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Fig. 1. Schematic diagram of two-photon excited fluores-
cence confocal microscopy system. The abbreviations in the
figure are as follows: G&R Scanner is a Galvo-resonance
scanner, LP is a long-pass filter, and PMT is a photomulti-

plier tube.
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Fig. 2. Temperature as a function of time ¢ and distance z: (a) When the distance is constant, the temperature decays with increas-

ing time; (b) when the time is constant, the temperature decays with increasing distance. In this model, a rectangular pulse of

520 W-cm 2 with an interval of 0.5 ms is selected as the excitation light source.
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W3, WA BT A B S A e T
X322 FA A% U FEL 255 TR B V90 A0 X002 25 i) R K
HAMAE, FIH Gouy-Chapman-Stern (GCS)
KT Wy F )2 A B M ST S H AR A
AR T RRHE St BT 3R T 5 PR BV R 1Y)
F b, R AR OGO A R BORT B A B B TE N,
GCS T o -7 it ARy, 52 Y R 3% I R 32T )
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YORE, et RIS T KA/ F 4L, 0 (o0)
NG TR TR, o), (—oo) WINZE
R kR TR, 20 N ANGE v PR A
BT RN, 2 NGRS ERE TR .
PG D7 RE BRI AT OC, B DLRLEE A 2o | B
HL Y21k, R GNRs B GHAON 5 1 E #Y
il 2 A A A M I P A RO, SR R R TR

Ca* i@ 3H I, 4l Ah ) Ca? A, S 24N
P Ca?* BT 58 FEHE N

4 EBREREGITE

4.1 GNRs RHEIIBEW ISR TR

T BRI GNRs (985 14 LA Sk € 137 3 SH-
SY5Y AR I, FIFH SA RSEHL GNRs B 1 1)
REfLIEM. [ 3 A ARBMAIC B SA ) GNRs 1Y
AL W W' 3% R 3% S HL - S AR (transmission
electron microscope, TEM) FM%. vl Rimae
fbJ5, GNRs 7E 820 nm &b WIS % A 20 nm 1)
WL, X I #2 2 J A L RO GNRs &1 |
W2 A R BE AR D 25 58 B3 GNRs R I V) HE
AT G BRLAR 23024 90.98 il 151.73 nm.

0.4

Absorbance/arb. units

400 500 600 700 800 900
Wavelength/nm

13 GNRs ‘5 GNRs-SA 1 (a) A] U35 21 4b O 1% LA
K (b) TEM & (I #i K : 100 nm; 3 21 4h X GNRs\GNRs-
SA fy W Wi 53 53 78 820 Fl 800 nm)

Fig. 3. (a) Visible near-infrared absorption spectra and
(b) TEM images of GNRs and GNRs-SA, scale bar:
100 nm. the absorption peaks of GNRs\GNRs-SA in the
near infrared region were at 820 nm and 800 nm, respect-

ively.

4.2 GNRs 1858 Ca?t¢#iE

# GNRs-SA, ConA, Fluo-4, AM FI SH-SY5Y
A [ F 20 min, {ff GNRs 57 3| SHSH5Y
AR - [RIEFEFH 488 nm B CW OGRS, FH
T sE (495 nm Kl ) 45 A G A (500—
550 nm) X} Fluo-4, AM Fric i) SH-SY5Y 4 fitd i#f
77 Ca2t %, i 1 A 800 nm AY bk wh 6 78 #h 22
Y f 1= A GNRs 955 B IR ILIR MR, B 580
0.5 mW %) &P 0O 9 45 3 S WL EF, [R] sk
Fluo-4, AM [z, XM THE S
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&l 4 Y Fluo-4, AM ##iC 5 Fluo-4, AM, Con A 1 GNRs-SA Al #5712 /) SH-SY5Y 40 63836 % (a) Fluo-4, AM, Con A F
GNRs-SA Fric iy SH-SY5Y A [l i Z iy 5 6 &% ; (b) Fluo-4, AM FRi2 19 SH-SY5Y A [al i 2 1 5 5% 4% 5 (c) Fluo-4, AM, Con A
H1 GNRs-SA bric (1) SH-SY5Y HH X 5 't i B il ef ] 25 £k 1) 11 42, S0 <1, 2, 3, 47 R (a) TP IEMR I ETRL AL (25 s, 54's, 99 s, 116 s) #H
XL, D4 SR 2% 0 (a) AOAS R 6B HE B A A ; (d) Fluo-4, AM FRic By SH-SY5Y AH X 5 5t B i i 6] 25 £k Y il 48, 407 <1, 2, 3,
47 (b) H R A ] A2 (1 s, 32's, 127 s, 187 s) AR, DU 2% 2% 107 (b) moAS [a) 20 5 Bl 2 v 44t i
Fig. 4. Photoactivation SH-SY5Y cells imaging of only Fluo-4 labeled and labeled with Fluo-4, AM, Con A and GNRs-SA. (a) The
fluorescence images of Fluo-4, AM and GNRs-SA labeled SH-SY5Y cells at different times. (b) the fluorescence images of Fluo-4,
AM labeled SH-SY5Y cells at different times. (c) the changing of relative fluorescence intensity of Fluo-4, AM, Con A and GNRs-
SA labeled SH-SY5Y cells with time. the numbers “1, 2, 3, 4” correspond to the time points (25 s, 54 s, 99 s, 116 s) of the image in
(a), and the four curves correspond to the cells circled in different colors in (a). (d) The changing of relative fluorescence intensity of
Fluo-4, AM labeled SH-SY5Y cells with time. the numbers “1, 2, 3, 4”7 correspond to the time points (1's, 32 s, 127 s, 187 s) of the

