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High Spatiotemporal Imaging Based on Optical Field Engineering
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modulate the time sequence, wavefront, amplitude, phase, dispersion and other characteristics of the light, and

Optical imaging has been widely used in bio-medical, physical and chemical research fields due to its non-

— .

invasive characteristic. By adjusting the temporal and spatial parameters of the optical fields, we can effectively
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obtain the optical image with high temporal and spatial resolution. On the basis of the principle of optical fields
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engineering, the recent progresses in the research of high temporal-spatial resolution imaging technology are

physical optics; imaging systems; optical imaging; super-resolution; optical field engineering

e AR Y S W IR T AT SO T S5 8 e 7y 5
WR . M TOE R B AR R AMERR £ Ot iR
— EL R A W R W BRI A o S U0 )RR
Wz —.

JE PR BB [ 1) 2F W 4 58 (FWHMD AT £ " Ny d.,, =
£
-1 X AR B AR HI U 0 R A G R

2L A

0.61A/NA ., Hrp.a FEm K NA b8 BUE
fLIB(NA=nsin a.n R Y555 W E Wy 6] A oz () Pr
Ko M REILEMAM 1/2), Hm ST R

B E R R0 2~3 4%, Wik, fEEE NG
Z I8,

A NIRRT 23 (8] gy B AR B E WTE A/2 ~2/3
e 58 10 37 0 2 WUAB ZR B 14 25 ) 3 B 352 IR T A

BHBRRE. 1873 4 BRI SR A - BT 2
TS S ISR S A1 T
S A B O A B T OB 6 %
WA TR G5 22 W AL T WA E 096 50 50 75 3L

IEAE R AE AR W BR 2 90 K b R} A 48 1Y) HE B
T AN R I (R] L 25 ] S BRI I 70 2 R 1Y K
s, o a3 [ o3 PR T AT AR R, ] S 35
23 K G A T ) HE 5 A B B) 43 B L X TN TR
H () BAGAR 5 77 A BIL A RO 52 % 4 461 B X AR i B
B A v FH S YT R R B (PSF) R, X R BUKREL T ST R TOW A DA K 1 201 25 ) 3R AL 27 3 B R AE 1L
W A B PR . TR R G, ST R FE A L3k F) 102 ~ 10" frame/s, Ff & 806 A
YR B HEI. 2018-09-03; 1EEI B H. 2018-10-21; RAHH . 2018-10-30
BB HEARF=ESE91750203)
* E-mail: kebinshi@ pku.edu.cn

0126010-1



LR & R Bk B 2 i I 9Y R B L Sk T S it
(9 06 37 8 45 AR L W6 B IR L I RT L AR R L A A7 L
T Ao H0 45 3 AT R L T DLFT B R O 2 O 3 i
SPE AR BRXE O 2% 3R G A PR A B R g BRI [ B, R
TR RO S 98 5 0 BUR R G, R DURR R b 4R
5 R AR T HE— 2B B R . R
SCMEAE R f B RS T I R E 3 T Ok
VA I 3 i A o BE IR R OR . XS B R A
8 o 3 TR 6 ROTE G R R L X B 286 4 T
HEAT 52 A7 1% Bl LY 2% B 8 3 R (STORMD ™ |
DG SE A I AR (PALMD S 38 66 800 =2
AR (FPALM) ™ 3 F B IR BOLH AR W &
B B -6 1% AT 4 AT R 4 0 R o R 1R s SR T
HECBT O U i oA ), S B BRSO R e T
ARV 32 38 & 5 #E L (STED) J5 31 A9 88 4 ¥t W 1%
FEARLTS 3L F B A G 25 48 O IR B B
B (SIND VR Ai7 55 W )2 LR 5 5 00 B 18 455 AR
O BE T A 5 I O 0 AR A B R AR
ALk s AR B 5T AR 4> AR IR
AR RO i ) | T el A L N N e o
PLYG 37 8 5 JRUCER Ol 3 2k, % I AF Sk Y I s
Gy BEAG T AT B A RS .
2 FETOLY RS HOR N &S

HER AR

SRR S BN S b n] 4 S s RN Zs 38k, il
F O R R AR A B 25 R Xk AT A
AT ) RO R AR R R (TR B R Rk i
FEHEAR N & U HIE CRD B AD IOt H AR ) B, X
WO TS DL BE RGN L B, X R bk e e gk
(A OG5 DL I (8 25 (53 38060 180 1 45 45 LA
F i — DR T S B 2s o BESAR 5T . AN &
TR R T R AT A B B SR A

% i1
21 ETHAXARAXEFAMNNSZESH
B8

Ay PR 2 A 7B A S B A o 1 AR TR R
M, B AR h A [R]85 5 BE 2O M 2p 4 1
f o 38 T RE i P 2O AL o 1 BE AT R W E L W]
PAAJRAT o B i 9Ot B . SS90 701 1 R JEE
SEANLE HO TR W W SRS e RS B T 3R
NA
QY

Ay == A’
JN
b A SRR R B AR 225 N IR B ROk
TR B0 RS BE I T AT SRR, AT LIk
FNGOR G E A GEBORE RN SR, P
Pric i AR PR P R R AR KR AR L B
T2 18] R B AR 5 3, 7= AR I FEOLEHGAH B S, TG
X BN TG A F WERR A2 A7 DRI AS R AR A A AR
YIRE Sl R S BER R, iR DRk — ) A8 OC B 2 AE
A7 A0 B DX P 88 v 1T SO oy I BRCRE

2006 4, F T i [ 98 i) FER 2 F 58 07 19O BT
SE N B 43 B R H AR At = AN g /N A ST
My RN SZ B, 3143 4w 44 S STORMY [ PALME Al
FPALM" , Z Rl T 4 1 o (19« o7 1 3257, BF 58 N B
R I ] 48 26 43 F 1 R AR S A0 S 32 R IX
3PN 88 S 20 T A8 AS TR) (%) Bk [ 5 385 o B B A%
K e o, B JE G 6 . i T AE 45 1 B D) o8 TR
KT T B T LIRS B 45 . 2T — 3o
W FAETHANE B L Z B EREEFS .,
Oy PRS2 BN . 38 AT A AR R ARG
T2 L T 2296 6 A A A7 B A5 DURA A2 o 1 26 B[] A )
LT EHG T 51 8 s o] LLARAS & 4y R B AR, R
HE 1 FR . B AR O A ST
AR GRESECSE SO e Al R VA [ S

R B A R (SMILMD R % 3k 15 18

target structure localizing activated subset of probes super resolution image

N

y

\
N
\: .

K1 STORM.PALM.FPALM {3 A JFi g7
Fig. 1 Principle of STORM, PALM, and FPALM!""

0126010-2



% {5

PR AR R A T £ 1 A S PO i, Bl
W STORM $ AR HIDETIF AL T 2R 450 iz 4 57 n]
TEDECAS RIS S Z 18] A AR T 3 38, 06 R3S i IR
SR YERE K AR H . Bates S8 HE— 25 R FH 286 IF 56
GRS F R LA (B Cy3-Cy5) , 52 30T 8 43 3
M2 o miig, X2l Cy3 fERB AW R
(activator) ¥ & 5% (532 nm) 88, Cy5 1E M5

@ ¥ ¢ 2z /mm
) 400

objective
200

cylindrical

lens 0

imaging © -200

lens
-400

EMCCD

J5t (reporter) XF 2196 (657 nm) 8RR, SR A 40 5% G+
et )5 B R LR FE i Cyb 23 7E S W) R 3 26 O I il
B WG BN SO0 BB Cy3 JF Al Cy5
Wb T 6As . FEWLEE IS L0 BRI, T Cy5 3+
R,k FEH 2ROtk AT L& R R AE Cys
WO R . 2O MBS IEHR T IERE A
W HETOCHR K ADCIREA

2 3D-STORM %549 B gt . () 54 7R BB 5 (b) R AR (= 5 I IR BE B R R) 5 (o) ~ (o) U BUR Bl b 7 E X
R [ 4T 1 AR
Fig. 2 Schematic and images of 3D-STORM"* . (a) Scheme of 3D-STORM structure; (b) 3D-STORM image(z-direction

depth is represented by color); (c)-(e) x-y, (d) a-z, (e) y-z cross-sections of the cell outlined in 3D-STORM image

