WILICATIONS OF
MICROBIAL GENES IN

VI]AI KUMAR GUPTA
MARIA G. TUOHY
GAURI DUTT SHARMA -,
SMRITI GAUR v

- EDITORS

erolﬂo’ oqy Researcll C

I . ;\ a[vances



MICROBIOLOGY RESEARCH ADVANCES

APPLICATIONS OF MICROBIAL
GENES IN ENZYME TECHNOLOGY

V1JAI KUMAR GUPTA
MARIA G. TUOHY
GAURI DUTT SHARMA

@Uw

*O
C

New York



Copyright © 2013 by Nova Science Publishers, Inc.

All rights reserved. No part of this book may be reproduced, stored in a retrieval system or
transmitted in any form or by any means: electronic, electrostatic, magnetic, tape, mechanical
photocopying, recording or otherwise without the written permission of the Publisher.

For permission to use material from this book please contact us:
Telephone 631-231-7269; Fax 631-231-8175
Web Site: http://www.novapublishers.com

NOTICE TO THE READER

The Publisher has taken reasonable care in the preparation of this book, but makes no expressed or
implied warranty of any kind and assumes no responsibility for any errors or omissions. No
liability is assumed for incidental or consequential damages in connection with or arising out of
information contained in this book. The Publisher shall not be liable for any special,
consequential, or exemplary damages resulting, in whole or in part, from the readers’ use of, or
reliance upon, this material. Any parts of this book based on government reports are so indicated
and copyright is claimed for those parts to the extent applicable to compilations of such works.

Independent verification should be sought for any data, advice or recommendations contained in
this book. In addition, no responsibility is assumed by the publisher for any injury and/or damage
to persons or property arising from any methods, products, instructions, ideas or otherwise
contained in this publication.

This publication is designed to provide accurate and authoritative information with regard to the
subject matter covered herein. It is sold with the clear understanding that the Publisher is not
engaged in rendering legal or any other professional services. If legal or any other expert
assistance is required, the services of a competent person should be sought. FROM A
DECLARATION OF PARTICIPANTS JOINTLY ADOPTED BY A COMMITTEE OF THE
AMERICAN BAR ASSOCIATION AND A COMMITTEE OF PUBLISHERS.

Additional color graphics may be available in the e-book version of this book.

Library of Congress Cataloging-in-Publication Data

ISBN: 978-1-62417-808-5

Library of Congress Control Number: 2012956344

Published by Nova Science Publishers, Inc. 7 New York



MICROBIOLOGY RESEARCH ADVANCES

APPLICATIONS OF MICROBIAL
GENES IN ENZYME TECHNOLOGY



MICROBIOLOGY RESEARCH ADVANCES

Additional books in this series can be found on Nova’s website
under the Series tab.

Additional e-books in this series can be found on Nova’s website
under the e-book tab.

GENETICS - RESEARCH AND ISSUES

Additional books in this series can be found on Nova’s website
under the Series tab.

Additional e-books in this series can be found on Nova’s website
under the e-book tab.



Foreword

The importance of sustainability in productive activities has been widely recognized,
being required the replacement of chemical processes based on non-renewable inputs for
chemical or biochemical processes that use renewable inputs. It is also recognized the need
for replacing the multistep chemical process for biotechnological processes more efficient.
This condition favors the use of renewable raw materials through biotransformation and
biocatalysis. These technologies are already being used by industry, although there is a great
interest in developing new processes. Its implementation results in higher quality products,
obtained by means of lower energy consumption and lower environmental impact.

In function of these tendencies and needs, it is forecasted a significant increase in
consumption of enzymes worldwide. This scenario is particularly attractive because the use of
enzyme catalysis allies the technological development with the utilization of renewable raw
materials as well as with environmental preservation. The enzymatic technologies found
applications in agriculture as biocontrol agents, in food as additive or to its production and,
more recently, in biofuels production due to great interest in development a technological and
economical viable process for hydrolysis of lignocellulosic or starch-rich materials for second
generation ethanol production.

