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Cellulose degrading bacteria isolated from industrial samples
and the gut of native insects from Northwest of Argentina

Adriana P. Manfredi'?, Nora I. Perotti'2 and Maria A. Martinez'?

' PROIMI Planta Piloto de Procesos Industriales Microbiolégicos, CONICET, Tucuman, Argentina
2 Facultad de Ciencias Exactas y Tecnologia, Universidad Nacional de Tucuman, Tucuman, Argentina

The raw materials used to produce bioethanol mostly are food crops, which has led to conflicts on
food security. It is, therefore, recommended the gradual replacement for second generation
substrates such as lignocellulosic materials. Herein, cellulolytic bacteria were isolated from the
gut content of native larvae from Lepidoptera, Coleoptera, and adults of Isoptera. Few environmental
samples from the pulp and paper feedstock were also assessed. A total of 233 isolates were
obtained using enrichment cultures and classic criteria. Interestingly, several halo-forming
colonies were found to be bacterial consortia that presented difficulties to take apart the
microbial members. Those pure isolates which hydrolyzed cellulose in larger extend (45 strains)
were selected and identified by means of 16S rRNA sequence analysis. Firmicutes was the prevalent
phylum (62.2%) being Bacillus spp. the most frequent genus, while Paenibacillus, Brevibacillus,
Cohnella, and Staphylococcus species were less frequent. The phylum Actinobacteria (6.7%) was
represented by isolates related to Agromyces spp. and Microbacterium spp. Regarding Gram-negative
bacteria (31.1%), the more depicted genus was Pseudomonas spp., and members of Achromobacter
spp., Enterobacter spp., and Bacteroidetes phylum were also selected. These native bacterial strains
are expected to enlarge the cellulolytic toolbox for efficient biomass deconstruction.
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Introduction

Enzymatic hydrolysis of lignocellulosic material is a
major bottleneck toward the development of industrial
feasible processes for bioethanol production from
resources that do not compete with food crops [1]. Our
understanding of the degradation of lignocellulosic
material is still limited because of the vast diversity of
organisms present in most cellulose degrading environ-
ments, the diverse strategies that display in order to
deconstruct vegetal biomass and the inability to culture
most of them |2, 3]. Thus, the description and character-
ization of new microorganisms and/or enzymes able to
degrade efficiently the plant biomass is critical to
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contribute to the development of viable processes and
to deepen the understanding of such processes.

Microbial species able to achieve the deconstruction of
plant cell wall produce an extensive repertoire of
enzymes targeting the numerous linkages present in
this composite structure. This is commonly produced by
multiple microorganisms with complementary capabil-
ities [2, 4]. These features have been assessed by using
various approaches, such as the selection of microbial
consortia able to efficiently degrade plant biomass [5, 6];
by the development of recombinant organisms [1, 7]; or
by means of massive sequencing projects [8, 9]. In this
context, Bacteria are being extensively considered as a
source of novel cellulases due to their higher growth
rate and their extensive repertoire of glycoside
hydrolases [10—12]. Despite the inability to culture most
of the microorganisms present in cellulose degrading
environments, the isolation of pure strains allow to a
better understanding of the metabolic behavior of
microorganisms of interest.
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With the aim to isolate a variety of efficient
cellulolytic bacteria, over 200 pure isolates were
recovered from gut samples of locally collected insects
and from sugarcane associated facilities.

Materials and methods

Samples used for bacteria isolation

Gut samples. They were obtained from phytophagous
and xylophagous insects. The guts were dissected from
larvae of Lepidoptera — Spodoptera frugiperda and Diatraea
saccharalis — Coleoptera (wood-feeding beetle); and adult
termites (Isoptera). S. frugiperda are leaf eaters and
constitutes a corn plague in Argentina and were kindly
provided by Dr. Virla. D. saccharalis, also known as
sugarcane borer, is responsible of economic damage in
sugar cane fields in Northwest of Argentina. Larvae of
wood-feeding beetle and termites were also collected
from regional plagued wood.

