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Abstract: Serial crystallography (SX) is an emerging X-ray crystallographic method for determining
macromolecule structures. It can address concerns regarding the limitations of data collected by
conventional crystallography techniques, which require cryogenic-temperature environments and
allow crystals to accumulate radiation damage. Time-resolved SX studies using the pump-probe
methodology provide useful information for understanding macromolecular mechanisms and struc-
ture fluctuation dynamics. This Special Issue deals with the serial crystallography approach using
an X-ray free electron laser (XFEL) and synchrotron X-ray source, and reviews recent SX research
involving synchrotron use. These reports provide insights into future serial crystallography research
trends and approaches.

Serial crystallography (SX) experiments using an X-ray free electron laser (XFEL) with
a short pulse width, or short time X-ray (<100 ms) exposure in a synchrotron, minimize ra-
diation damage to crystals compared with traditional X-ray crystallographic methods [1,2].
Moreover, SX data collection at room temperature provides more biologically reliable
data on structural dynamics in macromolecules compared to cryo-crystallographic tech-
niques [3–5]. In addition, in SX data collection, if a crystal sample is stimulated with a
pump, such as an optical laser or a ligand/inhibitor solution, and then diffraction data are
collected by exposure to X-rays after a selected time delay. This can time-resolve molecu-
lar mechanisms of macromolecules [6,7]. Thus, SX techniques provide more biologically
reliable structural information than conventional X-ray crystallography and can provide
detailed information on their mechanisms of action.

Each XFEL facility or synchrotron capable of performing SX can provide unique X-ray
characteristics (photon flux, X-ray size, repetition rate, jitter, etc.) and different experimental
environments (vacuum, helium or ambient, temperature, etc.), as well as a diverse array
of preferred sample delivery techniques (injection, fixed-target scanning, hybrid methods,
etc.) [8]. Accordingly, SX experimental approaches will be diverse, and they will depend
on the facility, target samples, and desired information [5,8,9]. In this Special Issue, we
discuss approaches to serial crystallography. Specifically, we cover two SX research articles
and one review, as follows:

Gorel et al. reported shock damage analysis in serial femtosecond crystallography
data collected at MHz XFEL [10]. When the MHz XFEL beam penetrates the liquid jet,
supersonic shock waves are generated at the XFEL transmission point. The effect of these
shock waves on the next crystal sample was investigated. The results of these investigations
confirm that there was no damage to the crystal sample due to the characteristics of the
XFEL used. This approach provides data acquisition efficiency in SFX experiments with
MHz XFEL pulses. In addition, it is useful for verifying the reliability of data collected
when a supersonic shock wave is generated.

Park et al. reported fixed-target serial synchrotron crystallography using a nylon
mesh and an enclosed film-based sample holder [11]. This sample delivery method was
derived from a previously developed fixed-target sample delivery method applied in serial
femtosecond crystallography (SFX) studies [12], but the sample holder was re-designed
to be suitable for a beamline instrument at a synchrotron, and this method was used to
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determine the crystal structures of model samples while changing exposure time and
oscillation parameters. This approach can be applied in existing macromolecular beamline
instruments without the installation of a special device.

Martin-Garcia provided a timely review of the recent time-resolved SX studies con-
ducted in synchrotrons [13]. In their review, the importance of time-resolved SX is sum-
marized comprehensively as the target samples and data collection environments of 41
successful SSX studies are discussed. Furthermore, notable sample delivery methods,
including viscous jets, the hit-and-return (HARE) system, the liquid application method for
time-resolved analysis (LAMA) system, the mix-and-diffusion device, and microfluidics
devices have been covered.

During the drafting of this Special Issue, various SX technologies have continued to fur-
ther develop. Although these studies are not addressed in this Special Issue, they provide
useful information for maintaining an optimal environment specific to each facility [14–19]
or target sample delivery method [20–35]. All articles in this Special Issue discussing SX
approaches and recently developed SX techniques will provide great opportunities to better
understand macromolecular functions in greater depth.

I would like to thank all authors for providing excellent manuscripts, the reviewers
for providing constructive feedback, and the editors of Crystals for working together on
this Special Issue.

