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The mouse tubby phenotype is characterized by maturity-onset obesity accompanied by retinal and cochlear
degeneration. A positional cloning effort to find the gene responsible for this phenotype led to the identification
of tub, a member of a novel gene family of unknown function. A splice defect mutation in the 3* end of the tub
gene, predicted to disrupt the C terminus of the Tub protein, has been implicated in the genesis of the tubby
phenotype. It is not clear, however, whether the Tub mutant protein retains any biological activity, or perhaps
has some dominant function, nor is it established that the tubby mutation is itself responsible for all of the
observed tubby phenotypes. To address these questions, we generated tub-deficient mice and compared their
phenotype to that of tubby mice. Our results demonstrate that tubby is a loss-of-function mutation of the tub
gene and that loss of the tub gene is sufficient to give rise to the full spectrum of tubby phenotypes. We also
demonstrate that loss of photoreceptors in the retina of tubby and tub-deficient mice occurs by apoptosis. In
addition, we show that Tub protein expression is not significantly altered in the ob, db, or melanocortin 4
receptor-deficient mouse model of obesity.

The tubby strain of obese mice arose spontaneously in a
mouse colony at the Jackson Laboratory (5). The tubby phe-
notype is inherited in an autosomal recessive manner and is
characterized by late-onset weight gain accompanied by pro-
gressive retinal and cochlear degeneration (16, 17). The com-
bination of these phenotypes resembles human syndromes,
such as Usher’s (retinal and cochlear degeneration), Bardet-
Biedl, and Alstrom’s (obesity and sensory deficits).

The obesity of tubby mice is relatively mild and late in onset,
resembling the weight gain in human populations more closely
than that observed in other murine models of obesity, such as
obese (ob) and diabetes (db) (4). Weight gain in tubby mice
occurs relatively slowly, and the mice reach about twice the
weight of their unaffected siblings. Tubby mice are not sterile,
but they become infertile after significant obesity develops.
The retinal and cochlear degeneration has been proposed to
be due to apoptosis of retinal and cochlear neurosensory cells.

The identity of the tub gene was determined by positional
cloning (11, 14). The expression pattern of tub mRNA appears
to be specific for the nervous system (10). tub is a member of
a novel gene family of unknown function (7). Tub family pro-
teins are quite hydrophilic but otherwise lack any distinguish-
ing features that might provide insight into their function.
There are no recognizable structural motifs or obvious homol-
ogy to any known proteins.

The tubby mutation is a G-to-T transversion that abolishes
the donor splice site in the penultimate exon (exon 11), result-
ing in an aberrant transcript (11). Translation of intron se-
quence results in the substitution of the Tub C-terminal 44
amino acids with 24 different amino acids encoded by the
intron. The aberrant transcript is expressed at elevated levels
in tubby mice (5), but Tub expression at the protein level has
not been investigated.

The C terminus is highly conserved among Tub family mem-
bers (15), suggesting that the tubby mutation may have dis-
rupted a domain important for the biological function of tub.
Strikingly, mutation of the tub family member TULP1, at a
position exactly corresponding to that mutated in the murine
tub allele, was recently found to be the cause of a form of
retinitis pigmentosa (RP 14) in humans (1, 7). Three other
pathogenic missense mutations of TULP1 have been charac-
terized (7), and they all fall within the highly conserved car-
boxy-terminal 250 amino acids of Tub.

Despite elucidation of the molecular basis of the tubby mu-
tation, it remains unclear whether the tubby phenotype repre-
sents a complete or partial loss of function or possibly even a
gain of function. Furthermore, it has not been established
whether the suite of tubby phenotypes (obesity, insulin resis-
tance, and retinal and cochlear degeneration) are necessarily
all attributable to mutation of the tub gene. It has not been
ruled out that some features of the phenotype may be caused
by a tightly linked, as yet unidentified gene.

MATERIALS AND METHODS

Targeting of tub. Murine tub gene sequences were isolated from a 129/Sv
genomic bacterial artificial chromosome library (Research Genetics). To gener-
ate a targeting construct, an approximately 4.5-kb HpaI-XbaI fragment from the
39 end of the tub gene, spanning exons 9 to 12, was subcloned into the XbaI site
of pNEB 193 (New England Biolabs). An approximately 2.6-kb HincII-EagI
fragment derived from just upstream of exon 1 was then subcloned into the
BssHII site of the pNEB193 polylinker, situating it upstream of the 39 tub
genomic fragment, in the same transcriptional orientation. A PGK-neo expres-
sion cassette, consisting of the neo gene under the transcriptional control of the
mouse phosphoglycerate kinase (PGK-1) promoter and the PGK-1 poly(A) ad-
dition site, was obtained from the plasmid pKJ1 (13). The cassette was subcloned
into the PacI site of the pNEB193 polylinker, between the 59 and 39 tub homol-
ogous sequences. The vector was linearized with XhoI digestion prior to elec-
troporation.

