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Abstract

Gankyrin is an oncoprotein containing seven ankyrin 
repeats that is overexpressed in hepatocellular carci-
noma (HCC). Gankyrin binds to Mdm2, which results 
in accelerated ubiquitylation via degradation of p53, 
and it also plays an important role in cell proliferation. 
However, little is known about the relationships be-
tween p53 levels, cell proliferation, and gankyrin 
over-expression. 　In order to investigate the influence 
of gankyrin protein on p53 and Mdm2 in a zebrafish 
model, we injected human gankyrin (hgankyrin) con-
taining expression vectors (pCS2-hgankyrin, pCS2- 
hgankyrin-EGFP) into zebrafish embryos. To measure 
p53 and Mdm2 expression in hgankyrin-injected em-
bryos, RT-PCR, Northern blot and in-situ hybridization 
and BrdU immunostaining were used. In addition, to 
know the effect of hgankyrin on cell proliferation in vi-
tro, cell viability assays such as MTT, trypan blue stain-
ing and RT-PCR following transfection of hgankyr-
in-containing vector into HEK 293 cell line were per-
formed. In vivo results indicated that p53 mRNA levels 
decreased but those of Mdm2 were not decreased in the 
presence of hgankyrin. These results suggest that gan-
kyrin downregulates p53 expression and not Mdm2 

expression.  In the study of cell proliferation, BrdU-pos-
itive cells were predominantly increased in the head 
and tail regions in hgankyrin-injected zebrafish. Addi-
tional in vitro studies using trypan blue staining and 
MTT assay showed that gankyrin-expressing HEK 293 
cells proliferated at a faster rate, indicating that gankyr-
in promotes cell proliferation. 　Our results demon-
strate that hgankyrin overexpression downregulates 
p53 expression and promotes cell proliferation in 
zebrafish. Gankyrin may play an important role in tu-
morigenesis via its effects on p53 and cell proliferation. 

Keywords: cell proliferation; proto-oncogene pro-
teins c-mdm2; PSMD10 protein, human; tumor sup-
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Introduction

Human oncogenic protein gankyrin is reported to 
be overexpressed in hepatocellular carcinoma 
(HCC) (Higashitsuji et al., 2000; Park et al., 2001). 
Gankyrin consists of 226 amino acids including 
seven ankyrin repeats and forms a complex with 
the S6b ATPase subunit of the human 26s pro-
teasome (Krzywda et al., 2004), which interact with 
other proteins (Lozano, 2005). LxCxE binding motif 
exiting in gankyrin interacts with retinoblastoma 
(RB1), which promotes the progression of tumor 
formation through the cell cycle by causing the 
release of E2F. Also, gankyrin binds to CDK4 and 
forms the gankyrin-CDK4-Cyclin D ternary complex 
structure, which promotes G1/S progression (Qin 
et al., 2005).
    The up-regulation of gankyrin is related to cell 
cycle progression and the proliferation of hepa-
toma cells (Iwai et al., 2003) and normal hepato-
cytes (Li and Tsai, 2002). Its overexpression in 
cultured NIH-3T3 cells results in the transformation 
of these cells and injection into nude mice leading 
to tumor formation (Krzywda et al., 2004). Recent 
studies focusing on the binding of gankyrin to 
Mdm2, has been shown to reduce the level of the 
p53 protein by increasing its ubiquitylation and 
degradation (Higashitsuji et al., 2005). 
    Namely, gankyrin regulates ubiquitylation of p53 
through Mdm2 and is an adaptor protein that 
delivers ubiquitylated p53 to the 26s proteasome 
(Higashitsuji et al., 2005). Gankyrin interactions 
with proteins, of which Mdm2 is one, lead to the 
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Figure 1. Alerted gene expression in gankyrin-injected zebrafish embryos. (A) Genes involving zf p53, zf p21 and Mdm2 were analyzed using sin-
gle-embryo RT-PCR in embryos injected with pCS2+EGFP hgankyrin and buffer. Zf p53 and zf p21 expression was lower in embryos injected with hgan-
kyrin compared to those injected with buffer as negative control. There was no difference in zf Mdm2 expression between hgankyrin injection and buffer, 
suggesting that hgankyrin regulates the expression of p53 but not Mdm2. (B) Zf p53 mRNA expression between injected with pCS2+EGFP hgankyrin and 
buffer was analyzed by RT-PCR. The results are determined as average ratios of the OD of zf p53 and to the OD of β-actin (average and standard errors 
of the three experiments, P value ＜ 0.05). Above the results (Figure 1A), level of zf p53 only decreased in hgankyrin injection embryos. (C) Northern blot 
analysis of p53 and Mdm2 expression following hgankyrin overexpression in zebrafish. Total RNA were prepared at 24 hpf of each lane and distributed by 
formaldehyde-agarose gel electrophoresis. 15 μg of RNA were loaded in each lane and hybridized using p53 and Mdm2 probes. The p53 levels are down 
regulated in hgankyrin injected embryo at 48 hpf. The loading control for lanes serves 18S rRNA band photographed from the etiethidium bromide stained 
gel.

