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Abstract

Background: The 26S proteasome is the proteolytic machinery of the ubiquitin-dependent
proteolytic system responsible for most of the regulated intracellular protein degradation in
eukaryotic cells. Previously, we demonstrated meiotic cell cycle dependent phosphorylation of a4
subunit of the 26S proteasome. In this study, we analyzed the changes in the spotting pattern
separated by 2-D gel electrophoresis of o subunits during Xenopus oocyte maturation.

Results: We identified cDNA for three a-type subunits (al, a5 and a6) of Xenopus, then prepared
antibodies specific for five subunits (al, a3, a5, a6, and 7). With these antibodies and previously
described monoclonal antibodies for subunits a2 and a4, modifications to all a-type subunits of the
26S proteasome during Xenopus meiotic maturation were examined by 2D-PAGE. More than one
spot for all subunits except a7 was identified. Immunoblot analysis of 26S proteasomes purified
from immature and mature oocytes showed a difference in the blots of a2 and a4, with an
additional spot detected in the 26S proteasome from immature oocytes (in G2-phase).

Conclusions: Six of a-type subunits of the Xenopus 26S proteasome are modified in Xenopus
immature oocytes and two subunits (a2 and a4) are modified meiotic cell cycle-dependently.

Background

Eukaryotic cells, from yeast to human, contain large non-
lysosomal proteases called proteasomes [1]. The 26S pro-
teasome is part of the ubiquitin-dependent proteolytic
system, which regulates proteins through a mechanism of
selective degradation [2-4]. The 26S proteasome is com-
posed of a 20S proteasome as a catalytic core and regula-
tory particles at either end. The subunits of the 20S
proteasome subunits can be classified into two families, a

and B. In eukaryotes, the 20S proteasome contains seven
a-type subunits and seven fB-type subunits. The fourteen
kinds of subunits are arranged in four rings of seven sub-
units and form an a7B7pB7a7 structure [5].

Fully grown frog oocytes arrest in the late G2 phase of
meiosis. Maturation-inducing hormone (MIH) acts on
the oocytes, inducing final maturation and triggering ger-
minal vesicle breakdown (GVBD), and the oocytes arrest
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again at the second meiotic metaphase until fertilization.
The proteasomes are thought to be involved in regulating
the maturation and fertilization of oocytes [6,7]. Previ-
ously we identified the proteasomal subunit modified
during oocyte maturation in Xenopus and goldfish as a 4
[8,9]. In the present study, we cloned three unidentified a.-
type subunits of Xenopus and prepared antibodies for a
total of five subunits. Using a set of specific antibodies, we
analyzed changes in all o subunits composing the 26S
proteasome during the meiotic cell cycle. We demon-
strated that 6 of the subunits exist as a heterogeneous pop-
ulation in frog oocytes and identified another subunit in
addition to a4 which was modified meiotic cell cycle
dependently.

Results and discussion

Isolation and characterization of cDNA clones

A BLAST search of the Xenopus EST database was con-
ducted using known proteasomal subunit oo cDNAs. From
the data for each subunit, full-length ORFs were obtained
by PCR. The amplified cDNAs were 741, 726 and 786 bp
long. The clones encode proteins of 246, 241 and 261
amino acid residues with a predicted molecular mass of
27463, 26402 and 29327 daltons, respectively (Fig. 1).
Comparison of the amino acid sequence revealed that
these molecules are highly homologous to the a1, a5 and
a6 subunits in humans (overall identity 91.5-95.4%)
[10,11], Drosophila (53.2-69.1%) [12,13] and yeast
(53.2-61.7%) [14-16] (Fig. 2). Thus, we concluded that
the cDNAs isolated in this study encode the a1, a5 and a6
subunits of the Xenopus 20S proteasome. We named these
clones a1_xl, a5_xl and a6_xI (a1, a5 and a.6 subunits of
Xenopus laevis) according to a systematic nomenclature
[5]. Figure 2 represents a comparison of amino acid
sequences predicted from cDNA sequences of a-type sub-
units of the Xenopus 20S proteasome. Overall identity
between the subunits was 25.1-38.4 %. A consensus
sequence for a-type proteasomal subunits was conserved.
Interestingly, a conserved sequence for B-type proteaso-
mal subunits was found in the a3 subunit [17].

