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A c¢DNA coding alkaline phosphatase (AP) homologue was
isolated from a cDNA library of Schizosaccharomyces
pombe by colony hybridization. The nucleotide sequence of
the cloned ¢cDNA appeared to lack the N-terminal coding
region. The genomic DNA encoding alkaline phosphatase
homologue was isolated from S. pombe chromosomal DNA
using PCR. The amplified DNA fragment was ligated into
plasmid pRS315 to generate the recombinant plasmid
pSW20. The DNA insert was subcloned as two smaller
fragments for nucleotide sequencing. The sequence
contains 2,789 bp and encodes a protein of 532 amino acids
with a molecular mass of 58,666 daltons. The S. pombe
cells containing plasmid pSW20 showed much higher AP
activity compared with the yeast cells with vector only.
This indicates that the cloned AP gene apparently encodes
AP. The predicted amino acid sequence of the S. pombe AP
shares homology with those of other known APs.

Keywords: Alkaline phosphatase, cDNA, Fission yeast,
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Introduction

Alkaline phosphatases (APs; EC 3.1.3.1) are dimeric, metal-
containing nonspecific phosphomonoesterases that hydrolyze
a broad range of monophosphates at alkaline pH. APs in
general are present in a broad diversity of eukaryotic and
prokaryotic organisms, suggesting that the nonspecific
hydrolysis of phosphate esters is functionally important. The
AP reaction proceeds through a phosphoenzyme intermediate.
AP ¢DNAs or genomic DNAs were cloned from a variety of
species, such as the silkworm Bombyx mori (Itoh et al., 1991),
the cyanobacterium Synechococcus sp. (Wagner et al., 1995),
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rat intestine (Lowe et al., 1990), bovine intestine (Manes et
al., 1998), Zymomonas mobilis (Gomez and Ingram, 1995),
Bacillus subtilis (Hulett et al., 1991), and the budding yeast
Saccharomyces cerevisiae (Kaneko et al., 1987).

AP purified from the bacterium Prevotella intermedia
contains phosphotyrosyl phosphatase activity (Ansai et al.,
1998). AP from S. cerevisiae was demonstrated to possess
phosphoprotein phosphatase activity on the phosphoseryl
proteins histone 11-A and casein, suggesting that the
physiological role of the p-nitrophenyl phosphate-specific
phosphatase may involve participation in reversible protein
phosphorylation (Tuleva ef al., 1998). The two isozymes of rat
intestinal APs differ in their primary structure, substrate
specificity, tissue localization, and response to fat feeding (Xie
and Alpers, 2000). Nitric oxide plays a regulatory role in AP
activity during rat fracture healing (Namkung-Matthai et al.,
2000).

The expression of various AP genes is regulated in response
to the inorganic phosphate concentration in the medium,
suggesting that the enzyme functions to provide a source of
inorganic phosphate. Transcription of the genes encoding AP,
and the inorganic phosphate transporter of S. cerevisiae, are
coordinately repressed and de-repressed, depending on the
inorganic phosphate concentration in the culture medium
(Oshima et al., 1996). Transcription factor Sp3 was reported
to activate the liver/bone/kidney-type alkaline phosphatase
promoter in hematopoietic cells. Here, as a preliminary step in
the study on Schizosaccharomyces pombe AP, we describe the
cloning and expression of its cDNA and genomic DNA.

Materials and Methods

Chemicals Ampicillin, p-nitrophenyl phosphate, and N-
lauroylsarcosine were purchased from Sigma Chemical Co. (St.
Louis, USA). Restriction enzymes (EcoRI, Xhol, Hindlll, and
BamHI), T4 DNA ligase, RNase, proteinase K, PCR core kit, and
DIG (digoxigenin) high prime labeling and detection starter kit I
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were obtained from Roche Molecular Biochemicals (Mannheim,
Germany). Seakem LE agarose and nitrocellulose membrane
(Trans-Blot Transfer Medium) were from BioProducts (Maine,
USA) and Bio-Rad Laboratories (Hercules, USA), respectively.
The S. pombe MATCHMAKER cDNA library was purchased from
Clontech Laboratories, Inc. (Palo Alto, USA). The 5'-DIG labeled
DNA probe (5-GCGGTTGCTCCGGCTGCACTATCCG-3') and
the two PCR primers (primer 1, 5“CCTGGATGGTTAGGGATCC
CCAAATGT TAAT-3'; primer 2, 3-AGGTAATCGCGGCTGCA
GTGGATGATAT-3") were purchased from TaKaRa Shuzo Co. Ltd.,
Japan.

