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forglveness. Thls time, it has been 

posslble to favourably resolve the 

care of our body" and this period 

has some very special 

characteristics which make it 

inclined towards creation: 

"Conva lescence isolates us from the 

demands of the outside world. 

Unable to take on our usual 

activit ies, we sleep for many hours 

and the time that we are awake we 

take refuge in ourselves ... the 

conversation with ourselves that 

Machado speaks of becomes 

something habitual.lf an illness 

brings us a feeling of fault, 

conva lescence frees us from that 

fau lt. After having gone through the 

ordeal of pain, discomfort and 

physical and moral suffering 

inherent in illness, convalescence 
sets in as a reconciliation with our 

body, which for a time had been our 

enemy and which now becomes 

relegated to a second place': 

It is a time during which memories 

come back, as do, according to the 
writer, fee lings which have la id 

dormant. After a period of 

convalescence everything changes. 

She recalls the appearance of 

"unexpected intellectual discoveries, 

intense and complex feelings which 

moved me to tears. Keen 

perceptions of realities which had 

gone by me unnoticed and which 

came to me in all their intensity in 

the light of my closed eyes': 

Chi ldren grow after an illness, they 

become physically different, and 
adults become freed for a few days 

from the impatience caused by 

fu lfilling the demands of life. 

Undoubtedly, th is is the best t ime to 

create:"the state of convalescence is 

a very appropriate state for writing. 

A certain melancholy, a state of 

nearly total pensiveness.lsolation 

from the outside world and a 

separation from all the demands of 

daily life are some of the causes 

which give rise to what we call 

inspiration': 

Isolating oneself in order to 
write 

Literature is therapy too, but it 

requires a state of"convalescence" in 

order to be produced. Aldecoa 

admits that "on ly by liberating 

myself from the unavoidable daily 

contact with the people surrounding 

me am I able to attain the serenity 

and complete isolation requ ired by 

the process of literary creation.ln my 

personal experience tha t state of 

concentration which leads to the 

creative process has a great deal in 

common with what takes place 

during convalescence': 

For th is reason the writer provokes 

in herself those "states of 

convalescence" and iso lates herself 

from her obligations in order to 

write:"Creating literature7 she states, 

"requires a high degree of 

independence from involvement 

with the outside 

At these moments, melancholy 

becomes essential to her creative 

process. Not melancholy in the sense 

of sadness or dejection, but rather a 
type of"languid melancholy, a 

forgetting of immediate sensorial 
experiences': 

In fact, Josefina recalls, melancholy 

has been an engine for creation at 

many points in time. The romantic 

writer was a writer precisely beca use 

he was melancholic, and that state 

was almost always produced by 

illness, specifically tuberculosis, 

which seemed to be caused more by 

the muses than by an infectious 

agent: "Boisterous manifestations of 

health are somewhat offensive. On ly 

crude people can eat a lot and not 
feel ill, and they take on an air of 

plenitude tainted with coarseness. 

On the contrary, the sickly, languid 

person is held in consideration and 

esteemed as a sensitive being who 

lives on a higher plane, who floats, 

almost levitates over the 

commonness of the impudently 

healthy': 

Melancholy as a literary 

engine 

This is a perspective which, for the 

author, already existed back in the 

17th Century, as can be seen in the 
book by Robert Burton, Anatomy o( 

Me/ancho/y. Although this author 

sees melancholy as a mental illness 

resulting from idleness and solitude, 

there are exceptional cases of 

"profitable meditations 

recommended by the Popes':"lt is a 

paradise'; he adds, "a heaven on earth 

if it is used correctly': 

Behind such a pecu liar conception is 

a call for a space of isolation, 

solitude, a removal from everyday 

affairs and even a neglect of the 

most elementary needs of our body. 

In the words of Josefina Aldecoa, this 

very feeling defines what the 

process of literary creation is for her: 

"an absolutely total giving over of 

oneself to the attempt to express in 

words what we wish to convey, 

which in turn is the resu lt of an 

inquiry into ourselves or into those 

people we have around us; a quest, 

an attempt to explain human 
behaviour, our fears, our 

bewi lderment and our 

contradictions, ours and those of our 
fellow human beings. 

It wou ld be impossible to ca rry out 

this process without separating 

ourselves from reality, w ithout 

partially removing ourselves from 

life.lt is in a sta te of convalescence, 

whether real or self-imposed, that 

inspiration bea rs its fruits ': 

Margarita Salas 

Chairwoman of the 

Institute of Spain 

She is said to be an 
example of thoroughness 

and tenacity. And this is the 

oplnion of those who 
know her best: her doctoral 

students. Margarita Salas is 

62 years old, and has 
devoted more than half of 

her life to research. Severo 

Ochoa was partly to blame 

for her choosing this 

profession, unheard of at 

that time for a woman. A 

lecture given by the master 

imbued Margarita with the 

desire and the pleasure of 
delving into the unknown. 

From that time on, she never once 

stopped working. As a woman she 

had to Fight against the misgivings of 

the scientific community and as a 

sc ientist she had to prove her worth 

despite the fact that she was a 

woman. Today, she enjoys 

international recogni t ion and her 

research has made an enormous 

contribution to the development of 

Molecular Biology. Her contributions 

to research have been fundamental, 

especially her work with the 

bacteriophage Á29, to which she has 

been joined "a lmost like in a 

marriage"since 1967, the year in 

which she returned to Spain after 

having work together with Severo 

Ochoa in New York. 

She is one of Spain's most renowned 

scientists, and this recognition can be 

seen in some hundred national and 

international distinctions including 
the UNESCO Finlay and L'Oreal 

awards, the Mendel medal of the 

Academy of Sciences of 

Czechoslovakia, the Santiago Ramón y 

Cajal National Award and the Jaime I 

Award, among others. 

Moreover, she has been the first 

woman to occupy posts of great 

scientific importance: the EMBO 

Scientific Council (together with 
Marianne Grunberg-Manago), the 

Spanish Royal Academy of Sciences 

(she is still the only woman to have a 

seat in this Institution) and the Chair 

of the Institute of Spain. 

She received our visit in her 

laboratory, amidst books, microscopes 

and computers, where she spends 
many hours, "a 11 that she can':Who 

knows, maybe that perseverance is 

what makes her so surprisingly 

young. 

