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ABSTRACT 

 

 
Background and Objectives: Lactobacillus casei, an acid-resistant bacterium, has a protective role against the pathogens. 

So we aimed to determine the proteome of Lactobacillus casei ATCC39392 strain in response to different pHs of 5 and 7 

using proteomic analysis. 

Materials and Methods: Supernatant and bacterial extraction of Lactobacillus casei ATCC39392 adapts at pHs 5 and 7 

were isolated using sodium dodecyl sulfate–polyacrylamide gel and two-dimensional gel electrophoresis. The comparison 

of results showed that 7 protein spots were seen in pH 5 but not in pH 7. Afterward, they were excised and sent for Matrix-

Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) to be identified. 

Results: Seven different proteins (four secretory and three structural) with different roles in human body health were iden- 

tified. Prescribed proteins include putative cell wall associated Hydrolase, Glycoside Hydrolase, beta-N-Acetyl hexosamin- 

idase, Histidine Kinase, Chaperonin, metal dependent Hydrolase and Lysozyme. 

Conclusion: Seven isolated proteins with anti-cancer and digestive impresses are proper subjects in therapy or drug delivery 

approaches especially oral drug usage for protection against stomach acidic area. 
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INTRODUCTION 

 
Lactobacillus casei is a Gram positive bacterium 

that is found at different sites of the body such as 
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intestine and mouth (1); therefore, it is resistant to a 

wide range of pH and temperature. This particular 

species of Lactobacillus is dominantly used in the 

dairy products industry, including cheese and fer- 

mented milk as a nonstarter lactic acid bacteria (2, 

3). The beneficial health effects of this bacterium as 

a probiotic is well documented in particular in an- 

imal studies (4). Briefly, L. casei by sticking to the 

intestinal wall, the site that intestinal lymph tissue 

is stimulated, regulates the immune system. Besides, 

there is a competition between L. casei and patho- 

gens for food and space. Therefore, L. casei has a 
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protective role against the pathogens. On top of this, 

the bacteria produce acids which in turn reduce the 

pH and lead to a reduction in the pathogen’s bacteria 

growth. Bacteriocins are the other compounds of L. 

casei, which ruins the pathogens (5). 

One of the potential criteria of L. casei, which 

makes it a good strain to be used in probiotic sup- 

plements is its acid tolerance (6). This feature is an 

essential factor as after consuming probiotics, they 

confronted with a strongly acidic environment in 

the stomach during the transition into the intestine 

(7). One of the useful tools which have been recent- 

ly used widely to analyze information regarding the 

metabolites changes in the network of Lactobacillus 

volume of 25 µL that contained 1 µg extracted DNA, 

13 µL Taq 2× Master Mix RED (Ampliqon), 1 pmol 

of each primer. PCR was performed as follows: 95°C 

for 5 min, 95°C for 30s, 60°C for 30 s, 72°C for 30 s 

and 30 cycles of extension. The PCR products were 

visualized in agarose gel electrophoresis with SyBR 

Green II staining. 

 

Proteins preparation and sodium dodecyl sul- 

fate–polyacrylamide gel electrophoresis (SDS- 

PAGE). Bacterial cells grown in MRS at different 

initial pH levels for one week were harvested by 

centrifugation (8000 rpm, 5 min, 4°C) at the late ex- 

ponential growth phase [approximately 109   colony 

is proteomics (6). Bacterial surface and extracellu- forming units (CFU) mL-1] (OD  
600 

:0.6). The superna- 

lar proteins have a growing interest in the study of 

bacteria–host relationships, whether pathogenic or 

host beneficial. This interest caused an increase in 

the use of proteomics as a significant tool in the early 

characterization of bacteria. Therefore, in the present 

study we aimed to analyze the proteome of L. casei 

ATCC39392 in pHs of 7 and 5 using sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS- 

PAGE), two-dimensional electrophoresis and MAL- 

DI TOF (Matrix-Assisted Laser Desorption-Ioniza- 

tion-Time of Flight) mass spectroscopy. 
 

 
 

MATERIALS AND METHODS 

 
Strain and growth condition. L. casei 

ATCC39392 was cultured in De Man Rogosa and 

Sharp (MRS) broth (27.57 grams per Liter) (ibres- 

co Life Science, Iran). The amount of 60cc of MRS 

broth media transferred to a sterile Erlenmeyer and 

300 λ of hydrochloric acid added to the broth to pH5. 

