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NOVEL LACTOBACILLUS PLANTARUM AND LACTIC ACID 

BACTERIA COMPOSITION AND USE THEREOF FOR TREATING OR 

PREVENTING HEAVY METAL RELATED DISEASES 

5 

BACKGROUND OF THE INVENTION 

Field of Invention 

The invention relates to a second use of a microorganism, and more 

particularly to a novel Lactobacillus plantarum, a lactic acid bacteria composition 

10 and a use thereof for treating or preventing heavy metal related diseases.  

Related Art 

Heavy metal pollution means that the environment is polluted by heavy 

metals or their compounds, which is mainly caused by man-made factors such as 

industrial emissions, exhaust gases discharged by vehicles, sewage, etc. Since 

15 heavy metals have the characteristics of not easy to move and dissolve, chronic 

poisoning can be caused when an individual is exposed to metal pollutants in the 

environment over a long period or in large-scale. At present, the most harmful heavy 

metals to human health include lead, mercury, arsenic, cadmium, and chromium.  

The so-called lead poisoning refers to the poisoning phenomenon caused by 

20 human being exposed to lead or its compounds. Most of lead poisoning occurs 

through inhalation into the human body, such as motorcycle exhaust gases and air 

containing lead particles. Lead that enters into the human body is absorbed by the 

small intestine and stored in the body; when children come into contact with items 

containing lead, lead will be absorbed into the body through the panel. Because lead 

25 is not easy to be excreted from the body, long-term exposure will cause harm to 

various organs, especially have the greatest impact on the nervous system and
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digestive system. For example, long-term lead poisoning in children can cause brain 

damage, paralysis and other diseases.  

It can be known from the above that heavy metals and their compounds are a 

major killer of human health, but exposure to heavy metals and their compounds in 

5 the environment cannot be avoided. Therefore, there is an urgent need to develop a 

product that is capable of effectively excreting heavy metals from the human body.  

OBJECT 

It is an object of the invention to substantially achieve at least the above need.  

0 

SUMMARY OF THE INVENTION 

An aspect of the invention provides a Lactobacillus plantarum NBM-01-07

003, which is scientifically named: Lactobacillus plantarum subsp. plantarum 

NBM-01-07-003, depositary authority: China General Microbiological Culture 

5 Collection Center (CGMCC) of the China Committee for Culture Collection of 

Microorganisms (CCCCM); address: Institute of Microbiology, Chinese Academy 

of Sciences, NO.1 Beichen West Road, Chaoyang District, Beijing 100101, China; 

depositary date: September 4, 2018; depositary number: CGMCC No. 16417.  

The Lactobacillus plantarum was also deposited at the Food Industry 

20 Research and Development Institute of the Hsinchu Foundation of Taiwan, China 

on December 15, 2017, with the depositary number: BCRC910809.  

The above disclosed Lactobacillus plantarum NBM-01-07-003 has a use of 

adsorbing metals, that is, the above disclosed Lactobacillus plantarum NBM-01-07

003 is capable of adsorbing metals or their compounds in vivo or in vitro to achieve 

25 an efficacy of preventing or/and treating metal poisoning or related complications.  

Specifically, the above disclosed Lactobacillus plantarum NBM-01-07-003 has a
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capacity to remove lead or its compounds.  

In other words, by administering the above disclosed Lactobacillus 

plantarum NBM-01-07-003 or a composition containing the above disclosed 

Lactobacillus plantarum NBM-01-07-003 into a body of an individual, or by using 

5 the above disclosed Lactobacillus plantarum NBM-01-07-003 or the composition 

containing the above disclosed Lactobacillus plantarum NBM-01-07-003 in an 

environment, the above disclosed Lactobacillus plantarum NBM-01-07-003 is 

capable of attaching on intestinal cells and panel cells, capable of effectively 

adsorbing heavy metal ions, and reducing the content of heavy metals in an 

0 organism or an environment in order to prevent or cure related diseases caused by 

heavy metals, such as central and peripheral nervous systems damage, hypomnesia 

and child intelligence decline, antisocial behavior, impaired hemoglobin synthesis, 

impaired renal function, deafness, blindness, hypoevolutism, loss of libido, 

inflammation, autoimmune diseases, etc. Therefore, the composition containing the 

5 above disclosed Lactobacillus plantarum NBM-01-07-003 can be used as an 

effective ingredient of an external composition or an internal composition.  

Wherein, the external composition can be a spray.  

Wherein, the internal composition can be a food, a nutritional supplement, an 

additive.  

20 In one embodiment disclosed in the invention, a lactic acid bacteria 

composition is provided, which comprises an effective amount of the above 

disclosed Lactobacillus plantarum NBM-01-07-003.  

In another specific embodiment, the lactic acid bacteria composition further 

comprises a Lactobacillus delbrueckii subsp. lactis.  

25 Specifically, the above disclosed Lactobacillus plantarum NBM-01-07-003 

and the Lactobacillus delbrueckii subsp. lactis can be mixed at a weight ratio of 1:1 

to form a composition.
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Further, the lactic acid bacteria composition disclosed in the above 

embodiments can have a use of adsorbing heavy metals, and can be prepared into a 

food, an external dosage form according to those skilled in the art to which the 

invention pertains, for applying to the human body or in vitro.  

