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Characterization of Phosphate Solubilizing Yeasts from
Korean Traditional Fermented Foods
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ABSTRACT : Of 1,100 vyeast strains which were isolated from various Korean fermented foods, screened for phosphate
solubilization, five strains showed the ability to solubilize tricalcium phosphate. The 26S rDNA domain D1-D2 sequence analysis
revealed the identification of strain Y393 and Y524 as Pichia anomala (99.8 and 100% identity, respectively), Y669 as Pichia
farinosa (100% identity), Y901 as Candida versatilis (100% identity), and Y1101 as Pichia subpelliculosa (100% identity). All the
phosphate solubilizing strains showed mesophilic characteristics. The temperature range for growth of 4 strains was 20~35°C and
P farinosa Y669 was able to grow up to 45°C. The strain C. versatilis Y907 was able to grow at pH range of 5.0~6.0 and showed
halophilic characteristics with tolerance to 15% of NaCl concentration. The Phosphate solubilizing yeast strains were survived well
in bed soil for 8 weeks which were maintained densities of 10'~10" cfu/g. The highest phosphate solubilizing activity was
observed in P subpelliculosa Y1101. It solubilized 697.2 ug/mL of phosphorus from tricalcium phosphate with decrease in pH

from 6.8 to 4.37 after 11 days of inoculation.
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&2 k= EZO|tH(Na et al., 2009). 12} EF Foll
EA5= 19 95~99%0l Yok w9 B FE-2 AlE0]
|8 = gle B8 Qakolth(Vassileva et al., 1998). &
JollA B QiF FE 259 S Algksh= 7HE
83 318} 1%} Fof shuolnt. wabA Q14ke] FHE
md g2 o) Q14 AT} o] Fo AL Qlont TS
s8h4] | A& RS AR E8SEOo = 2Eo| o8
T US W ol B A9 E ¢ ¥l
o] 3F e A} AAH EAIE Lo71A Tk (Goldstein,
1986; Omar, 1998).

Ui 7HE3) rEL B8 NS
EE AE0] o]§8 F J5F k= 7S 7R Y= v
AEoltt, ujAE] o3t it 7183te] 712k 23]
2§23, sulphidric, nitric 3 carbonic acid 59l 2J5} Lo
W= SRR mlAEo] #H18= gluconic acid, 2-keto-
bluconic acid, lactic, isovaleric, isobutyric, acetic, glycolic,
oxalic, malonic, succinic acid®} 22 74kl 25t F
2 dojy= Aoz ¢ej# 9Jt}H(Suh and Kwon, 2008). 91
2} 7188} vIAEE+= Bacillus, Pseudomonas, Erwinia, Agro-
bacterium, Serratia, Flavobacterium, Enterobacter, Micro-
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coccus, Azotobacter, Bradyrhizobium, Salmonella, Alcali-
genes, Chromobacterium, Arthrobacter 2] ThFgH Alvta}
Streptomyces 52| YA, Penicillium, Aspergillus, Rhizo-
pus, Fusarium, Sclerotium 5-9] APdto] Hilko] lom
(Zhao and Lin, 2001), 8% FoA= EXNA E2J8) Can-
dida, Geotrichum, Rhodotorula, Williopsis ‘& 2~7-2] &0l
Ak 1%F 7183 &/do] BRI (Alfred, 2011). H
EF A ane B PR £l #Bofsio] A
o] RS Ashelal BEFe 7& A T23 48 8t
T AT BeA w4 Fokllre o] AlxHE ¥
A &8-S 98 A7t 2718k Yrh(Alfred, 2011).

