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Telomere length and function are crucial factors that determine the capacity for cell proliferation and survival,
mediate cellular senescence, and play a role in malignant transformation in eukaryotic systems. The telomere length
of a specific mammalian species is maintained within a given range by the action of telomerase and telomere-
associated proteins. TRF1 is a telomere-associated protein that inhibits telomere elongation by its binding to
telomere repeats, preventing access to telomerase. Human TRF1 interacts with tankyrase 1 and tankyrase 2
proteins, two related members of the tankyrase family shown to have poly(ADP-ribose) polymerase activity. Human
tankyrase 1 is reported to ADP-ribosylate TRF1 and to down-regulate the telomeric repeat binding activity of TRF1,
resulting in telomerase-dependent telomere elongation. Human tankyrase 2 is proposed to have activity similar to
that of tankyrase 1, although tankyrase 2 function has been less extensively characterized. In the present study, we
have assessed the in vivo function of mouse tankyrase 2 by germ line gene inactivation and show that inactivation
of tankyrase 2 does not result in detectable alteration in telomere length when monitored through multiple
generations of breeding. This finding suggests that either mouse tankyrases 1 and 2 have redundant functions in
telomere length maintenance or that mouse tankyrase 2 differs from human tankyrase 2 in its role in telomere
length maintenance. Tankyrase 2 deficiency did result in a significant decrease in body weight sustained through at
least the first year of life, most marked in male mice, suggesting that tankyrase 2 functions in potentially telomerase-

independent pathways to affect overall development and/or metabolism.

Telomeres are structures at the ends of linear chromosomes
in all eukaryotic cells and consist of tandem DNA repeats and
associated proteins (4, 8, 16). Telomere length is critical for
aspects of chromosome stability that affect cell proliferation
and survival (4, 8). The determination and maintenance of
species-specific telomere length settings are controlled by a
complex system of regulation that is not completely under-
stood. As a consequence of primer dependence and incom-
plete replication of chromosomal termini during cell division,
eukaryotic telomeres shorten as cells replicate (4, 8). Telome-
rase, an enzyme consisting of the felomerase RNA template
(TR) and felomerase reverse transcriptase (TERT) (4, 8), is
capable of compensating for this loss by adding telomeric re-
peats to chromosome ends. Numerous reports have described
additional telomere-associated proteins, including telomeric
repeat binding factors 1 and 2 (TRF1 and TRF2) (7), TRF1-
interacting protein 2 (TIN2) (20), tankyrases 1 (34) and 2 (18),
protein interacting with NIMA-interacting factor 1 (PINX1)
(38), Rapl (25), Rad50 (24), Mrell (29), Nbsl (26), ATM
(21), WRN (28), ERCC1/XPF (39), and POT1 (2), which in-
dividually and through interactions with one another play im-
portant roles in telomere length maintenance.

Both TRF1 and TRF2 bind directly to telomeric DNA re-
peats through their carboxyl-terminal Myb-like DNA binding
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motifs, contributing to formation of a specific T-loop structure,
which may protect telomere ends from fusion and may mod-
ulate access to telomerase (6, 7). However, TRF1 and TRF2
appear to have quite different functions despite their similar-
ities in protein structure and DNA binding, TRF1 negatively
regulating telomere elongation whereas TRF2 plays a protec-
tive role at the telomere end (6, 7). Overexpression of TRF1 in
telomerase-expressing cell lines results in telomere shortening,
while expression of a dominant-negative (DN) TRF1 causes
telomere elongation (3, 36). In vitro studies in human cells
revealed that the inhibitory activity of TRF1 on telomere elon-
gation is controlled by tankyrase 1 (34), tankyrase 2 (18), and
TIN2 (20, 37). Tankyrases 1 and 2 share overall domain struc-
ture and high amino acid sequence similarity. Tankyrases con-
tain 24 copies of the ankyrin (ANK) repeat that is responsible
for their interaction with TRF1. The carboxy terminus of
tankyrases contains a region with homology to the catalytic
domain of poly(ADP-ribose) polymerases (18, 34). Over-
expression of wild-type (WT) human tankyrase 1 in human cell
lines induced telomere elongation while mutated tankyrase
1 that lacked poly(ADP-ribose) polymerase activity did not
have this effect (12). These and other findings suggest that
tankyrases act to ADP-ribosylate TRF1. As a result of this
modification, ADP-ribosylated TRF1 is either released from
telomere complexes or degraded, leading to increased access
of telomerase to the telomere complex. This hypothesized
mechanism of telomere length regulation mediated by the col-
laboration of TRF1 and tankyrases was derived largely from
observations in human fibroblasts or immortalized cells, and to
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FIG. 1. Generation of TANK2-deficient mice by gene targeting. (A) Gene targeting strategy and restriction map of TANK2 gene. Filled boxes
indicate exons, and labeled boxes indicate neomycin (neo) resistance or herpesvirus thymidine kinase (tk) genes. loxP sites are indicated.
(B) Southern blot analysis of ES cell DNA. The 8.5-kb band represents the germ line allele. The 5.4- and 4-kb bands represent the targeted alleles.
(C) PCR analysis for the conditional TANK2 knockout mouse genotype. The 270- and 340-bp PCR products represent the wild-type and floxed
alleles, respectively. (D) PCR analysis for the constitutive TANK2 knockout mouse genotype. The 270- and 240-bp PCR products represent the
wild-type and knockout alleles, respectively. (E) RT-PCR analysis for TANK2 mRNA expression. 5'-TANK2 and 3'-TANK2 PCR products
represent upstream and downstream cDNA of TANK2, respectively. Actin cDNA was the RT-PCR loading control.

