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DESCRIPTION

TECHNICAL FIELD

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

BACKGROUND

[0002] WO2018107117 discloses compasitions of hurman insulin-FG (e.g., proinsulin-Fc) fusion proteins and their use to treat or prevent type 1 diabetes. The nsulin-FG fusion protein comprises an insulin palypeptide inked to an Fc domain via a peptide linker and binds the human insulin receptor at an IC5025000 M in &
compettive binding assay. CN103509118 discloses an insulin-Fs fusion protein comprising the formula B-C-A-Fo, whers Als an insulin A-shain; B is an insulin B-chain; and C is a peplide connecting sequence comprising 4-50 amino acids. The lgG Fo fragment can also comprise mutations. This Fo fusion protein has increased
haff-ife over natural insulin. The peptide connecting ssquence comprises 6-30 amino acids. WO2016178905 discloses fusion proteins comprising an insulin rece ptor agonist fused to a human I Fo region (I9G1, IG2, or lgG4) by a pepide inker which can be ussd in the treatment of diabetes.

[0003] Diabstes is a chronic sond tion characterized by an insulin defisiency and/or ineffective use of insulin. Diabetics that have an absolute defisiency of insulin are categorized as having type 1 or insulin-de pendent diabetes melitus (IDDM). Type 1 diabetics are thought to have a genetic predispostion combined with
immunologis destruction of the insulin-produsing B-cels of the pancreas. In comparison, diabetics that can stil produce some insulin but have a relative deficiency due to insulin resistance or other dysfunction, are classified as having type 2 or non-insulin-dspendent diabetes melitus (NIDDM). Type 2 diabetes is linksd o
‘genetic predisposition, obesity, and certain medications.

[0004] When a dog or  cat does not produce insulin or sannot use it normally, biood sugar levels elevate, resulting in hyperglycernia. Dogs generally exhibit an atypical glycemia phenotype with strong similarities to human type 1 diabetes. Dogs also occasionally exhibit atypical glycemia with strong similarties to type 2
diabetes in humans. Female dogs can also develop terparary insulin resistan ce whie in heat or pregnant. In all cases, the dags are treated with chronic insulin injection thera py. Cats generally exnibit an atypical glycemia phenotype with strong similarities to human type 2 diabetes (1e. insulin resistance), but by the time the
disease is diagnosed by a veterinarian, it has progressed to resemble a type 1 diabetes candition (inflammatory disease in pancreas with sgnificant loss of beta cell mass), and the cat is dependent an exogenous insulin. Some diabetic cals can be managed with distary changes and oral medication, but the majority of diabetic
cats receive shronis insulin injestion therapy to maintain adequate regulation. Left untreated, diabstes in dogs and cats can lead to weight loss, 1oss of appetits, vomting, dehydration, problems with motor function, coma, and even death

[0005] Approximately 0.24% of dogs and approximately 0.68% of cats i the United States are affscted by dianstes. 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, Summ, NJ) and ProZinc® for cats (Boshringer Inge heim
Vetmedica, Duluth, Georgia) which ars administered once or twice daily. WO2015009921 discloses fusion proteins comprising leptin and a second protein to increase biologisal action and/or half-ife in vivo. The leptin (or other therapeutic protein sush as an insulin pepide) is fused to an Fo fragment comprising ether a canine
immunoglobulin Fo region or feline IgG F o (ig-gamma B) fused at the C-temminus via a peptide inker. W02010117760 discloses methods and compositions for making and using fusion proteins that comprise a therapeutis peptide or protein linked to a canine antibody Fo domain, sither directly or through a linker. The Fo domain
consists of the hings region of a canine IgG selected from the group consisting of canine lgGA, canine IgG8, sanins IgGC and canine Ig8D. The linker in the fusions of the nvention may be of any length between 6 and 30 amino ackis. WO2016044676 discloses fusion proteins of feline erythropoistin linked to a feline Fo protein
and used in the treatment of anemia. The C terminus of the peptide may be fused through the linker to the N terminus of the Fo fragment or the N teminus of the peptide may be fused through the linker to the C terminus of the Fo fragment. WO2018073185 disoloses an Fo-fusion protein comprising a canine 1@ Fo domain
with at least one mutation to the amino acid sequence which is lnked to a peptide or a protein or an engineered lgand-binding protein or a VHH domain, to create an antibody with increased binding affinity to FcRn. The Fe fusian protein results from chermical coupling of a F region with the conjugate pariner. WO2016119023
is directed to the treatment, prevention and diagnosis of conditions associated with tumour necrosis factor (TNF) in non-human animals and disoloses fusion proteins comprising a feline Ig Gl Fo domain. The main fusions are feline TNFR p80 protein. TERADA T et al, %A chimeric human-cat Foy-F el df fusion protein inhibits.
systemis, pulmonary, and cutaneous allergic reactivity to intratracheal challenge in mice sensitized to Fel d1, the major cat allsrgen’, CLINICAL IMMUNOLOGY, vol. 120, no. 1, pages 45 - 6, and STRIETZEL CATHERINE J et al, *In Vitro functional characterization of feline lg@s", VETERINARY IMMUNOLOGY AND
IMMUNOPATHOLOGY, (2014), vol. 158, no. 3, pages 214 - 223 are also background art. The burden of frequent injections on owners often results in a lack of treatment regimen compliance and under-osing, leading to poor long-term health outsomes. In fact, the cost of insulin therapy and the practicality of dosing their pets
Up 10 14 times per we sk leads a significant peoentage of owners to sslect euthanasia for their psts as an altsmative to intensive management of diabstes. Therefore, thers is a nesd for cost effective and less burdensome treatment options for this dissase.

SUMMARY OF THE PRESENT TECHNOLOGY

[0008] It will be appreciated that the scope of the invention is in accardance with the claims. Accardingly, there is provided a method af preparing a recombinant cell camprising a nucleic acd encoding a fusion protein, as defined in claim 1. Further features are provided in accordance with the subsequent claims. The
speification may include desoription of arrangements outside the scope of the claims providsd 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 disslosure provides a method of preparing a recombinant cell comprising a nucleis asid encoding a fusion protein which comprises an insulin polypeptide and an Fo fragment, wherein the insulin polype ptide and the Fo fragment are connected by a linker, such as  peptide linker, wherein the Fo
fragment comprises the sequence

DCPKCPAPEML GGPSVFIFPPKPKDTLLIARTPEVTCVWYDLDPEDPEY QISWFYDGKOMQTAKTQPREEQFSGT YRVVSVL PIGH QDL KGKOF TC KYNNKAL PSPIERTI SKARGOAHQPSYYVLPPSREELSKN TVSLT CLIKDFF PP DIDY EWQSNGOQEPESKYRTTPPOLDEDGSY FLYSKLSVDKSRMORGD TFI CAVMHEALHNHYTQESLSHSPG
(SEQ 1D NO: 22), and the insulin polypeptice of the fusion protein comprises the sequence

FVNQHLCGSX1LVEALALVCGERGFHYGGGEGGSGEEEGIVEQCSX2STCSLDOLENYC (SEQ 1D NO: 10), where X1 is not D and X2 is not H. In some embodiments, the insulin polypeptide of the fusion protein comprises the sequence

FVNQHLCGSX1LVEALALVCGERGFHYGGGEGGSGEEEGIVEQCCX2STCSLDOLENYC (SEQ 1D NO: 10), where X1 is H and X2 s T In embodiments, the insulin polypeplide and the Fo fragment are connected by a linker, such as a pepide linker, comprising the sequence GEGGEQGEEGRGEEGEAGEEEE (SEQ 1D NO:

[0008] In embodiments, the fusion protein comprises the sequence
FVNGHCSHIYFALALVEGHRGER Y GGGORGSGHOIGIVELL CITCS DO RNYCGGG
s LLIARTPEVIC VY DLDLE
R PIGTIODWLRGEOFTORTNIK AT
PESSYE

ISR ISK ARGOARLPSY ¥ YL PPYREELSK N TVELICLIKDERPLIDVEWGSNR)

TIEPOIDELGSYFLY K7 S DKSRWORGETRC AYMITALIININTOESLS

)

[0008] In aspects, the fusion proteins dessribed herein comprise a homodimer. In embodiments, the percentage homodimer of the fusion protein is greater than 90%. In embodiments, the fusion proteins descrived herein are mads using HEK293 cells, and the resulting homodimer fiter after purifisation using Protein A beads or
a Protein A column is greater than 50 mg/L. In embodiments, the insulin receptor IC50 for the fusion proteins descrived herein is less than or equal to 5000 nM. In embodiments, the serum haltIfe of the fusion proteins descrived herein in the bisod or serum of a target animal upon administration is longer than about 3 days. In
embodiments, for the fusion protsins described hersin, the time during which thers is a statistically signifisant decreass in blood glucoss Isvel in a subject relative to a pre-iose level is longer than one of 2 hours, & hours, 9 hours, 12 hours, 18 hours, 1 day, 1.5 days, 2 days, 2.5 days, 3 days, 4 days, § days, § days, 7 days, or
longer.

[0010] In aspects, for the fusion proteins described hersin, the NAOC after the first suboutaneous injsction in a target animal is greater than 150 %FBGL-dayskgmg. In embodiments, for the fusion proteins desoribed hersin, the ratio of the NAQC after the third we ekdy suboutaneous injection of the fusion proteins in the target
animal to the NAOC after the first subcutaneous njection of the fusion protein in the target animal & greater than 0.50,

[0011] In aspects, fusion proteins as descrived herein ars fomulated as a compostion. In , in the composition the fusion protein is present at a concentration of about 3 mg/mL or greater. In embodiments, the composition is sutabls for suboutaneous administration

[6012] In embodiments, the cDNA comprises the nucleic acid sequence

p—

BRIEF DESCRIPTION OF THE DRAWINGS.

[ee13]

FIG. 1 shows a sehematic re presentation of an exemplary insulin-F fusion protein homodimer.

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

FIG. 3 lustrates a side-by-side sequence comparison of SEQ ID NOs: 42, 44, 46, 48, and 0. " or spaces refer to conservative, moderate, or very different amino acid mutations acrss the sequences at a given sequence position

respectively.

represents complets homology across all sequences at a given sequence position, while

FIG. 4 ilustrates a side-by-side sequence comparison of SEQ ID NOs: 42, 52, 54, and 56. " represents complete homology across all ssquences at a given sequence postion, while ™, *." or spaces refer to conssrvative, moderate, or very different amino acid mutations across the sequences at a given sequence position
respectively.

FIG. § shows average % fasting blood glucoss levels from Day 0 to Day 7 for N=3 dogs dosed intravenously on Day 0 at 0.2 mg/kg with the homodimer of SEQ 1D NO: 52
FIG. 6 shows average % fasting blood glucoss levels from Day 0 to Day 7 for N=5 dogs dosed subcutansously on Day 0 at 0.33 mg/kg with the homodimer of SEQ 1D NO: 52

FIG. 7 shows the average anti-drug antibody tter (ug/mL) for N=3 dogs dosed subcutaneously on Day 0 (0.30 mg/ka), Day 26 (0.33 markg), Day 35 (0.33 ma/ka), Day 42 (0.50 ma/ks), Day 49 (1.00 ma/kg) and Day 56 (1.00 mykg) with the homodimer of SEQ 1D NO: 52

FIG. 8 ilustrates a side-by-side sequence comparison of SEQ ID NOs: 58, 60, 62, and 64. *** represents complete homology across all ssquences at a given sequence postion, while ™, *." or spaces refer to conssrvative, moderate, or very different amino acid mutations across the sequences at a given sequence position
respectively.

FIG. 9 shows the average anti-drug antibody tter (gimL) for N

dog dosed subcutansously on Day 0 (0.33 markg), Day 7 (0.50 ma/kg), Day 14 (0.50 ma/kg), and Day 21 (0.50 ma/ka) with the homodimer of SEQ 1D NO: 64.
FIG. 10 shows the average anti-drug antibody titer (ug/mL) for N=1 dogs dosed subcutaneously on Day 0 (0.33 ma/kg) and Day 14 (0.16 ma/ka) with the homodimer of SEQ ID NO: 66.

FIG. 11 shows average % fasting biood glucose levels from Day 0 to Day 7 for N=2 dogs dosed subcutaneously on Day 0 at 0.33 mg/kg with the homodimer of SEQ ID NO: 66

FIG. 12 ilustrates a side-by-side sequence comparison of SEQ ID NOs: 66, 68, 70, 72, 74 and 76. " o spaces referto conservative, moderate, o very difersnt amino asid mutations across the sequences at a given sequence

position respectively.

represents complete homology across all sequences at a given sequence position, while

FIG. 13 illustrates a side-by-side sequence comparison of SEQ ID NOs: 66, 78, 80, 82, and 84. ™ represents complets homology across all ssquences at a given sequence posiion, while ™", " or spaces refer to conservative, moderate, or very different amino acki mutations across the sequences at a given sequence position
respectively.
FIG. 14 illustrates a skde-by-side Sequence comparison of SEQ ID NOs: 66, 76 and 86. ™ represents complste homology across all sequences at a given ssquence position, while ", *." or spaces refer to conservative, moderate, or very differsnt amino acid mutations across the Sequences at a given sequence position

respectively.

FIG. 15 ilustrates a side-by-side sequence comparison of SEQ D NOs: 66, 82, 84 and 55, T spaces refer to conssrvative, moderate, or very different amino acid mutations across the sequences at a given sequence position

respectively.

represents complets homology across all sequences at a given ssquence position, while

FIG. 16 ilustrates a side-by-side sequence comparison of SEQ ID NOs: 32, 34, 66, 90, 92 and 94. "
position respectively.

represents complete homology across all sequences at a given sequence position, while ", *" or spaces referto conservative, moderate, or very diferent amino acid mutations across the sequences at a given sequence

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

FIG. 18 shows the anti-drug antibody titer (ug/mL) for N=1 dog dosed subcutaneously on Day 0 (0.16 ma/kg), Day 14 (0.16 marke), Day 25 (0.16 ma/ka), and Day 42 (0.16 marky) with the hormodimer of SEQ ID NO: 34.

FIG. 19 shows % fasting blood glucoss levels from Day 0 to Day 7 for N=1 dog dossd suboutaneously on Day 0 at 0.33 m/kg with the homodimer of SEQ 1D NO: 52
FIG. 20 shows % fasting blood glucoss Isvels from Day 0 to Day 60 for N=1 dog dosed subcutaneously on Day 0 (0.33 mgikg), Day 15 (0.16 ma/kg), Day 31 (0.16 myka) and Day 45 (0.15 ma/kg) with the homodimer of SEQ 1D NO: 32
FIG. 21 shows the anti-drug antibody titer (ug/mL) for N=1 dogs dosed subcutaneously on Day 0 (0.33 mg/ka), Day 15 (0.16 markg), Day 31 (0.16 mavkg) and Day 45 (0.15 matkg) with the homodimer of SEQ 1D NO: 32

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

FIG. 23 shows % fasting blood glucoss levels from Day 0 to Day 7 for N=1 dog dosed suboutaneously on Day 0 at 0.16 ma/kg with the homodimer of SEQ 1D NO: 95

FIG. 24 lustrates a side-by-side ssquence comparison of SEQ ID NOs: 102 and 104. ™" represents complete homology across all sequences at a given sequence position, whils "*, " or spaces refer to conservative, moderate, or very different amino acid mutations acrss the sequences at a given sequence position
respectively.

FIG. 25 shows % fasting blood glucoss Isvels from Day 0 to Day 7 for N=1 dog dossd subcutaneously on Day 0 at 0.16 mg/kg with the homodimer of SEQ 1D NO: 102, and % fasting biood 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: 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 additian to the times that the dog was given food.

FIG. 27 shows average % fasting blood glucoss levels from Day 0 to Day 7 for N=3 cats dosed subsutaneously on Day 0 at 0. ma/kg with the homodimer of SEQ 1D NO: 106,

FIG. 26 illustrates a ske-by-side Sequence comparison of SEQ ID NOs: 106, 108, 110 and 112, " represents complets hormology acrss all sequences at a given sequence positian, whie or spaces refer to conservative, modsrate, or very diferent amino acid mutations across the sequences at a given sequence

position respectively.
FIG. 29 shows the average anti-dnug antibody titer (ug/mL) for N=3 cats dosed suboutaneously on Day 0 (0.8 ma/ka), Day 28 (0.6 mu/ka), Day 35 (0.6 ma/ka), Day 42 (0.6 mg/ka) and Day 48 (0.5 mg/ka) with the homodimer of SEQ ID NO: 106.

 spaces referto conservative, moderate, or very different amino acki mutations across the sequences at a given sequence posiion

FIG. 30 illustrates a side-by-side sequence comparison of SEQ D NOs: 108, 114, 116 and 115. " represents complete homalogy across all sequences at a given sequence pasition, whie



DK/EP 4011908 T3

respectively.

FIG. 31 ilustrates a side-by-sids sequence comparison of SEQ ID NOs: 106, 112, and 122. *
respectively.

represents complete homolagy across all sequences at a given sequence pasition, while ™", *." o spaces refer to conservative, moderate, or very diferent aming acid mutations across the Sequences at a given sequence position

FIG. 32 shows % fasting blood glucoss lsvels from Day 0 to Day 7 for

cat dosed subcutaneously on Day 0 (0.16 maikg) with the homodimer of SEQ 1D NO: 122.

A

G. 33 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 cat dosed subcutaneously on Day 0 (0.16 mafke) with the homodimer of SEQ 1D NO: 38, n addition to the times that the cat was given food.

G. 34 shows the anti-dnug antibody titer (ug/mL) for N=1 cat dosed suboutaneously on Day 0 (0.16 ma/kg), Day 14 (0.16 ma/ka), Day 28 (0.11 markg), and Day 42 (0.08 ma/k) with the homodimer of SEQ 1D NO: 35

G. 35 shows % fasting blood glucose levels from Day 0 to Day 7 for N=1 cat dosed subcutaneausly on Day 0 (0.16 markg) with the homodimer of SEQ 1D NO: 124

1G. 36 shows average % fasting blood glucoss levels from Day 0 to Day 7 for N=3 cats dosed subcutaneously on Day 0 (0.10 markg) with the homodimer of SEQ 1D NO: 40

G. 37 shows average % fasting blood glucose levels from Day 7 to Day 14 for N=3 cats dosed subcutangously an Day 7 (0.20 mgAkg) with the homodimer of SEQ ID NO: 40

G. 38 illustrates the *full aa sequence” of a comparative fusion protein (SEQ ID NO: 32) and ts comesponding nusleis acd sequence (SEQ 1D NO: 31)

G. 39 illustrates the *full aa sequence” of a comparative fusion protein (SEQ 1D NO: 34) and ts comesponding nusleis acd sequence (SEQ 1D NO: 33)

G. 40 illustrates the *full aa sequence” of a fusion protein (SEQ 1D NO: 36) and its corresponding nucleic acid sequence (SEQ 1D NO: 35)

G. 41 illustrates the *full aa sequence” of a comparative fusion protein (SEQ 1D NO: 38) and ts comesponding nusleis ac sequence (SEQ 1D NO: 37)

G 42 illustrates the *full aa sequence” of a comparative fusion protein (SEQ 1D NO: 40) and ts comesponding nusleis acd sequence (SEQ 1D NO: 39)

DETAILED DESCRIPTION

[0014] An insuiin treatment that requires less frequent dosing (5.4., onoe-weekly injestions) would be Iess burdensome on the owners, leading to better compliance, fewer instances of euthanasia, and better outcomes for the pets. For a given species (e.g., dog or cat), a molecule sutable for an ultra-long acting treatment for
diabetes shoukd be manufacturable in mammalian cels, for example human embryonis kidney (HEK, e4. HEK293) cells, with an acceptable tier of the desired homodimer product (e.g., greater than 50 mg/ homodimer titer from transiently transfected HEK cells, greater than 75 mafL from transiently transfected from HEK
cels, greater than 100 mg/L from transie iy transfected HEK ells, etc.). Only candidates with a homodimer titer of greater than 50 ma/L are considered useful in the present invention, because experience has demonstrated that homodimer iters less than this level wil not likely resut in commercial production homodimer tters.
in Chinese hamster avary (CHO) cels that meet the stringently low man ufacturing cost requirements for veterinary products. In addiion, the molecule must bind the insulin receptor with an appreciable afinity (2.0., 1C50 less than 5000 M, ICS0 less than 4000 M, ICS0 less than 3000 nM, ICS0 less than 2600 nM, etc.) as.
measured in the 4°C IM-9 insulin receptor binding assay. Based on

experience, only molecules exhibiting insulin receptor activity C50 values less than 5000 nMl are deemed likely to exhibit the requiste bioactivity in the target species. The molecule must also demonstrate sustained bioactiviy in vivo (e.., demonstrate glucoss lowering activty greater than about 2 hours, 6 hours, 9 hours, 12
hours, 18 hours, 1 day, 1.5 days, 2 days, 2.5 days, 3 days, 4 days, § days, 6 days, 7 days, or longer) to justify less frequent dosing. The molecule must also demonstrate prolonged system residence time in the target animal (5.g., the serum half-Is must be greatsr than 3 days, or longer). The bioactive potency and duration of
the bioactivty may be quantiatively representsd by calculating the area over the persent fasting blood glusose (%FBGL) curve normalized to a given dose in ma/kg (NAQC) with units of %FBGL-days ke/mg as described in Example 11. The NAOC increases with  greater drop in %FBGL, which is the case where the molecule
demonstrates increased bivactivty, and when the %FBGL takes longer to retum to 100%, which is the case whers the insulin-Fo fusion protein demonstrates inoreased duration of action. To be ssful as desoribed hersin, a molecule must demonstrate a suffisiently high NAQC value (s.g. preferably NAOC greater than 150
“FBGL days-kg/mg, more preferably NAOC greater than 200 %FBGL-dayskg/mg, and even more preferably NAOC greater than 250 %FBGL-days kg/mg). Based on experience, at NAOC values greater than 150 %F BGL-days-ka/mg, the dose requirements in the target species will be sufficienty low s0 as to reach an
acosptable treatment cost. Lastly, to be ussful for treating a chronic disease sush as diabetes, the molecule must not induce the produstion of anti-drug antibodiss, espe cially antibodies that neutraiize the bioactivty of the molecule after repeated dosing. Therefore, the mole culs must demonsirate similar duration and extent of
bioactivty (L., NAOC) after multiple repeated doses in the target animal (2., the ratio of the NAOC after the third weekly subcutaneous injection to the NAOC after the first weekly subcutaneus injection af the molecule (.., the NAOC ratio (NADCR) after the third dose) is in arder of preference greater than 0.0, greater than
0.60, greater than 0.70, greater than 0.50, or greater than 0.90 or more)

[0015] Propossd ultra-long acting insulin treatments for human cinical use comprise an insulin-Fs fusion protein making se of a human Fo fragment to prolong their action in vivo. As @ human Fo fragment is expested to be immunogenic and thersfors capable of inducing the produstion of anti-drug antibodies in companion
animals (e.., dogs or cats), the human Fo fragment must be replaced with a species-specific (e.q., canine or feine) Fo fragment. However, it was found rather unexpestedly that a simple exchange between the human Fo fragment and the species-spectic (e.g., canine or feline) Fo fragment did not yield a produst with an
acosptable homodimer titer (e.g., @ homodimer tter greater than 50 mg/lL) or a Sufficiently high NAQC value (e.g., a NAOC greater than 150 %FBGL-days-kg/ma). For example, in some cases only a specific isotype (e.0., oanine IgGB or feline IgG1b) for the Fo fragment resulted in an insulin-Fc fusion protein with a high
enough homodimer titer (e g., @ homodimer titer greater than 50 mg/L) and an acse ptably high NAOC value (e.., a NADC greater than 150 %FBGL days kg/ma). In other ases, specific amino acids of the insulin polypepide were found to be immunogenis in the target species thereby requiring Site-dire cted mutations to find
the relatively small number of embodiments that were both nor-immunogenic and bioactive in the target species with acceptably high NAOC values (e.g., NAOC values greater than 150 %FBGL-days-kg/mg) and NAOCR values after the third weekly subcutaneous dose that were greater than 0.5. In further cases, when the Fc
fragments were mutated to prevent glycosylation and thereby further reduce the immunogenicity of the insulin-F¢ fusion proteins, it was discoversd unexpectediy that only speciic amino acid mutations in the Fc fragment led to the desired homodimer titers (2.g., homodimer tiers greater than 50 mg/L) and NAOC values (2.g.,
NAOG greater values than 150 %FBGL days-ky/ma). F urthermore, it was discovered that an add tional mutation in the insulin component was requirsd to produce these Fo-mutated, non-glycosylated insulin Fo-fusion proteins with the desired homodimer titers (e.g., homodimer titers greater than 50 mg/L) and NAOG values.
(2.9, NAOC greater values than 150 %FBGL days kg/mg), whie also ashieving NAOCR values after the third weekly suboutaneous dose that were greater than 0.5. Provided herein, thersfore, ars manufacturable, high purity, long-acting, bioactive, non-mmunogenis insulin-F s fusion proteins with acceptably high homodimer
tters (e.q., homodimer titers greater than 50 mg/L), NAOG values (e.g., NAOC values greater than 150 %F BGL-days-kg/ma), and NAGCR values afier the third weekly subcutaneous dose greater than 0.5, suitable for the treatment of diabetes in companion animals (e.., dogs or cats), each of which comprises an insulin
polypeptide, an F fragment, and a linker between the insulin polypeptite and the FG fragment,

Definitions

[0018] As used herein, the articles
“ane or more than ane.”

and "an refer to one or more than one, &.g., to at lsast one, of the grammatical object of the article. The use of the words

o "an" when used in conjunction with the temm "comprising” herein may mean "one,” but it s also consistent with the meaning of “one or more,

[0017] As used herein, "about and "approximately” generally mean an acceptable degres of eror for the quantity measured given the naturs o precision of the measursments. Exemplary degrees of eror ars within 20 percent (%), typicaly, within 10%, and more typicaly, within 5% of  given range of values.

[0018] As used hersin, an amount of a mole culs, compound, conjugate, or substance effective to treat a disorder (e.q., a disorder described hersin), "therapeutically effective amount,” or *effective amount” refers to an amount of the molesule, compound, conjugate, or substance which is effective, Upon single or muliple dose
administration(s) to a subject, in treating a subjest, or in curing, alleviating, relieving or improving a subject with a disorder (e g., a disorder desoribed herein) beyond that expected in the absence of such treatment

[0018] As used herein, the term *analog” refers to a compound or conjugate (e.g., a compound or conjugate s described herein, e, insulin) having a chemical strusture similar to that of another compound or conjugate but differing from itin at least one aspect.

[0020] As used herein, the term "antibody” or *antibody molecule” refers to an molecule (), active portions of an (Ig) molesule, i.e, a molecule that contains an antigen binding site that specfically binds, e.g., immunoreacts with, an antigen. As used herein, the term *antibody
dormain” refers to a variable or canstant region of an immun oglobuiin. AS used herein, the tem "antibody domain” refers to a variable or canstant region of an immunoglobuin. It s documented in the art that antibodies camprise Several classes, for example 1A, IgM, o 19G in the case of mammals (2., humans and felines)
Classes of immunoglobuling can be furiher olassifisd into diferent isotypes, such as lyGA, 19GE, IgGC, and IgGD for canines, or lyG1a, Ig81b, and IgG2 for felines. Thoss skilled in the art will recognize that immunoglobuin isotypes of a given immunoglobulin olass will somprise different amino acid sequsnces, structures, and
functional properties from one another (s.q., different binding affiniies to Fo(gamma) receptors). *Specifisally binds" or *immunoreacts with” means that the antibody reacts with one or more antigenic determinants of the desired antigen and has a lower afinity for ot er polypeplides, e.g., does not react with other polypeptides.

[0021] AS used herein, the term "area-under-the-curve” or "AUC" refers to the integrated area under the %FBGL vs. time curve far a subject after a given dase of an insulin-F fusion protein is administered. As used herein, the term "area-0verhe curve" ar "AOC" i used s a measure of the biological potency of an insulin-Fo.
fusion protein such that the AOC equals the diference between the total possible area under the %FBGL vs. time curve and the AUC value. As used herein, the ‘nommalized area-over-the curve,” 'normalized AOC,” or "NAOC" is the ADC value divided by the actual dose of insulin-Fo fusion protein administered. As used herein,
the term "ormalized ADC ratio” or "NAOCR" is the ratio of the NAOC resulting from a particular administration of an insulin-Fs fusion protein to the NAQC 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 biologisal activty of
an insulin-Fc fusion protein after repeated administrations.

[0022] As used hersin, the term "bioactivity," "activity," "biological activity" "potency," *bioactive potency,” or "biological potency” refers to the extent to which an insulin-F s fusion protein activates the insulin receptor and/or exerts a reduction in blood glucoss evels in a target subject. As used herein, ‘in vitro astivity" or "insulin
receptor activity” refers to the affinity with which an insulin-Fo fusion protein binds to the insulin receptor and is typically measured by the concentration at whish an insulin-Fo fusion protein displaces half of an insulin reference standard from the insulin receptor in a compeitive binding assay (i.., 1C50). As used herein, "in vivo
activity” refers to the extent and duration of reduction in a target subject's fasting blood glucose level after administration of an insuln-Fc fusion protein.

[0023] As used herein, the term "biosynthesis," “rscombinant synthesis,” or ‘recombinantly made" refers to the procsss by which an insulin-Fs fusion protein is expressed within a host oell by transfecting the cell with a nucleio acid molesuls (e.g., vector) encoding the insulin-Fo fusion protein (e.g, where the entre insulin-Fo
fusion protein is encoded by a single nucleic acid molscule). Exemplary host cells include mammalian cels, e.g., HEK293 cells or CHO cells. The cells can be cultursd using standard methods in the art and the expressed insulin-Fo fusion protein may be harvested and puriisd from the cell culture using standard methods in the
art

[0024] As used herein, the term "cell surface receptor” refers to a molecule such as a protein, generally found on the external surface of the membrane of a cell and which interacts with soluble molecules, e.., molecules that circulate in the biood supply. In some embodiments, a cell surface receptor may include a hormone
receptor (e.g., an insulin hormone rece ptor or insulin reseptor (IR)) or an Fo receptor which binds to an Fo fragment or the Fc region of an antibody (2.g. an Fo(gamma) receplor, for example Fo(gamma) receptor |, or an Fo neonatal receptor, for example FoRn). As used herein, 'in vitro astivity" or "Fo(gamma) receplor activt
or "Fo(gamma) receptor binding” or "FoRn receptor activity" or "FoRn binding" refers to the affinity with which an insulin-Fs fusion protein binds to the Fo receptor (s g. Fo(gamma) recsptor or FoRn receptor) and is typically measured by the concentration of an insulin-Fo fusion protein that causes the insulin-Fs fusion protein to
reach half of its maximum binding (i.e., ECSO value) s measured on an assay (e.g., an enzyme-linked immunosorbent assay (ELISA) assay) using OD 450 nm values as measured on a microplate reader:

[0025] AS used hersin, the term fasting biood glucoss lsvel” or "FBGL" refers to the average blood glucose level i 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-Fo fusion protein is administered. As used herein, the term "percent fasting biood glusose
level," "% fasting blood glucose level," or *%FBGL refers to the ratio of a given blood glucose leve| to the fasting blood glucose lsvel multiplied by 100

[0026] As used hersin, the term ‘immunogenis® or ‘immunogenisty” refers to the capasity for a given molecule (e g., an insulin-Fc fusion protein of the present invention) to provoke the immune system of a targst subject such that after repeated administrations of the molscule, the Subject develops antibodies capable of
speiically binding the moleculs (i.e., ant-drug antibodies). As ussd hersin, the temms "neutralizing,” "neutralizing antibodies", or "neutralizing anti-drug antbodies” refer to the capacty for antibodies to interfere wih the compound's biological activity in the target subject. As used herein, the term “immunogenis epitopes,”
“mmunogenic hot spots,” or *hot spots” refers to the mutations or eptopes of a given malecule (e.g., an insulin-FG fusion protein of the present nvention) that are responsible for moderate or strong binding of the anti-drug antibadies.

[0027] As used herein, the term insuin refersnos standard” is any one of: () a naturally ocouing insulin from a mammal (s.q., @ human, a dog, or a cat); (i) an insulin polypeptide that does not comprise an Fo fragment; or (i) a standard of care insulin (e.g., a commersially avaiable insulin).

[0028] AS used hersin, the term "monomer” refers to a protsin or a fusion protein comprising a single polypeptide. In embodiments, the "monormer” s a protein or a fusion protein, e.g., a single polypeptide, comprising an insulin polypeptide and an Fo fragment polypeptide, wherein the insulin and Fo fragment polypeptides are
Inined by peptide bands to form the sigle polype ptide. In embodiments, the monomer is encoded by a single nucleic acid molecule

[0028] As used hersin, *N-tsrminus® refers to the start of a protein or polypeptide that is initiated by an amino acki containing a free amine group that is the alpha-amino group of the amino acid (5.g. the free amino that is covalently linked to one carbon atom that is located adjacent to a second carbon atom, wherein the
second carbon alom is part ofthe carbonyl group of the amino acid). As used herein, "C-terminus” refers to the end f a protein or polypeptide that is terminated by an amino acid containing a carboxylic acid group, wherein the carban atom of the carbaxylic acid group is located adjacent to the alpha-amino group of the aming

aci

[0030] A5 used herein, “pharmacodynamics" or "PD" generally refers to the biological effects of an insulin-Fc fusion protein in a subject. Specificaly, herein the PD refers to the measurs of the reduction in fasting blood glucose level over time in a Subject after the administration of an insulin-Fs fusion protein

[0031] As used herein, "pharmacokinstios or "PK" generally refers to the characteristic interactions of an insulin-F s fusion protein and the body of the subject in terms of ts absorption, distribution, metabolism, and excration. Specifisally, hersin the PK refers to the concentration of an insulin-Fs fusion protein in the biood or
serum of a subject at a given time afler the administration of the insulin-Fo fusion protein. As used herein, "halfife" refers 1o the time taken far the concentration of insulin-Fc fusion protein in the biaod or Serum of a subject ta reash half of fs original value as calculated from a first order exponential decay model for drug
eliminatian. Insuin-F fusion proteins with gre ater "half-ife" values demonstrate greater duration of action in the target sublect

[0032] The temns "sequence identity” *sequence homology’ in amino ackt or nucleotide sequences as used herein describes that the same nucleotides or aming acid residues are found within the varant and reference Sequences when a speciied, contiguous segment of the nucleotide sequence ar
amino acki sequence of the variant is aligned and compared to the nusleotide Sequence or amino asid sequence of he reference sequence. Methods for ssquence 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 betwsen 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 simiar properties with scoring less than or squal to 0.5 n the Gonnet PAM 250 matrix, a *-* (dash) indicates a ssquence gap, meaning that no local homology exists within a
particular set of somparisons 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 Wley-
Interscience, New York); and the ALIGN program (Dayhoff (1978) in Atlas of Polypeptide Sequence and Strusture 5: Suppl. 3 (National Biomedical Researsh Foundation, Washington, D.C ). With respect to optimal alignment of two nucletide sequences, the contiguous segment of the variant nucleotide sequence may have
additional nucleotides or deleted nuclsotides with respect to the refersnce nuskeotide sequsncs. Likewise, for purposes of optimal alignment of two amino acid sequences, the contiguous segment of the variant amino acid sequence may have additional amino acid residues or delsted amino acki residues with respect to the
refersnos amino acid sequence. In some embodiments, the contiguous segment used for comparison to the refersnce nuslsotide sequence or refsrence amino acki sequence wil comprise at least 6, 10, 15, or 20 contiguous nucleotides, or amino acid residuss, and may be 30, 40, 50, 100, or more nucleotides or amino acid
residues. Comections for inore ased sequence identty assosiated with inclusion of gaps in the variant's nucleotide sequencs or amino acid sequence can be made by assigning gap penatiss. Methods of sequence alignment are known in the art

[0033] In embodiments, the determination of percent identity or *homology” between two sequences is ascompished using a mathematical algorithm. For sxampls, the percent identity of an amino acid sequence is dstemmined using the Smith-Watemnan homology searsh algorithm using an afine 6 gap ssarch with a gap open
penalty of 12 and a gap extension penalty of 2, BLOSUM matrix 62. The Smith-Watemman homology search algorithm is desoribed in Smith and Waterman (1951) Adv Appl. Math 2:482-489 . In smbodiments, the percent identity of a nucleotids sequence is detenmined using the Smith-Waterman homology search algorithm
Using  gap open penaly of 25 and a gap extension penalty of 5. Such a determination of sequence identity can be performed using, for example, the DeCypher Hardware Accslerator from TimeLogic.