Eilloll . ls it true that you were about to 

study Medicine instead of Che­

mistry? 

Dr. Salas: When I was finishing up 

secondary school, it's true that I wasn't 

su re whether I should begin studying 

Margarita Salas 

Medicine or Chemistry. My father was 

a doctor and, logically, that influenced 

me.1 was so unsure that I decided to 

come to Madrid,just 111 case I should 

decide to study Medicine, since In 

Oviedo I wouldn't be able to study 
that field.1 tried out my luck and 

registered for Chemistry, since I knew 

that the First year covered the same 

subjects as were required for 

Medicine. There was only one subject 

that was different, Geology, and I 

figured that If I passed, I would 

continue with Chemistry and forget 

about Medicine. I didn't like Geology, 

and the truth is that I studied the 

night before the exam, and, whether 

for bett r or worse, I passed the 

subject and decided to sta y with 
Chemistry. 

Eilloll. Why did you choose to devote 

yourself to research? 

Dr. Salas: At that time, a major in 

Chemistry involved a great deal of 

laboratory practice, especially in the 

third year, when we studied Organic 

Chemistry, and we would spend th 

whole day in the lab.1 began to enjoy 

it.That summer I happened to go to 

Gijón with my family and we went to 

see Severo Ochoa. He and my father 

were related through marriage and 

were close friends, since they had 

studied together at the Students' 

Residence Hall. He invited us to a 

lecture that he was giving in Gijón.1 

went to hear him and I was 

Fascinated.Ochoa was a splendid 

lecturer. Afterwards, we spoke about 

his work and he gave me a book on 

Biochemistry. At that point I still had 

not studied anything about the 

subject, but I gradually became 

interested in lhe field. He was lhe one 

who recommended to me that I do 

my doctoral thesis with Alberto Sois 

and he was the one who advised me 

to go to the United States to do my 

post-doctoral studies in his laboratory. 

Eilloll. How do you reca" your two 
great mentors? 

Dr, Salas: The doctoral period marks 

your character.Those are the first 

steps that you take and the role of the 

mentor is essential.l think that I was 



very lucky. My two mentors were 

enormously thorough, highly critical 

persons In their work and Ilearned 

these two qualities from them. Severo 

Ochoa was a magnificent 

communicator and wrote very well; all 

his work was impressively simple and 

easy to comprehend.1 am grateful ro 
Sois for teaching me Biochemistry, 

enzymology in its most classic form; 

and to Ochoa for introducing me to 

Molecular Blology. 

Ochoa also played a key role In my 

decision to return to Spain. My 

husband and I returned aware that 

we were taking a gamble. In 1967, 

there was no Molecular Biology, and 

aboye all, there was no money for 

research, the Sta te didn't provide 

research grants. We were lucky 

enough to get an American grant 

which allowed us to start ou r work, 

otherwise we wouldn't have been 

able to even buy reagents. 

EillolI. Eladio Viñuela was your hus­

band and colleague for many years. 

How did it affect your career being 

married to a scientist? 

Dr. Salas: I met my husband at 

university, and when we graduated 

we beca me engaged.1 began to work 

with Alberto Sois, and my husband 

also worked with him. 

Sois found it difficult to work with a 

woman, and, in fac!. he admitted me 

onto his team because I had a letter of 

recommendation from Severo Ochoa. 

One time, when I received the Severo 

Ochoa award from the Ferrer 

Foundation, Sois remarked in his 

speech that when I ca me to his office 

asking him to direct my doctoral 

thesis he thought "bah, a girl, 1'11 give 

her something that's not too 

important so that there won't be any 

problem if she can't manage it':This 

shows the menta lit y that existed in 

1961. But I had to stick it out, because 

Ochoa had recommended me.1 owe 

Sois a great deal from a scientific 

perspective, but from a personal 

standpoint, he t reated me like "a 

woman';in the most pejorative sense 

of the word. Fortunately, years later he 

changed his opinion. 

In Severo Ochoa's laboratory, however, 

I felt like a person, rega rdless of my 
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sexo When we arrived, Eladío and I 

were put to work in different groups 

"so that at least we would learn 

English:he told USo But his aim was to 

get each of us to develop our own 

pOlentiallndependently. And this was 

good for both of uso I felt appreciated 

for what I did. Three years later we 

returned to Spain. We were aware that 

it was very difficult to do research In 

our country, but we decided to try it 

and see. 

We ca me with a single subject in 

mind, since we were aware that it 

would be madness to try to cover 

more than one area and that It would 

be more effective if the two of us 

worked on the same thing.We began 

to work on the bacteriophage q¡29, a 

task which I am still working on today, 

and I must admit that we were very 

lucky. We returned in the middle of 

1967, and at the end of that year the 

first grants were offered from th 

Research Personnel Trainlng Plan, 

which made it possible for us to have 

our first grant holders, who were 

given 10,000 pesetas a month, which 

wasn't bad in those days. 

Eilloll . Did the grant holders mind 

being directed by a woman? 

Dr. Salas: AII the doctoral students 

were men, but the two aids were girls. 

Internally, we never had any problems, 

none of the grant holders minded 

being directed by a woman. But in the 

scientific community, I was Eladio's 

wife. Naturally I felt pushed to the side. 

But Eladio, who was a generous man, 

decided to start on another research 

topic and left me to work alone on the 

<p29. However, everything that at first 

was a difficulty, later beca me an 

advantage. It beca me big news that a 

woman had been awarded a research 

prize or that a woman had been 

appointed as a member of the 

Academy of Sciences. Due to the fact 

that I was a woman, I was interviewed 

frequently, and reference to me was 

often made in areas that were nOI 

exclusively scientific. 

Eilloll. How would you describe the 

situation of women today in the 

scientific world? 

Dr. Salas: It has changed greatly. 

There are more women working in 

laboratories. But the basic difference is 

that young women today have a 

different mentalJty.ln my days, even if 

a girl graduated from university, she 

didn't plan to devole herself to her 

career professionally. Now It 'S the 

opposite when a girl does a doctoral 

thesls it's beca use she is determined 

ro continue worklng in research.1 

believe that the situation is galnlng 

ground, but there is still a lot to do. 