MPI-2-71.6 embryonic stem (ES) cells, derived from C57BL/6J-Hprtb-m3 mice,
were cultured on mitotically inactive G418-resistant mouse embryo fibroblast
feeder cells as described elsewhere (18). Cells were electroporated with the
linearized targeting vector as described previously (8) and screened for homol-
ogous recombination with the vector by Southern blot hybridization using the 59
flanking probe shown in Fig. 1A. One targeted clone was detected out of 190
clones screened.
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Generation of mutant mice. The targeted ES clone was injected into BALB/
cByJ blastocysts as described previously (2) to generate chimeras. Male chimeras
were bred with C57BL/6 females. Black offspring heterozygous for the mutation
were interbred to generate F2 progeny for analysis. Mice were maintained on a
12-h light/12-h dark cycle, fed PMI 5021 chow containing 9% fat, and provided
water ad libitum.

Southern blot hybridization and PCR analysis. For Southern blot analysis,
genomic DNAs from ES cells and tail biopsies were prepared as described by
Laird et al. (12). EcoRI-digested genomic DNA (approximately 20 mg) was
electrophoresed through a 1% agarose gel, transferred to a Hybond N1 mem-
brane (Amersham), and hybridized with the 32P-labeled 59 flanking probe de-
picted in Fig. 1A.

Genomic DNA derived from tail biopsies of tub1/1 and tub2/2 mice was used
as the template for PCR analysis. The primers used were derived from sequences
contained in exons 2 (forward, TGAGGCAGCAGAAGC), 3 (reverse, CACTG
CTGCTGAGGTAGGACTC), 7 (forward, GGACAAGAAGGGGATGGAC),
8 (reverse, GTTGGGTCCACAGAGATGATGGA), and 12 (forward, GGGTA
GCAGAAGATGTGT; reverse, GCAGCAGAGGCAGAGC) of tub. The reac-
tions were carried out as described in the legend to Fig. 1C.

Immunoprecipitation and Western blots. Chinese hamster ovary (CHO) cells
were transfected with either an empty expression vector (pN8ε) or an expression
vector containing hemagglutinin epitope (HA)-tagged wild-type or mutant Tub
(8 mg/100-mm-diameter plate) by the Lipofectamine method (Gibco-BRL,
Gaithersburg, Md.). At 48 h posttransfection, cells were lysed in 400 ml of lysis
buffer (20 mM HEPES [pH 7.5], 0.15 M NaCl, 0.2 mM EDTA, 1.5 mM MgCl2,
1 mM dithiothreitol, 1 mM sodium vanadate, 10 mM NaF, 10% glycerol, 1%
Triton X-100, 1 mM phenylmethylsulfonyl fluoride, and 1 mg each of leupeptin,
pepstatin, and aprotinin per ml). An aliquot was taken from the cleared whole
cell lysate and boiled in sodium dodecyl sulfate (SDS)-containing sample buffer.
Alternatively, the lysates were incubated with either anti-HA (10 ml; 12CA5;
Boehringer Mannheim) or anti-Tub (5 ml; raised against full-length His6-tagged

wild-type Tub [murine] and kindly provided by Rene Devos, Roche-Gent Re-
search Institute) antibody in the presence of protein A-Sepharose beads (Phar-
macia Biotech, Piscataway, N.J.). The precipitates were then washed three times
with high-salt wash buffer (20 mM HEPES [pH 7.5], 0.3 M NaCl, 2.5 mM MgCl2,
0.5% Triton X-100) and twice with low-salt wash buffer (20 mM HEPES [pH
7.5], 0.05 M NaCl, 2.5 mM MgCl2, 0.5% Triton X-100) and boiled in SDS-
containing sample buffer. Lysates from brain and spleen were generated by
mincing the organs with a razor blade and then douncing them with a tight-fitting
pestle in EBC buffer (50 mM Tris-HCl [pH 8], 120 mM NaCl, 0.5% NP-40)
supplemented with Complete Mini protease inhibitor cocktail tablets (Boehr-
inger Mannheim). Dounced lysates were pelleted in a microcentrifuge at 12,000
rpm for 15 min at 4°C. Supernatants were boiled in SDS-containing sample
buffer.

