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[ 0003] Genetic testing is often used to detect genetic diseases in an

i ndi vi dual . However, when the disease allele results froma mnor nutation
in the DNA, it may be nore straightforward to use the expressed protein,

rat her than the gene, as a bionmarker for disease. [0004]Wth the advances

of proteom ¢ t gehng &N FORBETECTING' DREAYE BloMARKERS

CROSS-REFERENCE TO RELATED APPLICATION

[0001]  This application claims benefit of, and priority from, U.S. provisional
application No. 61/491,489, filed on May 31, 2011, the contents of which are hereby

incorporated herein by reference.

FIELD OF THE INVENTION

[0002]  The present invention relates to methods for identifying an expressed

biomarker for a genetic disease.

BACKGROUND OF THE INVENTION

[0003]  Genetic testing is often used to detect genetic diseases in an individual.
However, when the disease allele results from a minor mutation in the DNA, it may be
more straightforward to use the expressed protein, rather than the gene, as a biomarker

for disease.

[0004]  With the advances of proteomic technologies, hundreds-to-thousands of
candidate protein biomarkers have been identified. These markers not only provide
better understanding of disease mechanisms, but also may be useful clinically as

diagnostic markers.

[0005]  The human plasma proteome and peptidome have been extensively exploited
as providing secreted plasma proteins as protein biomarkers [1-3]. However, there are a
few drawbacks to this general approach. First, not all disease-related proteins in disease
cells are secreted into the bloodstream. Second, even when marker proteins or peptides
are secreted into blood circulation, the existence of such secreted proteins or peptides
may be difficult to confirm, given the several-order-of-magnitude higher abundance of

the classical plasma proteins such as albumin and immunoglobulins. Third, many of the



candi date protein biomarkers have been identified. These markers not only
provi de better understandi ng of di sease nechani sns, but al so nay be useful
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pepti done have been extensively exploited as providing secreted plasma
proteins as protein biomarkers [1-3]. However, there are a few drawbacks to
this general approach. First, not all disease-related proteins in disease
cells are secreted into the bl oodstream Second, even when marker proteins
or peptides are secreted into blood circulation, the existence of such
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[0007] = The mutation may comprise insertion, deletion or substitution of one or more
amino acids as compared to a non-disease proteolytic peptide, or may comprise an
alteration in post-translational modification as compared to a non-disease proteolytic

peptide.

[0008] The method may further include one or more of the followirig: separating the
polypeptide fraction from cellular debris in the cellular extract prior to the identifying;
proteolyitcally digesting the cellular extract prior to separation of the polypeptide fraction
from cellular debris or the polypeptide fraction is proteolytically digested subsequent to
separation from cellular debris in the cellular extract; lysing cells from the in_dividual that

are affected by the disease to obtain the cellular extract.

[0009] In the method, idehtifying may comprise mass spectrometry techniques,
including for example MALDI-TOF, LC/MS/MS, high resolution LC/MS, MRM or SRM
techniques.

[0010] Insome embodiments, the genetic disease is hemoglobinopathy or
thalassemia, and the cells affected by the disease may be red blood cells. The mutation
may be in an a-globin chain or in a 3-globin chain. In some embodiments, the

proteolytic peptide may consist of a portion of SEQ ID NO. 2 or SEQ ID NO. 3, which



pol ypeptide fraction fromcellular debris in the cellular extract prior to
the identifying; proteolyitcally digesting the cellular extract prior to
separ at i oNoabh11e605pol ypeptide fraction fromcell ul ar deBCIr$Geo12t0n&9s

pol ypeptide fraction is proteolytically digested subsequent to separation
fromcellular debris in the cellular extract; lysing cells fromthe

i ndividual that are affected by the disease to obtain the cellular extract.
[0009] In the nmethod, identifying nmay conprise nass spectromnet ry techni gues,
i ncludi ng for exarrpl e MALDI - TOF, LC M5/ M5, _high resolution L

SRM t echBPgigadnclydss 20tpash S@B%f Téﬁﬁwm‘@reweﬁl@ Ygeridwgsd 4&ild 2 gk ‘éEQsID

hemg! ODNRGRRE PID LPRL RS G G A Hblo81,BE GEGI R Ba o sease may

be red blo atlon e’in chain or in a
P- gl obi nsaimanam aslset fspimn zeryhmehonﬁﬁEQsID Nbe 2r it dnlsyﬂne empediteds, they consi st of

a portion of SE or, ortion |nclues at | east
o of PR ReREE G- Esal ABEohy TSRO RNG" SadaBhon BREIFTNGIC 2 o Sn0
I D NO. 326bRSEQNB I@Obs)dln%ﬂﬂé%mb%ﬁi%eﬂfsofh%%d’t%@n@gagﬁlﬂg@orfs&&sdfsat5 of a

sequence as set forth in any one of SEQ I'D NCs 78. I n sone enbodi nents,

t he pr ot &esjugrdecs setdoith i aymsi of §E@fIDﬁ8@s|9én2Qif Ispang embgdimsnts\thg ch portion
| ud t eol yt
bopt | de. BSTRlRpegiadConS o ?sbidench 'sPt ST SIRALITRBED LBR P3P\ V! ©

93-201. Imscsmneniendroditsyelnt goteblyéic pegideabydists opegigudec eons fatlsinahya sequence

as set fort %%%%?ﬁﬁcgsnﬁ%gé SEQ ID NGs. 6-21. In some enbodiments, the
onsrst

pr ot eol yPPe° s of a sequence as set forth in any one of SEQ
I D NCs. 79-92. [0011] O her aspects and features of the present invention

wi || becgote!13ppadibetaspertd dhaSeartrkes of te Paskynt Siiehtion Will bureome bppapai té evi ew of
the foll ow ng_description of specific enbodinments of the invention in

conj unct fhose of ¢ Hmﬁﬂ’esk&l:@dh’i)%lﬁ ypongeviey i dee foHgwingslesdiptipmpEspepiiscrI PTI ON OF
THE DRAVLNGR1iaRkd %1" y@@n\téngl-}ﬁ ﬁﬁco%ﬂﬁcﬁ%ﬁﬁ the%b&ﬂpdnlylngsﬁgﬁ?ets &nd pa)ﬁléé’ay of

exanpl e only, enbodi nents of e present invention, are as fol

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  The figures and tables, which illustrate, by way of example only,

embodiments of the present invention, are as follows.

[0013] = Figure 1 illustrates Homozygous CS (1A), Hb H CS (1B) and Hb H PS (IC)
detected by MALDI-TOFMS. Monomers of globin chains were représented as average
mass. Although the elongated o chain was very small it could be clearly detected by
MALDI-TOFMS. The mass }accurécy of the linear mode MALDI-TOF, at 0.1%, is
enough to differentiate between o=° (theoretical mass 18481.2 Da) and oS (theoretical
mass 18516.2 Da).

[0014] Figure 2 illustrates MALDI-TOF mass spectra of proteolytic peptides from
different genotypes. The peptide profiles were obtained after concentrating and desalting
of the hemolysates of peripheral blood samples. (A) Hb CS heterozygote (0“5 a/oa, 5/8),
(B) Hb CS heterozygote with o*” deletion (—3‘76'/acsog B/6), (C) Hb H-CS disease
(aSSo/— -, 8/8), (D) Hb CS homozygote (OLCSOL/OLCSOL, (3/6) and (E) normal control.

[0015]  Figure 3 illustrates MS/MS spectra of precursor ion of 1638.76 Da and
1666.87 Da from alpha-globin CS samples. When the two peptides were subjected to



[0013]Figure 1 illustrates Honbzygous CS (1A), Hb HCS (1B) and Hb H PS
(1C) detected by MALDI - TOFMs. Mononers of gl obin chains were represented as
aver age eO2012M66¢56ugh t he el ongated a chain was very smrafisGze120oudsi be
clearly detected by MALDI - TOFM5. The nass accuracy of the |inear node
MALDI - TOF, at 0.1% is enough to differentiate between acs (theoreti cal
mass 18481.2 Da) and aPS (theoretical nmass 18516.2 Da). [0014] Figure 2
illustrates MALDI - TOF mass spectra of proteolytic peptides fromdifferent
genotypes. The peptide profiles were obtained after concentrating and
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(o?cg" oc/aoc) (A) Hb CS homozygote (0" a/a“Sa) (B) and Hb H-CS disease (a“ o/~ —)
(C) samples showing more proteolytic peptides were detected with increasing intensity

respectively.

[0017]  Figure 5 illustrates MRM spectra obtained in the triple quadrupole mass
spectrometer showing a few specific transitions selected for detection of the proteolytic

fragments from the oS allele ([SEQ ID NOs. 56, 63, 71, 75]).

[0018] Figuré 6 illustrates the interface of DeNovo Explorer software, and depicts de
novo sequence and MS/MS spectrum. The peak with m/z value of 2010.0940 from as
13612 peptide was selected for CID fragmentation ([SEQ ID NOs. 57, 68, 202, 203]).

[0019] Table 1 lists proteolytic peptides detected from samples of nine genotypes,
including hetefozygous Hb CS, heterozygous Hb PS, homozygous Hb CS, HbH-PS
disease, HbH-CS disease, compound heferozygous HbCS/alpha-thalasserﬁia 2, triple
heterozygous HbE/alpha-thalassemia 1 and HbCS, as well as normal alpha-globin type.

[0020] Table 2 lists the proteolytic peptides detected from heterozygous Hb CS,
homozygous Hb CS, and Hb H-CS disease samples ([SEQ ID NOs. 26, 40-45, 48, 49, 52,
53,57, 58, 60, 62, 69, 71, 72, 204-217]).

[0021]  Table 3 lists proteolytic peptides carrying partial Hb CS sequences, detected



[0016] Figure 4 illustrates total ion chromatogram of selected Ho CS

het erozygote (acs a/oca) (A), Hb CS honobzygote (acsajacsa) (B) and Hb H CS
di seasecowO2020p6ANP| es showi ng nore proteol ytic pepti #€3/S6Ro/0devect ed
with increasing intensity respectively. [0017]Figure 5 illustrates MRM
spectra obtained in the triple quadrupole mass spectroneter showing a few
specific transitions selected for detection of the proteolytic fragrrents
fromthe occs allele ([SEQ ID NOs. 56, 63, 71, 75]). [0018]Figure 6
illustrates the interface of DeNovo Expl orer software, and depicts de nova

sequence WHE® INEMis r%‘Béétdr‘@i’meﬂ%Berﬁé%RPW s3irRg thy 10 (S alelo ol 5846 fr om acs

156172pe I RTalqe=] 7, 68, 202,
203]) . [(F}%)élrgﬁll%%? s tﬁf?’?‘gs f)%%O%PPt}{ o peg%?g%@%g(e ?E’? éggféﬁ%lssegnpl es of

ni ne genahgppwylwab(l[&la@d@l‘ﬁ@$ éﬂdB)]/)gous Hb CS, heterozygous Hb PS,
honozygous Hb CS, HoH PS di sease, HbH CS di sease, corrpound het er ozygous

HbCS/ al p | a m t eter s, HoE/ aI al assema 1 and
HbCS, as rl\qg#]aas?%@re#g S% }fb télgpmfd P ctp%é(sgfgrtﬂ)dolfcff‘fe %II em} ‘Fl sts the
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and Hb H CS di sease sanpl es | D NGs. 40- 45, 48, 49, 52, 53, 57,
58, 60, @balasggniaftib E'pl@easzgqmg yI[ Q ID NOs. 93 201])

DETAILED DESCRIPTION

[0023] Disease-causing protein mutations, if known and easily detected, may serve as
definitive biomarkers for a given disease due to the specificity of the mutation for the
disease. However, proteins carrying such mutations are rare and often in low abundance,

making them difficult to detect.

[0024] The methods as described herein relate to direct detection of disease mutations
within a protein, by detecting proteolytic fragments of the mutated proteins as the
proteins are degraded within the cell. The methods relate to the hypothesis that the
mutant proteins involved in diseasé are typically unstable within the cell, and thus tend to
be degraded within the cell by endogenous proteases. Proteolytic peptides carrying the
disease mutation should therefore be detectable within the cell, and could serve as

potential biomarkers for disease.

[0025]  Previous methods have focussed on detecting protein biomarkers that have
been secreted into blood plasma. However, not all disease-related proteins expressed in
cells associated with disease are secreted into the bloodstream. Some of the most specific
* markers may still remain in the diseased cells. As well, even when biomarker proteins or
peptides containing a disease mutation leak into circulation, such proteins and peptides
may be difficult to isolate given the several-order-of-magnitude higher abundance of the

classical plasma proteins such as albumin and immunoglobulins.

[0026]  Another drawback to detecting disease protein biomarkers in blood plasma is
that many of the candidate biomarkers identified in fact result from the body’s response

to disease, such as inflammation, angiogenesis, fibrosis, etc., and are not related to the



[0021] Table 3 lists proteolytic peptides can-ying partial Hb CS sequences,
detected using LC-Ms from 14 different patient sanples carrying the Ho CS
al lele. TWoe2ns6bass were filtered with the Trans Prot eoRCE/SB2pelopeI@s wi t h
Pepti deProphet at the 5% fal se discovery level ([SEQ ID NGs. 22-78]).

[0022] Table 4 lists Ho E proteol ytic peptides found in several form of
henogl obi nopat hes i ncl udi ng heterozygous Hb E, honobzygous Ho E, and 13-

t hal assem a/ Hb E di sease sanples ([SEQ ID NGs. 93-201]). DETAI LED

DESCRI PTI ON [ 0023] Di sease-causing protein nutations, if known and easily
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di sease are typically unstable within the cell, and thus tend to be

degraded within the cell by endogenous proteases. Proteolytic peptides
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mutant version of the protein involved in the relevant disease for which an individual is

to be screened. Accordingly, there is presently provided a method of detecting a

biomarker for a genetic disease in an individual.

[0028]  As used herein, disease allele, or mutant allele refer to alleles associated with
or having a mutation, the mutation resulting in, causing, or being directly associated with,
a disease or disorder in an individual, and which results in an expressed protein
containing a mutation. Accordingly; disease protein and mutant protein refer to a protein
expressed from a disease allele that contains a mutation, which mutation results in, causes
or is directly associated with the disease or disorder. The fnutation may be dominant or
recessive, and may occur in combination with other mutations involved in disease. The
mutation may be an alteration or difference in post-translational modification of a |
specific protein, which differently modified protein is impiicated in or associated with

disease.

[0029] In contrast, a non-disease allele is an allele that is not associated with disease
or disorder and which results in expression of a protéin that exhibits normal protein
function as is found in a healthy individual not afflicted with the disease or disorder. A
non-disease protein is a protein expressed from a non-disease allele. A non-disease allele
or protein does not contain the mutation that results in disease associated with or directly
related to a disease allele or protein, and may be referred to as a wildtype allele or

protein, or healthy allele or protein.

