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1. SR, AL GERY T WG i B TEAH 2 55 TR
JEA IR (< 100 pm), ITLLAMNEFEL LR B EUR /N
FHEWRE R, HAS R by 001 G suapsk | F)
FHITZLAM G Bl 2 A L Bl A A R

WEEEF W, G AT A5 | 4 i R H 7 2
b, P HESIERAL 2. de Boer &5 191 {81 FHAIRZI Ak
MO ZLAMGUERT T/ U R P2 40 B DG | ib
RT3 b 53k ofe B R ) A A e UL AR e 5
1B S Al 4s. Shapiro 55 M BRI, 2051
T LA A 240 i 5 T 1 3 A DT 5 | R 5 P, 7
MAEAL. SR, BE— D S AR R, A2
AP 2 AN RO R IR oA e, HZ
YRR —FROLIE, ANBESRAF RS R CR , 1
S FECAM BRI BEEDTICTRA, AR B B
4K (gold nanorods, GNRs) 1] L4 = 4 g 3]
WS GGG A S GNRs MR A3 AH DT
BCI, GNRs 1] LUAY 2% 4 WS i) O BE % Ay 4
fig, FRM Jey 3 e i 45 B AL R (localized surface
plasmon resonance, LSPR). LSPR ¥ & F{b ) HL
TR BRITEAN ARG AR A, DT I B2 4 5 D
B 2S Tl 8. Paviolo % 12 JGE T X GNRs
% 7 1Y NG108-15 Bl 22 240 B R A7 45 LR, & BT
G 5 I O N R = S A =T i =
Joao 4 1) 3 i e S5 240 S R S 9 GNRs %o B 57
AR I 22 1 2o A0 M EA T SRR, 5 R SRS I 1
REAE B2 S SV ER ALY IR, Flavie 4 1Y
AT 800 nm B4k s G RI AR IC A GNRs By ML
20 i, S5 Y s X T R £ el 2 0 L 9 S T
Ca iy 55 . i Jodit . AER AR 7 2% AR
DI T, I FHAR R Y Ca+ 9 tHE /s Rl BT
G R, R Ca?+23 [ 32857284k 16 S RAE R il
(1) Ca?H AR IRAS . IX g ARL 4 Bl 627 ) g 1)
877 1k S 4 A 2 20 L T s AN A 15 5L S B At
TR,

A SCH) I FI GNRs 3 i 052 i e i < AH DT e
[ 800 nm I ZLAMK L, W& bRic A GNRs
Fluo-4, AM B £ 4ffi iy Ca2t. IF H R RUE
TR PO IR AE B BT (two photon excited
fluorescence confocal microscope, TPEFCM) X
Ca? G AT RIS, i T & A A E RSP AL
Kt HANBETCRR IG5, PRt FH [m] i 4 28 100 H 2
PRI A PP 2RI AN (SH-SY5Y) 7 i1 5
SEEEFE. A 1.5 mW BSOGHI 0B A7

TTERE R (K2 50 M4, 2 5FRIL), 78 SH-
SY5Y ZiffEH 51 KL ) Ca2t 2 s B 1) A8 1k,
FEXFPROETREE T, T AR ATE T Ca2t iR B
P, D% 3.2 mW HEOGHNE TR, T W3]
B Ca G B4, X AARiC GNRs 19 SH-SY5Y
Y AT R A5 55 T OIS, 45 R R KR
GNRs [ SH-SY5Y 4 s Ca+ 134 1% B 52 A1 X 5%
5, H 545 GNRs (1) SH-SY5Y 40 fiAH L, SF15
H PGS B IRHA] S 60 s, 245 R E M, GNRs
XA 2 20 L Ca2 00 e 2 34 2 AR AR . IR
TAEUER T 15 B GNRs 5458 #2541 Ca2 IS
PRI, BRI T O | B 3 S AR A A S A
Fa A= B

2 SLIn gk
2.1 GNRs HRMEIhEEIL &6

1 GNRs (P24 1) BT 4 °C IKFEE /D
ff, g B0 (Eppendorf 2] 5417R 1, 30 min,
12500 r/min, 4 °C) ¥ &1 CTAB BR %, JFiR
10 pL #EFEHUE Y R HE 1 Streptavidin (SA)
(#85881, Sigma-Aldrich, MO, USA) %, 37 C
itk 24 hd e, il ad B0 (Eppendorf /A A 5417R.
# . 30 min, 12500 r/min, 4 °C) M &) GNRs-
SA W Bk 2 R I B 3t i SA, SR BIHT L i R
FF B A HUAE 500 pL K FF . GNRs-SA 43 BB AE
200 pL 9 100 pmol /L £ 7J Z¥KkEH A (Concana-
valin A, Con A) (#C5275, Sigma-Aldrich, MO,
USA) /KIERHIFE 30 min, #8522 50 8 .

2.2 KFFnZHH

Ca> 458/~ 7] (Fluo-4, AM) Il H FE 2R & /R B
e (GEHEA 2N =18 ), —H T (DMSO)
T L) S A ARES (CaCly) W F PUkS D B B2 (35
] %% 7 BLM 25 % 55 1), Pluronic F-127 #y K4 H
MR AEYRHCAIRA ], Ca® 257 BAPTA-
AM W 7 K&K EYHARA R H].

