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Isl a N D u N I v e r se s
When we look up to the sky on a dark, clear summer night 

(rare in Germany) we see the shimmering band of the Milky 

Way stretching from horizon to horizon. This is our home in 

the Universe, a galaxy consisting of approximately one hund-

red billion stars. Like in most other so called ‘disk’ or ‘spiral’ 

galaxies, most of these stars, with a mass similar to the Sun 

or somewhat less, live in a fairly thin rotating disk of diameter 

60,000 light years. Two or three more stars are formed from 

the gravitational collapse of dense interstellar gas clouds eve-

ry year somewhere in that disk, for which reason our Milky 

Way is considered to be ‘actively star forming’. At the center 

of the disk is a spheroidal concentration of mostly older stars, 

called the bulge, within which resides a massive black hole of 

about four million times the mass of the Sun. This structure is 

typical of most other disk galaxies, even if masses, sizes and 

the relative proportions of bulge to disk range widely.

Disk galaxies make up most of the more massive star forming 

galaxies in the current Universe but there are numerous other, 

amorphous, irregular systems of typically smaller mass, as 

well as an entire second population of massive spheroidal or 

elliptical galaxies, with little current star formation. However, 

while galaxies are the most conspicuous ‘island Universes’ of 

light emitting stars, most normal, baryonic matter is actually 

located outside galaxies, and is in form of very hot, intergala-

ctic plasma. Furthermore, baryons in turn make up only 20% 

of the matter content in the Universe, the rest is thought to 

be ‘dark matter’, which interacts only, or predominantly, via 

gravity. Dark matter is commonly postulated to be in form of 

a yet not identified, heavy sub-atomic particle.

Ever since the discovery of galaxies as the building blocks 

of the stellar extragalactic Universe about a century ago, the 

key question, for professional astronomers and the interes-

ted public alike,  has been how and when they might have 

formed, how they have been evolving, and why there are star 

forming disks, as well as massive ‘dead’ spheroids. Although 

we have at this point only partial, incomplete answers to  

these questions, there has been a lot of progress over the 

past two decades. Researchers at several Max Planck Insti-

tutes (MPE, MPA and MPIA) have made major and in some 

cases transformational contributions to that progress, both 

in terms of experimental work and observation, as well as in 

theory, numerical simulations and modeling.

b a sIC C ONC e p T s
From precision measurements of the cosmic microwave 

background and the large scale structure of galaxy distribu-

tions on the one hand, and very large computer simulations 

on the other, we can broadly understand the formation of ga-

laxies in the ‘cold dark matter model’. Local dark matter con-

centrations (‘halos’) collapsed by self-gravity in the substrate 

of the expanding Universe and constituted the locations of 

baryonic galaxies forming at their cores. These local overden-

sities are thought to have been already imprinted as quantum 

fluctuations in the earliest phases after the Big Bang. Theore-

tical work over the last three decades, pioneered by Simon 

White and his colleagues at MPA, suggests that baryonic gas 

present in these dark matter halos was driven inwards in the 

collapsing halos, and formed concentrations on galactic and 

sub-galactic scales.  Since these baryonic gas concentrations 

were endowed with an initial angular momentum, the smal-

lest scale of initial collapse was about a tenth of the size of the 

dark matter halos where the proto-galaxies are expected to 

form centrifugally supported disks, approximately of the size 

of modern galaxies. All numerical simulations of large scale 

structure evolution, such as the large “Millenium Simulation” 

carried out by Simon White and Volker Springel at MPA, find 

that large scale structure builds up hierarchically from smaller 

structures to larger sizes, from smaller mass to larger mass. 

From the galaxy’s perspective, this means that the embryonic 

galaxy grew over time from gas streams fed from the cos-

mic ‘web’, including, from time to time, an incoming smaller 

galaxy/halo in that stream (a so called ‘minor merger’). More 

rarely (once every 3 Gyrs or so for a massive galaxy), there 

would also occur a highly dissipative ‘major merger’, at the 

end of which two disk galaxies were permanently transfor-

med to a larger spheroidal galaxy.

Ta K IN g T O T I m e T r av e l
Astronomy, unlike physics, but like biology, cannot reconst-

ruct time evolution by active experiments or studies of indivi-

duals. Astronomy relies on the determination of the evolution 

from distribution functions of populations, and on archeolo-

reINHarD geNZel
max plaNCK INsTITuTe FOr exTraTerresTrIal pHysICs,  garCHINg

travelling back in time  
to the formation epoch of the Milky Way

ever sINCe THe DIsCOvery OF galaxIes as THe
buIlDINg blOCKs OF THe sTellar exTragalaCTIC 
uNIverse abOuT a CeNTury agO, THe Key QuesTION,
FOr prOFessIONal asTrONOmers aND THe 
INTeresTeD publIC alIKe,   Has beeN HOw aND 
wHeN THey mIgHT Have FOrmeD, HOw THey Have 
beeN evOlvINg, aND wHy THere are sTar FOrmINg 
DIsKs, as well massIve ‘DeaD’ spHerOIDs.
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gical evidence of past events still present today, such as the 

properties of very old stars, or the large scale structure of the 

Universe. Fortunately, and owing to the finite speed of light 

and the large size of our Universe, astronomers can also go 

on time travel backward in time, by using the faint signals of 

very distant galaxies with big telescopes to observe Milky-

Way-mass galaxies when they were still young and in the pro-

cess of formation. This article tells the story of what we have 

learned on these time travels.

