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Objective : In a variety of physiologic settings, cells are eliminated by apoptosis, a genetically encoded process of
cellular suicide. Bak, a member of the Bcl-2 protein family, accelerates apoptosis by an unknown mechanism.
Here, we describe the identification and characterization of a complementary DNA that encodes a previously
unknown Bcl-2 homologue designated Bak-like.

Methods : We identified a splicing variant of Bak with a lacked BH3 domain from human full-length cDNA bank.
The expression of Bak-like was examined by northern blot analysis and polymerase chain reaction. To investigate
whether Bak-like might arise from alternative splicing of mRNA of Bak, Southern blot analysis was executed.
Apoptosis in transfected Hela cells was analyzed by direct counting of viable cells. We examined the location of
Bak-like in individual living cells by using EGFP fusion constructs and confocal microscope.

Results : Bak-like cDNA coded a protein consisting of 1017 amono acid, and conserved BH1 and BH2 domains
like Bak but not BH3 domain. Bak-like mRNA was about 2.4kb similar to bak. Bak-like was assumed to be an
alternative splicing variant of Bak and to concern with promotion of apoptosis. GFP-bak-like markedly changed its
intracellular distribution, relocating within cells during apoptosis from a diffuse to a punctate pattern.

Conclusion :  Our results define a novel splicing form of the bak gene and demonstrate that this variant without a
conserved BH3 domain appears to contain the BH1 and BH2 domains and the transmembrane sequence for
apoptosis induction by channel-forming Bcl-2 proteins. Like Bak, Bak-like gene product primarily enhanced
apoptotic cell death following an appropriate stimulus.

KEY WORDS : Apoptosis - Bcl-2 genes - Genetic variants.
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Fig. 1. Structure and function of Bcl—2 family members.
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Baki} A4S Ho|= Bak-like? Z2tAu|E=(plasmid)
DNAZ primer cycle sequence kit(Perkin-Elmer, USA)Z ¥
AIFTE, BRS-E2 DNA sequencer(Perkin—Elmer Biosystems,

model 377)% o13te] 7] WS 2Bt

Northern blot 4]

Multiple Tissue Northern Blot filters(Clontech, USA)ol
random primer labeling kit(Takara, Japan)2.= Bak-likes
pg EA|5k0] QuickHyb2H(Clontech, USA) L& 50° CollA]
sto|He|=3}slgle}, 0.1xSSC, 0.05% SDSE 50° CollA A28}
o] X-ray D508 —80° CollAl 12417t A 2sto] Asllct,

Polymerase chain reaction (PCR)

PCRO| 8 thd, W) WA o] wigdat A, &4, vl
A 313 FA %, FHRHGI-101), HQHLX-1), dFHCX-1), HY
(GI-117), AHALPC3), hdHGI-112), FA%HGI-102), A
SHGI-103 /] mRNAZ 438 cDNAs(Clontech, USA)E AR
31iet Bak-like2] A5 (primer)+= Bak¥} A54S Hole B
9= sense strand= 5'-TTCGAGGACTTTTCT-3, antisense
strand® 5'-GAGGGATTGCACAG-35 AMg3ldlen AsA]
& Hol= %= H9+= 5'-GAGTATCCAAGGACT-3' 5'-
GGAGAAACAAGGTGG-3E 717F ARgatlt}, ®3h Bake] Al
A= ORF(open reading frame) $95 AM23}9Ith PCRS
PCR Reagent System(GIBCO BRL, USA)& AR&3}o] 94°Coll
A 45%, 55" ColA] 30%, 72°ColA 9027t 30cycles® HH--A|
Ak,

Southern blot 4

A8 9] A5 DNA(Promega, USA) 12 Al DNA 10ugs
Sacl, Hindlll, Xbal, EcoRIZ B33}, 0.8% opbazl 27l
deow 23t oy, UdE Y(Hybond-N, Amersham

Pharmacia Biotech, Japan)&C.& HolAzith ¥pg #A|%
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sto] Z4Zfe] 57449} EGFP(enhanced green fluorescent
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kit(Promega, USA)C.2 Z43}3it}Y.

