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A unique lanthanide complex which responds to near-infrared
(NIR) stimulation was developed for remote regulation of cellular
events. This molecule can be localized specifically on cell surface.
Upon NIR stimulation, strong emission of the complex can
successfully modulate activities of light-gated membrane channels
and regulate the ion flux in vivo.

Cell is known to have complex and heterogeneous structure.
The membrane on its surface has a fluid and dynamic nature,
which maintains the essential differences between cytosol and
extracellular environment. It has been well recognized that a
variety of crucial cellular activities such as signal transduction,
substance transportation, enzymatic activity etc., are critically
dependent on cell membrane.! The misregulation of
membrane-associated activities is involved in the progression
of various degenerative diseases including cancer,
atherosclerosis, and neurological disorder.2 Hence, the precise
regulation of dynamic membrane-associated processes would
promote better understanding of fundamental physiological
processes in living cells. More importantly, it could also
facilitate the development of therapeutic strategies for the
treatment of various diseases. By right, chemical and genetic
perturbation have been the major approaches to the studies of
membrane-associated processes in biological systems.3
Although working successfully in principle, these strategies
exhibited limited spatial and temporal resolution, which
remains an inherent shortcoming for systematic analysis of
dynamic biological phenomena due to the highly complex and
heterogeneous nature of cells and living organisms®.

Recently, optical manipulation of cell activities has gained
considerable attention. As a unique strategy based on light
stimulus, such high resolution optical control exhibits
promising advantages to enable spatial and temporal
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manipulations of dynamic processes of protein activities and
signaling pathways both in vitro and in vivo.> However, most
studies on optical regulation of membrane activities were
achieved merely by using UV or visible light, which may likely
raise the concerns of potential photo-damage, light toxicity,
limited deep tissue penetration as well as inherent absorption
or scattering caused by endogenous biological molecules.®
Therefore, simple and specific light-mediated strategy that
allows remote manipulation of membrane activities in vitro
and in vivo through non-invasive and tissue-penetrable light
irradiation remains a technical challenge. Recently, NIR light-
responsive nanoparticles have been reported to regulate
membrane-associated processes within deep penetration and
minimum light toxicity.5? 5¢e 58 5h. 7 Despite their initial success,
the strategy may raise concerns associated with the use of
nanomaterials such as their size, non-homogeneous
composition, potential toxicity, limited batch-to-batch
reproducibility etc.® Simple and robust small-molecule
alternatives with properties such as tunable emissions, deep
penetration and good biocompatibility would be highly
desirable and may be useful for accurate optical control of
cellular activities in living system.

As a promising alternative, small molecule complexes
would exhibit promising advantages for their flexibilities in
both chemical structures and functions.® Basically, versatile
desired properties such as strong luminescence, less
photobleaching, long lifetime, as well as good biocompatibility
can be precisely fine-tuned through simple modifications of
their ligands.'® In addition, small molecule complexes would
allow easy and accurate characterization of their composition
from single molecule level. More importantly, through rational
molecule design, small molecule complexes can respond to
deeper tissue penetrating NIR light and exhibit tunable
emissions which suggest the potential prospects of these
simple and unique complexes towards optical regulation of
cellular events??.

Herein, we introduce a simple and effective approach
based on small molecule complex for remote regulation of
membrane channel protein. Generally, we first established
simple and stable metal complex which have promising optical
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properties such as bright emission, two-photon imaging
properties. To allow accurate modulation of the light-gated
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Fig.1 a) Confocal image of HEK293 cells stained with DBCO—Cy3t§10uM) and
membrane tracker(lOuM? scale bar = 20 um. b) FCM analysis of ChrimsonR
expression in HEK293 cells through marker protein GFP. GFP(A,=488 nm, A=
530/50 nm),DBCO-Cy3(A.,=543 nm, A.,,=580/50 nm), membrane tracker (A.=633
nm, Aem=670/50 nm). c) FCM analysis of DBCO-Cy3(10uM) labelled HEK293 cells
after treatment with or without Ac4ManNAz (50 pM).

membrane ion channel, the complex was designed to localize
on cell membrane through well-established bioorthogonal
reaction (e.g. click reaction). Typically, we introduced Ns-
tagged glycans to cell surface through intrinsic metabolic
pathways by simply adding a monosaccharide precursor,
peracetylated N-azidoacetylmannosamine (Acs;ManNAz) to cell
culture medium. In addition, we will further engineer the
complex with alkyne moiety on the ligand. To minimize the
potential damage to cells, a copper-free click reaction based
on the dibenzocyclooctyne-conjugated complex as a
bioorthogonal linkage will be used to covalently attach the
complex on cell surface. As such, upon NIR light treatment, the
complex on cell membrane would produce converted
emission, activating light-responsive regulatory proteins on cell
membrane and facilitate the regulation of subsequent cell
events both in vitro and in vivo.

