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Fig. 1. Detection of NES activity in CDC25B1. {A) Schematic figures of CDC25B1 and the three possible NES regions (I, I1, and IIT) are shown. Region I
was previously reported to be an NES of CDC25B3. Sequences of the additional possible NES regions are shown. The amino acids indicated by asterisks
are hydrophobic amino acids frequently observed in an NES. We constructed three mutants with Leu to Ala mutations (highlighted) that should ab-
rogate the NES activity of each possible NES region. The numbers in each possible NES sequence represent the amino acid number from the N-terminus
of CDC25B! itself and not FLAG-tagged CDC25B1. CDC25B1 and the NES mutants were expressed as N-terminal 2x FLAG-tagged proteins, (B}
HEK293 cells expressing CDC25B1 protein after transfection were detected and quantified in three groups as follows, N > C: cells with CDC25B de-
tected specifically primarily in nuclei. N < C: cells with CDC25B detected specifically primarily in cytoplasm. N = C: cells with CDC25B detected non-
specifically and evenly throughout cells. Standard errors, indicated as bars along the y-axis, result from three independent determinations that counted
more than 200 cells in each experiment. (C) The effects of LM B (20 ng/ml for 3 h) on the localization of possible-NES mutants were determined. Expressed
wild-type ormutant CDC25B1 was fixed and detected with anti-FLAG antibody and then treated with anti-rabbit Alexa Fluor 549 antibody as described

in Materials and methods, Nuclei were identified by staining with DAPI, (D) The schematic figure of the 2x FLAG-CDC25B1A76 mutant. (E) The
cytoplasmic localization of CDC25B1 is abolished by the deletion of the N-terminal 76 amino acids.
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Fig. 2, Determination of the N-terminal boundary of the NES. {A) The sequence of the first N-terminal 80 amino acids is indicated. Underline 1
indicates the possible NES sequence previously reported. The amino acids marked with asterisks are those determined in a previous report to be
essential for this NES activity. Underline IV is the NES sequence identified in this report. A46, A51, A54, AS6, and AT76 with arrows indicate the
N-terminal ends of the N-terminal deletion mutants used in this experiment. These N-terminal deletion mutants were also expressed as N-terminal
2x FLAG-tagged proteins, as shown in Fig. 1A. (B) The subcellular localization of wild type or N-terminal deletion mutants was determined by
transfection and detection of expressed proteins by indirect immunoftuorescence as described in Materials and methods. (C) Percentages of cells
expressing CDC25B1 protein primarily in nuclei (N > C), primarily in cytoplasm (N < C), or evenly distributed between both compartments (N =C)
were quantified as described in the legend for Fig. 1D.
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Fig. 3. Establishment of the minimum NES sequence of CDC25B. To
determine the minimum NES sequence, oligonucleotides of several
lengths starting at Val52 were designed and fused to Venus-GFP
protein. (A) Schematic figures of the constructs are shown. Amino
acids marked with asterisks are hydrophobic amino acids observed
frequently in an NES. (B) Each plasmid was transfected into HEK293
cells and the localization of each GFP protein was determined. (C) To
assess the effects of LMB on the GFP-fused NES, transfected cells were
treated with 20 ng/mi LMB for 3h and fixed, and the localization was
determined. +LMB and —~LMB indicate the results from cells with or
without LMB treatment, respectively.

structurally similar residues such as Ile, Val, or Phe, that
abort NES function when mutated [28]. The NES in
CDC25B1 reporting here seems to include several po-
tentially critical hydrophobic amino acids, Val52,
Leuss, His60, Leu62, Leubs, and, less likely, Leu7l.

It is important to determine if the amino acids be-
tween Val52 and Leu65 are essential to the NES of
CDC25B1. To address this, the following CDC25B1
clones with different mutations in the suspected NES
sequence were constructed: Val32 to Ala (denoted
V52A), Leuss to Ala (L55A), His60, Leu62, and Leu65
to Ala (H60AAA), and Leu71 to Ala (L71A) (Fig. 4A).
The mutant CDC25B1 clones were expressed with
FLAG-tags at the N-termini and their localizations were
examined. Dramatic differences in the localization of the
mutants were observed as shown in Fig. 4B. The mu-
tation at Val52 abolished cytoplasmic localization, while
that at Leu71 did not (Figs. 4B and C). Therefore, the
NES of CDC25B1 starts at Val52 and ends before
Leu7!. Thus, the most important amino acid near the C-
terminal end of the NES is Leu65. In addition, other
mutants such as L55A and H60AAA with mutations in
internal hydrophobic residues exhibited clear nuclear
localization (Figs. 4B and C). Essentially the same
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Fig. 4. Ablation of cytoplasmic localization of CDC25B1 by the in-
troduction of mutations in the NES. Mutations were introduced at the
possible critical amino acids in the NES region of N-terminally FLAG-
tagged CDC25B1. (A) Schematic figures of mutated sequences of each
mutant are indicated. Hydrophobic amino acids are marked with as-
terisks, and mutated amino acids, Ala, are highlighted. (B} Wild-type
or mutant CDC25B1 plasmids were transfected into HEK253, and the
expressed CDC25B1 proteins were detected by indirect immunofluo-
rescence with anti-FLAG antibody and anti-rabbit Alexa Fluor 549.
(O The percentages of cells expressing CDC25B with a nuclear, dif-
fused, or cytoplasmic distribution were delermined as shown in
Fig. 1D.

results were obtained with Venus-GFP-fused fragments
although NES-defective constructs did not exhibit spe-
cific localization in cells because of the lack of NLS se-
quence in Venus-GFP (data not shown). Therefore, we
concluded that the amino acid sequence from Val52 to
Leu65 of CDC25B]1 is a functional NES in CDC25B1.
The subcellular localization of CDC25B is deter-
mined by the balance between NES and NLS activities
and their modifiers, such as NES phosphorylation or 14-
3-3 binding. On roles of 14-3-3 binding to CDC25B,
there is much evidence that the binding masks the NLS
located just downstream from the 14-3-3 binding site,
tipping the balance in favor of the NES overriding the
NLS. The proper cytoplasmic localization of target
proteins with NES sequences seems to require both NES
and 14-3-3 binding for Xenopus CDC25C and FKLRL]
[26,25]. CDC25B also seems to be the case based on our
results. The loss of 14-3-3 binding due to the mutation of
a specific serine residue to alanine resulted in nuclear
localization in CDC25B. Since a single NES domain
from CDC25B can translocate GFP to the cytoplasm in
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the absence of an NLS, the NLS in CDC25B would have
to be stronger than the NES to keep the protein in the
nucleus. Therefore, it is reasonable to conclude that
both NES and 14-3-3 binding must be necessary to allow
CDC25B to be exported from the nucleus to the cyto-
plasm. This is in clear contrast to human CDC25C in
which the mutation of Ser216 to Ala at the 14-3-3
binding site does not completely abolish its cytoplasmic
localization [30,31].

The significance of the cytoplasmic retention of
CDC25 at the G2/M checkpoint requires a more thor-
ough examination. In Xenopus or fission yeast, the ab-
lation of 14-3-3 binding accelerates mitotic entry or
erases cell cycle arrest due to DNA damage (32-34]. Itis
also reported that Ser309 of human CDC25B must be
kept phosphorylated in order to exert proper G2
checkpoint [21,35]. These results strongly support the
idea that 14-3-3 binding is necessary for G2 arrest fol-
lowing DNA damage. They do not, however, directly
indicate that the cytoplasmic localization of CDC25 is
essential for G2 arrest. In experiments with fission yeast,
the necessity for the cytoplasmic retention of CDC25 at
the DNA damage checkpoint was negated [36]. In
addition, there are reports that phosphorylation of the
14-3-3 binding site in CDC2S directly inhibits its phos-
phatase activity [37] and that 14-3-3 binding inhibits the
phosphatase activity of CDC25B [21,38]. Therefore,
more experiments to assess the role of the cytoplasmic
localization of CDC25B at the G2 DNA-damage
checkpoint.
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Summary

The dual specificity phosphatase CDC25B positively
controls the G2-M transition by activating CDK1/cyclin B.
The binding of 14-3-3 to CDC25B has been shown to
regulate the subcellular redistribution of CDC25B from the
nucleus to the cytoplasm and may be correlated with
the G2 checkpoint. We used a FLAG-tagged version of
CDC25B to study the differences among the binding sites
for the 14-3-3 subtypes, 14-3-3B, 14-3-3¢ and 14-3-30,
and the relationship between subtype binding and the
subcellular localization of CDC25B. All three subtypes
were found to bind to CDC25B, Site-directed mutagenesis
studies revealed that 14-3-3p bound exclusively near serine-
309 of CDC25B1, which is within a potential consensus
motif for 14-3-3 binding. By contrast, 14-3-3¢ bound
preferentially to a site around serine-216, and the presence
of serine-137 and -309 enhanced the binding. In addition to
these binding-site differences, we found that the binding of
14-3-33 drove CDC25B to the cytoplasm and that mutation

of serine-309 to alanine completely abolished the
cytoplasmic localization of CDC25B. However, co-
expression of 14-3-3c and CDC25B did not affect the
subcellular [ocalization of CDC25B. Furthermore, serine-
309 of CDC25B was sufficient to produce its cytoplasmic
distribution with co-expression of 14-3-3B, even when
other putative 14-3-3 binding sites were mutated. 14-3-3¢
resembled 14-3-38 with regard to its binding te CDC25B
and the control of CDC25B subcellnlar localization. The
results of the present study indicate that two 14-3-3
subtypes can control the subcellular localization of
CDC25B by binding to a specific site and that 14-3-3c has
effects on CDC25B other than the control of its subcellular
localization.

Key words: CDC25B, 14-3-3f, 14-3-35, Subcellular localization, G2
checkpoint

Introduction

The CDK (cyclin-dependent kinase) family of proteins controls
the eukaryotic cell cycle, and one of these proteins, CDK1, is
required for the onset and maintenance of mitosis. The
activities of CDK family proteins related to cell cycle
control are regulated by associations with cyclin proteins,
interactions with cyclin-dependent kinase inhibitors, such as
p21 and p27, and the phosphorylation-dephosphorylation cycle
of CDK (Morgan, 1997). For instance, the phosphorylation
of CDKI1 at threonine-14 and tyrosine-15 by Weel and/or
Mytl kinases negatively controls CDK1 activity, whereas
the dephosphorylation of CDK1 by the CDC25 family
phosphatases activates CDK 1, an essential step in the transition
from G2 to M phase. The CDC25 family of dual protein

phosphatases consists of three members, CDC25A, CDC25B,
and CDC25C (Nilsson and Hoffman, 2000). CDC25A is
thought to regulate the G1 to S transition, and CDC25B and C
have been proposed to activate the CDK1/cyclin B1 complex
to advance the cell cycle from G2 to M. Recent reports strongly
suggest that CDC25A also has a function that is essential for
the entry into and maintenance of M phase (Mailand et al,,
2002).