Strains and growth conditions The cDNA library was
constructed in the Escherichia coli strain DH10B, and was
amplified by growing it in a LB medium containing 50 ug/ml
ampicillin. S. pombe KP1 (h* leul-32 ura4-294) was used for
transformation. The yeast cells were grown at 30°C with shaking.
The cell growth was monitored by the absorbance at the wavelength
of 600 nm (Cho et al., 2000a).

Cell harvest and disruption The yeast cells were harvested by
centrifugation. They were frozen and resuspended in a 20 mM Tris
buffer (pH 8.0)/2 mM EDTA (buffer A) and disrupted by using a
glass bead beater and a sonicator. Supernatant was obtained after
centrifugation and used as a crude extract for enzyme assays (Kim
et al., 1999; Cho et al., 2000b).

Colony hybridization To screen the cDNA encoding alkaline
phosphatase from the S. pombe cDNA library (Clontech
Laboratories, Inc.), colony hybridization was performed according
to the procedure described in ‘“The DIG System User’s Guide for
Filter Hybridization’ produced by Roche Molecular Biochemicals.
The summarized procedure is as follows: Colonies on the agar plate
were pre-cooled for approximately 30 minutes at 4°C, and a
membrane disc was carefully placed onto the surface. The
transferred DNA  was then cross-linked by baking the dry
membrane for 1 h at 80°C. It was next placed on a clean piece of
aluminum foil and treated with proteinase K. The membrane disc
was pre-hybridized for 1 h in a pre-hybridization solution. After the
pre-hybridization solution was discarded, the disc was placed in a
hybridization solution containing 5-DIG labeled DNA probe. The
hybridization reaction was conducted at 65°C for about 15 h. After
hybridization and washing, the disc was subjected to colorimetric
detection with NBT and BCIP.

Southern hybridization Plasmid DNA was digested with the
appropriate restriction enzymes, and separated on a 0.8% agarose
gel. The separated DNA fragments were blotted according to the
vacuum blotting procedure in ‘Instruction Manual of Vacuum
Blotter’ (Bio-Rad Laboratories). Hybridization and colorimetric
detection were conducted according to the procedures used in
colony hybridization.

PCR PCR was performed as described in the user's sheet offered
by Roche Molecular Biochemicals. The PCR conditions used in this
study was 98°C (10 sec), S7°C (30 sec), 72°C (3 min) for 30 cycles.

"Nucleotide sequencing The nucleotide sequencing was performed

with an automatic DNA sequencer in Bionex, Inc., Korea. The
determined nucleotide sequence reported in this study has been
submitted to the GenBank database under the accession number
AF316541.

Enzyme assay AP activity was determined as previously
described (Harb er al.,, 1991). The hydrolysis of p-nitrophemnyl
phosphate at pH 8.0 was monitored at 405 nm. Specific activity was
expressed in the AA,/min/mg protein. The protein concentration
was determined according to the procedure of Bradford (1976)
using bovine serum albumin as a standard.

General techniques The other recombinant DNA techniques
used in this study were performed according to ‘Molecular
Cloning: A Laboratory Manual’ (Sambrook et al., 1989).

Results and Discussion

The fission yeast S. pombe is known to be very similar to
higher eukaryotic organisms in the aspects of physiology and
genetics. It is highly acceptable for the production of
pharmaceutical proteins expressed from recombinant DNAs.
There is not much information available on AP of S. pombe.
However, the plausible nucleotide sequence encoding S.
pombe AP homologue was stored in the GenBank database.

¢DNA A S. pombe cDNA library, constructed in the vector
pGAD GH, was purchased (Van Aelst et al., 1993). The
EcoRI/Xhol site of the vector was used for library
construction. The 5-DIG labeled DNA probe was prepared as
described in “Materials and Methods’. Colony hybridization
yielded one positive cDNA clone for S. pombe AP. Plasmid
DNA was purified from the ¢cDNA clone and subjected to
Southern hybridization to confirm the AP ¢cDNA. The DNA
probe, which had been used in colony hybridization, was also
used in Southern hybridization. The plasmid DNA containing
S. pombe AP cDNA was named pSW10. Plasmid DNA
pSWI10 was digested with EcoRI and Xhol, and the insert
fragment was transferred into the shuttle vector pRS316 to
generate plasmid pSW11. The recombinant plasmid pSW11
DNA harboring S. pombe AP cDNA was subjected to
automatic DNA sequencing. Since the shuttle vector pRS316
contains T7 and T3 promoter sequences at the both sides of
the multiple cloning site, the two strands of the insert DNA
were possibly sequenced from the recombinant plasmid
pSW11. The determined cDNA sequence was shown in Fig.
1. The cDNA clone contains a 1,696 bp insert, and has a
unique reading frame of 502 amino - acids. However, it
contains no N-terminal 30 amino acids when the coding
region is compared with the sequence information stored in
the GenBank database. Since the EcoRI restriction site was
used for the construction of the cDNA library, the unique
EcoRl site in the coding region of S. pombe AP was digested
during the construction, and it resulted in the loss of the N-
terminal region. Although the S. pombe AP cDNA does not
have the whole coding region, the presence of the cDNA
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ggaattctgttaatccttgttitat tatatttttttattttttctegteoteat
G I LLILVLSTVIFTFYFTFSSH 50
61 aagtccaaagggaccaatgagaaaccaaaatttgttattatgatggtttctgacygaaty
KSXGTNEXPEXKFVIMMVYSDGN 70
121 ggacctggetetttgtetatgactagategtitgtagagactctaaacgataaagagggt
6 P66 SLSMTRSFVETLINDIKES® G 9
181 tataggettcccttggatgageatttaattggeagtteacggacacgticcagttegagt
YRLPLDEHLTIGSSRTRSSS S 110
241 ttgattacggatagtgcagccggagcaaccgeattttettgtgetaataaaacctacaac
LI TDSAAGATAFSCANEKTYN 130