5 The lactic acid bacteria composition disclosed in the above embodiments has 

a use of treating or/and preventing heavy metal poisoning, that is, by administering 

an effective amount of the lactic acid bacteria composition to an individual, the 

lactic acid bacteria composition is capable of adsorbing heavy metals in the cells in 

order to achieve an efficacy of removing metals or their compounds absorbed into 

10 the human body, and thus capable of preventing or treating diseases caused by 

heavy metals.  

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is the result of observing a novel Lactobacillus plantarum NBM-01

15 07-003 disclosed in the invention with an electron microscope; 

FIG. 2 is the result of identification of the novel Lactobacillus plantarum 

NBM-01-07-003 disclosed in the invention with 16S rDNA; 

FIG. 3 is the result of identification of a NBM-04-10-001 strain with 16S 

rDNA; 

20 FIG. 4 is the result of attachment test of a lactic acid bacteria sample on 

human HaCaT cells, the upper figure is the result of attachment test of the NBM

04-10-001 strain, and the lower figure is the result of attachment test of a NBM-01

07-003 strain; 

FIG. 5 is the result of attachment test of the lactic acid bacteria sample on 

25 human Caco-2 cells, the upper figure is the result of attachment test of the NBM

04-10-001 strain, and the lower figure is the result of attachment test of the NBM-
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01-07-003 strain; 

FIG. 6 is the result of the lactic acid bacteria sample stimulating HaCaT cells 

to secrete IL-6; 

FIG. 7 is the result of the lactic acid bacteria sample producing LPS to 

5 stimulate HaCaT cells to secrete IL-6; 

FIG. 8 is the result of the lactic acid bacteria sample stimulating HaCaT cells 

to secrete IFN-Y; 

FIG. 9 is the result of the lactic acid bacteria sample producing LPS to 

stimulate HaCaT cells to secrete IFN-Y; 

10 FIG. 10 is the result of the lactic acid bacteria sample stimulating HaCaT 

cells to secrete IL-8; 

FIG. 11 is the result of the lactic acid bacteria sample producing LPS to 

stimulate HaCaT cells to secrete IL-8; 

FIG. 12 is the result of the lactic acid bacteria sample stimulating Caco-2 

15 cells to secrete IL-8; 

FIG. 13 is the result of the lactic acid bacteria sample producing LPS to 

stimulate Caco-2 cells to secrete IL-8; 

FIG. 14 is the result of the lactic acid bacteria sample stimulating mouse 

macrophages RAW264.7 to secrete IL-6; 

20 FIG. 15 is the result of the lactic acid bacteria sample producing LPS to 

stimulate mouse macrophages RAW264.7 to secrete IL-6; 

FIG. 16 is the result of the lactic acid bacteria sample stimulating mouse 

macrophages RAW264.7 to secrete TNF-a; 

FIG. 17 is the result of the lactic acid bacteria sample producing LPS to 

25 stimulate mouse macrophages RAW264.7 to secrete TNF-a;
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FIG. 18 is the result of observing bacteria that have not undergone heavy 

metal test with an electron microscope; 

FIG. 19 is the result of observing bacteria that have undergone heavy metal 

test with an electron microscope; 

5 FIG. 20 is the result of staining liver sections of rats in first to third groups 

after different treatments; 

FIG. 21A is the result of staining the liver sections of the rats in the first 

group; 

FIG. 21B is the result of staining the liver sections of the rats in the second 

10 group; and 

FIG. 21C is the result of staining the liver sections of the rats in the third 

group.  

DETAILED DESCRIPTION OF THE INVENTION 

15 A novel Lactobacillus plantarum NBM-01-07-003 (hereinafter referred to as 

NBM-01-07-003) disclosed in the invention is scientifically named: Lactobacillus 

plantarum subsp. plantarum NBM-01-07-003, depositary authority: China General 

Microbiological Culture Collection Center (CGMCC) of the China Committee for 

Culture Collection of Microorganisms (CCCCM); address: Institute of 

20 Microbiology, Chinese Academy of Sciences, NO.1 Beichen West Road, Chaoyang 

District, Beijing 100101, China; depositary date: September 4, 2018; depositary 

number: CGMCC No. 16417. The Lactobacillus plantarum was also deposited at 

the Food Industry Research and Development Institute of the Hsinchu Foundation 

of Taiwan, China on December 15, 2017, with the depositary number: 

25 BCRC910809.
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Further, please refer to FIG. 1. The novel Lactobacillus plantarum NBM-01

07-003 disclosed in the invention is isolated from infant feces, the NBM-01-07-003 

is a Gram-positive bacillus, does not have catalase, oxidase, and motility, does not 

produce endospores, and will grow in aerobic or anaerobic environment. The novel 

5 Lactobacillus plantarum NBM-01-07-003 can be cultured in MRS medium at 37C.  

The result of identification of the novel Lactobacillus plantarum NBM-01-07-003 

with 16S rDNA is shown in FIG. 2, that is Seq ID No. 1. Comparison shows that 

the novel Lactobacillus plantarum NBM-01-07-003 disclosed in the invention is 

close to Lactobacillus plantarum subsp. plantarum, Lactobacillus plantarum subsp.  

