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Isolation and phosphorus-solubilizing mechanism of
Achromobacter xylosoxidans in the rhizosphere of Moso bamboo

XIANG Chunzhu, FANG Cuilian, TIAN Jiayi, ZHANG Qing, LI Quan, SONG Xinzhang,
CAO Tingting”

Bamboo Industry Institute, Zhejiang A&F University, State Key Laboratory of Subtropical Silviculture, Hangzhou,
Zhejiang, China

Abstract: [Objective] To isolate the strain for solubilizing both inorganic and organic phosphorus
(P) from the rhizosphere of Moso bamboo (Phyllostachys edulis) and mine the related genes, laying
a foundation for activating the soil P pool and improving P bioavailability by P-solubilizing
microorganisms (PSM). [Methods] High-throughput screening was employed to isolate PSM
strains from the rhizosphere of Moso bamboo, an important economic plant in subtropical regions.
The P-solubilizing activities of the strain under various carbon sources and soil P levels were
investigated by microplate culture and soil inoculation experiments, respectively. The genes
involved in P solubilizing of the strain were mined by whole-genome sequencing. [Results] The
strain zafu-3 (Achromobacter xylosoxidans) capable of solubilizing P via multiple pathways was
isolated from the rhizosphere of Moso bamboo. The strain solubilized Ca3;(POs),, FePO4, AIPO,,
lecithin, and calcium phytate by using four carbon sources such as glucose and citric acid, with the
highest P-solubilizing activity of 32.75 mg/(L-d). Compared with the control group, the zafu-3
inoculation group showed increases of 4.21%-33.88% and 13.54%-112.06% in activities of acid
phosphatase and alkaline phosphatase, respectively. In the high P-level soil, inoculation of the
strain decreased the soil pH by 0.04 and increased the available P content by 16.32%. The whole
genome of strain zafu-3 contained 35 genes encoding phosphohydrolases and 53 genes involved in
organic acid metabolisms. Furthermore, strain zafu-3 carried the genes associated with the
production of indole-3-acetic acid and siderophores, and the degradation of lignin. [Conclusion]
Strain zafu-3 directly solubilized inorganic and organic P by secreting diverse organic acids and
phosphatases, and indirectly activated soil P pools by promoting plant growth. These findings
provide an important microbial resource and theoretical foundation for the development of
multifunctional biofertilizers.

Keywords:  Phyllostachys edulis; Achromobacter  xylosoxidans;  phosphorus-solubilizing
microorganisms; soil phosphorus mobilization; genome
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K3, WAFME T IR RERS, KR
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M2, DAKERR ., SWRKR . ER. T A3
B2 5 RAHLER, BRIELL 5 g/L BV 78N 2 Bl
Rigp3krp U, DL S A A PR B 3 AN
5, UAERERZ AR, 78 30 °CF BE R+
3d JEHEH T T, Rk zafu-3 1067 B F Y
A TE S HRAE . KA pH JE 1 (3.0-11.0, L4
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Figure 1

The morphological and cultural characteristics and the phosphorus solubilization ability of strain zafu-3.

A: Growth curves (1: Colony morphology; 2: Cell morphology under the light microscope); B: P solubilizing

activity of strain zafu-3 cultured with different carbon sources (1: Total content of five P sources solubilized

among different carbon sources). Different lowercase letters and italic lowercase letters indicated significant

differences among groups and between different groups respectively (P<0.05).

FRIEP A KA B AN 1 R, LB . B
QIR . SRR . FRRoT W e —iIRET,
PR 5 BRI SR 5L RIReA K, (HHHEDL
FIH 2 QR MFLIR o WSINSAR . HEAH ol =i
8 MR IR S, B AR ANTE BB o B VR B SR
2RI
2.2 ¥k zafu-3 BURREREE D SR EFHE
DA 00E . FEWE . R RO RIS R A Al U
B, DR BB o il b 5 5L 8 LT b 1 7% ol
Bl(E 1), HAEUFTBERRME—FRIE . RS N
M — T R 1 1% 37 3L ORI, D/d=2.67+0.10
(F 2A). WX 4 FhaxE G, KRR zafu-3 19
fif W e 1 A A — 20 e i AT, A5 AR R I LA
EJWE JE—BRUR BT, AR zafu-3 X 5 R IR Y
MR R RE, N 46.57 mg/(L-d), 202 LLRE
WL R IR R SR Sy ME— B R A 1.8, 2.3
3.7 (58 1B H 1), LU A b el s A E—
BRURET, BERR zafu-3 XF Cas(POg), MYV 5 R 1

