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Biotechnology programme at Poona U—the beginning or

the end?

V. Sitaramam

Emphasis on good teaching and stress on experimental skill are major features of Poona’s successful
biotechnology training programme. But increasing the number of specially-funded centres without

improving quality of work is fraught with only-too-familiar dangers.

Two viewpoints may be presented
concerning the performance of the bio-
technology programme at the Univer-
sity of Poona in Pune, which are shared
to a vanable measure by most other
major centres, These viewpoints are not
mutually exclusive. 1 bnefly sketch
these, with the caveat that any com-
placency that more centres of the same
kind would continue to yield good
results may be a misplaced judgement. In
this connection I share some of my own
apprehensions and even aspirations
about the future of the programme.

When the goings are good, the
question arises as to where the laurels
should rest. The viewpoints difler corres-
pondingly, while the impartial observer
even fails to see them as different points
of view,

Viewpoint 1 (or, We have done
it!)

a. Trumpets and cymbals

The biotechnology training programme
at the university is now five years old.
In these five years, the programme has
performed adequately to be considered
worthy of the endowment it received as
a part of the national mandate 1n man-
power development. More than 90
students {(at about 20 per year) were
admitted to the M S¢ programme and
have graduated. While the students are
selected at the nauonal level therr
performance, evaluated by external
agencies such as CSIR and UGC
through their joint entrance test, was
consistently high, with 90-100% pass-
mg Even in the Graduate Apltitude Test
in Logincering (GATE) of 1he Indian
Institutes of Technology (1IT), 11 owt of
13 passed 11 1990, | was told that these
results do compare rather favourably

with the performance of JIT graduates
themselves!

b. Accident or design?

[f we—the Poona bioteehnology teach-
ing faculty—have contributed positively
to the relative well-being of our students,
what flactors have played a sigmificant
role? The foremost pertains to the reali-
zation by the faculty from the very
beginning that the traiming in biotech-
nology must be expertmental. It was
clear that the M Sc programme should
attempt to repair the damage inflicted in
the name of science education at the
bachelor's level as well (in terms of loss
of time as well as poverty of ideas and
attitudes required for a science educa-
tton) while fulfilling the requirements at
the MSc¢ level. Holidays could be
dispensed with, replaced readily by a
two-month summer training programme
for each student in major laboratones in
vartous parts of the country. Similarly,
the mid-year vacation in the second
year could cater to the completion of
the compulsory project work. Practical
training requires direct access (o equip-
ment. Above all, incuication of the work
ethic required long hours of laboratory
work and frequent meeting of deadlines.
The students come to us after BSc,
where the dominant learming mode is
mindiess cramming from books. A
transitton to learning by experience and
active nvolvement is totally ahien and
taukes considerable effort and persuasive
skills,

¢. To be or not to be quuantitative?

The 1dea of equalizatton courses that
cater to the immediate needs of the two
distinct streams  of students, viz. the
physical-sciences students and the bio-
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logical-sciences students, has played a cru-
cial role in bridging the gap between
them. Mathematics, statistics and com-
puter programming on the one hand,
and cell biology, biochemistry (includ-
ing physical and organic chemistry),
molecular biology and genetics on the
other at a primary level in the first year
rendered the subsequent programme
easier for teachers as well as students. In
fact, open access to equipment during
free time (which is to become increas-
ingly rare with each passing semester)
allowed the students to learn (with a
little frtendly persuasion) techniques
such as spectrometry in considerable
practical detail. This 1n turn has per-
mtitted more ambitious practicals in the
second year. [ncorporation of statistical
methods heavily in experimental proto-
cols helped students to acquire familia-
rity with quality control.

d. Awareness or ‘hands-on’ experi-
ence!