Cosmological look-back studies of the properties of galaxy po-

pulations have revolutionized the empirical knowledge about 

galaxy evolution over the past two decades. Large surveys 

have been carried out with broad-band photometry across the 

electromagnetic spectrum, from x-rays, to the ultra-violet and 

optical, to the near- and far-infrared, and all the way to the radio 

bands, exploiting the largest space- and ground-based tele-

scopes available world-wide. The Max-Planck groups at MPIA 

(Hans-Walter Rix), MPA (the groups of Guinevere Kauffmann 

and Simon White) and at MPE (my group, and the groups of 

Ralf Bender, Günther Hasinger and Kirpal Nandra) have been 

actively engaged in these massive surveys, for instance, with 

the Sloan Digital Sky Survey (SDSS), with the Very Large Tele-

scope (VLT) of the European Southern Observatory, with the 

Hubble Space Telescope (HST) and, most recently, with the 

Herschel far-infrared space telescope of the European Space 

Agency (ESA).  It is now clear that the earliest smallish proto-

galaxies formed already 500 to 800 million years after the Big 

Bang, less than 5% of the current age of the Universe. As 

expected from the earlier theoretical work, massive galaxies, 

and in particular massive spheroidal systems appear in larger 

abundances later, a few Gyrs after the Big Bang, or about 

10 Gyrs ago, when galactic star formation activity reached a 

broad maximum. 

Throughout cosmic evolution, most (>95%) of the star for-

ming galaxy population shows a fairly well established ne-

ar-linear relation between their stellar mass and their star 

formation rate. The functional form of the relation remains ap-

proximately constant and only the ratio of star formation rate 

to stellar mass, at a given stellar mass, increases rapidly as 

we look further back in time. Instead of two to three stars per 

year as in the modern Milky Way, a Milky-Way mass galaxy 

10 Gyrs ago formed stars at a twenty times faster rate. Ac-

curate star formation rates unaffected by interstellar dust ex-

tinction were most recently provided by the MPE-developed 

PACS photometer onboard Herschel (PI Albrecht Poglitsch), 

allowing the first deep look-back surveys in dusty far-infrared 

bright galaxies led by Dieter Lutz and his colleagues. These 

findings, along with statistical studies of the spatial clustering 

and abundances, suggest that star forming galaxies grow in 

mass mainly from in-situ steady star formation over a period 

of several Gyrs, rather than from mergers and/or ‘starburst’ 

events. A comparison of stellar masses and dark halo masses 

of galaxy populations, feasible since a few years from a com-

bination of the imaging surveys at different cosmic times and 

the computer simulations, shows that galaxy formation was 

an inefficient process throughout that entire cosmic time, 

converting less than 20% of the available cosmic baryons into 

stars in galaxies.

F rO m g a s T O s Ta r s a N D b aC K ag a IN
The data and theoretical modeling suggest that galaxy growth 

at the peak of the formation epoch happened in an equilibri-

um between baryonic gas accreting onto galaxies and promo-

ting star formation in dense molecular gas clouds, the con-

sumption of gas by star formation, and outflows of gas driven 

out of galaxies by massive stars through winds and super-

nova explosions. This concept has recently been tested and 

confirmed by direct studies of the molecular gas reservoirs 

in the young galaxies. Linda Tacconi and her collaborators at 

MPE have observed millimeter wavelength emission lines of 

the carbon monoxide (CO) molecule, as a proxy of the main 

constituent of dense, star forming molecular gas, molecular 

hydrogen, with the Plateau de Bure millimeter interferometer 

of the CNRS/MPG/IGN Institute IRAM, in the first large sur-

vey of cold gas in distant star forming galaxies. They find that 

their molecular gas contents were about 4-5 times greater 

than in comparable galaxies in the local Universe, as studied 

in the COLDGASS IRAM CO survey of Guinevere Kauffmann, 

Amelie Saintonge and their colleagues. Otherwise the phy-

sical processes of star formation in the early Universe seem 

pretty much the same as in the local Universe. This is exact-

ly as expected in the ‘gas regulation model’.  While young 

galaxies were initially provided with large amounts of fresh 

gas in the dense, early Universe, gas supplies and gas frac-

tions dwindled as the Universe expanded and became more 

tenuous. In addition, UV and optical observations by several 

all NumerICal sImulaTIONs OF large sCale 
sTruCTure evOluTION FIND THaT large sCale 
sTruCTure buIlDs up HIerarCHICally FrOm 
smaller sTruCTures TO larger sIZes,  FrOm 
smaller mass TO larger mass. 
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groups, including ours, demonstrate that most of the star for-

ming galaxies 10 Gyrs ago exhibited powerful galactic winds, 

blasting gas enriched with heavy atoms formed during stellar 

nucleosynthesis back into the circum-galactic halo and bey-

ond. These winds probably played a crucial role in keeping the 

efficiency of galaxy formation as low as observed, especially 

at low galaxy masses.

e a r ly DIs K s
The time travel method also allows spatially resolved ‘in situ’ 

observations of the stellar and gas components within the 

young galaxies. Adaptive optics assisted integral field spect-

roscopy on large telescopes, developed in my group at MPE, 

especially with the SINFONI spectrometer on the VLT (PI 

Frank Eisenhauer), have for the first time also resolved the 

ionized gas motions in the young galaxies. From measure-

ments of  line of sight velocities from the Doppler shifting of 

the Hα-recombination line in different parts of these galaxies, 

Natascha Förster Schreiber and her team have found that 

more than a third of the young star forming galaxies were ro-

tationally supported disks, as suggested by the earlier theore-

tical work, although these disks are much clumpier, turbulent 

and perturbed than the disk of the Milky Way.

Q u e NC HIN g
Another remarkable and unexpected finding is that actively 

star forming galaxies grow only until they hit a ‘mass limit’, 

the so-called Schechter mass, which is near the mass of the 

Milky Way. Throughout cosmic time, galaxies appear to shut 

down their star formation activity when they reach this limit, 

and transit to the ‘dead’ spheroidal galaxy population. The me-

chanisms responsible for this ‘quenching’ are currently not 

understood; it  may be caused by a sudden drop in efficiency 

of gas accretion, cloud or star formation, or an increase in 

efficiency of gas outflows driven by stars or massive black 

holes. Because of the implied structural changes from disky 

to spheroidal morphologies, it is plausible that mergers may 

also be involved in the process. 

w H aT Is T He r Ol e O F m a s s I v e bl aC K HO l e s ?
Not only the Milky-Way but apparently all other bulged gala-

xies and spheroids in the local Universe have a central mass 

concentration that is probably a massive black hole of about 

one tenth of a percent of the mass of the entire galaxy, as 

has been shown by surveys co-led by Ralf Bender at MPE. 