Comparison of proteasomes purified from immature and
mature oocytes

Polyclonal antibodies specific for five subunits (a1, a3,
a5, a6, and a7) were raised against purified recombinant
proteins. The specificity of the antibodies was examined
by immunoblotting with the cytosol fraction and the puri-
fied 26S proteasome (Fig. 3). Each antibody preparation
displayed a specific reaction for different polypeptides in
both samples. Recombinant proteins from the cDNAs
clearly cross-reacted with each antibody (data not
shown). Thus, specific antibodies for each subunit were
prepared. With these antibodies and previously described
monoclonal antibodies for subunits a2 and o4 [18],
changes to all a-type subunits during Xenopus meiotic
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maturation were analyzed. The modifications were dem-
onstrated by 2D-PAGE (Fig. 4). The a7 subunit antibodies
gave a single spot but all of the other antisera produced
more than one spot, suggesting that the a1-a.6 subunits
undergo some type of modification in oocytes of Xenopus
as demonstrated in other species [19,20]. A difference in
the spots between the 26S proteasome from immature
and mature oocytes was detected in the blots of subunits
02 and a4. In blots of a2 and a4, only a major spot was
detected in the 26S proteasome from mature oocytes (in
M-phase). It is suggested that the a4 subunit is phospho-
rylated in immature oocytes and dephosphorylated in
mature oocytes [8]. Likewise, it is speculated that part of
the o2 subunit is phosphorylated in interphase and
dephosphorylated in metaphase. These results suggest
that the subunits of 26S proteasomes are changed by mei-
otic cell cycle-dependent modifications. It can be specu-
lated that these modifications are involved in the
regulation of the meiotic cell cycle.