degradation of p53 through the ubiqutination pro-
teasome pathway and increase in cell proliferation. 
This phenomeon has not yet demonstrated in vivo 
study, hence, we sought to demonstrate these 
pathways using zebrafish models. Gankyrin was 
mapped to chromosome Xq22.3 and BLAST sear-
ches revealed that it has 35% homology with a 
gene in yeast (Nas6p) and 78% homology with a 
gene in zebrafish (proteasome 26s subunit, non- 

ATPase; data not shown) suggesting that it has a 
crucial function in cells.
    The zebrafish model system has many advan-
tages, since zebrafish have a short life cycle, small 
body size and easy embryonic manipulation 
(Amatruda et al., 2002). Zebrafish is also an ideal 
vertebral tumor model system as it has a cell cycle, 
tumor suppressor and oncogenes in common with 
those found in humans. Accordingly, new mole-
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Figure 2. Whole mount in situ hybridization using zf p53 probe at 24 and 48 hpf. Zf p53 expression was lower in embryos injected with hgankyrin (C, D, 
G, H) than that in embryos injected with buffer (A, B, E, F) as negative control. These results suggest that hgankyrin downregulates zf p53 mRNA levels. r, 
retina;  t, tectum; l, lateral line primodium. 

Figure 3. Whole mount in situ hybridization using zf Mdm2 probe at 24 and 48 hpf. Embryos injected with hgankyrin (C, D, G, H) and embryos injected 
with buffer (A, B, E, F) show no difference in zf Mdm2 expression. r, retina; m, myotomes; t, tectum. 

cular pathways identified in zebrafish can be ex-
pected to be found in humans as well (Amatruda et 
al., 2002; Yang et al., 2004). In particular, the p53 
and Mdm2 signal in zebrafish conserved in hu-
mans, hence, they are very useful in the identity of 
new drugs and genes affecting p53 signaling 
(Langheinrich et al., 2002). Thus, in the present 
study, we explored the relationship of gankyrin 
protein on the p53-mediated pathway during deve-
lopment of zebrafish. 

Results 

Overexpression of hgankyrin decreases p53 level 

Previous study demonstrated that gankyrin redu-
ced the levels of p53 mRNA and protein in in vitro 
study using human cell lines (Higashitsuji et al., 
2005). In the present study, we wanted to know if 
gankyrin affect the p53 and Mdm2 levels in 
zebrafish. We injected hgankyrin or mock vector 
into zebrafish and performed RT-PCR and Nor-
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Figure 4. Effect of gankyrin mRNA level of p53 and Mdm2 in HEK 293 
cells. HEK 293 cells were plated 60 mm2 dish and transfected with 
hGankyrin expression vector and Mock vector. mRNA level of p53 was 
not reduced by hgankyrin also mRNA level of Mdm2 remained almost 
unchanged our results. 

