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1. Experimental

Materials and General Instrumentation. Compounds 1-(4-bromophenyl)pyrene,
iodomethane, ct-DNA, sodium phosphate, and calcium chloride were purchased from Aladdin
(Shanghai, China). The solution of L-amino acid systems were purchased from Beijing Innochem
Technology Co., Ltd., the specification is 10 mM in Water, and then diluted according to
experimental needs. All chemicals and solvents used for synthesis were purchased from
commercial suppliers and applied directly in the experiment without further purification 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) purchased from Beyotime Institute
of Biotechnology. 1H NMR and 13C NMR were measured on a Bruker AVANCE Ill HD 400MHz
spectrometer. Chemical shifts (d values) were reported in ppm down field from internal Me4Si.
High resolution mass spectra (HRMS) were acquired on an Agilent 6510 Q-TOF LC/MS instrument
(Agilent Technologies, Palo Alto, CA) equipped with an electrospray ionization (ESI) source. Melting
points were recorded on a melting point apparatus (RY-2, Tianjin, China). UV-vis absorption spectra
were obtained with UV-2550 (Shimadzu, Japan) spectrophotometer. A Hitachi F-4600
spectrophotometer (Tokyo, Japan) was used for fluorescence measurements with a 700 V PMT
voltage. The pH values were reported by a Mettler Toledo Seven Excellence PH meter (Shanghai,
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China). The absorbance for MTT analysis was recorded on a microplate reader (PL-9602). The
confocal microscopy imaging was used Olympus FV1000-1X81 inverted fluorescence microscope.
Image processing was analyzed with Olympus software (FV1000-ASW).

Spectrophotometric and spectrofluorimetric titration The absorption and fluorescence
emission spectra of L were measured in various solvents at room temperature. The concentration
of L for the absorption and fluorescence emission spectra was set at 10 uM and 5 uM, respectively.
The wavelength of maximum absorption was selected as the excitation wavelength (Aex) for
fluorescence emission measurements. Titration experiments were performed in water at room
temperature. A freshly prepared L solution (5 uM) was titrated with DNA. After equilibration for 1
minute, UV/visible light or emission spectra were recorded. The excitation wavelength for L was
set at 350 nm. The excitation and emission slit widths were set at 5 nm and 10 nm, respectively.
The DNA titration experiments were performed as follows: Calf thoracic DNA (ct-DNA) was
gradually added to a fixed concentration (5 uM) of L in water. The excitation wavelength (Aex) for
fluorescence measurements was set at 350 nm. Competition experiments were also performed in
water. First, 5 UM L was incubated with ct-DNA (5 uM) for 30 min, and then interfering substances
of the same concentration were added, and the fluorescence emission spectrum was recorded.

Determination of detection limit (LOD). [1]The standard deviation of the blank was
determined by 11 measurements of the fluorescence emission spectra of L (5 uM). The linear
relationship between the concentration of ct-DNA and the fluorescence intensity at 451 nm was
determined by fitting a concentration-dependent fluorescence curve. The limit of detection (LOD)
was calculated using the following equation:

LOD =30/k

Where ¢ was the standard deviation of the blank sample, k was the slope of the linear
regression formula.

Cytotoxicity assay [2]. Hela cells were seeded at 6x10* cells per well in 96-well plates and
incubated for 24 h before treatment, followed by exposure to different concentrations (3, 6, 9, 12
and 15 uM) of L for 24 h, then washed with Dulbecco's Phosphate Buffered Saline (DPBS) and
incubated with 20 uL MTT (5 mg/mL) solution for further 4 h. And then the cytotoxic effects of L
was determined using MTT assays. The absorbance value at 350 nm was measured by a microplate
reader. The cytotoxic effect (VR) of L was assessed using the following equation: VR = A/Ay x 100%,
where A and Ag are the absorbance of the experimental group and control group, respectively. The
assays were performed in six sets for each concentration.

Cell incubation and fluorescence imaging. Hela cells were seeded in DMEM supplemented
with 1% antibiotics (100 U/mL penicillin and 100 pg/mL streptomycin) and 10% fetal bovine serum
(FBS) and cultured at 37°C in a 5% CO, atmosphere. For a control group, cells were directly
incubated with L (1 uM) at 37°C for 30 minutes. To image exogenous calcium ions, cells were
incubated with various concentrations of Ca2*(0, 100, and 200 uM) for 30 minutes, followed by the
addition of L (1 uM) at 37°C for 30 minutes. Fluorescence imaging were performed by confocal
fluorescence microscope with excitation wavelength at 405 nm and emission wavelength at the
range of 422-435 nm.



