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Abstract 

 

Purification and characterization of nuclear 

protein complex containing human POZ-domain 

transcription factor, Pokemon 1 

 

Mi -Young Yu 

 

Department of Medical Science 

The Graduate School, Yonsei University 

 

(Directed by Professor Man-Wook Hur) 

 

POK (POZ and Krüppel) family proteins contain N-terminal POZ domain 

and C-terminal DNA-binding domain made of Krüppel-like zinc fingers. 

Pokemon 1 (also called as FBI-1; Factor that Binds to the Inducer of short 

transcripts of human immunodeficiency virus-1) is one of the POK family 

proteins that plays critical and pleiotropic function in differentiation. 

Pokemon 1 regulates transcription of various genes and plays important roles 
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in differentiation, oncogenesis and adipocyte differentiation. Pokemon 1 is a 

proto-oncogenic transcription factor that is expressed in almost all tissues and 

over expressed in human cancer tissues Recently, Pokemon 1 was shown to 

have a proto-oncogenic activity and its expression is elevated in many cancer 

tissues. It physically interacts with other POK family members such as 

Pokemon 1, PLZF, etc. Pokemon 1 exerts its function by interaction with 

other regulatory proteins via POZ-domain. We identify other POZ domain 

proteins and corepressors bind to the POZ-domain of Pokemon 1.  

To investigate the biological functions of Pokemon 1, we tried to isolate the 

protein complex containing Pokemon 1 and characterize the complex by 

proteomic tools. Identification of Pokemon 1-binding proteins could reveal 

potential signaling targets and previously undescribed functional roles for 

Pokemon 1. Mammalian expression vector containing Flag-tagged Pokemon 1 

were constructed into pcDNA5/FRT/TO© and stably transfected into human 

kidney 293T cells. The expression of Flag-Pokemon 1 is under the control of 

tetracycline. After induction of Flag-Pokemon 1 expression with tetracycline 

analogue, doxycycline, cells were harvested and the complex containing 

Pokemon 1 was purified by immunoprecipitation with anti-Flag M2 agarose 

beads. 2-DE and silver staining showed that purified Pokemon 1 complex. 

Proteins associated with Pokemon 1 are being characterized by MALDI-TOF 
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(matrix-assisted laser desorption/ ionization time-offlight) mass spectrometry. 

Thus, 12 unique proteins were identified to interaction with Pokemon 1. 

These proteins are MBD3, RFC2, RFC5, KIAA0111, Vimentin, ATP5A1, 

MSH2, K-Alpha-1, SET, NAP1L1, TRIP1 and eEF1A1. These proteins 

related with various human cancers and involved various cellular processes 

such as apoptosis, chromatin modulation, replication, cell proliferation and 

transcription. Therefore Pokemon1 is interaction with these proteins 

participated in various cellular process. 

And we investigated of Pokemon 1 and Pokemon 2 regulated gene 

expression using oligonucleotide microarray. Microarray analysis showed that 

ectopic Pokemon 1, 2 altered transcription of large number of genes, 

suggesting that Pokemon 1, 2 likely to have variety of biological functions. 

Two genes wide overall structure and functional similarities can play different 

functional roles in the cells. 

 

 

 

Key words: BTB/POZ domain, Pokemon 1, Pokemon 2, MALDI-TOF mass 

spectrometry, microarray 
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Purification and characterization of nuclear 

protein complex containing human POZ-domain 

transcription factor, Pokemon 1 

 

Mi-Young Yu 

 

Department of Medical Science 

The Graduate School, Yonsei University 

 

(Directed by Professor Man-Wook Hur) 

 

I. Introduction 

 

The BTB/POZ (broad complex, Tramtrack, and bric-a-brac/poxvirus and 

zinc finger) domain is an evolutionarily conserved protein-protein interaction 

domain that is found at the N-terminus of various cellular and viral regulatory 

proteins.1 The proteins containing the BTB/POZ domain have several C-

terminal structures important in their biological functions, such as the zinc 
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finger, actin-binding repeats, and ion channel motifs.1, 2 The POZ-domains of 

PLZF (promyelocytic leukemia zinc finger) and Bcl-6 (B-cell lymphoma-6) 

have been shown to interact with BCoR (BCL-6 interacting corepressor), 

NCoR (nuclear receptor co-repressor), mSin3A (mammalian homologs of 

yeast repressor switch-independent), SMRT (silencing mediator for retinoid 

and thyroid hormone receptors), and histone deacetylases.3-8 POZ-domain 

proteins are strongly involved in many critical cellular processes such as 

development, oncogenesis, apoptosis, ion channel activity, and transcription, 

as shown in some transcription repressor such as PLZF, Bcl-6 and Pokemon 1. 

Also, GAGA, a transcription regulator of Drosophila, facilitates long-range 

activation by providing a protein bridge that mediates enhancer–promoter 

communication and thus stimulate transcription by linking an enhancer to its 

cognate promoter.9-11 Strikingly, in addition to facilitating activation by a 

remote enhancer in cis, GAGA was also shown to direct activation of a 

promoter by an enhancer located on a separate DNA molecule. Enhancer 

function in trans is critically dependent on POZ-domain-mediated GAGA 

oligomerization, enabling GAGA to bind two DNA molecules (e.g., PRE and 

promoter) simultaneously.9-11  

Currently, there are 183 proteins with BTB/POZ domain. Among them 

43 POK (POZ and Krüppel zinc finger) family proteins are important in 
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embryogenesis, cell differentiation, and tumorigenesis.1 In particular, PLZF 

and Bcl-6 were shown to be important in hematopoiesis, and in the 

development of lymphoma, and leukemia and other cancers. Interactions 

between POZ domains and corepressor proteins (BCoR, NCoR, mSin3A, and 

SMRT) and other transcription factors could regulate transcription of many 

genes. The transcription repression by the molecular interaction was proposed 

to be important in the oncogenisis.12-14 

We have been investigating on the biological function of various 

BTB/POZ-domain proteins, especially Pokemon 1. Pokemon 1 ( also called 

FBI-1 ; Factor that Binds to the Inducer of short transcripts of human 

immunodeficiency virus-1) was purified as a cellular factor that binds 

specifically to the wild-type IST (inducer of short transcripts) elements of 

human immunodeficiency virus-1 (HIV-1) long terminal repeats (LTR) and 

the proximal promoter of the ADH5/FDH gene, and its cDNA was cloned.15-18 

Pokemon 1 is a ubiquitous transcription factor that contains a BTB/POZ 

domain at its N terminus and Krüppel-like zinc fingers at its C terminus.16 

There have been several recent reports on the function of Pokemon 1. 

Pokemon 1 stimulates Tat (transactivator of transcription) activity of  HIV-1 

LTR and represses human ADH5/FDH gene expression by interacting with 

Sp1 zinc fingers.2, 18 The mouse counterpart of Pokemon 1, LRF 



 7 

(leukemia/lymphoma-related factor), is co-immunoprecipitated and co-

localized with Bcl-6.2 The rat homolog of Pokemon 1, OCZF (osteoclast-

derived zinc finger), is a transcription repressor and is involved in 

osteoclastogenesis.13 SAGE (serial analysis of gene expression) analysis 

shows that the expression of Pokemon 1 is increased in cancer tissues 

(available at www.ncbi.nlm.nih.gov/UniGene/clust.cgi?ORG=Hs&CID=104640).  

Recent studies showed that Pokemon 1 could play important cellular 

functional roles by regulating gene expression by various protein-protein, 

protein-DNA interactions. Pokemon 1 was shown to interact with Sp1 zinc 

finger DNA binding domain and thus regulates the transcription of 

ADH5/FDHgene and also was shown to enhance transcription mediated by 

NF-κB by the interaction between the POZ-domain and RHD of NF-κB.2, 15 

Pokemon 1could selectivly bind to active chromatin and increase the 

activation potential of Tat. More recently, Pokemon 1 was shown to repress 

transcription of several transcription factors, important in cell cycle control 

such as cyclin A, cdk2, E2F-4, p130, and p170 although the detailed 

mechanism remains obscure.18,19 

Recently, Pokemon 1 was shown as a proto-oncogene to promote.20 

Transgenic mice overexpressing Pokemon 1 was shown to repress 

transcription of a tumor suppressor gene p14ARF. p14ARF is the transcription 
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activator of p53, another tumor suppressor. Accordingly, repression of ARF 

can eventually inhibit expression of p53, and promotes of oncogenesis in 

thymus, liver, spleen, and tumor infiltration into bone marrow. In Pokemon 1 

knockout mice, overexpression of ARF increased expression of p53, induces 

senescence apoptosis, and eventually blocks cellular differentiation.20-22 

Pokemon 1 is overexpressed in solid tumors such as colon cancer and bladder 

cancer in which the normal function of the ARF/p53 pathway is frequently 

lost.14, 21 Accordingly, it is likely that Pokemon 1 has multiple additional target 

genes by which it can exert its oncogenic activity. These data suggest that 

Pokemon 1 would have multiple additional target genes related oncogenesis.  

