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Abstract

Objective To isolate and identify lactic acid bacteria with heavy metal lead
resistance and lead adsorption capacity, providing novel bacterial sources for
functional foods with lead-excreting properties. Methods Using the lactic acid
bacteria selective medium MRS, lead-resistant bacteria were isolated from 30
samples of healthy, full-term newborn feces. Through morphological character-
istics, 16S rRNA sequencing, and phylogenetic tree construction; physiological
and biochemical tests, antimicrobial susceptibility testing, and acid and bile salt
tolerance tests were conducted according to Bergey’ s Manual of Systematic Bac-
teriology; furthermore, the lead ion adsorption capacity of the isolated strains
was detected by ICP-OES method. Results Three strains of Lactobacillus casei
capable of tolerating 500 mg/L lead ion concentration were isolated, all sensi-
tive to penicillin and ceftriaxone. Acid and bile salt tolerance tests showed that
after 3 h cultivation in pH 2.0 artificial gastric juice, bacterial counts remained
at the same order of magnitude, and survival rate reached 62.5% in 0.3% bile
salt environment for 8 h. Adsorption experiments indicated that the adsorption
rate for low-concentration (1 mg/L) lead ions was as high as 90.4%, and for
high-concentration (50 mg/L) lead ions could reach 86.27%. Conclusion Three
strains of Lactobacillus casei with lead resistance, lead adsorption capacity, and
acid and bile salt tolerance were isolated from newborn feces, opening new
avenues and solutions for alleviating lead poisoning effects through probiotic
dietary strategies.
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Abstract

Objective: To isolate and identify lead-resistant lactic acid bacteria with
lead adsorption capacity from healthy newborn feces, providing novel bacte-
rial strains for developing lead-detoxifying functional foods. Methods: Us-
ing Lactobacillus-selective MRS medium, lead-tolerant bacteria were isolated
from 30 fecal samples of healthy, full-term neonates. Strains were characterized
through morphological analysis, 16S rRNA sequencing, and phylogenetic tree
construction. Physiological and biochemical properties were assessed following
Bergey s Manual of Systematic Bacteriology, complemented by antimicrobial
susceptibility testing and acid/bile salt tolerance assays. Lead ion adsorption
capacity was quantified by inductively coupled plasma-optical emission spec-
troscopy (ICP-OES). Results: Three Lactobacillus casei strains tolerating 500
mg/L lead ions were isolated, all showing susceptibility to penicillin and ceftri-
axone. Acid and bile salt tolerance tests demonstrated that bacterial counts
remained stable after 3 h in pH 2.0 artificial gastric juice, with survival rates
reaching 62.5% following 8 h exposure to 0.3% bile salts. Adsorption experi-
ments revealed a 90.4% removal rate for low-concentration (1 mg/L) lead ions
and 86.27% for high-concentration (50 mg/L) lead ions. Conclusion: Three
Lactobacillus casei strains with lead resistance, adsorption capacity, and toler-
ance to acid and bile salts were successfully isolated from newborn feces, offering
a new approach and solution for alleviating lead poisoning through probiotic di-
etary strategies.

Keywords: lead; heavy metals; 16S rRNA; newborn; Lactobacillus casei; feces;
adsorption
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Introduction

According to World Health Organization statistics, 0.6% of the global disease
burden is attributable to lead exposure, with approximately 600,000 new cases
of childhood intellectual disability arising annually from lead exposure in chil-
dren. Maternal lead exposure during pregnancy can also cross the placental
barrier and blood-brain barrier, damaging fetal brain tissue and causing long-
term sequelae. Traditional treatment of lead poisoning primarily relies on metal
chelating agents that promote lead excretion, but their nephrotoxicity and in-
terference with essential trace element absorption make them unsuitable for
vulnerable populations such as pregnant women and children. Consequently,
developing prevention and treatment strategies for lead accumulation poisoning
in sensitive groups has become a major research focus.