Adult insects and larvae collected were externally
sterilized with 70% ethanol and dissected. Up to eight
individual gut of each sample were pooled and crushed
into a 50-ml screw-cap disposable tube containing 10 ml
of 0.9% (wl/v) sterile sodium chloride (saline solution).

Environmental samples. Samples of biological liquor
from bagasse processing were collected from a paper
mill in Tucuman, Argentina (26°56'47”S 65°22/16"W).
The treatment of bagasse fibers is performed in
compacted sugarcane bagasse piles of 45-50m high
and a base of approximately 150-200. Samples of
recirculating liquor were taken from the draining
channels at several points at the base of the piles.

Culture media

The culture media used were (i) DTSB, contained g/1: soy
tryptone 8.5, glucose 1.25, NaCl 2.5, and K,HPO, 1.25; (ii)
DNB containing in g/l: beef extract 1.5 and peptone 2.5;
(iii) modified VL70 — mVL70 — was used [13]. It was
composed in g/l: 3-[N-morpholino] propanesulfonic acid
2.09, MgSO, 0.024, CaCl, 0.035, (NH4),HPO, 0.052,
KH,PO, 0.052, and yeast extract 0.1. The pH was
adjusted to 7.0 with a solution of 200 mM NaOH and
100mM KOH. Carboxymethyl cellulose (CMC low
viscosity, Sigma), milled bagasse, Avicel cellulose
(Sigma—Aldrich) were the carbon sources added at a
final concentration of 10 g/l. Sugarcane bagasse (SCB) was
collected from a local sugar—alcohol mill (Tucumadn,
Argentina), air-dried and milled to pass through a
20 mesh sieve. Also, NaOH-pretreated SCB was prepared
using a 2% (w/v) NaOH solution and a solid loading of
10% and treated into an autoclave at 121 °C during 1 h.
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The solid fraction was filtered (500 mesh), and washed
with hot water (c.a. 90°C) until pH 6-7. All the solids
were oven-dried at 85°C and stored.

Enrichment and isolation of cellulose-degrading
bacteria

One milliliter of each well-blended gut sample or 1 ml of
draining liquor of bagasse processing were inoculated
within 12 h of collection into 125ml flasks containing
20 ml culture media and incubated with orbital agitation
(150 rpm) at 30 °C. All flasks contained a filter paper strip
(Whatman N° 1) of 1 x 2cm. Sterile controls medium
were incubated. Growths from each flask were trans-
ferred weekly to fresh medium during 6 weeks (seed
volume of 10%, v/v). Aliquots (100 pl) from 2, 4, and 6
weeks-old enrichment cultures were processed for
isolation. The samples were serially diluted (10~'—
10™°) using sterilized saline solution 0.9% (w/v) NaCl
and aliquots of 100l were streaked onto cellulose
Congo-Red agar [14] (containing g/l: KH,PO,4 0.5, MgSO,
0.25, carboxymethyl cellulose 2, agar 15, Congo-Red 0.2,
gelatin 2; pH 6.8-7.2) and incubated at 30 °C. To ensure
isolation, single colonies were picked, re-streaked onto
solidified DTSB (agar 1.6%, wiv) and carefully checked for
homogeneous morphology using 40x magnification
(Olympus CX31 optical microscope). The colonies were
evaluated to ensure purity by means of the observation
of texture, color, brightness, margins, and convexity.

Enzyme assays

Semi-quantitative assessment was performed over col-
onies showing significant hydrolysis halos according to
the ratio between diameter of the halo plus the diameter
of the colony and the diameter of de colony.

