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Anle138b - a novel oligomer
modaulator for disease-modifying

therapy of neurodegenerative diseases

and tool compound for neuronal cell biology

Sergey Ryazanov, Andrei Leonov, and Christian Griesinger

Department of NMR-based Structural Biology

he recentreview by Eliezer Masliah'
Tstarts with the statement: “The
lack of disease-modifying treat-
ments for neurodegenerative diseases
explains the need for developing new
therapies that target the molecular origins
of the pathology.” Disease modifying is
a type of therapy which delays and ide-
ally stops neurodegeneration, i.e. loss of
functionality of the neurons and eventu-
ally loss of the neurons themselves rather
than ameliorating the symptoms result-
ing from neurodegeneration. Neuro-
degenerative diseases include the most
prevalent types such as Alzheimer’s
disease (AD) and Parkinson’s disease
(PD), amyotrophic lateral sclerosis as
well as Creutzfeldt-Jacob disease (CJD)
and Huntington’s disease (HD). An over-
view of the present and of the future
expected number of patients with the
respective diseases is given in Figure 1.
In all these diseases, at least one type

of protein aggregates in the brain and
at the same time neuronal functionality
declines and neurons die. While until
a few years ago, the plaques found in
the brains of patients that had deceased
from neurodegenerative disorders were
held responsible for the disease, it is now
well accepted that intermediate forms,
so-called oligomers, are the more likely
cause for neurodegeneration. Previous-
ly, we also contributed to this work in a
collaboration with Markus Zweckstetter
within the Department of NMR-based
Structural Biology and other groups
at the Center for Nanoscale Micro-
scopy and Molecular Physiology of the
Brain (CNMPB)2. Still, the molecular
mechanisms, specifically how these
oligomeric forms of protein aggregates
deteriorate the function of neurons and
finally kill them, are elusive despite
worldwide intensive research. At the

very least the proteins which aggregate
are identified for the different neuro-
degenerative diseases, i.e. Abeta and
tau for AD, a-Synuclein for PD, prion
protein for CJD, polyglutamine for HD
and several muscular dystrophies, and
islet amyloid polypeptide (IAPP) for
diabetes mellitus type 2.

In order to investigate the underlying
molecular mechanisms of neurodegen-
eration but also to find therapeutic
approaches, we started a program in
2005 with the goal to develop aggrega-
tion inhibitors. These inhibitors would
not only stop or reduce fibril formation
but also formation of oligomeric species.
For therapeutic reasons, our interest
also aimed at optimizing bioavailabil-
ity. The hope was that compounds
able to prevent oligomer formation
would also be neuroprotective. This
would also substantiate the idea that
removal of oligomers would indeed be
neuroprotective. This research project
was implemented in collaboration with

Armin Giese at the Center for Neuro-
pathology and Prion Research at the
LMU Munich?®. When we started the
collaboration, Armin Giese had already
performed a library screen of 20,000
compounds with the SIFT assay which
he had developed earlier at our institute
with contributions from the Eigen
Department. The SIFT assay is based on
single molecule detection of dye labeled
proteins and works at nanomolar con-
centration of both the protein as well as
the small molecule inhibitor. Due to the
different intensity of the fluorescence of
a monomer (one dye) or an oligomer
(several dyes) it is possible to count the
number of monomers and oligomers in
a sample. Thus, with this screen, small
molecules which decrease the number
of oligomers can be identified . As will
become apparent, the low possible
concentrations of both molecules was
essential for making progress. The simul-
taneous screening of aggregation inhibi-
tion for prion protein and o.-Synuclein

Total prevalent cases of Parkinson’s disease by region (2007-2017)

Region 2007 2012 2017

Europe 1406 900 1531300 1647 400
United States 1011900 1099100 1218800
Japan 673900 779000 867 700
Total 3092700 3409 400 3733900

Total prevalent cases of Alzheimer’s disease by region (2007-2017)

Region 2007 2012 2017

Europe 2507 300 2814700 3125500
United States 2478400 2705700 2938200
Japan 1147 900 1433000 1753300
Total 6 133 600 6 953 400 7817 000

Fig. 1. Observed and expected prevalence of Parkinson’s- and Alzheimer's disease according to
Decision Resources, Inc. 2008. Numbers are brought up to a round figure. Estimates include

people aged 40 years or older.
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Table 1. Structure-activity relationship of diphenylpyrazoles

(DPP; mother compound top right). The table quantifies

efficacy to inhibit o-Synuclein oligomer formation and

prion protein propagation in vitro (SIFT, PMCA) and in vivo
in prion-inoculated mice. The compound concentrations

achieved in the brain 4 h after oral application of 1 mg

compound in DMSO/peanut butter. The formulae show

the deviation of the compound from the mother compound.

cvvompount.;ii' Ri a-syn  PrpSe _Prl?sc* conc. brain
SIFT® _PMCA* invivo*  [nmol/g]
anle138b (3 7w TSy
0
sery3120 (LT <10 42 138 36
anle253b (MG)ZN/Q/ 50 80 59° 2.1
sery3s4 gr 99 55 <10 13,9
sery417 ) <10 51 <102 0
anle138c :ZJQ/ 99 19 <102 n.d.
sery338b M <10 46 352 30.3
sery345 - 57 <10 <10° 16.6
sery378b e T4 34 39° 26
anle234b @ <10 <10 <102 32.1
anle186b ) <10 30° 31.1
sery335b @ 2 68°; 46° 296
anle197b {}I <10 <10° n.d.
anle236b @ <10 <10 128 39.3
anle232b {fl <10 23° n.d.

provided diphenylpyrazoles and two
other less promising molecular scaffolds
(Figure 1) which modulated the aggrega-
tion of prion protein and o.-Synuclein at
the level of oligomers, in other words
they prevented the conversion of mono-
mers to oligomers that are commonly
observed in the absence of the com-
pounds. Diphenylpyrazoles and related
compounds are quite easy to synthesize
in several steps from commercially avail-
able materials. Therefore, a library, such
as shown in Table 1, could be quickly
made by the two first authors of this
article. The library had two distinct
classes of molecules: water-soluble
molecules such as anle145c¢ or anle138c,
whose hydrophilicity was generated by
the two or three OH groups, and more
lipophilic compounds such as anle138b.
The water-soluble molecules are po-
tent aggregation inhibitors similar to
compounds such as green tea extract
(EGCG), baicalein, or the spice cur-
cumin, a compound present in turmeric.
Feeding mice with these compounds
leads to micro- or submicromolar con-

centrations in the brain (EGCG and
metabolites: 400 nM?; curcumin and
metabolites: 1 pM®). Similarly, anle138¢
could not be detected in the mouse
brain even if it was seen in the blood
of mice.

The second class of more lipophilic
molecules was obtained by linking the
two vicinal OH groups of anle138c with
a methylene group. Their lipophilicity
and small size allows them to cross the
blood brain barrier at higher concen-
trations than the mentioned hydrophilic
compounds. So far, the most efficient
candidate out of approximately 250
compounds synthesized is anle138b,
which is a compromise between bio-
availability and aggregation inhibition.
After oral application, anle138b reaches
a concentration of 100 micromolar in
the mouse brain and has a half-life of
approximately four hours due to the
slow cleavage of the methylenedioxo
moiety of anle138b in the liver. Meta-
bolites are then too hydrophilic to pass
the blood brain barrier and, therefore,
cannot be detected in the mouse brain.

Im Fokus: Abteilung NMR-basierte Strukturbiologie

Figure taken from Ref. 3.

Application of anle138b in various ani-
mal models is reported in the mentioned
publication®.

