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ABSTRACT 

Modi?ed insulinotropic peptides are disclosed. The modi 
?ed insulinotropic peptides are capable of forming a pepti 
dase stabilized insulinotropic peptide. The modi?ed insuli 
notropic peptides are capable of forming covalent bonds 
With one or more blood components to form a conjugate. 
The conjugates may be formed in vivo or eX vivo. The 
modi?ed peptides are administered to treat humans With 
diabetes and other related diseases. 
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LONG LASTING SYNTHETIC GLUCAGON LIKE 
PEPTIDE (GLP-1) 

FIELD OF THE INVENTION 

[0001] This invention relates to modi?ed insulinotropic 
peptides. In particular, this invention relates to modi?ed 
glucagon like peptides and exendin peptides With long 
duration of action for the treatment of diabetes and other 
insulinotropic peptide related diseases, gastrointestinal func 
tion and activities associated With glucagon levels. 

BACKGROUND OF THE INVENTION 

[0002] The insulinotropic peptide hormone glucagon-like 
peptide (GLP-1) has been implicated as a possible thera 
peutic agent for the management of type 2 non-insulin 
dependent diabetes mellitus as Well as related metabolic 
disorders, such as obesity. Other useful insulinotropic pep 
tides include exendin 3 and exendin 4. While useful, GLP-1, 
exendin 3 and exendin 4 suffer from limited duration of 
action associated With short plasma half-lifes in vivo, mainly 
due to rapid serum clearance and proteolytic degradation. 
The enZyme responsible for the degradation of GLP-1, 
dipeptidyl peptidase IV, has been identi?ed. Extensive Work 
has been done in attempts to inhibit the peptidase or to 
modify GLP-1 in such a Way that its degradation is sloWed 
doWn While still maintaining biological activity. Despite 
these extensive efforts, a long lasting, active GLP-1 has not 
been produced. As such, the diabetic community has a 
tremendous need for improved GLP-1, exendin 3 and exen 
din 4 peptides. 

[0003] There is thus a need to modify GLP-1, exendin 3, 
exendin 4 and other insulinotropic peptides to provide 
longer duration of action in vivo, While maintaining their 
loW toxicity and therapeutic advantages. 

SUMMARY OF THE INVENTION 

[0004] In order to meet those needs, the present invention 
is directed to modi?ed insulinotropic peptides (ITPs). This 
invention relates to novel chemically reactive derivatives of 
insulinotropic peptides that can react With available func 
tionalities on cellular carriers including mobile blood pro 
teins to form covalent linkages. Speci?cally, the invention 
relates to novel chemically reactive derivatives of insulino 
tropic peptides such as glucagon like peptide (GLP) and 
exendin 3 and exendin 4 that can react With available 
functionalities on mobile blood proteins to form covalent 
linkages. The invention also relates to novel chemically 
reactive derivatives or analogs of insulinotropic peptides 
that can react With available functionalities on mobile blood 
proteins to form covalent linkages. 

[0005] The present invention relates to modi?ed insulino 
tropic peptides comprising a reactive group Which reacts 
With amino groups, hydroxyl groups or thiol groups on 
blood compounds to form stable covalent bonds. 

[0006] The present invention relates to an insulinotropic 
hormone comprising a modi?ed fragment of GLP-1 and 
derivatives thereof, especially GLP-1 (7-36) amide. The 
invention additionally pertains to the therapeutic uses of 
such compounds, and especially to the use of modi?ed 
GLP-1 (7-36) amide for the treatment of maturity onset 
diabetes mellitus (type II diabetes). 

Jul. 15, 2004 

[0007] The present invention further relates to modi?ed 
Exendin 3 and Exendin 4 fragments and therapeutic uses of 
such compounds. 

[0008] In partic3171lar, the present invention is directed to 
GLP-1(1-36)-Lys (e-MPA)-NH2, GLP-1 (1-36)-Lys37 
(e-AAEA-AEEA-MPA)-NH2 GLP-1 (7-36)-Lys37 (e-MPA) 
NH2; 2GLP-1 (7-36)-Lys37 (e-AEEA-AEEA-MPA)-NH2; 
D-Ala G4IO3P-1 (7-36)-Lys37 (e-MPA)-NH2, Exendin-4 
(1-39)-Lys (e-MPA)-NH2 Exendin-4 (1-39)-Lys4O 
(e-AEEA-AEEA-MPA)-NH2 Exendin-3 (1-39)-Lys4O 
(e-MPA)-NH2; Exendin-3 (1-39)-Lys4O (e-AEEA-AEEA 
MPA)-NH2; Lys26(e-MPA)GLP-1 (7-36)-NH2; GLP-1 
(7-36)-EDA-MPA and Exendin-4 (1-39)-EDA-MPA. 
[0009] The present invention further relates to composi 
tions comprising the derivatives of the insulinotropic pep 
tides and the use of the compositions for treating diabetes in 
humans. 

[0010] The invention further pertains to a method for 
enhancing the expression of insulin Which comprises pro 
viding to a mammalian pancreatic Beta-type islet cell an 
effective amount of the modi?ed insulinotropic peptides 
disclosed above. 

[0011] The invention further pertains to a method for 
treating maturity-onset diabetes mellitus Which comprises 
administration of an effective amount of the insulinotropic 
peptides discussed above to a patient in need of such 
treatment. 

[0012] The invention further pertains to the treatment of 
other insulinotropic peptide related diseases and conditions 
With the modi?ed insulinotropic peptides of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] De?nitions: 

[0014] To ensure a complete understanding of the inven 
tion the folloWing de?nitions are provided: 

[0015] Insulinotropic Peptides: Insulinotropic peptides 
(ITPs) are peptides With insulinotropic activity. Insulinotro 
pic peptides stimulate, or cause the stimulation of, the 
synthesis or expression of the hormone insulin. Such pep 
tides include precursors, analogues, fragments of peptides 
such as Glucagon-like peptide, exendin 3 and exendin 4 and 
other peptides With insulinotropic activity. 

[0016] Glucagon-Like Peptide: Glucagon-Like Peptide 
(GLP) and GLP derivatives are intestinal hormones Which 
generally simulate insulin secretion during hyperglycemia, 
suppresses glucagon secretion, stimulates (pro) insulin bio 
synthesis and decelerates gastric emptying and acid secre 
tion. Some GLPs and GLP derivatives promote glucose 
uptake by cells but do not simulate insulin expression as 
disclosed in US. Pat. No. 5,574,008 Which is hereby incor 
porated by reference. 

[0017] Exendin 3 and Exendin 4 Peptides: Exendin 3 and 
exendin 4 peptides and peptide derivatives are 39 amino acid 
peptides Which are approximately 53% homologons to 
GLP-1 and have insulinotropic activity. 

[0018] Reactive Groups: Reactive groups are chemical 
groups capable of forming a covalent bond. Such reactive 
agents are coupled or bonded to an insulinotropic peptide of 
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interest to form a modi?ed insulinotropic peptide. Reactive 
groups Will generally be stable in an aqueous environment 
and Will usually be carboxy, phosphoryl, or convenient acyl 
group, either as an ester or a mixed anhydride, or an imidate, 

thereby capable of forming a covalent bond With function 
alities such as an amino group, a hydroxy or a thiol at the 

target site on mobile blood components. For the most part, 
the esters Will involve phenolic compounds, or be thiol 
esters, alkyl esters, phosphate esters, or the like. Reactive 
groups include succinimidyl and maleimido groups. 

[0019] Functionalities: Functionalities are groups on 
blood components to Which reactive groups on modi?ed 
insulinotropic peptides react to form covalent bonds. Func 
tionalities include hydroxyl groups for bonding to ester 
reactive entities; thiol groups for bonding to malemides and 
maleimido groups, imidates and thioester groups; amino 
groups for bonding to carboxy, phosphoryl or acyl groups on 
reactive entities and carboxyl groups for bonding to amino 
groups. Such blood components include blood proteins. 

[0020] Linking Groups: Linking groups are chemical moi 
eties that link or connect reactive groups to ITPs. Linking 
groups may comprise one or more alkyl groups such as 

methyl, ethyl, propyl, butyl, etc. groups, alkoxy groups, 
alkenyl groups, alkynyl groups or amino group substituted 
by alkyl groups, cycloalkyl groups, polycyclic groups, aryl 
groups, polyaryl groups, substituted aryl groups, heterocy 
clic groups, and substituted heterocyclic groups. Linking 
groups may also comprise poly ethoxy aminoacids such as 
AEA ((2-amino) ethoxy acetic acid) or a preferred linking 
group AEEA ([2-(2-amino)ethoxy)]ethoxy acetic acid). 

[0021] Blood Components: Blood components may be 
either ?xed or mobile. Fixed blood components are non 

mobile blood components and include tissues, membrane 
receptors, interstitial proteins, ?brin proteins, collagens, 
platelets, endothelial cells, epithelial cells and their associ 
ated membrane and membraneous receptors, somatic body 
cells, skeletal and smooth muscle cells, neuronal compo 
nents, osteocytes and osteoclasts and all body tissues espe 
cially those associated With the circulatory and lymphatic 
systems. Mobile blood components are blood components 
that do not have a ?xed situs for any extended period of time, 
generally not exceeding 5, more usually one minute. These 
blood compon nts are not membrane-associated and are 

present in the blood for extended periods of time and are 
present in a minimum concentration of at least 0.1 pig/ml. 
Mobile blood components include serum albumin, transfer 
rin, ferritin and immunoglobulins such as IgM and IgG. The 
half-life of mobile blood components is at least about 12 
hours. 

[0022] Protective Groups: Protective groups are chemical 
moieties utiliZed to protect peptide derivatives from reacting 
With themselves. Various protective groups are disclosed 
herein and in US. Pat. No. 5,493,007 Which is hereby 
incorporated by reference. Such protective groups include 
acetyl, ?uorenylmethyloxycarbonyl (FMOC), t-butyloxy 
carbonyl (BOC), benZyloxycarbonyl (CBZ), and the like. 
The speci?c protected amino acids are depicted in Table 1. 
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TABLE 1 

NATURAL AMINO ACIDS AND THEIR ABBREVIATIONS 

3-Letter 1-Letter 
Abbre- Abbre 

Name viation viation Protected Amino Acids 

Alanine Ala A Fmoc-Ala-OH 
Arginine Arg R Fmoc—Arg(Pbf)-OH 
Asparagine Asn N Fmoc—Asn(I‘rt)-OH 
Aspartic acid Asp D Asp(tBu)—OH 
Cysteine Cys C Fmoc-Cys(Trt) 
Glutamic acid Glu E Fmoc-Glu(tBu)—OH 
Glutamine Gln Q Fmoc—Gln(I‘rt)-OH 
Glycine Gly G Fmoc-Gly-OH 
Histidine His H Fmoc—His(Trt)-OH 
Isoleucine Ile I Fmoc-Ile-OH 
Leucine Leu L Fmoc-Leu-OH 
Lysine Lys K Fmoc-Lys(Mtt)-OH 
Methionine Met M Fmoc-Met-OH 
Phenylalanine Phe F Fmoc-Phe-OH 
Proline Pro P Fmoc-Pro-OH 

Serine Ser S Fmoc-Ser(tBu)—OH 
Threonine Thr T Fmoc-Thr(tBu)—OH 
Tryptophan Trp W Fmoc—Trp(Boc)-OH 
Tyrosine Tyr Y Boc-Tyr(tBu)—OH 
Valine Val V Fmoc-Val-OH 

[0023] Sensitive Functional Groups—A sensitive func 
tional group is a group of atoms that represents a potential 
reaction site on an ITP peptide. If present, a sensitive 
functional group may be chosen as the attachment point for 
the linker-reactive group modi?cation. Sensitive functional 
groups include but are not limited to carboxyl, amino, thiol, 
and hydroxyl groups. 

[0024] Modi?ed Peptides—A modi?ed ITP is a peptide 
that has been modi?ed by attaching a reactive group, and is 
capable of forming a peptidase stabiliZed peptide through 
conjugation to blood components. The reactive group may 
be attached to the therapeutic peptide either via a linking 
group, or optionally Without using a linking group. It is also 
contemplated that one or more additional amino acids may 
be added to the therapeutic peptide to facilitage the attach 
ment of the reactive group. Modi?ed peptides may be 
administered in vivo such that conjugation With blood 
components occurs in vivo, or they may be ?rst conjugated 
to blood components in vitro and the resulting peptidase 
stabaliZed peptide (as de?ned beloW) administered in vivo. 
The terms “modi?ed therapeutic peptide” and “modi?ed 
peptide” may be used interchangeably in this application. 

[0025] Peptidase StabiliZed ITP—A peptidase stabiliZed 
ITP is a modi?ed peptide that has been conjugated to a blood 
component via a covalent bond formed betWeen the reactive 
group of the modi?ed peptide and the functionalities of the 
blood component, With or Without a linking group. Peptidase 
stabiliZed peptides are more stable in the presence of pep 
tidases in vivo than a non-stabiliZed peptide. A peptidase 
stabiliZed therapeutic peptide generally has an increased half 
life of at least 10-50% as compared to a non-stabaliZed 
peptide of identical sequence. Peptidase stability is deter 
mined by comparing the half life of the unmodi?ed ITP in 
serum or blood to the half life of a modi?ed counterpart 
therapeutic peptide in serum or blood. Half life is deter 
mined by sampling the serum or blood after administration 
of the modi?ed and non-modi?ed peptides and determining 
the activity of the peptide. In addition to determining the 
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activity, the length of the ITP may also be measured by 
HPLC and Mass Spectrometry. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] Taking into account these de?nitions the focus of 
this invention is to modify insulinotropic peptides to 
improve bio-availability, eXtend half-life and distribution 
through selective conjugation onto a protein carrier but 
Without modifying their remarkable therapeutic properties. 
The carrier of choice (but not limited to) for this invention 
Would be albumin conjugated through its free thiol by a 
insulinotropic peptide derivatiZed With a maleimide moiety. 

