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Application and prospects of X-ray crystallography in biomacromolecules
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Abstract: X-ray crystallography is one of the most important techniques for studying the detailed 3D structures of
biomacromolecules. It plays a key role in understanding how proteins work and in supporting drug development.
Since the crystallography beamline at the National Facility for Protein Science (Shanghai) became operational,

many improvements have been made in areas such as data collection, automated sample handling, detector setup,
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and data processing. These upgrades have made the platform faster and more efficient for solving structures. Due to

its high-brightness synchrotron source and advanced automation systems, this facility has helped researchers make

important discoveries in fields like drug design, virus research, gene editing, and plant immunity. So far, it has

supported the publication of over 2,000 scientific papers and contributed nearly 5,000 high-quality biomolecular

structures to the Protein Data Bank (PDB). In the future, the crystallography beamline will continue to innovate and

work together with other structural biology methods, such as cryo-electron microscopy, nuclear magnetic resonance,

small-angle scattering, and Al-based structure prediction. These combined approaches will help scientists move

beyond static snapshots of molecules to better understand how they function and change, offering strong support for

life science research and precision drug discovery.

Key words: X-ray crystallography; synchrotron radiation; protein structure determination; high-throughput data

collection; automated platform; structure-based drug discovery

X 2 A B R — I T XS 2R AT O R
T b AR R RS SR B B EOR . AR
w32 3 X IR I, NS 2k 5 S AR B TR
AEAREAER, PR ARV BT A . i X X
ATIHE ST E M, AT DR By 1 = 4ESH
GE, R EEIE TR Y. ARG e
SR DA F B2 —, X F& 2 v
THERAR. KREEVMRS T AHE SN S
SLERIRAT, IR T RN =2k P,
TERFERE T, B N RS 555
SR A - BRI R RAR S BN A
Ak B G Ty e 5 W) 45 S B 1) R I T B A 45 A K
Wi o FERTATE R AR, X ST MR E O E s
FI¥8 3259 ) B (structure-based drug discovery, SBDD)
R OEART-B, THZNH T REaYiiE. 4
A I B A AR A BT S e s Ry Pl
KRt R B B S/ TR B S 450,  fets
HER A 2 45 A7 s BV A S lC AR 2 18] IR AH 5
TERTT G N2 VLI FE 2 8 A B Ak mp
FEREER

FR A5 £ 5 #0422 (Protein Data Bank, PDB) 4t
T, AIRY 80% AT = dE S MKt il i
X A AR S B TR SR SR AT (B 1) X B Sd ik
P T ER/NSRPENEAR. EHRESYL
KNS EW i A AR B, IR
AR RER AR B RAERE. BH3)
WARE . &G mlEE G A, CRNATK
T SAREHEE F AT BRI T B, 5t
N, X4k a7 5 HAR S A HRTE R T R
UF B HAMA B o B BEFL AR (NMR) £ & F T I8
RE T FHRIBHEAT NSRBI H , AEH
Bt (Cryo-EM) WIFEffMT KBS G R Fth e g foxE

EMEARER, 242

BT B8, 26504

X542k RS, 193799

Bl BUEF202554[26H, NEGEBAEDKS
FEEFIEZ (https://www.resb.org/stats)

SRR AT TR A RS . 2R EOR T BB
I N2 FH I AE A B 45 ) 2R W) 0 TN S G AT 12
AL SISt B R T AR T
REWT TEHIRIE 5 )

RIS, X SRR IR A AR N B AT EOR BN
R N ) I o R AR SR TR, R
SRR A8 A i Bk A U5 29T e S 5 T 8 R A
RKEIEM, FEZHARMES AL, BRK
JEMIHES T, AW ¥ J L AE 45 8 A2 ) 27 T
IVAE P

1 E£YRDFRAZEZLNLRIVKSHEE

X R AR AR AR I 7 R =4
RPN SRR, AT X M EOLTRBOAR
HIFpailigit. B FDEAHOCIRN T ER I 14
PR FELOR, JEIRTEREA MR T, oo, Bk
SRR DAL B2 WU A A 55 0 THD PR B 39 8 7
B AP RN C IR B = e BN IR &



