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Table 1.  Absorption, emission wavelength and

fluorescence lifetime of probe RH in different

solvents.

I Aabs/TIML Aem/NI01 T/n8
A 577 588 3.89
i 574 590 4.19
L 573 587 4.15
LG 575 591 4.12
K 574 590 3.73
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Fig. 1. Fluorescence spectra of RH in different solvents: (a) UV absorption spectrum of RH in different solvents; (b) fluorescence
spectra of RH in different solvents; (c¢) the emission spectrum of RH in the mixture of tetrahydrofuran and water with an excita-
tion wavelength of 495 nm; (d) the relationship between fluorescence intensity and different proportions of the mixture of tetrahy-
drofuran and water; (¢) RH fluorescence lifetime decay curves of RH in solvents with different PH values; (f) relationship between
the fluorescence lifetime of RH and PH value; (g) emission spectrum of RH in the viscous solvent mixed with methanol and glycer-
ol (room temperature 20 “C), excitation wavelength is 495 nm; (h) linear relationship between fluorescence intensity and viscosity
after taking logarithm simultaneously; (i) the fluorescence attenuation curve of RH in a viscous solvent mixed with methanol and
glycerol (room temperature 20 °C), the excitation wavelength of the fluorescence lifetime is 456 nm; (j) linear relationship between

fluorescence lifetime and viscosity after taking logarithm simultaneously.
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Bl 2 4 RH (1 pmol/L) 1) DNA/RNA TG 8 S 1% K 56 75 A 220 M 28 L) S AR W E 5 e L4 4T 5 DNA/RNA W25 &
#i: (a) RH #9 RNA ZOGTE LT (b) RE AP GH8 5 B RNA W EAE (L2 (c) RHE A9 DNA ZE56T 2560 (d) RH MTOLHE
JEBE DNA #e B2 1 A2 A 285 (e) RH 19 RNA JEGTH & M50 7 A s i 42 (f) RH AP0 5 fir B RNA W JE 8L 28 ; (g) RH
) o F 25 A AL L & RH 1) DNA 6T 8 2865 Ay il ih 42 (h) RH 19758675 A bl DNA YR B 28 fhih 28, ¥ & 6K 456 nm;
(i) RH 5 DNA (A4 ¥ xd BB 55 () RH 5 RNA BLE W0 3BT 30, BEAR AR S 4 145 G g, AR IR D 4 14548, i iR
Y Windows Wi Autodocking 4k

Fig. 2. The DNA/RNA fluorescence titration spectrum and fluorescence lifetime decay curve of probe RH (1 umol/L) and the bind-
ing mode of probe with DNA/RNA were simulated by biocomputation: (a) RNA fluorescence titration spectroscopy of RH; (b) the
fluorescence intensity of RH varies with the concentration of RNA; (c) DNA fluorescence titration spectroscopy of RH; (d) the
fluorescence intensity of RH varies with the concentration of DNA; (e) fluorescence lifetime decay curve for RNA fluorescence titra-
tion of RH; (f) the fluorescence lifetime of RH varies with RNA concentration; (g) molecular structure model of RH and fluores-
cence lifetime decay curve for DNA fluorescence titration of RH; (h) the fluorescence lifetime of RH varies with DNA concentration;
excitation light wavelength 456 nm; (i) biological docking simulation of RH and DNA; (j) biological docking simulation of RH and
RNA; where the horizontal coordinate is the molecular binding energy, and the vertical coordinate is the molecular structure, using

the open source Windows version of Autodocking software.

