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E4A7) TS phytase A4kg AEEfA] PSM A (Ca-
phytate 5g/l, glucose 15¢g/, (NH,),SO, 5¢/, KCl 05¢/!,
MgSO, - TH,O 0.5 g/l, MnSO, - H,O0 10 mg/l, FeSO, - TH,0 10
mg/l, agar 20 ¢/, pH 7.0)9] =% 3T}, 30°ColA 482175
o ik & ZEU F9o ¥R FAE o5 A
o}, A" #FES PSM brotholl HES F 30°CoA 4841
7HE9r Rek wieket & oufok A HollA] phytase®] BAS F
Asle] aaggol 71 rdt 458 Btk

Phytase A4h3e] 4. 59 Ages 542 API 20
NE kit(Biomerieux, France)E ©|-83lo] ZABINAL, 359 A
WA 248 BE] dt o e wiRs 76k
T}, B3 Ao R = Calibration standard kitS ARSI
o, #5E Sabouraud’s agar HIR|Z AREEIe] 30°CollA] 244]
7 ot wkstant wigE @A E AlgHEe] He v
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NaCl €9 500 W& A7kl $E2E 31 gas chromatography
2 BAsigom, MDA 54 =239l Sherlock(Version
3.100& B3l SR8, =3, BEFFE 16S DNA #-4
2 FHE FHES AHRESECR) 23 3] sl Al
€] 165 IDNA 32ke] F71Mgo] 2+ 5°-AGAGTTTGAT
CMTGGCTCAG?! 27F$} 5°-TACGTACCTTGTTACGACTTS!
1492R primerS A}&5tg o0, \Vlzard genomic DNA prep
kit(Promega, USA)E ©43l] DNA 8¢ At PCR &
AL 2 template. DNA, “251/ 27F(10 pmol/pl), 2.5
1492R(10 pmoliuh), 4yl dNTPS(Z5mM each), 10p 10X
PCR buffer, 1w/ Taq DNA polym?rase(4 units/ul, Bioneer,
Korea), 78 W/ TFFE B2 HF Whe RIS 100z =4
31Tk, o4°Collxl 587+ ¥hSAIR) TR, 94°ColA] denaturation
18, 60°ColA annealing 13 30%, 72°ColA] extension 1%-&
303] WHESIRAL, HFTHOE 72°ColA 3087F extensionS A
21519tk PCR 932 minicycler(MJ Research)S ©]-8-319%,
PCR Yr$EL 1% agarose gel, TAE buffer(40mM tris-
acetate, 1 mM EDTA)IA 100 V, 30mA= 4087+ A719%
39tk EBr S04 1087 94AA A8z, PCR
purification kit(Nucleogen Inc.)& |43} 7811]'3]'91‘4. A=
DNAE pGEM-T easy vecter(Promega)el ligation 3 ¥ E.
coli DH500 F2AAZ AATh X-gal $Hf viAl)] =23 &
A9 colonyS £2]8t4 Wizard plus SV miniprep DNA
purification sysetem= 01%‘6}04 recombinant &2 A3
t}. Sequencing HH3-2 PCRH9| 7123 dye-terminator ¥H8-&
o] 88t th. ¥ NS template DNA 400ng, BigDye 1
(ABI), buffer 2w, T7 2 SP6 primerS Z+z} 5pmol F7}sk
o HFHo2 0wE YTk PCR cyde 95°CAA 10
2, 50°CoIH 52, 60°COIM 4%, 50 cycles @31} PCR
W-3-&2 A= HV filter plate(Millpore)i| 4] ,Séphadéx G-
50-50(Sigma) & ©]8-39 dye, VW% dNTP  primers}
templateZ A7 F71EM7] FYNRE PCR AANE
9} formamideE 1:12 Ao}N 10 THEo) AMgIsith &
7 Ee AEA7)847)(ABI3700, Applied Biosystems Inc.,
USA)E AH&dte] E43ler #Ee) 9t MI3 forward,
reverse 223, 530F(5-GTGCCAGCMGCCGCGG), 1100R(5’
-GGGTTGCGCTCGTTG) primers 43olA 9oj AA| of
1500bp] H71MEL AU 248 97INGL Advanced
blast program(hitp://www.ncbinlm.nih.gov)& 53] Genbank
databasel] 5% H7IME3} vlwstd TSI
Phytase W2H75-9] W], Phytase A2HS 913 712 wiA]
£ 16 g nuirient broth(NB), 50 g fructgseS ZF<ro] d7ks}d
112 233 27 F9| pH7} 700 HES 05M KOHE =
AE 5 121°C0M 1087 Baste] AMSsliTh RS
E2HdFE Tryptone Dextrose Extract AFAHIAIIA 24417 )
Fsled BT 29X (nutrient broth 0.8%)0 1 W
o] HE3k 30°C, 150mpmSIM 12417HE<H 18 wlokaIsTY.

