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Abstract: Detection of microbial enzymes in natural environments is important to understand biochemical activities and 

to verify the biotechnological potential of the microorganisms. In the present report, 346 isolates from soil, water, and 

plants were screened for enzyme production (caseinase, gelatinase, amylase, carboxymethyl cellulase, and esterase). Our 

results showed that 89.6% of isolates produced at least one tested enzyme. A predominance of amylase in soil samples, 

carboxymethyl cellulase in plants, as well as esterase and gelatinase in water was observed. Interesting enzymatic profiles 

were found in some microenvironments, suggesting specificity of available nutrients and/or natural selection. This study 

revealed the potential of microorganisms present in water, soil, and plant to produce important enzymes for 

biotechnological exploration. A predominance of certain enzymes was found, depending on the type of environmental 

sample. The distribution of microbial enzymes in soil, water and plants has been little exploited in previous reports. 
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INTRODUCTION 

 The enormous microbial diversity in nature has been 
reported for many decades by multiple analyses of micro-
organism communities in environmental samples [1-3]. The 
evolution of microorganisms associated with selective pres-
sures in different habitats has produced their unparalleled 
physiological and biochemical diversity, in which enzymes 
play a key role in microbial adaptation [4,5]. 

 The majority of industrial enzymes used nowadays has a 
microbial origin and have hydrolytic activity with quite 
diverse potential applications in different areas. Microbial 
enzymes are relatively more stable and have properties more 
diverse than other enzymes derived from plants and animals 
[6,7]. Among these hydrolytic enzymes, proteases occupy a 
pivotal position with respect to their applications in both 
physiological and commercial fields. Proteolytic enzymes 
catalyze the cleavage of peptide bonds in other proteins, and 
microorganisms elaborate a large array of intracellular and/or 
extracellular proteases [6-8]. Proteases are still the most 
dominant enzyme type in the market due to their extensive 
use in detergent and dairy industries [9].  
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 Various carbohydrases, primarily amylases and 
cellulases, represent the second largest group in the market 
[9]. Amylases hydrolyze starch molecules to give diverse 
products, including dextrins and progressively smaller 
polymers composed of glucose units [10]. A number of these 
starch-converting enzymes are alpha-amylase (E.C.3.2.1.1), 
one of the most important industrial amylases [11,12]. 
Microbial amylases have successfully replaced the chemical 
hydrolysis of starch in starch-processing industries and 
present potential applications in a number of industrial 
processes involving food, textile, and paper sectors [13]. 
Carboxymethyl (CM) cellulases (EC 3.2.1.4), cellobiohy-
drolases (EC 3.2.1.91), and β-glucosidases (EC 3.2.1.21), 
which are collectively known as cellulases, act in a 
synergistic manner to hydrolyze glycosidic bonds within 
cellulose molecules [14,15]. Cellulose has enormous 
potential as a renewable source of energy, and several 
microorganisms, including fungi and bacteria, use it as a 
carbon source [16,17]. In recent years, the interest in 
cellulases has increased due to their applications in the 
production of bioenergy and bio-fuel, in addition to their 
uses in beverage, paper, and textile industries [18-20]. 

 Another group of hydrolytic enzymes includes esterases, 
which catalyze the cleavage and formation of ester bonds 
and are known as α/β-hydrolases. These enzymes are widely 
distributed in animals, plants, and microorganisms [21,22]. 
Esterases (EC 3.1.1.1, carboxyl ester hydrolases) hydrolyze 
esters of short chain carboxylic acids (≤ 12 carbon atoms) 
[23]. They are one of the most used enzymes in organic 
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synthesis and are commonly employed as additives in 
detergents [24,25]. Moreover, these enzymes have app-
lications in cosmetics, paper and pulp production, and also as 
food additives [26]. 

 Screening of microorganisms from natural environments 
for enzyme production has already been published, 
especially in unconventional and extreme environments  
[27-30]. At the same time, comparison of the distribution of 
enzymes in natural environments such as soil, water, and 
plants, involving all the cultivable microorganisms in these 
habitats, is still missing. Furthermore, the study of the 
enzymatic profile of microorganisms in natural micro-
environments can generate important environmental and 
industrial information. The present paper addresses a large-
scale screening survey of extracellular enzyme production by 
microbial isolates from soil, water, and plants. In this study, 
we report the distribution and relative abundance of 
enzymes, including two proteases (gelatinase and caseinase), 
amylase, cellulase (more specifically CM cellulase), and 
esterase, in different natural environmental samples, as well 
as the evaluation of the biotechnological potential of the 
microorganisms present in nature. 

