®50% % 9H/2023 £ 5 A/HREH,

HAT P I PRz vk 477 A2 0 M 1 i 2800k 8 1k
b I 2 TR

A0, HE NEE, 98, IRE, ARG, FET

TR TR S TR B R MO R T R S %, AR KAF 130012

WE JRHEE M EZOMIES, SN2 G EUIMIC . T NI AT 2 R Z AR ThaE 5 R
SRR B AR A A T TR — o SR, 40 T TG T 9 DI IS A5 9T o 4 A s 2 D' 5 B8 0 e A 1 3 4 1P 19 i i 2%
FEHRET J 70 A BR 3k ™ F R TR RIS . W T — B A SO I A Y 1 s R AT A 0 0 T O R B
(Lipi-QL) o 1ZAREl P H AU B M TR K HEOE AR, SR B T AR e Y BRI AR D e #3PE . Lipi-QL REHE 1 iR ik J2: R A
JERR T HE ARG IS , 2061 i 2 IR N AR PE S R Y o 45 2 AR 7 1 S5 T 1 2R BT B 9 EE L
B R FE e 0 B o I BT DT 400 1 0 i 2 SR AR O AR 78 A [ e T R 2 BT A O TN R T T AR B
BODIPY 493/503 BYpRiC e 4k o LAk, (I FHIZZEOE TR AT 52 BL T [ A2 40 M0 A9 = 2 24 5 £ A50R 375 46 it A i ¢ 3k 2R
e o ZIOCAR B IR — T T S B i A B ) RE B T ST AR AL TSR AT 0 R TE R 5 — O TR SR T AR R bR i B

FEICRET BB RAE TR Y R

A DL SOUTFRRRE s SOEIRIG: SORHE : I8

FESES Q28 XHEIRERL A

1 5 7

JIg T & — FhERTE A M 2% , T2 AFAE T 4 K 1)
ECAZ AN o PR 2 ph = TR R I [ R P A A A
() H P i 5 A A AL T I S B 2 A5 B R 1A 0 B T R
JZE S BR T A PN SR A L2 B[] DS 2 G O 5O
VEIE A0S TR R R AR R TR R ST RN B AT A
TE 20 M o 2 A0 GV R B R, TR AR —
BEIF ] P, JR % 40 Bk I Sk IR A0 B b i A 2 R R 1Y
P MR I 0RE o T A R W 5T Kk B, IR T O 4 v — b
HEAME S5 ae m AR L s TR AE Y % £
FloA BRIG B, JF ELIR T 09 D g 2% I 5 2 R AR i 2
I 2 DI AR G, an e 2B A7 M 0 I e o R e R A4 YL
R I, B 3 F 52 B A 1 A0 A F A i A= ) 2 S0 s i AT
BT 0 2 — .

PETEIAR B AR S WL N T IR oY KA PRk
AWM T HZ — Hf SR g 3 A H i
g JZ T AR A A R T A R AR g B
T e A B RGO R AT R s A AN D R
e b E A H Y )E T 4k 1k 19 Nile Red fi BODIPY
493/503" H X AR AT 54T — B Bl a5, 50 40 A Y
Yoo W PEPEARANGE =, B T YL R T A, 53X P SO

