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LYNEN LECTURE - MIAMI 1974 >

N

S When Bill Whelan invited me to give the Lynen Lecture which is of an
} autobiographical nature I accepted with reluctance because I don't think that

2 ~anything in my life is worgh telling and much less, entertaining.72 e

My life covers the period of biochemistry in which most of the /\;«Q,\Nm

e e n

M,_chl enzymes and coenzymes were discovered and in which most of the reactions of
VWWRAYELE D
intermediary metabolism were snrevealed. I was born in 1906, the same year in

it e a r;

which Harden and Young published their paper on the coenzyme of yeast fermentation S
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and the rolé which initiated the studies on cofactors in which we became involved .
> ¥
e
\ many years later. N
{ L)?'l
)

\ After fairly normal studies in the primary and secondary school,
\ L tvas aw Arre 2 a tudon, mam gl lad U

I studied medicine, in Buenos Aires, and did not-stand out_as-a good-etudent.

T

\\__> . I was working in the hospital and I heard that Dr. Houssay was doing
' wele tome
e very interesting studies on carbohydrate metabolism. TheyAdescribedAas

revolutionary findings and turned out to be in fact of great interest and eventually
) WA T wes allalyrg pne dloma
¢ At _that—$3me I had no

idea of what I wanted to do nor which was the field I was more apt for. In relation

led to the award of the Nobel Prize to Houssay in 1947.

to this I remember discussing this problem with some of my colleagues at the hospital
and that one of them told me '"you are not very intelligent but maybe you can be
successful because you are persevering''. About 2 years elapsed before I was in-
troduced to Dr. Houssay and started working at the Institute of Physiology. It
was there where I did my thesis work on the role of the adremals in carbohydrate
metabolism. Houssay helped me a lot, not only did he do the thinking but he also
L (P Ahoses
18 carried out the adrenalectomies on the dogs. During tess work I realized that it
would be interesting to understand physiology more deeply and this is what led me to

study Biochemistry. This was similar to the previous change when I wanted to

understand medicine more deeply and began studying physiology. Perhaps it was
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fortunate that I did not continue trying to understand mmx® things more deeply
because I might have ended up in nuclear physics or in phylasophy.
Cambridge After some consultations I decided to improve my knowledge on bio-
chemistry by going to the Biochemical Laboratory of Cambridge. At the time it
was one of the leading world centers in Biochemical research. The head of the
Laboratory was Sir Frederich Gowland Hopkins a pioneer of studies on vitaminsz/f
the discoverer of trytophan and one of the first great British biochemists.) ZA
Firstly I worked with Malcolm Dixon then with Norman L. Edson who had worked with
and was a great admirer of Sir Hans Krebs. Afterwards I worked with David Green.
Cambridge was a great experience. The laboratory was different from
the German Laboratories of that time where there was a Herr Professor and all the
others worked directly under his directions. In Cambridge the groups worked
independently and there were ﬁZE)’IﬁVEgtigﬁéors; Marjorie Stephenson, oiie of the
pioneers in biochemical microbiology, Dorothy Needham, who worked on muscle,
Robin Hill who £ecame so well known from the Hill effect, Norman Pirie who at the
time had succeeded in crystallyzing tobacco mosaic virus. This he did simul-
taneously with Wendel Stanley who received the Nobel Prize for this work. After
one year in Cambridge I thought I had acquired some rudimentary knowledge of

biochemical research and decided to return to Buenos Aires.

Fatty acids NqQreep#n — /&;,9,6

In it was generally believed that the oxidation of fatty acids would

only take place in intact cells. This belief was based on the fact that cell
homogenates were completely inactive. With J.M. Muiioz we deciddd to try to obtain
a soluble preparation which would oxidize fatty acids.

We used to measure the disappearance of volatile fatty acid on incubation
with liver homogenates. The analytical procedure consisted in distilling the

acids and oxidizing them with chromic acid. When the acid disappeared the reaction



mixture remained brown and if there was no fatty acid consumption the final mixture
was green. In most experiments nothing happened and the final mixture was green.

