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Abstract: 37 Pencillium spp. was subjected for protease, cellulase, α - amylase and lipase extra 
cellular enzyme activity to understand the spectrum of extra cellular activity among the tested 
isolates. The study noted that higher activity of α - amylase (86.4%) was observed in all the tested 
Penicillium spp. 11 pattern of extra cellular activities were noted. Of this, a combination of 
protease, cellulase, α-amylase, lipase activity was predominant in 8 (29.6%) of the Penicillium 
isolates. All the tested strains had enzyme activity index (EAI) of >1. The study underlines the 
need for investigating extra cellular enzyme activity as a tool for identification of fungi. 
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Introduction 
Penicillium is one of the most common fungi occurring in a diverse range of habitats and has a 
worldwide distribution. They are pathogens on food crops (Samson et al., 2010) and produce 
adverse range of mycotoxins (Frisvad et al., 2004). Penicillium spp. are known producers of 
useful enzymes that degrade proteins, xylan, starch, lipids etc. (Techapun et al., 2003). Their 
degradative ability has resulted in species being screened for the production of novel enzymes 
(Adsul et al., 2007, Terrasan et al., 2010). Among the Penicillium spp.  P. marneffei (Ranjana et 
al., 2002) P. janthinellum (Gill et al., 1997), P. chrysogenum (Lyratzopoulos et al., 2002), and P. 
canis (Langlois et al., 2014) are known to implicate mortality and morbidity in human being and 
animals. Further, Penicillium spp. are associated with keratomycoses, dermatophytoses etc.  
Extracellular enzymes from pathogenic fungi are considered as virulence factor and are known to 
involve in process of infection (Gopinathan et al., 2001; Blanco et al., 2002; Panneer et al., 2014). 
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Though North-East (NE) India is known to be an endemic region of Penicilliosis marneffei, there 
is no data available on extra cellular enzyme property of Penicillium marneffei completely. In this 
line, two clinical (Lipase and protease) and two environmental (Cellulase and α-amylase) related 
extracellular enzymes were analyzed against Penicillium isolates so as to understand the nature of 
extracellular enzyme producing ability of Penicillium spp. isolated from NE Indian region. 
Additionally, the study was primarily undertaken to isolate P. marneffei from environmental 
source. 

Materials and methods 

Collection of environmental samples 
3-4 grams of environmental soil from top soil (0-20cm) are collected in sterile polyethylene bags 
and the soil are serially diluted and inoculated on culture media using pour plate and spread plate 
techniques (Li et al., 2011). Similarly, air sampling was perform by exposing the SDA petriplates 
for 30 mins and incubated for 3-4 days at 250C for isolation and identification. Plant leaves 
(Bamboo leaves) was processed as per protocols described by Yulia et al, (2008). Briefly, leaf 
pieces are washed 5 times with distilled water. Later, sterile distilled water was introduced into the 
leaf pieces and subsequently washed off distilled water are spread plated and leaf was inoculated 
on SDA plates. 

In vitro screening of extracellular enzyme activities among Penicillium spp. 
For assay for α-amylase, Penicillium isolates were grown on starch agar plates (Himedia, 
Mumbai, India) and incubated at 30°C for 72 hours. Latter, the fungal mat was removed from the 
plates using a surgical blade, flooded with iodine solution (5.0 g potassium iodide and 1.0 g 
iodine in 330 ml of distilled water) and were observed for zone formation (Prabakaran et al., 
2009). 

For cellulase activity, Potato dextrose agar media supplemented with 0.5% carboxymethyl 
cellulose (Himedia, Mumbai, India) were inoculated with test isolates and incubated at 30°C for 
72 hours. The fungal mats were removed and the plates were flooded with 0.03% Congo red, 
followed by destaining with 1 M NaCl (Gautam et al., 2010). A clear zone around the fungal 
colonies indicates enzyme activity of cellulase. 

The assay for protease activity amongst the isolates was done using skim milk agar(Himedia, 
Mumbai, India) and the zone of lysis by protease was studied (Sharma et al., 2006). 

Similarly for lipase analysis, tributyrin agar plates containing 0.1% tributyrine oil (Himedia, 
Mumbai, India) was used and incubated at 37°C for 7 days. A clear zone of lysis beneath and 
around the colony indicated a positive lipase activity (Griebeler et al., 2011). 

Enzyme activity index (EAI) was calculated for each isolate by dividing the enzyme lysis 
diameter by the colony diameter as described by Blanco et al. (2002). 
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Results 
A total of 37Penicillium spp. isolated during the period July 2014 to May 2015 from clinical and 
environmental sources were included for extra cellular enzyme activity analysis. 27Penicillium 
spp. were isolated from 113 environmental samples and 10 were from clinical samples. Of the 27 
environment isolates, 15 (55%) were isolated from bamboo leafs and 12 (45%) from burrow soil 
of bamboo rats. Additionally, fungal species including Cladosporium spp., Fusarium spp., 
Rhizopus spp., Aureobasidium spp., Mucor spp., Acremonium spp., Rhodotorula spp., Candida 
spp., A. flavus, A. niger, Unidentified hyaline fungi (UIH) and Unidentified dematiaceous fungi 
(UID) were also isolated. 

Upon analysis activity of α-amylase was predominantly noted in both clinical (100%) and 
environmental (81.4%) isolates (Table 1). Similarly, cellulase and protease activities were 
observed from the tested isolates. Interestingly, environment isolates showed 59.2% activity in 
lipase compared to clinical isolates (10%). Additionally, 11 sets or pattern of extra cellular 
activities were noted. Of this, a combination of protease, cellulase, α-amylase, lipase activity was 
pre-dominant in 8 (29.6%) of the Penicillium spp. Remarkably, environment isolates showed 
higher EAI as compared with clinical Penicillium spp. in all the tested extra cellular enzymes. 
Protease index was determined as high as 3.4 in environmental strain compared to clinical isolate 
(1.6).  

