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ABSTRACT. Brazil is the third world largest maize producing country, 
and Paraná state is the second largest producer state of this essential crop 
in this country. The bacterial microbiota of cereal grains depends on the 
environment where they were grown, handled, and processed – and it 
can influence plant growth and food safety. The industrial enzymes 
market is rapidly increasing around the globe, and new producer 
microorganisms are in demand. Hydrolases correspond to 75% of all 
industrial enzymes. Considering the dearth of information about maize 
bacterial microbiota in Brazil and that this microbiota might produce 
hydrolases for degrading maize grains biomolecules, we examined the 
bacteria of maize grains within a region of Paraná state and looked for 
hydrolytic enzymes producers. Harvest leftover dried maize ears 
presenting rotting symptoms were collected from three different farms in 
two towns of the North Central region of Paraná state. The ears were 
threshed, and a grain portion of each ear was incubated in peptone water. 
Aliquots of this suspension were diluted and inoculated in nutrient agar. 
Individualized and morphologically diverse colonies were transferred to 
selective media containing starch, microcrystalline cellulose, skimmed 
milk, or triolein. Halo development around the bacterial colonies was 
representative of hydrolase production. Isolates (n = 137) presenting 
hydrolytic activity were stored, and their biochemical profile was 
analyzed. Fifty-five isolates that had unique biochemical characteristics 
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were chosen to be molecularly identified by DNA barcoding. A 
phylogenetic tree showed that most of the bacterial strains belonged to 
the phylum Proteobacteria, but some also were from the phyla 
Actinobacteria and Firmicutes. Some of the isolated species had already 
well-characterized enzymes. However, new producers were also found, 
including amylase producing isolate of Massilia timonae and a lipase 
producing isolate of Pantoea dispersa. 
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INTRODUCTION 
 
Maize (Zea mays) is originated in Central America, and it is an essential human food 

resource and livestock feed worldwide. This cereal is the second-largest crop in Brazil, only 
behind soybean.  In 2018/2019, maize production in Brazil is expected to reach 94.5 million 
metric tons, which makes Brazil the third largest world maize producer, only behind the United 
States and China (USDA, 2019). In Brazil, Paraná state alone is expected to produce 16.6 
million metric tons of maize in 2018/2019 (SEAB, 2019). In this state, 10 million metric tons 
will be produced in the North, Northwestern, and West regions (SEAB, 2019).  

Plant seed associated microorganisms contribute to germination, performance, and 
survival, but some are also involved in seed pathology (Nelson, 2018). However, the knowledge 
of the seed microbiota is far behind that of the root, rhizosphere, and leaves (Nelson, 2018). 
Although there are reports about bacteria present in seeds, roots, or rhizosphere in the East 
region of Paraná state, in other states in Brazil, and other parts of the world (Chelius & Triplett, 
2001; Johnston-Monje & Raizada, 2011; Ikeda et al., 2013; Niu et al., 2017; Silva et al., 2017), 
this data is missing in the North, Northwestern, and West regions of Paraná state. Considering 
the maize production and the unique characteristics of these regions in the Paraná state, such as 
humid subtropical climate, red latosol soil, and geographic position (latitude and longitude), it 
was assumed that maize grains in these regions have a particular microbiota.  

The maize nutritional importance is characterized by its high content in starch, protein, 
triacylglycerol, and fibers. Because of this, we have hypothesized that associated maize bacteria 
could produce hydrolytic enzymes to degrade those components. Microorganism’s 
bioprospecting for enzymes production is generally performed in substrate rich environments. 
Previous studies by our group isolated several fungi that were identified as new producers of 
hydrolytic enzymes from maize grains with rot symptoms (Abe et al., 2015).  

The global market for industrial enzymes is expected to reach nearly 6.2 billion dollars 
by 2020 (Singh et al., 2016). Microbial enzymes are preferred due to their stability, higher 
catalytic activity, and supply that is not affected by seasonal fluctuations (Gurung et al., 2013). 
Microorganisms grow abundantly on low-cost substrates and offer accessible culture 
optimization and genetic manipulation to increase enzyme production (Gurung et al., 2013). 
However, only about 200 microbial enzymes are used commercially, and only about 20 of them 
are produced on an industrial scale (Li et al., 2012). Therefore, this significant market is 
continuously looking for new microorganisms and their proteins. 

