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ClpX is one of several Clp-ATPases that can interact with ClpP to form a 
protease complex, or act alone as a chaperone.

The bolded amino acids are part of a highly conserved region that is important 
for ClpP association, and the amino acid marked in red is the target of site-
directed mutagenesis. This mutation inhibits ClpXP binding allowing only 
chaperone activity to take place. 

Four strains in the unencapsulated Sterne strain of Bacillus anthracis were 
created to investigate the mechanism of action of ClpX in antibiotic stress.

ΔClpX+pClpXI264E mutant strain resembles that of attenuated strain, ΔClpX, suggesting 
chaperone activity is not dependent mechanism of action, and illustrating protease 
formation to be important in response to acid stress.     

Acid stress test done on the individual components of the ClpXP system suggest that  
ΔClpP1 and ΔClpP2 could be compensating for each other. Moreover, data suggests that 
the ΔClpP2 peptidase subunit could hold a more important role than the ΔClpP1 subunit. 

ΔClpX+pClpXI264Emutant strain resembles that of attenuated strain, ΔClpX, suggesting 
chaperone activity is not dependent mechanism of action, and illustrating protease formation 
to be important for virulence in vivo. ΔClpX+pClpXI264E mutant strain resembles that of attenuated strain, 

ΔClpX, suggesting chaperone activity is not dependent mechanism of 
action, and illustrating protease formation in response to heat stress.

Heat stress test done on the individual components of the ClpXP system 
suggest that  ΔClpP1 and ΔClpP2 could be compensating for each other 
resulting in the intermediate phenotype shown at 43oC.
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ClpXP formation is necessary for virulence 
in vivo in G. mellonella 

ClpXP formation is necessary for 
resistance against heat stress

• Create the double knock out of ClpP1 & ClpP2
• Repeat in vivo survival assay in the G. mellonella infection model with

double knockout to confirm protease dependent activity.
• Repeat acid and heat stress response assays to confirm protease

dependent activity with new double knockout.

ClpXP formation is necessary for resistance 
against acid stress

Future Projections

0 24 48 72
0

50

100

Time (hours)

P
ro

ba
bi

lit
y 

of
 S

ur
vi

va
l

G. mellonella Survival

PBS (30)

WT pUTE657 (30)

ΔClpX pUTE657 (30)

ΔClpX + pClpX (30)

ΔClpX + pClpXI264E (30)

n=3

0 1 2 3 4
0

1

2

3

4

5

6

7

8

Time (hrs)

lo
g 10

(c
fu

/m
l) 

Acid Stress pH 4 

WT pUTE657
ΔClpX +pUTE

ΔClpX + pClpX

ΔClpX + pClpXI264E

0 1 2 3 4
0

2

4

6

8

time

lo
g 10

(c
fu

/m
l) 

Acid Stress pH 4 

WT Ba 

ΔClpX

ΔClpP1
ΔClpP2 

0 1 2 3 4 5 o/n
0.0

0.5

1.0

1.5

Time (hours)

O
D

 6
00

 Growth Curve 43oC RPMI-5% LB

WT pUTE657

ΔClpX pUTE657
ΔClpX +pClpX 

ΔClpX +pClpXI264E

0 1 2 3 4 5 6 o/n
0.0

0.5

1.0

1.5

Growth Curve 43oC RPMI-5% LB

Time (hours)

O
D

 6
00

WT Ba 

ΔClpX

ΔClpP1

ΔClpP2 

Dr. Shauna McGillivray, McGillivray lab , TCU Biology Department
Funding: SERC & TCU summer pre-health fellowship

Acknowledgements 

Background 