The 14-3-3 family of proteins consists of small, acidic,
highly conserved proteins that are present in all eukaryotic
cells from yeast to mammals. There are seven isotypes present
in mammalian cells. The 14-3-3 proteins are involved in
numerous cellular processes related to signal transduction
(Muslin and Xing, 2000; Tzivien et al., 2001; Yaffe, 2002).
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These molecules bind to phosphoproteins at specific sequence
motifs, which contain phosphoserine/threonine residues three
amino acids downstream of an arginine (RxxS/T), and thereby
regulate extracellular signaling or stress response pathways
(Muslin et al.,, 1996; Yaffe et al., 1997). Emerging evidence
suggests that 14-3-3 proteins are key regulators of cell cycle
control, especially at cell cycle checkpoints, where they might
function as negative regulators of DNA damage checkpoints.
For example, one canonical 14-3-3 binding motif, which
contains a phosphorylated serine residue, is similar to the
consensus substrate motif of the checkpoint kinase Chkl
(Sanchez et al., 1997; Hutchins et al., 2000). In fission yeast,
the 14-3-3 proteins Rad24/25 are required for checkpoint
responses and are essential for cell survival (Ford et al., 1994).
One of the 14-3-3 isotype proteins, 14-3-3¢ is strongly up-
regulated following genotoxic stress and is a downstream target
of the tumor suppressor p53 (Hermeking et al., 1997),

The involvement of 14-3-3 in the progression from G2 to M
was first suggested by the interactions of isolated 14-3-3P and €
with CDC25B (and CDC25A) and of isolated 14-3-3( with
Weel (Conklin et al., 1995; Honda et al., 1997). Accumulated
circumstantial evidence indicates that 14-3-3 negatively controls
the G2-M transition by binding to these regulators. An
association of 14-3-3 with human CDC25C was detected in G1,
S and G2 phases, but not in M phase (Peng et al., 1997). The
binding of 14-3-3 requires the Ser216 of CDC25C, and mutating
this residue to Ala abolishes the interaction. This site is
present in the potential recognition motif for 14-3-3 and is
phosphorylated in vitro by checkpoint kinases, such as Chkl and
Chk2 (Sanchez et al,, 1997; Peng et al., 1998; Matsuoka et al.,
1998; O'Neill et al., 2002). Studies of the interaction between
Xenopus CDC25C and 14-3-3 clearly demonstrated that the
binding of 14-3-3 masks the nuclear localization signal of
CDC25C, thereby causing nuclear exclusion of the protein
without affecting its phosphatase activity (Kumagai et al., 1998;

Kumagai and Dunphy, 1999; Yang et al., 1999). By contrast, the .

binding of 14-3-3 to Xenopus Weel, after Chkl activation by
DNA damage or by stalled replication, augments Weel tyrosine
kinase activity for CDK1 {Wang et al., 2000; Lee et al., 2001;
Rothblum-Oviatt et al., 2001). Thus, the association of 14-3-3
with target proteins could modulate cell cycle progression
through different mechanisms such as subcellular localization
and enzyme activity, depending on cellular signaling.

In the normal cell cycle, CDC25B accumulates only at G2
phase and is degraded when cells exit M phase (Nagata et at.,
1991; Galaktionov and Beach, 1991; Sebastian et al., 1993;
Lammer et al., 1998). Interestingly, the overexpressicn of
CDC25B induces a mitotic catastrophe by prematurely
activating CDK1/cyclin Bl, indicating that CDC25B induces
mitosis more efficiently than CDC25C (Karlsson et al., 1999).
In addition, the exogenous expression of CDC25B can override
the G2 DNA damage checkpoint, and CDC25B is expressed in
certain tumors (Miyata et al., 2001). Therefore, CDC25B has
been proposed to be a potential oncogene acting to abrogate
the DNA damage checkpoint (Galaktionov et al., 1995; Ma
et al, 1999; Yao et al., 1999). Subcellular localization of
CDC25B can be controlled by its association with 14-3-3 at a
specific site on CDC25B2 or B3, Ser323 and might contribute
to stall the cell cycle at the G2 phase following DNA damage
(Mils et al., 2000; Davezac et al., 2000; Forrest and Babrielli,
2001). Ser323 of CDC25B2 or CDC25B3 (the equivalent to

Ser309 of CDC25B1) is a crucial residue in the consensus
14-3-3 binding motif, where it is phosphorylated by the stress
kinase p38 (Bulavin et al., 2001).

In the present study, we have analyzed the binding site
specificity of three 14-3-3 subtypes, 14-3-3f, &, and ¢. Our
results indicate that the binding site of 14-3-3c differs
markedly from those of 14-3-33 and 14-3-3e. Moreaver, the
interaction of 14-3-3p or 14-3-3¢, but not of 14-3-3¢ with
CDC25B drives CDC25B from the nucleus into the cytoplasm.
The biological significance of our results is discussed.

Materials and Methods
Cell culture and transfection

HEK293 cells (ATCC number CRL-1573) and U208 cells (ATCC
number HTB-96) were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (Sigma, USA) supplemented with 10% fetal bovine
serum (FBS) (Invitrogen, USA), 100 units/m! penicillin and 10 pg/ml
streptomycin. Transient transfections were performed with FuGENES
(Roche Diagnostics, Germany). For immunoprecipitation, cells were
typically seeded at 1.3x10S per well. After 24 hours, cells were
co-transfected with 2.5 g of FLAG-tagged CDC25B and 1.0 pg of
myc-tagged 14-3-3 DNA, For the indirect immunofluorescence
expetiments, cells were plated at a lower density, 2.0x10° per well
and transfected after 24 hours with 3.0 pg of CDC25B DNA and
1.5 pug 14-3-3 of DNA. Transfected cells were processed for
immunoblotting, immunoprecipitation, or immunostaining 24 hours
after transfection. Leptomycin B, an inhibitor of CRMI1 (exportinl),
was obtained from Minoru Yoshida (RIKEN, Wako, Japan) and was
administered to cells at a dose of 20 ng/ml to induce the nuclear
accumulation of CDC25B.

Plasmids and site-directed mutagenesis . ‘
The cDNA of human CDC25B (CDC25B1 subtype), a kind gift from
H. Okayama (University of Tokyo, Japan), was subcloned into the
pEF6B vector (Invitrogen, USA) and expressed in transfected cells
with a C-terminal FLAG tag. For point mutations at putative 14-3-3
binding sites, the following oligonucleotides (and their complements})
were used to change serine to alanine (SA) in human CDC25B cDNA
(CDC25B1). Clones with multiple mutations were generated by
exchanging restriction fragments. The mutations were confirmed by
sequencing.

S81A: 5-CTGTCTCGACGGGCAGCCGAATCCTCCCTG-3',

S137A: 5-ATCAGACGCTTCCAGGCTATGCCGGTGAGG-Y,

§216A: 5-GCCCAGAGACCCAGCGCGGCCCCCGACCTG-¥,

8309A: 5-CTCTTCCGCTCTCCGGCCATGCCCTGCAGC-3,

$361A: 5-GTCCTCCGCTCAAAAGCACTGTGTCACGAT-3.

The ¢DNAs of human 14-3-3B, €, and ¢ were obtained by PCR
amplification with the following oligonucleotides:

14-3-3p forward: 5°-ACTTGGAGTCAGCATATGACAATGGAT-3,
14-3-3p reverse: 5-CACTGGACGGATCCCAAAGCACGAGAA-

¥,

14-3-3¢ forward: 5-GCCGCTGCCCATATGGATGATCGAGAG-3',

14-3-3¢ reverse: 5'-CTCTTGTGGGCGGATCCCTCACTGATT-3,

14-3-30 forward: 5-GTCCCCAGACATATGGAGAGAGCCAGT-
¥,

14-3-3¢ reverse: 5-GGTGGCGGGCAAGCTTCAGCTCTGGGG-
CTC-3".

PCR products were subcloned into the pEF6 vector. Each 14-3-3
cDNA was expressed in transfected cells in an N-terminal myc-tagged
form.

Antibodies
Anti-FLAG M2 agarose was obtained from Sigma (USA). The rabbit
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anti-FLAG antibody was described previously (Wang et al., 2001).
Rabbit polyclonal and mouse monoclonal anti-myc-tag antibodies
were purchased from Cell Signaling (USA). Antibodies to 14-3-3f8
(C-20), 14-3-3¢ (1-16), and 14-3-3¢ (N-14) were purchased from
Santa Cruz Biotechnology (USA).

Preparation of crude cell extracts, immunoprecipitation and
immunoblotting

Transfected cells were lysed in immunoprecipitation (TP) buffer (50
mM Tris-HCl pH 7.5, 150 mM NaCl, 0.5% NP-40, 5 mM EGTA, 1
mM EDTA) supplemented with a protease inhibitor mix and a
phosphatase inhibitor mix. The protease inhibitor mix contained a
1:100 dilution of FOCUS protease arrest (Calbiochem, USA), 5 pg/mi
E64 (Roche Diagnostics, Germany), 0.4 uM cathepsin inhibitor III
(Sigma, USA), 10 uM MG132 (Calbiochem, USA), 20 pM N-acetyl-
leu-lev-norleu-ala (Sigma, USA) and 1 mg/ml Pefabloc®SC (Roche
Diagnostics, Germany). The phosphatase inhibitor mix consisted of a
1:100 dilution of Phosphatase inhibitor cocktail II (Sigma, USA),
20 mM p-nitrophenyl phosphate, 20 mM NaF, 20 mM B-
glycerophosphate, 0.2 pM microcystin-LR (Calbiochem, USA), 0.2
UM calyculin A (Wako, Japan), 0.2 uM okadaic acid (Wako, Japan),
0.1 uM phenylarsin (Sigma, USA), and 0.2 4M cantharidin (Sigma,
USA). FLAG-tagged CDC25B and mutant proteins were
immunoprecipitated using FLAG M2-agarose; myc-tagged 14-3-3
proteins were immunoprecipitated with mouse monoclonal anti-
myc tag antibody followed by protein G-Sepharose (Amersham
Bioscience, USA). Cell lysates and immunoprecipitates were
analyzed on western blots using rabbit polyclonal anti-FLAG (for
CDC25B) or anti-myc antibodies (for exogenous 14-3-3), or 14-3-3
subtype-specific antibodies (for endogenous 14-3-3).

