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Application and Administration of Stochastic Optical Reconstruction

Microscopy(STORM)

YIN Wei, LIU Shuang—shuang

Zhejiang university school of medicine, Zhejiang university, Hangzhou
Abstract : Stochastic Optical Reconstruction Microscopy(STORM) is a method based on
light-controlled fluorescence molecules and calculation, which randomly activates a small part of
all fluorescence by adjusting the laser intensity, and obtains the location of the center point
through mathematical calculation. Compared with other microscopes, STORM has the highest
lateral and axial resolution (~20nm, ~50nm), which can provide finer single-molecule information.
The software and hardware components and technical parameters of the super resolution STORM
microscope, sample preparation methods, common operation procedures for super resolution
image acquisition, daily maintenance and instrument management, and the application of the
STORM microscope are introduced and prospected. The aim is to provide reference for users and
managers of super resolution STORM instruments so as to better serve teaching and scientific
research.
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1 5%

0 A A Rh AT, AT 5 A0 40 B RS i 5 7 AR5 5 ) 2R R LABIE AE L7 B 45 T g
KR BAEK, BTV BB /23 2 BT 6 MR DU/ AR B, SR8 433 H 200
nm LA R E5H, BIATIE MATST R IRM . IEAER, B2 IRET A BUZ B R ITRIL,  BF 5T
FFFIR T 20 S D 8 L TR AR T 4 R I e A R B T . AR Ty
F 58 B BB (K8 4 R SRR i e B0 A A B 4 R (photoactivated localization
microscopy, PALM)2/F 5 A1) *7 25 #4) 2 7 £ R (stochastic opticalreconstruction microscopy,
STORM)P!, 345 P K I SO G a5 ™ B ORT « G5 R R ™ SR i UG o R 1Y
T7iE, 43 B S OR S BRE B R (stimulated emission depletion, STED)UR1 45 ¥ 1 1 5 43k
$i A (structure illumination microscopy, SIM)Ll,

2006 T, R FLEFEBRI LI R H—F LT PALM (#1771, W] HR ST 40
L PR YRR PR 0 o AT R I FE R TR K PO SR B AR SRR R 5 — NI
KBOEREE R 7 LS (9 50, S FBRIE R b 7 Vi il mT LAPS 1 55t e f) oA U 2
I o BB, 44 N B KL % % B & 3B R (Stochasticoptical Reconstruction
Microscopy, STORM)(®). STORM K& il — RFITEA KGRI B fEREMEA Y, WEHHE
RS TR, BA RIS T A Bk, RO BRI A RS, X5ty
T E AR E AL, SR 5 X B, R IRBEALLEAS [ 500 49 1 RO Pl e HAL
SRIE A T B AT M, A R TTHA 20 nm. RS /N RBAR S JE REA A A BT I
N-STORM F%5, 1F &3k T I EFE A 9 P B R 4

WL KB 5 b A AR & F 2014 45513 — G BEHLE 2 A4 1 im0 98 2485 (Nikon
N-STORM), H#&BENLESEHE m - # . WOLHMIL A SN R = REERAR. (H
P, A=K B 005 103 AL T 2 B N AR 2 F ST AL LE R T 7 TR 5 R o AR SR 3
AL ' 25 B AT o2 20 T o SRR A AL I R S8, R T AR R L LA %
P RGN

2 PEVLCEEMEE YRS (Nikon N-SSTORM) A BRRHA

S
2.1 STORM. LRERGHECRS
BC A4 O AT 5 LU4A Laser Module, OGRS, 2L EBOGE%(647 nm, 200 mw),

LEPOEAE (405nm, 100 mw), LTS FHOGAS (Multi-Ar laser, 65 mw), 75 (A [E /AR
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Ja# (561 nm, 150 mw).,
2.2 STORM FREGOLFEAM HHL

BRELE, 3D-STORM 4L, Wi, R BULH TSN (Andor ixon DU-897).
2.3 TE¥E. BROTHRE T TRIGE

B TR, LR A (NIS-Elements), i 7r #FR EUZ /L (NIS-A STORM
Analysis )
24 BESHERBBYE

100 158 = 0 #L F &% :  CFI Apochromat TIRF 100X, #{fifL1%& NA=1.49, T.{f

BEES WD=0.12 mmo.

