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In this study, a novel member of BTB-kelch proteins, named
KBTBD?7, was cloned from a human embryonic heart cDNA
library. The cDNA of KBTBD? is 3,008 bp long and encodes a
protein product of 684 amino acids (77.2 kD). This protein is
highly conserved in evolution across different species. Western
blot analysis indicates that a 77 kD protein specific for KBTBD7
is wildly expressed in all embryonic tissues examined. In COS-7
cells, KBTBD7 proteins are localized to the cytoplasm. KBTBD7
is a transcription activator when fused to GAL4 DNA-binding
domain. Deletion analysis indicates that the BTB domain and
kelch repeat motif are main regions for transcriptional activation.
Overexpression of KBTBDZ7 in MCF-7 cells activates the tran-
scriptional activities of activator protein-1 (AP-1) and serum re-
sponse element (SRE), which can be relieved by siRNA. These re-
sults suggest that KBTBD7 proteins may act as a new transcrip-
tional activator in mitogen-activated protein kinase (MAPK)
signaling. [BMB reports 2010; 43(1): 17-22]

INTRODUCTION

The BTB domain (also known as the POZ domain) was originally
identified as a conserved motif present in the Drosophila mela-
nogaster bric-a-brac, tramtrack and broad complex transcription
regulators and in many pox virus zinc finger proteins (1). This
evolutionarily conserved protein-protein interaction motif is of-
ten found at the N-terminus of developmentally regulated zinc-
finger transcription factors, as well as in some actin associated
proteins bearing the kelch motif. Approximately two-thirds of the
full-length human BTB genes also encodes C2H2 zinc finger mod-
ules, whereas one half of the remaining entries also contains the
kelch motif (2). In most of BTB proteins, the BTB domain acts as
a protein-protein interaction module that is able to both self-asso-
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ciate and interact with non-BTB proteins (3). The kelch motif is an
ancient and evolutionarily-widespread sequence motif of 44-56
amino acids in length. It occurs as groups of five to seven repeats
and has been identified in proteins of otherwise distinct molecular
architecture, termed the kelch-repeat superfamily (4). Recently, the
BACK domain (BTB and C-terminal kelch) has been described in
several BTB-kelch proteins, however, its function is unknown (5).
Thus far, the function of only a few of BTB-kelch proteins is
known, including transcription regulation (6), cytoskeleton reg-
ulation (7), tetramerization and gating of ion channels (8), pro-
tein ubiquitination/degradation (9). Recent studies of BTB fam-
ily genes suggest their extensive involvement in development
and disease. For example, NAC-1 is related to tumor re-
currence and is essential for tumor growth and survival (10).
KLHL? antibodies are associated with various cancers, and in
some patients also with neurological disease (11). Gigaxonin is
a novel and distinct cytoskeletal BTB protein that may repre-
sent a general pathological target for neurodegenerative dis-
orders (12). However, the physiological and biochemical func-
tions of novel BTB-kelch proteins remain largely uncharacterized.
With the aim of identifying genes with transcription regu-
latory activity that are involved in human development and
diseases, a novel BTB-kelch gene KBTBD7 was cloned from a
human embryonic ¢cDNA heart library. KBTBD7 encodes a
protein with a predicted length of 684 amino acids that con-
tains a BTB domain at the N-terminus, five kelch repeats at the
C-terminus, and a BACK domain between the BTB and Kelch
domains. Western blot analysis shows that a 77 kD transcript
product is expressed broadly in early human embryonic
tissues. We show that the KBTBD7 protein has a transcription
activation activity in MCF-7 cells. Overexpression of KBTBD7
in the cell activates the transcriptional activities of the serum
response element (SRE) and activator protein-1 (AP-1), suggest-
ing that KBTBD7 may act as a new transcriptional activator in
the mitogen-activated protein kinases MAPK signaling pathway.