Scheme S1 Synthesis of NPI. Reagents and conditions: i) SnCl,, HCI (1 ml), EtOH, reflux, overnight;
ii) formaldehyde, EtOH, room temperture, 2 h.

Synthesis of the naphthalimido-imidazole structure (NPI). The compound 2 (40 mg, 0.12
mmol) and FA (370 mg, 12 mmol) were dissolved in EtOH (10 mL). Then, the mixture solution was
stirred for 2 h at room temperture. The solvent was removed by evaporation under reduced
pressure, and the residue was purified by silica gel column chromatography (SiO,, CH,Cl,/EtOH,
gradient) to obtain NPI as a yellow solid (33 mg, yield 82%). *H NMR (400 MHz, CDCls, ppm): § =
9.05 (s, 1H), 8.62 (d, 1H,J=7.2 Hz), 8.48 (d, 1H, J = 8.4 Hz), 8.07 (s, 1H), 7.84 (t, 1H, J = 7.8 Hz),
4.61 (t, 1H, J = 7.0 Hz), 4.20 (t, 1H, J = 7.4 Hz), 2.12-2.06 (m, 2H), 1.78-1.70 (m, 2H), 1.51-1.42 (m,
2H), 1.08 (t, 3H,J=7.4 Hz), 0.98 (t, 3H, J = 7.4 Hz); 164.48, 164.29, 145.14, 141.95, 131.67,
128.86, 127.36, 126.69, 126.31, 126.14, 123.87, 120.32, 118.07, 49.07, 40.45, 30.22, 22.13, 20.45,
13.89, 11.13.

2. Additional data and spectrum

Table S1 Photophysical properties of L in different solvents

Aabs € Plmax Stokes shife
Solvents (0]
(nm) Mem™) (nm) (nm)
DCM 347 34200 524/475 0.255 177/128
1.4-Dioxance 345 34600 450 0.107 105
MeCN 344 34700 504 0.106 160
EtOH 344 34700 552/440 0.035 208/96
DMSO 350 33500 512 0.134 162
DMF 348 33300 495 0.106 147
MeOH 343 34400 557/439 0.028 214/96
H,O 352 19500 451 0.098 99
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Fig. S1. a) UV/vis absorption (10 uM) and b) fluorescence emission (5 uM) spectra of the probe L
in different solvents. Aex = 350 nm.
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Fig. S2. a) The absorption spectrum of L with the increased concentration (0-50 uM) in water;
b)The absorption spectrum of L with the increased concentration (0-25 puM) in ethanol. The
absorbance of L at 352 nm in water and at 345 nm in ethanol enhanced along with the increased

concentration of L.
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Fig. S3. a) Linear fitting plots of UV/vis absorption intensity of L with increasing concentration in
water, at wavelengths of 277 nm and 352 nm; b) Linear fitting plots of UV/vis absorption intensity
of L with increasing concentration in ethanol, at wavelengths of 277 nm and 345 nm.

Fig. S4. The theoretically optimized geometry of probe L
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Fig. S5 a) The fitting curve of fluorescence intensity (451 nm) of probe L as a function of DNA
concentration; b) the linear fitting curve of fluorescence intensity (451 nm) of L versusin relation
to DNA concentration within the low - concentration DNA range (0-0.5 uM).
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Fig. S6 the absorbance spectra of L (a, 5 uM), pyrene (b, 5 uM) and NPI (c, 5 pM) in aqueous
solution in the presence of different concentrations of DNA (0-5.0 equiv.).
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Fig. S7 a) The time-dependent fluorescence signals of L (5 uM) with addition of different concentrations
of DNA (0, 0.5 and 1 uM) in water. b) The pH-dependent fluorescence signals of L (5 pM) in the absence

and presence of DNA (0.5 uM). A, = 350 nm, A., =451 nm.
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Fig. S8 Fluorescence images of Hela cells that were first incubated with L (1 uM) for 20 min,
followed by incubation with different concentrations of Ca?* (0, 100, and 200 uM) for 15 min. (c)
The 10D of the nucleus and cytoplasm in the Hela cells treated with L (1 uM, al) and L + CaZ* (b1,
cl).Incubation temperature: 37 °C; Aex = 405 nm; Aem = 422-435 nm. Scale bars: 50 um.
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Fig. S9 Cytotoxicity of L in Hela cells. The cells were incubated with L at corresponding
concentrations (0 uM, 3 uM, 6 uM, 9 uM, 12 uM, 15 uM) for 24 h.
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Fig. $10. 'H NMR of the probe 2
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Fig. S11. 13C NMR of 2



