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Abstract

The determination of a suitable buffer environment for a protein of interest is not an easy task. The requirements of advanced
techniques, the demands on the biological material and the researcher time needed for buffer optimization, as well as personal
inflexibility, lead frequently to the use of sub-optimal buffers. Here, we demonstrate the design of a 48-condition buffer
screen that can be used to determine an appropriate environment for downstream studies. By the combination of several
techniques (differential scanning fluorimetry, dynamic light scattering, and bio-layer interferometry), we are able to assess
the protein stability, homogeneity and binding activity across the screen with less than half a milligram of protein in 1 day.
The application of this screen helps to avoid unsuitable conditions, to explain problems observed upon protein analysis and
to choose the most suitable buffers for further research. The screen can be routinely used as a primary screen for buffer

optimization in labs and facilities.

Keywords Protein stability - Buffer - Screening - Differential scanning fluorimetry - Dynamic light scattering - Bio-layer

interferometry

Introduction

The vast majority of processes in living organisms require a
water-based environment. This applies not only to enzymatic
reactions but to biomolecular interactions in general. Since
the experimental work in a natural environment, such as
cell cytoplasm or body fluids, faces multiple complications
(complexity of the solution, non-repeatability of experi-
ments, inaccessibility of material, price), most of the exper-
iments are conducted in a defined environment—a buffer
(Stoll and Blanchard 2009). The buffer is a solution that
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usually contains up to four kinds of molecules: water as a
solvent, buffering substance (weak acid or base) maintaining
desired pH, salt for ionic strength adjustment and additives
for specific purposes.

While the simplicity of the used buffer is highly advanta-
geous over the complex natural environment, it is known
that individual macromolecules may act differently in dif-
ferent environments. Some of them even require quite strict
conditions for their function (Sambrook and Russell 2001;
Ferreira et al. 2015). Therefore, the use of a single buffer
for all purposes is not reasonable. Commonly used buffers,
e.g., the phosphate-buffered saline (PBS) at pH 7.4, combine
the so-called physiological neutral pH and isotonic osmotic
pressure. However, it was shown in many cases that PBS is
not entirely suitable buffer for particular purposes (Blan-
chard 1984). On the other hand, it is not possible to perform
each experiment in numerous buffers, especially in case of
demanding techniques, such as cryo-electron microscopy,
X-ray diffraction, and nuclear magnetic resonance. As a
compromise, a search for an “optimal” buffer for molecule(s)
of interest is usually done, focusing mainly on macromolecu-
lar stability and activity.

There exists a number of commercially available buffer
screens nowadays (Vedadi et al. 2006; Boivin et al. 2013;
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Grgftehauge et al. 2015). They are intended for various pur-
poses, e.g., crystallization, enzymatic assays, and stability.
They are usually designed as 96-condition screens due to the
compatibility with a standard ANSI/SLAS plate layout (slas.
org), pipetting robotics and experimental machines, e.g., RT-
PCR thermocycler or fluorescence reader. However, several
disadvantages can also be found: (i) a relatively high number
of tested conditions results in an issue of the sample con-
sumption; (ii) many instruments are not directly compatible
with 96-well design; (iii) a higher number of conditions dis-
favors manual setup that is still a common approach in many
cases; (iv) the precious experimental time is directly propor-
tional to the number of conditions tested for serial measure-
ments. All these issues increase the cost of the experiment,
and also raises the question of comparability of results, con-
sidering that there might be multiple hours (or even days)
between the first and the last condition tested for a particu-
lar sample. This problem could be partially prevented using
multiplicates, which, however, increases the time and sample
consumption even further. All the above-mentioned aspects
favor screens of a lower number of individual conditions to
be used while keeping the broad variability.

Here, we describe a design of the 48-condition buffer
screen, that covers a broad area of pH values, ionic strength
and common additives. Using two examples of sugar-bind-
ing proteins, the lectins AFL from Aspergillus fumigatus and
BC2L-C-Nterm from Burkholderia cenocepacia, we dem-
onstrate its applicability in the determination of temperature
stability, protein aggregation, and binding properties. We
show a possibility to obtain all necessary data with as low
as 0.4 mg of the protein in less than 1 day of experimental
time. We also discuss the obtained results with a focus on
protein quality assessment.

Materials and methods
Screen preparation

Buffer screen components were purchased from Sigma-
Aldrich, Penta, AppliChem and Carbosynth companies in
high purity (>98%) and dissolved in demineralized ultrapure
water to form 5x-concentrated stock solutions. pH was
adjusted where appropriate. Resulting solutions were filtered
using 0.2 um sterile filter, aliquoted and stored frozen at
— 20 °C. Prior to usage, the aliquots were thawed and used
immediately for subsequent experiments.