RESULTS
Molecular characterization and evolutionary conservation of

the KBTBD? gene
We cloned a novel gene that was named KBTBD7 (FJ150424)

BMB reports

17



KBTBD? activates the activities of SRE and AP-1
Junjian Hu, et al.

as approved by HUGO Nomenclature Committee. The
full-length KBTBD7 gene (Supplement Fig. 1A) consists of an
open reading frame of 2,055 bp extending from the first ATG
code at nucleotide 310 to a TGA stop code at 2,362.
AACATGG sequence consistent with the Kozak rule was
found in the start region of ORF and potential polyadenylation
signal (AATAAA) was found at the 3’ untranslated region
(UTR). The deduced KBTBD?7 protein had 684 amino acids
with a calculated molecular mass of 77.2 kDa. Furthermore,
SMART analysis results indicated there existed a BTB domain
at the NH2-terminus and five kelch motifs in the COOH termi-
nus (Supplement Fig. 1B). Comparison of the KBTBD7 se-
quence with the genomic sequence showed that the KBTBD7
gene maps to chromosome 13q14.11 and spans approximately
10 kb. The KBTBD7 gene consists of one exon and has no
introns.

BLAST searches using the sequence of KBTBD? identified
closely related sequences in Homo sapiens, Pan troglodytes,
Bos taurus, Mus musculus, Canis familiaris, Danio rerio and
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Fig. 1. KBTBD7 is conserved during evolution. (A, B) and (C)
Amino acid sequence alignment of BTB domain (A), BACK do-
main (B) and Kelch repeats motif (C) in Homo sapiens, Pan
troglodytes, Bos taurus, and Mus musculus indicates that BTB
domain, BACK domain, and Kelch repeats motif are conserved
during evolution. (D) A phylogenetic tree analysis of the
KBTBD?7 and other homologue proteins shown in (A, B) and (C)
suggested that KBTBD? is an evolutionarily conserved gene.

pEGFP-C3-kBTBD7
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Rattus norvegicus (Supplement Fig. 2). Sequence comparison
of BTB motif among its orthologues indicates that the degree of
conservation in this domain is quite high among vertebrate
members (Fig. 1A). Sequence comparisons of BACK and
Kelch-repeats show that these two domains are also conserved
during evolution (Fig. 1B, O). A phylogenetic tree analysis us-
ing DNAstar software suggests that KBTBD7 is an evolutio-
narily conserved gene (Fig. 1D).

KBTBD? is a cytoplasmic protein

To examine the subcellular location of KBTBD?7, the pEGFP-
C3-KBTBD7 was transfected into COS-7 cells, and the cells
were visualized with epifluorescence microscope after labeled
with DAPI for nucleus. EGFP-KBTBD7 fusion protein distrib-
utes in cytoplasm (Fig. 2A) and DAPI binds to DNA (Fig. 2B).
The combined image (Fig. 2C) shows that KBTBD7 protein ex-
ists in cytoplasm.

Expression of KBTBD7Z protein at embryo stage

In an effort to understand the expression pattern of the
KBTBD7 gene in early human embryogenesis, we generated
antibody using the GST-KBTBD?7 fusion protein (Supplement
Fig. 3) and performed Western blot analysis on multiple
embryonic. A 77 kDa protein product with slightly different
expression levels was detected in all of the ten embryonic tis-
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Fig. 3. Western blot analysis of KBTBD7 in human embryonic
tissues Western blot analysis indicate that a 77kD protein rec-
ognized by antiKBTBD7 antobodies is detected at different lev-
els of expression in brain, heart, liver, spleen, lung, kidney,
skeletal muscle and intestine of embryo. GAPDH was used as
a control for the equivalent amount of loaded protein (total
protein) in each other. A band at 36 kD was also detected.

Fig. 2. Cellular localization of the
KBTBD? protein in COS-7 cells (A)
EGFP- KBTBD7Y is localized in the
cytoplasm when transfected into the
COS-7 cells. (B) The nucleus of the
cells was stained with DAPI. (C) The
combined image of (A) and (B),
showing subcellular localization of
KBTBD7 when overexpressed in
COS-7 cells.
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sues examined (Fig. 3). The result was consistent with the ex-
pression of KBTBD7 in multiple tissues examined by RT-PCR
(Supplement Fig. 4), suggesting that KBTBD?7 is a broadly ex-
pressed protein that may be involved in the human embryonic
development.

