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Isolation of Enterobacter Cleacae Producing Phytase and Medium Optimization of Its Production. Kim,
Young-Hoon, Si-Yong Yang, Dae-Young Kim, Chang-Won Kim', Won-Hyung Jung', Moon-Nam Gwon, and
Min-Dong Song*. Division of Life Science, College of Natural Sciences, Konkuk University, Chung-Ju, 380-701,
Korea, "Animal Resources Research Cenler, Konkuk University, Seoul, 143-701, Korea — Phytase (myo-inositol hexa-
kisphosphate phosphohydrolase: EC 3.1.3.8) hydrolyzes phytic acid (myo-inositol hexakisphosphate) to myo-inosi-
tol and monophosphates. In order to obtain phytase producing bacteria, many samples were collected from various
soils. Among thirty-five phytase-producing strains, YH100 showed the highest phytase activity. In order to identify
the selected YH100 strain, the morphological and physiological characteristics were examined according to the
method of Bergey's manual by 16S r1RNA sequence, cellular fatty acids profile, G+C contents and physiological test
using API 20E kit. The strain YH100 identified to be a genus of Enterobacter cloacae and was named as Entero-
bacter cloacae YH100. Optimum medium for the phytase production by the Enterobacter cloacae YH100 was
composed of 2.0%(w/v) glucose, 1.0%(w/v) peptone, 1.0%(w/v) beef extract, 0.1%(w/v) KCL and 0.1%(w/v)

sodium phytate.
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Phytase(myo-inositol hexakisphosphate phosphohydrolase)=
phosphatase®] &F $=7F& phytic acid(myo-inositol hexakisphos-
phateYg £33} myo-inositol} 718 1L A &)
T EAEA AE, $20) 4% U o 3o Sk
ez d2x IrH1,2.4,58,9,10,11,12].

Phytase+= 3-phytase(EC 3.1.3.8), 6-phytase(EC 3.1.3.26)
T FFE vrelAlEd ol phytase?t Ae2R Esliehs
A2 Al 2]g EFelet. 3-phytases WAAENA, 6-
phytase= A E<lA B2 a1 9iwH9,16).

Phytic acide 22 224 AlEHEe] o Madesy
1~3% 718 FRE] glor, AIRSE W e &
Fake] dF-2(60~70%)5 AIRTH10,14]. 575 NAM
g W mEE] o i RelEe] o]85A)ql,
FHNE A, B, o Fpl ddeiM & dekiAE FEE
H[11,21], o] phytic acid’} 243} ARE 7ixl=e Z
, ok, vk, & S 2 ool &5 Agele ¥
253 3E9) chelates MRS AIslL[6,16], o] %
° SRES MY FF F4E Wl 94 7
71E2] A o85S 7AFICE B phytic acide AR
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pHell M A=) A5E17] 499 phylate-protein complexes
F FAYTE Phytic acids 222 ©)71E WellA
W2 fofH oz oo Fagh FVEHES] o84S 7
ZAZITH21].

Phytic acid AJele] ¢l-& w)7152) AhfjelA] Ao F.-
o857 EslT FHOE wiAH=d tAtelA] JdF 24
HelA7l1e sl dFge] le] a7l FE7] A
of o]&=HeIAA] EaFEH13,14]. =3 ]l FEES S8 W=
2 AtEe] A7k Q9] ASE Wi HEsi 3HrkEle]
Y7t wHoE wiAdsch oyl widd <2 s
Fo elo® g, g0 Fejorst 55 s =l
g AAMeRE BRI AXNE FARIS Z8E o Azt
TAFL=Z AFET QieHs5,16].

£ A7 A skpaElelr 4 Eqke2HE phyt-
ase AAdo] 48t I Aldsled AHTA test, 165 rRNA
A B, Ak 24 58 53 T2l $4 Y phytase
AARE Hgt A wikrdg AR fsle] AAEES.
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Aslde}, 55 AR 152 0.1%2] Tween 802 i3t
iy "QEM%T 9 mle] EANsle] TRE A7) F wF A

glalde2 Algsled EAsoict. E43 A1 85 BHI agar
| F—“’J"& 37°Cel|A] 48X 7FER) wioksled colonyZ 3
A AZ & ZF2ke] colonyZ- phytase screening ®iA](Table

1)) streakingdle] 37°ColA wioFsted 12471} clear zone
3} #-79 275 BAske] L phytase ZAd(clear
zoneye WebllE AFE 1AH Lz sl 12k #
2]%l 75525 BHI broth ¥jx]ell 37°C, 180 rpm®-E. 24
A7} HHc’bé']' F wokAlEle] phytase BAS S43l] &
o] A g} FEE HE AT,