[0027] 1. Insulinotropic Peptides 

[0028] A. GLP-1 and Its Derivatives 

[0029] The hormone glucagon is knoWn to be synthesiZed 
as a high molecular Weight precursor molecule Which is 
subsequently proteolytically cleaved into three peptides: 
glucagon, glucagon-like peptide 1 (GLP-1), and glucagon 
like peptide 2 (GLP-2). GLP-1 has 37 amino acids in its 
unprocessed form as shoWn in SEQ ID NO: 1. Unprocessed 
GLP-1 is essentially unable to mediate the induction of 
insulin biosynthesis. The unprocessed GLP-1 peptide is, 
hoWever, naturally converted to a 31-amino acid long pep 
tide (7-37 peptide) having amino acids 7-37 of GLP-1 
(“GLP-1(7-37)”) SEQ ID NO:2. GLP-1 (7-37) can also 
undergo additional processing by proteolytic removal of the 
C-terminal glycine to produce GLP-1 (7-36) Which also 
eXists predominantly With the C-terminal residue, arginine, 
in amidated form as arginineamide, GLP-1 (7-36) amide. 
This processing occurs in the intestine and to a much lesser 
eXtent in the pancreas, and results in a polypeptide With the 
insulinotropic activity of GLP-1 (7-37). 

[0030] A compound is said to have an “insulinotropic 
activity” if it is able to stimulate, or cause the stimulation of, 
the synthesis or eXpression of the hormone insulin. The 
hormonal activity of GLP-1 (7-37) and GLP-1 (7-36) appear 
to be speci?c for the pancreatic beta cells Where it appears 
to induce the biosynthesis of insulin. The glucagon-like 
peptide hormone of the invention is useful in the study of the 
pathogenesis of maturity onset diabetes mellitus, a condition 
characteriZed by hyperglycemia in Which the dynamics of 
insulin secretion are abnormal. Moreover, the glucagon-like 
peptide is useful in the therapy and treatment of this disease, 
and in the therapy and treatment of hyperglycemia. 

[0031] Peptide moieties (fragments) chosen from the 
determined amino acid sequence of human GLP-1 constitute 
the starting point in the development comprising the present 
invention. The interchangeable terms “peptide fragment” 
and “peptide moiety” are meant to include both synthetic 
and naturally occurring amino acid sequences derivable 
from a naturally occurring amino acid sequence. 

[0032] The amino acid sequence for GLP-1 has been 
reported by several researchers (LopeZ, L. C., et al., Proc. 
Natl. Acad. Sci., USA 80:5485-5489 (1983); Bell, G. I., et 
al., Nature 302:716-718 (1983); Heinrich, G., et al., Endo 
crinol. 115:2176-2181 (1984)). The structure of the prepro 
glucagon mRNA and its corresponding amino acid sequence 
is Well knoWn. The proteolytic processing of the precursor 
gene product, proglucagon, into glucagon and the tWo 
insulinotropic peptides has been characteriZed. As used 
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herein, the notation of GLP-1 (1-37) refers to a GLP-1 
polypeptide having all amino acids from 1 (N-terminus) 
through 37 (C-terminus). Similarly, GLP-1 (7-37) refers to 
a GLP-1 polypeptide having all amino acids from 7 (N-ter 
minus) through 37 (C-terminus). Similarly, GLP-1 (7-36) 
refers to a GLP-1 polypeptide having all amino acids from 
number 7 (N-terminus) through number 36 (C-terminus). 
[0033] In one embodiment, GLP-1 (7-36) and its peptide 
fragments are synthesiZed by conventional means as detailed 
beloW, such as by the Well-known solid-phase peptide syn 
thesis described by Merri?eld, J. M. (Chem. Soc. 85:2149 
(1962)), and SteWart and Young (Solid Phase Peptide Syn 
thesis (Freeman, San Francisco, 1969), pages 27-66), Which 
are incorporated by reference herein. HoWever, it is also 
possible to obtain fragments of the proglucagon polypeptide, 
or of GLP-1, by fragmenting the naturally occurring amino 
acid sequence, using, for eXample, a proteolytic enZyme. 
Further, it is possible to obtain the desired fragments of the 
proglucagon peptide or of GLP-1 through the use of recom 
binant DNA technology, as disclosed by Maniatis, T., et al., 
Molecular Biology: A Laboratory Manual, Cold Spring 
Harbor, NY. (1982), Which is hereby incorporated by ref 
erence. 

[0034] The present invention includes peptides Which are 
derivable from GLP-1 such as GLP-1 (1-37) and GLP-1 
(7-36). A peptide is said to be “derivable from a naturally 
occurring amino acid sequence” if it can be obtained by 
fragmenting a naturally occurring sequence, or if it can be 
synthesiZed based upon a knoWledge of the sequence of the 
naturally occurring amino acid sequence or of the genetic 
material (DNA or RNA) Which encodes this sequence. 

[0035] Included Within the scope of the present invention 
are those molecules Which are said to be “derivatives” of 
GLP-1 such as GLP-1 (1-37) and especially GLP-1 (7-36). 
Such a “derivative” has the folloWing characteristics: (1) it 
shares substantial homology With GLP-1 or a similarly siZed 
fragment of GLP-1; (2) it is capable of functioning as an 
insulinotropic hormone and (3) using at least one of the 
assays provided herein, the derivative has either (I) an 
insulinotropic activity Which eXceeds the insulinotropic 
activity of either GLP-1, or, more preferably, (ii) an insuli 
notropic activity Which can be detected even When the 
derivative is present at a concentration of 10-10 M, or, most 
preferably, (iii) an insulinotropic activity Which can be 
detected even When the derivative is present at a concen 
tration of 10'11 M. 

[0036] A derivative of GLP-1 is said to share “substantial 
homology” With GLP-1 if the amino acid sequences of the 
derivative is at least 80%, and more preferably at least 90%, 
and most preferably at least 95%, the same as that of GLP-1 

(1-37). 
[0037] The derivatives of the present invention include 
GLP-1 fragments Which, in addition to containing a 
sequence that is substantially homologous to that of a 
naturally occurring GLP-1 peptide may contain one or more 
additional amino acids at their amino and/or their carboXy 
termini. Thus, the invention pertains to polypeptide frag 
ments of GLP-1 that may contain one or more amino acids 
that may not be present in a naturally occurring GLP-1 
sequence provided that such polypeptides have an insulino 
tropic activity Which eXceeds that of GLP-1. The additional 
amino acids may be D-amino acids or L-amino acids or 
combinations thereof. 
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[0038] The invention also includes GLP-l fragments 
Which, although containing a sequence that is substantially 
homologous to that of a naturally occurring GLP-l peptide 
may lack one or more additional amino acids at their amino 
and/or their carboxy termini that are naturally found on a 
GLP-l peptide. Thus, the invention pertains to polypeptide 
fragments of GLP-1 that may lack one or more amino acids 
that are normally present in a naturally occurring GLP-l 
sequence provided that such polypeptides have an insulino 
tropic activity Which exceeds that of GLP-1. 

[0039] The invention also encompasses the obvious or 
trivial variants of the above-described fragments Which have 
inconsequential amino acid substitutions (and thus have 
amino acid sequences Which differ from that of the natural 
sequence) provided that such variants have an insulinotropic 
activity Which is substantially identical to that of the above 
described GLP-l derivatives. Examples of obvious or trivial 
substitutions include the substitution of one basic residue for 
another (i.e. Arg for Lys), the substitution of cne hydropho 
bic residue for another (i.e. Leu for Ile), or the substitution 
of one aromatic residue for another (i.e. Phe for Tyr), etc. 

[0040] In addition to those GLP-l derivatives With insuli 
notropic activity, GLP-l derivatives Which stimulate glucose 
uptate by cells but do not stimulate insulin expression or 
secretion are Within the scope of this invention. Such GLP-l 
derivatives are described in US. Pat. No. 5,574,008. 

[0041] GLP-l derivatives Which stimulate glucose uptake 
by cells but do not stimulate insulin expression or secretion 
Which ?nd use in the invention include: 

[0042] R1-Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu 
Phe-Ile-Ala-Trp-Leu-Val-Xaa-Gly-Arg —R2 (SEQ ID 
N013) Wherein R1 is selected from a) HZN; b) HZN-Ser; c) 
HzN-Val-Ser; d) HzN-Asp-Val-Ser, e) HzN-Ser-Asp-Val-Ser 
(SEQ ID N014); f) HzN-Thr-Ser-Asp-Val-Ser (SEQ ID 
N015); g) HZN-Phe-Thr-Ser-Asp-Val-Ser (SEQ ID N016); 
h) HZN-Thr-Phe-Thr-Ser-Asp-Val-Ser (SEQ ID N017); i) 
HzN-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser (SEQ ID N018); HzN-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser (SEQ ID 

N019); or, k) HzN-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val 
Ser (SEQ ID N0110). In the peptide, X is selected from Lys 
or Arg and R2 is selected from NH2, 0H, Gly-NH2, or 
Gly-0H. These peptides are C-terminal GLP-l fragments 
Which do not have insulinotropic activity but Which are 
nonetheless useful for treating diabetes and hyperglycemic 
conditions as described in US. Pat. No. 5,574,008. 

[0043] B. Exendin 3 and Exendin 4 Peptides 

[0044] Exendin 3 and Exendin 4 are 39 amino acid pep 
tides (differing at residues 2 and 3) Which are approximately 
53% homologous to GLP-1 and ?nd use as insulinotropic 
agents. 

[0045] The Exendin-3 [SEQ ID No111] sequence is 
HSDGTFTSDLSKQMEEEAVRLFIEWLKNGG PSSGAP 
PPS and 

[0046] The Exendin4 [SEQ ID No112] sequence is 
HGEGTFTSDLSKQMEEEAVRLFIEWLKNGG PSSGAP 
PPS. 

[0047] The invention also encompasses the insulinotropic 
fragments of exendin-4 comprising the amino acid 
sequences: Exendin-4(1-31) [SEQ ID No113] HGEGTFTS 
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DLSKQMEEAVR LFIEWLKNGGPY and Exendin-4(1-31) 
[SEQ ID No114] HGEGTFTSDLSKQMEEEAVR 
LFIEWLKNGGY. 

[0048] The invention also encompasses the inhibitory 
fragment of exendin4 comprising the amino acid sequence: 

[0049] Exendin-4(9-39) [SEQ ID No115] 
[0050] DLSKQMEEEAVRLFIEWLKNGGPSSGAP 
PPS 

[0051] Other insulinotropic peptides as presented in the 
Examples are shoWn as SEQ ID N0116-22. 

[0052] The present invention includes peptides Which are 
derivable from the naturally occurring exendin 3 and exen 
din 4 peptides. A peptide is said to be “derivable from a 
naturally occurring amino acid sequence” if it can be 
obtained by fragmenting a naturally occurring sequence, or 
if it can be synthesiZed based upon a knoWledge of the 
sequence of the naturally occurring amino acid sequence or 
of the genetic material (DNA or RNA) Which encodes this 
sequence. 

[0053] Included Within the scope of the present invention 
are those molecules Which are said to be “derivatives” of 
exendin 3 and exendin 4. Such a “derivative” has the 
folloWing characteristics: (1) it shares substantial homology 
With exendin 3 or exendin 4 or a similarly siZed fragment of 
exendin 3 or exendin 4; (2) it is capable of functioning as an 
insulinotropic hormone and (3) using at least one of the 
assays provided herein, the derivative has either an 
insulinotropic activity Which exceeds the insulinotropic 
activity of either exendin 3 or exendin 4, or, more preferably, 
(ii) an insulinotropic activity Which can be detected even 
When the derivative is present at a concentration of 10'10 M, 
or, most preferably, (iii) an insulinotropic activity Which can 
be detected even When the derivative is present at a con 
centration of 10_11M. 

[0054] A derivative of exendin 3 and exendin 4 is said to 
share “substantial homology” With exendin 3 and exendin 4 
if the amino acid sequences of the derivative is at least 80%, 
and more preferably at least 90%, and most preferably at 
least 95%, the same as that of either exendin 3 or 4 or a 
fragment of exendin 3 or 4 having the same number of 
amino acid residues as the derivative. 

[0055] The derivatives of the present invention include 
exendin 3 or exendin 4 fragments Which, in addition to 
containing a sequence that is substantially homologous to 
that of a naturally occurring exendin 3 or exendin 4 peptide 
may contain one or more additional amino acids at their 
amino and/or their carboxy termini. Thus, the invention 
pertains to polypeptide fragments of exendin 3 or exendin 4 
that may contain one or more amino acids that may not be 
present in a naturally occurring exendin 3 or exendin 4 
sequences provided that such polypeptides have an insuli 
notropic activity Which exceeds that of exendin 3 or exendin 
4. 

[0056] Similarly, the invention includes exendin 3 or 
exendin 4 fragments Which, although containing a sequence 
that is substantially homologous to that of a naturally 
occurring exendin 3 or exendin 4 peptide may lack one or 
more additional amino acids at their amino and/or their 
carboxy termini that are naturally found on a exendin 3 or 
exendin 4 peptide. Thus, the invention pertains to polypep 
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tide fragments of exendin 3 or exendin 4 that may lack one 
or more amino acids that are normally present in a naturally 
occurring exendin 3 or exendin 4 sequence provided that 
such polypeptides have an insulinotropic activity Which 
exceeds that of exendin 3 or exendin 4. 

[0057] The invention also encompasses the obvious or 
trivial variants of the above-described fragments Which have 
inconsequential amino acid substitutions (and thus have 
amino acid sequences Which differ from that of the natural 
sequence) provided that such variants have an insulinotropic 
activity Which is substantially identical to that of the above 
described exendin 3 or exendin 4 derivatives. Examples of 
obvious or trivial substitutions include the substitution of 
one basic residue for another (i.e. Arg for Lys), the substi 
tution of one hydrophobic residue for another (i.e. Leu for 
lie), or the substitution of one aromatic residue for another 
(i.e. Phe for Tyr), etc. 

