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Abstract:

Dermatophyte fungi of the genera Trichophyton, Epidermophyton, and Microsporum infect human skin, hair, and nails.
These types of infections, termed "dermatophytoses," are widespread that affects billions of individuals worldwide. In
the present study, we isolated Trichophyton mentagrophytes from patients with dermatophytoses. The isolates were
grown on Sabouraud agar and were identified on the basis of microscopic examination, for the presence of fungal
elements. To promote production of protease, T. mentagrophytes isolate cultured in protein liquid medium. Results
showed that T. mentographytes have ability to produce extracellular protease which indicated by proteolysis activity
111.9 U/ml against casein when added as substrate to the culture filtrates of T. mentographytes with specific activity
2238U/mg. To optimize protease production by T. mentographytes, the effect of different cultural conditions
(production media, incubation period, optimal temperature and pH) on production of extracellular protease were
studied. The results showed that T. mentographytes have high ability to produce protease after 9 days of incubation in
protein liquid media at 30 °C, and pH 7.0. The extracellular protease synthesized by T. mentagrophytes extracted, then
partial purified by using Fractionation by Aqueous Two Phase System.

Introduction:

Dermatophytes, consisting of organisms in the
Trichophyton, Epidermophyton, and Microsporum
genera, these are human and animal pathogenic fungi
(1,2,3,4), which are the primary etiologic pathogens of
various dermatophytoses, such as tinea capitis, tinea
corporis, tinea inguinalis, tinea manus, tinea unguium
and tinea pedis (5,6,7). Among approximately 10 human
pathogenic species isolated in Europe, Trichophyton
rubrum, Trichophyton mentagrophytes and Microsprum
canis are most commonly observed, accounting for 71-
95% of these species isolated in hospital and private
practices (7,8). A characteristic is their ability to grow
exclusively in the stratum corneum, nails or hair and to
digest components of the cornified cell envelope, and it
is evident that secreted proteolytic activity is important
for their virulence. All investigated dermatophytes
produce proteolytic activity in vitro (9). There are many
reports of the isolation and characterization of one or two
proteases from an individual species of dermatophyte
(10,11,12).

Different studies have shown that these secreted
proteinases can not only degrade proteins such as keratin,
elastin and collagen to supply nutrients to the fungi, but
can also control of host defense mechanisms, and induce
delayed-type hypersensitivity (such as with the SUB
family and Tri r4), (13,14,15,16). However, although the
T. rubrum allergen Tri r4 EST shares 98% homology
with that in Trichophyton mentagrophytes, it is clear that
the inflammation mediated by T. rubrum is not as severe
as that induced by T. mentagrophytes . This is probably
due, at least in part, to the presence of multiple
inflammatory factors in T. mentagrophytes (5,16).

The dermaphyte infections are widespread and increasing
in prevalence on a global scale. Indeed, in some
geographic regions, dermatophyte infection is now
considered a major public health concern. Skin and nail
infections caused by dermatophyte fungi such as
Trichophyton have become more common in recent years
(7).

For these reasons, we aimed in the present to isolate an
extracellular proteinase from a clinical isolate of T.
mentagrophytes, and we attempt to study the effect of
some cultural condition on proteolytic activity of
protease.

Materials and Methods

Fungal strain and maintenance of the strain — Clinical
isolates of T. mentagrophytes were obtained from
patients with dermatophytoses attended in Tikrit
Hospital. The isolates were grown on Sabouraud agar
and were identified on the basis of microscopic
examination of the culture (18,19). To obtain spores, the
strain were grown on complete solid medium (CSM) at
28°C for 12 days (20).

Protease production media — The cells of T.
mentagrophytes isolate were grown on Sabouraud broth
and protein liquid medium, to promote production of
protease. The protein liquid medium prepared by
dissolving 0-2 % soy protein in distilled water. No salt
was added, and then medium was sterilized by
autoclaving at 120 °C for 15 min. A volume of 100 ml
liquid medium was inoculated with a plug of freshly
growing mycelium in 800 ml tissue-culture flasks. The
cultures were incubated for 10 days at 30 °C without
shaking (12).

Determination of protease activity - Crude cell-free
extracts were prepared as described by Arbesu et al.,
1993 (21). The specific activity of protease in crude
extracts was measured using 0.02% casein as substrate,
and expressed in unit per milligram of protein as
described by Jousson et al. (12).