Here, only two of these models shall
be reviewed. The first one is a model
for the Creutzfeldt-Jacob disease. In its
sporadic form, the disease kills approxi-
mately 120 patients per year in Germany
within three to six months. There is pres-
ently no treatment available. Almost
30 years ago, its juvenile variant form,
thought to be caused by food consump-
tion, had a sharp increase due to people
eating beef that was infected with BSE.
To date, CJD is the only disease that is
infectious, i.e. intake of prion particles
into the gut or blood stream can trig-
ger the disease. Current mouse models
for most neurodegenerative diseases do
not reproduce all the features of pro-
gression and of symptoms in humans.
In contrast, the CJD mouse model used
in our studies reproduces the main fea-
tures of the human disorder, namely fast
death with little variation, prion depos-
its in the brain, neurodegeneration,
and wasting of the animal. In the CJD



Fig. 2. Influence of daily anle138b treatment on Prps
accumulation and prion pathology of mice infected with

>

Rocky Moutain Laboratory (RML) scrapie. (A) Survival 100 ¢— —o— DMSO d120
curves of mice treated orally with anle138b beginning —a— DMSO d80

at day 0 as well as 80 or 120 days after inoculation (dpi) :,é_: 75 | —o— DMSO d0

of prion protein into the mouse brain. The anle138b = : ::::Egz 3413;0
application prolonged life maximally (by 200 days) when &

started at day 0. Even when started at an advanced -Tf 30 1 - SRR
disease stage 120 days after scrapie prion inoculation, E 200 days

life extension is considerable. (B) Size distribution of Prps é 25 1

aggregates was analyzed by sucrose-gradient centri-

fugation. Mice treated with anle138b show a strong 0 T ——4 T T T T 1

reduction of high molecular weight species (fractions

7-12). Also small molecular weight oligomers (fractions

3-4) are reduced and show a shift towards smaller size
(fraction 2) indicating that anle138b blocks aggregation

at the level of small oligomers. DMSO-treated mice are indis-
tinguishable from terminally ill untreated mice. (C) Immuno-
histochemistry (upper row cortex/hippocampus, middle row
cerebellum) and dot blot analysis (lower row) showed that
anle138b treatment inhibits PrPScaccumulation in comparison

0

150 200 250 300 350 400

Days after inoculation with PrPs
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to DMSO treated control animals. Treatment started at day
80 after inoculation (dpi). Figures taken from Ref. 3.
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mouse model, infection is achieved by
intracerebral inoculation of prion pro-
tein in the scrapie form obtained from
mice that had suffered from CJD. After
intracerebral inoculation, the mice die
within 180 days. Oral feeding with 6 mg
of anle138b directly after inoculation
delays death of these mice by 200 days
(measured when half of the mice have
died). This is the longest life extension
observed so far in this model. Brain
histology demonstrates that consider-
ably less prion aggregates are formed
compared to untreated animals. If an-
le138b application is started only 80
or 120 days after inoculation, then life
extension is reduced - as expected
for a neuroprotective molecule in an
animal model, where neurodegenera-
tion starts after inoculation. Still, even

anle138b d80

9 10

1 12
bottom

starting the application at day 120,
when mice have clinical symptoms,
extends their life span. The observa-
tion that anle138b is an aggregation
inhibitor in vitro and that aggregates
are reduced in treated animals sug-
gests that this is indeed the mode of
action. In vitro, not only fibrillar aggre-
gates but also oligomers were reduced.
Indeed, ultracentrifugation in a sucrose
gradient shows that larger oligomeric
species are reduced (Figure 2B, frac-
tion 8), and for smaller oligomers the
size distribution is shifted towards
smaller ones (Figure 2B, fractions 2,3,4).
These results are nicely in line with the
in vivo observation. Thus, these experi-
ments suggest that the modulation of the
oligomer size distribution with anle138b
is responsible for the life span increase

of treated mice versus untreated ones
(Figure 2).

Anle138b was also tested on several
PD mouse models. The hallmark of
Parkinson’s disease is the aggregation of
o-Synuclein that forms so-called Lewy
bodies. One of the tested mouse models
introduced by Francisco Pan-Montojo
shall be described in more detail here
since it works with wild type mice and
recapitulates the prion like spreading of
o-Synuclein aggregates between neu-
rons’. This prion like spreading between
neurons was observed by Heiko Braak
in 2006 from human autopsies. With
this observation the pathologist de-
duced the hypothesis that co-Synuclein
aggregates are first observed in periph-
eral neurons, such as gut neurons or
olfactory neurons, and then spreading

Im Fokus: Abteilung NMR-basierte Strukturbiologie
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Fig. 3. Quantitative locomotion performance of mice in the topic rotenone model described in the text. Mice not
treated with rotenone have the best performance since they stay on the rotating rod for the longest time. Topical
application of rotenone to the gut leads to a reduction of locomotion performance that is rescued by application
of anle138b. Almost similar rescue is observed for 4 month-old mice by cutting the vagus. Figure taken from Ref. 3.

occurs to an extent that a-Synuclein
aggregates reach the brain. There, it
specifically affects the substantia nigra,
which causes neurodegeneration and
dopamine depletion leading to the
diagnostic PD symptoms of locomo-
tion impairment®. The spreading was
recently also observed in vitro as well
as in animal models in vivo®. Indeed,
physicians specializing in the treat-
ment of Parkinson’s disease observe
that a considerable number of PD pa-
tients lose their smell up to ten to 15
years before observation of locomo-
tion problems. The other pathway from
the gut to the brain was recently cor-
roborated in a longitudinal study. This
study, however, is not yet statistically
significant due to the small number of
patients'®. In this study, individuals with
o-Synuclein deposits in the gut devel-
oped PD symptoms three to five years
later, while those individuals that did not
have such deposits in the gut neurons
were asymptomatic after these three
to five years. Apart from the interest-
ing possibility to screen the population
for risk groups of PD much earlier than
diagnosis of PD is possible, these ob-
servations on humans are the basis of
the mouse model developed by Pan-
Montojo. Daily application of the com-
plex 1 inhibitor rotenone topically in
the gut of a wild type mouse induces
o-Synuclein aggregation in the gut that
then spreads to the mouse brain and
leads to a-Synuclein aggregation in the
substantia nigra. This results in locomo-
tion performance decline as observed
by putting the mice on a rotating rod

(rotarod test) and measuring the time
until they fall from the rotatorod. The
authors describe in their publication”
that there is no systemic effect of the
topically applied rotenone. Feeding of
the mice with anle138b in addition to the
topical rotenone application improves
the locomotion performance compared
to the mice that were treated with only
rotenone but did not obtain anle138b
(Figure 3). In order to better judge the
efficacy of anle138b treated mice, the
o-Synuclein spreading pathway (vagus
or sympathicus) was cut which led to
better locomotion performance of these
mice compared to rotenone treated ones
and similar performance with those
mice treated with both rotenone and
anle138b. Thus, treatment with anle138b
has a similar efficacy as interrupting the
spreading pathway by cutting the vagus
or sympathicus.

In another mouse model?® the fa-
miliar mutant A30P-o-Synuclein was
overexpressed. Here, anle138b treat-
ment prolonged life of the mice by
approximately ten weeks irrespective of
whether treatment was started imme-
diately or in week 50. As a result, the
number of Lewy bodies was reduced
and, as expected from the in vitro ex-
periments, the oligomeric species of
o-Synuclein analyzed by sucrose-gra-
dient ultracentrifugation of mouse brain
homogenate was shifted to smaller mo-
lecular weights. This is very similar to the
observation made in the prion mouse
model. The similarity of the observa-
tions regarding oligomer modulation in
the PD and CJD animal model and in

