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Application of Tetrazinetrans-Cyclooctene Ligation

Site-Specific Bioorthogonal Labeling for Fluorescence Imaging
of Intracellular Proteins in Living Cells
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Live cell imaging

Bioorthogonal labeling with tetrazine-dyes for super-
resolution microscopy

10 min

Phalloidin- Quenched Fluorescent
TCO dye dye

Me-Tet-5-

Me-Tet- Me-Tet-
ATTOA488 ATTO532 i‘ TAMRA

Bio-orthogonal Red and Far-Red Fluorogenic Probes for Wash-
Free Live-Cell and Super-resolution Microscopy
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HIDE Probes: A New Toolkit for Visualizing Organelle Dynamics,
Longer and at Super-Resolution
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TOC & Research Progress

Rapid Bioorthogonal Chemistry Turn-on
through Enzymatic or Long Wavelength

Photocatalytic Activation of Tetrazine

Ligation
660 nm photocatalyst
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activation in air within minutes using red light or HRP
enables instantaneous bioorthogonal labeling
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OSynthesis and Evaluation of DHTZ’s
with Improved Permeability, Stability,
and Reactivity

OLabeling Live Cells with CABL

OCABL Improves the Efficiency of
“Regular” Tetrazine Ligations

Catalytic Activation of Bioorthogonal
Chemistry with Light (CABL) Enables Rapid,
Spatiotemporally Controlled Labeling and No-
Wash, Subcellular 3D-Patterning in Live Cells
Using Long Wavelength Light
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Enabling In Vivo Photocatalytic Activation
of Rapid Bioorthogonal Chemistry by
Repurposing Silicon Rhodamine
Fluorophores as Cytocompatible Far-Red
Photocatalysts

R R
HN— M, N

https://pubs.acs.org/doi/10.1021/jacs.1c055
47 Hig=tgr1 uref= pdf

in vivo
photocatalysis

Ar

J. Phys. Chem. A 2014, 118, 10622
J. Am. Chem. Soc. 2021, 143, 10793

v'Fluorescence Imaging of Subcellular
Targets in Live Cells Labeled by CABL
vLive Cell, No-Wash Suborganelle
Photopatterning

v'Spatiotemporally Resolved Labeling of
Endogenous MAGL

o]



hv 660 nm hv 470 nm
N ON
OFF o, H,0,
B. Synthesr's OFt o OFEt o OFt
o O:S: i I
gét??l:if&;?;i;;:;s:‘n;rg;’dmﬂﬂi021,’Ja(s](103' NaHCc)a HN O PCIS N/ CI N2H4 N P NH
™Nr N 1 1
Hcl , © 92% ‘NH P N EtOH HN__-N
EO ™\ o 54% Cl 80 °C 6
o 3 N ; 60% Z N
4 N 5 .

O~__NHBu " oH (\0/\/0 BuNH; (for 1a)

I DIN\/\OH O Mo or
NZNH J I
W n o N7 NH o NTONH HN(CH,CH,OH), (for 1b)
HN._ =N HN. _N o HoN or
= IN 1 AN 1b P 1c ﬁo_/—o
N
S ) ] CIU) (for 1¢)

C. Relative reactivity of tetrazines toward eq. 5-OH-TCO

o]
O O.._.NHBu CO,NHS NHz
OH I HN
N= N N TcoH
==, Ny N =N
Y NTSN
] : S
IN-N. 6” N NN NN
R~ YR = NN N N Y
= Me
N=N 2a 7 8
2-pyr 9
ke 10 1.4 1.0 0.03
D. Kinetics of 2a with TCO derivatives in PBS exceptional reactivity high stability
HO HO H
Y D> HO 7 Y S
https:ffpubs.acs.org/dou’10.1021{]acs.1.:103' 0 eq. HO
907ig="fig2 &uref=pdf H
a-TCO o-TCO 5-OH-TCO & TCO
ks 1,460,000 M-1s~" 1,130,000 M-"s~" 173,000 M-1s~"1 2107 M-1s—1
+20,000 +65,000 +4,000

Synthesis and Evaluation of DHTz's with Improved
Permeability, Stability, and Reactivity
A FL (2.0 uM
O~__NHBu hvnl:?ﬂn’:n} O« NHBu
I H G0_m\W/em?
Sl P
HN__-N 7 o
(T SiﬁirJF“ﬁ o
Z N BCN (2.0 M)
A gy (50uM) sl SiR: 98%
(25 pM) 10
33928
O Halo-DHTz > before
o (125uM) E irradiation
% 50
£
2
34000 34500 35000
Mass
(25 M) TAMRA 34578
a-TCO-TAMRA E
hv 470 nm E ?.E:J ig{;ﬁ,ﬂ
Y =
E 50
:
34000 34500 35000
Mass 4

hydrophilicity and improved permeability



Labeling Live Cells with CABL
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Improves the Efficiency of “Regular” Tetrazine Ligations

Other successful sensitizers (irradiation wavelength):
acridine orange (528 nm), coomassie brilliant blue (528 nm),
rhodamine B (590 nm), BODIPY (475 nm), safranin (528 nm),
phenol red (528 nm), and carboxylfluorescein (528 nm).
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Fluorescence Imaging of Subcellular Targets in Fixed Cells
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Live Cell, No-Wash Suborganelle Photopatterning

"W,
RFP N',NL

%

25 TRt B R AT

N R

2 photon

Light focused in 3D for 3.3 seconds

SiR

XN

a-TCO-SiR
(100 nM)
_—
FDA-
photocatalyst

No-wash live cell imaging

RFP

N‘

DHTz oxidation/Diels
only takes place in

N ——<N
R

-Alder
the

illuminated part of nucleus




Spatiotemporally Resolved Labeling of Endogenous MAGL.
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HelLa cells expressing HaloTag-H2B-mCherry and labelled with
DHTz-Halo. Cells were treated with a-TCO-SiR (100 nM) and
FDA (10 uM). The area circled in yellow (lower left) was
irradiated with 3.3 second pulses of 880 nm light at 10% laser
power, and the resulting increase in fluorescence as a-TCO-SiR

is recruited to the nascent Tz is clearly visible. (Scale bar=10 um)

Hela cells expressing HaloTag-H2B-mCherry and labelled with
DHTz-Halo. Cells were treated with a-TCO-SiR (100 nM) and
FDA (10 pM). A square patch of a single nucleus is irradiated
with a single pulse of 880 nm light at 25% laser power, leading to

a rapid recruitment of a-TCO-SiR (Scale bar=10 pm)

Hela cells expressing HaloTag-H2B-mCherry and labelled with
DHTz-Halo. Cells were treated with a-TCO-SiR (100 nM) and
FDA (10 pM). An “X” shape irradiated across the entirety of a
single cell with a single pulse of 880 nm light at 25% laser power,
leading to a rapid recruitment of a-TCO-SiR in the nucleus alone.
This demonstrates that no off-target labeling was observed from

non-specific binding to proteins not labeled with DHTz-Halo.

(Scale bar=10 pym)




A z-stack was generated from the cell shown in Fig. 7D,
demonstrating that CABL possesses a high degree of both axial

and lateral resolution.

PC3 cells were labeled with probe 14 for one hour, then treated

with a-TCO-SiR (100 nM) and FDA (10 uM). The cells were then
exposed to pulses of 480 nm light at 2% laser power at regular

intervals, demonstrating recruitment of a-TCO-SiR to

endogenous MAGL. (Scale bar=10 pm)
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Light-activated tetrazines enable live-cell spatiotemporal
control of bioorthogonal reactions
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