Mk 72| S5
HE Heid T A, A 2 Akl B4 =
Algt 3 Bergey’s Mannual of Systematic Bacteriology®l

[7] &3t EA skl

BeAE B9 - 229 )9 Y WP
3 S Sao, £ SeiEeE 49 43
5171 sl FAF2FER)7 (scanning electron rmcroscope)
& olasiet FApEAREIA g Sla AR AR
HA L2 stationary phased| TEsF7] A2 T pH 7.0
2] 0.1 M phosphate buffer saline(PBS)yS AM&3led M3
g F FAE et 13 TR e IAA)7)
7] 918 2.5% glutaraldehyde solution® H7}sed 1A)2E
Bt A2 F YAERIE sk PBSE FAIS AlEskiet
c2A mReg AAE FAATT] A8 1.0% osmium
tefraoxide solution 7}t F A7 Tk WA oh
AR E 3T, 50-100% YE-Z AMsle] g HoR A
g2 A4d FA2 95479 Hexamethyl-disilazaneg:
7} 2082 AT xS 23] ES F Ea
AZ AA 8,000z e shdet.

AR B4 - gl B9 AE 24 D Sl
APl 20E kit(Bio-Merieux, France)E- ©]-85}] oxidase®} catal-
ase AAFs, gelatin 4213, indole 8435, HS AAkS, Voges-
ProskauerA|q, P EEA 52 ZAREIA.

AzEte B4 -2 7 sekA 54 detrs 93
DNA €97]F4(G+C mol%), cellular fatty acids profile, 168
IRNA sequence 3-8 4413195k, DNA 712412 Tamaoka
S220] wilel o=l Awkeigdond, AAR 4 9168
RNA £4-2 Chun5[3}e] el weh AAsig

o3 ME U phytase 4 8
_r.a]ﬁ—"’-___] AR FAEAS 24517) 8] BHI broth
o AE3}e] 37°C, 180 pme.2 A=} wjoFAl7IEA 6417F 7F
Ao P4} phymse B FAs. FF AL
BHI agarZ ©]-&3te] AT (CFU/MmDE S43t3dt.
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Phytase 4 SAL wjokd & AR A5de
37°C, pH 7.0 &71e|A 7] ‘20mM sodium phytate, pH
7004 3087F wkgA1Z] F 5% tichloroacetic acidgH. o=
W& AR A|F|E, AAubEA (1112 W82 6N
H,80Q4 2.5% ammonium molybdate, 10% ascorbic acid,
H0)E &7lsked 37°CelA 1082 98- 3 54 820 nmell
A FREE 238l fEiFAAE 718l g dET
¢} vl A8k 1 it 127 1 uMe] FrlEedS
AT B8 Thaken Aesigch

Phytase &S 9f8H HIX| ==&

Phytase J4H2- 13t vl HAJZ ¢35 glucose 2.0%,
peptone  1.0%, MgSO47H0O 0.1%, sodium phytate 0.1
%S 7| RHAR Fled =AY, AAd, FVIES] =S 2
g3k 37°C, 180rpme 2 wieksled ) M 2 &
AL vehl= 36071l 2 oofhe] M E4EAE 7t
+E l"*" AL 10022 sl AA = BT Fg8)5ie
olw ANl gl4A OS2 glucose, fructose, mannose, maltose,
sucrose, lactose®} soluble starcho], A4S F pep-tone,
malt extract, beef extract, peptone, malt extract, pep-tone¥}
beef extracte]3, inorganic salts®= CaCl,, NaCl, KCI,
FeS0Q4, MnSO4lgiet

dn A nE

Phytase MM 32| &2

2k} slpA]E]|AbelA] AFHEE AlZEF 0.1% Tween 80
& 3 FF Qlr gl sl 3431 BHI agar
wiR]e]] Edeled 37°ColA] 48 AlzE Bk wieksle] YR
22 240709 colonyE #LT, 7 colonyE phytase
screening ¥A|(Table 1)Z ©]-83}e] clear zoneE A8l
35709] phytase AHFS EEsigic). 35709 Rl IFE
BHI brothell H&Esle] wjef & wioF Aade] Fadido
233t 23} 714 £ phytase A4S iRl YHI00 T
FF FHF Adsiedeh

Table 1. Composition of phytase screening medium

Ingredient Contents (g/L)

Glucose 15

Phytic acid, calcium salt 5
NH4NO5 5
MgS0,-7H,0 0.5

KCl 0.5
FeSQ4- TH,O 0.01
MnSO0,-4H,0 0.01
Agar 20
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Fig. 1. Phytase activity of strain YH100.
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Fig. 2. Scanning electron microscopic obscrvation of strain
YH100.