Protein preparation
The recombinant lectin AFL from Aspergillus fumigatus

was prepared as described previously (Houser et al. 2013).
In brief, Escherichia coli BL21(DE3)Gold cells harboring
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pET29 vector with inserted afl gene were cultivated in
the standard low salt LB medium with 50 pg ml~! kana-
mycin at 37 °C until ODg, reached 0.5. After the induc-
tion by 0.5 mM isopropyl-p-thiogalactoside and additional
3-h cultivation at 30 °C, the cells were harvested using
centrifugation (10 min/4 °C/6000 g), and the pellet was
resuspended in 20 mM Tris/HCI, pH 7.3. Cells were dis-
integrated by sonication, insoluble fractions were removed
by centrifugation for 40 min at 4 °C at 21,000 g, and AFL
was purified by affinity chromatography on a mannose-
agarose column (Sigma-Aldrich) using FPLC system Akta
purifier (GE Healthcare) with isocratic elution. Fractions
containing pure AFL were combined, desalted by dialysis
against water and lyophilized for long-term storage prior
to other experiments.

The recombinant lectin BC2L-C-Nterm from Burk-
holderia cenocepacia was prepared as described previously
(§ulék et al. 2010). In brief, Escherichia coli BL21(DE3)
cells harboring pET25 vector with inserted gene bc2!-C-
Nterm were cultivated in the standard low salt LB medium
at 37 °C until ODg, reached 0.5. After the induction by
0.5 mM isopropyl-p-thiogalactoside and additional 3-h
cultivation at 30 °C, the cells were harvested using cen-
trifugation (10 min/4 °C/6000 g), and the pellet was resus-
pended in 20 mM Tris/HCI, 100 mM NaCl, pH 7.4. Cells
were disintegrated by sonication, insoluble fractions were
removed by centrifugation for 30 min at 4 °C at 21,000 g,
and BC2L-C-Nterm was purified by affinity chromatogra-
phy on an Ni-NTA agarose column (Sigma-Aldrich) using
FPLC system Akta purifier (GE Healthcare). Protein was
eluted using step gradient of imidazole (0250 mM) in the
running buffer and the fractions containing pure BC2L-C-
Nterm were combined and dialyzed against 10 mM Tris/HCI
pH 7.5. The protein was used immediately after the dialysis
for the subsequent experiments.

Buffer screening

The lyophilized protein AFL was dissolved in demineralized
ultrapure water to 0.5 mg ml™' concentration of the stock
solution. BC2L-C-Nterm was used directly after preparation,
with a stock solution concentration of 0.12 mg ml~!. Each
protein was mixed with the buffer screen solutions in PCR
plate in 4:1 (v/v) ratio (16 pl protein+4 pl 5x-concentrated
buffer stock solution) and centrifuged (4000 rpm/1 min).
The resulting 20 pl of protein:buffer solution was used for all
subsequent experiments. Initial concentration (0.4 mg ml™!
for AFL, 0.1 mg ml™! for BC2L-C-Nterm) was used for dif-
ferential scanning fluorimetry and dynamic light scattering
experiments. For bio-layer interferometry, the solution was
further 40 x diluted (10 pg m1~! for AFL, 2.5 pg ml™! for
BC2L-C-Nterm) in corresponding 1x-concentrated buffers.
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Differential scanning fluorimetry

Protein temperature stability was determined using dif-
ferential scanning fluorimetry (nanoDSF) on Prometheus
NT.48 (Nanotemper). The initial concentration of AFL of
0.4 mg ml™! (0.1 mg ml~! for BC2L-C-Nterm) in corre-
sponding protein:buffer solution was used to fill one stand-
ard capillary (Nanotemper) per condition. The tempera-
ture stability measurement was conducted in the range of
20-95 °C at a heating rate of 1 °C min!, and the intrinsic
tryptophan fluorescence at 350 and 330 nm was recorded.
The protein stability was evaluated based on 7,, (melt-
ing temperature, calculated as an inflection point of the
F350/330 Vs. temperature curve) and 7, (temperature onset,
calculated as a point where two state fit of the Fs5/33¢ Vs.
temperature curve deviates from the baseline by more than
0.5%) parameters, as defined by PR.ThermControl evalua-
tion SW (Nanotemper) with a manual check.

Dynamic light scattering

The tendency of the protein to form aggregates was deter-
mined by dynamic light scattering (DLS) in the plate using
SpectroLight 600 (Xtal Concepts). Two 0.5 pl drops of
each of the protein:buffer solutions (0.4 or 0.1 mg ml~! for
AFL or BC2L-C-Nterm, respectively, identical solutions
as those for temperature stability) were pipetted under par-
affin oil (Molecular Dimensions) into the 96-well plate
(Vapor Batch Plate Silver, Douglas Instruments). Twelve
scans of 10-s data acquisition for each well was performed
in 1 h intervals to examine the sample stability in time.
Data were collected and processed by in-built SW (Xtal
Concepts). The presence of aggregates was determined
based on a regularization fit of obtained autocorrela-
tion functions of scattered light. The data were evaluated
as: (i) the hydrodynamic radius (R,) of the main peak
in expected protein range (2 nm <Ry, <10 nm for AFL,
1.7 nm < R, < 10 nm for BC2L-C-Nterm); (ii) the poly-
dispersity index (PDI) of the main peak; (iii) the quali-
tative analysis of the presence of aggregates (the pres-
ence of peaks of R, > 10 nm) for intensity-based data. The
theoretical sizes of the AFL monomer and dimer and of
the BC2L-C-Nterm monomer and trimer were calculated
using the known 3D structures (PDB 4agi and 2wqg4) and
SW Hydropro (Ortega et al. 2011). The expected size of
the unfolded monomer was calculated using an online
Hydrodynamic Radius Converter (Fluidic Analytics). For
the unfolded monomer maximum size, a theoretical calcu-
lation was done, multiplying the length of extended sheet
conformation (0.35 nm) by the number of protein residues
(315 for AFL and 187 for BC2L-C-Nterm).