Filter paper enzymatic activity (FPase) and endoglu-
canase (B 1-4 endoglucanase, E.C. 3.2.1.4) activity were
determined by measuring the amount of reducing
sugars released from filter paper and amorphous
cellulose, respectively, using the dinitrosalicylic (DNS)
method [15] as is described below. To evaluate endoglu-
canase activity, isolates were grown in 20ml of DTSB
amended with 10 g/l CMC. Incubation was performed at
30°C and 150 rpm. After 2—-5 days of incubation period,
which varied for the different isolates, cultures were
centrifuged (10,000xg, 10min, 4°C) and the extracel-
lular crude extract was used as enzyme source for
activity measurements and zymographic analysis. Cel-
lular pellets were kept at —20°C for DNA extraction.
Endoglucanase was assayed incubating 0.05ml of
extracellular crude extracts with 0.45ml of 100 mM
sodium phosphate buffer (pH 6.5) containing 2% (w/v)
CMC low viscosity (Sigma). After 30 min of incubation at
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50 °C, reactions were stopped by adding 0.50 ml of 3, 5-
dinitrosalicylic acid reagent [14]. Identical procedure was
followed for the determination of xylanolytic activity
(using 1% (wlv) birchwood xylan-Sigma as substrate).

Qualitative filter paper activity of all isolates was
evaluated as total cellulolytic potential in 100 ml flasks
containing 20 ml of mVL70 medium including a What-
man N° 1 filter paper strip (1 x 2 cm). The cultures were
incubated at 30 °C and 150 rpm for a maximum of 7 days
and checked daily for evidence of filter paper degrada-
tion. The strains capable of degrading filter paper were
selected for further quantitative analysis. This was
performed incubating 0.05ml of enzymatic crude
extract with a strip of Whatman N° 1 FP (1 x 6cm) in
0.45ml of sodium phosphate buffer (pH6.5). The assays
were carried out at 50°C for 60 min. Reducing sugars
released were determined with the DNS reagent as
described above.

One international unit (IU) of enzymatic activity (FPase,
CMCase, and xylanase) was defined as the amount of
enzyme thatreleases 1 pmol of reducing sugars (measured
as glucose) per milliliter per minute under the described
conditions. All samples were analyzed in triplicate and
mean values and standard deviation were calculated.

For zymographic analysis, extracellular crude enzyme
samples were loaded on 12% non-denaturing polyacry-
lamide gels (ND-PAGE). After electrophoresis, gels were
incubated at 30°C for 30min in substrate buffers of
100 mM sodium phosphate buffer (pH 6.5), containing
1% (wlv) CMC, and stained with 0.1% (w/v) Congo Red
solution. After at least two washes with 1 M NaCl during
15 min were performed until visualization of clear bands
of enzyme activity, apparent molecular weight was
estimated using an adequate marker (HMW-GE Health-
care, 669—-66kDa), which was revealed by the silver
staining method.

DNA isolation and 16S rRNA gene amplification and
analysis

The Cetyl trimethylammonium bromide (CTAB)
method [16] was used for the genomic DNA isolation
of selected strains from the reserved cellular pellets
(Enzyme assays). Genomic samples were used to amplify
the 16S rRNA genes using universal primers F27, and
R1492 [17]. Also, R907 (5'CCGTCAATTCCTTTGAGTTT3)
and R518 (5 ATTACCGCGGCTGCTGG3') were used. The
reaction mixture, on a final volume of 25 pl, contained
5pl of 5x polymerase buffer, 0.5uM of each primer,
200 uM of dNTPs, and 1U of Go-Tag DNA polymerase
(Promega, USA). The reaction was run on a Mastercycler
Gradient (Eppendorf, Germany), using the following
cycle: 94 °C 4 min, 30 cycles of 45s at 94°C, 45s at 55°C,
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and 90s at 72°C, with a final extension of 7 min at 72 °C.
Amplification products were then checked to confirm
size and quality by submerged electrophoresis in 0.8%
(wlv) agarose gels stained with Gel RedTM (Biotium).

Sequences were obtained by direct sequencing from
Macrogen facilities (Macrogen, Korea). The reads
obtained were edited and individually inputted online
into the EZ taxon server [18] and through the nucleotide
blast tool (http://blast.ncbi.nlm.nih.gov/) to identify the
most related genera of the isolates. All sequences were
recorded in public databases under the accession
numbers FJ976043.1 (GenBank), LN829557-LN829597,
and LN832405-LN832407 (European Nucleotide
Archive).