X S T s S 1 R SO B R L
ARZ RSN . 10 & A7 32 ) L ik
bR g — 2 5 A Al b PR 4 A 4 A T LSS =
HEHE 5 P F N % . 2008 4F, Huang %09 3T T —
Ff 3D-STORM %544, an &l 2 fir 7, b i1 76 6% R 48
{14 9 e RN 15355 B v [ 98 A THI 355 4%, il S 35 45 OF
101 B A BUE R DY 5 T SR T F 34 4557 1 1Y 4
S I G AR SRy 16 R 3 filE A5 BF 58 N 53 1T LA A
TR J3 R0 P 45 I 0 B9 A 1 o L ) s 00 e R Al ) A
o A = FHIJLANKEE ELH T Y
25 nm KR 1] 28 PR N2 50 nm B8l E 2r A, 45
G = MR (z-scanning) 7] DL X4 AN 18 F, 3
Pram i OLROKR R SR . [F4E, Juette 5550 fiT H
KUFE T A 1 % S 560 43 5 O 0 3ol A AR 4l ¢
o F RGN EEB R E « Bhr, LHT
30 nmX 30 nm X 75 nm B = 4k 4 PEF . 2009 4F,
Pavani %73 i ST BURHEE di 4 e s &, SEHL T
SHYERB A PR UR . T2 R D T AR T G
PN YAk X AN [ 9 K 1 O L AT LSS I AE AR W)

=T S AR R SR R | D O Syl T
Shroff %Y S HL T 106 40 M Hh 2 5 BE B (AT 5
W BR B AL o B 18] 23 BE R AT 38 25~60 frame/s, Hess
SETLLA0 nm Py 4 PERER B T I B R TE B L
PR 4L, Manley %50 I A 12 B2 A W ) B 28
FY B s [ B, SR, 22 BR T 2 2% 1 i AR 1
T X SR T 1 240 M RG] 43 R AN i

AR, XA A TRKIFRE., B,
G B |, 2011 4, Zhuang BF 58 24 B FH 45 5k 19 26 6
TP T 4k 0.5 s, =4k 1~2 s By I [E] 4 B
RE2012 4, Zha 59 R BLE 5 2 RE AR,
it FH S 4 SRR 43 T 8 O i e B T S Y BMR L M T
Ab B iRy % RE A OG ATRRE 1, AT LA 3 s B I [8] 23 BE
RN . R R R L2012 4E, Xu 2T
MWW 25 ) STORM B i %% CAn &l 3 Bz ) » 3 i
XU 5 3 RO T 1 BRI BE 7 L (6 4 B — 4
FRE /N F 10 nm, Bl N F 20 nm; 2015 4E,
Tehrani % i A B k5 B E N OLFHEE 5.
X 2 2 PR B B 5 R 1] T S 2RO D A

0126010-3



% {5

B P T8 22 R AT A S OLRT R BR  T 4 A
AT LAE OG0 RE 7 1Y S B A O 3 R 45 HOR
F 45 G 5 FE— A0 i R HL s 8] -0 (] /4 7 B BE )

v -
dichroic ﬂ/
objective 1 objective 2
K3 wWHEisity STORM B MBE R & &
Fig. 3 Scheme of dual-objective STORM™”
2.2 B TR Bk B - 55 2 Bk 5T (W) R4 Y

= = A&

AN L B 3 S o AL R R i SO
RIS e 8 4 S B 2 1) 23 L BRSO 7 A Y R PR
AR B Ak, s b AR R i ) RO A
i[RI 3 A DK e i O 2 R G BN T A
FROGHD X— 637 W 5 4 B2 L Dy WF 5 5 A g 1 8] 7
R SR TR S o 0, X K b G 3 A A
LA i N [R5 A4 1) ] 45, BV Wk 4 42 L T LA € 1
AR LR e 2% AW o S H g B R AT L
figf FAUTE 6 6 N R 0 BTN DA R R BRI
(1) ] 5% 1B i — 5 P B33 38 OG5 MW B 56 22 L sl i
LI 2 AE A R OB gD b A9AF B T LU %)
JO7 146 g I ) 53 AR 5 kT O Rt B AT T B I )
o AR AE S, A0 2R BE AT R0 b 0 A o A ik e
A R AR Ol i) b g ] LA AT &5 I 1) 23 BER I

K g D PN B AR R GE P Jalali BF 5T 4176
2009 41 U SEBL T T 3 ML/ B 4 R e ] 2 £ e
AR (STEAM) ™ o i I da -5 24 il S 17 ) 29 12 1 3R
G AN 4 Yo SE T B AT R R 45 L BT
JIE v IR T8 73 B A I - A5 A< ke 55 A 2 36 b, T LA
FH IR G A 491 B R 88 O 27 4 i TROBD Ol ik v ok
S 5 HU, AR SR 0T 23 1A LAY AR B, B A R
[E] 45 B 2 B[R] 4R O i) b, 88 = 1 6
B 3T 90 a0 e e B A AT LIRSS [R) 451 4 1y
D8 LR AN [F] 9 2 ) o7 by DTG S5 B LR A5 5 1Y

WM . AT 17 IS AR I DL e ok e € H/
WK 81 47 g A G L 7 4 () 2 5 i 0 B I ] R 2
[F1) S 7 ) O O AR L S B IR . A A
R STEAM HRE AT A T 2 Bl AR 25 A
B . B AT RLAE S BN 26 AR 5 i ]
LA IG5 T 95 BOAR X 5 S5k A 7 JE AT i 46 0002
DA KR JH s 47 R R A i BB 2 i) v s — 25 B v
PR RE i 2 AR D B O A i R R AR 2
o BEAT o8 0 MR AR AR B R RES SR
Ko Fz 8 AL AR =~ Lt n] LS B BE 4R i 23 e
PRy 2 W b i i R T, AR OC TAEAE 2018 4FE A
E

At
(=%
‘(\QO“ ﬁ’i‘oﬁ
oo RO
t 6960 W
transform limited pulse e@i\‘ o 2
‘ 6\&& o 666
e

dispersion/chirping ’ '
‘ \ : dispersion

. elements
| 4
1 t2
‘tl

such as
t

grating:--
chirped pulse: temporal position encoded in different spectrum
components, i.e. different spectra walks off along time

Pl 4 I -0 3 S 2 i) % i 3

Fig. 4 Principle diagram of time-frequency mapping imaging

EALI B A DB AR AL S AR BUHPL TP E A 2
WU, ZRBUMALIE o X6 Bk o i R 1 — 4t i
S AT 23 ) L 50T AR K b e AN TR] e R] 37 -
PRI 45 23 (B 5 00 5 B WS 5 & L 58 0 PR I [] 73
BRI AL 5825 SO RE HEAT — 445 5 14 725 I [
SRPREEI R TE VR Y T ORR AT 5T . 2014 4,
Wang #IF 58 4 7E 5% SCRH B v 3 I [8]-25 8] B 2 1
LR bR O S e T 2 G 0 08 A R 4 SRR 8 5K
fifp Jer BEAH 24565 R 45 5 I R0 s Bl TR0 R 8] 9 8 A, S
T T AR UM LAY BR bk e B O T4 A R TR AR
(CUPYPY iR a] 355 10" frame/s.

FE T Ot ) B2 RO 4 B AR D5 AR AE S
(i) VIS (] 23 48 1 R B T S AR bR AHTERR
I ik i 52 B T - IRl 140, STEAM Al
CUP ik = F5 57 L AR T RE . 6 B0 & A AR 20 1Y
PRI P A 15 5 v . AL Il B 40 Hh B AY 5
W B 2 N B A T B s N S O B R R
A LUK B W58 N B 32 A O 3 25 I 2 A o) 1Y) Ak
filt | JF R AH G TAE

0126010-4



% {5

BT O = S B i R i 2
BN AR

6 = WS BRI BE 4 ) 2 1k Y )
i WS A OC IR IR R R AL R O PR 5
Xof 33k 6 s Bl 2 B A R 4R T LA B R e AR R G Y
V7 BRI KR, ST AR B s Ay BRI R R . TR IE Ot
FRUR R G A R R A A e e B
K H 5835 O UR B ABOE 2R . ik, 2
it T 58 7 PRI 22 A A R P H R R IR B . e &
(6] 73 B RAEA T L B IO MR R G %5 (6]
AR RAEAT v, I B AR AT DU S B MR S Y
PRSI, ) STED g £ 8 .6, sl 2Kl
T3 016 2% 2 G0 v X6 1 I8 BRIV 2[RI 3245 20 1
KGR v Y i AR oh 22 RAE R J7 97 KR R 48
k7o o VR EAE i R TA T €72 NI N T S DO e
AR R GERE T A
3.1 BT EFERFFRN SIM KR

SIM $ AR & H Hi fie 3 Ui 19 06 22 88 70 P R 8
BARZ — HELRATE T HARTE R M 2 T
(7] i S5 R AT 5 1 BR 0 B L% . e AL AT LA i %
Tl R J5 58 52 B 43 B 3 = 2 2 R DT ik s
H AR AL =4t SIM(2D-SIMD , =4 SIM(3D-SIM) ,
M SIM FIAEZPE SIM $ R 45 . 78 55 bR g s
SIM H A BB 4 A1) AR i o mT R e 48038 i
A TGN 2 56 6 [R] B 34 AT LA S5 R PR S il 9 /) I8
RHICHT T RN o UG B e R
LG Ml SIM HOR B B T s & 6 7R 40 SR
AR Z —, SIM B3 5 % 8 9% 3 B 0B 1 R
RO XS L E 5 Fr s .

