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AMAZON ACAI AND PINEAPPLE RESIDUES INDUCE THE ENZYME LACCASE IN Pleurotus ostreatus:
APPLICATION TO BISPHENOL A BIOREMEDIATION
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Bisphenol A (BPA), an endocrine disruptor used in different commercial polymers, is a persistent pollutant commonly found in
effluents. Conventional wastewater treatment processes have low chemical removal efficiency and are expensive. This work evaluated
BPA removal using laccase enzyme produced from white rot fungus Pleurotus ostreatus. For the enzymatic production, residues
of acai berry and pineapple were used as laccase inducers. The use of natural inducers led to a high enzyme production (1139 and
1031 U mL"' to acai and pineapple, respectively). Bisphenol A was removed to a concentration lower than LOD (limit of detection)
after 4 h. The degradation mechanism of BPA occurred by oxidation of methyl to hydroxymethyl group in a propane portion, with
breakdown of the aromatic ring. The developed technology brought to the scene a new green, viable methodology, using vegetable
waste, adding value to these residues and bringing an alternative to the BPA treatment.
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INTRODUCTION

Bisphenol A (BPA), known as an endocrine disrupting chemical,
has been widely used in the production of polymers such as
polycarbonate plastics and epoxy resins, including thermal paper,
food containers, water pipes and electronics.'*

Animal testing and epidemiological studies have shown that
BPA may be related to a wide range of adverse health effects,
including diabetes, reproductive disorders, cardiovascular diseases,
breast cancer and birth defects.>” Due to concerns about widespread
human exposure and potential adverse health effects, regulations on
the production and use of BPA came into effect in China, Europe,
and USA.%° Human exposure to BPA is believed to occur primarily
through diet, as BPA can leach into food or water, but exposures also
occur through inhalation and dermal contact with dust, air and/or
water.'” Given the widespread use of BPA in consumer applications
and continuous exposure, BPA has been found in a measurable amount
in urine.!" Liu et al.'> examines the widespread use of bisphenol
analogues (especially bisphenol S (BPS), bisphenol F (BPF), and
bisphenol AF (BPAF)) as substitutes for BPA in various industries.
Toxicity assessments indicate moderate toxicity for most BPs,
except BPS and BPP. The ecological risk quotient (RQ) suggests
that BPF poses the highest ecological risk in China, Japan, and South
Korea, emphasizing the need for further investigation into bisphenol
occurrence and their neurotoxic effects on aquatic organisms.

Wastewater is the main source of BPA contamination in the aquatic
environment as the average reported removal efficiency for BPA by
full-scale treatment plants was 84%,'"> suggesting that the biological
systems investigated (e.g., activated sludge, biological nutrient removal,
membrane bioreactor, trickling filter) are not effectively in removing
BPA. Despite the low BPA degradation by bacteria, it is believed that
biological processes are the most cost-effective treatment for removal
of BPA and its analogues from wastewater.'*!> Laccase is an enzyme
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produced by basidiomycete fungi, capable of degrading molecules
containing phenolic groups.'®!” This is because plant biomass can be
rich in phenolic compounds,'” which act as enzyme inducers.

On the art of BPA degradation by laccases, 966 works were
published between 2018 and 2023 with the keywords “bisphenol A”
and “laccase” after search at ScienceDirect and PubMed databases.
This shows the enormous interest in this methodology. As
for the search with the words “bisphenol A” and “pineapple”
(Ananas comosus) or “bisphenol A” and “acai” (Euterpe oleracea)
returned no results for the first and only 15 results for the second,
in the same period. This shows the innovative nature of this work.

Golveia et al.,'® for example, obtained good production of fungal
laccase using cocoa disposal and applying it to BPA bioremediation.
The same authors obtained similar results using cupuacu residue.'”'®
There is also the work of Freitas e al.'” who used orange waste in the
production of fungal laccase for application in the degradation of BPA.
It was the first mention found in the literature about the application
of crude laccase extract in the degradation of BPA." However, there
are no studies in the literature that have used acai and pineapple
residue for this purpose.

Brazil is one of the countries with the highest agricultural
production in the world.*® As a result, large quantities of lignocellulosic
waste are produced, which can cause several environmental problems in
the absence of proper disposal. Thus, the interest in forms of sustainable
use and adding value to agro-industrial waste has grown, and the
development of bioprocesses for the use of these materials has gained
prominence.'®1°2122 This work aims to use plant residues of pineapple
and acai in the induction of the laccase enzyme and apply the enzymatic
extract in the bioremediation of BPA in aqueous solution.

