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Apparent Mitochondrial Asymmetry
in Xenopus Eggs
Natalia Volodina, James M. Denegre, and Kimberly L. Mowry*

Cell polarity is manifest along the animal/vegetal axis in eggs of the frog, Xenopus laevis. Along this axis, maternal
cytoplasmic components are asymmetrically distributed and are thought to underlie specification of distinct cell
fates. To ascertain the molecular identities of such cytoplasmic components, we have used a monoclonal antibody
that specifically stains the vegetal hemisphere of Xenopus eggs. The antigenic protein Vp67 (vegetal protein of 67
kDa) was identified through purification and cloning as a Xenopus homolog of the mitochondrial protein
dihydrolipoamide acetyltransferase, a component of the pyruvate dehydrogenase complex. The identification of Vp67
as a mitochondrial protein could indicate that populations of mitochondria are asymmetrically distributed in Xenopus
eggs. Developmental Dynamics 226:654–662, 2003. © 2003 Wiley-Liss, Inc.
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INTRODUCTION

Restricted spatial distribution of cyto-
plasmic components within oocytes
and eggs can be the basis for the
development of morphological polar-
ity in embryos. For example, the veg-
etal cortex of Xenopus oocytes and
eggs harbors maternal determinants
implicated in germ layer specifica-
tion, dorsoventral axis specification,
and germline determination (re-
viewed in Chan and Etkin, 2001). After
fertilization, such cytoplasmic deter-
minants are differentially distributed
among the cleavage cells, resulting in
specification of cell fates and estab-
lishment of the embryonic axes (re-
viewed in Chan and Etkin, 2001).
Thus, the identities of asymmetrically
distributed maternal components
has been of significant interest.

In Xenopus eggs and oocytes, po-
larity along the animal/vegetal (AV)
axis is evident by the asymmetric dis-
tribution of cytoplasmic compo-
nents, including proteins, mRNAs,
and organelles (reviewed in Da-
nilchik and Gerhart, 1987; Gard,
1995; Chang et al., 1999; Mowry and
Cote, 1999; Wylie, 1999). One of the
first manifestations of polarity in the
developing Xenopus oocyte is the
presence of a mitochondrial cloud
within the vegetal hemisphere of im-
mature (stage I; Dumont, 1972) oo-
cytes (Heasman et al., 1984). Subse-
quently, dynamic reorganization of
the cytoskeleton (Gard, 1999) and
localization of specific mRNAs and
protein (reviewed in Mowry and
Cote, 1999) occur during defined
periods during growth of the oocyte,

resulting in molecular asymmetry
along the AV axis of the fully grown
oocyte. By the end of oogenesis, po-
larity is also externally evident, with
pigment restricted to the animal
hemisphere and yolk platelets being
larger and more abundant in the
vegetal hemisphere (Danilchik and
Gerhart, 1987). Importantly, the AV
axis represents an axis of develop-
mental polarity, such that embry-
onic cell fates along this axis are dis-
tinct (reviewed in Chan and Etkin,
2001).

To identify and characterize pro-
teins that may be asymmetrically
distributed along the AV axis of Xe-
nopus eggs, we previously gener-
ated monoclonal antibodies against
epitopes enriched in the vegetal
hemisphere of Xenopus eggs by the
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proteomics technique of subtractive
immunization (Denegre et al., 1997).
These antibodies demonstrated a
strong polarity in the cortex of the
fertilized egg; immunofluorescent
confocal microscopy revealed stain-
ing confined to the vegetal cortical
and subcortical region, with no stain-
ing observed in the animal hemi-
sphere cortex (Denegre et al., 1997).
In the current study, one of these
antibodies was used to purify the
recognized antigenic protein, Vp67
(vegetal protein of 67 kDa). Purifica-
tion and cloning reveals Vp67 to be
a Xenopus homolog of the mito-
chondrial protein dihydrolipoamide
acetyltransferase, the E2 compo-
nent of the pyruvate dehydroge-
nase complex (PDC-E2).