These massive black holes formed at about the same time as 

their host galaxies.  As shown especially clearly in deep x-ray 

surveys with the NASA Chandra and the ESA xMM observa-

tories (co-led by Günther Hasinger and Kirpal Nandra at MPE), 

these massive black holes were rapidly growing and luminous 

at the peak of the massive galaxy formation epoch 10 Gyrs 

ago.  Accreting black holes convert typically ten to thirty per-

cent of the accreted rest mass energy into short-wavelength 

radiation and into nuclear winds. This astounding efficiency of 

energy creation may be one explanation for the galactic winds 

discussed above, and perhaps also for the quenching massive 

galaxies. It is not clear how black holes of such large masses 

are formed, since all but 1/108 of the original angular momen-

tum of a gas particle in the disk of a galaxy must be removed 

for that gas particle to be able to cross the event horizon of 

a black hole. Mergers have been proposed as one channel of 

removing angular momentum sufficiently. The large gas frac-

tions of young galaxies might provide another channel, since 

a marginally stable, gas rich disk naturally has a large internal 

‘friction’ mediated by gravitational torques, and may thus pro-

mote efficient internal gas accretion onto nuclei.

THe ImpaC T OF mpg rese arCH IN gal a x y e vOluTION
Galaxy evolution is a very large and active field of modern 

astrophysical research, which was, until recently, complete-

ly dominated by groups in the United States and the United 

Kingdom. The powerful facilities and missions offered by ESO 

and ESA have given European researchers a tremendous 

opportunity for playing an ever more significant role in this 

rapidly developing field of research.  As I have shown above, 

the establishment of several well-funded experimental, ob-

servational and theoretical efforts at MPA, MPE and MPIA, 

have placed MPG-research in galaxy evolution at the frontier 

of the field, across a broad front of approaches.

a COmparIsON OF sTellar masses aND DarK 
HalO masses OF galaxy pOpulaTIONs, FeasIble 
sINCe a Few years FrOm a COmbINaTION OF THe 
ImagINg surveys aT DIFFereNT COsmIC TImes 
aND THe COmpuTer sImulaTIONs, sHOws THaT 
galaxy FOrmaTION was aN INeFFICIeNT prOCess 
THrOugHOuT THaT eNTIre COsmIC TIme, CONver-
TINg less THaN 20% OF THe avaIlable COsmIC 
baryONs INTO sTars IN galaxIes.

Image credit: agertz, o. et al. 2009, Monthly notices of the royal astro-

nomical society 397, L64
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in chains and is particularly prominent in proteins with a 

complex structure (multidomain proteins). The aggregation 

process is strongly promoted by acute or chronic cellular 

stress. Acute stress phenomena can be triggered, for ex-

ample, by elevated temperature due to fever and cause the 

increased formation of chaperones which accordingly are 

also referred to as stress proteins or heat shock proteins. 

In contrast, chronic stress, which is apparently promoted 

by age-related changes in cells, does not trigger any ef-

fective augmentation of the chaperones. Aggregated pro-

teins are not capable of fulfilling their normal biological 

functions. More importantly, however, they disrupt cellular 

functions in many different ways (proteotoxicity). Thus, the 

formation and deposition of aggregates causes neurode-

generative syndromes such as Alzheimer’s, Parkinson’s 

and Huntington’s disease. Adult-onset diabetes, which, ac-

cording to recent findings, is related to an age-dependent 

decline in chaperone activity, also belongs to the group of 

aggregate deposition diseases. 

3 .  HO w DO m Ol eC u l a r C H a p e rON e s w O r K ?
Just as the human chaperones of days gone by had the task 

of preventing their protégés from engaging in unseemly 

contacts and encounters, the molecular chaperones pre-

vent the aggregation of immature – that is incompletely fol-

ded – protein chains by shielding their exposed hydrophobic 

amino acid segments. Because these regions are concealed 

within the interior of the protein after successful folding, the 

chaperones usually only intervene as long as the folded (na-

tive) state has not yet been attained. Thus, the chaperones 

can distinguish reliably between incorrectly and correctly 

folded proteins. To ensure productive folding, the chapero-

nes must release their clients, however. This occurs in the 

course of a precisely controlled reaction which is driven by 

the energy molecule ATP; in this process the chaperones 

cooperate with various other factors as part of a large pro-

1.  aT a gl a NC e :
Proteins fulfil wide-ranging and vital tasks in all cells. Howe-

ver, to be able to carry out their biological functions, the chain-

like molecules must first fold into precisely defined, three-

dimensional structures. This complex process is facilitated 

by special proteins known as ‘molecular chaperones’. These 

essential helpers prevent the erroneous aggregation of im-

mature proteins which can cause Alzheimer’s and Parkinson’s 

disease. These age-related neurodegenerative diseases are 

presently incurable. They pose an enormous medical and 

social problem, in particular in countries with an ageing po-

pulation like Germany. Research on the cellular machinery of 

protein folding as carried out at the Max Planck Institute of 

Biochemistry can identify new strategies for the treatment of 

this increasingly important group of diseases.

2 .  p rO T e IN F O l DI N g a N D T He r Is K O F aggr eg aT ION
Proteins support almost all of the cell’s vital functions. They 

are synthesised as chains from the 20 amino acid building 

blocks on special molecular machines known as the riboso-

mes. This process is called translation. Human cells contain 

between 15,000 and 20,000 different proteins, the identity 

of which is defined by the sequence of their amino acids. 