1998 4F , Heintzmann 55" 1 vk 32 8 45 44 06 18
B B R o O 0 T 2 6 R A B T A R 1 )
il ¥ & i (LMEM) /] {48 1] 4 BF R 42 7+ 2 24
100 nm, Gustafsson"*17E 2000 4F 42 8 T 61 & 46 45
3R F AT 34 77 1 0 PRI i v, U o S
B YAIE T SIM Y 73 B3 0 308 98 3 0B 1Y 3 A%
2005 4E, Gustalsson™ ¥ 1 1 i B2 AL & 51 A SIM
L B T HRD SIM, 3% f0BE R T 2O AR 2k
VRS C e ) | B = S R T e S 7 = S 1 A
50 nmfyor FE AR, 7E = 4k 25 8] AR J7 T Stemmer
N SRR R T T =4 SIM MRS 3, FE
TR SIM A = 4 25 [8] 3R A% 3 B 2 4 5 1) BLIE T
2202l 3 — 5% Gustafsson 2P FE 2008 4F i
I SLEGIEUE L A BT 4R A = 4 STML R 1) g 18] 4 B

w

K5 xb B C2C12 400 59 % S e,
WA (b) 3D-SIM i f%
Fig. 5 Images of mouse C2C12 cells

(D55 5

(40
(a) Conventional wide-field image; (b) 3D-SIM image

R SR B I A

FE B DL 777 G A PR B8 L i 1 e R R 1Y

T 5 25 R)AR 1T R

ko =2NA/Au (2)
P A MG R . FE T AL A S A A I
b B AT AR I T B A6 Ca) BT (LB SR B L &
R AR) AR e AU TC 1 4 W T R DS R LA SR 1 £
K. SIM (1 J5 H 2 58 B IF 5% (sl 4% 520 A il an &l 6
(b) I 7 1) 235 46 Ol Sk W8 & 2 SR o U 45 44 S i
TR ZS RIS A R bk, (B HESHEHR)
ORE— 2k, G 225 (8] 401 3% 40 % T A7 5 A R A 1) 1
WE R R by BERRMEA T 2NA/A =k, (A
RBORIGH AR BT LIRS M SIM L BT 1 43 B R
TEM R KR 2k, 0 6 (o) BT, 38 i Bl 748 45
A ' R B T 8 1 BB ) 0 A A7 AT DA SR 22 T 1l AT
ek SIM Mk . Y BB TR 8 rh 4 B 2 A R
Syl W E 6 (D PR, B R, AR L
B 7 A AV YR R U 4 43 Sl 7 A 6 g )R]0 £ IXC
B A 6 Ce) FTR R s it 2k, . AT R
HE B 1 8 19 ) ] DA AR A An ] 6 (D 7R 1 22 07 g
F AR LM SIM HiRE 4R .

SIM AR =4 G Ty m A & iz i H
XAt T OH R &2 N R, A 2008 AR
Gustafsson Z5 3 i SEEGSUE T = 4E 45 #4))6 FRBH A8 7]
i DLk, DhoE N i TR £ 243K, 2012 4,
Sonnen FE"URH 3D-SIM R G4 M T AL R
FEAS [ 240 ) 30 9 B 1 25 ) 45 44, Al ATT SR 1 3D-
SIM &4 B A AL & 15 MR (5 AL 3 A
FARE) oSBT X 20 2 1 0 FOK 2 TR TR R A = 4

0126010-5



% {5

©) (b)§ ©
§
=

® ®

B 6 SIM i A JE B 5% 75 & 3859

Fig. 6 Diagram of the principle of SIMEF#%
AR ARG, 2015 4F, Li U F FHAE 4 4 SIM
FR G5 ST T A A0 M 1 = A A AR H 2 1 4
A 60 nm . H 52 BT M1 B e R R e
FME RSN R, BEERREZH T — &

B,

HAF AR SIM BRI G5, — B DLk 2 3
THFR N BB 2 K. 2013 4F, Wicker 5517 47
TR A DG 36 ARORS B AR IRCERLAG AR A { 2 i
B BE/NT 2/100, [RAE, Wicker™™ #2118
e AR P A B3 L 20 B T S A s P, i L
KT 2= /T 2/500, LAFEK B T RS/
SIM T A B A (H 3 26 2550 rh i R 43 B E H AR o8
B4 SIM g L AN A T =4k SIM i E R
g,

H T SIM 45 AR 2 —Fp s & g AR, Wi 5 5
oAt — 268 53 B R R MRS & O0F HXFh 45 &
B F & SIM 143 #E3. 2013 4F, Rossberger
DN SIM 5 SMLM M85 &, Wit T E 7 s
14 185 43 BE R A B AR L B T LRI 7R By F R A
DL R SIM EG gt aod /% b = A= iy Oh 48 38 T LT
M %5 HEK293 40 M 19 45 #9 4 5. 2015 4F,
Monkemoller 2520 3@ 1 % 3D-SIM B P # i 4 5
SMLM [ 15 73 BE A S G A58 T I 585 V3 Bz 40 i 1)
MR

& 7 HEK293 4}l ¥ (a) SIM {2 F1 (b) SMLM 1% ; (o) & Ca) Fr XF B B 40745 5 (D B (b) JFF % 8 i 4145 5 (e) SIM 5 SMLM

HIZEAI

(Sl =]

AR AR

Fig. 7 SIM image and (b) SMLM image of HEK293 cells; (c) details corresponding to Fig.7(a); (d) details corresponding

to Fig. 7(b); (e) imaging effect of combination of SIM and SMLME!

SERO6 A AL AT DU T 208 L& 3 T AR AR
0 BOAR L 0 E 7 2 M O e 1 42 B = 4R
18 AR R 2SR A R R AR B W T IR 2 &
e B S DU O X 2 ol = W W DB P
i S WA D HEAT KA1 BEABURE I SRR 2R S 43 1 1Y
T2 AT 5 W72 AR CODT) O AR i b s 2 1) Ol 2
R G0 e RBUE AL A B i vy 25 () 000 R 52 B RE i i
SRS SRR AT LGS AR il (9 = 4 47 5 R 0 A Bk A
KGRI . BLAR o3 B A0 BRI 25 40 0 AR 26 L L AR
TATAH PR BRI P . I B 52O

ODT F Ge MO0t 2 M B DG i, %R CCD 2
HECRE B2 SRARR, X A il PR O B R /D o B AGER BE BR, TT
FHT 5 R 40 o A% . 78 B Fe = 1k IR 2 e 1Y iz
/A TR U D BB BTN GRS A
BB R MR A A 5T 7 0 M S A e S
8 41 PR B 2 B O B A T 2 B BUR AEAS rh A )
N
32 ETRBAXGERBENXRBHEAR

8 43 P 32 0 fche AR AT DL AE 233 () R0 B ] ) f A
Wy HEAT A AR B Y R D G2 ) e A 6 BRI 3] A

0126010-6



% {5

RGN G 0 W iR A K S A W as B e AR R
LA AR L RO R S AR R i A

IR i AR D) BE b A S SR L Xl 1 D
HHEAT R4 o 28R S DA T e AR it 8 R A5 5 A
ok [ 3R A DX, e £ T A AR L R POk L s
BAGRT FEBE .o  BEAH AL AR R i 1 1 s T AR
PR AR L 4 N =GR RE R )2 R
At B BT TN A A R AR Lk Ny DT b 3
PTG . BT O N T R A
YR AR Bk Rk — A2 E B ok
Gy F L T RR BEAR T O M R M EE . ok
S AR AR H RSO A5 5 WA 50 e v 1 — B
B, RPN PR Y AR LA, BE A5 ST I i
20 0 S A0 RBE b 1) B A AR AR LGB A N R A B
SRR B IOEEE A B AR

