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Composting is a way of transforming the organic waste into fertilizer, minimizing the use of inorganic compounds that may contaminate the environment. This transformation is the result of the microorganism action, converting complex carbon sources into
energy. Enzymes that are exported by the microorganisms to the surrounding environment mediate this process. The aiming of the
present work is to prospect the compost produced by the organic composting unit (OCU) of the Fundação Parque Zoológico de São
Paulo (FPZSP) to find novel starch hydrolyzing organisms (SHO) that secrete large amounts of amylases under harsh conditions,
such as high temperature. We found five bacterial isolates that have amylolytic activity induced by soluble starch and 39◦ C temperature of growth. These bacterial strains were identified by MALDI-TOF (Matrix-assisted laser desorption/ionization-Time of
Flight) analysis, a rapid and eﬃcient methodology for microbe identification in large scale. Our results present amylolytic strains
that belong to diverse taxonomic groups (Solibacillus silvestris, Arthrobacter arilaitensis, Isoptericola variabilis, and Acinetobacter
calcoaceticus); some of them have never been associated with this kind of hydrolytic activity before. The information regarding
enzyme induction will be important to optimize the production by the bacterial isolates, which may be a great value for biotechnological applications.

1. Introduction
Amylases produced by plants, animals, and microorganisms
have a wide range of industrial applications, such as pharmaceutical, animal feed, paper, textile, food industry, and
renewable energy [1–3]. Most amylases used in industry are
from microbial source due to several factors, for example, the
great microbial genetic diversity present in the environment,
high enzymatic activity in a wide range of conditions (extreme pH, temperature, osmolarity, pressure, etc.), and
simple and cost eﬀective production [4]. Industrial processes
require robust enzymes, especially because large amounts
of heat are generated during the process, accumulation of
inhibitors, high salt concentrations, and so forth; therefore,

hydrolytic microbes, which have their hydrolases induced by
temperature, may produce thermotolerant enzymes and,
consequently, are highly desirable [5, 6].
Composting is the transformation of residual organic
matter into fertilizer accomplished by microorganism, which
secrete, among other things, hydrolytic enzymes to assimilate
diverse energy sources available in the substrate in order to
survive. Compost piles can reach up to 80◦ C due to microbial
metabolism, favoring the development of thermophylic
organisms. In this process, the interaction between biotic
and nonbiotic factors leads to constant transformation of
the complex microbial community over time, which is
the mechanism underlining organic matter transformation
[7–10].
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In Brazil, the São Paulo zoo has an organic compost
production unit (OCU), where all the waste from about
3000 native and exotic animals are mixed with plant debris
from the Atlantic Forest in a ratio of 30 parts of carbon
to 1 part of nitrogen in aerobic condition to produce 600
tons compost per year. This is a self-sustainable process
since the final compost generated is used in the zoo farm
to fertilize the land, which produces most of the food consumed by the animals in the park. In this work, we used
this compost as the starting material to prospect amylolytic enzymes produced by novel thermophylic starchhydrolyzing organisms (SHOs). To our knowledge, compost
comprising these properties has never been screened for
amylolytic microorganisms. Here, we describe the isolation
and screening of a compost microbe collection (387 entries)
for amylolytic activity. Five bacterial isolates from diverse
taxonomic groups, identified by MALDI-TOF spectrometry
and 16S gene sequencing, were capable of using starch as
the major carbon source and secrete amylolytic enzymes to
the extracellular environment in response to a combination
of soluble starch and 39◦ C growth temperature. Since many
hydrolyzing enzymes are subjected to catabolism repression
[11], characterization of induction profile is important
for amylase production, fermentation strategies, enzyme
purification, and SHO utilization in biotechnology.