Results

Enrichment and isolation of cellulolytic bacteria

In order toaugment the framework of cellulose-degrading
bacteria, an enrichment-isolation procedure from the
samples was performed. Samples were inoculated into
different media — DNB and DTSB, and mVL70 —within the
12 h of collection to increase bacterial recovery [13, 19].
Enrichment cultures at pH values around neutrality (pH
7.0 = 1) were incubated aerobically at 30 °C since aerobic
and facultative anaerobic microbes also occur in insect
guts [20]. As aresult, bacterial growth (ODgoonm > 0.9) was
observed in diluted nutritive media amended with SCB,
Avicel, and CMC. On the contrary, cultures into the
mineral based medium mVL70 + SCB showed poor growth
(ODgoonm < 0.5). Aliquots of enrichment cultures were
harvested at intervals of 2 weeks and streaked onto
cellulose plates containing Congo Red. This dye stains the
agar media containing CMC and produces clear areas
where this substrate was degraded, providing a rapid and
sensitive screening test to evaluate the cellulolytic
potential of bacteria. After 72-96h of incubation at
30°C, colonies showing significant hydrolysis halos (ratio
between diameter of the halo plus the diameter of the
colony and the diameter of de colony >2.5mm) were
isolated (Fig. 1). The colony morphology of each isolate was
carefully checked to ensure the recovery of pure cultures.
It was noticeable that several colonies producing hydrol-
ysis halo contained bacterial consortia instead of single
strains. Thus, efforts to retrieve pure cultures required
several sub-cultivations of single colonies and as aresult, a
total of 233 pure isolates were obtained.

The isolated cellulolytic strains were mainly recovered
from microbial enrichments developed in mVL70, which
presented scarce bacterial development as was men-
tioned. It was noticeable that mVL70 with SCB as carbon
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Figure 1. Zone of clearance on cellulose obtained after 48 h of incubation onto Congo Red agar plates from enrichments cultures. The
formation of clearing zone around the colonies was indicative of the production of extracellular cellulases.

source produced 42.1% of all cellulolytic isolates, while
mVL70 amended with CMC produced only 6.4% of them
(Fig. 2A).

Screening of cellulolytic activity in culture
supernatants

The growth observed of most of the isolates into mineral
based media was frequently poor, reaching ODggonm
< 0.5. Hence, all isolates were grown in DTSB amended
with CMC 10gl™! to maximize biomass growth for
enzyme activity detection and incubated during 2-5
days. Most of the 233 isolates displayed poor extrac-
ellular B-1,4-endoglucanase activity. As is shown in
Fig. 2B, 13.3% of all strains displayed enzymatic
activities (EA) ranging from 0.10 to 1.30[Uml '. Mild
evidence of filter paper (FP) degradation was observed in
4.3% of the total isolates, whereas only 1.7% showed

A
‘)

24,5

M MmVL70+5CB
EDTSB +CMC
I DNB+CMC

& DNB+Avicel

W mVL70+CMC

both, enzyme activity with FP as substrate (>0.1IUml %)
and clear visual evidence of FP degradation. It was
unexpected that FPase activity was not quantifiable by
means of the DNS method, although similar observa-
tions were previously reported [21]. Moreover, it was
striking to observe that some of our isolates do not
exhibit this capability permanently, yet some of them
(e.g., Bacillus sp. AR0O3 and Bacillus sp. AR491) were able to
produce extensive clarification of NaOH-pretreated SCB
(Pisa H., personal comm.). These observations will
require further assays in order to be appropriately
explained.

As a result, 45 pure isolates were selected for further
characterization on the basis of different colony
morphology, evidence of FP degradation, which is
reported here qualitatively, and/or endoglucanase activ-
ity >0.10IUml ! (Table 1).

