WO 03/ 014746 PCT/ EPO2/ 08524 Method for identifying proteins with

N-term nal N-nyristoylation Background of the invention Anong the nmany
known | i pwo osodi7ié cati ons N-nmyristoylation is one of the WPeItEPO2/M8sRst i gat ed
and has been subject to several reviews (Towl er et al. 1988b; Gordon et

al . 1991; Han and Martinage 1992; Johnson et al. 1994; Boutin 1997).
However, after the inportance for cellular regul ation, signal

transduction, apoptosis (Zha et al. 2000) and the potential for diverse
medi cal treatnents (Felsted, G over, and Hartman 1995; Parang et al. 1997;
Si korski et al. 1997; Gunaratne et al. 2000) have been redi scovered and
the first structures of Mristoyl-CoA: Protein N-nyristoyltransferases were

publ i shed (Weston éethbd fot 93@BitifiBAgproagay with NedermibQPR)mytifibdati@pi ¢ has
gained increasing attention. The rare Cl4 saturated fatty acid is |inked
nost often cotranslationally (O son and Spizz 1986; WIcox, Hu, and d son
1987) via an amd bond (O son, Tow er, and d aser 1985) specific to the
N-term nal glycine (Kanps, Buss, and Sefton 1985; Towler et al. 1987) of
several eukaryotic and viral proteins. In general, the attachnent of the

lipid noiety results in an incgg%%%ng&dgquggggg%ﬁity that plays an

inportant role in nmenbrane an teln assocliation. Myristic acid
represents less than 1% of all fatty acids in cells (Khandwal a and Kasper
1971), but its specific length provides the WD 03/014746 PCT/ EP02/ 08524 2
possibility for reversible interactions with other proteins or nenbranes

Peitzsch and MLaughlin 1993). in c rast to highly. stable associations
1gaci litated Ag?orh& ,%laﬁﬁr own ?1p1d moglq'ltcat?ons N-myris oylgtlon ?s one of the best

investigated and has been subject to several reviews (Towler et al. 1988b; Gordon et
al. 1991; Han and Martinage 1992; Johnson et al. 1994; Boutin 1997). However, after
the importance for cellular regulation, signal transduction, apoptosis (Zha et al. 2000)
and the potential for diverse medical treatments (Felsted, Glover, and Hartman 1995;
Parang et al. 1997; Sikorski et al. 1997; Gunaratne et al. 2000) have been rediscovered
and the first structures of Myristoyl-CoA:Protein N-myristoyltransferases were
published (Weston et al. 1998; Bhatnagar et al. 1998), this topic has gained increasing

attention.

The rare C,4 saturated fatty acid is linked most often cotranslationally (Olson and
Spizz 1986; Wilcox, Hu, and Olson 1987) via an amid bond (Olson, Towler, and
Glaser 1985) specific to the N-terminal glycine (Kamps, Buss, and Sefton 1985;
Towler et al. 1987) of several eukaryotic and viral proteins. In general, the attachment
of the lipid moiety results in an increase of hydrophobicity that plays an important role
in membrane and protein association. Myristic acid represents less than 1% of all fatty

acids in cells (Khandwala and Kasper 1971), but its specific length provides the



hydr ophobic lipid nodifications. Mristoylation can be required but need
not necessarily be sufficient for nmenbrane anchoring, as known for exanple
for the owooptotiaé n p60v-"c (Resh 1994). The list of nyriPST@POAOSSH
proteins includes various kinases, phosphatases, cytochrome b5 reductase,
NO synt hase, the a subunit of many G proteins, ADP ribosylation factors,
the nyristoylated alanine rich C kinase substrate (MARCKS) and ot her
menbrane- or cytoskel etal -bound structu?al proteins, Ca2+ binding/ EF hand
proteins, as well as several viral proteins. For the viruses, the lipid
nodi fication of the proteins is often essential by directing it to the

pl asma nmenmbpagsbility fof@cvepsibleGRtetacBbnsi With %théﬁ‘?ﬁ)‘ié% ¥r hRbrdiRs W& mdf the
viral structure (Mscufo, Sinons, and Chow 1991) and replication in

general ( Ral}kh&ﬂhu%f)ﬁrp_)[ 9%3)?(& Wonithst YS fipht K810k doclafiohd ?acﬁﬁ&tg? k? gigﬁeg,le more

processes directfy wt eir nyristoylated oncoprotelns
Bernal, and,Patarca 1999). .Mristoylation is not always reduced to a sinple
anchori ng f&xgﬁopgﬁ?lc#ﬂlgg%%l%atggﬁd can al so fold back to domai ns of the
acylated protein itself and extend to the outside again controlled by the
bi ndi ng of 2+-iqQns acting as.a . switch (Anes et al. 1996). O her, exanpl es
of nyristoy MiioHing a5 b paied Ewen??gm a{ﬁéesé%‘é‘bi(hea%"ifgﬂe‘étt for garantaane py
phosphoryl ation or proteol ytic cleavage) can be fog_rslrg i n MARCKS (MLaughlin
and Ader em ROGB¥ingne kneavrHfoycxargplg for the wneenroteimhpi9  an (ReRBSII94)0 TbE list/eS
03/ 014746 PCT/ EP02/ 08524 3 The nost abundant form of nyristoylation is
cat al yzed bynyristayddted | proefnsprintledss vheioosr ildhasyd, t phosphetsese hddhrorhi&apyu et
al . 2000) which is absolutely specific to
reductase, NO synthase, the a subunit of many G proteins, ADP ribosylation factors,
the myristoylated alanine rich C kinase substrate (MARCKS) and other membrane- or
cytoskeletal-bound structural proteins, Ca2+ binding/ EF hand proteins, as well as

several viral proteins.

For the viruses, the lipid modification of the proteins is often essential by directing it
to the plasma membrane of the host cell or it is necessary for the assembly of the viral
structure (Moscufo, Simons, and Chow 1991) and replication in general (Raulin 2000).
Many viruses take part in the pathological processes directly with their myristoylated

oncoproteins (Arbelaez, Bernal, and Patarca 1999).

Myristoylation is not always reduced to a simple anchoring function. The fatty acid
can also fold back to domains of the acylated protein itself and extend to the outside
again controlled by the binding of Ca**-ions acting as a switch (Ames et al. 1996).
Other examples of myristoyl switches for reversible membrane association (triggered
by phosphorylation or proteolytic cleavage) can be found in MARCKS (McLaughlin

and Aderem 1995) and the HIV-1 Gag precursor (Zhou and Resh 1996).



N-term nal glycine. The proposed invention focuses solely on the
recognition of protein substrates for this enzymatic activity fromthe
substr at ewe oani47a6 aci d sequence. The presently ongoi ng nRETIRPE2/68SUENCI NQ
efforts result in an enornous anmpbunt of genom c data, which requires, in
the next step, the detailed characterization of the encoded proteins. The
above introduction to N-nyristoyl ation enphasi zes the imense inportance
of this lipid nodification. Therefore i Mthe post-genomc era, know edge
of a protein being nyristoylated is invaluable additional information for
its functional characterization. The experinmental procedures necessary for
unanmbi guous iThei desttdbupdarg fohe dfi RiyElstopRdar iis dhtaBed Byt ﬁ‘rgnlsﬂ%i}l -QeARgotethe

| abo

|ncorporat|on of 3H1abeled nyristic acid, are very ri ous and tlne

consumi ng. hkt@ ahéfcragc?gNmJt a £ &4l E o)t %h?éﬁoﬁgaﬁs%hﬁélgds#e | ns s

very high (oft y sing ns wthin’the region rec
erlmental often omt

NMT) and, efor I| it _ex er|f|ct|on
nst ead. "t haCiegnih b hepRERR, Mo G i 6 i e SirogRedE o
sequence of the nyrl stgylation notif proyided by avail abl e pattern search
tools, e.g. PRI ﬁgﬁﬁnefm%ﬂc acﬂg%froméﬁé‘tbsgﬁ@ sening asid FOgUENCe. whi ch
was Iast updated |n Aprll 1990. This pattern carries only a
di sproportionally small anount of the currently available information
about the ndhpfpresaetly poghieg sagsike gedueneing efiots resiltniordneenasmoviDamene1af7 46
PCT/ EPO2/ 08524 4 positive identifications of nyristoylation sites and,
with its cugesnicsiagd wshiclevequides| inethe megatiey,ether dutiileti chasactefiastiqar of eret I y
avai |l abl e single position based algorithns (such as the search with the
encoded proteins. The above introduction to N-myristoylation emphasizes the
immense importance of this lipid modification. Therefore in the post-genomic era,
knowledge of a protein being myristoylated is invaluable additional information for its

functional characterization.

The experimental procedures necessary for unambiguously identifying the lipid
modification, often including the incorporation of *H-labeled myristic acid, are very
laborious and time consuming. Additionally, the sequence similarity among related
proteins is very high (often only single mutations within the region recognized by

NMT) and, therefore, explicit experimental verification is often omitted.

Instead, the sequence is referred to a concordance with a consensus sequence of the
myristoylation motif provided by available pattern search tools, e.g. PROSITE
(Hofmann et al. 1999; Bucher and Bairoch 1994), which was last updated in April
1990. This pattern carries only a disproportionally small amount of the currently

available information about the motif and produces a highly unrealistic number of



PROSI TE pattern) cannot deal with conpensatory effects. This is an

i nportant reason why predictions of the nyristoylation site have been

i nsufficiwotiBypiewecessful to date. The sequence cont ext PESTmMPONOSTRS e
critical than a unique disfavored residue. For example, while a single
bul ky ami no acid at one position mght well be tolerated in the
size-limted groove where substrate recggni tion takes place, a second one
in direct neighborhood probably will not. So, the closest positions wll
have to conpensate the extra size of the predecessor. Furthernore, the
bi ndi ng of a peptide substrate to an enzyne is a highly cooperative

process in thsitise ieatiféatdis oN ehigRebyldtion sitbehed, Ghieh itd Qtirrent! statGNRSEF Wldey €
am no acid residues but also positions further apart could have an

i nfluence onp, ks of each other. Extensive kinetic neasurenents of
substrate spg%#ﬁe??ty ?’g? the yeast NMI (Towl er et al. 1988b) have
enphasi zed this inportance of the sequence context which could not be

reflected b S| e _pa rn (such.as;th | TE motif). NMI, se to be
bt qui tous. GRS FYBEbE it B6RAT bl TR IR a5 ths BTG T
distinct (Tqow e t al. _1988a) suhstrate specifjcity between species, which
became WO o%ﬂﬂﬁ?ﬁ@aﬁﬁ) sy tesd 4th opmpsoRtRY SEFEe s 49 b BERAFIARE TeaFRDn
(Duronio et al. 1991). The PRCSITE pattern contains_ no distinctive
f eat ures t o Wwaprediptionsiaidhe pweisieslatien sitel baie bagh Insusficienshesice¢ssfud fte date.
Finally, using PROSITE to identify nyristoylation sites is restricted to a
bi nary deciThemeqiepes/confextrst mach nzory ceisitalnthbn @anumitud dsfaueedd tegiduk. Fore
notif in the investigated sequence.
example, while a single bulky amino acid at one position might well be tolerated in the
size-limited groove where substrate recognition takes place, a second one in direct

neighborhood probably will not. So, the closest positions will have to compensate the

extra size of the predecessor.

