
ISSN:  2279 - 0594 
 

Journal of Biomedical and Pharmaceutical Research 
Available Online at www.jbpr.in 

CODEN: - JBPRAU (Source: - American Chemical Society) 
Index Copernicus Value: 63.24 

PubMed (National Library of Medicine): ID: (101671502) 
Volume 6, Issue 2: March-April: 2017, 128-135 

 
Research Article 
 

 
*Corresponding author: Dr Amit Gupta| E-mail:amitvsbt@gmail.com; amitgupta@vsbt.res.in 
 
 

128 128 

ANALYSIS OF PRIMARY METABOLITES FROM VERTICILLIUMLECANII AND STUDIED ITS 
IMMUNOLOGICAL ASPECTS OF CRUDE PROTEASE AGAINST RAPITHER-AB 

 

Pradnya P Raskar1,, Amit Gupta,1, 2*Nilima Pendharkar,1 Bharat Shinde1, 2 
1Department of Microbiology, Vidya Pratishthan’s, Arts, Science and Commerce College, Baramati, Maharashtra, India 

2Department of Immunology and Virology, Vidya Pratishthan’s, School of Biotechnology, Arts, Science and Commerce College, 

Baramati, Maharashtra, India 

Received09March 2017; Accepted 21April 2017 
 

ABSTRACT 
Objective- The objective of our study is to examine its primary metabolites (protein content) from dried 
powder of Verticilliumlecanii. In addition, immunological studies were conducted in order to analyzing the 
protease content against Rapither-AB using crude enzyme of Verticilliumlecanii in virally infected human 
whole blood samples. 
Methods- For these studies, quantifying the protein content from Verticilliumlecanii using Nanodrop 
method. In contrast, crude protease isolated from crude enzyme against Rapither-AB in order to analyze its 
immunological activity against infected blood samples for estimating its proliferation and total cellular 
content. In addition, Elisa experiment were performed using protein of Verticilliumlecanii as coating antigen 
and measure its antibody profile of various medicinal plants against this protein antigen. 
Results-The results of these studies showed production of protein at a very low concentration of dried 
powder, Verticilliumlecaniiand also showed the presence of protease content against crude enzyme of 
Verticilliumlecanii containing Rapither AB and claimed its antimicrobial properties at higher doses with 
respect to decline in proliferation assay and total cellular content in case of virally infected blood samples. In 
contrast, few of these medicinal plants are able to produce antibody production against this fungal strain i.e. 
Verticilliumlecanii. 
Conclusion- Overall these studies indicate its antimicrobial properties of protease extracted from crude 
enzyme of Verticilliumlecanii against Rapither AB containing arteether. 
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INTRODUCTION: 

Most of synthetic chemicals that are available in 
the market which are expensive and destructive to 
the environment and also showed toxic effect on 
humans, animals and other non-target organisms 
[1, 2]. In addition, these chemicals also showed 
some harmful effect to other beneficial organisms 
as well. Some of the insecticides act like as 
carcinogenic agents and are even carried through 
food chain which in turn affects the non-target 
organism. Therefore alternative vector control 
strategies for controlling these harmful effects 
especially effective and low cost are extremely 
imperative [3, 4].So, these microorganisms are 

kept under consideration and number of 
biocontrol agents against insects are available. 
Recently, researchers more  emphasis on 
Verticilliumlecanii because of its qualities like shelf 
life, mode of action, non-toxic effects to 
environment, high host specificity and non-
persistence [5, 6]. 

Most of the predators, parasitoids including fungi 
and other beneficial organisms that are used for 
the biocontrol of insect pests. This fungus 
i.e.Verticilliumlecanii is one of the member 
ofDeuteromycetesspecies that can be used for 
crop protection. In addition, genus Verticillium 
encompasses a cosmopolitan group of ascomycete 
fungi and is considered to be nonpathogenic 
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inhumans [7, 8]. Verticillium produces one of the 
antifungal compound i.e.vergosin and showed 
antitumor properties and also used in the form of 
antibiotic, as well as a wide variety of additional 
compounds used by various industries.As per the 
literature, one of the most potent and useful 
aspect of biological control organism that is 
present within the soilinhabiting fungus 
Verticilliumlecanii. This fungus (firstly described in 
year 1861) also called as 
Lecanicilliumlecanii (approved name, 
entomopathogenic fungus species) and is widely 
reported as well as distributed all over the world 
[7-11]. As per the literature, this fungus is totally 
antagonistic to insects (Phylum Arthropoda) and 
other fungi. In addition, this fungus is available 
commercially for controlling insect control which is 
responsible for causing various infectious diseases. 
Lot of research work is still going on related to this 
fungi and considered as biocontrol agent for 
heterodera glycines[12]. In contrast, mycelium of 
this fungus produces a toxin called 
ascyclodepsipeptide (bassianolide) and also 
produces other insecticidal toxins i.e.  dipicolinic 
acid which generally infect aphids, whiteflies, rust 
fungi, scale insects and lead to death the host [13, 
14]. In other words, the effectiveness of this bio-
control agent i.e. Verticilliumlecaniihas been 
proved also in soil in order to eliminate the burden 
of various infectious agent.  