Bio-layer interferometry

For the determination of AFL and BC2L-C-Nterm bind-
ing abilities at various conditions, the technique of bio-
layer interferometry (BLI) on Octet RED96e (ForteBio)
was employed. For each condition, 5 pl of the initial
protein:buffer solution was diluted with 195 pl of 1x-con-
centrated buffer solution in 96-round-well flat-bottom
black plate (Corning) resulting in 200 pl of working solu-
tion of 10 pg ml™! AFL or 2.5 pg mI~! BC2L-C-Nterm,
respectively. 200 pl of 1x-concentrated buffer solution
was used for dissociation for each condition. SA biosen-
sors (ForteBio) bearing immobilized streptavidin were
initially loaded by 5 min immersion into 0.25 mM «-L-
fucose-biotin solution (Lectinity), washed for 5 min in
ultrapure water and subsequently used for the BLI experi-
ment. Six sensors were used in parallel in the follow-
ing procedure for each condition tested: 180 s associa-
tion in protein:buffer solution, 180 s dissociation in the
corresponding buffer, two cycles of 20 s regeneration in
50 mM NaOH and 20 s water wash and final 60 s stabili-
zation in water. Six SA biosensors bearing immobilized
streptavidin with no sugar immobilized were used as a
blank in the subsequent experiment with the same setup.
Data were processed using Data Analysis 11.1 evalua-
tion SW (ForteBio). Obtained binding curves were blank-
subtracted and fitted by a 1:1 binding model. Resulting
kqps (rate of association), Kog, Kp(apparent) a1d Rpyqy Values
were examined.

Results
Buffer screen design

The 48-condition buffer screen was designed so to cover a
broad range of conditions in a relatively small number of
experiments (Table 1). It evaluates the effect of pH while
allowing for a separation of the influence of pH and the buff-
ering substance. It covers a broad range of ionic strength for
buffers of pH 6-8 (most commonly used range for protein
analyses). It includes several common additives that are
being used during protein purification or storage. The four
positions are designated for commonly used buffers. Those
were chosen based on our core facility experience and may
be adjusted to meet the demand of a particular protein or a
lab.

The buffers in the screen were prepared as 5x-concen-
trated stock solutions, so to minimize protein dilution and
allow the analysis also for unconcentrated samples. The
concentrations chosen should allow for usage with proteins
dissolved in up to 20 mM buffers, which is the case for most
of the protein preparation routines. Chosen methods require
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Table 1 Buffer screen conditions—final working concentrations

1x 1 2 | 3 | a4 ] s 6 | 7 | 8 | 9 ] w0 [ u | n
REFERENCE BROAD pH RANGE
pH 2.0 pH 3.0 pH 4.0 pH 5.0 pH 6.0 pH7.0 pH 8.0 pH 9.0 pH 10.0 pH 11.0 pH 12.0
A H20 maleate glycine/HCl formate citrate caco:g:ate/ HNEaP(s:/ ?\:‘;‘8(;/ CHES/HCI borate E/:POSI-{ pho’::f}ate
50 mM* 100 mM 100 mM 100 mM 100 mM 100 mM 100 mM 100 mM 50 mMm* 100 mM 100 mM
DETAILED pH RANGE
pH 4.0 pH 4.5 pH 5.0 pH 5.5 pH 6.0 pH 6.5 pH 7.0 pH 7.5 pH 8.0 pH 8.5 pH 9.0 pH 9.5
Bl acetate acetate acetate | MES/NaOH | MES/NaOH | MES/NaOH pho';‘s;]a " phos';ha o | TrisMC Tris/HCI g:\‘l’:'c;‘:/ gn’:g’s/
100 mM 100 mM 100 mM 100 mM 100 mM 100 mM 100 mM 100 mM 100 mM 100 mM 100 mM 100 mM
IONIC STRENGTH
pH 6.0 pH 7.0 pH 8.0
C 100 mM MES/NaOH 100 mM Na/K-phosphate 100mM Tris/HCI
100 mM ‘ 200 mM ‘ 500 mM ‘ 1000 mM 100 mM 200 mM 500 mM 1000 mM 100 mM 200 mM 500 mM 1000 mM
NaCl NaCl NaCl NaCl NaCl NaCl NaCl NaCl NacCl NaCl NaCl NaCl
COMMON BUFFERS
pH 7.5 pH 7.5 pH 7.5 pH 7.5 pH 7.5 - - - - - pH 7.0 pH 8.0
P buffer 1 buffer 2 buffer 3 buffer 4 |m|d:(z:ltale/ Tween20 glycerol BME DMSO TrehI:Iose L-Aégl: - EDTA
- - 200 mM 0.05% (v/v) 5% (v/v) 5mM 5% (v/v) 5% (w/v) 20+20 mM 5mM

*concentration lowered due to solublllty limitation of stock solution.

a small amount of the protein and, when combined, give an
overview of protein characteristics that meet the minimal
sample characterization criteria (Fig. 1).