Protein determination — The protein concentrations
during extraction and purification stages were estimated
according to method used by Lowry et al. (22).

Optimal conditions of protease production - In this
work, we report the presence of protease from haploid
strain of T. mentagrophytes. Activities of protease was
measured under several nutritional conditions including,
production medium (Sabouraud broth, and Soya protein),



the incubation intervals (3, 5, 7, 9, 11) days, pH of
cultural media (5, 5.5, 6, 6.6, 7, 7.5, 8, 8.5, 9), and the
incubation temperature (20, 25, 30, 35, 40, 45, 50 °C).
Preparation of PEG solution — Extracts were analyzed
by PEG 6000 gel separation, which prepared by adding 8
gm of Dextran T70 gradually to 25 ml heated distilled
water (95 °C), then 12.8 gm of PEG 6000 added
gradually to obtain homogenous solution, the weight
completed to 45 gm by adding distilled water, finally the
solution stored at 4 °C (23).

Partial purification of extracellular protease (23):
1.Centrifugation: After propagation of the fungus in
production media at 30 °C for 9 days, the mycelium was
eparated from the supernatant by centrifugation at
5000g for 15 min.

2. Fractionation by Aqueous Two Phase System: 0.6 gm
of PEG 6000 solution and 64 ml of 4 M Nacl were
added to 1 ml of the collected supernatant, mixed well
then centrifuged at 5000 g for 15 min. The upper phase
separated to a test tube and the enzymatic activity was
estimated in both phases. The upper phase showed
enzymatic activity with no activity found in

lower phase, so the enzyme concentration determined
in upper phase.

3. Elution of protease: The proteolytic enzyme eluted
from upper phase by using different concentrations
of ammonium sulfate 14, 20, 30, 40, 50, 60, 70% (w/v)
with stirring in magnetic stirrer at 4 °C, and then
centrifuged at 5000 g for 15 min, the upper phase
separated to a test tube and the enzymatic activity was
determined separately in both phases. The phase

with proteolysis activity was further concentrated in
a dialysis tube against deionized water with continuously
stirring at 4 °C, and then the enzyme solution
concentrated with sucrose, the enzymatic

activity and protein concentration were determined.

Results:

Results in present study showed that Trichophytone
mentographytes have ability to produce extracellular
protease which indicated by proteolytic activity against
casein when added as substrate to the culture filtrates of
T. mentographytes. After 9 days of growth, the T.
mentagrophytes culture supernatants showed proteolytic
activity 111.9 U/ml against casein which was 0.050
pg/ml. These results was obtained by monitoring
protease production throughout the steps of strain
growth.

In this study we investigated the influence of cultural
conditions (cultural medium, pH, incubation period, and
incubation temperature) on production of proteases by T.
mentographytes. The T. mentographytes showed high
ability to produce protease 106.4 U/ml in Soya protein
media more than Sabouraud media 68.6 U/ml.

Also we studied the effect of different incubation period
(3,6,9,12,15 days) on protease production by T.
mentographytes, the results showed that high activity of
the enzyme obtained when T. mentographytes incubated
in Soya protein media for 9 days, reached to 111.9 U/ml,
then a progressive decrease in proteolytic activity
observed when incubated for 12, and 15 days, as shown
in figure (1).
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Figure (1): Effect of incubation intervals on protease production by T. mentographytes.

The media pH changes influence production of proteases,
results in this study showed that the proteolytic activities
of strain T. mentographytes were rapidly increased,
reaching a maximum 115.3 U/ml at pH 7, then a
progressive decrease in protease production occurred

with increasing pH values which was 30 U/ml at pH 9,
also protease production reduced at low pH values,
which reached to 26 U/ml at pH 5, as shown in figure

).
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Figure (2): Effect of pH on protease production by T. mentographytes.

The highest proteolytic activity 123.5 Unit/ml achieved
by strain T. mentographytes when incubated in Soya
protein media at 30 °C, and then decreased to 31 Unit/ml

120

in 45 °C, while the strain lost its ability to produce
proteolytic enzyme when incubated at 50 °C (figure.3).
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Figure (3): Effect of temperature on protease production by T. mentographytes.

The extracellular protease synthesized by T.
mentagrophytes extracted, and then partial purified using
Fractionation by Aqueous Two Phase System.

