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Figure 1 The three-dimensional (3D) reconstructed tomography
images of HeLa cells [11]. (a) Control cells; (b) cells after incubation
with TiO, NPs for 6 h (red color indicates the Ti signals) (color online).
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Figure 2 ND-mediated biodistribution-dependent anti-metastasis in
ATO-based therapy. HepG2 tumor-bearing nude mice were adminis-
tered ATO or NDs-ATO mixture intravenously (i.v.) daily for five
consecutive days. Arsenic distribution in major tissues by XRF [38]
(color online).
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Figure 3 Genetically encoded X-ray cellular imaging for nanoscale protein localization [44] (color online).
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Figure 4 Synchrotron-based X-ray imaging of neurons and blood vessels. (a) Schematic picture of the two types of synchrotron beamlines used for
AXON; (b) high-resolution tomographic reconstruction image of neurons of Drosophila [9]; (c) volume-rendered 3D image of the cerebral vasculature
in mice [65]; (d) the 3D micro-vascular network extracted from longitudinal virtual tissue sections; (e) a clear framework for 3D characteristic labeling
of the spinal cord vasculature based on the different diameters of the vessels [66] (color online).

SRR AR, JF R A B I X RCR, H T/ AN
KR I 5 002 T R SR R I R 3 45 DL sk
BUOOTET Begh, i XPCTE AT S B i X 5 N
B 1 I A2

WEE [FD R OCIR R IR e, 20204E1H, A
AR P 4 Bl 22 K BE B3 (Synchrotrons for Neu-
roscience-an Asia-Pacific Strategic Enterprise, SY-
NAPSE)RL, & FEL il 4t 5 mE A4/ X5 2
B RS, R WA I N B, H
i, %?EﬁIEIﬁﬁﬁiﬁ%ﬂ‘ﬁ%?)ﬁﬁ‘]%%*ﬁ@%ﬁﬁﬂ%
(hierarchical phase-contrast tomography, Hip-CT){ 2\
TR 2 R R A A AT g O

b, TR0 SN XU 2 AR B T O Rk 2 F 7 B
LEBORSF.

7 Bag5REH

124, AVRE LK A Shi# 2 AR N R 2
RS AT AW AR o A USRS 1 8 2 A SR
FEGUK-E T 3 Tt Feeh,  SEEL T 40OK-240 L/ S 240
MBS K-S/ S 2 R S IR R, AN
KZEVERTT. PR Z5 5% LU 9K 2 BT AR
67 B ERR AT RE TRt ST R, SEEL T AR
/NS MAEY 7 T HIE AL, A b, Sia e s

2203



TR [ DR S HORAE AR AR 20 B v B

S ToAR Il = GESE R AR AT, I IARH AR )
WEFCERAL T RE I TR TERBE it i, ok
T ORORUEE i 25 23 )5 it b i 42 50 5 L A 1 AR
BT, ARG LE N A i A W2 Pl 1) & ) mh R FEAS
ATEARIER. (B2, VIRAEAE —Le e i o ()R 2
L (1) R AdEREEKR. & A5ET
R, XSRS AR R UK, B AT AR T A
{FLEWRE BRI AR RS, Rk R — D oot
S0 A BN b B SRk R D S B S B WCER DA AR
FRA R, AT B KRR FE IR RF AR R Sl 1 AR T30 2
SERENE. (2) MR HRE: TEARIRE AT, A
M Z AT 10 nm~1 pm RUBE, 40 9 AR R 901 R
ZAbF1~100 nm, X BRI TR AL GK 23 18] 7 k.
AR PHT Fr I T L 2R BOAE 2R R, B
— RN B A B FEE DA SIS B 1) 7 R] 43 HE
REJJ. BEAbh, g6 R 2t BT K R e R X5 42
A TAHTES i (coherent diffraction imaging, CDI) ik
ML T B RSAR TC A s R B R o BRI, H

ot

BTG 2 R DA B8 nm,  FEA HE— DA 2,
A AR G5 s R AR B IhRE T I R oK. (3) MG Ak EE
T FEAEDRE S BB I IR I AR A bR, AR
1R AR (TBL), XX HE A B ER Y T Bhk. Amira
SRR PRAEILDA (large data access)ig Ui L N TB
B AL ISR TR PER]. KRR R RS S HE
ZRHTHR N R ORAR T RBR IR BRI EE S s 2k —
SRR, K RE IR MR R ST AR WA i v 4 i
(R A B