RESULTS

Asymmetric distribution of protein
antigens along the AV axis of Xeno-

pus eggs was observed using anti-
bodies developed by Denegre et al.
(1997). In that study, indirect immu-
nofluorescence analysis showed the
protein antigens to be restricted to
the vegetal hemisphere of the egg
(Denegre et al., 1997). Here, we
have focused on one of these anti-
bodies (D5-5G7), which recognizes a
protein antigen of approximately 67
kDa from Xenopus oocytes and
eggs, as determined by Western blot
analysis (Denegre et al., 1997; Fig. 1,
lanes 1, 3). We set out to isolate,
identify, and characterize this pro-
tein antigen, Vp67, by using oocytes
instead of fertilized eggs as the pro-
tein source, owing to the relative
ease in obtaining large amounts of
starting material. As a first step to-
ward identification of Vp67, we
asked whether the protein was con-
served among various species. In-
deed, we found that the anti-Vp67

monoclonal antibody recognizes
proteins from several different or-
ganisms, including human (Fig. 1,
lane 2) and Drosophila melano-
gaster (lane 4). Moreover, the ap-
parent molecular mass of human
protein recognized by anti-Vp67 an-
tibody, is similar to that of Xenopus
Vp67 (Fig. 1, lanes 1–3). These results
suggest that Vp67 protein may be
well conserved, particularly among
vertebrates.

Subcellular Distribution of Vp67

To determine the subcellular distribu-
tion of the Vp67 protein, we fraction-
ated Xenopus oocytes and used
Western blot analysis with anti-Vp67
antibody to monitor the presence of
the Vp67 protein. Crude oocyte ho-
mogenates were first centrifuged at
16,000 � g, followed by centrifuga-
tion of the supernatant at 100,000 �
g. The resulting pellet (P) and super-
natant (S) fractions contain crude
preparations of membrane and sol-
uble proteins, respectively. As shown
in Figure 2 (lanes 1, 2), Vp67 protein is
predominantly present in the mem-
brane fraction (P, lane 1). To deter-
mine whether Vp67 might be a
peripheral or integral membrane
protein, we used high salt treatment
(as in Thomas and McNamee, 1990).
We treated the oocyte membrane
pellet (P) with 1 M KCl followed by
centrifugation at 100,000 � g. Vp67
was not solubilized by this treatment
(Fig. 2, lanes 3, 4) and remained in
the pellet fraction (PK, lane 3). These
results indicate that Vp67 is either an
integral membrane protein or is con-
tained within a membrane-bound
organelle.

Purification of Vp67

To extract Vp67 from the membrane
fraction for purification, we tested a
variety of detergents, including non-
ionic, zwitterionic, and ionic deter-
gents. Vp67 protein was efficiently
extracted from the pellet by anionic
detergents such as sodium deoxy-
cholate or sodium cholate (data not
shown). Of the nondenaturing de-
tergents tested, only two (MEGA-9
and Empigen BB) were capable of
extracting Vp67 from the membrane
fraction. Most, however, were not ef-
fective in solubilizing Vp67, as shown

Fig. 1. Western blot analysis of Vp67 in Xenopus (Xl), Drosophila (Dm), and human (Hs)
cells. Total protein homogenates of Xenopus eggs (lane 1), human HL-60 cells (lane 2),
Xenopus oocytes (lane 3), and Drosophila early embryos (lane 4) were separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and blotted with anti-Vp67
antibody. Molecular mass markers (in kDa) are noted at the right. The position of Xenopus
Vp67 protein is indicated by arrowheads.

