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aggregation-prone regions in structured (fol ded)

proteins and to related nmethods for determning the

aggregation propensity of a;protein, to conputer

program code and equi pnent for i mpl enenting the

nmet hods, and to rel ated nethods of identifying new

dr ugs and drug targets as well as protein toxicities.
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prediction of this phenonenon is considered a
difficult problemwhich, heretofore, has not been
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According to a first aspect of the invention there is
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2004/066168 and in WO 2005/045442, techniques for predicting the rate of

aggregation/solubility of proteins in their native, unfolded state. These techniques are
useful, for example, in predicting aggregation-resistant mutational variants of
unstructured polypeptide chains but they are not in general applicable to the prediction
of aggregation in structured (folded) proteins. However, the aggregation of proteins
from their folded state is important for many diseases, and the accurate prediction of
this phenomenon is considered a difficult problem which, heretofore, has not been
solved. We will describe a tool to address this problem; there are many applications of

the tool, including rational design of drugs as well as protein production techniques.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is therefore provided a method of

identifying one or more regions in the amino acid sequence of a protein which, in the
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determ nation of a |ocal propensity for
The combination of the determined local propensities for aggregation and the local

structural stability values is, in embodiments, performed by modulating the local
propensities for aggregation with the local structural stability values although,
potentially, the combination may be made in other ways for example by representing
the two sets of values on different axes of a graphical representation of the data. The
skilled person will appreciate that the determination of a local propensity for
aggregation need not comprise a linear combination of the hydrophobicity, a-helix and

[3-sheet propensity, charge and pattern values. In some preferred embodiments the local
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propensity value, a hydrophobicity Value and a charge value for an amino acid at a said

position i along said sequence; determining, for a plurality of positions, i, along said
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side of position 7, I/ is a pattern value representing a pattern of one or both of
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In preferred embodiments the determining of the aggregation propensity profile takes
into account structural protection and aggregation propensity at a residue-specific level,

in particular by multiplying by
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o
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Here o and o3 are scaling factors and the logarithm may, for example, be either to base
10 or to base e (the logarithm effectively takes account of measuring

populations/probability and transferring to a free energy representation which represents
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identified regions.

The determined overall aggregation propensity of a protein, predicted from its amino
acid sequence, may be used to identify a polypeptide sequence which is particularly
suitable (or unsuitable) for manufacture because it is unlikely (or likely) to form
insoluble aggregates. Having identified polypeptides suitable for manufacture
embodiments of the method may then be employed to make a polypeptide (protein)

identified in this way. In some preferred techniques such an identified polypeptide is
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Thus the invention further provides computer program code for controlling a computer
or computerized apparatus to implement a method or system as described above. The
code may be provided on a carrier such as a disk, for example a CD- or DVD-ROM, or
in programmed memory for example as Firmware. Code (and/or data) to implement
embodiments of the invention may comprise source, object or executable code in a
conventional programming language (interpreted or compiled) such as C, or assembly
code, code for setting up or controlling an ASIC (Application Specific Integrated
Circuit) or FPGA (Field Programmable Gate Array), or code for a hardware description
language such as Verilog (Trade Mark) or VHDL (Very high speed integrated circuit
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Figure 2 shows examples of the predicted aggregation propensity profiles of structured
proteins: the regions of low folding propensities, which are less protected from
aggregation, are identified as the highest peaks in the aggregation propensity profiles
Z"™ (black lines) calculated by taking into account the structural protections in the
folded form; the intrinsic aggregation propensity profiles Z” are the upper lines;
secondary structure elements are shown as bars200 (8 sheets) and the upper bars 202 («
helices); Lysozyme: the shaded areas represent the regions of residues 26-123 and 32-
108, which are important for aggregation; Myoglobin: the shaded area identifies a

highly aggregation-prone peptide fragment (residues 100-114).;
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structure has been characterised through solid-state NMR spectroscopy.

