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Characterization of Phytase from Bacillus coagulans IDCC 1201. Lee, Seung-Hun, Hyuk-Sang Kwon,
Kyo-Tan Koo, Byung-Hwa Kang, and Tae-Yong Kim*. [l DONG Research Laboratories, ILDONG Pharma-
ceutical Co., Ltd., 260-5, Eonnam-dong, Giheung-gu, Yongin, Gyonggi-do 449-915, Korea — A native extracel-
lular acid phosphatase, phytase (EC 3.1.3.8), from Bacillus coagulans IDCC 1201 (commercially known as
Lactobacillus sporogenes) used as probiotics, was characterized. Though some strains of B. coagulans have
been evaluated with regard to several health-promoting effects, it has not been reported to produce phytase.
Partially purified phytase from the strain IDCC 1201 had a pH optimum of 4.0 and a temperature optimum of
50°C, respectively. The requirement for divalent cations was studied and cobalt ion remarkably increased the
enzyme activity. The removal of metal ions from the enzyme by EDTA decreased activity below 50%. The
enzyme activity depleted restored when the assay was performed in the presence of Co®’. Also, Co®" is the
most active stimulator and has unique activation effect at high temperature. The phytase was specific for
sodium phytate and p-nitrophenylphosphate, which is different from other known Bacilli phytases. The puta-
tive amino acid sequences of the phytase from B. coagulans IDCC 1201 were very similar to that of the
phytase from B. subtilis strain 168. Based on these data, we concluded that the phytase from B. coagulans
IDCC 1201 is a Co**-dependent acid phosphatase. Therefore, the strain B. coagulans IDCC 1201 is thought to
be a valuable addititive for livestocks as well as a beneficial probiotics for human.
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PhytaseZ Aol 45 Belspr] $)kd, 9F fAkt
3| RHAdFE Aoz 7ANE sl e w52
S nutrient brothell A 12} wj k3 & 7wkl L =3}
paper discE PIM 3 #vl X (bacto peptone, 10g; beef
extract, 5g; glucose, 10g;, MgSO,s-7H,O, 1 g; CaCl,,
1 g; Ca-phytate, 5 g; bacto agar, 15 g; water, 1 liter, pH
5.6/l &8 ¥, 37°C, 48417k wiokatgl}. wieF ¥,
clear zone A F-F= phytase®] £ 4 clear zone2]
F7)1& Asksled Atsledoh[6]. Phytic acid Eal5-g 712
BitFE &, sl 7B s 452 S AUs)
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B. coagulans IDCC 1201 2F-E] phytase AAtuj=]=
PPM ¥ 2] 2. glucose 10 g/l, peptone 10 g/l, beef stock 5
g/l, MgSO4 - TH,0 1 g/l, CaCly 1g/l, CoCl, I g/l, Ca-
phytate 5 g/I®] 422 pH 5.5¢] HEE 2Asle] Al-8-3}
Act. Phytic acid, pNPPE-2] 7|72 Sigma-AldrichAtol] A4
FUsto] AHESIROH, 1 9l9) Alcke BFAIGL AHEs}
A=t

Phytase &#4je| &3

Phytase 242 1.2 mM sodium phytateS £33} 0.1 M
sodium acetate-acetic acid buffer(pH 5.0) 200 pl-- A 7}3t
Hhg-H & A3} 2FCFE o] phytase £ 100
uiE A7ksled Ejkst F, 50°CeM 2417 uhgAIR) F 25%
(w/v) trichloroacetic acid(TCA) 2% 50 plE A7}sle] k-
< $34A, 212 571¢& ammonium molybdovanadate
methodel] &3]l spectrophotometerS ©]8-3le] 405 nmel| ]
FB=E ZAste] Aeks}aAr}24]. Phytase A (U)S 50°C
A A2 1 mmole 2] 771918 AT = EAO] oFo

