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spp.

1

mycotic keratitis; to isolate corresponding species from
soil samples; to compare the extracellular enzyme
activity indices of the molds isolated from keratitis cases
and the corresponding soil isolates.
The specimens were collected from the

target patients attending the microbiology laboratory of
tertiary eye hospital in Coimbatore, Tamilnadu state,
India. The isolates were subjected for identification based
on the growth on solid media, direct microscopy and
lacto

phenol

cotton

blue

wet

mount

preparation.

Extracellular enzymes such as lipase, deoxyribonuclease
(DNase), 琢 -amylase, protease, cellulase and pectinase
produced by the fungal isolates were screened on solid
media supplemented with the corresponding substrates.
Based on growth and zone diameter, the enzyme activity
indices were calculated and were compared with that of
the soil fungal isolates.

·RESULTS:

=4),

spp.
spp.

(

(

=3),

=1) were

identified and designated as FS1 -30, NSM1 -9, AF1 -6,
BS1 -6, ES1 -4, CS1 -3, AS1 and EX1, respectively. For
comparative analysis, soil samples were also collected
from

which,

one

isolate

of

each

spp.,

spp.,

spp., and

spp., respectively were selected. Highest
lipase activity was seen in corneal isolate NSM2 (EAI= 2.14).
The DNase activity was higher in NSM9
case of protease,

spp.

(EAI =1.88). In

(FS9) had prominent

enzyme activity index of 1.38; 琢 -amylase activity was
also superior in corneal isolate FS13 with EAI of 1.63
index for cellulase was also noted to be higher in corneal

To isolate and identify the molds involved in

·METHODS:

(

=1) and

when compared to other isolates. The enzyme activity

Abstract

·AIM:

spp. (

A

total

of

108

clinical

samples

were

isolates

NSM7 with EAI of 1.98 when compared to

other corneal and soil isolates. The pectinase activity
index was also prominent for corneal isolate NSM5
versus the soil isolates, SAF1, SFS1, SES1, SBS1 and
SCS 1 as 1.76 versus 1.47, 1.38, 1.16, 1.11 and 1.14,
respectively.

·CONCLUSION: The most common isolate was
spp. followed by
and

species. Enzyme

activity indices (EAI) of the enzymes analysed varied with
the clinical and soil isolates with respect to protease and
cellulase

( =0.01). Of all the strains compared it was

noted that mean EAI was greater in many clinical fusarial
isolates followed by non sporulating molds.
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enzyme activity index
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which 60 fungal isolates were obtained. Among these,

comparative study on the extracellular enzyme activity of molds

spp.

( =30), non sporulating molds
(

778

=6)

spp.

( =9),
(
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isolated from keratomycosis and soil.
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INTRODUCTION
orneal ulcer is defined as a loss of the corneal
epithelium with underlying stromal infiltration and
suppuration associated with signs of inflammation [1]. Several
investigators [1-5] have reported the prevalence of bacterial and
fungal pathogens isolated from ulcerated corneas, but still
now there has not been a population based study

C

demonstrating the true incidence of microbial keratitis in a
developing country. Ocular fungal infections are being
increasingly recognized as an important cause of ophthalmic
mycoses and may be life threatening

. Keratitis due to

[6]

filamentous fungi is believed to usually occur following
trauma, the key predisposing factor, in healthy young males
engaged in agricultural or other outdoor work[7].
Fungi gain access into the corneal stroma through a defect,
usually through trauma, in the epithelium, then multiply and
cause tissue necrosis and an inflammatory reaction. The
organisms can penetrate an intact Descemet membrane (DM)
and gain access into the anterior chamber or the posterior
segment. Mycotoxins and proteolytic enzymes augment the
tissue damage. Enzymes released from fungi are potential
enhancers of both the pathogenicity and virulence of the
pathogen. Presence of certain enzymes in corneal ulcers cases
indicate that a correlation exist between the production of
enzymes and inflammation of cornea. Since host cell

patients by using a sterile Kimura's spatula under slit lamp
illumination after administering a local anesthetic