2. Material and Methods
2.1. Compost Sampling. Samples were collected according to
the method described by Bitencourt et al. [12]. In brief,
the temperature of several piles (8 m3 each) was measured
in five diﬀerent points. Those that displayed temperatures
higher than 45◦ C were probed with a soil auger at 1 meter
depth. Organic wastes present in sampled compost piles were
food waste, droppings and excreta, beds of native and exotic
wild animals, animals carcasses, wood chips from gardening
and Atlantic Forest plant waste. Phases of decomposition
were considered active degradation (before aeration) and
mature compost (after aeration). Pile aeration was achieved
by mechanical revolving of the material after 50 to 60 days
after composting started.
2.2. Microbial Isolation and Morphological Characterization.
All methods of isolation used in this work are suitable to
aerobic organisms. Once the samples were removed from
the piles at the desired temperature, one gram of compost
was weighted and diluted in 5 mL of 0.9% sterile saline,
vortex, and allowed to decant for 2 hours. Serial dilutions
were prepared and spread on nutrient agar plates (Himedia,
India) and incubated at 30◦ C. After 24 and 48 hours,
plates containing isolated colonies were selected, and the
isolated colonies were transferred individually to obtain
single purified colonies. In order to classify the isolated
microorganisms in the main groups of bacteria, yeast and
fungi, microscopic analysis of purified colonies was carried
out in fresh preparations analyzed in optic microscope
(Axiscope, Zeiss). Gram staining was conducted with commercial kit (LaborClin, Brazil) and confirmed by growth on
MacConkey agar (Himedia, India) plates. Bacteria capable
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of growth in this selective medium were considered Gram
negative.
2.3. Enzymatic Activity on Agar Plates. The purified colonies
were point inoculated on starch induction medium containing 0.6% peptone, 0.5 g/L MgSO4 , 0.5 g/L KCl, 1% soluble
starch, 2% agar, pH 7.0 for bacteria and 1.4 g/L de KH2 PO4 ,
10 g/L de NH4 NO3 , 0.5 g/L de KCl, 0.1 g/L de MgSO4 .7H2 O,
0.01 g/L de FeSO4 .7H2 O, 2% soluble starch, and 2% agar,
pH 5.5 for yeast and filamentous fungi [13], incubated at
30◦ C, 39◦ C, and 45◦ C for 48 to 72 hours. The starch present
in the bacteria induction medium was considered the major
carbon source. However, it was not the sole carbon source,
since peptone, which is considered a complex additive, was
added to the medium. After the incubation period, the
plates were exposed to iodine crystals during 5 minutes to
reveal the starch degradation zone [14]. Microorganisms
were considered amylolytic when they were able to grow in
the presence of starch as the major carbon source and formed
a degradation zone around the colony. All experiments were
done in triplicate at 3 temperatures (30, 39, and 45◦ C), and
a starch hydrolytic index (SHI) was assigned to each isolate.
SHI was calculated as the sum of colony and degradation
zone diameter (cm) divided by colony diameter.
2.4. Growth Evaluation and Amylase Production. each isolate
under investigation was cultured for 16 hours in 50 mL of
LB (Luria Bertani) complex medium (10 g/L NaCl, 10 g/L
Tryptone and 5 g/L Yeast Extract, pH 7.0) at 150 rpm at
30◦ C. Cells were harvested by centrifugation, washed twice
in sterile distilled water, and inoculated (OD600 0,3) in 50 mL
of starch medium (0.6% peptone, 0.5 g/L MgSO4 , 0.5 g/L
KCl, 1% soluble starch) or LB medium. The cultures were
incubated on a rotary shaker (150 rpm) at 30, 39 and 45◦ C.
Samples of the supernatant were collected at specific time
points (0, 2, 4, 6, 16, 18, 24, and 26 hours) to evaluate
the growth pattern at OD600. The aliquots drawn for
the enzymatic assays were centrifuged to remove the cells
followed by filter sterilization (0,22 μm).
2.5. Determination of Enzymatic Activity. The enzymatic activity was determined according to Smith & Roe [15] adapted
by Medda & Chandra [16]. Briefly, a total of 0.5 mL of cellfree supernatant of the cultures were assayed for amylolytic
activity in 1 mL of 1% soluble starch diluted in 50 mM acetate
buﬀer pH 5.6 during 15 minutes at 96◦ C for all samples
taken from all time points. The cell pellet extract (0.5 mL)
was also assayed for the presence of intracellular amylolytic
enzymes. In brief, pellet was washed two times in water,
resuspended in the reaction buﬀer, and submitted to 3 cycles
of 1 minute ultrasonic liquid processing (LKB Instruments,
Australia) under ice bath during the entire procedure. A
sample of the cell extract was observed under the microscope
to ensure cell lyses. Reducing sugar for supernatant and
cellular extract was assayed by dinitrosalicylic acid (Sigma,
USA) method according to standard protocol by Miller [17].
Protein concentration of each time point was determined
by Bradford method [18], using the Bio-Rad protein assay
kit (BioRad, USA) according to the instructions provided
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by the manufacturer. All growth curves and reducing sugar
assays were performed in triplicates (n = 9). One unit was
considered the amount of enzyme required to generate
1 μmol of glucose per minute at 96◦ C. Specific activity was
defined as U/mg of protein. Maximum total units refer to all
units produced in 50 mL culture at the time point in which
the highest specific activity was achieved.
2.6. Bacterial Identification by Mass Spectrometry. Taxonomic
identification was done by MALDI-TOF analysis [19], which
provides protein profiles from each isolate. The methodology
employed was the ethanol/formic acid extraction, which is
suggested by Bruker Daltonics. In brief, cells from single
colonies were recovered by scraping the plate and transferring the material into a tube with 300 μL of sterile water
and mixing carefully. Absolute ethanol (900 μL) was added,
mixed, and centrifuged at 10.000 g for 2 minute at room
temperature (25◦ C). The supernatant was discarded and
the pellet air dried. The dry pellets were mixed thoroughly
with 50 μL 70% formic acid (Merck, USA) and 50 μL
acetonitrile (Merck, USA). The suspension was centrifuged
at 10.000 g for 2 minutes, and 1 μL of the supernatant was
place onto an Micro Scout Plate (MSP) 96 polished steel
target (Bruker Daltonics GmbH, Germany) and dried at
room temperature (25◦ C). Each sample was overlaid with
1 μL of the matrix solution which consisted of a saturated
solution of a-cyano-4-hydroxy-cinnamic acid (Sigma, USA)
in 50% acetonitrile—2.5% trifluoroacetic (Sigma, USA), and
the matrix/sample was cocrystallized by air drying at room
temperature (25◦ C). Measurements were performed with a
Microflex LT mass spectrometer (Bruker Daltonics) using
FlexControl software (version 3.0, Bruker Daltonics). Spectra
were recorded in the positive linear mode (laser frequency,
20 Hz; ion source 1 voltage, 20 kV; ion source 2 voltage,
18.6 kV; lens voltage, 7.5 kV; mass range, 2000 to 20 000 Da).
For each spectrum, 240 shots in 50-shot steps from diﬀerent
positions of the target spot (automatic mode) were collected
and analyzed. Spectra were internally calibrated by using
Escherichia coli ribosomal proteins. The raw spectra were
imported into the BioTyper software (version 2.0, Bruker
Daltonics), processed by standard pattern matching with
default settings, and the results reported in a ranking table.
Outcomes of the pattern-matching process were expressed as
proposed by MALDI-TOF biotyper (MT) manufacturer with
ID scores ranging from 0 to 3. Scores < 1.70 were considered
not to have a generated reliable ID; a score of 1.7 < ID < 1.9
was considered ID to genus, and a score > 1.9 was used for
reliable species ID.
2.7. Bacterial Identification by 16S DNA Sequencing. gDNA
was extracted from 10 mL overnight cultures with Axygen
bacterial genomic DNA extraction kit (Axygen Scientific,
USA). Small Subunit RNA (16S) was amplified by PCR (polymerase chain reaction), using 1 U Taq Polymerase (New
England Biolabs, USA), 1x Buﬀer (10 mM Tris-HCl,
50 mM KCl, pH 8.3), 2 mM MgCl2 , 200 μM dNTP’s (Fermentas, Finland), 0.2 μM of each primer (PRCP005 5
GTGCCAGCMGCCGCGG 3 and PRCP006 5 ACGGGCGGTGTGTRC 3 , IDT, USA). Amplification condition: 1 cycle
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94◦ C for 5 minutes, 35 cycles: denaturing at 94◦ C for 30
seconds, primers annealing at 54◦ C for 30 seconds, and
extension at 72◦ C for 1 minute, a final extension of 72◦ C for
7 minutes. Single-band amplicons were purified with PCR
Clean up Kit (Axigen Scientific, USA) and double stranded
sequenced with BigDye Terminator (Applied Biosystems,
USA) according to the manufacturer’s instructions. The
sequences were aligned using SeqMan module of software
Lasergene (DNAStar, USA) and blasted against Genebank
and Ribosomal Database Project (RDP). Identification at
species level was considered for sequence similarities above
97%.