image in (b). four curves correspond to cells circled in different colors in (b).

80F 3 80
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Fig. 5. For Fluo-4, AM labeled and Fluo-4, AM, Con A and GNRs-SA labeled SH-SY5Y cells at the same time, the average
photoactivation (cell number n = 300) minimum excitation time and the changes in relative fluorescence intensity caused by

photoactivation.
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Merge 7/~ Hi B B M ZME)  (a) Fluo-4, AM 4 i )5 SH-SY5Y 41 il /) 2¢ 56 B 1% R 55 6 B 4% (B 91 : 50 pm); (b) Fluo-4,
AM Y5 J5 SH-SY5Y 40 M A ] ik 20 4 SO 728 6 B4 () Fluo-4, AM 5 2 umol/L Con A, GNRs-SA W& 5 SH-SY5Y 41 ffi 1) 3%
SEE G ESHEE G (IR : 50 um); (d) Fluo-4, AM 5 2 umol/L Con A, GNRs-SA ¥ % J5 SH-SY5Y 4 i A ] il 21 1) WO T 3%
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Fig. 6. Verify the changing of the source of Ca? * during photoactivation. Among them, FITC indicates the use of a 500—550 nm
band-pass filter to collect fluorescence, BF indicates transmission imaging, and Merge indicates an overlay of two channels.
(a) Fluorescence and TD image of SH-SY5Y cells with Fluo-4, AM staining (scale bar: 50 pm). (b) Two-photon fluorescence images
of SH-SY5Y cells labeled with Fluo-4, AM at different times. (c¢) Fluorescence and TD images of SH-SY5Y cells with Fluo-4, AM
staining after adding 2 pmol/L Con A, GNRs-SA (scale bar: 50 pm). (d) Time-series two-photon fluorescence images of SH-SY5Y
cells labeled with Fluo-4, AM staining after adding 2 pmol/L Con A, GNRs-SA. (e) The change curves of the AF/F of the red vir-
tual circle areas in panel (b) and (d) after adding 200 pmol/L BPATA and 200 pmol/L CaCl,.
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Abstract

Calcium ions (Ca’*) play a key role of the nerve cells generating universal intracellular signals and
controlling important functions. Ca?* activation is of great significance for explaining the subcellular-level
biological process. Light stimulated nerve cells to control intracellular signals and membrane activities has
become a main method in neuroscience, and the photoactivation is one of the main ways to study intracellular
Ca’" transmission. Nerve cells can be directly stimulated by light to produce action potentials, but such
techniques are inaccurate in the delivered light energy. To improve this, here in this work we show that gold
nanorods (GNRs) can be conjugated to ligands to bound to human neuroblast cells (SH-SY5Y), and introduce
an optical method of stimulating and monitoring Ca?* signal in nerve cells in which the plasmonic excitation of
GNRs is used. In this paper, we use confocal microscopy to display the 488 nm continuous wave laser
irradiating SH-SY5Y cells with Ca?* indicator (Fluo-4, AM) to check fluorescence. Near-infrared pulsed light at
the plasmon resonance absorption peak of GNRs is used to stimulate Ca?* signal transduction in SH-SY5Y
labeled with GNRs, and Fluo-4, AM is used for two-photon excited fluorescence imaging. In addition, we use
the pulsed laser with power of 0.5 mW and a wavelength of 800 nm. The Ca?* activation can be achieved in 10 s
on average. The release rate of Ca’" from SH-SY5Y cells labeled with GNRs is 6 times that without GNRs.
Next, in order to determine the source of changes in Ca**, we use the BPATA to deplete the intracellular Ca?*,
after 5 min, 200 pmol/L Ca?" solution is added, and its AF/F is found to be more than 1.5 times that without
GNRs. Thus, we believe that GNRs could enhance photoactivation through local surface plasmon resonance
induced membrane depolarization and generate an action potential. The results prove the feasibility of using
GNRs to enhance the activation of Ca?* in nerve cells, and provide an optical means of lower photodamage and
more precise for studying nerve cell ion channels. Our study demonstrates that enhancing photoactivation by

GNRs could provide an outlook of basic research in neuroscience.

Keywords: nerve cell, calcium ion, photoactivation, two-photon excited fluorescence
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