. The

[2]

scrapped out materials were inoculated directly into solid
media such as blood agar and Sabouraud's dextrose agar
(SDA) in row of "C" shaped streaks. The scrapings were also
subjected to Gram staining and 10% potassium hydroxide
(KOH) mount to detect the presence of fungal hyphae

. The

[3]

soil samples were collected aseptically from Coimbatore,
Tamilnadu state, India and were immediately transported to
the laboratory for processing on SDA plates using dilution
plating technique.
Identification of Fungal Isolates

The fungal isolates

obtained were point inoculated on SDA plates and incubated
at room temperature for 3-4d. The fungal isolates were
subjected to lacto phenol cotton blue

(LCB) mount

employing cello tape flag method . A 1.5 inch (40 mm) strip
[9]

of clear cellophane tape was taken. Tip of the tape was held
securely with forceps and sticky side was gently pressed
against the fungal mycelium. Then tape was placed on a
small drop of lacto phenol cotton blue in a glass slide. The
preparation was examined microscopically under 10 伊 and

45 伊 magnification for observing the details of spore body,

spore morphology

[10]

Identified fungal isolates were

subjected to single spore culture method as described by
Leslie

[11]

. All the isolates were maintained in 0.85% of

membranes are composed of lipids and proteins, extracellular

saline solution in screw capped storage vials and stored at

enzymes may play an important role in the invasion of the

room temperature for further studies.

host tissues

Screening for the Extracellular Enzyme Activity of the

[8]

. Because of all these, the study on the

production and mode of action of extracellular enzymes is of
high importance. However it remains to be studied whether

Fungal Isolates The extracellular enzyme production was
screened by using different solid media supplemented with

fungal or tissue derived products mediate pathogenesis of

corresponding substrates. For screening the extracellular

fungal

enzymes such as 琢-amylase, DNase and protease, the isolates

keratitis.

Therefore

only

extracellular enzymes produced

initial

screening

of

by the corneal fungal

isolates and their activity indices would be beneficial.
SUBJECTS AND METHODS
Collection and Processing of Samples Clinical samples

were inoculated on starch agar, DNase test agar and skim
milk agar, respectively

[12-14]

. The extracellular enzymes like

cellulase, pectinase and lipase were screened by inoculating
the isolates on potato dextrose agar

(PDA) media

were collected after getting the informed consent from fungal

supplemented

keratitis patients attending Aravind Eye Hospital and Post

Czapek-Dox agar with 1.5% pectin and tributyrin agar base

Graduate

Coimbatore,

with 1% tributyrin oil, respectively[1,15-17]. The plates were then

Tamilnadu state, India. A short consent form was prepared in

incubated at 30℃ for 72h. After incubation, the fungal mats

the local language and after the approval from the

were removed and observed for the zone formation

Institutional Review Board

(IRB), the patients were

employing corresponding solutions such as, iodine for

thoroughly informed about the study parameters. The

琢 -amylase and pectinase, 0.03% Congo red and 1 mol/L

Institute

of

Ophthalmology,

procedural samples collected after the thorough examination

with

0.5%

carboxymethyl

cellulose,

NaCl (destaining agent) for cellulase, and 1 equivalents/L

by an ophthalmologist were included in the study. The

HCl for DNase.

specimen

Determination of Various Extracellular Enzyme Activity

corneal scrapings and corneal swabs were

collected aseptically from a total of 108 fungal keratitis

Indices of the Fungal Isolates The enzyme activity index
779
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Figure 1 Colony morphology of molds isolated from keratomycosis and soil on SDA A:
spp.; D:

spp.; E:

spp.; F:

spp.; G:

spp; B:

Figure 2 Microscopic observation of molds isolated from keratomycosis and soil at (45伊) A:
spp.; D:

spp.; E:

spp.; F:

flavus; C:

spp.

spp.; G:

spp.; B:

; C:

spp.; H: Non-sporulating molds.

was calculated by measuring the diameter of growth and the

corneal ulcers were obtained between October 2012 to

diameter of zone .

