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Antiapoptotic B-cell lymphoma-2 (Bcl-2) proteins suppress apoptosis by interacting with proapoptotic
regulators. They commonly contain a hydrophobic groove where the Bcl-2 homology 3 (BH3) domain of
Bcl-2 family members or BH3 domain-containing non-Bcl-2 family proteins can be accommodated.
Peroxisomal testis-specific 1 (Pxt1) was previously identified as a male germ cell-specific protein whose
overexpression causes germ cell apoptosis and infertility in male mice. Sequence and biochemical an-
alyses also showed that human Pxt1, which is composed of 134 amino acids and is longer than mouse
Pxt1 consisting of only 51 amino acids, has a BH3 domain that interacts with antiapoptotic Bcl-2 proteins,
including Bcl-2 and Bcl-xL. In this study, we determined the crystal structure of Bcl-xL bound to the
human Pxt1 BH3 domain. The five BH3 consensus residues are well conserved in the human Pxt1 BH3
domain and make a critical contribution to the complex formation in a canonical manner. Structural and
biochemical analyses also demonstrated that Bcl-xL interacts with the BH3 domain of human Pxt1 but
not with that of mouse Pxt1, and that residues 76e83 of human Pxt1, absent in mouse Pxt1, play a pivotal
role in the intermolecular binding to Bcl-xL. While Bcl-xL consistently colocalized with human Pxt1 in
mitochondria, it did not do so with mouse Pxt1, when expressed in HeLa cells. Collectively, these data
verified that human and mouse Pxt1 differ in their binding ability to the antiapoptotic regulator Bcl-xL,
which might affect their functionality in controlling apoptosis.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC license

(http://creativecommons.org/licenses/by-nc/4.0/).
1. Introduction

The B-cell lymphoma-2 (Bcl-2) proteins are core regulators of
apoptosis, or type I programmed cell death, a specialized biological
process that controls cell elimination to maintain tissue
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homeostasis and development [1,2]. They are characterized by
having at least one Bcl-2 homology (BH) domain and are classified
into three groups that intimately interact with each other to
regulate apoptosis [3,4]: proapoptotic BH3-only proteins, anti-
apoptotic Bcl-2 homologues, and downstream proapoptotic regu-
lators Bax and Bak. Among them, antiapoptotic Bcl-2 proteins,
including Bcl-2, Bcl-xL, Bcl-w, Mcl-1, A1, and Bcl-B, commonly
contain a hydrophobic groove where the BH3 domain of proapo-
ptotic Bcl-2 members can be accommodated, the so-called BH3-
binding groove [5,6]. This groove also serves as an interacting
interface for a variety of BH3 domain-containing non-Bcl-2 family
proteins, such as the autophagy regulator Beclin 1 [7], the pro-
survival protein TCTP [8], and the hepatitis B viral protein HBx
[9,10]. Recently, in an effort to find additional putative binding
e under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).
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partners of the antiapoptotic Bcl-2 proteins, DeBartolo et al. con-
ducted a human genome-wide prediction and validation and pro-
vided a list of candidates for novel BH3 domain-containing non-
Bcl-2 family proteins, including peroxisomal testis-specific 1 (Pxt1)
[11].

