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FIG. 1 
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FIG. 4 
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METHODS OF MYOCARDIAL IMAGING 

CLAIM OF PRIORITY 

[0001] This application claims priority under 35 USC 
§119(e) to Us. Provisional Application Ser. No. 60/755, 
709, ?led on Dec. 29, 2005, Us. Provisional Application 
Ser. No. 60/755,710, ?led on Dec. 29, 2005, Us. Provi 
sional Application Ser. No. 60/844,768, ?led on Sep. 15, 
2006, and Us. Provisional Application Ser. No. 60/ 845,118, 
?led on Sep. 15, 2006, all of Which are incorporated by 
reference in their entirety herein. 

TECHNICAL FIELD 

[0002] This disclosure relates to compositions containing 
diagnostic agents that are capable of binding to and thus 
imaging collagen, and more particularly to the use of such 
compositions for myocardial imaging and perfusion mea 
surements. 

BACKGROUND 

[0003] Collagens are a class of extracellular matrix pro 
teins that represent 30% of total body protein and shape the 
structure of tendons, bones, and connective tissues. Abnor 
mal or excessive accumulation of collagen in organs such as 
the liver, lungs, kidneys, or breasts, and vasculature can lead 
to ?brosis of such organs (e.g., cirrhosis of the liver), lesions 
in the vasculature or breasts, collagen-induced arthritis, 
Dupuytren’s disease, rheumatoid arthritis, and other col 
lagen vascular diseases. It Would be useful to have both 
therapeutic and diagnostic agents that could assist in the 
treatment or diagnosis of such disorders. 

[0004] Diagnostic imaging techniques, such as magnetic 
resonance imaging (MRI), X-ray, nuclear radiopharmaceu 
tical imaging, ultraviolet-visible-infrared light imaging, and 
ultrasound, have been used in medical diagnosis for a 
number of years. Contrast media additionally have been 
used to improve or increase the resolution of the image or to 
provide speci?c diagnostic information. 

[0005] Complexes betWeen gadolinium or other paramag 
netic ions and organic ligands are Widely used to enhance 
and improve MRI contrast. Gadolinium complexes increase 
contrast by increasing the nuclear magnetic relaxation rates 
of protons found in the Water molecules that are accessible 
to the diagnostic compositions during MRI (Caravan, P., et 
al., Chem. Rev. 99, 2293 (1999)). The relaxation rate of the 
protons in these Water molecules increases relative to pro 
tons in other Water molecules that are not accessible to the 
diagnostic composition. This change in relaxation rate leads 
to improved contrast of the images. In addition, this increase 
in relaxation rate Within a speci?c population of Water 
molecule protons can result in an ability to collect more 
image data in a given amount of time. This in turn results in 
an improved signal to noise ratio. 

[0006] Imaging may also be performed using light, in 
Which case an optical dye is chosen to provide signal. In 
particular, light in the 600-1300 nm (visible to near-infrared) 
range passes relatively easily through biological tissues and 
can be used for imaging purposes. The light that is trans 
mitted through, or scattered by, re?ected, or re-emitted 
(?uorescence), is detected and an image generated. Changes 
in the absorbance, re?ectance, or ?uorescence characteris 
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tics of a dye, including an increase or decrease in the number 
of absorbance peaks or a change in their Wavelength 
maxima, may occur upon binding to a biological target, thus 
providing additional tissue contrast. In some situations, for 
example the diagnosis of disease close to the body surface, 
UV or visible light may also be used. 

[0007] Ischemic heart disease is a leading cause of death 
in the developed World. Efforts in the detection of the 
disease often focus on the patency of major blood vessels 
such as the coronary arteries, and recent paradigms have 
emphasiZed the importance of the coronary microvascula 
ture in providing blood ?oW, including collateral blood ?oW, 
to injured myocardial tissue. Since cardiac catheteriZation 
assessing the patency of coronary arteries is an expensive 
and risky procedure, noninvasive techniques that assess the 
likelihood of coronary artery disease have ?ourished, espe 
cially nuclear medicine based myocardial perfusion studies. 

[0008] The most Widely used techniques for measuring 
myocardial perfusion are SPECT (single photon computed 
tomography) imaging protocols using injectable nuclear 
agents (e.g., “hot” radiotracers), such as thallium isotope or 
technetium Sestamibi (MIBI). Frequently the patient is 
required to undergo a stress test (e.g., a treadmill exercise 
stress test) to aid in the SPECT evaluation of myocardial 
perfusion. The cardiac effect of exercise stress can also be 
simulated pharmacologically by the intravenous administra 
tion of a coronary vasodilator. Typically, after injection of 
the nuclear agent during stress, the myocardium is imaged. 
A second redistribution rest image is then obtained after an 
appropriate rest period (approximately 3-4 hours). Altema 
tively, the patient may be given a second, 2>< concentrated 
dose of the nuclear agent during the rest phase and a second 
rest image is then acquired. The clinician compares the tWo 
image sets to diagnose ischemic areas as “cold” spots on the 
stress image. SPECT imaging, hoWever, may result in incon 
clusive perfusion data due to attenuation artifacts and/or 
from the relatively loW spatial resolution compared to other 
modalities. For instance, subendocardial defects may not be 
adequately visualiZed. Moreover, SPECT imaging exposes 
the patient to ioniZing radiation. 

[0009] Recently, magnetic resonance imaging (MRI) tech 
niques have also been proposed to assess myocardial per 
fusion. In general, MRI is appealing because of its nonin 
vasive character, ability to provide improved spatial 
resolution, and ability to derive other important measures of 
cardiac performance, including cardiac morphology, Wall 
motion and ejection fraction in a single sitting. Current MRI 
perfusion imaging techniques require rapid imaging of the 
myocardium during the ?rst pass (after bolus injection) of an 
extracellular ?uid (ECF) or intravascular MR diagnostic 
composition; this technique is referred to as MRFP (mag 
netic resonance ?rst pass) perfusion imaging. On 
T1-Weighted images, the ischemic Zones appear With a 
delayed and loWer signal enhancement (e.g., hypointensity) 
as compared With normally perfused myocardium. Myocar 
dial signal intensity versus time curves can then be analyZed 
to extract perfusion parameters. Intensity differences, hoW 
ever, rapidly decrease as the MR diagnostic composition is 
diluted in the systemic circulation after the ?rst pass. Fur 
thermore, because of the rapid timing requirement of MRFP 
perfusion imaging, the patient must undergo pharmacologi 
cally-induced stress While positioned inside the MRI appa 
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ratus. Rapid imaging may also limit the resolution of the 
perfusion maps obtained and may result in poor quanti?ca 
tion of perfusion. 

[0010] Because ischemically-injured myocardium con 
tains both reversibly and irreversibly injured regions, accu 
rate characterization of myocardial injury, in particular the 
di?‘erentiation betWeen non-viable, necrotic (necrotic, 
acutely infarcted myocardium or chronically infarcted myo 
cardium), ischemic, and viable myocardial tissue, is an 
important factor in proper patient management. This char 
acteriZation can be aided by an analysis of the perfusion 
and/or reperfusion state of myocardial tissue adjacent to 
coronary microvessels either before or after an ischemic 
event (e.g., an acute myocardial infarction). 

SUMMARY 

[0011] Peptides described herein exhibit an a?inity for 
collagen, and can be used to treat, prevent, ameliorate, or 
evaluate physiologic functions, manifestations, or disorders 
Where collagens are present in either normal or atypically 
high concentrations. Examples include the use of collagen 
speci?c agents to treat, prevent, ameliorate, or evaluate 
?brosis in the lungs, liver, kidneys, joints, or breasts, or 
lesions in the vasculature, or heart. Use of such agents can 
also a?fect the remodeling of myocardial tissue after an 
ischemic event. The compositions thus may be useful for 
both diagnostic and therapeutic purposes. 

[0012] The disclosure is based on peptides and peptide 
targeted diagnostic compositions, including multimeric 
diagnostic compositions, for MR, optical, SPECT, nuclear 
medicine, and radionuclide imaging, Wherein a peptide can 
function both as a targeting group and a point of attachment 
for one or more chelates at one or more of the internal amino 

acids, N-, and/or C-termini, either directly or via an optional 
intervening linker. Diagnostic compositions maintain bind 
ing a?inity for biological targets such as collagen. Diagnos 
tic compositions have a su?icient half-life folloWing in vivo 
administration such that e?‘ective imaging studies can be 
performed. 
[0013] The disclosure is also based on the discovery of 
MR-based methods and diagnostic compositions for mea 
suring myocardial perfusion that provide enhanced anatomi 
cal detail and accurate perfusion maps. The methods and 
diagnostic compositions alloW maximum ?exibility in the 
induction of stress in a patient prior to imaging and permit 
an extended time period for MR signal acquisition post 
stress induction. Use of the methods and diagnostic com 
positions alloW the di?‘erentiation of ischemia from infarct. 
Diagnostic compositions are also useful for imaging the 
myocardium or physiologic states having high concentra 
tions of collagen. Diagnostic compositions can be useful for 
characterizing atherosclerotic plaque as ?brotic or not, and/ 
or to assess the presence or absence of vulnerable plaque. 

[0014] Disclosed herein is a method of magnetic reso 
nance (MR) imaging for evaluating myocardial perfusion in 
an animal that can include: a) inducing hyperemia in an 
animal; b) administering to the animal an e?‘ective amount 
of an MR-based diagnostic composition, the diagnostic 
composition comprising an Extracellular Matrix Targeting 
Group (EMTG) and a physiologically compatible metal 
chelating group (C), Wherein the EMTG exhibits an a?inity 
for a component of an extracellular matrix of the myocardial 
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tissue; c) acquiring an MR image of the animal’s myocardial 
tissue after the induction of peak hyperemia in the animal, 
the acquisition of the MR image beginning at a time frame 
at least 2 times greater than that required for a ?rst pass 
distribution of the diagnostic composition; d) acquiring a 
second MR image of the animal’s myocardial tissue after the 
induction of peak hyperemia in the animal, the acquisition of 
the MR image beginning at a time frame at least 4 times 
greater than that required for a ?rst pass distribution of the 
diagnostic composition; and e) evaluating said images of the 
animal’s myocardial tissue to evaluate myocardial perfu 
sion. In certain embodiments, ischemic regions may appear 
hypointense on a Tl-Weighted image relative to normal, 
Well-perfused myocardial tissue in the image of step c); and 
non-viable, infarcted tissues may appear hyperintense on a 
Tl-Weighted image relative to normal, Well-perfused myo 
cardial tissue in the image of step d). 