The modification of proteasomal subunits and factors
interacting with proteasomes may be involved in the reg-
ulation of proteasome function [21]. By two-dimensional
polyacrylamide gel electrophoresis, up to 20 different
polypeptides were separated from the 20S proteasome
which was shown to be composed of 14 gene products
[22]. Furthermore, changes in proteasomal subunit com-
position under different physiological conditions and the
likely existence of a different subpopulation of proteas-
omes have been reported [12,23]. All these results suggest
that the subunit composition of proteasomes, and likely
their activity, is under complex control in vivo. Some of
these changes may be due to post-translational modifica-
tions of the proteasomal subunits. Regarding protein
modification, there have been several reports about the
phosphorylation of proteasomal subunits. Phosphor-
ylated proteasomal subunits were detected in crude prep-
arations from cultured Drosophila cells [22]. Several
subunits of the 208 proteasome could be phosphorylated
in vitro by a cyclic AMP-dependent protein kinase copuri-
fying with the bovine pituitary 20S proteasome [24].
Castano et al. [25] (1996) identified the CKII phosphor-
ylating subunit and its phosphorylation sites as the C8
component (a7 subunit) and serine-243 and serine-250,
respectively. CKII was also reported to phosphorylate the
C2 component (a6 subunit) in rice [26]. The phosphor-
ylation of subunits in the 26S proteasome in vivo was
investigated using cultured human cells. Mason et al. [27]
(1996) showed the phosphorylated subunits to be the C8
(a7 subunit) and C9 (a3 subunit) components in the 20S
core, and the S4 (Rpt2p) subunit and several other com-
ponents in regulatory particles [28]. Recent approaches
have revealed post-translational modifications to many of
the subunits. In the yeast 20S proteasome, the a.2- and a4-
subunits are phosphorylated at either a serine or
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A CaMKI
Xenopus a1_xI MS--- RGSSAGFORA
Human I1OTA .. ---. .. ... ).,
Drosophila al_dm ..---........}...
Yeast PRS2 ..GAAAA A..Y.| ...
Xenopus a1 _x/ DKLLDSNTVTHLFRI TENI GCVMT GMTADSRSQVQRARYEAANVWKYKYGYEI PVDMLCKR 117
Human I0TA ...... S...... KN .. B8 ... 0.0 8 .-.-.....008 .. e BAN .} 117
Drosophil a a1 _dm E.NIVPE......... KD...A...R........ KG. ..... FR ..... M..V..R 117
Yeast PRS2 ..... PT..SYI.C.SRT.. M VN. Pl P. A NAAL. . KA. .. EFR. .. .. DM C. V. A.. 120
Xenopus a1_x! MADI SQVYTQNAEMRPLGCCM LI G\/DEEHGPCI\/FKCDPAGYYCGFKATTAGVKQTEAT 177
Human FOTA |t looe QoY A s.| 177
Drosophila atl_dm V... T ... ... SV..AY.NI..S.Y.T. ... FS. . CSVATL 177
Yeast PRS2 .. LR Y VILTFVS. .. .L..SIY.T...... V.Y...AT.P..Ql.Jr 180
CKII
Xenopus at_xl KVKK- KLDWI'YEQTLETAI - SCLSTVL- SI DFKPSEL EVAVVTVQDPKFKVLTEAE 234
Human | OTA s FLLUFL Ve T S 1..G...EN...RI..... 234
Drosophila a1_dm Y..|.Y---.PNLSE. KAl QL. LS.L-ALL L NGl .1G. . SKS..T.RI.D. R 232
Yeast PRS2 N..NHF..S.I.HI N ESW KVVEFAI THM DALGTEF. KNDLE. GVATKD. . FT. SAEN 240
Xenopus a1_xI | DTHLVALAERD 246
Human 1OTA .. A ........ 246
Drosophila a1_dm .EE..TKI..K. 244
Yeast PRS2 .EER...l1..Q 252
B CKH CKII cAMP/GMP
Xenopus a5_ x| ML
Human ZETA
Drosophil a PSMA5
Yeast PUP2
aMR 1T
Xenopus a5_ x| PSSI EKI VEI DAHI GCAMSGLI ADAKTLT ARVETQNHV\FTYNETMTVESVTQ/-\VSNLA 120
Human ZETA oot o 120
Drosophila PSMA5 120
Yeast PUP2 SD. 120
Xenopus a5_ x| LQFGE- EDAD- PGANSRPFGVALLFGGADEKGP QLFHVDPSGTFVQCDARAI GSASHGA 177
Human ZETA ..... . A R 4
Drosophila PSMA5 | . .. 179
Yeast PUP2 .R... 179
Xenopus a5_ x|  QSSLQEVYHKSMTLKER 237
Human ZETA .. .... o QN . 237
Drosophila PSMA5 . QN..DLFRPDL|.D.}.DI..NT.......... S..V.VM MTKERE. Y. FT... V. QH 239
Yeast PUP2 . AE.LNEW S. L|... | DEN. AQ SC. TKQDG. Kl . DN. KTA. L 239
Xenopus a5_x/ 1KDI-- 241
Human ZETA ... . --- 241
Drosophila PSMA5 .. N. A 244
Yeast PUP2 ..ELK. KEAAESPEEADVENS 260
C
Xenopus @6_ xI MFRNQYDNDVTVWSPQGRI HQI EYAMEAVKQGSATVGL KSKTHAVL VALKRAQSELAAHQ 60
Human (el § Ramm f WY S0 T e . 60
Drosophila PROS-DM35 .. . .. .. sH.. BB [V L.Too.... N.DY...... CKPT. .. SDT. 60
Yeast PRES5 NG TVIF..T..LF.V...L..l....V....RN.......... NAD. . SSY. 60
Xenopus a6_ x| KKI LNVDNHVG SI AGLTADARLLCNFNRQECLDSRFVFDRPLPVSRLVSQI GSKTQ PT 120
Human H2 M HEREEREE R B R - - BR L. BRI 120
Drosophila PROS-DM35 R..IPI.D.L............ V. SRYL. S. .. NYKHSY. TTY. .. .. ITNL. N.M TT. 120
Yeast PRE5 .. IKC.E.ML.L...AP...V.S.YL..Q NY.SL..N. K. A E.AGHLLCD. A. KN. 120
CKII
Xenopus »_ x| QRYGRRPYGVGLL| AGYDDMGPHI FQTCPSANYFDCRAMS| GARPQSAR 180
Human 2 00 P N AN ... 180
Drosophila CER....Y.VT...TF.N.K. N. .. 180
Yeast .KS. A LLEFQ . G VTELYGTA. . . . 179
Xenopus a@6_ x| DCNLNELVKHGLHALRETLPA- EQDL- TTK- NVSI Gl VGKDTEFTI YDDDDVAPFLE- GL 236
Human HC2 E........... [/ A N S. 236
Drosophila PROS-DnB5 . SSKD. IR .IR ILG. . TD GKDAGQYDI TVA. . ... QP. .. LSNK. S. KH\/AI AK 240
Yeast PRE5 | KI DGNPDEL- | K. GV. Al SQSLR. ESL. VD. L. . A. . . . . . P...-Y.GE-.VAKYl -- 234
Xenopus a@6_ x| E- ER- PQRKTAP- - SADEPVEKQEEPME- H- - - - - - - - - 261
Human HC2 .- .. CAQAQP. . A L AD. .- e 263
Drosophila PROS- D35 NDNDTP NDDDDDRPSP. E. PAAG. RDPEV VATEQRP 279
Yeast PRES - - - e e e eeemeaan