In this scenario, the use of microbial genes in enzyme technology is fundamental to
obtain success during the developing and implementation of enzymatic process, because the
use of genetic engineering employs tools that allow the selection/obtainment of more specific
enzymes or to improve the its affinity to a specific substrate. These possibilities will lead to
an improvement on process productivities, making it technologically and economically
viable. In this sense, the book “Applications of Microbial Genes in Enzyme Technology”
reports a theme in the frontier of knowledge and brings the readers with new development on
genes manipulation to improve enzyme production/application.

Prof. Marcio A. Mazutti
Universidade Federal de Santa Maria - UFSM
Santa Maria — RS, Brazil



Preface

Microbes are excellent models for understanding biological interactions and evolutionary
biology due to their large ecological and genetic diversity. With the advancement of
biotechnology, increasing numbers of enzymes have been identified and produced before
being used in various industries including medicine, agro-industry, commodity production
biofuel and modern biotechnology. Microbes are ubiquitous in all ecosystems and vital for its
functions. The Enzyme Technology work as to establish to identify and characterize novel
enzymes with desirable characteristics by taking advantage of biodiversity, especially the
hugely diverse variety of microorganisms. Microbial enzymes are economical and can be
produced on large scale within the limited space and time. The amount produced depends on
size of fermenter, type of microbial strain and growth conditions. It can be easily extracted
and purified. Microbial diversity is one of the important resource for development of new
micro-organisms and strain improvements, for several important genes and production of
enzymes having high value to food and pharmaceutical and biotechnology industry. The
identification of microbial resources allows the heterologous high-level overexpression of the
corresponding enzymes. They used to produce broad range of hydrolytic enzymes that can
break down complex biopolymers and produce chemically and structurally complex
compounds with high industrial interest. A better understanding of microbial ecology may
lead to the identification of novel species, functions and biomolecules for a variety of
biotechnological applications. Exploitation of the valuable genetic resources that microbial
diversity comprises, most often requires modern biotechnological methodology. Identifying
species of organisms by short sequences of DNA has been at the center of current research.
The microorganisms have specific genes introduced into their DNA through genetic
engineering, so that they produce enzymes naturally made by other micro-organisms or newly
developed strain of particular microbe. The research includes all aspects of enzyme
biotechnology from screening of enzymes from microbial isolates and from metagenomic
libraries, gene isolation, enzyme production in wild-type microbes and recombinant systems
to development of enzymatic processes in industry. It means that due to presence of high
genetic flexibility they can be genetically manipulated to increase the yield of enzymes within
very short generation times. Since genes encode enzymes, the changes in gene certainly bring
about alteration in enzyme structure, so using enzyme engineering systems and their
modification of enzyme structure by alteration of gene/ modified gene it seems to be a
promising technology for the production of stable enzymes by genetically engineered
microbial cells in pilot scale.
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This book provides an extensive survey of applications of important microbial genes and
their functions in enzymes production for several industrial processes. The chapters presented
in the book will cater the need of students of undergraduate, postgraduate courses and
researchers across disciplines and sectors where microbial diversity and enzyme research and
experimentation are undertaken. Moreover, this book covers the recent updates on important
genes, their functions in microbial systems and their applications in enzyme technology.
Therefore, this publication will be very useful not only to experienced researchers but also for

the beginners.

Dr. Vijai Kumar Gupta, NUIG, Galway, Ireland and MITS University, India
Prof. Gauri Dutt Sharma, Assam University, India

Dr. Maria G. Tuohy, NUIG, Galway, Ireland

Dr. Smriti Gaur, JIIT, Noida, India

04" May, 2012
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Chapter 1

Use of Metagenomics for
the Production of Novel Enzymes

Tanzeem Akbar Cheema’, Radhika Singh’
and Sudip Kumar Rakshit’”

'Food Engineering and Bioprocess TechnologyProgram,
Asian Institute of Technology (AIT),

Klong Luang, Pathumthani, Thailand
*Department of Chemistry, Dayalbagh Educational Institute,
Dayalbagh, Agra, India
‘Department of Chemical Engineering,

