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Abstract: Cryo-electron tomography (cryo-ET) has become a cutting-edge technology in life sciences for the
investigation of protein complexes directly in their natural state. In cryo-ET, the sample’s thickness must be
less than 300 nm and the target molecule must be within the lamella, which is prepared by cryo-Focus Iron
Beam (FIB) milling. In order to precisely navigate molecules and to improve the efficiency of sample prepar-
ation, cryo-Correlative Light and Electron Microscopy (cryo-CLEM) has been introduced to perform in-situ
imaging on the frozen samples. The cryo-CLEM combines the localization advantages of fluorescence ima-
ging with the resolution advantages of electron microscopy. By registering images of light and electrons,
frozen samples can be thinned by FIB milling, so the efficiency of cryo-ET sample preparation can be im-

proved. In this paper, we review the latest progress and applications of cryo-CLEM technologies, with a par-
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ticular focus on super-resolution cryo-CLEM imaging and integrated cryo-CLEM. The advantages and limit-

ations of various methodologies, as well as their application scope, are discussed. A discussion on cryo-

CLEM's limitations and potential directions for its future development are also presented.

Key words: correlative light and electron microscopy (CLEM); fluorescence navigated focus ion beam (FIB)

milling; super resolution
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Fig. 1 Schematic diagram of cryo-CLEM. (a) Cell culturing; (b) fluorescent labeling; (c) fast freezing; (d) fluorescent ima-

ging; (e) FIB milling; (f) cryo-ET imaging
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(d)
B2 FIMEAIA %S . (a)FEL/AT VitrobotTM; (b)Gatan /A7 CP3; (¢)Leica 227 EMPact; (d)Bal-Tec /A7 HPM

Fig.2 Commercial plunge freezers and high pressure freezers. (a) VitrobotTM from FEI; (b) CP3 from Gatan; (c) EMPact

from Leica; (d) HPM from Bal-Tec
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Fig. 3 Commercial cryo stages and prototypes. (a) CLM77K from Instec; (b) CMS196 from Linkam; (c) CorrSight from FEI;
(d) Cryo stage proposed by Lil"; (e) Cryo stage proposed by Xu*!



%6

PG, S BRI VR OE HL SRR BOR I BIE TT it f

1279

ffif5 % B AT ZE R R, R AT B e
HEAT IR, 75 CMS196 1] LU NA 4 0.9, T
YERE B A 300 um B B 5E. LeicalA AT
Schorb F Brigg i TAERY, JF& TR . %
VA 6 T8 1 T T VR AURE RIS 5 Y BB, Wb T
R IBRE SR AR FE XA TR
IR, Leica A FIATF & T 16 FAGE TAEM 4
S, LEY BT IS R AR 0 P b R
15451 NA 73k 0.9, TAEFE &5 (U4 280 um.
2016 4F, FEI 22w & 1 3 T3] & W s i %
£ CorrSight([& 3(c)), AT LAHFH NA K 0.9 194
BE, TP AR S — BB ST 1 ROT, 1%
& A M AR TAERE KT 410 pm, H 250 bR
HESE B R R IE R 2 S

IR B AETE R — AL [R] [ R A AR A T
RGBT . T P A ) i, iF oY
R AR DLRG FNS B AR R PR e
A, AR A e v, R moe s g o
HER AU . (R TT X5 TAERE B A
B R Hessel 28 NI G R T K
TAEBEY B, v LATEM AR (1.6 K) R, 6
P AF A7 B, (EZ NS R A = NA P58, 251 iAR
KIYBRZEAE 2229, Li 28 3R e G 45

R OLB

YR

HLBIHL 2SI

(2)

Bl 3(d) FiR, K s 8RR BN =R, W
BEAA G Z W DG R, R, 55 2R
K TAER B 0P BE, HCREMH A I i K NA W5 &
0.7%,  E N7 I, Hh ERF2E B A Y B 5 T )
TR EIALLE 2018 AFE4RIE T — & HA&A W = iR
JE RS E 4 (<0.06 K/10 h) LA RS & 14 (<200 nm/
S5h) v & (& 3Ce)), BRI NA Ky
0.8, TAEMEE A 3 mm, HoR FHHZE 65280 T 55
TFREN R,
42 [FREDFENBKRIRRIG RS

FR A SR A7 ¥ R e e A X T FL B s B, 7] LA
# cryo-CLEM BUR R 4873 U 28, — R J2 1k
3 cryo-CLEM £ 4t (18] 4(a) ), H& %6400 ST
T FIB-SEM HL%, FE i AE R bR T i85,
R VR G R GG B BRI E N, BT
L8 BIGORT FIB DB, Dol v 5 i e ot v P
2 AL 2 cryo-ET Wy 75 4h—38 i A
RUHOGH R RS, HOLER ik A B IE = N,
PRI TEEE T S G B A B s = ) 5]
HLBE N RS, 1 HLAE FIB YIEDsE AR v, o] LLRE
PR L S S RGBSR A, A R i A o8
JE, BB R AR E] cryo-ET H1.

misn R IR RIS LARIC

N\

= PR R B R RIS TR

BRI

» R HOEE IS

» JCH MGG FIB I8

SR - cyo-ET AUR

(b)

Kl 4 (a)73AsX cryo-CLEM HYR R G0 7 A (b) 734X cryo-CLEMAY & i 72
Fig. 4 (a) Schematic diagram and (b) flow chart of imaging process of independent cryo-CLEM system
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Fig. 5 Schematic diagrams of cryo supper resolution fluorescent microscopy. (a) cryo-STED; (b) cryo-SMLM; (c) cryo-SIM;

(d) cryo-Airyscan
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