From the data described above, suggest that Pokemon 1 play important 

roles by regulating transcription of many genes by controlling protein-DNA, 

protein-protein interactions. In this dissertation, we tried to isolate protein 

complex interacting with Pokemon 1. The isolating of the protein complex 

should allow us to investigate the biological function carried out by the 

protein complex containing Pokemon 1. The identification of direct Pokemon 

1-binding proteins should help to elucidate the role of Pokemon 1. 

Furthermore there are proteins that complex with Pokemon 1 via indirect or 

secondary interactions. Identification of the complete interactome of Pokemon 

1 would provide additional information regarding the function and regulation 
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by this oncogene.  In this study, we isolated and identified multiple Pokemon 

1 interacting proteins by immunoprecipitation, two-dimensional gel 

electrophoresis (2-DE) and mass spectrometry (MS).  

In parallel, we also analyzed the potential direct target of Pokemon 1 

action by DNA microarray technology permits one to monitor a large number 

of cellular transcripts affected by ectopic Pokemon 1 expression. We report an 

investigation of Pokemon 1-regulated gene expression using oligonucleotide 

microarrays. 
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II. Materials and Methods 

 

1. Plasmid construction  

 Human Pokemon 1 (1755 bps, NM_015989) cDNA was amplified from 

which cDNA library using oligonucleotide PCR primer, forword : 5’-GGA 

TCG AAT TCA CCA TGG ACT ACA AGG ACG ACG ATG ACA AGG CCG 

GCG GCG TGC ACG GC-3’ and reverse : 5’-GGA TCTCTAGAT CAT TAG 

GCGAGT CCG GCT GT-3’ The amplified cDNA fragment was inserted in 

EcoRⅠ and XbaⅠ site of pcDNA3.0 (Invitrogen, CA). T-REx-Pokemon 1 

cDNA was also cloned into pcDNA5.0/FRT/TO© (Invitrogen, CA) to prepare 

doxycycline inducible Pokemon 1 expression stable cell. All plasmid 

constructs were verified by sequencing. To prepare, the GST-POZPokemon 1 

fusion protein expression plasmid, the cDNA fragment encoding the POZ-

domain of Pokemon 1 was subcloned into pGEX4T3 (Amersham Biosciences, 

NJ) and reported elsewhere.15 

 

2. Cell culture/ stable cell line  

HeLa cells were cultured in Dulbecco' modified eagle medium (DMEM, 

Gibco-BRL) supplemented with 10% fetal bovine serum at 37℃, 5% CO2. 

Pokemon 1 overexpression stable 293 cell inducible by Doxycycline were 
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prepared by transfection of mammalian Flp-InTM T-RExTM host 293T cells 

(Invitrogen, CA) with a 9:1 ratio of pOG44 and pcDNA5/FRT/TO©-Pokemon 

1-FLAG plasmid DNA using Lipofectamin 2000 (Invitrogen, CA). The stable 

cells overexpressing Flag-tagged Pokemon 1 was selected with hygromycin B 

(300 ㎍/ml) and blasticidin (15 ㎍/ml). To express Flag-Pokemon 1, the 

stable cells were cultured in medium containing 1 ㎍/ml doxycycline for 

intended period of time. 

 

3. RT-PCR 

 Total RNA was isolated from Flp-InTM T-RExTM Pokemon 1 cells 

expressing Pokemon 1 using TRIzol®reagent (Invitrogen, CA). cDNAs were 

synthesized using 5 ㎍ total RNA, 10 pmol of random hexamer, and 200 

units of superscript reverse transcriptase Ⅱ in 20 ㎕ using reverse 

transcription kit (Invitrogen, CA). PCR was performed by using the following 

amplification condition: 94°C denaturation 5 min, 23 cycles of amplication 

reaction cycling of at 94°C for 30 sec, 62°C or 55°C for 30 sec, and 72°C for 

40 sec, and final extension reaction at 72°C for 7 min. The PCR primers used 

Pokemon 1 reaction of mRNA were forward primer: 5’-

GGCCTGCTGTGCGACGTGGT-3’ and reverse primer: 5’-

CAGCAGGCGGGCGGCGCTGA-3’. The PCR primers for glyceraldehydes-
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3-phosphate dehydrogenase (GAPDH) mRNA were forward primer: 5’-

ACCACAGTCCATGCCATCAC-3’ and reverse primer: 5’-

TCCACCACCCTGTTGCTGTA-3’. The PCR products were separated by 1% 

agarose gel electrophoresis and visualized with ethidium bromide staining. 

 

4. Western Blot Analysis  

Flp-InTM T-RExTM Pokemon 1 overexpressing Pokemon 1 were harvested 

and lysed in TEN buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA, and 0.1 M 

NaCl). Cell extract (40 ㎍) were separated by a 10% SDS-PAGE. Proteins 

were transferred onto a Immun-BlotTM PVDF Membrane (Bio-Rad, CA) with 

TRANS-Blot® Semi-Dry Transfer –cell (Bio-Rad, CA) at 15 V for 1 hr by 

transfer buffer (25 mM Tris-base, 0.2 mM glycine, and 20% methanol, pH 

8.5) and blocked with 5% skim milk (BD biosciences, NJ) in TBST (20 mM 

Tris-HCl, pH 7.5, 140 mM NaCl, and 0.001% Tween 20) for 10 min. Blotted 

membranes were incubated with Antibody against Pokemon 1 (Sigma, MO) 

diluted at 1:1000 ratio at 4°C  for overnight. Membranes were washed three 

times with TBST for 10 min and incubated with diluted at 1: 2000 ratio 

horseradish peroxidase-conjugated anti-goat IgG (Santa Cruz, CA) antibody 

at room temperature for 1 hr. Blots were washed with TBST three times and 

developed with the ECL system according to the manufacturer’s protocols 
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(PerkinElmer, CA).  

 

5. Preparation of Nuclear Extract  

  Flp-InTM T-RExTM Pokemon 1 stable cells were harvested from cell culture 

media by centrifugation for 10 min at 2000rpm. The cells were suspended in 

five packed cell pellet volumes of buffer A (10 mM HEPES (pH 7.9 at 4°C), 

1.5 mM MgCl2, 10 mM KC1 and 0.5 mM DTT) and lysed by 10 strokes of  

glass Dounce homogenizer (loose type, WHEATON, New Jersey, USA). The 

homogenate was checked microscopically for cell lysis and centrifuged for 10 

min at 2000 rpm to collect nuclei pellet. The supernatant was carefully 

decanted, mixed with 0.11 volumes of buffer B (0.3 M HEPES (pH 7.9), 1.4 

M KC1 and 0.03 M MgCl2), and centrifuged for 60 min at 100,000 g 

(HITACHI). The nuclear extract was prepared as follows. The pellet obtained 

from the low speed centrifugation of the homogenate was subjected to a 

second centrifugation for 20 min at 25,000 g, to remove residual cytoplasmic 

material and this pellet was designated as crude nuclei. These crude nuclei 

were resuspended in buffer C (20 mM HEPES (pH 7.9), 25% (v/v) glycerol, 

0.42 M NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 0.5 mM phenylmethylsulfonyl 

fluoride (PMSF), and 0.5 mM DTT) with a glass Dounce homogenizer (Tight 

type, WHEATON, New Jersey, USA). The resulting suspension was stirred 
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gently with a magnetic stirring bar for 30 min and then centrifuged for 30 min 

at 25,000 g. The resulting clear supernatant was dialyzed against 50 volumes 

of buffer D (20 mM HEPES (pH 7.9), 20% (v/v) glycerol, 0.15 M NaCl, 0.2 

mM EDTA, 0.5 mM phenylmethylsulfonyl fluoride (PMSF), and 0.5 mM 

DTT) for five hours. The dialysate was centrifuged at 25,000 g for 20 min and 

the resulting precipitate discarded. The supernatant, designated the nuclear 

extract, was frozen as aliquots in liquid nitrogen and stored at -80°C.  

 

6. Isolation of Nuclear protein complex containing Pokemon 1  

To isolate of the Pokemon 1 complex from Flp-InTM T-RExTM Pokemon 1 

stable cells, nuclear extract was precleaned with Anti-mouse IgG-Agarose 

(Sigma, MO, USA) for 2 hr and then incubated with Anti-FLAG M2- Agarose 

(Sigma, MO, USA) for overnight at 4℃. The FLAG M2- Agarose resin were 

washed with wash buffer (20 mM HEPES, pH 7.5, 1 mM EDTA, 10% 

glycerol, 200 mM KCl, 0.2% NP40) and then washed with TBS (50 mM Tris-

HCl, 150 mM NaCl, pH 7.4). The bound proteins were then eluted with 3Ｘ

FLAG Peptide (Sigma, MO, USA). 

 

7. Two-dimensional gel electrophoresis  

Isoelectric focusing (IEF) was performed using pre-cast immobilized pH 
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gradient strips (24 cm, pH 3-10, linear, Amersham Biosciences, Uppsala, 

Sweden). 500 µg of proteins were solubilized in rehydration buffer (9 M urea, 

2% CHAPS, 60 mM DTT, 0.5% pharmalyte, pH 3-10, 0.002% bromophenol 

blue) and protein samples were loaded on IPG strips and rehydrated overnight. 