820 B SKE A BRI BT AR

374

(IR, SRR AR SR X . HIR
R &R AR RmAREEZE . KB R, HELL
ARG m i R SRR I 7R oK . 2 AR
JEVR I L L 1] BT i A7 PR e AR A Dy e U
B T ORI AR E E, B N T
Koyttt 5 =ACRIE R MG URFE S A2 PR &
it BB, KESIAFRALS (2R
WG A s ) B E, SLUL T X GRS R AR B S
RE B ERIIR T moefE . ORI A SR AR e
JIREG G, EREEA. in. ERRGTES
W v S A S (AR T O T g

Hul, skl 2 58 = AFRP RS IR N
A B A AR K 43 F dm R % (macromolecular
crystallography) £kl . $18AQFR AL HE I LR (SLS)
11 X06DA &3 ', H A< SPring-8 ) BL32XU £ 3 ",
J2[E Diamond Y& 1) 103 A1 104 23 ', DL A H
g [F) 25 4 S 6 R (SSRF) 1 BL17UL, BL18U1L i
BL19U1 gkl 1 25 0 AR EE 58 — AR CIRTE SR A
P8 M AR SR EERE DT R 3, X LAWK
T i AR S B b A A BRAE WD OR 43 1 5 R A AT I o 4R
TEEMAL, JUHAET NS TR R B - SE AR
EY TR B &)L (fragment-based screening,
FBS) &5 75 T & 30 H T 32 19 FH 04 488 1) 5 AR 40 ok
Yo MRPE & A HdE & (PDB) giit, HETRE
CL AR P it A% 85 1) AR A7 3 BERVR T 38 = AR A P
SO &

& S DU LR A T XS ot s AR
FR RN R Ve, A T AR I AT S A PR i A A
(diffraction-limited storage ring, DLSR)""* F1#&F B £k jin
A H BT 0 (Xeray free electron laser, XFEL)
1EIZ A ONBhAS SR A )2 7 A S B AR S g 1,
DLSR il i i — 0 FEAR 7 IR R S, AR R e
AR AR T 2~3 MRS, A (A R (]
YRR BTG 0, eI & v 0 PR R SR 2R
FESLI6 . XFEL WIFEI BT 7 Sk Bl 1 8~10 4L
BRMETE, B R Gk i T B AR,
REE 7548 S 45405 R A A 58 a8, SR “AiTid
AT 8% K ” (diffraction-before-destruction) T Mg,
T ARG R R SO GURAE I 18] 73 A e ) ERIBR S . 1%
FORIER PR AN K 0 I B B2 Hh 46 54 i v TR 2
fEpT R RN ) AR A T T R A IR 3, RS
KA A AE AR BN 7 2 N BN 25 LRI RIE 72 AU T R B
E AR M AE 117,

SR DY AOGIRAE R 18 i U8R I R

735 R0 S = ARRID R EIEAE A R 0 R e
PSR T AR REE L B KA EAK
SRANATE AR R Tl A 2590 A I A 1 By BT
ey HOMLER F T A A AR AT K B A B R B UK,
5 = AOCUR AR 1 2R Cm B R, SRR AR AR
#ef, BCEBMEE, RaWMmEmrERMRSZ
(RO PG ACHE ™ ™ R AR R HUASRE it 7F e 425 1
b SR 5T, S = ARG S A S 2Rk R AR RO
K B 18] 3 ORFF SR AT a5, 4k8isC
R Ry T2 S AT RN ETIN
o I, ARV T SR KA R DL
5 = AOGIR IR 22 3 T W AT O 55 D04
DIR S SR S BN I MV E I EIE 9 E B 2 % N
R E— D R AR R A TR AR, Bl
I AR RGBT AN [ AT HEE .

