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Fig.1 Morphological characteristics of strain C10
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Fig.2 Biochemical results of APl SO0CHL
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Fig.3 Identification results of API 50CHL

Bl 4 E#k C10 #y 16S rDNA # 38 = B ik
Fig.4 Electrophoresis of 16S rDNA

amplification products of strain C10

1% B L 4F HLactobacillus acidophilus

% LT HLactobacillus crispatus

& K FL#T HLactobacillus jensenii

7 B L BR AT B Lactobacillus delbrueckii
LT HLactobacillus intestinalis

FLHF B T A Lactobacillus apis

—E /R ¥ G FLAF BLactobacillus helsingborgensis

%A i FL AT BiLactobacillus kimbladii
B K FL M B Limosilactobacillus reuteri

i 8 SLFF ELactiplantibacillus garii
ACl10

14 FLFF H Lactiplantibacillus plantarum
e BT £ FLATF BLactiplantibacillus argentoratensis

—
0.01

B 5 EF 16S rDNA EE 5 5 i i% & i# L
Fig.5 Genetic evolution tree based on 16S rDNA gene sequence
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WAL, P FATH C10 R HE AR, NEY

2.5.3 MR R BREHAL 25 AR i R
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WAk 9 AR AR
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Pk M50 A2 il o 51 2 i MO 2 it S 12
254 BHUERZAYBURERL A AR A 25
P, 0 DR X e S TR 14 1 T 24 P SRR R, g B
I% 24 h W BOICE T RREE ST R RAHE M
M T RN, IR T R A, Wi 8
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6 HEYWIAHE CIOMEKERMpHETL
Fig.6 Growth trend and pH change of

Lactobacillus plantarum C10

7 HEYIME CIOMBEMLER
Fig.7 Hemolysis results of

Lactobacillus plantarum C10

8 HEWIME C10 3t 10 FAWAHIZ51E
Fig.8 Resistance of Lactobacillus plantarum C10 to ten drugs

R AHR AN ZTHinl S ERAAR
TR BRI 0 ER VD R RURE,
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Table 2 Diameter of bacteriostatic zone of ten drugs

B AFE  wFF ATEHA LFHEY

5EE KTEE kiwarn KAkEE wWxRE XAV E

H#&/mm  25.89 25.57 23.73 20.73

15.32 11.18 11.01 10.64 9.63 0

2.6 MmAEMRKE

2.6.1 HRELGKME B RER LSRR P
R B, BN W e B A S A R R I, P EL
FFTE C10 BA w550 H R AR 7, ATk # 85.33%,
B KPR IR B 35.50% , PR UEHAE 38 e g, i
i P A T iR

262 MR AEEERE ) MW FLATE C10 £E pH
0 2.0,2.5,3.0 F M7 2500 8 22.64%,
32.48%,39.39%. 1F 0.3%,0.5%,1.0% I JEEL H i
5 R ] 15 5 98.79% ,95.79% ,80.00% ., fit iz i A

RS R B T AP FLAT B C10 1] LLAE i
2.7 E&REWMAEE

2.7.1  RIFEEYES TR E T MR O TR
[ 47 5 v T AR A FLAT B8 C10 W RRFASCR | 5
SHPFLATH 6003 FEAT AL #2I8 1.4.12 5 Y
TrE W YRS 1, (] O S AR TR
PEACIN E LT WO B R TR R R R R 14137
A T TR IR B R AR B A AE R Ik 3 R,
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Table 3 Adsorption rates at different concentrations of lead ions

45 8 T % JZ/ (mmol/L) 0.125 0.25 0.5 1.0 1.5
C10 & &/% 65.32 65.82 31.36 18.54 6.92
6003 & M /% 9.25 9.46 8.31 247 1.90

i 2% 3 T Bl v B ) 4 T
FEMEEEW D Y B U E N 0.25 mmol/L 1 i F)
1.5 mmol/L i}, F#k C10 AW FF R M\ 65.82% T &
2 6.92%., M E T E R 0.25 mmol/L B, 1 &
XA B R B et A i B 65.82% . AP FLAT
P 6003 XY 25 A W BRF 2R ARAIL AU A 9.46%
272 HSHEB-X SRR T W B AT A R
PIFLAT B C10 19 TR 1A IC 2 43 79238 BT 050 A A Tl
FIHCR (K9 3R 4), WY ¥ )5 1Y T iR T
IR (K 10),IF HAE EDS B35 rhn] DU i 2]
Ph, B TH CERIE, R S5 P AHL, RN E
W ET N 9.69%., it — LU AE Y FLFT I C10