IEF gel was run for a total of 36 kVh during which the voltage was linearly 

increased from 100 to 8000 V over 6 h and then, maintained for 3 h at 8000 V. 

After IEF, strips were first equilibrated for 15 min in a reducing solution (50 

mM Tris HCl, pH 8.8, 6 M urea, 30%(v/v) glycerol, 2% (w/v) SDS, 1% (w/v) 

DTT), and then for a further 15 min in an alkylating solution, which was 

identical in make-up to the reducing solution except that 2.5% (w/v) 

iodoacetamide was substituted for DTT. 23, 24 Second gel electrophoresis was 

performed using a standard sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE) protocol, using the Ettan DALT 6 System 

(Amersham Biosciences, Uppsala). SDS-PAGE was run on 12% 

polyacrylamide gel, and gels were visualized by silver staining.  

 

8. In gel digestion and mass spectrometry  

Gel spots were excised, destained by reduction using a solution of 30 

mM potassium ferricyanide/100 mM sodium thiosulfate, and washed with 

water. The gel pieces were then incubated with 0.2 M NH4HCO3 for 20 min, 
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dehydrated, shrunk with 100% acetonitrile twice, and dried by vacuum 

centrifugation. For “in-gel” digestion with trypsin, gel pieces were rehydrated 

in digestion buffer containing 0.05 M NH4HCO3 and 10 ng/µl of modified 

porcine trypsin (Promega, Madison, USA) at 4oC for 30- 45 min. Excess 

supernatant was then removed, and the gel pieces were covered with 30 ㎕ 

of 0.05M NH4HCO3 buffer. Digestion was performed overnight at 37oC, and 

after “in-gel” tryptic digestion, tryptic peptides were extracted from the gel 

particles 25, 26 Samples were desalted using a GELoader tip (Eppendorf AG, 

Hamburg, Germany) and packed with POROS 20 R2 resin (Applied 

Biosystems Inc., Foster City, USA). Peptide binding and washing were 

realized in 0.1% trifluoroacetic acid (TFA) in water. To produce the MALDI 

sample matrix, α-cyano-4-hydroxy cinnamic acid was dissolved in a solution 

containing 70% acetonitrile and 0.1% TFA at concentration of 5 g/l. Elution 

was performed with 1 ㎕ of sample matrix and the eluted peptides were 

directly spotted on the target plate. Protein identification was carried out using 

peptide mass fingerprinting (PMF) using a matrix-assisted laser 

desorption/ionization time-offlight (MALDI-TOF) mass spectrometer 

(Voyager DE-PRO MALDITOF mass spectrometer, Applied Biosystems Inc., 

Foster City, USA). 27 Mass spectra were registered in reflectron positive ion 

mode. Mass accuracy was set at 50 ppm for PMF analysis. Database searches 
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for PMF were performed using the MASCOT search program, which was 

developed by Matrix Science Ltd. (access is available on 

http://www.matrix.science.com), at the NCBI database (http://www. 

ncbi.nlm.nih.gov/entrez) and using the ExPASy Molecular Biology Server at 

the SWISSPROT database (http://www.expasy.org). 

 

9. GST Fusion Protein Purification, in Vitro Transcription and 

Translation  

GST or GST-POZ, GST-ZF proteins expression was prepared from E. 

coli BL21 (DE3) transformed with GST or GST-POZ, GST-ZF proteins 

expression plasmid. The E. coli were induced with 0.5 mM isopropyl-1-thio-

D-galactopyranoside (IPTG) for 4 hrs at 37°C. The cells were lysed by lysis 

buffer containing 1x PBS, 1 mM PMSF, 2 mM EDTA, and 0.2 mg/㎖ 

lysozyme, then sonicated 3~5 times in 0.5 cycle and 50% amplitude (dr. 

hielscher GmbH, Germany) to make lysates. The recombinant proteins were 

purified with glutathione-agarose 4 bead by affinity chromatography (Peptron, 

Daejeon, Korea). The purified proteins were resolved with 12% SDS-PAGE to 

quantitate and assess purity. The same amount of aliquot of the protein-

agarose bead complex was used in GST-fusion protein pull down assays.  

The MBD3, eEF1A1, SET, K-Alpha, Vimentin, NAP1L1, ATP5A, 
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TRIP1 were prepared in vitro by incubating 1 µg of pcDNA3.0 expression 

plasmids with TNT Quick-coupled Transcription/Translation Extract 

(Promega, WI), containing 40 ㎕ of TNT Quick Master Mix and 2 µl of [35S] 

methionine (1175.0 Ci/mol, PerkinElmer Life Sciences, Inc.) at 30°C for 90 

min. Polypeptide expression level was analyzed by running 3 ㎕ of the total 

mixture on a 10% SDS-PAGE.  

 

10. GST Fusion Protein Pull-down Assays  

 The purified GST fusion proteins (5 ㎍) were incubated with GSH-

agarose (Sigma, MO) for 1 hr in HEMG buffer (40 mM HEPES, pH 7.9, 100 

mM KCl, 0.2 mM EDTA, 5 mM MgCl2, 0.1% Nonidet P-40, 10% glycerol, 

1.5 mM dithiothreitol, and protease inhibitor mixture, 1 tablet/50 ㎖ of a 

protease inhibitor mixture (Roche, Mannheim, Germany) at  4°C for 1 hr. 

After the agarose-GST protein complexes were washed three times with 1 ㎖ 

of cold HEMG buffer, 10 ㎕ of the in vitro translated MBD3, eEF1A1, SET, 

K-Alpha, Vimentin, NAP1L1, ATP5A, TRIP1 were added and incubated in 

HEMG buffer at 4°C for 4 hrs. The reaction mixtures were centrifuged at 

3,000x g at 4°C, and the supernatants were removed and the pellets were 

washed five times with cold HEMG buffer. The bound proteins were separated 

by a 10% SDS-PAGE. The SDS-PAGE gel was dried and exposed to X-ray 
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film using image-intensifying screen (Kodak, NY).  

 

11. Immunofluorescence assay 

 For immunostaining, HeLa cells grown on coverslips (Sunshine Works, 

Seoul, Korea) washed with cold PBS, and fixed in 97:3 cold 

methanol/formaldehyde for 20 min at -20 . Cells were permeabilized in ℃

0.2% Triton X-100 for 10 min at room temperature and washed three times 

with PBS for 10 min each. Cells were incubated in 5% normal horse serum 

for blocking purpose (Invitrogen, CA) for 30 min at room temperature. Cells 

were incubated with mouse anti-FLAG primary antibody (diluted to a final 

concentration of 5 ㎍/㎖) in an PBS solution of 1% bovine serum albumin 

and 0.02% sodium azide for 2 hrs at room temperature. Cells were rinsed 

three times for 10 min each with the incubation solution and further incubated 

with FITC-conjugated anti-mouse IgG secondary antibody (diluted to 5 ㎍/

㎖; Jackson Immuno Research Laboratories, Inc) for 1 hr at room temperature. 

The cells were washed with PBS 3 times for 5 min with low speed shaking. 

 For double staining, after washing the cells with PBS, cells were fixed with 

3.7% formaldehyde for 10 min at room temperature. Then the cells were 

incubated with blocking solution for 30 min at room temperature. Cells were 

then incubated with different primary antibody (rabbit anti-His antibody, to 
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final 5 ㎍/㎖) in incubation solution for 2 hrs at room temperature and rinsed 

in incubation solution three times for 10min, each at room temperature. After 

that, cells were incubated with secondary antibody (anti-rabbit antibody 

conjugated with rhodamine, to final 5 ㎍/㎖, Jackson Immuno Research 

Laboratories, Inc) for 1 hr at room temperature. Cells were then washed three 

times with PBS for 5 min at room temperature. Finally, cells were washed 

with solution containing 1 mg/ml of 4, 6-diamidino-2-phenylindole. Cells 

were mounted on glasses with mounting medium (90% (v/v) glycerol, 1 

mg/ml p-phenylenediamine, and 0.02% sodium azide) and examined with 

LSM 510 confocal laser scanning microscope (Carl Zeiss, Germany). 
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III.  Results 

 

1. Preparation of 293T cells Doxycycline inducible FLAG-Pokemon 1 

expression 

To isolate the nuclear proteins complexed with Pokemon 1, we established 

a stable cell line using Flp-InTM T-RExTM System to prepare an inducible 

mammalian Pokemon 1 expression cell line. The Flp-InTM T-RExTM System 

allows to generate stable mammalian cell lines exhibiting tetracycline-

inducible expression of the FLAG-tagged Pokemon 1 gene integrated into a 

specific genomic location. Integration of an expression vector containing 

Pokemon 1 cDNA under the control of a tetracycline-inducible promoter into 

the genome is made by Flp recombinase-mediated DNA recombination at the 

FRT site (Fig. 1A). Normally, expression of FLAG-tagged Pokemon 1 is 

repressed in the absence of tetracycline, but induced by tetracycline treatment. 

