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Abstract An endophytic species of Micrococcus was iso-

lated from Aloe vera leaf (syn. Aloe barbadensis) and

screened for protease production with five other species of

Micrococcus. Data indicated that endophytic Micrococcus

aloeverae AE-6 MCC 2184T andMicrococcus yunnanensis

DSM 21948T showed efficient protease production poten-

tial and secreted active protease at high salt (10%), tem-

perature (40 �C) and in wide range of pH 8–10. Unlike

M. yunnanensis DSM 21948T, protease production by

M. aloeverae AE-6 MCC 2184T was stringently controlled

by pH. Protease induction study using different group of

peptides, peptide carbohydrates and peptide macronutrient

combinations showed variable response with both the

organisms. Result indicated that the amount of protease

was not directly related to cell biomass but it depends on

nature of inducible peptides. In this study we also devel-

oped a modified agar-well assay for semi-quantitative data

from large number of replicates.

Keywords Protease � Endophytes � Peptides � Growth
yield

Introduction

Isolation of extremophiles and screening them for indus-

trially valuable enzymes are current research interests of

microbiologists [1, 2]. Due to stability at high pH and use

in laundry industry as detergent additive, alkaline protease

or serine protease is one of the most industrially important

and extensively studied enzymes and represent about 60%

of all the industrial enzyme’s sales in the world [3–5].

Owing to high cost of substrates and media, the overall cost

of enzyme production is high. Use of new microorganisms

with high protease production efficiency, development of

novel processes to increase the yield using cheap substrates

may lower the production cost which is highly appreciable

for commercial production.

The important protease producing bacteria are Bacillus,

Pseudomonas, Halomonas, Arthrobacter and Serratia [6]

and most of the alkaline proteases have been reported from

genus Bacillus. Members of other groups are less explored

and understudied [3, 4, 7]. It has been realized that

microbes are less expensive natural sources of new bio-

molecules. Therefore, to discover the novel group of pro-

tease with better efficiency, specificity and activity for

various applications, exploration of protease from other

groups of microbes is essential.

Survival potential in wide range of salt, pH and tem-

perature and growth at high salt and alkaline pH makes

Micrococcus an ideal candidate for study of industrial

enzymes, especially alkaline protease. Although, a few

studies related to alkaline protease production have already

been done using some species of Micrococcus [8–12] but

extensive data on screening, characterization and opti-

mization of medium conditions and protease production

processes using different strains of Micrococcus from

diverse niches are still lacking. Our study focuses on
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isolation of halo-tolerant, efficient alkaline protease pro-

ducing endophytic species of Micrococcus in comparison

to reported species of the said genus.

In current study two different species of the genus Mi-

crococcus: Micrococcus aloeverae AE-6 MCC 2184T and

Micrococcus yunnanensis DSM 21948T were selected for

comparative study based on their efficient protease pro-

duction ability among the selected species, screened for

protease production. M. aloeverae AE-6 MCC 2184T was

isolated from inner fleshy leaf tissues of Aloe vera and

published as a novel species of the genus Micrococcus

based on the polyphasic characterization [13], while

M. yunnanensis DSM 21948T was isolated from surface

sterilized root of Polyspora axillaris.

Materials and Methods

Isolation and Characterization of Bacteria

Fresh leaves from healthy A. vera (syn. Aloe barbadensis)

were aseptically collected, and processed according to

Prakash et al. [13]. Endophytic isolates were cultured as

described by Gayathri et al. [12]. Leaves were washed with

distilled water and sterilized with 70% alcohol and mer-

curous chloride (HgCl2) for 0.5 and 3.0 min respectively

and washed three times with sterile distilled water. Inner

tissues were crushed in normal saline and 100 ll suspen-
sion plated on tryptic soy agar (TSA) and Luria–Bertani

(LB) agar plates and incubated at 30 �C. Morphologically

distinct colonies were purified and maintained in deep

freezer for future study. Micrococcus aloeverae AE-6 was

characterized and deposited in Microbial Culture Collec-

tion (MCC) and in DSMZ Germany with culture collection

number MCC 2184T and DSM 2747 respectively. Isolation

of genomic DNA, 16S rRNA gene sequencing and phylo-

genetic characterization was done as discussed in Prakash

et al. [13]. Small subunit rRNA gene sequence accession

number of M. aloeverae AE-6 is KF524364.