Most research groups continue to be 

directed by men, but I imagine that 

this will change in a few years' time. 

Eilloll. You're known for being very 

strict with your grant holders, but 

it's obvious that you get along well 

with them. 

Dr. Salas: llike very much being in 

lOuch with young people. I've just 

turned 62, and I feel young, maybe 

beca use my doctoral students are 

always the same age, 23 or 24, which 

forces you to always deal with young 

people - somehow, that rejuvenates 

me. 

Eilloll. What are your duties as (hair­

woman of the Institute of Spain? 

Dr. Salas: Basically, we organise a 

series of lectures which are highly 

informative in nature. Our aim is 10 

disseminate to the general public the 

work done by sc ientists in all areas of 

knowledge, but in a precise way. We 

have dealt with viruses and emerging 

diseases, even transgenic plants, 

covering subjects such as Physics or 

Mathematics. Since I ha ve taken the 

Chair I have sought to bring the 

scientific part more to the surface. 

We've recently he Id a series of 

lectures on "Women in the Academ ic 

World': Now we're going to begin a 

long series of lectures on the 

academic accompl ishments of a 

centu ry. Our aim is actually to 

promote an awareness of science in 

Spain. 

Eilloll. What is the state of research in 

Spain? 

Dr. Salas: From the point of view of 

quality, very good. There is a high 

percentage of first line research, and 

this allows us to compete with 

countries in Europe and America. We 

are looked upon as equals, especially 

in the field of Molecular Biology. In 

fact, outside of Spain everyone vi es 

for Spanish doctoral students since 

they're used to working hard as they 

are aware of the enormous difficulties 

of landing a job in Spain. But this is 

the negative side, there is little money 

for research, although there are 

prom ises of increasing the research 

budget by 12%. 

A very serious problem that we have 

at present is getting back young 

scientists, not to mention authentic 

"brains"who have been living in t he 

United States for a long time, it 's now 

nearly impossible 10 gel these people 

back; lhe only remarkable case is that 

of Mariano Barbacid.lt 's not very 

probable that people like Manuel 

Perucho, for inslance, who wants to 

come back, will actually do so. 

beca use among other reasons, 

salaries in Spain are not competitive. 

Above all, there are many young 

researchers who want to come back 

to Spain but can't, beca use there 

aren't any jobs or because if they 

come back to work In the Minislry 

with a three-year contract, after three 

years they find that once again they 

have no job, and many of them leave 

the country again. It seems that now 

they're going to offer contraclS 

known as 5 + 5: a five-year contract, 

which after evaluation can be 

renewed for another five years. We still 

don't know when these contracts will 

come out, or how many will be 

available, but it's a good signo 

Eillo ll . You've worked for over 30 

years with the <p29 phage. What 

were these years of intense relation 

like? 

Dr. Salas: We began this research 

because it was a small virus, but an 

interesting one from lhe 

morphological standpoint. The truth 

of the matter is that it turned OUI to 

be much more intensely interesting 

than we had ever imagined.The key 

was discovering that its nucleic acid 

has a protein joined to the ends of the 

DNA and that th is protein is involved 

in a function in replication . And the 

most important thing is that this 

model system is found, for instance, in 

human adenoviruses, in hepatitis C 

viruses, in polioviruses, etc. The basic 

mechanisms are very similar. What we 

study in a relatively easy lo handle 

model system can be extrapolated to 

other more complex systems which 

are interesting from a health-care and 

economic standpoint. 

Now this virus has given us great 

rewards.The polymerase DNA 

replicated by this virus has 

magnificent properties which make it 

highly interesting from the 

biotechnological standpoint. We have 

patented it, and now we've agreed on 

an exploitation license. It is an enzyme 

which incredibly amplifies the 

replication of the DNA. The 

sequencing companies need millions 

of units of this virus. The outlook is 

very good, also from the economic 

standpoint. This is an example of how 

basic research leads to applications 

which can also be highly profitable 

from an economic perspective. 

Eilloll . And how can this be made 

known to the public? Do you think 

that the role played by the media is 

sufficient? 

Dr. Salas: Generally speaking, this is 

being revealed quite well.The press 

now presents new scientific 
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developments whieh are written with 

preeision but are also easy to 

understand.1 think that the articles 

are being written correetly without 

masking the news in order for it to be 

more easily understood. But I think 

that more effort should be made in 

other types of media, sueh as radio or 

TV. There is still a great deal to be 

done.lt is important to eonvey to 

young people values often 

overlooked sueh as perseveranee, and 

make them rea lise that despite the 

faet that the road is a long one, 

research also has its rewards. We're 

noticing that the best students no 

longer devote themselves to 

research; they often choose to work 

in private companies where it is 

easier and faster to make more 

money. 

Eidon. What do you think of cloning 

human embryos? 

Dr. Salas: I'm in favour of using frozen 

embryos for therapeutic purposes.1 

think that humanity wi ll benefit from 

this.1 have the same opinion w ith 

regard to mother cells. What's the 

limit? For instance, it's being proposed 

that embryos with a maximum of 10 

divisions be used. Some say that that 

is not a living being and, 

consequently, many disagree on using 

frozen embryos. But then, w hat 

should we do with them? Destroy 

them? 

I think that the British Government 

proposal to use for therapeutic 

purposes the embryos that were 

already frozen shou ld have been a 

general poliey of the European Union. 

In Spain at present there are 30,000 

frozen human embryos, left over from 

in vitro fertilisation proeedures, which 

the scientific community doesn't 

know what to do with. Why not use 

them for experimentation and to 

advance in knowledge that will have 

an effect on society? 

Eillon. What is the most important 

scientific discovery of this century? 

Dr. Salas : It's difficult to choose just 

one.1 think that there have been a 

series of discoveries which have 

formed the basis of Molecular Biology 

and which have made it possible to 

manipulate organisms from t he 

biotechnological standpoint.1 would 

choose all the technology based on 

basic research w hich has given rise to 

genetic engineering.lts origin is 

largely basic, but its applications are 

obvious. 

Eillon. If you had to define the ideal 

researcher, what requirements 

would you establish? 