Figure 5 shows a relationship between folding (logP score) and aggregation (Z~ score)
propensities at the individual residue level for the human prion protein (H=helix,
S=strand, and T=turn); unstructured regions according to www.expasy.' org are marked
with stars; We predict that the region of residues 120-123 has the highest aggregation
propensity and the lowest structural protection, followed by the region of repeat 84-91;

we also label the positions associated to the CJD mutations.
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Taddei, N., Baroni, F., Capanni, C., Stefani, M., Ramponi, G. & Dobson, C. M. (2002)
Nat. Struct. Biol. 9, 137-143) and through the determination of high-resolution
structural models that illustrate that specific segments of polypeptide chains constitute
the highly ordered cores of the fibrils. The existence of aggregation-prone regions has
suggested the way in which rational mutagenesis can reduce the problem of aggregation

in biotechnology (Ventura, S. & Villaverde, A. (2006) Trends Biotech. 24, 179-185). In

addition it has suggested therapeutic strategies that specifically target these regions in
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the possibility that regions with a high intrinsic propensity for aggregation may be
buried inside stable and often highly cooperative structural elements, and therefore be
unable in such states to form the specific intermolecular interactions that lead to
aggregation. Shielded in this way, therefore, they may become unable to play a major
role in the aggregation process, although, following mutations that destabilize the native
structure, they might acquire this ability. In order to be able to take into consideration
the tendency of a given region of a protein sequence to adopt a folded conformation, we

exploit the possibility of predicting the local stability of the various regions of a protein

from the knowledge of its sequence (Tartaglia, G. G., Cavalli, A. & Vendruscolo, M.
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The aim is for Z! to have an average of zero and a standard deviation of 1

where we calculated the average y and the standard deviation o over random sequences
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In these formulas, we considered N, random sequences of length N, and we verified that
u and o are essentially constant for values of N ranging from 50 to 1000. The values of
p and o depend on the length N; for example for N=100, y=6.9 and 0=7.3. Random
sequences were generated by using the amino acid frequencies of the SWISS-PROT
database (Boeckmann, B., Bairoch, A., Apweiler, R., Blatter, M. C., Estreicher, A.,
Gasteiger, E., Martin, M. J., Michoud, K., O'Donovan, C., Phan, 1., Pilbout, S. &
Schneider, M. (2003) Nucleic Acids Res. 31, 365-370).
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Absolute propensities for aggregation of structured polypeptide sequences

Only residues with low local stabilities are considered as contributing to the overall

aggregation propensity, Z;

wee » TeSUIting in the formula

N
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i=1

where the function &(x)is 1 for x>0 and 0 for x<0. We use a similar expression (see

"Systematic In Vivo Analysis of the Intrinsic Determinants of Amyloid 8

Pathogenicity" Leila M. Luheshi, Gian Gaetano Tartaglia, Ann-Christin Brorrsson,



A region of a polypeptide sequence should neet two
conditions in order to pronote aggregation: it should
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Referring now to Figure 1a, this shows a block diagram of a computer system for

7,

implementing the above-described method. A general purpose computer system 100
comprises a processor 100a coupled to programme memory 100b storing computer
programme code to implement the method, to working memory 100d, and to interfaces
100c such as conventional computer screen, keyboard, mouse, and printer, as well as
other interfaces such as a network interface, and software interfaces such as a database

mnterface.

The computer system 100 accepts user input from a data input device 104 such as a
keyboard, input data file, or network interface, and provides an output to an output
device 108 such as a printer, display, network interface, or data storage device. Input
device 104, for example a network interface, receives an input comprising an amino
acid sequence for the protein as well as optional pH and temperature values appropriate
to an environment of the polypeptide. The output device 108 provides an output
comprising one or more of: A7, Z/, z R Z{,ggS , and Z,gq. For example an aggregation
propensity profile or an aggregation propensity graph may be provided (for example as

shown in later figures).

