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(54) Title: CARDIAC TROPONIN [-TARGETING PEPTIDE AND USE THEREOF

(57) Abstract: Asdescribed above, the present invention provides a cardiac troponin | (cTnI) -targeting peptide and the use thereof.
More specifically, the present invention provides a cardiac troponin | (cTnl)-targeting peptide comprising an amino acid sequence
represented by SEQ ID NO: 17 or 24, and marker or composition for detecting and diagnosing cardiac troponin | (cTnl). The poly-

peptide of the present invention is effective in specifically detecting cardiac troponin |. Therefore, the peptide of the present inven-
g tion can be useful for the diagnosis of cardiac troponin | (cTnl)-related condition/disease.
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[ DESCRI PTI ON|
[Invention Title]
CARDI AC TROPONIN I- TARGETI NG PEPTIDE AND USE THERECF
[ Techni cal Field]
This application claims priority from and the benefit of Korean Patent
Application No. 10-2011-0131973 filed on Decenber 09, 2011, which is hereby

i ncorporated by reference for all purposes as if fully set forth herein.

The present invention relates to cardiac troponin |-targeting peptide
and use thereof and mor e particul arly, it relates to a cardiac troponin |
(cTnl)-targeting peptide conprising the anmno acid sequence represented the
Genereal Fornual 1 as follows and use thereof.

[ General Formula 1]

Arg-Xi - Xy- X5~ Ar g-Xx4- x5

[ Background Art]

As indicated by the analysis of the ami no acid sequences, secondary and
tertiary structures of proteins, many proteins are conmposed of independent
domains or nodules. Domains are structurally and functionally independent

units. One or nore domains can be distributed in various proteins, and one

-~ protein can be conposed of various domains. Specific information about
domai ns can be found on websites for bioinformat ics, including Prosite (Hulo
N et al ., Nucl ei ¢ Aci ds Res, 36: D245- 249, 2008; Websi t e:
http://kr.expasy.org/prositel), SMART (Letunic | et al., Nucleic Acids Res,

34: D257- D260, 2006; Website: htt p7 /smart . enbl - hei del berg.de/) and the Iike.

Bi opol yner substances, such as proteins, peptides or RNAs, exhibit
their functions by interaction with target substances in vivo. Particularly,
the basic wunits of these interactions are nediated by protein-protein
interactions, and thus identification of a specific protein that binds to
another protein is inportant as an index of the functional rel ati onship

between these proteins. Accordi ngl Y, identification of an unknown protein(s)
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that binds to a specific protein can provide direct opportunities for studies
on cell signaling mechanisns and determination of new drug targets and can
provi de base technology for discovery of a new drug candidate in a specific

signaling system

I nteractions bet ween bi onol ecul es (for exanpl e, protein-protein

interactions, protein-nucleic acid interactions, etc.) play inportant roles

in various |ife phenonena such as the growh, differentiation and devel opnent

of cells, intercellular/intracellular signaling, and mass transport. As known
nol ecul es t hat specifically bind to target nol ecul es to control t he
bi ol ogi cal activities of the target nolecules, anti bodi es (full-length

antibodies or their fragments) have been devel oped. However, the antibodies
have various problens in that they are less expressed and low in solubility,

require the use of animal eel 1-expressing cell lines, are purified in an

expensive manner, and have low stability in a reducing intracellular
environnment. Accordingly, it is urgently required to develop non-antibody

proteins that overcone the problens of antibodies and, at the sane tine, bind

specifically to target nolecules, 1like antibodies.

Peptides for diagnosis and treatnent of cancer or arteriosclerosis,
di scovered by nethods such as phage display, have limtations, such as |ow
binding affinity, non-stability and high imunogenicity. 1t is required to
devel op new technology, which can overcome such problens and increase the
binding affinity and stability of active peptides in the human body while

reducing the inmunogenicity of the active peptides.

As a nethod for screening peptides that bind specifically to target
proteins, a T7 phage library has been effectively used. However, synthetic
pepti des screened by this nethod have a significantly Ilow binding affinity
for target proteins. In an attenpt to increase the binding affinity between
peptides and proteins, studies on increasing the affinity of a peptide by

inserting the peptide into a specific protein scaffold so as to mmc
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protein-protein interactions have been conducted. However, in this case, the
affinity of the peptide inserted into the specific protein scaffold is not

al ways i ncreaéed. This is believed to be because either the structure of a
peptide of a T7 phage library or the structure of a peptide synthesized from
the amino acid sequence of the peptide differs fromthe tertiary structure of

the peptide inserted into the specific protein scaffold.

Myocardial infarction (MF) is nmedically risky and has been the mgjor
cause of death and cardiovascul ar di sease in the world. In all cases,
introduced therapies aim to protect nyocardial tissue from irreversible
necr osi s. These days, new therapies such as thronbolytic or primary
angioplasty <can rapidly restore coronary circulation to limt the size of

infarcted sites and to reduce nortality and norbidity.

The therapeutic neans that are used after the expression of clinical
synptons is nore effective when they are conducted as soon as possible.
Clinicians who encounter the above pathology nmay have a nore effective

di agnostic devi ce.

Bi ochem cal nmarkers which have recently been used to diagnose heart
di sease patients include troponin | (Tnl), troponin T (TnT), | actate
dehydrogenase (LDH), creatine kinase (CK), creatine kinase isoenzyne (CK-MB) ,

and myogl obi n.

Lactate dehydrogenase - exists in all the muscles of the human body, and
the level thereof rises in the late stage of nyocardial infarction. Thus, it
has low specificity and sensitivity, and thus is not of great help for

di agnosi s.

Creatine kinase is found in all nuscles, and thus has no specificity
for cardiac nuscles, and the level thereof is increased by various factors,

i ncluding nuscular injury, trauma and brain i‘nj ury.
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Myogl obin has very low specificity for cardiac nuscles, because the

level thereof increases even when other nuscles are injured.

Creatine kinase isoenzyme has nmost commonly been used as a biochenical
mar ker of myocardi al i nfarction. However , t he I evel of ~creatine kinase
i soenzyne changes fast in the acute stage of myocardial infarction, and thus
should be neasured several tines, and the measured CK-MB |levels should be
obtained by conplex nmathenatical equati ons. In addition, when a myocardi al
infarction patient visits a hospital after 24 hours of nyocardial infarction,
the level of creatine kinase isoenzyne has low correlation with the size of

infarction and significantly changes depending on reperfusion.

The above biochenmical markers of heart diseases comonly show severe
variations in nmeasurements depending on the disease, have Ilow correlation
with the degree of nyocardial infarction, and have low sensitivity and |ow
di agnostic values in the case of fine nyocardial injury such as unstable

angina at high risk, which is not infarction.

Meanwhi | e, in recent years, troponin | or T has been used as a
bi ochemical marker of heart disease in some cases. Particularly, troponin_l
is not found in general skeletal nuscles and exists only in adult cardiac
muscles, and thus it is not detected in blood in conditions in which creatine
ki nase isoenzynme |evels can be increased, other than nmyocardial injury. Thus,
troponin | is highly specific to nyocardial injury and also shows correlation
with the size of myocardial infarction.

In addition, in the case of atypical angi na that is not acute
nmyocar di al infarction, troponin is released from nyocardial <cells, and thus

is useful as an index for determining the prognosis of atypical angina.

Measur enent of blood troponin is also helpful in evaluating the

therapeutic effect of reperfusion therapy. After thronbolysis has been
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initiated, a rapid increase in troponin levels can be observed. This is

because washout of cytoplasmic constituents occurs due to reper fusion.

As described above, troponin is specific to cardiac nuscles, an
increase in the blood level thereof is continued for a long period of tine
upon nyocardi al injury, and it does not appear in normal persons and non-
cardi ac diseases. Thus, troponin nmakes it possible to diagnosis even a slight
degree of nyocardi al infarction, and therefore is a very useful i ndex for
di agnosing ischemic cardiac disease and acute myocardi al infarction and

determning the prognosis thereof.