EARENE, SEARBEOEREE, BTE
BRI T KR B R RS AR
WU A R, — e R ERG T RS H AR ay oy
MreP N, BEE eI W d g iR, JbatH
FeIR A REEEIR EBUEIR LA R 7 SRR 1 R
XFANFFTR, ARG 2 il 0 31 S8 26 A 0K A K2 1
BD, BT OB AR B AR o BT BOR U AN B
REMGERE, Ak— @R NBRAEY) F 0T F iRt
% T A SEH R R

R B 4B 4T L JR (SSRF) BN [F] 48 5T AL X, RA#ISSRFEY08U (BLOSUI). 15U 13HBEY T/E A 5 4t

AL F R LA AR IR AR o B9 T B DL KR Gy SR Fu 3 B

S5 3k

Jacobsen C, Kirz J. Nat Struct Mol Biol, 1998, 5: 650-653
Codling K. Rep Prog Phys, 1973, 36: 541-624
Xu H, Zhao Z. Nucl Sci Tech, 2008, 19: 1-6

N N L RN~

Yip KM, Fischer N, Paknia E, Chari A, Stark H. Nature, 2020, 587: 157-161
Loconte V, Singla J, Li A, Chen JH, Ekman A, McDermott G, Sali A, Le Gros M, White KL, Larabell CA. Structure, 2022, 30: 510-521.e3

Li YF, Zhao J, QuY, Gao Y, Guo Z, Liu Z, Zhao Y, Chen C. Nanomed-Nanotechnol Biol Med, 2015, 11: 1531-1549

Wu Y, Han X, Su'Y, Glidewell M, Daniels JS, Liu J, Sengupta T, Rey-Suarez I, Fischer R, Patel A, Combs C, Sun J, Wu X, Christensen R, Smith
C, Bao L, Sun Y, Duncan LH, Chen J, Pommier Y, Shi YB, Murphy E, Roy S, Upadhyaya A, Colén-Ramos D, La Riviere P, Shroff H. Nature,
2021, 600: 279-284

8 Nakane T, Kotecha A, Sente A, McMullan G, Masiulis S, Brown PMGE, Grigoras IT, Malinauskaite L, Malinauskas T, Miehling J, Uchanski T,
Yu L, Karia D, Pechnikova EV, de Jong E, Keizer J, Bischoff M, McCormack J, Tiemeijer P, Hardwick SW, Chirgadze DY, Murshudov G,
Aricescu AR, Scheres SHW. Nature, 2020, 587: 152-156

9 Chin AL, Yang SM, Chen HH, Li MT, Lee TT, Chen YJ, Lee TK, Petibois C, Cai X, Low CM, Tan FCK, Teo A, Tok ES, Ong EBL, Lin YY, Lin
1J, Tseng YC, Chen NY, Shih CT, Lim JH, Lim J, Je JH, Kohmura Y, Ishikawa T, Margaritondo G, Chiang AS, Hwu Y. Chin J Phys, 2020, 65:
24-32

10 Walsh CL, Tafforeau P, Wagner WL, Jafree DJ, Bellier A, Werlein C, Kiihnel MP, Boller E, Walker-Samuel S, Robertus JL, Long DA, Jacob J,
Marussi S, Brown E, Holroyd N, Jonigk DD, Ackermann M, Lee PD. Nat Methods, 2021, 18: 1532—1541

11 Zhang J, Cai X, Zhang Y, Li X, Li W, Tian Y, Li A, Yu X, Fan C, Huang Q. 4Anal Methods, 2013, 5: 6611

12 Xue C, Wang Y, Guo Z, Wu Y, Zhen X, Chen M, Chen J, Xue S, Peng Z, Lu Q, Tai R. Rev Sci Instrum, 2010, 81: 103502

2204


https://doi.org/10.1038/s41586-020-2833-4
https://doi.org/10.1016/j.str.2022.01.006
https://doi.org/10.1038/1341
https://doi.org/10.1088/0034-4885/36/5/002
https://doi.org/10.1016/S1001-8042(08)60013-5
https://doi.org/10.1016/j.nano.2015.04.008
https://doi.org/10.1038/s41586-021-04110-0
https://doi.org/10.1038/s41586-020-2829-0
https://doi.org/10.1016/j.cjph.2020.01.010
https://doi.org/10.1038/s41592-021-01317-x
https://doi.org/10.1039/c3ay41121d
https://doi.org/10.1063/1.3491837