The sequence information for a specific protein is stored in 

our genes, therefore hereditary characteristics take shape 

on the level of the proteins. Individual protein types vary si-

gnificantly in terms of the numbers in which they occur per 

cell. While there are often millions of copies of the proteins 

that fulfil essential metabolic functions (enzymes), there are 

often just a few copies of proteins that function as signalling 

molecules. To be able to perform their wide-ranging biological 

tasks, newly synthesised protein chains must assume a pre-

cisely defined three-dimensional conformation. This process 

is known as protein folding. It is mainly driven by the property 

of hydrophobic amino acids to avoid exposure to the aqueous 

environment of the cell (hydrophobic effect); the amino acid 

sequence determines the eventual shape of the molecule. 

Although the protein folding process has been studied inten-

sively by chemists and biophysicists for over 50 years, the 

fact that cells have so-called molecular chaperones, which 

help newly synthesised protein chains to fold, only came to 

light over the past 20 years. These chaperones are proteins 

themselves and the functions they fulfil are absolutely essen-

tial in all types of cell.

The central task of the chaperones is to prevent protein 

aggregation, that is the clumping of incorrectly folded pro-

tein chains. Aggregation is mainly triggered in this context 

by hydrophobic interactions between not yet folded prote-

JusT as THe HumaN CHaperONes OF Days gONe 
by HaD THe TasK OF preveNTINg THeIr prOTégés 
FrOm eNgagINg IN uNseemly CONTaCTs aND eN-
COuNTers, THe mOleCular CHaperONes preveNT 
THe aggregaTION OF ImmaTure – THaT Is INCOm-
pleTely FOlDeD – prOTeIN CHaINs by sHIelDINg 
THeIr expOseD HyDrOpHObIC amINO aCID 
segmeNTs.

Cellular chaperones: their role in protein folding 
and in the genesis of neurodegenerative diseases

F.  ulrICH HarTl
max plaNCK INsTITuTe OF bIOCHemIsTry, marTINsrIeD
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tein quality control network. Two classes of chaperones are 

particularly important for the folding of newly synthesised 

proteins: the components of the Hsp 70 family and the cy-

lindrical chaperonins.

4 .  T e a m w O r K Du r IN g p rO T e IN F O l DIN g
A principal distinction is made between two chaperone func-

tions which contribute critically to the folding of newly syn-

thesised proteins. Small chaperones – which include com-

ponents like Hsp70 – bind to the nascent protein chains as 

soon as they emerge from the ribosome. During this phase of 

biogenesis, the proteins are still structurally incomplete and 

therefore incapable of folding correctly. It is the task of the 

Hsp70 chaperones to shield the hydrophobic segments of the 

nascent chains, thereby preventing their misfolding and ag-

gregation. The Hsp70s combine two functional components, 

an ATP-binding domain and a protein-binding domain. Access 

to the protein-binding pocket is controlled by an adjustable 

latch, the position of which is controlled by the ATP-binding 

domain. This enables a reaction cycle involving the binding 

and release of the protein: release allows the protein substra-

te to bury its hydrophobic areas through folding. If this does 

not succeed within a few seconds, re-binding to Hsp70 pre-

vents unproductive interactions and suppresses aggregation. 

Hsp70 chaperones assume a central role in protein folding 

in almost all cell types. However, proteins with a particularly 

high risk of aggregation rely on the additional help of proteins 

known as chaperonins. 

5 .  s Ol I Ta r y C ON F IN e m e N T F O r p r O T e IN s  
IN T H e F Ol DIN g C age
The chaperonins (Hsp60) are among the most fascinating 

ATP-driven molecular machines. They form hollow cylinders 

approximately 15-nanometres (1.5/100000 mm) in size, which 

accommodate a single unfolded protein in their central cham-

ber, and in this way enable it to fold unimpaired by aggregati-

on. This mechanism is best understood for the bacterial cha-

peronin GroEL and its cofactor GroES; however, very similar 

chaperonins are at work in all human cells.

GroEL consists of two rings, each containing seven protein 

units, which are stacked back to back. The ring opening ex-

poses hydrophobic amino acid residues for the binding of un-

folded proteins in a manner comparable to sticky fly paper. 

GroES is a single ring of seven protein subunits, which places 

itself on the opening of the GroEL ring like a lid. GroES pre-

fers to bind to only one of the rings at a time, specifically the 

one containing the protein substrate. This step results in the 

confinement of the bound protein in the GroEL cylinder. The 

latter then assumes the function of a folding cage which can 

accommodate protein chains of up to 500 amino acids. The 

substrate protein remains enclosed for around 10 seconds. 

Then the cover opens – again in an ATP-regulated reaction 

– and the folded protein is released into the cell while incom-

pletely folded molecules are again encapsulated and given 

another opportunity to get into shape.

It is easy to see how this mechanism ensures protein folding 

while preventing aggregation. The GroEL-GroES chaperonin 

acts, as it were, as a mini test tube for an individual prote-

in chain. However, the latest studies have shown that this 

model is incomplete, as the “test tube” is submicroscopic in 

size and the folding protein is confined into a tiny space. This 

prompts a change in the energy landscape of the folding reac-

tion whereby the spatial constriction results in the preferenti-

al formation of compact forms. The confinement in the folding 

cage can actually lead to a considerable acceleration of the 

folding process as compared with folding in a free solution. 

6 .  r Ol e O F T H e C H a p e rON e s  
IN N e u r ODege N e r aT I v e DIse a se s
The molecular chaperones work with a variety of other factors 

as part of a large protein quality control network. Proteases 

play a particularly important role as their partners. They take 

the irretrievably misfolded proteins and break them down into 

their amino acid components. This also helps in the preventi-

on of aggregate formation. However, if this ingenious system, 

which has been optimised over the course of millions of ye-

ars, fails, misfolded proteins will accumulate – often with fatal 

consequences as the misfolding and aggregation of proteins 

is increasingly identified as the cause of serious diseases. 