Dr. Salas: That person would have to 

know Chemistry, Biology and of 

cou rse master the computer. Above 

all, he or she should be enthusiastic 

about discovery. 
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" REMEMBERING MY 

TEACHERSANDTHETEN 

COMMANDMENTS OF 

THE ENZYMOLOGY OF 

DNA REPUCATION" 

The name of Arthur 

Kornberg will always go 

hand-i n-hand with that of 

Severo Ochoa. This is not 

only due to {he fact that 

in '959 both were 

awarded the Nobel Prize 

for Medicine owing to 

their discoveries on the 

mechanism and biological 

synthesis of ribonucleic 

acid and deoxyribonucleic acid. 

More than t hat, Severo and Arthur 

were fr iends, and for a long time 

shared the same passion : enzymes. 

Arthur Kornberg has had a passion 

for enzymes for over forty years. And 

the person responsible for the 

beginning of this long relation was 

Severo Ochoa. When Kornberg 

began working with Ochoa, in 1946, 
he began to feel the same 

enthusiasm for dynamic 

biochemistry, enzymalic 

fractionation and 

spectrophotometry. These were the 

most exciting years of his life:"1 was 

awed by enzymes and fel l instantly 

in love with them. I have since had 

love affairs with many enzymes, 

none as enduring as with DNA 

polymerase, but I've never met a dull 

or disappointing enzyme': 

Arthur Kornberg has been one of 

the pa rticipants in the lecture Their 

own voices. His lecture contained the 

story of a passion. His first words 

were ones of acknowledgement to 

his mentors: Severo Ochoa and Carl 

and Gerty Cori. Thanks to them he 

was able to introduce himself into 

the difficult world of research, and 

from them learned not only science 

but also to persevere when the 

going got rough:"Perhaps the most 

important feature that characterises 

the few scientists, who emerge from 

so many who are also trained, 

intelligent, and motivated, is their 

capacity to withstand 

disappointments in life at home and 

at large, distractions of institutional 

duties and po litics, discouragements 

of inadequate resources and 

recognition, and also temptations of 

fame and fortune. Severo Ochoa 

and Ca rl and Gerty Cori were among 

those rare scientists who maintained 

such a focus': 

Kornberg, who studied Medicine and 

worked for years as an internist, had 

to leave hospita l practice to enlist in 

the armed forces as a Navy doctor.lt 

was at t hat time t hat he decided to 

change from medical care to 

research: "1 wan ted to learn 

enzymology and t he new 

b ioehemistry I had not been taught 

in medical school eight years earlier." 

From that time on, his relationship 

with Ochoa grew Increasmgly closer. 

Despite lhe fact that he felt that he 

had lost many years by devoting 

hlmself to medicine, he was 

welcomed by Ochoa In 1946 Into the 

maestro's "old and smalllaboratory" 

when Ochoa did not yet hold any 

academic post. 

Memories of Severo Ochoa 

Of all his memories of those years of 

work there is one which is an 

example of the noble and 

enthusiastic personality of the 

maestro. This is how Kornberg recalls 

it:"l t too k place in December '946. 
Nearing the end of the year in his 

laboratory, I was about to leave for 

the Cori laboratory in St. Louis. With 

Alan Mehler, a student then, we had 

discovered and partially purified the 

malic enzyme that catalysed the 

interconversion of malate to 

pyruvate + C02." 

"We were completing a very 

large- scale preparation sta rting with 

several hundred pigeon livers. The 

four of u s, including Morton 

Schneider, Ochoa's talented 

assistant, had worked for several 

weeks to reach the last step to 

obtain the precipi tate which we 

believed, from small - scale trials, 

would have the enzyme in an 

adequate state of purity. We had 

on ly to fi ll in some details in a paper 

we had already prepared for 

publ icat ion. 

Late one night, Ochoa and I were 

dissolving the final enzyme fraction 

which had been collected in many 

glass centrifuge bottles. I had just 

poured the dissolved contents of 

Arthur Kornberg 

the last bottle lOto a measurmg 

eylinder which eontained the entlre 

enzyme fractlon. Then I brushed 

against and overturned one of the 

empty, wobbly bottles on the 

crowded beneh. That bottle 

knocked over another and the 

domino effect reaehed the eylinder 

with the enzyme. It fell over and all 

of lhe precious material spilled on 

the floor. It was gone forever. 

Ochoa tried to be reassuring, but I 

remained terribly upset. By the time 

I got home by subway train an hour 

later, Ochoa had called several 

times, he was so worried about my 

safety': 

"The next morning, back in the lab, I 

glanced at the supernatant fluid 

beyond the last fraction. I might 

have discarded it because in our trial 

procedures it had been inactive. But 

I had saved and stored it in the 

freezer at - 15 C and now noticed 

that the previously clear fluid had 

become turbid. I collected the solid 

material, dissolved it, and assayed it 

for aetivity. "Holy Toledo," I shrieked. 

This fraction had the bulk of the 

enzyme activity and was 

several-fo ld purer than the best of 

our previous preparations. Severo 

came running over to share my rel ief 

and pleasure': 

Ochoa's optimism was contag ious, 

and it taught Kornberg to be 

tenaeious despite the difficulties. 

That spirit, years later, would 

eontinue to be present in the 

student. Few scientists relate with 

such enthusiasm years of hard and 

not always recognised work. The 

maestro "willlive on in their memory 

as a great teacher and an inspiration 

for the pursuit of science': 



The Coris: Enthusiasm which is 

Contagious 

Carl and Gerty Cori were also 

mentors and patrons of Arthur 
Kornberg In the scientific 

community. Desplte the fact that the 
studies of these researchers have 

fallen into obllvion, he remembered 
them lor their important work in the 

dlscovery 01 glycogen 
phosphorylase. lhis married couple, 
which had to struggle against anti ­

Semitism and anti -femlnism, 

managed to create a laboratory 
where one breathed "a contagious 

work eth ic, optimism and a broad 
view of bioscience':lhey, too, were 

awarded the Nobel Prize, and for 
Kornberg many of the later prize­

winners were nurtured by the 
approach and the train ing they had 
received in this couple's laboratory: 