Extensive scientific research has demonstrated that lactic acid bacteria, which
are ubiquitous in the human gut, exhibit excellent safety profiles for dietary
applications and have proven efficacy in preventing lactose intolerance, necro-
tizing enterocolitis in very low birth weight infants, antagonizing pathogenic
bacteria, lowering cholesterol, and exerting anti-tumor and immunomodulatory
effects. Drawing from experience in bioremediation of heavy metal environmen-
tal pollution, researchers have discovered that certain specific strains of lactic
acid bacteria can effectively adsorb heavy metal ions in vitro, leading to the
proposition of probiotics as a strategy for mitigating heavy metal toxicity. This
provides a novel approach for exploring interventions against lead poisoning in
special populations.

Halttunen et al. evaluated lead adsorption by classic strains including Lactobacil-
lus rhamnosus GG (LGG), bifidobacteria, and Lactobacillus casei, demonstrat-
ing that LGG exhibits good lead-binding performance. However, implementing
dietary strategies for preventing heavy metal lead poisoning requires identifying
more microorganisms with Generally Recognized As Safe (GRAS) status that
can tolerate heavy metals. Bhakta et al. isolated numerous lead-resistant lac-
tic acid bacteria, but all were derived from heavy metal-contaminated sludge
samples. Chen Wei et al. (2012) confirmed in animal studies that Lactobacillus
plantarum CCFMS8661, which has high lead affinity, could reduce blood lead and
organ lead accumulation, but this strain originated from traditional Chinese fer-
mented foods. Bisanz et al. conducted a study on pregnant women and children
in Tanzania, a population at risk for heavy metal poisoning, administering yo-
gurt fermented with L. rhamnosus GR-1 to the experimental group. The results
showed lower blood mercury and arsenic levels compared to controls, providing
the first evidence of heavy metal detoxification efficacy by probiotics in humans,
though lead levels were not significantly reduced. Such studies remain scarce,
and probiotic applications in lead-sensitive populations like pregnant women
and children require additional safety considerations.

Therefore, this study selected healthy newborn feces as the source for isolating
highly lead-tolerant lactic acid bacteria, ensuring relative safety of origin. Using
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traditional methods and PCR, we identified three highly lead-resistant Lacto-
bacillus casei strains, evaluated their probiotic properties, and compared their
lead adsorption performance with the classic strain LGG and the standard L.
casei strain. Additionally, other experiments from our research group suggest
these strains also exhibit high tolerance to multiple heavy metals including mer-
cury, cadmium, manganese, and chromium—a finding not previously reported
domestically or internationally. The strains isolated in this study provide high-
quality bacterial sources for implementing dietary strategies to prevent heavy
metal lead poisoning.

Materials and Methods

1.1 Sample Sources and Standard Strains

Thirty fecal specimens were collected from healthy newborns (age 28 days) in
the postpartum unit of Nanfang Hospital, Southern Medical University. All
infants were exclusively or predominantly breastfed and had not received antibi-
otics or probiotic preparations. Sample details are provided in Table 1 . The
standard strain Lactobacillus casei subsp. rhamnosus ATCC7469 was purchased
from the Guangdong Microbial Culture Collection Center.

1.2 Reagents

MRS solid medium, pepsin, and oxgall were obtained from Guangdong Huankai
Microbial Technology. DL2000 DNA Marker, TaKaRa MiniBEST Agarose
Gel DNA Extraction Kit Ver.4.0, and TIANamp Bacteria DNA Kit were
from TaKaRa. The novel microbial micro-biochemical identification tube
series was from Guangdong Huankai Microbial Technology. GBWO08619 lead
single-element solution standard was used for preparing lead stock solution:
91.58 mg Pb(CH COO) was dissolved in 100 mL sterile distilled water to
prepare a 500 mg/L stock solution, stored at 4°C protected from light. Artificial
gastric juice was prepared by taking 16.4 mL of 0.1 g/L HCI, adjusting pH to
2.0, adding pepsin (0.01 g/L), dissolving thoroughly, sterilizing with 0.22 m
membrane filtration, and storing at 4°C.

1.3 Instruments

Key equipment included: Whitley DG-250 anaerobic incubator, BIOER PCR
thermal cycler, DYY-6C electrophoresis system, Tanon-1600 gel imaging system,
SHINVA horizontal pressure steam sterilizer, Xinrui WGZ-2 turbidimeter, and
Perkin Elmer Optima 7000DV ICP-OES.