Table (1) determines the proteolytic activity of the
enzyme during purification stages, the crud extract
showed proteolytic activity 111.9 U/ml with specific
activity 2238 U/mg. In the next stage of purification
which we used Aqueous Tow phase System, the PEG
phase showed proteolytic activity 66.2 U/ml with
specific activity of enzyme 2648 U/mg, at this stage the

fold of purification was 1.18 with elution 94.6% of the
enzyme. The highest specific activity of the proteolytic
enzyme 3600 U/mg observed when we used ammonium
sulfide 50% to elute the enzyme from PEG phase, also
the volume of enzyme solution reduced at this stage.
After dialysis of the upper phase of ammonium sulfide,
the enzyme solution concentrated to 25 ml and
determined the specific activity of the enzyme which was
3600 U/mg and the purification fold was 1.35 with
elution 33.9%.



Table (1): The protease activity and protein concentration during Purification Steps.

Purification | Volume | Protease | Total Protein | Specific Total Purification | Recovery
Steps (ml) activity (mg/mil) Activity | Activity Fold (%)
(U/ml) (U/mg) (V)

Crude 50 111.9 0.050 2238 5595 1 100

filtrate

Two phase 80 66.2 0.025 2648 5296 1.18 94.6

System

Ammonium 25 72 0.02 3600 1800 1.35 33.9

Sulfate

Discussion: culture medium containing soy proteins as a sole nitrogen

Dermatophyte infections are one of the earliest known
fungal infections of mankind and are very common
throughout the world. Trichophyton species play a major
role in dermatophyte, is now considered a major public
health problem (8,24,25). In the present study we attempt
to isolate extracellular protease produced by clinical
isolate of T. mentagrophytes, which indicated by
proteolytic activity against casein. The caseinolytic
activity of the T. mentagrophytes culture filtrates in
present study is mainly due to the presence of protease
that is capable of hydrolyzing casein. Several researchers
found that the proteolytic activity in skin and nail
infections caused by dermatophyte fungi such as
Trichophyton, is due to the action of protease, in addition
to having caseinolytic being indicated as one of the
factors responsible for the virulence of the fungus, also
they found that production of elastase has been
associated ~ with  inflammatory  dermatophytosis
(1,24,26,27,28). The  secreted  proteinases  of
dermatophytes play an important role in the process of
infection, and represent the pathogenic feature that
differentiates dermatophytes from other fungi (29).

There are many reports of the isolation and
characterization of one or two proteases from an
individual species of dermatophyte (4,30). In T. rubrum,
some keratinases have been isolated and a subtilisin gene
family was identified at the genetic level (31). Jousson et
al., isolated a five-member secreted metalloproteases
family from T. rubrum, T. mentagrophytes and M. canis
(12). The varieties of T. mentagrophytes produce small
amounts of protease activity in skin from hosts to which
they are well adapted but produce large amounts on
material from an unfamiliar potential host species (18).

In this study, we also studied the influences of the
cultural conditions on the production of protease from T.
mentagrophytes. According to the effect of cultural
medium on protease production, the T. mentagrophytes
showed high ability to produce protease in Soya protein
media more than Sabouraud media. Among several
tested protein sources, soy proteins were found to be the
best for growing and promoting proteolytic activity of
dermatophyte species in liquid medium. Where no to
poor growth was obtained in liquid medium containing
0-2 % Kkeratin as the sole nitrogen source (12, 16). In

source, T. rubrum, T. mentagrophytes and M. canis
secreted two major metalloproteases accounted for 19-36
% of total secreted protein extracts (12). Day et al., (32)
and Yu et al., (33) purified two extracellular and two
cell-bound keratinases from the same isolate of T.
mentagrophytes. They used a growth medium that
contained defatted hair as a nitrogen source.

pH changes influence production of proteases. (31). The
results in this study showed that the optimum pH to
produce protease by T. mentagrophytes was 7. These
results agreed with other studies, which indicate that the
extracellular proteinases of T. mentagrophytes and T.
rubrum also have optimal proteolytic activity at neutral
pH (10,34). Where in other studies with T. rubrum,
proteinase with a pH optimum of 4.5 was detected
(18,35). T. rubrum has recently been extensively studied
by Apodaca et al., (36), and shown to produce two
strongly keratinolytic proteinases, as well as a poorly
keratinolytic, trypsin- or chymotrypsin-like general
proteinase. These proteinases all have a pH optimum of
approximately 8. In a study of protease production during
autolysis in different species of filamentous fungi,
observed that autolysis occurred at pH values between
6.5 and 8 (37).