EXPERIMENTAL
Chemicals

Analytical grade syringaldazine, 2,5-xylidin, dinitrosalicylic
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acid reagent (DNS) and catalase are from Sigma-Aldrich (St. Louis,
MO, USA). The ethanol, tris-HCI, sodium dodecyl sulfate (SDS),
bromophenol blue, glycerol, B-mercapto ethanol, 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (or ABTS), trichloroacetic
acid (TCA) and formic acid are from Merck (Billerica, USA). The
solvents for high-performance liquid chromatography (HPLC),
acetonitrile and methanol, are from Sigma-Aldrich (St. Louis, MO,
USA). The CuSO,.5H,0 and the sodium acetate buffer are from Vetec
(Sdo Paulo, Brazil). All chemical reagents were of analytical grade.

Vegetable biomass

Pineapple (Ananas comosus) residues was acquired in a
free market in the region of Goidnia, GO, Brazil, and acai berry
(Euterpe oleracea) residues were donated by a small juice pulp
producer from Belém, PA, Brazil. The residues were dried in
a forced air oven at 40 °C (Fabbe-Prisma, Brazil), crushed in a
standardized granulometry 60 mesh in a knife mill Willye (Tecnal,
Brazil) to obtain a powder. The residues were evaluated for the
presence of metals and other trace elements. For pineapple, X-ray
fluorescence spectrometry (Thermo, model ARL Perform’x, USA)
was used, following the methodology of fundamental quantitative
parameters, defined by the manufacturer, for the quantification of
the content of the elements in general samples. For acai, the nitrogen
was determined by distillation (semi-micro Kjeldahl method).?* The
potassium content was obtained by flame photometry. Phosphorus,
calcium, magnesium, copper, iron, manganese, and zinc were
analysed by atomic absorption® spectrometry (PerkinElmer, model
AA200, USA).

Laccase production

The strain of the fungus Pleurotus ostreatus used in this work
was provided by Microbial Systematics and Physiology Laboratory,
Department of Food Sciences, Faculty of Food Engineering, State
University of Campinas (Unicamp) and are part of the collection of
the Enzymology Laboratory of the Faculty of Pharmacy, Federal
University of Goids (UFG). The culture was maintained in potato
dextrose agar (PDA) medium and stored at 4 °C. For laccase
production, 250 mL Erlenmeyer flasks were autoclaved at 1 atm in
120 °C for 20 min, individually containing each vegetable residue
(1% m/v) in 120 mL of the PDB medium (0.5%). Then, ten 6 mm
discs of mycelium grown in PDA were inoculated.

With the hypothesis that the residue had carbohydrate in its
composition, another group was developed with the culture medium
without the presence of dextrose. As a negative control, one had
the medium without the residue and the positive control was done
following the methodology of Garcia ef al.*® (medium enriched
with the synthetic inductor composed of 0.0005% CuSO,.5H,0 and
0.4 mmol L' 2,5-xylidine).

All groups were performed in triplicate with the Erlenmeyer
flasks kept under agitation at 150 rpm, being the enzyme production
evaluated after various time periods.

Enzymatic activity and zymogram

Laccase activity was determined every 24 h. Syringaldazine
(€535 mm = 6500 L mol ™! cm) was used as a substrate, as described by
Szklarz et al.,*® with modifications. The assay used 10 pL of crude
extract, 890 pL of 50 mol L' sodium acetate buffer (pH 5.0) and
100 pL of syringaldazine. The reaction started with the addition of
syringaldazine and was monitored every minute for 5 min at 525 nm
in a spectrophotometer at room temperature.
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In order to estimate the kinetics of enzyme production,
zymograms were also made. For this, 12% polyacrylamide gel in
pH 4 acetate buffer was used. The enzymatic sample for each day
was precipitated with 100 pL of 100% TCA and then homogenized
and incubated in an ice and water bath for 1 h. Soon afterwards, they
were subjected to centrifugation at 10000 G, 4 °C for 15 min. The
pellet resulting from the centrifugation was washed twice with 500 uL
of cold acetone and centrifuged again under the same conditions
mentioned above. The pellet was resuspended in 15 pL of sample
buffer (200 mmol L' tris-HCI, pH 6.8; 4.0% sodium dodecyl sulfate
(SDS); 0.1% bromophenol blue; 20% glycerol and 4.0% [-mercapto
ethanol). Then, 900 uL were added to the wells and the run took place
in an electrophoresis system, being conducted at room temperature
with an initial voltage of 90 V during the run in the concentrating gel
and 120 V until the end of the procedure. After the end of the run, the
enzyme was renatured by incubating the gel in 50 mmol L' acetate
buffer at pH 4, 5 and 6, for 45 min (15 min each). The gel was then
stained with a 0.5 mmol L' ABTS solution in 50 mmol L acetate
buffer pH 5 for 5 min, having as positive control a positive enzyme
sample, quantified with syringaldazine on the same day (adapted
from Gongalvez and Steiner).”’