ASYMMETRY IN MITOCHONDRIA 655



for Triton X-100 (Fig. 3A, lanes 2, 3).
Notably, although Triton X-100 does
not effectively solubilize Vp67 pro-
tein (Fig. 3A, lane 3), extraction of
other proteins is quite efficient, as
monitored by Coomassie Blue pro-
tein staining (Fig. 3B, lane 3). Based
on these results, a two-step differen-
tial detergent extraction strategy
was established. The crude mem-
brane fraction (P; Fig. 3A,B, lanes 1)
was extracted with Triton X-100 fol-
lowed by centrifugation to generate
supernatant S1 and pellet P1, which
is enriched for Vp67 protein (Fig.
3A,B, lanes 2, 3). Next, Vp67 protein
was solubilized from pellet P1 by ex-
traction with MEGA-9 (Fig. 3A,B,
lanes 4, 5). This strategy yields a sol-
uble fraction, S2 (Fig. 3A,B, lanes 5)
that is highly enriched for Vp67.

For the final step in purification of
Vp67, immunoaffinity chromatogra-
phy was used, with anti-Vp67 mono-
clonal antibodies (Denegre et al.,
1997). First, anti-Vp67 antibodies
were bound and crosslinked to anti-
IgM coated magnetic beads. Next,
Vp67-enriched supernatant S2 (Fig.
4, lane 1) was incubated with the
anti-Vp67–coated beads. Bound
Vp67 was eluted from the beads
and resolved by sodium dodecyl sul-
fate-polyacrylamide gel electro-
phoresis (SDS-PAGE; Fig. 4, lanes 2,
3). Purified Vp67 protein consists of a
doublet, visualized by both Western
blot (Fig. 4, lane 2) and protein stain-
ing (Fig. 4, lane 3). Both bands
appeared to represent the same
protein by matrix assisted laser de-
sorption ionization mass spectrome-
try (MALDI-MS) protein identification
analysis. The sequences of two pep-
tides were determined, and both
showed high homology to the mito-
chondrial protein dihydrolipoamide
acetyltransferase (Thekkumkara et
al., 1988; Matuda et al., 1992), which
is the E2 component of the pyruvate
dehydrogenas complex (PDC-E2).
These results suggest that Vp67 may
be Xenopus PDC-E2.

Cloning of Vp67 cDNA

The determined peptide sequences
obtained from purified Xenopus
Vp67 were used to design degener-
ate oligonucleotides for PCR. Addi-
tional primers were based on avail-

able vertebrate PDC-E2 cDNA
sequences (Thekkumkara et al.,
1988; Matuda et al., 1992). Two over-
lapping PCR products (�200 bp and
400 bp) were successfully amplified
from Xenopus total oocyte cDNA.
On the basis of the nondegenerate
sequences of the PCR products, we
designed primers to obtain overlap-
ping 5� and 3� Vp67 cDNA clones by
using a rapid amplification of cDNA
ends (RACE) strategy (Frohman,
1994). We obtained 3� RACE prod-
ucts of �0.6 kb and 5� RACE prod-
ucts of �1.7 kb. All 5� RACE clones
contained an �130-bp 5� untrans-
lated region (UTR) followed by an
open reading frame (ORF) of 1,602
bp. The 3� RACE clones contained
361 bp of continuous ORF, followed
by a stop codon and �130 bp of 3�
UTR. Sequence compilation of the
overlapping 5� and 3� RACE cDNA
clones reveals a complete ORF of
1,884 bp, encoding a protein of 628

amino acids (Fig. 5A). The cloned
cDNA sequences correspond to
�2.1 kb, and, by using Northern blot
analysis of poly(A)� RNA from Xeno-
pus oocytes, we detect a transcript
of the appropriate size (Fig. 5B).

