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(TaKaRa Co., Japanys AH8-3F3{th. 98°ColA] 283+ DNAZ ®
AAZL F, 96°Col A 127E 13] -, 98°CollA] 30, 68°CellA]
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Table 1. List of primers used in this study’

Name Primer sequence

5-CTC GGC CAC GAA TTC GTC GC-3'

EF1
EcoRI

5-GAC GAA GGA GAC AGC ATA TGC ACG CGT TC-3'

EF2
Ndel

5-CGG CCC GGG CCC GGG TCG-3'

ER1
Smal

SF1 5-C TGC AGA GCA TGA TCC GTT CCC T-3'
SR1 5-AG GCG CTC GAC GAC TGA GAG CCA-3'
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Fig. 1. Amino acid comparison of the SCO7697 and two phytases. Gloe, probable phytase from Sgloeobacter violaceus PCC 7421 (BAC90040);
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A 1 G TGC AGA GCA TGA TCC GTT CCC TGC GCG ACG ACG AGG GCG TAT AGC 46
SF

1
47 CCC CGT CAA CTC CCC GAG GGG CAG GGC CGA TCC GTT CAC CCC_TCG GCC 94
EF1

95 ACG CAT CCG TCG CCG GOG GGG TGC CCG GGG GAC GCG CGT CCT CCG CCT 142
143 CCG TTG CCG ATC ATG TGA CGC CGC CCC AGT GGT GGG TGC GGC CGC GCT 190
191 CCG TAC GTC GCG GGC GCG TGG CCG TCA CCC GTT CCC CGA CGA AGG AGA 238

239 CAG CTC G7G CAGC GCG TTC ACA AGA CGC CTT TCC GGT GTC GTC GCG GCG 286
EF2
1 vV H A F T R R L S G V V A A 14

| (\
pET282 }
5300 bp fact
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"
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PET28-LP R\\\W\WN’
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Hinall EcoR)

M

Fig. 2. Nucleotide sequence of the promoter region of SCO7697 (A)
and resriction maps of expression vector in E. coli (B) and Streptomyces
(O). (A) The initiation codon is italicized and part of the amino acid
sequence deduced from the ORF is shown beneath the nucleotide
sequences in one-letter code. The ribosome binding site (RBS) is
indicated by bold letters and the nucleotide sequences that were used
for primers are underlined. (B) The restriction enzyme sites used for
cloning are placed at both ends of the inserts. The DNA fragments
obtained from PCR were inserted into pET28a(+) to generate pET28-
SP and pET28-LP. The extra 52 amino acids that will be added in N-
terminal region of Sco7697 were marked with Nadd and the original
translational initiation codon was indicated by arrow. The coding
regions are depicted by the thick arrows under the inserted fragments.
(C) The Streptomyces-E. coli shuttle vector, pWHM3, was ligated
with the PCR product. The promoter region of the PCR product was
also marked with P. Abbreviations: tsr, thiostreptone resistance; B-gal,
B-galactosidase.

7S £913 iz} vlaste] 82 A M9 phytase B4
o §% Aol A 5 GATHFig 3B). EF, metal
chelating affinity chromatographyZ ©]-83}9] his-tagged protein
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Fig. 3. Detection of expressed protein (A) and measurement of
phytase activity in E. coli transformed with pET28-SP and pET28-LP
(B). (A) The cellular protein of E. coli was separated into soluble and
insoluble fractions by the simple centrifugation and analyzed by SDS-
polyacrylamide gel elctrophoresis. lane M, molecular weight standards;
lane C, sample from E. coli carrying pET28a(+); lane S, sample from
E. coli carrying pET28-SP; lane L, sample from E. coli carrying
PET28-LP. The overexpressed proteins with molecular weights of 59
and 69 kDa are indicated by large arrows in the transformants with
pET28-SP and pET28-LP, respectively. (B) The phytase activity of
the samples were measured as described in the text. The phytase
activity measured in pH 7.0 were depicted with filled squares and
those in pH 5.0 were represented by the dashed squares.

e ARSI #4E FA4BU 2 phytase B2 HolA| &
ATHALE. WA,

YWMZOAM ID1103135 FHXte] L

24719 AHERE, e FRAE el active form
o2 W3R 29k AL}, N-terminal processing®] thagolA A
o] gkol E430] gl Jhsdol AZl=EIlar, wEhA BTl
£ o83l B {rxE 2 E stH ol E Hek] & #
A} 23A)9] promoterE X881 =E 319HA primer SF1 2 SR1
& o]g3le PCRE F338I¥, 1.5 kbpe] PCR 4HE-2 pGEM-
T Easy vectorol] =313t 7IMDE A% &, dia o} 4l
9] shuttle vector?) pWHMS3 vector®] HindII-EcoRI siteol] =
A3IALY. °1F §. lividans] protoplastll PEG X2/ oZ 2
A NZ e, o] F A 7Y FHAHAAE LSt phytase
45 AT