Thermal stability

One of the basic protein properties is its thermal stability.
Therefore, we employed the technique of differential scan-
ning fluorimetry (nanoDSF). We analyzed the thermal sta-
bility of the model proteins AFL (Fig. 2a) with moderate
thermostability (published T, around 50 °C) (Houser et al.
2013) and BC2L-C-Nterm (Fig. 3a) for which the T,, was
not published so far.

Fig. 1 Buffer screen application
for protein characterization—
overall scheme. Displayed
concentrations were adjusted
based on AFL properties. For
BC2L-C-Nterm, 4-times lower
concentrations were used.
Volumes are based on recom-
mended procedures for instru-
ments used

48 conditions
5x concentrated ——>
4 ul added per well

48 conditions
1x concentrated ——
195 ul added per well

Sample 0.4 mg/ml

We observed a general AFL preference for neutral or
slightly acidic pH with citrate pH 5 being the most stabiliz-
ing buffer (7,,=51 °C). An extreme pH below 4 or above
10 leads to a substantial decrease in the protein stability;
the AT, drop of up to 20 °C for pH 12 compared to the best
condition. This is also accompanied by the decrease in signal
strength and may cause failure in automated data process-
ing. Furthermore, the results revealed a mild stabilization by
higher ionic strength that was also pH-dependent (lowest to
highest tested ionic strength difference of AT, <1 °C for pH
6 and AT, >3 °C for pH 8). None of the common buffers
showed a significant deviation from the other conditions at
similar pH. Among additives, glycerol stabilized the protein
the most with the highest T, overall of 53.9 °C. A similar

Sample 0.5 mg/ml
16 ul added per well

10 ul consumed Stablllty

|
T

Homogeneity

2x 1 ul consumed DLS
(duplicate)
5 ul transfered Direct .
measurement Activity
(binding)

Sample 0.01 mg/ml
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Fig.2 Protein AFL characterization by buffer screen. a Thermal sta- Error bars represent calculated polydispersity of each peak. Dashed
bility determined by nanoDSF. Green columns represent T, orange line shows theoretical size of AFL dimer calculated from X-ray struc-

columns 7,,. b Protein homogeneity assessed by DLS. Upper panel:
tendency to form aggregates (see Fig. 4) represented in three-color
scale. Green stands for negligible aggregates formation, orange for
slight tendency to form aggregates, red for clear formation of aggre-
gates. Lower panel: hydrodynamic radius (R,) of protein peaks. All
calculated peaks from both duplicates in range 2—10 nm depicted as
dots. Green stands for size compatible with folded monomer/dimer
size, orange stands for highly unfolded protein/microaggregates.

trend was observed when analyzing the 7. Here, the sta-
bilization effect of citrate pH 5 and glycerol was even more
dominant, accompanied by high-salt phosphate at pH 7. In
these three cases, the T, for AFL reached over 44 °C.

In case of BC2L-C-Nterm, we determined relatively high
stability with T, reaching over 70 °C for majority of the

ture. ¢ Binding activity determined by BLI. Upper panel: apparent
affinity represented in three-color scale. Green stands for high rela-
tive affinity (Kppesy — 10X Kppesy)> Orange for lower relative affin-
ity (> 10X Kppey) and red for no affinity or unclear result (Kp, cannot
be determined). Lower panel: calculated association (k) and disso-
ciation (kg,) rates shown on left axes as green and orange columns,
respectively. Error bars stand for fitting error from single measure-

ment. Maximum response (R,,,,) depicted as red dots on right axes

conditions. We observed a drop of stability at acidic pH
below 4, while at alkaline pH above 9, the T, was not possi-
ble to determine. We can expect that the protein becomes (at
least partially) unfolded at high pH values even at the lowest
temperature used (25 °C). The highest stability was observed
for high ionic strength (1 M NaCl) reaching T, >80 °C. T,
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Fig.3 Protein BC2L-C-Nterm characterization by buffer screen. a
Thermal stability determined by nanoDSF. Green columns represent
T,,, orange columns 7. b Protein homogeneity assessed by DLS.
Upper panel: tendency to form aggregates (see Fig. 5) represented in
three-color scale. Green stands for negligible aggregate formation,
orange for slight tendency to form aggregates, red for clear forma-
tion of aggregates. Lower panel: hydrodynamic radius (R}, of protein
peaks. All calculated peaks from both duplicates in range 1.7-10 nm
depicted as dots. Green stands for size compatible with folded mon-
omer/dimer size, orange stands for highly unfolded protein/micro-

values were close to the melting point, corresponding to a
sharp transition. Generally, BC2L-C-Nterm is a protein with
high thermostability based on both 7, and T, values.
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aggregates. Error bars represent calculated polydispersity of each
peak. Dashed line shows theoretical size of BC2L-C-Nterm trimer
calculated from X-ray structure. ¢ Binding activity determined by
BLI. Upper panel: apparent affinity represented in three-color scale.
Green stands for high relative affinity (Kppes;) — 10X Kppeg))» Orange
for lower relative affinity (> 10X Kppeq)) and red for no affinity (Kp
cannot be determined). Lower panel: calculated association (k) and
dissociation (k) rates shown on left axes as green and orange col-
umns, respectively. Error bars stand for fitting error from single meas-
urement. Maximum response (R,,) depicted as red dots on right axes