These include, in particular, the aforementioned age-related 

neurodegenerative syndromes. Their central cytopathological 

characteristic is the formation of protein aggregates which as-

THe CHaperONINs (Hsp60)  are amONg THe mOsT 
FasCINaTINg aTp-DrIveN mOleCular maCHINes. 
THey FOrm HOllOw CylINDers apprOxImaTely 
15-NaNOmeTres (1.5/100000 mm) IN sIZe,  wHICH 
aCCOmmODaTe a sINgle uNFOlDeD prOTeIN IN 
THeIr CeNTral CHamber, aND IN THIs way 
eNable IT TO FOlD uNImpaIreD by aggregaTION.
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sume the form of fibrils. These aggregates accumulate inside 

or outside the neurons in the brain. Their formation is irre-

vocably associated with toxicity phenomena that ultimately 

lead to cell death; however, the exact mechanisms underlying 

aggregate toxicity are not yet fully understood. 

Why do these toxic protein aggregates form despite the 

presence of the chaperones? Resolving this question is the 

focus of current research as it promises to provide insights 

that could lead to the development of novel approaches to 

the treatment of these diseases, which so far have proven 

incurable. Interestingly, scientists have demonstrated that 

the chaperones of the Hsp70 family in particular are perfectly 

capable of preventing pathological protein aggregation. They 

intervene in the early stage of the process by preventing the 

so-called nucleation of the aggregates. This is only observed, 

however, if the chaperones are activated and available in suf-

ficient concentration in the neurons. Therefore, the phenome-

non of neurodegenerative aggregation appears to be the con-

sequence of insufficient chaperone capacity. Interestingly, 

recent findings indicate that the functionality of the chape-

rones declines during the ageing process. This would explain 

why the neurodegenerative diseases referred to manifest in 

an age-dependent manner. 

Another key question concerns the mechanisms through 

which the aggregates trigger cytotoxicity. System-wide ap-

proaches implemented with the help of proteomics have yiel-

ded new insights into this problem. In particular, scientists 

from the Max Planck Institute of Biochemistry tested the 

hypothesis that the aggregates – or their still soluble precur-

sors – prompt other cellular proteins to co-aggregate and in 

this way impair cellular functions. These studies found that 

the toxic aggregates actually interact with up to 100 different 

endogenous proteins. What is important is that the affected 

proteins fulfil very wide-ranging key functions in the cell regu-

lation process. These include tasks involving the storage and 

transmission of the genetic material and protein synthesis 

itself. Consequently, the toxicity of the aggregates is based, 

at least in part, on their capacity to incite other proteins to ag-

gregate and in this way impair their normal biological function. 

In addition, the aggregates also damage the molecular chape-

rones and their partner components, for example by blocking 

the protein shredders, a particularly perfidious mechanism 

which disables the cell’s defence system.

7.  Ou T l OO K
How can research on protein folding help in the fight against 

dementia and similar neurodegenerative syndromes? The 

importance of the molecular chaperones and their coopera-

tion partners in the prevention of toxic protein aggregation, 

which has been demonstrated by numerous studies, suggest 

that ways to activate cellular protein quality control should 

be sought. The formation of the chaperones is subject to cell 

regulation mechanisms which can be influenced pharmacolo-

gically. That this works in principle has already been demonst-

rated in cell culture and in model organisms up to the mouse, 

and biotech companies already exist that focus exclusively on 

the development of this strategy. However, much work still 

remains to be done and many hurdles to be overcome until 

these approaches may reach the clinic. Furthermore, a major 

challenge consists in decoding the structural characteristics of 

protein aggregates which give them toxic properties. This will 

only succeed with the help of an interdisciplinary approach in-

volving the cooperation of physicists, biochemists, cell biolo-

gists and neurobiologists. A research alliance of this nature at 

the Max Planck Institutes of Biochemistry and Neurobiology 

in Martinsried has recently been selected for funding by the 

European Research Council.

HOwever, IF  THIs INgeNIOus sysTem, wHICH Has 
beeN OpTImIseD Over THe COurse OF mIllIONs OF 
years, FaIls, mIsFOlDeD prOTeINs wIll aCCumu-
laTe – OFTeN wITH FaTal CONseQueNCes as THe 
mIsFOlDINg aND aggregaTION OF prOTeINs Is 
INCreasINgly IDeNTIFIeD as THe Cause OF serIOus 
DIseases.
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I N T r ODu C T ION 
In November 2002, representatives of the two sides invol-

ved in the civil war in Sudan – the government of Sudan and 

the Sudan People’s Liberation Movement (SPLM) – met at 

the Max Planck Institute for Comparative Public Law and In-

ternational Law in Heidelberg to discuss a peace agreement 

and interim Sudanese constitution based on general political 

objectives agreed shortly beforehand. The author, who was 

Director of the MPI for International Law at the time, chai-

red these discussions, which included experts from various 

world regions. The outcome of this three-week conference 

was an initial draft of a peace agreement and a future consti-

tution that was ultimately incorporated into the constitution 

of Sudan (the Interim National Constitution) without amend-

ment in parts. This provided for a six-year interim period for 

Sudan at the end of which a referendum would be held in 

South Sudan to decide whether it would remain part of Su-

dan as a whole. 

The referendum was held from 9 to 15 January 2011 as pl-

anned and resulted in overwhelming support for an indepen-

dent South Sudan. The secession of South Sudan then took 

place peacefully and according to schedule on 9 July 2011. 

This example proves that legal provisions drawn up with the 

involvement of all parties concerned can even pave the way 

for and structure momentous change, such as the secession 

of part of a state or the Foundation of a new state, and ensu-

re it is achieved peacefully. 