301 ggagctgttogtot aat tgtggaactatett aaa
G AVGVYLDNEZXKPCGTTILEHA ARAEK 150
361 gaagccggttactt tgttgt Tt acacctgee

EAGYLTGIVVTSRVYTDATPA 17
421 tctttctctgetcatgecgogaategatteatgcaagatitaattgetgagtaccaagte

S FSAHARANRPFMQDLIAETYQQV 19
481 gggatgggacctttgggaaggagtgttgacttattgtteggtggtggactttgtteatte

G MG6PLGRSVDLLTFGGSEGLCSTF 210
541 ttacctaaatctacttatcgatcatgtagatcegataacttggatettttgaaatatget

LPKSTYRSCRSDUNLDLTLTEKTYA 23
601 ttccaaattttgettaatagaactgactttgatgagetatcaaac

RKXKEGFQILLNRTDRFDELSN 25
661 gctcaattgectttgettggtttgtttictgattatcateteagttatgatattgattat

AQLPLLGLFSDYHLSYDIDY 27
721 cagectgaagtgcaacctaagetttetgaaatgg ttggatgttttgete

QP EVQPXLSEMNMVYETALTDVILIL 29
781 aacgccactaatgaagatacatctaaaggattttttitgcteatagaagggagtagaatt

NATNEDTSKGEPFFLLTIES® GSRTI 310
841 gacatgge: saacaat togetcatgtttacgaagttatggaatacaac

DMASHNNDPIAHVYEVMEYN 33
901 agggectttgaaat: geaattgt tetetaca

RAaAFEIASAIVEIXKXNGGSLIST 35
961 tcggatcatgaaactggtggttty ttgg tatccagag

S DHETGG6LTVGROQYV SKEKYPE 37

1021 tatttat totet ttetattgaatatetegettoa
YLWKPQVLSLALHSIETYLA AS 39
1081 getateg ttgettocttata ttgttitacce
AIVNHNQNTLLPYIEQEFVL P410
1141 geaattggeattoct tgacatatacy at
Al 6I1IPDPNPEKQIHXDIVYVARH 430
1201 aatatatttaatet tagtgatattgttagtyt ttgge
NIFNLINVLSDIVSVERQILIG 45
1261 tggaccactc gotgtegatgtasacgtitatggay cact
¥ TTHGHTAVDYNVYGVEEVT 47
1321 gaacatctt at tgaat ttatyg ta
EHLRGNMENTIETFOGQFMETIVYL 490
1381 aatgtttcactaagcgatgtaactgaaasgeteaaagatgetooccatacatygtoccoca
NVS8LSDVTEEKLEXDAPTIHGRA AP 50
1441 gatcgacctagtitagt teattttecgatogtettytaggtitoggtootaat
DRPSLVETSFSDRLUVEFGAD 5
1501 ttgttttaaagccttttaatcaagattgccatasataba‘caatttagaatactctcatét

L F = 532
1561 atgetcagettatttaaategettaattatggeattoaaaticttittaay ta
1621 ttttact tttactttatttaatttceactgtgottgag: ittg
1681 cgatti: tatacatacaasaanaaaaaaaaagass

Fig. 1. The nucleotide sequence and deduced amino acid
sequence of partial cDNA encoding alkaline phosphatase from S.
pombe. The nucleotides are numbered from 5-3', and their
numbers are marked in the left margin. The numbers of amino
acids in the putative alkaline phosphatase are marked in the right
margin. The N-terminal 30 amino acids are deleted in the shown
sequence. The asterisk indicates the stop codon. A poly A tail is
underlined.

clearly demonstrates that the plausible AP gene is transcribed
and functional.