F 4 WHETEE C10 B EDS TE 4
Table 4 EDS elemental analysis of C10 before adsorption

TFE REE S WIW% BT E /%
CK 47.20 53.76

N K 15.30 14.94

OK 35.66 30.49

P K 1.61 0.71

S K 0.24 0.10

B 100.00

2mm BFER1

E 9
Fig.9 SEM and EDS images of C10 before adsorption
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273 HEMARBLTADEIE ST S TR
FUATF B C10 W BT 25 7 A1 1 2 1 ik 1A 1) 22 £k, )
FH A B AR B 2T A AL AT 4 5 15 20 45 R 1
B R, R Fnxt A AR 22 5, iR
B ZHAE 3 280 em™ Ak A A5 15 B IR0 1M Wi I, X ik
ST IERTE TS, P FLATE C10 i
3 NH 23 OH 58 1 & B THEAEHS, 7
1 644 cm™ Kb b 5L C=0 {1 45 3% 3h 1Y 45 AF W2 i
W LI S T S AR FLAT I C10 TR R 3R 10 1Y Pk
KA THEAER A 1224 em™ 4 R F2 3 COOH
F4) (e 205 41 S I 06, DRI, 4 e 4 A A i A 2 2R

=5 WKEEH C10# EDS THE4#H
Table 5 EDS elemental analysis of C10 after adsorption
& REE WP BT E 2 W/at%
CK 43.03 54.66
N K 10.28 11.20
0K 32.25 30.76
Na K 2.44 1.62
PK 1.91 0.94
Mn K 0.40 0.11
Pb M 9.69 0.71
&F 100.00
c 2
E 0
3 Hin
P
Na As A

i
0 1 2 3
FHEBIE 18882 cis 4T -0.203 (0 cts)

4 5

2k
fiE i

Energy/KeV

W B BT B 4% C10 B R E & EDS B
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Fig.10 SEM and EDS images of C10 after adsorption
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Fig.11 Infrared changes before and after adsorption
of heavy metal ions
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Abstract

lead and edible. Methods: Physiological and biochemical experiments were performed on the isolated and purified strains,

Objective: To isolate and purify probiotic Lactobacillus from honey with high adsorption rate of heavy metal

and a phylogenetic tree based on 16s rDNA was established for taxonomic identification; the probiotic properties of the
strains were assessed by hemolysis, gelatinase activity, nitrate reduction and amino acid decarboxylase, self-aggregation
and hydrophobicity, acid and bile salt resistance, and antimicrobial drug sensitivity. Meanwhile, inductively coupled plas-
ma emission spectroscopy was used to determine the Pb*" content in the solution before and after adsorption. The ability
of the strains to adsorb heavy metals was explored. Scanning electron microscopy—X-ray energy spectroscopy was used to
observe the adsorption of Pbh** by the bacteria before and after adsorption. Fourier transform infrared spectroscopy was
used to determine the adsorption of Pbh?* by the bacterium and the changes in protein structure. Results: Strain C10
screened from honey was identified as Lactobacillus plantarum, with no hemolytic and gelatinase activities; it could not
reduce nitrate and did not decarboxylate to produce amines; self—aggregation and hydrophobicity reached 85.33% and
35.50%, respectively; survival under acid and bile salts was 39.39% and 98.79%, respectively; and it had strong sensi-
tivity to chloramphenicol, erythromycin, ampicillin and cotrimoxazole. Lactobacillus plantarum C10 adsorbed 65.82% of
heavy metals within 2 h. Scanning electron microscopy—X-ray spectroscopy showed that the percentage of lead element
was 9.69%, and Fourier transform infrared spectroscopy showed that the secondary structure of the surface protein of the
bacterium changed significantly after the adsorption of Pb**. Conclusion: Lactobacillus plantarum C10 has good probiotic
properties, can effectively adsorb Pb*, and has the effect of preventing heavy metal poisoning.

Keywords Lactobacillus plantarum; identification; probiotic; lead; adsorption