Zxs201£1011_8 8U (U.315)
326 1894

1 10F MS ES+
8.80e5

1004
m |
364.2005
283.1349
R 7014902 g4 5714
1421635
0 }"‘J‘“| - ! %l '“l IL ll| Ilf ?ggﬁzﬁz 1194;3010 r1503|'9653r T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Fig. S12. HRMS spectrum of 2
=
8 10000000
o0 o
o ARNSSSeRnIII=ZLRe S
-3 SN O AT N TINOS N0 S |lesne
= SFASEmASa LIRS E B
=) O 6] OF Of ‘et vt ot vt O (3 €3 O Ty OG OC £
— ©0 00 00 00 00 00 OO Of 06 00 00 00 I~ I~ I~ I~ I~
‘ S ' L saonooo
Heoonooo
@‘ Hsa00000
o D .
' 4000000
3000000
1 2000000
F1000000
A Lo
i —EEl e
(=] o 00 00O O ol T 00 +==1000000
(=] mOomoMNNo o
— =M~ MNO —~
T2 w0 | es | ele | ea | a2 | 90 | 88 | &6 | 84 | &z | &0 | 18 78 | T4 | L2
11 (ppmd
Fig. S13. IH NMR of 4.



2,30 10"
r2.20x 101
F2.10% 10!
r2.00% 101
F1.90% 10"
f1.803 10"

FL70x 10

F1.603 10"

FL50X 10

F1.40% 10"

F1.30x 10"

F1.20% 10"

F1.10% 101

F1.00x 10"

(9. 00 1010

8. 00 107

(7.00 10'
F6. 00 1010
(5. 00 10'
4. 00 1040
F3.00 101
F2.00% 10"
F1.00 1010
F-1.003% 10!

£10doO vac.hh/

£10dO cc\m.rr\

£10dD LBLYLL
€606'¥T1
LOY0°STI
£T6TSTI
6805°STI
P8Y8'STI
19¢¢°9C1
0965°LCI
£899°LTI
1Z8T'8CI
LL6ETI
1TLY"8TIY
LECTOEL
Lo61' 1€l
GIESTET
PIT9'TEL
SLLL'TET
0695°SE1
90LE9ET
9920°8¥1—

9CcEETOI—

T T T T T T
150 145 140 135

155

160

T
180

18%

195

125 120 115 110 105 100 95 90

130

170 165

175

190

11 (ppm)

Fig. S14. 13C NMR of 4.

(2200000
2000000

1600000

1400000

1200000
1000000

(800000

600000

400000

200000

-0

F=400000

=
co
=
. : e A :
—
e i — b - =

606L'Y
€10AD 019Z°L
0998°L
9$88°L]
EPP6°L
1796'L1
1S€0°8
0rS0'8
69L0°8
€601'8
TELT'S]
8T61'8
11028

o ¥

5

-

[t

o
1

O@

96081
6vTT'8
StrT's

LE9T '8
£955 8>,
LLLS'S
L7998
£189°8 \
IPE1°6

EILS

Haom‘m
Forz
AR

EP6'L

EFELT

5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 Lo 0.5
11 (ppm)

5.5

Fig. S15. 'H NMR of L.



6. 5 10%°
F6. 0 1010
15,5 1010

F5. 0 101

4.5 10

F4. 0 10'°

3.5 101

F3.0x10?

F2.5% 100

k2.0 10

1.5 10

k1. 0% 1010

5. 0 10°

FO.0

SLLT TN

PRET I~
LYT80T
8909°¢l
hmwmdm/
0ZT80F
£700°6¥
10O $6£0°LL
10D €LSELL
12U 0SLY'LL
¥809°811
8C0L'0C1
L8FPTYTI
rioscl
£0s0°¢TI
0L9T'STI

S8t sl
6CLSTI
SLEE9TI
SL8Y'9TI
6956'9C1
FC0T LTI
0S9'LTT
EISL’LTT
SEIT8TI
9TLBTI
¥8S0°6C1
[eecocl
CLOT'TET
PrOETET
LTFETET
LLEL'TET
169¢°9¢1
PELY €I
PELEPIT
TLE8 PO

!

Fig. S16. 13C NMR of L.
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# opt Freq b3lyp/6-31g(d)

Charge=0 Multiplicity =1

01
0] -2.84960000 9.23580000 0.61460000
C -3.15040000 7.86040000 0.48640000

C -2.84020000 7.40550000 -0.93780000
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