944 % 51
2025 4F 2 A

© F =

Journal of Chinese Electron Microscopy Society

woF Ik Vol. 44, No. 1

Feb. , 2025

N EHS:1000-6281(2025)01-0124-12

AT B R B B A 9T
FEIR PR e 55 AILIE 5 H i Hi 5

WO R, A
(1. F AR FEAEAVE TS, & FI| 518055;2. dF AR K FEGHRFFR,
SR ORI 5180555 3. AR FASFFFR, T 100084)

W OE B S REMEYFOE R R R BFOAFSEREA BA, — R A Lk w5 R A6 M AT
H AR5 ey Ly Rk, =% A AlphaFold ik AKX A9 & MFRMAER Loy Rak, 2024 4 5 A Google DeepMind £ #7 7
AW MTFN T A RH A AlphaFold 3 A TTATRMJLFFT A o F R R B O R LR Meiseh £
W EAETAM 7 @A FZILT R G0 EH, AlphaFold 3 AR AL MAMFARFTRERMGEF RAT ALER
HEXBEA , LERT XA APHEREFHAAGAFEERE, SREAN, O T ZMFOTTFT R T RT,

PR FHBEERT , EMT I EOEM BRI RIS WREM FHEEM RIZEH QKR RRZN 4.
WR BEHROART, B FERFRAAERTHERAGLYS, SaTA Y EIAA TR L 2 T AH KR
X HEMEFRE T RHFAHREGE R F A S, @bt AR 2 £ AT A2 L AAIEL R @AY,
FELE RRGEMEDFHR, LW —NEESTRHFE AIHRR NENEQGIR LSRG EHLTIERI S
B R WmIe N RAL AR AR JENEB| WA ZILREF 7 @R,

KA
FESES: Q6;0Q71;Q31;051; CRRERINAG . A
Doi; 10. 3969/j. issn. 1000-6281. 2025. 01. 14

i HER A= K00 ¥ (L5 8 1 o0 %R L IR W
WEEE) LEMIR O TR G R (B0 A pE R S
Tk GG RO 3 ) LUK 20 2 (0 Zomi i i
ZRASE ) BORG HESE RS T FATTIR A B 240 i 19 1E
AMIIRE R RE L, EY TR RAL EES A
RS PRBE AR AL 55 5 | 7B 14 25 4 A, o TS B0
B RE S, X B AT ARSI B K2 RS
il T BB TR Y7 I ik, I T AR HERL 1] 25 )
AT T R H R R EENE L, BT iR
Je— M B RS A W) A RSO i B S S AP A
R XGPSt A AL R LR BOR — A B T
I HEREER AW T R SR 2 AT AR MR O T
LI R O RERY B B —

| X HERKFESNENENS
At

21 22 Z W ZE AR W) 5T DL X S 2R ik
oS, 1895 AR FE[E ¥ # 2% X Wilhelm Rontgen

s A H7:2024-10-23 ;18T HEA:2024-11-08
BEE&WA . HEARFFEI S L W% B0 H (No. 32241028) .

wF B, S P, AlphaFold; 4 H8EA Fan

KT X B4, 1901 4F RS IUE & B i T2 —
DR Y B2 Bl o5 — 0 7 1 ) e K
Max von Laue & B T fifh X & it B4, of
HIIEARAT T 1914 SRR DR R, ZIRAAK,
William Bragg 1 Lawrence Bragg 4 F-#E% H 417 51 1)
BN SRR T iR X IR A BT S R R
107 T 75 1 diR b g7 i HES Al A3 3
T X SO, A T LR 4R 15 1915 438 DR
YER¥ &), Bragg (1975 1k 24 0 H] T 6] A0
P ACE LY, dndh RFIRESE 701 AT R B AT 4
¥4, Dorothy Hodgkin [Rf#HT 8% 44K B12 55
SERARAT T 1964 4Fi DURAEAE%