078702-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No.7 (2024) 078702

T, ZJ5ki%E DNA 5t RNA MRS, =4
ANV B (3G 5. BT REERIINA DNA 5 RNA B,
RH R PR TE £ H fap 02 5 1 90 B 31 DNA 5 RNA
Fam & A v K (K 2(a)—(d)), BE#H DNA 5
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WA thbiE DNA oL RNA (438 i A& 25 A R
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SR RM AR, ) 3.72 ns 3 & 5.02 ns; i RH
REH 5 RNA 245G 574855 H 3.72 ns FFZE 2.97 ns,
ZJE b RNA & w38 K92 18 1 2 3.65 ns. Al fig
DNA/RNA B 5 RUEE 58 AN 6], S A=A T 7 =X
WAL R T iR D22 Ak, R
Autodocking A= P X BB AT 43 I TR 5T
RH 5 DNA (CGCGATATCGCG & %), RNA
(3 T — M BB B A BE RNA) #F17 T
BT S5 R AIA 2(1), (5) Frow, BEFHEEE
7E DNA JFHIR M, BAi AZ] DNA fKIE /NG
EHREL A, X R E TR AS & RERLR (-5.25 eV)
IR ey W = 17S B E 7 o e e VAR
K, SEHRE S DNA FER 1855, 0% Bic (o7 47 i
RAGBUEE RNA A1, i X #2180 T DL i % BE
PREF RH 5 RNA B91E IR BUA PR, ARk A 2]t
B, IF FURIRE T IE fL A 19 2 PHIA &R o 4
A RNA H ) Bk A EEFE A 23l (i 1 /N R
LZEGBENIE-11.2 eV FI-11.62 eV, 454 BEENIE,
VLEHEREN 5 RNA HA GRS 1, BAREN
G, XWAHN i REREE S DNA #l RNA fF
MG 2Ot 59O Far i 281k

S T WG LR PN ) S O, il SR
WA AS [ ¢ % /9 RH (0.5, 2 pmol/L) 55 HeLa 4l
MOHEATIE R, 45 30 min ME53R)5, @ E Y 5
IEA R LI RE BREHERARHREE (0.5 pmol /L)
B 32 o BILRLAR |- 7E =R (2 pmol /L) B,
(St Va2 % A %R R yred bvarcceaiifog 2% e

l 3(a)—(1) 4352 R P EAA . N BT | Zokr
TRIREF AT RH R4 F7iC HeLa 410 19 56 5 A% K&
ENEIFT Pearson #HC R E 34T ; RH $REHFEARIK
FE (0.5 pmol/L) & &L T 5L R IAIRE ) Pearson
e BB (G55 0.89) (K 3()—(1), TS5
VS AR 2L 67 R %K (0.23) (I 3(a)—(d)) F1
559 T R I 8 1 2288 (0.50) (I 3(e)—(h)).
A ] RH AREHFEARKBE (0.5 pmol /L) fF4LT

M Se bR ic B35 40 P A0 2ot AL 24 0 vk
(2 pmol/L) B, J&H1 Hoechst #REH—i2 5 HeLa 4
ML 5, RH B4R 12 09 40 4% X 4% 5 Hoechst
EARC A X3 E A (] 3(m)—(p)), BiHH RH #
EIYERTVR IR BR T hRic bR sh, iR RepRiC A0 iRz
ERERA)

it —AEH] RH R FER =R (2 pmol /L)
BHARIC 20 B A% A, 43 5l fd T DNA R RNA 7K
fRTGHETT T 409 % DNA F1 RNA /K526 5758
Ferlt%, E 4 . B 4(a)—(c) HE 5T H
Hoechst #1441 g 7547 30 3 457 il A5 1 % B 52
B3, AT R BRET BRI 20 A0 M X Sk i [ A
23 RNase A BiHAL)S , A7 A0 RNA #50f#%
RH &R iC 40 A P 9 2 Xt BE 22 34 2, 4n
[ 4(d)—(f) Fizn; 2003 DNase T BHEALSS, 4084
i DNA #%70f#, & 4(g)—(@1) 7~ , Hoechst by
TC A AN AR X SR B s, 1 RH 4% 7E 40
X SR IE Y Y HARZOGATE, hUkii RH £
Erhmic i AR Y E AR AL

e RS IR B RA BREMFEMCHR BRI
FricE] HeLa 40 A ZERAARTE 5T T 16 HeLa 400
LRIARMZEEAS L. B 5 Shilad FLIM #5806 HeLa
Y L AR TE IR TEDEHE S AR EE AR 1k, 1] 5(a)
FE7R B 15 HeLa 20 i 2R (A PN R 6T 125 754
3.65 ns, & AT HeLa 4 At 28 Kz 4 (4 5 55
66x 103 Pa-s, 53CH#k [33] B AHIEIT. BLAk, FAT]
WF5E T HeLa 40076 B O GRS R, Sk
& A R & RS 520k, 25 RN 1E 5(b)—
(h) 2L @ ERRICAL TR, Horr, 18 5(b) BRIk
KRS R M 3.64 ns, 18] 5(h) T ALk
WG FH AN 3.61 ns, 7152 Zk AR BE
£ 78x10°% Pas # E 131x10° Pa-s, 586
B 45 R — 3 P E B4R 4 RH 2 FLIM &2
IR SRR B 45 R A ] S