Computer system 100 1s coupled to a data store 102 which stores hydrophobicity data,

$3-sheet propensity data (either as propensity data per se or in terms of free energy),
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the AGADIR code available from http://www. embl—

heidelberg.de/Services/serrano/agadir/agadir-start. himl, or GOR4 code available from

http://mpsa-pbil.ibep.fi/cgi-bin/npsa_automat.pl?page=npsa_gord.html. Optionally pH

and temperature may be taken into account.

[-sheet propensity, hydrophobicity, and charge
The table below gives scales of hydrophobicity, B-sheet propensity and charge for the

20 natural amino acids.
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Higiles scal es of %gﬁd@zt%hobl city, (3-sHe#t pr opens tpf (1)
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009/ 068900 PCT 008/ 051055 16 ScHlEs of
TmXﬂr ophobi city, | 3pgheet propensity apgygcharge for fthe
20 natural amno acids _amno acid residue
Tyaydr ophobi city (kaal nol-1) a R-sheefo. p1r opensity bo
char-ge Ag—R}—395 0635+t Lys—{K—2-F0-34+1
Glasp) (D) 3. 81 0.72061 du (E) 2.91 0[{B® -1 Asn ( No
1791 400G \9Q) 1300340
Pro (P) -O n.d. 0
Cys (C) -0.25 0.25 0
Ala (A) -0.39 0.47 0
Trp (W) -2.13 0.24 0
Met (M) -0.96 0.26 0
Phe (F) -2.27 0.13 0
Val (V) -1.30 0.13 0
lle (1) -1.82 0.10 0
Leu (L) -1.82 0.32 0

¢ values of charge are at neutral pH.

? hydrophobicity values of the 20 amino acid residues at neutral pH based on the partition

coefficients from water to octanol. The data are from column 6 of Table 4.8 in ref. 30.

® B-sheet propensities of the 20 amino acid residues normalised from 0 (high B-sheet
propensity) to 1 (low f-sheet propensity). The data are from column 4 of Table 1 of ref. 29. The
B-sheet propensity of proline is not reported due to the difficulty in determining it

experimentally. The B-sheet propensity of glycine is from theoretical calculations.




Hs (H 0.64 (2.87) d 0.37 0 (+1) d Ser (S) 1.24 0.30

O Thr (T) 1.00 0.06 0 Tyr (Y) -1.47 0.11 0 dy (Q
wWO@2@9/068960 O Pro (P) -0.99 n.d. 0 Cys (O -0rRBGB21®S8/051055

0O Ala (A -0.390.470 Trp (W -2.130.24 0 Mt (M

-0.96 0.26 0 Phe (F) -2.27 0.13 0 Val (V) -1.30 0.13

O Ile (lI) -1.82 0.10 0 Le%7(L) -1.82 0.32 0 a
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pidpéifsitoud EppréRedrt ©rnd of Mee ddergygX@eneBREdoniling Th@nother amino
R-sheet propensity of glycine is fromtheoretica
acghmeybaeMpiyedC val ues of charge are at neutral pH. WO
2009/ 068900 PCT/ GB2008/ 051055 17 d values in brackets
are at a pH lower than 6.0, when the histidine residue
is positively charged Wth proline, no 13-sheet
propensity value is available and so a proline residue
PW@V”B@éeskipped when eval uating equation (1) above, an
arbitrary value (eg 1, if (3-sheet propensity is
expressed in terns of free energy), or one
Aquttemsypdrndfongatlo amnot dved ofitlicrroquance taydye deerenpddy yedexample,

u . . .
bypcagutn%{lg tlyealllulgber of polar/non-polar alternations until this reaches 5 or more and