TE FEL B, Fad, Y, FUIEF 5o dUe

S G7 WiAel 2%(viv) HE8t 30°C, 150 pmOE 1204]
V5 X% wiEPEA phytase®] B4 23T

Qe - oy
Phytase 84 234, Phytase 243742 Shimizn”9] W

e o

H
sl o]83I51t). FAE 7199 phytase 84 S 9
THE8de HE CaCLE AT, B A7 phytase™
CaCLE A7Ble A$ 238 E4848 A LR =1)
317) wjEol wkg-gHol CaCLE ALAFT &, 7182 Na-
phytateE 100 mM acétate buffer(pH 4.5)° &3f3l] F=7F 2
mMo] HEE 3o, 71248 09mel 2EA 01 mig H
7¥8kaL 50°CelA 107+ WHAIZ1 £ 10% trichloroacetic acid
1mis A7kete] 8408 AAAZTE 25 WXk 15 ml
S Arlsked 108 WANZ F BEFBTAE o]43ld 700 nm
dX EFAEE 2G5l BHTE ARSI, BYAIE 55%
H,50.0 = Y& 1.5%(w/v) ammonium molybdate®} S5
o] 838l AZ3E 2.7%(wiv) ferrous sulfateE 4: 12 EFA|
A AFsH}. ERAIER KILPO,E 7t TEHEE Axg &

A Ho 2 sty A EFIA] FF9) vlwsly
28 QAEES EIT) Phytase E4 1 mits 18 59 #
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Phytase A2kz9] B9 $4. A= ZAF I3 4ol
= ¥R, & 5 9HEES JAHoE ASIe AGoE AL
8o $F¥ phytate’t 4ot A EY e slo=R &
4E 7Fsdel wom, Al thdet phytate 23 HAE]
£xE 4 Ak o]yd #A4¢ seE BEYoR Iy
phytase A4 =7t 7V & 45 Adsla B, 4
AEE PSM AR =235 & F2U FH Arle §
HEe] A7|2 phytase Aibse] 78 AFE HFHOE |
F 28l Y94512 3tk EE Y9451 254 FH
7 B3 AseA v 5L Table 15} 22o™, arginine
dihydrolase, ureasec]l THajx] F¥-8-S HQ vhH, A4 3
%, indole”] A34F, B-glucosidase, protease, B-galactosidase,
cytochrome oxydase® S48H8-2 HUT}. glucose, arabinose,
n{annose, gluconate, caprate, malate, citrateg} e FHIAEL

Thble 1. Morphological and biochemical characteristics of strain
Y9451 - s

Strain Y9451

Shape : rod
Gram staining ‘ -
Spore formation L -
Nitrate reduction -
Indole production -
Arginine dihydrolase +
Urease +

Characlteﬁ?s}ics

B-Glucosidase .-
Gelatin hydrolysis -
B-Galactosidase -
Cytochrome oxidase -

Utilization of glucose, arabinose, mannose,
gluconate, caprate, malate, citrate

+, positive; -, negative.
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Table 2. Major cellular fatty acids of strain Y9451

Fatty acids Content (%)
C10:0 30H 5.62
C12:0 4.80
C12:0 20H 6.38
C12:030H 6.82
C16:.0 30.75
C17:0 cyclo 19.60
C18:1 w7c 5.46

Balo R o8-Sk Y9451 #Fe] AEEE Pk T
8 At 243 FH-&(Table 2)S A8l B4 #Fuat

52 83 Of‘q HEHoZEE DNAY G7IMEE 248t
o] FAsIsTE. E2l95% Y94512] genomic DNAE template
E 33 PCR AHEE cloningdl] d71M €& 27431 Blast
programS ©]-8-3}] Genbank database® SF8 16S rDNA
G7IME AR AFAe] Ao R FAF Pseudomonas
fragi®] 16S DNA F7IMET 9% FeAHS Hele A=
UERETE Y94519] 168 DNA  @UIMEE o4&
phylogenetic tree(Fig. 1)2FE] Y9451 Pseudomonas fragi®}
FABA A3 M= AL E F AT wEbA,
phytaseS AJ2FSR= Y9451 5 Pseudomonas fragiZ 574
HAL Pseudomonas fragi Y94512 W] 2 9] Ay
T2 ARSI

