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Abstract: Observing dynamic interaction between organelles and analyzing the law of action is of great
significance for revealing the mechanism behind the phenomenon of physiological and pathological processes.

Due to the limitation of the optical diffraction determined by wavelength and aperture, traditional optical
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microscopes cannot observe the nanoscale fine structure of organelles and the dynamic changes of interactions
among them. The emergence of super-resolution microscopy imaging technology provides an important mean for
the study of organelle interaction. This paper introduces the fluorescence microscopy (STED), structured
illumination imaging (SIM), and single-molecule localization imaging (SMLM). The application of these super-
resolution microscopy in the study of dynamic interaction between organelles provides the expansion of appli-
cation ideas for super-resolution microscopy. Finally, the advantages and disadvantages of super-resolution micro-
scopy in the study of organelle interactions are analyzed. In conclusion, the demand and development trend of
super-resolution microscopy technology in the imaging of intracellular organelle interaction in living cells is pro-

spected, which provides a certain reference for the cross-integration development of optics, medicine and biology.
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Tab.1 Principles and characteristics of three types of super-resolution microscopy

Principle

xy resolution/nm z resolution/nm

Fluorescent . . . .
Live cell imaging Image reconstruction

molecules
STED Stimulated emission depletion based on PSF ~40 ~70 Free Yes Not required
SIM Structured illumination ~50 ~250 Free Yes Required
PALM Photo a.ctlvated localization based on ~20 ~50 Photoswitchable Yes Required
photoswitchable fluorescent molecules
STORM Stochastic optical reconstruction based on 20 ~50 Photoswitchable Yes Required

photoswitchable fluorescent molecules
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Fig.1 Principle of stimulated emission depletion (STED) microscopy™”
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Structured illumination microscopy

= —

==
Unknown g . Kn-<>wr?
sample —VFi—= * illumination
f ——
eatures v pattern
=—

Ss———

Reconstructed
image

—
N——"
_—
=—
—
——

sSS———
2 SIM BUG 3R = )

Fig.2 Principle of structured illumination microscopy (SIM)?*!
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Fig.3 Principle of single molecule localization microscopy (SMLM)""!

2 BAORBRBGRAERBFEELER
Bt 3 AR Y R A

43 B A4 P DA 3k 22 b O AR R
PR EAT o PR a5 B R . T AR Y
ZER | TEASRRAE LA S 20 25 1) FE EL AR FH 2 Al o7 17
AR AE /N FAT ST B, DR, 850 Bk i iR
JCAIE S 2 P25 00 SRR AR, A 200 A EL AR FH S
A EEAE . BT, R B U, 5 PR
TROBLAR H AR © 07 FH 400 B 05 40 45 ) K 400 i 4% 1) A+
BAE RIS, Bl ) 2 DAH ML 25 2 16 e W A
o BRI A5 I AR FA ML
21 &k SABEEEER

LR A 40 AR N TR A T RE RN 1 A0 RS O

2 N PR BB BOKOE AF, ST
LI ) RUZ REEE Y, I T T L . AR 4
WIAE 0.5~1.0 um A1 0.5~10 um ()78 Bl AELEY, AR IS
2 jf Ty e M B et T SR AN TR, B R A L 2 B AR
b, 8 H DI REHE R X 1 5 22, X 240 M T g k44 AT
HEAE ;W B 40 i o R AT AR 3
BRI, SR T ST K A )RR
BUIMG . e E BB B B T, IRRAZ 22k
B, HARZ R 0.2~0.8 um, AR5 EBEA RN EA
M7 T RE, 1L TRLAE AR AR B R 45 40 )
B . DAERIBIEGE A B o3 A= 12 07 12 T DAt 7K
SIS SRR 5 A BAE ) (F B R kiR A
Wit ), fi B Ot 3 5 A5 b Gl B WL ¢ B e s 1k 5 195 il 1K
FAH BAE H S R A2 i Gk Al i 5 I A R AL A0,

202206224



s Gk A2

% 11 47

www.irla.cn

23

%51 %

BAZ AR AR 7 A ) 2 T 5 A R A 5 R S IR
TR W KA o SR, AB 58 T3 1 JFAS BE LI 1) 5 hioks
S5, JCT R SRR 5 1 B AR 9 AH B AR LS4
PRSI FER . W RO B A B, S
LML 5 V5 Bl VA AR B AR PR AP AL TR T B