In the next step 100 λ of bacteria stock transferred to 

the acidic media and neutral one (pH 7) and incubat- 

ed at 37°C for one week. The cultures were harvested 

by centrifugation (8000 rpm, 5 min, 4°C) at the late 

tant containing the secretion proteins was precipitat- 

ed with 2 mL methanol 10% and stored at -20°C for 

further analysis. Then 100 µL of lysis protein buffer 

containing Tris 50 mµ, Glycerol 50%, Triton x-100 

0.1%, and PMSF 1 mµ, and 2 µL of PMSF was added 

to the depositions from the centrifuge. After that, the 

samples were sonicated for 40 cycles, each lasted 30 

seconds. Then, samples were mixed by 200 µL of ac- 

etone and stored at -20ºC for further analysis. After 

24 hours, samples were centrifuged at 8000 rpm for 

5 minutes. Then, supernatants were discarded, and 

30 µL of deionized water and 1X of SDS-loading 

were added to each one and mixed gently. At last, all 

prepared samples were kept in thermoblock at 85°C 

for 10 minutes. Then electrophoresis was run on pre- 

pared SDS-PAGE 12% under the following condition; 

voltage=90, current=37, power=3.32. Afterwards, 

proteins were fixed by immersing the gels in an aque- 

ous of 10% (v/v) trichloroacetic solution for 1 h and 

stained overnight in Coomassie blue stain [0.25% 

(w/v)  Coomassie  blue  R-250,  50%  (v/v)  methanol 

and 10% (v/v) acetic acid]. After destaining the gel 

with a solution of 25% (v/v) methanol and 10% (v/v) 

acetic acid, the gel was visualized using a lightbox. 

exponential growth phase (OD  
600 

:0.6). Two-dimensional  polyacrylamide  gel  electro- 

phoresis (2DE). Seventeen-centimeter immobilized 

Identification of bacteria. To determine the mor- 

phologic characteristics of the colonies on MRS, 

gram staining was carried out. Also, we confirmed 

the bacterial species of L. casei, by specific ampli- 

fication of a 666 base pairs fragment of the genome 

by    CZF:    5’-CAGCGCTGGTGGAAGACTTG-3’ 

and CPR:5’-TGCATTTCCCCGCTTTCATGACT-3’ 

primers. The PCR reaction was prepared in a final 

pH gradient (IPG) strips with the nonlinear range 

of pH 3-10 (BioRad, USA) were used to perform 

isoelectric focusing (IEF). Rehydration step of IPG 

strips has been done overnight by loading of about 

1 mg of protein extracts to a 300 µL total volume of 

rehydration buffer including 7 M urea, 2 M thiourea, 

4% CHAPS, 0.2% Bio-Lyte pH 3-10, 50 mM DTT, 

and a trace amount of bromophenol blue. The pro- 
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gram of Protean IEF cell (BioRad) for focusing was 

the linear increase from 0 to 250 V for 20 min, fol- 

lowed by a linear increase to 10,000 V, and remained 

on 10,000 V to achieve a total 50,000 V h. Afterward, 

the IPG strips were equilibrated by a buffer contain- 

ing 50 mM Tris-HCL–HCl pH 8.8, 6 M urea, 20% 

glycerol, 2% SDS, 0.01% bromophenol blue and 2% 

DTT for 15 min. Then, an equilibration buffer de- 

void of DTT which was supplemented with 2.5% io- 

doacetamide used to alkylated samples (15 min). For 

the second dimension of electrophoresis, equilibrat- 

ed strips were placed on top of the handmade 12% 

SDS-PAGE gel slabs and sealing with 1% agarose. 

Electrophoresis was run using the standard Laemmli 

buffer system under the following condition; 16 mA/ 

gel for 30 min and 24 mA/gel for approximately 5 h 

at 16°C until the bromophenol blue was 1 cm above 

the bottom of the gel. Lastly, a sensitive colloidal 

Coomassie Brilliant Blue G 250 (CCB) method was 

used to stain the gels. 

 
Proteins  identification by  MALTI  TOF  mass 

spectrometry. We have compared the 2DE gels of 

proteome extraction of L. casei at pHs of 7 and 5. 

There were seven spots of differences between them. 

The seven interested gel slices were firstly washed 

and were reduced using DTT. Right alkylation by io- 

doacetamide they were incubated at 37°C with 125 ng 

sequencing grade trypsin (Promega) for an overnight. 

Each tryptic digest was analyzed by MALTI TOF 

mass spectrometry for the protein spots identification. 