KBTBD? is a transcriptional activator

Previous studies have shown that BTB proteins family mem-
bers are transcription factors; most of them are repressors and
few of them are activators. Although KBTBD7 shares con-
served regions with other BTB proteins, the potential role of
KBTBD? in transcription is unknown. We examined KBTBD7
for transcriptional activator and/or repressor activity; pCMV-
BD-KBTBD7 was co-transfected with pL8G5-Luc reporter gene
and pLexA-VP16 into COS-7 cells. As shown in Fig. 4A, when
co-transfected with pL8G5-Luc plasmid, the GAL4-KBTBD7 fu-
sion protein activated luciferase activity by 2.4 fold, suggesting
that KBTBD?7 functions as a transcriptional activator.

To further identify potential transcriptional regulatory do-
mains in KBTBD7, we constructed five truncated GAL4-
KBTBD? fusion proteins: pCMV-BD-BTB (54-169 aa), pCMV-
BD-BTB-BACK (54-280 aa), pCMV-BD-BACK (174-280 aa),
pCMV-BD-BACK-Kelch (174-603 aa) and pCMV-BD-Kelch re-
peat (383-603 aa) (shown in Fig. 4A). pCMV-BD-BTB in-
creased luciferase activity by 1.8 fold and the pCMV-BD-
Kelch repeat increased activity by 1.7 fold. These results in-
dicate that both the N-terminal BTB domain and the C-termi-
nal Kelch repeat motif contribute to the transcriptional activa-
tion by KBTBD?. In contrast, the BACK domain seems to be a
transcriptional repressor as it reduces activation by both the
BTB domain and kelch repeat motifs, suggesting that the BACK
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domain may play a transcriptional repressive role in KBTBD?.

KBTBD? activates SRE and AP-1-mediated transcriptional
activation

MAPK signal transduction pathways are the most widespread
mechanisms of eukaryotic cell regulation (13). In order to in-
vestigate the role of KBTBD7 in cell signal transduction, and
specifically in MAPK-mediated transcriptional regulation, path-
way-specific reporter gene assays were performed to measure
the transcription of AP-1 and SRE by KBTBD7 in COS-7 cells,
using pAP-1-Luc and SRE-luciferase reporters respectively.
Expression of KBTBD?7 significantly increased AP-1 transcrip-
tional activity by approximately 4.0 fold (Fig. 4D, E) and SRE
transcription by 2.5 fold (Fig. 4B, O).

To verify that the transcriptional activation we observed was
due to the activity of the KBTBD7 protein, we used RNA inter-
ference to block the translation of KBTBD7. MCF-7 cells were
transfected with pSUPER-RNAIi-KBTBD?, together with pAP-1-
LUC (or pSRE-LUC) and pCMV-Tag2C-KBTBD7. As shown in
Fig. 4, pSUPER-RNAI-KBTBD7 blocked the activiation by
KBTBD?. Taken together, our results suggest that KBTBD7 reg-
ulates components involved in the MAPK signaling pathway in
cells.

DISCUSSION

Proteins containing a N-terminal BTB/POZ domain and four to
six kelch motifs within the C-terminal region constituted a sub-
group of the kelch superfamily. Thus far, the function of a few
of BTB/kelch proteins is known. BTB/kelch protein Keap1
plays a role in gene expression by sequestering a transcription