—— Pseudomonas psychrophila AB041885

— Y9451

Pseudomonas fragi ATCC 4973

P

de lundensis ATCC 49968

Pseud, taetrolens IAM 1653

Pseudomonas chlororaphis ATCC 13983

Pseudomonas migulaec AY047218

Pseud lini CFBP 5737

Pseudomonas corrugata AF348508

Pseudomonas tolaasii AF348507

Pseudomonas kilonensis AJ292426

Pseudomonas brassicacearum AJ292381

Pseudomonas brennerii CIP 106646

Pseudomonas fluorescens ATCC 17574
Pseudomonas rhodesiae AY043360
Pseudomonas marginalis AF364098
Pseudomonas grimontii AF268029

* Pseudomonas veronii AB056120

P A

orientalis CIP 105540

Pseudomonas poae DSM 14936

Pseudomonas trivialis DSM 14937

P A,

0.01

ii CFBP 5705

Pseudomonas reactans NCPPB 1311

Fig. 1. Phylogenetic tree based on 16S rDNA sequences showing the position of P. fragi Y9451. The scale bar represents 0.01 substitutions per

base position.
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Table 3. Comparison of bacterial phytase properties
. . Optimum . .
Strain Optimum pH temperature (°C) Producing type Molecular weight References
Pseudomonas fragi Y9451 45 70 extracellular - This work
Bacillus subtilis (natto) N-77 6.0-6.5 60 extracellular 36-38 kDa Shimizu (1992)
Bacillus sp. DS11 7.0 70 extracellular 44 kDa Kim et al. (1998)
Pseudomonas sp. 5.5 40 extracellular - Irving and Cosgrove (1997)
Pseudomonas sp. YHA0 7.0 40 extracellular - Kim et al. (2002)
Klebsiella sp. No. PG-2 6.0 37 intracellular 112 kDa Shah and Parekh (1990)
Klebsiella oxytoca MO-3 55 55 intracellular - Jareonkitmongkol et al. (1997)
Klebsiella terrigena 50 58 intracellular 40 kDa Greiner et al. (1997)
E. coli 4.5 55 intracellular 42 kDa Greiner et al. (1993)
Enterobacter sp. 4 7.0-75 50 extracellular - Yoon et al. (1996)
-: No data available.
Table 4. Effect of carbon sources on the phytase production by P 1200
Jragi Y9451
Growth” Activity Relative activity |
Carbon sources (o 21600nm)  (mUfml) %) 1000
Control 2.600 30 17 T
Glucose 2.483 20 12 S 800
Galactose 2.909 128 74 E
Fructose 3.036 173 100 5 600 |
Mannose 2.815 57 33 g
Inositol 2.519 33 19 :‘:é
Sucrose 3.132 98 57 & 400 ¢
Maltose 2.464 65 38 &
Lactose 2.455 56 32 200 b
Starch 2.509 37 21
YGrowth was determined by absorbance at 600nm.
Basal medium (as control); 1.6% nutrient broth. 0: 144
o]

Phytase®] W8ZA. P fragi Y9451 57} AAste
phytase= 33 2H& pHe 4.5°1.24), pH W7} 4.0-6.000
Me HA pHY 80% ©13e] E4E Buon, HF vk
£ Pseudomonas d5F5 TIFOZ §F AF02500A RIY
H2EQ 40°CRTE H& 70°CItH Table 3914 R ulet
Yo| P fragi Y9451 €59 phytase MESZ &= o
Al 71999] phytase®} Blasle] HlmA A ¥4 pH
SoA AA wke2AS BT Kim 52 9738 55 A
Pseudomonas sp.?1 73-%- HA¥HE pHE 70, =& 40°C
ojRer, hvingZ Cosgrove2] Pseudomonas sp.= pH 5.5,
2% A°CAM HARES 2708 B £ A7) A¥AT P
fragi Y945130= T2 g40ks 545 B

©rge] 9. 999 $F 4 F7FsE7} phytase®] A
e mXlE FEFE A fstd dER<A glucose, .
fructose, galactose, mannose, inositol3} ©]%F<! sucrose,
maltose, lactose, TFE5<] starchE 247} 1%7} E=F phytase
AR e drvete] @] ST} phytase®] A A
3G cH(Table 4). FructoseE A713+ Ao &4 AlAlako] 173
mU/m/Z phytase A4kl 718 973 240]00t. Sucrose=
a9 AFole aFHFIPoY, T4 A fructose®

iy

&l

o

Time (h)

Fig. 2. Effect of fructose concentration on the phytase production by
P, fragi Y9451. Fructose concentration; 1% (@), 3% (), 5% (&), 7%
*), 10% (X). Basal medium; 1.6% nutrient broth.