FH A T A9 3L e A7 S A5 3 (K 3(o)—(p)) AT
A, RH FEHFE = MR (2 pmol /L) 5B F Aric 2
1% HeLa A0 ARZA -~ FNZRifR. TR IR
FEOHAZ A RN G b AR 1 5% i, FR AT CLSM. Al
FLIM X% HeLa 40 M AA% 1 FZ bR R I 1 TR
i E) Y B AF 5, AP 6 BT s, Bl SO e BR et e
AIIEIN (&1 6(a)—(d)), &AL BIZORLAR I 2t 5¢
DU [RERC St 15 e MY VS| 8 Ml S S EAN S, ol =h=D I
TARFEAAS. ] R RIOETE SRR AL & AR AR
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Tracker RH Merge Pearson

=0.89

Mito tracker

Hoechst

Bl 3 dLEMFER (a)—(c) RHAEE (0.5 pmol/L) FIVA WA DG ET (0.05 pmol/L) g A7 45K (e)—(g) RH 4t (0.5 umol/L
PN BT M 298 SE R EE (0.5 pmol /L) 5@ 7 45 55 ()—(k) RH 44 (0.5 pmol/L) FI4k ki fk ¢ e B4 (0.5 Inol/L) I 5 7 25
(m)—(p) RH #4} (2 pmol/L) ﬁ:}’j’?']'—ﬁ?ﬂ:lﬂﬂﬁfﬁﬁ' Hoechst (0.2 pmol/L) FIZRAAZE CHREL (0.5 pmol/L) 2178 A7 458 A7 R 20 pm;
(d), (h), (1) i Image J BAEIT5745- 2 (44 150 18 RR A Pearson L& 7 2 %K

Fig. 3. Cell colocalization imaging: (a)—(c) The colocalization images of RH probe (0.5 pmol/L) and lysosomal fluorescence probe
(0.05 pmol/L); (e)—(g) the colocalization images of RH probe (0.5 pmol/L) and ER fluorescence probe (0.5 pumol/L); (i)—(k) the
colocalization images of RH probe (0.5 pmol/L) and mitochondrial fluorescence probe (0.5 pmol/L); (m)—(p) the co-localization im-
ages of the probe (RH) (2 umol/L) with the commercial nuclear probe of Hoechst (0.2 umol/L) and mitochondrial fluorescent probe
of Mito-Tracker (0.5 pmol/L); scale bar is 20 pm; (d), (h), (1) the Pearson co-location coefficient of the corresponding channel im-

age calculated by Image J software set, respectively.

b, FEERE TR LR 5, i H] FLIM
WF5E% HeLa 20 M A A% A R ZORLARE A 1] 1] Dl BR
TR TR FE DO AR AL AL, A 6(e)—
(h) Bz, 6@ XN ZORAA, sk (0 2L (0 X B
AT BEAE O IR A R34 A, SOREiR R~
o3 R AN R A2 AL —J7 T, RH #REHPRIC A 2R
*ﬂZIKFJﬁ“E"J“*@IXiﬂﬁLﬁJﬂBZ/" TENL B I LRLAR DS
JCA5 T WSS, X -5 A IR AR SR A AR — 2L

Sy — 7T, RH BREMFRIC IR LA % &) Bl i) 40 A%
DX IR B R, R (A X ) B
b, BEFIR LA (KA X)) Z#E 2. X
N ML, PREF AL TR P 5N 4.23 ns 2
4.32 ns. WAk, X% HeLa 40149 FLIM BUZ#E4T

FHIE AT (] 6(1)—(1))BY, KB 54y X S Ak 75 A
KB b XRG4 E N AE AN A A X8, e A
Ab A B NS, R IR S A R b, %
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Hoechst

