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DESCRIPTION

TECHNICAL FIELD

[0001] The present technology relates to compositions of insulin-F¢ fusion proteins and their use to treat diabetes in companion animals, e.g., dogs,

BACKGROUND

[0002] WO2018107 117 discloses compositions of hurnan insulin-Fe (e.g.. proisulin-Fe) fusion proteins and their use to treat or prevent type 1 diabetes The insulin-Fe fusion protein comprises an insulin polypeptide nked to an Fe domain via a peptide linker and binds the human insulin receptor at an IC505000 M in
compettive binding assay. CN103509118 discloses an insulin-Fe fusion protein comprising the formula B-C-AFc, where Ais an insulin A-chain; B is an insulin B-chain; and C is a peptide connecting sequence comprising 4-50 armino acids. The IyG Fc fragment can also comprise mutations This Fe fusion protein has increased
hal-lfe aver natural insulin. The peptide connecting sequence comprises 6-30 amino acids. WO2016178905 disclases fusion proteins comprising an insulin receptor agonist fused to a human 19G Fe region (1961, 1952, or 19G4) by a peptide finker which can be used in the treatment of diabetes

[0003] Diabetes is a chronic condtion characterized by an insulin deficiency andfor ineffective use of insulin. Diabetics that have an absolute deficiency of insulin are categorized as having type 1 or insuliv-dependent diabetes melitus (IDDM). Type 1 diabetics are thought to have a genetic predispostion combined with
immunologic destruction of the insulin-producing -cells of the pancreas. In comparison, diabetics that can stll produce some insulin but have a relative deficiency due to insulin resistance or other dysfunction, are classified as having type 2 or nor-insulin-dependent diabetes melitus (NIDDM). Type 2 diabetes is linked to
genetic predisposition, obesty, and certain medications

[0004] When a dog or & cat does not produce insulin or cannot use it normally, blood sugar levels elevate, resulting in hyperglycernia. Dogs generally exhitit an atypical glycernia phenotype with strang simiarities to human type 1 diabetes. Dogs also occasionally exhibit atypical glycernia with strong similarties to type 2
diabetes in humans. Fermale dogs can also develop terporary insulin resistance while in heat or pregnant. In all cases, the dogs are treated with chronic insufin injection therapy. Cats generally exibit an atypical glycernia phenotype with strong similarities to human type 2 diabetes (ie. insulin resistance), but by the time the
disease is diagnosed by a veteriarian, it has progressed to resemble a type 1 diabetes condition (inflammatory disease in pancreas with significant loss of beta cell mass), and the cat s dependent on exogenous insulin. Some diabetic cats can be managed with distary changes and oral me dication, but the majority of diabetic
cats receive chronic insulin injection therapy to maintain adequate regulation. Left untreated, diabetes in dogs and cats can lead to weight loss, loss of appetite, vornting, dehydration, problems with motor function, coma, and even death

[0005] Approimately 0.24% of dogs and approximately 0.68% of cats in the United States are affected by diabetes. Current diabetes therapies for dogs and cats include the use of insulin, such as Vetsulin® for dogs (intervet Inc., d.b.a. MERCK Animal Health, Summt, NJ) and ProZinc® for cats (Boehringer Ingeheim
Vetrme dica, Duluth, Georgia) which are administered ance or twice daily. WO2018009921 discloses fusion proteins comprising leptin and a second protein to increase biological action and/or half-lfe in vivo. The leptin (or other therapeutic protein such as an insulin peptide) is fused to an Fe fragment comprising either a canine
imrmunoglobulin Fe region or feline IgG Fc (ig-gamma B) fused at the C-terminus via a peptide inker. WO2010117760 discloses methods and compositions for making and using fusion proteins that compise a therapeutic peptide or protein nked to a canine antbody Fe domain, ether directly or through a nker. The Fe domain
consists of the hinge region of a canine 19G selected from the group consisting of canine IgGA, canine IgGB, canine 1gGC and canine 1gGD. The finker in the fusions of the invention may be of any length between 6 and 30 amino acids. WO20 16044676 discloses fusion proteins of feline erythropoietin linked to a feline Fc protein
and used in the treatment of anernia. The C terminus of the peptide may be fused through the linker to the N terminus of the Fc fragment or the N terminus of the peptide may be fused through the linker to the C terminus of the Fc fragment, WO2018073185 discloses an Fe-fusion protein comprising a canine 19G Fe dormain
with at least one mutation to the amino acid sequence which is linked to a pe ptide or a protein or an engineered ligand-binding protein or a VHH dormain, to create an antibody with increased binding affinity to FcRn. The Fe fusion protein results from chemical coupling of a Fc region with the conjugate partner. WO2016119023
is directed to the treatment, prevention and diagnosis of conditions associated with tumour necrosis factor (TNF) in non-hurman animals and discloses fusion proteins comprising a feline Il Fc domain. The main fusions are feline TNFR pBD protein. TERADAT et al, "A chimeric hurman-cat Fey-Fel df fusion protein inhibits
systemic, pulmonary, and cutaneous allergic reactivity to intratracheal challenge in mice sensitized to Fel d1, the major cat allergen”, CLINICAL IMMUNOLOGY, vol. 120, no. 1, pages 45 - 55, and STRIETZEL CATHERINE J et al, "In Vitro functional characterization of feline IgGs", VETERINARY IMMUNOLOGY AND
IMMUNOPATHOLOGY, (2014), vol. 158, no. 3, pages 214 - 223 are also background art. The burden of fre quent injections on owners often results in a lack of treatment regimen compliance and under-dosing, leading to poor lang-term heakh outcomes. In fact, the cost of insulin therapy and the practicality of dosing their pets
Up to 14 times per we ek leads a significant percentage of owners to select euthanasia for their pets as an alternative to intensive management of diabetes. Therefore, there is a need for cost effective and less burdensome treatment optians for this disease.

SUMMARY OF THE PRESENT TECHNOLOGY

[0006] It will be appreciated that the scope of the invention is in accordance with the claims. Accordingly, there is provided a method of prepafing a recombinant cell comprising a nucleic acid encoding a fusion protein, as defined in claim 1. Further features are provided in accordance with the subsequent claims The
specification may include description of arrangements outside the scope of the claims provided as background and to assist the understanding of the invention. Furthermore, any reference to method of treatment shall be interpreted as a medical use.

[0007] In an aspect, the present disclosure provides a method of preparing a recombinant cell comprising a nucleic acid encoding a fusion protein which corprises an insulin polypeptide and an Fe fragment, wherein the insulin polype ptide and the Fc fragment are connected by a linker, such as a peptide linker, wherein the Fc
fragrment corprises the sequence

DCPKCPAPEMLGGPSVFIFPRKPKDTLLIARTPEVTCVAADLD PEDPEVQISWFVDGKAMATAKT QPREEQFSGT YRWEVL PIGHQDWLKGKAFTC KYNNKAL PSPIERTISKARGQAHQPS\YVLPPSREELSKNTVELT CLIKDFFPPDIDVEWQSNGAQEPESKYRTTPPQLDEDGSYFLYSKLEVDKSRWARGDTFICAMHEALHNHYTQESLSHSPG
(SEQ 1D NO: 22), and the insuin polypeptide of the fusion protein comprisesthe sequence

FYNOHLCGSX1 LVEALALVCGERGFHYGGGGGGSGEEGGIVEQCCK2STCSLDALEN YC (SEQ 1D NO: 10), where X1 is not D and X2 is not H. In some embadiments, the insulin polypeptide of the fusion protein comprises the sequence

FVNQHLCGSX1 LVEALALVCGERGFHYGGGGGGSGGEGGIVEQCCK2STCSLDALEN YC (SEQ 1D NO: 10), where X1 is H and X2 is . In embadiments, the insulin polypeptide and the Fc fragment are connected by a linker, such as a peptide linker, comprising the sequence GGGGGAGGEGAGEEEAGEEEE (SEQ ID NO:

[0008] In ermbodiments, the fusion protein comprises the sequence
FANQH: LGS IVERLAT VOGRROER Y BEAGRAGRSOHAFL CISTCSLD RNV GG

s LLIARTPEVIC YV DLDLE

R P RQFTCRYNNK A1 B3

S ISK ARGOABAPY Y YLEPYREEL SN TVL ICLIKDEHIPDIDVES GENGUGEPESS TR

I DELGSYF Y SK7 SYDKSKWQRGDTFC AVMIIEALININTOESLS

SPOSEY D KD

)

[0009] In aspects, the fusion proteins described herein comprise a homodimer. In embodiments, the percentage homodimer of the fusion protein is greater than 80%. In embaodiments, the fusion proteins described herein are made using HEK23 cells, and the resuling homodimer fiter after purifization using Protein Abeads or
& Protein Acolumn is greater than 50 mg/L. In embodiments, the insulin receptor ICSD for the fusion proteins described herein is less than or equal to 5000 M. In embodiments, the serum half.Ife of the fusion proteins descrived herein in the blaod or serum of a target animal upon administration s langer than about3 days. In
ernbodiments, for the fusion proteins described herein, the time duting which there is a statistically significant decrease in blood glucose level in a subject relative to a pre-dose level is langer than one of 2 hours, 6 hours, 9 hours, 12 hours, 18 hours, 1 day, 15 days, 2 days, 25 days, 3 days, 4 days, 5 days,6 days,7 days, or
longer.

[0010] In aspects, for the fusion proteins described herein, the NAOC after the first subcutaneous injection in a target animal is greater than 150 %FBGL-days-ky/ng. In embodiments, for the fusion proteins described herein, the ratio of the NAOC after the third we ekly subcutaneous injection of the fusion proteins in the target
animal to the NAOC after the first subcutaneous injection of the fusion protein in the target animal is greater than 0.50

[0011] In aspects, fusion proteins as described herein are formulated as a compostion. In . in the compostion the fusion protein is present at a concentration of about 3 mg/mL or greater. In embodiments, the composition is sutable for subcutaneous administration

[0012] In embodiments, the cDNA comprise s the nucleic acid sequence

[ —

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]
FIG. 1 shows a schematic repre sentation of an exemplary insulin-Fe fusion protein homodimer.

FIG. 2 shows average % fasting blood glucose levels from Day 0 to Day 3 for N=3 dogs dosed intravenously on Day 0 at 0.2 mg/kg with the hormodimer of SEQ 1D NO: 42

FIG. 3 llstrates a side-by-side sequence comparison of SEQ ID NO: 42, 44, 45, 48, and 50.
respectively.

represents complete homology across l sequences ata given sequence postion, while

1 spaces refer to conservative, moderate, or very different amino acid mutations across the sequences at a given sequence postion

FIG. 4 illsstrates a side-by-side sequence comparison of SEQ D NOs 42,52, 54, and 55. ™ represents complete homology actoss all sequences at a given sequence postion, while *", " or spaces refer to conservative, moderate, or very different amino acid mutations across the sequences at a given sequence postion
respectively.

FIG. 5 shows average % fasting blood glucose levels from Day 0 to Day 7 for

=3 dogs dosed intravenously on Day 0 at 0.2 my/kg with the homodimer of SEQ 1D NO: 52
FIG. B shows average % fasting blood glucose levels from Day 0 to Day 7 for N=5 dogs dosed subcutaneously on Day O at 0.3 mgAg with the homodier of SEQ 1D NO: 52

FIG. 7 shows the average anti-drug antibody tter (pg/mL) for N=3 dogs dosed subcutaneously on Day 0 (.30 my/kg), Day 26 (0.33 mu/ky), Day 35 (0.33 myAkg), Day 42 (0.50 my/ky) , Day 43 (1.00 mgvky) and Day 56 (1 00 mgkg) with the homodimer of SEQ 1D NO: 52

FIG. 6 illsstrates a side-by-side sequence comparison of SEQ ID NOs: 58,60, B2, and B4. " represents complete homology across all sequences at a given sequence postion, while "
respectively.

or spaces refer to conservative, moderate, or very different arino acid mutations across the sequences at a given sequence position

FIG. 9 shows the average anti-drug antibody tter (pg/mL) for N=1 dog dosed subcutaneo usly on Day 0 (0.33 mgfkg), Day 7 (0.50 myfkg), Day 14 (0.50 mofks), and Day 21 (050 myky) with the homodimer of SEQ 1D NO: 64
FIG. 10 shows the average ant-drug anthody titer (ug/mL) for N=1 dogs dosed subcutaneously on Day 0 (0.33 my/kg) and Day 14 (0.16 my/kg) with the homodimer of SEQ 1D NO: 66

FIG. 11 shows average % fasting blood glucose levels from Day O to Day7 for N=2 dogs dosed subcutaneously on Day 0 at 0.3 mgikg with the homodimer of SEQ D NO: 66

FIG. 12 ilustrates a side-by-side sequence comparison of SEQ D NOs: 65, B8, 70,72, 74 and 76. " represents complete homology across all sequences at a given sequence position, while "
postion respectively.

or spaces refer to conservative, moderate, or very diferent amino acid mutations across the sequences at a given sequence

FIG. 13 ilustrates a side-by-side sequence comparison of SEQ ID NOs: 66, 78, 80,62, and 64. ™ represents complete homolagy across all sequences at a given sequence position, while "
respectively.

or spaces refer to conservative, moderate, or very different amino acid mutations across the sequences ata given sequence postion

FIG. 14 illustrates a side-by-side sequence comparison of SEQ 1D NOs: B6, 76 and 86 ™" represents complete homology across all sequences at a given sequence position, while
respectively.

or spaces refer to conservative, moderate, or very diferent amino acid mutations across the sequences at a given sequence postion

FIG. 15 illstrates a side-by-side sequence comparison of SEQ 1D NOs: B6, 62, 64 and B8. " represents complete homology across all sequences at a given sequence postion, while ", " or spaces refer to conservative, moderate, or very diferent amino acid mutations across the sequences at a given sequence postion
respectively.

FIG. 16 ilustrates a side-by-side sequence comparison of SEQ D NOs: 32, 34, 55,90, 92 and 94. " represents complete homology across all sequences at a given sequence position, while "
postion respectively.

" or spaces referto conservative, moderate, or very diferent amino acid mutations across the sequences at a given sequence

FIG. 17 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at 0.16 my/kg with the hormodimer of SEQ 1D NO: 34

FIG. 18 shows the ant-drug antbody titer (u/L) for

=1 dog dosed subeutaneously on Day D (0.16 myrka), Day 14 (0.16 myfks), Day 28 (.16 my/ke), and Day 42 (0.16 mafky) with the hormodimer of SEQ 1D NO: 34
FIG. 18 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at 0.3 my/kg with the homodimer of SEQ 1D NO: 32

FIG. 20 shows % fasting blood glucose levels from Day 0 to Day B0 for N=1 dog dosed subcutaneously on Day 0 (033 mykg), Day 15 (0.16 my/kg), Day 31 (0.16 myAkg) and Day 45 (0.15 my/ky) with the homodimer of SEQ 1D NO: 32
FIG. 21 shows the anti-drug antbody titer (/L) for N=1 dogs dosed subcutaneously on Day 0 (0.33 mufks), Day 15 (0.16 my/kg), Day 31 (0.16 mu/kg) and Day 45 (0.15 my/ky) with the homodimer of SEQ 1D NO: 32

FIG. 22 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at 0.16 mg/kg with the homodimer of SEQ 1D NO: 96,

FIG. 23 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at 0.16 my/kg with the homodimer of SEQ 1D NO: 98

FIG. 24 ilustrates a side-by-side sequence comparison of SEQ D NOs: 102 and 104. ™" represents complete homology across all ssquences at a given sequence position, while *
respectively.

or spaces refer to conservative, moderate, or very diferent amino acid mutations across the sequences at a giren sequence position

FIG. 25 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 at0.16 my/k with the homodimer of SEQ 1D NO: 102, and % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously on Day 0 #t0.16 mgkg with the homodimer of SEQ 1D NO: 104
FIG. 26 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 dog dosed subcutaneously with the homodimer of SEQ 1D NG 36 in addition to the times that the dog was given food

FIG. 27 shows average % fasting blood glucose levels from Day 0 to Day 7 for N=3 cats dosed subcutaneously on Day 0 at 0.8 mykg with the homadimer of SEQ ID NO: 106

FIG. 26 illustrates a side-by-side sequence comparisan of SEQ 1D NOs: 108, 108, 110 and 112. ™ represents complete homology across all sequences at a given sequence position, while ", " or spaces refer to conservative, moderate, or very different amino acid mutations across the sequences at a given sequence
postion respectively.

FIG. 23 shows the average antdrug antibody titer (ug/mL) for N=3 cats dosed subcutaneously on Day 0 (0.8 myfks), Day 28 (0.6 mu/kg), Day 35 (0.6 my/ky), Day 42 (06 mgAkg) and Day 48 (08 mgAg) with the homadimer of SEQ ID NO: 106

FIG. 30 ilustrates a side-by-side sequence comparison of SEQ 1D NOs: 108, 114, 116 and 118, ™" represents complete homology across all sequences at a given sequence postion, while ", " or spaces refer to conservative, moderate, or very different amin acid mutations across the sequences at a given sequence posiion
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respectively.

FIG. 31 illstrates a side-by-side sequence comparisan of SEQ ID NOs: 106,112, and 122, ™" represents complete homology across all sequences at a given sequence position, while ™", *." or spaces refer to conservative, moderate, or very different amino acid mutations across the sequences ata given sequence postion
respectively.

FIG. 32 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 cat dosed subcutaneously on Day 0 (0.16 mgfkg) with the homodimer of SEQ 1D NO: 122
FIG. 33 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 cat dosed subcutaneously on Day 0 (0.16 my/ks) with the homodimer of SEQ 1D NO: 38, in addition to the fimes that the cat was given food.
FIG. 34 shows the anti-drug antbody titer (/L) for N=1 cat dosed subcutaneously on Day 0 (0.16 mrkg), Day 14 (0.16 mgkg), Day 28 (0.1 mo/kg), and Day 42 (0.08 mafkg) with the homodimer of SEQ 1D NO: 38.
FIG. 35 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 cat dosed subcutaneously on Day 0 (0.16 mgfkg) with the homodimer of SEQ 1D NO: 124

FIG. 35 shows average % fasting blood glucose levels from Day 0 to Day 7 for N=3 cats dosed subcutaneously on Day 0 (0.10 my/kg) with the homodimer of SEQ 1D NO: 40

FIG. 37 shows average % fasting blood glucose levels from Day 7 to Day 14 for N=3 cats dosed subcutaneously on Day 7 (0.20 mgfkg) with the hormodimer of SEQ ID NO: 40

FIG. 38 ilustrates the "ull aa sequence” of a comparatire fusion protein (SEQ ID NO: 32) and ts corresponding nucleic acid sequence (SEQ 1D NO: 31)

FIG. 39 ilustrates the "full aa sequence” of a comparatire fusion protein (SEQ ID NO: 34) and ts corresponding nucleic acid sequence (SEQ 1D NO: 33)

FIG. 40 ilustrates the "full aa sequence” of a fusion protein (SEQ 1D NO: 36) and its corre sponding nucleic acid sequence (SEQ 1D NO: 35).

FIG. 41 illustrates the "ull aa sequence” of a comparatire fusion protein (SEQ ID NO: 36) and ts corresponding nucleic acid sequence (SEQ 1D NO: 37)

FIG. 42 ilustrates the "full aa sequence” of a comparatire fusion protein (SEQ ID NO: 40) and ts corresponding nucleic acid sequence (SEQ 1D NO: 39)

DETAILED DESCRIPTION

[0014] An insulin treatrent that requires less frequent dosing (e.g., ance-weekly injections) would be less burdensome on the owners, leading to better compliance, fewer instances of euthanasia, and better outcomes for the pets. F or a given species (e.. dog or cat), a molecule sutable for an ultra-long acting treatment for
diabetes should be manufacturable in mammakian cels, for example human embryonic kidney (HEK, e.g. HEK293) cells, with an acceptable tier of the desired homodimer product (e.g.. greater than 50 mgAL homodimer titer from transiently transfected HEK cells, greater than 75 mgfL frorm transiently transfected from HEK
cels, greater than 100 my/L from transiently transfected HEK cels, etc.). Only candidates with a homodimer titer of greter than 50 my/L are considered useful in the present inve ntion, be cause experience has dermon strated that homodimer titers less than this level will not likely resut in commercial production homo dimer tiers
in Chinese hamster ovary (CHO) cells that meet the stringently low manufacturing cost requirements for veterinary products. In addition, the molecule must bind the insulin receptor with an appreciable afiniy (e g., 1C50 less than 5000 nM, IC50 less than 4000 nM, 150 less than 3000 M, 1C50 less than 2500 nM, ete) as
measured inthe 4°C IM-3 insulin receptor binding assay. Based on

experience, only molecules exhibiting insulin receptor activity 1C50 values less than 5000 M are deemed likely to exhibit the requisite bioactivity in the target species. The molecule must alss demanstrate sustained bioactivity in vivo (e ., demonstrate glucose lowering activity greater than about 2 hours, 6 hours, 3 hours, 12
hours, 16 hours, 1 day, 15 days, 2 days, 2.5 days, 3 days, 4 days, 5 days, B days,7 days, or longer) to justify less frequent dosing. The molecule must also demanstrate prolonged systern residence time in the target animal (e g., the serum halfIfe must be greater than 3 days, or longer). The bioactive potency and duration of
the bioactivty may be quantiatively represented by calculating the area over the percent fasting blood glucose (%FBGL) curve normalized to a given dose in ma/kg (NADC) with unts of %FBGL-days ky/mg as described in Exarnple 11, The NAOC increases with a greater drop in %FBGL, which i the case where the molecule
demonstrates increased bioactivity, and when the %FBGL takes longer to return to 100%, which is the case where the insuliv-Fc fusion protein demonstrates increased duration of action. To be useful as described herein, a molecule must demanstrate a sufficiently high NAOC value (e.g. preferably NAOC greater than 150
FBGL-daysky/ng, more preferably NAOC greater than 200 %FEGL-days-kyhng, and even more preferably NAOC greater than 250 %F BGL-days kyfmg). Based on experience, at NAOC values greater than 150 %F BGL-days-kyfimg, the dose requirements in the target species wil be sufficiently low so as to reach an
acceptable treatment cost. Lastly, to be useful for treating a chronic disease such s diabetes, the molecule must not induce the production of anti-drug antibodies, especially antibodies that neutralize the bioactivity of the molecule after repeated dosing. Therefore, the molecule must demonstrate similar duration and extent of
bioactivty (ie., NAOC) after multple repeated doses in the target animal (e.q., the ratio of the NAOC after the third weekly subcutaneous injection to the NAOC after the first weekly subcutaneous injection of the molecule (i.e., the NAOC ratio (NAOCR) after the third dose) is in order of preference greater than 0 50, greater than
01,60, greater than 0.70, greater than 0.80, or greater than 0.90 or more)

[0015] Proposed ultra-long acting insuin treatrments for hurman clinical use comprise an insulin-F¢ fusion protein making use of & human Fo fragment to prolong their action in vivo. As a human Fe fragment is expected to be immunogenic and therefore capable of inducing the production of antdrug antibodies in companion
animals (e.g., dogs or cats), the human Fc fragment must be replaced with a species-specific (e g., canine o feline) Fe fragment. However, it was found rather unexpectedly that a simple exchange between the human Fe fragment and the species-speciic (e.g., canine or feline) Fc fragment did not yield a product with an
acceptable hormodimer titer (e.q.,  homodimer titer greater than 50 mfL) or a sufficiently high NAOC value (¢.g., a NAOC greater than 150 %FBGL-days-kyimg). For example, in some cases only a specific isatype (e.g., canine 19GB or feline 1gG1b) for the Fc fragment resulted in an insulin-F ¢ fusion protein with a high
enough homodimer ter (¢.g., 3 homodimer tter greater than 50 myL) and an acceptably high NAOC value (e.q., a NAOC greater than 150 %FBGL-days-kyhng). In other cases, speciic amino acids of the insulin polypeptide were found to be immunogenic in the target species thereby requiring ste-directed mutations to find
the relatively small number of embodiments that were both non-immunogenic and bioactive in the target species with acceptably high NAOC values (e.g., NAOC values greater than 150 %FBGL-days-kyfmg) and NADCR values after the third weely subcutaneous dose that were greater than 0.5, In futther cases, when the Fc
fragrments were mutated to prevent glycosylation and thereby further reduce the immuno genicity of the insui-Fo fusion proteins, it was discovered unexpe ctedly that only specic amino acid mutations in the Fe fragment led to the desired homadimer tters (e g., homodimer ters greater than 50 mgd.) and NAOC values (e.g.,
NAOC greater values than 150 %FBGL-days ky/mg). Futhermore, it was discovered that an addtional mutation in the insulin component was required to produce the se F c-mutated, nor-glycosylated insulin Fc-fusion proteins with the de sired homodimer titers (.., homodimer titers greater than 50 mgiL) and NAOC values
(2.9 NAOC greater values than 150 %FBGL days ky/mg), while also achieving NAOCR values after the third weeKly subcutaneous dose that were greater than 0.5, Provided herein, therefore, are manufacturable, igh purity long-acting, bioactive, non-immunogenic insulin-F c fusion proteins with acceptably high homodimer
titers (e.g., homodimer tters greater than 50 mgfL), NAOC values (e.g., NAOC values greater than 150 %F BGL-days-kg/mg). and NAOCR values after the third weekly subcutaneous dose greater than D5, sutable for the treatment of diabetes in companion animals (e.g., dogs or cats), each of which comprises an insulin
polypeptide, an Fe fragment, and a linker betwe en the insulin polypeptide and the Fc fragment

Definitions

[0016] A5 used herein, the articles *a" and "an” refer to one or more than one, e.g.,to at least ane, of the grammatical object of the article. The use of the words "a” or "an” when used in conjunction with the term "comprising” herein may mean "one.” but it is also consistent with the meaning of "one or more " "at least one.” and
"one or more than one.”

[0017] A5 used herein, "about” and "approximately” generally mean an acceptable degree of error for the quantity me asured given the nature or precision of the measurements. Exernplary degrees of error are within 20 percent (%), typically, within 10%, and more typicaly, within 5% of a given range of values.

[0018] As used herein, an amount of a molecule, compound, conjugate, or substance effective to treat a disorder (e.g., a disorder described herein), "therapeutically effective amount ” or "effective amount” refers to an amount of the molecule, cormpound, conjugate. or substance which is effective, upon single or mulple dose
adrministration(s) to a subject, in treating  subject, or in curing, aleviating, relieving or improving a subject with  disorder (¢.9., a disorder described herein) beyond that expected in the absence of such treatment

[0019] A5 used herein, the term "analog” refers to a compound or conjugate (e.9., a compound or conjugate as described herein, e.g., insulin) having a cherical structure similar to that of another compound or canjugate but differing from itin at least one aspect

[0020] As used herein, the term "antibod " or "antibody molecule” refers to an molecule (), active portions of an (1g) molecule, ie., a molecule that contains an antigen binding site that specfically binds, e.g., immunoreacts with, an antigen. As used herein, the term "antbody
domain” refers to a variable or constant region of an immunoglobuin. As used herein, the term "antibody domain” refers to a variable or constant region of an immunoglabuiin. It is documented in the art that antibodies comprise several classes, for example 19, IgM, or IgG in the case of mammals (e.g., humans and felines)
Classes of immunaglobulins can be further classified into different isotypes, such as lyGA, 196, [gGC, and IgGD for canines, or IgG1a, 16 1b, and IgG2 for felines. Those skiled in the art will recognize that immunoglobulin isotypes of a given immunoglobulin class will comprise different amino acid sequences, structures, and
functional properties from one another (e.g.,different binding affinties to F(gamma) receptors). "Specifically binds® or "immunoreacts with” means that the antibody reacts with one or more antigenic determinants of the desired antigen and has a lower affinity for other polypeptides, e.g., does not react with other polypeptides

[0021] A5 used herein, the termm "area-under-the-curve” or "ALC” refers to the integrated area under the %FBGL vs. time curve for a subject after a given dose of an insulin-Fe fusion protein is adrinistered. As used herein, the term "area-over-the curve” or "A0C" is used as a measure of the biological potency of an nsulin-Fc
fusion protein such that the AOC equals the diferen ce between the total possible area under the %FBGL vs. time curve and the AUC value. As used herein, th or "NAOC"is the AOC value divided by the actual dose of insulin-Fe fusion protein administered. As used herein,
the term "normaized AOC ratio” or "NAOCR" is the ratio of the NAOC re sulting from a particular adrministration of an insulin-Fc fusion protein to the NAOC resulting from the first administration of an insulin-F ¢ fusion protein in a series of administrations. The NAOCR thus provides a measure of the change in biological activity of
an insuli-Fc fusion protein after repeated administrations,

[0022] As used herein, the term "bioactivity.” "activity.” "biological activity,” “potency.” "bioactive potency.” or "biological potency” refers to the extent to which an insulin-F¢ fusion protein activates the insulin receptor andfor exerts a reduction in blood glucose levels in 4 target subject As used herein, in vitro activity” or "insulin
receptor activity” refers to the affinity with which an insulin-Fc fusion protein binds to the insulin receptor and i typically measured by the concentration at which an insulin-Fe fusion protein displaces half of an insulin reference standard from the insulin receptor in a compettive binding assay (ie.,1C50). As used herein,
actvity” refers to the extent and duration of reduction in 4 target subject's fasting blood glucose level after administration of an insulin-Fc fusion protein

[0023] As used herein, the term "biosynthesis,” "re cornbinant synthesis,” or "recombinantly made” refers to the process by which an insulin-Fc fusion protein is expressed within a host cell by transfecting the cell with a nucleic acid molecule (e.g.,vector) encoding the insulin-Fc fusion protein (e.g., where the entire insulin-Fe
fusion protein is encoded by a single nucleic acid molecule). Exermplary host cells include marmmabian cells, e.g., HEK293 cells or CHO cells. The cells can be cultured using standard methods in the art and the expressed insulin-F¢ fusion protein may be harvested and purfied from the cell cultare using standard methods in the
art

[0024] As used herein, the term "cel surface receptor” refers to a molecule such as  protein, generally found on the external surface of the membrane of a cell and which interacts with soluble molecules, e.g., molecules that circulate in the blood supply. In some embodiments, a cell surface receptor may include a harmone
receptor (e.g., an insulin hormone receptor or insulin receptor (IR)) or an Fe receptor which bindsto an F fragment or the Fc region of an antibody (e.q. an Fe(gamma) receptor, for example Fe(gamma) receptor |, or an Fe neanatal receptor, for example FCRr). As used herein, 'in vitro activty” or "Fe(gamma) receptor activity”
or "Fe(gamma) receptor binding” or "FeRn receptor activity” or "FeRn binding® refers to the affinity with which an insulin-Fe fusion protein binds to the Fc receptor (e.g. Fe(gamma) receptor or FcRn receptor) and is typically measured by the concentration of an insulin-Fc fusion protein that causes the insulin-Fc fusion protein to
reach half of its maximurn binding (i, ECSD value) as measured on an assay (e.q., an enzyme-linked immunosorbent assay (ELISA) assay) using OD 450 nmvalues as me asured on a microplate reader

[0025] A5 used herein, the terrm Yasting blood glucose level” or "FEGL” refers to the average blood glucose level in a target subject at the end of a period during which no food is administered and just prior to the time at which an insulin-Fc fusion protein is administered. As used herein, the terrm *
level." "%fasting blood glucose level,” or "%FBGL" refers tothe ratio of a given blood glucose levelto the fasting blood glucose level mulplied by 100

ercent fasting blood glucose

[0026] As used herein, the term “immunogenic” or “immunogenicty” refers to the capachty for a given molecule (e g., an insulin-Fc fusion protein of the present invertion) to provoke the immune system of a target subject such that after repeated administrations of the molecule, the subject develops antibodies capable of
specifically binding the molecule (ie., antdrug antibodies). As used herein, the terms "neutralizing,” "neutralizing antibodies”, or "neutralizing anti-drug antibodies” refer to the capacty for antibodies to interfere with the cormpound'’s bilagical activity in the target subect. As used herein, the term ‘immunogenic epitopes,”
“imrmunogenic hot spots,” or "hot spots” refers to the mutations or epitopes of a given moleculs (e.g., an insulin-Fc fusion protein of the present invention) that are responsible for moderate or strong binding of the anti-drug antibodies.

[0027] A5 used herein, the term ‘insulin reference standard” is any one of: () a naturally oceurring insulin from a marnmal (e.g., & human, a dog, or a cat): (i) an insulin polypeptide that does not comptise an Fe fragment, or (i) a standard of care insulin (e.g., a commercially available insulin)

[0028] s used herein, the terrm “monomer” refers to a protein or a fusion protein comprising a single polypeptide. In embodinents, the "monarmer” is a protein or a fusion protein, e.g.,  single polypeptide, comprising an insulin polypeptide and an Fe fragment polypeptide, wherein the insulin and Fe fragment polypeptides are
joined by peptide bonds to form the single polypeptide. In embodiments, the monormer is encoded by a single nucleic acid molecule

[0029] As used herein, "N-terminus® refers to the start of a protein or polypeptide that is initiated by an amino acid containing a free arrine group that is the alpha-armino group of the amino acid (e.g. the free amino that is covalently linked to one carbon atorm that is located adjacent to a second carbon atom, wherein the
second carbon atorm is part of the carbonyl group of the amino acid). As used herein, "C-terminus’” refers to the end of a protein or polypeptide that is terminated by an amino acid containing a carboxylic acid group, wherein the carbon atom of the carboxylic acid group is lacated adjacent to the alpha-amino group of the amino
acid

[0030] A5 used herein, "pharmacodynarmics” or "PD" generaly refers to the biological effects of an insulin-Fc fusion protein in a subject. Specifically, herein the D refers to the measure of the reduction in fasting blood glucose level over time in a subject after the adrmiristration of an insulin-Fc fusion protein
[0031] As used herein, "pharmacokinetics” or "PK" generally refers to the characteristic interactions of an insulin-F c fusion protein and the body of the subject in terms of its absorption, distribution, metabalism, and excretion. Speciically, herein the PI refers to the concentration of an insulin-Fe fusion protein in the blood or

serum of a subject at a given time after the adinistration of the insulin-Fe fusion protein. As used herein, "half-lfe” refers to the time taken for the concentration of insuin-Fc fusion protein in the blood or serum of a subject to reach half of ts original value as calculated from a first order exponential decay model for drug
elimination. Insulin-Fc fusion proteins with gre ater "hafflife” values demanstrate greater duration of action in the target subject

[0032] The terms "sequence identity”“sequence homology” "homolagy” or “identical” in amino acid o nucletide sequen ces as used herein describes that the same nucleatides or amino acid residues are found within the variant and reference sequences when a specfied, contiguous segment of the nucleofide sequence or
armino acid sequence of the variant is aligned and cormpared to the nucleotide sequence or amino acid sequence of the reference sequence. Methods for sequence alignment and for determining identity between sequences are known in the art, including the use of Clustal Omega, which organizes, aligns, and compares
sequences for similarity, wherein the software highlights each sequence position and compares across all sequences at that position and assigns one of the following scores an ™ (asterisk) for sequence postions which have a single, fully conserved residue. a ™" (colon) indicates conservation between groups of strongly
similar properties with scoring greater than 0.5 in the Gonnet PAM 250 matrix, and a " (period) indicates conservation between groups of weakly sirmilar properties with scofing less than or equal to 0.5 in the Gonnet PAM 250 matrix, a *-* (dash) indicates a sequence gap, meaning that no local homology exists within &
patticular set of comparisons within a certain range of the sequences, and an empty space " " indicates litle or no sequence homology for that particular position across the compared sequences See, for example Ausubel et al, eds (1995) Current Protocols in Molecular Biology, Chapter 19 (Greene Publishing and Wiey-
Interscience, New York); and the ALIGN program (Dayhoff (1978 in Atlas of Polypeptide Sequence and Structure 5 Suppl. 3 (National Bismedical Research Foundation, Washington, D.C ). With respect to optirmal alignment of two nucleotide sequences, the contiguous segment of the variant nucleotide sequence may have
additional nucle otdess or deleted nucleotides with respect to the reference nucleotide sequence. Likewise, for purposes of optimal alignment of two amino acid sequences, the contiguous segment of the variant armino acid sequence may have addiional arino acid residues or deleted armino acid residue s with respect to the
reference amino acid sequence. In some embodiments, the contiguous segrment used for comparison to the reference nucleotide sequence of reference amino acid sequence wil comprise at least 6, 10, 15, or 20 contiguous nucleotides, or amino acid residues, and may be 30, 40, 50,100, o more nucleotides or armino acid
residues. Corrections for increase d sequence identity associated with inclusion of gaps in the variant's nucleotide sequence or arrino acid sequence can be made by assigning gap penalies. Methods of sequence alignment are known i the art

[0033] In embodiments, the determination of percent identity or "homology” between two sequences is accormplished using a mathematical algorthm. For example, the percent identity of an amino acid sequence is determined using the Smith-Waterman homology search algorithm using an ffine B gap search with a gap open
penalty of 12 and a gap extension penaky of 2, BLOSUM matrix 62. The Srith-Waterman homology search algorith is described in Smith and Weterman (1981) Adv. Appl. Math 2:482-489 . In embodiments, the percent identity of a nucleotide sequence is determined using the Smith-Wate man homology search algorithm
using a gap open penaly of 25 and a gap extension penaly of 5. Such a determination of sequence identity can be performed using, for exarmple, the DeCypher Hardware Accelerator from TimeLogic.

[0034] As used herein, the term "homology” is used to compare two or more proteins by lacating comrmon structural characteristics and common spatial distribution of, for instance, beta strands, helices, and folds. Accordingly, homologous protein structures are defined by spatial analyses. Measuring structural homology
involves computing the geometric-topological features of a space. One approach used to generate and analyze three-dimensional (3D) protein structures is homology modeling (also called comparative modeling o knowledge-based modeling) which works by finding simiar sequences on the basis of the fact that 3D sinilarity
reflects 20 sirilartty. Homologous structures do not imply sequence similarity as a necessary condition.