[0034] As used herein, the term *homalogy” is used ta compare two or mare proteins by locating comman structural characteristics and common spatial distribution af, for nstance, beta strands, helices, and fokds. Accordingly, hormologous protein structures are defined by spatial analyses. Measuring structural homalogy
imvoives computing the geometris-topological features of a space. One approach used to generate and analyze three-dimensional (30) protein strustures is homology modsling (also called comparative modeling or knowledge-bassd modeling) which works by finding similar sequences on the basis of the fact that 30 similarity
reflects 2D similarty. Homologous structures do not imply sequence similarity as a necessary condition

[0035] As used herein, the terms "subject” and "patient” are intended to include canine and feline animals. Exemplary canine and feline subjects include dogs and cats having a dissass or a disorder, 5., diabetes or another disease or disordsr desoribed herein, or normal subjects.

[0036] AS used herein, the term "fitsr” or "yisid refers to the amount of a fusion protein product (e.q., an insulin-Fs fusion protein described hersin) resuling from the biosynthesis (e g., in a mammalian cell, &.., in a HEK293 cell or CHO cel) per volume of the cell culture. The amount of produst may be determined at any step
of the production process (e.g., before or after purification), but the vield or titer is always stated per volume of the original cell culture. AS used herein, the term "product vield" or "total protein yield" refers to the total amount of insulin-F o fusion protein expressed by cells and purfied via at least one affinity shromatography step
(e:9. Protein A or Protein G) and includes monomers of insulin-F fusion protsin, homodimers of insulin-Fo fusion protein, and higher-order molesular aggregates of homodimers of insulin-Fs fusion protein. As used herein, the term "perce nt homodimer” or *Shomodimer” refers to the proportion of a fusion protein product (eq.,
an insulin-Fc fusion protein described herein) that is the desired homodimer. AS used herein, the term *homodimer tier” refers to the product of the %homodimer and the total protein yield after Protein A purification step reported per volume of the cell culture

[0037] As used hersin, the terms "treat” or "reating” 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 desoribed hersin, sush that at least one symptom of the disease or disordsr is cured, healed, alleviated, relieved,
altered, remedisd, ameliorated, or improved. Treating includes administering an amount sffective to alleviate, relisve, alter, remedy, ameliorats, improve or affect the dissass or disorder, or the symptoms of the disease or disorder. The treatment may inhibit deterioration or worsening of a symptom of a disease or disorder.

Insutin-Fc Fusion Protein Components and Structure

[0038] The present disclosure relates to a composition of a fusion protein (i.s., an insulin-Fo fusion protein) comprising an insulin polypeptide linked via a peptids linker to a speciss-speific Fo fragment, and its use to ireat diabetes in companion animals (e.g., dogs or cats). As used herein, the terms 'fusion protein” and
“insulin-Fc fusion protein” referto a protein comprising mare than one part, for example from different sourcss (differsnt proteins, polypeptides, cels, eto.), that are covalently linked through peptide bonds. The insulin-F o fusion proteins are covalently inked by (i) connecting the genes that encode for each part into a single
nucleis acid molesuls and (i) expressing in a host oel (5.9, HEK or CHO) the protein for which the nucleis acid molecule encodss as follows: (N-terminus)—insulin polypeptide--inker--F ¢ fragment—(C-terminus). The fully recombinant synthesis approach is preferred over methods in which the insulin polypeptide and Fo
fragments are synthesized separately and then chemically conjugated. The cherical conjugation step and subsequent purfication process increase the manufacturing complexity, reduce product vield, and increass cost

[0038] As used hersin, the term "dimer” refers to a protsin or a fusion protein comprising two polypeptides linked covalently. In embodiments, two identical polypeptides ars linked covalently (e.q, via disulide bonds) forming  *homodimer” (diagrammatically represented in FIG.1). Disulfide bonds are shown as dotted lnes in
FIG. 1. total number of disuffide bonds in actuaiity may be greater or less than the number shown in FIG. 1. In embodiments, the homodimer is encoded by a single nucleio acid molecule, whersin the homodimer is made recombinantly inside a cell by first forming insulin-Fs fusion protein monomers and by then assembling two
identical insulin-Fc fusion protein monomers inta the homodimer upon further processing nside the cell
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[0040] As used hersin, the terms "multimer,” "multimeric," or *mukimeric state” refer to noncovalent, associated forms of Fc fusion protein dimers that may be in squilbrium with Fo fusion protein dimers or may act as permanently aggregated versions of Fo fusion protein dimers (e.g., dimers of Fo fusion protein homodimers,
trimers of Fo fusion protein homodimers, tetramers of Fo fusion protein homodimers, or higher omer aggregates containing five or more Fo fusion protein homodimers). It may be expected that multimeric forms of Fc fusion proteins may have different physical, stabilty, or pharmacologic activiies from that of the insuli-Fo.
fusion protein homodimers.

insutin Polypeptide

[0041] An insulin polype ptide may be, for example, an insuin or insulin analog produced by p-cels in the islets of Langerhans within the pancreas. Insulin functions by regulating the absorption of glucose from the biood. Upon a stimulus, such as increased protein and glusose levels, insulin & released from B-cels and binds to
the insuin receptor (IR), intiating a signal cascade that affects many aspects of mammalian (e.g., human, canine, or feline) metabolism. Disruption of this process is directly related to several diseases, notably diabetes, insulinoma, insulin resistance, metabolic syndromes, and polyoysti ovary syndrome. Insulin analogs of the
present disclosure may be related to the strusture of insulin yet contain one or more modifisations. In some embodiments, the insulin analog comprises at least one amino acid substitution, deletion, adition or hemical modification relative to insulin, which may impast a particular feature or charastefistic of the insulin-Fs fusion
protein. For example, the modications or alterations described hersin may impact the structure, stabilty, pH senstivity, bioa tivity, or binding affinity ot the insulin-Fc fusion protein to a cell surface recsptor (e.g. an insulin homone receptor) relative to a reference standard

[0042] The amino asid sequence of insulin s strongly conserved throughout evolution, particularly in veriebrates. For sxample, native canine insulin differs by only one amino acid from human insulin, and native feline insulin difers by just four amino acids from human insulin. AS used herein, the terms "B-shain”, "C-pepide” or
refer to the peptide segments of an insulin polypeptide as lustrated in FIG. 1. Insulin is a 51 amino acid hormone containing two peptids chains (i.s., a B-chain and an A-shain) connected via disufide bonds (s.g., disulfide bonds fomed by one or more B-chain cysteine side chain thiols and one or 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 asids in lngth. In the native form of insulin, the A-shain contains one intrachain disulfide bond formed by two A-chain cysteine side chain thiols. For refersnce purposes, the sequences for the human
insuin A-chain of SEQ ID NO: 2 and the human insulin B-chain of and SEQ 1D NO: 1 are shown below:

FVNQHLCGSHL VEAL YL VCGERGFFYTPKT (SEQ ID NO: 1)

GIVEQCCTSICSLYOLENYCN (SEQ IDNOD: 2)

[0043] As used hersin, the term "insulin® or “insulin polypeptide” encompasses mature insulin, preproinsulin, proinsulin, and naturaly ocsurTing insulin, or analogs thereof. In embodiments, an insulin polypsptids can be a ful-length insulin polypeptide or a fragment thereof. In embodiments, an insulin polypeptide can comprise
one or more fragments from mature insulin, preproinsulin, proinsulin, or naturally 0ocuMTing insulin

[0044] Insulin i nomaly constructed as a N-eminus—B-chain:C-chain:A-chain-C-temninus palypeptide, 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-chan (ie., human proinsulin) & shown below with the C-chain
underined

F¥NORLCGSHLVEALYLVC GERGFFY TPRTRREAEDLOVGOVELGGAPGAGSLORLALES
URGIYEQUUTSICSLYQLENYCK (SEQ ID NO: 3)

‘The transformation of the single-chain insulin polypeptide into a bioactive two-chain polypeptide is normally accomplished within the B-cells of the islets of Langerhans prior to glusose-stimulated insulin secretion by two endoproteases, Type | endoproteases, PC1 and PC3, that disrupt the C peptids-B chain connection and PC2,
and a Type Il endoproteass, that cleaves the C peptide-A chain bond at exactly the right stes. However, cel systems used for the biosynthesis of therapsutic molecules such as insulin (e.g. bacteria, yeast, and mammalian (e.g. HEK and CHO) osl systems) do not possess this pathway, and therefore the transformation must
take place after expression and harvesting of the single chain polypeptide using shemical or enzymatio methods. All the known technigues 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 selestsd from the trypsin or Lys-C families, which clips peptide bonds specifisally at the C-termini of lysine residuss, the single chain-insulin polypeptids is cleaved at the C-terminal lysine of the C-chain and at the C-terminal lysine at the 29 position from the N-tenminus of the B-chain. In some casss, the resulting
bisactive two-chain insulin is used without reattaching the clipped amino acid at the 30™ position from the N-terminus of the B-chain, 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, becauss it contains only one lysine in ts entire two chain polypeptide form. However, this process cannot be used on the insulin-Fs fusion proteins contained herein, because all known F o fragments contain multiple lysine residues. The enzymatic dleavage process would, thersfors, digest the Fo fragment into non-
functional parts, thereby eliminating the abilty of the Fo fragment to pralong the action of the insulin polypeptide in vivo. Therefore, an insulin-Fc fusion protein of the present invention must camprise an insulin polypeptide that does not require C-chain cleavage and is therefore bioactive in its single chain form.

[0045] A number of bioactive single shain insulin polypeptides have been desoribed in the art. In all cases, the single chain insulin polypeptides contain C-chains of specific length and compostion as wel as A-shains and B-chains mutated at specific amino acid sites in order to achieve electrostatic balance, prevent
aggregation, and enhance insulin receptor (IR) binding and/or downstream signaling to achieve bioactivty at levels comparable to that of the native two-chain insulin. Hersin, the Iocation of mutations on peptide segments ars notated using the name of the segment (e.g., B-chain, C-shain, 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 16 amino acid from the N-terminus of the amino acid sequence of the B-chain. The notation "AB" refers to the 5™ amino acid from the N-temminus of the A-chain. Furthermore, ¥ an amino acid is mutatsd from ts native formto a

new amino acid at a particular lacation, the location is appended with the ane letter amino acid code for the new amino acid. For example, B 16A refers to an alanine mutation at the 16 amino acid from the N-terminus of the aming acid sequence ofthe B-chain and ABH refers to a histidine mutation at the 8™ amino acid from
the N-terminus of the armino acid sequence of the A-chain.

[0045] In one example, a single chain insulin analog with a C-chain of the sequence GEGPRR and addtional substitutions in the A-chain and B-chain (SEQ ID NO: 4) was developed by The Department of Biochemistry, Case Western Reserve University Sshoo! of Medicine and the Department of Medicine, Universty of Chicago
(see Hua, Q-x, Nakagawa, 8. H., Jia, W, Huang, K, Philips, N. B., Hu, $-., Weiss, M. A, (2008) J. Biol. Chem Vol. 283, No. 21 pp 14703-14716). In this example, at postion 8 of the A-chain (i.e., AB), histidine is substituted for threonine; at postion 10 of the B-chain (ie., B 10), aspartic acid is substituted for histidine; at
position 28 of the B-shain (L., B26), aspartic acid is substituted for proline; and at position 29 afthe B-chain (i.e., B29), proline is substituted for lysine. SEQ 1D NO: 4 & listed belowwith each of the non-native armino acids underlined;

FVNOHLCGSDLVEALYLYCGERGFFYTDPT GGGPRRGIVEQCCHSICSLYQLENYCN (SEQ ID NO: 4)

[0047] In embodiments dessribed in the ar, alanine may be substituted for tyrosine at postion 16 from the N-terminus ofthe B-chain (ie., 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-specifis T cels (Alleva, D.G., Gaur, A, Jin, L,
Wegmann, D, Gottieb, PA, Pahuia, A., Johnson, E B, Motheral, T, Putnam, A, Crowe, PD., Ling, N., Boehme, SA, Conlon, Pd., (2002) Diabetes Vol. 51, No. 7 pp 2126-2134). SEQ 1D NO: § i listed below with each of the non-native amino acids underlined:
FVNQHLCGSDLVEALALVCGERGF FYTDETGEGPRRGIVEQCCHSICSLYQLENYCN (SEQ 1D NO: 5)

[0048] It was unexpectedly discovered that specific amino acids in SEQ 1D NO: 4 and SEQ ID NO: § led to the development of neutralizing anti-<irug antibodies afler repeated subcutaneous injections in the target animal (e.g. dog or cat). The ant-dnug antibodies led to an unacce ptable reduction in the NAOC after mutiple
injections (2.9., a NAOCR value after the thiret injectian of less than 0.6), rendering the associated insulin-FG fusion proteins non-viable. Specificall, it was discavered in the steps leading up to the invention of this disclosure that the AB mutatian to histidine and the B 10 mutation to aspartic aci accounted for the vast majority of
the anti-drug antibody specifisty and thus represented "hat spats” (e.g. epitopes) on the Thersfore, in prefered embodiments, the insulin-po lypeptide does not contain histidine at position AB or aspartic acid at position B 10 of the insulin polypeptide.

10048] It was confirmed that simply keeping the AB and B 10 amino acids as their native threonine and histidine, respectively, does eliminate the anti<irug antibody response, but the resulting insulin-F fusion profein is not bioactive in the target species (e.q., the NAOC is less than 150 %FBGL days ka/mg). Therefore, it was
necessary to experiment with various A-chain, B-chain, and C-shain variations to find a suitable solution. Most variants faied to achieve homodimer tiers greater than 50 ma/L, and many of those that did mest those objsctives did not reach acceptable levels of bioactivity in the target species (e.g., acoe ptable NAOC valuss of
reater than 150 %F BGL-days ka/ma). Having scresned over 120 variants, the following insulin polypeptide of SEQ ID NO: 6_NULL was desmed sutable with respect to achieving homodimer titers of greater than 50 mgiL, NAOC values in the targst species of greater than 150 %FBGL -days kgimg, minimal immunogenicity,
and NAGCR values afer the thi injecton n the target species of greater thar 0.6 o ihe associated insuif-s fusion proteins (non-Tative afnino acids underined and deleted native armin acids represerted with an underiine 2):

VRIS AL VO IHIVEOCEXSSICS! 001N

YO SBQ I3 NO: § NULLY

where Xq is not D, X, s not H, and X is absent or N

16050)n SE0 0 N6 NULL, X, 5 X2, 216 X 5 shsent N eaing 1 0 fon SEQ 1D N 7.NULL (1 o1l i s undrine G i amin a6t (st i an unerines 2
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where Xy s absent or .

10051] In SEQ 1D NG: 7_NULL, Xs s absent resaulting in the following SEQ 1D NO: 5_NULL (with non-native armino acids underined and deleted native amino acids represented with an undertined 2)
PUNONLCOSULVEALIL Y CLARGES GEGGAVLO CISECLDOLENYCE.
STOT Ko 3 KL

10052] In SEQ1D NO: 7 _NULL, X5 s N resifing i the folowing SE0 D KO: 6_NULL (wih nor-naiv arino aciis underiined and delted nafve arino acids ropresented wih an underined 2
VUL VAL GG 47 2210 GOIVIDCE FAACH DOLINYE
KISEQ D NO: s MILLY

[0053] The Fo fragment was mutated to prevent glycosylation during synthesis and potentially reduce the immunogenisity of the resuling insulin-Fs fusion protein in the target animal (e.g. dog or caf). Unexpectedly, it was discovered that there was an interaction between the insulin polypeptide and the mutated Fo fragment
such that et another amino acid mutation was required on the insulin polypeptide in orter to render the insuin-Fo fusion protein sufficiently manufacturable (e.g., with a homodimer titer greater than 50 mg/L) and non-immunogenic with an NAOC value in the target species of greater than 150 %FBGL days kgimg and a
NAOCR value afler the third injection in the target species of greater than 0.6. Specifically, it was discavered that mutating the B 16 amino ackt to an alanine on the insulin palypeptide was required when it was linked to specific, mutated, non-glycosylated Fo fragments resulling in the following insulin polypeptide SEQ ID NO:

10_NULL (i nen-natve aming aciss underined and deleld natve aming acis oz wih an underined 2)
VRQHLGEN VAL VRGN 5%

YCZ(SEQIING: 1 ML)
where Xq is not D and Xp s not H.

16054] MSEQ D NO: 10 UL X 1 2 X's T 28Uing e folowing S0 NO: 1. UL i o1t &1 3o unrine an Gt naie amn a6 epresented v an ncerine 2
TNQULCGIIT VAL &1 VCOTRGTY ZZ 27 GG GOGUTV QL
LEIGNG TR

[0055] The following are restatements of the sequences shown above but with the absent amino acks of symbol Z removed from the notation of the insulin polypeptie sequences. Again, in al cases the non-native amino ackis underined. To avoid confusion, each original sequence containing Z symbaols 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
FVNQHLCGSX VEALELVC: CX,STCSLOOLENYCXs (SEQ 1D NO: §)

where Xq is not D, X, s not H, and X is absent or N

Comparative SEQ 1D NO: 7_NULL restated as
FVNQBLCGSHLVEALELVCGERGFHYSGEEEESGEEEGIVEQUCTSICSLORLENYCK; (SEQ IDNO: 7)

where Xg is absent or N,

Comparative SEQ 1D NO: 8_NULL restated as
FYNQHLCGSHLVEALEIVCGERGF HYGEEEGESEEGEEIVERCCISTCSL DOLENYC (SEQ 1D NO: 6)

Comparative SEQ 1D NO: 9_NULL restated as
FVNQHLCGSHLVEALEL VCGERGF HYGEEGEESEEGEEIVEQCCTSICSLDOLENYCN (SEQ ID NO: §)

SEQ IDNO: 10 NULL restated as:
FVNQHLCGSX]LVEALALVC! CX,STCSLOOLENYC (SEQ 1D NO: 10)

where Xq is not D and Xp s not H.

SEQ IDNO: 11_NULL restated as:
FUNQHLCGSHLVEAL ALVCGERGF HYGEEEEESEEGEEIVERCCTSICS DOLENYC (SEQ 1D NO: 11)

Linker

[0056] The sussessful construstion of a recombinantly made insulin-Fo fusion protein requires a iinker connesting the insulin polypeptide to the Fo fragment. An insulin-Fs fusion protein described hersin comprises a pepide lnker between the insulin polypeptide and the Fo fragment comprising amino acids (¢.q., natural or
unnatural amino acids). In embodiments, the peptids linker can be encodsd by a nusleic acid molecule, for example such that a single nusleis acid molecule can encode the various peptidss within an insulin polypeptide as well as the peptide linker and the Fs fragment. The choice of peptide linker (for example, the length,
composition,

hydropho bicity, and se condary strusture) could impact the manufacturabilty (.., the homodimer titer), the chemical and enzymatis stabilty, the bioactiviy (ie., the NAOC value), and the immunogenisity of the insulin-Fc fusion protein (Chen, X., Zaro, J., Shen, WC., Adv Drug Deliv Rev. 2013 October 15; 65(10): 1357-1369).
Table 1 lists several linkers used in the design of an insulin-F fusion protein with the goal of improving the homodimer titer and the bioastivity.

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

GGGGAGGGG (SEQ ID NO: 12)
GGGGSGGGG (SEQ ID NO: 13)
GGGGGAGGGG (SEQ ID NO: 126)
GGGGSGGGGEGGGGESGGEE (SEQ ID NO: 127)
GGGGKGGGGKGGGGKGGGE (SEQ ID NO: 128)
GGGGGAGGGGAGGGEAGGEEE (SEQ ID NOT4)
GGGGGAGGGGAGGGGAGGGGG (SEQ ID NO: 128)
SGGGGAGGEGAGGGEAGE GGG (SEQ ID NO: 130)
HGGGGAGGGGAGGEGGAGGGEE (SEQ ID NO: 131)
PGGGGGAGGGGAGGGGAGEGGE (SEQ ID NO: 132)

[0057] The peptide linker may comprise the sequence:
GBGGAGGEE (SEQID NO: 12); or

GGEGESGEEE (SER D NO: 13)

[0058] I preferred embodiments, the peptide linker comprises the sequence:
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GGEGGENGEEENCEEERGEEEE (SEQ IDND: 14)

[0058] In construsting a recombinantly mads insulin-Fs fusion protein with a peptide linker lie the one of SEQ 1D NO: 14, attention must be paid to the possibilty of unwanted enzymatio cleavage between the C-terminus of the insulin A-chain and the N-terminus of the peptide linker. Cleavage of the linker and Fo-fragment from
the insuiin polypeptide would render the insulin-Fs fusion protein incapable of providing an extended duration of bioactivy. A known enzymatic cleavage site exits between asparagine-glycine bonds (Viasak, J., Ionesou, R, (2011) MAbs Vol. 3, No. 3 pp 263-263). In many peptide linker embodiments, including the prefsrred
peptide linker of SEQ 1D NO: 14, the N-terminal amino acid s  glycine. Furihermare, the CAerminus of the insulin A-chain L.e. (the 215t amina acid from the NAerminus of the A-chain (1., A21)) s an asparagine. Therefore, the A21 asparagine is omitted in the insuin polypeptides of SEQ 1D NO: 5, SEQ IDND: 10, and SEQ 1D
NO: 1 to eliminate the potentially enzymatically cleavable asparagine-glycine bond that wo uld form between the A-chain and the peptide linker. Unexpectedly, an insulin-Fs fusion protein construsted from the insulin polypeptide of SEQ 1D NO: 9, which retains the asparagine at the C-teminus of the

A-chain, demonstrates manufacturabilty in mammalian cells with an acoeptable homadimer tter (.e., a homodimer titer greater than 50 mg/L), an acceptable bioactivity in vivo (ie., a NAOC greater than 150 %FBGL-daysky/mg in the target anima), and sustained levels of bioactiy after muliple doses (Le., a NADCR values
after the third injection in the target animal of greater than 0.5). The results indicate that, contrary to expestations based on prior tsachings, there is no risk of enzymatis cleavage or deactivation of insulin-Fo fusion proteins containing the asparagine-glycine link between the insulin polypeptide and peptids linker, at least for
insuin-Fo fusion proteins comprising the F s fragment sequences disclosed herein

Fc Fragment

[0050] The terms "Fs fragment,” *Fo region, or "Fc polypeptide,” are used herein to define a C-terminal region of an immunoglobulin heavy chain and is defined in claim 1 a5 comprising the ssquence as defined in SEQ ID NO: 22. By way of background, the Fo fragment, region, domain or polypeptide may be a
native sequence Fs region or a variant/mutant Fo region. Although the boundaries of the Fo region of an immunoglobulin heavy chain may vary, they generally comprise some or all of the hinge region of the heavy chain, the CHZ region of the heavy chain, and the CH3 region of the heavy chain. The hinge region of a canine or
feline Fo fragment comprises amino acid sequences that connect the CH1 domain of the heavy chain to the CH2 region of the heavy chain and contains one or more cysteines that form one or more interheavy chain disulfide bridges to form a homodimer of an Fo fusion protein from two identical but ssparate monomers of the.
Fe fusion pratein. The hinge regian may comprise all or part of a naturally oceuTing aming acid sequence or a non-naturally oCeUTTINg aming acid sequence.

[0081] Given that the canine IgGB isotype interacts with ts respective species-specific Fo(gamma) receptors with higher affiniies than the canine IgGA isotype counterpart, there may or may not be a risk of unwanted immunogenicity after repeated injections. One method for reducing the Fo(gamma) interaction involves
deglycosylating or preventing the glycosylation of the Fo fragment during synthesis in the host cell. Each lgG fragment contains a conserved asparagine (NJ-glycosylation Site in the CH2 domain of eash heavy shain of the Fo region. Herein, the notation used to refer to the conserved N-glycosylation site is "cNg". One way to
remove the atiached glyoan from a synthesized insulin-Fo fusion protein is to mutate the oNg site to prevent the attachment of glycans altogether during production in the host oell. Herein, the notation used to desoribe a cNg mutation is oNg-(substituted amino acid). For example, f the asparagine at the oNg site is mutated to
serine, this mutation is notated as "eNg-8"

[0062] The absolute position of the cNg site from the N-temminus of the B-chain of the insulin-Fc fusion protein varies depending on the length of the insulin polypeptice, the length of the Inker, and any omitted amino acids in the Fo fragment prior to the cNg Site. Herein, the notation used to refer to the absolute postion of the
©Ng site in a given insulin-Fo fusion protein ssquence (as measured counting from the N-terminus of the B-shain of the insulin-Fo fusion protein) is "NB{numbery'. For example, if the oNg site is found at the 151 amino acid posiion as counted from the N-temminus of the B-chain, the absolute position of this site is referred to
a5 GNg-NB151. As a further example, ifthe cNg ste is found at the 1515t amino acid position as counted from the N-terminus of the B-chain, and the asparagine at this site & mutated to serine, this mutation & noted as "cNg- NB1§1-8'

[0083] In embodiments containing the insulin polype ptide of SEQ ID NO: 5 and the canine g @B Fo fragment with the oNg-Q, oNg-S, cNg-D, and cNg-K mutations, it was unexpestedly dissoversd that only the compounds containing the sNg-K and oNg-S mutations exhibited the requisite homodimer titer greater than 50 ma/L.
and lowest Fo(gamma)RI binding affinities. On the other hand, in an embodiment containing the insulin polypeptide of SEQ ID NO: 8 and the canine I9GB F fragment wih the cNg-S mutation, t was unexpectedy discovered that the resulfing compound was signficantly less bioactive in dogs compared to the native canine
1938 Fo-containing counterpart (.., the NAOC value was Significantly lower for the counterpart containing the native glycosylation site amino acid, &.g., oNg-N). The bioactivity was unexpe ctedly restored in the cNg-S mutant (ie., the NAQC value inoreased significantly) when the B16 amino acid was mutated to alanine as
desoribed above for insulin polypeptide SEQ 1D NO: 11, Taken together, there is an unexpected and

signiicant interaction between the choioe of oNg mutation and the composition of the insulin polypeptide such that sxperimentation is required to identity the preferred embodiments. As defined in olaim 1, the canine IgGB Fo mutant containing the Ng-S mutation is preferred and the Sequence with underiined oNg-S is shown

SVIIPPPK PRI LARTPHVTC VS VILIPLIPLVOINW S DGROVG T

PIGHQRWLRGIQETCKYN NI 31 PSPIRRTISKARGOATIORS.
PERGIVELYS
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Insutin-Fc Fusion Proteins

[0084] Provided herein ars methods for preparing insulin-F fusion proteins comprising an insulin polypeptide, an Fo fragment, and a inker between the insulin polypeptide and the Fo fragment as dsfined in claim 1. In embodiments, the insulin polypeptide comprises domains in the following orisntation from N- to C-terminiz (N-

Htemninus). In , the insuiin polypeptide is losated on the N-tenminal side of the Fo fragment. In embodiments, the fusion protein somprises domains in the following orientation from N- to C-temini: (N-eminus)—insulin polypepti de—linker—F ¢ fragment-(C-terminus) (s.g.,
(N-Aerminus)-B-chain—C-chain—A-chain--linke r-F s fragment--(C-terminus) as ilustrated in FIG. 1

[0085] The preferred non-glycosylated, oNg-S mutated canine lgGB Fo fragment of SEQ 1D NO: 22 is combined with the preferrsd B 16A mutated insulin polypeptide sequence of SEQ 1D NO: 10 using the prefered linker of SEQ ID NO: 14 to produse a family of high homodimer titer-yielding, non-aggregated, bioactive, non-
immunogenis insulin-Fc fusion proteins of SEQ 1D NO: 26 that extibit hamodimer tters greater than 50 ma/L, NAOC values greater than 150 %FBGL days kg/mg in dogs, and NAOCR values greater than 0.5 after the third injection in a series of repeated injections in dogs. The flowing shows SEQ D NO: 26 with non-native

amino acids undertined
FVROHLCGSX,LVEALAL

STCSLIGLERYCGO
VDL

VRNK.
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where Xq is not D and Xp s not H.

10086] In a preferted embodiment, the X1is H and X, is Tin SEQ 1D NO: 26 to produce the high homodimer tter-yieking, non-aggregated, bioastive, non-immunogenis insuln-Fc fusion protein of SEQ 1D NO: 36 that exhibits 2 homodimer ter greater than 50 m/L, a NAOC value greater than 150 %FBGL-days-ka/mg in dogs,
and a NADCR value greater than 0.5 afterthe third injection in a seriss of repeated injections in dogs. The following shows SEQ 1D NO: 35 with nor-native armino ackis underlinedt
Fidt 5 QCCTSICST LT FCGGG
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[0067] In s0me embodiments, an insulin-Fo fusion protein described herein doss not include a leader amino aci sequence at the N-terminus. In other embodiments, an insulin-Fs fusion protein described hersin includes a leader sequence, e g., at the N-terminus. An exemplary leader sequence includes the amino acid
sequence MEWSWVFLFFLSVTTGVHS (SEQ ID NO: 30). In some embodiments, an insulin-Fs fusion protein deseribed herein is encoded by a nucleio acid molecule comprising a sader sequence, e.g., for expression (e.q., recombinant expression) in cells (¢.q., eukaryotic, e.g., mammalian cells). In certain embodiments, the
leader sequence is dleaved off, e.g., i the cel culture, during expression. An exemplary nuclei acid sequence encoding a lead er sequence includes the nucleic acid sequence:

(SEQ IDND: 29)

[0088] Also disclosed herein is the nuclei acid sequences (e.g., GDNA) encoding the insulin-Fc fusion protein of SEQ ID NOs: 036

[0089] In the embodiment comprising the insulin-Fo fusion protein of SEQ 1D NO: 36, the nucleis acid sequence (ieader sequence underined) is:

TR LSO g (S0 113 3O 351

Insutin-Fc fusion Protein Production

[0070] A fusion protein can be expressed by a oell as desoribed in more dstailin the Examples section

Expression and Purification

[0071] An insulin-F 5 fusion protein can be expressed recombinantly, e.g., in a eukaryotic cell, e.g., mammalian cell o non-mammalian cell. Exemplary mammalian cells used for expression include HEK cells (e.g., HEK293 osls) or CHO cells. CHO cells can be subdivided into various strains or subclassss, (eg. CHO DG44,
CHO-M, and CHO-K1), and some of thess cellsirains may be genetically engineersd for optimal use with a particular type of nusleis acid molecule (e g., a vestor comprising DNA) or a partioular cell growth media compostion as desoribed in the Examples section. Cells are fransfected with a nucleic acid molecule (e.., vector)
encoding the insulin-Fo fusion protein (s.g, whers the entire insulin-Fs fusion protein is encoded by a single nusleic acki molecule). In embodiments, HEK293 cells are transfested with a vector that encodes for the insulin-F fusion protein, but only results in temporary expression of the insuin-Fo fusion protein for a period of
time (.0, 3 days, 4 days, 5, days, 7 days, 10 days, 12 days, 14 days, ormore) before the host cel Stops expressing appreciable levels of the insulin-Fs fusion protein (ie., transient transfestion). HEK293 cells that are transiently transfected with nusleis acid sequences encoding for insulin-Fs fusion proteins often allow for
more rapid production f recombinant proteins which faciitates making and screening muliple insulin-F fusion protein candidates. In embodiments, CHO cells are transfected with a vector that is permanently incorparated into the host cell DNA and leads to consistent and pemanent expression (.., stable transfection) of the
insuin-Fo fusion protein as long as the cels are cultured appropriately. CHO cells and CHO cell Ines that are stably transfected with nusleic acids ncoding for insulin-F s fusion proteins often take longer o develop, but they often produce higher protein yields and are more amenable o manufasturing low cost products (e..,
praducts for use in the veterinary pharmaceutical market). Cells and cell lines can be cultured using standard methods in the art. In preferred embodiments, HEK cells comprising any cONA Sequences with SEQ 1D NO: 35 is used to express insulin-Fc fusion proteins, In preferred embodiments, CHO cells comprising the cDNA
Sequence with SEQ 1D NO: 35is used to express insulin-Fs fusion proteins.

[0072] In s0me embodiments, the insulin-Fo fusion protein is purifisd or isolated from the cells (e.g., by Iysis of the cells). In other embodiments, the insulin-Fs fusion protein is sscreted by the cells and purified or isolated from the cel culturs media in which the cels were grown. Purification of the insulin-Fo fusion protein can
include using column chromatography (e.q., affinity chromatography) or using other separation methods based on differences in size, charge, and/or affinity for certain molecules. Purification of the insulin-Fs fusion protein involves selecting or enrishing for proteins containing an Fo fragment, e.g., by using Protein A beads or a
Protein A column that cause proteins containing an Fo fragment to become bound with high affinity at neutral solution pH to the Protein A covalently conjugated to the Protein A beads. The bound insulin-Fs fusion protein may then be siuted from the Protein A beads by a changs in a solution variable (5.. a decrsass in the

solution pH). Other separation methods such as ion exchange anasar gel fitration can also be employed altematively or additionally. Purfication of the nsulin-Fg fusion protein may further comprise fillering or centrifuging the protein preparation. Furiher purification of the insulin-Fc fusion
pratein may comprise diafilration, ultrafitration, and fitration through porous membranes of various sizes, as well as final fomulation with excipierts.

[0073] The purfied insulin-F fusion protein can be characterized, e.g., for purity, protein yield, sirusturs, and/or activiy, using a variety of methods, e.g., absorbance at 280 nm (e.g., to detemine protein vield), size exclusion or capillary electrophoresis (e.., to detemine the molecular weight, persent agaregation, and/or
purity), ctrometry (MS) and/or lijuid (LC-MS) (2.9., to determine purty and/or alycosylation), and/or ELISA (e.g., to determine extent of binding, e.g., affinity, to an anti-insulin antibody). Exemplary methods of characterization are also descrived in the Examples section

100741 In embodiments, the protein yield of an insuin-Fc fusion pratein after production in transiently transfected HEK cells and protein A purfication is greater than § mgiL, 10 mafL, or 20 mg/L. In preferred embadiments, the protein yiek of an insulin-Fo fusion protein after production in transiently transfected HEK cells and
protein A purifiation s greater than 50 /L (e g., greater than 60 ma/L, greater than 70 mg/L, greater than 80 mg/L, greater than 90 mg/L, greater than 100 mg/L). In embodiments, the %homodimer of an insulin-Fs fusion protein after produstion in transiently transfected HEK cells and protsin A purification is greater than
70% (2., greaterthan 80%, greater than 85%, greater than 90%, greater than 95%, greater than 96%, areater than 97%, greater than 98%, greater than 99%). In embodiments, the homodimer tter of an insulin-Fs fusion protein after produstion in transiently transfected HEK cells and protein A purfication, caloulated as the
product between the insulin-Fc fusion protein yield and the %homodimer is greater than 50 mg/L (e.q., greater than 60 mg/l, greater than 70 mg/L, greater than 80 mg/L, greater than 90 mg/L, greater than 100 mg/L). Only candidates with a homodimer titer of greater than 50 mg/L wers considered useful in the present
imvention, be cause experience has demanstrated that hamodimer fiters less than this level will not likely result n commercial production tiers in CHO cels that meet the stringently low manufacturing cost requirements for veterinary products.