Screening for Protease Production

Micrococcus aloeverae was selected for protease produc-

tion due to its growth ability in wide range of salt (up to

12%), pH (6–12) and temperature (10–43 �C). In order to

conduct a comparative study other species of Micrococcus

viz. M. yunnanensis M. endophyticus, M. luteus were also

tested simultaneously. Selected strains were screened for

protease production on skimmed milk agar plate. Cultures

were spot inoculated and incubated at 30 �C and colonies

were observed for the zone of clearance and reconfirmed

by coomassie blue method [12, 14, 15].

Agar-Well Assay

Modified skimmed milk agar plate method was followed

[1, 16].

Equal amount of skimmed milk agar was poured and

wells were created in the centre of plates using 5 mm

sterile borer. Each well was inoculated with equal volume

(200 ll) of overnight grown cultures in triplicate in order

to provide the almost equal amount of cellular biomass for

comparison purpose and plates were incubated at 30 �C.
After growth, diameters of zone of clearance were mea-

sured and mean and standard deviation were calculated.

Determination of Range of Salt, pH

and Temperature for Protease Production

Micrococcus yunnanensis and M. aloeverae were selected

for comparative study. Protease production potentials of

both the strains were studied within wide range of pH, at

high temperature (40 �C) and salt (10%). pH range and

optima for protease production was studied on skimmed

milk agar without any buffer as both the organisms did not

alter the pH of the medium. To ensure protease production

in alkaline condition, medium at pH-10 was buffered with

bicarbonate. Skimmed milk agar with different pH and

NaCl concentrations was prepared as earlier and well assay

was employed to screen the protease production. pH and

salts plates were incubated at optimum temperature

(30 �C). To assess the temperature sensitivity of protease

and its production at higher temperatures plates were

incubated at 40 �C. After visible growth, diameter of zones

was measured. Mean and standard deviation were

calculated.

Effects of Various Peptide Sources and Their

Combination with Different Sugars

and Macronutrients on Protease Production

A total of 125 different combinations of different sources

of peptides, peptide plus carbohydrates and peptide plus

macronutrients (65 sets for each organism) were tested in

order to formulate a low cost medium and to enhance the

protease production efficiency of Micrococcus.

Six different peptides (peptone, tryptone, beef extract,

yeast extract, soy meal and casein) were selected for

assessment. The test medium comprised 0.5% peptides

(each separately) and 0.5% NaCl. pH of the medium was

adjusted with 1N-NaOH and 1N-HCl and kept at 8.0 (op-

timum for protease production). Medium was inoculated in

replicate of three with 1% overnight grown culture and

incubated at 30 �C. Five ml culture was harvested at dif-

ferent time intervals and amount of protease was assessed

in culture supernatant using enzyme assay for protease as
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discussed below. For growth yield whole contents of flask

was harvested at 6000 rpm for 30 min. Cell pellet obtained

was dried at 70 �C for 48 h and weighed.

Total 30-different combinations of above mentioned six

different peptides (peptone, tryptone, beef extract, yeast

extract, soy meal and casein) with five different carbohy-

drates (maltose, sucrose, inositol, starch and dextrose) were

designed. Similarly, total 30 different combinations of

peptides plus five major macronutrients (KCl, FeCl3,

MgCl2�6H2O, CaCl2�2H2O and KH2PO4) were also

developed. In case of peptide carbohydrate combination

media contains 0.5% peptide, 0.5% skimmed milk and

0.2% carbohydrate while peptide and macronutrient com-

binations contain 0.5% peptide, 0.5% skimmed milk and

0.1% macronutrients. pH was kept at 8.0 with 1N-NaOH

and 1N-HCl and solidified with 1.8% molecular grade agar

(Sigma–Aldrich). Wells were cut and inoculated. Plates

were incubated at 30 �C and zone of clearance was mea-

sured at different time intervals.