[0030] A disease allele or protein is considered a biomarker, in that detection of a

mutation associated with disease can be used to confirm that an individual carries a



been secreted into bl ood plasma. However, not all disease-related proteins
expressed in cells associated with disease are secreted into the

bl oodst r esim20B1e6056f t he nost specific markers may stil PCTSGRITN/000195 he

di seased cells. As well, even when bi omarker -proteins or peptides
containing a disease nutation |eak into circulation, such proteins and
peptides may be difficult to isolate given the several-order-of-nagnitude
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[0033]  The genetic disorder may be a disorder that results in a change in the post-
translational modification of a protein. For example, the protein may lack a modification
found on a healthy or wildtype protein, may be modified at a different position relative to
a healthy or wildtype protein, or may have additional modifications not found on a

healthy or wildtype protein.

[0034]  The genetic mutation as described above results in expression of a disease
protein. The disease protein will thus have a sequence or post-translational modification
that 1s altered from a hon-disease protein, for example as expl'eésed from an un-mutated,
non-disease allele in a healthy individual. Thus, at least some proteolytic peptide
fragments of the disease pfotein will be distinguishable from proteolytic peptide

fragments generated from a non-disease protein.



or disorder and which results in expression of a protein that exhibits
normal protein function as is found in a healthy individual not afflicted
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for anot ﬁl@ma{s?n-%w@@m &h2 Ben-disease RERTSR WHIERSp codon or
exon spl ?Eﬁl(ﬁ'&%lcﬁmmt i RHHGG08- d@geggeegeﬂew@fererée tPNEBfeoRicShor ter, or

has del eted or inserted amno acids relative to the non-di séase protein.
The del efiegmenfrofiameerdiseans pieieia Wbish coriainhe Wildtxpesagrenes i tnoimutatidrs ame  shi ft

par ey 0N, An KA, SEANCARE I TR LERUIonL) Aol L AR LRe" 100 of

deletion o g sequence. e gene Ic disorder
may be andn-dedemprdtéiat results in a change in the post- transl ational
nodi fication of a proteln For exanple, the protein may lack a nmodification

found on al t t rotein,. Lfferent
post ti on GUREIE EREsGogtéoniaindRlirdh &4 oo BE Yo SeErate «bFrdy Racleeur i onal
modi fi cabieaniog Aok tHeQUNgle:Phesa thrambthitydiRaseWrbdiny Pupvaiedd he protein is

expressed in a cell-specific manner, the sample will contain the cell type in which the

disease protein is expressed.

[0037]  The individual is any individual that is to be diagnosed for a particular genetic
disease or disorder, or to be identified as a carrier of a disease allele if the disease or
disorder is associated with a recessive genetic mutation. The individual may be
symptomatic or asymptomatic for the disease or disorder, and may be any individual in
which the disease or disorder is suspected, a predisposition to disease or disorder is
suspected, or with a family history of the disease or disorder. The individual may be

suspected of being homozygous or heterozygous for a disease allele.

[0038] The method is performed on peptides obtained from cells of the individual
that will express the protein associated with or directly related to the disease. The
peptides may include soluble peptides found in the soluble fraction of a cell lysate (also
referred to as cellular extract), or may include membrane-bound peptides by first

solubilising such peptides, using routine laboratory methods such as performing a



[ 0034] The genetic nutation as described above results in expression of a
di sease protein. The disease protein will thus have a sequence or

post -t rarnsDavi2mwalssnodi fi cation that is altered froma ROmNSAR26A8&IPr ot €i n,
for exanple as expressed from an un-mutated, non-disease allele in a

heal t hy i ndividual. Thus, at |east sonme proteolytic peptide fragnents of
the di sease protein wll be distinguishable fromproteolytic peptide
fragments generated from a non-di sease protein. WO

2012/ 166055PCT/ SG2012/ 000195 [ 0035] A proteol ytic peptide refers to a

pept i de Hetargeniaxtrofticn qiipotteinn andygapkitlésnguchrtioantlet esbianerboirtdprowemsor nor e

pr ot eases. Thus proteol.yti.c pept.i.de consists a. sequence found within
Phe o1 OFssith R Bl Sl e reirceofiR it ediegt Rlo RingtRAEE der ved.
Therefore, reference to a disease peptide, proteolytic disease peptide or
pr ot eol y{0639)eptThie, iasiscoatiBbddeNd dHaidedifirsiaas endividad] soyderyded. Maéerence to a

proteol ytic fragment, of a disease protein that contains a putation in the
am no acFeWaGIBAE il sapfamprespRl vt PepHees. dishuling Riosalytic Rawfisedfeor del et ed

am no_achghidel afd¥dhy 919@&@1%gfbt@di}trbod@e%géiperpaﬁésd%etcgmaﬂ Sodbdhgrent |y
post-translationally nodified, conpared to proteolytic peptides generated
from a ndmthdi fectvmated,aisendicate belldvaranyg ther fedctie ncportion af moalluthir setase pept i de,

ild . id | yti kde f 7 di i
ref er encanraone Gl iffenbigen Bt st ooy’ SRARE N o

cont ai ns prtsulytittpepadSastriiieredia. plypaptidetiatibOBf thekelidiieatrd® an am no aci d
residue that is post-translationally nodified as found in the non-di sease
protein. 6] The s | e obt gi.ned from an individual, contains cells

B Fect ed AT ne. s BB S2h A e S ieoxe Morg i euE A P EfR | di sease
protei n. cdihftgctionkBABinitesoRIbRS BbRidsIn@ ¥BItRIS 8hklhdin@subBtduesR8&l fi ¢ manner,
the sanple will contain the cell type in which the disease protein is

expr esse&olubipsipppiee speftizsdetugant freatmayt. iAHeimatiyelyl the wawple egllulgr preragi, agnosed
for a paghtgular neld ' j [ ' . s a
carrier g?’ a ?scggtgeetg% ? %1?%33?1? é?r ﬁgﬁoél:jds@%s\g@)?th |1§1(E:)ér2 e?célgg%gsjg’c}{é?}g?egd with a
r ecessi vesqggeliettlcasapdypepnde fiimgionndi vi dual may be synptonatic or
asynptomatic for the di sease or disorder, and may be any individual in

which th i.Sea di sorder .i , redi sposition.to di sease or
di sor der ﬁ?(ghius pef:(l:lgi g%?!’%d?"l’\?&%{’?% r§m§§a?n8f§éq%gsn%a§'rﬂ;% %ﬁle}"ﬁdgusg?gssgaéig%%or di sorder.
The i ndi wiothdalar biajogh éatwuspeatddiquts. beirrgahpiepzilg alas betyse¢tignpzygous for a

gle|s|egsgf cle;ggllczﬁ' i '&qggéggﬁlarqgglhg%%dinsg, Reegz];}%}rlan\&qiqgﬂl Iﬁ)%ﬁ)tgleggastio%%ra ! ned‘ from

sonication techniques. Insoluble cell debris may be separated from the soluble
polypeptide fraction by centrifugation techniques. For example, cells may be lysed by
suspension in a hypotonic or other lysis bu.ffer, which may include detergent, followed by

centrifugation.

[0042]  If desired, protease inhibitors may be added before, during or after cell lysié to
inhibit any further degradation of peptides in the cell. Protease inhibitors, including
protease inhibitor cocktails are readily commercially available, and include for example
general inhibitors for inhibition of serine and/or cysteine proteases, including inhibitors
such as PMSF, Pefabloc SC, aprotinin, leupeptin, etc. For example, a complete EDTA-

free protease inhibitor cocktail tablet can be purchased from Roche Applied Science.

[0043] In addition, or alternatively, particular proteases, which may be non-targets

for any protease inhibitors included, may be added before, during or after cell lysis in



that will express the protein associated with or directly related to the

di sease. The peptides may include sol uble peptides found in the soluble
fracti on P 281268b055| ysat e (al so referred to as cel | ul ar PEX{SGALN2J00018F nay

i ncl ude nenbrane- bound peptides by first solubilising such peptides, using
routine | aboratory nmethods such as performng a detergent extraction of
proteins and peptides, such that the nenbrane-bound proteins becone sol ubl.e
in the soluble fraction of the cellular extract follow ng treatnent.

[0039] Thus, in the nethod, cells obtained froman individual may be |ysed.
The cel | (s t@igchpRtiGhpy Pepaie saHensedfos Shyher prosepbysicl yoteplytie digesiign

Dot S0l Y e 00 S FARE L HIFhe O R P30 EFT AL B BRI b of sease
bel ow, arfdrtiidnsefaraohiod theqrolypeptideditactibn &romahballitde cadkdebactormaydeudi ng t he
whol e celluyl ar extract if not further fractionated) that contains the

bt ot col y et ORI bE Flsbeasile Faeiue et DPeBmedEe YA el Tooar chhe cel | ul ar
extract. deBO4MpERES prtfasdeshy BEaddetlid odePbiptodRY shRifl CIRYROTddhQEdr to
obtain a pol ypeptide cell fraction containing soluble proteins and

pept i des knpwe [taigiet meoteind seduding sieeifly sganadsidybtgi@eipsrieasesep such as det er gent
treatnent. Alternatively, the whole cellular extract, which will contain

t he poly {ide L i I : ri.s, my be
used di 7 B L Bl e e o e o P SRS o Tomal
renoval eblutietpolypeptide fastiar Hpesxaohplesh yupingt sredachisivo ltebuiqaes. Hilodabgy,

| aborat ory techni que For . ex le, .cells .be .| ysed usi ng,chen cal

i ot upt | SRR o GRHERRGR: FeaBia bty iy gt oD oo Ao or
soni cat i ehisbReIEmalldemolcbillaOweibh©epilids skl fiom NMbger bivt&igpar ated fromthe
sol ubl e pol ypeptide fraction by centrifugation techni ques. For exanpl e,

cells m | ysed by suspension.in a hypotonic or other |ysig buffer,

whi ch maitog‘fﬂl yo@“‘iﬂ’é‘tsé‘rn@ olypegii¢ OBﬁg’gé’ﬁﬂgi SPB’@éFtl?eBHfles[fé’Gﬁa]elcF{l%esi red,
pr ot ease thdd RkhkdsAhShiaRYREpREAGEH IdehidCpardtlilhr@pRdesalitteh tHe Haktibysts tO
inhibit any further degradation of peptides in Fhe cell. Protease '

i nhi bi t ortleen defpsted di prglepiograase thertigssheent agwetkelati¢ perdide fragmantiof acommerci al | y
avai | abl g; f.-Qqu)r&tE'lﬁlcHQﬁinE&th@ﬁ%@ioﬁ. general inhibitors for inhibition of
or a

serine and cystel ne proteaSes, Including inhibitors such as PMSF,
Pef abl oc SC, aprotinin, leupeptin, etc. For exanple, a conplete EDTAfree
pr ot ease [P@df]bi tReutine ddboedtdry mathasis narbevecdioridéndidie proteotyticReptiee Appl i ed

Sci ence. fragments.

[0047] For example, techniques including gel electrophoresis, isoelectric focusing

(IEF), cation exchange HPLC, or mass spectrometry may be used.

[0048] In one embodiment of the method, mass spectrometry methods are used to
identify proteolytic disease peptides derived from mutant disease proteins. Such methods
are efficient, accurate methods to isolate and identify biomolecules and are well suited to
separation and identification of proteolytic disease peptides having a disease mutation
that may differ by a single amino acid or that may differ with respect to post-translational
modifications as compared to a proteolytic non-disease peptide which rhay be contained

in the same sample of a heterozygous individual.

[0049] Thus, techniques such as MALDI-TOF mass spectrometry, LC/MS/MS -
(MRM) or high resolution LC/MS may be used. Preparation of the sample fraction

containing the proteolytic peptides may be done in accordance with routine methods. For
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[0043] In addition, or alternatively, particular proteases, which may be
non-targets for any protease inhibitors included, nmay be added before,
during orwaf20ey166@hl |ysis in order to target particul RET(SEpoi2080182quences
for further proteolysis. Proteolytic digestion of polypeptides in the
sanpl e may be performed subsequent to cell lysis but before any further
separation of the polypeptide fraction frominsoluble cell debris, or may
be perforned on the pol ypeptide fraction obtained follow ng renoval of
insol ubl e cell debris. Specific proteases may be added in order to produce
speci f i c caampledhe freetiprenitthe ssmplaroninining getprgfealyies peptideivrubé miredpeci fic
serine or_.qyst.ei t . 4 LEe ept.i - . par at ed
fromlar é’vel{ryasﬁgl%ﬁ %B%lr%o@%ﬁ%?n?%g? %S;é} isnf)afl%‘gl?{é mp%inﬁ%esg%élt%g&ft %@%flﬁ%ﬁ?ﬂef or v
exanpl e Hyr LGMR) size exclusion techniques. Filtration, chronmatography,
ultracentrifugation, precipitation, and dialysis techniques nmay be used to

i sol ate er ecul ar wei gh eptides awa arger .proteins.

[ 5048] ondBBaTsHRLRHTHebE Gatert Bts wrceori MU S il bept i des from
the cel | shichalod@xyasas thRurbicopRIKEMPLRL /M /M RuAbOSRd tdFbthinGH ar
peptides within the fraction are then detected in order to confirmthe

pr esence sefucacenfondividyalinepiresin e spnplgmbateflyf in & GMSe digterqnt pergidas atent ai ni ng
th t atj 4 ' . it
e, Tt kel 04U e ARl o0t PR EUSR R BRI Y

el ect r ophaisesgiestromstoefoe atasd wedsocusnngin LC/MS/MS, the peptide is further

fragmented in the mass spectrometer to generate fragments, and one, a few, or all of the

fragments can be measured in the mass spectrometer to increase specificity.

[0051]  Thus, for example, the use of selected reaction monitoring (SRM) mode and
multiple reaction monitoring mode (MRM) can be performed using tandem MS methods

in order to identify the sequences of the particular peptides contained within the sample.

[0052] As indicated above, mass spectroscopy methods can also be used to identify
differences in post-translational modification between proteolytic peptides containing a

disease mutation and non-disease peptides.

'[0053] - If desired, the results obtained with the sample from the individual to be
diagnosed may be compared with samples containing known non-disease proteolytic
peptides without any mutation and/or with samples containing known disease proteolytic

peptides containing known disease mutations.

[0054] An exemplified embodiment of the method is described below, although it

will be appreciated that the method is not limited to the following embodiment.