[0035] A5 used herein, the terms "subject” and "patient” are intended to include canine and feline aninals. Evemplary canine and feline subjects include dogs and cats having a disease or a disorder, e.g., diabetes or another disease or disorder described herein, or normal subjects

[0036] A5 used herein, the term “titer” or "yield" refers o the amount of a fusion protein product (e.g., an insulin-F ¢ fusion protein deseribed herein) resuling from the biosythesis (e.g.,in a mammalian cell, .., in & HEK293 cell or CHO cel) per volume of the cell culture. The armount of product may be determined at any step
of the production process (e.g., before or after purification), but the yield or tter is ahways stated per volume of the original cell cuure. As used herein, the term "product vield” or *total protein yield" refers to the total amount of insulin-F ¢ fusion protein expressed by cells and purified via at least ane affinity chromatography step
(.. Protein Aor Frotein G) and includes monormers of insuli-Fc fusion protein, homodimers of insuln-Fe fusion protein, and higher-order molecular aggregates of homadimers of insulin-Fc fusion protein. As used herein, the term "percent homodimer” or *%homodimer” refers to the prop ortion of a fusion protein product (e.q.,
an insuli-Fc fusion protein described herei) that isthe desired homadimer. As used herein, the term "homo dimer tier” refers to the product of the Sehomodimer and the total protein yield after Protein A purification step reported per volume of the cell culture

[0037] As used herein, the terms "treat” or "treating” a subject having a disease or a disorder refer to subjecting the subject to a regimen, for example the administration of a fusion protein such as a fusion protein described herein, such that at least ane symptom of the disease or disorder is cured, healed, aleviated, relieved,
altered, remedied, ameliorated, or improved. Treating includes administering an amount effective to alleviate, relieve, alter, remedy, ameliorate, improve or affect the disease or disorder, or the symptoms of the disease or disorder. The treatment may inhibit d eterioration or worsening of a symptom of a disease or disorder.

Insulin-Fc Fusion Protein Components and Structure

[0038] The present disclosure relates to a composiion of a fusion protein (.., an insulin-Fc fusion protein) comprising an insulin polypeptide linked via a peptde linker to a species-specific Fc fragment, and its use to treat diabetes in cormpanion animals (e.g., dogs or cats). As used herein, the terms Yusion protein” and
“insulin-F ¢ fusion protein” refer to  protein comprising more than one part, for exarmple from different sources (diflerent proteins, polypeptides, cells, etc.), that are covalently linked through peptide bonds. The insulin-F¢ fusion proteins are covalently inked by (i) connecting the genes that encode for each part into  single
nucleic acid molecule and (i) expressing in a host cell (¢.g., HEK or CHO) the protein for which the nucleic acid molecule encodes as follows: (N-terminus)--insulin polypeptide--linker-F ¢ fragment--(C-terminus). The fully recornbinant syithesis approach is preferred over methods in which the insulin polypeptide and Fc
fragrments are synthesized separately andthen cherically conjugated. The chemical conjugation step and subsequent purfication process increase the manufacturing cormplenity, reduce product yield, and increase cost

[0039] As used herein, the term "dimer” refers to a protein or a fusion protein comprising two polypeptides finked covalertly. In embodiments, two identical polype ptides are linked covalently (¢.g., via disulfide bonds) forming a "homodimer” (diagrammatically represented in FIG.1). Disulfide bonds are shown as datted lines in
FIG. 1.;total number of disulfide bonds in actuaity may be greater o less than the number shown in FIG. 1. In embodiments, the homodimer is encoded by a single nucleic acid molecule, wherein the homo direr is made recombinantly inside a cell by first forming insulin-Fc fusion protein monomers and by then assermbling two
identical insulin-Fe fusion protein monormers into the hamodimer upon further processing inside the cell
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[0040] As used herein, the terms "multimer,” "rmulimeric,” or "mutimeric state” refer to noncovalent, associated forms of Fc fusion protein dimers that may be in equilbrium with Fe fusion protein dimers or may act as permanently aggregated versions of Fc fusion protein dimers (e.g., dimers of Fc fusion protein homodimers,
trimers of Fc fusion protein homodimers, tetramers of Fc fusion protein homodiners, or higher order aggregates containing five or more Fe fusion protein homodimers). It may be expected that multimeric forms of Fc fusion proteins may have diferent physical, stabilty, or pharmacologic activties from that of the insulin-Fc
fusion protein homodimers

Insulin Polypeptide

[0041] An insulin polype ptide may be, for exarnple, an insuin or insulin analog produced by f-cels in the islets of Langerhans within the pancreas. Insulin functions by regulating the absorption of glucose from the blood. Upon a stimulus, such as increased protein and glucose levels, insulin is released from B-cells and binds to
the insuin receptor (IR), intiating a signal cascade that affects many aspects of marnmalian (e.9., human, canine, or feline) metabolism. Disruption of this process is directly related to several diseases, notably diabetes, insulinorma, insulin resistance, metabolic syndromes, and polycystic ovary syndrome. Insulin analogs of the
present disclosure may be related to the structure of insulin yet contain one or more modifications. In some embodiments, the insulin analog cormprises at least one arrino acid substiution, deletion, addition or chernical modification relative to insulin, which may impact a particular feature or characteristic o the insulin-Fc fusion
protein. For example, the modfications or alterations described herein may impact the structure, stabilty, pH sensitvity, bioactvity, or binding affinity of the insulin-Fe fusion protein to a cell surface receptor (e g. an insuin hormone receptor) relative to a reference standard

[0042] The armino acid sequence of insulin is strangly conserved throughout ev olution, particularly in vertebrates. For example, native canine insulin differs by only one armino acid from human insulin, and native feline insulin difers by just four amino acids from human insulin. As used herein, the terms "B-chain’, "C-pepide” or
"C-chain’”, and "Achain” refer to the peptide segments of an insuli polypeptide as ilustrated in FIG. 1. Insulin is a 51 amino acid hormone containing two peptide chains (., B-chain and an A-chain) connected via disuffide bonds (e.g., disulfide bonds formed by one or more Bchain cysteine side chain thiols and ane o more
A chain cysteine side chain thiols). The A-chain of insulin is 21 amino acids in length and the B-chain of insulin is 30 amino acids i length. In the native form of insulin, the A-chain contains one intrachain disulfide bond formed by two A chain cysteine side chain thiolk. For reference purposes, the sequences for the human
insulin A chain of SEQ ID NO: 2 and the human insulin B-chain of and SEQ ID NO: 1 are shown below

FVNQHLCGSHL VEAL YL VCGERGFF YTPKT (SEQ ID NO: 1)
GIVEQCCTSICSLYQLENYCN (SEQ 1D NO: 2)

[0043] As used herein, the term "insulin® or "insulin polypeptide” encornpasses mature insulin, preproinsulin, proinsulin, and naturally occurring insulin, or analogs thereof. In embodiments, an insulin polypeptide can be a fulllength insulin polypeptide or a fragment thereof. In embodiments, an insulin polypeptide can comprise
one or more fragments from mature insulin, pre proinsulin, proinsulin, or naturally occurring insulin

[0044] Insuln is normaly constructed as a N-terminus-B-chain: C-chain A chain--C-terminus polypeptide, wherein the C-chain is cleaved in order to make it bioactive. For reference purposes, the sequence of the entire human insulin molecule including the C-chain (i, human proinsuin) is shown below with the C-chain

underlined

FYNOHLCGSHLVEAL YL VC GERGEFY TPRTRREAEDLOVGOVELG
JKGVEQCCTSIC S YQLENYCK (SEQ ID KO 3

The transformation of the single-chain insulin polypeptide into a bioactive two-chain polyp eptide is normally accomplished within the f-cels of the islets of Langerhans prior to glucose-stimulated insulin secretion by two endoproteases, Type | endoproteases, PC1 and PC3, that disrupt the C peptide-B chain connection and PC2,

POACSLOPLALER

and a Type Il endoprotease, that cleaves the C peptide-A chain bond at exactly the right sites. However, cel systems used for the biosynthesis of therapeutic molecules such as insulin (e.9. bacteria, yeast, and mammalian (e.g. HEK and CHO) cell systerms) do ot possess this pathway, and therefore the transformation must
take place after expression and harvesting of the single chain polypeptide using chernical o enzymatic methods. Al the known techniques for cleaving the C-chain after expression and harvesting rely on first modifying the C-chain such that it terminates in a lysine just before the N-terminus of the A chain. Then, using an
enzyme selected from the trypsin or Lys-C farrilies, which clips peptide bonds specifically at the C-termini of lysine residues, the single chain-insulin polypeptide is cleaved at the C-terminal lysine of the C-chain and at the C-terminal lysine at the 29 position from the N-terminus of the B-chain. In some cases, the resuling
bioactive two-chain insuln is use d without reattaching the clipped amino acid at the 30 position from the N-termminus of the Bchain, and in some cases the clipped amino acid at the 30 position from the N-terminus of the B-chain is added back to the molecule using an additional enzymatic method. Such a process works well
with insulin, because it contains only one lysine in s entire two chain polypeptide form. However, this process cannot be used on the insulin-Fc fusion proteins contained herein, because allknown F ¢ fragments contain multiple lysine residues. The enzymatic cleavage process would, therefore, digest the Fc fragment into non-
functional parts, thereby eliminating the abilty of the F fragment to prolang the action of the insulin polypeptide in vivo. Therefore, an insulin-Fc fusion protein of the present invention must comprise an insulin polypeptide that does not require C-chain cleavage and s therefore bioactie in its single chain form

[0045] A number of bisactive single chain insulin polypeptides have been described in the art In all cases, the single chain insulin polypeptides contain C-chains of specific length and compostion as well as Achains and B-chains mutated at specific amino acid sites in order to achieve electrostatic balance, prevent
aggregation, and enhance nsulin receptor (IR) binding and/or downstream signaling to achieve bioactiviy at levels comparable to that of the native two-chain insulin. Herein, the Iocation of mutations on peptide segments are notated using the name of the segment (e ., B-chain, C-chain, A chain) and the number of the amino
acid counting from the N-terminus of the segment. For example, the notation "B 16 refers to the 161 amino acid from the N-terminus of the amino acid sequence of the B-chain. The notation *A8" refers to the & amino acid from the N-terminus of the Achain. Furthermore, f an amino acid is mutated from its native formto @
new amino acid at a particular location, the location is appended with the one letter amino acid code for the new amino acid. For example, B 16Arefers to an alanine mutation at the 16% amino acid from the N-terminus of the amino acid sequence of the B-chain and ABH refers to a histidine mutation at the 8% amino acid from
the N-terminus of the amina acid sequence of the A chain

[0046] In one exarmple, a single chain insuin analog with a C-chain of the sequence GGGPRR and addiional substitutions in the A-chain and B-chain (SEQ ID NO: 4) was developed by The Departrment of Biocherristry, Case Western Reserve University School of Medicine and the Department of Medicine, Universiy of Chicago
(see Hua, Q-x, Nakagawa, 5. H., Jia, W, Huang, K. Philips, N. B., Hu, S-., Weiss, M A, (2008) J. Biol. Chern Vbl. 283, No. 21 pp 14703-14716). In this example, at postion 8 of the A chain (.., 46), histidine is substtuted for threanine; at postion 10 of the B-chain (ie., B 10), aspartic acid is substituted for histidine; at
postion 28 of the Bchain (ie., B28), aspartic acid is substituted for proline; and at position 28 of the B-chain (., E29), proline is subsituted for lysine. SEQ 1D NO: 4 is listed belowwith each of the non-native armino acids underline

FVNGHLCGSDIVEAL YLVCGERGF FYTDET GGGPRRGIVEQCCHSI CSLYQLENYCN (SEQ 1D NO: 4)

[0047] In erbodiments described in the art, alanine may be substtuted for tyrosine at postion 16 from the N-terminus of the B-chain (i., B 16) in SEQ ID NO: 4 to produce SEQ ID NO:5, as an alanine substitution in this position is known to be less capable of activating insulin-specific T cells (Alleva,D.G., Gaur, A, Jin, L.,
Wegmann, D.. Gottieh, PA, Pahuja, A, Johnson, EB., Motheral, T, Putnam, A, Crowe, PD., Ling, N., Baefme, SA., Conlon, P.J., (2002) Diabetes Vol. 51, No. 7 pp 2126-2134). SEQ 1D NO: 5 is listed below with each of the nor-natve amino acids underlined
FVNQHLCGSDIVEAL ALVCGERGF FYTDET GRGPRRGIVEQCCHSICSLYQLENYCN (SEQ 1D NO: §)

[0048] It was une xpectedly discovered that specific amino acids in SEQ 1D NO: 4 and SEQ ID NO: 5 led to the development of neutraizing anti-drug antibodies after repeated subcutaneous injections in the target animal (e.., dog or ca). The ant-drug antibodies led to an unacce ptable reduction in the NAOC after mutiple
injections (e.g., a NAOCR value after the third injection of less than 0.5), rendering the associated insulin-Fc fusion proteins non-viable. Specifically, it was discovered in the steps leading up to the invention of this disclosure that the A8 mutation to histidine and the B 10 mutation to aspartc acid accounted for the vast majority of
the anti-drug antibody specificty and thus represented "hot spots” (e.g. epitopes) on the insulin-polypeptide. Therefore, in preferred embodiments, the insulin-polypeptide does not contain histidine at postion A8 or aspartic acid at position B 10 of the insulin polyp eptide

[0049)] It was confirmed that simply kee ping the A8 and B 10 amino acids as their native threonine and histidine, respectvely, does eliminate the anti-drug antibody response, but the resuling insulin-Fc fusion protein is not bioactive in the target species (e.g., the NAOC is less than 150 %FBGL-days ky/mg). Therefore, it was
necessary to experiment with various A chain, B-chain, and C-chain variationsto find a suitable solution. Most variants failed to achieve homodimer ters greater than 50 mg/L, and many of those that did meet those objectives did not reach acceptable levels of bioactiity in the target species (e.g., acceptable NAOC values of
greater than 150 %F BGL-days ky/mg). Having screened over 120 variants, the following insulin polypeptide of SEQ 1D NO: B_NULL was deermed sutable with respect to achieving homodimer tiers of greater than 50 mgiL, NAOC values in the target species of greater than 150 %FBGL-days kg/g, minimal immunogenicity,
and NAOCR values after the third injection i eater than 0.5 of the associated insulin-F.c fusion proteins (non-native armino acids underlined and deleted native armino acids represented with an underlined 7):

RN SR VAL YOG R 2 5oL

YCRTEQ I NO:§ MU
whete Xy is not D, X is not H, and X is absent or N

[0050] In SEQ 1D NO: 6 NULL, Xy is H, X215 T, and X is absent or N resuling in the follswing SEQ 1D NO: 7_NULL (with nor-native amino acids underlined and deleted native amino acids represented with an underlined Z)
FYNOHLCOMLYEALEL VUCGERC SACLDQLENYE

where X is absent or N

[0051] In SEQ 1D NO: 7_NULL, X31is ahsem resulting in the following SEQ 1D NO: 8_NULL (with non-native amino acids underlined and deleted native amino acids represented with an underlined )
FYNONLUGSULVEA LKLV CGURGELD, GEIVLOC CINLCSLIOLLY

(SO KG: 7 RULLY

[0052] In SEQ D NO:7 _NULL, X3 is N vesuhmg in the following SEQ 1D NO: 9_NULL (with non-native amino acids underlined and deleted native amino acids represented with an underined 7).
YNGRV EALEL VGG GGGOIVID TELCH DO

KISEQ I NO: ¥ NILLY

[0053] The Fe fragment was mutated to prevent glycosylation during synthesis and potentially reduce the immunogenicity of the resulting insulin-F c fusion protein in the target animal (e.g. dog or cay). Unexpectedly, it was discov ered that there was an interaction between the insulin polypeptide and the mutated Fc fragment
such that yet another armino acid mutation was required on the insulin polypeptide in order to render the insuin-Fc fusion protein suffiiently manufacturable (e g., with a homodimer titer greater than 50 mg/L) and nor-mrmunogenic with an NAOC value in the target species of greater than 150 %FEGL-dayskg/ng and &
NAOCR value after the third injection i the target species of greater than 0.5, Speciically, it was discovered that mutating the B 16 amino acid to an alanine on the insulin polypeptide was required when it was linked to specific, mutated, non-glycosylated Fc fragments resuling in the following insulin polypeptide SEQ 1D NO!
10NULL (with nonnatys aming asids underlined and dslsted native sning acids repressttad with an underined 2)

PRGN VIALAL W GHRG T GGG G XS

YOZ(SEQIDNG: 1 NULL)

where Xy is not D and Xp1is not H

00541 InSEQ 1D NO: 10_NULL, Xy is H and xz s T resulting in the !anwmg SEQ 1D NO: 11_NULL (with nan-native amino acids underlined and deleted native amino acids represented with an underlined 7)
FVNGHLOGSHTVTALAL VO GTRGT HGGGESGUGGGTVROCCTS,

LEIBNG 11U

[0055] The following are restaternents of the sequences shown above but with the absent armino acids of symbol Z removed from the notation of the insulin polypeptide sequences. Again, in all cases the non-native amino acids underlined. To avoid confusion, each original sequence containing Z syrbols is listed above the
new sequence with the Z symbols removed. Despite the two separate notations, the paired sequences refer to exactly the same insulin polypeptide

Comparative SEQ 1D NO: 6_NULL restated as
FVNGHLCGS; LVEAL ELVCGERGFHYGGGGGGSGGGGEMEACCKSTCELDALENYCK; (SEQ 1D NO: B)

where Xy is not D, X is not H, and X is absent or N

Comparative SEQ 1D NO: 7_NULL restated as:
FVNOBLCGSHLVEALELYCGERGF HYGGGGEGGEEGEEGIVEACCTSICSLDAL ENYC; (SEQ 1D NO: 7)

where X is absent or N

Cormparative SEQ ID NO: B_NULL restated as

FVNGHLCGSHLVEALELVCGERGF HYGGGGGGEGEGEEIVEQCCISTCSLDALENYC (SEQ ID NO: 6)
Cormparative SEQ ID NO: 5_NULL restated as

FVNGHLCGSHLVEALELVCGERGF HYGGGGEGEGEGEGIVEQCCTSICSLDALENYCN (SEQ 1D NO: 9)
SEQ IDNO: 10 NULL restated as:

FVNGHLCGSYy | VEALA VCGERGFHYGGEGEGEGEEEGMEACCSICSLDALENYC (SEQ ID NO: 10)

where Xy is not D and Xp1is not H

SEQ 1D NO: 11_NULL restated as:
FVNOHLCGSHLVEAL ALVCGERGF HYGGEGGGIGEEGGIVEACCTSICSLDALENYC (SEQ ID NO: 11)

Linker

[0056] The successful construction of a recombinantly made nsulin-Fe fusion protein requires a linker connecting the insulin polypeptide to the Fe fragment. An insuin-Fc fusion protein described herein comprises a pe pide linker between the insulin polypeptide and the Fe fragment comprising amino acids (e ., natural or
unnatural amino acids). In embodiments, the peptide inker can be encoded by a nucleic acid molecule, for example such that a single nucleic acid molecule can encode the various peptides within an insulin polypeptide as well as the peptide linker and the Fe fragment. The choice of peptide Iinker (for example, the length,
composition,

hydrophobicity, and secondary structure) could impact the manufacturabilty (.., the homodimer tter), the chermical and enzymatic stabilty, the bioactivity (i., the NAOC value), and the immunogenicity of the insulin-Fe fusion protein (Chen, X., Zaro, J., Shen, WC., Adv Drug Deliv Rev. 2013 October 15; 65(10): 1357-1368)
Table 1 lists several linkers used in the design of an insulin-F ¢ fusion protein with the goal of improving the homodimer tier and the bioactivity.

Table 1: Peptide Linker Between A-chain and Fc Fragment in an Insulin-F¢ Fusion Protein

GGGGAGGGG (SEQIDND. 12)
GGGGSGOG0 (SEQIDND. 19)
GOGGBAGE00 (SEQ D NO: 126)
GGOGSGGOG06E656666 GEQIDND. 127)
GGOGKOGOGKEGOGKEGGG (SEQID ND. 126)
GOGGGABE66AG6E0066660 (SEGID NO.14)
GGGGGAGGLOAGGEGAGGEGG (SEQIDNO, 120)
SGGOGUCCGGUGGEE6UGGEG0 (SEGIDNO. 130)
HGGGGUGGEGUGCG606G66G (520 IDNT. 131)
PGGGGGOGGG60G6C6066666 (SE0 DNO, 132)

[0057] The peptide linker may comprise the sequence:
GGGGAGGGG (SEQID NO: 12); or
GGGESGGGG (SEQID NO: 13).

[0058] In preferred ermbodiments, the peptide linker comprises the sequence
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GGGGEAGEEEAGEEEAGEEEE (SEQ IDNO: 14)

[0059] In constructing a recormbinantly made insuin-Fc fusion protein with a peptide linker like the one of SEQ 1D NO: 14, attention must be paid to the possibilty of urwanted enzymatic cleavage between the C-terminus of the insulin A-chain and the N-terminus of the peptide linker. Cleavage of the inker and Fe-fragment from
the insulin polypeptide would render the insulin-Fe fusion protein incapable of providing an extended duration of bioactiviy. Aknown enzymatic cleavage ste exts between asparagine-glycine bonds (Viasak, J., lonescu, R., (2011) Mabs Vbl 3, No. 3 pp 253-263). In many pe ptide linker embodiments, including the preferred
pepide linker of SEQ ID NO: 14, the N-terrrinal amino acid is a glycine. Furthermore, the C-terminus of the insulin A-chain i.e. (the 21t amino acid from the N-terminus of the Achain (ie.,A21)) is an asparagine. Therefore, the A21 asparagine is omitted in the insulin polypeptides of SEQ ID NO: 8, SEQ 1D NO: 10, and SEQID
NO: 11 to eliminate the potentialy enzymatically cleavable asparagine-glycine bond that would form between the A chain and the peptide nker. Unexpectedly, an insulinFe fusion protein constructed from the insulin polyp eptide of SEQ 1D NO: 9, which retains the asparagine at the C-terminus of the

A chain, demonstrates manufacturabilty in mamrmalian cells with an acce ptable homodimer tter (., homodimer tter greater than 50 mg/L), an acceptable bioactivity in vivo (., a NAOC greater than 150 %FBGL:days-ky/my in the target animal), and sustained levels of bioactivity after multiple doses (Le., a NAOCR values
after the third injection in the target animal of reater than 0.5). The results indicate that, contrary to expectations based on prior teachings, there is no risk of enzymatic cleavage or deactivation of insulin-F¢ fusion proteins containing the asparagine-glycine ik between the insulin polypeptide and peptide linker, at least for
insulin-Fe fusion proteins comprising the F¢ fragment se quences disclosed herein

Fc Fragment

[0060] The terms "Fc fragment,” "Fc region " e domain,” or "Fc polypeptide " are used herein to define a C-terminal region of an immunoglobulin heavy chain and is defined in claim 1 as cormprising the sequence as defined in SEQ ID NO: 22. By way of background, the Fc fragment, region, domain or polypeptide may be &
native sequence Fc region or a variant/mutant F¢ region. Ahough the boundaries of the Fc region of an immunoglobulin heavy chain may vary, they generally corprise some or al of the hinge region of the heavy chain, the CH2 region of the heavy chain, and the CH3 region of the heavy chain. The hinge region of  canine or
feline Fe fragment comprises armino acid sequences that connect the CHI domain of the heavy chain to the CH2 region of the heavy chain and contains one of more cysteines that forrm ane or more interheavy chain disulfide bridges to form a homodimer of an Fc fusion protein from two identical but separate monomers of the
Fe fusion protein. The hinge region may comprise all or part of a naturally occurring amino acid sequence or a non-naturally occurring amino acid sequence

[0061] Given that the canine 1gGB isotype interacts with ts respective species-specific Fe(gamma) rece ptors with higher affinitiss than the canine 1gGA isotype counterpart, there may or may not be a risk of unwanted immunogenicity after repeated injections. One methad for reducing the Fe(gamma) interaction involves
deglycosylating or preventing the glycosylation of the Fc fragment during synthesis in the host cel. Each IgG fragment contains a conserved asparagine (N)-glycosylation site in the CH2 domain of each heavy chain of the Fc region. Herein, the notation used o refer to the conserved N-glycosylation sie is "cNg". One way to
remove the attached glycan from a synthesized insulin-Fc fusion protein is to mutate the cNg ste to prevent the attachment of glycans altogether during production in the host cell Herein, the notation used to describe a ctNg mutation is cNg-(substituted amino acid). For example, f the asparagine atthe cNg site is mutated to
serine, this mutation is notated as "cNg.-S'

[0062] The absolute position of the cNg ste from the N-terminus of the B-chain of the insulin-Fe fusion protein varies depending on the length of the insulin polypeptide, the length of the linker, and any ormitted amino acids in the F fragment prior to the cig site. Herein, the notation used to refer to the absolute postion of the
eig site in a given insulin-Fc fusion protein sequence (as measured counting from the N-terminus of the B-chain of the insulin-Fc fusion protein) is "NB{number)". For exarnple, if the chg site is found at the 151 amino acid posiion as counted from the N-terminus of the B-chain, the absolute position of this site is referred to

as cNg-NB151 . As a further example, i the cN st is found at the 1515t amino acid position as counted from the N-terminus of the B-chain, and the asparagine at this site is mutated to serine, this mutation is noted as "cNg- NB151-
[0063] In erbodiments containing the insulin polype ptide of SEQ 1D NO: & and the canine IgGB Fe fragment with the cNg-Q, cNg-S, eNg-D, and eNg-K mutations, t was unexpectedly discovered that only the compounds containing the cNg-K and cNg-S mutations exhibited the requiste homodimer ter greater than 50 mg/L
and lowest Fe(gamma)RI binding afinities. On the other hand, in an embodiment containing the insulin polypeptide of SEQ 1D NO: 8 and the canine IgGB Fo fragment with the cNg-S mutation, # was unexpectedly discovered that the resuling cormpound was significantly less bioactive in dogs compared to the native canine
19GB Fe-containing counterpart (.., the NAOC value was signficantly lower for the counterpart contaiing the native glycosylation site arino acid, e.g., cNg-N). The bioactivity was unexpectedly restored in the cNg-5 mutant (ie., the NAOC value increased significartly) when the B18 armino acid was mutated to alanine as

described above for insulin polypeptide SEQ 1D NO: 11. Taken together, there is an unexpected and
significant interaction between the choice of eNg mutation and the composition of the insulin polypeptide such that experimentation is required to identiy the preferred embodiments. As defined in clain 1, the canine IgGB Fe mutant containing the cNg-S mutation is preferred and the sequence with underlined cNg-5 is shown
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Insulin-Fc Fusion Proteins

10064 Prided herein o methads o preparing inulin o fusion proeins corrisng an insuin plypeptde, an Fe fagment, and a inker betwaen the insuln polypeptide and the P ragment a defned i clam 1. I embodinerts the insuinpalypepide corpises damains in the fllaing oietaton fom - to C-trmin: (-
-terminug). In . the insulin polypeptide is located on the N-terminal side of the Fe fragment. In embodiments, the fusion protein corprises domains in the following orientation from N-to C-terrmini: (N-terminus)-~insulin polypept de--linker-F ¢ fragment--(C-terrminus) (e.g.,
(N—tevmmus)—Bcham——C—cham——Acham——hnkev——Fc!vagmem——(c—tevmmus)) aslustrated in FIG. 1

[0065] The preferred non-glycosylated, cNg-5 mutated canine 19GB Fe fragment of SEQ 1D NO: 22 is combined with the preferred B 16Amutated insulin polypeptide sequence of SEQ 1D NO: 10 using the preferred linker of SEQ ID NO: 14 to produce a farmily of high homodimer tter-yielding, non-agaregated bioactive, non-

imrmunogenic insulin-Fc fusion proteins of SEQ ID NO: 26 that extibit hormodimer tiers greater than 50 my/L, NAOC values greater than 150 %FBGL days kging in dogs, and NAOCR values greater than 0.5 after the third injection in a series of repeated injections in dogs. The following shows SEQ 1D NO: 26 with non-native

armino acids underlined
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where Xy is not D and Xp1is not H

SKALVSLICLIKD:

[0066] In & preferred embodiment, the X1 is H and Xz is T in SEQ 1D NO: 26 to produce the high homodimer tter-yielding, non-aggregated, bioactive, non-immunogenic insulin-Fc fusion protein of SEQ 1D NO: 36 that exhibits a hormodimer titer greater than 50 mg/L, a NAOC value greater than 150 %FBGL:days-ky/my in dogs,
and a NAOCR value greater than 05 after the third injection in a series of repeated injections in dogs. The following shows SEQ 1D NO: 3 with non-native amino acids underlined
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[0067] In some embodiments, an insulin-Fe fusion protein described herein does not include a leader amino acid sequence at the N-terminus. In other embodiments, an insulin-Fe fusion protein described herein includes a leader sequence, e g., at the N-terminus. An exemplary leader sequence includes the amino acid
sequence MEWSWVFLFFLSVTTGVHS (SEQ 1D NO: 30). In some embodiments, an insulin-Fe fusion protein de scribed herein is encoded by a nucleic acid molecule cormprising a leader sequence, e.g. for expression (e.g., recombinant expre ssion) in cells (e.g., eukaryotic, 9., mammalian cells). In certain ermbodiments, the
leader sequence is cleaved off, & g., in the cell culture, during expression. An exerplary nucleic acid sequence encoding a leader sequence includes the nucleic acid sequence:

(SEQ IDNO: 29)

[0068] Also disclosed herein is the nucleic acid sequences (e.g., cONA) encading the insulin-Fc fusion protein of SEQ ID NOs 036

[0069] In the embodiment comprising the insulin-Fe fusion protein of SEQ 1D NO: 36, the nucleic acid sequence (leader sequence underlined) is

R RSO gt (SO 113 N0 351

Insulin-Fc fusion Protein Production

[0070] A fusion protein can be expressed by a cell as described in more detail in the Examples section.

Expression and Purification

[0071] An insulin-F ¢ fusion protein can be expressed recombinantly, e.q., in a eukaryotic cell, .., mammalian cel or non-marnmalian cell. Exemplary mammalian cells used for expression include HEK cels (e g., HEK293 cells) or CHO cells. CHO cells can be subdivided into various strains o subelasses, (e.g. CHO DG44,
CHO-M, and CHO-K1), and some of these cell strains may be genetically engineered for optimal use with a particular type of nucleic acid molecule (e.9., a vector comprising DNA) or a particular cell growth media compostion as described i the Examples section. Cells are transfected with a nucleic acid molecule (2.g., vector)
encoding the insulin-Fe fusion protein (e g., where the entire insulin-Fc fusion protein is encoded by a single nucleic acid molecule). In embodiments, HEK293 cels are transfected with  vector that encodes for the insulin-F ¢ fusion protein, but only results in temporary expression of the insuin-Fc fusion protein for a period of
time (e.9., 3 days, 4 days,5, days, 7 days, 10 days, 12 days, 14 days, or more) before the host cell stops expressing appreciable levels of the insulin-Fc fusion protein (i.e., transient transfection). HEK293 cells that are transiently transfected with nucleic acid sequences encoding for insulin-Fe fusion proteins often allow for
more rapid production of recombinant proteins which faciltates making and screening muliple insulin-Fc fusion protein candidates. In embodiments, CHO cels are transfected with a vector that is permanently incorporated into the host cel DNAand leadsto consistent and permanent expression (i.e., stable transfectior) of the
insulin-Fe fusion protein as long as the cells are cultured appropriately. CHO cells and CHO celllines that are stably transfected with nucleic acids encoding for insulin-F ¢ fusion proteins often take longer to develop, but they often produce higher protein yields and are more amenable to manufacturing low cost products (e.g.,
products for use in the veterinary pharmaceutical market). Cels and cel lines can be cultured using standard methods in the art. In preferred embodiments, HEK cells comprising any cDNAsequences with SEQ 1D NO: 35 is used to express insulin-Fe fusion proteins. In preferred embodiments, CHO cells comprising the cDNA
sequence with SEQ 1D NO: 35is used to express insulin-Fc fusion proteins.

[0072] In some embodime nts, the insulin-Fe fusion protein is purified or isolated from the cells (e.g.. by lysis of the cells). In other embodiments, the insulin-Fc fusion protein is secreted by the cells and purifisd or isolated from the cell culture media in which the cells were grown. Purification of the insulin-Fe fusion protein can
include using colurmn chromatography (e.g., affinity chromatography) or using other separation methods based on diferences in size, charge, andfor affinity for certain molecules. Purification of the insulin-Fc fusion protein involves selecting or enriching for proteins containing an Fe fragment, e.g., by using Frotein Abeads or &
Protein A colurnn that cause proteins containing an F fragment to become bound with high afinity at neutral solution pH to the Protein A covalently corjugated to the Protein A beads. The bound insuin-Fc fusion protein may then be eluted from the Protein A beads by a change in a solution variable (e.. 4 decrease i the
solution pH). Other separation methods such asion exchange andior gel fitration can also be employed ahematively or additionally. Purification of the insulin-Fc fusion protein may further comprise fitering or centrfuging the protein preparation. Further purification of the insulin-Fc fusion
protein may comprise diafitration, ultrafitration, and fitration through porous mermbranes of various sizes, as well as final formulation with excipients.

[0073] The purified insulin-F ¢ fusion protein can be characterized, e.g., for purity, protein yield, structure, andfor activity, using a variety of methods, e.g., absorbance at 280 nm (e.g., to determine protein yield), size exclusion or capillary electrophoresis (e.g., to determine the molecular weight, percent aggregation, andfor
purity), mass spectrometry (MS) andor liquid chromatography (LC-MS) (e.g.,to deterrine purty andior glycosylation), andfor ELISA (e.g., to determine extent of binding, e.g., affinity,to an anti-insulin antibody). Exemplary methods of characterization are also described in the Examples section

[0074] In embadiments, the protein yield of an insulin-Fc fusion protein after production in transiently transfected HEK cells and protein Apurification is greater than 5 mu/L, 10 mg/L, or 20 mg/L. In preferred ermbodiments, the protein yield of an insulin-Fc fusion protein after production in transiently transfected HEK cells and
protein A purification is greater than 50 mg/L (e ., greater than 60 mgfL, greater than 70 mg/L, greater than 80 mg/L, greater than 90 my/L, greater than 100 mgfL). In embodiments, the %homodimer of an insulin-Fc fusion protein after production in transiently transfected HEK cells and protein Apurfication is greater than
70%(e.g., greater than B0%, greater than 85%, greater than 90%, greater than 95%, greater than 96%, greater than 7%, greater than 98%, greater than 99%. In embodiments, the homadimer tier of an insulin-Fc fusion protein after production in transiently transfected HEK cells and protein Apurfication, calculated s the
product between the insulin-Fc fusion protein yield and the Sehomodimer is greater than 50 mgiL (e.g.. greater than B0 mg/L, greater than 70 mg/L, greater than 80 miL, greater than 90 mgfL, greater than 100 mgiL). Only candidate s with a homodimer titer of greater than 50 mg/L were considered useful in the present
invention, be cause experience has demonstrated that homodimer titers less than this level wil not ikely resut in commercial production ters in CHO cells that meet the stringently low manufacturing cost requirements for veterinary products.

[0075] In ernbodiments, the protein yield of an insulin-Fc fusion protein after production in stably transfected CHO cells (e.g., CHO celllines or CHO cell clones) and protein A purification is greater than 100 mg of insulin-F ¢ fusion protein per L (e.g. mg/L of cuhture media). In preferred embodiments, the protein yield of an
insulin-Fc fusion protein after production in stably transfected CHO cels (e.g. CHO cel nes or CHO cell clones) and protein A purfication is greater than 150 mg insulin-Fc fusion proteinL of cubure media (e.g., greater than 200 mg/L, greater than 300 mgfL, greater than 400 mgiL, greater than 500 mg/L, greater than 500
/L or more). In embodiments, the %hormadimer of an insulin-Fc fusion protein after production in stably transfe cted CHO cells (e.g. CHO cell ines or CHO cell clones) and protein A purification is greater than 70% (e.g., greater than 80%, greater than 5%, greater than 80%, greater than 95%, greater than 96%, greater than
7%, greater than 98%, greater than 98%). In embodiments, the homodimer tter of an insulin-F ¢ fusion protein after production in stably transfected CHO cells (e.g. CHO cell lnes or CHO cell clones) and protein A purfication, calculated as the product between the insulin-Fe fusion protein yield and the %homodimer is greater
than 150 my/L (e.g., greater than 200 my/L, greater than 300 /L, greater than 400 mg/L, greater than 500 /L, greater than B0D mgAL or more).

Functional Features of Ins ulin-Fc Fusion Proteins

[0076] Described herein (hut not claimed) are methods for interacting with the insulin re ceptors to lower blood glucose in cormpanion animals (2.9., dogs or cats), wherein the method comprises adrinistering to a subject an insulin-F¢ fusion protein, e.g., 3 fusion protein described herein. In some embodiments, the subject has
been diagnosed with diabetes (e.q., canine diabetes or feline diabetes)

[0077] The insuiin-Fe fusion protein described herein binds to the insulin receptor with an appreciable affinty as measured by the ICA0 in the 4°C IM-9 insulin receptor binding assay described in Exarnple 7 (e.g. 150 less than 5000 nM, IC5D less than 4000 nM, IC50 less than 3000 nM, ICSD less than 2500 ). Based on
experience, only compounds extibiting insulin receptor activity IC50 values less than 5000 1M were deemed likely to exhibit bioactivity in the target species. Generally, higher affinity insulin receptor binding (i... lower IC50 values) is preferred. However, it is well-known that the clearance of insulin and insulin analogs (e.g.,
insulin polypeptide s described herein) is governed primarily through binding to the insulin receptor followed by insulin rece ptor internalization and degradation within the cell Therefore , insulin-Fc fusion proteins with too high of an insulin receptor binding affinity (ie., too low of an ICA0) may be cleared too quickly fram
circulation resulting in & lower than desired duration of glucose-lowering bioactivity in the target animal.