Figure 5. Effect of gankyrin on the proliferation of HEK 293 cells. (A) Effect of gankyrin on HEK 293 cell growth. The cell numbers were determined by try-
pan blue exclusion assay. hGankyrin-transfected HEK 293 cells experienced a higher rate of cell growth than the mock vector-transfected HEK 293 cells. 
(B) Growth curves of HEK 293 cells. Cells were seeded in 12 well plates and transfected with either hgankyrin expression vector or mock vector. Growth 
curves were determined by detecting reactions with MTT assay. Cell proliferation was greater in hgankyrin-transfected HEK 293 cells than in mock vec-
tor-transfected cells.

thern blot analysis to determine p53, p21 and 
Mdm2 expression. In hgankyrin-injected embryos, 
zf p53 mRNA expression was slightly repressed at 
24 hpf (P ＜ 0.07) compared to that of buffer- 
injected embryos, but it was significantly repressed 
at 48 hpf (P ＜ 0.02) compared to control (Figure 
1A, B). We furthermore confirmed alteration of 
expression levels in zf p53 at 48 hpf with Northern 
blot (Figure 1C). Regarding to p21 mRNA expre-
ssion, it was also decreased in hgankyrin-injected 
embryos compared to controls (Figure 1A). How-
ever, Mdm2 mRNA levels of hgankyrin-injected 
and buffer-injected cells exhibited little difference 
(Figure 1A). These results showed that gankyrin 
affected zf p53 and zf p21 mRNA levels but not zf 
Mdm2 levels.

Expression pattern of p53 and Mdm2 by whole-mount 
in situ hybridization 

To compare the effects of gankyrin on the temporal 
and spatial expression of p53 and Mdm2, we per-
formed whole-mount in situ hybridization. hGan-
kyrin- and buffer-injected embryos had similar mor-
phology but they differed at the p53 mRNA levels. 
The p53 mRNA expression was weaker in hgan-
kyrin-injected embryos than in buffer-injected em-
bryos at 24 (Figure 2A-D) and 48 hpf (Figure 2, 
E-H), respectively. There was no significant diffe-
rence in the mdm2 mRNA expression between the 
two groups (Figure 3). These results concur with 
the findings from RT-PCR, which stated that gan-
kyrin was shown to affect only p53 mRNA levels 
and not Mdm2 mRNA levels.

Effects of hgankyrin  mRNA level of p53 in vitro

To repeatedly confirm the relationship between 
gankyrin and p53 in our experiments, we trans-
fected hgankyrin containing vectors and mock 
vector into HEK 293 cells. At 24 and 48 h post- 
transfection the cells were harvested and RT-PCR 
was performed. The p53 and Mdm2 mRNA levels 
were unchanged regardless of hgankyrin overex-
pression at both 24 h (Figure 4) and 48 h after 
transfection. Accordingly, these results showed 
that gankyrin did not affect p53 mRNA levels.

Cell proliferation by trypan blue, MTT and BrdU 
incorporation assay

In order to observe the effects of gankyrin on HEK 
293 cell proliferation, we used trypan blue and 
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Figure 6. Gankyrin promotes cell proliferation. Embryos receiving pCS2+EGFP hgankyrin injections (B, J, D, H, L) exhibited more BrdU positive cells in 
their heads and tails than those receiving the control buffer injections (A, I, C, G, K). No differences in BrdU positive cells were observed in the trunk re-
gions (E, F). nc, neural crest; pfb, pectoral fin buds; cmz, ciliary marginal zone of eyes; prim, primordium; mhb, midbrain-hindbrain boundary; m, 
myotomes.

MTT assays (Figure 5). The number of viable cells 
in the hgankyrin-transfected group increased appro-
ximately 1.5-3 fold compared to the mock-trans-
fected group (Figure 5A) when cell growth was 
maintained for 48 h. MTT assay was used to deter-
mine cell survival and proliferation rate. Similar to 
the results from the trypan blue assay, cell proli-
feration increased in hgankyrin-transfected cells, 
with a significant difference observed after 48 h 
post-transfection (Figure 5B). Thus we confirmed 
that gankyrin promotes cell growth activity in HEK 
293 cells. 
    To investigate gankyrin's effect on cell prolife-
ration in zebrafish embryos, we performed BrdU 
incorporation assays in embryos. BrdU positive 
cells were observed to be concentrated on the 
head and tail region in hgankyrin-injected embryos 
at 48 and 72 hpf, respectively (Figure 6A-L). The 
BrdU-positive cell numbers increase in hgankyrin- 
injected embryos compared to buffer-injected em-
bryos. Comparatively more BrdU-positive cells were 
observed in the neural crest (nc) (Figure 6A-D), 