1953 4F X BF 4k SR 22 3115 T BORSEHE, B 9k
FHT AT — A HE 22 09 A2 ) K73 T—DNA B
BEU5E 45 ¥4, James Watson | Francis Crick #11 Maurice
Wilkins IR T 1962 4F %5 D1 /R A= B 2wl [ 24
B JLF AR IR B R] B John Kendrew £ Max Perutz
s LLL AR R A AR O Bt 2R — S R

« BIFAEE X4 (1970—) , B ( (X}J/%) ,%E}\,?Mﬁ E-mail ; liuz3@ sustech. edu. cn



55 1 10 X BEE AT B AT TR IR PR AR TE S5 LS Sk R A 125

FUBT R = AERE A IR 25K i AR T 1962 4F1HY
5 DR fb=2%  Johann Deisenhofer . Robert Huber Fll
Hartmut Michel B{EHf# BT T 240 BDGA 4R R H
O =HEZE | BT O6E VTG 23 7 DL i 3 [
FRAR T 1988 Ak DR A2 X 02 B UK AT H R 5
FEHE D= 45454 . Roderick MacKinnon @ T
20 B R 3 ) S5 A T ARAR T 2003 4E T DR
22 SR N ARAR 1Y B 38 R A P
45t Roger Korberg fi##fr I RNA R &R, —HH
12 AR BT R B G AR S5, il 3R T 2006
i U IR Ak 2% % Venkatraman Ramakrishnan |
Thomas Steitz 1 Ada Yonath I FH X 528 k2200158
MR — 2 A BTG L g i a5 A D g, = iRt
FHRILF AT 2009 4F ik DURALF2 . X SR ik
FRRHT T RZ A RS> B R o B A S T
S5 S5 IIREZ A A ALK 3 Sk 1 2R ARk i i
T R

2 HMEYMFHRANIBRTFEMFERA

1930 44X, 1 & Bl 2% &K Ernst Ruska F1 Max
Knoll #Ffil it 5L F 55— & B S 7 B, k1
HE2L)5 , 1986 4F Ruska ZRAGU DURY B2 h T
HL I Kz ae /N F ] WG K K3 Ernst Abbe 7E
1873 4RI Ay P B BUBE G A FE R ] LA Gk
FEBK K, BEN T F WM., X2, 8
SR 2 BB 2 0K B AR S A ST
G, 1942 4, Ho A B S I AR W) 22 K Albert
Claude K FLEE 0 B A0 AT T T vl B WL 45 5l
YA, EIRTEA N E B T — S A g, R I
T LTI ST 5 At ik B0 R — S T LR
IIRE, I GARAR E S M 3 1 1) R
X 20 Bt ¥4 1 19 BT 5%, Albert Claude 5 Christian de
Duve .George Palade FL[R]315 1974 45345 D1 /R A 2
s E2E SEN T EY R Aaron Klug B I
X P2k iR 7 5 i A RS SRS 1 L
PR | R IR B TR R A 50N 1 9 3 R R e T e ot
e WU, (BT A IR 2 4R R IR, Klug $6
AT LA b X6 AR A 0 — 4 B A7 (e L s 4 A0
TR ARSI TATSS 3B, AT AR A5 1R AE 8] 5 =3 (8]
(0 A A5 S, It I 2R [R) A BE R AR A= 0 K A1
R FLBE PR, 40k T X g — A IR R AT AT 5 o0 A, B
LAFFN X — YR Ar FRORE 25492 1982 4%,
Klug R “ % J& 4 B~ di (4027 5 10 R i A o 2 A A% R
B E GREEI RAT T AR DRI

