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17 AR, A LB TS G RIEE RS, eI R L AT UL R
A BREGERSEIRAY), FISCRY. A RRMEE, RA DA, WU FEERTIE,
B RS TORTRER, @A Ry B HRG b, ABIE A NBORERE SR TR, K
REEBGEIRIBH] T 720 £ FRNEE, I HAR B RO Bk = A 50 £ At 2
XAGE R TS B A — B S S .

7 19 AR, FHAEEY K BB DL (Ernst Abbe) $2H 1 56 ¥ 1 06
IESZES, IR OGS B HERE 71 32 06 AT BRI 73 HE RE 0 326 AT BRI . 73 ik RE
JIZECAATIH B BR ] (— e B B o HEEE S SO AR b, S R BB AR SRk
tb). BEJERB MR, S EBUE LR AT LR T 1, REWLER R SIS MT B A R
(RXPL4E, 1981).

1852 4F, Z/R=EH 5 HE AE ST v T B L (Sir George Gabriel Stokes) & I Ee4) Jii 71
—RERAHPDEIS T, SR MBARBARKDE, BRI 90" . 1935 4 Haitinger KILEV)IH
et — PGB E R, SERUOCIRAT TP AR R PO R PUOARER T 15
AR 5, B2 AT RO 2 S 2 R m A AR G ER . 2 L HERRRE, 2OtE
TR CAR A, BUE 2R T 0 A Thsic SR anie g . A0 20, RIS 2 14
(R 5 9O Tt BROE T Yo 2 S SRR R S (0 AR AT 9O E 1 5, I HonT LUEE 71
AT BONETEW RIS WA YOUE 5 H &, Fl4n 2008 F35R50# NUREK M E. &
IRFEFNERIK A, [ERPRINARE T8 EUOGEA (GFP) WIATTT, W4 Z KN+ & A
FrRic i 7e, 2 n] H 36 40 M0 DL R 36 AR I 22 A A 5 ) (Shimomura et al, 1962 Tsien RY, 1998
Vadim Zinchuk et al, 2009).
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2 HBoHEmE R
2.1 JEATHARR

PR 5 WA R 2 T RO U I 6 7 g, 2R UG AT LUE i #F -
[ F i mad BEeE S RE, BT ERUGON— IR R (EDG B R A, O
PRI BN 2 T BORE it~ TR b ) RO AT SR AN — AN o S R R T AR O 1) ANt ) A
—EICEE AT, ERMY b, XFERBENAE S Y E K £ (Point Spread Fuction, PSF)(/] 2.1
) (P4, 1981). XA I s 3 H bR 201 2 =1 42 %5 (Full Width at Half Maximum, FWHM){E
505 AR I 73 R HAEAEIC . PSF RN [m) 1) 73 9 22 0] DATRT AL i FH Axy=0.61 M /NA
KA, XEP AR, NA=nsin 0 IYIEEUEILE, n ABUEA TRFTHE, 0
R SR ARG LA

220 nm

Microscope
objective

Excitation light
K 2.1 75 A T W23 )6 2t s M i 3 i 1) R 4 e% 25 (Huang Bo et al, 2009)
Wk 2.1 fizn, 24 28 550nm, NA KB NA {H=1.4, AR PSF il A 220nm,
Hh1E) %) 500nm ISR GRE .

d=200nm

! \ I' \ " I‘ ‘\ ‘\
/ \ /) \ ) / . \
a8 AN I SR RN
T T T T 1 T T T T 1
-1000 -500 0 500 1000 -1000 -500 0 500 1000
X (nm) (NA=1.4, 1=670nm) x (nm) (NA=1.4, 1=670nm)

P 2.2 5111 _E 14 PSF AN [R] A BE A 7 D6 27 8k il 70 7% 24 (Zhuang XW)
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Bl A AP IS B RE P T BRSSO 750nm B, 7RI _EBIPS PSF A,
T BN AN S S AR RE T TR E AR B 200nm B, FESEIE _E AP PSE B0 AT .