HEA
M P degradation

u EA+FP degradation

Figure 2. Distribution of the 233 cellulose degrading pure cultures isolates obtained (A) according to the different enrichment media utilized and
(B) conforming to the cellulolytic activity evaluated. EA, enzymatic activity; FP, filter paper.
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Figure 3. Taxonomic distribution of the 45 isolates selected on the basis of their cellulolytic potential.

Description of pure isolates

Firmicutes. Most of the 45 selected isolates were rods of
different lengths, frequently showing endospore forma-
tion and motility. According to the taxonomic identi-
fication on the basis of 16S rRNA sequence, Firmicutes was
the prevalent phylum observed representing 62.2% of all
selected bacteria and comprising Bacillus spp. and
Paenibacillus spp. as the most frequent genera (Fig. 3). It
is worth to mention that several Bacillus spp. isolates of
the subtilis group were not distinguishable by 16S rRNA
sequence, fact that may reflect their numerical abun-
dance. Nevertheless, these isolates were individually
analyzed since they presented different behavior, source,
and colony morphology. As an example, Bacillus spp.
isolates ARO3 and AR408 from industrial liquor and from
the gut of native larvae, respectively, were almost
identical in terms of their 16S rRNA sequence; both
strains showed the highest CMCase activity values but
only Bacillus sp. AR0O3 was able to produce some extent of
FP degradation after 48 h of cultivation in DTSB (Table 1).
It was observed that several Bacillus spp. isolates evaluated
were not able to efficiently grow (ODgoonm < 0.2), nor
produce significant CMCase activity in mineral-based
media. Thus, optimization of the media culture

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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composition and the growth conditions for the isolates
must be further done in order to improve the enzyme
production.

The Paenibacillaceae family (13.3%) was represented by
members of Paenibacillus, Brevibacillus, and Cohnella
genera as is depicted in Fig. 3. Besides their cellulolytic
potential, it was observed as important xylanolytic
activity in all selected Paenibacillaceae isolates. For
instance, Paenibacillus sp. AR247 and Cohnella sp. AR92
produced 5.34+0.15IUml ! and 15.14+0.211Uml ! of
endo-B-1,4-endoxylanase activity after 96 and 120h of
cultivation, respectively. The CMCase activity of the
isolates of this group presented values below 0.3 1TUml "
when the culture broth evaluated was obtained from
DTSB-CMC medium (Table 1). It was remarkable to
observe that the zymographic analysis of Cohnella sp.
AR92 revealed at least four bands were observed when it
was cultivated in DTSB supplemented with NaOH-
pretreated SCB (Fig. 4). Other Gram-positive, non-motile
cocci isolates, designated as AR230 and AR362, were
taxonomically clustered with Staphylococcus warneri
regardless of their different origin (Table 1).

Other Gram-positive bacteria. Two isolates were
assigned to the Microbacterium genus: AR18 and AR462-

J. Basic Microbiol. 2015, 55, 1-10
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Figure 4. Zymographic profile of Cohnella sp. AR92 developed on
ND-PAGE 12%. Lane 1, Molecular weight marker. Lane 2, CMCase
activity, showing four bands with apparent molecular masses of 500,
306, 206, and 122 kDa.

2, which were retrieved from enrichment cultures
inoculated with industrial liquor and with gut of
wood-feeding beetle larvae samples, respectively. Also,
the isolate AR488 recovered from termite guts was
related to Agromyces spp. (Table 1).

In spite of the fact that the Actinobacteria isolated here
showed low CMCase activity (ca. 0.02 IUml™?) and mild
FP degradation, preliminary results regarding Micro-
bacterium spp. evidenced xylanolytic activity when were
grown in mineral-based culture media containing
lactose (data not shown).

Proteobacteria and Bacteroidetes. Pseudomonas spp. is
the second most frequent genera isolated in this work,
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representing 17.8% of all selected bacteria (Fig. 3).
Several Pseudomonas spp. isolates exhibited mild FP
degradation. As was mentioned before, this was a not
constant behavior and was frequently lost after sub-
cultures of some of the evaluated strains. However, this
property was considered here as evidence of the
cellulolytic potential of Pseudomonas spp. and other
isolates described here (Table 1).