[0015] In other embodiments, a method of magnetic (MR) 
imaging for evaluating myocardial perfusion in an animal 
can include: a) inducing peak hyperemia in an animal; b) 
administering to the animal an e?‘ective amount of a ?rst 
MR-based diagnostic composition, the diagnostic composi 
tion comprising an Extracellular Matrix Targeting Group 
(EMTG) and a physiologically compatible metal chelating 
group (C), Wherein the EMTG exhibits an af?nity for a 
component of an extracellular matrix of the myocardial 
tissue, and administering to the animal an e?‘ective amount 
of a second MR-based diagnostic composition; c) acquiring 
an MR image of the animal’s myocardial tissue after the 
induction of peak hyperemia in the animal, the acquisition of 
the MR image beginning at a time frame at least 2 times 
greater than that required for a ?rst pass distribution of the 
diagnostic composition; and d) evaluating said images of the 
animal’s myocardial tissue to evaluate myocardial perfu 
sion. 

[0016] Additionally, the method can also include: e) 
acquiring a second MR image of the animal’s myocardial 
tissue after the induction of peak hyperemia in the animal, 
the acquisition of the MR image beginning at a time frame 
at least 4 times greater than that required for a ?rst pass 
distribution of the diagnostic composition; and f) evaluating 
the acquired images of the animal’s myocardial tissue to 
evaluate myocardial perfusion. In certain embodiments, 
evaluating can include comparing the MR images of the 
myocardial tissue after the induction of peak hyperemia With 
the MR image of the myocardial tissue in the pre-hyperemic 
state. When evaluating the images, ischemic regions can 
appear hypointense on a Tl-Weighted image relative to 
normal, Well-perfused myocardial tissue; and non-viable, 
infarcted tissues appear hyperintense on a Tl-Weighted 
image relative to normal, Well-perfused myocardial tissue. 

[0017] Amethod of magnetic resonance (MR) imaging for 
evaluating myocardial perfusion in an animal can include: a) 
inducing hyperemia in an animal; b) administering to the 
animal an e?‘ective amount of an MR-based diagnostic 
composition, the diagnostic composition comprising an 
Extracellular Matrix Targeting Group (EMTG) and a physi 
ologically compatible metal chelating group (C), Wherein 
the EMTG exhibits an a?inity for a component of an 
extracellular matrix of the myocardial tissue; c) acquiring an 
MR image of the animal’s myocardial tissue after the 
induction of peak hyperemia in the animal, the acquisition of 
the MR image beginning at a time frame at least 2 times 
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greater than that required for a ?rst pass distribution of the 
diagnostic composition; d) administering an effective 
amount of a second MR-based diagnostic composition; e) 
acquiring a second MR image of the animal’s myocardial 
tissue after the induction of peak hyperemia in the animal, 
the acquisition of the MR image beginning at a time frame 
at least 4 times greater than that required for a ?rst pass 
distribution of the diagnostic composition; and f) evaluating 
the acquired images of the animal’s myocardial tissue to 
evaluate myocardial perfusion. In some embodiments, 
ischemic regions may appear hypointense on a T1-Weighted 
image relative to normal, Well-perfused myocardial tissue in 
the image of step c); and non-viable, infarcted tissues appear 
on a T1-Weighted image hyperintense relative to normal 
myocardial tissue in the image of step e). 

[0018] In certain embodiments, A method of magnetic 
resonance (MR) imaging for evaluating myocardial perfu 
sion in an animal can include: a) acquiring a baseline image 
of the animal’s myocardial tissue by T1-Weighted imaging 
and assessing viability of the animal’s myocardial tissue by 
one or more techniques of the group consisting of 
T2-Weighted spin echo, Wall thickness, and contractile 
reserve With dobutamine stimulation; b) inducing hyperemia 
in an animal; c) administering to the animal an e?fective 
amount of an MR-based diagnostic composition, the diag 
nostic composition comprising an Extracellular Matrix Tar 
geting Group (EMTG) and a physiologically compatible 
metal chelating group (C), Wherein the EMTG exhibits an 
a?inity for a component of an extracellular matrix of the 
myocardial tissue; d) acquiring an MR image of the animal’s 
myocardial tissue after the induction of peak hyperemia in 
the animal, the acquisition of the MR image beginning at a 
time frame at least 2 times greater than that required for a 
?rst pass distribution of the diagnostic composition; and e) 
evaluating the acquired images of the animal’s myocardial 
tissue to evaluate myocardial perfusion. In some cases, 
ischemic regions appear hypointense on a T1-Weighted 
image relative to normal, Well-perfused myocardial tissue. 
[0019] In other embodiments, a method of magnetic reso 
nance (MR) imaging for evaluating myocardial perfusion in 
an animal can include: a) inducing hyperemia in an animal; 
b) administering to the animal an e?fective amount of an 
MR-based diagnostic composition, the diagnostic composi 
tion comprising an Extracellular Matrix Targeting Group 
(EMTG) and a physiologically compatible metal chelating 
group (C), Wherein the EMTG exhibits an af?nity for a 
component of an extracellular matrix of the myocardial 
tissue; c) acquiring an MR image of the animal’s myocardial 
tissue after the induction of peak hyperemia in the animal, 
the acquisition of the MR image beginning at a time frame 
at least 2 times greater than that required for a ?rst pass 
distribution of the diagnostic composition; d) administering 
to the animal an e?fective amount of an MR-based diagnostic 
composition, the diagnostic composition comprising an 
Extracellular Matrix Targeting Group (EMTG) and a physi 
ologically compatible metal chelating group (C), Wherein 
the EMTG exhibits an af?nity for a component of an 
extracellular matrix of the myocardial tissue; the adminis 
tration occurring When the animal is in a resting state; e) 
acquiring a second MR image of the animal’s myocardial 
tissue Within about 1-10 minutes of administration of the 
MR-based diagnostic composition of step d); and e) evalu 
ating the acquired images of the animal’s myocardial tissue 
to evaluate myocardial perfusion. In further embodiments, 
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ischemic regions may appear hypointense on a T1-Weighted 
image relative to normal, Well-perfused myocardium in the 
image of step c); and inducible ischemic regions may appear 
enhanced in the image of step e). In certain embodiments, 
the diagnostic compositions in steps b) and d) are dilTerent, 
While in others, the diagnostic compositions in steps b) and 
d) are the same. 

[0020] In the above methods, peak hyperemia can be 
induced through exercise of the animal or through the 
administration of a pharmacological agent to the animal. 
When exercise is used to induce hyperemia, the animal may 
exercises for at least one minute after the induction of peak 
hyperemia. In additional embodiments, the acquisition of the 
MR image of myocardial tissue can occur after the induction 
of peak hyperemia begins at a time frame at least 5 times 
greater, at least 10 times greater, or at least 30 times greater 
than that required for a ?rst pass distribution of said diag 
nostic composition. 

[0021] In further embodiments, the methods above can 
further include acquiring an MR image of the myocardial 
tissue of the animal in a pre-hyperemic state, the MR image 
in the pre-hyperemic state acquired either before the induc 
tion of peak hyperemia in the animal or after a sufficient 
period of time after the induction of peak hyperemia in the 
animal to alloW the animal to return to a pre-hyperemic state. 
In certain embodiments, evaluating can include comparing 
the MR images of the myocardial tissue after the induction 
of peak hyperemia With the MR image of the myocardial 
tissue in the pre-hyperemic state. In some cases, the second 
MR-based diagnostic composition is selected from the group 
consisting of Gd(III)-DTPA, Gd(III)-DOTA; Gd(III)-HP 
DO3A, Gd(III)-DTPA-BMA, Gd(III)-MS-325, Gd(III)-Ga 
domer-17, Gd-BOPTA, Gd-EOB-DTPA, Gd-DTPA-BMEA, 
and gadocoletic acid. 

[0022] In other embodiments, the above methods can 
further include administering to the animal a second effec 
tive amount of the ?rst MR-based diagnostic composition 
While the animal is in or has returned to a pre-hyperemic 
state, and acquiring an MR image of the animal’s myocar 
dial tissue in the pre-hyperemic state. In some cases, the MR 
images of the above methods are T1-Weighted images. 
Additionally, the methods can further include acquiring a 
T2-Weighted image of said animal’s myocardial tissue While 
said animal is in a pre-hyperemic state; administering an 
extracellular ?uid (ECF) diagnostic composition to said 
animal and acquiring a delayed enhancement image of said 
animal’s myocardial tissue While said animal is in a pre 
hyperemic state; and administering an ECF diagnostic com 
position to said animal and performing MRFP imaging of 
said animal’s myocardial tissue While said animal is in a 
pre-hyperemic state. 

[0023] In certain embodiments, the EMTG exhibits a?in 
ity for the component of the extracellular matrix of the 
myocardial tissue selected from the group consisting of 
glycosoaminoglycans and glycoproteins. In some cases, the 
component of the extracellular matrix of myocardial tissue 
is collagen I, III, IV, V, or VI; elastin; or decorin. In 
particular, the EMTG may exhibit af?nity for Collagen I and 
Collagen III. 

[0024] In other embodiments the EMTG includes any of 
the cyclic amino acid sequences set forth in Tables 1-16, 
18-41, 44, and 45. In further embodiments, the EMTG can 
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include a cyclic peptide including the amino acid sequence 
W-X1-C-(X2)n-W-X3-C (SEQ ID NO: 806), Wherein n is 
5-7; X1, X2, and X3 are any amino acid; and Wherein the 
peptide has a length of 11 to 30 amino acids. In some 
embodiments, n can be 5, 6, or 7. In certain embodiments, 
X1 is selected from K, Q, Y, T, E, D, L, R, H, I, V, N, M, and 
A; and X2 is selected from R, E, D, S, H, K, N, Y, M, V, I, 
Q, and G. 

[0025] In certain embodiments, the EMTG can include a 
cyclic peptide including the amino acid sequence W-X1-C 
X2-G*-X3-X4-X5-X6-W-X7-C (SEQ ID NO: 807), 
Wherein X1 is selected from any amino acid; X2 is selected 
from S, V, T, H, R, Y, and D; G* is selected from G and any 
amino acid in D form; X3 is selected from D and N, 
independently in D or L form; X4 is selected from any amino 
acid in D or L form; X5 is selected from any amino acid in 
D or L form; X6 is selected from T, K, H, D, A, R, Y, and 
E; and X7 is selected fromY, K, H, V, S, M, and N; Wherein 
the peptide has a total length of 12 to 30 amino acids. In 
some cases, the cyclic peptide includes the amino acid 
sequence W-X1-C-X2-G*-X3-X4-X5-X6-W-X7-C-X8-X9 
(SEQ ID NO: 808), Wherein X8 is selected from N, L, I, R, 
K, and A; and X9 is selected from Y, F, M, R, and H, 
independently in D or L form. In other cases, X3 is D; X1 
is T; X2 is selected from S, T and V; X4 is selected from E, 
H, I, S, and A; X5 is selected from Y, K, L, F, A, and P; X6 
is T; X7 is selected from H and K; X8 is selected from N, 
K, and A; and X9 is selected from Y and F. In certain 
embodiments, the cyclic peptide includes one of the follow 
ing amino acid sequences W-T-C-S-G-D-E-Y-T-W-H-C 
(SEQ ID NO: 809); W-T-C-V-G-D-H-K-T-W-K-C (SEQ ID 
NO: 810); W-Y-C-S-G-D-H-L-D-W-K-C (SEQ ID NO: 
811); and W-E-C-H-G-N-E-F-E-W-N-C (SEQ ID NO: 812). 