1.2.1 Strain Isolation and Screening

Fresh fecal samples (30 total) were processed by adding sterile PBS at a 1:10
(g/mL) solid-liquid ratio, followed by serial dilution to 10 and 10 (60 tubes
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total). Cultivation began on MRS solid medium containing 50 mg/L initial lead
ion concentration (lead acetate). After 48 h incubation at 37°C in an anaerobic
chamber, distinct colony morphologies were identified. Different single colonies
were randomly selected and inoculated into MRS medium containing 100 mg/L
lead ions for 48 h. Surviving colonies were sequentially transferred to MRS
media with 150 mg/L and 200 mg/L lead ions using the same method, followed
by multiple rounds of isolation and purification. Colonies tolerating 200 mg/L
lead ions were Gram-stained after smear preparation and stored in 20% glycerol
at -80°C.

1.2.2 Maximum Metal Tolerance Concentration (MTC) Assay

Lead-resistant strains isolated in section 1.2.1 and ATCC7469 were inoculated
onto MRS plates without heavy metal ions and incubated at 37°C for 48 h. Sin-
gle colonies were suspended in 1 mL sterile water, and one loopful was streaked
onto MRS plates containing 50, 100, 150, 200, 300, 400, and 500 mg/L Pb?.
Growth was observed after 48 h, and the maximum metal tolerance concentra-
tion for each strain was recorded.

1.2.3 PCR Identification of Isolated Strains

1.2.3.1 Genomic DNA Extraction: Based on MTC results, strains toler-
ating 500 mg/L Pb? that were Gram-positive rods and catalase-negative were
cultured for 24-48 h. Total genomic DNA was extracted using the TIANamp
Bacteria DNA Kit.

1.2.3.2 PCR Amplification and 16S rDNA Identification: Universal
primers for lactic acid bacteria 16S rDNA were used for PCR amplification.
Forward primer 27f: 5 -AGAGTTTGATCCTGGCTCAG-3’ ; reverse primer
1492r: 5 -GGTTACCTTGTTACGACTT-3" (synthesized by Shanghai Sangon
Biotech). The 20 L reaction mixture contained 200 ng template, 10 L TaKaRa
Premix Taq™, 0.5 mmol/L each primer, and ddH O to volume. Negative control
used ddH O as template. PCR conditions: 94°C for 5 min; 30 cycles of 94°C
for 60 s, 60°C for 60 s, 72°C for 90 s; final extension at 72°C for 10 min; hold
at 4°C. PCR products were electrophoresed and sequenced by Shanghai Sangon
Biotech. Results were analyzed by BLAST for 16S rRNA comparison, and a
phylogenetic tree was constructed using MEGAT.0.

1.2.4 Probiotic Characterization

1.2.4.1 Physiological and Biochemical Tests: Physiological and biochem-
ical characteristics of screened strains were identified according to Bergey s
Manual of Systematic Bacteriology, with ATCC7469 as control.

1.2.4.2 Drug Sensitivity Test: Agar diffusion disk method was used to deter-
mine sensitivity to basic antibiotics (penicillin, ceftriaxone, gentamicin) based
on inhibition zone diameter.
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1.2.4.3 Acid and Bile Salt Tolerance Tests: For acid tolerance, artificial
gastric juice was prepared at pH 2.0, 3.0, and 4.0. Strains cultured to late
logarithmic phase were washed with PBS and adjusted to 10' cfu/mL. One
milliliter of bacterial suspension was inoculated into 9 mL artificial gastric juice
of different pH values and incubated anaerobically for 1-3 h. Viable counts
before and after incubation were determined by pour plate method. For bile
salt tolerance (0.3% bile salt concentration), acid-tolerant strains were placed
in pH 3.0 phosphate buffer for 2 h anaerobic incubation at 37°C. Then 1 mL
was transferred to 9 mL of 0.3% bile salt solution and incubated anaerobically
at 37°C for 8 h. Viable counts before and after incubation were determined by
pour plate method.

1.2.5 Adsorption Experiments

1.2.5.1 Solution Preparation: Lead ion solutions of 1, 10, 50, and 100 mg/L
were prepared and pH adjusted to 6.0.

1.2.5.2 Bacterial Enrichment: Strains tolerating 500 mg/L Pb? that were
Gram-positive rods and catalase-negative, along with ATCC7469, were cultured
for 24 h. Cultures were diluted to OD=1 and enumerated by plate counting.

