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Fig. 2 Effect of incident intensity attenuation on the critical dose of samples

B2 SEFEBXEmIGFFIE

RSB AR AR R . [ 2d 45 Hh TS TR K -
N HEG BRI R DR (AR RE SOR RlEE 42
BEMS T ZE A (E AR s7 ) o FHIERTT, AGF X H¥2k
G S TS ) LIRS DN

(b)

Ig (Intensity)/(a.u.)

-1.0 -0.5 0 0.5
log (g¢/mm™)

(d)

o 6

E 4

s 2

E 0 1 1 1 1 10

1 2 3 4 &)

Beam flux/(10'2 ph-s™)
[27]

\%2[";1][27]

AN G NS 20 SIS TR RERE & (4.4 g/L) SAXSEHE (5%50ms), (a) 5.1x10" phs/s; (b) 7.3x10" phs/s; (c) 1.8x10" phs/s, Iffi 5
it (LAkGy W Hfy) S RTEXIRIE T, (d) $AFDEE R IRIEBG% CREEIE) SRS Tt FonisE (AR) #4171
B WA YOI G (50 ms, 0.32 sH11.41s, ZplJH TACREd . A5 pEhaiR e BE 8080 ), MRS RE i v Al B LD A IR PRI AE R 2

MR T W s e 27,

4.2 B/ BORBICR E)E

U8/ B T 74 B DI 1) 2 o A S T o iy s
) A AT B H A A . EMBL Y P12 42 )
SAXS HZR I 4R BB i iR 2 1 SAXS IRk Z —,
TE % R 2 b A T A 2 & m 1 ok g O 2
50 ms/fyg 2 4649 52701 - Bedlb AT 1 s PN Y 50 msx20 F
BIRRAR, #5100 20 Wil Ay R A AR IR, e 2efs
BEHERHERE 1 s BEER [ iEZLRE, HEN
o Z BRI A

H A Spring8 [ BL40OXU W £k ¢ T i@ & A
1x10" phs/s, 38 A [F] A ok b 7 SE 07 fcRb B
WENED Y R RD R ) RUBE O R AR . Horh
TS X SRR Dk i FH T 85 1 B A AT S5 RN A R 5
55, PRAEATD TRESEAEE . RIgEH R
SR T KA FRAR LR SAXS [E] 32 3] (1) 55 IR 751 2

Sigma Koki /A &) R I ARZEHIAE T A R RS,
T8 3 [ S e T AN D s BT SR TR 2 A S
6 THRD X S ikt

7 8 BEGR) 1 ) = 1Y A B R P0G (XFELSs)
TS RR A ) S SRR ] 8 S R
RS R R TR e 2 — A
fikrp R G, RS X LR ko 2 R, T
T — MR B BRI AR i . — PSR B R B ik o
RREL (B2 T4 BB PR ), DA e A 4
WA L kA, Dtk iRl & (40100 Ggy,
8 keV) TEMJHMITI] (<40 fs) WHFHEMNES
KT

SZ, D O R BRI ], SRR
W, HREE R 5 2k SAXS [EIE & Ak B AR AL,
PR REAS3 2B T AR B - 3415 B B 2 . U



2022; 49 (9

MESE, &: MEXFEHHIBFEA A RNERRG EHIPTE

<1709

D BRI ] B4 7 v A i DL P e G s PB4 114
ke BEAh, (HEAES IR St e R0 D e R B4
w1 —Fh o5 2,
4.3 HmimshiE

R T AR R A (R R (R R L, AT R
i GHRARRR, R BEGR T MER E Z R S
i X O EAR, H I R AR,
HTRERARZS [ HER . 0 HASCR AR T i 02
TSRS RE i, 46 R R R [R] — A A o 1
(] o E AT A ot Ot B 1 0 e A B o 3R R
A, TR A B A SR pE s, R4S
HEGR, SRBR/ R IR 7 . S RS R G ]
() H 1. XFELs 1A IR FE ol i AR i . <
VI B4 T AR O 3R SR AL 26 B X SRR TR
w2730 {BIE RS AT X5 IOk i B S A 2
BEARE S . O TR AR RO, T
WS R E DR RINIRE & ol 25 A iR 3h
SRR AN R BRI SRS (R
30 pl/s) A RS AR LG, I 55 A 4
T5fERT