Genomic DNA The two synthetic primers (5-CCTGGATG
GTTAGGGATCCCCAA ATGTTAAT-3'; primer 2, 5-AGG

-

gatccecaaatgttaattcctgattagetactctttattocaaaagttecatttcacgtt

61 ctttgtacaataaaaatataaataatgtttaagttcatatgaacaatgaagtaaataaaa
121 caattgatcctttaatat ttaaaatgetgtettettattattattaceete
181 agaattcactgccatcataagtcatcaatgtgtettctactttaaacactgtactttatt
241 ttcaagtaacagttcagtcctttacttgtttgtttattttetgtteacaacteatttget
301 tatatatattttttttcgttaatgacaagatctcaataatagtcgaaaggtaattgeate

361 gaattttgga atgtc ttctaatattty ac
421 ttgcatttgacagtagat: gtatatat: ttttaccatcacgetatttet
481 tgtggacttggtgaattgccattctegattaacttgtgcatatactatcegatatcagat
541 ttaagatagcgaggatcgacat taatactttaaaccatgacgtcatgeaatgt
601 atggttgagetgttt ttgtactatccat tcatacgegtty
661 aaacgatctttaccctttgacatcecttcttttagagatattcaatttttaccgtttaaa

721 tagttttcaatggcatctgagcgegatcctottetgecagtgcatggegagggtccggag
M ASERDPLTLPVHGETGTPETE 17

781 ageccttctcgtagaaattggaaaactiggataaaacatggaattetgttaatectigtt
S PSRRNW®WEKTW®WIKHGILLTITLV 37

841 ttatcaaccgttatatttttttattttttctegtetcataagtecaaagggaccaatgag
LSTVIFFYFFSSHIXSK®EGTNE 57

901 aaaccaaaatttgttattatgatggtttctgacggtaagtgattggagtaagetctetea
KPXFVIMNMYVSD 68
061 taaatccgttgctotttt tttttttatattt
1021 atcttcottttttttacaatattt gactttittt t g
G M6 P E 73
1081 getetttgtotatgactagategtttgt ctaaacgat ttatagge

SLSMTRSFVETLUNDEKES GYRL 9
1141 ttcccttggatgageatttaattggeagttcacggacacgttccagttegagtttgatta
PLDEHLTIGSSRTRSSSSLIT 13
1201 cggatagtgcagecggageaaccgeattttettgtgetaataaaacctacaacggagety
DS AAGATAFSCANIKTYNSGA AV 133
1261 ttggtgttttggataatgaaaaacctigtggaactatet
6 VLDVNEEKPCEGTTILESA AAKEA AS® G 15
1321 gttacttaaccggaattgtt t tgectetttet
YLTGIVVTSRYTDATPASTFEFS I3
1381 ctgetcatgeegegaategatteatgeaagatttaattgetgagtaccaagtegggatyy
AHAANRTFMOQDLTIAETYQV 6 MG 193
1441 gacettt gttgacttattgtteggtogtggactttgtteattcttaceta
PLGRSVDLLF®SGSBGGLCSFILPZK 23
1801 aatctacttatcgatcatgtagatecgataacttggatettttgasatatgetaggaaaa
$TYRSCRSDNLDLLEXTYARZEKK 2
1561 t ttgcttaatagaactgactttgatgagetatcasacgcteaat
EG6GFQILLNRTDTPFDETLSHNAQTL 253
1621 tgectttgettggtitgtitte teteagttatgatattgattateagecty
PLLEGELFSDYHLSYDIDYOQPE 203
1681 aag ttotgaaat ttggatgttttgete
VQPEXLS$SEMVYETALDYVILLNAT 298
1741 ctaatgaagataca ca tagaattgacatgy
N EDTSKEFFLLIESSRIDMADSB
1801 cet gctcat gggcet
S HNNDPIAHVYYEVMEYHNRATF 333
1861 ttgaaa tgcatt tggagga taat teggate
EI ASAFVEKXKNGGSLISTSDH 353
1921 at gtttgactg < ta atttat
ETEGGLTVYGRQGYVYSKEKYPEYLGW® 37
1981 ggaagecgeaagtectatetettgetetocattetattgaatatetegeticagetatoy
KPOQVLSLALHESTIEYLR ASATIV 303
2041 gttgottoottatatt tttgt geaatty
NHNQNTLLPYTIE® GPFVLZPAIGESG 43
2101 geattoetgaccctaatocaaageagatteatgacatatacgtggeoceggeataatatat
I PDPEPENPEKQIHKDTIYVARHNTITF 43
2161 ttaatcttatasacgtgettagtgatattgttagtytagaageacaaattggetggaccs
NLINVLSDIVSVER AQTIGSGWT?T 45
2221 cteacggecatactgoetgtegatgtaaacgtttatggagtaggagaggteactgaacate
HGHTAVDVNVYGVGEVTEHLAJ4B