R2YE ®ixjol| A wokst dA 2 g o]-8-3te phytase
B4& SAGARE AAFGEL HAHA PUTHFig. 4B). T
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Z IdE SDS-PAGE RIS AT, Ax 2 FEAdoMe o
o] st iAol lo] 7] GEAdolA Tl oo, vy
FAE TCARAT Z ol dAdzrle] aizo] gty o],
ID1103135 2R F=8hes SCO7697 B Moz FH
He 9l d A9E ArFEATHER. 4A). AAR, o)8 7Fsd
data baseZRE] SCO7697 99 AE BAZ TFAE £ signal
peptideS ZH= AR oA

ol= o] S coelicolor genomic DNAZH-E] phytase
homologue genes & & ROE §AE= SCO7697 F+HAE
cloningdtd E. coli & S. lividano] HEAIZ] Fof §428AAS
ZAVIACE. E. colidl X soluble formS 2 WHE o HA
A4S AT = Ak =3 A promoters E3EF A

66.2
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Fig. 4. Detection of expressed protein and measurement of phytase
activity in S. lividans TK24 transformed with pWHMS3-P. (A) The
extracellular protein of S. lividans in the R2YE culture broth was
precipitated by 100% TCA after 5 days cultivation, and then analyzed
by SDS-polyacrylamide gel elctrophoresis. Lane M, molecular weight
standards; lane 1, sample from S. /ividans carrying pWHM3 as the
control; lane 2 and 3, samples from S. lividans carrying pWHM3-P;
lane 4, sample from S. coelicolor. The protein that was expected to
have a molecular weights of 41.225 kDa after cleavage of sinal peptide
is indicated by large arrows. (B) The phytase activities of S. lividans
carrying pWHM3 ( [J), S. lividans carrying pWHM3-P (), and S.
coelicolor (@) were measured as described in the text.

Streptomyces coelicolor?] 3-phytase ‘353 44+ 1103135 &} 71584 85

FHAE S, lividanso) Q3 B-Foll= phytase B2 A &
T At ojst e A= -7t F2YT SCO7697 HHo)
H]Z phytase® = RO Z annotation Hole UA|TH AR
phytase 47} ol TR F79 hydrolase 45 =313 §)
£ A02 F HIAU o]9) 22 A A s Buske ol
£ homology search A3}ol] 2]E3}d Z3YE post-genomic A0
o] Aol dMe Bt HEd 84 AP Hesite Ak
£ B113}1, 53| phytase®} 2o] AdHoz 83 a4AE A
Tl e AFAlAls B SC07697 THO| phytases FE3}AL
UA o AMdol #-88 R2lo] E Ao |y wEol
o} BIE, S, lividanstt S. coelicolor A7} 2F749] phytase SA3
£ Ho|xe glou} ol w7} EHISE phytase ofl 2% Alo|
2] Hoje o2 79 hydrolase®] &4300] 7|08 Ao= &
dH(Fig. 3, 4).
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ABSTRACT : Functional Analysis of Gene ID1103135 Encoding a 3-Phytase Precursor Homologue of
Streptomyces coelicolor
Mi-Soon Kim, Dae-Kyung Kang', Hong Sub Lee?, Seung Woo Yeon?, Tae Yong Kim?, and
Soon-Kwang Hong* (Department of Biological Science, College of Natural Science, Myongji
University, Yongin 449-728, Korea, 'Bio-Resources Institute, Easy Bio System Inc., Chonan
330-820, Korea, ZITLDONG Research Laboratory, ILDONG Pharmaceutical Co. Ltd., 265-5,
Yongin 449-910, Korea)

Among the annotated ORFs of Streptomyces coelicolor, SCO7697 was supposed to encode for phytase (myo-
inositol hexakisphosphate phosphohydrolase). The DNA fragment containing SCO7697 was cloned by the PCR
from the chromosomal DNA of S.coelicolor A3(2)M. The cloned fragment was introduced into E. coli expres-
sion vector, pET28a(+), to yield two recombinant plasmids, pET28-SP and pET28-LP, which were designed to
encode different length of proteins. When the pET28-SP and pET28-LP were introduced into E. coli BL21, the
transformants successfully overexpressed recombinant proteins, but the molecular weights of the expressed pro-
teins were appeared bigger than those of expected in SDS-polyacrylamide gel electrophoresis. The shift of cul-
tural temperature from 37 to 30°C made most of expressed protein be solubilized. The expressed protein,
however, did not show any phytase activity. When the DNA fragment with its own promoter placed on the E.
coli-Streptomyces vector, pWHM3, and introduced into S. lividans, the phytase activity was not detected either.
These results suggest that even though the SCO7697 was annotated as a probable phytase with high probability
(E value is 6¢®), the real product doest not have phytase activity.