DOI: 10.3788/CJL221331

Bl ik 2 et 20 i rp A9 AL S5 A o O T AR TN 2¢O
BB ARIC VB $R 1, — Fh A Ry J7 vk R T A 98 Y ¢
pirE 7 S A b A A L L B ) AN TR T i
15 9 G R B B B e G R S . B, Collot 554
T — R T R IR S 200 K G IR T 2 O IR
Bl a8 a8 T g3 45 R R e B BE A0 IR el s
PTGy 1 2% i K P R AR I I O O L A E T koK
53 e Z B (CLogP) B £ 6 A2 A7 1 Je 8 1 B 5 1 1) i
5T EE Ph-Red o 53 A — FlA7 4R THIR 5 2¢ 't 45
B bR A0 2B 1R 1Y 07 05 Rl o A B i B 2O TT
FKAFVE B9 DR B, 52 BUAR A R A9 5 3 P 2806 s 58
e Bl P PR 5T TR M AR O, DT S5 B R 4 0 T e €
S, Bl FREEVHRT - RIVRATOLH X
R P B g 5 BE IR T S OC AR B, il T Ok S8 R B A A0 i
Jot S5 A PR R T T 2 0 4 I 3E VR OK, DA A 4 i A 2
U RS BT v A MR LU A B R 2O AR o X S T AR
B M A PE TR RO 0 AR W e T Y . (H B TROR
Ui, BE % i 5 B R e 800k B M A 0 AR N AR TR R 2SO
HEAH AR

AR SCAIF ) T — o B P SRR B AT SO T SR Y
T PO ERET (Lipi-QL) o AR B> T 454 B, 5 7l
B oy BAT G S ARG R AR TR R i B

Wi B 2022-10-17; EEHH: 2022-11-16; KA B 2022-11-25; MEHFLZBH: 2022-12-05

EE&WH: EXRAKRES62075079)
BREMEE: xyia@,ilu.edu.cn

0907102-1


https://dx.doi.org/10.3788/CJL221331
mailto:E-mail:xtjia@jlu.edu.cn
mailto:E-mail:xtjia@jlu.edu.cn

E50% F9HI/2023 £ 5 B/HhE#N

1 PO 5 BE v ) I T e €0 208 5 M ARG ) 400 i w4
PEZIRE F T IR L R B SO iR fE AR R B 4L 5
W T SBT3 TR R £ BODIPY 493/503 1Y
ARG M b o 5 B BN IR A HE O RR E TR IR
AT =4 R g, A3 T T 1Y BE UL B
JE T 23 6] 43 A 1) = 4E 18 Fr o T PR B 48 1 oAt = Fh
PP Rl R T S BT 3 A0 DY (e SR A R . X
SR 2 T Lipi-QL R 1 AR A5 M L, 368 T % 88
EHAE R 2R L SE M. S A0 R E W T
BTy v 200 3 1 s 1 200 6 1) 2 S A A 4 1 T
B S

2 ZEH 538

2.1 RARRH D FIRITRAEMEMR

Lipi-QL 473 7 45 ¥ 2 56 T M o i 7 7B 28, 1
— ¥ 5 | A~ = S T R 6 o8 L ol T RE A AR Dy —
FIA RGN . R RIM S Z R TR T
PLsE S [F s B R s W 628, 4l 1(a)
fras Forp AR ORI . O T IR A BB IZPO6 (FL)
Iy B ROCHEE AT AT T i R R e

(@)
LUMO
CF. -2.14eV o ‘
ool J"'
©\N N CF, excitedstate 1
436 nm a9
A ¢
f=0.095 a “ ")
Lipi-OL — s‘.‘ o
b 543 eV
HOMO
8000 r (© ———H,0 volume fraction of 0%

~ = H,0 volume fraction of 0.1%
2 - H,0 volume fraction of 0.5%
g 6000 r — - —H,0 volume fraction of 1.0%
'?é — - - -H,0 volume fraction of 5.0%
E 4000 | = = = = H,0 volume fraction of 20.0%
‘B
=
&
5

2000
E
0 o -
500 600 700 800 900
Wavelength /nm

BT SOLIRER BB 5 5 e B

(TD-DFT) 58 . &% & e & i A 4> F #L i (HOMO)
Y ATTERE A oE A R R OR N PRI
(LUMO) W) == 22 43 A5 78 R = 6 B 5 W ok 119 37 {4 35
Ao XA HOMO F LUMO 11 5 35 4% B 43 3 K% 9%
o F T8 B 7S 00 A8 A 4 (o L 7R 9 R 25 X i P 3R
Be 0 ARORR 2 B B I RIAL RN o i OB IR £
[k 2 B IR & AE B0 40 e s FE SC PR RL A 1 b