[0078] The insulin-Fe fusion protein described herein is capable of lowering glucose levels (e ., blaod glucose levels) after administration in a subject. In embodiments, the glucose lowering activity of the insulin-Fc fusion protein is greater than that of an insuin reference standard. In some embodiments, the duration of activity
of the insulin-Fe fusion protein can be measured by a decrease, e.g., a statistically significant decrease, in fasting blood glucose relatve to a pre-dose fasting blood glucose level. In embodiments, the duration of activity of the insulin-Fe fusion protein (e.q., the time during which there is a statistically significant decrease in
fasting blood glucose level in a subject relative to a pre-dose level) is longer than about 2 hours. In embodiments, the duration of activity of the insuin-Fc fusion protein (e ., the time during which there is a statistically significant decrease in blood glucose level in a subject relative to a pre-dose level) is longer than about &
hours, 9 hours, 12 hours, 18 hours, 1 day, 15 days, 2 days, 2.5 days, 3 days, 4 days, 5 days, 6 days,7 days, or longer. In embodiments, the insulin-Fc fusion protein is long-acting (¢.9.. has a long ha-lfe, e.g., in serurm).

[0079] The serurn half-ife of the insulin-Fc fusion protein in the target animal (2.g., dog or cat) is langer than that of an insuin reference standard or contral formulation. In erbo diments, the serum half e of the insulin-Fe¢ fusion protein (e.g.,in the blood of a subject upon administration) in the target animal (¢.g.. dog or ca) is
longer than about 2 hours. In embodiments, the serurn hal-ife of the insuln-Fc fusion protein in the target animal (e.g., dog or cat)is about 0.5 days, 1 day,2 days, or 2.5 days. In preferred embodiments, the serum halfIfe of the insulin-Fc fusion protein in the target animal (e.9., dog or cat) is about 3 days or longer.

[0080] The combination of potency and duration of bioactivty may be quantified by calculating the area over the percent fasting blood glucose (%FBGL) curve normalized to a given dose in my/ky (NAOC) with units of %F BGL-dayskgfmg. In embodiments, the NAOC of the insuliv-Fc fusion protein is greater than 150
%FBGL-daysky/ng (e g. greater than 200 %FBGL dayskyimg, greater than 250 %FEGLdays-ky/mg or more). Again, based on experience, at NAOC values greater than 150 %FBGL days-kyimg, the dose requirements in the target species wil be sufficiently low so as to achieve an acceptable treatment cost In
ernbodiments, the NAOC of the insuin-Fc fusion protein must be maintained after repe ated dosing in the target species (ie., the ratio of the NAOC after the third dose to the NAOC after the first dose of the insulin-Fc fusion protein is greater than 0.50 (e.g., greater than 0,60, greater than 0.70. greater than 0.80, greater than
0.90, or more)
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[0081] The insulin-Fc fusion protein described herein binds to the Fe(gamma) receptor with an affinity that is lower than that of an insulin-Fc fusion protein reference standard as measured according to Example 8. In some embodiments, the ratio of the Fe(gamma) receptor affinity of the insulin-Fe fusion protein to that of an
insulin-Fe fusion protein referen ce standard is less than 0.50 (e g. less than 0.40, less than 0 30, less than 0.20)

Treatment and Charcteristics of Subject Selection

[0082] Described herein (but not claimed) are methods for treating diabetes (.., canine diabetes), comprising the adrministration of an insulin-Fc fusion protein (e.g., an insulin-F ¢ fusion protein described herein) to a subject

[0083] A reference described herein comprises a reference treatrment or reference therapy. The reference comprises a standard of care agernt for diabetes treatment (e.., a standard of care agent for canine). The reference standard may be a commercially available insuin o insulin analog. The reference standard may
cormptises a lang-lasting insulin, intermediate-lasting insulin, short-lasting insulin, rapid-acting insulin, short-acting, intermediate- acting, lang-acting insulin, such as Vetsulin®, Prozinc®, insulin NPH, insulin glargine (Lantus®), or recombinant hurman insulin

[0084] A reference standard used in any method described herein includes an outcorme, e.g., outcome described herein, of a diabetes therapy (e.g., a canine diabetes therapy or a feline diabetes therapy).

[0085] A reference standard may be a level of a marker (e.g., blood glucose or fructosamine) in the subject prior to initation of a therapy, e g., an insulin-Fc fusion protein therapy described herein; where the subject has diabetes. The blood glucose levelin a dog may be greater than 200 my/dL (e g. greater than 250 mo/dL,
300 mgfdL, 350 mgfdL, 400 mgfdL or more) prior to initation of therapy. In embodiments, the fructosamin level in a companion aniral (e.g. dog or cat) is greater than 250 micromoldL, 350 micromoliL (e.g. greater than 400 micromolL, 450 micromoliL, 500 micromaliL, 550 micromolL, B00 micromalL, B50 micromall, 700
micromoliL, 750 micromoliL o more) prior to initiation of therapy. Areference standard may be a measure of the presence of of the progression of o the severty of the disease, or may measure the presence of of the severity of the disease symptoms prior to initiation of a therapy, e.g., an insulin-Fc fusion protein therapy
described herein, e.g., where the subject has diabetes

and Routes of

[0086] Provided herein (not claimed) are pharmaceutical compostions containing an insulin-Fe fusion protein described herein that can be used to lower blood glucose in companion animals (e g. dogs). The amount and concentration of the insulin-Fe fusion protein in the pharmaceutical composiions, a5 well as the quantiy of
the pharmaceutical composition administered to a subject, can be selected based on clinically relevant factors, such as medically relevant characteristics of the subject (e ., age, weight, gender, other medical conditions, and the ike), the solubiity of compounds in the pharmaceutical compositions, the potency and activiy of
the compounds, and the manner of adrmiristration of the pharmaceutical compostions. For further information on Routes of Adrministration and Dosage Regimes the reader s referred to Chapter 253 in Vilume 5 of Comprehensie Medicinal Chernistry (Corwin Hansch; Chairrrian of Edtorial Board), Pergarmon Press 1990

[0087] Formulations of the present disclosure include those suitable for parenteral administration. The phrases "parenteral administration” and "administered parenterally” as used herein means modes of administration other than enteral and topical administration, usually by intravenous or subcutaneous injection.

[0088] Examples of sutable agueaus and non-agueous carriers that may be employed in the pharmaceutical compositions of the disclosure include water, ethanal, polyols (such as glyceral, propylene glycol, polyethylene glycol, and the ike), and suitable mixture s thereof, vegetable ois, such as olive oil, and injectable organic
esters, such as ethyl oleate. Proper fluidty can be maintained, for exarnple, by the use of coating materials, such as lecithin, by the maintenance of the required particle size in the case of dispersions, and by the use of surfactants, e.g., Tween-like surfactants. In some embodiments, the pharmaceutical compostion (e.9.,as
described herein) comprises a Tweervlike surfactant, e.g., polysorbate-20, Tween-20 or Tween-80. In sorme embodiments, the pharmace utical composition (e.g., as described herein) comprises a Tween-like surfactant, e.g., Tween-80, at a concentration between about 0.001% and about 2%, or between about 0005% and
aboutD.1%, or between about 0 01% and about 0.5%

[0089] In some ermbodiments, the concentration of the insulin-Fc fusion protein in the aqueous carrier is about 3 mgfmL. In some embodiments, the concentration of the insulin-Fc fusion protein in the aqueous carrier is aboutB myfmL. In some embodiments, the concentration of the insuin-Fc fusion protein in the agueous
cartieris about 8 my/mL, 8 my/mL, 10 gL, 12 mgfmL, 15 mginL o more

[0090] In some ermbodiments, the insulin-Fe fusion protein is administered as a bolus, infusion, or an intravenous push. In some embodiments, the fusion protein is administered through syringe injection, purnp, pen, needle, o indweling catheter. In some embodiments, the insulin-Fc fusion protein is administered by
subcutaneous bolus injection. Methods of introduction may also be provided by rechargeable or biodegradable devices. Various slow release polymeric devices have been developed and tested in vivo in recent years for the controlled delivery of drugs, including Avatiety of
polyrmers (including hydrogels), including both biodegradable and no-degradable polymers, can be used to form an implant for the sustained release of a compound at a particular target site

Dosages

[0091] Actual dosage levels of the insulin-Fc fusion protein can be varied so s to obtain an amount of the active ingredient that is effective to achieve the desired therapeutic response for a particular subject (e 9. dog). The selected dosage level will depend upon a variety of factors including the activity of the particular fusion
protein employed or the ester, salt or amide thereof, the route of administration, the time of administration, the rate of excretion of the particular compound being employed, the duration of the treatment, other drugs, cormpounds andior materials used in combination with the particular fusion protein employed, the age, sex,
weight, condition, general health and prior me dical history of the subject being treated, and like factors well known in the medical arts

[0092] In general, a suitable dose of an insulin-F ¢ fusion protein wil be the amount that is the lowest dose effective to produce a therapeutic efect Such an effective dose will generally depend upon the factors described above. Generally, intravenous and subcutaneous doses of the insulin-F.c fusion protein for  dog wil range
from about 0,001 to about 1 mg per logram (e.g. ma/ka) of body weight per day, e.g., about D.001 to 1 mgAkg/day, about D01 to 0.1 mgrkg/day, about 0.1 to 1 moskg/day, or about D.01 to 1 makg/day In stll other embodiments, the fusion protein is adrministered at a dose between D.025 and 4 mg per kiograr of body weight
perweek, e.g., between 0.025 and 0.5 mgkg/week

[0093] The present disclosure conternplates formulation of the insulin-Fc fusion protein in any of the aforementioned pharmaceutical compostions and preparations. Furthermare, the present disclosure contemplates administration via any of the foregoing routes of administration. One of skill in the art can select the
appropriate formulation and route of adrinistration based on the condition being treated and the overal health, age, and size of the patient being treated.

EXAMPLES

[0094] The present technology i further ilustrated by the following Exarnples, which should not be construed as liiting in any way.

GENERAL METHODS, ASSAYS, AND MATERIALS

[0095] Insulin-Fe fusion proteins were syithesized as follows. Agene sequence of interest was constructed using proprietary software (LakePharma, Belmont, CA) and was cloned into a high expression mammalian vector. HEK293 cells were seeded in a shake flask 24 hours before transfection and were grown using serurr-
free chemically defined media. ADNA expression construct that encodes the insulin-Fc fusion protein of interest was transiently transfe cted into a suspension of HEK293 cells using the (LakePharma, Belmant, CA&) standard operating procedure for transient transfection. After 20 hours, the cels were counted to determine the

viabilty and viable cell count, and the titer was measured by FortéBio® Octet® (Pall FortéBio LLC, Fremont, CA). Addtional readings were taken throughout the transient transfection production run. The culture was harvested on or after day 5

Example 2: Synthesis and Methods of Meking an Insulin-Fc Fusion P

[0096] A CHO cellline was originally derived from CHO-KI (LakePharma, Belmont, CA), and the endogenous glutamine syrthetase (GS) genes were knacked out by recombinant technology using methods known in the art. Stable expression DNA vectors were designed and optimized for CHO expression and GS selection and
incorporated into a high expression mammalian vector (LakePharma, Belmont, CA). The sequence of each completed construct was confirmed pior to iniiating scale up experiments. The suspension-adapted CHO cells were cultured in a humidiied 5% CO; incubator at 37°C in a chernically defined media (CD OptiCHO;
Invitragen, Carlsbad, CA). No serum or other animal-derived products were used in culturing the CHO cells

[0097] Approximately 80 million suspension-adapted CHO cells, growing in CD OptiCHO media during the exponential growth phase, were transfected by electroporation using MaxCyte® STX® system (MaxCyte, Inc., Gaithersburg, MD) with 80 g DNAto a create a stable CHO cell line for each insulin-Fe fusion protein (DNA
construct contains the ful-length sequence of the insulin-Fc fusion protein). After twenty-four hours, the transfected cells were counted and placed under selection for stable integration of the insuin-Fc fusion genes. The transfected cells were seeded into CD OpticHO selection media containing between 0-100 M methionine
suffoxirine (MSX) at a cell densty of D 5x106 cells/mL in a shaker flask and incubated at 37°C with 5% CO During a selection process, the cells were spun down and resuspended in fresh selection media every 2-3 days unti the CHO stable pool recovered its growth rate and viabilty. The cell cuure was monitored for growth
anditer

[0098] The cells were grown to 2 5x10° cells per mL At the time of harve st for cell banking, the viabilty was above 95% The cells were then centrifuged, and the cell pellet was resuspended in the CD OptiCHO media with 7 5% dimethy sulfoxide (DMSO) to a cell count of 15<10° cells per mL per vial. Vials were cryopreserved
for storage in liquid nitrogen

[0099] A sialkscale-up production was performed using the CHO cells as follows The cells were scaled up for production in CD OptiCHO growth mediurn containing 100 yM MSX at 37°C and fed every 2-4 days as needed  with CD OpticHO growth medium supplemented with glucose and addtional amino acids as necessary
for approximately 14-21 days. The conditioned media supernatant harve sted from the stable pool production run was clarified by centrifuge spining. The protein was run over a Protein A(MabSelect, GE Healthcare, Litfe Chaffont, United Kingdorm) column pre-equiliorated with binding buffer. Washing buffer was then passed
through the column unti the OD28D value (NanaDrop, Thermo Scientiic) was measured to be at or near background levels. The insulin-Fe fusion protein was eluted using a low pH buffer, elution fractions were collected, and the OD280 value of each fraction was recorded . Fractions containing the target insulin-Fc fusion
protein were pooled and optionally further fitered using a 0.2 pM merbrane fier

[0100] The cellline was optionally further subclaned to monoclanalty and optionally further selected for high titer insulin-F ofusion protein-expressing clones using the method of iiting dilution, a method known to those skiled in the art. After obtaining a high tier, monoclonal insulin-Fc fusion protein-expressing cel ine,
production of the insulin-Fc fusion protein was accormplished as described above in growth medium without MSX, or optionally in growth medium containing MSX, to obtain a cell culture supernatant containing the recombinant, CHO-made, insulin-Fe fusion protein. The MSX concentration was optionally increased over time to
exert addtional selectivity for clones capable of yielding higher product tters

Example 3: Purification of an Insulin-Fc Fusion Protein

[0101] Purification of an insulin-F ¢ fusion protein was performed as follows. Conditioned media supernatants containing the secreted insulin-Fc fusion protein were harvested from the transiently or stably transfected HEK production runs and were clarified by centrifugation. The supernatant containing the desired insuli-F o
fusion protein was run over a Protein A or a Protein G column and eluted using a low pH gradient Optianally, recovery of the insulin-Fc fusion proteins could be enhanced by reloading of the iniial Frotein A or Protein G column eluent again onto a second Protein A or Protein G column. Afterwards, the eluted fractions
containing the desired protein were pooled and buffer exchanged into 200 mh HEPES, 100 mM NaCI, 50 i NaOA:, pH 7.0 buffer. Afinal fitration step was performed using a 0.2 pm mernbrane fiter. The final protein concentration was calculated from the solution optical density at 260 nm. Further optional purification by ior-
exchange chromatography (e.g. using an anion exchange bead resin or a cation exchange bead resin), gel itration chromatography, or other metho ds was pe formed as necessary

Example 4: Stmucture Confirmati i Reducing CE-SD.

[0102] Capillary electrophoresis sodiurn dodecyl sulfate (CE-SDS) analysis was performed in a LabChip® GXII (Perkin Eimer, Waltharm, MA) on a solution of  purified insulin-F ¢ fusion protein dissolved in 200 M HEPES, 100 mM NaCl, 50 mM NaOAc, pH 7.0 buffer, and the electropherograrm was plotted. Under nor-reducing
conditions, the sample was run against known molecular weight (M) protein stan dards, and the eluting peak repre sented the "apparent’ M of the insulin-Fc fusion protein homodimer.

[0103] Under reducing condtions (e.g. using beta-mercaptoethanol to break disuffide bonds of the insulin-Fe fusion homodimer), the app arent MY of the resulting insulin-Fc fusion protein monomer is compared against half the molecular weight of the insulin-Fc fusion protein homodimer as a way of determining that the
structural puriy of the insuin-Fc fusion protein is ikely to be correct

Example 5: ification by £ C-MS with

[0104] To obtain an accurate estimate of the insulin-F ¢ mass via mass spectroscopy (MS), the sample i first treated to remove naturally occurring glycan that might interfere with the MS analysis. 100 L of & 2.5 mgfmLinsulin-F¢ fusion protein dissolved in 200 mM HEPES, 100 mM NaCl, 50 M NaOA:, pH 7.0 buffer solution
is first buffer exchanged into 0.1 M Tris, pH 8.0 buffer containing 5 mM EDTA using a Zeba desalting colurm (Pierce, ThermoFisher Scientiic, Waltham, MA). 167 L of PNGase F enzyme (Prozyme N-glycanase) is added to this solution in order to remove N-linked glycan present in the fusion protein (¢.g.. glycan inked to the
side chain of the asparagine located at the cNg-N site), and the mixture is incubated at 7o overnight in an incubator. The sample is then analyzed via LC-MS (NovaBioassays, Wobum, MA) resulting in a molecular mass of the molecule which corresponds to the desired hormo direr without the glycan. This mass is then further
corrected since the enzymatic process used to cleave the glycan from the cNg-asparagine also dearminates the asparagine side chain to form an aspartic acid, and in doing so the enzymatically treated homodimer gains 2 Da overall, corresponding to a mass of 1 Da for each chain present in the homodimer. Therefore, the
actual molecular mass is the measured mass minus 2 Da to correct for the enzymatic modification of the insulin-Fc fusion protein structure in the analytical sarmple

Example 6:

[0105] Size-e xclusion chromatography (SEC-HPLC) of insulin-Fc fusion proteins was carried out using a Waters 2795HT HPLC (Waters Corporation, Miford, M) connected to a 2988 Photodiode array at a wavelength of 280 . 10D pL or less of a sample containing an insulin-F c fusion protein of interest was njected into
MAbPac SEC-1,5 prm, 4 % 300 mm column (ThermoFisher Scientic, Waltham, M&) operating at a flow rate of .2 mLfmin and with a mobile phase comprising 50 mh sodium phosphate, 300 M NaCl, and D.05% whv sodium azide, pH 62, The MabPac SEC-1 colurmn operates on the principle of molecular size separation
Therefore, larger soluble insulin-Fc aggre gates (e.g. mubimers of insuln-Fe fusion protein homodimers) eluted at earlir retention times, and the nor-agaregated homodimers eluted at later retention times. In separating the mixture of hamodimers from aggregated multimeric homodimers via analytical SEC-HPLC, the purty of
the insulin-Fc fusion protein solution in terms of the percentage of non-aggregated homodimer was ascertained

Example 1. In vitro 1149 insuli inding of in-F Fusi inat £°C

[0106] Hurnan IM3 cells (ATT C# CCL-153) that express human insuin receptor were cultured and maintained in cornplete RPMI 5% FBS medium at 70-80% confluency. Cultures of IM-9 cells were centrfuged at 250xg (~1000 rpr) for 10 min to pellet the cells. Cells were washe d once with HBSS or PBS buffer, resuspended in
cold FACS staining mediurn (HBSS/2rmM EDTA.17 o Na-azide +4% horse serurm) to a concentration of <108 cellsmL and kept on ice or 4°C untiltest solutions were made. The insulin-F ¢ protein was diluted in FACS buffer in 1:3 serial dilutions as 2% concentrations in 1.2 mL tubes (approx B0 pL volume of each diltion),
and the solutions were kept cold o ice until ready for pipetting

[0107] Bictinylated- RHI was diluted in FACS staining mediurn to & concentration of 1.25 gL 40 pL of the serially diluted test cormpound and 8 L of 125 g/l Bictin-RHI were added into each well of a V bottorn microtter plate, mixed by slow vortexing, and placed on ice. 40 p of an N9 cell suspension (8x10° cells/mL)
was then added to each well by mulichannel pipette, mixed again gently and incubated on ice for 30 min to allow compettive binding on the insulin receptor on IM-5 cells. Cells were then washed twice with 275 L of ice-cold FACS wash buffer (HBSS/2mM EDTAD. 1% Na-azide +0.5% horse serur) by centrifuging the \tbottorn
plate 3t 3000 rpm for 3 min and aspirating the supernatant. Cells were then resuspended in 4DuL of FACS staining mediurn containing 1:100 diuted Streptavidin-PE (Life Technologies) for 20 min on ice. Cells were then washed once with 275 L of ice-cold FACS buffer and finally fixed with 3% paraformaldehyde for 10 min at
roorm termp. Cells were then washed once with 275 L of ice-cold FACS buffer and resuspended in 250l of FACS buffer for analysis

[0108] The \ebottorn plates cortaining cells were then analyzed on a Guava B-HT flow cytometer (Miipore). Biotinylated-RHI binding to insulin receptor was quanttated by the median fluorescence intensity (MFI) of the cells on the FACS FL-2 channel for each concentration of the test compound. Control wells were labeled
only with biotinylated-RHI and were used to calculate the percent (%) inhibition resuting from each test cormpound concentration. The % ihibition by test compounds of biotinylated-RHI binding on IM-9 cells was plotted against log concentrations of the test compound, and the resulting IC50 values were calculated using
GraphPad Prism (GraphPad Software, La Jolla, CA) for the test compounds. Lower IC50 values of the test compound therefore indicate greater levels of biotinylated-RHI infibition at lower concentrations indicating stronger binding of the insulin-Fe fusion protein to the insulin receptor. A control cormpound, such as unlabeled
recombinant human nsulin (RHI) was also used as an internal standard to generate an RHI 1C50 against which a given compound IC50 could be ratioed (IC50(compound)/ICSORHY). Lower 1C50 ratios have more sirilar binding to RHI (stronger binding to insulin receptor), while higher IC50 ratios have weaker binding to the
insulin receptor relative to RHI

Example §: In vitro Fe{gamma) Receptor| Bindins Affinity Assay
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[0109] The binding of insulin-F ¢ fusion proteins to the F clgamma) receptor | at pH 7.4 was conducted using an ELISA assay as folows. Since neither canine nor feline Fe(gamma) receptor | was not cormmercially available, hurman Fe(garma) receptor | (Le.. thFc(garmma) receptor 1) was used as & surrogate marmmalian
receptor. Insulin-Fe compounds were diluted to 10 pgfrl in sodium bicarbonate buffer at pH 9.6 and coated on Maxisorp (Nunc) mictotiter plates overnight at 4°C, after which the microplate stiips were washed 5 times with PBST (PBS/0.05% Tween-20) buffer and blacked with Superblock blocking reagent (ThermoFisher)
Serial dilutions of biofinylated hFc(gamma) rece ptor | (recombinant human Fe(garmma)R-1; R&D Systerns) were prepared in PEST/10% Superblock buffer from B000 ngfimL to 8.2 ngfmL and loaded at 100 pLiwell onto the microplate strips coated with insulin-Fe fusion protein. The microtiter plate was incubated for 1 hour at
roorm temperature after which the icroplate strips were washed 5 times with PBST and then loaded with 100 pLwel of streptavidin- HRP diluted 1:10000 in PBST/10% Superblock buffer. After incubating for 45 min, the microplate strips were washed again 5 times with PBST. TMB was added to reveal the bound Fe(garmma)
receptor | proteins and stopped with ELISA stop reagent (Boston Bioproducts). The plate was read in an ELISA plate reader at 450 nm, and the OD values (proportional to the binding of thFc{gamma) receptor | to insulin-F¢ protein) were plotted against log concentrations of thFc(garmma) receptor | added to each wel to
generate binding curves using GraphPad Prism software.

Example 0:in ofnsulin-Fc Fusion Protein Affinity for the Canine FCR:

[010] In vitro binding affnity of insulin-F c fusion proteins containing Fe fragments of canine or feline IgG origin to the canine F cRn rece ptor was measured via an ELISAtechnique conducted ata solution pH of5.5. The slightly acidic pH is the preferred binding enviranment for Fc fragment-containing molecules to bind to the
FeRn receptor. In vivo, cells express FcRn on their surfaces and internaly in the endosomes. As molecules containing Fc fragments are brought into the cell through natural processes (e.g. pinocytosis or endocytosis), the pH changes to a lower pH in the endosomes, where the FcRn receptor bindsto Fe fragment-containing
molecules that would otherwise be degraded in the endosomaklysosormal cormpartments, thereby allowing these molecules to recycle back to the cellular surface where the pH is closer to neutral (e.g., pH 7.0-7.4). Neutral pH disfavors binding to the FcRn receptor and allows release of the Fo-fragment containing molecules
backinto circulation. This is a primary mechanism by which Fc fragme nt-containing molecules exhibt prolange d circulatory pharma cokinetic hal.lives in vivo

[0111] InsulinF ¢ fusion proteins cormprising Fc fragments of canine o feine origin were diluted to 10 g/l in sodium bicarbonate pH 9.6 buffer and coated in duplicate on Maisorb ELISA plate strips for 1-2 hours at RT. The strips were then washed 4 times with PEST (PBS/0.1% Tween-20) buffer and blocked with Superblock
blocking reagent (ThermoFisher). Strips for FeRn binding were then washed again twice with pH 5 5 MES/NaCTween (S0mM MES/1 5DmM NaCli 1 % Tween-20) buffer before add tion of the FcRn reagent (biotinlated canine F cRn; Immuntrack). Since no feline FeRn reagent was found to be commercially avaiable, insulin-Fe
fusion proteins containing either a canine Fc fragment or a feline Fc fragment were assayed for binding to the canine FcRn. Serial dilutions (1:3X diutions) of biotinylated FeRn reagent were prepared in pH 5.5 MESMNaCITween/10%Superblack buffer at concentrations from 1000 ngiml to 045 nghnl and loaded at 100 pLhvel
using a mulichannel pipettor onto the strips coated with the insulin-Fe fusion protein compounds The assay plate was then incubated for 1 hour at room temperature. FoRn binding strips were washed 4 time s with pH 5.5 MES/NaCUTween buffer and then loaded with 100 pliwell stre ptavidin- HRP diluted 1:10000 in pH 5 5
MES/NACI /10°70Superblock buffer. After incubating for 45 minutes, strips were washed again 4 times wih pH 5.5 MES/NaClfTween buffer. TMB was finally added to reveal the bound biatinylated-canine F cRn reagent, and the color developrment was stopped with the ELISAstop reagent The plate was read in an ELISA plate
reader at a wavelength of 450 nm. The OD values (proportional to the binding of canine-F cRn to the insulin-Fe fusion protein test compounds) were plotted against log concentrations of FcRn added to each wellto generate binding curves using GraphPad Prism software. ECS0 values for each binding curve were calculated to
compare between different compounds

Example 10: iz inati i ics (PD) After Singls inistratic iz Fe-Fusi ins inDogs or Cats

[0112] Insuin-Fe fusion proteins were assessed for their effects on fasting blood glucose levels as follows. N=1,2, 3 or more healthy, antibod s weighing 10-15 kg or o ke were used, one for each insulin-Fc fusion protein. Anirmals were also observe d twice daiy for signs of
anaphylexis, thargy, ditress, pain, tc.,and, optionally for some compounds, teatrment was cortinued for an addtionalthree weekly subcutaneous inections of more to observe i the glucose bwering capahmy of the compounds lessened over time, a key sign of potentialinduction of neutralizing anti-drug antibodies. On day
0, the animals receired a single injection either via intray enous or subcutaneous administration of a pharmaceutical composition containing an insulin Fo-fusion protein homodimer at a concentration between 1 and 10 mgfLin a solution of between 10-50 M sodiurn hydrogen phosphate,50-150 mM sodium chioride, 0.005-
0.05%v# Tween-B0, and optionally a bacteriostat (e.g. phenal, m-cresol, or methylparaber) at a concentration of between 0.02-100 my/mL, at a solution pH of between 7.0-6.0, at a dose of 0.08-0.80 mg insulin-F¢ fusion proteinfky (or approximately equivalent to 1.2-12.3 nmalkg or approximately equivalent to 0.4-4.0 Uhkg
insulin equivalent on molar basis). On day 0, blood was collected from a suitable vein irme diately prior to injection and at 15,30, 45, 60, 120, 240, 360, and 460 min and at 1,2,3, 4,5, 6, and 7 days post injection

[0113] F or each time point, a minimurn of 1 L of whole blood was collected. A glucose level reading was immediately determined using a glucose meter (ACCU-CHEK® Aviva Plus), which required approximately one drop of blood. Average % fasting blaod glucose levels (% FBGL) from day D to day 7 were plotted to assess
the bioactivity of  given insulin-Fe fusion protein.

Example 11: iz inati i ics (PD) inistiation of insulin-F¢ Fusic ins in Canines ive Folines.

[0114] Insuin-Fc fusion proteins were assessed for their effects on blood glucose levels over repeated injections as follows Healthy, antibod  dogs or o between 5 and 20 kg were used, and each animal was administered doses of an insun-Fc fusion protein. Animals were observed twice daily
for signs of anaphylaxis, lethargy, distress, pain, and other negative side effects, and optionally for some compounds, treatment was continued for up to an ddifonal o to fue subcutancas injections to observe i the glucose lowering capabilty of the cormpounds decreased over time, indicating the possible presence of
neutralizing antdrug antibodies in vivo. On day 0, the animals received a single subcutaneous injection of a pharmaceutical compostion containing an insulin Fe-fusion protein in  solution of 10-50 M sodiurn hydragen phosphate, 50-150 mM sodiun chioride, 0.005-0.05% viy Tween-60, and optionally a bacteriostat (¢.g
phenol, m-cresol, or methylparaben) at a concentration of between 0.02-1.00 mgfrL, at a solution pH of between 7.0-8.0, at a dose of 0.08-0.80 mg insulin-Fe fusion proteinfky (or approximately equivalent to 1.2-12.3 nmolikg or approximately equivalent to 0.4-4 0 Utkg insulin equivalent on molar basis). On day D, blood was
collected from a suitable vein irmediately prior to injection and at 15,30, 45, B0, 120,240, 360, and 480 min and at 1, 2,3, 4,5, 6, and 7 days post injection

[0115] Subsequent subcutanenus injections were given no more frequently than once-weekly, and in some cases the injections were given at diferent intervals based on the pharmacodynarmics of & given insulin-Fc fusion protein formulation. Subsequent injections for each insulin-Fe fusion protein were adjusted to higher or
lower doses, depending on the demanstrated pharmacodynarmics of the insulin-Fc fusion protein. For instance, f the dose of a firstinjection on day 0 was found to be ineffective at lowering blaod glucose, the subsequent dose levels of injected insun-Fc fusion protein were adjusted upward. In a similar manner, ifthe dose of &
first injection on day 0 was found to lower glucose in too strong a manner, then subsequent dose levels of injected insulin-Fc fusion protein were adjusted dowmward. It was also found that interim doses or final doses could be adjusted in a similar manner as needed. For each dose, blaod was collected from a suitable vein just
immediately prior to injection and at 15,30, 45, B0, 120, 240, 360, and 480 min and at 1,2,3,4,5,6,7 days (and optionally 14 days) post injection. For each time point, a minirmum of 1 mL of whole blood was collected. Aglucose level reading was immediately determined using a glucose meter (ACCU-CHEK® Aviva Plug),
which required approximately one drop of blood. Average % fasting blood glucose levels (% FEGL) from throughout the study were plotted against time which allows the bioactivity of a fusion protein to be determined

[0116] To determine the bioactivity of each dose, an area-over-the-curve (AOC) analysis was conducted as follows, After constructing the %FEGL versus time data, the data was then entered into data analysis software (GraphPad Prism, GraphPad Software, San Diego CA). The software was used to first conduct an area-
under-the curve analysis (AUC) to integrate the area under the %FBGLvs. time curve for each dose. To convert the AUC data into the desired ADC data, the following equation was used: AOC = TPA- AUC; where TPAIS the total possible area obtained by multiplying each dose Ifetime (e.g.,7 days, 14 days, etc) by 100%
(where 100% represe nts the y = 100% of the %FBGL vs. time curve). For example, given a dose lifetime of 7 days and a calculated AUC of 00 %FBGL days, gives the following for ADC: AOC = (100 %FBGL x 7 days) - (500 %FEGL days) =200 %FBGL days. The analysis can be performed for each injected dose in  series of
injected doses to obtain the AOC values for ijection 1, injection 2, injection 3, etc

[0117] A5 the doses of insulin-Fc fusion protein may vary as previously discussed, it is often more converient to normaiize all calculated AOC values for a given insulin-Fe fusion protein to a particular dose of that insulin-Fe fusion protein. Doing 50 allows for convenient comparison of the glucose-lowering potency of an insulin-
Fe fusion protein across muliple injections, even if the dose levels change across the injections of  given study. Normalized AOC (NAOC) for a given dose is calculated as follows: NAOC =AOC / D with units of %FBGL-days ky/my; where D is the actual dose injected into the animal in mgrkg. NAOC values may be calculated
for each injection in a series of injections for a given animal and may be averaged across a group of animals receiving the same insulin-Fe fusion protein formulation

[0118] The NAOC ratio (NADCR) may also be calculated for each injection in a series of injections for a given animal by taking the NAOC values for each injection (e . injections 1,2,3,..N) and dividing each NAOC for a given njection by the NAOC from injection 1 as follows: NAOCR = (NADC(Nth njection) / NAOC(njection
1)). By evaluating the NAOCR of a given insulin-Fc homodimer fusion protein formulation for the Nth injection in a series of injections, & is possible to deterrmine whether the in vico glucose lowering actiity of a given insulin-Fc fusion protein has substantially retaine d its bioactivity over a series of N doses (e.g., NAOCR for the
Nth dose of greater than 0.5) or whether the in vivo glucose lowering activity of & given insulin-Fc fusion protein has lost a substantial portion of s potency (e.g., NAOCR of the Nth dose s less than 0.5) over a course of N doses, indicating the potential formation of neutralizing anti-drug antibodies in vivo. In preferred
ermbodiments, the ratio of NAOC following the third subcutaneous injection to the NAC following the first subcutaneous injection is greater than 0.5 (L., the NAOCR of the third subcutaneaus injection is greater than 0.5)

Example 12: i for the ination of in vivo. inetics (PK) in Cani ive Feline Serum

[0119] An assay was constructed for measuring the concentrations of insulin-Fe fusion proteins comprising Fc fragments of a canine isotype in canine serurn as follows. The assay comprises a sandwich ELISAformat in which therapeutic cormpounds in serum samples are captured by an anti-nsulinfsroinsulin monoclonal
antibody (mAb) coated on the ELISA plates and then detected by a HRP-conjugated anthcanine lyGFc specific antibody followed by use of a TMB substrate syster for color development Maxisorp ELISA Plates (Nunc) are coated with the anti-insulin mab clone DBC4

(Biorad) in coating buffer (H=0 6 sodium carbon ate-sodiurn biocarbonate buffer) at 5 pg/ml overnight at 4°C. Plates are then washed 5x with PEST (PBS +0.05% Tween 20) and blocked for a minimurn of one hour at roorm temperature (or overnight at 4C) with SuperBlock blacking solution (ThermoF isher). Test serum samples
are diluted to 120 in PBST/SE/20%HS sample dilution buffer (PBS40.1 %Tween 20+10% SuperBlock+20% horse serurm). For making a standard curve, the insun-Fc fusion protein of interest is diuted in sample dilution buffer (PEST/SE20%HS) +5% of pooled beagle serurn (BiolVT) from a concentration range of 200 ngirml to
0,82 gl in 1:25 serial diutions. Standards and diuted serum samples are added to the blocked plates at 100 pléwel in duplicate and are incubated for 1 hour at room temperature. Following incubation, samples and standards are washed 5x with PEST. HRP-conjugated goat antcanine 1G Fe (Sigma) detection antibody is
dilutedt to about 115,000 in PBST/SBR0%HS buffer and 100 pl is added to all the wells and incubated for 45 minutes at room temperature in the dark. Plates are washed 5x with PEST and once with deionized water and developed by the addiion of 100 well TMB (Inv trogen) for 810 minutes at room temperature. Color
development is then stopped by the addition of 10D plével ELISA Stop Solution (Boston Bioproducts) and the absorbance is read at 450 nm using a SpectraMax plate reader (Molecular Devices) within 30 minutes. Concentrations of insulin-F ¢ fusion protein compounds in the samples are calculated by interpolation on a 4-PL
curve using SofthaxPro software,

[0120] Sirilarly, an assay was constructed for measuring the concentrations of insulin-F ¢ fusion proteins comprising Fe fragments of a feline isotype in feline serum as follows. The assay comprises a sandwich ELISA format in which the rapeutic compounds in serum samples are captured by an antinsulivfproinsulin mab
coated on the ELISA plates and then detected by a HRP-conjugated goat antfeline 1gG Fc specific antibody followed by use of a TMB substrate system for color development. Maxisorp ELISA Plates (Nunc) are coated with the antkinsulin mAb clone DBC4 (Biorad) in coating buffer (pH=856 sodiun carbon ate-sodiurn
biocarbonate buffer) at 5 gl overnight at 4°C. Plates are then washed 5x with PEST (PBS +0.05% Tween 20) and blocked for a minimur of ane hour at roor temperature (or ovemight at 4C) with SuperBlock blacking solution (ThermoFisher). Test serum sarmples are diuted to 120 in PEST/SB20%HS sample dilution
buffer (PES40.1%Tween 20+ 0% SuperBlock+20% horse serurm). For making  standard curve, the insun-Fc fusion protein compound of interest is diluted in sample diution buffer (PEST/SB20%HS) +5% of normal cat serum (Jackson Immunoresearch) from  concentration range of 200 ngfrl to 0.82 ngfl in 1:2.5 serial
dilutions. Standards and diuted serum samples are added to the blocked plates at 100 pliwell in duplicate and are incubated for 1 hour at room termperature. Following incubation, sarples and standards are washed 5¢ with PEST HRP-conjugated goat antfeline 1gG Fc (Bethyl Lab) detection antibody is diuted to about
1:20,000 in PEST/SE20%HS buffer and 100 plis added to allthe wells and incubated for 45 minutes at room temperature in the dark.Plates are washed 5x with PEST and once with deionized water and developed by the addition of 100 pliwell TMB (Invitroger) for 8-10 minutes at room temperature. Color development is then
stopped by the addition of 100 plével ELISAStop Solution (Boston Bioproducts) and absorbance is read at 450 nm using a SpectraMax plate reader (Molecular Devices) within 30 minutes. Concentrations of insulin-Fe¢ fusion protein compounds in the samples are calculated by interpolation on a 4-PL curve using SoftMaxPro
software

Example 13: ing Anti-Drug Antibodies in Canine Serum

[0121] Maxisorp ELISA Plates (Nunc) are coated with the insulin-Fc fusion protein of interest diuted in coating buffer (9H=8.6 Carbonate-Biocarbonate buffer) at 10 py/mL overnight at 4°C for measuring ADAs against the test compound. For measuring ADAS against the insulin portion of the insulin-F ¢ fusion protein containing
an Fe fragment of canine 1gG origin, plates are coated with purified insulin at 30 pg/mL in coating buffer. Plates are then washed 5x with PBST (PBS + 0.05% Tween 20) and blocked for at least 1 hour (or overnight) with SuperBlock blocking solution (ThermoFisher, Waltharm MA). For calculating the ADAS in canine 1gG units,
strips are directly coated with 12 serial dilutions of canine IgG (Jackson Immunoresearch Laboratories, West Grove PA) in pH=8.5 Carb-Biocarb coating buffer at concentrations between 300-4 63ngil overnight at 4°C and used to create a 7-point pseudo-standard curve. The standards strip plates ae also washed and
blocked with SuperBlack blocking solution for at least 1 hour (or overnight)

[0122] Test serum samples are diuted to greater than or equalto 1:100 typically tested as 1:200) in PEST/SBR0%HS sample dilution buffer (PBS+0.1% Tween 20+10% SuperBlock+20% horse serum) and added to the insulinF fusion protein coated (or RHI coated) strps at 100 pLvell in duplicate. Duplicate strips of canine
196 coated standard strips are also added to each plate and filed with PEST/SB (PES40.1% Tween 20+10% SuperBlock) buffer at 100 uLivell. Plates are incubated for 1 hour at RT and then washed 5x with PBST. For detection of ADAs, HRP-conjugated Goat anti-feline 19G F (ab)2 (anti-feline 9G F(ab)2 reagentis cross-
reacts to canine antibodies; Jackson Immunoresearch Laboratories, West Grov e PA), which is dited in PBST/SB to 1:10000 and added at 100 pLiwellto both sarple and standard wells and incubated for 45 minutes at RT in dark. Plates are washed 5x with PEST and then one time with deionized water and then developed by
adding 100 pLwell TMB substrate (Invitrogen, ThermoFisher Scientiic, Waltham MA) for 15-20 minutes at roorm termperature in the dark Color development is then stopped by addition of 100 uLwel of ELISA Stop Solution (Boston Bioproducts) and the absorbance is read at 450 nm using a SpectraMax plate reader within 30
minutes. The anti-drug antibody concentration is determined by interpolating the OD values in the 4-PL pseudo-standard curve using SoftMax Pro Software (Molecular Devices, San Jose CA)

[0123] To demanstrate the specificty of the detected ADAS, an "nhibition” assay is carried out. I the drug inhibition ADAassay, serum samples are diuted 1:100 in PBST/SB20%HS buffer and mixed with an equal volume of 300 pgimL of the relevant therape utic cormpound (final sample diution at 1:200 and final inhibitory
compound at 150 pg/mL) and incubated for 30-40 minutes at roorm temperature to allow anti-drug antibo dies to bind the free inhibitor (ie., the therapeutic cormpound). After pre-incubation, the samples are added to insulin-Fe fusion protein coated (or RHI coated) strips at 100 pLwell in duplicate. Samples diluted 1200 in
PBST/SBR0%HS buffer without the inhititory compound are also tested in the sample plates along with duplicate strips of canine 16 coated standards. Remaining steps of the assay procedure are carried out as described above. The ADAS measured in the drug-inhibited wells are matched with the norvinhibted ADA
concentrations to assess the speciicity of the ADAs I significant inhibition of ADA signals is observed in the drug-inhibited wells, this means the ADAS are specfic to the therapeutic compound

Exanple 14: ing Anti-Drug Antibodies in Feline Serum

[0124] Maxisorp ELISA Plates (Nunc) are coated with the insulin-Fe fusion protein of interest diluted in coating buffer (pH=5.6 Carbonate-Biocarbonate buffer) at 10 pgi/mL overnight at 4°C for measuring ADAs against the insuin-Fc fusion protein containing an Fc fragment of feline IgG origin. For measuring ADAs against the
insulin potion of the insulin- Fc fusion protein, plates are coated with purfied insulin at 30 g/l in coating buffer. Plates are then washed 5x with PEST (PES +0.05% Tween 20) and blocked for at least 1 hour (ar overnight) wih SuperBlock blacking solution (ThermoFisher, Waltharn M&). For calculating the ADAs in feline 1gG
units, strips are directly coated with 12 serial dilutions of feline 19G (Jackson Immunoresearch Laboratories, West Grove PA) in pH=8.5 sodium carbonate-sodium bicarbonate coating buffer at concentrations between 300-4 BngfmL overnight at 4°C and used to create a 7-point pseudo-standard curve. The standards strip
plates are also washed and blocked with SuperBlack blocking solution for at least 1 hour (or overnight).

