HISTORICAL NOTES

The making of a scientist

H. A. Krebs

[ Reprinted by permission from NATURE, vol. 215, pp. 1441-5, Copyright (C) 1967, Macemillan Magazines Ltd)

Scientists are not so much born as made by those who teach them research, which argues for the
perpetuation of centres of excellence. This was the theme of this address by Sir Hans Krebs at the
inauguration of the Department of Biochemistry at the University of Newcastle-upon-Tyne in 1967,

] became interested m my subject
because students have asked me from
time to time: ‘How does one become a
Nobel laureate?” I have never befare
attempted to answer this question
because I felt unable to offer an
impromptu comment, but when the
same question repeated itself [ began to
reflect on possibie answers.

First, I must criticize the question as
not being quite appropriate. What ts
appropriate is the related question:
‘How can distinction, or excellence, be
attained in science? Nobel awards are
to some measure a matter of good luck,
because their number 1s too small to do
justice to all who would merit an award.
A methodical way of finding an answer
to the modtied question is to study the
history and characteristics of scientists
of distinction. For this purpose I need 2
convenient criterion of distinction and,
despite what 1 have just said (and
despite some personal embarrassment),
I will use the Nobet award as a mark of
distinction, for want of a better criterion.

If I ask myself how it came about that
one day 1 found myself in Stockholm, |
have not the slightest doubt that I owe
this good fortune to the circumstance
that T had an outstanding teacher at the
critical stage of my scientific career,
when from my twenty-fifth to my
twenty-ninth year 1 was associated with
Otto Warburg in Berlin. He set an
example in the methods and quality of
first-rate resecarch. Without him I am
sure I would never have reached those
standards which are a prerequisite for
being constdered by the Nobel Commi-
ttees. 1 will say a few words later on
what tn particular | feel 1 learned from
him, but before doing this 1 would iike
to examine to what extent the importance
of an outstanding teacher applies to
other Nobel laureates.
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Warburg lumselt was 4 Nobel laureate
in 1931. He recetved the prize for his
work on the chemical nature of a key
enzyme in the reactions between molecu-
lar oxygen and foodstulfs in cellular
respiration. 1 was lucky to witness this
work from the closest quarters and to
take a subsidiary part i it. What were
the onigins of Warburg’s standards? In
an autobiographical note' which he
wrote in 1964, he remarked that: ‘the
most important event in the career of a
young scientist 15 the personal contact
with the great sctentists of his fime.
Such an event happened to me in my
life when Emil Fischer accepted me 1n
1903 as a co-worker in protein chemistry.
During the following three years I met
Fischer almost daily and prepared,
under his guidance, the first optically
active peptides’. So Warburg’s experience
and views are very much the same as
my own. Let me follow up the story
{urther.

Emil Fischer, Warburg’s teacher, was
one of the most outstanding chemists of
his time. He was awarded a Nobel Prize
m 1902 for his work on the chemical
structure of sugars, the first of his long
series of great achievements. Fischer 1n
turn was a pupil and prolonged asso-
ciate of another Nobel laureate, Adolf
von Baeyer, who received the Nobel
Prize after Fischer in 1905, for his
discovertes in the field of the chemistry

of dyestuffs, in particular for the synthesis
of indigo.

Teachers

Since Nobel awards began only in 1901
this criterion of excelience cannot be
used for the assessment of excellence in
the mineteenth century, but the scientific
‘genealogy’ of earlier teachers and pupils

in Figure 1 shows that von Bacyer was
a puptl of Kekulée (famous for his
contributions to the structure of organic
compounds, especially the ring structure
of benzene), and that Kekulé was a
pupil of Liebig (who laid the foundation
of organic chemistry). Evidently there
was also an association with very
distinguished teachers in the earlier
generations of scientists; had Nobel
awards existed in their time, Liebig and
Kekulé would certainly have been
laureates.