F—B IR L Bt B EA T 2004
A, Huisken %5770 Hofiy 44 o0 % 5 °F T 38 B 2 6
BE” (SPIM) ., SPIM [ 45 ~ B R W&l 8 fif 7,
SPIM FIJ A 1 58 2R 48 7 A 106 BRSE R L, o
HEARAL 5 6 v 3 B, WO A il 172 AR 90, il
BEFERE G, ] LK A4S 3D B % . Huisken iEH T
SPIM 1] DX 8 A4~ %% & v i R i 32F 47 8 3 2 ok
18, [) B 6T R i 2 1 i e 5 A 5 /N . SR, I 1Y
R WA B I R A Y BOE AR A%
SUIRTH RS . XS LU R A T AU e i3 it .
RO A A, AH X B Y RE AR Can B T £ 1R iR
X PR R 1 5 I /I S AL AE O A % B v I AR AR
Chin S i) v, 52 e 5k 23 % 7™ & . J5 ok, Huisken
M XE SPIM i 4T W i, # I T £ 1 SPIM
(mSPIM) , mSPIM i i i 5% F 78 £ - 1 N Jig #%
A DL 5 IR SRR s TR 2D T 2 803

2008 4F, Keller 269 % it T FH 6 A B %
Be(DSLM) , HFH an &l 9 froR . 3l ad SOG4
f-theta B AR EBE A A 0T LGSR OCR £
Sk PO TR IR AR b R R — 2P E R
FHEH DR RO R . Hod, f-theta 558 AT LU
W WO 1 e B R OB A A o 2 % B
M . RETESE R BMET LR R ER .
Keller Z5 5055 T T 24 h N BE D £ IR 15 v 20 B 4%
M8, 7Ei gt B s N BRCREE T RUE T A
2 A% 0 7 A5 B L OF X R AS IR iR b & AR A 24 2
LR AT 38 B A A T e R MBS E . 5 SPIM A L,
DSLM Ry BB 50345 57, 980 1 26 80 th i, B
(%t FEBE . I ELL DSLM AT LA ik 38 fin 6 1 56 5 ok

?
=3
=]
)
o

etection 2

illumination

microscope
objective

8 SPIM %k 7 i [
Fig. 8 Scheme of SPIM®

vertically scanned detection lens

laser light sheet

scanner

illumination lens

f-theta lens tube lens

B9 DSLM % # 7R &

Fig. 9 Schematic diagram of DSLM'"
PETHEUR X L B {H 3 23 %6F 5% 6 1 A ok — 2 1 %
B

T SO R U Y A B AR TR
AT T AR, B, M EUE LR RO R
A I T 2 i ' 1 A B AR R 1 43 R O L A
{E LA IR 0] AR ARG R R (d =X /2NA) , 3k 13
e S 1 o B L (HE A7 A (D BRI a3k 2 K
EBEAL RS AR E TR R . N iR X — )R
R, Gebhardt %7 & i T — Fh & 5 06 A 2 1 8%
(RLSMD) C4nf&l 10 Az ) o B TO0HE %2 B 1) A S5 A9 A
B HOG R &5 1 BSR4 AT Tl
GOV ISR RE R R AR R JEER 1 pm) .,
R E P T WA Y 4 B R 5 XL EE, O Hofg
LA ik 100 Hz BB E] 43 BE 2 X0 AN S0 8 A (FP)
HEAT AR o AP S 56 S B0 A 200 L B 46 B
BEHRE AR TR EEAE. LSRR T 5 —
T Ay g5 SPIM. AR b %l ) OF T OG 2% BB BE
(APOM) , iZ i S5 PT 6P R AL A Wy R TE T 40 A
B 10 235 K 320 A7 PR3 o) B ) = 4 AR

g — BEREE N, BUR S PR 50 Y
(FOV) R/NF G 6 R I R/ANR S T 9. AT
fifp R X — ) £, Planchon 55 ffi ] D1 2R % o 0
FEH A B L AR YT R E] 40 pm, R

0126010-7



% {5

ot 2
illumination objective
“\ y
AFM
cantilever
sample
- stage

: - um —
detection objective

K 10 RLSM #4752 1& 7
Fig. 10 Schematic diagram of RSLM""

THESRE AR R BEI N B — 200 A A O R
WIH R B 26 506 v 0 0 A 45 G ) a4 Al A O
A AR AR AR T R A [ AR B R
F14) 1] B S B0 = 2 Bl 25 AR

FE AR B )7 T, Theer %512 42 4 =-SPIM , H;
BEE LRI B AR B O R 8145 BUAR RE 8 T 1 B
T HEAT , o BB E WM. Theer 55 F %
F G0 LA RPN [) 43 B3 S 7R 1 T B A i Y N A
. Mickoleit % JF & T — Fh i o 06 A 8 6 8%
BRI LLLL 400 frame/s [ 3 B[R] 20 4 3R B 5 00 E
IS ) PN KO

TE RS R & 5 10, 2010 4, Keller 2859 ¥ % ¢
G A W OB S 45 ROt BB W CBE A (DSLM-
SD A A+ HRE 2 7E T 454 6 1B 58 031 % ] % &2 1]
P 2T R RE R B RS 5YOE S X . &
B T B £ IR X BUAR A X L B HEAT T AR AL L SR BT
1o T A R . 20154F , Masson % I A

©Q® -

fluoresdénce

excitation stimulated emission

<1l ps

(©)

®

—
o
)

Fluorescence ability
(=]
()]

T

" 4 6
Intensity of the STED light /(GW-cm2)
()TN T REF 4 (DA HHLEE .G (5 IFEE RS XL (40) 5 (o) STED G

11 STED & fs AR (8 43 B L tes

i v SPIM, it g T % F i ik 4 R AE 0F 58 52 2% i
R (0 T S 25 2 T ) R, 3K ) T R AR 25 R A v AR
JHE A E A 5 BT ks s AR R AR S Can 4
JIED Je 3 3K A ) 18 B 43 B R IR B AR
3.3 ETHAAKBEER STED BRI

STED 8 13045 i M & F5e ) Hh 18 [ Bl 2% 5% Stefan
F 1994 4E4 7, Stefan i J5 763256 P4 AT T
WEBAS . STED & R 45 & T 06 3% B i o #2 fn
STED Hy#y B 38, 4018 11 FrsR, 2k i, STED
ARV R IR O — RO R O B4 A A
P 11Ch) Jir 7 o {1 45 i 569 B 4 [l P 199 2 ' HT 17 H
MIERE S, BRI S AE R S . 5 — AL N Rk,
FH T4 AL T 34 % 45 W 4 1 56 e A1 1 28 6 & 5.
TR T 2 R AT Y T AR S
S, W E G i ) 5 ORI A Z ) Y AR a2 A
VEREC 0% 7 B, 0] DUFE & AR B R 2980 & T Z il
i A7 R K B B S T AL T AT S BE O A 3
A HLF AN 32 50 FE O 1 5% ) i 28 AR 0 2R B
W, Xk —ad RS BR bR 2O A1 Y A5 )k
P2 3 Sfe el /N A Ak R O T R, AT 3R AR R AT
MR e 4y $E ., T STED St &I Ay, Mo
CobsR kT E, JE B SR AEE il i 4 & 5% STED
WG D)%l BE 8 & P8GR 5 Y DX R bk BRI
FE 0 DX B /N 9 RPN BT A R pR R A
R TE RE AT LR g N . i S R ) B X, B AT
ARAGHRE 5 18 o HER ER

£ STED W G058 1906 % v, 3 3 5 48 A KR 37
45 5 A R 1) AR 7 118 2 8] 3 A, 3R 1 AH 67 48 A5
(b)

[ = NI IS ol b - g | B

Fig. 11 Super resolution principle of STEDF® .
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I,, molecules are effectively switched “off”

0126010-8



% {5

Al PAYE xy ST P PE A2 39 STED B %, I ] 38745
24 30 nm BY B 7] 4 R STED Al 5 4Pi &
MBS 45 A (STED-4P) , 523 30~40 nm 4 4l 1] 43 3¢