Im Fokus:Abteilung NMR-basierte Strukturbiologie

vitro suggest that anle138b is effective
due to removal of those oligomers that
have been linked to neuronal toxicity.
The inhibition of aggregate formation
of two proteins with very different pri-
mary structures by the same compound
is on the one hand surprising since small
molecules normally interact specifically
with side chains, which induce selectiv-
ity. On the other hand, in the amyloid
field, dyes such as thioflavin T or congo
red stain fibrils of Abeta, tau, a-Synuclein
or prion protein do not recognize the
amino acid sequence but secondary
structures. Therefore, we hypothesize
that anle138b binds to conformational
features that are constant between
different oligomers in a hitherto not un-
derstood way and disassembles these
oligomers into smaller less toxic ones.
For structural biologists this opens up
new opportunities to study highly
relevant structures of a protein assem-
bly with and without anle138b. From
the chemical biology perspective,
anle138b can be used as a tool com-
pound in order to investigate the
biological changes from a cellular stand-
point that lead to neurodegeneration
in the absence of the compound and
delayed neurodegeneration in the pres-
ence of the compound. We expect that
these investigations will keep us busy
for the coming years. These studies are
even more interesting, since anle138b
does not only modulate aggregation of
prion protein and o.-Synuclein in vivo
but also Abeta and tau, in addition
to IAPP and poly-Q. Concomitantly,
anle138b application to mouse models



of AD improves learning and memory
compared to the wild type behavior.
Furthermore, locomotion is improved in
poly-Q mouse models. Therapeutic ap-
plications shall therefore be pursued by
the company MODAG that will become
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Wahre Identitat des
GauB-Gehirns aufgeklart

Die Uber 150 Jahre alten Gehirnpraparate des Mathematikers

Carl Friedrich GauB und des Géttinger Mediziners Conrad Heinrich Fuchs

sind vertauscht worden, und das vermutlich bereits bald nach beider Tod im

Jahr 1855: Zu diesem Uberraschenden Schluss ist Renate Schweizer, Neuro-
wissenschaftlerin an der Biomedizinischen NMR Forschungs GmbH, gekommen.
Die zu Forschungszwecken in einer Sammlung der Universitatsmedizin Géttingen
archivierten Gehirne hat sie jetzt korrekt identifiziert und im Magnetresonanz-
Tomografen mit Experten anderer Fachdisziplinen umfassend dokumentiert.

(Brain, 26. Oktober 2013)

alnussartige Strukturen er-
scheinen auf dem Computer-
monitor. Sie offenbaren, was

sich im Inneren des Magnetresonanz-
Tomografen in der Biomedizinischen
NMR Forschungs GmbH verbirgt: Es
ist das tber 150 Jahre alte Gehirnpra-
parat des Mathematikers Carl Friedrich
Gaul8. Renate Schweizer (berwacht
die Messungen, die Schicht fiir Schicht
das innenliegende Gewebe sichtbar
machen. Danach platziert sie vor-
sichtig ein weiteres Gehirn auf den

Aktuelle Pressemitteilungen

Untersuchungstisch, mit dem normaler-
weise Probanden in die ,Rohre” ge-
fahren werden. Es stammt von dem
Mediziner und Begriinder der patho-
logisch-anatomischen Sammlung der
Universitat Gottingen, Conrad Heinrich
Fuchs — verstorben wie Gauls im Jahr
1855. Die aktuelle Untersuchung der
historischen Gehirne, die aus der Samm-
lung im Institut fiir Ethik und Geschichte
der Medizin der Universitatsmedizin
Gottingen stammen, haben einen
konkreten Anlass: ,Was Forscher bisher

als Gaull-Gehirn untersucht hatten,
war gar nicht sein Gehirn — es gehorte
dem Mediziner Fuchs. Die Gehirne der
beiden Wissenschaftler sind vor vielen
Jahren vertauscht worden und miussen
daher neu dokumentiert werden”, schil-
dert die Biologin und Psychologin die
Uberraschende Erkenntnis aus ihren
Nachforschungen.

Diese unerwartete  Entdeckung
machte die Wissenschaftlerin wahrend
Recherchen zu ihrem Forschungsgebiet —
der Gehirnregion um die sogenannte




Zentralfurche. In den Windungen entlang der Zentralfurche
verarbeitet das Gehirn Reize wie Beriihrungen, Wérme oder
Schmerz und steuert Bewegungen. Am Gauls-Gehirn ver-
mutete Renate Schweizer eine seltene anatomische Varia-
tion: eine sichtbare Zweiteilung der Zentralfurche. Sie tritt
bei weniger als einem Prozent der Menschen auf. Fir die
betroffenen Personen ist sie normalerweise unbedeutend,
in Einzelfdllen kann sie zu minimalen Verdnderungen der
Motorik und Sensorik fiihren.

Bilder nicht deckungsgleich

Auf Magnetresonanztomografie (MRT)-Bildern des vermeint-
lichen GauB-Gehirns aus der Universititssammlung, die
1998 von Jens Frahm und seinem Team an der Biomedizini-
schen NMR Forschungs GmbH aufgenommen wurden, hatte
Renate Schweizer eine solche Zweiteilung der Zentralfurche
entdeckt. Um ihren Befund zu Uberpriifen, forscht sie in der
Primarliteratur nach. Rudolf Wagner, ein Géttinger Anatom
und Freund von Gaull, hatte seinerzeit die Gehirne von
Gauls und Fuchs prapariert, untersucht und in Veroffentli-
chungen von 1860 und 1862 bildlich dokumentiert. Doch
auf seinen Abbildungen findet sie die zweigeteilte Zentral-
furche — anders als erwartet — nicht etwa am Gauf3-Gehirn
wieder. Stattdessen passen die MRT-Bilder haargenau auf
Wagners Abbildung von Fuchs’ Gehirn.

Renate Schweizers Besuch in der Sammlung im Institut fur
Ethik und Geschichte der Medizin bestétigt ihren ersten Ver-
dacht: Das Originalgehirn von GauR befindet sich tatsachlich
im Glasgefal mit der Aufschrift ,C. H. Fuchs”. Das Fuchs-
Gehirn wiederum ist etikettiert mit ,C. F. Gauss”. ,Meine
These nach den momentan vorliegenden Informationen ist,
dass die Gehirne wahrscheinlich schon relativ bald nach
Wagners Untersuchungen in die falschen Gefdl8e gelangten,
als die Oberfliche der Hirnrinde nochmals vermessen
wurde”, so die Neurowissenschaftlerin. Weitere vergleichende
Arbeiten zu den Gehirnen von Gaufs und Fuchs gab es nicht.
Und so fiel die Verwechslung spdter niemandem auf. Dass
die Gehirne von Gaull und Fuchs jetzt korrekt zugeordnet
sind, ist auch eine wichtige Information fiir die Gottinger
Gaul-Gesellschaft. ,lhr Geschéftsfiihrer Axel Wittmann hat
das Projekt von Anfang an aktiv unterstlitzt und begleitet, sein
umfangreiches Wissen war extrem hilfreich, um die Verwechs-
lung aufzudecken”, berichtet Renate Schweizer.

Schatze fiir die Forschung

lhre Entdeckung zeigt, wie wichtig historische Samm-
lungen fir die aktuelle Forschung sind. Renate Schweizer
bekraftigt: ,Es ist ein Glicksfall fir uns Forscher, dass
die Gehirne in der Sammlung auch nach tber 150 Jahren
in einem einwandfreien Zustand der Wissenschaft zuganglich
sind.” So konnte sie die Verwechslung eindeutig feststellen
und die historischen Gehirne im Magnetresonanz-Tomografen
untersuchen. Dafiir arbeitete die Neurowissenschaftlerin eng mit
ihrem ehemaligen Teamkollegen Gunther Helms zusammen,
der sich in der Serviceeinheit MR-Forschung der Abteilung
Kognitive Neurologie an der Universititsmedizin Gottingen
mit der MRT von Hirnpraparaten befasst. Der Leiter der
Biomedizinischen NMR Forschungs GmbH Jens Frahm
betont: ,Wir suchen nicht nach dem Genie in den Hirn-
windungen. Fir uns steht die langfristige Dokumentation
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Historisches Etikett fur das Gehirn von Carl Friedrich Gauss: ,,Gehirn
eines Mannes v. 78 Jahren. C.F. Gauss. Gestorben 1855, wog frisch mit
den Hauten 1492 gr., ohne Haute 1415 gr., am 15. Mai 1856 wieder-
gewogen 1016 gr.”.