B ATE QA UL FFESIAY S Sl Qs
TEHQ) 3 BN v=AIE sk
129T=, d2HE AFom AFste] AAld
2] mEe] A4 7hedol w2 Eluet A
AFA B E A=Y AL 7SS
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M RS &4 A e v, 98 5o AR
5 5 vt A% EAEelA Eeletd S HE
ypakglol] HE F9 &% oF 1,100 TF2 ARSI 9
2F 7188l o] A2 0.5%9] tricalcium phosphate”}
3% Pikovskayas IAHIA] S AE-31S 0 H|A] 242
glucose 1%, (NH,),SO, 0.05%, MgSO,-7H,0 0.01%, KCI
0.02%, MnSO, 0.5%, Ca,(PO,), 0.5%, Agar 1.8%Z ZA|3}
HFom pHE 7.002 275t (Pikovskaya, 1948). Piko-
vskaya's JLA|H|Z]o]| 96 pin Microplate Replicator (Boekel
Scientific, USA)Z 75 53E31L 28°CollA] 547 i<k
stod A 9l B84 <like] 8= £ g I
she w5 A8ttt A8 E 5= Pikovskaya's LA
BN TS B o E 5] MEslel 84S 59l

o] 2araisict.

2 %2

Qi 7t85t Smo| &3

A% AL ribosomal DNA 7|4 E £4o 2 3]
3t} rDNA PCR 535 €18+ genomic DNAT Sam-
brook¥} Russell(2001)2] HPHS HEste] 223140 . Ge-
nomic DNAS] & 9J3F S X2 Yeast Mold (YM)
agar iAol 347 vt TAE e E HE loopE FHO
1.5mLe] 4% YAl ¥e & diE dEsie] 12,000
rpm O = 377 4] EEfste] AT ZAT FerE oA
= Triton/SDS £ 0.2 mLol] &E3}a phenol:chloroform:
isoamylalcohol (25:24:1) 0.2 mL¥} glass bead (300 mesh)
0.3 g= 7}sked 383T vortexingdhed celtS 318133t ©]

= A LEAFANN 22’ kst AR 54 219

gl 0.2mLe] TE buffer (pH 8.0)2 3715k 12,000
rpmOE 537 A4l et NS A= A4 tube
o &713L 0.1 #lFFS] 5M sodium acetate (pH5.2)¢} 2.5
H ] ethanols H7Fste] Ejtskal -70°Coll 1587 B
A3 2 12,000 rpm e =Z 1537 A4 #-2]5ld DNAE 3
AAZE HAE DNAE 70% ethanol® A 2]8le] 429
A AZANZ F 40 uLe] TE buffer (pH 8.0)00 &35}
PCR TZ Aol AM8-331Tt

areo] A4S 91sle] 265 rDNA D1-D2 9¥S PCR =
Z3la1 Q71 ES 45139 265 rDNA D1-D2 999]
PCR 5355 $I3} primer= Kurtzman¥} Robnett(1998)°]
AR AFERH Bl ARE-SF NL-1 (5-GCA TAT
CAA TAA GCG GAG GAA AAG-3)3 NL-4 (5-GGT
CCG TGT TTC AAG ACG G-3) primerS $Hdsfe] AL&-
39k PCR HH-E 50 ul volume® Z 3190 dNTP
0.2 mM, Taq DNA polymerase 2.5 unit’} === A
HES-H-S- 94°ColA] 53%F template DNAE denature A]%]
T denature 94°C, 13, annealing 55°C, 13, extension 72°C,
19 2102 35 cycle T35SI HFZHO=Z 72°CollA
10327} extension A|ZATE. PCR 53 4F= 1.2%9] agarose
geloll A719F38le] Felar FZFE PCR AHES PCR
purification kit (Solgent co.)Z FA|st] F7|AE A0
ARE-EFATE.

7} 79] A7I1MEL Lasergene ver. 8.1.4 (DNASTAR
Inc.) 2135 0]-83}] GenBank database?] $714<
7} vl A3t 54321, MEGAS.1 programe: ©]
B3t AlFERFH RS AT