Almost 75% of all industrial enzymes are hydrolytic enzymes (Li et al., 2012; Gurung et 
al., 2013). Proteases represent over 60% of the enzymes global market (Adrio & Demain, 2014). 
Detergent alkaline proteases hold the largest commercial proteases segment, but they are also 
employed in the food and pharmaceutical industries, leather treatment, and bioremediation 
(Adrio & Demain, 2014). Amylases embody 25% of the worldwide enzyme commercialization 
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(Gurung et al., 2013). They are used in textile, brewery, bakery, chemical, and pharmaceutical 
industries and bio-ethanol production (Sun et al., 2010; Gurung et al., 2013). After proteases and 
amylases, lipases are the third enzyme group in terms of sales volume (Gurung et al., 2013). 
Lipases are used in the detergent, paper, and food industries, and effluent treatment and biodiesel 
production (Gurung et al., 2013). Finally, cellulases are sold in significant volumes and are 
applied to the food, fruit juices, paper, brewery, textile, and laundry industries and bio-ethanol 
production (Gurung et al., 2013).  

Considering the lack of information about bacterial microflora in maize grains in the 
main maize producing regions of Paraná state, we decided to study the bacterial flora associated 
with dried maize grains with rot symptoms collected as harvest leftover in Maringá and 
Marialva, two preeminent agricultural cities in the North Central region of the Paraná state, 
Brazil. We also examined the potential of these bacterial isolates for producing hydrolytic 
enzymes. 

MATERIAL AND METHODS 

Maize grain samples 
 
Harvest leftovers of dry maize ears containing grains presenting rotten symptoms, such 

as cracks, color change, mold infestation, or boring insect holes, were collected from three 
different locations. Damaged grains can often be more susceptible to microorganism 
degradation. The first two locations were the Iguatemi Experimental Farm and Irrigation 
Technology Center, both belonging to the Universidade Estadual de Maringá and located in the 
city of Maringá, Paraná, Brazil, with 40 and five hectares of maize cultivated area, respectively. 
The third location was a private farm, with 20 hectares of maize cultivated area, in the Marialva 
(MVA) municipality, also in Paraná, Brazil. After thrashing the maize ears (samples), the grains 
were treated with aerosol spray household insecticide (pyrethroids) and stored in paper bags at 
room temperature for about one month, until analysis. Each ear was called a “sample,” and 
seven-grain samples were collected: five from the Iguatemi Experimental Farm (FEI1, FEI2, 
FEI3, FEI4, FEI5), one from the Irrigation Technology Center (CTI), and one from the Marialva 
municipality farm (MVA).  

Bacterial isolates  
 
A subsample of grains (2.5 g) from each sample was incubated in 250 mL flasks 

containing 47.5 mL of sterile 0.1% (w/v) peptone water for one hour at 37°C, with orbital 
shaking at 100 rpm. Aliquots (100 L) of this suspension, pure or diluted 2 and 4 times, were 
spread on the surface of a 10-cm diameter Petri dish (triplicate) containing nutrient agar [3.0 g/L 
(w/v) yeast extract, 5.0 g/L (w/v) peptone, pH 8.0, 15 g/L (w/v) agar,] and malachite green (2.5 
μg/mL of media) to inhibit fast-growing fungi. The inoculated dishes were incubated for 16 h at 
37°C.  

Detection of enzymatic activity in solid media 
 
Individual bacterial colonies from the nutrient agar culture (about 160 isolates from each 

grain sample) were transferred with a toothpick to the specific substrate media plates. The dishes 
were inoculated with some 40 colonies, equidistantly (1 cm) placed from each other.  
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Protease producers were identified by casein hydrolysis in skimmed milk-agar [300 
mL/L of non-fat milk and 20 g/L agar] (Sarath et al., 1989). As the milk agar is opaque, the 
enzyme activity was revealed by a transparent degradation halo around the colonies after 24 - 48 
h of culture at 37°C. 