3. Results and Discussion
3.1. Microorganism Isolation from São Paulo Zoo Park Organic
Compost Unit. Three samples of diﬀerent compost piles were
removed from São Paulo zoo OCU over an approximately
5-month period. The properties (composition, temperature,
pH and decomposition phase) of the compost pile are summarized in Table 1.
A total of 387 microorganisms were isolated at 30◦ C from
these samples as described in materials and methods. Among
these, under microscopic examination, 67% were classified
as bacteria, 20% as filamentous fungi, 11% as yeast, and
2% remains undetermined, due to ambiguous morphology,
which impaired positive classification. Table 1 shows that, as
the temperature in the compost pile rises, there is a decrease
in microbial population, which is reflected by the lower
number of isolates in compost pile 2 (n = 38) compared to
piles 1 and 3 (n = 183 and n = 166, resp.).
3.2. Amylolytic Microorganism Screening. Fifty-five microorganisms were classified as SHO (14%). Considering each
compost pile individually, the SHO percentage is very similar
(Table 1). Among these SHO isolates, 10 amylolytic bacteria
were chosen for further studies. The selection criteria was (i)
the ability to grow in 1% starch medium as the major carbon
source at 30, 39, and 45◦ C and (ii) the production of a SHI of,
at least, 1.5 in total average (Table 2). Also, gram staining and
colony macromorphology were taken into account, in order
to guarantee the analysis of a greater diversity of microorganisms (data not shown).
None of the yeast and filamentous fungus isolated was
classified as SHO. It is possible that the high temperature
observed at the collection points taken for this work (Table 1)
exterminated most of these organisms, or the isolation
conditions did not favor them. Therefore, samples collected
from piles with a lower temperature and a diﬀerent isolation
strategy may be necessary to augment the number of filamentous fungus and yeast capable of starch degradation. An
enrichment liquid media containing soluble starch as the sole
carbon source, low pH and the antibiotics addition to the
media maybe a way to preferentially isolate amylolytic yeasts
and fungi. The compost sample could be directly added to
this media and cultured overtime. After several passages in
liquid media, the enriched culture could be inoculated in
solid starch media to obtain single colonies.
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Table 1: Compost pile properties.