Results analysis was performed using a mascotserver  

(http://www.mascot.org) against a protein database. 

Proteomic analysis was performed for whole-cell 

protein lysates from early-stationary phase of L. casei 

cultured in standard (MRSC, initial pH 7) and stress- 

ing (MRSC initially adjusted to pH 5) conditions. 
 

 
 

RESULTS 

 
Culture and Identification of bacteria. The ob- 

tained bacterium was approved by specific PCR. A 

PCR product of approximately 670 bp was consid- 

ered to be the target gene. So the confirmed strain 

as L. casei ATCC39392 has cultivated in the De Man 

Rogosa and Sharp (MRS) broth in two pHs 5 and 

7 that showed the resistance of the bacteria to even 

more acidic conditions. Fig. 1 demonstrates the PCR 

product fragment amplification and confirms the ge- 

nus and species of L. casei. 

 
Bacterial proteome isolation at acidic pH. The re- 

sults of the present study indicate remarkable chang- 

es in the cellular proteome of L. casei ATCC39392 

cultured under anaerobic and pH-control conditions 

at 37°C. Quantitative proteomic analysis of secreto- 

ry proteins revealed that some of the proteins which 

mainly stressed response proteins were affected by 

pH. In other words, lower pH (pH5) upregulates the 

 

 
 
Fig. 1. Genus and species of L. casei confirmation, Left) 

Gram staining smear of L. casei culture, Right) Agarose gel 

electrophoresis of PCR product 

 
 

 
 
Fig. 2. Proteome analysis of L. casei using SDS-PAGE in 

response to pH 5 & 7 (lane1: Protein Marker, lane 2: pH 5, 

lane 3: pH 7) 
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secretion of enzymes in the proteolytic pathway. 

SDS-PAGE electrophoresis analysis of bacterial pro- 

teins cultured in two different pHs showed different 

protein patterns (Fig. 2). 

The results of the Two-dimensional electrophoresis 

of bacterial total protein samples are indicated in Fig. 

3. The gel images show the difference between struc- 

tural and secretory proteins in two various culture 

conditions. The images analyzed with Image Master 

software recognized more than 100 differentially ex- 

pressed proteins. The seven spots with the highest 

concentration were identified with mass spectrosco- 

py. 

 
Identification of protein spots. Analysis of seven 

isolated spots at pH 5 culture condition recognized 

by MALDI TOF mass spectroscopy. They obtained 

from mascot server analysis. Specifications of de- 

tected proteins are described in Table 1. 
 

 
 

DISCUSSION 

 
Following the role of L. casei as normal flora at 

 

 
 

Fig. 3. Proteome analysis of L. casei ATCC39392 in re- 

sponse to different pHs using two-dimensional electro- 

phoresis. Analysis of images with Image Master software 

showed 7 green spots at pH5 (left) whereas they were not 

recognized in pH 7 (right) (arrows). 

acidic pH of the intestine and genital tracts, we de- 

cided to determine the difference between expressed 

bacterial proteins at two growth conditions. There- 

fore, proteomics of secretory and structural proteins 

isolated from this strain was used to characterize 

the strain response cultured at two different pHs 5 

and 7. One of the acid-resistant proteins identified 

in this study belongs to the clan MA, Subclan MA 

(E), family M41. Includes the FtsH endopeptidase, 

which is known from bacteria, mitochondria, and 

chloroplasts. FtsHis a metalloprotease that is asso- 

ciate with ATP-dependent zinc for cytoplasmic and 

membrane proteins. A large number of earlier inves- 

tigations studied on this protein in Escherichia coli. 

They reported that this protein plays a role in many 

biological processes including quality control of pro- 

tein by degrading out-of-membrane proteins like the 

subunit alpha of the F1F0 ATP synthase complex and 

the type 2 secretion system translocon protein SecY 

and involved in choosing between lysis and lysog- 

eny upon bacteriophage l infection, LPS biosynthe- 

sis, and cell division (8). FtsHis a homohexamer in 

the inner membrane. When a substrate degrades in 

the proteolytic chamber of the protease, FtsH uses 

its ATPase to unfold and translocate it. Therefore, 

misfolded and proper folded proteins are removed 

by Ftsh due to quality control or regulatory reasons, 

respectively. FtsH is considered as a key role protein 

in E. coli due to its role in quality control and other 

related processes (9). 