3 FEVLCREMEE S HEME (N-STORM) F 5%

3.1 nSTORM #¢ ARG HUARTR L H] & 75
TERENLG = BB S PR G+, 324 nSTORM Hl cSTORM WA A% 7530, 32 %

AN [RIE T G A5 T (0 96 6 —HAR T o 34 rh nSTORM i FH A HLAA R 1 il bR ic A 5 2 LR 1
TR G TR S, B B OE S AT P G i . LA Rabbit-Cy3-Alexa647
itk Jel, Fricid R

(D) Kbtk Cy3 44kl (PA23001, GE Healthcare) ¥ T 20ul [ DMSO F13FiRA], /3%
7910 %, HAEOE N T YD R R T-20 2.

(2) Brbibif) Alexa647 YLkl (A20006, invitrogen)& T 100ul ] DMSO H IR 5], ¥4
7950 B, EAE0E N YRbR R IR T-20 2.

(3) HUH Cy3 uBlH Alexa647 Jubl & H —4, 2T 10ul DMSO H1, WRATIRS .

(4) 4 3ul Cy3+1pl Alexa647 ¥R S0ul TATAT IR FRICHIPUA (711-005-152)F1, 7
SYRFTIRZD, TRAERE s B8 R N 30min, HES R HFRME SRR, UARER
(5) #E®& NAP-5 B B 50% £ BEEHA7 1) NAP-5 #EIHE, PBS ¥ 3 K.

(6) IBAWER: IREWIN PBS & 200 pl (L340 140 uD), BREIRA].

(7)) Itk FrdE iR i G IR S, FAFIRG TR f5 CRTAR IS T AN TR
A A WIS > 1500 550ul PBS, ] WEFE RS S0=, Fe AN 0 300 pl PBS,
FFLA 1.5 ml EP R Ih 0 HE IO BT IR A AR S BRI AR, 0 s I EL (] B
HNE WA, R BERR, BUNSE TR Zht, bR R A i ekl
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R RN A405-A647 Fll Cy3-A647 XWX, W LLEH B NAE, FONRTE SRR, A5
BRWAKN: BEERIMAN, PRGNS & ) .

(8) FIH LA HEE T E AT GBI EE . — Bk U T 3R18 200-300 ug/ul [IHLHE, B
2174 300ul (41K, Hr Cy3:Alexa647:antibody [ L5290 2:0.6:1 e f, FEPUAbRICHISE
Brrh 72 R VERS K, o 7R B R SRS A G BE T DN S LU A 5, AR 00 VR B B I e I P AT
Fric.

3.2 STORM FEA G Rt

(1) el [ 2 S e (3%PFA+ 0.1%5# %% ); Blocking buffer: 3%BSA +0.2%
TritonX-100 in PBS ; Washing buffer: 0.2%BSA +0.05% Triton X-100 in PBS, —#i /&% — iy
FH Blocking buffer #E4T#5F% .

(2) FYHAEIY SI RN T BRI IR, 597 12 R, SbAb ) \FLBONE], HoAh 4%
A S UM

(3) EBRIMAREFRE, H 500 ul PBS ¥e—IK:

(4) JINA 200 pl3% PFA +0.1% S5 B2 2 40 10min;

(5) WafE e, A 200 ul0.1%NaBH4 (FHBrEEELH]D) 8 E Tmin, MIX—D I (BR T
8120 1435 #ELER RIS RS

(6) FH 500 pl PBS ¥t 3 ¥, %X 5 min;

(7) AN 200 pl Blocking buffer, 7% 20 min;

(8) Wi Hi Blocking buffer, JIA 200 ul —¥H0, ¥ F 30 min B0FH & &L 7% ;

(9) Widsi—4i, FH 200 pl Washing buffer ¥E 5 X, %X 15 min;

(10> fIA 150 ul 225 —HiiF E 30 min;

(1) W45, J 200 pl Washing buffer %% 3 7%, 47X 10 min;

(12> H 200 ul 3% PFA +0.1% 5% EEHE47 )5 [E 2 10 min;

(13) WL BE[E W, F 500 pl PBS ¥ 3 ¥, £ Smin;