The bacterial isolates ability to degrade starch was used as a criterion to check for 
amylases production, using nutrient agar containing 2 g/L of soluble starch (Hankin & 
Anagnostakis, 1975). After cultivating the bacteria for 48 h at 37°C, the dishes were treated with 
5 mL of the iodine reagent [2% (w/v) KI; 0.2% (w/v) I2] for the remaining substrate detection. 
The amylase activity was detected by a transparent yellow halo around the bacterial colony 
(Hankin & Anagnostakis, 1975). 

 The lipolytic activity was evaluated in Rhodamine B medium [2.0% (v/v) olive oil; 
1.0% (v/v) Tween 80; 2 mg/L Rhodamine B; 0.5% (w/v) yeast extract; 0.3% (w/v) peptone; 
0.125% (w/v) tryptone; 4 g/L NaCl; pH 7.0; 15 g/L agar]. A Rhodamine B solution (2 mg/mL) 
was prepared in sterile water:absolute ethanol (1:1) and added into the medium after sterilization 
in autoclave and cooling to 60°C in the proportion of 1 L/mL of media (Jaeger & Kouker, 
1987). After incubation for 72 h at 37°C, lipase production was detected by a pink fluorescent 
halo around the colonies visualized under UV light (312 nm) in a transilluminator. 

A medium containing microcrystalline cellulose was used to determine cellulase activity 
production [7.0 g/L KH2PO4; 2.0 g/L K2HPO4; 0.1 g/L MgSO4·7H2O; 1.0 g/L (NH4)2SO4; 0.6 
g/L yeast extract; and 10 g/L microcrystalline cellulose (Sigmacell Type 20, Sigma-Aldrich, St 
Louis, MO, USA); pH 5.0; and 15 g/L agar]. After cultivating the isolates for 48 - 72 h, as 
described above, the dishes were incubated for 16 h at 50°C, since cellulases optimum 
temperatures are in this range. To visualize the hydrolytic halo, the dishes were revealed by the 
addition of 5 mL of the iodine reagent and distaining by several washes with distilled water 
(Kasana et al., 2008). 

Maintenance of the isolates 
 
Bacteria isolates that showed the ability to produce at least one hydrolytic activity 

and presented the most extensive halos (larger than 1.0 cm) were inoculated in nutrient agar 
slants and incubated for 24 - 48 h at 37°C. After growth, the cultures were stored at 4°C and 
room temperature. The same bacteria isolates were also inoculated in Luria Bertani medium 
(LB) [10 g/L tryptone; 5 g/L NaCl; 5 g/L yeast extract] and, after 14 h of incubation at 
37°C, under orbital shaking (100 rpm), the resulting cultures were added to sterile glycerol 
at a final concentration of 50% (v/ v) and stored at -20°C. 

Biochemical characterization of the isolates 
 
All stored isolates were stained by Gram and their morphology was evaluated under 

optical microscopy. Gram-negative and positive isolates were confirmed by culture at 37°C, 
for 24 h, in EMB agar (Eosin Methylene Blue) [10 g/L peptone; 10 g/L lactose; 2 g/L 
K2HPO4; 0.4 g/L eosin Y; 0.065 g/L methylene blue; 15 g/L agar]. EMB culture also 
indicated lactose fermentation. The isolates capacity to use glucose, lactose, or sucrose as a 
carbon source and to produce H2S and gas was verified by culture in Triple Sugar Iron 
slants (TSI) [0.3% (w/v) meat peptone; 0.3% (w/v) yeast extract; 2% (w/v) casein peptone; 
0.5% (w/v) NaCl; 1% (w/v) lactose; 1% (w/v) sucrose; 0.1% (w/v) glucose; 0.03% (w/v) 
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ammonium iron(III) citrate; 0.03% (w/v) sodium thiosulphate (Na2S2O3); 0.0024% (w/v) 
phenol red; 1.2% (w/v) agar]. The inoculated medium was incubated at 37°C for 18 to 24 h.  

The isolated bacteria were also cultured in Simmons citrate agar [0.02% (w/v) 
MgSO4∙7H2O; 0.02% (w/v) NH4H2PO4; 0.08% (w/v) sodium ammonium phosphate; 0.2% 
(w/v) tribasic sodium citrate; 0.5% (w/v) NaCl; 0.008% (w/v) bromothymol blue; 1.5% 
(w/v) agar] to verify their ability to use citrate as the main carbon and energy source. The 
inoculated slants tubes were incubated for 24 - 48 h at 37°C. 

