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Adenoviruses (Ad) code for immunoregulatory and cytokine regulatory proteins, one of which is the early
region 3, 14.7-kDa protein (Ad E3-14.7K), which has been shown to inhibit tumor necrosis factor alpha-induced
apoptosis. In an effort to understand the mechanism of action of Ad E3-14.7K, we previously searched for cell
proteins with which it interacted. Three Ad E3-14.7K-interacting proteins (FIP-1, -2, and -3) were isolated.
FIP-1 is a small GTPase which was used in this report as bait in the yeast two-hybrid system to find other
interacting cell targets. The search resulted in the isolation of a protein, which we called GIP-1 (GTPase-
interacting protein) that subsequently was shown to be identical to one of the light-chain components of human
dynein (TCTEL1). FIP-1 was able to bind both TCTEL1 and Ad E3-14.7K simultaneously and was necessary
to form a complex in which the viral protein was associated with a microtubule-binding motor protein. The
functional significance of these interactions is discussed with respect to the steps of the Ad life cycle which are

microtubule associated.

Adenoviruses express several proteins which downregulate
the host’s immune response (32, 34). It has been postulated
that these immunoregulatory and cytokine-regulatory proteins
either prevent early cell lysis before the production of viral
progeny during acute infection or enable the virus to establish
a state of persistence or latency within the host (reviewed by
Lukashok and Horwitz [17]). The adenovirus genes which code
for many of these proteins are clustered in early transcription
region 3 (E3). The type 2 adenovirus E3 14.7-kDa protein,
named Ad E3-14.7K, is one of seven gene products expressed
in this region and is a small hydrophilic protein which inhibits
tumor necrosis factor alpha (TNF-a)-mediated cell killing. Its
mechanism of action remains incompletely understood (8), but
it has been shown that Ad E3-14.7K does not affect the number
of TNF-a receptors or the affinity of TNF-« for its receptor (6,
33). Ad E3-14.7K inhibits the TNF-a-induced activation of
cytoplasmic phospholipase A2, an enzyme that results in the
release of arachidonic acid from the cell membrane (35). It has
also been reported that Ad E3-14.7K binds to caspase 8 and
prevents cell killing by inhibiting this caspase (1), but addi-
tional observations have failed to confirm the importance of
this interaction (Horwitz et al., personal observations). Tufa-
riello et al. (27, 28) demonstrated an in vivo effect of Ad
E3-14.7K by showing that mice infected with a vaccinia virus
expressing both Ad E3-14.7K and TNF-a had a more severe
pulmonary pathology, a higher mortality rate, and higher viral
titers than mice infected with a vaccinia virus expressing
TNF-a alone (27, 28). These data support the conclusion that
Ad E3-14.7K counteracts the inflammatory and antiviral pro-
tective effects of TNF-« in an in vivo model of viral infection.

Because the mechanism by which Ad E3-14.7K exerts its
anti-TNF-a effect remains incompletely understood, we used
the yeast two-hybrid system to look for proteins which interact
with Ad E3-14.7K (15). Proteins from a HeLa cell (human)
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library were identified and named Ad E3-14.7K-interacting
proteins (FIPs). BLAST sequence analysis revealed that one of
these, FIP-1, was a member of a new family of low-molecular-
weight (LMW) GTPases (15, 21). FIP-1 associated with vari-
ous phosphorylated proteins in the presence of TNF-a, sug-
gesting that it is involved in TNF-a signaling pathways (15). It
has two regions of homology with bacterial proteases, although
no proteolytic function has yet been demonstrated. FIP-1 co-
localized with Ad E3-14.7K in a perinuclear structure and at
the cell membrane.

