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Synchrotron small-angle scattering in biological macromolecules:

application and prospective
LI Na*, LIU Guang-Feng, LI Yi-Wen, SONG Pan-Qi, ZHANG Jian-Qiao

(National Facility for Protein Science in Shanghai, Shanghai Advanced Research Institute,
Chinese Academy of Sciences, Shanghai 201210, China)

Abstract: Synchrotron small-angle X-ray scattering is a powerful technique for high-throughput, rapid structural
characterization of macromolecules in solution, which has become widely applied in structural characterization of
biological macromolecules in solution. The BL19U2 biological small-angle X-ray scattering (BioSAXS) beamline
at Shanghai Synchrotron Radiation Facility (SSRF) enables the structural characterization of biomolecules within
wide spatial scales of 1-100 nanometers and temporal resolutions down to milliseconds. Since the year of 2015,
BL19U2 has been integrated into the development of National Facility for Protein Science Shanghai (NFPS),
providing integrative tools for elucidating the structures and dynamics of biomolecules. Over the past decade,
BL19U2 has devoted to improve the performance of BioSAXS beamline, including the integration of automated
sample changers, inline purification SEC-SAXS system, stop-flow/microfluidic devices for time-resolved
measurements, and enrich sample environmental changer (eg. temperature, X-ray footprinting and pressure). These
developments have substantially enhanced scattering data acquisition efficiency and data analysis precision,
facilitating in situ investigations of protein conformational changes, protein/nucleic acid complex assembly
processes, and evaluating structural stability under various conditions. In summary, this article reviews the global
state and technique developments of BioSAXS, highlighting representative applications in the field of protein
science. It also discusses the prospects of combining BioSAXS with artificiel intelligence (Al) to promote the
scattering data processing and interpretation, enabling more understanding of structure-function relationships of
biomolecules.

Key words: biological small-angle X-ray scattering; National Facility for Protein Sciences in Shanghai; synchrotron

radiation facility; BL19U2 beamline; protein structural dynamics; integrative structural biology
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AR,

BT 5P B ER R L (£ 1), BioSAXS
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Phs/s, & f TP I ] 2 9% (A2 ) MEUH
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CIBESEZE P SN R AE 189 R )55 P VA
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J& B A RV T REM R R S5 M RAE, Sl E LR
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T2 E APS [FEPHRGTCIRI 18-1D Ll id & i
EAIA 2x108 Ph/s@12 keV, It HE & J5 AL 18] 43
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Al
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BL19U2@SSRF 7~15 45%10%  330x40  HPLC/HZI EFEHLIE /A9 ELH  Pilatus IM
10.0x10.0  %&/SFM 2000/#% & /w8 s Af it Pilatus 300kW
PI2@PETRA III 4~20 (DCM) 10" 200x 120 EH 3 LAENLEE N/ AL EYIE/ Pilatus 6M
7~15 (DMM) 5 x 10" SFM 400 Pilatus 2M
Pilatus 1M-W
Eiger 4M
122@Diamond 7~20 6 x 10" 250 x 80 [E{AFEMHR/HPLC/HAE/SFM 400 Pilatus P3-2M
10 x 8 JEJTBEAERE dn il Pilatus P3-2M-L
Swing@Soleil 5~16 5x10" 500 200 HPLC/H3) EFEHLEE N/ A 9EEA  Eiger X 4M in vacuum
20 x 20 EISFM 2000/ & /1 FERE it Merlin Quantum Detector
18-ID@APS 3.5~35 2x 10" 150 x50  Hzh EREHLEE AN/ A JEB LN/ Mar 165 CCD
HPLC/# & Pilatus 100k
Pilatus 3 1M
High sensitivity 2k x 7k CCD
CoSAXS@MAXIV  4~20 ~10"%~10" 150 x 130 [z LFEHL#E AN/ APE B4/ Eiger 4M in vacuum
10 x 10 HPLC PI-LCX
SAXS/UV-Vis/Raman/% Y L-2M
16-ID@NSLSII 2~20 2x10" 50 x 20 Ha) EFEFLE N/ A EHME /2 Pilatus IM
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BL4-2@SSRL 6~17 3x 10" 1000x200 H 3 EFEHL/ A9 FELHE/HPLC/ Pilatus3 X 1M
~10" 50 x 50 SFM 400 Rayonix MX225-HE

Pilatus 300k
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PRI H T SAXS 5 5 R4, W S2HL 5 7 WAXS
5 SAXS HIHU BHRICR « Hmmize, o s
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RFCE 10 143 55 (K 2), Ak 97.36%, KK NFE
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PRI KA (2020 FFHE IS B K 2 J5 A — € 1]
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58 Science #% /L» Fr 4R i #f5 /I 0 % 15 4 4, H 2000—
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AT IR SAXS HiAR KA A
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YY) (1448 F 5 12.80%) fEY) % (1107 5
9.78%). il 25 FFF (702 K, 6.21%) S5 5T I AR
HET Z W (B 3). 38— 2% Web of
Science % 0» & B E I FF 48 R A5 B 1 41 134T R
FHARIIIHT, RI “OPRRLT" “ APk “ 3l
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BEAREEM RS THERRE TR, shidad
WL B A= o T 2 B AR EAE R, F 2015 4R 1E R
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T[] A BRI A B 1 2k LRV TR
FH ) 25 48 S5 2k 0k (1R 4), BL19U2 45 uifi 7 Y6 38
JeRENE. JERBUE . HBERSE. BeE SR DK
Sk H SRR T T RF S AT T RE T g, Rl
%&@%Wﬁ%ﬁ FER LR BT 7 K K-B

