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Abstract
Intraflagellar transport (IFT) is a microtubule based system that supports the assembly and
maintenance of cilia. Genetic and biochemical studies have identified two distinct complexes
containing multiple proteins that are part of the IFT machinery. In this study we prepared mouse
pituitary cells that expressed an epitope-tagged IFT protein and immuno-purified the IFT B
complex from these cells. Mass spectrometry analysis of the isolated complex led to identification
of a number of well known components of the IFT B complex. In addition, peptides corresponding
to mouse tetratricopeptide repeat proteins, TTC30A1, TTC30A2 and TTC30B were identified.
The mouse Ttc30A1, Ttc30A2, Ttc30B genes are orthologs of Caenorhabditis elegans dyf-1,
which is required for assembly of the distal segment of the cilia. We used co-immunoprecipitation
studies to provide evidence that, TTC30A1, TTC30A2 or TTC30B can be incorporated into a
complex with a known IFT B protein, IFT52. We also found that TTC30B can interact with mouse
KIF17, a kinesin which participates in IFT. In vitro expression in a cell-free system followed by
co-immunoprecipitation also provided evidence that TTC30B can directly interact with several
different IFT B complex proteins. The findings support the view that mouse TTC30A1, TTC30A2
and TTC30B can contribute to the IFT B complex, likely through interactions with multiple IFT
proteins and also suggest a possible link to the molecular motor, KIF17 to support transport of
cargo during IFT.
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Introducton
Because of the important role of cilia and flagella in a number of developmental and
physiological processes, the assembly and maintenance of cilia by intraflagellar transport
(IFT) has been the subject of intensive study. IFT is a microtubule-based process which
moves particles along the length of a cilium. Two large protein complexes designated IFT A
and IFT B have been extensively characterized [1, 2]. Movement of these IFT complexes
and cargo towards the cilia tip is mediated by kinesin II motors and retrograde movement
towards the basal body is mediated by dynein motor proteins. It is clear that the IFT
machinery is highly conserved from unicellular eucaryotes through most metazoans with the
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exception of terrestrial plants. Defects in IFT have been found to lead to severe phenotypes
and human disease [3, 4].

Several different experimental systems have been very useful for studying IFT. The process
of IFT was first identified in the green alga, Chlamydomonas reinhardtii, [5]. Mass
spectrometry studies of purified Chlamydomonas flagella have allowed determination of the
flagellar proteome [6]. Genetic studies of mutations that alter flagella in Chlamydomonas or
that affect sensory cilia in Caenorhabditis elegans have provided initial evidence that IFT
proteins are conserved between a metazoan nematode and a unicellular alga [7]. Studies of
mammalian cells and organs have shown that IFT is required for forming the primary cilia
of kidney cells and that IFT mutations lead to polycystic kidney disease [8]. As variations in
IFT are probably required to support the generation of structurally and functionally diverse
cilia [9] it is likely that the IFT cargo and perhaps even the IFT machinery varies in different
cells and tissues. To further explore the possibility of tissue- or cell-specific variations in
IFT it would be useful to further characterize the IFT machinery in a variety of cells and
tissues.

In the present study we have characterized proteins of the IFT complex from the αT3-1
pituitary gonadotrope cell line by preparing cells expressing a tagged component of the IFT
machinery as a tool to immunochemical purification of an IFT complex.

Methods
Reagents and cell culture

AU1 monoclonal antibody was purchased from Covance and FLAG monoclonal from
Sigma. The S219V mutant of TEV protease which has increased stability and catalytic
activity was expressed in E. coli and purified as described [10]. The αT3-1 gonadotrope
pituitary cell line (American Type Culture Collection) was cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with 2.5% fetal bovine serum and 15% equine
serum. GP2-293 cells (Clontech) were cultured in DMEM containing 10% fetal bovine
serum.

A number of different expression vectors were constructed for the studies. An expression
vector for mouse IFT57 tagged with two different epitopes (FLAG and AU1) was used to
prepare cells stably expressing the tagged IFT57. This vector was prepared by PCR
amplification of the IFT57 coding sequence using single-stranded cDNA that was prepared
from RNA from the αT3-1 pituitary cell line. The IFT57 coding sequence was fused to
synthetic DNA containing the coding sequence for the calmodulin binding domain from
muscle myosin light-chain kinase [11], an epitope recognized by the FLAG antibody, two
copies of the recognition/cleavage sequence for the TEV protease and two copies of the
epitope recognized by the AU-1 antibody (Fig. 1A, B). The tagged-IFT57 coding sequence
was confirmed as correct by sequence analysis and then inserted into XhoI and BamHI sites
of the pLXIN retoviral vector (Clontech). For transient transfection and co-
immunoprecipation studies, expression vectors for proteins with a single epitope tag were
prepared. The coding sequence for mouse mouse TTC30A1, TTC30A2, TTC30B were
prepared by PCR amplication from single-stranded cDNA from αT3-1 cells and fused to
synthetic DNA encoding an epitope tag (DTYRYI) recognized by the AU1 monoclonal
antibody and inserted into the pcDNA3 mammalian expression vector. Similarly the coding
sequence for mouse IFT52 and IFT57 were also prepared by PCR, fused to the FLAG
epitope and inserted into pcDNA3. An expression vector for a short form of mouse KIF17,
GenBank BAE43328, was prepared by PCR amplification of the coding sequence which
was fused to the HA epitope (YPYDVPDYA) recognized by the 12CA5 monoclonal
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antibody and then inserted into pcDNA3. All coding sequences used for preparing
expression vectors were confirmed by automated DNA sequencing.

