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Purification and Characterization of Phytase from Bacillus subtilis. Koh, Hyun Jung, In Ho Chu, and
Kun Sub Chung*. Department of Biological Resources and Technology, Yonsei University, Wonju 220-710,
Korea - A bacterial strain producing high level of a phytase was isolated from cattle feces and identified as
Bacillus subtilis, and designated as Bacillus sp. CF 5-26. The production of the phytase from Bacillus sp. CF
5-26 reached the highest level after 72 hours at 37°C. The optimum condition of the media for the production
of phytase was 10% rice bran extract, 0.1% whey protein powder, 0.01% CaCl,, 0.01% KH,PO,4. The phytase
was purified 20.3 folds with ethanol precipitation, Sephadex G-100, CM Sepharose CL-6B and Sephacryl S-
100-HR column chromatography. The molecular weight of the purified enzyme was estimated to be 66 kDa on
SDS-polyacrylamide gel electrophoresis. The purified phytase activity was stable up pH 5.0, 7.0, 11.0 and the
remaining activity was 50% when it was treated at 100°C for 1 hour. The substrate specificity of phytase was
most active against sodium phytate and inositol polyphosphate compound. And the phytase hydrolysed tri-
polyphosphate and pyrophosphate a little. The Km value for the sodium phytate was 0.64 mM and the Vmax

value was 4.41 pmol/min.
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SigmaAle] protein assay kit(690-A)S Al8-3led bovine
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025 M 5% PR Arlsled 88193t} Gel rechromato-
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Fig. 1. Time course of growth and phytase production from

Bacillus sp. CF 5-26. Agitation, 150 rpm; culture temperature,
37°C.



fresle o2 3550 24 €419l rice bran extract
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A =5 v Z3}, 0.1% whey protein powder 37}
Al 7HE 2 948 By

AU O 2 10% rice bran extract, AAHUCE 0.1%
whey protein powderZ} AR £AoNA F7I9F] S
ZA=3I. 71ER|eM CaClE A3t 57185 (MeSO, -
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% A7F Al 7 2 BAE e

=20 N # EXE 54

Wkl HA sl A& ASHel 4°Col A cold
ethanol& A2 2] 3ul| F-olubg #H78ted A2 AR E
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F 20 mM sodium acetate buffer(pH 5.5)2 A}-§3}<]
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22 AIE- A%}, Phytase £4 A2 fraction number
2990 AHE 36AtelollA] dolA] o] F BA FERHE ®o} F
A Ax F 232 20 mM sodium acetate buffer(pH 5.0)
o =}, o] A E-3& ARl CM Sepharose CL-6B
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o} Fig. 4 22 AHE 43, 714 phytase 84 53]
¢l fraction number 399 A] 448 X.o} Sephacryl S-100-
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Fig. 2. Chromatogram of the crude enzyme on a Sephadex G-
100 column. The enzyme was eluted with 20 mM sodium acetate
(pH 5.5) at a flow rate 0.5 ml/min. The volume of each fraction
was 3 ml
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Fig. 3. CM Sepharose CL-6B column chromatogram of Sepha-
dex G-100 phytase fractions. The enzyme was eluted with 20
mM sodium acetate (pH 5.0) at a flow rate 0.8 ml/min. The vol-
ume of each fraction was 3 ml.
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Fig. 4. Sephacryl S-100-HR column chromatogram of CM
Sepharose CL-6B phytase fractions. The enzyme was eluted
with 20 mM Tris-HCI (pH 7.0) at a flow rate 0.5 ml/min. The vol-
ume of each fraction was 3 ml.

HR gets AH831¢3 rechromatographyZ 433} cH(Fig. 5).
RechromatographyellA] ¢d¢]21 phytase Al -2-&<l fraction
number 40014 478 2o} HFEH 22 phytase EAZ A
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Fig. 5. Sephacryl S-100-HR column rechromatogram of
Sephacryl S-100-HR phytase fractions. The enzyme was eluted
with 20 mM Tris-HCI (pH 7.0) at a flow rate 0.5 ml/min. The vol-
ume of each fraction was 2 ml.

shodet. HAHQ 54 AAHA-L Table 200 viehdt vhe}
Aok, ZF AAE S wiek sl vla] 203w &4
Aol 7%, oju B whde] 3eE2 5.6%
A =g}

A E phytase®] FAEE Flat EBAFS SAE
#35le] 13% SDS-polyacrylamide gel A7]1935& 343l
o}, Fig. 69 A7]°3F AFolA #FA L2 Sephacryl S-
100-HR gel chromatographyell A deixl T4 34 F3] A