[0058] 2. Modi?ed Insulinotropic Peptides 

[0059] This invention relates to modi?ed insulinotropic 
peptides and their derivatives. The modi?ed insulinotropic 
peptides of the invention include reactive groups Which can 
react With available reactive functionalities on blood com 
ponents to form covalent bonds. The invention also relates 
to such modi?cations, such combinations With blood com 
ponents and methods for their use. These methods include 
extending the effective therapeutic in vivo half life of the 
modi?ed insulinotropic peptides. 

[0060] To form covalent bonds With the functional group 
on a protein, one may use as a chemically reactive group 

(reactive entity) a Wide variety of active carboxyl groups, 
particularly esters, Where the hydroxyl moiety is physiologi 
cally acceptable at the levels required to modify the insuli 
notropic peptides. While a number of different hydroxyl 
groups may be employed in these linking agents, the most 
convenient Would be N-hydroxysuccinimide (NHS), N-hy 
droxy-sulfosuccinimide (sulfo-NHS), maleimide-benZoyl 
succinimide (MBS), gamma-maleimido-butyryloxy succin 
imide ester (GMBS) and maleimidopropionic acid (MPA). 

[0061] Primary amines are the principal targets for NHS 
esters as diagramed in the schematic beloW.” Accessible 
ot-amine groups present on the N-termini of proteins react 
With NHS esters. HoWever, ot-amino groups on a protein 
may not be desirable or available for the NHS coupling. 
While ?ve amino acids have nitrogen in their side chains, 
only the e-amine of lysine reacts signi?cantly With NHS 
esters. An amide bond is formed When the NHS ester 
conjugation reaction reacts With primary amines releasing 
N-hydroxysuccinimide as demonstrated in the schematic 
beloW. These succinimide containing reactive groups are 
heroin referred to as succinimidyl groups. 
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NHS-Ester Reaction Scheme 

[0062] In the preferred embodiments of this invention, the 
functional group on the protein Will be a thiol group and the 
chemically reactive group Will be a maleimido-containing 
group such as (GMBA or MPA). GMBA stands for gamma 
maleimide-butrylamide. Such maleimide containing groups 
are referred to herein as maleido groups. 

[0063] The maleimido group is most selective for sulfhy 
dryl groups on peptides When the pH of the reaction mixture 
is kept betWeen 6.5 and 7.4. At pH 7.0, the rate of reaction 
of maleimido groups With sulfhydryls is 1000-fold faster 
than With amines. A stable thioether linkage betWeen the 
maleimido group and the sulfhydryl is formed Which cannot 
be cleaved under physiological conditions. 

Maleimide Reaction Scheme 

[0064] The insulinotropic peptides and peptide derivatives 
of the invention may be modi?ed for speci?c labeling and 
non-speci?c labeling of blood components. 

[0065] A. Speci?c Labeling 
[0066] Preferably, the modi?ed insulinotropic peptides 
(ITP) of this invention are designed to speci?cally react With 
thiol groups on mobile blood proteins. Such reaction is 
preferably established by covalent bonding of a therapeutic 
peptide modi?ed With a maleimide link (eg prepared from 
GMBS, MPA or other maleimides) to a thiol group on a 
mobile blood protein such as serum albumin or IgG. 

[0067] Under certain circumstances, speci?c labeling With 
maleimides offers several advantages over non-speci?c 



US 2004/0138100 A1 

labeling of mobile proteins With groups such as NHS and 
sulfo-NHS. Thiol groups are less abundant in vivo than 
amino groups. Therefore, the maleimide derivatives of this 
invention Will covalently bond to feWer proteins. For 
example, in albumin (the most abundant blood protein) there 
is only a single thiol group. Thus, ITP-maleimide-albumin 
conjugates Will tend to comprise approximately a 1:1 molar 
ratio of IP to albumin. In addition to albumin, IgG molecules 
(class 11) also have free thiols. Since IgG molecules and 
serum albumin make up the majority of the soluble protein 
in blood they also make up the majority of the free thiol 
groups in blood that are available to covalently bond to 
maleimide-modi?ed ITPs. 

[0068] Further, even among free thiol-containing blood 
proteins, speci?c labeling With maleimides leads to the 
preferential formation of ITP-maleimide-albumin conju 
gates, due to the unique characteristics of albumin itself. The 
single free thiol group of albumin, highly conserved among 
species, is located at amino acid residue 34 (Cys34). It has 
been demonstrated recently that the Cys34 of albumin has 
increased reactivity relative to free thiols on other free 
thiol-containing proteins. This is due in part to the very loW 
pK value of 5.5 for the Cys34 of albumin. This is much loWer 
than typical pK values for cysteines residues in general, 
Which are typically about 8. Due to this loW pK, under 
normal physiological conditions Cys34 of albumin is pre 
dominantly in the ioniZed form, Which dramatically 
increases its reactivity, as reported in. In addition to the loW 
pK value of Cys34, another factor Which enhances the 
reactivity of Cys34 is its location, Which is in a crevice close 
to the surface of one loop of region V of albumin. This 
location makes Cys34 very available to ligands of all kinds, 
and is an important factor in Cys34’s biological role as free 
radical trap and free thiol scavenger. These properties make 
Cys34 highly reactive With ITP-maleimides, and the reaction 
rate acceleration can be as much as 1000-fold relative to 
rates of reaction of TP-maleimides With other free-thiol 
containing proteins. 
[0069] Another advantage of ITP-maleimide-albumin 
conjugates is the reproducibility associated With the 1:1 
loading of peptide to albumin speci?cally at Cys34. Other 
techniques, such as glutaraldehyde, DCC, EDC and other 
chemical activations of, for eXample, free amines lack this 
selectivity. For example, albumin contains 52 lysine resi 
dues, 25-30 of Which are located on the surface of albumin 
and accessible for conjugation. Activating these lysine resi 
dues, or alternatively modifying peptides to couple through 
these lysine residues, results in a heterogenous population of 
conjugates. Even if 1:1 molar ratios of peptide to albumin 
are employed, the yield Will consist of multiple conjugation 
products, some containing 0, 1, 2 or more peptides per 
albumin, and each having peptides randomly coupled at any 
one of the 25-30 available lysine sites. Given the numerous 
combinations possible, characteriZation of the eXact com 
position and nature of each batch becomes dif?cult, and 
batch-to-batch reproducibility is all but impossible, making 
such conjugates less desirable as a therapeutic. Additionally, 
While it Would seem that conjugation through lysine residues 
of albumin Would at least have the advantage of delivering 
more therapeutic agent per albumin molecule, studies have 
shoWn that a 1:1 ratio of therapeutic agent to albumin is 
preferred. In an article by Stehle, et al., “The Loading Rate 
Determines Tumor Targeting Properties Of MethotreXate 
Albumin Conjugates in Rats,”Anti-CancerDrugs, Vol. 8, pp. 
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677-685 (1997), incorporated herein in its entirety, the 
authors report that a 1:1 ratio of the anti-cancer methotreXate 
to albumin conjugated via glutaraldehyde gave the most 
promising results. These conjugates Were taken up by tumor 
cells, Whereas conjugates bearing 5:1 to 20:1 methotreXate 
molecules had altered HPLC pro?les and Were quickly taken 
up by the liver in vivo. It is postulated that at these higher 
ratios, conformational changes to albumin diminish its 
effectiveness as a therapeutic carrier. 

[0070] Through controlled administration of maleimide 
ITPs in vivo, one can control the speci?c labeling of albumin 
and IgG in vivo. In typical administrations, 80-90% of the 
administered maleimide-ITPs Will label albumin and less 
than 5% Will label IgG. Trace labeling of free thiols such as 
glutathione Will also occur. Such speci?c labeling is pre 
ferred for in vivo use as it permits an accurate calculation of 
the estimated half-life of the administered agent. 

[0071] In addition to providing controlled speci?c in vivo 
labeling, maleimide-TPs can provide speci?c labeling of 
serum albumin and IgG eX vivo. Such eX vivo labeling 
involves the addition of maleimide-ITPs to blood, serum or 
saline solution containing serum albumin and/or IgG. Once 
modi?ed eX vivo With maleimide-TPs, the blood, serum or 
saline solution can be readministered to the blood for in vivo 
treatment. 

[0072] In contrast to NHS-peptides, maleimide-ITPs are 
generally quite stable in the presence of aqueous solutions 
and in the presence of free amines. Since maleimide-ITPs 
Will only react With free thiols, protective groups are gen 
erally not necessary to prevent the maleimide-ITPs from 
reacting With itself. In addition, the increased stability of the 
peptide permits the use of further puri?cation steps such as 
HPLC to prepare highly puri?ed products suitable for in 
vivo use. Lastly, the increased chemical stability provides a 
product With a longer shelf life. 

[0073] B. Non-Speci?c Labeling 

[0074] The ITPs of the invention may also be modi?ed for 
non-speci?c labeling of blood components. Bonds to amino 
groups Will generally be employed, particularly With the 
formation of amide bonds for non-speci?c labeling. To form 
such bonds, one relay use as a chemically reactive group 
coupled to the ITP a Wide variety of active carboXyl groups, 
particularly esters, Where the hydroXyl moiety is physiologi 
cally acceptable at the levels required. While a number of 
different hydroXyl groups may be employed in these linking 
agents, the most convenient Would be N-hydroXysuccinim 
ide (NHS) and N-hydroXy-sulfosuccinimide (sulfo-NHS). 

[0075] Other linking agents Which may be utiliZed are 
described in US. Pat. No. 5,612,034, Which is hereby 
incorporated herein. 

[0076] The various sites With Which the chemically reac 
tive groups of the non-speci?c ITPs may react in vivo 
include cells, particularly red blood cells (erythrocytes) and 
platelets, and proteins, such as immunoglobulins, including 
IgG and IgM, serum albumin, ferritin, steroid binding pro 
teins, transferrin, thyroXin binding protein, ot-2-macroglo 
bulin, and the like. Those receptors With Which the deriva 
tiZed ITPs react, Which are not long-lived, Will generally be 
eliminated from the human host Within about three days. The 
proteins indicated above (including the proteins of the cells) 
Will remain in the bloodstream at least three days, and may 
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remain ?ve days or more (usually not exceeding 60 days, 
more usually not exceeding 30 days) particularly as to the 
half life, based on the concentration in the blood. 

[0077] For the most part, reaction Will be With mobile 
components in the blood, particularly blood proteins and 
cells, more particularly blood proteins and erythrocytes. By 
“mobile” is intended that the component does not have a 
?xed situs for any extended period of time, generally not 
exceeding 5 minutes, more usually one minute, although 
some of the blood components may be relatively stationary 
for extended periods of time. Initially, there Will be a 
relatively heterogeneous population of labeled proteins and 
cells. HoWever, for the most part, the population Within a 
feW days after administration Will vary substantially from 
the initial population, depending upon the half-life of the 
labeled proteins in the blood stream. Therefore, usually 
Within about three days or more, IgG Will become the 
predominant labeled protein in the blood stream. 

[0078] Usually, by day 5 post-administration, IgG, serum 
albumin and erythrocytes Will be at least about 60 mole %, 
usually at least about 75 mole %, of the conjugated com 
ponents in blood, With IgG, IgM (to a substantially lesser 
extent) and serum albumin being at least about 50 mole %, 
usually at least about 75 mole %, more usually at least about 
80 mole %, of the non-cellular conjugated components. 

[0079] The desired conjugates of non-speci?c ITPs to 
blood components may be prepared in vivo by administra 
tion of the ITPs directly to the patient, Which may be a 
human or other mammal. The administration may be done in 
the form of a bolus or introduced sloWly over time by 
infusion using metered ?oW or the like. 

[0080] If desired, the subject conjugates may also be 
prepared ex vivo by combining blood With derivatiZed ITPs 
of the present invention, alloWing covalent bonding of the 
modi?ed ITPs to reactive functionalities on blood compo 
nents and then returning or administering the conjugated 
blood to the host. Moreover, the above may also be accom 
plished by ?rst purifying an individual blood component or 
limited number of components, such as red blood cells, 
immunoglobulins, serum albumin, or the like, and combin 
ing the component or components ex vivo With the chemi 
cally reactive ITPs. The labeled blood or blood component 
may then be returned to the host to provide in vivo the 
subject therapeutically effective conjugates. The blood also 
may be treated to prevent coagulation during handling ex 
vivo. 

[0081] 3. Synthesis of Modi?ed ITPs 

[0082] A. ITP Synthesis 

[0083] ITP fragments may be synthesiZed by standard 
methods of solid phase peptide chemistry knoWn to those of 
ordinary skill in the art. For example, ITP fragments may be 
synthesiZed by solid phase chemistry techniques folloWing 
the procedures described by SteWard and Young (SteWard, J. 
M. and Young, J. D., Solid Phase Peptide Synthesis, 2nd Ed., 
Pierce Chemical Company, Rockford, Ill., (1984) using an 
Applied Biosystem synthesiZer. Similarly, multiple frag 
ments may be synthesiZed then linked together to form 
larger fragments. These synthetic peptide fragments can also 
be made With amino acid substitutions at speci?c locations. 

[0084] For solid phase peptide synthesis, a summary of the 
many techniques may be found in J. M. SteWart and J. D. 
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Young, Solid Phase Peptide Synthesis, W. H. Freeman Co. 
(San Francisco), 1963 and J. Meienhofer, Hormonal Proteins 
and Peptides, vol. 2, p. 46, Academic Press (NeW York), 
1973. For classical solution synthesis see G. Schroder and K. 
Lupke, The Peptides, Vol. 1, Acacemic Press (NeW York). In 
general, these methods comprise the sequential addition of 
one or more amino acids or suitably protected amino acids 
to a groWing peptide chain. Normally, either the amino or 
carboxyl group of the ?rst amino acid is protected by a 
suitable protecting group. The protected or derivatiZed 
amino acid is then either attached to an inert solid support or 
utiliZed in solution by adding the next amino acid in the 
sequence having the complimentary (amino or carboxyl) 
group suitably protected and under conditions suitable for 
forming the amide linkage. The protecting group is then 
removed from this neWly added amino acid residue and the 
next amino acid (suitably protected) is added, and so forth. 