Figure |

Amino acid sequence comparison of the Xenopus, human, Drosophila, and Yeast al, o5 and 0.6 proteasome
subunits. Amino acid sequence comparisons of al (A), a5 (B) and a6 (C) proteasome subunits are indicated. Matched
sequences are boxed. Consensus sequences for calcium/calmodulin-dependent kinase Il (CaMKIl), cAMP/cGMP-dependent
kinase (cAMP/cGMP), casein kinase Il (CKIl) and Ca?*-dependent kinase (PKC) are indicated. The numbers refer to the amino
acid position at the end of each line.
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al_xI MSRGSSAQFDRHITIFSPEGRLYQVEYAFKAIINQGGLTSVAVRGKDCAVVVTQRKVPDKL 60
XC3 (a@2_xI)  ---MAER.[YSFSL.T...S.K.V.I...LA.VAA.APSVGIKATNGVVLATEKKQKSIL- 56
9 (a3_xI) === RRY.SRT............... ME .|. GHA. TQLGILANDGVLLAAER.NIHKL. 56
ad_xI-A  ------ MYY..A..V...D.H.F..... QE .VKK.STAVGVRGKEIVVLG.EKKS.AKL- 53
a5_xI .F-LTRSHY..GUNT....... Foo... TE.|.KL.STAIGIQTAEGVCLA.EK.ITSPLM 59
a6_x1 ---MFRNQY.NDV.VW..Q..IH.I...ME.VK..SA.VGLKSKTHAVL .ALK.AQSELA 57
XC8 (a7_xI)  ..-SIGT.[Y.LSAST...D..VF..... A..VENSS-.AISI.C..GV.FGVEKL.LS.. 58
al xI LDSNTVTHLFRITENIGCVMTGMTADSRSQVQRAR--YE---AANWKYKYGYEIPVDMLC 115
XC3 (a2_xI)  Y.EQSAHKVEP..KH..M.YS..GP.Y.VL.R...KLAQ-QYYLVYQEPIPTAQL.QR-V 114
(9 (@3.xI) D.VFFSEKTIYKLNDDMA.SVA.TI.S.ANVLTNEL.LIAQRYLLQYQEPIPCEQLVTALCD 116
@4_xI-A Q.ER..RKICALD..VFMAFA.L...A.IVIN...VECQ-SHRLTVEDPV-TVEYITRYI 111
a5_x1 EP.SI-EKIVE.DAH...A.S.LI..AKTLIDK..VETQNHWFTYNETMTVESVTQAVSN 118
a6_x1 AHQKKILNVDNHVGISIAGL .ADAR-LLCNFM.QECLDSRFVFDRPLPVSRLVSQIGSKT 116
XC8 (a@7_xI)  YEEGSNKRI.NVDRHV.MAVA.LL..A..LADI..--E.---.S.FRAN...D..LKH.S 113
ol xI KRMADISQVYTQNAEMRPLGCCMILIGVDEEHGPQVFKCDPAGYYCGFKATTAG--VKQT 173
XC3 (@2_xI)  ASVMQEYTQ-SGG--V..F.VSLLIA.W.-.GR.YL.QS..S.A.FAW...AM.KNYVNG 170
9 (a3.xI) IKQ.Y----TQFGG-K..F.VSLLY..W.KHY.F.LYQS..S.N.G.W...CI.NNSAAA 171
a@4_xI-A  ASLKQRYTQ-SNG--R..F.ISALIV.F.FDGT.RLYQT..S.T.HAW..NAI.RGA.SV 168
a5_xI LALQFGEEDADPG.MS. .F.VALLFG.A..K-...L.HM..S.TFVQCD.RAI.SASEGA 177
a6_x1 QIPTQRYGRRPYGVGLLIA.-YDDMGPHIFQTC.SANYF.CRA-MSIGARPQSARTYLER 174
XC8 (@7_xI) D.V.MYAHA..LYSAV..F..SFM.GSYN.DD.A.LYMV..S.ISY.YWGCAI.---.AK 170
al_xI EATSFLEKKVKKKLDWTYEQTLETAISCLSTVL-SIDFKPSELEVA-VVTVQDPKFKVLT 231
XC3 (@2_xI)  KTFLEKRY-NEDLELEDAIH.AILTLKESFE-GQMTEDNIEVGI-CNEAGFKRLTPAEVK 227
(9 (@3_xI)  VSMLKQDY.EGGMTLKSALALAVKVLNKTMD.SKLSAE.VELATLTRENGKTKIRVLQQK 231
@4_x1-A REFLEKHY-TDE-AIE.DDL.IKLV.KA.LE.VQ.GGKNIELAVMRRDQPLKILNPEEIE 226
a5_xI QSSLQEVYHK-SMTLKEAIKSSL . ILKQVME-EKLNATNIELATI--EPGK-KFHMYCKE 232
@6_xI HMSE . .DCNLNELVKHGLHALR. .LPAEQDLTTKNVSIGIVGKDTEFTIYDD.DVAPF.E 234
XC8 (a7_xI)  Q.AKTEIE.LQM.-EL.CRDVVKEVAKIIYI.HDEVKD.SF...LSW.GKITNG.HEIVP 229
al_xl EAEIDTHLVALAERD------—-——————- 246
XC3 (aZ_xI) DYLAATA-------mmmmmm e 234
€9 (a3_xI) .V.ELIK.HEEE.AKI.REKKDKEQKEKDK 261
@4_x1-A RYVAEIEKEKEENEK-KKQKKTT------- 248
a5_x1 L. EVIK-DI-----mmmmmmmmme o 241
a@b_x1 GL.ERPQRKTAPSA.EPVEKQEEPMEH--- 261
XC8 (a7_xI)  K-D.REEAEKY.KES..EEDDSDDDNM--- 255
Figure 2