To accurately manipulate membrane channel events, a
light-sensitive ion channel ChrimsonR was incorporated onto
cell surface in order to induce the influx of ions such as
signaling cation Ca?. The successful incorporation of
ChrimsonR on cell surface was monitored via the appearance
of fluorescence signal from marker protein (GFP) through

2| J. Name., 2012, 00, 1-3

confocal imaging and flow cytometry (FCM) (Fig.1);dnaddition,
similar cell staining was observed throlgh: &0Weh/edEbliskéd
membrane tracker CellMask DeepRed, suggesting the
successful expression of light-sensitive channel on cell surface.
Furthermore, in order to induce NIR light controlled
manipulation of membrane channel activities, lanthanide
complex (e.g. Eu(lll) complex) was utilized as light transducer
mainly due to its two-photon optical properties.

In order to promote the localization Eu(lll) complex on cell
membrane, ring strained alkyne DBCO moiety was conjugated
with the ligand molecule 1,10-Phenanthroline-5-amine (Fig.S1,
Fig.52 and Fig.S3, ESIt). Owing to the promising properties of
the beta-diketone antenna ligand, the resulting Eu(lll) complex
(Eu-DBCO) (Fig.S4, ESIT) exhibited stable, strong fluorescence
emission at ~615 nm ( T 0.27ms) with (Fig.S5,56, ESIT) upon
two-photon excitation condition (720 nm), which matched
very well with the absorption maxima of ChrimsonR®. In
addition, it is stabile (Fig.S5, ESIT) under physiological
condition suggesting the potential to modulate channel
activity of ChrimsonR in biological systems.

To accurately modulate the light-gated ion channel, we
localized Eu complex on cell surface. Firstly, cell surface
glycans were covalently labeled with azido group via native
metabolic biosynthesis pathways'?. To introduce azide onto
cell membrane, AcsManNAz precursor was incubated with
cells. Then, a copper-free click reaction between DBCO-
conjugated dye (for instance DBCO-conjugated Cy3 or Eu
complex) and cell
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Fig.2 a) Fluorescence images of HEK293 cells labelled with Eu-DBCO (60uM)
(Aex=350nm, one-photon condition; A.=720nm, two-photon condition). b)
Fluorescence images of azide expressed HEK293 cells labelled with Eu-
DBCO(60uM) (Eu-DBCO: A,=350nm, A.,=610/50nm, membrane tracker(10uM):
Aex=633 nm, A¢,=670/50nm). c) Membrane channel activity manipulated through
NIR illumination: fluorescence intensity of Ca?* indicator (10uM) in cells treated
with Eu(lll) complexes before and after NIR light stimulation. Ca?* indicator:
Aex=561nm, A, =610/75nm. d) Cell viability of HEK293 cells treated with Eu-DBCO
of various concentration.
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.3 in vivo imaging and quantitative analysis of zebrafish injected with N3
Ia elled cells and Eu(lll) complex (60uM, top: Eu-DBCO, bottom: Eu-Phen, Eu-
DBCO and Eu-Phen: A,,=350nm, Aem—GIO/SOnm)