date there has been no direct experimental assessment of the
in vivo function of tankyrases.

In most human somatic cells, telomeres shorten progres-
sively with cell division, under conditions in which telomerase
activity is repressed. In contrast to normal somatic cells, germ
line cells express telomerase, and telomere length is main-
tained within a given size range from generation to generation

(4, 8, 16). However, only limited studies have been performed
to assess the mechanism mediating telomere maintenance in
vivo in mammalian germ cell and somatic lineages. In the most
seminal of these studies, progressive telomere shortening was
observed in telomerase (TERT or TR) knockout mice (5, 10).
The lethality of TRF1 (19) and TIN2 (11) inactivation in knock-
out mice has hindered efforts to uncover the physiological roles
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FIG. 1—Continued.

of TRF1 and TIN2 in telomere length maintenance in vivo. In
studies reported here, we have analyzed the effect of germ line
tankyrase 2 inactivation on telomere length maintenance. We
found that there is no effect on telomere length in tankyrase 2
knockout mice through as many as seven generations, suggest-
ing that the function of tankyrase 2 in telomere length main-
tenance may be redundant, e.g., with that of tankyrase 1, or
that mouse tankyrases do not play an essential role in mainte-
nance of mouse telomeres. We identified a significant decrease
in body weight of tankyrase 2-deficient mice relative to litter-
mate controls, most notably in male mice, persisting through at
least 1 year of life and suggesting that tankyrase may play a
telomere-independent role in development and/or metabo-
lism.

MATERIALS AND METHODS

Targeting vector, electroporation, and selection. A tankyrase 2 (TANK2) gene
targeting vector was constructed from an 8.5-kb EcoRI/HindIII fragment (18) of
mouse genomic DNA containing the first exon of tankyrase 2. A loxP sequence-
flanked neo gene, employed as a positive selectable marker, was inserted up-
stream of exon 1, and a third loxP sequence was inserted downstream of exon 1
(Fig. 1A). The thymidine kinase cassette (TK) was used as a negative selectable
marker. Electroporation and selection were performed with the CJ7 embryonic
stem (ES) cell line as described by Tessarollo (35).

Generation of tankyrase 2 conditional and constitutive knockout mice. Two
independent TANK?2 targeted ES cell clones were injected into C57BL/6 blas-
tocysts, generating chimeras that transmitted the targeted allele to progeny. The
heterozygous offspring were bred to generate homozygous conditional TANK2
knockout mice or floxed mice (TANK2¥foX) The floxed mice were bred with
C57BL/6 Ella-cre mice that express the loxP-specific DNA recombinase, cre.
Ella drives expression of cre on embryonic days 1 and 2 and therefore results in
cre-mediated deletion of germ line cells, generating a heritable constitutive gene
knockout. Mice bearing a TANK2 exon 1-deleted allele were selected from the
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offspring of TANK2Mo¥/flox x ElTa-cre (22) crosses. Mice homozygous for the
TANK?2 exon deletion were constitutive TANK2 knockout mice (TANK2™/7).
TANK2™/~ mice were subsequently bred and selected to eliminate the Ella-cre
gene.