4 DNA 5 RNA KMRKFEE  (a)y—(c) 25 AX B, (A)—(f) B2 HeLa 4112414 RNase A JH1L)E BISE R (9)—(@) [
FE W) HeLa 2233 DNase 17165 0925 5, 20056 H 4% £ 5 B EE AL PR 20 min [E %€, Z )543 %) F DNase I 1 RNase A JHfk 2 h, fieJa
5 RH 41 (2 pmol/L) 1 Hoechst %41 (0.2 pmol/L) F£0 5 30 min, 408 (%15 H PBS PR, #3R 20 pm

Fig. 4. Hydrolytic experiment on DNA and RNA using hydrolase: (a)—(c) Control group; (d)-(f) result of digestion of fixed HeLa
cells by RNase A; (g)—(i) the result of digestion of fixed HeLa by DNase I; the cells were treated with 4% paraformaldehyde for
20 min, then digested with DNase I and RNase A for 2 h, respectively, and incubated with RH probe (2 pmol/L) and Hoechst probe

(0.2 pmol/L) for 30 min; cells were washed twice with PBS before imaging. Scale bar is 20 pm.

00:05 00:10

3950 ps |

00:15

&l 5 i HeLa 402 R/ FLIM  (a) RH #£41 (0.5 pmol/L) 444 30 min /5 F5i2 Y HeLa 4 f; (b)—(h) &l (a) "L (& F1HE 2 v 1)
X IR 1 % 0 58 T b AR TE Y6 BRI T 30 min A 8] P % A= (0 il Ik 2428 4k B R 5 um

Fig. 5. Fluorescence lifetime imaging of mitochondria in living cells: (a) HeLa cells labeled after 30 min staining with RH probe
(0.5 pmol/L); (b)—(h) the enlarged images of the region selected by the red border in panel (a), which record the fusion and frac-

ture changes of mitochondria within 30 min under the stimulation of light. Scale bar is 5 pm.
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00:00 00:10

00:20 00:30

B 6 22007 Ot I E] A2 1k

(a)—(d) RH £l (2 pmol/L) ¥5 i 9 HeLa 40 fi 75 1 B} (8] 56 B8 A0 36 R 4= s 45 %5 (e)—

(h) RH #4f (2 pmol/L) #71C HeLa 4 B 7E K I 18] 6 B 4 5256 A5 A AR AR 18 B (1)—(1) 23530 0 J& (e)—(ho) AL 349 5% D't 745 i (6 A 57 1
TOUNE S HAIRETE— D LAALAR (0.5, 0) Ly, 0.5 K PREERPLIE B, Ho GF1S 73 ARA BB AL AR (G = 1/(w* + 1),
S =wr/(W + ), w BRI AR, 7R PO H AT ), AedR (0, 0) REF A AT K, 5 (1, 0) KB N 0; IR N
10 pm

Fig. 6. Fluorescence lifetime changes with illumination time: (a)-(d) Confocal imags of HeLa cells labeled with RH probe
(2 pmol/L) under prolonged illumination; (e)—(h) the change in fluorescence lifetime of RH probe (2 pmol/L) labeled HeLa cells un-
der prolonged illumination; (i)—(1) the phase diagram of the corresponding fluorescence lifetime of panels (e)—(h), respectively, and
the fluorescence signal data falls on a semicircular trajectory with coordinates (0.5, 0) as the center and 0.5 as the radius, where G
and S are the horizontal and vertical coordinates of the phase diagram (G = 1/(w? + 7°), S = wr/(w? + 7°), w is the excitation light

modulation angular frequency and 7 is the fluorescence lifetime)!, the coordinate (0, 0) represents infinite lifetime, and the coordin-

ate (1, 0) represents 0 in lifetime; scale bar is 10 pm.

