viva J S. N. MUKHOPADHYAY



t~
s
fad

ADVANCED
PROCESS BIOTECHNOLOGY

EDITOR

S.N. MUKHOPADHYAY
Ph.D,FN.AEE., M.LL.Ch.E
Professor, Department of Biochemical Engineering & Biotechnology
LLT. Delhi

LAARAL

E200603721

Viva Books Private Limited

New Delhi « Mumbai « Chennai * Kolkata + Bangalore » Hyderabad



Copyright © S. N. Mukhopadhyay

First Published, 2005

VIVA BOOKS PRIVATE LIMITED

. 4262/3, Ansari Road, Daryaganj, New Delhi 110 002
E-mail: vivadelhi@vivagroupindia.net, Tel. 23258325, 23283121

. 215-216 New Apollo Estate, Mogra Lane, Andheri (E), Mumbai 400 069
E-mail: vivamumbai@vivagroupindia.net, Tel. 56997844, 56997845

. Jamals Fazal Chambers, 26 Greams Road, Chennai 600 006
E-mail: vivachennai@vivagroupindia.net, Tel. 28290304, 28294241

. B-103, Jindal Towers, 21/1A/3 Darga Road, Kolkata 700 017
E-mail: vivakolkata@vivagroupindia.net, Tel. 22836381, 22816713

. 7, Sovereign Park Apartments, 56-58, K. R. Road, Basavanagudi, Bangalore 560 004
E-mail: vivabangalore@vivagroupindia.net, Tel. 26607409, 26607410

. 101-102 Mughal Marc Apartments, Narayanguda, Hyderabad 500 029
E-mail: vivahyderabad@vivagroupindia.net, Tel. 27564481, 27564482

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, mechanical, photocopying, recorded or
otherwise, without the written permission of the publisher.

NOTE: Every possible effort has been made to ensure that the information contained in this
book is accurate at the time of going to press, and the publisher and the author cannot accept
responsibility for any errors or omissions, however, caused. No responsibility for loss or damage
occasioned to any person acting, or refraining from action, as a result of the material in this
publication can be accepted by the editor, the publisher or the author.

ISBN 81-309-0158-7

Published by Vinod Vasishtha for Viva Books Private Limited, 4262/3 Ansari Road, Daryaganj,
New Dethi 110 002. Printed & bound by Sanat Printers Kundli.



ADVANCED
PROCESS BIOTECHNOLOGY



This volume is edited in loving memories of
my parents, teachers, in-laws and well wishers and
for remembrance of 80" year of
Dr. Tarun K.Ghose,
Formerly Professor and Founding Head of BERC / DBEB,
LLT. Delhi.



Tarun K. Ghose (Retd.)

S.N. Mukhopadhyay
Saroj Mishra
J.K. Deb

D.P.Rao

S. Chand
S. Mehra

I. Roy

A. Bhaskar

V. Sahai

.James Gomes

Asok Mukhopadhyay
P. Ghosh
V.S. Bisaria

Pradip K. Roy Choudhury

Sujoy K. Guha

N. Saha

Renu Tyagi

M.N. Gupta

G.P. Agarwal

CONTRIBUTORS

Formerly Professor and Founding Head, BERC/DBEB
I.I.T., Hauz Khas, New Delhi— 110016

Professor, DBEB., I.1.T. Hauz Khas, New Delhi— 110016
Professor, DBEB, I.1.T., Hauz Khas, New Delhi— 110016

