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Abstract: [Objective] To explore the effects of strain CDWB36 and its metabolite
pyrroloquinoline quinone (PQQ) on the drought resistance and growth of pepper, so as to
provide efficient strain resources for the development and utilization of multifunctional
microbial agents. [Methods] A strain CDWB36 was identified based on the morphological
characteristics and the 16S rRNA gene-based phylogenetic tree. HPLC and spectroscopy were
employed to detect PQQ. The fermentation conditions were optimized by single factor tests
with PQQ production as the indicator. The effects of the PQQ-containing microbial agent on
the growth, physio-biochemical characteristics, soil nutrients, and rhizosphere microbial
community structure of pepper under drought stress were determined by pot experiments.
[Results] Strain CDWB36 was identified as Acinetobacter calcoaceticus and it had the ability
to produce PQQ. The optimum conditions of strain CDWB36 for producing PQQ were 10 g/L
yeast powder, 4 g/l mixed nitrogen sources (ammonium sulfate:glutamic acid:tyrosine=2:1:1),
1.0 g/L MgSO4, 0.40 g/L CaCl,, 0.5% inoculum amount, 28 °C, and pH 6.5. The PQQ
production of the strain in shake flasks after 7 days of fermentation at the optimized conditions
reached 61.48 mg/L, which increased by 3.3 times compared with that before optimization.
Compared with CK, the PQQ-containing microbial agent increased the plant height, stem
diameter, aboveground fresh weight, and belowground fresh weight of pepper by 35.05%,
8.22%, 14.41%, and 51.70%, respectively, demonstrating better plant growth-promoting effect
than the PQQ solution. Moreover, the PQQ-containing microbial agent significantly improved
the activities of antioxidant enzymes and the content of osmoregulatory substances (soluble
sugar, soluble protein, and proline) in leaves, while increasing the soil nutrient content. The
PQQ-containing microbial agent significantly changed the relative abundance of bacteria and
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fungi in the rhizosphere soil of pepper, increasing the relative abundance of Bacillus,
Aspergillus, and Streptococcus by 1.99 times, 1.38 times, and 8.75 times, respectively,
compared with CK. [Conclusion] A. calcoaceticus CDWB36 has the ability to produce PQQ.
Optimizing the fermentation conditions can effectively enhance the PQQ production. The
fermentation broth of CDWB36 significantly promotes pepper growth under drought stress, and
PQQ is a key substance in the broth for promoting pepper growth. Therefore, the strain has
broad application prospects in enhancing the stress resistance and promoting the growth of
plants.

Keywords: Acinetobacter calcoaceticus, pyrroloquinoline quinone; fermentation condition

optimization; drought resisting and growth promoting; rhizosphere microbial community
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C 64 Acinetobacter pittii DSM 21653 strain ATCC 19004 (NR11762.1)

531 Acinetobacter pittii DSM 21653 strain CIP 70.29 (NR116774.1)

851 Acinetobacter geminorum strain JO0019 (NR181169.1)
Acinetobacter oleivorans strain DR1 (NR102814.1)
Acinetobacter seifertii strain LUH 1472 (NR134684.1)
Acinetobacter nosocomialis strain RUH 2376 (NR117931.1)
Acinetobacter antiviralis strain KNF2022 (NR115739.1)
Acinetobacter lactucae strain IVAPO1 (NR152082.1)

ﬁ|_—{ CDWB36
1001 Acinetobacter calcoaceticus strain ATCC 23055 (NR117619.1)

Acinetobacter Iwoffii strain DSM 2403 (NR026209.1)
100, Acinetobacter haemolyticus strain ATCC 17906 (R117622.1)
Acinetobacter haemolyticus strain DSM 6962 (NR026207.1)

Acinetobacter tjernbergiae strain DSM 14971 (NR117193.1)

57
—_ —|8 4 Aeinetobacter proteolyticus strain NIPH 809 (NR148846.1)
0.002 0 50 Acinetobacter dispersus strain ANC 4105 (NR148844.1)

1 E# CDWB36 BEIEHAS(A), FHEBREEB)MET 16S rRNA EEFFIHEN ARG L ER(C)
Figure 1 Colony morphology (A), scanning electron microscopy (B), and phylogenetic tree based on 16S
rRNA gene sequence (C) of strain CDWB36. The serial number in parentheses is the GenBank accession
number of the strain; The branch number indicates the bootstrap support rate; The length indicated by the
scale is 0.002 0 nucleotide substitution rate.

85

67

82

94

2 E#k CDWB36 HPLC [El(A), &B2zh 1 iz B)ME K EIZ(C)
Figure 2 HPLC chromatogram (A), fermentation kinetics curve (B), and growth curve (C) of strain
CDWB36. The data in the figure are mean+SD.
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Figure 3 Effects of different fermentation conditions on PQQ production. A: Carbon sources; B: Nitrogen
sources; C: pH; D: Inoculum amount; E: Temperature; F: Mg2+ concentration; G: Ca’" concentration. The
data in the figure are mean+SD. Different letters indicate significant differences (P<0.05).
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Figure 4 Effects of different treatments on growth and physiological characteristics of pepper under
drought stress. A: Plant morphology; B: Plant height; C: Stem diameter; D: Aboveground part fresh weight;
E: Underground part fresh weight; F: POD activity; G: SOD activity; H: CAT activity; I: MDA content; J:
Proline content; K: Soluble sugar content; L: Soluble protein content. The data in the figure are mean+SD.
Different letters indicate significant differences (P<0.05).
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x1 TEBETIAELEXNTIRFSSENZM

Table 1 Effects of different treatments on soil nutrient content under drought stress
Treatment TN (g/kg) TP (g/kg) TK (g/kg) AN (mg/kg) AP (mg/kg)  AK (mg/kg) OM (g/kg)
CK 7.31£0.07c 1.16+£0.01c 18.38+0.35a 661.29+2.89¢c 366.83+1.30c 1 637.85+54.82¢ 381.57+2.10c

PQQ solution
PQQ microbial
agent

8.41+£0.03b 1.36+0.01b 17.91+0.40a 770.32+4.11b 387.95+2.23b 1 860.23+55.26b 429.59+2.80a
10.26+£0.22a 1.91+£0.03a 16.90+0.20b 796.73+1.27a 395.14+1.70a 2 404.31+£50.42a 409.52+1.50b

The data in the table are mean+SD. Different letters indicate significant differences (P<0.05).
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Figure 5 Diversity analysis of rhizosphere microorganisms in peppers. A: Chaol index; B: Shannon index;
C: PCoA analysis of bacteria; D: PCoA analysis of fungi. The data in the figure are mean+SD. Different

letters indicate significant differences (P<0.05).
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Figure 6 Relative abundance of microorganisms at phylum level and genus level for different treatments. A:
Phylum level of bacteria; B: Genus level of bacteria; C: Phylum level of fungi; D: Genus level of fungi.
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Figure 7 db-RDA analysis of bacteria (A), fungi (B) and soil nutrients at the genus level.
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