Overexpression of FLAG-tagged Pokemon 1 by doxycycline, a tetracycline 

analogue, was confirmed by RT-PCR analysis (Fig. 1B) and Western blot 

analysis (Fig. 1C). Both RT-PCR analysis of the cDNA prepared from the 

control cells and T-RExTM–Pokemon 1 stable cells after doxycycline induction 

and Western blot analysis of the protein extracts clearly showed that Pokemon 

1 expression is successfully induced.  
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Figure 1. Expression of Flag-Pokemon 1 in 293T cells (A) Flag tagging 

Pokemon 1 in the pcDNA5/FRT/TO expression vector and pOG44 were co-

transfected into the  Flp-InTMT-REX
TM293T cell lines. An T-REX-Pokemon 1 

cell were selected by blasticidin and hygromycin. Pokemon 1 expression was 

induced by doxycycline. (B) RT-PCR of control T-REX cells and T-REX-

Pokemon 1 cells. (C) Western blot of the cell lysates of T-REX cells treated 

with doxycyline, to induce Pokemon 1 expression. 
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2. Purification and identification of Pokemon 1-interacting nuclear 

proteins 

Human embryonic kidney cells (HEK 293) stably expressing FLAG-tagged 

Pokemon 1 was generated as described above. To isolate Pokemon 1 

interacting nuclear proteins (Fig. 2), we immunoprecipitated the nuclear 

extracts prepared from T-REX-control and T-REX-Pokemon 1 cells using an 

anti-FLAG M2 agarose bead. Precipitated nuclear proteins were separated by 

a two-dimensional gel electrophoresis and protein spots were visualized by 

silver staining (Fig. 3). We selected the proteins that interact specifically only 

with Pokemon 1 and eliminated the proteins associated with IgG in a 

nonspecific manner. Sixty unique proteins were isolated, digested with trypsin, 

and characterized by MALDI-TOF mass spectrometry (Fig. 4). Mass 

spectrometry shows that MBD3, RFC2, RFC5, KIAA0111, Vimentin, 

ATP5A1, MSH2, K-alpha-1, SET, NAP1L1, TRIP1 and eEF1A1 are the 

nuclearproteins associated with Pokemon 1 (Table 1). 

 MBD3 protein recruits histone deacetylases and DNA methyltransferases, 

acts as transcriptional repressor. MBD3 have been identified as core subunit 

of the Mi-2/NuRD complex 29 and there by recruits to promoters containing 

methylated CpG-rich stretches. MBD3 modulates chromatin structure and 

represses of transcription. Knocking out MBD3 results in embryonic 
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lethality.30 

RFC2 and RFC5 are participating in the elongation of primed DNA 

templates by DNA polymerase delta and epsilon requires of the accessory 

proteins important in proliferating cell nuclear antigen (PCNA) and activator 

1. 

Recently reported KIAA0111 is translation initiation factor and is relatively 

enhanced in intestinal type of gastric cancers. 31 

Vimentin are class-III intermediate filaments found in various non-epithelial 

cells, and it shows especially mesenchymal cells. It is highly expressed in 

fibroblasts, some expression in T- and B-lymphocytes. And it also expressed 

in many hormone-independent mammary carcinoma cell lines. 

ATP5A1 produces ATP from ADP in the presence of a proton gradient across 

the mitochondrial membrane. ATP5A1 is a member of the F1 synthase 

enzymatic complex that binds ADP, phosphate and ATP for the synthesis of 

ATP during oxidative phosphorylation.32 In degenerated neurons of AD 

patients, ATP5A1 is localized and accumulated of ATP5A1 in cytosol.33 

DNA mismatch repair protein (MSH2) is involved in post-replication 

mismatch repair. It binds specifically to DNA containing mismatched 

nucleotides, thereby marking the region to be excised. It forms heterodimers 

with MSH3 and MSH6 that induces apoptosis in response to certain DNA 
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damage and participates in transcription-coupled repair.34 

 K-Alpha-1 is the major constituent of microtubules. It binds two moles of 

GTP, one at an exchangeable site on the beta chain and the other one at a non-

exchangeable site on the alpha-chain. Kalpha1 mRNA is overexpressed in 

thyroid anaplastic carcinoma.35 

SET, also called template-activating factor 1β (TAF 1β), is participating in 

apoptosis, transcription, nucleosome assembly and histone binding. SET 

protects histones from acetylation by histone acetyl transferases, modulates 

HuR mRNA binding, regulates G2/M transition via binding to p21CIP1, and 

acts as a transcription factor for P450c17 gene activation.36-39  

Nucleosome assembly protein 1-like 1(NAP1L1) may be involved in 

modulating chromatin formation , contribute to regulation of cell proliferation 

by cDNA encoding a human nucleosome-assembly-protein-I-related gene 

product involved in the induction of cell proliferation.40 

TGF-beta receptor interacting protein 1(TRIP1) is an eukaryotic translation 

initiation factor. TRIP-1 is a cytoplasmic substrate of the TGF-β type II 

receptor kinase and plays a role in TGF-β signaling. TRIP-1 is a WD domain 

protein that also functions as an essential subunit of the eIF3 eukaryotic 

translation initiation factor in animals, yeast and plants.41 WD proteins are 

made up of highly conserved repeating units usually ending with Trp-Asp 
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(WD). They are found in all eukaryotes but not in prokaryotes. They regulate 

cellular functions, such as cell division, cell-fate determination, gene 

transcription, transmembrane signalling, mRNA modification and vesicle 

fusion.42 

Eukaryotic translation elongation factor 1 alpha 1(eEF1A1) promotes the 

GTP-dependent binding of aminoacyl-tRNA to the A-site of ribosomes during 

protein biosynthesis and also particicate in tumorigenesis, signal transduction 

and apoptosis.43 
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Figure 2. Pokemon 1-containig nuclear proteins purification and 

characterization scheme The Pokemon 1 protein complex was isolated by 

immunoprecipitation, and the proteins were separated by 2-DE (two-

dimensional electrophoresis). The protein spots were isolated, digestes with 

trypsin, and analyzed by MALDI-TOF mass spectrometry. 
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Figure 3. 2-DE (dimensional gel electrophoresis) of the 

Immunoprecipitate of Pokemon 1 complex Proteins were 

immunoprecipitated from nuclear extract of T-REX-control and T-REX-

Pokemon 1 cells using a Anti-FLAG M2 Agarose bead. Immunoprecipitation 

of the Pokemon 1-complex were resolved using Two-dimensional gel 

electrophoresis and visualized by Silver staining. 
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Figure 4. Protein identification by mass spectrometry MS sequencing of 

peptides identifying the proteins.(A) MBD3, (B) RFC2, (C) RFC5, 

(D)KIAA0111, (E) Vimentin, (F) ATP5A, (G) MSH2, (H)K-Alpha1. 
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Table1. Analysis of Pokemon 1 interacting proteins by mass spectrometry 

 

Protein 

Name 

Accession 

No. 
Sequence 

Protein 

MW 

Protein 

PI 

MBD3 AAH09372 

QLFWEK 

AFMVTDEDIR 

QEELVQQVRK 

GKPDLNTALPVR 

YLGGSMDLSTFDFR 

LSGLNAFDIAEELVK 

YLGGSMDLSTFDFR 

NPGVWLNTTQPLCK 

KLSGLNAFDIAEELVK 

LEEALMADMLAHVEELAR 

RLEEALMADMLAHVEELAR 

29166.5 5.1 

RFC2 AAC04860 

IAEGVNSLLQMAGLLAR 

IIILDEADSMTDGAQQALR 

VPYTDDGLEAIIFTAQGDMR 

ILAHLWHLGYSPEDIIGNIFR 

39588.3 6.04 

RFC5 AAO63493 

FGPLTPELMVPR 

IQLSSLIAAFQVTR 

GLALHDILTEIHLFVHR 

LVILDEADAMTQDAQNALR 

FINEDRLPHLLLYGPPGTGK 

SDIANILDWMLNQDFTTAYR 

YRPQTLNDLISHQDILSTIQK 

38757.3 6.72 

KIAA0111 BAA04879 

VFDMIR 

VLISTDVWAR 

ETQALILAPTR 

IMATTATMATSGSARK 

GIYAYGFEKPSAIQQR 

TATFSISVLQCLDIQVR 

GLDVPQVSLIINYDLPNNR 

YLPPATQVVLISATLPHEILEMTNKGLL

ALGDYMNVQCHACIGGTNVGEDIR 

47239.4 6.33 

Vimentin AAA61279 

MALDIEIATYR 

SLYASSPGGVYATR 

VESLQEEIAFLKK 

ISLPLPNFSSLNLR 

LQDEIQNMKEEMAR 

ETNLDSLPLVDTHSKR 

EMEENFAVEAANYQDTIGR 

LQEEMLQREEAENTLQSFR 

QVQSLTCEVDALKGTNESLER 

53738.1 5.03 

ATP5A1 Q96HW2 VGLKAPGIIPR 

LYCIYVAIGQK 
48878.9 9.1 
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ISVREPMQTGIK 