FRERE: B 2023 4F BB 53 % 2B 11

20

21
22
23
24
25

26

27
28
29
30
31
32
33
34
35
36

37
38
39
40

41

42
43
44
45
46

47

Kemner KM, Kelly SD, Lai B, Maser J, O’Loughlin EJ, Sholto-Douglas D, Cai Z, Schneegurt MA, Kulpa Jr. CF, Nealson KH. Science, 2004,
306: 686687

Li T, He B, Zhang X, Fan J, Gao L, Sun Z, Zhang J, Guo A, Pan D, Yin X, Tong Y, Song C, Kohmura Y, Yabashi M, Ishikawa T, Gao X, Jiang H.
Anal Chem, 2022, 94: 13136-13144

Chen R, Xu L, Du G, Deng B, Xie H, Xiao T. J Inst, 2018, 13: C05006

Xu F, Liu W, Xiao Y, Dong B, Hu X, Wu X. 4ppl Phys Lett, 2017, 110: 101904

Ge M, Coburn DS, Nazaretski E, Xu W, Gofron K, Xu H, Yin Z, Lee WK. Appl Phys Lett, 2018, 113: 083109

Tao F, Wang J, Du G, Su B, Zhang L, Hou C, Deng B, Xiao T. J Synchrotron Rad, 2023, 30: 815-821

De Andrade V, Nikitin V, Wojcik M, Deriy A, Bean S, Shu D, Mooney T, Peterson K, Kc P, Li K, Ali S, Fezzaa K, Giirsoy D, Arico C, Ouendi S,
Troadec D, Simon P, De Carlo F, Lethien C. Adv Mater, 2021, 33: 2008653

White KL, Singla J, Loconte V, Chen JH, Ekman A, Sun L, Zhang X, Francis JP, Li A, Lin W, Tseng K, McDermott G, Alber F, Sali A, Larabell
C, Stevens RC. Sci Adv, 2020, 6: eabc8262

Xu Z, Wang C, Liu H, Tao X, Tai R. J Phys-Conf Ser, 2017, 849: 012033

Dang Z, Guan Y, Wu Z, Tao XY, Xiong Y, Bai HB, Shao CS, Liu G, Huang Q, Tian LJ, Tian YC. Nanoscale, 2021, 13: 18977-18986
Chen N, He Y, Su Y, Li X, Huang Q, Wang H, Zhang X, Tai R, Fan C. Biomaterials, 2012, 33: 1238-1244

SuY, HuM, Fan C, He Y, Li Q, Li W, Wang L, Shen P, Huang Q. Biomaterials, 2010, 31: 4829-4834

Cai X, Chen HH, Wang CL, Chen ST, Lai SF, Chien CC, Chen YY, Kempson IM, Hwu Y, Yang CS, Margaritondo G. Anal Bioanal Chem, 2011,
401: 809-816

Cai X, Wang CL, Chen HH, Chien CC, Lai SF, Chen YY, Hua TE, Kempson IM, Hwu Y, Yang CS, Margaritondo G. Nanotechnology, 2010, 21:
335604

LiJ, Zhu Y, Li W, Zhang X, Peng Y, Huang Q. Biomaterials, 2010, 31: 84108418

Zhu 'Y, Li W, Zhang Y, Li J, Liang L, Zhang X, Chen N, Sun Y, Chen W, Tai R, Fan C, Huang Q. Small, 2012, 8: 1771-1779

Zhu Y, Zhang Y, Shi G, Yang J, Zhang J, Li W, Li A, Tai R, Fang H, Fan C, Huang Q. Part Fibre Toxicol, 2015, 12: 2