Properties
Date
Average temperature
pH
Decomposition phase
Number of isolates
SHO
∗

Pile 1
19.02.2009
48.7
—
∗
Active degradation
183
15%

Pile 2
12.05.2009
72.6
6.1
Active degradation
38
13.1%

Pile 3
18.07.2009
55.2
6
∗∗
Mature
166
12.6%

Active degradation: before aeration.
after aeration.

∗∗ Mature:

Table 2: Starch hydrolytic index (SHI) on 1% starch solid medium at 3 diﬀerent temperatures for 10 SHO chosen for further studies.
Isolate
URX291
URX303
URX336
URX350
URX356
URX377
URX379
UED487
UED 641
UED 644

SHI 30◦ C
1.6 ± 0.2
1.7 ± 0.3
1.5 ± 0.3
1.8 ± 0.4
1.6 ± 0.2
2.1 ± 0.1
1.9 ± 0.3
1.6 ± 0.3
2.3 ± 1.1
2.6 ± 1.2

SHI 39◦ C
1.9 ± 0.5
1.8 ± 0.8
1.7 ± 0.1
1.9 ± 0.5
1.9 ± 0.3
2.0 ± 0.3
1.7 ± 0.2
1.9 ± 0.5
2.0 ± 0.5
1.7 ± 0.4

SHI 45◦ C
2 ± 0.8
1.9 ± 1.0
1.5 ± 0.5
1.8 ± 0.5
2.0 ± 0.8
1.8 ± 0.2
2.0 ± 0.7
2.0 ± 0.6
1.6 ± 0.2
1.9 ± 0.5

Average
1.8 ± 0.2
1.8 ± 0.1
1.6 ± 0.1
1.8 ± 0.1
1.8 ± 0.2
2.0 ± 0.2
1.9 ± 0.2
1.8 ± 0.2
2.0 ± 0.3
2.1 ± 0.5

Each data point is the result of 3 replicates for each temperature.