Besides the fact that most of the members of the
phylum Proteobacteria were represented by Pseudomonas
spp., selected strains also included one strain of an
unusual lignocelluloytic-related genus, Enterobacter sp.
AR451.

The isolate identified as Achromobacter sp. AR 476-2
showed poor growth in mVL70 medium and subtle halos
of hydrolysis in CMC-Congo Red agar. However, when
grown in DTSB—-CMC during 96 h, it was able to reach
CMCase titles of 0.23 +0.06 [Uml ' (Table 1).

Finally, representatives of the phylum Bacteroidetes
were isolated from samples of industrial liquor. The
isolates AR11, AR13, and AR126 displayed low endoglu-
canase activity in the conditions here assayed (Table 1),
yet higher xylanase activity reaching up to 1.2IUml™*
was observed (data not shown).

Discussion

This study focuses on the isolation and selection of
bacteria with potential for modification and decom-
position of lignocellulosic biomass. The main industrial
activity in the Northwest of Argentina is sugarcane-
based, where bioethanol is produced from molasses.
However, the use of lignocellulosic agricultural residues,
as well as other non-food plant biomass, is conceived to
contribute to a bio-based economy. Herein, a collection
of cellulose-degrading bacteria was preliminarily char-
acterized from samples collected locally, in order to
assess and select microorganisms with potential appli-
cation in the biorefinery context of the local industry.

An enrichment-isolation procedure was applied,
which allowed the isolation of 233 bacterial strains
using aerobic conditions. Most of the isolates were
obtained from cultures incubated at 30 °C, even though
cultivation assays at 45°C were carried out. However,
only a few colonies developed at 45 °C (data not shown).
Also, a few yeast colonies and only one filamentous
fungus were recovered under the cultivation conditions
here employed; consequently, bacteria were almost
exclusively retrieved.

A large fraction of the isolates (>40%) was obtained
from enrichments using a modified VL70 medium
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(Fig. 1A). According to this, the VL medium has proven
to be useful for the isolation of bacteria from various
sources, despite the fact that was primarily formulated
for soil bacteria [13]. Employing classic microbiological
criteria, a subset of bacterial isolates was selected
according to their cellulolytic potential, such as
production of prominent halo of cellulose in petri dish
and/or evidence of filter paper degradation (Table 1).
These isolates were taxonomically related to four major
phyla: Firmicutes (62.2%), Proteobacteria (24.4%),
Actinobacteria (6.7%), and Bacteroidetes (6.7%) (Fig. 3). It
is important to bear in mind that the taxonomic
distribution observed in this work is not necessarily
associated with the bacterial diversity in the samples
analyzed. The culture-based approach used here led us
to obtain strains restricted to the readily cultivable
ones, and so key components of the samples and
enrichment cultures might have been missed in our
work. Other culture-dependent studies utilizing similar
enrichment procedures reported the dominance of
Firmicutes and a comparable taxonomic distribution for
soil samples [36], guts of xylophagous insects [10, 30],
and compost [37]. Among the most frequent genera
obtained, Bacillus spp. includes aerobic or facultative
anaerobic, rod-shaped bacteria with a wide diversity
with respect to carbon source utilization and growth
conditions. The prevalence of this genus may be a
sign of their numerical abundance; nevertheless,
bias due to the procedures and culture media used
must be considered. Also belonging to Firmicutes,
members of Paenibacillaceae family have been often
described as strong cellulolytic and hemicellulolytic
bacteria, reports which are in agreement to our
observations [22-26]. However, to our knowledge
there are no previous reports of a zymographic profile
revealed with CMC as substrate for Cohnella species.

The isolates here obtained that were grouped into
Staphylococcus genus represented the 4.4% of the selected
strains (Fig. 3). Cellulase activity is not a property
commonly found among staphylococci; however, cellu-
lolytic strains related to this genus have been described
from gut of xylophagous termites [10].