[ Di scl osure]
[ Techni cal Probl en
Accordi ngly, the present inventors have thought t hat per form ng
screening in a state wherein a peptide was inserted and expressed in a
specific protein scaffold wll be advantageous for maintaining the high
affinity of the peptide inserted in the protein scaffold for a target
peptide. Based on this thinking, the present inventors have constructed a
peptide library by inserting into a T7 phage a protein scaffold which
increases the binding affinity and specificity of an active peptide, and have

conpleted the present invention by using the constructed peptide library.

It is an object of the present invention to provide an isolated cardiac
troponin I (cTnl )-target ing peptide conprising an amno acid sequence
represented by the following general fornula 1:

[General Formula 1]

Ar g- Xi- X,- X5- Ar g- X4- X,
wherein Xi is Cys or Ala, X,or X;is Ala or Ser, Xg4is Arg or Leu, and Xg

is Ser or Trp.

Anot her another object of the present invention is to provide an

i solated polynucleotide having nucleotide sequence that encodes the above



<48>

<49>

<50>

<5i>

<52>

<53>

<54>

<55>

<56>

<57>

<58>

<59>

<60>

WO 2013/085367 PCT/KR2012/010705

6
cardiac troponin | (cTnl)-target ing peptide, and a vector and a transfornant
conprising the pol ynucl eoti de.

Still another object of the present invention is to provide a narker
and a composition for detecting cardiac troponin | (cTnl) <conmprising the
pol ypeptide as an active ingredient.

Still another object of the present invention is to provide a
conposi tion for di agnosi ng cardi ac troponin I (cTnl)-rel ated

condi tion/di sease conprising the polypeptide as an active ingredient.

Still another object of the present invention is to provide the use of
the polypeptide for preparation of an agent for diagnosing cardiac troponin |
(cTnl)-related condit ion/disease.

Still another object of the present invention is to provide a nethod
for di agnosi ng cardi ac troponin I (cTnl)-rel ated condi tion / di sease

conprising a step of: (a) contacting the polypeptide of claim 1 with a sanple

and a label bound thereto, wherein the label is selected from the group
consisting of chronogenic enzynes, r adi oi sot opes, chronmophores , light
emtting mat eri al s, fluorescers, super par amagneti c particles, and

ul t rasuper paramagnetic particles,” and (b) detecting cardiac troponin |

(cTnl) from the sanple.

[ Techni cal Sol ution]

In order to acconplish the object, the present invention provides an
isolated cardiac troponin | (cTnl )-target ing peptide conprising an amino acid .
sequence represented by the following general formula 1:

[General Formula 1]

Ar g -Xi-X,-x3 - Ar g- X4- X5
wherein Xi is Cys or Ala, Xpor Xgis Ala or Ser, % is Arg or Leu, and Xg

is Ser or Trp.
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In order to acconplish another object, the present invention provides
an isolated polynucleotide having nucelotide sequence that encodes the above
cardiac troponin | (cTnl )-target ing peptide, and a vector and a transfornmant
conprising the pol ynucl eoti de.

In order to acconplish still another object, the present invention
provides a marker and a conposition for detecting cardiac troponin | (cTnl)
conprising the polypeptide as an active ingredient.

In order to acconplish still another object, the present invention

p'rovides the use of the polypeptide for preparation of an agent for

di agnosing cardiac troponin | (cTnl)-related condition/di sease.
In order to acconplish still another object, the present invention
provi des a nethod for di agnosi ng cardi ac troponin I (cTnl )-rel ated

condition/di sease conprising a step of: (a) contacting the polypeptide of
claim 1 with a sanple and a | abel bound thereto, wherein the | abel is
selected from the group consisting of chronpogenic enzynes, radioisotopes,

chronophores , light emtting materials, fluorescers, super paranmagnetic
particles, and ultrasuper paramagnetic particles; and (b) detecting cardiac

troponin | (cTnl) from the sanple.

Hereinafter, the present invent ion will be described in nmore detail.

The present invention provides an isolated cardiac troponin | (cTnl)-

targeting peptide conprising an amno acid sequence represented by the
following general formula 1:

[General Formula 1]
ArE-Xi - ¥ ¥ Ar g- X4 x5
wher ei n Xlis Cys or Aa, X2 or Xy is Ala or Ser, X4is Arg or Leu, and Xj

is Ser or Trp.

In one Exanple of the present invention, a plaque assay was perforned,

and as a result, it was found that a phage conprising the polypeptide of the
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present invention has an excellent ability to bind to cardiac troponin |
(cTnl) and does not bind to other marker substances for diagnosing heart
attack. In another Exanple of the present invention, it was found by ELISA
that a phage clone conprising the polypeptide of the present invention binds
specifically to cardiac troponin | (cTnl).

Meanwhil e, the present invention provides a polypeptide consisting of
an amno acid sequence represented by SEQ ID NO- 17 or 24.°

As used herein, the term "polypeptide fragnent", "peptide" or “
pol ypepti de" is meant to include all kinds of peptides, proteins, peptide
m nmetics, conpounds and biological agents, which have activity capable of
binding specifically to cardiac troponin | (cTnl). The polypeptide of the

present invention may be derived from natural sources and nmay also be

synt hesi zed using known peptide synthesis nethods.

In addition, the scope of the polypeptide of the present invention
i ncludes not only peptides having native am no acid sequences, but also amno
acid sequence variants thereof. As used herein, the expression "variant of
the peptide of the present invention" refers to a peptide havi hg a sequence
that is different from the am no acid sequence of SEQ ID NO 17 or 24 due to
a deletion, an insertion, a non-conservative or conservative substitution or
conbi nati ons thereof of one or nore amino acid residues. Amino acid exchanges
which do not generally alter the activity of nolecules are known in the art
(H Neurath, R. L. Hll, The Proteins, Acadenic Press, New York, 1979).

According to circunstances, the peptide of the present invention may be

phosphoryl ated, sulfated, acrylated, glycosylated, nethylated, farnesylated.

In addition, the present invention provides a polypeptide having
nucl eoti de sequence encoding the polypeptide of the present invention. The
pol ynucleotide finally could be any conbination of nucleotide sequence as
long as it encodes the polypeptide of the present invention.

,
Furt her, the present invention provides a polynucleotide sequence
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having a nucl eotide sequence that encodes the above pol ypeptide, and a vector

and a transformant conprising the polynucleotide.

The vector of the present invention rmay conprise, but not limted
thereto, plasnmid vector, cosmd vector, bacteriophage vector and viral vector
and etc. The vector of the present invention may be a conventional cl oni ng
vector or expression vector and the expression vector may conprise nenbrane
targeting sequence or signal sequence for secretion as well as expression
regul ating sequences such as pr onot or, oper at or, initiation codon,
term nation codon, polyadenylated signal and enhance (enhancing gene) and it
may be prepared in accordance with purpose. In addition, the vector conprises
a selection marker for selecting the host cell having the vector and in case

if replicable vector, it conprises the replication origin.

The transformation wth the vector can be performed with well known
skills in the art. Preferably, mcroproject 1le bonbardnent, el ectroporat ion,

CaP0O4 precipitation, Cad , precipitation, PEG nedi ated fusion, mcroinjection

and i posonme-nedi ated nethod and the transfectant nay be, but not linited
t her et o, Escheri chi a coli, Baci | | us subtil is, Streptonyces, Pseudononas

Proteus nmirabilis, Staphylococcus, Agrobacteriuntunefaciens.

The present inventors conducted an experinment in order to exanine the
functions of screened polypeptides that bind specifically to cardiac troponin
I (cTnl). As a result, it was found that the polypeptide of the present
i nvention shows binding specificity to cardiac troponin | (cTnl) stronger
than to BSA or CKB protein.

Thus, it could be seen that the polypeptide of the present invention
can be used as a marker or a conposition for detecting cardiac troponin |
(cTnl), and furthernore, can be wused as a diagnostic conposition for

detecting cardiac troponin | (cTnl) in sanple, specifically, blood or urine.

