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Abstract

As an easily introduced noncoded amino acid with unique electrophilicity distinct from 20 natural amino acids, dehydroalanine (Dha) is a promising
multifunctional labeling site for peptides and proteins. However, achieving a balance between reaction rate and mild reaction conditions has been a major
challenge in developing novel Dha-modification strategies. Rapid, efficient, and mild Dha modification strategies are highly desired. Here, we present a
photoinitiated 1,3-dipolar cycloaddition reaction between Dha and 2,5-diaryl tetrazoles. Under low-power UV irradiation, this reaction completes rapidly
without catalysis, yielding a fluorescent pyrazoline-modified peptide or protein with exceptional Dha residue chemoselectivity. This reaction demonstrates
complete site-specificity in thiostrepton modification within 20 minutes, making it the fastest Dhal6-specific reaction in thiostrepton. Furthermore, this
photoinitiated reaction provides a chemoselective strategy for the precise functionalization of proteins. Additionally, when combined with the fluorogenic
property of the pyrazoline-modified product, this photo-controllable methodology can be applied to live cell imaging, further expanding the application scope

of Dha modification techniques.

Photoinitiated 1,3-dipolar cycloaddition
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‘y (302 nm)
).\/\ H,O/MeCN, 5-20 min

N=N =

A

Dha-containing N \ /
peptides/proteins RN

/ Fast reaction kinetics / Catalyst-free, mild reaction condltions‘
'\v/ Photo-controlled v’ Fluorescence "turn on"

An efficient strategy for dehydroalanine cycloaddition modification
was presented, which enables rapid generation of fluorescent

pyrazoline-modified peptides and proteins under mild, non-catalytic
reaction conditions.

Site-selective labelling of thiostrepton

Chemoselective labelling of a-synS129Dha
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[l The reaction was performed in H,O. [Pl The reactions were
conducted in the H,O-MeCN mixed solvent (4:1, v/v).

hato
A o B =
i (
S/Yk" A | by "y _LN)E.
/Q’;N Y pkat =N
s¢ [.HY g g2
3 ’\,Tv“’>\ J e ) )
it n N i N Dha 16 / 1b \\ BicinPEGyNy / " N, )=
}‘ (\N Oéw"} 1 | M r Fluorescein PEGrN; T W,
: i ()JJ\/,,N ] & Nan M8 N an o8
\T ) KN » - Dha 17 ha 17 ~L Ohn
N~ HHN ) Thicstrepton orms .modified thicztre pton Balsh
e 0\ Ao 7

S () = PEGy-Biotn (8a)
e PEGs-Fhorascein (8b)
Thiostrepton
H e D & Thiostrepton

o

M| i
[

7b
o (substrates) - ; ﬂf

l\ \ <] g ‘; '
W] | ‘
Jf\/\_,—J LL 'lx," “kJ‘i: &l-‘ :\'._A-':. .i-"’\. . L_ RO ___“! "JJ !'1---‘-'"‘\___»: Jll"\—«__
» £ s >4 ) e “

n aw “n LS LYy s L) -l L* ) at a0 -
1 (pgre
Tlme (rmn)

A) Chemical structure of thiostrepton. B) Two-step reaction for site-
specific labelling of Dhal6 on thiostrepton. C) HPLC analysis of the
reaction mixture of thiostrepton and tetrazole 1b at 0 min (top) and 20
min (bottom). D) 'H NMR spectra of thiostrepton and Dhal6-labelling

product 7b. Chemical shifts of signals from the C(sp?)-H of Dha3, Dhal6,

Dhal7, and Dhb8 are assigned.
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DMSO-treated (hv) 1a-treated (hv) 1a and 10-treated (dark) 1a and 10-treated (hv)
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A) Schematic illustration. B) Flow cytometry analysis of B16-OVA
cells. C) Merged images of DAPI and T-PMT channels of B16-OVA
cells captured by confocal laser scanning microscope.
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