[0026] The EMTG can include a cyclic peptide including 
the amino acid sequence Q-W-H-C-T-T-R-F-P-H-H-Y-C-L 
Y-G (SEQ ID NO: 74), Wherein the peptide has a total length 
of 16 to 30 amino acids. 

[0027] In other embodiments, the EMTG can include a 
cyclic peptide including the amino acid sequence C-Y-Q 
X1-X2-C-W-X3-W (SEQ ID NO: 813), Wherein X1 is any 
amino acid; X2 is any amino acid; X3 is any amino acid; 
Wherein each C, Y, Q, W, X1, X2, or X3, independently, can 
be in the D form; and Wherein the peptide contains 9 to 30 
amino acids. In certain cases, X1 is selected from A, G, I, L, 
V, F, and P; X2 is selected from G, A, I, L, V, F, and P; and 
X3 is selected from I, A, G, L, V, F, and P. The cyclic peptide 
can include the amino acid sequence C-Y-Q-A-G-C-W-I-W 
(SEQ ID NO: 814) in any combination of D or L forms for 
the individual amino acids; or C-Y-Q-A-G-C-W-1-W (SEQ 
ID NO: 814) in all L-form. 

[0028] In certain embodiments, the EMTG can include a 
cyclic peptide including the amino acid sequence Y-X1-X2 
C-Y-Q-X3-X4-C-W-X5-W (SEQ ID NO: 815), Wherein X1 
is any amino acid; X2 is any amino acid; X3 is any amino 
acid; X4 is any amino acid; X5 is I, G, L, V, F, or P; and 
Wherein the peptide contains 12 to 30 amino acids. In some 
embodiments, X1 is selected from H, R, K, E, D, Q, or N; 
X2 is selected from A, G, I, L, V, F, or P; X3 is selected from 
A, G, I, L, V, F, or P; X4 is selected from G, A, I, L, V, F, 
or P; and X5 is selected from I, L, V, or F. 

[0029] In some embodiments the physiologically compat 
ible metal chelating group (C) is complexed to a paramag 

Mar. 6, 2008 

netic metal ion. The paramagnetic metal ion can be selected 
from the group consisting of Gd(III), Fe(III), Mn(II), 
Mn(III), Cr(III), Cu(II), Dy(III), Ho(III), Er(III), Pr(III), 
Eu(II), Eu(III), Tb(III), and Tb(IV), and the physiologically 
compatible metal chelating group (C) comprises a cyclic or 
an acyclic organic chelating agent. In certain cases, the 
cyclic or acyclic organic chelating agent is selected from the 
group consisting of DTPA, DOTA, HP-DO3A, NOTA, 
DOTAGA, Glu-DTPA, and DTPA-BMA. In other cases, the 
cyclic or acyclic organic chelating agent comprises Glu 
DTPA, DOTAGA, or DOTA, and Wherein said paramagnetic 
metal ion complexed to the metal chelate is Gd(III). 

[0030] In other embodiments, the EMTG and the physi 
ologically compatible metal chelating group (C) can be 
covalently bound through a linker L. L can include a linear, 
branched, or cyclic peptide. In certain cases, L comprises a 
linear dipeptide having the sequence G-G or PP The EMTG 
can include a cyclic peptide, Wherein L caps the N-terminus 
of the peptide as an amide moiety. Alternatively, EMTG can 
include a cyclic peptide, Wherein L caps the C-terminus of 
the peptide as an amide moiety. L can include a linear, 
branched, or cyclic alkane, alkene, or alkyne, thiourea, or a 
phosphodiester moiety. Additionally, L can be substituted 
With at least one functional group selected from the group 
consisting of ketones, esters, amides, ethers, carbonates, 
sulfonamides, thioureas, and carbamates. 

[0031] In some embodiments, the EMTG can include a 
cyclic peptide including the amino acid sequence C*-X1 
X2-X3-X4-X5-X6-X7-X8-C* (SEQ ID NO: 816), Wherein 
X1, X2, X3, X4, X5, X6, X7, and X8 are independently any 
amino acid; C* is C or Pen in D or L form; and Wherein the 
peptide has a length of 10 to 30 amino acids. In certain 
embodiments, X1 is selected from T, A, K, V, I, S, Y, G, R, 
P, L, 3-NO2 Y, 4-Pal, 4-CO2H-F, 4-tBu-F, F(4-NH2), Y(Bn, 
3-Cl), b-h-S, Y(3-I), or Aib, in D or L form; X2 is selected 
from T, A, N, S, Y, R, V, I, K, D, G, b-h-G, Om, or Dpr, in 
D or L form; X3 is selected from R, A, S, L, Y, D, K, G, P, 
Aib, Y(3-Cl), I, Cha, Abu, F(4-F), Dopa, Tle, Cit, b-h-D, or 
K(Boc), in D or L form; X4 is selected from F, A, Y, E, R, 
L, Bip, F(4-CF3), 4-Pal, 1-Nal, F(4-NO2), Hfe, Bpa, F(4 
CN), F(4-NH2), F(3,4-OMe), 2-Nal, Y(3-Cl), Aib, or b-h-E, 
in D or L form; X5 is selected from P, A, Y, D, R, T, P(3-OH), 
APro, Pip, N-Me-A, P(3-OH), Y(3-I), b-h-Y, or Aib, in D or 
L form; X6 is selected from H, A, S, K, N, Y, T, D, R, W, 
P, Aib, or b-h-T, in D or L form; X7 is selected from H, A, 
S, N, D, Y, W, Aib, Dpr, 2-Pal, 1-Nal, thien-W, W(5-OH), 
b-h-W, in D or L form; and X8 is selected from Y, A, R, T, 
V, H, D, S, P, 1-Nal, Bip, DOPA, H-Tyr, H-Tyr(Me), 
F(3-OMe), Y(3-Cl), Y(2,6-Me2), Dip, F(4-NH2), or Aib, in 
D or L form. In other cases, X1 is selected from T or S; X2 
is selected from T or G; X3 is selected from R or D; X4 is 
selected from F or E; X5 is selected from P or Y; X6 is 
selected from H or T; X7 is selected from H or W; and X8 
is selected from Y or H. Alternatively, the cyclic peptide can 
include one of the folloWing amino acid sequences: C-T-T 
S-F-P-H-H-Y-C (SEQ ID NO: 817); C-T-T-K-F-P-H-H-Y-C 
(SEQ ID NO: 818); C-Y-T-Y-F-P-H-H-Y-C (SEQ ID NO: 
819); C-T-T-R-F-P-H-H-Y-C (SEQ ID NO: 820); and C-S 
G-D-E-Y-T-W-H-C (SEQ ID NO: 821). 

[0032] In other embodiments, the EMTG can include a 
cyclic peptide including the amino acid sequence C*-X1 
X2-X3-X4-X5-X6-X7-X8-C*-X9-X10-X11 (SEQ ID NO: 
822), Wherein X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, 
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and X11 are independently any amino acid; C* is C or Pen, 
in D or L form; and Wherein the peptide has a length of 13 
to 30 amino acids. In some cases, X1 is selected from T, A, 
K, V, I, S, Y, G, R, P, L, 3-NO2 Y, 4-Pal, 4-CO2H-F, 4-tBu-F, 
F(4-NH2), Y(Bn, 3-Cl), b-h-S, Y(3-I), or Aib, in D or L 
form; X2 is selected from T, A, N, S, Y, R, V, I, K, D, G, 
b-h-G, Orn, or Dpr, in D or L form; X3 is selected from R, 
A, S, L, Y, D, K, G, P, Aib, Y(3-Cl), I, Cha, Abu, F(4-F), 
Dopa, Tle, Cit, b-h-D, or K(Boc), in D or L form; X4 is 
selected from F, A, Y, E, R, L, Bip, F(4-CF3), 4-Pal, 1-Nal, 
F(4-NO2), Hfe, Bpa, F(4-CN), F(4-NH2), F(3,4-OMe), 
2-Nal, Y(3-Cl), Aib, or b-h-E, in D or L form; X5 is selected 
from P, A, Y, D, R, T, P(3-OH), APro, Pip, N-Me-A, 
P(3-OH), Y(3-I), b-h-Y, or Aib, in D or L form; X6 is 
selected from H, A, S, K, N, Y, T, D, R, W, P, Aib, or b-h-T, 
in D or L form; X7 is selected from H, A, S, N, D, Y, W, Aib, 
Dpr, 2-Pal, 1-Nal, thien-W, W(5-OH), b-h-W, in D or L 
form; X8 is selected from Y, A, R, T, V, H, D, S, P, 1-Nal, 
Bip, DOPA, H-Tyr, H-Tyr(Me), F(3-OMe), Y(3-Cl), Y(2,6 
Me2), Dip, F(4-NH2), or Aib, in D or L form X9 is selected 
from L, A, I, K, V, F, N, Y, P, Aib, Hse, Hfe, Bpa, 2-Nal, 
Y(3-Cl), Dip, or F(4-NH2), in D or L form; X10 is selected 
from Y, A, F, E, Bpa, 2-Nal, Y(3-Cl), Dip, F(4-NH2), or 
Y(3-I), in D or L form; and X11 is selected from G, E, Y, F, 
V, Bip, F(4-NH2), or Aib, in D or L form. In other cases, X9 
is selected from L or N, preferably L; X10 is Y; and X11 is 
selected from G or E. 

