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ABSTRACT 

The following note is a review on the Bcl-2 family protein encoded by gene BCLAF1.  Bcl-2 proteins are apoptosis regulators that regulate 
mitochondrial outer membrane permeabilization (MOMP) and release cytochrome C (1-3) and can be pro-apoptotic or anti-apoptotic.  
There are totally 25 genes involved in Bcl-2 family.  The BH family can be classified into 4 domains (BH1-4) which regulate protein interac-
tions.  Based upon function and sequence homology, BH family can be divided into pro-apoptotic which include Bcl-2, Mcl-1, Bcl-xL,  A1 and 
Bcl-w.  Pro-apoptotic proteins include Bax, Bak and Bok, and "BH3 only" proteins Bad, Bik, Bid, Puma, Bmf, Bim,  Noxa and Hrk.    The inter-
actions between death promoting and death suppressing Bcl-2 family members has led to a rheostat model in which ration of pro-apoptotic 
and anti-apoptotic proteins control cell fate.  The BH3-only members can bind and antagonize pro-survival members leading to increased 
apoptosis.  
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Abbreviations 

APAF1: Apoptotic protease activating factor 1; FADD- Fas-Associated protein with Death Domain;  MOMP: mitochondrial outer membrane 
permeabilizatio; caspase: cysteine proteases; Bcl-2: B-cell lymphoma 2;  C elegans: Caenorhabditis elegans;   Tumor necrosis factor receptor 
type 1-associated death domain protein TRADD 
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INTRODUCTION  

Apoptosis is a regulated cell death resulting in morphological changes of the cell and death.  The process involves caspase (cysteine proteas-

es) activation and lack of cell swelling with maintenance of organelles (mitochondria and endoplasmic reticulum).  Apoptosis occurs in all 

living organisms. It is important for maintaining homeostasis and lowering susceptibility to tumour growth.  For maintaining constant size 

and function of the proliferative tissues, the older cells must die for new cells to grow, which is a programmed death.  Since apoptosis occurs 

in “spotty”  

Pattern, healthy and dying cells are intermingled.  Necrosis is a condition in which cellular organelles swell and plasma membrane lyses oc-

curs resulting in death of groups of cells throughout the tissue.  In many diseases, aberrant regulation of the apoptosis is the central abnormal-

ity.  In neurodegenerative disorders, there is excessive death of one or more neurons resulting in disease.  Alzheimer‘s is caused due to death 

of hippocampal and cortical neurons.  Death of midbrain neurons that use dopamine is responsible for Parkinson’s.  Huntington’s involves 

death of neurons in the striatum, which control movements.  Death of lower motor neurons results in amyotrophic lateral sclerosis.  Inade-

quate cell death is major contributing factor to tumorigenesis and excess cell death contributes to neurodegeneration and autoimmune disease.  

The main pathway of apoptotic cell death, the microbial pathway, is controlled by the Bcl-2 family of proteins. 

 

The intrinsic mitochondrial apoptosis pathway 

 

B-cell CLL/lymphoma 2 
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Structure of human Bcl-xL and inhibitor of programmed cell death. 

THE MEMBERS OF BCL-2 FAMILY 

1.Bcl-2 subfamily (pro-survival): Bcl-2, Bcl-XL, Bcl-w, Mcl-1 and A1. 

2. Bax subfamily (pro-apoptotic): Bax, Bak and Bok. 

3.BH3 subfamily (pro-apoptotic): Bad, Bid, Bik, Blk, Hrk, BNIP3 and Bim. 

 

Bcl-2 gene is found on the outer membrane of cytoplasm of the mitochondrial , the endoplasmic reticulum and 

the nuclear envelop,. It codes for a 25 kDa protein. The hydrophobic C terminal 21 amino acids are important 

in membrane docking but does not affect Bcl-2 survival function in its absence. Most Bcl-2 homologs have the 

hydrophobic C terminal domain, as though they not necessarily are located on membranes but are cytosolic 

(e.g.Bax). 

HETERODIMERIZATION IN BCL-2 FAMILY 

Heterodimerization is seen in pro-apoptotic and anti-apoptotic Bcl-2 members.  The hydrophobic portion of the 

BH1, BH2 and BH3 domains of anti-apoptotic member (e.g. Bcl-XL) form a hydrophobic cleft to which a BH3 

amphipathic alpha-helix can bind (stated by Sattler in 1997). This BH3 cleft coupling may account for all dimer-

ization within the family.  
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Heterodimerization is not essential for pro-survival function but is essential for the pro-apoptotic activity in the 

BH3 subfamily. The subfamily members of Bax  do not depend essentially on heterodimerization, but possibly 

will have an independent cytotoxic impact. 

MECHANISM OF ACTION OF BCL-2 FAMILY 

BCL-2 AND BCL-XL BIND TO APAF-1 

Apoptosis occurs by activation of caspase-9 by mitochondria . The BH4 domain of Bcl-2 and Bcl-xL can bind to the c terminal part of APAF-

1 (APAF1 is human homolog of C.elegans CED4 gene) thus inhibiting the association of caspase-9 with APAF-1 .   