August 2013. The patients attending microbiology laboratory

[8]

Enzyme activity index =

Diameter of zone
Diameter of growth

of tertiary eye care hospital with suspected keratitis were

The enzyme screenings were carried out in duplicate and
mean EAI values (MEAI) were calculated. Statistical tools like
percentage analysis for finding the percentage of the fungal

included in the present study. Out of 108 corneal samples
collected, a total of 48 isolates of bacteria and 60 isolates of
fungi were obtained. Among the 60 isolates of fungi,
spp.

isolates having the specific enzyme activity and unpaired -test
the

clinical

and

the

corresponding

spp. ( =4),

environmental fungal isolates were employed for the

and

interpretation of the results.

isolated

RESULTS
A total of 108 samples from the patients with infected
780

=30), non sporulating molds
( =6)

to find the statistical significance of various enzymes activity
indices between

(

(

=9),

spp. ( =6),

spp. ( =3),

spp. ( =1),

spp. ( =1) were identified (Figures 1, 2). The
spp., non sporulating molds,
spp.,
spp., and

spp.,

spp.,

were designated as
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Figure 3 Extracellular enzyme activities of molds isolated from keratomycosis and soil A: Lipase on tributyrin agar; B: DNase on
DNase test agar; C: α -Amylase on starch agar; D: Protease on skim milk agar; E: Cellulase on PDA with carboxymethyl cellulose; F:
Pectinase on Czapek-Dox agar with pectin.
Table 1 Extracellular enzyme activity of the fungal isolates from keratomycosis and soil
S.
No
1
2
3
4
5
5
6
7

Fungal
isolates
Fusarium
spp. (n=30)
Non
sporulating
molds (n=9)
Aspergillus
flavus (n=6)
Bipolaris
spp. (n=6)
Exserohilum
spp. (n=4)
Curvularia
spp. (n=3)
Alternaria
spp. (n=1)
Exophiala
spp. (n=1)

Isolates
with
lipase
activity
(%)

Lipase
MEAI

Isolates
with
DNase
activity
(%)

DNase
MEAI

Isolates
with
α-Amylase
Activity
(%)

α-Amylase
MEAI

Isolates
with
protease
activity
(%)

Proteae
MEAI

Isolates
with
pectinase
activity
(%)

Pectinase
MEAI

Isolates
with
cellulase
activity
(%)

Cellulase
MEAI

93

1.12±0.38

93

1.21±0.36

96

1.18±0.26

73

0.82±0.56

93

1.07±0.30

83

0.97±0.45

100

1.37±0.30

66

0.92±0.73

66

0.77±0.59

66

0.74±0.56

100

1.28±0.12

77

0.99±0.63

100

1.43±0.22

83

1.16±0.57

100

1.21±0.10

50

0.56±0.62

100

1.26±0.22

50

0.6±0.66

100

1.27±0.16

50

0.67±0.75

100

1.18±0.10

83

0.88±0.43

100

1.31±0.13

66

0.75±0.60

100

1.26±0.13

25

0.30±0.62

100

1.14±0.18

100

1.08±0.03

75

0.82±0.55

25

0.26±0.53

100

1.21±0.11

100

1.12±0.04

100

1.15±0.16

66

0.69±0.60

66

0.85±0.75

66

0.78±0.68

100

1.32±0

100

1.28±0

100

1.12±0

0

0±0

100

1.15±0

0

0±0

100

1.11±0

100

1.45±0

100

1.39±0

0

0±0

100

1.15±0

100

1.20±0

8

SAF1 (n=1)

100

1.47±0

100

1.40±0

100

1.23±0

100

1.27±0

100

1.47±0

100

1.40±0

9

SFS1 (n=1)