Mice. TANK2 knockout mice were maintained by intercrosses of hetero-
zygous TANK2 knockout mice. The resulting homozygous mice were desig-
nated TANK2 /~G1 mice. Intercrosses among TANK2~/~G1 mice produced
TANK2/~G2 mice; intercrosses among TANK2/~G2 mice produced
TANK27/~G3 mice, and so on. All animals were housed at Bioqual (Rock-
ville, MD).

Southern blot analysis. The DNA for Southern blot analysis was isolated from
ES cells and mouse tails. DNA isolation and Southern blot analysis procedures
are described elsewhere (11). DNA was digested with EcoRI, electrophoresed on
a 0.7% agarose gel, transferred to a nylon membrane, and probed with probe A
and probe B (Fig. 1A and B).

PCR genotyping. Tail DNA was purified with the Dneasy tissue kit (QTAGEN,
Valencia, CA). PCR primers were TNKF1 (5'-TCT CCT AAC CCC TTT CTC
CC-3"), NEO1 (5'-TTC TGG ATT CAT CGA CTG TG-3'), TNKR1 (5'-GCA
TAC ACA TCA AAG TTT TCC G-3'), LOXP (5'-GAC GTA AAC TCC TCT
TCA GAC GTA ATA AC-3'). PCRs were carried out in 50 pl of PCR mix
containing 25 pl of PCR buffer (Supermix PCR kit; Life Technologies, Rockville,
MD) and 1 to 100 ng of tail DNA and in the presence of either the NEO1 primer
set (0.2 uM each of TNKKF1, TNKR1, and NEO1 primers) or the LOXP primer
set (0.2 wM each of TNKF1, TNKR1, and LOXP primers). PCR was carried out
at 95°C for 30 s, 58°C for 30 s, and 72°C for 1 min. PCR products were revealed
by agarose gel electrophoresis and ethidium bromide staining. The 270-bp band
corresponds to the wild-type allele, the 340-bp band corresponds to the condi-
tional knockout allele, and the 240-bp band corresponds to both conditional and
constitutive knockout alleles.

RT-PCR. Spleen lymphocytes were stimulated with concanavalin A (5 pg/ml),
lipopolysaccharide (15 pg/ml), and recombinant interleukin-2 (150 TU/ml) for
48 h. A NucleoSpin kit (BD Biosciences) was used to isolate total RNA from
spleen cells for reverse transcription-PCR (RT-PCR) analysis. Two primer pairs
were used to detect TANK2 expression: for detection of 5" tankyrase 2 cDNA,
TNK393F (5'-GCC AAC CAT CCG AAA TAC AG-3'), starting at position 393
of TANK2 ¢cDNA sequence, and TNK615R (5'-TCT GTT TAT GTA TCC TGC
TGC C-3'), ending at position 615 of TANK2 cDNA sequence; for detection of
3’ tankyrase 2 cDNA, TNK2998F (5'-GAA GAA AAC CAC AAC ACT GC-3'),
starting at position 2998 of TANK2 ¢cDNA sequence, and TNK3179R (5'-CCA
CCT CCA ATT CCA TAC AC-3'), ending at position 3179 of TANK2 cDNA
sequence. RT-PCRs were carried out in 50 pl of PCR mix containing 25 pl of
PCR buffer (One-step RT-PCR kit; Life Technologies), 1 ug of total RNA, and
0.2 uM primers. RT-PCR was carried out at 42°C for 30 min, with 35 cycles of
95°C for 30 s, 58°C for 30 s, and 72°C for 1 min. RT-PCR products were
visualized by agarose gel electrophoresis with ethidium bromide staining. The
5'-TANK2 cDNA (222-bp) PCR product was visualized when the primer pair
TNK393F and TNK615R was used. The 3'-TANK2 cDNA (161-bp) PCR prod-
uct was visualized when TNK2998F and TNK3179 were used.

