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[Abstract] Structural and biochemical studies of proteins require high amounts of stable, purified
proteins. Protein stability often depends on the buffer composition, which includes pH and concentration
of salts or other solutes such as glycerol, hence an efficient method for identifying optimal buffer
conditions for stability would minimize time and resources used for protein purification and further
studies. This protocol describes the use of the Thermofluor assay, in combination with a custom 24-
condition screen, to identify buffer conditions that increase protein thermostability, using the conserved
herpesviral protein UL37 as an example. Detailed instructions on screen conditions, running the
Thermofluor MATLAB script, and analyzing the data are provided. In comparison to circular dichroism
(CD), the buffer screen in combination with Thermofluor assay provides a faster and more informative
method to analyze protein thermostability.
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[Background] Conserved across herpesviruses, the protein UL37 has multiple functions in the viral
lifecycle and is required for efficient viral replication. As a component of viral tequment-a layer
sandwiched between the genome-containing capsid and the lipid envelope—UL37 is not only necessary
for viral assembly (Desai et al., 2001; Jambunathan et al., 2014), but is also required for efficient capsid
trafficking (Leege et al., 2009), neuroinvasion (Richards et al., 2017), and counteraction of the host
innate immune response (Liu et al., 2008; Zhao et al., 2016). A better understanding of the nature of its
multifunctionality requires detailed knowledge of its structure and biochemical properties, which, in turn
requires well-behaved purified protein.

Initial preparations of different UL37 constructs varied in solubility, monodispersity, and yield of purified
protein, making protein preparations inconsistent and further characterizations irreproducible. Since
buffer optimization is a straightforward approach to addressing these concerns, we developed a 24-
condition screen that varies buffering agents, pH, and concentrations of NaCl and glycerol and used it
in combination with a Thermofluor assay (Phillips et al., 2011) to identify buffer conditions that maximize
thermostability. The N-terminal and C-terminal halves of UL37 had variable average thermal stabilities

and optimal buffer conditions (Figure 1, Table 1). Yet in all cases, conditions that increased protein
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stability also improved protein solubility, ultimately increasing the yields of purified protein, which
facilitated downstream biochemical characterization.

The Thermofluor assay has many advantages over circular dichroism (CD), which is also used to
monitor protein stability (Greenfield, 2006). First, the CD can only test one condition at a time whereas
the Thermofluor assay is high throughout, screening up to 384 conditions simultaneously. Second, CD
only estimates the secondary structure, whereas the Thermofluor assay provides an assessment of the
tertiary structure. Third, CD signal is sensitive to changes in buffer components whereas essentially any
buffer can be used in the Thermofluor assay. The buffer screen described here is a good starting point
for characterizing a protein of unknown biochemical properties (stability, solubility) but can be
customized or expanded for individual proteins based on available biochemical information. Finally, the
Thermofluor assay can also be used to assess the domain organization of larger proteins by determining
whether multiple domains of a large protein represent independently folded units, thereby increasing

understanding of protein structure and function.

Materials and Reagents

1.7 ml microcentrifuge tubes (Thomas Scientific, catalog number: 1159M35)

96-well PCR microplate (Thermo Scientific, catalog number: AB0O800)

TBS (Tris-buffered saline) (150 mM NaCl, 20 mM Tris pH 7.5)

SYPRO Orange Protein Gel Stain (Thermo Fisher Scientific, catalog number;: S6650)
Transparent microplate sealing film (Hampton Research, ClearSeal, catalog number: HR4-521)
Sodium Acetate (Fisher Scientific, catalog number: BP334)

Sodium Citrate (Fisher Scientific, catalog number: S279)

MES (Sigma-Aldrich, catalog number: M2933)

Sodium Cacodylate (Sigma-Aldrich, catalog number: C4945)
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. Bis-Tris (Fisher Scientific, catalog number: BP301)

. Imidazole (Fisher Scientific, catalog number: AC301872500)
. MOPS (American Bioanalytical, catalog number: AB01270)

. HEPES (Fisher Scientific, catalog number: BP310500)