Indirect immuncfluorescence microscopy

Transfected HEK293 cells grown on glass coverslips were fixed in
3.7% formaldehyde in PBS and then permeabilized with 0.5% Triton
X-100 in PBS, FLAG-tagged CDC25B and mutants were detected
with rabbit polyclonal anti-FLAG antibody and Alexa-594-
conjugated goat anti-rabbit IgG (Molecular Probes, USA).
Alternatively, myc-tagged 14-3-3 proteins were detected with mouse
monoclonal anti-myc-tag antibody and Alexa-488-conjugated goat
anti-mouse IgG (Molecular Probes, USA). In all samples, DNA was
visualized with 4’,6-diamidino-2-phenylindole (DAPI) (Sigma,
USA) at 0.1 pg/ml. To quantify the subcellular localization of
CDC25B, more than 200 transfectant cells were counted and
classified as having nuclear, diffuse or cytoplasmic localization.

Results
Binding of 14-3-33, €, and o to CDC25B

Several groups have reported the interaction of 14-3-3 isotypes,
such as 14-3-3B, €, 1, and &, with CDC25B (Mils et al., 2000;
Forrest and Gabrielli, 2001). We have isolated 14-3-3f and €
as proteins that interact with CDC25B in yeast two-hybrid
screening (S.U., A.K.,, MO, M.S., MH, HN., TM,, YI. and
K.Y, unpublished data), obtaining the same results as those
previously reported (Conklin et al., 1995). Apart from these
two 14-3-3 proteins (P and £), 14-3-3¢ was also reported to be
possibly involved in a DNA damage checkpoint (Hermeking et
al., 1997; Chan et al., 1999, 2000), which prompted us to
isolate its cIDNA and analyze its interaction with CDC25B.
We expressed FLAG-tagged CDC25B with myc-tagged
14-3-3B, € or o in HEK293 or U208 cells and examined their
interaction (Fig. 1}. Expression of these proteins was confirmed
in cell extracts prepared from transfected cells, as shown in Fig,
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Fig. 1. 14-3-30, 14-3-3¢, and 14-3-3¢ bind to CDC25B in
transfected cells. HEK293 (left panels) or U208 (right panels) cells
were transfected with FLAG-tagged CDC25B together with either
empty vector or one of the myc-tagged 14-3-3 subtypes as described
in Materials and Methods. (Top row) Lysate. Expression of CDC25B
and 14-3-3- subtypes was confirmed in cell lysates with anti-FLAG
antibody against CDC25B or anti-myc antibody against 14-3-3,
respectively. (Middle row) IP: CDC25B (a-FLAG Ab). CDC25B
was immunoprecipitated with anti-FLAG beads followed by western
blotting and detection with anti-FLAG antibody to detect CDC25B
and anti-myc antibody to detect CDC25B-bound 14-3-3. (Bottom
row) IP: 14-3-3 (e-myc Ab. Reciprocal immunoprecipitation;
CDC25B was detected in anti-myc immunoprecipitates. Protein 14-
3-3 subtypes were immunoprecipitated with anti-mye antibody; the
collected 14-3-3 or 14-3-3-bound CDC25B was detected by
immunoblotting. v, empty vector; 5, 14-3-3B, £; 14-3-3¢, 6; 14-3-30.

(o-FLAG)

1 (Lysate). CDC25B was immunoprecipitated with anti-FLLAG
beads followed by western blotting and detection with either
anti-FLAG or anti-myc antibody to detect CDC25B bound to
14-3-3. The results in Fig. 1 (IP: CDC25B) clearly indicate
that all three 14-3-3 proteins can bind to CDC25B in co-
transfected cells. To further confirm these results, reciprocal
immunoprecipitation and western blot experiments were
conducted in which CDC25B was detected in anti-myc
immunoprecipitates of 14-3-30, €, or ¢ (Fig. 1, IP: 14-3-3).
Thus, 14-3-3¢ was most probably a new CDC25B-interacting
protein,

Binding site specificity of 14-3-3 subtypes

The binding of 14-3-3 proteins to target proteins requires the
specific motif RSxS/T(P)xP, where S/T(P) and x represent
phosphoserine or phosphothreonine, and any amino acid,
respectively (Muslin et al., 1996; Yaffe et al, 1997). The
arginine (R) at position -3 from the phosphorylatable serine
(or threonine) is a minimal requirement. In Xenopus for
instance, after phosphorylation of CDC25 or Weel by Chk1 or
other kinases, 14-3-3¢ binds to the phosphorylated Ser287 in

. the RSPSMP sequence of CDC25 (Kumagai et al., 1998; Yang

et al,, 1999) and to the phosphorylated Ser549 in the RSYSFT
sequence of Weel (Wang et al., 2000; Lee et al., 2001). There
are several RxxS sites in CDC25B (or in our case, CDC25B1),
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of which we chose the following five: 78-RRAS-81, 134-
RFQS-137, 213-RPSS-216, 306-RSPS-309, and 358-RSKS-
361, as shown in Fig. 2A. Of the relevant serine residues,
Ser309 and Ser361 were phosphorylated by p38 in vitro and
Ser309 was reported to be crucial for 14-3-3 binding after
phosphorylation (Bulavin et al., 2001).

To analyze binding site specificity, we constructed three
different groups of mutants in respect to the five above
mentioned phosphorylatable serine sites of CDC25B1.
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Members of the first group have only a single mutation
that changed one phosphorylatable serine to a non-
phosphorylatable alanine; these mutants were namend
CDC25B-581A, S137A, etc. Members of the second group
only remain a single phosphorylatable serine residue and
contajn mutations that changed the four serine residues to
alanines; these mutants were named CDC25B-818, 1378, etc,
The only member of the last group is CDC25B-55A in which
all five serine residues were mutated to alanines. Using these
mutants and the wild-type CDC25B, we determined the
binding site specificity of 14-3-3B, €, and @.

Wild-type or mutant CDC25B were co-transfected with
14-3.3B, €, or ©. Crude cell extracts were prepared, and
expression of CDC25B and 14-3-3 was confirmed. Protein
extracts were immunoprecipitated with anti-FLAG or anti-myc
antibody, transferred for western blotting and detected with
anti-myc or anti-FLAG antibody, respectively, to assess
binding. We observed similar expression levels of CDC25B
and 14-3-3 in transfected cells (Fig. 2B, Lysate), although
lower levels of CDC25B mutants that failed to interact with
14-3-3, such as 818 and 5SA mutants, were occasionally
detected (S.U., AK.,, M.O,, M.S,, MH..HN T.M., Y.I. and
K.Y., unpublished data).

Interestingly, each 14-3-3 protein bound to a specific site on
CDC25B (Fig. 2B, IP: CDC25B). These results clearly indicate
that the CDC25B point mutation that changed Ser309 to
Ala309, completely abolished 14-3-3B binding and that
mutations of the other putative binding sites had essentially no
effect on binding when compared with wild-type CDC23B.
Also, experiments with the CDC25B mutant containing a
single phosphorylatable serine revealed that Ser309 was the

Fig. 2. Binding of 14-3-3 subtypes to CDC25B is site specific.
{A) Putative 14-3-3 consensus binding sites in CDC25B.
(B-D) Mutants of CDC25B were transfected into HEK293 or
U208 cells either alone or together with 14-3-3 subtypes as
indicated. Recovered CDC25B proteins are indicated (upper
panel of each set of figures). The letters at the top and numbers at
the bottom of each blot represent the CDC25B mutants: wild-
type (1); S81A (2); S137A (3); 5216A (4); S309A (5), S361A
(6); 818 (7); 1373 (8); 2165 (9); 3095 (10); 3618 (11); SSA(12).
The definitions of the abbreviations for each mutant are described
in the text. (B) Mutants of CDC25B were co-transfected into
HEK?293 cells with 14-3-3 subtypes B, € or © . Protein expression
was determined by immunoblot. Wild-type or mutant CDC25B
proteins were immunoprecipitated with anti-FLAG beads, and
CDC25B-bound 14-3-3 was determined in the lysate (Lysate)
and the immunoprecipitate [IP: CDC25B (0-FLAG Ab)].
Separate panel ‘long exposure’ shows 14-3-3 subtype & after an
exposure for 1 hour, (C) Mutants of CDC25B were transfected
into HEK293 cells. Recovered CDC25B proteins and CDC25B-
bound endogenous 14-3-3p (endo-14-3-3B) or endogenous

E 14-3-3¢ (endo-14-3-3g) were detected with specific
CDCZ5B muants antibodies in the lysate (Lysate) and the immunoprecipitate
1433 (TP: CDC25B (o-FLAG Ab). (D) Mutants of CDC25B were
wT | 581 [s137a)5216a]5309a]s361a] a1s | 1375 ] 2165 | 3005 | 3618} $5A wransfected into U20S cells, Recovered CDC25B and
o aat Radl sl ol SE ad Bl B Bl e B CDC25B-bound endogenons 14-3-36 {endo-14-3-30) were
endo-dde33g fH {4 4 | )~ J 4] | — ] = R ] - detected with specific antibodies in the lysate (Lysate) and
14-3-3¢ AR A A R e the immunoprecipitate [IP: CDC25B (o-FLAG Ab].(E)
edotazge | ++ |4+ | + |+ |2 [+ < | =] = [++] -1 = Binding of endogenous and transfected 14-3-3 subtypes to
a3 PR PA DA BN IR R I S R S R A C]_DC25B mutants. ++, well bound; +, detectably bound; +,
faintly bound (could be detected only after long exposure); —,
LD N Ml Sl M El o Bnall ol o M B L no binding.

.62.



14-3-3 subtypes and subceilular localization of COC25B 3015

sole site responsible for 14-3-3B binding. A faint signal was
detected with the CDC25B mutants containing Ser137 or
Ser216, but only after a long exposure time (S.U., A.K., M.O,,
M.S., MH, HN, TM., Yl and K., unpublished data).
Exactly the same results were obtained for 14-3-3¢ binding
(Fig. 2B), i.e. the intact Ser309 fulfills the binding requirement.
Surprisingly, entirely different results were obtained when
14-3-30 was co-expressed with CDC25B. As shown in Fig.
2B, the mutation of Ser309 to Ala309 had little effect on 14-3-
30 binding. Instead, a single mutation changing Ser216
to Ala216 apparently abrogated the binding of 14-3-3c.
Experiments with single-serine constructs of CDC25B
provided complementary results, indicating that only Ser216 is
responsible for 14-3-3¢ binding. Notice, that the amount of
14-3-3c that bound to the CDC25B-5216 mutant was roughly
half the amount of 14-3-3f or € that bound to the CDC25B-
S309 mutant. Therefore, the affinity of 14-3-30 for Ser216
seems to be lower than those of 14-3-3( and ¢ for Ser309.
Furthermore, 14-3-3¢ bound to two other binding sites, Ser137
and Ser309, although with a lower affinity than the binding to
Ser216 (Fig. 2B, Long exposure).