In one Exanple of the present invention, phages that bind specifically
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to cardiac troponin | (cTnl) were screened using a general peptide Iibrary.
As a result, phages that bind specifically to cardiac troponin | (cTnl) could

be screened by a total of 5 rounds of screening, and the results of
sequencing of the screened phages indicated that polypeptides having amno
acid sequences of PAAAMRV represented by SEQ ID NO 15 SSRTGSQ represented
by SEQ ID NO 16, RASSRLW represented by SEQ ID NO 17, and RCAARRS
represented by SEQ ID NO 24 were nminly screened.

In one Exanple of the present i nventi on, whet her the screened

pol ypepti des of the present invention bind specifically to cardiac troponin |

(cTnl) was examined. As a result, it could be seen that the polypeptide of
the present i nvention, which has an amino acid sequence of RASSRLW
represented by SEQ ID NO- 17, binds to cardiac troponin | (cTnl) nore

st_rongl y than to BSA or CKB protein.

In conclusion, it could be seen that the polypeptide of the present
invention can bind specifically to cardiac troponin | (cTnl).

The polypeptide of the present invention enabled the detection of cTnl
in a phosphate solution <condition (5% BSA  0.05% Tween, pH 7.4) which
coincides wth the blood albumin Ilevel of normal persons (3.4-5.4 g/dl
(-5%9). This shows that cTnl can be sufficiently detected in blood by the

pol ypeptide of the present invention, although data are not shown. Detection

of cTnl in urine was reported to have no great significance in myocardial
infarction patients, but detection of cTnl in urine is also significant in
that cTnl is detected in wurine sanples from renal fai |lure/nyocardi al
infarction patients. For reference, cTnl is not detected in the wurine of
nyocar di al infarction patients having normal renal function. Although data
are not shown, it can be predicted that cTnl can be sufficiently detected in

urine by the polypeptide of the present invention, when considering the fact
that the wurine of normal persons has a pH of 4.6-8.0, particularly 7.0

[ Nephrol Dial Transplant (2008) 23: 231-238].

The above pol ypeptide neans cardiac troponin I (cTnl)-specif ic

pol ypeptide screened in the present invention, and a sanple nmay be, for
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exanple, blood or urine. Wen the conposition of the present invention is

mxed with a sanple, cardiac troponin | (cTnl) in the sanple can be detected.

The present invention provides a marker for detecting cardiac troponin

I (cTnl) conprising the pol ypeptide.

The present invention provides a conposition for detecting cardiac
troponin | (cTnl) conprising the polypeptide as an active ingredient.

The present invention provides a conposition for detecting cardiac
troponin | (cTnl), wherein the polypeptide is labeled with one selected from
the group consisting of biotin, col or-deve | oping enzynes, radi oacti ve
i sot opes, chr onmophores light-emtting subst ances, fl uorescers, super

paranmagnetic particles and ultrasuper paramagnetic particles.

The above pol ypeptide means cardi ac troponin I (cTnl)-speci fic
pol ypeptide screened in the present invention, and a sanple my be, for
exanple, blood or urine. Wen the conposition of the present invention s

mxed with a sanple, cardiac troponin | (cTnl) in the sanple can be detected.

To nmake confirmation of binding of the polypeptide to cardiac troponin
I (cTnl), detection and quantification easy, the peptide of the present
invention may be prepared with label. That is, it may be |linked (for exanple,

coval ent bond or crossl inking) with detectable 1labels. The detactable |[|abels

may be choronmozyme(for exanpl e, per oxi dase, al kal i ne phosphat ase),
o . 18 124 125 32 35 ) )
radi oi sotopei for exanpl e, F, 1+, 1, P, S, chronophore, | um nous nmateri al
or fl uorescent material (for exanpl e, FI TC, RI TC, fl uorescent
pr ot ei n( GFP( G een Fl uor escent Protein); EG-P( Enhanced Green  Fl uorescent

Protein), RFP(Red Fluorescent Protein); DsRed(Discosoma sp. red fluorescent
protein); CFP( Cyan Fl uor escent Protein), CGFP( Cyan G een Fl uor escent
Protein), YFP( Yel | ow Fl uor escent Protein), Cy3, Qy5, Cy7.5),

super paramagnetic particles or ultrasuper paramagnetic particles.
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Detection methods according to the label are well known in the art, but
it my be perfornmed as follows. In case of fluorescent materi al,

i mmunof | uorescent nmethod may be perforned. For exanple, the peptide of the

present invention labeled with fluorescent material is reacted with a sanple
and renove non-binding or non-specific product. Then, fluorescence of the
peptide can be observed wunder fluorescent mcroscope. In case of enzyne,

color reaction of substrate is neasured by optical density and in case of

radi oi sotope, it may be performed by neasuring the radiation.

Based on the property of the polypeptide of the present invention that

binds specifically to cardiac troponin | (cTnl), the present i nvention
provides a diagnostic conposition for detecting cardiac troponin | (cTnl) and
a method for detecting cardiac troponin | (cTnl) in blood or urine.

In t he pr esent i nvention, cardi ac t roponi n I (cTnl )-rel ated

condition/disease may be one or nore selected from the group consisting. of
myocar di al i nfarction, angi na, hypert ensi on, i nfectious disease, sepsi s,
arrhyt hm as, pul nonary enbolism increased intracranial pressure, renal
insufficiency, Ud bleeding, acute respiratory distress syndrone, end-stage

renal disease, anyloidosis, diabetes and cardiac toxicity [din Chem 2009

Dec; 55(12) :2098-112, Am Heart J 2011;162:64-73]. Preferably, cardi ac
troponin | (cTnl )-related condition/disease may be one or nore selected from
the group consisting of nyocardial infarction and angina.

When the nuscular tissue of cardiac nuscles and skeletal nuscles in the

body is injured or nuscular cells are necrotized, cardiac troponin | (cTnl),

a nyocardial marker, wll be released in blood and will also be excreted in
urine. The level of cardiac troponin | (cTnl) in urine is influenced by the
anmount of cardiac troponin | (cTnl) released from nuscles, the level of
cardiac troponin | (cTnl) in blood, GFR (glonerular filtration rate), and the
anount of wurine. Thus, the polypeptide of the present invention can be used
for the diagnosis of cardiac troponin | (cTnl )-related condition/disease

which is acconpanied by nuscle tissue injury. Accordingly, the present
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invention provides a conposition for diagnosing cardiac troponin | (cTnl)-

related condition/disease, whi ch contains the pol ypeptide of the present

invention as an active ingredient, and a method for detecting cardiac
troponin | (cTnl) sanple, specifically, blood or urine.
In addition, the present invention provides the use of the above

pol ypeptide for preparation of an agent for diagnosing cardiac troponin |
(cTnl )-related condi tion/di sease.

Further nore, the present invention provides a nethod for diagnosing
cardiac troponin | (cTnl)-related condition /disease conprising a step of-

(a) contacting the polypeptide of claim 1 with a sanmple and a |abel bound

t her et o, wherein the [abel is selected from the group consisting of
chronogenic enzynes, radioisot opés, chr onmophor es, light emtting nmaterials,

fl uorescers, super par amagneti c particl es, and ul trasuper par amagneti c
particles; and (b) detecting cardiac troponin | (cTnl) from the sanple.

As used herein, the "sanple" refers to specinmen isolated from subject
in need thereof, specifically isolated from bl.ood or urine. And as used
herein, the "ef fective anount"” refers to the anmount of a conpound » or
extract which makes possible to trace diagnosis or effect of treatnment when
it is admnistered to a patient, and the "subject" refers to aninals,
particularly, manmals conprising human. The subject may be cells, tissue, or

organ. The subject also may be patient in need of treatnent.