10 argentoratensis, Lactobacillus plantarum and Lactobacillus plantarum subsp.  

fabifermentant, with a similarity of 99%, that is, the novel Lactobacillus plantarum 

NBM-01-07-003 disclosed in the invention is a novel strain.  

The Lactobacillus delbrueckii subsp. lactis used in an example of the 

invention is named NBM-04-10-001 (hereinafter referred to as NBM-04-10-001), 

15 which is isolated from fermented milk and is a Gram-positive bacillus, does not 

have catalase, oxidase, and motility, does not produce endospores, and will grow in 

aerobic or anaerobic environment. Please refer to FIG. 3, which is Seq ID No. 2.  

After 16S rDNA sequence analysis and API identification system analysis, it can 

be known that the NBM-04-10-001 strain used in the example of the invention is 

20 the Lactobacillus delbrueckii subsp. lactis, which is a commercially available 

microorganism (the depositary number is ATCC 12315, purchased from the Food 

Industry Research and Development Institute of Taiwan), so deposit is not required.  

In the following, several examples in conjunction with tables will be used to 

further illustrate the efficacies of the invention.  

25 Example 1: Attachment test of lactic acid bacteria 

Take a 24-well culture plate, add 1ml of cell suspension to each well, adjust 

the cell concentration to 5xlO4cell/mL, mix evenly and place it in a 37°C, 5%
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carbon dioxide incubator to culture overnight to allow the cells to attach and grow.  

After confirming that the cells are completely attached, aspirate the old medium, 

wash with phosphate buffer solution, add 900pL of fresh medium and 100pl of a 

lactic acid bacteria sample (107CFU/mL) re-dissolved in the cell culture medium, 

5 and then place it in a 37C, 5% carbon dioxide incubator to culture for 2 hours, 

aspirate the culture solution and wash with phosphate buffer solution, and then add 

200pL of 6-10% formalin to each well to react for 30 minutes to fix the bacteria and 

the cells in the wells. Remove the formalin, wash with phosphate buffer solution, 

add 200pL of crystal violet to react for 5 minutes to stain, and observe and count a 

10 quantity of lactic acid bacteria on the cells with an inverted fluorescent microscope.  

In this example, the cells used are human rectal cancer cell lines C2BBel 

(hereinafter referred to as human cell lines Caco-2) and human immortalized panel 

keratinocyte cell lines HaCaT (hereinafter referred to as human cell lines HaCaT); 

the medium is DMEM (Dulbecco's Modified Eagle Medium) medium; the lactic 

15 acid bacteria are NBM-04-10-001, NBM-01-07-003.  

The results are shown in Table 1 and Table 2 as well as FIGS. 4 and 5.  

Table 1: Attachment capacity of lactic acid bacteria on human cell lines 

HaCaT 

Lactic acid Quantity of 

bacteria sample attachment 

NBM-04-10-001 Too many, 

uncountable 

NBM-01-07-003 36.2±7.66 

Table 2: Attachment capacity of lactic acid bacteria on human cell lines 

20 Caco-2 

Lactic acid Quantity of 

bacteria sample attachment



9 

NBM-04-10-001 42.1±9.72 

NBM-01-07-003 50.6±5.58 

Since the previous documents pointed out that when more than 15e lactic acid 

bacteria are attached to the squamous epithelial cells of pigs, it can be considered 

that the lactic acid bacteria have a capability to attach. Therefore, from the results 

of Tables 1 and 2 and FIGS. 4 and 5, it can be known that the lactic acid bacteria 

5 samples used in this example have good adhesion on human cell lines HaCaT and 

human cell lines Caco-2 respectively. Wherein, NBM-04-10-001 has better 

adhesion on the human cell lines HaCaT; NBM-01-07-003 has better adhesion on 

the human cell lines Caco-2.  

Therefore, it can be known from the above results that the novel 

10 Lactobacillus plantarum NBM-01-07-003 disclosed in the invention has good 

adhesion on the intestinal tract, which shows that the novel Lactobacillus plantarum 

NBM-01-07-003 disclosed in the invention is capable of exerting efficacies in vivo 

or in vitro.  

Example 2: Immunity test of lactic acid bacteria on cells 

15 Cultivate the cells in a 24-well culture plate, add a predetermined 

concentration of 1ml cell suspension to each well, and then add 10pL of lactic acid 

bacteria solution, quantities of bacteria are 109, 108, 107, 106, 105cfu/mL 

respectively, or add LTA lysis solution for co-cultivation for 24 hours, the 

supernatant is collected at the end of the acting time and analyzed with a 

20 commercially available ELISA kit.  

In this example, the cells used for the test and their concentrations are 

respectively: human CaCo-2 cells, concentration is adjusted to 1x105 cell/ml; 

human HaCaT cells, concentration is adjusted to 9x104 cell/ml; and mouse 

macrophages RAW264.7, concentration is adjusted to 2x105cell/ml. In addition, 

25 the lactic acid bacteria solution used is obtained from NBM-04-10-001 and NBM-
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01-07-003, and the results are shown in FIGS. 6-17.  