Lysates and immunoprecipitates were resolved by polyacrylamide gel electro-
phoresis (PAGE) in 8 or 10% polyacrylamide gels (Novex), transferred to nitro-
cellulose, and probed with the anti-Tub antiserum (1:1,000). Following incuba-
tion with the primary antibody, the membranes were washed and incubated with
horseradish peroxidase-conjugated anti-rabbit secondary antibody (Amersham).
Blots were developed by enhanced chemiluminescence (Amersham) according
to the manufacturer’s directions.

Weight measurements. Ten animals of each sex and genotype (1/1, tub/tub,
and 2/2), were maintained on a chow diet ad libitum. Their weight was moni-
tored once a week for a period of 15 weeks, starting at 5 weeks of age, using a
Sartorius model 14800 P balance.

Histological analysis of the retina and TUNEL apoptosis assay for fragmented
DNA. Eight-week-old male mice of each genotype (1/1, tub/tub, and 2/2) were
anesthetized and perfused with phosphate-buffered saline (PBS) followed by 4%
paraformaldehyde (PFA)–PBS. Eyes were removed for processing and embed-
ding in paraffin, using a TissueTek tissue processor. For terminal deoxynucleoti-
dyltransferase-mediated dUTP-biotin nick end labeling (TUNEL) assay, 5-mm
cross sections were cut, deparaffinized, and postfixed with 4% PFA–PBS for 15
min. Following a 5-min wash with PBS, sections were digested with proteinase K
(2 mg/ml) at 37°C for 15 min, fixed again with 4% PFA–PBS for 15 min, washed
twice with Tris-buffered saline for 1 min, and washed twice with H2O for 1 min.
Terminal transferase labeling of fragmented DNA was performed with a Boehr-
inger Mannheim fluorescein in situ death detection kit (product no. 1-684-795)
essentially as described. Briefly, sections were incubated in reaction mixture
(100-ml volume/slide) for 90 min at 37°C and washed three times in Tris-buffered
saline–0.1% Tween. Slides were visualized and photographed with a Zeiss
BX100 microscope equipped with a fluorescein isothiocyanate filter (magnifica-
tion, 340). For comparison, adjacent retina sections were stained with hema-
toxylin and eosin (magnification, 3400).

RESULTS

Generation of tub-deficient mice. The tub gene was inacti-
vated by gene targeting in C57BL/6 ES cells. Approximately 16
kb of tub genomic sequence, spanning exons 1 through 8, were
deleted from the tub locus by homologous recombination, us-
ing the targeting vector shown in Fig. 1A. This represents
deletion of over 60% of the coding sequence. Interbreeding of
mice heterozygous for the mutation generated F2 progeny that
were wild type, heterozygous, and homozygous for the targeted
allele (Fig. 1B), with the expected 1:2:1 distribution. PCR
analysis verified the predicted absence of tub exons 2, 3, 7, and
8, and the presence of exon 12, in homozygous mutant mice
(Fig. 1C). Together with the Southern analyses (Fig. 1B), these
data confirm the generation of mice carrying a large deletion of
the tub coding sequence. tub2/2 mice were viable and had no
obvious defects at birth or in the neonatal period.

Expression of the Tub protein in wild-type and tub2/2 mice.
We used an anti-Tub antiserum raised against His6-tagged
full-length wild-type murine Tub to assess expression of Tub at
the protein level. As shown in Fig. 2A, this antiserum recog-
nizes HA-tagged wild-type Tub protein expressed in CHO
cells. Lanes 1 and 2 show a Western blot of lysate from CHO
cells transfected with either the empty vector (lane 1) or a
vector expressing HA-Tub (lane 2). The antibody recognizes a
specific band of the correct size only in the cells transfected
with HA-Tub. Furthermore, when the lysates are immunopre-
cipitated with an antibody against the HA tag, the anti-Tub
antiserum recognizes the HA-tagged tub protein (lane 4). Fi-
nally, transfected Tub protein is specifically immunoprecipi-
tated by the anti-Tub antiserum (lane 6). The band below Tub
in lanes 5 and 6 is the immunoglobulin heavy chain.