USSR L STED W i 8 59 40 38 % R A7 5 6 B
ol XA RN, L E R d W3RN R
d =~ A , (3
2nsina+/1+1/1,

AP T g FE X DG T 0 b 30k KO 5R
I/ T EBOR  d B 7 BER G B Z 4R W . (a4
SEE UL T . STED W Bl 5 19 48 1) 70 3% =% m] LA =

6 nm-**

STED S AR AR S — T B 28 9 8 43 B o8 115 4
AR ETTZ N T A YRR R A5 L 49 Qi 5
FEARIC I LA SR 2 B 1 iE AT B B AR il
B, 2008 4, Westphal 2517 ] J] STED & 1%
B8 0TV i 28 T8 5 i (9 W 0 38 B AT T A0 RN
15, H A% 3 B IR B T AR A5 R (28 frame/s)
Berning 55 #l Willig 481 >R HI & B MBI ) STED
B AR S BTN /N B O AR R B 12 T, DA
/NTF 70 nm B4 AR AT DL ST R A SRR e BUK
i L R 2 e 22 T ) s A AR AL

12 3% RO MG STED g B =5 ek
Fig. 12 STED nanoscopy in living mouse brain and

local enlarged imagel™

TE = 4 23 8] AR D T 44 il ) 43 9 SRR )
PeRgE A AT LIE STED & 385 92 B0 = 48 40 91 R
W% . PN AE zy Az 85 F R R ] STED
¥ 2y-STED 5 STED-4Pi " 414, 7] LI T f =
AYERE 8] 3R A M A BER ., A WA STED K
S T RS P STED #OG#8 2 8 5 T4, 3%
A] LA 5 7E BT STED ik o 22 [8] 5] A B i) %E 3807
I3 A VA 0 ST 1 O AR R B R R T R
2008 4, Schmidt ZEE B STED i 3 55 1T L 52 3
40~45 nm (445 ) [6] ¥k 2 ) 4 B 2%, I n] UL % 51 2k
RS ) s TR R B . il fiTF 3D-STED
WA R PR — L E R 30 nm, 2016 4F,

Danzl 575 X ¥ DR KB U1 i #5475 T =4 STED A{
18 B T Rl 2 o0 B 28 WL Bh 2 1 45 4, AR
& 13F~ .

Pl 13 i Bl S PR K IR i 3D-STED ji /4™
Fig. 13 3D-STED nanoscopy of a living hippocampal

brain slice (mouse)

18 2 8 7 T, R DL B S [ OR K
R ST K 5 L £ 8 STED, B STED
AT LR 9 X 35 % 0 A RE SO 4 S, SR R FE Y
WK AT DL B (5 B G0 20 AN Y B, S — b
S P RE IR 1 ok, A P A 7 St AT W LA Ak 2 A [R] Y
STED #0t, H ] LUAR 48 & 1 09 A [\ 3 & K R
X4,

F1 2003 4F L3k, Hell BFSY4H 3445 T STED 1
JROEE, P2 OF &R T T nT i RN Ok 2 RS
(RESOLFT) & 250 (i # or B R R R . R
T STED,RESOLFT AN i FH 5 3 #€ 56 , 1111 J2 Al
FHETF S 2 S HRAET I 5245 G 25 1) 1T 36 8 Ak R
BT STED Ay i &S MELS ., Stefan A B X
FER AR BUG  AR L SE I  5 OT R AR
et g XAR S OR[]  4 F 217 X 4 ok SE B oy
PRMAZ ., 5 RESOLFT kR ARSI D
AR (GSD)Y'™ 5 4, 1 b F STED, GSD Wt 5 7
T R AR Y 3O B BD AT SE B A B L X — 1R
KON R AR 20 R4 L T EF . Chmyrov
SR M RESOLFT AR X B JIE 2% K 41 il 1) #7126
FIEF YR AT T 98 03 2 BE R AR 78 2 s RIS
LSk R TR 100000 A5 B S CaniE 14 i) .

STED B W] LA S 30 43 Bt i 20 22 5 DRt 2 A
FE— PSSR /K AL I 5 6 A 4 A
PRt 2 BLSEB TT DL AT B R L B AT AT BUIR R B
e, LR BRI 55 T8 WA A I K Y S 2= AL
BIR] LIR FH 5 STED A [R] /) 47 R % 2k 58 0 177 564
B . 1) ik JEE A 48 o 194 A R s 4% 4 © Cheng BF
FELH B T AR bR 1 10 R IR SOME A SE TR A B R
PG e — SRR R A R RMA FR b, L RT DU R &

0126010-9



% {5

B 14 RESOLFT #ATE 2 s iCsE F A 114000 A5 5 5
Fig. 14 114000 “donuts” recorded by RESOLFT

nanoscopy within two seconds™"

5 I A FE R ON Y S I A kBB A R
B AUAERABGE — 15 B AR BUE AR L AR OB TN
EL5 R B AL 58 080, R 2S48 STED #y 6 # K
O A AT LA S IR O 2 R A S A BR Y S )
INTASEE . BT STED MR R BE M5 8 & 77 24 i
2 M R AR AR S BN A
34 ETRIFAZEBRFEHACANBIPEER

B &

AN TR T LA B S 18 v 6 O 3 18 AR A7 Y 4
e B R IR AE AR 5 W R b A .
Ui D AR 2 26 B LA Wy B L 90 Ik 5 R Ol 5
WA B 1 BB 1) A O X — HE PR R B il Jean 2 T
1926 4F % B, (H 2 A T 5250 7 5 19 H Al 45 1k
CUn 734 DLER ) i R HE R A A Bz H T e 2 6k
B 2 AR R T L 2 O T i IR BE A SE B O Bt
B AR AL S B 5N 5T BE

e e 19 5 't i iR 8 3 B8 (FPMD 7 5 % L+ 4F
SR 1Y@/ iR {1 1 Tate S 730 Iy ol s
W) T B LA U e S R 3] H AT LA D
v 1 S5 BPREE fi 4% 941 ) 0[] A5 0 . UL FPML
Hoag 7 SR A B A5 BE B R 1 AR 5T L O AT LA
5 2R BB A SS  ngE g0 D
ST A R BT OB R POL R
SR B Y 20 L T S R BR Y I, FPM
e B AT T 23 R AR 10 S B

O b B AR R A R A A Tl e —
TE PR R POt T e AT 2r . B T — R Ok
22 {9 9F 52N B3 TT 36 1 5O i 9 o 20 B 3 A% 0 T
AT 2R BT HO0 AR s 1 1 ) S B -
O3 BRI A B T LAMESS - 1 SE 3 A B EOL2EAT IR
PRI SR R LGS B RO FEAT gk A o A 4] L o 8

AR A5 2. f S5 AR AT 8 o e R &L AR 1T LA
FH TR0 & 't J5E 14T B 98 e W VAT R 0 D16 T i %4 5
PO K I L 5 4R Ot F K i F AT HE B A B R
FUA B i 1 W WORE 3 I O E 2R 5 cos®0 LITE LE
(O Ay W VAT AR W~ BB 1) Al A1 7 1) 22 1B 9 38 D) o A
e ~F 2% 5 0 2 et 2 D B 10, Y & 5 O Il LA Bk
14 D 1 3 2, FLHR B 50 A1 5 cos® 0 LB (0 Ol & Gt
H AR B 5 B 7 1 =2 TR) A 3 AR . AR i O I
W Bk S 1 45 1) S P T DA R R O R AT 1 A AR T
By, 3 3 (A 1 B BT DA i — 2B 4R s &S
ZiR R DA DS

2014 4, Hafi-" 45 ) F 42 1 D 41 ' i & 92 6 e
R DG T 3RAT T AS TR A BT P A [] B g
A AR B T 77 A 1 ) 05 55 A7 A 9 gt T D 2 8
JEEE M PN . Hafi 206X — 5 AR 6y 44 8 “ I Ik
it JE R 3 B 4 R 7 (SPoD) . SPoD 1 45 #4 7 7 &1
Kl 158178 . 4 SPoD L T 28 50 ok i i A& v, 7T
DL 2 40 nm (53 F 3. AN, AT 8 i 4 R
I T AR 1 A 3 O RO A AR . A
T 45 /N fB B9 B Hafi 25458 0 T A% Ak £ 46 /4
ARExPAN) 38 8 8 I 5 9k O o 3 B A9 55 —
FSVORIEH T L Aa /N A AR 3 B AT AT DL AT AR
PR AN TRV IR) 1 43 F AR A B8 = i 28 (8] 4 B . UK
K ExPAN %) SPoD i 13 # Ak fif P8 52 81 1 48 43 9
N (SRR 3 AP U L A R S Rl D I LR IS A R S
P, SPoD AN 2 — Pl ™ % 114 35k - A T 5 1 f 1Y

B 15 SPoD 5 @i
Fig. 15 Schematic of SPoD!""