Q-FISH. Spleen lymphocytes were stimulated with concanavalin A (5 pg/ml),
lipopolysaccharide (15 pg/ml), and recombinant interleukin-2 (150 TU/ml) for
48 h. Activated cells were treated with Colcemid for 2.5 h and fixed with 3:1
methanol:acetic acid. Metaphase cells were dropped on slides that were then
hybridized with Cy3-labeled (CCCTAA); oligonucleotides, and chromosomes
were stained with DAPI (4',6’-diamidino-2-phenylindole). Fluorescent signals
were collected and analyzed as previously described (10, 23). Using Fluore-
Sphere beads (Molecular Probes) as standards, fluorescent signal intensities
were calculated by using quantitative fluorescence in situ hybridization (Q-FISH)
software from the Lansdorp laboratory (23). At least 20 metaphases and 600
telomeres each from TANK2"/*, TANK2 /~G1, TANK2 /~G2, TANK2 /- G3,
TANK2 /=G5, and TANK2 /~G7 mice were used to collect telomere fluorescent
signal data.

Flow-FISH. The protocol for flow cytometric analysis of fluorescence in situ
hybridization (Flow-FISH) was modified from the work of Baerlocher et al. (1).
Spleen lymphocytes were prepared and incubated with fluorescein isothiocya-
nate-labeled (CCCTAA); oligonucleotides in buffer containing 20 mM Tris, 75%
formamide, 1% bovine serum albumin, and 20 mM NaCl at 86°C for 15 min. The
cells were then incubated at room temperature for 2 h. Cells were used for
fluorescence-activated cell sorting analysis after being washed four times with
buffer containing 20 mM Tris, 75% formamide, 1% bovine serum albumin, and
0.1% Tween 20 (14).
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FIG. 2. Telomere length was not altered in TANK2 knockout mice. (A) Spleen cells were isolated from TANK2"/* (n = 7), TANK2 '~ G1
(n=7), and TANK2 '~ G5/G7 (n = 7) mice, and relative telomere length was determined by Flow-FISH. The fluorescein isothiocyanate
fluorescent signal of the cell binding telomeric probe was converted to arbitrary units of molecule equivalents of soluble fluorescence (MESF). (B
and C) Histograms, based on Q-FISH data from the comparison of one TANK2*/* mouse with one TANK2/~G1 mouse (B) and the comparison
of one TANK2""* mouse with one TANK2/~G7 mouse (C), depict the distribution of fluorescent intensities corresponding to individual
telomeres of different lengths present in metaphase chromosomes. (D) Spleen cells were isolated from TANK2*/* (n = 8), TANK2 /"Gl (n =
8), and TANK2 '~ G5/G7 (n = 9) mice, and relative telomere length was determined by Q-FISH. The average of fluorescent intensities from each
mouse was normalized to that of a TANK2"/* mouse (defined as 100). The relative telomere length of each strain of mice is plotted.

RESULTS

Generation of TANK2 conditional knockout mice. It has
been reported that overexpression of tankyrase 2 in vitro re-
sults in rapid cell death (18) and that knockdown of tankyrase
1 causes mitotic arrest in primary human cells (13), suggesting
that TANK2 inactivation might cause mouse embryonic lethal-
ity. We therefore used cre/loxP conditional knockout technol-
ogy (15) to study the physiological roles of tankyrase 2. Figure
1A illustrates the strategy for tankyrase 2 conditional gene
targeting. TANK2 conditional knockout ES cell clones were
identified by Southern blot analysis. For Southern analysis, ES
cell genomic DNA was digested with EcoRI, electrophoresed,
and hybridized with probes A and B (Fig. 1A). Figure 1B shows
the results of a representative Southern blot in which wild-type
ES cell DNA generated a single 8.5-kb band with both probe A
and probe B, while heterozygous conditional knockout ES cell

DNA generated an additional 5.4-kb band with probe A and a
4-kb band with probe B. Three heterozygous ES cell clones
were identified from screening of 96 clones, and two of these
clones were used to generate conditional TANK2 knockout
mice. Mouse genotypes were identified using genomic PCR
with primers TNKF1, NEO1, and TNKR1. Figure 1C shows
that DNA from wild-type mice (TANK2*/*) gave one band
(270 bp), DNA from homozygous floxed mice (TANK2/o¥flox)
gave one band at about 340 bp, and DNA from heterozygous
mice (TANK2"/1°%) gave bands of both 270 bp and 340 bp.
Intercrosses of TANK2"/1°% mice resulted in 5 TANK2o¥/flox
10 TANK2"/ox and 6 TANK2"™/" offspring. As expected,
TANK2%°¥1°% mice had normal expression of tankyrase 2 as
assessed by RT-PCR using two primer sets, TNK393F/
TNK615R and TNK2998F/3179R. Both 5'-TANK2 cDNA
(222-bp) and 3'-TANK2 cDNA (161-bp) PCR products
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were detected in TANK2™" and TANK29¥M°* mijce
(Fig. 1E).