2 EBRRESEFLENE

[ K E BRHEE T (i) B ( BLR fR AR
CERPRE” ) AR E Ay B A AT ) E R E
KB FE B ft, B EAL I bR — ) 4 4 AR
Wik &R WHISERR T 2 F e ik ) KB BRF &,
ERBUED R Gy F- s o e ahds RN 455
BIREERGA. BB SCRE, R T RHFBE
JT e B A 25 e I ATV A AL S 0058 B
JR O () AR S5 K A R g A T BRI = 4%
[FDHRS X SR8 A P R T R i %, BLdE
BL19U1. BLI8U1 #1 BL17B1, T 201547 H1E:
Wi E R WO BOE AT . X =42 FETh g e r
FEE AR B BAR e, hFESCREAFRIEE., AFH
JOST S AN TRDHE B )R R A W b AR 5 R AT T
Iz W55 T A AR B OB R A 1) . BL19UL
BORE SRR SHE BB R> TREE
VSR EE R AT, PR b SRS I RS RTE 3 000
A FIRRSF AR E B Bt B A&k R,
PR, T IS, R E TERE. &
et KRB RICR RS, MOk m 0 PR AT
HHEHIREE, RlEH TEMERMRRERRSE
YT, AR H AT A TFIISE K EE, BL19UL £
Ul O D 5E — L8 5 B SRR I A R B S 4
F, Hrp—ANEh K EE 2 KT 600 A, 141 PDB
%i'5 N SXL3 B E ik, HARZSH0N a=100.5 A,
b=100.5 A, c=685.1 A®"; PDB %% 'S5~ 8YQO & ¥
i, HEBHCN a=108 A, b=108 A, c=659.6 A*",
BL18U1 £ [ J52 il s 14 &5 1) 2l 0 i A2 RT3/



Edi

HiETE, 5 XBTERRIAEAEAEY R TN 5 R 821

HTSTBE BRI B, Evh T 4% ol R R £
BE I X ST R RS, & T SR R LE 10~20
wm 2 AR R, R R R AR 1 S M 6 2R T
G5 RIR AT . IRIEIZ R H i — B3 G EA
B HE 52 & (GPCR) &% i 2K 11 45 ¥ © 2 i i b 27,
BL17B1 /il & & (R ks kol UL A 3k, &
A BRI R R it 0 bR 0 v 5 45
WIlE, SR 2 I KR EUHE (MAD). B K 5
HEUNE (SAD) S 2 fh ik 070, B mRe s
Wik 5 KEER TR . £ 1 RE&MEER
Sl P e bR S5

2 TP IS AT (0145 1), 2R 1 R B0 5 e 2 2%
Ul R S B AR SRR T . B2 JBR T
BLI19U1 9256 ki 4 ¢ 8 W0 46 A8k, 181 2A ) 01
KATE, B 2B TR A AT R . SR R
ERESGLI AT R, LA RS #
o B HH R L TS ORS B R 5 B B S 2 AN
O T RGO . X B AR B B R T
T Rk R R R SEIR B AT AR, e R R A
ZE R IR T MRS AR AR (B

FEREAE T, = 2k 2Rl FOTRI 8$35°% 1 Pilatus

R AN A5, TSI T G TT (shutter-free)
B R, BERA TEIRSCERRE L. RER
MW RN 2~3 EHAR IR T ZIAER] 20 &
DL b ZRuh3bme & B I R Gt, CFREFE
AT, TN T3, #E— DTt 7L
FI RN E S K T ZRuE IR 4% 1 ks BE 1Ay
X MD2, B &R 5 S e TR, iR T
T 5 B A R £ o A v ) v O R R O A R
. Jr 4ok, BLI9UL AT 54X & 2 M5 26 1) MD2
RS TR EEREEAL I MD2S 5, Hshxth R4
Ry S P R AR R P v, REAARE AR A
InigEm, HERIZET 6 E SR e R TR
b, AT E— 25 PR R 7 A b ) i R . BL19U
FUME T RGO RE Sl 2 8k il iR JE 1 90 iy g 22 500
LA b, RARINF®E, SCREFED BRES TRFE,
FARHAERT BN 1 min PLE4E%E 4 10 s A, B3
PETF T RE AL B AR AN SE IS IE B . tk4h, BLI9UI
2RI 51 ON T PR ) 2 R PR R I M AZ Bk R
(REX), " 5AGSRAGRTLCUEENR, FELs—
P & R V)4 2 Fh sz Ie
EA—PMZE, H % CERER TR

*1 BRI = FREF LSRRG

B AR 2 Sl BL17B1 BL18U1 BL19U1

6T RERVEE (keV) 5~23 5~18 7~15

Ae 7> HE2E(AE/E) 3%x10™ 2x10™ 2x10*

FAEIEBE R F(H*V) (um?) <150%180 <10x7 <130%80

St 7B (phs/s 12 keV @300mA) >3x10" >5.0x10" >1x10"

TR A (H= V) (mrad?) <1.5%0.2 <0.70x0.25 <0.1%0.1

RN 28 78 = Pilatus3 2M Pilatus3 6M Pilatus3 6 M
A

y

"’EFHZRIBLIOUIHE

BEFRIEBLISULIRE

E2 BLI9UE&HERIETK"



822 B EKE AR TR BT AR

ERVES

BPRAESEE, WSS AR BB SRR AT =
B PRI LI . X — e B A ROE e T AR SR
i A R AL B R T B S BUN AR A, HE
THT BHE R AT SE S 0% . FEAlR 7R R T @ik
Fr B eSS mnd E S b, AR A T XK IR 4
BT PR IR LR P AR AR L S B RE R BT T ()
WK 3 fiw, %3 E CHERE MXCuBE3 $i#i R4
RS, F P G — AR S SR A Y SE S
P 5 HE R A .