3.3. Quantification of the Amylolytic Activity in Liquid Culture.
Growth curves in starch liquid medium were performed at
30, 39, and 45◦ C for ten selected isolates; however Figure 1
shows the growth pattern for five isolates chosen based on
their enzymatic activity in response to temperature. Figures
1(a) and 1(b) show that the performance of each isolate
follows a similar trend of growth under these conditions
(30◦ C versus 39◦ C). At 45◦ C, all isolates presented a reduce
growth and isolates URX303 and URX350 grew to a lower
extent compared to other three isolates, especially at the end
of the growth period (Figure 1(c)).
The amylolytic activity in the supernatant of the cultures grown at three temperatures (30, 39, and 45◦ C) was
measured over a 26-hour period (8 time points) in order to
establish the temperature induction pattern for the extracellular starch degrading enzymes. Activity was determined by
measuring the reducing sugar released during the incubation
of cell-free supernatant with soluble starch, according to
the conditions described in Material and Methods. Also,
the amount of reducing sugar released by enzymes present
in the cell pellet extract was assayed, but no activity was
detected (data not shown), suggesting that most of the
amylases produced are exported to the extracellular fraction
and any active enzyme that remained inside the cells was
probably at concentrations bellow the sensitivity of this assay.
In accordance to our results, Ryan et al. [20] reported the
analysis of Bifidobacteria strains from the Japan Collection
of Microorganisms (JCMs) that produces extracellular starch
hydrolyzing enzymes. In this report, cell-free supernatants
and cellular extracts were qualitative assayed for amylolytic

activity on plates containing starch, amylopectin, or pullulan.
They found that the amylolytic activity was present only
in the extracellular fraction. In our assays cellular extracts
showed no activity.
Out of the 10 isolates analyzed for extracellular amylolytic activity, 5 isolates (URX291, URX303, URX350,
UED641, and UED644) clearly showed induction in the
presence of starch as the major carbon source at 39◦ C growth
temperature (Figures 2(a) to 2(e) and Table 3). Moreover,
none of these 5 chosen isolates showed significant extracellular enzymatic induction at 30◦ C and 45◦ C, indicating
that the optimum temperature for amylase secretion in this
group of isolates is 39◦ C (Figures 2(a)–2(e)). Therefore, all
subsequent enzymatic analysis was performed with supernatant harvested at 39◦ C and 30◦ C. The latter temperature
of cultivation was employed as a control.
In order to verify if expression of the amylolytic enzymes
is dependent upon substrate induction, besides temperature, the specific activity (U/mg of protein) was calculated
for all 5 isolates in starch induction medium and LB
at all 8 time points collected during growth at 30 and
39◦ C. Table 3 shows the time points in which the highest
specific activity can be found for the 5 isolates in each
cultivation condition (maximum specific activity). All isolates had higher specific activity in starch at 39◦ C. Isolates URX303 and UED644 had the highest specific activity
(0.278 at 26 hours and 0.230 at 2 hours, resp.), showing that URX303 has the longest time of induction response whereas UED644 had the fastest among these
isolates.

Enzyme Research

5

Table 3: Maximum specific activity (U/mg of protein) and the total units produced at the time point (hours) where the highest specific
activity was found for each of the 5 isolates that showed enzymatic induction. 30◦ C and 39◦ C are the temperatures of growth where
supernatant samples were collected to conduct the enzymatic assays. LB indicates the complex medium used, and starch refers to the
induction medium containing starch as the major carbon source, in addition to a trace of peptone. All data points are average of 3 replicates
of growth curves and 3 replicates of enzyme assay per time point (equals to 9 replicates).
30◦ C

U/mg
URX291
URX303
URX350
UED641

Absorbance 600 nm

UED644

0.079 ±
0.007
0.098 ±
0.002
0.097 ±
0.007
0.094 ±
0.005
0.160 ±
0.027

2
1.6
1.2
0.8
0.4
0

T0

LB
Total
units

Time
point

4

6

6.8

18

6.5

16

6.1

16

9.2

24

T2

T4

U/mg

Starch
Total
units

Time
point

4.3

16

2.7

16

2.2

16

2.9

4

3.2

2

0.022 ±
0.001
0.015 ±
0.002
0.022 ±
0.004
0.029 ±
0.002
0.037 ±
0.003

T6
T16
Time (hours)

T18

T24

U/mg
0.043 ±
0.002
0.036 ±
0.011
0.037 ±
0.001
0.035 ±
0.001
0.035 ±
0.001

Absorbance 600 nm

Strain

39◦ C

T26

2
1.6
1.2
0.8
0.4
0

T0

LB
Total
units

Time
point

5.9

18

4.5

16

4.7

16

4.4

16

4.3

16

T2

T4

0.114 ±
0.016
0.278 ±
0.024
0.134 ±
0.014
0.120 ±
0.006
0.230 ±
0.024

T6
T16
Time (hours)

T18

Time
point

8.2

6

25.2

26

19.4

18

8.7

2

19.4

2

T24

T26

(b)

Absorbance 600 nm

(a)

U/mg

Starch
Total
units

2
1.6
1.2
0.8
0.4
0
T0

T2

T4

T6
T16
Time (hours)

T18

T24

T26

UED641
UED644

URX291
URX303
URX350
(c)

Figure 1: Growth pattern of five isolates over 26-hour period. (a) 30◦ C, (b) 39◦ C, and (c) 45◦ C. All growth curves were done in triplicates
for all three temperatures, the bars represent standard deviation.