= lane 191M Y bandE HAFE2 A7} HAUSS
HelFal glvh. w3t FEIHAEE 7Y EARF marker
£ Blasle Fig. 6(BRH #ARFS A% 23 F &
S Bacillus sp. CF 5-269} A A8} phytase?] 2282
66 kDa>2 FA =]},

=3o] # phytaseF 4. ficuum NRRL 3135[19]
phytaset:- 85~100 kDa, 4. niger[16] phytase: 200 kDa2-
2 vlwAd & EAxeke] Aol vlsl| B. subtilis(natto) N-77
[15] phytase:x 36~38 kDa°ll3l, B. amyloliquefaciens
DS11[8] phytase:= 44 kDao]$l 2™, E coli[6] phytase:
42 kDal-2 HaEgivh & AFol|A £ Bacillus sp.
CF 5-26°] A= phytases 7|80l Barw]oi3)= Al
2] phytase Hrl= ExjgFo] & 7102 viehde}.

Table 2. Effect of pH on the phytase stability.

Relative activity (%)

Crude enzyme Purified enzyme

2.0 90 69
5.0 100 100
7.0 100 100
11.0 100 86

For the pH stability, the enzyme was preincubated at various pH
buffer for 12 hr and the remaining activity was measured at pH 7.0
for 10 min. The 0.1 M buffers used were as follows: pH 2.0, gly-
cine-HCI; pH 5.0, sodium acetate; pH 7.0, Tris-HCI; pH 11.0, gly-
cine-NaOH.
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Fig. 6. Determination of molecular weight of the purified
phytase by SDS-PAGE. (A) : 1, purified phytase ; 2, molecular
weight marker, (B) : myosin (M.W. 205,000), galactosidase (M. W.
116,000), phosphory! ase (M.W. 97,000), fructose-6-phosphateki-
nase (M.W. 84,000), albumin (M.W. 66,000), glutamic dehydroge-
nase (M.W. 55,000), ovalbumin (M.W. 45,000), glyceraldehyde-3-
phosphate dehydrogenase (M. W. 36,000). Relative mobility = pro-
tein mobility / dye mobility.
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Table 1. Purification summary of the phytase from Bacillus sp. CF 5-26.

Purification Step Total activity Total protein Specific acitivity Purification Recovery
L) (mg) (U/mg) (fold) (%)
Culture supernatant 28,482 976 29 1 100
Ethanol precipitation 5,876 41.6 141 4.9 20.6
Sephadex G-100 3,050 9.2 333 11.5 10.7
CM-Sepharose CL-6B 2,967 5.7 524 18.1 10.4
1st Sephacryl S-100-HR 1,759 32 554 19.1 6.2
2nd Sephacryl S-100-HR 1,582 2.7 588 20.3 5.6




S B9 vl(Table 2). B. subtilis (natto) N-77 [15]e] A Abs}
£ phytase= pH 5%-€] 117}%] kA slcka Bws}gdst, B
amyloliquefaciens DS11[8] phytase¥™ pH 4%€] 8712 gk
spetal Homslodv}
Hao] Y £E QAL ZRAD PAE Baag
7—? =M 1AZE RIS, 121°CAME 1587F X2)e)
W3l A= E A 24 AL ZA3lgc) o é_.,} Table 3
JJr 7o) ZEANL 100°C7HA 100% S Bl A
AE FhH2 100°CoIA 50% HEe] S Bejon
121°CellME A o] 2AESIT o] AL tE Y& f2
phytaseq] B. subtilis(natto) N-77[15]e] AJAFSl= phytase’}
20~60°C, Entoerobacter sp.4[2117}F A A8} phytase”}
30~55°C, B. amyloliquefaciens DS11{8] phytaseZ} 40°C7}
A QAo W) B AUHAL Heloh ae p
amyloliquefaciens DS11{8] phytaser Zgro] H7lejm] g}
Aol Sk ¥ mshul qlvt ojejal by AL
phytaseE AIQH 02 0|88 uf AR E 7}1gsls Eqt Foj
o7 549] BEAE Al wS- 8817] ajiel Ak
Mo o] 87kA7} Eriar Ywc)