38 37 20 18 O D e B R R,
-l TRMETE PR, LTERRES, £
UAE L RIS RE 2 [R] RE  AAR AN 5] BAniE
B PSR 2 0 T AR — A ] S i 4 A 1)
P AT LR 7Y BB AR T A 5
(3) Al TEAFREALAHLE T B

2
v=2%41—r2%mRe=m“ﬂ (3)
R M

mAEAR (1) TR A0 T52 210 X 4
LA S EELR A ER B BOE e, B, W
T 43 A X i FEGR  AE AR o R A A A AR R s
T TR AR TR S RER I R A2
W i e S T

R v R 2 AR T R AR S R B
] 32 3] ) ™ d 40 B, Klirby 55 B4 72 CR]IE.
[E A5 0 28 Y SAXS/WAXS ik i i vk g7
T RS T R A% BR T RNAse A 25 FH 5 73 T
IR ST o I RIA T B — R A 2L
AR (B13) o AEFLRFE S rh, 2% w4
RN N EERL N, MRS TP AE B A A A
Blo Gt B R R A ] 0 S A R A
MIZEMEYE o ORI BRI T B i i iy
SRS A . RIS T 3 Rl s B ) P R A
XTI R SE R, 3 W] A G2 P A

AFEAGHOCEREIET, W HCE TR A8 i 2l
MW ANRL G o35l 2R A B SAXS —HE T 2 i e i1 AH
APE At R RRGE AR TR O oL
REAHGT IR E . BRI | Porod R 731 J5T
BEZNSH, SPRER: BNSEEREES IR
M AE AR T AR H R s R e T
SAXS M BB H P, 2 FEOTIREE
PUAEDR, IR AL R A A U (55215 A
B o WA AU 50 B O A PR3 4
I, TR T LR R A A T5 5 . BRI SR AR
A B R Z AR IR IR O — R 20T 5
WAL, T (AR B A
O, AHEMWERE) T LR R R B 32 L H
Tl s a7 S — D EOR g IS R
FAEE, TR 45 2 P L U e T (e e A 5 i S

FRE 2R 501

FEAEA

U A i

Fig.3 Cross—sectional view of the sheath flow sample

cell [54]
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Fig. 4 Effect of capillary diameter on irradiation damage of samples
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Irradiation Damage and Protection Strategies of Protein Solution in SAXS
Experiments”
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(VInstitute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;
DAdvanced Manufacturing Institute of Polymer Industry, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract With the development of synchrotron radiation photon sources (especially the fourth generation of
synchrotron radiation light sources), the radiation flux available for experiments is getting higher and higher, and
the radiation damage of experimental samples (especially biological macromolecules such as proteins) is getting
more and more serious. In the existing synchrotron radiation facilities around the world, the photon flux of SAXS
experimental station for protein and other biological macromolecule solutions is basically in the order of 10" cps.
At such a high flux, the radiation damage of protein and other biological macromolecule solution samples is very
serious in experimental measurement. If there is no effective radiation protection measures, protein solution
samples will be damaged by irradiation within the millisecond irradiation time, resulting in the inability to obtain
effective experimental data. Radiation damage severely restricts the application of SAXS in protein solution
samples. Therefore, it is of great guiding significance for the scattering experiments of protein and other
biomolecular solutions to understand the generation mechanism, influencing factors and judgment criteria of
radiation damage of protein solution samples, and to effectively reduce the degree of radiation damage or delay
the generation time of radiation damage. On the basis of a brief introduction to the basic concepts of irradiation
damage mechanism, influencing factors, and irradiation dose of biomolecular solution samples, this paper
summarizes the criteria and protective measures of radiation damage in synchrotron radiation SAXS experiments.
In addition, this paper also compares the advantages and disadvantages of various protective measures, discusses
the available acquisition time of SAXS-beamline scattering data on the high energy photon source (HEPS) under

construction, and points out that the protective agents of irradiation damage are a valuable research direction.
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