Binding of endogenous 14-3-3 to CDC258

Next, we addressed the question of whether endogenous 14-3-3
binds to transfected CDC25B. After transfection of wild-type or
mutant CDC25B, CDC25B was recovered and CDC25-bound
14-3-30, &, or © was detected with subtype-specific antibodies.
CDC25B was transfected to HEK293 cells to investigate binding
of 14-3-3f and &. U208 cells were used to determine 14-3-3¢
binding because no expression of 14-3-3¢ was detected in
HEK?293 cells. Binding of endogenous 14-3-3f and £ is shown
in Fig. 2C and that of 14-3-3¢ in Fig. 2D. As illustrated, the
results were essentially the same as those for the exogenously
expressed ones. 14-3-3B and e preferentially bound to Ser309
and a mutation to Ala at this site impaired 14-3-3 binding. Unlike
14-3-38 and £, a Ser to Ala mutation at Ser216 eliminated
14-3-3¢ binding (summarized in Fig. 2E). As clearly indicated,
both endogenous and exogenous 14-3-3(3 and e preferentially
bind to Ser309, whereas 14-3-3c prefers Ser216. Besides these
two sites, Ser137 seems to be a favored binding site for the three
14-3-3 subtypes tested here because the binding signals are
reduced by mutation at Ser137 (Fig. 2C and D). In respect to the
other putative binding sites, we found no evidence that the
14-3-3 subtypes bind to either Ser81 or Ser361.

Multiple binding sites for 14-3-3¢ on CDC25B

The results shown in Fig. 2 suggest that 14-3-3¢ binds to
CDC25B at multiple sites and possibly requires two sites to
stably bind the protein. To explore this further, we constructed
a series of mutants in which two serine residues were changed
to alanine, and examined the binding of the 14-3-3 subtypes
(Fig. 3). Compared with the single SA mutant (i.e. S216A),
binding of 14-3-36 to double SA mutants, such as S216/309A,
was weaker or absent. Further work with the double mutants
indicated that either of two sites, Ser137 or Ser309, seem to
work cooperatively with Ser216. These results strongly suggest
that 14-3-3G requires two sites, Ser216 and Ser137 or Ser216
and Ser309, to interact effectively with CDC23B, and that
14-3-3¢ might function as a dimer.
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Fig. 3, Efficient binding of 14-3-3¢ to CDC25B requires two
independent sites, HEK293 cells were co-transfected with 14-3-3¢
and a series of CDC25B mutants. Protein expression (Lysate) and
protein binding (IP: CDC25B (0-FLAG Ab)) were detected. The
letters in the upper panel of Lysate indicate CDC25B wild type and
respective mutants. The definitions of the abbreviations for each
mutant are described in the text,

14-3-3 binding sites and subcellular localization of
CDC258

Binding of 14-3-3 to CDC25B was previously reported to
induce the redistribution of CDC25B from the nucleus to the
cytoplasm; the amino acid residue essential for this effect was
shown to be Ser323 of CDC25B3 (or CDC25B2), which
corresponds to Ser309 of CDC25B1 in our experiments
(Davezac et al., 2000; Forrest and Gabrielli, 2001). Therefore,
we analyzed the subcellular localization of CDC25B mutants
expressed in combination with 14-3-3 subtypes that possess
different binding site preferences. To assess the effects of co-
transfection on the subceflular localization of CDC25B, we
distinguished three different distributions [nuclear (N), diffuse
{(N=C) and cytoplasmic (C)] of CDC25B (Fig. 4A). The
localization of exogenously expressed CDC25B was mainly
nuclear (Fig. 4B), transfected 14-3-38 or ¢ was detected in the
cytoplasm (5.U., AK,, M.O., M.S,, M.H., HN,, TM,, Y.1. and
K.Y., unpublished data). Upon co-transfection with 14-3-3f,
CDC25B exhibited a diffuse distribution (Fig. 4B).
Quantitatively, the percentage of cells with nuclear CDC25B
was reduced from 55% to 30% and that of cells with a diffuse
distribution increased from 38% to 60% when co-expressed
with 14-3-3[. Based on our results, it is possible that nuclear
localization is disturbed by 14-3-3 binding. Interestingly, the
expression of 14-3-30 had no effect on the localization of
CDC25B. These results led us to hypothesize that when
14-3-3B binds to Ser309 of CDC25B, it can drive CDC25B
from the nucleus to the cytoplasm, but that 14-3-3c, which
does not bind primarily to Ser309, has no ability to do so.

Effects of mutations at 14-3-3 binding sites on the
localizaticn of CDC258

The primary 14-3-3p binding site on CDC25B was Ser309, and
a point mutation at this site that changed serine to alanine
abolished the interaction. If the binding of 14-3-3 is correlated
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with the cytoplasmic localization of CDC25B, 14-3-3[ could not
drive the CDC25B mutant out of the nucleus. The results shown
in Fig. 4C indicate that the mutation Ser309 to Ala309 in
CDC25B completely disrupted its cytoplasmic localization with
more than 90% of the mutant protein being located in the nuclei.
In contrast to the wild type, this CDC25B mutant was not
diffused into the cytoplasm by co-expression of 14-3-3f or
14-3-30. However, mutant S216A behaved like the wild type,
i.e. its subcellular localization was effectively changed from
nuclear to diffuse when co-expressed with 14-3-3p (Fig. 4D).
Moreover, introduction of 14-3-3g did not cause any change in
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the distribution of CDC25B. Collectively, these results show that
Ser309 is essential for the cytoplasmic distribution of CDC25B
and that Ser216 does not have any influence on the subcellular
localization of CDC25B, even when 14-3-30 binds to it.

To confirm that the subcellular distribution of CDC25B by
14-3-38 depends on Ser309, we made mutants in which serine
was changed to alanine at four of the five sites that have a single
phosphorylatable serine residue. The mutants were dencted
as CDC25B-818, CDC25B-137S, CDC25B-216S, CDC25B-
309S and CDC25B-361S (as mentioned in Fig. 2). These
CDC25B mutants were transfected with or without 14-3-3 and
their localizations analyzed. Only CDC25B-3095 behaved like
the wild type (Fig. 5B); the other mutants exhibited nuclear
localizations, probably because they possessed the S309A
mutation and could not bind to 14-3-3B (Fig. 5A). Wild-type
CDC25B and the CDC25B-3095 mutant exhibited nuclear
localization in about 60% of the cells (Fig. SB). As was the
case with wild-type CDC25B (see Fig. 4B), the expression of
14-3-3 antagonized the nuclear localization of CDC25B-3095
and led to a diffuse distribution (Fig. 5B). In contrast to 14-3-
3B, 14-3-35 did not bind to the mutant and had no effect
on the nuclear localization of CDC25B-3098 or wild-type
CDC25B (Fig. 5B). These results strongly suggest that only
Ser309 of CDC25B is required for the control of the
subcellular tocalization of CDC25B by 14-3-3f.

Effects of 14-3-3¢ on the nuclear localization of CDC258B

The results shown in Fig. 2 indicate that Ser30% of CDC25B
is the specific binding site for 14-3-3£. We examined the effects

Fig. 4. 14-3-38 but not 14-3-3g efficiently redistributes CDC25B
from the nucleus to the cytoplasm, HEK293 cells were transfected
with FLAG-tagged CDC25B in combination with empty vector,
myc-tagged 14-3-3[ or myc-tagged 14-3-30, followed by
immunostaining with anti-FLAG antibodies. to detect the subcellular
localization of CDC25B and with anti-mye antibodies to detect co-
transfected 14-3-3 proteins. Analyses showed that more than 95% of
the cells that expressed CDC25B also expressed the co-transfected
14-3-3 proteins. (A) Exemplary images, showing how the subcellular
distribution of CDC25B was evaluated: N>C, predominantly nuclear;
N=C diffuse; N<C, predominantly ¢ytoplasmic. (B) Wild-type
CDC25B was co-transfected with empty vector (WT), myc-tagged
14-3-3p (WT+14-3-3B) or myc-tagged 14-3-3¢ (WT+14-3-30) to
quantify the subcellular distribution of CDC25B. Over 200 cells
expressing CDC25B were counted to determine the percentage of
cells that express CDC25B with nuclear, diffuse and cytoplasmic
distribution. Error bars in graphs represent the means+s.d. of three
independent experiments. (C) Transfection with wild-type CDC25B
alone (WT), $309A mutant of CDC25B alone ($309A) and mutant
5309A in combination with myc-tagged 14-3-3f (S309A+14-3-3p)
or myc-tagged 14-3-30 (S309A+14-3-30). Over 200 cells expressing
CDC25B were counted to determine the percentage of cells that
express CDC25B with nuclear, diffuse and cytoplasmic distribution.
Frror bars in graphs represent the means+s.d. of three independent
experiments. (D) Transfection with wild-type CDC25B alone (WT),
$216A mutant of CDC25B alone (S216A) and mutant $216A in
combination with myc-tagged 14-3-38 (8216A+14-3-38) or myc-
tagged 14-3-3¢ (8216A+14-3-35), Over 200 cells expressing
CDC25B were counted to determine the percentage of cells that
express CDC25B with nuclear, diffuse and cytoplasmic distribution.
Eror bars in graphs represent the meansgs.d. of three independent
experiments.
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of 14-3-3¢ on the subcellular localization of CDC25B in three
sets of experiments. First, 14-3-3¢ was co-transfected with
wild-type CDC25B and CDC25B-distribution (as defined
above and in Fig. 4A) was analyzed by counting the cells. Co-
expression of 14-3-3¢ reduced the percentage of cells with
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Fig. 5. Only the 309S mutant of CDC25B was distributed diffusely
with co-transfection of 14-3-3f. (A} Wild type CDC25B or different
CDC25B mutants with a single phosphorylatable serine were co-
transfected with 14-3-33 into HEK293 cells. (Upper panels)
Subcellular localization of CDC25B wild type and mutants. (Lower
panel) Corresponding images of nuclei. (B) Percentage of cells
transfected with mutant CDC25B 3095 (shown in A) that express
CDC25B with nuclear, diffuse and cytoplasmic distribution. Over
200 cells expressing CDC235B were counted to determine the
percentage of cells that express CDC25B. Transfection with wild-
type CDC25B alone (WT), 3095 mutant of CDC25B alone (3098)
and mutant 3098 in combination with myc-tagged 14-3-3( (3098
+14-3-3B) or myc-tagged 14-3-30 (3098 +14-3.30). Error bars in
graphs represent the meanszs.d. of three independent experiments.
Subcellular distribution of CDC25B: N>C, predominantly nuclear;
N=C diffuse; N<C, predominantly cytoplasmic (C).

nuclear localization of CDC25B from 55% to 47% and
concomitantly increased the percentage of cells displaying a
diffuse pattern from 40% to 55% (Fig. 6A). Second, 14-3-3¢
was co-transfected with the CDC25B-309S mutant, Here, the
nuclear localization of CDC25B decreased from 60% to 37%,
whereas its diffuse distribution increased from 35% to 55%
(Fig. 6B). We found no effects of the co-expression of 14-3-3e
on the subcellular localization of the CDC25B-S309A mutant
(Fig. 6C). In summary, the results with 14-3-3¢ were exactly
the same as those obtained with 14-3-3p and different from
those with 14-3-3¢.