Furthermore, the binding of a peptide substrate to an enzyme is a highly cooperative
process in the sense of an induced.fit. Therefore, not only consecutive amino acid
residues but also positions further apart could have an influence on the binding of each

other.

Extensive kinetic measurements of substrate specificity for the yeast NMT (Towler et
al. 1988b) have emphasized this importance of the sequence context which could not

be reflected by a simple pattern (such as the PROSITE motif).

NMT seems to be ubiquitous among eukaryotes. However, there exists an overlapping

yet distinct (Towler et al. 1988a) substrate specificity between species, which became



Due to the unsatisfactory performance of the currently avail able prediction
tools for Nnyristoylation, there is a need for an efficient and reliable
t ool thatwoan/osi7gei ficantly reduce the nunber of fal se p®STIEPOZ08524

predi ctions and that allows even | arge-scale database annotations. The
proposed invention allows a reasonable pre-selection of candidate proteins
and a dramatic speed up in sequence database searches ained at the
identification of proteins that have not3previously been known to be
nyristoylated. It was an objective of the present invention to provide a
reliable nmethod (prediction tool) to identify proteins that are candi dates
for N-term pdlioly by séveyd] dbsdvationk §Outohidnet al.a99¢). (The PRUSITEpIEBRECHhBdifhases.
The solution of the problemunderlying the present invention is based on

the follow ng dlﬁﬁi@t%xbéjt%ét%}és%‘ﬁcal Akt &Qcﬁ@ﬂ%ﬁéﬂﬂ@nﬁuﬁi thatd §eRlficRds! €l ation

nmet hods, the characteristics for the positions in the NNtermnus of al
known substrates and, therefore, the obvious single position requirenents

for recogni by, a atory
effects ar etPlér\%gly ua fgltnge%ﬁBE Y]ﬁ t?llgeﬁ{@ rﬂ%ﬁgyl&t%lﬁglrt&crﬁl rﬁ?%én(plti%at HR‘%H’S
characterizes .correl on respecti.vel. epe nge, of sequence positjons.
VO 03/ 01474 e@&?ﬁéﬁég’f’le)%@& Y fstimajign aﬂtdtlaﬂelglga Qe matf Hr BF e g t6d
col |l ected above efficiently, a scoring function, validating the quality of
a sequence &&queBed-f for recognition by NM, should not be reduced to a
termeval uating am no acid type preferences on single positions
i ndependently (e.g., as in profile approaches), but also conprise physical
property rdytertoghé unsatiafacieey perfigrmanee ob theenizrenty \avelfldhde prediatiom towls tfop| e
sequence positions. Hence, a conposite prediction function was created
that conbi nésngtiefollatiohaked isaiited for an efficient and reliable tool that can significantly
reduce the number of false positive predictions and that allows even large-scale
database annotations. The proposed invention allows a reasonable pre-selection of

candidate proteins and a dramatic speed up in sequence database searches aimed at the

identification of proteins that have not previously been known to be myristoylated.

It was an objective of the present invention to provide a reliable method (prediction
tool) to identify proteins that are candidates for N-terminal myristoylation, also from

large protein sequence databases.

The solution of the problem underlying the present invention is based on the following
considerations: By using approved statistical correlation methods, the characteristics
for the positions in the N-terminus of all known substrates and, therefore, the obvious
single position requirements for recognition by the enzyme are validated. Significance
for compensatory effects are evaluated by fulfillment of the Fisher-criterion that

characterizes correlation respectively independence of sequence positions.



scores using the PSIC al gorithm (Sunyaev et al. 1999; Sprofile) with
special terns for the conserved physical properties, sunmarized as Sppt. S
= Spr of | ewe oSppt74é npl enented in a conputer program witt@CTIEPOL/bSS2L
progranm ng | anguage, the user may choose the taxononm c paraneter set and
read in the sequence that should be investigated. Then, Sprofile is
cal cul ated for the query sequence and scored according to the profile
extracted froma chosen | earning set of known substrates. The conserved
physical properties are assuned to follow a Gauss-like distribution when
retrieved fromthe sequences already verified to be nyristoyl ated.

Devi ati on f menakd edvimtige fofithd iorntuioh @5NEdIEH MebveagTitie@Ns d stotifg fianttioy,
sequence results in a penalty for the score proportional to the extent of
the deviat! offdaliyShe hlalRPBPAERILHLL ¥s WMok bR eHINELE TR not be
requi rements for Substrate recognition i1s nore severe,” the penalty wll be
hi gher. WD 03/01 146 PCT/ EPQ2/ 08524 . 7 Th& overal%ﬂscore is.tre sum of
Sprofiie andFHFTE the? ptﬁ%i e4rva P%p%‘r“tn? #e n%’pfv@{f: 5% © 351561 \?85%]8?5
definition as,they are penalties To address a threshold which sequences
will be proddSRenfleplly Nfis- 1ﬁol?r,°h{°n@’l’6‘l?ﬁ°g?§e§“ts%'6? EOmpFige PHNHEA RIONFBh t he
scores of the learning set and the lower Iimt for predictionis set to

t he | ower nogestrictions agfwelh as dhgp epipensetery witgets | frane dnwlfiples sesjpengei positiinse. The
prediction is that proteins with higher scores should also be favored
substrat es ofenddylasconfiiosité @reglaotien tfuneiontwasscredtaptiat cappines profilebaetd sahnay s
reflect the naturally occurring different affinities to the

scores using the PSIC algorithm (Sunyaev et al. 1999; Sywoie) With special terms for

the conserved physical properties, summarized as Spp.
- S= Sproﬁle + Sppt

Implemented in a computer program, written in the C programming language, the user
may choose the taxonomic parameter set and read in the sequence that should be

investigated.

Then, Sprofie 15 calculated for the query sequence and scored according to the profile
extracted from a chosen learning set of known substrates. The conserved physical
properties are assumed to follow a Gauss-like distribution when retrieved from the
sequences already verified to be myristoylated. Deviation from the mean for the
corresponding positions in the query sequence results in a penalty for the score
proportional to the extent of the deviation. Thus, if nonconformity with the physical-
chemical requirements for substrate recognition is more severe, the penalty will be

higher.



enzynme in the relative size of prediction function scores. For better

j udgnment whet her further experinental verification will be feasible for a
candi dat eweaguetiee and estination of the general reliabil PCY/EPD2/68524
prediction, the scores are translated into a probability of false-positive
predi ctions applying generalized extreme value distribution functions

(Ei senhaber et al. 2001). In sequence space, the correct notif can occur
incidentally with a certain probability.7 The nore the scores of correctly
predi cted sequences differ fromthe scores of non- nyristoylated proteins,
the lower will be the probability for fal se-positive predictions and the
hi gher wi | | The ovbelloceri ibithd $um of Shhe amdedi thieiphsicdlngoperadiearhs (whigktabod of
the invention with its current parametrization |earned fromthe today's

avai | abl e S%Gg%ﬁi%?;er 8XRIROESs fhk) ASpAURRs). TR ShrdgHohd dBRhaARRAIRES ONS
with less than 5 fal se positive assignnents anong 1000 unrel ated sequences

wh an Nt etk St M dGinba LIEORE Waphed Juif ME R e Obr t N
Invention In"a Tirst aspect, the present 1rnvention refates to a Hethod for
i dentifying candi date teins with N-termnal Nnyristoylation fromthe
know edge. of e faimingsit ABY e 19w es aticiRE @redisfionis spig P warERg! spresgf an
conput ational analysis of the N-term nal segnment of the primary structure
of the querypsHeaneally eandicd seyristaydptionesite R pradistian & thetuprotpnsapith higher a
scoring system based on (i) sensitive profile extraction, (ii) physical
property regeoreesisndd also be favored substrates of NMTs. At the same time, this simple

approach cannot always reflect the naturally occurring different affinities to the

enzyme in the relative size of prediction function scores.

For better judgment whether further experimental verification will be feasible for a
candidate sequence and estimation of the general reliability of a prediction, the scores
are translated into a probability of false-positive predictions applying generalized

extreme value distribution functions (Eisenhaber et al. 2001).

In sequence space, the correct motif can occur incidentally with a certain probability.
The more the scores of correctly predicted sequences differ from the scores of non-
myristoylated proteins, the lower will be the probability for false-positive predictions
and the higher will be the credibility of the prediction. The prediction method of the
invention with its current parametrization learned from the today’s available sequence
examples allows even large-scale database annotations with less than 5 false positive

assignments among 1000 unrelated sequences with an N-terminal glycine.