(14) Qett5ei)s, HERHATHE, B 4°C fRA7T PBS BN
3.3 STORM Fif% Buffer Bl

£ STORM FA% 2 B, 36 75 BECHI A% Buffer, LASRMESZIG 75 B SIEE), FREH,
POGEEERE T, B R PH AR 7.5 245 N o VWS 4 - Buffer A: 10 mM Tris (pH8.0)
+ 50 Mm NaCl; Buffer B: 50 mM Tris-HCI (pH8.0) + 10 mM NaCl + 10% Glucose ; Buffer C for

live cell : DMEM + 75 mM HEPES + 1% Glucose ; GLOX solution (25 pl), BREECHIJ7EEN:
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(1) H Buffer A Bt #l] 70mg/ml Glucose Oxidase ¥, FJHECH]— & =M, LA 20 pl B
o335, -20°C VKFEAAT S

(2) H Buffer A fCil 17 mg/ml Catalase %7K, PIECH]— & &AM, LA S wl B %, -20°C
UKFEVRAT

(3) #F Glucose Oxidase Al Catalase ¥R LA 4: 1 FILLBNR &, MRBAGWAT AT

(4) 1 M MEA Bi#il: 77 mg MEA % f#%] 1 ml 0.25N HC1 ', A7 4°C UKFERAF— D H L
Ao

R 1 2 R AN R, T BEAS R buffer B 75 %, RIS K Buffer IIAREAAEPY,
B \FLBAEIF I 500-700 pl 2245 VAR EE L], AT DARC BRI A7« = Fh Il 77
S

(1) H%—. STORM Imaging Buffer with MEA (JAEFEERT (8] 2 /NI 247D, #EUK B 7
ul GLOX, 70 ul IM MEA #1620 pl Buffer B /A 1.5 ml EP &1, BBMHWITA;

(2) J7% .. STORM Imaging Buffer with 2-mercaptoethanol (FHERFEERFIA] 1 /NI 2245 ),
FEVK K 7 wl GLOX, 7 ul 2-mercaptoethanol A1 690 pl Buffer B i 1.5 ml EP & P, Bt
AT 1150

(3) J7E=. Live Cell STORM Imaging Buffer with 2-Mercaptoethanol ~(FAFEFFLERSA] 1 /)5
WA D, #EUK EX 7 ul GLOX, 3.5 pl 2-mercaptoethanol A1 690 ul Buffer C JiI A 1.5 ml EP
BN, BIBRIWITN,

4 BEHCZEWER S HEME (N-STORM) BIERE
4.1 FAHUBF

FEHURS ARG TP, BRI, FTHRR0E G, 2 30F TR e e CGRITHF
PO IR, BT . TR 647 nm BOGAS T et T IR G ST MR, PR s B
FEIE . KIS A0 Ti-E IR, sl G BiR, piezo #5HI4 VR, RATHUE, JFEH
AL BIREs, 8 3)“NIS-Elements”# 1, 4% ANDOR with N-STORM 8\ R4t

WA B S0 BE MR RIEFA R R, STORM 70 =Fa i, Wik ER.



Preparation of the N-STORM system ‘

| sequential Activation | | Continuous Activation | Continuous Activation
with Interleave channel

E—

2D 3D 3D stack 2D 3D 3D stack 20 3D

J | 3D Calibration || 2D Calibration || 3D Calibration | | 3D Calibration
Acquiring image in Normal Acquiring image in Continuous Acquiring image in Continuous Activation
Mode Activation / SCCA [/ MCCMode with Interleave channelMode

M-STORM Analysis

| Termination of N-STORM System |

B 1 Storm HABER
Figure 1 Storm imaging mode
4.2 STORM S EAHAE
4.2.1 HEATHRE
BWOE 647 nm FHOGL 0.5-1% )T & IFik b midr shutter %41 LALFTIT 647 nm #0OL;  Live
HEbR AR XIS, SO ) DA — 5K 128 T 1 96 4 BUZ LAE Dy STORM G A% LL I
¥ 68 V)4 2] EMCCD 5 11, #iik 3D-STORM lens 117 & . H] TIRF B 7 s 82 bR A I
Pl FE B R e HE, A N-STORM MHi#H [INTERLOCK Y, FTIFEOGH,
i [Live] FRECSEI FUEAZ -
4.2.2 Sequential Activation ¥I3E 2
STORM #1#% 3 E4 2D-STORM F1 3D-STORM HFfifi X . SZH 3D-STORM i#f 4
FRAE, —RAECEE T IMARRRIE S CRANLFIE RS, SINAERFR R e =4 i
& #12D-STORM #14tt, 3D-STORM #AEHCAE %, LANX 3D-STROM #AE /44,
ST B, 24450 F G0 R 7 G 404 GRS 1: Alexad05-Alexa647 iHiH 2: Cy3-Alexa647 ).
(1) 5 N-STORM TR *F 1) settings 4240, #l i3 [Sequential Activation] Fl14E
DAEA M S S 4L, sy [Edit) #E 8B % &, [Activation Frame 1@ % 4 1, [Reporter
Frame) 3% 3, FHHIIAIT Activator Al Reporter I3 A& K MM th, & i OK #iik.
(2) £ [N-STORM ] ¥tk %% [3D-STORMY, #54f14% 2D-STROM W& J-, M3k 4%
2D-STORM.