Since 1t would be diflicult to impart
practical training at an advanced level
unless the teacher student ratio was
high, the programme adroitly incorpo-
rated two features that are specific to
Poona: first, division of the second-yeur
students into groups for speciahizations

(see table) with some common ‘techni-
ques’ courses 1 biochemustry and bio-

physics; second, the enthusiastic parti-
cipation of neighbouring national labo-
ratories, such as the National Chemical
Laboratory (NCL), the National Insti-
tute of Virology {NIV) and the Nattonal
Tissue Culture Factlity, in the teaching
programme, particularly for the spevia-
lizations, to ensure hands-on practcal
trmining. The tempo 5 mamtiuned with
A rorous project equivalent to a full
course, which has lked to publishable
work i several instances. In any event,
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Special 1ssye

S

Specinlizations offered In the second year {i.e. I} and }V semesters) of M Sc

biotechnology

Specialzation

Courses
{theory and practicals)

i Semestier

Common courses
Genelic ergineennyg

Biochemical engineerng
Animal issue culture
Plant tissue cuiture
Maolecular brophysics

IV Semester

Common course
(GGenelc engineering

Biochemical engsneering
Antmal hissue culture

Plant tissue culture

Biochemical and biophysical techmqgues, Project

Maolecular biology (1), Recombinant-DNA technology,
Microbiology

Fundamentals of biochemical engineering. Microbiology,
Enzyme technuques and separation processes
Developmental biclogy Principles of animal cell and tissue
culture, Ammal cell cultures and applications

Plant cell and developmental biology, Plant tissue culture
fechnmgues

Melecular biology (1), Microbiology, Simufation and modgelling

Project

Molecular biclogy (), Genetic toxicology, Experimental cell
and molecular biology, Virology, immunology

Bioreactor design and transport phenomena, Biochemical
processes and bictechnoiogy, Virology, Immunology

Special techmqgues \in animal cell and tissue culture, Genetic
engineenng, Genetic toxicology, Virclogy, Immunology

Plant physiology and phytochemistry, Application of plant
bissue culture, Genelic engineanng, Viroiogy, tExperimemnal

cell and molecular biclogy

Molecular b:ophysics

Molecular biophysics, Bioenergetics and membrane

bicphys)cs, immunology, Biological macromolecutes

e

Each semester has three theory courses of 50 lectures each and two practical courses of 25
practicals each For speciahizauons, the duration of each practical corresponds to 6 hours
generally The project 15 a full course equivalent

every student has a minimum of 50
hours of work with half as many
contact hours every week, besides
vartous tests and tutorials. Given the
choice between scholarliness (in  the
most pejorative sense of mere book-
learming) and first-hand expertence (in
the noblest empincal tradition!), the
Poona model preferred the latter

Viewpoint 11 (or, Well, the time
was ripe!)

a. Historical inevitability

The naticnal biotechnology manpower
development mandate came to {ruition
through the efforts of the Department of
Biotechnology (DBT), which has taken
considerable pains to choose 1ts centres,
fund them well, and monmtor them
constantly. While the management was
all that it ough{ to be, the enthusiasm
was equally well received by the univer-
sities in affording a relanvely smooth
operation. For the first time, some
integration with a meaningful focus has
emerged in biology education in India

The Poona expenence has to be under-
stood not merely in terms of how the
biotechnology students, who are affi-
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hiated to the department of zoology,
fared, but also i terms of how well the
zoology M Sc students fare in  the
national tests. Fully backed by the
umversity in all matters of management,
the Poona programme succeeded, hav-
ing  stuck to the ongmal formula
without wavering, ie. affibation of the
programme to one nodal department
without succumoing to any schism. The
laurels and the bnickbats are equally
shared!

Looking back, the performance of the
depariment of zoology was on the
upswing even before the biotechnology
programme came tnto being. The choice
of this centre was thus in the fitness of
things. The will to perform remains the
most exacting requirement for an inter-
disciplinary programme such as this.
Poona was not an accident: there has
always been a commitment to funnel
resources acquired through research
grants towards teaching, without which
the buildmg of departments would be

but an empty dream.

b. The glamour factor

It was, and contimues to be, a matter of

some importance that biotechnology

has become an ‘avant-garde’ discipline
in biology today. This helped funding,
interactions and participation in teach-
ing, enhancing the stock of true resource
personnel and collaborations in re-
scarch as well. It gave some impetus to
a rethinking in terms of unification in
the teaching of modern btology, which
biochemistry or molecular biology
alone {ailed to do.