Cui Z, Zhang Y, Zhang J, Kong H, Tang X, Pan L, Xia K, Aldalbahi A, Li A, Tai R, Fan C, Zhu Y. Carbon, 2016, 97: 78-86

Tian F, Chen G, Yi P, Zhang J, Li A, Zhang J, Zheng L, Deng Z, Shi Q, Peng R, Wang Q. Biomaterials, 2014, 35: 6412—-6421

Cui Z, Zhang Y, Xia K, Yan Q, Kong H, Zhang J, Zuo X, Shi J, Wang L, Zhu Y, Fan C. Nat Commun, 2018, 9: 4347

Fernandez-Ruiz R. X-Ray Spectrometry, 2022, 51: 279-293

Fahrni CJ. Curr Opin Chem Biol, 2007, 11: 121-127

Zhang J, Li B, Zhang Y, Li A, Yu X, Huang Q, Fan C, Cai X. 4Analyst, 2013, 138: 6511-6516

Kong H, Xia K, Pan L, Zhang J, Luo Y, Zhang Y, Cui Z, El-Sayed NN, Aldalbahi A, Chen N, Li A, Tai R, Fan C, Zhu Y. Carbon, 2017, 111:
322-333

Zhang J, Pan L, Lv M, Aldalbahi A, Xie T, Li A, Tai R, Huang Q, Fan C, Zhao Y, Zhu Y. RSC Adv, 2015, 5: 73827-73833

Yan Q, Sun R, Cui Z, Zhang J, Zhang Y, Zhang Q, Zhu S, Wang L, Li Q, Lu M, Zhu Y, Fan C. Nano Today, 2022, 47: 101649

Hall C, Lewis R. Phil Trans R Soc A, 2019, 377: 20180240

Livingstone J, Adam JF, Crosbie JC, Hall CJ, Lye JE, McKinlay J, Pelliccia D, Pouzoulet F, Prezado Y, Stevenson AW, Hausermann D. J
Synchrotron Rad, 2017, 24: 854-865

Pelliccia D, Poole CM, Livingstone J, Stevenson AW, Smyth LML, Rogers PAW, Haiisermann D, Crosbie JC. J Synchrotron Rad, 2016, 23: 566—
573

Chalfie M, Tu Y, Euskirchen G, Ward WW, Prasher DC. Science, 1994, 263: 802-805

Tsien RY. Annu Rev Biochem, 1998, 67: 509-544

Kong H, Zhang J, Li J, Wang J, Shin HJ, Tai R, Yan Q, Xia K, Hu J, Wang L, Zhu Y, Fan C. Natl Sci Rev, 2020, 7: 1218-1227

Gao J, Gu Z. Natl Sci Rev, 2021, 8: 2-3

Meyer-Ilse W, Hamamoto D, Nair A, Lelievre SA, Denbeaux G, Johnson L, Pearson AL, Yager D, Legros MA, Larabell CA. J Microsc, 2001,
201: 395-403

Paunesku T, Rajh T, Wiederrecht G, Maser J, Vogt S, Stoji¢evi¢ N, Proti¢ M, Lai B, Oryhon J, Thurnauer M, Woloschak G. Nat Mater, 2003, 2:
343-346

2205


https://doi.org/10.1126/science.1103524
https://doi.org/10.1021/acs.analchem.2c02638
https://doi.org/10.1063/1.4978257
https://doi.org/10.1063/1.5048378
https://doi.org/10.1107/S1600577523003168
https://doi.org/10.1002/adma.202008653
https://doi.org/10.1126/sciadv.abc8262
https://doi.org/10.1088/1742-6596/849/1/012033
https://doi.org/10.1039/D1NR03591F
https://doi.org/10.1016/j.biomaterials.2011.10.070
https://doi.org/10.1016/j.biomaterials.2010.02.074
https://doi.org/10.1007/s00216-011-4986-3
https://doi.org/10.1088/0957-4484/21/33/335604
https://doi.org/10.1016/j.biomaterials.2010.07.058
https://doi.org/10.1002/smll.201102539
https://doi.org/10.1186/s12989-014-0075-z
https://doi.org/10.1016/j.carbon.2015.07.066
https://doi.org/10.1016/j.biomaterials.2014.04.052
https://doi.org/10.1038/s41467-018-06749-2
https://doi.org/10.1002/xrs.3243
https://doi.org/10.1016/j.cbpa.2007.02.039
https://doi.org/10.1039/c3an01267k
https://doi.org/10.1016/j.carbon.2016.10.015
https://doi.org/10.1039/C5RA07278F
https://doi.org/10.1016/j.nantod.2022.101649
https://doi.org/10.1098/rsta.2018.0240
https://doi.org/10.1107/S1600577517006233
https://doi.org/10.1107/S1600577517006233
https://doi.org/10.1107/S1600577515022894
https://doi.org/10.1126/science.8303295
https://doi.org/10.1146/annurev.biochem.67.1.509
https://doi.org/10.1093/nsr/nwaa055
https://doi.org/10.1046/j.1365-2818.2001.00845.x
https://doi.org/10.1038/nmat875