100

1.47±0

100

1.37±0

100

1.40±0

100

1.57±0

100

1.38±0

100

1.31±0

10

SES1(n=1)

100

1.13±0

100

1.16±0

100

1.32±0

100

1.05±0

100

1.16±0

100

1.16±0

11

SBS1 (n=1)

100

1.08±0

100

1.16±0

100

1.14±0

100

1.16±0

100

1.11±0

100

1.18±0

12

SCS1 (n=1)

100

1.09±0

100

1.13±0

100

1.11±0

100

1.11±0

100

1.14±0

100

1.13±0

FS1-30, NSM1-9, AF1-6, BS1-6, ES1-4, CS1-3, AS1 and
EX1, respectively. The soil isolates of

spp.,

spp., and

were

spp.,

1.12, 1.37, 1.43, 1.27, 1.26, 1.21, 1.32 and 1.11, respectively.

spp., and

There was no significant difference in the lipase activity

spp., were designated as SFS1, SAF1, SBS1,

indices of the soil and clinical isolates ( =0.13). The MEAI for

spp.,
SES1 and SCS1, respectively.

SAF1, SFS1, SES1, SBS1, and SCS1 was 1.47, 1.47, 1.13,

Out of the 60 isolates of molds, 58 (96.66%) isolates showed

1.08, and 1.09, respectively (Table 1).

zone formation on tributyrin agar medium, which indicates

DNase enzyme activity was observed in 48 (80%) isolates

the presence of lipase enzyme activity (Figure 3A) and only 2

(Figure 3B). Precisely, 12 (20% ) of the isolates showed

(3.33% ) isolates of

negative result. All the isolates of

Mean lipase activity index for
molds,

did not show lipase activity.
spp., non sporulating
spp.,

spp.,

spp.,

spp., and
only 28 (93% )

spp., 6 (66% ) non sporulating
781
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molds, 5 (83%) of

3 (50%) of

spp. and 1 (25%) of

show pectinase activity. The highest pectinase activity was

spp. exhibited the DNase

observed in non sporulating mold

(NSM5)

(MEAI 1.76).

spp. (FS5) showed the lowest MEAI of 1.04 for

activity. Compared to the other fungal isolates, DNase
spp. ES1 alone had the

pectinase. SAF1, SFS1, SES1, SBS1, and SCS1 had mean

DNase activity with EAI 1.23, whereas DNase activity was

pectinase activity index of 1.47, 1.38, 1.16, 1.11 and 1.14,

nil in all the other isolates (ES2-ES4). MEAI of DNase for

respectively (Table 1). There was no significant difference in

activity was least in

spp., non sporulating molds,
spp.,
spp.,

spp.,

the pectinase activity indices of the soil and clinical isolates
spp.,

( =0.19).

and soil isolates are given in Table 1.

DISCUSSION

There was no significant difference in the DNase activity

The rate of positive culture in microbial keratitis ranges from

indices of the soil and clinical isolates ( =0.21).

52% to 68% but depends on the severity of the ulcer and the

Out of 60 isolates of corneal molds screened, 56 (93% )

criteria established for positive culture

isolates showed the α -amylase activity (Figure 3C). Only

30% -35% of all culture positive infectious keratitis are

one isolate (2%) of

spp. and 3 (5%) isolates of non

caused by fungi [1]. Laboratory diagnosis mainly depends upon

sporulating molds did not show enzyme activity on starch

proper collection and transport of clinical specimens. Corneal

agar plates. FS14 had the highest 琢-amylase activity (MEAI

scraping is obtained usually by Kimura's spatula, under a slit

activity (MEAI 1.03); The EAI for soil isolates SAF1, SFS1,

topical anesthetic like 0.4% proparcaine. Corneal biopsy is

SES1, SBS1, and SCS1 was 1.23, 1.40, 1.32, 1.14, and 1.11,

done by a minor trephining and anterior chamber aspirate

respectively (Table 1). There was no significant difference in

using a sterile tuberculin syringe

the 琢-amylase activity indices of the soil and clinical isolates

among the 60 isolates,

( =0.3).

common fungus isolated, followed by non sporulating molds

Exactly, 42 (70%) isolates showed protease activity on skim

(15% ),

spp.