. Tris (Fisher Scientific, catalog number: BP152)

. A A A
a »~h WO N -

. Bicine (Sigma-Aldrich, catalog number: B3876)

—_
o

. Glycine (Fisher Scientific, catalog number: BP381)

. CHES (Sigma-Aldrich, catalog number: C2885)

. Ethanolamine (ACROS organics, catalog number: AC149582500)
. CAPS (Sigma-Aldrich, catalog number: C2632)

. Glycerol (Chem-Impex, catalog number: 30144)

N N 2 a
- O O 0 N

. Sodium Chloride (Fisher Scientific, catalog number: S271)

N
N

. 45 g protein of interest (for 24 conditions).

Notes:
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a. Protein should be homogenous (single band on an SDS-PAGE gel) and monodisperse (a
single peak on size-exclusion chromatography).

b. Proteins used for this protocol included the N and C terminal domains of UL37 homolog
from pseudorabies virus (PRV UL37N, PRV UL37C) and the full-length protein (PRV
UL37FL). All proteins used here were purified using two rounds of affinity chromatography
and one round of size-exclusion chromatography. Detailed instructions on purification of
PRV UL37 can be found in Pitts et al. (2014) and Koenigsberg et al. (2018). Multiple protein

batches resulted in comparable thermostability profiles for each protein.

Equipment

1. Benchtop centrifuge (Beckman Coulter, model: Allegra X-15R)
2. gPCR machine (Roche, LightCycler 480, catalog number: 05015278001)

Software

1. ThermoQ (MATLAB, MathWorks, http://www.hotproteins.com)

Procedure

A. Buffer and Protein Preparation
1. Make 1 ml of the following buffers:
100 mM Sodium Acetate pH 5.0
100 mM Sodium Citrate pH 5.5
100 mM MES pH 6.0
100 mM Sodium Cacodylate pH 6.5
100 mM Bis-Tris pH 6.5
100 mM Imidazole pH 7.0
100 mM PIPES pH 7.0
100 mM Sodium Malonate pH 7.0
100 mM MOPS pH 7.5
100 mM HEPES pH 7.5
100 mM Tris pH 8.0
100 mM Bicine pH 9.0
100 mM Glycine pH 9.0
100 mM CHES pH 9.5
100 mM CAPS pH 9.5
200 mM HEPES pH 7.5
200 mM HEPES pH 7.5, 50 mM NaCl
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200 mM HEPES pH 7.5, 150 mM NaCl

200 mM HEPES pH 7.5, 300 mM NaCl

200 mM HEPES pH 7.5, 500 mM NaCl

200 mM HEPES pH 7.5, 150 mM NaCl, 5% glycerol

200 mM HEPES pH 7.5, 150 mM NaCl, 10% glycerol

200 mM HEPES pH 7.5, 500 mM NaCl, 5% glycerol

Note: Buffers should be made 2x the concentration intended to be screened since addition of
the protein solution in a 1:1 ratio will dilute the buffer by half. Any buffers (i.e., pH, sal,
detergents, etc.) can be used. Here a screen of a pH range from 5.0-9.5 is used as well as
targeted optimization of the buffer used for protein purification. Optimization includes increasing
salt and glycerol concentrations, both of which are known to improve protein stability (Yamasaki
et al., 1990 and Vagenende et al., 2009).

Make a 300 pl solution of protein to a final concentration of 0.15 mg/ml in TBS.

Add SYPRO orange dye to protein solution at a 1:1,000 dilution.

Pipet 10 pl of screen buffers (from Step A1) per well of 96-well microplate.

o~ N

Add 10 pl protein-dye solution to each well containing buffer (1:1).

Note: Final protein concentration is 0.075 mg/ml and final buffer concentrations are 0.5x what
is listed in Step A1.

Set-up control well with buffer and dye (no protein).

Seal plate with transparent film.

Spin 96-well microplate at 500 x g for 1 min at room temperature.