[0055] In the exemplified embodiment, the disease allele is an altered hemoglobin
gene. Certain mutations within the a-hemoglobin or B-hemoglobin genes result in
altered proteins that give rise to hemoglobinopathy blood disorders such as o-
thalassemia, B-thalassemia, sickle cell aﬁemia or hemolyticanemia. B-hemoglobin

variants include, without limitation, Hb E, Hb S, Hb C, Hb D-Punjab or Hb O-Arab. o-

11



(I EF), cation exchange HPLC, or mass spectronetry may be used. [0048]1n one
enbodi nent of the nethod, nass spectronetry nethods are used to identify

pr ot eol ytwo 2di2wetsé pepti des derived from nutant di seas®CpiSG2ei2080195uch

met hods are efficient, accurate nethods to isolate and identify

bi onol ecul es and are well suited to separation and identification of

proteol ytic di sease peptides having a disease nutation that may differ by a
single amno acid or that may differ with respect to post-translational

nodi fications as conpared to a proteolytic non-di sease peptide which may be
cont ai nedeMegioRE wEAR!s dnghisteewihous limaiatipn HnbBdh Reli B Quegns, TodBypa Thus,
techni qu 1 | s: : I 1@% . hi gh

resol uti (;%?1}% %@ﬁ%}/{%&g ‘YJIE?: .a@?@ﬁ%ﬁ%‘?l&g%%E%%%thgadn@r%@¥ éac i %1§Econt ai ni ng
t he prot emltytidns thpe pavedesn ideytifiel dothe d-heracgioid anpf éhemiotlobingiehesyell oBt hods.

For exampl.e, the fraction of the_sanple containing the proteolytic
pept i des%‘a‘ ﬁélw%gmhtmthasmﬁaﬁgﬁmtw- matrix prior to laser irradiation
in a nmass spectronmeter or injected for LC MS. [0050] Techni ques such . as

t andem mgeesEPeCHERSAIRY disVRIcNMRre AId6 Jriehidfl it S RERLON A MY aBRESas are
spectroscopy (LC M5 and LC/ M5/ M5) can be used to obtain the sequence of

i ndi vi duahapetptijeddy 3 mdudtien onalskrce dfthperhoglobin phdic(evber diof eproductioept i des
are separated by a reverse phase colum according to their hydrophobicity

and spra j.nt 0 ss._spectraneter, f.or . mass surement.. I.n LC/ M5/ M5, the
pept  de NS0T M P PSSR St P By Rl SR ST SR P PR e

fr agment siemdfidbRRne. AHe@Wn-ddeaR(l.c.GfildiR) Ed@ENRTbSuEABMPE PR PSHERG | N the
mass spectroneter to increase specificity. [0051] Thus, for exanple, the use
of sel ecl@EQABPNPi dh nonitoring (SRM node and nultiple reaction nonitoring

node (MRM can be perforned using tandem M5 nethods in order to identify

e spueroes IR PR S DBA SEPVEAI ARG e saple
.[3055]]55 i ndi %ﬁ%%%Gsméﬁg%k%%ﬁTﬁ Xg/‘%/DﬁOIPﬁ[AiO be used to
Ldentity SALSDLHAHK LRVDPVNFKL LSHCLLVTLA AHLPAEFTPA

VHASLDKFLA SVSTVLTSKYR

[0058] The Hemoglobin Constant Spring (Hb CS) genotype, the most common non-
deletional a-thalassemia in Thai and Chinese, is caused by a mutation at the stop codon
of the a2-hemoglobin gene, TAA — CAA, resulting in a 31-amino acid elongation of the
of the a2-hemoglobin protein [6] (additional amino acids shown in boxed sequence) '

[SEQ ID NO. 2]:

VLSPADKTNVKAAWGKYVGAHAGEYGAEALERMFLSFPTTK
TYFPHFDLSHGSAQVKGHGKKVADALTNAVAHVDDMPNAL
SALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPA
VHASLDKFLASVSTVLTSKYRQAGASVAVPPARWASQRALL]
IPSLHRPFLVFE| ' '

[0059]  Another less common non-deletional type, Hemoglobin Pakse (Hb PS), also
occurs from a different mutation at the same position on a2 hemoglobin allele, TAA —
TAT [6, 7], again resulting in a 31-amino acid elongation of the of the a2-hemoglobin

protein (additional amino acids shown in boxed sequence) [SEQ ID NO 3L

VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTK
TYFPHFDLSHGSAQVKGHGKKVADALTNAVAHVDDMPNAL
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differences in post-translational nodification between proteol ytic peptides
contai ning a disease nutation and non-di sease peptides. [0053]If desired,

t he resulwe 20t2ms0seéd with the sanple fromthe indivi dualPCrsGler2dp@aghosed
may be conpared with sanpl.es containing known non-di sease proteol ytic

pepti des without any nutation and/or with sanpl es containing known di sease
proteol ytic peptides containing known di sease nutations. [0054] An _
exenplified enbodi nent of the nmethod is described below, although it wll
be appreciated that the method is not limted to the follow ng enbodi nent.
[0055] I n the SR&HRLHARKLEVEEN WERELSHABLYT is an altered
henogl obi n geYélASIIPKBLASHET HLIISKS R A GASMAEPRARWASORALL or P- henopgl obi n
genes result [PSLAIREFEVFHEr ot ei ns that give rise to henogl obi nopat hy bl ood
di sorders such as athal assem a, p-thal assem a, sickle cell anem a or

herol yt i §e080Ti a.Int3mpeiseg vwathi b MaC$ anksse] e blideal and h&i@atblokical dagd inon, Hb E,
Ho S, Hbo C, Hb D-Punjab or Ho 0O-Arab. a- henoglobin variants include,

wi t hout PRigntsavitly HIb-Hphasgo signifpant diferenesd§s?]- ihess oBamegebinplogeationi | and. As
wi || be appreciated, there are man t her di.sprders and .specifi c nutations
that ey EUBRER: FlSfieriel SR eBhEmemte fenBinedsr RS AREna i geneo. b
of whi chpapdatichqt7ugied within the scope of the nmethod. [0056] Henogl obin

di sorders are nost preval ent in Southeast Asia. Thal assem as are

char act er}j b reduction .or. absence of hae | obin chain (either a or
13) pro d'.[‘(ﬁ:(fqe’l n. yMglecﬁar characterization by using nusmatchg(riD }golymerase chain rezgctlon—

restriction fragment length polymorphism (PCR-RFLP) has previously been applied in

screening programs [9] to identify Hb CS and PS mutations. An initial diagnosis of Hb
CS and PS has also been previously qualitatively performed using ion exchange high
performance liqﬁid chromatography (IE-HPLC; Bio-Rad Variant) [9, 10]. However, it is
difficult to detect the peak chromatogram in its heterozygous state because of the low
abnormal Hb level due to the instability of Hb CS and Hb PS-globin mRNAs and
proteins. The appearance of Hb CS or Hb PS peak can lead to the diagnosis of either
homozygous Hb CS or severe a-thalassemia intermediate phenotype for Hb H-CS or Hb
H-PS disease [11].

[0062] Initially, reports suggested an unexpected increase of o/f ratio (>1) in Hb CS'
heterozygotes and homozygotes [22]. It was later demonstrated that there was a deficit of
o chain production in a short period of in vitro incubation ahd the excess P chain was
gradually lost with a longer period of 3-hour incubation, so that the o/ globin chain
synthesis ratio appeared to be more than 1[23]. The erythroblastic marrow cells can v
degrade unstable protein quickly but the unstable globin chain that precipitate in mature
erythrocytic cells will also be destroyed, leading to a greater amount of circulating
polypeptides of hemoglobin [24]. Additionally, minute amounts of the oS hemoglobin

may still remain in peripheral blood as it can be detected in homozygous o.“> by HPLC.

[0063]  Therefore, the present method was performed using red blood cells from
individuals, on the basis that minor globin proteins (intact form of Hb variants) could be

detected directly by mass spectrometry without HPLC separation, as described in
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[ 0057] a- Thal assemi a i s caused by del etional or non-del etional nmutations in
the a- henogl obin gene. The non-disease (i.e. w | dtype) sequence for

a2- henoglwbiznpreeiséi n is [ SEQ 1D NO 1] : VLSPADKTNV KAARGKSGAHARGEMGAEAL E
RMFLSFPTTK TYFPHFDLSH GSAQVKGHGK KVADALTNAV AHVDDVPNAL SAL SDLHAHK
LRVDPVNFKL LSHCLLVTLA AHLPAEFTPA VHASLDKFLA SVSTVLTSKYR [ 0058] The

Henogl obi n Constant Spring (Hb CS) genotype, the nbst commobn nondel eti onal
a-thal assem a in Thai and Chinese, is caused by a nutation at the stop
codon of the a2-henogl obin gene, TAA -> CAA, resulting in a 31-amno acid
el ongat i Enamgpletl helowf. Mhrsoua, dierto graenlysipeiche tlongagd femiglabimelsin,ani no aci ds

f/t gm&.?}qﬁbﬁé §eﬁ :;{&?}S G %ﬁeﬁ |nBEC eﬁ@&%\%%%g&%ﬁ@#ﬁi%spectrometric analysis.
TYFPHFDL SHGSAQVKGHGKKVADAL TNAVAHVDDMPNAL
SAL SDL HAHHI6RY DPXINEK [theSieihbdsTdsAdkdrIBAE hdriek cdhibe ShddibldAe Sl \WistetVintact

SKYRI QAGASVAVPPARWASQRALL PSLHRPFLVFE [ 0059] Anot her | ess conmon
non- del efPenandy peertide Fggapisthirpapsapiery bigd samples, fopexsrple bopsing di f f er ent

nmut at i on -t i 11.an: em i ] Iﬁﬁt> TAT [6, 7],
again regl% fi %gs?%[%e@%§% hﬁgmg(%aggneﬁ%ggltﬂ ?%{rt\(lﬂ/clf?utjﬁgﬁ cl)? t he a2- henogl obin
prot ei n §meddometonad deasribed imEkatspls thdelowi. Fusthredors gooteniys) pérSEde® | D NO. 3] :

¥$§EQESLT W Y%%%%ﬂ@% sequenced using tandem mass
spectrometry. The proteolytic disease peptides have been identified to originate from the
elongated C-terminal sequence, thus including peptides having any portion of [SEQ ID
NO. 2] or [SEQ ID NO. 3] that encompasses at least part of the extended C-terminal
region of the o2-globin gene, i.e. the part defined by amino acids 142-172 of [SEQID
NO. 2] or [SEQ ID NO. 3].

[0065] In the B3-hemoglobin gene, the non-disease sequence is as follows [SEQ ID
NO. 4]

VHFTAEEKAAVTSLWSKMNVEEAGGEALGRLLVVYPWTQRFFDSFGNL
SSPSAILGNPKVKAHGKKVLTSFGDAIKNMDNLKPAFAKLSELHCDKLHV
DENFKLLGNVMVIILATHFGKEFTPEVQAAWQKLVSAVAIALAHKYH

[0066] The Hb E mutation results in single amino acid change E — K at position 26
in the B-hemoglobin protein (the substituted amino acid is indicated in bold and

underline) [SEQ ID NO. 5]:

VHFTAEEKAAVTSLWSKMNVEEAGGKALGRLLVVYPWTQRFFDSFGNL
SSPSAILGNPKVKAHGKKVLTSFGDAIKNMDNLKPAFAKLSELHCDKLHV
DPENFKLLGNVMVIILATHFGKEFTPEVQAAWQKLVSAVAJIALAHKYH

[0067] Heterozygous Hb E and homozygous Hb E are asymptomatic, but the
.compound heterozygote with Hb E and 3-thalassemia usually exhibits a diseased

~ phenotype. Therefore, prevention and cohtrol of thalassemias should be considered [37],
since Hb E is an abnormal hemoglobin with reduced synthesis. Instability of HbE was

also observed in Hb E patients [38]. The dichlorophenolindophenol (DCIP) test was used
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SAL SDLHAHKL RVDPVNFKLL SHCLLVTLAAHLPAEFTPA VHASLDKFLASVSTVLTSKYR
YAGASVAVPPARVWASQRALL PSLHRPFLVFE [0060] I n conparison with Hb H CS di sease,
t he cliniwal2oedotsd&nat ol ogi cal data in patients wth HoPRPESGa812000195
significant difference [8, 9]. These a-henogl obin el ongation nutati ons can
interact with a-thalassem a 1 causing Ho H di sease, especially in Thai
popul ation [7, 8]. [0061] Mol ecul ar characterization by using m snatched

pol ymerase chain reaction- restriction fragment |ength polynorphism

(PCR- RFLP) has previously been applied in screening prograns [9] to

i dent i fy tHietecSiamustrige remoaglobinsuchys HinEt Tlad D@IRagstos i sapad andse@Stiend PS has

lso b V| | litatively. f i ng, | h hi gh
e or maEe SR s B8 FinsRo e PR O et bGP o g B 0]
However , addurdtSarhrédch ¢albdrednihgdat gdanbdiefop ERKE pitlcatser Qe dt Risk.t S

het er ozygous state because of the | ow abnormal Hb | evel due to the
i nst abi | t%ﬁf Hb CS and.Hh PS-gl ohi n. "RNAs and proteins, appear ance of
S

Th
Hb CS or Pretegiyiederasopeptidesion fhdssonpe bryehsen H@%g%@us Ho CS or
sever e aifNalk aRSAldod MALABEHNiALE, BRSROLYRE PhMidetathESProribh 6 PS di sease

[11]. [O0062]Initially, reports suggested an unexpected i'ncrease of a/3
rati o (>0SEQ D MNY.CSthtensompysyot wsidando.honozygotes [22]. It was |ater
denonstrated that there was a deficit of a chain production in a short

i od ' it i i O : iy [ I | ost
B th a1 (90697 il iR SRRk B Ak M G SRS BisPisp UPU BB B RGMARLY Dol
synt hesi may at a bempglebihephthyg ifdudimg for tkeaipld p2Bilassthen, frikilivsehlaastiie nmar r ow

cell s can degrade unstable protein quickly but the unstable globin chain
that pr eeslhanegizor hemehytigagenapy Impnscmhodingt, the dis¢ase i sthalpeseaaat boyed,

| eadi ng [ ri .of .circul.ating pol ypeptides of henogl obin [24].
Addi ti oné‘% %{l&ﬁd’ﬁﬁ%?’ethgﬁgag%ésoénthah%%e%}alg's henogl obin may still remain in

peri pheral blood as it can be detected in honbzygous acs by HPLC

[ 0063] ThEX0FDdr e The hanple esgve ametihbaalidsodontlr corchinisg reg bled dellofrdmcel | s
from i ndivi ua%_ls? on the basis that mnor globin proteins (intact form of
Ho vari afft ¢ f‘d be detected directly by mass spectronetry w thout HPLC
separation, as described in ' '

[0071]  The disease allele may be the a-hemoglobin gene or the 3-hemoglobin gene.
For example, the disease allele may be an a-hemoglobin gene containing the Hb CS, Hb
PS, Hb Queens, Hb J-Buda or Hb Q-Thailand mutation. For example, the disease allele
may be a B-hemoglobin gene containing the Hb E, Hb S, Hb C, Hb D-Punjab or Hb O-

. Arab mutation.
[0072] In some embodiments, the disease or disorder is a-thalassemia.