MATERIALS AND METHODOLOGY 

Samples and Isolation of Microorganisms 

 A total of 12 samples of fresh water, 19 of soil, and 20 of 
plants were collected in Minas Gerais, Brazil, in a region 
characterized by Atlantic forest. These samples were col-
lected randomly, without specific parameters (for example, 
both surface and subsurface water were collected). Micro-
organisms were isolated after dilution of the samples and 
plating on LB agar (Phoneutria, Belo Horizonte, Brazil). 
After incubation at 25 ºC for 48-72 h, colonies of distinct 
morphological appearances were cultured in the same media 
to obtain pure isolates, which were then maintained in LB 
broth (Phoneutria) supplemented with 50% (v/v) fetal bovine 
serum and kept at -80 ºC. 

Screening of Strains for Hydrolytic Activities 

 The isolates were inoculated in 2 ml of LB broth 
(Phoneutria) in a 96-well plate. After 24 h at 25 ºC and  
30 Hz agitation, 2 µl of culture were inoculated in enzyme-
specific media, according to the methodology described by 
Facchin et al. [31]. Enzymatic activities were determined 
after incubation at 25 ºC for 24 h for each of the tested 
enzymes.  

 For the detection of proteolytic activity, the isolates were 
cultured in casein–agarose [1% (w/v) agarose, 1 mM CaCl2, 
and 10% (v/v) casein in 1X PBS pH 7.4] to detect caseinase 
activity and gelatin media [2 ml of media/assay tube: 50 mM 
Tris-HCl pH 6.8, 1 M CaCl2, and 10% (w/v) gelatin] to 
detect gelatinase activity. Caseinase activity was detected by 
the presence of a clear halo in the media after incubation 
with 1 M HCl solution to precipitate the remaining casein. 
Gelatinase activity was detected by liquefaction of the media 
[31]. 

 For the determination of amylase activity, the isolates 
were inoculated in corn starch–agarose: 1% (w/v) agarose, 
50 mM Tris-HCl pH 6.8, 1 mM CaCl2, and 0.5% (w/v) corn 

starch. After incubation period, the culture plates were 
flooded with 2% iodine solution to colorize the remaining 
starch, and the amylase-producing isolates showed a clear 
halo [31]. 

 In order to verify esterase activity, isolates were screened 
for the production of esterase in tributyrin–agarose:  
1% (w/v) agarose, 50 mM Tris-HCl pH 6.8, 1 mM CaCl2, 
and 0.6% (v/v) tributyrin emulsion. Esterase-producing 
isolates showed a clear zone surrounding their colonies after 
incubation [31]. 

 For detection of cellulase activity, the isolates were 
inoculated in carboxymethyl cellulose–agarose: 1% (w/v) 
agarose, 50 mM Tris-HCl pH 6.8, 1 mM CaCl2, and 0.5% 
(w/v) carboxymethyl cellulose. After incubation, the medium 
was stained for 30 min with Congo red (0.25% in 0.1 M 
Tris-HCl, pH 8.0), followed by destaining (0.5 M NaCl,  
0.1 M Tris-HCl, pH 8.0) for 5 min. The detection of CM 
cellulase-producing isolates was observed by the presence of 
a clear zone around the strain growth [31, 32]. 

 The data for the enzyme distribution in soil, water, and 
plants were statistically compared using the chi-squared test 
(P < 0.05) by GraphPad Prism version 5.03 for Windows 
(GraphPad Software, San Diego, CA, USA). 

RESULTS 

 The potential of microbial isolates from environmental 
samples for extracellular enzyme production was charac-
terized. Of the 51 environmental samples analyzed, 346 
isolates were obtained, including bacteria and fungi. Only 36 
isolates were not able to produce any enzyme tested. Among 
the isolates, 310 produced at least one of the five tested 
enzymes (Table 1). As shown in Fig. (1), considering each 
enzyme separately, 82.6%, 50.6%, 42.9%, 40.3%, and 24.5% 
of the isolates produced caseinase, esterase, gelatinase, CM 
cellulase, and amylase, respectively. 