Based on this experience, a team from the Max Planck In-

stitute in Heidelberg has advised various states on the ree-

stablishment of their government structures after the end 

of civil wars or revolutionary uprisings. In addition to issues 

concerning the organisation of the state, consultations have 

included a wide range of complex matters, such as electo-

ral law, party law, constitutional law, the establishment of 

constitutional jurisdiction, the process of law, the protection 

of human rights, the conclusion of international agreements 

and their implementation domestically, and administrative 

law. Participants include ministerial officials, members of 

human rights committees, members of parliament, judges, 

practising lawyers and members of constitutional commissi-

ons. The consultations are carried out in countries such as 

Sudan and South Sudan, Afghanistan, Iraq, Somalia, Yemen, 

Libya and Jordan. The drafting of a peace agreement as part 

of a three-year project for Darfur with civil society represen-

tatives of all parties involved in the on-going conflict is par-

ticularly worthy of mention. The draft was presented to the 

special envoy of the African Union and the United Nations for 

Darfur and made an important contribution to peace negot-

iations in Doha. The Doha peace agreement has so far only 

been implemented on a piecemeal basis, and peace has yet 

to be fully established in Darfur. 

All activities receive third-party funding (German Federal For-

eign Office, Norway, EU, UNDP etc.). They build upon the 

Institute’s basic research, and complement and enhance this.

The task of providing consultation for states has been carried 

out by the Max Planck Foundation for International Peace 

and the Rule of Law since the beginning of 2013, whereby 

close academic relationships continue to exist with the Max 

Planck Institute for Comparative Public Law and Internatio-

nal Law. The Managing Directors of this new Foundation are 

Dr. Daniel Gruss, Dr. Tilmann Röder and Prof. Dr. Rüdiger 

Wolfrum. Responsibility for providing consultation for speci-

fic regions has been assumed by Dr. Daniel Heilmann (Midd-

le East, North Africa) and Dr. Kathrin Maria Scherr (states 

south of the Sahel region). 

pa r T IC I pa N T s
The consulting activities of the Foundation (and previously 

the Max Planck Institute) are aimed at states in a stage of 

political transition. This may be for various reasons, which 

inevitably have an effect upon the nature and content of the 

consultations. Reasons may include wars lost and the con-

sequent loss of power of the persons or regime in control 

beforehand (Iraq), internal military conflict after which a new 

system of government has to be established (Afghanistan, 

Sudan) and revolutions that have resulted in the removal of 

existing rulers and their systems (Egypt, Libya, Yemen) or 

which force existing rulers to base the system of govern-

ment on the rule of law and democracy (Jordan). 

There is generally a lack of the expertise in constitutional 

and international law required to implement the targeted re-

forms in all of these cases. Above all, there is insufficient 

knowledge about how to structure the organisation of the 

state, which is essentially provided by legal comparison. 

The expertise in comparative law of the Foundation and also 

the Institute becomes important here. In the case of South 

Sudan, for example, it is debatable whether the establish-

ment of a strong centralised state is recommendable for the 

economic and social development of the state or whether 

a federal model or decentralisation of state authority would 

be more appropriate to integrate ethnic and religious groups 

into the state as a whole. Contrastingly, discussions in the 
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case of Egypt primarily focus on the relationship of the 

executive (above all the President) with the legislative, the 

constitutional relationship between the executive and legis-

lative, the set-up and operation of a constitutional court, the 

protection of human rights established under international 

law, the protection of ethnic and religious minorities and the 

continuation of traditional legal systems, whether based on 

religious or ethnic principles. 

The question of the punishment of crimes committed is 

mainly raised after the removal of dictators or regimes char-

ged with serious infringements of human rights. There is of-

ten conflict between different legal cultural concepts here. 

In Africa, above all, the emphasis is not necessarily placed 

on criminal jurisdiction. Traditional forms of victim-perpetra-

tor settlement, such as apology, compensation and the par-

doning of criminal punishments, are often favoured. Consul-

tation on this issue has to take the form of dialogue with the 

parties involved. This aims to take account of both the legal 

culture that has evolved, as well as international standards 

and to attempt to harmonise them (see section on Darfur). 

 

F u N Da m e N Ta l p r INC I p l e s O F C ON s u lTaT ION a N D 
s u p p O r T aC T I v I T I e s
All consultative and support (primarily training) activities in 

the recipient states are developed and implemented based 

on the academic expertise of the Max Planck Foundation in 

close cooperation with local partners. 

This is a key factor, and not just in terms of acceptance of the 

activity whether consultation or some other kind of support. 

It in fact reflects a basic principle of international law - the 

right to self-determination. The latter also includes the right 

of a state to essentially decide for itself upon the nature and 

orientation of its structures and national standards. This also 

applies if the international human rights standards contain 

provisions for domestic standards. 

In particular, this question is raised in its full complexity and 

in the strongest terms for South Sudan, the youngest sta-

te in the international community. Which human rights ag-

reement can and should the new state accede to in light of 

its cultural and social environment and economic situation? 

What impact would this have? Members of the government 

fear, for example, that acceding to the treaty on the elimina-

tion of all forms of discrimination against women would have 

far-reaching consequences for family structures, at least in 

rural areas. In contrast, women’s associations vehemently 

support accession. 

The nature of the Foundation’s activities is firstly geared 

towards the requirements of local partners and takes ac-

count of their legal cultures and traditions. The Foundation 

attaches great importance to maintaining its academic inde-

pendence in terms of the actual performance of tasks. This 

is not just respected - the Foundation is in fact held in high 

esteem on account of this. The work of the Foundation – like 

that of the Institute before it – is based on the belief that the 

support of domestic constitutional structures and the crea-

tion of effective guarantees to protect human rights make 

a major contribution not just to the consolidation of a state 

but also to ensuring world peace. This approach is in line 

with that of the United Nations whose purpose and objecti-

ves are not just to prevent military conflict between states, 

but also to promote peaceful relations within states and bet-

ween population groups. This is carried out on the basis of 

the understanding that major domestic social tension and, 

in particular, serious infringements of human rights can in 

themselves jeopardise world peace. This applies even more 

so in cases where they threaten to destabilise entire regions 

due to their cross-border impact. 