Homogeneity

For the protein homogeneity analysis, the method of
dynamic light scattering (DLS) was used. The samples were
measured repeatedly in the period of 12 h to evaluate the



European Biophysics Journal

time effect on sample quality (Figs. 4 and 5). The experi-
ment was run in a duplicate to exclude random fluctuations
in the samples (e.g., dust particles in the air) or pipetting
errors. For all the conditions tested, a major peak corre-
sponding to a particle radius within the range of 2—10 nm
was observed (Figs. 2b and 3b), which corresponds to
sizes of AFL dimer (R, =3.5 nm), BC2L-C-Nterm trimer
(R,=5.3 nm) or to unfolded monomer (5.9 nm<R;, <11 nm
for AFL, 4.2 nm <R, < 6.5 nm for BC2L-C-Nterm) rather
than folded monomer (R, =2.6 or 1.7 nm, respectively). The
increase of R, value was observed at extreme pH values of
2-3 or 12, where the protein was most probably dominantly
in the unfolded state.

Considering the presence of aggregates in AFL solution,
their total calculated mass was lower than 0.1% of total pro-
tein mass in all cases, demonstrating the stability of AFL in
solution. However, due to the high sensitivity of the DLS
technique, a tendency to form aggregates was observed for
multiple conditions (Figs. 2b and 4). Similarly to nanoDSF,
neutral to mild acidic conditions are favorable for avoiding
the protein aggregation. All buffers with pH > 8 caused the
formation of aggregates as well as several additives and two
of the common buffers (HBS and PBST). The concentration
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For each panel: 1nm ——> 1mm Particle size (logarithmic scale)

Fig.4 Dynamic light scattering of AFL in buffer screen. For each
condition, duplicate is shown. For each panel: X-axes—hydrody-
namic radius in logarithmic scale (10°-10"! m), Y-axes—time (bot-
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of salt did not affect aggregation much; however, a higher
ionic strength might stimulate the occasional formation of
bigger particles.

The DLS analysis of BC2L-C-Nterm revealed a tendency
to form small aggregates of approximately 30 nm radius at
pH 8 or higher and at the higher ionic strength (Fig. 5). This
was observed also for all 4 common buffers and for addition
of Tween20. At pH 5 and lower, occasional formation of
aggregates was also observed. The best behavior was seen
for pH 6-7 or for various additives (e.g., glycerol or DMSO).
Overall, BC2L-C-Nterm aggregates easily and the amount
of suitable conditions is quite limited.

Sugar-binding activity

As the AFL and BC2L-C-Nterm proteins are both fucose-
specific lectins, their activity is given by the ability to bind
L-fucose. Therefore, we used a bio-layer interferometry tech-
nique (BLI) with immobilized a-L-fucoside on the sensor
surface. The parameters of total response (R,,,,,), association
(k) and dissociation (k) rates were evaluated (Figs. 2¢
and 3c). In addition, the apparent K, value was calculated
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For each panel: 1nm ——> 1mm Particle size (logarithmic scale)

Fig.5 Dynamic light scattering of BC2L-C-Nterm in buffer screen.
For each condition, duplicate is shown. For each panel: X-axes—
hydrodynamic radius in logarithmic scale (10°-10"" m), Y-axes—

to roughly compare the influence of individual conditions
on protein binding.

For AFL (Fig. 2c¢), the total response was strongly pH-
dependent with the highest response reached at pH 6 for both
pH series (lines A and B of the screen). Highly acidic or
alkalic pH resulted in no binding. Increase of ionic strength
at pH 6 resulted in a slight decrease of the response, while
for pH 7 and 8, it did not affect the binding response sig-
nificantly. In the low ionic strength environment (water ref-
erence, additives with no charge), the response was high
on both active and blank channels, corresponding to non-
specific binding. For the uncharged additives, this resulted in
negative value after blank subtraction. For water, the binding
response was the highest of all conditions tested, however,
the shape of the curve was affected, and the curve fitting by
the binding model was unsuccessful. The observed asso-
ciation and dissociation rates did not differ by more than
fourfold throughout all conditions, except for MES buffer
pH 5.5, where the calculated kg, was approximately tenfold
lower than the average. Generally, the highest &,  value was
reached for slightly acidic conditions in acetate or MES buft-
ers, the lowest k., and highest k; values were achieved
for high pH values. The fast dissociation at high pH also
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corresponds to the fact that sodium hydroxide was efficiently
used as a regeneration solution during the BLI experiment.
BC2L-C-Nterm (Fig. 3c) displayed mostly weak binding
to the sensor surface and also slow dissociation, if any. This
makes the comparison of individual conditions awkward.
However, the binding was possible to be evaluated for a few
conditions around pH 5 and also for several additives. The
fastest association was seen in citrate pH 5, followed by imi-
dazole pH 7.5 and p-mercaptoethanol. Binding and dissocia-
tion were possible to analyze also for the addition of glyc-
erol, DMSO or p-trehalose but not for most of the buffers.
With respect to the results from DLS, we can assume that
the problems with the evaluation of BC2L-C-Nterm bind-
ing could be caused by the inhomogeneity in the solution.
This could affect the binding and dissociation processes in a
similar way that was observed by BLI measurement.