DR B R ECE R, 35 Fs 284k
59 AR AR —E

Jihh, AbFE T RH REHRiCiE COS-7 4 il
1 ID-8 4 S kiR Rz A~ 1Y FLIM BUf%, 2558 W
K7, FRREIE RE S5 53 BIHE m Bobif A FiAz iR 5
Hoe A . K 7(a), (b) Bin, RH EAR K E
(0.5 umol /L) Fric#] COS-7 i Al TDS 4ilJifd 1) 2k
RiAR, [FEF RH #ric 2] COS-7 40 g A1 ID-8 41 fifg
LRI V- 90677 4853 514 3.29 ns 1 3.28 ns
(8 7(1), (), BRARIC HeLa bR B9 H A
T 255, X AT RE AN AR 220 B A b AR PR BE 2
5 530, HeLa 4 gk W7 A 175 8, XF b COS-7
YA AN TD-8 4B, —Fh 4l 2 (R A7 7EFh B8 FIAS B
K2R, NI AETE—E 2R, NITFE
T RH 7Ebric HeLa 4iiffl 5 COS-7 4fijffiF1 ID-8 4

ML R ARRT 2N A i 22 5. Ak, il 7(c), (d)
i, RH 7ER W E (2 umol /L) #ric COS-7 41 iy
F1 ID-8 ZH AR A AZA R Zebifa, &l 4 e RS 21 (8
XN RH bRic 2450, sk IX 88 RH
PRic B B LA IARZE A . 1 7(k), (1) AR
7 RH TE =y i BE 297 a A WS4 43, 6 6 Xk
FRD A L4y, XN RH prid B Zekifk L, #5
LI XN m 9O B AR dl 43, X RH ARic 21
|, Hodh RH #1ic 3 COS-7 4 A1 ID-8 i oAz~
DG H o B8 4.27 ns f1 4.28 ns. A AT WL
RH 7£ A [ 20 i b i Zbr AR Rz A= 1 20— FE
M. —J7TH, RH 458 F &A% PR A IE R
far, PRI REAS 480 25 5 HbRic BN GRidk I 75—
1, RH Z509 & A BiK IR, mNa —
B BB K 23 (8], A1 3R 25 7l 17 faf RNA 4514,
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B 7 RHIEEHRIC COS-7 40 i Fl ID-8 41 Jitd 1Y FLIM A%

(@), (b) 4

(d)

S A ¥ B RH (0.5 pmol /L) #3132 COS-7 4fl i F1 ID-8 4

it £ s R 1 9 6 A A ER (), (d) 20501 R i O RH (2 pmol /L) #RiE COS-7 4l L A1 ID-8 4il A% 1~ 1Y 96 6 % v E1% 5 (e)—(h) 4>
A P (a)—(d) ROZEEHR I PR (3)—(1) 23390 Dby ek 9 28 e 7 i Pl 4 9 A 67 P

Fig. 7. Fluorescence lifetime imaging of COS-7 cells and ID-8 cells labeled by RH probe: (a), (b) With low concentration RH
(0.5 umol/L), fluorescence lifetime images of mitochondria of COS-7 cells and ID-8 cells labeled, respectively; (c), (d) with high con-

centration RH (2 pmol/L), fluorescence lifetime images of nucleolus of COS-7 cells and ID-8 cells labeled, respectively; (e)-(h) the

fluorescence intensity image of panels (a)—(d); (i)—(1) the phase diagram of the corresponding fluorescence lifetime image.

K1 RH AE#EFRIC 2%~ . RH 430 #8 a) Sk fAk
A~ RH A=, 7ERHREE (0.5 pmol /L)
I A [ 2R, FE RS (2 pmol /L) I [E] i
PRICAEAFZERIR, PRic b FiZA RS 1 75
MAFTER R ZES, MBS AR A 1 X 4y — 3, il
— BT A0 A AR R A R rp A T T RE AR AL Rt
FET.

Ry i — 20 B A0 RN SR N T AZA T B 2
54k, fdiH 100 nmol /L AL 2B 'S HeLa 41
JHT- 1 CLSM WS 45 A FLIM g R anf& 8
firs. AT 25 AL EERY HeLa 4/ (K] 8(a)), %€
FZBEAL R 1 HeLa 40 (&1 8(b)) REE T i W &k
RS B G s, Fi o, B S AZ AL PR
6] 3, B FG HeLa 20 AL S R R IT
AR (] 8(b)) sk ¥ 2 151 T i 81 JE 19 i 4 AR 3
(I 8(d)), il T EEAE S HeLa 40 A T3 72
& A . TEEIES S HeLa 400 T #E b, 6
TTUL R 30 40 A PN A% o2 8 i AR 1k, anEl 8(b)—
(d) A 8(j)—(1) HEAF KR, 7E1EH HeLa 4