ciliary marginal zone of eyes (cmz) (Figure 6A-B), 
midbrain-hindbrain boundary (mhb) (Figure 6C-D) 
(myotomes (m) (Figure 6E-F), pectoral fin buds 
(pfb) (Figure 6G-H), and primodium (prim) (Figure 
6I-L)  at 48 and 72 hpf, respectively, but we found 
no difference in BrdU-positive cells in the trunk 
region. We speculate that gankyrin has a greater 
effect on zebrafish in the early stages of 
development.

Discussion

Gankyrin was initially cloned and characterized as 
the subunit of 26S proteasome (Hori et al., 1998). 
It interacts with other proteins such as CDK4, Rb 
and Mdm2 which is a negative regulator of p53, to 
accelerate cell proliferation. p53 consists of 393 
amino acids and, it regulated the cell cycle and 
apoptosis (Brown and Pagano, 1997). Decreased 
p53 activity will in turn lead to accelerated cell 
proliferation and repression of apoptosis (Lozano 
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and Zambetti, 2005). p53 plays an important role in 
the suppression of tumor formation, and the loss of 
p53 function is related to tumorigenesis. Also p53 
arrests the cell cycle or induces apoptosis in cells 
that experience DNA damage or other types of 
cellular stress (Nowak et al., 2005). In contract, 
Mdm2 is a protein targeted by p53 which binds to 
p53 through an α-helix structure in the N-terminal 
and stimulates the degradation of p53 via the 
action of a ubiquitin ligase ringer finger domain in 
the C-terminal (Daujat et al., 2001; Meek, 2004). In 
the present study, we studied correlation between 
gankyrin, and both p53 and Mdm2, in zebrafish. 
The level of p53 mRNA in vivo decreased when 
hgankyrin expression vectors were injected into 
embryos as opposed to when mock vector were 
injected in embryos, and the difference was distinct 
at 48 hpf (Figure 1A). This report is the first to 
reveal evidence that effect of hgankyrin over-ex-
pression in zebrafish embryo includes the altera-
tion of gene expression and increased prolifera-
tion. However, we could not detect the protein 
levels of zf p53 because cross-reactive antibody to 
zf p53 is not present. Our results are in contrary to 
the previous report by Higashitsuji et al (2005). 
showing that hgankyrin did not reduce the level of 
p53 mRNA but reduce p53 protein level in human 
cancer cell lines, suggesting that gankyrin affects 
the rate of synthesis and/or the stability of p53 
protein. This discordance may be attributable to 
the difference in in vitro and in vivo microenvi-
ronment. Also, previous study by Langheinrich et 
al. (2002) showed that small sized p53 mRNA (1.7 
kb) was found in zebrafish embryos treated with 
camptothecin compared to that (2.2 kb) of control 
embryos. The reason of this mechanism remains 
unclear but they explained that the occurrence of 
the induced 1.7 kb transcript would be usage of the 
internal polyA signal site, which is present in 
zebrafish p53. Furthermore, they also suggest that 
p53 has been shown to autoregulate its own 
transcription in zebrafish, resulting in the regulation 
of p53 mRNA levels and p53 promoter activation, 
but this regulation mechanism is thought to be 
different with animal cells. These features might 
indicate a special zebrafish-specific step in 
regulating p53 activity (Langheinrich et al., 2002). 
Based on this study, we tried to investigate how 
gankyrin affects p53 and Mdm2 expressions during 
the development of zebrafish. We performed in situ 
hybridization following overexpression of hgankyrin 
in zebrafish embryos and examined the temporal 
and spatial expression alteration of p53 and Mdm2. 
Zf p53 and zf Mdm2 expression patterns were spa-
tially specific. Zf p53 expression was observed pre-
dominantly in the head region, including in the 