[0085] After all the desired amino acids have been linked 
in the proper sequence, any remaining protecting groups 
(and any solid support) are removed sequentially or concur 
rently to afford the ?nal polypeptide. By simple modi?cation 
of this general procedure, it is possible to add more than one 
amino acid at a time to a groWing chain, for example, by 
coupling (under conditions Which do not racemiZe chiral 
centers) a protected tripeptide With a properly protected 
dipeptide to form, after deprotection, a pentapeptide. 

[0086] A particularly preferred method of preparing com 
pounds of the present invention involves solid phase peptide 
synthesis Wherein the amino acid ot-N-terminal is protected 
by an acid or base sensitive group. Such protecting groups 
should have the properties of being stable to the conditions 
of peptide linkage formation While being readily removable 
Without destruction of the groWing peptide chain or racem 
iZation of any of the chiral centers contained therein. Suit 
able protecting groups are 9-?uorenylmethyloxycarbonyl 
(Fmoc), t-butyloxycarbonyl (Boc), benZyloxycarbonyl 
(CbZ), biphenylisopropyloxycarbonyl, t-amyloxycarbonyl, 
isobornyloxycarbonyl, ot,ot-dimethyl-3.S-dimethoxybenzy 
loxycarbonyl, o-nitrophenylsulfenyl, 2-cyano-t-butyloxy 
carbonyl, and the like. The 9-?uorenyl-methyloxycarbonyl 
(Fmoc) protecting group is particularly preferred for the 
synthesis of ITP fragments. Other preferred side chain 
protecting groups are, for side chain amino groups like 
lysine and arginine, 2,2,5,7,8-pentamethylchroman-6-sulfo 
nyl (pmc), nitro, p-toluenesulfonyl, 4-methoxybenZene-sul 
fonyl, CbZ, Boc, and adamantyloxycarbonyl; for tyrosine, 
benZyl, o-bromobenZyloxycarbonyl, 2,6-dichlorobenZyl, 
isopropyl, t-butyl (t-Bu), cyclohexyl, cyclopenyl and acetyl 
(Ac); for serine, t-butyl, benZyl and tetrahydropyranyl; for 
histidine, trityl, benZyl, CbZ, p-toluenesulfonyl and 2,4 
dinitrophenyl; for tryptophan, formyl; for asparticacid and 
glutamic acid, benZyl and t-butyl and for cysteine, triph 
enylmethyl (trityl). 

[0087] In the solid phase peptide synthesis method, the 
ot-C-terminal amino acid is attached to a suitable solid 
support or resin. Suitable solid supports useful for the above 
synthesis are those materials Which are inert to the reagents 
and reaction conditions of the stepWise condensation-depro 
tection reactions, as Well as being insoluble in the media 
used. The preferred solid support for synthesis of ot-C 
terminal carboxy peptides is 4-hydroxymethylphenoxym 
ethyl-copoly(styrene-1% divinylbenZene). The preferred 
solid support for ot-C-terminal amide peptides is the 4-(2‘, 
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4‘-dimethoxyphenyl-Fmoc-aminomethyl)phenoxyacetami 
doethyl resin available from Applied Biosystems (Foster 
City, Calif). The a-C-terminal amino acid is coupled to the 
resin by means of N,N‘-dicyclohexylcarbodiimide (DCC), 
N,N‘-diisopropylcarbodiimide (DIC) or O-benZotriaZol-1 
yl-N,N,N‘,N‘-tetramethyluronium-hexa?uorophosphate 
(HBTU), With or Without 4-dimethylaminopyridine 
(DMAP), 1-hydroxybenZotriaZole (HOBT), benZotriaZol-1 
yloxy-tris(dimethylamino)phosphonium-hexa?uorophos 
phate (BOP) or bis(2-oxo-3-oxaZolidinyl)phosphine chlo 
ride (BOPCI), mediated coupling for from about 1 to about 
24 hours at a temperature of betWeen 100 and 50° C. in a 
solvent such as dichloromethane or DMF. 

[0088] When the solid support is 4-(2‘,4‘-dimethoxyphe 
nyl-Fmoc-aminomethyl)phenoxy-acetamidoethyl resin, the 
Fmoc group is cleaved With a secondary amine, preferably 
piperidine, prior to coupling With the ot-C-terminal amino 
acid as described above. The preferred method for coupling 
to the deprotected 4-(2‘,4‘-dimethoxyphenyl-Fmoc-aminom 
ethyl)phenoxy-acetamidoethyl resin is O-benZotriaZol-1-yl 
N,N,N‘,N‘-tetramethyluroniumhexa?uoro-phosphate 
(HBTU, 1 equiv.) and 1-hydroxybenZotriaZole (HOBT, 1 
equiv.) in DMF. The coupling of successive protected amino 
acids can be carried out in an automatic polypeptide syn 
thesiZer as is Well knoWn in the art. In a preferred embodi 
ment, the ot-N-terminal amino acids of the groWing peptide 
chain are protected With Fmoc. The removal of the Fmoc 
protecting group from the ot-N-terminal side of the groWing 
peptide is accomplished by treatment With a secondary 
amine, preferably piperidine. Each protected amino acid is 
then introduced in about 3-fold molar excess, and the 
coupling is preferably carried out in DMF. The coupling 
agent is normally O-benZotriaZol-1-yl-N,N,N‘,N‘-tetram 
ethyluroniumhexa?uorophosphate (HBTU, 1 equiv.) and 
1-hydroxybenZotriaZole (HOBT, 1 equiv.). 

[0089] At the end of the solid phase synthesis, the 
polypeptide is removed from the resin and deprotected, 
either in successively or in a single operation. Removal of 
the polypeptide and deprotection can be accomplished in a 
single operation by treating the resin-bound polypeptide 
With a cleavage reagent comprising thianisole, Water, 
ethanedithiol and tri?uoroacetic acid. In cases Wherein the 
ot-C-terminal of the polypeptide is an alkylamide, the resin 
is cleaved by aminolysis With an alkylamine. Alternatively, 
the peptide may be removed by transesteri?cation, eg with 
methanol, folloWed by aminolysis or by direct transamida 
tion. The protected peptide may be puri?ed at this point or 
taken to the next step directly. The removal of the side chain 
protecting groups is accomplished using the cleavage cock 
tail described above. The fully deprotected peptide is puri 
?ed by a sequence of chromatographic steps employing any 
or all of the folloWing types: ion exchange on a Weakly basic 
resin (acetate form); hydrophobic adsorption chromatogra 
phy on underivitiZed polystyrene-divinylbenZene (for 
example, Amberlite XAD); silica gel adsorption chromatog 
raphy; ion exchange chromatography on carboxymethylcel 
lulose; partition chromatography, eg on Sephadex G-25, 
LH-20 or countercurrent distribution; high performance 
liquid chromatography (HPLC), especially reverse-phase 
HPLC on octyl- or octadecylsilyl-silica bonded phase col 
umn packing. 

[0090] Molecular Weights of these ITPs are determined 
using Fast Atom Bombardment Mass Spectroscopy. 
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[0091] The ITPs of the invention may be synthesiZed With 
N- and C-terminal protecting groups for use as pro-drugs. 

[0092] 1. N-Terminal Protective Groups 

[0093] As discussed above, the term “N-protecting group” 
refers to those groups intended to protect the ot-N-terminal 
of an amino acid or peptide or to otherWise protect the amino 
group of an amino acid or peptide against undesirable 
reactions during synthetic procedures. Commonly used 
N-protecting groups are disclosed in Greene, “Protective 
Groups In Organic Synthesis,” (John Wiley & Sons, NeW 
York (1981)), Which is hereby incorporated by reference. 
Additionally, protecting groups can be used as pro-drugs 
Which are readily cleaved in vivo, for example, by enZy 
matic hydrolysis, to release the biologically active parent. 
ot-N-protecting groups comprise loWeralkanoyl groups such 
as formyl, acetyl (“Ac”), propionyl, pivaloyl, t-butylacetyl 
and the like; other acyl groups include 2-chloroacetyl, 
2-bromoacetyl, tri?uoroacetyl, trichloroacetyl, phthalyl, 
o-nitrophenoxyacetyl, -chlorobutyryl, benZoyl, 4-chlo 
robenZoyl, 4-bromobenZoyl, 4-nitrobenZoyl and the like; 
sulfonyl groups such as benZenesulfonyl, p-toluenesulfonyl 
and the like; carbamate forming groups such as benZyloxy 
carbonyl, p-chlorobenZyloxycarbonyl, p-methoxybenZy 
loxycarbonyl, p-nitrobenZyloxycarbonyl, 2-nitrobenZyloxy 
carbonyl, p-bromobenZyloxycarbonyl, 3,4 
dimethoxybenZyloxycarbonyl, 3,5 
direthoxybenZyloxycarbonyl, 2,4 
dimethoxybenZyloxycarbonyl, 4-ethoxybenZyloxycarbonyl, 
2-nitro-4,5-dimethoxybenZyloxycarbonyl, 3,4,5-tri 
methoxybenZyloxycarbonyl, 1-(p-biphenylyl)-1-methyl 
ethoxycarbonyl, ot,ot-dimethyl-3,5-dimethoxybenZyloxycar 
bonyl, benZhydryloxycarbonyl, t-butyloxycarbonyl, 
diisopropylmethoxycarbonyl, isopropyloxycarbonyl, 
ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 2,2,2, 
trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophe 
noxycarbonyl, ?uorenyl-9-methoxycarbonyl, cyclopenty 
loxycarbonyl, adamantyloxycarbonyl, 
cyclohexyloxycarbonyl, phenylthiocarbonyl and the like; 
arylalkyl groups such as benZyl, triphenylmethyl, benZy 
loxymethyl, 9-?uorenylmethyloxycarbonyl (Fmoc) and the 
like and silyl groups such as trimethylsilyl and the like. 

[0094] 2. Carboxy Protective Groups 

[0095] As discussed above, the term “carboxy protecting 
group” refers to a carboxylic acid protecting ester or amide 
group employed to block or protect the carboxylic acid 
functionality While the reactions involving other functional 
sites of the compound are performed. Carboxy protecting 
groups are disclosed in Greene, “Protective Groups in 
Organic Synthesis” pp. 152-186 (1981), Which is hereby 
incorporated by reference. Additionally, a carboxy protect 
ing group can be used as a pro-drug Whereby the carboxy 
protecting group can be readily cleaved in vivo, for example 
by enZymatic hydrolysis, to release the biologically active 
parent. Such carboxy protecting groups are Well knoWn to 
those skilled in the art, having been extensively used in the 
protection of carboxyl groups in the penicillin and cepha 
losporin ?elds as described in US. Pat. Nos. 3,840,556 and 
3,719,667, the disclosures of Which are hereby incorporated 
herein by reference. Representative carboxy protecting 
groups are C1-C8 loWeralkyl (e.g., methyl, ethyl or t-butyl 
and the like); arylalkyl such as phenethyl or benZyl and 
substituted derivatives thereof such as alkoxybenZyl or 
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nitrobenZyl groups and the like; arylalkenyl such as phe 
nylethenyl and the like; aryl and substituted derivatives 
thereofsuch as S-indanyl and the like; dialkylaminoalkyl 
such as dimethylaminoethyl and the like); alkanoyloXyalkyl 
groups such as acetoXymethyl, butyryloXymethyl, valery 
loXymethyl, isobutyryloXymethyl, isovaleryloXymethyl, 
1-(propionyloXy)-1-ethyl, 1-(pivaloyloXyl)-1-ethyl, 1-me 
thyl-1-(propionyloXy)-1-ethyl, pivaloyloXymethyl, propio 
nyloXymethyl and the like; cycloalkanoyloXyalkyl groups 
such as cyclopropylcarbonyloXymethyl, cyclobutylcarbony 
loXymethyl, cyclopentylcarbonyloXymethyl, cycloheXylcar 
bonyloXymethyl and the like; aroyloXyalkyl such as ben 
ZoyloXymethyl, benZoyloXyethyl and the like; 
arylalkylcarbonyloXyalkyl such as benZylcarbonyloXym 
ethyl, 2-benZylcarbonyloXyethyl and the like; alkoXycarbo 
nylalkyl or cycloalkyloXycarbonylalkyl such as methoXy 
carbonylmethyl, cycloheXyloXycarbonylmethyl, 
1-methoXycarbonyl-1-ethyl and the like; alkoXycarbony 
loXyalkyl or cycloalkyloXycarbonyloXyalkyl such as meth 
oXycarbonyloXymethyl, t-butyloXycarbonyloXymethyl, 
1-ethoXycarbonyloXy-1-ethyl, 1-cycloheXyloXycarbony 
loXy-1-ethyl and the like; aryloXycarbonyloXyalkyl such as 
2-(phenoXycarbonyloXy)ethyl, 2-(5-indanyloXycarbony 
loXy)ethyl and the like; alkoXyalkylcarbonyloXyalkyl such 
as 2-(1-methoXy-2-methylpropan-2-oyloXy)ethyl and like; 
arylalkyloXycarbonyloXyalkyl such as 2-(benZyloXycarbo 
nyloXy)ethyl and the like; arylalkenyloXycarbonyloXyalkyl 
such as 2-(3-phenylpropen-2-yloXycarbonyloXy)ethyl and 
the like; alkoXycarbonylaminoalkyl such as t-butyloXycar 
bonylaminomethyl and the like; alkylaminocarbonylami 
noalkyl such as methylaminocarbonylaminomethyl and the 
like; alkanoylaminoalkyl such as acetylaminomethyl and the 
like; heterocycliccarbonyloXyalkyl such as 4-methylpiper 
aZinylcarbonyloXymethyl and the like; dialkylaminocarbo 
nylalkyl such as dimethylaminocarbonylmethyl, diethylami 
nocarbonylmethyl and the like; (5-(loWeralkyl)-2-oXo-1,3 
dioXolen4-yl)alkyl such as (5-t-butyl-2-oXo-1,3-dioXolen4 
yl)methyl and the like; and (5-phenyl-2-oXo-1,3-dioXolen4 
yl)alkyl such as (5-phenyl-2-oXo-1,3-dioXolen4-yl)methyl 
and the like. 

