Unlike collagen, many biologically important proteins
are not extended but globular.

Thisisusually important for their function, enzyme
activity etc.

How doesthe protein get from its undefined shape
following biosynthesis, to a unique folded state?

Thisisabig question, and one which isnot very well
under stood.

If thereisa single minimum but billions of
inter mediate states which could be accessed, how does
the protein rapidly find the minimum?

There may be several folding pathways, but it is clear
that many states will not be accessed at all.
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Trying to under stand what the key intermediate
statesisisone of the main current challenges.

Point mutations are used to see which regions of the
chain areimportant for determining the correct

folding states.
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Figure 1. Frec-cnongy (F) wirface af & 37-mer
model protein as a fonction of the number o

native contacis Hla.i and the todal nomber af
[nntive and no-native | conlact (G obiained by
smampling the scoessible configuration space using
Muonite Carlo simulations. The vellow trajectory
shaws the average paih tracod by structure ki
100 independent trials that each began io a
diffeeent rasdom conformation. The other two
trajectories [green and red) show a mange of two
standand dewianens around the AVerage and are
thus exprectod 1o mslude o, $5% of the trajectories.
The @racture llgeeate the vanous stages of the
e bem |"r||||1 e of ilee ||..l."jl-|:ln'..'|.i|:|||: random
starting comformabions, & foddling chain callgaes
rapidly 1o o disedered globalbe, Tt then mokes a
slovw, momsdirected scarch ameoig the 1Y semi-

' |||-|||,|:|.|_'I |':|||-fu|r|| atbans for one of the Lalelpieiy
|:|.]_|_=|'!,' 107 gransieson states that lesd IJ.|.'||I‘||'!.' tos the
ik pdive state ! From Dimner ef ol 2000, )

Real protein folding may have morethan one
minimum, and different folding pathsto the unique

minimum are possible.
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Figure 2. Schematic freceenergy
| F] surface representing features
al the felding of hen haoeyme
(npracein of 139 resid v
whaae atruciure comlas of two
domains deioted  and [, &,
wned {h are the numbers af
mative contacts in the 2 and fi
domaing. The yellow irajectory
represenis a ‘fast track’ in which
the @ and f domains form
concurrently amd populate
the intermesdiaie (lnbelled w/fi)
only transiently. The red
IFAjeCiOry peprescani a “alow
track’ in which the chain
becomies trapped in a long=lived
intermediate with persistens
atructuee in only the o domaing
further folding from tha
intermediate invodves cither a
trangition aver & higher barter,
or partial anfolding 1o enable
the remninder of the folding
process to occur alang the st
track. Hesides whose amide
|1'|-1'J:rl:l:r:m ||n:]hmlrcl.rl:| from
salvent exchange in the native
siTuciune (& assesed by NMER)
are coloured red {2 domain)
of yellow (B domain}; all others
are blue. In each case, regions
imglicated ta be native-like by
moniloring e development
of hydrogen exchange pro-
tection during kinete refolding
experiments nre drawn as
rltean rep resentntions of the
native secondary structare
nalive stale chements (- helies and
Besheects). (From Dinier of al.
2000,

t-domain intermediabe

Nature has designed proteinsto be pretty robust and
they fold correctly most of thetime.

AM Donald 45
Hierarchica Assemblies



But when things go wrong it can be catastropic —
leading to diseases such as BSE/vCJD and
Alzheimers.

These are known as amyloid diseases, as amyloid
fibrils of misfolded protein are deposited in the body.

Figure 5. Proposed mechanizmn fr lysoeyme amylaid fibril
formation. Blue, fasheet structure: red, helical strociore
dotted lines, undefined sirocture. A partially fobd ed form of the
protein (i) selFassociates through the f damain Jiv) to initiane
fbril formation. This intermedizte p rovides the temp late for
further deposition efprotein and for the d evelopment of the
stable, |'.I.Li||.:| r!‘-.'il'.l'l'l. care stracture af the fibril {v). The
undefined regions in (v} represent the possibility that nod allof
the polypepiide sequence i invodved in the crossf structure.
The nature of this residwal siruciwre in (v} is ot known, and
Liie OEure is rant intended to represent afy o efinesd seconi |4I'!.'

structural tyvpe. [From Booth etaf, 1997,

Transmission electron
micrograph of adilute
suspension of the misfolded
proteins showstheindividual
fibrils quite clearly.
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Undiluted have quite different structures. Inthe
SEM show aggregates of plates.

In the polarising
micr oscope show
spherulites.
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