H AT 5T 2 B0 2 AR 55 175 A AH A ) 32 22
LG 1EH SR B A T SOh IR - A4 filk (Mitoch-
ondria and lysosome contact, MLC) il £& %7 1& [ Wk .
Wong %53 i1k N-SIM (JE B, 100 145, NA1.49) Wi%¢
R I, MLC nlbRic 8L i) 43 2440 &, IF H MLC 1
¥ 2 5 1 B2 1 ik ok 22 B B AR 15 T T A 18 0 o 458
A AT RE A8 7R N sk A 4 A 25 Y S [R] D g
B A 4 Ak — 2 1 B R AP, Kim P K 4538 i SIM
WM%E (3% 7] Elyra PS.1, 63 f5 il 5%, NA1.4, BE G [E]
75 ms, BOE I RAE 3%~10% 2 8] 25 1k, 3 35 7K - 78
60~80 X [H]), & I P JoE 19X ] 47 27 i A 38 sk b AR 43
ST, T P D L AR Y 4 40T TR, A
T 4R SRR 5 U T AR AR 0 o M T i,
SIM(OMX 3D-SIM, HLAk 1 100 %552, NA1.49, ¢
Kooy BEFA 1) 120 nm, ZA 1) 340 nm) 1] ¥ b7 M4 4K 4%
Tl 2 b 5 975 it A 1) AR BLVE D X, 20 A5 31 M (B
(AR FFAFHEDR), MLC M {E/NT 0.4, Zokifk F
Wi Y M AEAE 0.5~1.0 Z ], 3% 77 1 2 dk 43 B 8 43
B BRS04 2o A -V i R AH B AR 2425 7 5 m
] e B4 I AR B (D 4)PY, ek, 98 A B 25 SIM
(OMX 3D-SIM, 60 153185, NA1.42) JF & T — Fh i il
(ACHE [ A5 ) A5 IR, 30 A OBV AT A PN e (5 5

=
8
<
g
=]
=]
+
= -
=

[ 4 BRI A P SO (SRE) FIIETHA (L060) HikE SIM &
{0
Fig.4 SIM images of mitochondria (green) and lysosomes (red) contact

in wild type living cells"**
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Fig.5 Mitochondria distribution guided by cytoskeleton during mitosis imaged by GI-SIM**}(Red: Cytoskeleton; Blue: Mitochondria)
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Fig.6 STED showed the mitochondrion-lipid droplet interface.
(a) Expression of PLINS (red) at interface of mitochondria and
lipid droplet; (b) Voxelized rendering of extracted LD,
mitochondria and overlapping zones between them (LD (green),

mitochondria (red) and computed contact zones (blue))?®>*%)
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Fig.7 Time-lapse images of a typical mitochondrial fission and fusion event at an ER-Mito contact site captured by GI-SIM!**!. (a)-(b) Mitochondrial

fission mediated by ER; (c)-(d) Mitochondrial fusion mediated by ER
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S PEIE B LOR AR N T I 43 BER LR, BF9E SEPNT
AHOC LRI 295 20 B o 8 PR BT I . 2k 1R F MAMEs, &
I SEPN1 7E MAMs H & 5, FLak I 5 350 N Jox 1) -4 ki
PR il /D, A 2% Ca™ i i R AIK, I mi R b i

A (] 8) Y,

SEPN1 KO

B

FEl 8 SIM WA IE7R SEPNI i 410 8 7 /0 4 Y RIS (A ™™ (WT: 1525 RUZfd; SEPN1 KO: SEPN1 JE Rl it 4t d)
Fig.8 SIM images showed that SEPN1-devoid cells display less ER-mitochondria contact™® (WT: Wild type cells; SEPN1 KO: SEPN1 knock out cells)

26 WERMESHAEEEEIER

P TE ) 7 52 46K 2508 LR A ORI i, B
RAE RS I FIE AL F o SRS . E
RGNS Ak B B T4 R a5 R4 1 S A 5 0504, I L
Peo 2 R 43 A5 B ZS . B RS R 0 K &,
S R IR AR P T A AR P RIZ 8 . BT G-
SIM Jif% , Dong Li % % B 35% PN 5 [0 5 IR 4iE {1 v 5
YRR M FIZ SiAHSC, BEJS Clemens 4538 1 /5
3 R AR AL PN T 0 5 AR 28 N 2%, R I T A
5 P95 IR, TR P T I N AR B BT R R 24
73% e A, UESE T I R P S5 ) B0 25 4 ) 1) S A
P, )P O Tl A P~ 30 5 ) o B B A
N, % BLLT-FF A (98%) 5 BEAHR 5 Ja i PN it
W ) 25 3z 2y, 0 H AR P 5T 9 A 4K 14 /N A v RO
DRIt 3 R 55 P 5 O I ) 4 D 8l 28 0 4 oA JB 9 Y
TEA R, S N5 Sh A AR 10 3l ) B

3N, WA G HGE, P9 5T N 7 3 i A s
TRy T KA BRI, it SIM LR, & BN T
D/ INGE T LSO O 5 28 B G B, > ik el L 1Y
Vs B R RS B e T & A2 B, HTE i 2]
AR5 P I I ARG ) ) A 1 2 =2 TR 2z i, 72 ol %
AR F 4 B g 2 e