[0096] Representative amide carboXy protecting groups 
are aminocarbonyl and loWeralkylaminocarbonyl groups. 

[0097] Preferred carboXy-protected compounds of the 
invention are compounds Wherein the protected carboXy 
group is a loWeralkyl, cycloalkyl or arylalkyl ester, for 
example, methyl ester, ethyl ester, propyl ester, isopropyl 
ester, butyl ester, sec-butyl ester, isobutyl ester, amyl ester, 
isoamyl ester, octyl ester, cydoheXyl ester, phenylethyl ester 
and the like or an alkanoyloXyalkyl, cycloalkanoyloXyalkyl, 
aroyloXyalkyl or an arylalkylcarbonyloXyalkyl ester. Pre 
ferred amide carboXy protecting groups are loWeralkylami 
nocarbonyl groups. For example, aspartic acid may be 
protected at the ot-C-terminal by an acid labile group (eg 
t-butyl) and protected at the [3-C-terminal by a hydrogena 
tion labile group (eg benZyl) then deprotected selectively 
during synthesis. 

[0098] B. Modi?cation of ITPs 

[0099] The manner of producing the modi?ed ITPs of the 
present invention Will vary Widely, depending upon the 
nature of the various elements comprising the ITP. The 
synthetic procedures Will be selected so as to be simple, 
provide for high yields, and alloW for a highly puri?ed 
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product. Normally, the chemically reactive group Will be 
created at the last stage of the synthesis, for example, With 
a carboXyl group, esteri?cation to form an active ester. 
Speci?c methods for the production of modi?ed ITPs of the 
present invention are described beloW. 

[0100] Each ITP selected to undergo the modi?cation With 
a linker and a reactive agent is modi?ed according to the 
folloWing criteria: if a carboXylic group, not critical for the 
retention of pharmacological activity is available on the 
original ITP and no other reactive functionality is present on 
the ITP, then the carboXylic acid is chosen as attachment 
point for the linker-reactive entity modi?cation. If no car 
boXylic acids are available, then other functionalities not 
critical for the retention of pharmacological activity are 
selected as an attachment point for the linker-reactive entity 
modi?cation. If several functionalities are available on a an 

ITP, a combination of protecting groups Will be used in such 
a Way that after addition of the linker/reactive entity and 
deprotection of all the protected functional groups, retention 
of pharmacological activity is still obtained. If no reactive 
functionalities are available on the ITP, synthetic efforts Will 
alloW for a modi?cation of the original ITP in such a Way 
that retention of biological activity and retention of receptor 
or target speci?city is obtained. 

[0101] The chemically reactive entity is placed at a site so 
that When the ITP is bonded to the blood component, the ITP 
retains a substantial proportion of the unmodi?ed ITP’s 
activity. 
[0102] Even more speci?cally, each ITP selected to 
undergo the derivatiZation With a linker and a reactive entity 
Will be modi?ed according to the folloWing criteria: if a 
terminal carboXylic group is available on the therapeutic 
peptide and is not critical for the retention of pharmacologi 
cal activity, and no other sensitive functional group is 
present on the ITP, then the carboXylic acid Will be chosen 
as attachment point for the linker-reactive entity modi?ca 
tion. If the terminal carboXylic group is involved in phar 
macological activity, or if no carboXylic acids are available, 
then any other sensitive functional group not critical for the 
retention of pharmacological activity Will be selected as the 
attachment point for the linker-reactive entity modi?cation. 
If several sensitive functional groups are available on a ITP, 
a combination of protecting groups Will be used in such a 
Way that after addition of the linker/reactive entity and 
deprotection of all the protected sensitive functional groups, 
retention of pharmacological activity is still obtained. If no 
sensitive functional groups are available on the therapeutic 
peptide, synthetic efforts Will alloW for a modi?cation of the 
original peptide in such a Way that retention of biological 
activity and retention of receptor or target speci?city is 
obtained. In this case the modi?cation Will occur at the 
opposite end of the peptide. 

[0103] An NHS derivative may be synthesiZed from a 
carboXylic acid in absence of other sensitive functional 
groups in the therapeutic peptide. Speci?cally, such a thera 
peutic peptide is reacted With N-hydroXysuccinimide in 
anhydrous CH2 Cl2 and EDC, and the product is puri?ed by 
chromatography or recrystalliZed from the appropriate sol 
vent system to give the NHS derivative. 

[0104] Alternatively, an NHS derivative may be synthe 
siZed from a ITP that contains an amino and/or thiol group 
and a carboXylic acid. When a free amino or thiol group is 
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present in the molecule, it is preferable to protect these 
sensitive functional groups prior to perform the addition of 
the NHS derivative. For instance, if the molecule contains a 
free amino group, a transformation of the amine into a Fmoc 
or preferably into a tBoc protected amine is necessary prior 
to perform the chemistry described above. The amine func 
tionality Will not be deprotected after preparation of the 
NHS derivative. Therefore this method applies only to a 
compound Whose amine group is not required to be freed to 
induce a pharmacological desired effect. In addition, an 
NHS derivative may be synthesiZed from a therapeutic 
peptide containing an amino or a thiol group and no car 
boXylic acid. When the selected molecule contains no car 
boXylic acid, an array of bifunctional linkers can be used to 
convert the molecule into a reactive NHS derivative. For 
instance, ethylene glycol-bis(succinimydylsuccinate) (EGS) 
and triethylamine dissolved in DMF and added to the free 
amino containing molecule (With a ratio of 10:1 in favor of 
EGS) Will produce the mono NHS derivative. To produce an 
NHS derivative from a thiol derivatiZed molecule, one can 
use N-[-maleimidobutyryloXy]succinimide ester (GMBS) 
and triethylamine in DMF. The maleimido group Will react 
With the free thiol and the NHS derivative Will be puri?ed 
from the reaction mixture by chromatography on silica or by 
HPLC. 

[0105] An NHS derivative may also be synthesiZed from 
a ITP containing multiple sensitive functional groups. Each 
case Will have to be analyZed and solved in a different 
manner. HoWever, thanks to the large array of protecting 
groups and bifunctional linkers that are commercially avail 
able, this invention is applicable to any therapeutic peptide 
With preferably one chemical step only to derivatiZe the ITP 
or tWo steps by ?rst protecting a sensitive group or three 
steps (protection, activation and deprotection). Under eXcep 
tional circumstances only, Would one require to use multiple 
steps (beyond three steps) synthesis to transform a thera 
peutic peptide into an active NHS or maleimide derivative. 

[0106] A maleimide derivative may also be synthesiZed 
from an ITP containing a free amino group and a free 
carboXylic acid. To produce a maleimide derivative from a 
amino derivatiZed molecule, one can use N-[-maleimidobu 
tyryloXy]succinimide ester (GMBS) and triethylamine in 
DMF. The succinimide ester group Will react With the free 
amino and the maleimide derivative Will be puri?ed from the 
reaction miXture by crystalliZation or by chromatography on 
silica or by HPLC. 

[0107] Finally, a maleimide derivative may be synthesiZed 
from a therapeutic peptide containing multiple other sensi 
tive functional groups and no free carboXylic acids. When 
the selected molecule contains no carboXylic acid, an array 
of bifunctional crosslinking reagents can be used to convert 
the molecule into a reactive NHS derivative. For instance 
maleimidopropionic acid (MPA) can be coupled to the free 
amine to produce a maleimide derivative through reaction of 
the free amine With the carboXylic group of MPA using 
HBTU/HOBt/DIEA activation in DMF. 

[0108] Many other commercially available heterobifunc 
tional crosslinking reagents can alternatively be used When 
needed. A large number of bifunctional compounds are 
available for linking to entities. Illustrative reagents include: 
aZidobenZoyl hydraZide, N-[4-(p-aZidosalicylamino)butyl] 
3‘-[2‘-pyridyidithio)propionamide), bis-sulfosuccinimidyl 
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suberate, dimethyl adipimidate, disuccinimidyl tartrate, 
N-y-maleimidobutyryloXysuccinimide ester, N-hydroXy sul 
fosuccinimidyl-4-aZidobenZoate, N-succinimidyl [4-aZi 
dophenyl]-1,3‘-dithiopropionate, N-succinimidyl [4-io 
doacetyl]aminobenZoate, glutaraldehyde, and succinimidyl 
4-[N-maleimidomethyl]cycloheXane-1-carboXylate. 
[0109] 4. Uses of the Modi?ed ITPs 

[0110] The modi?ed ITPs of the invention ?nd multiple 
uses including use as a treatment for diabetes, a sedative, a 
treatment of nervous system disorders, use to induce an 
anXiolytic effect on the CNS, use to activate the CNS, use for 
post surgery treatment and as a treatment for insulin resis 
tance. 

[0111] A. Diabetes Treatments 

[0112] The modi?ed ITPs of the invention generally Will 
normaliZe hyperglycemia through glucose-dependent, insu 
lin-dependent and insulin-independent mechanisms. As 
such, the modi?ed ITPs are useful as primary agents for the 
treatment of type II diabetes mellitus and as adjunctive 
agents for the treatment of type I diabetes mellitus. 

[0113] The use of an effective amount of modi?ed ITPs as 
a treatment for diabetes mellitus has the advantage of being 
more potent than non modi?ed ITPs. Since the modi?ed 
ITPs are move stable in vivo, smaller amounts of the 
molecule can be administered for effective tratment. The 
present invention is especially suited for the treatment of 
patients With diabetes, both type I and type II, in that the 
action of the peptide is dependent on the glucose concen 
tration of the blood, and thus the risk of hypoglycemic side 
effects are greatly reduced over the risks in using current 
methods of treatment. 

[0114] The present invention also provides for a method 
for treating diabetes mellitus in an individual, Wherein said 
method comprises providing an amount of modi?ed ITP 
suf?cient to treat diabetes; Where the composition contains 
a modi?ed ITP. 

[0115] B. Treatment Of Nervous System Disorders 

[0116] The modi?ed ITPs of the invention also ?nd use as 
a sedative. In one aspect of the invention, there is provided 
a method of sedating a mammalian subject With an abnor 
mality resulting in increased activation of the central or 
peripheral nervous system using the modi?ed ITPs of the 
invention. The method comprises administering a modi?ed 
ITP to the subject in an amount suf?cient to produce a 
sedative or anXiolytic effect on the subject. The modi?ed ITP 
may be administered intracerebroventriculary, orally, sub 
cutaneously, intramuscularly, or intravenously. Such meth 
ods are useful to treat or ameliorate nervous system condi 

tions such as anXiety, movement disorder, aggression, 
psychosis, seiZures, panic attacks, hysteria and sleep disor 
ders. 

[0117] In a related aspect, the invention encompasses a 
method of increasing the activity of a mammalian subject, 
comprising administering a modi?ed ITP to the subject in an 
amount sufficient to produce an activating effect on the 
subject. Preferably, the subject has a condition resulting in 
decreased activation of the central or peripheral nervous 
system. The modi?ed ITPs ?nd particular use in the treat 
ment or amelioration of depression, schiZoaffective disor 
ders, sleep apnea, attention de?cit syndromes With poor 
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concentration, memory loss, forgetfulness, and narcolepsy, 
to name just a feW conditions in Which arousal of the central 
nervous system may be advantageous. 

[0118] The modi?ed ITPs of the invention may be used to 
induce arousal for the treatment or amelioration of depres 
sion, schiZoaffective disorders, sleep apnea, attention de?cit 
syndromes With poor concentration, memory loss, forget 
fulness, and narcolepsy. The therapeutic efficacy of the 
modi?ed ITP treatment may be monitored by patient inter 
vieW to assess their condition, by psychologicavneurological 
testing, or by amelioration of the symptoms associated With 
these conditions. For eXample, treatment of narcolepsy may 
be assessed by monitoring the occurrence of narcoleptic 
attacks. As another eXample, effects of modi?ed ITPs on the 
ability of a subject to concentrate, or on memory capacity, 
may be tested using any of a number of diagnostic tests Well 
knoWn to those of skill in art. 

[0119] C. Post Surgery Treatment 

[0120] The modi?ed ITPs of the invention may be utiliZed 
for post surgery treatments. A patient is in need of the 
modi?ed ITPs of the present invention for about 1-16 hours 
before surgery is performed on the patient, during surgery on 
the patient, and after the patient’s surgery for a period of not 
more than about 5 days. 

[0121] The modi?ed ITPs of the present invention are 
administered from about siXteen hours to about one hour 
before surgery begins. The length of time before surgery 
When the compounds used in the present invention should be 
administered in order to reduce catabolic effects and insulin 
resistance is dependent on a number of factors. These factors 
are generally knoWn to the physician of ordinary skill, and 
include, most importantly, Whether the patient is fasted or 
supplied With a glucose infusion or beverage, or some other 
form of sustenance during the preparatory period before 
surgery. Other important factors include the patient’s seX, 
Weight and age, the severity of any inability to regulate 
blood glucose, the underlying causes of any inability to 
regulate blood glucose, the eXpected severity of the trauma 
caused by the surgery, the route of administration and 
bioavailability, the persistence in the body, the formulation, 
and the potency of the compound administered. Apreferred 
time interval Within Which to begin administration of the 
modi?ed ITPs used in the present invention is from about 
one hour to about ten hours before surgery begins. The most 
preferred interval to begin administration is betWeen tWo 
hours and eight hours before surgery begins. 

[0122] Insulin resistance folloWing a particular type of 
surgery, elective abdominal surgery, is most profound on the 
?rst post-operative day, lasts at least ?ve days, and may take 
up to three Weeks to normaliZe Thus, the post-operative 
patient may be in need of administration of the modi?ed 
ITPs used in the present invention for a period of time 
folloWing the trauma of surgery that Will depend on factors 
that the physician of ordinary skill Will comprehend and 
determine. Among these factors are Whether the patient is 
fasted or supplied With a glucose infusion or beverage, or 
some other form of sustenance folloWing surgery, and also, 
Without limitation, the patient’s seX, Weight and age, the 
severity of any inability to regulate blood glucose, the 
underlying causes of any inability to regulate blood glucose, 
the actual severity of the trauma caused by the surgery, the 
route of administration and bioavailability, the persistence in 
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the body, the formulation, and the potency of the compound 
administered. The preferred duration of administration of 
the compounds used in the present invention is not more 
than ?ve days folloWing surgery. 

