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Abstract: To resolve photons hungry for weak diffraction samples by the crystallographic method, a
double-multilayer monochromator (DMM) was employed on an undulator beamline (BL17UM) at
the Shanghai Synchrotron Radiation Facility (SSRF) to provide a focused sub-micron beam with high
brightness for macromolecular crystallography experiments. High-quality crystallographic datasets
from model protein crystal samples were collected and processed by an existing crystallographic
program for structure solution and refinement. The data quality was compared with datasets from
a normal silicon crystal monochromator to evaluate the bandwidth of the DMM effect on these
crystallographic data. This experiment demonstrates that multilayer optics on an undulator beamline
may play a valuable role in satisfying the demands of structure-related research, which requires
novel methods.

Keywords: double-multilayer monochromator; macromolecular crystallography; room temperature
crystallography

1. Introduction

Macromolecular X-ray crystallography (MX) is the study of biomolecules using diffrac-
tion phenomena to determine their structure. The diffraction intensity is directly related to
the incident X-ray and the sample crystal. Therefore, several methods have been developed
to obtain high-quality crystals in the wet lab. These include microbatch experiments, dialy-
sis, free interface diffusion, microfluidics, and, notably, vapor diffusion, which stands out
as the most extensively employed technique for crystallization [1]. Meanwhile, due to the
relatively weak diffraction ability of biomolecules, the flux of the beam is a very important
metric for such applications. Flux hunger is a persistent issue in this field [2]. Depending
on the energy width of the X-ray, the experiment method can be mono or Laue [3]. The
key distinction lies in the X-ray bandwidth. The mono method employs a narrow, prac-
tically monochromatic bandwidth, while the Laue method utilizes nearly the full energy
bandwidth (white beam) of the source [4]. Thus, worldwide, the MX beamlines have pro-
longed efforts to offer higher-brightness X-ray beams for data collection. Monochromatic
crystallography has overwhelmingly dominated structural studies, accounting for over
99% of the solved structures. In contrast, the application of Laue crystallography has been
limited due to its inherent experimental and data processing complexities [5]. To meet the
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stringent requirements for the photon flux density, the double-multilayer monochroma-
tor (DMM) has garnered attention and led to the identification of practical applications
in addressing such challenges. DMMs have been used to improve the flux density in
second-generation synchrotrons, such as the CHESS light source and DORIS III storage
ring (DESY/Hamburg) [3,6]. However, in third-generation synchrotron sources, DMMs
are primarily employed in applications related to small-angle scattering and imaging [7].
Recently, researchers have explored the usage of DMMs for protein crystal diffraction
experiments in third-generation synchrotrons [8].

In this study, we report the detailed crystallographic data collection on an undulator
beamline using a DMM. The data were carefully analyzed using standard crystallographic
software and compared with data from the same protein that was collected using an Si(111)
monochromator. The detailed evaluation of different aspects showed that the data quality
was quite similar.

Determining the crystal structure at or above ambient temperature is crucial to un-
derstanding protein function, allostery, and ligand/drug binding [9]. Recent research has
highlighted differences in conformational responses to radiation damage and revealed
challenges in obtaining such structures, especially with small or fragile crystals such as
those of membrane proteins, large complexes, or viruses [10]. Serial crystallography (SX),
X-ray free-electron lasers (XFELs), or synchrotron X-rays allow for the determination of
macromolecular structures at room temperature while minimizing radiation damage [11].
SX, with a pump probe or mix-and-inject experiments, can provide insights into the time-
resolved molecular dynamics of the target molecule [10,12]. Overall, it offers a more reliable
understanding of biological macromolecular structures and detailed molecular mechanisms
compared to conventional macromolecular crystallography [13]. XFELs produce intense
X-rays with ultrashort pulse widths, making serial femtosecond crystallography (SFX) suit-
able for time-resolved studies with short time delays (fs—ns) [11,14]. However, the limited
beam-time availability on XFELs has led to the alternative approach of serial synchrotron
crystallography (SSX) using a synchrotron source [15]. At the Shanghai Synchrotron Ra-
diation Facility (SSRF), we collected diffraction data of a model protein lysozyme using a
DMM at room temperature and successfully determined its structure. Structural analysis
revealed that the structure was identical to that resolved at 100 K using a Si(111) monochro-
mator. This lays the foundation for future serial crystallography experiments using DMM
at the SSRE.