HhEe A, B BE R 4 0 o 3275 mg/(L-d) Fl
13.14 mg/(L-d). PAREREEA JBE Ay — ik YR,
AL X AL PR 8 1Y) VS M A R e A, WS R AN
12.42 mg/(L-d) F1 10.83 mg/(L-d). TH ¥k & f#
FePO,. AIPO, SR WEAR IS, 43 B N R
R 2 R JRE W 1) A i SR i e, TR R )
10.99. 5.84 1 1.31 mg/(L-d) (&l 1B), M4h,
Pk zafu-3 BEFITE G WG G 35 08 IG5 )E, HE
7% SR R R B R (] 2B),  D/d=1.37+0.04,
FEUI AR AT B AR R 2R W RE T o 1) PRI AR 114 355
FEW A Salkowski FC TR )G, WLEL S
WAL (K 2C), KUK zafu-3 HE& ™4 1AA
RETI.
2.3 E#K zafu-3 X DIBBEMERIEE
PIPE zafu-3 BeFP 2 3 30 d 5, HAE LP
1 HP A 58 vy Bt 4l b 68.34 CFU/g Al
162.72 CFU/g. 7 HP +IERE G, 13 pH
{8 5 % FEAR LR T 0.04, 11 LP 44 pH )L
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Rl RN ERKRGEKzafu-3E N ERESRE ENEKER

Table 1  Growth of strain zafu-3 on the different P source media containing different carbon sources

Carbon source PVK1 PVK2 PVK3 MG1 MG2
Carbohydrate
Glucose ¥ e R BT Sk
Fructose +++ + - ++ 4+
Sucrose ++ +* - ok "
Cellulose - - + — -
Xylan +# - - e gk
Amino acid
Glutamate - - ++ ++ .
Serine - - - - -
Proline ++ ++ + +++ ++
Isoleucine ++ ++ ++ ++ ++
Lysine ++ ++ +++ - ++
Organic acids
Oxalic acid +++ +++ ++ +++ ++
Malic acid + - _ + _
Citric acid -k 4% - — Sk
Succinic acid +++ +++ ++ +++ 4+

Lactic acid - -

-: Negative; +, ++, +++: Positive; * indicated the presence of a P-solubilizing circle on the medium.

CK zafu-3

B2 Etkzafu-3B0RESFIE. A DUFPEIONE—BRISIEMAIRES; B: KRBURIEM; C: IAA™E.

Figure 2 The plant growth-promoting properties of strain zafu-3. A: Degradation of calcium phytate using citric

acid as the sole carbon source; B: Degradation of lignin; C: Generation of IAA.

AR (K 3A). B A LP Al HP 131 ACP
WA BT T 33.88% il 4.21% (I8 3B). 7
HP -3+ ALP L F+ T 13.54%, 7£ LP L3
ALP E PR 3G, JE XA 2.12 £5 (K
3C). HEW G AW & A LP HIEPREL T

P4 actamicro@im.ac.cn, & 010-64807516

7.87%, IMAE HP 338 n 1 16.32%, {Hixsk
SN (K 3D).
2.4 K zafu-3 £EFEFFEF KEGG
vaK il
FF 168 tRNA H&H 791 1) R G2 Kk & W5
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o
A 359 B 30 D=y
[ JCK[zafu-3 [ICK[zafu-3 [ ICK[zafu-3 g  [JCK[zafu-3
2 ) =
g < 20 & > 8 35 .
3.88 S =) g
b g a g 20 5
- ab ap = a 3 3 a a
T [ 1 = 1572 a & £ 30 a
= = 1.5 =,
3.84 2 & g
< <=
S 10 2 1ol b £ 25
Q — b =
< < 2
: ; 0.5 2
380 b 0 Tp  hp LP  HP z S T

E3 EMERzafu-3FRBAMS B TRAELMR. A: pH; B: MVEBERREHGYE; C. GRVEBERREGT
PE; D: ARWESE. ARVNG TR AR A B 6] 5 2525 5 (P<0.05)

Figure 3  The soil physicochemical properties of LP and HP after the inoculation with strain zafu-3. A: pH;
B: ACP activity; C: ALP activity; D: Available P content. Different lowercase letters indicated significant
differences in different conditions (P<0.05).