Liebig has provided his own testi-
mony on the mmportance of a great
teacher. He was a pupil of the French
chemist Gay-Lussac, the discoverer of
some of the fundamental laws of the
behaviour of gases. At the time of Gay-
Lussac and the young Liebig, Paris was
the centre of Continental science and of
Continental chemistry in particular,
Liebig worked uader hum in Paris and
referred to this experience? in the
following terms. ‘The course of my
whole life was determined by the fact
that Gay-Lussac accepted me in his

Berthotlet 1748-1822
l
Gay-Lussac 1778-1850
!
Liebig 18031873
l
Kekulg 1826-1896
l
von Baeyer 18351917
l
E. Fischer 1852-1919
l
Warburg 1883 (born)
)
Krebs 1900 {barn)
Figure 1. Scientific genealogy.
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laboratory as a collaborator and pupil’.
This 15 almost the same wording as that
of Warburg, written 100 years later.
(ray-Lussac was in turn a product of
the great French school of chemists,
including in particular Berthollet, who
pioneered mn the concepts of combustion
(abandoning the phlogiston theory in
favour of the role of oxygen) and
efucidated the chemistry of chiorine,
ammonia and hydrocyanic acid. One of
Berthollet’s teachers was Lavoisier.

In every case the association between
teacher and pupil was close and pro-
tonged, extending to the mature stage of
the pupil, to what we would now call
postgraduate and postdoctoral levels. It
was not merely a matter of attending a
course of lectures but of researching
together over a period of years.

Genealogy

S0 my scientific ‘genealogy’ as summari-
zed i Figure 1 drives home the point
that, m many instances, distinction
breeds distinction or, in other words,
distinction develops if nurtured by
distinction. This is further borns out
very forctbly by a consideration of a
more extended family tree of scientists.
Figure 2, dertved from a chart exbibited
in the Munich Museum of S¢ience and
Technology (Deutsches Muscum), sum-
marizes the genealogy of the Nobel
laureates descended from von Baeyer,
the pupil of Liebig, and this includes 17
names. QOutstandmg discoveries can be
associated with all the names. A fuller
chart®, beginning two generations earlier

with Liebig, contains more than 60
exceptionally distinguished names and
includes more than 30 Nobel laureates.

Seeing thrs kind of aggiomeration of
laureates within a scientific family, the
sceptic might well suspect a bias in
favour of giving prizes to pupils of
laureates. In short, does nepotism play a
part 1n the awards? I hope everybody
will agree that the answer to this
question 15 an emphatic ‘No’. The high
standing, in the eyes of the world, of
Nobel awards is derived from the
general recognition of the absolute
integrity of the Nobel Committees, and
from the knowledge that these commit-
tees take a tremendous amount of
trouble in finding the most worthy
Persons.

What, then, 15 it in particular that can
be learned from teachers of special
distinction? Above all, what they teach
is a high standard of research. We
measure everything, including ourselves,
by comparisons; and in the absence of
someone with outstanding ability there
i3 a risk that we easily come to believe
that we are excellent and much better
than the next man. Mediocre people
may appear big to themselves (and to
others) if they are surrounded by small
circumstances. By the same token, big
people feel dwarfed m the company of
giants, and this is a most useful feeling.
So what the giants of science teach us 1s
to see ourselves modestly and not to
overrate ourselves. This 15 a general
point,

Let me now try to be more specific
and quote what individuals have them-
selves thought about the influence of

vOn gdaeyer
‘ . I
Wilistatter Wieland Buchner Fischer
! v
Kuhn Lynen
| 1
Dig's Warburg Windaus
! l
Alder Butenanat
L ! }
Meyerhof Krebs Theorel
| !
Lipmann Ochoa

Figure 2. Genealogy of the von Baeyer “family” [The arows
indicate the teacher—pupil link. All members of this “family” are