2281 ttogaggaaatatyg: tgaaat ttatggagatatacttaaatgttt
RENMENTIETIGQFMETIVYTLNVS 403
2341 g goteocatacatggt togac
L §DVTEXLIEXDAPTIHKSAPDRP B3
2401 actgtttag Lhte gtaggttteggtgetgatttgtitt
8§ LYETSPFSDRLUVGFGEADILTF * 53
2461 goeetittaatcaagat tttagaatactoteatatatgetea
2521 getratttasategettaattatgg tetttttaagtiasacetattttact
2581 tettatettttactttatttaatt gtog t ttgegattta
2641 attacaa tegcaataaagatagttaacatat
2701 ceat tattataataatattat: acgttaatatatcaaatatea

2761 caaacatategggatateats

Fig. 2. The nucleotide sequence of the Psf-BamHI insert in the
plasmid pSW20 that encodes alkaline phosphatase of S. pombe,
and the deduced amino acid sequence of the enzyme. The intron
sequence is represented in Italics. The number of nucleotides and
deduced amino acids are marked in the left and right margins,
respectively. An asterisk indicates the stop codon. The putative
polyadenylation signal is underlined.

TAATCGCGGCTGCAGTGGATGATAT-3") were used for
PCR amplification by Pyrobest® DNA polymerase (TaKaRa
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1 15 16 30 31 45 46 60 61 75 76 90 91 105
1 ———-MISPFLVLAIG TCLT---NSLVPE-- ---------———~-~ -~—-KEKDPKYWRDQ AQETLKYALE-—-- LQKLNTNVAKNVIMF LGDGMGVSTVIAARI 72
2 -—--MISPFLVLAIG TCLT---NSLVPE— — LQKLNTNVVKNVIMF LGDGMGVSTVTAARI 72
3 ----MISPFSVLAIG TCLT---NSFVPE-- ———----- —---KERDPSYWRQQ AQETLKNALK----— LQKLNTNVAKNVIMF LGDGMGVSTVTAARL 72
4 ——-MVVSVVAAAAA AGLVRAEDRYHPERL AAGEASAAT--——-- -RSAAESEASFWVRE AQEAIERREREGA-- GAKQAAGHAKNVVMF LGDGMSVPTLAAART 92
5 MHCLVILGFLLGSLYV AFSWAGVITQPPPLI RTLSAGGDIGPQFDV GKTKEPEDAEFWHNV GLRQLEKTIKQAQRV KEDSYQKKARNIIIF IGDGMGISTISAGRL 105
6 ~--~MKQSTIALALL PLLFTPVIKARTPEM P~—-~~=w-—~—-=w --VLENRAAQGDITA PGGARRLTGDQTAAL RDSLSDKPAKNIILL IGDGMGDSEITAARN 85
7 --~-MMTHTLPSEQT RLVPGSDSSSRPKKR R- —KRSKIIVSTVVCI GLLLVLVQLAFPSSF ALRSASHKKKNVIFF VIDGMGPASLSMARS 87
8 —-—MASERDPLLPV HGEG-—--PESPSRR N-~--—-—---~—~ ——-WKTWIKHGILLI LVLSTVIFFYFFSSH KSKGTNEKPKFVIMM VSDGMGPGSLSMTRS 80

xxxe *

106 120 121 135 136 150 151 165 166 180 181 195 196 210
1 LKGQ-LHHNPGEETR LEMDKFPFVALSKTY NTNAQVPDSAGTATA YLCGVKANEGTVGVS AATERSRCNTTQ--G NEVTSILRWAKDAGK SVGIVTTTRVNHATP 174
2 LKGQ-LHHNPGEETR LEMDKFPYVALSKTY NTNAQVPDSAGTATA YLCGVKANEGTVGVS AATQRTQCNTTQ--G NEVISILRWAKDSGK SVGIVTTTRVNHATP 174
3 LKGQ-LHHNTGEETR LEMDKFPFVALSKTY NTNAQVPDSAGTATA YLCGVKANEGIVGVS AATERTRCNTTQ-~G NEVISILRWAKDAGK SVGIVTTTRVNHATP 174
4 LLGQ-RRGQTGEEAS LHFEQFPTLGLAKTY CVNAQVPDSSCTATA YLCGVKANQGTPGVT AAVPRHDCEASTDVI KRVQSIAEWALADGR DVGIVTTTRITHASP 196
5 YKGQYLKHGYGEEET LVFDDFPNTGMAKTY NVDKQVPDSAGTATA IFSGSKTHYGAIGMD ATRSKKNGQQGR--— ——VQSVMEWAQKEGK RTGVVTTTRITHATP 205
6 YAEGAGGFFKGIDAL PLTGQYTHYALNKKT GKPDYVIDSAASATA -DHPTILEMAKAAGL ATGNVSTAELQDATP 178
7 FNQH-—VNDLPIDD ILTLDEHFIGSSRTR SSDSLVTDSAAGATA —-PCGTVLEAAKLAGY LTGLVVTTRITDATP 177
8 FVET----LNDKEGY RLPLDEHLIGSSRTR SSSSLITDSAAGATA FSCANKTYNGAVGVL DNEK--—---—----- -PCGTILEAAKEAGY LTGIVVTSRVIDATP 169