Discussion

The protein quality is an ongoing issue in biochemis-
try, molecular biology and related fields (Geerlof et al.
2006; Oliveira and Domingues 2018). The Association of
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Resources for Biophysical Research in Europe (ARBRE-
Mobieu; arbre-mobieu.eu) together with the Production and
Purification Partnership in Europe (P4EU; p4eu.org) recog-
nize protein quality, alongside with correct data manage-
ment, as one of the crucial factors in biophysical research.
Protein quality assessment includes multiple analyses with
various techniques employed: identity (mass spectrometry
(Qu et al. 2017)), conformational stability—frequently
defined as the temperature stability (differential scanning
fluorimetry (Senisterra and Finerty 2009), differential scan-
ning calorimetry (Spink 2008)), and homogeneity (dynamic
light scattering (Stetefeld et al. 2016), size exclusion chro-
matography (Fekete et al. 2014), and analytical ultracentrifu-
gation (Pekar and Sukumar 2007)). Apart from basic char-
acterization, the temperature stability helps to understand
the results of long-time experiments (e.g., NMR), while the
homogeneity analysis can be highly beneficial for protein
crystallization or cryo-electron microscopy. For this study,
we have chosen the DSF method with intrinsic Trp fluores-
cence detection that allows for high-throughput experiment
without adding of external dye. Alternatively, a common
DSF with an addition of external fluorescence dye may be
used instead. Regarding the homogeneity analysis, DLS is
probably the only available high-throughput technique. For
many proteins, it is also important to analyze their activity.
For enzymes, this is usually defined as the reaction rate,
however, in the case of non-enzymatic proteins, the activity
means usually the ability to bind a ligand. For this, several
techniques can be employed, such as ITC, MST, SPR, BLI,
NMR, SwitchSENSE (Kairys et al. 2019). While some of
these techniques cannot be really run in a high-throughput
mode (e.g., ITC), BLI and MST are well suited for quick
measurements under various conditions.

Many problems with protein analysis lay in the identifi-
cation of a suitable buffer for the experiment. There is not
a single criterion for being the best (highest T}, does not
mean the presence of the active state, a small amount of
aggregates may interfere strongly with subsequent experi-
ments, e.g., immunogenicity or precipitate formation) and
sometimes it is not even possible. The real aim should be
rather to choose a set of conditions, where the obtained
results can be compared to each other, as well as those con-
ditions, that are highly unsuitable and should be avoided. In
addition, the well-chosen buffer-screening test gives many
additional pieces of information that can be used to guide
further research. For example, the behavior in extreme pH
can be used for choosing the regeneration condition in the
binding assays. Ideally, one wants to analyze as many con-
ditions as possible while keeping sample consumption and
analysis time low. However, the protein availability and pres-
sure towards fast results result in the need to examine several
criteria at once and find a suitable compromise. Commonly
used buffer optimization screens contain 96 conditions

(Reinhard et al. 2013; Boivin et al. 2013). However, the
smaller 48-condition screen might be favorable due to bet-
ter machine compatibility, shortening of the experiment time
or the possibility to run multiplicates in the 96-well format.

One of the critical points preventing scientists from run-
ning the buffer optimization is the amount of protein needed
for the test. This is true especially for proteins produced in
mammalian cells or isolated from rare natural sources. In our
demonstration, we used in total 0.4 mg of the AFL protein
or 0.1 mg of BC2L-C-Nterm protein for a complete buffer
screening. That is an amount that is usually affordable, espe-
cially regarding the potential reduction of irreproducible or
unsuccessful experiments that would follow. Even though
the exact amount of the protein might vary case to case
due to differences in extinction coefficient or size, with the
current development of new experimental techniques, it is
highly probable, that the sample consumption can be further
lowered. The second parameter that is of importance is the
time required. Using the chosen techniques, we were able
to collect all data within a day, including sample prepara-
tion and the 12-h stability measurement. With the top high-
throughput machines available today, the pure experimental
time should not exceed 1 h per analysis, meaning that the
real bottleneck here is the desire to evaluate the protein sta-
bility in time.

In our case study, we confirmed the previously reported
stability parameters for the AFL lectin (Houser et al. 2013,
2015). Similarly, the previously observed presence of
dimeric AFL in solution under various salt concentration
(Houser et al. 2013) is in good agreement with our DLS
data. The binding characteristics were earlier determined in
HBS buffer at pH 7.4 by SPR (Houser et al. 2015). As seen
from buffer screening, this is the upper edge of the high-
activity region, and possibly a shift towards pH 6-6.5 might
result in slightly higher affinity. However, we can conclude
that AFL is a relatively stable protein with a broad range of
conditions retaining the protein active state. On the other
hand, BC2L-C-Nterm reveals itself as a difficult protein.
Even though its temperature stability is high throughout
most of the conditions tested, the absence of aggregates was
seen only for a quite narrow range of conditions. It seems
that BC2L-C-Nterm generally prefers lower ionic strength
what corresponds to the previous works (Sulék et al. 2010,
2011), where low to medium salt buffers were used. Simi-
larly to AFL, a shift towards more acidic conditions could
favorize BC2L-C-Nterm binding activity. However, it needs
to be mentioned that both studied lectins are multivalent
proteins, and therefore, the exact behavior cannot be simply
reduced to one-to-one binding in the fast screening.