An improved understanding of the protein crystal structure has played a crucial role
in drug development in the past few decades. By resolving the high-resolution crystal
structure of proteins, scientists have gained in-depth insights into the biological functions
and molecular interactions of proteins, laying the foundation for targeted drug design [16].
In recent years, with the continuous advancement of structural biology techniques, signifi-
cant progress has been made in drug development [17]. Through protein crystallography,
scientists have elucidated the precise binding modes between drugs and target proteins,
providing critical information for drug design. Combined with computational methods,
such structure-guided design has allowed for more efficient screening and design of poten-
tial drug molecules [18]. In this study, we successfully determined the crystal structures of
the SARS-CoV-2 Mpro and the ZIKV NS2B/NS3 proteases using a DMM to evaluate the
application of DMMs in drug discovery. Through structural comparison, the viral drug
target structures resolved with the DMM were found to be essentially consistent with those
previously resolved using a conventional monochromator.

At the SSREF, there are already five MX beamlines open to users [19,20]. BLI7UM is a
newly established MX beamline at the SSRE. The primary focus of this paper is to provide
valuable insights for scientists utilizing the DMM at this beamline for data collection. We
utilized the DMM at this beamline to collect crystal diffraction data for various proteins,
including the model protein lysozyme, SARS-CoV-2 Mpro, and ZIKV NS2B/NS3. Their
structures were successfully determined using conventional methods. Additionally, data
were collected for the model protein at room temperature using the DMM, and its struc-



Crystals 2024, 14, 199

30f12

ture was successfully resolved. These datasets can contribute to future research in drug
development and serial crystallography using the DMM at this beamline.

2. Materials and Methods
2.1. Performance of the DMM

The DMM on the beamline BL17UM was homemade by the SSRF and Tongji University.
The materials for the two strips included Ru/C and W/Si to cover the energy ranging
within 10—18 keV and 18—25 keV, respectively [21]. Using the analysis of crystal Si(111)
at the sample position, the energy resolution of the beam from the DMM was 0.775% at

an energy of 12 keV. The equation 4f = (Aq)p)z + (A@g)*ctgh ~ (Ag,)ctgd was used to
calculate the energy resolution (Figure 1).

9x10®
= Measured data
s | - e g

8x10 " l. Gaussian fit
— 8 ¥ [
= 7x10° -
=] [ |
\‘E, |
>6x10° » ]
@
c [ |
2 5x10°8 | / L
[ =
o . a u
é4x10 - o -
© 8| u n
6 3x10 v | |
c ’,,l ]
(o] -8 | (]|
= 2x10 ///. \\\I.

[ ] om
1x10°® | /./' e
vl el
1 " 1 " 1 " 1 1
9.35 9.40 9.45 9.50 9.55

2 theta angle (°)
Figure 1. Measuring the photon energy resolution using an Si(111) crystal.

2.2. Sample Preparation

Lysozyme was crystallized following a previously described method. The lysozyme
powder was directly dissolved in deionized water. The concentration of lysozyme used for
crystal growth was 25 mg/mL. The crystal growth condition was 100 mM sodium acetate
(pH 4.6) and 6% sodium chloride, and crystals were grown using the hanging-drop method.
Crystals of sizes ranging from 0.02 to 0.05 mm were obtained overnight and were utilized in
the subsequent experiments. Under the aforementioned conditions, lysozyme crystallizes
in the tetragonal space group P432,2 [22].