= #e] 39t

Phytasee| & E2|HH|

Phytase®] #2]& 3}7] $13l, B. coagulans IDCC1201%)
40% glycerol stock solution(1:1 v/v)& PIM broth ®f x| o]
2%(vivYEIAl AESRT, 50°ColIA baffled flask®E ARE3lo] §
AlZF Awiek stde}. 3 /51 jar fermentersl] 5L wiAlo] A
jokol & so4(vv)E Al AHES)AL, 45°CellA 16A17F wieFs}sd
o} wleFelg 8,000 pmeE UM Ee § F, A5AL 3
4=8kod crude enzyme 2.2 AME319IT). o] crude enzyme
4 Y] ammonium sulfate2 30~70% 2 AAAI7] F,
12,000 rpm, 1027 A Fjgle] g piAS 34
3F2, 0.1 M acetate buffer(pH 5.0)°l] ¥l ¥, desalting
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B. coagulans IDCC 1201¢] AAksl= phytase BAdel ul
Ae Y 58 28] 93, 30°CAM 80°CTA] A2t
o] XA 7|AF} FA EFNE WRAIR] F NS &
A1}, Phytase®] o SFEA-S SA3H7] $alM, 30°Cel
A 80°C7HAl Zzke] f-xellA] 1A)7h dAE] g &, o Ak
4L 50°CelM EA st
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B. coagulans IDCC 12017} A3A}sl= phytase &4de] vl
A HA pHE 2A57) 914, pH 3.0914 pH 10.07}4]
27) pH oA 71T H BRNE WA F, BAE
24315}, Phytase®] pH SH3A-& A7) s1siA], 22t
92 pH bufferol] 1412F ¥Rg-A1Z] F, o A IS e}
Hlew, AR8El bufferse w3t 2w} 0.1 M citric acid-
NaOH buffer(pH 2-3), 0.1 M sodium acetate buffer(pH
4~5), 0.1 M phosphate buffer(pH 6~7), 0.1 M Tris-HCI
buffer(pH 8-9).

Metal ionsZ} inhibitors2| Y&k

B. coagulans IDCC 12017} A A3} phytaseol] ©lf &t
metal ions®] °JF-E 2AFEL7] $sled, 247+ metal iono
Nl phytase ELE 45°C, 1A BhSAIZ] &, 54 34
£ &A%t metal ionS A7FA] 4 I v MRS
2 Yellile}l Inhibitorsell WA= B coagulans®]
phytase EAE 45°C, 1A12F &<t Z+2+9] inhibitorx 2] 2
3k &, B4 FAE 2As)o] inhibitors 22lEA] e 7
I vl W22 Jeldeh B coagulans7} A=
phytase”} Co?*Z cofactor® AM-81= metalloenzymed-&
73371 9130, inhibitorsel] 28 = EDTA, EGTA, o-
phenanthroline® 1 mM3} 5 mM# 2z} 1A] 7} 28)5)o,
apoenzyme2-2 Ao} vhA] FU T2 CoClLE 718}
of, A& A

Co* jon0| & oMol Oixl= Yk

Co®" ion®] B. coagulans IDCC 1201°] AAF8}= phytase
o] 4 kA m A= IS 2AFE] Sl3, 60°CAA
80°C7HA] Z¥zke| Azbd) MR BAE dAe] 3 ¥, v|Ala
WA F AR BAE Sk 8).
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Phosphate ester groupsS 713 M2 w12 712& 238
0.1 M sodium acetate-acetic acid buffer(pH 5.0) 200 pl
E AH7Fe uhg & Aglat 2T o2 Vo] phytase
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FA 100 piE AH7lste] E38 F, 500004 24)7F ke
AlZ1 F, 25%(wiv) trichloroacetic acid(TCA) 9 50 piE
A7kete] W& F2AIIH. f2% ¥7190€ ammonium
molybdovanadate methodel] 2]} spectrophotometerE o]
£8ted 405 nmellM FHEE SAsle] Ao AL H| s}
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Phytase -f-4AM8 3F317] $leted B, subrilis 168 059
complete genome % 7] 41 & (GenBank accession no. Z99114)
& 247} 135625-1356429) 134373-134389¢] X of] AFRA 2
2 A|=3 forward primer [DPCF2-F(5'-CTCACGGTA-
ATCACCTGT-3")%} reverse primer IDPCF2-R(5'-AGCTGC-
ACAAGCTGCTT-3)& A14-3l49t} PCR HF2-& 95}
template DNAY 0.1 pg ©|3}2, Z+2+] primers 50 pmol
TEE A7BIAL, 0.5 mMS] dNTPZ 1.5 U2 Tag poly-
merase(SuperBio, Suwon, Korea)E& A7} ¥ PTC-0200
DNA Engine(MJ Research, Waltham, MA)S A}-8-3}¢] o).
SEZEALT 96°Cell M 587F 3t ohE, 94°Ce A 20,
57°CellA 40z, 72°CellM 302 AL 403) HRE3) oL w}
A2 72°CollA 5E7F 4] F ubgo] FREEE A
a3t

