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C.I1.C. SURVEY OF BIOCHEMISTRY

SUMMARY

Biochemistryv 1s a new science intimately related to the
physical sciences, vhile being at the same time an integral nart of the
biclogical sciences. It plays an important role in Industry, Medicine
and Agriculture. Biochemistry teaching and resesrch in Canada began
primarily in the Medicsl Schools of Canadian Universities, and the con-
centration of ﬁiochemistry in medical faculties has continued until the
present time, although some‘biochemistry ié associated with Departments
of Chemistry or Biology. This has led to an orientation of Canadien
biochemistry mainly towards basic medical problems. Bicchemical research
is alsc done in other university departments and government laboratories.
Close to one thousang five hundred biochemists of all levels of competence
are engaged in teaching or research. The teaching of biochemistry in
Canada is adequate but not outstanding. For the future it seems desirable
that the teaching be broadenaed with greater emphasis on basis training
in physical sciences. The output of biochemistry graduastes is not excessive
and should be increased. By'intcrnational standaﬁdse Canada has no strong

centres of bilochemistry and a few outstanding groups in research.

Biochemical research has played a prominant part in the
overall program of government research laboratories since tﬁeir esta-
blishment in Canada. jluch good rescmrch has heen carried out in thesc
latoratorics but perhaps greater emphaéis should be placed on research

more directly related to the products and basic industries of the country.
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In reecent years, government support has elso played an important role
~in building up rescarch facilities within the university, and this is

a desirable activity vhich should he continued, with increased emphasis
on reseafch in nen-medical biochemistry. 'The support of biochemicnal
research donc outside the medical ficld i+ meagre and should be in-
creased if we want to develop importanf sreas vhich are now neglected:
instrumentation, toxicology, comparative biochemistry, molecular biology,
etc. Most of the biochemicel research undertaken in Canada is aimed at
the solution of fundamental problems. However this work has not produced
spectacular achievements due to the fact that Canadian biochemistry is
too diffuse. Support to datc has been largely on an individusl basis
and it is recommended that consideration to given to the férmation of
interdisciplinary units in the university enviromment to provide
intcgrated units which can compete more effectively on an_international

level at the fronticrs of biochemical research.

There is o szerious imbalance in Canada between university
and government resemrch on the cne hand and industrial research on the
other. The failure of industrinl compeonies to carry out more biochemical
research seems not to be primsrily duc to l-ck of fecilities and
equipment or of available personnel, but rather to inadequate incentives,
to the high percentage of Toreign controlled industrv. and to the fad@ that
many companies arce too small to develon independent resenrch programs,

Te correct this imbalance, governmont might try to encournge companics
associated with particular industries to set up and finence co-operative

resenrch lsboratories, cither by providing tax incentives or by direct
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collaborntion, and might modify the patent laws to stimulate more
industrial research. To correct the mutual lack of respect between
university ~nd industrizl biochemists, the provision of funds for
‘interchange of personncl betveen university, government and industrial
lavoratories might benefit the country by stimulating incrensed colla-

borative research tetween these groups.

Canadsn cannot hope to compete on an international basis

in all aspects »f biochemical rescarch and development, but there arc
several areas of biochemistry which_seem to be relatively neglected.
Two of these are plant biochemistry and clinical biochemistry. In view
of the importance te the economy of agricultural and forest products,
it seems desirable that more attention should be given to teaching and
research in plant biochemistry. In spite of the emphasis on medical
bicchemistry in Canadr., teaching‘and rescarch in biocchemistry applied
to medical problems scenm tc have lagged, and with increasing emphasis
on health programs. such as medicare, a greeter proporticn cf the

available rcsources should perhaps be devotad to this ~ren,

o



BIOCHEMISTRY IN CANADA

1967

The survey of Bicochemistry in Canada was conducted by Committee 17.
This committec was formed carly in 1967 and met four times in Montreal.
Its membership was as follows:

Louis BERLINGUET, Départeoment de Biochimie, Université Laval,
Québec ({(Chairman)

Ken CARROLL, Collip Medical Research Laboratory, University of
Western Ontaric, London

Alec SEHON. Department of Chemistry, MeGill University, Montrfal

Lec VINING, Atlantic Rerional Laboratory, National Research
Council of Canada, Halifax

Informaticn presented in this report was obtained from the following

sgurces:

1) The committee conducted a survey by questionnaires to biochemists
working in various sectors.

Industry: Dr. Carrcll sent a gquestionnaire to forty-two Canadian
Industries to inguire sbout the number of bioéhemists euployed, and thirty-
two replies (767) were received. A second letter was sent to twenty-eight
individual industrial biochemists nsking their opinicn cn a number of gues-
tions relevant to this report, and eleven replies (39%) were received. A
third lettor was sent to thirteen Hends of Biochemistry Departments of
Canadinn Universities to inguire about the number of their gradustes obtaining
employment in industrial rescarch laboratories. Fight replies (62%) were

received to this letter.



Govermment Laboratories: Dr. Vining sent a guesticnnaire to ninety-

eight bicchamists working in government laloratories. Fifty-five answered

(56%)

Departments of Chemistry:

5

sent a questionnaire to fifty-

eight biochemists in Canadien universities who are employed in departments
cther than the Bicchemistry Denartments of Medical Taculties. Most were

located in Departments of Chemistry. TForty answers (69%) were rcceived.

Medical Scheools: Dr. Berlinguet sent a guestionneire to eonc hundred

eighteen biochemists working in Departments of Bicchemistry in the medicel

schools of Canadian universities. Eighty-three (70.2%) answered.

2) The committee met with Dr. J. A. McCarter, Cancer Resesrch Unit,
University of Western Ontario, London, who conducted in 1967 an intensive
survey of biochemistry in medical schools on tehalf of the Mediecal Research
Council of Canada. Part of hisg report was made nveilable te us by the
Medical Research Council. wo wish to acknowledge the collaboration of the

chairman, Dr. Molcolm Brown, ir this matter.

3) A leading article on Canadian bicchemistry "The Story of Biochemistry

T
T

in Cannda written by Dr. B. Gorden Youns and published in

s

Cheristry in Canadao (Jgnuary 1967) served as reference for the historical

section.



k) A survey of the facilitias offered to graduste students in &ll
Canadian universities made by Dr. D.R. Whitaker on behalf of the
Canadian Biochemical Society in 1966. This very intensive survey
listing the research pro ects of most Canadian biochemists was

consulted,

5) Data from various questionnaires prepared by the Chemical

Institute of Canada snd the Manpower Departmert hes been used.

PREAMBLE,

1. Boundaries of Biochemistry

Etymologically biochemistry meens “the chemistry of life". It

comprises the study of all chemical compounds and reactions that are

%o be found in living things from viruses to man. This relstively new

science is intimately related to the physical sciences (chemistry,

physics and mathematics) while teing at the ssme time an integral part

cf thr biological sciences.

The boundaries of viochemistry therefore touch and usually overlap

those of other disciplines such as chenistry, biology, medicine,
agriculture, foreatry, oceanographv, vharmacclogy, physiology, bic-

engineering, pharmaceutical chemistry,‘food chemistry, ete.



2. Interactions between Bicchemistryv and Industrv, Medicine and Agriculture
15| 1 em] ) iC : £

Knowledge of the chemical reactions that take place in living things

s

obvicusly has wide epplication in the zpplied sciences and in industry.

In Industry, biochemical reections form the basis of manufacturing
and processing cperations in several fields @ beverages (beer, wine, ete.),
focd (meat, corcals, dairv, cte.), pharmaceuticsls (drugs, ceosmetics, ete. ),

< o

and fermentations (production of antibisctics and fine chemicals) are cbvious

examples.