Catalase test

Catalase test was followed by the methodology developed by
Mayer and Staples.” The 5 uL of crude enzymatic extract with 50 uL
of catalase (5 U) were added for 30 min, in the presence of 845 uL
of buffer. The residual enzymatic activity was determined, using
syringaldazine as substrate. The tests were carried out in triplicate.

Bioremediation

A volume of 500 U of enzymatic activity was added individually
for each crude extract induced with the residues in 150 mL
Erlenmeyer flasks, containing 5 mL of acetate buffer 50 mmol L*!
at pH 5.0 and 5 mL of BPA solution in distilled water (Sigma
Chemical Company, USA) 2 mg L*! (final concentration of 1 mg L'").
The flasks were placed under stirring at 150 rpm at temperature of
28 °C. A sample was taken before the beginning of the experiment
(Cy) and after 2, 4, 6, 8, 10, 12, 24 and 48 h. At the end of each time,
100 pL solution of 1 mol L' NaOH was added to stop the reaction
and then was analyzed. One group without BPA and another with
inactivated enzyme were used as negative controls. The tests were
carried out in triplicate.

BPA concentration

Quantitative analyses of BPA degradation were carried out at the
Nucleus of Toxical Pharmacological Studies and Research (NEPET)
at the Federal University of Goids (UFG). High-performance liquid
chromatography (LC-20A, Shimadzu, Kyoto, Japan) was used
equipped with low pressure quaternary pump, autosampler and
SPD-M20A diode array detector (DAD). Analysis was performed
on RP-C18 ACE® (100 x 4.6 mm, 5 um) at temperature of 35 °C.
Mobile phase was a mixture of acetonitrile-formic acid 0.2%
(50:50, v/v) on isocratic elution mode at a flow rate of 1.0 mL min'.
The injection volume was 50 pL and detection was performed
at a wavelength of 278 nm. Calibration curves were constructed
in the range 0.1-1.0 mg L' detection and quantification limits
(LOD - limit of detection and LOQ - limit of quantification)
were determined by the signal to noise ratio (S/N), 3 and 10,
respectively.
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BPA degradation products

The samples referring to the reaction time after 2, 6 and 12 h were
analysed in ultra-high-performance liquid chromatography tandem
mass spectrometry (UHPLC MS/MS). The Ultimate 3000 liquid
chromatograph (Thermo Scientific, San Jose, CA, USA) was used
with an Agilent - C18 column (4.6 x 100 mm, 3 um), coupled to the
Q-exactive high resolution mass spectrometer (Thermo Scientific)
with H-ESI source, operating in negative mode, using spray voltage
3.0 kV, sheath gas 30, auxiliary gas 15, capillary temperature
300 °C, auxiliary gas temperature 300 °C, tube lens 50 and mass
range m/z 90-300. The analysis by UHPLC was performed with
deionized water (mobile phase A) and acetonitrile (mobile phase B).
The gradient programming started with 90:10 (A:B %), 100 (B%) in
10 min, remaining for 5 min. The running time was 15 min with a
flow of 0.4 mL min™, injection volume 10 pL and column temperature
20 °C.

Statistical analysis

Statistical analysis was performed using one-way analysis of
variance (ANOVA) followed by Tukey’s multiple comparisons post
hoc test. All statistical analyses were performed by the GraphPad
Prism 6 software.”