B. Create Thermofluor method on Roche LightCycler 480
1. Setfilters to 465 nm for excitation and 610 nm for emission
2. Click the New Method icon, select Melting Curves as the Analysis Mode in the Programs window
3. Create a two-step method:
a. Step 1: Set a target of 25 °C held for 10 s (without data acquisition)
b. Step 2: Set a target of 95 °C with continuous acquisition at a rate of 3 fluorescent
measurements per °C
Save method as a template
Insert 96-well microplate containing protein-dye-buffer solution
New Method Template > Thermofluor > Apply Template

Click Start Run, enter name for data file

e R

When run is finished, export data as a .txt file, save to drive

Data analysis

1. Import .txt file onto computer.
2. Open the MATLAB ThermoQ.m script (downloaded from www.hotproteins.com).

Copyright © 2020 The Authors; exclusive licensee Bio-protocol LLC. 4


http://www.bio-protocol.org/e3662
http://www.hotproteins.com/

Please cite this article as: Koenigsberg et. al., (2020). Identification of Buffer Conditions for Optimal Thermostability and Solubility of Herpesviral Protein
UL37 Using the Thermofluor Assay,Bio-protocol 10 (12): e3662. DOI: 10.21769/BioProtoc.3662.

bi"" t I Bio-protocol 10(12): €3662.
O pI’O (X:O www.bio-protocol.org/e3662 DOI:10.21769/BioProtoc.3662

3. Click Run > Roche > 96 wells > Select File > choose .txt file > Next > Analyze.
4. Script will generate four figures:
a. ThermoQ figure 1: raw fluorescence data from all wells.
b. ThermoQ figure 2: smoothed, polynomial fit of the curves in ThermoQ figure 1.
c. ThermoQ figure 3: first derivative of melting curves in ThermoQ figure 1, where peak
corresponds to the unfolding transition.
d. ThermoQ figure 4: overview of melting temperatures for all wells.

5. To get exact melting temperature from ThermoQ figure 4 select Data Cursor from top menu,
then click the lower left corner of a square, the Z coordinate represents the melting temperature
(Figure 2).

6. ThermoQ figure 3 can be used to determine presence of multiple melting events (i.e., multiple

peaks).
Thermofluor was performed with UL37N, two versions of UL37C, and the full-length UL37
(Figure 1). The UL37N protein had the highest thermal stability in PIPES (pH 7.0) or Na-
Malonate (pH 7.0) buffers, very low concentrations of NaCl, and glycerol (Figure 1C, Table 1).
Thus, all subsequent purification batches and biochemical and structural assays, including
crystallization, for UL37N protein was conducted in its optimal buffer of 50 mM PIPES pH 7.0,
50 mM NaCl, and 0.5 mM TCEP. Glycerol was added to cell lysis buffer but was left out during
the rest of purification and storage because it can hinder crystallization.

The longer UL37C construct was most stable in HEPES buffer (pH 7.5), with the highest
melting temperature (Tm) in HEPES pH 7.5, 150 mM NaCl and 10% glycerol (B11) (Figure 1A,
Table 1), which was used in subsequent purification, characterization and storage of all UL37C
constructs. The melting curve of the full-length UL37 resulted in two distinct melting events,
referred to as Tm low and Twm high, which are nearly identical to the respective Tm of UL37C and
UL37N (Figure 1D, Table 1). This suggests that UL37N and UL37C are two separately folded
domains of UL37. In the case of UL37N and UL37C, increased thermostability correlated with
increased solubility. No specific assay was used to determine protein solubility. A protein
construct was considered to have an increased solubility if it could be concentrated to a higher

concentration and remained in solution without precipitating at that concentration.
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Figure 1. Results of Thermofluor assay of PRV UL37. ThermoQ script generated images
(ThermoQ figure 3) that represent the first derivative of the melting curves (ThermoQ figure 1).
Maxiumum values represent the unfolding transition or melting temperature (Twm). Each colored
line represents a different buffer condition from the screen. Black lines represent the buffer
condition resulting in the highest Tu. Results are shown for PRV UL37 constructs containing (A)
the C terminal half (UL37C), residues 478-919; (B) UL37C, residues 478-884; (C) the N-terminal
half (UL37N), residues 1-496; and (D) the full-length UL37, residues 1-919. This research was
originally published in the Journal of Biological Chemistry (Koenigsberg and Heldwein, 2018).
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Table 1. UL37 melting temperatures determined by Thermofluor
TM (°C)
UL37N uL37c UL37C  UL37FL UL37FL