Orlando et al. [21] reported a Bacillus subtilis strain
that presented a specific activity of 0.83 U/mg of protein in
crude extract. However, the authors used much larger culture
volume (50 liter tank) and longer fermentation (42 hours).
Mabrouk et al. [22] also reported the cloning and expression
of a Bacillus sp. amylase in heterologous system and was able
to achieve 0,93 U/mg of protein in crude extract. Carvalho
et al. [23] also studied an unidentified bacteria isolated from
petroleum contaminated soil that presented the maximum
amyloglucosidase activity at 0.18 U/mL, using starch as
the sole carbon source. A screen for starch degrading
Bifidobacterial strains by Ryan et al. [20] reported that 11 of

these microorganisms belonging to various species are able to
produce a range of specific activities (from 0.84 to 1.35 U/mg
of protein).
Kubrak et al. [24] reported a Bacillus sp. BKL20 strain
isolated from natural can reach up to 7 U/mg of enzyme
specific activity. However, the cultivation parameters (starch,
peptone and yeast extract concentration and temperature)
have been optimized for this strain reflection an increment
of activity.
Table 3 shows that the amylase induction is dependent
on the combination of starch-containing media and 39◦ C
temperature of culture for isolates URX303, URX350 and
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0.2

0.6

0.16

0.5
(U/mL)

(U/mL)

6

0.12
0.08
0.04

0.4
0.3
0.2
0.1
0

0
0

4

8

12

16

20

24

28

0

4

8

12

(a)

20

24

28

20

24

28

(b)

0.6

0.3

0.5

0.25

0.4

(U/mL)

(U/mL)

16

Time (hours)

Time (hours)

0.3
0.2

0.2
0.15
0.1
0.05

0.1

0

0
0

4

8

12

16

20

24

28

0

4

8

12

16

Time (hours)

Time (hours)
(c)

(d)

1

(U/mL)

0.8
0.6
0.4
0.2
0
0

4

8

12
16
Time (hours)

30◦ C starch
39◦ C starch

20

24

28

45◦ C starch
30◦ C LB
(e)

Figure 2: Kinetics of amylase activity in the culture supernatants of five isolates (a) URX291, (b) URX303, (c) URX350, (d) UED 641, and
(e) UED644 in starch medium for 26 hours at 30 (diamonds), 39 (squares), 45◦ C (triangles), and in LB rich medium at 30◦ C (crosses).
n = 9. Vertical lines represent error bars.

UED644 (9.3, 8.8, and 6.0 fold induction over 30◦ C, resp.).
On the other hand, the induction for these isolates is less pronounced when they are switched from LB to starch at 39◦ C
(5.6, 4.1, and 4.5 fold induction, resp.). For isolates URX291
and UED641, the fold-induction for amylase production on
starch-containing medium at 30◦ C versus 39◦ C was 1.9 and
3, respectively.
The enzyme activities reported in this work are relevant
once compared to the activities available in the literature
and cited above, especially considering that no optimization
of the growth conditions has been performed for each
isolate. Furthermore, these results are of great interest in
other aspects, such as for the optimization of fermentation
procedure, protein purification, and microbial characterization. The knowledge of the induction kinetics regarding
substrate and temperature will allow the harvesting of the
largest amounts of protein, which is an important factor
regarding production and often a limiting step in protein

chemistry. Moreover, this information will be valuable for
enzyme production by SHO, considering that they can be
used in biotechnological processes.
3.4. SHO Identification. We believe that the São Paulo Zoo
OCU has the potential to host a large number of novels,
not yet described microorganisms, which could be useful
for hydrolytic enzyme search. In order to evaluate this possibility, we used two diﬀerent tools to identify the selected
amylolytic microbes and attribute at least genus level identification to each one of them. As a first screen, we generated
mass spectrometry profiles and compared them to the
Bruker Daltonics database using Biotyper software. Table 4
shows the results found by this technology. Five out of ten
microorganisms could not be identified because no similar
profiles were found in the database. Since the database is
composed roughly of 4000 entries from clinical origin, and
we are prospecting environmental microbes, this outcome is
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Table 4: Microorganism identification based on 16S gene sequence and protein profile by MALDI-TOF.
Isolate
URX291
URX303
URX336
URX350
URX356
URX377
URX379
UED487
UED641
UED644