I remember having the feeling that our faces also turned green after many of these

failures./4é?iLQ;_innamefeb}e—5aiiufee—w@r1ﬂn:thnﬂf1r4aﬁk}—éfee—eyetzmrwﬂzfch—oxiéiaed
iﬁﬁﬁﬁ-“*dfi:)
(_ We used to work with guinea pig liver homogenates and fractionated
P g
them in a centrifuge which was cooled by wrapping an inner automobile tyre filled
with frezfing mixture around it. At that time there were no commercial refrigerated
centrifuges. We had no guinea pigs nearby and had to send our assistant to fetch them
from rather far away. He usually took a basket but one day he forgot to take it
and used a large paper bag. The guinea pigs were clever enough to find a way of
ecﬁmt

escaping; they wetted the paper so that it gef soft and then worked their way out.
This happened in a crowded bus and resulted in such a great confusion that we lost our
guinea pigs. : 0/;,& m,mht/g-é(> %Q.&u&s& /)

Finally/g; overcame these and many other difficulties and obtained an
enzyme preparation which oxidized fatty ac1ds when complemented with adenylic acid

PrcenSox L
or ATP, a C4 dicarlixilic acid, cytochrome C and magnesium ions. I remember that
one of the things that intrigued us was that activity disappeared very rapidly on
leaving the enzyme mixture in water. Now that we know that the activity is in
mitochondria this does not seem surprising. The separation of mitochondria by
differential centrifugation in sucrose solutifis was developed by Claude years after, amd A

fatty acid ox1dat10n by—miteehondria was : i

=~ chua\wx Feoln @aﬂwn.

ﬁxpuxfgbpﬁgv\ The circumstances led me to change my line of research several times in

my life., 1L doubt if this is desirable but in some cases it is inevitable.
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In the Institute of Physiology of the Faculty of Medicine of Buenos
Aires, Juan Carlos Fasciolo had been working on the mechanism of arterial
hypertension produced by constriction of the renal artery. He had reached the
conclusion that a preé&r substance was ® involved. With J.B. Munoz and
Eduardo Braun Menendez we decided to collaborate in this project and in a rather
short time we made several findings of considerable importance and furthermore we
had a good time, This period as well as a few others in which I worked with

pleasant and enthusiastic people were the most enjoyable experiences in my career,

It was known that kidney contains a protein, renin, which when injected

into animals, produces an increase in blood pressure, (ﬁr@u:_g:gnp_inund_that

blood—pretein, To our dismay Page and he]mer publlshed 31m11ar findings practically

L ('m’

simultaneously. We—ecalded khe pressor substance hyperten51[h wﬁ&&e Page-and=lhiedmer

Prr -«)-*P"’ omd HeOmer)

called gt ang10t081n.?~ Each group tried to impose its mname until Braun Menendez

A
and Page Salmonlcally proposed the name angiotensin which is used universally.
A
e The hypertension team lasted about one year but the amount of work it

carried out is really surprising. We knew that angiotensin is a polypeptide but

with the methods available it was practically impossible to obtain more information.

The work on hypertension was interrupted by extraneous reasons and
< political
the team disintegrated. In one of the periodical/upheavals Dr. Houssay was dis-—
missed from his post at the University. We had to leave the Institute of Physiology

and were left without a laboratory.

St. Louis and New York

In comwpensation for the scientific misfortune I had the luck of getting
happily married and of being able to spend some time doing research in the U.S.A.
: %%Ah"‘ﬁt"" VUnwaig
I was interested in going to Dr. Cori's laboratory'in St. Louis which was one of the

Mecca$d of workers in carbohydrate metabolism. I don't recall the circumstances

too well but according to FDr. Cori I presented myself unannounced and when he asked
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me when I would start working I answered 'right now'. J

. The lab was very pleasant with the two Coris, Golowick,

JLLxx

aﬂja(?q:agiein, Burger, Taylor, eke. There were few people because all this occurred during
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Af ter Some time we decided to go to New York where I again met David Green
with whom I had worked T Cambridge. We worked on transaminases and were able to
separate two of them. David Green was always full of ideas and projects and working
with him was most interesting. He was also very critical and often became XmEx icono-
clastic. It was at that time that paper chromatography was developed by Consden}Gordon
and Martin. I remember very well that Green showed me the paper in the Biochemical
Journal and said "have a look at this, it seems rather interesting'. Since it dealt

with aminoacid separation I was not interested and did not appreciate the importance

the new method would acquire.

