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ABSTRACT 

 

 
Background and Objectives: Apart from spontaneous deamidation and isomerization of Asp/Asn residues, factors like age- 

ing, oxidative stress, salinity and heat stress may also form abnormal isoaspartate (iso-Asp) residues compromising protein 

structure and function. PIMT helps in restoration of such iso-Asp residues. Pseudomonas aeruginosa is a gram-negative 

bacteria responsible for diseases with varied degree of pathogenesis in humans and animals. They can survive a wide range 

of temperature between 25℃ to 42℃. The objective of the current study was to monitor the expression dynamics of PIMT 

in Pseudomonas aeruginosa upon exposure to different thermal stresses. 

Materials and Methods: The mid log phase culture of Pseudomonas aeruginosa was exposed to different temperature 

(37°C, 42°C, 56°C, 80°C) for an hour. The expression levels of PIMT were quantified by Western blot and ELISA. 

Results: A relatively higher level of expression of PIMT was observed in the group exposed to 42°C, 56°C, 80°C in compar- 

ison to 37°C. The expression of PIMT increased around 1.5 times in the group exposed to 42°C. 

Conclusion: A temperature dependent overexpression of PIMT was observed in Pseudomonas aeruginosa. 
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INTRODUCTION 

 
Protein damage is an impulsive process caused by 

various abiotic and biotic factors and heat stress is 

one of them. Protein racemization, isomerization and 

deamidation are provoked due to heat stress, leading 

to compromised structure and function of the affect- 

ed proteins (1). This may be challenging for the host 

organisms in terms of maintaining cellular integrity 

and to counter this, the native structure of the affect- 

ed protein needs to be defended. PIMT, otherwise 

known as PCMT repairs the abnormal Iso-Asp resi- 

dues formed due to protein deamidation/ isomeriza- 

tion (2). PIMT, transfers methyl group from S-ade- 

nosyl methionine (SAM) to the side chain carboxyl 

group of the damaged Iso-Asp residue forming a 

methyl ester which undergoes a non-enzymatic re- 

action  to  from  L-succinimide  intermediate  which 

gene sequence of PIMT (P. aeruginosa) form NCBI 

gene bank (NZ_CP020560.1). The flanking sequence 

of the start and stop codons were selected and restric- 

tion sites for EcoRI and HindIII were added in the 

forward and reverse primers respectively. A dinucle- 

otide sequence was also added to the 5' end of each 

primer to facilitate digestion process. Promega G2 

green master mix was used for PCR with reaction 

volume of 20 µL. The PCR condition followed for 

amplification is given in the (Table 2). An amplicon 

of 663 bp can be observed in the agarose gel (Fig. 1) 

which corresponds to the size of the pcmt gene of the 

P. aeruginosa (later confirmed by sequencing). This 

ensures the purity of the culture and presence of an 

intact PIMT expressing gene in the organism. 

 

Table  1.  PIMT gene  specific primers  for  Pseudomonas 

aeruginosa. 

acts as precursor to Asp and Iso-Asp. This cycle con-           

tinues till the normal Asp residues are restored (3). 

PIMT is widely reported in eukaryotic organisms 

like Arabidopsis, Castor, Ricinus, rat, poultry, mice 

and human but only a few reports are available in 

microbes such as Escherichia coli, Mycobacterium 

tuberculosis and Salmonella typhimurium. Pseudo- 

monas aeruginosa is a Gram-negative rod-shaped 

Name of the primer 

PIMT Forward primer 
 

 
PIMT Reverse Primer 

Sequence of the primer (5’ to 3’) 

ATGAATTCATGACCTCCCAGCG- 

TACCCG 

ATAAGCTTTCAGGCGATCGGG- 

CCGTTG 

bacterium which has numerous virulence determi- 

nants (4). It is a notorious pathogen, responsible for 

Table 2. PCR conditions used for amplification of PIMT 

gene of Pseudomonas aeruginosa. 

large share of nosocomial infections. Further, multi           

drug resistant (MDR) strains of this pathogen are 

constantly evolving  which  are  difficult to  control 

with conventional antibiotics (5). In this study we 

tried to study the expression pattern of the PIMT in 

P. aeruginosa exposed to different temperature. 

A stock culture of Pseudomonas aeruginosa 

(MTCC 9800) was collected from the departmen- 

tal repository (Department of Microbiology, CBSH, 

OUAT, Bhubaneswar, Odisha) and revived on King’s 

B Medium. Later, the culture was grown on Pseu- 

domonas agar for fluorescein & Pyocyanin respec- 

tively. Isolated colony of the organism was picked 

and inoculated into King’s B broth. Genomic DNA 

was isolated from an overnight grown P. aeruginosa 

culture by using HiPurA® bacterial genomic DNA 

purification kit following manufacture’s instruction. 