[0033] The EMTG can include a cyclic peptide including 
the amino acid sequence C*-X1-X2-X3-X4-X5-X6-X7-X8 
C*-X9-X10-X11-X12 (SEQ ID NO: 823), Wherein X1, X2, 
X3, X4, X5, X6, X7, X8, X9, X10, and X11 are indepen 
dently any amino acids; X12 is any one or tWo amino acids; 
C* is C or Pen, in D or L form; and Wherein the peptide has 
a length of 14 to 30 amino acids. In further embodiments, X1 
is selected from T, A, K, V, I, S, Y, G, R, P, L, 3-NO2 Y, 
4-Pal, 4-CO2H-F, 4-tBu-F, F(4-NH2), Y(Bn, 3-Cl), b-h-S, 
Y(3-I), or Aib, in D or L form; X2 is selected from T, A, N, 
S, Y, R, V, I, K, D, G, b-h-G, Orn, or Dpr, in D or L form; 
X3 is selected from R, A, S, L, Y, D, K, G, P, Aib, Y(3-Cl), 
I, Cha, Abu, F(4-F), Dopa, Tle, Cit, b-h-D, or K(Boc), in D 
or L form; X4 is selected from F, A, Y, E, R, L, Bip, 
F(4-CF3), 4-Pal, 1-Nal, F(4-NO2), Hfe, Bpa, F(4-CN), 
F(4-NH2), F(3,4-OMe), 2-Nal, Y(3-Cl), Aib, or b-h-E, in D 
or L form; X5 is selected from P, A, Y, D, R, T, P(3-OH), 
APro, Pip, N-Me-A, P(3-OH), Y(3-T), b-h-Y, or Aib, in D or 
L form; X6 is selected from H, A, S, K, N, Y, T, D, R, W, 
P, Aib, or b-h-T, in D or L form; X7 is selected from H, A, 
S, N, D, Y, W, Aib, Dpr, 2-Pal, 1-Nal, thien-W, W(5-OH), 
b-h-W, in D or L form; X8 is selected from Y, A, R, T, V, H, 
D, S, P, 1-Nal, Bip, DOPA, H-Tyr, H-Tyr(Me), F(3-OMe), 
Y(3-Cl), Y(2,6-Me2), Dip, F(4-NH2), or Aib, in D or L 
form; X9 is selected from L, A, I, K, V, F, N, Y, P, Aib, Hse, 
Hfe, Bpa, 2-Nal, Y(3-Cl), Dip, or F(4-NH2), in D or L form; 
X10 is selected from Y, A, F, E, Bpa, 2-Nal, Y(3-Cl), Dip, 
F(4-NH2), or Y(3-I), in D or L form; X11 is selected from 
G, E, Y, F, V, Bip, F(4-NH2), orAib, in D or L form; and X12 
is selected from K, KK, Peg K, PEG(1><O), 1,4-AMB, 
1,3-AMB, 1,6-Hex, PEG, or GTE, in D or L form. In other 
cases, X12 is K. 

[0034] In certain embodiments, the EMTG can include a 
cyclic peptide including the amino acid sequence X14-X13 
C*-X1-X2-X3-X4-X5-X6-X7-X8-C* (SEQ ID NO: 824), 
Wherein X1, X2, X3, X4, X5, X6, X7, X8, X13, and X14 are 
independently any amino acid; C* is C or Pen, in D or L 
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form; and Wherein the peptide has a length of 12 to 30 amino 
acids. In Various embodiments, X1 is selected from T, A, K, 
V, I, S, Y, G, R, P, L, 3-NO2 Y, 4-Pal, 4-CO2H-F, 4-tBu-F, 
F(4-NH2), Y(Bn, 3-Cl), b-h-S, Y(3-I), or Aib, in D or L 
form; X2 is selected from T, A, N, S, Y, R, V, I, K, D, G, 
b-h-G, Orn, or Dpr, in D or L form; X3 is selected from R, 
A, S, L, Y, D, K, G, P, Aib, Y(3-Cl), I, Cha, Abu, F(4-F), 
Dopa, Tle, Cit, b-h-D, or K(Boc), in D or L form; X4 is 
selected from F, A, Y, E, R, L, Bip, F(4-CF3), 4-Pal, 1-Nal, 
F(4-NO2), Hfe, Bpa, F(4-CN), F(4-NH2), F(3,4-OMe), 
2-Nal, Y(3-Cl), Aib, or b-h-E, in D or L form; X5 is selected 
from P, A, Y, D, R, T, P(3-OH), APro, Pip, N-Me-A, 
P(3-OH), Y(3-I), b-h-Y, or Aib, in D or L form; X6 is 
selected from H, A, S, K, N, Y, T, D, R, W, P, Aib, or b-h-T, 
in D or L form; X7 is selected from H, A, S, N, D, Y, W, Aib, 
Dpr, 2-Pal, 1-Nal, thien-W, W(5-OH), b-h-W, in D or L 
form; X8 is selected from Y, A, R, T, V, H, D, S, P, 1-Nal, 
Bip, DOPA, H-Tyr, H-Tyr(Me), F(3-OMe), Y(3-Cl), Y(2,6 
Me2), Dip, F(4-NH2), or Aib, in D or L form; X13 is 
selected from H, A, S, K, N, D, Y, T, P, or Aib, in D or L 
form; and X14 is selected from W, A, Y, 1-Nal, 2-Nal, 
thien-W, Tic, or W(5-OH), in D or L form. In certain cases, 
X13 is selected from H or T; and X14 is W. 

[0035] In some embodiments, the EMTG can include a 
cyclic peptide including the amino acid sequence X16-X15 
X14-X13-C*-X1-X2-X3-X4-X5-X6-X7-X8-C* (SEQ ID 
NO: 825), Wherein X1, X2, X3, X4, X5, X6, X7, X8, X13, 
and X14 are independently any amino acid; X15 and X16 
independently comprise one to three amino acids; C* is C or 
Pen, in D or L form; and Wherein the peptide has a length of 
14 to 30 amino acids. In other embodiments, X1 is selected 
from T, A, K, V, I, S, Y, G, R, P, L, 3-NO2 Y, 4-Pal, 
4-CO2H-F, 4-tBu-F, F(4-NH2), Y(Bn, 3-Cl), b-h-S, Y(3-I), 
or Aib, in D or L form; X2 is selected from T, A, N, S, Y, R, 
V, I, K, D, G, b-h-G, Orn, or Dpr, in D or L form; X3 is 
selected from R, A, S, L, Y, D, K, G, P, Aib, Y(3-Cl), I, Cha, 
Abu, F(4-F), Dopa, Tle, Cit, b-h-D, or K(Boc), in D or L 
form; X4 is selected from F, A, Y, E, R, L, Bip, F(4-CF3), 
4-Pal, 1-Nal, F(4-NO2), Hfe, Bpa, F(4-CN), F(4-NH2), 
F(3,4-OMe), 2-Nal, Y(3-Cl), Aib, or b-h-E, in D or L form; 
X5 is selected from P, A, Y, D, R, T, P(3-OH), APro, Pip, 
N-Me-A, P(3-OH), Y(3 -I), b-h-Y, or Aib, in D or L form; X6 
is selected from H, A, S, K, N, Y, T, D, R, W, P, Aib, or b-h-T, 
in D or L form; X7 is selected from H, A, S, N, D, Y, W, Aib, 
Dpr, 2-Pal, 1-Nal, thien-W, W(5-OH), b-h-W, in D or L 
form; X8 is selected from Y, A, R, T, V, H, D, S, P, 1-Nal, 
Bip, DOPA, H-Tyr, H-Tyr(Me), F(3-OMe), Y(3-Cl), Y(2,6 
Me2), Dip, F(4-NH2), or Aib, in D or L form; X13 is 
selected from H, A, S, K, N, D, Y, T, P, or Aib, in D or L 
form; X14 is selected from W, A, Y, 1-Nal, 2-Nal, thien-W, 
Tic, or W(5-OH), in D or L form; X15 is selected from Q, 
G, A, D, S, P, K, GQ, K(G), K(YG), K(V.G). K(F.G), 
K(H.H), KK(K), Dpr, or Aib, in D or L form; and X16 is 
selected from G, K, PP, GY, GV, GE, GH, GK(G), KK(K), 
Dpr, EAG, or PPG, in D or L form. In other cases, X15 is 
selected from Q, D, or K(G); and X16 is G. 

[0036] In further embodiments, the EMTG can include a 
cyclic peptide including the amino acid sequence G-Q-W 
H-C-T-T-S-F-P-H-H-Y-C-L-Y-G (SEQ ID NO: 264); 
G-K(G)-W-H-C-T-T-K-F-P-H-H-Y-C-L-Y-Bip (SEQ ID 
NO: 400); or K-K-W-H-C-Y-T-Y-F-P-H-H-Y-C-V-Y-G 
(SEQ ID NO: 408). 
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[0037] In additional embodiments, the EMTG can include 
a cyclic peptide including the amino acid sequence X1-X2 
X3-C*-X4-T-X5-X6-P*-X7-H-X8-C-X9-X10-X11 (SEQ 
ID NO: 826), Wherein X1, X2, X3, X4, X5, X6, X7, X8, X9, 
X10, and X11 are independently any amino acid; C* is C or 
Pen; P* is P, L-hydroxyproline, piperidine-2-carboxylic 
acid, or 4-hydroxypiperidine-2-carboxylic acid; and; and 
Wherein the peptide has a length of 16 to 30 amino acids. In 
certain cases, X1 is selected from any amino acid in L form; 
X2 is selected from W or W*; X3 is selected from H, A, K, 
or S; X4 is selected from T, Y, G, K, or Y*; X5 is selected 
from any amino acid in L form; X6 is selected from F, Y, or 
Y*; X7 is selected from H, A, or Y; X8 is selected from Y 
or Y*; X9 is selected from L, V, L*, or Y*; X10 is selected 
from Y, F, or Y*; and X11 is selected from G, Y, Bip, or Y*; 
Wherein W* is 1-Nal, 2-Nal, Bpa, thien-W, W(5-OH), 7-aZa 
Trp, 1-methyl-Trp, 5-bromo-Tryp, 5-chloro-Tryp, 5-?uor 
Trp, 7-methyl-trp, 6-methyl-Trp, 6-?uoro-Trp, or 6-hy 
droxy-trp; Y* is F(4-NH2), F(3,4-OMe2), F(3-OMe), F(4 
CF3), F(4-CN), F(4-NO2), F(4-F), F(4-NO2), Hfe, 4-tBu-F, 
4-CO2H-F, h-Tyr, h-Tyr(Me), Y(2,6-Me2), Y(3-Cl), Y(3-I), 
Y(Bn, 3-Cl), 2-substituted L-Tyr, 2,3-substituted-L-Tyr, 2,3, 
5-substituted-L-tyr, 2,5-substituted-L-Tyr, 2,6-substituted 
L-Tyr, 2,3,5,6-substituted-L-Tyr, 3-substituted-L-Tyr, 3,5 
substituted-L-Tyr, 2-substituted L-Phe, 2,3-substituted-L 
Phe, 2,3,5-substituted-L-Phe, 2,5-substituted-L-Phe, 2,6 
substituted-L-Phe, 2,3,5,6-substituted-L-Phe, 3-substituted 
L-Phe, 3,5-substituted-L-Phe, L-2-pyridylalanine, L-3 
pyridylalanine, or L-4-pyridylalanine; L* is I, V, A, L, G, 
Tle, L-norvaline, L-norleucine, L-dehydroleucine, L-abu 
(2-aminobutyric acid), L-tert-leucine, beta-cyclohexyl-L 
alanine, L-homoleucine, or L-homo-cyclohexylalanine; and 
the substituent can be independently selected from alkyl, 
aryl, halogen, alkoxy, cyano, nitro, carboxy, amino, meth 
oxy, or hydroxy. In certain cases, X1 is selected from Q or 
K(G); and X5 is selected from R, Y, L, D, or K. 