(1i1) conpensatory effects over nmultiple positions, and b) determ ning by
experinental verification whether a protein selected in a) is a substrate
for myri swoyiBoCoAs protein N-nyristoyltransferase. Step b) pica/Rrozvosset ed with
proteins out of a reduced candidate list. In a preferred enbodi nent, the
scores obtained by step (a) are translated into probabilities of

fal se-positive prediction (al). Thus, by conplenenting the score function
with rigorous statistics in formof a ge®eralized extreme val ue
distribution, a quality neasurenent of the nyristoylation signal of

i nvesti gated sequences can be provided. WO 03/014746 PCT/ EP02/ 08524 9 The
net hod of the invention can be qaﬁ@hag(gukﬂgo&humn single target studies
(e.g. studies aimng at identifying a protein as a therapeutic target) and
in |large-scal e bionolecular sequence database scans. In a second aspect,

the present 1j QVERE bYRact, ThébRSert Qn@enﬁgﬁrﬁaﬁieg %0 Bfﬁ@ﬂhﬁ& 'fQPl(ﬁhﬂ@rﬁﬂglt Qdﬂdldatc

combi ni ng profile-based sum scores (Sprofile; (1)) with spe terns

Sumar zod SRS fre %ﬁﬁﬁ%ﬁ?ﬁ?@g@‘nd'ﬁgm%&e”%w B Bl N

profile extraction é@% .For a sensitive profile extraction (i), the PSIC
al gorit hm ( SeARFAES, CePHPINg ilggggpslog used, which is a powerful profile
extraction technique that assigns both sequence- and alignnent

position-specific weights gElsenhaber Bork, and Ei senhaber 1999; Sunyaev
a) computational analysis of the N-terminal segment of the primary structure of the

query protein and deciding the candidate’s status by applying a scoring system

based on
) sensitive profile extraction,
(1)  physical property requirements,
(11)  compensatory effects over multiple positions, and

b) determining by experimental verification whether a protein selected in a) is a

substrate for myristoyl-CoA:protein N-myristoyltransferase.
Step b) is conducted with proteins out of a reduced candidate list.

In a preferred embodiment, the scores obtained by step (a) are translated into
probabilities of false-positive prediction (al). Thus, by complementing the score
function with rigorous statistics in form of a generalized extreme value distribution, a
quality measurement of the myristoylation signal of investigated sequences can be

provided.



et al. 1999). Wth this technique, the corrected relative occurrences
p(a,i) of amno acid types a at given notif positions i fromthe gapl ess
mul ti pl e wbiogionemé of the N-termni (except the possi bl e PETHPO2/ORF24

met hi oni nes) of the conplete |earning set of known nyristoylated proteins
is determned. It should be enphasized that this nultiple alignnment
contains many highly simlar alignnents with |[ittle sequence variations
often affecting only a few positions. To® WD 03/ 014746 PCT/ EP02/ 08524 10
extract a maxi mum of information, an effective nunber n(a,i)eff of
observations of amno acid type a at alignnent position i is conmputed and
finally det ghgim@Hodof the ienti® darl be dafriedi d&f bdth i idgl€ftarght stlidies gorpat i on
is carried out over all amno acid types b. The value n(a,1)eff is thought
to depend o skl ar it : j t 0 N l NO
acid type agm}ﬂr%gt%\gﬁ{g |Hg h‘?réé‘ﬁ?)‘@% Ial m&fl:%%gicﬂégégﬁuQﬁgé%%gqﬁgngymgyﬁﬁgnti cal
al i gnnment pgsi tilonz f(&a i%@i rbat heC Islubset of sequences having the sane

am no acid V&o?fu%rss ‘}eaﬁ e S?)%sal Yion i is used as sinil arity neasure
and is set equal to the probability of identical alignment positions for
n(a,i)eff in random sequences. The solution of the equatiop f(a,i).
=jgn(ai)ir E“ P&FC%’Fa?SP?“éf thg Jyreseat wyentipn rﬁE‘l‘PSetP ao‘FOWPFgétBé’i‘i‘Hﬁﬁ’co &‘%ﬂtb‘é‘ti ons
of amino acid a at position i in the alignnent. The value gb is the

defaul t freqo@hiyngoprofita-basedend scquse (Hproie; (1)) with special terms for the conserved

physical  properties including compensatory effects, summarized as

Sppt ((ii) and (iii)).

S= Sproﬁle + Sppt

Sensitive profile extraction (i)

For a sensitive profile extraction (1), the PSIC algorithm (Sunyaev et al. 1999) is used,
which is a powerful profile extraction technique that assigns both sequence- and
alignment position-specific weights (Eisenhaber, Bork, and Eisenhaber 1999; Sunyaev
et al. 1999). With this technique, the corrected relative occurrences p(a,i) of amino
acid types a at given motif positions i from the gapless multiple alignment of the
N-termini (except the possible starting methionines) of the complete learning set of

known myristoylated proteins is determined.

It should be emphasized that this multiple alignment contains many highly similar

alignments with little sequence variations often affecting only a few positions. To



in a sequence database. The final profile matrix Si (a) is calculated as
(Sunyaev et al. 1999) pa, i S;(a)=in. qo These values represent the
subscor eswof03gi4rgé e positions i that sumup to regional PCarEPS2/0852Hi N
their defined regions. WO 03/014746 PCT/ EP02/ 08524 11 Sregion Si ieregion
The regi onal subscores finally enter Sprofle adjusted with a wei ghting
factor aregion, enphasizing the inportance of key positions, and a

normal i zation condition aprofle, conperdfating for the different |engths of
t he sequence regions. a profile 1 profile _ length = a region region _

| ength region The conplete profile score term Sprofle can therefore be

ci rcunst ant iepfr@dl a2fmaklRWTE: inforRb@dr, | 8 ffectiv® mafbee anﬁg}! SMSHs8B/afiths' 801 ONS
The profile is conputed over about 40 amino aci ds fol I'0Wi ng the obligatory

query. Sequeeums REd % R ERGH B30y LR SahBHand ity aqOmBREER o

position range corresponds to sequence segnents show ng detectable
property deviations in N-termnally .
(a,i),;

P(a’i)= zn(b’;)eﬂ .

b

The summation is carried out over all amino acid types b. The value n(a,i)qs is thought
to depend on the overall similarity of sequences having the common amino acid type a
in the alignment column considered. The frequency of identical alignment positions
fla,i) in the subset of sequences having the same amino acid type a at alignment
position i is used as similarity measure and is set equal to the probability of identical

alignment positions for n(a,i).;in random sequences. The solution of the equation
fla,i)=>" (e
LA A qb
b

for n(a,i)ey estimates the number of independent observations of amino acid a at
position  in the alignment. The value g is the default frequency of amino acid type b

in a sequence database.

The final profile matrix S,(a) is calculated as (Sunyaev et al. 1999)

S,(a)= lnM.
qtl

These values represent the subscores of single positions i that sum up to regional

scores within their defined regions.



N-nyristoyl ated proteins conpared wth unrel ated sequences. Physi cal
property requi renents and conpensatory effects ((ii) and (iii)) The

functi onawofidrom7eé nultiple residue correlation terns w t POTAEPOZ0%524 O

physi cal properties (P) conposing Sppt is selected in such a nmanner that
cl ear deviations from value ranges in the |learning set are penalized. At
the sanme tine, conpliance with the WO 03/ 014746 PCT/ EP02/ 08524 12
consensus signal extracted fromthe | earldi ng set results in a zero score
(but not in positive scores). Tj(P) O0if P<-Pj = -(P-Pj~/(26~) if P>P
Herewith, it is recognized that the formof physical ternms in Spilt may
reflect the present rough understangiqg of requirements of the polypeptide
binding site in nyristoyl-CoA'#t'ot g&f),'N-nyri stoyl transferase. A possibly
specific role of different amno acid types at certain sequence positions
m ght be not well discerned. Definitely, it can differ anong species. In
its current r ol atqi i t = j = i ncl udes e foll ow ng
terns descr i@?n%gw@%]d%-% (Sz%ogigsjnh%l/%%enrgéllo%’ﬁ‘iﬁ{g aa?l}%sﬁesdl %{ﬁ% anm%{%%ﬂn%of%%% Gregion;
conpensations for resjdues on pgsitions 2 and 3, as well as conpensation
of bul ki nes $MphasiEB t]ﬂﬁjgppqrgﬁch of kgy gositions, and a normalization condition @qfe,

compensating for the different lengths of the sequence regions.

. profile_length = Za,egmn -region _length

region

a profile

The complete profile score term Sy, can therefore be circumstantiated as follows:

Sproﬁle = z ,aproﬁlearegionS region

regions

The profile is computed over about 40 amino acids following the obligatory
N-terminal glycine for all entries of the learning set. The scores for query sequences
are calculated only for positions 2 to 17. The latter position range corresponds to
sequence segments showing detectable property deviations in N-terminally

N-myristoylated proteins compared with unrelated sequences.
Physical property requirements and compensatory effects ((ii) and (iii))

The functional form of multiple residue correlation terms with respect to physical
properties (P) composing S, is selected in such a manner that clear deviations from

value ranges in the learning set are penalized. At the same time, compliance with the



respectively overall size limtation (positions 2 to 11) within the
catalytic cleft (ternms To, T3 and T8); Limted extent of hydrophobicity
on positiwol3di4amed 3, hydrophobicity conpensations on poPCTiEPN%0HB24 9 and
10, as well as between positions 2 and 5 (terns T1, T4 and T7); WO

03/ 014746 PCT/ EP0O2/ 08524 13 Spacer region (position 6 to 17) that should
not contain too many hydrophobic resi d; s, evaluated by the average of
opti mal matchi ng hydrophobicity (termT % Flexibility conpensations in
the selective binding region of positions 3 to 5 (termT5); Certain
polarity requirenents for positions 5 and 6 (term T6). Each of these nine
physi cal cordndehausssigsal weirgdted droac drr Baming setiresultsipar kaocoenbut @ot @ s t he
sum above in formof the natural |ogarithmof a probability distribution
function topBecOMRREGPI € with scores fromprofile conputations. A
Gauss-like “distribution was assunmed for val ues outside the all owed val ue
ranges (see fornula for T(P) above!). Furthernore, there are penalties
with fixed thresholds that are al sp added to Sppt.: _To_exclude

si gnal pepti de sequences, the cal str ctural ¥eaf s Grlis of their

hydr ophobi c region are penali ig‘gj %PF gehzt) ﬁobP&I?jy in a sequence

wi ndow of 4 amino acids exceeds a certain thrédhol d (termT9 and Tlo);
Penalties are al so given for extraordinary residues on special positions in
concordance with the conpositional analysis and the kinetic neasurenents

Herewith, it is recognized that the form of physical terms in S,, may reflect the
present rough understanding of requirements of the polypeptide binding site in
myristoyl-CoA:protein N-myristoyltransferase. A possibly specific role of different
amino acid types at certain sequence positions might be not well discerned. Definitely,

it can differ among species. In its current formulation, S,

includes the following terms describing

e Side-chain volume limitations and mutual volume compensations for residues on
positions 2 and 3, as well as compensation of bulkiness between position 7 and 9,
respectively overall size limitation (positions 2 to 11) within the catalytic cleft