229 7|12 S0iy ,
B 714 BolA& dolir) 93 phosphate ester 2
& 332 9l adenosine monophosphate, adenosine

diphosphate, adenosine triphosphate, a-glycerophosphate,

B-glycerophosphate, a-naphthyl phosphate, p-nitrophenyl
phosphate, pyrophosphate, tripolyphosphate, sodium phytate
32 0L 2 mM FEZ AHEsle] B8 BHE S99
. 2 A3, sodium phytate® 7| A E AM31]S o S5
74 o] FeIwtow, tripolyphosphate$} pyrophosphates]] %
&S oK (Table 4). 22} acid phosphatase?] 7]
A el p-nitrophenyl phosphate’= E&3}1%] $3}¢lt}. B,
subtilis(natto) N-77[15]°] AJAF8|= phytase= phytate 53]
el 3193, T2 phosphorylated compoundol) = <k
Z¥e] Faf Aol vk B rakedet. Bacillus sp. CF 5-26
o] YAksR= phytases B. subrilis(natto) N-77[15]0] AJA¥s}
= phytasest AR 714 HeolAdE BT},

Table 3. Effect of temperature on the phytase stability.

Relative activity (%)

Temperature (°C)

Crude enzyme Purified enzyme

30 100
60 100
100 100
121

For the temperature stability, the enzyme was preincubated at vari-
ous temperature for Thr and the remaining activity was measured at
37°C for 10 min.
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Table 4. Substrate specificity of the phytase from Baciflus sp.
CF 5-26.

Substrate (2 mM)

Relative activity (%)

Adenosine monophosphate 0
Adenosine diphosphate 0
Adenosine triphosphate 0
a-Glycerophosphate 0
B-Glycerophosphate 0
o-Naphthy! phosphate 0
p-Nitrophenyl phosphate 0
Pyrophosphate 25
Tripolyphosphate 41
Sodium phytate100

The enzyme activity was measured at 37°C for 10 min.

[

1.5 -

1/v

2 0

2 4 6 8 10 12
1/8

Fig. 7. Lineweaver-Burk plot of the phytase on sodium phytate.
The enzyme activity was measured at 37°C for 10 min.

EA9 Km 2l Vmax =X

Sodium phytateel] tj3t 71 Z38S =As17] 951
=8 71AgY) WA =S 2438 F Lineweaver-Burk
A< plotel] 213}e] Kme}t VmaxZ AAkelsdct. o) plotos.
HE Al%=¥ Michaelis constant(Km):= 0.64 mM ©] %] 1,
Vmax 4.41 pmol/min®) 1 =H(Fig. 7). ©) -2 B. subtilis
(natto) N-77[15]°] 2JAks}= phytase?) Km:: 0.5 mM, B.
amyloliquefaciens DS11[8] phytase®] Km-< 0.55 mMcel
el vls) 71AA S doy B4 P 9 Ay =24
of Mz} T 4 glo} YEA 2 vwsr)= o)),

o (=13
Lz =1

9 TE] ALE ) phytate Q19 EEH o]go0F Wi
e 49 S Ed 39S A2A9)7] 98 phytated)
A o] Foldk phytase T 5] w|AB-L sl 9
3t +E22HE phytate ¥4 o] Fo]id phytaseS A
Al A5 2ElEigvh. B2 SR A9, API 50
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CHB testell 28l B. circulans® E-F3 3, 16S rRNA
sequencing A3}, B. subtilis® 4=l Bacillus sp. CF 5-
2622 Hyslgict. BAVPARS g MR 2L 10%
rice bran extract, 0.1% whey protein powder, 0.01%
CaCl,, 0.01% KH,PO, °l 91}, Bacillus sp. CF 5-26°] A
AbslE phytaser: ethanol %A, Sephadex G-100, CM
Sepharose CL-6B, Sephacryl S-100-HR column chroma-
tography® &3l AAE 2039, 58 5.6%= AA=L
32, SDS-PAGEeIA EAl3F 66 kDa®] ©d bandE &els}
A}, AAE phytase:= pH 5.0, 7.0, 11.0s4] sl om,
100°Cell A 1A17F M]3l S o) 50%2] AHEdA-e Bolv)
717 E-0]4-2 inositol polyphosphate?] sodium phytate %
s &Ado] FHolwh e, tripolyphosphate®} pyrophosphatee]] =
oF7ke] A S B9} Bacillus sp. CF 5-26°] A&
phytase®] sodium phytateel]l TH& Km-2 0.64 mM ©]13,
Vmax¥ 4.41 pmol/min °]%ich.

2ol 2

o] =i 20049 % AHAA R G -rEzix] ) e
2 Rl EA e XS ol AFFH -3 (R05-2004-
000-11033-0).
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