, R BWRE R zafu-3 SABAMTOATE  80.00%, KUk, Wtk zafu-3 Ry AME AL TC AT
(Achromobacter xylosoxidans) TE — & IE WL Fa E 1) (4. xylosoxidans) .
2 (K 4). BiEkE zafu-3 5 GenBank HEL i RFEH AR R, FEE zafu-3 H—IH
(AT 2% AR VEAT ANT AE FE X200 % BR /E%Ji Mg R A, HAaREKAT I KEN
NP A. xylosoxidans 1 FEHIL., FFHIAH 6 650 369 bp, G+C LN 67.49%, L& T
L B ik 98.95%, 5 H fih JE /N KF T B 6009 ZAHmALILE . SILHAA 6 4 KEGG —%
(Achromobacter) FANARMER R FINAHMIEI KT 2cid i, A 42 45 KEGG 970 25 %

0.01 Achromobacter xylosoxidans zafu-3 (CP158973) 1 89.09 9097 9126 9895 =
79| Achromobacter xylosoxidans NCTC10807" (GCA_001457475)
g5| Achromobacter dolens LMG 268407 (GCA_902859745) 2 8895 9082 913« 9885
Achromobacter insuavis LMG 26845" (GCA_902859645) 3 88.86 9346 + 9145 9147
85|~ Achromobacter pulmonis LMG 26696T (GCA_902859765) 4 8860 = 9278 9049 90.58
Achromobacter deleyi As-55 (GCA_013116765.2) ’ ' ' '
98 S * 90.02 89.58 90.03 89.98

7 Achromobacter spanius B7 (GCA_003600685)
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Orrella dioscoreae LMG 29303 (GCA_900089455.2)

Pusillimonas thiosulfatoxidans YE3T (GCA_004022565)
95 Pusillimonas sp. TS35 (GCA_009857885)
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Figure 4 The phylogenetic tree of strain zafu-3 based on 16S rRNA gene sequences and ANI values among
strain zafu-3 and other closely related four strains. The serial number in brackets was the GenBank accession

number of the strain. Bar indicated 0.01 nucleotide substitutions per site. The strains with comparative ANI

8

values horizontally corresponded to the strains of the phylogenetic tree.
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Figure 5 The KEGG pathways in strain zafu-3. Different column colors indicated the level 1 classification of
KEGG pathway; The ordinate indicated the level 2 classification of KEGG pathway; The abscissa indicated the

number of genes under the annotation of this classification.
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Table 2  Function prediction of genes involved in organic acid and organic phosphorus hydrolase secreted by

strain zafu-3

Genes KEGG  Annotation EC number Gene
1D numbers

Organic acid
ilvB KO01652  Acetolactate synthase I/II/III large subunit 2.2.1.6 8
argD K00821  Acetylornithine/N-succinyldiaminopimelate aminotransferase 2.6.1.11;2.6.1.17 2
leuAd K01649  2-isopropylmalate synthase 2.3.3.13 2
argJ K00620  Glutamate N-acetyltransferase/amino-acid N-acetyltransferase 2.3.1.35;23.1.1 1
aspB K00812  Aspartate aminotransferase 2.6.1.1 4
argC K00145  N-acetyl-gamma-glutamyl-phosphate reductase 1.2.1.38 2
ilvD K01687  Dihydroxy-acid dehydratase 42.1.9 2
ilvE KO00826  Branched-chain amino acid aminotransferase 2.6.1.42 2
icd KO00031 Isocitrate dehydrogenase 1.1.1.42 2
ilvH K01653  Acetolactate synthase I/IIl small subunit 2.2.1.6 1
ilvC KO00053  Ketol-acid reductoisomerase 1.1.1.86 1
argE K01438  Acetylornithine deacetylase 3.5.1.16 4
gltA K01647 Citrate synthase 2331 4
argAB K14682  Amino-acid N-acetyltransferase 2.3.1.1 1
ectB K00836  Diaminobutyrate-2-oxoglutarate transaminase 2.6.1.76 1
leuC KO01703  3-isopropylmalate/(R)-1-methylmalate dehydratase small subunit 4.2.1.33;42.134 2
leuD K01704  3-isopropylmalate/(R)-2-methylmalate dehydratase small subunit 4.2.1.33;42.135 2
leuB K00052  3-isopropylmalate dehydrogenase 1.1.1.85 1
asd KO00133  Aspartate-semialdehyde dehydrogenase 1.2.1.11 1
acnA K01681  Aconitate hydratase 4213 2
lysC K00928  Aspartate kinase 2.7.2.4 1
acnB KO01682  Aconitate hydratase 2/2-methylisocitrate dehydratase 4.2.1.3;4.2.1.99 1
LYSN KO05825  2-aminoadipate transaminase 2.6.1.- 2
argB KO00930  Acetylglutamate kinase 2.7.2.8 1
ict-P K18289  CoA-transferases;succinyl-CoA:(S)-malate CoA-transferase 2.8.3.22 2
- K18292  (S)-citramalyl-CoA lyase 4.1.3.25 1