"lhe Cori laboratory was the Mecca 

01 enzymology. Severo Ochoa and 
scientists from Europe and 

elsewhere flocked there to be at the 
frontiers 01 intermediary 

metabolism, bioenergetics, 
enzymology and protein chemistry. 

lhe Coris showed no discrimination 
toward men or women, husbands 

with scientist wives, Jews or 
gentiles': 

lhey were al so the ones who laid 

the groundwork for what was 
Kornberg's most important work: the 

DNA polymerase. On the basis of 

their glycogen phosphorylase and 
its effects, Kornberg began to search 
for an enzyme to synthesise DNA:"I 

had an enzyme in mind, which like 

Cori's glycogen phosphorylase, 
would extend a chain 01 nucleic acid 
thanks to the successive additions of 

a duly activated nucleotide': And 

soon the possibility came to apply 
those discoveries."lhanks to the 

enzymology of the Coris, research 
was promoted in the diagnosis and 

treatment of a large number of 

diseases caused by enzymatic 
deficiencies': 

Th e Ten Commandments of 
Enzymology 

For Kornberg, enzymology has made 
a notable contribution to the 

present day concept ion of 
bioenergetics, macromolecu lar 

biosynthesis and gene regulation. 
He "biblically"summarised in these 

ten commandments the most 
important lessons he lea rned in 

forty years of work. He admits, 
however, that Moses must have lost 

one 01 them when he came down 

from Mt. Sinai: "lhou shalt respect 
basic resea rch ': 

lhe first in this original Deca log, 

"lhou shalt rely on enzymology to 
clarify biologic questions';is based 

on the conviction "that all reactions 
in the cell are catalysed and directed 

byenzymes': 

lhe second commandment, "lhou 
shalt trust the universality 01 
biochemistry and the power of 

microbiology '; contains one of the 
most important revelations of ou r 

century:"the conservation of 
metabolic and biosynthetic 

pathways have made it clear that 
mechanisms and molecules have 

been preserved in bacteria, fungi, 
plants and animals, vir tuall y in tact 

through billions of years of 
Darwinian evo lution': 

lhe third commandment is the Iruit 

of his experience:"Don't believe 

something because you can expla in 
it"; to be sceptical and not to confide 

in discoveries simply because they 
can be explained is one of the 

lessons that Kornberg learned over 
and over again on rocky roads. 

lhe lourth on e, "Do Not Waste Clean 

lhinking on Dirty Enzymes" is based 

The Ten Commandments of Enzymology 

1. lhou shalt rely on enzymology to clarify biologic questions 

11. lhou shalt trust the universality 01 bíochemistry and the power 01 
microbiology 

111. Don't believe something because you can explain it 

IV_ Do not waste clean thinking on dirty enzymes 

v_ Do not waste clean enzymes on dirty substrates 

VI. Depend on viruses to open windows 

VII. Correct for dilution of enzymes in a cell extract by molecular 

crowding 

VIII. Respect the persona lit y of DNA 

IX. Use reverse genetics and genomics 

X. Employ enzymes as unique reagents 

Co rollary_ lhou shalt respect basic research . 

Arthur Kornberg 

on the idea that the importance of 

purifying an enzyme lies in the fact 
that during thi s task contaminants 

are often discovered which offer 
new perspectives on their 

mechanisms. 

lhe fifth one,"Do not waste clean 
enzymes on dirty substrates" is also 

the product of his experience:"For 10 
years we tried and failed to prove 

that our enzymatica lly synthesised 
DNA was biologically ac tive. We did 

finally succeed in 1967. What made 

the difference was that instead of 
fragmented linear DNA, we now used 
an intact single-stranded, circular 

DNA of a bacterial virus as templa te, 

also we had just discovered a DNA 
ligase tha t circu larises a linear 

product. After eleven years, we could 
finally make the circularly closed, 

infectious viral DNA': But there were 
st ill many doubts to be resolved, 

Irom the beginning 01 the DNA chain 
to the expla nation of the factors 

required for its duplication. lhis was 
true to such an extreme that Nature 
magazine published that Kornberg's 

DNA polymerase was a fortifying 

enzyme that had little inlluence on 
duplication. 

lhe sixth one, "Depend on viruses to 
open windows'; explains that the 

phages of a sing le chain provided 
the substrate of DNA which made it 

possible to discover the RNA of new 
chains, and furthermore, they were 

responsible for th e duplication 

system used by the host. 

Seventh commandment:"Correct for 
dilution of enzymes in a cell extract 

by molecular crowding ': lhe eighth 
commandment destroys the beliefs 

that DNA was a rigid barrier having 
no persona lit y or plasticity; it is now 

known that the form of DNA is 
dynamic, complex and has multiple 

functions; consequently:"Respect 
the persona lit y of DNA': 

lhe ninth one, "Use reverse 
genetics and genomics" points to 

one of th e great advantages of 
enzymology, the possibility that on 

the basis of a function a gene can 
be identified thanks to inverse 

genetics. And the tenth 
commandment,"Employenzymes 

as unique reagent s': 

The inorganic P polymer 

In recent years, Kornberg has 
separated himself from DNA and has 

begun to work on an inorganic 
polymer, perhaps not so thrilling: the 

inorganic P polymer. lt is believed 
that this polymer worked in the pre­

biotic era as a phosphorylating 

agent and a catalyst of peptide 
formations.lt is now found in 

volcanic condensations and in the 
steam vents in th e seabed. And, 
what is more important, it is lound in 

every ce ll in nature, and in every cell 

of every bacteria, fungus, plant and 
animal and is found in abundance in 

some types of yeast. However, very 
little is known about its functions. As 

a result of this, it was called a 
"molecu lar fossi l': 

Once again his work is guided by the 
commandments 01 enzymology, and 
once again, his discoveries now have 

a clinical appl icat ion since th e 

principal enzyme in the synthesis of 
the P polymer may be important in 
the discovery of new anti-microbial 

drugs. 