2016 4, Xi ST —FP AR R o PR AR AR T
Al (SDOM) Y F AR, §7 '€ SPoD 5 i 77 [7]
I 7 (SDOM 45 4 7w & I an &l 16 Brs ), il it
FEERVA B e R BN i B T A I R S
FV AR A5 2 s AR T 3¢ i 1 A8 3 %, i HL S

0126010-10



{5

i

T XHE B T T ) RS 2 7. SDOM. 19 5 B B
BN 5 frame/s, H & D15 AI%, v] L) 5 90 % B
(915 20 L % . SPoD T SDOM #5H] F it 415 >k 4
PEGTRFE . RN, 24 2 6 3 P 2 B 4o v L 1) Bl AL
78 A 0 AR XA DU 3] 5 S i 41 0 61 BARCR B 2
FBR

—

sample ’_

objective

dichroic

A2
waveplate

‘ w
tube lens

16 SDOM 45 475 &1 7
Fig. 16 Schematic of SDOM"™

S5 I i I 45 O B UR Y O — AR RS
WA T 5 oy FRE M AR, X TR,
DL 4 P A 38 00 A i 4 3 &0 . DO i A TT L S B
YR I AN S SR K D AR S A R A
D38 T8 25 B AR AR M LE L B AR R Z B0 00T M
ARG A, DL AGE TR RE SO B ARl
ARMEH 7 52 2% (4 A= W) 235 /) EL AT LA 3o 1 32 B ML O
28 B MU (polar-dSTORM) 3k fif %), Polar-
dSTORM Hi Valades 25T 2016 4F 42 i, J5 34 41 [&]
17 e s AT B D R 80O 20 A7 7% S X BB . 2 B0 R
FFCL /A3 TR S D B9 3 25 i Wollaston
e84y IF . I th EMCCD M #Lic 5% . 1% 2 8% T LA
T — T g AN 2 S A AR 5 I AT A Al o e Bl
BL)$8 2 At 5 ' AR W, 38 3 2 08 1) BRL ot 22 ARUGE
AR REAR 4%, Polar-dSTORM 1] i JH T %
He WA 24 00 A5 AU EE dsDNA L ILSh 8 R0 45
MK B IL T 99Kk, H T Polar-dSTORM
BAR B 8] A 2~ 40 min, i3 K B9 B AZR B a] {75 & 0
A A X A R S AR . T FLRE A
I R AR R T 3 A0 M A AR N

4 gEWRE

S0 00 B 5 2 43 3 A R T L O
I35 i 25 52 K 1 42 R j s 9 L VS AR B AR
f % A S A A 1) T 25 4 SR R 42 B 9 5 1 7
Vo I A% R R AR 4 AT O WO S

V4

/S%iL

17 Polar-dSTORM % & /5 & & 12
Fig. 17 Setup of polar-dSTORM "%

FLAT STED BUARAHSE G5 i B 8 42 0 6 380 5 17
BAGARZE A1 DA Kot S 3 W A8 AT 8 Bl 8 4 A 43
1 F 38 R R (AO) 5 Z R SR B S M 25 61 4.
A G I ) K T AR W B 2 R RL R D R
b S5 Al BT B 22 A IR B T — A ) R A FE R
KA ARG 5 | i 25 375 TR JE v R RS O 1 4
HE . BR TR SR B 2O g AN R AR PR IE (R 5
XF AL A 22 B A AR S AR RN i B, X gk
ARG RA THENHE G FERE N FOLEENT
AE 7 e SRR | v I (] 43 9 30 LA R A5 AR 6 U
B Rad A BRI, v LUXF i An . A
A A A 2 AR R AT R 45, 0 25 K R Y Ol 2 B
BHEARW AT Z T, HE NG REMR GG K. 55
PR RS GGR T 4 R R Br ab Bl H 5 8 i
OB B2 U 0 2 AR KB L N T RE R A
55tk B % R A B0 g aRaE Y Rk, FE
HITT R R IR SN T, 637 i B AR i — 25 8h ot
HE RGBT T B 5 B A5 R AT T R R A 4
B o TIN5 Ry FH 5 SR R e R Ao [ i AT B e 5 ] 43
PEARFRAEBE ) 55 52 1 A Pk

Z £ x #

[1] Abbe E. Beitrige zur theorie des mikroskops und der
mikroskopischen Archiv  Fiir
Mikroskopische Anatomie, 1873, 9(1): 413-418.

[2] Rust M J, Bates M, Zhuang X W. Sub-diffraction-
limit imaging by stochastic optical reconstruction
microscopy (STORM) [J]. Nature Methods, 2006, 3
(10): 793-796.

[3] Betzig E, Patterson G H, Sougrat R, et al. Imaging

wahrnehmung[J].

intracellular fluorescent proteins at nanometer resolution
[J]. Science, 2006, 313(5793): 1642-1645.
[4] Hess ST, Girirajan T P K, Mason M D. Ultra-high

resolution imaging by fluorescence photoactivation

0126010-11



ot %

n
¥

{5

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

microscopy[J]. Biophysical Journal,
2006, 91(11): 4258-4272.

Goda K, Tsia K K, Jalali B. Serial time-encoded
amplified imaging for real-time observation of fast
dynamic phenomenalJ]. Nature, 2009, 458(7242):
1145-1149.
Keller P J,

Reconstruction  of

localization

Schmidt A D, Wittbrodt ],
zebrafish
development by scanned light sheet microscopy [J].
Science, 2008, 322(5904): 1065-1069.

Hell S W, Wichmann J.

resolution limit by stimulated emission: stimulated-

et al.

early  embryonic

Breaking the diffraction
fluorescence  microscopy[J].
Optics Letters, 1994, 19(11): 780-782.

Klar T A, Hell S W. Subdiffraction resolution in far-
field fluorescence microscopy[J].
1999, 24(14): 954-956.
Gustafsson M G L.

emission-depletion

Optics Letters,

Nonlinear structured-illumination
microscopy: wide-field fluorescence imaging with
theoretically unlimited resolution[C]. Proceedings of
the National Academy of Sciences of the United
States of America, 2005, 102(37): 13081-13086.
Cotte Y, Toy F, Jourdain P, Marker-free
phase nanoscopy[J]. Nature Photonics, 2013, 7(2):
113-117.

Hafi N, Grunwald M, van den Heuvel L. S, er al.

Fluorescence nanoscopy by polarization modulation

et al.

and polarization angle narrowing[J]. Nature
Methods, 2014, 11¢(5): 579-584.

Valades Cruz C A, Shaban H A, Kress A, et al.
Quantitative nanoscale imaging of orientational order
in biological filaments by polarized superresolution
National

microscopy[C].  Proceedings of the

Academy of Sciences of the United States of
America, 2016, 113(7): E820-E828.
Gelles J, Schnapp B J, Sheetz M P.
kinesin-driven with
precision[J]. Nature, 1988, 331(6155): 450-453.
Ghosh R N, Webb W W. Automated detection and

tracking of individual and clustered cell surface low

Tracking

movements nanometre-scale

density lipoprotein molecules[J].
Biophysical Journal, 1994, 66(5): 1301-1318.

Yildiz A, Forkey ] N, Mckinney S A, et al. Myosin
V walks hand-over-hand: single fluorophore imaging

2003, 300

receptor

with 1.5-nm localization[J]. Science,
(5628): 2061-2065.

Abbondanzieri E A, Greenleaf W J, Shaevitz ] W, ez
al . Direct observation of base-pair stepping by RNA
polymerase[J]. Nature, 2005, 438(7067): 460-465.
Huang B, Bates M, Zhuang X W. Super-resolution
Annual Review of

fluorescence microscopy[J].

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

0126010-12

Biochemistry, 2009, 78(1): 993-1016.

Bates M, Huang B, Dempsey G T, et al. Multicolor
super-resolution imaging with photo-switchable
fluorescent probes [J]. Science, 2007, 317 (5845):
1749-1753.