QL 7185t S2o| WX S B4

WEE Ero) HelH TS EHE] Aslo] 48
2%, pH, NaCl YL ZARIAL. A8 L5 96 well
micro plateE ©|-83t AAHjFO R HAISHATE. 100 ul
°] YM brothol] 7} #5-5 10’/mLe] TE=Z HF3IaL 10,
15, 20, 25, 30, 35, 40, 45°C2] F27]of| Gx|uf F3PHA
8AIRE ZHA S & 50 ASAEE ST s =4
2 Plate Reader (Molecular Devices Spectra Max 340)&
o]8-31 600 nmollA FFEE SN pHE A5 =
A2 Gomori(1955)9] 4FHOE pH 2~1002 ZATH
YM brothS AME-31aL, NaCl A AL NaClE %
FE 5,10, 15, 20%7F E| == 3718F YM brotholl Z} 75+
£ %%3t ¥ Bioscreen C (Labsystem Oy, Finland)E ©]-8
Sl 28°CollA] 3UZT v sl T2 A g st
Aot AS A=e 7F AEE 3 HHE0 2 3sle] J&
U= HEgo = it

oItk 7183 HRo| SNl MEH UE
Ak fe] o vielre] A AYe 434
A el g FE (12012, S o] g3le] A5
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o AE 50 gS AE Y-S AR EERY 87)(72x72
x100 mm)°l ¥o] 121°CollA] 3087t 219} =7] E#A)
% 24A)ZF YM brothol] i Q1A HE-8} 59 nlj kel
5mLS 0.85%2] NaCl -84 25 mLoll 3]2J3te] AbEe] 1
27 &3t A3 59 FEE serial dilutionH2
2 3|43t slMole YM v Aol =sle] AdE At
of SRttt - S ETS 28°CollA] 871 B
HIPAAM 15U o7 AHEFE AT A
A= HE 1 g F31 serial dilution FOZ 10"8]71X]
3l43te] YM Al viR]ol] =dEte] 28°Col| 297 ik 3
AR TAE Ast B 1g 3 ATTE A8
Ag= 3 REE02 AAIS Bitgks Log 3k02 EAISHS
o},

Felett s £

ArHesl S-S YERE T58 0.5%9] tricalcium
phosphate”} 38 100 mLe] Pikovskaya's Al Hl =] of| A]
28, 150 rpm®] 202 FgujgaldA 1, 2, 3,5, 7, 9,
11, 139 A0 2 ugels 10 mLA Fste] pHEE i<l
2k S =45 pHE FUl8 pH meter (Horiba D-
S0 olgsio] 24aCH, FeISle] e S5
A5t 7 vid 2 mLE 12,000 rpmO-Z 1087F YA
3lal A AE 045 um®] F3)E Hit DE|(Pall Cor-
poration)= 3}t A o B84 RES AASA.
el Fo] f2]d4t FE= Phosphate Colorimetric
Assay Kit (BioVision Incorporated)E ©]-8-3}¢] HF&-A]7]
31 Plate Readers ©]-8-5}¢] 650 nmollX SF=E S793)
Rom, dojxl 7t Al5e] FEEE Qi xEgdo R &
233t standard curve} Hlwdt] 2] Qe E=E At

Fig. 1. Phosphate solubilization by yeast strains, as indicated
by hallow formation around colonies on medium containing
0.5% of tricalcium phosphate.

SIATE. fre] AAHF SHtoll ARSSE QI RS EGF
BFeHE A (537184 )oll F31e] KH,PO,2-E 50 mg P/L
Al ZABIAL TR 34 st ARSI

an

Qe 7t8st g2 MY & SH

WEAFNA e AR oF 1,100 TS WEoE
Pikovskaya's LA HjR|oIA] 1371831 A4S 7S]
E-84 U4} tricalcium phosphate #-3ll5-2 Ho|= 247
FE 12} AdSIAT). Al 245tg= 53] HHESle] &
82 sk} 4k 7183 B0l S48 Ao o
SEFE A% ANsdt, RelgEs 0E BEYo
2 g wFoA B2g BT 1575(Y394), T5olA]
EE® 757} 275 (Y524, Y669)3.™, F4(Y907) 2

94 [ Pichia anomala M10-2
M Pichia anomala N8-1
Pichia anomala NRRL Y-366T

81

89

99 Pichia ciferrii NRRL Y-10317
Pichia sydowiorum NRRL Y-71307
35 Pichia lynferdii NRRL Y-7723T
73 Pichia subpelliculosa NRRL Y-1683T
91 ' Pichia subpelliculosa G3-1