= Fig. 4. Luciferase reporter assay of
KBTBD7 (A) The transcriptional ac-
tivity of full-length and truncated
KBTBD? fusion proteins (GAL4-BD-
: KBTBD7, GAL4-BD-A1 to GAL4-
BD-A5) in MCF-7 cells. (B, D) Over-
expressing KBTBD7 activates tran-
scriptional activities of pSRE (B) and
pAP-1(D) in MCF-7. (C, E) Overex-
pressing full-length and truncated
KBTBD7 fusion proteins (FLAG-
KBTBD7, FLAG-A1 to FLAG-A5) has
a different impact on transcriptional
activities of pSRE (C) and pAP-1(E)
in MCF-7.
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factor Nrf2 in the cytoplasm under normal conditions (14). A
series of domain function analyses of Keap1 showed that the
BTB domains are crucial for Transcription factor Nrf2 degrada-
tion (9). A recent study, however, indicates that Keap1 might
also have a function in cell morphology and organization by
binding to the SH3 domain of myosin- Vlla and associates with
it in specialized adhesion junctions through the kelch-repeat
domain (15). BTB/kelch protein Mayven was predominantly
expressed in the human brain and was predicted to be im-
portant in the organization of the actin cytoskeleton by bind-
ing directly with actin through their kelch repeats (16). Diverse
other cellular functions of the BTB/kelch proteins have been
mentioned in our previous report (17). For example, The pro-
myelocytic leukemia zinc finger (PLZF) protein containing an
N-terminal BTB/POZ domain which is required for dimeriza-
tion and transcriptional repression is a transcription factor dis-
rupted in patients with t(11;17)(q23; q21)-associated acute pro-
myelocytic leukemia (6). In this study, we isolated a novel
member of the human BTB-kelch transcription factor family,
KBTBD7, from a human embryonic cDNA heart library. This
gene contains an N-terminal BTB domain and five C-terminal
kelch motifs and like other BTB-kelch family proteins,
KBTBD? is highly conserved during evolution, suggesting that
KBTBD7 might also play an important role in development
and disease.

Previous studies have shown that BTB proteins family mem-
bers are transcription factors; most of them are repressors and
few of them are activators. To explore the effect of KBTBD7 on
transcription regulation, a luciferase reporter assay was em-
ployed to explore the possibility that KBTBD7 activates trans-
cription. Our results show that whole KBTBD7 exerts a modest
(2.0-3.0 fold) activating effect on transcription of luciferase. In
addition, the BTB domain and the Kelch domain were in-
dividually able to increase reporter gene activity, although the
effect was somewhat weaker than that of whole KBTBD?.
These results indicate that, like some BTB domain proteins,
KBTBD? is a transcriptional activator, in which the BTB do-
main and Kelch domain are required for full activation activity.

Using transient transfection and reporter assays, we have
shown that KBTBD?7 activates transcription via both SRE and
Ap-1 components of MAPK signaling pathways. MAPK-medi-
ated signaling pathways are involved in multiple cellular proc-
esses through phosphorylation of specific endpoint targets
such as Elk-1 and SRE, which form a ternary complex together
with SRF to induce expression of c-fos and other early re-
sponse genes. Previous report shows that heart-specific dele-
tion of SRF in the embryo by using a new beta MHC-Cre trans-
genic mouse line results in lethal cardiac defects (18). The ab-
sence of SRF in cardiomyocytes and smooth muscle cells
(SMCQ) leads to ultra-structural defects in contractile/cytoskeletal
assembly (19). SRE is one of the several cis-elements which
mediate c-fos induction and it is recognized by a dimer of the
serum response factor (SRF) that recruits the monomeric ter-
nary complex factors (TCFs), whose members include Elk-1,
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SAP-1 or SAP-2 (20). The c-fos products heterodimerize with
c-Jun proteins form AP-1 complexes. The DNA-binding activity
of AP-1/cJun was found to be dramatically increased in failing
hearts, an increase that was not observed in compensatory car-
diac hypertrophy. In addition, AP-1/c-Jun activation in car-
diomyocytes resulted in reduction of a-MHC mRNA. Activat-
ion of AP-1 involves the direct phosphorylation/dephosphor-
ylation of AP-1 components as well as the phosphorylation
and activation of transcription factors that induce elevated ex-
pression of cJun or cfos (21). Our results suggested that
KBTBD? is a new BTB-kelch family protein that activates tran-
scriptional activities mediated by MAPK signaling pathways in
the cell and a role for KBTBD7 in processes involved in heart
disease.