From the results in FIG. 6 and FIG. 7, it can be known that whether human 

HaCaT cells directly react with the lactic acid bacteria or react after being 

stimulated by the lactic acid bacteria producing LPS, NBM-04-10-001 and NBM

5 01-07-003 are capable of effectively reducing a secretory volume of IL-6 when a 

quantity of bacteria is 109 or 108 cfu/ml, showing that the NBM-01-07-003 

disclosed in the invention is capable of reducing stimulation of the cells to produce 

immunoreaction; from the results in FIG. 8 and FIG. 9, it can be known that after 

the NBM-04-10-001 of 109 cfu/ml is co-cultured with human HaCaT cells, a 

10 secretory volume of the cytokine IFN-Y can be significantly increased, thereby 

achieving an efficacy of reducing the expression of IL-4 and Thl-mediated 

inflammatory response.  

From the results in FIG. 10 and FIG. 11, it can be known that LAB-001 of 

109, 108, 107 cfu/ml or the NBM-04-10-001 of 109, 108, 107, 106, 105 cfu/ml and 

15 the human cell lines HaCaT are capable of significantly reducing a secretory 

volume of IL-8 by the cells and reducing the occurrence of inflammatory response 

and angiogenesis. From the results in FIG. 9 and FIG. 10, it can be known that 

NBM-04-10-001 and NBM-01-07-003 are capable of effectively reducing a 

secretory volume of IL-8 when a quantity of bacteria is 108, 107, 106 cfu/ml.  

20 Further, it can be known from the results in FIG. 14 to FIG. 15 that for the 

mouse macrophages RAW264.7 which secrete immune factors, NBM-04-10-001 

and NBM-01-07-003 are capable of reducing a secretory volume of IL-6, and as a 

quantity of bacteria increases, the better the reduction effect. From the results in 

FIG. 16 and FIG. 17, it can be known that regardless of whether the mouse 

25 macrophages RAW264.7 are stimulated by LPS, the added NBM-04-10-001 and 

NBM-01-07-003 are capable of reducing TNF-a.  

Example 3: Lead adsorption test
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This example uses lead adsorption solution to culture with water, EDTA, 

NBM-04-10-001 and NBM-01-07-003, commercially available yogurt powder, and 

samples to be tested respectively. After cultivation, an absorbance is measured with 

a spectrophotometer, and the absorbance is converted to obtain a lead removal rate, 

5 and the results are shown in Table 3 below.  

Table 3: Lead removal rate 

Removal Removal Removal Average SD 
Removal rate 

rate(%) rate(%) rate(%) value 

Water 0.0 0.0 0.0 0.0 0.0 

EDTA 105.4 110.6 103.2 106.4 3.8 

NBM-04-10-001 75.5 86.2 80.0 80.6 5.4 

NBM-01-07-003 88.1 91.0 91.1 90.0 1.7 

It can be known from the results in Table 3 that the lactic acid bacteria of 

NBM-04-10-001 and NBM-01-07-003 disclosed in the invention indeed are 

capable of effectively adsorbing lead and achieving an efficacy of removing lead.  

10 Example 4: In vitro test 

Take the NBM-04-10-001 strain and the NBM-01-07-003 strain, and mix the 

two strains at a weight ratio of 1:1 to form a mixed bacterial powder.  

Take 0.lg of the mixed bacterial powder and re-dissolve it in 1mL of 

deionized water, add 1mL to 1OmL of 1ppm lead standard solution, and react at 

15 37°C for 1 hour. Centrifuge the heavy metal suspension at 12000 rpm for 5 minutes 

to remove the precipitate (bacterial sludge) and take out the supernatant. The 

supernatant is filtered with a 0.22pm filtration membrane and analyzed with an 

inductively coupled plasma atomic emission spectrometer (ICP-OES), and the
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result shows that a capability of the mixed bacterial powder in removing 1ppm lead 

metal ions in 10mL: 57.21±0.06%. It can be known that the NBM-01-07-003 strain 

disclosed in the invention or the composition containing the NBM-01-07-003 strain 

disclosed in the invention indeed is capable of adsorbing more than 50% of lead 

5 metal ions in a 1 ppm lead solution.  

In addition, the bacterial sludge is placed in a centrifuge test tube for freeze

drying. The observed bacterial flora of the dried bacterial sludge are divided into 

control group (have not undergone heavy metal adsorption test) and heavy metal 

test group (have undergone heavy metal adsorption test) in order to observe changes 

10 in adsorption of heavy metal lead by the bacteria. The result shows that the bacterial 

powder that adsorbs heavy metals is closely connected (as shown in FIG. 18), and 

in the bacterial powder that adsorbs heavy metals, although the bacteria are intact, 

surfaces of the bacteria are attached with broken substances and produce viscous 

substances, showing that the NBM-01-07-003 strain disclosed in the invention 

15 indeed is capable of adsorbing and aggregating heavy metals (as shown in FIG. 19).  