surface azide was performed. The cell surface labeling was
observed through confocal microscopy and flow cytometry. As
observed in Fig.1, bright yellow signal of DBCO-Cy3 can be
incubated with Ac;ManNAz. In the meantime, similar staining
pattern of cell surface was obtained by well-established cell
membrane probe. In contrast, no obvious fluorescence signal
was detected from cell which was cultured in the absence of
Ac;ManNAz, suggesting the successful conjugation of azide
and DBCO-Cy3 on cell surface. In addition, flow cytometry
studies also confirmed the increased signal of DBCO-Cy3 (Fig.1)
from AcsManNAz treated cells compared to cells without
Ac;ManNAz treatment. Besides, cell viability assay (Fig.S7,
ESIT) revealed that, no obvious toxicity was observed towards
HEK293 cells under the current conditions suggesting the
feasibility of successful conjugation of functional molecules on
cell surface through metabolic biosynthetic pathways.
Secondly, the copper-free reaction between cell-surface
labelled azide and ring-strained alkyne (DBCO moiety) of Eu-
DBCO allowed successful anchoring of Eu complex on cell
membrane. It can be seen that red fluorescence signal of Eu-
DBCO (Fig.2 and Fig.S8, ESIt) appeared on the surface of
HEK293 cells which had been incubated with Ac;ManNAz. In
addition, the obvious overlap (Fig.2) between Eu-DBCO and
membrane tracker confirms the localization of Eu complex on
cell membrane. In contrast, no obvious fluorescence signal was
observed on the membrane of cells cultured without
Ac;ManNAz or azide tagged cells incubated with control
molecule (Eu-Phen) without DBCO moiety (Fig.S8, ESIt). These
results suggested the successful linkage of luminescent
molecules (Eu-DBCO) on the cell surface by means of cell’s
intrinsic metabolic biosynthetic mechanism.

To evaluate the potential application of Eu(lll) complex for
precise regulation of membrane-associated events, NIR light
was applied to irradiate the Eu(lll) complex labelled on the
surface of transfected cells. In the presence of NIR
illumination, emission of the complex was utilized to stimulate
the red light-sensitive membrane channel and induce cation
influx (e.g. Ca?*) into the intracellular compartment. In order to
monitor the fluctuation of intracellular Ca?*, a commercial Ca?*
fluorescent probe (Rhod-3 AM) was used to visualize the
change of Ca?* concentration inside cells. Upon treatment of
NIR light stimulation, ChrimsonR expressing cells (with Eu-
DBCO labelled on their surface) exhibited obvious increase in
the intracellular fluorescence signal, while no obvious
enhancement in Ca%* probe signal was observed in cell treated
with control molecule (Eu-Phen) and NIR illumination (Fig.S9,
ESIT). In addition, quantitative analysis (Fig.2) and membrane
potential study (Fig.510, ESIT) confirmed similar enhancement
in intracellular Ca?*. The elevated intracellular Ca?* revealed

This journal is © The Royal Society of Chemistry 20xx
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that membrane-localized Eu(lll) complex could be,utilized 25,2
mediator to accurately manipulate th@OkafieW ol Caerdss
cellular membrane and induce downstream biological
event(Fig.S11, ESIt). Moreover, cell viability assay revealed
that no obvious toxicity to cells under similar condition of
membrane channel manipulation (Fig.2), suggesting its good
biocompatibility.

Furthermore, we also evaluate whether precise
manipulation of membrane-associated activity can be induced
through red lanthanide emission upon NIR light treatment. To
this end, confocal microscopy was used to monitor the change
of Ca?* inside zebrafish. Generally, ChrimsonR transfected cells
(labelled with N3) with calcium probe (Rhod-AM3) were
implanted into the yolk sac of zebrafish larvae at 48 hours
post-fertilization. Then, Eu-DBCO was injected into the yolk sac
of larvae to facilitate the localization of the complex on cell
surface. The obvious fluorescence signal in the abdominal area
suggested the successful injection of Eu(lll) complex into the
larvae (Fig.3). Upon 6h clearance, obvious fluorescence signal
in larvae injected with Eu-DBCO could still be observed.
However, negligible signal could be visualized in larvae
injected with control molecule Eu-Phen without DBCO moiety.
Similarly, the effective localization of Eu-DBCO was also
revealed by quantitative analysis (Fig.3). Higher mean
fluorescence intensity in zebrafish larva injected with Eu-DBCO
was observed after 6 h clearance. The obvious difference in
labelling effect suggested that metabolic glycan labelling could
effectively promote the accumulation of Eu-DBCO under in
vivo conditions.

