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Excel-lentissim i Magnific Senyor Rector,
Il-lustrissim Dega,

Il-lustrissimes Senyores, Il-lustrissims Senyors,
Senyores i Senyors,

Benvolguts companys,

Som aqui per honorar el professor Robert Huber, i €s preceptiu que justifiquem la
proposta que des de I’Institut de Biologia Fonamental, el Departament de
Bioquimica i de Biologia Molecular i la Facultat de Ciéncies vam fer en aquest
sentit a la Universitat Autdnoma de Barcelona. Aquesta és, pero, una tasca, per a
mi, al mateix temps facil i dificil. Facil, perque en la comunitat cientifica de les
ciencies biologiques sén molt reconegudes les solides i nombroses aportacions
que ell hi ha fet, i se’n poden posar molt exemples. Dificil, perque el considero
un dels meus mestres, un dels grans cientifics actuals en el nostre camp, amb el
qual m’uneix des de fa temps una relacié amistosa i, per tant, si no encerto en la
selecci6 dels seus merits que vull exposar, en els adjectius escollits, en la visio
que us voldria trametre, seré jo el que no tindré justificacio.

Permeteu-me que comenci en angles, la llengua franca actual en ciéncia, per
poder-li donar una benvinguda entenedora per a ell, encara que em consta que
acceptara plenament que a continuacié passem al catala, ates que €s un home
molt amant de la seva cultura regional. Curiosament, ell, en la seva xerrada,
establira relacions entre llengua i codificacié genica, quelcom que també es
podria utilitzar per indicar la profunditat i importancia que té per a nosaltres la
nostra llengua.

M’agradaria remarcar alguns detalls de la seva trajectoria humana i
cientifica. Ell va néixer a Munic, on s’ha format i on ha desenvolupat
practicament tota la seva tasca professional. Es pot, per tant, entendre facilment
que sigui un enamorat de Baviera, un pais entranyable i molt cuidat pels seus
habitants. Va fer els seus estudis universitaris a la Universitat Técnica de Munic,



d’on avui és professor. Alli es va trobar amb tota una generacié excel-lent de
professors, entre els quals podriem citar Karlson, Braunitzer i Hoppe, amb qui va
caracteritzar I’ecdisona, una hormona de metamorfosi d’insectes, treball que va
seguir posteriorment amb la seva analisi cristal-lografica, tema de la seva tesi
doctoral presentada el 1963. El 1968, va ser habilitat com a docent a la mateixa
Universitat, de la qual va ser nomenat professor el 1976. L’any 1972, va accedir
al carrec de director del Departament d’Investigacié Estructural del Max Planck
Institut de Bioquimica de Munic, un dels centres de ciéncies biologiques
fonamentals de més prestigi al mén, carrec que ha ocupat des de llavors, junt
amb el de director del centre, diverses vegades.

Es interessant constatar que les seves aportacions cientifiques, centrades
essencialment en el mén de la biologia estructural, s’han basat en una gran
varietat de sistemes biologics, des dels més senzills fins als més complicats, i han
contribuit de manera significativa a la visié microscopica molecular i
tridimensional que tenim de les estructures dels éssers vius. Cal tenir en compte
que una de les caracteristiques més sobresortints de la biologia molecular és la
importancia que hi té la tridimensionalitat. Per aix0 es consideren fites essencials
la resolucié de I’estructura tridimensional de I’ADN i la de la mioglobina, el
1953 i el 1957, ambdues per cristal-lografia de raigs X. Doncs bé, el laboratori de
Robert Huber és un dels que ha resolt fins ara més estructures tridimensionals de
proteines, i ens n’ha facilitat la visi6 esmentada. Aixo ho ha fet per mitja de les
més de vuit-centes publicacions cientifiques del seu grup. Aquesta és una tasca
de gran importancia en 1’analisi comparativa que s’intenta fer avui dia per
desxifrar la codificacié genica a nivell seqiiencial i conformacional, i que ell
citara en la seva intervencié com la pedra de Rosetta de la genomica i de la
protedmica modernes. Quin paral-lelisme tan bonic!