Nobel laureates. ]
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their teachers. Warburg! in his auto-
biographical note summarized this with
reference to his association with Emil
Fischer: ‘I learned that the scientst
must have the courage to attack the
great unsolved problems of his time and
that soluttons can usually be forced by
carrying out innumerable expermments
without much critical hesitation’”. If [ try
to summarize what | learned in parii-
cular from Warburg I would say he was
to me an example of asking the right
kind of question, of forging new tools
for tackling the chosen problems, of
being ruthless in self-criticism and of
taking pains in  verifying facts, of
gxpressing results and ideas clearly and
concisely and of attogether focusing his
life on true values. An earlier witness on
this question of what one learns from an
outstanding teacher was Kekulé who, in
1890, when he was 61, remarked that
above all he learned from his teacher
Liebig the habit of hard work. He
related* that Liebig had told him, ‘If
you wish to be a chemist you must be
willing to work so hard as to ruin your
health. He who 13 not prepared to do
this will not get far n chemistry
nowadays’. Kekule added, 'For many
years four, or sometimes even three,
hours of steep were enough for me'.
Kekulé, of course, went a bit too far,
qurte a lot too far, but I do think there
is a great deal of truth n attaching
importance to the capacity for very
hard work.

Opportunities

A recent witness on this question of
what distinguished teachmng can convey
is Jacques Monod®, who recetved a
Nobel Prize in 1965, In fis Nobel
Lecture he commented on the import-
ance to him of 2 Rockefeller Fellowship
which gave him the opportumty to
work at the California Institute of
Technology 1n the laboratory of Mor-
gan. He describes the influence which
the contact with the distinguished people
meant to his development as a scientist:
‘This was a revelatton to me—a
revelatton of what a group of scientists
could be like when engaged in creative
activity, and sharmg it in constant
exchange of ideas, bold speculations and
strong criticisms: it was a revelation of
personalities of great stature such as
George  Beadle, Sterlng - Emerson,
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Bridges, Sturtevant, Jack Schultz and
Ephrussi, all of whom were then
working in Morgan’s Department’
Morgan was at that time a Nobel
laurcate and Beadle became one later,

There is one more witness I want to
guote in connection with the spectal
qualities of what leaders in a subject can
teach. This is Otto Loewi, who was a
Nobel laureate in 1936, a pharmaco-
logist and physiologist. He said thus
about the leading physiologists of the
nineteenth century and their influence
on their pupils®: ‘They shared to the
highest degree the qualities of contagious
enthusiasm, broadmindedness and imag-
nation, humility and deep devotion to
their pupils. These are qualities which in
themselves suffice 1o attract outstanding
students. . .. Besides the art of exper-
menting and observing, the pupils
learned the ways of thinking required
by science. They learned how to select
the object to be explored, how to
interpret and evaluate the results obtai-
ned, and how to integrate them into the
whole body of knowledge. In this way
students were not only made familiar
with methods and facts, but were
tmbued with the general scientific spint
which shapes the pattern of the true
scholar and investigator'.

So, above all, attitudes rather than
knowledge are conveyed by the disting-
uished teacher. Technical skills can be
learned from many teachers and, like a
modicum of intelligence, are, of course,
prerequisites for successful research,
What 15 cntical 15 the use of skills, how
to assess their potentialities and their
limitations; how to improve, o rejuve-
nate, to supplement them. But perhaps
the most important element of attitude
15 humility, because from it flows a self-
critical mind and the continuous effort
to learn and to improve. Also of great
importance 1§ the enthusiasm conveyed
from teacher to pupil: it is the root of a
large capacity for work; it makes the
research worker look on research not as
work but as a hobby and it also induces
him to say ‘No’ when he 15 faced with
tempting diversions leading him to the
‘corridors of power’ or travel on mnu-
merable trips abroad.