CYTOCHROME C RELEASE 

The pro-survival proteins maintain organelle integrity since Bcl-2 directly or indirectly prevents the release of 

cytochrome c from mitochondria  whereas the pro-apoptotic BH3 subfamily member  (BID )was reported to 

mediate the release of cytochrome c .  BID is able to bind to pro-apoptotic members of the Bcl-2 family (e.g. 

Bax) as well as to pro-survival members Bcl-2 and Bcl-XL . 

CASPASE-INDEPENDENT DEATH 

The BH1 and BH2 domains of Bcl-2 family members (Bcl-2, Bcl-XL and Bax) resemble membrane insertion 

domains of bacterial toxins.   In yeast which lack Bcl-2 such as proteins, CED-4 and caspases - Bax and Bak 

were shown to induce cell death.  Bcl-2 can protect by preventing mitochondrial disruption Bax and Bax-such 

as proteins might mediate caspase-independent death via channel-forming activity, which will promote the mi-

tochondrial permeabilty transition. 

 APPLICATION OF PRO-APOPTOTIC BCL-2 FAMILY MEMBERS, BAX AND BAK IN DEVELOPMENTAL 

PHOTORECEPTOR APOPTOSIS. 

The purpose of this study was to identify the roles of pro-apoptotic Bcl-2 family members Bax and Bak in retinal 

development. Eyes from mice at postnatal day 7, during the peak of developmental apoptosis in the retina, 

they were processed for TdT-dUTP terminal nick-end labeling (TUNEL) to determine whether Bax knockout or 

double Bax/Bak knockout causes a defect in developmental apoptosis.  Adult mice (>2-month-old) eyes from 

wild-type, Bax−/−,Bak−/− and Bax−/−Bak−/− mice were analyzed by histology and immunocytochemistry to 

identify persistent retinal cells.  

The adult Bax−/−Bak−/− eyes showed significant increases within the variety of inner retinal cells, with assoc i-

ate nearly complete absence of TUNEL-positive death at P7. some of these persistent cells within the inner 

retina notably included rod photoreceptors that normally undergo cell death when failure to migrate to the outer 
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retina. These inner nuclear layer (INL) rods contained markers of early rod differentiation: rod protein, arrestin, 

and recoverin. However, they failed to kind posture outer segments or contain the associated markers pe-

ripherin-2, ROM-1, and RP1.  

The following conclusion was drawn, Bax and Bak are important for retinal development and are the first apop-

totic factors identified as essential for developmental photoreceptor apoptosis.  

APPLICATION IN growth SUPPRESSION 

Strasser in 1995 and Chipuk and green in 2008 stated signalling pathways of Bcl-2 family as “BCL-2-regulated”  (intrinsic, mitochondrial, 

stress-induced) and  “death receptor” induced apoptosis.  In each pathways , cell demolition is mediate by aspartate-specific cysteine proteas-

es (caspases) that proteolyze many cellular proteins  through activation of caspases 9. 

Cell surface “death receptors” (members of the TNF-R family with associate degree intracellular  “death domain,” e.g., FAS, TNFR1) can 

trigger apoptosis by direct activation of caspases, through adapter supermolecule (FADD,TRADD)-mediated activation (via conformational 

change) of leader caspase-8, which then proteolytically activates effector caspases (caspase-3, -6, and -7). 

The tumor suppressor P53, a transcriptional regulator, is mutated in about 50% of human cancers.  P53 can be activated by broad range of 

cytotoxic stress signals including DNA damage, hypoxia, and activation of certain oncogenes.  In stress-induced P53 activation involves sta-

bilization of P53 protein mediated primarily through inhibition of MDM2 by the tumor suppressor ARF.  To induce apoptosis , P53 directly 

transcriptionally up-regulates the expression of several  pro-apoptotic Bcl-2 family members , BH3-only proteins, PUMA, and NOXA as well 

as multi-BH domain proapoptotic protein B AX.  Experiments with gene-targeted mice have shown the P53 induced apoptosis in a broad 

range of cell types is mediated by PUMA and to a lesser extent by NOXA.  BAX is expressed by P53 deficient cells.  Thus, the P53 mediated 

induction of BAX probably serves to increase efficiency  or apoptosis signalling but does not determine whether the cell is live or dead.  Loss 

of apoptotic P53 pathway through loss of PUMA  and/or NOXA can accelerate lymphoma development however P53 deficient mice 

animals lacking both PUMA and NOXA are not prone to tumor. Thus, apoptosis induction does not account for all tumor suppressive action 

of P53. 

 

 

CONCLUSION 

Bcl-2 family (B-cell lymphoma 2) are apoptosis regulators that facilitate removal of damaged and superfluous cells critical for many physio-
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logical processes like embryonic development and tissue homeostasis.  However over-expression of apoptotic pathways can result in neuro-

degeneration and autoimmune disorders.  

 

APPLICATIONS 

Antibodies of Bcl-2 are used in immunohistochemistry to identify the cells containing the antigen.  In health tissue, they react with B and 

some T cells.  There is considerable increase in positive cells in many forms of cancer. 
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