In Medicine, biochemistry has piayed such en imrortant role that
the more recent advances are largely attributed to this basic science.
Better knowledge of the fundamental chemistry of living cells has resulted
in new chemotherapeutic agcnts and new treatments for metabolic disorders.
The discovery of some of the scerets of life is ~ffering vast new areas
where biochemistry can help mankind:; recent advances in our knowledge of
the genetic code, mental disease, cancer and transplantation immunolosy

can be cited herc.

Finally, basic kucwledse of the bilochemistry of plant and snimal cells

has an important benring on developments in fgriculture, Forestry and

Fisheries. Betior crops, olimination of prrosites and inscets, increases
in yield and disesse resistance by scleeting desirnble genetic properties
of plants and animals, improvements in fond conservetion and preservation;

211 of these are made possible througsh applied biochemistry.



This rarid survey, which is by nco means extensive, indicates the
beneficial effects of bicchemistry on various sectors of the eccnomy of
the country. There iz rore than coincidence in the fact that countrics
with a hizh standord of living. execellent moedical core nrosrammes and

efficient agriculture hnave develoned hiochemistry in their universitics
Y - B 2

in their industries, and in government resesrch laborstorics.

3. History

Biochemistry evolved as o zeparste discipline in the latter part of
the nineteenth century, when the study of biclogical or physiclogical
reactions began to develnn independentlv of thosc in crganic chemistry.
Whereas the latter discipline has become restricted to the chemistry cf
carbeon compounds, biochemistry undertakes to explain all éhemical phencmena

peculiar to living orzanisms.

In Canada, although the first practical course in biochemistry was
tought as early as 1883 at McGill University, it was nct until 1607 that
n Department of Bicochemistry wos established. This was organized by Prof.
£. B, Macallun in the Medical Faculty at Toronto University, and was
preceded elsewhere only by dencrtments in the University of Liverpeol in
Great Britain (1202) and in » few universities in Germany and the United

States. cpartments of Biochemistry werce subsequen estnblished bv other
Stat Departments of Biocl try ubsequently established bv oth

medical scheols in Canade

Tl
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Tie histors of arplied bicchomistry i Canada is, to a larrce extont,
the history of Pticchemiecal resenrch in lacoratnrics operated by the Federal
Covernment. Jhen the inticnal Resorren Council openaed its first central
laboratory in 1032, & Uvision of BIclopy ~nd Arriculiurc was catablished.
Out 1 this ~row th: present Livisions of Bireszicnees end Roedisticn bialory
and the twd Re innel Laboretorices at Saskrtoen and Halifrx vhieh conduct

-

a large smount of bircchemical research. In this nericd also hioshenists were

ennlived in inereagire numbers by the Federal Government in Cevartmonts of

Anriculture  TForestry ané Tisheries to sclve imrortant econemic problems

v



The application of biochemistry to industrial problems has not kept
pace with these developuwents, although there are a few notable exceptions.
A control and research laborstory was organized st Chas. E. Frosst and
Coipany in Montreal in 1923, and was followed in 1931 by a research labo-
ratory at Ayerst McKenne and Herrison Ltd. in that city. In recent years
some expausion of industrial research in biochemistry has been evident,
but coupsuies wlicia have large parent organizations outside Canada still

depend mainly upon imported technology.

STATUS OF BIOQCHEMISTRY

Tables I and II summarize the man-power data and the expenditures
on Biochemistry in universities, government and industrial laboratories

during 1966-1967.

1. Location of Research and Teaching Centers

For more details on the varioug research projects, the reader is
referred to the article by Dr. Young and the Whitaker report from

which most of the following informstion has been obtained.

2. Industry

Aithough biochemistry is important to the pharmaceutical, tobacco,
beverage snd fond industries, and to some aspects of the chemical

industry, Canadian research in meost of these fields is just beginning.



UNIVERSITY ©

TR ITEIINSSET =S

Biochemists

Total of all
chemists

%

&
GOVERNHMENT

%

Biochemists

Total of all
chemists

%

&
INDUSTRY

==

ok

Biochemists

Total of all
chemists

%

TABLE 1
- MAN _POWER

{man-years)
1966-1967
Post-doctoral Graduate
Academic fellous students Technicians
204 58 270 217
1,042 378 2,187 598
19.6 15.3 12.3 36,3
Doctors Masters Bachelors Technicians
67.6 14,6 18,1 75
471.7 115,5 2247 833
16,3, 12,6 8.1 9.0
42 14 465 74
686 442 1,694 2,919
6.1 3.2 2.7 2.5

Total

749

4,205

17,8

175

1,637

16.7 .

175

5,761

3.0

Total of Biochemists: 1,099

Total of Chemists:

11,583

< 9,5

* c.1.,C, data:
*x c.1.C, data:
ko €,1.C. data:

Table 38
Table 14 and 15
Table 27 and 28
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UNIVERSITY

Biochemistry

Total: Chemistry

%‘f;
%
GOV ERNMENT

et = o o re e 2
it deh e

Biochemistry

Total: Chomistry

o

D

ook
INDUSTRY

Biochenistry

Total: Chemistry

[24

Basic
$ 4,764,300
17,000,500

27.9

$ 1,616,300

7,892,300

20,5

$ 599,100
8,299,200

7.2

TABLE 2
EXPENDITURES

1968

Applied
$ 868,600
2,954,700

29.4

$ 937,900
9,920,100

9:5 |

$ 800,000
40,293,800

2,0

$

$

$

Bevel opment
516,100
881,700

58,5

156,600

6,611,200

2.4

387,400
42,210,600

0.92

Total
$ 6,129,000
20,837,000

29.4

$ 2,710,800
24,423,600

11,1

$ 1,786,600
S
90,803,100 -

2.0

Total for Biochemistry:

Total for Chemistry:

$ 10,626,400
$136,063,700

7.8

%
* C.I.C. data: Table 39
*k C.I.C, data: Table 11-A
ok C,1.C, data: Table 26



i) Pharmaceutical Industries

Companies cngaged in the manufacturce of pharmaceuticals are
exceptional irn havino apprecisted onrly the need for research in applied
biochemistry to =wwintnin thoir competitive position.  Laboratories at
Chas. E. Frosst and Company ond at dyerst . McKenna eand FPerrisen Ltd. in
Montreal hove oxpanded preatly over tho past few yeafs@ The latter

company ncw has 8 separate Department of Fiochemical Rescarch.

In rucent years several pharmaceutical firms, meinly in the Montreal
aren, hove established resesrch groups that werk in fields directly or
indirectly related t. hd-chemistry. These include Frank Horner Ttd.:
Merck, Sharp ~nd Dolme Ltd. . Abbott: 2ristol: Pharme Smith, Kline and

French, Warnsr Lambert, and PioResearch Laboratories.

Connaught Laboratories at Willowdale, Ontaric and the Institut de
Microbiologie in Montresl prepare scra, vaccines and relnted chemicals

of importance in preventive medicine.

ii) Food Industries

In the ment »ackins industry, Ornada Pockers has o larse research

laboratory to which o #1 millicn addition was mado in 1966, The rest of

this industry, as well as the Tishing anl other food processing industries

have very limited research facilitics. and beverages industries spent
2s current introemural R & D oexpenditures in 1965 %5,097,000 2s comnared

to $247,983,000 for =21l other industries or less then 2.47.
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iii) Tobacco and Alcohol Tndustries

The Imperial Tobacco Company has recently opened a new $1.6 million

Fesearch and Development Centre in Montreal

Most of the brewin. and distilling industries onernt: control
laborstories but only a rev, such ac Canadian Brewerics and Labatt carry
on some research related to hiochemicol problems. Although food and
beverages industries list 231 scientists and engineers and hf? suppdrting
personnel engaged in R & D in 1965, biochemical resecarch is nonexistent

in mest Cenadian food and beverage industries.

b) Govermment Laboratorics

The Government of Canada has laboratories across the ceuntry in which
therc are intensive research programmes involving biochemistiry. It is
difficult to arrive at precise figures but the total number of vrofessicnal
and tcchniezl staff engaged in biochemical problems is probably around

two hundred.