[0075] In embodiments, the protein yield of an insulin-Fs fusion protein after production in stably transfected CHO cells (e.g., CHO cel lines o CHO cell clones) and protein A purification is greater than 100 mg of insulin-F fusion protein per L (e.g. mg/L of culture media). In preferred embodiments, the protein yiski of an
insuin-Fo fusion protein after production in stably transfected CHO oels (e.g. CHO cell Ines or CHO cell clones) and protein A purifiation is greater than 150 mg insuin-Fo fusion protein/L. of cuture media (e g., greater than 200 mgL, greater than 300 mg/L, greater than 400 mg/L, greater than 500 mg/L, greater than 600
mgiL or more). In smbodiments, the Shomodimer of an insulin-Fs fusion protein after production in stably transfected CHO cels (2.9 CHO cel ines or CHO cell clones) and protein A purifisation is greater than 70% (e.g., greater than 80%, greater than 85%, greater than 0%, greater than 95%, greater than 96%, greater than
97%, greater than 98%, greater than 88%). In embodiments, the homodimer tter of an insulin-F o fusion protein after production in stably transfe cted CHO cells (e.g. CHO cell Ines or CHO cell clones) and protein A purfication, calculated as the product between the insulin-Fo fusion protein yiek! and the %homodimer is greater
than 150 mo/L (e.g., greater than 200 /L, greater than 300 mg/L, greater than 400 mgi, greater than 500 mg/L, greater than 600 mgil or more)

Functional Features of insulin-Fc Fusion Proteins

[0076] Descrived herein (but not claimed) are methods for interacting with the insulin receptors to lower blood glucose in companion animals (2.g., dogs or cats), whersin the method comprises administering to a subjest an insulin-Fo fusion protein, e g., a fusion protein described herein. In some embodiments, the subject has.
been diagnosed with diabetes (e.g., canine diabetss o feline diabetes)

[0077] The insulin-Fs fusion protein desribed herein binds o the insulin receptor with an appreciable affinty as measured by the IC50 in the 4°C IM-9 insulin receptor binding assay desoribed in Example 7 (5.9 ICS0 less than 5000 i, ICS0 less than 4000 i, ICS0 less than 3000 i, ICS0 less than 2500 k). Based on
experience, only compaunds exhibiting insulin receptor activty ICS0 values less than 5000 M were deemed likely to exnibit bioactivity in the target species. Generally, higher affinity insulin receptor binding (2., lawer ICS0 values) is preferred. However, it s wel-known that the clearance of nsulin and insulin analogs (e.g.,
insuin polypeptides descrived herein) is governed primarily through binding to the insulin receptor followed by insulin recsptor intsmalization and degradation within the cell. Therefore, insulin-Fo fusion proteins with too high of an insulin receptor binding afinity (ie., too low of an IC50) may be cleared too quickly from
circulation resulting in a lower than desired duration of glucose-lowering bioactivity in the target animal

[0078] The insuiin-F fusion protein described herein is capable of lowering glucase levels (e.g., blood 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 insulin reference standard. In some embodiments, the duration of activity
of the insulin-Fs fusion protein can be measured by a decrease, e.g.,  statistically significant decrease, in fasting blood glusose relative to a pre-dose fasting blood glucose level. In embodiments, the duration of activity of the insulin-Fo fusion protein (e.g., the time during which there is a statistically signifcant decrease in
fasting blood glucose level in a Sublect relative to a pre-dose level) is longer than about 2 hours. In embodiments, the duration of acfiviy of the insuin-FG fusion protein (e.g., the time during which there is a statisically significant decrease in blood glucose level in a Sublect relative to a pre-dose level) is longer than about &
hours, § hours, 12 hours, 18 hours, 1 day, 1.5 days, 2 days, 2.5 days, 3 days, 4 days, § days, 6 days, 7 days, or longer. In embodiments, the insulin-Fs fusion protein is long-acting (e.g., has a long haf-ife, e.g., in serum)

[0079] The serum haf-ife of the insulin-Fc fusion protein in the target animal (e.g., dog or cal & langer than that of an insulin reference standard or cantrol formulation. In embodime nts, the Serurm half-Ife o the INsulin-Fo fusion protein (2.g., in the biood of a sublect upon administration) n the target animal (e.., dog or cal) is
longer than about 2 hours. In embodiments, the serum hal-ife of the insulin-Fs fusion protein in the target animal (e.g., dog or cat) s about 0.5 days, 1 day, 2 days, or 2.5 days. In preferred embodiments, the serum half-lfe of the insulin-Fs fusion protein in the target animal (e.g., dog or cat) is about 3 days or longer.

[0080] The combination of potency and duration of bioactivity may be quantifisd by calculating the area over the persent fasting blood glussse (%FBGL) surve normalized to a given dose in mgrkg (NAOC) with units of %FBGL-days-ka/ma. In embodiments, the NAQC of the insulin-Fo fusion protein is greater than 150
FBGL dayskg/mg (e.g. greater than 200 %FBGLays kgimg, greater than 250 %FBGLdays kg/mg or more). Again, based on experisnce, at NAOC valuss greatsr than 150 %FBGL-days ka/mg, the dose requirements in the target species will be suffisienily low 50 s to achisve an acceptable treatment cost. In
embodiments, the NAOC of the insulin-Fs fusion protein must be maintained after repeated dosing in the target species (i., the ratio of the NAQC after the third dose to the NAQC after the first dose of the insulin-Fs fusion protein is greater than 0.0 (¢.q., 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-Fs fusion protein described herein binds to the Fo(gamma) receptor with an affinity that s lower than that of an insulin-Fs fusion protein reference standard as measured according to Example 8. In some embodiments, the ratio of the Fo(gamma) receptor affinity of the insulin-Fs fusion protein to that of an
insuin-Fo fusion protein reference standard s less than 0.50 (5.9, less than 0 40, less than 0.30, less than 0.20).

Troatment and Characteristics of Subject Selection

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

[0083] A reference described herein camprises a reference treatment or reference therapy. The reference comprises a standard of care agent for diabetes treatment (e.g., @ standard of care agent for canine). The reference standard may be a commercially available insulin or insulin analog. The reference standard may
comprises a long-lasting insulin, intermediate-lasting insulin, short-lasting insulin, rapid-acting insulin, short-acting, intermediate- acting, long-acting insulin, such as Vetsulin®, Prozing®, insulin NPH, insulin glargine (Lantus®), or recombinant human insulin.

[0084] A referen ce standard used in any method described herein includes an autcome, e.g., outcome described herein, of a diabetes therapy (2., a canine diabetes therapy or a fine diabetes therapy)

[0085] A reference standard may be a level of a marker (e.., blood glucoss or fructosamine) in the subject prior to initiation of a therapy, e g., an insulin-Fs fusion protein therapy described herein; where the subject has diabetes. The blood glucose level in a dog may be greater than 200 mg/dL (e g. greater than 250 me/dL,
300 mardlL, 350 mardL, 400 mardL or more) prior to initiation of therapy. In embodiments, the fructosarmine level in a companion animal (e.g. dog or cat) is greater than 250 misromoliL, 350 micromolL (e.g. greater than 400 misromolAL, 450 micromolL, 500 misromoliL, 550 misromolL, 600 misramoli, 650 misromold, 700
micromoliL, 750 mioromol/L o more) pror to initiation of therapy. A reference standard may be a measure of the pressnce of or the progression of o the severty of the disease, or may measure the presence of or the severity of the disease symptoms prior to initation of a therapy, e.g., an insulin-Fs fusion protein therapy
desoribed hersin, e.g, whers the subject has diabetes

and Routes of.

[0088] Provided herein (not claimed) are pharmaseutical compositions containing an insulin-Fs fusion protein described herein that can be used to lower biood glucoss in companion animals (5.9, dogs). The amount and concentration of the insulin-Fs fusion protein in the phamaceutioal compositions, s well as the quantty of
the pharmaceutical somposition administered to a Subject, can be selested based on oinically relevant fastors, such as medically relevant characteristics of the subject (2.9, age, weight, gender, other medisal conditions, and the like), the solubilty of compounds in the pharmaceutical compositions, the potency and activty of
the compounds, and the manner of administration of the pharmaceutical compostions. For further information on Routes of Administration and Dosage Regimes the reader is referred to Chapter 25.3 in Volume § of Comprehensive Medicinal Chernistry (Corwin Hansch; Chairman of Ed torial Board), Pergamon Press 1990

[0087] Formulations of the present disclosure include those suitabls for parenteral administration. The phrases "parenteral adminisiration” and "administersd parenterally” as used herein means modes of administration other than enteral and topical administration, usualy by intravenous or subsutansous injection

[0088] Examples of sutable aqueous and non-agusous camiers that may be employed in the phamaceutical compositions of the disclosure include water, ethanl, polyols (such as glycerol, propylene glycol, polyethylsne glyool, and the i), and suitable mixtures thersof, vegetable oils, sush as olive oil, and injectable organic
esters, such as ethyl oleate. Proper fluidty can be maintained, for example, 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 phamaceutical compostion (e.g., as
desoribed herein) comprises a Tweer-ike surfactant, e.g., polysorbate-20, Tween-20 or Twsen-50. In some embodiments, the pharmacsutical composition (e.g., as desoribed herein) comprises a Tween-like surfastant, e.g., Tween-50, at a concentration between about 0.001% and about 2%, or between about 0.005% and
about 0.1%, or between about 0.01% and about 0.5%.

[0088] In s0me embodiments, the concentration of the insulin-Fc fusion protein in the aqueous carrier is about 3 mg/mL. In some embodiments, the concentration of the insulin-Fs fusion protein in the aqueous carier is about & me/mL. In some embodiments, the concentration of the insulin-Fo fusion protein in the aqueous.
carmieris about 8 mg/mL, 9 mg/mL, 10 mgAmL, 12 mg/mL, 15 mg/mL ar more.

[0080] In s0me embodiments, the insulin-Fo fusion protein is administered as a bolus, infusion, or an intravenous push. In some smbodiments, the fusion protein is administered through Syrings injection, pump, pen, nesdle, or indweling catheter. In some embodiments, the insulin-Fo fusion protein is administered by a
subcutaneaus bolus injection. Methods of intraduction may also be provided by rechargeable o biod egradable devices. Various Slow release polymeric devices have been developed and tested in vivo in recent years for the controlled delivery of drugs, including Avariety of
polymers (including hydrogels), including both biodegradable and non-degradable polymers, san be used to form an implant for the sustained relsass of a compound at a particular target site

Dosages

[0081] Actual dosage levels of the insulin-Fo fusion protsin can be varied s0 as to obtain an amount of the active ingredient that is effective to achieve the desired therapeutic responss for a particular subject (¢.. 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 amids thereof, the routs of administration, the time of administration, the rate of excretion of the partioular compound being smployed, the duration of the treatment, other drugs, compounds and/or materials used in combination with the partioular fusion protein employed, the age, sex,
weight, cond tion, general heatth and prior medical history of the subject being treated, and lis factors well known in the medical arts.

[0092] Ingeneral, a sutable dose of an insulin-F ¢ fusion pratein wil be the amount that & the lowest dose effective to praduce a therapeutic effect, Such an effective dose will generally depend upon the factors described above. Generally, intravenous and subcutaneous dases of the insulin-Fe fusion protein for a dog wil range
from about 0.001 to about 1 mg per kilogram (e.g. mafkg) of body weight per day, e.g., about 0.001 to 1 my/ka/day, about 0.01 to 0.1 ma/kgiday, about 0.1 to 1 me/ky/day, or about 0.01 to 1 ma/kgiday. In still other smbodiments, the fusion protein is administered at a dose between 0.025 and 4 mg per kiogram of body weight
perweek, e.g., between 0.025 and 0.5 mg/kagwesk

[0083] The present disclosure contemplates formulation of the insulin-F fusion protein in any of the aforementioned phanmaseutical compostions and preparations. Furthermore, the pressnt disclosure contemplates administration via any of the foregoing routes of administration. One of skill in the art can seleot the
appropriate formulation and route of administration based on the condiion being treated and the overall healtn, age, and size of the patient being treated.

EXAMPLES

[0084] The present technology is further ilustrated by the following Examples, which should not be construed as limiting in any way.

GENERAL METHODS, ASSAYS, AND MATERIALS

Exemple 1: Synthesis and Methods of Making an insutin-Fc Fusion Protein in HEK293 Cells

[0085] Insulin-Fs fusion proteins were synthesized as follows. Agene sequence of interest was construsted using proprietary software (LakePhanma, Belmont, CA) and was cloned into a high expression mammalian vestor. HEK293 cells were seeded i a shake flask 24 hours before transfection and were grown using serum-
free chemically defined media. A DNA expression construct that encodes the insulin-Fo fusion protein of interest was transiently transfected into a suspension of HEK293 cells using the (LakePhanma, Belmont, CA) standard operating procedurs for transient fransfection. After 20 hours, the cells were counted to detsrmine the

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

[0086] A CHO cellline was originally derived from CHO-K1 (LakePharma, Belmont, CA), and the endogenous glutamine synthetase (GS) genes were knosked out by recombinant technology using methods known in the art. Stabls expression DNA vectors were designed and optimized for CHO expression and GS selestion and
incomorated into a high expression mammalian vectar (LakePharma, Belmont, CA). The sequence of each completed construct was confirned prior to inifiating scal up experiments. The suspension-adapted CHO cells were cultured in 3 humidiied 5% CO3 incubator at 37°C in a cherically defined media (CD OPICHO;
Invitrogen, Carlsbad, CAL. No serum or other animal-derived products were used in culturing the CHO cels

[0097] Approximately 80 million suspension-adapted CHO cells, growing in CO OptiCHO media during the exponential growth phase, were transfected by electroporation using MaxCyte® STX® system (MaxCyte, Inc., Gaithersburg, MD) with 80 pg DNA to a create a stable CHO cellline for each insulin-F fusion protein (DNA
construct contains the ful-length sequence of the insuln-Fo fusion protein). After twerty-four hours, the transfected cels wers counted and placed under selection for stable ntegration of the insuin-Fo fusion genes. The transfected cells were seeded into CD OPICHO selection media containing between 0-100 uM methionine
Suffoximine (MSX) at a cell densiy of 0.5x10% cellsimLin a shaker flask and incubated at 37°C wilh 5% CO3 During a Selection pracess, the cells were spun down and resuspended in Tresh Selection media every 2-3 days unfl the CHO stable paol recavered ifs grawln rate and viabilty. The cell culture was manitored for growin
and iter

[0098] The cells were grown 102 5x10° cells per mL. At the time of harvest for cell banking, the viability was above 95%. The cells were then centrifuged, and the cell pellet was resuspended in the CD OptICHO media with 7.5% dimethyl sulfoxide (DMSO) to a cell count of 15x10° cells per mL per vial. Vials were cryopreserved
for storage in luid ifrogen

[0088] A smalk-scale-up production was performed using the CHO cells as follows. The cells were ssaled up for production in CD OPiCHO growth medium containing 100 M MSX at 37°C and fed every 2-4 days as needed, with CD OPtiCHO growth medium supplemented with glucose and addtional amino asids as necessary
for approximately 14-21 days. The conditioned media supsmatant harvested from the stable pool produstion run was clarifed by centrifuge spinning. The protein was run over a Protein A (MabSelect, GE Healthcare, Little Chalfont, United Kingdom) solumn pre-equiibrated with binding buffer. Washing buffer was then passed
through the column until the OD280 value (NanoDrop, Themmo Scientifi) was measured 1o be at or near background levels. The insulin-Fc fusion protein was eluted using a low pH buffer, elution Tactions were collected, and the OD280 value of each fraction was recorded. Fractions containing the target insulin-Fe fusion
protein were poled and optionaly further fitered using a 0.2 M membrans fiter.

[0100] The csl line was optionally further subcloned to monoclonalty and optionally further sslected for high titer insulin-Fo-fusion protein-expressing clones using the method of limiting dilution, a method known to those skiled in the art. After obtaining a high tter, monosional insulin-Fo fusion protein-sxpressing cell fine,
production of the insulin-Fo fusion protein was accompiished as descrived above in growth medium wihout MSX, or optionally in growth medium containing MSX, to obtain a cell cukure supematant containing the recombinant, CHO-made, insulin-Fo fusion protein. The MSX concentration was optianally increased over time to
exert additional selectivity for clones capable of yielding higher product tters.

Exemole 3; Purification of en insulin-Fc Eusion Protein

[0101] Purification of an insulin-F fusion protein was performed as follows. Cond tioned media supematants containing the Secreted insulin-Fc fusion protein were harvested from the transiently or stably transfected HEK production runs and were clarifisd by sentrifugation. The supematant containing the desired insulin-Fo.
fusion protein was run over a Protein A or a Protein G column and siuted using a low pH gradient. Optionally, recovery of the insulin-F fusion proteins could be enhanced by reloading of the intial Protein A or Protsin G column eluent again onto a second Protein A o Protein G column. Afterwards, the eluted fractions.
containing the desired protein were pooled and buffer exchanged into 200 M HEPES, 100 mi NaCl, 50 mM NaOAc, pH 7.0 buffer. A final fitration step was performed using a 0.2 um membrane filter. The final protein con centration was calsulated from the solution optical density at 250 nm. Further optional purification by ion-
exchange chromatography (e.g. Using an anion exchange bead resin or a cation exchange bead resin), gel fitration shromatography, or other methods was performed as necessary.

Examole 4; Structure by Reducin CE.SD.

[0102] Capillary electrophoresis sodium dodecyl sulfate (CE-SDS) analysis was performed in a LabChip® GXIl (Perkin Elmer, Waltham, MA) on a solution of a purified insulin-F ¢ fusion protein dissalved in 200 mM HEPES, 100 mM NaCl, 50 mM NaOAc, pH 7.0 buffer, and the electropherogram was plotied. Under non-reducing
conditions, the sample was run against known molecular weight (V) protein standards, and the eluting peak represented the ‘apparent’ M of the insulin-Fs fusion protein homodimer

[0103] Under reducing condtions (e.. using beta-mercaptosthanol to break disulfide bonds of the insulin-Fs fusion homodimer), the apparent MW of the resulting insulin-Fs fusion protein monomer is compared against half the molecular weight of the insulin-Fs fusion protein homodimer as a way of dstermining that the
structural purity of the insulin-Fo fusion protein is likely to be comeot.

Exemple 5: Sequent by LC-MS with Glycan Removal

[0104] To obtain an accurate estimate of the insulin-Fc mass via mass spectrossopy (MS), the sample is fist treated to remove naturally ooourting glysan that might interfers with the MS analysis. 100 kL of a 2.5 mg/mL insulin-Fs fusion protein dissolved in 200 mM HEPES, 100 mM NaCl, 50 mM NaOAs, pH 7.0 buffer solution
is first buffer exchanged into 0.1 M Tris, pH 8.0 buffer containing § mM EDTA using a Zeba desalting colurn (Pierce, ThermoFisher Scientfi, Waltham, MA). 167 uL of PNGase F enzyme (Prozyme N-glycanase) is added to this solution in order to remove N-linked glycan present in the fusion protein (¢.q., glycan inked to the
side chain of the asparagine losated at the oNg-N site), and the mixture is incubated at 370 overnight in an incubator. The sample is then analyzed via LC-MS (NovaBioassays, Wobum, MA) resulting in a molesular mass of the molecule which comesponds to the desired homodimer without the glycan. This mass is then further
comected since the enzymatic process used to cleave the glyoan from the cNg-asparagine also deaminates the asparagine side chain to form an aspartic acid, and in doing S0 the enzymatically treated homodimer gains 2 Da overall, comesponding to a mass of 1 Da for each chain present in the homodimer. Thersfore, the
actual molesular mass is the measured mass minus 2 Da to comest for the enzymatis modification of the insulin-Fs fusion protein structure in the analytical sample

Example 6:

[0105] Size-exclusion shromatography (SEC-HPLC) of insulin-Fo fusion proteins was caried out sing a Waters 2795HT HPLC (Waters Corporation, Miford, MA) connected to a 2998 Photodiods aay at a wavelength of 250 nm. 100 uL or less of a sample containing an insulin-F o fusion protein of interest was injscted into a
MAbPaG SEC-1, § um, 4 x 300 mm colurn (ThemnoFisher Scientiic, Waltham, MA) operating at a flow rate of 0.2 mLfmin and with a mabile phase comprising 50 mM sadium phosphate, 300 MM NaCl, and 0.05% wiv sodium azide, pH 6.2. The MADPac SEC-1 colurnn operates on the principle of mole cular size separation.
Therefore, larger soluble insulin-Fs aggregates (e.g. mutimers of insulin-Fs fusion protein homodimers) eluted at e arlier retention times, and the non-agaregated homodimers eluted at later retention times. In separating the mixturs of homodimers from aggregated multimeris homodimers via analytical SEC-HPLC, the purty of
the insulin-Fc fusion protein solution in terms of the percentage of non-agaregated homodimer was ascertained.

Example 7 o viteo i3 of ap Exemolary insulin: F atac

[0108] Human IM-9 cells (ATTC# CCL-159) that express human insulin receptor were cultured and maintained in complets RPMI 5% FBS medium at 70-50% confluency. Cultures of IMI-§ cells wers cenirfuged at 250%g (~1000 rpm) for 10 min to pellet the cels. Cells wers washed once with HBSS or PBS buffer, resuspended in
cokt FACS staining medium (HBSS/2mM EDTA/D.1°70 Na-azide + 4% horse serum) to a cancentration of 8x10° cells/mL and kept on ice or 4°C untiltest solutions were made. The insulin-Fc protein was diuted in FACS buffer in 1:3 serial diluions s 2x concentrations in 1.2 mL tubes (apprax. 60 uL volume of each dilution),
andthe salutions were kept cold on ice uniil ready for pipetting.

[0107] Biotinylated-RHI was diuted in FACS staining medium to a concentration of 1.25 ug/mL. 40 L of the serially diluted test compound and & L of 125 wg/mL Biotin-RHI were added into each well of a V bottom microtier plate, mixed by slow vortexing, and placed on ics. 40 kL of an IM-8 cell suspension (8x10€ cells/mL)
was then added to sach well by mulichann el pipette, mixed again gently and incubated on ice for 30 min to allow compettive binding on the insulin receptor on IM-9 cells. Cells were then washed twice with 275 of ics-cold FACS wash buffer (HBSSI2mM EDTA/D. 1% Na-azide +0.5% horse serum) by centrifuging the \bottom
plate at 3000 pm for 3 min and aspirating the supematant. Csls wers then resuspended in 40uL of FACS staining medium containing 1:100 diluted Strsptavidin-PE (Lifs Technologies) for 20 min on ice. Cells were then washed once with 275 bL of ice-cold FACS buffer and finally fixed with 3% paraformakdehyde for 10 min at
room temp. Cells were then washed onoe with 275 L of ice-old FACS buffer and resuspended in 2504l of FACS buffer for analysis.

[0108] The V-bottom plates containing cels were then analyzed on a Guava 8-HT flow cytometer (Millpore). Biotinylated-RHI binding to insulin receptor was quantitated by the median fluorescence intensity (MFI) of the cels on the FACS FL-2 channel for each coneniration of the test compound. Control wells were labeled
only with biotinylated-RHI and wers used to calculate the percsnt (%) inhibition resuting from each test compound concentration. The % innibition by test compounds of biotinylated-RHI binding on IM-9 cells was plotied against log concentrations of the test compound, and the resulting IC50 values were calculated using
GraphPad Prism (GraphPad Softwars, La Jolla, CA) for the test compounds. Lower IC50 values of the test compound therefore indicate gre ater levels of biotinylated-RHI inhibition at lower concentrations indicating stronger binding of the insulin-Fs fusion protein to the insulin recsptor. A control compound, such as unlabeled
recombinant human insulin (RHY) was also used as an internal standard to generate an RHI 1CS0 against which a given compound ICS0 could be ratioed (ICS0(compaund)ICS0(RHN). Lower 1CS0 ratios have more similar binding to RHI (stranger binding to insulin receptar), while higher ICS0 ratios have weaker binding to the
insuin receptor relative o RHI

Exemole 8 in vitro Fetaamme) Receptor{ Bindins Affinity Assay
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[0109] The binding of insulin-F ¢ fusion proteins ta the Fagamma) receptor | at pH 7.4 was conducted using an ELISA assay as follows. Since neither canine nor feline Fo(gamma) receptor | was not commercially available, human Fo(gamma) receptor | (Le., rFc(gamma) receptor ) was used s a surogate mammalian
receptor. Insulin-Fo compounds were diluted to 10 pg/mL in Sodium bisarbonate buffer at pH 9.6 and coated on Maxisorp (Nunc) microfiter plates overnight at 4°C, after which the microplate strips were washed § fimes with PEST (PBS/0.05% Tween-20) buffer and biocked with Superblock biocking reagent (ThemmoFisher).
Serial dilutions of biotinylated thFc(gamma) receptor | (recombinant human Fo(gamma)R-1; R&D Systems) wers preparsd in PBSTA 0% Superblosk buffer from 6000 ng/mL to 8.2 ng/mL and Ioaded at 100 iLwell onto the misroplate sirips coated with insuin-Fo fusion protein. The microfiter plate was incubated for 1 hour at
room temperature after which the microplate strips were washed § times with PBST and then loaded with 100 pLiwell of streptavidin-HRP diluted 1:10000 in PBST/0% Superblosk buffer. After incubating for 45 min, the microplate sirips were washed again § times with PBST. TMB was added to reveal the bound Fo(gamma)
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 mFs(gamma) receptor | to insulin-F o protein) were plotied against log concentrations of rhFc(gamma) receptor | addsd to sach well to
generate binding curves using GraphPad Prism software.

Examole 9: io vitro ot insulin-F¢ Eusion Proi for the Capine

[0110] In vitro binding afinity of insulin-Fc fusion proteins cantaining Fc fragments of canine or feline IgG origin to the canine FoRn receptor was measured via an ELISA technique conducted at a solutian pH of 5.5. The slightly acidic pH is the preferred binding emiranment for F o fragment-containing molecules ta bind to the
FoRn receptor In vivn, cells express FoRn on their surfaces and intemally in the endosomes. As molecules containing Fo fragments are brought into the cell through natural processes (e.g. pinocytosis or endocytoss), the pH changes to a lower pH in the endosomes, whers the FoRn receptor binds to Fo fragment-containing
molecules that would otherwise be degraded in the endosomal-lysosomal compartments, thereby allowing these molecules to recyole 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.
back into circulation. This is a primary mechanism by which FG fragme nt-cantaining molecules exhibit prolanged cireulatry pharmacokinetic halfives in vivo,

[0111] Insulin-F fusion proteins comprising Fc fragments of anine or feline origin were diluted to 10 ug/mi in sodium bicarbonate pH 9.6 buffer and coated in duplicate on Maxisorb ELISA plate strips for 1-2 hours at RT. The strips were then washed 4 fimes with PBST (PBS/0.1% Tween-20) buffer and blocked with Superbock
blosking reagent (ThermoFisher). Strips for FcRn binding were then washed again twice with pH 5.5 MES/NaCTwsen (S0mM MESA50mM NaCID.1% Tween-20) buffer before addtion of the FoRn reagent (biotinylated canine F oRn; Immunitrack). Since no feline FoRn reagent was found to be commersially available, insulin-Fo
fusion proteins containing sither a canine Fo fragment or a feline Fo fragment were assayed for binding to the canine FcRn. Serial dilutions (1:3X dilutions) of biotinylated FcRn reagent were prepared in pH 5.5 MES/Na CTween/10%Superblock buffer at concenirations from 1000 ng/ml to 045 ng/mi and Ioaded at 100 pLivel
Using & multichannel pipsttor onto the sirips coated with the insulin-Fs fusion protein compounds. The assay plate was then incubated for 1 hour at room temperature. FoRn binding strips were washed 4 times with pH 5.5 MES/NaClTween buffer and then loaded with 100 pl/well sire ptavidin-HRP diluted 1:10000 in pH 5.5
MES/NaCl /10 ToSuperblock buffer. After inoubating for 45 minutes, sirips were washed again 4 fimes with pH 5.5 MES/NaClTween buffer. TMB was finally added to reveal the bound bistinylated-canine FcRn reagent, and the color development was stopped with the ELISA stop 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-FoRn to the insulin-Fo fusion protein test campounds) were plofted against log concentrations of FGRn added to each wellto generate binding curves using GraphPad Prism software. ECS0 values for each binding curve were calsulated to
compare between diferent compounds.

Example 10; for in vivo (PD) After Sinal insulin ia Dous or Cats

[0112] Insuin-F fusion profeins were assessed for their effects on fasting blood glucose levels as folows. N=1, 2, 3 or more healthy, antibody-naive, dogs weighing approximately 10-15 kg or cats weighing approximately § kg were used, one for each nsulin-Fc fusion protein. Animals were also observed twice daily for signs of
anaphylaxis, lethargy, distress, pain, ets, and, optionally for some compounds, treatment was continued for an add tional thres weekly subsutaneous injestions or more to obssrve if the glucose lowering capabilty of the compounds lsssened over time, a key sign of potential induction of neutralizing anti-drug antibodies. On day.
0, the animals received a single injection either via intravenous or subcutaneous administration of a pharmaseutical composition containing an insulin Fo-fusion protsin homodimer at a concentration between 1 and 10 mg/mLin a solution of betwsen 10-50 MM sodium hydrogen phosphate, 50-150 MM sodium chioride, 0.005-
0.05% viv Tween-50, and optionally a bacteriostat (¢.g. phenol, m-oresol, or methylparaben) at a concentration of between 0.02-1.00 ma/mL, at a solution pH of between 7.0-5.0, at a doss of 0.08-0.80 mg insulin-F o fusion protein/kg (or approximately equivalent to 1.2-12.3 nmolikg or approximately squivalent to 0.4-4.0 Urkg
insuin equivalent on molar basis). On day 0, blood was collected from a sutabls vein immediately prior to injsction and at 15, 30, 45, 60, 120, 240, 360, and 480 min and at1,2, 3, 4, 5, 6, and 7 days post injection

[0113] For each time paint, a minimum of 1 mL 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 blood glucase levels (% FBGL) from day 0 to day 7 were plofied to assess.
the binastivity of a given insulin-Fs fusion protein.

Example 11 for in vivo (PD) of insulin-Fe inCanines Eelines,

[0114] Insuiin-Fo fusion proteins were assessed for their effects on blood glucoss levels over repeated injestions as follows. Healthy, . dogs or cats weighing betwsen § and 20 kg wers used, and each animal was administered doses of an insulin-Fs fusion protein. Animals were observed twics dally
for signs of anaphylaxis, lethargy, distress, pain, and other negative side effects, and optionally for some compounds, treatment was continued for up to an adaiional two to five subcutaneous injections to sbserve if the glucose lowering capabilty of the compounds decreased over time, indicating the possible pressnce of
neutralizing anth-drug antibodies in viva. On day 0, the animals received a single subcutaneaus injection of & phammaceutical composiion containing an insulin Fe-fusion protein in a salution f 10-60 MM sodium hyefrogen phosphate, 50-150 MM sodiurm chioride, 0.005-0.05% vy Tween-80, and optionally a bacteriostat (e.g.
phenol, m-oresol, or methylparaben) ata concentration of between 0.02-1.00 ma/mL, at a solution pH of between 7.0-8.0, at a dose of 0.08-0.80 mg insulin-Fs fusion protein/kg (or approximately equivalent to 1.2-12.3 nmolfky or approximately equivalent to 0.4-4.0 Urkg insulin equivalent on molar basis). On day 0, biood 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 injsction

[0115] Subsequent subcutaneous injections were given no more frequently than once-weekly, and in Some cases the injections were given at different intervals based on the pharmacodynamics of a given nsulin-F fusion protein formulation. Subsequent injections for each insulin-Fe fusion protein were adjusted to higher or
lower doses, depending on the demonsirated pharmacodynarmics of the insulin-Fc fusion protein. For instance, ff the dose of a first injection on day 0 was found to be ineffective at lowering blood glucose, the subsequent dose lsvels of injected insuin-Fc fusion protein wers adjusted upward. In a similar manner, if the dose of
first injection on day 0 was found to lower glucose in oo strong a manner, then subsequent dose levels of injscted insulin-Fo fusion protein wers adjusted downward. it was also found that interim doses or final doses could be adjusted in a similar manner as needed. For each dose, blood was collested from a suitable vein just
immediately prior to injection and at 15, 50,45, 60, 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 minimum of 1 mL of whole blood was collssted. Aglucose level reading was immediately determined using a glugose meter (ACCU-CHEK® Aviva Plus),
which required approximately one drop af blood. Average % fasting blood glucase levels (% FBGL) from throughout the study were piotted against time which allows the bioactivity of a fusion protein ta be determined.

[0116] To determine the bioastivity of each dose, an area-over-the-curve (ADC) analysis was conducted as follows. After construsting the %FBGL versus time data, the data was then entered into data analysis software (GraphPad Prism, GraphPad Software, San Disgo CA). The softwars was used to first condust an area-
under-the curve analysis (AUC) to integrate the area under the %FBGL vs. time curve for each doss. To convert the AUC data into the desired AOC data, the following equation was used: AOC = TPA - AUC; where TPAs the total possible area obtained by multiplying sach doss Ifetime (2.0, 7 days, 14 days, eto) by 100%
(where 100% represents the y = 100% of the %FBGL vs. time curve). For example, given a doss lifetime of 7 days and a calculated AUC of 500 %FBGL days, gives the following for AOC: AOC = (100 %FBGL * 7 days) - (S00 %FBGL days) =200 %FBGL days. The analysis can be perfonmed for each injssted dose in a series of
injected doses to obtain the AOC values for injectian 1, injection 2, njection 3, etc.

[0117] As the doses of insulin-Fs fusion protein may vary as previously discusssd, it is often more convenient to nommalize all saloulated AOC values for a given insulin-Fs fusion protein to a particular dose of that insulin-Fc fusion protein. Doing s0 allows for convenient comparison of the glucose-lowering potency of an insuin-
Fo fusion protein across multiple injections, even  the dose levels change across the injsctions of a given study. Nommalized AOC (NAOC) for a given dose s calculated as follows: NADC =AQC / D with units of %FBGL-days-ky/mg; whers D is the actual dose injscted into the animal in mo/kg. NADC values may be saloulated
for sach injection in a series of injections for a given animal and may be averaged across a group of animals receiving the same insulin-Fs fusion protein formu/ation

[0118] The NAOC ratio (NAOCR) may also be calculated for each injection in a series of injsctions for a given animal by taking the NAOC values for each injsction (e.g. injections 1, 2, 3,..N) and dividing each NAOC for a given injection by the NAQC from injsction 1 as follows: NADCR = (NAOC(Nth inje ction) / NAOG(injection
). By evaluating the NAOCR of a given insulin-Fc homodimer fusion protein formulation for the Nth infection in a series of injections,  is possible to determine whether the in vivo glucose lowering activity of a given insulin-Fc fusion protein has substantially retained its bioactivity over a series of N doses (e.g., NADCR far the
Kth dose of greater than 0.6) or whether the in vivo glucose lowering activity of a given insulin-Fo fusion protein has lost a substantial portion of ts potency (e.g., NAOCR of the Nih dose s Iess than 0.6) over a course of N doses, indicating the potential formation of neutralizing anti-drug antibodies in vivo. In preferred
embodiments, the ratio of NAQC following the third suboutaneous injection to the NAOC following the first subsutaneous injection is greater than 0.5 (.e., the NAGCR of the third subcutansous injsction is greater than 0.5).