A protein identical to FIP-1 was independently isolated us-
ing degenerate oligonucleotide primers from conserved se-
quences in other GTPases and was named RagA (21). RagA
appears to be involved in the Ran/Gsp 1 GTPase pathway
responsible for nucleus-cytoplasm trafficking of macromole-
cules (7). Ran-GTP has also recently been associated with cell
cycle control by affecting aster formation induced by chromo-
some-binding protein RCC1 at centrosomes and controlling
microtubule assembly originating from this structure during
mitosis (18, 31). The involvement of FIP-1/RagA in this pro-
cess has been inferred because of mutational analysis in the
yeast homologues of human RCCI1 (PRP20) and FIP-1
(GTR1). In order to determine cell proteins that might be
involved, together with FIP-1, in these cell signaling pathways,
FIP-1 was used as bait in the yeast two-hybrid system. This
search identified a human protein, which we initially named
GTPase-interacting protein 1 (GIP-1). However, in view of the
subsequent publication of the sequences of light chains (LC) of
mouse and human dyneins, GIP-1 appears to be identical to
TCTEL1, the human homologue of one of the three LC
(Tctex-1) of mouse dynein (11, 29). Dynein is part of the
molecular motor system, which is located at the negative ends
of microtubules near the nuclear membrane. Microtubules
have been shown to be involved in many transport processes
including movement of adenovirus, herpes simplex virus, and
cytoplasmic organelles such as endosomes from the plasma
membrane to the nuclear membrane (16, 23, 24, 30). Our
studies show that Ad E3-14.7K can be found in a complex with
GIP-1/TCTEL1 but only when FIP-1 (RagA) is present as a
bridging protein. These observations appear to link two path-
ways: (i) the Ran-GTP effects either on nucleus-cytoplasm
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transport or on centrosome formation and (ii) the dynein-
microtubule effects on transcytoplasmic transport of or-
ganelles, viruses, and signal transduction molecules.

MATERIALS AND METHODS

Cell lines. For cotransfection and immunofluorescence labeling of cells, E293
human embryonic kidney cells and A549 human lung cells, respectively, were
used. These cells were maintained in Dulbecco’s modified Eagle’s medium sup-
plemented with 10% fetal bovine serum, 2 mM glutamine, 50 U of penicillin/ml,
and 50 pg of streptomycin/ml. For coimmunoprecipitation experiments requiring
radioactive labeling of proteins, T293 cells which express simian virus 40 T
antigen were used. T293 and E293 cells were maintained in an identical manner.

Plasmid constructs. pBMT-FIP-1, the bait, was constructed by cloning the
FIP-1-8a cDNA in frame at the C terminus of the coding sequence for the LexA
domain. pBMT116 was linearized by digestion with Smal and Sall, and the
FIP-1-8a ¢cDNA was inserted between the restriction sites. Construction of
pcDNA-T7 and pcDNA-FLAG from pcDNA-3 (Invitrogen) has been previously
described (15). pcDNA-T7-GIP-1 was made by excising the GIP-1 cDNA from
the pGAD vector at the BamHI and Xhol sites and inserting it in pcDNA-T7
linearized with BamHI and Xholl. pcDNA-FLAG-FIP-1 was made by excising
the FIP-1 cDNA from pBMT-FIP-1 at the EcoRI and Xhol restriction sites and
cloning it into the pcDNA-FLAG plasmid with FLAG expressed at the 5" end of
the FIP-1 coding sequence. For the glutathione S-transferase (GST) assay, the
pGEX-FIP-1 construct, previously described (15) was used. pCITE-GIP-1 was
constructed by inserting the GIP-1 clone into the pCITE plasmid (Novagen) at
the BamHI and Xhol sites. All constructs were confirmed by sequencing. The
pcDNA-FLAG-RIP plasmid was obtained from David Wallach, Weizmann In-
stitute. The pcDNA-CMV-GFP plasmid, which expresses green fluorescent pro-
tein, was previously described (12).

The yeast two-hybrid screen and specificity test. The yeast two-hybrid screen
has been previously described (15, 19, 20). The pPBMT-FIP-1 was used as the bait
to screen a HeLa cDNA library expressed as fusion proteins with the Gal 4
activation domain. The screening was done with Saccharomyces cerevisiae 1.40
yeast, which expresses reporter genes conferring histidine auxotrophy and pB-ga-
lactosidase activity. The screening was carried out in histidine-deficient medium
supplemented with 35 mM 3-aminotriazole, and 2 X 107 colonies were screened.
Specificity of the GIP-1 clone was confirmed by cotransforming S. cerevisiae with
pGAD-GIP-1 and each of four control proteins expressed in the bait vector to
look for His auxotrophy and B-galactosidase activity. The proteins were the basic
helix-loop-helix domain (bHLH) of mouse c-myc (mMyc), the transactivation
domain (TAD) of mMyc, mouse MaxI (mMaxI), and human lamin (hLamin).
GIP-1 was also tested against Ad E1B-19K and Bcl-2 to see if it interacted with
known antiapoptotic proteins. hLamin, bHLH TAD, and mMaxI were gener-
ously provided by Ron DePinho, Albert Einstein College of Medicine. Bcl-2 and
Ad E1B-19K were provided by R. Chinnaduri, St. Louis University, St. Louis,
Mo. The HeLa cell library was provided by Greg Hannon and David Beach, Cold
Spring Harbor Laboratory, and amplified according to standard protocols.