TERAF T, =5k bR 420k O b H A0 R
£ 1f1 BLU-ICE % %t % % MXCuBE3 #4t. 1EN
FEF MU P B S, MXCuBE3 7558 HARL: |
RGBS Y RMET LI T BERI, feid
RIGE N2 P SL 0w %, LI AU B R AR S it
TRy P92, Z R 40 Exporter #1306 MD2S i

Enargy: 16.3000KeV | Resolution: 1385A  Transmission: -% Cryo: 10000k

Baaming Acions -
! Wavelength:  0.74A Detector: 5090mm  Fum: 2306412 phis

i
|

2

TIFTERN

Phass Cantral:

SIS TN RE (WPRAS I, Bahxd . iBEs
RS ) AT, IR Exporter B¢ Socket
WO HUBRE S0 AT FE S TUEL S A S e FE 4 E . it
EPICS P B AT BRI 2% (1 # 1i. tk4h, MXCuBE3
TRFTEFESLIOARE S, AF TN A AT E A X 4 2 A 5
SCHLEFERE SN S0 B R R, KRS
TFT ot fi H RIEMEAR S B . R E
BT AR SE BTSN ThRE, Wk T P B ER R,
A R0E R R F AN F RO R, Sem TR
RORANEHR RN 2 41 (] 4).

ik — LA P EE A R R RS, $RTH 2R H
MRS, i iRE T m A S A A H
LR EE PN AP F TSR AARAT S BE B, A
AutoPXP™, autoProc™'. xia2-XDSP" I xia2—
DIALS®" %5, F P E8E RSN E, Pt k75

.

[ ree—"

B3 ETHERRNEMBIERERS



M, S XL

R Ry TN 5 R 2 823

Mxcube3 Diffraction
Pattern .
P Y ) HiR
Socket Exporter EPICS RE
Adxv/Braggy| | &%
A\ 4 1 ; I1’E
Y — REE
Robot MD2S i Pilatus 6M '~ &r/g |
Detector Motion| —~{ File Path

El4 MXCuBE3ZR G &/ S TIERIER=E™

SERY IR RN R T H &, A A
AT 2 35 FRAR T S T TR, $2 /0 1 S5 A @i I 2 A
BeR G EEM (ES).

3 BARAKREINASER~H

HAT, 8 A AR S i R G o
] A= o Rk 27 ATk K B R I S
B 20253 H, “FEH P RiT{E PDB il FE
KA EE R BIE ik 5] 4 834 . B 6A BT
2015 4E 4 2025 4F (#% % 3 H ) PDB ¥4 & b & Ai
g SR B AR 3 . Bl B, H 2015
FELOR, g RAT R IZER K, ILE 2018 4L,
WK FALTNEZE . 2023 FEE AT BUERTAF)IE
18 759 4>, 2024 SF0SAT TR, 4ERRTE mRKE (711
Ao 2025 FEHE 3 A O RA T 173 N5, Tt
SRR R R AR . XK A S Rk

REFIAN TR 2 DIAR DG, BRGH A Bt A1k A 25
PR AT = 3G It 15 ik, B 6B EoR
TIXELZER I S HE IR AT L. IR, 480K
Z BRI o PR AL TR 2.0~2.5 A (1546 4> ).
1.5~2.0 A (1499 /> ) BA K2 2.5~3.0 A (1 046 4> ) 2 [,
KU B R AR SR E. o,
WA — B HE 5 /A 7E 3.0~3.5 A (365 1) 1
BRI, T A 13 4 (A EE 0.27%) 25 20 #ER KT 4.0
A, 20 I R R AT (A R T R . IR
B HER IS MO T 2480 N TR e (AD fEE A 45
FAITRM 8R (5 - 245 %0F0 ELAE F 0 LA K AL 5 90 1)
REPL R U B A EE R L, MR R R T
R I P 8 A 500 A

