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APRESENTAÇÃO

Avanços Científicos e Tecnológicos em Bioprocessos é uma obra que reúne 
vinte e três capítulos com temas em pesquisas científicas realizadas no campo da 
biotecnologia, e que envolve agentes biológicos e bioquímicos na geração de produtos 
ou processos. Nesta obra se concentram diversos avanços descritos nas metodologias 
e nos resultados, distribuídos em quatro tópicos principais, envolvendo: processos 
químicos e biotecnológicos no aproveitamento de resíduos; produção de metabólitos 
e enzimas; métodos analíticos e de simulação; e biotratamentos envolvidos na 
geração de energias. Esta obra foi escrita por jovens pesquisadores brasileiros que 
estão desenvolvendo suas teses e/ou dissertações em instituições nacionais. Por este 
motivo, os aspectos inovadores e o alcance dos resultados apresentados podem ser 
um grande estímulo para aqueles que visam conhecer com maior amplitude alguns 
dos aspectos biotecnológicos estudados em algumas das instituições de nosso país. 

Alberdan Silva Santos
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EVALUATION OF METHYLOCYSTIS HIRSUTA 
GROWTH ON SUPPLEMENTED MINERAL MEDIA 

USING METHANE AS CARBON SOURCE

Capítulo 5

Rodrigo Pimentel Fernandes
Escola de Química – Universidade Federal do Rio 

de Janeiro
Rio de Janeiro – Rio de Janeiro

Ana Cristina Pantoja Simões
Escola de Química – Universidade Federal do Rio 

de Janeiro
Rio de Janeiro – Rio de Janeiro

Manuela Temtemples de Carvalho
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RESUMO: A crescente demanda por alimentos 
incentiva a procura por novas fontes proteicas, 
nos levando a buscar por diferentes alternativas. 
Microrganismos que utilizam metano como fonte 
de carbono, além de serem utilizados com este 
propósito, possuem a vantagem de utilizar um 
gás do efeito estufa como substrato, mitigando 
os efeitos deste poluente na atmosfera. Este 
trabalho visou obter um meio de cultivo adequado 

para o crescimento de Methylocystis hirsuta 
utilizando frascos agitados e um biorreator 
agitado mecanicamente. Foram utilizados 
suplementos para o meio mineral, de forma a 
aumentar a disponibilidade de nutrientes para 
a célula, e o seu uso mostrou-se eficiente, com 
aumentos de até 88% na concentração final 
de células. Os valores máximos de densidade 
celular obtidos foram de 0.75 g/L para os frascos 
agitados e 2.6 g/L para biorreator.
PALAVRAS-CHAVE: Metanotróficas, Proteína 
de Unicelular, Methylocystis hirsuta, metano

ABSTRACT: The growing demand for food 
promotes the search for new protein sources, 
leading us to look for different alternatives. 
Microorganisms that use methane as substrate, 
in spite of being used for feeding purpose, have 
the advantage of using a greenhouse gas as 
carbon source, mitigating the effects of this 
pollutant on the atmosphere. This work aimed to 
obtain a culture medium suitable for the growth 
of Methylocystis hirsuta using shake flasks and 
a stirred tank bioreactor (STR). Supplements 
were used for the mineral medium in order to 
increase the availability of nutrients, and their 
use proved to be efficient, with increases up to 
88% in final cell concentration. Maximum values 
of cell density obtained were 0.75 g/L for the 
shake flasks and 2.6 g/L for the stirred tank.
KEYWORDS: Methanotrophs, Single Cell 
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Protein, Methylocystis hirsuta, methane

1 | 	INTRODUCTION  

Methanotrophic bacteria are microorganisms capable of using methane as carbon 
source. The interest in their use can be justified by the consumption of this greenhouse 
gas, reducing its concentration in the atmosphere, and the low cost of this raw material, 
being able to generate products with high added value (Shindell et al., 2012) and low 
cost. These bacteria have potential to be applied in bioremediation (Wilson & Wilson, 
1985), PHB production (Wendlandt et al., 2001), nitrogen fixation (Auman et al., 2001) 
and, above all, single cell proteins (SCP) (Pereira Jr., 2012), due to its importance in 
the world scenario of population growth and crescent demand for food.

Compared with most common sources of proteins, SCP is characterized by a 
number of advantages, such as: higher protein synthesis rate in prokaryotes, high 
protein content and independence in seasonal factors (Adebayo et al., 2011; Nasseri 
et al., 2011). The objective of this work is to evaluate culture media composition for 
growth of methanotrophic bacteria Methylocystis hirsuta, in shake flasks and a stirred 
tank bioreactor (STR), aiming to achieve high cell concentrations.