Pxt1 was first identified as a novel male germ cell-specific gene
product that is exclusively expressed in mouse testes during sper-
matogenesis [12]. This protein is localized in peroxisomes [12], the
single membrane-enclosed organelle containing a number of en-
zymes, substrates, and products associated with a variety of
metabolic reactions [13]. A subsequent study revealed that mouse
Pxt1, composed of 51 amino acids, has a putative BH3 domain in the
N-terminal region, and its overexpression causes germ cell
apoptosis, leading to infertility in male mice [14]. However,
whether the BH3 domain of mouse Pxt1 mediates its association
with antiapoptotic Bcl-2 proteins was not analyzed in this study
[14]. Intriguingly, human Pxt1, whose BH3 domain was proven to
interact with the Bcl-2 proteins via in vitro binding assays [11], is
much longer than mouse Pxt1; human Pxt1 consists of 134 amino
acids, and its residues 84e134 correspond to the full-length mouse
Pxt1 with 60% sequence identity (Fig. 1A). In this study, we inves-
tigated the interaction between the antiapoptotic regulator Bcl-xL
and BH3 domain of Pxt1. Biochemical analyses revealed that Bcl-
xL interacts and colocalizes with human Pxt1 but not with mouse
Pxt1. Structural determination of Bcl-xL in complex with human
Pxt1 BH3 indicated that residues 76e83 of human Pxt1, which are
absent in mouse Pxt1, play a pivotal role in the intermolecular
interaction with Bcl-xL. These results imply that the BH3 domain-
Fig. 1. Verification of the interaction between Bcl-xL and Pxt1 (A) Sequence alignment b
consensus residues are marked in green for the four hydrophobic residues or in red for the c
The BH3 consensus motif is shown together. Ф, hydrophobic residue; S, small residue; Z, ac
1 mM for the Pxt1 peptides and 100 mM for recombinant Bcl-xL. (C) Coimmunoprecipitation
immunoprecipitation and immunoblotting using anti-GFP and anti-FLAG antibodies. hPxt1,
figure legend, the reader is referred to the Web version of this article.)
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containing protein Pxt1 might control apoptosis by interacting
with antiapoptotic Bcl-2 proteins, which function in a different
manner between humans and mice.
2. Material and methods

2.1. Protein and peptide preparation

The DNA fragment encoding mouse Bcl-xL (residues 1e42 and
85e196) was cloned into the pET28a plasmid (Novagen, USA). The
recombinant proteins were produced in the E. coli BL21(DE3) RIL
strain (Thermo Fischer Scientific, USA) cultured in Luria-Bertani
medium at 18 �C for 16 h. Protein purification was conducted us-
ing Ni-NTA affinity chromatography (QIAGEN, Germany), thrombin
treatment for N-terminal (His)6-tag digestion, and size exclusion
chromatography using a HiLoad 26/600 Superdex 75 pg gel filtra-
tion column (Cytiva, USA). The final sample was equilibrated with
buffer solution containing 50 mM Tris-HCl (pH 7.5), 200 mM NaCl,
and 1 mM dithiothreitol. Synthetic peptides derived from mouse
Pxt1 (residues 1e18) and human Pxt1 (residues 76e101; wild-type,
L82A, L86A, I89A, D91A, I93A, L82A$L86A, or residues 84e101)
were purchased from Peptron (Korea) and used for isothermal
titration calorimetry (ITC) measurements, as previously described
in detail [15].
2.2. Crystallization and structural determination

For complex formation, purified Bcl-xL was mixed and
etween human and mouse Pxt1. Conserved residues are shaded in violet. Five BH3
onserved aspartate residue. Boxes indicate the peptides used for ITC and crystallization.
idic residue; G, hydrophilic residue. (B) ITC measurements. Sample concentrations are
assay. HeLa cells were transfected with the indicated plasmids, and then subjected to

human Pxt1; mPxt1, mouse Pxt1. (For interpretation of the references to colour in this
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incubated with the human Pxt1 peptide (residues 76e101) at a 1:2
molar ratio for 16 h. Crystals were obtained by the sitting-drop
vapor diffusion method at 18 �C, in which 0.2 mL protein solution
(10 mg/mL) and 0.2 mL precipitant solution containing 0.2 M
ammonium sulfate and 30% (w/v) polyethylene glycol 8,000 were
mixed and equilibrated. Before data collection, the crystals were
immersed briefly in a reservoir solution supplemented with 10%
glycerol as a cryoprotectant. Diffraction data were collected on
beamline 7A at the Pohang Accelerator Laboratory, Korea, and
processed using the program HKL2000 [16]. The complex structure
was determined by the molecular replacement method with the
program Phaser [17], using the structure of Bcl-xL bound to Bad
(PDB code 2BZW) as a search model [18]. The Coot [19] and PHENIX
[20] programs were used for model building and refinement,
respectively. The crystallographic data statistics are summarized in
Table S1. The coordinates of the structure were deposited in the
Protein Data Bank with the accession code 7WJH, together with the
structure factors.
2.3. Plasmid preparation for cellular assays