Y VR L B OB H AR Ak H - A R 2 2
PR M — B T AR O e VR VR H R L URE
BT ERS L) R I T BT 450 2R A T4
WA AR T B K A MR G e R AR RS
UK P A S L B R A TR OIS TR RO RE
e N RGINES R QOB Y T RA EE 7/ NG e B S e o
o, PEREE Ve VR L B A 1 A 1 H OB 52 8 | A
I R, RH BIL A ) 1| DL R T B o R SR i Y TR
W, ORI Z 1 BT R Ir TR A W 0 46 ki i
BRI ARRAT T IR 70 BRI 4E R, H 2013 4F
THIG R T —350% VR V0BT 5 A8 i BT 03 PR A T 1Y
BT, FHTV U B FRLUURL H R B B
b ToEE ah L KT A R AR ALAE B T A
HWRIF T2 EWFIE R LG X L AR
Tt ) VF 2 SRS 5 ) MR i (3
JEF 3 PR AR AR DI A AT, O T8 R v B R
RIHAR  BESAG I B A FE R D2k 3 1.2 A 2 LU
T MW 8 H B — DR — DT
FAPRE A =42 [B] 2 o7, 20 AT DA 3 B i 2 1 Jo A
Bl 7K 43 P A U5 A — AN U 07 S
B2 FK Jacques Dubochet , 32 E 225 Joachim Frank
AP EBL#Z Richard Henderson [ “ % F T )
AR W53 o PR G I E V8 UR P R R T
A 2017 AR DURAEA% . David Julius HHIBRAR
FOR AR K JER A 28 A X AR B A2
TR A BE A% {200 i ) VR R R R TR i R A
S — BT 9 B O E 5 1 TRPVL, B v 2R L
PSR B R AT T TRPVL 4 755 40 B = 4 45 1
Ardem Patapoutian TH 1] 1 XF Hs oy S Y 2 5 8 1
Piezo , [F)FE S IV VA 1k B B B 00k 5 AR AT T Piezo
Y 43 B = HE 25, Julius Al Patapoutian ] 35 75
T 2022 4RI DUR B BAF BB~ E 2

V& VR P B B URE 1 AR S H TR 45 44 A W) 2 4
BV B )z BRIk T AR R, BT R
L U HOER R BOR T &R T 45 A= 1 % 1
F i, 7E 2017 4F Science ! 12020 4F: Nature'*' AY4F:
B RR A S 1E ¥ VR L B DR A A B 2 4
HEFNFEF o PR AP ML ik, R URHEBEER
) 5 B JRE AN AR KA 3 T A= i Bk o 19 L Ak F
¢, H A H 2 1 A B2 24 5 iE 5 1 =X
A RE A 5 B 24 45 s B 0 R B AT K Y T
s, TR0 R 5T, 2408 E A A e e
W AR T 25 & B, H TS 28 AR %
FL BT L T4 A IR 1) 25 1 1 A i PR B B, 2n



126 B BeF ], Chin. Electr. Microse. Soc.

# 44 %

B S WWASIRIPUR RIS S 3 P IS A S
BRI T o AR Ve VR L BB AR Rr S A 3 25
WA HERR , 0y FE OB BT 28 T e AN A R ol o
(B P N

3 AL GHEMET—PEK?

HEHF—HE5H (primary structure) 245 H 4
BETR IR AL AR P 91, B T Y — R &5 # i 20
T o 22 R LAA [R) 9 I 2 o, 2 B 28 1 o ¢
RSN RE R 6 E LR, H 1953 A9 E L K
Frederick Sanger T UK AE R &) = LR )TF 9
AT T EE BT Y — G R A W R, x5
SAEARMAY AMIGESEE T KA, Sanger
PRI ST I R 1 BRI R 114 1 370 1 5 A A A
FRTTRR, 7090 T 1958 4F A1 1980 4 1 J& 345 14 D1
IRFCFEH . BRI 458 (secondary structure )
JEIR IR BEHIY UWEE , I EEA A X Bl i [ B
FHEAEH], L U= ERA R A 5, 046 o~ 1R 5E . B
~ PS5 X B T G I R U R T A )
SERAEAE ] ) B 3K 5l 2 A A A AR R T,
R =5 (tertiary structure) 822 IRBETE —
DRASFREAN b 38 A 0 B 5 PR E A g — 2 s it
=AY 0% 3% VA LN IE S 4 = DD DR &4 PP
TR E R AP E DI RE, A0 . W R AL TR P R
RS IR R s e I S S Wil U R 2 )
( quaternary structure ) IR ZAEAREA AP
W -REgINELT N