Arthur Kornberg continues to be 
optimistic and lull of vigour as he 

peers into his microscope. His 
enthusiasm continues to be 

contagious. And lecture after lecture, 
he continues to ask for what seems 

to be an obsession for him: funds for 
basic research,"Whi le industry 
invests in the present, let us trust in 

our governments to invest in the 
future!" 
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THE MEDICINE OF THE 
FUTURE: GENETICS AND 
THERAPEUTICS 

Madrid, October 26, 2000 

The two great 

technological revolutions 

of the final years of the 
20th Century have 

revolved around genetics 

and information technologies.ln 

fact, medicine in the future can be 

profi led on these two pillars. The 

human genome having been 

identified, the next step is to use this 
technology for diagnosis and 

therapeutic research. This is a new 

form of medicine which also poses 
new professional and eth ical 

challenges. 

Last October, the Foundation for 
Health Sciences and the Ramón 

Areces Foundation organised the 

first part of a seminar on the va rious 

aspects of pharmacogenomics.The 
first session focu sed on the science 

and technology of this discipline 

and the second dealt with the 

ethical, social and legal aspects 
resulting from its application. 

In the opinion of Professor Federico 
Mayor Zaragoza, chairman of the 

Ramón Areces Foundation's 

Scientific Committee, organisations 

such as these two Foundations 

should anticipate the needs which 
will arise with the advance of 

pharmacogenomics and he 

underlined the importance of 

training professionals in the various 
working areas. 

This is no longer a discipline buried 

in universities or research centres. 

Genetics is applied in areas as 
diverse as molecular palaeontology 

or forensic medicine. However, its 

greatest future lies in its application 
in the diagnosis and treatment of 

different diseases. 

5cience and cost: the price of 

health 

Robert Cook-Deegan, a member of 

the National Council on Cancer of 
the Institute of Medicine, 

Washington D.e., began his lecture 

with reveal ing figures. Since the 
19905, in the United Sta tes the 

percentage of the budget allocated 

to research has risen nearly 50%. This 
means that the public institutions 

have a clear notion of the 

profitability of pharmacogenomics 

and consequently promote 
pharmacological research in this 

area. On the one hand, he stated, the 

therapy that is being worked on is 
highly selective, and as a result its 

effect iveness can be rapidly 

observed, which has favourab le 

repercussions on research costs. On 
Ihe other hand, the link between 

E MEDICINE OF 
THE FUTURE: 

genetics and therapeutics 

M a d r id , 2 ó" O e I o b e r 2 O O U 

scient ific studies and their 

app lication is SO close, in this case, 

that it impl ies a necessary 
collaboration between the academic 

wor ld and the pharmaceutical 

industry. 

Professor Cook feels that this 

collaboration exists at the resea rch 

stage, but will it continlle when it 

comes to application to the hea lth 

care system? Techniques for genetic 
diagnosis and treatmen l are very 

costly and, logically, their widespread 

use can increase the cost of 

treatmen\. As of the present t ime, 
investment has been considerable, 

but it wOllld have to be guaranteed 

that research application take place 

in an equal way in the health care 

system. 

Genetics and population 

Among th e questions posed during 

this seminar was the malter related 

to the studies condllcted in different 

populations. Alan Wright, a member 

of the Human Genetics Unít of the 
Western General Hospital In 

Edinburgh, stated that"the fact that 

there is crossbreeding in the human 
ra ce and ¡hat its members are not 

experimental living organisms is a 

problem when it comes to using 

conventiona l methods to identify 
genes related to complex traits ':The 

genetic models involved in many 

disorders are still not known, but 
everything indica tes that they may 

possi bly vary for each disease and 

that th e plurality of the different 

populations could make il difficult 
to identify them. Furthermore, we 

know that although there are 

common genes related to certain 

diseases in the d ifferent populations, 

their traits by 60 or 70%. On the 

other hand. the use of selected 

populations lO carry out the genetic 
studies implies the consideratlon of 

a series of ethlcal factors whlCh have 
not yet been resolved. 

The problem of confident iali t y 

One of the maJor problems 

stemming from genomic studies is 

the confidenllality of patient data. 

This confidentiality affects both 

II1formation on the predlsposition of 

a person to suffer a given disease as 
well as his response to certain 

treatments. We know that not all 

organisms effectively respond to the 

same therapies, but wi th genetic 
stud ies we will be able to know 

beforehand whlch patients will offer 
more resistance. 

Allen Buchanan, Professor of 

Philosophy at the University of 

Arizona, spoke of this problem in the 

United States, and termed the 

conseq uences of the lack of 
confidentiality in the distribution of 

th is data as "possible stigmatisation': 
In the United States 85% of the 

population has private health 
insurance; if the information 

obta ined from a genetic study were 
to be divulged, the patient's medical 

insurance or even his job future 

could be adversely affected. 

Likewise, insurance companies could 
pose the question of whether to 

include among those they insure a 

person who is known to have a high 

rate of probability of not responding 

to a cerlain type of trealmen\. 

In fact, another problem derived is 

the conveyance of information from 

public to private companies: when is 

it licit to convey certain information 

on the genome of each pa l ient? 
Consequently, a regulatory 

framework shou ld be established to 

see to it that this conveyance of 

information, which is necessary in 

pharmacogenomics, does not 

negatively affect the population. 
However, as Professor Buchanan 

stated, fear of ItS mlSllS shoutd nOI 

hll1der the development of t l1l5 new 
discipline. 

Sandy Thomas, Director of the 

Nuffield Council on Bioethlcs 111 

London, posed a similar problem. ln 

her opll1ion, cllI1ical knowledge 
should advance hand In hand with 

ethical approaches. Thls IS not taking 

place in the case of genellcs, and 

consequently. now is the time to 
refleet on many questlons whích 

remall1 open. With respect to data 
confidentiality, the consequences 
could also affeet family relatlons, as 

well as, of course, the personal 

Sltuatíon of each patient. To what 
extent is it licit to inform an 

individual of his predisposition to 

suffer a given disease when we 

know that, despite all predictions, he 

may never develop that dlsease? A 
new type of informed consent is 

po sed, and is essential in the 

appl ication of pharmacogenomics. 

Broadening legislation 

"Pharmacog enomies, like all medical 

procedures, should respect human 
dignity ':This was the thesis 

defended by Jurgen Simon, of the 

European Academy of the 
Environment and the Economy, with 

its headquarters in Germany. New 

laws wi ll be needed for data 

protection as well as for the legal 
title to samples. It will also be 

essential to clarify the responsibility 
and compensation for the damage 

done to the patient if tests are done 

on him without hi s consent. The 

patient is the one who must decide 
whether information on him can be 

used for future research or to furnish 

personal information to certain 

companies or organisations. 