BRI, RGN AKERAEMEERE DB M
2R AR O R, AT A B3 2 SIS R (1 2R
6B M. BL19U2 [A] B 76 5256 3k e A A 53 T
W 2 e BRI AE A I IR S i it — b A
AN AR AU B R, HATZE BL19U2 £k ]
FAF T I AT 2 B R & g Tu (0.05~20 nm™),
2% B ARG 0 R S ) P 78 5 1~1 000 nm™> 2
2.2 BL1YU2[ESIEGTEY/ N ARG ub R ER A
FK

EKy FIRARMFEEH A C. Hy O Ny
PR JE T, XUEJE T2 X- ST IR S0 X- B4k
PIECH AR E AR AR, FEARMIBUNME 5 5 MM & MR
A UG 5 Z A 5 2 E AR /N s R HAD
STFIEEWEAEME, 4RV S PR RR
BT REE S X AT IR A DR B R
AHOG o T AR BR (1) A JO A R 00 335 P ) 50 S 56
FERE T HEEOER HEREARRER T (-
) Wt A STIs AT R T EEEGYE I BL19U2 A2
TR/ F O 2Rt B il & e DL HE B PR A )
e 2Rl F R TR T 2 JeAb VN A U A
IO E, [ & DA R A R 2% DL H
BN B AT A BEAR T, 849 55 BURHR RN
PRI 5 DA S 4 R A B0 7 5 ) 43 3R S B
ffi. H 2015 Gt 5o T Ak, BL19U2 28
Ui 3 R 25 A BRI 80 S ERAV IR 0 B AN BHIIF B,

BRI R 7= SCT IR ST 748 £ (—
XLl 445 k5, CNS I 755 ) L
W P EARTERTUE 7 T 375 Kk A e T 2590
SHRG I 7 A kR UE 1 . 2 5 R AT S A
7P it FARARE 100 5 [ BT R (0 9o R0 5 A
DB 713K CNAS AIE, 5 U S 4% 1 e [
A WBE PNV I R o 2Rk 3 B IR A7 Sz 06 s T A IR
wr.
220 FASEIRE SR RO S B

BL19U2 sEieuhi+4F (4L & g 7 = B 3hiE
R E (B S). A — R E R E R
BYNE RSSO, — M TR A B R U
%3 B OB AT A B A 6 ANRE SR 2 MR 6T
RLZER R AR E R S5 K S EA,
BRI R 24 ASFES, D T R, ReET
IR . AR RS B BT T = AN

REFR T« (1) B AR U B0 2% DL R i g 15 vk

ﬁ#%m%éﬁww PeTt T RA BB LY
(2) B A AR S A IS &, BT (R BAS I 24
A~ 1.5 mL A7 Eppendorf % PA &% 36 4~ 0.5 mL {AF PCR
B, W DR 1 HbRifE 96 FLIIAHR, MR OK 2
FETRE S I EUN BRI IE R 5 (3) Wb T RIIRE
AR B, 5 58 B AR W RE i Al A R 0K 1 HE
TR (PR it 2 B I8 LA A B DA MU T
R 5, A T AR R =,
ANFE 1) /b B 15 pLs
2.2.2 SEC-SAXSTEZL ) S Al HUH SLin e &

AU S 070N R RO AR I X A 1 2 — 1 R
Rim. B0 EMEZE. REEAENED KD T
WA Z, T LLEEE BL19U2 B3 & F Ak

TN tI & SR
48m
- -{/
EE%E% ﬁnn, Fimse
34m 50~54m 56m

E4 EHESHEN/ ARSI %kaBLIU2T F"
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mn 7> B A4 HPLC, K53 T HEFH (433 (size exclusion
column, SEC) 55 SAXS JEifu e B ATH G, MMl
5 SEC e it 1 847 x5 1 o0t 73 59 5 1) B — 4 03
AT HUR SO o se i U, FE L ERRE |, SEC-
SAXS %% B v L5 2 ff B 4SO BUN (multi-angle
laser light scattering, MALLS). #Z5Y¢HUS (dynamic
light scattering, DLS). 7~ Z 474 (refractive index, RI)
FIEL AL (ultra violet, UV) f I 23 8 5, Al EF X 2 79
B A &, fE4RE SAXS ik, B
G 2 A W B S T 8 B 4y BV IR g
ITERIFRAE. H AT SEC-SAXS £\ TU7E BL19U2 £;
uhisE I IREAT (Bl 6)s
2.2.3 N [E) P HEHUN SEI R E

FJ ] 43 % 855 5256 (time resolved SAXS, TR-
SAXS) "] LIS A KA I NS AR SR A 1 B 45
FIRAE, BIWIEE AR RNA #7182, F2D 5 X-

S 2% 1) s S P AT R A R B 4t i A 0 R ) 5
5o T H, VA SAS SEIG 7 15 Be 6 18 28 PR IR I B
Tk AR FR I TR G B0 45 48 BN A AR A I R A e R A
FAH TR EAEH .

BL19U2 S48 3l e £ PR 45 I - VR IAL (stopped-
flow) SN 2% B (SFM2000, Bio-Logic Inc.), nJ$#Z2fit
B[] 73 H 2 R =2 R0 G R AR K oy T S5 K B 71 24T
T %R B RN AER ] < 20 ms, RARIEAEL
BIYE A5 (1:1~1:100), “EPK45rF SAXS i %
RE A IAAF N 200 pL. %45 BL19U2 #E4%
PRI A5 B A 3], o] DUIA Bt 3 ms [ 8] 43 B¢
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