The Sulfide, Indole, and Motility (SIM) medium [2% (w/v) tryptone; 0.61% (w/v) 
peptone; 0.02% (w/v) ammonium iron (II) sulfate hexahydrate ((NH4)2Fe(SO4)2·6H2O); 
0.02% (w/v) sodium thiosulphate, 0.35% (w/v) agar] was used to detect H2S and indole 
production, in addition to motility. The tubes were incubated for 24 - 48 h at 37°C. The 
indole production was evaluated by adding drops of the Kovacs Reagent [0.6% (w/v) p- 
dimethylaminobenzaldehyde and 3.2% (v/v) hydrochloric acid in ethyl alcohol] to the 
medium surface.  

Isolates of most considerable interest, regarding their enzyme profile, were further 
characterized to discriminate them better. For the Methyl Red (MR) and Voges-Proskauer 
(VP) tests, the isolates were inoculated in 2 mL of glucose broth [7 g/L peptone; 5 g/L 
KH2PO4; 5 g/L glucose; pH 7.0] for 24 h, without agitation, at 37°C. The MR test examined 
an aliquot of 1 mL of each culture by adding 4 - 5 drops of the methyl red solution [0.1 g 
methyl red, 800 mL of ethanol 35%]. The MR test determines stable acid production. 
Another aliquot of 1 mL of the culture was inspected by the VP test by the addition of 600 
L of 5% (w/v) alpha-naphthol in absolute ethanol and 200 L of 40% (w/v) KOH. The VP 
test detects acetyl methyl carbinol production. To test the use of urea by the selected 
isolates, they were inoculated and cultured for 18 h at 37°C in agar urea [1 g/L glucose; 1 
g/L peptone; 2 g/L KH2PO4; 5 g/L NaCl; 0.012 g/L phenol red; 20 g/L agar; pH 6.8; urea 
was added after autoclaving and cooling to 60°C to a final concentration of 0.4 % (w/v)]. 
The selected isolates were also subjected to fermentation tests with single sugars. Samples 
were inoculated in specific sugar broth [5 g/L peptone; 5 g/L NaCl; 0.018 g/L phenol red; 
10% (w/v) of one of the following sugars: glucose, lactose, raffinose, sucrose, or mannitol; 
pH 7.4]. The culture was performed in tubes with 10 mL of the liquid medium containing an 
inverted Durham tube inside, for 18 - 24 h, at 37°C.  

The general and specific biochemical results were analyzed by ABIS online 
program (http://www.tgw1916.net/bacteria_abis.html) and classification tables (Holt, 1994).  

Molecular identification of the selected isolates 
 
The isolates were grouped according to the biochemical tests results. One or two 

isolates from each group and out-group isolates were chosen for DNA barcoding 
identification. The strains were selected to meet the most significant number of different 
species. For the DNA extraction, the isolates were inoculated in 5 mL of LB medium and 
incubated for 18 h, at 37°C under orbital stirring at 100 rpm. Cells from 1.5 mL of this 
culture were harvested by centrifugation and washed three times with 500 L TE buffer (10 
mM Tris; 1 mM Na2EDTA; pH 8.0). Then, cells were resuspended in 200 L of TE buffer 
and boiled for 10 min. The obtained lysate was centrifuged for 1 min (10,000×g), and the 
supernatant obtained was used as the DNA source and stored at -20°C. Bacterial isolates 
that did not grow in LB liquid medium were inoculated in solid medium (LB or nutrient 
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agar) and cultured at 30 or 37°C for 24 - 72 h. The obtained colonies were suspended in 1.0 mL 
of nutrient broth. The cells were collected by centrifugation (9,000×g, 2 min) and treated as 
described above.  

PCR was carried out for the 16S rRNA partial gene amplification, using the universal 
primers 91E (5´-GGAATTCAAAKGAATTGACGGGGGC) and 13B (5´-
CGGGATCCCAGGCCCGGGAACGTATTCAC) (Relman, 1993), which amplify a 440 bp 
fragment from positions 930 to 1370 of the Escherichia coli 16S rDNA.  