Historical label for the brain of Carl Friedrich Gauss: “Brain of a man
aged 78 years. C.F. Gauss. Died 1855, weight with fresh celebral
membranes 1492 gr., without celebral membranes 1415 gr., weighed
again on May 15, 1856: 1016 gr.".
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Historisches Etikett fur das Gehirn von Conrad Heinrich Fuchs:
.Gehirn eines Mannes v. 52 Jahren. C.H. Fuchs, gestorben 5. Dec.
1855, Gewicht mit den Hauten 1499 Gramm, (nach 3mal. Weingeist-
wechsel 1089 gr.)".

Historical label for the brain of Conrad Heinrich Fuchs: “Brain of a
man aged 52 years. C.H. Fuchs. Died on December 5%, 1855, weight
with celebral membranes 1499 gr. (after three times change of
alcohol 1089 gr.)".

im Vordergrund, um eine Basis fiir weitergehende
Grundlagenforschung zu schaffen.” Alle MRT-Bilder und
Fotografien der historischen Gehirne werden daher digital
archiviert und so langfristig fiir die Wissenschaft gesichert. Fur
neue Forschungsprojekte sind diese ein wichtiger Impuls. So
untersucht Renate Schweizer derzeit anhand der MRT-Bilder
die zweigeteilte Zentralfurche in Fuchs’ Gehirn auch unter
der Oberflache der Hirnrinde.

Mithilfe der MRT-Bilder konnten die Forscher auch
nachweisen, dass friihere Veroffentlichungen iiber das
vermeintliche GauB-Gehirn keine falschen Informationen
lieferten. In diesen wurde das Denkorgan des Mathematikers
als normal beschrieben. Walter Schulz-Schaeffer, Leiter des
Schwerpunkts Prion- und Demenzforschung des Instituts fiir
Neuropathologie an der Universitdtsmedizin Géttingen, besta-
tigt nach einer ersten Begutachtung der aktuellen MRT-Bilder:

Aktuelle Pressemitteilungen
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Das Gehirn des genialen Mathematikers und Astronomen
Gaul ist ebenso wie das des Mediziners Fuchs anatomisch
weitgehend unauffillig. Beide dhneln sich zudem in GrofRe
und Gewicht. ,Die altersbedingten Veranderungen an Gauf¥/
Gehirn sind fir einen 78-jahrigen Mann normal. Verande-
rungen in den Basalganglien lassen auf einen Bluthochdruck
schliefen”, so der Neuropathologe.

Nicht jede MRT-Untersuchung eines historischen Prapa-
rats lasst eine solch klare Aussage zu. Neuropathologen und
MRT-Wissenschaftler erforschen daher derzeit gemeinsam,
wie sich Gewebe und Organe bei jahrzehnte- oder jahr-

hundertelanger Aufbewahrung in Alkohol verdandern und wie
sich mit angepassten MRT-Methoden die Interpretation der
erhaltenen Bilder verbessern lasst.

Die historischen Gehirne haben indes nach den
Untersuchungen wieder ihre wohlverdiente Ruhe in der
Universitatssammlung gefunden. Eine Verwechslung ist kiinftig
ausgeschlossen. (cr/es)

Horen Sie in einem Podcast, wie Renate Schweizer die Ver-

tauschung der Gehirnpraparate von Gauss und Fuchs aufdeckte:

http://feu.www.mpg.de/de/institute/mpibpc/gaussgehirn.mp3

Die Gehirne von Carl Friedrich GauB und Conrad Heinrich Fuchs im Vergleich. Rudolf Wagners Lithografie des Fuchs-Gehirns aus dem Jahr 1862
(links) und sein Kupferstich des GauB-Gehirns von 1860 (rechts) zeigen deutliche Unterschiede. Das mittlere Bild ist eine aktuelle MRT-Oberflachen-
rekonstruktion von GauB’ Gehirn. Die Zentralfurche ist in der linken Gehirnhalfte jeweils gelb eingefarbt.

The brains of Carl Friedrich Gauss and Conrad Heinrich Fuchs side by side. Rudolf Wagner's lithograph of Fuchs' brain from 1862 (left) and his copper-
plate of Gauss' brain from 1860 (right) show clear differences. The middle image is a recent MRI surface reconstruction of Gauss' brain. The central
sulcus in the left half of each brain is colored yellow. (MRT image: Jens Frahm and Sabine Hofer / Biomedizinische NMR Forschungs GmbH 2013)

Unraveling the true identity
of the brain of Carl Friedrich Gauss

Historical brain specimens of mathematician Carl Friedrich Gauss and

Gottingen physician Conrad Heinrich Fuchs, preserved over 150 years ago,

were mixed up — and this probably happened soon after their death in 1855. This is the
surprising conclusion reached by Renate Schweizer, neuroscientist at the Biomedizinische
NMR Forschungs GmbH. She has now correctly identified the two brains, which are
kept in a collection at the University Medical Center Géttingen. Working together with
experts from various disciplines, she documented the brains using modern magnetic

resonance imaging (MRI).

alnut-like structures appear
on the computer screen.
They reveal what is inside

the MRI scanner at the Biomedizinische
NMR Forschungs GmbH: the 150-year-
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old brain of mathematician Carl Fried-
rich Gauss. Renate Schweizer monitors
the MRl measurements as the images
of the brain come into view section by
section. Then she carefully places an-

other brain on the examination table,
where usually subjects are prepared for
their MRl scans. It is the brain of Conrad
Heinrich Fuchs — who was a medical
scholar and founder of the University



of Géttingen's collection of pathologi-
cal specimens and, like Gauss, died in
1855. This unusual examination of his-
torical brains from the collection at the
Institute of Ethics and History of Medi-
cine at the University Medical Center
Gottingen has a specific purpose: “What
scientists have recently been examining
as Gauss’ brain was not his brain at all,
but actually originated from Fuchs. The
two scientists’ brains have been mixed
up many years ago, and now need to be
properly documented again,” explains
Renate Schweizer, biologist and psy-
chologist, the surprising results of her
investigations.

Renate Schweizer made this un-
expected discovery during extended
anatomical studies in her own research
field — the region of the brain around
the so-called central sulcus. The gyrus
on one side along the central sulcus pro-
cesses somatosensory stimuli like touch,
temperature, or pain, the gyrus on the
other side controls muscular movements.
She suspected that Gauss’ brain featured
a very rare anatomical variation: a divided
central sulcus. This variation is found in
less than one percent of the population
and remains without consequences to
the people affected. If at all, it can cause
minimal changes in motor and somato-
sensory function.

Images were not congruent

In the MRI surface reconstruction
of the alleged Gauss brain, taken in
1998 by Jens Frahm'’s team at the Bio-
medizinische NMR Forschungs GmbH,
Renate Schweizer had spotted this divi-
sion of the central sulcus. To confirm
her findings, she checked the original
literature. Rudolf Wagner, a Géttingen
anatomist and friend of Gauss, had not
only preserved and studied the brains of
both Gauss and Fuchs, but has also me-
ticulously depicted the brain surfaces in
his publications dating back to 1860 and
1862. But contrary to what she expected
to see, Renate Schweizer did not find
the divided central sulcus in the images
of Gauss’ brain. Instead, the MRI sur-
face reconstruction perfectly matched
Wagner's picture of Fuchs’ brain.

When Renate Schweizer went to the
collection at the Institute of Ethics and
History of Medicine, her initial suspi-
cion was convincingly confirmed: The
jar marked “C. F. Gauss” contained the
brain taken from C. H. Fuchs, while

the original brain taken from Gauss
was in a jar marked “C. H. Fuchs”.
“My theory, according to the informa-
tion | currently have, is that the brains
were probably put into the wrong jars
soon after Wagner’s studies, at the time
when the surface of the cerebral cortex
was being re-evaluated by other scholars
in 1864,” the neuroscientist states. No
further comparative studies of the brains
of Gauss and Fuchs are known to have
been undertaken afterwards and so no
one noticed the mix-up.