Entre els seus treballs postdoctorals immediats es pot citar la determinaci6
de I’estructura tridimensional de 1’eritrocruorina, una proteina d’insecte que va
resultar ser similar a la de globines de mamifers, resoltes pocs anys abans per
Kendrew i Perutz. També, la seva investigacié sobre la conformacié de
I’inhibidor de tripsina pancreatic basic (BPTI), un model en quimica i biofisica
de proteines, i dels seus complexos amb la proteasa digestiva tripsina. D’aqui va
néixer el seu interés per I’estudi de les interaccions proteina-proteina i proteina-
lligand, essencials en molts processos bioldogics. Tot aixd el va portar,
posteriorment, a especialitzar-se en el mén del control de 1’activitat enzimatica, a
partir de precursors processables o mitjang¢ant inhibidors naturals o artificials,
particularment en el camp dels enzims hidrolitics (p.e. proteases). Sens dubte, el
seu laboratori ha estat i és un dels referents en aquests camps, en el qual vam
comencar a col-laborar. Des de llavors, ha estés la seva recerca a molts sistemes
biologics fonamentals que involucren aquests enzims: coagulacié de la sang,
fibrinolisi, inflamaci6, sistema immunitari i de defensa, proliferacié viral, cancer,
etc., i molts d’altres que impliquen degradacié de proteines.



En paral-lel o posteriorment, ha esteés la seva recerca cap a una gran varietat
de biomolécules importants, com ara immunoglobulines, enzims de passos o
rutes metaboliques essencials (com la que porta de GTP a flavines i folats, o la
sintesi de lisina i metionina), i enzims involucrats en processos xenobiotics,
molts d’ells de gran interés biotecnologic i biomedic.

Una fita important en la seva trajectoria va ser la resolucid, al comencament
dels anys vuitanta, de 1’estructura tridimensional del centre de reaccié
fotosintetic del bacteri purpuri Rhodopseudomonas viridis, un complex de quatre
proteines, incloent-hi els grups prostetics, per la qual li van concedir el Premi
Nobel de Quimica I’any 1988, juntament amb Deisenhofer i Michel. Aquest
treball ja és un classic en bioquimica, perque no solament va constituir la primera
estructura detallada de la part central de la maquinaria fotosintetica, essencial per
a la vida, sin6é també d’una proteina de membrana transductora d’energia i
transferidora d’electrons. Haurfem de recordar que, avui dia, la resolucié de les
estructures tridimensionals de proteines de membrana €s una de les fites encara
no assolides de manera sistematica per la biologia estructural, malgrat la seva
importancia quantitativa (entre el 20 i el 30 % dels gens sembla que codifiquen
per aquestes proteines) i biomedica (sén un dels principals llocs d’unié dels
farmacs). No hi ha dubte, per tant, que Robert Huber va ser un innovador en
aquest camp. De tota manera, els que ens hi movem creiem que, amb aquell
premi, al mateix temps es reconeixia la seva amplissima tasca en molts altres
temes.

També han estat especialment significatives les seves aportacions sobre
metal-loproteines, els complexos entre proteines i metalls que actuen de cofactors
(zinc, ferro, coure, vanadi, molibde, etc.) essencials en molts mecanismes de
catalisi enzimatica i de transferéncia electronica, de paper crucial en processos
fisiologics 1 fisiopatologics.

Cap als anys setanta, el seu grup va descriure que algunes de les proteines
analitzades presentaven flexibilitat a gran escala. Aquesta propietat, que
posteriorment ells mateixos i altres grups van estudiar profundament per gran
varietat d’aproximacions (crioespectroscopia, NMR, modificacions quimiques,
dinamica molecular...), ha resultat essencial per comprendre les propietats de les
proteines. Avui dia, s’accepta que flexibilitat conformacional i desordre proteic
son propietats rellevants, i que la seva modificaci6é o interconversio, a escala
global o regional, té un paper significatiu en la regulacié de les propietats de
moltes proteines i dels sistemes biologics dels quals formen part.

No cal dir que, després d’una trajectoria tan productiva i extensa en
cristal-lografia de raigs X, el grup de Robert Huber havia de tenir un rol
important en el desenvolupament d’aquesta tecnologia i d’altres associades:
metodes i programes per avaluar la intensitat de les dades, la correccié de
I’absorci6, recerca i us de models, tractament de geometries internes, tracat i
afinament de models atdomics sobre densitat electronica, etc. També la seva



extensio cap a un millor s de la moderna tecnologia basada en sincrotons, com
el marcatge especific de proteines amb seleni, un bon dispersor anomal. Aquest
és, precisament, un exemple de la seva polivaléncia metodologica i estrategica, ja
que va requerir incorporar subgrups treballant en mutagenesi i enginyeria de
proteines. El mateix van fer, a la practica, en el camp de la biocomputacié i de la
ressonancia magneética nuclear, amb subgrups potentissims integrats al seu
departament. A un altre nivell, aquest taranna ha quedat reflectit en ’empresa
biotecnologica «Proteros», que va muntar fa uns anys als afores del seu institut,
amb la col-laboracié del Land de Baviera.