Hp, BLI9UL ki &E A E A V) SR 4 i 28
SRR M. BIFBOSIT AR, AR R
PDB 45 i (P8 it H S5 M B RF SR G, A SCRHIE



824 G ERE CTREETE L L B TR 37%
=
-
L 1 —
Bimis s WiRE RN IRANE iR T

BL19U1 Auto processing

sws mE m

800

700

600

;55[ 500

2 400 -

300 -

200 -

100 -

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
1H-3H

o Ih R

P AR 2015—20254F (%3 1) W1 = S LR A S RO FE A0 A 38, 2 PR A 38, PRIB IR 5 6 I3 45 0 1 43 B 56 4 A
L, EEERTE 1.5~2.5 AJERIN, RUPEEARGE TR S5 & -
[l6 BL18U1. BL19UIMBL17B1=£&EHRRIFF L& uEILEREPDB
BIBEP LA THNERRER S HESGITE

BRI R BET . AR ¥ biosyne Kk %) PDB %
5 2 vh s K S REAT 72 28 0, BLI9UL £l %2
RS EIAT LT Ak ) S5 A B E A Bk 140 R 2% [RI R4
i AR S — ST, A R T IR E AP R R
it 7E A ) 225 K i 9 A (1) 18 B 5 4+ 77 (hittps://biosync.
resb.org),

FERLBE 7T, A 2025 4 4 H, KT
B IR IO P R R SR SCLBR 3L 2 000 4%
F, HAszm KT 10 2 1 s KSR S I

1 000 555, fEEPRTNZHIT Cell. Nature. Science
FRFWRCTO R, BERA TREESWEY
SN P (B BRI J) o BT AR AR S 2R B R AR 1
JRE A EAE, F PR RER L] =R
7 AT R BRG] MY R B
HEAL LR BIF 72 LA K B 1 o 46 R 055 2 AN 7 ) UL
THATZ E BRI PRI R . B0 AE R IR
NGB, bt B BT 1 2R 8RR
RS E O S5E 2N, EY T



Edi

HiETE, 5 XBTERRIAEAEAEY R TN 5 R 825

FNARZHLE], P 8 259 M &5 1 T B AL TR
B DY, LR ONIE 2016 SRR ¢ E AR
KB ” Je “oEAmREE T RiERY, RN
ARG B PR T ER RS . TEPIES AT R
JiH, Ape RN A Z S i AT T 5% o BOFF B O
AL AR B MmpL3 51%31E 254 SQ109 IR & &
SRR, 1 R AR N AR LS S S i i
IhRg, s — RIS Mk 5w R B,
A FU R RN 2019 SFRE AR E A Rl O
J&7, TEH G BRI, e TR/ ¥ i % A A
SEEEEER LE KRN T HdREEEOES
IR AP o P AR g, RoR T A
FUREMRERIIALE], AP S A K B T IR S
Tl B, Z R NI 2020 SR ¢ E A dr R K
B, BhAh, BRSSP G IR A T 2 AN HE R
AR RS B (1 M PUE RN AT 5, Bh 3 9RE IR IEE 50
KRIBTE 7, kIR (RAY1216)% fi
26 VB IR (simnotrelvir)®® 25 £ 22 b7, fE 3L K 4 48
WA, B A HIBAAEHT T SpyCas9-sgRNA 5
Anti-CRISPR % [ AcrlIA4 TR & A4 Sk 45 4,
AR AN EILA], P T X% CRISPR-Cas9 5
WP RS “ &I T2 mE g, [F
NFE R AT I SE R G i R Gt T g S BT
ZRCRNE 2017 S AR E A K E R 7.
TE 6 IR 2R B V) A AL REALHIRR 7 rh, I 45 & S Ak
. R IR (SPR) SR a B, =R
HIBAf#EHT 7 RaTG13 jeb R 25 0 R & 1 5 ACE2 %
W g L], EoR T B TR ESAAL R R T,
TRAL T X 37 AL e R0 2 A R A B A R B,
BRCR N IE 2021 S5 A A i R K
TEAE W) G P I, 2 TR 90 38 T AR 2 BT,
I T %44 RXEGI (apo-RXEG1). 24k - fiifAin
5 (RXEG1-XEG1) fl 52 4 - Bt i - S Z ik E A1)
(RXEGI-XEGI1-BAKI) % Z Fi AN AR ) 4544, 25
B A DA RUAE ) 4 AR ) S T B s — D 1 B
T HRIETHRER HARPLE] B 1% T W T A0
AR E I RXEGT 519 Ji7 1 4% 40 80 R+ XEG1
WS S MR AL, B R 7R T 4 2 A4
B B A O S T I RN BB R BUw R T XEGI
BTG (O G RE T RE, AR A BRI A FORS 1 ek
ISR e A, REEEY R R EE R
S BN, LS T 2022 4F1E Nature 3+ % K 3.
RN T ALY %% B (B PGIP 5% R 14 S IR B PG
WE GV SRR T 2 54 FLEIE B R0

