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APRESENTACAO

Avancos Cientificos e Tecnoldgicos em Bioprocessos € uma obra que reune
vinte e trés capitulos com temas em pesquisas cientificas realizadas no campo da
biotecnologia, e que envolve agentes bioldgicos e bioquimicos na geracéo de produtos
ou processos. Nesta obra se concentram diversos avangos descritos nas metodologias
e nos resultados, distribuidos em quatro tdpicos principais, envolvendo: processos
quimicos e biotecnolégicos no aproveitamento de residuos; producédo de metabdlitos
e enzimas; métodos analiticos e de simulacéo; e biotratamentos envolvidos na
geracao de energias. Esta obra foi escrita por jovens pesquisadores brasileiros que
estdo desenvolvendo suas teses e/ou dissertacdes em instituicdes nacionais. Por este
motivo, os aspectos inovadores e o alcance dos resultados apresentados podem ser
um grande estimulo para aqueles que visam conhecer com maior amplitude alguns
dos aspectos biotecnologicos estudados em algumas das instituicdes de nosso pais.

Alberdan Silva Santos
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CAPITULO 12
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CELLULOLYTIC MEDIUM WITH Trichoderma virens
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ABSTRACT: The selection of microorganisms
with the potential of deconstruction of cellulose to
obtain fermentable sugars has been the subject
of research to obtain lineages with technological
potential. The Submerged mycelial culture is a
technique that allows a quick response on the
lineage of interest. The determination of the
apparent kinetic parameters KM and Vmax
is essential to evaluate initially the enzyme’s
affinity for the substrate and the maximum
rate of product formation. In this sense, the
cultivation of the microorganism was performed
in conical flasks with orbital agitation where

Avancos Cientificos e Tecnolégicos em Bioprocessos

mycelium of Trichoderma virens isolated from
marine xylophagous was inoculated. For the
determination of KM and Vmax the liquid culture
was used as the enzymatic agent. The values of
KM and Vmax were estimated by the methods
of Lineweaver-Burk, Hanes, Eadie-Hofstee
and Carvalho. It was observed that the models
of Hanes and Carvalho were the ones who
presented values of KM closer to each other,
and the values of KM and Vmax for Lineweaver-
Burk became more away from others models.
It was noted, however, that the coefficient of
determination for Lineweaver-Burk showed a
higher quality adjustment.

KEYWORDS: Submerged culture, Michaelis
constant, Trichoderma.

RESUMO: A selegcdo de micro-organismos
com potencial de desconstrugdo de celulose
para obtencdo de acucares fermentaveis tem
sido o foco de pesquisas com intuito de obter
linhagens com potencial tecnoldgico. O cultivo
micelial submerso € uma técnica que permite
uma resposta rapida sobre a linhagem de
interesse. A determinagdo dos parametros
cinéticos aparentes KM e Vmax € essencial
para avaliar inicialmente a afinidade da enzima
pelo substrato e a taxa maxima de formagéao
do produto. Neste sentido, o cultivo do micro-
organismo foi realizado em frascos cdnicos
com agitagao orbitalar, onde foi inoculado o
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micélio de Trichoderma virens isolado de xiléfagos marinhos. Para a determinagéo
de KM e Vmax, utilizou-se a cultivo liquido como agente enzimatico. Os valores de
KM e Vmax foram estimados pelos métodos de Lineweaver-Burk, Hanes, Eadie-
Hofstee e Carvalho. Observou-se que os modelos de Hanes e Carvalho foram os
que apresentaram valores de KM mais préximos entre si, e os valores de KM e Vmax
para o Lineweaver-Burk ficaram mais distantes dos outros modelos. No entanto, foi
observado que o coeficiente de determinacdo de Lineweaver-Burk apresentou um
melhor ajuste.

PALAVRAS-CHAVES: Cultivo submerso, constante de Michaelis, Trichoderma.

11 INTRODUCTION

Trichoderma spp. are filamentous fungi present in different habitats and commonly
found in the soil and decaying wood. ltis the genus of filamentous fungi more susceptible
to cultivation in synthetic medium, demonstrating a high opportunistic potential and
adaptabilidade to diverse environmental conditions. They are efficient producers of
many extracellular enzymes that can act to form synergistic in cellulolytic substrates
through the action of two Exoglucanases (CBHI and CBHII), five Endoglucanases
(EGI, EGII, EGIII, EGIV, and EGV), and two glycosidases (BGl and BGlIl) (SINGH et
al., 2009).

Several current computer systems allow a nonlinear adjustment for the
determination of kinetic parameters, however, a linear fit is simpler to be presented and
enables an understanding of the experimental points which have larger deviation of a
Michaelis-Menten type behavior (CARVALHO et al., 2010). In this work, four different
linear equations were used in order to compare the final results of the apparent kinetic
parameters Km and Vmax and to determine which linear regression method produces
the best parameters that represent the culture in liquid medium under the established
conditions.