FIG. 1. Disruption of the mouse tub locus. (A) Schematic representation and
partial restriction maps of the tub wild-type locus, targeting vector, and targeted
allele. Closed boxes represent tub exons 1 and 12, the hatched box indicates the
59 flanking probe, the shaded box is the PGK-neo expression cassette, and the
horizontal dotted line is plasmid DNA. The arrow below neo indicates the
direction of transcription. (B) Southern blot analysis of EcoRI-digested tail DNA
from F2 progeny hybridized with the radiolabeled probe shown in panel A. The
wild-type (1/1) hybridizing band is 6 kb; the band from homozygous mutant
mice (2/2) is 4 kb; mice heterozygous for the mutation (1/2) show both 6- and
4-kb bands. (C) PCR analysis of tail DNA of F2 1/1 and 2/2 mice. Each PCR
was done in duplicate. The primers are from exons 2 and 3 (lanes 1 to 4) or 7 and
8 (lanes 5 to 8) and 12 (all lanes). Exons 2, 3, 7, and 8 are absent in 2/2 mice.
Exon 12 is present in both 1/1 and 2/2 mice.
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To confirm that tub is not expressed in the gene-targeted
mice, we compared the protein levels of Tub in brain lysates of
wild-type and tub2/2 mice by Western blotting (Fig. 2B). We
chose the brain because tub mRNA is extensively expressed
there (5, 10). As an additional negative control, lysates were
also prepared from the spleen, which was not expected to
express tub (19). Lysates containing equivalent amounts of
protein were resolved by SDS-PAGE and probed with anti-
Tub antiserum. As shown in the Western blot in Fig. 2B, a
specific band was detected in the lane with brain lysate from
wild-type (lane 1) but not tub2/2 (lane 2) mice, verifying the
null mutation of tub in the knockout mice. No tub expression
was detected in spleens of either wild-type or tub2/2 mice (Fig.
2B, lanes 3 and 4).

Weight gain of tubby and tub2/2 mice. The weight gains of
tubby (tub/tub) mice, homozygous mutant (tub2/2) targeted
mice, and their wild-type (1/1) littermate controls were mon-
itored regularly over a 19-week period. All mice were on the
C57BL/6 strain background. As shown in Fig. 3, the weights of
all genotypes were comparable for the first 8 weeks of life. At
this time, the weight of both male (Fig. 3A) and female (Fig.
3B) tub/tub mice begins to diverge from that of the wild-type
mice, and at 19 weeks of age, the weight of the tub/tub mice is
almost twice that of their wild-type littermates. This finding is
consistent with a previous characterization of tubby weight gain
(5), although in our study, the weight of the tubby mice di-
verges from that of the wild-type animals slightly earlier (8
weeks rather than 12 weeks). As shown, the weight gain of the
tub2/2 mice was indistinguishable from that of the tub/tub mice
(Fig. 3). Both male and female heterozygous mice (1/tub or
1/2) exhibited weight curves indistinguishable from that of
wild-type mice (data not shown).

Retinal degeneration in tubby and tub knockout mice. Ear-
lier studies have shown that tubby mice exhibit early progres-
sive retinal degeneration, possibly due to apoptosis (16, 17).
Photoreceptor cells, the main cell type lost, have been shown to
express Tub (19). We examined the retinas of 8-week-old wild-
type (1/1), tub/tub, and knockout (tub2/2) mice. It is evident
from the histological sections shown in Fig. 4B and C that tubby
and tub2/2 mice exhibit severe and comparable retinal degen-
eration at this age, with significant loss of the photoreceptor
and outer nuclear layers (arrows) relative to their wild-type
littermates (Fig. 4A). The remaining layers of the retina ap-
pear normal. The retinas of the tub1/2 mice are unaffected and
appear indistinguishable from those of wild-type mice (not
shown).

Figure 4D to F shows TUNEL staining of the same retinas
at lower magnification. This assay reveals the presence of cells
undergoing apoptosis in retinas from tub/tub and tub2/2 mice
(Fig. 4E and F, arrows) but not in retinas from wild-type
littermates (Fig. 4D). This finding is consistent with a recent
report (9) and demonstrates that the retinal degeneration ob-
served in tubby and tub knockout mice is in fact due to apo-
ptosis of the photoreceptor cells.