Assay for Protease Activity

Assay for protease activity was conducted as described by

Anson [14] and using the modified and optimized protocol

of Sigma-Aldrich (www.sigmaaldrich.com/img/assets/

18160/Protease_casein_substrate.pdf). Culture supernatant

obtained after centrifugation of grown culture at 4000 rpm

for 20 min. Casein was used as substrate for the enzyme

while culture supernatant was used as crude enzyme.

Five ml 0.65% (w/v) casein solution was added to 1 ml

culture supernatant and incubated at 37 �C for 10 min. The

reaction was stopped by adding trichloroacetic acid. Tyr-

osine was measured at 600 nm using UV–visible spec-

trophotometer (Cary 300 UV–Vis, Agilent Technologies)

applying the method of Folin and Ciocalteau [14, 15].

Enzyme units were calculated using the standard curve

generated during this study with pure tyrosine. Unit was

defined as amount of enzyme that release 1 lM tyrosine

min-1 from casein.

Results

Isolation and Characterization of Endophytic

Isolates

Six morphologically distinct endophytic isolates were

obtained from inner tissues of A. vera leaf. Small subunit

rRNA gene sequencing and phylogenetic analysis indicated

that isolated endophytic bacteria belonged to three different

genera including Micrococcus, Staphylococcus and Kocu-

ria (Supplementary Figure 1). Screening result for protease

production indicated that M. aloeverae produced wider

zone of clearance on skimmed milk agar among the

selected endophytes. Due to efficient protease production

and survival in wide range of physiological conditions

M. aloeverae AE-6 was selected for protease study along

with other procured species of genus Micrococcus

(M. yunnanensis, M. endophyticus, M. luteus, M. lylae and

M. flavus). Comparative data on protease production with

other spp. of Micrococcus indicated that only M. yunna-

nensis and M. aloeverae AE-6 produced good amount of

protease and selected for comparative study (Table 1).

Agar well assay as well as coomassie staining method

confirmed the protease production ability of both the

organisms.

Agar-Well Assay

We observed that bacterium grew as thick biofilm inside

the wells and secreted extracellular enzyme distributed

homogenously through the pores of agar gel and gave

reproducible zone of clearance (Supplementary Figure 2).

Effect of pH, Temperature and Salt on Protease

Production by Active Cells

A comparative study of protease production of both

organisms in variable conditions of pH, temperature and

NaCl is presented in Table 1. Both the strains showed

growth between pH 6–12 with pH optima between 8 and 9.

Both strains produced highest protease at pH-8 which

decreased with increasing pH (Fig. 1). Quantity of protease

produced at pH 7 and 8 was almost similar in case of

M. yunnanensis while M. aloeverae AE-6 did not produce

any protease at pH-7 despite its good growth (Fig. 1). Both

the selected strains also secreted protease at 10% NaCl,

pH-10 and temperature 40 �C.

Effect of Different Peptide and Peptide

Carbohydrate Combination on Protease Production

In M. aloeverae AE-6 casein induced maximum protease

followed by tryptone and peptone. Beef and yeast extract

induced similar amount of protease secretion. Trend of

protease induction by peptides was slightly different in

case of M. yunnanensis, casein induced maximum levels of

protease followed by yeast extract, while almost similar

levels of protease was induced by tryptone, peptone and

beef extract (Table 2; Fig. 2). Soya-meal induced least

amount of protease in both the organisms (Table 2).

Addition of macronutrient with peptide had no signifi-

cant effect on enzyme production. In contrast, carbohydrate

and peptide combinations showed inhibitory as well as

stimulatory effects on protease production. Micrococcus

aloeverae AE-6 gave wider zone on casein-inositol, beef-
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inositol, tryptone-dextrose and soya dextrose combinations

and showed stimulatory effect on protease production

(Fig. 2). In contrast beef-dextrose, tryptone-maltose and

peptone-maltose combinations did not work well and

showed inhibitory effect. In case of M. yunnanensis beef-

starch, tryptone-sucrose, tryptone-starch, soya-maltose,

soya-inositol and soya dextrose combinations showed good

protease production while, casein-maltose, beef-dextrose,

tryptone-dextrose and soya-sucrose did not work well. In

addition almost all the combinations of carbohydrate with

yeast and peptone showed similar results with both the

strains (Fig. 2). Micrococcus aloeverae AE-6 and M. yun-

nanensis showed highest growth yield (cell biomass) on

yeast extract and least on tryptone and beef extract

respectively but unit of enzyme production was more on

peptone (Table 2). Our well assay report also indicated that

growth in soya meal corresponded to highest cell density in

comparison to other peptides but amount of enzyme

secretion was least on soymeal (Table 2).