[0073]  In some embodiments, the proteolytic peptide may consist of one of the

following sequences:

VHLTPEEKSAVTALW [SEQ ID NO. 6], TALWGKVNVDEVGGEALG [SEQ
ID NO. 7], ALWGKVNVDEVGGEALG [SEQ ID NO. 8], |
WGKVNVDEVGGEAL [SEQ ID NO. 9], GKVNVDEVGGEAL [SEQ ID NO.
10], VDEVGGEALGRLLV [SEQ ID NO. 11], LVVYPWTQRF [SEQ ID NO.
12], RFFES?GDLSTPDAV [SEQ ID NO. 13], FFESFGDLSTPDAV [SEQ ID
NO. 14], AFSDGLAHLDNLKGTFAT [SEQ ID NO. 15],
AFSDGLAHLDNLKGTFA [SEQ ID NO. 16], SDGLAHLDNLKGTF [SEQ ID
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Exanpl e 1 bel ow. Moreover, due to proteolysis of the el ongated henogl obin
chain, peptide fragnents nmay be found as well by nmass spectronetric

anal ysi s.WpQoe4ileqisas, the nmet hods as descri bed herei n cROTBS20R280d019H
directly detect intact Hbacs and aPS pepti de bi omarkers from peri pheral

bl ood sanples, for exanple by using matrix assisted |aser
desorption/ionization tinme-of-flight( MALDI - TOF) nmass spectronetry as
described in Exanple 1 below. Furthernore, proteolytic peptide fragnments
can be found in red cellular extract and sequenced using tandem nass
spectronetry. Nﬂld%ﬂﬁb@HiL%@E%é@@é@tN@%]@GEAMQNILIQ@EFATLed to

te f cl udi tid
having any pordi DS ERS PE NI B AT RERITSD ol ”ehé‘%nszﬁ_s'esezt
| east part of vmgmm@mqns@mmb DEQGAS VA VPPER WA SEQ IN®, | . €.
the part defined by am.no acids 142-172 of [SE [SEQ I D NO
3]. [0065] 1 n Ak CGATENEBEABWAYEYRR I NO-Hdh %&AXSPM&@JQ - fol l ows
SEQ ID NO. 4 L
SSPSAl LGNPKVIALXUL T SECOA KNNERL ROALARCGEL RGO o0 (b D NG
DENFKLLGNVMWI 26 ASMAGKE ; QKLRSSISEAQ) D MK 2H), SORE6E PARWHAS E[SRQ at i on

P homogl obi n IO WE%@%% I 2 R A PR SR §0001 0 anc

under | i ne) [ SEQ, MAWRABNASHSEEEKARE1BLWS KI VI NVEEAGG CALGRLLWYP WI
QRFFD S FGNL SSPSAI LGNPKVKAHGKKVL TSFGDAI KNIVDNL KPAFAKL SEL HCDKL HV
DPENFKL L GNVMVIMIRTHRERERRAE AW ISR SHAIRNY- P8D67]  Het er ozygous Hb E

and homozygous, iy AR WS ASYIMBEATREEID Rief, 38118 drederazges e with Ho
E and 13-thal assem a usually eﬁhl qu;S a di sgase phenot'ype. Therefore,

preventi on andD dEht3dh| VRIAR WAISQRARLRS. EEUIRINGS 36hnsi dered [37], since Hb

£ L 2, 20nor Bk BATRLALNT o MBS ENBRASSSSNSERIEL NGV 12, £ Y=

test was used VPPARWASQ [SEQ ID NO. 38], VPPARWAS [SEQ ID NO. 39],
ASQRALLPSLHRPFLVFE [SEQ ID NO. 40], ASQRALLPSLHRPFL [SEQ ID
NO. 41], ASQRALLPSLHRPF [SEQ ID NO. 42], SQRALLPSLHRPFLVFE
[SEQ ID NO. 43], SQRALLPSLHRPFL [SEQ ID NO. 44], SQRALLPSLHRPF
[SEQ ID NO. 45], SQRALLPSLHRP [SEQ ID NO. 46], SQRALLPSL [SEQ ID
NO. 47], QRALLPSLHRPFLVEFE [SEQ ID NO. 48], QRALLPSLHRPFL [SEQ .
ID NO. 49], QRALLPSLHRPF [SEQ ID NO. 50], QRALLPSLHRP [SEQ ID
NO. 51}, RALLPSLHRPFLVFE [SEQ ID NO. 52], RALLPSLHRPFL [SEQ ID
NO. 53], RALLPSLHRPF [SEQ ID NO. 54], RALLPSLHRP [SEQ ID NO. 55,
ALLPSLHRPFLVFE [SEQ ID NO. 56], ALLPSLHRPFL [SEQ ID NO. 57],
ALLPSLHRPF [SEQ ID NO. 58], ALLPSLHRP [SEQ ID NO. 59],
LLPSLHRPFLVEFE [SEQ ID NO. 60], LLPSLHRPFLVF [SEQ ID NO. 61},
LLPSLHRPF [SEQ ID NO. 62], LPSLHRPFLVFE [SEQ ID NO. 63],
LPSLHRPFLVF [SEQ ID NO. 64], LPSLHRPFLV [SEQ ID NO. 65],
LPSLHRPFL [SEQ ID NO. 66], LPSLHRPF [SEQ ID NO. 67], LPSLHRP [SEQ
ID NO. 68], PSLHRPFLVFE [SEQ ID NO. 69], PSLHRPF [SEQ ID NO. 70],
SLHRPFLVEFE [SEQ ID NO. 71], LHRPFLVFE [SEQ ID NO. 72], HRPFLVFE
[SEQ ID NO. 73], HRPFLVF [SEQ ID NO. 74], RPFLVFE [SEQ ID NO. 75], |
SVAVPPARWASQRALLPSLHRPFLVFE [SEQ ID NO. 76], PARWASQR - |
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to detect for unstable henpgl obin such as Ho E. The DCIP test is a rapid
and sensitive screening technique. Thus, the diagnostic nethods as

descri bedwbereim6an be used as an accurate approach toP€ESeenmi2go1and

di agnosis for Hob E patients or couples at risk. [0068] The proteol ytic

di sease peptides for Ho E genotype have been identified to include the

mut ati on of amno acid 26, thus including peptides having any portion of-
[SEQ ID NO. 5] that enconpasses residue 26. [0069] Thus, in the exenplified
enbodi ment, the disease or disorder to be detected may be a

henogl obi nopat BEQ IPAP uthlrrg ALdeP SEERPIEQ B NeaI78sseni a, f 3-t hal asseni a,

sickle cell anem a or henol yticanem a. I n one enbodi nent, the disease is
a-t hal assgrd & | ‘ di ment, the disease. i - assem a. [0070] The
sanpl e ngfe/%@ a %esrgﬂ?gﬁg}%g&l%ggbgleggﬁ%ﬁeg rglosn?%} Ir?ﬁsﬁglalﬁag%k‘é ‘'ood cells froman
I ndi vidual . [0071] The di sease allele may be the a-henogl obin gene or the
3- henogl ¢d0T5]genia. some embdxdimehs, the peoteb] gemsaptidt nal eonsiyy obencadf the henogl obi n
gene containing the Hb CS, Hbo PS, Hb Queens, Hb J-Buda or Hb Q Thail and
mut at i on.fgikﬁ’i’méﬁ%ﬂ‘r‘ﬁ‘i‘@?: the di sease allele may be a f3-henogl obin gene
containing the Hb E, Ho S, Ho C, Hb D Punjab or Hb O- Arab nutation.

[0072] I n sone \aipad KIENYI SEQN® MNOSBASELOP ADKINIRA AVBGRM [SERESRO. a.
| 80], AAWGKVGAHAGEYGAEALE [SEQ ID NO. 81],

GKVGAHAGEYGAEALERM [SEQ ID NO. 82], AHAGEYGAEALE [SEQ ID
NO. 83], TYFPHFDLSHGSAQV [SEQ ID NO. 84], ALTNAVAHVDDMPN
[SEQ ID NO. 85], VDDMPNALSAL [SEQ ID NO. 86], TLAAHLPAEFTPAVH
[SEQ ID NO. 87], LAAHLPAEFTPAVH [SEQ ID NO. 88],
SLDKFLASVSTVLTSKYR [SEQ ID NO. 89], DKFLASVSTVLTSKYR [SEQ
ID NO. 90], KFLASVSTVLTSKYR [SEQ ID NO. 91] or ASVSTVLTSKYR
[SEQ ID NO. 92],
VHLTPEEKSAVTALWGKVNVDEVGGKALGRLLVVYPWTQRF [SEQ ID
NO. 93], VHLTPEEKSAVTALWGKVNVDEVGGKALGRLLVVYPWTQ
[SEQ ID NO. 94], VHLTPEEKSAVTALWGKVNVDEVGGKALGRLLVV
[SEQ ID NO. 95], VHLTPEEKSAVTALWGKVNVDEVGGKALGRLLYV [SEQ
ID NO. 96], VHLTPEEKSAVTALWGKVNVDEVGGKALGRLL [SEQ ID NO.
97], VHLTPEEKSAVTALWGKVNVDEVGGKALGRL [SEQ ID NO. 98],
VHLTPEEKSAVTALWGKVNVDEVGGKALG [SEQ ID NO. 99],
VHLTPEEKSAVTALWGKVNVDEVGGKA [SEQ ID NO. 100],
LTPEEKSAVTALWGKVNVDEVGGKALG [SEQ ID NO. 101],
TPEEKSAVTALWGKVNVDEVGGKALGRLLV [SEQ ID NO. 102],
KSAVTALWGKVNVDEVGGKALGR [SEQ ID NO. 103],
KSAVTALWGKVNVDEVGGKALG [SEQ ID NO. 104],
SAVTALWGKVNVDEVGGKALGRLLY [SEQ ID NO. 105],
SAVTALWGKVNVDEVGGKALG [SEQ ID NO. 106],
TALWGKVNVDEVGGKALGRLLVVYPWTQRF [SEQ ID NO. 107],
TALWGKVNVDEVGGKALGRLLVVYPWTQ [SEQ ID NO. 108],
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[0073] I n sone enbodi nents, the proteolytic peptide may consist of one of
the foll owi ng sequences: VHLTPEEKSAVTALW [ SEQ I D NO 6], TALWEKVNVDEVGGEALG
[ SEQ | D NYO 2712/1680SVGKVNVDEVGGEALG [ SEQ | D NO. 8], WEKVNVDENGZHR001SEQ | D
NO. 9], GKVNVDEVGGEAL [SEQ I D NO 10], VDEVGGEALGRLLV [SEQ ID NO. 117,
LWYPWQRF [SEQ I D NO. 12], RFFESFGDLSTPDAV [SEQ I D NO. 13], FFESFGDLSTPDAV
[ SEQ I D NO. 14], AFSDAAHLDNLKGTFAT [SEQ I D NO 15], AFSDGLAHLDNLKGTFA [ SEQ
I D NO. 16], SDGAHLDNLKGTF [SEQ ID NO. 17], DGLAHLDNLKGTFA [ SEQ I D NO.

18], DALAHLDNLKGTFATL [ SEQ | D NO 19 ACVANALAHKYH [ SEQ 1D NO. 20] or
VA]GVANALAHKYH [@W’RT@ %ﬁ%}g@@ ,No[ 22], GAS !
VAVPPARWAS [ S . 24], GAS VAVPPARW

[ SEQ I D NO ZE?L‘ESW@EM&%&@%@%@% “dsv PPARWASQRALLPS [ SEQ | D
NO. 27], SVAVARARWSEYN SEEVIABKELGRELY [smmma][ SEQ ID NO. 29],
%égim&qiﬁ_ %&M&EV%%(%EE%&MBP SQRALLPSL [ SEQ I D NO
33], AVPPARV\ASQ%VGM@E@V'@}MGMJ& R\/gEBWﬁ@?ALLPSL [ SEQ I D NO. 35],
VPPARWASQRAL L PS E §|D NO 3&@ VPP ID NO. 37], VPPARWASQ [ SEQ
| D NO. 38], VAI VISEREMO(NGA LG8 [SEQR] QLP HRPFLVFE [SEQ | D NO. 40],
ASQRALLPSLHRP [SEQ ID NO. 42], -

SQRAL L PSL HRPFL F%M?ﬁ%ﬁlﬁﬁg@& [SEQ I D NO. 44],
SQRAL L PSLHRPF TASEQGKIY MCDE¥EIGK SIRMEQPSINRP [6SHQ L WGKY NYBEY (BRRALLPSL [ SEQ
ID NO. 47], FLVE NO. 48], HRPFL [ SEQ I D NO
49], @AL{PSS%E?’?%%Y@L[‘%%&%@?V@%g&b lﬁg 5.[1],
RALLPSLHRPFLVB&W@@N%WG@ALgﬁnggg ol sﬁg ID NO. 53], RALLPSLHRPF
[SEQ ID NO. 54], RALLPSLHRP [ SEO | D jg ALLPSLHRPFLVFE [ SEQ I D NO.