Huang B, Wang W, Bates M, Three-

dimensional super-resolution imaging by stochastic

et al.

optical reconstruction microscopy[J]. Science, 2008,
319(5864): 810-813.

Huang B, Jones S A, Brandenburg B, et al. Whole-
cell 3D STORM reveals interactions between cellular
structures with nanometer-scale resolution[]J].
Nature Methods, 2008, 5(12): 1047-1052.

Juette M F, Gould T J, Lessard M D, et al. Three-
dimensional sub-100 nm resolution fluorescence
microscopy of thick samples [J]. Nature Methods,
2008, 5(6): 527-529.

Pavani S R P, Thompson M A, Biteen ] S, et al.
Three-dimensional,  single-molecule  fluorescence
imaging beyond the diffraction limit by using a
double-helix point spread function[C]. Proceedings of
the National Academy of Sciences of the United
States of America, 2009, 106(9): 2995-2999.

Bates M, Blosser T R, Zhuang X W. Short-range
spectroscopic ruler based on a single-molecule optical
switch[J]. Physical Review Letters, 2005, 94(10):
108101.

Shroff H, Galbraith C G, Galbraith J A, et al. Live-
cell photoactivated localization  microscopy  of
nanoscale adhesion dynamics [J]. Nature Methods,
2008, 5(5): 417-423.

Hess ST, Gould T J, Gudheti M V, et al. Dynamic
clustered distribution of hemagglutinin resolved at
40 nm in living cell membranes discriminates between
raft theories[C].
Academy of Sciences of the
America, 2007, 104(44): 17370-17375.

Manley S, Gillette ] M, Patterson G H, et al. High-

density mapping of single-molecule trajectories with

Proceedings of the National

United States of

localization microscopy[J]. Nature
Methods, 2008, 5(2): 155-157.

Jones S A, Shim S H, He J, et al. Fast, three-
dimensional super-resolution imaging of live cells[J].
Nature Methods, 2011, 8(6): 499-505.

Zhu L, Zhang W, Elnatan D, et al. Faster STORM

Methods,

photoactivated

sensing[J]. Nature
2012, 9(7): 721-723.

Xu K, Babcock H P, Zhuang X W. Dual-objective
STORM

organization in the actin cytoskeleton [J].

Methods, 2012, 9(2): 185-188.

using compressed

reveals three-dimensional filament

Nature



ot %

n
¥

{5

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Tehrani K F, XuJ Q, Zhang Y W, et al. Adaptive
optics stochastic optical reconstruction microscopy
(AO-STORM) using a genetic algorithm[J]. Optics
Express, 2015, 23(10): 13677-13692.

Agrawal G P. Nonlinear fiber optics, in nonlinear
science at the dawn of the 21st century[ M]. Berlin:
Springer, 2000: 195-211.

Lau A K'S, Wong T T W, Ho KK Y, er al.
Interferometric time-stretch microscopy for ultrafast
quantitative cellular and tissue imaging at 1 pm[J].
Journal of Biomedical Optics, 2014, 19(7): 076001.
Guo Q, Chen H W, Weng Z L., et al. Compressive
based
microscopy for
[J]. Optics Express, 2015, 23(23): 29639-29646.
Lei C, Kobayashi H, Wu Y, et al. High-throughput
imaging flow cytometry by optofluidic time-stretch

13 (7):

high-speed  time-stretch  optical

sensing

two-dimensional image acquisition

microscopy [ J]. Nature Protocols, 2018,
1603-1631.

Nitta N, Sugimura T, Isozaki A, et al. Intelligent
cell search engine[J/OL]. SSRN Electronic Journal,
2018. https://papers. ssrn. com/sol3/papers. cfm?
abstract_id=3204560.

Bradley D J, Liddy B, Sleat W E.

measurement of ultrashort light pulses with a picosecond

Direct linear

streak camera[J]. Optics Communications, 1971, 2(8):
391-395.

Liang J Y, Li C Y,
compressed ultrafast photography at one hundred
billion frames per second [J]. Nature, 2014, 516
(7529): 74-77.
Gustafsson M G L.

Gao L, et al. Single-shot

Surpassing the lateral resolution
limit by a factor of two using structured illumination
microscopy [J]. Journal of Microscopy, 2000, 198
(2): 82-87.

Gustafsson M G L, Shao L, Carlton P M, et al.
Three-dimensional resolution doubling in wide-field
fluorescence microscopy by structured illumination
[J]. Biophysical Journal, 2008, 94(12): 4957-4970.
Schermelleh L, Leonhardt H. A
guide to super-resolution fluorescence microscopy[J] .

Journal of Cell Biology, 2010, 190(2): 165-175.

Heintzmann R,

Heintzmann R, Cremer C G. Laterally modulated
excitation microscopy: improvement of resolution by
using a diffraction grating[C]. Proceedings of SPIE,
1999, 3568(8442): 1399-1400.

Fedosseev R, Belyaev Y, Frohn J, et al. Structured
light illumination for extended resolution in
fluorescence microscopy [ J]. Optics and Lasers in
Engineering, 2005, 43(3/4/5): 403-414.

Sonnen K F, Schermelleh L, Leonhardt H, et al.

[44]

[45]

[46]

[47]

[48]

[49]

[51]

[52]

(53]

[55]

0126010-13

3D-structured illumination microscopy provides novel
insight into architecture of human centrosomes [J].
Biology Open, 2012, 1(10): 965-976.

Li D, Shao L, Chen B C, et al. Extended-resolution
structured illumination imaging of endocytic and

dynamics[J]. Science, 2015, 349
(6251): 3500.

Li D, Betzig E. Response to comment on “extended-

cytoskeletal

resolution  structured illumination imaging of
endocytic and cytoskeletal dynamics” [J]. Science,
2016, 352(6285): 527.

Sahl S J,

Comment on

Balzarotti F, Keller-Findeisen J, et al.

«

extended-resolution  structured
illumination imaging of endocytic and cytoskeletal
dynamics”[J]. Science, 2016, 352(6285): 527.
Wicker K, Mandula O, Best G, Phase
optimisation for structured illumination microscopy
[J1. Optics Express, 2013, 21(2): 2032-2049.

Wicker K. Non-iterative determination of pattern

et al.

phase in structured illumination microscopy using

auto-correlations in  Fourier space[]J]. Optics
Express, 2013, 21(21): 24692-24701.

Krizek P, Lukes T, Ovesny M, et al. SIMToolbox:
a MATLAB
fluorescence microscopy [J]. Bioinformatics, 2016,
32(2): 318-320.

Miiller M, Ménkemoller V, Hennig S, et al. Open-

toolbox for structured illumination

source image reconstruction of super-resolution
structured illumination microscopy data in image]
[J]. Nature Communications, 2016, 7: 10980.

Best G, Baddeley D, et al.

Combination of structured illumination and single

Rossberger S,

molecule localization microscopy in one setup [J].
Journal of Optics, 2013, 15(9): 094003.
Moénkemsoller V, ©Oie C, Hibner W, et al.

Multimodal

visualizes the close connection between membrane and

super-resolution optical microscopy
the cytoskeleton in liver sinusoidal endothelial cell

fenestrations [ J ]. Scientific Reports, 2015, 5:
16279.

Park ] H, Lee S W, Lee E S, ¢t al. A method for
super-resolved CARS microscopy with structured
illumination in two dimensions[J]. Optics Express,
2014, 22(8): 9854-9870.

Fuchs E, Jaffe ] S, Long R A, ez al. Thin laser light
sheet microscope for microbial oceanography[J].
Optics Express, 2002, 10(2): 145-154.

Huisken J, Del B F,
sectioning deep inside live embryos by selective plane

2004, 305

Swoger ], et al. Optical

illumination microscopy[J]. Science,

(5686): 1007-1009.



ot 2 X i
[56] Huisken J, Stainier D Y R. Even fluorescence [70] Donnert G, Keller J, Medda R, et al.
excitation by  multidirectional  selective  plane Macromolecular-scale ~ resolution  in  biological
illumination  microscopy  (mSPIM)[J].  Optics fluorescence microscopy[C]. Proceedings of the

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Letters, 2007, 32(17): 2608-2610.

Gebhardt ] C M, Suter D M, Roy R, ez al. Single-
molecule imaging of transcription factor binding to
DNA in live mammalian cells[J]. Nature Methods,
2013, 10(5): 421-426.