Northern blots of GIP-1. A Northern blot of human tissues (Clontech) was
probed with GIP-1 cDNA labeled with [*>P]JdCTP (Pharmacia) according to the
manufacturer’s directions.

Coimmunoprecipitation of FIP-1 and GIP-1. Human T293 cells were grown as
a monolayer in 10-cm-diameter dishes and transfected with 4 pg of either
pcDNA-FLAG-FIP-1 or pcDNA-T7-GIP-1 or with both plasmids (2 pg of each)
using Lipofectamine (Gibco). Twenty-four hours after transfection, the cells
were labeled with [**S]methionine and -cysteine (1 mCi/ml) in methionine- and
cysteine-free medium for 3 h at 37°C. Cells were scraped from the dish, washed
with ice-cold phosphate-buffered saline (PBS), and lysed with ice-cold lysis buffer
(150 mM NaCl, 50 mM Tris-HCI [pH 8], 1% Nonidet P-40 [NP-40], 1 mM
phenylmethylsulfonyl fluoride (PMSF), aprotinin [1 pg/ml], leupeptin [1 pg/ml])
for 30 min at 4°C on a rotating platform. ATP (5 mM) was added to the solution
to prevent GIP-1 precipitation (10). Samples were preincubated with protein A-
and protein G-agarose (Santa Cruz Biotechnology) and briefly centrifuged at
13,000 X g; 500 wl of each sample was immunoprecipitated with 1 pg of mono-
clonal anti-T7 antibody (Novagen), and 500 pl of each sample was precipitated
with 1 pg of monoclonal anti-FLAG antibody (Sigma) for 1 h on a rocking
platform at 4°C. Forty microliters of protein A and protein G beads (50%
[wt/vol] was added to the lysate, and the mixture was incubated an additional
hour at 4°C. The beads were washed three times with ice-cold lysis buffer and
resuspended in 40 wl of Laemmli buffer (2% sodium dodecyl sulfate [SDS], 10%
glycerol, 100 mM dithiothreitol, 60 mM Tris [pH 6.8], 0.001% bromphenol blue)
and boiled. After centrifugation, samples were analyzed by SDS-10% polyacryl-
amide gel electrophoresis (PAGE). The gel was dried and exposed to X-ray film
(Kodak).

GST assay to test for specific in vitro binding between FIP-1 and GIP-1. The
GST binding assay has been previously described (2, 15). The GST-FIP-1 fusion
protein was expressed in Escherichia coli and bound to glutathione beads as
previously described. The single tube protein 2 T7 assay (Novagen) was used to
translate and transcribe pCITE-GIP-1 into the coding sequence for [**S]methi-
onine-labeled GIP-1 protein. An aliquot of **S-labeled GIP-1 was incubated with
an aliquot of glutathione beads with either bound GST-FIP-1 or GST alone for
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FIG. 1. Comparison of the sequence of a human library-derived clone of
GIP-1 and mouse Tctex-1. The cDNA sequence was derived from clones from
the yeast two-hybrid screening. Polypeptide primary structures were deduced by
using conventional genetic codons through the computerized program GCG
(Genetics Computer Group, Madison, Wis.). GIP-1 was found to be identical to
TCTELI (29).

1 h at 4°C. The beads were washed three times with 1 M NaCI-NETN buffer (1
mM EDTA, 50 mM Tris-HCI [pH 8.0], 0.5% NP-40, 1 mM PMSF) and then once
with 0.1 M NaCI-NETN buffer. the beads were resuspended in Laemmli buffer,
heat denatured, and subjected to SDS-12% PAGE followed by autoradiography.