il 25 [ PGIP 1 % 5 - FL W 8% IR Bl PG FL A B0 1
WG A4 AL, T TR AR A S
RY0. G FLA AR HE 0SS 9% o B SR
Wyt B BN SE Y. MEM R R T
2024 fFAE Science He & FIRF . AERHEALHLE T T,
JA R R B 2H S A AR 8 IR AE T B AR b i dl
Alder-ene 2 B 1) i J2 FoAfE 40 45 7% Diels-Alder (DA)
R ENRE E, T T X PR & E AW
IR BARGEN, AT MG BT SiE
SE R GEAR SIL R IR PR (30, o] ) 1 A e e
U TUF- AR [0 B4 375 4 7 i 5 B0 70 0 3k 42 ik 1 G o
Fetl, WEFCRR T 2020 4F K FRAE Nature 478 1 1,
TEHEE RS M BT A, A 25 2R A 9 iR T B6IE
MR FEZ VG, KIE T RESCHEEM, K
FEm o R ARG RN, B P IR IFRAE &R
15 M Sk 47 SCUBA-D (SCUBA-diffusion)™*”,
AW 7E R T 2022 4 R K AE Nature 22 &, FE45r
PRI T e 2 AR AR B o v 40k Y 2 A

4 MiEkESRERELRGE

AT, X AR B OB NIRRT
B, (HEARHEE (Cryo-EM). N 8RB (R 45
FIF (0 AlphaFold) S5 M H AR IR K i 115 5
&, IEmR RN Sk £ TRE
ML FAEE A LR IR ME DLA d R R I BIE ST
Cryo-EM FEAEAF dh fil 26 I . JE A4S fih LA S K 73
TR RN RIFERE, DL 55 K i b
A 3 e T R TR R A ST A5 T R,
AlphaFold™, FESRMEHILMIBIRL, FMaBR L1
DX B S5 T, L B S AR v A Y A 1R AN S T A
REEFOR R, £ R L 4H T X ik
AL U S AT ThRe,  (HIF RIS A =
Gr PR AR E T A% O L. R LE TN T
K&, Tk - AR S, Nyt s
AL HEALHLE 7S S B TT, X AR R 22 R
IR AT AR -

B B S BORAE BAKCFRIABRE T, A4
VIR r 1 b AR 521 65 TIN5 1) i 3 AN REAL T 17D
Ko Fr—REA TR AL B iR
FERLE E BN PR B R B M e RO Ak B A
REEATTAWHESE SRR QIHT,  SEBL 7 AFE R EHLE
HOHE = 0 B AR RR AR AL . R e R
B RFRTE TR AR TR SERE &, WL TR
TR 5 42 7 8 R vt R A A AT R 5K o AR LR



826 B SKE A BRI BT AR

374

BT S5 B ARk SR ISR T T2
JSLHY, Rl AR 2 0 SR B IR EEANMA .
W E B R G RS S R SR
P K B B A B A AR B S, T LATE AT
(] P 58 K BB 25 BRI A5 A sE , SRR 4L
G LS AL T A A AHE . B AT,
5] B 22 5 ) 20 4 S IR 7R X — AUl 2 7. 1 AH R
BARTG ™, flin, JE Diamond Y 1) 104-1 £&
WifkFE XChem 65, #44 1 Eil & v BORE R R,
FIAE—JE A 58 BT B S IR R 5258, 1R
KHIIE T HT M2 R IR B X —HoAR
1A AR R 9y T S R 2EAE 25T o (0 B
g ke TORiRAT.

