + - 

Indole production  - - - - - - - - - - 

Methyl red test  - - - - - - - - - - 

VP - - - - + - - - - - 

Citrate utilization - - - - - - - - - + 

H2S production - - - - - - - - - - 

Hydrolysis of starch  + + + + + + + + + + 

Hydrolysis of gelatin  + + + + + + + + + + 

Gelatin liquefaction  +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

Hydrolysis of casein  + + + + + + + + + + 

Nitrate reduction  - - W+ + W+ W+ W+ - - - 

Lipolysis  + + + + + + + + + + 

Lecithinase - - - - - - - - - - 

Pectin hydrolysis  + + + + + W+ + + + + 

Urease activity  ++ + +++ +++ - - - +++ + +++ 

Catalase test  + + + + + + + + + + 

3
2
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Table 3. Continued. 

Test  CFS 1068 CFS 1072 DOM 1099 DOM 1131 GS 1320 GS 1323 DOM 1419 SHS 1422 SHS 1426 GS 1432 

Growth in presence of NaCl 

2 % + + + + + + + + + + 

5 % + + + + + + + + + + 

7 % - + + + + + + + - + 

9 % - + - + + + + + - + 

10 % - + - + + + + + - + 

12% - - - W+ - W+ W+ W+ - W+ 

Growth at pH  

pH 4 W+ - W+ - W+ - - - - - 

pH 6 + + + + + + + + + + 

pH 7 + + + + + + + + + + 

pH 9 + + + + + + + + + + 

pH 10 + + + + + + + + + + 

pH 11 + + + + + + W+ + W+ + 

Growth of different temperature  

4 
o
C - - - - - - - - - - 

15 
o
C + W+ W+ W+ + + W+ + + + 

25 
o
C + + + + + + + + + + 

37 
o
C + + + + W+ W+ W+ + + + 

42 
o
C W+ + + + - - - + W+ + 

 

 

 

3
3
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Table 3. Continued. 

Test  CFS 1068 CFS 1072 DOM 1099 DOM 1131 GS 1320 GS 1323 DOM 1419 SHS 1422 SHS 1426 GS 1432 

Growth in presence of  

0.01 % Sodium azide  W+ - - W+ - - - - - - 

0.1 % Sodium azide  - - - - - - - - - - 

0.1 % Phenol  - + - - - - + - + + 

0.001 % Potassium tellurite  + + + + + + W+ + + + 

0.001 % Thallic acid  + + - + - - + + + + 

0.01 % Thallic acid - - - W+ - - + - - + 

Rifampicin (50 g/ml) - - + + - + - + + + 

Olendomycin (100 g/ml) W+ + - W+ + + + + W+ + 

Neomycin (50 g/ml ) - - - - - - - - - - 

Penicillin G (10 IU)  + + + + + + + + + + 

Hippurate utilization  - - - - + + - - - - 

Utilization of nitrogen sources (amino acids)  

L-Tyrosine  ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

L-Histidine  ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

L-Phenylalanine - - - ++ W+ + + W+ - + 

L-Valine  W+ W+ ++ + ++ - W+ W+ + + 

L-Cysteine  - W+ - - - - W+ - W+ - 

L-Hydroxyproline + + + + + + + + + + 

L-lysine  W+ ++ ++ ++ W+ ++ W+ ++ ++ ++ 

Xanthine degradation + + ++ + ++ ++ + - ++ ++ 

Elastin degradation + + + + + + + + + + 

 

 

3
4
 



 35 

Table 3. Continued. 