S~

Fntional Pescarch Council

The Division of Tiosciences in Ottows . the Division of Radinstion
Biology in Ottawn, the Atlantic PRopicnnl Leborstorv in Ualifaox, and the
Prairie Regional Laberatery in Saskatoon have o total of more than onc
hundred and forty professionsnl sitalf members. Of these approximotely

forty-fiv: are bicchemists.



ii) Fisheries Research Board

A total of zbout 65 vrofessional biochemists or chemists cre engagad

in biochomical problems.  The wajor bilochoemieal investigotions are being

done nt H=lifax (twenty. six Vicchemists and four chemists) . Vancouver

+

(u

Cu

{fourt.cn blochemists and s! x chemists) nnd Winnives (six bicchemists 2nd

four chemists). Otber stations bave only one or two biochemists ench,

iii) Naticual YMeelth and Welfare

The leboratories of thisc departmont have cxpanded rapidly over the
past few years. The Food and Drug Divectorate alone now has 2 professional

staff of more than forty, of whom about one half hav; biochemical interests.

iv) Federal Department of Agriculiure

Mueh good biochemical resecarch is being done at the various Institutes
of this department: the Animel Fesearch Institute, Food Research Institute,
Micrebiology Research Institute, Plant Research Institute, and Soil
Rescarch Institute in Ottaws., thoe Agricultural Resesrch Institute in

London, and the Grain Research Laborztory in Winnipeg.

v) Forestry Department

.

In the Fercst Products Laboratorics ot Ottawa and Vancouver little

of the rescerch is of n bilochemical charanter.

vi) Atomic Fnergy of Conads,

The laboratories at Chalk River have o relatively small group engaged

in radiation bhicchemistry.
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vii) Defenci: Research Board

A few bicchemists are employed on problems related to biclegical and

chemical warfarc.

viii) Provincinl Research Laboratorics

Some biochemiecnl rescarch is in progress in the laboratorics of the
British Columbia, Alberts and Saskatcheven Rescarch Councils, the Wew
Brunswick Research and Productivity Ccuncil and the Ontaric Research

Foundation.

¢) Universities

Quotine Dr. Young , It must be admitted that the
critical Abraham Flexner Report in 1910 on the medical schools of North
Amerieca, was responsible for the hirth of mest Departments of Biochemistry
in the universities of Cansda under pressure of conformity'. Ian 1967, the
twvelve Canadian medicel schools have Biochemistry Departments which, in
most cases, are responsitle fcr the training of honours students in
biochemistry, as well as of M.Sc¢. and ?ﬁfD. students. Their combined staffs
include anmroximately one hurdred and sixty scientists, oightv postdoctoral
fellows, two hundred and eighty gradunte students., and one hundred and
seventy-five technicians, giving o toﬁml of opproximat:ly seven hundred

perscns.



aval University has a sccond department of Biochemistry in the
Faculty of Ocience, and in most Conadian universities, scme research in
bicchemistry is donc cutside the Medical Faculty. Usually this is in
Depariments of Chumistfy and Biclogy (c.g. At Simén Frazer . Calpary,
MeGill, QOttawa, “ieMaster, ‘onirenl  and Ottowva imiversities). Some
biochemical research is nlso being dene in the Fncuities of Apriculture
end Forestry, and Waterloe Univercsity hns introduced a dupree course in
biochemical eng lP*UTng which is the first in {anada. The number of
bloChuﬂlqts employed in 21l of these departments would probably increase
the figure of scven hundred for Biochemistry Departments Ly about 357,

i.e¢. to approximately one thousand persons.

On Canadian university campuses research institutes such as the
Cancer Research Institutes at Vancouver, Edmonten, Saskatoon, London,

Toronto, Montreal and MeGill, are alsc conducting biochemical research.

d) Hospitnls

Althougn most hospit now maeintain dirgnostic laberatories for
biochemical snalyses. only a few prosccute biochemical research, These

are located mainly in Toronto ard in Montresl.

2. Extent and CQuality

In 1967 ,the Cnnadinn Biochemicael Socicty, established in 1957, has a membership
of arcund four hundred, and the Division of Bicchemistry in the Chemical
Institute of Canads approximately six hundred. Our country has its
Canadian Journal of Biochemistry, published by the Naticnal Research Council
of Canada and containing an average of two thousangd pﬂgcé vearly. However
rmuch of the best Canadion resenrch in biochemistry is published in foreign

or international journals.
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From the extent of the present Canedian effort in biochemistry it
is apparent that university Biochemistry Departments have produced 2 fair
number of biochemists, despitc their r&cént origin. Their cutput has been
supplemented by extensive Imizration of foreign graduntes., At o roug

%n 1968__’ L . B o )
guessh the number of bicchermists 2t o1l lowvels Cf‘cnmputcnce in Canada
would probably total onc thoustrd five hundred. It is the impression of
Committee 17 that this represcents an apprecisily lover committment of
manpower , when related to gross nationsl preduct, than is found in other
scientifically advanced countries such as the United States, United
Kingdom, Sweden, Germany or Francce. If only the number of biochemists in
industrial laboratceries is considered Cansda 1s certainly ot the botteom

of the totem pole.

a) Teaching

When asked about the quality of biochemistry teaching in Canade.

members of university Biochcmistry Depsriments answered

Excellent 57
Grod ' TL47
Mediocre : 19%
Poove : 21

Like their university cclleagucs bilochemists in government laboratories
felt that training of biochenists in Can~dinn universities is adequate
but not outstanding. Even by‘those whe think bicchenistry tenching is
generally sound, it was noted thot there arc small departments with few

bicochemists on staff, hezavy tenching loads, and nnrrow curriculs which do
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not offer A satisfactory training. Of those vhe considor the teoching
of biochemistry in Conada te be inndequate o strong serment believes
the “2sic scicncoes arc not well tausbt wnother considers the treining
provided 40 be goncrally "old-feshiconed and a poor proporation for
modern rescorel. It was sucgostoed that this mev be the cause of much

medicecry research in (Governnmernt Teahoratorices.

On the whole bicchonmists working in government loboratories were not
enthusiastic about the quelifications and ~bility of versonnel at present
beins recruited inte bincheinical reswnrch in their orgonizationsz. When

asked about this, they cnswered

Sotisfactary < Lo%

Unsatisfactory : 407

No opinion : 20%

Many of those who considered current appcintees to be sﬁtisfactdry
pointed out that a high proportion of these receive their training abrosd.
Others expressed satisfaction with gradustes at the Ph.D. loevel but
consideraed B.Sc. graductes to be beth insdequately trained and in véry
scarce supply. It was noted that high-calibre scientists vith experience
are also difficult tc obtein and it is generally belicved that this is
bzeause of the bLetter salorics. spnortunities. and facilities avoilable

for such pecple in the United Statos.

The existence of creas oFf biochemistrv in which ne Canndian university
provides an adecuate training represents o sericus weakness: some of thesec
areas are plant biochemistry, toxiccleogy and forensic chemistry, radiation

biochemistry. immunochemistry, clinical biochemistry, and comparative



16.

animal Liochemistry. The relevance of statistical and~compuxiﬁg proce-
dures to biochemistry also seems to be generally igno:ed. These
deficiencies are ascribed, in part, to inadequate facilities for
training non-medical biochemists due to the location of most Biochemistry
Departments in Medical Faculties. ‘“he tww-rigid course requirements of
most University departments, which prevent students from acquiring an

interdisciplinary graduste degree, may also be responsible.

b) Research

It is significant to note that when members of university Biochemistry
Departuents were asked about the quality of biochemical research in Canada,

the anewers given wvere :

Fxcellent : 5%
65%

Medioecre : 28%

Good

oo

Poor : 2%
Among biochemists working in govermment laboratories the consensus
was that, by international standards, Canada has no strong centres of

biochemistry, and few outstanding groups.