56], ALLPSLHRPEWEERRY I‘éﬂi GRALL[ISE;QHR:T#O 8 1D NO 58], ALLPSLHRP
SEQ ID NO. 5 LLPSLHRPFLVF [ SEQ I D NO.
%1] LLPSLHRP%JL[\)%E%%%@ﬁ ‘%E@[ﬁ%\%g%ﬂ&q ID NO. 63], [LPSLHRPFLVF
[SEQ ID NO  64IL WGRSINRPENGGISERGI[BEQAD 6] |22],PSLWRIEYNYBEYGGKND.  66],
LPSLHRPF [ SE P PSLHRPFLVFE [ SEQ | D NO.
69] , PSLH[RPFQﬂ%PééI}EBHﬁId]%#B}L%gﬁﬁ%iﬁ%—)ﬁ%gésgéhwé %3? LHRPF[LVF(ED [ SEQ I D
NO. 72], HRPFLAYREGKSEQ/DBVNGK TSHQ IIblRl'(’FLl‘Q’E] [SEQ ID NO. 74], RPFLVFE [SEQ ID

NO. 75], SVAVPPARVAS LLPSLHRPFLVFEU% ‘% ,49] PARV\ASQ? [ SEQ I D NO.
771, or ALLPSILHRCKSEYPEBYRGKABFRLEYY 4] Qg@n@E@ JiPms, the di sease or

di sorder is PLWK@WE@GdI@QE@ﬂ(LHVWQ’QQE NS, 134 proteolytic
peptide may consist of one of the follow ng sequences: VLSPADKTNV [SEQ I D

NO. 79], VLSPABKGKYRVINEKGGKSHEGRIDVNGP [SEQ INNAGKRAIAHAGEYGAEALE [ SEQ | D

N0 orL USRI RS RSB AR AEALE [SE 10 MO 83
VDDVPNALSAL | $E@ KUNVDE 86GK AL ARHI FREEDRYH 3[0§5EQ ID NO. 87],
RNl NSNS N O Sl S NG ORI S 3
ASVSTVLTSKYR [SER1DRdNQ3292WGKVNVDEVGGKAL [SEQ ID NO. 133],
LWGKVNVDEVGGK [SEQ ID NO. 134],
WGKVNVDEVGGKALGRLLVVYPWTQ [SEQ ID NO. 135],
WGKVNVDEVGGKALGRLLVVYP [SEQ ID NO. 136],
WGKVNVDEVGGKALGRLLYV [SEQ ID NO. 137],
WGKVNVDEVGGKALGRLL [SEQ ID NO. 138],
WGKVNVDEVGGKALGRL [SEQ ID NO. 139], WGKVNVDEVGGKALGR
[SEQ ID NO. 140], WGKVNVDEVGGKALG [SEQ ID NO. 141],
WGKVNVDEVGGKAL [SEQ ID NO. 142], WGKVNVDEVGGK [SEQ ID NO.
143], GKVNVDEVGGKALGRLLVVYPWTQ [SEQ ID NO. 144],
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VHL TPEEKSAVTALWGKVNVDEVGGKALGRLI NVYPWIQRF [ SEQ I D NO. 93],

VHL TPEEKSAVTALWGKVNVDEVGGKALGRLLVWYPWIQ [ SEQ | D NO. 94],

VHL TPEEK SO BALNVGKOSSIVDEVGGEKALGRLLVW [ SEQ | D NO. 95], PCT/SG2012/000195
VHLTPEEKSAVTALWGKVNVDEVGGKALGRLLY [ SEQ | D NO. 96],

VHL TPEEKSAVTALWGKVNVDEVGGKALGRLL [ SEQ | D NO. 97],
VHLTPEEKSAVTALWGKVNVDEVGGKALGRL [ SEQ | D NO. 98],
VHLTPEEKSAVTALWGKVNVDEVGGKALG [ SEQ I D NO. 99], VHLTPEEKSAVTALWGKVNVDEVGGKA
[SEQ ID NO. 100], LTPEEKSAVTALWGKVNVDEVGGKALG [ SEQ I D NO. 101],

TPEEKSAVTAL IGRLGRILSBY P (B@ID N2 | 145K SAVTAL WGKVNVDEVGGKAL GR

gﬁ%ALMWéMW%@W%%MM%H SEQ I D

NO. 106], TALNBCYNYDEY/GHA tmmvmm&m&mm lm\rolﬁ)z?a],
TALV\GKVNVDEVGGKALGRLI NVYPWI' I D NO. 102‘]1%

[SEQ I D NO. 16%VN IBRDWA] 5VW%VG%LG [SEQID
TALMGKVNVDEVG&AL Lb \h@&@ﬁkf‘éé‘i@%%@é&) ID%W 43%8 I D NO
112], TALWGKVNVDEVGEKALGRL [ SEQ | D 113],  TADWGKVNVDEVGGRAL EQ I D
NO. 114], TALW@ENM@FSE@KDSE\@IDNG]153TALV\G<VNVDEVGG<AL [SEQ I D

NO. 116 TAL T. I D NGO
118] . A{MNW%%FEE&I [QBBF\?B ﬁ’é’ 19?4,]’ %W& [SEQ I D
T R A L e Coro Lo No 1o
A VR DEy oK OO B oA LG B D O M T RN S QTR 112D | D 1O
126] | VGV EERA CRUEMAYIION k@wlsgﬁﬂwvgg]w% EGRLLVWYP

[SEQ | D NO. 128], NVDEVGGKAL [ SEQ | DEVGGKAL GRL
[ SEQ | D NO. 13@) 16@%@2‘#@@@&3@ [ISE@ I1B1 INO. 131] LWGKVNVDEVGEKALG [ SEQ

20° wbhic SR B B RS D
GYDALFRANIYER!

I oL P LN com L

ID NO. 140], %@M%Wﬁﬁg M&L [ SEQ | D NO

142], WEKVNVDRXEEEVEERA LS (%413]NO @@’W@B& D&E%y qﬂ@ NSEQ I D NG

144], = GKVNVDEVGEKALGRLLVVY | D NO. 145 LGRLLV [SEQ I D
NO. 146], GKVAVDEVSHAGFEKA NO. 168y @@m@iémmm J-SEQ | D NO.

%@ﬁ%@%@%ﬁ%@%ﬁﬁ%@L@W%@%w

[SEQ I D NO  1ERHQ IKNMNDEVGSAIIRGGHAISEIL DVNEW TG 4$EQRVMMENCGEKALGRLL [ SEQ

1671 KUNVDEVE TS R4 N b P B gy ™

KVNVDEVGGKA [ SEQ1 74, NODEMGEK AKGYREEBKNGED |, RVISEVG6KALG [SEQ ID
VNVDEVGGKALGRLLWYPWIS [{ SEQ ID NO_ 162 VNVDEVGGKALGRLLWYP [SEQ | D NO.

163], VNVDEVGEHA KBINSEQLEUINO. ‘W\K}DEVGGKALGRL [SEQ ID NO. 165],

VNVDEVGGKAL GRyISER; G RANOR X868y p N@@ D NO. 167], VNVDEVGGKAL
[SEQ ID NO. 168], VNVDEVGGKA [SEQiI%§ GGK [SEQ ID NO. 170],
NVDEVGGKAL GRL VRMSGFRRE GREEY VP NGQ [SEQ [D N@Emqummmy SEQ I D NO.

NVDEVGEHAL R |G BOGFVAE R siar KRN e VIR Robeoal

VDEVGGKAL GRLLINYPWIO | SEG “Gﬂmmmgmm EEGS?ADE*%W v 1SEo 15 N6: 1801,
VDEVGGKAL GRL L VWWYPWI | D 179] . VDEVGGKALGRLLV [ SEQ I D 1
VDEVGGKALGRLLHfgllgblgf} %8% VigeRA by ISEQ ID NO. 182], VDEVGGKALG
[SEQ ID NO 1&@%6@}!@%@&\&%@#\%@ ﬁﬁq 'YREVGGKA [ SEQ I D NO. 185],
DEVGGKALGRLLWYPWIQRF | SEQ | D NO. 186 GOKALGRLLWYPWIQ [ SEQ | D NO.
187], DEV(XJ(AD@VLQGK@SE@UWWW@BHSEQE/EQ@&@DE VEEALORNOV [589)

e L RNE &%Wﬁﬁ@%&%@ﬁ%@%ﬁ%

EVGGKALGRLL [ SEQ1HD, E@GCﬁI&&lGREMWW\@RQE@E@QDDI\]@D 11985,] VGEKALG [SEQ | D
NO. 196], GGKALG?LLWYPWI’%?M 89[ Gﬂé_ WYPWI’g [[SEQ I D NO.
198], GGKALGREVARKALERLL Wi FEQ@@&Q 1@}’@@@5&1&1&@\&[@ R Dor
GGKALGRLL [SEQ ID NO 201]. [0076] Where the disease allele is an

a- henogl obi n gene containing the Ho CS or Hb
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PS nmutation, the proteolytic disease peptide that is used as a bi omarker
may be any peptide consisting of one of the peptide sequences set out in
Tabl e 3. WOQéiR)Mbisse t he di sease allele is a f3-henogl olpcw/sgene/oo@ns ai ni ng
the Ho E nutation, the disease proteolytic peptide that is used as a

bi omar ker may be any peptide consisting of one of the peptide sequences set
out in Table 4. [0078] - The present nethods and uses are further
exenplified by way of the followi ng non-limting exanples. EXAMPLES [0079]
EXAMPLE 1 [0080] As an exanpl e di sease, the method was tested in

a-t hal asseni aNehtlPENEY GHKALGREB-[SEQIP NOt B4 on8GGRAE. GR{SEQ dAND.esul t in

o dont ol STk Pop QRASI0 LR ARARGATL VIR AR I LY e,

proteol ytic psjotLildEs el GRELVYYPWET QUSBOUIDAVOe 8588, GGKAILGRIIVYire resul ts
set out bel ow _several 85]2“ des were identified that natched with the

C-terminal frbgrieH NOAWhEHBRGRIEY (REQIBONR: 204, o @aKALERLIIREQt at i ons

identified arg,\psg;t hat have been identified in peripheral blood carrying
the Ho CS (Hb Constant Spring) or PS (Pakse) allele, including

het er ozygot es and CS doubl e heterozygotes with HbE. [0081] Materials and

Met hods [W$2] BIVBoete dwrideasecadlelegs b arhenfeglabphganalcotthino thabp|GSsoriHb EDTA

wer e col bected b omNal Ghonpat nom Rge Bt 28] o AR SOk LY BL S Y 11

peptide consisting of one of the peptide sequences set out in Table 3.

[0077]  Where the disease allele is a -hemoglobin gene containing the HbE
mutation, the disease proteolytic peptide that is used as a biomarker may be any peptide

consisting of one of the peptide sequences set out in Table 4.

[0078]  The present methods and uses are further exemplified by way of the following

non-limiting examples.

EXAMPLES

[0079] EXAMPLE 1

[0080]  As an example disease, the method was tested in a-thalassemia patients with
stop-codon mutations. The mutations result in elongated a-globin that is longer than the
o-globin found in a healthy individual not carrying a disease allele, and thus would result
in unique, proteolytic peptides specific to the mutant disease allele. In the results set out
below, several peptides were identified that matched with the C-terminal fragments of the
elongated o-globin, as prédicted. The mutations identified are those that have been
identified in peripheral blood carrying the Hb CS (Hb Constant Spring) or PS (Pakse)
allele, including heterozygotes and CS double heterozygotes with HbE.

[0081] Materials and Methods

[0082] Blood sample collection: Peripheral blood samples in EDTA were collected
from Nakhonpathom hospital of Mahidol University in Tﬁailand, and KK Women’s and
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Children's Hospital (KKH) in Singapore. Ethical clearances including

i nformed consent were approved by the Institutional Review Board of Mhido
Uni ver si tWO 2BKRH66803d Nanyang Technol ogi cal University. Wr6TS8GRIIe®d)19vashed
(with normal saline) and unwashed packed red cells were processed between 6
hrs and a few days in various conditions wth and w thout adding a cocktail
of protease inhibitors. Al blood sanples were stored at -80 C.

[ 0083] MALDI - TOFMS anal ysis: One microliter of whole blood was diluted to
500 pl with 50% acetonitrile/0.1%trifluoroacetic acid. About 0.3 A of the
di | ut ed hddeenisddosppalt(K&dd)anSmgapdvial Bthitahclgatinces mmbdiizg ieformed xedenti t h an

equal volune of sinapinic.acid (MALDI_ gr S Al dri St ei nhei m
Sl tzer SIS BTSS! RAVEoR bR A Ghiterahs KR Ry oncet | c
aci d) anmahyzxngdﬁeyhﬁdlo@&mmwer%rgmefo@etm&i, whBlRdqwyth hidhhdl 28hes 3P| € was

i ntroduced into a MALDI - TOF/ TOF mass spectronet er t(4800’ _Appl ied

Bi osyst etswashsfl peddedied cellsrpre nrogested bgivesn® hehandstewedays tetasieted usi ng t he

i _ _ N ‘ . o . ;
L near  mRRALIG, T R e dRB SLRLL I P AT
MALDI : Tmiese pander-803C-gnma- Al dri ch, Steinem Sw tzerland), hydrochloric acid

(Merck, Darnstadt, Gernmany) and cocktail protease inhibitors (Roche

o enare. EPRT 1 UAREE FOFRE: Ml SRR POl ar o G T 1
m crol it @r &ith509y RzLAitkle®oids WelRrehcsSOii® dABRE 0 4w e dRitddibiesl way t he

Tris-HCL buffer. Diluted protein was further denatured in equal volune of
50% acet sMtiediont a1y tagst prmediatgly; mixed Btk an paval valiine obspariar)acidro r enove

cel | debpyis. B1eRIeY S3hf-ARNCH RAGnKOMNS Wi dad®, BRRiod (§ Rly/ndl ilispyf €s and only
t he supernatant” was Col |'ected. The supernatant contai ning peptides and

pr ot ei ns agwaenifrile/0 A trigle prorestie dcid} amblendryGn kibhientlemperatire. wEhieght  cut - of f
(MACO centrifugal filter devige (MGr I i pore r por ati.Qn, Bedford,
Usay - Th el Similt oS oG T S DU S OB PR s B REEA AT cor ect e
and pept iageEedBiosystan €atifoadie,d S ldasedlbkd chdhnge? derved asnpkiase C18
ZipTip (MI1ipore rporation, . Billerica, USA) and elyted with 2.5 [11 of
70% acet gﬂ?ﬁr 998 Oéﬁt% @@&ﬁpﬂhm S SEIAEb BYBS BEF R PR pcing

[ 0085] MALD! ndYBhtROAnMHIME anal ysis for peptide identification: Purified
peptides (0.3 I A were spotted onto the MALDI plate, foll owed by an equal

vol une of 8 ng/nL a-cyano-4- htydro'xi;ci nnaam ¢ aci d ( MALDI grade,
Si gma- Al 09841 Steptidpextrpcting; for MALRE) Trspowder (igmeAldirh; ptemsms,

acetroni Eldit‘z’&@m&%%&&xjohwﬁé 03¢ Bk kA hthstall G RhaLyS AR SodkBlil Hbiaden anmbi ent
environnent and the crystallized sanples were analyzed in a MALDI - TOF/ TOF
mass speothiniees @ochadBo@nostiop Gimddl, Biooksy 4 pilivel, Sc@ak¢, Nammheim, U8Anan3i ng

refl ector._node,for. positi .0 S ranWel ener nd_.pr ecur sor
| ans- wer oReAl pPRE st PTRRREs BRI 2R JERRALER MR Mhalcea
di ssoci andiadliefsl dD)frozAi blebd abtcalistbhgd hahdiburedrbG smspmahé Ais-HA Sufia@yv o

sequenci ng software, vo Explorer ( | i ed Bi osystens), was used to
gener at e DAUGIg¥OIgH W} ﬁg&é@é‘?ﬁéﬁg ;ra@ugﬁx%@%%%% OohRrA e iR DSt | cal | y
subm tt egh bk addl QUEKNDhASALH tze&@éﬁgp MToUsmBPe ENIARLAS hefBlRRASRS §1ﬁa{ ch.
[ 0086] Peptide extraction for LG MS: 50 mM Tris-HCL buffier in the presence
of down with 10,000 g for 7 minutes and only the supernatant was collected. The

supernatant containing peptides and proteins was further separated using a 10 kDa

molecular weight cut-off (MWCO) centrifugal filter device (Microcon, Millipore

Corporation, Bedford, USA). The eluent that passed through the Microcon spin column

was collected and peptides were concentrated and desalted using a reverse-phase C18

ZipTip (Millipore Corporation, Billerica, USA) and eluted with 2.5 pl of 70% acetonitrile
and 0.1% TFA.
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cocktail protease inhibitors, pH 7.8 (Roche Di agnostics GrbH, Mannhei m
Germany), was used to lyse red blood cells at a 1:1 proportion. 200

m crol i t ewe 20f2/1se0m| ysate was further diluted 2 tinmes i RCTIS&26Q%00195
acetonitrile and 0.2 % formc acid buffer (Merk, Danmstadt, Gerinany).