The isolated DNA was used as a template for poly- 

merase chain reaction (PCR) with a PIMT (P. aerugi- 

nosa) gene (pcmt) specific primer set (Table 1). These 

Steps 

Initial Denaturation 

Denaturation 

Annealing 

Extension 

Final extension 

Temperature 

94ºC 

94ºC 

60ºC 

72ºC 

72ºC 

Time 

5 min 

30 secs 

45 secs 

1 min 

10 mins 

No of Cycles 

1 

35 
 

 
 

1 

primers which were originally used for cloning of the 

PIMT gene were manually designed by retrieving the 

Fig. 1. Agarose gel electrophoresis of (with PIMT gene spe- 

cific primers) PCR amplicon of P. aeruginosa. 
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THERMAL STRESS INDUCES OVEREXPRESSION OF PIMT IN  PSEUDOMONAS AERUGINOSA 
 

 
 

A recombinant PIMT (rtPIMT) of P. aeruginosa 

was available in the laboratory. The recombinant 

protein was analyzed on a 12% SDS-PAGE to check 

its purity and molecular weight (Fig. 2a). The pro- 

tein corresponds to 27 kDa. Bradford assay (Cat No: 

ML178, Himedia) was done to quantify the concen- 

tration of the protein which was found to be 0.25 µg/ 

mL. We had a polyclonal antibody, commercially 

raised against the recombinant PIMT (Anti-PIMT 

(P. aeruginosa) IgG raised in Rabbit). The affinity of 

the antibody to the protein can be seen in the Fig. 2b 

where a Western blot was performed by trapping the 

rtPIMT in a polyacrylamide gel followed by trans- 

ferring it to nitrocellulose membrane at 200 mA. The 

anti-PIMT antibody (1:250) was used as a primary 

antibody and the HRPO conjugated anti-rabbit IgG 

(1:1000) was used to detect the interaction. 

 

 
 

Fig. 2. (a) SDS-PAGE (12%) analysis of recombinant PIMT 

P. aeruginosa. (b) Western blot analysis of recombinant 

PIMT P. aeruginosa. Primary antibody used at 1: 250 dilu- 

tions. HRPO Conjugate at 1: 1000. 

 

Early log phase grown pseudomonas culture was 

used for exposure to thermal stress. For that, an over- 

night grown culture was sub cultured at 1:100 ratio 

and grown at 37°C with constant shaking (110 rpm) 

The expression levels of PIMT in exposed groups 

were evaluated by Western blot and ELISA. For West- 

ern blot, 10 µg of total protein (supernatant) from 

each group was loaded into SDS-PAGE and the pro- 

teins were transferred to a nitrocellulose membrane 

at 300 mA for 2 hours followed by blocking with 3% 

skimmed milk powder. The blot was incubated with 

Anti-PIMT antibody (1:250) and HRPO conjugate (1: 

1000). DAB was used as a substrate to develop the 

blot. An increase in PIMT expression can be seen 

(~27 kDa) in the lanes corresponding to 42°C, 56°C, 

and 80°C, while PIMT expression is relatively low at 

37°C (Fig. 3a). However, this did not provide a clear 

indication of the amount of PIMT expression in the 

said groups. To quantify the exact amount of PIMT 

expression in each group, ELISA was performed. 

A standard curve was prepared by taking different 

concentration of rtPIMT and the absorbance at 450 

nm was recorded due to its interaction with the an- 

ti-PIMT and conjugate antibody (Fig. 3b). Hundred 

nano-grams of total protein from each supernatant 

was coated to a 96 well plate. Carbonate- bicarbon- 

ate buffer (pH 9.6) was used as a coating buffer. The 

wells were washed and blocked with 1% gelatin. An- 

ti-PIMT was diluted at 1: 500 and conjugate was used 

at 1: 5000 dilutions. TMB was used as a substrate for 

the HRPO conjugate. The reaction was stopped with 

a stop solution (1N sulfuric acid) and the absorbance 

at 450 nm was recorded with the help of a microplate 

reader. After subtracting blank, the PIMT quantity 

was interpolated from the standard curve. The quan- 

tity of PIMT expression in different test groups has 

been given in the Fig. 3b. 

A significant difference among the groups can be 

seen in the expression pattern and over expression in 

the groups exposed to 42°C, 56°C, 80°C can be not- 

ed when compared with 37ºC. This clearly indicates 

the role of PIMT in thermal stress in Pseudomonas 

till the OD  
600 

reached 0.4. The culture of Pseudomo- aeruginosa. The over-expression might be a combat 

nas aeruginosa (triplicates) was incubated at 4 dif- 

ferent temperatures for another 1 hour with constant 

shaking (37°C, 42°C, 56°C, 80°C). 10 ml of culture 

from each group was centrifuged at 10,000 rpm at 

4°C and the pellets were stored at -20°C till further 

analysis. The cell pellets were lysed with 5 mL of 

8M urea + NaCl (0.85 %) buffer. The lysates were 

centrifuged at 12,000 rpm for 5 minutes at 4°C. The 

supernatant was collected from each group and the 

total protein content was quantified using Bradford 

Assay with a BSA standard. 

strategy to repair the overproduction of Iso-Asp in 

response  to  thermal  stress and  resulted  deamida- 

tion of normal Asp/Asn residues in several proteins. 

Earlier, it was reported that PIMT helps in survival 

of S. typhimurium in poultry and an increase in ex- 

pression of PIMT was also observed at 42ºC which 

is the normal body temperature of poultry (6). Our 

study corroborates to their finding (overexpression of 

PIMT upon exposure to heat stress) in P. aeruginosa. 

Earlier, it was also observed in E. coli that the over- 

expression of PIMT is associated with enhanced heat 
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Fig. 3. (a) Western blot analysis of expression pattern of PIMT in P. aeruginosa upon exposure to different thermal stress. (b) 

Quantification of PIMT expression by ELISA. One-way ANOVA was used for the analysis. Values are Mean ± SD of two 

independent observations. * p < 0.05, **p < 0.01, ***p < 0.001 and ns- not significant) 

 
shock survival (7). A similar finding was also made 

in the eukaryotic counterpart A. thaliana suggest- 

ing the enzyme repairs anti-oxidant enzymes which 

maintains the reductive state of the vital proteins in 

heat stress and oxidative stress (8). 
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