The myc-interacting zinc finger protein (MIZ-1) was located
in the cell cytoplasm and regulated by association with micro-
tubules and can activate LDLR transcription in response to
changes in the cytoskeleton (22). Using transient transfection
and subcellular location assays, we have shown that KBTBD7
protein exists in cytoplasm. One possible scenario is that
KBTBD7 proteins act in synergy with other transcription fac-
tors to integrate information from multiple extracellular signals
and, in turn, to induce the necessary cellular changes required
for tissue specification and morphogenesis as an active tran-
scriptional regulator in MAPK pathways.

In conclusion, KBTBD7 activates the transcriptional activ-
ities of AP-1 and SRE. These results suggest that KBTBD7 may
act, directly or indirectly, as a positive transcriptional regulator
in MAPK-mediated signaling pathways. It is likely that
KBTBD?7 proteins act in synergy with other transcription fac-
tors to integrate information from multiple extracellular signals
to induce the necessary cellular changes required for tissue
specification and morphogenesis and it may also play roles in
the regulation of heart development and in heart disease.

MATERIALS AND METHODS

Construction of cDNA library of human embryonic heart
Embryos were obtained with the consent of the patients and
according to the guidelines approved by Hunan Normal
University of Ethics Committee, and with the approval of the
Changsha Women and Children’s Hospital, People’s Republic
of China. Construction of cDNA library of human embryonic
heart was performed according to the methods described pre-
viously (23).

Blast searching and bioinformatics analysis

BLASTn program was used to search human EST database and
identify the cytological locus of genes and to look for exons
and introns. Analysis of KBTBD7 sequence was performed by
DNAstar software (24). Amino acid sequence alignment was
performed with the CLUSTAL W program (25).
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Full-length KBTBDZ7 cDNA cloning and bioinformatics
analysis

PCR was performed on a PCRSPRINT reactor (Thermo Hybaid)
with one pair of degenerate oligonucleotide primers PS and
PAS (Supplement Table 1) corresponding to open reading
frame of KBTBD7 (Accession number: NM_032138). Amplifi-
cation was carried out at 94°C, 4 min; 94°C, 30 s; 60°C, 30 s;
and 72°C, 2 min for 35 cycles; then 72°C, 10 min. The amplifi-
cation products were separated by agarose gel and the bands
were cloned into pMD18-T vector (TaKaRa). The transformants
were randomly chosen and sequenced with 3730 DNA Se-
quencer (ABI PRISM) according to manufacturer’s procedures.

Expression of GST fusion proteins and preparation of KBTBD7
polyclonal antibody

For expressing GST fusion proteins, the PCR products of
KBTBD7 (546-595 aa) with the primers P4S/P4AS (Supplement
Table 1) were cloned into pGEX4T-1 vector by EcoR | and Xho
| sites, and confirmed by DNA sequencing. The recombinant
vector was transformed into E.coli BL21 (Invitrogen), and ex-
pression was then induced with 0.1 mM isopropyl-beta-D-
thiogalactopyranoside (IPTG) at 26°C. The GST-KBTBD7 (546-
595 aa) soluble fusion protein was purified on a gluta-
thione-Sepharose column (Amersham Biosciences) according
to the manufacturer’s protocol and used to immunize rabbits
for polyclonal antiserum production. The polyclonal antibody
was purified and the specificity of antibody was confirmed us-
ing to methods described previously (17).

Protein extraction and Western blotting analysis

The following fetal tissues were used: brain, kidney, heart, liv-
er, lung, muscle, stomach and small intestine. Western blot-
ting analysis was performed with anti-KBTBD7 of or an-
ti-GAPDH antibodies (Santa cruz) as the first antibody. The
secondary antibody was a horseradish peroxidase-conjugated
goat anti-rabbit IgG antibody, and detection was performed us-
ing the ECL.