2.3 HRERESE

PSRRI AN (SH-SY5BY) (RIGE 1
FENAE) TESH 10% IR (fetal bovine serum,
FBS) il 1% % % . 5 % % %Y DMEM (= 4
K:373E (Gibceo, Invitrogen, NY, USA) H1, F 37 °C,
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5% CO, WIMNBH IR h A T8 77, 0 T E T 40
A%, K SH-SYSY 4RI 1:12 ML 40 e R Fh 1
35 mm BYESEE R L.

24 MWAFHEXALBREERMGRS

FIF R RO LTk S £ AR B (AIR
MP, e, HA), i 60 x i (NA=1.4, JEE,
H AR Sk SR 4298 6 G 05190 (R 40 6 % n 1] 1
7). A B ORE th 2 (3% 2L (continuous
wave, CW) SEOGA FUFH R A 43Rl R 5 oe 4 g,
MOEFFU R DN ARG R A 2] P88 Pk
Jea%, Bkh TR 100 fs £2 47, A 80 MHz, I
K AT JHIE B A 7001300 nm. SZE6 b A S5 4
A 5: 488 nm CW B KM Fluo-4, AM %5,
AT G, [RIBF3E H GNRs (1955 8 1k 2
PRW I 800 nm ALY Ik Mtk RS GNRs, 512
£ i SRR 1 R A A, W ) AR A B R L 2, 7
A F Al Ak L IR A A R AR e AR Ak, NI FT I Ca il
T 77 A SR LA 2021 IEXT Fluo-4, AM #4700

488 nm
CW laser
© 800 nm
. pulse laser

Stimulation:*.,
2y, 800 nm pulse ™
E ,‘?&1)70,”
iy o .

Sample

K1 IOLTHR TR E R MARGOLH R ER (G&R
Scanner MR BT, LP H KB IEWE A, PMT At Ay
)

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.

F U, 462—638 nm [HFE IR 7 FH TS A
J6. BT GNRs WA LI, BORFAAE B4 55 )
AT S KN g 211.63 pm % 211.63 pm.
K A 40 EE- 2, 9 %5 8 4% LUTS (look up
tables) JH#E TG

2.5 HZMA Ca2tigsE

W5k KOH ¥ BAPTA-AM 28 b i) pH {H M
TR 7.4, LI IARLH S 200 pmol /L
B9 BAPTA-AM #1740H0P Ca> AITHFE.

2.6 FHXENEE AF/F 2

e S AR, AU Ca ik BEIl 5 8 50—
100 nmol /L, {H 4 Z 475 SR}, ML) Catifk
FERE L FF 10—100 5. o2 1hd, fit 28 4 i v Yy
Ca ¥k i 5 4: BETE zh BB AH G, FIH] Ca*t4E 7 7
B 2 5 BE 5 20 B Ca2 ik B B 6T S &R, 1T
DIOXT A4 28 A B 3% S AT A I T FH e R B NIS-
Elements AR X} Ca*+ %o S5 & 47 & K Zdi
T, IFTE Image J HRBESE R /0 LG BRI AL A
18, Ca? i FH X 2¢ o BE H AF/F KRR, Hrh
AF/F = (F - F))/F, WotmEmEe. F- F,
R AR LR, Fy RIS Ca>t o R .

3 EiboAr
3.1 ELI5MERIB GNRs #i BiiE sy

J T 5B GNRs X #2410 G B0E 15 5 1 4
SRAEF, FEIE X GNRs 1458 56BN 2l 2s B e,
AT 5T, GNRs 16 5 RIOG RS VAL A E TR &
4724 LSPRI?Y, LSPR 5t # i< F58 # 7€ 0.1 —
1 ps, ZJG7E 100 ps—10 ns H B [a] i [l P 38 1 4
A AR HOKS 7 A R PR 3o 3 JR] R BT 231, 4 k)
WO HIEE A B 40 A GNRs 72 A4 v K
FLY BRI A0 N A R AT T I 2R A, S
Matlab X f7 g 37 AR R 7R . 24 A GRS
5 GNRs % 5 TR RRITECET, fFH Gans
PRIETHA GNRs 1A, Gans B2 Mie
N BN ERIE 9k ks 24, 5% GNR ERIE, K
AL GNR A9 ) 2 171 55 25 T 300, GNRs 74
B (Qenr) TR ] (g1 Sk 2R 29):

CabsLraser
Qonk = 731);1%6 ) (1)
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icabsmﬁﬁ/\ GNR A9 W W # i m AR, i Gans

S B 7E  Taser 2 WG TR E (W-m2); V& GNR
BMMR. R % GNR 2 & 4l 24 20.1 nm, KBl
81.3 nm [YHERAL, N

2
1
27‘[V€3/2 3 (P]) €2

cht - 3)\ Z 1— P 2 ’ (2)
J (51 + P . €m> + €3
1 2
v (5) ter-cn?+
sca = Z P D) ) (3)
J (51 + P 2 5m> + €2
Cext = Cabs + Oscaa (4)