Test  CFS 1068 CFS 1072 DOM 1099 DOM 1131 GS 1320 GS 1323 DOM 1419 SHS 1422 SHS 1426 GS 1432 

Utilization of different carbon sources  

Rhamnose  - - ++ - - - - ++ - ++ 

Adonitol  - - - - - - - - - - 

Arabinose  ++ ++ - ++ ++ - - W+ ++ ++ 

D-Melibiose  - - - - ++ - - ++ - - 

meso-Inositol  ++ ++ + + ++ + - ++ ++ ++ 

Fructose  - + - + W+ + - W+ + ++ 

Sorbitol  - + + + W+ - - + ++ ++ 

Inulin  - - - - - - - + ++ ++ 

Salicin  - ++ - - - + - ++ ++ ++ 

Dextran  - - - - - ++ - - ++ ++ 

Raffinose  - - - - - + - ++ - + 

Xylose  ++ ++ - ++ ++ ++ - ++ ++ ++ 

Glucose  ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

Glycerol  ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

Mannitol  - ++ - ++ - - - + - ++ 

Galactose  ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

Sucrose  - - - - W+ - - - W+ ++ 

Xylitol  - - + - - - - - - + 

Arbutin Degradation + + + + + + + + + + 

Aesculin Degradation + + + + W+ - + + + + 

Cell wall L-DAP  + + + + + + + + + + 

Cell wall D-DAP  - - - - + + + - - - 

3
5
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Characterization and identification of actinomycetes 

Twelve actinomycetes, which showed ex-
cellent gelatinolytic activity using Method-I, in-
clude S. somaliensis GS1242 (MTCC 6229) 
and S. sampsonii GS 1322 (MTCC 6231). The-
se were identified based on their 16 S rRNA 
gene sequencing by Dr. Y. S. Suhouche, Na-
tional Center for Cell Sciences, University of 
Pune, India.  

The remaining 10 unidentified actinomy-
cetes were characterized for their morpholo-
gical, physiological and biochemical charac-
teristics (Table 3) and were identified using 

PIBWin computer kit 14. The results of our 
study showed dominance of three clusters of 
Streptomyces, namely S. exfoliatus, S. halste-
dii and S. diastaticus. Four isolates, i.e., CFS 
1068, GS 1320, DOM 1419, and SHS 1426 
have been found closely related to S. exfolia-
tus showing PIBWin ID scores in the range 
from 0.99996 to 0.95077. Two isolates show-
ed PIBWin ID score more than 0.99 and hen-
ce, these have been identified as S. exfoliatus 
CFS 1068 (ID score 0.99996) and S. exfolia-
tus DOM 1419 (ID score 0.992100). Other two 
isolates of this cluster have been designated 
and assigned to the genus Streptomyces with 
no specific epithet. Two isolates i.e., CFS 1072 
and DOM 1131 were found very close to the 

known strains of S. halstedii. PIBWin ID sco-
res of these isolates were found to be 0.97969 
and 0.98688, respectively and hence these 
strains have been assigned to genus Strepto-
myces with no specific epithet. Two isolates 
i.e., DOM 1099 and SHS 1422 showed maxi-
mum similarity with known strains of S. diasta-
ticus with PIBWin ID score of 0.95631 and 
0.95829, respectively and hence these were 
also identified as Streptomyces sp. DOM 1099 
and Streptomyces sp. SHS 1422. Test isolates 
GS 1323 was found closely related to S. viola-
ceus (ID score 0.97836) but could not be as-
signed to this species because of PIBWin ID 
score less than 0.99. Isolate GS 1432 have 
been found very close to the known strains of 
S. rochei (ID score 0.99882) and hence its spe-
cies assignment has also been confirmed.  
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АКТИНОМИЦЕТИ С ПРОТЕОЛИТИЧНА АКТИВНОСТ ОТ ИНДИЯ 
 

Рича Джаин*, С. Аргавал, П. Джаин 
 
 
 

Резюме 

Триста и пет актиномицети, изолирани от различни местообитания в 
Индия, са скринирани за протеолитична активност при използване на жела-
тин като субстрат. Установено е, че 153 изолата (т.е. 50,17 %) притежа-
ват протеолитично действие, като 12 от тях показват сравнително по-

висока ензимна активност (REA  8.5). Тези изолати са идентифицирани и 
тестирани за продукция на протеази в течна среда. Установено е, че Strep-
tomyces exfoliatus CFS 1068 и Streptomyces sampsonii GS 1322 притежават 
много висока протеазна активност в културалните филтрати, еквива-
лентна съответно на 115.2 и 116.0 U/ml.h,. В статията е дискутирано зна-
чението на тези актиномицети в природата и за преработката на про-
мишлени отпадъци. 

 

 


