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(GA) CHROMA SPIN + TE-000 cDNA
(GDH) (PQQ) 500 bp ¢DNA.
B 1.2.3 c¢DNA T4 DNA cDNA
E. coli EcoR1/Xhol
a EcoR1/Xhol 5 EcoRI.
o H1 ~ cDNA 3- Xho | cDNA,
1.2.4 c¢DNA cDNA
E. coli T4 DNA EcoR1/Xhol
° pBluescript SK( +)
E. coli HSTO8 "
1 2 mL LB 37C 2 h
cDNA 4°C o
1.1 1.2.5 c¢DNA 2 wL cDNA
1.1.1 : H1 110
pBluescript 11 SK (' +) (100 pg/mL)  IPTG (0.1 mmol/L) LB
TAKARA . 37 o o
1.1.2 : / ) .PDA 50 3 (5
LB CCCAGTCACGACGTTGTAAAACG3® T7 (5-
1.1.3 :RNAiso plus. DEPC
- ; Clometoh AGCGGATAATTTCACACAGGS3~) PCR
;Taq .DNA - POR 1%
: T4 VEcoRl  Xhol ’
NEB; :PCR 1.3 psgd
. PCR GeneAmp PCR ¢DNA
system 9700 Heraeus Sorvall (100 pg/mL) 3T
Biofuge stratos OLYMPUS BH-=2 3-4d
UVI501 pH
EUTECH pH510 1CS-
3000 . DNA GenBank Blast
1.2 Hl cDNA
1.2.1 H1 RNA : 1~ DNAMANG.0 .
PDA 3-54d 1.4 pH
PDA 30°C 200 r/min 20 - 24 h.,
3 150 mL 50 mL LB
. 0.2 g psgA
RNA 1% 1 mL 37°C 200 r/min 48 h
16 . 3
1.2.2 ¢DNA 1 pg mRNA 12.16.20.24.36 40 h  EUTECH pH510
¢DNA SMARTscript™ pH o
cDNA. 2 pL cDNA 1.5
LD-PCR 1.4 . 12.16.20.24
cDNA cDNA o 36 h o
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cDNA cDNA
2 200 - 4500 bp cDNA
CHROMA SPIN + TE-000 500
2.1 H1 c¢DNA —-4500 bp o
H1 RNA « 1D cDNA
RNA 3
28S.18S  5.8S RNA 0D, /0D, cDNA o
1. 962 RNA cDNA
cDNA o cDNA 5.29 x10°
bp M 1 cfu/mL 99.24% .
= 1% ( 2)
— == 0 -
4500 bp 1-2kb cDNA
<—5.85 RNA HL <DNA °
2.2 PSsgA
1 H1 RNA. 37°C 3d
Fig. 1  Total RNA of Aspergillus niger Hl. M: 250 bp 61
Ladder DNA marker; 13 total RNA of Aspergillus niger H1. 3 d
H1  mRNA SMARTSscript ™ H-54
cDNA LD-PCR ¢ 3
] 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18
2 PCR
Fig.2  Analysis of PCR products from randomly picked clones. 1 and 18: 250bp Ladder DNA marker; 247:
PCR products.
H-54 n.t 179 3-
H-54 cDNA 839 (n. t) 203 n. to NCBI
(GenBank IN716317) NCBI hypothetical protein
Aspergillus niger ANI_1_758114 (Aspergillus niger CBS 513. 88)
CBS 513. 88 Aspergillus niger contig An13c0090 100% hypothetical protein CCM _04721
mRNA 99% ( Cordyceps militaris CMO1) « conserved hypothetical
psgA o cDNA protein ( Penicillium marneffei ATCC 18224)
5- 96 n.t hypothetical protein SS1G _ 08851 ( Sclerotinia
( ATG TAG) 540 sclerotiorum 1980) 65%
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Soluble P/(mg/mL)

Fig.5 The content changes of soluble phosphorus in culture

media by H54 and CK during incubation. H-54: The clone
3 H-54 with psgA; CK: The clone without psgA.

Fig.3  The phosphate-dissolving effect of H-54.

o psgA  E. coli HSTO8
. 1.82 —10. 54 pg/
2.3 psgA pH mL  14.35 =50.43 pg/mL H-54
4 . . . a- (
H-54 psgA 1). 12 h
pH 36 h
pH « 4 50.26 pg/mL
HS4 12 h pH 36 h 346.53 pa/ml.. o 24 h
pH 3.93 pH 36 h 62.53 pg/mlL
. pH 5.9 175. 48 pg/mL.
’ 1 H-54

Table 1 The types and contents of organic acids

produced by H-54 during incubation

Organic acid/(g/mL)

t/h
methanoic acid  acetic acid ~ malic acid a-ketoglutaric acid
12 27.43 180. 60 - -
16 29.65 276. 85 - -
20 32.20 308. 65 - -
24 35. 60 311.42 57.11 156. 84
36 50. 26 346.53 62.53 175. 48
4 H-54 CK pH
Fig.4 The pH value changes of culture media by H-54 and CK
during incubation. H-54: The clone with psgA; CK: The clone 3
without psgA.
pH 18
pH 19 -20
36 h H-54 HI  PDA 18 h pH
0.105 mg/mL( 5) 7.0 1.65°
o 372.5 wg/mL o
2.4 H-54 mRNA 3 Oligo
H-54 (dG) 5 mRNA « »
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Abstract: Objective To obtain phosphate-dissolving genes from ¢DNA library of Aspergillus niger Hl. Methods The
double-stranded ¢DNA was synthesized using switching mechanism at 5’end of RNA transcript technique and ligated to the
vector pBluescript II SK ( +). We transformed recombinant plasmid into E. coli HSTO8 resulting in a primary ¢cDNA
library. We screened clones with phosphate-dissolving activities on the insoluble phosphate medium and blasted the
sequence in National Center for Biotechnology Information (NCBT). To study the phosphate dissolving mechanisms of the
cloned gene we analyzed the changes of the pH value the soluble phosphate content and the production of organic acids
in the insoluble phosphate liquid medium inoculated with the clones harboring the phosphate-dissolving gene.  Results
A ¢DNA library of A. niger H1 was successfully constructed. Titer tests showed that the content of constructed A. niger
H1 ¢DNA library reached 5. 65 x 10° ¢fu/mL in which the percentage of recombinant clones was 99. 15% . We screened
61 clones with phosphate-dissolving activities on the solid medium with insoluble phosphate. The corresponding gene in
one of these clones was identified. The full length ¢cDNA of clone H-54 was 839 bp encoding a predicted protein with 180
amino acid residues. The expression of phosphate-dissolving gene in E. coli enhanced organic acids secretion and
improved the phosphate solubilizing activity. Formic acid and acetic acid were found in 12 h and malic acid and a-
ketoglutarate were secreted in 24 h. The clone H-54 decreased the pH value of medium from 6.32 to 3.93 and released
soluble phosphate up to 0. 105 mg/mL in 36 h. Conclusion We had obtained a phosphate-dissolving gene designated
psgA from Aspergillus niger H1.
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