In vitro cotranslation of GIP-1, FIP-1, and Ad E3-14.7K. GIP-1, FIP-1 and Ad
E3-14.7K were translated as T7- or FLAG-tagged pcDNA 3.1 plasmids either
alone or in various combinations by the single tube protein 3 T7 assay (Novagen)
according to the manufacturer’s protocol. *S-labeled proteins were incubated
with anti-T7 monoclonal antibodies, anti-Ad E3-14.7K rabbit polyclonal anti-
bodies, or anti-FIP-1 antibodies for 1 to 2 h at 4°C following precipitation with
protein A- and protein G-agarose (Santa Cruz Biotechnology) for 1 h at 4°C. The
beads were washed three or four times with ice-cold PBS containing 1% NP-40
and a cocktail of protease inhibitors (Boehringer). The labeled proteins were
eluted by boiling for 5 min in Laemmli buffer. After SDS-PAGE, the gel was
dried and exposed to X-ray film (Kodak). Polyclonal anti-FIP-1 antibodies were
produced in rabbits using an N-terminal peptide linked to keyhold limpet he-
mocyanin.

Flow cytometric analyses of cell cycle status and apoptosis. Transfected or
untransfected cells (E293) were harvested, washed in ice-cold PBS, and fixed in
70% ethanol for 1 h. After an additional wash in PBS, 3 X 10* to 5 X 10* cells
were resuspended in propidium iodide solution (10 pg/ml) with DNase-free
RNase (20 u/ml) in PBS. After 30 min at 37°C in the dark followed by filtration
through a 35-mm-diameter cell strainer cap (Falcon), the cell cycle status was
tested by flow cytometry on a FACSort (Beckton Dickinson). The number of
sub-G1 phase cells is a measure of the number of cells undergoing apoptosis (5).
Apoptosis also was estimated by direct microscopy in living cells by cotransfec-
tion of various plasmids together with pcDNA-CMV-GFP as described previ-
ously (12).

RESULTS

FIP-1 interacts specifically with the cell protein GIP-1/
TCTELL in the yeast two-hybrid assay. By using the yeast
two-hybrid assay, we have identified a specific interaction be-
tween FIP-1 and the cell protein which we initially named
GIP-1. GIP-1 was isolated in 19 of 44 colonies tested. In the
yeast two-hybrid assay, GIP-1 did not interact with a battery of
unrelated baits, i.e., hLamin-C, mMyc TAD, mMyc bHLH,
mMaxl, Ad E1B-19K, or Bcl-2 proteins, thus confirming that
the interaction between FIP-1 and GIP-1 was specific.

In SDS-PAGE, GIP-1 migrated approximately as a 14-kDa
protein. Analysis of the sequence by the BLAST program
revealed that GIP-1 was 113 amino acids in length and had
93% identity and 97% homology with the mouse Tctex-1 pro-
tein (11) (Fig. 1). When the sequence of the human homologue
named TCTELI was published (29), we found that GIP-1 and
TCTELI1 were identical.

GIP-1/TCTEL1 mRNA is expressed in many human tissues.
A Northern blot of eight human tissues was probed with a
GIP-1/TCTEL1 cDNA probe, and the mRNA of the protein
was detected in all tissues except human brain, with the highest
levels in skeletal muscle. The probed band measured approx-
imately 1 kb, which is consistent with the size of the full-length
GIP-1/TCTELI1 clone (Fig. 2).

FIP-1 binds specifically to GIP-1/TCTELL1 in vitro and in
vivo and does not require the addition of TNF-a.. The inter-
action between FIP-1 and GIP-1/TCTELL revealed by the
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FIG. 2. GIP-1/TCTELLI is expressed ubiquitously in human tissues. Northern
blots of human tissues purchased from Clontech were hybridized with a 3%P-
labeled cDNA probe of GIP-1/TCTELI1. GIP-1/TCTEL1 was expressed in seven
of the eight human tissues but at different levels in the various organs tested.
Lanes: 1, heart; 2, brain; 3, placenta; 4, lung; 5, liver; 6, skeletal muscle; 7, kidney;
8, pancreas.

yeast complementation assay was further confirmed by in vitro
and in vivo binding assays. The GST-FIP-1 fusion protein
bound to glutathione beads retained GIP-1/TCTELL1 specifi-
cally, while there was no binding between GST alone and
GIP-1/TCTEL1 (Fig. 3A).