1.2.5.3 Bacterial Pretreatment: One milliliter of bacterial suspension was
centrifuged (8000 r/min, 10 min) to collect cells. Cells were resuspended in lead
solutions to a final concentration of 2 g/L and incubated at 37°C on a shaker
(120 r/min) for 2 h. For heat-killed bacteria, equivalent cell amounts were boiled
for 1 h before addition to lead solutions.

1.2.5.4 Sample Detection: After incubation, samples were centrifuged (8000
r/min, 10 min). Supernatants were collected and analyzed for lead ion concen-
tration by ICP-OES. Analysis conditions: wavelength 220.353 nm, plasma flow
15 L/min, nebulizer flow 0.8 L/min, auxiliary flow 0.2 L/min, RF power 1100
W, axial plasma viewing, sample flow rate 1.5 mL/min.

1.2.5.5 Calculation of Adsorption Rate and Capacity:
Adsorption capacity (mg/g):

Adsorption rate (%):

Q, = M % 100%
Co

Where @, represents adsorption capacity (mg/g), @, represents adsorption rate
(%), Cj, is initial lead ion concentration (mg/L), C, is final lead ion concentration
after adsorption (mg/L), m is bacterial mass (g), and V' is total solution volume

(L)
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1.3 Data Processing

Data were analyzed using GraphPad Prism 7.02. Quantitative data are ex-
pressed as mean =+ standard deviation. Inter-group comparisons were performed
using t-tests, with P<0.05 considered statistically significant. All experiments
were repeated three times.

Results
2.1 Screening and Purification of Lead-Resistant Strains

All 30 fecal samples showed abundant colony growth on MRS+Pb? medium at
the initial concentration of 50 mg/L. Ten single colonies with Pb? MTC of 200
mg/L were observed. After increasing Pb? concentration, three strains with
Pb? MTC reaching 500 mg/L and good growth were obtained (all from exclu-
sively breastfed infants), designated SYF-B, SYF-E, and SYF-I. The standard
strain ATCC7469 showed growth inhibition at 300 mg/L Pb?.

2.2 Morphological Observations

Preliminary identification of the three screened strains revealed colonies that
were milky white, moist, circular with raised centers and regular edges, approx-
imately 1-2 mm in diameter. Microscopic examination showed Gram-positive
rods without spores, consistent with ATCC7469 staining characteristics (Figure
1 [Figure 1: see original paper]).

2.3 Identification of Lead-Resistant Strains

Genomic DNA was extracted from the three lead-resistant strains for PCR am-
plification, yielding clear bands at the target position (Figure 2 [Figure 2: see
original paper]). The 16S rRNA sequences were determined by Shanghai San-
gon Biotech and analyzed by BLAST. The results showed that all three strains
were highly homologous to 16S rRNA sequences of various Lactobacillus casei
strains, with identity rates of 100%, 99%, and 100%, respectively (Table 2 ). A
phylogenetic tree constructed using the Neighbor-joining method in MEGA7.0
software was consistent with BLAST analysis, clustering the isolated strains
with L. casei strains (Figure 3 [Figure 3: see original paper]), indicating their
closest phylogenetic relationship. Based on colony characteristics, bacterial mor-
phology, and 16S rRNA sequence analysis, all three strains were identified as
Lactobacillus casei.

2.4 Physiological and Biochemical Tests

According to Bergey s Manual of Systematic Bacteriology, physiological and bio-
chemical tests showed that all three strains exhibited biological characteristics
consistent with Lactobacillus casei non-rhamnosus subspecies (Table 3 ).

chinarxiv.org/items/chinaxiv-201712.00251 Machine Translation


https://chinarxiv.org/items/chinaxiv-201712.00251

ChinaRxiv [$X]

2.5 Drug Sensitivity Test Results

All three lead-resistant strains were resistant to gentamicin but sensitive to
penicillin and ceftriaxone, indicating that basic antibiotics such as penicillin
can effectively inhibit their growth (Figure 4 [Figure 4: see original paper]).