Discussion 
In congruence with the present study, Penicillium spp. has been isolated from environmental 
sources. Suhail et al. (2006) have isolated P. funiculosum, P. tardum, and P. chrysogenum from 
soil. Similarly, Pencillium spp. has been reported to be isolated from plant (Nirjanta et al., 2012). 
P. koreense, a new species of Penicillium was isolated and reported from soil samples (Young et 
al., 2014). Manipur, the study region has high magnitude of fungal infections from the fungal 
genera Penicillium, Cryptococcus, Trichophyton, Aspergillus, Fusarium, Candida etc. The 
environmental fungal species from the present study thus correlate with clinical fungal species 
which are prevalent in the region. Although detection of allergenic and pathogenic fungi in the 
soil does not necessarily indicate that all may cause problems, it alerts to the potential risk of 
diseases and sensitivity in individuals (Reza et al., 2013). 

Pencillium has been shown to have extra cellular β-glucosidase, xylanase, cellulase and pectinase 
activity (Ji et al., 2007; Adsul et al., 2009; Abirami et al., 2011). However, depending on species, 
the intensity of enzyme activity also differs according to Ji et al. (2007). In the latter author 
report, P. citrinum, P. charlesii, P. manginii and P. aurantiacum showed the higher ability of 
producing β-glucosidase than other tested species. The activity of protease, cellulase, α-amylase 
and lipase has already been demonstrated in Fusarium and Aspergillus. Nevertheless, the lipase 
activity (62.9%) as noted in the present finding is comparatively less from Fusarium (86.7%) and 
Aspergillus (80%) as detected by Panneer et al. (2014).Further, lipase activity was reported to be 
directly related with severe mycotic keratitis cases. Additionally, Khokhar et al. (2011) stated 
Penicillium spp. possessed high potential for amylase and cellulase activity.  Interestingly, in 
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dimorphic fungi P. marneffei, there was some inter-isolate variation in both mycelia and yeast 
phase in the activities of enzymes such as esterases and galactosidases (Youngchim et al., 
1999).The higher EAI among environmental strains is a cause of concern if they are implicating 
mycoses, which may cause serious morbidity to human and animal. It can be underscore that, EAI 
with ≥1 have more invasiveness in fungal infection  (Blanco et al.,2002). Blanco et al. (2002) 
demonstrate a clear link between elastase activity and Aspergillus pathogenicity. Higher EAIs are 
related to invasive aspergillosis, whereas if the EAI is <1 the probability of suffering from 
invasive disease is very low. Hence, the EAI outcome in the present study is alarming for clinician 
and public. The study stressed to compare extra cellular enzyme activity among clinical and 
environmental Penicillium isolates for better understanding in virulence factor. Further area can 
be investigated using extra cellular enzymes assays as to ascertain that a clinical isolate originates 
from environment source. The lower enzyme activity in clinical Penicillium spp. as noted in this 
study maybe due to lack of gene expression responsible for the enzyme as a result from tissue 
interaction and immune response. 

Table 1. Extracellular enzymes activity among clinical and environmental Penicillium spp. 

Extra cellular enzymes 

Penicillium isolates 

Environmental 
n=27 

Clinical 
n=10 

Protease 16 (59.2%) 6 (60%) 

α-Amylase 22 (81.4%) 10 (100%) 

Cellulase 16 (59.2%) 6 (60%) 

Lipase 16 (59.2%) 1 (10%) 

Spectrum of extra cellular enzyme activities 

α-Amylase 2 (7.4%) 3 (30%) 

Cellulase 3 (11.2%) - 

α-Amylase, lipase 1 (3.7%) - 

Cellulase, α-amylase 1 (3.7%) 1 (10%) 

Cellulase, α-amylase, lipase 2 (7.4%) - 

Protease, cellulase, α-amylase 3 (11.2%) 4 (40%) 

Protease, α-amylase 2 (7.4%) 1 (10%) 

Protease, cellulase, α-amylase, lipase 7 (25.9%) 1 (10%) 

Protease, α-amylase, lipase 3 (11.2%) - 

Cellulase, lipase 2 (7.4%) - 
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Protease, lipase 1 (3.7%) - 

Total 27 (100%) 10 (100%) 

Extra cellular enzyme activity index analysis (EAI) 

Extra cellular enzymes 
Environmental 
Penicillium spp. 

EAI Range 

Clinical  
Penicillium spp. 

EAI Range 

Protease 1.1 – 3.4 1.1 – 1.6  

α-Amylase 1 – 3.1  1.1 – 1.8  

Cellulase 1.1 – 2 1.1 – 2.2 

Lipase 1.2 – 2.7  1.5 

Figure 1. Extra cellular enzyme activity of protease (A), lipase (B), α-amylase (C) and cellulase (D) against 
Penicllium spp. Arrow indicates zone of enzyme activity surrounding the fungal colony. 

 

Conclusion 
Penicillium spp. isolated at Manipur from both environment and clinical materials are able to 
produce extra cellular enzymes. Though extracellular enzymes are mostly studied for its industrial 
importance, its importance as a virulence factor cannot be underestimated. The study underlines 
the need for investigating extracellular enzyme activity as a marker of invasiveness and also as a 
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tool for identification. Additionally, molecular approach is advocated to confirm extra cellular 
enzyme producing ability for fungal isolates which showed no enzyme activity or not expressed 
properly. 
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