Coimmunoprecipitation was used to confirm in vivo binding
between FIP-1 and GIP-1/TCTELI. The complex formed by
the tagged proteins FLAG-FIP-1 bound to T7-GIP-1/TCTELI1
was immunoprecipitated by antibodies to both FLAG and T7
in the presence of ATP, which is required to maintain GIP-1/
TCTELI in its soluble form (Fig. 3B). The interaction of GIP-
1/TCTELL1 and FIP-1 was not dependent on the addition of
TNF-a. Analysis of the cells overexpressing the immunofluo-
rescent FIP-1 and GIP-1/TCTEL1 had shown that both pro-
teins colocalized in the cytoplasm of transiently transfected
cells (data not shown).

FIP-1 promoted complex formation between GIP-1/TCTELI
and Ad E3-14.7K. The in vitro system was used for studying
the interactions between GIP-1/TCTELI1, FIP-1, and Ad E3-
14.7K. When GIP-1/TCTEL1 and Ad E3-14.7K were cotrans-

Ad E3-14.7K COMPLEXES WITH DYNEIN AND A SMALL GTPase 4707

FLAG-FIP-1 + - - - T

T7-FIP-1 - + - - - + - - - -

FLAG-147K - - + - + & -+ +

T7-TCTEL1 - - -+ + - + + o+ +

Anti-147K - - + - + o+ -+ - -

AT - + - o+ - -+ - 4 -

Anti-FIP-1 + - - - - - - .. 4

FLAG-FIP-1

T7-FIP-1

1 2 3 4 5 6 7 8 9 10

FIG. 4. Invitro binding of GIP-1/TCTELI, FIP-1, and Ad E3-14.7K. After in
vitro transcription and translation of the GIP-1/TCTELI, FIP-1, and Ad E3-
14.7K, the 33S-labeled proteins were precipitated with anti-Ad E3-14.7K, anti-T7,
or anti-FIP-1 antibodies and tested by SDS-12% PAGE. The relevant proteins
are indicated on the right.

lated in the reticulocyte lysate system and immunoprecipitated
by an antibody to Ad E3-14.7K, no GIP-1/TCTELI1 was de-
tected in the immunoprecipitate (Fig. 4, lane 5). In contrast,
transcription and translation in vitro of Ad E3-14.7K and FIP-1
together followed by immunoprecipitation with an antibody to
Ad E3-14.7K resulted in the detection of FIP-1 and Ad E3-
14.7K in the immunoprecipitate (Fig. 4, lane 6) as had been
shown previously in vivo (15). Because FIP-1 binds to both
GIP-1/TCTELI1 (Fig. 4, lane 7) and Ad E3-14.7K but the latter
two proteins do not bind directly, it was possible to show that
FIP-1 promoted the formation of a complex containing both
GIP-1/TCTEL1 and Ad E3-14.7K (Fig. 4, lanes 8 to 10).
Overexpression of GIP-1/TCTEL-1 does not affect cell cycle
progression or lead to cell death. Because GIP-1/TCTEL1
formed a complex with the Ad E3-14.7K inhibitor of TNF-«a
cytolysis, we studied whether GIP-1/TCTEL1 would either
cause or prevent apoptosis. When GIP-1/TCTELI1 was over-
expressed in 293 cells, the cells maintained their normal mor-