S5 92 H719% & o2, 0.8% agarose geloll
Al 3]3le] pGEM-T Easy vector(Promega Corporation,
Madison, WI)*ll cloningdt ¥, ABI PRISM Dye Terminator
Cycle Sequencing Ready Reaction Kit(Perkin-Eler Inc.,
Wellesley, MAYS- A3l 971AdS AAsledc) A=
H71-92 vl NCBI® BLAST ZA4HH (tblastp)y A&
dlo] 7]l 55 vkl phytase obr| A G} v)wa}
At
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du ol nE

=
Paper disc0l| 2|8t phytase screening
AR o t3ted PIMulR] ol A paper disc*d ol 2] &k
phytic acid ¥3l%5-S ZARBIATH mlelA] o] F5HE FE A
W A2 FAslg o] 5= B. coagulans 1DCC 1201
2 Fol|A] probiotics® AT glom WA WAA
o Zdstar, A A o] $3ted FE cholesterol A3} Bl
H957e] B35 vehlie Ao g=iA giH11, 16, 22].
A7 B. coagulans ZH¥E] phytaseE PAHgh= AR
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B. coagulans IDCC 1201 phytase®] Aol n]X]= o%
o] &S AT AF, Fig. 194 BE ule} 2ho] | 50°Ce
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Fig. 1. Effects of temperature on the activity and stability of
phytase from B. coagulans IDCC 1201. The enzyme activities
were measured at different temperatures. The residual activities
were measured after the enzymes were incubated at each tempera-
ture for 1 hr.

AS ZAEZ A} 70°C7HA Gell A7 Al o] A" uk
H, 3 o] oA F43] gtk AEE vy
et ol FA Pl YR ¥ 2TME 2
A Aol B4 B uld R Axle) Aok} o
A74A] 325l phytase®] | %3 Enterobacter sp.[13]
7} 50~60°C, Bacillus subtilis(natto) N-77[23]7} 60°C, L
2|2 fungal phytase[21)7} 58°CSiT}.
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B. coagulans IDCC 1201°] AJAFs}= phytase] Aol
u)X)i= pHO &-& HEZ A= Fig. 23 7o) pH 4.0
oA A4S ehliglet. ol2lg)t A= phytase} A
o] A} 285+ acid phophatase®] 4E°& APl ZYM kit
o] Aol YR, YW 22 Bacillus sp2] BAESo]
AJAF8F= phytase’} alkaline phytaseel= oA Alo]dt A
H5iet. ATl 9lel, Bacillus sp. A1D2) phytase”} &
% pH7} 6.0~7.581= HollA Aleold AAE Jelfn],
Escherichia coli phytase[4, 519} Aspergillus sp. phytase[3,
7,12,17-20PF pH 4.0~5.0%] APdedqellA HAAE zh=r}
= A FARBKIE o] Yk Bacilli phytasesb= 2], E.
coli, Aspergillus sp.¢] AA¥s1= acid phytase2} F-AFF 4]
£ veislH. B coagulans IDCC 1201°] AYAbsl=
phytase®] pHe] A2 242t ©}2 pH bufferl] 1 A7} vt
AR F, 2 AL 4L JEgl e, Fig 204 He
BEe} o] pH 3.0~5.0 F3lelAe 80% olAke) A& A=
£ vepislel. pH 6.09-E1: 2148k, pH 7.00014 50%7}F
7] "ojzl ¥, pH 8.0~9.0014 60%7HA] Aledl= AxE 1}
efligle}. ol AM pH HHelME 2 AL Holx,
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Fig. 2. Activity and stability of the phytase from B. coagulans
IDCC 1201 at various pHs. The enzyme activities were mea-
sured at various pHs: 0.1 M citric acid-NaOH buffer (pH 2~3), 0.1
M sodium acetate buffer (pH 4~5), 0.1 M phosphate buffer (pH
6~7), 0.1 M Tris-HCI buffer (pH 8~9).

oZe] pH HAANME oF 50%2] S Hole HLE
B. coagulans?} prOblOthSE- AR, WARS F WEAA o
el FA AEEe] 3t Aoyt AL EeME o
W2 dkedd Ao Algde}. o|2dk pH A& AR A
T2 ARGA], Z42te] AERlel| 9] pH WSl 2 A
g B 4 e Aoz Alsdd.