Plasmid construction

The L8G5-Luc, pSRE-Luc and pAP-1-Luc constructs used were
generated previously in the lab (24). To generate a fusion pro-
tein of KBTBD7 with enhanced green fluorescent protein
(EGFP), the KBTBD7 ORF was amplified by PCR (primer P2S,
P2A3) (Supplement Table 1) and then subcloned into the
EcoRI and BamH1 sites of the pEGFP-C3 vector. To generate a
fusion protein of KBTBD7 with GAL4 or FLAG tag, the
KBTBD7 ORF was amplified by PCR with primers P3S/P3AS or
P2S/P2AS (Supplement Table 1) and then subcloned in-frame
into the EcoRIl and Xbal site of the pCMV-BD or EcoRI and
BamHl site of pCMV-Tag2C, respectively. To generate a fusion
protein of BTB, BTB-BACK, BACK, BACK-Kelch and Kelch-re-
peat fragments with GAL4 or FLAG tag, the five fragments
were amplified by PCR with primers P5S5/P5AS, P6S/P6AS,
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P7S/P7AS, P8S/P8AS and P9S/PIAS (Supplement Table 1), re-
spectively, and then subcloned to the BamHI and EcoRlI sites
of the pCMV-BD and pCMV-Tag2C .

Cell culture, transient transfection, and subcellular
localization analysis

COS-7 cells used in all studies were maintained and passaged
according to standard methods described previously (24) and
transfected with pEGFP-C3-KBTBD7 using lipofectamine (Invi-
trogen) according to the company’s protocol. Subcellular lo-
calization of the EGFP-KBTBDY? fusion protein was detected 48
h following transfection by fluorescence microscopy (Nikon,
E400).

Transient expression reporter gene assay and deletion
analysis

COS-7 cells were transfected using lipofectamine as described
above. pCMV-BD-KBTBD? or other truncated GAL4-KBTBD7
fusion constructs, or pPCMV-Tag2C-KBTBD7 were co-transfected
into COS-7 cells along with the pL8G5-Luc reporter and pAP-
1-Luc or pSRF-Luc. The luciferase activity assay was performed
48 h later according to the methods described previously (24).

RNAI analysis

A pSUPER.retro.puro vector-based system was used to deliver
siRNA into MCF-7 cells. A pair of oligonucleotides was de-
signed by the RNAi program (http://www.openbiosystems.
com/RNAI). The sequences were s1: 5’'GATCCCCGGATG
TGGCATATCTCAATTTCTAGAGAATTGAGATATGCCACATC
CTTTTTC3’ and anti-s1: 5'TCGAGAAAAAGGATGTGGCATA
TCTCAATTCTCTAGAAATTGAGATATGCCACATCCGGG3'.
The oligos were annealed and cloned according to the in-
structions (OligoEngine). Luciferase activity assay was per-
formed in MCF-7 cells transfected with pSRE-Luciferase (or
pAP1-Luciferase), pCMV-Tag2C-kBTBD7, and pSUPER-RNAI-
KBTBD?7.

Acknowledgements

We are grateful to all members of the Center for Heart
Development, College of Life Sciences in Hunan Normal
University for their excellent technical assistance and encou-
ragement. This study was supported in part by the National
Natural Science Foundation of China (No. 90508004, 30930054,
30970425, 30971105, 30971663, 30900851, 30771170,
30771146, 30871340, 30871417, 30671137), National Basic
Research Program of China (2005CB522505), Scientific Research
Fund of Hunan Provincial Education Department (No.06B053),
and the Foundation of Hunan Province (05J2007, 06)}4120).

REFERENCES

1. Couderc, J. L., Godt, D., Zollman, S., Chen, J., Li, M.,
Tiong, S., Cramton, S. E., Sahut-Barnola, I. and Laski, F. A.
(2002) The bric a brac locus consists of two paralogous

BMB reports 21



KBTBD? activates the activities of SRE and AP-1
Junjian Hu, et al.

10.

11.

12.

13.

14.

genes encoding BTB/POZ domain proteins and acts as ho-
meotic and morphogenetic regulator of imaginal develop-
ment in Drosophila. Development 129, 2419-2433.