Vp67 Is a Xenopus Homolog
of PDC-E2

Sequence and database analyses
showed Vp67 to be a Xenopus ho-
molog of the mitochondrial protein
dihydrolipoamide acetyltransferase
(PDC-E2), as predicted from the se-
quenced peptides. As shown in Figure
5A, Xenopus Vp67 is highly related to
human PDC-E2 (Thekkumkara et al.,
1988), with overall amino acid identity
of �82% for the mature protein. The
two peptide sequences obtained
from the purified Vp67 are present in
the translated cDNA sequence
(boxed, Fig. 5A), and the calculated
molecular mass of 61 kDa correlates

Fig. 2. Subcellular distribution of the Vp67 in Xenopus oocytes. Oocyte homogenates
were centrifuged at 100,000 � g for 2 hr to generate pellet (P, lane 1) and soluble (S, lane
2) fractions. The pellet was extracted with 1 M KCl, followed by centrifugation at 100,000 �
g for 2 hr, to generate a KCl-insoluble pellet (PK, lane 3) fraction and a KCl-soluble fraction
(SK, lane 4). Each fraction contained �200 �g of total protein, which was separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and blotted with anti-Vp67
antibody. Molecular mass markers (in kDa) are noted at the right, and the position of Vp67
is indicated by arrowheads.
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well with the apparent molecular
mass of �67 kDa for Vp67 as deter-
mined by SDS-PAGE. The �6 kDa dis-
crepancy is likely explained by post-
translational attachment of lipoate
residues (Guest et al., 1985), which
has been observed to decrease
electrophoretic mobility of the pro-
tein (Hummel et al., 1988). As shown
in Figure 1, anti-Vp67 monoclonal
antibodies recognize a human pro-
tein of �67 kDa (Fig. 1, lane 2), and
this is the expected mobility of mam-
malian PDC-E2 (De Marcucci et al.,
1988). Moreover, the molecular
mass of Drosophila protein recog-
nized by anti-Vp67 (� 54 kDa; Fig. 1,
lane 4), is as predicted for the puta-
tive Drosophila dihydrolipoamide
acetyltransferase (Genbank acces-
sion no. AAF52514). Taken together,
these results indicate that Vp67 is Xe-
nopus dihydrolipoamide acetyl-
transferase (PDC-E2).

The Xenopus PDC-E2 cDNA se-
quence contains all domains char-
acteristic of dihydrolipoamide acetyl-
transferase (Bleile et al., 1981;
Packman et al., 1984; De Marcucci
et al., 1988; Thekkumkara et al., 1988;
Russell and Guest, 1991; Matuda et
al., 1992), including a mitochondrial
targeting signal, two lipoyl-binding
domains, a conserved E1/E3 subunit
binding domain, and a CoA binding
site within the conserved C-terminal
catalytic domain (Fig. 5A). PDC-E2 is
encoded by a nuclear gene and is
synthesized as a precursor with an
N-terminal leader sequence, which
is subsequently cleaved to generate
the mature protein in the mitochon-
dria (De Marcucci et al., 1988). A
putative mitochondrial leader se-
quence is present in Xenopus PDC-E2
(Claros and Vincens, 1996), with
Ser68 encoding the first amino acid
of the mature protein (Fig. 5A). The
PDC carries out the conversion of
pyruvate to acetyl-CoA upon entry
into the mitochondria. This oxidative
decarboxylation of pyruvate is car-
ried out in a sequential manner by
the catalytic components of this
multienzyme complex, PDC-E1 (pyru-
vate dehydrogenase), PDC-E2 (di-
hydrolipoamide acetyltransferase),
and PDC-E3 (dihydrolipoamide de-
hydrogenase; reviewed in Patel and
Roche, 1990; Reed and Hackert,
1990). Decarboxylation of pyruvate