Canads's weaxness in the £ield of biochenistry is also illustrated by
the small number of Canadian on the editorial boards of international

scientific journals.



iT7.

Four out of two hundred and trenty-four review articles in the
Annual Review of Bicchemistry from 1958 to 1967 came from Canedian
addresses; only four out of one hundred and seventy-one in the

Annual Review of Plant Phyciolopy during the period 1958-1964,

In the survey conducted by the Medical Research Touncil in Can&dé,
the position of Canadisn bicchemistry is summarized by the statement
that, when judged by the best international standards, notably the quality
of biochemical research in the United States, it is mediccre, or at the

very test average.

Fortunately this somewhat pessimistic judgment of the overall quality
of biochemistry does not apply‘to all its fields. The survey conducted
among biochemists reveels that protein biochemistry in Canada is
considered to be "excellent”. Of the various fields of biochemistry,
work on proteins was considered to be the best, while lipid asnd nucleic
acid biochemistry were, respectively, zecond and third in degree of

excellence.
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The few good biochemists in Canade, by internationsl standards, are
not found ex&lusively in one type of institution but are working in
university depsrtments, government laboratories and in some private

regsearch institutes.

Fundamental studies account for by far the greatest volume of
biochemical research in Canada. Most of this ié being done in Departments
of Biochemistry in medicsl schools. but biochemists working in Departments
of Chemistry and Biology, in Faculties of Agriculture and Forestry, in
Research Institutes, and in government laboratories also contribute their
share. Despite this emphasis on fundamental studies the over#ll quality

of the Canadian output is not outstanding.

Although the raison d'étre for most goverument laboratories and

Institutes such as the Cancer Research Institutes was initially to do

appliéd biochemistry, most have tended to shift towards basic biochemistry.
Ideally the main effort in applied biochemistry should be centres in
industrisl laborstories and hospitals. As seen before, very little‘is:4
being done in this domaine. In fact it is dishearting to see how small

is the volume of applied biochemistry done in a country where a large

part of the economy depends on sgriculture and forests and in a country which
furnishas food to the world and which claims a very high standard of

medical care,
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Neglected Areas

Bicchemists in university Departments of Biochemistry considered

"Clinical Bicchemistry” to be the most neglected aren (437% Mediocre and

23% Poor). 'Medicinal Chemistry” wns also felt to be neglected (34%

Medicere and 13% Poor) ns was Corporative Biochemistry'. The fields

of

try

"Microbiclogical Bischemistry ', Metebolism' and " Physical Bicchemis-

ki

were rated from 'Good to "Mediccre’

The request tc goverament hiochemists to name neglected areas

9.
10.
11.
12.

l3e

produced’ o long list which includes

Instrunentation

Toxicology

Radiation effects - e¢specially metabolism of radionuclides in

humans
Clinical biochemistry
Comparative animal biochemistry

Biophysics - especially the ~ren between bionhysics and
bicchemistry

Molecular biclogy

specifically protein structurce and Tunction muscle
hiochemistry
Xe-ray crystallography
nucleie acid structure and functior
bicchemical geneties, especially of
nlants and animals

Polluticn -~ especially biochemical cngincoring aspects

Plant bicchemistry

Chemicnl embry~logy

Oxidntive and photophosphorylation

Biochemistry of differentintion

Biochemicnl cytology
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1k. ©Biochemical pharmacnlogy

15. Crycbiology

16. Membrans structure and function - livid bioghemistry
17. 3Biochemistry of reproduction

18. Enzymclosy

. 19. Immunochemistry

It was apparent that most scientists felt that their own particular
field was receiving too little attention and unquesticnably the length
of this list wculd have been longer if more biochemists had been

guesticned.

Tt is alsc apparent that one very neglected area is industriel

research in binchemistry.

4. Effects on the Cenadian Scenc

In view of the impact which biochemistry has on nprlied sciences
the lack of ccnters of biochemical cxeellence raises serious cuestions
about our ability to maintain high cuality research in such Ficlds 2s
medicine, asronomy, fish and focd rrecessing.  Absence of stimulotion,
advice, and guidance from eminent Canadisn biochemists. and failure to

attract and retain the best yvoune rradustes will menn that new bicchemicel

knowledge will be arynliced ~nly sleowly and incxnertly in these areas.



Past shortages of bicchemistry gradustes have also had their harmfﬁl
effecfs. The limited number praduced hy Canadien universitics have been
hired mainly by universities or government laboratories. Industrinl
laboratori;s have failed to compete for the aveilable tslent, and, partly
as 2 result of this, bicchomical researckén indu%%f%@@ctically absent
from the Cansdian scene. The situation would hove been much worse hed

it not beern for our ability to attract well-trained secientists fronm

economically less favoured countries.

The very few industrial resenarch laboratories which exist
have not attracted young Canadians, nnd our secondary industries have
failed to display the innovation and cefficiency which would allow them to

expand against competiticn in nationzl as well as internaticnal markets.

This alsc applies te medicine. With very few clinical bicchemists
doing research in our heospitals and o lack of well trained analyticel
bicchemists in hospital laboratories, the quality of medical care has
suffered. First ratc melienl services are only made nessible by the
work of a team of specislists of which the binchemist is an important

nember. .



WAYS AND MEANS OF IMPROVING BIOCHEMISTRY IN CANAD/A

1. Teachlng

The training «f biochemists in Canadr is 5ﬂ ~cely done in the
thirteen existing Departments of Ricchemistry. twelve of which are -in
Feculties of Medicine ond only cne in the Taculty ~f fciences. Some
Faculties (e.g. ugriculturc‘and Forestry) Ao have shecinlized bioche-
mistry lecturcs althcough no dinloms is avarded, and degree courses in
bicchemistry are given in the Chemistry and/or Biclopv Dopartments of
a few Arfs and Scicnee Faculties. lowever the'pfescnt loeation of
biochemistry teaching in Cmnadd results in the training of biochemists

who are. by and large. oricented towa 3 medical science.

Modern bicchemistry is inherently s multidiscinlinary branch of
the naturcl scicneces, leanine heavily on the molecular anda mechaﬁistic
concepts cf pure chemistry. Tt is penerally orreed that specialized
training in bicchenical programmes and the ncecessary knewledee of purely
biological matters are morc easily ncquired thdn the fundmmental and more

abstract physicochemical cconcepts based on mathematical derivations.

Consequently, it would seem advisable to expose students as carly
possible to organic chemistry, vhysicel chemistry, nnd the copnate subjects

nf physics, mathumetics and gencties. It is rmore ifficult teo establish
~ soundly integrated undergraduate bicchemistry curriculwrn in Departments

of Biochemistry loecated in Foculties of Medicine,
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Most
of the ecurses offered by these lepartments nre A.~ling wvith the applied
aspects of biochemistry with » mcore biological cricntation beins empha-
sized. 4As = result, the more physiccochemically inclined students are nct

recruited and join instead elassiceal Derertwomts of Chomistrv postponing
development «f an intercst in hiochemistry at lenast until the gradunte

level.

A well-conrdinat and rigerous underersduate programme in bicche-

mistry could be eorzanized within a Denartment of Chemistry nrovided
biochemistry is given divisicnal status on o par with.the classica
divisions or organic, inorganic, physical-chemistryv: this woeuld
necessitate the appointment of a2 minimum, critical number of biochemists
to the stn £ of o Chemistry Department to develcp ~n iﬁt;grate@ programme
lending to an honours dearee in biochemistry or to an henours chomistry

4

decree with a number ~f biochemistry options.