Exemple 1

for the of in vivo (PK) in Canine Feline Serum

[0119] An assay was constructed for measuring the cancentrations of insulin-F¢ fusion proteins comprising Fo fragments of a canine Satype in canine serum as follows. The assay comprises a sandwich ELISA farmat in which therapeutic compounds in serum samples are captured by an antinsuliprainsulin monocional
antibody (mAb) coated on the ELISA plates and then dstected by a HRP-conjugated anti-canine lgGFo specifi antibody folowed by use of a TMB substrate system for color development. Maxisorp ELISA Plates (Nunc) are coated with the anti-nsulin mab clons D6C4

(Biorad) in coating buffer (pH=0.6 sodium carbonate-sodium biocarbonate buffer) at § ug/mi overnight at 4°C. Plates are then washed 5x with PBST (PBS + 0.05% Tween 20) and blocked for a minimurm of ane hour at room temperature (or overnight at 4C) with SuperBlock blocking solution (ThermoFisher). Test serum samples
are diluted to 1:20 in PBST/SB/20%HS sample dilution buffer (PBS+0.1%Tween 20+10% SuperBlock+20% harse serum). For making a standard curve, the insulin-Fo fusion protein of interest is diuted in sample dilution buffer (PBST/SB/20%HS) + 5% of pooled beagle serum (BiolVT) from a concentration range of 200 ng/mi to
0.62 ngimi in 1:2.6 serial dilutions. Stand ards and diluted serum samples are addsd to the biocked plates at 100 pliwellin duplicats and are incubated for 1 hour at room temperature. Following incubation, samples and standards are washed 5x with PBST. HRP-conjugated goat anti-canine IgG Fo (Sigma) detsction antibody is
diluted to about 1:15,000 in PBST/SB/20%HS buffer and 100 il 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 addition of 100 liwell TMB (nvirogen) for 5-10 minutes at room temperature. Color
development s then stopped by the adition of 100 pliwell ELISA Stop Solution (Boston Bioproducts) and the absarbance is read at 450 nm using a SpectraMax plate reader (Volecular Devices) within 30 minutes. Concentrations of insulin-Fs fusion protein compounds in the samples are caloulated by interpolation on a 4-PL.
curve using SoftMaxPro software.

[0120] Similary, an assay was constructed for measuring the concentrations of insulin-Fc fusion proteins comprising Fs fragments of a feline isotype in feine serum as follows. The assay comprises a sandwich ELISA fomat in which therapeutic compounds in Serum samples are captured by an antiinsulin/proinsulin mAb
coated on the ELISA plates and then detected by a HRP-conjugated goat anti-feling 19G Fo specific antibody followed by use of a TMB substrate system far color development. Maxisor ELISA Plates (Nunc) are coated wih the antinsulin mAb clone DC4 (Biorad) in coating buffer (pH=9.6 sodium carbon ate-sodium
biosarbonate buffer) at 5 pg/ml overnight at 4°C. Plates are then washed 5x with PBST (PBS + 0.05% Tween 20) and blocked for a minimum of one hour at room temperature (o ovemight at 4C) with Superlock blocking solution (ThermoFisher). Test serum samples are diluted to 1:20 in PEST/SB/20%HS sample dilution
buffer (PBS+0.1%Tween 20+10% SuperBlocks20% horse ssrum). For making a standard curve, the insulin-Fo fusion protein compound of interest s diluted in sample dilution buffer (PBST/SBZ0%HS) + 6% of normal at serum (Jackson Immunoresearch) from a concentration range of 200 ng/mi to 0.52 ng/ml in 1:2.6 serial
dilutions. Standards and diuted serum samples are added 1o the biocked plates at 100 bwel in duplicate and are incubated for 1 hour at room termperature. Following incubation, samples and standards are washed 5x with PBST. HRP-conjugated goat antifeline 19G Fo (Bethyl Lab) detection antibody is dilted to about
1:20,000 in PBST/SB/20%HS buffer and 100 s added to all the wells and incubated for 46 minutes at room temperature in the dark, Plates are washed 5x with PBST and ance with deionized water and developed by the addition af 100 uliwell TMB (Invitrogen) for 5-10 minutes at room temperature. Color development is then
stopped by the addition of 100 plwell ELISA Stop Solution (Boston Bioproducts) and absorbance is read at 450 nm using a Spectrabax plate reader (Mol cular Devises) within 30 minutes. Concentrations of insulin-Fo fusion protein compounds in the samples are caloulated by interpolation on a 4-PL curve using SoftMaxPro
software,

[0121] Maxisor ELISA Plates (Nunc) are coated with the insulin-Fo fusion protsin of intsrest diuted in coating buffer (pH=9.6 Carbonate-Biocarbonate buffer) at 10 pg/mL overnight at 4°C for measuring ADAS against the test compound. For measuring ADAS against the insulin portion of the insulin-F c fusion protein containing
an Fo fragment of canine IgG origin, plates are coated with purifisd 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 ovemight) with SuperBlock blosking solution (ThermoFisher, Waltham MA). For caloulating the ADAS in canine IgG units,
strips are directly coated with 1:2 serial dilutions of canine lgG (Jackson Immunoresearch Laboratories, West Grove PA) in pH=9.6 Carb-Biocarb coating buffer at concentrations between 300-4.69ngiimi ovemight at 4°C and used to create a 7-point pseudo-standard curve. The standards strip plates are also washed and
blosked with SupsrBlock blocking Solution for at lsast 1 hour (or overnight)

[0122] Test serum samples are diluted to greater than or equalto 1:100 (typically tested as 1:200) in PBST/SBZ0%HS sample dilution buffer (PBS+0.1% Tween 20+10% SuperBlock+20% horse serum) and add ed ta the nsulin-FG fusion protein coated (or RHI coated) sirips at 100 wLwell in dupiicate. Duplicate strips of canine
19 coated standard sirips are also added to sach plate and filed with PEST/SB (PBS*0.1% Tween 20+10% SuperBiock) buffer at 100 pLivell. Plates are incubated for 1 hour at RT and then washed 5% with PBST. For detection of ADAS, HRP-conjugated Goat anti-felins IgG F(ah)2 (ant-feline IgG F(ab)2 reagent s oross-
reacts to canine antibodies; Jackson Immunoressarch Laboratories, West Grove PA), which is diuted in PBST/SB to 1:10000 and added at 100 uLiwellto both sample 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 (mvtrogen, ThermoFish er Scientiic, Waltham MA) for 16-20 minutes at room temperature in the dark. Color develapment is then stopped by addition of 100 uLiwell of ELISA Stop Solution (Boston Bioproducts) and the absorbance is read at 450 nm using a SpectraMax plate reader within 30
minutes. The ant-dnug antibody cancentration is determined by interpolating the OD values in the 4-PL pseudo-standard curve using SoftMiax Pro Software (Molecular Devices, San Jose CA)

[0123] To demonsirate the specifiity of the detectsd ADAS, an *inhibition” assay is carrisd out. In the drug inhibition ADA assay, serum samples are diluted 1:100 in PBST/SBZ0%HS buffer and mixed with an equal volume of 300 pg/mL of the relevant therapeutic compound (final sample diution at 1:200 and final inhibitory
compound at 150 pg/mL) and incubated for 3040 minutes at room temperature to alow anti<irug antibodies to bind the free inhibitor (ie., the therapsutic compound). After pre-incubation, the samples are added to insulin-Fo fusion protein coated (or RHI coated) strips at 100 uLiwell in duplicate. Samples diluted 1:200 in
PBST/SBI20%HS buffer without the inhibitory compound are also tested in the sample plates along with duplicate Strips of canine IgG coated standards. Remaining steps of the assay procedurs are carfied out as described above. The ADAS measured in the drug-inhibited wells are matohed with the non-inhibited ADA
concenirations to assess the specificity ot the ADAS. If signifisant inhibition of ADA signals is observed in the drug-nhibited wells, this means the ADAS are spesiis to the therape utic sompound

Exanple 14: Assay Anti-Drug Aptibodies in Feline Serum

[0124] Maxisorp ELISA Plates (Nunc) are caated with the insulin-Fo fusion protein of interest diluted in coating buffer (pH=0.6 Carbonate-Biocarbonate buffer) at 10 ug/mL overnight at 4°C for measuring ADAS against the insulin-Fc fusion protein containing an Fo fragment of feline IgG arigin. For measuring ADAS against the
insuin portion of the insulin- F-o fusion protein, plates are coated with purified insulin at 30ug/mL in coating buffer. Plates are then washed 5x with PBST (PBS + 0.05% Tween 20) and blocked for at least 1 hour (or ovenight) with SuperBlock biocking solution (ThermoFisher, Waltham MA). For saloulating the ADAS in feine lgG
units, sirips are directly coated with 1:2 serial dilutions of feline IgG (Jacksan Immunaresearch Laboratories, West Grove PA) in pH=0.6 sodium carbanate-sodium bicarbanate coating buffer at concentrations between 300-4 §9ng/mL overnight at 4°C and used to create a 7-point pseudo-standard curve. The standards strip
plates are also washed and blocked with SuperBlock biocking Solution for at least 1 hour (or ovemigh).

[0125] Test serum samples are diluted to greater than or equalto 1: 100 (typically tested as 1:200) in PBST/SB/20%HS sample dilution buffer (PBS+0.1% Tween 20+10% SuperBlock+20% horse serurm) and added to the insulin-Fc fusion protein coated (or RHI coated) strips at 100 wLwell in dupiicate. Duplicate strips of feline
19 coated standard strips are also added to each plate and filed with PBST/SE (PBS+0.1% Tween 20+10% SuperBlock) buffer at 100 uLwell. Plates are incubated for 1 hour at room temperature and then washed 5x with PBST. For detestion of ADAS, HRP.

conjugated goat antifeline G F(ab)2 (Jackson Immunoresearch Laboratories, West Grove PA) is diluted in PBST/SB by a factor of 1:10000 and added at 100 uLAwell to both sample and standard wells and incubatsd for 45 minutes at room temperaturs in the dark Plates are washed 5x with PBST and one fime with deionized
water and developed by the adding 100 uLiwell TMB substrate (Invitrogen) for 15-20 minutes at room temperature in the dark. Colar development is then stopped by addition of 100 wLiwell of ELISA Stop Solution (Boston Bioproducts, Ashland MA) and the absorbance is read at 450 nm using a SpectraMax plate reader within
30 minutes. Anti-drug antibody concentration is determined by interpolating the OD values in the 4-PL pssudo-standard curve using SoftMlax Pro Software (Molscular Devices, San Jose CA)

Exemple 15: Assay Procedure Eitop

[0126] Maxisor ELISA misroplates (Nunc) are coated with a library of insulin-Fs fusion protein homodimer compounds with known amino acid sequences, and the coated plates are biocked in a similar manner as desoribed in the anti<irug antibody ELISA assay Examples 13 and 14, except that each compound in the library is
coated on a separate individual strip of ELISA microplate wels. The compounds in the library comprise a range of insulin-Fs fusion proteins with different insulin polypeptide amino acid compostions, including various B-chain, C-chain, and A-chain amino asid mutations, diffsrent linker compostions, and difersnt Fo fragment
compositions, including some of human origin. Separately, some plate strip wells are directly coated with 1:2 serial dilutions of canine or feline lyG (Jackson Immunoresearch Laboratories, West Grove PA) for saloulating the anti-dnug antibodies (ADA) in canine or feline 1gG units, respectively, as described in Examples 13 and

[0127] Serum obtained from individual dogs or cats receiving repeated doses of an insulin-Fo fusion protein is first screened on the anti-drug antibody ELISA assay (Example 18 for dogs and Example 14 for cats). Serum samples demanstrating moderate or high positiviy (e.g. moderate or high tters of antibodies) on the assay
of Example 13 or Exampls 14 are serially diluted (1:200 to 1:5000) in PBST/SB/20%HS sample dilution buffer (PES+0.1% Tween 20+10% SuperBiock-20% hors serum) and added to the plates coated with the library of insulin-Fo fusion protein compounds for 1 hour at RT. Following incubation, the plates are washed § times
with PBST. For detection of canine or feline antibodies capable of oross-reasting to the coated compound library, HRP conjugated goat anti-feline IgG F(ab')2 (Jackson Immunoressarch Laboratories, West Grove PA), which is oross-reactive to both canine and feline lgGs, is diluted in PBST/SE to 1:10000 and added at 100
LLAwel to both sample and standar wells and incubated for 46 min at RT in the dark. Plates are washed § times with PBST, once with deionized water, and developed by the adding 100 uLiwell TMB substrate (Invitrogen, ThemnoF isher Scientific, Waltham MA) for 15-20 min at RT in the dark. Color develapment is then
stopped by adition of 100 uLAvell of ELISA Stop Solution (Boston Bioproducts, Ashland MA) and absorbance s read at 450 nm using  SpeciraMax plate reader within 30 min antibody present in the serum samples are detemnined by interpolating the OD values in the 4-PL.
pseudo-standard curve against the directly coated canine or feline IgG antibody cantrols using Soft\iax Pro Software (Molecular Devices, San Jase CA)

[0128] By comsiating the resulting antibody concentrations from the assay with the known amino acid compositions of the coated insulin-Fs fusion protein library, one can detemnine whether particular amino acid mutations or epitopes are responsible for causing none, some, most, or al of the total aniibody signal on the assay,
indicating no binding, weak binding, or strong binding to various insuiin-Fc fusion protsin homodimers. The mutations or epitopes responsible for moderate or strong binding are hersin referred to as immunogenis "hot spots”

Exemple 16:

esign Process for  fusion Proteins with High Homodimer Titers and Acceptable Levels of Acute and Repeated Dose Bioactivity in the Target Species

[0128] The prosess for mesting the desian goals desoribed in the Detailed Desoription of the Invention comprised the following steps. First, the insulin polypeptide of SEQ 1D NO: 4 or SEQ ID NO: § was combined with a species-spesific Fc fragment of a particular g @ isotype and a linker such that the resuting insulin-Fs fusion
protein was most likely to yield a long acting bioactivity product with minimal immunogenioty (s.g., a Species-specific IgG isotype was chosen with minimal Fo(gamma)re ceptor | binding). The DNA sequence coding for the desired fusion protein was prepared, cloned into a vector (LakePhanma, San Carios, CA), and the veotor
was then used to transiently transfect HEK oells according to the procedure dessribed in Example 1. The insulin-Fo fusion protein was then purified according to Examples 3 and the overall protein yield and %homodimer measured according to Example 6. Only candidates with a homodimer titer of greater than 50 mgiL were
considered acce ptable, because fiters less than this level are not likely to result in sommercial production titers that meet the stringently low manufacturing cost requirements for veterinary products. Selected insuiin-Fc fusion proteins wers then soreened for indicators of bioactivity through in vitro insulin recsptor binding studies.
as described in Example 7. Based on experience, only compounds that extibited IR activity ICS0 values less than 5000 nM were deemed liely to exhibit bioactivity in the target species. Alhough the in vitro IR 1CS0 value is a useful qualitative Screening tool, it tilzes human IV cels which express the human insulin receptor
and thersfore it may not capture some of the small differences in afinity between the canine or felins IR and the human IR. Furihermore, factors other than insulin receptor binding may influence a compound's bioactivity in vivo (e.., affinity for canine or feline FoRn to allow for extended phammasokinetis elimination half-ives in
vivo). Therefors, selected insulin-Fo fusion proteins that were acoe ptable from a manufacturing and IR activity 1C50 value standpoint wers further scresned for bioactivity in the animal of interest (e.q., dog or cat) to Screen out any matsrials with less than the desired potency and/or duration of bioactivity (e g., NAOG of less than
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150 %FBGL days kaimg). Again, based on experience, at NAOC values of greater than 150 %FBGL-days-kg/mg, the dose requirsments in the target spesies will be suffisiently low 5o a5 1o reach an acceptable treatment cost. Lastly, an additional evaluation criterion was added which is mentionsd rarsly f ever in the art. As
discussed in more detail in the Examples belaw, many insulin-Fc fusion pratein embodiments that exhibit acceptable NAOC levels in the target species after the first dose, unexpectedy fail to maintain that level of bioactivty after repeated doses. Furthermore, in most cases the reduction in repeated dose bioactivty in the target
species is correlated with the development of neutralizing anti-drug antibodies. This propensity to generate anti<irug antibodies and the failure to maintain activity render such insulin-Fs fusion proteins impractical for use in treating a chronis disease such as canine diabetes or feline diabetes. Therefore, only the insulin-Fo.
fusions proteins exhibiting acceptable levels of repeated dase binactiviy (2.0, NAOCR values greater than 0.50 far the third dose relative to the first dose) with minimal levels of anth-drug antibodies were d eemed acceptable far use in the present invention

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

Example 17: Canine lasulin-Fc Fusion Protein Comprising the Canine Fc I4GA Isotype

[0130] An attempt was made to produce an insulin-Fc fusion protein comprising the insuin polypeptide sequence of SEQ 1D NO: § and the Fo fragment of the canin IgGA isotype (SEQ 1D NO: 15) using the peptids linker of SEQ 1D NO: 12. The full amino acid sequence for the resuling insuin-Fo fusion protein is as follows:
FURQITAG TRTCGAPRRGIVEQUCHSICH VO FNYERGGGH

LVTALATVOGTROTFYTIPTS

DTRPCPVPIRLEP

PPKPRDIERITRTPEVTCAVLBLORIBP VOISV

TOREVITAK TOSREQUIRGT TRV VYT PTG KITKCRYNITDEPSFITRTISR ARG
S FVETLUIDE Y PPDIDVLWUSNGQULPLAK I M FPPOL DD
Q10K 424

RAUKPSY T VLPPSPLLLY

TRTLONIYTELSTS1ISRG

TKSRWQOCRFRTC AV

[0131] The insuin-Fo fusion protein of SEQ ID NO: 42 was synthesized in HEK cells according to Example 1 and purified according to Example 3. The protein ield was 22 mgiL after the Protein A purification step. The structure of the insulin-Fc fusion protein was confimned according to Example 4 by non-reducing and
reducing CE-SDS, and the sequence was further identified by LC-MIS with glycan removal according to Example 5. The %homodimer was measured by sizs-exslusion chromatography acoording to Example & and determined to be 24%, indicating a high degree of homodimer agaregates. The resulting homodimer tier was
therefore only § mgiL. In summary, manufacturing of the insuin-F fusion protein of SEQ 1D NO: 42 in HEK cells resutted in a high level of aggregates and a low homodimer titer (5 may/L), which did not meet the design goal of a homodimer fiter of greater than 50 mo/L.

[0132] Nevertheless, the insulin-F fusion protein of SEQ 1D NO: 42 as evaluated for bioactivity. First, the insulin receptor binding of the insulin-Fo fusion protein of SEQ ID NO: 42 was measursd according to Example 7, resulting in an 1C50 valus of 2,733 ni indicating that the compound is likely to be bioactive in vivo (ie. IC50
ess than 5000 i)

[0133] Next, the in vivo pharmacodynamics (PD) of the insulin-F fusion protein of SEQ ID NO: 42 was measured after a single intravenous administration of the compound to N=3 canines, according to Example 10. FIG. 2 shows the percent fasting blood glucoss level of SEQ NO: 42 a5 a function of ime. The NAOC for SEQ ID.
NO: 42 was calculated to be 105 %FBGL-dayskg/mg according to the procedurs of Example 11. The in vivo half-ife of SEQ ID NO: 42 was caloulated to be less than one day Using the method of Example 12. The relatively low NAOC was liksly the resut of the high amount of aggregates in the sample (.., low %homodimen),
but what soluble homodimer remained in circulation il only had a pharmacokinetic elimination haf-ife of Iess than one day which was deermed unikely SUpport of ance-weeKly administration

Cor c Fusion Proteins Comprising the Canine I4GA isoi

[0134] In an attempt to increass the %nomodimer content, improve the bioactivity, and increass the haff-ife of the insulin-Fo fusion protein of SEQ ID NO: 42, mutations wer inserted into the Fo fragment CH3 region to try to prevent intermolscular assosiation (e.g., Fo fragment-Fs fragment interactions between molecules)
and encourage stronger binding to the FcRn receptor (s.q., higher affinity for the FoRn) to increase recyoling and systemic irculation time. The following insuin-Fo fusion proteins wers synthesized in HEK osls according to Example 1, purifisd according to Examples 3, and tested acooring to Examples 4-7, which are shown

below. The sequence alignment f SEQ 1D NOS: 44, 46, 48, and 50 against SEQ |D NO: 42 and the differences in amino acid sequences are shown in Fig. 3.
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[0135] The insuin-Fo fusion proteins based on canine IgGA variants are listed in Tabls 2 along with the comesponding protein yields, S%homodimer, and homodimer titers. The results show that the various mutations to the IgGA Fo fragment, instead of improving the “homodimer and homodimer tter, gave rise to highly
aggregated proteins with exiremely low homodimer tiers of less than § mg/L. As such, the in vivo bisactivity and pharmacskinstios of the compounds could not be evaluated

Table 2: Homodimer titers for sequences Utilizing a native or mutated canine IgGA Fc fragment CH3 region

SEQID NO: Protein Yield (mg/L) %Homodimer Homodimer Titer (mgiL)
SEQID NO: 42 22 24% 5

SEQ ID NO: 44 33 0% o

SEQ ID NO: 46 57 0% 0

SEQ ID NO: 48 67 0% o

SEQ ID NO: 50 80 0% 0

Exanole 19; Caine Igsulin-Fe Fusion Protein Using Ec

[0136] As described above, canine IgGA s thought to be the preferred isotype for the Fo fragment o produce non-immunogenic insulin-Fs fusion protein for dogs dus to s lack of Fo(gamma) | effector function in canines (much lie the human g G2 isotype in humans). However, insulin-Fs fusion proteins manufactured with a
canine IgGA F o fragment wers highly aggregated with an unacceptably lsw homodimer tter and unacceptably low levels of bioactivty and duration of action. Therefore, Fo fragments from the other sanine IgG isotypes (canine IgGB of SEQ ID NO: 16), canine lgGC of SEQ ID NO: 17, and canine lyGD of SEQ 1D NO: 1) were
evaluated as replacements for the canine I9GA FG fagment of the insulin-F fusion of SEQ ID NO: 42. The three insulin-F fusion proteins containing F fragments based on the canine lgGB, 19GC, and 1gGD otypes were synthesized using the same nsulin polypeptide of SEQ ID NO: § and peptide linker of SEQ 1D NO: 12 as
were used to make the insulin-Fo fusion protein of SEQ ID NO: 42. The proteins were manufactured in HEK293 cells acoording to Example 1. The insulin-Fs fusion proteins were then purified using a Protein A column assording to Example 3. The structures of the insulin-F fusion proteins were confirmed according to Example
4 by non-reducing and reducing CE-SDS, and the sequences were further identiied by LC-MS with glycan removal accarding to Example 5. The %homodimer was me asured by size-exclusion chromatography accoring to Example 6. Their sequences are shown below and their sequence alignment comparison against SEQ 1D

NO: 42 & shown in Fig. 4
VRO CGSM NTAT AT ¥€ GTRATTY QCCTISICSL Y FNVONGAGGA
GGGGNCPKCPAPEMI GGPSY HIFPPK PR ITLLIARTREYTOV Y DLDPE DRV QIS BV DGKQ
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PGV VT PPSREFL SKNTVSI TCT OSNGOQRFESKYRTTPROI DEDGSYFLY

SKLS

DKSRWQRGDTFICAVRIIEALUNIYTQESLSISEG 1SEQ 1D NO: 32

PRQILCGSDLYI SICSLYOLERYENGGOGA
UGGONNCPCPGOGLLGGKSVITTPPRPRDIT ¥TARTRTYTCY VY DLOPTNPTYQISRTVDSK
Qv Y VS VLIGHODWLSGRQFKCKVNNKALES 1rouAQ
PRVYVI PPSRDEMSKKTVTLTC) VKDFTRBTIDY AW OSRGOOTPESK YRMTPPQLDEDGSYT
LYSKLSVIDKSRWQRGITHCAVMHEALHN HY IQISLSHSI (SEQ LD Ko 541

ALALVCGERGITYTDITGGGPRRGIVEQEET

FUNQHLCGSILY FALALYCGERGHEY ) DPTGGEPRRGIY FOCCHSICSLYOL FORGGGA
GOUGUISTVILSLGGES RICRTPLICVVLDLS

TAKTQPRTQOMKSTYRYVSVI PITTIONWT TGRITKC RVNITIGUPSPICRTISK ARGQATIOPSY

YVLISIKELSSSITVILTCL FAPOLDEDGSYELYSK

TSVDRSRWQQUDTRTCAYVHFAT QKHYTDN STSHSPG (SFQ T KO: 565

‘The resulting protein yiekis, %homodimer, and homodimer titers are given in Table 3. Unexpectedly, only the insulin-Fs fusion protein of SEQ 1D NO: 62 comprising an Fo fragment based on the canine IgGB isotype demonstrated a homodimer tter which met the design crteria of greater than 50 mg/L. The insulin-Fs fusion
protein of SEQ 1D NO: 54 comprising an Fo fragment bassd on the canine IgGC isotype did not yiek any compound at all, and the insulin-Fs fusion protein of SEQ ID NO: 56 comprising an Fo fragment based on the canine IgGD isotyps demonstrated an appreciable protein yield but with a high degres of aggregation and
therefore an unacceptably low homodimer titer

[0137] In vitro inulin receptor binding for the insulin-Fo fusion proteins of SEQ 1D NO: 52 and SEQ 1D NO: 56 was tested according to the procedurs of Example 7. The insulin-Fo fusion protein of SEQ ID NO: 66 demonstrated an IC50 of greater than 5000 M, indicating that the compound was highly unlikely to show bioactivity
in vivo. However, the insulin-Fc fusion protein of SEQ 1D NO: 52 demanstrated an ICS0 of 25 M indicating that this sequence was likely to be bioactive in wvo.
*DNM = Did Not Measure

Table 3: Homodimer titers for sequences utilizing native canine IgGE, 1gGC, and IgGD Fc fragments
SEQIDNO: IgG Fragment Protein Yield (mg/L) %Homodimer Homodimer Titer (mgiL) IR Binding, ICS0 (nM)
SEQ IDNO: 42 (Example 17) IgGA 21 24% 5 2,733
SEQ IDNO: 52 I9GB 80 93% 74 28
SEQ IDNO: 54 l9GC. 0 0% o DNM~
SEQ IDNO: 56 19GD 134 12% 6 >5000

[0138] Given the promising homodimer titer and insulin receptor activity results in Example 19, the insulin-F fusion protein of SEQ 1D NO: 52 (not part of the invention) was tested for in vivo bioactivity accoring to Example 10 following an intravenous injsction in each of N=3 healthy, antiody-naive, beagle dogs weighing
approximately 10 kg. In a separate experiment, the compound was administered subcutaneously to N=3 naive beagle dogs. FIG. § shows the %FBGL versus fime for a single intraven ous administration of the insuin-FG fusian protein of SEQ ID NO: 62, and FIG. § shows the %FBGL vs. fime for a single subcutaneous
administration of the insulin-Fo fusion protein of SEQ 1D NO: 52, both of which demonstrate that the insulin-F s fusion protein of SEQ 1D NO: 52 is signifisantly bioactive in dogs.

[0138] The NAOC was caloulated according to the procedurs of Example 11 to determine the relative bioactivity and duration of astion of the insulin-Fo fusion protein. The NAOC of the insulin-Fs fusion protein of SEQ 1D NO: 52 (not part of the invention) inje cted intravenously was 399 %FBGL-days-ka/mg which was 3. times
the NAQC of the insulin-F ¢ fusion protein of SEQ ID NO: 42 injected intravenously, ilustrating significantly increased bioactivity for the insulin-F  fusion protein comprising the canine IgGB F fragment versus the insulin-Fc fusion protein comprising the canine 1g GA Fc fragment. The NAOC of the insulin-Fc fusion protein of SEQ
IDNO: 52 injected subcutaneously was 366 %FBGL-days-kg/mg, demonstrating a level of bioa otivty via subsutaneous administration that is similar to that obtained via intravenous administration

Sereening After Repeated Doses of the insulin-Fc Fusion Protein Comprising the jnsulin Polypepfide of SEQID NO: § with a Canine Emgment

[0140] Next, the repeated dose subsutaneous bioactivity of the insulin-Fo fusion protein of SEQ 1B NO: 62 (not part of the invention) was tested in dogs as per the method desoribed in Exampls 11. N=3 animals were dosed subcutansously at day 0, 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 acsording to the procedure of Example 11 for sach repeated subsutaneous 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
signiicant decreass in the NAOCR (Le., the NAOC for the third injsction was only 0.40, or 40%, of the NAOC for the first injection)

Table 4: NAOC per dose and NAOCR for repeated doses of SEQ ID NO: 52
Injection Number of SEQ ID NO: 52 (not claimed) NAOC (%FBGL:days-kg/img) INAOCR (ratived to Week 1)
1 330 10
2 339 X
3 115 0.4

[0141] Without being bound to any partisular explanation, it was postulated that the causs of the signficant reduction in bioactivity of the insulin-Fs fusion protein of SEQ 1D NO: 52 after the third repeated suboutaneous dose in dogs was due to the development of anti-drug antibodies that neutraized its biological activity. Anti-
drug antibodies may be directed against the insulin polypeptide, inker, or Fo-fragment portions of an insulin-Fs fusion protein. The immunogenio response manfests as interactions between antigen presenting cels, T-helper cells, B-cels, and their assosiated oytokines, which may lead 1o the produstion of endogenous.
antibodies against the drug (e.g. anti-drug antibodies). Binding antibodies are all isotypes capable of binding the insulin-F s fusion protein, and thess may be detected in an immunoassay as described in Example 13. Neutralizing antibodies that inibit functional astivity of the insulin-Fs fusion protein are generally directed
against an epitape that is required for bioactiviy. To assess whether this was the case, senum that was collected prior to the administration of each dose and at the end of the experiment described in Examples 11 and 12 was tested to quantify the levels of antidrug antibodies according to Example 13. As shown in FIG. 7,
levels of anti-drug antibodies did indeed increase with multiple subsutaneous administrations of the compound, indicating that the generation of neutralizing ant-drug antibodies wers the liely causs for the reduction in the NAQCR after the third injection of the insulin Fo-fusion protein of SEQ ID NO: 52
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[0142] As shawn in Examples 19 and 20, the insulin-Fc fusion profein of SEQ 1D NO: 62 (not part of the nvention) showed acceptable %homodimer content, homodimer titer, and bioactivly in dogs; however, ts use for a chronic disease such as diabetes & compromised by the reduction in bioactivity (Example 21) andt
generation of anti-drug antibodies (Example 21) with repeated subsutaneous dosing. Without being bound to any partioular theory, one possible cause of the generation of anti-drug antibodiss and the redustion in bioactivity is the inoreased interaction of the canine I9GB Fo fragment with various receptors of the canine immune.
system (2.9, Folgamma) receptors, &.9. FolgammalRI). Nevertheless, the canine IgGB isotype was the only one of the four canine IgG isotypes that, when used for the Fo fragment, resutted in an insulin-Fo fusion protein mesting the manufacturabilty and single-dose bioactivty design goals (Example 16). As dessribed in the
Detailed Description of the Invention, one method for reducing the Fo(gamma) interastion involves mutating the Fo fragment oNg site to prevent alysosylation during synthesis in the host cell. Thersfore, sNg site mutations were made to the Fo fragment region of SEQ ID NO: 52 to reduse the binding affinty of the Fo fragment
for Folgamma) receptors in vivo, as measured by binding in an in vitro human Fo(gamma)RI assay described in Example 8. Verifisation of the lack of glyoan were performed using the LC-MS method of Example 5, but with omission of the PNGase F treatment step. The position of the oNg site in the insulin-Fo fusion protein of
SEQ 1D NO: 52 is oNg-NB139. Mutations to SEQ ID NO: 52 included SEQ ID NO: 8 (not part of the invention) comprising a mutation of cNg-NB139-Q, SEQ ID NO: 60 (not part of the invention) comprising a mutation of cNg- NB1 38-8, SEQ 1D NO: 62 comprising a mutation of cNg- NB139-D, and SEQ 1D NO: 64 (not part of the

imvention) comprising a mutation of GNg-NB 139-K. The full amino acki sequences of the oNg-mutated insulin-Fs fusion proteins are listed below (with the NB139 position underiined) and the resuiting ssquence alignments are shown in Fig. 8 (Clustal Omega)
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“The insulin-F G fusion proteins were manufactured in HEK293 cells according to Exarmple 1 and purfied using a Protein A colurn according to Example 3. The structures of the insulin-Fo fusion proteins were confirmed acoording to Exarmple 4 by non-reducing and reducing CE-SDS, and the sequences wers further idertied by
LC-MS with glyoan removal according to Exarnple 5. The %homod imer was measured by size-exclusion chromatography according to Example 6. As shown in Table 5, the homodimer titers of the insulin-Fo fusion proteins of SEQ 1D NO: 60, SEQ 1D NO: 62, and SEQ 1D NO: 64 meet the desin goal, while unexpectealy the
insuiin-Fo fusion protein of SEQ ID NO: 58 containing the cg- NB139-Q mutation did not meet the design goa| for homodimer tter
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Table 5: Homodimer titers for cNg variations of SEQ D NO: 52

SEQID NO: cNg Mutation Protein Yield (mg/L) “%Homodimer Homodimer Titer (mg/L)
SEQ ID NO: 58 (not claimed) oNg-Q 37 98% 36

SEQ ID NO: 60 (not claimed) cNg-5 77 98% 75

SEQ ID NO: 62 (not claimed) CNg-D 88 98% 86

SEQ ID NO: 64 (not claimed) cNg-K 68 98% 67

[0143] To determine which of the remaining three compounds was most liely o sxnibit reduced immunogenisty, the Fo(gamma) receptor binding was measured acooring to the procedure of Example 8. Low Fo(gamma) receptor binding is most likely to corrslate with minimum immunogenicity. Table 6 compares the
Fo(gamma) receptor | binding of these insulin-Fo fusion proteins with the Fo(gamma) receptor binding of the insulin-Fo fusion protein of SEQ 1D NO: 52 demonstrating unexpectedly that the insulin-Fc fusion protein of SEQ ID NO: 62, containing the oNg-D mutation, exhibts an Fo (gamma) receptor binding activity that is
approximately twice that of the insulin-Fs fusion proteins of SEQ 1D NO: 60, containing the cNg-8 mutation and SEQ 1D NO: 64 containing the sNg-K mutation. Therefore, only the insulin-F. fusion proteins comprising the latter two compounds containing the oNg-S mutation and the chg-K mutations wers deemed suitable for
repeated doss bioactivy tesing in dogs.

