Supporting Information

Addition of Sialic Acid to Insulin Confers Superior Physical Properties and Bioequivalence

Daniel E. K. Kabotso,!*"! David Smiley,[") John Mayer,’*! Vasily M. Gelfanov,</, Diego Perez-Tilve,[¥
Richard D. DiMarchi,’ Nicola L. B. Pohl*["!, Fa Liu*¢

[a] School of Basic and Biomedical Sciences, University of Health and Allied Health Sciences,
PMB 31 Ho, Volta Region, Ghana.
[b] Department of Chemistry, Indiana University, Bloomington, Indiana 47405, USA
[c] Novo Nordisk Research Center, 5225 Exploration Dr., Indianapolis, Indiana 46241, USA
[d] Department of Pharmacology and Systems Physiology, University of Cincinnati-College of
Medicine, Cincinnati, Ohio 45267, USA.
[e] Novo Nordisk Research Center, 530 Fairview Avenue, North Seatle, Washington 98109, USA

S1



Table of Content

List of Schemes

Scheme S1.
Scheme S2.

List of Figures

Figure S1.
Figure S2.
Figure S3.
Figure S4.
Figure S5.
Figure S6.
Figure S7.
Figure S8.
Figure S9.
Figure S10.
Figure S11
Figure S12.
Figure S13.
Figure S14.
Figure S15.
Figure S16.
Figure S17.
Figure S18.

Fmoc-based manual synthesis peptide 11a
Synthesis of pyridyl disulfide activated sialopeptides 11b-d

HPLC traces and MS of peptide 11a

HPLC traces and MS of peptide 11b

HPLC traces and MS of peptide 11c

HPLC traces and MS of peptide 11d

HPLC traces and MS of sialopeptide 12a

HPLC traces and MS of sialopeptide 12b

HPLC traces and MS of sialopeptide 12¢

HPLC traces and MS of sialopeptide 12d

HPLC traces and MS of 3-(tritylthio)propyl insulin 17
HPLC traces and MS of 3-thiopropyl insulin 18
HPLC traces and MS of protected Sialic-Ins 19a
HPLC traces and MS of protected Sialic-Ins 19b
HPLC traces and MS of protected Sialic-Ins 19¢
HPLC traces and MS of protected Sialic-Ins 19d
HPLC traces and MS of Sialic-Ins 1

HPLC traces and MS of Sialic-Ins 2

HPLC traces and MS of Sialic-Ins 3

HPLC traces and MS of Sialic-Ins 4

S3
SS

S4

Sé6

S7

S8

S9

S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22

S2



Fmoc-based Synthesis of Peptide 11a
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Reagents and conditions: (a) (i) 20% piperidine, (ii) Fmoc-L-Cys(Trt)-OH (5 equiv.), DEPBT (5 equiv.),
DIPEA (10 equiv.), DMF (b) (i) 20% piperidine, (ii) Fmoc-Arg(Pbf)-OH (5 equiv.), DEPBT (5 equiv.),
DIPEA (10 equiv.), (c) (i) 20% piperidine, (ii) Fmoc-Lys(Boc)-OH (5 equiv.), DEPBT (5 equiv.), DIPEA
(10 equiv.), (d) (i) 20% piperidine, (ii) Fmoc-Glu(OrBu)-OH (5 equiv.), DEPBT (5 equiv.), DIPEA (10
equiv.), (e) (i) 20% piperidine, (ii)) Fmoc-Phe-OH (5 equiv.), DEPBT (5 equiv.), DIPEA (10 equiv.) (f) (i)
20% piperidine, (i) Ac,O (10 equiv.), DMF, (g) TFA 95%, TIPS 2.5%, H,O 2.5%, DTDP (10 equiv.).

Scheme S1. Fmoc-based manual synthesis of peptide 11a
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Figure S1. HPLC traces and MS of peptide 11a
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Boc-based Synthesis of Peptides 11b-d
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Reagents and conditions: (a) t-Boc-Cys-MeBzl, C; t-Boc-Arg-Tos, R; t-Boc-Lys-ClZ, K; t-Boc-Glu-
OcHx, E; t-Boc-Phe, F; HOAc, 0.5M DEPBT in DMF, DIPEA, (b) (i) t-Boc-Arg-Tos, R; t-Boc-Lys-ClZ,
K; t-Boc-Glu-OcHx, E; t-Boc-Phe, F; HOAc, 0.5M DEPBT in DMF, DIPEA, (ii)) HF, 0 °C; 2%
HOACc/20%CH;CN, DTDP; (c) (i) t-Boc-Arg-Tos, R; t-Boc-Lys-CIZ, K; t-Boc-Glu-OcHzx, E; t-Boc-Phe,
F; HOAc, 0.5M DEPBT in DMF, DIPEA, (ii) HF, 0 °C; 2% HOAc/20%CH;CN, DTDP; (d) (i) t-Boc-Arg-
Tos, R; t-Boc-Lys-ClZ, K; t-Boc-Glu-OcHx, E; t-Boc-Phe, F; HOAc, 0.5M DEPBT in DMF, DIPEA, (ii)

HF, 0 °C; 2% HOAc/20%CH;CN, DTDP.