An alternative would be to establish an independent Department of
Biochemistry in the Faculty =f Science, or Arts and Ocience, or ss part

.

of a Schnol of Bioclorieal Scicnees. This development is likely to be more
feasible in sizaablé Universities whiclh have no medieal schonl and in
which no Department i Diochemistry now exists, or in very larse
Universities which can =fford twe strons Bicchemistyv Departments.  Such
depnrtments should be breoadly based to provide ~Avanced training in specinl
areas in which Conadinn biochemistry is now weal or &nflClmnf and of
sufficient size to proviie an adequate variety »f courses without imposing
o heavy teaching load on thz staff. They should not be orgenized niong-

side existing denartments in Medical Faculties unless the latter are
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already larpe encugzh not to be impoverished by the cempetiticon for
meney and students. A Bicchenistry Department with less than ten
professional staff should be considored below critieal size to conduct

an alequate.training »rozramme in undergraduste and craduate biocheristry.

It 1s of interest that bicchemists workinge outside existing
Departments «f Biochemistry favour strons Departmentz or sub-derartments
of Biochemistry in the Secicnece Faculty : . On the
other hand, 60% of bicchemista inlﬁedicml.Schools would prefer that bio-
chemistry be taught in » Biochemistry Department under the responsibility
cf both Seience and Medical Facultics . Only 207 of those now
working iu medical schocls believe that the'Eimchémistry Department should
be located with tl.. Ociences, and about the seme proportion (18%) conéider

it should remain exclusivelv with Medicine.

In summary, bicchemistry should be taught in Biqchemisfry Departments
where strong emphasis is given to chemistry, physies and mothematics.
Existing departments in medical schocls should be strensthenced, nnd
teaching rrogrammes coordinated with thosz of mtﬁer scilence denartﬁents
through interdisciplinary curriculum comittecs. Where thore is no
medical schncl cn the eommus 1t is reccrmmended that - separate

Degartment of Biochemistry be esteblished in the Freulty of Science.

In order tc keep o g

»d balence between teaching nnd research,
Departments of Biochemistry should try to recruit staff members not

solely for their publication records but nlso for their ability teo tench
and to be interested in students. Sinec the quality ~f teaching is highly

dependent on the excellence of the staff, every means availablc must be



used to attfgct ant rotain o first rate staff. Adequate renumerqtion,
god facilitics, funds for research and reascnable tuenching leoads (an
averare 5f thirty hours lecturing ner vear is recormendod) Arc necessary.
Te keern staff members abrenst of roeont develormerts rofresher eourses,
exchanpe of personnel botween universities, and rorular Oobbaticnl leaves

should be instituted.

Ancther ncans of incrensing contact beotween universities and
industrial laboratories mighﬁ be to institute schalarshivs for students
to work during the sumer on research nrojects in industrisl laborato-

ries, as many of them currently do now in university laboreteries. This

might be easier to set up and orpanize them exchanre visits betwecn staff

members.
2. Research

At the present time most of the hiochemicnl research undertsken in
Cannda ig aimed ot the sclution of fundamentol nreblems. Dy and laree,
however, this work has n-t achieved spectacular achicvements. Since
Cannadian rescurces in qunalified personnel are limited, an? o larec
cxpansion is needed in appliel biockemistry, it scems apnrorriat. to
consider first how the auality « 7 this basic rescenrch micht be improved

with, at the most . ~nly modest exosansicn of the present effnrt.
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Perhans the wcst importnnt factor contributing te poor quality is
that Cancdian bicchemistry is too diffuse., Scientists are working as
individuals or ns small roups in virtunl isclaticon.  Todsy the rote of
edvance in new sreas of bicchemistry ie sueh that they have difficulty

u

in keeping pace with larec s2nd Jdynomle tesmas in other countries. Thi

Lés}

has scveral unfortunate conscguanc.s. Scientizis deing first rate work

are frequently ‘seooped and il te the intoernational recognition
they descrve for their accormlishments. Manv investigators tend to work

in scientific bockwnicers where commoetition is lese intonso,  Important

but difficult problems arc not attennted, narticularly those which require
the combined e¢fforts of experts from several iiscirliﬁes, Lxnensive
facilities necessary for rapid ndvances in many bicchcmical fields are
not availablc, or when they are nrovided, are not officicntly utilized.
Conada would sce a better return for its investmoent in basic research if

some of the money it now spends were used to bulld ur areas of strenpth

in particuinr institutions.

The number of * top-noteh peonle in Chnada is very limited. If we
can retain these peopls and attraet others the strndards of hiochemical
research in Canada will becore high with comperetively iittlg effort by
the Govermment an’ the granting: authoritics in gencral. Fvery effort
should be mads to anncint the hest sciontiste we ean rossibly ret by
offering the grestest possible acadenic frecdom and the hishest possible

financial support in terre of sninries and other rescarch expenditure.



The problem of isclation is particularly serious in small insti-
tutions, thcugh'not absent Trom larecer ones. Many Univeorsity dopartnents
prefer te hire staff with diversc interssts in crder te cover the field
for teaching purpcseé, Whilc wosirable in some resnects, this moliey
should not be carricd tns far and, once an efficisent terehing staff and
suppertine facilities have been built un, dennrtments should sclect
appropriate areas ~f sheciclizotion and aim te achicve excellence. The
provision of funds for noctdoctoral appointments in thesc areas is a
relatively ceononic menns te this end.  Monev should alse be provided for

travel to scientific meetinss and exchence of nersonnel with other leading

instituticns in order tc keen the staff abrenst of nev developments.

There seemed to be a general fecling among industrial respondents
thét it would be desirable to strengthen biochemical research in industrial
laboratories. Committee 17 wholehecartcdly agrees with this view. As one
correspondent pointed out, the food business is the largest business in
Canada and there should e many opnortunities in it for biochemists.
Canadian industries arz -ften foreipn owned and the researcﬁ is carried
out in laboratorics outside the country. This is a difficult situation
to change at the present time, sinec there are obvious advantages in.
centralizing rescarch offort. Althourh some industrial correspondents
commented on lack of exponsive itums of research equipment. this does not
scem to Le Lhe major handicap in irdustrial biochemical research at the

present time.
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In government laboratories, which st present carry the main
responsibility for applied tiochemical research, the proportion of
"missicn-oricnted ' work should boc increascd. University professors
should also think scriously about the value of their resscarch effort
to the economy of the country which provides the funds for their work.

There has been a tonduncy to over-emphasize Lo

sic rescarch, and the
Canadian taxpayer is entitled to sec some praclical bensfits from the

biochemists he supports.

It scems that there is a mutual lack of respect between university
biochemists and industrial biochemists, Industrial biochemists teond to
think that the problems under investigaticn in university departments are
too esoteric and divorccd from practical problems rolating to the basic
products and industries of the country, whereas university biochemists
tend to think of industrial bilochemistry as sccond class rescarch, which
does not really merit support from any cutsidc agenev. Inereascd colla-
boration between industrisl, academic and povermmert rescarch centers may
be one way of increzsing the rispecet of eazch group for the other. Perhaps
this might be encoursged by providing a mechanism whercby industrial bio-
chemists could work for short periods of time in university or government
laboratorics and vice versa. Lxchange visits, alons the line of the
tedical PResearch Council visiting professorships, might alse be considered.
Universities should consider, where nossible. the appointrnent of industrisl
scientists as visiting or scssionel lecturers. At thoe same tise, industry
could meke better use of the expertise of university scientists and at
the same time promote ccllaboration by offering consultantships. Univer-
sity biochumists fecl that one of the berricers betweon industrial and
university biochemists is the lack of free exchange of information in

industrial laboratories.
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3. Personnel

The crontisn of pew universities has revealed in a dramatic
manner the shortage of good and well-trained bioghemists. Tt ig safe
to assume that nt least 407 of the biochemists now in Caneda are
immigrants. Until ten vears ago. our universities had wroduced only a
small numnber, and the incrensed demand hss led 4o an influx of bioche-

mists, mostly from the United Kingdom but algo from Asia, Furope. and

mere recently from the United States.