We lived fairly mear the College of Physisians and Surgeons of Columbia
University. My wife was still perfecting her cooking abilities and one day gave
me a piece of .easted liver. It looked so repulsive that while she went out of
the room I rapidly put it in an old envelope and thre”it out of the door. I was
happy not to have hurt her feelings. On the following morning the post arrived
and my wife sorted the letters. One of them was fatter and she looked at and said
"Look at what n'.é.':.a:.ﬁ.;ds you; it must be something for the laboratory”. I
nearly fainted whem I discovered that the roasted liver had come back with the post.

After about one year and a half in the U.S.A. we thought that it would
be possible to work again in Buenos Aires.

Fundacin Campomar
Dr. Houssay had been reinstated as Professor -of=Physielegy so that many

of us returned to the Institute of Physiology. However, this did not last lomg.
Altn-uthhmlmmmmhdiuhudfmﬂuhivcsuyndmmunu \
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Physiology was disintegrated again. An unexpected event came to our aid.

Jaime Campomar, a well known textile manufacturer, decided to create a private
biochemical research center. After consulting Dr. Houssey—it—was—deeided—that I
spDulé—organiifkéﬁfrﬁsw—tenterT‘ 6;/9

R Ranwell Caputto/ﬁaﬁ/gust returned from a Fellowship in the Biochemical

Laboratory in Cambridge. We also enrolled Raul Trucco who had experience in
Bacteriology because at that time we were interested in fatty acid oxidation by
bacteria. At first we worked in the Instityte of Biology and Experimental Medicine
which was a private institution where Houssay and coWorkers had taken refuge. After
a short stay therg/we rented an old,adjoining,small house and conditions began to
improve slowly. We had three small laboratorgjes, a library where I took my private
books, and a little store room. Dr. Cardini, who had been dismissed from the
University of Tucumdn joined us as well as A,.C. Paladini who came with the first
fellowship of the Fundacidén Campomar.

The inétallation of a new laboratory is always an amusing enterprise.
Furthermore we were all young and enthusiastic. The Rockefeller Foundation provided
us with a refrigerated centrifuge and Dr. Houssay loaned us a spectrophotometer.

The first research project: fatty acid oxidation in bacteria, sank and then we went
on to study lactose synthesis. As the preliminary trials were unsuccessful we

thought we might get some information on the synthesis by studying lactose utilization.

For this we selected a yeast that grows on lactose: saccharomyces fragilis. We
grew it on milk serum kmxmuse which was cheaper than lactose and then dried it.
For this purpose we used to extend the yeast paste on the bottom of inverted pre-

cipitation beakers. Since we had only a few we selected those that IRXEX were

_cracked for this operatiom. The lady who washed the glassware cque one day complaining
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that we should not dry the yeast in that way because it cracked the flasks.

1 mention this because it is a kind of reasoning that is quite common and which
even scientists use inadvertantly. &
toane P

The extracts of the dried yeast containg¥ enzymes which phosphorylated
galactose/ w The TAtter—was tiell transLormed to glucose
1-phesphaté which gave glUTOSE O phosphete.

The reaction was measured by following the increase in reducing power -
with a copper reagent. WéEg;9n—found_thae—a—thermostahle_facxnx_iaefeased_she

rate of zeaction and-set—out to isolate it. The results—were very—eeafusing

because actually we had two thermostable -feete¥s. Afger we realized this we could
concentrate i i :

glucosemlzﬁ_diphospha&ef~w'?iﬁaiﬁgwfﬁzé out was not so easy. We did it all with-

ou5,using—enéun—exthangevteétmns.

_Oaly some-years later-were these applied to the separation of nucleotide
sugars. ‘It\Yif—EEfEEiE,Eélejiuu;Jmawfaund_UDB:aggpylglucosamine and guanosine
diphosphate mannose.