Three examples specifically illustrate the work of the Found-

ation (or the Institute previously).

s u Da N / s O u T H s u Da N 
The Institute’s commitment began with the mediation tou-

ched upon briefly at the outset between representatives of 

the government of Sudan and the Sudanese People’s Libe-

ration Movement. Before this mediation work could begin, 

the Institute held eight workshops in different parts of the 

country to find out from representatives of civil society and 

local spokespersons what kind of state structure they ho-

ped for after the civil war, which had already gone on for 

20 years. Key issues included the state and religion, the 

state structure of Sudan as a whole (federalism or decen-

tralisation), self-determination and referendum. The know-

ledge acquired formed the basis of the Heidelberg Dialogue 

abOve all,  THere Is INsuFFICIeNT KNOwleDge 
abOuT HOw TO sTruCTure THe OrgaNIsaTION OF 
THe sTaTe,  wHICH Is esseNTIally prOvIDeD by 
legal COmparIsON. THe experTIse IN COmparaTIve 
law OF THe FOuNDaTION aND alsO THe INsTITuTe 
beCOmes ImpOrTaNT Here.
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whose consultations resulted in a draft used in the political 

discussions in Sudan and which influenced the content of 

the peace agreement (Comprehensive Peace Agreement) 

and the new national interim constitution. The Institute sub-

sequently advised the South Sudanese government on the 

establishment of a constitution for South Sudan, which was 

still a semi-autonomous region of Sudan in its entirety at the 

time. Members of civil society and representatives of the 

opposition were also involved in these consultations. The 

Institute was also consulted by Sudan’s government (minis-

try of justice) on the constitutional court, which was newly 

established by the constitution. 

After the entry into force of the national interim constitution 

and the peace agreement in 2005, the Institute’s projects 

focused on the implementation of the constitutional frame-

work at the request of Sudan and South Sudan. A series of 

these events were held at the same time for both sides, such 

as training and information courses on the constitutional 

court in Khartoum and the supreme court of South Sudan. 

Consultations were also carried out on matters concerning 

international law and, towards the end of the interim period, 

on the organisation and implementation of the referendum. 

Many of the training programmes were open to institutions 

and people in both parts of the country during the transitio-

nal period between the entry into force of the interim consti-

tution for Sudan (2005) and the referendum in January 2011, 

despite the political conflict. From this point, the consulta-

tions and training in South Sudan concentrated on the draf-

ting of a new constitution. Immediately after the secession, 

South Sudan introduced an interim constitution which is now 

set to be transformed into a definitive constitution. The re-

lationship with Sudan, and how South Sudan is to be integ-

rated into the international community are also key issues. 

The Max Planck Foundation’s expertise in international and 
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public law is also required here. At the same time, this task 

presents the Max Planck Foundation with the opportunity to 

directly experience and scientifically analyse the challenges 

facing a newly founded state in terms of constitution and 

international law. 

a F gH a N Is Ta N
While the Max Planck Institute and later the Foundation 

were involved in constitutional development in Sudan, which 

logically resulted in subsequent consulting and training acti-

vities, the Institute initially focused more heavily on educa-

tion and training in Afghanistan. It firstly carried out a con-

sulting project on the development of the Afghan normative 

system. 

After the end of Taliban rule, Afghanistan faced the challenge 

of establishing a new system of state in line with internati-

onally recognised standards. In particular, the creation of a 

system of justice and administration based on constitutional 

principles in accordance with the country’s obligations under 

constitutional and international law is a key requirement in 

ensuring the peaceful coexistence of the various population 

groups and long-term political stability. 

Since 2004, the Max Planck Foundation (and previously 

the Max Planck Institute) has been involved in a series of 

different projects concerning the set-up of constitutional 

structures by providing academic consulting and training in 

Afghanistan. Project employees gain a direct insight into the 

normative traditions, understanding of the law and actual 

forms of conflict resolution in this heterogeneous society. 

This is of major importance to basic research. 

The projects can be sub-divided into four closely related ca-

tegories. The first series of projects is aimed at on-going trai-

ning for judges, public prosecutors and other lawyers in the 

provinces. Various legal topics, but above all procedural law, 

are covered. This ultimately seeks to promote appreciation 

of the protection of human rights amongst the judiciary and 

consequently prevent human rights infringements by the ju-

dicial system. In addition to judges and public prosecutors, 

the training events are also attended by the defence coun-

sel, police and prison officers, officials from the ministry of 

women’s affairs and representatives of non-governmental 

organisations. Four thousand people have now attended the 

courses. This means that a large proportion of the juristic 

decision-makers in the field of criminal justice have been 

reached. The second series of projects, which has been 

running since 2006, focuses on the next generation of Af-

THe wOrK OF THe FOuNDaTION – lIKe THaT OF THe 
INsTITuTe beFOre IT – Is baseD ON THe belIeF 
THaT THe suppOrT OF DOmesTIC CONsTITuTIONal 
sTruCTures aND THe CreaTION OF eFFeCTIve 
guaraNTees TO prOTeCT HumaN rIgHTs maKe a 
maJOr CONTrIbuTION NOT JusT TO THe 
CONsOlIDaTION OF a sTaTe buT alsO TO eNsurINg 
wOrlD peaCe.
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ghan judges with a specially tailored training programme 

and expert support from the legal faculties. Topics such as 

constitutional law, fundamental and human rights, judicial or-

ganisation, judicial ethics, procedural principles and general 

and specialised criminal law are covered. The third project 

series concentrates on the establishment of administrative 

law for Afghanistan. This complex issue has been neglected 

to date despite the fact that administrative law is of major 

importance in the development of a state of law as applied 

constitutional law. This project concerns the establishment 

of general administrative law to be enacted as legislation and 

the consolidation and harmonisation of Afghanistan’s frag-

mented specialised administrative law. The Foundation plays 

a consultative role. This involves presenting the various op-

tions from a comparative law perspective and shortcomings 

to Afghan legal professionals without defining a specific sys-

tem. Finally, the fourth series of projects is based on acade-

mic activities. This primarily includes academic seminars on 

topics relating to international constitutional law, such as the 

reconciliation of Shari’a law with secular law. 