Tornant a I’home, a més de la seva finor intel-lectual, que tothom li reconeix,
crec que cal remarcar la seva capacitat organitzativa i perseveranga, aquesta molt
lligada a un entusiasme sense limits pel seu treball. Es sorprenent i, sens dubte,
estimulant per als seus col-laboradors joves veure com s’asseu al seu costat per
ajudar-los a muntar un cristall o resoldre sobre la pantalla del computador una
estructura dificil, especialment en caps de setmana. Es revelador constatar que
sempre ha col-laborat d’una manera clara en 1’elaboracié de les més de vuit-
centes publicacions del seu grup. Aixo ho ha fet compatible amb la participacid
freqiient en actes festius interns del grup, i en la multitud de reunions cientifiques
propies i alienes en queé un grup tan gran com el seu es veu involucrat. Costa
d’entendre d’on treu temps per a tot!

Per acabar, voldria indicar breument la relacié de Robert amb la UAB i amb
altres institucions de paisos europeus meridionals, que ens és coneguda. Encara
que nosaltres haviem seguit estretament des de feia temps la seva trajectoria i els
seus assoliments, el primer contacte seriés amb ell el vam tenir ’any 1987, a
Marsella, durant la jornada d’homenatge a un altre gran expert en proteases, el
professor Pierre Desnuelle, a la qual vam ser convidats conjuntament. Des de
llavors, hem mantingut una relacié cientifica i humana productiva, amistosa, molt
agradable i de la qual em sento honorat. D’aquesta relacié ha nascut una série de
projectes (de ’'EC, Al i altres), que s’han portat a terme i que han permes que tot
un conjunt d’investigadors catalans, molts de la UAB o que hi estan relacionats,
s’hagin involucrat en treballs conjunts o s’hagin format en biologia estructural i
cristal-lografia de proteines al seu laboratori: Miquel Coll, F. Xavier Gomis-Ruth,
Alicia Guasch, Mariola Gémez, David Reverter, Eva Estébanez, Marta Garrido,
Mireia Comellas i jo mateix, entre d’altres. Sense el seu ajut, les nostres
aportacions al camp de les proteases haurien quedat molt limitades. A més, altres
investigadors espanyols, portuguesos o procedents d’altres indrets de 1’area
mediterrania, dels quals em permeto assumir avui una representacio, s’han format
també al seu laboratori: Antonio Romero, Javier Medrano, Carlos Fernandez-
Cataldn, Maria Joao Romao, Pedro Pereira, Sandra Ribeiro, Martino Bolognesi,
Doriano Lamba, etc. Cal esmentar, també, que Robert Huber ha acceptat actuar
com a conferenciant en diversos cursos, tallers o congressos que hem organitzat o
en els quals hem participat, malgrat la seva evident manca de temps. Per tot aixo,
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per la seva hospitalitat, i per I’amabilitat amb qué sempre ens ha tractat, volem
dir-li: moltes gracies Robert! Benvingut a la nostra comunitat universitaria.

Sobre la base del que he exposat, Excel-lentissim i Magnific Senyor Rector,
sol-licito que el professor Robert Huber sigui investit en el dia d’avui amb el
grau de doctor honoris causa per la Universitat Autonoma de Barcelona, segons
proposta formulada al seu dia per la Facultat de Ciéncies, el Departament de
Bioquimica i de Biologia Molecular, i I’Institut de Biologia Fonamental.

Moltes gracies.
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Figure 1: Gene sequence (each capital letter stands for one of the 4 bases. Amino acid sequence
(3 small letters stand for one of the 20 natural amino acids). Atomic three dimensional structure (the
atomic positions are to be imagined at the cross over points of the bonds. Red for oxygen, green for
nitrogen, grey for carbon and yellow for sulfur). The molecule is a human Fc receptor which
recognizes and binds immunoglobulines and starts the immunoreaction. It consists of two domains of
a similar structure, associated with an acute angle. (Figure shown in the previous page)



Genes: an endless puzzle ?

No reasonable person having just learned to spell a foreign writing, would state
that he is able to read and understand it. At the moment, we are just spelling the
human genome.