Question

I have referred to the importance of

asking the night kind of question in
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choosing a research problem, avoiding
those which may give a quick result and
concentrating on those which are really
worth while tackling. Paul Weiss’ re-
marked: ‘The primary aim of research
must not just be more facts and more
facts, but more facts of strategic value’.
By strategic value he meant that an
observation or an experiment should
lead to the clarification of a problem or
deeper insight into a phenomenon, or to
the linking of previously unrelated facts
and ideas. Goethe® expressed the same
idea much earlier: ‘Progress in rescarch
1s much hindered because people concemn
themselves with that which is not worth
knowing, and that which cannct be
known’. Medawar” has recently stated
very succinctly: ‘If politics is the art of
the possible, science is the art of the
soluble’. How to select worthwhile
soluble problems and how to creaie the
tools required to achieve a solution Is
something that scientists learn from the
great figures in science rather than from
books.

[ would like to underline, on the basis
of my own experience, what Monod
said about the importance of belonging
to a group of scientists such as he found
in the California Institute of Techno-
logy. Association with a leading teacher
almost automatically brings about close
association with outstanding contem-
poraries of the pupil because great
teachers tend to attract good people.
Students at all levels learn as much
from their fellow students as {rom their
sentors and this was certainly true in my
own case. Warburg's laboratory at
Dahlem, where I served my apprentice-
ship, was surrounded by other centres
of distinction. It was in the same
bullding as Meyerhof’s laboratory and
the contacts between the two biochemical
groups were very close. My own
contemporaries included many young
people who later became outstanding
scientists. There were Ochoa and Lip-
mann, who became WNobel laureates,
There was Lohmann, who discovered
ATP and the structure of cocarboxylase;
there was Karl-Meyer, who discovered
hyaluronic acid; there were Hans Gaff-
ron, David Nachmansohn, Dean Burk,
Frank Schmitt, Ralph Gerard and
Hermann Blaschko. Among the nume-
rous other outstanding scientists work-
ing within a few hundred vards, and
getting together regularly at the weekly
colloqua, were Neuberg, Hahn, Meitner,

Haber, Polany1 and Bonhoeffer.

There are many other examples of
such centres of excellence and breeding
grounds of scientists. Cambridge, for
example, was a centre of excellence in
physiology and biochemistry in the
carly decades of this century because
Foster, Langley, Hopkins, Barcroft and
Adrian were each surrounded by a
group of enthusiastic young people of
great ability. Cambridge, of course, at
the same time was also a centre of
excellence m physics, thanks to 7. J.
Thomson and Rutherford.

No doubt Cambndge and Oxford
owe some of their special standing io
their size, which made 1t possible to
assemble broadly based groups in a
single subject at a time when provincial
universities were usually restricted io
very small departments with little scope
for the cross-fertilization which occurs
in the larger groups. It is gratifying to
see the recent developments in the
provincial umversities which have re-
moved this restriction and go a long
way 1n providing a first rate environment.

What [ have said so far 1S not merely
a matter of historical reflections, There
are lessons to be learned, in particular
by policy-makers in the universities who
aim at making universitics nto centres
of excellence, As excellence in research is
onc of the main ultimate roots of all
academic excellence, including that of
undergraduate  teaching,  universities
cught to do everything in their power to
create opportunities for first rate research
work by their staff. But do they? Or,
being willing, are they given the means,
in terms of facilities and casgh, to do so?