ML (K 8(a)), A JE T4 MUA% 3R & h i A
MR EEAL I 1 HeLa 400, A% 10 40 i 40
SEL A BT, aniE 8(b) FIAHT kTR,
I3 A1 W5 B 240 1 2R T ] 2R DR, Ani&] 8(c) H
EFETFEL TR, Lieu 55 B HGlE, SRR SAIHT
RACR A HAR BE RN AL PR TAIAH C, 10—100 nmol /L ¥
VG A S A2 B ] LIS A 2028 8 )2, 3L
0 R 5T A MR B T ) G2/M ;A 60 nmol /L
FEEAZEERE B 1 h B 20 nmol /L (4R EHLTE 12 h
Al M T 53 4, FLIM W %8 3 1Y HeLa
YIS AR CLSM iR R G4 R —3k, 4n
El 8(m)—(p) Frz~. [AIET, 78 5842 B if5 5 40 it oA
ToadFE v, FRAT LB RH B4 fric HeLa 4 A%
M) F-H) 4 H 4.19 ns (b3 0.5 h, &l 8(q)) i
% 4.38 ns (ALF 1 h, [ 8(r)) A1 4.47 ns (LFH 2 h,
K 8(s)), IR E 4.42 ns (40H 4 h, K 8(t)), e
T A2 PR S AL B ] A AR DG AR BRAS
[ J5RF (0.5 h), &AZEE (100 nmol /L) B RAE4H
LGS b %) AN 2 LA 4 1 53 S5 R AR A e
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Bl 8  EREEAESAAMIE T CLSM BUE IR 5 FLIM & E1&  (a) 25 XTI (b)—(d) 28421 (0.1 pmol/L) 43 51 i e b 38
0.5, 1, 2 h J& RH %4 (2 pmol/L) F5ic i HeLa 20 il (1 3 3R £E B 25 85 (e)—(h) X R i) B 3 5 (1)—(1) 21 €38 1 1 B 37 1
BB ANEEF: (m)—(p) 2B A2 EE (0.1 ymol/L) FSEALER 0.5, 1, 2, 4 h J&, RH 41 (2 pmol/L) ¥Ri i HeLa 40 il f19%¢ 5% 45 fir
5 (q)—(t) AR EHR AR AL I, A7 10 pm.

Fig. 8. Laser confocal imaging images and fluorescence lifetime imaging images of paclitaxel-induced apoptosis: (a) As a blank con-
trol; (b)—(d) the confocal image of HeLa cells labeled with RH probe (2 wmol/L) after 0.5 and 1, 2 hours of paclitaxel (0.1 pmol/L)
pretreatment, respectively; (e)—(h) the corresponding bright field image, respectively; (i)—(1) the superposition result of red channel
and bright field channel, respectively; (m)—(p) the fluorescence lifetime image of RH probe (2 pmol/L) labeled HeLa cells after pre-
treatment with paclitaxel (0.1 pmol/L) for 0.5, 1, 2, 4 h, respectively; (q)—(t) phase diagram of the corresponding image, respect-

ively, scale bar is 10 pm.

B b R (E] A3 0 (1 h), SEAZREEE & BIRUE Y T3 A A PR B A AR 1k BT 5 SR AN 5] 9 .
AT LA A 245 A0 R T, i ELRE R A B FHES T 25 (AL PR HeLa 40 (18 8(a)), #AKME
IS RIS I, BN B 75 S A g T & (10 nmol /L) Bk 7K Al &b # () HeLa £ A% ("~

BeAk, FRATEMFFE T RKAK AL B AE 155 440 it 0 JetaBHEHE A R (18 9(a)—(c)). RH 4R T
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M
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3ns 9 g
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G

B9 BOKABISE S 40 ML T CLSM #Uf% #1145 FLIM SR 4558 (a)—(c) 10 nmol/L 1 (d)—(f) 100 nmol /L 1B K il 5 75 5¢ &b
1 h 5, RH AR (2 pmol/L) #71C A9 HeLa 41 19 3 58 £ sUAR 25 0. (a), (d) RH R 440 6 38 515 (b), (e) A1 4 1 3% 18 1 15
145 (c), () FVE f4 21 €38 38 A 3738 T8 B I 25 95 (g) 25 AXTIE; (h), (1) 4331~ 10 nmol/L AT 100 nmol /L. A Bk 7K il B 35 56 &b
1 h /&, RH#E4ER (2 pmol/L) AR HeLa 41 1926 %5 i R (G)—(1) MR 26 %y EHR AR AL I, #5 R 10 pm