Sometlmes one forgets how pr1m1t1ve our knowledge on nucleotides was
. The only free nucleotides known to be present in
tissues were ATP, ADP, AMP and inosinic acid. UMP was only known as the
3' phosphate obtained by hydrolysis of nucleic acid. The 5' phosphate had not
been isolated and of course neither UDP nor UTP was known. &
(e X »
At the same time when we were working with UDP#G Ted Park with
Lodng
Jt Johnson was studying the action of penicillin on_ffggyylococcus. He found
that a?éridine compound and acid labile phosphate accumulated in the presence
of the antibiotic. From the mixtures he isolated a compound which contained
uridine and and®\ unidentified sugar. The structure of this unidentified sugar
was elucidated many years 5é%é¥);nd called acetylmuramic acid. We had more luck

than Park in that our compound was made up of well known components. The muramic

acid containing compound discovered by Park turned out to be of great importance
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in the biosynthesis of bacterial cell walls.

The mechanism by which UDP#G catalyzes the transformation of galactose 1
phosphate into glucose 1 phosphate became more understandable when it was found
( ) that on incubation with the enzyms,part of the glucose was converted into
galactose. We now know that the formation of galactose requires an oxidation
at position 4 of the glucose residue of UDP{G. As to the role of sugar nucleotides
as sugar donors it became apparent when Dutton and Storey ( ) found that glu-
curonides are formed from UDP-glucuronic acid. However I think thaL did not
appreciate at the time that this was a general phenomenon. The role of

am

A4
UDPAG as glucose donor was first suggested by Calgin, Buchanaer and others to explain

the formation of sucrose. The evidence they had at the time was not very conv1nc1ngal

At the oonclone~, e fmsuwr MU, Corra el

In our lab we were measuring the disappearance of UDP’G under different
conditions. We found that glucose 6 phosphate greatly increased the disappearance
of UDP#{G in the presence of yeast enzymes. The changes were soon traced to the

formation of trehalose 6 phosphate. Soon aftefdﬁﬁt&synthesis of sicrose-and

sucrose phosphate with UDP#G and plant enzymes was obtained and a series of other
% CA’LJ‘W

(J° —Jaes)ITE cike 79
The synthesis of glycogen from UDP-G, with Cardini, was a finding

transfer reactions were discovered by various workers.

of some interest particularly because it was universally accepted that both
synthesis and degradation were catalyzed by phosphorylase. The direction in
which the reaction takes place at any moment was believed to be dictated by local
concentration of glucose 1 phosphate and inorganic phosphate. Some inconsistencies
C)Ps%

e
Linddng-ef-glycogen syn i : ! .H88A~
similar xeaction '1!!!.!5! was later found to be gfsponsible ﬂor starch synthesis with

A
the difference that ADPG §§ 1nVo ed /§§E§7 Mlth or 1ﬂ§teqﬁ kf Ugé f&ﬁyﬁ/\\,//q

\ ./

of this theory were pointed out by Sutherland,

/

/
were‘the 1as§ r#actlons whlcﬁ we s ied with non ré&{;actlve substrates.

=,




~10< am em 'Ce(wms o.c.acz/ug‘l
microsomes is transformed so that the glucose moiety is transferred to annther?uajiwy qQ_
compound which appears to be Dol-P-P- oligosaccharide® Incubation of this compound

with microsomes and manganese X® ions results in a transfer of the oligosaccharide
. Luw
to protein. / The oligsaccharide appears to have starting-et—the-reducing-end,

two acetylglucogamiae’jﬁiﬂéd 14_ and then several mannasé/fgsidues. This same
-~ o £

-

. e Bt :
type/cf’siﬁgosaccparide is found in gbnyQlebﬁiin, aiiif§;;lius amylase, ovalbumin

and several other glycoproteins’in which the oligosagtcharide is joined to an aspartamide
> ~

A

-

residue.

of one type 6f glycoprotein. As to’ the other tyles, that ii/pﬁgse in\which the

After working on fatty acid, then on saccharides it seems I have been

driven into a corner where lipids, carbohydrates and proteins converge.
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