Preparation of αT3-1 cells stably expressing tagged-IFT57
High-titer pantropic retrovirus for the FLAG-AU1-tagged-IFT57 in pLXIN was prepared
using the GP2-293 packing cell line and VSV-G pseudotyped using recommended protocols
(Clontech). αT3-1 cells were infected with the retroviral preparation and stably transduced
cells selected using G418 (Invitrogen).

Transient transfections
Human embryonic kidney 293 cells (HEK293) were maintained in DMEM containing 10%
fetal bovine serum. Cells were transfected with a total of 2 μg DNA and 5 μl of
Lipofectamine 2000 (Invitrogen, Inc.) in 35 mm well plates, or 0.8 μg DNA and 2 μl
Lipofectamine 2000 in 22 mm well plates using a protocol provided by the supplier. Total
amount of DNA for each transfection was maintained constant by adding empty expression
vector as needed.

Immunoprecipitations, and immunoblotting
Cells were scraped from the culture dishes in phosphate buffered saline and pelleted in a
microfuge. The cells were resuspended in 100 mM sodium phosphate, pH 7.8, with 0.1%
NP-40 and disrupted by 4 freeze-thaw cycles. After centrifugation at 10,000 × g for 5 min at
4° C, the supernatant was saved as a whole cell extract. Cell extracts were adjusted to
contain 0.1% Tween-20. For small scale, analytical studies, cell extracts containing equal
amounts of total protein were combined with 15 μl of a 50% slurry of anti-FLAG agarose
(Sigma) or rabbit anti-AU1 serum and protein A/G agarose (Santa Cruz). The
immunoprecipitation mixtures were rotated for 2 h at 4° C and the agarose bound antibodies
were collected by centrifugation. The agarose beads were then washed 3 times with 1 ml
each of 10 mM Tris, pH 7.4, 150 mM NaCl, 0.1 % Tween-20, 0.1% Triton X-100. Proteins
bound to the agarose beads were then analyzed by electrophoresis on a denaturing,
polyacrylamide gel. For immunoblotting, proteins were transferred to polyvinylidene
difluoride membranes (Millipore). Blocking reactions, incubation with a 1:5,000 dilution of
antiserum to FLAG, incubation with a 1:10,000 dilution of horseradish peroxidase-
conjugated goat anti-rabbit or anti-mouse antibody (Santa Cruz) and incubation with
chemiluminescent reagent (Perkin Elmer Western Lightening Plus-ECL) were all performed
as suggested by the suppliers.

For preparative scale immunoprecipitation of the IFT complex to be used for mass
spectrometry studies, cell extracts were prepared from 2 each 15 cm culture dishes and the
cell extracts were first absorbed to a resin containing immobilized AU1 monoclonal
antibody (Bethyl Laboratories) and then eluted by incubating with TEV protease using
digestion conditions as described [10]. The eluate was then further purified by absorption to
a resin containing immobilized FLAG monoclonal antibody.

Mass spectrometry of immunoprecipitated proteins
Immunoprecipitated proteins were resolved by one dimensional, denaturing polyacrylamide
gel electrophoresis. The gel was stained with Coomassie Brilliant Blue R250 and individual
bands were cut from the gel using a 2DiDx sample preparation robot (Leap Technologies).
Gel slices were destained in two changes of 100 mM ammonium bicarbonate in 30%
methanol, dried with neat acetonitrile, reduced with 10 mM DTT, and alkylated with 50 mM
iodoacetamide. After washing and drying, approximately 100 ng of sequencing grade trypsin
in 20 mM ammonium bicarbonate was added to each sample followed by incubation
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overnight at 37°C. Peptides were precipitated by addition of 10 μl of 1% formic acid and
collected by centrifugation. Gel slices were further extracted with two additions each of 50%
and 70% acetonitrile. Peptide extracts were brought to near dryness before being
resuspended in 10 μl of 0.1% formic acid in preparation for MS/MS. Tandem mass
spectrometry data were collected using a Qstar XL hybrid time-of-flight mass spectrometer
(Applied Biosystems) under the following conditions: spray voltage 1800-1900 V; TOF-MS
scan m/z 400-1600, 0.5 s; TOF-MS/MS scan m/z 50-2000, 2.0 and 90 s exclusion; data-
dependent product ion acquisition of the three most abundant +2 and +3 ions from the TOF-
MS scan. Monoisotopic masses for data base searching were generated using Distiller
(Matrix Science) and submitted to X!Tandem for protein identification. Masses were
searched against the mouse International Protein Index.