The SARS-CoV-2 Mpro gene was inserted into the pET-15b vector, and the resulting
plasmid was introduced into BL21 (DE3) cells for protein expression. E. coli carrying
the Mpro gene were extracted from the glycerol stock and were inoculated into an LB
medium using kanamyvcin (25 ng/mL) as a selection marker. Then, the cells were incubated
overnight at 37 °C. Next, 1% (v/v) of the overnight primary culture was inoculated into 1 L
of LB medium containing kanamycin and cultured at 37 °C. The growth was monitored by
measuring the absorbance at 600 nm. When the OD reached 0.4-0.6, the culture was induced
by adding 1 mM IPTG, cultured for an additional 4 h at 37 °C, and, finally, the cells were
harvested using a centrifuge at 4 °C and 6000 rpm. The cells were sonicated in ice-cold lysis
buffer (50 mM Tris-HCl, pH 8.5, 100 mM NaCl) and the lysate was centrifuged at 10,000 rpm,
30 min, 4 °C. After purification with a Ni-NTA column (GE Healthcare, Chicago, IL, USA)
and subsequently conducting size-exclusion chromatography (SuperdexTM 200 pg, GE
Healthcare), the eluted Mpro protein was concentrated to 10 mg/mL for crystallization.
Crystallization was carried out at 18 °C using the hanging-drop vapor diffusion method



Crystals 2024, 14, 199

40f12

by combining equal volumes (1:1 uL) of the protein and reservoir solution. Crystals were
successfully obtained under the conditions of 25% PEG800, 100 mM MES, and pH 5.5 [23].

The ZIKV NS3 protease gene (residues 1-177) and NS2B (residues 46-99) were cloned
into the pET-15b vector and transformed into E. coli strain BL21 (DE3) cells for expression,
as in a previous report [24]. The cell pellets were resuspended in a buffer (containing
25 mM Tris, pH 8.5, 500 mM NaCl, 20 mM imidazole, 10% glycerol) for lysis. After
centrifugation, the lysate was loaded onto a Ni-NTA column (GE Healthcare). NS2B/NS3
protein was eluted using a buffer with 250 mM imidazole, concentrated, and loaded onto
a gel filtration column (Superdex 200 20/300 GL, GE Healthcare) equilibrated with a gel
filtration buffer (25 mM Tris, pH 8.5, 150 mM NaCl, 5% glycerol). The eluted NS2B/NS3
protein was finally concentrated to 15 mg/mL for crystallization. NS2B/NS3 proteins were
crystallized at 18 °C by hanging-drop vapor diffusion. Protein and reservoir solutions
(0.2 M ammonium sulfate, 20% PEG 2000, 0.1 M sodium acetate trihydrate, pH 4.6) were
combined in equal volumes (1 pL). Crystals usually appeared at five days. Before being
flash-frozen in liquid nitrogen, the crystals were cryoprotected using the reservoir solution
containing 20% glycerol.

2.3. Data Collection

The diffraction data were collected at the BL17UM station at the SSRF. The storage
ring was operated at 3.5 GeV with a beam current of 220 mA in the top-up mode. When
initiating crystallographic diffraction experiments, the energy was set to 13.422 keV in
the DMM mode, the focused beam size was 0.69 x 0.58 um?2, and the photon flux was
3.23 x 10'2 phs/s. After switching to the Si(111) monochromator, the focused beam size
was the same as the DMM mode, and the photon flux was 3.07 x 10! phs/s. Owing to the
high photon flux density, the data collection temperature was set as 100 K. The crystals were
loaded in the Unipuck and mounted onto a diffractometer using a robotic arm. Data were
collected from a tiny lysozyme crystal of 0.03 mm*0.02 mm*0.02 mm size using a Dectris
Eiger2 X 16M detector with an exposure time of 0.02 s and 1 degree oscillation per image.
For comparative purposes, a dataset was also collected using a Si(111) monochromator
from a crystal of similar size at the same energy, with identical data collection parameters.

2.4. Data Processing

The diffraction images were visualized using Albula software (https://www.dectris.
com/en/detectors/albula-software/, version ALBLA Viewer 4.1.3, accessed on 22 Decem-
ber 2023). The diffraction data were processed by using the XDS package [25].