RESULTS AND DISCUSSION
Vegetable biomass

Both residues presented a diversity of elements in their
composition (Tables 1 and 2). Mineral elements (phosphorus, sulfur,
potassium, calcium, magnesium, iron and chlorine) and trace elements
(manganese, copper, zinc), such as those found in residues, contribute
to fungal development and can act as enzymatic co-factors playing a
role in regulation of extracellular enzymatic activities.*

Table 1. Trace element content in pineapple residue

Analyte Content / (mg g) Line Net int. BGint.
Cl 482 Cl Ka 11.5 0.43
Ca 275 CaKa 16.2 0.34
Si 78 Si Kau 4.54 0.03
58 S Ka 6.04 0.14
50 P Ka 5.35 0.17
Mg 24 Mg Ka 0.31 0.04
Fe 16 Fe Ka 1.39 0.48
Mn 9 Mn Ka 0.54 0.32
Rb 7 Rb Ka 2.56 6.50
Al 2 Al Ka 0.10 0.01

Line: spectral line used in the analysis; Net int: total signal strength;
BG int: background signal strength.

Enzymatic activity and zymogram

The enzymatic activity of the broths with acai and pineapple
(Figure 1), both with (882.73 and 603.58 U mL"), and without
dextrose (1139.46 and 1031.54 U mL™') had a better production than
that of the negative control (124.61 U mL™") and better or equal to
that positive control (726.92 U mL™).

In the zymogram gel shown in Figure 2, it is possible to observe
a similar pattern of Figure 1. The enzymatic broth enriched with
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Table 2. Mean + standard deviation of the content of trace elements and total
fibres in the acai residue

Element mg kg!
N 6.9 £0.02
P 1.91 £0.02
K 4.80 +0.07
Ca 1.33£0.01
Mg 0.40 £ 0.01
Cu 7.33£0.58
Fe 66.66 + 8.51
Mn 172.6 + 12.1
Zn 16.0+8.2
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Figure 1. Enzymatic activity for the extract obtained by growing Pleurotus
ostreatus in the presence of pineapple residue (a) and acai residue (b) with
and without added sugar in the growth medium, over 8 days for pineapple
and 10 days for acai. The control consisted of an extract produced by the
same fungus, in the absence of plant residues

pineapple, when with glucose, had activity since the 1* day of
the experiment (Figure 2a) and without dextrose it started to have
more significant values of activity on the 3" day (Figure 2b). In
the enzymatic broth enriched with acai, a more expressive activity
started in both tests (Figures 2c¢ and 2d) from the 8" day, in which
an increase in activity shown in Figure 1b started. The formation of
different bands in the same column was not observed, assuming that
there are no different isoforms of the enzyme.

Bearing in mind that groups without the presence of glucose had
enzyme production similar to or greater than that of the other groups,
the subsequent analyses were carried out only with this group.

Catalase

Both the enzymatic broth enriched with acai and pineapple
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Figure 2. Zymogram for enzymatic extracts laccase produced by Pleurotus ostreatus fungus induced with pineapple residue in the presence (a) and absence (b)

of sugar over 6 days (columns 1-6). Enzymatic extracts of acai residue-induced laccase in the presence (c) and absence (d) of sugar in the culture medium over
10 days (columns 1-10). The column named as “+” concerns the positive control of laccase extract with known activity

did not show a reduction in enzyme activity after incubation with
catalase. Catalase is an enzyme capable of decomposing H,O, quickly,
catalysing it in water and oxygen.*® In order to not account for the
activity of peroxidases, the enzyme extract was incubated with the
catalase. Therefore, all subsequent activity identified with the use of
syringaldazine will be due to the oxidation of the substrate by the
laccase. In addition, it can be inferred that the enzyme broth acquired
in this study is composed exclusively by laccase.

Bioremediation

Methodology by HPLC-DAD proved to be adequate, with
linearity having an excellent correlation coefficient r >0.99. The LOD
and LOQ achieved were 0.02 and 0.1 mg L', respectively. With the
enzymatic extract induced with the pineapple, a bioremediation of
around 70% was obtained in 4 h of reaction reaching values below
the LOD in about 10 h (Table 3). With enzymatic broth made with
acai, even more satisfactory results were obtained, the compound
reached values below the LOD in 2 h (Table 3). As in 2 h a massive
BPA remediation had already occurred, mass spectrometry was
performed only with the test using pineapple, considering that only
in this case was possible to identify the degradation path, not just the
final molecule of the degradation.