23 xx ¥ x X * * x ¥ x ® X

211 225 226 240 241 255 256 270 2711 285 286 300 301 315
1 SAAYAHSADRDWYSD NEMPPEALSQG-CKD IAYQLMHNIR-—DID VIMGGGRKYMYPKNK TDVEYESDE----KA RGTRLDGLDLVDIWK SFKPRYKHS-HFIWN 271
2 SAAYAHSADRDWYSD NEMPPEALSQG-CKD IAYQLMHNVR--DIE VIMGGGRKYMFPKNR TDVEYEMDE----KA RGTRLDGLNLVDIWK SFKPRHKHS-HYVHN 271
3 SARYAHSADRDWYSD NEMPPEALSQG-CKD IAYQLMHNIK-~-DID VIMGGGRKYMYPKNR TDVEYELDE----KA RGTRLDGLDLISIWK SFKPRHKHS-HYVHN 271
4 AGTFAKVANRNWEND NDVKQEGHDVNRCPD IAHQLIKMAPGNKFK VIFGGGRREFLPTTQ VDEEG--~------T RGLRTDGRNLIEEWQ NDKESQKVSYKYLWN 292
5 AATYAHIYDRDWECD TEVPAESVGFH--VD IARQLVENAPGNREN VILGGGMSPMGILNA SEVKTTIFE-GPTET ICTRGDNRNLPAEWL AHHANDTVPPALVHN 307
6 AALVAHVTSRKCYGP SATSQKCPGNALEXG GKGSITEQLLNARAD VTLGGGAKTFAETAT AGEWQGKTLREQAQA RGYQLVSDAASLNSY TEANQQKPLLGLFAD 283
7 ASFSSHVDYRWQEDL IATHQLGEYPLG—-- --—-----——-RYVD LLMGGGRSHFYPQGE KASPYG—---—-—-i H HGARKDGRDLIDEAQ SNGHQYVGD--RKNF 258
8 ASFSAHAANRFMQDL IAEYQVGMGPLG--- ------—-—--RSVD LLFGGGLCSFLPKST YRSCR——————==mr —r—=—=——— SDNLD LLKYARKKEGFQILL 240

* Xy

316 330 331 345 346 360 361 375 376 390 391 405 406 420
1 RTELLTLDPHNVDYL LGFFEPGDMQYELNR NNVTDPSLSEMVVVA IQILRKNPK------ GFFLLVEGGRIDHGH HEGKAKQALHEAVEM DRAIGHAGSLTSSE- 369
2 RTELLTLDPYGVDYL LGLFEPGDMQYELNR NSTTDPSLSEMVEIA IKILSKNPK--—--- GFFLLVEGGRIDHGH HEGKAKQALHEAVEM DQAIGRAGAMTSVE- 369
3 RTELLALDPSRVDYL LGLFEPGDMQYELNR NNLTDPSLSEMVEVA LRILTKNLK---——- GFFLLVEGGRIDHGH HEGKAKQALHEAVEM DQAIGKAGAMTSQK- 369
4 RQELLKLGSSPPDYL LGLFEGSHLQYHLEG DESTEPTLAELTDVA IRVLSRNER------ GFFLFVEGGRIDHAH HDNYAHLALDETIEM DRAVKVATDALKED- 390
5 RKDLLNVNVKKVDHL MGLFRNNHITYSIAR —EAGEPSLQEMIETA LGILERDDESN---- GFVLLVEGGRIDHGH HMNYARAALHELYEF DLAIQAAVNNTDPD- 406
6 GNMPVRWLGPKATYH GNIDKPAVICTPNPQ RNDSVPTLAQMTDKA IELLSKNEK------ GFFLQVEGASIDKQD HAANPCGQIGETVDL DEAVQRALEFAKKEG 382
7 DSLLKSHGENVILPF LGLFADNDIPFEIDR DEKEYPSLKEQVKVA LGALEKASNEDKDSN GFFLMVEGSRIDHAG HONDPASQVREVLAF DEAFQYVLEFAENSD 363
8 NRTDFDELSNAQLPL LGLFSDYHLSYDIDY QPEVQPKLSEMVETA LDVLLNATNEDT-SK GFFLLIEGSRIDMAS HNNDPIAHVYEVMEY NRAFEIASAFVEKN- 343