Human skin has a weakly acidic pH, and it is noteworthy
that proteinases with an optimal activity under acidic
conditions are reported to be important virulence factors
in T. mentagrophytes (38,39). Dermatophyte proteolysis
results in the liberation of excess ammonium ion, raising
the pH of the growth medium (31,40). This reaction, an
attribute relatively uncommon in fungi isolated clinically,
has been used as the basis of screening media such as
Dermatophyte Test Medium (41).

The optimum temperature for protease production by T.
mentagrophytes in present study was at 30 °C which
reached to 123.5 U/ml then reduced with temperature
increasing. These results agreed with other studies which
deals that most enzyme denaturated and lost its activity
when temperature exceeds 35 °C (42), also high
temperatures have effect on fungus growth and protease
production, the optimum temperature for proteases
production by Aspergillus spp. varies between 28-30 °C,
also these studies indicated the fungus ability to protease
production decreases when incubation temperature was



less or high than 30 °C (43,44). Recent investigations
have shown that proteases secreted by dermatophytes are
similar to those of other fungi such as Aspergillus spp.
(4,11,16).

Results in present study showed that T. mentographytes
have high ability to protease when incubated in protein
liquid media for 9 days, then a progressive decrease in
protease production observed when incubated for 12, and
15 days. Protease production by strain 22 of M.
anisopliae increases reaching a peak at 9 days, already
during the autolysis phase, and then decreasing slowly,
where the proteolytic activities of strain CLII of M.
anisopliae were rapidly increased, reaching a maximum
at about 5 days. A progressive decrease in proteolytic
activity occurred thereafter (31). Studies on other species
of fungi have shown that in most cases proteolytic
activity increases with the beginning of autolysis
(41,45,46,47). Apodaca and McKerrow (13,36), and
Paveia, have recently shown that during log-phase
growth most of the proteolytic enzymes of T. rubrum are
repressible in vitro by small molecules and are likely
repressed during early growth in vivo. The entire
complement of proteinases in T. rubrum tends to be

References:

1. Weitzman, I, and Summer bell, R. C. The
dermatophytes. Clin Microbiol Rev (1995); 8: 240-259.
2. Ajello, L. Natural history of the dermatophytes and
related fungi. Mycopathol Mycol Appl 1974; 53: 93-110.
3. Domsch K. H., Gams, W., and Andersen, T. H.
Compendium of soil fungi. IHW-Verlag, Eching,
Germany. 1993.

4. Descamps F, Brouta F, Monod M, Zaugg C, Baar D,
Losson B, Mignon B: Isolation of a Microsporum canis
gene family encoding three subtilisin-like proteases
expressed in vivo. J Invest Dermatol 2002; 119:830-835.
5. Wang, L., Ma,L., Leng, W., Liu,T., Yu,L., Yang, J.,
Yang, L., Zhang, W., Zhang, Q., Dong, J., Xue, Y., Zhu,
Y., Cut, X., Wan, Z,, Ding, G., Yu, F., Tu, K., Yixue, Li.,
Ruoyu, Li., Yan S., and Jin, Q. Analysis of the
dermatophyte Trichophyton rubrum expressed sequence
tags. BMC Genomics 2006; 7:255.

6. Kwong-Chung, K. J. & Bennet, J. E. Medical
Mycology. Philadelphia & London: Lea & Febiger.
1992,

7. Venkatesan, G., Ranjit Singh, A. J. A., Murugesan, A.
G., Janaki, C., Gokul Shankar, S. Trichophyton rubrum —
the predominant etiological agent in human
dermatophytoses in Chennai, India. African Journal of
Microbiology Research pp. 009-012, May 2007

8. Monod, M., Jaccoud, S., Zaugg, C., Léchenne, B.,
Baudraz, F. & Panizzon, R. Survey of dermatophyte
infections in the Lausanne area
(Switzerland).Dermatology (2002a); 205:201-203.