Effects of 14-3-3f binding on the nuclear import of
CDC25B

Several previous studies demonstrated that treating cells with
leptomycin B (LMB), a CRM1 (exportini) inhibitor, disrupts
the cytoplasmic localization of CDC25B (Nishi et al., 1994;
Kudo et al., 1998; Karlsson et al., 1999; Davezac et al., 2000)
(Fig. 7A). Therefore, it might be that 14-3-3f-binding slows
down the nuclear import of CDC25B by LMB. After
transfecting CDC25B with or without 14-3-3[3, cells were
treated with LMB and the nuclear accumulation of CDC25B
was measured. As shown in Fig. 7B, co-expression of
exogenous 14-3-3P efficiently inhibited the nuclear import of
CDC25B. Notice that this effect was not observed when
14-3-36 was co-transfected with CDC25B. These results
suggest that 14-3-3f masks the nuclear localizing signal
(NLS) of CDC25B, which is located about 30 amino acids
downstream of Ser309,

Discussion

It has long been believed that higher eukaryotic cells have two
duat specificity phosphatases, CDC25B and CDC25C, which
activate CDK1l/cyclin B to initiate mitosis. Recent reports
indicate that another dual specificity phosphatase, CDC25A,
plays a crucial role in G2-M events (Mailand et al., 2002).
CDC25A can bind and activate CDKl/cyclin B, and
downregulation by RNAIi delays mitotic entry. In addition, the
overexpression of CDC25A abrogates the G2 DNA-damage
checkpoint (Mailand et al, 2002; Chow et al., 2003).
Therefore, it is possible to regard CDC25A as a master
activator of CDK/cyelin in the cell cycle, and the roles of
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Flig. 6. 14-3-3€ had effects similar to those of 14-3-3P on the subcellular localization of CDC25B. HE293 cells were transfected with (A) wild-
type CDC23B, (B) the 3095 mutant or (C) the S309A mutant with or without 14-3-3e. Over 200 cells expressing CDC25B were counted to
determine the percentage of cells that express CDC25B with nuclear, diffuse and eytoplasmic distribution. Error bars in graphs represent the
means+s.d. of three independent experiments. Subcellular distribution of CDC25B: N>C, predominantly nuclear; N=C diffuse; N<C,

predominantly cytoplasmic (C).
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Fig. 7. Binding of 14-3-3f to CDC25B A
efficiently slowed down the nuclear
import of CDC25B induced by
leptomycin B (LMB). {A) HEK293
cells transfected with wild-type
CDC25B and treated with 20 ng/ml
LME at for 3 hours. Transfected
CDC25B was detected with anti-FLAG
antibody. The upper and lower panels
show the results without or with LMB
treatment, respectively. (B) HEK293
cells transfected with wild-type
CD{C258 alone or with 14-3-3p.

CbC25B

Twenty-four hours after transfection, 20 ng/ml LMB were added to the cultures and
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the percentage of cells exhibiting nuclear-specific localization of CDC25B was

determined at the indicated time-points: 0 (before addition of LMB), 1.5, 3 or 6 hours after the addition. Over 200 cells expressing CDC25B
were counted to determine the percentage of cells that express CDC25B. The percentage of cells with a nuclear localization (as shown in Fig. 4)
was determined from three independent experiments. @, CDC25B; O,CDC25B with 14-3-3f.

CDC25B and CDC25C as being restricted to G2-M events to
activate CDK1/cyclin B.

It has been proposed that CDC25C inhibits human CDC25C,
by downregulating its phosphatase activity or by binding
14-3-3 after the phosphorylation of Ser216 (Peng et al., 1997;
Blasina et al., 1999; Fumnari et al., 1999; Graves et al., 2001).
The amount of cellular CDC25C is essentially kept constant.
Therefore, a qualitative regulation of its functions, i.e. enzyme
activity and subcellular localization, is required to control cell
cycle progression. In the case of CDC25B, the protein
accurnulates as the cell cycle progresses, reaching a maximum
at G2-M phase. Thus, controlling the expression of CDC25B
is an effective means of regulating its function. However, at G2
phase, when the CDC25B level is at its peak, an altemate way
of keeping it inactive is needed when jts activation is
inappropriate. Recently, several groups have reported that the
binding of 14-3-3, specifically at Ser309 of CDC25B1 or
Ser323 of CDC25B2 or CDC25B3, results in the cytoplasmic
localizadon of CDC25B, supporting the theory of its
redistribution from the nucleus to the cytoplasm as a critical
G2-M checkpoint (Davezac et al., 2000; Forrest and Gabrielli,
2001).

In agreement with these reports, we found that 14-3-3( and
14-3-3¢ bound specifically at Ser309 of CDC25B1 and that the
binding effectively redistributed CDC25B, decreasing its
amount in the nuclei. We consistently detected nuclear
localization in about 50% of the CDC25B-transfected cells.
Endogencus 14-3-3, detected with a pan-14-3-3 antibody, was
recovered as a complex with exogenous CDC25B. The co-
expression of 14-3-33 or 14-3-3g reduced the nuclear
localization of exogenous CDC25B by about 20%, but
endogenous 14-3-3 was recovered with exogenous CDC25B.
More than 95% of the introduced CDC25B was localized in
nuclei when the binding of 14-3-3 was abolished by a CDC25B
point mutation. Thus, it is reasonable to conclude that the
binding of 14-3-3 at Ser309 of CDC25B is essential for the
exclusion of CDC25B from the nuclens, We also presented
evidence that binding of 14-3-35 to CDC25B slowed down the
muclear import induced by LMB treatment. Since 14-3-3f
specifically binds to Ser309, bound 14-3-3 should impair the
access of nuclear import cargos, such as impoertin, to the NLS.

In Xenopus, 14-3-3-binding to CDC25C was suggested to

mask its NLS, making its nuclear exclusion signal (NES)
available for the transfer of CDC25C to the cytoplasm
{Kumagai and Dunphy, 1999). The NLS in human CDC25B is
located at the same position relative to the 14-3-3-binding
site of CDC25C in Xenopus, i.e., about 30 amino acids
downstream of Ser309 (Davezac et al., 2000) (S.U., AK.,
M.O., M.S, MH, HN., TM,, Y.L and K.Y., unpublished
data). Therefore, the binding of 14-3-35 or 14-3-3¢ at Ser309
could inactivate the NLS, which in tarm would make the N-
terminal NES dominant. This idea is further supported by the
observation that the preferential binding of 14-3-36 to Ser216
does not cause cytoplasmic redistribution of CDC25B because
Ser216 is too far away to allow 14-3-3¢ to mask the NLS. We
also conclude from this result that the NES-like sequence
present in the C-terminws of all 14-3-3 subtypes does not
function as an NES. Thus, our results agree well with the
recently presented hypothesis that the binding of 14-3-3 does
not add an “attachable NES” that targets proteins (Rittinger et
al., 1999: Brunet et al., 2002). Instead, it might serve other
functions, such as providing scaffolding or a cover that hides
specific motifs, such as NLS or NES (Muslin and Xing, 2000;
Tzivion et al., 2001; Yaffe, 2002).

Ser300 was shown to be phosphorylated by p38 MAP
kinase, and the kinase activity was necessary to maintain cell
cycle arrest at G2 in response to DNA damage caused by UV
light (Bulavin et al., 2001). One of the checkpoint kinases,
Chk1, can phosphorylate Ser309 to enhance 14-3-3-binding in
vitro (Forrest and Gabrielli, 2001) (8.U., AKX, M.O.,, M.§,,
M.H., HN., TM., Y.I. and K.Y., unpublished data). Although
co-expression of MKK6, Chk1 or Chk2 with CDC25B and 14-
3-3p enhanced the binding of 14-3-3p to CDC25B, these
effects were not significant (S.U.,, A K., M.O,, M.5., MH,,
HN., TM., Yl and K.Y, unpublished data). Therefore,
Ser309 seems to be constitutively phosphorylated, possibly by
p38 or C-TAKL. If phosphorylation of this serine is crucial for
the induction and/or maintenance of G2 arrest, the inactivation
of the phosphatase tesponsible for the dephosphorylation
might also occur, although enhanced checkpoint kinase activity
is usually thought to maintain the phosphorylation state. The
significance of the cytoplasmic localization of CDC25B in
terms of cell cycle regulation, especially at the G2 checkpoint,
is not clear. However, abrogation of the 14-3-3 binding site
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abolished G2-arrest and thus caused localization of CDC25B
to the nucleus. The overexpression of CDC25B is sufficient to
override the G2 DNA damage checkpoint (Miyata et al., 2001),
but in this case, Ser309 of the overexpressed CDC25B would
be phosphorylated as is the endogenous residue. In addition,
the amount of cellular 14-3-3 is obviously in excess of the
amount of CDC25B, and thus the equilibrium between 14-3-
3-bound CDC25B and unbound CDC25B should be the same
in transfected cells and in normal cells. If overexpression
enhances the probability of the localization of CDC25B in the
nucleus, CDC25B could counteract the inhibitory effects of
Weel kinase, leading to the activation of CDK1/cyclin B and
abrogation of the G2 checkpoint. Phosphorylation of Ser309
should be necessary to inhibit premature mitosis, but it is too
early to attribute maintained phosphorylation at the G2
checkpoint to the checkpoint kinases or to p38. So, if Ser309
is constantly phosphorylated, then its phosphorylation level
could never be enhanced because of DNA damage (Bulavin et
al., 2001). Indeed, no reports indicate a higher than normal
phosphorylation level of Ser309 or Ser323 in CDC25B2 or
CDC25B3 at the G2 checkpoint, although it is possible to
postulate a change from the maintenance kinases to the
checkpoint kinases at the checkpoint state to keep the
phosphorylation level constant (Bulavin et al., 2002). Thus, the
significance of the phosphorylation of Ser309, in combination
with the binding of 14-3-3 at the site, must await further
conclusions about the G2 checkpoint.