Metal ions} inhibitors?| &k

B. coagulans IDCC 1201¢] AJAF3}E= phytaseol] | 3k
metal ions®] °J3FS Table 13} 2t} 1 mM Ao, Co®*
oA 1.5 A o] F71EeH, 5 mM Mol oF
20ie] A @A o] FrkEgle v, Cur = 1 mM A4,
oF 40%%] FAo] Zradhe A EAE vehloic). oozt

Table 1. Effect of metal ions on the activity of phytase from B.
coagulans IDCC 1201.

Relative activity (%)

Metal
1 mM 5 mM
None 100.0 100.0
KCl 113.2 86.3
BaCl, 110.7 88.2
CaCl, 120.2 104.9
CoCl, 158.0 214.0
CuCl, 63.3 78.1
FeCl, 100.2 103.7
MgCl, 120.7 1352
MnCl, 116.9 140.1
ZnCl, 119.2 126.7
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Table 2. Effect of inhibitors on the phytase activity from B.
coagulans IDCC 1201.

Relative activity (%)

Inhibitors
1 mM 5 mM
None 100.0 100.0
EDTA 40.7 38.1
EGTA 85.0 76.1
o-Phenanthroline 84.7 73.0
PMSF 133.7 111.1

Table 3. Effect of Co** ion on the reactivation of inhibited
phytase from B. coagulans IDCC 1201.

Restored enzyme activity (%)

Inhibitors
1 mM CoCl, 5 mM CoCl,
EDTA 55.1 98.7
EGTA 22.8 41.5
o-Phenanthroline 18.2 26.6

< A= Aspergillus sp.ol|l A AMAFEE acid phytase”}
Co”'E 41942 ZH= metalloenzyme® ]| 2R= ZollA] 44X
3 Aobolw] w3t Cu*Vt A AslFgol 2ol Aol
AME F93 A3E Jebd ol Bacillus sp.ollA AAE =
alkaline phytase’} Ca?'E activator2. ©]-83Hh= Hoj|A] A
o| gk Afe]e}9].

Inhibitorsel] 3] AE Table 2014 R npel 7o),
EDTA 1 mM, 5 mM A& o °F 60% A= A &4 o]
A3t ov], EGTA$} o-phenanthroline X] 2] A| o] & <F
20~30% AE A #@Ae] ZtAslder. 28y, serine
protease inhibitor¢] PMSFol| A& | &2 Holx] g3t
©}. B. coagulans IDCC 1201°] A A8} phytase?} Co?*
£ cofactor® AFE-3}= metalloenzyme & #9438t A3},
Table 30|21 ¢} 7o), 1 mM, 5 mM EDTAA 2|3 ol A
77k 55%, 98%2] A BAE FEH o2 3831 o
88 A= B coagulans IDCC 1201 phytase7} Co*' S
cofactor®A] Q738 metalloenzymed-& ¥ F= A32
Bacillus sp.oll 43F= v Eo| A4k, Al EA 2=
Aspergillus sp.o] AAVSF= phytases} o-¢- 43 FAMS
HejFqie,

Co?* ion0] ¥ SFEMOf| D|X|lE Y&

Co®" ione| B. coagulans IDCC 12010] JAFsl= phytase
2] o Al MA= dFE ZARRE A3 Fig. 3A0M X2
ko) o], 60-65°CTHAE 50% ©)AFe] EASE £
g ubg, 75-80°C Tl M= G4 LR QlEle], &
2B E FABA E olels YEH L2 Fig. 3BM
9} 7o), 5 mM FE9] Co*" iond X7} iaa]fs} phytase
ANAME 70°C7HA] oF 50% ol el EAIAE Fxlslglom,
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Fig. 3. Thermostability of phytase from B. coagulans IDCC
1201. @, 60°C; O, 65°C; A, 70°C; A, 75°C; W, 80°C. A: without
5 mM Co®" ion, B: with 5 mM Co®* ion. Isothermal inactivation of
phytase can be described by a first-order kinetic model. The inte-
gral effect of the inactivation process at constant temperature,
assuming the inactivation rate constant independent of time, is
given in Eq.; In (A/A¢) = -kt.

