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ABSTRACT

This study aimed at isolating and characterizing of microorganisms able to use linamarin as sole carbon

source. Thirty one microbial strains were isolated from manipueira, a liquid effluent of cassava processing

factories. Among these strains, Bacillus licheniformis (isolate 2_2) and Rhodotorulla glutinis (isolate L1)

were able to degrade 71% and 95% of added linamarin, respectively, within 7 days, showing high

biodegradation activity and great potential for detoxification of cassava processing wastewaters.
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Cassava roots can be industrially applied for obtaining
starch and flour. However, cassava industries generate some
undesirable sub-products, such as solid residues and a liquid
effluent named manipueira, which may represent a major
disposal problem due to the high organic charge and toxic
potential, resulting from the presence of cyanoglucosides (4).

Cyanoglucosides are secondary metabolites produced by
several plant species (7) used in animal and human diets,
such as: apple, bamboo shoot, cassava, cherry, lima bean,
maize, oat, peach, papaya, sorghum and wheat (25). These
compounds are dispersed throughout the plant organs, mostly
in non-edible parts (12), but may become concentrated in
edible roots and leaves, as in the case of cassava.

Cassava (Manihot esculenta Crantz) roots and leaves
high linamarin  (alpha-

contain concentrations  of

hydroxyisobutyronitrile-beta-D-glucopyranoside) and

lotaustralin (methyl-linamarin). Linamarin is the most
abundant cyanoglucoside present in cassava cells (6) and may
generate the equivalent to 0.2-100 mg of HCN per 100 g of
fresh cassava following cellular lysis (3).

Microorganisms can grow on substrates containing
cyanides by anaerobic metabolism, or by using an aerobic
respiration chain as an alternative pathway (5). In both
pathways, HCN is eliminated from the substrate, and
converted into a non-toxic product (11). This enzymatic
cyanide-removing property can be exploited for the
detoxification of cyanide-rich cassava wastewater and
industrial residues. These residues currently cause serious
environmental problems in many cassava flour producing
plants in Brazil, the largest producer worldwide, and in many
African, Latin American and Asian countries (28), where

cassava products are an important input for human diet.
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Manipueira is rich in potassium, nitrogen, magnesium,
phosphorous, calcium, sulfur and iron, presenting a great
fertilizer. It contains

potential as an agronomic

cyanoglucosides, which explains the application as
nematicide and insecticide (23). This study aimed at isolating
and characterizing linamarin-degrading microorganisms from
cassava discharges, as an initial step for their future
application in agriculture.

In this context, cassava wastewater and soil samples were
collected from effluent decantation lagoons at two Brazilian
cassava flour and starch factories: Farinheira Plaza (Santa
Maria da Serra, SP) and Fecularia Halotech Fadel (Candido
Mota, SP). Samples were collected using sterile plastic
containers and kept in ice during transportation to the
laboratory facilities. Wastewater from ponds (1 mL) and soil
(1 g) were separately dispersed into 9 mL of sterile distilled
water, and serial dilutions were plated onto the surface of
Yeast Malt Extract Agar (Difco) supplemented with
chloranfenicol (10 pg/mL), for the isolation of yeasts, and
Nutrient Agar (Difco) supplemented with nistatin and
cyclohexamide (50 pg/mL each), for the isolation of bacteria.
The inoculated media were incubated at 28°C for up to 14
days. Also, dried soil samples were enriched by treatment by
saturation with fresh cassava wastewater (collected during the
production process) every 3 days. Treated samples were
incubated at 28°C for 14 days, prior to serial dilution and
plating, as described before. Isolated colonies were streaked
onto fresh media containing 2% fresh cassava wastewater,
added prior to autoclaving. Pure cultures, evaluated by
colony morphology (macroscopic inspection) and
microscopic analyses (Gram staining and phase contrast
microscopy), were stored in slants at 4° C (21).

A total of 118 microbial isolates were recovered from the
plates inoculated with soil and wastewater samples. Based on
colony morphology and microscopic features, 31 different
isolates (26 bacteria and 5 yeasts) were selected and
subjected to linamarin degradation assays.