Funding: This work was funded by the National Research Foundation of Korea (NRF-2017M3A9F602
9736).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Standfuss, J.; Spence, J. Serial crystallography at synchrotrons and X-ray lasers. IUCrJ 2017, 4, 100–101. [CrossRef] [PubMed]
2. Martin-Garcia, J.M.; Conrad, C.E.; Coe, J.; Roy-Chowdhury, S.; Fromme, P. Serial femtosecond crystallography: A revolution in

structural biology. Arch. Biochem. Biophys. 2016, 602, 32–47. [CrossRef] [PubMed]
3. Weinert, T.; Olieric, N.; Cheng, R.; Brunle, S.; James, D.; Ozerov, D.; Gashi, D.; Vera, L.; Marsh, M.; Jaeger, K.; et al. Serial

millisecond crystallography for routine room-temperature structure determination at synchrotrons. Nat. Commun. 2017, 8, 542.
[CrossRef]

4. Nam, K.H. Room-Temperature Structure of Xylitol-Bound Glucose Isomerase by Serial Crystallography: Xylitol Binding in the
M1 Site Induces Release of Metal Bound in the M2 Site. Int. J. Mol. Sci. 2021, 22, 3892. [CrossRef] [PubMed]

5. Nam, K.H. Sample Delivery Media for Serial Crystallography. Int. J. Mol. Sci. 2019, 20, 1094. [CrossRef] [PubMed]
6. Schmidt, M. Time-Resolved Macromolecular Crystallography at Pulsed X-ray Sources. Int. J. Mol. Sci. 2019, 20, 1401. [CrossRef]

[PubMed]
7. Schmidt, M. Reaction Initiation in Enzyme Crystals by Diffusion of Substrate. Crystals 2020, 10, 116. [CrossRef]
8. Nam, K.H. Approach of Serial Crystallography. Crystals 2020, 10, 854. [CrossRef]
9. Cheng, R. Towards an Optimal Sample Delivery Method for Serial Crystallography at XFEL. Crystals 2020, 10, 215. [CrossRef]
10. Gorel, A.; Grünbein, M.; Bean, R.; Bielecki, J.; Hilpert, M.; Cascella, M.; Colletier, J.-P.; Fangohr, H.; Foucar, L.; Hartmann, E.; et al.

Shock Damage Analysis in Serial Femtosecond Crystallography Data Collected at MHz X-ray Free-Electron Lasers. Crystals 2020,
10, 1145. [CrossRef]

11. Park, S.-Y.; Choi, H.; Eo, C.; Cho, Y.; Nam, K.H. Fixed-Target Serial Synchrotron Crystallography Using Nylon Mesh and Enclosed
Film-Based Sample Holder. Crystals 2020, 10, 803. [CrossRef]

12. Lee, D.; Baek, S.; Park, J.; Lee, K.; Kim, J.; Lee, S.J.; Chung, W.K.; Lee, J.L.; Cho, Y.; Nam, K.H. Nylon mesh-based sample holder
for fixed-target serial femtosecond crystallography. Sci. Rep. 2019, 9, 6971. [CrossRef]

13. Martin-Garcia, J.M. Protein Dynamics and Time Resolved Protein Crystallography at Synchrotron Radiation Sources: Past,
Present and Future. Crystals 2021, 11, 521. [CrossRef]

14. Ren, Z.; Wang, C.; Shin, H.; Bandara, S.; Kumarapperuma, I.; Ren, M.Y.; Kang, W.; Yang, X. An automated platform for in situ
serial crystallography at room temperature. IUCrJ 2020, 7, 1009–1018. [CrossRef]

http://doi.org/10.1107/S2052252517001877
http://www.ncbi.nlm.nih.gov/pubmed/28250945
http://doi.org/10.1016/j.abb.2016.03.036
http://www.ncbi.nlm.nih.gov/pubmed/27143509
http://doi.org/10.1038/s41467-017-00630-4
http://doi.org/10.3390/ijms22083892
http://www.ncbi.nlm.nih.gov/pubmed/33918749
http://doi.org/10.3390/ijms20051094
http://www.ncbi.nlm.nih.gov/pubmed/30836596
http://doi.org/10.3390/ijms20061401
http://www.ncbi.nlm.nih.gov/pubmed/30897736
http://doi.org/10.3390/cryst10020116
http://doi.org/10.3390/cryst10100854
http://doi.org/10.3390/cryst10030215
http://doi.org/10.3390/cryst10121145
http://doi.org/10.3390/cryst10090803
http://doi.org/10.1038/s41598-019-43485-z
http://doi.org/10.3390/cryst11050521
http://doi.org/10.1107/S2052252520011288


Crystals 2021, 11, 655 3 of 3

15. Shilova, A.; Lebrette, H.; Aurelius, O.; Nan, J.; Welin, M.; Kovacic, R.; Ghosh, S.; Safari, C.; Friel, R.J.; Milas, M.; et al. Current
status and future opportunities for serial crystallography at MAX IV Laboratory. J. Synchrotron Radiat. 2020, 27, 1095–1102.
[CrossRef]

16. Ursby, T.; Åhnberg, K.; Appio, R.; Aurelius, O.; Barczyk, A.; Bartalesi, A.; Bjelčić, M.; Bolmsten, F.; Cerenius, Y.; Doak, R.B.; et al.
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