TR [ DR S HORAE AR AR 20 B v B

48

49

50
51
52

53
54
55
56

57
58
59
60
61
62

63
64

65
66
67
68
69
70
71
72

73

74

75

76

77

78

79

80

Ashcroft JM, Gu W, Zhang T, Hughes SM, Hartman KB, Hofmann C, Kanaras AG, Kilcoyne DA, Le Gros M, Yin Y, Alivisatos AP, Larabell
CA. Chem Commun, 2008, 2471

de Jonge MD, Holzner C, Baines SB, Twining BS, Ignatyev K, Diaz J, Howard DL, Legnini D, Miceli A, McNulty I, Jacobsen CJ, Vogt S. Proc
Natl Acad Sci USA, 2010, 107: 15676-15680

Yao S, Fan J, Chen Z, Zong Y, Zhang J, Sun Z, Zhang L, Tai R, Liu Z, Chen C, Jiang H. /UCrJ, 2018, 5: 141-149

Zhai J, Wang Y, Xu C, Zheng L, Wang M, Feng W, Gao L, Zhao L, Liu R, Gao F, Zhao Y, Chai Z, Gao X. Anal Chem, 2015, 87: 25462549
Zhang C, Yao S, Xu C, Chang Y, Zong Y, Zhang K, Zhang X, Zhang L, Chen C, Zhao Y, Jiang H, Gao X, Wang Y. Anal Chem, 2021, 93: 1237—
1241

Wang Y, Xu C, Chang Y, Zhao L, Zhang K, Zhao Y, Gao F, Gao X. ACS Appl Mater Interfaces, 2017, 9: 28959-28966

Zhang C, Zhang K, Cui Y, Guo Y, Wang C, Xu C, Yao Q, Zhao Y, Chen C, Wang Y. Anal Chem, 2023, 95: 2129-2133

Cao M, Zhang K, Zhang S, Wang Y, Chen C. ACS Cent Sci, 2022, 8: 1063—1080

Wang Y, Xie Y, Luo J, Guo M, Hu X, Chen X, Chen Z, Lu X, Mao L, Zhang K, Wei L, Ma Y, Wang R, Zhou J, He C, Zhang Y, Zhang Y, Chen
S, Shen L, Chen Y, Qiu N, Liu Y, Cui Y, Liao G, Liu Y, Chen C. Nano Today, 2021, 38: 101139

Pamphlett R, Mak R, Lee J, Buckland ME, Harding AJ, Kum Jew S, Paterson DJ, Jones MWM, Lay PA. PLoS ONE, 2020, 15: ¢0233300
Pamphlett R, Kum Jew S. Acta Neuropathol Commun, 2013, 1: 81

Colvin RA, Jin Q, Lai B, Kiedrowski L. PLoS ONE, 2016, 11: e0159582

Yan M, Zuo T, Zhang J, Wang Y, Zhu Y, Wang L, Zhou Y, Sun Y. Chem Commun, 2022, 58: 713-715