Fig. 3. Two-step differential detergent extraction of Vp67. Oocyte membrane fractions (P,
lanes 1) were extracted with 0.2% Triton X-100, followed by centrifugation at 100,000 � g for
2 hr to generate pellet P1 (lanes 2) and supernatant S1 (lanes 3) fractions. Pellet P1 was
subsequently extracted with 0.5% MEGA-9, resulting in pellet P2 (lanes 4) and supernatant
S2 (lanes 5) after centrifugation at 100,000 � g for 2 hr. A: Protein fractions were separated
by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), followed
by Western blot analysis by using anti-Vp67 with colorimetric detection (lanes 1–3) or
enhanced chemiluminescence detection (lanes 4, 5). The position of Vp67 protein is
indicated by arrowheads. B: After separation by 10% SDS-PAGE, total protein was visualized
by Coomassie Blue protein staining (lanes 1–5). Molecular mass markers are noted (in
kDa) at the right of each panel.
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is catalyzed by PDC-E1, which then
links the resulting acetyl group to a li-
poyl moiety that is covalently bound
to PDC-E2. PDC-E2 then carries out
transfer of the acetyl group to CoA
bound at its active site, generating
acetyl-CoA. The PDC-E2–bound li-
poyl group is reduced during the ini-
tial transfer and is subsequently re-
oxidized by PDC-E3 in an NAD�-
dependent reaction (Patel and
Roche, 1990; Reed and Hackert,
1990). The catalytic domain of PDC-E2
is apparent in the Xenopus cDNA se-
quence (Fig. 5A) and contains the
conserved CoA binding site (Russell
and Guest, 1991). As also expected,
the Xenopus PDC-E2 sequence (Fig.
5A) contains two lipoic acid binding
domains that are highly homologous
to those found in PDC-E2 from other
vertebrates (Thekkumkara et al.,
1988; Matuda et al., 1992). In addi-
tion to its central catalytic role,
PDC-E2 is also the structural core of
the complex (Stoops et al., 1997)
and contains domains that medi-
ate interactions with PDC-E1 and
PDC-E3 (Fig. 5A).

As a final test of whether Vp67 pro-
tein is indeed a frog homolog of
PDC-E2, we next tested whether an-
tibodies specific to human PDC-E2
(hPDC-E2) are capable of recogniz-
ing Xenopus Vp67. The presence of
autoantibodies to mitochondria, es-
pecially to the E2 component of
pyruvate dehydrogenase complex,
is a serologic hallmark of primary bil-
iary cirrhosis (PBC) in human patients
(reviewed in Gershwin et al., 2000;
Mackay et al., 2000). We used
hPDC-E2–specific PBC patient serum
(Nishio et al., 1997) to probe frog oo-
cyte proteins by Western blot analy-
sis. As shown in Figure 6A (lane 1),
anti–hPDC-E2 recognizes a Xenopus
antigen of �67 kDa. Next, we per-
formed immunoprecipitation from
Xenopus oocyte extracts using anti-
Vp67 antibody and analyzed the
bound (B) and unbound (U) proteins
by Western blot analysis with anti–
hPDC-E2 (Fig. 6A) and anti-Vp67
(Fig. 6B) control antibodies. Indeed,
the anti–hPDC-E2 recognizes the Xe-
nopus protein bound by anti-Vp67
antibodies (Fig. 6A, lane 3), further
confirming that Vp67 is Xenopus
PDC-E2.

DISCUSSION

Several lines of evidence identify
Vp67 as a mitochondrial protein. The
sequences of tryptic peptides ob-
tained from purified Vp67 show high
similarity to known PDC-E2 protein
sequences, the cloned Vp67 cDNA
is highly homologous to vertebrate
PDC-E2 sequences and antisera
specific for PDC-E2 recognize Vp67
protein. The apparent localization of
Vp67 to the vegetal hemisphere of
Xenopus eggs is intriguing and could
result from asymmetry of mitochon-
drial organization and/or localiza-
tion in Xenopus eggs. Notably, a
second monoclonal antibody that
differentially stains the vegetal cor-
tex of the egg (D4-4G8; Denegre et
al., 1997) also recognizes a mito-
chondrial protein, in this case F1 ATPase
(N. Volodina, J.M. Denegre, and K.L.
Mowry, unpublished results). Asym-
metric distributions of mitochondria
have been observed during oogen-
esis and early embryonic develop-