Example 5: Animal test (1) 

Take six-week-old Wistar male rats (purchased from BioLASCO Taiwan 

Co., Ltd.) and divide them into 3 groups with 6 rats in each of the groups. wherein, 

the first group is the blank group; the second group is the lead nitrate poisoning 

20 group, a lead nitrate dose is 1/50 rat median lethal dose (LD50): 45mg/kg; and the 

third group is the mixed bacterial powder group, an administering dose of lead 

nitrate is 45mg/kg, and a mixed bacterial powder dose is 20-21mg/kg/day, wherein 

the mixed bacterial powder contains the NBM-04-10-001 strain and the NBM-01

07-003 strain, and the two strains are mixed at a weight ratio of 1:1, and the mixed 

25 bacterial powder is fed orally two hours after the administration of lead nitrate.  

During the experiment, weight changes of the rats in each of the groups are 

measured, and the results are shown in Table 4. In addition, blood is collected every
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two weeks to detect lead content in the blood of the rats in each of the groups, and 

the results are shown in Table 5, wherein ND represents lead content in the blood 

is less than 0.1ppb. After the experiment, the rats in each of the groups are 

sacrificed, their livers and kidneys are sectioned and observed, and the results are 

5 shown in FIG. 20.  

It can be known from the results in Table 4 below that there is no significant 

difference in the ingestion volume of the rats in the first to third groups.  

From the results in Table 5, it can be known that lead content in the blood of 

the rats in the second group is 2.5~3.1ppb, and compared with the rats in the second 

10 group, no lead is detected in the blood of the rats in the third group, showing that 

administration of the NBM-01-07-003 strain disclosed in the invention or the 

composition containing the NBM-01-07-003 strain disclosed in the invention is 

capable of effectively removing and adsorbing the heavy metal lead content in 

animal blood.  

15 From the results in FIG. 20, it can be known that the hepatocytes of the first 

group of rats are closely arranged, and the nucleoli are obvious, no cell damage, 

swelling, nuclear lysis symptoms, and vacuoles; pores in the hepatocytes of the rats 

in the second group become larger distinctly, and there are small local areas of 

necrotic cells, karyopycnosis and lysis, indicating that the hepatocytes of the second 

20 group of rats are affected by lead and resulting in liver injury; compared with the 

second group of rats, damage in the hepatocytes of the rats administered with the 

composition containing the NBM-01-07-003 strain disclosed in the invention is 

significantly reduced, even similar to the hepatocytes of the first group of rats, 

indicating that the NBM-01-07-003 strain disclosed in the invention or the 

25 composition containing the NBM-01-07-003 strain disclosed in the invention is not 

only capable of removing lead in the tissues, preventing lead from accumulating in 

the tissues or cells, but also capable of reducing oxidation reaction of the tissues or
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cells, and reversing damage or pathological changes caused by heavy metals to 

organs.  

Table 4: Changes in body weight and ingestion volume of rats in each group 

Weight (g) 

Group Daily 

Start Final gain weight gain (g/da 
percentage (g)(g/day) 

(%) 
1 194+58.67 353.82+34.82 158.82% 11.42+2.37 57.6±12.59 

2 240.17+17.28 374.33+23.04 134.16% 9.58+0.97 58.12+11.43 

3 240.33+9.63 355.63+16.84 147.97% 8.24±0.75 54.54+12.10 

Table 5: Lead content in blood of rats in each group 

Group Lead content in blood (ppb) 

1st rat 2nd rat 3rd rat 4th rat 5th rat 6th rat 

1 ND ND ND ND ND ND 

2 3.1 2.9 2.5 2.1 2.5 2.6 

3 ND ND ND ND ND ND 

5 Example 6: Animal experiment (2) 

The design of this example is roughly the same as that of example 5, but the 

difference is that lead nitrate is replaced with arsenic nitrate, and an administering 

dose is 1/40 rat median lethal dose (LD50) : 1 mg/kg. To put it simply, in this 

example, the rats are divided into 3 groups, wherein, the first group is the blank 

10 group; the second group is the arsenic nitrate poisoning group, a dose of arsenic 

nitrate: 1mg/kg; and the third group is the mixed bacterial powder group, an 

administering dose of arsenic nitrate is 1 mg/kg, and a dose of the mixed bacterial
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powder is 20-21mg/kg/day, wherein, the mixed bacterial powder contains the 

NBM-04-10-001 strain and the NBM-01-07-003 strain, and the two strains are 

mixed at a weight ratio of 1:1, and the mixed bacterial powder is fed orally two 

hours after the administration of arsenic nitrate. The test duration of this example is 

5 3 weeks.  

In the third week of the test, blood is collected from the eye sockets of the 

rats in each of the groups to detect arsenic content in the blood, and the results are 

shown in Table 6 below. After the test, the rats in each of the groups are sacrificed, 

and their livers are taken, sectioned and stained, and the results are shown in FIG.  

10 21.  

From the results in Table 6 and FIG. 21, it can be known that the composition 

containing the NBM-01-07-003 strain disclosed in the invention is capable of 

effectively removing arsenic in the blood, and preventing arsenic from 

accumulating in the liver, so that the hepatocytes will not be damaged by arsenic.  