Besides glamour, there was also some
hard thinking on the part of the
students. Our own students primanly
have gone into research in most centres
in the country rather than into industry
and rtelated jobs. The programme at
Poona, in spite of being primarily a
science degree, has not intended this
result. But then, do the teaching facuhty
rematn @ dominant mode] for the
students? Besides, the summer trainming
that the students receive In vartous
laboratories also plays a role in this
chorce. If students from Poona go in for
higher academic traintng rather than to
industrial jobs, we take heart from the
observation that most students still
prefer to continue theitr research withmn
the country. We do not yet have enough
data on their mores after PhD.

Y ardsticks

While it s possible to analyse ad
nauscam the minutiae of the trammg
programme ang its requirements, 1t may
be fair to summarize that there 1s no
particular unanimity of opmnion even
among the teachrng faculty as to what
the yardsticks of good traming and its
external impact are. In particular, there
appears to be some view that there is a
minimum knowledge-bas¢ requirement
that the M Sc biotechnology programme
1s supposed to (. Model syllabi, a
favourite pastime, are written twenty to
the dozen, and observed more In
default. It 1s amazing bow well Indian
students do in the laboratory when
given a spectfic complete protocol, be it
blochemistry or genetic engineenng. It
is equally amazing how poorly they do
when given only an idea by which they
are expected to develop their own
experimental design. Should we teach
our students tn depth the things we
actually do, or should we restrict
ourselves to an overview, fulfilling the
delivery of ‘detailed and comprehensive'
syllabi? Nenther industry nor research
laboratories should forget that a fresh
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M Sc is still at his/her peak capacity to
learn and that our job 1s only to whet
the appetite for more demanding tasks
and not to curb it with endless book-

learning.

Whom do we select?

The Poona experience is worth noting
since considerable thinking and efforts
have gone mto an evaluation of the
entrance examination. Rigorous statisti-
cal evaluation indicated that neither a
viva voce nor any laboratory/practical
tests has contributed significantly to the
selection process. However, these ex-
periences, fostered by an active teaching
programme, have also brought to fore
the importance of the right attitudes in
the students and the consequent need to
persevere in attempts to improve the
examination system. The Poona pro-
gramme, despite its major emphasis on
quantitative btology, has not encoun-
tered any difficulty thus far in handling
students with a background in the
physical sciences or those in the bio-
logical sciences. The will to perform is
equally important for the students, an
aspect that the existing examination
system at the national level hardly
addresses itself to, A more rigorous
evaluation for general performance,
intelligence and comprehension, and not
textbook-oriented subject matter alone,
would definitely help in selecting the
right candidates. The time is ripe to
examine these aspects and also to
advertise more systematically at the
national level to attract better talent.

Quo vadis biotechnology? (The
beginning or the end?)

We have the general impression based
on conventtonal wisdom that if some-
thing works we should stick to it. More
of the same kind is considered likely to
amplfy the returns. The time has come
to examine again whether this has been
true in the past. With over a hundred
universities, have we kept pace with the
rest of the world in any subject—tech-
nology, science or the humanities? We
still assess our performance by the
numbers rather than by the quality, In
the last few decades, we have slowly
deteriorated or stood still while the
developed countries have marched ahead
in every conceivable subject, Why should
biotechnology be an exception in the

foreseeable future?

