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Abstract One of the basic goals of cell biology is to identify multiple biological molecules within cells and understand the
complex interactions between biological molecules in cellular life activities. Synchrotron-based X-ray microscopy has high
spatial resolution and good energy (element) resolution, which has great application potential in the recognition and imaging
of intracellular biomolecules. At present, the probes that have been developed for synchrotron-based X-ray microscopy are
mainly immunostaining probes and genetic labeling probes. Immunostaining probes are prone to lead to cross-reactions due
to their dependence on antigen-antibody reactions. The genetic labeling probes, based on gene coding tags, catalyze the gen-
eration of X-ray sensitive polymers. However, the polymers used to provide X-ray imaging signals have no fixed morpholo-
gy. When it is applied to cell imaging, the positioning accuracy will be reduced due to the diffusion of tags in cells, which is
an inherent defect of such imaging tags. In addition, there are few existing systems that can express each other independently
and step by step for this type of probe. Therefore, both types of X-ray probes mentioned above are difficult to achieve simul-
taneous high-resolution imaging observation of multiple biological target molecules in cellular life activities. In this research
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paper, by using the characteristics of X-ray that has good energy resolution and does not interfere with each other between
element spectra, we can synthesize polydopamine (PDA) nanoparticles in a controlled manner, modify azide groups on PDA
nanoparticles and chelate metal ions, develop a click chemistry based synchronous X-ray imaging tag (PDA-N3-Metal), and
conduct synchrotron radition X-ray imaging on the tag with an imaging resolution of 30 nm. The research results lay a good
foundation for further preparation of X-ray probes based on click chemistry, and for realizing the specific recognition and
imaging of multiple biological molecules in cells at the same time.

Keywords polydopamine; click chemistry; synchrotron-based X-ray; metal; imaging tag
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Figure 1 Schematic showing of the PDA nanoparticles modified with
azide and chelated metal ions as a synchrotron X-ray imaging tags
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Table 1 Effect of ammonia on particle size of the PDA nanoparticles

28%Z K[
A’%JJ;E/] 04mL 0.6mL 1 mL 1.5mL 2mL
1 &
PDA 42k 7625+ 507.6+  283.5+  177.0&  136.9%
Wik kiR 923nm 594nm  373nm  257nm  21.0nm
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Figure 2  Electron microscopy imaging and energy spectrum of
PDA-N;-Cu (a, b) and PDA-N;-Fe (c, d)

2.3 [H X H&m&

H=RE RS IR A B E Rk
A ESEMR, Hrh i X BTN T — R
GRS, X R SYRIE 2R A F & RS-
JRMIEAEH, @& FBES X SR g mmESsrtm,
3 FE AR X SR EA R B HIe R r 6

TEULERA LS T3 X S ReA FE RS L& o>
ATHEAT 04T, R R AERE S P T AR IR 0 2R A I

Acta Chim. Sinica 2023, 81, 441—444

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

IR AN BB A 73 0 RE it idEAT AR, s T i
BOLEE, 132 O RE EHE 22, B TR ILG &R
B2 [ A (S B, AT HI7E 938.8 eV F1942.8 eV fiE &
AR BA 30 nm 43 R % 180 nm (P 3a, 3b)AT 300 nm (&
3d, 3e)M FRif2 ) PDA-N;-Cu BEAT U, FE50 93k 18 T
EATH X SRR (A 3¢, 3), LAK& Cu JCERAEFEM
RIS ARSI, SR L, Cufs 5151 A E PDA 9K
o b A R A X ISR, 68 PDA-N3-Cu
ALMEARREE X SR T — P 5 T ik
2 () A AR B S 4 i A

B3 PDA-N;-Cu /£ X $I£kREE N 938.8 eV (a, d)Fll 942.8 eV (b, e)ff
KA EE R (c, DELKETEFRHERLH X S (g). LEFIR: 100
nm

Figure 3 Images of PDA-N;-Cu at X-ray energies of 938.8 eV (a, d)
and 942.8 eV (b, ) and dual-energy images (c, f). X-ray imaging of a test
star pattern sample (g). Scale: 100 nm
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