27 RERMSHEEEREEER

WA T 40 M 13 (MT) /Y P9 5 R (ER) /N4 32 B
= ER S5 i ) pe iy L ml . IAEMAFR KL, ER 5
MT il 3 38 2l AL A2 o 142 1 2 & WL mT S 3 ER
AINEIE RANZ B . fE A AN, T ER A
MT 428 7 i sh 250 AT SR AR B AR FE, Dkl & 2%
248 BT g, H B T Z AR R FBe iy BRI, Jeikif 17
BRI R BEIE . B2 8 o0 B 0 SR B AR 1 o B
e, (45X ER AT MT A AR FH ) RO AFF 52 mT LA
FIRASRTF .

i Bl GI-SIM (NAL.7 F1 NA1.49 fY 100 13 145,
] 43 9 B 55 97 nm, B 8] 73 2K 266 frame/s) & BH,
MR 7L 20 400 A0 BT 1) ER /N S 5 R 1 42 1 ) 3
EEB S M) L, K, F50A
ER /N Bl A 18 BB G = 1) 2 309 gL Ah, B W5
1t 3D-SIM (DeltaVision, OMX Blaze, 100 {54155, 7]
S HEER 120 nm, A 43 HE AR 340 nm) WEL, LI T
JFAHHAE R 2 T 1 (STIM1)-MTs-ER #H B 1 FI R
TE AR 2 o0 K e Hp S (5 5 B B s R o TR R 5] S
ERFE, H B STIMI I3l K sl &8 3 LU
¥ ER (HELE] MTs L, {15 MTs # ER fii A 08515 5
S G, B G SIER A M5 AR KA 25 A E
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P T — N R, e Ah, STED iR 45 & 115
B B, ER /N 7 154 1 A 2 ) 2 50 22 S BfE:
T MT SR T, JEE R E TR A, R T
PSR 2l 240 A Bl 23 A T R A T,

3 BREERE

7B ORAR B TR T O AT AR B, i 5%

0 B LA B 2% R T BER A T R AR T, S A4
JIfL #4525 TR Y 40 B D e AR AL TR T B T A5
AT KB (3% 2), 4546 B B USUR (SIM)
T 4t #2540 AR B9 B 32 5 Bk, LR AZ 3Ok S
PAFE A (STED), M5 AL RS (SMLM)
T A M 20 B AR ELAE FR AT S PR A L, AT AR
FLHF R 3 HERAN AT

xR 2 BHYERBGEAERBRBEERARFHEA

Tab.2 Application of super-resolution microscopy in the study of organelle interactions

‘Organe':lle Research contents Supe.r-resolutlon Cells
interactions microscopy
Mitochondria and lysosome contact ( MLC) marks sites of mitochondrial fission and the
formation and release of MLC is bidirectionally regulated by mitochondrial and
o lysosomal dynamic *%; Endoplasmic reticulum (ER) recruits lysosomes to act in concert HT22 cells; SHSY-
lysosome at the fission site for the efficient division of mitochondria *”’; The analysis methods of SIM 5Y cells; HeLa
mitochondria-lysosome interactions based on structured illumination microscopy cells; HSF cells
(SIM) P¥); Lysosome-targeted biosensor for the super-resolution imaging of lysosome-
mitochondrion interaction based on SIM®.,
Mitochondria- Observation of mitochondria-nucleus contact and the change of expression sites of SIM HeLa cells;
nucleus Sirt4 from mitochondria to nucleus under mitochondrial stress conditions >4, Pancreatic S cells
Mitochondrial morphology and distribution are regulated by cytoskeleton. During
mitosis, dense meshwork of subcortical actin cables organizes three-dimensional Hela cells; COS-
Mitochondria-  mitochondrial positioning to ensure both equal and random inheritance of mitochondria SIM: STED 7 cells;
cytoskeleton in symmetrically dividing cells **); Actin maintains microtubule organization, dynamics ’ HEK293 cells;
and stability by affecting tubulin acetylation levels and further regulate mitochondrial U2 OS cells
distribution *); Cytoskeleton regulates fission and fusion of mitochondria ",
Mitochondria-lipid Observation of mitochondria-lipid droplets contacts; Overexpression of perilipin5 leads
. . . L 5s STED COS-7 cells
droplet to increased number of mitochondria surrounding lipid droplets **.
) ) Tubular endoplasmic reticulum regulates mitochondrial fission and fusion *; Calcium
Mltochondrl.a- transients on the sites of mitochondria-endoplasmic reticulum contacts!®”; In SEPN1- COS-7 cells; U2 OS
Endoplasmic . . . . . . SIM
. related myopathy, SEPN1 deficiency results in less mitochondria-endoplasmic reticulum cells; HeLa cells
reticulum contacts, calcium contents and damaged oxidative phosphorylation process ..
Lysosomes moved synchronously with local endoplasmic reticulum. The anchorage of
Endoplasmic lysosomes to endoplasmic reticulum growth tips is critical for endoplasmic reticulum SIM COS-7 cells; U2 OS
reticulum-lysosome tubule elongation and connection'"”'; Endoplasmic reticulum contacts with the edge of cells
lysosome, which promotes the long-distance transportation of lysosome!®*.
Endoplasmic Endoplasmic reticulum anchors to microtubules, which guides the formation of new COS-7 cells: U2 OS
reticulum- endoplasmic reticulum tubule branches'®!; Endoplasmic reticulum dynamics play SIM; STED ’
cytoskeleton important roles in microtubules distribution"*), cells