Phosphohydrolase
acyP KO01512  Acylphosphate phosphohydrolase 3.6.1.7 1
ushA K11751  UDP-sugar sugarphosphohydrolase 3.1.3.5 1
gph K01091  2-phosphoglycolate phosphohydrolase 3.1.3.18 4
rsbU P KO07315  O-phosphoserine phosphohydrolase 3.1.33 4
suhB K01092  Myo-inositol-phosphate phosphohydrolase 3.1.3.25 2
gmhB K03273  D-glycero-alpha-D-manno-heptose 1,7-bisphosphate 7-phosphohydrolase  3.1.3.82;3.1.3.83 2
serB K01079  O-phosphoserine phosphohydrolase 3.1.33 2
mupP K22292  N-acetyl-D-muramate 6-phosphate phosphohydrolase 3.1.3.105 1

(F58%)
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rsgA K06949  Thiamine phosphate phosphohydrolase 3.1.3.100 1
phnX KO05306  2-oxoethylphosphonate phosphonohydrolase 3.11.1.1 1
fop KO03841  D-fructose-1,6-bisphosphate 1-phosphohydrolase 3.1.3.11 1
pphA K07313  Protein-serine/threonine-phosphate phosphohydrolase 3.1.3.16 1
surkl K03787  Phosphoric-monoester hydrolases;3’-ribonucleotide phosphohydrolase 3.1.3.5; 3.1.3.6 1
- K07053  Nucleoside-3',5"-bisphosphate 3'-phosphohydrolase 3.1.3.97 1
cpdB K01119  3'-ribonucleotide phosphohydrolase 3.1.3.6 1
wzb K25307  Protein-tyrosine-phosphate phosphohydrolase 3.1.3.48 1
ipgD K13085  1-phosphatidyl-1-D-myo-inositol-4,5-bisphosphate 4-phosphohydrolase ~ 3.1.3.78 1
bacA KO06153  Ditrans, octacis-undecaprenyl-diphosphate phosphohydrolase 3.6.1.27 1
ppx-gppA  K01524  Polyphosphate phosphohydrolase 3.6.1.40;3.6.1.11 1
berC K19302 Ditrans, octacis-undecaprenyl-diphosphate phosphohydrolase 3.6.1.27 1
pgpA KO01095  Phosphatidylglycerophosphate phosphohydrolase 3.1.3.27 1
ribBA K14652  GTP 7,8-8,9-dihydrolase (formate-releasing, phosphate-releasing) 3.54.25 1
fh K03106  GTP phosphohydrolase (protein-synthesis-assisting) 3.6.54 1
- K01081  5'-ribonucleotide phosphohydrolase 3.1.35 1
kdsC K03270  3-deoxy-D-manno-octulosonate-8-phosphate 8-phosphohydrolase 3.1.3.45 1
IMPL?2 K18649  B-L-galactose-1-phosphate phosphohydrolase 3.1.3.15; 1

3.1.3.25;3.1.3.93

o FEA M el i b A A 3 A 5 AR
R R SE I, Jorp 2 2R TR T PR 45 R T %
3 AR DN 2 it [R] o  SE AL SRR A AR T 2K, RIS
A 165 NN, DS SR AR . K
MR h s . R IR A SR A B AR A S
X BB AR 55 AR R A e R DA G

3 Wib54%
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