then allocating a pattern value (") of, say, +1 to each amino acid in the alternating
sequence (these values may be normalised so that, say, each amino acid in an alternating
sequence of length 5 has a value of +0.2). Alternating hydrophilic (“P”)/hydrophobic
(“NP”) patterns give rise to an increased propensity to aggregate. Use of five or more
residues is preferred because it appears to be the minimum number of alternating
residues that can differentiate between B-sheet promoting (A ¢ A ¢) and o-helix
promoting (*Ae A A) patterns. Longer alternating sequences may be given larger values,
say +2 for a length 9 alternating string of amino acids. Optionally /”* may be given or
adjusted by a negative value, say —1, for an aggregation inhibiting pattern (for example
a string of hydrophilic amino acids, or a string of some particular amino acids such as

prolines).

Residues with hydrophobicity values <-0.5 on the Roseman scale [Roseman, M.A.,
Hydrophilicity of polar amino acid side-chains is markedly reduced by flanking peptide
bonds. ] Mol Biol, 1988. 200(3): p. 513-22] may be considered hydrophobic and those
with values = 0.5 hydrophilic. Alternatively the following categorisation may be
employed: hydrophobic: ala, val, phe, ile, leu, met, tyr, trp; hydrophobic: asp, glu, lys,

arg, his, ser, thr, cys, gln, asn; glycine can be hydrophobic or may be considered neutral.
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PCT/ GB2008/ 051055 18 Local structural stability
(protection factor) The protection factor of a residue
i may be defined as the ratio of the intrinsic rate
ki"'" observed in an unstructured peptide, to the
Retudtsr ved ami de hydrogen exchange rate, ki, Pi = ki""
/ ki. The local structural stability data (in P) may
be determ ned by determ ning coefficients of a
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amylmd ﬁbnls fluorescence techniques, and the study of the aggregation of peptide

fragments extracted from the wild-type proteins. These probes report on different
aspects of the dynamics of the aggregation process and of the thermodynamics of the
amyloid states. Since the predictions that we perform are based on the analysis of
mutational effects on the kinetics of aggregation, we are interested both in

assessing the quality of the predictions of the regions that are most important to promote
the aggregation process and in exploring the relationship between such aspect and the

other factors that may affect the formation and stability of amyloid fibrils.
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the ZPS=1 threshold (upper line), in the central
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patibiets withmpdilldr 0¢iftoma of the thyroid. In addition, fibrils can also form in

samples prepared in vitro designed for therapeutic use, and represent a considerable
limitation on its administration to patients. By calculating the aggregation profile 7,
we predict a high aggregation potential for the 12-residue N-terminal region and for
residues 18-19 and 27-28. Experimentally, K18 and F19 have been identified as key
residues in both the bioactivity and self-assembly and the region 15-19 (DFNKF) has
been shown to play an active role in oligomerisation and fibril formation in vitro. We
did not predict an intrinsic tendency for the monomeric form of this short peptide to
form persistent structure, which is consistent with the available experimental evidence.

The intrinsic aggregation propensity profile Z” is therefore close to the Z°™ profile.
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stzfr.{iﬂg B8Pa g0bullf &dicCty §u@h E%@s Phs normally necessary to destabilise the

structure to enhance the accessibility of the polypeptide main chain and hydrophobic
side chains in order for the aggregation process to occur. In this section we discuss two

proteins that have been shown to aggregate under such conditions.

Lysozyme. The aggregation propensity profile Z™ calculated by taking into account the
structural protection in the native state as predicted from the sequence (lower line in
Figure) does not exhibit any region above the Z™=1 threshold. This result is consistent

with the observation that lysozyme must be destabilised in vitro in order to aggregate