Amino acid sequence comparison of the Xenopus proteasomal o subunits. Matched sequences are boxed. The pro-
teasomal a-type and B-type signatures were detemined by using the 'PROSITE' database [17] and are boxed. The numbers
refer to the amino acid position at the end of each line.

threonine residue, and the a7-subunit is phosphorylated
at tyrosine residue(s) [20]. In the human 20S proteasome,
more than two spots were identified in all a-type subunits
except a5 and phosphorylation of the a7-subunit at ser-
ine-250 was revealed [19]. However the sites and kinases
responsible for the phosphorylation of the a2 and a4 sub-

units of the 20S proteasome have yet to be demonstrated.
The modification of these proteins is one possible mech-
anism regulating the functions of the 26S proteasome dur-
ing the meiotic cell cycle. Consensus sequences for
phosphorylation sites are conserved in these subunits
[8,29]. Cyclic-AMP dependent protein kinase is responsi-
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Figure 3

Immunoblotting of the cytosol fraction and purified 26S proteasome. The cytosol fraction and purified 26S proteas-
ome were electrophoresed under denaturing conditions (10.0% gel) and stained with Coomassie Brilliant Blue (CBBR), or

immunostained with antibodies for o subunits of the 20S proteasome. Lanes cyt and 26S indicate the cytosol fraction and the
26S proteasome from immature oocytes, respectively. Molecular masses of standard proteins are indicated at the left. Protein

bands of each subunit are indicated by arrows.

ble for the G2/M and metaphase/anaphase transitions
[30]. Calcium/calmodulin-dependent protein kinase II is
shown to be involved in the exit from metaphase II arrest
at fertilization in Xenopus [31]. It can be hypothesized that
these kinases are involved in the regulation of 268 protea-
some activity. The identification of kinases and the phos-
phorylation sites of the a2 and a4 subunits may reveal
how the modification of proteasomal subunits is involved
in controlling the cell cycle. Currently, we have identified
one of the protein kinase for a4 subunit as Casein Kina-
sela [32]. Possible regulation of 26S proteasome activity
by this kinase is under investigation.

Recently, alternative subunits of proteasomes have been
identified. In Drosophila where alternative a-type, B-type
and 19S cap subunits are expressed from separate genes
during spermatogenesis [33] and in Arabidopsis and rice
where alternative isoforms of most proteasome subunits
are differentially expressed from separate genes during
development [34,35]. There are also examples of alterna-
tive B-type subunits in mammals (e.g., y-interferon induc-
ible "immunoproteasome" subunits B1i, f2i and B5i)
[36]. Alternative subunits have yet to be identified in
Xenopus, there is a possibility that the changes in the spots

identified in this study may derive from differential
expression of alternative subunits from paralogous genes.