Wk 2.2 fron, AYPTiE ERAME S SRR EGE . EECT T ERARE) PSF AT B X 5y
Y B PME S R B R IL, BT BRI AN PSF RUBEESBAGE, ELAEARERMITS
AR I _E 5670 T 1) PSF AR BLAZ B 1M AN BEA T HF B I AR a2 AT S AR PR

FEARZWETCH, R A Y 1015 5 DOt 0 PR R RS B2 KE
A, DRI AR SR e A R AT S A N B AT, SRR T D AR, R
WERTHI AR IR, 32D SRt A B i 7 Pk e

2.2 SRR E 3R (Structured-Illumination Microscope, SIM)

2000 £F, Gustafsson A F 45 A6 T 7 A2 (0 2 SUR B IZ IS A i, BIEREE BRI R
Hr, FEIRBDEE P — AR DG 8 COelD TR R BRI R IR S SR SO S AR
AL, SRR T AR BB RIREEZ AR, B m BRI L85 a R 1 v A3
BRTRELK, fdfreEWEEER, 520REmbE R,

Effective

sl LLLLLLLLLEEEEEL
pattern:

K 2.3 SIM g AR JEH ) (Huang B et al, 2009)

Bl dOCHIPAE B A ) IR S WD e oA e i ™ A — BRI TR IR (K 52 /R R 8L
22K SURE AN 1 2 5 BT A (0 PR 28 B0k B R P A5 B R BBOG A AT SR BR 0 H A ) R
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3.1 N-SIM BFHL 5 =ML

3.1.1 BN

@.  FTHF N-SIM HEBH 33 1) piezo $21Hi] 25 FEIR
@. AT 2 B & iEH 28 IR

®.  FTIFHIEY & S IR

@. AT BB S HUB 2 i) 8% FE IR

L ENBIRIT R GE 7 Z TP RIERE,  eja R ZEAER v 2P ITinigdr)

®. I HG JEFIE B 2% HL YA

®.  GnFEAS AR, T T B g il g8 F R
@.  IAFEHEOLE

®. I HEN

®. T BOLBEHL

.  FF/E A NIS-Elements AR

3.1.2 BaH

MU B AT By, LA T AL

VERSION

w)Elements

14% ANDOR with N-SIM

NIS-Elemente AR 4.30.00 (Build »0¢) 64bit = Drive

[~ Enable Muly Camera I oK I Cancel

BEANBAFE, N-SIM TR 2 B 3l HORE P B
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TR b — A A A AR G, WFNLE A2 B3R K, 75 BRI A TR P s B
Fif, &P [Acquisition Controls]->[N-SIM Pad], B[R] H i THIHR

|
Controls & AVI
Analysis Controls ¥ 3 Auto Capture Folder Ctrl+Alt+A
Visualization Controls " ¥ Color Sm Sensor Area Ctri+Alt+)
Macro Controls » "2 Color Sim Settings Cri+Alt+C

(& Auto Capture Folder Citalish _ | -
# color Sm Sensor Area Cuul+Alt+] Ctrl+Alt+Num4 a: llni:n/s e

¥2 Color Sm Setings CHi+AIIC Ctrl+AI+Num6
ND Acquisition

Ctrl-+Alt+Num2

— |'® NDAcqusitionHistory
Layout Manager... 47 ND Control Panel

) ND Custom Acquisition

@, ND Muitipoint Set Acquisition
@ ND Sequence Acquisition
¥® ND Stimulation

OC Panel

[ shading Corrections

%, Stimulation

3@ Triggered Acquisition

«Q XYZ Overview Crl+Alt+X

HlUBEEY (RSN
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3.1.3 B N-SIM R4
BE G FIFEARSE TR, B AT
iBH NIS-Elements AR 314
BBROCBUHR R, KisRIT &ulE s G /AD
P F i L Y
KIEOL G B

R s I R /5 2R B — 2D RITR]D

BB TS HR ) HUB #2188 1 5%
K HLEN W) & Fa ) 45 H IR

KA z $5 1 2% FL YR

K N-SIM RE B 25 piezo F5 il 2% FELUA

3.2 N-SIM HERi&%E

SRCECRONC

CRCASEC)

[ N-SIMPad x | I
b Gratiw?‘: too /Ea)() VG
Fiber: Multi(2D/3D-SIM)
i All Laser Locks Closed
Live Capture