Lakehead University, Thunder Bay,

Ontario, Canada

Abstract

This chapter is an overview of the recent advances in metagenomics, which is a
novel method of utilizing the unravelled genetic information of microorganisms which
are uncuturable using classical microbial methods. With the understanding that only a
small fraction (less than 1%) of infinite microbial diversity can be grown in nutrient
media, the culture-independent approach of metagenomics seems to have considerable
potential. The possibility of recombining the genes of useful enzymes retrieved from
these “unculturable” microorganisms into the organisms, which we know to culture and
genetically modify, opens up the possibility of producing a large number of enzymes with
novel properties making them useful in a number of biotechnological applications. This
chapter includes an example of the possibility of producing new cellulase enzymes from
the metagenome of microbes which grow symbiotically in rumens of herbivores creating

" Corresponding author: Sudip Kumar Rakshit. Department of Chemical Engineering, Lakehead University,
Thunder Bay, Ontario P7B 5E1, Canada. E-mail: sudip.rakshit@lakeheadu.com.

Tanzeem Akbar Cheema: Food Engineering and Bioprocess Technology Program, Asian Institute of Technology
(AIT), Klong Luang, Pathumthani, 12120, Thailand. Radhika Singh: Department of Chemistry, Dayalbagh
Educational Institute, Dayalbagh, Agra — 282110, India.
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breakdown of the cellulosic feed they consume. The array of methods that are used in
genetic screening for novel genes, introduction of microorganisms in the phylogenetic
tree, etc. are discussed.

Introduction

Enumeration of microbes in environmental samples can be done either by direct count
using a microscope, or by viable count by growing diluted-samples in nutrient media. The
disparity between the two was not given much importance for a long time. But recent studies
have shown that we are not yet able to cultivate 99% of the microorganisms available in
nature (Amann et al., 1995; Streit and Schmitz, 2004), as we are not providing them the
appropriate conditions for them to grow (Bull e al., 2000). Many studies which explore the
diversity and potential of microorganisms using classical microbial culture methods are thus
certainly limited.

With the advent of genetic engineering and molecular biological methods, the possibility
of using the wealth of genetic information contained in the microorganisms which we are not
able to cultivate, now called unculturable microorganisms, is now promising. It is possible to
mine for genetic information in these microorganisms, capable of carrying out a specific
bioconversion, and reproduce them using a culturable host microorganism, such as E. coli.
This method of using the genetic information of unculturable microorganisms is known as
metagenomics.

The overall technique would then be to release all DNA from a mixture of
microorganisms (e.g. from rumen fluid, or a soil sample), breakdown of the DNA into
manageable fractions and then clone them into a well-studied host. Then an analysis based on
functional genomics may be able to identify new catalysts, or metabolites, with characteristics
better than those produced by known culturable microorganisms. Besides its practical and
possible use in industrial applications, metagenomics can play a vital role in studies related to
ecological diversity, phylogeny, understanding symbiosis, enriching gene families, etc.

There are many various stages in developing a metagenome. The first step is certainly
sampling, like in traditional microbiology, from a source at which there is the maximum
likelihood of getting the catalyst or metabolite, one is aiming to produce. It should be a
representative sample from the source. The total number of microorganisms present is
difficult to access as they cannot be seen. Some previous experience on the numbers involved
in the sample will be helpful in this decision. Utilization of the whole sample or filtration to
screen out undesirable microorganisms (e.g. viral particles from eukaryotes) is the next step.
This is followed by cell lysis, extraction and shearing of metagenomic DNA. The DNA
fragments are then cloned into plasmids and libraries are created. Sequencing of the clones
then follows and finally alignment of the sequences is done using bioinformatics. A typical
sequence procedure is to use the shotgun method, where random fragments of genetic
material are cloned into plasmid vectors and amplified in quantity before being sequenced.
However, more rapid and powerful methods are currently being developed and used.
Assembly of the sequence information to complete DNA forms is indeed very difficult and its
use in metagenomic studies to carry out partial assembly to the level of whole domains or
multi-domain genes. For practical application, the most important part is then to identify
useful genes. The incomplete nature of metagenomic data makes this difficult. The commonly