There 1s no need to dilate on this non-
performance of the Indian educational
system. There has aiso been no ace-
ouniability un the part of the teaching
faculty since there is no way to monitor
their performance meaningfully by their
teaching alone. Rather, 1t is important
1o see what tmpact their performance
has on the students as they come in and
how 1t contributes to theic psyche as
they leave. It appears that the students
do perceive the involvement and per-
formance of the teaching faculty as
academicians. They do pose questigns
of an embarrassing kind. For instance:
A lot of excellent publications are seen
from the West, often carrying Indian
names. Indians abroad are supposed to
be good at statistics and computer
software. What has happened to Indians
in India? Somehow, we have not shown
our mettle in originating and carrying
to their logical conclusion ideas and
products. Is it because we have not rid
ourselves of our erstwhile colonial
attitudes 1n science and its manage-
ment? Students discuss these. How
many products have really taken off [rom
the ground i1n the country? Are there,
really, avenues open for the entrepreneur?
Do we have what it takes to develop a
new process? Even when students do not
directly challenge us with these ques-
tions, their actions speak volumes. They
look for better addresses than for
demanding programmes. They are sim-
ply not convinced about the will of the
Indian industry to give them an environ-
ment for enhancing their capabilities. The
sociology of the young students, many
of them out of their homes for the first
time—at a somewhat late age compared
to engineering and medical students—
creates its own complexity. However, 10
the extent that they perceive what lies
ahead of them, the general approach is
somewhat cynical.

Increase in numbers by expansion,
unmindful of qualty, as well as lack of
vertical growth in the gquality of work
offer 2 deadly combination (or the future
of the biotechnology programmes. The
major threat (0 biotechnology comes
when it 1s perceived as a convengent
bandwagon, unsupported by perfor-
mance. The requirement lor technolog-
ical performance adds to the complexity
of scientific performance rather than
subtract from it. The critical locus rests
on the teaching faculty, who represent
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the very first images to be imprinted in
the minds of the new students.

What should we do?

The future of the training programme
clearly lies in what makes the students
tick. The students, as they come 1n,
respond like taut strings to enthusjasm
and commitment. They mvariably comm-
ent that participative, practical learning
Is something new and exciting. That
enthusiasm does not appear to last
beyond the first year. By the second
year, they have seen other labs and they
are not impressed with promises alone.
With the end of formal education
approaching, when each has to take care
of himself or herself, introspection begins
as tQ whether 1t 1s at all worth it. It 15 at
this point that the students sense the
level of performance of their teachers.
If not impressed, the disillusionment is
absolute and c¢ynicism manifest. One
must also acknowledge that the Indian
student in science takes much longer to
find his roots than his Western
counterpart.

The key to the future seems to be, at
least to my simple mind, in taking
advantage of the mmitial thrust already
achieved. For once, a trend has been
reversed 1n the country: universities, and
not national laboratories, have been
given major tnputs for nurturing mo-
dern science in a coherent manner. It 1s
clear that the initial inputs have been
adequate to initiate, 1in these university
departments, teaching as well as re-
search on a larger scale than has been
possible hitherto. After the fiest five
years, the basic needs for teaching and a
minimal level of research have been met.
In the next five years, it 1s necessary to
push through programmes such that
productivity is judged in terms of the
performance of students as well as thal
of the teaching faculty. If these centres
are also recognized in tangibie terms for
their actual performance in specified
areas of research, the consequent deve-
lopment ol specific identities may cap-
ture the imagination of the young
students in search of challenging carcers.
If the wuniversities remain ‘course
bazaars’, thetr stagnation ¢ certatn. It is
also tmportant to see that biotechno-
logy does not attaim a uniform character
and that each centre develops its own
specific character or “flavour’ based on
the active interests of its own faculty.

hR1.
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Is this emphavwis on the research
growth of the centres justified? Are not
the universities primarily for education
and not research? Somehow the image
that education. at least at the post-
graduate level, can go on in the absence
of high-powered research appears to be
an ongmal Indian thought, that too of
recent origin. Even the ongmal charter
for Indian umversitics has not segre-
gated education from research so
effectively as we have now achieved in
most places! In the absence of a stick,

the carrot of research support may help
change or mamtain the pace

Some of these considerations may be
true of all universitics and all subjects. It
may be true that not all subjects can be
developed equally. Since progress is
sporadic and not normative, why worty?
Some progress 1s better than none.
Biotechnology, if sustained in terms of
its intrinstc logical growth, may yet offer
a reasonable and plausible model for an
improvement of the general scenano of
education in the country. That will be a

Special issue

true beginning. But 1t will require con-
siderable planning for the years ahead.
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Biotechnology training—innovative teaching and liaison
with industry, MSU Baroda

V. V. M Odf

Teaching should stimulate students to ask intelligent questions and seek ways of answering them.
Biotechnology education cannot be limited to textbooks.