[0123] D. Insulin Resistance Treatment 

[0124] The modi?ed ITPs of the invention may be utiliZed 
to treat insulin resistance independently from their use in 
post surgery treatment. Insulin resistance may be due to a 
decrease in binding of insulin to cell-surface receptors, or to 
alterations in intracellular metabolism. The ?rst type, char 
acteriZed as a decrease in insulin sensitivity, can typically be 
overcome by increased insulin concentration. The second 
type, characteriZed as a decrease in insulin responsiveness, 
cannot be overcome by large quantities of insulin. Insulin 
resistance folloWing trauma can be overcome by doses of 
insulin that are proportional to the degree of insulin resis 
tance, and thus is apparently caused by a decrease in insulin 
sensitivity. 

[0125] The dose of modi?ed ITPs effective to normaliZe a 
patient’s blood glucose level Will depend on a number of 
factors, among Which are included, Without limitation, the 
patient’s seX, Weight and age, the sev rity of inability to 
regulate blood glucose, the underlying causes of inability to 
regulate blood glucose, Whether glucose, or another carbo 
hydrate source, is simultaneously administered, the route of 
administration and bioavailability, the persistence in the 
body, the formulation, and the potency. 

[0126] 5. Administration of the Modi?ed ITPs 

[0127] The modi?ed ITPs Will be administered in a physi 
ologically acceptable medium, e.g. deioniZed Water, phos 
phate buffered saline (PBS), saline, aqueous ethanol or other 
alcohol, plasma, proteinaceous solutions, mannitol, aqueous 
glucose, alcohol, vegetable oil, or the like. Other additives 
Which may be included include buffers, Where the media are 
generally buffered at a pH in the range of about 5 to 10, 
Where the buffer Will generally range in concentration from 
about 50 to 250 mM, salt, Where the concentration of salt 
Will generally range from about 5 to 500 mM, physiologi 
cally acceptable stabiliZers, and the like. The compositions 
may be lyophiliZed for convenient storage and transport. 

[0128] The modi?ed ITPs Will for the most part be admin 
istered orally, parenterally, such as intravascularly (IV), 
intraarterially (IA), intramuscularly (IM), subcutaneously 
(SC), or the like. Administration may in appropriate situa 
tions be by transfusion. In some instances, Where reaction of 
the functional group is relatively sloW, administration may 
be oral, nasal, rectal, transdermal or aerosol, Where the 
nature of the conjugate alloWs for transfer to the vascular 
system. Usually a single injection Will be employed 
although more than one injection may be used, if desired. 
The modi?ed ITPs may be administered by any convenient 
means, including syringe, trocar, catheter, or the like. The 
particular manner of administration Will vary depending 
upon the amount to be administered, Whether a single bolus 
or continuous administration, or the like. Preferably, the 
adminisration Will be intravascularly, Where the site of 
introduction is not critical to this invention, preferably at a 
site Where there is rapid blood ?oW, e.g., intravenously, 
peripheral or central vein. Other routes may ?nd use Where 
the administration is coupled With sloW release techniques or 
a protective matrix. The intent is that the ITPs be effectively 
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distributed in the blood, so as to be able to react With the 
blood components. The concentration of the conjugate Will 
vary Widely, generally ranging from about 1 pg/ml to 50 
mg/ml. The total administered intravascularly Will generally 
be in the range of about 0.1 mg/ml to about 10 mg/ml, more 
usually about 1 mg/ml to about 5 mg/ml. 

[0129] By bonding to long-lived components of the blood, 
such as immunoglobulin, serum albumin, red blood cells and 
platelets, a number of advantages ensue. The activity of the 
modi?ed ITPs compound is extended for days to Weeks. 
Only one administration need be given during this period of 
time. Greater speci?city can be achieved, since the active 
compound Will be primarily bound to large molecules, 
Where it is less likely to be taken up intracellularly to 
interfere With other physiological processes. 

[0130] The formation of the covalent bond betWeen the 
blood component may occur in vivo or ex vivo. For ex vivo 
covalent bond formation, the modi?ed ITP is added to blood, 
serum or saline solution containing. human serum albumin 
or IgG to permit covalent bond formation betWeen the 
modi?ed ITP and the blood component. In a preferred 
format, the ITP is modi?ed With maleimide and it is reacted 
With human serum albumin in saline solution. Once the 
modi?ed ITP has reacted With the blood component, to form 
a ITP-protein conjugate, the conjugate may be administered 
to the patient. 

[0131] Alternatively, the modi?ed ITP may be adminis 
tered to the patient directly so that the covalent bond forms 
betWeen the modi?ed ITP and the blood component in vivo. 

[0132] 6. Monitoring the Presence of Modi?ed ITPs 

[0133] The blood of the mammalian host may be moni 
tored for the activity of the ITPs and/or presence of the 
modi?ed ITPs. By taking a portion or sample of the blood 
of the host at different times, one may determine Whether the 
ITP has become bound to the long-lived blood components 
in suf?cient amount to be therapeutically active and, there 
after, the level of ITP compound in the blood. If desired, one 
may also determine to Which of the blood components the 
ITP molecule is bound. This is particularly important When 
using non-speci?c ITPs. For speci?c maleimide-ITPs, if is 
much simpler to calculate the half life of serum albumin and 
IgG. 

[0134] The modi?ed GLPs may be monitored using assays 
of insulinotropic activity, HPLC-MS or antibodies directed 
to ITPs. 

[0135] A. Assays of Insulinotropic Activity 

[0136] The present invention concerns modi?ed ITPs 
derivatives Which have an insulinotropic activity that 
exceeds or equals the insulinotropic activity of the non 
modi?ed ITPs. The insulinotropic property of a compound 
may be determined by providing that compound to animal 
cells, or injecting that compound into animals and monitor 
ing the release of immunoreactive insulin (IRI) into the 
media or circulatory system of the animal, respectively. The 
presence of IRI is detected through the use of a radioim 
munoassay Which can speci?cally detect insulin. 

[0137] Although any radioimmunoassay capable of 
detecting the presence of IRI may be employed, it is 
preferable to use a modi?cation of the assay method of 
Albano, J. D. M., et al., (Acta Endocrinol. 70:487-509 
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(1972)). In this modi?cation, a phosphate/albumin buffer 
With a pH of 7.4 is employed. The incubation is prepared 
With the consecutive condition of 500 pl of phosphate buffer, 
50 pl of perfusate sample or rat insulin standard in perfusate, 
100 pl of anti-insulin antiserum (Wellcome Laboratories; 
1140,000 dilution), and 100 pl of [1251] insulin, giving a total 
volume of 750 pl in a 10><75-mm disposable glass tube. 
After incubation for 2-3 days at 4° C., free insulin is 
separated from antibody-bound insulin by charcoal separa 
tion. The assay sensitivity is generally 1-2 pl U/ml. In order 
to measure the release of IRI into the cell culture medium of 
cells groWn in tissue culture, one preferably incorporates 
radioactive label into proinsulin. Although any radioactive 
label capable of labeling a polypeptide can be used, it is 
preferable to use 3H leucine in order to obtain labeling of 
proinsulin. Labeling can be done for any period of time 
suf?cient to permit the formation of a detectably labeled 
pool of proinsulin molecules; hoWever, it is preferable to 
incubate cells in the presence of radioactive label for a 
60-minute time period. Although any cell line capable of 
expressing insulin can be used for determining Whether a 
compound has an insulinotropic effect, it is preferable to use 
rat insulinoma cells, and especially RIN-38 rat insulinoma 
cells. Such cells can be groWn in any suitable medium; 
hoWever, it is preferable to use DME medium containing 
0.1% BSA and 25 mM glucose. 

[0138] The insulinotropic property of a modi?ed ITP may 
also be determined by pancreatic infusion. The in situ 
isolated perfused rat pancreas preparation is a modi?cation 
of the method of Penhos, J. C., et al. (Diabetes 18:733-738 
(1969)). In accordance With such a method, fasted rats 
(preferably male Charles River strain albino rats), Weighing 
350-600 g, are anesthetiZed With an intraperitoneal injection 
of Amytal Sodium (Eli Lilly and Co., 160 ng/lkg). Renal, 
adrenal, gastric, and loWer colonic blood vessels are ligated. 
The entire intestine is resected except for about four cm of 
duodenum and the descending colon and rectum. Therefore, 
only a small part of the intestine is perfused, thus minimiZ 
ing possible interference by enteric substances With insuli 
notropic immunoreactivity. The perfusat is preferably a 
modi?ed Krebs-Ringer bicarbonate buffer With 4% dextran 
T70 and 0.2% bovine serum albumin (fraction V), and is 
preferably bubbled With 95% O2 and 5% CO2. Anonpulsa 
tile ?oW, four-channel roller-bearing pump (Buchler polys 
tatic, Buchler Instruments Division, Nuclear-Chicago Corp.) 
is preferably used, and a sWitch from one perfusate source 
to another is preferably accomplished by sWitching a three 
Way stopcock. The manner in Which perfusion is performed, 
modi?ed, and analyZed preferably folloWs the methods of 
Weir, G. C., et al., (J. Clin. Investigat. 54:1403-1412 
(1974)), Which is hereby incorporated by reference. 

[0139] B. HPLC-MS 

[0140] HPLC coupled With mass spectrometry (MS) With 
can be utiliZed to assay for the presence of peptides and 
modi?ed peptides as is Well knoWn to the skilled artisan. 
Typically tWo mobile phases are utiliZed: 0.1% TFA/Water 
and 0.1% TFA/acetonitrile. Column temperatures can be 
vaired as Well as gradient conditions. Particular details are 
outlined in the Example section beloW. 

[0141] c. Antibodies 

[0142] Another aspect of this invention relates to methods 
for determining the concentration of the ITPs or their 
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conjugates in biological samples (such as blood) using 
antibodies speci?c to the ITPs and to the use of such 
antibodies as a treatment for toxicity potentially associated 
With such ITPs or conjugates. This is advantageous because 
the increased stability and life of the ITPs in vivo in the 
patient might lead to novel problems during treatment, 
including increased possibility for toxicity. The use of 
anti-ITP antibodies, either monoclonal or polyclonal, having 
speci?city for particular ITPs, can assist in mediating any 
such problem. The antibody may be generated or derived 
from a host immuniZed With the particular modi?ed ITP, or 
With an immunogenic fragment of the agent, or a synthe 
siZed immunogen corresponding to an antigenic determinant 
of the agent. Preferred antibodies Will have high speci?city 
and af?nity for native, derivatiZed and conjugated forms of 
the modi?ed ITP. Such antibodies can also be labeled With 
enZymes, ?uorochromes, or radiolables. 

[0143] Antibodies speci?c for modi?ed ITPs may be pro 
duced by using puri?ed ITPs for the induction of derivatiZed 
ITP-speci?c antibodies. By induction of antibodies, it is 
intended not only the stimulation of an immune response by 
injection into animals, but analogous steps in the production 
of synthetic antibodies or other speci?c binding molecules 
such as screening of recombinant immunoglobulin libraries. 
Both monoclonal and polyclonal antibodies can be produced 
by procedures Well knoWn in the art. 

[0144] The antibodies may be used to monitor the pres 
ence of ITP petides in the blood stream. Blood and/or serum 
samples may be analyZed by SDS-PAGE and Western blot 
ting. Such techniques permit the analysis of the blood or 
serum to determine the bonding of the modi?ed ITPs to 
blood components. 

[0145] The anti-therapeutic agent antibodies may also be 
used to treat toxicity induced by administration of the 
modi?ed ITP, and may be used ex vivo or in vivo. Ex vivo 
methods Would include immuno-dialysis treatment for tox 
icity employing anti-therapeutic agent antibodies ?xed to 
solid supports. In vivo methods include administration of 
anti-therapeutic agent antibodies in amounts effective to 
induce clearance of antibody-agent complexes. 

[0146] The antibodies may be used to remove the modi?ed 
ITPs and conjugates thereof, from a patient’s blood ex vivo 
by contacting the blood With the antibodies under sterile 
conditions. For example, the antibodies can be ?xed or 
otherWise immobiliZed on a column matrix and the patient’s 
blood can be removed from the patient and passed over the 
matrix. The modi?ed ITPs Will bind to the antibodies and the 
blood containing a loW concentration of the ITP, then may 
be returned to the patient’s circulatory system. The amount 
of modi?ed ITP removed can be controlled by adjusting the 
pressure and How rate. Preferential removal of the modi?ed 
ITPs from the plasma component of a patient’s blood can be 
effected, for example, by the use of a semipermeable mem 
brane, or by otherWise ?rst separating the plasma component 
from the cellular component by Ways knoWn in the art prior 
to passing the plasma component over a matrix containing 
the anti-therapeutic antibodies. Alternatively the preferential 
removal of ITP-conjugated blood cells, including red blood 
cells, can be effected by collecting and concentrating the 
blood cells in the patient’s blood and contacting those cells 
With ?xed anti-ITP antibodies to the exclusion of the serum 
component of the patient’s blood. 
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[0147] The anti-ITP antibodies can be administered in 
vivo, parenterally, to a patient that has received the modi?ed 
ITP or conjugates for treatment. The antibodies Will bind the 
ITP compounds and conjugates. Once bound, the ITP activ 
ity Will be hindered if not completely blocked thereby 
reducing the biologically effective concentration of ITP 
compound in the patient’s bloodstream and minimiZing 
harmful side effects. In addition, the bound antibody-ITP 
complex Will facilitate clearance of the ITP compounds and 
conjugates from the patient’s blood stream. 

[0148] The invention having been fully described is noW 
exempli?ed by the folloWing non-limiting examples. 