[0125] Test serum samples are diluted to greater than o equalto 1: 100 (typically tested as 1:200) in PEST/SE/20%HS sample dilution buffer (PES40.1% Tween 20+10% SuperBlock+20% horse serurm) and added to the insulin-Fc fusion protein coated (or RHI coated) strips at 100 pLwel in duplicate. Duplcate strps of feline
196 coated standard strips are also added to each plate and filed with PEST/SE (PBS40.1% Tween 20+10% SuperBlock) buffer at 100 pLiwell Plates are incubated for 1 hour at room temperature and then washed Sx with PBST. For detection of ADAs, HRP

conjugated goat antifeline IgG F(ab)2 (Jackson Immunoresearch Laboratories, West Grove PA) is diuted in PEST/SB by a factor of 1:10000 and added at 100 pLvell to both sample and standard wells and incubated for 45 minutes at roorm temperature in the dark. Plates are washed Sx with PBST and one fime with deionized
water and developed by the adding 100 Liwell TMB substrate (invitrogen) for 15-20 minutes at raorm temperature in the dark. Color development s then stapped by addiion of 100 Lwel of ELISA Stop Solution (Bostan Bioproducts, Ashland MA) and the absorbance is read at 450 nm using a Spectrabax plate reader within
30 minutes. Anti-drug antibody concentration is deterrmined by interpolating the OD values in the 4-PL pseudo-standard curve using SoftMiax Pro Software (Molecular Devices, San Jose CA)

Example 15 ic

[0126] Maxisorp ELISA microplates (Nunc) are coated with a library of insulin-Fc fusion protein homodimer compoun ds with known armino acid sequences, and the coated plates are blocked in  sirilar manner as described in the anti-drug antibody ELISA assay Examples 13 and 14, except that each cormpound in the library is
coated on a separate individual strip of ELISAmicroplate wells. The compounds in the library cormprise a range of insulin-Fc fusion proteins with different insulin polyp eptide amino acid compostions, including various B-chain, C-chain, and A-chain amino acid mutations, different linker compostions, and diferent F ¢ fragment
compostions, including some of hurman origin. Separately, some plate strip wells are directly coated with 12 serial dilutions of canine or feline lG (Jackson Immunoresearch Laboratories, West Grove PA) for calculating the anti-drug antibodies (ADA) in canine or feline 19G units, respectively, as described in Examples 13 and
14

[0127] Serurn obtained from individual dogs or cats receiving repeated doses of an insulin-Fc fusion protein is first screened on the antkdrug antibody ELISAassay (Example 13 for dogs and Example 14 for cats). Serum samples demonstrating moderate or high positivty (e.g. moderate or high tters of antibodies) on the assay
of Example 13 or Example 14 are serially diluted (1:200 to 1:8000) in PEST/SE20%HS sample dilution buffer (PBS+0.1% Tween 20+10% SuperBlock+20% horse serur) and added to the plates coated with the library of insulin-F ¢ fusion protein compounds for 1 hour at RT. Following incubation  the plates are washed 5 times
with PEST. For detection of canine or feline antibodies capable of cross-reacting to the coated compound library, HRP conjugated goat anti-feline IgG F(ab)2 (Jackson Immunoresearch Laboratories, West Grove PA), which is cross-reactive to both canine and feline IgGs, is diuted in PEST/SB to 1:10000 and added at 100
#Liwelto boh sarmle and standard wels and incubated for 45 in o RT i the dark.Plates e washed 5 tmes wih PBST, once with dionized ater,and developed by the addng 100 pLiwel TM subsrate (nvivagen, ThermoF sher Seentife, Wltham MA)fr 15:20 min st RT i the dark Colo development i then
stopped by addiion of 100 uLAvel of ELISA Stop Solution (Boston Bioproducts, Ashland M&) and absorbance is read at 450 nm using a SpectraMax plate reader within 30 min P antibody present i the serum samples are determined by interpolating the OD values in the 4-PL
pseudo-standard curve against the directly coated canine or feline IgG antibody controls sing SoftMax Pro Software (Molecular Devices, San Jose CA)

[0128] By correlating the resulting antibody concentrations from the assay with the known amino acid compostions of the coated insulin-Fc fusion protein library, one can determine whether particular armino acid mutations or epitope s are respansible for causing none, some, most, or all of the total antibody signal on the assay,
indicating no binding, weak binding, or strong binding to various insulin-Fc fusion protein homa dimers. The mutations or epitope s responsible for moderate or strong binding are herein referred to s immunogenic "hot spots”

Example 16: Design Process for Obtaini in-F fusion Proteins with Hi imer Titers and A ble Levels of A d Re :d Dose Bioactivity in the Tarqet Species

[0129] The process for meeting the design goals described in the Detaied Description of the Invention cornprise d the following steps First, the insulin polyp eptide of SEQ ID NO: 4 or SEQ ID NO: 5 was combined with a species-specific Fe fragment of a particular IgG isotype and a linker such that the resuing insulin-Fc fusion
protein was most likely o yield a long acting bioactiity product with rminimal immunogeniciy (.g., a species-specific 1gG isotype was chosen with minimal Fe(gamma)re ceptor | binding). The DNAsequence coding for the desired fusion protein was prepared, cloned into a vector (LakePharma, San Carlos, CA), and the vector
was then used to transiently transfect HEK cells according to the procedure described in Example 1. The insulin-Fc fusion protein was then purfied according to Exarnples 3 and the overall protein yield and %homodimer measured according to Exarnple B. Only candidates with a homodimer tter of greater than 50 mgiL were
considered acceptable, because titers less than this level are not likely to result in commercial production ters that me et the stringently low manufacturing cost requirements for veterinary products. Selected insuin-Fc fusion proteins were then screened for indicators of bioactiity through in vitro insulin receptor binding studies
as described in Example 7. Based on experience, only cormpounds that exhibited IR activity 1C50 values less than 5000 M were deerned likely to exhibi bioactivity in the target species. Athough the in vitro IR IC50 value is a useful qualitative screening tool, it utiizes hurnan 1M cells which express the human insuin rece ptor
and therefore it may not capture some of the small diferences in affinity between the canine or feline IR and the human IR. Furthermore  factars other than insulin receptor binding may influence a compound's bioactivity in vivo (e.g., affinity for canine or feline FcRn to alow for extended pharmacokinetic elimination half-ves in
viva). Therefore, selected insulin-Fc fusion proteins that were acceptable from a manufactuting and IR activty 1C50 value standpoint were futher screened for bioactiviy i the animal of interest (e.g., dog or cat) to screen out any rmaterials with less than the desired potency andfor duration of bioactivity (e g., NAOC of less than
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150 %FBGL days-kyimg). Again, based on experience, at NAOC values of greater than 150 %FBGL-days-kyfmg, the dose requirements in the target species will be sufficiently low s0 asto reach an acceptable treatment cost. Lastly, an addional evaluation crierion was added which is mentioned rarely  ever in the art. As
discussed in more detailin the Examples below, many insuli-F ¢ fusion protein embodiments that exhibit acceptable NAOC levels in the target species after the first dose, unexpectedly fail to maintain that level of bioactivity after repeated doses. Furthermore, in most casesthe reduction in repeated dose bioactivity in the target
species is correlated with the development of neutralizing anti-drug antibodies. This propensity to generate anti-drug antibodies and the failure to maintain activity render such insulin-Fe fusion proteins impractical for use in treating a chronic disease such as canine diabetes or feline diabetes. Therefore, only the insulin-Fc
fusions proteins exhibiting acceptable levels of repeated dose bioactivity (e.g., NAOCR values greater than D50 for the third dose relative to the first dose) with rinimal levels of anti drug antibodies were deemed acce ptable for use in the present invention

RESULTS - INSULIN-FC FUSION PROTEINS COMPRISING A CANINE Fc FRAGVENT

insulin-Fe Fusion Protein s Canine Fc IqGA

[0130] An atternpt was made t

insulin-Fc fusion protein comprising

he insuin polypeptide se quen ce of SEQ 1D NO: 5 and the Fc fragment of the canine 1gGA isotype (SEQ 1D NO: 15) using the peptide linker of SEQ 1D NO: 12. The full amino acid sequence for the resulting insulin-Fc fusion protein is as follows:
i

FVRON £ GEDLVRAT AL VOGP RGT Y TOPTCGAPRRGIVEONCHSICSLY ] ENYL NG
AGEGRETRTFPCRVPIPL GRSV PPKPR DI RITRTPEVTCAVLBLRUIBP VOIS Y
TGREVITTAKTOSRTQOIROTYRY VSV KITKCRYNITDEPSFITRTISR ARG

RAUKPSY Y VLPPSPLLLL S5SD P VEITGLUZDE Y PPDIDVLIVGSAG
OYTEYSKLSVEKSRWQOCRFRTCAVVIETLONIY TN STS1ISPE (ST0 10 K0, 421

LPLRKNE B PPOL LD

[0131] The insulin-Fc fusion protein of SEQ ID NO: 42 was synthesized in HEK cells according to Example 1 and purifisd according to Example 3. The protein yield was 22 mgiL after the Protein A purification step. The structure of the insulin-Fe fusion protein was confirmed according to Exarnple 4 by non-reducing and
reducing CE-SDS, and the sequence was further iderntified by LC-MS with glycan removal according to Example 5. The Shormodimer was measured by size-exclusion chromatography according to Example B and determined to be 24%, indicating a high degree of homodimer aggregates. The resulting homodimer tier was
therefore only 5 mgiL. In summary, manufacturing of the insulin-Fe fusion protein of SEQ ID NO: 42 in HEK cells resuted in a high level of aggregates and a low homadirmer tter (5 mg/L), which did not meet the design goal of a homodimer fiter of greater than 50 rgAL.

[0132] Nevertheless, the insulin-F ¢ fusion protein of SEQ ID NO: 42 as evaluated for bioactiity. First,the insulin receptor binding of the insulin-Fc fusion protein of SEQ 1D NO: 42 was measured according to Exarnple 7, resuling in an 1C50 value of 2733 M ndicating that the cormpound is iikely to be bioactive in vivo (ie. 1C50
less than 5000 i)

[0133] Next, the in vivo pharmacodynarmics (PD) of the insun-Fc fusion protein of SEQ 1D NO: 42 was measured after a single intravenous administration of the compound to N=3 canines, according to Exarple 10. FIG. 2 shows the percent fasting blood glucose level of SEQ NO: 42 as a function of time. The NAOC for SEQ D
NO: 42 was calculated to be 105 %FBGL days-ky/ng according to the procedure of Example 11. The in vivo half fe of SEQ ID NO: 42 was calculated to be less than ane day using the method of Exarnple 12. The relatively low NAOC was likely the resuk of the high amount of agaregates in the sample (.., low %homodimer)
but what soluble homodimer remained in circulation stillonly had a pharmacokinetic elimination haf-lfe of less than one day which was deemed unlikely support of ance-weeMly administration

Exanple 18: Mutations of the Fc ion of insulin-Fc Fusion Proteins Comprising the Canine IqGA I

[0134] In an attempt to increase the Séhomodimer content, improve the bioactivity, and increase the haf-ffe of the insulin-Fe fusion protein of SEQ ID NO: 42, mutations were inserted into the Fc fragment CH3 region to tryto prevent intermole cular association (e.g.. Fe fragment-Fc fragment interactions betwe en molecules)
and encourage stronger binding to the FcRn receptor (=.g., higher finity for the FcRn) to increase recycling and systemic circulation time. The following insulin-Fe fusion proteins were synthesized in HEK cells according to Example 1, purified according to Examples 3, and tested according to Examples 4-7, which are shown

below. The sequence alignment of SEQ IDNOs: 44, 48,48, and 50 against SEQ ID NO: 42 and the difierences in amino acid sequences are shown in Fig. 3.
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[0135] The insulin-Fc fusion proteins based on canine lgGA variants are listed in Table 2 along with the corresponding protein yields, %homadimer, and homodimer titers. The results show that the various mutations to the 1gGA Fe fragment, instead of improving the %homodimer and homodimer ther, gave rise to highly
aggregated proteins with extremely low hormodimer titers of less than & m/L. As such, the in vivo bioactivity and pharmacokinetics of the compounds could not be evaluated

Table 2: Homodimer titers for sequences ufilizing 2 native or mutated canine IgGA F¢ fragment GFR region

SEQ D NO: Protein Yield (mgiL) T%Homodimer Homodimer Titer (mgil)
SEQID NO. 42 2 123% 5

SEQID NGO 44 £ 30% i

SEQID NO. 46 57 0% 0

SEQID NO. 48 57 0% 0

SEQID NO. 50 {80 10% i

£ fe 19: Canine Insulin-F¢ Fusion Protein Using

[0136] As described above, canine I9GAs thought to be the preferred isotype for the Fe fragment to produce nor-mmunogenic insulin-Fe fusion protein for dogs due to ts lack of Fe(gamma) | effector function in canines (much like the human 162 isotype in humans). However, insulin-Fc fusion proteins manufactured with a
canine IgGAF ¢ fragment were highly agaregated with an unacceptably low homodimer ter and unacceptably low levels of bioactivity and duration of action. Therefore, Fc fragments frorm the other canine 19G isotypes (canine 1968 of SEQ 1D NO: 16), canine IgGC of SEQ ID NO: 17, and canine lgGD of SEQ ID NO: 18) were
evaluated as replacements for the canine IgGAFc fragment of the insulin-F ¢ fusion of SEQ ID NO: 42. The three insulin-Fc fusion proteins containing F¢ fragments based on the canine IS, 19GC, and 19GD isotypes were synthesized using the same insulin polypeptide of SEQ 1D NO: 5 and peptide linker of SEQ D NO: 12 as
were used to make the insulin-Fe fusion protein of SEQ 1D NO: 42. The proteins were manfactured in HEK293 cells according to Example 1. The insulin-F¢ fusion proteins were then purified using a Protein A column according to Exarnple 3. The structures of the insulin-Fe fusion proteins were confirmed according to Example
by non-reducing and reducing CE-SDS, and the sequences were further identiied by LC-MS with glycan removal according to Example 5. The %hormodimer was measured by size-exclusion chromatography according to Example 6. Their sequences are shown below and their sequence alignment comparison against SEQ 1D

NO: 42 is shown in Fig. 4
VNG VTALAT

GIROTTY QCCTISICSL Y FNVONGHGGA
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SKLS)

DKSRWOQRGDTFICAYMIEALIINIIYTQESLS!

PG SSEQ 1D NO: 52)

PYRQILCGS DLV EALALVCGERGIIVTDMTGGGPRRGIVEQECUSICSLYQLERYCRGGGGA
GGONNCPCPGOGLLGGKS VTTTPPRPRDIT ¥TARTRTYTCY VY DLOPTNPTY QISR TVDSK
Qv Y VS VLIGHODWLSGRQFKCKV NN KALES? 1rouAQ
PRVY VI PPSRDEMSKKTVTLTC) VKDITRBTIDY AW OSKGOOTPESK YRMTPPQLDEDGSYE,
LYSKLSVIDKSRWQRGITHICAVMHEALHN HY IQISLSHSI (SEQ LD No: 541

FUNQHE LTSIV RALALVEGERGRHY ) DPTOGGPRRGIVEOCCHSICSLYOLER YERGOGOR
GOUGISIVRESLEGES RICRTPLICYVLDLS

TAKTQPRTQOMRSTYRVVSVT PITTIODWI TGRTTKCRV IO PSPIERTISK ARGGATIORSY
YVLISIKELSSSITVILTCL LAPOLDEDGSYFLYSK

SV SE QAT CAYHEA TN HY 113 51 SHSHG (SHO 1D NO: 551
The resulting protein yields, %homodimer, and homodimer titers are given in Table 3. Unexpectedly, anly the insulin-Fc fusion protein of SEQ 1D NO: 52 comprising an Ft fragment based on the canine IgGEB isotype demonstrated a homodimer ter which met the design crieria of greater than 50 mg/L. The insulin-Fc fusion
protein of SEQ 1D NO: 54 comprising an Fc fragment based on the canine lyGC isotype did not yield any compound at all, and the insuin-Fc fusion protein of SEQ D NO: 85 comprising an Fc fragment based on the canine 1gGD isotype demonstrated an appreciable protein yield but with a high degree of aggregation and
therefore an unacceptably low homodimer tter

[0137] In vitra insulin receptar binding for the insulin-F¢ fusion proteins of SEQ 1D NO: 52 and SEQ ID NO: 56 was tested according to the procedure of Exarnple 7. The insulin-Fe fusion protein of SEQ ID NO: 56 demanstrated an IC50 of greater than 5000 nM, indicating that the compound was highly unlikely to show bioactivity
in vivo. However, the insulin-Fc fusion protein of SEQ ID NO: 52 demonstrated an 1C50 of 28 nM indicating that this sequence was liely to be bioactive in vivo
*DNM = Did Not Measure

Table 3: Hom odimer titers for sequences utilizing native canine IgGB, 19GC, and IgGD Fe fragments
SEQIDNO: I9G Fragment 1Protein Yield (mgiL) %Homodimer Homodimer Titer (mgiL) IR Binding, 1050 (nh)
SEGIDNO, 42 (Example 17) 19GA 11 154% g 5733
SEQIDNO, 52 1968 160 165% 74 28
SEQIDNO, 54 16T 0 10% 0 N
SEQDNO, 58 195D HED 1129 B 5000
Example 20: In vivo Effic in-F¢. i in Comprising the insulin Poly ide of SEQID NO: § with a Canine IgGB Is Fc Fragment

[0138] Given the promising homodimer titer and insuiin receptor actiity results in Example 19, the insulin-Fe fusion protein of SEQ 1D NO: 52 (not part of the invention) was tested for in vivo bioactivity according to Exarnple 10 following an intravenous injection in each of N=3 healthy, antibody-naive, beagle dogs weighing
approimately 10 ky. In  separate experiment, the compound was administered subcutaneously to N=3 naive beagle dogs. FIG. 5 shows the %FEGL versus time for  single intravenous administration of the insulin-Fc fusion protein of SEQ ID NO: 52, and FIG. B shows the %FBGL vs time for a single subcutaneous
adrministration of the insulin-Fe fusion protein of SEQ 1D NO: 52, both of which demonstrate that the insulin-F ¢ fusion protein of SEQ D NO: 52 is significantly bioactive in dogs.

[0139] The NAC was calculated according to the pracedure of Exarnple 11 to deterrrine the relative bioactivity and duration of action of the insulin-F¢ fusion protein. The NAOC of the insulin-Fc fusion protein of SEQ 1D NO: 52 (not part of the inventior) injected intray enously wa s 399 %FBGL-days-kg/mg which was 3.8 times
the NAOC of the insulin-F ¢ fusion protein of SEQ 1D NO: 42 injected intravenously,ilustrating significantly increased bioactivity for the insulin-F ¢ fusion protein comprising the canine 1gGB Fe fragment versus the insulin-Fc fusion protein comprising the canine lyGAFc fragment. The NAOC of the insulin-Fe fusion protein of SEQ
1D NO: 52 injected subcutaneously was 385 %F BGL-days-kg/my, dermonstrating a level of bioactivity via subcutaneous administration that is similar to that obtained via intravenous administration

Example 21:in ¥ kcity Screening After Repeated. Doses of the Ins ulin-Fc Fusion Protein Comprising the Insulin Polypeptide of SEQID NO: § with a Canit Fragment

[0140] Next, the repeated dose subcutaneous bioactivity of the insulin-Fc fusion protein of SEQ 1D NO: 52 (nat part of the invention) was tested in dogs as per the method described in Example 11. N=3 animals were dosed subcutaneously at day D, at day 35, and at day 42, and the %FBGL was measured for the 7-day window
after each dose according to Example 11. The NAOC and NAOCR were calculated according to the procedure of Example 11 for each repe ated subcutansous injection. As ilustrated in Table 4, repeated subcutaneous dosing in dogs unexpectedly revealed a significant decay in bioactivity by the third dose as measured by a
significant decrease in the NAOCR (.., the NAOC for the third njection was only 0.40, or 40%,of the NAQC for the first injectior)

Table 4: NAOC per dose and NAOCR for repeated doses of SEQ ID NO: 62
injection Number of SEQ ID NO: 52 (not claimed) NAOC (4FBOL days-kgimg) NAGCR {ratioed to Week 1)
7 330 70
2 e K
3 115 04

[0141] Without being bound to any particular explanation, it was postulated that the cause of the signficant reduction in bioactivity of the insulin-F.c fusion protein of SEQ 1D NO: 52 after the third repeated subcutaneous dose in dogs was due to the development of anti-drug antibodies that neutralized its biological activty Anti-
drug antibo dies may be directed against the insulin polypeptide, inker, or Fe-fragment portions of an insulin-Fc fusion protein. The immunogenic response manffests as interactions between antigen presenting cels, T-helper cells, B-cells, and their associated cytokines, which may lead to the production of endogenous
antibodies against the drug (e.g. anti-drug antibodies). Binding antibodies are all isotypes capable of binding the insulin-Fc fusion protein, and these may be detected in an immunoassay as described in Exarple 13. Neutralizing antibodies that infibit functional activity of the insulin-Fc fusion protein are generally directed
against an epitope that is required for bioactivity. To assess whether this was the case, serum that was collected prior to the administration of each dose and atthe end of the experiment described in Examples 11 and 12 was tested to quantify the levels of anti-drug antbodies according to Example 13. As shown in FIG. 7,
levels of anti-drug antbodies did indeed increase with muliple subcutaneous adrministrations of the cornpound , indicating that the generation of neutralizing antdrug antibodies were the likely cause for the reduction in the NAOCR after the third injection of the insulin Fe-fusion protein of SEQ D NO: 52

Example 22: Insulin-Fc Fusion Protein Compising the Insufin Polypeptide of SEQ D NO: § with Canine IgGB I Ec Fragments to Reduce the Potential Risk
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[0142] As shown in Exarnples 19 and 20, the insulin-Fe fusion protein of SEQ 1D NO: 52 (nat part of the invention) showed acceptable %homodiner contert, homodimer tier, and bioactivity in dogs; however, ts use for a chronic disease such as diabetes is compromised by the reduction in bioactivity (Example 21) and
generation of ant-drug antbodies (Example 21) with repeated subcutaneous dosing, Without being bound to any particular theary, ane possible cause of the generation of ant-drug antibodies and the reduction in bioactivity i the increased interaction of the canine 1968 Fo fragment with various receptors of the canine immune
system (e g. Fe(gamma) receptors, e g. Fe(gamma)R1). Nevertheless, the canine 19GB isotype was the only ane of the four canine lgG isotypes that, when used for the Fe fragment, resuked in an insulin-Fc fusion protein meeting the manufacturabilty and single-dose bioactiviy design goals (Example 16). As described in the
Detailed Description of the Invention, one method for reducing the Fe(gamma) interaction involves mutating the Fe fragment cNg site to prevent glycosylation during synthesis in the host cell. Therefore, chy site mutations were made to the Fc fragment region of SEQ 1D NO: 52 to reduce the binding affinty of the Fc fragment
for Fe(gamma) receptors in vivo, as measured by binding in an in vitro human Fe(gamma)RI assay described in Exarnple 8. Verification of the lack of glycan were performed using the LC-MS method of Exarmple 5, but with ormission of the PNGase F treatment step. The postion of the cNg site in the insulin-Fe fusion protein of
SEQ ID NO: 52 is cNg-NB139. Mutations to SEQ ID NO: 52 included SEQ 1D NO: 58 (not part of the inventior) cormprising a mutation of cNg-NE139-Q, SEQ ID NO: B0 (not part of the invention) comprising a mutation of cNg- NB138-5, SEQ 1D NO: 62 comprising a mutation of cNg- NB133-D, and SEQ ID NO: B4 (not part of the
inventior) cormprising a mutation of cNg-NB 133-K The full amino acid seque nces of the eNg-mutated insulin-Fe fusion proteins are listed below (with the NB139 position underlined) and the resulting sequence alignments are shown in Fig. 8 (Clustal Omega)
FNQUECGADLYUALALVCGLRGHT Y TOR G PRRGLVLC NICSL YOLLRYC NGGERG

SVFIPHKIKDTLLIARUPLN LGN DLDIDU

WIVDU

HORVANIALPSPLRTISARGG
DELPPDIDY EWOSNGUQEPESK YT I
CRTTICAVMITALITNIYTORSLSTISR (SEQ 1T KO 5

L YEKLSVDKSRWE

FYNOHLOGSDLVEAL ALVOGERGFFYTDR

ABGGATCPKEP SFEN TR TPRN TV g
KO CTVRVVSVLPIGHODH KGO TCKVINK AT PSPIFRTISK RGO
T PSR SKNTVSE TET ¥ CSKYRTTRRGIDENGS

CRGITTICAVVITT ALINTTYTOT SLSTISRG (R T IO 6}

FVROHLCGSILVEAL ALY ORI GHE Y 1P IGOGIRLLGEV G BLENCNGE
AGGOGLC TR P APEML KAV PPV LA LR LV DL o :
AKIGEREE QELETYRY VOV LEIGHODWLKGKOE TCRN ANKALPSPIEETISKARGO
PPSREELSKNT¥SL O XIUTTPOLLEDG

VISR QRGETTEIC AV MHE LHNHY 1 UG 1SEQ B2 N €23

VRO GG YTAL AT VCGRRGAT Y TOPTGACPRRATUTOCCISICS, VOLTRYENGEE

AGELGIC PG

APLMLGGESVT IEPKPK LA PV LY s Y DLOPLDPEVOISWI VA

KUSIARHQPRLLQER TRV VLPIIUGDWLK GG TOK VD NEALPSPILATISE ARG
ATIQPSY ¥ FPSRETT SKNTYSR TOL DI TREDIDVTW QS NGOOPPTSK YRTTPROLDITS
LY SKE SYDKSRWGRGETTHAVMITALIRIVTORSL STISPG (S6Q 1T 50 64)

The insulin-F ¢ fusion proteins were manufactured in HEK293 cells according to Exarnple 1 and purfied using a Protein A colurn according to Example 3. The structures of the insulin-Fc fusion proteins were confirme d according to Exarnple 4 by non-reducing and reducing CE-SDS, and the sequences were further idertified by
LC-MS with glycan removal according to Exarnple 5. The Shomodimer was mea sured by size-exclusion chromatography according to Example B. As shown in Table 5, the homadimer tters of the insulin-Fc fusion proteins of SEQ ID NO: 60, SEQ 1D NO: B2, and SEQ 1D NO: B4 meet the design goal, while une xpectedly the
insulin-Fc fusion protein of SEQ D NO: 58 containing the cNg- NB133-Q mutation did not e et the de sign goal for homodimer tter

Table 5 Homodim er titers for cNg variations of SEQ ID NO: 52

SEQID NO: cNg Mutation Protein Yield (mg/l) %Homodimer Homodimer Titer (mgiL)
SEQTD NO. 58 (not daimed g0 B 5% Ed

SEQTD NO. B0 (not daimed g5 77 5% 75

SEGID NG! B2 (not daimed N D 8 S o6

SEQID NO: B4 (not clairmed CNgK. 68 9% &7

[0143] To determine which of the remaining three compounds was most ikely to exhibit reduced immunogenicty, the Fe(gamma) receptor binding was measured according to the procedure of Example B. Low Fe(gamma) receptor binding is most likely to correlate with minimurn immunogenicity Table & compares the
Fe(garma) receptor | binding of these insulin-Fc fusion proteins with the Fe(gamma) receptor binding of the insun-Fc fusion protein of SEQ 1D NO: 52 demonstrating unexpectedly that the insulin-F c fusion protein of SEQ ID NO: 62, containing the cNg-D rmutation, exhibits an F (gamma) receptor binding activity that is
approximately twice that of the insulin-Fc fusion proteins of SEQ 1D NO: 60, containing the cNg-5 mutation and SEQ ID NO: B4 containing the cNg-K mutation. Therefore, only the insulin-F ¢ fusion proteins comprising the latter two compounds containing the cNg-5 mutation and the cNg-K mutations were deemed suitable for
repeated dose bioactivity testing in dogs

Table 6: Fo(gamma) receptor binding for cNg variations of SEQ ID NO: 52

'SEQID NO: cNg Mutation 0D450nm Log[Fe(gamma) Rl (ngimL) 0D450nm Minus Assay Background Ratio to SEQ ID NO: 52
SEQ D NO. 52 {not dlaimed Native chg 0388 0323 100

SEQ 1D NO. 60 (not claimed, g5 0140 0077 024

SEQ D NO. 62 (not claimed, gD 0204 0,141 044

SEGID NO. 64 (ot claimed, NgK 0125 0,065 020

Assay background (no cormpound) A 0063 0000 A,

Example 23: Evaluation of In Vi i ivit icity of an Ins ulin Polypeptide of SEQID NO: 5 with the cNg-K and cNg-S Canine 1gGB I Fc Fragments

[0144] To determine i the insulin-Fe fusion protein of SEQ 1D NO: B, containing the cNg-S mutation, improv ed the repeated dose bioactivity performance in dogs, the compound was administered subcutaneously to N=1 dog on day 0, day 7, day 14,and on day 28 according to the procedure of Example 1. When the dog's
SFBGL dropped too low, the dog was given food to raise the blood glucose to a safe level. The NAOC for the fist injection was 191 %FBGL days kging, showing that the insuin-Fc fusion protein of SEQ 1D NO: 60 was satisfactoriy bioactive in vivo. The NAOC and NAOCR were also measured for each subsequent dose
according to the general procedure of Exarnple 11, calculated from the time the dose was administered unil just before the next dose was adrministered. The NAOC and the NAOCR shown in Table 7 illustrate that the insulin-Fc fusion protein of SEQ 1D NO: B0 exhibited an NAOCR that decreased significantly on doses 3 and 4
of a four dose regimen. Therefore, the insulin-F ¢ fusion protein of SEQ 1D NO: 60, containing the cNg-S mutation, was unable to demonstrate repeated dose bioactivity in dogs despite having a low Fe(gamma)Rl binding four times lower than that of the insulin-F ¢ fusion protein of SEQ 1D NO: 52

Table 7: NAOC per dose for repeated doses of SEQ ID NO: 60
Injection Number of SEQ ID NO: 60 (not claimed) NAGC (%FBOGL dayskgimg) NAGCR
T 181 i
7 240 g
3 0 00
q 34 02

[0145] To determine i the insulin-Fe fusion protein of SEQ 1D NO: B4, containing the cNg-K mutation, improv ed the repeated dose bioactivity performance in dogs, the compound was admiistered subcutaneously to N=1 dog on day 0, day 7, day 14,and on day 28 according to the procedure of Example 1. When the dog's
SFBGL dropped too low, the dog was giren food to raise the blood glucose to a safe level. The NAOC for the first injection was 449 %FBGL days kyfmg, showing that the insuliv-Fc fusion protein of SEQ ID NO: B4 was satisfactarily bisactive in vivo. The pharmacokinetic profile of the compound was also measured by the
method of Example 12 using ELISA, and a two-compartment model was fit to the data to deterrmine its elimination half fe which was about 0.9 days. The NAOC and NAOCR were also measured for each subsequent dose according to the general procedure of Example 11, calculated from the time the dose was administered
untiljust before the next dose was administered. The NAOC and the NAOCR shown in Table 8 ilustrate that the insulin-Fc fusion protein of SEQ ID NO: 64 maintains an NAOCR greater than 06 throughout the four doses. Therefore, unexpectedly, the insulin-Fc fusion protein of SEQ 1D NO: B4, cortaining the eNg-K mutation,
was the only non-glycosylated mutant of the insulin-Fc fusion protein of SEQ ID NO: 52 resulting in significantly improved repe ated dose bioactivity in dogs

Table 8: NAOC per dose for repeated doses of SEQ ID NO: 64
injection Number of SEQ ID NO: 64 (ot claim ed) NAGC (%FEGL days kgimg) NAGCR
445 0
7 561 06
3 758 06
3 b 4

[0146] The levels of anti-drug and antinsulin antibodies were also measured throughout the course of treatrment (28 days) and for an addiional two weeks according to Example 13. FIG. 8 ilustrates that the insulin-Fc fusion protein of SEQ 1D NO: B4 il generated anti-drug antibodies with repeated subcutaneous dosing in
dogs, but the anti-drug antibody titers were much lower than those generated by the insulin-Fc fusion protein of SEQ ID NO: 52 (Example 1)

Example 24: ing of Canine ining Anti-Drug Antibodies and Identificatic & i Epitopes at the B10D and ASH Pos tions of the Insulin Polypeptide

[0147] Mutating the cNg site of the canine IgGB Fe fragment to a Lys (i.e., cNg-K) did improve the repeated dose bioactiity of the insuin-fusion protein comprising the insuiin polypeptide of SEQ ID NO: & and the peptide linker of SEQ ID NO: 12 (Exarple 23), but the resuting insulin-Fe fusion protein of SEQ 1D NO: B4 stil
gave ise to anti-drug antibodies (Example 23). It was hypothesized, therefore, that the insulin polypeptide of SEQ 1D NO: & may unexpectedly contain specific epitopes (ie., immunogenic "hot spots”) against which the dog's immune syster is directed. Therefore, the binding specifcity of the antibodies present in the serum
samples described in Example 13 were evaluated according to the general procedure of Example 15. The analysis of the antibo dy-containing serum samples from the repeated dosing of the insulin-F ¢ fusion protein of SEQ 1D NO: 52 (Exarnple 19) against the coated insulin-Fc fusion protein library demonstrated that there
were unexpectedly two primary "hot spots” present within the insulin polyp eptide sequence of SEQ ID NO: & the aspartic acid mutation at the 1Dth position from the N-terminus of the Bchain (ie., B 10), and, separately, the histidine mutation at the Sth posiion from the N-terminal end of the A chain (.., A8). The resuts
suggest that insulin-F ¢ fusion proteins comprising insulin polypeptide armino acid compositions containing these two particular amino acid mutations are likely to be immunogenic in dogs and therefore likely to give rise to anti-drug antibodies that neutralize the bioactivity after repeated injections. Therefore, it was determined
that insulin polype ptides that do not contain the B10 aspartic acid and AB histidine are preferred for insulin-F¢ fusion proteins that need to be repeatedly dosed in dogs over long periods long-term (e.g.,to treat canine diabetes).

ns to Reduce the Potential Risk of

[0148] To evaluate whether replacing the "hot spot” mutations would improve the immunogenicity and repeated dose bioactivity of insuln-Fc fusion proteins cormprising the insulin polypeptide of SEQ 1D NO: 5 and the canine IgGB isotype fragment, an exermplary insun-Fc fusion protein (SEQ ID NO: B6) was synthesized in
which the B10 and A8 armino acids of the insulin polypeptide were restored to their natve histidine and threonine compostions, respe ctively (SEQ 1D NO: 125) listed below with non-native armino acids underlined)
FYNQULCGSLVEALALVOGERGLEY TD8 TGGGPREGIVEROC TNICSLYQLLR YOR {5060

he vt

TN 125)

Furthermare, given the additional potential benefits of the non-glycosylated cg mutants, the insulin-Fe fusion protein of SEQ ID NO: B6 contains the cNg- Q mutation. The entire amino acid sequence of the insulin-Fe fusion protein of SEQ 1D NO: 66 is given below:
TVRQIECGELYTALALY Y TORTGGPRRGIVTOOCTSI S YOURK R GGEG

YT RPREKIITT LR TRFATC VY VTR &

RVVEVT PR IOPWLRGEOr KNS ALPSPIERTISEARSD
ALOPSY ¥ ¥LEPSELLEL SKNTVSL1C

LEDEIPPDIBVEROSNGOULPLSK YR ITPRLDEDGS
YELYSKLSVIRSRWORGDTFICAYMREAL HIHY 1OESLERS0G (S0 N 663 (ot part
of the fnvestiony

[0149] The insulinF c fusion protein of SEQ ID NO: B6 was manufactured in HEK293 cells according to Exarmple 1 and purified using a Protein A column according to Example 3. The resuling protein yield was only 21 mg/L. The structure was confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the
sequence was further identiied by LC-MS with glycan removal according to Example 5. The %homodimer as measured by size-exclusion chromatography according to Exarnple 6, was 98 0% ndicating that the protein was relatively free of aggregates

[0150] Despite the relatively low homodimer titer of 21 /L, the insulin-Fc fusion protein of SEQ 1D NO: 65 was evaluated in dogs for in vivo bioactivity and immunogenicity according to the procedures of Examples 11-13, respectively FIG. 10 demonstrates that restoration of the B10D and A8H mutations to their native amino
acids (2., BIOH and ABT) in the insulin-Fe fusion protein of SEQ 1D NO: 66 did signficantly reduce the immunogenicity of the parent cormpound (SEQ 1D NO: 52).