GIRPAINVGLSVSR 

LKEIVTNFLAGFEA 

EAYPGDVFYLHSR 

TGAIVDVPVGEELLGR 

GMSLNLEPDNVGVVVFGNDK 

QGQYSPMAIEEQVAVIYAGVR 

EVAAFAQFGSDLDAATQQLLSR 

FENAFLSHVVSQHQALLGTIR 

ITKFENAFLSHVVSQHQALLGTIR 

YTIVVSATASDAAPLQYLAPYSGCSMG

EYFR 

SET A45018 LRQPFFQK 

IDFYFDENPYFENK 
32114.7 4.12 

MSH2 I64819 

DSLIIIDELGR 

NNSFVNEIISR 

QVGVGYVDSIQR 

LDSSAQFGYYFR 

LLLAVFVTPLTDLR 

LNLVEAFVEDAELR 

FFQGMPEKPTTTVR 

ETLQLESAAEVGFVR 

GDFYTAHGEDALLAAR 

GVSTFMAEMLETASILR 

GVCDQSFGIHVAELANFPK 

LFDRGDFYTAHGEDALLAAR 

GTSTYDGFGLAWAISEYIATK 

105418 5.58 

eEF1A1 Q6IPN6 

THINIVVIGHVDSGK 

YYVTIIDAPGHR 

NMITGTSQADCAVLIVAAGVGEFEAGI

SK 

EHALLAYTLGVK 

DGNASGTTLLEALDCILPPTRPTDKPLR 

IGGIGTVPVGR 

VETGVLKPGMVVTFAPVNVTTEVK 

SGDAAIVDMVPGKPMCVESFSDYPPL

GR 

50123 9.10 

NAP1L1 S40510 FYEEVHDLER 

YAVLYQPLFDKR 
45345.9 4.36 

K-Alpha-1 gi|18204869 

YMACCLLYR 

LISQIVSSITASLR 

SIQFVDWCPTGFK 

AVFVDLEPTVIDEVR 

AVCMLSNTTAIAEAWAR 

AFVHWYVGEGMEEGEFSEAR 

FDGALNVDLTEFQTNLVPYPR 

37707.3 4.87 

TRIP1 S60335 FFHLAFEEEFGR 

EGDLLFTVAKDPIVNVWYSVNGER 
36478.6 5.38 
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3. Validation of MALDI-TOF data by co-immunoprecipitation and GST-

fusion protein pull-down assays 

We confirmed the presence of some selected proteins in the Pokemon 1 

nuclear protein complex by Western blotting analysis using several 

commercial available antibodies. Western blotting of the immunoprecipitate 

show the presence of the proteins in the test sample but not in T-REX-control 

(Fig. 5). The data suggest that MBD3, MSH2, RFC5 and eEF1A1 are 

interactioning with Pokemon 1 directly or indirectly. We investigated whether 

the molecular interaction between Pokemon 1 and the interacting proteins is 

direct or not by in vitro GST-fusion protein pull-down assays. We prepared 

recombinant GST-POZ and GST-ZF (zinc-finger) and allowed to interact with 

in vitro translated [S35]-Methionine labeled polypeptides. Interestingly, the 

GST-ZF of Pokemon 1 but not the POZ-domain, interacts with MBD3, 

NAP1L1 and TRIP1 directly. eEF1A1 and Vimentin are interacting with both 

the POZ and the ZF. And ATP5A is interacting with Pokemon 1 via only with 

POZ domain. But SET is not interact with POZ and ZF domain of Pokemon 1 

directly, although it is present in the precipitated complex (Fig. 6). 
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Figure 5. Western blot analysis of Pokemon 1 immunoprecipitates with 

the antibodies against the proteins characterized by MALDI-TOF T-REX-

control and T-REX-Pokemon 1 Cell extracts were immunoprecipitated with 

anti-FLAG M2 agarose and the precipitates were analyzed by Western Blot 

analysis using anti MBD3, MSH2, RFC5, eEF1A1 antibodies.  
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Figure 6. Molecular interaction between Pokemon 1 and interacting 

candidate proteins by GST-fusion protein pulldown assays Recombinant 

GST protein, GST-POZPokemon 1, and GST-ZFPokemon 1 were incubated with the 

various in vitro synthesized [35S]-methionine-labeled proteins, pulled down, 

resolved by 10% SDS-PAGE, and the gel were analyzed by autoradiography.  
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4. Cellular localization of Pokemon 1 and Pokemon 1-interacting proteins. 

We investigated the cellular localization of the interacting proteins and 

also studied whether Pokemon 1 colocalized with the interacting proteins 

identified by immunoprecipitation and MALDI-TOF mass analysis. HeLa 

cells were cotransfected with the plasmids encoding FLAG-Pokemon 1 and 

His-tagged MBD3, SET, RFC5, TRIP1, NAP1L1, K-Alpha, ATP5A and 

Vimentin. FLAG-Pokemon 1 was detected with primary anti-FLAG mouse 

antibody and secondary anti-mouse antibody-FITC conjugated, and various 

His-tagged interacting proteins were detected with anti-His rabbit antibody 

and rhodamine conjugated anti-rabbit antibody. Immunofluorescence analysis 

revealed that FLAG-Pokemon 1 immunofluorescence (green fluorescence) 

and His-tagged plasmid fluorescence (red fluorescence) were colocalized 

(yellow) in nucleus (Fig. 7). MBD3, SET and RFC5 were colocalized with 

Pokemon 1 in nucleus and ATP5A is only localized in cytoplasm. But the 

others were localized in periplasm of nuclear and cytoplasm suggesting that 

colocalization with Pokemon 1 in nuclear periplasm. 
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Figure 7. Cellular localization of Pokemon 1 and Pokemon 1-interacting 

proteins HeLa cells were transfected with FLAG-Pokemon 1 and His tagged 

interacting proteins. FLAG and His-tags were detected by FITC (green) or 

rhodamine (red) labeled antibodies. Colocalization of the two types of 

fluorescence is indicated in yellow coloe in merged image. 

 

 

 



 46 

5. Identification of Pokemon 2, highly homologous to human Pokemon 1  

From the SMRT sequence database, we collected and analyzed the amino 

acid sequence similarities of all the available human BTB/POZ proteins. By 

constructing a phylogenic tree based on the amino acid sequences of the POZ 

domains, we were able to group the BTB/POZ polypeptides into 31 subgroups. 

We identified a gene called Pokemon 2 with highest amino acid group 

similarity to Pokemon 1. Pokemon 2 (also called APM-1 : affected by 

papilloma virus DNA integration in ME 180 cells) and Pokemon 1 are POZ 

domain subgroup, clustered together upon phylogenic analyzing based on the 

amino acid sequences of the POZ domains. Similarity of amino acid 

sequences between Pokemon 1 and Pokemon 2 is 79% (Fig. 8A). Pokemon 2 

is a ubiquitously expressed transcription regulator composed of 619 amino 

acids with a POZ domain at N-terminus. 

Functional domains of Pokemon 2 and Pokemon 1 are very similar in 

amino acid sequences and molecular properties in terms of interaction with 

corepressors and other regulatory proteins such as corepressors, and p53. Both 

Pokemon 1 and 2 repress transcription of cell cycle regulator gene p21Waf/Cip1 

(unpublished data, Jeon et al.). To investigate the similarity and difference of 

the two Pokemons in transcription regulation, we ectopically over expressed 

the proteins for limited time and analyzed the genes differentially expressed 
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by a microarray analysis of the total RNA. As in Pokemon 1, we prepared 293 

stable cells integrated with doxycycline inducible Pokemon 2 expression 

constructs. To be able to identify the genes differentially expressed by 

Pokemon 1 or 2, one need to express the protein for limited time so that only 

the primary target genes are affected. To monitor the expression of Pokemon 1 

and 2, the stable cells were induced with doxycycline for 0-11 hrs and the cell 

extracts were analyzed for Pokemon expression by western blot analysis to 

find the appropriate induction time (Fig. 8B). Western blots showed that the 

expression level of Pokemon 1 and 2 reach their peaks around 4-6 hrs after the 

induction was initiated. Normally proteins are expressed at significant amount 

around 6 hrs after initiation of transcription, we suspect that 4 hrs of induction 

time is probably suitable for microarray experiments. 
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Figure 8. Phylogenic tree analysis and Time-dependent expression of 

Pokemon 1 and Pokemon 2 (A) We analyzed the homology of entire human 

POZ domain amion acid sequences homology of entire human POZ domain, 

and made phyrogenic tree. We selected highly homologous POZ domains 

(Pokemon 2, and KL10) compared with Pokemon 1. The POZ domain of 

Pokemon 1 shows similarity with POZ domain of Pokemon 2 and KL10, 

79 % and 51 %, respectively. (B) Cells were induced with doxycyline for 0-

11hrs. Pokemon 1 and Pokemon 2 proteins were expressed as early as 1 hr. 

The amount of 50㎍ of total protein was loaded in each lane, and the blot was 

probed by anti-FLAG antibody. 
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6. Initial screening of the genes regulated by Pokemon 1 and Pokemon 2. 