(3) TIRF MREHESHI AW E, ik 647 nm BOG3s, F7HF [TiPad) 75 PFS F4R2 £,
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SRR R B A R, AR R TR D, SRR ATRE TS

(4) 7 activation laser, Hfif# reporter laser 647nm Sk, B IHETFE 100%.

TR activation laser (405nm B 561nm) B ik, KD BEN 0.3-1%. {TJT shutter,
e activation laser Z115 ¥ —Fb, FFHUHIEH activation laser, B UL, e scmf K&

BB T activation laser MIBERS AR1F 552, BINRRIOMEE L . f 2 @18 R ES,
TEAF R AR 43 T BEAT PR IR A o
(5) LGB NG . ¥ 647nm BOLIRIFE] 100%, i [ B 561 5 N ETLEREIA A
INKRIRI B3 ROIRES o IRD AT L& A S B TR, K O R [X 3 B 30 PR A AT O R G
A/ o B S 455 2 T PO X ) AR

(6) B N-STORM 41

1R TR e ekl (A Alexad405/Alexa647 and Cy3/Alexa647) ,Activation laser (1t
4b 4 405nm and 561nm) IR BEE, £ 0.3-1% RIGLERIEHT E, Imaging laser (ALK
647nm), TNFBE BN 100%. [Period Count] i B E Ay 5000-20000, A4 KAab#E, H
A% A LLRE S {52 1k . [Path] [File Name ] SCIF A7 B 4% S S 4 AR I8 E . [STORM
Image ] 1150 72 pr B 19150 2 7% STORM %, % 2) b, [Graph] #A$8id 72 v st 2o

P15 5L 5 AN B I b, 9 72) b o [ Minimum Height 1 25 500 — A @A, 8% BE5E 50-300,
(AT AR R AR A B 115 55 s S BE AT O

(7> giii [Run Nowl.

(8) THHEBTRM BN L HIrALE Z A 2 HiEEES, % 3D BhiEiflEdt % (2D-STORM
P AR AT ). U s (BN, 2R3 647nm AR, A B T MBRA TR 2 3 2 3 F
RMEIFREE. LR XY B MG XE, REGFHEFERTE, sdi [OK], #ME XY
77 0K 9 2l [ 2 e B i A 0L B . Z BB TOVE A BRI, 7 AR AT IC R AR T AR, AR
SR A AR T Z B . K AR T SR AR B ATE S i LOK ).

(9) i EMER A FErp, T IR 5 58N ND R g2 il ag il (KR4 S s T A
B AR 5 B B R B R, H i 256 x 256 % 3 (AR A B A H AT 1K 100 —
200 > s AR AR o FER T IR DR A B ) U midi IN-STORM YA R /9 [ Auto
LPY, T Eif 580 6 5 DUE CRAEIRAF AT B s 8. M B dndsse s, A [x] 7T
KA REEE M.



N-STORM Image

Size : 1 A

[¥] Apply drift corrected
coordinates

[¥] cH Color (molecule)

Rotation and Flipping

Rotate:|+0° |7

| [ Fip

Clear

295333 molecules w21, y:187 [pixel]

B2 Storm SERTERRE
Figure 2 Storm real-time image acquisition
4.2.3 Continuous Activation 5%

& i N-STORM [ #% H [f) settings #% 4, #A % =40, & # N [ Continuous
Activation], 7£ [Interleave Channels] Fif{T42), fTIFREMNR, EFEHMIEAL, G 5E 401k
[Fixed Cell], #E4HAEE [Live Celll, [RAIH 40 Mt i i R AR v, @ RAl—ANiliE, %
TE T HE LA SR B EE, AR IRIE 3.2.2,

4.2.4 STORM BEIR5Hrab 28

(1) Al [Analysis GUIY, Aiili [File Open), &7 ZHTH0 ND2 S04, 5 open.
(2) ki) e B AS AN A 25 5 52 AU R AR OGME . 1B BN E N E T
G, K bR sh B L0y, 2EX [ Peak Height] (%0{E, BEBUE SAE T — 5 k%
SE BIE LAIX 43155 FIE . 240 B 2l R R, B —/MBIE R X —0 .