Synthetic DNA fragments encoding full-length human and
mouse Pxt1 were purchased from Bioneer (Korea). Full-length
human Bcl-xL was provided by the Korea Human Gene Bank,
Medical Genomics Research Center, KRIBB, Korea. Each fragment
was subcloned into the pEGFP-C2 plasmid (Takara Bio, USA) for
human and mouse Pxt1 or the pCMV-Flag plasmid (Takara Bio) for
human Bcl-xL, using Gibson Assembly Master Mix (New England
BioLabs, USA). Human Pxt1 with L82A and L86A double mutations
was generated by site-directed mutagenesis using DpnI (New En-
gland BioLabs).
2.4. Cell culture and transfection

HeLa cells were maintained in Dulbecco's modified Eagle's
medium (Corning Cellgro, USA) supplemented with 10% fetal
bovine serum (Thermo Fisher Scientific) and 1% penicillin/strep-
tomycin (Thermo Fisher Scientific) at 37 �C and 5% CO2. Plasmid
transfection was performed using Lipofectamine 3000 (Thermo
Fisher Scientific), according to the manufacturer's instructions.
2.5. Immunoprecipitation and immunoblotting

After 24 h of transfection, HeLa cells were lysed using lysis
buffer containing 50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 0.5%
Triton X-100,1 mM ethylenediaminetetraacetic acid, and a protease
inhibitor cocktail. Cell lysates were incubated with SC-9996 anti-
GFP (1:1000; Santa Cruz Biotechnology, USA) and F3165 anti-FLAG
(1:1000; Sigma Aldrich, USA) antibodies for 2 h at 4 �C, followed by
incubationwith protein G agarose (Thermo Fisher Scientific) for 2 h
at 4 �C. Immunoprecipitated samples were eluted by incubation
with sample buffer and boiled for 5 min. The samples were sepa-
rated by sodium dodecyl sulfate-polyacrylamide gel electropho-
resis and transferred to a nitrocellulose membrane (Thermo Fisher
Scientific). Membranes were blocked with Tris-buffered saline
containing 0.1% Tween-20 and 5% skimmilk (Becton, Dickinson and
Company, USA), followed by incubation with anti-GFP and A8592
anti-FLAG (1:5000; Sigma Aldrich) antibodies. G-21040 goat anti-
mouse IgG (H þ L) secondary antibody with horse radish peroxi-
dase (1:3000; Thermo Fisher Scientific) was used to detect anti-GFP
antibody. Immunoblot signals were detected using the FUSION Solo
X chemiluminescence imaging system (VILBER, France).
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2.6. Immunohistochemistry

HeLa cells were transfected with human or mouse Pxt1 and/or
Bcl-xL-expressing plasmids upon treatment with 10 mM zVAD-fmk
for 24 h. Before cell fixation, the cells were incubated with Mito-
tracker (Thermo Fisher Scientific) for 30 min to stain the mito-
chondria. The cells were then washed with phosphate buffer saline
(PBS; Welgene, Korea) and fixed by incubation with 4% para-
formaldehyde (iNtRON Biotechnology, Korea). Fixed cells were
permeabilized by incubationwith PBS containing 0.2% Triton X-100
for 10 min, and then incubated with PBS containing 5% bovine
serum albumin for blocking. The cells were treated with anti-FLAG
and PA1-650 anti-peroxisomal membrane protein 70 (PMP70;
Thermo Fisher Scientific) antibodies for 2 h, followed by incubation
with A-11001 Alexa Fluor 488 anti-mouse (Thermo Fisher Scienti-
fic) and A-21070 Alexa Fluor 633 anti-rabbit (Thermo Fisher Sci-
entific) antibodies for 1 h. Nucleus staining was achieved with 40,6-
diamidino-2-phenylindole (DAPI). The stained samples were
analyzed using the LSM 800 confocal microscope (Carl Zeiss,
Germany).