Kim J, Kwon N, Chang S, Kim KT, Lee D, Kim S, Yun SJ, Hwang D, Kim JW, Hwu Y, Margaritondo G, Je JH, Rhyu 1J. Sci Rep, 2011, 1: 122
Chen HH, Yang SM, Yang KE, Chiu CY, Chang CJ, Wang YS, Lee TT, Huang YF, Chen YY, Petibois C, Chang SH, Cai X, Low CM, Tan FCK,
Teo A, Tok ES, Lim JH, Je JH, Kohmura Y, Ishikawa T, Margaritondo G, Hwu Y. J Synchrotron Rad, 2021, 28: 1662—1668

Hwu Y, Margaritondo G, Chiang AS. BMC Biol, 2017, 15: 122

Wu HR, Chen ST, Chu YS, Conley R, Bouet N, Chien CC, Chen HH, Lin CH, Tung HT, Chen YS, Margaritondo G, Je JH, Hwu Y. J Phys D-
Appl Phys, 2012, 45: 242001

Starosolski Z, Villamizar CA, Rendon D, Paldino MJ, Milewicz DM, Ghaghada KB, Annapragada AV. Sci Rep, 2015, 5: 10178

HuJ, Li P, Yin X, Wu T, Cao Y, Yang Z, Jiang L, Hu S, Lu H. J Synchrotron Rad, 2017, 24: 482489

Munro PRT, Ignatyev K, Speller RD, Olivo A. Proc Natl Acad Sci USA, 2012, 109: 13922-13927

Topperwien M, van der Meer F, Stadelmann C, Salditt T. Proc Natl Acad Sci USA, 2018, 115: 6940-6945

Da Silva JC, Pacureanu A, Yang Y, Bohic S, Morawe C, Barrett R, Cloetens P. Optica, 2017, 4: 492-495

Hubert M, Pacureanu A, Guilloud C, Yang Y, da Silva JC, Laurencin J, Lefebvre-Joud F, Cloetens P. Appl Phys Lett, 2018, 112: 203704
Vogt N. Nat Methods, 2020, 17: 1072

Khimchenko A, Bikis C, Pacureanu A, Hieber SE, Thalmann P, Deyhle H, Schweighauser G, Hench J, Frank S, Miiller-Gerbl M, Schulz G,
Cloetens P, Miiller B. Adv Sci, 2018, 5: 1700694

Khimchenko A, Pacureanu A, Bikis C, Hieber SE, Thalmann P, Deyhle H, Schweighauser G, Hench J, Frank S, Miiller-Gerbl M, Schulz G,
Cloetens P, Muller B. Microsc Microanal, 2018, 24: 354-355

Kuan AT, Phelps JS, Thomas LA, Nguyen TM, Han J, Chen CL, Azevedo AW, Tuthill JC, Funke J, Cloetens P, Pacureanu A, Lee WCA. Nat
Neurosci, 2020, 23: 1637-1643

Rubenstein E, Hofstadter R, Zeman HD, Thompson AC, Otis JN, Brown GS, Giacomini JC, Gordon HJ, Kernoff RS, Harrison DC, Thomlinson
W. Proc Natl Acad Sci USA, 1986, 83: 9724-9728

van Deel E, Ridwan Y, van Vliet JN, Belenkov S, Essers J. J Vis Exp, 2016, €53603

Ashton JR, West JL, Badea CT. Front Pharmacol, 2015, 6: 256

Gu P, Xu ZH, Cao YZ, Liao SH, Deng QF, Yin XZ, Wang ZL, Chen ZH, Hu XH, Wang H, Li LZ, Liu SX, Ding H, Shi SP, Li HL, Xiao TQ, Xiao
B, Zhang MQ. Neurosci Bull, 2020, 36: 333-345

Fratini M, Bukreeva I, Campi G, Brun F, Tromba G, Modregger P, Bucci D, Battaglia G, Spano R, Mastrogiacomo M, Requardt H, Giove F,
Bravin A, Cedola A. Sci Rep, 2015, 5: 8514

Bohm T, Joseph K, Kirsch M, Moroni R, Hilger A, Osenberg M, Manke I, Johnston M, Stieglitz T, Hofmann UG, Haas CA, Thiele S. Sci Rep,
2019, 9: 7646