Moreover, to remotely manipulate the membrane
channel activity NIR light (e.g. 720nm) was applied to irradiate
the larvae. The Ca?* flux in zebrafish was monitored by using
observing the fluorescence signal of Rhod-AM3. As illustrated
in Fig.4, after NIR light treatment, fluorescence enhancement
of Ca?* probe can be observed in the larvae which were
injected with Eu-DBCO. In contrast, little fluorescence change
was observed in the larvae in the control group (Fig.4 Eu-
Phen). Additionally, the survival rate (Fig.4b) of zebrafish larva
treated with Eu-DBCO
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Fig.4 a) Ca?* imaging in zebrafish labelled with Eu(lll) complex with or without
NIR (720 nm) light treatment, Ca?* indicator(10uM): A¢,=561nm, Ae,=610/75nm.
b) Survival rate of zebrafish larva after treatment with Eu-DBCO of various
concentrations (each concentration n=10).

was monitored for 96 hours, revealing that no obvious toxicity
to the larva under similar condition of membrane channel activity
manipulation. These results demonstrated that the Eu-DBCO
labelled in the larvae could successfully modulate the ion
channel activity induced by the NIR light treatment under in
vivo settings.

J. Name., 2013, 00, 1-3 | 3
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To summarize, we reported a simple yet effective
approach based on small molecule complex for remote
regulation of cellular event. Firstly, a simple metal complex
which respond to NIR stimulation was established. In addition,
the complex can be specific localized on cell surface to
facilitate accurate modulation of the light-gated membrane
ion channel. With NIR stimulation, the activity of membrane
channel can be remotely manipulated and regulate the ion flux
in both live cells and animals. Such strategy exhibited
promising potential to remotely manipulate biological events
under in vivo settings, which is beneficial to better
understanding of fundamental physiological processes and
promote the development of therapeutic strategies for the
treatment of various pathological disorders in the long run.

The authors acknowledge the financial supports from
SPMS-M4082042.110, National Natural Science Foundation of
China (NSFC) (No. 51929201), Tier 1 RG5/18 (S), MOE 2017-T2-
2-110 and A*Star SERC A1983c0028 (M4070319) in Nanyang
Technological University (NTU). The authors also acknowledge
the facilities, and the scientific and technical assistance of the
Confocal Microscopy Laboratory at Center for Bio-imaging
Sciences, Department of Biological Science, National University
of Singapore.

Notes and references

1. C. GM, in The Cell: A Molecular Approach, Sinauer Associates,
Sunderland (MA), 2nd edition edn., 2000.
2. (a) M. S. Brown, J. Ye, R. B. Rawson and J. L. Goldstein, Cell, 2000,

100, 391-398; (b) A. Weihofen and B. Martoglio, Trends Cell Biol.,
2003, 13, 71-78; (c) T. J. Jentsch, C. A. Hibner and J. C. Fuhrmann,
Nat. Cell Biol., 2004, 6, 1039-1047.

3. (a) M. A. Shogren-Knaak, P. J. Alaimo and K. M. Shokat, Annu.
Rev. Cell. Dev. Biol., 2001, 17, 405-433; (b) H. Wang, M. La Russa
and L. S. Qi, Annu. Rev. Biochem., 2016, 85, 227-264.

4, M. Endo and T. Ozawa, Journal of Photochemistry and
Photobiology C: Photochemistry Reviews, 2017, 30, 10-23.
5. (a) Y. Ao, K. Zeng, B. Yu, Y. Miao, W. Hung, Z. Yu, Y. Xue, T. T. Y.

Tan, T. Xu and M. Zhen, ACS nano, 2019, 13, 3373-3386; (b) N.
Ankenbruck, T. Courtney, Y. Naro and A. Deiters, Angew. Chem.
Int. Ed., 2018, 57, 2768-2798; (c) T. A. Redchuk, E. S. Omelina, K.
G. Chernov and V. V. Verkhusha, Nat. Chem. Biol., 2017, 13, 633;
(d) A. Bansal, H. Liu, M. K. G. Jayakumar, S. Andersson - Engels
and Y. Zhang, Small, 2016, 12, 1732-1743; (e) X. Wu, Y. Zhang, K.
Takle, O. Bilsel, Z. Li, H. Lee, Z. Zhang, D. Li, W. Fan and C. Duan,
ACS nano, 2016, 10, 1060-1066; (f) Y. Katsura, H. Kubota, K.
Kunida, A. Kanno, S. Kuroda and T. Ozawa, Sci. Rep., 2015, 5,
14589; (g) Z. Wang, M. Hu, X. Ai, Z. Zhang and B. Xing, Advanced
Biosystems, 2019, 3, 1800233; (h) Z. W. Do Cong Thang, X. Lu and
B. Xing, Theranostics, 2019, 9, 3308.