We have reported here the binding of 14-3-3¢ at Ser216 of
CDC25B, which has not been reported previously. We have
also described another site, Serl37, that seems to provide
support for the binding of 14-3-3¢. The subtypes 14-3-3p and
£ have little preference for either of these sites, although both
serine residues partly satisfy the consensus-binding motif of
14-3-3 (Rxx8). Itis rare to find binding-preference differences
among 14-3-3 subtypes and it should be noticed that 14-3-3¢
does not prefer Ser309 for binding even though it is in one
of the typical 14-3-3 binding motifs. Interestingly, 14-3-3c
also does not bind to CDC25C where Ser216 is located in a
typical 14-3-3 binding motif (RSxSMP) (Chan et al.,, 1999)
S.U., AK, MO, MS,, MH, HN,, TM,, Yl and KY,
unpublished data). Two sites on CDC25B are required for the
efficient binding of 14-3-3¢, which means that 14-3-30 must
be a dimer to bind efficiently to the two different sites on
CDC25B.

During the preparation of this manuscript an on-line report
was published, describing two sites, other than Ser323 of
CDC235B2, necessary for 14-3-3 binding (Giles et al., 2003).
Those two sites in CDC25B2, Serl51 and Ser230, are exactly
the same as Ser137 and Ser216 of CDC25B1 that have been
discussed here. We have demonstrated that 14-3-3g binds to
these sites. It is well known that 14-3-306 is one of the
downstream transcriptional targets of p53 (Hermeking et al,,
1997). There have been several reports that 14-3-3¢ can
downregulate CDK activity by binding to it or that 14-3-36 can
move the CDKI/cyclin B complex to the eytoplasm (Bulavin
et al., 2002). Here, we suggest that 14-3-3¢ downregulates the
function of CDC25B and thereby acts as a G2-checkpoint
regulator. Our preliminary experiments indicate that the co-
expression of CDC25B and Chkl, but not MKK6 (that
activates p38), enhances phosphorylation at Ser137 and Ser216
(8.0, AK, M.O., MS, MH, HN,, TM,, Y1l and K.Y,

unpublished data). Further studies are required to determine
whether the phosphorylation of both sites leads to the binding
of 14-3-3¢ and to establish the consequences for CDC25B.
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Abstract %\i
To determine the correlation between the immunoreaction against the core structure 6§ human immunedeficiency virus type (HIV-1)
transmembrane protein gp41 epitopes and the disease progression, it is essentiaj,{fju é'\"ﬁ‘ggate the anti-core structure antibody epitopes and the

humoral immunity against the epitopes. For this purpose we evaluated mono‘c_/lo?i\éyiantilibdies (mAbs) against the gp41 core structure such as
mAbs 50.69, 98.6 and T26, by Western blotting (WB) and flow cytometrx.ngB }ﬁh&'@ﬂymAbs 50.69 and 98.6 bound to both monomeric and
oligomeric gp41, and mAb T26 exclusively bound to oligomeric gp41 Wé’e\'élua;ted the sera from Preumocystis pneumonia patients (PCP;
n =T} and long-term survivors (LTS; n = 7). Competition assay wiﬂyﬁ%gnd i"r’izft’;s for binding to HO cells infected with HIV-1 IIIB virus was
done using flow eytometry. The results revealed that PCP sera as)‘.égmu as L’ﬁ%sera inhibited the binding of all the three mAbs, and the PCP sera

inhibited mAb T26 binding more efficiently than LTS, Therefore, PCR:patients retain competing immunity to antibodies against not only the

shared epitopes of the core structure (binding sites of mAbg/SO.?Q
mAb T26).
© 2005 Published by Elsevier SAS.

Keywords: HIV-1; PCP; LTS; gp41; Core struclu‘r;g;%g ) 2

4. anc,
g

8.6) but also against oligomeric gp41 specific epitope (binding site of

v

1. Introduction i{:i:?
i

The outcome of expoguré to hfiman immunodeficiency
virus type 1 (HIV-1) is%’ffgicmdrﬁy humoral and cellular
immune responses agapSFHIV- 1. Blocking of virus entry by
antibodies is thougl%%‘ e critical for vaccine development.
Even though HI?% transmembrane protein gp41 plays a key
role in both virus-mediated cell—cell infection and infection
by cell-free virus, the exact conformation of the native
gp41 molecule is not well known. A structural model was
proposed in which fusion-active gp41 folds into a six-helix
alpha-helical bundle, with three N-terminal helices forming
an interior, parallel-coiled-coil trimer, while three C-terminal
helices pack in the reverse direction into three hydrophobic

grooves on the surface of this coiled-coil [1-3]. Two immu-

* Corresponding author. Tel.: +81 22 717 8220, fax: +81 22 717 8221.
E-mail address: thattori @int1.med.tohoku.ac jp (T. Hattori).

1286-4579/5 - see front matter © 2005 Published by Elsevier SAS.
doi: 10.1016/.micinf.2005.01.007

nodeminant regions of gpd1 core structure have been reported
to define the epitopes within these regions to which infected
humans respond during the course of infection [4]. The first
is the region of gp4 1 in the vicinity of the cysteines at amino
acids 598 and 604 {cluster I), The second immunogenic region
position is between 644 and 663 (cluster IT). Titration of sera
from HIV-1-infected patients showed that there was an anti-
body that binds about 100-fold more efficiently to cluster I
than to cluster II in the patients’ sera, confirming the immu-
nodominance of cluster I. Recently, we reported that there
was an association between the clinical progression in HIV-
l-infected individuals and the decline of anti-DP107 (alpha
helical N-peptide) {aa 553-590) antibody, suggesting that the
antibodies against the structure may have a protective role
[5). Because the DP107 peptide shows an alpha helical struc-
ture, we assumed that the humoral responses against the core
structure might be assoctated with the clinical progression.
Furuta et al. [6] showed that the DP178 (aa 638-673) peptide
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bound to gp41 and inhibits envelope protein mediated mem-
brane fusion. Subsequent studies by Gorny et al. have dis-
closed that human monoclonal antibodies (mAbs) against
gp41 could recognize the gp41 core structure. Among them,
mAD 50.69 reacts only when N51 (aa 540~590) is mixed with
C43 (aa 624-666), and mAb 98.6 reacts only when N36 (aa
546-581) is mixed with C34 (aa 628-661), and both combi-
nations are known to form a six-helix bundle [7,8]. The pre-
vious studies proved that mAb T26 binds to the epitope of a
six-helix bundle composed of N36 and C34 peptides [9-12]
(Table 1). MAbs 50.69, 98.6, T26 have an epitope that com-
poses the core structure so we call these mAbs anti-core struc-
ture mAbs because the exact antigenic structures of the native
and fusogenic gp41l molecule have not been clarified yet.
Among them, only mAb T26 has specificity to oligomeric
gp41 so we called mAb T26 anti-oligomeric gp41 antibody
because a previous study showed that mAb T26 binds spe-
cifically to oligomeric gp140 by immunoprecipitation [1C].
These mAbs have been used to analyze the conformational
changes induced by recombinant soluble CD4 (sCD4) (Im-
mune. Diagnostics, Woburn, MA) because sCD4 could mimic
the interaction of gpl20 with the cell membrane, This treat-
ment is known to enhance mAb 50.69 expression {13,14].
Such anti-core structure mAbs as 50.69, 98.6 and T26 have
not been studied extensively because they have less neutral-
izing activity [15,16], and because the gp41 core structure

was believed to appear only after membrane fusion occurred

[17]. However, to clarify the conformational properties and.
changes of the gp41 molecule in detail, we need to evahiate
the binding properties of the anti-core structure mAﬁs fpr
which these mAbs are useful. In the present stud wg we;p

able to clarify the properties of anti-gp41 mAbsT™ EY p‘»‘
Loomis-Price et al. { 18] have reported that a?xg gp4!‘1mmu-
noresponses have a more significant cor;éfla on with the dis-

ease progression than those of anti- 12 Q 1t Bas also been
reported that antibodies against gpolf 1 epi oﬁes on HIV-1 are
lost or escape mutants arise and coﬁsequgntly contro] of HIV-
1 is lost and the virus load i creas%s 74§ in the case of CDC
stage C [19]. Much eVIde:gceQas acgumulated supporting the
correlation with ant1~,gp4l\i;nmumty and disease progres-
sion. However, the egrr@aﬂon*‘between the immnoreactions
against each corg strug: Y@epxtope and the disease progres-

sion remains unclea‘r;\W e, we studied the antigenicity of the

Table 1

Presence of different immunoreactive mAbs that bind to gp41 derived pep-
tide. Each number indicates reference

—: No binding detected between mAb and peptide. +: Significant positive
binding detected between mAb and peptide. unknown: No consensus on
whether mAb binds to peptide or not.

c34 N6  NICI4 4 NS1  NSUC43
5069  -R4 e B -eq ] +B4
98.6 .M Ryl +1 +8 18 + 1%
26 DM 4 +19  uoknown umknown unknown

J

core structure, which has two immunodominant regions of
anti-gp41 antibodies, and the immunity against these epitopes
in sera of HIV-1-infected patients,

2. Materials and methods

2.1. Subjects and sera tested

We enrolled seven healthy volunteers (mean age = 33: all
of them were men) who were HIV-1 negative and whose
peripheral CD4 counts were above 500,gells per ml. And we
enrolled seven HIV-1-infected indiyiduals (mean age = 26:
all of them were men) as LTS. L § u?é defined as patients
who had not been treated with ure vital therapy and did
not develop AIDS-related g.tsea afor ore than 10 years and
whose peripheral CD4 cgunts Were above 500 cells per ml
(LTS) [20-22]. Sera were: draw?m 1997 from six male LTS
who were hemophi 1acs, and ‘estimated to have been infected
at least befo LTS were registered in the Collabo-
rative HIV stid ‘9§ apanese Natural History Committee. One
sample was draw in 2003 for LTS #7 who been infected for
more étﬁ«anpf years And sera were drawn from seven AIDS
pa&entb\gmean age = 45) who had developed Preumocystis
pfleurﬁoma {PCP) (mean CD4 count = 34} [23]. One PCP
#lxpat(’?-nt has been infected with HIV-1 fore more than

}%%gyyears and the others were found to be infected when they

eloped PCP. Six PCP patients did not have antiretroviral
therapy except PCP #2 who already had started
AZT + ddC + IDV as ART (antiretroviral therapy) when his
blood was drawn in 2003. PCP#1, #2, #3 and #6 were infected
by heterosexual intercourse and the others PCP were by homo-
sexual intercourse. In LTS #3, 5 and 6 the HIV strain was
identified as subtype B but the others were unknown (Table 2).
One male LTS #7 and one female PCP patient #1 from Tohoku
University Hospital, Division of Infectious and Respiratory
Diseases were enrolled. Sera from six male PCP patients were
kindly provided by Dr. Sato of the Sendai Medical Center.
LTS #1 and #2 sera were kindly provided by National Insti-
tute of Infectious Diseases, Tokyo, Japan. LTS #3, 4, 5 and
6 sera were kindly provided by Dr. Shin Nishihata at Ka-
goshima Seikyo Hospitaland. LTS #1-6 were registered in
the Collaborative HIV study of Japanese Natural History
Committee and those clinical information of LTS #1-6 was
provided from HIV Infectious Diseases Integrated Database
(https:/fwww.aids.nih.go.jp/).