x5z z * XX X %3 X% z L3 z

421 435 436 450 451 465 466 480 481 495 496 510 511 525
1 —DTLTVVTADHSHVF TFGGYTPRONS---= ==~——————mmmme —m—m TFGLAPMLS-- -DTDKKPFTAILYGN GPGYKVVGG—————~ ——————-] ERENVSMV 434
2 -DTLTIVTADHSHVF TFGGYTPRGNS- ~-IFGLAPMVS—- 434
3 -DILTVVTADHSHVF TFGGYTPRGNS-—— ——IFGLAPMVS-- 434
4 -ESLYVVTADHTHVM SFNGYSPRGTD--— ~=VLGTVRSL--- -DSNRMPFMVLSYTN GPGARIQQNG---~= =—————-1 VRPDVITDA 456
5 -~ETLILVTADHSHAV TFNGYALRGAD--—— ~—ILGTANSHE-~ -KNDPMFYETISYAN GPGYWDHLANDSRPQ NSSNMWMPLKHFTAE 484
6 -NTLVIVTADHAHAS QIVAPDTKAPG—~- ~~———————-——— ———-LTQALNTK--- ———DGAVMVMSYGN S 427
7 TETVLVSTSDHETGG LVISRQVTASYPQYV WYPQVLANATHSGEF LKRKLVDFVHEHKGA SSKIENFIKHEILEK DLGIYDYTDS-——-D LETLIHLDDNANAIQ 464
8 -GGSLISTSDHETGG LTVGRQVSKKYPEYL WKPQVLSLALHS--- -IEYLASATVNHN-- ~QNTLLPYIEQFVLP AIGIPDPNPK----Q IHDIYVARHNIFNLI 436

* =%
526 540 541 555 556 570 571 585 586 600 601 615 616

1 DYAHNNYQAQSPVPL RHETHGGEDVAVESK G-———-—-] PMAHLLH GVHEQNYVPHVMAYA ACIGANLGHCAPASS AGSLAAGPLLLALAL YPLSVLE: 524
2 DYAHNNYQAQSAVPL RHETHGGEDVAVFAX G~- —PMAHLLH GVHEQNYIPHVMAYA ACIGANLDHCASASS AGGPSPGPLFLLLAL PSLGILF- 524
3 DYAHNNYQAQSAVPL RHETHGGEDVAVFAK G-~ ~PMAHLLH GVHEQNYTPHVMAYA SCIGANLDHCAWAGS GSAPSPGALLLPLAV LSLRTLF- 524
4 NFGALRWRTHIDVPL DSETHGGDDVIVFAW G-- VHHWMFS GLYEQTHVPHRMAWA ACMGPGRHVCVSAAT VPTAALLSLLLAAFI TLRHQCFL 547
5 ERAAPTYRHLEPVPR KDETHGGEDVAVFAY G-- ~PGSSLIR GVFEQNYLAYVMSYA AVWVPPRTSMIPVRI TRMGKRIGRWTNPIQ REVAPLLWEPP-- 578
6 ———mm————] EE- DSQEHTGSQLRIAAY G-------PHAANVV GLTDQIDLFYTMKAA LGLK 471
7 DKLNDMVSFRAQIGW TTHGHSAVDVNIYAY ANKKATWSYVLNNLQ GNHENTEVGQFLENF LELNLNEVTDLIRDT KHTSDFDATEIASEV QHYDEYYHELTN- 566
8 NVLSDIVSVEAQIGW TTHGHTAVDVNVYGY G---——---EVTEHMLR GNMENIEIGQFMEIY LNVSLSDVTEKLKDA PIHGAPDRPSLVETS FSDRLVGFGADLF 532

* *

Fig. 3. Amino acid sequence alignment of S. pombe alkaline phosphatase with the most similar sequences identified in the GenBank
database. Protein sequences deduced from alkaline phosphatase gene from Homo sapiens (sequence 1; Weiss et al., 1986), Felis catus
(sequence 2; Ghosh and Mullins, 1995), Mus musculus (sequence 3; Misumi ez al., 1988), Bombyx mori (sequence 4; Itoh et al., 1991),
Drosophila melanogaster (sequence 5; Yang et al., 2000), Escherichia coli (sequence 6; Bradshaw et al., 1981), Saccharomyces
cerevisiae (sequence 7; Kaneko et al., 1987) and S. pombe (sequence 8; this study, AF316541), are indicated by a standard single letter
notation. Asterisks indicate the identical amino acids in the compared alkaline phosphatases.