 Caseinase was the enzyme most produced in all three 
types of samples: 85.2% of the isolates from soil, 75.2% 
from plants, and 87.1% from water (Fig. 2). However, 

 

Fig. (1). Percentage of microbial isolates from environmental 

samples (from soil, water and plant) producing each of five 

different extracellular hydrolytic enzymes studied.  
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among all samples, the enzyme amylase was found with the 
lowest frequencies. With respect to soil (N = 135 enzyme 
producing isolates), isolates producing amylase were 
significantly more numerous than in plants. One isolate from 
soil sample (S27) produced all five enzymes analyzed 
(gelatinase, esterase, caseinase, amylase, and CM cellulase). 
In this present report, leaves, flowers, seeds, and stems of 
living and decomposing plants were collected randomly and 
microorganisms were isolated from both the surface and 
inside of plants. CM cellulase was found more frequently in 
plant samples (N = 51 isolates producing CM cellulase) 
compared to water samples (N = 23 isolates producing CM 
cellulase) (P < 0.05). In particular, two plant samples  
(P1: decomposing plant; and P17: seeds) presented isolates 
producing only CM cellulase. In the present report, esterase 
and gelatinase were found to be produced more frequently in 
water samples (N=70 enzyme producing isolates), compared 
to soil and plant samples, based on statistical analysis. In this 
study, all 12 isolates from a unique water sample (W51; 
Table 1) produced esterase, and the majority of the isolates 
(10 of 12) presented the following enzymatic profile: 
gelatinase, esterase, and caseinase production.  

 Many isolates (N = 239) produced more than one of the 
tested enzymes (Fig. 3). Only one isolate (from soil sample 
S27) produced all five analyzed enzymes as mentioned 

 

Fig. (2). Percentage of microbial isolates from soil, plant, and water 

samples with activity of each of the five investigated enzymes  

(* +, P < 0.05 compared to soil and plant samples; Δ, P < 0.05 

compared to plant samples; ○, P< 0.05 compared to water samples). 

Table 1. Number of microbial isolates from environmental samples producing or not producing the investigated enzymes. 

Samples 
Plant 

Samples 
Soil 

Samples 
Water 

A(N=105) B(N=21) A(N=135) B(N=13) A(N=70) B(N=2) 

P1 2 1 S21 5 - W40 4 2 

P2 4 1 S22 3 1 W41 3 - 

P3 6 - S23 4 - W42 5 - 

P4 6 1 S24 8 - W43 3 - 

P5 3 - S25 8 - W44 5 - 

P6 5 - S26 5 - W45 7 - 

P7 4 1 S27 4 - W46 3 - 

P8 2 2 S28 7 - W47 2 - 

P9 5 - S29 6 - W48 11 - 

P10 9 1 S30 5 - W49 6 - 

P11 4 - S31 7 - W50 9 - 

P12 5 - S32 6 - W51 12 - 

P13 4 - S33 9 -    

P14 7 - S34 12 1    

P15 11 - S35 4 1    

P16 3 1 S36 1 5    

P17 1 7 S37 11 1    

P18 7 2 S38 15 4    

P19 5 1 S39 15 -    

P20 12 3       

A = Number of isolates producing enzymes; B = Number of isolates producing no enzymes. 
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previously. Isolates producing gelatinase, esterase, and 
caseinase were the most frequently found (N = 60 isolates). 
A total of 71 isolates produced only one of the analyzed 
enzymes: 31, 23, 15, and 2 isolates produced only caseinase, 
CM cellulase, esterase, and gelatinase, respectively. No 
microorganism that degrades only amylase was isolated. 

DISCUSSION 

 Prokaryotic and eukaryotic microorganisms make a vital 
contribution to biogeochemical cycles, in addition to their 
uses in waste treatment, water supply and regulation, and 
healthy soils for farming. In this context, microbial hydro-
lytic enzymes play an essential role in the decomposition of 
natural compounds such as organic carbon and nitrogen [2, 
28, 33].  

 In a previous report, 39.8%, 15.6%, and 5.4% of yeast 
strains from tropical environments produced esterase, 
protease, and amylase, respectively [34]. In an environment 
with extreme climatic conditions such as Antarctica, it was 
shown that proteases and esterases also were frequently 
found [35]. In the present report, enzyme-producing micro-
organisms were isolated from all environmental samples 
analyzed, reflecting the presence of enzyme substrates in 
these habitats. Caseinase was the enzyme most produced in 

soil, plant, and water, whereas amylase was found with the 
lowest frequencies. However, as the microbial colonies with 
the same morphological appearances were not quantified, it 
is not known whether there were fewer amylase-producing 
isolates than other enzyme-producing isolates in the sample, 
considering the total number of cultivable microorganisms. 
Enzymatic activity is associated with site-specific factors 
such as temperature, moisture, and substrate availability 
[36]. The differences found in the enzymatic distribution 
between the water, soil, and plant samples in this work could 
be associated to conditions prevailing in these natural 
habitats. 

