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Abstract: Fluorescent microscopy (FM) is an essential means for the Life Sciences research in micro-
scale. By use of these advanced techniques, the most finest structures of in vivo biological tissue could be
observed, as well as the dynamics mechanism at different levels be traced in realtime. At present, 3D
in vivo FM with high spatiotemporal resolution through the deep scattering tissue is full of challenges.
Being experienced nearly one decade development, the Adaptive Optics methodologies have been proven
to be an effective way to correct the wavefront aberrations in space-variant caused by the heterogeneous
tissue. In this paper, the imaging requirements and characteristics of 3D in vivo FM were summarized
firstly. Then many feasible AO applications attaching to the Confocal Microscopy, Stochastic Optical

Reconstruction Microscopy, Photoactivated Localization Microscopy, Stimulated Emission Depletion
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Microscopy, Two-Photon/Multi-Photon Microscopy were presorted, respectively. Finally, some probable

research points and further trend were given.
Key words: fluorescent microscopys;

wavefront correction
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Fig.1 Main performances of 3D invivo deep tissue FM
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Fig.2 Emission spectra of five typical fluorescent proteins in FM
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aberrations point by point in Confocal Microscopy
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Fig.7 Sketches illustrating the AO algorithm via pupil segmentation
in"” to respectively compensate the tip/tilt and co-phasing

aberrations of three independent subregions

MI_ TpPE FLR
BS. BS L2 FL2

SLM ¥

Pl 8 fd I SLM 7E XU s 148 583U RS TE SR G AT 43 A )
Fig.8 By using SLM to compensate the excitation path in TPE FM!""!

0602001-5



bk A2

% 6

www.irla.cn

% 45 %

2012 4F Meng Cui fff 75 4142 H i i 32x32 4~
JCHY S SR AR B (W 9 HhAR/R “MEMS™), iz
TCWE AR IR — oy xRk AR B S x il a5 4
AR A PR B TR IE, 7 400 wm LA FIRBEW S T
FZ3K 100 nm M RLR S PER ) 250 FIUR e %
R ATAL IERTFE | B e — B Rl S 7
B PR — 25 H 8 OCIR S IR
— 50 H 2B T R JC I R L, 45 2SR
iz FEAS A A A8 AR AT R [ s 32647 AR 57 98 1 9 F i “PMIT”
0 RPN ;. SRIF X PMT 10 5% B30 BE )3 41 364 7
A L P A 48 I AT % B BB HE ik — 2 8 H B 25 11
e KA EITHIMEL ; 22 )5 S U P26 i 1 A 1 v ik
T Ik —2 50 B s foC R LA 4k iR
PRV i~ 2V T A, S8 2 il 5 A K e ik
AT AS M, TR, R A tE A 37 Hh
— R SIS I, AN IE T E AN IE R
APEIRIZHEFEA . A, 20154 Meng Cui W57
22 HHEE Y AO R GE M I AT IE - T SRR AR Y 2
B4 ) 2 (Turbid Layer) 248 | D11 BE 98 (i 11 37 H AS [F]
88 4413 73 23 1) et 0o o Y T Vi (7 et 15 1 s SN =
A 537 (R X)W RTAL IE B RE S,

MEMS

80MHz

140 fs

laser Objective

RLS

== Shutter

Compressor
expander

RL3

Y
re2

P 0 71 MEMS ZJ% B e 426 T 50 F) Hf S e 1E 9% o
e

Fig.9 By using MEMS mirror to compensate the excitation path

PMT

Y RLI

in MPE FM!"!

I JLAESR | NS 220 1 0% s A4 B R
IR R BRI, BT RMIGHIRZ B A
21 55 i P (Heterogeneous ) X XX/ 22 Y6 - 5. 4748 A% 14
SEMA B 22 AT BN B a5 AR M R
IO 32 557 DX B D A AL SRR 1E fe A 3K
H 2 B 20 S—H Uk 1A% I8k 2% B 803 55 B 51 4
e T B4 T AL R A M LU A PR B 2 5800 A

F, BANE SR BRI T 206 ik 0 2 AR
WA EW R

2014 4, Eric Betzig fff 75 414 H ] S-H I Al
& %FN Descanning J7 kS E Z | B 55 %= X I ET
L REFNREE AR, & 10 Fieas 43 9% T30 1
FURO T3 & o 1 25 B2 52t I8 i A 1 Onf iz 1] vh
“SLM_VIS” F1“SLM_NIR") A K & 5 5% 5't; i) ] 7t 52
Jiti Y% /AL IE (“SLM_VIS ™), 8 i S—H I iy £4 J8 45 A
Descanning 7 1 X 45 A~ 4 5 X 433l I i 0t 1 g A8 4%
S, LR R AR L R A B Sl A B R
SE SR A X N A RO TR G, AN
1) % G258 H6 28 th WA HiRBE )5 0 2408 S il L a5 6 o A
53 S—H 1 PMT Freile, w4558 X 4%
T R 2 0 A 4 ) DT 3 A S—HL 4% F L A% 18 6 BT I
OO AR, Tl S—H (LR 2 X N
A — B LR, Bk BRPOGE SN S-H
FEGAIEMR L, 58 Wl — 552 X P PR R B
Jei , 57 BRI 2 45 a2 DX % HITARS 1E FN O /80
WORSHER G, RV ET - FEX T —1
RENYE) = (111 e = b 1Y A1 . W R oa e =
FAH B AGAT 2R A DX T A IR, BN 2
BB B [ 38 I 2 R VR 2 B A AR W A U A h ek
B — R L 2015 4F | Eric Betzig BF 5% 40 B0 H 41
AN R I8 il A I S L DA T 3B % SRR A 4 21 20 %
AT LG S I R M, FR /N RO Bl 0~700 wm (1)
TR B BT T i B 23 43 B S 1) RO F TG AR 25 2
AR TN RERLAR , 45 54 N5 IR,