1.63);

(CS3) had the lowest 琢-amylase

[1]

. In India, nearly

lamp examination, after anaesthetizing the cornea with

. In the present study,

[18]

spp. (50% ) was the most
(10% ),

milk agar (Figure 3D). Specifically, 22 (73%), 6 (66%), 3

spp. (6.6%),

spp. (10% ),
spp. (5%),

(50%), 5 (83%), 4 (100%) and 2 (66%) of

spp.,

spp. (1.6% ),

non sporulating molds,

spp.,

that out of 155 fungal isolates cultured from 154 corneal

spp. and

spp., respectively showed

protease activity. The protease activity was absent in
spp. and

activity

ulcers 47.1% were

[19]

reported

spp., 16.1% were

spp, and the remaining organisms were a diverse mixture of

spp. (FS9) had

unusual fungal pathogens including a large number of

spp. (CS1

unidentified dematiacious fungal species (13.5%) and hyaline

spp. (BS2) had the lowest protease

fungal species (9.6% ). The pattern of fungal organisms,

the highest protease activity (MEAI 1.38);
and CS2) and

spp. (10% ). Srinivasan

(MEAI 1.04). There was a statistically significant

dominated by

spp., is similar to the spectrum of

difference in the protease activity indices of the soil and

microbial keratitis reported from south Florida by Liesegang

clinical isolates ( =0.01). About, 43 (71%) isolates of fungi

and Forster

showed cellulase activity (Figure 3E). A total of 17 (28%)

Florida 35% of the isolated organisms were fungi with

isolates did not produce zone and was considered negative

spp. accounting for 61% [4]. By contrast, in most of

[4]

and from Ghana by Hagan

. In south

for the cellulase production. Highest cellulase activity was

the world

observed in NSM7 with the enzyme activity index 1.98. FS29

predominant fungal pathogens responsible for mycotic

and NSM3 showed lowest cellulase activity with MEAI 1.05.

keratitis

The mean cellulase activity index for the soil isolates were

[21]

SAF1, SFS1, SES1, SBS1 and SCS1 was 1.40, 1.31, 1.16,
1.18, and 1.13, respectively. There was a statistically
significant difference in the cellulase activity indices of the
soil and clinical isolates ( =0.01).

[ 20]

spp. or

[5]

spp. are the

. In the temperate climate of Nepal, Upadhyay

found that

fungal pathogens followed by

spp. accounted for 47% of all
spp. (13.2% ) and

spp. (11.7%).
In the present study, extracellular lipase, 琢-amylase, DNase,
protease, pectinase, and cellulase were screened; these

The pectinolytic activity was determined in 56 (93%) isolates

enzymes may play an essential role in the tissue invasiveness[22].

(Figure 3F). Only 2 (3%) isolates of

spp., 1 (2%)

Most of our isolates are plant pathogens and hence, to

spp. did not

determine the relationship between the plant invading

isolate each of
782
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enzymes synthesized by the ocular isolates and the soil

(71% ) and 56 (93% ) molds were able to produce lipase,

isolates, the extracellular enzyme activities were screened.

DNase, 琢-amylase, protease, cellulase and pectinase,

Most of our isolates showed high EAI for these enzymes. The

respectively. Further, there was significant difference in the

EAI for soil isolates are more are less similar with the clinical

protease and cellulase activity (

isolates. The significance of the EAI in environmental

and clinical isolates. The impact of other factors on

samples is still unknown. Link between strains with higher

pathogenicity of fungal isolates and molecular determinants

EAI and cases of invasive diseases, are yet to be determined.

of virulence also remain to be further investigated.

However, the exact source and nature of proteolytic damage
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