Generation of TANK2 constitutive knockout mice from con-
ditional knockout mice. To determine the effect of TANK2
inactivation in vivo, we next generated constitutive TANK2
knockouts from TANK2¥fx parental mice. Conditional
TANK2 knockout mice (TANK2%°¥°%) were bred with Ella-
cre transgenic mice to generate constitutive knockouts, as de-
scribed in Materials and Methods (Fig. 1A). The resulting
knockout mice were identified by genomic DNA PCR with
primers TNKF1, LOX, and TNKR1. As shown in Fig. 1D,
wild-type mice (TANK2"/") gave one 270-bp band, homozy-
gous knockout mice (TANK2 /) gave one 240-bp band, and
heterozygous mice (TANK2"/7) gave both 270-bp and 240-bp
bands. Expression of tankyrase 2 was determined by RT-PCR
with primer sets TNK393F/TNK615R and TNK2998F/3179R
as described above. The 5'-TANK2 cDNA (222-bp) and 3'-
TANK?2 cDNA (161-bp) PCR products were detected in both
wild-type and heterozygous TANK?2 knockout mice while nei-
ther 5'-TANK2 cDNA nor 3’-TANK2 cDNA from RT-PCR
products was detected in homozygous (TANK2 /") knockout
mice (Fig. 1E). Twenty-nine TANK2*/*, 63 TANK2"/~, and
27 TANK2/~ mice were observed in 109 offspring from
TANK2"~ mouse intercrosses, consistent with Mendelian
segregation and indicating that no lethality was associated with
complete TANK2 inactivation.

Telomere length is not altered in TANK2 knockout mice.
Previous in vitro studies have indicated that tankyrases influ-
ence telomere length in a telomerase-dependent manner and
that interfering with tankyrase function can lead to decreasing
telomere length, possibly through decreased access to telome-
rase (17, 32). Telomere shortening has been reported to occur
over successive generations of mTERT- (10) and mTR-defi-
cient (5) mice that lack telomerase activity. Telomere shorten-
ing might similarly occur in successive generations of TANK2
knockout mice; therefore, TANK2 ™/~ mice were intercrossed
up to seven generations for telomere length analysis. In
Fig. 2A, spleen cells from seven TANK2 '~ G1 (generation 1)
knockout mice and the same number of their wild-type litter-
mates were analyzed for telomere length by Flow-FISH. This
analysis demonstrated that there was no detectable telomere
shortening in TANK2 '~ G1 knockout mice in comparison
to littermate controls (TANK2"™/"); telomere length was
in fact slightly increased in TANK2 /~G1 knockout mice.
Additional analysis using three TANK2/~G5 and four
TANK2~/~G7 knockout mice (Fig. 2A) demonstrated no
difference in telomere length between TANK2/~G1 and
TANK2 /=G5 or TANK2 /~G7 knockout mice, although
the telomeres of G5 and G7 mice were again slightly longer
than those of wild-type mice.

We utilized the Q-FISH technique, with its ability to assess the
distribution of individual telomere lengths, to further analyze
telomere length. Figures 2B and C show representative Q-FISH
analysis of telomere length of TANK2"/* TANK2 '~ Gl,
and TANK2/~G7 mice. There was no significant difference
in telomere lengths among TANK2"", TANK2 '~ Gl,
and TANK2™/~G7 mice. Overall, telomere lengths of eight
TANK2** mice, eight littermate TANK2/~G1 mice, five
TANK2 /~G5 mice, and four TANK2/~G7 mice were ana-
lyzed with Q-FISH. Average telomere fluorescent signals were
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FIG. 3. The body weights of tankyrase 2 knockout mice were re-
duced. (A) Body weight changes in female TANK™* (n = 5) and
TANK /™ (n = 6) mice. (B) Body weight changes in male TANK*/*
(n = 6) and TANK™/~ (n = 7) mice.

normalized and plotted in Fig. 2D. Statistical analysis indicated
that there was no significant difference in telomere length among
TANK2** TANK2/~G1, and TANK2 ™/~ G5/G7 mice. We
also did not observe chromosome abnormalities in over 300 meta-
phases from TANK2 /~G1 and TANK2 /~G5/G7 mice, and
there was no difference in the number of telomere-free ends in
tankyrase 2-deficient and control mice (data not shown).

