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Abstract: In present study, the effects of carbon sources (glucose, lactose, sucrose, galactose, maltose and 

soluble starch) and nitrogen sources (casein peptone, whey protein, soy peptone, yeast, tryptone, beef extract 

and peptone) on activity of cell envelope proteinases (CEP), specific activity, protein content, OD600 value and 

pH in MRS broth fermented by Lactobacillus plantarum LP69 were investigated by 

individual factor experiment. The results indicated that carbon and nitrogen sources have significant influence 

on the activity of CEP and specific activitys of L. plantarum LP69, glucose, maltose, casein peptone and 

peptone are superior to other selected carbon and nitrogen sources. The optimum concentrations of glucose, 

maltose, casein peptone and peptone for L. plantarum LP69 are 2%, 2%, 1% and 1%; the activity of CEP are 

19.52U/mL, 21.13U/mL, 13.49U/mL and 20.61U/mL, respectively.  
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INTRODUCTION 

 

Lactic acid bacteria (LAB) find a wide 

application as starters in fermented dairy 

products on account of their milk acidification 

and flavor development properties. 

(Fernandez-Espla et al., 2000). Some lactic 

acid bacteria are called probiotics, such as 

bifidobacteria and lactobacilli, traditionally 

defined as viable microorganisms that 

contribute to prevent or treat intestinal 

disorders when ingested by human (Rolfe, 

2000; Tatsuya et al., 2015; Shu et al., 2016). 

Among the fermenting microorganisms of most 

fermented foods, lactic acid bacteria 

predominate and are used as probiotics to 

promote human body health. (Hammes et al., 

2006). Lactobacillus plantarum is a type of 

common and beneficial Lactobacilli in nature, 

which plays an important role in the 

development of food flavor in the fermentation 

industry. Moreover, Lactobacillus plantarum is 

also an essential probiotic in the human 

gastrointestinal tract, which has an enormous 

influence on maintaining human health and 

preventing disease (Wu et al., 2019). 

The cell envelope proteinase (CEP), produced 

by lactic acid bacteria, is a key class of 

proteolytic enzymes, because it acts on the first 

step of casein degradation which plays a part in 

developing sensory and texture properties of 

fermented foods (Chen et al., 2018; 

Sadat-Mekmene et al., 2011). Moreover, CEPs 

may release bioactive peptides with more 

health benefits than basic nutrition (Espeche et 

al., 2009). CEP is the core enzyme in the 

process of hydrolyzing goat milk protein to 

produce polypeptides. Prior studies by our 

group have shown that products of goat milk 

hydrolyzed by CEPs of L. plantarum LP69 

have high antioxidant activity and 

angiotensin-I-converting enzyme (ACE) 

activity (Chen et al., 2012; Chen et al., 2015). 

Therefore, the more biochemical knowledge 

and commercial application of CEPs from L. 

plantarum is worth in-depth study, but these 

prospects are closely related to the medium 

optimization of CEPs production by 

L.plantarum which the CEP with higher 

activity can be obtained. 

A main advantage of fermentation is that 

medium compositions and culture conditions 

affect cell growth and product synthesis — can 

be examined and controlled to improve the 
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yield and quality of products, and the various 

types and sources of nutrients available in the 

medium can exert a profound influence on the 

fermentation yields (Danquah et al., 2007; 

Agyei et al., 2012). The use of a chemically 

defined medium is important to enhance the 

proteinase activity and support the growth of 

lactobacilli (Hebert et al., 2004). Chen et al. 

(Chen et al., 2012; Chen et al., 2013) screened 

various nitrogen sources, carbon 

sources/prebiotics to obtain the optimal 

substances for growth of et al., 2012) observed 

the influence of various sugars on CEPs 

production by Lactobacillus delbrueckii subsp. 

lactis 313 (LDL 313). In addition, the optimal 

medium for CEP production of Lactobacillus 

casei DI-1 and Lactobacillus acidophilus were 

studied and the proteinase activity was 

significantly increased (Wu et al., 2013; Ren et 

al., 2014). However, as far as we know, there is 

a lack of information on the medium 

optimization of CEPs production by L. 

plantarum LP69. 

