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Therapeutic peptides: Where are we standing?

Wang, L., Wang, N., Zhang, W., Cheng, X., Yan, Z., Shao, G., Wang, X., Wang, R., & Fu, C. (2022). Therapeutic peptides: current
applications and future directions. In Signal Transduction and Targeted Therapy (Vol. 7, Issue 1). Springer Nature.
https://doi.org/10.1038/s41392-022-00904-4
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can predict the structure and
interactions of all life's molecules
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Target name Peptide name First approval Approved indication(s)

GLP-1 receptor Exenatide®®? 2005 Indicated for Type 2 Diabetes Mellitus
Liraglutide*®? 2009
Lixisenatide®®* 2013
Albiglutide®®” 2014
Dulaglutide*®® 2014
Semaglutide®®’ 2017
e Pe
H—-His—N GIu-GIy-Thr-Phe-Thr-Ser-Asp-VaI-Ser-Ser-Tyr-Leu-GIu-GIy-GIn-AIa-AIa—N\)J-Glu-Phe—lle-AIa—Trp-Leu-VaI-Arg-GIy-Arg-GIy—OH
HaC CHj :
H O
o N\/\O/\/o\)LN/\/o\/\O/\rrNH
H
@]
Oﬁ\“" NH
OHOM/\MMWOH
O

Ozempic = Wegovy

FDA Approved: FDA Approved:
2021

Approved for:
Type 2 diabetes;
reducing
cardiovascular risk

Approved for:
Weight loss; reducing
cardiovascular risk

Approximate cost per Approximate cost per
month without insurance eodiiods °  month without insurance
$935 $1,349

es shortages

Pens: Pens:
1 per month 4 per month
(multi-use) (single-use)




Batch vs Continuous Flow SPPS

SPPS Reactor Types . .
yp Problems with conventional batch mode SPPS:
Ba_tl:h ! * Microwave-assisted
= Variety of resins and
—— coupling reagents are

available - Atom economy (Use of huge excess of starting materials to
® Decades of optimization . . . . .
l avoid inefficient couplings)

* No real-time monitoring

COI"ItiI'IUOUS-Flow ®* In-line r~1r|3r'.ilt1r'i|r.'=\|5
. i - Use of DMF or DCM as a solvents with high waste production.
Fixed Be
_i[ﬂ _ b h' | - Aggregation when peptide chain gets over 70 a.a.
= Rapid synthesis * Reagent channeling
® Fast flow rates = High back pressure

Variable Bed : :
= Non-intrusive

= Maintains low ® Real-time monitoring
backpressures = Peptide elongation
= Uniformly packed bed = Aggregation

== To UV detector

pubs.acs.org/OPRD
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Continuous-Flow Solid-Phase Peptide Synthesis to Enable Rapid,
Multigram Deliveries of Peptides

Kyle E. Ruhl,* Michael ]J. Di Maso,* Harrison B. Rose, Danielle M. Schultz, Francois Lévesque,
Shane T. Grosser, Steven M. Silverman, Shasha Li, Nunzio Sciammetta, and Umar Faruk Mansoor

Activated Amino Acid
or Piperidine Cite This: Org. Process Res. Dev. 2024, 28, 28962905 I: I Read Online

Sletten, E. T.; Nuiio, M.; Guthrie, D.; Seeberger, P. H. Real-Time Monitoring of Solid-Phase Peptide Synthesis Using a
Variable Bed Flow Reactor. Chem. Commun. 2019, 55 (97), 14598-14601. / Ruhl, K. E.; Schultz, D. M.; Lévesque, F.; Grosser, 2024
S. T.; Mansoor, U. F. Continuous-Flow Solid-Phase Peptide Synthesis to Enable Rapid, Multigram Deliveries of Peptides. Org.

Process Res. Dev. 2024.
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In Silico peptide-drug design

i E o Contents lists available at ScienceDirect

Journal of Pharmaceutical Analysis ’

journal homepage: www . elsevier.com/lecate/jpa il i o

Original article

Dock-able linear and homodetic di, tri, tetra and pentapeptide library |
from canonical amino acids: SARS-CoV-2 Mpro as a case study frd

Sarfraz Ahmad *®, Muhammad Usman Mirza =" ", John F. Trant ="

+ Department aof Chemistry and Biochemistry, University of Windsor, Windsor N9B 3, Ontarie, Canada
U Rimmre Sher Becearch Services Datinlle NOD XR (starin Cmoanks

Form Dipeptide Tripeptide Tetrapeptide Pentapeptide Total

Linear 400 8,000 160,000 3,200,000 3,368,400

Linear filtered (400) (8,000) (160,000) (1,169,013) (1,337,413)

Cyclic 210 2.680 40,110 640,016 683,016

Total 610 10,680 200,110 3,840,016 (1,809,029 filtered) 4,051,416 (2,020,429 filtered)

SARS-CoV-2 Mpro

CPPC

Ahmad, S., Mirza, M. U., & Trant, J. F. Dock-able linear and homodetic di, tri, tetra and pentapeptide library 2024
from canonical amino acids: SARS-CoV-2 Mpro as a case study. Journal of Pharmaceutical Analysis,. 2023,
13(5), 523-534.