The demand for well-traincd binchemists at all levels of profi-
cicney, i.e. B.Sc., M.Se., Ph.D., and those with vostdoctoral experience,
will increase with the establishment of nev and enlarged facilities in
médical scheols and hespitels, in industrial and govsrnment laboratories,
in the agricultural, food and pharusceutical fields, and with the esta-
blishment of new research institutes in specialized areas, such as cancer,
multiple sclercsis and other chrnnic-disaasesq Canada is conce of the
largest food producing countries and abounds in naturel products. This
area is obviously capable of absorbing large numbers of well-trained
biochemists. In order to preserve our cconomic indupendence =nd to
maintain our high stondard of livire, we must develop our scicntific and
technological talents, so that we can compete in internationel markets by
exporting finished products and not only cur raw materials., To achieve
this aim, we must be preparcd to invest more inlrasnﬁrch, In the long
run it will be to our advantage to dovote more of our rescurces to
training professional men who will held develop and exploit our natursl

rosources.
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The Medical Research Council survey of Biochemistry Departments
in universities has indicated that these will undergo & relatively
small expansion requiring aboutAfifty new staff appointments over the
next few years. In many government laboratories, such as those of the
Department of Agriculture, growth has now levelled off after a period of
rapid expansion. An average recruitment of about ten to fifteen Ph.D.
biochemists and an equal number of B.Sc. graduates yearly. However other
government research organizations, notably the Department of National Health
and Welfare, and the Fisheries Research Board are stili expanding rapidly and
may absorb eighty-five to one hundred new M.Sec. and Ph.D. graduates over
the next five years 1967-19T72, with & concomitant demand for less qualified

personnel as technicians.

Canadian universities are now (1967) training some two hundred and
eighty graduate students in their Biochemistry Departments, and the number
is increasing each year. Assuming an average of three years for graduate
training it woul& appear that, even allowing for the fact that some of
these students are from overseas and will return to their homeland after
gradustion, the current output of graduste students is sufficient to

meet the present limited demand in academic and government institutions.

At present the future of gradustes in biochemistry is partly obscured
by the uncertainly regarding opportunities for employment in industrial
laboratories over the next few years. It is apparent that industrial
biochemical research is woefully weak in Canads at the present time, and
there seems to be little expectation in the companies concerned that the

gituation will change very much over the next five years, 1967—1972. We



were unable to loente m'singlc instance of a graduate from avbioche—
nmistry department of = Canadian university having been cunployed in an
industrial laboratory, and cne correspondent indicatoed thaet nost
picchemists «rploved in industriazl laboratorics at the present time

conc from outside thoe country,

A substantinl number of the biochemists surveyoed were convinced
that, unless a change oceurs, Conada will not be able to abscrb any
substantial incrcase in biochemistry graduates. Most assumed that any
surplus thot develops will be absorbed by the United States; others
pointed out that this flew will occur, regardless of the cpportunities
in Canada, as long as o more ﬁttractive research envircnment and higher
salarics are tc be found in the United States. In general, it wes expected
that Government and Universities will continue to provide mest of the

erployment opportunities.

This Cormittec believes, however, that Canada's présent output
of biochemistry graduatcs is not excessive and should be increased. The
advent of Mediearc will create n nee@ for more clinical binchemists in
hospitals and emphasis should ho given to training students in this area
cf specialization; Other periphernl disciplines are likely to absordb
increasing numbers «f biochenists.--fields such =s pharmacology, physio—
logy, immunnlogy, nutriticn. and genetics, where resenrch at the
melecular level becomes progressively more impertant, will benefit from
this spillover, and sore thought should be given to interdisciplinary
~troining ot the graduaste level. A highcer output of Canadian biochemists
will mean that native gradustes will fill the available jobs and in-

crecsed competition will meke it more Aifficult for scientists from
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underdeveloped countries to find employment. loany of those who now tend
to stay cn in Canadao will he obliged to return tc their homeland, with
beneficial effecﬁs cn the ecconomy of thesc countries. There soeoms
little likelihood that the demand for well-trained technicisns with a
B;Sc° or technicnl ecllege diploma will be saﬁisfie% in the foreseeable

future.

Since = sufficient number of the most talented students must be
trained and recruited tc University anpointments to meintein {or attain)
s high standard of teaching in the future, n flow of good graduate

students intc biochemistry is vital.

The National Research Council lists 11,472 graduates students in
Sciences and Engineering in 1967-1968. Of these only 183 (1.6%) are
classified under Biochemistry. In the Bicchemistry deprritments located
in the medical schools, approximately 280 gradusntes students are being
treined. Although it is difficult to evaluatc the overlapping between
the two lists, the graduates in Bicchemistry represent st the most 2-3%

of all graduate students in Scicnce and Enginecring.

When asked about the evailability of graduate students
24% of university biochemists answer that the supply was adequate; T6% said
it was inadequate. The quality of these students as appreiscd by their

supervisors as follows

Poor quality : 21%
Average : 1%

Good gquality : 18%



When asked tc place in order of priority several of the factcrs which
might be expected to attract more graduate students to binchemistry 32%
of the university professcrs surveyed favoured an incrense in the

”
fe

number of fellﬁwships aveilable, 27% rore space, 21% better teaching and
20% mcre jobs for graduates. It is semewhat surprisineg te learn that
the university biocherists arc sbout evenly divided ~n what constitutes
the mein attraction for graduste students. It is cven morc surerising

thet they de nct place more emphasis on the availebility of jobs for

their students after graduaticn.

L. Funding
n) Salaries

o

Salaries in bicchemistry arc comparable to thuse in cther branches
of chemistry. In universitiesﬁ the salaries have improved greatly over
the past years and have now reached if not survassed the,salaries‘paid

in government laboratcries. The gap betweesn salarices in industrizl

and acadenic jobs is now narrowving to the point vhere rost biochemists
would prefer to romain on the campus after groduation so that there is
even less incentive tc seek industrial positions. There is also a salary
differential within universities in favcour of the mediecal faculty in

which most biochemists are amployed.
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However, although adequately paid at the outset of their career
professional bicchemists receive only modest remuncration for
expericnce ond proven ability. It is relatively oasy for other coun-
tries which are willing to offer mrre sttractive rewards to senior
perscnncl, t~ induce the ﬁwst corpetent Canndinn scientists to emigrate.
The most sericus shertoge in Cannds appeoars to be not of voungs bioche-
miéts, Lut of expericnced pcople:who can diréct and flan. If this

situation persists the cstablishment in future of new laberatceries o

o

high caliber msy be nearly impossible

b) Operating Expensce

Funds availsble for research in bicchenistry vary nceording to
the leeation of the biochemist. In industry, they are almost non-
existent due to the fact that neost of the research that should be donc
° . ) ° 3 ° ° - 3 ‘ : .
in our industrial firms is carried on in the narent firm either the

United States, the United Kingdom cr Switzerland.

In government laborasteries, funds are now levelling off after

rapid expansicn (ver recent years.

In Universities, the support for rescarch has incrensed tremendously
since the‘last war. Biochemistry has #nined in stature with the
aveilability of new scurces of funds. The National Resenorch Council,
which once supnortcd most of the resenrch in biochemistry, has>bccn
superceled since 1960 by the Medical Research Council as the main funding
agcney. The Meﬁical Research Council budget‘has grown from a few hundred
thousands of dollars in 1961 tc more than twenty milliongin 1967. The
private agencies (Naticnal Cencer Institutc, Muscular Dystrophy Asscciaticon
Heart Foundation, Life Insurance Companies, cte.) have alse contributed

their share to the budrets of the rescarch bicchemist.
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The survey conducted in 1965-1966 by the Canadian Biochemical
Society mentioned that in 196L-1965 a total of $3,212,000 was sawarded
for biochemical research in Csnada. Of this amount, 13% or $423,000 was
provided by the N.I.H. of U.8.A.. Of all the money given to biochemical
research, 41% or $1,316,920 was swarded direcﬁly to the Biccheﬁistry

Departments, the rest going to other departments.