Fig. 9. Confocal laser imaging images and fluorescence lifetime imaging results of colchicine-induced apoptosis: (a)-(c) 10 nmol/L
and (d)—(f) 100 nmol/L is respectively the confocal image of HeLa cells labeled with RH probe (2 umol/L) after 1 h pre-treatment
with colchicine. (a), (d) Red channel images of RH probe; (b), (e) the corresponding bright field channel images; (c), (f) the super-
position result of the corresponding red channel and bright field channel; (g) a blank control; (h), (i) fluorescent lifetime image of
HeLa cells labeled with RH probe (2 pmol/L) after pre-treatment with 10 nm and 100 nm colchicine for 1 h, respectively; (j)—(1) the

phase diagram of the corresponding fluorescence lifetime image, respectively, scale bar is 10 pm.

25 F AL FL Y HeLa 40 B A% A 1) V- 35 58 6 5 A Ay
4.10 ns (1 9(G)), FRic T HAR e B2 R K Al ik ik R
() HeLa 20 Ji %A= F- 35 73 4ir hy 4.34 ns (] 9(k)),
X5 100 nmol /L I S AZ AL HE 1 h 145 R AH T 4
TR M (100 nmol /1) Ab B k) 200 it D) 88 75 5 %
APET (L 9(d)—(f)), BREMFRICT HeLa UM%,

(100 nmol/L) i}, 1 HIALHIEREAZBERI A, 5Tk
EEASS AR A2, TS A T

%

AR 2 BIHOEC IR | SAZ B BR85S

)Y 754 Ry 4.47 ns (K 9(1)), iX 5 100 nmol /L
HIE R BEAL B 2 h 25 540 3T . Paschke 55 B3 i} 38
BOKANBEAE B ARIR JE (10 nmol /L) B 2 B A 40 i
(A2 T BE 1, BIR i 20 M 1 o 2l T e B e vk

NIRRT A A LSO, A 25 R R 5 K A
FARE 2S48 3t e e 7 iy nT AR AT R A AR -5 0
ST, RSO A LD SO0 R B R P TR
Bt RH 7EAN[F] 45 15 T BEAZ 23 1] B 18] Bs 10 175 40 MY

078702-12


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 7 (2024)

078702

ROLARAARFIIZA . FeAT 16 Autodocking A4 #E1T
AT A RIR S S DNA/RNA 45 S, 13
#| RH #1515 DNA HA M55, B4 668
B (-5.25 eV), M FEHRE H 2l & 7 DNA
JPHF0, 5 DNA W56 13055; 1 RH 34 5
RNA A PR EE SR, 45560 B & -11.2 eV Ml
~11.62 eV, XF R RE B KL A 439 A RNA 7
I/ N FIRIE , 5 RNA MZ56 s, (1
FH FLIM $7 A Wi 2 7% HeLa 40 g 75 ' B8 )3 i
TR R A R | Bl S IR A AR, DA ERET
B 10 GRL A 19 °F- 3 58 6 A i i 3.65 ns B fIK 2]
3.61 ns, XN KA R B 66x10° Pas 3 2
131x107% Pa-s. [AiF, FATEAMNE T RH #4510
COS-7 ZHHI I ID-8 20 M 2 A R~ FLIM A
%, 253 WoR RH 0 ) ARic 2k 1A FZ A 1 1
Y5 HeLa 4R, 7EMRHKIE (0.5 pmol/L) i 3
B ORI, TE SR (2 pmol /L) B [REHARIC
A kil ric®) COS-7 40 e ID-8 4 rh
AIZERLR X 7565244 3.29 ns il 3.28 ns, HoAR
103 HeLa 4t Zobi (14 A B A%, X AT g AN
RS20 B A B b AR Y 3R B8 22 57 5380 534, AT
i RH %% 7£ CLSM B8 FLIM %l #i4k
T HeLa HAE7EHOCG R | LA BB AR
S T AR T A A B Ty 2R AR Ak, BN
HeLa 40 A% e 408 Toad b iR 3, RH 1
SR 5 6 A5 i AR AL SR IRETE] A 0 min 3 &
30 min, RH #ric 3] HeLa 40 il A% AY-F ) FHarth
M 4.23 ns WEEE 4.32 ns, S WL T KA RO B 5
2 HeLa 40 M A~ AL 1922 46 100 nmol/L 1Y
LR P A A 0.5 h 39 & 4 h, A RIC T
HeLa A% A P47 4mH 4.19 ns, H5 % 4.47 ns,
G FEE 4.42 ns, ST 5042 B b BEOR [ 5 (6] 175
S HeLa 4008 T 57 51 1 40 AR A IO 5% 25 575
X HAs FIAR R HeLa 416, IR E (10 nmol/L)
BOKANBEALEE 1 b )5, 3REF T2 B d 4.10 ns
W2 4.34 ns, FHEE (100 nmol /L) FkAK Al B Ak 35
1 hJ5, FEHFPRIC TR A v i 2 4.47 ns,
ST AN [R) v B K KA 75 S 20 P O T T S RS 1)
YHAZ A TIOR AE 25 57