20 T4l 60 AR, Bl GEAE W T AZMH L TR i i
KRR A BT PR S = A B VTR OGN e
IR R LUV LR Ry BE Al 1, BV DL — 2 4544
NG, HHIRER M B - Ak £ BEAL PEAZ WAL TR T
VW, 3 BRI B RN R S O T R
P BN 0 — BB H A 32, G I R R TR
M AR B 1 AN EOIR S, R £ TR, b
(4 4 X B b ek B Ak S WA JEUN -SH J5 , A5/
TR 4 % ik, WBE FHER, A 105 FhAS [R] B
T35, MEA 5 RORAZME AL R I 56 42 A0 [R) 19 e X 75 =X
AREEHT R BMEEVE . LR B, Y EN Tk £
BRIRZE A B-Fi bk S AL 22 IR B 2 IRHRR S
() IR 4 EEOH A i T B R AR 1 25 [RI R 42, 4
XoF T B, 4 S T X I T 1 S R B
BJFRACF 1957 4F R R MY X — 28 i S HIE I 25
) 25 F0 T IR O AZ B A T g, L — R Ay R
WAL AT BEAIK A 21 J5 ok 11 = 2 254, HLAE AL TG PR AR

SRAEAES o IR B 1 T 1Y — 45 4 e 2 [ 445 4
BY— > JC W] G A B Bk, 1972 4R 6 E B R K
Christian Anfinsen [ “ X} A2 442 R B8 0O 5%, 45 1) J
X HA SR Y 41 5 AR W i M A 4 22 1) i 1Bk &R 14 B
G ARG DUIRAL 2,

BESREE 14 BT 1) — PP I T BT = 4E 45
Ha TR TRk 25 G T LS AR 45 40 A 400 2 4 A A
fEREIH A B BT 25 . 1965 4F Joseph Kraut 7F
Annual Review of Biochemistry & 25 S #
QSRAGE 1 1 BIEE A LR R 9 IR 4 e i
B 0 5~ A B AR T A 7 S0, sl ] AT 330
B LT KB A G ] T B O R S I 23 ) S5 A
Anfinsen 7 1972 4F 1 v DUR R Y B E 71X —
F5k < FRATTNT P 51 I = 4k 25 4 Z 18] AH DG M i) R i
B AR R I b2 Ik 4 & A BE It BB 0 H 23
2N E F B R R BT S, X
e G e — AR AT I DL R I, an AR AT LA A
[t B RE U TSR AL AT g e, B A BRI Y
G B85k v] BEAE JL R M AN 2 JLAE N 15 21 ik o
W By BRI RE INF B0 45 0 A ) o S R A — A AR
VIE

SRR SIS 25, 3 — B T AR L s 2 T v 5
B, HOG I 4 (0 i [R] B | 2540 A ) 2 55
i XS AR A A LR S Ok B H 1 B O R
> SN TS A, D 45 R T B4 R B AN Wy
WAk i FL., 2021 4 Google DeepMind 723 F] Y
AlphaFold 2 %3 H 1 88 P 545 # F000 <545 |
KT —Ypkdn, LA ], AlphaFold 2 7 3 11 5t
SERALTON AR A AR AR A2 ) B s
BT TR

2024 4E 5 A, Google DeepMind i T et
77t AlphaFold 3, iZ AR H T KIHT B T4
FH AL, BE W8 TUM A0 45 26 I IR /N 1 L
TG M B B AE N A R S AT B
AlphaFold 3 7 AH Lt AlphaFold 2 F1H:Ath () 45 #) 7
I TR MRS 1 000 6 M . S e e i R X
THAHLG , 8 5T~ C AR B A A o 1 DR 4R
1o 5 S AR S P RO AR L, R BT A% R AR AR
JH G0 F5000 e 14 Y 5 425 ; 5 AlphaFold-Multimer v.
2.3 AH LG, BUOR BT S B0 o it P A R R T, X
SEAE SRR S TR o ST HE SR 58 4xnl KL A )
I3 THEAE T RS B0 BE S5 F , A AT 45 4 A= )
SEHDEHEAT ALBHE,