Debaryomyces hansenii var. hansenii NRRL Y-7426T

98 70 Pichia acaciae NRRL Y-71177
76 Pichia farinosa NRRL Y-7553T
99

Pichia farinosa N15-10

—Ii Saccharomyces cerevisiae NRRL Y-126327
100

Zygosaccharomyces rouxii NRRL Y-2297

Candida auringiensis NRRL Y-176747

68

Clavispora lusitaniae NRRL Y-118277

Wickerhamiella domercqiae NRRL Y-66927

70 | Candida mannitofaciens NRRL Y-7226T
ﬁ Debaryomyces tamarii NRRL Y-6665"

U S—
0.02

100 u Candida versatilis NRRL Y-66527
70 ' Candida versatilis D1-1

Fig. 2. Phylogenetic positions of phosphate solubilizing yeast strains based on the 26S rDNA domain D1-D2. The phylogenetic
tree was constructed by the maximum parsimony method. Numerals indicate bootstrap values, expressed as percentages of

1,000 samples.
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Fig. 3. Effect of cultural temperature on the growth of phos-
various temperature in YM broth for 3 days. ﬁ :10°C, |

IFH(Y1101)004] | w57 42 1A HE
AR 57E 0.5%9 tricalcium phosphate”} -2
Pikovskaya's 12| W A|of] Bi S v -84 QIAhE 9
sto] FRHES g8k o] FRIHITHEFg. 1).

o]& 755 268 rDNA D1-D2 99| 7|MES 274
sle] SEFTT(type strain)®] F7IM G FEAS Hlws
A%}, Y394 Pichia anomala®} 99.8%2] /3573 LER)
AL, Y524 100% LA|SIATE. Y669 Pichia farinosa®t
Y907-& Candida versatilis, 18] Y1101 Pichia subpelli-
culosa®} 100% YA|SIATE. o5 A7IMEE 7I1Z=E $ A
T BAlME ZF ERel &dhe AR wdso] A
W3l 5= 450 2 5359 0HFig. 2).

A3l aR B = Bl E&]§t Williopsis califor-
nica (Falih and Wainwright, 1995), Candida tropicalis, Geo-
trichum candidum, G. capitatum, Rhodotorula minuta, R.
rubra (Al-Fatih, 2005)9} 5-2] LA #-2]$F Rhodo-
torula sp. (Mundra et al., 2011) =04 2k 71831 &

Y669
Yeast strains

phate solubilizing yeast strains. The yeast strains were cultured at

S 15°G, i 1 20°C, [ 25°C [ 130°G, [ 1 35°C, il ¢
gE st Harskglont, £ dlM ZEIRE 4%l
ik Q1ak7 188 2L Hare uf gl
otk 7123t gro| WiElH Sy

A Qe AR el hek Al A S48E &
1317] f4ste] A &9k S pH, NaCl W3S AL}

Aot HiYF 39 F ARG S R 5T BT 20~35°C
of WefollA 2 Aehs /8 ARt dFEEE Pichia
farinosa®. E78F Y669 T 40°CollA 71 5o 9
SAAL 45°CollM = o] 7hs it aF7goll A wEelet
P. subpelliculosa Y1101 T 40°C7HA] A50] 715313
O™ Candida versatilis Y907 T5-2] A5 £5v 5¢05 %
7P Az23tAd T (Fig. 3). &% A3 A3 P farinosa Y669
TFe 45°CollME BSIRE vll= ¥ 5 a2 €
X 28Xl B e soF ke

A5 pHE 4~79] HElolA 5ol 953819131, P ano-
mala Y394, Y524 717 3~8, P subpelliculosa Y1101+
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Fig. 4. Effect of initial pH of medium on the growth of phosphate solubilizing yeast strains. The yeast strains were cultured at

various pH in YM broth for 3 days. [} : pH2, |-~ :pH3,
: pH9, 2% : pHIO.
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Fig. 5. Effect of NaCl concentration on the growth of phosphate solubilizing yeast strains. The yeast strains were cultured at

various NaCl concentration in YM broth for 3 days. [ : 0%, [l : 5%, [Si : 10%,

3~99] pH H|NA AE0] 753192 P farinosa Y669
+ pH 4~8, C. versatilis Y907+ pH 5~62] L] A7+ A
o] RIFAT}H(Fig. 4). RPFESIE do7|= T893 8
& P E Fo] A R7IEeEA frlike] 8o
oJate] B pH7F SolR|ar B84 1akdo] falE=
Ao 2 AHA U (Goldstein, 1995; Halder et al., 1990;
Kim et al, 1997; Kpomblekou and Tabatabai, 1994). w2}t
A pH7} W& 3ol o] 7138 P anomala Y394
9 Y524 752} P subpelliculosa Y1101 757} 14t 718
3} MAEAE S5k v o] g Ao R Al dn

