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We claim:

1. A fusion protein comprising an insulin polypeptide and an Fc fragment, wherein the insulin
polypeptide and the Fc fragment are connected by a linker, wherein the fusion protein comprises the
following sequence:
FYNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGGGGA
GGGGAGGGGAGGGGGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYSSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 87).

2. A fusion protein comprising an insulin polypeptide and an Fc fragment, wherein the insulin
polypeptide and the Fc fragment are connected by a linker, wherein the Fc fragment is of human origin and
comprises the following sequence:
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVH
NAKTKPREEQYXISTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKS
RWQQGNVESCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 77) wherein X; is S, D, A, or R,
wherein the insulin polypeptide consists of an insulin B-chain analog linked to an insulin A-chain analog
via a C-chain, wherein the 16th amino acid from the N-terminus of the insulin B-chain analog (i.e., B16) of
the insulin polypeptide is alanine (i.e., B16A).

3. The fusion protein of claim 2, wherein the insulin polypeptide comprises the following sequence:
FVNQHLCGSX;LVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCX,STCSLDQLENYC (SEQ ID
NO: 9), wherein X; is not D, and X3 is not H.

4. The fusion protein of claim 3, wherein the insulin polypeptide comprises the following sequence:
FVYNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYC (SEQ ID
NO: 10).

5. The fusion protein of claim 2, wherein the linker comprises the following sequence:
GGGGGAGGGGAGGGGAGGGGG (SEQ ID NO: 67).

6. The fusion protein of claim 2, wherein the linker comprises the following sequence:
GGGGGQGGGGQGGGGQGGGGG (SEQ ID NO: 13).

7. The fusion protein of claim 6, wherein the fusion protein comprises the following sequence:
FVNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGGGGQ
GGGGQGGGGQGGGGGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFENWYVDGVEVHNAKTKPREEQYSSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 78).
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8. The fusion protein of claim 6, wherein the fusion protein comprises the following sequence:
FVNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGGGGQ
GGGGQGGGGQGGGGGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYDSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 80).

9. The fusion protein of claim 6, wherein the fusion protein comprises the following sequence:
FVNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGGGGQ
GGGGQGGGGQGGGGGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFENWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 82).

10. The fusion protein of claim 6, wherein the fusion protein comprises the following sequence:
FVYNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGGGGQ
GGGGQGGGGQGGGGGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYRSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 84).

11. The fusion protein of claim 2, wherein the linker comprises the following sequence:

GGGGAGGGG (SEQ ID NO: 11)

12. The fusion protein of claim 11, wherein the fusion protein comprises the following sequence:
FVNQHLCGSHLVEALALVCGERGFHYGGGGGGSGGGGGIVEQCCTSTCSLDQLENYCGGGGAG
GGGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWY VDGV
EVHNAKTKPREEQYSSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ
VYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVD
KSRWQQGNVESCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 89).

13. The fusion protein of claim 2 comprising domains in the following orientation from N- to C- terminus:
(N-terminus)—insulin polypeptide—linker—Fc fragment—(C-terminus).

14. The fusion protein of claim 2, wherein the fusion protein is a homodimer.

15. The fusion protein of any of claim 1, claim 7, claim 8, claim 9, claim 10, of claim 12, wherein the
fusion protein is a homodimer.

16. The fusion protein of claim 14 or claim 15, wherein the percentage homodimer of the fusion protein is

greater than 90%.

122



WO 2021/126584 PCT/US2020/063673

17. The fusion protein of claim 14 or claim 15, wherein the fusion protein is made using one of HEK293
cells or CHO cells, and the resulting homodimer titer after purification using Protein A beads or a Protein
A column is greater than 150 mg/L.

18. The fusion protein of claim 14 or claim 15, wherein the insulin receptor IC50 for the fusion protein is
less than or equal to 5000 nM.