termnal region (in particular residues T7 and S8) and
the Gtermnal regions (in particular residue Q4 and
WO 2®Y/06s90be hi ghly aggregati on prone. CA] 50. MIVGBIIW8/051055
second WV dormai n of human CAl 50, a protein that is
co-deposited wth huntingtin in Huntington's disease,
is a 40-resi due protein that,;has been shown to form
anyloid fibrils in vitro under physi ol ogi cal
argiothali d4nh yioigl. disBase is onlycfoundasod restilk s W(abi Bira ﬂélmiﬂllfaclj tnlélftations. By
| oi d protofilanent was recentl haracterise
@%ﬁﬁttalgstb%\tﬂél IRQIARA S FRAEPP BERSPSILY @H%l% dgot wHg- tYR—f‘sl?LEIE?é's
lygo 120 idEniddd %@%&%E%ﬁtﬁ)ﬂtﬁ&l& RifonQfestdigs 43201 '}157?i 79—85,
se experi nent al ts are if agreement w t
92; as oud a0 d! Hebeye tis 4 ke theghdds Thedoguaditthms ZRSs par tlcular

tified as, those of r S|dues 6 and
b5 el Ger it Cperiired S eiipno b Forriiag obne seatence
thel PBMUSY rePiiREsEINH08TR %1%’1‘1@1‘6@@91'& R 586018 oREs Eorlverted in the
specifically designed i nclude the prediction of

ampeskstate.egi ons of the ami no acid sequence of a protein
that pronote its ordered aggregation starting froma
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These predictions are of particular interest in

high gegregttionpeansnsibkpul lpwetivaiura skéiliat i ons t hat the
regi on of the sequence that includes residues 32-108
is highly resistant to proteolysis once converted in

Myhgobianfhoigiratagbepropensity profile 2™, calculated by considering the
structural protection in the native state, does not exhibit any region above the Z"°=1
threshold, in agreement with the fact that myoglobin should be substantially destabilised
in order to aggregate. It is likely that this situation is common for native proteins. As
with lysozyme, we identified four regions with a high intrinsic aggregation propensity,
i.e. those above the Z” =1 threshold for the upper line in Figure 2 (residues 9-12, 31-33,
65- 70 and 108-114), one of which partially overlaps with a peptide fragment (residues
100-114) found in vitro to be highly prone to aggregation.

In Figure 3b we compare the aggregation propensity (2° score) and the structural

protection (logP score) at the individual residue level. We predict residues Asp5, Glyo,



In order to clarify the relationship between the
tendencies to remain folded or to aggregate we
w@eopaeso t he structural protection and t he agpeEGERI08/051055
propensity at a residue-specific level. The
aggregation propensity was neasured by the ZP score
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WltnIg]? cc%s?(];e?sl, gcl)th g1lntr1ns1c sequence-based propensities and specific structural
factors, the region spanning residues 118-128 (dark box in Fig. 4a) corresponds to the
highest peak in the entire sequence and the only one to have Z'°>1, suggesting that this
region is likely to be the most amyloidogenic segment of the polypeptide chain. The
inclusion of terms describing the degree to which the intrinsic propensity for
aggregation is modified by the presence of structure is a very important extension of the
scope of the prediction method that we described previously for unstructured
polypeptides (our previous patent applications, ibid, incorporated by reference). The

aggregation profile predicted by considering only the intrinsic physicochemical factors

(Fig. 4a) identifies the region 180-186, corresponding to o-helix II, as the most



and aggregati on of mammalian prion proteins. The hunman
prion protein (hPrP) is involved in sporadic,
w0 ndvenstved or infectious forns of Creutzfel dt - BakcB2008/051055
di sease (CID), Gerstmann-Straussler-Shei nker di sease
(GSS) and fatal famlial insomia (17171). The key
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PIYSes above). In the latter case, which considers both
intrinsic sequence-based propensities and specific
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intrinsic physicochem cal factors (Fig. 4a)
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form and does not appear from experinental data to be

fraggnqnigy SPtPamt 2o 9 IEg Y egatihesh g readily form amyloid-like fibrils and
can be cytotoxic to astrocytes. These fragments include, at least in part, the region 118-

128 of the sequence (Figure 4a).