Total RNAs were isolated from the cells were after induction with 

doxycycline for 4hr, reverse transcribed, biotin labeled and hybridized to the 

oligonucleotide microarrays (Human U133 A 2.0, Affymetrix), which contains 

probes for 22,278 genes. As shown in Fig. 9, the overexpressing Pokemon 1 

and Pokemon 2 show target gene expression pattern quite various at 

transcription level. To classify these expression profiles, we performed cluster 

analysis using the Hierarchical clustering (HC) with complete linkage. A total 

of genes selected for this analysis clustered into 13 groups on the basis of the 

similarity of their expression profiles. Expression of some group of genes are 

either all upregulated or down regulated by Pokemon 1 and 2. In contract 

some genes are up regulated by Pokemon 1 but down regulated by Pokemon 2, 

vice versa. We were able to see that although the Pokemon 1 and 2 are very 

similar in structure, they clearly have some difference in the transcriptional 

regulation of genes and their molecular properties. The strength of red color 

represents level of up-regulation, whereas that of green represents level of 

down-regulation of gene expression. 

From the screening, 358 genes appeared to be up-regulation and 731 genes 

appeared to be down-regulation by Pokemon 1 induction. 447 genes appeared 

to be up-regulation and 428 genes appeared to be down-regulation by 
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Pokemon 2 induction. Pokemon 1 was up-regulated in enzyme linked receptor 

protein signaling pathway, G-protein signaling coupled to cyclic nucleotide 

second messenger, regulation of adenylate cyclase activity, G-protein 

signaling coupled to cAMP nucleotide second messenger and regulation of 

lyase activity (Table 2). And Pokemon 1 was dowm-regulation in chromatin 

modification, response to biotic stimulus, organismal physiological process, 

immune response and defense response (Table 3). On the other hand, 

Pokemon 2 was up-regulated in organismal physiological process, cell-cell 

signaling, transmission of nerve impulse, development and 

neurophysiological process (Table 2). And Pokemon 2 was down-regulation in 

apoptosis, histidine catabolism, histidine family amino acid catabolism, 

programmed cell death and cell death (Table 3). Microarray analysis showed 

that ectopic Pokemon 1, 2 altered transcription of large number of genes, 

suggesting that Pokemon 1, 2 likely to have variety of biological functions 

(Table 4). The data suggest that the two genes with overall structure and 

functional similarities can play different functional roles in the cells. 
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Figure 9. Cluster analysis of gene expression profiles A total of genes 

selected for this analysis clustered into 13 groups on the basis of the similarity 

of their expression profiles. The degree of redness represents level of up-

regulation, whereas that of greenness represents level of down-regulation of 

gene expression. 



 52 

Table 2. Gene ontology of up regulation by Pokemon 1 and Pokemon 2  

 

UP regulation 

GO (Gene Ontology) Term GOC 

(category) 
Rank 

Pokemon 1 Pokemon 2 

1 
enzyme linked receptor 

protein signaling pathway 
apoptosis 

2 

G-protein signaling coupled 

to cyclic nucleotide second 

messenger 

histidine catabolism 

3 
regulation of adenylate 

cyclase activity 

histidine family amino acid 

catabolism 

4 

G-protein signaling coupled 

to cAMP nucleotide second 

messenger 

programmed cell death 

BP 

(biological 

process) 

5 regulation of lyase activity cell death 

1 endothelin receptor activity sugar binding 

2 
receptor signaling protein 

tyrosine kinase activity 
carbohydrate binding 

3 
transmembrane receptor 

protein kinase activity 
DNA binding 

4 

transmembrane receptor 

protein tyrosine kinase 

activity 

histidine ammonia-lyase 

activity 

MF 

(molecular 

function) 

5 binding transition metal ion binding 
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Table 3. Gene ontology of down regulation by Pokemon 1 and Pokemon 2  

 

Down regulation 

GO (Gene Ontology) Term 
GOC Rank 

Pokemon 1 Pokemon 2 

1 chromatin modification 
organismal physiological 

process 

2 response to biotic stimulus cell-cell signaling 

3 
organismal physiological 

process 
transmission of nerve impulse 

4 immune response development 

BP 

(biological 

process) 

5 defense response neurophysiological process 

1 
MHC class II receptor 

activity 

rhodopsin-like receptor 

activity 

2 signal transducer activity 
G-protein coupled receptor 

activity 

3 
transmembrane receptor 

activity 
chemokine receptor activity 

4 GTPase activator activity 
G-protein chemoattractant 

receptor activity 

MF 

(molecular 

function) 

5 glycerol kinase activity chemokine binding 
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Table 4. List of genes in different clusters 

Gene title Pok 2 
Control Pok 1 

Cluster 1 

4.94  4.48  0.14  deleted in azoospermia 1, 2, 3, 4 

4.40  4.03  0.49  
Similar to Hypothetical zinc finger protein 

KIAA1956 

4.99  4.54  0.14  Mitogen-activated protein kinase 2 

5.64  5.20  1.00  Proteasome subunit, beta type, 1 

5.30  4.91  0.38  deoxyribonuclease I-like 3 

6.60  6.23  0.68  stratifin 

5.22  4.90  0.38  amiloride binding protein 1 

4.99  4.85  0.14  myogenic factor 5 

5.21  5.04  0.85  
MCF.2 cell line derived transforming 

sequence 

5.50  5.01  1.00  kelch repeat and BTB domain containing 10 

5.13  4.64  0.58  chemokine receptor 1 

4.67  4.25  0.68  defensin, alpha 6, Paneth cell-specific 

2.54  2.87  0.49  lymphocyte antigen 96 

4.54  5.00  0.77  Actin binding LIM protein family, member 2 

2.51  2.63  0.38  caspase 1, apoptosis-related cysteine protease 

4.44  4.69  0.38  sciellin 

4.31  4.50  0.26  tumor necrosis factor superfamily, member 10 

4.04  4.30  0.49  orosomucoid 1, 2 

3.85  4.06  0.49  betacellulin 

4.68  5.10  0.93  chondroitin sulfate proteoglycan 4 

   Cluster 2 

5.55  0.77  0.38  solute carrier family 17, member 6 

1.81  0.58  0.14  gonadotropin-releasing hormone receptor 

5.87  1.54  0.49  deleted in azoospermia 1, 2, 3, 4 



 55 

4.33  1.20  0.49  inversin 

1.63  0.38  0.14  
UDP-Gal:betaGlcNAc beta 1,3-

galactosyltransferase 

5.44  1.49  0.14  carboxypeptidase A1 

   Cluster 3 

4.91  0.26  4.53  tyrosinase-related protein 1 

4.66  0.38  4.23  vascular cell adhesion molecule 1 

3.97  0.26  4.14  syntrophin, gamma 1 

5.31  0.38  5.56  docking protein 5 

4.58  0.14  5.48  S100 calcium binding protein A8 

2.81  0.14  3.07  achaete-scute complex-like 1 

3.17  0.26  4.93  RAB5A, member RAS oncogene family 

2.89  0.26  4.45  tocopherol (alpha) transfer protein 

4.12  0.38  5.38  
ATP-binding cassette, sub-family C, member 

9 

3.72  0.26  4.82  muscle, skeletal, receptor tyrosine kinase 

3.25  0.14  4.15  collagen, type XI, alpha 1 

   Cluster 4 

0.93  4.81  0.26  KIAA1411 

1.32  5.46  0.77  hypothetical protein 

0.93  4.80  0.49  BCR downstream signaling 1 

0.68  3.73  0.68  
protein tyrosine phosphatase, non-receptor 

type 20 

0.58  4.47  0.68  solute carrier family 6, member 6 

1.00  4.77  1.07  
olfactory receptor, family 7, subfamily E, 

member 19 

0.26  4.57  0.49  KIAA0220-like protein 

0.77  3.77  0.49  
major histocompatibility complex, class II, 

DQ beta 1 

0.77  4.10  0.49  macrophage scavenger receptor 1 
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0.77  3.73  0.68  cold autoinflammatory syndrome 1 

0.26  4.72  1.14  interleukin 26 

   Cluster 5 

2.29  4.70  0.77  
Fc fragment of IgG, low affinity IIc, receptor 

for (CD32) 

2.77  5.69  1.00  phosphodiesterase 3A, cGMP-inhibited 

0.85  2.07  0.14  WNT1 inducible signaling pathway protein 1 

1.85  3.85  0.49  fms-related tyrosine kinase 3 ligand 

1.85  4.08  0.14  Myotubularin related protein 7 

2.51  5.04  0.58  prostaglandin-endoperoxide synthase 1 

2.10  4.68  0.77  G protein-coupled receptor 109B 

2.10  4.34  0.93  RAP2B, member of RAS oncogene family 

1.43  3.54  0.38  doublecortex; lissencephaly, X-linked 

2.14  4.62  0.93  neutrophil cytosolic factor 4, 40kDa 

1.72  4.78  0.58  5-hydroxytryptamine receptor 1F 

1.26  2.77  0.68  potassium inwardly-rectifying channel 

1.77  4.09  0.85  solute carrier family 13, member 1 

1.89  4.96  0.68  
ST8 alpha-N-acetyl-neuraminide alpha-2,8-

sialyltransferase 4 

1.81  4.52  0.68  endothelial cell-specific molecule 1 

   Cluster 6 

0.38  2.98  4.52  integrin, beta 1 

0.14  2.63  4.46  
carcinoembryonic antigen-related cell 

adhesion molecule 8 

0.38  2.70  4.54  Norrie disease 

0.14  3.04  5.36  Kruppel-like factor 1 

0.58  3.09  5.15  dynein, axonemal, intermediate polypeptide 2 

0.26  1.89  3.22  prostaglandin F receptor 

0.58  3.12  5.44  lipoprotein, Lp(a) 
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   Cluster 7 