2024 4F 10 A 9 H, Fit it 5 5Bk 24 B 5 AT, A5



5514 X1

B AL P A FL 7 RIS PRIk R G5 B S e i 127

2024 A DR A7 32 B — 2 52T 40 52 [ U A ] 4
ST 2 3 #% David Baker , AR FH 115507 ok
BT RSB B9 ZAS HH oTRk s 53— I 3L ) 42
F Google DeepMind 1) Demis Hassabis #1 John M.
Jumper LAZREZAWATTAE 25 1 50 45 #4500 75 T8 il i 4
ATk, =R AR T AL A 0F
5¢, RN, A TS R ST ) LA AR T e HIR Y

BREpEE.
4 Al WEFEHFHHEK

H AlphaFold 2 [A]HH:FF a6 sk A7 — b o 14 08 653
FRN T8 R 40 0 ) L0 4509 A= W 2 TH I <)
Fhi, W, UAES i A Py 2e K A 2 LA H
2 JUAERTIA] | 2 ToER iy e &2 Al TH AR R Y
INER RS HLES A e 58 iR 25 /0 by, B 1 AL B,
AT DAE NS 50 T B, 38 ok ff FH 3530 L7 AR J 1k 1] 14
AT DAARAR — G5 H S AR AL, DeepMind A1 BA ik
#EH T AlphaFold Server, /Al DA% #e v n], R
TELARAS—MME S5, W] LLARAS 25 /B A iy HL 1
YR S =

AR B2l N T e AL 2 > 1 FA B, R
TN Y FIMTR A E R, = A —
AlphaFold LI 48 Fir A5 1Y) 2 1 S5 i BB A Al o2 17
fESE, HS2BR_E, AlphaFold FF iy T4E Hjg—A4
TR, X 2 J5 A AR 22 1 ) 85 22 i e 3K 28 [n] 5
) DR TV VR HL R R o 25 L - A o
FEAL T 3 22 ML A 2 1Y SR 5%

5 AIRNKHPBEFERFENNES
HI =

SER LR o — T DA K 2 e B UORS SI 30 D L Al
(2R, SO0 T BN A 1 50 A1 I 1l Ry 285 4 A ) =
G EAR I, A T AN TR =T
5 PR I A 2 v R OB BAk RARL Ty R
(LS WERR TR A R T I A 56, A, 753 240
B EEF A2 T v S5 R AR SROATS R A AE AR
KRR, MARETE R LA X 2k S A2 Tl 1 Bk
e AR RN S
5.1 RRIEFIIEAREH

AlphaFold A LA & 1 5T 1 4544, H N T8 fg
T2 % & A 0 B 0T 5 5 2 R B 1 L
X a2 R R R K s Y AR BT A A 3 4 [
VR H R HAREE A 7EIT 9 LT RERS A 25 5%, (HL4540
HIAHXF LA, AlphaFold ] LA [] 5 25 4 v 3500 H

H bR LW 2 18] 1 A0 BV R B 1, R )5
P22 I 25 DA N B8 1 5T 285 ) [0 A 1) 40 B 249 o D
i 22 [0 1 A B A i 5 2 i E bR R A R T 1 =
HrArbr, B H AR H 5 R HAE R 8 AR
TR T, 5 ) TR0 ) A R A A B g KT TR R
— A5 LS5 A8 e 5 [RD IR A HE A 25 G R A
SR T B, AlphaFold 1% T5 I A #E B 38 2 K AT ¥t
Fn, RIEXTF 5 51 42 W] (% 2 (1 5T, BT AlphaFold
1 A R U 81 LK, X T B R 22 R AR i
A ZE 54k TS 2R D g2k | AlphaFold [RIRE JCik A5
SRS TR , JC ARG BRAR RS