Body weight of tankyrase 2 knockout mice was reduced.
Tankyrase 2 knockout mice were observed for approximately 1
year, with no apparent disease or defect in survival. However,
it was noted that compared to WT littermates the body weight
of TANK2 ™/~ mice was reduced. Figure 3A shows body weight
changes in female TANK2 '~ mice and WT controls followed
over 42 weeks. The body weight of female TANK2 ™/~ mice
was slightly decreased in comparison to control mice, most
notably at ages between 5 weeks and 13 weeks. Statistical
analysis indicated that there was a significant difference in body
weight between female TANK2™/~ and control mice at each
time point measured except at 42 weeks. There was a more
dramatic decrease of body weight in male TANK2 ™/~ mice,
with weight approximately 20% less than WT control mice
over a 42-week period of observation (Fig. 3B). Differences
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between male TANK2™/* and TANK2 ™/~ mice were statisti-
cally significant at all time points.

DISCUSSION

Tankyrase 2 is a member of the tankyrase family, and human
tankyrase 2 has the capacity to bind human TRF1 (18), a
telomere-binding protein that negatively regulates telomere
elongation (33). Overexpression of tankyrase 2 induces rapid
cell death in primary human cells (18). In contrast to tankyrase
2, cell survival and growth were normal in cells that over-
express tankyrase 1 (12). Overexpression of tankyrase 1 in fact
induced telomere elongation, suggesting that tankyrases (po-
tentially tankyrase 2 as well as tankyrase 1) are able to ADP-
ribosylate TRF1, releasing ADP-ribosylated TRF1 from telo-
meres and allowing telomerase access and telomere elongation
(12). To test the hypothesized function of tankyrase 2 in vivo,
we generated TANK2 knockout mice and analyzed the effect
of TANK2 inactivation on telomere length maintenance.
Knockout mice were viable. Contrary to expectation, we found
neither telomere shortening nor chromosomal abnormalities
even across multiple generations of TANK2 knockout mice.
Phenotyping of TANK2 knockout mice did reveal a significant
decrease in body weight through nearly a year of follow-up.
Preliminary assessment indicates that TANK2 knockout mice
have substantially reduced fat pads, suggesting that TANK2
plays a potentially telomere-independent role in vivo in overall
metabolic regulation.

Human tankyrase 2 has been demonstrated to have TRF1
binding activity indistinguishable from that of tankyrase 1 (31).
Moreover, it has been shown that tankyrase 2 can oligomerize
with tankyrase 1 (31), raising the possibility that tankyrases 1
and 2 collaborate or are redundant in vivo. It was striking that
there was no telomere shortening in early or late generations
of TANK2 knockout mouse in the present study (Fig. 2), while
normal expression of tankyrase 1 was detected in multiple
tissues of TANK2 ™/~ mice in comparison to wild-type controls
(data not shown). This suggests that tankyrase 1 and tankyrase
2 could have a redundant function in telomere length main-
tenance rather than functioning as obligate heterodimers or
oligomers. It will therefore be important to determine the
consequences of inactivating both tankyrase genes. To this
end, we are in the process of generating TANK1 and TANK1/2
double knockout mice.

It has been reported that mouse TRF1 lacks the motif (RX
XPDG) of human TRF1 that is required for binding to
tankyrases (30). The failure to find an effect of TANK2 inac-
tivation on telomere length is thus also consistent with the
possibility that mouse tankyrases do not bind mouse TRF1 and
therefore are not involved in telomere length maintenance in
mice. Characterization of TANK1- and TANK1/TANK2-defi-
cient mice will help to further elucidate the role of tankyrases
in mouse models.

The observed decrease in body weight of TANK2 knockout
mice was unexpected (Fig. 3). Initial observations suggest that
body fat is reduced in TANK2 knockout mice, contributing at
least in part to the observed decrease in total body weight (data
not shown). It is of interest that previous reports indicate that
the majority of tankyrase protein is nonnuclear and is located
in the cytosol (9). It has also been reported that tankyrases
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associate with the vesicular protein IRAP (insulin response
aminopeptidase) (30) and with the Src homology 2-containing
adaptor protein Grbl4 (27), which regulates the activity of
glucose transporter GLUT4 in adipocytes. We therefore spec-
ulate that inactivation of tankyrase 2 results in altered glucose/
fat metabolism due to disruptions in these pathways, a hypoth-
esis that is now under investigation.
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