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Abstract

Cancer cells often overexpress glutaminase enzymes, in particular glutaminase C (GAC). GAC resides in the
mitochondria and catalyzes the hydrolysis of glutamine to glutamate. High levels of GAC have been observed in
aggressive cancers and the inhibition of its enzymatic activity has been shown to reduce their growth and survival.
Numerous GAC inhibitors have been reported, the most heavily investigated being a class of compounds derived
from the small molecule BPTES (bis-2-(5-phenylacetamido-1,3,4-thiadiazol-2-yl)ethyl sulfide). X-ray structure
determination under cryo-cooled conditions showed that the binding contacts for the different inhibitors were largely
conserved despite their varying potencies. However, using the emerging technique serial room temperature
crystallography, we were able to observe clear differences between the binding conformations of inhibitors. Here,
we describe a step-by-step protocol for crystal handling, data collection, and data processing of GAC in complex
with allosteric inhibitors using serial room temperature crystallography.
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Workflow for serial room temperature crystallography.
Diagram showing the processing and scaling routine for crystals analyzed using serial room temperature
crystallography.

Background

We solved a number of X-ray crystal structures of glutaminase C (GAC) bound to different BPTES (bis-2-(5-
phenylacetamido-1,3,4-thiadiazol-2-yl)ethyl sulfide)-class allosteric inhibitors under cryogenic crystallographic
conditions (Huang et al., 2018; Milano et al., 2022). Although they vary in potency for GAC, the structures show
that the contacts between the small molecule inhibitors and GAC are largely conserved. In order to visualize
differences at the binding interface between GAC and the inhibitors, we employed fixed-target serial room
temperature synchrotron crystallography (Wierman et al., 2019; Milano et al., 2022). An advantage of using serial
room temperature X-ray crystallography is to help overcome any cryo-induced structural biases, such as “trapping”
the protein/ligand in a distinct conformation as a result from crystal freezing. Although this technique requires
substantially more crystals than cryogenic crystallography due to radiation damage to the sample, it can yield
structures that are more dynamic and fluid. Consequently, structures solved using room temperature X-ray
crystallography are capable of revealing differences in proteins and protein/ligand complexes that perhaps are more
physiologically relevant. We recently used this technique to solve the structure of apo GAC (Illava et al., 2021). We
hypothesized that structures of the GAC/inhibitor complexes at room temperature would make it possible to
visualize subtle changes in the binding characteristics of the small molecules that were not evident from the low-
temperature cryo-structures. Indeed, we were able for the first time to observe clear structural differences in the
binding poses between two allosteric inhibitors of widely different potencies in the GAC/inhibitor complexes solved
at room temperature. Here, we describe a detailed protocol for crystal handling, data collection, and data processing
when employing serial room temperature crystallography (Figure 1).
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Materials and Reagents

1. Pipette tips (USA Scientific, TipOne, catalog number: 1111-3700)
2.  GAC/inhibitor crystals (room temperature)

Equipment

S A

b
c.
d

Forceps (Fisher Scientific, catalog number: 09-753-50)

Micro tools set (Hampton Research, catalog number: HR4-811)
Pipettes (Rainin, catalog number: 17008649)

Light microscope (Olympus)

Hex key

Crystallography sample supports (MiTeGen)

a.

Sample loading box: humidity controlled and includes optical microscope

Sample loading station: connected to a vacuum pump (controlled by a foot pedal) for sample wicking
Sample supports: include a frame containing the support film and a goniometer base

Sample Mylar seals

Software

1. XDS Package (https://xds.mr.mpg.de)

2. CCP4 Program Suite (https://www.ccp4.ac.uk)

3. Filtering program cut_XDS and script to run it cut_XS.csh
(https://www.chess.cornell.edu/macchess/mx/mx_software)

Procedure

A. Handling and loading of GAC/inhibitor crystals (Figure 2)

All crystals are grown in 24-well plates at room temperature using the hanging drop vapor diffusion method.
Crystals are handled in a humidity-controlled environment to help prevent crystal dehydration.

1.
2.
3.

~

Assemble sample support by inserting the frame into the goniometer base and tighten with a hex key.
Remove a coverslip containing GAC crystals from one of the wells of the crystal tray.

Under the microscope and using the micro tools, pick up crystals and place them onto the film of the
sample support. The landscape of the film enables the crystals to settle in random orientations, maximizing
data collection. Pre-wet the film with well solution if necessary. The crystals can lie anywhere on the film.
After 20 or more crystals (100 x 100 x 100 uM? in size) are on the film, transfer the sample support into
the loading box and place on sample loading station.

Looking through the optical scope, use the foot-pedal controlled vacuum to wick away excess liquid on
the sample film.

Remove the white covering around the sample frame (on both sides) to expose the adhesive gasket.
Apply the Mylar sealing film on both sides of the frame to cover and protect the crystals from drying.
The completed sample support containing the crystals is now ready to be mounted in the beamline hutch
and exposed to X-rays.
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Figure 2. Serial room temperature crystallography sample handling system.
(A) Sample support containing a thin film within a rectangular frame mounted into a goniometer base. The
frame is surrounded by an adhesive gasket protected by a white covering. (B) Humidity-controlled sample

loading box containing an optical microscope. (C) Sample loading station that connects to a vacuum pump for
liquid wicking. (D) GAC crystals on the film of the sample support.

B. Data collection and processing

Data were collected at the Cornell High Energy Synchrotron Source (CHESS) at Cornell University on
beamline ID7B2 (FlexX).

1

o

10.

Sample supports containing GAC crystals are mounted in the beamline hutch on a goniometer and raster
scanned in 20 pum steps, recording 5° of oscillation at each position.

Each step of the raster scanning is completed in 0.75-0.5 s, with 0.25 s for data acquisition (25 frames,
0.2°, and 10 ms/frame), corresponding to a 1.3 Hz raster rate.

Individual oscillation frame sets are processed with XDS (processing indicated that GAC crystallized in
both orthorhombic and monoclinic crystal forms. Overall, the monoclinic crystal form produced the best
data quality for GAC. We selected for this polymorph by filtering the data based on unit cell dimensions
and angles in XDS and reprocessed the datasets).

The data are then scaled using XSCALE (part of the XDS software package).

Datasets that poorly agree with each other are removed through filtering methods.

For GAC, data is filtered based on agreement of each 25-frame set with the entire set for a support, using
a script (cut_XS.csh) to remove discrepant sets (with the program cut XDS) and rescaled (with XSCALE).
R-factors on intensities between an individual set and the average of all sets were used for filtering
discrepant data.

Lists of the accepted 25-frame sets from the different sample supports are then combined using a text editor
such as gedit, producing a control file for XSCALE.

XSCALE is then used with this control file to rescale the combined data to generate a merged dataset.
The merged dataset can be further filtered, as in step 6, with various values of the parameter (R-factor)
defining discrepant data. The datasets are filtered in order to achieve satisfactory data completeness and
statistical values.

Using CCP4 programs pointless, aimless, and ctruncate, the merged dataset is then converted into an mtz
file for structure determination.
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