. Laura, C. T., Lauro, S., Nuria, A., Xavier, E. and MoAnica,

E. (2001) Identification and characterization of BTBD1, a
novel BTB domain containing gene on human chromo-
some 15g24. Gene 262, 275-281.

. Geyer, R., Wee, S., Anderson, S., Yates, J. and Wolf, D. A.

(2003) BTB/POZ domain proteins are putative substrate
adaptors for cullin 3 ubiquitin ligases. Mol. Cell. 12, 783-
790.

. Soren, P. and Josephine, C. A. (2003) Molecular phylog-

eny of the kelch-repeat superfamily reveals an expansion
of BTB/kelch proteins in animal. BMC. Bioinformatics
4, 42-62.

. Stogios, P. J. and Prive, G. G. (2004) The BACK domain in

BTB-kelch proteins. Trends Biochem. 29, 634-637.

. Melnick, A., Ahmad, K. F., Arai, S., Polinger, A., Ball, H.,

Borden, K. L., Carlile, G. W., Prive, G. G. and Licht, J. D.
(2000) In-depth mutational analysis of the promyelocytic
leukemia zinc finger BTB/POZ domain reveals motifs and
residues required for biological and transcriptional
functions. Mol. Cell. Biol. 20, 6550-6567.

. Kang, M. I., Kobayashi, A., Wakabayashi, N., Kim, S. G.

and Yamamoto, M. (2004) Scaffolding of Keap1 to the ac-
tin cytoskeleton controls the function of Nrf2 as key regu-
lator of cytoprotective phase 2 genes. Proc. Natl. Acad.
Sci. U.S.A. 101, 2046-2051.

. Minor, D. L., Lin, Y. F., Mobley, B. C., Avelar, A. Jan, Y.

N., Jan, L. Y. and Berger, J. M. (2000) The polar T1 inter-
face is linked to conformational changes that open the
voltage-gated potassium channel. Cell 10, 2657-2670.

. Kobayashi, A., Kang, M. I, Okawa, H., Ohtsuji, M.,

Zenke, Y., Chiba, T., Igarashi, K. and Yamamoto, M. (2004)
Oxidative stress sensor Keap1 functions as an adaptor for
Cul3-based E3 ligase to regulate proteasomal degradation
of Nrf2. Mol. Cell. Biol. 24, 7130-7139.

Nakayama, K., Nakayama, N., Davidson, B., Sheu, J. J.,
Jinawath, N., Santillan, A., Salani, R., Bristow, R. E., Mo-
rin, P. J., Kurman, R. J., Wang, T. L. and Shih, le. M. (2006)
A BTB/POZ protein, NAC-1, is related to tumor recurrence
and is essential for tumor growth and survival. Proc. Natl.
Acad. Sci. U.S.A.103, 18739-18744.

Bredholt, G., Storstein, A., Haugen, M., Krossnes, B. K.,
Husebye, E., Knappskog, P. and Vedeler, C. A. (2006)
Detection of autoantibodies to the BTB-kelch protein
KLHLY in cancer sera. Scand. J. Immunol. 64, 325-335.
Bomont, P., Cavalier, L., Blondeau, F., Ben Hamida, C.,
Belal, S., Tazir, M., Demir, E., Topaloglu, H., Korinthen-
berg, R., Tlysliz, B., Landrieu, P., Hentati, F. and Koenig,
M. (2000) The gene encoding gigaxonin, a new member
of the cytoskeletal BTB/kelch repeat family, is mutated in
giant axonal neuropathy. Nat. Genet. 26, 370-374.
Reszka, A. A., Seger, R., Diltz, C. D., Krebs, E. G. and
Fischer, E. H. (1995) Association of mitogen-activated pro-
tein kinase with the microtubule cytoskeleton. Proc. Natl.
Acad .Sci. U.S.A. 92, 8881-8885.