Confocal microscope

2252 5ug/ml poly-L-lysineo @ HAA A5 1, 5um-
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B 529t 20ng/ml of a mito—

Fig. 2. Primary structure of Bak—like(A), and sequence comparisons
with human and mouse Bak(for Bcl—2 homologous antagonist/killer)
(B). Bak—like exhibits marked structural similarity to Bak, particularly in
the BH1 and BH2 domains. Bak—like has 2022 mRNA coding 101
amino acids. The 358—-544 bp region of Bak—like is Bak homologue.
In amino—acid sequence, N—terminal consisting with 10 amino
acids and C—terminal with 33 amino acids of Bak—like was Bak
non—homologue, and BH1(12—22 amino acids), BH2(52—67 amino
acids), and TM(91-101 amino acids) domains were found(Fig. 2A,
underlined). There was no BH3 domain that might be necessary to
induce an apoptosis in Bak—like.
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Fig. 3. Northem blot analysis of bak—like expression. A, Multiple tissue
Northern blot (human cell line). Lanes : 1, promyelocytic leukemia
HL—-60; 2, HelLa cell S3 ; 3, chronic myelogenous leukaemia K562 ; 4,
lymphobilastic leukemia MOLT—-4 ; 5, Burkitt's lymphoma Raji ; 6,
colorectal adenocarcinoma SW480; 7, lung carcinoma A549 ; 8,
melanoma G361. B, Multiple tissue Northem blot (human tissues).
lanes : 1, spleen ; 2, thymus ; 3, prostate ; 4, testis ; 5, ovary ; 6, small
intestine ; 7, colon ; 8, peripheral blood leukocytes.
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Fig. 4. Expression of bak—like and bak on a transcriptional level.
Template cDNA libraries for PCR derived from : 1, colon ; 2, ovary ; 3,
peripheral blood leukocytes ; 4, prostate ; 5, small intestine ; 6, spleen
; 7, testis ; 8, thymus ; 9, breast carcinoma(GI-101) ; 10, lung car—
cinoma(LX—1) ; 11, colon adenocarcinoma (CX-1) ; 12, lung
carcinoma(GI-117) ; 13, prostatic adenocarcinoma(PC3) ; 14, colon
Adenocarcinoma(Gl-112) ; 15, ovarian carcinoma(Gl-102) ; 16
pancreatic aden—ocarcinoma(Gl—103).
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3). Bak-like7} cDNA library= A2k o 4871 ‘ﬂ%%olﬂ% =
A& HiAlsk7] Slske], g4 Aol oF AlEo]
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Az K& HEP A (alternative splicing variants)
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Fig. 5. Southern blot analysis. Human genomic DNA(10ug) was
digested with the indicated restriction enzymes (lane 1 : Sac |, lane 2 :
Hind ll, lane 3 : Xba |, lane 4 : EcoR 1) and probed with the 210bp
cDNA fragment (bak nucleotide 335 to 544) (A) or a 267bp cDNA
fragment (bak—like nucleotide 91 to 357) (B).
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Dic Mitochondria  Overlay
GFP Healthy
GFP-Bak-like | Healthy
T
GFP-Bak-like Aflter STS|

Fig. 7. Distribution of GFP—fusion proteins expressed in living HelLa
cells, before and after STS treatment. At 24—-48h dfter transfection,
cells were examined by confocal microscopy. Each field was
visualized by laser fluorescence to detect GFP and by DIC
(differential interference contrast) to illustrate cell morphology. Native
GFP distributes throughout healthy cells. EGFP—Bak—like displays a
diffuse distribution throughout the cytosol in Hela cells. However,
upon induction of apoptosis with STS, EGFP—Bak—like redistribute into
a punctuate pattern colocalizaing with mitochondria. STS—treated
cells undergo cell shrinkage and blebbing of the cell membrane, a
morphology indicative of apoptosis. EGFP—bak—like undergoes a
change in its intracellular distribution, relocating within cells during
apoptosis from a diffuse to a punctate pattem.
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