2206


https://doi.org/10.1039/B801392F
https://doi.org/10.1073/pnas.1001469107
https://doi.org/10.1073/pnas.1001469107
https://doi.org/10.1107/S2052252517017912
https://doi.org/10.1021/ac504639u
https://doi.org/10.1021/acs.analchem.0c04662
https://doi.org/10.1021/acsami.7b10030
https://doi.org/10.1021/acs.analchem.2c03699
https://doi.org/10.1021/acscentsci.2c00680
https://doi.org/10.1016/j.nantod.2021.101139
https://doi.org/10.1371/journal.pone.0233300
https://doi.org/10.1186/2051-5960-1-81
https://doi.org/10.1371/journal.pone.0159582
https://doi.org/10.1039/D1CC06475D
https://doi.org/10.1038/srep00122
https://doi.org/10.1107/S1600577521007633
https://doi.org/10.1186/s12915-017-0461-8
https://doi.org/10.1088/0022-3727/45/24/242001
https://doi.org/10.1088/0022-3727/45/24/242001
https://doi.org/10.1038/srep10178
https://doi.org/10.1107/S1600577517000121
https://doi.org/10.1073/pnas.1205396109
https://doi.org/10.1073/pnas.1801678115
https://doi.org/10.1364/OPTICA.4.000492
https://doi.org/10.1063/1.5026462
https://doi.org/10.1038/s41592-020-00994-4
https://doi.org/10.1002/advs.201700694
https://doi.org/10.1017/S143192761801406X
https://doi.org/10.1038/s41593-020-0704-9
https://doi.org/10.1038/s41593-020-0704-9
https://doi.org/10.1073/pnas.83.24.9724
https://doi.org/10.3791/53603
https://doi.org/10.3389/fphar.2015.00256
https://doi.org/10.1007/s12264-019-00450-0
https://doi.org/10.1038/srep08514
https://doi.org/10.1038/s41598-019-42544-9

FRERE: B 2023 4F BB 53 % 2B 11

81 Stampfl APJ, Liu Z, Hu J, Sawada K, Takano H, Kohmura Y, Ishikawa T, Lim JH, Je JH, Low CM, Teo A, Tok ES, Tan TW, Ban K, Libedinsky
C, Tan FCK, Chen KP, Yang AC, Chuang CC, Chen NY, Shih CT, Lee TK, Yang DN, Lai HC, Shuai HH, Cheng CC, Ching YT, Li CW, Charng
CC, Lo CC, Chiang AS, Recur B, Petibois C, Cheng CL, Chen HH, Yang SM, Hwu Y, Rojviriya C, Rugmai S, Rujirawat S, Margaritondo G.
Phys Rep, 2023, 999: 1-60

82 Brunet J, Walsh CL, Wagner WL, Bellier A, Werlein C, Marussi S, Jonigk DD, Verleden SE, Ackermann M, Lee PD, Tafforeau P. Nat Protoc,
2023, 18: 1441-1461

Application of synchrotron radiation in biological imaging analysis

Ying Zhu'*', Xiao-Qing Cai'’, Yu Zhangl, Ji-Chao Zhangl, Da-Peng Yin', Qiao-Wei Tangl,
Li-Hua Wangl’z*, Chun-Hai Fan’

" The Interdisciplinary Research Center, Shanghai Synchrotron Radiation Facility, Zhangjiang Laboratory, Shanghai Advanced Research Institute,
Chinese Academy of Sciences, Shanghai 201210

? Institute of Materiobiology, Department of Chemistry, College of Science, Shanghai University, Shanghai 200444

? School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200025

tThese authors contributed equally to this work.

*Corresponding authors (email: wanglihua@sinap.ac.cn; fanchunhai@sjtu.edu.cn)

Abstract: The development of biology has posed challenges to traditional research methods, and its in-depth study

relies on the development of methodology. Synchrotron radiation sources are light sources with properties such as high

brightness, high collimation, and wide spectral range, which have unique advantages in multi-scale biological research

from cells to organisms. This review combines the research work of our laboratory with domestic and foreign research to

introduce in detail the latest advances in synchrotron -based technologies, including X-ray micro-CT imaging, nano-CT

full-field imaging (TXM), scanning transmission soft X-ray microscopy (STXM), and X-ray fluorescence imaging

(XRF), in the fields of nano-bio interfaces, cell functions, and brain imaging analysis.
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