19. The fusion protein of claim 14 or 15, wherein the insulin receptor IC50 for the fusion protein is less
than or equal to 2400 nM.

20. The fusion protein of claim 14 or 15, wherein the human FcRn receptor EC50 for the fusion protein is
less than or equal to 1000 ng/mL.

21. The fusion protein of claim 14 or 15, wherein the human Fc(gamma)RI receptor assay OD450 Ratio at
a biotinylated-Fc(gamma)RI concentration of 3000 ng/mL of the fusion protein is less than or equal to
0.50.

22. The fusion protein of claim 14 or 15, wherein the human Clq assay OD450 Ratio at a biotinylated-Clq
concentration of 1000 ng/mL is less than or equal to 0.35.

23. The fusion protein of claim 14 or 15, wherein the fusion protein is formulated as a pharmaceutical
composition.

24. The pharmaceutical composition of claim 23, wherein the fusion protein is present in the
pharmaceutical composition at a concentration of about 3 mg/mL or greater.

25. The pharmaceutical composition of claim 23, wherein the composition is suitable for subcutaneous
administration.

26. A method for lowering the blood glucose level of a patient, the method comprising administering a
physiologically effective amount of the fusion protein of claim 14 or 15 or a pharmaceutical composition
thereof to the patient.

27. The method of claim 26 in which the patient is diagnosed with diabetes.

28. The method of claim 26, wherein the fusion protein is administered subcutaneously.

29. The method of claim 26, wherein the fusion protein is administered daily, twice weekly, or once
weekly to the patient.

30. The method of claim 26, wherein the fusion protein is administered once weekly to the patient at a dose
between 0.025 and 0.5 mg/kg/week.

31. A cell engineered to express the fusion protein of any of claim 1, claim 7, claim 8, claim 9, claim 10, of
claim 12.

32. The cell of claim 31, wherein the cell is transfected with a nucleic acid encoding the fusion protein.

33. The cell of claim 31, wherein the cell is a HEK293 cell or a CHO cell.

34. A cDNA encoding the fusion protein of claim 2.

35. A cDNA encoding the fusion protein of SEQ ID NO: 87 comprising the following nucleic acid
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sequence:

atggaatggagctgggtetttctettcticetgtcagtaacgactggtgteeactecttcgtgaaccageaccetgtgeggeteecacctggtggaagetetgge

actcgtgtgeggegageggggcttccactacgggggtggcggaggaggttetggtggcggcggaggcatcgtggaacagtgetgcacctecacctget
ceetggaccagetggaaaactactgegglggeggaggtggigcaggaggegglggagecgglggagglggggciggaggaggcgggggagacaa
aactcacacatgcccaccgtgeccageacctgaactectggggggacegicagicticeteticcecccaaaacccaaggacaccctcatgateteeegg
acccctgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggtcaagttcaactggtacgtggacggegtggaggtgcataatgecaag
acaaagccgegggaggagceagtacagcageacgtaccgtgtggtcagegtectcaccgtectgecaccaggactggetgaatggcaaggagtacaagtg
caaggtctccaacaaageectcccageccecatcgagaaaaccatciccaaagecaaagggeagececgagaaccacaggtgtacacectgeccecat
ccecgggatgagcetgaccaagaaccaggtcagectgacctgectggtcaaaggettctatcccagegacategeegtggagtgggagageaatgggeag
ccggagaacaactacaagaccacgectcecgtgetggacteccgacggcetecttcticctctacageaagetcacegtggacaagageaggtggcageag
gggaacgtcttctcatgetecgtgatgeatgaggetetgecacaaccactacacgecagaagagectctecctgtetecgggttag (SEQ ID NO: 88).
36. A cDNA encoding the fusion protein of SEQ ID NO: 78 comprising the following nucleic acid
sequence:

atggaatggagctgggtctttctcttettectgtcagtaacgactggtgtecactecttegtgaaccageacctgtgeggetececacctggtggaagetetgge