Effect of Incubation Time

Strain AE-6 secreted maximum amount of protease at 24 h

of incubation and after that the levels of protease declined

gradually at 48 and 144 h (Fig. 3). In contrast protease data

for M. yunnanensis showed more agreement with Bacillus

spp. and protease production was maximum at 48 h (Fig. 4).

Discussion

Micrococcus species are widely distributed in nature and

their potential to grow and secrete active protease at high

salt and alkaline pH makes them an ideal agent forT
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Fig. 1 pH range and optimum pH for protease production in

M. aloeverae AE-6 MCC 2184T and M. yunnanensis DSM 21948T.

Secretion of protease started only after pH-8 in M. aloeverae AE-6.

Data are replicate of three readings. Bar showing the standard

deviation of the data
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treatment of high alkaline and saline effluents coming from

leather and other industries using the concept of bacterial

biofilm.

Growth of Strain AE-6 and M. yunnanensis at 0–10%

salt and 8–9 pH (optimum for growth as well as protease

secretion) indicated that both the organisms are halo-alkali-

tolerant in nature and protease production in both the

organisms is directly related to pH conditions of the

medium. Proteolytic activities of proteases from both the

organisms at pH-8 and above indicated that proteases

secreted by Strain AE-6 and M. yunnanensis are active at

high temperature, pH and salt conditions indicating that

these factors are not inhibitory for production of protease in

Strain AE-6 and M. yunnanensis and protease was active

and stable in extreme growth conditions Induction effect of

pH on protease production has also been reported by other

researchers in different species of bacteria including Mi-

crococcus, Bacillus, Pseudomonas, Burkholderia, and

Geobacillus etc. [12, 17–19] but pH required for induction

of protease production varied from genus to genus. Similar

to our observations, Eftekhar et al. [20] and Mahendran

et al. [21] also reported protease production in alkaline

medium at pH 10 and 10.5 respectively by the Bacillus

species and showed optimum production of protease at pH-

8 with continuous decrease in alkalinity.

The effects of peptides and carbohydrates in the growth

media vary with species to species of the same genus or

even with strains of the same species. Although few other

studies also supplied peptides as an additional source of

organic nitrogen in growth medium and observed the

effects on protease production on other group of bacteria

but the studies were not too extensive, included only few

bacterial genera like Pseudomonas fluorescence, Bacillus

sp. and Prevotella ruminicola and only two or three dif-

ferent peptides [2, 17–19]. In contrast to our observations

Tambekar and Tambekar [2] and Sinha and Satyanyranan

[22] reported high levels of protease on soya tone and

soybean meal using Bacillus pseudofirmus, Cohnella sp. In

conclusion same kind of peptide exerts different effect on

different group of bacteria and it can induce or repress the

secretion of extracellular protease depending on the group

and nature of organisms.

In this study we also reported that despite maximum

growth yield on soya-meal amount of enzyme secreted was

minimum in comparison to other used peptides. Similar to

our findings, Tambekar and Tambekar [2] also reported

that despite the best growth on beef extract, peptone and

tryptone B. pseudofirmus, Cohnella thermotolerans and

Bacillus odyssey secreted lower amount of extracellular

protease than other peptides produced less cell growth.

Thus, it is clear that protease production is not directly

related to cell biomass but it is related with nature of

peptide used. The period of optimum production of pro-

tease vary from late log phase to stationary phase but it

depends on nature of medium used as well as type of

organism selected for study [11, 16, 19]. Our observations

support the idea that late log phase or early stationary phase

of the culture is the best stage for the secretion of the

extracellular protease.