Med icine of the future is al ready a 

reality, and society at large must be 

prepared to assume the 
consequences of the new 

perspective of individualised 

treatment. Now more than ever 

before, information is essentia l. 

environment affects the variability of Alberto Portera, Federico Mayor Zaragoza and Manuel Díaz-Rubio 
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"Sixty -seven year old male patient, 

suffering from dynamic obstruction, 
diagnosed by Doppler­
echocardiogram as suffering from 
hypertrophic miocardiopathy, was 
administered a stress-repose SPET 
using 99Tcm-tetrophosmine. Patient 

has been suffering for past five years 
from insulin ·dependent diabetes 
mellitus. Reason for visit: patient 
complains of thoracic pain. Clinical 
criteria indicated a coronariography. 
Patient is being treated with beta 
blockers .. .': 

These words could form part of an 
arsenal of patient case histories 
written by any medical professional 
in Spain. There is nothing 
subjective, nothing which allows 
the results of the physical 
examination to be placed in 
contexto The task of the professional 
is to turn the subjective symptoms 
or sensations of the patient into 
objective data. The doctor is the 
one in charge of the case history 
and the patient becomes the 
passive subject: he is questioned, 

examined and treated. 

For centuries, medical science has 
undertaken to base itself on 
universal definitions which would 
make it possible to deal with disease 
from an objective viewpoint. 
Pathology was susceptible to th is 

IV Atneneum of Bioetnics 
fatient Narrati ves: Clinical fractice, 

Communication ano Bioet~ics 
Madnd w plcmlX'r 19 2000 

J.M. Borkan, M. Stewart, F. W Platt and F. Borre" 

treatment, but clinical practice was 
not.ln recent years, things have 
been changing in medical praxis, 
and, quite possibly, in all areas of 
knowledge. What is evident is no 
longer sufficient. Medicine based on 
evidence should be complemented 
by medicine based on narrative. 

The aim of this 4th Athenaeum of 
Bioethics was to debate the 
importance of communication in 
clinical practice as well as its ethical 
repercussions. As a prelude to the 
International Conference on 
Communication and Health which 
was held a few days later in 
Barcelona, the Athenaeum consisted 
of the participation of its organisers, 
Francesc Borrell and Ronald Epstein, 
and three lecturers who are 
renowned experts in this discipline: 
Jeffrey M. Borkan, of the University of 
Tel Aviv, Frederic W. Platt, of the 

University of Denver, in the United 
Sta tes, and Moira Stewart, of Western 
Ontario University, in Canada. 

Learning to listen to the patient 

The importance that the patient's 
case history or"narrative" has for 

clinical practice and even for making 
therapeutic decisions was the thesis 
defended by all the lec turers. For 
Professor Borkan, the physician must 
know how to listen and pay careful 
attention to what the patient is 
saying:"the doctor's profession is 
one in which many dramas are 
heard, and we are in the midd le of 
that story': Being able to listen 
rationa lly and interpret that 
narration improves medical praxis 
and facili ta tes treatment. "Despite 
med ical reductionism': he sta tes,"and 

medicine based on evidence, the 

future entails a complement ing of 
the subjective part of the narrative 
with the objective part of the clinical 
symptoms': 

The advantages of the new 
technologies will be reflected in a 
highly complete clinical case history 
including graphs, video and even 
genograms, to which would have to 

be added each patient's fam ily 
history, his bel iefs, his emotions and 
his experiences. 

The doctor-patient interview should 
no longer consist of questions 
which the patient can answer with a 
simple 'yes' or 'no', This type of 
communication, totally controlled 
by the physician, is not effective. 

This is the opinion of Professor Platt, 
who admitted that many 
professionals are afraid to face the 

patient's narrative;"the first 
objective we must attain is 10 have a 

relation with the patient which 
allows us to work as equals': and, in 
order for this to be possible, it is 
essential to listen. 

The first to include narrative in 
clinical practice was Freud,"and he 
shocked the scientific community"; 
however, a century later, this 
approach is still not understood, 
since one's own personal story runs 
the risk of no longer being objective 
and becoming suspiciously 
subjective. However, developing this 
confidence which comes from 
listening is an effective instrument in 
diagnosis and treatment. 

Th is has been demonstrated by 
several cases resea rched by 

Professor Moira Stewart. In those 
cases in which the patient 
maintained an open relation with 

the doctor and was able to relate 
information and ask questions about 
his illness, a decrease in the figures 
related to arterial hypertension and 
glucose was observed. 

For Professor Stewart, the key "Iies in 
being concerned about and feeling 
compassion for the patient; this is 
what the patient asks for, that he be 

esteemed and understood at what is 
a difficu lt time for him':Traditionally, 
the physician tried not to get 
involved in his patient's history, and 
this prevents any re lation of 
empathy between the two. ln order 
to achieve this relat ion, it is 
necessary to listen maturely and 

observe what lies behind each 
individual who visits the doctor. This 
does not require lengthening the 

time of the interview, but rather 
correcting the method employed. 
Let the patient speak, rather than ask 
him questions; be concerned about 
the symptoms apart from observing 

them; try to connect, instead of 
remaining a mere observer. 

In short, as Professor Diego Gracia 
pointed out, the physician should 
use a different logic from what is 
traditionally taught at universities. 
Clinical practice must not be turned 
into an irrational, purely subjective 
act, but rather it should by 
complemented by t he 
"reasonableness" of the professional. 
And in order to do this, it is essential 
to put everything into context, 10 

know what the pa tient's 
circumstances are, to know his 
biography. 

= 
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WE ARE PREPARI NG 

Seminars and Lectures 

" ON A DIFFERENT 

SIG HT" SERI ES 

The series of lectures 

entitled "On a Different 

Sight: a View of IlIness 

from Literature and 

Humanism" offered at the 

Foundation for Health Sciences 

continues. Since April 1999, this 

series has allowed us to enjoy the 

particular viewpoints held by some 

of the most representative authors 

on the Spanish literary scene 

regarding illness and its 

consequences. This year, new views 

on this subject will be presented by 

Enrique Vila-Matas and Antonio 

Gamoneda in February, by Belén 

Gopegui in March, and by Francisco 

Umbral and the poet Angel González 

in April and May, respectively. 

