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Abstract: Dynamic changes in the structures and interactions of proteins are closely correlated

with their biological functions. However, the precise detection and analysis of these molecules
are challenging. Native mass spectrometry (nMS) introduces proteins or protein complexes into
the gas phase by electrospray ionization, and then performs MS analysis under near-physiological
conditions that preserve the folded state of proteins and their complexes in solution. nMS can
provide information on stoichiometry, assembly, and dissociation constants by directly determi-
ning the relative molecular masses of protein complexes through high-resolution MS. It can also
integrate various MS dissociation technologies, such as collision-induced dissociation (CID) ,
surface-induced dissociation (SID), and ultraviolet photodissociation (UVPD), to analyze the
conformational changes, binding interfaces, and active sites of protein complexes, thereby
revealing the relationship between their interactions and biological functions. UVPD, especially
193 nm excimer laser UVPD), is a rapidly evolving MS dissociation method that can directly dis-
sociate the covalent bonds of protein backbones with a single pulse. It can generate different
types of fragment ions, while preserving noncovalent interactions such as hydrogen bonds
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within these ions, thereby enabling the MS analysis of protein structures with single-amino-

acid-site resolution. This review outlines the applications and recent progress of nMS and UVPD

in protein dynamic structure and interaction analyses. It covers the nMS techniques used to ana-

lyze protein-small-molecule ligand interactions, the structures of membrane proteins and their

complexes, and protein-protein interactions. The discussion on UVPD includes the analysis of

gas-phase protein structures and interactions, as well as alterations in protein dynamic struc-

tures, and interactions resulting from mutations and ligand binding. Finally, this review

describes the future development prospects for protein analysis by nMS and new-generation

advanced extreme UV light sources with higher brightness and shorter pulses.

Key words: native mass spectrometry (nMS) ; ultraviolet photodissociation (UVPD) ; protein

structure ; protein-protein interaction; review
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Fig.1 Time development of protein structure analysis technology based on native mass spectrometry (nMS)
CID: collision-induced dissociation; ESI; electrospray ionization; SID: surface-induced dissociation; UVPD; ultraviolet photodissociation.
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Fig. 2 Native ESI-MS spectra of AtIspF combined with
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a. native ESI-MS spectrum of the bare A¢IspF; c. AtIspF in-
cubated with CDP-MEP (T :L=1:2) in the absence of Zn>*,
and the black number pointing to the peak of MS spectrum re-
presenting the numbers of CDP-MEPs bound to AtlspF; e.
native ESI-MS spectrum of Zn?*-saturated AtIspF; g. AtIspF in-
cubated with CDP-MEP (T :L=1:2) in the presence of Zn>*,
and the red number pointing to the peak of MS spectrum repre-
senting the numbers of CMPs (one of the products in the reac-
tion) bound to AtIspF; b, d, f, h. expanded spectra of the m/z
3800—-4000 corresponding to a, c, e, g, respectively.

CDP-MEP or L: 4-diphosphocytidyl-2-C-methyl-D-erythritol
2-phosphate; CMP:. cytidine monophosphate; T. the bare
AtlspF trimer.
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Fig. 3 (a) Schematic of the modified Orbitrap Eclipse
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ferent power infrared lasers!*?!
IR. infrared radiation.
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Fig. 4 nMS spectra of CDK12/CDK13-CycK protein
complexes with and without inhibitor SR-
4835, and schematic diagram of CDKI12/
CDK13-CycK protein complexes dissociation
induced by SR-4835[2"]

a, b. nMS spectra of CDK12-CycK and CDK13-CycK protein
complexes, respectively; ¢, d. nMS spectra of CDKI12-CycK
and CDK13-CycK protein complexes in the presence of SR-
4835, respectively; e. SR-4835-induced allosteric regulation of
CDK12/CDK13-CycK protein complexes dissociation. The con-
centration ratio of complex to inhibitor was 1:3.
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