In our previous work, we screened and 

obtained L. plantarum LP69 which could 

fermented goat milk with ACE inhibitory 

activity. In the present study, the effects of 

carbon sources (glucose, lactose, sucrose, 

galactose, maltose and soluble starch) and 

nitrogen sources (casein peptone, whey protein, 

soy peptone, yeast, tryptone, beef extract and 

peptone) on activity of cell envelope 

proteinases (CEPs), specific activity, protein 

content, OD600 value and pH in MRS broth 

fermented by Lactobacillus plantarum LP69 

were investigate by single factor experiment, 

which was to explore the carbon and nitrogen 

sources that can improve significantly the CEP 

activity of L. plantarum LP69 in culture 

medium. In the present work, we screened out 

the main factors that effecting the production 

of CEP of L. plantarum LP69 from various 

carbon sources and nitrogen sources, and 

further adopted single factor, which will 

provide a reference for the optimization of 

CEP-producing media.
 
 
MATERIAL AND METHODS 

 

Microorganisms and Culture Media  

L. plantarum LP69 was provided by the School 

of Food and Biological Engineering, Shaanxi 

University of Science & Technology and 

inoculated three generations in a row with 

MRS broth medium at 37℃ for 22 h. The Man 

Rogosa Sharpe (MRS) broth was purchased 

from hopebiol Technology Co., Ltd. (Tianjin, 

China). All culture medium were autoclaved at 

121℃ for 15 min. 

 

Harvesting of Crude CEPs  

At 4℃, the culture was centrifuged at 4500 

r/min for 20 min. The supernatant was 

decanted and the pellet was rinsed with 50 mM 

Tris-HCL buffer solution (pH 7.8) including 30 

mM CaCl2 three times. The suspension of 

washed whole cells was then suspended in 50 

mM Tris-HCl supplemented with 50 mM 

EDTA-Na2, pH 7.0. The reaction mixture was 

incubated at 37℃ for 1 h. The supernatant 

harvested by centrifugation (4500 r/min, 15 

min, 4℃) designated as crude CEPs. 

 

Culture pH and Lactobacillus plantarum 

LP69 Growth Assay 

The pH values of the cultures were recorded 

with a pH meter with version PHS-3C. The 

growth of Lactobacillus plantarum LP69 was 

measured by optical density (OD) at 600 nm 

with SP-756PC ultraviolet spectrophotometer. 

 

Measurement of Proteinase Activity 

The enzyme activity was determined according 

to the prior study (Chen et al., 2018). 

 

Protein Contents Assay 

Using the bovine serum albumin as standard, 

protein concentration was measured by 

Bradford method (Bradford, 1976). 

 

Determination of Specific Activity 

Specific activity is the enzyme activity of per 

mg of enzyme protein. The formula for 

determining specific activity is as follows (Ngo 

et al., 2008): 

  (mg)protein  Total

(U)activity  enzyme Total
(U/mg)activity  Specific 

 (1) 

Statistical Analysis 

Parallel experiments were conducted three 

times for each group, and the average values 

were taken as the final result. The Origin 9 

software package and Microsoft Excel 2010 

were used to process data. 
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RESULTS AND DISCUSSION 

 

Establishment of bovine serum albumin and 

tyrosine standard curve 

The linear regression equation of bovine serum 

standard curve is y=0.00581x+0.05795, 

R2=0.9585, and the protein has a good linear 

relationship between 0-100μg. The linear 

regression equation of the tyrosine standard 

curve is y=0.01063x-0.0955, R2=0.9988, and 

the protein has a good linear relationship 

between 10-50μg. 