Leadership

In the course of this century there have
been only two really fundamental
advances in the sciences: the first was in
the field of atomic physics, leading to
the creation of quantum mechanics and
the release of atomic energy, The second
was In biology where the fusion of
biochemistry, biophysics and genetics to
form molecular biology has led to an
understanding of basic biclogical pheno-
mena which, only a generation ago,
seemed beyond the reach of science
altogether. When we compare the cir-
cumstances which led to these two great
advances we find, as Max Delbriick!®
has pointed out, remarkable differences
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in the manner in which they have been
achieved. Atomic physics was created
almost exclusively within the framework
of traditional university institutions,
whereas in biology the modern develop-
ments have not come from the traditional
departments of biology. They are largely
the results of the efforts of chemists,
physicists and biologists, who frequently
worked i non-biology departments,
and outside the universities. In Britain,
decisive advances associated with the
names of Wilkins, Crick, Watson, Perutz
and Kendrew were made in the Medical
Research Council units in London at
King's College and at Cambridge, and
both these units, financed by the
Medical Research Council, were placed
in physics and not in biology labora-
tories. In France, the decisive contribu-
tions associated with the names of
Lwofl, Monod and Jacob came from the
Pasteur Institute, an institutton not
controlled by a university. In the United
States the Rockefeller Institute was a
major contributor, through the work of
Avery, MacLeod and McCarty, to the
new developments. It 1s indeed most
remarkable that universities allowed the
mitiative in advancing the frontiers of
knowledge to slip out of their hands in
this way.

The less of leadership in science by
the universities 1s also borne out by
statistics of the Nobel awards to British
scientists, which are shown in Table 1.
Out of 18 British awards since 19350,
only 10 laureates have earned therr
awards when holding umversity appoint-
ments-—and at least one of them,
myself, had a prvileged appointment
with very light teaching and admini-
strative duties at the critical time. The.
statistics become even more ielling
when they are lmited to the more
recent times. Since 1960 only three
Nobel awards went to the universities in
Britain and five to non-untversity scien-

tists (and this includes the physical
sciences), In this table ‘other centres’
means, in gvery case except one, the
Medical Research Council’s units, The
exception 1s A. L. Hodgkin at Cambridge
who holds a full-time research professor-
ship of the Royal Society. In comparing
these figures one has to bear in mind
that the financial resources of the
universities are very much greater, as a
whole, than those of the Medical
Research Caouncil or the Royal Society.
The funds at the disposal of the Medical
Research Council were rather less than
> per cent of those available to the
universities, and universities employ
probably more than 10 times as many
scientists as the Medical Research
Counctl. In spite of this handicap the
Medical Research Council has a much
larger share 1m the number of Nobel
laurcates.

Another illustration of this trend 1is
provided by the statistics of the Fellow-
ship of the Royal Soctety. Of 32 Fellows
elected in March 1967, only 13 did their
decisive work in the universities and
some of these 13 were again in privileged
positions within the university, occupy-
ing research posts without teaching
commitments.

Why then have the umversities lost
their leading position in research? |
believe the answer is simple. There 15
plenty of potential talent in Bntish
universities to achieve distinction 1n
science; what 1s lacking 1s simply time,
Real research of a fundamental character
requires a tremendous amount of time,
It cannot be done at odd spare
moments, nor c¢an it be delegated to
technicians or PhD students. The trouble
is that senior and junior academic staff
tend to be grossly overlpaded with
teaching, administration and college
administration—in particular at Oxford
This overloading often begins at a very
early stage of the academic career and

Table 1. British Ncbel awardees since 1350,

Urniversities {10) Other centres (8)

C. F. Powell (1950} A J. P. Martin (1952}
J. D. Cockeroft (1951) R. L. M. Synge (1952)
£, T.S: Walton {1951) F. Sanger (1358)
H. A. Krebs {1953) F. M. Perutz (1962)
M. Born (1954) J. C. Kendrew (1962)
C. N. Hinshelwood (1956) F. H. C. Crick (1962)
A, R. Todd (1957) M. H. F. Wilkins  {1862)
P, B. Medawar  (19860) A. L. Hodgkin (1963)
A, F. Huxtey (1963)

0. C. Hodgkin (1864)
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leaves junior people insufficient time to
mature during the postdoctoral stage.
What scientists need for maturing are, |
think, several postdoctoral years of
essentially full-time research before they
embark on teaching on a major scale.