(terms Ty, Ts and Ty);

e Limited extent of hydrophobicity on positions 2 and 3, hydrophobicity
compensations on positions 8, 9 and 10, as well as between positions 2 and 5 (terms

Ty, T4and Ty);



(term T11). WO 03/014746 PCT/ EP0O2/ 08524 14 The purpose of introducing Sppt
consists in excluding sequences as unlikely candidates for nyristoylation
due to urwoPBoad74é nt egral sequence properties conpared w POTEPE2/0852ar Nni Ng
set. Estimation of the probability of false positive prediction (a 1)
Furthernore, it was sought to facilitate the interpretation of the scores
generated by the programof step a) for users that are not famliar with
the prediction function and to nake t hd3obt ai ned scores conparable with
scores calculated for other features (for exanple prediction of GPl-anchor
sites; Eisenhaber et al., 1999) This problemwas solved by further
applyi ng, i Spidepfiregios dpeyiisdsent7) chatt iduidueNédredin 166 Rarlyhydrbphdbite
framework of statistical theory by calculating the probability of false
positive predi&i I Lk 1Ly L Del e ces of a
ot i1t ch i E T Re Al oy R cPiee 0T bt n b 8 SRR Tl c BERHAL P0°T O
score Sis normally distributed, then the probability P of a score S to be
| arger than a.threshold Sth is desgribed. b n,. extreme-yal ue distrihution
(Al tschul et 5?‘?"‘%@@4?""\'&]’?‘1%at&€ﬁe‘rna e, SSCCLYE @P?‘&‘&l I%W¥@9F§8ﬂ%§bé9 et al .
2001): -f (St%%nnggf>8th):l-e-e i -u)" f(S(h)=Y- AI(Sth =1

5

b

e (Certain polarity requirements for positions 5 and 6 (term T).

Each of these nine physical conditions is weighted according to its importance and
enters the sum above in form of the natural logarithm of a probability distribution
function to be comparable with scores from profile computations. A Gauss-like
distribution was assumed for values outside the allowed value ranges (see formula for

T;(P) above!).
Furthermore, there are penalties with fixed thresholds that are also added to Sy,

e To exclude signalpeptide sequences, the typical structural features of their
hydrophobic region are penalized when the hydrophobicity in a sequence

window of 4 amino acids exceeds a certain threshold (term Ty and To);

e Penalties are also given for extraordinary residues on special positions in
concordance with the compositional analysis and the kinetic measurements

(term T)).



The scores for sets of unrel ated sequences (non-nyristoylated proteins) for
the respective taxonom c groups are cal cul ated and the best reasonable

pol ynom awofastoi{iu6 i s between 2 and 6) is eval uated to dePcmiRre2/b8te4
general i zed extrene val ue distribution. WO 03/014746 PCT/ EP02/ 08524 15 So
the score of the investigated sequence can be converted into a probability
of false positive prediction. The nethod of the invention distinguishes

t hree groups of sequences: The first ond4 consists of the sequences that™
obtain positive scores. Their probability of being false positive is

maxi mum 0. 5% for the different taxonom c paraneter sets. Based on the
present undemg paRibseef Hirodli@ng SgHESRIERITh 2xOlludinh @cdMhcddl R Aniielp @6k d8ated ey
may be predicted as a "certain” nyristoylation site. The second group can
be seen as dor Wiripighilation siye to paEmicsd intpgriak seguency BIOPoies icowpanegd rwish ¢ at i on
sites with ?%ﬁ?iﬁ?s&a ween -2 and 0. They can be predicted as "probabl e",
as the probabiTity of having a score > -2 is accordingly higher (2,8%
maxi mum) . Sequences wWith scores |lower than -2 represent the third group
and wi | | notEstmaporedf tht prbblapilithef fplse goativopretioton (@alg¢nti on as protein

candi dates for N-nyristoylation. Experinental verification of

N-myri stoyl ation Whether a selected protein is a substrate for

nyri st oyl - Cohithéraio®e, it wh songhsth aydilitatrtaé ﬁﬁ@Eﬁ:tat'ﬁ)ﬁrbfblﬂa SR8 Idefidtited by Yhe
confirmed according to step b) by nethods known per se in the art, in

particul ar, pdordROMUERE foPlisdt@ it dat £ il twitOfhe rédifon Eﬁ!&‘&%n hods
gfl.ﬁ y t C

that are us inth resent 1nvention to verl e attachment o

make the obtained scores comparable with scores calculated for other features (for
example prediction of GPI-anchor sites; Eisenhaber et al., 1999) This problem was
solved by further applying, in a preferred embodiment of the invention, step (al) in the
framework of statistical theory by calculating the probability of false positive
predictions, i.e., the probability of incidental occurrences of a motif match with the
same or better score in an unrelated sequence. If a score S is normally distributed, then
the probability P of a score S to be larger than a threshold Sy, is described by an
extreme-value distribution (Altschul et al. 1994) with generalized analytical form
(Eisenhaber et al. 2001):

—f(S
P(S>Sy)=1-¢"¢ 1 Cen)

n ,
f(sth) '_‘iz.lﬂ'i(sth _u)l

The scores for sets of unrelated sequences (non-myristoylated proteins) for the
respective taxonomic groups are calculated and the best reasonable polynomial fit (i is

between 2 and 6) is evaluated to describe the generalized extreme value distribution.



nyristic acid to a protein have been described in the literature. For the
purpose of identifying |arge nunbers of nyristoylated proteins from

di fferentwOiospuggs and all WO 03/ 014746 PCT/ EPO2/ 08524 16 Ppognlihss24

organi sms, an in vitro bacterial co-expression system (Duronio et al. 1990;
Knoll et al. 1995) to obtain both NMI and the candidate protein in

reconbi nant form (sequentially expressed in Escherichia coli) can be used
(see Exanple 6). Although this method dAly indicates in vitro
nyristoylation of a candidate protein, it clearly states whether the
protein can be a substrate for NMI. |solation and purification strongly

depend on tI3Q O ERE bE tHeSihlEsbighbd sEfieREDERI B Edhvbirted idt&ﬁ%ﬂi‘bﬁaibﬂit& %f false
subcel | ul ar conpartnent: nenbrane-bound, cytosolic...). Therefore, it is

i nport ant tgoggbé?%hﬁﬁggedures t hat have been reported to be suitable for
the properties of the protein of interest. In order to deternmine the
nmyristoylation of viral proteins, the nmethod of (Schultz and O oszlan

1983) (see anpl | o can he.used. frequent |y enpl o of ei n
our i 11 cat ol Peabsibe PETCIbERED Afinthites bt BEER o SeiiBREY Hreifoind,y

i rmunopreci pitation with a specifjc. antibody against the candjdate
protein. | nCPRiiss REthecgqusnse ﬁ)@bpatmwsmvewqea-b@%pww taplebging false
addition to the nedium) helps to nonitor the proteins of interest during
i sol ati on amdsipu¢ is meziMush 0-5/» deteths slifferantnigxencamie \paranestereseito Basest on the
identifying N-nyristoylation is the use of FAB-MS (Fast At om Bonbar dnent
Mass Spect r pestityyndefSeandingt ofathe rd@B@meots ofahdINMT bndihy ppocledt, they intuyolse

(Neubert and Johnson 1995), such as GC-Ms (Gas Chronat ography - Mass
predicted as a “certain” myristoylation site. The second group can be seen as a twilight
zone, because there are also verified myristoylation sites with scores between —2 and 0.
They can be predicted as “probable”, as the probability of having a score > -2 is
accordingly higher (2,8% maximum). Sequences with scores lower than —2 represent

the third group and will not be predicted by the program of the invention as protein

candidates for N-myristoylation.
Experimental verification of N-myristoylation

Whether a selected protein is a substrate for myristoyl-CoA:protein
N-myristoyltransferase, can be experimentally confirmed according to step b) by
methods known per se in the art, in particular, if the number of candidates is not too

large.

Several methods that are useful in the present invention to verify the attachment of
myristic acid to a protein have been described in the literature. For the purpose of

identifying large numbers of myristoylated proteins from different tissues and all



Spectronetry) or HPLC-ESI-MS (H gh Pressure Liquid Chromatography WO

03/ 014746 PCT/ EP0O2/ 08524 17 El ectrospray lonization - Mass Spectronetry).
In this meooal47i terminal N-nyristoylation i s ascertai n@dTBpoziesspar i ng

t he nol ecul ar wei ght obtai ned by mass spectronetry of a protein or its
fragments with cal cul ated masses based on the am no acid sequence of the
protein. The discrepancy in weights has to correspond to the mass of the
myri stoyl anchor. Cther appropriate exarfl es for methods that may be
enployed in the present invention are the expression and characterization
of calciumnyristoyl switch proteins (Zozulya, Ladant, and Stryer 1995) or

ADP- 1 bosy| Foisble foaginRints, GRAA4aET @kl KahRprobQ8B systiar (Duirétlo fee 8! 195N

struct ural eterm nation of protein-linked acyl groups it is referred to

(Neubert an RSP 939%8)obtdtR %Sﬁldlgmhaléndl t?]ls E%E&O@dtg g%téxﬂ 11‘?3@(:‘591b?na§ form

Val idation o the predi‘ction met xecut e severa
know ed t d di dat
o val | dat o HBeHRUR SABESHY B RBZuH Ao Dnsecier et 6 ERRPETLATEINR o

bel ow. Each test s, explained in nore detail in the follow ng section
and/or in of@s @fteth%owawﬁ%tgs AR Vits MyEigtoyfation; of 3 Genshdate protein, 1t clearly
Sel f - Consi stency test (exanple 1) Jack-knife test over whole score S

(exanpl e 2) stagesoihekher fhe pretem ade aSppstratefor NMBprof i | e was cal cul ated with
the whole |earning set (exanple 2) WO 03/014746 PCT/ EP02/ 08524

Isolation and purification strongly depend on the characteristics of the protein (e.g.
lipophilicity, subcellular compartment: membrane-bound, cytosolic...). Therefore, it is
important to follow procedures that have been reported to be suitable for the properties

of the protein of interest.

In order to determine the myristoylation of viral proteins, the method of (Schultz and

Oroszlan 1983) (see Example 6 below) can be used.