Recent studies identified genes involved in Lac- 

tobacillus stress responses, such as the methionine 

sulfoxide reductase (oxygen stress) (10), F1F0-AT- 

Pase (acid stress) genes (11), and molecular chaper- 

one groESL and dnaK (heat stress). Hossein Nezhad 

et al. indicate a significant association between sur- 

face proteins of L. casei strain GCRL 12 with growth 

and survival at low pH (12). The results of the current 

study identified one secretory protein, which is re- 

 
Table 1. Identified proteins from L. casei ATCC39392 that were different in response to pH 

 

Detected protein pH 7 pH 5 Molecular Mass (kDa) Location 
putative cell wall associated Hydrolase  -- 85 Structure 
Glycoside hydrolase --  70 Structure 
beta-N-Acetyl hexosaminidase --  60 Structure 
Histidine kinase --  40 Structure 
Chaperonin --  80 Secretory 
metal dependent Hydrolase --  60 Secretory 
Lysosyme --  70 Secretory 
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sponsible for ATCC39392 to survive under low pH. 

The protective effect of substances on the acid tol- 

erance of L. casei was monitored by some earlier 

studies. Wu et al. (2010) elucidate exogenous aspar- 

tate increased the growth performance and survival 

rate of L. casei during acid stress. According to the 

results of the physiological data, cells supplemented 

by aspartate had higher intracellular NH4+ content, 

intracellular pH (pHi), H+-ATPase activity, and in- 

tracellular ATP pool (13). In some studies, variations 

in strains that respond to acid stress are seen in com- 

parison to strains that are not exposed to acid stress. 

Scanning electron microscope showed that the sur- 

face of the stressed cell became unevenly rougher 

than unstressed ones. The authors speculated that 

it is caused by the induced expression of those sur- 

face proteins. Results of the comparison between the 

stress response of the parental strain L. casei Zhang 

and the acid-resistant mutant that obtained through 

adaptive evolution and represented increased acid 

tolerance was shown that the evolved mutant lb-2 ex- 

hibited an increase in concentrations of lactate and 

acetate, higher survival rate, higher intracellular pH 

(pHi) and NH4+ concentration, lower inner mem- 

brane permeability, higher amounts of intracellular 

arginine and aspartate than that of the parental strain. 

A new insight about proteins that are expressed by L. 

casei under stress conditions suggests a new mech- 

anism perspective involved in bacteria adaptation 

and stress tolerance. These proteins have been iden- 

tified to  increase  bacterial  surviving  under  stress 

conditions (14). Although, surface and extracellular 

proteins of lactobacilli have important roles in the 

functioning of probiotics, little is known about the 

effect of stress on the secretome (15). In fact, recent 

studies mostly focused on S-layer producing species 

(16). One of the possible and important mechanisms 

in LAB for energy production in terms of ATP un- 

der stress condition is via modulating protein path- 

ways of glycolytic (17). This modulation is species 

and stress type-dependent (18). The anti-cancer ef- 

fect of L. casei ATCC 393 has been shown in earlier 

studies. Tiptiri-Kourpeti et al. (2015) indicated apop- 

totic cell death with live L. casei and a decrease in 

viability of colon cancer cells which were affected 

by L. casei for 24 hours. They also indicated that 13 

days of oral administration of L. casei was signifi- 

cantly suppressed the colon cancer cells’growth. All 

in all, these findings provide beneficial health evi- 

dence for LAB strains including tumor-inhibitory, 

anti-proliferative, and pro-apoptotic (19). Besides, 

glycoside hydrolase which identified in the present 

study  has  digestive  function  including  catalyzing 

the hydrolysis of glycosidic bonds in complex sugars 

(20). This protein plays a wide range of enzymatic 

roles including anti-bacterial defense strategies (e.g., 

lysozyme), degradation of cellulose, and starch (am- 

ylase), normal cellular function, and pathogenesis 

mechanisms  (e.g.,  viral  neuraminidases).  Besides, 

β-N-acetyl-D-hexosaminidases catalyze the remov- 

al of N-acetyl-D-galactosamine (GalNAc) or N-ace- 

tyl-D-glucosamine (GlcNAc) from the non-reducing 

ends of oligosaccharides, glycoproteins, and glyco- 

lipids (21). 

The acidic pH resistant proteins of L. casei can 

be used for targeted drug delivery or drug design in 

future studies. 
 

 
 
CONCLUSION 

 
According to different expression proteins pattern 

in Lactobacillus casei in two pHs 5 and 7, we can 

suggest this bacteria or acid resistance proteins can 

be used in drug delivery programs. 
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