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

SEQID NO: cNg Mutation 0D450nm Log[Fc(gamma) Ri] (ng/mL) OD450nm Minus Assay Background Ratio to SEQ IDNO: 52
SEQ ID NO: 52 (not claimed) Native cNg 0.386 0323 100

SEQ ID NO: 60 (not claimed) cNg-5. 0.140 0077 024

SEQ ID NO: 62 (not claimed) cNg-D 0.204 0141 044

SEQ ID NO: 64 (not claimed) cNg-K 0.126 0063 020

Assay background (no compound) N/A 0.063 0000 N/A

valuation of in Vivo Bicactivity and immunogenicity of 2n insulin Polypeptide of SEQ D N

cosyiated cNg-K and cN-S Canine 1gGB {sotype Fc Fragments

[0144] To determine if the insulin-Fs fusion protein of SEQ 1D NO: 60, containing the cNg-S mutation, improved the repeated dose bioastivity performance in dogs, the compound was administered subsutaneously to N=1dog 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 biood glucose 10 a safe level. The NAOC for the first injection was 191 %FBGL days kgimg, showing that the insulin-Fo fusion protein of SEQ 1D NO: 60 was satisfactorily bioactive in vivo. The NAOC and NAOCR were also measured for each subsequent dose
acoording to the general procedure of Exampls 11, calculated from the time the doss was administersd until ust before the next doss was administered. The NAOC and the NAGCR shown in Table 7 illustrate that the insulin-Fs fusion protein of SEQ ID NO: 60 exhibited an NAOCR that decreased significantly on doses 3 and 4
of a four dose regimen. Therefors, the insulin-Fs fusion protein of SEQ 1D NO: 60, containing the sNg-8 mutation, was unable to demonstrate repeated dose bivastivity in dogs despite having a low Fo(gamma)RI binding four times lowsr than that of the insulin-F s 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) NAOC (%FBGL:days-kg/mg) INAOCR
1 191 10
2 240 13
3 0 0.0
) 39 02

[0145] To determine if the insulin-Fs fusion protein of SEQ 1D NO: 64, containing the chg-K mutation, improved the repeated dose bioastivity performance in dogs, the compound was administered subsutaneously to N=1dog 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 faod 1o raise the blood glucose to a safe level. The NAOC far the first injection was 449 %FBGL days ky/mg, showing that the insulin-Fc fusion protein of SEQ 1D NO: 64 tistactorily bioactive in vivo. The prafile af the compound was also measured by the
method of Example 12 using ELISA, and a two-compartme nt model was it to the data to determine its elimination half-life which was about 0.9 days. The NAOC and NAOCR were also measured for each subsequent dose acoording to the general prosedure of Example 11, calculated from the time the dose was administered
until just before the next dose was administered. The NAOC and the NAGCR shown in Table 8 illustrate that the insulin-Fc fusion protein of SEQ 1D NO: 64 maintains an NADCR greater than 0.6 throughout the four doses. Therefore, unexpectedly, the insulin-F¢ fusion protein of SEQ ID NO: 64, cantaining the chg-K mutation,
was the only non-glyoosylated mutant of the insulin-Fc fusion protein of SEQ ID NO: 52 resulting in sign icantly improved repeated dose bioasivity in dogs

Table 8: NAOC per dose for repeated doses of SEQ ID NO: 64
Injection Number of SEQ ID NO: 64 (not claimed) NAOC (%FBGL:days-kg/mg) NAOCR
249 10
2 361 08
3 250 06
4 638 14

[0145] The levels of anti-drug and anti-insulin antibodies were also measured thughout the course of treatment (28 days) and for an additional two weeks according to Example 13. FIG. § ilustrates that the insulin-Fs fusion protein of SEQ 1D NO: 64 stll 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 19)

Example 24; Canine Serum Anti-Dg Antibodies and. Enitopes at the B10D and ARH Positions of the insulin Polvpeotide

[0147] Mutating the oNg site of the canine lgGB Fo fragment to a Lys (i.5., sNg-K) did improve the rspeated dose bioastivity of the insulin-fusion protein comprising the insulin polypeptide of SEQ ID NO: § and the peptide linker of SEQ ID NO: 12 (Example 23), but the resuling insulin-Fs fusion protein of SEQ 1D NO: 64 still
gave rise to anti-drug antibodies (Example 23). It was hypothesized, therefors, that the insulin polypeptide of SEQ 1D NO: § may unexpestedly contain spesific epitopes (ie., immunogenis "hot spots") against which the dog’s immune system is directed. Therefore, the binding spesifiity 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 antibody-containing ssrum samples from the repeated dosing of the insulin-Fs fusion protein of SEQ 1D NO: 52 (Example 15) against the coated insuin-Fo fusion protein library demonstrated that there
were unexpestedly two primary *hot spots" present within the insuiin polypeptide sequence of SEQ ID NO: §: the aspartic acid mutation at the 10th position from the N-terminus of the B-chain (ie., B 10), and, separately, the histidine mutation at the 8th position from the N-terminal end of the A-chain (.., AB). The resuts
suggest that insulin-F fusion proteins comprising insulin polypeptie amino acid compositions containing thess two particular amino acki mutations are likely to be immunogenic in dogs and thersfore likely to give fise to anti-drug antibodies that neutralize the bioastivity after repeated injections. Therefore, it was dstemnined
that insulin polypeptides that do not contain the B10 aspartic acid and AB histidine ars preferred for insulin-Fs fusion proteins that need to be repeatedly dosed in dogs over long periods long-erm (e.q., to treat canine diabetes).

Example 25: An insuli
immunogenicity

c Fusion Protein Comprising the insulin Polypeptide of SEQ i NO: § and a Non-Glycosyiated Canine JuGB fsotype Fc Fraument in Which the B10D and ABH Mutations of the insulin Polypeptide are Restored to Native Compositions to Reduce the Poteatial Risk of

[0148] To evaluate whether replacing the "ot spot’ mutations would improve the immunogenioity and repeated dose bioactivity of insulin-Fo fusion proteins comprising the insulin polypeptide of SEQ 1D NO: § and the canine lg GB isotype fragment, an exemplary insulin-Fo fusion protein (SEQ ID NO: 66) was synthesized in
which the B10 and AB amino acids of the insulin polypeptide were restored to their native histitine and threonine compostions, respectively (SEQ 1D NO: 126) listed belaw with non-native amino ackis underined)
VNQULCOSILVEALALV VTDR IGGGAKGIVUEGUE TICILYQLLEYER {8
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Furthermore, given the additional potential benefis of the non-glyoosylated cNg mutants, the insulin-Fo fusion protein of SEQ ID NO: 66 contains the oNg-Q mutation. The entirs amino acid sequence of the insulin-Fo fusion protein of SEQ 1D NO: 66 is given below:
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[0148] The insulin-F s fusion protein of SEQ ID NO: 66 was manufactured in HEK293 cels according to Example 1 and purified Using a Protein A column ascording to Example 3. The resuting protein yiekd was only 21 mg/L. The strusture was confirned according to Example 4 by non-reducing and reducing CE-SDS, and the
sequence was further idsntifisd by LC-MS with glycan removal assording to Example 5. The Shomodimer as measured by size-exolusion chromatography according to Example 6, was 98 0% indicating that the protein was relatively free of aggregates.

[0150] Despite the relatively low homodimer titer of 21 ma/L, the insulin-Fo fusion protsin of SEQ 1D NO: 66 was svaluated in dogs for in vivo bioactivity and immunoge nicity acooring to the procedures of Examples 11-13, respectively. FIG. 10 demonsirates that restoration of the B10D and ASH mutations to their native amino
aciis (i.e., BIOH and AST) in the insulin-Fo fusion protein of SEQ 1D NO: 66 did signficantly reduse the immunogenisity of the parent compound (SEQ ID NO: 52).

[0151] However, as shown in Fig. 11, the insulin-Fs fusion protein of SEQ 1D NO: 66 containing the native B10 and A8 amino acids was not bioactive (i.e., the NAOC was essentially zero)

Example 21

ttempts to incomorate Additional B-chain and A-chain Mutations into the lasulin Polypeptide of SEQ ID N

125 o improve the Bioactivity of the Associated lasulin-Fc Fusion Proteins Containing the Canine I4GB F¢ Fragment

[0152] The fact that the insulin-Fo fusion protein of SEQ ID NO: 66 did not generate anti-drug antibodies (Example 25) compared to the insulin-Fo fusion protein of SEQ ID NO: 62 (Example 20) provides strong evidence for the theory that the B10D and ABH mutations in the insulin polypeptide of SEQ 1D NO: § are likely the
immunogenis eptopes responsible for the produstion of anii-drug antibodies. However, the lack of in vivo potency of the insulin-F5 fusion protein of SEQ ID NO: 66 compared to that of SEQ 1D NO: 62 indicates that these two amino acid mutations are also responsible for ashieving acoe ptable levels of bioactivity. The lack of in
vivo potency for the insuin-Fo fusion protein of SEQ ID NO: 66 corrslates with its high 150 (shown in Table 8 below) as measured by the insulin receptor binding assay according to the method of Example 7. Thersfore, further efforts were required to inorease the insulin-F s fusion protein bioacivity (ie., decrease the insulin
receptor binding assay IC50 value 1o less than 5000 M, or mare preferably less than 4000 N, or even mare preferably less than 3000 i) while maintaining a low degree of Immun ogenicty by keeping the native B10 and AB amino acids in the insulin palype ptide,

[0153] 1t s known that various portions af the insulin B-chain and A-chain are required for strong binding to the IR (Hubbard S R., "Structural biology: Insulin meets its receptor”, Nature. 2013; 493(7431):171-172). Thersfore, portions of the B-chain or A-chain were modified while keeping the B10 and AB the same as in native
insuin and the C-chain and peptide linker constant. Several of these insuln-FG fusion proteins were man ufactured in HEK293 cells accarding to Example 1 and purfied using a Protein A column according to Example 3. Their structures were confimed according to Example 4 by non-reducing and reducing CE-SDS, and the
sequences were further identifisd by LC-MS with glycan removal ascording to Example 5. Their %homodimer content was measured by sizs-exslusion chromatography according to Example 6, and their insulin receptor binding affinitiss were measured according to Example 7. Their sequences are shown below, and the

resulting sequence alignments against SEQ 1D NO: 66 are shown in Fig. 12 (Clustal Omega)
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Table 9: titers, and IR IC50 values for various SEQ D NOs.
SEQID NO: %Homodimer HEK homodimer titer (mgiL) IR IC50 (nM)
SEQ ID NO: 66 (not claimed) 98.0% 21 >5000
SEQ IDNO: 68 (not claimed) 97.6% o 2624
SEQ ID NO: 70 (not claimed) 814% 17 633
SEQ ID NO: 72 (not claimed) 99.1% 22 >5000
SEQ IDNO: 74 (not claimed) 96 6% 25 2402
SEQ ID NO: 76 (not claimed) 98 0% 3 >5000

[0154] In only three cases (SEQ 1D NOs: 68, 70, and 74 did the proposed mutations improve the IR binding (.., lower the IC50 valus) as comparsd o SEQ ID NO: 66. However, none of the mutations resuted in compounds that meet the manufasturing design goal of a homodimer titer greater than 50 me/L, and in some
cases, the mutations lead to significantly reduced manufacturability (2.g., homodimer tiers less than 20 mgi)

[0155] The results 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 resutted in unacseptably low HEK homodimer tters of the assosiated insulin-Fo fusion (ie., homodimer titers less than or equal to 25 mg/). Therefore, there was a need for
futther experimentation. In the present example, the C-chain compasition of the insulin polype ptide of SEQ 1D NO: 125 was mutated by making it longer or by increasing s flexibilty. Native insulin (e.g. human insulin) has been shown to undergo a signficant conformational change that involves movement of both the B-shain
and A-shain fokting s t binds to the insuiin receptor (e.g., as described by Menting, et al Nature, 2013; 493(7431): pp241-245). Native insulin, uniike the insulin polypeptides of the present invention, is freely able to undergo this conformational change at the insulin receptor, because it s a two-chain polypeptide in its native
fomn, connected only through two disuffide bonds with no C-chain constraining the mabilty of the A- and B-shains. Without being bound by any particular theory, t was hypothesized that the C-shain contained within the insulin polypeptide of SEQ ID NO: 125 was too inflexible (e.g. an amino acid composition and sequence that
does not pemnit fasile moverent between the B-chain and A-chain) and/or too short (6.9, not enough amino acids between the C-terminus of the B-chain and the N-temminus of the A-chain) thus preventing the insulin polypeptide from undergoing the necessary change in molecular shape required far sirong binding to the

insuin receptor. Therefore, several insulin-Fc fusion proteins were synthesized based an the nsulin-F& fusion protein of SEQ 1D NO: 66 with variations n the insulin palypeptide C-chain as shown below with the resulting sequence alignments against SEQ 1D NO: 66 shawn in Fig. 13 (Clustal Omega)
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Table 10: %homadimer, homadimer titers, and IR IC50 values for various SEQ ID NOs.

SEQID NO: “%Homodimer HEK homodimer titer (mgiL) IR IC50 (nM)
SEQ ID NO: 66 (not claimed) 98.0% 21 >5000
SEQ ID NO: 78 (not claimed) 94.0% i 2176
SEQ ID NO: 80 (not claimed) 99 6% 37 1608
SEQ ID NO: 82 (not claimed) 98 3% 42 >5000
SEQ ID NO: 84 (not claimed) 98 6% 33 4720

[0158] The insulin-Fs fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A column according to Example 3. Their structurss were confirmed accoring to Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glyoan
removal acoording to Example 5. Their %homodimer content was measured by size-exslusion chromatography acording to Example §, and their insulin recsptor binding affinities were measured according to Exampls 7. In only one case, (SEQ 1D NO: 80) whish comprises the longest C-chain (36GGGESEEGE SEQ 1D NO:
135), did a C-shain mutation signifisantly improve the insulin rece ptor binding affinty (1CS0 less than 3000 i) compared to that of the insulin-Fo fusion protein of SEQ 1D NO: 66. However, none of these C-chain-mutated insulin-Fs fusion proteins exhibited a homodimer tier greater than the manufacturing design goal of 50
mafL. In fact, in ane case (SEQ ID NO: 78) the C-chain mutation unexpectedly led to signficantly lower homodimer fiters.

[0157] Without being bound by any partisular theory, another possible reason for the poor insulin receptor binding of the insulin-Fo fusion protein of SEQ ID NO: 66 was thought to involve the steris hindrance between the insulin polypeptide and the insulin receptor resuling from the close proximity of the mush larger Fo
fragment molecule attached ta the insulin polypeptide though the peptide inker. Shorter peptide linkers or more fightly folded peptide linkers were thought to potentially exacerbate this issus, while longer peptide linkers o peptide linkers that are resistant to folding back on themselves (e.g., inkers with more molecular
stifiness) may alleviate this issue by oreating more space between the insulin polypeptide and the Fo fragment. The inoreased space betwsen the insulin polypeptide and the Fo fragment woukl also increase the distance between the insulin receptor and the Fo fragment leading to less interfersnce during insulin receptor
binding. The peptide linker of SEQ ID NO: 12 (ie., GEGGAGGGE) used to sonstruct the insulin-Fs fusion protein of SEQ 1D NO: 66 was hypothesized to be potentially too short and/or too flexible, becauss the amino asids that compriss the linker contain no sids chains (.., it contains only glycine and alanine amino acids).
Therefore, 1o test this hypothesis, twa other insulin-FG fusion protein variants of the insulin-Fc fusion protein of SEQ 1D NO: 66 were synthesized. The insulin-FG fusion protein of SEQ 1D NO: 76 contained the same peplide linker as was used to construct the insulin-Fo fusion protein of SEQ 1D NO: 66 but with an insulin
polypeptide in which the asparagine at the 21°% position from the N-tsminus of the A chain (Le., A21) was absent (ie., des-A21). This particular mutation was incorporated to see whether the junstion between the A-chain and the peptide linker affets the protein yield and/or bioactivity of the molscule. The other insulin-Fo.
fusion protein of SEQ 1D NO: 86 contains this des-AZ1N A-chain mutation and a peptide linker that is more than twice the length of that used to construct the insulin-Fs fusion protein of SEQ ID NO: 66. In this longer peptide linker, alanine is disfavored and instead is replaced with a glutamine, which contains a polar amide side
chain. The glutamine substitutions were expedted to increase the hydrophiic nature of the peptide linker and potentially prevent the linker from foding back against itself. The sequences are shown below with the resulting sequence alignments against SEQ 1D NO: 66 shown n Fig. 14 (Clustal Omega)
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Table 11: %homodimer, homodimer titers, and IR ICS0 values for various SEQ ID NOs.

SEQID NO: %Homodimer HEK Homodimer titer (mg/L) IR IC50 (nM)
SEQ ID NO: 66 (not claimed) %S.U-;o 21 >5000

SEQ ID NO: 76 (not claimed) 198.0% 6 >5000

SEQ ID NO: 86 (not claimed) 199.6% 1 1281

[0158] The two insulin-Fs fusion proteins wers manufactured in HEK293 csls according to Example 1 and purifed using a Protein A column acsording to Example 3. Their structures wers confimned acoording to Example 4 by non-reducing and redusing CE-SDS, and the ssquences wers further identified by LC-MS with glyoan
removal acoording to Example 5. Their %homodimer content was measured by size-exolusion chromatography acoording to Exampls 6, and their insulin receptor binding affinties wers measured acsoring to Example 7. The incorporation of a longer peptide linker of different composition (G3GGGRGGGEAGEEGRGEEEE
for SEQ D NO: 86 vs. GEGGAGGEG for SEQ ID NO: 66 did improve the insulin receptor binding as measured by a signfficant reduction in the IC50 value, indisating that longer Inkers may be a strategy for increasing insulin receptor binding for other insulin-Fo fusion protsins. Howsver, the incorporation of a longer linker stil
it not improve the homodimer titers to above the manufacturing design goal of greater than 50 ML

[0158] The results from Example 28 demonstrate that the peptide linker can be modified to increase the insulin receptor binding affinty of the insulin-Fs fusion protein of SEQ 1D NO: 66, which contains the native B10 and AB amino acids. Howsver, the pepide Iinker mutation failed to inorease the homodimer titer enough to
meet the manufasturing design goal. Becauss the homodimer titer is a function of several propertes, including the intracellular synthesis and processing within cels, it was hypothesized that perhaps the insulin-Fo molecule was self-assosiating (ie., aggregating) during and after synthesis either intramolecularly between the
twa monomers of the homadimer or intermolecularly between twa or more Separate homodimers. This aggregation would lead to unacceptably low homodimer titers obtained from the cell culture tants during the production described in Examples 1, 3, and 6. This potential interaction between the insulin-Fc
fusion protein molecules could be due, in par, to insulin's well-known propensity to seif-associate and fomn aggregates. One method known in the art to reduce the propensity for insuin to seif-associate involves mutating the amino acids near the C-terminus of the B-shain. For example, insulin lispro (B28K; B29P mutations)
and insulin aspart (B28D mutation) are wel-known commercial two-chain insulins with non-native B-chain mutations that prevent association and agaregation thus giving ise to a predominantly monomeric form of insulin in solution. Another approach to prevent aggregation imvolves amino acid structural deletions. For example,
a two-chain insulin known as despentapeptide insulin (PP see Brange J., Dodson G.G., Edwards J., Holden PH., Whitingharn J.L. 1997b. "A model of insulin fibrils derived from the x-ray crystal structure of a manameric insulin (despentapeptide nsulin)” Proteins 27 507-616), is identical to native two-chain human insuin
exospt that the five C-teminal amino acids of the B-chain (YTPKT) are removed. DPPI has a lower binding affinity to the insulin recsptor as compared o the native two-chain human insuiin, but it is completely monomeris in solution, meaning that there is no significant assosiation or aggregation between DPPI molecules.

Therefore, in an attempt to decrease the potential for intramolecular and intermolecular sef-assosiation and improve the insulin-Fo fusion protein homodimer titer, several variants of the insulin-Fs fusion protein of SEQ 1D NO: 66 were construsted using partial B-shain amino aci truncation and B-chain amino acid mutations as.

described above for DPPI, insulin ispro, and insulin aspart, The sequences are shown below with the resuling sequence algnments against SEQ 1D NO: 66 shown in Fig. 15 (Clustal Omega)
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Table 12: %homadimer, homadimer titers, and IR IC50 values for various SEQ ID NOs.

SEQID NO: %Homodimer HEK Homodimer titer (mgiL) IR IC50 (nM)
SEQ ID NO: 66 (not claimed) 98 0% 21 >5000
SEQID NO: 82 (not claimed) 98 3% 42 1915

SEQ ID NO: 88 (not claimed) 09 2% 22 2195

SEQ ID NO: 84 (not claimed) 08 6% 33 1930

[0160] The insulin-Fs fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A column according to Example 3. Their structurss were confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glyoan
removal according to Example 5. Their %homodimer content was measured by size-exclusion chromatography acsording to Example 6, and their insulin recs ptor binding affinities were measursd according to Example 7. The homodimer titer of the resulting compounds was only signifisantly increased in one case (SEQ 1D NO:
52), but unexpectedly, the insulin receptor affinity was improved for all of the mutated compounds (SEQ 1D NOs: 82, 88, and 84)

Exampte 3

ttempts to Combine B-chain, C-chain, and A-chain Mutations, B-chain Truncation, and Li to the insulin-Fc of SEQ 1D NO: 66 to Homodimer Titer and Bioactivity

[0161] As shown in Examples 26, 27, 28, and 29, no single strategy successfully incorporated an insulin polype ptide comprising the non-immunogenic native B10 and AS amino acids with the canine I8 Fo fragment to form an insulin-Fo fusion protein with acceptable insuin receptor activity and homodimer titer. Therefore,
the concepts of a langer C-chain, a longer peptids linker, and truncation of the C-terminal amino acids of the B-chain were combined. In addition, to potentially further decrsass the propensty for sef-association and aggregation, additional point mutations were introduced to the native insulin hydrophobic amino acd residue
sites using less hydrophobic amino acids, including thoss with side groups that ars negatively or positively charged at physiological pH. Example mutations included tyrosine to alanine, tyrosine to glutamis acid, isoleusine to threonine, and phenylalanine to histitine. Furthemmore, to simpifty the analysis, in all casss the cg site

of the canine IgGB Fo fragment was restored 1o its native asparagine. The sequen ces for thess insuin-Fc fusion protsin variants are shown below with the resulting sequence alignments against SEQ 1D NO: 66 shown in Fig. 16 (Clustal Omega).
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Table 13: %homadimer, homadimer titers, and IR IC50 values for various SEQ ID NOs.

SEQID NO: “%Homodimer HEK homodimer titer (mgiL) IR IC50 (M)
SEQ ID NO: 66 (not claimed) 98 0% 21 >5000

SEQ 1D NO: 80 {not claimed) 97.9% 69 3869

SEQ ID NO: 82 (not claimed) 99.5% 101 554

SEQ ID NO: 34 (not claimed) 99 7% 107 1247

SEQ ID NO: 84 (not claimed) 297% 128 2043

SEQ ID NO: 32 (not claimed) 29.4% 187 2339

[0162] The insulin-Fs fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A column according to Example 3. Their structurss were confirmed accoring to Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glyoan
removal according to Example 5. Their S%homodimer content was measured by size-exclusion chromatography according to Example 6, and their insulin rece ptor binding affinties were measured acsording to Example 7. The results show that a combination of decreasing the hydrophobiity of certain B-chain and A-chain amino
aciis, using longer and more flexble C-peplide Sequences, truncating several C-temminal B-chain amino acids, and using a longer pe ptide linker resulted in several useful insulin-Fs fusion proteins that meet the minimum homodimer titer and insulin receptor binding astivty design criteria. SEQ 1D NOs: 82, 34, 32, and 94
(365d), (366d), (215d), and (375d) showed more preferable insulin receptor ICS0 values (less than 3000 M) and mors preferable HEK homodimer titer values (greater than 100 mgiL) than sither SEQ ID NO: 66 or SEQ ID NO: 90. Sumprisingl, shanging just a few amino acids leads to a multfold improvement in insulin
receptor affinity, and, in the case of the insulin-Fs fusion protein of SEQ 1D NO: 32 a dramatic increass in homodimer titer over the original insulin-Fo fusion protein of SEQ ID NO: 66.

Example 3

in Vivo Bioactivity, Repeated Dose Bioactivity, and immuaogenicity of insutin-Fc Fusion Proteins Constructed from the insulia Polypeptide of SEQ {0 N

the Peptide Linker of SEQ D NO: 14, and the Canine JyGB Fc Fragment of SEQ D N

[0163] Given the positive homodimer titer and insulin receptor binding activity resuls from Example 30, two of the most promising insulin-F s fusion proteins (SEQ ID NOs: 32 and 34) were tested in dogs to svaluats the repeated dose bioactivty and immunogenicity. Each compound comprises the longer, more hydrophilc
peptide linker of SEQ 1D NO: 14 and the more manufacturable, less aggregated canine IgGB Fo fragment of SEQ 1D NO: 16. Most importantly, both insulin-Fo fusion proteins comprise insuin polypeptides with the putatively less immunogenic native B10 and A8 amino acids (. general SEQ 1D NO: 7). In the case of the insulin-
Fo fusion protein of SEQ ID NO: 34, the asparagine at postion A21 s present (ie. the insulin polypeptide comprises SEQ IDNO: 9). Inthe case of the insulin-F s fusion protein of SEQ 1D NO: 32, the asparagine at position A21 s absent (.. the insulin polypepiide comprises SEQ 1D NO: )

[0164] The in vivo bioactiviy of the insulin-Fc fusion protein of SEQ 1D NO: 34 was tested in N=1 dag according to the procedure of Example 10. The results shown in FIG. 17 for a single subcutaneous dose demonstrate that the insulin-Fs fusion protein of SEQ ID NO: 34 is indeed bioactive in vivo with an NAOC of 1076
“%FBGL-days-kg/mg caloulated acsording to the prosedurs in Example 11. The insulin-Fc fusion protein of SEQ ID NO: 34 phamacokintic profie was measured by the method of Example 12 using ELISA, and a two-sompartment model was fit 1o the data to determine its elimination halflifs whish was 3.5 days.

[0165] The repeated dose bioactivity was then svaluated by continuing to subcutaneously administer the insulin-Fo fusion protein of SEQ ID NO: 34 to N=1 dog on day 14, day 28, and day 42 after the inital injection acsording to the procedure of Exampls 8. When the dog's %FBGL dropped the dog was given food to raise the
blood glucoss to a safe level. The NAOC and NAOCR were measured for each subsequent dose according to the general procsdure of Example 11, calulated from the time the dose was administered unti just before the next dose was administersd. The NAOC and the NAOCR shown in Table 14 llustrate that the insulin-Fc
fusion protein of SEQ ID NO: 34 maintains an NAOCR greater than 0.5 throughout the four doses thus mesting the repeated doss bioactivity design goal

Table: 14: NAOC per dose for repeated doses of SEQ ID NO: 34 (not claimed)
Injections Day NAOC (%FBGL-days-kg/mg) NAOCR
0 1076 1.0
2 14 1005 )
3 28 200 08
) 22 538 o8

[0188] The immunogeniciy of the insulin-F ¢ fusion protein of SEQ 1D NO: 34 was tested according to the procedure of Example 13. FIG. 16 demonstrates that the insulin-Fc fusion protein of SEQ 1D NO: 34 exhibits no apparent immunogenisity in vivo in agreement with the maintenance of in vivo bioactivty throughout the
repeated dose experiment

[0167] The insulin-Fo fusion protein of SEQ 1D NO: 32, with the asparagine at A21 of the insulin polypeptide chain absent, was also evaluated for repeated dose bioastivity performance in dogs. The compound was administered subsutaneously to N=1 dog on day 0, day 14, day 25, and on day 42 according to the procedure of
Example 11. Wihen the dog's %FBGL dropped too low, the dog was given food to raise the blood glucoss to a safe level. The NAOC for the first injection was an impressive 2278 %FBGL-days-kg/ma, showing that the insuin-Fo fusion protein of SEQ ID NO: 32 was satisfactorly bioactive in vivo at almost twise the potency of the

insuin-Fo fusion protein of SEQ 1D NO: 34. The phamacokinetic profile of the insulin-Fo fusion protein was measursd by the method of Example 12 using ELISA, and a two-compartment mode| was fit to the data to destemnine its elimination half-fe which was 4.1 £ 0.7 days. Figs. 19 and 20 show the single dose blood gluose
control and the mutidoss, mutiwesk blood glusose contro| for animals receiving the homodimer of SEQ ID NO: 32. The NAOC and NAGCR were also measured for each subsequent dose according to the general procedurs of Example 11, caloulated from the time the dose was administered unti just befors the next doss was.
administered. The NAOC and the NAOCR shown in Table 15 illustrate that the insulin-Fs fusion protein of SEQ ID NO: 32 maintains an NAOCR greater than or equal to 1.0 throughout the four doses thus meeting the repeated doss bioastivity design goal descrived in Example 16

[0168] The immunogeniciy of the insulin-F ¢ fusion protein of SEQ 1D NO: 32 was tested according to the procedure of Example 13. FIG. 21 demonstrates that the insulin-Fc fusion protein of SEQ 1D NO: 32 exhibits no apparent immunogenisity in vivo in agreement with the maintenance of in vivo bioactivty throughout the
repeated dose experiment

Table 15: NAOC per dose for repeated doses of SEQ ID NO: 32 (not claimed)
Injection# Day NAOC (%FBGL: days-kg/mg) NAOCR
0 2278 10
2 14 4029 =
3 28 3450 15
) 42 3257 14

[0168] As disoussed in the Detailed Description of the invention, a known enzymatic cleavage Site exists between asparagine-glycine bonds (Viasak, J., lonescu, R, (2011) MADS Vol 3, No. 3 pp 263-263). Ormitting the asparagine at the 215t amino acid in the A chain (ie., A21) in the insulin polypeptide of SEQ ID NO: 5
contained in the insulin-Fs fusion protein of SEQ ID NO: 32 with the peptids linker of SEQ ID NO: 14, eliminates the possibilty of enzymatic cleavage of the asparagine-glycine bond betwesn the C-teminus of the A-chain and the N-terminus of the peptide linker. However, the insulin-Fo fusion protein of SEQ 1D NO: 34
comprises the peptide linker of SEQ 1D NO: 14 and the insulin polypeptide of SEQ 1D NO: 8, which keeps the asparagine at A21. Thersfore, t would have been expe cted that the insulin-Fo fusion protein of SEQ ID NO: 34 would have been enzymatically digested during synthesis or in vivo following subcutaneous administration
However, rather unexpestedy the insulin-F fusion protein of SEQ 1D NO: 34 was manufacturable in HEK cells with an acceptabls homodimer fiter and demonstrated acceptable bioactivity in vivo wih no signs of enzymatis digestion compromising its bioactiviy.

[0170] Having discovered a new insulin polype plide and peptide linker combination resuting in non-immunog enic, high yielding, high purity, and highly bioactive insulin-Fs fusion proteins as desoribed in Examples 30 and 31, a question remained s to whether the canine lgGB Fo fragment was stil the preferred isotype with
respect to homodimer titer and biaactivity as was the case far the insulin-Fc fusion proteins in Examples 19 and 20. Therefare, additional insulin-Fc fusion proteins were designed wherein the insulin polypeptide (SEQ 1D NO: 8) and peptide inker (SEQ ID NO: 14) of the insulin-Fs fusion protein of SEQ ID NO: 32 were kept

constant, and the canine IgGB Fo fragment of SEQ 1D NO: 16 was replaced bythe canine IgGA Fo fragment of SEQ 1D NO: 15, the canine Ig8C Fo fragment of SEQ IDNO: 17, or the canine lgGD Fo fragment of SEQ 1D NO: 18. The sequences for thess resuing insulin-Fo fusion protein variants are shown below:
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AKLQIKEQ VSV LIEHQUWL LGKERKCRY NHIGLISPER
TISKARGQATIQESN Y V1 PPSTKEL SSSDTYTUTCLIKDPITPRDY BWQSKGOPEESKYITITA
POLDRDGSYH Y SKUSVIKSIQOUIIFICAVMHEA] QUHY T S1SHSHC SSHQ 13 NO
1)

[0171] The insulin-F s fusion proteins were manufactursd in HEK293 oells according to Example 1 and purfisd using a Protein A or Protein G columns according to Example 3. Their structures were confirmed according to Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identifisd by LC-MS
with glycan removal acsording to Example §. Their %homodimer content was measured by size-exclusion chromatography according to Example 6, and their insulin receptor binding affinities wers measured acoording to Example 7. Additionally the insulin-Fo fusion protsin affinities for the canine FoRn receptor were measured
acoording to Example 8. As is shown in Table 16, the insulin-Fo fusion protein of SEQ 1D NO: 32 comprising the canine I9GB Fo fragment demanstrated the highest homodimer titer of these sequences. The insulin-Fs fusion protein of SEQ 1D NO: 96 comprising the canine lgGA Fo fragment exhibited poor homodimer titer when
purified using a Protein A column; however, when it purfied sing a Protsin G column, the homodimer tier was significantly improved, excesding the design goal of greater than 50 mg/L. The same was irue for the insulin-Fs fusion protein of SEQ 1D NO: 95 comprising the canine IgGC Fo fragment. The insulin-Fo fusion protein
of SEQ ID NO: 100 comprising the canine IgGD F & fragment it not yield any compound when purified with either a Protein A or a Protein @ column. Therefore, as was demanstrated with the insulin-Fc fusion protein of SEQ ID NO: 62 containing a different insulin polypeptide (SEQ 1D NO: § and pepiide linker (SEQ 1D NO: 12),
the canine g GBwas the prefermed Fo fragment with respect to homodimer fter (see Example 19).

urified by Protein G,

DINM = id not measure; ¥ = purified via Protein A;

Table 16: Homodimer titers, IR binding, and FcRn binding for sequences utilizing native canine IgGA, IgGE, IgGC, and IgGD Fc fragments
SEQ ID NO: Fc Frag ment IgG Isoty | Protein Yield Protein A / (Protein G) “%Homodimer Protein A/ (Protein G) Homodimer Titer (mgiL) IR Bindin g, IC50 ("M) | FcRn Binding, ECS0 (ng/mL) First dose NAOC (%FBG L
pe m days-kg/ mg)
SEQ IDNO: 32 (not diaimed) lgGB 1871 (DNM) 9% / (DNM) 185, 2339 599 2278
SEQ IDNO: 86 (not dlaimed) JigGA 107 (69) 25% 1 (91%) 62t 2586* 1610 174
SEQ IDNO: 98 (not claimed) JIgGC. 0/(86) 0% / (94%) 814 2084t >200000; 39!
SEQ IDNO: 100 (ot claimed) {19GD 0/(0) (DNM)/ (DNM) 0 DNM DM DNM|

[0172] The in vivo bioactivity of the insulin-Fc fusion protein of SEQ 1D NO: 96 comprising the canine IgGA F o fragment that was purifise wia Protein G was tested accarding to the procedure of Example 10. The results llustrated in FIG. 22 shaw that the insulin-Fc fusion protein of SEQ 1D NO: 96 is only samewhat bioactive in
vivo with & NAQC of only 174 %FBGL-days-kg/mg caloulated acoording to Example 11

[0173] The in vivo bioactivty of the insulin-Fs fusian protein of SEQ 1D NO: 98 comprising the canine 1g GC Fe fragment was purified via Protein G tested according ta the procedure of Example 10
The resuls ilustrated in FIG. 23 show that the insulin-Fc fusion protein of SEQ 1D NO: 95 is only somewhat bioactive in vivo with a NAOC of only 39 %FBGL days-kg/mg calculated according to Example 11

[0174] Thersfore, as was demonstrated with the insulin-F fusion protein of SEQ 1D NO: 52 containing a different insulin polypeptide (SEQ ID NO: 5) and peptide iinker (SEQ ID NO: 12), the canine IgG8 was the preferred Fo fragment with respect to bioactivity (see Examples 19 and 20 and Tabls 16 above).

the Peptide Linker of SEQ D NO: 14, and the Canine /4GB Fc Fragment to Reduce the Potential

Exemple 3. Insulin-F¢ of SEQ D i

[0175] While the insuiin-Fo fusion protein of SEQ ID NO: 32 mests all of the design goals (Example 16), there may or may not be a risk of immunogenisity over extendsd periods of treatment (e.0., 6 months, 1 year, 2 years or mors) which could compromiss the uss of this insulin-F fusion protein for treating diabetes should
this ocour. As descried in the Detailed Desoription of the Invention and in Examples 21 and 22, one possible cause of a reduction in bioacivity after repeated doses is the unwanted interaction of the canine 19GB Fo fragment with the dog’s immune system resulting in the production of neutraizing anti-drug antibodies.
However, the results shown in Example 32 demonsirate that unexpectedly, the canine lg @B sotype was the only option of the four canine lyG isotypes that yiekied the desirsd manufacturabilty and bioactivity. Therefors, further Fo mutations were explored to achieve non-glysosylated insulin-Fs fusion proteins with low
Fo(gamma)RI receptor binding, which should reduce the long-term, chronic immunogenicty risk.