[0038] The EMTG can include a cyclic peptide including 
the amino acid sequence X1-X2-X3-C-X4-X5-D-X6-X7 
X8-W-X9-C-X10-X11-X12 (SEQ ID NO: 827), Wherein 
X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, X11, and X12 
are any amino acid; and Wherein the peptide has a length of 
16 to 30 amino acids. In certain embodiments, X1 is selected 
from any amino acid in L form; X2 is selected from W or 
W*; X3 is selected from T, A, or W; X4 is selected from S, 
Y, A, V, or Y*; X5 is selected from G or D*; X6 is selected 
from E, A, or H; X7 is selected from Y, L, or Y*; X8 is 
selected from T, Y, A, or S; X9 is selected from H, S, or Y; 
X10 is selected from N or A; XII is selected from Y or Y*; 
X12 is selected from any amino acid in L form; W* is 1-Nal, 
2-Nal, Bpa, thien-W, W(5-OH), 7-aZa-Tip, 1-methyl-Trp, 
5-bromo-Tryp, 5-chloro-Tryp, 5-?uor-Tip, 7-methyl-trp, 
6-methyl-Trp, 6-?uoro-Trp, or 6-hydroxy-trp; Y* is F(4 
NH2), F(3,4-OMe2), F(3-OMe), F(4-CF3), F(4-CN), F(4 
NO2), F(4-F), F(4-NO2), Hfe, 4-tBu-F, 4-CO2H-F, h-Tyr, 
h-Tyr(Me), Y(2,6-Me2), Y(3-Cl), Y(3-I), Y(Bn, 3-Cl), 
2-substituted L-Tyr, 2,3-substituted-L-Tyr, 2,3,5-substi 
tuted-L-tyr, 2,5-substituted-L-Tyr, 2,6-substituted-L-Tyr, 
2,3,5,6-substituted-L-Tyr, 3-substituted-L-Tyr, 3,5-substi 
tuted-L-Tyr, 2-substituted L-Phe, 2,3-substituted-L-Phe, 2,3, 
5-substituted-L-Phe, 2,5-substituted-L-Phe, 2,6-substituted 
L-Phe, 2,3,5,6-substituted-L-Phe, 3-substituted-L-Phe, 3,5 
substituted-L-Phe, L-2-pyridylalanine, L-3-pyridylalanine, 
or L-4-pyridylalanine; D* is any amino acid in D form; and 
the substituent can be independently selected from alkyl, 
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aryl, halogen, alkoxy, cyano, nitro, carboxy, amino, meth 
oxy, or hydroxy. In some embodiments, X1 is selected from 
Q or D; and X12 is selected from E or G. 

[0039] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, suitable methods 
and materials are described beloW. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the methods, materials, and examples 
are illustrative only and not intended to be limiting. 

[0040] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0041] FIG. 1 is in vivo short-axis images from a mouse 
heart pre- and post-injection of compound ID 800. 

[0042] FIG. 2 is a graph demonstrating the signal to noise 
ratios (SNR) versus time for myocardium and blood gener 
ated from the images in FIG. 1. 

[0043] FIG. 3 is a graph displaying the contrast to noise 
ratios (CNR) for myocardium versus blood generated from 
the images in FIG. 1. 

[0044] FIG. 4 is in vivo short-axis images from a mouse 
heart With a 7-day old infarction pre- and post-injection of 
compound ID 800. 

[0045] FIG. 5 shoWs a panel of pre- and post compound ID 
800 images for mice With 7 day, 40 day, or 210 day infarcts. 
The images shoW that compound ID 800 enhances the 
myocardium relative to the pre-contrast image. The com 
pound ID 800 enhanced images shoW the infarct Zone as 
hyperintense relative to the normal, viable myocardium. 
These images demonstrate that the collagen targeted contrast 
agent can be used to demonstrate viability in infarctions of 
different ages from relatively acute to chronic. 

[0046] FIG. 6 shoWs that the picrosirius stained myocar 
dium correlates very Well With the MR image. The collagen 
rich scar stained darkly by picrosirius red appears hyperen 
hanced (bright) on the MR image. 

[0047] FIG. 7 illustrates example images from the mid 
cavity of the heart. Prior to compound ID 1014 injection, the 
myocardium and ventricles are both dark. Five minutes after 
injection the ventricles are hyperintense because of contrast 
agent in the blood and the myocardium shoWs a dark, 
ischemic Zone in anterior and anteroseptal segments 7 and 8 
Whereas the inferior and lateral Wall is much more enhanced. 
At 20 minutes, the signal in the blood has decreased but the 
myocardium remains dark in segments 7 and 8 and brighter 
in segments 9-12. 

[0048] FIG. 8 shoWs example images from the mid-cavity 
of the heart. 
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DETAILED DESCRIPTION 

De?nitions 

[0049] Commonly used chemical abbreviations that are 
not explicitly de?ned in this disclosure may be found in The 
American Chemical Society Style Guide, Second Edition; 
American Chemical Society, Washington, DC. (1997), 
“2001 Guidelines for Authors”J. Org. Chem. 66(1), 24A 
(2001), “A Short Guide to Abbreviations and Their Use in 
Peptide Science”J. Peptide. Sci. 5, 465-471 (1999). 

[0050] For the purposes of this application, the term 
“aliphatic” describes any acyclic or cyclic, saturated or 
unsaturated, branched or unbranched carbon compound, 
excluding aromatic compounds. 

[0051] The term “alkyl” includes saturated aliphatic 
groups, including straight-chain alkyl groups (e.g., methyl, 
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, 
decyl, etc.), branched-chain alkyl groups (isopropyl, tert 
butyl, isobutyl, etc.), cycloalkyl (alicyclic) groups (cyclo 
propyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), 
alkyl substituted cycloalkyl groups, and cycloalkyl substi 
tuted alkyl groups. The term alkyl further includes alkyl 
groups, Which can further include oxygen, nitrogen, sulfur 
or phosphorous atoms replacing one or more carbons of the 
hydrocarbon backbone. In certain embodiments, a straight 
chain or branched chain alkyl has 6 or feWer carbon atoms 
in its backbone (e.g., Cl-C6 for straight chain, C3-C6 for 
branched chain), and more preferably 4 or feWer. Likewise, 
preferred cycloalkyls have from 3-8 carbon atoms in their 
ring structure, and more preferably have 5 or 6 carbons in the 
ring structure. The term Cl-C6 includes alkyl groups con 
taining 1 to 6 carbon atoms. 

[0052] Moreover, the term “alkyl” includes both “unsub 
stituted alkyls” and “substituted alkyls,” the latter of Which 
refers to alkyl moieties having substituents replacing a 
hydrogen on one or more carbons of the hydrocarbon 
backbone. Such substituents can include, for example, alk 
enyl, alkynyl, halogen, hydroxyl, alkylcarbonyloxy, arylcar 
bonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, car 
boxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, 
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, 
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phos 
phinato, cyano, amino (including alkylamino, dialkylamino, 
arylamino, diarylamino, and alkylarylamino), acylamino 
(including alkylcarbonylamino, arylcarbonylamino, car 
bamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, 
arylthio, thiocarboxylate, sulfates, alkylsul?nyl, sulfonato, 
sulfamoyl, sulfonamido, nitro, tri?uoromethyl, cyano, aZido, 
heterocyclyl, alkylaryl, or an aromatic or heteroaromatic 
moiety. Cycloalkyls can be further substituted, e. g., With the 
substituents described above. An “arylalkyl” moiety is an 
alkyl substituted With an aryl (e.g., phenylmethyl(benZyl)). 
The term “alkyl” also includes the side chains of natural and 
unnatural amino acids. The term “n-alkyl” means a straight 
chain (i.e., unbranched) unsubstituted alkyl group. 

[0053] The term “alkenyl” includes aliphatic groups that 
may or may not be substituted, as described above for alkyls, 
containing at least one double bond and at least tWo carbon 
atoms. For example, the term “alkenyl” includes straight 
chain alkenyl groups (e.g., ethylenyl, propenyl, butenyl, 
pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, 
etc.), branched-chain alkenyl groups, cycloalkenyl(alicy 
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clic) groups (cyclopropenyl, cyclopentenyl, cyclohexenyl, 
cycloheptenyl, cyclooctenyl), alkyl or alkenyl substituted 
cycloalkenyl groups, and cycloalkyl or cycloalkenyl substi 
tuted alkenyl groups. The term alkenyl further includes 
alkenyl groups that include oxygen, nitrogen, sulfur or 
phosphorous atoms replacing one or more carbons of the 
hydrocarbon backbone. In certain embodiments, a straight 
chain or branched chain alkenyl group has 6 or feWer carbon 
atoms in its backbone (e.g., C2-C6 for straight chain, C3-C6 
for branched chain). LikeWise, cycloalkenyl groups may 
have from 3-8 carbon atoms in their ring structure, and more 
preferably have 5 or 6 carbons in the ring structure. The term 
C2-C6 includes alkenyl groups containing 2 to 6 carbon 
atoms. 

[0054] Moreover, the term alkenyl includes both “unsub 
stituted alkenyls” and “substituted alkenyls,” the latter of 
Which refers to alkenyl moieties having substituents replac 
ing a hydrogen on one or more carbons of the hydrocarbon 
backbone. Such substituents can include, for example, alkyl 
groups, alkynyl groups, halogens, hydroxyl, alkylcarbony 
loxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbony 
loxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycar 
bonyl, aminocarbonyl, alkylaminocarbonyl, 
dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phos 
phate, phosphonato, phosphinato, cyano, amino (including 
alkylamino, dialkylamino, arylamino, diarylamino, and 
alkylarylamino), acylamino (including alkylcarbonylamino, 
arylcarbonylamino, carbamoyl and ureido), amidino, imino, 
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, 
alkylsul?nyl, sulfonato, sulfamoyl, sulfonamido, nitro, trif 
luoromethyl, cyano, aZido, heterocyclyl, alkylaryl, or an 
aromatic or heteroaromatic moiety. 