2.5. Structure Determination

Molecular replacement methods in Phaser-MR within PHENIX were employed to
solve the phasing problem. The model was developed using COOT [26], and subsequent
structure refinement was carried out by using phenix.refinement in PHENIX [27,28]. Vali-
dation of the final structures was performed using MolProbity. The structural figures were
created using PyMOL (https://pymol.org/, accessed on 1 October 2022).

3. Results
3.1. DMM and DCM Data Collection

The diffraction datasets exhibited Bragg peaks with a slightly elongated shape by
utilizing DMM X-rays (Figure 2). Notably, the multilayer generated more reflections under
the same conditions. The diffraction data were processed with XDS. Table 1 provides
a summary of the data collection and processing parameters. The processed statistics
indicate consistent values for multiplicity, the count of unique reflections, resolution limits,
and completeness.
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(a) (b)

Figure 2. The blue box represents the enlarged region selected from the diffraction pattern. (a) The
top image shows the diffraction image of lysozyme collected from the DMM at 100 K; the bottom
image shows a close-up view of a specific region of the diffraction pattern, revealing a slight streaking.
(b) The top image shows the diffraction image of lysozyme collected from the DCM at 100 K; the
bottom image shows a close-up view of a specific region of the diffraction pattern, showing a relatively

more circular pattern.

On average, the quality factor R;.s was more than 40% higher for the data obtained
with Si(111) compared to that collected with the DMM. The difference was approximately
20% at the higher resolution shells.

The DMM data exhibited, on average, a signal-to-background ratio I/6(I) that was
more than 85% higher than the Si(111) data. In the higher resolution shells, this difference
exceeded 1.5 times.

Lysozyme is a common model protein with a molecular weight of 14.4 kDa, and it
consists of 129 amino acid residues. We employed the molecular replacement method using
Phaser-MR in Phenix software (Version 1.20.1-4487) to determine its initial phases. The
initial model was obtained from a previously published high-resolution dataset, and the
PDB entry was 2VB1. During processing, water molecules were removed, and all atoms
were set as isotropic. A single satisfactory solution was identified and further refinement
of the model led to notable improvement. Table 1 provides the Ryork, Rfee, and overall B
factor after refinement.

The analysis reveals an approximately 5% higher Ry« and a 16% higher Ry, for the
structure refined with data from Si(111) compared to the structure obtained from DMM

data collection.
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Table 1. Data collection and refinement statistics.
100K-DMM-
100K-DCM-Lys 100K-DMM-Lys RT-DMM-Lys 100K-DMM-Mpro NS2B/NS3
Resolution range 38.58-1.90 39.13-1.57 39.41-2.10 48.21-2.52 45.76-2.70
A) (1.94-1.90) (1.59-1.57) (2.16-2.10) (2.62-2.52) (2.83-2.70)
Space group P432.2 P432,2 P432,2 C121 P452,2
Unit cell
parameters
a,b,c (A) 77.16,77.16, 36.85 78.26,78.26, 36.81 78.82,78.82,37.70 45.42,53.42,113.91 59.74,59.74,213.53
a, B,y () 90, 90, 90 90, 90, 90 90, 90, 90 90, 101, 90 90, 90, 90
Multiplicity 16.9 (9.8) 18.8 (18.2) 24.8 (24.8) 6.4 (6.3) 24.4 (23.9)
Completeness (%) 99.9 (98.7) 99.90 (97.1) 100.0 (100.0) 98.4 (96.3) 99.4 (95.6)
(1/0(D) 16.6 (1.8) 30.90 (5.2) 20.2 (6.6) 47(0.8) 16.1 (6.2)
Wﬂsor(‘ fziadors 32.30 17.77 13.98 51.06 31.18
Unique reflections 9250 (587) 16,608 (788) 7407 (585) 9012 (963) 11,424 (1419)
Rmeas 0.28 (0.07) 0.15 (0.03) 0.29 (0.08) 0.79 (0.13) 0.22 (0.07)
CC1/s 0.99 (0.87) 1.00 (0.94) 0.99 (0.93) 0.85 (0.43) 0.99 (0.96)
Reflections used in 9216 (878) 16,564 (1599) 7376 (707) 8887 (758) 11,348 (1032)
refinement
Ryork 0.20 0.19 0.19 0.25 0.18
Riree 0.25 0.21 0.24 0.30 0.25
Protein residues 129 129 129 300 387
RMS bonds (A) 0.01 0.01 0.01 0.01 0.01
RMS angles (°) 1.07 1.11 0.97 0.46 0.97
Ramachandran
plot (%)
Favored 97.64 99.21 99.21 96.64 97.56
Allowed 2.36 0.79 0.79 3.02 2.17
Outliers 0.00 0.00 0.00 0.34 0.27
Overall B factors
(A2) 41.06 23.62 24.88 57.15 35.34
PDBID 8YIOW 8YA1 8YA4 8YAS5 8Y9V