Shuzo Co., Ltd., Japan). The amplified fragment contains PsfI
and BamHI restriction sites. The two primers were designed to
amplify the AP coding region and 729 bp upstream sequence,
which should contain sufficient region for transcriptional
regulation. The amplified DNA product was identified and
purified from an agarose gel electrophoresis, and then
completely digested with Psil and BamHI. The digested PCR
product was ligated into the Psfl/BamHI site of the E. coli-
yeast shuttle vector pRS315 to generate plasmid pSW20.
Plasmid pSW20 contains a 2,800 bp insert. To determine the
nucleotide sequence, two subclones were constructed using
the unique Hindlll site within the insert of plasmid pSW20.
Plasmid pSW21 contains the Psf-HindIll fragment, whereas
plasmid pSW22 contains the HindllI-BamHI fragment.
Plasmid DNAs pSW21 and pSW22 were purified using the

Spin Minipreps DNA Purification System (Core-Bio System,
Ltd., Korea), and subjected to automated sequencing. The
nucleotide sequence of the S. pombe AP gene was submitted
to the GenBank under the accession number AF316541. The
2,797 bp sequence of the cloned AP gene is shown in Fig. 2.
The coding region contains an intron. One putative
polyadenylation signal is found at the downstream. The
unique open-reading frame encodes a protein of 532 amino
acids with a calculated mass of 58,666 daltons. The isoelectric
point of the putative AP is 5.29. The computer analysis gave a
sequence alignment of the S. pombe AP with other APs (Fig.
3). It is homologous with APs from S. cerevisiae, Homo
sapiens, Felis catus, Mus musculus, Bombyx mori, Drosophila
melanogaster and Escherichia coli. Homologous regions are
more concentrated in the middle region. The amino acid



266 Sung-Won Kang et al.

Table 1. Amino acid composition of alkaline phosphatase from
S. pombe

class amino acid single letter number  percentage
Arg R 21 3.9%
Positive His H 17 3.2%
Lys K 23 4.3%
. Asp D 30 5.6%.
Negative ) E 34 6.4%
Asn N 27 5.1%
Cys C 4 0.8%
Gln Q 13 2.4%
Polar Met M 12 2.3%
Ser S 49 9.2%
Thr T 29 5.5%
Ala . A 35 6.6%
Gly G 40 7.5%
N | Ile I 32 6.0%
OpORL ey L 57 10.7%
Pro P 25 4.7%
Vai \% 37 7.0%
Phe F 24 4.5%
Aromatic Trp w 4 0.8%
Tyr Y 19 3.6%

TOTAL 532

Score

-

Pt 1

cbela b badatata by ba o badada b (b Vol
028 40 69 80 100 120 160 160 180 200 220 246 260 289 00 320 Y 60 200 400 420 440 46i 480 20 20

Totytalatal

Position
Fig. 4. Hydropathic profile of the amino acid sequence of

alkaline phosphatase from S. pombe. It was analyzed using the
Kyte-Doolittle method.

composition of the S. pombe AP is shown in Table 1. It is rich
in leucine and serine. Its hydropathic profile is shown in Fig.
4. Hydrophobic regions are relatively prevalent, and
hydrophobic and hydrophilic regions are alternatively
positioned. When the phylogenic relationship was analyzed
using PROTPARS, the S. pombe AP was very close to that of
S. cerevisiae (Fig. 5). Their similarity has already been
confirmed from sequence comparisons (Fig. 3).

Expression Plasmid pSW20 was transformed into S. pombe

S. cerevisiae
— l— S. pombe

Homo sapiens

Felis catus

Mus musculus

Bombyx mori

D. melanogaster

Escherichia coli
Fig. 5. Phylogeny of S. pombe alkaline phosphatase.

Specific Activity

pRS315 pPSW20

Fig. 6. Expression of the cloned alkaline phosphatase gene in S.
pombe KP1 (h* leul-32 ura4-294). Alkaline phosphatase activity
was assayed as previously described (Harb ef al., 1991). Plasmid
pSW20 harbors the cloned S. pombe alkaline phosphatase gene
in the shuttle vector pRS315. The specific activity was
represented by AA,/min/mg protein.

KP1 (h* leul-32 ura4-294). The yeast transformant was
grown in minimal medium, and harvested at the exponential
phase. Cell extracts were prepared from the yeast cultures, and
used for an assay of AP activity. Yeast cells containing
plasmid pSW20 showed much higher activity compared with
the control cells (Fig. 6). This unambiguously demonstrates
that the cloned S. pombe AP gene can produce functional AP.
In the present communication, S. pombe AP c¢DNA and
genomic DNA were isolated for the first time: The isolated
genomic DNA was able to produce AP activity in S. pombe.
However, its physiological role remains to be solved. Its
purification and a regulation study would aid in elucidating
the cellular function of the cloned AP. The fission yeast S.
pombe would contain other kinds of APs. Further approaches
will answer various questions on S. pombe AP.
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