9. Monod, M., Capoccia, S., Léchenne, B., Zaugg, C.,
Holdom, M. & Jousson, O. Secreted proteases from
pathogenic fungi. Int J Med Microbiol (2002b); 292:405—
419,

10. Asahi, M., Lindquist, R., Fukuyama, K., Apodaca,
G., Epstein, W. L. & McKerrow, J. H. Purification and
characterization of major extracellular proteinases from
Trichophyton rubrum. Biochem J (1985); 232: 139-144.

produced constitutively during the stationary phase of
growth in vitro.

The Two Phase System used in this study to remove
proteins, cell sediments, and interference substances
from T. mentagrophytes culture filtrate (27). Many
studies used ammonium sulfate for purification of
protease, Ingham et al. (24), and Schleif (48), used
ammonium sulfate (38-52%) as first step of protease
purification. 1 M ammonium sulfate used to purification
of keratinase produced by D. microsporus and P.
marquandii were cultivated in a submerged fermentation
(49). The crude enzyme was first saturated up to 30%
with solid (NH4)2S04 and then centrifuged at 5,000 x g
for 15 min. The supernatant obtained was further
saturated up to 70% with solid (NH4)2SO4 and again
centrifuged. The pellets obtained were dissolved in
minimum volume of 0.1 M phosphate buffer, pH 6.0
(buffer A), and dialyzed against the same buffer
extensively and then concentrated through Amicon
Diaflo Ultra-filtration cell using YM-10 membrane (50).
Recommendation: We recommend further studies on
purification of protease produced by T. mentagrophytes,
and characterization of the enzyme.

11. Brouta, F., Descamps, F., Monod, M., Vermout, S.,
Losson, B. & Mignon, B. Secreted metalloprotease gene
family of Microsporum canis. Infect Immun (2002); 70:
5676-5683.

12. Jousson, O., Léchenne, B., Bontems, O., Capoccia,
S., Mignon, B., Barblan, J., Quadroni, M. and Monod' M.
Multiplication of an ancestral gene encoding secreted
fungalysin preceded species differentiation in the
dermatophytes ~ Trichophyton and  Microsporum.
Microbiology (2004); 150:301-310.

13. Apodaca, G., and McKerrow, J. H. Purification and
characterization of a 27,000-Mr extracellular proteinase
from Trichophyton rubrum. Infect Immun (1989a); 57:
3072-3080.

14. Collins, J. P., Grappel, S. F. & Blank, F. Role of
keratinases in dermatophytosis. Il. Fluorescent antibody
studies  with  keratinase Il of  Trichophyton
mentagrophytes. Dermatologica (1973); 146:95-100.

15. Woodfolk JA, Wheatley LM, Piyasena RV, Benjamin
DC, Platts-Mills TE: Trichophyton antigens associated
with IgE antibodies and delayed type hypersensitivity.
Sequence homology to two families of serine
proteinases. J Biol Chem 1998, 273:29489-29496.

16. Jousson, O., Léchenne, B., Bontems, O., Mignon, B.,
Reichard, U., Barblan, J., Quadroni, M. & Monod, M.
Secreted subtilisin gene family in Trichophyton rubrum.
Gene (2004b); 339:79-88.

17. Judith A. Woodfolk. Allergy and Dermatophytes.
Clin Microbiol Rev 2005; 18(1): 30-43,

18. Rippon JW. Medical Mycology, the Pathogenic fungi
and Pathogenic Actionmycetes, 3rd ed., WB Saunders,
Philadelphia. 1988.

19. Fran F, Norma B, Cook, F. Fundamentals of
diagnostic mycology. WB, Saunders Company, (1998);
pp. 118-115.

20. Pontecorvo, G.; Roper, J.A.; Hemmons, L.M.;
McDonald, K.F.; Bufton, AW.J. The genetics of
Aspergillus nidulans. Adv. Gen. (1953); 5: 141-238.



21. Arbesit MJ, Valle E, Suarez-Rendueles P.
Purification and characterization of aminopeptidase yspl
from Schizosaccharomyces pombe. Yeast (1993); 9:637-
644.

22. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ.
Protein measurement with the Folin phenol reagent. J
Biol Chem 1957; 193:265-275.

23. 20. Ingham, K.C. Precipitation of Protein with Poly
ethylenglycole. In: Method in Enzymology . Deutscher,
M .P. Academic Press , INC . Harcourt Brace Jovanovish
Publishers (1990); 182:301-306.