The values in parentheses are for the outermost shell. Ry, is the R,k based on 5% of the data excluded from

the refinement. Rmeas = Yy v/1/ (1 — 1) Y1y | Li(hkl) — (I(hkD)) |/ L i Ti(hkl), where (I(hkl)) is the mean
intensity of a set of equivalent reflections. Ryork = Ykt || Fobs | — | Feate || 7/ Lt | Fobs |, where Fops and Fc are
the observed and calculated structure factors, respectively. 100K-DCM-Lys represents the lysozyme data collection
at 100 K using Si(111) monochromator; 100K-DMM-Lys represents the lysozyme data collection at 100 K using
DMM,; RT-DMM-Lys represents the lysozyme data collection at room temperature using DMM; 100K-DMM-Mpro
represents the Mpro data collection at 100 K using DMM; 100K-DMM-NS2B/NS3 represents the NS2B/NS3 data
collection at 100 K using DMM.

3.2. Room-Temperature Data Collection with DMM

Room-temperature data collection addresses cryocrystallography challenges effec-
tively. While larger crystal volumes are needed, typically one or a few crystals will suffice.
This eliminates the need to identify suitable cryoprotection and cryocooling conditions,
allowing for broader screening with more cryoprotectant-free options. Advances in sam-
ple supports and loading tools have made it feasible to position each crystal in every
drop within the X-ray beam without significant dehydration-induced non-isomorphism
or background scatter. Fine slicing, smaller beam diameters, and reduced divergences
have contributed to maximizing the diffraction signal-to-background ratio and achieving
resolutions comparable to cryogenic temperatures.

A complete set of data were collected using DMM X-rays. Initially, conventional
crystal retrieval tools were employed to fetch a lysozyme crystal of approximately 200 pm.
Subsequently, the crystal was enclosed with a purchased loop sleeve to prevent dehydration
during data collection. Due to the susceptibility of crystals to radiation damage at room
temperature, each diffraction image was exposed for 0.02 s with a rotation of 1 degree. Only
180 diffraction images were collected, which was sufficient to resolve the lysozyme crystal



Crystals 2024, 14, 199

7 of 12

structure. The lysozyme crystal structure was determined using the molecular replacement
method, and the relevant data processing and statistical structure parameters are provided
in Table 1.

The lysozyme structure obtained through DMM data collection shows the clear visibil-
ity of all amino acids, including side chains in the electron-density maps. The quality of
these maps is comparable to structures resolved using the conventional monochromator
DCM (Figure 3a).

Figure 3. (a) Comparing the structure of lysozyme at room temperature using DMM (grey) and at
100 K using DCM (cyan). (b) 2mFo-DFc (marine mesh, 1.0) and mFo-DFc (green mesh 3.0, and red
mesh 3.0) electron-density maps for the disulfide bonds (C6-C127, C30-C115, C64-C80, and C76-C94)
of the lysozyme.