That the brains of Gauss and Fuchs
are now properly assigned is also a
significant finding for the Géttingen-
based Gauss Society. “Its secretary,
Axel Wittmann, provided excellent
support right from the start of the
project, and his extensive knowledge
was extremely helpful in uncovering
the — probably unintentional — mis-
take made so many years ago,” Renate
Schweizer reports.

Invaluable treasure
trove for science

The discovery also shows
how important historical col-
lections are for modern-day
research. The neuroscientist
states, “It is a stroke of luck
that the brains in the col-
lection are in very good
condition and still accessible
to researchers more than
150 years later.” For the MRI
measurements she closely
collaborated with former team
colleague Gunther Helms,
an expert for investigations of brain
specimens in the MR Research Unit at
the Department of Cognitive Neuro-
logy at the University Medical Center
Gottingen.

As Jens Frahm, head of the Biomedi-
zinische NMR Forschungs GmbH, em-
phasizes: “We are not looking for the
genius in the gyri of the brain. Our
aim is to fully document the historical
specimens to preserve them for future
research.” All MRI scans, surface re-
constructions, and photographs of
the historic brains are now digitally
archived, saving them as long-term
scientific assets. But the MRI scans
are already significant for present day
research projects: Renate Schweizer
herself is currently using the images
to gain novel insights into the divided

central sulcus in Fuchs’ brain below the
surface of the cerebral cortex.

The new MRI results also demon-
strate that earlier publications on the
alleged Gauss brain did not provide false
information. There, the mathematician’s
brain was described as normal. Walter
Schulz-Schaeffer, head of the Prion and
Dementia Research Unit of the Institute
of Neuropathology at the University
Medical Center Gottingen, inspected
the recent images. He confirms that
the brain of the brilliant mathematician
and astronomer Gauss, like that of the
physician Fuchs, is largely anatomically
inconspicuous. The two brains are also
similar in size and weight. “The age-
related changes in Gauss’ brain are nor-
mal for a 78-year-old man. Changes in
the basal ganglia could be indicative of
high blood pressure,” the neuropatholo-
gist comments.

Not every MRI scan of a historical
specimen allows for such clear state-

Neuroscientist Renate Schweizer

ments. That is why neuropathologists
and MRI scientists are now cooperating
to study how tissue and organs change
if stored in alcohol for decades or cen-
turies, and how MRI methods can be
adapted to improve the interpretation
of the images obtained — to make even
better use of all the information stored
in the historical specimens.

In the meantime the historical brains
have again found their well-earned rest
in the university collection — with no
chance of a mix-up ever again.

cr/Renate Schweizer

Listen in a podcast how Renate
Schweizer discovered the mix-up of the
brains of Gauss and Fuchs (in German):
http://eu.www.mpg.de/de/institute/
mpibpc/gaussgehirn.mp3
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Die Aktivitat der Nervenzellen des
Fadenwurms Caenorhabditis elegans im
Wachzustand (rot) und im Schlaf (grun).
(Bild: Henrik Bringmann / MPIbpc)

Was den Fadenwurm miude macht

Warum schlafen Menschen und auch viele Tiere? Unser Wissen ist noch immer
lickenhaft, wenn es um den Ursprung und die Funktion des Schlafes geht. Doch so viel
ist klar: Alle'Lebewesen, die Uber ein Nervensystem verfligen, missen schlafen, um zu
uberteten. Dies gilt auch fur den Fadenwurm Caenorhabditis elegans. Forscher um
Henrik Bringmann vom MPIbpc haben jetzt einen Faktor entdeckt, der die Fadenwurm-
Larve vom. wachen in einen schlaféhnlichen Zustand versetzt. Da auch in Wirbeltieren
ahnliche Mechanismen wirksam sind, kénnten die Forschungsergebnisse zu wichtigen
neuen Erkenntnissen in der Schlafforschung fuhren. (Current Biology, 29. Oktober 2013)

Am nidchsten Tag kdnnen wir uns

schlecht konzentrieren, flihlen uns
gereizt und abgeschlagen und unser
Stoffwechsel gerdt aus dem Gleich-
gewicht. Die teils gravierenden Folgen
von zu wenig Schlaf machen deutlich,
wie wichtig dieser Ruhezustand fir
unseren Korper ist. Unser Wissen Uber
die Ursache und Funktion des Schlafes
ist allerdings noch immer duf8erst bruch-
stickhaft.

Wichtige neue Erkenntnisse zum
Schlaf verspricht ausgerechnet ein kleiner
Fadenwurm namens Caenorhabditis
elegans, den sich auch Schlafforscher
Henrik Bringmann vom MPlbpc fir
seine Forschung zunutze macht. Denn
auch der ein Millimeter kleine Wurm
durchlebt wahrend seiner Entwicklung
vier schlafdhnliche Zustinde. Nach
jeder dieser Ruhephasen hautet sich
das Tier. Ahnlich wie ein schlafender
Mensch ist die Larve dabei entspannter
und reagiert weniger sensibel auf duRere
Reize. Zudem nimmt die Aktivitdt ihrer
Nervenzellen deutlich ab. Anders als bei

E ine durchwachte Nacht racht sich:
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den meisten Tieren und uns Menschen
wird der Schlaf-Wach-Rhythmus der
Wurmlarve aber nicht durch den
dulleren Tag-Nacht-Zyklus gesteuert,
sondern durch seinen Hautungs-
rhythmus. Stért man den Wurm wah-
rend seiner Ruhephasen, kdnnen auch
hier die Folgen schwerwiegend sein:
Das Tier leidet unter Schlafstdrungen, es
kommt zu Defekten beim Hauten und
die fehlende Ruhe kann schlieflich zum
Tod der Larve fiihren.

Auf Schlaf programmiert

Das Forscherteam um Henrik Bring-
mann hat jetzt in einem aufwendigen
Genscreen einen wichtigen molekularen
Schalter namens aptf-1 identifiziert,
der den Wurm vom wachen in den
schlafdhnlichen  Zustand  versetzt.
,Dieser Schalter kommt nur in funf der
insgesamt rund 300 Nervenzellen des
Fadenwurms vor”, erklart Henrik Bring-
mann. Wie sein Team herausfand, wirkt
aptf-1 aber nur in einer einzigen Nerven-
zelle — RIS genannt - tatsdchlich
schlaffordernd.  Aktiviert das aptf-1

die RIS-Nervenzelle, ,programmiert”
diese die Larve auf ,Schlaf”. Gestorte
Ruhephasen sind die Folge, wenn man
dem Fadenwurm die RIS-Nervenzelle
entfernt.

Vergleichbare schlafférdernde Mecha-
nismen kommen auch bei Wirbeltieren
vor. ,Uns interessiert daher, ob diese
auch bei hoheren Tieren fiir den Uber-
gang von Wachsein zu Schlaf sorgen”,
so der Forschungsgruppenleiter. Ein
Indiz hierfir ist das Char-Syndrom
beim Menschen. Betroffene weisen
eine Genmutation des AP2B-Proteins
auf, das mit dem aptf-1 verwandt ist. Als
Symptome dieser seltenen Erkrankung
treten unter anderem Schlafstérungen
wie Schlafwandeln und eine deutlich
reduzierte Schlafdauer auf. ,Ob der
schlafdhnliche Zustand des Fadenwurms
und der Schlaf des Menschen tatsdch-
lich einen gemeinsamen Ursprung in
der Evolution haben, missen weitere
Untersuchungen der genauen Steuerung
der Schlafkontrollmechanismen zeigen”,
sagt Schlafforscher Henrik Bringmann.
(ms/cr)



Transfer-RNA (tRNA)-Molekile am Ende ihrer Wanderung
durch das Ribosom (oranges Bandermodell). Die griine tRNA
befindet sich bereits am Ausgang des Ribosoms, die blaue tRNA
sitzt in der mittleren Position, an der es seine Aminosdure abgibt.
In der Arbeit wurden insgesamt 25 solcher Strukturen mit atomarer
Genauigkeit bestimmt und anschlieBend mithilfe von Molekular-
dynamiksimulationen zu einem kompletten Bewegungsablauf
zusammengesetzt. (Bild: Forschungszentrum Jilich)