In addition, in the month of 

February, the first volume of lectures 

(1999-2000) comprising the series 

"On a Different Sight"will be 

published by Taurus. The essays, an 

invaluable compendium 

corresponding to the lectures which 

were g iven, are by eleven writers: 

Juan José Millás, Luis Landero, Luis 

García Montero, Almudena Grandes, 

Alvaro Pombo, Soledad Puértolas, 

Julio Llamazares, Gustavo Martín 

Garzo, Luis Mateo Díez ,Josefina 

Aldecoa and Andrés Trapiello. 

The presentation of this book will 

coincide with the celebration of the 

10th anniversary of the Foundation 

for Health Sciences. 

"THEIR OWN VOICES" SERIES 

If we were to ask which people are 

responsible for the way our society 

is today, it could be said that 

undoubtedly some of them are 

those who have played a leading 

role in the major scientific 

breakthroughs which took place in 

the second ha lf of the 20th Century. 

The fact that they hold the most 

prestigious award in this and other 

fields, the Nobel Prize, is but an 

unmistakable sign of the importance 

of their discoveries. 

These scientists, with their own 

voice, are in charge of relating 

through a lecture the how and why 

of their discoveries and research and 

the story of their lifetime devoted to 

science. During lhe year 2000, lhe 

following scientists participated in 

the series of lectures"Their Own 

Voices: The History of Science 

Narrated by its Leading Characters": 

Max Ferdinand Perutz (Nobel Pr ize 

for Chemistry in 1962), H. Gobind 

Khorana (Nobel Prize for Medicine in 

1968), Arthur Kornberg (Nobel Prize 

for Medicine in 1959) and Stanley 

Cohen (Nobel Prize for Medicine in 

1986). Paul Berg, who was awarded 

the Nobel Prize for Chemislry in 

1986, will also participa te in this 

lecture series this coming May. 

SEMINAR "ClINICAL HORIZON OF 

STEM CELL RESEARCH" 

Without exception, all scientific 

research finds that somewhere 

along the line it needs to weigh the 

advantages, the drawbacks and the 

ethical consequences of its being 

put into p ractice. This is the situation 

of the current debate on the 

research and therapeutic use of 

stem cells, especially with regard to 

lhe material used fer research, 

whether it be from adult cells or 

from human embryos. 

As a recognised forum for reflection 

and debate, in an aim to clarify these 

matters, the Foundation for Health 

Sciences has prepared for next 

March 29th , a Conference entitled 

Stem Cel/s, rissues and organs: legends 
and rrurhs, to take part in two 

sessions: The State of Arr and Adult 
Tissue Stem Cel/s Versus Embryonic 
Stems Cel/s: Pros and Cons. The first 

session, moderated by Dr. Carlos 

Martínez-A., of the Department of 

Immunology and Oncology of the 

National Centre for Biotechnology, 

will include the participation of Dr. 

Jonas Frisén, of the Department of 

Cellular and Molecular Biology of the 

Karolinska Institute in Stockholm and 

Prof. Michael J. Shamblott of the 

Department of Obstetrics of Johns 

Hopkins University.likewise, Dr. José 

Manuel Garcia Verdugo of the 

Department of Cellular Biology of 

the 5chool of Biological 5ciences 

(University ofValencia) will moderate 

the second session which w ill 

include the pa rticipation of doctors 

Nicholas A. Wright, of the 

Histopathology Unit of the British 

Imperial Cancer Research Fund, 

Bernat Soria, of the Department of 

Physiology of the Miguel Hernández 

University 5chool of Med icine in 5an 

Juan, Alicante, and Eric Lagasse, 
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Director of lhe Program for the 

Developmenl of Hepatic Slem Cells 

(Slem Cells Inc." Calif?rnia). 

NEWS 

Communication Skills Training 
Program 

Improving lhe communication skills 

of the doctor with his patients is the 

alm of the Communication and 

Health Training Programme started 

up by the Foundation for Health 

5ciences and the 5palllsh 50ciety for 

Family and Community Medicine 

(semFYC).ln the wake of lhe 

excellent reception glven to the 

Distance Course on Communication 

5kills In Clinical Practice (October 

2000 - January 2001) the 

Foundation and the semFYC have 

sel their students to work in four 

practical workshops.lnrroducrion 10 

rhe ClinicaI Interview: Listening and 
Time Management; Emorions in che 
Care-giver Relarionship: Approach and 
Handling; Breaking Bad News; and 

Special or Difficult Situations, are the 

topics which will be dealt with in 

these practical, small group 

workshops, where those students 

who have successfully passed the 

course will get the chance to put the 

knowledge they acquired to the test 

th rough role playing with simulated 

patients and group viewing of 

scenes filmed on video. The 

workshops will take place in Madrid, 

Barcelona, Bilbao and in the area of 

Alicante, on Friday evenings and 

Saturday mornings, Wilh each 

workshop lasting five hours. 

KEY EVENTS 

On a Different Sight 

February 
Enrique Vila-Matas and Anton io 

Gamoneda will take parl in the 

seri es of lectures "On a Different 

Sight: a View of IlIness from 

Literature and Humanism" on 

February 1st and 22nd, 

respectively. 

March 

On the 29th, the 5eminar Srem 

Cel/s. tissues and argans: legends 
and rrurhs will take place. 

Belén Gopegui will speak to us 

about illness, as part of the lecture 

series "On a Different 5ight'; on 

March 29th. 

ApriJ 
Cervantes Prize Winner Francisco 

Umbral will part icipate in the 

lecture series "On a Different 

5ight" on April 26th 

May 
Lecture by Angel González on 

May 31 st as part of the lecture 

series "On a Different Sight: a View 

of IIlness from literature and 

Humanism': 



eillon se propone alcanzar los más 
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eitlon e una publicación pensada 

para contribuir a mejorar el cono­

cim iento y la opinión de la socie­
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de la alud. 

La publicación de este número ha 
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librium in its contents. 

eilloll is a publication conceived to (on­
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