retina and tectum, as opposed to low expression 
observed in the trunk region (Thisse et al., 2000; 
Cheng and Wu, 2002) (Figure 2A, B, E, F), while zf 
Mdm2 expression was detected in prominent 
tissues, in particular the tectum, retina and myoto-
mes (Thisse et al., 2000). Furthermore, zf p53 
expression decreased at a higher rate in hgan-
kyrin-injected zebrafish (Figure 2C, D, G, H) as 
opposed to buffer-injected zebrafish at both 24 and 
48 hpf (Figure 3A, B, E, F), but zf Mdm2 
expression did not differ between hgankyrin-in-
jected and buffer- injected at both 24 and 48 hpf 
(Figure 3C, D, G, H). These results demonstrate 
that gankyrin regulates p53 expression but not 
Mdm2 during the development of zebrafish. This 
interesting observation is consistent with the 
previous report showing that gankyrin binds to 
Mdm2, enhancing ubiquitylation and degradation of 
p53 (Higashitsuji et al., 2005).
    Next, in order to find out whether hgankyrin ove-
rexpression leads to cell proliferation, cell viability 
and cell proliferation assay were performed. Trypan 
blue assay revealed that the viable cell numbers 
increased in hgankyrin expressing vector as com-
pared with mock vector transfected cells. Signi-
ficant difference in cell viability between the two 
groups was observed at 48 h incubation after 
transfection (Figure 5A). To evaluate the cell pro-
liferation rate, the growth pattern affected by hgan-
kyrin transfection was determined by using MTT 
assay. Acceleration in cell growth was observed in 
cells transfected with hgankyrin, compared to cells 
transfected with mock vector (Figure 5B). This 
result suggests that hgankyrin overexpression is 
related to cell proliferation.
    For the investigation of cell proliferation by hgan-
kyrin overexpression in vivo, BrdU immunostaining 
was done in hgankyrin injected zebrafish embryo. 
We found that BrdU positive cells had a greater 
presence in hgankyrin-injected embryos than the 
buffer-injected embryos, in particular, the head and 
tail regions (Figure 6).
    In detail, BrdU positive cells were particularly 
concentrated in the neural crest, pectoral fin buds, 
ciliary marginal zone of eyes, midbrain-hindbrain 
boundary, primodium and myotomes (Figure 6). 
BrdU positive cells were observed after 24 hpf, 
however, difference between hgankyrin injected 
embryo and buffer injected embryo was distinctly 
observed at 48 and 72 hpf. Therefore we speculate 
that gankyrin has a greater effect at later stages 
during development. 
    Consequently, there was a greater decrease in 
p53 mRNA levels in hgankyrin injected embryo 
compared to the mock vector injected embryos. 
With the exception of p53 mRNA levels, other 
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results were similar in vitro and in vivo suggesting 
that zebrafish can be a useful tool in the under-
standing of cellular regulating mechanisms related 
to gankyrin. In the future, further investigation on 
the effects and functions of gankyrin in deve-
lopment and tumorigenesis by looking at zebrafish 
gankyrin knock-down with antisense morpholino 
will be necessary.

Methods

Fish care

Zebrafish were maintained at 28.5oC with alternating pho-
toperiods of 14 h and darkperiods of 10 h in our aquarium 
facility. Egg collection and developmental stage classi-
fication was done as previously described (Westerfield, 
1995).

Plasmid construction 

The cDNAs of full-length human gankyrin (hgankyrin) were 
amplified by RT-PCR using total RNA extracted from 
human hepatoma cell line, HepG2. The primer sequences 
used were 5'-ACTGGCGTAGCCGGAGCCGGC-3' (sense 
primer, nucleotides nt 28-48 in GenBank Accession No. 
D83197 for 22nt position numbering) and 5'-GGA-
CACTGGGGACAACAACAC-3' (antisense primer, nt 811- 
831). The amplified fragments were inserted into pGEM- 
T-easy vector (Promega, Madison, WI), designated pGEM- 
T-easy hgankyrin. After digestion of pGEM-T-easy hgan-
kyrin with appropriate restriction enzymes, isolated cDNA 
of hgankyrin was cloned into the pEGFP-C2 (Clontech, 
Palo Alto, CA) and pCS2+ vector (Clontech). The following 
hgankyrin constructs were generated: pCS2+hgankyrin 
and pEGFP- hgankyrin. After that the pEGFP-hgankyrin is 
digested with the appropriate restriction enzymes and 
ligated into the multiple cloning region of a linearized 
pCS2+ and then the construct pCS2+EFGP-hgankyrin was 
established.