Well Buffer 1-496 478-919-Stll  478-884  (low) (high)
A1 100 mM Na-Acetate pH 5.0 49.6 41.28 34.94 28.7 44.8
A2 100 mM Na-Citrate pH 5.5 57.38 41.28 34.94 41.8 55.8
A3 100 mM MES pH 6.0 55.88 41.28 34.94 43.1 59.5
A4 100 mM Na Cacodylate pH 6.5 59.71 44.98 41.94 41.2 53.5
A5 100 mM Bis-Tris pH 6.5 58.06 42.64 39.61 44.1 59.5
A6 100 mM Imidazole pH 7.0 57.57 42.96 40.95 42.1 58.5
A7 100 mM PIPES pH 7.0 59.54 45.32 41.57 42.8 59.5
A8 100 mM Na-Malonate pH 7.0 59.54 45.32 40.6 43.1 59.5
A9 100 MM MOPS pH 7.5 57.91 45.64 42.27 435 57.5
A10 100 mM HEPES pH 7.5 58.21 45.98 42.27 45.1 58.9
A11 100 mM Tris pH 8.0 57.19 45.64 42.64 43.1 60.1
A12 100 mM Bicine pH 9.0 57.57 45.32 41.94 45.8 59.2
B1 100 mM Glycine pH 9.0 57.91 45.32 43.93 435 58.2
B2 100 mM CHES pH 9.5 52.41 41.66 40.6 43.1 44.4
B3 100 mM Ethanolamine pH 9.5 56.19 44.63 42.92 42.1 43.1
B4 100 mM CAPS pH 10.0 54.39 41.66 39.91 44.1 58.2
B5 200 mMHEPES pH 7.5 59.37 43.96 41.57 43.1 58.9
B6 200 mM HEPES pH 7.5, 50 mM NaCl  59.05 44.63 41.57 45.1 44.4
B7 200 mM HEPES pH 7.5, 150 mM NaCl  58.38 45.98 42.64 42.1 55.1
B8 200 mM HEPES pH 7.5, 300 mM NaCl  57.74 46.32 43.24 41.8 55.8
B9 200 mM HEPES pH 7.5, 500 mM NaCl  57.19 46.99 41.94 43.8 59.9

200 mM HEPES pH 7.5, 150 mM
B10  NaCl, 5% Glycerol 59.54 47.32 43.24 441 59.9

200 mM HEPES pH 7.5, 150 mM
B11  NaCl, 10% Glyerol 60.55 48.64 44.59 45.1 58.9

200 mM HEPES pH 7.5, 500 mM
B12  NaCl, 5% Glycerol 58.38 48.31 44.59 455 59.9

Exact buffer conditions screened for all UL37 constructs with the corresponding melting

temperature, as determined by using the method described in Data analysis step 5.
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Figure 2. Determine exact melting temperature from ThermoQ figure 4. The ThermoQ script
displays melting temperatures as a heatmap (ThermoQ figure 4) to visualize relative melting
temperatures between different buffer conditions. To determine the exact melting temperature,
click the “Data Cursor” option circled in pink in Figure 2A. Once “Data Cursor” is selected the
mouse is displayed as a crossbar. Identify the square on the heatmap that corresponds to the
well of interest on the plate and click the bottom left corner of the square indicated by the pink
arrow in Figure 2B. A small yellow box with XYZ coordinates will appear. The Z coordinate
represents the melting temperature for that square in °C. Blue squares on gray background did
not contain buffer and were not part of the screen. Note: this is example data that does not

correspond to data shown in Figure 1 or Table 1.
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