80°CAIA] 1A17F A3t F-7hl A= oF 25%2] A& A&
FAIBIAT. o)L A= Co?t jone] A W el o)
g g Aol QlelA F83F QIAMYE Bl

71 Sold

o #7}2] phosphate esters 7| & 7}%] 71" gt &4
AL A8 A, Table 43 Zoh. B coagulans
IDCC 1201 phytase:™ Na-phytateol Al 7} &2 A4S
vehdony, pNPPellME 90% o]Ake] A 3HA-S el
et ol2st A= B. coagulans IDCC 1201 phytase
7} acid phosphataserl] 43F= phytased-S EIAA F
A=t

Table 4. Substrate specificity of the phytase from B. coagulans
IDCC 1201.

Substrates Relative activity(%)
Sodium phytate 100.0
p-Nitrophenyl phosphate 91.0
D-Fructose-6-phosphate 2.8
D-Glucose-6-phosphate 1.1
O-Phospho- -serine 0

Phytase #8X}I 7MY &4

B. coagulans TDCC 1201 ¥5-2F-€] AA| phytase®] &
A AF-E F1str] Adked Bacillus 14 551 1582
phytase gene(AF006665, AF029053, AF292103, AF298179,
AF453255, AF469936, AJ277890, AJS84664, AY055220,
AY220075, AY518208, AY651979, AY836773, BD062759,
U85968)2 GenBank(http:/www.ncbi.nlm.nig.gov/) 2.4FE]
A3l Clustal X5 o83t Al Aoz Exiet A,
B. subtilis 2 B. amyloliquefaciens -+ phyC, B.
licheniformis e &| phyL, 218|131 B. subtilis 168 22
PhyA 5 35RE BREE & 4 3lsivh(data not shown).
e 538 4 e primerE A28l PCR HH-S 4
3sled phy FAA AEAQ primerel] SolH o2 S5
£ 1,237 bp Zol9] 971X9E AAsIE 2AH 9714
4 (DQ346195)= NCBI®] translated querySell i3t
BLAST Z34%P (blastx )& ARE-3te] 71&e 555 kgt
phytase o}u]ixAb M=} v)wal A=}, B subtilis 168 F=)
2] phytase precursor 4] (CAP13871)# 99%2] AM5A &,
B. amyloliquefaciens$} B. licheniformis +e¢] M AE&
(AAA87722, AAMT74021)3} 22} 73, 72%9] A4 <
ehilgie B Mg B subtilis®] phyA®}F 3719 amino
acid A9 (P4—S, N147—K, K291—EplAEt 2jo] S B}
[25]. o188t MEe] FAMES #ete o, B coagulans
IDCC 1201 2] phytasex= B subrilis 168 22
enzymed} FrAME BAS B Aoz oY AA=
168phyAc] k23t Heoigl: phytase HA X
50~60°CZ B. coagulans IDCC 1201 frefe] A F-Ask
Helell g8l ont, 14 pH W9l 47 5.0~6.59 4.0~5.0
22 izl 2ol E Eivt. o dt 2ol B coagulans
IDCC 1201 <] phytase®] 4] polar stAF A3
2= chargeZ} @F8t amino acidZ WHA|¥ A A7t}
3} signal peptidedl|Ae] F FF7F A 2}e]l= enzyme®]
distribution % pl Fol % x}o]E v|A Ao A 4
A AxEL F38 |, B coagulans IDCC 1201 AEF9]
phytase B 71& B8 enzymeS3 Aol & vfeh B2,
o] TFENE| phytased T Feldled AR EAS +
A EEA 02 L o] F 7] Hud ZEFS] v
Rilbgd BRI R
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&) probioticsZ A #}=e] Q)= B coagulans IDCC
1201338 =A: Lactobacillus sporogenes)°] acid phytase
2 Co**E cofactor® ZtE metalloenzyme 542 1A
phytaseZ AJAF8} T, cofactorZ ARE-¥]:= Co?* ion°] B.
coagulans IDCC 1201 -2 phytase®] & eFAdel 71«3}
9o}t =3t B coagulans 1DCC 12012] phytase 52} A
A& BAEF A3} B subtilis 168 0] enzyme ME= &=
2 RS eRiSIEL. B Q74 HE ENE B coagulans
IDCC 1201°] A 4%2] AA3E 7P}, AW o=t &
ode S FRAEH T2l 75| FE) € phytic
acid®] AF 2 Q13 ghdoFelAl, 3950 TAAS 3
Ag 4 3= AR ATHIEAS AAH B8V
HLe= Al
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