The PCR was performed with 1 U of Platinum® Taq DNA Polymerase (Thermo Fisher 
Scientific, USA), 1 X enzyme buffer, 1.5 mM MgCl2, 0.2 mM of each dNTP, 25 pmol of each 
primer, and 2 L of the DNA solution, in a total volume of 25 µL. The PCR consisted of an 
initial incubation of 3 min at 95οC and 25 cycles of 1 min at 94ºC, 1 min at 55ºC, and 2 min at 
72ºC. Then, the samples were incubated at 72ºC for 10 min for the complete extension of the 
fragments. The amplicons were cleaned by the ExoSAP-IT PCR Clean-up Kit (GE Healthcare, 
USA), following the manufacturers protocol. Alternatively, a double-volume PCR reaction was 
run in a 1.0% agarose gel and the PCR product was cleaned from the gel by the Wizard® SV 
Gel and PCR Clean-Up System (Promega, USA), following the manufacturer’s protocol. The 
obtained amplicons were sequenced in the Centro de Estudos do Genoma Humano (CEGH) at 
the Universidade de São Paulo (USP), Brazil. Each amplicon was sequenced once using the 13B 
primer in the sequencing reaction. After trimming at 5′ and 3′ extremities, the resulting 
sequences were compared with sequences deposited in databanks. All 16S rRNA partial gene 
obtained sequences were deposited in GenBank, and the accession numbers are listed in Table 1. 
The identification was considered only at the genus level when the identity was high for several 
species or lower than 98% for all found species. 

To evaluate the identified bacteria phylogenetic distances, the 16S-rDNA obtained 
sequences (388 to 393 bp) were aligned by ClustalW, and the alignment was used to build a 
phylogenetic tree with the Neighbor-Joining method by the MEGA 7.0 program (Kumar et al., 
2016). Bootstrap analyses were conducted to assess the confidence limits of the branching with 
1000 heuristic replicates. Values higher than 70% in the bootstrap test of phylogenetic accuracy 
have indicated a reliable grouping among bacterial isolates. The pairwise deletion was used to 
remove gaps because their complete removal could eliminate a large part of phylogenetically 
meaningful sites. The evolutionary distances were computed by the maximum composite 
likelihood method and the number of base substitutions per site. The grouping was also 
performed using other methods, such as maximum parsimony, minimum evolution, and 
UPGMA with similar results. 

RESULTS 

Maize samples and bacterial isolates 
 
Maize grains samples FEI1 and FEI2 did not yield bacterial colonies. The maize 

samples FEI3, FEI4, FEI5, CTI, and MVA rendered many colonies on nutrient agar in all tested 
dilutions. However, the highest dilutions were the best to obtain isolated colonies. One hundred 
and thirty-seven isolates that produced the most extensive hydrolytic clear or fluorescent halos in 
the selective media were stored.  

Identification of the isolates 
 
The DNA barcoding identified strains are shown in Table 1 and Figure 1.  
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Table 1. DNA barcoding identified bacterial isolates from maize grains and hydrolytic enzyme production. 
 

