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Mechanism of Free Phosphate Production by Penicillium sp. GL-101, Phosphate
Solubilizing Fungus, in the Submerged Culture

Sun-Chul Kang - Mi-Ok Yang-Un-Hee Tae (Dept. of Biotechnology, Taegu University, Kyungsan 712-714, Korca, E-mail:
sckang@taegu.ac kr)

ABSTRACT : We investigated the capability of the phosphate-solubilizing fungus. Penicillium sp. GL-101. to solubilize
in vitro some insoluble rock phosphate via possible mechanisms: acidification of the medium. production of chelating
metabolites, redox activity, and so on. GL-101 was able to solubilize rock phosphate (mostly calcium phosphate) in a
liquid potato dextrose broth(PDB) medium, as determined by spectrophotometric analyses. Acidification was the major
mechanism of solubilization since the pH of cultures fell below 4.0 and in cultures containing 1.0%(w/v) loess the pH
dropped from 7.0 to 3.2. More than 10 mg/mL concentrations of citric acids were detected by high-performance liquid
chromatography(HPLC) in the culture supematants. Also this fungus showed the phosphatase activity (over 1.3 unit) to
contribute partially releasing phosphate from rock phosphate, when supplemented with 1.0% loess in culture broth. The
chelating activity of GL-101 in culture supernatants was not present because 2-ketogluconic acid, a chelating agent for the
phosphate, was produced only a basal level. Therefore, the solubilization mechanism of rock phosphate by Penicillium sp.
GL-101 involves both acidification due to citric acid production and phosphatase activity.
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Table 1. HPLC operating parametets for the analysis of organic acids

Parameter Condition
Instrument Varian / LC star
Column Hypersil BDS C;3
Detector UV, 210 nm
Mobile phase 0.1% H;PO4
Flow rate 0.7 mL/min
Column temperature 30T

Injection volume 20xL
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Table 2. Content analyses of loess collected from Taegu and

Kyungbook area.
CEC Ex. Cations, cmolfkg OM  Sp. Area
Soil sample pH
cmolkg Ca Mg K Na % m’/g
Jinryang 128 226 0 0 0 58 03 30.6

Kyungsan 142 28 51 03 05 58 03 32.2

Taegu 150 25 0 0 0 59 04 25.9
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Table 3. Changes of cell mass during the cultivation of Penicillium
sp. GL-101 in the potato dextrose broth (PDB)-rock
phosphate media after 4 days culture at various
concentrations of loess.

Addition amount of loess Dry cell mass
% g/30m!
0 (control) 0.10£0.01
0.1 0.11£0.01
0.5 0.13£0.01
1.0 0.09+0.01
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Fig. 1. Changes of free phosphate during the cultivation of
Penicillium sp. GL-101 in the potato dextrose broth
(PDB)-rock  phosphate  media  containing  various
concentrations(w/v) of loess. @-@, 0% loess(control); O-Q,
0.1% loess; ¥v-¥, 0.5% loess; V-V, 1.0% loess.
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Fig. 2. Changes of pH values during the cultivation of Penicillium
sp. GL-101 in the potato dextrose broth (PDB)-rock
phosphate media containing various concentrations (w/v) of
loess. @-@®, 0% loess(control); O-0O, 0.1% loess; ¥-v,
0.5% loess; V-7, 1.0% loess.
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Fig. 3. Citric acid production during the cultivation of Penicillium sp.
GL-101 in the potato dextrose broth (PDB)-rock phosphate
media containing various concentrations (w/v) of loess. @- @,
0% loess(control); O-C, 0.1% loess; ¥-¥, 0.5% loess; V-V,
1.0% loess
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Fig. 4. Phosphatase activity during the cultivation of Penicillium sp.
GL-101 in the potato dextrose broth (PDB)-rock phosphate
media containing various concentrations (w/v) of loess. @-®,
0% loess(control); -7, 0.1% loess; ¥-¥, 0.5% loess; V-
v, 1.0% loess.
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