Selected microbial isolates (1.5 x 10> MPN/mL) were

then inoculated into 100 mL Erlenmeyer flasks containing 30

mL of liquid minimum mineral medium (3 g (NH4),SOy4; 2 g
KH,POy; 2 g K,HPO,; 0.5 g; MgSO, .7 HyO, in 1 L distilled
water) (12); added of 10 mg/mL linamarin (Sigma; 95%
purity), taken from a filter sterilized solution. The inoculated
flasks were incubated in a rotary shaker (200 rpm) at 28°C for
up to 7 days, and microbial growth was monitored every 24
hours by spectrophotometrical readings at 605 nm (19).
Linamarin degradation was monitored following the
methodology described by Korpraditskul (14), using an
HPLC system (Varian Pro Star) fitted with a Bio-Rad HPX-
42A column (300 x 7.8 mm), and applying filtered distilled
water as mobile phase (0.6 mL/min), at 80°C. Aliquots (1
mL) of growth culture were filtered (0.22 pm membrane,
Millipore), transferred to sealed glass vials and subjected to
High Pressure Liquid Chromatography (HPLC) analysis
using an autosampler system. Linamarin (1 mg/mL) was used
as standard and the analyses were run in duplicate. From a
total of 31 strains evaluated, only one yeast (L1) and one
bacterial isolate (2 2) presented linamarin degradation
activity. The yeast strain L1 was able to degrade 95.2% of the
added linamarin (6.72 mg/mL) after 7 days under the
evaluated assay conditions (Figure 1). The bacterial isolate
2 2 presented a short lag phase and a direct correlation

between biomass increase and linamarin degradation (Figure

).
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Figure 1. Biomass production and linamarin degradation

presented by the yeast strain L1 and the bacterial strain 2_2.
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This strain was able to degrade linamarin from an initial
concentration of 7.47 mg/mL to a final concentration of 2.16
mg/mL (71%), after seven days.

The degradation kinetics indicated a stable growth phase
of the yeast in the medium and a high degradation activity
over linamarin, close to the total mineralization (Figure 1).
No previous reports of cyanoglucoside degradation by
Rhodotorula sp. were found. To our knowledge, the only data
of cyanoglucoside degradation by yeasts refer to strains of
Candida tropicalis (20) and Candida utilis (9), but studies
did not report the degradation rates.

Essers et al. (8) reported a Bacillus sp. strain isolated
from Ugandan domestic fermented cassava with ability to
decrease linamarin to 1% of the initial concentration.
Ugwuanyi et al. (30) also described Bacillus genus bacteria,
including Bacillus coagulans, Bacillus licheniformis and
Bacillus stearothermophilus, able to degrade linamarin.
However, in these reports, the microbial activity was detected
by empirical methods such as picrate assay and p-nitrophenyl
B-D-glucoside (PNPG) degradation. The use of HPLC for the
quantification of the microbial linamarin degradation was an
innovation introduced in the present work.

Taxonomic analyses were also carried out in order to
identify the linamarin biodegrading cultures. The linamarin-
degrading yeast isolate was characterized according to
Kurtzman and Fell (17), Kreger van Rij (15) and Barnett et
al. (2). The identification was based on comparative analyses
and biochemical data

of morphological, physiological

available in the literature. Taxonomic characterization
indicated that the yeast strain L1 is a heterobasidiomycete
without basidiospores, teleospores or baliostospores, being
classified as a basidiomycete anamorph. The isolate produced
carotenoid pigments and was positive for DBB and urea, and
negative for inositol assimilation, production of extracellular
amyloids and glucose fermentation. These features, added to
strong potassium nitrate assimilation, enabled the assignment
of isolate L1 to Rhodotorula glutinis (Fresenius) F. C.
Harrison var. glutinis. The data presented by Kutzman and

Fell (18) differed in relation to assimilation of melezitose and

Degradation of linamarin

salicin. This species is widely distributed in nature, and has
been isolated from a wide range of substrates (13, 28, 32),
nevertheless this is the first association with manipueira
discards environment.