3. Results

3.1. The Pxt1 BH3 domain of human, but not that of mouse,
interacts with Bcl-xL

Sequence alignment based on the canonical BH3 consensus
motif suggested that mouse Pxt1 does not contain one of the four
hydrophobic residues, which are highly conserved in BH3 domains
and pivotal for binding antiapoptotic Bcl-2 proteins (Fig. 1A and
S1A). To examine the effect of this difference between human and
mouse Pxt1, we prepared recombinant Bcl-xL (residues 1e42 and
85e196) protein expressed in Escherichia coli, synthetic human
Pxt1 peptides containing residues 76e101 or 84e101, and a mouse
Pxt1 peptide comprising residues 1e18 (Fig. 1A). Isothermal titra-
tion calorimetry was performed to quantify the intermolecular
interactions between Bcl-xL and the Pxt1 peptides. As shown in
Fig. 1B, Bcl-xL bounds to the human Pxt1(76e101) peptide, with a
dissociation constant (KD) of 233 nM, but it did not show any
noticeable association with the human Pxt1(84e101) peptide and
the mouse Pxt1(1e18) peptide. Consistently, immunoprecipitation
analysis demonstrated that human Pxt1, but not mouse Pxt1,
interacted with Bcl-xL when transiently expressed in HeLa cells in
the full-length form (Fig. 1C). These results indicate that the BH3
domains of human and mouse Pxt1 differ not only in their length
but also in their binding to the antiapoptotic regulator Bcl-xL.

3.2. Crystal structure of Bcl-xL bound to the human Pxt1 BH3
domain

Next, to analyze the interaction between Bcl-xL and Pxt1 at the
atomic level, we mixed recombinant Bcl-xL and the human
Pxt1(76e101) peptide at a 1:2molar ratio, and then subjected them
to crystallization after a 16-h incubation. Crystals with the space
group C2221 were obtained and used for complex structure deter-
mination to a resolution of 1.7 Å (Table S1). In the complex crystal
structure, residues 77e94 of human Pxt1 containing the BH3
consensus motif formed a distinctively amphipathic a-helix
(Fig. S1B), which is tightly accommodated in the BH3-binding
groove of Bcl-xL, whereas residues 95e101 constitute an
extended loop protruding from the Bcl-xL molecule (Fig. 2A). In
particular, residues 77e83 of human Pxt1, which are absent in
mouse Pxt1 (Fig. 1A), formed the initial part of the a-helical
structure (Fig. 2A; marked in orange). The buried surface area of
Bcl-xL with residues 77e83 of human Pxt1 was 288 Å2, which is



Fig. 2. Crystal structure of Bcl-xL bound to human Pxt1 BH3 (A) Structure representation. Bcl-xL is shown as an electrostatic surface representation bound to the human Pxt1
peptide whose side chains are presented in sticks. Human Pxt1 is shown in green except for the region absent in mouse Pxt1 that is present in orange. The Pxt1 residues involved in
the intermolecular interaction with Bcl-xL are labeled. (B) Intermolecular interactions. Pxt1 and Bcl-xL are shown in green and gray, respectively. Residues involved in intermo-
lecular interactions are presented in sticks with labels. (Left) Interactions mediated by the five BH3 consensus residues in human Pxt1 (Leu82, Leu86, I89, Asp91, and Ile93). (Right)
Hydrogen bonds between the two molecules. (C) Structural comparison among the BH3 domains bound to Bcl-xL. Bcl-xL in a complex with Pxt1 is present as electrostatic surface
representation, and three peptides accommodated in the hydrophobic groove region are shown together. The five BH3 consensus residues are shown in sticks (top) and aligned
(bottom). The PDB codes are 1PQ1 for Bim bound to Bcl-xL and 5FMK for Bak bound to Bcl-xL. (For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)
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25.7% of that of the entire peptide (1120 Å2). Leu82, one of the four
hydrophobic BH3 consensus residues, was included in this region
(Fig. 2A). The other three hydrophobic BH3 consensus residues
were present in the BH3 domain of human Pxt1: Leu86, Ile89, and
Ile93 (Fig. 2A). These residues mediate intermolecular hydrophobic
interactions with Bcl-xL by associating with Phe97, Arg100, Tyr101,
Phe105, Leu112, Val126, Leu130, Val141, Ala142, Phe146, and
Tyr195 (Fig. 2B, left). Asp91 of Pxt1, which corresponds to the key
aspartate residue in the BH3 consensus motif, also contributes to
complex formation by mediating electrostatic interactions with
Arg139 of Bcl-xL (Fig. 2B, left). Binding of the Pxt1 peptide to Bcl-xL
was further reinforced by additional hydrogen bonds between
His80 of Pxt1 and Glu129 of Bcl-xL, Gln85 of Pxt1 and Tyr101 of Bcl-
xL, Asp91 of Pxt1 and Asn136 of Bcl-xL, and Arg96 of Pxt1 and the
main chain carbonyl of Leu194 (Fig. 2B, right). Structural and
sequence alignments with Bim and Bak BH3 domains bound to Bcl-
xL demonstrated that the five key BH3 consensus residues occupy
equivalent positions for binding to the BH3-binding groove of Bcl-
xL (Fig. 2C and S1A).