Arteether, fast acting blood schizonticide 
specifically indicated for the treatment of 
chloroquine-resistant Plasmodium falciparum 
malaria and cerebral malaria cases [15]. It is a 
semi-synthetic derivative of artemisinin, natural 
product of the Chinese plant Artemisia annua. It is 
currently only used as a second line drug in severe 
cases of malaria [16].In this regard, we worked on 
protein extracted from fungi and then isolated its 
protease content of crude enzyme against 
Rapither AB in order to determined its 
immunological activity in virally infected human 
whole blood samples. 

MATERIALS AND METHODS 

Collection and identification of V. lecanii 

Pure culture of fungal species 
i.e.Verticilliumlecanii(Fig.1) was collected from 
KrishiVigyan Kendra, Sharda Nagar, Baramati, 
Maharashtra, India. These samples were loaded or 

inoculated in potato dextrose agar(PDA; potato 
200g, dextrose 20g, agar 15 g, distilled water 1 
litre; pH 5.7) mediumby multiple tube dilution 
technique. All the plates were incubated at 26°Cfor 
4 days. The fungal colonies which werepicked up 
and purified by streaking andincubated at 26°C for 
7-8 days. Green conidiaforming fungal bodies were 
selected andmicroscopic observation was 
identified to beVerticilliumlecanii. The culture was 
maintained on PDA slants. 

 
 

Figure 1: Verticilliumlecanii 
 

Extraction of protein  

In this study, Verticilliumlecaniipowder (2 g) were 
added in extraction buffer (i.e. 20 mM Tris HCl) 
which is dissolved in PBS, pH 7.4. Incubate fungal 
powder along with extraction buffer for 5-10 
minutes at room temperature. Centrifuging at 
6000 rpm; 10 minutes at 4°C and then supernatant 
was collected and then add similar volume of ice 
cold acetone. Incubate (10-15 min) the solution at 
room temperature and then centrifuged. Collect 
the pellet and washed with ice cold acetone to 
remove the pigments including lipids as well. 
Finally, protein concentration of Verticilliumlecanii 
was determined by using Nano drop method [17]. 

Crude Protease production and enzyme assay  

After getting the protein from dried powder 
ofVerticilliumlecaniithat are dissolved in PBS 
buffer. For crude enzyme collection, centrifuging 
the protein content (10000 rpm at 4οC for 30 
minutes) of Verticilliumlecanii and then estimate 
its protease content against Rapither-ABusing 
NanoDrop method. 
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Calorimetric assay was performed for protease 
estimation using Rapither-AB as substrate. For 
these studies, add equal volume of Rapither AB 
and crude enzyme extract of Verticilliumlecanii in 
15 ml tube. Incubate it for another 2-3 h at room 
temperature. After incubation, add trichloroacetic 
acid (TCA) solution in order to cease its enzymatic 
reaction. Centrifuging (6000 rpm, 10 min) the 
samples and supernatant was collected and then 
add similar volume of sodium hydroxide (NaOH) 
solution in comparison with trichloroacetic acid 
(TCA) solution. Incubate it another 20 minutes at 
room temperature. Thereafter, addition of 
FolinsColins reagent (500 µl) and the intensity of 
blue colour was measured at 700 nm within half 
an hour using spectrophotometer [17, 18].  

Antimicrobial assay 

In this study, lysed virally infected human whole 
blood (100 µl) were cultured with variable doses of 
proteases (18.94 – 75.78 mg/ml, 50 µl) extracted 
from Verticilliumlecanii containing Rapither AB. 
Incubate the 96-well plates for 24 h at 37 °C. 
Trypsin (0.5 mg/ml; 50 µl) used as standard for 
these immunopharmacological studies. 
Centrifuging (4500 rpm for 8 minutesat 4 °C) the 
plates and then add fresh complete medium was 
added into the 96-well plates. Again, incubating 96 
well plates for another 4 h along with MTT (5 
mg/ml, 10 µl) continued. After incubation, the 
plateswere suddenlycentrifuged with discarding 
the supernatant, collecting the pellet and finally 
dispersing in dimethyl sulphoxide (DMSO) solution. 
The optical density was measured at 570 nm [17-
19]. 