ment in several organisms (Mignotte
et al., 1987; Bement and Capco,
1990; Elinson et al., 1993; Calarco,
1995; Yost et al., 1995; Bavister and
Squirrell, 2000; Motta et al., 2000).
Despite the general uniformity of
mitochondria, their size, structure,
and/or number may be modified to
meet changing requirements (re-
viewed in Bereiter-Hahn and Voth,
1994; Lloreta-Trull and Serrano, 1998).
For example, mitochondria are fre-
quently found as reticular networks,
rather than as the classic kidney
bean–shaped organelles (Bereiter-
Hahn and Voth, 1994; Yaffe, 1999),
and mitochondria differing in matrix
density, cristae structure, and den-
sity have been reported for a variety
of cell types (Flickinger, 1968; Matile
and Bahr, 1968; Ord and Smith,
1982). Moreover, it has been hypoth-
esized that several different mito-
chondrial populations can be
present within a cell (reviewed in
Yaffe, 1999).

Fig. 4. Immunopurification of Vp67. Vp67-enriched MEGA-9 supernatant S2 (lane 1) was
applied to the anti-Vp67–coated magnetic beads for immunopurification. Vp67 was
eluted from the beads (lanes 2, 3) by boiling in sample buffer. Load (lane 1) and eluate
(lanes 2, 3) fractions were resolved by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis followed by Coomassie Blue staining (lanes 1, 2) or Western blotting with
anti-Vp67 antibody (lane 3). Molecular mass markers (in kDa) are noted at the right of
each panel.
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Localization and/or aggregation
of mitochondria have been ob-
served during Xenopus oogenesis
(Heasman et al., 1984; Tourte et al.,
1984; Mignotte et al., 1987). During
the initial stages of oogenesis, the
mitochondrial cloud is a site of ac-
tive mitochondriogenesis and mito-
chondrial replication (Heasman et
al., 1984). After fragmentation of the
mitochondrial cloud in Xenopus oo-
cytes, two segregating populations
of mitochondria are discernible
(Tourte et al., 1984; Mignotte et al.,
1987). One population remains
around the nucleus, actively repli-
cating mitochondrial DNA (mtDNA)
and ultimately generates the major-
ity of the mitochondria in the fully
grown oocyte (Tourte et al., 1984;

Mignotte et al., 1987). The other
population moves toward the vege-
tal cortex and stops replicating
mtDNA early in vitellogenesis (Mi-
gnotte et al., 1987). Organelles of
this population are considered to be
the components of the germ plasm
(Heasman et al., 1984; Mignotte et
al., 1987), which is a defined local-
ization of maternal cytoplasmic
components that are thought to de-
termine the germline (reviewed in
Wylie, 1999). Clusters of mitochon-
dria are known to be associated
with Xenopus germ plasm material
(Williams and Smith, 1971; Heasman
et al., 1984; Savage and Danilchik,
1993); however, the functional signif-
icance of this association remains
unclear. The apparent localization

of Vp67 (Xenopus PDC-E2) may be
related to the restriction of germ
plasm to the vegetal cortex. Addi-
tionally, our results may further re-
flect an underlying asymmetry in mi-
tochondrial organization and/or
localization during early develop-
ment, which will warrant further in-
vestigation.

EXPERIMENTAL PROCEDURES

Oocytes, Embryos, and Cells

Oocytes were obtained surgically
from adult female Xenopus laevis
frogs (Xenopus I) and defolliculated
by treatment with 0.2% collagenase
(Sigma, type I) in OR2- buffer (82 mM
NaCl, 2.5 mM KCl, 1.5 mM Na2HPO4,
50 mM HEPES pH 7.6). Drosophila