Associate Professor, DBEB., 1.I.T., Hauz Khas,
New Delhi—110016

Professor, Dept. of Chemical Engineering, 1.1.T., Hauz
Khas, New Delhi— 110016

Professor, DBEB., .I.T., Hauz Khas, New Delhi— 110016

Former PG Scholar, DBEB., I.I.T., Hauz Khas,
New Delhi— 110016

Former Assistant Professor, DBEB., I.I.T., Hauz Khas,
New Delhi— 110016

Former Assistant Professor, D.M.E., L.I.T., Hauz Khas,
New Delhi—110016

Associate Professor, DBEB., 1.I.T., Hauz Khas,
New Delhi— 110016

Associate Professor, DBEB., I.I.T., Hauz Khas,
New Delhi—110016

Scientist, N.L.I,, Aruna Asaf Ali Marg, New Delhi— 110 057
Executive Director, B.I.S.R., Jaipur, Rajasthan
Professor, DBEB,, I.I.T., Hauz Khas, New Delhi— 110016

Associate Professor, DBEB., 1.I.T., Hauz Khas,
New Delhi— 110016

Formerly Professor, C.B.M.E., LI.T., Hauz Khas,
New Delhi— 110016

Scientist, Faculty of Technology, Tomas Bata University
in Zlin, Czech Republic

Formerly Research Scholar, Dept. of Chemistry, I.1.T.,
Hauz Khas, New Delhi— 110016

Professor, Dept. of Chemistry, I.I1.T., Hauz Khas,
New Delhi—-110016

Professor, DBEB., I.I.T., Hauz Khas, New Delhi— 110016



xii  Advanced Process Biotechnology

K.B. Ramachandran Formerly Professor, BERC., I.I.T., Hauz Khas,
New Delhi—110016

P.K. Ghosh Formerly Advisor, D.B.T., GOI, C.G.O. Complex,
New Delhi

Abhay Deshpande Formerly Dy. Manager, J.K. Industry, Faridabad



PREFACE

The editor of this volume/book had great opportunities to conduct his designed short
term courses. He invited a large number of experienced and distinguished/established
expert teachers/scientists to join in summer/winter to teach college teachers/scientists/
scholars of various organizations’ short-term course topics on advanced process
biotechnology areas. Also he himself delivered a large number of lectures in various
national and international course-cum-symposia and other courses. These courses
were funded by various agencies and Govt. of India to make the area updated. This
book has emerged mostly from the lectures delivered at different continuing education
programme (CEP) and quality improvement programme (QIP), short term designed
courses sponsored by DBT, MHRD, GOI. Most of the topics of this book represent the
forefronts of Biochemical Engineering and Process Biotechnology advances/
developments. The key lecture ‘Patenting of Life Forms’ delivered by Tarun K. Ghose,
Formerly Professor and Founding Head, BERC/DBEB, IIT Delhi, in one of such courses
has a great bearing to the profession of Biochemical Engineering and Biotechnology. It
will provide readers of this book essential concerns of patenting living systems and
product in the progress of biotechnology.

Process biotechnology fundamental principles and concepts have used system
biology for various purposes. It has shown many possibilities. In more recent years
advanced process biotechnologies have delivered many commercially/industrially
important products and devices. These advancements have convinced many
institutes/universities and industries that process biotechnology practice is one of
the key areas for research based education encompassing new biology, biochemical/
chemical engineering, food engineering and technology, and biotechnology
disciplines in general. Biologists, physical, chemical and computer scientists,
engineers and technologists with motivations and devotions in bioprocessing
systems are contributing significantly towards advancing process biotechnology
for the years to come.

All the chapters included in this edited volume have a great relevance in the new
wave of current excitements and activities all over the world relating to modern
biochemical engineering and biotechnology concerning very important R&D and
industrial/commercial breakthrough achieved over the last few decades. These led to
put so much efforts in basic, applied and advanced research based academics on the
frontiers of biotechnology using engineering science principles and practices.

The contents of this book have been divided into four sections. Section I has
included advanced cell biology in advancing process biotechnology. Section I includes
topics and concerns of advanced upstream process biotechnology. Section I1I describes
some of the advanced concerns of downstream processing in recovery and purification
of process biotechnology products. Finally Section IV provides readers with some of
the miscellaneous industrial concerns in process biotechnology sectors. Further reading
references have also been provided in all chapters. On the whole for advanced level
readers/students and for self/independent study in the area, this book will provide
many new ideas.
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CHAPTER 1

Patenting of Life Forms

Tarun K. Ghose*

The first international organization that took note of and reacted to the upbeat of
new biotechnology was the Organization of Economic Cooperation and
Development (OECD).