Faszinierende Einblicke in

Y “

den ,,Maschinenraum” der Proteinfabrik

Wer treibt bei komplexen Arbeitsablaufen eigentlich wen an? Diese Frage stellt sich auch
in den Proteinfabriken der Zelle — den Ribosomen. Computersimulationen eines Forscher-
teams aus Gottingen, Jilich und Disseldorf haben erstmals mit atomarer Genauigkeit
gezeigt, welche Mechanismen und Krafte im Ribosom am Werk sind. lhre Experimente
machten das , Hebel- und Raderwerk” sichtbar, das die Bewegungen des Ribosoms
kontrolliert und koordiniert. (Nature Structural & Molecular Biology, 3. November 2013)

ibosomen sind molekulare Hoch-
Rleistungsmaschinen. Sie fertigen
nach den in der DNA codierten
Baupldnen Proteine — die universellen
Werkzeuge aller Zellen. Proteine
empfangen und Ubermitteln Signale,
transportieren zelluldre Fracht oder
sorgen fiir Wachstum und Bewegung.
Fir die Proteinproduktion muss zunéchst
eine Arbeitskopie der DNA erzeugt
werden — die sogenannte Boten-RNA.
Wie ein Fliefband wird die Boten-RNA
durch das Ribosom hindurchgeschleust.
Dabei wird es in Schritten von jeweils
drei Nukleinsdurebasen abgetastet. Die
Tripletts werden wiederum von den
passenden Aminosdure-Transportern —
sogenannten Transfer-RNAs oder kurz
tRNAs — abgelesen, die eine bestimmte
Aminosdure binden. Die Aminosduren
werden nacheinander zu einer Kette
zusammengesetzt und ergeben schlie3-
lich ein neues Proteinmolekdil.
Wissenschaftlern vom MPIbpc war es
vor Kurzem gelungen, hoch aufgeldste
Momentaufnahmen dieses Prozesses
mit  einem  Elektronenmikroskop
aufzunehmen. lhre 50 Strukturen des

Ribosoms in verschiedenen Zustinden
der Proteinsynthese zeigen, welchen
Weg die tRNAs wahrend der Protein-
produktion durch das Ribosom nehmen
und wo sie andocken. Ein Forscherteam
aus Gottingen, Jilich und Diisseldorf hat
mit Computersimulationen die einzelnen
Schnappschiisse jetzt in eine zeitliche
Reihenfolge gebracht und untersucht,
wie sich die tRNA-Molekiile auf ihrem
Weg durch das Ribosom bewegen
und welche molekularen Krifte dabei
wirken.

Gunnar Schroder, Leiter einer Nach-
wuchsgruppe am Forschungszentrum
Jilich und Juniorprofessor an der
Heinrich-Heine-Universitat Disseldorf,
erklart: ,Damit haben wir es erstmals
geschafft, aus einzelnen Elektronen-
mikroskopie-Aufnahmen mithilfe von
Computersimulationen einen vollstan-
digen Bewegungsablauf im Ribosom
zusammenzusetzen.” Gunnar Schroder
hat aus den fritheren elektronenmikro-
skopischen Aufnahmen die atomaren
Modelle erstellt, auf denen die aktuellen
Computersimulationen basieren. Helmut
Grubmiiller, Direktor am MPlbpc,

betont: ,Nun sehen wir nicht nur,
welche Prozesse im Inneren der Protein-
fabrik ablaufen, sondern auch, durch
welche Kréfte diese Prozesse ange-
trieben werden.” Das Ergebnis dieser
Arbeit ist eine ,Filmsequenz” — direkt
aus dem ,Maschinenraum” der Protein-
fabrik.

Die neuen detaillierten Einblicke des
Forscherteams in den ,,Maschinenraum”
der Ribosomen sind auch fir die Medizin
von Bedeutung. Bestimmte Antibiotika
bekdmpfen Krankheitserreger deshalb
so wirksam, weil sich Ribosomen von
Bakterien und hoheren Organismen in
wichtigen Details unterscheiden. Solche
Antibiotika hemmen nur die bakterielle
Proteinfabrik; die Ribosomen hoherer
Zellen dagegen bleiben verschont. Um
zukiinftig neue Antibiotika entwickeln
zu koénnen, ist ein genaues Verstandnis
der Struktur und Funktion des Ribosoms
eine unerldssliche Grundlage.

Gemeinsame Pressemitteilung des For-
schungszentrums Jilich, der Heinrich-
Heine-Universitdt Diisseldorf und des
MPIbpc
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Review of Manfred Eigen’s newest book:

From strange simplicity
to complex familiarity

is musical home drew Manfred
H Eigen’s zeal towards the arts,

and had it not been for Hitler’s
war he might have started a career as
piano virtuoso. But when the war end-
ed, a day before his 18" birthday, he
had been forced to serve as anti-aircraft
auxiliary for more than two years and
found himself detained in an American
prisoner-of-war camp near Salzburg. Re-
turning home after a two-month walk
on foot, he decided to seize the first
opportunity to attend a university, and
chose to study physics and chemistry
in Gottingen. But in spite of his brilliant
achievements in the natural sciences
and his manifold duties in the scientific
community, he never neglected his love
for music, literature, and the fine arts.
With this book, almost seventy years
later, he presents the summa of his life’s
work and interests:

Buchrezension

From strange simplicity to complex
familiarity — A treatise on matter,
information, life and thought.
Neither a textbook nor a piece of
popular science, and also not an auto-
biography — it is a combination of science
and reflection, of subtle arguing and
casual talk; a meticulously composed
work of art in itself. Manfred Eigen
outlines in his personal manner the
world-view which is no doubt the pre-
vailing view of the majority of scientists
at our time. He describes how the uni-
verse is built, how it functions, and how
it evolves: from simple constituents and
laws that we perceive as strange, to
structures of unimaginable complexity
with which we are nevertheless familiar
in everyday life; from quarks, atoms,
and molecules to living beings and their
brains. Embedded in this all-embracing
presentation is Eigen’s own theory of

biological evolution, conceived in the
late sixties, after he had won the Nobel
Prize of Chemistry, and refined in the
course of the last forty years: a theory
which describes Darwinian evolution on
a molecular level and formulates it with
the rigor of physical laws.

The book encompasses virtually all
the natural sciences plus mathematics.
Hence it reaches out beyond the ex-
pertise of almost any single person.
The reading is by no means easy; we
are drawn deep down into the subtleties
of the author’s arguments and high up
onto the summits of his visions. It takes
time and dedicated participation to di-
gest all this, but every now and then the
hard stuff is interrupted by digressions of
many kinds: recollections of encounters
with colleagues from all fields, histori-
cal annotations, anecdotes, or charming
plays on words.



The treatise is a succession of fifty
essays, ten each in five chapters whose
titles shake hands as they proceed
from “strange” elementary simplicity to
“familiar” complex organization: 1. Matter
and energy, 2. Energy and entropy, 3.
Entropy and information, 4. Information
and complexity, 5. Complexity and self-
organisation. The individual essays are
headed by provoking questions, some
tongue-in-cheek like “How far is it from
Shannon to Darwin?” (playing with the
names of towns and theories), others
rather stern like “How is entropy related
to order?”. Even though each essay is a
fitting piece in the design of the grand
opus, it may be read (almost) indepen-
dently of the others, just as one may
listen to individual movements of a sym-
phony. Yet they are artfully arranged,
and the very last section —5.10. “It from
bit” or “Bit from it” — comes full circle
back to the beginning when it muses
about the evolution of the entire uni-
verse.