A frequently employed protein purification method is SDS-PAGE, followed by further
identification by immunoprecipitation with a specific antibody against the candidate
protein. In this method, incorporation of *H-labeled myristate (via addition to the
medium) helps to monitor the proteins of interest during isolation and purification

processes.

A more accurate method for identifying N-myristoylation is the use of FAB-MS (Fast
Atom Bombardment Mass Spectrometry; (Carr et al. 1982) or combined analytical
methods (Neubert and Johnson 1995), such as GC-MS (Gas Chromatography - Mass

Spectrometry) or HPLC-ESI-MS (High Pressure Liquid Chromatography -



18 Scores for proteins that are reported not to be nyristoylated (exanple
3) Correlation with experinental kinetic data (exanple 4) Conparison

wi th al t ewoasiovg4gr edi cti on net hods (exanple 5) In order wPaT@EPar/O€594 whet her
the chosen paraneter sets describe the available information on N-termna
nyristoylation sufficiently, it was investigated whether the chosen

| earning set can be predicted itself (self-consistency test). Mny

predi ction techni ques suffer from over-pgdranmeterization; i.e., a too small

| earning set nmay be over-fitted with a too | arge set of paraneters so that

it perfectly predicts the present |earning data but actually fails to

descri be t hgl&u@kmay C 2nigdtdhl €m Miags | $fec@binkrP) Y In Athi® FR#IA! . NOoinal
sequences closely sequentially related to the learning set would be

predi ct ed. ﬂ}ﬁlgggggfalﬁbﬁ% 'ﬁ%iﬁﬁi %ﬁc&?%%{x%frgaﬁ?dlé ?aIriné"Lij%ﬁteiﬁﬁaiﬁe?i l%’eﬁl'ﬁl eed to

test for suc I'n thi's sche i cted sequence 1I's exc d

fromthe learnin recedure. Two.tvpes of.jack-knjfe tests have been
applied. In SP?‘férOfr%Pgtoc%tae%rP{e"{ Wex\sg?g%ﬁ?ﬁ%g“hscé’ U@ﬁeéiemﬁﬁgs %@pﬁaége YR t he
conpl ete | earning prochére (including profile _derivation). In a second
variant of @fE Seargack Af the prateip. ThedisgerRancy & weights,hag &9 eqrresponstofhgmass
executed with all sequences but the predicted sequence was |left out for the
cal cul at i on of 8fe ieystoxdahghor\Wher eas the first jack-knife test checks the
whol e procedure for paraneter over-fitting, the second test is a specific
control for the parameters of the chosen physical property ternms. WO

03/ 014746 PCkh&PaRirOpitdtd exhfhples for methods that may be employed in the present

invention are the expression and characterization of calcium-myristoyl switch proteins
(Zozulya, Ladant, and Stryer 1995) or ADP-ribosylation factors (Randazzo and Kahn
1995). For high-resolution structural determination of protein-linked acyl groups it is

referred to (Neubert and Johnson 1995). More detail is contained in example 6.

Validation of the prediction method

The inventors executed several acknowledged tests and comparisons between
predicted and experimental data to validate the methodology proposed in this invention
which are listed below. Each test is explained in more detail in the following section

and/or in one of the examples at the end of this document.
e  Self-Consistency test (example 1)

e  Jack-knife test over whole score S (example 2)

e  Jack-knife test over Sp,, while S, was calculated with the whole

learning set (example 2)



The scientific literature provides lists of proteins that are reported not
to be nyristoylated despite of their N-term nal glycine. The perfornmance
of the nmewbw®doof746 t he i nvention was al so tested for thesePpotEPNY/08ER4

candi dates for false positive predictions. Finally, the regression between
affinity constants for several octapeptides towards the enzyne and the
respective scores generated by the programwas anal yzed. In sumary, the
present invention provides a novel nethd® for the identification of N
terminal N-nyristoylation that only relies on the primary structure of
proteins. This technique is also useful for the selection of targets from

| arge bi onol ecul ar SREkS R6Drotdik AR aRSeporhd xﬁ@ﬂilﬁearh%/ﬁétsﬂﬁféﬁ (&faniphe3)

i nvention, the novel algorithminplenented in a software tool, not only
eval uates am no acid type preferences on single positions with the

power ful profil e'exﬁ()ﬁtei)ﬁtlon withtsxperimentd kingtic datas(sxpaplald) zes devi ati ons from
the physical-chem cal requirenents for several positions that either show

I d _of iation. h ' k
vt stoyl at e pr o el gDt BRERA RGO BRI of ot

including multiple sequence positions. For the quantification of the risk

of fal se podnbideetadsiifyrwiwsiiier thehshos@Opaeamser td dessriexh€dvdilable information
probabilities of false-positive prediction using a rigorous statistical

approach. GoyeR-tetnigaln hﬂﬁs{oﬁiali@ﬁ) isufierfly, ihGafBhiQE Fﬁ@@ RASRkEr! e tdhoSen

invention, it becones féasible for the "first time to scan |arge

bi onol ecul arleaﬁgé’gé}f‘:g{’ggh%%@dsitéﬁgﬁ‘?g&@@%@ getsﬁr otein substrates for

N-term nal nyris aut omat e proposed invention is WO
03/ 014746 PCT/ EP02/ 08524 20

Many prediction techniques suffer from over-parameterization; i.e., a too small
learning set may be over-fitted with a too large set of parameters so that it perfectly
predicts the present learning data but actually fails to describe the biological problem
In its entirety. As a result, only sequences closely sequentially related to the learning
set would be predicted. The so-called jack-knife or cross-validation test is designed to
test for such cases. In this scheme, the predicted sequence is excluded from the

learning procedure.

Two types of jack-knife tests have been applied. In the first test, the predicted
sequence was excluded from the complete learning procedure (including profile
derivation). In a second variant of the jack-knife test, the profile matrix calculation was
executed with all sequences but the predicted sequence was left out for the calculation
of 8, only. Whereas the first jack-knife test checks the whole procedure for parameter
over-fitting, the second test is a specific control for the parameters of the chosen

physical property terms.



a precious tool in the post-genom c era where the enornous anount of data
can only be nastered with conputational approaches. Exanple 1

Sel f - conswetoancar4¢ est The i nfornmation of the nyristoyl ati @aTmPn2/6850f a set
of test candidate proteins has been derived froma selected |earning set.
However, to check whether this know edge has been converted successfully
into the paraneters of the prediction nethod of the invention, it was
exam ned how t he program woul d predict tife | earning set itself. The program
of the invention was shown to be capable to predict 359 of the 368 (97.6%
entries within the Eukaryota m nus Fungi plus Viruses set. Wth the fungal
speci fi ¢ parmaseicémificiitesdtur providey ligstofl ptdtsifs tthatMatd répoitedOnSt 36 ElCy
with different substrate specificity, all 22 fungal entries (100% were
positively pieRiciRel ddBhe B Bidir NGSmiiRAL g1¢QHL TR erRemBAR M CthE thetiiRFof ab! €
1) attract attention because they shownhjor discrepancies wth the
consensus descr.ipt |. t I,f ¢ Sgvera RF i bos tion.
factors) ha\?/f}ze 5%‘26?1&@%0%5 ta(tl;S%bgﬁg Ir(refllr |f°srt glf?étgeoéé("ﬁgnc&é@?% eéntké?éh% b(lsété‘ée) .
However, the entries listed in Table 1 do not share the notif of the
experinentaﬂ*%hQEWFfied proteins and are annotated only as potential (score
| ower than -2). Penalties by the program arise because of the three
consecutive | arge hydrophobic residues that should be hard to acconmnodat e
in the size Finakly; the rperessian beaversy sffigity\ermptmes: foy sevard metapeptidys sgwardy the
substrate positions 2, 3 and 4. Isoleucine or valine on the critical

posi tion 5 whiynhe arsl the respective scores generated by the program was analyzed.

In summary, the present invention provides a novel method for the identification of N-
terminal N-myristoylation that only relies on the primary structure of proteins. This
technique is also useful for the selection of targets from large biomolecular sequence

databases.

The central element of the invention, the novel algorithm implemented in a software
tool, not only evaluates amino acid type preferences on single positions with the
powerful profile extraction method PSIC, but also penalizes deviations from the
physical-chemical requirements for several positions that either show a general trend
of deviation from the average properties of known myristoylated proteins or have been
tested for compensatory effects including multiple sequence positions. For the
quantification of the risk of false positive assignment, the scores were translated into
probabilities of false-positive prediction using a rigorous statistical approach. Given
the high reliability of the method proposed in this invention, it becomes feasible for the
first time to scan large biomolecular sequence databases and to annotate protein

substrates for N-terminal myristoylation automatically. Thus, the proposed invention is



situated within a narrow ring of negatively charged aspartates should al so
be strongly disfavored. Mutation of octapepti de GNAAAARR t o GPAAAARR
resul ted wo dsos&46f the ability to becone nyristoyl ated (PCaviiper/oss4 al .
1988b). Therefore, proline on 2 in STK HYDAT (P17713) can have a simlar
effect by dramatically reducing the flexibility of the substrate. The
obtained results show that these 9 entries do not match the
N-nyristoylation consensus pattern. Th@Pefore, it is assumed that these
protei ns cannot be good substrates for NMI. Exanple 2 Jack-knife tests In
the first approach, the sequence that should be predicted was |eft out of
the conpletg prb@ammtioaginprhe@e@t;geﬁoﬁmérh ville®d tHeneffowshansdundlof dataran toxly

cal cul ations). The net hod use for profile extraction with sequence and

posi tion-spegi.fi | i g ntage that in spite of the
subsets w t%gééd%&f%g}g%rgﬁ%g@&%béﬂﬁgﬁg?' differences contribute to the
extracted information. Therefore, the values calculated for the profile
matrix vary even when a sequence from a subset of honologues is left out.
For the |l arge set of eukaryotes and viruses, but w thout fungi, 353 out of
368 (95.9% Elsegluianfes are still predicted to have a nyristoylation site.
From the snal feP fungal set 21 of 22 (95.5% WD 03/014746 PCT/ EP02/ 08524
22 sequence%t I)(_smai.n reco%ni zed by the program As expected, the entries
that failed Y0 BEEPYS i ed within the sel f-consistency test are once
again out o

f.the prediction |limt. .In dition. sonme very distinct but
ST 1 ust eCRPRgt G BEmy Shyaonmafy B4 B 157 Ao protels s bech
derived from a selected learning set. However, to check whether this knowledge has

been converted successfully into the parameters of the prediction method of the

invention, it was examined how the program would predict the learning set itself.