The training initiatives are based on handbooks produced 

by employees on topics such as procedural law, internati-

onal law and administrative law. These are available in the 

teaching languages of Dari and Paschto, as well as in English. 

These works are the only material most lawyers can consult 

for the finding of justice in the Afghan provinces and districts 

where there are no libraries. These handbooks are based on 

Afghan law as far as possible. However, they provide com-

parison with minimum standards under international law and 

make reference to regulations in other national legal systems. 

The courses are mainly taken by Afghan university lecturers 

and judges with specific knowledge of Afghan legal practice. 

They receive intensive preparation based on the handbooks 

produced by Max Planck academics before deployment. 

Da r F u r
The third example concerns the Institute’s activities in Dar-

fur; these date back to 2006, and have not yet been com-

pleted. In collaboration with local partners and with funding 

from the Max Planck Society and the Foreign Office, the 

Max Planck Institute has supported internal dialogue with 

civil society in Darfur in the aim of contributing to a lasting, 

peaceful resolution to this conflict. During the period 2008-

2010, events were held with representatives from the full 

spectrum of political and social groups in Heidelberg and 

Khartoum. This dialogue resulted in the Heidelberg Darfur 

Dialogue Outcome Document, a peace agreement and a 

constitution for the Darfur region which contains three fe-

deral states. In order to produce this document, the parti-

cipants had to jointly identify the reasons for the conflict. 

In contrast to how the situation is frequently portrayed, it 

emerged that there was not one single factor. Ethnic rivalries 

play just as much a part as the complete marginalisation of 

the Darfur region by the government in Khartoum, changes 

to living conditions, the breakdown of traditional structures, 

disputes over resources, the instrumentalisation of specific 

groups by the government in Khartoum and other factors. 

The Heidelberg Darfur Dialogue Outcome Document, which 

was drawn up and approved by participants from Sudan un-

der the consultation and guidance of an international team 

of experts convened by Professor Wolfrum, an Institute 

working group and Professor Al-Tayeb Haj Ateya (Khar-

toum), attempted to develop conflict solutions against this 

background. In contrast to South Sudan, the solution sought 

was not the secession of the Darfur region from Sudan, but 

instead its better integration into Sudan. The implementation 

of this approach would have far-reaching consequences for 

the state structure in Sudan. 

There was primarily contention over the Darfur region’s rela-

tionship with Sudan, the distribution and usage of land and 

coming to terms with and punishment of serious human 

rights infringements committed. The document supports 

the return to a Darfur state as it existed historically before 

being divided into three parts by the government in Khar-

toum for political reasons. This aimed to enhance Darfur’s 

position in a Sudan with a federal structure. The document 

also favours a return to historical conditions in relation to the 

distribution and usage of land when it was allocated to tri-

bes or groups who managed it in accordance with certain 

principles. This would mean Sudan having to revoke “natio-

nalisation” of the land. This proposal was most strongly op-

posed. The document adopted a new approach to coming to 

terms with and punishing crimes committed. It focuses on 

the traditional forms of dispute resolution here but included 

the International Criminal Court as an authority of last resort 

in the solution proposal. 

beFOre THIs meDIaTION wOrK COulD begIN, THe 
INsTITuTe HelD eIgHT wOrKsHOps IN DIFFereNT 
parTs OF THe COuNTry TO FIND OuT FrOm 
represeNTaTIves OF CIvIl sOCIeTy aND lOCal 
spOKespersONs wHaT KIND OF sTaTe sTruCTure 
THey HOpeD FOr aFTer THe CIvIl war, wHICH HaD 
alreaDy gONe ON FOr 20 years. 
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This document was the first time a proposal had been pre-

sented under which civil society in Darfur could and was able 

to participate in the political debate on the establishment of 

peace in Darfur, which is supported by the African Union and 

United Nations. The implementation of this proposal requi-

res the Sudanese government to take part in these methods 

of resolution.

C ONC l u DINg r e m a r K s 
The Max Planck Foundation for International Peace and the 

Rule of Law, and the Max Planck Institute for Comparative 

Public Law and International Law before it, have made a con-

tribution to the development of national legal systems in vari-

ous countries and to a better understanding of the rule of law 

in critical phases through basic research in the fields of in-

ternational law, foreign public law and comparative law. This 

had a stabilising domestic effect in specific individual cases. 

However, these consultative and training activities also ena-

bled Max Planck academics to obtain a direct insight into le-

gal challenges and their resolution during the transformation 

and establishment of state systems, or even the foundation 

of states, providing major impetus for basic research. 

02 ForsChunGsausBLICK
researCh outLooK

IN parTICular, THe CreaTION OF a sysTem OF 
JusTICe aND aDmINIsTraTION baseD ON 
CONsTITuTIONal prINCIples IN aCCOrDaNCe wITH 
THe COuNTry’s OblIgaTIONs uNDer 
CONsTITuTIONal aND INTerNaTIONal law Is a Key 
reQuIremeNT IN eNsurINg THe peaCeFul 
COexIsTeNCe OF THe varIOus pOpulaTION grOups 
aND lONg-Term pOlITICal sTabIlITy.
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IN OrDer TO prODuCe THIs DOCumeNT, THe 
parTICIpaNTs HaD TO JOINTly IDeNTIFy THe 
reasONs FOr THe CONFlICT.  IN CONTrasT TO 
HOw THe sITuaTION Is FreQueNTly pOrTrayeD, 
IT emergeD THaT THere was NOT ONe sINgle 
FaCTOr. 