Horpre SR B BRI B RGN\ G K
e1 Ml eo J& GNRs /1 HLH BB LB AR TB; Cox /2 TH
TR Cuca 2 HUS B AR B, P2 A, B,

C =R EWALINT (A > B= O),

- ()]
()

1—R4
2
GNR 7 A 19 B 7 B I 1 240 6 58 114 3 2
PRSI AN MRS L A Z i, B LR 254

B—C

(@)

4r — t=0 ms
— t=0.25 ms
t=0.50 ms
— t=0.75 ms
— t=1.00 ms

T/C

Distance z/pm

2 IRERAN ] ¢ AR o AR Y PR
M 7E AR R ) 26 520 W-cm

0 10 20 30 40 50

T/C

() FRF 1) — 7 FRF, 050 B8 I 45 P 88 9% 98 o 08K () BE S — E ), R BE
2, 1] B2 0.5 s FYHE TR Ik o £ Dy o Dl U

1) GNR ERHZ 5] 5340, 5 240 i 5 22 8] 7
#EE R 100 nm;

2) WZEW LA, GNR P~ i #viE iy GNR 2
KN i TR

3) GNR 7 A= #ia, Bl A e A

4) PRI BT AR Z b A S TR
.

BTk e, ATLASEHT R A —4ER G HOT
i 20 R A
1 8T 82T CQGNR 5
adt 022 ko (5)

Hrp, o FRHF R KRG BRI, o = 148 x
107 m2s ! kESFMEE, k=057 Wm LK !; b
TSR TR Qongs; 772 GNR 5408 A0 R #E 2
tAERSIE]; T(x, t) AR Rl T R] R 2 ARk ¢ 2
A GNRs 8 355 H. A Matlab XJ#$ 807
FRIEAT R A%, 55 E 2 s, IR ¢ e HE B
x [3E AN R0, X B IRE GNR 7 A e 34
T 1) 240 RS 7 ECEh SR S B AT A R B
24 0 3200 L IOk O T FEE R i 20 mW B
SRR A S R AN M 2, 505 A R —
{BFE SR E L, GNRs FEAEYI 2100 #i, I H BT
O A = A1, AR () — 2 4 T
AT T, SOCPE SR PRI B P, TR /N TR
TRLRE . I FH AR AR AR [ T Xk B fin i
AP BB B R TN, 45 SRR AT GNRs 1Y
VRPN S 2 B S AR AR

12

(b)
10 — z=0.1 pm
— z=1pm

8 =10 pm
— =20 pm
— x=>50 pm

0 2 4 6 8 10

Time ¢/ms

I 25 I 1) Sy 38 o

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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3.2 RN THEBEEREE

S Yl 200 L B S5 A5 P B AR AR 270 R RN gl AL
TR BER, BE R — A s H
P BEL T PR K A R BEL 6%, 40 TR 2 3 1) 4 2%
TR —— R ECRAS, BF-th vl LA o R 13
TE YL ik 200 LG 3ok S 38 1 AT D E AT L I
SRABEA, X L03E TE AT LA AE— A AT L T8
Y R~ EE AR B — R H R FRBEL A
FE R 86 T B 1 2 O FL Y. P RN 5 2 B P
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 )
A, R T RENHBE. i GCS #4
Y AL F I AR OC Y 2R ARk AR A LI 1260, fiff
FHAEA 7R (6) F1(7), XIBERS X5 J2 P ) 2
3 o, B (¢ — Vi), BIESEHL A7 595 BE 1 R KR
fife, TR SRAG B L 2.

2 n
b __ osol 0
{ao—i— (Sb(gi—ﬁo)} = 2eX'RT ch (00)

j=1
oF
X {exp —Z—T (2o — A2Y) —1}, (6)

n

2
€b sol i

o— —(g;— I = 2ex» RT ¢ (—oo

{ o o>} B RT3 (=)

X <exp {ilg;: (@i — Vi) — A@is]} - 1> , (7
Horb o HANEIESINZ IIAE A 3R, o S A S
WIZRIATE LA 2 L, o AN XU 1 )=
AR ALY, o0 WM TIRRIRE S, o
BRI TR B EL, 6 ABRIR DU T2 1Y
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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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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K 5 {Z Fluo-4, AM #7ic fil Fluo-4, AM, Con A Fll GNRs-SA [l i #5101 SH-SY5Y 41 g 3 40l 38 9 F- 1 (40 MU % n = 300) Fe/ ik
IR RF ) A B S0 5 | AR 0 5 O 548 E 1) A2 AL

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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B 6 B iF 6 S B Ca2tiy A8 4k SR I (b FITC 2R 500—550 nm (9 47 38 3§ I 4R R 4 9¢ %, BF %R 5 5 i A%,
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%
FEEUR; (e) Bl (b) A (d) 2 8 i £ BT Bl X 3k 19 AF/F AEAHZR AR 200 pmol /L BPATA 5 200 pmol/L CaCl, J& (25 {h il &

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.
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