Conclusions
(1) cDNAs for three a-type proteasome subunits (a1_xI,
a5_xl and a6_xl) of X. laevis were identified.

(2) Six subunits but not a7_XL are modified in immature
oocytes in X. laevis.

(2) a2, a4_XLs are modified during the meiotic cell cycle
in X. laevis.

Methods

Purification of proteasomes

Frogs (Xenopus laevis) were purchased from Jo-hoku Seib-
utsu Kyozai (Shizuoka, Japan) and maintained till used.
26S proteasomes were purified from immature oocytes
and ovulated oocytes as described [37].

Electrophoresis and immunoblotting

SDS-PAGE was carried out according to the method of
Laemmli [38] (1970). 2D-PAGE (first dimension,
NEPHGE; second dimension, SDS-PAGE) was carried out
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Figure 4
2D-PAGE analysis of 26S proteasomes from immature and mature oocytes. The 26S proteasomes from immature

() and mature (M) oocytes were subjected to 2D-PAGE followed by immunostaining with polyclonal antibodies against each of
the Xenopus 20S proteasome subunits as indicated. The spots detected by each antibody are represented at high magnification
and indicated by arrows. The spots differing between immature and mature oocytes are indicated by asterisks.
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as described by O'Farrell et al. [39] (1977) using a precast
polyacrylamide gel for NEPHGE (Immobiline Dry Strip
pH3-10NL and pH6-11L for a4 subunit, Amersham bio-
sciences) as reported [8]. Electroblotting and detection
using antibodies were conducted as described [18].

cDNA cloning and sequencing

Identification and sequence analysis of cDNAs. A BLAST
search of the Xenopus EST database was conducted using
known proteasomal subunit o ¢cDNAs. From the data
obtained for each subunit, independent sequences were
linked and the full-length ORF sequences were elimi-
nated(a1l: BG347128 and CB558360, a5: BQ398972 and
BJ043946, a6: BJ072624 and BJ091555). The specific
primers for amplification of the full-length ORF were a.1:
5'-GGAATTCCATATGTCTCGGGGATCTAGCGCG-3' and
5'-CCGCTCGAGGTCACGCTCAGCTAGTGCAAC-3', a5:
5'-GGAATTCCATATGTTCCTAACCCGCTCCGAG-3' and
5'-CCGCTCGAGGATGTCCITAATAACTITCCTC-3', and
06: 5'-GGAATTCCATATGTTTCGCAATCAGTATG-3' and
5'-CCGCTCGAGGTGCTCCATAGGCTCCTCCTGC-3'), in
which EcoRI (5'end) and Xhol (3'end) recognition
sequence was added for cloning to the vector pET21a
(Novagen). PCR was carried out using KOD DNA
polymerase (TOYOBO) or LA tag DNA polymerase
(TaKaRa), with Xenopus ovarian cDNA as a template, and
the product was cloned to pET21a. The DNA sequencing
was performed using a 377A DNA sequencer (Applied
Biosystems). The sequences that include the full-length
OREF identified here were deposited into GenBank (acces-
sion nos. AB164677, AB164678 and AB164679 for a1 _xl,
a5_xl and a6_xl, respectively). Pairwise comparisons of
sequence homology were conducted using the Genetyx-
Mac ver.12 computer program (Software Development,
Tokyo, Japan).

Production of recombinant proteins and preparation of
antibodies

The recombinant proteins were produced in E. coli BL21
(LysE) and purified by SDS-PAGE as described [6]. Poly-
clonal antibodies specific for each subunit were raised
against purified recombinant proteins according to a pro-
cedure described before using guinea pigs [40]. Anti
serums, which recognize the bands of each subunit, were
obtained.

Abbreviations

bp, base pair; BLAST, basic local alignment search tool;
cDNA, DNA complementary to RNA; EST, expressed
sequence tags; kDa, kilodalton; NEPHGE, non-equilib-
rium pH gradient gel electrophoresis; PCR, polymerase
chain reaction; SDS-PAGE SDS-polyacrylamide gel elec-
trophoresis; 2D-PAGE, two-dimensional-PAGE.
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