2.6 Artificial Gastric Juice Test

Human gastric pH is typically around 2.0, gradually decreasing to approximately
pH 5.0 after meals, with gastric emptying time generally 3-4 h. Therefore,
foodborne anti-lead probiotics should possess good acid tolerance. Our results
showed that the three lead-resistant strains tolerated acidic environments well
(Table 4 ). At pH 3.0 and 4.0, bacteria continued to grow; at pH 2.0, counts
remained at 10" cfu/mL after 3 h, demonstrating tolerance to gastric acid. Bile
salt tolerance followed the pattern SYF-I > SYF-E > SYF-B, with 8 h survival
rates reaching 62.5% (Table 5 ).

2.7 Adsorption Experiments

Various initial lead ion concentrations were tested. At low concentration (1
mg/L), all strains showed high adsorption rates of approximately 83.2-96.7%,
with minimal difference between viable and heat-killed bacteria. As initial lead
ion concentration increased, adsorption approached saturation, with rates grad-
ually decreasing while adsorption capacity increased, consistent with literature
reports. Under conditions of pH 6.0, bacterial concentration 2 g/L, and lead
ion concentration 50 mg/L, all three isolated strains achieved adsorption rates
above 60%. Notably, SYF-I heat-killed bacteria showed much higher adsorption
capacity than viable cells, while SYF-E showed moderate adsorption capacity
for both viable and heat-killed cells (Figure 5 [Figure 5: see original paper]).
LGG heat-killed bacteria exhibited very high adsorption rates (91.17%), but its
viable cell adsorption capacity was inferior to SYF-B (86.27%, Figure 6 [Figure
6: see original paper]).

Discussion

Identifying microorganisms with GRAS status that can tolerate heavy metals
is the first step in dietary lead poisoning prevention. While environmental re-
mediation studies have demonstrated exceptional microbial adsorption of heavy
metals, most specimens originate from contaminated soil, water, and plants, rais-
ing safety concerns if used as food additives for heavy metal removal. Between
7-10 days after birth, bifidobacteria and lactobacilli in the infant gut reach a pro-
liferation peak, comprising over 90% of the total gut microbiota. At this stage,
pathogenic bacteria are scarce and strains are relatively uniform, with few drug-
resistant bacteria and minimal environmental adaptation-induced mutations,
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facilitating isolation of desired probiotics. These characteristics prompted our
use of newborn fecal specimens for screening food-safe probiotic strains.

The three human-derived Lactobacillus strains SYF-B, SYF-E, and SYF-I were
identified as L. casei through traditional and PCR methods. Lactobacillus casei
is a common probiotic with multiple functions including cholesterol reduction,
bacteriocin production, cell division promotion, and antibody-mediated immu-
nity. Our strains, isolated from healthy newborn feces, tolerated 500 mg/L lead
ions—well exceeding the 100 g/L blood lead level requiring social intervention in
children—thus fully meeting requirements for dietary prevention research. The
strains demonstrated the following probiotic properties: (1) They originated
from the newborn gut and adapted well to simulated human digestive condi-
tions, maintaining counts above 10" cfu/mL after 3 h at pH 2.0 and achieving
62.5% survival after 8 h in 0.3% bile salts, superior to other reports on human-
derived lactobacilli; (2) Drug sensitivity tests showed basic antibiotics like peni-
cillin effectively inhibit all three strains, ensuring controllability for applications
in pregnant women and children; (3) They possess excellent adsorption capac-
ity. Compared with standard strain ATCC7469 and classic strain LGG, SYF-B
showed outstanding adsorption capacity, with viable cell performance even sur-
passing LGG at 50 mg/L lead concentration. In Halttunen et al.” s study, the
classic L. casei Shirota strain also showed lead adsorption capacity, but its
viable cell adsorption rate was lower than SYF-B when calculated from their re-
ported values. Maintaining probiotic viability will facilitate multiple functional
benefits. Additionally, heat-killed bacteria adsorption capacity suggests these
strains could serve as lead detoxifiers for immunocompromised populations, such
as premature infants requiring multiple blood transfusions who may experience
lead accumulation. SYF-I" s characteristics align with this application.

Therefore, the three Lactobacillus casei strains SYF-B, SYF-E, and SYF-I
demonstrate potential value as heavy metal detoxifiers for pregnant women and
children. Future studies should investigate their intestinal adhesion properties,
beneficial metabolites, and in vivo lead adsorption capacity to ultimately
provide new dietary strategies for alleviating lead poisoning effects in these
sensitive populations.
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