The program of the invention was shown to be capable to predict 359 of the 368
(97.6%) entries within the Eukaryota minus Fungi plus Viruses set. With the fungal
specific parameters, which are very restrictive to maintain consistency with different

substrate specificity, all 22 fungal entries (100%) were positively predicted.

The 9 entries that could not be predicted (see table 1) attract attention because they
show major discrepancies with the consensus description of the motif. Several ARFs
(ADP ribosylation factors) have been shown to be myristoylated (Randazzo and Kahn
1995). However, the entries listed in Table 1 do not share the motif of the
experimentally verified proteins and are annotated only as potential (score lower

than -2).

Penalties by the program arise because of the three consecutive large hydrophobic

residues that should be hard to accommodate in the size limited pocket harboring



profile matrix when they are |eft out and cannot be predicted anynore
without their contribution to the profile, as expected. The second

j ack-kni fwotest47shions t hat Spp, paraneters are stably deripeadiPor/ossed he

| earning set. Therefore, the sequence that should be predicted was |eft out
of the calculation of Sppt but not Sp,of/e, resulting in a constant
profile matrix throughout the whole test The fact that for both paraneter
sets the prediction accuracies fromthe2lsel f-consistency test were reached
(97.6% f or EUKARYOTA- FUNG +VI RUSES, respectively 100.0% for FUNG )
signifies that the learning set is |large enough for a reliable

det er m nat i efibstrhtetfisitiohy 2| 8 ahd ar Mdducinetcd vatine Hh thderiti@lpoditione 5 wiieh [sesul t's
of the first jack-knife test show that the | earning set of sequences is

still too sg@ldted Rlthfd a rﬁrﬁ)@ ﬁng%fh g”attt'vé’lg éﬁfargteﬁ%sppcfrﬁtés sRold N Edtron @nur ¢ her

enl arged | earning set that nmay becone val | inthe future wll
i nprove the f ted hat ,
wi t hout nakPLS%V%re% o g%t{ fto%?%ﬁéﬁ&éep%ﬁ% féﬁttﬂ%ﬂ‘%‘“ﬁ%ﬁﬁﬁ re%uﬁ%deg’c P ?Sp?flt on
and w t hout m)lflcatlon of t he asso ed s updat ed | egr ni ng
set includi ff 2nilyt Brbﬁf‘&??l“%’dtﬁ’é{%é“é%aﬂ“b \gﬁé}nﬁtcr%fo eP¥ ltl%an%
N-term nal M%I ation available at a Iater date can be applied with

the method P T Rd7883ocay peve@TsiERbp/ G5 by devmativally redwinge thees f or
proteins that have been reported not to be nyristoylated One of the reviews
(Bouti n 199T7lexibilgy of thetsaltmtdbased on data by Tsunasawa (Tsunasawa,
Stewart, and Sherman 1985) with proteins that have been investigated for
nyristoylation, but did not have nyristic acid as attachnment despite of
their N-termheadbtained results show that these 9 entries do not match the N-myristoylation

consensus pattern. Therefore, it is assumed that these proteins cannot be good

substrates for NMT.

Example 2
Jack-knife tests

In the first approach, the sequence that should be predicted was left out of the complete
learning procedure (both profile and physical property calculations). The method used
for profile extraction with sequence and position-specific weightings has the advantage
that in spite of the subsets with similar sequences even small differences contribute to
the extracted information. Therefore, the values calculated for the profile matrix vary
even when a sequence from a subset of homologues is left out. For the large set of
eukaryotes and viruses, but without fungi, 353 out of 368 (95.9%) sequences are still

predicted to have a myristoylation site. From the smaller fungal set 21 of 22 (95.5%)



gl ycines. Table 2 presents the scores that the nmethod of the invention
generates for these sequences. In conplete concordance with the

experi menwe,03notTéc of them woul d be positively predicted. PCTatPor0gE24 s based
on data by Tsunasawa (Tsunasawa, Stewart, and Sherman 1985) and Boutin
(Boutin 1997)). It lists proteins that were reported not to be
nmyristoylated with the scores they obtain by the algorithmof the
invention. The threshold for predictioﬂ2mjth the attribute "probable is a
score higher than -2.0 and, thus, none of them does have a nyristoylation
site according to the present wunderstanding of the notif and in agreenent
wi th the |itequehtds@emiinasqgaizéd 69 thieprafian) Adfexpéded, dheehtiied matailed to be
N-Myristoylation with experinmental kinetic data The enzyne

Myri stoyl - Cofdiad RitRinNnE¥EIE-Sb R P RSE §fedSiRRe %gﬁﬂ’é%?ﬁﬁ%&&i@&ﬁu ligf! fvi si ae

has been subject to extensive kinetic neasurenents to examne 1ts substrate
specificity (T r . . I ant i fyi the affi.ni.t
constants of gé@%‘%}) 6‘%3’7@6(11&%%? E%?lﬁk%pé%f%ﬁlﬁ%cg %{9 ?gﬁei %rrrlla\% F%@ i lf’%( %5 is a
difficult task.as can bhe seen by crude discrepancigs ~wthin the provided
at . For e RilF BICRRa RO BENSHOH! FHbEAEA ARG &R PRIy
specified with 31, respectively 105 gMin one paper (Rocque et al. 1993),
whil e an earcpntaputbiojteapiofile, b§ etpsciéther val ues for the same octapeptides
(Km [ GNAAAARR] = 60 gM Km [ GSSxsKPK] = 40 gM (Tow er et al. 1988b). It is
clear that these results can only be conpared within one series of
experi nment s Ths seband pcleknife pestdhogs dmatn$pypdramtterssarel stitdy tdenped ditour ¢he
solutions...) and experiments by different people, although fromthe same
group, w || |@@tingrsey i TRref¥Re theysdgiencafligt should be predicted was left out of the

calculation of S, but not Sz, resulting in a constant profile matrix throughout the

whole test. The fact that for both parameter sets the prediction accuracies from the

self-consistency test were reached (97.6% for EUKARYOTA-FUNGI+VIRUSES,

respectively 100.0% for FUNGI) signifies that the learning set is large enough for a

reliable determination of the physical property terms. At the same time, the results of

the first jack-knife test show that the learning set of sequences is still too small for a

stable derivation of the profile parameters. An enlarged learning set that may become

available in the future will further improve the rate of correct positive prediction. It

should be noted that, without making any changes to the approach outlined in this

description and without modification of the associated software, an updated learning

set including also protein sequences with experimentally verified N-terminal

myristoylation available at a later date can be applied with the method presented.



val ues. However, the relation of the affinities, certifying which
substrates are binding better than others, should remain constant. In the
gi ven caswO WBhes7mati o of the Km even toppl es, attesting GuaAAReRes28-f ol d
hi gher affinity (lower Km than GSSKSKPK, controversial to previous data
where GSSKSKPK was supposed to bind better than GNAAAARR. Nevert hel ess,
the scores predicted by the nmethod of the invention coincide at |east
qualitatively with nost of the experinmeRdal data (Figure: Correlation
between the negative logarithm of experinentally derived Kmfrom yeast
substrates and the scores <calculated with the fungal paraneter set).
Foll ow ng the nore recent publication (Rocque et al. 1993) that was al so
used for di Exuspledn of the species dependent substrate specificities, the
scores for the respective octapeptides were calculated, which all had to
be extended with a common linker region. Single nmutations in the derivates
of CAMP- dep@pg@fforRpir&tb@l haf hiRSReDMOANRRB B3 enyRfktdylegase or decrease in
the WD 03/014746 nglEP02/08524 25 score propofﬁ?%ggﬁzfo t he negative

| ogarithmof the affinity. But also GARASVLS nmintains the proportion,
Shovind ¢ halorsobr Rl deTkRe) @AAR! 1967 ARYI A0 basli ol bYCTaRRRNANCE

context (after nultiple nutations recogni zed at least in’part by the

p
al gorithm fort unat.egl GLYASKL S |.l, as. GS PK suffer from.the
rof e pat SEpeE e, S e Siin PRiB R e o e e
position 2 to 4. O course they are predicted positjvely, but_their scores
do not ful fmmtqyéat@pdwd&%ncafllfiv%mffpst&ewdléﬁattafsﬁraﬁmtqﬁém%éhwﬁ@n@mwal

context of the other sequences. Finally, the score for
glycines. Table 2 presents the scores that the method of the invention generates for

these sequences. In complete concordance with the experiments, none of them would
be positively predicted. (Table 2 is based on data by Tsunasawa (Tsunasawa, Stewart,
and Sherman 1985) and Boutin (Boutin 1997)). It lists proteins that were reported not
to be myristoylated with the scores they obtain by the algorithm of the invention. The
threshold for prediction with the attribute ‘probable’ is a score higher than 2.0 and,
thus, none of them does have a myristoylation site according to the present

understanding of the motif and in agreement with the literature.

Example 4
Correlation of predicted N-terminal N-Myristoylation with experimental kinetic data

The enzyme Myristoyl-CoA:protein N-myristoyltransferase from Saccharomyces
cerevisiae has been subject to extensive kinetic measurements to examine its substrate

specificity (Towler et al. 1988b). Reliably quantifying the affinity constants or



GSSKSKPK woul d suit better for the values published earlier, raising the
question which experinmental results are nore correct. The remaining
sequenceswibasevere show t he expected behavi or with a hi gheCTsror/essbor
substrates with higher affinity to the enzyne (Figure). Exanple 5
Conparison of the novel prediction function with conmonly used prediction
nmethods So far, the only avail able tool for prediction of nmyristoylation
sites has been the pattern search wi t h 28ROSI TE. Apart fromits value for
several other applications, it is not adequate given the conplexity of
this special notif. Last updated over 10 years ago, the concept of

al I owi ng onkyyristdyilatioheeklsdifisels ofdifficuloaaskcad ciry peSseer byi argle digeaspahdiens
will never be able to reflect the dependence on the sequence context for

the recognigiia thy pPdVided ¥atd 3¢ S Léath1EGhé BEQ B Aeaptptidd GRAALARK Skt

status, this approach even produces fal'se negative predictions for proteins

ArFe. ot o [ESUSUAR e Bt L SR RTO LR Bt W0y 55857,

[ P42526], HI PP HUNA P41211], H PP _RAT [P32076], DROVE [ P42325],
NECD_BOVI N [lﬁg@ssﬁ tle c%f’mwl{cejmé@js qthar VﬁL\m B HoF o 2P tERED oad
simlarity with these sequences...). O course, updatin of the PROSITE
motif will €Bmreetasrkisod aM;d%eLGssawm‘s%mb@r@e&yd@méél-dgg&)dhamkmc@aﬂ y

boost the nunber of false positives, because the allowance of further am no
aci ds makeshdshaewdtakcapadrilprie exsparetbvathtromorseries of experiments as they are

depending on many factors (like temperature, solutions...) and experiments by
different people, although from the same group, will not provide exactly the same
values. However, the relation of the affinities, certifying which substrates are binding

better than others, should remain constant.