Table 3. Average of the values obtained in HPLC for the bioremediation of
BPA with the enzymatic broth produced with pineapple or acai residue

Concentration = SD / (mg L) Removal / %
Acai Pineapple Acai Pineapple

C, 1.01 £0.10 1.07 £ 0.01 - -
T2 0.20 = 0.05 0.35 +0.04 80.2° 64.9
T4 <LOD 0.35 +0.05 100° 64.9
T6 <LOD 0.34 +0.04 100° 66.2°
T8 <LOD 0.34 +0.03 100° 66.2¢
T10 <LOD <LOD 100° 100°
T12 <LOD <LOD 100° 100°
T24 <LOD <LOD 100° 100.00°
T48 <LOD <LOD 100° 100.00°

HPLC: High-performance liquid chromatography; C,: control without adding
the enzyme; T2: 2 h of reaction; T4: 4 h of reaction; T6: 6 h of reaction;
T8: 8 h of reaction; T10: 10 h of reaction; T12: 12 h of reaction; T24: 24 h
of reaction; T48: 48 h of reaction; SD: standard deviation; LOD: limit of
detection. The values with different letters (a or b) correspond to groups that
differ statistically in the ANOVA and Tukey test, with p < 0.01.

The degradation path proposed by Chhaya and Gupte®' was
identified. The name of the compound, the molecular formula, the
molecular weight detected, the retention time and error, in ppm,
can be seen in Table 4 and the spectra referring to the molecules in
Figure 3. In the 2-h sample, it was already possible to find all the
molecules. According to the authors, the degradation of BPA starts
from the oxidation of the methyl to hydroxymethyl group of the
propane portion to form 4,4’-(propane-2,2 diethyl) diphenol which
is then oxidized to 3,3-bis(4-hydroxylphenyl) butanal and finally
2-(1-(4-hydroxyphenyl) vinyl pent-2-enal is generated due to the
opening of the aromatic ring by the cleavage of the CC bond.

Although ecotoxicity tests on the degradation products have not
been carried out, it is expected that such molecules are less toxic
than their precursor. In the work of Freitas et al.," it was found that
laccase extract from P. ostreatus was capable of bioremediating
BPA. Its toxicity tests (Microtox test - inhibition of bioluminescence
emitted by Vibrio fischeri) showed that the degradation products
were less toxic than BPA. Czarny-Krzyminska et al.,** carried out
a survey with several toxicological analyses on BP and derivatives
in the aquatic environment, in several papers published in recent
years. Tarafdar et al.,' presented a review work, where the sources
provided discuss the toxicity of BPA and its effects on various
metabolic systems, on long-term health. Niu er al.** highlight the
secondary environmental risks arising from transforming alternatives
to bisphenol through conventional and emerging treatment processes.
They also mention that photolysis and photocatalysis generate
hydroxylated and bond cleavage transformation products with less
toxicity compared to other processes.

Laccase production

Agricultural organics residues have been used as laccase inducers
because they can support the enzyme-producing microorganisms
while being excellent substrates that can contain nutrients and
inductors in their composition.*>*

Studies show that the lignin and cellulose from the residues
stimulate laccase production.’ In addition to lignocellulose, some
residues may contain in its composition other substances that can
contribute to enzymatic production, such as crude protein, metal ions
and even sugars, as occurred in this work, removing the need to add
glucose to the medium. >3

Both pineapple and acai residues have a diversity of elements in
their composition. Mineral elements (phosphorus, sulfur, potassium,
calcium, magnesium, iron and chlorine) and trace elements
(manganese, copper, zinc). These elements contribute to fungal
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Table 4. Characteristics of BPA degradation products. All molecules were detected after 2 h of bioremediation time