[0151] However, as shown n Fig. 11, the insulin-F¢ fusion protein of SEQ ID NO: 66 containing the native 10 and A8 armino acids was not bisactive (i, the NAOC was essentially zero).

Example 26: Attenpts ti in and A-chain Mutations into th in Polypeptide of SEQ IDNO: 125 to Improve the Bloactivity of the Associated Insufin-Fc Fusion Proteins Containing the Canine IqGB F Fraqment

[0152] The fact that the insulin-Fec fusion protein of SEQ 1D NO: 85 did not generate anti-drug antibodies (Exarnple 25) cormpared to the insulin-Fe fusion protein of SEQ 1D NO: 52 (Example 20) provides strong evidence for the theory that the 10D and ASH mutations in the insulin polype ptide of SEQ ID NO: 5 are likely the
imrmunogenic eptopes responsible for the production of ant-drug antibodies. However, the lack of in vivo potency of the insulin-F ¢ fusion protein of SEQ 1D NO: B6 compared to that of SEQ D NO: 52 indicates that these two armino acid mutations are also responsible for achieving acceptable levels of bioactivity. The lack of in
vivo potency for the insun-Fc fusion protein of SEQ ID NO: B8 correlates with its high IC5D (shown in Table 8 below) as measured by the insulin receptor binding assay according to the method of Exarmple 7. Therefore, further efforts were required to increase the insulin-F ¢ fusion protein bioactivity (ie., decrease the insulin
receptor binding assay IC50 value to less than 5000 nM, or more preferably less than 4000 nM, or even more preferably less than 3000 nM) while maintaining a low degree of immunogenicty by keeping the native B10 and A8 amino acids in the insulin polype ptide.

[0153] Itis known that various portions of the insulin B-chain and A-chain are required for strong binding to the IR (Hubbard § R.,"Structural biology: Insulin meets its receptor”, Nature. 2013; 493(7431):171172). Therefore, portions of the B-chain or A chain were modified while kee ping the B10 and 46 the same as in native
insulin and the C-chain and peptide linker constant. Several of these insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using  Protein A colurm according to Example 3. Their structures were confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the
sequences were further identified by LC-MS with glycan removal according to Example 5. Their %homodimer content was measured by size-exchusion chromatography according to Exarnple 6, and their insulin receptor binding affiniies were measured according to Example 7. Their sequences are shown below, and the
resulting sequence alignments against SEQ ID NO: B6 are shown in Fig. 12 (Clustal Omega)

FYNGHLCGSHLYQALYLVCGERGHE CAISICSLYOLER Y CAGAOAG
GOLCHKCPAPEMLGG LLARIPEVICVYVDLD KQM
QIAKTQPREEQRSGTYRY VS LIGHQDW LKGKOFIC KVANKALPSFIEKTISKAKGQAROE
SVYVLIFSKEELSKNLVSLICLIKDRFFDIDY EWOSNGOQERE SKY KT TFFOLDELGS YELYS
KLSYIRSIWORGITFCAYAHEAL HRHY TORSLSHSIGHSEQ 1) NoX: )

PYRQIILCGSTLVEALALVCGERGERY TOPTGGGRREGIVEQCCTSICSLY QUERYCGGOGAG
GOANCPRCPAPEMT TIARTPEVTCVRVIL 5 1
QAR TQPREEQRSG YKV YSVLIMGHODWLKGKOFICK VR NKALISPIERTISKARGGAROP
SYYVLPPSRILSKNTSS] TCLKDTTPRDIDV W QSN GOQUPTSKYRTTPPOLDIIGSYTT.YS
KLSVDSRWORGIVIFICAY MHEALHNHY TQESLSHSPG (SEQ [ NO: 707




DK/EP 4011908 T5

INDQULCGSHLYLALALVCGEAGLEY CISICSLYQLLAYCGUGGAG
CGDEPECPAPLMLGGRNVHINPPKPKITLLLARTRLN G Y VILOPLDPLSISWIN DGR
MOTAKTQPRETGRSGTYRYVSYEFIGHQDST K GROFTCKYNNK 21 PPITRTISK ARGAT
OBSYYVIPPSREELSKNTVSL & TIPLQLIETTGS

LVSKLSVDKSRWORGDTFICA VMHEALHNEY, LOESLAHSPG (S50 10 N 72

PURQILLGHILVRALAT VCGTRGTYYTDRTAGG ST SOV
HGGATCPKOPAPTL HARTREATOVVVTH 6D Vi
QMQTAKTOPRITOFSETYRY VY] PIGHGDWI EUKQITCKVINKAL PSPITRTISKARGOA

RSV VL PRSI SN TVSLTCE I DT FPEDIDY F QGOORPTSR YR TTPPOLDTGSY

KT SYDRSRIORGDTHCAVVITTALINITYTON SLSHRPG (310 o 4

FNGH CESHIYFALALVEGRRGH Y 9110
CGUDPRCIANEMLGURSVT I PRI TLLIAS

PRKEIV ERCETEIES Y GLENY CEOGHAG

DLV DLDPLDMUS QIS DURON

TARTOPREFQRSGTYRS PIGTTOTWT KGROPTCRVNRK AT PSPTRTISK ARCGATIOP

EVYVLPESKEELSINIVE €1 INDEREPDIDYE QS NIOUEPHIK YR FPIQLIDGSYHYE

KLSVERSRWORGOTIICAVMIIEALIDTCTOESL(5PG STQ 10 KD, 76

Table 9: %homodimer, hom odimer titers, and IR IC50 values for various SEQ ID NOs.
SEQID NO: WHomodimer HEK hom odimer titer (mgiL) {IRIC50 (M)

SEGD NO. 66 (not claimed) 1580% Al 5000
SEC D NO. 68 (not claimed) 157 5% i 7634
SEGDNO. 70 (not claimed) A% T 533
SEGDNO. 72 (not claimed) 1891% 7 5000
SEG D NG 74 (not ciaimed) 55 % 05 2402
SEQIDNO: 76 (not claimed) 5370% &

[0154] In only three cases (SEQ 1D NOs: 68, 70, and 74 did the proposed mutations improve the IR binding (i lower the 1C50 value) as compared to SEQ 1D NO: B6. However, none of the rmutations resuted in compounds that meet the manufacturing design goal of a homodimer titer greater than 50 mg/L, and in some
cases, the mutations lead to significantly reduced manufacturabilty (e.g., homodimer tters less than 20 mg/)

Example 21: Attonpls C-chain Mutations into the Insulin Polypeptide of SEQ ID NO: 125 to Improve the Bloactivity of the Associsted Insulin-F¢ Fusion Proteins Containing the Canine [gGB Fc Frgment

[0155] The resuls obtained in Example 26 showed that all attempts to mutate the A-chain and B-chain of the insulin polypeptide of SEQ ID NO: 125 resuted in unacceptably low HEK homodimer tiers of the associated insulin-Fc fusion (ie., homodimer titers less than or equal to 25 mgi). Therefore, there was a need for
futher experimentation. In the present exarnple, the C-chain composition of the insulin polype ptide of SEQ ID NO: 125 was mutated by making it longer or by increasing it flexibilty. Native insulin (e.. human insulin) has been shown to undergo a signficant conformational change that involves movement of both the B-chain
and A chain folding as t binds to the insulin receptor (e.g., as described by Menting, et al. Nature, 2013; 493(7431): pi241-245). Native insulin, unlike the insulin polypeptide s of the present invention, is freely able to undergo this conformational change atthe insulin receptor, because it is a two-chain polypeptide in its native
form, connected only through two disufide bonds with no C-chain constraining the mobility of the A and B-chains. Without being bound by any particular theory, it was hypothesized that the C-chain contained witkin the insulin polypeptide of SEQ 1D NO: 125 was too inflexible (¢.g. an amino acid compostion and sequence that
does ot permit facile movernent between the B-chain and A-chain) and/or too short (e.g. not enough armino acids between the C-terminus of the B-chain and the N-terminus of the Achain) thus preventing the insulin polypeptide from undergoing the necessary change in molecular shape required for strong binding to the
insulin receptor. Therefore, several insulin-Fc fusion proteins were synthesized based on the insulin-Fc fusion protein of SEQ 1D NO: B8 with variations in the insulin polypeptide C-chain as shown below with the resulting sequence alignments against SEQ 1D NO: B5 shown in Fig. 13 (Clustal Omega)

GAGGAONCPKCPAPEMIGOPS LIARTPEVTEVYVDLIPEDPE

AWTYDG
KOMOTAKTQPREEQESGIY R¥VSYLPIGHOLS LKOKOFIC KVANKALPSPIER ISKARGQA
TGP ¥V VI PPSRITLSKNTVSL TCI W OS NGOQIFESKYRTTPPOLIIDGS YT
1K1 SVIKSRIWQRGIIHCAY MHFALHNHY TS SHSPG 53 11 NO: 55)

FYAQHLCGSHLVEALALVCOERGERY IDP] GGGGUGSSOGGOIV EQCCISICSLY QLENYCT
KEPAPILGGPS LLLARTPLA1CY Y¥DLDRUDPLVQIS W
DGKOMUTAK IQPREEQFSGTYRYY SYLPIGHOUWLKIKQRLCKV AN KSLES PIERTISKARG
QATIORSVYVT PRSRIET SKNTVSLTCT IR FPPOIDVEWQSNGQUIPTSKYRTTPPOI DIDGS
YELYSKLSVDKSKWQRGD HCAVMAEALHNHYIQESLEHSPG (SEQ 1D NO: 301

FYNQHLCGSHLYEALALVCGERGHE Y TDIGGGOGGUGUIVEQUC ISICSLYQLEN Y CUGGG
AGGOODCPRCPAPTMIGGPS LIARTPTY TCVYVTILIIPL]
QMOTAKIQUREBOFSGTYRY VS VLEIGHODWLKGKQ ICKVRNKAL PSPIER TISKARGKAH,
QPSVYVT PSR SKNTVST TCLIDITRPIIDY W OSKGOQTITSKYRTTPPQLITTIGS VT,
YSKISVIKSRAORCHITRIC AVMHEAUHNHY 1QHSLSHSPG (SE 111 ND: 52)

FYNQULCCSULYEALALVCGLRGL TSICSLYQLER YCGGOGA
CGGUOCPRLPAVINILLG ILLAR PRV VYL VDG
OMOTAKTOPRITQFSGTYRYVSY] PIGHARWI KUKQITOK Y NNK AL PSPITRTISKARGA
HOPSVYVLIPSREELSKNTVELTCLIR TIOOLDEDGST

FLvsk VAL N RY TOSSL SHSG 550 10 30 &
Table 10: %hom odimer, hom odimer titers, and IR IC50 values for various SEG ID NOs.

SEQID NO: Homodimer HEK hom odimer fiter (i) 1R 1C50 (M)
SEQTD NO. 88 (not daimed 5500 7] 5000
SEQTD NO. 78 (not daimed 541 i 178
SEQID NO. 81 (net diaimed 64 5% Eil 508
SEG D NO! B2 (not daimed 5539 ) 5000
SEQ D NG, B4 (not daimed D 55 3730

[0156] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using & Protein A colurnn according to Example 3. Their structures were confirmed according to Example 4 by norreducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan
removal according to Example 5. Their %homodimer content was measued by size-exclusion chromatography according to Exarnple 6, and their insulin receptor binding affinities were measured according to Example 7. In oly one case, (SEQ 1D NO: 80) which comprise s the longest C-chain (GGGGEGSGGGE SEQ D NO,
133), did a C-chain mutation significantly improve the insulin receptor binding affinty (1CSD less than 3000 nM) cormpared to that of the insulin-Fc fusion protein of SEQ 1D NO: B5. However, none of these C-chain-rutated insulin-Fc fusion proteins extibited a homodimer tier greater than the manufacturing design goal of 50
/L. In fact, in one case (SEQ ID NO: 78) the C-chain mutation une xpectedly led to signficantly lower homadimer titers.

Example 28: Attonpts Peptide Lt ions into Insulin-Fc Fusion Proteins Containing the nsulin Polypeptide of SEQID NO: 125 and the Canine IgGR Fc Fragment to

[0157] Without being bound by any particular theory, another possible reason for the poor insulin receptor binding of the insulin-Fc fusion protein of SEQ ID NO: 68 was thought to involve the steric hindrance betwe en the insulin polype ptide and the insulin receptor resulting from the close proximity of the much larger F
fragrment molecule attached to the insulin polypeptide through the peptide linker. Shorter peptide linkers or more tightly folded peptide linkers were thought to potentially exacerbate this issue, while langer peptide linkers or peptide linkers that are resistant to folding back on themselves (e ., linkers with more molecular
siffness) may alleviate this issue by creating more space between the insulin polypeptide and the Fc fragment. The increased space between the insulin polypeptide and the Fe fragment would also increase the distance between the insulin receptor and the Fc fragment leading to less interference during insulin receptor
binding. The peptide linker of SEQ ID NO: 12 (ie., GEGGAGGGGE) used to construct the insulin-Fe fusion protein of SEQ 1D NO: B8 was hypothesized to be potentially too short and/or too flexible, because the amino acids that corprise the inker contain no side chains (.., it contains only glycine and alanine amino acids)
Therefore, to test this hypothesis, two other insun-Fc fusion protein variants of the insulin-F¢ fusion protein of SEQ ID NO: B6 were synthesized. The insulin-Fc fusion protein of SEQ ID NO: 76 contained the same peptide linker s was used to construct the insulin-Fe fusion protein of SEQ 1D NO: B but with an insulin
polypeptide in which the asparagine at the 21! position from the N-terminus of the Achain (i.e., A21) was absent (ie., desA21). This particular mutation was incorporated to see whether the junction betwe en the A-chain and the peptide linker affects the protein yield and/or bioactivity of the molecule. The other insulin-Fc
fusion protein of SEQ 1D NO: 85 contains this des-A21N A-chain mutation and a peptide linker that is more than twice the length of that used to construct the insulin-F¢ fusion protein of SEQ 1D NO: B6. In this longer peptide linker, alanine is disfay ored and instead is replaced with a glutarmine, which contains a polar amide side

chain The glutamine substitutions were expected to increase the hydrophilic nature of the peptide linker and potentially prevent the linker from folding back against tself. The sequences are shown below with the resuling sequence alignments against SEQ 1D NO: B5 shown in Fig. 14 (Clustal Ormega).
FVRQIECCHI VAL ALVCGR DRTCEGPRRGIVEQUCTSICLY O AR VEGCG0

PRCPAPIVT GEFP3 TIARTPEY TCVVVTI T
PPLVGISHTVIXIEQMATAK:
HPLISEARGOALOPSV Y VLPPSRLULSKN IV SLELIKBEPDISVEWOSHGOULPESK Y

YRVYSVEPIGIIODWEEGKQTTOKVINRALD

RIIPOLDEDIS VEL YERL SVDKSRWGR G AVKHEALEN VIGESLSHSIG (SEND

N E)

FYNGHT CGSHT VAT AT VCGFRGRFY TIPTGGGRRRGIVEGCCTSICST Ve

FYEGHGOA
FNSHTVTGR
ISRARGTA
YT PSREFT SKNTVST T2 3 SCRTTFPQITENGSY

GGGODCPROPAPTVL GGPSYHITPRRPRITT T TARTERY TV YL DRSPS
OMOTAE

VRV SVLEIGHODWLK G TCEVANKAL

RESVIRSRWORGDTHCAVVITALINTTYTOT STSSPG (310 T N0: 7

Table 11: %hom odimer, homodimer titers, and IR 1C50 values for various SEQ ID NOs.
SEQID NO: HEK Homodimer titer (mgil) §IR1C50 (ni)
SEQID NG, 68 (not daimed) B 5000
SEQID NO. 76 (not claimed) B 5000
SEQID NO. 86 (not claimed) T 281

[0158] The two insuln-Fe fusion proteins were manufactured in HEK293 cells according to Exarnple 1 and purified using a Protein A column according to Example 3. Their structures were cofirmed according to Example 4 by norreducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan
rermoval according to Example 5. Their %homodimer content was measured by size-exclusion chromatography according to Example B, and their insulin receptor binding afinties were measured according to Example 7. The incorporation of a langer peptide linker of different composition (GGGEGAGGEGAGEECAGEEEE
for SEQ ID NO: 85 vs. GGGGAGGGG for SEQ ID NO: 66 did improve the insulin receptor binding as measured by a signficant reduction in the 150 value, indicating that langer linkers may be a strategy for increasing insulin receptor binding for other insulin-Fe fusion proteins. However, the incorporation of a longer linker il
did not improve the homodimer titers to above the manufacturing design goal of greater than 50 mgiL

Example 29: Attenpts to Delete Portions of the B-chain of the Insuiin Polypeptide of SEQ ID NO: 125 to improve the Homodimer Titer of the Associated insulin-F¢ Fusion Proteir ini Canine IgGB Fc Fragment

[0159] The results from Exarple 28 demanstrate that the peptide linker can be modified to increase the insulin rece ptor binding affinity of the insuin-Fc fusion protein of SEQ 1D NO: 66, which contains the native B10 and A8 armino acids. However, the peptide linker mutation failed to increase the homo dirmer tier enaugh to
meet the manufacturing design goal. Because the homodimer titer is a function of several properties, including the intracellular synthesis and processing within cells, it was hypothesized that perhaps the insulin-Fe molecule was self-associating (i., aggregating) during and after synthesis either intramoleculaly between the
two monormers of the homodimer o intermolecularly between two or more separate homodimers. This aggregation would lead to unacceptably low homadimer titers obtained from the cell culture supematants during the production process described in Exarnples 1,3, and 6. This potential interaction between the insuli-F
fusion protein molecules could be due, in part, to insulin's well-known propensity to self-associate and form aggregates. One method known in the art to reduce the propensity for insulin to sef-associate involves mutating the amino acids near the C-terminus of the B-chain. For example, insulin lispro (E26K; E29P mutations)
and insulin aspart (E28D mutation) are welk known cormrmercial two-chain insulins with non-native B-chain mutations that prevent association and aggregation thus giing rise to a predorninantly monomeric form of insulin in solution. Another approach to prevent aggregation involves amino acid structural deletions. For exarple,
& two-chain insulin known s despentapeptide insulin (DPPI; see Erange .., Dodson G.G., Edwards J., Holden PH., Whittingharn J.L. 1987b. *A model of insuln fibrils derived from the x-ray crystal structure of a monomeric insulin (de spentapeptide insulin)” Proteins 27 507-516), is identical to native two-chain human insulin
except that the five C-terrinal amino acids of the B-chain (YTPKT) are removed. DPPI has a lower binding affinity to the insulin receptor as cormpared to the native two-chain human insulin, but it is completely monomeric in solution, meaning that there is no significant association o aggregation between DPFI molecules.
Therefore, in an attempt to decrease the potential for ntramolecular and intermolecular seff-association and improve the insuliv-Fc fusion protein homodimer titer, several variants of the insulin-Fc fusion protein of SEQ D NO: 66 were constructed using partial B-chain amino acid truncation and B-chain amino acid mutations as
described above for DPP, insulin lispro, and insulin aspart. The sequences are shown belowwith the resulting sequence algnments against SEQ 1D NO: 66 shown in Fig. 15 (Clustal Ormega)
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Table 12 %homodimer, homodimer titers, and IR IC50 values for various SEQ ID NOs.
SEQID NO: (Homodimer HEK Homodimer titer (mgil) §IR1C50 (nM)
SEQ D NO. 66 (not claimed, 55,05 21 5000
SEQ D NO. 82 (not claimed, ED 43 7375
SEQID NO: 88 (not laimed 45 4% 2 2145
SEQ D NO. 84 (not dlaimed 95 6% 533 7830

[0160] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A colurnn according to Example 3. Their structures were confirmed according to Example 4 by norreducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan
rermoval according to Example 5. Their S6hormodimer content was measured by size-exclusion chromatography according to Example B, and their insulin rece ptor binding affinities were measured according to Exarple 7. The homodimer titer of the resulting cormpounds was only significantly increased in one case (SEQ 1D NO!
62), but unexpectedly, the insulin receptor affinity was improved for all of the rmutated compounds (SEQ 1D NOs: 82,88, and 64).

Example 30: Attenpts to Combine B-chain, C-chain, and. ir ions, B-chain Truncation, and Li ions to the Insulin-Fc Fusion Protein of SEQ IDNO: 66 to Homodimer Titer and Bic

[0161] As shown in Examples 28,2726, and 29, no single strategy successfully incorporated an insulin polypeptide cormprising the non-irmmunogenic native B10 and A8 amino acids with the canine I§GB Fe fragment to form an insuln-Fc fusion protein with acceptable insulin receptor activity and homodimer titer. Therefore,
the concepts of a longer C-chain, a longer peptide linker, and truncation of the C-terminal amino acids of the B-chain were combined. In addiion, to potentially further decrease the propensity for sef-association and aggregation, aditional point mutations were ntroduced to the native insulin hydrophobic armino acid residue
sites using less hydrophobic amino acids, including those with side groups that are negaticely or positively charged at physiological pH. Example mutations included tyrosine to alanine, tyrosine to glutamic acid, isoleucine to threonine, and phenylalanine to histidine. Futthermore, to simplify the analysis, in all cases the cNg site

of the canine 1gGB F fragment was restored to its native asparagine. The se quen ces for these insulin-Fc fusion protein variants are shown below with the resulting sequence alignments against SEQ ID NO: 66 shown in Fig. 16 (Clustal Omega)
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Table 13: %homodimer, homodimer titers, and IR IC50 values for various SEG ID NOs.

SEQID NO: %Hom odimer THEK homodimer titer (mgiL)

SEQID NO. 66 (not dlaimed 56 0% 121

SEQID NO. 60 (not daimed a7 8% 169

SEQID NO. 62 (not daimed G3.5% 01

SEQID NO. 34 (not daimed G3.1% 07

SEQID NO: 4 (nat dlaimed G5.7% 38

SEQID NO: 32 (not claimed, 85.4% 87

[0162] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A colurnn according to Example 3. Their structures were confirmed according to Example 4 by norreducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan
removal according to Example 5. Their %homodimer content was mea sured by size-exclusion chromatography according to Exarnple 6, and their insulin receptor binding affinties were measured according to Example 7. The results showthat a combination of decreasing the hydrophobicity of certain B-chain and A-chain armino
acids, using langer and more flexble C-peptide sequences, truncating several C-terminal B-chain amino acids, and using a longer peptide linker resulted in several useful insulin-Fe fusion proteins that meet the minimurm homodimer titer and insulin receptor binding activity design criteria. SEQ 1D NOs: 92, 34,32, and 94
(3684), (366). (216d). and (375d) showed more preferable insulin receptor IC50 values (less than 3000 ) and more preferable HEK homodimer titer values (greater than 100 mg/L) than either SEQ 1D NO: 66 or SEQ ID NO: 90. Surprisingly, changing just a few amino acids leads to a multfold improvernent in insulin
receptor affiity, and, in the case of the insulin-Fc fusion protein of SEQ ID NO: 32 a dramatic increase in homodimer titer over the original insulin-F.c fusion protein of SEQ ID NO: 66

Example 31: in Vivo Bioactivity, Re :d Dose Bioactivity, and. icity of Insulin-Fc Fusion Proteins fromthe in Polypeptide of SEQ ID NO: 7. the Peptide Linker of SEQ ID NO: 14, and the Canine faGB Fc Fragment of SEQID NO: 16

[0163] Given the positive homodimer titer and insulin receptor binding activity resuts from Example 30, two of the most prormising insulin-F ¢ fusion proteins (SEQ ID NOs: 32 and 34) were tested in dogs to evaluate the repeated dose bioactiviy and immunogenicity Each compound corprises the longer, more hydrophiic
pepide linker of SEQ ID NO: 14 and the more manufacturable, less aggregated canine 1gGB Fc fragment of SEQ 1D NO: 16. Most importantly, both insulin-Fc fusion proteins comprise insulin polypeptides with the putatively less immunogenic native B10 and A8 amino acids (ie. general SEQ 1D NO: 7). In the case of the insulin-
Fe fusion protein of SEQ ID NO: 34, the asparagine at postion A21 is present (ie. the insulin polype ptide comprises SEQ 1D NO: ). In the case of the insulin-F ¢ fusion protein of SEQ 1D NO: 32, the asparagine at postion A21 is absent (ie. the insulin polypeptide comprises SEQ 1D NO: 8)

[0164] The in vivo bioactirty of the insulin-Fc fusion protein of SEQ 1D NO: 34 was tested in N=1 dog according to the procedure of Exarple 10. The resutts shown in FIG. 17 for a single subcutaneous dose dermonstrate that the insulin-Fc fusion protein of SEQ 1D NO: 34 s indeed bioactive in viro with an NAOC of 1076
SFBGL-days-ky/ng calculated according to the procedure in Example 11, The insulin-Fc fusion protein of SEQ 1D NO: 34 pharmacokinetic profile was me asured by the method of Example 12 using ELISA, and a two-compartment model was fit to the data to determine its efimination half-ife which was 3.5 days.

[0165] The repeated dose bioactivity was then evaluated by continuing to subeutan eously administer the insulin-F¢ fusion protein of SEQ ID NO: 34 to N=1 dog on day 14, day 28, and day 42 after the inifial injection according to the procedure of Example 8. When the dog's FEGL dropped the dog was given food to raise the
blood glucose to a safe level. The NAOC and NAOCR were measured for each subsequent dose according to the general procedure of Exarmple 11, calculated from the time the dose was administered unti just before the next dose was administered. The NAOC and the NAOCR shown in Table 14 illustrate that the insulin-Fc
fusion protein of SEQ D NO: 34 maintains an NAOCR greater than 0.6 through out the four doses thus meeting the repeated dose bioactvity de sign goal.

Table: 14 NAOC per dose for repeated doses of SEQ ID NO: 34 (nof claimed)
injestionit Day INAOC (%r BOL dayskgimg) NAGCR

i 0 1078 0

3 i 7005 05

3 75 500 08

] 42 535 08

[0166] The immunogenicity of the insulin-F ¢ fusion protein of SEQ ID NO: 34 was tested according to the procedure of Example 13. FIG. 18 demonstrates that the insulin-Fc fusion protein of SEQ ID NO: 34 exhibits no appaent immunogerichty in vivo in agreement with the maintenance of in vivo bioactivity throughout the
repeated dose experiment

[0167] The insulin-Fe fusion protein of SEQ 1D NO: 32, with the asparagine at A21 of the insulin polypeptide chain absent, was also evaluated for repeated dose bioactivity performance in dogs. The compound was adrministered subcutaneously to N=1 dog on day 0, day 14, day 28, and on day 42 according to the procedure of
Example 11, When the dog's %F BGL dropped too low, the dog was given food to raise the blood glucose to a safe level. The NAOC for the firstinjection was an impressive 2278 %FBGL-days-kyfimg, showing that the insuin-Fc fusion protein of SEQ ID NO: 32 was satisfactorily bioactive in vivo at almost twice the potency of the
insulin-Fe fusion protein of SEQ 1D NO: 34. The pharmacokinetic profile of the insulin-Fe fusion protein was measured by the method of Exarmple 12 using ELISA, and a two- compartment model was fit to the data to determine its elimination half Ife which was 4.1 07 days. Figs. 19 and 20 show the single dose blood glucose
control and the mukidose, mukiweek blood glucose control for animals receiving the homodimer of SEQ ID NO: 32. The NAOC and NAOCR were also measured for each subsequent dose according to the general procedure of Example 11, calculated from the time the dose was administered unti just before the next dose was
adrinistered. The NAOC and the NAOCR shown in Table 15 ilustrate that the insulin-Fc fusion protein of SEQ D NO: 32 maintains an NAOCR greater than or equalto 1.0 throughout the four doses thus meeting the repeated dose bioactivity design goal descrbed in Example 16

[0168] The immunogenicity of the insulin-F c fusion protein of SEQ ID NO: 32 was tested according to the procedure of Example 13. FIG. 21 demonstrates that the insulin-Fc fusion protein of SEQ ID NO: 32 exhibits no apparent immunogericity in vivo in agreement with the maintenance of in vivo bioactivity throughout the
repeated dose experiment

Table 15: NAOC per dose for repeated doses of SEQ ID NO: 32 (not claimed)
injectiont Day NAOC (4FBGL-days-kgimg) NAGCR

0 7278 i

7 i 025 K]

El ] 3450 i3

) ] 3357 T4

[0169] As discussed in the Detailed Description of the invention, a known enzymatic cleayvage site exists between asparagine-glycine bonds (Miasak, J., lonescu, R., (2011) MAbs Vbl 3, No. 3 pp 253-263). Ormitting the asparagine at the 21t amino acid in the Achain (ie., A21) in the insulin polypeptide of SEQ ID NO: 8
contained in the insulin-Fc fusion protein of SEQ 1D NO: 32 with the pepide linker of SEQ ID NO: 14, eliminates the possitilty of enzymatic cleavage of the asparagine-glycine bond between the C-terminus of the A-chain and the N-terrminus of the peptide linker. However, the insulin-Fc fusion protein of SEQ 1D NO: 34
comptises the peptide linker of SEQ 1D NO: 14 and the insulin polypeptide of SEQ 1D NO: 8, which keeps the asparagine atA21. Therefore, t would have been expe cted that the insulin-Fe fusion protein of SEQ ID NO: 34 would have be en enzymatically digested during synthesis or in vivo following subcutaneous adrministration
However, rather unexpectedly the insulin-F ¢ fusion protein of SEQ 1D NO: 34 was manufacturable in HEK cells with an acceptable homodimer fiter and demonstrated acceptable bioactivity in vivo with no signs of enzymatic digestion comprormising its bioactivity.

Example 32: Confinmation of the Canine IgGE i i i in Vivo Efficacy of Insulin-F¢ Eus ion Proteins Comprising the Preferred ins ulin Polypeptide of SEQ ID NO: § and the Preferred Peptide Linker of SEQ IDNQ: 14

[0170] Having discovered a new insulin polypeptide and peptide linker combination resulting in non-immunogenic, high yielding. high purty, and highly bioactive insulin-Fc fusion proteins as described in Examples 30 and 31, a question remained a5 to whether the canine IgGB Fc fragment was sl the preferred isotype with
respect to homodimer tier and bioactivity as was the case for the insulin-F fusion proteins in Exarmples 19 and 20. Therefore, additional insulin-Fc fusion proteins were designed wherein the insulin polype ptide (SEQ ID NO: 8) and peptide linker (SEQ 1D NO: 14) of the insulin-Fc fusion protein of SEQ ID NO: 32 were kept

d the canine I9GB F¢ fragme D NO: 16 was replaced by the canine IgGA Fe fragment of SEQ 1D NO: 15, the canine 1gGC Fe fragment of SEQ IDNO: 17, or the canine IgGD Fe fragment of SEQ D NO: 18. The sequences for these resuting insulin-Fe fusion protein variants are shown below:
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AKLQIKE] VSV LHEHQUWLAGK K CRY NHIGLISPER
VILPPSPKELSSSITYTLTCLIRDPTPPRIDYEWQSNGOPTIFSKYITITA
HSPG 50 13 N0

TISKARGQAIQRS”
POLDRDGSYH Y SKUSVBKSIWQOUNIFICAVMHKAL QUHY D)

1)

[0171] The insulin-F ¢ fusion proteins were manufactured in HEK293 cells according to Exarmple 1 and purfied using a Protein Aor Protein G columns according to Example 3. Their structures were confirmed according to Example 4 by norv-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS
with glycan removal according to Exarnple 5. Their homodimer content was measured by size-exclusion chromatography according to Example B, and their insulin receptor binding affiities were measured according to Exarmple 7. Additionally the insulin-Fe fusion protein ffinties for the canine FeRn receptor were me asured
according to Example B. As is shown in Table 16, the insulin-Fc fusion protein of SEQ 1D NO: 32 comprising the canine 19GB Ft fragment demonstrated the highest homodimer titer of these sequences, The insulin-Fe fusion protein of SEQ ID NO: 98 comprising the canine lyGAFe fragment exhibited poor homodimer titer when
purified using a Protein A colurmn; however, when it purfied using a Protein G column, the homodimer titer was significantly improved, exceeding the design goal of greater than 50 m/L. The same was true for the insuin-Fc fusion protein of SEQ ID NO: 98 comprising the canine 1gGC Fc fragment. The insulin-Fe fusion protein
of SEQ 1D NO: 100 comprising the canine IgGD Fe fragment did not yield any cormpound when purified with either & Protein Aor a Protein G column. Therefore, as was demonstrated with the insulin-F ¢ fusion protein of SEQ ID NO: 52 containing a diferent insulin polypeptide (SEQ ID NO: 5 and peptide linker (SEQ 1D NO: 12),
the canine IgGBwas the preferred Fe fragment with respect to homodimer titer (see Example 1),

DNM = did not measure; #= purified via Protein A; ¥ = purified by Protein G

Table 16: Homodimer titers, IR binding, and FoRn binding for s equences utilizing native canine IgGA, IgGB, [gGC, and IgGD F¢ fragments
B 1B NG: Fo Frag ment IgG Isoty {Protein Yieid Protein A / (Protein G) %Homodimer Protein A 1 (Protein G) Homodimer Titer (mgiL) § IR Bindin g, IC50 ("M) | FoRn Binding, EC80 (ngimi) { _ First dose NAOC (%FEG L-
pe (m days-kgl mg)
“SEQIDNG: 32 (not daimed) J19GE 1871 (DNM) 8% 7 (DNM) 185 7338 595} 7578
"SEQ DN 58 (not damed) JigoA 07 (89 459 7 (B1%) ot praves 810 174
" SEQ 1D NG: 88 (not claimed) {1900 07(86) 0%/ (34%) LI o084t 300000 38
SEGDNO. 100 (not damed) 1960 07(0) (DY (D) 0 B EH DM

[0172] The in vivo bioactivity of the insulin-Fc fusion protein of SEQ 1D NO: 95 comprising the canine IgGAF ¢ fragment that was purfied via Protein G was tested according to the procedure of Example 10. The results ilustrated in FIG. 22 show that the insulin-Fc fusion protein of SEQ ID NO: 96 is only somewhat bioactive in
viv with & NAOC of only 174 %FBGL-daysky/mg calculated according to Exarple 11

[0173] The in vivo bioactivity of the insuliv-Fc fusion protein of SEQ ID NO: 98 comprising the canine IgGC Fe fragment was purifisd via Protein G tested according to the procedure of Example 10
The results ilustrated in FIG. 23 show that the insulin-Fe fusion protein of SEQ 1D NO: 98 is only somewhat bioactive in vivo with a NAOC of only 39 %FBGL-days-ky/mg calculated according to Exarple 11

[0174] Therefore, as was demon strated with the insulin-F ¢ fusion protein of SEQ 1D NO: 52 containing  different insulin polypeptide (SEQ ID NO: 5) and peptide finker (SEQ ID NO: 12),the canine IgG8 was the preferred Fc fragment with re spect to bioactivity (see Exarnples 19 and 20 and Table 16 above).

ial.