[0176] As desoribed in the Detailed Description of the Invention, one method for reducing the Fo(gamma)RI interaction involves mutating the Fo fragment oNg site to prevent glycosylation during synthesis in the host cell. Thersfors, cNg ste mutations were made to the Fo fragment region of SEQ ID NO: 52 to reducs the
binding affinity of the Fo fragment for Fo(gamma) recsptors in vivo, s measured by binding in an in vitrs human Fo(gamma)RI assay desoribed in Example 8. The position of the oNg site in the insulin-Fs fusion protein of SEQ 1D NO: 32 is oNg-NB151. Mutations o SEQ ID NO: 52 included SEQ 1D NO: 104 somprising a oNg-
NB151- mutation and SEQ ID NO: 102 comprising the same oNg-NB151-8 mutation as wel as a NBH9-A mutation. The NB113-Awas incorporated in a further attempt to reduce the interaction with Fo(gamma)RI as has been described only for uss 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 resuting insulin-Fc fusion proteins are listed below (NB119 and NE151 sites underiined for dlarity) along with their sequence alignments (Clustal Omega) which are shown in Fig. 24:
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[0177] The insulin-Fs fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A column according to Example 3. Their structurss were confirmed accoring to Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glyoan
removal according to Example §. Their %homodimer content was measured by size-exslusion chomatography according to Example 6, and their insulin rece ptor binding affinities were measured according to Example 7. As shown in Table 17, incorporating the cg-NB151-S mutations on the Fo fragment decreased the
tahomodimer, indicating an unacceptably high level of aggregation .., the %homod imer dropped to just above 70%).

Table 17: Homodimer titers for non-glycosylated insulin-Fc fusion proteins of SEQ ID NO: 102 and 104
SEQID NO: IgG Fragment Relevant Mutations Protein Yield (mgiL) %Homodimer Homodimer Titer (mgiL) IR Binding, IC50 (nM)

SEQID NO: 32 (not claimed) I9GB cNg-NB-151-N 187 29% 185 2339

SEQ ID NO: 102 (not claimed) I9GB cNg-NB-151-5, NB118-A 78 73% 57 3003

SEQ ID NO: 104 (not claimed) 19GB cNg-NB151-5 130 71% 93 2302

[0178] The in vivo bioactivty of the insulin-Fc fusion proteins of SEQ 1D NO: 102 and SEQ 1D NO: 104 were tested in N=1dog each according to the procedure of Example 10. The results shown in FIG. 26 for a single subcutaneaus dose demanstrate that both compounds were significantly less bioactive in vivo than the insulin-
Fo fusion protein of SEQ ID NO: 32 (NAQC for SEQ ID NO: 104 = 674 %FBGL days-ky/mg; NAOC for SEQ ID NO: 102 = 921 %FBGL days-kg/mg). The resuls indicate that incorporating cNg-NB151-S mutations on the Fo fragment to produce non-glycosylated versions of the insulin-F s fusion protein of SEQ ID NO: 32

unexpectedly de creased the in vivo bioactivity of the resulting compounds.

B-chain variants wers investigated with mutations in the region thought to be responsible for aggregation. The insulin-Fo

[0178] In an attempt to lessen the degres of aggregation and improve the bioastivity of the insulin-Fs fusion protein of SEQ 1D NO: 104 containing the site mutation, various
fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A column according to Example 3. Their structures were confimmed according to Example 4 by non-redusing and reducing CE-SDS, and the sequences were fuither identiied by LC-MS with glycan removal according to
Example 5. Their %homadimer content was measured by size-exclusion chromatography according to Example 6. Among the B-chain variants tested, ne insulin Fo-fusion protein (SEQ 1D NO: 36) containing a tyrosine to alanine substitution at the 161 aming acid from the N-terminus of the B-chain (ie., B16) was unexpectedly
found to have high homodimer tiers (105 mg/L) with low aggregation (98% homodimer), resulting in a homodimer tier of 104 mgiL. The insulin rece ptor binding measured according to Example 7 was accsptable with an 1C50 of 2040 nM. The FRn receptor binding affinity ECS0 value measured according to Example 9 was.
1194 ng/mL. The phammasokinetic profile of the insulin-F s fusion protein of SEQ 1D NO: 36 was measured by the method of Example 12 sing ELISA, and a two-compartment mode was fitto the data to detemmine its elimination haf-ife which was 4.1 0.7 days. The sequence of SEQ ID NO: 36 is shown below (164 and cNg-

NB151-S mutations underined for clarity).
TUNQIT CGSTIT VT AT AT VCGTR G VGO IGGSGHGGOTVTOCC TSTC ST DQTENY GGG

KCPAPEML DTLLINRTPEY TCYYVDLDPE
DREVQISWIVIGKOMG AK IGPRHHOFSCY RV YY1 FIGHQDRT KGKQETCKYKALES
PIERTISK PPSREELSKNTYSLTCL)

TTPPQIDRRGSVFLYSKI S MHEATHSHY TQRSL

NO:36)

[0180] The insulin-Fc fusion protein of SEQ 1D NO: 36 was then evaluated for repeated dose bioactivity performance in dogs. The compound was administered subcutaneausly to N=1 dog on day 0, day 7, day 14, and on day 26 according 10 the procedure of Example 1. When the dog's %FBGL dropped too low, the dog was
given food to raise the blood glucose to a safe level. Unexpectedly, compared to the insulin-Fo fusion protein of SEQ 1D NO: 104, the NAQC for the firstinjection of the insulin-Fs fusion protein of SEQ 1D NO: 36 containing the B16A mutation, was signifisantly higher (1185 %FBGL-days-kg/mg). The first dose in vivo bioactivity
plot is shown in Fig. 26. The pharmacokinetic profile of the campound was also measured by the method of Example 12 using ELISA, and a two-compartment model was ft 1o the data to determine its elimination half-ife which was 3.5 days. The NAOC and NAOCR were also measured for each subsequent dose accorting to
the general procedure of Example 11, calculated from the time the dose was administered unt just befare the next dose was administersd. The NAOC and the NAOCR shown in Table 18 ilustrate that the insulin-Fc fusion protein of SEQ 1D NO: 36 maintains an NAOCR greater than or equal ta 0.5 thraughout the faur doses.
thus mesting the repeated dose bioactivity design goal. Taken togsther, the resutts indicate that it was necessary to mutate the insulin B-chain sequence to obtain a Suitable, non-glycosylated oNg-8 variant of SEQ 1D NO: 32. Therefore, the insulin polypeptide of SEQ ID NO: 11 was preferred for non-glycosylated insulin-Fo.
fusion proteins somprising chg-mutated canin e lgGB Fs fragments

Table 18: NAOC per dose for repeated doses of SEQ ID NO: 36

Injection# Day NAOC (%FBGL:days-kg/img) NAOCR
0 1185 1.0
2 7 954 08
3 14 764 06
4 28 991 08

[0181] Finally, select compounds were tested for their licelinood to interact with the immune system by measuring their Fo(gamma) rece ptor binding activity acoording to the prosedure of Example 8. Table 19 compares the Fo(gamma) receptor | binding of these insulin-Fo fusion proteins with the Fo(gamma) receptor binding of
the insulin-Fo fusion protein of SEQ ID NO: 52. t can be seen that the non-glyoosylated insuiin-Fo fusion proteins (achieved though a sNg-S mutation) exhibited the lowest Fo(gamma) rece ptor binding ratio to SEQ 1D NO: 52

Table 18: Fc(gamma) receptor binding for cNg variations of SEQID NO: 52

SEQID NO: [Species / Fc Isotype Glycosylatio n Mutation OD450nm at a Fc(gamma)RI concentration of 3000 (ng/mL) 0D450nm Minus Assay Backgroun d Ratio to SEQ ID NO: 52
SEQ ID NO: 52 (not claimed) Canine /19GB Native cNg 0428 0371 1.00
SEQ ID NO: 32 (not claimed) Canine /19GB Native cNg 0368 0311 084
SEQ ID NO: 86 (not claimed) Canine / IgGA Native cNg 0253 0196 053
SEQ ID NO: 104 (not claimed) Canine / 19GB cNg-5 0175 0118 032
SEQ ID NO: 102 (not dlaimed) Canine / 19GB cNg-5 and NB 118-A 0166 0108 029
SEQ ID NO: 36 Canine / 19GB cNg-S and B16A 0177 0120 0.32

[0182] Ssparate CHO celllines stably iransfected with vectors encoding for SEQ ID NO: 32, or SEQ ID NO: 36 were constructed as desoribed in Example 2. Fed-batch shake flask 14y production runs (0.5-2.0 L media scale) wers seeded at 0.5 milion cells/mL in an incubator-shaker st at 37°C and 5% carbon dioxide, and
the runs were condusted as described in Example 2 above, except that CD OPHICHO was subsituted for Dynamis as the growth media (ThemmoFisher) and Efficient Feed C (ThermoFisher) was used as the feed. Feed was added at 3% wv starting on produstion fun day 3, and on day 4, the shake-flask temperature was
adjusted to 32°C and the ncubatoshaker carbon diaxide cancentration was lowered from 6% to 2%. During the run, the cells ncreased to between 5-14 millon cellsnl, and on Day 14 the produstion run was harvested to remove the cels and the culture supemnatant was purfied and tested to obtain the insulin-Fe fusion
rotein as desorived in Examples 3, 4, 6, and 6. Table 20 describes the man ufacturing data obtained from the production runs with stably transfested CHO oell lines.

Table 20: Homodimer titers for non-glycosylated insulin-Fc fusion proteins of SEQ ID NO: 32 and SEQ ID NO: 36
SEQ IDNO: {Protein Yield (mgiL) {%Homodimer Homodimer Titer (mgiL)

SEQ IDNO: 32 {not claimed) 1285 199.3% {282

SEQIDNO: 36 {260 199.0% {257

Example 35: Exemplary CHO-Based Production Runs Using Preferred insulin-F¢ Fusion Proteins Comprising Fc Fragments of Canine iuGB Origin Made via Stably Transfected CHO Celi Lines

[0183] A CHO cell line stably transfected with ve ctors encoding for SEQ ID NO: 34 (not part of the invention) is constructed as described in Example 2. Fed-batch shake flask 14-day production runs (0.6-2.0 L media scale) is seeded at 0.5 milion celis/mL_in an incubator-shaker st at 37°C and % carbon dioxide, and the run is
conducted as described in Example 2, exospt that CD OPtiCHO is subsituted for Dynamis as the growth media (ThermoFisher) and Effisient Feed C (ThermoFisher) is used as the feed. Feed is added at 3% vAr starting on produstion run day 3, and on day 4, the shake-flask temperature is adjusted to 32°C and the incubator-
shaker carbon dioxkde concentration s lowered from 5% to 2%. On Day 14, the produstion run is harvested to remove the cells, and the culture supernatant is purfied and tested to obtain the insulin-F fusion protein as described in Example 3, 4, 6, and 6. The resulting production run gives a protein ield of greater than 200
muiL, greater than 95% homodimer, and greater than 190 mg/L homodimer titer of SEQ 1D NO: 34

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

Examole 36: An insutin-Fc ‘rotein Comprising an Fc Frayment of the Feline

[0184] To develop a product suitable for use in cats, an atternpt was made to produse an insulin-Fo fusion protein comprising the insulin polypeptide ssquence of SEQ 1D NO: 4 and the Fo fragment of the feline g G2 isotype (SEQ ID NO: 21) using the peptide linker of SEQ ID NO: 13 with the following amino acid sequence:
FYNGH: CGSTILVF AT VT VCGFRGEFY THPTGEGFRR AV FOCCHSICE 0 FNYENGAGG

7T AR TPV TCT VI GO

HOWLKGKEE KCLYDSLOLISAMER 0

JENMHI AL LRPREEQFHSTYRY VSV
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[0185] The insuiin-F fusion protsin of SEQ 1D NO: 106 was synthesized in HEK oels according to Example 1 and purifisd acoording to Example 3. The structurs of the insulin-Fo fusion protsin was confined according to Example 4 by non-reducing and reducing CE-SDS, and the ssquence was further identfied by LC-MIS with
alysan removal acoording to Example 5. The %homodimer of the resuting compound, measured by size-exclusion chromatography according to Example 6, was 85%. The resuling homodimer titer was only 20 mg/L, whioh resulted 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 insulin-F¢ fusion protein of SEQ D NO: 106 in HEK cells resutted in a moderate level of aggregates and a low homodimer fiter of 20 mg/L, which did not mest the design goal of a homadimer titer of greater than 50 ma/L.

[0185] Nevertheless, the insulin-Fs fusion protein of SEQ 1D NO: 106 was evaluated for bioaciiviy. First, the insulin receptor binding of the insulin-Fo fusion protein of SEQ ID NO: 106 was measured according to Example 7, resulting in an ICS0 value of 22 nM indicating that the compound is likely to be bioactive in vivo (ie.,
1C50 less than 5000 k)

[0187] Next, the in vivo pharmacodynamios (PD) of the insuin-Fo fusion protein of SEQ 1D NO: 106 was measured after a single subsutaneous administration of the compound to N=3 cats at a dose of 0.8 mo/kg acsoding to Example 10. FIG. 27 shows the percsnt fasting blood glucoss level for the insulin-Fo fusion protein of
SEQ NO: 106 (161c) as a function of time. The NAOC for the insulin-Fc fusion protein was calculated to be 215 %FBGL days-kg/mg according to the procedure of Example 1. Surprisingly, unike the analogous insulin-F fusion protein for dogs of SEQ 1D NO: 42 comprising the nsulin polypeptide of SEQ 1D NO: § and the
peptide linker of SEQ 1D NO: 12, the insulin-Fo fusion protein for cats of SEQ NO: 106 was found to be much less aggregated and significantly more bioactive in the target animal.

[0188] Since the NAOC was acceptable and the pharmacokinetic data was Supportive of a once-weekly administration, the cats were given addtional subcutaneous doses an day 28, day 35, day 42 and day 48 and the %FBGL was measured for the 7-day window afler each dose according to Example 1. The NAOC and
NAOCR were caloulated according to the procedurs of Example 11 for each repeated subcutaneous injestion. A ilustrated in Table 21, repeated subsutaneous dosing in cats revealed a significant decay in bioactivity by the thid dose as measured by a signifisant decrsass n the NAOCR (ie., the NAOC for the thir injsstion
was only 0.40, or 40%, of the NAOC for the first injection, and the NAOC for the fourth injection was only 0.10, or 10%, of the NAOG for the first injsction). The significant decay in bioactivty for the insulin-Fs fusion protein of SEQ 1D NO: 106 after repeated dosing in cats was simiar to that observed for the insulin-F fusion

rotein of SEQ ID NO: 52 in dogs shown in Example 20
Table 21: NAOC per dose for repeated doses of SEQ ID NO: 106 (not claimed)

Injections Day NAOC (%FBGL-days-kg/mg) NAOCR

o 215 1.0

2 28 161 0.7

3 35 120 0.6

4 22 80 04

5 29 21 0.1

[0188] In an atiempt to increase the %homodimer content and protein yisid of the insulin-Fs fusion protsin of SEQ 1D NO: 106, mutations were inserted into the Sequsnces of the insulin polypeptide B-ohain (.g., the BIGA mutation) and the pepiide Iinker. Furthemmore, the feline IgG1b Fo fragment (SEQ ID NO: 20) was.

ealuated n sddftion to the felie [9G2 Eo Tagment (SEQ 10 NO: 21) that was used fo constructthe insulf-F fusion protein of SEQ 1D NO: 106. The resuiting nsulin-Fo fusion protein sequences are sfiown below wih the resuting sequence alignments against SEQ 1D NO: 106 shown i Fi. 26 (Custal Omega)
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[0180] The insulin-Fs fusion proteins were manufactured in HEK283 cells according to Example 1 and purified using a Protein A column according to Example 3. Their structurss were confirmed accoring to Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glyoan
removal according to Example 5. Their %homodimer content was measured by size-exclusion shromatography according to Example 6, and their insuin receptor binding affinities were measured according to Example 7. The insulin-Fc fusion protein variants are listed in Table 22 along with the comesponding protein Yiekts,
“whomodimer, and homodimer titer. The results show that the various mutations, when combined with the feline IgG1b sotype F¢ fragment to produce the nsulin-F¢ fusion protein of SEQ ID NO: 108, gave rise to a mush higher protein yield, but the resulling protein was more agaregated (e.g. lower %homodimer than SEQ 1D
NO: 106). This was surprising as the feline 1gG1b is more similar in function to the canine IgGB Fo fragment isotype, which was the highly prefered Fo isatype for the produstion of canine nsulin-Fe fusion proteins (Example 32). Of the mutated feline compasitions containing the feline IgG2 isotype, the ones comprising BISA
Mutation of the insulin palypeptide B-chain (i.2., SEQ 1D NO: 110 and SEQ ID NO: 112) led ta improved protein yield and homodimer tiers. However, the mutated nker prasent in SEQ 1D NO: 110 (Le., GEGGAGGGG) seems to have provided a further doubling in protein yield and homodimer tier as compared to SEQ 1D NO:
12

Table 22: Manufacturing and IR Binding for insulin-Fc fusion proteins utilizing feline igG1b and IgG2 F¢ fragments
SEQID NO: IgG Fragment Protein Yield (mgiL) %Homodimer Homodimer Titer (mgiL) IR Binding, IC50 (nM)
SEQ IDNO: 106 (not claimed) l9G2 23 88.0% 20 22
SEQ IDNO: 108 (not claimed) I9GTb 127 49 0% 62 62
SEQ ID NO: 110 (not dlaimed) lgG2 122 89.7% 108 21
SEQ ID NO: 112 (not dlaimed) lgG2 64 80.4% 51 53
Exampie 38: in Vivo Screening After Repeated Doses of the insuiin-Fc Fusion Protein Comprising the insulin Polypeptide of SEQ /D NO: 4 with 2 Feline jyG2 Isotype Fc Fragment

[0181] Without being bound to any particular explanation, it was postulated that the cause of the Significant reduction in bioactivity of the insulin-Fs fusion protein of SEQ 1D NO: 106 after the fourth repeated subsutanesus dose in cats (Example 36) was due to the development of anii-drug antibodies that neutralized its.
biological activty. Anti-irug antibodies may be directed against the insuin polypeptide, linker, or Fo-fragment portions of an insulin-Fo fusion protein. The immunogenis responss manifests as interactions between antigen presenting cells, T-helper cells, B-cels, 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 Example 14. Neutralzing antibodies that inhibit fun ctional activity of the insulin-Fs fusion protein ars generally
directed against a biologioally active site. To assess whether this was the case, serum that was collected prior to the administration of each dose and at the end of the experiment described in Example 11 was testsd o quantify the levels of ant-drug antibodies according to Example 14. As shown in FIG. 29, lsvels of anti-drug
antibodies did indeed increase with muliple subcutane ous admintrations of the compound, indicating that the generation of ne utralizing anti-drug antibadies was the likely cause for the reduction in the NAOCR after the fourth injection of the insulin Fo-fusion protein of SEQ 1D NO: 106,

Examole 39: Screening of Feli Anti-Drug Antibodies aad. Epitopes ot the B10D and ABH Positions of the insulin Polypeptide

[0182] As was observed for SEQ ID NO: 52 in dogs (Example 20), the repeated doss bioactivty of the insulin-fusion protein of SEQ 1D NO: 106 comprising the insulin polypeptide of SEQ 1D NO: 4 and the peptide linker of SEQ 1D NO: 13 stil gave rise to anti-drug antibodies (Example 36). It was hypothesized, therefors, that the
insuin polypeptide of SEQ ID NO: 4 may unexpectedly contain specific epitopes (L., immunogenis "hot spots") against which a cat's immune system is directed. Therefore, the binding speifisty of the antibodiss present in the serum samples desoribed 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 insuiin-Fo fusion protein of SEQ 1D NO: 106 (Example 38) against the coated insulin-Fs fusion protein iibrary demonstrated that thers wers unexpe ctedly two primary "hot spots" present within the insulin polype ptide

sequence af SEQ D NO: 4: the BAOD site mutation (ie., the aspartic acid mutation at the 10th position from the N-terminus of the B-chain (1., B10)), and, separately, the ABH site mutation (1., the histidine mutation at the 8th position from the N-temninal end of the A-chain (e, AB)). 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 therefors likely to give rise anti-drug antibodies that ne utralize the bioactivity after repeated injsstions. Therefors, it was determined that insulin polypeptides that do not
contain the B 10D and ABH are prefermed for insuin-F fusion proteins that need to be repe atedly dosed in cats over long periods long-term (e.q., to freat feline diabetes).

[0183] To evaluate whether replacing the "ot spot” mutations would improve the immunogenioty and repeated dose bioactivty of insulin-Fo fusion protsins comprising the insulin polypeptide of SEQ 1D NO: 4 and the feline IgG2 isotype fragment, exemplary insulin-Fo 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 B16 was replaced with alanine (ie. B164) as was the case for the insuiin polypeptide of SEQ ID NO: § used for many of the canine insulin-Fs fusion
prateins. The AZ1N st of the native insulin was also deleted. For this example, other insulin polypeptide amino acids were mutated to make the Structure mare similar to native feline insulin (0., B30A, ABA, A10Y, and A18H). The sequence of the resulling insulin polypeptide (SEQ ID NO: 120) i isted below with the non-
native amino acids to feline insulin underined.

FVNQHLCGSHLVEAL ALVCGERGF FYTDPAGGGPRRGIVEQCCASVCSLYQLEHYC (SEQ 1D NO: 120)

[0184] Furthermore, given the addtional potential benefis of the non-glycosylated chg mutants discussed in Examples 22 and 33, two of the evaluated insulin-Fs fusion proteins (SEQ ID NOs: 116 and 118) contain the cNg-8 mutation. The entire amino acid sequences of the insulin-Fo fusion proteins are shown below with the

Tesulting seauence alnnments aqas! SEQ 10 NO: 108 shown 1 Fig, 90 (Clustal Omega).
FYNQHLCGSHLVEALALYCGERGEFY | DEAGOGHKRGIVEQUCASY CSLY QLEHYC:

WEATGRKCPYRTIPL LSISRTPEYTELYY I
MHT AR LRPREEQENSTYRY VS VLPILHOUW LXGKEFKC K¥NSKSLPSAMERTISKAKUOPHE
POVYVLIPTQECLSENKY SVTCLIKG TR DI AVEWEITGQTEFENN Y (TTPRQLDSDGTYILY
SHISVDRSHWQRGN TYICSVSHEAT HSHHIGKSUIOSP (SHQ 1) ROY 1145

FUNOHLCTSHIY EA LALYCGERGHEYTDPAGGERRGIVEOCCAS YOS YUY,

GOUGOLGEKCIYPLIPGATSVLITPKPK I LEISRTILY TCLYY DLGIDDSNVOUTWIVDNTE

ITAKTRFRITQUSSTYRYVSVI PILIIGH RGRITKC KVNSKST PSA VTRTISK AKGOPIT.

m» YVLIPTQEEL SENKYSYICLIKGHPPDIAVEWELTGQPEPENNY QI TPFQLUSDGTYELY
TCSVSTITAT KSUTQSFG (STQ T NO: 116

PYRQILCGSILYEALALYCGERGITYTDPAGGGIRRGIV EQUEASVCSLYQLENIYCGGGGA

GGGGICPKC PP GOPSIFIFPPKEKIIT SISKTPRY 101300 ALGDDSDVGI TWEVDNTQY

YTAKTSPREEQPSSTYRVYSVLEILIKDWLKG NSKSLPSPCRT

YY1 PPAGRFI SRRKVSVTCT | DSDGTYFLYSRI
YIGSVSHEALHSHRIOKSLIQSIG 0118

[0195] The insulin-Fs fusion proteins were manufactured in HEK293 cells according to Example 1 and purified using a Protein A column according to Example 3. Their structurss were confirmed accoring to Example 4 by non-reducing and reducing CE-SDS, and the sequences were further identified by LC-MS with glyoan
removal according to Example 5. Their %homodimer content was measured by size-exclusion chromatography ascording to Example 6, and their insulin receptor binding affinties were measured according to Example 7. Table 23 below illustrates the manufasturabilty and in vitro IR binding parameters for the resuling
compounds

Table 23: Manufacturing and IR Binding for insulin-F¢ fusion proteins utilizing feline IgG1b and IgG2 Fc fragments }
SEQID NO: IgG Fragment Protein Yield (mg/L) {%Homodimer Titer (mgiL) IR Binding, ICS0 ("M) 1

SEQ IDNO: 108 (not claimed) IgG1b 127 48 6% 62 62}

SEQ ID NO: 118 (not iaimed) IgG1b 8 157'570 18 55000}

SEQ ID NO: 114 (not claimed) IgG2 25 190.5% 23 3,480}

SEQ ID NO: 116 (not claimed) lgG2 1 173.0% g 707}

[016] Unexpestedly, all three insulin-Fs fusion proteins gave much lower protein yisids compared to that of the insulin-F s fusion protein of SEQ ID NO: 108, In fact, although it had a sufficiently high insulin recsptor binding affinity (IS0 of 707 nM), the insulin-Fs fusion protein of SEQ 1D NO: 116 gave almost no protsin vield
‘The insulin-Fo fusion protein of SEQ 1D NO: 118 gave unacceptably low protein yield and homodimer titer 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 ID NO: 114 also gave an unacoeptably low protein yieki and a much lower insulin receptor
binding affinty (higher IR 1C50 valug) compared 1o that of the insulin-Fc fusian protein of SEQ 1D NO: 108,

[0187] In an attsmpt to obtain an asceptable protein yiekt of an insulin-Fo fusion protein comprising an insulin polypeplide Sequence without the immun ogenio "hot spot” mutations (i.e., B10D and ABH), leamings were obtained from the simukaneous and paralel development of sanine insulin-Fs fusion proteins that had shown
that the use of an insulin polypeptide of SEQ 1D NO: 8 and a peptide linker of SEQ 1D NO: 14 on a canine lgGB isotype Fo fragment resulted in high protein and homodimer titers and acoeptable IR binding affinty. Therefore, a feline insulin-Fs fusion protein was construsted using the insulin polypeptide of SEQ 1D NO: § and the

peptide linker of SEQ 10, felne 1962 Fe fraament of SEQ 1D NG: 21 19 produce the follwing sequence
NG LR A I €A K NGOG TR SO0 R VG

PPKPKOTLSISEIPLY FCLY VLG
RYVEVLPILIOWLEGKEFROKVSISL

EOSKVOITWIVENTIMITAT

SEIRTISK AKGORHERQS Y VPP L GF SERKYSVICLIKGEHPPDIAYE BT T6QPEFENNY
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Table 24: Manufacturing and IR Binding for insulin-F¢ fusion proteins utilizing feline IgG1b and IgG2 Fc fragments
SEQID NO: IgG Fragment Protein Yield (mgiL) %Homodimer Homodimer Titer (mgiL) IR Binding, IC50 ("M)

SEQ IDNO: 106 (not claimed) lgG2 23 88.0% 20 22

SEQ ID NO: 112 (not dlaimed) lgG2 64 804% 51 53

SEQ IDNO: 122 (not claimed) lgG2 146 29.0% 145 2,53

[0198] The insulin-F 5 fusion protein of SEQ ID NO: 122 was manufastured in HEK293 cells according to Example 1 and purified sing a Protein A solumn according to Exampls 3. Their structures were confirmed according to Example 4 by non-redusing and redusing CE-8DS, and the sequences were further identifisd by LC-
WS with glycan removal according to Example 5. Their %homodimer content was measured by sizs-exclusion chromatography acooring o Exampls 6, and their insulin rece ptor binding affinities wers measured according to Example 7. The FoRn receptor binding affinity was measured acsording o Example 9. The protein
yield was 146 mgiL, and the %homodimer was detemined to be 99%, resuting in a homodimer titer of 145 ma/L which meets the manufacturing design goal. The IR binding affinty IC50 value was 2,536 nM indisating that the compound is likely o be bioastive in vivo. The FoRn receptor binding affinity EC50 value was 3114
ngimL. Therefare, the insulin-Fc fusion protein of SEQ 1D NO: 122 was a potential candidate for further testing in viva

Comparative Examole 42: fn Vivo Bioactivity of an insulin-F¢ Fusion Protein Constructed from the insulin Polypeptide of SEQID NO: 8, the Pepfide Linker of SEQ 1D NO: 14, and the Feline I4G2 Fc Fragment of SEQ 1D NO: 21

[0188] The insulin-Fs fusion protein of SEQ 1D NO: 122 was tested for bioactivty in vivo according to Example 10. Ahealthy, antibody-naive, cat weighing approximately § kg was used. On day 0 the cat received a single injection of & pharmaceutical somposition containing the insulin Fo-fusion protein of SEQ 1D NO: 122. 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. Ifthe subject’s blood glucose dropped to dangerus levels, food andfor dexirose njections were given to prevent symptomatic hypoglycenia

[0200] Fig. 32 shows the %FBGL for a single administration, ilustrating that, unexpectedly, the insulin-Fo fusion protsin of SEQ 1D NO: 122 was only marginally bioactive in vivo (NAQC of essentially 0% FBGL days-kg/mg). This result was surprising, espesially since the insulin-Fo fusion protein was not aggregated (i.s., had a
high %homodimer content), and the molecule exhibited an IR afinty in a simiar range as the canine insulin-Fo fusion proteins that were found to exhibit sign ficant bioactivity in dogs (Example 31). Due to the I ck of bioactivity on the first administration, repeat administrations were not perfamed.

Comparative Examole 43: Evaluation of the Substitution of Feline [gG1b for the Feline I¢G2 Fc Fragment on the Yield, Purity, Bioac fivity, and immunogenicity of an insulin-Fc Fusion Protein Comprising the nsulin Polypeptide of SEQ ID NO: 8 and the Peptide Linker of SEQ D NO: 14

[0201] Because the dog and cat lang-acting insulin research programs were conducted in parallel, some of the leamings f the canine insuin-F fusion protein research program were applied 1o the feine insulin-F c protein research program. One key leaming from the canine nsulin-Fc researsh program was how the selection
of difersnt IgG isotype Fo fragments (e.g. canine lgGA, canine IgGB, canine IgGC, and canine IgGD isotypes) led to dramatically diferent manufacturing and in vivo efficacy performance. Thersfore, the feline IgG2 Fo fragment of SEQ 1D NO: 122 was replaced with the feline lgG1b Fo fragment of SEQ 1D NO: 20 while keeping
the insulin polypeptide of SEQ 1D NO: 8 and the peptide inker of SEQ ID NO: 14 resulting in the following amino acid sequence!

HEVi ALEL Y COERGEH Y GOGG03S LDQLEN SO0

COPPERLGRPSIFE PPRALLYTL SIRIPEVICLY VLG
LSL QI NEVIN QWY TAK L SPRAEQE RS LY LWLLGKERLCR SNSKILY

SPTRRTINK: PRAGERLSRNRVAVTCHTRGE TGOPFPRNK

RITPRQIISDGTYTLYSRT VIR SR QRGNTY TSI ALHSITITTORST TOSPG (ST T
A28

[0202] The insulin-F s fusion protein of SEQ ID NO: 38 was synthesized in HEK293 cells ascording to the procedurs of Example 1 and purified using a Protein A column acoording to Example 3. The structurs was confimed acsording o Example 4 by non-reducing and redusing LC-MS, and the sequence was furher identfied
by LC-MIS with glycan removal according to Example 5. The protein ield was 158 mg/L at this stage. The %homodimer for measured by acoording to Example 6 and was determined to be 99.5% resulting in a homodimer titer of 157 mgL which mests the manufacturing design
goal. The in vitro IM-9 insuiin receptor binding IC50 value, me asured acoording to Example 7, was 2395 nM which also meets the design goal. The FoRn receptor binding affinity ECSO valus was measured according to Example § and found to be 1552 ng/mL

[0203] The insulin-Fs fusion protein of SEQ 1D NO: 38 was then tested for bioactivity in vivo according to Example 10. A healthy, antibody-naive, cat weighing approximately § kg received a single subutaneous injection of a phanmaceutical composition containing the insulin Fo-fusion protein of SEQ D NO: 38 at a doss 070.16
g insulin-Fe fusion proteinvkg. O day 0, blood was collected fram 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. If the sublect's blood glucose dropped to dangerous levels, food and/or dextrose injections were given to prevent
‘symptomatic hypoglysermia

[0204] Figure 33 shows the %FBGL after the first administration. Food was given to the animal regularly to prevent symptomati hypoglycemia, ilustrating that the insulin-Fo fusion protein of SEQ 1D NO: 38 was significantly bioactive in vivo with a NAOC of 1838 %FBGL-days-kg/mg. The pharmacokinetic profile of the
compound was also measured by the method of Example 12 using ELISA, and  two-compartment model was fi to the data to detemmine its slimination haf-ife which was 6.3 + 0.5 The difference in biological activiy (in virro and in vivo) betwsen the insulin-F s fusion protein of SEQ 1D NO: 38 and that of SEQ ID NO: 122
demonstrates that, unexpectedly, the feline Ig G1b isotype is preferred over the feline IgG2 isotype for the Fo fragment when the insulin polypeptide sequence is moifisd a5 in SEQ ID NO: 5

[0205] Since the NAOC was aceeptable and the phamacokinetic data was supportive of a on ce-weekly administration, the cat was given additional subcutaneous doses on day 14, day 25, and on day 42, and the %FBGL was measured for the 7-day window after each dose according to Example 1. The NAOC and NAOCR
were calculated according to the procedure of Example 11 for each repeated subcutane ous injection. As ilustrated in Table 25, the insuin-Fc fusion protein of SEQ ID NO: 38 dermonstrated acceptable bioactivit in vivo after mutiple doses.

Table 25: NAOC per dose for repeated doses of SEQ ID NO: 38 (not claimed)
Inje ction Day NAOC (%FBGL: days-kg/mg) NAOCR

0 1838 1.0

2 14 1431 08

3 28 1900 10

) 42 2400 13

[0208] In adtion, serum was collected prior to the administration of each dose and once a week for two weeks after the end of the experiment in order to test for the presence and quantify the levels of any anti-drug antibodies accarding to Example 14. As shown in Fig. 34, there was no measurable increase in anti-drug
antibodies above bassline after multiple administrations of the compound. Therefore, in order to obtain a feline insulin-Fs fusion protein candidate (s.g. SEQ 1D NO: 38) that meets the design criteria of acceptable homodimer tter, in vivo bioactivity, and sustained bioactivity after repeated weekly injections in cats, it was
necessary to replace the insulin polypeptide of SEQ 1D NO: 4 with the insulin polypeptide of SEQ ID NO: 8 and use the feline lgG1b Fo fragment of SEQ ID NO: 20 instead of the feline lgG2 Fo fragment of SEQ ID NO: 21

Comparative Examole 44: Non-Glycosyiated insulin-Fe Fusion Proteins Comprising the insulin Polypeptide of SEQID NO: 8, the Peptide Linker of SEQ ID N

14, and the Feline IuG1b Fc Fragment to Reduce the Potential Risk of immunogenicit

[0207] While the insuiin-Fo fusion protein of SEQ ID NO: 35 meets all of the design goals (Exampls 43), thers may or may ot be a risk of immunogenisty over extended periods of treatment (2.g., 6 months, 1 year, 2 years or more), which could compromise the use of this insulin-Fs fusion protein for treating diabetes should
this accur. As described in the Detailed Description of the Invention, one possible cause of a reduction in bioactivty after repeated doses is the unwanted interaction of the feline IgG1b F fragment with the cat's immune system resuling in the production of neutraizing antidrug antibodies. However, the resuls shown in
Example 43 demonstrate that unsxpestedly, the feline lyG1b isotype was preferabls over the less immunogenic feline lgG2 isotype with respect to in vivo bioactivity. Thersfore, further Fo mutations were explored to achieve non-glycosylated insulin-Fo fusion proteins with low Fo(gamma)RI receptor binding, which should reduce
the lang-tern, chronic immunogenicity risk.