LiT C, Ota S, Kim J, et al. Axial plane optical
microscopy[J]. Scientific Reports, 2015, 4: 7253.
Planchon T A, Gao L, Milkie D E, et al. Rapid
three-dimensional isotropic imaging of living cells
using Bessel beam plane illumination [J]. Nature
Methods, 2011, 8(5): 417-423.

Chen B C, Legant W R, Wang K, er al. Lattice
light-sheet microscopy: imaging molecules to
embryos at high
Science, 2014, 346(6208): 1257998.
Gao L.
illumination microscopy by tiling the excitation light
sheet[J]. Optics Express, 2015, 23(5): 6102-6111.

Theer P, Dragneva D, Knop M. =« SPIM: high NA

spatiotemporal resolution[]].

Extend the field of view of selective plan

high resolution isotropic light-sheet imaging in cell

culture dishes[J]. Scientific Reports, 2016, 6:
32880.
Mickoleit M, Schmid B, Weber M, et al. High-

resolution reconstruction of the beating zebrafish
heart[J]. Nature Methods, 2014, 11(9): 919-922.
Keller P J, Schmidt A D, Santella A, et al. Fast,
high-contrast imaging of animal development with
scanned light sheet-based structured-illumination
microscopy[J]. Nature Methods, 2010, 7(8): 637-
642.

Masson A, Escande P, Frongia C, High-
resolution in-depth imaging of optically cleared thick

SPIM[]J].

et al.

samples using an adaptive Scientific
Reports, 2015, 5: 16898.

Hell S W. Nanoscopy
(Nobel lecture) [J].
International Edition, 2015, 54(28): 8054-8066.

Westphal V, Hell S W. Nanoscale resolution in the

with  focused light

Angewandte Chemie

focal plane of an optical microscope [J]. Physical
Review Letters, 2005, 94(14): 143903.
Dyba M, Hell S W. Focal spots of size A/23 open up

far-field florescence microscopy at 33 nm axial

resolution [ J]. Physical Review Letters, 2002, 88
(16): 163901.

Rittweger E, Han K Y, Irvine S E, et al. STED
microscopy reveals crystal colour centres with
nanometric resolution[]J]. Nature Photonics, 2009, 3

(3): 144-147.

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

0126010-14

National Academy of Sciences of the United States of
America, 2006, 103(31): 11440-11445.

Willig K I, Kellner R R, Medda R, et al. Nanoscale
in GFP-based microscopy[J].
Methods, 2006, 3(9): 721-723.

Westphal V, Rizzoli S O, Lauterbach M A, et al.
far-field
synaptic vesicle movement [J]. Science, 2008, 320
(5873): 246-249.

Berning S, Willig K I, Steffens H, et al. Nanoscopy
2012, 335

resolution Nature

Video-rate optical nanoscopy  dissects

in a living mouse brain [J]. Science,
(6068): 551-551.

Willig K 1, Steffens H, Gregor C, et al. Nanoscopy
of filamentous actin in cortical dendrites of a living
mouse[J]. Biophysical Journal, 2014, 106(1): L0O1-
L.03.

Harke B, Ullal C K, Keller J, Three-
dimensional nanoscopy of colloidal crystals[J]. Nano
Letters, 2008, 8(5): 1309-1313.

Schmidt R, Wurm C A, Jakobs S, et al. Spherical
nanosized focal spot unravels the interior of cells[J].
Nature Methods, 2008, 5(6): 539-544.

Schmidt R, Wurm C A,
Mitochondrial cristae revealed with focused light[J].
Nano Letters, 2009, 9(6): 2508-2510.
Danzl ] G, Sidenstein S C, Gregor C,

Coordinate-targeted

et al.

Punge A, et al.

et al.
fluorescence nanoscopy with
multiple off states[J]. Nature Photonics, 2016, 10
(2): 122-128.

Donnert G, Keller ], Wurm C A, et al. Two-color

far-field fluorescence nanoscopy[J]. Biophysical
Journal, 2007, 92(8): L67-1.69.
Hell S W. Toward fluorescence nanoscopy[J].

Nature Biotechnology, 2003, 21(11): 1347-1355.
Hell S W, Dyba M, Jakobs S.
nanoscale resolution in fluorescence microscopy [J].
Current Opinion in Neurobiology, 2004, 14(5): 599-
609.

Hofmann M, Eggeling C, Jakobs S, et al. Breaking

Concepts for

the diffraction barrier in fluorescence microscopy at

low  light intensities by  using  reversibly

proteins[J]. Proceedings of the

photoswitchable
National Academy of Sciences of the United States of
America, 2005, 102(49): 17565-17569.

Hell S W, Kroug M.

fluorescence microscopy :

Ground-state-depletion
a concept for breaking the
diffraction resolution limit [J]. Applied Physics B:
Lasers and Optics, 1995, 60(5): 495-497.



ot %

n
¥

{5

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

(93]

Bretschneider S, Eggeling C, Hell S W. Breaking the
diffraction barrier in fluorescence microscopy by
optical shelving[]J]. Physical Review Letters, 2007,
98(21): 218103.

Foelling J, Bossi M, Bock H, et a/. Fluorescence
nanoscopy by ground-state depletion and single-
molecule return[J]. Nature Methods, 2008, 5(11):
943-945.

Chmyrov A, Keller ],
Nanoscopy with more than 100, 000 ‘doughnuts’
[J]. Nature Methods, 2013, 10(8): 737-740.

Wang P, Slipchenko M N, Mitchell J, et al. Far-

Grotjohann T, et al.

field imaging of non-fluorescent species with
subdiffraction resolution[J]. Nature Photonics,
2013, 7(6): 450-454.

Rieger S, Fischedick M, Boller K ], et al.

Suppression of resonance Raman scattering via
ground state depletion towards sub-diffraction-limited
label-free microscopy[J]. Optics Express, 2016, 24
(18): 20745-20754.

Fischer ],
laser lithography beyond the diffraction limit [J].
Laser & Photonics Reviews, 2013, 7(1): 22-44.

Vrabioiu A M, Mitchison T J. Structural insights

Wegener M. Three-dimensional optical

polarized

2006, 443

into yeast septin organization from

microscopy[J]. Nature,
(7110): 466-469.
Demay B S, Noda N, Gladfelter A'S, et al. Rapid

and quantitative

fluorescence

imaging of excitation polarized
fluorescence reveals ordered septin dynamics in live
yeast[J]. Biophysical Journal, 2011, 101(4): 985-
994.

Kress A, Wang X, Ranchon H, et a/. Mapping the
local organization of cell membranes using excitation-
polarization-resolved confocal fluorescence microscopy
[J]. Biophysical Journal, 2013, 105(1): 127-136.
Wang X, Kress A, Brasselet S, er al. High frame-

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

0126010-15

rate f{luorescence confocal angle-resolved linear

dichroism microscopy[J]. Review of Scientific
Instruments, 2013, 84(5): 053708.

Bondar A, Timr S,
polarization microscopy reveals protein structure and
function[J]. Nature Methods, 2011, 8(8): 684-690.
Forkey ] N, Quinlan M E, Shaw M A, et al. Three-

dimensional structural dynamics of myosin V by

Lazar J, et al. Two-photon

single-molecule fluorescence polarization[J]. Nature,
2003, 422(6930): 399-404.

Fooksman D R, Edidin M, Barisas B G. Measuring
rotational diffusion of MHC class 1 on live cells by
polarized FPR[J]. Biophysical Chemistry, 2007, 130
(1-2): 10-16.

Zhanghao K, Yang X S,

resolution dipole orientation mapping via polarization

Chen L, et al. Super-
demodulation [JJ. Light: Science & Applications,
2016, 5(10): el6166.

Ohmachi M, Komori Y, Iwane A H, et al.
Fluorescence microscopy for simultaneous observation
of 3D orientation and movement and its application to
quantum rod-tagged myosin V[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2012, 109(14): 5294-5298.

Liu T L, Upadhyayula S, Milkie D E,

Observing the cell in its native

et al.
state: 1maging
subcellular dynamics in multicellular organisms[]J].
Science, 2018, 360(6386): 1392.

Ounkomol C, Seshamani S, Maleckar M M, et al.
Label-free

prediction of three-dimensional

fluorescence images from transmitted-light
microscopy [ J]. Nature Methods, 2018, 15 (11):
917-920.

Januszewski M, Kornfeld J, Li P H, et a/. High-
precision automated reconstruction of neurons with
flood-filling networks[J]. Nature Methods, 2018, 15

(8): 605-610.