EXAMPLES 

[0149] General 

[0150] Solid phase peptide syntheses of the insulinotropic 
peptides on a 100 pmole scale Was performed using manual 
solid-phase synthesis and a Symphony Peptide SynthesiZer 
using Fmoc protected Rink Amide MBHA resin, Fmoc 
protected amino acids, O-benZotriaZol-1-yl-N,N,N‘,N‘-tet 
ramethyl-uronium hexa?uorophosphate (HBTU) in N,N 
dimethylformamide (DMF) solution and activation With 
N-methyl morpholine (NMM), and piperidine deprotection 
of Fmoc groups (Step 1). When required, the selective 
deprotection of the Lys(Aloc) group Was performed manu 
ally and accomplished by treating the resin With a solution 
of 3 eq of Pd(PPh3)4 dissolved in 5 mL of 
CHCl3:NMM:HOAc (18:1:05) for 2 h (Step 2). The resin 
Was then Washed With CHCl3 (6x5 mL), 20% HOAc in 
DCM (6x5 mL), DCM (6x5 mL), and DMF (6x5 mL). In 
some instances, the synthesis Was then re-automated for the 
addition of one AEEA (aminoethoxyethoxyacetic acid) 
group, the addition of acetic acid or the addition of a 
3-maleimidopropionic acid (MPA) (Step 3). Resin cleavage 
and product isolation Was performed using 85% TFA/5% 
TIS/5% thioanisole and 5% phenol, folloWed by precipita 
tion by dry-ice cold Et2O (Step 4). The products Were 
puri?ed by preparative reversed phased HPLC using a 
Varian (Rainin) preparative binary HPLC system: gradient 
elution of 30-55% B (0.045% TFA in H2O (A) and 0.045% 
TFA in CH3CN over 180 min at 9.5 mL/min using a 
Phenomenex Luna 10p phenyl-hexyl, 21 mm><25 cm column 
and UV detector (Varian Dynamax UVD II) at 214 and 254 
nm. Purity Was determined 95% by RP-HPLC mass spec 
trometry using a HeWlett Packard LCMS-1100 series spec 
trometer equipped With a diode array detector and using 
electro-spray ioniZation. 

Example 1 

[0151] Preparation of Tyr32-Exendin 4(1-32)-NH2 

[0152] His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser 
Lys-Glu-Met-Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe-Ile-Glu 
Trp-Leu-Lys-Asn-Gly-Gly-Pro-Tyr-amide 

Fmoc-Rink Amide MBHA Resin 

@ SPPS 
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-continued 
HZN-HGEGTPTSDLSKQMEEEAVRLFIEWLKNGGPY-PS 

85% TFA/5% TIS/5% 
p thioanisole/5% phenol 

TFA TFA TFA 

HZN-HGEGTFI‘SDLSKQMEEEAVRLFIEWLKNGGPY-NHZ 

TFA 

Tyr32—EXendin—4 (1-32)-NH2 

[0153] Solid phase peptide synthesis of the analog on a 
100 pmole scale is performed using manual solid-phase 
synthesis and a Symphony Peptide Synthesizer using Fmoc 
protected Rink Amide MBHA resin, Fmoc protected amino 
acids, O-benZotriaZol-1-yl-N,N, N‘,N‘-tetramethyl-uronium 
heXa?uorophosphate (HBTU) in N,N-dimethylformamide 
(DMF) solution and activation With N-methyl morpholine 
(NMM), and piperidine deprotection of Fmoc groups (Step 
1). Resin cleavage and product isolation is performed using 
85% TFA/5% TIS/5% thioanisole and 5% phenol, folloWed 
by precipitation by dry-ice cold Et2O (Step 2). The product 
is puri?ed by preparative reversed phased HPLC using a 
Varian (Rainin) preparative binary HPLC system: gradient 
elution of 30-55% B (0.045% TFA in H2O (A) and 0.045% 
TFA in CH3CN over 180 min at 9.5 mUmin using a 
PhenomeneX Luna 10p phenyl-heXyl, 21 mm><25 cm column 
and UV detector (Varian DynamaX UVD II) at 7» 214 and 254 
nm to afford the desired peptide in >95% purity, as deter 
mined by RP-HPLC. 

Example 2 

[0154] Preparation of Tyr31-EXendin-4(1-31) 

[0155] His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser 
Lys-Glu-Met-Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe-Ile-Glu 
Trp-Leu-Lys-Asn-Gly-Gly-Tyr-amide 

Fmoc-Rink Amide MBHA Resin 

lSPPS 
HZN-HGEGTPTSDLSKQMEEEAVRLFIEWLKNGGPY-PS 

85% TFA/5% TIS/5% 
thioanisole/5% phenol 

TFA TFA TFA 

HZN-HGEGTPTSDLSKQMEEEAVRLFIEWLKNGGPY-NH2 

TFA 

Tyr31—EXendin—4 (1-31)-NH2 

[0156] Solid phase peptide synthesis of the analog on a 
100 pmole scale is performed using manual solid-phase 
synthesis and a Symphony Peptide SynthesiZer using Fmoc 
protected Rink Amide MBHA resin, Fmoc protected amino 
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acids, O-benZotriaZol-1-yl-N,N,N‘,N‘-tetramethyl-uronium 
heXa?uorophosphate (HBTU) in N,N-dimethylformamide 
(DMF) solution and activation With N-methyl morpholine 
(NMM), and piperidine deprotection of Fmoc groups (Step 
1). Resin cleavage and product isolation is performed using 
85% TFA/5% TTS/5% thioanisole and 5% phenol, folloWed 
by precipitation by dry-ice cold Et2O (Step 2). The product 
is puri?ed by preparative reversed phased HPLC using a 
Varian (Rainin) preparative binary HPLC system: gradient 
elution of 30-55% B (0.045% TFA in H2O (A) and 0.045% 
TFA in CH3CN over 180 min at 9.5 mL/min using a 
PhenomeneX Luna 10p phenyl-heXyl, 21 mm><25 cm column 
and UV detector (Varian DynamaX UVD II) at 7» 214 and 254 
nm to afford the desired peptide in >95% purity, as deter 
mined by RP-HPLC. 

Example 3 

[0157] Preparation of EXendin-4(9-39)-NH2 

[0158] Asp-Leu-Ser-Lys-Gln-Met-Glu-Glu-Glu-Ala-Val 
Arg-Leu-Phe-Ile-Glu-Trp-Leu-Lys-Asu-Gly-Gly-Pro-Ser 
Ser-Gly-Aly-Pro-Pro-Pro-Ser-amide 

Fmoc-Rink Amide MBHA Resin 

HZN-DLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-PS 

85% TFA/5% "HS/5% 
p thioanisole/5% phenol 

TFA TFA TFA 

HZN-DLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-NHZ 

TFA 

EXendin-4 (9-39)-NH2 

[0159] Solid phase peptide synthesis of the analog on a 
100 pmole scale is performed using manual solid-phase 
synthesis and a Symphony Peptide SynthesiZer using Fmoc 
protected Rink Amide MBHA resin, Fmoc protected amino 
acids, O-benZotriaZol-1-yl-N,N,N‘,N‘-tetramethyl-uronium 
heXa?uorophosphate (HBTU) in N,N-dimethylformamide 
(DMF) solution and activation With N-methyl morpholine 
(NMM), and piperidine deprotection of Fmoc groups (Step 
1). Resin cleavage and product isolation is performed using 
85% TFA/5% TTS/5% thioanisole and 5% phenol, folloWed 
by precipitation by dry-ice cold Et2O (Step 2). The product 
is puri?ed by preparative reversed phased HPLC using a 
Varian (Rainin) preparative binary HPLC system: gradient 
elution of 30-55% B (0.045% TFA in H2O (A) and 0.045% 
TFA in CH3CN over 180 min at 9.5 mL/min using a 
PhenomeneX Luna 10p phenyl-heXyl, 21 mm><25 cm column 
and UV detector (Varian DynamaX UVD II) at 7» 214 and 254 
nm to afford the desired peptide in >95% purity, as deter 
mined by RP-HPLC. 
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Example 4 

[0160] Preparation of GLP-1 (1-36)-Lys37(e-MPA) 

[0161] His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Gly-Thr 
Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala 
Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val-Lys-Gly-Arg-Lys(e 
MPA)-NH2.5TFA 
[0162] The modi?ed GLP-l peptide is synthesized by 
linking off the amino group of the added Lysine residue as 
shoWn in the schematic diagram below. 

Fmoc-Rink Amide MBHA Resin 

@ SPPS 
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[0163] Using automated peptide synthesis, the folloWing 
protected amino acids Were sequentially added to Rink 
Amide MBHA resin: Fmoc-Lys(Aloc)-OH, Fmoc-Arg(Pbf) 
OH, Fmoc-Gly-OH, Fmoc-Lys(tBoc)-OH, Fmoc-Val-OH, 
Fmoc-Leu-OH, Fmoc-Trp-OH, Fmoc-Ala-OH, Fmoc-Ile 
OH, Fmoc-Phe-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Lys(t 
Boc)-OH, Fmoc-Ala-OH, Fmoc-Ala-OH, Fmoc-Gln(Trt) 
OH, Fmoc-Gly-OH, Fmoc-Glu(OtBu)-OH. Fmoc-Leu-OH, 
Fmoc-Tyr(Pbf)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Val-OH, Fmoc-Asp(OtBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Thr(tBu)-OH, Fmoc-Phe-OH, Fmoc-Thr(tBu) 

Boc-HDEFERHAEGTPTSDVSSYLEGQAAKEFIAWLVKGR—Lys(Aloc)-PS 

Boc—HDEFERHAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-Lys—PS 

[E 3-maleimidopropionic acid 

Boc-HDEFERHAEGTPTSDVSSYLEGQAAKEFIAWLVKGR-N 
H 

@] 85% TFA/5% TIS/5% thioanisole/5% phenol 

TFA TFA TFA 

H2N—HDEFERHAEGTPTSDVSSYLEGQAAKEFIAWLVKGR-N 
. H 

TFA 

GLP-l (1-36)-Lys37 (E-MPA)-NH2 

O o 

HNMN 
/ 

0 

PS 

0 

O o 

HNMN 
/ 

o 
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OH, Fmoc-Gly-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Ala-OH, 
Boc-His(N-Trt)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Glu 
(OtBu)-OH, Fmoc-Phe-OH, Fmoc-Glu(OtBu)-OH, Fmoc 
Asp(OtBu)-OH, Boc-His(N-Trt)-OH (step 1) 
[0164] The selective deprotection of the Lys(Aloc) group 
Was performed manually and accomplished by treating the 
resin With a solution of 3 eq of Pd(PPh3)4 dissolved in 5 mL 
of CHCl3:NMM:HOAc (1811105) for 2 h (Step 2). The resin 
Was then Washed With CHCl3 (6x5 mL), 20% HOAc in 
DCM (6x5 mL), DCM (6x5 mL), and DMF (6x5 mL). The 
synthesis Was then re-automated for the addition of the 
3-maleimidopropionic acid (Step 3). Resin cleavage and 
product isolation Was performed using 85% TFA/5% TIS/ 
5% thioanisole and 5% phenol, folloWed by precipitation by 
dry-ice cold Et2O (Step 4). The product Was puri?ed by 
preparative reverse phase HPLC using a Varian (Rainin) 
preparative binary HPLC system: gradient elution of 
30-55% B (0.045% TFA in H2O (A) and 0.045% TFA in 
CH3CN over 180 min at 9.5 mumin using a Phenom 

Fmoc-Rink Amide MBHA Resin 
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Boc-HAEGTPTSDVSSYLEGQAAKEFIAWLVKGR-Lys(Aloc)-PS 

Boc-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-Lys-PS 

@ 1. Fmoc-AEEA-OH (2 times) 
2. 3-maleimidopropionic acid 

Boc-HAEGTPTSDVSSYLEGQAAKEFIAWLVKGR-N 
H 

O 

eneX Luna 10p phenyl-heXyl, 21 mm><25 cm column and UV 
detector (Varian DynamaX UVD II) at 7» 214 and 254 nm. 
The product had >95% purity as determined by RP-HPLC 
mass spectrometry using a HeWlett Packard LCMS-1100 
series spectrometer equipped With a diode array detector and 
using electro-spray ioniZation. 

Example 5 

[0165] Preparation of GLP-1 (1-36)-Lys37(e-AEEA 
AEEA-MPA)-NH2.5TFA; 
[0166] His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Gly-Thr 
Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala 
Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val-Lys-Gly-Arg-Lys(e 
AEEA-AEEA-MPA)-NH25TFA 
[0167] The modi?ed GLP-1 peptide is synthesiZed by 
linking off the amino group of the added Lysine residue as 
shoWn in the schematic diagram below. 

0 

HN 

[E] 85% TFA/5% TIS/5% thioanisole/5% phenol 
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-continued 

TFA TFA TFA 

HgN-HAEGTPTSDVSSYLEGQAAKEFIAWLVKGR-N 
. H 

TFA O 

cor-1051 

GLP-l (7-36-K(AEEA2-MPA))-NH2 

[0168] Using automated peptide synthesis, the following 
protected amino acids Were sequentially added to Rink 
Amide MBHA resin: Fmoc-Lys(Aloc)-OH, Fmoc-Arg(Pbf) 
OH, Fmoc-Gly-OH, Fmoc-Lys(tBoc)-OH. Fmoc-Val-OH, 
Fmoc-Leu-OH, Fmoc-Trp-OH, Fmoc-Ala-OH, Fmoc-Ile 
OH, Fmoc-Phe-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Lys(t 
Boc)-OH, Fmoc-Ala-OH, Fmoc-Ala-OH, Fmoc-Gln(Trt) 
OH, Fmoc-Gly-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Leu-OH, 
Fmoc-Tyr(Pbf)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Val-OH, Fmoc-Asp(OtBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Thr(tBu)-OH, Fmoc-Phe-OH, Fmoc-Thr(tBu) 
OH, Fmoc-Gly-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Ala-OH, 
Boc-His(N-Trt)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Glu 
(OtBu)-OH, Fmoc-Phe-OH, Fmoc-Glu(OtBu)-OH, Fmoc 
Asp(OtBu)-OH, Boc-His(N-Trt)-OH (step 1). 