52 BRBEXSEGHR . EXFSNETVEN

R

WEeEA R AELEY P ReREh 2N E
I 1R 2% G DU 2% 25 44 | AlphaFold 2 H AE T
I B —7F (1 R A 4544, AlphaFold 3 E 28 L4 Tl &
HE G RZEHIBE 1, SR, THX 4 F 58 K 4544
M VREEH 5 52 Z0 1R 45 1), 25 A6 RS 78 Tl I
A IHEKIHRF I,

PRI 2 S 5 S O o T ok A R T Y
BRI T Z WA, TR 27 A
TR ) AR AR B R, A I — IR R A B4 A W 4R IS ) 2 Tk
WG A RIE AR R XA D g, 245
Ke—E R Re A S N ISR R — . TN TR
i bt S A2 A A PR = B 1 AT 22 A A
E1( PIE R/ B 3 — 1R I 0 ) (B2 (5% 5
it/ e R FATESL L RE I ) (B3 ( — S Bhik — AR
VR I 2Bl ) |, 3 S B 1l R T A5 4 29k 4
fife BT o SR AL A DY R 2 0t S i R 5 IR 4 F /0 10
Mda, B FHPE KA RS o B 24 F 5 5 5 R
BEZEME, B A R DO 9 25 0 — ELME DL 3RS B 2 A
AR ERIAZ 00 S SE AR G EL 451 0 91 J) I 35 43 A7 B A 4 2L
PRZE R (5 B R ZAFAE 1L, X 2L XT AlphaFold i
T, WIRAMELM R T Y [a] B, B} 5300 i 4 B — b
RGP 11 AR A 1) AT R O Sl A 1A, T
BN TR E SR A5 14> E2 1
60 RAIK 4 4~ E3 1) =1k 20 4~ E1 BT RAF 12
A E3 B RAKT D XX RE— Bl K 2 A,
AlphaFold3 W ARMETIIN H HORS (5 2 .

M2 AR 0 24 i, HOE i /R K
#2492 000~3 000 & H BT, 1 K 22808 H 5T i 48
ML 35 IR ), 4 40 5 v AR AR 5 i AR T
PERTARR M, AR 1 % s iE A SRR Sl iy, iF
— L BUIIN T )5 2 35 1k ¥R 2 A W2 Thse i H



128 B BeF ], Chin. Electr. Microse. Soc.

# 44 %

TS, IS (A AR Ay AL A B 3 286 A L vh 5 P Ak
MUZWE R 40 &% , B A A TE S s IR 51 = 1,
T 1 5 R I 2R PR A1 B I #5 52 F (translocon in the
outer envelope membrane of chloroplast, TOC ) F1PY %
[l 432 f- (translocon in the inner envelope membrane
of chloroplast, TIC) ,7£ & WP EVE FH F Rk H
o LU RS2 W A 244, TOC &5 140 %
A Toc120 Toc75 Fl Toc34 Z A (1A, 10j TIC &
AAREEA Tic20, Ticl2 Ticl3 Tic35 Fl YimG £ Fl
53, TOC-TIC PR — 2P TE UG E (88 52 & (R 3L ]
RARFEAE N . WFFEN LRI VR B AT 1 3K
PIACHE TOC-TIC A AR R/ PER 45, BIE 14
AR A L, BR T LA AR ST 4 A
AN BT S T S P A 7 2 A ]
BRAY Tic214 A7 TR PR X A Tic100 F1 Tic56 & A,
AT — S AT AE 3 B AK B TP R B RY RE A 4H ar, n
Toc52 ,Toc39 Fl Toc10M17) 3 3 B — i 4 2 7
S A 1A, AlphaFold 3 AL AR ME TN iR HERI 2544
JEREMS I S B E TS — 20, ARIBOE &