6. (a) K. Szacitowski, W. Macyk, A. Drzewiecka-Matuszek, M.
Brindell and G. Stochel, Chem. Rev., 2005, 105, 2647-2694; (b) H.
Kobayashi, M. Ogawa, R. Alford, P. L. Choyke and Y. Urano, Chem.
Rev., 2009, 110, 2620-2640; (c) N. C. Klapoetke, Y. Murata, S. S.
Kim, S. R. Pulver, A. Birdsey-Benson, Y. K. Cho, T. K. Morimoto, A.
S. Chuong, E. J. Carpenter and Z. Tian, Nat. Methods, 2014, 11,
338; (d) A. S. Chuong, M. L. Miri, V. Busskamp, G. A. Matthews, L.
C. Acker, A. T. Sgrensen, A. Young, N. C. Klapoetke, M. A.
Henninger and S. B. Kodandaramaiah, Nat. Neurosci., 2014, 17,
1123; (e) J. Y. Lin, P. M. Knutsen, A. Muller, D. Kleinfeld and R. Y.
Tsien, Nat. Neurosci., 2013, 16, 1499; (f) O. P. Ernst, P. A. S.
Murcia, P. Daldrop, S. P. Tsunoda, S. Kateriya and P. Hegemann, J.
Biol. Chem., 2008, 283, 1637-1643; (g) L. Lyu, M. Hu, A. Fu and B.
Xing, Bioconj. Chem., 2018, 29, 2715-2722; (h) Y. Yang, Q. Shao,

4| J. Name., 2012, 00, 1-3

10.

11.

12.

Page 4 of 5

R. Deng, C. Wang, X. Teng, K. Cheng, Z. Cheng, L. Huarlgéé.e B%th(e'

View

Liu and B. Xing, Angew. Chem. Int. Ed.,26812,5193325312819233
(a) S. K. Mohanty, R. K. Reinscheid, X. Liu, N. Okamura, T. B.

Krasieva and M. W. Berns, Biophys. J., 2008, 95, 3916-3926; (b) S.
Hososhima, H. Yuasa, T. Ishizuka, M. R. Hoque, T. Yamashita, A.
Yamanaka, E. Sugano, H. Tomita and H. Yawo, Sci. Rep., 2015, 5;
(c) H. Ding, L. Lu, Z. Shi, D. Wang, L. Li, X. Li, Y. Ren, C. Liu, D.
Cheng and H. Kim, Proc. Natl. Acad. Sci., 2018, 115, 6632-6637;
(d) S. Chen, A. Z. Weitemier, X. Zeng, L. He, X. Wang, Y. Tao, A. J.
Huang, Y. Hashimotodani, M. Kano and H. lwasaki, Science, 2018,
359, 679-684; (e) Y. Wang, X. Lin, X. Chen, X. Chen, Z. Xu, W.
Zhang, Q. Liao, X. Duan, X. Wang and M. Liu, Biomaterials, 2017,
142, 136-148; (f) X. Lin, Y. Wang, X. Chen, R. Yang, Z. Wang, J.
Feng, H. Wang, K. W. Lai, J. He and F. Wang, Adv. Healthc. Mater.,
2017, 6, 1700446; (g) X. Ai, L. Lyu, Y. Zhang, Y. Tang, J. Mu, F. Liu,
Y. Zhou, Z. Zuo, G. Liu and B. Xing, Angew. Chem. Int. Ed., 2017,
56, 3031-3035; (h) S. Shah, J.-J. Liu, N. Pasquale, J. Lai, H.
McGowan, Z. P. Pang and K.-B. Lee, Nanoscale, 2015, 7, 16571-
16577; (i) S. Hososhima, H. Yuasa, T. Ishizuka, M. R. Hoque, T.
Yamashita, A. Yamanaka, E. Sugano, H. Tomita and H. Yawo, Sci.
Rep., 2015, 5, 16533; (j) L. He, Y. Zhang, G. Ma, P. Tan, Z. Li, S.
Zang, X. Wu, J. Jing, S. Fang, L. Zhou, Y. Wang, Y. Huang, P. G.
Hogan, G. Han and Y. Zhou, Elife, 2015, 4, e10024; (k) Y. Yang, J.
Aw and B. Xing, Nanoscale, 2017, 9, 3698-3718.