Estimation of total cellular content 

Lysed virally infected human whole blood (n =6; 
105 cells/well; 100 µl) were collected and cultured 
in 96 well flat bottom tissue culture plate for 48 h 
incubation along with variable doses of 
proteases(18.94 – 75.78 mg/ml, 50 µl). Collect and 
transfer the samples from culture plate into 3 ml 
falcon tube. Centrifuge the samples at 6000 rpm at 
4ºC and then washed with PBS pertaining to 
observe the total cellular content. Finally samples 

were analyzed through UV visible 
spectrophotometer at 570 nm [17-19]. 

ELISA 

Indirect Elisa was performed in 96 well plate, 
himedia for estimating antibody production 
against protein (Verticilliumlecanii, 100 µg/well) 
using various medicinal plants (10 mg/ml; 50 µl). In 
this study, protein of Verticilliumlecanii used as 
coating antigen and incubate its plate for 
overnight at 4ºC. After incubation, first of all block 
this plate with 1% bovine serum albumin (BSA). 
Incubate the plate for one hour at room 
temperature and then wash the plate with PBS (2-
3 times). Thereafter, add fixed concentration of 
various medicinal plants i.e. Strychnosnuxvomica, 
Ficus religiosa and Azadirachta indica(10 mg/ml; in 
96 well plate). Incubate the plate for another 4h 
incubation at carbon dioxide incubator. 
Afterwards, again wash the plate with PBS (2-3 
times) and then add secondary antibody (horse 
antiserum; 1:10000 dilution). Incubate the plate 
for another 1h at carbon dioxide incubator. After 
incubation, wash the plate with PBS and then add 
substrate, TMB. Incubate the plate for another 10-
15 minutes in dark at room temperature. 
Afterwards, stop solution was added and optical 
density was measured at 450 nm [19, 20]. 

Statistical analysis 

The difference between control and treated group 
of proteases extracted from crude enzyme of 
Verticilliumlecaniicontaining Rapither AB is 
determined by one way ANOVA test (Bonferroni 
multiple comparison test). *P <0.05; *P<0.01; 
***P<0.001 

RESULTS 

Estimation of protein content 

The results of Verticilliumlecanii related to protein 
content as shown in Fig.2. The results showed the 
presence of protein content at a very low 
concentration (4.907 mg/ml; 10 µl) which is 
determined through Nanodrop method.
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Figure 2: Estimation of protein content in Verticilliumlecanii. 
 
Estimation of protease content 

In an effort to determine the effect of protease content extracted from crude enzyme of 
Verticilliumlecaniicontaining Rapither AB as shown in Fig.3. The results showed the presence of protease 
content (i.e. 75.78 mg/ml; 10 µl) which is confirmed through Folincolins reagent and further studies will be 
taken into further consideration for determining its immunological properties. 
 

 
 

Figure 3: Estimation of protease content in crude enzyme of Verticilliumlecaniicontaining Rapither AB containing arteether. 

Antimicrobial activity 

The effect of variable doses of protease content in virally infected whole blood samples as shown in Fig.4. 
The results showed that protease at higher concentration (i.e. 75.58 mg/ml; 50 µl) inhibit proliferation rate 
in virally infected human whole blood samples. In short, protease fromVerticilliumlecaniicontaining Rapither 
AB showed antimicrobial activity. 
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Figure 4: Antimicrobial activity 
 

To determine the effect of variable doses of proteases (18.94 – 75.78 mg/ml, 50 µl) extracted from crude 
enzyme of Verticilliumlecaniicontaining Rapither AB on virally infected lysed human whole blood. Values are 
expressed as Mean ± S.E. The difference between the controls versus variable doses of protease is 
determined by one way ANOVA test (Bonferroni multiple comparison test).).*P<0.05; **P<0.01, ***P<0.001 
 

Total cellular content 

In order to measure total cellular content in virally infected human whole blood samples as shown in Fig.5. 
The results showed that protease at high concentration declined in total cellular content as compared to 
control. 
 

 
 

Figure 5: Estimation of total cellular content. 

To determine the effect of variable doses of proteases (18.94 – 75.78 mg/ml, 50 µl) extracted from crude 
enzyme of Verticilliumlecaniicontaining Rapither AB on total cellular content in virally infected lysed human 
whole blood. Values are expressed as Mean ± S.E. The difference between the controls versus variable doses 
of proteases is determined by one way ANOVA test (Bonferroni multiple comparison test).).*P<0.05; 
**P<0.01, ***P<0.001 
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Elisa 
Indirect Elisa was performed using various medicinal plants as shown in Fig.6. Out of these, only Azadirachta 
indica will be able to produce antibody production against protein extracted from Verticilliumlecanii. 
 