Subsequently, the contribution of these structurally defined key
residues of Pxt1 to its interaction with Bcl-xL was analyzed using
ITC. Alanine substitution of each of the five BH3 consensus residues
retarded the intermolecular interaction to varying degrees, with
the maximum reduction by the L86A mutation from 233 nM to
47.8 mM (205-fold decrease) in KD values (Fig. 3A and S2). The L82A
substitution also significantly impaired complex formation with a
74-fold decrease in KD values (Fig. 3A and S2), showing the signif-
icance of Leu82 of human Pxt1 for intermolecular binding that is
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absent in mouse Pxt1 (Fig. 1A). We additionally prepared a human
Pxt1 peptide containing a L82A$L86A double-mutation (referred to
as DLA in this manuscript) and confirmed that it completely abro-
gated the intermolecular binding of Pxt1 with Bcl-xL (Fig. 3A). The
effect of this mutationwas further verified by immunoprecipitation
analysis; the introduction of DLA into full-length Pxt1 disrupted its
interaction with Bcl-xL when transiently expressed in HeLa cells
(Fig. 3B). Collectively, X-ray crystallographic and biochemical ana-
lyses demonstrated that the BH3 domain of human Pxt1 forms an
amphipathic a-helix and is bound to the BH3-binding groove of Bcl-
xL similar to the typical BH3 domains; residues 77e83 of human
Pxt1, absent in mouse Pxt1, contribute to the binding interaction
critically.
3.3. Human Pxt1, but not mouse Pxt1, colocalizes with Bcl-xL to
mitochondria

Unlike Pxt1, which was reported as a peroxisomal protein
[12,14], Bcl-xL is known to be translocated from the cytosol to the
mitochondria for apoptosis regulation [21], raising a question
regarding the subcellular localization of the two proteins upon
complex formation. To address this issue, immunofluorescence
confocal microscopy was performed. In HeLa cells, green fluores-
cent protein (GFP)-tagged human Pxt1 was dispersed throughout
the cells when transiently expressed alone (Fig. 4A, row 1), whereas
it extensively colocalized with Flag-tagged Bcl-xL with a distinct
fluorescence pattern when the two proteins were coexpressed
(Fig. 4A, rows 2 and 3). Critically, human Pxt1 colocalized with



Fig. 3. Contribution of the BH3 consensus residues of Pxt1 to complex formation (A) ITC measurements. Each of the indicated mutant Pxt1 peptide (1 mM) was titrated into 100 mM
Bcl-xL, and the deduced KD values are listed in table. The ITC graphs are shown in Fig. S2 (B) Coimmunoprecipitation assay. HeLa cells were transfected with the indicated plasmids,
and then subjected to immunoprecipitation and immunoblotting using anti-GFP and anti-FLAG antibodies. hPxt1, human Pxt1; DLA, L82A$L86A double-mutation.
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MitoTracker, a red-fluorescent dye staining mitochondria, but not
with the peroxisomal marker protein PMP70, upon coexpression
with Bcl-xL (Fig. 4B). We also found that Bcl-xL did not colocalize
with mouse Pxt1 (Fig. 4C), consistent with the biochemical results
showing that the two proteins do not interact with each other
(Fig. 1). These results collectively imply that human Pxt1 not only
resides in peroxisomes but also exists in mitochondria when bound
to Bcl-xL.
4. Discussion