15 As shown in FIG. 21, administration of the composition containing the NBM-01

07-003 strain disclosed in the invention is capable of arranging the hepatocytes 

closely without necrocytosis, karyopycnosis and lysis.  

This shows that the NBM-01-07-003 strain disclosed in the invention or the 

composition containing the NBM-01-07-003 strain disclosed in the invention is 

20 capable of removing arsenic from the blood and preventing arsenic from 

accumulating in the liver or other tissues in order to achieve an efficacy of 

preventing organs from being damaged by heavy metals.  

Table 6: Changes of arsenic content in blood of rats in each group 

Group Arsenic content in blood (ppb) 

1st rat 2nd rat 3rd rat 4th rat 5th rat 6th rat 

1 ND ND ND ND ND ND
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2 2.5 2.3 2.9 2.5 2.8 2.6 

3 ND ND ND ND ND ND 

According to the above description, it can be confirmed that the novel 

Lactobacillus plantarum NBM-01-07-003 disclosed in the invention indeed is 

capable of attaching on intestinal cells or panel cells, not only capable of reducing 

individual inflammation, regulating immunoreaction, but also can be different from 

5 conventional lactic acid bacteria, capable of adsorbing heavy metals such as lead 

and arsenic or compositions containing heavy metals in vivo or in vitro, and can be 

used as an active ingredient in a composition for treating or/and preventing related 

diseases or complications caused by heavy metals. Further, the novel Lactobacillus 

plantarum NBM-01-07-003 disclosed in the invention is capable of cooperating 

10 with other lactic acid bacteria, such as NBM-04-10-001 in order to further enhance 

its capability of adsorbing heavy metals and achieve a better removing efficacy, for 

example, the novel Lactobacillus plantarum NBM-01-07-003 and NBM-04-10-001 

disclosed in the invention can be mixed according to a predetermined ratio, such as 

1:1, 2:1, 3:1, 1:2, 1:3, etc.  

15 It is to be understood that the above description is only the embodiments and 

examples of the invention and is not used to limit the present invention, and changes 

in accordance with the concepts of the present invention may be made without 

departing from the spirit of the present invention. For example, the equivalent 

effects produced by various transformations, variations, modifications and 

20 applications made to the configurations or arrangements shall still fall within the 

scope covered by the appended claims of the present invention.
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CLAIMS: 

1. A Lactobacillus plantarum NBM-01-07-003, scientifically named: Lactobacillus 

plantarum subsp. plantarum NBM-01-07-003, depositary authority: China General 

Microbiological Culture Collection Center (CGMCC) of the China Committee for 

Culture Collection of Microorganisms (CCCCM); address: Institute of 

Microbiology, Chinese Academy of Sciences, NO.1 Beichen West Road, Chaoyang 

District, Beijing 100101, China; depositary date: September 4, 2018; depositary 

number: CGMCC No. 16417.  

2. A lactic acid bacteria composition comprising the Lactobacillus plantarum NBM

01-07-003 as claimed in claim 1.  

3. The lactic acid bacteria composition as claimed in claim 2, further comprising a 

Lactobacillus delbrueckii subsp. lactis.  

4. The lactic acid bacteria composition as claimed in claim 3, wherein the 

Lactobacillus plantarum NBM-01-07-003 and the Lactobacillus delbrueckii subsp.  

lactis are mixed at a weight ratio of 1:1.  

5. The lactic acid bacteria composition as claimed in claim 2 or 3, wherein the lactic 

acid bacteria composition is used for adsorbing lead, arsenic or compounds thereof.  

6. The lactic acid bacteria composition as claimed in claim 2 or 3, wherein the lactic 

acid bacteria composition is prepared into an external dosage form.  

7. Use of a lactic acid bacteria composition for manufacturing a composition for 

treating or/and preventing lead or arsenic poisoning, wherein the lactic acid bacteria 

composition comprises the Lactobacillus plantarum NBM-01-07-003 as claimed in 

claim 1.  

8. Use as claimed in claim 7, wherein the lactic acid bacteria composition further 

comprises a Lactobacillus delbrueckii subsp. lactis.
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9. Use as claimed in claim 8, wherein the Lactobacillus plantarum NBM-01-07-003 

and the Lactobacillus delbrueckii subsp. lactis are mixed at a weight ratio of 1:1.  

10. Use as claimed in claim 7, 8 or 9, wherein the lactic acid bacteria composition 

is a food.
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NBM-01-07-003

Fig. 1
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GACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGAACTCTGGTA

