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Streptolysin O (SLO) with molecular weight (MW) of ~64
kDa and 571 amino acids is a member of the cholesterol
dependent cytolysin (CDC) toxin class of proteins secreted from
Streptococcus pyogenes.1 Upon binding to cell membranes, SLO
undergoes major conformational changes.1,2 The conformational
changes of SLO (upon membrane binding) result in its insertion
into membrane and formation of multimeric pores and cell lysis.1,2
In our laboratory, we are interested in analysis of a
recombinant version of SLO with 492 amino acids (MW ~55 kDa)
(rSLO) and its potential degradation products using mass
spectrometry (MS) and Western blot (WB) imaging. Due to high
adsorption affinity of rSLO to storage container walls, analysis of
rSLO in laboratory settings (at low concentrations) is challenging.
Our specific aim in this project is to study the adsorption
affinity of rSLO to three different container walls as a function of
storage time and pH using MS and WB.

EXPERIMENTAL
Sample Preparation: Mouse monoclonal HAB-003 and Rabbit
Anti-mouse IgG-HRP were purchased from Santa Cruz
Biotechnologies (Dallas, TX). All other SDS-PAGE and WB
reagents were purchased from BioRad Laboratories, Inc.
(Hercules, CA). rSLO was provided by Beech Tree Laboratories
(Providence, RI). Optima grade acetic acid, acetonitrile, formic
acid, and water were purchased from Thermo Fisher Scientific
(Waltham, MA). The following three types of storage containers
were evaluated in this study: Glass vials (Allergy Laboratories
Inc., Oklahoma City, OK), LoBind tubes (WVR, Radnor, PA), and
Microcentrifuge tubes (WVR, Radnor, PA).
Instrumentation: A Mini Protean System, equipped with 4-20
% polyacrylamide gels (BioRad Laboratories, Inc., Hercules, CA),
was used for SDS-PAGE experiments. Semi-dry blotting
experiments were performed using a Trans-Blot semi-dry
electrophoretic transfer cell (BioRad Laboratories, Inc., Hercules,
CA). Chemiluminescence imaging of Western blot membranes
were performed using an ImageQuant LAS 4000 system (GE
Healthcare Bio-Science, Pittsburgh, PA). All MS data were
collected using a Synapt G2-S HDMS system (Waters Corp.,
Manchester, UK) equipped with a Zspray source operated in
positive ion mode. ESI and sampling cone/source offset voltages
were set at ~4 kV, and 35 V, respectively. Liquid chromatography
(LC) separation and sample cleanup were performed using a
nanoACQUITY UPLC system (Waters Corp., Manchester, UK). A
C4 column (15 cm length, 75 µM ID, 5 µm particle size, 300 Å pre
size) (Thermo Scientific, Waltham, MA) was used for all LC
experiments. UPLC flow rate was set at 0.5 µL/min with isocratic
solvent composition of acetonitrile:water (50 %:50 %).
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Figure 2. Western blot analysis of rSLO heated at 95 ˚C for five minutes in
regular Eppendorf tubes.

(a) 0 Hour

30 ng 10 ng 5 ng

3 ng 1 ng 0.5 ng 0.3 ng

Figure 3. Western blot analysis of rSLO heated at 95 ˚C for five minutes in
LoBind tubes. Note the low detection levels observed when samples were stored
in LoBind Eppendorf tubes (as compared to regular Eppendorf tubes, Figure 2).

(b) 26 Hours
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Figure 7. Western blot analysis of rSLO (111 ng) after (a) 0 and (b) 26 hours of
storage time in glass vial, regular Eppendorf tube, and LoBind Eppendorf tube
(corresponding to photos above WB images). Photos: courtesy of Fisher Scientific
(Waltham, MA) and Allergy Laboratories Inc. (Oklahoma City, OK).

D) Glass “Western Blot”
Figure 8. rSLO was spotted on the sides of a glass
vial in the form of a “smiley face” and heated at
95 ˚C for 10 minutes. A “Western blot” was then
performed on the glass vial and the emitted
chemiluminescence light was imaged to show the
location of SLO on the container wall.
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E) De-adsorbing rSLO with Acetic Acid
*
Figure 4. Mass spectra of rSLO solution (0.55 ng/µL) stored in a
microcentrifuge tube after (a) 0 hour and (b) 11 hours of storage time. * symbol
denotes the m/z values that are associated with ESI of LC solvent.
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Figure 8 Mass spectra of a rSLO solution (0.55 ng/µL) after 0 hour (left) and 48
hours (middle) storage time in a glass vial. After 48 hours storage time, the
glass vial was rinsed with acetic acid (5 % in water) and the washed solution
was re-analyzed using MS (right). * symbol denotes the m/z values that are
associated with ESI of LC solvent.
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CONCLUSIONS

Figure 5. Mass spectra of rSLO solution (0.55 ng/µL) stored in a glass vial after
(a) 0 hour and (b) 22 hours of storage time. * symbol denotes the m/z values that
are associated with ESI of LC solvent.

• Recombinant streptolysin O (rSLO) adsorbs to the walls of storage
containers and prevents its detection/analysis by MS and WB.
• As compared to rSLO’s affinity for microcentrifuge tubes and glass
vials, its affinity for binding to LoBind Eppendorf tube walls is lower .

0 Hour

56 Hours

• Adsorption of rSLO to glass vial walls can be minimized by addition
of 5 % acetic acid (in water) to rSLO solution.
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Figure 1. Diagram of the Synapt G2-S HDMS time-of-flight (TOF) mass
spectrometer. Image: courtesy of Waters Corp. (Manchester, UK).
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Figure 6. Mass spectra of rSLO solution (0.55 ng/µL) stored in a LoBind
Eppendorf tube after (a) 0 hour and (b) 56 hours of storage time. In LoBind
container, unlike with glass vial storage devices, rSLO can be detected even after
sample storage for 56 hours.
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