B
A TN = - 4+ - + - = - -
g FLAG-FIP1 - - + + + + + =
TCTELL  + + TreTELl + + 4+ 4+ + - - -
GST-FIP-1 -+ AntiFLAG + - - - + + + -
GsT_+ - AntT7 -+ + + - - - -
43 kDa —]|
T = —_ <4FIP-1
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TCTEL1P| -
14 kDa —| Ll L €TCTELI
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FIG. 3. Interactions between FIP-1 and GIP-1/TCTELIL. (A) FIP-1 was expressed as a GST fusion protein and was bound to glutathione-Sepharose beads.
FIP-1-containing beads were incubated with [>*S]methionine-labeled transcription and translation product GIP-1/TCTELIL. After being washed, the beads were
resuspended in SDS-containing sample buffer, boiled, and subjected to SDS-PAGE followed by autoradiography. The radioactive GIP-1/TCTELI1 protein was retained
by the GST-FIP-1 protein (lane 2) and not by GST alone (lane 1). (B) Coimmunoprecipitations of FLAG-FIP-1 and T7-GIP-1/TCTELI1 from T293 cells cotransfected
with both of the corresponding plasmids and labeled with [**S]methionine. Cell lysates were prepared in the presence of 5 mM ATP and coimmunoprecipitated with
monoclonal antibodies recognizing either T7- or FLAG-tagged proteins. Cells in lane 9 were mock transfected; those in lanes 3 and 5 were also treated with TNF-a
(20 ng/ml for 20 min). The molecular mass markers are on the left, and relevant proteins are on the right.
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FIG. 5. Analysis of cell cycle of GIP-1/TCTELI- and FIP-1-transfected cells.
E293 cells were transfected with pcDNA-FIP-1 (B), pcDNA-GIP-1/TCTEL1
(C), and pcDNA-FIP-1 plus pcDNA-GIP-1/TCTEL1 (D), and after 4 to 5 h cells
were maintained with medium with 5% fetal calf serum. Control cells (A) did not
contain any of the three plasmids described above. At 24 h posttransfection, cells
were stained with propidium iodide and analyzed by fluorescence-activated cell
sorter. The percentage of transfected cells in each of the panels was determined
to be between 70 and 80% by cotransfection with 0.15 ug of the pcDNA-GFP
plasmid as described previously (12). The inset (D) shows that transfections with
pcDNA-FIP-3, which cause apoptosis (13), result in an increase in the number of
cells containing subdiploid (SD) amounts of DNA and a decrease in the number
in G, or other phases of the cell cycle. Axes: x, intensity of fluorescence (amount
of DNA); y, number of cells (in hundreds). The SD, Gy, S, and G,/M phases of
the cell cycle are indicated.

phology both in medium with 10% serum and in the absence of
serum, as detected by coexpression with a green fluorescent
protein expressing plasmid (data not shown). This was con-
firmed by fluorescence-activated cell sorter analysis of pro-
pidium iodide-stained transfected cells, which showed few cells
with subdiploid amounts of DNA and no cell cycle differences
between FIP-1-transfected, GIP-1/TCTELI1-transfected, and
cotransfected cells (Fig. SA to D). As a positive control, FIP-
3-transfected cells, some of which do undergo apoptosis (13),
are shown in the inset of Fig. 5D. An increase in the number
of cells with subdiploid amounts of DNA and a decrease in the
number of cells in G, are shown. When GIP-1/TCTELI1 was
overexpressed in combination with the receptor-interacting
protein (RIP), the apoptotic effects of RIP were not reversed
(data not shown). These results suggest that the GIP-1/TC-
TELL is not directly involved in TNF-a apoptotic pathways.

DISCUSSION

Using a yeast two-hybrid assay, we have determined that
FIP-1, a LMW GTPase, binds specifically to GIP-1. Although
there is no direct interaction between GIP-1 and Ad E3-14.7K,
the complex containing FIP-1 and GIP-1 is also able to bind
the Ad E3-14.7K protein. BLAST analysis revealed that GIP-1
has a very high degree of homology with the mouse Tctex-1
protein, which has been identified as one of the LC of cyto-
plasmic dynein (10, 11, 29).

The mouse Tctex-1 protein is encoded in the t complex, a
large region on chromosome 17 which is implicated in trans-
mission ratio distortion. This is a process whereby a chromo-
somal haplotype is not inherited in a Mendelian fashion, but
rather is preferentially passed on to the offspring. In mice,
heterozygous males pass the t haplotype to 99% of their off-
spring and males homozygous for the t haplotype are sterile.
The exact mechanism of transmission ratio distortion remains
unknown. In 1996, King et al. determined that Tctex-1 is the
14-kDa LC of cytoplasmic dynein (10). It therefore seems that
Tctex-1, either alone or in association with cytoplasmic dynein,
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plays a role in the transmission of ratio disorder and male
sterility in mice.

Dyneins are energy-dependent motor proteins. Axonal dy-
nein mediates flagellar movement, while cytoplasmic dynein is
involved in the translocation of cellular organelles. Cytoplas-
mic dynein is a multimer made up of two heavy chains, a
74-kDa intermediate chain, and three LC molecular masses of
8, 14, and 22 kDa. King et al. isolated, purified, and charac-
terized the 14-kDa LC, thus determining that it is a 113-amino-
acid protein. GIP-1/TCTEL1 is also 113 amino acids long and
has 93% homology with the mouse Tctex-1 protein; therefore,
we conclude that GIP-1 is the 14-kDa LC of dynein.