 Various studies have analyzed microbial enzymatic 
diversity in soil using culture-independent techniques. 
Rondon et al. [37] did not find esterase, protease, or 
cellulase activity in soil, whereas amylase activity was 
found. However, other reports have found esterase, cellulase, 
and protease activities in soil [38-41]. In this study, isolates 
producing amylase were more numerous in soil than in 
plants. Soil amylase mainly has a microbial origin, although 
it also exists intracellularly in plants and can be released 
during litter formation [42]. Soil is a complex system that 
includes a range of microhabitats with different physicoche-
mical characteristics and discontinuous environmental con-

 

Fig. (3). Number of microbial isolates producing one or more of the five investigated hydrolytic enzymes. 
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ditions. In the present report, one isolate from soil sample 
produced all five tested enzymes. Organisms that share the 
same microhabitat may contribute to nutrient availability on 
the site, hence the production of various enzymes is 
important.  

 Plants are attractive hosts for microorganisms because 
they provide a variety of nutrients. Plant-associated micro-
organisms can be considered as pathogens, mutualists, or 
commensals [43]. With this range of associations, microbial 
hydrolytic enzymes are essential to harm or benefit the plant. 
According to Jalgaonwala and Mahajan [44], the order of 
enzymatic activities for microorganisms from plants is as 
follows: proteolytic > amylolytic > cellulolytic > esteratic. In 
nature, cellulose is found mainly as a structural component 
of plant cell walls, which are mostly composed of cellulose 
[45], which may explain the observed results in the present 
study (CM cellulase was predominant in plants compared to 
water). In addition, in this work, isolates producing only CM 
cellulase were found in two plant samples. Cellulose 
probably has a key role in providing microbial nutrition in 
these microenvironments, being the principal carbon source 
possibly because of its abundance. This isolates might be 
important for the initial hydrolysis of cellulose in these 
microhabitats. 

 In this report, esterase and gelatinase were found to be 
produced more frequently in water samples. Esterase activity 
can be a good index for estimating organic matter content in 
the sea, lakes, and reservoirs [46- 48]. In water samples, it is 
possible to find 100% of isolates having proteolytic and 
esterase activities, but amylolytic activity is more rarely 
encountered [49]. In a yeast screening study, cellulolytic 
activity was shown to predominate in aquatic habitats [50]. 
In this study, all isolates from a unique water sample 
produced esterase, and the majority of the isolates were able 
to produce gelatinase, esterase, and caseinase. It is possible 
that the substrate for esterase can frequently be found in this 
microenvironment, and it is probable that the predominance 
of this enzymatic profile is associated with natural selection 
acting on adapted microorganisms. The interactions between 
microorganisms and organic matter are of extreme impor-
tance in the functioning of aquatic environments. In this 
context, the organic matter composition, together with other 
physicochemical conditions of the environment, controls the 
activity and structure of microbial communities [51].  

 Microorganisms with combined hydrolytic activities may 
have applications in biotechnological processes involving 
multiple enzymes, like in wastewater treatment generated by 
dairy, food, paper, and other industries [31]. In this work, 
many isolates produced more than one of the enzymes analy-
zed. Other studies have also detected combined hydrolytic 
activities in a number of strains from extreme environments 
[27, 52]. However, some isolates produced only one of the 
tested enzymes. Production of only one enzyme may 
represent a key function for these micro-organisms because 
the substrate for this enzyme may have a more important role 
in the microbial metabolism of these isolates than other 
substrates present in the same habitat. Thus, interactions 
between microorganisms with different enzymatic profiles 
can provide a synergistic environment with intermediate 
decomposition products released [53]. No microorganism 

that degrades only amylase was isolated. A possible 
explanation is that starch is not abundant in the tested 
microenvironments.  

CONCLUSION 

 In the present work, numerous microbial isolates from 
nature were screened for production of extracellular 
hydrolytic enzymes. Almost all of the isolates produced at 
least one analyzed enzyme, and most of them produced more 
than one. It was possible to determine the distribution of 
microbial enzymes in water, soil, and plant samples. In 
addition, a predominance of certain enzymes was found, 
depending on the type of environmental sample. Together, 
these findings suggest important differences in microbial 
populations and biochemical activities between soil, water, 
and plants and the microhabitats in these natural 
environments. Microorganisms present in nature represent a 
great resource for biotechnological exploration of products 
and processes, making it possible to discover enzymes with 
new properties and applications. Therefore, these results 
could provide basic data for further investigations on 
microbial hydrolytic enzymes in soil, plants, and water.  
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