There are also obvious drawbacks of the presented buffer
screen. Reduction of the number of conditions may always
result in missing of the sweet spot for the protein of interest,
especially if the ideal conditions are rather unusual, e.g.,
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presence of a specific cofactor for enzymes. In addition,
proteins that naturally form heterogenous mixtures, e.g.
actin (Masai et al. 1986), could be easily misjudged in the
DLS experiment. The most tricky part of the screening is
the determination of protein activity. This usually requires
some, if not quite specific, idea about the protein function.
Then the binding partner needs to be available for immo-
bilization on a sensor surface for BLI or for labeling for
MST experiments, otherwise a different technique needs to
be chosen. For enzymatic reactions, the broad range of pH
used in the screen might cause false negatives and positives,
depending on the enzymatic assay. In some cases, a differ-
ent screen concentration might be desired, depending on the
initial protein buffer and on the specificities of alternative
techniques, if they are used. In all cases, a detailed exami-
nation of the results is advisable. Despite possible pitfalls,
the here-described method can be a suitable first-approach
technique for many proteins to determine possible ways of
further optimization or even directly give hints on what con-
ditions to choose.

Conclusion

We prepared a 48-condition buffer screen for fast and easy
protein characterization. We demonstrated its suitability
to determine protein stability, homogeneity and binding
activity. Since the screen is composed of mainly easy-to-
obtain chemicals, we assume that it can be routinely used as
a primary screen for buffer optimization in other labs and
facilities.

Acknowledgements This research was supported by COST Action
CA15126. Czech Infrastructure for Integrative Structural Biology,
Instruct-CZ Centre of Instruct-ERIC EU consortium, funded by Min-
istry of Education, Youth and Sports of the Czech Republic infrastruc-
ture project LM2018127, is gratefully acknowledged for the financial
support of the measurements at the Core Facility Biomolecular Interac-
tions and Crystallization.

References

Blanchard JS (1984) Buffers for enzymes. Methods Enzymol 104:404—
414. https://doi.org/10.1016/s0076-6879(84)04107-0

Boivin S, Kozak S, Meijers R (2013) Optimization of protein puri-
fication and characterization using Thermofluor screens.
Protein Expres Purif 91:192-206. https://doi.org/10.1016/j.
pep.2013.08.002

Fekete S, Beck A, Veuthey J-L, Guillarme D (2014) Theory and prac-
tice of size exclusion chromatography for the analysis of protein
aggregates. J Pharmaceut Biomed 101:161-173. https://doi.
org/10.1016/j.jpba.2014.04.011

Ferreira CMH, Pinto ISS, Soares EV, Soares HMVM (2015) (Un)suit-
ability of the use of pH buffers in biological, biochemical and
environmental studies and their interaction with metal ions—a

@ Springer

review. RSC Adv 5:30989-31003. https://doi.org/10.1039/C4RA1
5453C

Geerlof A, Brown J, Coutard B et al (2006) The impact of protein
characterization in structural proteomics. Acta Crystallogr D Biol
Crystallogr 62:1125-1136. https://doi.org/10.1107/S090744490
6030307

Grgftehauge MK, Hajizadeh NR, Swann MJ, Pohl E (2015) Protein—
ligand interactions investigated by thermal shift assays (TSA)
and dual polarization interferometry (DPI). Acta Crystallogr D
Biol Crystallogr 71:36—44. https://doi.org/10.1107/S139900471
4016617

Houser J, Komarek J, Kostlanova N et al (2013) A Soluble Fucose-
Specific Lectin from Aspergillus fumigatus Conidia—Structure,
Specificity and Possible Role in Fungal Pathogenicity. PLoS ONE
8:¢83077. https://doi.org/10.1371/journal.pone.0083077

Houser J, Komarek J, Cioci G et al (2015) Structural insights into
Aspergillus fumigatus lectin specificity: AFL binding sites are
functionally non-equivalent. Acta Crystallogr D Biol Crystallogr
71:442-453. https://doi.org/10.1107/S1399004714026595

Kairys V, Baranauskiene L, Kazlauskiene M et al (2019) Binding affin-
ity in drug design: experimental and computational techniques.
Expert Opin Drug Dis 14:755-768. https://doi.org/10.1080/17460
441.2019.1623202

Masai J, Ishiwata S, Fujime S (1986) Dynamic light-scattering study on
polymerization process of muscle actin. Biophys Chem 25:253—
269. https://doi.org/10.1016/0301-4622(86)80017-5

Oliveira C, Domingues L (2018) Guidelines to reach high-quality puri-
fied recombinant proteins. Appl Microbiol Biotechnol 102:81-92.
https://doi.org/10.1007/s00253-017-8623-8

Ortega A, Amords D, Garcia de la Torre J (2011) Prediction of hydro-
dynamic and other solution properties of rigid proteins from
atomic- and residue-level models. Biophys J 101:892-898. https
://doi.org/10.1016/j.bpj.2011.06.046