Isolate Species GenBank 
AN  

GenBank AN of similar sequences  
(% of identity) P A L C 

FEI3 11 Klebsiella variicola MH819801 CP012426.1,  MF179616.1 (100%)    X 
FEI3 33 Pseudomonas putida MH819802 MF079266.1, KY849572.1 (100%) X    
FEI3 40 Pseudomonas putida MH819803 MF079266.1, KY849572.1 (100%) X    
FEI3 53 Klebsiella variicola MH819804 MH111590.1, KY856926.1 (100%)   X  
FEI3 62 Stenotrophomonas maltophilia MH819805 MH179323.1, KY933291.1 (100%) X    
FEI4 3 Klebsiella variicola  MH819806 MH111590.1, KY856926.1 (100%)    X 
FEI4 6 Stenotrophomonas maltophilia MH819807 MH179323.1, KY933291.1 (100%) X  X  
FEI4 13 Stenotrophomonas maltophilia MH819808 MH179323.1, KY933291.1 (100%) X  X  
FEI4 16 Ochrobactrum sp. MH819809 KX822680.1, FJ603030.1 (100%) X    
FEI4 49 Stenotrophomonas maltophilia MH819810 MH179323.1, KY933291.1 (100%) X  X  
FEI4 65 Pantoea dispersa MH819811 MG923542.1, LT969731.1 (100%) X  X  
FEI4 92 Stenotrophomonas maltophilia MH819812 MH179323.1, KY933291.1 (100%) X    
FEI4 106 Bacillus sp. MH819813 MH337993.1, KY860723.1 (100%) X    
FEI4 107 Stenotrophomonas maltophilia MH819814 MH179323.1, KY933291.1 (100%) X    
FEI4 108 Stenotrophomonas maltophilia MH819815 MH179323.1, KY933291.1 (100%) X    
FEI4 119 Isoptericola sp. MH819816 KX034605.1, KY939565.1 (98%) X    
FEI5 8 Klebsiella variicola MH819817 MH111590.1, KY856926.1 (100%)   X  
FEI5 63 Klebsiella variicola MH819818 MH111590.1, KY856926.1 (100%)   X  
FEI5 87 Klebsiella oxytoca MH819819 KY614353.1, MF289236.1 (100%) X X   
FEI5 89 Klebsiella variicola MH819820 MH111590.1, KY856926.1 (100%)    X 
FEI5 117 Klebsiella oxytoca MH819821 KY614353.1, MF289236.1 (100%)  X  X 
FEI5 124 Enterobacter cloacae MH819822 MF471480.1, KY495207.1 (100%)    X 
FEI5 127 Klebsiella variicola MH819823 MH111590.1, KY856926.1 (100%)    X 
FEI5 139 Sphingomonas sp. MH819824 FR750304.1, DQ145741.1 (99%) X  X  
FEI5 141 Staphylococcus hominis MH819825 MH201347.1, KY992547.1 (100%) X  X  
FEI5 145 Klebsiella variicola MH819826 MH111590.1, KY856926.1 (100%) X  X  
FEI5 146 Ochrobactrum sp. MH819827 KX822680.1, FJ603030.1 (100%) X  X  
FEI5 151 Staphylococcus hominis MH819828 MH201347.1, KY992547.1 (100%) X  X  
FEI5 152 Stenotrophomonas maltophilia MH819829 MH179323.1, KY933291.1 (100%) X  X  
FEI5 153 Modestobacter sp. MH819830 KY510681.1, FM995613.1 (98%)    X 
FEI5 157 Burkholderia sp. MH819831 LC385678.1, MF464547.1 (99%) X  X  
FEI5 159 Stenotrophomonas maltophilia MH819832 MH179323.1, KY933291.1 (100%) X  X  
CTI 13  Klebsiella variicola MH819833 CP013985.1, CP001891.1 (100%) X   X 
CTI 14 Klebsiella variicola MH819834 MH111590.1, KY856926.1 (100%)  X  X 
CTI 15 Klebsiella oxytoca MH819835 KY614353.1, MF289236.1 (100%)  X X X 
CTI 16 Klebsiella oxytoca MH819836 KY614353.1, MF289236.1 (100%)  X  X 
CTI 20 Klebsiella oxytoca MH819837 KY614353.1, MF289236.1 (100%) X X  X 
CTI 37 Klebsiella oxytoca MH819838 KY614353.1, MF289236.1 (100%)  X  X 
CTI 38 Enterobacter cloacae MH819839 MF471480.1, KY495207.1 (100%)    X 
CTI 39 Klebsiella oxytoca MH819840 KY614353.1, MF289236.1 (100%) X X  X 
CTI 40 Klebsiella variicola MH819841 MH111590.1, KY856926.1 (100%)  X  X 
CTI 47 Klebsiella oxytoca MH819842 KY614353.1, MF289236.1 (100%)  X   
CTI 49 Klebsiella variicola MH819843 CP012426.1, MF179616.1 (100%)    X 
CTI 57 Massilia timonae MH819844 KM187207.1, JX566630.1 (99%) X X   
CTI 60 Klebsiella variicola MH819845 CP012426.1,  MF179616.1 (100%)  X  X 
CTI 63 Klebsiella oxytoca MH819846 KY614353.1, MF289236.1 (100%)  X   
CTI 64 Klebsiella oxytoca MH819847 KY614353.1, MF289236.1 (100%)  X  X 
CTI 70 Bacillus sp. MH819848 MF418036.1, KY860716.1 (100%) X    
CTI 79 Klebsiella variicola MH819849 CP012426.1, MF179616.1 (100%)    X 
CTI 83 Klebsiella oxytoca MH819850 KY614353.1, MF289236.1 (100%)  X  X 
CTI 92 Klebsiella oxytoca MH819851 KY614353.1, MF289236.1 (100%)  X  X 
CTI 94 Klebsiella variicola MH819852 CP012426.1, MF179616.1 (100%) X  X  
CTI 96 Klebsiella oxytoca MH819853 KY614353.1, MF289236.1 (100%) X    
MVA 26 Klebsiella variicola MH819854 CP012426.1, MF179616.1 (100%)   X  
MVA 35 Klebsiella variicola MH819855 CP012426.1, MF179616.1 (100%)   X  
P – Protease, A – Amylase, L – Lipase, C – Cellulase. 
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made with the MEGA 7.0 program (Kumar et al., 2016).
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fingerprinting by terminal restriction fragment length polymorphism. Regarding maize roots 
bacteria diversity in an Agricultural Research Station in the United States, Chelius &Triplett 
(2001) have found a predominance of Actinobacteria by culture technique and -
Proteobacteria within a constructed clone library. Actinobacteria and Proteobacteria were 
also the dominating phyla in the rhizosphere and bulk soil of two maize lines differing in 
nitrogen use efficiency in Central Italy (Pathan et al., 2015).  

