Direction-Switching One-Pot Peptide Ligation with Orthogonal Cysteinyl Protection
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Results: Direction-Switching One-Pot Peptide Ligation

Introduction / Background

pep1 ) pep2 | pep3 | pep4

pepl) |pep2) (pep3) |pepd

— H H H v > Purificatign \‘@ I
Ligation — . . : .
buffer Repetitive peptide ligation AR > One-pot C-to-N peptide ligation with thiazolidine (Thz)
In one-pot manner deprotection mediated by 2-aminobenzamide derivative
—High yield, short time o

M N
°0 N b HS

C-to-N peptide ligation Target protein <s j@\)L
» N-terminal cysteine is protected by a protecting group H]ﬁfx AMDBH \NHz HoN

PG-S o HS Thz © pH 4.0 ~No | ©
or L 5 Pk L 3 MeO N’N\ K. Nakatsu et al.
PG-N SR HyN N-terminal cysteinyl J Angew. Chem. Int. Ed. 2022,
H ) . 61, ©202206240
| | protecting groups used in N :
1 NCL one-pot peptide ligation.
> One-pot C-to-N peptide ligation with N-terminal Alloc
mﬂ o N 2 PL L 3 AT:;E'V;/' ch;e?nar;S{ ‘tha'z'om deprotection mediated by metal catalysts and aryl thiol
- Acm ... S. K. Maity, et al. V/‘HS‘Af
eprotectlon Angew. Chem. Int. Ed. 2016. HS X _Ar
o) HS l . Tfacm ... S. Tang, et al. j\ Pd° Pd” }Hﬁ s
: . Int. Ed. 2015. = +
R i O oy N
; .. S. etal. N _ o HN
| 7 | H J. Am. Chem. Soc. 2022. -allyl- metal 2 2
NCL Dobz ... J. Li, et al. = |['PFe
" } " Org. Biomol. Chem. 2014. metal catalyst N, Kamo of | °
o) o) Fmoc ... A. Kar, et al. TPPTS._ .TPPTS 4. ' N. Kamo et al.,
1 L 2 L 3 Angew. Chem. Int. Ed. 2020 Pd Angew. Chem. Int. Ed., I\ >J) Chem. Sci,
N N ' e TPPTS ~ 2018,57,16533 “ $ 2021, 12, 5926
. . . | o)
N-to-C peptide ligation
> Reactivity of C-terminal thioester surrogate is controlled. These orthogonal methods enable only C-to-N ligation,
HS o not N-to-C ligation.
1 j# 2 PH ff| L - ] .
Poon HN ° 1. Kinetically Controlled Caged thioester precursor for N-to-C ligation
I o I Latent Ligation
1 thioester e.g.) Alkyl & Phenyl Thioester N-S acyl

|
S
o] jﬁ 0 D. Bang et al. Angew. Chem. Int. Ed. _ Q j\ Deprotection \gk j\ transfer \gk /\(RZ
P (2 ) e Dy =~ Goemtce )
R1

o

MeO N,N\
H
NH,

AMDBH for Thz
deprotection

—\+PF6-
|

\\\‘_.Ru\
N cl> J

Ru catalyst
for TfeAllocam
deprotection

This work ... Direction-Switching One-pot Peptide Ligation

v A new S-allylic protecting group compatible with chemical protein synthesis » High stability in Fmoc-SPPS and NCL
v Combination of fully orthogonal one-pot peptide ligation for C-to-N and N-to-C direction

H . ] I1
R Latent
l T 2. Actwatable Thioester T;"O'
HS HS e.g.) hydrazide — pyrazole N-S acyl-shift mediated exchange
o l O L Flood, D. T et al. Angew. Chem. Int. thioester surrogate SR
1 PLH 2 PKSR e 3 Ed. 2018. oa) X SH 5 SHH
I | . b
1 NCL 3. Caged Thioester %N R N N-g
HS HS eg) SEAlide+NV J o O,N o)
o o) Aihara, K. et al. Org. Lett. 2016. .
1 PLNL 2 ULNL 3 N-alkyl Cys (NAC) peptide on Hinb-Cys peptide
H H Hojo, H. et al. Tetrahedron Lett. 2007, 48, 25. V. P. Terrier et al. Chem. Sci. 2016, 7, 339.

Concept

» Fast deprotection

Thioest
Thz DIoeUrSor rCFs TfeAllocam
0 { 1 )(J)\ HS1 o J:SVNTI’OA Hsl
1 J\SR b 2 SR HN 3 JLN re O HoN 4
peptide 1 peptide 2 peptide 3 R peptide 4
pepti'de 2 pepziide 3 pepziide 2 peptide 3
C-to-N — N-to-C ) NeL CL  N-to-C — C-to-N
, Thz TfeAllocam
peptllde 1 m | deprotection . ..., deprotection 1 Ilm peptlde 4
Ligation
1 NCL Scheme
TfeAllocam 1 _ , Thz
deprotection | Pepll‘lde 4 Pepi‘lde 1 deprotection
[ et § [ ~et
OHSj\ OHSj\ OHS)\
I e SV Sy
H H H

Results: Design of A New Allylic Thiol Protecting Group
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expanding flexibility in ligation-route design.

Both C-to-N — N-to-C and N-to-C — C-to-N assembly routes are possible using the same peptide segments,

Results: Chemical Synthesis of Diubiquitinated Histone H3

Synthetic scheme RP-HPLC analysis of ligation reactions
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Conclusions / Perspectives

conditions.

strategies.

« TfeAllocam provides robust cysteine protection and can be selectively removed under NCL-compatible

« Orthogonal Thz and TfeAllocam protection enables programmable direction-switching one-pot NCL.
« Alternative orthogonal systems may enable more efficient and versatile direction-switching ligation

Final-product HPLC purification and byproduct accumulation remain challenges for further iterative ligation.
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