0.38  1.00  5.40  calbindin 1, 28kDa 

0.38  1.32  3.55  lectin, galactoside-binding, soluble, 13 

1.26  2.63  5.69  Transforming growth factor, beta 2 

0.58  1.43  3.35  RAR-related orphan receptor B 

0.49  1.32  3.84  flavin containing monooxygenase 2 

0.38  1.43  4.48  toll-like receptor 1 

0.58  1.32  4.43  testis-specific serine kinase 2 

0.77  1.72  5.07  insulin-like growth factor binding protein 7 

0.14  1.89  3.84  serine proteinase inhibitor, clade B, member 2 

0.38  2.63  6.15  extracellular matrix protein 2 

0.85  2.51  5.12  phosphodiesterase 10A 

0.85  1.72  3.52  potassium channel, subfamily K, member 15 

   Cluster 8 

4.16  0.38  2.14  hypothetical protein FLJ22655 

3.07  0.14  1.63  ets variant gene 1 

5.07  0.68  3.46  telomerase-associated protein 1 

3.51  0.49  2.43  F-box protein 40 

3.17  0.49  2.29  cysteine and glycine-rich protein 3 

5.38  0.77  3.80  Protein kinase C, epsilon 

2.66  0.26  1.68  tachykinin receptor 1 

5.47  0.77  4.44  Myeloid/lymphoid or mixed-lineage leukemia 

2.14  0.14  1.72  lipase, hepatic 

5.57  0.93  4.41  serine proteinase inhibitor, clade D, member 1 

4.86  0.38  4.20  collagen, type XV, alpha 1 

5.23  0.26  4.63  Zic family member 4 

3.79  0.26  3.32  Fc fragment of IgG, low affinity IIa, receptor 

5.17  0.77  4.36  proteinase 3 

   Cluster 9 
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4.39  0.38  1.14  protocadherin 8 

5.71  0.49  1.43  5-hydroxytryptamine receptor 1E 

5.47  0.68  1.43  FYVE, RhoGEF and PH domain containing 2 

4.54  0.38  1.00  prostaglandin D2 receptor 

5.47  0.68  2.17  advillin 

4.42  0.38  1.43  p53-regulated apoptosis-inducing protein 1 

3.00  0.49  1.14  interferon, alpha 8 

4.76  0.26  1.20  Fc fragment of IgG, high affinity Ia, receptor 

3.95  0.26  1.20  Phosphodiesterase 3B, cGMP-inhibited 

5.17  0.85  2.51  
egf-like module containing, mucin-like, 

hormone receptor-like 2 

5.23  0.58  2.49  heparan sulfate 3-O-sulfotransferase 1 

4.08  0.26  1.81  interleukin 5 

2.98  0.14  1.14  metallothionein 1K 

5.31  0.26  1.96  calcitonin receptor-like 

4.66  0.49  2.00  cyclic nucleotide gated channel beta 1 

   Cluster 10 

0.58  4.74  3.15  chemokine ligand 11 

0.85  5.34  3.57  follistatin-like 4 

1.58  5.75  4.13  
potassium inwardly-rectifying channel, 

subfamily J, member 12 

0.68  2.61  1.89  xylulokinase homolog 

0.26  1.89  1.32  glucagon 

0.93  3.84  2.87  alcohol dehydrogenase 1A, alpha polypeptide 

0.49  4.08  2.98  
UDP glucuronosyltransferase 1 family, 

polypeptide A8 

0.26  2.49  1.85  PR domain containing 2, with ZNF domain 

   Cluster 11 

0.85  3.96  1.93  
chloride channel, calcium activated, family 

member 2 
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1.20  3.93  2.07  annexin A10 

1.14  3.94  2.04  protein tyrosine phosphatase, receptor type, R 

1.38  5.21  2.58  intersectin 2 

1.38  4.47  2.35  neurotrimin 

1.26  4.34  2.23  BCL2-related protein A1 

0.85  5.13  2.23  chemokine receptor-like 1 

0.26  3.84  1.43  ecotropic viral integration site 1 

0.93  3.04  1.68  neuropeptide Y receptor Y2 

1.63  5.73  3.10  CD3G antigen, gamma polypeptide 

1.63  5.25  3.07  phosphorylase, glycogen; muscle 

0.58  4.70  2.29  fibroblast growth factor 14 

0.93  4.89  2.56  tripartite motif-containing 14 

1.32  5.30  3.00  
discoidin, CUB and LCCL domain containing 

2 

0.77  4.43  2.43  serine/threonine kinase 24 

0.14  3.92  2.29  
serine proteinase inhibitor, clade B, member 

13 

   Cluster 12 

1.58  0.26  3.63  keratin 6A, 6C, 6E 

0.68  0.14  1.58  sialophorin 

1.85  0.14  5.09  
olfactory receptor, family 2, subfamily B, 

member 2 

1.89  0.26  4.94  fyn-related kinase 

0.85  0.14  2.23  
gamma-aminobutyric acid A receptor, gamma 

2 

2.23  0.58  5.41  cadherin 9, type 2 

1.81  0.26  5.48  
cytochrome P450, family 11, subfamily A, 

polypeptide 1 

3.54  0.77  5.94  Immunoglobulin lambda variable 3-21 

3.64  0.49  5.75  endothelin receptor type B 
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2.94  0.26  4.80  Chromosome 8 open reading frame 1 

3.34  0.26  5.43  Immunoglobulin heavy constant mu 

3.19  0.77  5.55  protocadherin gamma subfamily A, 3 

2.35  0.38  4.24  glycoprotein V 

   Cluster 13 

1.00  0.38  4.42  
phosphoinositide-3-kinase, catalytic, gamma 

polypeptide 

0.68  0.14  4.16  nuclear antigen Sp100 

0.85  0.38  2.70  neuropilin 2 

0.68  0.14  2.94  fibroblast activation protein, alpha 

1.26  0.26  5.60  peptidylprolyl isomerase A-like 4 

1.54  0.77  4.92  glutamate receptor, metabotropic 8 

0.93  0.26  3.89  CD86 antigen 

1.54  0.38  4.45  5-hydroxytryptamine receptor 2B 

1.26  0.14  4.24  opioid receptor, mu 1 

2.00  0.58  5.88  chorionic somatomammotropin hormone 1, 2 

1.07  0.14  3.70  Krueppel-related zinc finger protein 

1.81  0.68  5.26  dedicator of cytokinesis 10 
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IV.  Discussion 

BTB/POZ domain-containing proteins comprise a large and diverse family 

of factors involved in multiple cellular processes. The common property of 

BTB/POZ domains is their ability to mediate protein-protein interactions, 

including homodimerization. It can also participate in heterophilic interaction, 

notably with the corepressors silencing mediator of retinoid and thyroid 

hormone receptor (SMRT) and nuclear receptor corepressor (NCoR), as 

shown for BCL6, PLZF and BACH2. SMRT and NCoR are components of a 

larger multiprotein complex including, mSin3A/B and histone deacetylase 

(HDAC)-1/HDAC-2.48-51 Especially, BCL6 has been reported to directly 

interact with several proteins via the zinc finger domain, the BTB/POZ 

domain, or both. NCoR, SMRT, HDACs, mSinA/B, PLZF, LRF, and BCoR. 

These factors are known to assemble into a large corepressor complex. 

Additional proteins that interaction with BCL6 include transcription factors 

(c-Jun, JunB, and JunD, Sp1, and BCL11A) and proteins that regulate BCL6. 

CREB-binding protein (p300) binds to BCL6 and acetylates it.4-6, 53 This study 

represents that first global, high throughput functional proteomic approach to 

determine of the proteins that may interact directly or indirectly in multimeric 

protein complexes. We have been investigated on the biological function of 

various BTB/POZ-domain proteins, especially Pokemon 1. Pokemon 1 
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inactivation in mouse resulted in embryonic lethality due to severe anemia and 

profoundly impaired cellular differentiation in multiple tissues. Cells lacking 

Pokemon 1 are refractory to oncogenic transformation. Pokemon 1 expression 

is increased in multiple cancers and Pokemon 1 shown to have proto-

oncogenic activity by repressing tumor suppressor ARF gene (mouse p19ARF, 

human p14ARF), which in turn lower expression of tumor suppressor gene, p53. 

Over expressed Pokemon 1 caused cancer in thymus, liver, spleen, and also 

tumor infiltration into bone marrow. On the other hands, down-regulated 

Pokemon 1 by knocking out Pokemon 1 gene causes cellular senescence, 

apoptosis, and blockage of differentiation. Pokemon 1 is overexpressed in 

solid tumors such as colon cancer and bladder cancer in which the normal 

function of the ARF/p53 pathway is frequently lost.20-22 Accordingly, it is 

likely that Pokemon 1 has multiple additional target genes by which it can 

exert its oncogenic activity. The highly conserved BTB/POZ domain is 

involved in protein-protein interaction. In particular, the interactions between 

POZ-domain and corepressors (BCoR, NCoR, mSin3A and SMRT) 3-8 are 

important in the biological functions such as transcription repression, 

immunological function, oncogenesis, and etc carried out by the POZ class 

regulatory proteins.  