Table 2. Morphological characteristics of the strain YH100

Characteristics YH100

Gram reaction -

Cell-shape rod

Motility +

Flagella peritrichous

Size 0.6-1.0 pm wide x 1.5-3.0 um long
Colony round form

Table 3. Physiological and biochemical characteristics of the
strain YH100

Strain YH100

Cytochrome-oxidase -
Catalase
NO; production _
Reduction to N; gas
ONPG (B-galactosidase)
Arginine dihydrolase
Lysine decarbosylase
Ornithine decarboxylase
Citrate utilization

H;,S production -
Urease -
Tryptophane deaminase -

Characteristics

+ o+ o+ o+

Indole production -
VP test(Acetoin production) -
Gelatinase +
Acid produced from:
glucose +
mannitol +
inositol -
sorbitol +
rhamnose +
sucrose +
melibiose +
amygdalin +
arabinose +
G+C mol% 50+ 2%(48-52%)

+: positive, -: negative

Table 4. Major cellular fatty acids of the strain YH100

=olere| S5

Hejgkg BA - HeldF YHI009) ejsks B4 3
A5t Ax 2824 ZHE(0.6-1.0 x 1.5-3.0 um)2] 3Jefe]m],
R peritrichous -2 STUL £FA o] HE=HUT
(Table 2, Fig. 2). =3t colony 3t} round forme])$icth.

A 9 AslEt B4 - H2) 45 YH1009) Al %
A 518k EA12 Table 3¢)) Wehd viel 2ok B F5E cyto-
chorome oxidase, nitrate®] 214, urease, ONPG(B-galac-
tosidase), H,S, indole 84, VP A3 24¢ Jsple
=, catalase, arginine dihydrolase, ornithine dccarboxylase,
citrate o84, gelatin A2} oFx-2 vehiv}, ohol WA
Al&lel| A glucose, mannitol, sorbitol, rhamnose, sucrose,
melibiose, amygdalin ¥ arabinose2 %8| A-S- A sk
=3 DNAY g71FA #=E(G+C content)2 50 £ 2%(48-

Fatty acids %
C12:0 4,40
C14:0 7.06
Cl15:0 4.00
C14:0 30H 8.44
Cl16:1 w7c 13.98
Cl16:0 25.90
C17:0 cyclo 15.39
C18:1 w7c¢ 13.83

52%)2 vlebide}. Holt[7] Tl 218k Enterobacter sp.2)
712 ek EE 50-60%=ET 315321, Yoon[21]
o] 2B|8 Enterobacrer sp2] 7% 60.95%EA] B q179]
YHI00 58] 7% Enterobacter sp2] QuFHel BAL
Ze oz slosld AE A Aual ke Fig 3
I Table 40 vehd wiel o) Clel wich 7 A,
C17:0 cyclo, Ci16:1 w7c, C18:1 w7c 52| ¥h=ko] =gich.
16S IRNA 43} 24 &3 2=} 1410 bp2] 97)
MES ZAST 1 AAF Fig 4o debligdd o) & &
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Fig. 3. Gas chromatogram of cellular fatty acids from the strain
YH100.

AGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGC 60
GGCAGCGGRAAGTAGCTTGCTACTTTGCCGGCGAGCGGLGGACGGRTGAGTAATGTCTGG
GAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCG
CAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAG
CTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGAC
CAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGAGAATAT
TGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTT
GTAAAGTACTTTCAGCGGGGAGGAAGGTGCCTGAGGT TAATAACCTCAGCAATTGACGTT
ACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCCGCGRTAATACGGAGGGTEE
AAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGT 600
GAAATCCCCGGGCTCAACCTGRGAACTGCATTCGAAACTGGLAGGCTAGAGTCTTGTAGA
GGGEGGTAGAAT TCCAGGTGTAGOGGTGAAATGCATAGAGATCTGGAGGAATACCGGTGG
CGAAGGCGGCCCCCTGGACAAAGACTGACGC TCAGGTGOGAAAGLGTGEGGAGLAAACAG
GATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGA
GGCGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGTCTGGGGAGT ACGGCCGLAAGGTT
AAAACTCAAATGAATTGACGGGGGCECGEACAAGCGRTGGAGCATGTGATTTAATTCGAT
GCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTAGCAGAGATGCTTTGGT
GCCTTCGGGAACTCTGAGACAGETUCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCT TTGTTGCCAGCGGTCOGGELGGGA
ACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGUATGACGTCAAGTCATCAT 1200
GOCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCGCATACAAAGAGAAGCGACETC
GCGAGAGCAAGCGGACCTCATAAAGTGCGTCGTAGTCCGGAT TGGAGTCTGCAACTCGAC
TCCATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCG
GGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGT TGCAAAAGAAGTAGGTAGLTT
AACCTTCGGG 1410