actcgtgtgcggegageggggcttccactacgggggtggeggaggaggtictggtggcggecggaggcatcgtggaacagtgetgeacctecaccetget
ccctggaccagetggaaaactactgeggtggeggaggtggtcaaggaggeggtggacagggtggaggtggacagggaggaggcggggogagacaa

aactcacacatgcccaccgtgeccageacctgaactectggggggaccgtcagtcttectettccecccaaaacccaaggacaccctcatgatctecegg
acccctgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggtcaagticaactggtacgtggacggegtggaggtgcataatgecaag
acaaagccgegggaggageagtacagecageacgtaccgtgtggtecagegtectcaccgtectgeaccaggactggetgaatggcaaggagtacaagtg
caaggtctccaacaaagecctcccageccecatcgagaaaaccatctccaaagecaaagggeagecccgagaaccacaggtgtacacectgeceecat
cccgggatgagetgaccaagaaccaggtcagectgacctgectggtcaaaggettctatcccagegacatcgeegtggagtgggagagceaatgggcag
ccggagaacaactacaagaccacgecteeegtgetggactcecgacggcetecttettectctacageaagetcaccgtggacaagageaggtggcageag
gggaacgtcttctcatgetecgtgatgeatgaggetetgeacaaccactacacgecagaagagectcteectgtetecgggttag (SEQ ID NO: 79).
37. A cDNA encoding the fusion protein of SEQ ID NO: 80 comprising the following nucleic acid
sequence:

atggaatggagctgggtctttctettcttcctgtcagtaacgactggtgtecactecticgtgaaccageacctgtgeggceteccacctggtggaagetetgge

actcgtgtgcggegageggggcticcactacgggggtggcggaggaggttctggtggeggeggaggcategtggaacagtgetgeacctecacctget
ccctggaccagetggaaaactactgeggtggeggaggtggtcaaggaggcggtggacagggtggaggtgggcagggageaggcgggggagacaa

aactcacacatgcccaccgtgeccageacctgaactectggggggaccgtcagtettectettccccccaaaacccaaggacaccctcatgatetcecgg

acccctgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggicaagticaactggtacgtggacggegtggaggtgcataatgecaag
acaaagccgegggaggageagtacgacageacgtacegtgtggtcagegtectcaccgtectgecaccaggactggetgaatggeaaggagtacaagtg
caaggtctccaacaaagecectccecageccecatcgagaaaaccatciccaaagecaaagggeagececgagaaccacaggigtacacectgeccecat
ccecgggatgagcetgaccaagaaccaggtcagectgacctgectggtcaaaggettctatcccagegacategecgtggagtgggagageaatgggeag
ccggagaacaactacaagaccacgectecegtgetggactccgacggetccttcttcctctacagcaagetcaccgtggacaagageaggtggcageag

gggaacgtcttctcatgetccgtgatgeatgaggcetctgcacaaccactacacgcagaagagectctecctgtctccgggttag (SEQ ID NO: 81).
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38. A cDNA encoding the fusion protein of SEQ ID NO: 82 comprising the following nucleic acid
sequence:

atggaatggagctgggtctttctettcticetgtcagtaacgactggtgtecactecttcgtgaaccageacetgtgeggceteccacctggtggaagetetgge

actcgtgtgcggegagegggecttccactacgggggtggcggaggaggttctggtggcggcggaggcatcgtggaacagtgctgeacctecacctget
cectggaccagetggaaaactactgeggtgecggaggtggtcaaggaggcgglggacagggtggaggtgogcagggaggagecgggggagacaa