NaCl W/ HAoN A= P anomala Y394 2 Y524, P, fari-
nosa Y669, P. subpelliculosa Y1101 77} NaCl 10% &%
7HA] A37Fste] UldS YRS, C. versatilis Y907 T
T 15%2] F=7H] WS B3l NaCl 7371 wjA e
Ak sme] FEoA o] FEE A0 Vo] ok
G = FAETH(Fig. 5). Lages 5 (1999) 42352 &
T RS 752 O E NaCl WAS A73% 23 P ano-
mala= 2 M (11.7%), P. farinosa= 3 M (17.5%), C. versa-
tilis= 4 M (23.4%)2] NaCl F=oA WAIS Hole 7o
2 Busiynt, B Aol WSt P oanomala Y3949
Y524 T Lages 59 23} FABISHO U P farinosa
Y669 15%CA A7do] w9 MZ3IHAL C. versatilis
Y907 5= 20%2] NaCl s=0llA UjAdo] glo] XfolE B
Ak, At 57E 10% ©1d] NaCl F=olA W<
Helllo] Q74 ES 283k ] #A7} gls Ao
Z AlRETh

QL 7125 2o EUL HEE HH

Q7 HE8} mEL B4l EAlsk= -84 ke 4
A7} ol 8 F A=F 7HESehe AES e BEY
of =2 A& drt. & A7l g 14k 7188}
A= AN FEE ZolBg B tellxfe] AE o

1IN = 159, B - 20%.

5 Rl flste] Eqfl o uidls £4S F 87
B BaehAA Ao s ZARBIAT 1.64~4.64x10°
cfu/g soil®] FEZ HES #79 Bre 27714 1.38~
3.73x10° cfu/g soil7FX] S7FIT7} 35 o] 53Rl = HA}
s S JeEP AT A5 EEE P anomala Y394
9 Y5249} P farinosa Y669 2577HA] W=7t 57T
7} 22 olFoll= AAsisi oyt AR 857 Hx HE
AT ok & F£F02 {FXFHYT. C. versatilis
Y9078 257Y F Ha1o] FEE HloH I o]F = 10°
cfu/g 70 9EE Uehfo] EolN =2 U=E &
Z|SFATE. P subpelliculosa Y1101= E 15 5 10° cfu/g
© 8 FTRIAH}T 5TANEIE 107 cfu/g TE0E A
o] 87 Fole Hx Tt o B IS YERA
TH(Fig. 6). 271 1~27F Aolol] FATe] v} =olAl=
AL A 23] A wiA] A el E3HE
71Ee] dPFor FFAY S0l dold Aew 549
ot Bl A-8sle vAEAT} 71es W35 f1eiA

9.0

8.5

—=-Y394
8.0 —A—Y524
—%-Y669
—=—Y907
——Y1101

Log no. of cfulg soil

7.5

7.0
0 1 2 3 4 5 6 7 8

Incubation time (weeks)

Fig. 6. Changes of yeast cell densities in bed soil. The soil bed
inoculated yeast cell suspensions (10" cfu/g soil) were incubated
at 28°C for 8 weeks. All values are means of triplicates.
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600 554.8
563.7,
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—-Y907
—=—Y1101
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Fig. 7. Changes of free phosphorus concentration (A) and pH
value (B) during the cultivation of yeast strains. Yeast strains
were cultured in Pikovaskaya's broth medium containing 0.5%
of tricalcium phosphate.