More recently, in the publication on Medical Research in Canads
("Reference List of Medical Research Projects in Canada 1967-1968")
whick divides projects into forty categories, some four hundred and
thirty-two (10.2%) out of a total of four thousand two hundred and twenty-
five are classified as biochemistry. Biochemistry leads the field, followed
closely by physiologye The funds awarded for these four hundred and
thirty-two projects total $5,962,925.00. From these figﬁres, the averagé
grant for biochemicel resesrch oriented in the medicel field is $14,803.
Despite this increase, T1l% of the biochemists in departments located in
Medical Schools consider that they do not have adequate financial support.
However, these biochemists when asﬁed what should be done to develop
biochemistry, listed "more time for research" as the most important
priority. "More money to hire staff" to reduce the teaching load and
give more time for research was given second priority, and “space” third
priority. Only in fourth place did they list "more money for supporting
personnel”, followed by "more money for eéuipment" and, finally, "more
money for graduate students”. |

We conclude that there is no critical lack of funds in Departments
of Biochemistry located in medical schools. The tangible expression of

public sympathy in terms of financial support is probably one of the

main reasons why this privileged ares of biochemistry has flourished.
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The picture is completely reversed rpr biochemists who are working
in other Faculties. They receive their graék meinly from the National
Research COﬁncil, with & smhll‘contribution from private agencies. .

From the list published by the National Research Council, in 1966-1967,
we have classified as "biochemicel research": one hundred projects
totaling $747,320 in the séetion Biology; forty projects totaling
$250,359 in the section Chemistry and fifty seven progects totaling‘
$300,230 in the secfion on Agriculture. The grand total of support is
$1,297,909 for the 197 projects. The average grant is therefore $6,588.

In spite of increasing federal and provincial budgets for support
of research in the biosciences, the funds provided are still not adequate
to sustain strong research centres which can retain and attract the best
scientists against competition from similar centres in the United States.

As & result, some of our more girted students are inclined to go for their
trainiﬁg to the United States. An enquiry done by the NRC has shown that

1/3 of these return to Canade. Nowadays, for efficient teaching and

research, highly expensive items of major equipment and physical installa~

tions are required, in addition to adequate numbers of academic and

technical staff. At the present time some university sﬁaff are overvorked

and have not time and energy left to develop the new areas (e.g. molecular
biology). The overall support received by all branches of science in Canada is meagre
representing about one quarter to one third of the contributions made by |
other developed countries with comparable gross national pro&ucts. The

support of biochemical research in science departments is much below that
received by the faculties of medicine from the Medical Research Council.

This tendency if not converted could prevent the developments of biochemis-

try in some important area.



Although a fair proportion of government scgentists appear
satisfied that their own personal research is being adequately supported,
only about 20% consider that their field of interest is receiving the
attention it deserves. Many feel that they are working as inaividualé
or small isoclsted groups with little prospect of catching up with active
groups elsewhere, or of maintaining the slim lead they may now hold.
Expension to gropps of three or four scientists with adequate technical
and service support and a steady investment in new instrumentation appears
to be the ideal which most would like to attain. Several biochemists cited
a need for additional staff in supporting disciplines;, some of these e.g.
biochemical geneticists and cytologists are unobtainable. Many of the needs
could be met at relatively small cost by an expanded postdoctoral fellow-
ship programme. A brief has been presented from the Cell Biology Institute,
Canade Department of Agriculture, Ottawa pointing out the advanteges of
increasing the numbef of postdoctoral fellowships tenable at government

research institutions.

5. Centers of Excellence

Primarily because of lack of adequate funds, there are very few
strong centres in Canads which can claim to have originel investigators
of world-wide reputation who could provide the expertise t¢ act as
consultahts to government and industry. It is clear that research cannot
be pursued in the biophysicel sciences without any cdncern to industrial
preductivity. After all, without e supporting industry there would be
neither the money nor the need for sophisticated research programmes.
For a more economical and efficient utklizetion of our human and technical

resources, it would be desirable to establish interdisciplinary units in
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cur universities. These should function as integrated bilechemical
institutes. A number of such institutes skould be established in
different geogfaphical areas, preferably pursuing different fields of
specialization. In genernl, in Cnnnada, the older acsdemic staff members
object to the establishment of organizntionally autonomous rusearch
centres, which might be clnssified as institutes, dn rather debatable
gpunds, i.e. that they create two clesses of citizens, those who teach
and those who do research., In ceontrast, in scme highly develoned
countries, such as Sweden, Germany, Belpium and Switzerland, snecianlized
institutes have been shared ventures between university nrofessors and
research investigators, on the one hand, and scientists from industry and
gevernment, on the other. Obviously, the key people in such a multi-
disciplinary and multi-departmental research institute must cormand not
merely the sciéntific resvect, but alsc the perschol tfust and

admiration of their eclleagues.

Our present research funding policies do not encourage cnoperative
research prograrmes between individuals in a university, and clearly there
are too many investigators whe would be better »ff, in the long run,
within a ccordinated research nrozramme under the guldence of a senior
colleagues of scunder judgment. rather than working awnv ~n trivial fro-

blems in “free"

isolntion. Only large integrated ressarch ceptres can
justify the expenditure of large bulrets roguirel for the nurchase of highly
specialized items cf equi—ment, their costly maintenance and the salaries

of the supporting technical staff. Considering the successful execution

of some of the venturcsome multi-disciplinary rescarch nrogrammes in bio-

science in some other centres, c.g. the Medical Resesrch Council units in
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the United Kingdom, the Max-~Planck Institutes in Germany,vthe Centre
Netionale de Recherche Scientifique (C.N.R.S.) groups in Trance, the
National Institutes of Health laboratories and private research centres
in the United‘States, it is cleor that these rrogrammes run into severnl
million dollars and not into the few hundred thousand which is the more

comon magnitude apnropriasted in Canada.

It is difficult, if not i~mossible, to legiél&te collaboration
between individuels in our freely-crganized univcrsities. Nevértheless,
éamfway must be sought to encourage cconerative efforts within the
university, and between university professors, industry and government.
Joint appointments frorm industrial and government research laboratories
to the graduate faculty of the university appear to be one way of inducing
these sectors of our economy to provide their experts for coonrerative
programmes. These programmes could be.performed either within research
centres on a university campus or in an industrial or governmeﬁt laborsa-
tory setting. Promoticn of harmony and cooperation among these three
sectors of our scientific community will not bec solved by our cautious
habit of referring all ventures to cormittees for o democratically
acceptable recommendation. The moving forec must come from industry or
government through the esteblishment of a multi-million dollar budget for
interdisciplinary research centres. such as was the case for the
establishment of the Pulp and Parcr Resenrch Institute in Montrenl, and

the most successful Polymer Corporation in Sarnia.
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It is clear that universities, being the home of experts in
different fields, provide an ideal setting for some interdiséiplinary
research, on condition that the right pecple are sppointed to the
appropriate positions in the first place. Moreover;'universities ean
still provide the centres for study of v»roblems of long-term interest
which would no£ be done in industry or govermment. The important thing
is to find means of promoting mutusl awareness between government,

industrial and academic personnel af the level of the working scientist.
One way of achieving this might be to'encourage a programme of visiting
speakers and exchange scientists. In this connection, universities should
be more outgoing in making the faculty easily available'to industry for
" lectures, refresher courses and consultation. In turn, industry should
be willing to underwrite the cost of more academic research, and industrial
and government laboratories should be made available for graduate reseerch
on the basis of carefully reguléted agreements between the organization

in question and the supervising university.