The detection of cardiac troponin | (cTnl) is indicative that the
subject has cardiac troponin | (cTnl)-related condition/disease. Ther ef or e,
the diagnosis could be acconplished. //

An agent for detecting Cardiac troponin (cTnl) of the present ’ i nvention
nmay be prepared in the form of the polypeptide as it is or wth
phar maceutical |y accept abl e carrier. As used herein, the phrase "
phar maceutical |y accept abl e" neans that the conponents present in the

conposition are physiologically acceptable and usually do not invoke allergic
or simlar reactions when adnmnistered to humans. The carrier conprises all

kinds of solvents, dispersing nedia, oil-in-water or water-in-oil emnulsions,
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wat er sol ubl e conposi tions, | i posones, m cr obeads and m crosones, and
bi odegradi bl e nanoparticle.

Meanwhi | e, an agent for detecting Cardi éc troponin (cTnl) of the
present invention may be formulated wth a proper carrier according to
admi ni stration routes. The admi nistration routes of the pharnaceuti cal
conposition of the present invention conprise, but not limted thereto, oral
or parenteral rout es. The parenteral routes conprise, for exanple,
subcut aneous, i ntranasal , peritoneal, i ntranuscul ar, i nt racut aneous, or
i ntravenous adm nistration.

In case of oral admnistration of an agent for detecting Cardiac
troponin (cTnl) of the present invention, a pharnaceutical conposition of the
present invention may be formulated into powder, granule, tablets, pills,
sugar coated pills, capsules, |liquid, gel, syrup, suspension, wafers by well
known nethod in the art. Exanples of the proper carriers, it may be conprise
sugars such as |actose, dextrose, sucrose, sorbitol, manni t ol , xylitol,
erythritol and maltitol, starches such as corn starch, wheat starch, rice
starch and potato starch, celluloses such as cellulose, nmet hyl cel | ul ose,
sodi um car boxynet hyl cellulose and hydroxy propyl nmet hyl cel 1ul ose, and
fillers such as gelatin and polyvinyl pyrrolidone. And, if desired, it may
conprise cross-linked polyvinyl pyrrolidone, agar, alginic acid or sodium
alginate as a solut ionizer . Further, the pharnaceutical conposition of the
present invention may conprise anti-coaglut inating agent, lubricant, wetting
agents, flavors, emulsifying agents and antiseptics.

Al so, in case of par ent er al adm ni stration, a phar maceuti cal
conposition of the present invention may be formulated with a proper carrier
for parenteral administration into injections, transdermal preparations, and
nasal inhalers by using the nethod known in the art. The injection nust be
sterilized and protected from mcroorganisnms such as bacteria and fungi.
Proper carriers for injection nmay be, but not limted thereto, wat er,
et hanol , pol yol (e.g. glycerol, propylene glycol and liquid polyethylene
glycol Yor mxture thereof and/or solvent or dispersing nedia conprising plant

oil. Mre preferably, proper <carriers nmay be Hank' s solution, Ringer' s
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solution, PBS (Phosphate buffered saline) containing triethanol amine, or a
isotonic solution such as distilled water for injection, 10% ethanol, 40%

et hanol , 40% propylene glycol and 5% dextrose. To protect the injection from

contam nation of m croorganisns, it may further conprise various antibiotics
or antifungal reagent such as paraben, chlorobutanol , phenol, sorbic acid,
thinerosal . In addition, in nost cases, the injection may further conprise an

i sotonic reagent such as sugars or sodium chloride. The fornmulation of the
above-nentioned is well described in Renington's Pharnmaceutical Science, 15th

Edition, 1975, Mark Publishing Conpany, Easton, Pennsylvani a.

In case of nasal inhalers, a conpound of the present invention nay be
delivered with a form of aerosol spray from pressure pack or spray by using
proper propel lants such as dichloro fluoronethane, trichloro fluoronethane,
dichlroro tetraf | uoroethane, carbon dioxide or other proper gas. In case of
pressure aerosols, dose may be deternined by providing valve which delivers
the nmeasured anobunt of a conpound. For exanpl e, a gelatin capsule and
cartridge for inhaler or insufflator nmay be fornulated to contain conpound,

and proper powder conpound such as |actose or starch.

O her pharmaceutical ly acceptable carriers are well descri bed in
Remi ngton's Pharmaceutical Sciences, 19th Edition, Mack Publishing Conmpany,

East on, PA, 1995.

Al so, an agent for detecting Cardiac troponin (cTnl) of the present

invention may further conprise one or nore buffers (e.g. saline or PBS),

car bohydr at es (e.g. gl ucose, mannose, sucrose or dextran), ant i oxi dant,

bacteriostat , chelating agent (e.g. EDTA or glutathione), adjuvant (e.g.
al um ni um hydr oxi de) , suspensi on agent, t hi ckeni ng agent and/ or
preservative(benzal koni um chl ori de, nmet hyl - or propyl par aben and

chl or obut anol ).

Al so, a pharmaceuti cal conposition of the present invention nay be

formulated wusing a method well known in the art to provide quick, durable,
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del ayed release of an active ingredient after admnistration.

As seen foregoing, forrmulated agent for detecting Cardiac troponin
(cTnl) may be administered with effective amunt into oral, subcutaneous,
i ntracut aneous, intravenous or intramuscular routes. The pharmaceutically
effective amount of the agent for detecting Cardiac troponin (cTnl) of the
present invention suitably determined by considering various factors, such as
adm nistering route, admnistering subject, disease, severity thereof, age of
pati ent, sex, body wei ght, i ndi vi dual vari ation, and status of disease.
Preferably, the agent for detecting Cardiac troponin (cTnl) conprising the
pol ypeptide of the present invention may be conprised with effective anobunt
according to several ity of disease. However, in generally, it may be
adm nistered in effective anmpunt of 10 ug to 10 Mg per adult at once and it

may be also adnministered nultiple tines.

Meanwhi | e, in one Example of the present i nvention, whether the screened
pol ypeptides of the present _invent ion bind specifically to cardiac troponin |
(cTnl) was exam ned. As a result, it could be seen that a polypeptide
conprising an amno acid sequence represented by SEQ ID NO 17 or 24 binds to
cardiac troponin | (cTnl) nore strongly than to BSA or CKB protein. As
descri bed above, the polypeptide of the present invention can detect cardiac
troponin | (cTnl) by binding to cardiac troponin | (cTnl) in blood or urine,

and thus <can be wused for effective diagnosis of diseases myocardial

infarction or angina, which are acconpanied by nuscle tissue injury.

[ Advant ageous Effects]

As described above, the present invention provides an isolated cardiac
troponin | (cTnl)-targeting peptide and the use thereof. More specifically,
the present invention provides a cardiac troponin | (cTnl)-targeting peptide,
and marker or conposition for detecting and diagnosing cardiac troponin |
(cTnl). The polypeptide of the present invention is effective in specifically
detecting cardiac troponin 1. Therefore, the peptide of the present invention

can be useful for the diagnosis of cardiac troponin | (cTnl)-related
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condi tion/ disease .
[Description of Draw ngs]
FIG 1 shows the structure of a cassette conprising a DM D encoding

nucl eotide in a T7 phage 10B capsid (DM D:

in Korean

protein scaffold nodule disclosed

Patent Application No. 10-2011- 0035613 filed by the present
i nventors) .
FIG 2 shows a structure conprising a DM D-encoding nucleotide and a
peptide library-encoding nucleotide in a T7 phage 10B capsid (DM D' protein

scaffold nodule disclosed in Korean Patent
filed by the present inventors).

FIG 3 shows various nucleotide sequences
library of the present invention.

FIG 4 shows the results of performng a total

for a cardiac troponin | (cTnl)-targeting phage.

FIG b5A shows the results of a plaque assay

abilities of screened candidate phage clones to bind

FIG 5B shows the results of an ELISA assay

abilities of screened candidate phage clones to bind

FIG 6 shows the results of examning the

(RASSRLW to detect suspended cTnl (5R19: candidate
frequency anong phage clones screened in the present

FI G 7A shows the results of examning

reconbi nant protein

cTnl attached to a plate (cTnl-specif ic binding).