The calculations described here for the human prion protein support the view that
structural factors are important in determining the aggregation rates of proteins that self
assemble via aggregation-prone partially folded states. We found that all the mutations

occurring in CJD (http://www.expasy.org/uniprot/PRIO_HUMAN), with exception of



the region of residues 113-127. The simlarity in the
ZP and the ZPS profiles for residues 1-125is in
wagroesesdmt Wi th the experinmental observation tPet/GBR08/051055
region is not structured. In addition, the presence of
the disulfide bond C179-C214 appears to play an
inportant role in stabilizig%‘this hi ghl y
aggr egat i on- prone region and i nhibits the formation
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shown to form amyloid fibrils, whose structures have been characterised through solid-
state NMR, in conjunction with site-directed fluorescence labeling and a hydrogen
exchange protocol. In the resulting structural model of the fibrils from the C-terminal
fragment of HET-s (residues 218-289) each molecule contributes four 8- strands, with
strands 1 and 3 (residues 226-234 and 262-270) forming a parallel B-sheet and strand 2
and 4 (residues 237-245 and 273-282) forming another parallel S-sheet located about 10
A away. These B-strands are connected by two short loops between 81 and 82, and 83

and (34 respectively, and by an unstructured 15-residue segment between 82 and (3.



D 178N and V 1801, have hi gher aggregation propensity
Z gg (Equation 7) than the wild type (Table 1). Table
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respectively, and by an unstructured 15-residue
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WREH CRERABEPREARD apdD 1%16&‘ lf(ﬁ’tﬁl &Hctﬁfé th e gi Hs o AR s%guences of
aggregation propensity profile ZP i gure 4b) reve
bagh Kirggfured and partially structured proteins that are most important in promoting

their aggregation. Our analysis reveals that the regions that promote aggregation, even
from globular states, can be identified on the basis of the knowledge of the amino acid
sequence. The methodology that we have presented is general and is based on the idea
that the séquence of a protein determines its behaviour in the case of both folding and
misfolding. The possibility provided by methods such as the one that we have
presented here to predict the aggregation-promoting regions for natively unfolded
polypeptide chains, for globular proteins and for systems that contain both folded and
unfolded domains may be of significant value in developing rational approaches to the
avoidance of aggregation in biotechnology and to the treatment of aggregation diseascs
as 1t identifies the major factors determining aggregation as well as the regions in which

these factors are prevalent.



aggregation propensity in the regions of residues 5-22
and 245-289. The nononeric formof HET-s appears to
Weooshnesset ured in the regi on of residues 1-227PErdB2008/051055
rather unstructured in the region of residues 228-289
(9). Consistently with these results, we determned a
much | ower propensity for a%%regation in the
C-term nal region through e ZPS profile (Figure
NéHadubt Wng ot stbétby ol altepatives witlnocineto ties 3kifiddgderson. It will be
structural protection predicted for this region
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scopndfiths tlamng dppendginendtol- 227, retains the ability to
formfibrils in vitro, catalyses efficiently the
aggregation of full-length HET-s and is able to induce
prion propagation in vivo. In addition, limted
proteol ysis experinents indicate that the region of
residues 218-289 is in the fibril core. Three of the
four O-strands identified experinentally (residues
226- 234, 237-244, 262-271 and 273-282) as those
formng the core of the cross-f3 structure correspond
to the major three peaks (residues 242-245, 260-267
and 278-289) in the aggregation propensity profile ZPS
of HET-s (Figure 4b). W therefore suggest that f-
strand 1 plays an inportant thernodynamc role in
stabilising the structure of the anyloid fibril, it is
not likely to be directly involved in the process of
aggregation. W have described in this paper a nethod
for predicting the regions of the sequences of both
structured and partially structured proteins that are
nost inportant in pronoting their aggregation. Qur
anal ysis reveals that the regions that pronote
aggregation, even fromglobular states, can be
identified on the basis of the knowl edge of the am no
acid sequence. The nethodol ogy that we have presented
is general and is based on the idea that the sequence
of a protein determnes its behaviour in the case of
both folding and m sfolding. The possibility provided
by nmet hods such as the one that we have presented
here to predict the aggregation-pronoting regions for
natively unfol ded polypeptide chains, for globular
proteins and for systens that contain both fol ded and
unf ol ded donai ns may be of significant value in
devel opi ng rational approaches to the avoidance of
aggregation in biotechnology and to the treatnent of
aggregation diseases as it identifies the nmgjor
factors determ ning aggregation as well as the regions
i n which