Biotechnology today has become syno-
nymous with application of state-of-the-
art molecular biology in industrial
ventures; it deals with the use of
microbes and plant and animal cells in
the production of a wide variety of
substances. For example, genes encod-
ing penicillin-biosynthesis enzymes have
been isolated and cloned®. Such cloned
antibrotic-production genes can be used
10 develop anuibiotics with modified
structure or as probes to isolate from
the soil other microbes that make similar
but subtly different antibiotics. Genes
for an antubiotic ¢can be transferred into,
say, a new host bactenum that ferments
well at 40-50"C to investigate the
feasibibity of antibiotic production at
high temperatures; the reduction in
requirements of coohng water in the
process could result in considerable cost
savings. This can happen within a few
years The impact on medicine and
industry of the new technical ability to
analyse, synthesize and rearrange DNA
and to exploit monoclonal antibodies
will exceed the most optimistic claims.
Very soon deeper understanding of the

organization and functional control of

human chromosomes will emerge. We
can ignore these developments only at
our cost,

Planning for a work-force

There was clearly a need to train
to these

students and expose them
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developments. In 1984 the National
Biotechnology Board (now the De¢part-
ment of Biotechnology, DBT) promoted
and nurtured the estabhishment of spec-
1alized schools at more than a dozen
centres, including the M 8. University
of Baroda (MSU), University of
Poona, Jawaharlal Nehru Umversity,
Madura: Kamaraj) University, Banaras
Hindu University, Jadavpur University,
the Indian Veterinary Research In-
stitute, the Indian Institutes of Tech-
nology at Kharagpur and Bombay, the
Indian Agncultural Research Institute
and the All-India Institute of Medical
Sciences. Universities were selected for
support on the following critzria?: (i)
appropriate existing expertise, (i)
infrastructural facilities, (111) established
research strengths in designated areas,
(1Iv) major grants received from other
funding agencies, and (v) proximity to
research institutes or national labora-
tones already engaged in biotechnology.

On an average about 13 students are
admitted every year at each of these
centres (o the master's-level teaching
programme. Selection of candidates is
done on the basis of an all-India open
test, after which successful students are
distmbuted among the centres according
to ment and choice of centre.

MSc biotechnology at MSU

The course work includes theory classes

in general microbiology, immunology,
biochemistry, biophysics, biostatistics,
developmental biology, basic genetics,
pollution control and biodegrada-
tion 1n the first year. In the second year
the emphasis is on genetics and mole-
cular biology, genetic engineering, in-
dustriral and applied microbology, ad-
vanced 1mmunology, plant tissue
culture and economically important
plant products. These subjects are
taught by staff specializing in the
respective  subject. Several academic
positions were specially created for the
biotechnology course, and, when re-
quired, cooperation from staff of other
departments on the campus 1s also
sought.

Suitable laboratory work including
experiments designed to give the stu-
dents a deeper insight into their theo-
retical knowledge, with focus on micro-
bial biochemistry, immunology, develop-
mental biology, fermentation technology
and genetic engineerng, is carried out.

As a part of laboratory work, disser-
tation problems are given to students
on some aspect of ongoing projects.
This gives them opportunities to come
in close association with teaching staff
and to work with committed research
students. In a2 wholesome environment
the M Sc¢ students learn to do hard
work enthusiastically, ask the nght
questions, take pamns i venfying facts,
and acquire some sort of refinement
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