57%%) A ¢49kt}. Fructose®] Fxol e 444 Fig.
2041 B uke}l 79| fructose Tl HlE|slY FU18loH,
fructose S 7% AREEF WiR|ONA 72417) w3 A} A48
o] 1,078 mUmZIX| 37181, olF EXdo] A8 ase
e Btk 284, fuctoseE ZFEE A7 ASdle
TF Aol BFAEE vAA)EIeH, AT A H
t}h. o[gd Ade 7 AEET}t =2 v AldS FEA S
2 g o dojube dukgl Aoy, FFo] 714
phytase A4kl B3 AFPME gigde] 7t FErF Eot
A5LE FaANERS 2ok, 2 557t 5% ol Al
£ Q38 Aol AstES B 4 dth

Asge 9. AiY] FTHE GEEl dFE WSS
¥ AST9} phytase AFS ZARBKATHTable 5). AAPO
2 nutrient broth(NB)S A+&3F 73971 phytase AB4tego] 7438
2olom  NBHlA|o] Blw3led beef extract®E AME3 A= <
40%, beef extract®} peptoneS EEE HE 48% F=o A

Abeke Btk A, yeast extracts 9] ASode 583
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Table 5. Effect of nitrogen sources on the phytase production by P, fragi Y9451

Nitrogen sources Growth (Abs. at 600 nm) Activity (mU/ml) Relative activity (%)
1.6% nutrient broth 3.331 1,085 100
1.6% tryptone 3.313 107 10
1.6% peptone 1.533 32 3
1.6% soytone 3.490 13
1.6% beef extract 3302 435 40
1.6% yeast extract 3.884 265 24
1.6% malt extract 0.481 25 2
1.6% soybean flour 0.640 0 0
1.6% casamino acid 1.041 95 9
1.0% peptone+0.6% malt extract 2.551 76 7
1.0% peptone+0.6% yeast extract 3.579 107 10
1.0% peptone+0.6% beef extract 2736 517 48
Medium; 5% fructose and nitrogen sources.
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. ’ Fig. 4. Effect of concentrations of KH,PO, (A) and phytate (B) as
0 phosphorus sources on the phytase production by P fragi Y9451.
0 24 48 72 96 120 144

Time (h)

Fig. 3. Effect of nutrient broth (NB) concentration on the growth
(A) and phytase production (B) by P fragi Y9451. NB
concentration; 1% (@), 2% (W), 3% (A). Basal medium; 1.6%
nutrient broth, 5% fructose.

olglont, Ak QNI NBAAES 2RO AGH 4
Hls) 249 o) B4 ke, 2 slel ALl A B
&} BG0) phymses] AL 719 ol Fo]
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il
1w L 2

Concentrations of KH,PO, and phytate; No treatment (@), 0.01% (W),
0.02% (M), 0.05% (¥), 0.10% (X). Basal medium; 1.6% nutrient broth,
5% fructose.

o wE phytase A4HS V3 A (Fig. 3), S M 24
A|Z¢ ool A7)0 =233, phytase®] YA 5ol
AR Z2E 24A7F Fol] AT, @] Bt 3
o] Aake NBY skl vjEFoR Frslion, NBE 3.0%
ARgsE Ao g 96AIZINA 1,425 mUmiE Hule] G4
RS BT, o)F FA FAo] HASIT)

AakAe} 9. KHPOS} phytaeS QAFoR ARESIA
o, ztzbel FEE 001-0.10% © HAZ 7R wiAR oA
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Table 6. Effect of inorganic salts on the phytase production by P
Jragi Y9451

Relative activity

. S —
Inorganic salts 283 nm) (ﬁfg/v;% (%)
Control 3221 1,053 100
0.025% MgSO, 3.485 95 9
0.05% MgSO0, 3.492 76 7
0.1% MgSO, 3511 38 4
0.2% MgS0, 3545 19 2
0.025% CaCl, 3428 101 10
0.05% CaCl, 2.902 3 3
0.1% CaCl, 3.082 25 2
0.2% CaCl, 3.075 19 2

Basal medium(as control); 1.6% nutrient broth, 5% fructose.