FI G 7B shows the results of exanining

reconbi nant protein

suspended cTnl (cTnl-speci fic binding and detection).

FI G 7C shows the results of exanining

reconbi nant protein
suspended CKB (cTnl-specif ic binding and detection).

FIG 8 shows the results of ELISA conducted

Application No.

| oaded with an amino acid sequence

| oaded with an amino acid sequence of

| oaded with an amino acid sequence

10-2011- 0035613

that encode the peptide

of 5 rounds of screening
conducted to exami ne the
to troponin | (cTnl).
conducted to examne the
to troponin | (cTnl).

ability of a 5R19 clone

cl one having the highest
i nvention).

the ability of a DMD
of RASSRLW to detect

the ability of a DMD
RASSRLW to detect

the ability of a DMD

of RASSRLW to detect

to exanine the abilities of
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screened candidate 5R19 phage clone and 4R5 phage clone to bind to cardiac

troponin | (cTnl).

[ Mode for Invention]
Hereinafter, a preferred enbodinent of the present invention wll be

described with reference to the acconpanying draw ngs.

In the following description and drawi ngs, the sane reference nunerals
are used to designate the same or simlar conponents, and so repetition of

the description on the same or simlar conponents wll be omtted.

<Exanpl e 1>
Construction of T7 phage DM D (designed nodular inmunodiagnostics)-(X7)

peptide library

In this Exanple, a protein scaf fold(designed nodular inmmunodiagnost ics
(DM D)) was fused to the 10B capsid of T7 phage, and a peptide library was
constructed in the protein scaffold. For this purpose, a T7 phage—DM D
cassette was prepared, and a T7 phage DM D (X7) pepti de | library that

expresses various peptide libraries was constructed in the cassette.

<1-1> Preparation of T7 phage-DM D cassette

For the preparation of a T7 phage DM D cassette, a DNA fragnent
corresponding to amno acids T1-L8 of DM D (DNA fragnent corresponding to
amino acids T1470-L1556 of EGF) was anplified by PCR and then cloned into the
BamH and Xhol sites of the vector pET—32a(+) (Novagen; WMadison, W), thereby
preparing a pET-32a(+)-DM D BX vector.

In order to make restriction .enzyme sites for inserting nucleotide
sequences encoding a peptide library, Sacl and Sail restriction enzyme sites
were inserted by PCR between R21 and T22 and between R26 and R27,
respectively, and the resulting DNA was cloned into the EcoRl and Hi ndi 11

site of pET-32a(+). Specifically, primary PCR was performed using pET-32a(+)-
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DMD-BX as a tenplate, a prinmer pair of DM DEFwWd and DM DSSRvs and a priner
pair of DM DSSFwd and DM DHRvs. The brirrary PCR products were mxed with each
other, and secondary PCR was perfornmed using the mixture as a tenplate and a
primer pair of DM DEFwd and DM DHRvs, thereby obtaining a recombinant DNA in
which Sacl and Sail restriction enzyme sites were inserted between R21 and
T22 and between R26 and R27 of DM D, respectively. The reconbinant DNA was
treated with EcoRI and HindlIl restriction enzyne sites and cloned into a
pET-32a(+) vector treated with the sane restriction enzynes. The resulting
vector was naned "pET—32a( +)-DM D ESSH"

pET~32a(+)-DM D-ESSH was treated with the restriction enzynes EcoR and
Hindi 11 and subjected to agarose gel electrophoresis to separate DM D ESSH
cassette DNA. The separated DM D ESSH cassette DNA was ligated to the T7
vector arm of T7sel.ectl0-3b (Novagen) by ligase. The resulting structure was
mxed with a packaging extract of T7selectl0-3b and subjected to in vitro
packagi ng, thereby constructing r econbi nant T7 phage- DM D- ESSH cassette
virus. FIG 1 shows the constructed reconbinant cassette virus. The packagi ng
of the T7 phage was perfornmed according to the experinental nethod provided

by Novagen.

<l -2> Preparation of T7 phage DM D-(X7) peptide library
T7 phage-DM D-ESSH cassette DNA was separated from the T7 phage- DM D

ESSH cassette virus and treated with Sacl and Sail restriction enzymes. As
nucl eoti de sequences encoding a peptide library, the forward oligonucleotide
sequence gat cgagct cAM {NNKNNKNNKNNKNNKNNKgt cgaccat cat caccaccatcac (N=any
nucl eotide, K=G or T) (SEQ ID No: 5) having Sacl and Sail restriction enzyne
sites and the reverse oligonucleotide sequence gtgatggtggtgatgatggtcgac (SEQ
ID NO 6) conplenentary to the forward oligonucleotide sequence at the 3°
region were used. The two oligonucleotide sequences were mixed wth each
other at the sane molar ratio, heated at 95 Cfor 5 minutes and cooled to
room tenperature to form a conplenentary hydr ogen bond. Then, DNA
conpl enent ary to t he f orward ol i gonucl eoti de sequence

gat cgagct cNNKNNKNNKNNKNNKNNKNNKgt cgaccat catcaccaccatcac is  synthesized with
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the DNA polynmerase Kl enow fragnment, thereby nmaki ng' conpl ete doubl e-stranded

library DNA.
The library DNA was treated with Sacl and Sail. A nucleotide sequence
encoding the peptide library treated with the restriction enzymes was |igated

by ligase with the T7 phage-DM D~ESSH cassette DNA treated with the sane
restriction enzynmes. The resulting structure was mixed wth a packaging
extract of T7selectl0-3b and subjected to in vitro packaging, t her eby
constructing reconbinant T7 phage-DMD-(X7) peptide library virus. FIG 2
shows the constructed peptide library virus.

For verification of the reconbinant T7 phage—DM D(X?) peptide library
virus, sequencing was performed. Specifically, the region having the peptide
library inserted therein was anplified by PCR using a T7 UP FWD 100 primer
(agcgcgcetcgecgtgectaac  (SEQ ID NO' 22)), which binds to a nucleotide sequence
| ocated 107-bp upstream from the EcoRl site of the capsid DNA of the T7
phage- DM D- ( X7) pepti de library virus, and a T7 Down Rvs-1QQprimer
(ctgataactcagcggcagtc (SEQ ID NO 23)) which binds to a nucleotide sequence
| ocated 108-bp downstream from the Hindi II site. The PCR anplification
product was purified using a DNA purification colum, and then the peptide
library region was sequenced using the T7 UP FWD-100 prinmer and the T7 Down
Rvs-100 prinmer. The sequencing was perforned by Genotech (Korea) using the
Sanger' s method which is generally used. As a result, various nucleotide
sequences encoding the peptide Ilibrary were identified, and sone aligned
nucl eoti de sequences of the identified nucleotide sequences are shown in FIG
3.

In FIG 3, anmong the sequences of conserved sequence areas show ng
sequence homology indicated by black color in the nucleotide sequence
alignnent, the sequence tctgccaaggctgactgtaagagagagctc expresses the sequence
SAKADCKRGS which is encoded by the amino terminal end of DM D and the Sacl
region, which have the library inserted therein, and the sequence
gt cgaccgagt gt gcacgt gcaaagcaggct ac  expresses the sequence LERVCTCKAGY which is
encoded by the Sail region and the carboxy-terminal end of DM D, which have

the library inserted therein. Manwhile, the sequences of sequence diversity
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areas showi ng sequence heterogeneity indicated by black and red, which were
not aligned in the nucleotide sequence alignment, were derived from the
sequence NNKNNKNNKNNKNNKNNKNNK  (N=any nucl eotide, K=G or T) inserted between
the Sacl and Sail regions and actually show collections of various nucleotide
sequences. It can be seen that various ©peptides are nmade from such
collections of various nucleotide sequences. The portions indicated by "—"
are blanks indicated because libraries were not aligned with each other, and
these portions do not nean deletions in the nucleotide sequences.

