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Advanced Cryo-TEM Specimen Preparation
Technology
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HRE o~ B M BB HER M AT 5 (2) IR BEIL Tk 0 B A Spotiton PR AR A &K
VitroJet # J& 483547 B2 R B B AT R E 5 3) b B 7 AK SR @AEWRH  LEA%® G
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Cryo-electron microscopy (cryo-EM) has emerged as a pivotal platform for structural biology
research, This review systematically examines the developmental trajectory of cryo-transmission
electron microscopy (cryo-TEM) specimen preparation techniques, spanning from Jacques
Dubochet's pioneering plunge-freezing methodology to contemporary advanced preparation
protocols. First, vitreous ice thickness control proves critical for imaging quality optimization.
The ideal thickness range of 20-100 nm necessitates careful balance between sample embedding
integrity and electron penetration efficiency. However, the air-water interface (AWI) bottleneck
continues to constrain the success rates of high-resolution structural determination. Scientists have
demonstrated that AWI-induced biomolecular denaturation, preferred orientation artifacts, and
heterogeneous particle distribution significantly compromise single-particle analysis reconstruction
quality. Addressing these fundamental challenges, we listed three principal innovative solution
strategies: (1) grid material enhancements, encompassing graphene support films, affinity grids, and
self-wicking grid technologies; (2) instrumentation optimization approaches, including Spotiton
rapid vitrification systems, VitroJet blotting-free methodologies, and cryo-focused ion beam milling
techniques; (3) sample formulation modifications utilizing surfactants, LEA proteins, and other
protective additives. Finally, in material science applications, cryo-EM technology demonstrates
extensive potential for investigations of battery materials, soft matter polymers, and electrocatalyst
systems.
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% BRI i 2\ T B (cryo-SEM)
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BIREAEY S TS TERET IR AR -
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Ser R B GG am SUE N - =R FHSES E MR (TEM) R HEESE
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FIRABEERRENAESBE - 6R1975 FERINETE —AREEH - LOEERED
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AR R - BRI E R Z AL RHIBT 2T - plunge-freezing F7l [F) 15k H
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LDA » BHRIFE BN -

NS > HDA BEEEL 1.17 g/om’ » SEEFESBEET (> 1.5 GPa) B H A
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gL

BB LR (Te) 2FHEIEMRB KR E AR » RFRIREFEYVETEHITEERE (B
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Water's metastable phase diagram
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Bl EEE R (e 68 MR R R & F B REIEM - B4 B4 (widom
line) * YA4r & 4% k= o LDA 893k 3538 1LR L (Tg) #% 136 K (-137 °C) » 7 HDA # Tg

Al #% 116 K (-157 °C) ° LDA $1 HDA %8 7> JF 4 5h 7k (amorphous ice) * <A & 3 585 4k vk
(glassy ice) * #& 7k (vitreous ice) © B 7 $2E 3 5] A & : Martin Chaplin - Water Structure And

Science #33& © https://water.Isbu.ac.uk/water/amorphous_ice.html °
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AWI TP 2 2 RIZE 2« KIEERAIRTT © (]9 72 mN/m » 25 °C) 7K T 5/
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PR IR B 5 B RS & B T RE BB REEEE (EELS) @ R I EEmER b E L
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BB B BT RIS« T ASER B 310 nm - T
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FKHEIEHEIE (glow-discharge) F il 3 LA d A 5% A1 BB i) o3 i A HE BRI« R SRR
Bg e ETHY BB T ESEE RE R AT AN 0 E S RSB BT (EERIEG ¢ e
(amylamine) ZR 5 ETTHY IEBE T EATE TRAIE RETT EE - BAREBETEBERELY -
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BB AEILES AT (paper-blotting) FEHGE » H B A IR U 2 R HE - K
DRELRETERAWI - JEREE —FHT 50— 100 nm I - 35 77 8 50 7 S B AL A £ 2 Y
ke 5

& | 10/25/2016  HV HFW | WD = pm
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T Plunge-freezing | FfiiAYERRIE
MR AL T TR R U B IR RS BRAUIF ] (spot-to-plunge time) /22> AWI FEEEHY
ERORRE  BEITT
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[-64.5 )
dispenser 2
, R :
‘mix-to-plunge’ ‘ Sy ‘ ] 1 ——E :
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to —136.0

drawer

6. %4 Spotiton Heik 4 iR £ Loy EEMRA] T EE o (a) ZIASEH IR S BAZ ¥ 64 R 8 K
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Eron 2) ATEH BAL E o e 0 EiEE E o TGRS ERBAR o BB R ik
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THYLIRIREYD 5 [ 7 AR ¢ VitroJet SAMERFIRETERT T pin-printing | FATHEHIEE L8 H
7] 1 ) TR S B =0 R o B 21 ECT) 18] 8 B R CryoWriter sS4 HIISRE S 507 e 45 iy
KRR IE RIS 20 - B RE AT A S R AR e Y

e BB IHT 5 HE © " microfluidic spraying-plunging 1 Al FH i B A H0 R ik ot 7%
(bR T - R S BUE R Electrospray F il FHER BB 51 i S/ BIOR A BE 074
I FE A R s BB R AR fE B IR B IERE - RS
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Y IR HEEET- RIS (Cryo-FIB milling) 5o JEAR SR S SEREFR (L T ARk 5 &
68) ;8 Fr 5408 (lamella preparation) 5 ffi {50 FF A5 HE L BRI AUBET- 58 - 04 BRI R UIETH SR /)N
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53 < [} Levin 22 A HIBAEE T T F B3 AOBATRK A 07 FE M R 5 2 T B s M 75
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¥k mREC 75 RYCSE SR S
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JEBE TR T EEMEIAD : DDM  Tween-20 55 » AJ SR & FE1E AWI FUIRFHYT 5 T i
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H CHAPSO TE{E ARG SIS (critical micelle concentration, CMC) PR 21272 - 1 9
FiiR
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