In lysozyme, four disulfide bonds are formed by eight cysteine residues (C6-C127,
C30-C115, C64-C80, and C76-C94). The sulfur atoms in cysteine are relatively sensitive to
radiation damage due to their higher atomic number, especially when lysozyme crystals
are exposed to radiation exceeding a specific X-ray dose limit. To confirm the occurrence of
radiation damage, the electron-density maps of 2mFo-DFc and mFo-DFc for the lysozyme
disulfide bonds were analyzed, and significant negative electron-density maps were not
observed (Figure 3b).

3.3. Data Collection of Mpro from SARS-CoV-2 with DMM

SARS-CoV-2 is a highly contagious coronavirus with a single-stranded positive-sense
RNA genome [29]. Upon infection, the virus synthesizes 16 nonstructural proteins (nsps)
as large polyproteins, namely ppla and pplab, directly from its RNA genome [30]. During
this process, among the 16 nsps, the main protease (Mpro or nsp5) plays a crucial role in
hydrolyzing the polyproteins at 11 cleavage sites, releasing functional nsps essential for
viral replication and transcription [31]. Due to its significance in the viral life cycle, Mpro
has been identified as a potential drug target to combat SARS-CoV-2 [32].

Since the first structure of the SARS-CoV-2 Mpro was resolved at the SSRF, drugs or
drug candidates based on the Mpro structure have been developed, and relevant drug
development efforts are ongoing [33]. By using DMM, we have successfully solved the
structure of Mpro, laying the groundwork for the future development of antiviral drugs
against SARS-CoV-2.

The initial phase was obtained by molecular replacement and the final structure was
obtained after several rounds of refinement. The structure exists as a dimer, and when
compared with the Mpro structure previously resolved by DCM, the overall structures are
quite consistent (Figure 4a). Simultaneously, we conducted a detailed comparison of their
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active sites. In the Mpro structure resolved using DMM data collection, the electron density
of the active site is very clear (Figure 4b).

(a) (b)

Figure 4. (a) Schematic representation of a protomer of the dimeric structure of Mpro, collected at
100 K using DMM. The active site is highlighted within the black box; (b) the 2mFo-DFc (marine
mesh, 1.0) electron-density map for the active site and substrate binding region of Mpro. In the sticks,
green represents carbon atoms, blue represents nitrogen atoms, red represents oxygen atoms, and
orange represents sulfur atoms.

3.4. Data Collection of ZIKV NS2B/NS3 Protease with DMM

The Zika virus is a major health threat with no approved vaccine or treatment. The
NS2B/NS3 protease in ZIKV is a key target for developing antiviral drugs. Similar to other
flaviviruses, ZIKV possesses a positive-sense single-stranded RNA genome that codes
for a polyprotein. The NS2B/NS3 protease, along with host cell proteases, cleaves this
polyprotein into three structural proteins (C, prM/M, and E) and seven non-structural
proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5). NS3, a chymotrypsin-like serine
protease, contains a catalytic triad (His51-Asp75-Ser135), while NS2B serves as a cofactor
and collaborates with NS3 to create the substrate-binding site. The NS2B/NS3 protease is
crucial for viral replication and is a promising target for antiviral interventions.

In order to collect crystal diffraction data on DMMs for future antiviral drug develop-
ment, we also utilized the DMM to collect diffraction data of the NS2B/NS3 protease in
ZIKV. The structure was resolved by molecular replacement, and a structural comparison
revealed consistency with the structure resolved using DCM. Both the main chain and
side-chain electron densities are clear. Figure 5 displays the electron-density map of the
active site.
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Figure 5. (a) Structure comparison of the NS2B/NS3 protease using DMM (green) and DCM (yellow,
PDB ID: 7VXY); (b) 2mFo-DFc (marine mesh, 1.0) electron-density map for the catalytic triad (His51-
Asp75-Ser135) of the NS2B/NS3 protease.