Dl uted bl ood was then spun down in order to renove cell debris, with
10,000 g for 5 mnutes and the supernatant was filtrated using the M crocon
10 kDa nol ecul ar wei ght cut-off centrifugal filter devices. The eluent that

passed thr&gﬁgh the spin colum was collected and peptides were then
concent r 40@8pJandViad - MﬁdamileSQ\@ 'amely@i8§erpﬂm@eimﬂimﬁﬂ Puifddel uted with
5ill of 70% a itrile and ri or 02 ic acid. Purified peptides
were dri é’&pttflefﬁ(gg s"beégﬂ’(\?ﬁgﬁﬁ%t % ?ft‘&r @ ?fgl?'}'dﬂlr?quglﬁ?ium urg,

Ger many) n@dﬂﬁmﬁgﬁﬁmm&&@cmﬁaﬁﬂc Béid‘?m%la%ﬁ‘&eo sigtn{atmneﬂ%t&nﬂeu@ formc
acid before submtting t 87] LC/ M5 ahd MS/ MS: A
nano LC Mvgmwl@amd@m@gd lmﬁ&%@Wimtlquﬂé“/mﬂmerqaaﬁw)md/ﬁhe plsted f or

LI ik B BRI S AR, B R LOLERLERRMA Al BUSLE sphase col um
usi ng an autos e 146n /8 AMHASE Eof umm

(1 nt egr aMALDIA me)E/TZbFafarss spectrdmebuf(nscl)ﬂAApyBé\i Bitsydted, laahﬁﬁﬁia,v(ijmm, 10 cm
sel f - packed ﬁﬁeh 4 f| nl. Cl12 reverz\/I phase particles, (Jupiter Proteo,
PhenonendRing Tflerionaiode &K PopExg 1fs ﬁé’é?ftrfié‘ferq_@@@&é'raélfiipé‘??ursﬂr BOS i n

gradi ent wWad thot@o!ve ﬂ%\?ﬁﬁﬁt@dﬁa fardm Wﬁ}%ﬁlﬁ%’ édll@smx@m@h:(@é(d%ﬁb&a@&f d) and B
(98% acetonitrile, formc acid) at ow rate of 300 nl/mn was used
to el ut e(pBPt Aﬂelsobtmh@gmdamdnws#musmdﬁ A0 \ﬁmmacg s frveage MpeNovan

LTQ O bi ) I rched with

Uni Pr ot ?gﬁ%ﬁ&ggglgﬁe%an&gﬁ{%% (fn% bh%‘ss ng t%%E@‘Fc%equences usi ng
t he Sequee:;uemrwﬂnclen@rmtcﬁﬂtmw MHBtteﬂi foll piettaim jdenti@yatiopasiag par anet ers

wer e: ificity = none, MS accuracy = 20 ppm MsS/ M5 accuracy = 0.5
Da. Post%goﬁ#iﬁe&?t?qaé?? é"h\/vas used with the follow ng setting: different
peptides, with peptide probability > 0.5. [0088]Multiple reaction

moni t ori [@aGYRl\PebndSektesétﬁﬁ O£ RIO/NES: 50 @V ITSRIISCRdfel 2@ BBrREencURE €
noni t or ed usi an LTQ |linear _ion tr SRM node was sel ected for

precur sof?% ad’gﬁf@‘i‘?f‘setlp]é‘ﬁg?lf‘m%7 %ﬁP?@rﬁﬁ%ﬂosﬁﬁ HmiHs Magihigvoemaapa miz (0.5
Da) . LC grnadidans | :?)g@?ec?‘olgcﬂ QRSHONI: tlwlﬁrédnor@o@ nhi€rofitdM &tﬂeﬁﬁ)’l sate ik

acetonitrile to Yo acetonitrile from5 to 15 m nutes, owed by washi ng
at 90% authsniliuted 2 tifgs imGe AP Yucetonianld anréoéd}(g ifprinbe agid bnffm(l\@rlz%

acet On! t n%gadp heéﬁ@{p‘g tﬁlﬁts d &M}&% \Ifas(%h un § 4083 1n451r%18mi rémé"vsel c%g I% onex3000

RSLC wit Chrom Bi oscl encas ’and a
M chrom Gaqhtllomogpfbaynﬁﬁitemdrﬂ@@sup[eﬂaﬁﬁt] Wessfilkrhed ﬁl&ﬁgﬂie[batoecrdashnaﬂdaan of

m nor gl obi | ecul ar i ght. ection o m_nor at a- gl obin
chai n by“ﬂ’b‘?"@g“f) b?utf’gc ﬁg‘afg%?gﬁ?ﬁ htevyes: dh%‘%lﬁ‘a“ﬂa&%?s ‘5‘8‘1 an be

achi evedgpin cHRIBZYSVHedil £53 pefiidbs Wt thefrcbhdehared &ilddiedded vt aHb H PS
(Fig. 1C) with nol ecul ar mass around 18481kDa . for acs and 18516 Da for aPs,

respect i vakspe- Phl@)%‘?&kﬁg%iﬁ?lpmdle@@da\glﬂméml pEBYe decienitriig @ndgﬁshét ype vvas not
aval l abl Fiﬂ AO|1| Cet&g:l(f%’uu%s (S ? WCI'C USIHUI 3 eeeg cuu OI’IC :It t
het er ozygous he eF R Af e AR TENAE r%? ﬁléfalv det ect ed.

This is expeadedsHE, HahbiRZ GeMAS) ﬁﬂl’re&é’ﬁsﬁtu@dltlﬁm)%ohﬁ%%c&ﬂﬂn&hle aHb CSin
their er throcyt es. [0091] MALDI - TOF M5/ M5 for identification of selected

pepti de 8ddadrangacid e@?‘?ﬂ%‘ﬂ’@%‘nﬁi%ﬁcﬂ‘ﬂﬁ/ﬁﬁ pietk MRMAC/MSe specific to di sease
genotypes, we tried to look for proteolytic peptides in red blood cells.

| ntact PIGYEYINS MENES ARABISRIA HRNT: Sysihln HIAPIRLRE A ALtetfaind The CUL - OF
(MACO nenbrane. The filtrate containing peptid
Netherlands) was used for LC/MS. Purified peptide samples Wele 1nJ jected onto a reverse
phase column using an autosampler. The injection volume was 1 pl. A nano column
(Integraﬁif, New Objecti\}e, Woburn MA, USA, 75 um ID, 360 um OD, 10 c¢cm) self-
packed with 4 um C12 reverse phase particles (Jupiter Proteo, Phenomenex, Torrance,

CA, USA) was used for LC separation. A 50-min gradient with mobile phases A (2%
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desalted and concentrated with a C18 Zi pTip and then subject to MALDI - TOFNMS
anal ysis. Normal donor sanples (data not shown) were tested as controls but
few peptivoe0suwb@sbe found and they did not match w t hPCHSGReIR®e&9% r om acs
protein fragnments. In patient sanples w th abnormal henogl obin variant of
Hbo CS or PS, peptides were consistently observed with [ MHl val ues of
1638.7 Da or 2010.1 Da anong others (Figure 2 and Table 1). The 2010.1 Da
peak was usually observed in freshly coll ected sanples, nostly with added
protease inhibitors. The sequences of these peptides were identified in

M5/ VB speactterittdad. Pateimadadid) andd3 O8lerasionitiles Ad Yoformisercl) ehgBowdatee- gl obi n

chain aCS159s L,72arld a 56-172 .. respectively

(Frour o SRR BT O e P idenalhe Y apt e St B S he ver v
spectra efith2I0rQOrbiarap Flighhe, BremsBSGerdrny). ftededults berdstarched#ih Such type
of D fragnentation (bn_1 + H2,0g is often observed for peptides with a
basi ¢ ani‘fbratiyngapEiLfatabaseih adied Eh @F mhEp Psosiueness usps)the

[ 0092] | deyatidi h Qo Bl 8C ifeg: dopar, acs globin
hes sUspas e e P o ey e e e e T he sane
sequence spctffrii=f faneeMS asturacyat 4@ pphoBIS/MS aPauracy -166@)a7 PoBasearstl 1454. 60 Da
--> 1482. 67 .Da, respectively. As shown.i.n Figure 3B..an addition.of 28 Da
coul o be e PatEaR Sangheinfio e SRS oisEr! firfes S FRetie bbbt rprLvre
[ SEQ I D N®.556]). This nodification could be dinethylation of arginine. A
few other peptides identified also-include this position although not all

of them met ated (1044.5, Da, 5472, 1567.7 Da, S160-172; and
2010, 1 DIOGKE 56%%1339 f‘?ﬁg%‘]‘ El?ﬁffﬁf'?gzlﬁé‘gﬁpﬁyei@m%‘&%_ BUREDdve: Al
sanmpl es t@sHhests Hefe hbSitdReH bl glaPl BQ lincap iGN &AM SRVGREdURS sfecid fordegr adat i on
products were identified with M/ as follows: 907.4 Da (aCS166472.,

1044. 5 Darecacs1bsyyrant transitigvmogtapag( widsmess wipdow of 1P2e8z -0 Deh ' 159169)
1454. 7 D%xa(i?&?’év%ﬂ% acetonitrile from O to 5 minutes, 3.2% acetonitrile to 32% acetonitrile
from 5 to 15 minutes, followed by washing at 90% acetonitrile for 10 minufes and re-
equilibration of 3.2% acetonitrile for 15 minutes. The flow rate was 4ul/min, using
Dionex3000 RSLC with a 5 um C18 column (Michrom Biosciences, 0.1 mm x 15 mm)
and a Michrom Captive Spray ESI source.

[0089] Results

[0090]  Determination of minor globin molecular weight: Detection of the minor
elongated a-globin chain by direct MALDI-TOF measurement of diluted blood samples
can be achieved in homozygous Hb CS (Fig. 1A), Hb H-CS (Fig 1B), and Hb H-PS (Fig.
1C) with molecular mass around 18481kDa for o> and 18516 Da for aPS; respectively.
Homozygous Hb PS was not tested as this genotype was not available. All samples
tested by MALDI are listed in Table 1. In heterozygous Hb CS, the elongated a-globin
chain was marginally detected. Thisvis expected as heterozygotes for this mutation have

only ~1% Hb CS in their erythrocytes.

[0091] MALDI-TOF MS/MS for identification of selected peptide sequences: In
order to find biomarkers that are specific to disease genotypes, we tried to look for
proteolytic peptides in red blood cells. Intact proteins were removed by using a 10-kDa"

molecular weight cut-off (MWCO) membrane. The filtrate conta'ining peptides was
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) 1482.7 Da (acsi61-172di met hyl at ed), 1567.8 Da (aC5160- 172), 1638.7 Da
(acsi 5947), 1666.9 Da (acsis9-172 dinethylated), 1794.8 Da (0OCCS158172),
1922. 9 Dawatfliméri2) and 2010.1 Da (aCS156172). Si m | ar pCragrentosorer e al so
found in aPS sanples. As the only amino acid difference between acs and aat
ald42 (QL42Y), proteolytic fragnents not including this particular position
are identical for both acs and aPs. WO 2012/166055PCT/ SG2012/000195

[ 0094] I dentification of proteolytic peptides with LCMS/MS: In order to
identify nore proteolytic peptides and possibly peptides fromproteins .

ot her t hagaheind ohédtrateanathfd OV8 LipTandagenusbféct © MARBI-IOFMbie purified
peptide m xture. Representative total ion chromatograns are shown in Figure
4 for a.mlyses Nepps3lgene, samphes 29aibne showmHmerpitasisdge aentipbelut fesk pentidevel y
These resy| Fndi tin ' epti fr n: re detected in
honozyg ogcg{d%ﬁ%l foﬁga Iﬁ-ﬁt{%ei gﬁ‘pqocl% g %%@%léhcq g P \81 & Ps;/es \?\Iﬁ el na?%%%&lgﬁgweﬁﬁ' trait
sanpl es. pdilthSsafp¥esvE £H61Hhal heRoglek@natiynt@f HbhES i B aeptideCarerespondi ng

dat abase search results are listed in_Table 2. As expected, proteolytic
pept i desSIBHRHR b EAgattdM B valrnollfas T Rosit 7418t Rvrmenggthers he pepti des
used to (Hant bldd Thee ) FR RN1BUSDHI ek RERIAIGTDsdrl QNG RRY PAEkG Of the a
gl obin were detected, indicating t%at the proteases in thée red blood cells
wer e t ar spatnlesgmobidy elth adied edotpase intobitans. ThresehienCS fpleask Pemwales wereHenogl obi n

et ohed (BRIEH BAANF IS, B e g R i o e SBhdesOERBRSuppor

t he assugpiid @' PHaind df S85 habpsar@lyariLKESS Snd Fufdd)n Tehdbmiane degr aded
preferentially as a body's response to the disease by attenpting to restore
r

the 1:1 FagmeitoF8sd08Pa)imtheMdSMhieqtra el AdQRoWIBIe Plerts idpsdied i ot ei n
beta-1 apgdy, gl yeep ;htﬁl%)go‘f\@ng&% cgéaﬁgxl e é@rig?ﬂ&rdﬂs&%dﬁ) dinall three

genot ypes, simlar t hat ragnents observed cane
f r om er ypéptideywith pbadieamotahidtresidnal pedngyined-G-ermhel phsgeaddsin soneway.
Proteol ytic peptides carrying partial Hbo CS sequences were detected using

reoutt o (10921 noenFiriRi At bRdineR FHB6ER: TS HLERed i S VARG g
Prophet aispédicl 15%e hakisBy SoSFRY&Imke hey fhgradils SHoW¥E HhZRtheisBqubadd Witk

[0095] MUl tiple reactionmonitoring of acs proteolytic peptides: Fromthe
LC/ VSVS didficeenbpytzay ahesd 1é%%1,335éIlgé@@'ﬂ%rﬁé&hi‘%@ '?agrlrﬁﬁr-)mp]a@ars wer e chosen
for MRM uSi N | I Cler t i i.gh LC fl ow
B e

pr oof - of atpmiineaqid posdgemrst( A LbPSLHAPFL VIER ¢SBQEDING.c56y. @hisr sor - f r agment

pairs can he nonitored j.n i.gh fhroughput fashion, . siml.ar, to neonat al
et abol | B Beabmengld ta ey B pROUd ol GRgwoButs dTpURMER on of t hese
sel ect edineRA6 HAAHRitBRArHBESh not all of them were methylated (1044.5 Da,a 310517,