Policies

Another illustratton of the importance
of time for establishing academic standing
1s the relatively large number of univer-
sity professors supplied by Medical
Research  Council  establishments,
Between 1961 and 1966, no fewer than 42
Medical Research Council staff went to
universities to take up professorial
appointments. This was possible because
the Medical Research Council provides
opportunities that umiversities cannot
provide, giving scientsts, above all,
enough time. Thus Medical Research
Council establishments have proved to
be very effective breeding grounds for
scientists suitable for senior university
posts. I ought to emphasize that it is
quite wrong to blame the Medical
Research Council {as kas been done) for
keeping some excellent people away
from the universities, when these people,
after maturing, return to the universitres
well prepared for senior appointments.

Research, unhike routine jobs such as
teaching or doctoring or admimstration,
needs a minimum cntical effort to be
effective, and this minimum is very
demanding 1n time. 1 have often heard it
sald by those university people who do
not know what scientific research means,
‘Well, if you only have half the amount
of time you feel you ought to have, cut
down your research by half. What does
1t matter?’

This reasoning 1s false. It 1s like the
idea that in order to cut down the noise
of an aeroplane engine the speed of the
engine should be reduced. Up to a
limited point, of course, this works and
the aircraft just travels more slowly. But
soon there comes a point when it will
no longer remain airborne. At low
engine speed it can still tax: along the
graund, but that is all.

Scientific, research requires a high mini-
mum critical momenturn. Effectiveness
in research is not just proportional to
the effort. The scientist who has insuffi-
cient ttme may manage to taxi along
over well-ploughed grounds but he will
have the greatest difficulty in becoming
airborne — doing something really new

947



HISTORICAL NOTES

and original. On the other hand, once
he has gathered momentum he will
soon find himself in new and unknown
territory. One of the most effective ways
of attaining a powerful momentum 1s
belonging to a team. Contrary to what
some may feel, membership of a team
does not at all imply loss of individual
scope, of individual initiative, of indivi-
dual achievement, of individual recog-
nition. What the team provides 1s a
background of aggregate skill, expe-
rience and help. This background forms
the starting point for individual
enterprise.

In the last resort, then, the reason for
fatling to obtain excellence, 1n spite of
great potentialities, is tn many cases the
circumstance that those responsible for
the organization of the lives of scientists
rob them of time.

All this leads to the large questton of
whether our universities today do as
much as they ought to m providing
centres of excellence o science, a matter
taken for granted a generation ago. In
many American universities this 15 a
frequent subject for discussion, and it 1s
perhaps significant that the present
United States Secretary for Health,
Education and Welfare, John Gardner!!

(formerly President of the Carnegie
Foundation for the Advancement of
Teaching), has written a provocative
book called Excellence with the sub-title
“Can we be equal and excellent too?”. |
armm not at all sure whether our main
financial sponsors, the University Grants
Committee and in particular the Trea-
sury, give sufficient thought and money
to the importance of cultivating exce-
llence in the universities; to the fact that
in science, teaching and research always
go together and that in this age of
science the cultivation of excellence in
science is not an academic exercise but a
source of economic and political strength.

My own apprehensions are naturally
infhiienced by my personal expenence at
Oxford where, under the banner of
equality and democcracy, circumstances
operate powerfully against the develop-
ment of excellence in science. In quite a
few spheres of the life of this country I
fear we have too much equality and too
little promotion of excellence. At Oxford
very few of the excellent young scientists
are given a chance to develop therr
potentialities in scientific research, merely
because they are deprived of the time.
A large number of promising and distin-
gushed scientists have for these reasons

left Oxdord or refused appointments there,
This might benefit other British univer-
sities if they can show themselves more
sympathetic or able to help them, but
lack of opportunrties, especially in terms
of time, has also contributzd towards the
‘brain drain’.

Unless we 1o the universities are aware
of these problems and continuously strive
for the mantenance of high standards, we
are bound to deieriorate. This is a matter
of general concermn to university people.
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