The isolates belonging to Actinobacteria phylum
obtained here exhibited scarce enzymatic activity on
CMC; but they produced filter paper degradation (Table 1)
and xylanases. Several actinobacteria involved in cellu-
lose and xylan degradation have been described from a
variety of environmental samples such as compost, soil,
and from the guts of xylophagous insects [5, 27]. It was
also suggested that the participation in -cellulose
digestion in the termite gut by Microbacterium spp. and
other actinobacetria [22, 28].
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Regarding  Proteobacteria, several species of
Pseudomonas spp. isolated from insect guts have been
extensively described due to its potential for industrial
use in the degradation of lignocellulosic biomass [10, 29,
30]. The selected isolates belonging to this genus
exhibited promising cellulolytic and hemicellulolytic
activities as well as evidence of mild FP degradation as is
shown in Table 1. Enterobacter sp. AR451, isolated from
Coleoptera larvae (Table 1), showed significant FP
degradation in spite of the fact that cellulase activity
has occasionally been reported for a few members of the
Enterobacteriaceae family [10]. Moreover, members of
Enterobacter spp. have not been considered relevant
regarding degradation of lignocelluloses until recent
culture-dependent reports, which described strains of
this genus with high lignocellulolytic potential [11, 31].

It is noticeable that the literature relating to cellulases
and hemicellulases with Achromobacter species describe
their presence as members of microbial consortia. A
consortium including A. =xylosoxidans and Fusarium
sporotrichioides that produced CMCase and xylanase titles
of 0.24IUml ' and 3.75IUml ', respectively, was
described by Yang and co-workers [32]. Nevertheless,
the authors conclude that their results do not contain
sufficient evidence to state the role of A. xylosoxidans in
the assayed system. Similar observations were reported
by Ghio et al. [33] who proposed that Achromobacter spp.
lack the key enzymes for the degradation of lignocellu-
losic substrates. Thus, the isolation of pure strains as we
performed, would contribute to describe if Achromobacter
species are able to produce cellulolytic or xylanolytic
enzymes, or if species of this genus utilize the sugars
released by the degradation at the expense of other
partners in complex cultures.

Finally, few reports have been found regarding cellulase
production on genera such as Chryseobacterium spp. and
Sphyngobacterium spp. However, it is not surprising that
members of this phylum are capable of biodegradation of
organic compounds since can be found ubiquitously in the
environment [29, 34, 35]. Hence, the strains isolated have
an interesting potential for hydrolytic activities toward
celluloses and hemicelluloses.

Most of the isolates displayed poor CMCase activity
and a few of them showed evidence of mild FP
degradation in the general screening conditions used
here (Table 1). Concerning this, it is important to draw
attention to the fact that all isolates may vary in growth
capacity, which would make difficult the comparison
and quantification of cellulolytic activities in a fair
manner. In this work, all isolates were grown in nutritive
medium supplemented with CMC in order to maximize
biomass for detection of enzymatic activity. Still,
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cellulases and hemicellulases production may be
dependent upon culture conditions.

Major bottlenecks in screening projects like this are: (i)
the need of the optimization of the media culture
composition and the growth conditions for each isolate
in order to a better evaluation of the enzymatic activity,
and (ii) the fact that the methods to select enzymes that
catalyze the desired reaction are frequently under-
developed. As was also mentioned before [27], bacterial
strains taxonomically related to the ones evaluated here
are able to produce enzymes differently: some may
secrete enzymes to the culture broth, while others may
harbor enzymes on the cell surface or internally, and still
some cellulases may end up in solution from cell lysis.
Yet, despite those limitations and the bias associated
with cultivation, pure strains can provide insights of the
physiological behavior which molecular-based analysis
alone cannot. As a result, promising strains selected here
will be subjected to further improvement of growth and
enzyme production, as well as molecular studies to gain
insights on the microbial mechanisms to biomass
deconstruction.
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