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The Streptococcus pyogenes bacterium, referred 

to as Group A Streptococcus (GAS), causes over 

500,000 deaths per year across the world. 

Responding to the global need for an effective 

GAS vaccine, VaxForm, LLC is developing a 

vaccine candidate using a fusion protein called 

SpeAB. SpeAB targets two key virulence factors 

of GAS infection; streptococcal pyrogenic exotoxin 

A (SpeA) and streptococcal pyrogenic exotoxin B 

(SpeB). This investigation evaluates the vaccine 

candidate’s ability to elicit an immune response 

against SpeB in lab mice. Blood serum was 

collected from the mice and used to evaluate the 

ability of the functional antibodies to neutralize 

SpeB in vitro as a correlation to vaccine efficacy.

Overview SpeB Background: A Ubiquitous Cysteine Protease

Figure 1. (a) Representation of an azocasein molecule 

and (b) diagram of an immunoglobulin G (IgG) antibody 

with SpeB cleavage sites highlighted by dotted red lines.

 SpeB is a ubiquitous protease, meaning 

that it cleaves many different proteins.

 This lack of specificity poses 

challenges for in vitro testing.

 SpeB is called a cysteine protease 

because its proteolytic mechanism 

involves a cysteine thiol.

 Enzymes in papaya, pineapple, and 

figs are common cysteine proteases.

 This investigation focuses on SpeB 

cleavage of azocasein (Fig. 1a) and in 

IgG antibodies (Fig. 1b).

 SpeB cleaves host antibodies so that 

GAS can evade immune recognition 

and response.

Methods: Gel Electrophoresis
Gel electrophoresis is used to separate proteins 

by size. Negatively-charged sample proteins are 

pulled through the gel by an applied electric field. 

Whereas smaller proteins experience less 

resistance and migrate further down the gel, larger 

proteins get stuck towards the top. The size of 

proteins is estimated based on relative position 

along the resulting size gradient (Fig. 2).

Methods: Spectrophotometry

Figure 2. Gel electrophoresis 

apparatus. A sample is 

loaded in the top of the gel 

before separating into 

discrete bands of proteins 

with different molecular 

weights.

Spectrophotometry is used to measure the 

absorbance of incident light through a sample. To 

quantify the proteolytic activity of SpeB, we 

measure the absorbance of a colorful azo group 

that SpeB cleaves from a casein substrate (Fig. 

1a). Uninhibited SpeB readily cleaves the 

substrate, but SpeB inhibited by SpeB antibodies 

cannot cleave the azo groups (Fig. 4). Overall 

methods were adapted from previous assays that 

measure enzyme activity.

Results and Conclusions: Gel Electrophoresis
Using this method, we qualitatively observe

protein fragments as distinct bands on the

gel. SpeB activity is denoted by the

appearance of a discrete band at a

molecular weight of approximately 31 kDa

(highlighted in Fig. 3). Unfortunately, SpeB

activity is observed where inhibition was

expected (Fig. 3, Lanes 6 and 7).

Overall Conclusions:

 SpeB activity can be clearly shown using

gel electrophoresis.

 Gel electrophoresis methods are not

sensitive enough to detect SpeB inhibition

by mouse antibodies.

 A more sensitive, quantitative method is

desired to measure SpeB inhibition.

SpeB 

Antibodies

31 kDa

Figure 4. SpeB’s ability to cleave the azocasein 

substrate is inhibited by antibodies elicited in 

vaccinated mice.
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Figure 3. (a) Lanes 1 and 2 contain IgG in the absence 

and presence of SpeB, respectively. 

(b) Lanes 3 and 4 contain blood serum from vaccinated 

mice along with IgG antibodies. 

(c) Lanes 6 and 7 contain blood serum (at different 

dilutions) from vaccinated mice along with IgG and SpeB.

SpeB +/-

- +    - - +    +

SpeB

(a) (b)

conjugated 

azo-dye

casein

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

350 370 390 410 430 450 470 490 510 530 550

A
B

SO
R

B
A

N
C

E 
(A

U
)

WAVELENGTH (NM)

Day 0 Serum + SpeB + Azocasein

Day 0 Serum + Azocasein

Day 28 Serum + SpeB + Azocasein

Day 28 Serum + Azocasein

0

0.005

0.01

0.015

0.02

A
B

SO
R

B
A

N
C

E 
(A

U
)

Day 0 Serum + SpeB + Azocasein Day 28 Serum + SpeB + Azocasein

31 kDa

SpeB
No cleavage

Figure 5. Initial results show 

slight SpeB inhibition 

comparing mouse serum 

before and after vaccination. 

Note the extremely low overall 

absorbance values.

Figure 6. Increasing concentrations 

of mouse serum and SpeB (to 

achieve greater absorbance values) 

resulted in the undesired trend. 

Mouse serum collected before 

vaccination (blue) showed greater 

inhibition than mouse serum 

collected after vaccination (gray).

Results and Conclusions: Spectrophotometry
Overall Conclusions:

 Spectrophotometry is a more 

sensitive and accurate method 

to assess SpeB activity.

 Current issues seem to revolve 

around the ubiquitous nature of 

SpeB: The toxin is cleaving 

proteins within the mouse 

serum, not just targeting the 

azocasein substrate.

Next Steps:

 Determine optimal conditions 

(serum dilution, incubation 

times, etc.) to highlight the 

inhibition of SpeB with mouse 

serum antibodies.