In this work we have shown protein-protein interaction of POK family 
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transcription factor Pokemon 1. Pokemon 1 has many functions in various 

cellular processes through interaction with other proteins. We suspected that 

Pokemon 1 is expected to have biological functions of broad spectrum. 

Therefore, to investigate of the biological functions of Pokemon 1, we 

isolated Pokemon 1-interacting nuclear protein complex by 

immunoprecipitation and identified that MBD3, RFC2, RFC5, KIAA0111, 

Vimentin, ATP5A1, MSH2, SET, NAP1L1, TRIP1, and eEF1A1 interact with 

Pokemon 1 (Fig. 3). These proteins related with various human cancers and 

involved various cellular processes such as apoptosis, chromatin modulation, 

replication, cell proliferation and transcription. We confirmed that MBD3, 

RFC5, MSH2 and eEF1A1 are present in the Pokemon 1 complex (Fig. 4). 

And the proteins were interacting with Pokemon 1 directly or indirectly. We 

showed that MBD3, NAP1L1 and TRIP1 interacted with Pokemon 1 via ZF 

motif. Vimentin and eEF1A1 are interacting with both the POZ and the ZF 

motif. And ATP5A is interacting with Pokemon 1 via only with POZ domain. 

But SET is not interacting with Pokemon 1 directly, although it is present in 

the precipitated complex (Fig. 5). However, we need to study whether these 

proteins were interaction with other region of Pokemon 1. Also we determined 

whether interacting proteins colocalized with Pokemon 1 in the cell; MBD3, 

SET and RFC5 were colocalized with Pokemon 1 in nucleus but the others 
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were localized in periplasm of nuclear and cytoplasm suggesting colocalized 

with Pokemon 1 in nuclear periplasm (Fig. 6). It should have the biological 

effect by interaction with Pokemon 1 and identified protein’s function should 

allow to know biological function of Pokemon 1 complex. Base on our 

findings and additional functional study, we will find the cellular function of 

Pokemon 1 through interaction with other proteins. Finally we come up with 

the following mechanisms of transcriptional regulation, oncogenesis and 

development by Pokemon 1. But we can’t separation of large size interacting 

proteins such as BCoR, SMRT, and NCoR in this study. Despite we 

previously been known that the POZ-domain of Pokemon 1 interacts with the 

corepressors except mSin3A. Interestingly, the POZ-domain of Pokemon 1 

binds most strongly with BCoR, which is followed by SMRT, and NCoR 

(unpublished data, choi et al.). Large size immunoprecipitants were not 

separated well using 2-D, so we can’t identified large size proteins such as 

corepressor. We need to clean up the purification process of Pokemon 1-

interacting proteins and identify large size proteins.  

In summary, we identified multiple novel protein interactions with 

Pokemon 1. This should lead to a more complete understanding of 

transcriptional repression by Pokemon 1. More importantly, we identified 

Pokemon 1-interacting partners from diverse classes of proteins that may lead 
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to an expansion of the known cellular roles and/ or regulation of Pokemon 1. 

This information will improve the understanding of Pokemon 1 function and 

could lead to the identification of potential roles. 

We collected and analyzed the amino acid sequence similarities of all the 

available human BTB/POZ proteins from the genomic sequence database. We 

isolated a cDNA clone (Pokemon 2) that shows not only significant sequence 

similarity of functional domains but also similar function with Pokemon 1. 

We examined a large number of genes for transcriptional response to 

Pokemon 1 and Pokemon 2 using conditional overexpression and 

oligonucleotide arrays, observed substantial heterogeneity in the 

transcriptional responses of 22,278 genes to Pokemon 1 and Pokemon 2. A 

total of 358 genes were found to be activated and 731 genes to be repressed by 

Pokemon 1 and 447 genes appeared to be activation and 428 genes appeared 

to be repression by Pokemon 2 induction (Fig. 8). Pokemon 1 regulates 

diverse biological processes such as G-protein signaling, receptor signaling 

protein tyrosine kinase activity, chromatin modification, immune response, 

among others. Almost all of these genes had not previously been known to be 

regulated by Pokemon 1. On the other hand, Pokemon 2 regulates cell-cell 

signaling, development and neurophysiological process, apoptosis, histidine 

catabolism and cell death. Microarray analysis showed that ectopic Pokemon 
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1, 2 altered transcription of large number of genes, suggesting that Pokemon 1, 

2 likely to have variety of biological functions. Although Pokemon 1 and 

Pokemon 2 are parallel in structure and functional domains, their different 

target genes are allowed to different functions. We search for the major target 

genes regulated by Pokemon 1 and Pokemon 2, then we reveal various 

cellular function of Pokemon 1 and Pokemon 2.  
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V. Conclusion 

 

1. To investigated of the biological functions of Pokemon 1, we isolated 

Pokemon 1-interacting nuclear protein complex . 

2. We identified that MBD3, RFC2, RFC5, KIAA0111, Vimentin, ATP5A1, 

MSH2, SET, NAP1L1, TRIP1, and eEF1A1 interact with Pokemon 1 

3. Pokemon 1-interacting proteins related with various human cancers and 

involved various cellular processes such as apoptosis, chromatin modulation, 

replication, cell proliferation and transcription. 

4. We confirmed that MBD3, RFC5, MSH2 and eEF1A1 are present in the 

Pokemon 1 complex. 

5. We were identification of Pokemon 2, highly homologous to human 

Pokemon 1. 

6. Microarray analysis showed that ectopic Pokemon 1, 2 altered transcription 

of large number of genes, suggesting that Pokemon 1, 2 likely to have 

variety of biological functions. 
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국문요약국문요약국문요약국문요약    

 

POZ domain POZ domain POZ domain POZ domain 계열계열계열계열    전사인자전사인자전사인자전사인자    Pokemon Pokemon Pokemon Pokemon 1111 과과과과    

상호작용하는상호작용하는상호작용하는상호작용하는    핵핵핵핵    단백질단백질단백질단백질 complex complex complex complex 의의의의        

분리와분리와분리와분리와    동정동정동정동정        

 

지도교수 허만욱허만욱허만욱허만욱    

연세대학교 대학원 의과학과 

유유유유미영미영미영미영 

 

우리는 BTB/POZ (broad-complex, tramtrack and bric-a-

brac/poxvirus and zinc finger) 도메인 계열 단백질 중 nuclear 

localization signal 과 4 개의 C-terminal krüppel-like zinc 

finger motif 를 가지고 있는 Pokemon 1 의 유전자 전사조절 및 

다른 단백질과의 상호작용을 통한 세포기능 조절에 관한 연구를 

수행하고 있다. Pokemon 1 은 ADH5/FDH promoter 와 HIV-1 LTR 

promoter 에 결합하여 전사를 조절할 뿐만 아니라 지방세포로의 

분화와 골세포 형성과정, 세포의 발달과 분화과정에 작용한다고 

알려져 있다. 최근 발표된 논문에 의하면 과 발현된 Pokemon 1 은 

종양 억제 유전자인 ARF 의 전사를 억제시켜 p53 의 발현을 낮추고, 

종양형성을 유발한다고 한다.  



 78 

따라서 우리는 Pokemon 1 이 전사인자로서 다른 여러 

단백질들과의 상호작용을 통하여 종양 형성에 중요한 역할을 할 것 

이라고 생각하여, 핵 내에서 Pokemon 1 과 상호작용을 하고 있는 

단백질체를 분리하여 MALDI-TOF (matrix-assisted laser 

desorption/ionization time-offlight) mass spectrometry 를 

수행하였다. 이를 통해 MBD3, RFC2, RFC5, KIAA0111, Vimentin, 

ATP5A1, MSH2, K-Alpha-1, SET, NAP1L1, TRIP1, eEF1A1 등 12 개의 

단백질들을 동정하였다. 뿐만 아니라, 이들 단백질들이 암화 

과정이나 세포사멸, 염색체 형성 및 복제, 세포 증식과 전사과정 

등 여러 가지 다양한 세포조절 기능을 가지고 있다는 것을 알게 

되었다. 그러므로 Pokemon 1 이 이들 단백질들과의 직·간접적인 

상호작용을 통하여 세포 내에서 여러 기능을 수행할 것이라 예측할 

수 있었다. 

이와 함께, microarray 를 통해서 Pokemon 1, 그리고 Pokemon 

1 과 구조적으로 매우 유사한 Pokemon 2 에 의해 전사가 조절되는 

유전자들을 찾아보았다. Microarray 분석을 통해 Pokemon 1, 2 가 

과발현됨으로써 많은 유전자들의 전사가 조절되는 것을 알 수 

있었다.  

핵심되는 말: BTB/POZ 단백질, Pokemon 1, MALDI-TOF mass 

spectrometry, microarray 
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