Fig. 5. Cloning of Vp67. A: Predicted amino acid sequence of Xenopus Vp67 is aligned with the sequence of human PDC-E2 (human
dihydrolipoamide S-acetyltransferase, mitochondrial precursor; Genbank accession no. P10515). Identical amino acids are marked by
vertical lines, conserved amino acids are marked by vertical double dots, and the positions of the sequenced peptides are boxed. The
stop codons are marked by large dots, and the beginning of the mature peptide is marked by an asterisk. Two conserved lipoyl-binding
domains are underlined, the E1/E3 binding region is shown by a dotted underline, and the CoA binding site is indicated by a dashed
underline. The Genbank accession number for Xenopus Vp67 (PDC-E2) is AF4030140. B: Northern blot analysis of Vp67 mRNA using poly
(A)� RNA from Xenopus oocytes reveals a transcript of �2.1 kb. The position of Vp67 mRNA is indicated at the left, and size markers (in kb)
are noted at the right.
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melanogaster early cleavage em-
bryos were kindly provided by Dr. K.
Wharton (Brown University). Human
leukemia cells (HL-60) were kindly
provided by Dr. Z. Han (Brown Uni-
versity).

Antibodies

Anti-Vp67 monoclonal antibody
(MAb) has been described previ-
ously (D5-5G7; in Denegre et al.,
1997). Hybridoma cell cultures were
grown in Iscove’s modified Dulbec-
co’s modified Eagle medium supple-
mented with 15% fetal calf serum, 50
mg/ml gentamicin and 2 mM glu-
tamine (Gibco BRL). Tissue culture
supernatant was collected and
stored at �20°C until use. Antibody
class isotyping was performed by us-
ing Isostrip Mouse Monoclonal Anti-
body Isotyping Kit (Boehringer/
Roche). Human autoimmune anti-
sera against human PDC-E2 from

primary biliary cirrhosis (PBC) pa-
tients (Nishio et al., 1997) was kindly
provided by Dr. M.E. Gershwin and
Dr. P.S. Leung (UC Davis, School of
Medicine).

Western Blotting

Protein samples were separated by
SDS-PAGE and transferred to nitro-
cellulose. Gels run in parallel were
stained with Coomassie Blue (Sigma)
to visualize total protein. The filters
were washed in blotto (50 mM Tris pH
7.5, 185 mM NaCl, 0.05% Tween 20,
3% w/v nonfat dry milk) and incu-
bated 2 hr at room temperature with
anti-Vp67 MAb (diluted 1:1 in blotto).
After washing for 1 hr in blotto, per-
oxidase- or alkaline phosphatase-
conjugated goat anti-mouse IgM
antibody (Sigma or Jackson Immu-
noResearch Laboratories) was used
as a secondary antibody. Filters
were washed for 30 min in blotto

without milk, and detection was per-
formed by enhanced chemilumines-
cence or by colorimetric detection
(Boehringer/Roche).

Oocyte Fractionation

Defolliculated oocytes were washed
three times with OR2- and homo-
genized in equal volume of S100
buffer (50 mM Tris pH 9, 50 mM KCl,
0.1 mM ethylenediaminetetraacetic
acid, 25% glycerol, 1 mM dithiothre-
itol). After centrifugation at 16,000 �
g for 15 min at 4°C, the supernatant
(oocyte homogenate) was centri-
fuged for 2 hr at 100,000 � g at 4°C.
The soluble (S, supernatant) and
membrane (P, pellet) fractions were
aliquoted and held at �80°C until
use. Total protein concentration was
determined by using Bradford-
based Protein Assay (Bio-Rad). For
KCl-extraction, oocyte membrane
fraction (P) at final protein concen-