In the given case, the ratio of the K,, even topples, attesting GNAAAARR a 3-fold
higher affinity (lower Ky) than GSSKSKPK, controversial to previous data where

GSSKSKPK was supposed to bind better than GNAAAARR.

Nevertheless, the scores predicted by the method of the invention coincide at least
qualitatively with most of the experimental data (Figure: Correlation between the
negative logarithm of experimentally derived K, from yeast substrates and the scores
calculated with the fungal parameter set). Following the more recent publication
(Rocque et al. 1993) that was also used for discussion of the species dependent
substrate specificities, the scores for the respective octapeptides were calculated, which
all had to be extended with a common linker region. Single mutations in the derivates

of cAMP-dependent protein kinase GNAAAARR cause an increase or decrease in the



In conparison to the predictions for proteins reported not to be
nyristoylated (table 2, 100% correctly not predicted), the PRCSI TE pattern
recogni tiwo 0aow7de predict nyristoylation sites for 3 of PoEsEPIyeRIaLeNces
(62.5% correct), respectively even 5 (only 37.5%correct) after a

consci enti ous update. Table 3 shows the performance of the tool of this

i nvention conpared to a PROSITE pattern search wwth the current notif

(ol d, producing fal se negative predicti 3s) and a corrected version

(updat ed) over a |l arge database. The sane table lists also the nunber of
predi ctions of a PROSITE pattern search over the conplete SW SSALL dat abase

conmpar ed t 0 gtk profHibRdN D thOhedaive 1604MABMI §0he AfiRitYRBH diso SBARAR VIS
restricted to N-termnal glycines (possibly after a | eadi ng nmethionine),

whi ch is not._j i {s : I I : 3 I ci ng
the i gni y. e SRSkt shOSAHSHA noF DR shil RS dtohe Bl k6 B

di stingui sh _between an on- cific .suhstrate WO 03/ 014746

PCT! EPO) 0aSSnees; Cpette e duDBER BB bR SR o el PRGNS o ¢ he
| ess stringent paraneter set derived froma |earning set containing
eukaryan andl8fifn- sequences but none from fungi. Finally, by using the
informati on of al ready known nyristoylated proteins restricted to certain
am no acids, the PROSI TE approach will never be capabl e of finding distinct
moti fs, wheltfortunatdlynn C&ngﬁau@s well| ps | 88K SKEKyi aiffer  Fomstthet profiteor NMT
due to conpensatory effects. As can be seen fromthe conparison. The

probl em of peuerezatigoBédausena] theéio infelqatritamit@ncids atosositiber 2 s54.00H\tduisea
sinple profile or pattern search al one.

they are predicted positively, but their scores do not fulfill the order of affinity derived
from the experiment in context of the other sequences. Finally, the score for

GSSKSKPK would suit better for the values published earlier, raising the question

which experimental results are more correct.

The remaining sequences however, show the expected behavior with a higher score for

substrates with higher affinity to the enzyme (Figure).

Example 5
Comparison of the novel prediction function with commonly used prediction methods

So far, the only available tool for prediction of myristoylation sites has been the
pattern search with PROSITE. Apart from its value for several other applications, it is
not adequate given the complexity of this special motif. Last updated over 10 years
ago, the concept of allowing only a limited subset of amino acid types on single
positions will never be able to reflect the dependence on the sequence context for the

recognition by NMT.



Exanpl e 6 Experinental verification of the predicted nyristoylation The
conput ati onal approach has the practical advantage that, anong the many
avai | abl ewproawei7as, exanples unrelated to N-term nal nyri SCoEPAYISSH can be
unsel ected. Thus, the resulting |ist of candi dates becones very small. The
hi gh-scoring hits are certain substrates for this protein nodification. It
Is also feasible to check the remaining hits with |ower scores for
N-nyristoyl ation experinentally with exi“®ting techniques. There are
several ways to verify the attachnment of nyristic acid to a protein. For
the purpose of identifying |arge nunbers of nyristoylated proteins from

di fferent tisaesresQBlsOthis/apprdaC w6 ek falseaftgativt @dicassfobp®@teins
organisns an in vitro bacterial coexpression system using reconbi nant NMI

and candi datg, g %ﬁlsfbﬁa’i%ﬂul%t%e%h '%nﬁé@rb%séﬁﬁnhﬁnf ARPEIHOMARPRB S, VerY

efficient (Duronio et "al. 1990 However 'S on Y I ndifcates in vi
I t
whether it CHFOCHIRK IR, SCAEORY JBRERL CRERT Rt g8 38
hod .
cukaryot 1o AP by BairgTan Hibp SSUFIANS ﬁ%&l@éﬁ oL R CRRde7ed o
1995) a) E. coli is transfornmed with Bl asm ds that direct ex&zﬁessmn of NMT
(Veston et ACAH1DBOMEBRB4I3I§h NECD BOVINGBIO Wit NEQYH ARLEAkdt6I8A] andext

si mul t aneous resistance to anmpicillin and kananycin is selected for (100
g/ M of eacimany dthirs ¢habskerl brqadairaddrity with these sequences...). Of course, updating

of the PROSITE motif will correct this failure, but as a consequence also dramatically
boost the number of false positives, because the allowance of further amino acids

makes the weak pattern even more common.

In comparison to the predictions for proteins reported not to be myristoylated (table 2,
100% correctly not predicted), the PROSITE pattern recognition would predict
myristoylation sites for 3 of these sequences (62.5% correct), respectively even 5 (only

37.5% correct) after a conscientious update.
p

Table 3 shows the performance of the tool of this invention compared to a PROSITE
pattern search with the current motif (old, producing false negative predictions) and a
corrected version (updated) over a large database. The same table lists also the number
of predictions of a PROSITE pattern search over the complete SWISSALL database
compared to our algorithm. For fair comparison, the PROSITE search was restricted to
N-terminal glycines (possibly after a leading methionine), which is not implemented in
the usual PROSITE pattern, thereby producing the highly unrealistic numbers of

predictions. As PROSITE cannot distinguish between any taxon-specific substrate



b) Plasmid DNA fromtransformants is prepared and restriction endonucl ease
di gestions used to verify that both plasm ds are present. c) A 20-nmi

cul ture ovodowbi7es transformant is grown at 37 Cin Luria BPCOtEPODISSS4
antibiotics to A600 of 0.5-0.7 and IPTGis added to 1 mM (NMT i nduction).
d) The culture is incubated for 40 mn, then nalidixic acid is added at 50
g/m (candidate protein induction). WO 03/014746 PCT/ EPO2/ 08524 29 e)
2-m aliquots of culture are imedi at el >27added to pol ypropyl ene tubes
containing [3H nyristate (50-100 gG/m culture; |abel should be dried in
tube under N2 prior to addition of culture). f) The cells are incubated

for 30 m n ateféréndes, tHegitedit@siealgrithnt ®ad eddubed1idthedgss Tstngedt baradieter set
coll ected by centrifugation at 4000 g for 10 min and washed with 1 m of

phosphat e- butfigredomal ilé&?nix()g BR) contdiy g%bkaxzhi? R&d %k?ln %_élﬁgeré%? ot BoRERmO 2

m crocentrifuge tube and ce trlfugedn nce agal n. I's are
resuspended . n.50 gl lysis buffer (0.24 MTris, pH 6.8, 2% SDS/ n
culture), b(g?rf%‘d for 5 mn and then centrifuged for 5 m n. The supernatant
is saved; total protein content is determ ned using BCA protein assay

(Pierce, Rockford, IL). Fipal analysis, o ristyolation is done b
Shos PAGE (1 Samiyoby bRt trednRnaityof st knsbN b HRy oted Protsing rovag oA to
N-nyristoylation of viral proteins (Schultz and Oroszlan 1983): a).
Radi ol abel i GgFtaR agunQ aeigds, tt&r BROSEHY aprepcdy Wil agved be Gapableop) findingidistisrved in
a m ni mum vol ume of 70% et hanol and
motifs, where mutation of residues still leads to viable substrates for NMT due to
compensatory effects. As can be seen from the comparison. The problem of sequence

positional correlation cannot be addressed with a simple profile or pattern search

alone.

Example 6
Experimental verification of the predicted myristoylation

The computational approach has the practical advantage that, among the many
available proteins, examples unrelated to N-terminal myristoylation can be unselected.
Thus, the resulting list of candidates becomes very small. The high-scoring hits are
certain substrates for this protein modification. It is also feasible to check the
remaining hits with lower scores for N-myristoylation experimentally with existing

techniques.