[0208] As desoribed in the Detailed Description of the Invention, one method for reducing the Fo(gamma)RI interaction involves mutating the Fo fragment oNg site to prevent glycosylation during synthesis in the host cell. Thersfors, cNg site mutations were made to the Fo fragment region of SEQ 1D NO: 36 to reducs the
binding affinty of the Fo fragment for Fo(gamma) receptors in vivo, as measured by binding in an in viro human Fo(gamma)R| assay described in Example 8. The posiion of the oNg site in the insulin-Fs fusion protein of SEQ ID NO: 38 is cg-NB151. Again, capitalizing on the leamings from the canine insulin-Fo fusion
prateins described in Example 33, 3 cNg-NB151-S mutation was introduced into the FG fragment of SEQ 1D NO: 3. The full amino acid sequence of the resuling insulin-Fc fusion protein is isted below (cNg-NB151-S underined for clarty):

PVRQULEGSUL EEALELYC SURGE 7 GGUGSTGGRIPIGE U1 CSLEQLUR YOG6G

r PPREMLGGIS) LEISRIPEY FCLV VDL
DUSDVAITREVDN TGV TAK ISPREEQESS TYRY VEVLILHQUWLKGKERKCK YN SKSLE
—— PHEPOV VLI AQE ELSKNKVSVICL I RPN Y

reve
POLDSIGIYFL Y SRLS\ DRSKW QRONTYICSVSHEALHSHETOKSLTQSEG (SEQ L NO:
124

[0208] The insulin-F s fusion protein of SEQ ID NO: 124 was synthesized in HEK293 cells ascording to the prosedurs of Example 1 and puriid using a Protein A column according to Example 3. The strusture of the insulin-Fs fusion protein was confimned according to Example 4 by non-redusing and reducing LC-MS, and the
sequence was further identifisd by LC-MS with lysan removal acoording to Example 5. The protein yield was 202 may/L at this stage. The %homodimer for the sequence was measured by size-exclusion shromatography acoording to Example 6 and was determined to be 99%, resulting in a homodimer titer of 200 mg/L which
meets the manufacturing design goal. However, the in vitro IM1-8 insulin receptor binding 1C50 value, measured according to Example 7, was greatsr than 5000 i, which is outside the design goal for in vtro bioactivity. The FoRn receptor binding affinity EC50 value was measured ascording to Example 9 and was 6922 ng/mL

[6210] Athough the insulin-Fs fusion protein of SEQ 1D NO: 124 did not meet the insulin receptor binding design goal, t was tested for bioactiviy in vivo ascording to Example 10. A healthy, antibody-naive, cat weighing approximately § kg was used. On day 0 the cat received a single injsction of a phammaceutical composition
containing the insulin Fe-fusion pratein of SEQ 1D NO: 124 at a dose af 0.16 mg insulin-Fo fusian proteinfkg. On day 0, blood was collected from a sultable 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 and/or dextrose inje ctions wers given to prevent symptomatic hypoglysemia

[0211] Fig. 35 shows the %FBGL for a single ad ministration, ilustrating that the insulin-Fo fusion protein of SEQ ID NO: 124 is only somewhat bioactive in vivo with an NAOC of 65 %FBGL-days kg/mg. Due to the lack of bioactivity on the first adminisiration, repe at administrations were not performed

[0212] Unexpestedly, as was the case in Example 33 for the canine insulin Fo-fusion protein of SEQ 1D NO: 36, it was found that mutating the insuin polypeptide sequence of SEQ ID NO: 124 such that the 16th amino acid from the N-teminus of the B-chain (B16) was mutated from tyrosine to alanine (i, BI6A) rendered the
resulting insulin-Fo fusion protein of SEQ 1D NO: 40 bivactive. The amino acid sequence of the resuting insulin-Fo fusion protein is shown below (B16A and cNg-NB 151-8 mutations underiined for olarity):
FENGHT COSHT VRAT 41 VCGFRGFHY GOGAOGSGOGGHVRQUC TSTOSI DUV UGS

KRBT
SSTYR YV
FLSRNEY:
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[0213] The insulin-F ¢ fusion protein of SEQ ID NO: 40 was synthesized in HEK293 cells accarding to the procedure of Example 1 and purified using a Protein A colurmn according to Example 3. The structure of the insulin-Fo fusion protein was canfirmed according to Example 4 by non-reducing and reducing CE-SDS, and the
sequence was further ientfisd by LC-MS with glyoan removal according to Example 5. The protein yiekd was 174 mg/L at this stage. The %homodimer for the ssquence was measured by size-exclusion chromatography ascording to Example 6 and was detsrmined to be 95.9% resulting in a homodimer fiter of 172 mgiL which
meets the manufacturing design criteria. The in vitro IM-9 insulin receptor binding ICS0 value of 4635 i, measursd according to Example 7, also meets the design goal. The Fo(gamma) receptor activity was measursd according to Example 8 and found to be approximately four times less than that obtained for the insulin-Fo
fusion protein of SEQ ID NO: 38 using the same procedurs indicating that the insulin-Fo fusion protein is less likely to adversely interaot with the cat's immune system. The FoRn recsptor binding affinity EC50 value was measured according to Example 9 and was 5157 ng/mL.

[6214] The insulin-Fs fusion protein of SEQ 1D NO: 40 was then tested for bisastivity in vivo according to Example 11. A heakhy, antibody-naive, cat weighing approximately § kg was used. On day 0, day 7, and day 21 the cat received a single subcutaneous injection of a phamaceutical composition containing an insulin Fo-
fusion protsin of SEQ 1D NO: 40 at a dose of 0.1 mg insulin-Fs fusion proteinkg. 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. Ifthe subjests biood glucoss dropped to dangerus levels, food
anafor dextrose njections were given ta prevent symptomatic hypoglyceria.

[0215] Fig. 36 shows the %FBGL afler the first administration, ilustrating that the insulin-Fc fusion protein of SEQ 1D NO: 40 is bioactive in vivo with aNAOC of 159 %FBGL days ky/mg for a subcutaneous dose of 0.1 mg insulin-F fusion protein/kg. A second higher subcutaneous dose of 0.2 mg insuln-Fc fusion protein/kg
gave a much higher NAOC of 702 %FBGL-days-kg/mg and is shown in Fig . 37. The pharmasskinstio profile is measured by the method of Example 12 using ELISA, and a two-compartment mode is fit to the data to detemmine ts slimination haf-ife whioh is greater than 3 days. Thess results are in contrast to the results
abtained win the insulin-Fc fusion protein of SEQ

1D NO: 124 whioh showsd 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 mg insulin-Fo fusion protein/ks). Therefor, the insulin polypeptide of SEQ ID NO: 11 was preferred for non-glycosylated insulin-Fs fusion protsins
comprising oNg mutated feline IgG1b Fo fragments

[0216] To analyze the repeatable bioactivity after multiple doses, the cat was given a further dose of the insulin-Fs fusion protein of SEQ 1D NO: 40 on day 7, on day 21, and on day 35. When the cat's %FBGL 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 acsording to the general prosedure of Example 11, calculated from the time the dose was administersd until just before the next dose was administersd. The NAOC and the NAOCR shown in Table 26 ilustrate that the insulin-Fs fusion protein of SEQ ID NO: 40 is bioactive in vivo after
multiple dosss.

Table 26: NAOC per dose for repeated doses of SEQ ID NO: 40 (not claimed)
Inje ction# Day INAOC (%FBGL:days-kg/mg) NAOCR

0 159 1.0

2 7 702 4.4

3 21 462 2.9

3 35 670 22

[0247] In addition, serum was collssted prior to the administration of each doss and at the end of the experiment in order to test for the presence and quantify the levels of any anti-drug antibodies according to Example 14. Thers is no measurable inorease in anti-drug antibodies above bassiine after multipls administrations of
the compound. Thersfore, in order to obtain a feline insulin-Fo fusion protein meeting the manufasturing and bioactivity design oriteria with significantly reduced Fo(gamma) rece plor astivity, it was not only necessary to mutate the oNg to serine but also to mutate the insulin polypeptide B16 amino acid to alanine

[0218] In the claims, articles such as n," 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
present in, employed in, or othenwise relevant to a given product or process unless indicated to the conirary or otherwise evident from the context

between one or more members of a group are considered satisfied if one, more than one, or all of the group members are

[0218] Furthermore, the disclosure encompasses al variations, combinations, and permutations in which one or more limitations, elements, clauses, and descriptive tenms from one or more of the listed claims ars introduced into another laim. For example, any claim that is dependent on another claim can be modified to
include one or more limitations found in any other claim that is dependent on the same base claim. Where elements are presented as lists, e.0., in Markush group fomat, each subgroup of the elements is also disclosed, and any element(s) can be removed from the gruplt is also nofed that the terms *comprise(s),
*comprising,” “contain(s)," and *containing" are intended to be open and the use thereof permits the inclusion of addtional elements o 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, o the tenth of the unit of the lower fmit of the range, unless the context clearly dictates otherwise.
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SEQ ID NO: 31 atggaatggagetgggtetttotettottectgteagtaacgactggtgtecactactte
SEQ IDNO: 32 M E W 8 W V F L F F L 8 VvV T T 6 VvV H & F
gtgaaccagcacctgtgeggetoccacctggtggaagetectggaactegtgtgeggegag
vV N H L ¢ 6 &8 H L. vV & A L E L V C G E
cggggcettecactacgggggtggeggaggaggt tetggtggeggeggaggcategtggaa
R ¢6 F H Y 6 ¢6 & 6 6 6 8 ¢6 ¢ 6 6 6 I Vv E
cagtgetgeacctecacetgetecctggacecagetggaaaactactgeggtggeggaggt
g ¢ ¢ T 8 T C 8 L D Q L E N Y € G G G G
ggtceaaggaggeggtggacagggtagaggtgggcagggaggaggegggggagactgecee
G Q 6 6 6 6 Q@ 6 6 6 6 @ & 6 6 6 6 D C P
aagtgecccegeteeegagatgetgggeggacacagegtgtteatettecoctecaaagecece
K ¢ P A P EML G G P 8 V F I F P P K P
aaggacacactgctgategecaggacceeggaggtgacctgegtggtggtggacctggat
K b T L L I A RTUPEV T CV YV V D L D
cocgaagacoeccgaggtgecagatcagetggttegtggatggaaageagatgeagacegee
P E D P E V Q I 8 W F V D 66 K Q M @ T A
aagacccaacccegyggaagageagttecaacggeacetacagggtggtgagtgtgttgece
K T @ P R E E @ P N ¢ T Y R V V B8 VvV L P
ateggecaccaggactggetgaaggggaagecaattecacatgecaaggttaataacaaggee
I 6 8B ¢ D W L. X 6 K Q F T ¢ K V N N K A
ctgeccageoccatecgagaggaccatcageaaggecaggggccaggeccaccagecatet
L P 8 P I E R T I 8 K A R G @ A H @ P s
gtgtacgtgetgecceecatetagggaggaactgageaagaacacagteagecttacttge
vV ¥ v L P P 8 R E E L 8 K N T WV 58 L T C
ctgatcaaggacttotteccaccggacatagacgtggagtggecagagtaacggecageayg
L I KD F F P PD I DV E W Q 8 N G @ @
gagocecgagageaagtataggacecacacegececaactggacgaggacggaagetactie
E P E 8 K ¥ R T T P P Q L D E D G 8 Y F
ctotacageaaattgagegttgacaaaagcaggtggocagegaggegacaccttecatetge
L ¥ 8 K L. 8 v D K S8 R W QQ R G D T F I C
geegtgatgeacgaggetttgeataaccactacaccecaggagagectgteccacagecaa
A V M H E A L H N H Y T Q E 8 L & H &8 P

ggatag
G -_
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SEQ ID NO: 33 stgygastggagetgggtotttotoettcottoctgteagtascgactggtgtocactootte
SEQ ID NO: 34 M E W & W V P L F ¥ L & VvV T ¢ G ¥V B 8 F
ghtgaaccageacctgtgoggetococcacctggtygaagototggaactogtgtgoggegay
v 8 ¢ H L € ¢ &8 H L ¥ E A L E L VvV €C & B
cggggettecactacggggotageggaggaggttetggtggeggeggaggcategtggaa
B 6 F B ¥ 6 6 6 6 6 ¢ 8 6 6 ¢ & ¢ I Vv E
caghbgetgeaceteccacctgetenotgoaccagetggaaaactactgoasogaltggegas
Q £ € ¢ & v € 858 L D Qg L BE N ¥ C N G G G
ggtggtcaaggaggoggtggacaggutggagatgggcagggaggaggegggogagactge
G &G 9 6 6 ¢ & Q ¢ & & 6 ¢ &6 ¢ 6 6 & p C
cocaagbgooeegoetccogagatgetgggoggacsccagogtgtteatettecotocecaay
P XK ¢ P A P B M L & G P B8 V F I ¥ 2 P K
cocaaggacacactgoetgategecaggacoceggaggtgascctgogtgobggtagaccsty
P X I T L L I A R T P E V ¥ C ¥V V¥V V I L
gatocogaagaseosegaggtgeagat cagetggttogtggatggaaageagatgoagace
D P E D P E YV Q I B8 W F VYV D G K O M @ U
gaeaagacooaacooaggglagageagtteaacggeacctacagggtgat gagtgtattyg
A X P ¢ P R E E ¢ F N GG T ¥ R V ¥ 8 Vv L
secateggecsccaggactguetgaaggagaageaattcacatgeasggttaataacaag
P I & H ¢ D W L K ¢ K @ ¥ T € K VvV N 8 X
geoeatgeatagaeccategagaggaccatecaguaagucCagyuuceagacauataygecsa
& L P 8 P I E R T ¥ 8 XK &8 R &€ @ A 8 @ P
toetghgtacgtgetgoececatctagggaggaactgageaagaacacagtcagecttact
& ¥V ¥Y V L P P S8 B E E L 8 K N T ¥ & L T
tgectgatoaaggacttottococacoggacatagacgtggagbggcagagtascqggooag
¢ L ¥ ¥ p F F P P D I DV E W @ 8 N G Q
caggagoecgagageasagtataggaocacacseganccaactggacgaggacggaagetac
@ E P B &8 K ¥ R ¥ % P P @ L D B D & 8 ¥
ttectetacagrasattgagegttgacaaasageaggbgygcagegaggegacacatteate
FOL Y 8 K L 8 VvV D K & R W @ R & D T ¢ I
tgogeegtgatgeacgaggettigeataaccactacacocaggagagectgtocoacags
C 4 V M H E A L H N B ¥Y T B 8 L & H 8
seoggatag
P G -

FIG. 39
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SEQ ID NO: 35 atggaatggagctgyggtetttetettettectgteagtaacgactggtgtecactectte
SEQ IDNO: 36 M E W 8 W V P L F F L 8 V T T 6 V H 8 F
gtgaaccagecaccetgtgeggetoeccacetggtggaagetoetggeactegtgtgeggegag
v ¥N ¢ H L ¢ 6 8 H L V E A L A L V C G E
cggggettccactacgggggtggcggaggaggttetggtggeggeggaggeategtggaa
R ¢ ¥ H Y 6 6 6 6 6 ¢ &8 6 66 6 6 66 I V E
cagtgetgeacetecacetgetocctggacecagetggaaaactactgeggtggeggaggt
Q ¢ ¢ T 8§ T C 8 L D QL E N Y C 6 6 G G
ggteaaggaggeggtggacagggtggaggtgggcagggaggaggegggggagactgeeee
G Q@ 6 6 6 6 ¢ 6 6 6 & Q 6 G &6 ¢ 6 Db C P
aagtgeccegetecogagatgetgggoggacecagegtgttecatettecocteccaageee
K ¢ P A P EML 6 G P 8 V ¥F I F P P K P
aaggacacactgcetgategecaggacoceeggaggtgacetgegtggtggtggacetggat
K b T L L I A R T P E V T C V V V D L D
ccecgaagacccegaggtgecagatecagetggttegtggatggaaagecagatgeagacegece
P E D P E V @ I 8 W F V D G K g M Q T A
aagacceaacooecgggaagageagttoetecaggeacetacagggtggtgagtgtgttgace
K T ¢ P R E E Q F 8 6 T ¥ R V vV 8 V L P
atcggcecaccaggactggetgaaggggaagcaattecacatgeaaggttaataacaaggee
I 6 H ¢ D W L K G K QQ F T €C K V N N K A
ctgceccagecceatogagaggaccatecagcaaggocaggggeaaggeccaccagecatet
L P 8 P I E R T I &8 K A R G Q A H @ P 8
gtgtacgtgcectgecoecatetagggaggaactgageaagaacacagtecagacttacttge
v Y vV L. P P 8 R E EL 8 KN T V 8 L T C
ctgatcaaggacttetteecaceggacatagacgtggagtggeagagtaacggacageayg
L T K D FF F P P D I DV E W Q 8 N G @ Q
gagoccgagageaagtataggaccacacegecccaactggacgaggacggaagetactte
E P E 8 K Y R T T P P ¢ L D E D G 8 Y F
ctotacageaaattgagegttgacaaaageaggtggcagegaggegacacetteatetge
L ¥ 8 KL 8 VvV b K 8 R W @ R & D T F I C
geegtgatgecacgaggetttgeataaceactacacccaggagagectgteccacagecec
A V 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 atggaatggagctgggtctttectettottectgtecagtaacgactggtgtecactactte
SEQ IDNO: 38 M E W 8 W V F L F P L 8 V T T G V H 8 F
gtgaaccageacctgtgeggetaccacetggtggaagetetggaactagtgtgeggegayg
vV N ¢ B L ¢ 6 8 B L v B A L E L VvV C G BE
cggagettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R ¢ F B ¥ 6 ¢ 6 6 6 66 8 ¢ 6 & 6 @ I VvV E
cagtgetgcacctecacetgetecctggaccagetggaaaactactgeggtggeggaggt
@ ¢ £ T 8 T € 8 L D g L 8 N Y € G 66 G G
ggtcaaggaggeggtggacagggtggaggtgggcagggaggaggegggggagactgecee
G Q 6 6 6 6 Q 6 6 6 66 Q@ 6 6 6 G ¢ D C P
aaatgteotecgactgagatgetgggtggacctageatetteatatteaageccaagece
K ¢ p P P EML G 6 P 8 IT P I F P P K P
aaggatactctgtecattagcaggacccecocegaggtgacetgectggtggtggaccetgggg
XK b T L 8 I 8 R T P EBE V 7T C L V V D L G
ccagacgactetgacgtgeagatcacctggttaegtagacaacacocaggtttacactgece
P DD &8 DV QI T WUF V DN TQQWV ¥ T A
aagaccagteccagggaggageagttcaacageacatacagggtggtgagegt tetgace
K T 8 ¥ R E B @ F N 8 T Y RV V 8 V L P
atcecotgeaccaggactiggetgaaaggecaaagagttcaagtgtaaggtgaacageaagage
I L H Q D W L K ¢6 K 8 F K €C K V N 8 K 8
ctgecacageccecattgaaaggaccatcageaaggacaagggecagaecgaeacgageoaceasa
L P 8 P I BE R T I 8 XK D K 6 @ P H E P Q
gtetacgtgotgoeccecageacaggaagagetgagecaggaacaaggttagegtgacatge
v ¥ vV L P P A Q E E L 8 R N K V 8 V T C
ctgatogagggtttatacoecagegacategeegtggagtgggaaatocaceggecaaced
L I E 6 F ¥ P 8 D I A V E WE I T G @Q P
gagecegagaacaactacaggaceactecgoengecaactggacagegangggacctactte
E P E N N Y R T T P P Q L D 8 D G T Y F
ttgtatagcaggctgagegtggaceggageaggtggeagaggggecaacacetacactitge
L ¥ 8 R L 8 Vv b R &8 R W Q@ R & N T Y T C
agcegtgagecacgaggcecttgecacagoecaccacactcagaagagtetgacecocagagecey
&8 vV 8 H E A L # 8 H B T ¢ K 8 L T Q@ & P

ggatag
G —
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SEQ ID NO: 39 atggaatggagcoctgggtetttetettetteetgtcagtaacgactggtgtecactectte
SEQ ID NO: 40 M BE W 8 WV P L F FP L 8 V T T 6 V H 8 F
gtgaaccageacectgtgeggeteccacetggtggaagetetggeactegtgtgeggegag
vV N Q H L € 6 8 H L, V E A L A L Vv C G E
cggggettecactacggggatggeggaggaggttetggtggeggeggaggeategtggaa
R 6 F H Y ¢6 6 6 6 ¢ 6 8 6 6 6 6 ¢ I Vv E
cagtgectgeacatecacetgetecctggaccagetggaaaactactgeggtggeggaggt
g ¢ ¢ T 838 T ¢ 8 L D g L E N Y € 6 G G G
ggtcaaggaggeggtggacagggtagaggtgggeagggaggaggegggggagactgeeca
G ¢ 6 6 6 6 @ 6 6 6 G ¢ 6 6 6 ¢ 6 D C P
aaatgtectecgectgagatgetagggtggaecctageatetteatettecageccaageae
K ¢ P P P EML G 66 P 8 I F I P P P K P
aaggatactetgteccattagecaggaccececgaggtgacctgectggtggtggacetgggy
K b 7 L 8 I 8 R T P E V T C L V V D L G
ccagacgactetgacgtgeagatecacoctggttogtagacaacaccecaggtttacactgee
P D D S8 DV Q I T W F V DN T @ V Y T A
aagaccagteccagggaggagcagttecageagecacatacagggtggtgagegttetgece
K T 8 P R E E Q F 8 8 T ¥ R V V 8 V L P
atcaotgecaccaggactggetgaaaggeaaagagtteaagtgtaaggtgaacageaagage
I L H ¢ b W L. ¥ 6 K E F K € K V N 8 K 8
ctgeccagecceattgaaaggaccatcageaaggacaagggaocagoageacgageacecaa
L P 8 P I E R T I 8 K D K G @ P H E P Q
gtetacgtgetgeccocagcacaggaagagectgageaggaacaaggttagegtgacatge
v ¥ v L P P A Q E E L 8 R N KWV 8 Vv T C
ctgategagggtttetaccecagoegacategeegtggagtgggaaatcaceggecaacea
L I & ¢ F Y P &8 D I AV EWE I T G Q@ P
gagecocgagaacaactacaggaccactecegecgeaactggacagoegacgggacctactte
E P E N N Y R T T P P Q@ L D 8 D G T Y F
ttgtatagecaggetgagegtggaceggagecaggtggeagaggggeaacaccetacacttge
L ¥ 8 R L, 8 VD R 8 R W @ R 6 N T Y T C
agegtgagecacgaggecttgeacagecaccacacteagaagagtetgacecagageceyg
8§ VvV 8 H E A L B 8 H H T @ 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 X, 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 ifglge 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
CGGGGGQGGGGOQGGCGGQGGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTP
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EVTCVVVDLDPEDPEVQISWFVDGKQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWL
KGKQFTCKVNNKALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFF
PPDIDVEWQSNGQQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVM
HEALHNHYTQESLSHSPG (SEQ ID NO: 36).

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

acctggtggaagctctggcactcgtgtgecggcgageggggcttccactacgggggtggeggaggaggttctggtggegg
cggaggcatcgtggaacagtgctgcacctccacctgctccctggaccagetggaaaactactgeggtggeggaggtggt

caaggaggcggtggacagggtggaggtgggcagggaggaggcgggggagactgccccaagtgccccgetecececga
gatgctgggcggacccagcgtgttcatcticcctcccaageccaaggacacactgetgatcgccaggacceecggaggtg
acctgcgtggtggtggacctggatcccgaagacceccgaggtgcagatcagetggticgtggatggaaagcagatgcag
accgccaagacccaaccccgggaagagcagtictcaggcacctacagggtggtgagtgtgttgecccatcggecaccag
gactggctgaaggggaagcaattcacatgcaaggttaataacaaggccctgecccagecccatcgagaggaccatcag
caaggccaggggccaggcccaccagccatctgtgtacgtgetgeccccatctagggaggaactgagcaagaacaca
gtcagccttacttgcctgatcaaggacticticccaccggacatagacgtggagtggcagagtaacggccagcaggagce
ccgagagcaagtataggaccacaccgccccaactggacgaggacggaagctacticctctacagcaaattgagegttg
acaaaagcaggtggcagcgaggcgacaccttcatctgecgccgtgatgcacgaggctttgcataaccactacacccagg

agagcctgtcccacagecceggatag (SEQ ID NO: 35).
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SEQ ID NO: 44 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 46 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 4B FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 42 FVNQELCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 5O FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

S R s S ST RS

SEQ ID NO: 44 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVICVVLDLGREDPEVQI 120
SEQ ID NO: 46 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTCVVLDLGREDPEVQT 120
SEQ ID NOC: 48 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVICVVLDLGREDPEVQL 120
SEQ ID NO: 42 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVICVVLDLGREDPEVQL 120
SEQ ID NO: &0 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRITRTPEVTCVVLDLGREDPEVQI 120
e ¥ 7 Fe 9 Y I I Yo Fe e 3 3 3 o g e 3 A e o o o e o ok 3 o el T Y e e o Yo o o 3 g e o o oY e Yot e e e ok e
SEQ ID NO: 44 SWEVDGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180
SEQ ID NO: 46 SWEVDGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180
SEQ ID NO: 48 SWEVDGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180
SEQ ID NO: 42 SWEVDGREVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180
SEQ ID NO: 5O SWEFVDGKEVHTAKTQSREQQFNGTYRVVSVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180

khkkhh kbbb hdkk kbbb bk b hhdb bk kb hdh kbbb hhhhbdbbhbhd bbb bbbkt drhhhkd

SEQ ID NO: 44 ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQRQEPERKHR 240
SEQ ID NO: 46 ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQQEPERKHR 240
SEQ ID NO: 4B ISKARGRAHKPSVYVLPPSPEKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQOEPERKHR 240
SEQ ID NO: 42 ISKARGRAHKPSVYVLPPSPKELSSSDIVSITCLIKDEFYPPDIDVEWQSNGOQOEPERKHR 240
SEQ ID NO: &0 ISKARGRAHKPSVYVLPPSPKELSSSDTVSITCLIKDFYPPDIDVEWQSNGQQEPERKHR 240
e R T L e e e L ]
SEQ ID NO: 44 MTPPQLDEDGSYFLYSKLSVDKSRWQOGDPFTCAVLHEALHSHYTQKSLSLSPG 294
SEQ ID NO: 46 MITPPQLDEDGSYFLYSKLEVDKSRWQQGDPFTCAVLHETLQSHYTDLSLSHEPG 284
SEQ ID NO: 4B MTPPQLDEDGS¥FLYSKLSVDKSRWQQGDPFTCAVMHETLQSHY TDLSLSHSPG 294
SEQ ID MO: 42 MTPPQLDEDGSYFLYSKLEVDKSRWQQGDPFTCAVMHETLOQNHY TDLSLSHEPG 294
SEQ ID NO: 5D MTPPQLDEDGSYFLYSKLSVDKSRWQQGDPFTCAVLHETLONHYTDLSLSHSPG 294

Fhkhhhkhddhhdhhdbhhrhhhbhdbhdhdhdbrddh, dhoka Khhkk. bk dkd

FIG. 3
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SEQ ID NO: 42 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

SEQ ID NO: 56 FYNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

SEQ ID NO: 52 FVNGHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

SEQ ID NO: 54 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
6 ¥ v e S e v dr de % Fe Fr e v v v e e e de de ok e g e ok e o T o 9 e e o e e o o ok e ek e I e Yook e o o

SEQ ID NO: 42 GAGGGGRCTDTPPCPVPEPLGGPSVLIFPPKPKDILRI TRTPEVTCVVLDLGREDPEVQT 120

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

SEQ ID NO: 52 GAGGGGDCPK---CPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQOI 117

SEQ ID NO: 54 GAGGGG-CNN-CPCPGCGLLGGPSVFIFPPKPKDILVTARTPTVICVVVDLDPENPEVQI 118
EE T2 22 *x 222 PRI A I LA 22 L PR L A AR T 22

SEQ ID NO: 42 SWFVDGKEVHTAKTQSREQOFNGTYRVVEVLPIEHQDWLTGKEFKCRVNHIDLPSPIERT 180

SEQ ID NO: 56 SWEVDGKEVHTAKTQPREQQFNSTYRVVSVLPIEHODWLTGKEFKCRVNHIGLEPSPLERT 177

SEQ ID NoO: 52 SWFVDGKOMOTAKTQPREEQFNGTYRVVSVLPIGHOQDWLKGKQF TCKVNNKALPSPIERT 177

SEQ ID NO: 54 SWFVDSKQVQTANTQPREEQSNGTYRVVSVLPIGHQDWLSGKQFKCKVNNKALPSPIEEL 178
TEKEK ko ckk o kEk Fhkak Kk hAFAXIAAEE Fhkrkhkk hh ok Kok k *hkxhkk

SEQ 1D NO: 42 ISKARGRAHKPSVYVLPPSPKELSSSDIVSITCLIKDFYPPDIDVEWQSNGQOEPERKHR 240

SEQ ID NO: 56 TISKARGQAHQPSVYVLPPSPKELSSSDTVILTCLIKDFFPPEIDVEWQSNGQPEPESKYH 237

SEQ ID NG: b2 TSKARGQAHQPSVYVILPPSREELS-KNTVSLTCLIKDFFPPDIDVEWQSNGQOEPESKYR 236

SEQ ID NO: 54 ISKTPGQAHQPNVYVLPPSRDEMS-KNIVILTCLVKDFFPPEIDVEWQSNGQQEPESKYR 237
Ik Kok ok AREKEEE Kook Rk RAE kI KA kkIIRARERT AkK ko

SEQ ID NO: 42 MTPPQLDEDGSYFLY SKLSVDKSRWQQGDPFTCAVMHETLONHY TDLSLSHSPG 294

SEQ ID NO: 56 TTAPQLDEDGSYFLY SKLSVDKSRWQOGDTFTCAVMHEALONHY TDLSLSHSPG 281

SEQ ID NO: 52 TTPPQLDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 2380

SEQ ID NO: 54 MTPPQLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHYTQISLSHSPG 291

* kkkkdkkkhkkkhhkhkkhkhkkhkhkhkhbdokd Kk Fhhkkhhkokaskddkk dhdddkx

FIG. 4
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300+

# SEQIDNOS52
A Injsctions

200+

> 100+
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Time (day)
FIG. 7
SEQ ID NO: 58 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 80 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 62 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 64 FVNQHLCGSDLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
d& & de b e g ek gk ok de ke gk % de ke de e e e ok ke de e de e de ke e de de gk fe de ek e e de g ke ke de de de de e de ke ok ke R b 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 kR K de ook ok ok ok kK R kR kR ek Rk g ok Rk Rk e ke R R e e ok kR e ok g kR R e e ek ke ok ok R e A ok
SEQ ID NO: b8 VDGKQMQOTAKTQPREEQFQGTYRVVSVLPIGHOQDWLKGKQFTCKVNNKALPSPIERTISK 180
SEQ ID NO: 60 VDGKOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIERTISK 180
SEQ ID NO: 62 VDGKOMOTAKTQPREEQFDGTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIERTISK 180
SEQ ID NO: 64 VDGKQMQTAKTQPREEQFKGTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIERTTI SK 180

*hkkhkhkkhdkhhkhhkhhhkhdh kkhhkhhkhkhhhhkhkhhhkhkhhhkhkdhhhkhkdhhkkhhhkxhhhhkk

SEQ ID NO: 58 ARGOAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240

SEQ ID NO: 60 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240

SEQ ID NO: 62 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTEP 240

SEQ ID NO: 64 ARGOAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240
kkkdhkkkdkdhkhkhkdhkkkddhkkkhkdkkhkdhhkhkkdhkkkhkdkkhdkhkkkhdkhkkhdkhikihkikik

SEQ ID NO: 58 QLDEDGSYFLY SKLSVDKSRWQRGDTFI CAVMHEALHNHY TQESLSHSPG 290

SEQ ID NO: 60 QLDEDGSYFLY SKLSVDKSRWQRGDTFI CAVMHEALHNHY TQESLSHSPG 290

SEQ ID NO: 62 QLDEDGSYFLY SKLSVDKSRWQRGDTFI CAVMHEATHNHY TOESL.SHSDG 290

SEQ ID No: 64 QLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSDG 290

&k K de dedk Kode K ke ok ke de ek Kk de ek ke ko e ek kb ke ke ke ke de ke keok ek kok ke ek kok ko ke kok

FIG. 8
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFEY TDPTGGGPRRGIVEQCCTSICSLYQLENYCNGGG 60
SEQ ID NO: 68 FVNOHLCGSHLVOALYLVCGERGFFY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 70 EVNQHLCGSELVEALALVCGERGFEFY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 72 FVNQHILCGSHLVEALAILVCGEAGFEFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 74 FVNQHT.CGSHLVEATLAIVCGERGFYY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG-G 59
SEQ ID NO: 76 FVNQHLCGSHLVEALALVCGERGFFY TDPTGGGPRRGIVEQCCTSICSLYQLENYCGG~G 59

dhkdkhkkkkhkk dhkohkk dkkkd Akshrkbdkhk kb hkhhkhkkbh kbbb hkk kbbb x + &

SEQ ID NO: 66 GAGGGGDCPKCPAPEMLGGPSVF IFPPRKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 120
SEQ ID NO: 68 GAGGGGDCPRCPAPEMLGGPSVF IFPPRKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 70 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVDLDPEDPEVQISWE 118
SEQ ID NO: 72 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKD TLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 74 GAGGGGDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119
SEQ ID NO: 76 GAGGGGDCPKCPAPEMLGGPSVF IFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVQISWE 119

dkdkkkkdkdhhkhkkdbdhhkkbrhhbdbdkdkhkkhrhddbhkhddkddbbhbdbbhdbdbddbbddbhkhbddkddhd

SEQ ID NO: 66 VDGKOMOTAKTQPREEQFQGTYRVVEVLPIGHODWLKGKQF TCKVNNKALPSPIERTISK 180
SEQ ID NO: 68 VDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHODWLKGKQF TCKVNNKALPSPIERTISK 179
SEQ ID NO: 70 VDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHODWLKGKQF TCKVNNKALPSPIERTI SK 179
SEQ ID MO: 72 VDGKOMOTAKTQPREEQFSCTYRVVSVLPIGHODWLKGKOQFTCKVNNKALPSPIERTISK 179
SEQ ID NO: 74 VDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHODWLKGKQF TCKVNNKALPSPIERTISK 179
SEQ ID NO: 76 VDGKOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQF TCKVNNKALPSPIERTISK 179

FEXRITIKKIEIIRATTK AT XA A I I KA I AEXRAIXRKRAI I KA EL XAk Xk kb hh kRt *

8EQ ID NO: 66 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 240
3EQ ID NO: 68 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 239
SEQ ID NO: 70 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQOFEPESKYRTTPP 239
SEQ ID NO: 72 ARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 239
SEQ ID NO: 74 ARGRAHQPSVYVLPPSREELSKNTVSLTCLIKDFEFPPDIDVEWQSNGQQEPESKYRTTPP 239
SEQ ID NO: 76 ARGRAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKYRTTPP 239

hhdhhbhrhhhhdhhbhohhddhhhdrhhhddtdbrbohhhhhbbahdhhdhhbbdtdhn

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 QILDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHY TQESLSHSPG 289
SEQ ID NO: 74 QLDEDGSYFLY SKLSVDKSRWQRGDTFICAVMEEATHNHYTQESLSHESPG 289
SEQ ID NO: 76 QLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHY TQESLSHSPG 289