£ EY UollA nAEe dx 427} v)$- S8 B
Aol A kst )IMHE-S) BN AEolA Bl v
o] AWt 85 7HA] 10°~10°9] BEE ERfolx] AEsHA
U s FABRE AoE Hol EF 7iEolu rldE Bls
Y HFoE B 280l 7fed A oE Al HTh

offl

QIt 7125} Eido| HEEY

A%k 7HE3E Erde] RS flste] B84 QA tri-
calcium phosphate”} 0.5% ¥ HARIA] ] FA] T
HJFSIHEA] tricalcium phosphate”| 7H8-81=o] f-2]H <l
Are] <t QI 7188 dofuks uikel o] pHO WEkE
SABIATE. A7 QIAE 7HEStel ofsf AdE frElQlat
o] F% W3} W ol wet Apol7t vERt o 2
Qi) E=7} ZoHES pHYL BokA] FEflite] o
pHE GFHBAIE Yepie. o578 Feldike] g
pHS| ¥3h= P anomala Y3949} Y524 79] fr2]ata
& 7y HF 29 $ 453 ug/mL (pH 5.26)9}F 3 $ 440.8
ug/mL (pH 5.34)2 X5 YePIAIL, 1 o]Fol= ¢
TS| ZHAEE AES B9, P farinosa Y669 T
99 ¥ 554.8 ug/mL (pH 4.9)Z HIX]E EAJT}7} 1 o]
Soll= F43] ZAasIT}. whdel| C. versatilis Y907-2 11

%

HE MEAF BT Q188 Hme) B4 223

AR 697.2 ug/mL (pH 4.37), P subpelliculosa Y1101
563.7 ug/mL (pH 4.65)% fr2|Qlite] &7}t Hax)d &
gom ZAPIRE Bt {2 Qike) o] A&EH R STt
SFATH(Fig. 7). A% T FoNX= P subpelliculosa Y1101
9] St 788l so] 7P =319, P anomala= &
AE 2= FrElQlite] & Aot 2~3Y ol Ha
Aol o2 7P wE QA 713t £EE eI

Falih®} Wainwright (1995)= Bl £2]3+ &5 wil-
liopsis californica’} 28 Tl 42 ug/mL A4+ 7188k
KoM, Al-Fatih(2005)= 552 EY 8 E55 Czapek-
Dox HA| vjA|el] vjeFsted QIAt 718355 ZANE A3
Geotrichum capitatum®] 45 THol] 714 B2 45 ug/mL9]
FrElihs AdgthaL Baste] £ ZAdele 2folE B
o}, mAE] QI 7HE S m Rl APEE frIAT
o] T3k Alol BAHE F7A0RE It pH7} Ho}
Z|A T}, Na 5 (2009)] 2J5Pd 352 Q13t 7183} Al
o] F715 B4 A3} Acinetobacter sp.2] 15t 71831 2
ol gluconic acid”} 283%™ Pseudomonas orientalis®l*]
+ gluconic acid®} 2-gluconic acid’}, 18|31 Enterobacter
asburiae= succinic acid®} acetic acid’} Ao A==
5 ol weh Tkl A7 Kiol AAEE Ag Sk
] ol 71o] efalol wioale] pry} oltka B
Ik Bl Q1 /sl BIE T R 2

35 glgkor} Wleple] pi} Robdss: )
o) 57} oA RO W] AR} It 71
s} 031 §7109 Ao AlRar,

qu R o
e ol

o
>

-

ok
N

S| (@)
b | L

g A TR AEelA B3 aRERE 4k 7HE3)
o] $5 s E AL LD BF F 20T
= Pichia anomala®. Y=L, 3785+ 242} Pichia fari-
nosa, Candida versatilis, Pichia subpelliculosa= FAEA
o Rt 7H83F ERE 20~35°Co 2= 2 Ak T
24 E2 RO P farinosa Y669 45°C2] 120X = AY
A3IAT}. C. versatilis Y907 T pH 5~69 52 pH ¥
ol AAEAIL 15%2] NaCl S=7H] WAS Yehll=
TAF A9 1 9 4= pH 4.0~8.001A4 B3I
51 NaCl 10% F=olA WS et <14k 7183t
TFE EYIAE 85 B¢t 10~10° cfu/g?] W=Z FA|
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