[Fixed E]] [3D~SIM E]] £F | Interlock Release |

[-E» OutH Q#Q CameraReg }

‘Laser Control
__011 a 1 Il I I * I I I I;‘l)[%]
o-lz é 1 1 I| I w I I I II&,[%I
B0 B-0 | Sro || @-F
o (- -l
[{ﬁ Param ] [{a Param H@FFTDnage]
|
4R ThRe
1 | $\dsER WHE SIM BB SE, ARl Sk i
HOGFEHI TR RO KR EO T %
3 K5 WEEHESH, HESIM EIR
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Yes
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i

R B EEESY G
&, AR EF. O

i
AR T sim BIRIRTL

(- MND Acquisition
-

y (Time, Z, lambda’
s [Capture] 30 sim E%, 3k IE 7 B —TFE
# &, ND Acquisition BB (1 time T ReE
loop]i#TT siv E{EIRE
T
wREGERSH

,ﬁﬁ:ﬁeconstruc‘ciunig ARl sim
E1%

Mo

E&EFE

ERE siv B
BET ok?

F7F sim BIEEIRIEER (5835 nd2 5700
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PN T 2SRRI RN SIM BER 28 A GEH B 580, R JEXS N-SIM

TR HEAT B

it [Settings) 4% 8, S CMHEE R L.

N-SIM Settings ]

x|

Grating: 100 EX V-G
Fiber: Multi(2D/3D-SIM)
All Laser Locks Closed

Capture

= Grating Setup
100 EX V-G (for 100x 405-561nm) |~

100 EX V-G (for 100x 405-561nm)
100 EX VR (for 100x 405-640nm)
60 EX VR (for 60x 405-540nm)
TIRF 488 (for 100x TIRF 488nm)
TIOE GA1 (far 10Ny TTRE SA1nm)

=)

@

[3D-SIM ] Interlock Release

=

a]

[E‘ Out][QOO Camera Reg ”

- Options
DReoonstmctafhsCapu.re (this closes the raw
SIM image)
[] Show 1D-SIM Capture Option
[] show Fixed and Moving Capture Options

Snhow the Reconstructon Parameter Setup
Buttors

[ show the Reconstructon Parameters as a %

[ show FFT Images after Reconstruction
@ Al frames
() Only Current frame

- Capture Mode
(e Contrast Priority
 Speed Priority
(" Show Confirmation Dialog

s e

Jeith pital

Eiiipy

100EX V-G EZLSinay

WEF 100x W85, 405-561nm K IEOG

100EX V-R EZ L Hian

S FF 100x 5%, 405-640nm K IEOL

60EX V-R 2R

SR 60x %5, 401-640nm WK IO

TIRF 488 G4

HFF 100x W45, TIRF 488 KOG

TIRF 561 G4

SFF 100x W45, TIRF 561 P IEOE
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3.3.3 TG HTMA
s [Live | 46 70 % 1 1]

| w-strpad x |
’ Grating: 100 EX VG
Fiber: Multi(2D/30-SIM) |
: All Laser Locks Closed || =
e i ]l
Moving [E]] [BD-SIM B] £ Interlock Release |

[Eoom][%-bo CaneraReg]

‘Laser Control
a8 ] = ————2 (20 Jru
ae (1) =— =g [* Jru
‘Reconstruct
BSO H-O S0 @J
Preview Reconstruct Reconstruct truct
Slice Slice Stack Batch
[{a Param ] [ﬁ Param ] [{:}FFTImaoe]

R S i [Live) T, B AT {52 1k 700 o

Grating: 100 EX V-G [E

Fiber: Multi(2D/3D-SIM)
All Laser Locks Closed

[Movng |_] I’ 3D-SIM E] 4P | Interlock Release I@

‘ Capture

£ Elements 3 §1_E th ] DL b A RAZAREAT T AU TF AR R4 3

[¥5] NIS-Elements AR

File Edit Acquire Calibraton Imace ROI Binary Measure

NDiIpH2 @00 e -

* 0 A2 A epi R SERS RIS, IFIRIRCIERT Sim R

12
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3.3.4 AFERKERE

[Fixed E]] 3D-SIM B g Interlock Release I@]

‘Laser Control —|{TIRF-SIM

e N  HIEXRLS
BS0 B0 | Sr»o f@J
Preview Reconstruct Reconstruct Reconstruct

Slice Slice Stack Batch
[ﬁ Param ][ﬁ Param ][@FFTImage]

