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A Naphthalimide—Based Fluorescent Probe for
Detecting Intracellular pH and Its Biological Imaging Application
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Abstract The pH of lysosome in cells has significant affect to various biological activities, including autophagy, phagocy-
tosis, enzyme processing and so on. The metastasis and apoptosis of cancer cells are closely related to change of the lysoso-
mal pH. The nucleus is the largest organelle in eukaryotic cells which control the most important genetic and metabolic pro-
cesses, and the enzymes involved in metabolic processes are sensitive to changes of pH. Therefore, it is very important to
investigate the pH change in cells. Herein, we designed and synthesized a novel fluorescent probe NpH-1 via a simple
two-step reaction. The probe uses naphthalimide as the fluorescent group and morpholine group as the pH responsive site,
and regulates the fluorescence through the photoinduced electron transfer (PET) mechanism. The spectroscopic properties of
NpH-1 response to pH changes were measured in the Britton-Robison buffers, whose buffering range was from 1.81 to 11.92.
In the pH range from 3.0 to 10.0, NpH-1 exhibited a very rapid and reversible response to pH change. The pKa of NpH-1
was 5.41. It showed a very high photostability. Moreover, the fluorescence emission of NpH-1 was not influenced by biolog-
ical species including metal ions, anions and amino acids. NpH-1 showed very low cytotoxicity, which indicated that it could
be applied for cell imaging. Thus, we monitored the pH changes in HeLa cells via stimulating them by Chloroquine. The cell
imaging results showed that NpH-1 could be utilized for detection of pH changes in living cells. Furthermore, the colocaliza-
tion experiments of the probe NpH-1 for various organelles including lysosome, mitochondria, Golgi, endoplasmic reticulum
and cellular nucleus were carried out, and the results exhibited the probe NpH-1 mainly distributed in lysosome and nucleus,
which implied that the probe could be applied for detection of pH change in complex intracellular environment.
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Scheme 1 The mechanism of the probe NpH-1 response to pH
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Scheme 2 The synthesis of the probe NpH-1
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Wavelenth/nm

B 1 #%E NpH-1 (10 pmol/L)7E B-R Z& i 48 41- 1 WL WSO 1
(pH 15 3.0~10.0)

Figure 1 The UV-Vis absorption spectra of the probe NpH-1 (10
pmol/L) in PBS buffers (pH range of 3.0~10.0).
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3000 - Figure 3 The curve of fluorescent emission intensity variation with time
— of the probe NpH-1(10 pmol/L) at pH 4.0, 7.4 and 9.0. (Aex =440 nm, Ae;,
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Figure 2 (a) The emission spectra of the probe NpH-1 at 540 nm in pH
range of 3.0~10.0; (b) the pH titration of the probe NpH-1. (1.,=440 nm)
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Figure 4 The reversible cycle of the fluorescent emission of the probe
the probe NpH-1(10 pmol/L) between pH 4.0 and 8.0.
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LA ERAA.

Figure 5 Fluorescence intensity of NpH-1(10 umol/L) at A.,, =540 nm
in solution at pH 4.0 and 7.4 with various species (200 mmol/L). 1.
a-D-glucose; 2. L-phenylalanine; 3. L-alanine; 4. L-Methionine; 5.
L-arginine; 6. L-ascorbic acid; 7. L-leucine; 8. L-proline; 9. L-tryptophan;
10. L-serine; 11. L-aspartic acid; 12. L-valine; 13. L-isoleucine; 14.
L-histidine; 15. Methylglyoxal; 16. NaOAc; 17. CoCl,; 18. NaF; 19.
glycine; 20. NaCNS; 21. Na,SOy4; 22. KCI; 23. MnCl,; 24. NaCl; 25.
NazCO3, 26. NaHCO;, 27. MgClz, 28. N32S203'5H20, 29. CquO4.5H20,
30. Na,SO;; 31. NaNO,.
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B 6 (a~c) HeLa 4/t R4 NpH-1 (10 umol/L)AbHE & (194 M i 15
; (d~1) HeLa 41 i F &0 (10 pmol/L)AL#E 30 min 5 AR % NpH-1
(10 pmol/L) A4t i i A% ]

Figure 6 (a~c) The imaging photograph of HeLa cell treated with the
probe NpH-1 (10 pmol/L); (d~f) the imaging photograph of HeLa cell
treated with chloroquine (10 pumol/L) for 30 min then addition of the
probe NpH-1 (10 umol/L).
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MitoTracker™ Deep Red(10 pmol/L)FI3LE A g Bl (c1)~(c4) #REF
NpH-1(10 pmol/L) ‘5 LysoTracker™ Deep Red (10 pmol/L)fI3tE L
WA E; (d1)~(d4) ##4%F NpH-1 (10 umol/L) 5 Golgi-Tracker Red (10
pmol/L) 1) 3£ 5 i B 4% &l (el)~(ed) #R%F NpH-1 (10 pmol/L) 5
ER-Tracker Blue (10 pmol/L)f#) 3t & 7 % .

Figure 7 (al)~(a4) The colocalization photograph of the probe NpH-1
(10 pmol/L) with Hoechst 33342(10 pmol/L); (b1)~(b4) The colocaliza-
tion photograph of the probe NpH-1(10 pumol/L) with MitoTracker™
Deep Red (10 umol/L); (c1)~(c4) The colocalization photograph of the
probe NpH-1 (10 pmol/L) with LysoTracker™ Deep Red; (d1)~(d4)
The colocalization photograph of the probe NpH-1(10 pumol/L) with
Golgi-Tracker Red; (el)~(e4) The colocalization photograph of the
probe NpH-1 (10 umol/L) with ER-Tracker Blue.
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2H), 2.51 (dq, J=6.5, 4.5, 3.2 Hz, 7TH), 2.24 (s, 7TH); "°C
NMR (126 MHz, DMSO) ¢ 164.46, 163.61, 151.08,
138.63, 135.69, 134.73, 131.25, 130.32, 129.47, 129.40,
129.09, 124.83, 122.77, 120.68, 108.44, 104.40, 66.69,
63.29, 56.64, 53.85, 45.37; HRMS(ESI) [M+H] " cald for
C,7H30N405 459.2391, found 459.2388.
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¥ HeLa YIS HE 24 h, FIRREGIREFECHIERE 1
mmol/L FIREAR, 114N [ i 48 15 7% 1L poim N S5 562 BT 7
(5, TR R R B RS, EAT SEU0 (S50 75 oK L 45
RE W@ A 1 AR, BUG T TR AR, I
TREFI B 5 5 B4 PBS TB UE P B =k, T3 LR
FER NG AT AT .
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