DL OGRS AR B = F oy 20
F HeLa 45 /a8 T2, 1EB] T 7F HeLa 40 E
FRASTE LT A MZ R AR B 1 2 Ak L K T fig
AL, TSN R A S A T i Sh A AR L

LA~ TNEAL AT RE PRt A SCBO IE SE S Bt 137
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Abstract

Nucleolus and mitochondria play an important role in maintaining cell balance, and studying their
physiological processes is helpful in understanding the biological functions. In this work, a red fluorescent pyrene
rhodamine probe is used to target and label cell mitochondria and nucleolus under different conditions, and the
binding mode of probe and RNA is also clarified by bio-computational simulation results. Confocal laser
scanning microscopy is used to analyze the morphological changes of apoptosis in HeLa cells under the action of
laser light, paclitaxel and colchicine, and the changes of microenvironment between mitochondria and nucleolus
are quantitatively analyzed by fluorescence lifetime imaging phase map. It is determined that the average
fluorescence lifetime of the probe labeled mitochondria in steady-state HeLa cells is about 3.65 ns. The
mitochondrial viscosity is about 66x103 Pa-s. After laser irradiation, mitochondrial fracture and fusion occur,
the fluorescence lifetime of the probe decreases to 3.61 ns and the mitochondrial viscosity increases to about
131x10°® Pa-s. The mean fluorescence lifetime of the probe labeled nucleolus of HeLa cells increases from 4.23
ns to 4.32 ns, indicating that the changes of the nucleolus microenvironment is induced by prolonging laser
irradiation. Apoptosis is induced by paclitaxel and colchicine, and the nucleolus moves out of the nucleus and
into the cytoplasm. Meanwhile, the fluorescence lifetime of the probe labeled nucleolus first increases and then
decreases. The treatment time of paclitaxel increases from 0.5 h to 4 h, and the average lifetime of the probe
labeled nucleolus of HeLa cells increases from 4.19 ns to 4.47 ns, and finally decreases to 4.42 ns, reflecting the
differences in nucleolar microenvironment of HeLa cells induced by different treatment times of paclitaxel.
Comparing with the blank HeLa cell, the average lifetime of the probe increases from 4.10 ns to 4.34 ns after 1
h treatment with colchicine at low concentration (10 nmol/L), and continuously increases to 4.47 ns after 1 h
treatment with high concentration (100 nmol/L) colchicine. The microenvironments of nucleolus and
mitochondria induced by apoptosis induced by colchicine at different concentrations are shown. The above three
ways of inducing injury or apoptosis, i.e. by laser light, paclitaxel and colchicine, prove that the changes of
nucleolar and mitochondrial microenvironment and functional changes of HeLa cells under the condition of cell
instability provide a new method of studying the dynamic process of apoptosis induced by different pathways
and the diseases related to nucleolar and mitochondrial dysfunction as well.

Keywords: fluorescence lifetime microscopy, nucleolus, microenvironment, viscosity
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