Example 33: Ins ulin-Fe fusic ir st in Polypeptide of SEQ IDNO: 8. the Peptide Linker of SEQ ID NO: 14, and the Canine [gGB Fc Fragment to Reduce the Pc

[0175] While the insuin-Fc fusion protein of SEQ 1D NO: 32 meets all of the design goals (Exarnple 16), there may or may not be a risk of immunogenicity over extended periods of treatment (e.9.,5 months, 1 year, 2 years o more) which could compromise the use of this insulin-Fc fusion protein for treating diabetes should
this occur. As deseribed in the Detailed Description of the Invention and in Examples 21 and 22, one possible cause of a reduction in bioactivity after repeated doses is the unwanted interaction of the canine 19GB Fe fragment with the dog's immune system resuling in the production of neutralizing antidrug antibodies.
However, the results shown in Example 32 demonstrate that unexpectedly, the canine IgGB isotype was the only option of the four canine IG isotypes that yieked the desired manufacturabilty and bioactivity. Therefore, further Fe mutations were explored to achieve non-glycosylated insulin-Fe fusion proteins with low

Fe(gamma)RI receptor binding, which should reduce the long-term, chronic immuno genicty risk.

[0176] As described in the Detailed Description of the Invention, one methad for reducing the Fe(gamma)RI interaction involres mutating the Fc fragment cNg site to prevent glycosylation during syithesis in the host cell. Therefore, cig ste mutations were made to the F cfragment region of SEQ ID NO: 32 to reduce the
binding affnity of the Fc fragment for Fe(gamma) receptors in vio, as measured by binding in n in vitro human Fe(gamma)R| assay described in Example 8. The position of the cNg ste in the insuli-Fc fusion protein of SEQ 1D NO: 32 is cNg-NB151. Mutations to SEQ ID NO: 32 included SEQ 1D NO: 104 comprising a chg-
NB151-5 mutation and SEQ 1D NO: 102 cornprising the same cNg-NB11-5 mutation as well as a NE113-Amutation. The NB118-Awas incorporated in a further atiempt to reduce the interaction with Fe(gamma)RI as has been described only for use in mouse antibodies by Lo, M. et al. "Effector attenuating substitutions that
maintain antibody stabilty and reduce toxicity in mice”. J. Biol, Chem. (2017), pp. 1-20. The full amino acid sequences of the resuing insulin-Fc fusion proteins are listed below (NE119 and NB151 sites underlined for clarity) along with their sequence alignments (Clustal Omega) which are shown in Fig. 24:
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[0177] The insulin-Fe fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A colurnn according to Example 3. Their structures were confirmed according to Example 4 by norreducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan
reroval according to Exarnple 5. Their Sehomadimer content was measured by size-exclusion chromatography according to Example 6, and their insulin rece ptor binding affinities were measured according to Example 7. As shown in Table 17, incorporating the cNg-NB151-5 mutations on the Fc fragment decreased the

Sehomodimer, indicating an unacceptably high level of aggregation (Le., the %homadimer dropped to just above 70%)

Table 17: Homodimer titers for non-glycosylated insulin-F fusion proteins of SEQ ID NO: 102 and 104
SEQID NO: IgG Fragment Relevant Mutations Protein Yield (mgiL) {¥Hom odimer iHom odimer Titer (mgiL) IR Binding, 1C50 (ni)
SEQID NG, 52 (not daimed) 0GB CNg-NB- 157N 87 D 15
SEGID NO, 103 (ot clamed) 1GE oNg-NB- 1515, NB115A a 7% 157
SEQID NO: 104 (not dlairmed) 0GB oNg-NB151-5 a0 1% 133

[0178] The in vivo bioactivity of the insulin-F ¢ fusion proteins of SEQ 1D NO: 102 and SEQ 1D NO: 104 were tested in N=1 dog each according to the procedure of Example 10. The resuks shown in FIG. 25 for a single subcutaneous dose demonstrate that both compounds were significantly less bioactire in vivo than the insulin-
Fe fusion protein of SEQ 1D NO: 32 (NAOC for SEQ 1D NO: 104 = 574 %FBGL days ky/mg; NAOC for SEQ 1D NO: 102 = 821 %FBGL days-kying). The results indicate that incorporating cNg-NB151-S mutations on the Fc fragment to produce nor-glycosylated versions of the insulin-Fc fusion protein of SEQ ID NO: 32

unexpe ctedly decreased the in vivo bioactivity of the resulting compounds

[0179] In an atterpt to lessen the degree of aggregation and improve the bioactivity of the insulin-Fc fusion protein of SEQ 1D NO: 104 cortaining the cNg-NB151-5 ste mutation, various insulin-polypeptide Bchain variants were investigate d with mutations in the region thought to be responsible for aggregation. The insuln-F o
fusion proteins were manufactured in HEK293 cells according to Exarnple 1 and purified using a Protein A column according to Exarmple 3. Their structures were confirmed according to Example 4 by nor-reducing and reducing CE-SDS, and the sequences were futther identied by LC-MS with glycan removal according to
Example 5. Their %homodimer content was measured by size-exclusion chrormatography according to Exarmple B. Among the B-chain variants tested, one insuin Fe-fusion protein (SEQ 1D NO: 36) containing a tyrosine to alanine substitution at the 16 amino acid from the N-terminus of the B-chain (i, B16) was une xpectedly
found to have high hormodimer tiers (105 mg/L) with low aggregation (99% homodimer), resulting in a homodimer tier of 104 mgiL. The insuin rece ptor binding measured according to Example 7 was acceptable with an 1C50 of 2040 n. The FeRn receptor binding affinity ECAD value measured according to Example 9 was
1134 ng/mL The pharmacakinetic profie of the insulin-F ¢ fusion protein of SEQ 1D NO: 36 was measuted by the method of Example 12 using ELISA, and a two-comp artment model was fit o the data to determine its elimination hal-Ife which was 4.1 407 days. The sequence of SEQ ID NO: 36 is shown below (8164 and eNg-

NB151-S mutations underlined for clarity)
TUNQIT CGSTIT VT AT AT VCGTR G VGO IGGSGHGGOTVTOCC TSTC ST DQTENY (GRG0

0 KUPAPRMI GEPS LIARTPENTCYYYDLDPH
DREVQISWIVIGKOMG AK IGPRHHOFSCY RV YSYTFIGHQDW KGKQFTCKYRKALES
PIERTISK PPSREELSKNTYSLTCL)

TTPPQIDRRGSVFLYSKI S THE AT HXHY QRS

NO:36)

[0180] The insulin-Fe fusion protein of SEQ ID NO: 36 wasthen evaluated for repeated dose bioactivity performance in dogs. The cormpound was administered subcutaneously to N=1 dog on day 0, day 7, day 14, and on day 28 according to the procedure of Example 11. When the dog's %FBGL dropped too low, the dog was
given food to raise the blaod glucose to a safe level. Unexpectedly, compared to the insulin-F ¢ fusion protein of SEQ D NO: 104, the NAOC for the first njection of the insulin-Fc fusion protein of SEQ 1D NO: 36 containing the Bl 6A mutation, was significantly higher (1185 %FBGLdays-kyhng). The first dose in vivo bioactivity
plot is shown in Fig. 26. The pharmacokinetic profle of the cornpound was also measured by the method of Example 12 using ELISA, and a two-compartment model was fit o the data to determine its elimination half ife which was 3 5 days. The NAOC and NAOCR were also measued for each subsequent dose according to
the general procedure of Example 11, calculated from the time the dose was administered unti just before the next dose was administered. The NAOC and the NAOCR shown in Table 18 illustrate that the insulin-F ¢ fusion protein of SEQ ID NO: 36 maintains an NAOCR greater than o equal to D6 throughout the four doses
thus meeting the repeated dose bioactivty design goal Taken together, the resuts indicate that t was necessary to mutate the insulin B-chain sequence to obtain a suitable, non-glycosylated cNg-5 variant of SEQ ID NO: 32. Therefore, the insulin polypeptide of SEQ ID NO: 11 was preferred for non-glycosylated insulin-Fc.

fusion proteins comprising ey mutated canine 19GB Fe fragments

Table 18: NAOC per dose for repeated doses of SEQ ID NO: 36
injectiont Day INAGC (4FBOGL-days kgimg) NAGCR

0 11185 10

2 i 1854 08

3 14 Rl 05

4 28 1991 05

[0181] Finally, select cormpounds were tested for their like ihood to interact with the immune system by me asuring their Fe(gamma) receptor binding activity according to the procedure of Example 8. Table 19 compares the Fe(garmma) receptor | binding of these insun-Fc fusion proteins with the Fe(garmma) receptor binding of
the insulin-Fc fusion protein of SEQ 1D NO: 52. It can be seen that the non-glycosylated insulin-Fc fusion proteins (achieved through a cNg-S rmutation) exhibited the lowest Fo(gamma) receptor binding ratio to SEQ IDNO: 52

Table 19: Fe(gamma) receptor binding for oNg variations of SEQ ID NO: 52

SEQ D NO: Species 1 Fo Isotype Giy cosylatio n Mutation GD450nm at a Fo{gamma)R] concentration of 3000 (ngmL) GD450nm Minus Assay Backgroun d Rafio to SEQ D NO: 52
SEGIDNO. 52 (not claimed) Canine /1968 Naive clg 0428 0571 00

SEGID NO. 32 (ot claimed) Canine /1908 Naive cg 0368 0311 054

SEGIDNO. 86 (not caimed) Canine /19GA Naiive cg 0253 07188 053

SEGIDNO. 104 (not claimed) Canine /1968 NgS 0175 0118 032

SEQIDNO. 102 (ot claimed) Canine /1908 Ng.0 and NB 1104 07168 07100 070

SEQID NO: 36 Canine 11908 chg-5 and B164 0177 0170 037

Example 24: Exemplary Based, i Using Preferred Insulin-Fc e ising Fc Fragments of Canine IgGB Origin Made via Stably Transfected CHO CellLines

[0182] Separate CHO celllines stably transfected with vectors encoding for SEQ 1D NO: 32, or SEQ ID NO: 36 were constructed as described in Exarple 2. Fed-batch shake flask 14-day production runs (1.5-2.0 L media scale) were seeded at0.5 rmillon cellshnl in an incubator-shaker set at 37°C and 5% carbon dioxide, and
the runs were conducted as described in Exarnple 2 above, except that CD OpiCHO was substtuted for Dynamis as the growth media (ThermoFisher) and Effiient Feed C (ThermoFisher) was used as the feed. Feed was added at 3% v starting on production run day 3, and on day 4, the shake-flask temperature was
adjusted to 32°C and the incubator-shaker carbon dioxide concentration was lowered from 5% to 2% Dufing the run, the cells increased to between 814 million cellstL, and on Day 14 the production run was harvested to remove the cells and the culture supernatant was purfied and tested to obtain the insun-Fc fusion

rotein as described in Examples 3,4, 5, and B. Table 20 describes the manufacturing data obtained from the production runs with stably transfected CHO cell lines.
Table 20: Homodimer titers for non-glycosylated insulin-F.< fusion proteins of SEQ ID NO: 32 and SEQ ID NO: 36
N SEQ D NO: {Protein Yield (mgiL) {%Homodimer JHomodimer Titer (mgiL)
SEQIDNO: 32 (not claimet) 1485 199.3% 1482
SEQIDNO 36 {250 199.0% {257
Example 35: Exemplary Based ic Using Preferred Insulin-Fc Fusion Proteins Ce ising Fc Fragments of Canine IqGB Origin Made via Stabk Transfected CHO CellLines

[0183] A CHO cellline stably transfected with ve ctors encoding for SEQ 1D NO: 34 (not part of the invention) is constructed as described in Example 2. Fed-batch shake flask 14-day production runs (0.5-2.0 L media scale) is seeded at D5 millon cellsiL in an incubator-shaker set at 37°C and 5% carbon dioxide, and the run is
conducted as described in Example 2, except that CD OptiCHO is substituted for Dynamis as the growth media (ThermoFisher) and Efficient Feed C (ThermoFisher) is used asthe feed. Feed is added at 3% v starting on production run day 3, and on day 4, the shake-flask termperature is adjusted to 32°C and the incubator-
shaker carbon dioxide concentration is lowered from 5% to 2% On Day 14, the production run s harvested to remove the cells, and the cuhure supernatant is purified and tested to obtain the insulin-F ¢ fusion protein as described in Example 3, 4,5, and B. The resuling production run gives a protein yield of greater than 200
L, greater than 95% homodimer, and greater than 190 mgAL homodimer titer of SEQ 1D NO: 34

RESULTS - INSULIN-FC FUSION PROTEINS COMPRISING A FELINE Fc FRAGIVENT

Example 36: An Insulin-Fc Fusion Protein Comprising an Fc Fragment of the Felir

[0184] To develop a product suitable for use in cats, an atte made to produce an insulin-Fc fusion protein comprising the insulin polyp eptide sequen ce of SEQ 1D NO: 4 and the Fe fragment of the feline 162 isotype (SEQ ID NO: 21) using the peptide linker of SEQ 1D NO: 13 with the following amino acid sequence:
FUNGH: CGSMLVPAT g W FNVENGAGG

NTVCGRRGEPY THPTGAOTRR ST OCCHATCS
E c T ISR TPV TCT Y VI GPEDSN V) ¥
EALHLAL LKPREEOFUSTYRY VS VLULHODWLKGKEEKCLYN SLOLPSAMER 0
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[0185] The insulin-Fe fusion protein of SEQ ID NO: 108 was synthesized in HEK cells according to Example 1 and purified according to Example 3. The structure of the insulin-Fc fusion protein was confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the sequence was further ide ntfied by LC-MS with
glycan removal according to Example 5. The Sehomadimer of the resubing compound, measured by size-exclusion chromatography according to Example B, was 83%. The resulting homodimer titer was only 20 mg/L, which re sulted from the inabilty for the HEK cells to make the product in high yield (ie., the protein yield after
Protein a purfication was only 23 mgiL). In summary, manufacturing of the insulinF¢ fusion protein of SEQ ID NO: 108 in HEK cels resuked in a moderate level of agaregates and a low homadimer titer of 20 mg/L, which did not meet the design goal of a homadimer titer of greater than 50 mgfL.

[0186] Nevertheless, the insulin-Fc fusion protein of SEQ 1D NO: 106 was evaluated for bioactivity. First, the insulin receptor binding of the insulin-F ¢ fusion protein of SEQ ID NO: 106 was measured according to Example 7., resuling in an IC50 value of 22 nM indicating that the cormpound i likely to be bioactive in vivo (ie.,
1C50 less than 5000 )

[0187] Next, the in vivo pharmacodynamics (PD) of the insulin-Fc fusion protein of SEQ 1D NO: 106 was measured after a single subcutaneous administration of the compound to N=3 cats ata dose of 0.8 mgkg according to Example 10. FIG. 27 shows the percent fasting blood glucose level for the insulin-Fc fusion protein of
SEQ NO: 105 (181c) as a function of time. The NAOC for the insulin-Fe fusion protein was calculated to be 215 %FBGL-days ky/mg according to the procedure of Example 11. Surprisingly, unlke the analogous insulin-Fe fusion protein for dogs of SEQ 1D NO: 42 comprising the insulin polypeptide of SEQ ID NO: 5 and the
pepide linker of SEQ 1D NO: 12, the insulin-Fe fusion protein for cats of SEQ NO: 106 was found to be much less aggregated and signficantly more bioactive in the target anial.

[0188] Since the NAOC was acceptable and the pharmacokinetic data was supportive of & once-weekly administration, the cats were given additional subcutaneous doses on day 28, day 35, day 42 and day 43 and the %FBGL was measured for the 7-day window after each dose according to Example 11. The NAOC and
NAOCR were calculated according to the procedure of Exarple 11 for each repeated subcutaneous injection. As ilustrated in Table 21, repeated subcutan eous dosing in cats revealed a signficant decay in bioactivity by the third dose as me asured by a significant decrease in the NAOCR (ie., the NAOC for the third injection
was only 0.40, or 40%, of the NAOC for the firstinjection, and the NAQC for the fourth injection was anly 0,10, or 10%, of the NAOC for the first injectior). The significant decay in bioactvty for the insulin-Fc fusion protein of SEQ 1D NO: 106 after repeated dosing in cats was similar to that observed for the insulin-F  fusion

rotein of SEQ 1D NO: 52 in dogs shown in Example 20.
Table 21: NAOC per dose for repeated doses of SEQ ID NO: 106 (not claim ed)
injectiond Day NAGC (%F BOL-day s kgimg) NAGCR
7 0 215 70
7 76 761 0.7
3 35 730 06
q 17 60 04
5 49 21 0.1
£ fe 37: Fvaluation of insulin Poly ide Mutations and the Choice of Felir on Protein Yield, Purity, and Insuli

[0189] In an atternpt to increase the %homodimer content and protein yield of the insulin-Fe fusion protein of SEQ 1D NO: 106, mutations were inserted into the sequences of the insulin polypeptide B-chain (.g., the BIBA mutation) and the peptide linker. Furthermore, the feline IgG1b Fc fragment (SEQ ID NO: 20) was

evaluated in adition to the felin ment (SEQ 1D NO: 21) that was used to construct the insulin-F.¢ fusion protein of SEQ ID NO: 106, The resulting insulin-Fc fusion protein sequences are shown below with the resuting sequence alignments against SEQ 1D NO: 105 shown in Fig. 26 (Clustal Ornega).
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[0190] The insulin-Fe fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A colurnn according to Example 3. Their structures were confirmed according to Example 4 by norreducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan
removal according to Example 5. Their %homodimer content was measured by size-exclusion chromatography according to Example B, and their insuin receptor binding affinities were measured according to Exarnple 7. The insulin-Fc fusion protein variants are listed in Table 22 along with the corresponding protein yields,
Sehomodimer, and hormo dimer tier. The results show that the various mutations, when combined with the feline 19G1b isotype Fe fragment to produce the insulin-Fe fusion protein of SEQ ID NO: 108, gave rise to a much igher protein yield, but the resulting protein was more aggregated (¢.g. lower Shomodimer than SEQ ID
NO: 10B). This was surprising as the feline 19G1h is more simiar in function to the canine 1gGB Fc fragment isotype, which was the highly preferred Foisotype for the production of canine insulin-Fc fusion proteins (Example 32). Of the mutated feline compositions containing the feline 19G2 isotype, the ones comprising B1EA
rutation of the insulin polypeptide B-chain (.., SEQ ID NO: 110 and SEQ ID NO: 112) led to improved protein yield and homodimer tiers. However, the mutated linker present in SEQ 1D NO: 110 (ie., GGGGAGGGG) seers to have provided a further doubling in protein yield and homodimer titer as compared to SEQ IDNO;

Tabia 22, Manufacturing and IR Binding fof insulin-Fe fusion proteins utilizing faline 1gG1b and IgGZ F o fragments
SEQID NO: 19 Fragment Protein Yield (mg/L) (Homodimer Homodim er Titer (mgiL) {IR Binding, (050 (nV)
SEQIDNG 106 (not clamed) 1662 7 hn% 20 22
SEQIDNG 108 (ot claimed) gGib 177 45 0% 52 62
SEQIDNO: 110 (not ciaimed) 962 122 55.7% 108 4
SEQID NO: 117 (not daimed) 1962 ] 80 4% 51 53
E Je 38: in Vi icit reening Doses of the Insulin-Fc Fusion Protein Comprising the Insulin Polypeptide of SEQ ID NO: 4 with a Feline IgG2 I Fc Fragment

[0191] Without being bound to any particular explanation, it was postulated that the cause of the significant reduction in bioactiity of the insulin-Fc fusion protein of SEQ 1D NO: 10 after the fourth repeated subcutaneous dose in cats (Example 38) was due to the development of anti-drug antibodies that neutralized its
biological activity Anti-drug antibodies may be directed against the insuin polypeptide, linker, or Fo-fragment portions of an insulin-Fc fusion protein. The immunogenic response manifests as interactions between antigen presenting cels, T-helper cells, B-cells, and their associated cylokines, which may lead to the production of
endogenous antibodies against the drug (e.g. anti-drug antibodies). Binding antibodies are all isotypes capable of binding the insulin-Fc fusion protein, and these may be detected in an immunoassay as de scribed in Example 14. Neutralizing antibodie s that inhibit fnctional activity of the insulin-Fc fusion protein are generally
directed against a biologically active ste. To assess whether this wasthe case, serum that was collected prior to the administration of each dose and at the end of the experiment described in Exarple 11 was tested to quantiy the levels of anti-drug antibodies according to Exarnple 14. As shown in FIG. 23, levels of anti-drug
antibodies did indeed increase with mutiple subcutaneous administrations of the compound, indicating that the generation of ne utralizing anti-drug antibodies was the liely cause for the reduction in the NAOCR after the fourth injection of the insulin F-fusion protein of SEQ 1D NO: 106

Example X

creening of Feli ining Anti-Drug Antibodies and Identificati i i at the BI0D and. ositions of the insulin Polypeptide

[0192] A5 was observed for SEQ ID NO: 52 n dogs (Example 20), the repeated dose bioactivity of the insulin-fusion protein of SEQ 1D NO: 108 comprising the insulin polyp eptide of SEQ 1D NO: 4 and the peptide linker of SEQ 1D NO: 13 stil gave rise to anti drug antibodies (Example 38). Itwas hypothesized, therefore, that the
insulin polyp eptide of SEQ 1D NO: 4 may unexpectedly contain specific epitopes (L., immunogenic *hot spots”) against which a cat's immune system is directed. Therefore, the binding specificty of the antibodies present in the serum samples described in Example 38 were evaluated according to the general procedure of
Example 15. The analysis of the antibody-containing feline serum samples from the repeated dosing of the insulin-Fe fusion protein of SEQ 1D NO: 106 (Example 38) against the coated insulin-Fe fusion protein fbrary demonstrated that there were unexpectedly two primary "hot spots” present within the insulin polype ptide
sequence of SEQ ID NO: 4: the 10D site mutation (ie., the aspartic acid mutation at the 10th position from the N-terrminus of the B-chain (ie., B10)), and, separately, the ABH site mutation (ie.,the histidine mutation t the Bth position from the N-terminal end of the Achain (ie.., A8)). The results suggest that insulin-Fc fusion
proteins comprising insulin polypeptide amino acid compositions containing these two particular amino acid mutations are likely to be immunogenic in cats and therefore likely to give rise anti-drug antibodies that neutralize the bioactivity after repeated injections. Therefore, it was determined that insulin polypeptides that do not
containthe B 10D and ABH are preferred for insulin-Fc fusion proteins that need to be repeatedly dosed in cats over long periods lang-term (e.g.,to treat feline diabetes)

Example 40: insulin-F¢ Fusion Proteins Comprising the Insulin Polypeptide of SEQ ID NO: 4 and d, Eeline [gG1h and IgG2 I Ec Fragments in Which the B10. A%, and Other Sites of the Insulin Polypeptids 1o Reduce the Potential

Risk of Immunogenicity

[0193] To evaluate whether replacing the "hot spot” mutations would improve the immunogenicity and repeated dose bioactiviy of insulin-Fc fusion proteins comprising the insulin polypeptide of SEQ 1D NO: 4 and the feline 1952 isotype fragment, exernplary insulin-F ¢ fusion proteins of SEQ ID NOs: 114, 116, and 118 were
synthesized in which the B10 and A8 amino acids of the insulin polypeptide were restored to their native histidine and alanine compositions, respectively, and the histidine at B15 was replaced with alanine (ie., BIGA) as was the case for the insulin polypeptide of SEQ 1D NO: 5 used for many of the canine insulin-Fc fusion
proteins. The A21N site of the native insulin was also deleted. For this example, other insulin polypeptide amino acids were mutated to make the structure more simiar to native feline insuln (e.g., E30A, A8A, A10Y, and A18H). The sequence of the resuting insulin polype ptide (SEQ 1D NO: 120) is listed below with the non-
native armino acids to feline insulin underlined

FVNGHLCGSHLVEAL ALVCGERGF FYTDPAGGGPRRGIVEQCCASVCSLYGLEHYC (SEQ 1D NO: 120)

[0194] Furthermore, given the addiional potential benefts of the non-glycosylated cNg mutants discussed in Examples 22 and 33, two of the evaluated insun-Fc fusion proteins (SEQ 1D NOs: 116 and 118) contain the eNg-S mutation. The entire amino acid sequen ces of the insulin-Fc fusion proteins are shown below with the

resulting sequence alianments against SEQ 1D NO: 108 shown in Fia, 30 (Clustal Omega).
FYRQHLCGSHLVEALALYCGERGEFY | DEAGUGPIIGIVEQUCASV CSLY QLEHYCGOOGA

JGGATGRKCPYRTIPGAPS LSISRTPEVTELYY I
MHTAK LRPREEQUNSTYR YV VLPILHOUW LKGKEFKC KVNSKSLPSAMERTISKAKGOPHE
POVYVLEPTQECLSENKY SVTCLIKGUPRDIAVEWEITGQTEFENN Y (TTPRQLDSDGTYILY
SRISYORSHWORGN 1 VICSVSHEAT HSHH IGKSCIOSP (SO 1) RO 111

FUNHI COSHI VEALALYCGRERGH Y TDRAGKGIRRGIVEOC CASYCS YOUEHYCGOGGA
CIVPEIGARS VLIFPKIK LS ISR TS TCLYY DLGEDDSN SN WL DN
T AKTRPRITQN
POV YYLPPIQEEL SENKYSVICLIKGEHPPDIAVEWELTGQUEPENNY G TPFQLUSDGTYELY
R TCSVSITTAT S 5STQNO: 1)

GOUGGLG!

TYRVVSVI PILTIORWI KGRTTRC KYNSKST PSAVITRTISKAKGOPITT.

PYRQIILCGSIILYEALALVCCERGRTVTOPAGGGIRRGIVEQCE:

GGG IPPEVILGGHS F PRI SISK TRy

YTAKTSPRECOTSSTYRYVSVLOILIODWLKGREFKCKVNSKSLPSICRT

YVLPPAGRFT SRRKVSVICT 1 DSDATYFI VSRI
YIGSVSHEALHSHRIOKSLIQSIG NO: 118

SVESLYQLE(YEGGGGA

LV ALGEIDSDVQIWEVDNTQY

[0195] The insulin-Fc fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A colurnn according to Example 3. Their structures were confirmed according to Example 4 by norreducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glycan
reroval according to Example 5. Their %homodimer content was measured by size-exclusion chromatography according to Exarple 6, and their insulin receptor binding affinities were measured according to Exarmple 7. Table 23 below illustrates the manufacturabilty and i vitro IR binding parameters for the resulting
compounds

Table 23; Manufactiring and IR Binding for insuiin-F¢ fusion proteins utilizing feiine lgG1b and igG2 F ¢ fragments }
SEQ D NO: IgG Fragment Protein Yield (mgiL) JHom odimer Homodimer Titer (mgil) IR Binding, 1C50 (M) }

SEGTDNO. 108 (not Claimet) 067D 127 {8 5% 53 62}

SEQID NG 118 (not diaimed) 196G 1h T8 57 5% 8 S50003

SEQID NO. 114 (not daimed) 1062 75 i"ns% 73 3480}

SEQID NO: 116 (not daimed) 1062 [ 0% [ 7074

[0196] Unexpectedly, all three insulin-Fe fusion proteins gave much lower protein vields compared to that of the insulin-F ¢ fusion protein of SEQ 1D NO: 108. In fact, akhough it had a sufficiently high insulin receptor binding affinity (IC50 of 707 i), the insulin-Fe fusion protein of SEQ ID NO: 116 gave almost no protein yield
The insulin-Fe fusion protein of SEQ 1D NO: 118 gave unacceptably low protein yield and homodimer tter and was deemed unikely to be bioactive in vivo due to its high IR binding IC50 value greater than 5000 M. The protein of SEQ 1D NO: 114 also gave an unacceptably low protein yield and a much lower insulin receptor
binding affinity (higher IR 1C50 value) compared to that of the insulin-Fe fusion protein of SEQ ID NO: 108

Exanple 41: Ar Insulin-Fc Fusi in Comprising the Insulin Polypeptide of SFQ ID NO: &, L inker of SEQ ID NO: 14 and a Foline [gG2 Ec Frgment

[0197] In an attempt to obtain an acceptable protein yield of an insulin-Fe fusion protein comprising an insulin polypeptide sequence without the immunogenic *hot spot” mutations (1., BIOD and ABH), learnings were obtained from the sinutaneous and parallel development of canine insulin-Fe fusion proteins that had shown
that the use of an insulin polypeptide of SEQ 1D NO: 8 and a peptide inker of SEQ ID NO: 14 on a canine IgGB isotype Fc fragment resuked in high protein and homodimer titers and acceptable IR binding affinty. Therefore, a feline insulin-Fe fusion protein was constructed using the insulin polypeptide of SEQ 1D NO: 8 and the
nepite linker of 820 1D NO. 14 0n 2 feline 1962 Fe frzament of 820 1D NO: 21 to produse the folowing sequence

PUNGHLCGEIL AL i <ar STOSLDOL NP
PPKPKOTLSISEIPLY FCLY VLG
COSKVGITITVENTIMIT AT TRPRE TYRVVSVLPILIOWLEGKEFKOKVSISL

MERTIS AKGOPHERQY Y Y1 LGERLSERKSSY 101 IKGEHIRDIAVEWET T GPETENNY
GTTRFQLRSDGT YL YSR1SYDRSIWGRGRTY TESVSHEALTIS I TRKS] T
e

The seaiienca alisnment nf SO 1N NO 199 anainst the Fxamale 37 seaiencas SO 1D NOs 116 and 117 are shawn in Fin 31 (Chistal Omena

820 {860 1T
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Table 24: Manufacturing and IR Binding fot insulin-Fc fusion proteins utilizing feline IgG1b and IgGZ F o fragments
SEQID NO: igG Fragment Protein Yield (mgiL) [Homodimer Homodimer Titer (mgiL) IR Binding, 1050 (nM)

SEQIDNG. 108 (not claimed) 1962 73 58.0% 20 32

SEQIDND. 117 (not daimed) 1962 Cl 504% 51 53

SEQIDNG: 123 (not claimed) 1962 46 99.0% 45 T53

[0198] The insulin-F c fusion protein of SEQ D NO: 122 was manufactured in HEK293 cells according to Exarnple 1 and purifisd using a Protein A column according to Exarnple 3. Their structures were confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-
MS with glycan removal according to Example 5. Their %homodimer content was measured by size-exclusion chromatography according to Example 6, and their insulin rece ptor binding affinities were measured according to Example 7. The FcRn receptor binding affinity was measured according to Exarmple 8. The protein
yield was 148 mg/L, and the %homo direr was determined to be 99%, resuting in a homodimer titer of 145 my/Lwhich meets the manufacturing design goal. The IR binding affinty 1C5D value was 2 535 nM indicating that the compound is ikely to be bioactive in vivo. The FcRn receptor binding affinity ECSD value was 314
nghnl. Therefore, the insulinFe fusion protein of SEQ ID NO: 122 was a potential candidate for further testing in viv

Exanple 42: In Vivo Bioactivity of an Insulin-F¢ Fusion Protein from the Insulin Polypeptide of SEQID NO: 8. the Peptide Linker of SEQ IDNO: 14, and the Feline 1qG2 Fc Fragment of SEQ IDNO: 21

[0199] The insulin-Fc fusion protein of SEQ 1D NO: 122 was tested for bioactiviy in vivo according to Exarnple 10, Ahealthy, antibody-naive, cat weighing approximately 5 ky was used. On day D the cat received a single injection of a pharmaceutical composiion containing the insulin Fe-fusion protein of SEQ 1D NO: 122. On
day (0, blood was collected from a suitable vein irme diately prior to injection and at 15,30, 4, 60, 120, 240, 380, and 480 min and at 1,2,3, 4,5, B, and 7 days post injection. If the subject’s blood glucose dropped to dangerous levels, food and/or dextrose injections were given to prevent symptomatic hypoglycernia

[0200] Fig. 32 shows the %FBGL for a single adrministration, ilustrating that, unexpectedly, the insulin-Fe fusion protein of SEQ 1D NO: 122 was only marginally bioactive in vivo (NAOC of essentially 0% FBGL days-kgimg). This result was surprising, espe cially since the insulin-Fe fusion protein was not aggregated (.., had a
high S6homodimer content), and the molecule exhitited an IR affinty in a sirilar range as the canine insulin-Fc fusion proteins that were found to exhibit sign ficant bioactvity in dogs (Example 31). Due to the lack of bioactivity on the first ad miristration, repe at ad ministrations were not performed

Exanple 43: Evaluation of the itution of Feline 1qG1h for the Feline 1qG2 Fc Fraqment on the Yield, Purity, Bioactivity, and. icity of an Insulin-Fc Fusion Protein Comprising the insulin Polypeptide of SEQID NO: 8 and the Peptide Linker of SEQ ID NO: 14

[0201] Because the dog and cat lang-acting insulin rese arch programs were conducted in paralel, some of the learnings of the canine insuin-Fc fusion protein rese arch pragram were applied to the feine insulin-F ¢ protein research program. One key leaming from the canine insulin-F.c research prograrm was how the selection
of different 19G isotype Fc fragments (¢.g. canine IgGA, canine 1gGE, canine IgGC, and canine 19GD isotypes) led to dramatically diferent manufacturing and in vivo efficacy performance. Therefore, the feline 19G2 Fe fragment of SEQ 1D NO: 122 was replaced with the feline 19G1b Fe fragment of SEQ 1D NO: 20 while keeping
the insulin polypeptide of SEQ 1D NO: 8 andthe peptide iinker of SEQ ID NO: 14 resuling in the folowing armino acid sequence:
FVROHE CAHLVEALEL Y CGHNGEHY (GGG CUSICSLDQLEN YOGHG
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[0202] The insulin-F c fusion protein of SEQ D NO: 38 was synthesized in HEK293 cells according to the procedure of Example 1 and purified using a Protein A column according to Example 3. The structure was confirmed according to Example 4 by nor-reducing and reducing LC-MS, and the sequence was further identfied
by LC-MS with glycan removal according to Example 5. The protein vield was 158 mo/L at this stage. The %homodimer for the seq measured by ! according to Example B and was determined to be 99.5% resulting in a homodimer ter of 157 mgiL which meets the manufacturing design
goal. The in vitro M-S insulin receptor binding 1C50 value, measured according to Exarple 7, was 2398 M which also meets the design goal. The FcRn receptor binding affinty ECSD value was measured according to Exarmple 9 and found to be 1852 n/L

[0203] The insulin-Fe fusion protein of SEQ 1D NO: 38 was then tested for bioactivity in vivo according to Exarnple 10.A healthy, antibody-naive, cat weighing approximately 5 kg received a single subcutane aus injection of a pharmaceutical composition containing the insulin Fo-fusion protein of SEQ ID NO: 38 at a dose of 0.1
g insulin-Fe fusion protein/kg. On day 0, blood was collected from a suitable vein immediately prior to injection and at 15,30, 45,60, 120, 240,360, and 480 min and at 1,2, 3,4,5,6, and 7 days post injection. I the subject's blood glucose dropped to dangerous levels, food andior dextrose injections were given to prevent
symptomatic hypoglycerria

[0204] Figure 33 shows the SFEGL after the first administration. Food was given to the animal regularly to prevent symptomatic hypoglycernia, ilustrating that the insulin-Fc fusion protein of SEQ 1D NO: 38 was significantly bioactive in vivo with a NADC of 1838 %FBGL:days-kyfmg. The pharmacokinetic profile of the
compound was also measured by the method of Example 12 using ELISA, and a two-compartment model was fit o the data to determine s elimination hal-ife which was 6 3 + 5. The difference in biological activity (in vitro and in viva) between the insulin-F ¢ fusion protein of SEQ 1D NO: 36 and that of SEQ ID NO: 122
demonstrates that, unexpectedy, the feline IgG1b isotype is preferred over the feline 19G2 isotype for the Fc fragment when the insulin polypeptide sequence is moified as in SEQ ID NO: 8

[0205] Since the NAOC was acce ptable and the pharmacokinetic data was supportive of a on ce-weekly administration, the cat was given additional subcutaneous doses on day 14, day 28, and on day 42, and the %FEGL was measured for the 7-day window after each dose according to Example 1. The NAOC and NAOCR
were calculated according to the proce dure of Exarnple 11 for each repeated subcutaneous injection. As ilustrated in Table 25, the insulin-Fe fusion protein of SEQ ID NO: 38 demanstrated acceptable bioactivity in vivo after mutiple doses