6. Role of Gevernment

It is geﬁerally agreed that the funds needed to promote the
development of bicochemistry in Canada wili have to be provided by
government., The problem is simrly to discover where the money be applied
to create the most beneficial effect. Iﬁ earlier sections Committee.IT
has considered the present status of biochemistry and cutlined vafious
areas of special need. The most sericus deficiencies are considéred to bé
the lack of industrial research on which new and expending secondary

industries should be based, the mediocrity of much of the teamching and
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basic research at our universities and rfovernment lnboraterics, and

the absence of any strong centres of biochomistry t

Q

attract and

retaln high-calibre scientists within Canada. It clear that these

[N
n

deficiencies will not be overcome without a balanced investment of
funds in various sectors. Biochemists in the Devartment »f Biochemistry
believe that these cfforts should te directed townrds university (39.2%),

reseerch institute (26.4%) and industry (15.0%).

a) Government Labcratories

We concur with the overhelming majority of profeésicnal bioche-
mists employed in government laboratories who believe that their role
should be tc undertake research problems which are of a long-term.
interdisciplinary nature, which serve 2 broad national interest, and
which are tco exnpensive or too specialized for universities or industry
to attempt. Superimposcd ¢n this required role is & vdriety of other
functions which may be expected to nromote the econonic develorment of

the country:

(1) Applied research aimedl at the establishment of new.industrial
processes but beyond capabilities or cutside the interests of
existihg companies. Develormernt of new methods or products on a
semi-industrial scale to prove their value mnv often be required
here., Although this is 2 job‘for industry itself where facilities
and investment are nlrendy available, sceinl or economic considera-
tiong may rcquire Government‘hdrticipatihn‘ UInder some circumstances
snonscrshin, collaborstion or limited finsncial support may be all

that is necessaryv te foster the necessary rescarch.
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(2) Any research, fundamental or applied, needed to solve assigned
problems (e.r. enforcing the Food and Drug Act, crop nrotection

or improvement, etc.).

(3) Fundamental research that is multidisciplinary and in the
national intcrest but unlikely to be done in Universities because

of their tendencyv to maintain a fairly rigid denartmental

structure for teachins purncses.

(4) Fundamental research'of a long-term nature, which requires
extensive preliminary expleraticn, devel&pment of instrumentation,
and continuity of staff. and which is related to tﬁe economic
development’of the country. This is frequently unsuited to the
thesis—oriented typical University resesrch unit of o professcr,

technician end 3 or 4 graduate students.

(5) Any nezlected or "unfashionable” area of research, particularly
vhen it requires large enrineering capabilities snd supporting
staff. Government Laboratories should provide and meintain such

facilities for use by Universities and Industry.

This committce ccnsiders that thare is little need‘fcr new government
laboratories devoted tc nroblems in basic biochemistry at the present
time. There is z necd ﬁn strengthen and cocrdinate the programmes in
existing orgenizations. Government resenrch groups should be "mission-
oricnted™, and strongly directed, but within the National Research
Council there should be scope for talented individusls whe have no
interest in teaching to develon mionzerins research units in fields

of their own choosing.
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b) Interdisciplinary Institutes

Although there is cconsiderable unanimityv among biochemists on the
desirability of crganizing inturdiscirlinery research institutes to
provide an orrortunity f7r collavoration between specialists, few can
agzree on the form these should teoke and how they should be coperated.

The biochemists in the Medieal Faculties are in favor (66%) of these
institutes as commaored to 17.7% thot opnesc ond 16,5% whe are indiffe-
rent. These biochemists overhelminely (807) alse favor active collabora-
tion between university and both sovernment and industry. Our committee
believe that such institutes should be asscociated with 2 University and

n the graduate training programme. The most suitable

(=)

participate
method of prcmoting.excellence and puiding the exnansion of biochemistry
in Canada would be to develep “eells’ sarcund men of proven ability within
existing crganizations. Besidc the various reodels aiready in existence
--1i.c. the scheme for interdiscinlinary ‘cells  orersted by the Medical
Research Council in Greet Britoin, =2nd in the United States the Carcer
Scientist scheme ond the leoosely organized ‘Institute for Advanced
Studies composed of sencratc disciplines able te interact flexibly, an
even more flexible scherie based on 1-2 year fellowships that would

bring together distincuished scierptists in different disciplines and
provide them with facilities, suonorting staff and = small rermanent
cadre for continuity, should he cnnsidéred,

1
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¢) Industrial Research

The volume of industrial bicchemical research in Canade at the
present time is very small in comparison to that carried out in
univeréity and government laberotories. The follewin: reasons nny
be given for the relative lack of industrial biochemical resenrch
(1) Companies are foreirmn-cwned or controlled, =nd rescarch is carried

out in centralized laberetories located cutside of Cannda: {2) Companies

are too small to afford leboratory research. facilities: (3) Company

managenent does not consider bicchemical research a profitable investment;®
(4) Recruitment of personnel may present some problems sinéc many
bicchemists feel that they have more freedom to follow their individual
researcﬁ interests and to publish their results when working in a uni-

versity or government laboratcry.

‘This committee feels that the imbalance betwecen research activity
in university and government labrratories on the one hand and industrial
laboratories on the other . is undesirable for the cconony of the
country and for the future develeoprient of bicchemistry in Canadz,
Increasing the velume of industrial biochemical resesrch would, we
believe, make it nossible for Canedinn companies to make better use of
our natural resources in agriculturc, fisheries and forest products, and
to compete more effectively in international markets. It would alsc
provide mere opportunities for emplovment of bicchemists in Canada, thus
reducing the ‘brain drain” to other ccuntries and perhaps at the same

tme attract trained personnel to scttle in Crnada.
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Government has been and is attempting to stimulate industrial
regearch, but the efforts to date 4o not seem to have ha& 8 very
significant effect on industrial biochemical research and some new
approaches are perhaps desirable. The following suggestions are based
‘on comments received in response to guestionnaires and on the delibera-
tions of the Committee in the course of preparing this reporti (1) some
better incentives to engage in industrial biochemical research iﬁ Canada
should be offered to Compénies who ore foreign owned or are too small to
support independeﬁt research laboretories. Peraaps e group of Companies
associated with some particular industry (e.g. the food industry) could
~ be induced to collaborate in szetiing up centralized laboratory facilities
for the solution of common problems. It is our feeling thét such labora-
tories should be financed primarily by industry but Government might act es
& catalyst in attempting to initiate such activities either by direct
ééll&bcraticn or by providing tax incentives. (2) Consideration might be
given te modifying the patent laws tc provide further incentive for in-
dustrial biochemical research. (3) A number of people commented
on the desirability of prommting incréased contact and collaboration
between biochemists in university, government and industriadd lsboratories.
Goverument might help to promote this by (a) providing funds for exchange
visits and lectures along thellines of the current Medical Research
Council arrangements for exchange of personnel between different univer-
sities; (b) providing scholarships for students to work inm industrial
research laboratories during the summer, and (c) organizing conferences
or sywmposisa with the aim of bringing together personnel from university,

government and industrila laboratories and perhaps industrial management



as well, to discuss subjects which might benefit from increased
biochemicel research activity. (An example of this type of conference

was organized in 1967 by the Fats and Oils Committee of the National

Research Council).

I
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C.I.C. SURVEY OF BIOCHEMISTRY

RECOMMENDATIONS

recommend

That efforts be made to foster applied research in biochemistry.,

particularly in industrial and clinic~l laboratories.

That centres of excellence in biochemical teaching and research be

develcped.

That interdisciplinary institutes associated with a University he

established.

That governnment laboratories direct more of their attention to
mission-oriented research, by organizing strong interdisciplinary

groups with realistic goals that would benefit the Canadian economy.

That means for promoting mutual awareness between govermment, industrial
and academic personnel be established by o program of visiting and

exchenge scientists.

That the teaching of bicchemistry in Canadisn Universities be broadened
with greater ocmphasis on basic training in chemistry, vhysics and

mathematics and better coordination with other science departments.

LY

That support te tiochemistry outside the Medical Faculties shculd be

increased.