Some key expressions of concepts of biotechnology inculde (a) biotechnology
and genetic engineering are new (b) in biotechnology the unknown outweighs
the known, (c) in the not so distant future non-pathogens will be transformed
into pathogens and this may help creation of novel and dangerous organisms
and the “New Biotechnology” will then produce new knowldege that may no
longer be called biotechnology; physical and mathematical sciences will be
intensively employed to help unfolding new areas of biotechnology.

Biotechnology’s diversity imposes the regulations of so many end uses
which must be accomplished by serveral government agencies. The end uses
vary, so do agencies’ jurisdiction and the nature of evaluation of the products.
For example, a review of an enzyme used as a drain cleaner will be different
from a review of the same enzyme injected into patients to disperse blood clots
by another agency. The diversity of products and their applications argue against
the usefulness of legislation or regulation that attempt to encompass unrealistic
grouping which may occur under the general form of biotechnology such as
genetically manipulated organisms or planned introduction of a compatible gene.
The degree of novelity of microbes or those created by genetic recombination
techniques has been both widely and poorly exaggerated. More than a dozen
microbial biocontrol agents are appoved and registered with Environmental
Protection Agency (EPA) USA, some year ago; these organisms are sold as
several different products for end use in agriculture, forestry and in homes.

It may be pointed out that the record of laboratory use of recombinant DNA
(rDNA) techniques supports the prediction that the probability of inadvertently
creating an organism capable of producing a medical or agricultural catastrophe
must be vanishingly small. Despite the annual release of recombinant organism
per investigator being in the order of ten to the power seven (107) from the standard
BL-1 biosafety level laboratory (EPA, 1992) for more than 15 yeasrs, not a single
adverse reaction has so far been observed in humans, animals or the environment.

* Based on key lecture delivered in CEP course “Conventional and Transfectional Fermentation
Process Biotechnology” sponsored by DBT, Govt.of India, at DBEB, IIT Delhi, 1998.



4  Advanced Process Biotechnology

INITIATIVES IN THE USA AND EUROPE

In applying the basic rules which the United States Supreme Court (US-SC)
developed in 1980 (Diamond vs. Chakrabarty case) the US Patent and Trademark
Office (US-PTO) granted numerous patents for many biotechnological processes
such as the process of recombinant DNA techniques, micro-injection or hybridoma
techniques (Cooper, 1982) and full length of gene sequences, viruses, plasmids,
cell lines and monoclonal antibodies (Mab) (Figure 1.1). The first patent for a
transgenic animal named “Harvard onco mouse” was issued by the USPTO in
April 1988 (Markey, 1989). Following this patent several bills purporting to impose
moratorium on animal patenting in respect of small farmers have been introduced
into the US Congress. Interestingly, none of these bills were adopted (Delevia,
1992) and in course of next four years 145 patent applications claiming new animal
life forms were pending before the PTO and by Dec. 1992 three further mouse
patents were granted. Regarding reported applications of National Institute of
Health (NIH) claiming protection of DNA stretches having yet unknown functions,
it was finally rejected by the PTO examiner for lack of utility and/or novelty. NIH
did not appeal the rejection. Moreover, NIH withdrew another patent application
claming 4446 additional sequences.

Sources of diverse Methods of controlling,
gene pools inserting genes
Bacteria  Plants Plasmids, Microinjection,
Fungi Animals Viruses
Insccts Man
Gene identification Development of methods
and isolation for identification and
isolation

. '

New gene construct
controller of gene

|

Transfer of gene
construct into
life forms

}

Genetically modified life forms

Fig. 1.1. Steps in genetic manipulation



