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Effect of Ensifer adhaerens JB19 on lead and cadmium
resistance and flavonoid synthesis in chicory (Cichorium
intybus) seedlings

LI Chunyue, LIU Bensong, LIU Bo, QI Xin, XIE Lin, LIU Lijie, ZHANG Yanfu, PAN Lin,
JIN Zhongmin*

College of Life Science and Agriculture and Forestry, Qiqihar University, Qiqihar 161006, Heilongjiang, China

Abstract: [Objective] To investigate the regulatory effect of the heavy metal-resistant bacteria
on lead (Pb) and cadmium (Cd) resistance and flavonoid biosynthesis in chicory (Cichorium
intybus L.) seedlings under Pb and Cd stress. [Methods] After inoculation of Ensifer adhaerens
JB19, the growth indicators, the content of Pb and Cd, the activities of antioxidant enzymes, the
content of total flavonoids, and the expression of genes related to flavonoid biosynthesis in the
chicory seedlings exposed to different concentrations of Pb and Cd ((200+20) mg/kg, (400+40) mg/kg,
(800+80) mg/kg) were determined. [Results] Strain JB19 significantly increased the biomass
and chlorophyll content of chicory seedlings exposed to different concentrations of Pb and Cd.
Under the Pb+Cd treatment of (200+20) mg/kg, the inoculation of strain JB19 decreased the
content of H,O,, MDA, and Pb and Cd in the shoot by 25.7%, 26.1%, 53.2%, and 54.1%,
respectively, compared with the control. Moreover, the strain strengthened the antioxidant
enzyme system and up-regulated expression of the genes involved in flavonoid biosynthesis of
chicory seedlings. Under the Pb+Cd treatment of (400+40) mg/kg, the strain increased the
flavonoid content by 105.2% and up-regulated the expression of chalcone isomerase gene to
reach 458.9%. [Conclusion] E. adhaerens JB19 can reduce the accumulation of heavy metals
and improve the Pb and Cd resistance of chicory seedlings by increasing plant biomass,
reducing active oxygen, inhibiting membrane lipid peroxidation, enhancing the activities of
antioxidant enzymes, and regulating the levels of flavonoids.
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& B0 20 TR T A A b A
LSRR /Ry S P /I S I S
e 8 BRI K, TRl T R R 55 1 AL
B, sERAEY) E A B Pt Islam
TR, B SRR PR B (Pseudomonas aeruginosa)
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2.1 RERAEEESKRETEN JB19 WHE
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m & 1 A%, Pb A1 Cd A FEAC T # F
A TE . ke AR SR, &
(Pb200+Cd20) mg/kg Fll(Pb400+Cd40) mg/kg Ab

x1 51957
Table 1 Primer sequences
Gene name Forward primer (5'—3") Reverse primer (5'—3") Tw/°C
PAL TGCCCTAAGAACATCGCCTC TTACGAGCTCGGAGAATTGG 52
CHS ACGGACATTTGAGGGAGGTG CTCTCATCTTCTCCTCCTTG 54
CHI3 TGGAAAGGTAAATCTGGAAC CCTCTTCTTCCTCTTCGTAC 54
18S rRNA AGCCTTGCGACCATATCCC CCATAAACGATGCCGACCAG 52
A —~ _ B P sk
g 200 2 #£ —a-Non-inoculated =) or e a'  -=-Non-inoculated
= 2 = JB19 inoculated = 14+ -= JB19 inoculated
%‘0 400 f f‘éﬂ 12t
2 0 =10}
-2 300t @
S ° &
| =
- '
5 200} , g 8 °
<] c 2 4l
- P . N S
0 200/20 400/40 800/80 0 200/20 400/40 800/80
Content of Pb-Cd (mg/kg) Content of Pb-Cd (mg/kg)
C D .=
12r a = 87
skak E
f] 10 ¢ 3
= E 6f
§ 8 5
= e 4
 6F g
L d =
= . Al
g 47 {FNDH']POCUlaIEd '§- —-o- Non-inoculated d
& £ = IBl9inoculated d 5 -=-JB19 inoculated
= .

0 200/20 400/40 800/80
Content of Pb-Cd (mg/kg)

0 200/20 400/40 800/80
Content of Pb-Cd (mg/kg)

1 E# JB1Y MFEMEM LAFIRBTFE. KSHHERZRSENE MW

Figure 1

Effect of strain JB19 on shoot and root dry weight, plant height and chlorophyll content of chicory

seedlings. A: Effect of strain JB19 on shoot dry weight of chicory seedlings. B: Effect of strain JB19 on root dry
weight of chicory seedlings. C: Effect of strain JB19 on plant height of chicory seedlings. D: Effect of strain JB19
on chlorophyll content of chicory seedlings. The different letters indicate significant differences among treatments
at P<0.05 in shoot and root, respectively. Asterisk (*) and double asterisks (**) indicate P<0.05 and P<0.01,
respectively, for student’s ¢-test carried out between JB19 non-inoculated and JB19-inoculated treatment.
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A2 A0, M B SRTARES Pb Al Cd & it
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F%(Pb800+Cd80) mg/kg AbBRAN, Htk IB19 B 2
FEAR T 211 Pb F1 Cd & 51 (P<0.05). B Ak JB19
1 o W B e Y Pb AT Cd, BEAR T -3 Pb AN
Cd &, )/ T Po Al CA EA B P RIFLER .,
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Figure 2 Effect of strain JB19 on Pb and Cd contents

in shoot and root of chicory seedlings.
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Figure 3  Effect of strain JB19 on activities of H,O,, MDA, SOD and APX of chicory seedlings. A: Effect of
strain JB19 on H,0O, content of chicory seedlings. B: Effect of strain JB19 on MDA content of chicory
seedlings. C: Effect of strain JB19 on SOD activity of chicory seedlings. D: Effect of strain JB19 on APX
activity of chicory seedlings. The different letters indicate significant differences among treatments at P<0.05
in shoot and root, respectively. Asterisk (*) and double asterisks (**) indicate P<0.05 and P<0.01,
respectively, for student’s ¢-test carried out between JB19 non-inoculated and JB19-inoculated treatment.
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DA AR R AL B |8 459.9%; CHS LR K $%
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Figure 4 Effect of strain JB19 on total flavonoid biosynthesis in chicory seedlings. A: Effect of strain JB19
on PAL gene expression in chicory leaves. B: Effect of strain JB19 on CHS gene expression in chicory leaves.
C: Effect of strain JB19 on CHI3 gene expression in chicory leaves. D: Effect of strain JB19 on the content of
total flavonoids in chicory leaves. PAL: Phenylalanine ammonia-lyase; CHS: Chalcone synthase; CHI3:
Chalcone isomerase 3. CK: No heavy metal treatment; HM: (Pb400+Cd40) mg/kg treatment. The different
letters indicate significant differences among treatments at P<0.05 in shoot and root, respectively.
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