In vitro transcription and microinjection of zebrafish 
embryos

Human gankyrin expression vectors pCS2+hgankyrin and 
pCS2+EFGP-hgankyrin were linearized by using Not I and 
the pCS2+EGFP vector was linearized by using Nco I, 
respectively. These vectors were purified with phenol: chlo-
roform and precipitated with ethanol. The linearized plas-
mid DNA was transcribed in vitro using a SP6 mMESSA-
GE Kit (Ambion, Molecular Biochemicals, Mannheim, 
Germany). This in vitro transcribed RNA was mixed with 
0.5% phenol red at a 1:1 ratio and then was injected 
through intact chorion into the yolk at the base of the 
blastomeres of one- to four-cell stage embryos at a 
concentration of 200 ng/μl (100-200 pg/embryo). The 
controls for each experiment were 0.5% phenol red-in-
jected (buffer), pCS2+ EGFP-injected (100-200 pg/embryo) 
and uninjected (wild) embryos.

RNA isolation and RT-PCR

Total RNA was isolated from hgankyrin- and buffer- 
injected embryos at 24 and 48 h post fertilization (hpf) and 
from transfected cells with hgankyrin constructs using 
Trizol reagent (Invitrogene, Grand Island, NY). One μg of 
total RNA was used for reverse transcription with a random 
primer. Zebrafish p53 (zf p53), p21 (zf p21) and Mdm2 (zf 
Mdm2) cDNA were amplified using the primers as 
previously described by Liu et al. (2003). The sequences of 
used primers are as follows: for zf p53, sense 5'- 
TGTCAGCTGGCAAAAACTTG-3', antisense 5'-ACAAAG-
GTCCCAGTGGAGTG-3'; for zf p21 WAF/CIP1 sense 5'-TGA-
GAACTTACTGGCAGCTTCA-3', antisense 5'-AGCTG-
CATTCGTCTCGTAGC-3'; for zf Mdm2, sense 5;-CA-
GCAAGGTTGACAACGAGA-3', antisense 5'-CGAAGGT-
TGTGTTGGGAGTT-3', zfβ-actin sequences were con-
structed according to GenBank Accession No. AF057040, 
sense 5'-CCCCTTGTTCACAATAACCT-3, antisense 5'- 
TCTCTGTTGGCTTTGGGATTCA-3'. The sequences of PCR 
primers of human p53, Mdm2 and β-actin are as follows: 
P53 (GenBank Accession No. AF307851) sense 5'-AG-
ATCTACCATGGAGGAGCCGCAGTCAGA-3', antisens 5'- 
GAATTCTCAGTCTGAGTCAGGCCCTT-3'; Mdm2 (Gen-
Bank Accession No. BC013136) sense 5'-GGTTGACT-
CAGCTTTTCCTCTTG-3', antisense 5'-GGAAAATGCATG-
GTTTAAATAGCC-3'; β-actin (GenBank Accession No. 
BC002409) sense 5'-AGGCCAACCGCGAGAAGATGACC- 
3', antisens 5'-GAAGTCCAGGGCGACGTAGCAC-3'. The 
PCR products were analyzed on 1.5% agarose gels. The 
OD of the bands on the gel was determined using TINA 
2.09G software. 

Northern blot analysis

Total RNA was prepared from hgankyrin- and buffer- 
injected embryos at 24 and 48 hpf using Trizol (Invitrogen, 
Carlsbad, CA). RNA of 15 μg per lane were separated in 
1.2% agarose-formaldehyde gels and electrotransferred 
onto positively charged nylon membranes (Roche Diagno-
stics, Mannheim, Germany). RNA blotters were cross- 
linked using UV irradiation and probed with 32P-labeled zf 
p53 and zf Mdm2 cDNA. The blotters were incubated 
overnight in hybridization buffer (1% BSA, 7% SDS, 0.5 M 
NaH2PO4, 1 mM EDTA at 65oC. The blotters were washed 
twice in 2× SSC, 0.1% SDS for 5 min at 37oC, two more 
times in 1× SSC, 0.1% SDS for 30 min at 65oC and once 
more in 0.2× SSC for 5 min at 37oC. Following this 
blotters were then exposed to AGFA X-lay blue film (AGFA 
Gevaert, N.V.) with intensifying screens.