There are several ways to verify the attachment of myristic acid to a protein. For the

purpose of identifying large numbers of myristoylated proteins from different tissues



diluted to 1 mM wth Eagle nodified essential nedium supplenented wth 10%
fetal calf serum A T25 flask of each virus-producing cell line is | abeled
with 1 mwofo3ohizse nmediumfor 5 min. At the end of the | alpelrierg2/ese4 od,
cells are rinsed, lysed, and imunoprecipitated with the appropriate
nonospeci fic antiserum and protein A-Sepharose (Pharnmacia Fine Chem cals,
Pi scataway, N.J.) as described (Schultz, WO 03/014746 PCT/ EP0O2/ 08524 30
Rabi n, and Oroszlan 1979). Sodi um dodecy3® sul f at e- pol yacryl ari de gel
el ectrophoresis (SDS-PAGE) with |inear-gradient 7.5 to 17% pol yacryl am de
gels follows the fornulation of (Laemm i 1970). Gels are inpregnated with
PPO (2, 5- diaphanypbssitsiz ot inisM¥ah $h @iftoBacRrial Ackpreedisyseingidifig rdcbnbinahor
fluorography (Laskey and MIIls 1975). b) Purification of viral proteins:
Viral protei a I - PULLf y, = - bl gh- per; nce
P NM T34 cﬁi&j&h&g ﬁ?ﬁémwg{eh{l;lﬁl%l? exﬁ)t?éiéc &6 MRRE M B oRE 1{ Qe

liquid chromatography as follo I rus” pa es are recovered fromthe

medi um of cul.t ur whi. ¢ a n |l abel ed overnight with [3H -nmyristate
(0.5 ner 1 i PRI E 00 a7 0 30R SaB el iy Mets my oo 3 e
(0.05 M Tris-hydrochloride [pH 7.5], 50 MM NaCl, 1 pM EDTA) for 90 mn at
105000*g. Tﬁecaé‘ﬂéiia??eléfof%‘bl rieger&iei%wl}ﬂédy Staiese WREGER Hi Gnnke hyHPSRH B i de,
adjusted to pH 2 with trifluoroacetic acid, and applied to a Bondapak Cl18
col urm (\Wat MTABedstalsef thisglpbaatgd mathosl see (IKneltieterht 1996t i on

chromat ography is acconplished with a Waters Associ ates nodel 660 sol vent
programer, two nodel 6000M sol vent delivery punps, and a nodel 450

vari abl e wavel ength detector set at 206 nm Sol vents for reverse-phase

hi gh- performance |iquid

1. Determining N-myristoylation of eukaryotic proteins by using an E. coli

coexpression system (Knoll et al., 1995)

a) E. coli is transformed with plasmids that direct expression of NMT (Weston et al.
1998; Bhatnagar et al. 1998) and candidate protein. Next, simultaneous resistance
to ampicillin and kanamycin is selected for (100 ug/ml of each in Luria broth

plates).

b) Plasmid DNA from transformants is prepared and restriction endonuclease

digestions used to verify that both plasmids are present.

¢) A 20-ml culture of double transformant is grown at 37 °C in Luria broth plus

antibiotics to Aggo 0f 0.5-0.7 and IPTG is added to 1 mM (NMT induction).

d) The culture is incubated for 40 min, then nalidixic acid is added at 50 pg/ml

(candidate protein induction).



chromat ography are 0.1%trifluoroacetic acid or propanol with 0.1%
trifluoroacetic acid as the organic phase. Proteins are eluted in a 1-h

| i near grwdisni4sé om 0 to 60% acetonitrile at anbi ent temroarePbengs24 ol | owed
by a 15-mn linear gradient from20 to 60% propanol at 50C (Henderson,
Sowder, and Oroszlan 1981). WD 03/014746 PCT/ EPO2/ 08524 31 Annot at ed
entries not predicted with the functi on SW SSPROT- SW SSPROT I D N-term nal
sequence Annotation ARF 1 _BRARP GZL' FTRAFSSVFGNKEAR! LVLGLDNAGKTTI LYRLQVIGEV
Potential (@6361) ARF 1 PLAFO GYVSRLFNRLFQKKDVRI LMVGLDAAGKTTI LYKVKLGEV
Potential (Q@5761) ARF3_ARATH G LFTRMFSSVFGNKEARI LVLGL.DNAGKTTI LYRLQVIGEV

Potential  EPADEAQ)iqAdts 3f CAllnkrk. afd infrid i SSIyMddRY kCHTlk Mol 1A GIOES IcbKinid NET
Potential (@423 1) ARFL_CAEEL
[PH]myristate (50-100 uCi/ml culture; label should be dried in tube under N, prior

to addition of culture).
f) The cells are incubated for 30 min at 37 °C, then placed on ice for 5 min.

g) The cells are collected by centrifugation at 4000 g for 10 min and washed with
1 ml of phosphate-buffered saline (PBS). The cell suspension is transferred to a

microcentrifuge tube and centrifuged once again.

h) The cells are resuspended in 50 pl lysis buffer (0.24 M Tris, pH 6.8, 2% SDS/ml
culture), boiled for 5 min and then centrifuged for 5 min. The supernatant is saved,;
total protein content is determined using BCA protein assay (Pierce, Rockford, IL).
Final analysis of myristyolation is done by SDS-PAGE (load 100 pg protein/lane)

and fluorography.

2. Determining N-myristoylation of viral proteins (Schultz and Oroszlan 1983):

a) Radiolabeling of cell cultures

[3H]-myristic acid (0.5 mCi) is dissolved in a minimum volume of 70% ethanol and
diluted to 1 ml with Eagle modified essential medium supplemented with 10% fetal
calf serum. A T25 flask of each virus-producing cell line is labeled with 1 ml of this
medium for 5 min. At the end of the labeling period, cells are rinsed, lysed, and
immunoprecipitated with the appropriate monospecific antiserum and protein

A-Sepharose (Pharmacia Fine Chemicals, Piscataway, N.J.) as described (Schultz,



G; | MAKLFQSWAN GKKYKI | VWGLDNAGKTTI LYNYVTKDQ Potential (P34212) ARF_PLAFA
GLYVSRLFNRLFQKKDVRI LMWGLDAACGKTTI LYKVKLGEV Potential (@4650) ENTK PI G
GSKRI | PSRMBSBSTYEV/MFTALFAI LMWLCAGLI AVSW.T Potential  ( P98®C4)EPHBEFRHUVAN
GAHLVRRYLGDASVEPDPLQVPTFPPDYG-FPERKEREMWAT by simlarity (P 17568)
STK_HYDAT GPCCSKQTKALNNQPDKSKSKDVVLKENTSPFSONTNNI VH by simlarity (P17713)
Table 1 WD 03/014746 PCT/ EPO2/ 08524 32 Proteins reported not to be
myristoylated Probability of ID Nternm3al Sequence Score FALSE positive
Ref erence prediction (%9 OVAL_CH CK GSI GAASVMEFCFDVFKELKV - 3. 178 5. 61
(Palmter, Gagnon, and
Rabin, and Oroszlan 1979). Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) with linear-gradient 7.5 to 17% polyacrylamide gels
follows the formulation of (Laemmli 1970). Gels are impregnated with PPO
(2,5-diphenyloxazole; Amersham Corp., Arlington Heights, III.) for fluorography

(Laskey and Mills 1975).
b) Purification of viral proteins:

Viral proteins are labeled and purified by reverse-phase high-performance liquid
chromatography as follows. Virus particles are recovered from the medium of cultures
which have been labeled overnight with [3H]-myristate (0.5 mCi/ml) by pelleting
through a cushion of 20% sucrose in TNE buffer (0.05 M Tris-hydrochloride [pH 7.5],
150 mM NaCl, 1 mM EDTA) for 90 min at 105000'g. The drained pellet is dissolved
in 6 M guanidine hydrochloride, adjusted to pH 2 with trifluoroacetic acid, and applied
to a p Bondapak C;3 column (Waters Associates, Milford, Mass.). Gradient elution
chromatography is accomplished with a Waters Associates model 660 solvent
programmer, two model 6000M solvent delivery pumps, and a model 450 variable
wavelength detector set at 206 nm. Solvents for reverse-phase high-performance liquid
chromatography are 0.1% trifluoroacetic acid or propanol with 0.1% trifluoroacetic
acid as the organic phase. Proteins are eluted in a 1-h linear gradient from 0 to 60%
acetonitrile at ambient temperature followed by a 15-min linear gradient from 20 to

60% propanol at 50°C (Henderson, Sowder, and Oroszlan 1981).



Wal sh 1978) (P01012) LGB2_SOYBN (Hyl dig-Nielsen et al.
GAFTEKQEALVSSSFEAFKA -4.546 10.44 1982) (P02236) HBG 1_PONPY
GHFTEEDKAVOISIOVWEHO/NV - 17. 735 67.46 (Slightom Bl echl, andPCTREPLEBES)
Smithies 1980) CR&_SCOM CKI TFYEDRNFQGRCYECST -7.139 22.48 (Chiou et at.
1990) (P19865) MYG HALGR GLSDGEVWHLVLNVWGEKVETD - 22. 332 77.84 (Bl anchetot et
al . 1983) (P02162) CYC _APTPA GDI EKGKKI FVQKCSQCHTV -17.723 67.43 (Linmbach
and Wi 1983) (P00017) GBAS BOVI N GCLGNSKTEDQRNEEKAQRE - 5. 809 16. 02

(McCal lumet al. 1995) (P04896) ACT 1_ACACA GDEVQALVI DNGSGMCKAGF - 15. 954
61. 44 (Vandekerckhove, Lai, (P02578) and Kom 1984)

Annotated entries not predicted with the function
SWISSPROT-
SWISSPROT ID N-terminal sequence
Annotation
ARF1 BRARP
GILETRMFSSVFGNKEARILVLGLDNAGKTTILYRLOMGEV Potential
(Q96361)
ARF1 _PLAFO
GLYVSRLFNRLFQKKDVRILMVGLDAAGKTT ILYKVKLGEV Potential
(Q25761)
ARF3 ARATH
GILFTRMFSSVFGNKEARI LVLGLDNAGKTTILYRLQMGEV Potential
(P40940)
ARF3 CAEEL
GLFFSKISSFMFPNIECRTLMLGLDGAGKTTILYKLKLNET Potential
(Q94231)
ARFL_CAEEL
GLIMAKLFQSWWIGKKYKIIVVGLDNAGKTTILYNYVTKDQ Potential
(P34212)
ARF_PLAFA
GLYVSRLFNRLFQKKDVRILMVGLDAAGKTTILYKVKLGEV Potential
(Q94650)
ENTK_PIG
GSKRIIPSRHRSLSTYEVMFTALFAILMVLCAGLIAVSWLT Potential
(P98074)
NB8M_HUMAN
GAHLYRRYLGDASVEPDPLOMPTFPPDYGFPERKEREMVAT by similarity
(P17568)
STK_HYDAT
GBCCSKQTKALNNQPDKSKSKDVVLKENTSPFSQNTNNIMH by similarity
(P17713)

Table 1



Table 2 WO 03/014746 PCT/ EP0O2/ 08524 33 Nunber of predictions with PROSI TE
pattern search and with our algorithm for the conplete SW SSALL dat abase

90939 seqwersms47¢d 9. 01. 2001) (M G al
PROSI TE updated 1726 685963 Qur al gorithm 699 Table 3 WD 03/ 014746
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