(a) Y. Liu, Q. Su, X. Zou, M. Chen, W. Feng, Y. Shi and F. Li, Chem.
Commun., 2016, 52, 7466-7469; (b) N. Desai, The AAPS journal,
2012, 14, 282-295; (c) E. Papagiakoumou, F. Anselmi, A. Bégue, V.
De Sars, J. Gliickstad, E. Y. Isacoff and V. Emiliani, Nat. Methods,
2010, 7, 848-854.

(a) N. Gao, H. Sun, K. Dong, J. Ren, T. Duan, C. Xu and X. Qu, Nat.
Commun., 2014, 5, 1-9; (b) X. Wang, Y. Hu, J. Mo, J. Zhang, Z.
Wang, W. Wei, H. Li, Y. Xu, J. Ma, J. Zhao, Z. Jin and Z. Guo,
Angew. Chem. Int. Ed., 2020, 59, 2-10; (c) Z. Zhou, J. Liu, J. Huang,
T. W. Rees, Y. Wang, H. Wang, X. Li, H. Chao and P. J. Stang, Proc.
Natl. Acad. Sci., 2019, 116, 20296-20302; (d) X. Xue, C. Qian, H.
Fang, H. K. Liu, H. Yuan, Z. Guo, Y. Bai and W. He, Angew. Chem.
Int. Ed., 2019, 58, 12661-12666; (e) K. Wang, C. Zhu, Y. He, Z.
Zhang, W. Zhou, N. Muhammad, Y. Guo, X. Wang and Z. Guo,
Angew. Chem. Int. Ed., 2019, 58, 4638-4643; (f) S. Kuang, X. Liao,
X. Zhang, T. W. Rees, R. Guan, K. Xiong, Y. Chen, L. Ji and H. Chao,
Angew. Chem. Int. Ed., 2019, 59; (g) Y. Li, Y. Shu, M. Liang, X. Xie,
X. Jiao, X. Wang and B. Tang, Angew. Chem., 2018, 130, 12595-
12599; (h) Y. Min, C. Q. Mao, S. Chen, G. Ma, J. Wang and Y. Liu,
Angew. Chem. Int. Ed., 2012, 51, 6742-6747.

(a) Y. Chen, Y. Bai, Z. Han, W. He and Z. Guo, Chem. Soc. Rev.,
2015, 44, 4517-4546; (b) S. Hirayama, Y. Hori, Z. Benedek, T.
Suzuki and K. Kikuchi, Nat. Chem. Biol., 2016, 12, 853; (c) N. Souri,
P. Tian, C. Platas-Iglesias, K.-L. Wong, A. Nonat and L. c. J.
Charbonniére, J. Am. Chem. Soc., 2017, 139, 1456-1459; (d) A.
Nonat, C. F. Chan, T. Liu, C. Platas-Iglesias, Z. Liu, W.-T. Wong, W.-
K. Wong, K.-L. Wong and L. J. Charbonniére, Nat. Commun., 2016,
7, 11978; (e) W. Liu, Y.-F. Zhong, L.-Y. Liu, C.-T. Shen, W. Zeng, F.
Wang, D. Yang and Z.-W. Mao, Nat. Commun., 2018, 9, 1-11; (f) Z.
Liu, W. He and Z. Guo, Chem. Soc. Rev., 2013, 42, 1568-1600.

A. J. Amoroso and S. J. Pope, Chem. Soc. Rev., 2015, 44, 4723-
4742.

(a) J. A. Prescher, D. H. Dube and C. R. Bertozzi, Nature, 2004,
430, 873; (b) J. M. Baskin, J. A. Prescher, S. T. Laughlin, N. J.
Agard, P. V. Chang, I. A. Miller, A. Lo, J. A. Codelli and C. R.
Bertozzi, Proc. Natl. Acad. Sci., 2007, 104, 16793-16797.

This journal is © The Royal Society of Chemistry 20xx


https://doi.org/10.1039/d0cc01923b

Page 5 of 5

Published on 24 July 2020. Downloaded by University of Birmingham on 7/24/2020 9:07:22 AM.

ChemComm

View Article Online

Table of content entry DOI: 10.1039/DOCC01923B

l /
High
" Py
E d -~
-s L - o
8

] 1 NIR() NIR(+) }

Low
ey Q‘L—-‘h
Eu-Phen o~ k’ o
A[ MIHNAX

A unique lanthanide complex which responds to near-infrared (NIR) stimulation was developed for

remote regulation of cellular events.
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