Hsp90

Heat Shock Proteins are a set of conserved proteins
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classified depending upon their molecular weights

(Hsp100, Hsp90, Hsp70, Hsp60 and small Hsps).

* Most Hsp are molecular chaperons that are in
charge of proper folding of polypeptides or
misfolded proteins, degrade mutant proteins and

repair DNA.

* The most abundant Hsp is Hsp90, which interacts
with more than 400 substrate proteins, half of

which are believed to be involved in cancer.

Jackson, S.E. Hsp90: Structure and Function. In: Jackson, S. (eds) Molecular Chaperones. Topics in Current
Chemistry, vol 328. 2012. Springer, Berlin, Heidelberg.




HLA-DR4

The Human Leukocyte Antigen DR4 was first
associated with a higher risk of developing
Rheumatoid Arthritis in the late 70’s.

This type of Major Histocompatibility Il
complexes work as surface receptors whose
function is to bound to pathogen antigens
and present them as recognizable structures
to T-cells, thus initiating the immune
response to a potential infection.

From time to time, upregulation caused by
extra coding information, can lead to the
recognition of self peptides (like the ones
present in the connective tissue of the joints)
which can lead to an “auto” attack from the
immune system.

Stastny, P.; Ball, E. J.; Khan, M. A.; Olsen, N. J.; Pincus, T.; Gao, X. Hla-Dr4 and Other Genetic Markers in Rheumatoid C P PC
Arthritis. Rheumatol. 1988, 27 (suppl 1), 132-138. Fugger, L.; Svejgaard, A. Association of MHC and Rheumatoid Arthritis

HLA-DR4 2024

Rheumatoid Arthritis: Studies in Mice and Men. Arthritis Res. 2000, 2 (3), 208-211.




HLA blocker design:




VBFR CF-SPPS

Piperidine

Fmoc-a.a-COOH

e

Dilsopropyl Carbodiimide




TTSA-0001
TTSA-0002
TTSA-0003
TTSA-0004
TTSA-0005
TTSA-0006
TTSA-0007
TTSA-0008
TTSA-0009
TTSA-0010
TTSA-0011
TTSA-0012
TTSA-0013
TTSA-0014
TTSA-0015
TTSA-0016
TTSA-0017
TTSA-0018
TTSA-0019
TTSA-0020

Hsp90 ligands:

TrantTeam_ID

Sequence
AWWIN
WQWWE
wwwaQy
WYWCY
SWRYY
WYWWS
QWMPY
CWWDN
FTWWG
WRWRY
WFYGW
NTWWW
WWNWI
AWWYW
FWCWN
QwywQ
wwQww
IYWWE
wswaQpbD
WMWWTG

M.W.
688.7840
833.9014
867.9619
819.9386
773.8463
826.9093
723.8506
722.7791
695.7755
865.9930
757.8464
791.8641
803.9185
810.9099
754.8671
809.8793
890.9992
795.8928
720.7394
866.0108

LC 214nm

LC 250nm

LR-MS




UV absoportion at 370 nm
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DAD: Signal B, 214 nm/Bw:4 nm
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HLA blockers:

TrantTeam_IDs Sequence M.W. LC 214nm LC 250nm LR-MS
TTMO06 WIAEWDEELRG 1403.5143
TTMO017 YWVEWDYEFRG 1549.6622
TTMO041 YHVEWDEDWWG 1521.5651
TTMO069 WFVDWDEDHQG 1433.4562
TTMO089 YHVEFDEDFKG 1385.4525
TTM108 WYVEYDEDWRG 1517.5742
TTM175 WYVEFDEDFKG 1434.5247
TTM314 YFVEFDEDFQG 1395.4445
TTM405 YFVDWDEDHQG 1410.4189

TTM667 YIAEWDYELRG 1414.5374




UV absoportion at 370 nm
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DAD: Signal B, 214 nm/Bw.4 nm
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Conclusions:

 We have created a library of di, tri, tetra and
pentapeptides that is ready to use for
computational purposes (docking)

* This library was used to create two different lists of
candidates to target HLA-DR4 and Hsp90.

* 30 of these candidates were synthesized in a robust,

efficient and quick fashion using CF-SPPS
CPPC
2024
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