AW R E AN E R BT JEA T 4 A URe 9 3
RS, WA EREMLET R EERLES
Y, — K E A AL, e e
HA R, e e A F I A B R T, LhE
B o1 W, I i — 2D A AR AR 8, e
FRE RGO T - AR Ak, B A
PR URFLGEREAR B AT 1 BRI 2 e IR AR 1Y
SAELEN A A 14.7 Mda, A PERIAE T 2.8
AUST L SEaT 2SR AT, BF 5T N B3 & BRER PR AT B e
& 706 AN A T, 045 528 ML H (72
WA 46 A IE B R 60 NSk
AR IR EATAREN T 1 598 AR FRILEH , 6145
1430 MEELTIHZE 4> 1 .48 D IEIR B Z 20 T H1 120
ANFEWEIRR S (B 1) o T an it i g 2 4= 10 2 1
SR RGEH VLS 2% ) B (3R 4 F A AR FE
AlphaFold 3 W 2ARMESE LY,

WREEAE R — R AR A i B AR, AR 2
P TR ER 38 S A — A% R ( DNA 5 RNA) |, Zii b
R ZH0CE FRER A o6 R R FERL T HE R Y

K1 4213 P. purpureum AR A B AR 25 H) a, b. W AR EE R Y 2 T R lirhﬂuﬂﬂf%ﬁ@ﬁfi
b IRFEAO RN se. SRR PRI I 2500 s d. SRR (0 R 437 .

Fig. 1  Overall architecture of the PBS from P. purpureum. a, b. Overall structure of the PBS shown in surface

representation. The rods are shown in different colours, and the core is coloured brown; c. Structure of the PBS

linker proteins; d. Arrangement of the PBS bilins.
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Fig. 2 In situ structural analysis and overall architecture of the PBS-PSII-PSI megacomplex from

P. purpureum. Work flow of structural analysis for the PBS-PSII-PSI megacomplex, and the structural

presentation of two type of complexes.
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Fig.3  Al-generated fake image on the relationship between cryo-electron microscopy and structural prediction. Limited by
the training data, Al can only generate light microscope instead of electron microscope, and cannot build the right

relationship between EM and structural prediction. The image was produced in https://www. vivago. ai.
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Electron microscopy research in the age of Al
Severe challenges, Infinite opportunities,
and Magnificent prospects

LIU Zheng'* , SHEN Qingtao”, SUI Senfang'*"
(1. Cryo-Electron Microscopy Center, Southern University of Science and Technology, Shenzhen Guangdong 518055
2. School of Life Sciences, Southern University of Science and Technology, Shenzhen Guangdong 518055
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Abstract Over the past decade, structural biology has made significant achivements, there are two representational breakthroughs ;
First, in structural determination techniques, represented by Cryo-electron microscopy, and second, in structural prediction models,
exemplified by the AlphaFold algorithm. In May 2024, Google DeepMind updated its biological structure prediction tool. The latest
version, AlphaFold 3, possesses the ability to predict the structures of nearly all types of protein complexes and has also achieved high
accuracy in predicting drug interactions. The release of AlphaFold 3 has brought about transformative changes structural biology,
showcasing the immense potential of Al technology and fueling public enthusiasm and imagination for life science and biomedical
research. Meanwhile, research in electron microscopy continues to advance with continuous emergence of new technologies and
methods, electron microscopy science retains irreplaceable advantages in analyzing novel protein structures, extremely large and
complicate complexes, dynamic structures, in-situ structures, and studies of larger scale samples including cells, tissues, and organs.
Some propose that structural prediction models could even replace traditional experimental approaches such as X-ray crystallography and
electron microscopy, allowing biomolecular structures analysis through computation alone. However, such opinions are biased, future
research in structural biology will inevitably integrate experimental science and Al technology, expanding from the structures of
individual proteins or complexes to comprehensive studies of multi-protein systems, intracellular in-situ locations, and beyond
microscopic to mesoscopic and macroscopic scales.

Keywords electron microscopy science; high-resolution structure; AlphaFold; structure prediction
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