Table 25: NAGC per dose for repeated doses of SEQ ID NO: 38 (not claimed)
Injection# Day NAOC (%FBGL-days kgimg) NAOCR

i [ 835 i

7 ) 431 08

El 7 900 K
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[0206] In addtion, serum was collected prior to the administration of each dose and ance a week for two weeks after the end of the experiment in order to test for the presence and quantiy the levels of any anti-drug antibodies according to Example 14. As shown in Fig. 34, there was no measurable increase in anti-drug
antibodies above baseline after multiple administrations of the compound. Therefore, in order to obtain a feline insulin-Fc fusion protein candidate (e.g. SEQ ID NO: 36) that meets the design critria of acceptable homodimer tier, in vivo bioactivity, and sustained bioactivity after repeated weekly injections in cats, it was
necessary to replace the insulin polype ptide of SEQ 1D NO: 4 with the insulin polypeptide of SEQ 1D NO: 8 and use the feline IgG1b Fc fragment of SEQ ID NO: 20 instead of the feline IG2 Fe fragment of SEQ ID NO: 21

Exanple 44: in-Fc Fusion Proteins Comprising the Ins ulin Polypeptide of SEQID NO: 8. the Peptide Linker of SEQ ID NO: 14, and the Feline IgG1b Fc Fraqment toReduce the

[0207] While the insuin-Fc fusion protein of SEQ ID NO: 38 meets all of the design goals (Exarnple 43), there may or may not be a risk of immunogeniciy over extended periods of treatment (e.g., 6 months, 1 year, 2 years or more), which could comprormise the use of this insulin-F ¢ fusion protein for treating diabetes should
this occur. As described in the Detailed Description of the Invention, one possible cause of  reduction in bisactivity after repeated doses is the unwanted interaction of the feline 1gG1b Fc fragment with the cat's immune system resuling in the production of neutraizing antdrug antibodies. However, the resuts shown in
Example 43 demonstrate that unexpecte dly,the feline IgG1b isotype was preferable over the less immunogenic feline 1952 isotype with respect o in vivo bioactivity. Therefore, further Fe explored to achieve non-glycosylated insulin-F c fusion proteins with low Fo(gamrma)RI receptor binding, which should reduce
the long-term, chronic immunogenicity risk

[0208] As described in the Detailed Description of the Invention, one methad for reducing the Fe(gamma)RI interaction involres mutating the Fc fragment cNg site to prevent glycosylation during syithesis in the host cell. Therefore, cig ste mutations were made to the F cfragment region of SEQ ID NO: 38 to reduce the
binding affinty of the Fc fragment for Fe(gamma) receptors in vivo, as measured by binding in an in vitro human Fe(gamma)RI assay described in Example 8. The position of the cNg site in the insulin-Fc fusion protein of SEQ ID NO: 38 is cNg-NB151. Again, captalizing on the learnings from the canine insulin-Fc fusion
proteins described in Exarnple 33, a cNg-NB151-5 mutation was introduced into the Fc fragment of SEQ 1D NO: 38. The ful amino acid sequence of the resulling insulin-F.c fusion protein is listed below (cNg-NB151-5 underined for clarity)

PVRGULCGSUL VEALILVC GRG0 GUGLIVGE LTSI SLBOLUL Y466

r PPPEMLGGYS) LEISRIPEY FCLV VDL
DSV EVDNIGEY

— PHEPOVY

18

EEQESS IRV VSVLILHGDWLKGKERKCK YN SKSLY
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[0209] The insulin-F c fusion protein of SEQ D NO: 124 was synthesized in HEK293 cells according to the procedure of Example 1 and purified using a Protein A column according to Exarnple 3. The structure of the insulin-Fc fusion protein was confirmed according to Example 4 by norvreducing and reducing LC-MS, and the
sequence was further identified by LC-MS with glycan removal according to Example 5. The protein yield was 202 mg/L at this stage. The %homodimer for the sequence was measured by size-exclusion chromatography according to Exarmple B and was determined to be 99%, resulting in a homodimer titer of 200 mgiL which
meets the manufacturing design goal. However, the in vitro IM-9 insulin receptor binding 1C50 value, measured according to Exarnple 7, was greater than 5000 nM, which is outside the design goal for in vitro bioactivity. The FcRn receptor binding affinity ECS0 value was measured according to Example 3 and was 8322 ng/rmL

[0210] Athough the insulin-Fe fusion protein of SEQ 1D NO: 124 did not meet the insulin receptor binding design goal, & was tested for bioactivity in vivo according to Example 10. Ahe althy, antibody-naive, cat weighing approximately 5 kg was used. On day 0 the cat received a single injection of a pharmaceutical cormposition
containing the insulin Fe-fusion protein of SEQ 1D NO: 124 at a dose 070,16 mg insulin-Fc fusion proteinkg. On day 0, blood was collcted from a suitable vein mmediately prior to injection and at 15,30, 45,650,120, 240, 360, and 480 min and at 1,2,3,4,5,6, and 7 days post injection. If the subject’s blood glucose dropped
to dangerous levels, food andfor dextrose injections were given to prevent symptomatic hypoglycernia

[0211] Fig. 35 shows the % BGL for a single adrministration, lltrating that the insulin-F.¢ fusion protein of SEQ ID NO: 124 is only somewhat bioactive in vivo with an NAOC of 65 %FEGL-days kg/mg. Due to the lack of bioactivity on the first administration, repe at ad ministrations were not performed

[0212] Unexpectedly, as was the case in Example 33 for the canine insulin F-fusion protein of SEQ 1D NO: 38, it was found that mutating the insulin polypeptide sequence of SEQ 1D NO: 124 such that the 1Bth amino cid from the N-terminus of the B-chain (B16) was mutated from tyrosine to alanine (.e., BIBA) rendered the
resulting insulin-Fc fusion protein of SEQ ID NO: 40 bioactive. The amino acid sequence of the resuting insulin-Fec fusion protein is shown below (8164 and cNg-NB 151-5 mutations underlined for clarity)
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[0213] The insulin-F ¢ fusion protein of SEQ D NO: 40 was synthesized in HEK293 cells according to the procedure of Example 1 and purified using a Protein A colurn according to Exarnple 3. The structure of the insulin-Fc fusion protein was confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the
sequence was further identiied by LC-MS with glycan removal according to Example 5. The protein yiekd was 174 miL at this stage. The Sehomodimer for the sequen ce was measured by size-exclusion chromatography according to Exarmple B and was determined to be 98.9% resulting in & homodimer tter of 172 mg/L which
meets the manufacturing design criteria. The in vitro IN-9 insuln receptor binding IC50 value of 4635 n, measured according to Example 7, also meets the design goal. The F c{gamma) receptor activity was measured according to Example 8 and found to be approximately four times less than that obtained for the insulin-Fc
fusion protein of SEQ ID NO: 38 using the same procedure indicating that the insuli-Fc fusion protein is less likely to adversely interact with the cat's immune systern. The FeRn receptor binding affinity EC50 value was measured according to Example 9 and was 8157 ngimL.

[0214] The insulin-Fc fusion protein of SEQ 1D NO: 40 was then tested for bioactiviy in vivo according to Example 1. A heakhy, antibody-naive, cat weighing approximately 5 kg was used. On day 0, day 7, and day 21 the cat received a single subcutaneous injection of a pharmaceutical composition containing an insulin F-
fusion protein of SEQ 1D NO: 40 at a dose of 0.1 my insulin-Fe fusion protein/kg. On day 0, blood was collected from a suitable vein immediately prior to injection and at 15, 30, 45, B0, 120,240, 360, and 460 min and at 1,2,3,4,5, 6, and 7 days post injection. Ifthe subject's blood glucose dropped to dangerous levels, food
andior dextrose injections were given to prevent symptomatic hypoglycermia

[0215] Fig. 36 shows the %FBGL after the first administration, illustrating that the insulin-Fc fusion protein of SEQ 1D NO: 40 is bioactive in vivo with aNAOC of 153 %FBGL days kyfmg for a subcutaneaus dose of 0.1 my insulin-Fe fusion proteinfky. A second higher subcutaneous dose of 0.2 mg insulin-Fe fusion proteinfky
gave a much higher NAOC of 702 %FBGL-days-ky/mg and is shown in Fig . 37. The pharmacokinetic profile is measured by the method of Example 12 using ELISA, and a two-compartment model s fit to the data to determine s elimination hal-ife which is greater than 3 days. These results are in contrast to the results
obtaine d with the insulin-Fc fusion protein of SEQ

1D NO: 124 which showed that the same compound comprising a tyrosine at B16 instead of an alanine was only very weakly bioactive at approximately the same dose (0,16 my insulin-Fc fusion protein/kg). Therefore, the insulin polypeptide of SEQ 1D NO: 11 was preferred for non-glycosylated insulin-Fe fusion proteins
comptising cNg mutated feline 1gG1b Fe fragments

[0216] To analyze the repeatable bioactiity after muliple doses, the cat was given a futther dose of the insulin-Fc fusion protein of SEQ ID NO: 40 on day 7, on day 21, and on day 35. When the cat's %FEGL dropped too low, the cat was given food to raise the blood glucose to a safe level. The NAOC and NAOCR were
measured for each subsequent dose according to the general procedure of Exarmple 11, calculated from the time the dose was adrministered until just before the next dose was administered. The NAOC and the NAOCR shown in Table 26 lustrate that the insuin-Fc fusion protein of SEQ ID NO: 40 is bioactice in vivo after
multiple doses

Table 26: NAOC per dose for repeated doses of SEQ ID NO: 40 (not claimed)
Injectiond Day NAOC (%FBGL-days kgimg) NAOCR

i 158 i

H 7 7 04
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[0217] In adition, serur was collected prior to the administration of each dose and at the end of the experiment n order to test or the presence and quantify the levels of any anthdrug antibodies according to Exarmple 14. There is no measurable increase in anti-drug antibodies above baseline after multiple adrinistrations of
the corpound. Therefore, in order to obtain a feline insuli-Fc fusion protein meeting the manufacturing and bioactivity design criteria with significantly reduced Fo(gamma) receptor activity, it was not only necessary to mutate the ctNg to serine but also to mutate the insulin polype ptide B18 amino acid to alanine

[0218] In the clairs, atticles such as *a " *an,” and "the” may mean one or more than one unless indicated to the contrary or otherwise evident from the context. Claims or descriptions that include "or” between one or more mermbers of a group are considered satisfied if one, more than one, or all of the group me mbers are
present in, employed in, or othe rwise relevant to a given product or process unless indicated to the contrary o otherwise evident from the context.

[0219] Furthermore, the disclosure encormpasses all variations, combinations, and permutations in which one or more limitations, elements, clauses, and descriptive terms from one or more of the listed claims are introduce d into another claim. For example, any claim that is dependent on another claim can be modified to
include one or more limtations found in any other claim that is dependent on the same base claim. Where elements are presented as lists, e.g., in Markush group format, each subgroup of the elerments is also disclosed, and any elerment(s) can be removed from the grouplt is also noted that the terms "cormprise(s).”
"comprising.” "contain(s)." and "containing” are intended to be open and the use thereof permts the inclusion of additional elements or steps. Where ranges are given, endpoints are included. Furthermore, unless otherwise indicated or otherwise evident from the context and understanding of one of ordinary skil in the art,
values that are expressed as ranges can assume any specific value or sub-range within the stated ranges in diferent embodiments of the disclosure, to the tenth of the unit of the lower fimit of the range, unless the context clearly dictates otherwise.
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SEQ ID NO: 31 atggaatggagetgggtetttetettettoctgteagtaacgactggtgtecactactte
SEQ IDNO: 32 M E W 8 W vV F L F F L 8 VvV T T 6 VvV H 8 F
gtgaaccagcacctgtgeggetoccacetggtggaagetetggaactaegtgtgeggegag
vV N 9 H L. ¢ 66 &8 H L. vV B A L E L VvV C G E
cggggcttecactacgggggtggeggaggaggt tetggtggeggeggaggeategtggaa
R ¢ P H Y G 6 6 6 6 6 8 6 6 6 6 66 I Vv E
cagtgctgeacetecacetgeteactggaccagetggaaaactactgeggtggeggaggt
Q ¢ ¢ T 8 T ¢C 8 L. D Q L E N Y €C G G G G
ggtcaaggaggeggtggacagggtggaggtgggcagggaggaggegggggagactgecee
G Q 6 6 6 6 Q 6 6 6 6 ¢ 6 6 6 6 ¢ D C P
aagtgeccegetoecgagatgetgggeggacacagegtgtteatettecoctecaaagece
K ¢ P A P EMUL G G P 8 V F I F P P K P
aaggacacactgctgategeccaggaccecggaggtgacctgegtggtggtggacctggat
K b T L L. IAURTU®PEVYV T CV V V D L D
cacgaagacoeccgaggtgecagatecagetggttegtggatggaaageagatgeagacegee
P E D P E V Q I 8 W F V D GG K Q M @ T A
aagacccaaccecegyggaagageagttecaacggeacetacagggtggtgagtgtgttgece
K T ¢ P R E E @ F N ¢ T Y R V V 8 V L P
ateggecaccaggactggetgaaggggaagcaattcacatgecaaggttaataacaaggee
I 6 B ¢ D W IL K GG K Q F T C X V NN K A
ctgceecagecccategagaggaccatcageaaggecaggggenaggoccaccagecatoet
L P 8 P I E R T I 8 K A R G @ A H @ P s
gtgtacgtgetgecceeatetagggaggaactgageaagaacacagtecagacttacttge
vV Y v L P P 8 R E E L 8 KN T V 58 L T C
ctgatcaaggacttotteccaccggacatagacgtggagtggecagagtaacggecageayg
L T K b FP F P PD I DV EWQQ 8 N G Q @
gagoecgagagoeaagtataggaccacacegececaactggacgaggacggaagetactte
E P E 8 K ¥ R T T P P Q L D E D G 8 Y F
ctectacageaaattgagegttgacaaaagecaggtggcagegaggagacacctteatetge
L ¥ s K L. 8 v D K 8 R W QQ R D T F I C
geegtgatgecacgaggetttgecataaccactacaccecaggagagectgteccacagecaa
A V M H E A L H N H Y T Q E 8 L & H & P

ggatag
G -_
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SEQ ID NO: 33 stggastyggagctgggtattictetitottoctgtcagtaacgactggtgtecacteotte
SEQ ID NO: 34 M E W 8 W V P L F ¥ L & V¥V T ¥ & ¥V HE 8§ F
ghgaaccagracctgtgeggetoccacctggtggasgototggaactogt ghygoggogayg
v ¥ ¢ H L € ¢ & H L ¥ E A L E L VvV C & B
cggggettecactacgygagtggoggaggaget tetagtggegacggaggoategtggaa
R 6 F B ¥Y 6 G G 6 6 G 8 6 6 ¢ & ¢ ¥ VvV E
cagbgoetgeaceteccasctgetenotggaccagetggaaaactactguascgatggeggs
Q € £ ¥ & ¢ € 8 L D Qg L B N ¥ C H G &G G
ggtggtcaaggaggeggtggacaggytggagatgggragggaguaggegggasagactge
G & Q 6 & ¢ & Q ¢ & € 6 g 6 ¢ 6 ¢ & p C
cocaagbgeoceegotecogagatgetgggoggacoeagogtgt beatettecoteccocaag
P K C P A P B M L &G G P 8 V P I ¥ 2 P K
cocaaggascacactgotgategocaggacoseggaggtgacctgegtggtggtggacaty
P X I T L L X A R T ¥ E V¥V T C WV V¥V V DL
gatocogaagaceaegaggtgeagatcagotggttogtggatggaaageagatgoagace
DY B D P OE VYV Q I 5 W F VYV D & XK M QT
goeaagacouaacaooggglagageagtteaacggeactacagggtggt gagtgtatty
A X ¥ ¢ P R E E ¢ ¥ N G T ¥ R V ¥V 8 ¥V L
accategoeoacagoactyggetgaagoggaageaattcacat geaaggttastaacasag
¥ I & B ¢ D W L K ¢ K g P ¢ € XK ¥V N ¥ K
geocstgenscaganceatecgagaggaccatecaguaaggolaggggeaggeaeaccagesa
& L P 8§ P I E R T I 8 K a3 R & @ A 85 @ P
toetgtgtacgtgotgeccecatctagggaggaactgageaagaacacagtcagecttact
g VvV ¥ vV L P P 8 B E E L 8 K N T ¥ & L Y
tgoctgatcaaggacttotteocacoggacatagacgtggagbggeagaghascqgooag
¢ L ¥ ¥ o F F P P D I D V E W @ &8 N G Q
caggagocogagagosagtataggaoeacasegaoccaactggacgaggacggaagetac
@ BE P B &8 K ¥ R ¥ T P P @ L b B D & 8 ¥
ttectetacageaaatigagegttgassaaageaggtggcagogagygegacacetteate
F L ¥ & K L 8 V D K & R W @ R & D T » I
tgegeegtgatgeacgaggettigeatasceactacacecaggagagaectghoccacags
C A ¥V M H E A L H N B Y T g 8 8 L 8 H 8
scegustag
PG -
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SEQ ID NO: 35 atggaatggagctgggtetttetettettectgtecagtaacgactggtgtecactecttae
SEQ IDNO: 386 M E W 8 W V F L F F L 8 VvV T T 6 V H 8 F
gtgaaccagcacctgtgeggetececacetggtggaagetetggeactegtgtgeggegayg
v N Q H L. ¢ 6 &8 H L. V E A L A L V C G E
cggggettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R ¢ ¥ H Y 6 6 6 6 6 ¢ 8 6 6 6 ¢ 66 I V E
cagtgetgecacctecacctgeteactggaccagetggaaaactactgeggtggeggaggt
Q@ ¢ ¢ T s T C 8 L D QL E N Y C 6 6 G G
ggteaaggaggeggtggacagggtggaggtgggcagggaggaggegggggagactgeeee
G Q@ 6 6 G 6 ¢ G 6 6 6 @ 6 G 6 66 6 D C P
aagtgeccegetecogagatgetgggeggacecagegtgtteatetteccteccaageee
K ¢ P A P EML G G P 8 V ¥F I F P P K P
aaggacacactgetgategecaggacoceggaggtgacetgegtggtggtggacetggat
K bp T L. L I A R T P E V T C V V V D L D
ccecgaagaccocecgaggtgecagatecagetggttegtggatggaaagecagatgeagacecgece
P E D P E V Q I 8 W F V D 6 K @ M Q T A
aagacccoaacaccgggaagageagttaetecaggecacetacagggtggtgagtgtgttgaee
K T ¢ P R E E Q F 8 6 T ¥ R V V 8 V L P
atcggecaccaggactggetgaaggggaageaatteacatgeaaggttaataacaaggee
I ¢ H ¢ D W L K 6 K ¢ F T € K V N N K A
ctgoccagecaoatogagaggaccatecagecaaggocaggggoocaggeccaccagecatet
L P 8 P I E R T I 8 K A R G Q A H @ P 8
gtgtacgtgctgecoeecatetagggaggaactgagecaagaacacagtecagecttacttge
v Y v L P P 8 R E E L 8 K N T V 8 L T C
ctgatcaaggacttetteecaceggacatagacgtggagtggeagagtaacsggacageayg
L I K D FF F P P D I DV E W Q 838 N 6 @ Q
gagoccgagageaagtataggaccacacegeoccaactggacgaggacggaagatactte
E P E 8 K Y R T T P P ¢ L D E D G 8 Y F
ctaotacageaaattgagegttgacaaaageaggtggcagegaggegacacetteatetge
L ¥ 8 K L 8 VvV D K 8 R W @Q R & D T F I C
geegtgatgeacgaggetttgecataaccactacacccaggagagectgteccacageecece
A VvV M H E A L B N H Y T @ BE 8 L. 8 H 8 P

ggatag
G -
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SEQ ID NO: 37 atggaatggagcetgggtctttctetteottectgtcagtaacgactggtgtecactactte
SEQ IDNO: 38 M E W 8 W V F L P P L 8 V T T ¢ V H 8 F
gtgaaccageacctgtgeggetoccacctggtggaagetetggaactegtgtgeggegag
vV ¥ ¢ #H L. ¢ ¢ 8 H L v E A L E L VvV C G E
cggagettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R ¢ F B ¥ 6 6 6 6 66 66 8 66 6 & &6 ¢ I V E
cagtgcetgecacctecacetgetecctggaccagetggaaaactactgeggtggeggaggt
@ ¢ ¢ T 8 T C & L. D g L B N Y € G G & @G
ggtcaaggaggeggtyggacagggtaggaggtgggcagggaggaggegggggagactgecee
G Q 6 &6 G 6 Q@ 6 ¢ 6 ¢ Q@ 6 &6 6 ¢ 6 D C P
aaatgtcecotecgectgagatgetgggtggecctageatetteatettecegeccaagece
K ¢ p P P EML G 66 P 8 I F I F P P K P
aaggatactctgtecattagecaggaccecocegaggtgacetgectggtggtggacetgggg
K b T L 8 I 8 R T P E V T C L VvV V D L G
ccagacgactctgacgtgecagatcacctggttaegtagacaacacocaggtttacactgec
P DD & DV Q I T WUF V DN T Q V ¥ T A
aagaccagteccagggaggageagttecaacageacatacagggtggtgagegttetgace
K T 8 P R E B Q@ F N 8 T ¥ R V V 8 V L P
atcotgeaccaggactggetgaaaggecaaagagttcaagtgtaaggtgaacageaagage
I L B Q D W L K ¢ K E F K ¢ K V N 8 K s
ctgeccageccecattgaaaggaccatecageaaggacaagggecageocgaeacgageoacecasa
L P 8 P I E R T I 8 K D K GG Q P H E P Q
gtectacgtgotgoccecageacaggaagagetgagecaggaacaaggttagegtgacatge
v ¥ vV L. P P A Q E E L S8 R N K V 8 V T C
ctgatogagggtttotacacecagegacategecgtggagtgggaaatecaceggecaacen
L I £E 6 ¥ ¥ P 8 D I AV E W E I T G @ P
gagecagagaacaactacaggaccactecgoeageaactggacagegansgggacctactte
E P E N N Y R T T P P Q L D 8 D G T Y F
ttgtatagcaggctgagegtggaceggagecaggtggecagaggggecaacacaetacactige
LY 8 R L &8 V D R &8 RW @ R &N T Y T C
agegtgagocacgaggacttgecacagecacecacactecagaagagtetgacecagageaey
8 V 8 H E A L H 8 H H T ¢ K 8 L T @ 8 P

ggatag
G —
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SEQ ID NO: 39 atggaatggagectgggtetttetettettectgtcagtaacgactggtgtecactectte
SEQ ID NO: 40 M E W 8 W V P L F FP L 8 V 7 T ¢ V H 8 F
gtgaaccageacctgtgeggeteccacctggtggaagetotggeactegtgtgeggegag
vV N @ H L € 6 &8 H L V E A L A L V C G E
cggggcettecactacgggggtggeggaggaggt tetggtggeggeggaggeategtggaa
R 6 F H ¥ ¢ 6 6 6 ¢& 6 8 6 6 G 6 ¢ I VvV E
cagtgetgeacatecacetgetecctggaccagetggaaaactactgeggtggeggaggt
g ¢ ¢ T 85 T ¢C 8 L D ¢ L E N Y €C 6 G G G
ggtcaaggaggeggtggacagggtagaggtgggeagggaggaggegggggagactgeecea
G ¢ 6 6 6 6 ¢ 6 66 6 6 ¢ 6 66 66 ¢ GG D C P
aaatgtectecgectgagatgetgggtggecctageatetteatetteccageccaageae
K ¢ P P P EML G GG P 8 I F I P P P K P
aaggatactetgtecattagecaggacoeccgaggtgacctgeatggtggtggacetgggy
K o 7 L 8 I 8 R T P E V T C L V V D L G
ccagacgactetgacgtgeagatecacctggttegtagacaacaccecaggtittacactgee
P DD S DV Q I T W F V D NT @Q V Y T A
aagaccagteccagggaggagecagttecageageacatacagggtggtgagegttetgeaa
XK T s P R E E Q@ F 8 8 T ¥ R V V 8 V L P
atecotgecaccaggactggetgaaaggecaaagagtteaagtgtaaggtgaacageaagage
I L. H ¢ OD W L. X 6 K E F K € K V N 8 K 8
ctgeccagecceattgaaaggaccatecageaaggacaagggaecagoageacgageaccaa
L P 8 P I E R T I 8 K D K 66 @ P H E P Q
gtetacgtgetgeccocagecacaggaagagectgageaggaacaaggttagegtgacatge
v ¥ v L P P A Q E E L 8 RN KUV &8 Vv T C
ctgategagggtttetacoocagegacategeegtggagtgggaaatcaceggecaacaa
L T E 6 F ¥ P 8 D I A VYV E W E I T G @ P
gagccocgagaacaactacaggaccacteegecgeaactggacagegacgggaccectactte
E P E NN Y R T TP P Q L D S8 D G T Y F
ttgtatageaggetgagegtggaceggageaggtggeagaggggcaacacctacacttge
L ¥ 8 R L, 8 VD R 8 R W @Q R 6 N T Y T C
agegtgagecacgaggacttgeacagecaccacacteagaagagtetgacecagageoeyg
8 vV 8 H E A L B 8 H H T Q K 8 L T @ &8 P

ggatag
G —
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PATENTKRAV

Fremgangsmade til fremstilling af en rekombinant celle, som omfatter en nukleinsyre,
der koder for et fusionsprotein, hvilket fusionsprotein omfatter et insulinpolypeptid og et
Fc-fragment,

hvor insulinpolypeptidet og Fc-fragmentet er forbundet via en linker, hvor Fc-fragmentet
omfatter fglgende sekvens:
DCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWFVDGK
QMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISKAR
GQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP
QLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG (SEQ ID
NO: 22),

og hvor insulinpolypeptidet omfatter felgende sekvens:
FVNQHLCGSXLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCX,STCSLDQLEN
YC (SEQ ID NO: 10),

og hvor X, ikke er D, og X2 ikke er H,

hvilken fremgangsmade omfatter:

transfektion af en veertscelle med en nukleinsyre, der koder for fusionsproteinet, hvor

fusionsproteinet udtrykkes i den rekombinante celle efter transfektionstrinet.

Fremgangsmade ifglge krav 1, som yderligere omfatter:
dyrkning af den rekombinante celle i celledyrkningsmedie; og
hast af cellekultursupernatanten fra celledyrkningsmediet, hvilken

cellekultursupernatant omfatter det udtrykte fusionsprotein.

Fremgangsmade ifglge krav 2, som yderligere omfatter:

oprensning eller isolering fra celledyrkningsmediet.

Fremgangsmade ifglge krav 3, hvor oprensnings- eller isoleringstrinene omfatter

centrifugering, filtrering og/eller kromatografi.

Fremgangsmade ifslge krav 1, hvor transfektionstrinet omfatter stabil transfektion af

veertscellen.

Fremgangsmade ifglge krav 1, hvor nukleinsyren omfatter cDNA, der koder for
fusionsproteinet, hvilket fusionsprotein omfatter fglgende sekvens:
FVNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENY
CGGGGGQGGGGOQGGGCGOQGGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTP
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15

DK/EP 4011908 T5

EVTCVVVDLDPEDPEVQISWFVDGKQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWL
KGKQFTCKVNNKALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFF
PPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVM
HEALHNHYTQESLSHSPG (SEQ ID NO: 36).

Fremgangsmade ifslge krav 6, hvor cDNA’et omfatter falgende nukleinsyresekvens:
atggaatggagctgggtctttctcticticctgtcagtaacgactggtgtccactccttcgtgaaccagcacctgtgeggcetcec

acctggtggaagctctggcactcgtgtgcggcgageggggcttccactacgggggtggeggaggaggttctggtggegg
cggaggcatcgtggaacagtgctgcacctccacctgctccctggaccagetggaaaactactgeggtggeggaggtggt

caaggaggcggtggacagggtggaggtgggcagggaggaggcgggggagactgccccaagtgeccccgetececga
gatgctgggcggacccagcgtgttcatcticcctcccaagcccaaggacacactgetgatcgeccaggaccecggaggtg
acctgcgtggtggtggacctggatcccgaagacceccgaggtgcagatcagetggticgtggatggaaagcagatgceag
accgccaagacccaaccccgggaagagcagtictcaggcacctacagggtggtgagtgtgttgecccatcggecaccag
gactggctgaaggggaagcaattcacatgcaaggttaataacaaggccctgcccagecccatcgagaggaccatcag
caaggccaggggccaggcccaccagccatctgtgtacgtgectgececccatctagggaggaactgagcaagaacaca
gtcagccttacttgcctgatcaaggacticticccaccggacatagacgtggagtggcagagtaacggccagcaggagce
ccgagagcaagtataggaccacaccgccccaactggacgaggacggaagctacticctctacagcaaattgagegttg
acaaaagcaggtggcagcgaggcgacaccttcatctgcgccgtgatgcacgaggctttgcataaccactacacccagg

agagcctgtcccacagecccggatag (SEQ ID NO: 35).
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SEQ ID NO: 44 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 46 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 48 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 42 FVNQHELCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: &0 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

S ST R

SEQ ID NO: 44 GAGGGERCTDTPPCPVPEPLGGPSVLI FPPKPKDILRI TRTPEVTCVVLDLGREDPEVQT 120

SEQ ID NO: 46 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRI TRTPEVTCVVIDLGREDPEVQT 120

SEQ ID NO: 48 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRI TRTPEVTCVVLBLGREDPEVQT 120

SEQ ID NO: 42 GAGGGERCTDTPPCPVPEPLGGPSVLIFPPKPKDILRI TRTPEVTCVVLDLGREDPEVQT 120

SEQ ID NO: 50 GAGGGERCTDTPPCPVPEPLGGPSVLI FPPKPKDILRI TRTPEVTCVVLDLGREDPEVGT 120
W Yr Fe e de-de % v W Yo dr W e de o e e e v T dr e e o e o Ve 9 Sk de Y o o o o e Yo o e Yo e e de Yo S e e e o e b e Ye v e e e o e o

SEQ ID NO: 44 SWFVDGKEVHTAKTQSREQQFNGTYRVVSVLPTEHQDWLTGKEFKCRVNHIDLPSPTERT 180

SEQ ID NO: 46 SWFVDGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180

SEQ ID NO: 48 SWEVDGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPTERT 180

SEQ ID NO: 42 SWFVDGKEVHTAKTQSREQQFNGTYRVVSVLPTEHQDWLTGKEFKCRVNHIDLPSPTERT 180

SEQ ID NO: 50 SWFVDGKEVHTAKTQSREQOFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPTERT 180
khkkhkh kbbb hdk kbbb hbhkkdbhhdb bk kb ddhhbdbdb bbb hbdbb b ki bbb bbbkt dhhhkd

SEQ ID NoO: 44 ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQQEPERKHR 240

SEQ ID NO: 46 ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQOEPERKHR 240

SEQ ID NO: 4B ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQOEPERKHR 240

SEQ ID NO: 42 I SKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQOEPERKHR 240

SEQ ID NO: 50 ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFY PPDIDVEWQSNGQQEPERKHR 240
hkkhhkhbhkhkkhdehkrhhhrhhhhhrRrhhhrhhhhhhkhkdhbhhkhhrhhhhrkhhhhhhik

SEQ ID NO: 44 MTPPQLDEDGSYFLY SKLSVDKSRWQQGDPFTCAVLHEALHSHY TOKSLSLSPG 294

SEQ ID NO: 46 MTPPQLDEDGSYFLYSKLSVDKSRWQQGDPFTCAVLEETLQSHY TDLSLSHSPG 294

SEQ ID NO: 48 MTPPQLDEDGS ¥ FLY SKLSVDKSRWQQGDPFTCAVMHETLOSHY TDLSLSHS PG 294

SEQ ID NO: 42 MTPPQILDEDGSYFLYSKLSVDKSRWQQGDPFTCAVMHETLONHY TDLSLSHS PG 294

SEQ ID NO: 50 MTPPQLDEDGSYFLYSKLSVDKSRWQQGDPFTCAVLHETLONHY TDLSLSHSPG 294

Fhkhhhkhddhhdhbbbhhdhhhhbhdhhdhhdbddhddoka k. Fbkd dkd

FIG. 3



DK/EP 4011908 T5

SEQ ID NO: 42 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

SEQ ID NO: 56 FYNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

SEQ ID NO: 52 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

SEQ ID NO: 54 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
e 3 v e b 3 e v 3 de de Je Fr e 3 v v v e e e e de ok e g e v o e o T o A e e o e e o o o ok e e ek o e ok Yook e o o

SEQ ID NO: 42 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRI TRTPEVTICVVLDLGREDPEVQT 120

SEQ ID NO: &6 GAGGGGC---ISPCPVPESLGGPSVFIFPPKPKDILRITRTPEITCVVLDLGREDPEVQI 117

SEQ ID NO: 52 GAGGGGDCPK---CPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVDLDPEDPEVQI 117

SEQ ID NO: 54 GAGGGG-CNN-CPCPGCGLLGGPSVFIFPPKPKDILVTARTPTVICVVVDLDPENPEVQI 118
kT x KK *%x 22 PR A A R TS AN 22 L PR L N R T 2 2

SEQ ID NO: 42 SWFVDGKEVHTAKTQSREQOFNGTYRVVEVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180

SEQ ID NO: 56 SWEVDGKEVHTAKTQPREQQFNSTYRVVSVLPIEHODWLTGKEFKCRVNHIGLPSPIERT 177

SEQ ID NoO: 52 SWFVDGKOMOTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQF TCKVNNKALPSPIERT 177

SEQ ID NO: 54 SWFVDSKQVQTANTQPREEQSNGTYRVVSVLPIGHQDWLSGKQFKCKVNNKALPSPIEEL 178
TAEEK ko rkkokk Fhkak Kk hhFkAXkAAAE Fhkxkhkk Khhk ok Kohkk. *hkxkkkk

SEQ ID NO: 42 ISKARGRAHKPSVYVLPPSPKELSSSDIVSITCLIKDFYPPDIDVEWQSNGQOEPERKHR 240

SEQ ID NO: 56 TSKARGQAHQPSVYVLPPSPKELSSSDTVTLTCLIKDFFPPEIDVEWQSHNGQPEPESKYH 237

SEQ ID NO: b2 TSKARGQAHQPSVYVILPPSREELS-KNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYR 236

SEQ ID NO: 54 ISKTPGQAHQPNVYVLPPSRDEMS -KNIVILTCLVKDFFPPEIDVEWQSNGQQOEPESKYR 237
Tkk: KokK .k KKKKHKE Kok k. kR E KKK KK KIKKAIREEE AAK ko -

SEQ ID NO: 42 MTPPQLDEDGSYFLY SKLSVDKSRWQQGDPFTCAVMHETLONHY TDLSLSHSPG 294

SEQ ID NO: 56 TTAPQLDEDGSYFLY SKLSVDKSRWQOGDTFTCAVMHEALONHY TDLSLSHSPG 291

SEQ ID NO: 52 TTPPQLDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEATLHNHY TQESLSHSPG 290

SEQ ID NO: 54 MTPPQLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHYTQISLSHSPG 291

* kkkdkkkkhkkkhhhkhhhkhkkhkhbdokd k Fhhkkhho ko kddkk o dhhddkx

FIG. 4
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SEQ ID NO: 58 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 60 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 62 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 64 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
4 % % de ke g ek gk e de ke de o g de ke de ke e ke ok o e de e e e de ke e de de ke fe ke e ke ke Ao de de e de de e e de e e ke ok ke ke de ke ok ke
SEQ ID NO: 58 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPRKDTLLIARTPEVICVVVDLDPEDPEVQISWE 120
SEQ ID NO: 60 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120
SEQ ID NO: 62 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120
SEQ ID NO: 64 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120
* ok Kk ok okok ok gk ook ok ok ke kR ke ke kR Kk ek ke kg kK kR ke Kk ke kK R e e ok kR e ok g kR R e e ek ke ok kR R e A ok ke
SEQ ID NO: b8 VDGKOMQOTAKTQPREEQFQGTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIERTISK 180
SEQ ID NO: 60 VDGKQOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISK 180
SEQ ID NO: 62 VDGKOMOTAKTQPREEQFDGTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIERTISK 180
SEQ ID NO: &4 VDGKOMOTAKTQPREEQFKGTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIERTI SK 180

*kkhkhkkkhhhkhkhkhkhhhkhk kkhhkhhkhkdhhhhkhkhhhkkhhkhkhkdhhhkkkdhhhkkhhhkkhkhkhkk

SEQ ID NO: 58 ARGOAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240

SEQ ID NO: 60 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240

SEQ ID NO: 62 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTEP 240

SEQ ID NO: 64 ARGOAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240
khkkdhkkkhkdhkhkhkhkhkkkhdhkkkhkkdkkhkdhhkhkkdhkkkkhkdkkdkhkdkhkkkdhkkkkkdkkikdhkikik

SEQ ID NO: 58 QLDEDGSYFLY SKLSVDKSRWQRGDTFI CAVMHEALHNHY TQESLSHSPG 290

SEQ ID NO: 60 QLDEDGSYFLY SKLSVDKSRWQRGDTFI CAVMHEALHNHY TQESLSHSPG 290

SEQ ID NO: 62 QLDEDGSYFLYSKLSVDKSRWQRGDTFI CAVMHEALHNHY TOESL.SHSDG 290

SEQ ID No: €4 QLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 290

khkkhkhkkhkhhhkkhkhhkkhkkhkkkkhkhkhkkkhhkkhkkdhkkkrkdkkhhkhkkkdkkk

FIG. 8
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFEY TDPTGGGPRRGIVEQCCTSICSLYQLENY CNGGG 60
SEQ ID NO: 68 FVNOHLCGSHLVQALYLVCGERGFFY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 70 EVNQHLCGSELVEALALVCGERGFEFY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 72 FVNQHILCGSHLVEALAIVCGEAGFEFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 74 FVNQHT.CGSHLVEALAIVCGERGFYY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 76 FVNQHLCGSHLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59

khkkhkkkkhkk dhkohkk dhkkkd Akrhxkbdkhcrk kb hkhhhkkbb kb bbhkkkkkkdkokkhx o+ ¥

SEQ ID NO: 66 GAGGGGDCPKCPAPEMLGGPSVF IFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120
SEQ ID NO: 68 GAGGGGDCPKCPAPEMLGGPSVF IFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 70 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 72 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 74 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 76 GAGGGGDCPKCPAPEMLGGPSVF IFPPRPKDTLLIARTPEVITCVVVDLDPEDPEVQISWE 119

dkkkkkdhdhkhkkdkdhkhbrhhhbdbdkhkdhkhddbhkkddkhbhkhbdbdkhdbdbddbddbhkhbddkdkdhd

SEQ ID NO: 66 VDGKOMOTAKTQPREEQFQGTYRVVEVLPIGHODWLKGKQF TCKVNNKALPSPIERTISK 180
SEQ ID NO: 68 VDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHODWLKGKQF TCKVNNKALPSPIERTISK 179
SEQ ID NO: 70 VDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHODWLKGKQF TCKVNNKALPSPIERTISK 179
SEQ ID MO: 72 VDGKOMOTAKTQPREEQFSCTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIERTISK 179
SEQ ID NO: 74 VDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQF TCKVNNKALPSPIERTISK 179
SEQ ID NO: 76 VDGKOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQF TCKVNNKALPSPIERTISK 179