Z G W 9E T Lipi-QL 78 A [6] i) M A L% 55 i
JE R BT [ 1 (b) RS £ AR R 2 ST, ik
N6 BT B W AL I R0 A T A R AN TR 5 R
S5t R W g s 341 47 T 420 nm 24, BE AR IS OG BRk (o) 24
J7 6000 Lemol "~cm ‘o ZEE M E S R T 5%
WAC SR AN TR) ) R A A R R i T R AN 1 3
AR E 0 e KR S N H 2R (1 534 nm 2L RS B T
NG H Y 640 nm, A N Y 9 1 77 (@) M 0.5700
TREE]T 0.0043, J& 80 T 8 3 A0 A Pk R K G 9 O R
PE A R T2 T2 6 AR 15 M b o IR A R (R
PE 2R H G e T 7 A2 25 2 111 nm, A0 K A9 T 4G
o T 57 % X5 T 96 6 BUAR A U T LA 0 I A8 1 A A A S
Z B 22 S

8000
()
£~ 6000} . toluene Z
g v ‘;_./“‘\ -~ CcHOL | g
: Yo% o cHa, | £
by A AN \' .
'S 4000 | \~"—CHCN | 2
= \ 9
: 8
e c
W
2000 ; g
N\, Z
N,
d =~ T.\'-
400 500 600 700 800 900
Wavelength /nm
@
SRRKI s H,0 volume fraction of 0%
K] == == H,0 volume fraction of 40.0%
g
< 20000
&
2
g
_‘g 10000
E

0 1 1 1 —
450 500 550 600 650 700
Wavelength /nm

5. (a) Lipi-QL 9 2> T- 458 2 H TD-DF T 13 4558 5 (b) Lipi-QL 76 A [al 8 1447 HIL ¥ 571 v

W R K B 6 5 (o) Lipi-QL ZEAS /] — aéL/\IT{ﬁ(ﬁlEPE'ij'ﬁ)‘é W KGR F; (d)BODIPY 493/503 78 A [f] 48 /S 35 e H Y 2%
eI K IR A
Fig. 1 Design, synthesis, and photophysical properties of fluorescent probes. (a) Molecular structure of Lipi-QL and its calculation
results by TD-DFT; (b) absorption emission spectra of Lipi-QL in different polar organic solvents; (c) fluorescence spectra and
fluorescence photographs of Lipi-QL in different dioxane solutions; (d) fluorescence spectra and fluorescence photographs of
BODIPY 493/503 in different dioxane solutions
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Fig. 2 Co-localization experiments of Lipi-QL and Ph-Red in HelLa cells (scale bar is 10 pm). (a) Green imaging channel of Lipi-QL;

(b) red imaging channel of Ph-Red; (¢) superimposed images of two fluorescence channels and bright field
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Fig. 3 Comparison of staining selectivity between Lipi-QL and BODIPY 493/503 in HeLa cells under different concentrations (scale
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Quinoline Derivatives with Fluorescent Switching Properties for Efficient
Selective Labeling of Cellular Lipid Droplets

Zhao Li, Zhou Ri, Liu Guannan, Peng Guishan, Wang Chenguang, Jia Xiaoteng , Lu Geyu
State Key Laboratory of Integrated Optoelectronics, School of Electronic Science and Engineering, Jilin University,
Changchun 130012, Jilin, China

Abstract

Objective Lipid droplets are important organelles closely associated with various cellular physiological activities. Confocal
fluorescence imaging is a powerful tool for observing lipid droplets and studying their diverse functions. However, lipid droplet
fluorescent probes with the high fluorescence intensity and labeling selectivity required for cellular lipid droplet fluorescence imaging
are limited, severely limiting the in-depth study of lipid droplets. In this study, we develop Lipi-QL, a quinoline-derivative lipid

droplet fluorescent probe with fluorescence-switching properties.