Theory for the origin of life

Every single essay would deserve a
thorough discussion, both for its own
line of thought and for its role as build-
ing block in the overall reasoning. Lack

of space prevents this here, so let us
focus on the central theme: the foun-
dation of a theory for the origin of life,
following the tradition of physics, but
extending it from the physics of matter
to “the physics of information”.

The first two chapters deal with the
physics of non-living matter — simple
in its composition and elementary in
the theories developed for an under-
standing, such as quantum mechanics
and relativity theory. Since much of it
could only be unveiled with ever more
sophisticated instruments which ex-
tend our sensual perception, and with
highly abstract thinking, the simplicity of
this aspect of the world appears indeed
strange. It characterizes the laws that
govern the most fundamental phenom-
ena like quarks inside nuclei, electrons
in atoms, or the interaction of radiation
and matter. But it also applies to the
macro world of composite but inani-
mate matter such as solids, liquids, or
stars, where thermodynamics and sta-
tistical mechanics provide appropriate
tools. Entropy has served here well as
the key concept relating microstates to
macrostates, with the crucial assump-
tion that all possible microstates have
equal a priori probability; the entropy

is then the logarithm of the number of
microstates compatible with a given
macrostate. The same number can be
interpreted as the information needed
to specify a microstate: Shannon used
this purely quantitative concept as a
measure of the information content of
a message transmitted along a commu-
nication line.

At this point Manfred Eigen argues
that there must be more to information
than this number because it completely
ignores the meaning of a message. He
turns his attention to the semantic as-
pect of information and uses this as the
fundamental concept when it comes to
an understanding of life. The distance
between Shannon airport in Ireland
and the seaport Darwin in Australia,
almost antipodes on our globe, is taken
as a metaphor for the different nature of
Shannon’s communication theory and
Darwin’s theory of evolution, both deal-
ing with information. The book’s third
chapter is devoted to an explication of
this difference.

The stage is then set for a new
physics of information — of information
with meaning generated in the course
of evolution. The forth chapter, where
this theory unfolds, is the longest of

Buchrezension
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the book and undoubtedly its central
part; the corresponding mathematics is
provided in an elaborate appendix by
Peter Schuster. The chapter starts with
the questions “How complex is chem-
istry?” and “How does nature tame
chemical complexity?”. Considering
any conceivable chemical compound
as a possible microstate, their shear
number ridicules the basic assumption
of statistical physics that they should all
be equally probable: The vast majority
of them cannot even exist because the
number of compounds exceeds by far
the number of atoms in the universe.
The real complexity of the living world
could only emerge “by first reduc-
ing chemical complexity”, and that is
what happened some four billion years
ago, when molecules of tRNA type
appeared, which had the combined
abilities to perform catalytic functions
and to reproduce themselves, with cer-
tain probabilities for errors/mutations
on which selection could operate — in
short, when Darwinian evolution started
on the level of molecules.

Natural selection as a physical law
Manfred Eigen constructs, as an ap-
propriate framework for the dynamics of
Darwinian evolution, a 4N-dimensional
information space, where N is the total
length of the sequences of four nucleic
acids that have so far come in existence.
Genes are points in this space, and their
kinship is expressed in terms of the
geometry defined by Hamming distances
as a metric. On this basis, and drawing
on his seminal paper of 1971, Eigen de-
scribes “natural selection as a physical
law” (section 4.7.). An important feature
of the governing equations is that they

do not select for single points in infor-
mation space but for distributions of
such points which come as eigenstates
of a dynamical matrix — called quasi-
species in analogy to the quasiparticles
of physics.

Underlying and corroborating this
reasoning is a rich body of “Darwinian
experiments” with phage RNA. They
were inspired by Sol Spiegelman’s work
on “serial transfer” in the 1960s and car-
ried out under the guidance of the late
Christof Biebricher in Eigen’s institute.
The importance of empirical guidance
as a prerequisite of theoretical thinking
is strongly advocated in the closing sec-
tion of chapter 4 whose heading “pure
thought = poor thought?”, if taken with-
out question mark, expresses Eigen’s
credo as a scientist. “Poor thinking” may
not be lacking sophistication, elegance,
or intellect, he says, but as long as it
has not been checked by observation,
it remains speculation. As an amusing
case in point he tells the story of the
wrong prediction of the genetic code
by Francis Crick and others.

The origin of life — on a molecular
level — is the topic of the last chapter.
It goes into more detail of both experi-
ments and their theoretical description.
Exponential growth is demonstrated to

Peter Richter
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in physics teacher education as Wilhelm und Else Heraeus Seniorprofessor.

Buchrezension

The clone “Eminent” of Paphiopedilum
MANFRED EIGEN, registered in 1983 by
Motoo Kimura

characterize normal Darwinian evo-
lution where new quasispecies get a
chance to compete with the old, but the
selection of the basic design of life —
coupling of genotype (information) and
phenotype (function) with cyclic feed-
back - followed a hyperbolic growth
law where newcomers are suppressed
even if they might have won the original
race had they happened to be there. The
key feature of such design is its hyper-
cyclic organization as proposed in
Eigen’s original work of 1971, and
elaborated on in his book with Peter
Schuster The hypercycle of 1979. The
chapter goes on to compare these ideas
with those of others, friends in spirit and
critics. Section 5.9. reports on the devel-
opment of “evolution machines” based
on experience and ideas acquired in
Eigen’s lab at the Gottingen Max Planck
Institute for Biophysical Chemistry, and
used to start a biotechnological com-
pany. The last section, as mentioned
before, connects back to the begin-
ning with reflections on The life of the
cosmos (Smolin 1977).

Several times, notably at the end of
the conclusions, it is mentioned that the
full path from “strange simplicity” to
“complex familiarity” has not yet been
completed. The “Treatise on matter,
information, life and thought” has come
so far as to cover the early stages of life
on earth. A second volume is planned,
with main emphasis on even more com-
plex and familiar topics: “Life, thought,
and human culture”. At his age of 86
Manfred Eigen is not sure he will be able
to complete this task. Let us be grate-
ful for the present book which took
a long time to mature: a masterpiece
of scientific literature, an authorita-
tive compendium of what the natural
sciences have achieved up to the turn
of the millennium, a magnum opus of
a unique kind, unmatched in character
and scope.

Peter Richter

Pa?hiopedilum MANFRED EIGEN ‘Eminent’
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Azubis waren
in Heidelberg
auf Tour

Auszubildende und zwei Aus-

2 bilder aus unserem Institut waren
wahrend der diesjahrigen Azubifahrt drei
Tage in Heidelberg unterwegs. In einem
abwechslungsreichen Programm konnte
sich die Gruppe aktiv als Team finden.
Gemeinsam besuchten die Azubis das
MPI fir Kernphysik und besichtigten bei
einem Stadtrundgang die Heidelberger
Innenstadt samt Schloss. Im Hochseil-
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garten schliellich wagten sie sich in
luftige Hohen.

Dort kam es beim Klettern nicht
nur auf die Leistung des Einzelnen an,
sondern es ging darum, als Gruppe zu
bestehen. Die grofite Herausforderung
war der wackelige, acht Meter hohe
Pfahl. Ihn zu erklimmen und oben zu
stehen, ohne sich irgendwo festhalten
zu koénnen, gelang oft nur durch die

/\

Season’s Greetings

Motivation und Tipps der Gruppe. Auch
der folgende Sprung in die Tiefe war
nur durch die Sicherung der anderen
moglich.

Die lobenden Worte von allen
Seiten Uber die tolle Truppe war wohl
die schonste Auszeichnung fiir die Teil-
nehmer.

Peter Bottcher

/\——WUnscht das MPIbpc News-Team

Neues aus dem Institut
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Max-Planck-Gesellschaft
erhalt Prinz-von-Asturien-Preis

Am 25. Oktober wurde die
Max-Planck-Gesellschaft
(MPG) mit dem Prinz-von-
Asturien-Preis in Oviedo
(Spanien) flr ihre inter-
nationale Zusammenarbeit
geehrt. Der spanische
Kronprinz verlieh die Aus-
zeichnung auf einer feier-
lichen Festgala. Die MPG
hat das Preisgeld von
50000 Euro aus eigenen
Mitteln noch einmal ver-
doppelt, um damit spani-
schen Nachwuchsforschern
Gastaufenthalte an einem
Max-Planck-Institut (MPI)
zu ermoglichen.