The identified reconbinant T7 phage-DM D-(X7) peptide library virus was
anplified in large anounts and used for biopanning of a target peptide. To
amplify the virus in large amounts, the E. coli strain BLT5403 was seed-
cul tured 6verni ght in LB nmedia containing 100 ug/m of anmpicillin, and then

on the next day, the culture broth was diluted in fresh LB/ Anp (100 ug/m)

media at a volunme of 1-100 and cultured wuntil the absorbance at 600 nm
reached 0.5-1.0 (0D,,, = 0.5-1.0). The T7 phage~DM D-(X7) peptide library
virus was transfected the E. coli strain BLT5403 wuntil MI (nultiplicity of

infection) reached 0.001-0.01, and the strain was shake-cultured at 37 °C for
2-3 hours wuntil the cells were dissolved to becone clear, thereby anplifying
the virus. The anplified T7 phage-DM D-(X7) peptide virus was analyzed by a

pl aque assay to determine the titer, and 97 ml of T7 phage-DM D-(X7) peptide

. . 10
library virus having a titer of 8.67 x 10 pfu/nm was prepared.

<Exanple 2>

Screening and selection of phage clones that specifically target cardiac

troponin 1| (cTnl)

<2-1> Cloning and expression of disease-targeted reconbinant protein

For the preparation of a human cardiac troponin | reconbinant protein,
a DNA fragnment corresponding to the whole ORF of human troponin | was
anplified by PCR using TroB5Fwd and TroN3Rvrs priners, and then cloned into
the BanHl and Notl sites of the vector pET-29a(+) (Novagen; Madison, W),

thereby preparing a reconbinant human troponin | expression vector which was
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named " pET29a- hTroponin I". The expression vector conprises amno acid
residues 1-210 of the amno acid sequence of human Troponin 1, and the

sequence MKETAAAKFERQHVDSPDLGTLVPRGSMAD [GS derived from the vector is fused
to the amino-ternminal end of human troponin 1, and the sequence AAALEHHHHHH
derived from the vector is fused to the carboxy-term nal end.

Each of the vectors was transforned into an E. coli cell line {E. coli
BL21) which was then cultured in LB nedia containing 50 ug/m of kananycin at
37 °C and when absorbance at 595 nm reached 0.5-0.6, the cells were treated
with 1 mM |PTG (isopropyl- B-D(-)-thiogal actopyranoside) and incubated at 20
C for 24 hours to induce the expression of the reconbinant protein. The
incubated E. coli strain was re-suspended in lysis buffer (50 nM Tris-Hd (pH
8.0), 100 mM Nad, 1 nM EDTA, 1% Triton X-100, 1 nM PMSF, 0.5 mM DITT), after
which it was disrupted by sonication and then purified using N-NTA resin
(Q agen). The expressed and purified reconbinant protein was subjected to
SDS-PAGE to determine the purity of the protein, before use in subsequent

experi nents.

<2-2> Phage plaque assay
BLT5403 E. coli was cultured in MOLB nedia until the absorbance at 600

nm (QDso) reached 1.0, and then 250 ul of the culture broth was dispensed

into a 10-m tube and stored at 4 <« . The phage to be analyzed for
concentration was diluted at vz?ri ous dilution factors and stored at 4 TC
until wuse. Top agar was dissol véd at 100 C and maintained at 37 ‘C. 100 ul
of a phage solution was mixed with 250 ul of the prepared host BLT5403 E.
coli, and then 4 ml of the dissolved top agar was added thereto, after which
the resulting mxture was transferred to "an agar plate which was then
hardened. The hardened agar plate was incubated at 37 C for 3-4 hours, and

then the nunmber of plaques produced was neasured.

<2-3> Screening of cTnl-targeted phage library
Using the T7 phage DM D (X7) peptide library, phage clones that bind

specifically to c¢cTnl were screened. Specifically, each of cTnl (Abeam
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Canbri dge, UK) and BSA (G bco, Auckland, New Zealand) was prepared at a

concentration of 10 ug/m, and then 100 ul of each of the prepared solutions

was injected into each well of a 96-well plate and incubated at 4 °C for 16
hours to coat each well. Each coated well of the plate was blocked with 200
ul of 5% skimnilk, washed twice with PBS and stored at 4 °C until use.
10
The phage library was prepared at a concentration of 1 x 10 pfu/m in

phosphate buffered saline (PBS, pH 7.4) containing 5% BSA and 0.1 ng/m DMD

protein. The prepared phage library was injected into each BSA-coated well at

9
a concentration of 1 x 10 pfu and bound at room tenperature for 10 ni nutes.

Non- bound phages were transferred into fresh BSA-coated wells and bound again
for 10 m nutes. This procedure was repeated three tinmes to renove non-
specifically binding phage clones. The phage clones which did not bind to the
BSA-coated wells in the three repeated procedures were transferred into the
cTnl-coated wells and bound to the wells at room tenperature for 30 ninutes.
Then, the wells were washed fhree firres with PBS containing 0.05% Tween to
renove non-specif ically binding phage clones. Her ei n, each washing was
performed for 5 mnutes.

The phage clones bound to the c¢Tnl-coated wells were detached by
incubation wth 100 ul of 1% SDS for 20 mnutes, and the detached phage
clones were recovered. The nunber of phages bound to cTnl in the recovered
phages was neasured by a phage plaque assay. The recovered phages were
transfected into the culture ‘broth of BLT5403 E. coli and anplified. The
anplified phage clones were used in the next round of screening, and a total
of 5 rounds of screening were perforned.

As a result, as shown in FIG 4, the phage concentration increased 2-3
times when each round was performed, and the phage concentration in round 5
was about 25 times higher than that in round 1. On the contrary, t he
increases in the nunbers of BSA-bound phages and T7 phage-DM D (-) phages

having no amno acid inserted therein were not observed.

<2-4> Determination of nucleotide sequences of phages and selection of

candi date phage clones
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Anong the phage <clones screened in the 5 rounds, 21 clones were
sel ected, and nucleotide sequences in the selected clones were determ ned by
PCR. The PCR was perfornmed using the upstream prinmer 5'-AGCGGACCAGATTATCGCTA-
3' and the downstream primer 5'-AACCCCTCAAGACCCGITTA-3 ' for 35 cycles, each
consisting of 50 sec at 94 <, 1 nin at 50 C and 1 min at 72 C. After
determ nation of the nucleotide sequences, amino acids in the clones were
aligned using the Custal X program and the repeated notifs and clones were

sel ected as candidates. The candidates are shown in Table 1 bel ow

[Table 1]
No. Phage clone [Sequence Frequency
1 5R1 PAAAMRV 4/21
2 5R5 SSRTGSQ 1/21
5R19 SSRLW 9/21

As can be seen in Table 1 above, the sequence RASSRLW was found in 9
clones anong the 21 clones, and the sequence PAAAMRV was found in 4 clones.
Particularly, the SSR notif in the sequence RASSRLW was found again in the

5R5 clone, and thus selected as a candidate for cTnl.

<2-5> Exanmination of c¢Tnl-binding abilities of phage clones screened by
pl aque assay

Each of cTnl (Abeam Canbridge, UK), BSA and CKB proteins was prepared
at a concentration of 10 ug/m, and 100 ul of each of the prepared solutions
was injected into each well of a 96-well plate and incubated at 4 C for 16
hours to coat each well. Each coated well of the plate was blocked wth 200
ul of 5% skim m |k, washed twice with phosphate buffered saline and stored at

4 °C wuntil wuse. The selected candidate phage clones were prepared at a

10
concentration of 1 x 10 pfu/m in phosphate buffered saline (pH 7.4)

containing 5% BSA and 0.1 ng/ml DMD proteins. Each of the prepared phage

clones was injected into each protein-coated well at a concentration of 1 x

9
10 pfu and bound to the wells at room tenperature for 1 hour. Then, each well

was washed three times with phosphate buffered saline containing 0.05% Tween

to renmobve non-specif ical Iy binding phages. Herein, each washing was perforned
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for 5 mnutes. The phage clones bound to the cTnl-coated wells and the
protein-coated wells were detached by incubation with 100 ul of 1% SDS, and
the detached phages were recovered. The nunber of protein-bound phages in the
recovered phages was neasured by a phage plaque assay, and the results of the
measurement are shown in FIG 5A

The results of neasuring the nunber of cTnl-bound phages by the plaque
assay are shown in FIG 5A As can be seen therein, the 5R- 19 clone (RASSRLW
had an excellent ability to bind to cTnl. In addition, it was shown that the
5R-19 clone did bind selectively to c¢Tnl wthout binding to BSA or the CKB
protein that is an indicator of diagnosis of heart attack. However, the
specificities of the other candidates 5R1 (PAAAVRV) and 5R-5 (SSRTGSQ

clones to cTnl could not be observed.