Expression of the Tub protein in tubby mice and other
mouse models of obesity. The tubby mutant protein is 20 res-
idues shorter than wild-type Tub. As shown by Western blot-

FIG. 2. Expression of the Tub protein in wild-type (WT) and tub2/2 mice.
(A) Anti-Tub immunoblot of HA-Tub expressed in CHO cells. Lanes 1, 3, and
5, transfection with the empty vector (V); lanes 2, 4, and 6, transfection with
HA-Tub. Samples were resolved by SDS-PAGE in a 10% gel, transferred to
nitrocellulose, and probed with the anti-Tub antibody. Lanes 1 and 2, blot of
whole cell lysate (WCL); lanes 3 and 4, blot of anti-HA immunoprecipitates;
lanes 5 and 6, blot of anti-Tub immunoprecipitates. Sizes are indicated in kilo-
daltons. (B) Brain and spleen lysates from wild-type and tub knockout mice were
resolved by SDS-PAGE in an 8% gel and transferred to nitrocellulose. The
membrane was probed with anti-Tub antibody. The Tub protein, indicated by the
arrow, is detectable in brain lysates from wild-type (lane 1) but not tub knockout
(KO; lane 2) mice. No Tub expression is detected in spleen lysates from either
wild-type (lane 3) or tub knockout (lane 4) mice.

FIG. 3. Weight gain of 1/1, tub/tub, and 2/2 mice: (A) Weight gain of male
wild-type (1/1), tubby (tub/tub), and tub-deficient (2/2) mice. The weights of 10
mice of each genotype were measured at the indicated times. (B) Weight gain of
female wild-type, tubby, and tub-deficient mice. The weights of 10 mice of each
genotype were measured at the indicated times.
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ting, using the anti-Tub antiserum (Fig. 5A), HA-tagged mu-
tant tubby protein, overexpressed in CHO cells, migrates
slightly but detectably faster (lanes 5 and 6) than HA-Tub
(lanes 3 and 4) on an SDS-polyacrylamide gel. We used the
anti-Tub antibody to investigate the expression of this protein
in tub/tub mice.

By Northern analysis and in situ hybridization, tub mRNA
levels were shown to be higher in tub/tub mice than in wild-type
littermates (11). To examine Tub expression at the protein

level in tubby mice and compare it to expression in wild-type
and tub knockout mice, and other models of obesity, brain
lysates were resolved by SDS-PAGE and probed with the anti-
Tub antiserum. Each lane in Fig. 5B represents an individual
mouse. As in Fig. 3, the Tub protein is detected in brain lysates
from wild-type mice (Fig. 6, lanes 1 and 2), but undetectable in
brain lysates from tub knockout mice (lanes 3 and 4). Unex-
pectedly, Tub protein was also not detected in lysates from
tubby (tub/tub) mice (lanes 5 and 6), indicating that the Tub
mutant protein is either absent or present at levels below the
limit of detection in tubby mice.

Expression levels of Tub in brain lysates of ob, db, and
melanocortin 4 receptor-deficient mice (lanes 7 to 9) was also
assessed to determine whether alteration of Tub protein ex-
pression occurs in these models of murine obesity. No signif-
icant change in Tub protein level was observed, suggesting that
alteration of Tub expression may not be a common feature of
mouse models of obesity.

DISCUSSION

In this study we have generated tub-deficient mice by tar-
geted deletion of tub exons 1 to 8 in C57BL6 ES cells. Mice
homozygous for the targeted allele (tub2/2) are phenotypically
indistinguishable from tubby mice with regard to weight gain
and retinal degeneration. These observations demonstrate that
these two very different tubby phenotypes are caused by dis-
ruption of a single gene, not two closely linked genes.

If the mutated allele of tub expressed by the tubby (tub/tub)
mice retained some residual function, one might expect the
phenotype of the tub knockout mice to be more severe than
that of tubby mice. Conversely, if the tubby allele was nonfunc-
tional, one might expect the phenotypes of tubby and tub

FIG. 4. Histological section and TUNEL assay of wild-type, tub/tub, and tub2/2 mouse retinas. (A to C) Histological sections of retinas from wild-type (A), tub/tub
(B), and tub2/2 (C) mice at 8 weeks of age. Photoreceptors (Ph) and outer nuclear layers (ONL) are reduced in tub/tub and tub2/2 mice (arrows) compared to wild-type
mice. All other layers appear normal. Magnification, 3400. OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner plexiform layer; GCL, ganglion cell layer.
(D to F) In situ TUNEL assay of retinas from wild-type (D), tub/tub (E), and tub2/2 (F) mice at 8 weeks of age. Apoptotic figures (indicated by arrowheads) are present
in retinas derived from tub/tub and tub2/2 but not wild-type mice. Magnification, 340.