LA RS RS AT RS ER SRR AR RS st E]
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGG -~ -~ GPRRGIVEQCCTSICSLYQLENY 55
SEQ ID NO: 78 FVNQHLCGSHLVQALYLVCGERGFFYTDPTQRGEE - -GGQRGIVEQCCTSICSLYQLENY 58
SEQ ID NO: 80 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGGGGSGEEGGIVEQCCTSICSLYQLENY 60
SEQ ID NO: 82 FVNQHLCGSHLVEALALVCGERGFFYTDPGGEG- - -~ GGGGGIVEQCCTSICSLYQLENY 56
SEQ ID NO: 84 FVNQHLCGSHLVEALALVCGERGFFYT- PGGEGG- - - ~GGGGRIVEQCCTSICSLYQLENY 55
Fhkkhkkkr Ak hk s Fk Ahkkkkkdkrrkkx * * *hhkkkhkhkkkhhkkkhkkkkk
SEQ ID NO: 66 CNGGGGAGGGEDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCYVVDLDPEDPEV 115
SEQ ID No: 78 CEG-GGACEGEDCPKC PAPEMI.GGPSVFIFPPRPKDTLL TARTPEVTCVVVDLDPEDPEV 117
SEQ ID NO: 80 CGG-GGAGGGGDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEV 119
SEQ ID NO: 82 CGG-GGAGEGEDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEV 115
SEQ ID NO: 84 CGG-GGAGGGEEDCPKC PAPEMLGGPSVF I FPPKPKDTLLIARTPEVTCVVVDLDPEDPEV 114

h ok khkkkkhhkhhkhkhkhhddhdbhkdbhrkhkdkhrhdhhhhkhhhhdhhhddrbhkhhbhdhid

SEQ ID NO: 66 QISWEFVDCKQMQTAKTQPREEQFQGTYRVVSVLPIGHODWLKGKQFTCKVNNKALPSPIE 175
SEQ ID NO: 78 QISWEVDGKOMOTAKRTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNRALPSPIE 177
SEQ ID NO: 80 QISWFVDCKQMQTAKTQPREEQFSGTYRVVSVLPIGHRDWLKGKQFTCKVNNKALPSPIE 179
SEQ ID NO: 82 QISWFVDCGRQMQTAKRTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKALPSPIE 175
SEQ ID NO: 84 QISWEFVDGRQMQTAKTQPREEQFSGTYRVVSVLPIGHODWLKGKQFTCRKVNNKALPSPIE 174
dkkkkkkkkkkkkhhkkhkkkkkd hhkbkkhkkkkhkxhhhhkhhkkkhrdrh b hhthrdd
SEQ ID NO: 66 RTISKARGOAHOPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGOQEPESKY 235
SEQ ID NO: 78 RTISKARGQAHRPSVYVLPPSREELSKNIVSLICLIKDFFPPDIDVEWQSNGRQEPESKY 237
SEQ ID NO: 80 RTISKARGQAHOPSVYVLPPSREELSKNTIVSLTCLIKDFFPPDIDVEWQSNGQOEPESKY 239
SEQ ID NO: B2 RTISKARGRAHQPSVYVLPPSREELSKNTVSLICLIKDFFPPDIDVEWQSNGQQEPESKY 235
SEQ ID NO: 84 RTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQEPESKY 234

IRk A h ATk TR rhd kbt dh bbb bdkfhrhrhhdhdhhrddrorhdhrehrdrds

SEQ ID NO: 66 RTTPPQLDEDGSYFLYSKLSVDESRWQRGDTFICAVMHEALHNHYTQESLSHSPG 250
SEQ ID NO: 78 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 292
SEQ ID NO: 80 RTITPPQLDEDGSYFLYSKLEVDRKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 294
SEQ ID NO: B2 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALENHYTQESLSHSPG 290
SEQ ID NO: B4 RTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 289

hhKKKRhKKKRK T TR KkhRkkhThhkhkhdkhkhhhhhhkhdhhhhhhkhhhkkhhkhkd
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SEQ ID NO: B6 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGG 60
SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYIQLENYCNGGG €0
SEQ ID NO: 76 FVNQHLCGSHLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCTSICSLYQLENYCGGGG 60

HHRKHRRRKRIRHARRA KR AE AR AR IR AR AR R R AT AR d o h bbbk h bk dd Kdk

SEQ ID NO: 86 GREGEEBEREEEEREEEEEDCPRCPAPEMLGGPSVFIFPPRKPKDTLLIARTPEVICVVVDLD 120
SEQ ID NO: 66 GA--——————--=— GGGGDCPRKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVDILD 109
SEQ ID NO: 76 A-=mmmmmmmm——— GGGGEDCPRCPAPEMLGGPSVE IFPPKPRKDTLLIARTPEVICVVVDLD 108

*hkkdkhkhbhdhdbhkkddbkhkdhkdhhhrhbhhkbbhdrhbhhkdhhddtdh

SEQ ID NO: 86 PEDPEVQISWEVDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA 180
SEQ ID NO: 66 PEDPEVQISWFVDGKEMOTARTQPREEQFQGTYRVVSVLPIGHQDWLKGKQFTCKVNNRKA 169
SEQ ID NO: 76 PEDPEVQISWEVDGRKOMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGKQFTCKVNNKA 168

hhkkdkkkhkhhhkkhkhhkdhkdhhdkdhhbdhddd dhdhhhkkdrhhrrhbhbrrhddhhhkdhhhkdh

SEQ ID NO: 86 LPSPIERTISKARGQRAHQPSVYVLPPSREELSKENTVSLTCLIKDFFPPDIDVEWQSNGQQ 240
SEQ ID NO: 65 LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQQ 229
SEQ ID NO: 76 LPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQRSNGQQ 228

ThIRIR AT IR A b T ARk R AR b TR R R b bk hd R hhrh bbbk bhkd bk kdhkidn

SEQ ID NO: 86 EPESKYRITPPQLDEDGSYFLYSKLSVDRSRWORGDTFICAVMHEALHNHYTQRESLSHESP 300
SEQ ID NO: 66 EPESKYRTTPPQLDEDGSYFLYSKLSVDESRWQRGDTFICAVMHEATHNHYTQESLSHSP 289
SEQ ID NO: 76 EPESKYRTTPPQLDEDGSYFLYSKLSVDRSRWQRGDTFICAVMHEALHNHYTQESLSHSP 288

AR EA AL A RA LR AR SRR AR SRRttt ad ittt l s

SEQ ID NO: 86 G 301

SEQ ID NO: 66 G 290

SEQ ID NO: 76 G 289
*
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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 g e e o e ok e ek Kk e ek K ok ok kk ke kkok ok ok k dhkkhkhkhkhhkhhhkhkhhk K
SEQ ID NO: 66 GGAGGGGDCPRCPAPEMLGGPSVEIFPPRPKDTLLIARTPEVTICVVVDLDPEDPEVQISW 119
SEQ ID NO: B2 GGAGGGGDCPKCPAPEMLGGPSVEIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVOISW 119
SEQ ID NO: 88 GGAGGGGDCPKCPAPEMLGGPSVEIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVQISW 118
SEQ ID NO: B4 GGAGGGGDCPRCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDLDPEDPEVQISW 118

Ik kR k kI h kb kA k kA k kb kR khhdkdkhkhkdhhhdbhhdhd ki hhhkdddkdk

SEQ ID NO: 66 FVDGKQMQRTAKTRPREEQFQBTYRVVSVLPIGHRDWLKGKQFTCKVNNKALPSPIERTIS 179
SEQ ID NO: B2 FVDERQMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGRQFTCKVNNRATLPSPIERTIS 179
SEQ ID NO: 88 FVLGKOMQTARTQPREEQF SGTYRVVSVLPIGHEQDWLKGKQFTCKVNNRKALPSPIERTIS 178
SEQ ID NO: B4 FVDGROMQTAKTQPREEQFSGTYRVVSVLPIGHQDWLKGRKQFTCRKVNNRALPSPIERTIS 178

khkhkhkkkkkhhkkhhhhdd khkdkhkdk ke kb hddhkhkdhhhbhhhdhhhkdrrhkdhhkdk

SEQ ID NO: 66 KARGQAHQPSVYIVLPPSREELSKNTVSLICLIKDFEFPPDIDVEWQSNGQQEPESKYRTTP 239
SEQ ID NO: B2 KARGQAHQPSVYVLPPSREELSKNTVSLTCLIRDFEFPPDIDVEWQSNGQQEPESKYRTTP 239
SEQ ID No: 88 KARGQRAHQPSVIVLPPSREELSKNTVSLICLIKDEFFPPDIDVEWQSNGQQEPESKYRTTP 238
SEQ ID NO: B4 KARGQAHQPSVYVLPPSREELSKNTVSLTCLIRKDFFPPDIDVEWQSNGQQEPESKYRTTP 238

A AR AR AL A RA R AR AR AR AR SRRttt ad il l s

SEQ ID NO: 66 PQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 290
SEQ ID NO: B2 PQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 290
SEQ ID NO: 88 PQLDEDGSYFLYSKLSVDEKSRWQRGDTFICAVMHEALHNHYTQESLSHSPG 289
SEQ ID NO: B4 PQLDEDGSYFLYSKLSVDKSRWOQRGDTFICAVMHEALHNHYTQESLSHSPG 2889

hkkkkhdkhkhhkhkhdrhhhddhhhkddhrdhdddhdhhdrhhrbdhhktdoid
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SEQ ID NO: 66 FVNQHLCGSHLVEALALVCGERGFFYTDPTGG-GPRRGIVEQCCTSICSLYQLENYCNGG 59
SEQ ID NO: 90 FVNQHLCGSHLVEALELVCGERGFFYTPRTGGSGGGGEIVEQCCTSTCSLDQLENYCGG- 59
SEQ ID NO: 92 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGS GGGGGIVEQCCTSTCSLDQLENYCNHG 60
SEQ ID NO: 34 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGESGGGGGIVEQCCTSTCSLDQLENYCNGG 60
SEQ ID NO: 32 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGS GGGGGIVEQCCTSTCSLDQLENYCGG- 59
SEQ ID NO: 94 FVNQHLCGSHLVEALELVCGERGFFYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGG- 59
dkkkkkkkhhhkkhd kkkhkhdh & *k Kk kkkkhkhkkkk kkk khkkhkk,
SEQ ID NO: 66 GG-=-——=——————= AGGGCDCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVICVVVD 107
SEQ ID NO: S0 GGEQGGGEERGEGEEQGECEGEDCPECPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTICVVVD 119
SEQ ID NO: 92 GGGQRGGEERGEEGEEQGEGEGGDCPKCPAPEMLGGPSVFIFPPRKPKDTLLIARTPEVTCVVVD 120
SEQ ID NO: 34 GGCUGGGERGEGEERGEEGCDCPKCPAPEMLGGPSVEIFPPRPKDTLLIARTPEVTCVVVD 120
SEQ ID NO: 32 GGGRGGGEEREEEERGGHECGEHCPKCPAPEMLGGPSVFIFPPKPKDTLLIARTPEVTICVVVD 119
SEQ ID NO: 94 GGCUGGGEEREEGEEQGEECCDCPRKCPAPEMLGGPSVEIFPPRPKDTLLIARTPEVTCVVYD 119
* % A ALEEL ALttt st iRttt
SEQ ID NO: 66 LDPEDPEVQRISWFVDGROMQTAKTQPREEQFQGTYRVVSVLPIGHQDWLKGKQFTCKVNN 167
SEQ ID NO: 90 LDPEDPEVQISWFVDGKOMQTAKTQPREEQEFNGTYRVVSVLPIGHODWLKGKQFTCKVNN 179
SEQ ID NO: 92 LDPEDPEVQISWFVDGROMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 180
SEQ ID NO: 34 LDPEDPEVQRISWFVDCGROMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 180
SEQ ID NO: 32 LDPEDPEVQISWEVDGRQMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 179
SEQ ID NO: 94 LDPEDPEVQISWFVDGROMQTAKTQPREEQFNGTYRVVSVLPIGHQDWLKGKQFTCKVNN 179

HRERKK T IR A RR R AR IR AR IR AR AR AR R TR A A h bk hhr kb hdhhhhhdsr

SEQ ID NO: 66 KALPSPIERTISRKARGRAHQPSVYVLPPSREELSKNIVSLTCLIRDEFFPPDIDVEWQSNG 227
SEQ ID NO: 90 RALPSPIERTISKARGQAHQPSVYVLPPSREELSENTVSLTCLIRKDFFPPDIDVEWQSNG 239
SEQ ID NO: 92 KALPSPIERTISKARGRAHQPSVYVLPPSREELSKNTVSLTCLIRDEFPPDIDVEWQSNG 240
SEQ ID NO: 34 KALPSPIERTISRARGQAHQPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNG 240
SEQ ID NO: 32 KALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIRDFFPPDIDVEWQSNG 239
SEQ ID NO: 94 KALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIRKDFFPPDIDVEWQSNG 239

hhkkkhhkkkhhkkhdhkkkbdkhddbhkdhbhhdbbdhbhdhbhhddrhhhbdhkddhkdkhrrhhhid

SEQ ID NO: 66 QREEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 287
SEQ ID NO: 90 QQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWOQRGDTFICAVMHEATLHNHYTQESLSH 299
SEQ ID NO: 92 QQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 300
SEQ ID NO: 34 QOEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 300
SEQ ID NO: 32 QQEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 299
SEQ ID NO: 94 QQOEPESKYRTTPPQLDEDGSYFLY SKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSH 299

HET R EX A I AT RFI IR AT AT XA R AR A AT A T I XA TR A A kA h bk krhhhdk

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 SPE 302
SEQ ID NO: 94 SPG 302

%k x
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FVNQHLCGSHLVEALELVCGERGFHYGGGGGES GEGGGGIVEQCCTSTCSLDQLENYCGGG €0
FVNQHLCGSHLVEALELVCGERGFHYGGGGGEES GGEGGIVEQCCTSTCSLDQLENYCGGG 60
L e e R I L R R R LR LT

GEREGBEEREEEEREGEEEEDCPKCPAPEMLGGPSVEFIFPPKPKDTLLIARTPEVICVVVAL 120
GGQGGEERUEEGEREEEEGEDCPKCPAPEMLGGPSVFIFPPRPKDTLLIARTPEVTCVVVDL 120
kkkkkkkkhhkk Rk ko k ko khh ko hhkhkkhhkxhkhkhhhhhhhhhhdhhhbhhkrhhdd *

DPEDPEVQRISWFVDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHQODWLKGKQFTCRKVNNE 180
DPEDPEVQISWFVDGKOMOTAKTQPREEQFSGTYRVVSVLPIGHODWLKGKQFTCRKVNNK 180
HEAK K RERE KRR RERARRERARRARRERT R R AR kAR Ak kb k kb hk kb hhdhdnh

ALPSPIERTISKARGQAHQPSVYVLPPSREELSKNTVSLTCLIRKDFFPPDIDVEWQSNGQ 240

ALPSPIERTISKARCQAHQPSVYVLPPSREELSKNTVSLTCLIKDFFPPDIDVEWQSNGQ 240
L T T

QEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWORGDTFICAVMHEALHNHYTOESLSHS 300

QEPESKYRTTPPQLDEDGSYFLYSKLSVDKSRWQRGDTFICAVMHEALHNHYTQESLSHS 300
hkkkkkkhkkkkhkdkdhhhkdkdhkk kb khhh vk hhhhhdhhhdhhhd bk kh bk hdhsd
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SEQ ID NO: 10B FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
S3EQ ID NO: 110 FVNQHLCGSDLVEALALVCGERGFFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 106 FVNQHLCGSDLVEALYLVCGERGFFY TDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID NO: 112 FVNQHLCGSDLVEALALVCGERGFEFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60

W3 e Yo e o g v e e e e T e U e e e o e o v v e e e Yo o e o e v o s o e e o o e e O g e e 3 9 e U e e 3 e Ve e e v o

SEQ ID NO: 10B G8GG-GGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVICLVVDLGPDDSDVQITW 119
SEQ ID NO: 110 GAGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLS ISRTPEVTCLVVDLGPDDSNVQITW 120
SEQ ID NO: 106 GSGGGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVICLVVDLGPDDSNVQITW 120
SEQ ID NO: 112 GSGGGGGEGFKCPVPEIPGAPSVEFIFPPKPKDTLSISRTPEVICLVVDLGPDDSNVQITW 120

Kokk Kk kkkk hhky ok hhkskhkkkkhhhhhhdkhhkhhkhhhkhhkhkbkkk hhkkk

SEQ ID NO: 108 FVDNTQVYTAKTS PREEQFNSTYRVVSVLPILHODWLKGKEFKCKVNSKSLPSPIERTIS 179
SEQ ID No: 110 FVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTIS 180
SEQ ID NO: 106 FVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTIS 180
SEQ ID NO: 112 FVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTIS 180
L R e
SEQ ID NO: 108 KDKGQPHEPQVYVLPPAQEELSRNKVSVICLIEGFYPSDIAVEWEITGQPEPENNYRTTP 239
SEQ ID NO: 110 KAKGQPHEPQVIVLPPTQEELSENKVSVICLIKGEFHPPDIAVEWEITGQPEPENNYQTTP 240
SEQ ID NO: 106 KAKGQPHEPQVYVLEPTQEELSENKVSVTCLIKGFHPPDIAVEWEI TGQPEPENNYQTTP 240
SEQ ID NO: 112 KAKGOPHEPQVYVLPPTOEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTP 240

* KKK AA I I AR AT, T o hkkdkk Ahkkkrkkh b dkk . & Fhdrrrhhrrrdrrrkrdd-vhx

SEQ ID NO: 10B PQLDSDGTYFLYSRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTQSPG 250
SEQ ID NO: 110 PQLDSDGTYFLYSRLSVDRSHWQRGNTYTCSVSHEALHSHHTQKSLTQSPG 2921
SEQ ID NO: 106 POLDSDGTYFLYSRLSVDRSHWORGNTYTCSVSHEALHSHHTQKSLTQSPG 291
SEQ ID NO: 112 POQLDSDGTYFLY SRLSVDRSHWQORGNTY TCSVSHEALHSHHTQKSLTQSPG 2921

HEEKKEEIFAIRRIAFAARKR ; KA I AR AREAA AR T AR IR AN AT T hhhdrhx
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SEQ ID NC: 114 FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGGGG 60
SEQ ID No: 116 FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGGGG 60
3EQ ID NO: 108 FVNQHLCGSDLVEALALVCGERGFEFYTDPTGGGPRRGIVEQCCHSICSLYQLENYCNGGG 60
SEQ ID No: 118 FVNQHLCGSHLVEALALVCGERGFFYTDPAGGGPRRGIVEQCCASVCSLYQLEHYCGG-G 59
de v v & v de g R R e e % de g e de ke e R e I e ok O e 1 Rdeddkkkde ook * : o e de v de H **‘. * %
SEQ ID NO: 114 AGGGGGEGPKCEVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWE 120
SEQ ID No: 116 AGGGGGEGPKCEPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVDLGPDDSNVQITWE 120
SEQ ID NO: 108 GSGGGGDCPKCPPPEMLGGPSIFIFPPKPKDTLSISRTPEVTCLYVVDLGPDDSDVQITWE 120
SEQ ID No: 118 GAGGGGDCPKCPPPEMLGGPSIFIFPPRPKDTLSISRTPEVTCLVVALGPDDSDVQITWE 119
Lokkkk . kkdk k¥, *_**:************************ kkkddk  kkdok Kk
SEQ ID No: 114 VDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISK 180
SEQ ID NO: 116 VDNTEMHTAKTRPREEQFSSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSAMERTISK 180
SEQ ID NO: 108 VDNTQVYTAKTSPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNSKSLPSPIERTISK 180
SEQ ID NO: 118 VDNTQVYTAKTSPREEQFSSTYRVVSVLPILHODWLKGKEFKCKVNSKSLFPSPIERTISK 179
khkdk s hkhkkk khkkdhhk kkhkkhkdkkkkhkkhhkhkhkkkhkhkhkhkhkhkdohkkhkh »hkhkkk
SEQ ID No: 114 AKGRPHEPQVYVLPPTQREELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPP 240
SEQ ID NO: 116 AKGQPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITGQPEPENNYQTTPP 240
SEQ ID NO: 108 DKGQFHEPQVYVLPPAQEELSRNKVSVICLIEGFYPSDIAVEWEITGQPEFPENNYRTTPP 240
SEQ ID No: 118 DKGQPHEPQVYVLPPAQEELSRNKVSVTCLIEGFYPSDIAVEWEITGQPEPENNYRTTPP 239
**********ii**:***k*.******i**:**:* *****k************:****
SEQ ID NO: 114 QLDSDGTYFLY SRLSVDRSHWQRGNTY TCSVSHEALHSHHTQKSLTQSP - 289
SEQ ID NO: 116 QLDSDGTYFLYSRLSVDRSHWQRGNTYTCSVSHEALEHSHHTQRSLTQSPG 290
SEQ ID NC: 108 QLDSDGTYFLY SRLSVDRSRWORGNTY TCSVSHEALHSHHTQKSLTQSPG 290
SEQ ID No: 118 QLDSDGTYFLY SRLSVDRSRWQRGNTYTCSVSHEALHSHHTQKSLTOSPG 289

e de e e o Sk ok ke ok e ke ke e e ke s sk ke ek e ok ok ok ke ke e e ke ok ok sk e ke dkok ok e ke b ke e
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SEQ ID NOC: 106 FVNQHLCGSDLVEALYLVCGERGFFYTDPTGG-GPRRGIVEQCCHSICSLYQLENYCNGG 59

SEQ ID NC: 112 FVNQHLCGSDLVEALALVCGERGFFYTDPTGG-GPRRGIVEQCCHSICSLYQLENYCNGG 59

SEQ ID NO: 122 FVNQHLCGSHLVEALELVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGG 60
kkkkhkkkk hhkkk Fhkkdkkkhdk *k  kk ok *kkkkhkk Kk kkk kkkkhkk kk

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

SEQ ID NO: 112 GGESG——-—-—————= GGGGEGPKCPVPEIPGAPSVFIFPPKPKDTLSISRTPEVTCLVVD 108

SEQ ID NO: 122 GGQGGGEGERGEEEQGEEEGCEGPKCPVPEIPGAPSVEIFPPKPKDTLSISRTPEVTCLVVD 120
*X Kk g L T e T S d T gy

SEQ ID NO: 106 LGPDDSNVQITWFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNS 168

SEQ ID NO: 112 LGPDDSNVQITWFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHQDWLKGKEFKCKVNS 168

SEQ ID NO: 122 LGPDDSNVQITWFVDNTEMHTAKTRPREEQFNSTYRVVSVLPILHEDWLKGKEFKCKVNS 180

AEEERRREKERREERKIKERRIREERERIRKRRRRRERKRRRR AL R RR DR T KRR RTRR

SEQ ID HC: 106 KSLPSAMERTISKAKGQPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITG 228
SEQ ID NO: 112 KSLPSAMERTISKAKGQPHEPQVIVLFPTQEELSENKVSVICLIKGFHPFDIAVEWEITG 228
SEQ ID NO: 122 KSLPSAMERTISKAKGQPHEPQVYVLPPTQEELSENKVSVTCLIKGFHPPDIAVEWEITG 240

KEKRETREERRERETR IR ERE R RTRTTRRRT AR Rk hh bk hhRhhdhhdhhi

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

Ahhhkhkhhkhkhhkhhhkhdhhkhhhkhhhkhhhhhhhddhhhhhhhhhhhhhhhkhhhhhhhhhhkh

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 atggaatggagctgggtctttetcttettectgtecagtaacgactggtgtecactectte
SEQ IDNO: 32 M E W 8 W VvV F L F F L 8 Vv T T G V H 8 F
gtgaaccagcacctgtgeggeteccacetggtggaagetetggaactegtgtgeggegag
vV N ¢ H L ¢ 6 8 H L V EAULETLV C G E
eggggettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R 6 F H ¥ 6 6 6 G 6 6 8 6 6 66 6 G I VvV E
cagtgctgcacctecacectgetecctggaccagetggaaaactactgeggtggeggaggt
Q ¢ ¢ T 88 T C 8 L D Q L ENY C G G G G
ggtecaaggaggeggtggacagggtggaggtgggecagggaggaggegggdgagactgecec
G @ ¢ 6 6 &6 @ 6 ¢ 6 6 Q@ 6 6 6 & G D C P
aagtgeccegetecegagatgetgggeggacccagegtgtteatetteeccteccaagece
K ¢ P A P EMIULG G P 8 V F I F P P K P
aaggacacactgetgatcgeccaggaceceggaggtgacetgegtggtggtggacctggat
K D T L L I A R T P E V T C€C V V V D L D
ccegaagaceecgaggtgeagatecagetggttegtggatggaaageagatgecagacegee
P E D P E V Q I 8 W F vV D 66 K ¢ M @ T A
aagacccaacccegggaagageagttcaacggeacctacagggtggtgagtgtgttgeec
K T Q P R E E Q FN G T ¥ RV V 8 V L P
ateggeccaccaggactggetgaaggggaagcaattcacatgcaaggttaataacaaggece
I ¢ H Q DWUL K G K @ F T C K V N N K A
ctgcccagccccecatcgagaggaccatcagcaaggccaggggccaggecccaccagecatet
L P 8 P I E R T I 8 K A R G Q@ A H Q P S
gtgtacgtgctgececcatctagggaggaactgagcaagaacacagtcagecttacttge
vV ¥y v L P P 8 R EUETIL S KNTV S L T C
ctgatcaaggacttettcocaceggacatagacgtggagtggeagagtaacggecageag
L T K D F ¥ P P D I DV E W Q 8 N G Q Q
gagcacdgagagcaagtataggaccacaccegececaactggacgaggacggaagetactte
E P E 8 K ¥ R T T P P @ L D E D G 8 Y F
ctetacagecaaattgagegttgacaaaagcaggtggcagegaggegacacetteatetge
L ¥ 8 K L. 8 v b X 8 R W Q R G D T F I C
geagtgatgecacgaggetttgeataaccactacaccecaggagagectgtececacagecee
A VM H E A L H N H Y T Q E 8 L S H 8 P

ggatag
G —_
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SEQ ID NO: 33 atggaatggageotgggtettteotettetteoctgteagtaacgactggtgtocactootte
SEQ ID NO: 34 M E W 8 W VvV P L. F F L 8 v T T ¢ V H 8 F
gtgaaccageacchtgbgeggeteoccacotggtggaagetebggaacteghgtgoggogag
v N ¢ H L ¢ 66 &8 H L. V E A L E L VvV ¢ G E
cagggettecactacgggagtygcggaggaggttetggtggeggcggaggeategtggna
R 6 F H Y 6 6 6 6 6 6 8 66 6 66 6 6 I Vv E
cagtgetgeaccetocacoctgeteoctggaccagoetggasaartactgeaacggtggogga
g ¢ ¢ T & T C€C 8§ L D QL E N Y C N G G G
ggtggtcaaggaggeggtggacagggtggaggtgggeagggaggaggegggggagactgae
G 6 Q ¢ 6 6 6 Q 66 6 6 66 Q9 6 6 & 6 6 Db C
cacaagtgeoecogetocogagatgotygggeggaccecagegtgttecatettoccteccaag
P K ¢ P A P E M L G 66 P 8 V F I F P P K
cecaaggacacactgetgategecaggacceeggaggtgacetgegtagtggtggacetyg
P X Db T L L I A R T P E V T C V V V D L
gatccegaagacceccgaggtgecagatcagetggticgbtggatggaaagcagatgeagace
D P E D P E V Q I 8 W F V D G K QO M O T
gocaagaccraascooggogaagagragttcaacggeacctacagogtggtgagtatgtg
A K T @Q P R E E Q F N G T ¥ R V VvV 58 VvV L
cocatoggecaceaggactggotgaaggggaageaattcacatgeaaggttaataacaag
P I 6 H @ D W L. K 6 K @ F T C K V N N K
goectgeccagecccategagaggacecatcagraaggecagygggoecaggeccaccageca
A L. P 8 P I BE R T I 8 K & R G QO A H Qg P
tetgtgtacgtgoetgococcatoctagggaggaasctgagcaagaacacagtcagacttact
8 VvV ¥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 @ 8 N G Q
caggageccgagageaagtataggaceacacegeooecaactyggacgaggacggaagetac
Q B P E 8 K Y R 7T T P P @ L. D B D G 8 Y
ttectcectacageaaattgagegttgacaaaagecaggtggcagegaggegacacottecate
F L ¥ & K L &8 VvV D K 8 R W ¢ R ¢ D T P I
tgegoegtgatgeacgaggetttgeataaccactacacececaggagagectgtoccacage
C A vV M H E A L H N H Y T @ E &8 L 8 H 8
cooggatag
P G -
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SEQ ID NO: 35 atggaatggagctgggtctttectettcttectgtecagtaacgactggtgtecactectte
SEQ IDNO: 3 M E W 8 W VvV F L F F L 8 VvV T T G V H 8 F
gtgaaccagcacctgtgeggeteccacetggtggaagetotggeactegtgtgeggegag
vV N g H L ¢C 6 &8 H L vV E A L A L V C G E
eggggettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R 6 F H Y 6 6 6 6 66 6 8 6 6 66 66 ¢ I VvV E
cagtgetgecacctecacetgetecctggaccagetggaaaactactgeggtggeggaggt
¢ ¢ ¢ T s T ¢C s 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 8 & D Cc P
aagtgeceegeteccgagatgetgggeggacecagegtgttecatettecetececaageee
K ¢ P A P EMTIL GG G P 8 Vv F I F P P K P
aaggacacactgcetgategecaggacececeggaggtgacetgegtggtggtggacetggat
K b T L. L. T A R T P E V T C V Vv V D L D
ccegaagaccccegaggtgcagatcagetggttegtggatggaaagecagatgcagacegeca
P ED P E V Q I 8 W F VvV D G K Q M Q T A
aagacccaacccocgggaagagecagtteteaggeacetacagggtggtgagtgtgttgeee
K T Q P R E E Q F 8 & 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
ctgececagecccategagaggaccatecageaaggecaggggecaggeccaccageeatet
L P 8 P I E R T I 8 KA R G Q A H Qg P S
gtgtacgtgetgececccatetagggaggaactgagecaagaacacagtecagecttacttge
v Y v L. P P 8 R E E L 8 KN T V 8 L T C
ctgatcaaggacttetteccaceggacatagacgtggagtggcagagtaacggecageag
L I K D F F p P D I DV EW Q 8 N G Q Q
gagccegagagcaagtataggaccacaccgecccaactggacgaggacggaagectactte
E P E &8 K Y R T T P P Q L D E D G 8 Y F
ctetacagecaaattgagegttgacaaaagecaggtggecagegaggegacaccttecatetge
L Y 8 K L 58 v D K 8 R W @Q R G D T F I C
gcecegtgatgeacgaggetttgecataaccactacaceccaggagagectgteccacageeecce
A vV M HE A L HNUHY T Q E 8 L 8 H 8 P

ggatag
G —_
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SEQ ID NO: 37 atggaatggagctgggtctttetcttettcecctgtcagtaacgactggtgtceccactectte
SEQ IDNO: 38 M E W 8 W V F L F F L &8 VvV T T ¢ V H & F
gtgaaccagcacctgtgeggetccecacctggtggaagetetggaactegtgtgeggegag
vV N Q H L. ¢ 6 8 H L vV E A L E L VvV C G E
cggggcttccactacgggggtggecggaggaggttetggtggeggeggaggecategtggaa
R ¢ F H ¥ 6 6 6 ¢ 6 6 8 6 6 ¢ 6 6 I VvV E
cagtgcetgcecacctecacctgetecetggaccagetggaaaactactgeggtggeggaggt
Q ¢c ¢c T 8 T ¢ 8 L D Q L E N Y C G G G G
ggtcaaggaggcggtggacagggtggaggtgggcagggaggaggegggggagactgecce
G Q & 6 6 6 Q 6 6 6 6 Q @ 6 6 G & D C P
aaatgtectecegectgagatgetgggtggecctageatettecatettecegeccaagece
K ¢ P P P EMUL G G P &8 I F I F P P K P
aaggatactetgtecattagecaggaccecegaggtgacetgectggtggtggacetgggg
K p T L 8 I 8 R T ©PEV T CUL V V DL G
ccagacgactetgacgtgeagatcacetggttegtagacaacaccecaggtttacactgee
P DD S8 DV Q I TWU F V DNTQV Y T A
aagaccagtcecccagggaggagcagttecaacageacatacagggtggtgagegttetgece
K T s P R E E Q F N 8 T Y R V V 8 VvV L P
atectgeaccaggactggetgaaaggcaaagagttecaagtgtaaggtgaacagecaagage
I L H Q D W L K 66 K E F K C K V N 8 K B8
ctgccecagecceattgaaaggaccatecagcaaggacaagggcecageegecacgagecceaa
L P &8 P I E R T I 8 K b K G Q@ P H E P Q
gtectacgtgetgecceccagecacaggaagagectgagecaggaacaaggttagegtgacatge
v Yy v L P P A QEEUL S RWNI KWVS V T C
ctgategagggtttcetaceccagegacategeegtggagtgggaaatecaceggecaacce
L I £ 6 F Y P &8 D I A V E W E I T G Q P
gagcccgagaacaactacaggaccactcegecegecaactggacagegacgggacctactte
E P ENNY R T T P P Q L D 8 D 6 T Y F
ttgtatagecaggetgagegtggaceggagecaggtggcagaggggcaacacctacacttge
L Y 8 R L 8 V D R 8 R W Q R G N T Y T C
agcgtgageccacgaggecttgecacagecaccacactcagaagagtectgacccagageeceg
S v 8 H E AL H S HHETQQ K S8 L T Q 8 P
ggatag
G -
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SEQ ID NO: 39 atggaatggagctgggtctttcetettettectgtecagtaacgactggtgtccactectte
SEQ ID NO: 40 M E W &§ WV F L F F L 8V T TGV H 8 F
gtgaaccagcacctgtgeggecteccacctggtggaagetctggecactegtgtgeggegag
vV N Q EH'L ¢C GG & H L V EA L AL VvV € G E
eggggettecactacgggggtggeggaggaggttetggtggeggeggaggeategtggaa
R G F H Y G 6 G 6 G 6 8 6 6 G 6 ¢ I V E
cagtgctgeaccetecacetgetecetggacecagetggaaaactactgeggtggeggaggt
Q ¢ ¢ T s T €C &8 L D Q L E N Y C G G G G
ggtceaaggaggeggtggacagggtggaggtgggcagggaggaggegygggagactgecee
G Q 6 G G G g 6 6 6 6 Qg 6 6 & 6 ¢ b C P
aaatgtcctecgectgagatgetgggtggecectageatctteatettececcgeccaagece
K ¢ p P P EMUL G G P 8 I F I F P P K P
aaggatactectgtecattageaggaceccegaggtgacetgectggtggtggacetgggy
K D T L 8 I 8 R T P E V T C L V V D L G
ccagacgactctgacgtgecagatcacectggttegtagacaacacccaggtttacactgec
P DD S D V @ I T W F V DN T Q V XY T A
aagaccagtcccagggaggageagttecageagecacatacagggtggtgagegttetgeece
K T 8 P R E E @ F 8 8 T Y R V V 8 V L P
atecctgecaccaggactggetgaaaggcaaagagttcaagtgtaaggtgaacageaagage
I L.# Q b WL K G K E F K CE KV N 3 K 8
ctgcecagececattgaaaggaccatcagecaaggacaagggecageegecacgageoecaa
L P 8 P I E R T I 8 KD K G Q P HE P Q
gtetacgtgetgeccaccageacaggaagagetgagecaggaacaaggttagegtgacatge
v Yy v L. P P A Q E E L 8 R N K V 8 Vv T C
ctgategagggtttetaccecagegacategecgtggagtgggaaatecaceggecaacea
L T E 6 F Y Pp 8 DI AV EWZETITG Q P
gagcccgagaacaactacaggaccactcecgecgcaactggacagegacgggacctactte
E P E N N Y R T T P P Q L D 8 D G T Y F
ttgtatagecaggctgagegtggacecggagecaggtggcagaggggcaacacctacacttge
L ¥ 8 R L 8 vV D R & R W Q R G NTUY T C
agegtgagecacgaggecttgeacagecaceacactecagaagagtetgacecagageceyg
s v 8§ H E A L H 8 H H T @ K 8 L T @ 8 P

ggatag
G —_
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