From the 13 different bacterial genera found in maize grains in this work, the vast 
majority was already shown to occur in this substrate in Central and North America, such as 
the genera Klebsiella, Sphingomonas, Bacillus, Pantoea, Staphylococcus, 
Stenotrophomonas, Enterobacter, Burkholderia, and Pseudomonas (Chelius & Triplett, 
2001; Johnston-Monje & Raizada, 2011). Ikeda et al. (2013) have only found the genera 
Pantoea, Bacillus, Burkholderia, and Klebsiella to occur in commercial maize seeds from 
the east region of the Paraná state, indicating a higher diversity of bacteria associated with 
maize grains in the North Central part of the same state (this work). The occurrence of the 
genera Massilia and Ochrobactrum have been reported in maize roots and rhizosphere (Niu 
et al., 2017; Silva et al., 2017). The occurrence of Modestobacter and Isoptericola genera 
isolates have not been described yet in maize grains. However, the appearance of 
Modestobacter sp. has been described in rice roots (Hernández et al., 2015) as well as the 
occurrence of Isoptericola sp. in the rhizosphere of cucumber and mangrove plants 
(Kämpfer et al., 2016; Bibi et al., 2017). As our maize samples were in soil contact when 
collected, it may have been contaminated by these soil-related bacteria.  

The finding of Bacillus sp. strains as proteases producers (Table 1) is not surprising, 
because the Bacillus genus is vastly reported in the literature as a significant protease 
producer and most of the neutral and alkaline commercial proteases are obtained from it 
(Singh et al., 2016). Additionally, the proteases of the species Stenotrophomonas 
maltophilia, Pseudomonas putida, Klebsiella oxytoca, and Pantoea dispersa, identified in 
this work as proteases producers (Table 1), have already been characterized (Tondo et al., 
2004; Nicodème et al., 2005; Gohel et al., 2007; Ribitsch et al., 2012). With respect to the 
genera Burkholderia, Staphylococcus, and Ochrobactrum, the proteases of the species 
Burkholderia pseudomallei, Staphylococcus aureus, Staphylococcus epidermidis, and 
Ochrobactrum anthropi were also characterized (Bompard-Gilles et al., 2000; Shaw et al., 
2004; Chin et al., 2007; Martínez-García et al., 2018). Despite the production of proteases 
by the genera Isoptericola, Massilia, and Sphingomonas being also described in the 
literature (Lindquist et al., 2003; Willsey & Wargo, 2015, Bibi et al., 2017), none has been 
studied so far, and this is the first report about the species Staphylococcus hominis and 
Massilia timonae as protease producers (Table 1). 