FIG. 5. (A) Anti-Tub immunoblot of whole cell lysates from CHO cells
transfected with the empty vector (Vec; lanes 1 and 2), HA-Tub (WT; lanes 3 and
4), or HA-mutant Tub (Mut; lanes 5 and 6). (B) Brain lysates were resolved by
SDS-PAGE and probed with the anti-Tub antiserum as for Fig. 3. Each lane
represents an individual mouse of the indicated genotype. KO, knockout; MC4R,
melanocortin 4 receptor.
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knockout mice to be identical. Our observation that tub2/2 and
tubby mice have indistinguishable phenotypes supports the hy-
pothesis that tubby is a null allele. In addition, we unexpectedly
found that the expression levels of the mutant protein in tubby
mice are so low as to be undetectable. Since Northern blot and
in situ analyses (11) indicate that tub mRNA levels are elevated
in tubby mice, the defect must be at the posttranscriptional
level. The elevated mRNA levels in tubby mice may represent
an attempt to upregulate expression of the Tub protein. The
inability to detect tubby mutant protein in spite of the elevated
mRNA levels may be due to protein instability, perhaps result-
ing from disruption of the highly conserved carboxy terminus
of Tub. It is possible that this region forms an as yet unrecog-
nized structural motif required for stability of the tubby protein.

We also show that the retinal degeneration observed in
tub/tub and tub knockout mice is due to apoptosis. Pro-
grammed cell death has been proposed as the cause of both
retinal and cochlear degeneration in tubby mice (16, 17), and
this has now been formally demonstrated for retinal degener-
ation by our data as well as a very recent report (9). This result
suggests that Tub function is important for the survival of
retinal photoreceptor cells in the adult animal.

It is possible that the late-onset obesity observed in tubby
mice is similarly due to the apoptotic loss of cells in hypotha-
lamic nuclei involved in body weight regulation. Tubby obesity
and hypersinulinemia are reminiscent of the effect of surgical
ablation of the ventral-medial hypothalamus (3). We searched
for, but did not find, any cellular alterations in the hypothala-
mus of tubby and tub2/2 mice (data not shown). However, we
cannot rule out the possibility of subtle changes that we may
not be able to detect, such as the loss of a small subpopulation
of neurons.

It is possible that the defect leading to obesity in tubby mice
lies in the peripheral rather than the central nervous system. It
is interesting that unilateral denervation of fat pads results in
increased size of the denervated pad but not of the contralat-
eral pad (6), suggesting that fat innervation is important for the
control of body weight.

If tub function is important for neuronal survival, why does
absence of tub not result in a more severe phenotype, given the
extensive expression of Tub in the brain and other neuron-
derived tissues (19)? One possibility is that the Tub protein
does not play a critical role in most of the tissues where it is
expressed. Alternatively, there may be redundancy between
Tub family members. Tub is a member of a newly discovered
class of proteins, only a few of which have been cloned. Ac-
cording to one estimate, the family consists of approximately 6
to 10 members (15). Mouse tub may be functional in many
neuronal tissues, but a phenotype may be seen only in the few
tissues where other family members are not expressed or can-
not compensate for tub loss.

While we now have a wealth of genetic data relating to Tub,
the biochemical function of the protein remains unclear. Al-
though Tub lacks known protein motifs, Tub family members
share a remarkably conserved carboxy terminus, suggesting
that this domain is very important for Tub function. Further-
more, Tub-like proteins are found in a variety of organisms,
including plants, worms, flies, and mammals, suggesting that
Tub may have an evolutionarily conserved biological function.

Tub’s hydrophilic character and lack of signal sequence or
transmembrane domains suggest that Tub is an intracellular
protein. Our data showing that the retinal degeneration result-
ing from loss of Tub function is due to apoptosis suggest that
Tub may play a role in the intracellular pathways involved in
the survival of neurosensory cells. We have previously demon-
strated that the Tub protein can be phosphorylated on tyrosine

in response to insulin (10). A better understanding of Tub
function awaits further elucidation of the biochemical proper-
ties of the protein and the pathways in which it acts.
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