In the sense of this realistic view, I would like to stress here —after a concise
description of the basics of gene engineering, which hopefully turns out to be
useful for the audience— how little we really know about our physical existence
and which gaps in our knowledge have to be closed urgently. I admit that I
consider the structural elucidation of biological molecules as the most pressing
task in the post-genome era. Even though this might sound like propaganda for
my own special research field, I believe that it is to a large extent in consent with
the community of biosciences.

The metaphor of the gene as a writing describes clearly the gene building
blocks, the coding DNA bases as letters, the genes as words, which are arranged
to sentences of functionally cooperating units, the “operons”, in the genome, and
finally the entire work, the “genome”, the book of a being. The genetic code
applies universally to all living organism. It has, however, only 4 characters and
the genes therefore consist of a very long sequence of bases to make a well
defined sense. Every being has its own genome-book, and the number of pages
reflects its complexity. Bacteria have approximately 1.000 genes; a very simple
one Mycoplasma genitalium, only 480; yeast, an unicellular eukaryont, about
6.000; a multicellular worm, 19.000; a human being, approximately 100.000; and
plants, more, though many of them are duplicates.

The reason for the surprisingly small amount of genes in complex organisms
is not caused by restricted coding ability. Just like the 26 characters of our
alphabet can be combined to an infinite variety of words, of which only some
make sense, only a few of the countless possible arrangements of bases in genes
in the DNA are realized. The selection rules are based on the characteristics of
the gene products, the proteins, their stability, the rate of their structure formation
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from an unfolded chain of amino acids (as will be explained later), and their
history and development from simple antecedents in the course of evolution.

A German Dictionary, the Duden, contains approximately 120.000
“catchwords” (coincidentally just as many as the human being has genes), a few
thousand more than the previous edition. Most of the new words are
compositions of several different words, like “Maschendrahtzaun”, or have been
adapted from foreign languages.

Composed words have their analogues in the building plan of many genes
which are also pieced together by different parts. These parts exist in different
combinations in the genome and appear as autonomously folded domains,
threaded like pearls on the string of a polypeptide chain in the proteins.

Our metaphor is still applicable, because the adaptation of words from
foreign languages reminds of the horizontal gene transfer among the species,
which occurs primarily in bacteria. Gene engineering takes advantage of this
natural event. Sequencing of the genomes and the production of transgenic
organisms, bacteria, animals and plants, are based on the technical development
of this natural process.

Approximately two dozens of complete genomes and archaebacteria,
bacteria and uni- and multi-cellular eukaryonts have been sequenced up to now,
first of all the bacteria Haemophilus influenzae in 1995. The sequencing of the
human genome is another milestone in biological research, although the
methodical bases of gene sequencing had been discovered and developed earlier.
There is good reason for the opinion that the analysis of the genome of
pathogene microorganisms is more important than of the human genome because
this helps to advance drug design more directly.

The difference between our genome and that of the worm is amazingly
small, not only in size'but also with respect to the sequence of most of the genes.
Bacteria, yeast, worm, plants, fly, mouse and the human being have many
important physiologic functions and the necessary genes in common. The
analysis of the hereditary material of man, of the “crown of creation”, does
therefore not give reason for arrogance.

The similarity of related genes in different organisms is in fact an important
aid to learn about the function of the gene products, of the proteins, because they
can be studied more easily in lower organisms, with less technical problems than
in mammalia and without ethical problems as in research on humans. Similar
proteins have similar functions in bacteria and humans. The comparative genome
analysis reminds of the deciphering of the Egyptian writings on the Rosetta
stone, which also contained the legible Greek text.

The meaning of a word describing an object depends on experience and
perception: reading the word “house” evokes a building in our imagination. A
book is the same to all readers, although its interpretation may vary from person
to person.
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The interpretation of the genome in living organisms, however, is very
complicated: the genomes are translated three times before they appear as gene
products, as proteins: the DNA is transcribed into messenger RNA which serves
as a matrix for the translation into proteins. While the transcription from DNA
into messenger RNA happens base by base, a “triplet-code” is being used for the
translation into proteins, whereby three bases encode one of the 20 different
amino acids. Under the direction of the messenger RNA the amino acids are
connected at the ribosome, a big intracellular synthesis machine, to linear chains
by peptide bonds. Proteins emerge as flexible chain molecules. In a third step, the
proteins fold from a flexible chain to well arranged three dimensional structures.
The triple translation of the genome is not a linear process. In higher organisms
there are branch points at each translation: in the course of the transcription of
the DNA into RNA different segments may be cut out so that different
messenger-RNAs are generated, which in the translation step result in a variety
of proteins. Proteins are chemically modified during and after the folding
process, and their properties altered.