Itoh, K., Wakabayashi, N., Katoh, Y., Ishii, T., Igarashi, K.,

22 BMB reports

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Engel, ). D. and Yamamoto, M. (1999) Keap1 represses
nuclear activation of antioxidant responsive elements by
Nrf2 through binding to the amino-terminal Neh2 domain.
Genes. Dev. 13, 76-86.

Velichkova, M., Guttman, J., Warren, C., Eng, L., Kline,
K., Vogl, A. W. and Hasson, T. (2002) A human homo-
logue of Drosophila kelch associates with myosin-Vlla in
specialized adhesion junctions. Cell Motil. Cytoskeleton.
51, 147-164.

Soltysik-Espanola, M., Rogers, R. A., Jiang, S., Kim, T. A,
Gaedigk, R., White, R. A., Avraham, H. and Avraham, S.
(1999) Characterization of mayven, a novel actin-binding
protein predominantly expressed in brain. Mol. Biol. Cell.
10, 2361-2375.

Yu, W. S, Li, Y. Q.,, Tan, X. H., Deng, Y., Fan, H. Y.,
Yuan, W. Z,, Li, D. L., Zhu, C. B., Zhao, X, Mo, X. Y.,
Huang, W., Luo, N., Yan, Y., Ocorr, K., Bodmer, R,,
Wang, Y. Q. and Wu, X. S. (2008) A novel human BTB-
kelch protein KLHL31, strongly expressed in muscle and
heart, inhibits transcriptional activities of TRE and SRE.
Mol. Cells 26, 443-453.

Parlakian, A., Tuil, D., Hamard, G., Tavernier, G., Hentzen,
D., Concordet, J. P., Paulin, D., Li, Z. and Daegelen, D.
(2004) Targeted inactivation of serum response factor in
the developing heart results in myocardial defects and em-
bryonic lethality. Molecular. Cell. Biology. 24, 5281-5289.
Miano, J. M., Ramanan, N., Georger, M. A,, Bentley, K. L.,
Emerson, R. L., Balza, R. O,, Jr., Xiao, Q., Weiler, H.,
Ginty, D. D. and Misra, R. P. (2004) Restricted in-
activation of serum response factor to the cardiovascular
system. Proc. Natl. Acad. Sci. U.S.A. 101, 17132-17137.
Herrera, R. E., Shaw, P. E. and Nordheim, A. (1989) Occu-
pation of the c-fos serum response element in vivo by a
multi-protein complex is unaltered by growth-factor induction.
Nature 340, 68-70.

Tanoue, T. and Nishida, E. (2003) Molecular recognitions
in the MAP kinase cascades. Cell Signal 15, 455-462.
Ziegelbauer, J., Shan, B., Yager, D., Larabell, C., Hoff-
mann, B. and Tjian, R. (2001)Transcription factor MIZ-1 is
regulated via microtubule association. Mol. Cell 8,
339-349.

Huang, C. X., Wang, Y. Q., Li, D. L., Li, Y. Q., Luo, J.,
Yuan, W. Z., Ou, Y., Zhu, C. B., Zhang, Y. J., Wang, Z.,
Liu, M. Y. and Wu, X. S. (2004) Inhibition of transcrip-
tional activities of AP-1 and c-Jun by a new zinc finger
protein ZNF394. Biochem. Biophys. Res. Comm. 320,
1298-1305.

Cai, Z. Y., Wang, Y. Q. Yu, W. S,, Xiao, J., Li, Y. Q., Liu,
L., Zhu, C. B, Tan, K. R., Deng, Y., Yuan, W. Z, Liu, M.
and Wu, X. (2006) hnulp1, a basic helix-loop-helix pro-
tein with a novel transcriptional repressive domain, in-
hibits transcriptional activity of serum reponse factor.
Biochem. Biophys. Res. Comm. 343, 973-981.
Thompson, J. D., Higgins, D. G. and Gibson, T. J. (1994)
CLUSTAL W: improving the sensitivity of progressive mul-
tiple sequence alignment through sequence weighting,
position-specific gap penalties and weight matrix choice.
Nucleic. Acids. Res. 22, 4673-4680.

http://ombreports.org