BEAl, ARG T A AR TE AN W 5 At
FHERARMMAERKE. EMRy T ok eSS
Cryo-EM. NMR. J5i 70 #fr. AL 45 #7000 55 2 A
ABOR BOVRBE Y R IEAE IR i, AN [F] 5 148 25 ]
B B] 73 2 JO@ AR R I EAME 3, K —
e XA i =R U 2oy A 1 TR BN E SR U WA RES
AR R ARk, HSAYIR T 4505 DIRe bl fig
B, HETZHARES 145G WA 5K o &
LR TR, HEBN AR dr B} 27 MUH 2458 R AN v 56
R .

(& £ X #

[1]  Smyth MS, Martin JH. X ray crystallography. Mol Pathol,
2000, 53: 8-14

[2] Garman EF. Developments in X-ray crystallographic
structure determination of biological macromolecules.
Science, 2014, 343: 1102-8

[3] Maveyraud L, Mourey L. Protein X-ray crystallography
and drug discovery. Molecules, 2020, 25: 1030

[4] Burley SK, Bhikadiya C, Bi C, et al. RCSB Protein Data
Bank (RCSB.org): delivery of experimentally-determined
PDB structures alongside one million computed structure
models of proteins from artificial intelligence/machine
learning. Nucleic Acids Res, 2023, 51: 488-508

[5] HuY, Cheng K, He L, et al. NMR-based methods for
protein analysis. Anal Chem, 2021, 93: 1866-79

[6] Benjin X, Ling L. Developments, applications, and
prospects of cryo-electron microscopy. Protein Sci, 2020,
29: 872-82

[71  Grabowski M, Cooper DR, Brzezinski D, et al. Synchrotron
radiation as a tool for macromolecular X-ray crystallography:
a XXI century perspective. Nucl Instrum Meth B, 2021,
489: 30-40

[8] JiaoY, Bai ZH, Li X. Accelerator physics and technology
of the fourth generation synchrotron radiation light source.
Physics, 2024, 53: 8

(9]

(10]

(11]

[12]

[13]

[14]

[25]

[26]

Bingel-Erlenmeyer R, Olieric V, Grimshaw JPA, et al.
SLS crystallization platform at beamline X06DA-A fully
automated pipeline enabling X-ray diffraction screening.
Cryst Growth Des, 2011, 11: 916-23

Hirata K, Ueno G, Nisawa A, et al. New micro-beam
beamline at SPring-8, targeting at protein micro-
crystallography. Aip Conf Proc, 2010, 1234: 901-4
Materlik G, Rayment T, Stuart DI. Diamond Light Source:
status and perspectives. Philos Trans A Math Phys Eng
Sci, 2015, 373: 20130161

Zhang WZ, Tang JC, Wang SS, et al. The protein complex
crystallography beamline (BL19U1) at the Shanghai
Synchrotron Radiation Facility. Nucl Sci Tech, 2019, 30:
170

Wang QS, Zhang KH, Cui Y, et al. Upgrade of
macromolecular crystallography beamline BL17U1 at
SSRF. Nucl Sci Tech, 2018, 29: 010102

Yao Z, Rogalinski J, Asimakopoulou EM, et al. New
opportunities for time-resolved imaging using diffraction-
limited storage rings. J Synchrotron Radiat, 2024, 31:
1299-307

Pellegrini C. X-ray free-electron lasers: from dreams to
reality. Phys Scripta, 2016, T169: 014004

Chapman HN. X-ray free-electron lasers for the structure
and dynamics of macromolecules. Annu Rev Biochem,
2019, 88: 35-58

Branden G, Neutze R. Advances and challenges in time-
resolved macromolecular crystallography. Science, 2021,
373: eaba0954

Kaminski JW, Vera L, Stegmann DP, et al. Fast fragment-
and compound-screening pipeline at the Swiss Light
Source. Acta Crystallogr D, 2022, 78: 328-36

Owen RL, Juanhuix J, Fuchs M. Current advances in
synchrotron radiation instrumentation for MX
experiments. Arch Biochem Biophys, 2016, 602: 21-31
Xiao QJ, Wu TT, Bao KW, et al. Upgrade of crystallography
beamline BL19U1 at the Shanghai Synchrotron Radiation
Facility. J Appl Crystallogr, 2024, 57: 630-7

Song H, Qi JX, Xiao HX, et al. Avian-to-human receptor-
binding adaptation by influenza A virus hemagglutinin H4.
Cell Rep, 2017, 20: 1201-14