aactcacacatgcccaccgtgeccageacctgaacteetggggggaccgtcagtettecteticcceccaaaacccaaggacaccctcatgateteccgg
acccctgaggtcacatgegtggtggtggacgtgagecacgaagacectgaggtcaagttcaactggtacgtggacggegtggaggtgcataatgeccaag
acaaagccgegggaggageagtacgecageacgtacegtgtggtcagegtectcaccgtectgeaccaggactggetgaatggcaaggagtacaagtg
caaggtctccaacaaagecctcccageccecatcgagaaaaccatetccaaagecaaagggeageccegagaaccacaggtgtacaccetgeceecat
cccgggatgagetgaccaagaaccaggtcagectgacctgectggtcaaaggcttctatcccagegacategecgtggagtgggagagcaatgggeag
ccggagaacaactacaagaccacgecteecgtgetggactcecgacggetcecticticetetacageaagetcaccgtggacaagageaggtggeageag
gggaacgtcttctcatgetecgtgatgeatgaggetetgecacaaccactacacgecagaagagecteteectgteteegggttag (SEQ ID NO: 83).
39. A cDNA encoding the fusion protein of SEQ ID NO: 84 comprising the following nucleic acid
sequence:

atggaatggagctgggtctttctettcttectgtcagtaacgactggtgtccactecticgtgaaccageacctgtgeggeteccacctggtggaagetctgge

actcgtgtgcggegagegggecttecactacgggggtggeggaggaggttetggtggeggcggaggeatcgtggaacagtgetgeaccteecacetget

cectggaccagetggaaaactactgeggtggeggaggtegtcaaggaggeggtegacagggtegaggtgggeagggaggaggcgggggagacaa
aactcacacatgcccaccgtgeccageacctgaactectggggggaccgteagtcttectcttcececccaaaacccaaggacaccctcatgateteccgg

acccctgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggtcaagticaactggtacgtggacggegtggaggtgcataatgecaag
acaaagccgcgggaggageagtacagaageacgtaccgtgtggtcagegtectcacegtectgeaccaggactggetgaatggcaaggagtacaagtg
caaggtctccaacaaagecctcccageccccatcgagaaaaccatctccaaagecaaagggeagececcgagaaccacaggtgtacaceetgecececat
cccgggatgagetgaccaagaaccaggtcagectgacctgectggtcaaaggettctatcccagegacatcgecgtggagtgggagageaatgggcag
ccggagaacaactacaagaccacgecteccgtgetggactcecgacggetecttcticetetacageaagetcacegtggacaagageaggtggeageag
gggaacgtcttctcatgetecgtgatgeatgaggetetgeacaaccactacacgecagaagagectetecctgtctecgggttag (SEQ ID NO: 85).
40. A cDNA encoding the fusion protein of SEQ ID NO: 89 comprising the following nucleic acid
sequence:
atggaatggagctgggtctttcteticticetgtcagtaacgactggtgtcecactecttcgtgaaccageacctgtgeggeteecacetggtggaagetetgge
actcgtgtgeggegageggggcticcactacgggggtggcggaggaggtictggteggeggcggaggcatcgtggaacagtgetgeaccteecacctget
ccctggaccagcetggaaaactactgeggtggeggaggtgecggaggegggggagacaaaactcacacatgeccaccgtgeccageacctgaactect
ggggggaccgtcagtetteetcttceccccaaaacccaaggacaccctcatgatcteccggacccctgaggtcacatgegtggtggtggacgtgagecac
gaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgeccaagacaaagecgegggaggageagtacageageacgtace
gtgtggtcagegtectcacegtectgeaccaggactggetgaatggecaaggagtacaagtgeaaggtetccaacaaagecctecccagececcatcgaga
aaaccatctccaaagccaaagggeageccegagaaccacaggtgtacaccetgeccecatececgggatgagetgaccaagaaccaggtcagectgac
ctgectggtcaaaggcettctatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacaactacaagaccacgectecegtgetgg
actccgacggctecttcttectctacagcaagetcaccgtggacaagagecaggtggcageaggggaacgtcttctcatgetecgtgatgecatgaggcetetg
cacaaccactacacgcagaagagcctcteccetgteteccgggttag (SEQ ID NO: 90).
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