[0169] The selective deprotection of the Lys(Aloc) group 
Was performed manually and accomplished by treating the 
resin With a solution of 3 eq of Pd(PPh3)4 dissolved in 5 mL 

of CHCl3:NMM:HOAc (18:1:0.5) for 2 h (Step 2). The resin 
Was then Washed With CHCl3 (6x5 mL), 20% HOAc in 
DCM (6x5 mL), DCM (6x5 mL), and DMF (6x5 mL). The 
synthesis Was then re-automated for the addition of the tWo 

AEEA (aminoethoXyethoXyacetic acid) groups and the 
3-maleimidopropionic acid (Step 3). Resin cleavage and 
product isolation Was performed using 85% TFA/5% TIS/ 
5% thioanisole and 5% phenol, folloWed by precipitation by 
dry-ice cold Et2O (Step 4). The product Was puri?ed by 
preparative reverse phase HPLC using a Varian (Rainin) 
preparative binary HPLC system: gradient elution of 
30-55% B (0.045% TFA in H2O (A) and 0.045% TFA in 
CH3CN over 180 min at 9.5 mUmin using a Phenom 
eneX Luna 10 p phenyl-heXyl, 21 mm><25 cm column and 

UV detector (Varian DynamaX UVD II) at 7» 214 and 254 
nm. The product had >95% purity as determined by RP 
HPLC mass spectrometry using a HeWlett Packard LCMS 

1100 series spectrometer equipped With a diode array detec 
tor and using electro-spray ioniZation, ESI-MS m/Z for 
C H265N44O56 (MH+), calcd 3868, found [M+H2]2+1934, 174 

Example 6 
[0170] Preparation of GLP-1 (7-36)-Lys37(e-MPA) 

[0171] His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser 
Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-Ile-Ala 
Trp-Leu-Val-Lys-Gly-Arg-Lys(e-MPA)-NH2.4TFA 
[0172] The modi?ed GLP-1 peptide is synthesiZed by 
linking off the e-N terminus of the added Lysine residue as 
described beloW. 

[0173] Using automated peptide synthesis, the folloWing 
protected amino acids Were sequentially added to Rink 
Amide MBHA resin: Fmoc-Lys(Aloc)-OH, Fmoc-Arg(Pbf) 
OH, Fmoc-Gly-OH, Fmoc-Lys(tBoc)-OH, Fmoc-Val-OH, 
Fmoc-Leu-OH, Fmoc-Trp-OH, Fmoc-Ala-OH, Fmoc-Ile 
OH, Fmoc-Phe-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Lys(t 
Boc)-OH, Fmoc-Ala-OH, Fmoc-Ala-OH, Fmoc-Gln(Trt) 
OH, Fmoc-Gly-OH, Fmoc-Gl(OtBu)-OH, Fmoc-Leu-OH, 
Fmoc-Tyr(Pbf)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Val-OH, Fmoc-Asp(OtBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Thr(tBu)-OH, Fmoc-Phe-OH, Fmoc-Thr(tBu) 
OH, Fmoc-Gly-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Ala-OH, 
Boc-His(N-Trt)-OH (Step 1). 
[0174] The selective deprotection of the Lys(Aloc) group 
Was performed manually and accomplished by treating the 
resin With a solution of 3 eq of Pd(PPh3)4 dissolved in 5 mL 
of CHCl3:NMM:HOAc (18:1:0.5) for 2 h (Step 2). The resin 
Was then Washed With CHCl3 (6x5 mL), 20% HOAc in 
DCM (6x5 mL), DCM (6x5 mL), and DMF (6x5 mL). The 
synthesis Was then re-automated for the addition of the 
3-maleimidopropionic acid (Step 3). Resin cleavage and 
product isolation Was performed using 85% TFA/5% TlS/ 
5% thioanisole and 5% phenol, folloWed by precipitation by 
dry-ice cold Et2O (Step 4). The product Was puri?ed by 
preparative reverse phase HPLC using a Varian (Rainin) 
preparative binary HPLC system: gradient elution of 
30-55% B (0.045% TFA in H2O (A) and 0.045% TFA in 
CH3CN over 180 min at 9.5 mUmin using a Phenom 
eneX Luna 10 p phenyl-heXyl, 21 mm><25 cm column and 
UV detector (Varian DynamaX UVD II) at 7» 214 and 254 
nm. The product had >95% purity as determined by RP 
HPLC mass spectrometry using a HeWlett Packard LCMS 
1100 series spectrometer equipped With a diode array detec 
tor and using electro-spray ioniZation. 
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Example 7 

[0175] Preparation of GLP-1 (7-36)-Lys37(e-AEEA 
AEEA-MPA)-NH2.4TFA His-Ala-Glu-Gly-Thr-Phe-Thr 
Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Lys(e-AEEA 
AEEA-MPA)-NH2.4TFA 

[0176] The modi?ed GLP-1 peptide is synthesized by 
linking off the ot-N terminus of the added Lysine residue as 
described below. 

[0177] Using automated peptide synthesis, the following 
protected amino acids Were sequentially added to Rink 
Amide MBHA resin: Fmoc-Lys(Aloc)-OH, Fmoc-Arg(Pbf) 
OH, Fmoc-Gly-OH, Fmoc-Lys(tBoc)-OH, Fmoc-Val-OH, 
Fmoc-Leu-OH, Fmoc-Trp-OH, Fmoc-Ala-OH, Fmoc-Ile 
OH, Fmoc-Phe-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Lys(t 
Boc)-OH, Fmoc-Ala-OH, Fmoc-Ala-OH, Fmoc-Gln(Trt) 
OH, Fmoc-Gly-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Leu-OH, 
Fmoc-Tyr(Pbf)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Val-OH, Fmoc-Asp(OtBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Thr(tBu)-OH, Fmoc-Phe-OH, Fmoc-Thr(tBu) 
OH, Fmoc-Gly-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Ala-OH, 
Boc-His(N-Trt)-OH (Step 1). 

[0178] The selective deprotection of the Lys(Aloc) group 
Was performed manually and accomplished by treating the 
resin With a solution of 3 eq of Pd(PPh3)4 dissolved in 5 mL 

of CHCl3:NMM:HOAc (18:1:0.5) for 2 h (Step 2). The resin 
Was then Washed With CHCl3 (6x5 mL), 20% HOAc in 
DCM (6x5 mL), DCM (6x5 mL), and DMF (6x5 mL). The 
synthesis Was then re-automated for the addition of the tWo 

AEEA (aminoethoXyethoXyacetic acid) groups and the 
3-maleimidopropionic acid (Step 3). Resin cleavage and 
product isolation Was performed using 85% TFA/5% 
TIS15% thioanisole and 5% phenol, folloWed by precipita 
tion by dry-ice cold Et2O (Step 4). The product Was puri?ed 
by preparative reverse phase HPLC using a Varian (Rainin) 
preparative binary HPLC system: gradient elution of 
30-55% B (0.045% TFA in H2O (A) and 0.045% TFA in 
CH3CN over 180 min at 9.5 mUmin using a Phenom 
eneX Luna 10p phenyl-heXyl, 21 mm><25 cm column and UV 
detector (Varian DynamaX UVD II) at 7» 214 and 254 nm. 
The product had >95% purity as determined by RP-HPLC 
mass spectrometry using a HeWlett Packard LCMS-1100 
series spectrometer equipped With a diode array detector and 
using electro-spray ioniZation. 
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Example 8 
[0179] Preparation of D-Ala2 GLP-1 (7-36)-Lys37(e 
MPA)-NH2.4TFA 
[0180] His-D-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val 
Ser-Ser-Tyr-Leu-Glu-Gly-Gin-Ala-Ala-Lys-Glu-Phe-Ile 
Ala-Trp-Leu-Val-Lys-Gly-Arg-Lys(e-MPA)-NHH2.4TFA 
[0181] D-Ala2 GLP-1 (7-36) amide Was synthesiZed as 
shoWn in the schematic diagram beloW. 

[0182] A. Preparation of D-Ala2-GLP-1 (7-36) Amide 

Fmoc-Rink Amide MBHA Resin 

@lsws 
H2N—HaEGTPTSDVSSYLEGQAAKEFIAWLVKGR-PS 

@ 85% TFA/5% "HS/5% 
thioanisole/5% phenol 

TFA TFA TFA 

HZN-HaEGTFI‘SDVSSYLEGQAAKEFIAWLVKGR-NHZ 

[0183] Solid phase peptide synthesis of the GLP-1 analog 
on a 100 pmole scale is performed using manual solid-phase 
synthesis and a Symphony Peptide SynthesiZer using Fmoc 
protected Rink Amide MBHA resin, Fmoc protected amino 
acids, O-benZotriaZol-1-yl-N,N,N‘,N‘-tetramethyl-uronium 
heXa?uorophosphate (HBTU) in N,N-dimethylformamide 
(DMF) solution and activation With N-methyl morpholine 
(NMM), and piperidine deprotection of Fmoc groups (Step 
1). Resin cleavage and product isolation is performed using 
85% TFA/5% T1S/5% thioanisole and 5% phenol, folloWed 
by precipitation by dry-ice cold Et2O (Step 2). The product 
is puri?ed by preparative reversed phased HPLC using a 
Varian (Rainin) preparative binary HPLC system: gradient 
elution of 30-55% B (0.045% TFA in H2O (A) and 0.045% 
TFA in CH3CN over 180 min at 9.5 mUmin using a 
PhenomeneX Luna 10p phenyl-heXyl, 21 mm><25 cm column 
and UV detector (Varian DynamaX UVD II) at 7» 214 and 254 
nm to afford the desired peptide in>95% purity, as deter 
mined by RP-HPLC. 

[0184] The modi?ed GLP-1 peptide is synthesiZed by 
linking off the e-N terminus of the added Lysine residue as 
shoWn in the schematic diagram beloW. 

[0185] B. Preparation of D-Ala2-GLP-1 (7-36)-Lys37 
(E-MPA) Amide 

Fmoc-Rink Amide MBHA Resin 

[E] lSPPS 
Boc-HaEGTFTSDVSSYLEGQAAKEFIAWLVKGR-Lys(Aloc)-PS 
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-continued 
Boc-HaEGTPTSDVSSYLEGQAAKEFIAWLVKGR-Lys-PS 

[E 3-maleimidopropionic acid 

Boc-HaEGTPTSDVSSYLEGQAAKEFIAWLVKGR-N 
H 
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@1 85% TFA/5% TIS/5% thioanisole/5% phenol 

TFA TFA TFA 

H2N—HaEGTPTSDVSSYLEGQAAKEFIAWLVKGR-N 
H 

TFA 

D-Ala2GLP-1(7-36)-Lys37 (E-MPA)-NH2 

[0186] Using automated peptide synthesis, the following 
protected amino acids Were sequentially added to Ring 
Amide MBHA resin: Fmoc-Lys(Aloc)-OH, Fmoc-Arg(Pbf) 
OH, Fmoc-Gly-OH, Fmoc-Lys(tBoc)-OH, Fmoc-Val-OH, 
Fmoc-Leu-OH, Fmoc-Trp-OH, Fmoc-Ala-OH, Fmoc-Ile 
OH, Fmoc-Phe-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Lys(t 
Boc)-OH, Fmoc-Ala-OH, Fmoc-Ala-OH, Fmoc-Gln(Trt) 
OH, Fmoc-Gly-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Leu-OH, 
Fmoc-Tyr(Pbf)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Val-OH, Fmoc-Asp(OtBu)-OH, Fmoc-Ser(tBu) 
OH, Fmoc-Thr(tBu)-OH, Fmoc-Phe-OH, Fmoc-Thr(tBu) 
OH, Fmoc-Gly-OH, Fmoc-Glu(OtBu)-OH, Fmoc-d-Ala 
OH, Boc-His(N-Trt)-OH (Step 1). 
[0187] The selective deprotection of the Lys(Aloc) group 
Was performed manually and accomplished by treating the 
resin With a solution of 3 eq of Pd(PPh3)4 dissolved in 5 mL 
of CHCl3:NMM:HOAc (1811105) for 2 h (Step 2). The resin 
Was then Washed With CHCl3 (6x5 mL), 20% HOAc in 
DCM (6x5 mL), DCM (6x5 mL), and DMF (6x5 mL). The 
synthesis Was then re-automated for the addition of the 
3-maleimidopropionic acid (Step 3). Resin cleavage and 
product isolation Was performed using 85% TFA/5% TIS/ 
5% thioanisole and 5% phenol, folloWed by precipitation by 

O 

M O 
HN N 

dry-ice cold Et2O (Step 4). The product Was puri?ed by 
preparative reverse phase HPLC using a Varian (Rainin) 
preparative binary HPLC system: gradient elution of 
30-55% B (0.045% TFA in H2O (A) and 0.045% TFA in 
CH3CN over 180 min at 9.5 mumin using a Phenom 
eneX Luna 10p phenyl-heXyl, 2.1 mm><25 cm column and 
UV detector (Varian DynamaX UVD II) at 7» 214 and 254 
nm. The product had >95% purity as determined by RP 
HPLC mass spectrometry using a HeWlett Packard LCMS 
1100 series spectrometer equipped With a diode array detec 
tor and using electro-spray ioniZation. 

Example 9 

[0188] Preparation of D-Ala2 GLP-1 (7-36)-Lys37(e 
AEEA-AEEA-MPA)-NH2.4TFA 
[0189] His-D-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val 
Ser-Ser-Tyr-Leu-Glu-Gfy-Gln-Ala-Ala-Lys-Glu-Phe-Ile 
Ala-Trp-Leu-Val-Lys-Gly-Arg-Lys (e-AEEA-AEEA 
MPA)-NH2.4TFA 
[0190] The modi?ed GLP-1 peptide is synthesiZed by 
linking off the —N terminus of the added Lysine residue as 
shoWn in the schematic diagram beloW. 




