FEIKRITIKKRKEIIRATIK AT X AT A I AR AT X R A IXRRA IS KA LA A AR Ak bk kT h*

8EQ ID NO: 66 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240
SEQ ID NO: 68 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 239
SEQ ID NO: 70 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQOFE PESKYRTTPP 239
SEQ ID NO: 72 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 239
SEQ ID NO: 74 ARGRAHQPSVYVLPPSREELSKNTVSLTCLIKDFEPPDIDVEWQSNGQQEPESKYRTTPP 239
SEQ ID NO: 76 ARGRAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 239

hhdhkdhhhrhhhhdhdhbhhhhddhhhdrhhhbdhdbabhhhdhhbbakdhhdbhbbdhdhr

SEQ ID NO: 66 QLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHY TOESLSHSPG 290
SEQ ID NO: 68 QLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 289
SEQ ID NO: 70 QIDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEAT.HNHYTQESLSHSPG 288
SEQ ID NO: 72 QIDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 289
SEQ ID NO: 74 QIDEDGSYFLY SKLSVDKSRWQRGDTFICAVMEEATHNHYTQESLSESPG 289
SEQ ID NO: 76 QIDEDGSYFLY SKLSVDKSRWORGDTFICAVMHEATHNHY TQESLSHSPG 289

LZEA RS RS A ERERS SR ER SRR RR R RS st R]
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGG =~~~ GPRRGIVEQCCTSICSLYQLENY 55
SEQ ID NO: 78 FVNQHLCGSHLVQALYLVCGERGFFYTDPTQRGGEGE - -GGQRGIVEQCCTSICSLYQLENY 58
SEQ ID NO: 80 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGGGESGEEGGIVEQCCTSICSLYQLENY 60
SEQ ID NO: 82 FVNQHLCGSHLVEALALVCGERGFFYTDPGGEG- - - ~GGGGGIVEQCCTSICSLYQLENY 56
SEQ ID NO: 84 FVNQHLCGSHLVEALALVCGERGFFYT-PGGEGG- - - —GGGGEIVEQCCTSICSLYQLENY 55
Fhkkkhkkxhhk ;hk khkkkkkkkxkk * * *hhkkkhkhkkkhhkkkhkkkk
SEQ ID NO: 66 CNGGGGAGGGEDCPKCPAPEMLGGPSVFI FPPRPKDTLLIARTPEVTCVVVDLDPEDPEY 115
SEQ ID No: 78 CGG-GGAGEEEDCPKC PAPEMI.GGPSVFIFPPRPKDTLLIARTPEVTCVVVDLOPEDPEV 117
SEQ ID NO: 80 CGG-GGAGGGGDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEV 119
SEQ ID NO: 82 CGG-GGAGEGEDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEV 115
SEQ ID NO: 84 CGG-GGAGGGEGDCPKC PAFEMLGGPSVF I FPPKPKDTLLIARTPEVTCVVVDLDPEDPEV 114

h ok khkkkhkhhkhhkhkhkhkhddkhdbhkddbhk bbbk hrhdhhhhhhhhdhbhhddhhhhbhdhid

SEQ ID NO: 66 QISWFVDCKQMQTAKTQPREEQFQGTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIE 175
SEQ ID NO: 78 QISWEVDGRQMOTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCRVNNRALPSPIE 177
SEQ ID NO: 80 QISWFVDCKQMQTAKTQPREEQFSCGTYRVVSVLPIGHRDWLKGKQFTCKVNNKALPSPIE 179
SEQ ID NO: 82 QISWFVDCGRQMQTAKRTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNRALPSPIE 175
SEQ ID NO: 84 QISWEFVDGRQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIE 174
dhkkkkkkkkkkkkhhkkhkkhkkd hhbkkhkhkkhkxhkhhkhhkkkhhrrhbhrhtotdt
SEQ ID NO: 66 RTISKARGOAHOPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNGOOEPESKY 235
SEQ ID NO: 78 RTISKARGQAHQPSVYVLPPSREELSKNIVSLICLIKDFFPPDIDVEWQSNGRQEPESKY 237
SEQ ID NO: 80 RTISKARGQAHQOPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQOEPESKY 239
SEQ ID NO: 82 RTISKARGRAHQPSVYVLPPSREELSKNTVSLTICLIKDFFPPDIDVEWQSNGQQEPESKY 235
SEQ ID NO: 84 RTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKY 234

Ik kh kA rh kR hhhdhhkkhbhk kb hbdkfrhrhhdhdrhhrddrodbrherbdrds

SEQ ID NO: 66 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 250
SEQ ID NO: 78 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 292
SEQ ID NO: 80 RTITPPQLDEDGESYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 294
SEQ ID NO: B2 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALENHYTQESLSHSPG 250
SEQ ID NO: B84 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 289

hhkkkkhhkkkhkkhkkhkkhkhkkhkhhkhkkhkhhhhhkhhhhhhkhhkhhhkkhhkhkd
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SEQ ID NO: B6 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGG 60
SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCNGGG €0
SEQ ID NO: 76 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGG 60

HhRKRKRRIER I TREE TR T AT IR A R AR R R AR TR rhh bbbk bk hhhokdd ddh

SEQ ID NO: 86 GREGEBEREGBEEREEEEEDCPRCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVDLD 120
SEQ ID NO: 66 GA--——————---— GGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVDILD 109
3EQ ID NO: 76 A-==mmm—mmm——— GGGGEDCPRCPAPEMLGGPSVFIFPPKPEKDTLLIARTPEVICVVVDLD 108

khkkdkkkkhbhkhdbhkkddbkhkdhhkdhhhhhdhhkhbhdhhbhkbhrhddh

SEQ ID NO: 86 PEDPEVQISWEVDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA 180
SEQ ID NO: 66 PEDPEVQISWFVDGKQMQTARTQPREEQFQGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA 169
SEQ ID NO: 76 PEDPEVQISWEFVDGKOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA 168

hhkkdkkkhkkhhhkkhkhhkkhkdhrdkddbhkkhbddk dhdhhkhdhbrrhbhbrhhdhhhhkrhhkdd

SEQ ID NO: 86 LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQ 240
SEQ ID NO: 66 LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQ 229
SEQ ID NO: 76 LPSPIERTISKARGQAHQPSVYVLPPSREELSENTVSLTCLIKDFFPPDIDVEWQSNGQQ 228

HhIRR R A A IR AT AR TR AR A RN R R b hhd R hhrh bbb bk bhkhhhhkdhkidn

SEQ ID NO: 86 EPESKYRITPPQLDEDGSYFLY SKLSVDRSRWQRGDTFICAVMHEALHNHYTQESLSHSP 300
SEQ ID NO: 66 EPESKYRTTPPQLDEDGSYFLY SKLSVDESRWQRGDTFICAVMHEATHNHYTQESLSHSP 289
SEQ ID NO: 76 EPESKYRTTPPQLDEDGSYFLYSKLSVDRSRWQRGDTFICAVMHEALHNHYTQESLSHSP 288

A2 AR AR AL A RA R AR SRR ARttt ad ittt l s

SEQ ID NO: 86 G 301

SEQ ID NO: 66 G 290

SEQ ID NO: 76 G 289
*

FIG. 14



DK/EP 4011908 T5

SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGG-PRRGIVEQCCTSICSLYQLENYCNGG 59
SEQ ID NO: 82 FVNQHLCGSHLVEALALVCGERGFFYTDPGGGGGGGGGIVEQCCTSICSLYQLENYCGG- 59
SEQ ID NO: 88 FVNQHLCGSHLVEALALVCGERGFFYTQG-GGGGGGGGIVEQCCTSICSLYQLENYCGG- 58
SEQ ID NO: 84 FVNQHLCGSHLVEALALVCGERGFFYTPG-GGGGGGGGIVEQCCTSICSLYQLENYCGG- 58
e e e e e ok ek ke kR Kk ek kK ok ok ke ke ok k kok ok * ok k dhkkhkhkhkhhkhhhhhkhhk K
SEQ ID NO: 66 GGAGGGGDCPRCPAPEMLGGPSVE IFPPRPKDTLLIARTPEVTICVVVDLDPEDPEVQISW 119
SEQ ID NO: B2 GGAGGGGDCPKCPAPEMLGGPSVEIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVQISW 119
SEQ ID NO: 88 GGAGGGGDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTICVVVDLDPEDPEVQISW 118
SEQ ID NO: B4 GGAGGGGDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVQISW 118

dhhkkkkkhhh kb ke kh Ak kb hkkkhhdkdhhkhhhhrdbhhdhdkdhhhkdhdkdk

SEQ ID NO: 66 FVDGKQMQTAKTQRPREEQFQBTYRVVSVLPIGHRDWLKGKQFTCKVNNKALPSPIERTIS 179
SEQ ID NO: B2 FVDGRQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGRQFTCKVNNRATLPSPIERTIS 179
SEQ ID NO: 88 FVDGKOMOTAKTQPREEQF SGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTIS 178
SEQ ID NO: B4 FVDGROMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCRKVNNRALPSPIERTIS 178

hohkA kA kkkkhhkkhhkhdd khkdkkkddhkkdkkhddhkhkdhhhbhhhdhhkrhdhkdhhkdk

SEQ ID NO: 66 KARGQAHQPSVYIVLPPSREELSKNTVSLICLIKDFFPPDIDVEWQSNGQQEPESKYRTTP 239
SEQ ID NO: B2 KARGQAHQPSVYVLPPSREELSKENTVSLTCLIRDFEFPPDIDVEWQSNGQQEPESKYRTTP 239
SEQ ID No: 88 KARGQRAHQPSVIVLPPSREELSKNTVSLICLIKDFFPPDIDVEWQSNGQQEPESKYRTTP 238
SEQ ID NO: B4 KARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTP 238

HEERX I T AT FTRE AT TFAERARAARATFRA RS IR AR ATk Ak dk Ak hrrkdd

SEQ ID NO: 66 PQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 290
SEQ ID NO: B2 PQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 290
SEQ ID NO: 88 PQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 288
SEQ ID NO: B4 PQLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHYTQESLSHSPG 2889

hhkkkkhdkhhhkhkhddhkhhddbhhkddbrrdkdddhdhhdrhhrbdhhktbdoid
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGG-GPRRGIVEQCCTSICSLYQLENYCNGG 59
SEQ ID NO: 90 FVNQHLCGSHLVEALELVCGERGFFYTPRTGGSGGGGGIVEQCCTSTCSLDQLENYCGG— 59
SEQ ID NO: 92 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCNHG 60
SEQ ID NO: 34 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCNGG 60
SEQ ID NO: 32 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGS GGGGGIVEQCCTSTCSLDQLENYCGG- 59
SEQ ID NO: 94 FVNQHLCGSHLVEALELVCGERGFFYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGG- 59
dkkkkkhkhhhkkhh khkkhkhdk K *k Kk kkkkhkhkkkk kkk khkkhkk
SEQ ID NO: 66 GG-=-——=—————== AGGGEDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVD 107
SEQ ID NO: S0 GGEQRGGGERGEGEEQGCEGCDCPECPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVD 119
SEQ ID NO: 92 GGGQRGGGEERGEGEEQGGEGEDCPKCPAPEMLGGPSVFIFPPRKPKDTLLIARTPEVTICVVVD 120
SEQ ID NO: 34 GGCUGGGERGEGEERGEEGCDCPKCPAPEMLGGPSVEIFPPRPKDTLLIARTPEVTCVVYVD 120
SEQ ID NO: 32 GGGRGGGEREEEEQGGEECICPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTICVVVD 119
SEQ ID NO: 94 GGGUGGGEERGEGEQCEECCDCPRKCPAPEMLGGPSVEIFPPEPKDTLLIARTPEVTCVVYD 119
* %k NAAAEE LA LSRRttt Rt ittt
SEQ ID NO: 66 LDPEDPEVQRISWFVDGROMQTAKTQPREEQFQGTYRVVSVLPIGHQDWLKGKQFTCKVNN 167
SEQ ID NO: 90 LDPEDPEVQISWFVDGKOMQTAKTQPREEQFNGTYRVVSVLPIGHODWLKGKQFTCKVNN 179
SEQ ID NO: 92 LDPEDPEVQRISWFVDGROMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 180
SEQ ID NO: 34 LDPEDPEVQISWFVDCGROMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 180
SEQ ID NO: 32 LDPEDPEVQISWEVDGRQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 179
SEQ ID NO: 94 LDPEDPEVQISWFVDGROMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 179

HRERKIEEAKARRER AR IR AT IR AR AR RAR R T ARA A h ko hh bk hhhhhds

SEQ ID NO: 66 KALPSPIERTISKARGRAHQPSVYVLPPSREELSKNTVSLTCLIRDEFFPPDIDVEWQSNG 227
SEQ ID NO: 90 RALPSPIERTISKARGQAHQPSVYVLPPSREELSKENTVSLTCLIRDFFPPDIDVEWQSNG 239
SEQ ID NO: 92 KALPSPIERTISKARGRAHQPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNG 240
SEQ ID NO: 34 KALPSPIERTISRARGQAHQPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNG 240
SEQ ID NO: 32 KALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNG 239
SEQ ID NO: 94 KALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIRKDFFPPDIDVEWQSNG 239

hhkkhkhkhkkkhkhhkkhhkhkkkhkdhhdhkdhbdhhbbdhbhhkhbhhddrhhhbdhddhdhrrhhbhid

SEQ ID NO: 66 QREEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 287
SEQ ID NO: 90 QOEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWOQRGDTFICAVMHEATLHNHYTQESTLSH 299
SEQ ID NO: 92 QQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 300
SEQ ID NO: 34 QQOEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 300
SEQ ID NO: 32 QQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 299
SEQ ID NO: 94 QQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 299

HETRR KX A I I I RI I IR RRF AT XA AT RR A AT AT I Tk Th bk hhkkhhhokdkhhkk

SEQ ID NO: 66 SPG 290
SEQ ID NO: 90 SPG 302
SEQ ID NoO: 92 SPG 303
SEQ ID NO: 34 SPG 303
SEQ ID NO: 32 SPG 302
SEQ ID NO: 94 SPG 302

hk*
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SEQ ID NO: 102 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGEGEGIVEQCCTSTCSIDQLENYCGGG 60
SEQ ID NO: 104 FVNQHLCGSHLVEALELVCGERGFHYGGGGGES GGEGGIVEQCCTSTCSLDQLENYCGGG 60

TRk Ahr ke kd bk bk ddhbrhhhhkddrrrdhhrhdhhrhhrhhrddrhhkdrs

SEQ ID NO: 102 GEQREGEEREEEEREEEEEDCPKCPAPEMLGGPSVEFIFPPKPKDTLLIARTPEVICVVVAL 120
SEQ TD NO: 104 GGQGGEEREEGEUEGEEGEDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDL 120
kkkkkkkkkhkk Rk ko h ko khhhrh kb khhkkhkhkhhhhhhhhhhdhhhbhhhrhhdh *

SEQ ID NO: 102 DPEDPEVQISWFVDGKQMOTAKTQPREEQFSGTIYRVVSVLPIGHQDWLKGKQFTCEVNNE 180
SEQ ID NO: 104 DPEDPEVQISWFVDGKQMOTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCRVNNK 180
R e e e T L e R L T T

SEQ ID NO: 102 ALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIRKDFFPPDIDVEWQSNGQ 240

SEQ ID NO: 104 ALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQ 240
kkkhkkkkkdkkkhkkhd ¥k khkdhhxhdhhdhhxkdhdhhdhhhhdhhohrdthrhtdtrdhtd

SEQ ID NC: 102 QEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHYTQESLSHS 300

SEQ ID NO: 104 QEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHS 300
L T S T T ey T s

SEQ ID NWoO: 102 PG 302

SEQ ID NO: 104 PG 302
* %
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SEQ ID NO: 10B FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 110 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 106 FVNQHLCGSDLVEALYLVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID No: 112 FVNQHLCGSDLVEALALVCGERGFFYIDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

Ve 3t o de de e g ve de e e e Yo de g U e e o Y e o o o e W e Y o e o e vt o s o e e o W e e B gk e e e o e o e e B e e e b e o

SEQ ID NO: 10B G8GG-GGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTICLVVDLGPDDSDVQITW 119
SEQ ID NO: 110 GAGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITW 120
SEQ ID NO: 106 GSGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVICLVVDLGPDDSNVQITW 120
SEQ ID NO: 112 GSGGGGGEGPKCPVPEIPGAPSVEFIFPPKPKDTLSISRTPEVICLVVDLGPDDSNVQITW 120

*ohkk kko khkkk hky h hhghhhkhkhAhbhhkdkhdkhkhd bbbk hkhkhkdkhkhhkhkh  hhhkKk

SEQ ID No: 108 FVDNTQVYTAKTSPREEQFNSTYRVVSVLPI LHQDWLKGKEFKCKVNSKSLPSPIERTIS 179
SEQ ID No: 110 FVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTIS 180
SEQ ID NO: 106 FVDNTEMHTAKTRPREEQFNSTYRVVSVLPI LHQDWLKGKEFKCKVNSKSLPSAMERTIS 180
SEQ ID NO: 112 FVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTIS 180
EE L R R LA R R R L Y st
SEQ ID NO: 108 KDKGQPHEPQVYVLPPAQEELSRNKVSVICLIEGFYPSDIAVEWEITGQPEPENNYRTTP 239
SEQ ID NO: 110 KAKGQOPHEPQVYVLPPTQEELSENKVSVICLIKGFHPPDIAVEWEITGQPEPENNYQTTP 240
SEQ ID NO: 106 KAKGQPHEPQVYVLPPTQEELSENKVSVICLIKGFHPPDIAVEWEITGQPEPENNYQTTP 240
SEQ ID NO: 112 KAKGOPHEPQVYVLPPTOEELSENKVSVTCLIKGFHPPDIAVEWEITGOPEPENNYQTTP 240

* AhkhkkkkAAI A I b I hkkdkk AhkkkrkA Ak b kk .k FhEk kI kA A A h Ik kdh . Ak x

SEQ ID NO: 10B PQLDSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG 250
SEQ ID NO: 110 PQLDSDGTYFLY SRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG 291
SEQ ID NO: 106 POLDSDGTYFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG 291
SEQ ID NO: 112 PQLDSDGTYFLY SRLSVDRSHWQRGNTY TCSVSHEALHSHHTQKSLTQSPG 291

HEEKKERIEAIRRKAFRAKRKR KA IR AR TAA IR I A I AR A hdddhhhhdrdhx
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SEQ ID NC: 114 FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGGGG 60
SEQ ID No: 116 FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGGGG 60
SEQ ID NO: 108 FVNQHLCGSDLVEALALVCGERGFEFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NoO: 118 FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGG-G 59
de de o I v de g kR . e e e de g e g ke e de e e kI g ok O i e B ddeddkkhdedkir * : o g d v v de H **‘. * %
SEQ ID NO: 114 AGGGGGEGPKCEVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWE 120
SEQ ID NO: 116 AGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWE 120
SEQ ID NO: 108 GSGGGGDCPKCFPFPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSDVQITWE 120
SEQ ID NO: 118 GAGGGGDCPKCPPPEMLGGPSIFIFPPRPKDTLSISRTPEVTCLVVALGPDDSDVQITWE 119
LoKkkk . dkdek kK, *_**:************************ fhkkkddk  kkdkkk
SEQ ID No: 114 VDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISK 180
SEQ ID NoO: 116 VDNTEMHTAKTRPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISK 180
SEQ ID NO: 108 VDNTQVYTAKTSPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTISK 180
SEQ ID NO: 118 VDNTQVYTAKTSPREEQFSSTYRVVSVLPILHOQDWLKGKEFKCKVNSKSLFSPIERTISK 179
hhkkdhk s hkkkk khkkdhhk kkhkkhkkkkkkhhkhkhkkkhkhhkhkhkhkkdhhkkhkh hkhkkk
SEQ ID No: 114 AKGQPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPP 240
SEQ ID NO: 116 AKGQPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPP 240
SEQ ID NO: 108 DKGQFHEPQVYVLPPAQEELSRNKVSVICLIEGFYPSDIAVEWEITGQPEFENNYRTTPP 240
SEQ ID NoO: 118 DKGQPHEPQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNYRTTPP 239
**********ii**:***k*.******i**:**:* *****k************:****
SEQ ID NoO: 114 QLDSDGTYFLY SRLSVDRSHWQRGNTY TCSVSHEALHSHHTQKSLTQSP - 289
SEQ ID NO: 116 QLDSDGTYFLYSRLSVDRSHWQRGNTYTCSVSHEALESHHTQRSLTQSPG 290
SEQ ID NC: 108 QLDSDGTYFLY SRLSVDRSRWOQRGNTY TCSVSHEALHSHHTQKSLTQSPG 290
SEQ ID NO: 118 QLDSDGTYFLY SRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTOSPG 289

e e e e ok Sk ok e ok de ke ke ok o e ok ke s ok ke ek e ok ok ok ke ok e e ke ok ok ok ok e ok ok ke ke e ke b ke e
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SEQ ID NO: 106 FVNQHLCGSDLVEALYLVCGERGFFYTDPTGG-GPRRGIVEQCCHSICSLYQLENYCNGG 59

SEQ ID NC: 112 FVNQHLCGSDLVEALALVCGERGFFYTDPTGG-GPRRGIVEQCCHSICSLYQLENYCNGG 59

SEQ ID NO: 122 FVNQHLCGSHELVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG 60
kkkkkkkhkk Kkkkkk Fhkkdkkkhdk k| kk ok *kkkkhkk Kk kkk kkkkhkk kk

SEQ ID NO: 106 GGSG——--—-—-—-——-—— GGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVD 108

SEQ ID NO: 112 GGSG——--—-—————— GGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVD 108

SEQ ID NO: 122 GGQGGGEGERGEGEGEQGEEGEGGEGPKCPVPEIPGAPSVEIFPPKPKDTLSISRTPEVTCLVVD 120
*H ok T R T e e L T A2 L L 2y

SEQ ID NO: 106 LGPDDSNVQITWFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNS 168

SEQ ID NO: 112 LGPDDSNVQITWFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNS 168

SEQ ID NO: 122 LGPDDSNVQITWFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHEDWLKGKEFKCKVNS 180

RhERRRRERTIRIRIRT Tk kdhhkbhrhokhhhrhRXhhkhhXrhhhhrhhxrrhhhhhhhihrd

SEQ ID NC: 106 KSLPSAMERTISKAKGQPHEPQVYVLFPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITG 228
SEQ ID NO: 112 KSLPSAMERTISKAKGQPHEPQVIVLFPTQEELSENKVSVICLIKGFHPFDIAVEWEITG 228
SEQ ID NO: 122 KSLPSAMERTISKAKGQPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITG 240

AhhRETRERRI KRR hhhhdkhkhhhhrhhhkrrhkhhhhrhrhdhhhhrhrhhhhrhidrn

SEQ ID NO: 106 QPEPENNYQTTPPQLDSDGTYFLY SRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQ 288
SEQ ID NC: 112 QPEPENNYQTTPPQLDSDGTYFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQ 288
SEQ ID NO: 122 QPEPENNYQTTPPQLDSDGTYFLY SRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQ 300

hhkhkkhkhhkhkhhkhhhhhhhhhhhhkhhhkhhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkh

SEQ ID NO: 106 SPG 291
SEQ ID NO: 112 SPG 291
SEQ ID NO: 122 SPG 303
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SEQ ID NO: 31 atggaatggagctgggtctttetcttetteectgtecagtaacgactggtgtecacteette
SEQ IDNOC: 32 M E W 8§ W VvV F L F F L 8 VvV T T GG V H 8 F
gtgaaccagcacctgtgeggeteccacetggtggaagetetggaactegtgtgeggegag
vV N Q H L ¢ G &8 H L V EATULETLV C G E
eggggettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R ¢6 F H ¥ 6 6 6 G 6 6 8 6 66 G 66 & I VvV E
cagtgectgcacctecacectgetecctggaccagetggaaaactactgeggtggeggaggt
Q ¢ ¢ T 8 T C 8 L D Q L E N Y C G G G G
ggtecaaggaggeggtggacagggtggaggtgggecagggaggaggegggggagactgecec
G @ ¢ 6 6 6 Q 6 ¢ 6 6 Q@ 6 6 6 6 G D C P
aagtgceccegetececgagatgetgggeggacccagegtgttecatettececteccaagece
K ¢ P A P EMIULG G P 8 V F I F P P K P
aaggacacactgcetgatcgeccaggaceceggaggtgacctgegtggtggtggacetggat
K D T L L I A R T P E V T C V vV V DL D
ccegaagaccecgaggtgeagatecagetggttegtggatggaaagecagatgecagacegee
P E D P E V Q I 8 W F V D 66 K ¢ M @ T A
aagacccaacccegggaagageagttcaacggeacctacagggtggtgagtgtgttgeec
K T @ P R E E Q F N G T ¥ R V V 8 V L P
atceggecaccaggactggectgaaggggaagcaattcacatgcaaggttaataacaaggec
I ¢ H Q DWUL K G K Q@ F T C KV NN K A
ctgcccagcceccatcgagaggaccatcagcaaggccaggggccaggecccaccagecatet
L P 8 P I E R T I 8 K A R G Q A H Q P S
gtgtacgtgctgecceccatctagggaggaactgagcaagaacacagtcagecttacttge
vV ¥y v L P P 8 R EU EUL S KNTV S L T C
ctgatcaaggacttettcocaceggacatagacgtggagtggecagagtaacggecageag
L T K D F ¥ P P D I DV E W Q 8 N G Q Q
gagecacgagagcaagtataggaccacacegececaactggacgaggacggaagetactte
E P E 8 K ¥ R T T P P @ L D ED G 8 Y F
ctcectacagecaaattgagegttgacaaaagcaggtggcagegaggegacacetteatetge
L ¥ 8 K L. 8 Vv b XK 8 R W Q R G D T F I C
geaegtgatgecacgaggetttgeataaccactacacccaggagagectgteecacagecee
A VM H E A L H N EH Y T Q E 8 L S H 8 P

ggatag
G —_
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SEQ ID NO: 33 atggaatggagcotgggtetttetettettectgteoagtaacgactggtgtocacteoctte
SEQ IDNO: 34 M E W 8 W VvV P L. F F L 8 v T T ¢ V H 8 F
gtgaaccageacchtgbgeggeteoccaccotggtggaagetetggaactoghgtgoggogag
vV N ¢ H L ¢ 66 &8 H L. V E A L E L VvV ¢ G E
cagggettecactacgggagtggcggaggaggttetggtggeggeggaggcategtggna
R 6 F H ¥ 6 6 6 6 6 G 8 66 6 6 6 G I Vv E
cagtgetgeacctocacotgeteoctggaccagotggasaartactgeaacggtggogga
g ¢ ¢ T & T C€C 8§ L b Qg L E N Y C N G G G
ggtggtcaaggaggeggtggacagggtggaggtgggeagggaggaggegggggagactga
G 6 Q ¢ 6 6 6 Q 66 6 6 66 Q9 6 6 6 6 6 Db C
cocaagtgeocagoetocogagatgotgggoggacocagegtgtteatottocotoccaag
P K ¢ P A P E M L G G P 8 V F I F P P K
cecaaggacacactgetgategecaggaceceggaggtgacetgegtggtggtggacetyg
P X 0 T L L I A R T P E V T ¢ V V V D L
gatccoegaagacceccgaggtgecagatcagetggttcgtggatggaaagcagatgeagace
D P E D P E V Q I 8 W F V D G K Qg M O T
gocaagaccraascoogggaagageagttcaacggeacctacagogtggtgagtatgtg
A K T @ P R E E Q F N G T ¥ R V VvV 58 VvV L
cocatoggecaceaggactggetgaaggggaageaattcacatgeaaggttaataacaag
P I 6 H @ D W L. K ¢ K ¢ F T €C K V N N K
geectgeccageoccecategagaggacecatcagraaggecagygggoecaggeccaccageca
A L. P 8 P I BE R T I 8 K & R G QO A H Qg P
tetgtgtacgtgoetgocaccatctagggaggasctgagcaagaacacagtcagacttact
8 vV Y v L P P §8 R E E L 8 K N T V 8 L T
tgectgatcaaggacttettoccaceggacatagacgtggagtgocagagtaacggocag
¢ L I XK p F F P P D I B VvV E W Q 8 N G Q
caggageccgagageaagtataggaceacacegececaactyggacgaggacyggaagetac
Q B P E 8 K Y R 7T T P P @Q L. D B D G 8 Y
ttectetacageasattgagoegttgacasaageaggtggecagogaggagacacatbeate
F L ¥ & K L &8 VvV D K 8 R W ¢ R ¢ D T P I
tgegeegtgatgeacgaggetttgeataaccactacaccecaggagagectgtoccacage
C A V M H E A L H N H Y T @ E 8 L 8 H 8
cocggatag
P G -
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SEQ ID NO: 35 atggaatggagctgggtctttctettettectgtecagtaacgactggtgtecactectte
SEQ IDNO: 3 M E W 8 W V F L F F L 8 VvV T T G V H 8 F
gtgaaccagcacctgtgeggeteccacetggtggaagetetggeactegtgtgeggegag
vV N g H L C 6 &8 HL V E AL ATLV C G E
eggggettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R 6 F H Y 6 6 666 66 66 8 6 6 66 6 G I VvV E
cagtgetgcacctecacetgetecctggaccagetggaaaactactgeggtggeggaggt
¢ ¢ ¢c T s T ¢ 8 L D Q@ L E N Y C G G G G
ggtcaaggaggeggtggacagggtggaggtgggeagggaggaggegggggagactgecee
G Q 6 6 6 6 g 6 6 6 6 g 6 6 6 68 & D Cc P
aagtgeceegetecegagatgetgggeggacecagegtgtteatetteceteceaageee
K ¢ P A P EMUIL GG P S8 Vv F I F P P K P
aaggacacactgcetgategecaggaceceeggaggtgacetgegtggtggtggacctggat
K b T L. L. T A R T P E V T C V Vv V D L D
ccegaagacceccegaggtgecagatcagetggttegtggatggaaagecagatgcagacegea
P ED P E V Q I 8 W F vV D G K Q M @ T A
aagacccaacccecgggaagagcagtteteaggeacetacagggtggtgagtgtgttgeece
K T Q P R E E Q F 8 6 T Y R V V 8 V L P
atcggecaccaggactggetgaaggggaagcaattcacatgcaaggttaataacaaggec
I 6 H Q D W L K G K Q F T C K V N N K A
ctgeccecagecccategagaggaccatecageaaggecaggggecaggeccaccageeatet
L p 8 P I E R T I 8 KA R G Q A H Qg P S
gtgtacgtgetgecccecatetagggaggaactgageaagaacacagtecagecttacttge
v Y v L. P P 8 R E E L 8 KN T V 8 L T C
ctgatcaaggacttectteeccaceggacatagacgtggagtggecagagtaacggeccageag
L I K b F F P P D I DV EW Q 8 N G Q Q
gagcccgagagcaagtataggaccacaccgecccaactggacgaggacggaagetactte
E P E &8 K Y R T T P P Q L D E D G 8 Y F
ctetacagcaaattgagegttgacaaaagecaggtggcagegaggegacaccttecatetge
L Y s K L &5 vV D K S R W Q@ R G D T F I cC
gcegtgatgeacgaggetttgecataaccactacaceccaggagagectgteccacageecce
A vV M H E A L HNUHY T Q E 8 L S8 H 8 P

ggatag
G —_
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SEQ ID NO: 37 atggaatggagctgggtctttectcttettectgtcagtaacgactggtgteccactectte
SEQ IDNO: 38 M E W 8 W V F L F F L &8 VvV T T ¢ V H & F
gtgaaccagcacctgtgeggctcecccacctggtggaagetetggaactegtgtgeggegag
vV N Q H L ¢ 6 8 H L VvV E A L E L VvV C G E
cggggcttccactacgggggtggecggaggaggttetggtggeggeggaggecategtggaa
R ¢ F H ¥ 6 6 6 6 6 6 8 6 6 ¢ 6 6 I V E
cagtgectgecacctecacctgetecctggaccagetggaaaactactgeggtggeggaggt
Q ¢c ¢c T 8 T ¢ 8 L D Q L E N Y C GG G G G
ggtcaaggaggcggtggacagggtggaggtgggcagggaggaggegggggagactgecce
G Q & 6 6 6 Q 6 66 6 6 Q @6 6 6 G 6 D C P
aaatgtectecegectgagatgetgggtggecctageatettecatettecegeccaagece
K ¢ P P P EMUL G G P &8 I F I F P P K P
aaggatactctgtecattagecaggaccecegaggtgacetgectggtggtggacetgggg
K pD T L 8 I 8 R T PEV T C L V V D L G
ccagacgactetgacgtgeagatcacaetggttegtagacaacacecaggtttacactgece
P DD S DV Q I T™WU F V DNTQV Y T A
aagaccagtecccagggaggagcagttecaacageacatacagggtggtgagegttetgece
K T s P R E E Q F N 8 T Y R V V 8 V L P
atectgeaccaggactggetgaaaggcaaagagttecaagtgtaaggtgaacagecaagage
I L H Q D WL K GG K E F K CE KV N 8 K B8
ctgccecagecceeattgaaaggaccatecagecaaggacaagggecageegecacgagecceaa
L P &8 P I E R T I 8 K D K G Q P H E P Q
gtectacgtgetgececcagecacaggaagagectgagecaggaacaaggttagegtgacatge
v Yy v L P P A QE EUL 8 RN KUV S V T C
ctgategagggtttetacececagegacategeegtggagtgggaaatcaceggecaacce
L I E 6 F Y P 8 D I A V E W E I T G Q P
gagcccgagaacaactacaggaccactecgecgeaactggacagegacgggacetactte
E P ENNY R T TP P Q L D 8 D 6 T Y F
ttgtatagecaggctgagegtggaceggagecaggtggcagaggggcaacacctacacttge
L Y 8 R L. 8 V. D R 8 R W Q R G N T Y T C
agcgtgageccacgaggecttgecacagecaccacactcagaagagtectgacccagageeceg
S vV 8 H E A L H 8 EHEH T Q K 8 L T @Q 8 P
ggatag
G -
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SEQ ID NO: 39 atggaatggagctgggtctttetcttettectgtecagtaacgactggtgtccacteette
SEQ ID NO: 40 M E W &§ WV F L F FL 8V T T GV H 8§ F
gtgaaccagcacctgtgeggecteccacctggtggaagetctggecactegtgtgeggegag
vV N Q H L C 6 &8 H L V EA L ALV C G E
eggggcettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R G F H Y G 6 G 6 G 6 8 6 6 GG 6 ¢ I V E
cagtgctgeaccectecacetgetecetggacecagetggaaaactactgeggtggeggaggt
Q ¢ ¢ T 8 T € &8 L D Q L E N Y C G G G G
ggtcaaggaggeggtggacagggtggaggtgggeagggaggaggegygggagactgecee
G Q 6 G 6 G Qg 6 6 6 6 Qg 6 6 G 6 ¢ b C P
aaatgtcctecgectgagatgetgggtggecctageatcttecatettececcgeccaageece
K ¢ p P P EMUL G G P 8 I F I F P P K P
aaggatactetgtecattagecaggacecccecgaggtgacetgectggtggtggacetgggg
K D T L 8 I 8 R T P E V T C L V V D L G
ccagacgactctgacgtgeagatcacectggttegtagacaacacccaggtttacactgec
P DD S D V Q I T wWw F V D N T Q@ V Y T A
aagaccagtcccagggaggagcagttecageagecacatacagggtggtgagegttetgece
K T s P R E E @ F 8 8 T Y R V V 8 VvV L P
atcctgeaccaggactggetgaaaggcaaagagttcaagtgtaaggtgaacagecaagage
I L.B Q D WL K G K EF K CE KV N 8 K 8
ctgcecagcececcattgaaaggaccatcecagecaaggacaagggecageegecacgageoecaa
L P 8 P I E R T I 8 KD K G Q P HE P Q
gtetacgtgetgeccccageacaggaagagetgageaggaacaaggttagaegtgacatge
v Yy v L. P P A Q E E L 8 R N KV 8 VvV T C
ctgategagggtttetaccecagegacategecgtggagtgggaaatecaceggecaacea
L T E 6 F Y Pp 8 DIAV EWETITG Q P
gagcccgagaacaactacaggaccactcecgecgcaactggacagegacgggacctactte
E P E NN Y R T T P P Q L D 8 D G T Y F
ttgtatagcaggctgagegtggaceggagecaggtggcagaggggcaacacctacacttge
L ¥ 8 R L 8 vV D R &8 R W Q R G NTT Y T C
agegtgagecacgaggecttgeacagecaceacactecagaagagtetgacecagageceg
s v 8§ H E A L H 8 H H T @ K 8 L T @ 8 P

ggatag
G —_
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.
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