Whole mount in situ hybridization 

Zf p53 and zf Mdm2 were digested with Hind III and BamH 
I, respectively. All linearized plasmids were transcribed in 
vitro using SP6 polymerase using digoxigenin-labeld UTP 
(Roche). Whole mount in situ hybridization was performed 
as described previously (Westerfield, 1995). Images of 
zebrafish embryos were recorded using a Leica MZ FL III 
microscope (Leica Mikrosysteme, Bensheim, Germany) 
and a Canon Powershot S70 Digital Camera (Canon USA 
Inc., Lake Success, NY) at 50× magnification.
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BrdU incorporation assay

To detect cell proliferation in zebrafish, we performed BrdU 
(5'-bromodeoxyuridine; Sigma, MO) incorporation. To in-
corporate BrdU (Sigma) into DNA, we manually dechori-
nated zebrafish embryos and soaked them in chilled 
embryo medium with 10 mM BrdU (Sigma) and 15% 
DMSO (Amresco, OH) in solution. Following this step, 
embryos were fixed with 4% paraformaldehyde. After 
removing paraformaldehyde, the embryos were put in fresh 
methanol at -20oC for at least 1 h and then rehydrated 
using 75%, 50%, and 25% methanol in series. Embryos 
were incubated in 2N HCl for 1 h and treated with blocking 
solution (PBS-D-Tw[PBS, 1% DMSO, 0.1% Tween-20], 1% 
BSA, 2% normal goat serum) for 10 min. Embryos were 
incubated with polyclonal anti-BrdU (1:100, Dako, Glos-
trup, Denmark) overnight at 4oC and incubated with 
secondary Cy3-conjugated anti mouse (Jackson Immuno-
Research Laboratories) for 3-4 h using standard con-
ditions. Fluorescence was viewed using a widefield fluores-
cence microscopy on a ZEISS Lumar.V12 stereomicro-
scope (Zeiss, Jena, Germany) with filter sets designed for 
EGFP or Cy3. Digital images were taken using a CoolSnap 
color camera (Zeiss) and Axiovision software.

Cell culture and transfection

Human embryonic kidney (HEK) 293 cells (American Type 
Culture Collection, Manassas, VA) were cultured in DMEM 
(Invitrogen) supplemented with 10% FBS (Invitrogen), 50 
U/ml penicillin, and 50 g/ml streptomycin (Invitrogen). For 
transfection, 1 × 106 cells were seeded 60 mm2 dish and 
transfected with an each 1 μg hgankyrin expression vector 
and mock vector using Lipofectamine (Invitrogen) reagent. 

Measurement of cell growth by trypan blue staining 
and MTT assay

To measure the proliferation of gankyrin, HEK 293 cells 
were plated on 1 × 105 cells/wells (6 well plate) and 
transfected each 0.5 μg hgankyrin expression vector and 
mock vector using Lipofectamine (Invitrogen) reagent. The 
samples in the six-well plates were collected by trypsi-
nization and the viable cell number was measured using 
trypan blue staining using light microscopy. Also 2 × 104 
cells/wells (12 well plate) were incubated until 70-80% 
confluent, and then transfected with 0.2 μg hgankyrin ex-
pression vector and mock vector using Lipofectamine 
reagent. 
    24 and 48 h post-transfection the cells had their media 
replaced with 400 μl MTT solution (Sigma; 0.5 mg/ml) per 
well, and were incubated for 2 h at 37oC in a humid 5% 
CO2 cell incubator. Then 100 μl DMSO and 100 μl of each 
sample were transferred to 96-well plates and OD analysis 
was performed at a wavelength of 550 nm using Microplate 
(Elisa) reader (Molecular Devices, Sunnyvale, CA).

Statistical analysis  

To analyze the statistical differences in expression of zf 
p53 between hgankyrin-injected embryos and buffer- 
injected embryos, a one-way analysis of variance (ANOVA) 

was used. Significance was defined as P ＜ 0.05.
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