Our data indicated that, it is possible to induce the

bacterium for better protease secretion in same or even low

cost by using right combination of peptide and carbohy-

drates and selection of right pH conditions. Casein inositol

combination is stimulatory for M. aloeverae AE-6 MCC

2184T but combinations of casein with other carbohydrates

are inhibitory or not stimulatory for same bacterium.

Similarly M. yunnanensis DSM 21948T started secretion of

protease from pH-6 MCC 2184T while protease production

was tightly regulated by pH in the case of M. aloeverae

AE-6 MCC 2184T. The results indicate that optimization

and selection of right combination is must for induction of

right amount of enzymes.

Table 2 Comparison of growth response, growth yield and protease production potential of Micrococcus aloeverae AE-6 MCC2184T and

M. yunnanensis DSM 21948T on different peptides

Peptides M. aloeverae AE-6 MCC 2184T M. yunnanensis DSM 21948T

Zone

(mm)

Growth

response

Growth

yield*

Enzyme unit

(ml-1)

Zone

(mm)

Growth

response

Growth

yield*

Enzyme unit

(ml-1)

Yeast-

extract

45.3 ± 1.5 ?? 108.0 ± 2.6 17.3 ± 0.7 55.0 ± 0.5 ??? 150.3 ± 1.5 16.4 ± 0.8

Beef-

extract

43.3 ± 1.5 ?? 84.3 ± 4.0 15.8 ± 0.7 52.8 ± 0.7 ??? 90.1 ± 1.5 14.4 ± 0.4

Peptone 46 ± 1.0 ?? 65.0 ± 2.0 17.6 ± 2.0 54.2 ± 0.4 ??? 100.3 ± 0.5 15.1 ± 0.3

Tryptone 47.3 ± 1.5 ?? 53.3 ± 4.1 18.6 ± 0.6 53.3 ± 0.5 ??? 99.6 ± 1.5 15.4 ± 0.6

Casein 48.3 ± 0.5 ?? 83.6 ± 3.5 20.2 ± 0.8 56.5 ± 0.5 ??? 100.6 ± 1.1 20.4 ± 0.6

Soya-meal 40.3 ± 1.5 ??? 110.6 ± 4.0 10.6 ± 0.3 40.0 ± 1 ???? 161.0 ± 1.3 9.1 ± 0.3

* Growth yield was reported in mg after incubation of cell biomass for 48 h at 70 �C. Data are mean of three replicates. ±, indicates the standard

deviation from mean
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Unlike previous studies conducted on Bacillus, Pseu-

domonas and Serratia here we concluded that casein and

alkaline pH (pH-8) induced maximum protease in both the

species of Micrococcus. We also concluded that induction

of secretion of extra cellular protease is multifactorial and

depends on diverse set of physicochemical conditions.

Furthermore, we also observed that amount of enzyme

secreted is not proportional to cell biomass. Even properly

induced lower cell biomass can produce higher amount of

enzyme. Therefore, optimization of substrate, medium

conditions and physicochemical conditions for every strain

is mandatory before its exploitation on industrial scale.

Fig. 2 Comparative study of effect of peptide carbohydrate combi-

nation on protease production efficiency of Micrococcus sp. starin

AE-6 MCC 2184T and Micrococcus yunnanensis DSM 21948T.

Letters P, C, T, Y and B indicates about peptone, casein, tryptone,

yeast extract and beef extract respectively while M, S, I, ST, and

D represent for maltose, sucrose, inositol, starch and dextrose

respectively. Two or three letter in combination indicates the

combinations of nutrients
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In conclusion, we report two new species of endophytic

Micrococcus (M. aloeverae and M. yunnanensis) as effi-

cient protease producers, surviving in wide range of eco-

logical conditions and secrete active and stable protease at

high salt, temperature and alkaline pH. Due to survival and

protease secretion in harsh conditions Micrococcus can be

used for treatment of protein contamination from industrial

waste water. In addition, we also observed that endophytic

micrococci produced better quantity of protease in com-

parison to other species of micrococcus isolated from

diverse habitats and this the interesting question for future

investigation.
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