24. Orosantucci A, Chiani P, De Bernardis F, Cassone A,
Calera JA, Calderone R: Deletion of the two-component
histidine kinase gene (CHK1) of Candida albicans
contributes to enhanced growth inhibition and killing by
human neutrophils in vitro. Infect Immun 2002; 70:985-
987.

25. Meevootisom V, Niederpruem DJ: Control of
exocellular proteases in dermatophytes and especially
Trichophyton rubrum. Sabouraudia 1979, 17:91-106.

26. Goettel, M.S.; St. Leger, R.J.; Rizzo, N.W.; Staples,
R.C.; Roberts, D.W. Ultrastructural localization of a
cuticle-degrading  protease  produced by  the
entomopathogenic fungus Metarhizium anisopliae during
penetration of host (Manduca sexta) cuticle. J. Gen.
Microbiol., (1989); 135: 2233-2239.

27. St. Leger, R.J.; Cooper, R.M.; Charnley, A.K.
Production of cuticle-degrading enzymes by the
entomopathogen ~ Metarhizium  anisopliae  during
infection of cuticles from Colliphora vomitoria and
Manduca sexta. J. Gen. Microbiol., (1987); 133: 1371-
1382.

28. Brown DW, Cheung F, Proctor RH, Butchko RA,
Zheng L, Lee Y, Utterback T, Smith S, Feldblyum T,
Glenn AE, Plattner RD, Kendra DF, Town CD,
Whitelaw CA: Comparative analysis of 87,000 expressed
sequence tags from the fumonisin-producing fungus
Fusarium verticillioides. Fungal Genet Biol 2005;
42:848-861.

29. Tsuboi, R., Ko, I. J., Takamori, K. & Ogawa, H.
Isolation of a keratinolytic proteinase from Trichophyton
mentagrophytes with enzymatic activity at acidic pH.
Infect Immun (1989);57:3479-3483.

30. Brouta F, Descamps F, Fett T, Losson B, Gerday C,
Mignon B: Purification and characterization of a 43.5
kDa keratinolytic metalloprotease from Microsporum
canis. Med Mycol 2001; 39:269-275.

31. Raymond J. St Leger, Judd O Nelson and Steven E.
Screen. The entomopathogenic fungus Metarhizium
anisopliae alters ambient pH, allowing extracellular
protease production and activity. Microbiology 1999;
145: 2691-2699.

32. Day, W. C., P. Tonic, S. L. Stratman, U. Leeman, and
S. R. Harmon. Isolation and properties of an extracellular
protease of Trichophyton granulosum. Biochim.
Biophys. Acta 1968;167:597-606.

33. Yu, R. J.,, S. R. Harmon, S. F. Grappel, and F. Blank.
Two  cell-bound  keratinases of  Trichophyton
mentagrophytes. J. Invest.Dermatol. 1971; 56:27-32.

34. Sanyal, A. K., S.K. Das, and A. B. Banerjee.
Purification and partial characterization of an exocellular
proteinase from Trichophyton rubrum. Sabouraudia
1985; 23:165-178.

35. Tanaka, S., R. C. Summerbell, R. Tsuboi, T.
Kaaman, P. G. Sohnle, T.Matsumoto, and T. L. Ray.
Advances in dermatophytes and dermatophytosis. J.
Med. Vet. Mycol. 1992; 30(Suppl. 1):29-39.

36. Apodaca, G., and J. H. McKerrow. Regulation of
Trichophyton rubrum proteolytic activity. Infect. Immun.
1989b; 57:3081-3090.

37. Santamaria, F.; Reyes, F. Proteases produced during
autolysis of filamentous fungi. Trans. Br. Mycol. Soc.,
1988; 91: 217-220.

38. Tsuboi, R., I. K, K. Takamori, and H. Ogawa.
Isolation of a keratinolytic proteinase from Trichophyton
mentagrophytes with enzymatic activity at acidic pH.
Infect. Immune. 1989; 57:3479-3483.

39. Tsuboi, R., K. Sekiguchi, and H. Ogawa. The
properties and biological role of an acidic proteinase
from Trichophyton mentagrophytes. Jpn. J.Med. Mycol.
1992; 33:147-151.

40. Gilberto U.L. Braga; Ricardo H.R. Destéfano;
Claudio L. Messias. Protease production during growth
and autolysis of submerged Metarhizium anisopliae
cultures. Rev. Microbiol.1999 Apr./jun.;vol.30 n.2.