Oviedo — die Hauptstadt Astu-

riens. Ende Oktober wird dort vor
dem altehrwiirdigen Hotel De La Rec-
onquista ein Teppich ausgerollt, der
nicht rot sondern blau ist — die Farbe
der Prinz-von-Asturien-Stiftung. Diese
Ehre gilt den Gewinnern der Prinz-von-
Asturien-Preise — und die MPG ist in
diesem Jahr einer von ihnen.

Die MPG erhdlt den Preis in der
Kategorie Internationale Zusammen-
arbeit. Sie folgt damit Einrichtungen
wie dem Internationalen Roten Kreuz,
dem Roten Halbmond, der Weltge-
sundheitsorganisation oder der Bill &
Melinda Gates-Stiftung. Die Jury lobte
die européische Ausrichtung der MPG,
den interdisziplindren Ansatz und die
enge Zusammenarbeit zwischen MPIs
und Forschungseinrichtungen sowie
Universitdten in der ganzen Welt. Dabei
hob sie neben der wissenschaftlichen
Exzellenz auch die internationale Nach-
wuchsférderung in Form der mehr als 40
Partnergruppen weltweit hervor, durch
die hochqualifizierte junge Wissen-
schaftler beim Aufbau einer eigenen

E inmal im Jahr blickt die Welt auf

Nachrichten aus der MPG

Max-Planck-Prasident Peter Gruss, Soojin Ryu, Ali Shahmoradi, Matthias WeiBenbacher und Damian
Refojo (von links) auf dem Weg zur feierlichen Preisverleihung in Oviedo.
Max Planck President Peter Gruss, Soojin Ryu, Ali Shahmoradi, Matthias WeiBenbacher and Damian
Refojo (from left) on their way to the official awards ceremony in Oviedo.

(Copyright: Fundacion Principe de Asturias)

Arbeitsgruppe in ihren Heimatldndern
unterstiitzt werden.

4000 MPG-Forscher aus liber
100 Landern

Vier junge Max-Planck-Wissen-
schaftler, Ali  Shahmoradi, Damian
Refojo, Soojin  Ryu und Matthias

Weillenbacher, begleiteten Max-Planck-
Prasident Peter Gruss nach Oviedo -
stellvertretend fr die rund 4 000 MPG-
Nachwuchsforscher aus mehr als 100
Landern. Die Verleihung des ,spani-
schen Nobelpreises” vor 2000 Gésten
schaffte es schlieRlich sogar auf die
Titelseite der groBten spanischen Tages-
zeitung: El Pais.

Der Preis sei eine wunderbare
Auszeichnung und Wiirdigung fur die
Arbeit aller Max-Planck-Forscher und
ihrer Partner weltweit, sagte Peter
Gruss. Er betonte: ,Wissenschaft ist
immer auch ein Brickenbauer. Durch
den Austausch junger Nachwuchsfor-
scher starken wir das Verstandnis fur
die Belange im jeweils anderen Land.
Und wir legen die Grundlage fir eine
grenzliberschreitende wissenschaftliche

Zusammenarbeit, ohne die wir die
grolsen Probleme der Menschheit nicht
werden bewadltigen kénnen.”

Die MPG wird das verliehene Preis-
geld von 50000 Euro aus eigenen
Mitteln noch einmal um denselben
Betrag aufstocken und daraus ein
Forderprogramm fiir spanische Nach-
wuchswissenschaftler finanzieren. Ins-
gesamt 15 Doktoranden und Postdok-
toranden konnen damit fiir maximal
zwei Monate an einem MPI forschen.
Die MPG setzt damit angesichts der
Sparmalinahmen ein Zeichen fiir die
Wissenschaft. Denn vor dem Hinter-
grund der Finanz- und Wirtschaftskrise
wurden die Zuschisse fir die staat-
lichen Universitdten und Fordermittel fiir
Auslandsaufenthalte in Spanien gekdirzt.
,Investitionen in Bildung und Forschung
sind immer auch Investitionen in unsere
wissenschaftliche, 6konomische und
gesellschaftliche Wettbewerbsfahigkeit,
so der Max-Planck-Président. Er ermutigte
die europdischen Staaten, ihr Engage-
ment fiir Wissenschaft und Forschung
auszubauen. (cr, mit Material aus Presse-
mitteilungen der MPG)



Max Planck Society
receives Prince of Asturias Prize

On October 25, 2013, the Max Planck Society (MPS) was conferred the Prince

of Asturias Award for International Cooperation in Oviedo (Spain) by the Spanish
crown prince. The MPS will double the prize money of 50,000 euros from its own
resources to provide Spanish junior scientists with the opportunity to carry out
research at a Max Planck Institute (MPI) in Germany.

nce a year the world looks at
Oviedo — the capital of Astur-
ias. At the end of October, a

blue carpet — in the color of the Prince
of Asturias Foundation — is rolled out
in front of the renowned Hotel De La
Reconquista to honor the awardees of
the Prince of Asturias Prize. This year
again the foundation honored awardees
in eight categories and the Max Planck
Society is one of the prize winners.

The research organization receives
the award in the category International
cooperation, following in the footsteps
of institutions such as the International
Red Cross and the Red Crescent Move-
ment, the World Health Organization, or
the Bill and Melinda Cates Foundation.
In its statement the jury emphasized the
interdisciplinary approach of the MPS
and the close cooperation among re-
search centers and universities around
the world. Alongside the Max Planck
Society’s scientific excellence, the
foundation’s jury also praised the orga-
nization’s international advancement of
young researchers through its more than
40 Partner Groups worldwide.

Four young Max Planck researchers,
Ali Shahmoradi, Damian Refojo, Soojin
Ryu, and Matthias Weilenbacher,
accompanied Max Planck President
Peter Gruss to Oviedo — as representa-
tives for the 4000 young researchers in
the MPS from more than 100 countries.
The award ceremony of the “Spanish
Nobel Prize” with 2000 guests finally
made it even on the front page of Spain’s
biggest daily newspaper: El Pais.

“This prestigious prize was a wonder-
ful recognition of the work of all Max
Planck researchers and their partners
worldwide,” President Peter Gruss said.
“Science always builds bridges. Through
the exchange of young researchers

and scientists, we aim to foster under-
standing for the culture and concerns
of other countries. And we lay the
foundations for a scientific collabora-
tion across borders, without which the
major problems of humanity can-

not be resolved.”
The MPS will double
the prize money
awarded by the
Prince of Asturias
Foundation by

50,000 euros from its own resources
to finance a grant program for young
Spanish researchers. A total of 15 doc-
toral and postdoctoral students can now
be invited for a research stay at an MPI
for up to two months.

Due to the financial and economic
crisis, the Spanish government has cut
funding for state universities and funds
for research stays abroad. “Investments
in education and research are at the
same time always investments into our
scientific and economic competitive-
ness, and the competitive ability of our
society,” said the Max Planck President.
He encouraged the European states to
further strengthen their commitment to
science and research. (cr, with material
from MPS press releases)

Der Prinz-von-Asturien-Preis wird in acht
Kategorien verliehen. Die Max-Planck-Gesell-
schaft erhélt den Prinz von Asturien-Preis
in der Kategorie Internationale Zusammen-
arbeit. Mit dem Preisgeld wird auch eine
Skulptur Uberreicht, die auf einen Entwurf
des Kuinstlers Joan Mir6 zurlckgeht.

The Prince of Asturias Prize is awarded in
eight categories. The Max Planck Society
receives the award in the category Inter-
national Cooperation. It is conferred together
with a sculpture going back to a design by the
artist Joan Miré.

Nachrichten aus der MPG
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