The concept that Ad E3-14.7K associates with FIP-1, which
associates with the LC of dynein, is indeed provocative. There
have been a number of reports of adenovirus type 5 associating
with microtubules and cytoskeletal elements. It has been
shown by electron microscopy that the adenovirion binds to
microtubules, and it was hypothesized that this represents a
mechanism to vectorially transfer virions from the cell mem-
brane to the nucleus (4). These early studies were confirmed
and extended to show that binding was specifically between the
hexon protein and microtubules (16). Further data suggested
that cytoplasmic dynein plays a role in translocating adenovirus
to the cell nucleus (P. L. Leopold, G. Kreitzer, S. Rempel,
K. K. Pfister, and R. Crystal, Abstr. 1st Ann. Meet. Am. Soc.
Gene Ther., p. 178a, 1998). The rate of movement of adeno-
viruses toward the negative ends of the microtubules, which
are nearest the nuclear membrane and which contain dynein
with the TCTELI subunit, was determined recently (23). This
study showed that even early after infection there was some
bidirectional movement toward the positive microtubule end,
which is placed near the plasma membrane and which is the
site of the exit of adenovirus from the endosome. However, in
the first hour postinfection, the net vectorial movement during
a productive infection is toward the nucleus. In addition to the
binding of Ad E3-14.7K to a component of microtubules me-
diated by the FIP-1 cell protein, another adenovirus E3 pro-
tein, gp19K, which interacts with class I major histocompati-
bility complex (MHC-I) molecules, has been reported to bind
directly to microtubules (3). This was proposed as a mecha-
nism for anchoring or retaining MHC-I molecules in the en-
doplasmic reticulum and downregulating cell surface expres-
sion of this immunoregulatory protein (3).

The conceptual problem with proposing that Ad E3-14.7K is
involved in the transport of virus across the cytoplasm during
viral entry is that this virally encoded protein is not a structural
component of the virion. Ad E3-14.7K is synthesized only after
entry of the viral DNA into the nucleus, viral mRNA transcrip-
tion, and subsequent translation. Unless viral entry during nat-
ural infections can be sequential over 10 to 12 h (25), it is
unlikely that Ad E3-14.7K plays a functional role in viral entry
or transport across the cytoplasm. However, during exit of the
virus from its assembly site in the nucleus, Ad E3-14.7K may
function, perhaps together with the ADP (adenovirus death
protein), another E3 protein that has been implicated in the
exit of the virus from the nucleus and viral spread (26). Alter-
natively, Ad E3-14.7K may function in the cytoplasm-nucleus-
shuttling of the myriad of viral macromolecules that undergo
intracellular migration during viral infection. Some of these
steps are virus specific, such as the exit of viral mRNA from the
nucleus; however, the retention of host mRNA in the nucleus
during the late phase of the adenovirus cycle has been reported
to be a function of adenovirus E1 and E4 (23).

The association of Ad E3-14.7K, an LMW GTPase and the
LC of dynein brings together a number of molecules that could
control the formation of the microtubule spindle and centro-
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somes, which are important in mitosis. Indeed, the net effect of
adenovirus infection in human cells is the inhibition of mitosis,
although there are a number of adenovirus early gene prod-
ucts, primarily from E-1 (E1A and E1B), which promote entry
of the cells into the S phase (9, 22).

The functional significance of our finding that Ad E3-14.7K
can be complexed with dynein is still unknown, although we
hypothesize that it is one step in the mechanism of action of Ad
E3-14.7K. It is also possible that the FIP-1-GIP-1/TCTELI1
complex may be involved in transporting the Ad E3-14.7K
protein itself to its destined site of action, or in mediating
signals initiated by Ad E3-14.7K in its role as an inhibitor of
TNF-a-induced cell death. We have shown that Ad E3-14.7K
is capable of inhibiting cell death induced by a number of
molecules on the TNF-a-induced cell signaling pathway (13,
14). These molecules include the TNF-a receptor, RIP, and a
recently isolated protein (FIP-3/IKKry), all of which can induce
cell death after transfection (13). However, overexpression of
GIP-1/TCTEL1 did not cause cell death, nor did it counteract
the effect of RIP, a mediator of cell death, suggesting that the
Ad E3-14.7K protein may have an additional role other than as
a modulator of TNF-a cytolysis.
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