3.5

—- N
[< B RN N
.

Growth (Abs at 600 nm)

0 24 48 72 96

120 144

800 |

600

400 r

Phytase activity (mU/m/)

200 1

0 24 48 72 96
Time (h)

120 144

Fig. 5. Effect of working volume as an aeration indicator on the
microbial growth (A) and phytase production (B) by P: fragi
Y9451. Working volume; 100 m! (@), 200 m/ (), 400 m/ ( A).

phytase®| B3kl theh Qrbgle] FFHe} w0 WE JPL =
AFSIATE. Fig. 4914 i we} 7bo] KH,PO, T+ phytate®]
A7FsE7t #2575 phytase AR JAEeH, AU
7Pk &2 phytase AR 71 B EAPATS
Bt % A wjgd F ie] BEE /A
73l BEE Z o]FRA} phytase] PALS JAPTR= B

JvE®eL gAbet ARS Btk e, B A7 AMEE
9} 55 Pseudomonas sps ©1-4F ATP\ME phytate,
K,HPO, 59 Mg 742 0.5%71X] wiAlol] A7ksh 7o)
% phytase®] ALHE A AA A= Bt

7199 9%. Phytase A3H)=]o] MgSO,3 CaClLE
0.025-0.20% ¥91¢] F=oX Arlsle vt & o)g 71y
°] phytase A2kl Bl G2 ZASIITE. Table 6914 E
< "o} Zo) Br1EE H7bekA] @& wiA]elA 9] phytase A
ko) Blste] MgSO,9F CaCLE 713 viRloM e H7bs=
o #AIglo] phytase AAtgo] dA3) Zct. A, Bacillus
subtilis N-77,'°  Bacillus sp. KHU-10,"® * Pseudomonas sp.
YH40™ 55 o83l F3h8 Ao Mg T Ca>9] 3
77} phytase®] AN F2A7Ite Adele £ O At
A AEE ROV, Aspergillus £90EF0|E 0|83l
phytaseE A28l 73, Wix|e] 7192 715 phytases)
Ato] Agjdrke Rudke fARE A4S 2

Wlgae] 9. Phytased] Ao FE mHE B
gkl §3e U8 flaskollA] WX EFE 23l A
et BiGiAE phytase MRS AMSSII M, 11§32
42t 217 flaskel WS Zbzb 100 ml, 200 ml, 400 mi¥ 31
g T 120A7F FQF viFEAA] phytase®] A4S 293
ThFig. 5). BiFEFo] 100 miQ! ZA-$ole 359 Aso] 714
G o, gl WE AEEe] Aol AA Ydr).
84 phytase®] AR v &FFo] FUigel wet 7Zas)
© B¥S B ole YA wiksTIoA L3S gEsiy
i Aol 7] E wukl] oigh Aejrt akhe) FEE Al
7171 WEelH, 3714 #5-8 U Z & 471 Sumino
TP v A AvAFe}t Al Agow ALY
T Ut

Aol 2

B A7E 9FASAG AY TN AAATE AaA)
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Isolation of Phytase Producing Pseudomonas fragi and Optimization of its Phytase Production

Young-Jin Kim', Eun-Seok Jang, Man-Jin In> and Nam-Soon Oh* (‘Department of Civil Engineering and Applied
Mechanics, McGill University, Montreal, Quebec H3A 2K6, Canada; *Department of Human Nutrition and Food
Science, Chungwoon University, Hongsung 350-701, Korea; Department of Food Science and Technology, and Food
Science Research Institute, Kongju National University, Yesan 340-802, Korea)

Abstract: A bacterial strain producing a high level of an extracellular phytase was isolated from livestock waste
water, identified as a strain of Pseudomonas fragi and designated as Pseudomonas fragi Y9451. Under the phytase
production medium, the activity of phytase reached the highest level after 120 hours of incubation. On- the effect of
carbon sources on the phytase production, the most favorable carbon source for«phytase: pfoducﬁon was fructose. As
for the effect of nitrogen sources, high levels of phytase activity were detected in the medium containing nutrient
broth as the nitrogen source. Free PO,> inhibited phytase production with increasing concentration of KH,PO, and
phytate in the media. The addition of CaCl, and MgSO, also resulted in the inhibition of phytase production. To
investigate the effect of aeration on the phytase production, different volumes of culture broth in Erlenmeyer flasks
were incubated in rotary shaker at the speed of 200 rpm. As a result, a high level of phytase activity was detected
at small volume of culture broth as compared to larger volume because of its more aerobic condition.
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