2 | 	MATERIALS AND METHODS

The culture medium used to grow Methylocystis hirsuta was the American 
Type Culture Collection (ATCC) NMS 1306, removing the iron chelate solution and 
with addition of a 1.4 mg/L CuSO4 solution. Cell growth was carried out in previously 
sterilized penicillin flasks with controlled atmosphere, suitable for small-scale culture 
of methanotrophic bacteria. Since culture media is composed of a one-carbon source 
(methane) and a basic mineral medium, bacterial growth may require supplementation 
to reach high cell densities. Hence, yeast extract (YE), peptone (P) and casamino acids 
(CAS) were added and had their influence investigated. Assays were performed in a 
rotary shaker at 200 rpm and temperature of 30°C, with a 24-hour interval between 
feedings.

First, in order to enhance availability of vitamins, cofactors and nitrogen sources 
for M. hirsuta, yeast extract, peptone and casamino acids were individually added 
to culture media, each of them at 0.5 g/L, 1.0 g/L and 2.0 g/L, and respective cell 
concentrations were evaluated. Furthermore, mixtures composed of yeast extract/
peptone (YE + P) and yeast extract/casamino acids (YE + CAS), at 0.25 g/L, 0.5 g/L, 
1.0 g/L and 2.0 g/L, of each component, were added and had its effects analyzed. Gas 
feeding composition was 30% methane and 70% air. 

After supplementation assays, a STR was used to enhance the mass transfer 
of gases into the liquid phase. The bioreactor was operated with a volume of 1 L of 
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modified NMS 1306 supplemented with yeast extract and casamino acids at 2 g/L 
each and pH, temperature and dissolved oxygen controlled. Medium feedings were 
done with the purpose of maintaining the total volume, as well as the concentrations of 
supplements, at suitable levels for the microorganism growth.

3 | 	RESULTS AND DISCUSSIONS

Modified NMS1306 supplemented with yeast extract, peptone and casamino 
acids led to higher growth rates and final cell concentrations when compared to control, 
as shown in Table 1.

Supplements
Concentration of supplements (g/L)

0.25 0.5 1.0 2.0
Cell Concentration (g/L)

YE - 0.37 0.40 0.47
P - 0.31 0.36 0.38

CAS - 0.38 0.41 0.43
YE + P 0.37 0.36 0.42 0.44

YE + CAS* 0.52 0.54 0.54 0.75
Control 0.29

Table 1. Cell concentration of M. hirsuta for different concentrations of yeast extract (YE), 
peptone (P) and casamino acids (CAS) in modified NMS 1306 (T= 30°C and pH 7.0).

*Control used for this condition had a final concentration of 0.40 g/L of cells.

For all supplements added, increases in initial loadings promoted higher cell 
growth. The use of yeast extract increased bacterial growth from 0.29 to 0.47 g/L, a 
result 62 % superior in comparison to the control flask without any supplements. On 
the other hand, peptone and casamino acids promoted increases equivalent to 31 % 
and 48 %, respectively. Addition of the mixture “YE + P”, each of them at 2 g/L, led to a 
52 % improvement in cell concentration, while for the mixture “YE + CAS” results were 
88 % superior, indicating this one as the most promising mixture for future assays. The 
use of both sources, even elevating costs associated to the process, is responsible for 
providing a wider variety of biomolecules to the mineral medium, which is interesting 
when working with more dense cultures of cells, such as those in bioreactors, where 
depletion of components is more likely to occur.

Results obtained for the STR experiment were better than the ones shown in 
shake flasks, with cell density reaching 2.6 g/L in 54 hours. It was needed to make 
medium replenishment to maintain cell growth after inactivity at 30 and 48 hours. This 
higher result reinforces the relevance of maintaining optimal process conditions, such 
as temperature and pH, and constant aeration and feeding (air and methane). Another 
aspect of utmost importance regards the enhanced mass transfer promoted by this 
system, which could increase the availability of methane (substrate) and air in the liquid 
phase. 
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Figure 1. Growth kinetics of M. hirsuta in STR with modified NMS 1306 supplemented with 2 g/L 
of yeast extract and casamino acids (T= 30°C and pH 7.0).

4 | 	CONCLUSIONS

Addition of supplements made it possible to reach higher cell concentrations than 
on the control, indicating essentialness of media supplementation. For assays carried out 
in bioreactor,  further studies are required, aiming at improving cell concentrations and 
optimizing methanotrophs culture, using previously optimized supplemented medium 
and other process conditions, such as new bioreactors configurations. Combination of 
other supplements and substances that may improve gas transfer to the liquid phase 
ought to be investigated to more conclusions about their effect and importance. 
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