Fig. 4. 165 rRNA sequence of strain YH100.
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5= Enterobacter 20 £330 Alde 2 FEq]on
Enterobacter cloacae®] ZTw52} 98%%] HAI=E v}
el 71 7i7ke elel & 4 9lvh =3 Neighbor-
joining method[17]¢1] £13}ed A|F=<(phylogenetic tree)S
ZAstT 21 ZHE Fig. 5ol vlERATE ool tree?] scale
bars= 0.01 substitution per siteS 2]=] g}
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Fig. 5. Phylogenctic tree of Enterobacter cloacae YH100.
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Fig. 6. Time course of growth and phytase activity of Enterobacter
cloacae YH100 on BHI broth.
4 : phytase activity (U/ml), B : microbial growth (logCFU/ml)
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Enterobacter cloacae YHI00 759 4 A4 =
7S FHslr] #sl] v, A, T8l whE phytase
A Atol] wH3= 8ES StebsiATi(Table 5, 6, 7). 22 e
2= glucose 2.0%E HrisigS of 7 =& 2448
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Table 5. Effect of carbon sources on the phytase activity

Carbon Sources Relative activity (%)

0.5% glucose 22
1.0% glucose 48
1.5% glucose 78
2.0% glucose 100
0.5% fructose 14
1.0% fructose 56
1.5% fructose 37
2.0% fructose 23
1.0% sucrose 18
1.0% mannose 4

1.0% maltose 16
1.0% lactose 12
1.0% soluble starch 20

Cultivation was carried out at 37°C for 36 hour in the medium (pH
7.0) consisting of 2.0% peptone, 0.01% MgSO4 7TH,0 and 0.1%
sodium phytate

Table 6. Effect of nitrogen sources on the phytase activity

Nitrogen Sources Relative activity (%)

1.0% peptone 18
1.0% malt extract 0
1.0% beef extract 11
2.0% beef extract 13
1.0% peptone + 0.5% malt extract 21
1.0% peptone + 1.0% malt extract 48
1.0% peptone + 0.5% beef extract 64
1.0% peptone + 1.0% beef extract 100

Cultivation was carried out at 37 for 36 hour in the medium (pH 7.0)
consisting of 2.0% glucose, 0.01% MgS0,4-7H,0 and 0.1% sodium
phytate.

Table 7. Effect of inorganic sources on the phytase activity

Inorganic Sources Relative activity (%)

None 64
0.05% CaCl, 67
0.10% CaCl, 82
0.05% NaCl 32
0.10% NaCl 27
0.05% K.CI 75
0.10% KCl 100
0.05% FeS0, 32
0.10% FeSO, 37
0.05% MnSO, 0

0.10% MnSO, 0

Cultivation was carried out at 37°C for 36 hour in the medium (pH
7.0) consisting of 2.0% glucose, 1.0% peptone, 1.0% beef extract,
0.01% MgS0,- 7H,0 and 0.1% sodium phytate

o F0& W 7F ¥ phytase A HERAIIH. HlA]
HA3512 Bslo] Enterbacter cloacae YH1009] phytase

Fhylase activity {L¥ml)
©w

=) 12 18 24 30 36 42 48 54 &0
Time ¢h)

Fig. 7. Time course of enzyme activity of Enterobacter cloa-
cae YH100.

#: BHI medium, M: optimal medium (2.0% glucose, 1.0% peptone,
1.0% beef extract, 0.1% MgS047-HyO, 0.1% sodium phytate and 0.1
% KCl).

AARE #3t 2A BE4ANA wiR]2AE glucose 2.0%,
peptone 1.0%, beef extract 1.0%, MgSO047H,O 0.1
%, sodium phytate 0.1%, KCl 0.1%elgk= 7#& &
sldet, A2g =270 HANR|e| Enterbacter cloacae
YH100Z wioksle] A7bd E484-S X3 23 BHI
vzl efekst wjHel of 20% AE BB ] F7lslsd
t}(Fig. 7).
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T OF 17RE AEsis.

12708] 7 % BHI brothol|+] skt =842 phyt-
ase FAJo] 7P 93 A2 viepd YH100S AHsled
A7 2 165 RNA sequence £-4, GC content(mol
%) A3, AL B4, APT 20E kitZ- o483} test 23} Entero-
bacter cloacae@ F74E|o], o] ¥E Enterobacter cloacae
YH100°8} Wl Enterobacter cloacae YH1000] 2]
3t phytase AARS- $13F 23 wx] =4S 13 A3} glucose
2,0%(w/v), peptone 1.0%(w/v), beef extract 1.0%(w/v), KCl
0.1%(w/v), sodium phytate 0.1%(w/v)E Elste}.
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