The plasma from the six PCP patients showed viral RNA
loads above 50,000 copies per ml, except case patient #2 with
3300 copies per ml. All PCP patients were hospitalized and
treated properly. Informed consent was obtained from all
patients. Plasma was separated from heparinized blood by
centrifugation and stored at —80 °C unti! use and thawed just
before use. Approval by the Tohoku University Ethics Com-
mittee for Clinical Investigations and informed consent were
obtained.
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Table 2
Clinical characteristics of LTS {(A) and PCP (B) patients

0. Usami et al. / Microbes and Infection Wl (2005) B

A

Case Age Gender CD4(ccllaul)  Viral load (copiesiml) ART Subtype Infection route
1 p. 1] M 648 280 Nothing  unknown Blood Produet
2 15 M 950 950 Nothing  wnknown Blood Product
3 34 M 665 80000 Nothing B Blood Prodoct
4 38 M 552 <400 Nothing  unknown  Blood Product
5 32 M s01 2000 Nothing B Blood Product
6 19 M 898 <400 Nothing B Blood Product
7 32 M 547 <A00 Nothing  umknown unknown

Mean 28 648 400

B

Case Ape Gender CD4{cells/l) Vil load {coplesimi) ART Subtype  Infection reute
1 3 F 9 50400 Nothing unknown Hetero
2 56 M 228 3300 AZTdICIBY  unknown Hetero
3 &0 M 212 80000 Nothing unknown MSM
4 35 M 1 >100000 Nothing unkngwn Hetera
5 32 M 34 >100000 Nothing tnknown MSM
6 59 M 3 >100000 Nothing unknown Hetero
K 40 M 544 79000 Nothing unknown MSM

Mean 43 648 400 Nothing

2.2. Monoclonal antibodies

recognize the gp41, and the biotinylated mAbs 50:69 and.,
98.6 were also kindly provided by Dr. S. Zolla-Paznéf and
Dr. MK, Gorny [4,24,25]. The mAb T26, whi¢h fecogmizes
the oligomeric gp41, was kindly provided by:Kilgore et al.
[11]. The anti-gp120 mouse mAb 902, }'éﬁ_g@éhgnizes the
V3 loop of gp120 [26], was provided By S5t B. Chesebro
through the NIH AIDS Research/References Reagent Pro-
gram. MAb Chessie 8 was py;i‘ged'qusi HiTrap Protein G
(Amersham Biosciences, I;fscata__w'ay, NI) from Chessie
8 hybridoma supernatant".pm&;'d&dfby Dr. George K. Lewis
through the NIH AIQS,JRe's"eg'Eh References Reagent Pro-

o

gram. a3,
N

2.3. Western blotﬁh&}QWB)

Immunoassays of each mAb confirmed their binding to
envelope protein by LAV-BLOT1 (LOT No. 3C0175) (Bio-
Rad, Hercules, CA). The WB procedure was done as described
by the manufacturer. In brief, HIV-1 stain IIIB lysate blotted
membranes were washed with diluted wash solution and incu-
bated with diluted mAbs at 25 °C for 2 h The membranes
were developed with alkaline phoshatase conjugated anti-
human or -mouse IgG antibody (Sigma, St. Louis, MO), fol-
lowed by 5-bromo-4-chlor-3-indoly-phosphate/nitroblue-
terazulium reaction. The membrane images were acquired by
flat scanner ES-2200 (Espon, Nagano, Japan) and analyzed
using PhotoShop software (Adobe, San Jose, CA).

The anti-gp41 human mAbs 50.69, 98.6 and 246D wgf

&gf‘m&"ﬁnﬂaﬁon of antibodies

MAbs T26 and 902 were biotinylated as follows. Ten mil-
ligrams biotinamidchexanoic acid N-hydroxysuccinimide
ester {Sigma) were resolved in 500 ml N,N-dimethy-
formamide (Sigma) and stocked at =20 °C. Sodium bicarbon-
ate was added to the stock solution to adjust the pH to 8.3.
One mg antibody was added to 10 ml pH adjusted solution
and incubated at 4 °C for overnight. Then, biotinylated mAb
was dialyzed with PBS 3 1at 4 °C for 24 h and detected with
phycoerthrin-labeled avidin (PE-avidin) (serotec Lid.,
Kidlington, Oxford, UK)using flow cytometry (FACS) (Bec-
ton Dickinson Biosciences, San Jose, CA). Data were ana-
lyzed using the CellQuest software (Becton Dickinson Bio-
sciences).

2.5, Cell culture

A human T cell line, H9 cells and H9 cells infected with
the OIB strain of HIV-1 (H9/TIIB} and with the MN strain of
HIV-1 (H9/MN) were obtained from Dr. R.C, Gallo. All cells
were cultured in the presence of antibiotics (penicillin and
streptomycin) at 37 °C in 100% humidified air containing
3% CO,. The HY/IITB and H9/MN cell lines were kept in
RPMI 1640 medium containing 10% fetal calf serum. The
viabilities of the cells were estimated using the trypan blue
dye exclusion method and the cells that were more than 95%
viable were used for the experiments. H9/IIIB and H9/MN
cells were proved to be infected with IIIB and MN and the
express the envelope protein more than 80%.
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2.6. Sequence of HIV-1 strain analyzed

HTLV-IIIB (GenBank accession no., X01762) and HTLV-
IIMN (GenBank accession no., M17449) strain sequences
were obtained from NIH AIDS Research and Reference
Reagent program HIV-1 sequence database. Sequences were
analyzed with GenetyxMAC software (Software Develop-
ment, Shibuya, Japan).

2.7. Effect of sCD4 on the conformational changes
of gp120 or gp41 by FACS

Conformational changes of the HIV-1 envelope glycopro-
tein induced by sCD4 were detected using FACS [27]. The
HO/IMIB or HIMN (5 x 10%) cells were washed twice with
PBS followed by incubation at 37 °C for 1 hin the absence or
presence of 10 pg/mi sCD4 in RPMI 1640 medium contain-
ing 0.1% BSA and 25 mM HEPES. Thereafter, the cells were
washed with PBS containing 0. 1% bovine serum albumin and
0.01% sodium azide and incubated with anti-gp41 human or
mouse mAb. The human IgG, (Calbiochem, La Jolla, CA)
and mouse IgG myeloma proteins (R&D Systems, Minne-
apolis, MN) were used as controls for the mAbs. Subse-
quently, the cells were washed and detected by FITC-
conjugated goat F (ab”), anti-mouse Ig’s (FITC-aM)
(Biosource, Camariilo, CA) and FITC-conjugated goat F
(ab”), anti-human Ig’s (FITC-aH) (Sigma), followed by fixa-
tion with a 4% solution of formaldehyde in PBS. The fix8d™
cells were analyzed by FACS as previously describe [%7]
The results were obtained after subtracting the bacﬁground
staining of the control human or mouse IgG. . ‘?’”

Lo,
s ’"*%'
4

"

The effects of patients’ sera on gé‘B‘mdl of blOUnylated

2.8. mAbs competition assay

50.69, 98.6, T26 and 902 mAbs o HY/LIIB (5 x 10%) cells
ABSat samlgted concentrations,
50.69 (4 pg/mb), 98.6 (4@‘{ /ml), $26 (32 pg/ml) and 902
(4 pg/ml), were added <;o thexee vhich were pre- incubated
with 20 pl sera for %ﬁ‘f‘and washed twice. Cells were
incubated for SO@m Q G for mAb 50.69 or 98.6 and 15 min
at 37 °C for mAb T . After being washed twice, 4 pl
PE-avidin was added a.nd the cells were incubated for 30 min
at 4 °C with gentle agitation and then fixed. Binding of bioti-
nylated mAbs to cells was detected by FACS as above. %
Inhibition by sera competition was calculated as follows. The
MFI of cells incubated with healthy volunteer sera and bioti-
nylated detector mAb was defined as 100% positive control.
The MFI of cells without sera and detector mAb was defined
as background. Background MFT was subtracted from the
patient sera MFI and positive control MF], then calculated.
{1-(patient sera MFI - background MFI)/(positive control MFI
— background MFI)] x 100 (%). PCP/LTS % inhibition ratio
was calculated as (% inhibition of PCP sera/% inhibition of
LTS sera).

were studied. Biotinylated

2.9, Statistics

Data are expressed as mean + S.E.M, One-sided nonpara-
metric analysis was performed with the Mann-Whitney U-test
to determine statistically significant differences between two
groups. Differences were considered statistically significant
when P < 0.05.

3. Results

3.1. The binding of anti-gp41 antibodies to monomeric
or oligomeric gp4l molecules éf?

The immunoassays of anu-gpéf'gﬁ %ﬁidms binding to HIV-

1 virus lysate were examined” 1o assgss whether the anti-
gp41 antibodies can bi n’d’?ba\mon“émenc or oligomeric

gp41 molecules (Flg 1) {fhe mAbs 50.69, 98.6, T26, 246D,
902 and Chessie 8 ded: These antibodies were detected
by alkaline phosh %,5 ‘co@jugated anti-human or mouse anti-
body. MAbs 0 108 ¢ 6, 246D and Chessie 8 detected mono-
meric gp41 as@fnga and oligomeric gpdl molecules as
120 and:16Q kD;’%ands suggesting that the epitopes of these

mAb( gre expressed in both monomeric and oligomeric gp41.
26 py:eferenually detected oligomeric gpd1 as 120 and
Q Da ‘bands but not monomeric gp4l as previously
mpo@é’d [11]. Since mAb 902 detected the band of 120 kDa
120 but not that at 160 kDa, 160 kDa indicated the gp4! tet-
ramer rather than gp160 as previously reported [28]. Binding
of mAb Chessie 8, which binds to the gp41 cytoplasmic lin-
ear epitope {29], to gp41 was not influenced by the gp41 con-

formation.