[0055] The term “alkynyl” includes unsaturated aliphatic 
groups analogous in length and possible substitution to the 
alkyls described above, but Which contain at least one triple 
bond and tWo carbon atoms. For example, the term “alky 
nyl” includes straight-chain alkynyl groups (e.g., ethynyl, 
propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, 
nonynyl, decynyl, etc.), branched-chain alkynyl groups, and 
cycloalkyl or cycloalkenyl substituted alkynyl groups. The 
term alkynyl further includes alkynyl groups that include 
oxygen, nitrogen, sulfur or phosphorous atoms replacing one 
or more carbons of the hydrocarbon backbone. In certain 
embodiments, a straight chain or branched chain alkynyl 
group has 6 or feWer carbon atoms in its backbone (e.g., 
CZ-C6 for straight chain, C3 -C6 for branched chain). The term 
C2-C6 includes alkynyl groups containing 2 to 6 carbon 
atoms. 

[0056] In general, the term “aryl” includes groups, includ 
ing 5- and 6-membered single-ring aromatic groups that may 
include from Zero to four heteroatoms, for example, ben 
Zene, phenyl, pyrrole, furan, thiophene, thiaZole, isothiao 
Zole, imidaZole, triaZole, tetraZole, pyraZole, oxaZole, isoox 
aZole, pyridine, pyraZine, pyridaZine, and pyrimidine, and 
the like. Furthermore, the term “aryl” includes multicyclic 
aryl groups, e.g., tricyclic, bicyclic, such as naphthalene, 
benZoxaZole, benZodioxaZole, benZothiaZole, benZoimida 
Zole, benZothiophene, methylenedioxyphenyl, quinoline, 
isoquinoline, napthridine, indole, benZofuran, purine, ben 
Zofuran, deaZapurine, or indoliZine. Those aryl groups hav 
ing heteroatoms in the ring structure may also be referred to 
as “aryl heterocycles,”“heterocycles,”“heteroaryls,” or “het 
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eroaromatics.” An aryl group may be substituted at one or 
more ring positions With substituents. 

[0057] For the purposes of this application, “DTPA” refers 
to a chemical compound comprising a substructure com 
posed of diethylenetriamine, Wherein the tWo primary 
amines are each covalently attached to tWo acetyl groups 
and the secondary amine has one acetyl group covalently 
attached according to the folloWing formula: 

Wherein each X is independently a functional group capable 
of coordinating a metal cation, preferably COO“, COOH, 
C(O)NH2, C(O)NHR, C(O)NRR', PO32‘, PO3R_, P(R)O2_ 
or NHR, or OR Wherein R is any aliphatic group. When each 
X group is the tert-butoxy (tBu) carboxylate ester 
(COOtBu), the structure may be referred to as “DTPE” (“E” 
for ester). 

[0058] For the purposes of this application, “DOTA” 
refers to a chemical compound comprising a substructure 
composed of l,4,7,ll-tetraaZacyclododecane, Wherein the 
amines each have one acetyl group covalently attached 
according to the folloWing formula: 

X—\ X N5 J 
N 

[N J 
6 k/N\_ 
X 

Wherein X is de?ned above. 

[0059] For the purposes of this application, “NOTA” 
refers to a chemical compound comprising a substructure 
composed of 1,4,7-triazacyclononane, Wherein the amines 
each have one acetyl group covalently attached according to 
the folloWing formula: 

Wherein X is de?ned above. 

[0060] For the purposes of this application, “DO3A” 
refers to a chemical compound comprising a substructure 
composed of 1,4,7, 1 l -tetraaZacyclododecane, Wherein three 
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of the four amines each have one acetyl group covalently 
attached and the other amine has a substituent having neutral 
charge according to the folloWing formula: 

W 0 

W0’ 
wherein R1 is an uncharged chemical moiety, preferably 
hydrogen, any aliphatic, alkyl group, or cycloalkyl group, 
and uncharged derivatives thereof. The chelate “HP”-DO3A 
has Rl=iCH2(CHOH)CH3. 
[0061] In each of the four structures above, the carbon 
atoms of the indicated ethylenes may be referred to as 
“backbone” carbons. The designation “bbDTPA” may be 
used to refer to the location of a chemical bond to a DTPA 

molecule (“bb” for “back bone”). Note that as used herein, 
bb(CO)DTPA-Gd means a C=O moiety bound to an eth 
ylene backbone carbon atom of DTPA. 

[0062] The terms “chelating ligand,”“chelating moiety,” 
and “chelate moiety” may be used to refer to any polydentate 
ligand Which is capable of coordinating a metal ion, includ 
ing DTPA (and DTPE), DOTA, DO3A, DOTAGA, Glu 
DTPA, or NOTA molecule, or any other suitable polydentate 
chelating ligand as is further de?ned herein, that is either 
coordinating a metal ion or is capable of doing so, either 
directly or after removal of protecting groups. The term 
“chelate” refers to the actual metal-ligand complex, and it is 
understood that the polydentate ligand Will eventually be 
coordinated to a medically useful metal ion. 

[0063] The term “speci?c binding af?nity” as used herein, 
refers to the capacity of a peptide or composition to be taken 
up by, retained by, or bound to a particular biological 
component to a greater degree than other components. 
Peptides that have this property are said to be “targeted” to 
the “target” component. Peptides that lack this property are 
said to be “non-speci?c” or “non-targeted” agents. The 
binding affinity for a target is expressed in terms of the 
equilibrium dissociation constant “Kd” or as a percentage of 
the compound bound to the target under a de?ned set of 
conditions. 

[0064] The term “relaxivity” as used herein, refers to the 
increase in either of the MRI quantities l/Tl or l/T2 per 
millimolar (mM) concentration of paramagnetic ion, con 
trast agent, therapeutic agent, or diagnostic composition, 
Wherein T1 is the longitudinal or spin-lattice, relaxation 
time, and T2 is the transverse or spin-spin relaxation time of 
Water protons or other imaging or spectroscopic nuclei, 
including protons found in molecules other than Water. 
Relaxivity is expressed in units of mM_ls_l. 

[0065] As used herein, the term “puri?ed” refers to a 
peptide that has been separated from either naturally occur 
ring organic molecules With Which it normally associates or, 
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for a chemically-synthesized peptide, separated from any 
other organic molecules present in the chemical synthesis. 
Typically, the polypeptide is considered “puri?ed” When it is 
at least 70% (e.g., 70%, 80%, 90%, 95%, or 99%), by dry 
Weight, free from any other proteins or organic molecules. 
The terms “puri?ed” and “isolated” are used interchange 
ably herein. 

[0066] As used herein, the term “peptide” refers to a chain 
of amino acids that is about 2 to about 75 amino acids in 
length (e.g., 3 to 50 amino acids, 1 to 50 amino acids, 3 to 
30 amino acids, 2 to 25 amino acids, 10-25 amino acids, 
10-50 amino acids, 15-25 amino acids, 8-20 amino acids, 
8-15 amino acids, 16-17 amino acids). All peptide sequences 
herein are Written from the N to C terminus. Additionally, 
peptides containing tWo or more cysteine residues can form 
disul?de bonds under non-reducing conditions. Formation 
of the disul?de bond can result in the formation of a cyclic 
peptide. The cyclic peptide may represent all or a portion of 
the peptide sequence. A peptide as described herein can be 
branched, e. g., have additional amino acids linked to one or 
more of the side chains of an amino acid in the chain. For 
example, a lysine residue having an additional lysine residue 
off of the e-amino group, such a functionality is represented 
as K(K), Wherein the group in the parentheses is that Which 
is linked off of a side chain. Where more than one amino acid 
is bound off of the side chain, it is represented With a period 
separating the tWo amino acids, e.g., K(Y.G). In certain 
embodiments, a chelating group or a metal containing 
chelating group may be linked to one or more side chains of 
an amino acid. For example, a lysine residue having a 
GdDTPA complex off of the e-amino group, such a func 
tionality is represented as K(GdDTPA), Wherein the group in 
parenthesis is that Which is linked off of a side chain. 

[0067] Additionally, an amino acid can be substituted. 
Such substituents can include, for example, alkenyl, alkynyl, 
halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, 
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alky 
lcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl, 
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbo 
nyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, 
amino (including alkylamino, dialkylamino, arylamino, dia 
rylamino, and alkylarylamino), acylamino (including alky 
lcarbonylamino, arylcarbonylamino, carbamoyl and ureido), 
amidino, imino, sulfhydryl, alkylthio, arylthio, thiocarboxy 
late, sulfates, alkylsul?nyl, sulfonato, sulfamoyl, sulfona 
mido, nitro, tri?uoromethyl, cyano, aZido, heterocyclyl, 
alkylaryl, or an aromatic or heteroaromatic moiety. 
Cycloalkyls can be further substituted, e.g., With the sub 
stituents described above. An “arylalkyl” moiety is an alkyl 
substituted With an aryl (e.g., phenylmethyl(benZyl)). The 
term “alkyl” also includes the side chains of natural and 
unnatural amino acids. The term “n-alkyl” means a straight 
chain (i.e., unbranched) unsubstituted alkyl group. 

[0068] As used herein, the term “natural” or “naturally 
occurring” amino acid refers to one of the tWenty most 
common occurring amino acids. Natural amino acids modi 
?ed to provide a label for detection purposes (e.g., radioac 
tive labels, optical labels, or dyes) are considered to be 
natural amino acids. Natural amino acids are referred to by 
their standard one- or three-letter abbreviations. Natural 
amino acids can be in their D or L form. As used herein, a 
loWer case one or tWo letter abbreviation refers to the 
D-form of an amino acid. 
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[0069] The terms “target binding” and “binding” for pur 
poses herein refer to non-covalent interactions of a peptide 
With a target. These non-covalent interactions are indepen 
dent from one another and may be, inter alia, hydrophobic, 
hydrophilic, dipole-dipole, pi-stacking, hydrogen bonding, 
electrostatic associations, or LeWis acid-base interactions. 

[0070] As used herein, all references to “Gd,”“gado,” or 
“gadolinium” mean the Gd(III) paramagnetic metal ion. 