<2-6> Examination of cTnl-binding abilities of screened candidate phage
clones by ELISA

Each of cTnl (Abeam Canbridge, UK), BSA, cTnl (Exanple 2-1) purified
from E. coli, and CKB protein was prepared at a concentration of 10 ug/m,
and 100 ul of each of the prepared protein solutions was injected into each
well of a 96-well plate and incubated at 4 C for 16 hours to coat each well.
Each coated well of the plate was blocked with 200 ul of 5% skim m |k, washed
twice with PBS and stored at 4 °C until use.

Each of +the selected candidate phage clones was prepared at a

concentration of 1 x 10° pfu/n in phosphate buffered saline (pH 7.4)

containing 5% BSA and 0.1 ng/ml DM D proteins. Each of the prepared phages

9
was injected into each well at a concentration of 1 x 10 pfu and bound to the

wells at room tenperature for 1 hour. Then, each well was washed three tines
with phosphate buffered saline <containing 0.05% Tween to renbve non-
specifically binding phages. Herei n, each washing was performed for 5
m nut es.

The phage clones bound to the cTnl-coated wells and to the pr ot ei n-
coated wells were detected with a T7 phage tail fiber antibody (Merck KGA,

Dar nst adt , Germany) and was color-developed wth a TMB substrate (Koma
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bi ot ech Inc., Seoul, Kor ea) . The TMB color devel opnent was term nated by

addition of 100 ul of 2N H,s», and the absorbance at 450 nm was neasured,

thereby determ ning the degree of binding of each candidate phage. The
results of the measurenent are shown in FIG 5B.

As can be seen in FIG 5B, the selective targetabi 1lity of the B5R 19
clone to c¢cTnl was also verified by the ELISA assay. The 5R 19 clone showed
binding specificity not only to native human cTnl , but also to cTnl extracted
from E. coli, and the excellent binding ability thereof did not appear in BSA

or CKB protein.

<2-7> Exanmination of the ability of 5R19 clone (RASSRLW to detect suspended

cTnl

cTnl purified from E. coli was prepared at a concentration of 10 ug/m ,
and 100 ul of the prepared protein was injected into each well of a 96-well
plate and incubated at 4 ‘C for 16 hours to coat each well. Each coated well

of the plate was blocked wth 200 ul of 5% skim mlk, washed twice wth
phosphate buffered saline and stored at 4 C wuntil wuse. cTnl to be used in
detection was suspended in a phosphate - buffer containing 5% BSA and 0.1 ng/n

of DMD protein, at concentrations of 10 wug/m, 5 ug/m, 2.5 wug/nm, 1.25

ug/m, 0.625 ug/m and 0.3125 wug/m. 1X108 pfu (50 ul) of the 5R19 phage clone

(RASSRLW was added to and mixed wth 50 ul of each of the cTnl sanples
prepar ed at vari ous concentrations, fol | oned by i ncubation at room
tenperat ure for 30 mnutes. Then, the mixture was transferred into the cTnl-
coated wells and bound to the wells at room tenperature for 30 minutes. Then,
each well was washed three tines wth phosphate buffered saline containing
0.05% Tween to renove the phages bound to the suspended cTnl . Herein, each
washing was perforned for 5 minutes.

‘The remaining phage clones bound to the cTnl-coated wells were detected
with a T7 phage tail fiber antibody (Merck KGaA, Darnstadt, Germany) and were
col or-devel oped with a TMB substrate (Konma Biotech Inc., Seoul, Korea). The

TMB col or devel opnent was terminated by addition of 100 ul of 2N H,S04, and
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t he absorbance at 450 nm was rﬁeasured. Based on the neasurenent results, the
degree and pattern of detection of suspended c¢Tnl by the 5Rl19 phage as a
function of the concentration of c¢Tnl were measured. The results of the
measurement are shown in FIG 6.

As described above, whether the B5R-19 (RASSRLW clone can detect
suspended cTnl was exam ned, and the |owest det ecti on concentration of
suspended c¢Tnl which can be detected by the 5R19 (RASSRLW clone was
examned. As a result, as can be seen in FIG 6, the selected 5R-19 clone
could detect suspended <c¢Tnl in a concentration-dependent manner, and the
| owest detection concentration of suspended c¢Tnl was found to be 312 ng/nm

(absolute detection level - 15.5 ng/50 ul).

<2-8> Exanmination of the ability of DMD protein (RASSRLWDM D) |oaded with
RASSRLW t o detect suspended cTnl

To prepare a DM D reconbinant protein |oaded with RASSRLW the tenplate
5R-19 phage clone that binds specifically to cTnl was anplified by PCR using
a T7 super UP priner (5'-AGCGGACCAGATTATCGCTA-3 ') and a T7 super DOM priner
(5" - AACCCCTCAAGACCCGTTTA- 3'). The PCR anplification product was cloned into
the BanH and Xhol of the vector pET-29b(+) (Novagen; Madison, W), thereby
preparing a RASSRLW |oaded DM D protein expression vector which was naned
"RASSRLW DM D'. The expression vector conprises anino acid residues 1470-1555
of the full-length amno acid sequence of human stabilin-2 and has
restriction enzyne (Sail and Sacl) recognition sequences between anino acid
residues 1490 and 1496 and a sequence of RASSRLW arranged between the
restriction enzyme recognition sequences. To the amno end, there is fused
MKETAAAKFERCQHVDSPDLGTLVPRGSMA | SDPNS  deri ved from the vector, and to the
carboxy end, there is fused LEHHHHHH anino acid. The vector was transforned
into an E. coli cell line in the sane nanner as Exanple 2-1, and the cells
were cultured, thereby preparing a reconbinant protein.

BSA and the c¢Tnl and CKB proteins purified in E. coli were prepared at
concentrations of 10 Uug/ml, 5 ug/m and 2.5 pg/n, respectively, after

which 100 pi of each of the proteins was added to each well of a 96-well
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plate and coated onto each well at 4 °C for 16 hours. Each coated well of the
plate was blocked with 200 ul of 5% skim mlk, washed twice with phosphate
buffered saline and stored at 4 « wuntil use.

The RASSRLWDM D protein purified in E. coli was conjugated to HRP
(Doj i ndo, Tokyo, Japan) at the amino group and prepared at a concentration of
10 ug/m. Herein, a phosphate buffered saline (pH 7.4) containing 5% BSA,
0.05% Tween 20 and 0.1 nmg/m of DM D protein was used as buffer. 100 pi of
the prepared RASSRLWDM D-HRP protein was added to each coated well and bound
to each well at room tenperature for 1 hour. Then, each well was washed three
times with 0.05% Tween-containing phosphate buffered saline to renove non-
specific binding. Each washing was performed for 5 mnutes.