1567.7 Da,a"5' 17, and 2010.1 Da,a Sy,

-

[0093] Summary of samples tested by MALDI-MS: All samples tested are listed in
Tabie 1. Signature peptides of o“® degradation products ‘were identified with MS/MS as
follows: 907.4 Da (o*'%"'"%), 1044.5 Da (a“*'**'7), 1244.6 Da (a“5'®*"""%), 1263.7 Da
(0SS15%19%) 1454.7 Da (aC516117), 1482.7 Da (a5'" 2 dimethylated), 1567.8 Da (o5'%"
%), 1638.7 Da (a“*'717), 1666.9 Da (a”*'**'dimethylated), 1794.8 Da (aCS158172)
1922.9 Da (0°5"*7"7?) and 2010.1 Da‘ (acs_156'172).Similar fragments were also found in
o® samples. As the only amino acid difference between o> and o is at o142

(Q142Y), proteolytic fragments not inclu'ding this particular position are identical for

both o and oS,
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WD 2012/ 166055PCT/ SG2012/ 000195 [ 0096] Di scussi on [ 0097] The common forns of
a-thal assem a in Sout heast Asia region are Ho H di sease and Hb Bart's

hydr opsf eveal20e/164138 af f ect ed chil dren who are conpound RETSGINHOUSS f Or
non-del eti onal nutations, especially Ho CS and Hb PS, and athal assema 1
(2-gene deletion) usually result in a nore severe phenotype than the
classical Ho H disease due to 3 gene deletion (a-thal assem a

| /a-t hal assemia 2). Furthernore, Bart's hydropsfetalis syndrome can occur
even in honozygosity of Ho CS [26!. It is therefore very desirable for

di agnost 1@094borldenfificasion of peareolytie pepsides with LEAMIM S Inoader saidentefy

hi gh-t hr I i Tradhti . i | ast abl e Hb
vari ant, %‘2’? %Eﬁogﬁﬁﬁgﬁ Ee({égg?r%é?sgﬁlb? Ige%g%ée%f Oergg r%%@%tﬁl&ﬁﬁé(‘:rla e%o &b{ﬁgnﬁ, speci al
tests suammfowdidiYIShedysgt epapaite dik, putidiat pejtaleinhixtuye. aRepreseytativeooyal e

i ncl usi on bcil?i es staini ng can be ursf&g fpy. screeni ng. However, these

pr ocedur &4 GFM3tegrams arsneyy & Hgare oo o disstipayenice AapQaysotesad gt o

m sdi agnesi : t : j 3 cific
For cort a e s e e e B e e Y g
bef or e sdttecteduh iomthizygas ahd Harké CSdemplef respectively ddtenichmgarBivithdifueat e

anal ysi s. 098].Proteol ytic peptides . i.deptifi inthis dy have the

potent | ab S b Pa RpkistPE Ry PR ey ToarPhandi b BlREEE, oi'nat e
from t her@lRngatiedd ROTAION A cifRBteaghbRbRtiE Paitiles fbRMheEIBngR&Chfic for stop
codon nmutations. Such biomarkers can be screened the sanme way as netabolic

profi | i nglobaychamgonitibyteds al thealepidas drsedetaddansify o Al GF bregeix. . The
proteol ytic. peptide nmakers.jdenti.fied in. this. stud ot disti.nguish
et weon’ PEPERE M R TRERL 1 hEE M Bt dhetlutnicie B8 ROl Il Cy o

codon pogetre®blood GelBoitrt tafdcting tigaerigiiea polish odtiad Mis CS spevifidaélyper f or ned. -
Direct neasurenent of {)rot ein masses by MS provides anot her alternative.
The nassHspealoanf grainirpgnatapeprlspgeiepted prgnsivelomdheis s§eaEFfi ci ent to

di sti ngu.{nsapchgf {o\éﬁggrﬁg pa%?.o% g{[%l(ﬂgb%%l@ Mhis %Qg%r%gg)gg%&ﬁég‘%h%2up‘u UAC, Tyr).

O her types o erm nati"on nutations suc a Dora (UAAL142UCA,

Ser) andadsigpféetiacihedthaneseiildtdedtPdloblisethain 48 de@hsd frefetentisiuedsya
identified-by direct mass nmeasurenent. The remaining two nutations, Hb

| car i a( Unadvomaponse {psthe disepspiby SehptRedR restosatiydcamtioof gyf . riatereséingly,

di fferengja r i r L ution. ESI - F i | ectron
capture g%@ ascgaglf’éto ?gér? “%E%)p%%gg%?l]i a?n? %I}g:ro b ﬁ‘%}“ﬁ‘n% En gléﬁ@ﬁ%%‘ég (3 %( such as

t rypsi n, tenysaCernrin@llhrey gehiogest, sfrilldrbwedharyf hepit 08 Odesfrhgmees pri nti ng.
[ 0099] Thebsa Si g?at ure. peptides. be otiser‘vq%(gfi n ot her nore conpl ex
genot ypeSPSCETE e RE AR EHEYERITPS E" BANETHEY NE AISPASE APORSW¥ a, whi ch

usual I'y Pf&@lﬂﬁ&pﬂﬁés!&aﬁﬁﬁg%&ﬁﬁpr 3 ehidnBesvadrt abtectblpuding 1.E/NHGehd be
poi nted out that m sdiagnosis of Ho CS in individuals with Ho E can happen

in routi htditermt antirgt snplesrarmydigdhe Mp @S ddiele; Hde aesubs wersdilerel2yigoths Hb CS/ Hb

E was de : [ . & ' ar amet er
could va?&%?goéﬁﬁy%e? E?lgﬁg?%%‘gdy[%#%?%ggééﬁﬁﬁpﬂﬁgé@s‘ghfgggggd Ps associ at ed
wi t h i ncreaseczednpiliabls 3of Ho Bart's (y4) .

[0095] Multiple reactionmonitoring of a® proteolytic peptides: From the
LC/MSMS data obtained above, selected precursor-fragment pairs were chosen for MRM
using a linear ion trap mass spectrometer running at high LC flow rate. Representative
spectra are shown in Figure 5. It is a proof-of-principle demonstration that these specific
precursor-fragment pairs can be monitored in a hi gh throughput fashion, similar to
neonatal metabolic screening. And it can be used for large scale validation of these

selected candidate markers.
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and Hb H inclusion bodies (134) [30]. Moreover, precipitation of unpaired
P-gl obin chain was found in the erythropoietic cells fromthe bone marrow
of Hb H paEOi2er6(s31]. A few studies reported that accuRGI&G2oK/000195 he

P- gl obi n chain and acs-gl obin chain was nostly observed at the cytoskel eton
part of the ghost red cell nenbrane [32, 33]. However, the nore conpl ex
procedures of extracting the nmenbrane associ ated proteins and peptides may
undermi ne the purpose for high-throughput screening. Proteol ytic peptides
fromthe excess 0O-globin were identified even in peripheral blood,

i ndi cati fig096je Disassiof- gl obin is al so degraded by the endogenous

prot eases. [00101] The proteol ytic peptides detected in all the sanples

cont ai ni e s allele originate framthe el ongated. port]j of the
2251 obi n 7T ik sPumiindngi & SRl e Spee Ao 188k yence
(a- gl obi isdast4dd Hb Biee shRksRnedisaqse Gk OBHRES WSS S6tedpMhdVeat heral | and

Cl egg using starch-gel €lectrophoresis three decades ago [34]. Beside the
ful | | engetaroaggous sororonedebetional snuitiminasespariadlydeh €6 taed HaPSCH)d ¢1- 169) and CS3

(1- 154) n.th [ ts,desgribed. herein, the C-terminal tri-peptide
1 eavage hABiNE s REHAIENE SORRERGH pEhBldhev bl En Rt BE M Ahe () 70075

coul d beclagsdal HbrH gedsheueio® gqpe deleddn (cahalarseatd Wbahaldlemlaa)ger proteol ytic
peptide OFS155-172 couyld be further degraded fromits N-term nal to yield
smal | er PBPRGHRE §é{té31ygwpﬁﬁﬁwﬁﬁ§>§1dr%mn.cho@felz}wﬁwygﬁwf M GRunan

pr ot ei NS [LAN TSRS S8l dsitidi for 8 oRYsE MY PRori 33 BAWZEGmpIR akil VO OF
chem cal induced in vitro reactions. Mdifications to argi nine such as

mono- andtaddargigedgstder loah-thrgghphescreshimged radatiqratinopepditostaglityof  t he

t hal assem td - ki il i ' n
post-tra snl%f'ftltB %o%bg Jnr%%ﬂ |luE ?@g?lhﬁc?r%&%%egfegﬁr %’P %ﬂ?ré%%lﬁcﬁgw%%,% $ anst er ase
(PRMI) i tes& soelj oy Hamapatygméparatioaikat stahiliy aneletyghrodyte inchlsndlodas gi ni ne

met hyl ati on.has been jnplicated. in RNA processjng, transcr.i.ptional

Foqul at | S GRAE P LEHHERI o NIRRT SO T oo tiet i ar
functi ongoreBuhatifEndiVe, 1idmg® aliddifoabio[27, DS N WL obREhsHdS easeMdtegel | s still
remain to be clarified [35, 36]. [00103] Exanple 2 [00104] The above LC/ M5/ M5

exper i nmeRtogagles spqciliselar exrtagsdiprpsaaliplesthordprpmise fay ligl-thrapghpyt Wreepidgent
dat abase i SLhe 31 i 5Ed t I ,Ssease fragnments
are |i :t g%(%?i]&%gﬁpgﬁsﬂgdgﬁggﬁﬁ&ﬁgﬁ gfgfb& I\/Igu\fxlggd §¥d§gg¥%g%%aﬁgs?§ t hese tg abl es as

this techni que may provide a nore conprehensive list of proteolytic
pepti desl ar ddotedyppdititerdesiHindlie thiy epdir kave die ptodietioseyeapr LC/ MS

e e OEERRs 5, CSRRIL ST EIL gL VRLVBLPURRTHERE L P2 )

nano LC glbimadhainDibenere spkdificriiratod@08oRBhiGEHioGU gk dlomarkeds cddBa)
screened the same way as metabolic profiling for néwboms using selected reaction
monitoring (SRM). The proteolytic peptide makers identified in this study do not
distinguish between Hb CS and Hb PS since the peptide sequences do not cover the stop
codon position. To confirm the genotype, DNA analysis can be performed. Direct
measurement of protein masses by MS provides another alternative. The mass accuracy
of simple MALDI-MS in linear TOF mode is sufficient to distinguish between Hb CS
(UAA142CAA, Gln) and Hb PS (UAA142UAU/UAC, Tyr). Other types of chain-
termination mutations such as Hb Koya Dora (UAA142UCA, Ser) and the predicted one
(UAA142UAU, Leu), can also be uniquely identified by direct mass measurement. The ‘
remaining two mutations, Hb Icaria(UAA142AAA, Lys) and Hb Seal Rock
(UAA142GAA, Glu) may be differentiated from_ Hb CS by high resolution ESI-FTICR-

MS with electron capture dissociation (ECD) capability, or by an endoproteinase (such as
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was used for LC/MS. Purified peptide sanples were injected onto a reverse
phase columm using the LC autosanpler. The injection volunme was 1-10 ktl. A
nano col wo 20DVenesg Accl ai m PepMap RSLC, 75 inn ID, 15 ecw/SGreé2a00npswas
used for LC separation. A 30-mMIlinear gradient (3 - 40%B) with nobile
phases A (100% water, 0.1%formc acid) and B (100% acetonitrile, 0.1%
formc acid) at a flowrate of 300 nl/mn was used to elute peptides. The
M5 and M5/ M5 spectra were acquired with an LTQ Orbitrap (Therno, Brenen,
Germany). The results were searched with Swi ss-Prot protein database with

added Hb tugpsiaid/sHhoEGheQuéipse Hllosicd by phetidBanase sihgapadtitg. engi ne in the Trans
Proteom c Pipeline or the ProLuClD search engine in the IP2 Integrated

Pr ot eom i.peline. Key search.paraneters were: enzyne specificity = none,
V6 acour SSP1" S 6 R AP NP GBI Gy Do R L oy TRBTUIIFY | tor f g vas
done wi tEelﬂﬁﬂie's,dsﬁclpﬁsoﬁ?g@_slﬂeﬁeyoz?gge%&nbﬁg@m@ﬂhhla_péégﬂid,%tidhq,@ﬁalﬁnd patent

applications cited in this specCification are herein i ncor por at éd by
r ef er encentascts fvitbalehconmoow/f-dbah vpudnt Hobdi. iloshookd tpabemdd apat cat i on were

specifically and ipgjvjdually . indic to be incorporated reference.
The'ci t attisieetans o bnh mediouls WERHETE fhumip SR getiie HorRioa ST e f1 1 ng
dat e andashaid domelof BR doaRIs hElREy Ashsdb @SMLSS Wadddibiadd By IONRAr #88R8E | nvention
is not entitled to antedate such publication by virtue of prior invention.

[ 00107] Asnlydsepuspthe hiematohagidal paampighcawdivark greapp endisdereyrdi2ZfE, the singul ar

forms "a", "an" and "the" include plural reference unless the context
clearly ¢h es M SE, I R i fi i ) appended
cl ai s, ﬁ@to? rnsoﬁggfng‘s ?igsgﬁ@% %gﬁ%r‘tf%s]ﬁltg'lﬁcréagg%%?@g%é%gggtsk@? forms of

t hese t emndHBIEIntkiondedics (@B, ) [36]. Mdredieiiprédigitation biGipated pradsbin thead IS, to
include particular recited el ements or_ conponents_ w.thout excluding any
ot her el ¥adiung in tigspahraneictoslly &iom the beng waessof Hp dhpatisptsdal: th€vappended

cl ai M5, ahbict ABGRSI Bkt dokiihSladsh GNP Al IOk RS L AoiODEY WA Wocty

i nternedi ate ue or range or any Ist contal ne erein.

def i ned obdeercdiasthe alloskebarbmpatdf theghsscrednell inembrarerfd2, 8¢ dHbeewrththave t he
same neani r]eig as com"m%jl%/ u dens%oo to agne of ordi(#]aré.ski LI in the art to
whi ch t hifSTT FRASHET R° é‘eér?g?.‘“*’f B4 BN HBRRATSAHECT P EYBieAG PPRIFERt i on has
been desgfal ReermhesBEBurg6deabs hibl-tioepht dcrderfile! Prdtedly@dskpadedidig tHeor
purposes of clarity of understanding, it is readily apparent to those of
or di nar y %3 #-ghopinwae identified ¢viep it pEPhersbbloaddpdipgiinedhe exspss G-goRALS on t hat

certain glggagg@%ea@g,tgpg]{dfog%hg%%ag@y be made thereto w thout departing
fromthe spirit or scope of the appended clains. References [1] Anderson,

N. L., Anderson, N. G, The human plasnme proteonme: history, character, and
di agnost [@019Ads pecthe prvisplytie peptides deteri¢dia aplgbpsanplesgeptageyg the o

allele originate from the elongated portion of the a-globin chain. There seems to be no
cleavage in the normal sequence (c-globin 1-141). The shortened o°° chains were
detected by Weatherall and Clegg using starch-gel electrophoresis three decades ago [34].
Beside the full length o°, shortened o° chains were detected as CS, (1-169) and CS; (1-
154). In the experiments described herein, the C-terminal tri-peptide cleavage resulted in

CS;, was not detected. The small peptide o~>'7%172

could be lost during the Ziptip
desalting procedure. The larger proteolytic peptide o131 could be further degraded

from its N-terminal to yield smaller peptides detected in this report.