 
Figure 6: ELISA assay. 

 

To determine antibody production against protein antigen of Verticilliumlecaniiusing various medicinal 
plants i.e. Ficus religiosa, StrychnosnuxvomicaandAzadirachta indica. Horse anti-serum used as secondary 
antibody and the optical density was measured at 450 nm. Values are expressed as Mean ± S.E. The 
difference between the controls versus variable doses of medicinal plants against protein antigen of 
Verticilliumlecaniiis determined by one way ANOVA test (Bonferroni multiple comparison test).).*P<0.05; 
**P<0.01, ***P<0.001 
 
DISCUSSION 

As per the literature related to various contagious 
diseases especially Malaria that is transmitted to 
humans by the bite of infected female mosquitoes. 
More than 30 species of anopheles species have 
been identified.Globally in year 2012, 207 million 
malaria cases are identified, out of these 600,000 
deaths are reported. According to WHO, more 
than 75 % cases of Malaria are identified as well as 
reported in South-East Asia [21]. In view of this, 
researchers start focusing on biopesticides 
especially entomopathogenic fungi i.e. 
Beauveriabassiana and Metarhiziumanisopliae 
that have been used in order to eliminate this 
infectious disease in all over the world [22]. These 
fungi including some isolates are identified and 
showed only few of them have some capability to 
reduce the burden of malaria. As per the 
literature, various isolates of entomopathogenic 
fungi were screened and showed potential 
biological control agents of Ae. aegypti, An. 
Stephensi etc. [23]In this regard, we focused on 
species ofVerticilliumand determined its protein 

and also estimate the protease content against 
Rapither AB. Recently, One of the ethyl ether 
derivatives of artemisinin i.e. Arteether (alpha, 
beta), schizontocidal drug isgenerally used for the 
treatment of falciparum malaria and is readily 
available in the market in the form of Rapither AB 
[6]. In the present study, we discuss about crude 
enzyme of Verticilliumlecaniiand tested against 
Rapither AB containing arteether in order to 
estimate its protease content and then analyzing 
its antimicrobial activity in virally infected human 
whole blood samples. 

In an effort to reduce the burden of infectious 
disease i.e. malaria, fungi protein and isolated its 
protease content against Rapither AB containing 
arteetherand demonstrated that these proteases 
that played an important role in various infectious 
diseases including malaria.Till now, there is no 
correlation between proteases and malaria 
because of upregulation of protease activity 
represents a cause or consequence of immune 
disorders. In view of this, we focused on those 
proteases extracted from Verticilliumlecaniiagainst 
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Rapither AB containing arteetherusing PBS buffer, 
pH 7.4 on virally infected human whole blood 
samples and determined its immunological activity 
pertaining to lymphocyte proliferation assay and 
total cellular content which provides novel 
therapeutic approach for treating or controlling 
infectious diseases especially malaria. In this study, 
proteases are optimally active in the neutral 
environment and some of them may not be 
retained with in the environment and mediate 
their potent antimicrobial activity. 

The results of these studies showed that these 
proteases showed decline in proliferation rate in 
virally infected lysed human whole blood samples 
as compared to control. In other words, 
lymphocytes activation in case of virally infected 
blood samples is generally due to the expression of 
co-stimulatory molecules that are present on the 
cell membrane and also through the action of 
several cytokines. So, cytokines depending upon 
lymphocyte proliferation that play a crucial role in 
controlling the expansion of T cells during immune 
response to pathogenic antigens [24, 25]. Similarly, 
these proteases showed decline in total cellular 
content in viral infected samples as compared to 
control. In addition, medicinal plants especially 
Azadirachta indica are able to produce antibody 
production against protein antigen of 
Verticilliumlecanii. In short, overall these studies 
claimed that these proteases from 
Verticilliumlecanii against Rapither AB containing 
arteether showed antimicrobial activity. 

CONCLUSION 

Immunological finding of these proteases from 
Verticilliumlecanii against Rapither AB containing 
arteetherwas very interesting with respect to 
decline in proliferation rate, total cellular content 
and haemolytic activity which is observed in virally 
infected human whole blood samples. The 
percentage of cell population in case of viral 
infected blood counts return to normal 
baselinemuch faster. In conclusion, protease 
fromVerticilliumlecanii against Rapither AB 
containing arteether demonstrated potent 
protease inhibitory activity. Further studies are 
required pertaining to isolation, characterization 
and elucidation of structures of these proteases. 
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