Pekar A, Sukumar M (2007) Quantitation of aggregates in therapeutic
proteins using sedimentation velocity analytical ultracentrifu-
gation: Practical considerations that affect precision and accu-
racy. Anal Biochem 367:225-237. https://doi.org/10.1016/].
ab.2007.04.035

Qu M, An B, Shen S et al (2017) Qualitative and quantitative char-
acterization of protein biotherapeutics with liquid chromatogra-
phy mass spectrometry. Mass Spec Rev 36:734-754. https://doi.
org/10.1002/mas.21500

Reinhard L, Mayerhofer H, Geerlof A et al (2013) Optimization of
protein buffer cocktails using Thermofluor. Acta Crystallogr F
Struct Biol Cryst Commun 69:209-214. https://doi.org/10.1107/
S$1744309112051858

Sambrook J, Russell DW (2001) Molecular cloning: a laboratory man-
ual, 3rd edn. Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y.

Senisterra GA, Finerty PJ Jr (2009) High throughput methods of assess-
ing protein stability and aggregation. Mol BioSyst 5:217-223.
https://doi.org/10.1039/B814377C

Spink CH (2008) Differential Scanning Calorimetry. Methods Cell Biol
84:115-141. https://doi.org/10.1016/S0091-679X(07)84005-2

Stetefeld J, McKenna SA, Patel TR (2016) Dynamic light scattering: a
practical guide and applications in biomedical sciences. Biophys
Rev 8:409-427. https://doi.org/10.1007/s12551-016-0218-6

Stoll VS, Blanchard JS (2009) Buffers: principles and practice.
Methods Enzymol 463:43-56. https://doi.org/10.1016/S0076
-6879(09)63006-8

Sulak O, Cioci G, Delia M et al (2010) A TNF-like Trimeric Lectin
Domain from Burkholderia cenocepacia with Specificity for Fuco-
sylated Human Histo-Blood Group Antigens. Structure 18:59-72.
https://doi.org/10.1016/j.str.2009.10.021

Sulak 0, Cioci G, Lameignere E et al (2011) Burkholderia ceno-
cepacia BC2L-C Is a Super Lectin with Dual Specificity and


https://doi.org/10.1016/s0076-6879(84)04107-0
https://doi.org/10.1016/j.pep.2013.08.002
https://doi.org/10.1016/j.pep.2013.08.002
https://doi.org/10.1016/j.jpba.2014.04.011
https://doi.org/10.1016/j.jpba.2014.04.011
https://doi.org/10.1039/C4RA15453C
https://doi.org/10.1039/C4RA15453C
https://doi.org/10.1107/S0907444906030307
https://doi.org/10.1107/S0907444906030307
https://doi.org/10.1107/S1399004714016617
https://doi.org/10.1107/S1399004714016617
https://doi.org/10.1371/journal.pone.0083077
https://doi.org/10.1107/S1399004714026595
https://doi.org/10.1080/17460441.2019.1623202
https://doi.org/10.1080/17460441.2019.1623202
https://doi.org/10.1016/0301-4622(86)80017-5
https://doi.org/10.1007/s00253-017-8623-8
https://doi.org/10.1016/j.bpj.2011.06.046
https://doi.org/10.1016/j.bpj.2011.06.046
https://doi.org/10.1016/j.ab.2007.04.035
https://doi.org/10.1016/j.ab.2007.04.035
https://doi.org/10.1002/mas.21500
https://doi.org/10.1002/mas.21500
https://doi.org/10.1107/S1744309112051858
https://doi.org/10.1107/S1744309112051858
https://doi.org/10.1039/B814377C
https://doi.org/10.1016/S0091-679X(07)84005-2
https://doi.org/10.1007/s12551-016-0218-6
https://doi.org/10.1016/S0076-6879(09)63006-8
https://doi.org/10.1016/S0076-6879(09)63006-8
https://doi.org/10.1016/j.str.2009.10.021

European Biophysics Journal

Proinflammatory Activity. PLoS Pathog 7:¢1002238. https://doi. Publisher’s Note Springer Nature remains neutral with regard to

org/10.1371/journal.ppat. 1002238 jurisdictional claims in published maps and institutional affiliations.
Vedadi M, Niesen FH, Allali-Hassani A et al (2006) Chemical screen-

ing methods to identify ligands that promote protein stability, pro-

tein crystallization, and structure determination. Proc Natl Acad

Sci USA 103:15835-15840. https://doi.org/10.1073/pnas.06052

24103

@ Springer


https://doi.org/10.1371/journal.ppat.1002238
https://doi.org/10.1371/journal.ppat.1002238
https://doi.org/10.1073/pnas.0605224103
https://doi.org/10.1073/pnas.0605224103

	Development of 48-condition buffer screen for protein stability assessment
	Abstract
	Introduction
	Materials and methods
	Screen preparation
	Protein preparation
	Buffer screening
	Differential scanning fluorimetry
	Dynamic light scattering
	Bio-layer interferometry

	Results
	Buffer screen design
	Thermal stability
	Homogeneity
	Sugar-binding activity

	Discussion
	Conclusion
	Acknowledgements 
	References