these factors are preval ent. WO 2009/ 068900
PCT/ GB2008/ 051055 26 No doubt many ot her effective
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be understood that the invention is not limted to
t he descri bed enbodi nents and enconpasses
nodi fi cati ons apparent to t e skilled in the art
lying within the spirit and scope of the clains
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CLAIMS: 1. A nmethod of identifying one or nore regions
in the am no acid sequence of a protein which, in the
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2. A method as claimed in claim 1 wherein said combining comprises modifying
said determined local propensities for aggregation at said amino acid positions using
said local structural stability values at said amino acid positions to determine modified
local propensities for aggregation defining an aggregation propensity profile for said
folded protein, said aggregation propensity profile comprising data defining variations
in said modified local propensities for aggregation with amino acid positions along said
sequence; the method further comprising identifying said one or more regions in said
amino acid sequence which, in said folded protein, are predicted to promote aggregation

from said aggregation propensity profile.

3. A method as claimed in claim 2 further comprising selecting, for said
identifying, only regions of said aggregation propensity profile having greater than a

threshold local propensity for aggregation.



fol ded protein, said aggregation propensity profile
conprising data defining variations in said nodified
wo ewaloeganopensi ties for aggregati on with am noPEDGH2008/051055
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8. A method of identifying one or more regions in the amino acid sequence of a
protein which, in the folded protein, are predicted to promote aggregation, the method
comprising:

determining, for a plurality of positions, 7, along said sequence, a value of p;"¢,
where p;“* represents an intrinsic aggregation propensity of an amino acid at position
and comprises a function of py, py, piye and p. and py, ps, piya and p,. are, respectively, an
o-helix propensity value, a 3-sheet propensity value, a hydrophobicity value, and a

charge value for an amino acid at a said position i along said sequence;

determining, for a plurality of positions, 7, along said sequence, a value of A’
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10. A method as claimed in claim 8 or 9 wherein said determining of said aggregation

propensity profile comprises determining from each value of A/ a value of Z” for said

positions i where Z is determined by multiplying a value dependent on 4; by
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where o, and o are scaling factors and P; comprises a structural protection factor for
position i, said structural protection factor being dependent on a degree to which a

structure of said protein at position i is protected, in its folded state, from aggregation.
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identified regions.

14. A method of making a protein having an amino acid sequence, the method being
characterised by using the method of any preceding claim to identify either said one or
more regions in the amino acid sequence of a protein which, in the folded protein, are
predicted to promote aggregation or an overall said aggregation propensity of said

protein.

15. A method of determining the toxicity data for a protein, the method comprising
using the method of any one of claims 1 to 13 to identify either said one or more regions

in the amino acid sequence of a protein which, in the folded protein, are predicted to
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19. A carrier carrying computer program code to, when running, implement the

method of any preceding claim.

20. Automatic laboratory equipment including the carrier of claim 19, said
equipment being configured for control by said computer program code to implement

the method of any one of claims 1 to 18.

21. A method of controlling automatic polypeptide synthesis apparatus to make a
polypeptide, the method comprising controlling said apparatus to determine the
aggregation propensity of a protein according to claim 12 or 13, using said determined
aggregation propensity to select a polypeptide for synthesis, and then controlling said

automatic polypeptide synthesis apparatus to make said selected polypeptide.
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