(3) i (5 550 m, MRAEAT— 0 i € 1S 5 72 B R /ME F8 %€ Minimum Height 1X 5 (19
SRR, WEIFZHUG, rifiJTih STORM 704,

(4) ‘A% [Drift Correction), #E [Periods] A 1, gidh [Test]l, 7Hr %X 47 Eon
(13X —~ period #H4T o RAHTIEMRSE, SFHXTIEHE, sidi [OKY, XA A AR S
SEBIER R . k3 [Start] XA EUGHAE AT 04T -

(5) o A4 RS 23 WA I RHEHE , Al FOK ). A K5 5 AL E AR B AW AN S+ Cbin
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Mltxt) SHAFAER S ND2 JE I8 O HH [F f b bk So 3 5
(6) Hi=4EMETTLLE R 3D STORM B4, FEHI/EAR S .

3 EREFH STORM W& E S

Figure 3 The reconstructed STORM two-color image
4.2.5 STORM H#XHISE

< M NIS B, 7 JF Laser 647 ¥ £, # 200mV #] ¥ Ot Th & B i (% =
20mV(200—150—100—50—20), FRF<“ONIREFTH“OFFRE, BHEHME, M 647 nm
WO, SCH] 647 nm WOLHS HRIR. RAEE Ti-E BIH, HRahBMEHBIE, piezo FEHI#
FLYROX = AMEA A1 TRRES, AT BRI A 100% /K SRR . KIALRBOLE,
KO R, ICH .
5 FEVLL¥EMEE SRS HFEF e

PRSP AR ITT . IR o TORRST B AR WEA% 3 7E AR SRAF LA T O3 FOVF ™48 AT
TEAXES . (EHIMIBE, 7 R 4CAE L 100% 07K B Bt . 7R KT IF e a) ki 1) 25 /0 30
S AERITRZIMES . FTP. JefiZlat, AR U . Baniii. W s, ey
B, ST BB ST YA LA RS B, W 4 SR B AR R R
U0 E N BRI BRIBHL. B, HBRIRE IR ZORIFE 22°C A A, IR S AR S

W, B 40%-60%, By EiHE R 3 & 22°CNH.

6 FEVLEFEMBR P RMERIN K RE



B AR AR MR i S A CE R AR, BN S 5 2 R R A 2
JUZRH . PVE AR — BAERET STORM H153 7 BUGEAR B 7010, 43 b T ik 3]
20 nm, HCARGGAE AR /Y HER$E R 10 1% . Haynes!' 254§ ] Alexa Fluor 488 i (IR R
ot 2 22 IR B PR A B R T AR U bR, 1387 30~40 nm (e A0 AS . FhgU21L B2H F)
HI STORM W AUi 77 VAW 58 T GPR124 7E N\ IfiL 65 J& 4 i v 1) 2 5 RURS I 23 A1, Jo 45 e
YRR F 3D-STORM KM b A R e, @I z-steping /S A2 THI 7w K o 3 k6 = 4t
e, BETH R4 = SR A

BEALG AL 2 FE R R TR R, iR, TSRS RS, B
I AR N WORIE T IE . VS5 AR S . SHRE Sl 4 BR R, ARk ekl
0415, AR ENG, 75 R RRAGIEAT N, DA a1 8], B[R] 2y AR XA, i i ] Hf
5% . B PR R R BT AR TV 2R S AR TR, ST AT
JE BRI & Foh RAEAT A & E IR BR Y, T R e R IR, 2 — PR w2 2 FE AR AR 2
R RO MERE o 2R B AR B ot , FARILH MU R 7%, 148 0 W 4 EOU AR 0 N E .
WL R 27 1 27 B A SR BRI BE ALY 27 S 5 0 AU R G SEAT P =2, SR )
BAare20, SHEAE KR BELITH A 13
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