AIDS patient

ra— 50.69

«- gpl60/gp41 tetramet
W < gp120/gp41 trimer

¥ . Healthy volunteer

+« gpd1 monomer

Fig. 1. WB analysis of mAbs. Each WB strip was incubated with 20 pl sera,
32 pg T26 mAD or 4 pg other mAbs diluted with 2 ml wash solution. The
healthy volunteer sera as negative control and AIDS patient sera as positive
control reference were performed.
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3.2. Soluble CD4 induces the conformational change
of gp120 and gp41 on HI/TIIB or MN cells

In this study, we used sCD4 which mimicked the interac-
tion of cell-anchored CD4 with the HIV-1 envelope glyco-
protein expressed on the surface of H9/IIIB cells in a dose-
dependent manner and attained a maximum mAb binding at
10 pg/ml of sCD4 as previously described [13,14,27}. We
measured the change in the gp120 and gp41 epitope expo-
sure after the binding of sCD4 to HY/IIIB or MN cells using
FACS. Fig. 2a shows the binding of mAbs to HY/IB cells.
The binding of mAbs 50.69, 98.6 and 246D, gave a strong
signal and pretreatment of sCD4 increased the signal as fol-
lows: control vs. mAb 50.69 (P =0.046), mAb 98.6
(P =0.032) and mAb 246D (P = 0.016). The binding of mAb
T26 gave a weak signal and sCD4 pretreatment slightly
increased the signal (P=0.121). The binding of mAb
902 gave a weak signal and sCD4 pretreatment slightly
decreased it (P =0.21). Fig. 2b also shows the binding to

0. Usami et al. f Microbes and Infection IR (2005) B -5

A 400

8

1x

g
P—l-l*
—1

mean fluorescence intensity

al

HS/MN cells. The binding of mAbs 50.69 and 246D gave a sCD4 + - + -+ - F - 4
low signal and pretreatment of sCD4 dramatically increased 069 986 T26 246D 902
the signal for mAb 50.69 (P = 0.03) and mAbs 246D B 50
(P =0.001). The binding of mAbs 98.6, T26 and 902 gave no
signal regardless of sCD4 pretreatment because there was no
significant difference between their MFIs and negative con- 40 ¢
trol MFI. This result suggests that mAb 50.69 cannot bind to { Y
MN strain gp4l before sCD4 pretreatment, although mAb {f EN rLI |i1 r§_| il r_si._]
50.69 binds to activated ITIB strain gp41 on the cell surfacen \‘?% a3
MADb 98.6 binds to N36/C34 peptide mix or C43 pep{fde x:
derived from IIB strain, but does not bind to HO/MN cells, §
Therefore, the seven amino acids of C34, which ar€'¢ dlffé’}e;;t 8 207
between the IIB and MN strains, are poss1b1y"”r;§sponsiﬁle g
for determining whether mAb 98.6 binds to {e; gp4) mol- g 10l
ecule (Table 3). . % %
ot PoLA I dll oy

3.3. PCP sera compete with anti a’lzgomem; gp4l antibody 0 e i
126 more efficiently than LTS

We performed a compy @say to evaluate humoral -10
immno-responses to gpdle gbatolnes in LTS and PCP. Fig. 3a, sCD4 - + - + -+ -+ -+
b show the results«gf ‘the coﬁ*npemmn assay between pre- 5069 986 T26 246D 902

bound sera and ann—cone structure mAbs. Biotinylated mAbs
were detected w1tl1 PE~av1d1n Biotinylated mAbs 50.69,

98.6 and T26 bmdmg were significantly decreased after PCP
and LTS sera pretreatment for mAb 50.69 (P = 0.00006), mAb
98.6 (P =0.028), mAb 902 (P = 0.013) and mAb T26
{P = 0.0000) after PCP sera, and for mAb 50.6% (P = 0.0003),
mAb 98.6 (P =0.051), mAb T26 (P=0.11) and mAb 902
(P = 0.45) after LTS sera.

In Fig. 3a, the average of LTS % inhibition was 52.5% for
mAb 50.69, 34.9% for mAb 98.6, 31.6% for mAb T26 and
-12.0% for mAb 902. The average of PCP % inhibition was
66.9% for mAb 50.69, 48.8% for mAb 98.6, 59.4% for mAb
T26 and -31.8% for mAb 902. PCP/LTS % inhibition ratios
were 1.27 for mAb 50.69, 1.39 for mAb 98.6, 1.87 for mAb
T26 and 2.64 for mAb 902. PCP sera blocked these mAbs

Fig. 2. Properties of mAbs binding to HO/TIIB or MN. Effect of sCD4 to env
protein on (A) H9/TIB and (B) H¥MN cells, Cells were incubated with
32 pg/ml mAb T26 and 4 pg/ml other mAbs, followed by FITC-aH or -aM
incubation, Signals were detected by FL1. Each bar ( + S.E.M.) presents the
mean of triplicate determinations. * P < 0.05 and § P > 0.1 as determined by
the Mann-Whitney U-test.

bindings more efficiently than LTS for mAb 50.69 (P = 0.24),
mAb 98.6 (P = 0.54) and mAb T26 (P = 0.17). This suggests
PCP sera contain more competitive antibody against mAbs
50.69, 98.6 and T26 than LTS sera. PCP sera competed with
mADb T26 at the same level as with mAbs 50.69 and 98.6. On
the other hand, anti-gp120 mAb 902 binding was enhanced
after PCP and LTS sera pretreatment, PCP sera pretreatment
more significantly enhanced mAb 902 binding to H9/IIIB cell
compared to LTS sera pretreatment (P = 0.27).
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Table 3
Sequence of I1IB and MN strain gp41 N and C hapted domains
w51 N36 DPley
IIIB : QARQLLSGIVQQONNLLRATEACQCHLLOLTVWGIKQLOARILAVERYLKI
- Mevearinannnns Verrinvnnnn
caa (34 priza
IIIE : NMMTWMENOREINNYTSLIHSLIEESQNQQEKNEQELLELDKNASLIWNNKF
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Fig. 3. % Inhibition of sﬁe&é‘@\gﬁsl binding of mAbs 50.69, 98.6, T26 and
902, (A) shows the average of & competition between pre-bound sera and mAbs.
Each bar ( £+ S.EM) preseﬁfs the mean of seven sera determinations. §
P> 0.1 as determined by the Mann-Whitney U-test. (B) each patients results
between pre-bound sera and mAbs.

4, Discussion

The gp41 core structure to which mAbs 50.69 and 98.6 are
assumed to bind has been considered to form its unique struc-
ture after receptor molecule binding. We showed that mAbs
50.69 and 98.6 bind to both monomeric and oligomeric gp41,
and mAb T26 binds only to oligomeric gp41 in WB. Specific
recognition of the oligomeric form gp41 by mAb T26 but not
by other mAbs was already described previously [10]. The
difference suggests that mAbs 50.69 and 98.6 bind also to

O. Usami et al. / M:cw-'abe;r and -I-nfecrton W (2005) i...-.

the monomeric structure on the cell surface but mAb T26 react
to only the oligomeric form. In FACS analysis of HY/TIIB
cells, MFI or % of positive cells, given by mAb T26, was
lower than by mAbs 50.69 and 98.6. This may be due o the
fact that mAb T26 binding affinity is lower than those of mAbs
50.69 or 98.6. But this possibility is less likely because we
used a saturating concentration of mAb T26 in FACS. The
low MFI of H9/IIIB cells by oligomeric specific mAb
T26 indicated that there were only a few oligomeric struc-
tures on HY/ITIB. It was already shown that most of the enve-
lope structures on H9/IIB are monomeric [30]. Further-
more, we could not find the slightest increment of mAb
T26 positive cells by sCD4 treatment, thdugh mAbs 50.69 and
98.6 reacted generally after the trea eni’ Therefore, not all
the populations of gp41 on the cgl St ace. are ready for imme-
diate fusion even after sCD4 trea(tment n fact we found only
1 of 10>-10* HY/TB ceug‘%“useifnslon in the MAGI cell
assay (Yi Lui, unpubhsh&i obse ation).

We aftempted t ﬁ?t‘@c “pati‘core structure antibodies in
HIV-i-infected seta\, smg a competition assay of mAb
T26 and othgy s*lagcause mAb T26 binds specifically
to oligomeric’ {%’341 epitope. We used mAb 902 (anti-
gp120 V:XIIIB vinis) as a control and found that pretreatment
by sefa enhanced its binding though the cause(s) of the find-
m{is glot clear We showed that both LTS and PCP sera con-
tam,i‘éompeuuve antibodies with anti-core structure mAbs.

Ed
f %, We' Qgﬁld not find any distinguishable relationship between

aach patient’s clinical characteristics and each competition.
And in all LTS and PCP patients’ analyses, since the % inhi-
bition of mAb T26 in LTS and PCP was at the same level as
that of mAb 50.69 and 98.6, LTS and PCP appear to retain
anti-oligomeric gp41 immunity. PCP pre-bound sera com-
peted with the anti-core structure antibodies mAbs 50.69,
98.6, T26 more efficiently than LTS. And anti-gp41 immu-
nity was induced more efficiently in PCP than LTS because
PCP/LTS % inhibition ratio of mAb T26 was higher than that
of mAbs 50.69 and 98.6 by sera competition,

It was clarified that there is the inverse correlation between
antibody titers and disease progression when the peptide cor-
responding to gp41 immuncdominant region was used [18].
We also described similar results using DP107 peptide [7].
The reason why the results here were different from those of
previous reports is not known. One reason is the specific clini-
cal features used in this stady. Excessive immunoreactive fac-
tor in PCP lung was reported to induce developing pneumo-
nia [31] and enhances local anti-PCP [gG production {32]. In
addition, HIV-1 production by alveolar lymphocytes is
increased during PCP [33). Enhanced immunoreactions and
higher HIV-1 copies in PCP lung possibly explain the
enhanced production of anti HIV-1 antibodies. On the other
hand, the reason why the increase of anti-core structure mAbs
failed to prevent the disease progression is also unknown.
Only few reports demonstrated neutralizing activities of these
antibodies, probably because they recognize the final struc-
ture and did not prevent the conformational change of
gp41 upon virus entry [24]. Recently, we have noted one-
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