41. Rebell, G., and D. Taplin. Dermatophytes, their
recognition and identification. University of Miami
Press, Coral Gables, Fla.cultures.  Microbiol.
1970; vol.30 n.2.

42. Segel, I.H. Biochemical calculations, John Wiley and
sons. 1976 .

43. Sharma, O. P. and K.D. Sharma. Changes in
Properties of Finished Indian Leather in Store Due To
Fungal Infestation. Interna . Biodeter .Bulletin: ISSN.
1980; 16 (3): 73 - 78.

44. Malathi, S.and R. Chakraborty. Productions of
alkaline protease by a new Aspergillus flavus isolate
under solid — state fermentation conditions for uses of
depilation agent .Appl .Environ . Microbiol . 1991;
55(3): 712 - 716 43.

45. Reyes, F.; Lahoz, R.; Moreno, A.V. Synthesis of 1, 3-
B-glucanase and R-N-acetylglucosaminidase during
autolysis of Neurospora crassa. J. Gen. Microbiol.,
1981; 126: 347-353.

46. Reyes, F.; Calatayud, J.; Martinez, M.J. Chitinolytic
activity in the autolysis of Aspergillus nidulans. FEMS
Microbiol. Lett., 49: 239-243, 1988.

47. Paveia, M. H. Culture medium alkalinization by
dermatophytes: influence of time and temperature of
incubation. Mycopathologia 1975; 55:35-40.

48. Schleif, R. Assaying of organisms for The Presence
of restriction endonuclease. In: Method in Enzymology.
Grossman, L. and Moldare, K. (Eds). Publishers. 1980;
65:19-23.

49. Gradiar, H., Friedrich, J., Kriaj, I., Jerala, R.
Similarities and Specificities of Fungal Keratinolytic
Proteases: Comparison of Keratinases of Paecilomyces
marquandii and Doratomyces microsporus to Some
Known Proteases. Applied and Environmental
Microbiology, July 2005; 71(7):3420-3426.

50. Sharma, J., Singh, A., Kumar, R., Mittal, A. Partial
Purification Of An Alkaline Protease From A New Strain
Of Aspergillus Oryzae AWT 20 And Its Enhanced
Stabilization In Entrapped Ca-Alginate Beads. The
Internet Journal of Microbiology. 2006. Volume 2
Number 2.



Aall e (e dujsad) Slisheddl e el asil Joe
"aan) &) ae ambyl ¢ Balaa daal @83 ¢ agana ) Olg)
Al ¢ oS e S dnala o linY) s LS
bl ¢ S ¢ S daala ¢ bl LIST

Gladl ¢ ks ¢ Cpeil] drala ¢ pplell ST
(YorA/ 0/ YA sl g )i e Yo v A/ ) /YA oDl & )

tuaidlall

O g 13 A L) Caraay (s lshel) Guia aays allall 8 ) e el Ganay (3 Lalall clpphadll (e Slshedl) uin aay
clyshedl) Jie o5 duball 238 3. Microsporum s Epidermophyton  Trichophyton s ¢ jaUs¥ic il calal) s ) il yladl)
el Crandy ayg b o) 3 dawy Ao Al iy Lalad) cilphailly Guliadll sl (e Trichophyton mentagrophytes sl
hdll dyyelad) clacall e oSEY 2l

a8 Al AL e it L) oyl dag By as b )3l Jausy 3 Trichophyton mentagrophytes assll g )5 a3
Al Allad il 3 (Bl o3l dagl) 8 Bl (g0 da Adandss @iy W) 2 ) e gpaill Aljall of Ayl il cyelaly ¢ g
YYYA casly a8 38U Lo sill Adladll Ll Jof 8ams 1) 68 il Al saldl o T, mentagrophytes adiall o) jall z8 4
-pilafsan

Ao ommal) 558 o3l Tl £ 99) duey3all Cagylall (any 53l s T, mentagrophytes alysl) e 3855 a7 1) deglie Cus Ll
Vs el Z ) e 5yl Ll Al of bl cyedil sy 2l e Jalgad) odgn oyl 530 e (el ally )yl
iy yhadl) G i i) DRI 5 e Ve ingyuell plis 2 T emall Bha Ay ey B o3l dangll (d sl e ol
skl A Sl A5l ol alasiuly Wik