The antiapoptotic Bcl-2 family proteins, including Bcl-2 and Bcl-
xL, commonly contain a large hydrophobic groove that plays a
pivotal role in recognizing and recruiting the BH3 domain-
containing binding partner proteins. Thus far, a number of struc-
tural studies have elucidated the molecular details of such in-
teractions. However, most of them are between the Bcl-2 family
proteins [5,6], while only a few complex structures have been
determined between Bcl-2/Bcl-xL and the BH3 domain derived
from non-Bcl-2 family proteins [7e10]. In the present study, we
conducted structural and biochemical analyses of the interaction
between Bcl-xL and Pxt1. The BH3 domain of human Pxt1 consti-
tutes a typical amphipathic helix and is bound to the BH3-binding
groove of Bcl-xL in a canonical manner. The five BH3 consensus
residues are conserved at equivalent positions in human Pxt1, and
are significantly involved in complex formation, as shown in the
complex structure (Fig. 2). Their contribution to complex formation
was biochemically confirmed using structure-based mutant con-
structs (Fig. 3). Interestingly, even though Pxt1 was originally re-
ported to be a putative peroxisomal protein [12], our subcellular
localization assays demonstrated that human Pxt1 colocalizes with
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Bcl-xL to the mitochondria rather than the peroxisome (Fig. 4),
suggesting that this protein can be translocated tomitochondria via
direct binding to Bcl-xL, similar to the proapoptotic BH3-only
proteins. Given that Pxt1 is exclusively expressed in the testis
[12], which is one of the tissues where apoptosis occurs with high
incidence [22], we hypothesized that human Pxt1 functions as a
male germ cell-specific apoptotic factor for controlling spermato-
genesis. The precise functionality of human Pxt1 is the next issue to
be addressed; however, it is assumed that its BH3 domain plays a
critical role in apoptosis regulation.

One intriguing aspect that we discovered through this study is
that human and mouse Pxt1 are quite different when it comes to
binding Bcl-xL. ITC measurements showed that the human Pxt1
BH3 peptide interacted with recombinant Bcl-xL with high affinity,
whereas that of mouse Pxt1 did not (Fig. 1B). Moreover, Bcl-xL
coimmunoprecipitated (Fig. 1C) and colocalized (Fig. 4A and B)
with human Pxt1, but not with mouse Pxt1 (Figs. 1C and 4C), when
theywere expressed in HeLa cells as full-length forms. Based on the
crystal structure (Fig. 2), we assumed that this is because mouse
Pxt1 does not have a region corresponding to residues 1e83 of
human Pxt1 (Fig. 1A), which constitutes the initial part of the Bcl-
xL-binding helical form and contains one of the five BH3
consensus residues (Fig. 2A). Deletion of residues 76e83 of human
Pxt1 BH3 significantly impaired complex formation between Bcl-xL
and Pxt1, further supporting the importance of this region (Fig. 1B).
Moreover, the full-length amino acid sequence of mouse Pxt1
showed relatively low sequence identity (60%) with residues
84e134 of human Pxt1 compared to those of Bcl-2 family proteins
such as Bcl-xL (97%) and Bim (86%), which exhibit much higher
identities between human and mouse proteins. Therefore, we
suppose that mouse Pxt1, which is defective in binding Bcl-xL,



Fig. 4. Human Pxt1 colocalizes with Bcl-xL to mitochondria Subcellular localization of GFP-tagged human (A and B) or mouse (C) Pxt1 with or without Flag-tagged Bcl-xL was
detected by immunostaining using anti-GFP/Flag/PMP70 antibodies, DAPI, and MitoTracker. The scale bars indicate 20 mm hPxt1, human Pxt1; mPxt1, mouse Pxt1.
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might function in a differentmode compared to human Pxt1 during
spermatogenesis, and the previously reported apoptogenic effect of
overexpressed mouse Pxt1 [14] might significantly depend on
other signaling pathways that remain yet to be elucidated. Since the
interaction between mouse Pxt1 and HLA-B-associated transcript 3
(BAT3), an apoptosis-involved ubiquitin-like protein [23], was
detected by coimmunoprecipitation and a yeast two-hybrid anal-
ysis in a previous study [14], it also remains to be determined
whether human Pxt1 also interacts with BAT3.

In summary, we conducted structural and biochemical analyses
of the interaction between Bcl-xL and Pxt1, a BH3 domain-
containing non-Bcl-2-family protein, and demonstrated the dif-
ferences between human and mouse Pxt1 in association with Bcl-
xL. Our work can aid in expanding our understanding of
apoptosis, mediated by the coordination of promiscuously
expressed regulators, such as Bcl-2 family proteins, and tissue-
specific factors, including Pxt1. We also expect that our data will
be helpful for therapeutic approaches employing Bcl-2 family
proteins against apoptosis-associated diseases.
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