The bacterial isolate was identified by analysis of
combined data from phenotypic features and 16S rRNA gene
sequence analysis. Genomic DNA from pure culture was
extracted according to Pitcher et al. (25). 16S rRNA gene
fragments were amplified using the bacterial-specific primers
set 27f and 1100r (19) in 50 uL PCR reactions containing 50-
100 ng of genomic DNA, 5 pL 10X PCR buffer (supplied
with the enzyme), 0.2 mmol L' dNTP mix, 1.5 mmol L’
MgCl,, 0.4 umol L' each primer and 2 U Tag DNA
polymerase (Invitrogen). The PCR amplification was carried
out using an initial denaturation step at 95°C for 2 min,
followed by 30 cycles of 1 min at 94°C, 1 min at 55°C and 3
min at 72°C; and a final extension at 72°C for 5 min.
Sequencing was done using 16S rRNA internal primers (10f
and 1100r) (19) using a Mega Bace 500 (GE Healthcare)
automated  sequencer, according to manufacturer’s
instructions. Phylogenetic identification was achieved by
comparing the sequences obtained with 16S rRNA sequence
data from type strains available at the public databases

Genbank RDP
USA,

(http://www.ncbi.nlm.nih.gov/) and

(Ribosomal Database Project, Wiscosin,
(http://rdp.cme.msu.edu). The sequences were aligned using
the CLUSTAL X program (30) and analyzed using MEGA
software (17). Evolutionary distances were derived from
sequence-pair dissimilarities calculated as implemented in
MEGA, using Kimura's DNA substitution model (14). The
phylogenetic reconstruction was accomplished using the
neighbor-joining (NJ) algorithm, with bootstrap values
calculated from 1000 replicate runs.

Phylogenetic analysis based on 16S rRNA gene
molecular marker did not offer enough resolution to allow
identification at the species level, and discrimination between
B. licheniformis and B. sonorensis was not achieved (Figure
2). In order to conclude the identification at bacterial species

level, phenotypic characterization tests were carried out as

881



Vasconcellos, S.P. et al.

described previously by Palmisano et al (23). For
pigmentation evaluation, cells were grown in nutrient broth at
30°C for 24 h and then plated onto one of the following
media at 30°C: pH 5.6 agar of Gordon et al. (10) and
glycerol/ glutamate agar (1). For assays of salt tolerance,
cultures were incubated in nutrient broth containing 0, 3, 5, 7

and 10% (w/v) NaCl. Triplicate culture tubes containing 6

mL medium were inoculated with a loopful of 18-20 h
culture grown in nutrient broth at 30°C. The inoculated tubes
were incubated at 30 °C and monitored for growth at 2, 4, 7
and 14 days. The strains L1 and 2 2 were deposited at the
Brazilian Collection of Environmental and Industrial
Microorganisms (CBMAI), Brazil, under the accession

numbers CBMAI 866 and CBMALI 867, respectively.

Strain2_2
. licheniformis NBRC12107 (AB354236)
B. licheniformis BCRC 12826 (EF423608)
B. sonorensis NRRL 23154 (AF302118)
B. sonorensis BCRC 17416 (EF433411)

79

85

B. licheniformis DSM 137 (X68416)
L B. subtilis DSM 10" (AJ276351)
Paenibacillus polymyxa |AM 13419" (D16276)

|
0.02

Figure 2. Phylogenetic analysis of partial 16S rRNA gene sequences of bacterial strain 2 2 and related microorganisms.

Evolutionary distances were based on Kimura 2p model _and tree reconstruction on the neighbour joining method. Bootstrap

values (1,000 replicate runs, shown as %) greater than 70% are listed. GenBank accession numbers are listed after species

names. Bacillus litoralis SW-211" was used as outgroup.

The salt tolerance assays indicated that the Bacillus strain
was able to grow in 0, 3, 5, 7 and 10% NaCl. When cultivated
on pH 5.6 agar, this culture was pale-cream after 4 days,
maintaining the color for the 14-day monitored period. In the
glycerol/glutamate medium, the culture presented a reddish-
brown color after five days of monitoring. These phenotypic
data allowed the identification of the bacterial strain 2_2 as
Bacillus licheniformis.

The results obtained herein revealed the isolation of two
microbial strains with high ability for biodegrading the
cyanoglucoside linamarin. The use of such microorganisms
in plants” treatment for cassava industries, which are widely

distributed in Brazil, may offer a great potential for

detoxification of cassava wastewaters for future application

in fertirrigation.
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