Scheme S2. Boc-based synthesis of peptides 11b-d
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Peptide 11b

*MSD1 SPC, time=3.243:3.462 of C\EZXDATAIFLIU\DB-151250815-10-80BX10MIN_POSFRAG175B-13610.D0  ES-API, Pos, Scan, Frag

] 5970
80000+
60000
40000
20000

7 8558

i 600 4 1393.7

0 1 |I uF e l TR i o R N ..I|'\ -
T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T
600 800 1000 1200 1400 1600 1800 2000m/2

Figure S2. MS of peptide 11b



Peptide 11c
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Figure S3. HPLC traces and MS of peptide 11¢
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Peptide 11d

*VYWD1 A, Wavelength=214 nm (C:\EZXDATA\FA LIU\05-15\140515-10-80BX10MIN_POSFRAG175B-10814.D)
*VYWD1 A, Wavelength=214 nm (C:\EZXDATA\FA LIU\05-15\150515-10-80BX10MIN_POSFRAG175B-10918.D)
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Figure S4. HPLC traces and MS of peptide 11d



Sialopeptide 12a

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\010915-10-80BX10MIN_POSFRAG175B-13804.D)
*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\020915-10-80BX10MIN_POSFRAG175B-13819.D)
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Figure S5. HPLC traces and MS of sialopeptide 12a
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Sialopeptide 12b
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Figure S6. HPLC traces and MS of sialopeptide 12b
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Sialopeptide 12¢

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FA LIU\05-15\220515-10-80BX10MIN_POSFRAG175B-11138.D)
*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FA LIU\05-15\220515-10-80BX10MIN_POSFRAG175B-11144.D)
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Figure S7. HPLC traces and MS of sialopeptide 12¢
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Sialopeptide 12d
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Figure S8. HPLC traces and MS of sialopeptide 12d
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3-Thiopropyl Insulin 17

*MSD1 SPC, time=5.218:5.408 of C\EZXDATAIFLIU\08-151040815-10-80BX10MIN_POSFRAG175B-13094.D  ES-API, Pos, Scan, Frag
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Figure S9. MS of 3-(tritylthio)propyl insulin 17 and the assigment of the Glu-C digestive fragments

R-G-F-F-Y-T-P-K-T—OH
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3-Thiopropyl Insulin 18

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\12-15\061215-10-80BX10MIN_POSFRAG175B-16084.D)
*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\080915-10-80BX10MIN_POSFRAG175B-14055.D)
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Figure S10. HPLC traces and MS of 3-thiopropyl insulin 18
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Protected Sialic-Ins 19a

*MSD1 SPC, time=4.267:4.340 of C:\EZXDATAIFLILN09-151120915-10-80BX10MIN_POSFRAG1758-14182.D  ES-API, Pos, Scan, Frag
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Figure S11 MS of protected Sialic-ins 19a
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Protected Sialic-Ins 19b

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\110915-10-80BX10MIN_POSFRAG175B-14169.D)
*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\120915-10-80BX10MIN_POSFRAG175B-14178.D)
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Figure S12. HPLC traces and MS of protected Sialic-Ins 19b
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Protected Sialic-Ins 19c

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\08-15\240815-10-80BX10MIN_POSFRAG175B-13563.D)
*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\010915-10-80BX10MIN_POSFRAG175B-13793.D)
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Figure S13. HPLC traces and MS of protected Sialic-Ins 19¢
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Protected Sialic-Ins 19d

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\08-15\240815-10-80BX10MIN_POSFRAG175B-13564.D)
*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\08-15\310815-10-80BX10MIN_POSFRAG175B-13730.D)
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Figure S14. HPLC traces and MS of protected Sialic-Ins 19d

S18



Sialic-Ins 1

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\230915-10-80BX10MIN_POSFRAG175B-14451.D)
*YWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\230915-10-80BX10MIN_POSFRAG175B-14479.D)
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Figure S15. HPLC traces and MS of Sialic-Ins 1

S19



Sialic-Ins 2

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\240915-10-80BX10MIN_POSFRAG175B-14487.D)
*VWD1 A, Wavelength=214 nm (CAEZXNDATAFI 11 \N0-15\300915-10-80BX10MIN_POSFRAG175B-14652.D)
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Figure S16. HPLC traces and MS of Sialic-Ins 2
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Sialic-Ins 3

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\10-15\031015-10-80BX10MIN_POSFRAG175B-14727.D)
*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\10-15\031015-10-80BX10MIN_POSFRAG175B-14751.D)
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Figure S17. HPLC traces and MS of Sialic-Ins 3
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Sialic-Ins 4

*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\110915-10-80BX10MIN_POSFRAG175B-14170.D)
*VWD1 A, Wavelength=214 nm (C:\EZXDATA\FLIU\09-15\090915-10-80BX10MIN_POSFRAG175B-14077.D)
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Figure S18. HPLC traces and MS of Sialic-Ins 4
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