[00102] Amino acids in human proteins can be covalently modified by enzyme-
catalyzed in vivo or chemical induced in vitro reactions. Modifications to arginine such as

mono- and di-methylation might be related to pathophysiology of the thalassemic patient.
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[2] Liotta, L. A, Petricoin, E. F., Serum peptidonme for cancer detection:
spi nning biologic trash into diagnostic gold. J din Invest 2006, 116,
26-30. [WD widieaosseva, J., Shaffer, D. R, Philip, J., PChagcanzmpoi@ A. , et
al., Differential exoprotease activities confer tunor-specific serum

pepti done patterns. J Cin Invest 2006, 116, 271-284. [4] D amandis, E
P., Analysis of serum proteom c patterns for early cancer diagnosis:
drawing attention to potential problenms. J Natl Cancer |nst 2004, 96,
353-356. [5] Paulovich, A G, Witeaker, J. R, Hoofnagle, A N, Wng,

P., The hmcﬂﬁtioalg:@rgh@ﬁevmemyllahmral@afnndjnmuﬁamamdalexhdmﬁ@abn ylal:é dation: The
tar pit of the protein bionarker ellne Proteomcs Cin. P 2008, 2.
[6] Weat REYfen preine @ethﬂ@aé@f@laseJ(PW ITREAAORPSRRIBeEp et AElS- Bhackwel |

Sci ence

Fulchar oehélg%f.%rb%EQPa stei]U(n alTaL; %b@%@%g%b&%I%Nﬁf;r&emgﬁlﬂg%cﬁﬁg?%@ >Tyr)] in
Thai pat lgntaSOWﬂQmaEﬁdmdmdnsn,chnsléﬁ‘éﬁ rgnd. Howkldd clake funekorsgtobated BY02, 26,
227-235. Poot rakul , P., ., \Wni chago Pr avat nuang,
227255, il RhaRegionak i ang MO EIRAN o FHERALORA T 3y 20T TN,
concept. Hum CGenet 1981, 59, 250- 255. [9] Viprakasit, V., Tanphaichitr,

V. S., Poog0ajrittExdmpleRetrarat, S., et al., dinical phenotypes and
nol ecul ar char acteri zation of Hb H Pakse di sease Haemat ol ogi ca 2002, 87,

117-125. cha oon, ani ij,.R, ,
Sae- I\Igowmq[ﬁ)g et aﬂ" ?@V‘éﬁéﬂ\ﬁﬁ}ﬁg leﬁ%?t"%ﬁre Eﬁpﬁﬂﬁ‘g‘éggg 6?1%( Féﬂt QES em as and
henogl obknepakdd @(ﬁfﬁ@ﬁén{'ﬁ-t@aseq,e'af&h%gﬁb 1288%ne xﬂéntxf?eﬂ@rgtéﬁﬁtlc didekke S' ngsanan,

S.., Fuchar oen, , Savon%ﬁ 0., Sanchai suri ya Fucharoen, S.,
Mol ecul afra@hgﬁw@ distied an Tetesshendot. i EMS/MS v e & zanerathpsedablessHb Pakse

In Sout NEASE 1R AMABARYHAL L ARTe cB1BhGsRE BESTF- AN A% bes BfipaPRS- 669.
to MALDITOF. Sample preparation procedures for LC/MS remained unchanged as
described in Example 1. LC/MS/MS procedures that differ from those described in

Example 1 are described as follows.

[00105] = A nano LC system (Dionex Ultimate 3000 RSLC, Sunnyvale, CA, USA)
was used for LC/MS. Purified peptide samples were injected onto a reverse phase
column using the LC autosampler. The injection volume was 1-10 ul. A nano column
(Dionex Acclaim PepMap RSLC, 75 um ID, 15 cm, C18 2um) was used for LC
separation. A 30-min linear gradient (3 - 40% B) with mobile phases A (100% water,
0.1% formic acid) and B (100% acetonitrile, 0.1% formic aéid) at a flow rate of 300
nl/min was used to elute peptides. The MS and MS/MS spectra were acquired with an
LTQ-Orbitrap (Thermo, Bremen, Germany). The results were searched with Swiss-Prot
protein database with added Hb CS and Hb E sequences using the Sequest search engine
in the Trans Proteomic Pipeline or the ProLuCID search engine in the IP2 Integrated
Proteomics Pipeline. Key search parameters were: enzyme specificity = none, MS
accuracy = 30 ppm, MS/MS vaccuracy = (.5 Da. Post-search filtering was done with
~peptide probability > 0.95.

[00106] All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application

were specifically and individually indicated to be incorporated by reference. The citation
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[12] Brennan, S. 0., Fifty-eight years of henoglobin analysis. Cin Chem
2008, 54, 8-10. [13] WId, B. J., Geen, B. N, Cooper, E. K, Lalloz, M
R, et alwo:2pepietdssdentification of henopgl obi n vari ant s PEJ/SERe&C0008pr ay

i oni zati on mass spectronetry. Blood Cells Mol Dis 2001, 27, 691-704. [14]
Rai, DD K, Giffiths, W J., Landin, B., Wld, B. J., et al., Accurate
mass neasurement by el ectrospray ionization quadrupol e mass spectronetry:
detection of variants differing by <6 Da fromnormal in human henogl obi n
het erozygotes. Anal Chem 2003, 75, 1978-1982. [15] Rai, D. K, Geen, B.
N., LandiofianyByubliddtioalis fos its GiscloGire pfibt toghe Mingldate Aatdhoaltlamotmssonseasiur ement

and t andem nmass. spectronetry of intact glohin chaipns identify.the | ow
oot s G BSOS fhel S P SLYEBB oS BEeEr IR S esHe PURHEIE B ood of a
het er 0zygghR.of $ridigSentgCt ron2 2004, 39, 289-294. [16] Daniel, Y. A,

Turner, C., Haynes, R M, Hunt, B. J., Dalton, R N, Rapid and specific

detection of clinically significant haenpgl obi nopathi es using el ectrospray
mass spet@ Wt ry- Angscdipdus sesidicaton ad the appendadsilaimeghe singdar fggas 643.

[17] Kl ekperd» g3 Mlfhe pMral reidfREL BIEQ thtonteRR ERAy Boratel bitfthwise MBSS
1-1 or r]i’ ed - de |10

spectrometry: a too enhanc tection o enog In varitants. din
Chem 2008\s uS&] in6Bis gecifidati®] adaba sprreadediclaibs, th&tatmal‘cameist’ar get ed

guantitat.i ve proteom.cs for bi ker discovery. J romat ogr B Anal yt
Technol "I UMRE T Goarss0g e oBFors: oSSR e AR R A new or . i n
protei n guaidtd htlaaté hsd, fhaihd, B @aludé e@emw{ecﬁea:eleihmtsi&ebinganms liquid
chromat ogr aphy-t andem nass spectronetry. Cin Chem 2007, 53, 543-544. [20]
Pet ri coi Withput excludpgjapy,ether dement o gprgporRnt. pAs useq én this specifigationprd thel 0od

pept i domey,, A ghigfs S ARDS PRl BRES T EATIGORLARY of P in&fRERT. b omar ker
di scover yl.)p Nat Rev S’Canceg 2000, as(;? 9‘811_ 967 § ahPln fate
value or range or any sublist contained therein. Unless defined otherwise all technical

and scientific terms used herein have the same meaning as commonly understood to one

of ordinary skill in the art to which this invention belongs.

[001 08] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto without departing from the spirit

or scope of the appended claims.
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identifying the presence of a proteolytic peptide in a polypeptide
fraction, the polypeptide fraction obtained froma cellular extract of
cel |l s of wbeoiomdbossdual , which cells are affected by thecdissea®noivhe
proteol ytic peptide containing a nutation associated with the genetic
di sease or directly related to the disease condition. 2. The nmethod of
claim1, wherein the nutation conprises an insertion, deletion or
substitution of one or nore am no acids as conpared to a non-di sease
proteolytic peptide. 3. The nethod of claim1l1l, wherein the nutation

conpri se Si‘fbaﬁﬂe{%a&'?&n ongéeyn% ?Mﬁﬂuﬂf‘ﬁi g%&%ﬁ}?f&o il ed to a

nonfdl Sﬁ pro ‘eol'ytic pépt : . f a: lmsl lto
debri's. i1 ”Eo%'prf%?ﬁﬁag@?xﬁ%&%s?%ﬁcs% R Rty hg e g C et had o

any one of clalms l1to wherei n_t he e ither the cellular extract is
pr ot eol y@%ﬁolnﬁsama&eﬁ’eﬂoﬁﬁl%lr Qo%@ba? atVoNakgrns Re Hopgalehni Gestanhcti on

fromcellular debris or the polypeptide fraction is proteolytically

di gest edSpuigs beuegiobinsystberay mtlicpaozyigows wel hamaaygalsistates. Brochére Béalpul ar
extract. 6. The nethod of any one of claims 1 to 5, further conprising

| ysi ng cRBés Gormam ¥15e64,08i1v68Aual that are affected by the disease to obtain
the cellular extract, 7. The nethod of any one of clainms 1 to 6, wherein

t he i denf23f yddrg, COMWdcsie SWIMas S PEpefd, IanNetleys, 1.8B., TheameHbagoigicchad m 7,
wherein the mass spectronet ry corrpri ses MALDI - TOF, LC/ M5/ Ms; high

resol ut i BRsyaHNBsulRMiPhonmbI: In Comstant RErifEUNOR: BheaNYsoNg, of

claims 1 to 8, wherein the enetl c disease i s henogl obi nopat hy or v
t hal assefga.14g¥0 2012/ 166055PCT/ S&012/ 000195 ' :
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10. The method of claim9, wherein the cells affected by the di sease are
red blood cells. 11. The nethod of claim 10, wherein the nutation is a
mut at i on wo 2are/@e@sobi n chain. 12. The net hod of cl ai mpt@®sceheresnst he
mutation is a nmutation in a 13-globin chain. 13. The nmethod of claim 10,
wherein the proteolytic peptide consists of portion of SEQID NO. 2 or SEQ
I D NO. 3, which portion includes at | east sone of the sequence as defined
by residues 142-172 of SEQID NO 2 or SEQID NO 3. 14. The nethod of
claim 13, wherein the proteolytic peptide consists of a sequence as set
forth in nen 0 : - 78. hod. 110, wherei
t he prot [e%ﬂg/qh?l?fe%é%{f’i ghélo%ﬁg%'t g% (g)?’ gbrlg%ngdrglcgl‘gi‘égsle%g@gt g%(%é P%’ha portion
i ncl udes, resi due ,26_of I . 5. 16. The method of claim 15, wherein
the prot B 1%&0133&&»8@%5&51&,{\816@061 sequence as set forth in any one of
SEQ I D NOs. .93-201.. 17. The nethod of claim 10, wherein the proteolytic
pepti de BdhdYiskemgsinghes soNerdce Ms )5 Evidenge thati the 3piuisReroeolsmepathwios. 6- 21.
18. The nmethod of claim 10, wherein the proteolytic peptide consists of a
sequenceisamvelyed fiprthd degradatipnovieprstipBEESY | I IOs-haing -8 2halassaemia. British
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WHAT IS CLAIMED IS:

1. A method of detecting a biomarker for a genetic disease in an individual, the

method comprising:

identifying the presence of a proteolytic peptide in a polypeptide fractidn, the
polypeptide fraction obtained from a cellular extract of cells of the individual, which cells
are affected by the disease, the proteolytic peptide containing a mutation associated with

the genetic disease or directly related to the disease condition.

2. The method of claim 1, wherein the mutation comprises an insertion, deletion or

substitution of one or more amino acids as compared to a non-disease proteolytic peptide. -

3. The method of claim 1, wherein the mutation comprises an alteration in post-

translational modification as compared to a non-disease proteolytic peptide.

4. The method of any one of claims 1 to 3, further comprising separating the

polypeptide fraction from cellular debris in the cellular extract prior to the identifying.

5. The method of any one of claims 1 to 5, wherein the either the cellular extract is
proteolytically digested pﬁor to separation of the polypeptide fraction from cellular
debris or the polypeptide fraction 1s proteolytically digested subsequent to separation

from cellular debris in the cellular extract.

6. The method of any one of claims 1 to 5, further comprising lysing cells from the

individual that are affected by the disease to obtain the cellular extract.

7. The method of any one of claims 1 to 6, wherein the identifying comprises mass
spectrometry.
8. The method of claim 7, wherein the mass spectrometry comprises MALDI-TOF,

LC/MS/MS, high resolution LC/MS, MRM or SRM techniques.

9. The method of any one of claims 1 to 8, wherein the genetic disease is

hemoglobinopathy or thalassemia.
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10. The method of claim 9, wherein the cells affected by the disease are red blood

cells.
11. The method of claim 10, wherein the mutation is a mutation in an a-globin chain.
12. The method of claim 10, wherein the mutation is a mutation in a 3-globin chain.

13. The method of claim 10, wherein the proteolytic peptide consists of portion of
SEQ ID NO. 2 or SEQ ID NO. 3, which portion includes at least some of the sequence as
defined by residues 142-172 of SEQ ID NO. 2 or SEQ ID NO. 3.

14.  The method of claim 13, wherein the proteolytic peptide consists of a sequence as

set forth in any one of SEQ ID NOs. 22-78.

15.  The method of claim 10, wherein the proteolytic peptide consists of portion of

SEQ ID NO. 5, which portion includes residue 26 of SEQ ID NO. 5.

16.  The method of claim 15, wherein the proteolytic peptide consists of a sequence as

set forth in any one of SEQ ID NOs. 93-201.

17. The method of claim 10, wherein the proteolytic peptide consists of a sequence as

set forth in any one of SEQ ID NOs. 6-21.

18. The method of claim 10, wherein the proteolytic peptide consists of a sequence as

set forth in any one of SEQ ID NOs. 79-92.

35