All Laser Locks Closed

Live Capture

w %G:mtgg)\-ls-gﬁ) ‘%I]

2D-SIM

D [E}mt

[ Q@O CameraReg ]

WideField
q‘lld 1 T I I w I I 1 ll&[%]

SIM #55 e

B34k 9 sk %, AFHE 3 MNMHEALAT 3 ANeilt A, 1N sSim Raa %
P

20-5IM AR R Z RO . 307 71 L4 5 M AR
A, DRHE SR
Hal4a 5 15 sk Mg, BFE 5 MEAAT 3 AN AR, 1EA SIM R G
B, HXY FES#HEE 2D-SIM —F#E, {H 3D-SIM 7] LLEEREAS Z il
EHOEE R EH R
XA AT FH 12 2 BB 4
3D-SIM AP EE T,  “Slice 3D-SIM” F1 “Stack 3D-SIM” . Fi
X A R Oy A5 B S R — R, Slice 3D-SIM Al UL E
JZHUIV) Z stacks MG, I HIE FH 05005 40 Bt 1 Rled%

3D-SIM T Stack 3D-SIM & — R PEFRE Z 71 M5 B, [tk & Lk Slice 3D-SIM

G /N BT i . Stack 3D-SIM & A il e 41 a4 4%
DI H 7 ZCAR R S TR

Slice 3D-SIM Slice 3D-SIM AT LAFEHAHE 1 )2 SIM % . H
& Z stacks 1] 3D SLAREZ AT, Slice 3D-SIM
X — EEUR o AT E RN, &
A — 5881 3D TR

Stack 3D-SIM Z-Stacks ALK E 16-512 &, H @ E4EHE

AL T 16 )=, ERSFEEERE T
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M, WRERZ T 512 2, W] LUHAEM K
HEATHHE, (HRA T RES1E B = A H
Preg.

Z-Stacks [ ZHUE 5B RN R, KT
Z-Stacks F1 285 D12 K/NMUHEEAE,
W, 3.5-2 A&

TIRF-SIM

HaAHE 9 TR, 3 MBI =ASeit A FEAE N sim JEG A .

TE AR EIER TIRF &%,
TR AT FH 12 BB 4

Fixed

Hrm U, AR T A A I R 1 AR 0 B8 B DG [ 5E A
IR

Moving

Hrdm sl , AR AA AR 1 ARG B s 2 k2B
IR

WideField

HE AR, A 0 AL BT AT RER
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3.3.5 BBRHE
M i [Capture] AT #E4T SIM & IFA -
| N-SIMPad x |
Acryisiton
w Grating: 100 EX V-G @
Fiber: Multi(2D/30-SIM) |-
) All Laser Locks Closed ﬁ
Live Capture 5
[Moving E]] [30-SIM E]] £% Interlock Release [@

E»Out”(b-bo Camera Reg

‘Laser Control

c-'l é | Il ! I w I I 1 'l(lb[%]
0-'2 6 | I [| I w I I | lu.h[%]

B0 | B-0 | S»0| @0
Pr;gw Reo;m:etruct Reoso:d(truct Reg;sd‘truct
[{a Param ] [{a Param ][@FFl’Image]

Wn] LU# ] NIS-Elements 21 B4 BLIK 4R S 1% HLAEAT HA Bk

[¥5| NIS-Elements AR

File Edit Acquire Calibraton Image ROI _Rinarv Measure
NI EH9 &6 :[00® '-\BE@|Q'

*Capture ficB L BEFASRER TR (FUEIE) K SIM EME, AR BRI 2 @B S L IEK) sim BIE,
TH1E ] ND AR AT 3% -
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3.3.6 ND 3% SIM K&
HEFESE BFE F [View]->[Acquisition Controls]->[ND Acquisition], B & FERRAFTRIAR b A Bbn A
F#i% B [Acquisition Controls]->[ND Acquisition], H ND 1% B IR .

[ WD Acquisition x |
Experiment: |ND Acquisition ]
s s s s s S — —— — )
Z: | J
A: [ J
Save to File
Path: [C:¥Program Files¥NIS-Elements¥Images¥ ] Browse...
Filename: [nd072.nd2 ] Record Data...