Fig. 6. Vp67 protein is the E2 component of the pyruvate dehydrogenase complex (PDC-E2). Xenopus oocyte homogenates were
fractionated as in Figure 3, and Vp67-enriched fraction S2 (lane 1 in A) was applied to anti-Vp67–coated beads. Bound (Xenopus Vp67,
lane 3 in A and lane 2 in B) and unbound (lane 2 in A and lane 1 in B) fractions were separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. A: Western blot analysis was performed with human anti–hPDC-E2 antibodies, which recognize
Xenopus Vp67. B: Western blot analysis was performed with anti-Vp67 monoclonal antibody. Anti-Vp67 was not crosslinked to the beads,
and eluted antibody molecules are apparent in the Western blot of the eluted fraction (lane 1). Molecular weight markers in kDa are
noted at the right, for each panel.
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tration of 1–2 mg/ml was incubated
with 1 M KCl for 1 hr at 4°C followed
by centrifugation for 2 hr at
100,000 � g to generate superna-
tant (SK) and pellet (PK) fractions.
For two-step detergent extraction,
the oocyte membrane fraction (P)
was incubated for 10–15 min at 4°C
with 0.2% Triton X-100 (Sigma) in S100
buffer, followed by centrifugation at
100,000 � g for 2 hr. The supernatant
(S1) was removed, and the pellet
(P1) was immediately incubated in
0.5% MEGA-9 (Calbiochem) in 150
mM NaCl, 10 mM Tris, pH 8, and pro-
tease inhibitors (1 mM Pefabloc
[Roche] and 1 �g/ml each leupep-
tin, antipain, and trypsin inhibitor
[Sigma]), with gentle mixing for
18–20 hr at 4°C. After centrifugation
for 1 hr at 100,000 � g, the resulting
supernatant (S2), containing solubi-
lized Vp67 protein, was used for im-
munoaffinity purification.

Immunoaffinity Purification

Anti-IgM– coated paramagnetic
beads (Dynal) were incubated with
constant mixing for 2 hr at 4°C with
anti-Vp67 MAb. After washing three
times with PBS/0.1% ovalbumin, anti-
Vp67 was crosslinked to the beads
using DMP (Sigma), according to the
protocol supplied by the manufac-
turer (Dynal), with ovalbumin as a
blocking agent. The anti-Vp67–
coated beads were incubated with
the MEGA-9 supernatant (S2, �107

beads/mg S2) for 1 hr at 4°C with
constant mixing, followed by three
washes with PBS. Bound Vp67 was
eluted by boiling in SDS sample
buffer, resolved by SDS-PAGE, and
cut from the gel. For large-scale pu-
rification, �200 mg of crude oocyte
membrane protein fraction (P) was
used to obtain �2 �g of purified
Vp67. MALDI-MS analysis and the
determination of tryptic peptide se-
quences was performed by the
Keck Foundation Biotechnology Re-
source Laboratory (Yale University).

Cloning and Analysis of Vp67
cDNA

cDNA was prepared from the oo-
cyte total RNA by using Advant-
age RT-for-PCR kit (Clontech).
Oligonucleotides (AGTCIAARCARA-

CIATWCCICAUTAYTAY, TGRTTUTGI-
GKWATRACIGTRTCCATCC, and
GCIGARAAATKUTTRATICCRWACAT)
based on the determined peptide
sequences and conserved PDC-E2
sequences (Thekkumkara et al.,
1988; Matuda et al., 1992) were used
for PCR amplification. The result-
ing nondegenerate sequence was
used to design gene-specific primers
(TGCCCACATCAAGGGGCTGGCA
TCCATCAG and AAGCTTGCCTTC-
TCGTGCCCGGGTTGCTAG), and full-
length cDNA was obtained by using
PCR-based RACE cDNA amplification
(GeneRacer, Invitrogen). The prod-
ucts were subcloned for sequencing
into T7/T3 primer-containing vector by
using TOPO TA Cloning Kit (Invitrogen).
Sequence analysis and alignments
were performed by using the Basic Lo-
cal Alignment Search Tool (BLAST),
ClustaIW tools (www.ch.embnet.org),
MacVector (Accelrys), and Genetics
Computer Group (Madison, Wiscon-
sin) software. Database searches
were performed by using SWISS-
PROT, PROSITE, and NCBI protein
and cDNA databases and searched
by using ExPASy search tools. The mi-
tochondrial leader sequence was
predicted by using MitoProt II 1.0a4
software application (Claros and
Vincens, 1996).
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