Collagen Binding Peptides 
[0071] Isolated peptides described herein have an a?inity 
for an extracellular matrix protein, such as collagen, includ 
ing human collagen type I. In some embodiments, an 
isolated peptide has a speci?c binding af?nity for an extra 
cellular matrix protein such as collagen relative to serum 
proteins, such as human serum albumin (HSA) and/or 
?brinogen. In these embodiments, the peptide may exhibit a 
smaller dissociation constant for an extracellular matrix 
protein relative to the dissociation constant for a serum 
protein. 
[0072] Extracellular matrix proteins include soluble and 
insoluble proteins, polysaccharides, including het 
eropolysaccharides and polysaccharides covalently bound to 
proteins, and cell-surface receptors. For example, extracel 
lular matrix proteins can be collagens (Types I, II, III, IV, V, 
and VI), elastin, decorin, glycosoaminoglycans, and pro 
teoglycans. 
[0073] Collagens are particularly useful extracellular 
matrix proteins to target. For example, collagens I and III are 
the most abundant components of the extracellular matrix of 
myocardial tissue, representing over 90% of total myocar 
dial collagen and about 5% of dry myocardial Weight. The 
ratio of collagen I to collagen III in the myocardium is 
approximately 2:1, and their total concentration is approxi 
mately 100 uM in the extracellular matrix. Human collagen 
type I is a trimer of tWo chains With an [0t1(I)]2 [(>t2(I)] 
stoichiometry characteriZed by a repeating G-X-Y sequence 
motif, Where X is most frequently proline and Y is frequently 
hydroxyproline. Thus, in some embodiments, a peptide has 
an a?inity for human and/or rat collagen type I. 

[0074] Peptides useful for inclusion in the diagnostic 
compositions described herein can include natural or 
unnatural amino acids Which may be in the D or L form. In 
some embodiments, all of the amino acids are natural amino 
acids. In some embodiments, all of the amino acids are in the 
L form. The peptides can be synthesiZed according to 
standard synthesis methods such as those disclosed in, e.g., 
WO 01/09188 and WO 01/08712. Charged groups on the 
peptides can be neutraliZed if desired. For example, the 
C-terminal carboxylate moiety can be amidated With an 
iNHZ group, yielding a C(=O)NH2 moiety. In certain 
embodiments, the C-terminus is amidated via cleavage of 
the peptide from the resin; see the Examples, beloW. For ease 
of synthesis and cost considerations, it is preferred that the 
peptides have betWeen 3 to 75 amino acids (e.g., 3 to 50, 1 
to 50, 10 to 50, 10 to 30, 3 to 30, 3 to 20, 3 to 15, 5 to 30, 
3 to 25, 16 to 17, 5 to 25, 5 to 20, 5 to 15, 11 to 25, 11 to 
50, 11 to 40, 10 to 12, 8 to 30, 8 to 20, or 8 to 15 amino acids 
in length). 

[0075] Amino acids With many different protecting groups 
appropriate for immediate use in the solid phase synthesis of 
peptides are commercially available. Concatemers of pep 
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tides (2-5 or more) can increase binding a?inity and speci 
?city for an extracellular matrix protein (Verrecchio, A., 
Germann, M. W., Schick, B. P., Kung, B., TWardoWski, T., 
and San Antonio, J. D. J. Biol. Chem. (2000) 275, 7701 
7707). 
[0076] Peptides can be assayed for af?nity to the appro 
priate extracellular matrix protein by methods as disclosed 
in WO 01/09188 and WO 01/08712, and as described beloW. 
For example, peptides can be screened for binding to an 
extracellular matrix protein by methods Well knoWn in the 
art, including equilibrium dialysis, af?nity chromatography, 
and inhibition or displacement of probes bound to the matrix 
protein. For example, peptides can be evaluated for their 
ability to bind to collagen, such as dried human collagen 
type I or dried rat collagen type I. In certain cases, a peptide 
can exhibit a percent binding to dried human collagen type 
I or dried rat collagen type I (see assays described beloW) of 
greater than 10%, e.g., greater than 12%, greater than 15%, 
greater than 20%, greater than 25%, greater than 30%, 
greater than 35%, greater than 40%, greater than 45%, 
greater than 50%, greater than 55%, greater than 60%, 
greater than 65%, greater than 70%, greater than 75%, 
greater than 80%, or greater than 85%. In some embodi 
ments, a peptide can exhibit a percent binding to dried 
human collagen in the range of from about 10% to about 
50%, or from about 20% to about 60%, or from about 30% 
to about 60%, or from about 40% to about 90%. Certain 
peptides useful for inclusion in the diagnostic compositions 
herein can exhibit an a?‘inity for collagen. Such peptides can 
be identi?ed through phage display experiments; see the 
Examples, beloW. 

[0077] Collagen binding peptides can be derivatiZed With 
non-metallic radionuclides for PET or SPECT imaging. For 
instance the tyrosine amino acid can be iodinated With I-123, 
I-125, or I-131 as described in the Examples. Flourine-18 
can be incorporated into the peptide using ?uorination and 
bioconjugation techniques as described in the literature (see 
eg Guenther K J, Yoganathan S, Garofalo R, KaWabata T, 
Strack T, Labiris R, Dolovich M, Chirakal R, Valliant J F. 
“Synthesis and in vitro evaluation of 18F- and 19F-labeled 
insulin: a neW radiotracer for PET-based molecular imaging 
studies.” J Med. Chem. 2006 49:1466-74; de Bruin B, 
Kuhnast B, Hinnen F, Yaouancq L, Amessou M, Johannes L, 
Samson A, Boisgard R, Tavitian B, Dolle F. “1-[3-(2-[18F] 
?uoropyridin-3-yloxy)propyl]pyrrole-2,5-dione: design, 
synthesis, and radiosynthesis of a neW [18F]?uoropyridine 
based maleimide reagent for the labeling of peptides and 
proteins.” Bioconjug Chem. 2005 16:406-20; Chen X, Park 
R, Hou Y, Khankaldyyan V, GonZales-GomeZ I, Tohme M, 
Bading J R, Laug W E, Conti P S. “MicroPET imaging of 
brain tumor angiogenesis With 18F-labeled PEGylated RGD 
peptide.” Eur J Nucl Med Mol. Imaging. 2004 31:1081-9; 
Wester H J, Schottelius M, Scheidhauer K, Meisetschlager 
G, HerZ M, Rau F C, Reubi J C, SchWaiger M. “PET 
imaging of somatostatin receptors: design, synthesis and 
preclinical evaluation of a novel 18F-labelled, carbohy 
drated analogue of octreotide.” Eur J Nucl Med Mol. Imag 
ing. 2003 30(1):117-22). 

[0078] Peptides disclosed herein can include the amino 
acid sequence W-X1-C-(X2)n-W-X3-C (SEQ ID NO: 806), 
Wherein n=5-7; X1, X2, and X3 are any amino acid; and 
Wherein the peptide has a length of 11 to 50 amino acids. In 
some embodiments, the peptide can have a length of 11 to 
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30 amino acids, 11 to 35 amino acids, 11 to 25 amino acids, 
11 to 20 amino acids, or 11 to 15 amino acids. In certain 
embodiments, X1 is selected from K, Q, Y, T, E, D, L, R, H, 
I, V, N, M, and A. Similarly, X2 is in some cases selected 
from R, E, D, S, H, K, N, Y, M, V, I, Q, and G. In certain 
cases, X1 is selected from M, K, Q, T, Y, and R, and X3 is 
selected from Y, K, H, V, S, N, and M. 

[0079] A puri?ed peptide can include the amino acid 
sequence W-Xl-C-X2-G*-X3-X4-X5-X6-W-X7-C (SEQ 
ID NO: 807), Wherein X1 is any amino acid; X2 can be S, 
V, T, H, R, Y, or D; G* is G or any amino acid in D form; 
X3 can be D or N, independently in D or L form; X4 can be 
any amino acid in D or L form; X5 can be any amino acid 
in D or L form; X6 can be T, K, H, D, A, R, Y, or E; and X7 
can be Y, K, H, V, S, M, or N, Wherein the peptide has a total 
length of 12 to 50 amino acids. The peptide length can vary, 
as indicated previously, e.g., 12 to 25 amino acids, 12 to 30 
amino acids, 12 to 40 amino acids, 12 to 20 amino acids, and 
12 to 15 amino acids. In some cases, G* is selected from G 
and the D form of the amino acids A, S, R, Y, and L. 

[0080] In some embodiments, such a puri?ed peptide can 
include the amino acid sequence: W-X1-C-X2-G*-X3-X4 
X5-X6-W-X7-C-X8-X9 (SEQ ID NO: 808), Wherein X1 to 
X6 and G* are as de?ned above for SEQ ID NO: 807; X8 
can be N, L, I, R, K, or A; and X9 can be Y, F, M, R, or H, 
independently in D or L form. In some cases, X3 can be D. 
In some embodiments, X1 can be T; X2 can be S, T or V; X4 
can be E, H, I, S, orA; X5 can be Y, K, L, F, A, or P; X6 
is T; X7 is H or K; X8 is N, K, orA; and X9 is Yor F. In 
some embodiments, the peptide can include one of the 
folloWing amino acid sequences: 

(SEQ ID NO : 811) 

W-Y-C-S-G-D-H-L-D-W-K-C; 
and 

(SEQ ID NO : 812) 
W-E-C-H-G-N-E-F-E-W-N-C. 

[0081] A puri?ed peptide can include any of the amino 
acid sequences in Tables 1-16, 18-41, 44, and 45. In some 
embodiments, such peptides have a total length of 50 amino 
acids or less, e.g., 45 amino acids or less, 40 amino acids or 
less, 35 amino acids or less, 30 amino acids or less, 25 amino 
acids or less, 20 amino acids or less, or 15 amino acids or 
less. 

[0082] A puri?ed peptide can include the amino acid 
sequence Q-W-H-C-T-T-R-F-P-H-H-Y-C-L-Y-G (SEQ ID 
NO: 74), Wherein the peptide has a total length of 16 to 50 
amino acids, e.g., 16 to 40 amino acids, 16 to 30 amino 
acids, 16 to 20 amino acids, or 16 to 18 amino acids. 

[0083] In other cases, a puri?ed peptide can include the 
amino acid sequence C-Y-Q-X1-X2-C-W-X3-W (SEQ ID 
NO: 813), Wherein X1 is any amino acid; X2 is any amino 
acid; X3 is any amino acid; Wherein each C, Y, Q, W, X1, 
X2, or X3, independently, can be in the D form; and Wherein 
the peptide contains 9 to 50 amino acids, such as 9 to 40 
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amino acids, 9 to 30 amino acids, 9 to 20 amino acids, or 9 
to 15 amino acids. In some cases, X1 is selected from A, G, 
I, L, V, F, and P; X2 is selected from G, A, I, L, V, F, and P; 
and X3 is selected from I, A, G, L, V, F, and P. In certain 
embodiments, the peptide includes the amino acid sequence 
C-Y-Q-A-G-C-W-I-W (SEQ ID NO: 814) in any combina 
tion of D or L forms for the individual amino acids. For 
example, a peptide can include SEQ ID NO: 814 in all 
L-form. 