4. Discussion

The BL17UM beamline at the SSRF is equipped with both a multilayer monochromator
and a Si(111) monochromator. The Si(111) crystal and multilayer monochromator systems
are mechanically switchable, enabling the consecutive use of two different beams with an
energy resolution difference of almost two orders of magnitude. This dual setup option
facilitates comparative studies of samples under two distinct beam characteristics. The
multilayer system can achieve a 10-fold increase in flux density at 12.7 keV compared to the
Si(111) monochromator, reaching levels similar to those in fourth-generation synchrotrons.
This enhancement has enabled experiments with fluxes comparable to those of fourth-
generation synchrotrons at a third-generation synchrotron.

As anticipated, the DMM facilitates faster data collection compared to the Si(111)
monochromator. The shapes of spots in the lysozyme diffraction patterns exhibit streakiness
similar to a previous study, in which a slightly wider bandpass multilayer (1.3%) resulted in
streaky spots [3]. The observed streaky spots can be attributed to protein crystal mosaicity
or the quality of the multilayer beam. The strong correlation in structure factors derived
from the data collected with the two different monochromators indicates the equivalence
of these structure factors. As anticipated, the lysozyme models obtained from the two
datasets, solved through molecular replacement, resulted in the same model.

The protein crystal structures obtained at room temperature closely mimic their phys-
iological states, providing more accurate structural information [34]. This is crucial for
samples that may exhibit structural heterogeneity in cryogenic conditions [35]. However,
there are challenges associated with collecting crystallographic data at room temperature,
including radiation damage [36]. Additionally, data processing and analysis may be more
complex, requiring more sophisticated methods [37]. We collected lysozyme crystal data
using DMMs at room temperature and resolved the structure, which was consistent with
the structure resolved by a DCM.

Integrating comparable, adequately cooled multilayer monochromators into third-
generation sources can yield flux density improvements of over one order of magnitude,
as demonstrated in the findings of this study. This enhancement can enable quicker
measurements for screening or time-resolved studies, in which high flux densities are
essential. Compared to traditional monochromators, the multilayer monochromator (DMM)
provides stronger X-rays, making it an ideal choice for high-throughput crystallographic
data collection at room temperature. In serial crystallography experiments, where crystals
are often small with weak diffraction, the intense X-rays generated by DMMs significantly
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improve the diffraction resolution, facilitating the acquisition of high-resolution structural
information.

Despite the advantages of the higher beam intensity in macromolecular crystallog-
raphy data collection using DMM, there are limitations and challenges. For proteins
requiring heavy atoms for the determination of initial structures, the low energy resolution
of DMM may result in weak anomalous scattering signals, making it challenging to resolve
the phases of the protein structures. However, with the advancement of AlphaFold, the
demand for heavy-atom initial structure determination has been alleviated using phase
analysis through AlphaFold-generated structural models. The high accuracy of AlphaFold
is anticipated to broaden the application of molecular replacement, potentially leading to a
transition from SAD to AlphaFold-guided MR [38]. Additionally, the high divergence of
DMM poses challenges in resolving protein structures with large unit cell parameters.

5. Conclusions

This study demonstrates the successful use of DMM for diffraction data collection and
structure determination at the BL17UM beamline of the SSRE. Although slight streaking is
observed in the diffraction patterns from DMM data, it does not impact protein structure
determination. Comparing DMM-collected lysozyme crystal diffraction data with data
collected using a Si(111) monochromator, we processed DMM data with standard software
without parameter modification, revealing minor differences. Extending DMM applicability,
diffraction data were collected and processed for SARS-CoV-2 Mpro and ZIKV NS2B/NS3,
resolving their structures, which were consistent with those determined using a Si(111)
monochromator. Additionally, crystal diffraction data were collected at room temperature,
and the structure of a model protein was successfully resolved. These results offer valuable
insights for scientists utilizing the DMM of the BL17UM beamline for life science research.
The main innovation of this study is the successful resolving of the structures of a model
protein and two important drug target proteins by using DMM at a third-generation
synchrotron MX beamline in China.
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