R 3 S WU AR A A 20 5 B AR EL A
FEH B TR 32 BB LA =5 T A A0 M A% 45 4
P UK 440 755 23 B R PR 155 Sk 4 B 240 0 25 AR AR
FHERAE T 85 73 B PR A 5 WL 8 200 i 45 1) A
HAEFREIE 8 BB OSSR B AR B IR A 20
A 20 4 R WL 5 20 0 AR EL AR TR 5 B A
TORNRERACHE R, (5 T A 2 B | A
AR, LA R DR ET B CTE E 25 R L( 3), 75
B T PP AT A AR — L8 1, BRG] T A 40T P )

R 3 BAPRERBGEARENASH

Tab.3 Application parameters of super-resolution

microscopy
STED SIM SMLM
Xy resolution/nm ~40 ~50 ~20
z resolution/nm ~70 ~250 ~50
Temporal resolution Sms-2s 10-500 ms 1 min-1 h

Light intensity Medium-high Low-medium Low-medium

Live cell dynamic imaging ~ Medium Good Poor
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(1) STED 7 X4 4 i 240 Jfa 25 AH BLAE B I v, 7
B3 HES 28 T AT PR, (Ll iz AR
SEREREOR, 7E X KB X IR AT BUR , EGCR
B2 0 98O WA B AR IS, BRI T T AR K 14 3 4
A5 I RE AR N AR 43 T 1 Bh A 2o R M B Y
S AR TR B pl A T AR B RO, 7 A O
BEPE SN AR WIS MR AR 77 A — 2 B, R T 4
it 28 KA FAE AR A w2, PRIk T AR g 15 ek
JEE RN AR ARG T A 7 T ek, 3 — 204 & STED
FE T 41 A6 Hh 40 A 2 B AH B AR FR AT 9 R i A

(2) SIM £ T i 4 f 41 B 25 A0 B A A5 v, 78
B ) 5 90 m 2R L TR R, AT S A0 A v
M2S 1 3D @ Bl Ag, Wn A S, 26
G A BARD G L AMEOG B S 03, R A Y
%% 3h J12% . 5 TIRF o, TIRF-SIM #f H., GI-SIM
DGR T K 5 SDCM M H, B #2485 1 5 4 (14 2 [i]
I3 PR RN B A B 5 5 A R 4 P R RS 5 H
ARAH L, B 25 73 35 5 65 R BE  2 [8) BE 4
MoV o SR E T R A R AR o B TE S BUR
5, DA = SIML 9 US43 B T 48 o L 7E 20 i A
HAERT RN

(3) H AT H5 T2 A BN R SMLM, 240 $5
ST A AL W OR AR (PALM) 5 B #L Y 2% 15 4 i
A% (STORM). %45 A n K 43 3 R 32 5 %)) 20 nm LA
T, PALM £ A 13 40 i 7 B 3238 9O 8 1 #E 47 L
8, TG A T T 40 A 9 2R A S BERLR . SMLM
HEF IR G HRIC I FEA T, ] PR R A ik
PT84y PR IR EE , 0 0] SEEL TG AR BEAR Y 3D A% . 2
St 0 L HLAT U, T R O VAR R
J65FARAFR 2 0 S s PV B g A5 7 43 B IRAR, T)
I B AR 4 B V] - R ARG A1, B T AR 45k 7
R P 40 L 8 A EL AR FH B B8 8 o

T 43 AR A5 AR 1 1 P Ay 3 48 L v 4
FHE AR RS S 4L T 0 T B, SR M BLA Ao b AT A7 A
— SR, N Z 40 A B RS 32 B 7S ) 4 BRI
B, shASAE TR B A% 32 B 18] 20 R A BR T, = 2
SRR T I T M Tk sl G X 3 A 7 A R )
8o BRI, Ak 43 M 0 SR AR A 35 200 1 4
i AH ELAE FHBIE ST 00 FH o, 5 7 B2 v 2 ) R R[] 43 3%
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