2| METHODOLOGY

2.1 Preparation of the inoculum

The lineage of Trichoderma virens was isolated from a marine xylophagous
(FERREIRA, 2012). The primary cultivation of this lineage was grown in GPY medium
(glucose 20 g L ', peptone 5 g L, yeast extract 5 g L' and agar 20 g L'; pH 6.8) from
mycelia fragments preserved in glycerol (5%). Subsequently, the microorganism was
grown on CMC agar (peptone 2.5 g L; yeast extract 2.5 g L'; sodium carboxymethyl
cellulose 10 g L' and agar 15 g L'; pH 5.0) for 72 hours. Fragments of mycelium (100
units) measuring 3.0 mm were used as inoculum for submerged culture.
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2.2 Submerged culture

The submerged culture was performed in conical flasks with orbital agitation in
500 mL of liquid medium: yeast extract 1.0 g L''; KH,PO, 1.1 g L'"; MgSO,.7H,0 0.1 g
L, NaNO, 0.1 g L'*; CaCl,.2H,0 0.3 g L'; microcrystalline cellulose 5.0 g L™ and tween
80 1.0 g L"; initial pH 4.8, 150 RPM at 29° C for 8 days. The pH was controlled at 5.0
by the addition of HCI 50% (v/v). After the end of submerged culture, the biomass was
separated from the liquid phase by filtration through glass wool. This liquid phase was
called “enzymatic preparation” and was used as enzyme agent in the assays.

2.3 Reducing sugars measurement

The Reducing sugars measurement was carried out from the modified methodology
proposed by Miller (FERREIRA, 2012).

2.4 CMCase activity determination

CMCase activity was determined using 500 pL of the enzymatic preparation and
1000 pL of carboxymethylcellulose (CMC) in sodium citrate buffer (0.15 M, pH 4.8).
The system was incubated at 60°C for 30 minutes in a dry bath at 400 RPM. CMCase
activity was defined as relative CMCase = UCM/mL*, UCM was defined as the amount
of enzyme capable of releasing a micromol (umol) of reducing sugars per minute and
mL* represents the volume of enzymatic preparation. The assays were performed in
triplicate.

2.5 Determination of apparent kinetics parameters

The reactional conditions were established at 60°C using the enzymatic
preparation and CMC as a cellulosic substrate at concentrations between 0.3 and 3.3
g L in citrate buffer (0.15 M, pH 4.8). The kinetic parameters were determined by
linear regression using a statistical computer program with the results expressed as
KM, Vmax and R2 at a confidence leveal of 95%. The Lineweaver-Burk, Hanes, Eadie-
Hofstee and Carvalho et al models were used as shown in equations 1 to 4 respectively
(CARVALHO et al., 2010).

P By 7 B (1)
] K 5
7= Vour * Vo ©
V = Vonax — K- (5 ) ©
S=me.(l—€-)—f(,,, @
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3 | RESULTS AN DISCUSSION

The graph of (V vs S) and their respective values are the starting point for obtaining
all the evaluated models (figure 1). The error bars represent the standard deviations (n
= 3) of velocity measurements. This result shows that the reaction rates measured in
this work can be applied to the Michaelis-Menten kinetic model, which is characterized
by the hyperbolic profile.

It can be seen in table 1 that the Hanes and Carvalho et al models presented the
KM values very close. The largest relative difference of KM was in the order of 23%
between Carvalho et al and Lineweaver-Burk. Among the calculated determination
coefficients (R2), it was observed that Lineweaver-Burk presented the highest value
(0.997) and Eadie-Hofstee the lowest value (0.931). The equations obtained from each
linear regression method and your graphical representation are presented in Figure 2
(A-D).

The use of the Hofstee Eadie and Carvalho et al equations are simpler since the
linear and angular coefficients of the lines directly give the values of Vmaxand -Km (Eq. 3
and 4). Despite the high correlation between the variables plotted by Lineweaver-Burk,
this model tends to agglomerate the points at higher substrate concentrations, unlike
what happens for the other methods (Figure 2A). Analyzing only the EadieHofstee
model it was possible to observe that the dependent variable V (hydrolysis speed
observed for each substrate concentration) appears in both the coordinates, leading
to the errors propagation. This may explain to some extent the smallest value of R?
observed experimentally for this model.

According to Carvalho et al. (2010), the Hanes equation (Eq. 2) was investigated
by Lineweaver and Burk who concluded that the Hanes equation produced better results
for low substrate concentrations. Otherwise, according to Castro et al., 2010, the Hanes
model is presented as the most accurate for the estimation of kinetic parameters but
the independent variable appears on both sides of the equation and the x-axis is IS]
not 1/[S] as in the Lineweaver-Burk plot. Vmax and KM are not read directly off the plot.