Compound Molecular formula [M-HJ/m/z ty / min Error / ppm
4,4’ -(Propane-2,2-diyl) diphenol C;sH,0, 227.10759 11.26 3.76
4,4’-(2-Hydroxy-propane-1,2 diyl) diphenol CsH,05 243.10275 10.89 4.85
3,3-bis(4-Hydroxylphenyl) butanal C,¢H,c05 255.10281 12.57 4.74
2-(1-(4-Hydroxyphenyl)vinyl) pent-2-enal C;H,,0, 201.09192 6.45 4.55
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Figure 3. Mass spectrum and structure of the detected compounds after 2 h of bioremediation: (a) 4,4’-(propane-2,2 diyl) diphenol; (b) 4,4’-(2-hydroxy-
propane-1,2 diyl) diphenol; (c) 3,3-bis(4-hydroxylphenyl) butanal; (d) 2-(1-(4-hydroxyphenyl) vinyl) pent-2-enal

development and can act as enzymatic co-factors playing a role in
regulation of extracellular enzymatic activities.’” Baldrian et al.
observed that metals such as lead, copper, zinc and manganese
increased the laccase activity in P. ostreatus, with the latter also
increasing the degradation rate of the waste used.

Copper is essential in the synthesis of the laccase enzyme active
site. As can be seen, there is 7.33 mg kg! of copper in the acai residue.
Bassani ef al.*® found 7 mg kg' of copper in pineapple bagasse.
Fabrini ef al.>” observed an increase in laccase activity by 112% with
Pycnoporus sanguineus after adding copper to the culture medium,
which is one of the most well-established laccase inducers in the
literature. The content of these elements analyzed may explain the
high production of the enzyme, as well as adding value to the waste
as a potential enzyme inducer.

Bioremediation of BPA

Laccase has already defined as one of its mechanisms the ability
to catalyse oxidation reactions of phenolic compounds, which may
explain the high degradability of BPA. As the compound has two
phenolic structures in its molecule, it can be assumed that the laccase
acts biotransforming or biodegrading this compound by oxidizing its
aromatic rings, which were observed in the identified degradation
pathway. According to Chhaya and Gupte,*! this pathway generates
the expected treatment, which is the reduction of BPA toxicity,
since the formed molecules have a greater polarity than the original
molecule, which causes a decrease in the capacity of penetration of
the compounds in the human cell or tissue.

Even though the initial BPA concentration used in the experiment
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is relatively low (1 mg L' = 1000 ug L), it is still relatively higher
than the actual concentrations found in contaminated environments*
of approximately 150 pg L. However, both enzymes induced with
acai and pineapple were effective in completely degrading BPA initial
concentration to almost nil at the end of the experiment. Our results
agree well with the literature. For example, Hongyan et al.* found
complete degradation of 5 and 10 mg L' of BPA after 24 h with the
lacquer of Trametes versicolor with the same reaction volume as
our work (i.e., 10 mL). Also, Olajuyigbe et al.*’ and Brugnari et al.*!
observed, respectively, a 48.2% degradation of 100 uM BPA with the
Cyberlindnera fabianni laccase after 24 h of reaction and almost a
total degradation of 100 mg L' with the P. ostreatus laccase in 60 min.
Both also reported that the enzyme in immobilized form showed
similar rates of degradation of the free enzyme, although slightly
more efficient, but for longer experimental periods, immobilized
enzymes offer more advantages in the thermal stability and storage
of the enzyme, as well as offering possibility of reusing it, which
reached 15 cycles by the second group mentioned above.

After the maximum time of each experiment, there was no
reduction in the amount of BPA in the controls that contained only the
compound and buffer (C,), therefore, it is suggested that spontaneous
degradation of the molecule did not occur.

It is also worth mentioning that the procedures were performed
using crude extract, not purified enzyme. In this way, it was not necessary
to use expensive enzyme separation and purification steps and it still
dispenses the addition of mediators to the reaction medium, since the
crude extract contains natural mediators produced by the fungus.*

CONCLUSIONS

The developed technology brought to the scene a new green, viable
methodology, using inputs from agro-industrial waste, adding value
to these residues and bringing an alternative to the existing physical
and chemical treatments. The results obtained with the residue of
acai and pineapple for the production of laccases, demonstrate that
the production of the enzyme is efficient even in poor nutrient broth
when there is the addition of these biomass residues in the medium,
as well as these laccases can be an alternative in the remediation of
BPA, considering that they had a high potential for removal. Thus,
the results obtained here provide some relevant information about the
production of enzymes in a simple and cheap way using fruit residues,
as well as a small contribution to the removal of micropollutants in
the aqueous matrix.

SUPPLEMENTARY MATERIAL

Complementary material for this work is available at
http://quimicanova.sbq.org.br/, as a PDF file, with free access.
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