[0084] Apuri?ed peptide can include amino acid sequence 
Y-X1-X2-C-Y-Q-X3-X4-C-W-X5-W (SEQ ID NO: 815), 
Wherein X1 is any amino acid; X2 is any amino acid; X3 is 
any amino acid; X4 is any amino acid; X5 is I, G, L, V, F, 
or P; and Wherein the peptide contains 12 to 50 amino acids, 
such as 12 to 40 amino acids, 12 to 30 amino acids, 12 to 25 
amino acids, 12 to 20 amino acids, or 12 to 15 amino acids. 
In some embodiments, X1 is selected from H, R, K, E, D, Q, 
or N; X2 is selected from A, G, I, L, V, F, or P; X3 is selected 
from A, G, I, L, V, F, or P; X4 is selected from G, A, I, L, 
V, F, or P; and X5 is selected from I, L, V, or F. For example, 
a puri?ed peptide can include SEQ ID NO:1, SEQ ID NO: 
132, or SEQ ID NO: 135. Other peptides are set forth in the 
accompanying claims. 

[0085] A puri?ed peptide can include the amino acid 
sequence C*-X1-X2-X3-X4-X5-X6-X7-X8-C* (SEQ ID 
NO: 816), Wherein X1, X2, X3, X4, X5, X6, X7, and X8 are 
any amino acid; C* is C or Pen in D or L form; and the 
peptide has a length of 10 to 50 amino acids, such as 10 to 
20 amino acids, 10 to 30 amino acids, 10 to 40 amino acids, 
and 10 to 15 amino acids. In some cases, X1 is selected from 
T, A, K, V, I, S, Y, G, R, P, L, 3-NO2 Y, 4-Pal, 4-CO2H-F, 
4-tBu-F, F(4-NH2), Y(Bn, 3-Cl), b-h-S, Y(3-I), and Aib, in 
D or L form; X2 is selected from T, A, N, S, Y, R, V, I, K, 
D, G, b-h-G, Om, and Dpr, in D or L form; X3 is selected 
from R, A, S, L, Y, D, K, G, P, Aib, Y(3-Cl), I, Cha, Abu, 
F(4-F), Dopa, Tle, Cit, b-h-D, and K(Boc), in D or L form; 
X4 is selected from F, A, Y, E, R, L, Bip, F(4-CF3), 4-Pal, 
1-Nal, F(4-NO2), Hfe, Bpa, F(4-CN), F(4-NH2), F(3,4 
OMe), 2-Nal, Y(3-Cl), Aib, and b-h-E, in D or L form; X5 
is selected from P, A, Y, D, R, T, P(3-OH), APro, Pip, 
N-Me-A, P(3-OH), Y(3-I), b-h-Y, and Aib, in D or L form; 
X6 is selected from H, A, S, K, N, Y, T, D, R, W, P, Aib, and 
b-h-T, in D or L form; X7 is selected from H, A, S, N, D, Y, 
W, Aib, Dpr, 2-Pal, 1-Nal, thien-W, W(5-OH), and b-h-W, in 
D or L form; and X8 is selected from Y, A, R, T, V, H, D, 
S, P, 1-Nal, Bip, DOPA, H-Tyr, H-Tyr(Me), F(3-OMe), 
Y(3-Cl), Y(2,6-Me2), Dip, F(4-NH2), or Aib, in D or L 
form. For example, a peptide can be C-T-T-S-F-P-H-H-Y-C 
(SEQ ID NO: 817), C-T-T-K-F-P-H-H-Y-C (SEQ ID NO: 
818), C-Y-T-Y-F-P-H-H-Y-C (SEQ ID NO: 819), C-T-T-R 
F-P-H-H-Y-C (SEQ ID NO: 820), or C-S-G-D-E-Y-T-W 
H-C (SEQ ID NO: 821). 

[0086] In another embodiment, a puri?ed peptide can 
include the amino acid sequence C*-X1-X2-X3-X4-X5-X6 
X7-X8-C*-X9-X10-X11 (SEQ ID NO: 822), Wherein X1, 
X2, X3, X4, X5, X6, X7, X8, X9, X10, and X11 are any 
amino acid; C* is C or Pen, in D or L form; and the peptide 
has a length of 13 to 50 amino acids, such as 13 to 40 amino 
acids, 13 to 30 amino acids, 13 to 20 amino acids, and 13 to 
17 amino acids. In certain embodiments, X1 is selected from 
T, A, K, V, I, S, Y, G, R, P, L, 3-NO2 Y, 4-Pal, 4-CO2H-F, 
4-tBu-F, F(4-NH2), Y(Bn, 3-Cl), b-h-S, Y(3-I), and Aib, in 
D or L form; X2 is selected from T, A, N, S, Y, R, V, I, K, 
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D, G, b-h-G, Orn, and Dpr, in D or L form; X3 is selected 
from R, A, S, L, Y, D, K, G, P, Aib, Y(3-Cl), I, Cha, Abu, 
F(4-F), Dopa, Tle, Cit, b-h-D, and K(Boc), in D or L form; 
X4 is selected from F, A, Y, E, R, L, Bip, F(4-CF3), 4-Pal, 
1-Nal, F(4-NO2), Hfe, Bpa, F(4-CN), F(4-NH2), F(3,4 
OMe), 2-Nal, Y(3-Cl), Aib, and b-h-E, in D or L form; X5 
is selected from P, A, Y, D, R, T, P(3-OH), APro, Pip, 
N-Me-A, P(3-OH), Y(3-T), b-h-Y, and Aib, in D or L form; 
X6 is selected from H, A, S, K, N, Y, T, D, R, W, P, Aib, and 
b-h-T, in D or L form; X7 is selected from H, A, S, N, D, Y, 
W, Aib, Dpr, 2-Pal, 1-Nal, thien-W, W(5-OH), and b-h-W, in 
D or L form; X8 is selected from Y, A, R, T, V, H, D, S, P, 
1-Nal, Bip, DOPA, H-Tyr, H-Tyr(Me), F(3-OMe), Y(3-Cl), 
Y(2,6-Me2), Dip, F(4-NH2), and Aib, in D or L form; X9 is 
selected from L, A, I, K, V, F, N, Y, P, Aib, Hse, Hfe, Bpa, 
2-Nal, Y(3-Cl), Dip, and F(4-NH2), in D or L form; X10 is 
selected from Y, A, F, E, Bpa, 2-Nal, Y(3-Cl), Dip, F(4 
NH2), and Y(3-I), in D or L form; and X11 is selected from 
G, E, Y, F, V, Bip, F(4-NH2), and Aib, in D or L form. 
[0087] A puri?ed peptide can include the amino acid 
sequence C*-X1-X2-X3-X4-X5-X6-X7-X8-C*-X9-X10 
X11-X12 (SEQ ID NO: 823), Wherein X1, X2, X3, X4, X5, 
X6, X7, X8, X9, X10, and X11 are any amino acids; X12 is 
any one or tWo amino acids; C* is C or Pen, in D or L form; 
and Wherein the peptide has a length of 14 to 50 amino acids, 
such as 14 to 40 amino acids, 14 to 30 amino acids, 14 to 20 
amino acids, and 14 to 17 amino acids. In some embodi 
ments, X1 is selected from T, A, K, V, I, S, Y, G, R, P, L, 
3-NO2 Y, 4-Pal, 4-CO2H-F, 4-tBu-F, F(4-NH2), Y(Bn, 
3-Cl), b-h-S, Y(3-I), and Aib, in D or L form; X2 is selected 
from T, A, N, S, Y, R, V, I, K, D, G, b-h-G, Orn, and Dpr, 
in D or L form; X3 is selected from R, A, S, L, Y, D, K, G, 
P, Aib, Y(3-Cl), I, Cha, Abu, F(4-F), Dopa, Tle, Cit, b-h-D, 
and K(Boc), in D or L form; X4 is selected from F, A, Y, E, 
R, L, Bip, F(4-CF3), 4-Pal, 1-Nal, F(4-NO2), Hfe, Bpa, 
F(4-CN), F(4-NH2), F(3,4-OMe), 2-Nal, Y(3-Cl), Aib, and 
b-h-E, in D or L form; X5 is selected from P, A, Y, D, R, T, 
P(3-OH), APro, Pip, N-Me-A, P(3-OH), Y(3-I), b-h-Y, and 
Aib, in D or L form; X6 is selected from H, A, S, K, N, Y, 
T, D, R, W, P, Aib, and b-h-T, in D or L form; X7 is selected 
from H, A, S, N, D, Y, W, Aib, Dpr, 2-Pal, 1-Nal, thien-W, 
W(5-OH), and b-h-W, in D or L form; X8 is selected from 
Y, A, R, T, V, H, D, S, P, 1-Nal, Bip, DOPA, H-Tyr, 
H-Tyr(Me), F(3-OMe), Y(3-Cl), Y(2,6-Me2), Dip, F(4 
NH2), and Aib, in D or L form; X9 is selected from L, A, I, 
K, V, F, N, Y, P, Aib, Hse, Hfe, Bpa, 2-Nal, Y(3-Cl), Dip, and 
F(4-NH2), in D or L form; X10 is selected from Y, A, F, E, 
Bpa, 2-Nal, Y(3-Cl), Dip, F(4-NH2), and Y(3-I), in D or L 
form; X11 is selected from G, E, Y, F, V, Bip, F(4-NH2), and 
Aib, in D or L form; and X12 is selected from K, KK, Peg 
K, PEG(1><O), 1,4-AMB, 1,3-AMB, 1,6-Hex, PEG, and 
GTE, in D or L form. 

[0088] In another embodiment, a puri?ed peptide includes 
the amino acid sequence X14-X13-C*-X1-X2-X3-X4-X5 
X6-X7-X8-C* (SEQ ID NO: 824), Wherein X1, X2, X3, X4, 
X5, X6, X7, X8, X13, and X14 are any amino acid; C* is C 
or Pen, in D or L form; and Wherein the peptide has a length 
of 12 to 50 amino acids, such as 12 to 40 amino acids, 12 to 
30 amino acids, 12 to 20 amino acids, and 12 to 17 amino 
acids. In certain embodiments, X1 is selected from T, A, K, 
V, I, S, Y, G, R, P, L, 3-NO2 Y, 4-Pal, 4-CO2H-F, 4-tBu-F, 
F(4-NH2), Y(Bn, 3-Cl), b-h-S, Y(3-I), and Aib, in D or L 
form; X2 is selected from T, A, N, S, Y, R, V, I, K, D, G, 
b-h-G, Om, and Dpr, in D or L form; X3 is selected from R, 




























































































































