In certain organs the genes, too, undergo somatic changes, for instance in
immune cells (lymphocytes) in such a way that in different cells, by any
combination of gene fragments, a huge repertoire of genes for antibodies is
produced which exceeds even the number of germ cell genes. Different antibodies
possess different binding properties for the recognition and defense of antigens,
which stimulate “their” respective lymphocytes (Clonal selection). The immune
system is thus armed against all sorts of foreign macromolecular materials.

Genes define the physical existence and the possibilities of an organism. The
missing of one single gene or the mis-function of one single gene-product can be
life threatening as we know from the studies of human hereditary deseases. The
expression of the genes, however, is correlated with the surroundings. Our
cognitive existence, life and spirit, are mainly imprinted by the socio-cultural
surroundings. We are no slaves of our genes, of which we are indeed dependent,
but which do not command us. The genome analysis therefore does not offer a
description of the functioning of an organism, not even a building plan; it gives
us rather an incoherent list of parts —incoherent because we know very little
about the interplay between the genes and the gene products. It is even more fatal
that we know almost nothing about the function of many of the parts. To find the
answer, we have to examine the gene-products: the proteins.

It is therefore timely to have a closer look at them. I have already mentioned
that proteins have well defined three dimensional structures and multiple
functions as building elements, catalysis, ligands regulators, inhibitors in living
organisms. Once their structure is destroyed, they loose their functional ability.
No chick slips from a boiled egg.

Protein molecules are very small. A supermicroscope using x-rays is needed
to make them visible. Many thousands of atoms of the amino acid building
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blocks arrange themselves to a rigid molecule in which each one of them knows
its well defined place. Let us remember that proteins are synthesized from
flexible chains of amino acids. How do they find their three dimensional shape in
a short time? The folding of an amino acid chain can be described approximately
by two dihedral angles of each of their building blocks, and has thus 200 degrees
of freedom if the length of the chain is 100 amino acids. Even if each dihedral
angle had only 4 allowed values, we could count 4% different configurations.
From such a large number of possibilities, it would be impossible to find the
correct one by trying, even if the rate of change of configurations were very
rapid. However, in each cell many thousands of protein molecules are
synthesized every second, which fold correctly according to rules and
mechanisms which are largely unknown and which need to be studied and
analysed urgently. As long, however, as we cannot compute protein structures
from their amino acid sequence, we have to define them experimentally through
the troublesome x-ray crystallographic analysis.

Development of methods, technique and instrumentation have facilitated
and speeded up protein crystallography during the last years. By molecular
biology and gene engineering we obtain sufficient material for experiments
with rare proteins. We have sources for x-ray light with the synchrotrons,
which had been built by physicists to investigate elementary particles
and which emit strong focussed and tunable x-rays, a burden and trash for the
physicists, an irreplaceable tool for the structure researchers. During the last
years, synchrotrons as dedicated x-ray sources have therefore been built for
structure research. In addition to that, synchrotrons are versatile sources also of
light of longer wavelength which is indispensable for spectroscopy,
microscopy, lithography in physics, chemistry, material research and
nanotechnology.

The trouble of structure analysis pays because only the atomic structure
reveals the function. Figure 2, for instance, shows the surface of the central
enzyme of blood coagulation, of thrombin. Thrombin cleaves a big protein
molecule in the blood, fibrinogen, activated by signals which are released by
injured blood vessels. The cleavage product, fibrin, together with other blood
substances, forms a network, the thrombus, which closes the wound. The
structure of thrombin not only shows how fibrinogen substrate is bound, but also
allows to plan and to test inhibitors. Thrombin is a most important molecule for
the development of drugs against malfunction of blood coagulation, like in heart
infarction or stroke. The small organic molecule, which is drawn as blue lines
model on the yellow surface, is such an inhibitor, synthesized as designed. Let us
have one more look at thrombin, which can initiate blood coagulation, but also
terminate. This happens when thrombin binds to another protein molecule,
thrombomodulin. In this complex the binding of fibrinogen is suppressed, but
that of another molecule, protein C, is enhanced. Protein C is cleaved and thus
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