[Order of Experiment v ” Timing... ]
{BT'“Q ] SR Xy E—‘iZié”AJ—E]’ LargeImagel ——'—‘—’

("""“'"/ + | @F i x ®

| Interval | Duration | Loops r

sl #1 No delay [v] 22 [~] 10
a [+]
[C] Close Active Shutter when Idle [ ] Perform Time Measurement (0 R
[] Switch Transmitted Tiluminator off when Idle

[Evmts...r anced >> ]

[t~ soe ) remoer ) ozt meie | oo J]— [ 5]

el Fiik
R RS, & AR ST o] Dl L Tl
L R e O L 3
y | oo iy | T RERE 2-tack B0k, WTLTE Zstack MR 7z
KNI E
A g%mﬁzﬁﬁ,ﬁﬂ&ﬁﬁﬁ@ﬁ%oa&ﬁzﬁﬁm
. L tmeroos | A UCIRTRGS, AT RS B B A e
L2 8 R T OB ).
i - TEE ND IR B, SR A TR B [T ND 1
un now %0
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3.3.7 MVLEE
Andor DU-897

A S B R T [View]->[Acquisition Controls]->[DU-897 Settings], B 7EHk 4% (A 4b il BUbR
F5EI%E B [Acquisition Controls]->[DU-897 Settings] i s AHAL X B HIH -

i lNo Binning [L]J uJ
|Z| ———ﬂ- Format For Capture [No Binning [7]]
[ Auto Exposure ] [ 100 ms E]]

| ReadoutMode  [EM Gain 10 MHz at 14bit [ )]

EM Gain Mdtpier 100
. gi—
| Conversion Gain | 1x FIF IZI

Temperature -66.9 °C  Desired temp. differs!

WERIT HEAF A
1 | Live #%3X No Binning (Binning 15\ JCi% M SIM A D
2 | Capture /%X No Binning (Binning &\ JCi%H SIM faf i D
& T[] AJ DL BAT S 7 s 1]

A RS 2 B TR AL R B 1]

2D/ YT EssifEARm S, FluTEmRSE, EF “EM Gain
Slice 10MHz at 14-bit” . E# “EM Gain 1MHz at 16-bit” I, MR
4 | FEdiER | 3D-SIM | A fi Rt (AR K, (HJ AE RS U 5 I L .

Stack I%EFE “Normal 1 MHz at 16-bit” {3 “EM Gain 1MHz at 16-
3D-SIM | pit”

5 | EM Gain 325§ /T 300 #RATE SR

2D/
Slice Ix (Z=FpERATPAE)
3D-SIM
Stack

3D-SIM

E‘k

6 | IR

Ix B 2.4x CHHE I gain T RE2> 3G A0 75)
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3.4.1 % 3D-SIM B,
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| w-smpad x|
o
> l Grating: 100 EX V-G
Fiber: Multi(2D/3D-SIM)
i All Laser Locks Closed
Live Capture
Moving B 3D-SIM E] I Interlock Release I
lE’Out”Q*O Camera Reg ]
‘Laser Control

*{i Stack SIM F#5%E}, NIS-Elements 2% I MCL Nano-Drive.

f§i1%$% 7 3D-SIM #ix,, z-Stack B T2 RT] .
*$H % Stack SIM EUE RS, FHHLAYEE AL XHERE(EH “EM Gain IMHz at 16-bit” .

3.4.2 Z-Stack XE&
H11% z-Stack SIM EUZ T,

KA E E McL, IBARD

75 2L ND Acquisition ¥ E Z J5 ) B AERIER

[ ND Acquisition x |
i [ND Acquisition
s s )
N J
0 ]
O\ Dlssere
1
Order of ~ | frimina... | =
— +31.75
[ 1] —
[ reamelp rome) [—
Bottom W
.E,s
- \~|\S~=m (55 Jsus [fooos: B Jim
Range: 63,50 pm  <-31.75, +31.75> tive Positions:
= = T NA
ZDevm:[ZdnveSlmlamr E]] — |.|n / IE
[T Close active Shutter during Z Movement
| Advanced >> I 7 I
| | P |
Load v || Save ¥ || Removev | |[“FgRunZCorr] 1tmeloop || Runnow
[ I I J | | ||