TTGATTGGTGCTTGCATCATGATTTACATTTGAGTGAGTGGCGAACTGGTG

AGTAACACGTGGGAAACCTGCCCAGAAGCGGGGGATAACACCTGGAAACAG

ATGCTAATACCGCATAAYAACTTGGACCGCATGGTCCGAGYTTGAAAGAT

GCTTCGGCTATCACTTTTGGATGGTCCCGCGGCGTATTAGCTAGATGGTGG

GGTAACGGCTCACCATGGCAATGATACGTAGCCGACCTGAGAGGGTAATCO

GCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAG

GGAATCTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGA

AGAAGGGTTTCGGCTCGTAAAACTCTGTTGTTAAAGAAGAACATATCTGAG

AGTAACTGTTCAGGTATTGACGGTATTTAACCAGAAAGCCACGGCTAACTA

CGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTAT

TGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCTTC

GGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAG

GACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAAC

ACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAA

GTATGGGTAGCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGA

TGAATGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCA

TTAAGCATTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAAT

TGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCTACG

CGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGATTAGAC

GTTCCCTTCGGGGACATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGT

GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTATCAO

TTGCCAGCATTAAGTTGGGCACTCTGGTGAGACTGCCGGTGACAAACCGGA

GGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACA

CACGTGCTACAATGGATGGTACAACGAGTTGCGAACTCGCGAGAGTAAGCT

AATCTCTTAAAGCCATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACA

TGAAGTCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGT

TCCCGGGCCTTGTACACACCGCCCGTCACACCATGAGAGTTTGTAACACCC

AAAGTCGGTGGGGTAACCTTTTAGGAACCAGCCGCCTAAGGTGGGACAGAT

GATTAGGGTGAAGTCGTAACAAGGTAGCCGTAGGAGAACC

Fig. 2
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GACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAGCTGAATTC

AAAGATYCYTTCGGGRTGATTTGTTGGAYGCTAGCGGCGGATGGGTGAGTA

ACACGTGGGCAATCTGCCCTAAAGACTGGGATACCACTTGGAAACAGGTGC

TAATACCGGATAACAACATGAATCGCATGATTCAAGTTTGAAAGGCGGCGC

AAGCTGTCACTTTAGGATGAGCCCGCGGCGCATTAGCTAGTTGGTGGGGTA

AAGGCCTACCAAGGCAATGATGCGTAGCCGAGTTGAGAGACTGATCGGCC/

CATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGA

TCTTCCACAATGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAG/

GTCTTCGGATCGTAAAGCTCTGTTGTTGGTGAAGAAGGATAGAGGCAGT

ACTGGTCTTTATTTGACGGTAATCAACCAGAAAGTCACGGCTAACTACG

CCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGG

CGTAAAGCGAGCGCAGGCGGAATGATAAGTCTGATGTGAAAGCCCACGGO

CAACCGTGGAACTGCATCGGAAACTGTCATTCTTGAGTGCAGAAGAGGAGA

GTGGAACTCCATGTGTAGCGGTGGAATGCGTAGATATATGGAAGAACACCA

GTGGCGAAGGCGGCTCTCTGGTCTGCAACTGACGCTGAGGCTCGAAAGCAT

GGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAG

CGCTAGGTGTTGGGGACTTTCCGGTYCTCAGTGCCGCAGCAAACGCRTTA/

GCGCTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGA0

GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGA/

GAACCTTACCAGGTCTTGACATCCTGCGCTACACCTAGAGATAGGTGGTT6

CCTTCGGGGACGCAGAGACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTC

TGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCTTTAGTTO

CATCATTAAGTTGGGCACTCTARAGAGACTGCCGGTGACAAACCGGAGGA

GGTGGGGATGACGTCAAGTCATCATGCCCCTTATGACCTGGGCTACACACG

TGCTACAATGGGCAGTACAACGAGAAGCGAACCCGCGAGGGTAAGCGGATC

TCTTAAAGCTGCTCTCAGTTCGGACTGCAGGCTGCAACTCGCCTGCACGAA

GCTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCC

GGCCTTGTACACACCGCCCGTCACACCATGGAAGTCTGCAATGCCCAAAG

TCGGTGRGATAACCTTTATAGGAGTCAGCCGCCTAAGGCAGGGCAGATGAC

TGGGGTGAAGTCGTAACAAGGTAGCCGTAGGAGAACC

Fig. 3
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NBM-04-01-001

NBM-01-07-003

Fig. 4
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NBM-04-01-001

NBM-01-07-003

Fig. 5
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NCHU Sb:80 SEM LEI 3.0kV X8,000 WD 8. 1mm 1 um