SH sensor
X galvo Y galvo ;
M | SLM VIS
|| PBS
A A
D1 i | =
Ll Pinhol W2
inhole \" \
: i | \ / \
'wo photon 1
L, excitation ®\\\ k
o One photon
Objective excitation
(N sLm NIR

10 fiF S—H #l SLM fEXUE T R 2R B 5 2 XK IE
FSTR N [ R £ I iy g A )
Fig.10 By using S—H sensor and SLM to compensate both excitation
path and emission path slice by slice and block by block
in TPE FM!"

0602001-6



bk A2

www.irla.cn

% 45 %

4 BEMAFRAREREINTREERAK
BHNARRE

(1) FEBA RO FHCR S AT,
A #Y“S—H +Descanning” 1 8% J5 ¥ i}, 15 128 1 4%
FALAE N B NG 23 A0 1 O AR R R PP A A X
R0 10 A B AN A ] e Ll s A5 AR T A 4R
HAEYALNTH KR E RS AR, itk A e SO
A B A A XA 4

Q) HRERER . FEEFEEN = TFHE
AR 0 il S B 1 “S—H +Descanning ” £ Ji%
D71 SEBUEIRZ 0 A Y AL Bh A4S WS

(3) XfHE—JZ, A IO B AL K&
BLA 1 “S—H +Descanning” 1% 18 J7 15 58 W% A~ 55 5
DX I A% IR, PR <Ot il R O+ 2 s B
FRUERTRCIE" 52 B T )2 0 e B 25 20 3 28 o Aok
AR, ZJaE i A TR 2T R R IR I
BUR o 7 RE ik — 2D 32 i AR R IR 3 B R
T FEZZ G B B AR K

(4) G5BT AR ER  POERR L BT H R
VLK AR 5 A T 7 i AR e HEA T+
FOGBAE PR FOGIRE AR (W88 Y615 5 Y A 1%
BT

SE

[1] Novotny L, Hecht B. Principles of Nano-Optics [M]. New
York: Cambridge University Press, 2006.

[2] Malacara D, DeVore S. Optical Shop Testing (2nd ed)[M].
New York: John Wiley and Sons, 1992.

[3] Noll R J. Zernike polynomials and atmospheric turbulence
[J1. J Opt Soc Am, 1976, 66(3): 207-211.

[4] Tao Xiaodong, Oscar Azucena, Fu Min, et al. Adaptive optics
microscopy with direct wavefrontsensing using fluorescent
protein guide stars[J]. Optics Letters, 2011, 36(17): 3389—
3391.

[5] Izeddin I, El Beheiry M, Andilla J, et al. PSF shaping using

15

(o]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

0602001-7

adaptive optics for three-dimensional single-molecule super-
resolution imaging and tracking [J]. Opt Express. 2012, 20
(5): 4957-67.

Martin J Booth. Wave front sensor-less adaptive optics: a
model-based approach using sphere packings [J]. Opt
Express, 2006, 14: 1339-1352
Huang B, Wang W, Bates M, et al. Three-dimensional
super -resolution imaging by stochastic optical reconstruction
microscopy|[J]. Science, 2008, 319(5864): 810-813.

Gould T J, Burke D, Bewersdorf J, et al. Adaptive optics
enables 3D STED microscopy in aberrating specimens [J].
Opt Express, 2012, 20(19): 0998-1009.

et al.

Katrin I Willig, Silvio O Rizzoli, Volker Westphal,

STED microscopy reveals that synaptotagmin remains
clustered after synaptic vesicle exocytosis [J]. Nature, 20006,
440(7086): 935-939.

Ji N, Milkie D E, Betzig E. Adaptive optics via pupil
segmentation for high-resolution imaging in biological tissues
[J]. Nat Methods, 2010, 7(2): 141-147.

Tang J, Germain R N, Cui M. Superpenetration optical
microscopy by iterative multiphoton adaptive compensation
technique[J]. PNAS, 2012, 109(22): 8434-8439.

Park J H, Sun W, Cui M. High-resolution in vivo imaging
of mouse brain through the intact skull[J]. PNAS, 2015, 112
(30): 9236-9241.

Wang K, Milkie D E, Saxena A, et al. Rapid adaptive
optical recovery of optimal resolution over large volumes[J].
Nat Methods, 2014, 11(6): 625-628.

Wang K, Sun W, Richie C T, et al. Direct wavefront
sensing for high-resolution in vivo imaging in scattering
tissue[J]. Nat Commun, 2015, 6: 7276.

Horton N G, Wang K, Kobat D, et al. In vivo three-photon
microscopy of subcortical structures within an intact mouse
brain[J]. Nat Photonics, 2013, 7(3): 1-2

Bi-Chang Chen, Wesley R Legant, Kai Wang, et al. Lattice
light-sheet microscopy: imaging molecules to embryos at
high spatiotemporal resolution[J]. Science, 2014, 346(6208):

1257998.