fE£Z (4) EWRATIT2), JEBULEE N, wEHNFEE (ALl Top, Bottom BIE Vi,

Wa] LUy g SiEF s N Ve BEED
WA Z-Stack NI FIP RS EHA G .
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N-SIM Stack #1012 5 R EHHERA & (100x P82
Pitcthep 7 8to 15 16 to 31 32to 63 64 to 127 128 to 255 256 to 511
OU'S:’ Unsettable Unsettable Settable Settable Settable Settable Settable
OQE: Unsettable Deprecated Settable Settable Settable Settable Settable
Op:nz Deprecated | Deprecated Settable Settable Settable Settable Settable
0Q3n4 Deprecated Deprecated Settable Settable Settable Settable Unsettable
Opfns Deprecated Deprecated Settable Settable Settable Unsettable Unsettable
Opfnﬁ Deprecated Deprecated Settable Settable Unsettable Unsettable Unsettable
L‘fﬂz Deprecated Deprecated Settable Unsettable Unsettable Unsettable Unsettable
3“'?“4 Deprecated Deprecated Unsettable Unsettable Unsettable Unsettable Unsettable
L‘fﬂs Deprecated Unsettable Unsettable Unsettable Unsettable Unsettable Unsettable
N-SIM Stack 15012 5 R ARG (60x 15D

Pitct:p 7 8to 15 16 to 31 32to 63 64 to 127 128 to 255 256 to 511
0.04

um Unsettable Unsettable Settable Settable Settable Settable Settable
Olﬁ]8 Unsettable Deprecated Settable Settable Settable Settable Settable
Op:na Deprecated Deprecated Settable Settable Settable Settable Settable
Ou'fnz Deprecated Deprecated Settable Settable Settable Settable Unsettable
Ofm“ Deprecated Deprecated Settable Settable Settable Unsettable Unsettable
1;“8 Deprecated Deprecated Settable Settable Unsettable Unsettable Unsettable
ifne Deprecated Deprecated Settable Unsettable Unsettable Unsettable Unsettable
sp:: Deprecated Deprecated Unsettable Unsettable Unsettable Unsettable Unsettable
1E£4 Deprecated Unsettable Unsettable Unsettable Unsettable Unsettable Unsettable

* S HOBE G E VB BB, SR B SRR, JF BBk SdE IR T ND

Acquisition THIAR L.
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3.5 RBER
3.5.1 SIM Slice R§Ez
REEESH
| w-smPad x|
Acquisition
> o mee,
i o All Laser Locks Closed @

Moving [v] [[30-sM [v]]| £ interlock Release |

[-Eo Out“ Q@++Q CameraReg ]

‘Laser Control

a“l 6 I E 1 I * 1 I I:=Ilw[%]
mz 6 I 1 : I w | I I m[%]

B0 B0 S0 G
Preview Reconstruct Reconstruct Reconstruct
Slice Slice Stack Batch

8 e [[ 8 porem J]{COrrrinace]

rith “Reconstruct Slice” K7 [J[Param]{% %8, < i/~ N-SIM Slice H 1% E & .

N-SIM Slice Reconstruction x|
[ 7 Use amrerent setongs Tor ean Cnanner ] | Load User Params = il “

T Settings for Chamnel: (405 li]_
4 [¥] Reconstruction with good contrast components only
[~ MIF  llumination Modulation Contrast [II
/\ 0=» Auto E][ Auto Reuse f}’/
/ MTF  High Resolution Noise Suppression recorstruct B
/’\ 00— 100] [x] without Registration
[ZI SECTION Out of Focus Blur Suppression |~ | N

L . G (x] —
] m K-Veciors All Frames v
/ I [Not Selected v

—
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A SEAS e
1 | SImM Bk R P AR EUE Rt =, AR BB A AR S 80 E .
5 AMEMIZEIEE | AEE R EE R - ERE S, Akt
ZHEFEAE TFERE A EEL R —2RE S
ATIUEBEXT LU | S REXT LR A e AR i, 2y 1k eade I U S At o) B A
3 SRSk Sy T B S A5 S i T .
X—iEIUAHLE “llumination Modulation Contrast” W& N
“Auto” B A AJHE .
HECBH T 1) 0 b B T AR siMm B 2 G NGS5 I mxd LE
LA E A 0.01 % 1.00 % (3D-SIM H] 1% & 0.01-
4 5.00) -
FEFE “Auto” , MIRGSRIEBHRIEG R E, B3 TR
W a
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