Bacteria can use starch as an energy source. However, amylase production by 
bacteria varies across genera and species. Fewer bacterial genera have been shown to 
produce amylases in this work (Table 1), such as the genera Bacillus (Gurung et al., 2013), 
which explains, at least in part, the lower number of producing species, in comparison with 
the other studied hydrolases (Table 1). The species K. variicola is described as a plant 
endophyte and is much related to the human isolates of Klebsiella pneumoniae, with some 
strains sharing more than 95% of genome identity (Chen et al., 2016). K. pneumoniae is a 
known producer of cyclodextrin glucanotransferase, which can degrade starch and 
synthesize -cyclodextrin (Sun et al., 2010), and a recombinant pullulanase from K. 
variicola has been characterized (Chen et al., 2013). Both cyclodextrin glucanotransferase 
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and pullulanase belong to the -amylase family. Species of the genus Massilia are not 
known as amylase producers, but are supposed to produce amylases because they were 
shown to use starch to build polyhydroxyalkanoates, which are biodegradable and 
biocompatible with hydroxycarboxylic acid polyester (Cerrone et al., 2011).  In fact, in 
subsequent work in our laboratory, a recombinant cyclodextrinase from M. timonae CTI 57 
has been produced and characterized (Santos & Barbosa-Tessman, 2019). 

Few species of bacteria are described as good producers of lipolytic enzymes; but 
the Burkholderia lipase, for instance, is commercially available (Gurung et al., 2013). Also, 
lipase production by S. maltophilia is well documented, and an enzyme has been fully 
characterized (Li et al., 2016). Because of this, it is not surprising that among the lipolytic 
enzymes producing bacterial isolates from maize grains, the majority were S. maltophilia 
and Burkholderia sp. (Table 1). Lipase production by S. hominis and by Ochrobactrum 
intermedium has been reported (Zarinviarsagh et al., 2017; Behera et al., 2019), which 
validates our results of lipase production. Although isolates of the genus Klebsiella have 
been shown to produce lipase in bioprospection studies (Mazzucotellii et al., 2013), none 
has been studied in detail, and the production of lipase by the K. variicola species is a new 
finding. Although P. dispersa and Sphingomonas sp. have been reported to produce esterase 
(Zhang & Birch, 1997; Dachuri et al., 2018), the report of lipase production is a new 
finding. In a following work by our group, the P. dispersa FEI4 65 isolate was shown to 
produce lipase and esterase in liquid medium and two esterase genes from this isolate were 
cloned and expressed in E. coli and the produced enzymes were characterized (Martim & 
Barbosa-Tessmann, 2019).   

There are many cellulase-producing genera of aerobic and anaerobic bacteria, 
which are widely distributed in nature (Kuhad et al., 2011). The majority of the isolates of 
K. variicola and K. oxytoca identified to produce cellulases were also found to produce 
amylase, indicating their involvement with glycan polymers breakdown (Table 1). Cellulase 
production by Klebsiella genus isolates and E. cloacae is well described in the literature, 
and some of them have latterly been characterized (Attigani et al., 2016; Akintola et al., 
2017). The bacterial genera Klebsiella and Enterobacter belong to the Proteobacteria 
phylum and, in agreement with our results, Pathan et al. (2015) found a high content of 
Proteobacteria β-glucosidase genes and -glucosidase activity in the rhizosphere of two 
maize lines differing in nitrogen use efficiency. Cellulase production by the Actinobacteria 
Modestobacter has not been reported untill now, although bacterial genera from the phylum 
Actinobacteria have been involved in cellulase production and bioenergy application 
(Lewin et al., 2016). 

CONCLUSIONS 
 
This study employed a culture-dependent approach to isolate bacteria from maize 

grains presenting rotting symptoms. Fifty-five strains of bacteria were isolated, and DNA 
barcoding and phylogenetic studies showed the population diversity. The majority of the 
isolates belonged to the phylum Proteobacteria; however, isolates from the phyla 
Actinobacteria and Firmicutes were also found. The isolates belonged to 13 different 
genera. The potential of the bacteria isolates for producing amylase, lipase, cellulase, and 
protease was tested in solid media, and several producers were found. The enzymes from 
some of the isolated species had already been purified and characterized. Some species were 
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described as producers for the first time, for instance, S. hominis and M. timonae as protease 
producers, M. timonae as an amylase producer, K. variicola, Sphingomonas sp., and P. 
dispersa as lipase producers, and Modestobacter sp. as a cellulase producer. 
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