Biotyper
Bacillus sp.
(−)
(−)
(−)
(−)
Arthrobacter sp.
Arthrobacter sp.
(−)
Acinetobacter sp.
Bacillus cereus

16S (SSU RNA)
Bacillus megaterium DSM319 (99%)
Bacillus safensis DSM 19292 (99%)
Bacillus subtilis CCGB:1266 (99%)
Enterobacter asburiae DSM 17506 (100%)
Solibacillus silvestris BCHCNZ317 (98%)
Arthrobacter arilaitensis RE117 (97%)
Arthrobacter arilaitensis RE117 (96%)
Isoptericola variabilis NBRC 104115 (99%)
Acinetobacter calcoaceticus DSM3000 (99%)
Bacillus cereus BCHMAC21 (98%)

Accession #
CP001982.1
JF798363.1
GU434357.1
HQ242717.1
GU188937.1
FQ311875.1
FQ311875.2
AB489221.1
X81668.1
GU188894.1

(−) no matches found in the Bruker Daltonics database.

not surprising. In order to validate MALDI-TOF results and
attempt positive identification of the unidentified isolates, we
conducted molecular identification by 16S gene sequencing
(Table 4).
All isolates showed high sequence similarities to 16S entries in the GeneBank and at Ribosomal Database Project
(RDP). URX 291, URX336, URX303, and UED644 have high
similarity sequences at species level to Bacillus megaterium
(99%), B. subtilis (99%), Bacillus safensis (100%), and
B. cereus (98%), respectively. Except for URX303 (B. safensis),
all isolates belonging to this genus have already been reported
as SHO, and all of them were reported as extracellular
producers and had at least alpha-amylase gene cloned and
expressed in heterologous system, [21, 25–27].
However, six isolates (URX350, URX356, URX377,
URX379, UED487, and UED641) showed similarity sequence to species that, either, have been described recently,
therefore have limited information regarding biological
properties (URX356 and UED487), or are well known, but
have never been associated with amylolytic activity
(URX350, URX377, UED641, and URX379).
URX377 and URX379 were both considered as Arthrobacter arilaitensis. To our knowledge this microorganism has
never been associated with this enzymatic activity. However,
Gratia et al. [28] demonstrated that Arthrobacter psychrolactophilu is an extremophile microbe capable of producing
extracellular amylases under low growth temperature, and it
is able to clarify wastewater containing starch and protein
at 10◦ C. Other isolates belonging to the Arthrobacter genus
have been reported as useful to bioremediation since they can
consume p nitrophenol [29].
Isolate UXR356 was identified by 16S sequencing as Solibacillus sylvestris, and no correlation between this species
and hydrolytic activity could be found in the literature
suggesting that this is novel information. Similarly, UED487
was identified as Isoptericola variabilis, which has not been
the target of many reports. However, another species in
the genus (Isoptericola jiangsuensis) has been associated with
chitin-hydrolyzing activity [30].
UED641 was identified as Acinetobacter calcoaceticus,
which has been reported as an exoenzyme producer [31].
However, since this species is considered an opportunistic

pathogen and explored under this perspective, it has not been
investigated for biotechnological applications.

4. Conclusions
In this paper, we describe 10 amylolytic bacterial strains
belonging to very diverse taxonomic groups, identified in
a collection of 387 microbes from São Paulo Zoo composting
unit, an exotic substrate that has never been prospected
before for hydrolytic microorganisms. The increment on
amylases activity, observed on the supernatant of five bacterial strains, showed strong induction in response to the
combination of starch and temperature (39◦ C) during a 26hour period, whereas the other five bacterial isolates did not
present such an induction. Initially, we asked the question
whether the São Paulo Zoo compost would be a suitable substrate for the discovery of novel hydrolytic microorganisms,
producing extracellular robust enzymes for biotechnological
application. The data presented demonstrates that not only
this is true, but also SHO isolated here shows a distinct
pattern of enzyme expression dependent upon substrate
induction and high temperature, which are interesting
aspects for enzymes aiming biotechnological application.
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