 

Effect of carbon sources on CEP activity of 

L. plantarum LP69  

This test screened six carbon sources. The 

MRS broth was used as the base medium. The 

other components of the medium were kept 

unchanged, and the carbon source was changed 

to 2% glucose, lactose, sucrose, galactose, 

maltose and soluble starch, respectively. After 

inoculating with L. plantarum LP69, the cells 

were cultured at 37℃ for 22 h, and the OD600 

value, pH value, CEP activity, protein content 

and specific activity were measured. The 

results are shown in Figure 1. CEP activity and 

specific activity of L. plantarum LP69 were the 

higher in culture medium with glucose and 

maltose as carbon sources. Therefore, glucose 

and maltose were selected as the preliminary 

screening of carbohydrates, and the appropriate 

concentration range was further determined by 

single factor experiment. 

Figure 2 shows that with the increase of 

glucose concentration, the CEP activity, protein 

content and specific activity increased initially 

then started to drop. When glucose 

concentration was 2%, the enzyme activity was 

highest at 19.52U/mL and the protein content 

was the highest at 20.16mg/mL, as well as the 

specific activity reaching a maximum of 

0.98U/mg. 

 

  

Figure 1. The effect of six carbon sources on CEP activity of L. plantarum LP69  

 

 
Figure 2. The effect of glucose on CEP activity of L. plantarum LP69 
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The OD value can reflect the growth of LP69. 

The larger the OD value, the more the number 

of viable cells. With the rising of glucose 

concentration, the OD value increased initially, 

followed by a decrease, peaked at the glucose 

concentration of 2%. The pH can reflect the 

metabolism of lactobacillus. The lower the pH 

value, the better the metabolic acid production. 

The Figure shows that the pH first decreased 

and then increased, and at the glucose 

concentration of 2%, the metabolism was 

optimal. These data indicated that a low 

concentration of glucose could promote the 

growth of L. plantarum LP69, but a high 

concentration of glucose has a passive effect. 

This maybe on account of excessive glucose 

produced a large amount of metabolite lactic 

acid, thus inhibited growth of L. plantarum 

LP69.  

As figure 3 shows, the concentration of 

maltose increased, the CEP activity, protein 

content and specific activity all increased first 

and then decreased, with a maximum at the 

maltose concentration of 2%, which was 

21.13U/mL, 14.57mg/mL and 1.45U/mg, 

respectively. The high proteinase activity 

observed for maltose could be accounted for by 

the action of maltose in maintaining the 

morphological integrity of the bacterial cell 

envelope (Agyei et al., 2012). From the aspect 

of strain LP69 growth, the bacterial density 

increased at first and then decreased, and the 

growth was best at the maltose concentration of 

2%. The pH was the lowest point at 2% 

maltose, which indicated that the metabolism 

of strain LP69 was the best. Therefore, 2% 

were chosen as the optimum maltose 

concentration.  

 

Figure 3. The effect of maltose on CEP activity of L. plantarum LP69 

 

Carbohydrates are essential nutrients for the 

growth of microorganisms. All kinds of carbon 

sources can be absorbed and utilized by 

bacteria, and were used as raw materials for the 

synthesis of bacteria. Furthermore, carbon 

sources also served as the main energy source 

for bacterial metabolism. Chen et al. (2013) 

found that lactose promoted significantly the 

growth of Streptococcus thermophilus. A 

previous study identified that proteinase 

activity of strain LDL 313 was dependent on 

the carbon source, with 2% maltose recording 

the highest proteinase activity (Agyei et al., 

2012). Moreover, 2% glucose and 1% beef 

peptone were considered to be the optimal 

combination for CEP production of 

Lactobacillus acidophilus (Ren et al., 2014). 

Gao et al. (2008) explored the effects of 

different carbon and nitrogen sources on the 

growth of Lactobacillus casei Zhang, and 

selected glucose as the best carbon source. Xu 

et al. (2011) studied the different carbon 

sources can improve the amount of 

antibacterial substance producing by strain 

LB-9, and glucose was chosen as the best 

carbon source. These demonstrate that higher 

activity of proteinase can be obtained from 

lactic acid bacteria by optimising the carbon 

compositions of medium. 