Zhang L, Zhao X, Hu JY, et al. PRPS2 enhances RNA
mo6A methylation by stimulating SAM synthesis through
enzyme-dependent and independent mechanisms. Nat
Commun, 2025, 16: 3966

Xiao QJ, Chen XY, Wang C, et al. Mechanistic insights
into proton-coupled substrate translocation of nucleoside
proton symporters. J Biol Chem, 2025, 301: 108357

Xiao Q, Sun B, Zhou Y, et al. Visualizing the nonlinear
changes of a drug-proton antiporter from inward-open to
occluded state. Biochem Biophys Res Commun, 2021,
534:272-8

Peng X, Yang L, Liu Z, et al. Structural basis for
recognition of antihistamine drug by human histamine
receptor. Nat Commun, 2022, 13: 6105

Mueller U, Marjolein T, Jie N, et al. MXCuBE3: a new
era of MX-beamline control begins. Synchrotron



SRR

X2 R AR Ry TN 5 R 2

827

Radiation News, 2017, 30: 22-7

Oscarsson M, Beteva A, Flot D, et al. MXCuBE2: the
dawn of MXCuBE collaboration. J Synchrotron Radiat,
2019, 26: 393-405

Wang L, Yun Y, Zhu Z, et al. AutoPX: a new software
package to process X-ray diffraction data from
biomacromolecular crystals. Acta Crystallogr D Struct
Biol, 2022, 78: 890-902

Vonrhein C, Flensburg C, Keller P, et al. Data processing
and analysis with the autoPROC toolbox. Acta Crystallogr
D Biol Crystallogr, 2011, 67: 293-302

Kabsch W. Xds. Acta Crystallogr D Biol Crystallogr,
2010, 66: 125-32

Winter G, Waterman DG, Parkhurst JM, et al. DIALS:
implementation and evaluation of a new integration
package. Acta Crystallogr D Struct Biol, 2018, 74: 85-97
Wang H, Shi Y, Song J, et al. Ebola viral glycoprotein
bound to its endosomal receptor niemann-pick C1. Cell,
2016, 164: 258-68

Zhang B, Li J, Yang X, et al. Crystal structures of
membrane transporter MmpL3, an anti-TB drug target.
Cell, 2019, 176: 636-48

Jin Z, Du X, Xu Y, et al. Structure of M™ from SARS-
CoV-2 and discovery of its inhibitors. Nature, 2020, 582:
289-93

Chen X, Huang X, Ma Q, et al. Preclinical evaluation of
the SARS-CoV-2 M™ inhibitor RAY 1216 shows improved
pharmacokinetics compared with nirmatrelvir. Nat
Microbiol, 2024, 9: 1075-88

[36]

[43]

[44]

[45]

Jiang X, Su H, Shang W, et al. Structure-based
development and preclinical evaluation of the SARS-
CoV-2 3C-like protease inhibitor simnotrelvir. Nat
Commun, 2023, 14: 6463

Dong D, Guo MH, Wang SH, et al. Structural basis of
CRISPR-SpyCas9 inhibition by an anti-CRISPR protein.
Nature, 2017, 546: 436-9

Liu KF, Pan XQ, Li LJ, et al. Binding and molecular basis
of the bat coronavirus RaTG13 virus to ACE2 in humans
and other species. Cell, 2021, 184: 3438-51

Sun Y, Wang Y, Zhang X, et al. Plant receptor-like protein
activation by a microbial glycoside hydrolase. Nature,
2022, 610: 335-42

Xiao Y, Sun G, Yu Q, et al. A plant mechanism of
hijacking pathogen virulence factors to trigger innate
immunity. Science, 2024, 383: 732-9

Ohashi M, Jamieson CS, Cai Y, et al. An enzymatic Alder-
ene reaction. Nature, 2020, 586: 64-9

Huang B, Xu Y, Hu X, et al. A backbone-centred energy
function of neural networks for protein design. Nature,
2022, 602: 523-8

Nakane T, Kotecha A, Sente A, et al. Single-particle cryo-
EM at atomic resolution. Nature, 2020, 587: 152-6
Jumper J, Evans R, Pritzel A, et al. Highly accurate protein
structure prediction with AlphaFold. Nature, 2021, 596:
583-9

Douangamath A, Powell A, Fearon D, et al. Achieving
efficient fragment screening at XChem facility at diamond
light source. J Vis Exp, 2021, 171: 62414