Methods The probe exhibits high selectivity for lipid droplet labeling owing to its sensitive polar quenching fluorescence properties.
The donor-type molecular structure also confers high fluorescence intensity and large Stokes shifts on the probe. When using this
probe for confocal fluorescence imaging of cellular lipid droplets, significantly better labeling selectivity is achieved at varying
concentrations than when using the commercial BODIPY 493/503 lipid droplet probe. Additionally, three-dimensional confocal
imaging of fixed cells and four-color confocal imaging of live cells are performed using this fluorescent probe. The development of this
probe provides a powerful tool for studying the physiological functions of lipid droplets and provides a new idea for the design of new

highly labeled selective fluorescent probes.

Results and Discussions As shown in Fig. 1(c), the probe exhibits highly efficient fluorescence emission when the water volume
fraction is O, indicating that it can exhibit high fluorescence intensity within lipid droplets. When the water volume fraction gradually
increases, the probe exhibits extremely sensitive fluorescence quenching properties: quenching most of the fluorescence emission
when the water volume fraction is only 1%. When the water volume fraction increases to 20% , the probe’s emission is almost
completely quenched, and the fluorescence signal disappears. This indicates that even if a small portion of the probe enters the cell
and stains organelles other than lipid droplets, the fluorescence emission is quenched by the polar environment in which it is placed,
thus showing a high selectivity for lipid droplet staining. We also test the fluorescence switching characteristics of the commercial lipid
droplet dye, BODIPY 493/503. As shown in Fig. 1(d), the fluorescence quenching of BODIPY 493/503 in the dioxane solution with
40% water volume fraction is not apparent, which may be the main reason for its poor lipid droplet staining selectivity. Figure 3
shows that the Lipi-QL fluorescent probe efficiently stains cellular lipid droplets at different concentrations. In contrast, BODIPY
493/503 stains lipid droplets much less selectively, staining other membrane-like cellular structures in addition to cellular lipid
droplets with a lower imaging signal-to-noise ratio. This staining selectivity comparison highlights the significant advantage of the
polar quenching luminescence property of the Lipi-QL fluorescent probe for the efficient and selective labeling of cellular lipid
droplets. After washing the free probe with phosphate buffered saline (PBS), three-dimensional confocal imaging is performed. The
experiment is performed at a high xy-plane point resolution with a small z-sweep step (200 nm) to obtain high-quality 3D confocal
photographs (Fig. 4). The spatial distribution of intracellular lipid droplets can be seen clearly in this photograph, demonstrating the
usefulness of the probe for 3D confocal imaging. The Lipi-QL fluorescent probe is also used for multicolor confocal imaging because
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of its excellent performance. The nuclei, lipid droplets, lysosomes, and mitochondria of live HeLa cells are stained with the Hoechst
33342 commercial dye for nuclei, Lipi-QL commercial dye for lipid droplets, LysoTracker Deep Red commercial dye for lysosomes,
and MitoTracker Deep Red commercial dye for mitochondria, respectively. High-quality four-color confocal images of living cells are
successfully obtained by performing confocal fluorescence. Based on the different absorption and emission spectra of these four
fluorescent probes, imaging is performed through line-by-line scanning, effectively avoiding the occurrence of crosstalk between

individual fluorescent channels.

Conclusions In conclusion, an advanced lipid droplet fluorescent probe with fluorescence switching properties, Lipi-QL, is
developed in this study, which allows for the efficient and selective labeling of cellular lipid droplets. The probe also has high
fluorescence brightness, a large Stokes shift, and good biocompatibility. Based on these excellent properties, high-quality three-
dimensional confocal imaging of fixed cells and four-color confocal imaging of live cells are successfully achieved using this probe,
highlighting its utility in lipid droplet fluorescence imaging. The development of this probe provides an effective tool for cell biology
studies of lipid droplets and a new approach for the design and synthesis of highly labeled selective fluorescent probes.
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