 

Effect of nitrogen source on L. plantarum 

LP69 producing CEP 

In this experiment, casein peptone, whey 

protein, soy peptone, yeast, tryptone, beef 

extract and peptone were screened, and other 

components of the basic medium were kept 

unchanged. Nitrogen source was changed to 

1% of the above substances, respectively.  
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Figure 4 shows that among the seven nitrogen 

sources, the CEP activity and specific activity 

in media fermented by L. plantarum LP69 

using casein peptone and peptone as nitrogen 

sources were higher. Thus the two nitrogen 

sources were selected as relatively good 

nitrogen sources for the next step to obtain a 

better concentration ratio by single factor 

experiment. 

It can be seen from Figure 5 that as the 

proportion of casein peptone was gradually 

increased from 0.2% to 1.8%, the trends of 

enzyme activity, protein content and specific 

activity were all increased first and then 

decreased. When the concentration of casein 

peptone was 1%, the enzyme activity and 

specific activity reached a maximum value of 

13.49U/mL and 0.75U/mg, respectively. The 

protein content obtained the maximum value of 

21.49mg/mL at the casein peptone 

concentration of 1.4%. Since enzyme activity 

and specific activity were the main factors, 

when the concentration of casein peptone was 

1%, the OD value was the highest, and the 

lower pH also reflected the better growth of 

LP69, therefore, 1% were chosen as the best 

casein peptone concentration. 

 

 
Figure 4. The effect of seven nitrogen source on CEP activity of L. plantarum LP69 

 

Figure 5. The effect of casein peptone on CEP activity of L. plantarum LP69 

 

From the results in Figure 6, the enzyme 

activity, protein content and specific activity 

were basically the same, increased first and 

then decreased, with a maximum at the peptone 

concentration of 1%, which was 20.61U/mL, 

20.18mg/mL and 0.97U/mg, respectively. The 

OD value and pH value also showed that when 

the peptone concentration was 1%, the 

Lactobacillus plantarum LP69 grew better, so 

1% was selected as the optimal concentration 

of peptone. 

Nitrogen-derived substances are significant 

factors in promoting microbial growth and are 

important substances that constitute the 

bacterial cell wall. LAB has a limited capacity 

to synthesize amino acids and is therefore 

dependent on the use of exogenous nitrogen 

sources for optimal growth (Hebert et al., 2000; 
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Espeche et al., 2009). Chen et al. (2016) 

reported that glutamate, soybean peptone and 

casein hydrolysate can improve the viable cells 

number of Streptococcus thermophilus. There 

is a significant effect on Soya peptone to the 

growth of S. thermophilus and the optimum 

soya peptone content was 30g/L (Chen et al., 

2012). Similarly, it has been reported that the 

strain WH29-3-1 had the largest amount of 

thermoduric proteinases production when the 

cells had been grown in the medium containing 

glucose, peptone, beef extract, yeast powder 

(Fang et al., 2008). Therefore, in the process of 

lactobacillus producing proteases, different 

kinds and concentrations of nitrogen sources in 

the medium have a great influence on CEP 

activity and specific activity.

 

Figure 6. The effect of peptone on CEP activity of L. plantarum LP69 

 

 

CONCLUSIONS 

 

The selected carbon and nitrogen sources have 

significant influence on the activity of CEP 

from Lactobacillus plantarum LP69 in MRS 

broth medium. Glucose, maltose, casein 

peptone and peptone are superior to other 

selected carbon and nitrogen sources. The 

optimum concentration of Glucose, maltose, 

casein peptone and peptone for L. plantarum 

LP69 are 2%, 2%, 1% and 1%, the activity of 

CEP is 19.52U/mL, 21.13U/mL, 13.49U/mL 

and 20.61U/mL, respectively, which provided a 

reference for further optimizing of 

CEP-producing media of L. plantarum LP69.  
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