The RASSRLWDM D-HRP protein bound to each well coated with c¢Tnl and
each well was color-deve loped with a TMB substrate (Koma Biotech Inc., Seoul,
Korea) to conparatively analyze the degrees of binding of the proteins. Color
devel opment with the TMB substrate was stopped by addition of 100 p i of 2N

H2SM4, and the absorbance at 450 nm was neasured. The results of the

measurenent are shown in FIG 7A

cTnl purified in E. coli was prepared at a concentration of 10 ug/n,
and then 100 pi of the prepared cTnl was added to each well of a 96-well
plate and coated onto each well at 4 ‘Cor 16 hours. Each coated well of the
plate was blocked with 200 pl of 5% skim nilk, washed twice with phosphate
buffered saline and stored at 4 °C until use. Each of the cTnl and CKB
protein to be used was suspended at concentrations of 10 ug/ml, 5 ug/m,
2.5 ug/nm, 1.25 ug/m, 0.625 ug/m, 0.312 ug/m, 0.156 ug/nm, 0.078 U
g/mM and 0 uUug/m in a phosphate buffer containing 5% BSA and 0.1 ng/m of
DM D protein. 0.5 Ug (50 Hi) of RASSRLWDM D-HRP was added to and m xed
with 50 U1l of each concentration of the prepared cTnl and CKB protein, and
each of the mxtures was allowed to react at room tenperature for 30 m nutes.
Each of the‘ reaction mxtures was transferred into each well coated with cTnl
and further allowed to react at room tenperature for 30 minutes, so that free
RASSRLW DM D- HRP  whi ch was not bound to suspended cTnl was bound to the cTnl-

coated well. Then, each well was washed three tinmes wth 0.05% Tween-
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containing phosphate buffered saline to remove RASSRLWDM D-HRP bound to
suspended cTnl or CKB. Each washing was perforned for 5 mnutes.

The RASSRLWDM D-HRP protein bound to each well coated with cTnl and
each well was color-developed with a TMB substrate (Koma Biotech Inc., Seoul,
Korea) to conparatively analyze the degrees of binding of the proteins. Color
devel opment with the TMB substrate was stopped by addition of 100 Hi of 2N

H,SO,, and the absorbance at 450 nm was neasured. The results of the

nmeasurenent are shown in FIGS. 7B and 7C.

As can be seen fromthe results in FIG 7, the DMD protein |oaded with
the amino acid sequence RASSRLW did bind specifically to cTnl , like the phage
state. The ability of the protein to detect suspended cTnl was specific to
cTnl , and the detection Ilimt concentration was about 78 ng/m (absolute

detection-" 3.9 ng/50 pi).

<2-9> Selection of new candidate phage cloné and analysis of the ability of
the phage clone to cTnl by ELI SA

Among the phage clones screened in the sane manner as Exanple 1 or
Exanple 2-3, 20 clones in round 4 were randomy selected, and a nucleotide
sequence included in each of the selected clones was determned by PCR The
PCR was performed using the same priners under the sanme conditions as those
described in Exanple 2-4. After determination of the nucleotide sequence,
amino acids included in each of the clones were aligned using the Custal X
program a nmotif and a clone, which were repeated twice or nobre, were

sel ected as a candidate group. The selected candidate group is shown in Table

2 bel ow.

[ Table 2]
No . hage clone [Sequence requency
1 4R5 RCAARRS 9/20

As can be seen in Table 2, 4R5 (RCAARRS; SEQ ID NO 24) was repeated 9
times anobng a total of 20 clones. Particularly, 4R5 showed an amino acid
sequence simlar to 5R19 (RASSRLW SEQ ID NO 17) in Exanple 2-4 and was

predicted to bind specifically to cTnl , and for this reason, it was selected



<220>

<22i>

<222>

<223>

<224>

<225>

WO 2013/085367 PCT/KR2012/010705
30

as a new candidate.

The 5R19 phage clone shown in Table 1 above and the 4R5 phage clone
shown in Table 2 were analyzed by ELISA in the sane nanner as Exanple 2-5,
and the degrees of binding of the phages were conpared based on the
absorbance. As a result, it was found that the 5R19 phage clone and the 4R5
phage clone selectively targeted cTnl , and the binding levels for other BSA
and CKB proteins were significantly Iow

However, as can be seen in FIG 8, not only for naturally occurring
human c¢Tnl , but also for human c¢Tnl extracted from E. coli, the binding
specificity of the newWwy screened 4R5 candidate was significantly higher than

that of the 5R19 candidate.

As described above, the present i nvention provides a polypeptide
specific to cardiac troponin | and the use thereof. Mre specifically, t he
present invention provides a cardiac troponin | (cTnl )-speci fic polypeptide

conprising an amno acid sequence represented by SEQ ID NO 17 or 24, and
conpositions for detecting and diagnosing cardiac troponin | (cTnl), which
contains the polypeptide as an active ingredient. The cardiac troponin |-
specific polypeptide of the present invention conprises a protein scaffold
nodul e t hat i ncreases the binding affinity and specificity of t he
pol ypepti de. Ther ef or e, the <cardiac troponin |I-specific polypeptide is
effective in detecting a polypeptide or protein specific to nyocardial

di sease, and thus is effective for the diagnosis of nyocardial disease.

[I ndustrial Applicability]

As described above, the present invention provides an isolated cardiac
troponin | (cTnl)-target ing peptide and the use thereof. Mre specifically,
the present invention provides a cardiac troponin | (cTnl )-target ing peptide,
and marker or conposition for detecting and diagnosing cardiac troponin |
(cTnl). The polypeptide of the present invention is effective in specifically
detecting cardiac troponin 1. Therefore, the peptide of the present invention

can be useful for the diagnosis of cardiac troponin | (cTnl )-related
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condi t ion/disease.
<226>
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[ CLAI V5]
[Caim 1]
An isolated cardiac troponin | (cTnl )-target ing peptide conprising an

amino acid sequence represented by the following general formula 1:
[General Formula 1]
Ar g- XI - X2- X3- Ar g- X4- X5:
wherein Xl is Cys or Ala, X2 or X3 is Ala or Ser, X4 is Arg or Leu, and

X5 is Ser or Trp.

[Caim 2]
The peptide of claim 1, wherein the anmino acid sequence is represented

by the SEQ ID NO 17 or 24.

[Caim 3]
An isolated polynucleotide having nucleotide sequence encoding the

peptide of claim 1.

[Caim 4]

A vector conprising the polynucleotide of claim 3.

[Caim 5]

A transformant transfected with the vector of claim 4.

[Caim 6]

A marker for detecting cardiac troponin | (cTnl) borrprisi ng the peptide
of claim 1.
[Caim 7]

A conposition for detecting cardiac troponin | (cTnl) conprising the

peptide of claim 1 as an active ingredient.

[Caim 8]

The composition of claim 7, wherein the polypeptide is |labeled with one



<245>

<246>

<247>

<248>

<249>

<250>

<25i>

<252>

<253>

<254>

WO 2013/085367 PCT/KR2012/010705

33

selected from the group consisting of biotin, col or-devel oping enzynes,
radi oactive isotopes, chronmophores , light-enitting substances, fluorescers,

super paramagnetic particles and ultrasuper paramagnetic particles.

[Claim 9]
A conposition for di agnosi ng cardi ac troponin I (cTnl )-rel ated

condition/di sease conprising the peptide of claim 1 as an active ingredient.

[daim 10]

The conposition of claim 9, wherein the cardiac troponin | (cTnl)-
related condition/disease is selected from the group consisting of myocardial
infarction, angina, hypertension, i nfectious disease, sepsis, arrhythm as,
pul nonary enbolism increased intracranial pressure, renal insufficiency, Ud
bl eedi ng, acute respiratory distress syndrone, end- stage renal di sease,

anyl oi dosi s, diabetes and cardiac toxicity.

[Caim 11]

A nmet hod for di agnosi ng cardi ac troponin (cTnl)-rel ated

condi ti on/ di sease conprising steps of:

(a) contacting the polypeptide of claim 1 with a sanple and a | abel

bound thereto, wherein the label is selected from the group consisting of
chronmogeni ¢ enzynes, radioi sotopes, chr omophor es, light emtting materials,
fl uorescers, super par anagneti c particles, and ultrasuper par anagnetic

particles! and

(b) detecting cardiac troponin | (cTnl) from the sanple.

[Caim 12]

Use of the polypeptide of claim 1 for preparing an agent for diagnosing

cardiac troponin | (cTnl)-related condition/disease.
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