0.7

e 1 1 [ E ‘‘‘‘‘ ‘!M !
0.5 /(
:—g [ IR CRCIRu: v JACuat RSt S |
i /
SRy M .1 AUV, (HNON
£
EVTR
> 0244 | EEISENT) L
0.4 g o o s e
0.0 T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0 3.6
CMC (gL™)
Figure 1. Graph V vs S (concentration of CMC as cellulosic substrate) and enzymatic
preparation.
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The table 1 shows the confidence intervals (Cl) for each kinetic parameter
evaluated. It was observed that Linewearver-Burk presented the best determination
coeficiente, but also presented the highest relative errors of KM and Vmax (+ 20% and
+ 17% respectively) when the Cl was evaluated. The lowest relative errors of KM and
Vmax were observed for the Hanes (+ 9% and + 5,5% respectively) and Carvalho (+ 8%
and 6% respectively) models. The Carvalho equation has a manipulation advantage
over the Hanes equation because the values of Vmax and -KM appear directly as the
angular and linear coefficients of the line (Eq. 4). The Hofstee plot estimates of KM and
Vmax have smaller standard errors than those based on Linewearver-Burk plot but the
estimates of KM and Vmax are not as close to those obtained using the Hanes and
Carvalho models.

Km-Cl Vmax (mmol L* min?) - Cl R?
Lineweaver-Burk SE  2.01+0.40(1.61at2.41) 1.107+0.188(0.919 at 1.295) 0.9970
Hanes t SE 1.66 +0,15(1.51at 1.81) 0.997 + 0.055 (0.942 at 1.052) 0.9808
) (
) (

Eadie-Hosfstee * SE 1.79+0.30(1.49at2.09) 1.033+0.098(0.935at1.131) 0.9310
Carvalho et al. * SE 1.60+0.13(1.47at1.73) 0.978+0.063 (0.915at 1.041)  0.9808

Table 1. Kinetic parameters Vmax and KM obtained by different methods of linear regression
(SE: standard error of mean and CI: confidence interval on the mean).
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Figure 2. Graphical representations and equations obtained from linear regressions using CMC
and enzymatic preparation.
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41 CONCLUSIONS

The results obtained by Hanes and Carvalho et al showed higher enzyme-
substrate affinity with better distribution of experimental points, not being influenced
by agglomerated points at low concentrations. In Carvalho et al the apparent kinetic
parameters KM and Vmax are obtained directly by means of the coefficients of the line.
In addition, these parameters presented confidence interval values close to the Hanes
model for the same confidence level of 95%. Thus, it is believed that in the experimental
conditions of this study, Carvalho et al presented as the best linear regression model.
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SOBRE O ORGANIZADOR

ALBERDAN SILVA SANTOS ¢ Professor associado das faculdades de Quimica e
Biotecnologia da UFPA; E Engenheiro Quimico graduado pela UFPA; E Mestre em Quimica
e Biotecnologia pelo Instituto de Quimica e Biotecnologia da UFAL; E Doutor em Bioquimica
(Biotransformagbes com énfase em oxida¢des microbioldgicas) pelo Instituto de Quimica
da UFRJ. Realizou Estagio pos-doutoral no Departamento de Biotecnologia do Instituto de
Agroquimica e Tecnologia de Alimentos - IATA de Valencia, na Espanha. Atua no ensino de
graduacéo e Pds-graduagdo no qual orienta Mestrandos e Doutorandos. Coordena projetos
de cunho académico-cientifico nos Laboratérios de Investigacao Sistematica em Biotecnologia
e Biodiversidade Molecular da UFPA, em areas estratégicas como: Biotransformacdes;
producdo de enzimas; desenvolvimento de processos biotecnoldgicos no aproveitamento de
residuos agroindustriais para a producéo de biomoléculas de interesse médico, cosméticas
e farmacéutica; producao de biomoléculas a partir de cultivo de micro-organismos e cultivo
de células vegetais. Aplica técnicas avancadas de Metabolémica e Lipidémica (CG/EM, LC/
MS) na investigacdo metabdlica de plantas e micro-organismos. Contribuiu na criacdo do
curso de graduacao e do programa de pés-graduacao em Biotecnologia da UFPA. Foi o 1°
Diretor da Faculdade de Biotecnologia da UFPA no periodo de 2009-2011. Atuou como vice-
coordenador protempore do Programa de Pés-graduagcéo em Biotecnologia da UFPA. Possui
diversas publicagcbes nas areas da Quimica e Biotecnologia, assim como patentes. Recebeu a
primeira Carta Patente na UFPA em dezembro de 2013. E pioneiro na otimizagdo de processo
de producao de metabdlitos secundarios e enzimas em cultura de células vegetais e de micro-
organismos na Regi&o Norte do Brasil.
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