Fig. 18

NCHU Sb:80 SEM LEI 3.0kV X10,000 WD 8.0mm 1 um

Fig. 19
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Group 3

Group 2

Group 1

Fig. 20
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Fig. 21A

Fig. 21B

Fig. 21C
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SEQUENCE LISTING

<110>

<120>

<160> 2

<170> PatentIn version 3.3

<210> 1

<211> 1506

<212> DNA

<213> Lactobacillus plantarum

<400> 1
gacgaacgct ggcggcgtgc ctaatacatg caagtcgaac gaactctggt attgattggt 60

gcttgcatca tgatttacat ttgagtgagt ggcgaactgg tgagtaacac gtgggaaacc 120

tgcccagaag cgggggataa cacctggaaa cagatgctaa taccgcataa yaacttggac 180

cgcatggtcc gagyttgaaa gatggcttcg gctatcactt ttggatggtc ccgcggcgta 240

ttagctagat ggtggggtaa cggctcacca tggcaatgat acgtagccga cctgagaggg 300

taatcggcca cattgggact gagacacggc ccaaactcct acgggaggca gcagtaggga 360

atcttccaca atggacgaaa gtctgatgga gcaaccccgc gtgagtgaag aagggtttcg 420

gctcgtaaaa ctctgttgtt aaagaagaac atatctgaga gtaactgttc aggtattgac 480

ggtatttaac cagaaagcca cggctaacta cgtgccagca gccgcggtaa tacgtaggtg 540

gcaagcgttg tccggattta ttgggcgtaa agcgagcgca ggcggttttt taagtctgat 600

gtgaaagcct tcggctcaac cgaagaagtg catcggaaac tgggaaactt gagtgcagaa 660

gaggacagtg gaactccatg tgtagcggtg aaatgcgtag atatatggaa gaacaccagt 720

ggcgaaggcg gctgtctggt ctgtaactga cgctgaggct cgaaagtatg ggtagcaaac 780

aggattagat accctggtag tccataccgt aaacgatgaa tgctaagtgt tggagggttt 840

ccgcccttca gtgctgcagc taacgcatta agcattccgc ctggggagta cggccgcaag 900

gctgaaactc aaaggaattg acgggggccc gcacaagcgg tggagcatgt ggtttaattc 960

gaagctacgo gaagaacctt accaggtctt gacatactat gcaaatctaa gagattagac 1020

gttcccttcg gggacatgga tacaggtggt gcatggttgt cgtcagctcg tgtcgtgaga 1080

tgttgggtta agtcccgcaa cgagcgcaac ccttattato agttgccagc attaagttgg 1140

gcactctggt gagctgccgg tgacaaaccg gaggaaggtg gggatgacgt caaatcatca 1200

tgccccttat gacctgggct acacacgtgc tacaacgagt tgcgaactcg cgagagtaag 1260

ctaatctctt aaagccattc tcagttcgga ttgtaggctg caactcgcct acatgaagto 1320

ggaatcgcta gtaatcgcgg atcagcatgo cgcggtgaat acgttcccgg gccttgtaca 1380

caccgcccgt cacaccatga gagtttgtaa cacccaaagt cggtggggta accttttagg 1440

aaccagccgc ctaaggtggg acagatgatt agggtgaagt cgtaacaagg tagccgtagg 1500

agaacc 1506
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<210> 2
<211> 1516
<212> DNA
<213> Lactobacillus delbrueckii

<400> 2
gacgaacgct ggcggcgtgc ctaatacatg caagtcgagc gagctgaatt caaagatycy 60

ttcgggrtga tttgttggay gctagcggcg gatgggtgag taacacgtgg gcaatctgcc 120

ctaaagactg ggataccact tggaaacagg tgctaatacc ggataacaac atgaatcgca 180

tgattcaagt ttgaaaggcg gcgcaagctg tcactttagg atgagcccgc ggcgcattag 240

ctagttggtg gggtaaaggc ctaccaaggc aatgatgcgt agccgagttg agagactgat 300

cggccacatt gggactgaga cacggcccaa actcctacgg gaggcagcag tagggaatct 360

tccacaatgg acgcaagtct gatggagcaa cgccgcgtga gtgaagaagg tcttcggatc 420

gtaaagctct gttgttggtg aagaaggata gaggcagtaa ctggtcttta tttgacggta 480

atcaaccaga aagtcacggc taactacgtg ccagcagccg cggtaatacg taggtggcaa 540

gcgttgtccg gatttattgg gcgtaaagcg agcgcaggcg gaatgataag tctgatgtga 600

aagcccacgg ctcaaccgtg gaactgcatc ggaaactgtc attcttgagt gcagaagagg 660

agagtggaac tccatgtgta gcggtggaat gcgtagatat atggaagaac accagtggcg 720

aaggcggctc tctggtctgc aactgacgct gaggctcgaa agcatgggta gcgaacagga 780

ttagataccc tggtagtcca tgccgtaaac gatgagcgct aggtgttggg gactttccgg 840

tyctcagtgc cgcagcaaac gcrttaagcg ctccgcctgg ggagtacgad cgcaaggttg 900

aaactcaaag gaattgacgg gggcccgcac aagcggtgga gcatgtggtt taattcgaag 960

caacgcgaag aaccttacca ggtcttgaca tcctgcgcta cacctagaga taggtggttc 1020

ccttcgggga cgcagagaca ggtggtgcat ggctgtcgtc agctggtgtc gtgagatgtt 1080

gggttaagtc ccgcaaccaag cgcaaccctt gtctttagtt gccatcatta agttgggcad 1140

tctaragaga ctgccggtga caaaccggag gaaggtgggg atgacgtcaa gtcatcatgo 1200

cccttatgac ctgggctaca cacgtgctac aatgggcagt acaacgagaa gcgaacccgc 1260

gagggtaagc ggatctctta aagctgctct cagttcggac tgcaggctgc aactcgcctg 1320

cacgaagctg gaatcgctag taatcgcgga tcagcacgcc gcggtgaata cgttcccggg 1380

ccttgtacac accgcccgtc acaccatgga agtctgcaat gcccaaagtc ggtgrgataa 1440

cctttatagg agtcagccgc ctaaggcagg gcagatgact ggggtgaagt cgtaacaagg 1500

tagccgtagg agaacc 1516
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