Results and discussion
To isolate the IFT complex from a mouse pituitary cell line, we prepared a modified coding
sequence for IFT57, also known as Hippi, a component of the IFT B complex [2]. The
IFT57 coding sequence was altered by addition of two AU1 epitopes, two tobacco etch virus
(TEV) protease cleavage sites, a FLAG epitope and a calmodulin binding domain to the
carboxy terminus of the coding sequence (Fig 1A,B). The AU1 and FLAG epitopes permit
immunopurification using commercially available, immobilized antibodies. The TEV
protease site allows selective and efficient elution of a protein bound to an immuno-
absorbent and therefore also provides a quite useful purification step. The calmodulin
binding domain could provide another purification step, but was not utilized in these studies.
The tagged-IFT57 coding sequence was used to produce a retroviral vector which was used
to infect the mouse αT3-1 pituitary gonadotrope cell line. Stably tranduced cells were
selected with G418 and individual colonies were expanded for analysis of the expression of
the tagged-IFT57. Cell extracts were prepared and expression of the tagged-IFT57 was
identified by denaturing gel electrophoresis followed by immunoblotting with a monoclonal
FLAG antibody. A cell line that expressed tagged-IFT57 at an intermediate level was
selected for further study (data not shown). To determine if the tagged-IFT57 associates
with a known member of the IFT complex B in αT3-1 pituitary cells, we tested for co-
immunoprecipitation with endogenous IFT172 (Fig. 2C). IFT172 is another component of
the complex B, although presumably it has lower affinity than most complex B proteins as
IFT172 dissociates from the complex at modestly elevated salt concentrations [7]. As
expected, FLAG antibody detected a strong band with the appropriate mobility for the
tagged-IFT57 only in cell extracts from the transduced cells expressing the tagged protein
and not from the control cells (Fig. 1C, lane 2 vs lane 1). Also as expected, both extracts
contained IFT172 in similar amounts (Fig. 1C). Following immunoprecipitation of the
tagged IFT57 with FLAG antibody, immuno-detection of IFT172 was observed only with
the sample from the tagged-IFT57 cells, not the control cells. Therefore, it appeared that the
tagged-IFT57 was capable of incorporation into a complex that includes IFT172, an
endogenous IFT complex B protein.

To identify other proteins that are a component of the IFT complex in mouse pituitary cells,
control cells and cells expressing the tagged-IFT57 were grown in large scale. Cell pellets
were extracted with a detergent-containing buffer. Extracts were absorbed to a resin
containing immobilized AU1 monoclonal antibody and then eluted by incubating with TEV
protease. The eluate was then further purified by absorption to a resin containing
immobilized FLAG monoclonal antibody. Bound proteins were resolved on a denaturing
polyacrylamide gradient gel (Fig. 1D). Stained bands that were selectively isolated from
cells expressing tagged-IFT57 as compared to controls cells were analyzed by protease
digestion/elution and mass spectrometry. Analysis of the mass spectrometry data indentified
several known IFT complex B proteins including IFT57, IFT74, IFT80, IFT81 and IFT88. In
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addition, an approximately 70 kDa protein was found to contain peptides
QHPELGVGMTTEGIDVR, AAIEYQLR, LNVAHVLFMQENK, EAIGFYEPIVK,
GNYDFGISR and NIPAVIEQPLEEER which correspond to isoforms of murine
tetratricopeptide repeat protein 30 (TTC30). Although the genomes of a number of
vertebrate species have genes encoding two TTC30 isoforms, the mouse genome contains
genes encoding three isoforms, TTC30A1, TTC30A2 and TTC30B. The three TTC30
encoding genes are located adjacent to each other on chromosome 2 and encode closely
related proteins (each encodes 664 amino acid proteins which are 94-95% identical to each
other). Of the six peptides identified for TTC30 isoforms, five of the peptides are common
to all three isoforms. The other peptide, NIPAVIEQPLEEER, is found in both TTC30A2
and TTC30B, but is not contained in TTC30A1. This data suggests that the IFT B complex
in mouse αT3-1 cells contains TTC30A2 and/or TTC30B and may also contain TTC30A1.

The Caenorhabditis elegans ortholog of the mouse Ttc30 genes is dyf-1 which is thought to
regulate the kinesin-II motor protein, OSM-3, possibly involving an interaction with the IFT
complex B [12, 13]. Subsequent biochemical studies have provided evidence that DYF-1 is
a stable component of the IFT complex B [14, 15]. Knockdown of Chlamydomonas DYF-1
was found to greatly shorten flagella. These observations provide evidence that DYF-1 is a
component of the IFT complex B and it is required for normal assembly of flagella.
Therefore, as a functional component of the IFT B complex, DYF-1 has been designated
IFT70 [14]. Interestingly, the Zebrafish ortholog of dyf-1 is fleer [16]. Loss of function
studies have shown that both Zebrafish fleer and Caenorhabditis elegans dyf-1 function as
regulators of cilia tubulin polyglutamylation [16]. There is also evidence that mouse TTC30
has a role in IFT. Immunoprecipitation studies have shown that mouse TTC30A1 can
contribute to the IFT B complex in murine kidney cells [17]. Mouse TTC30A1 was also
identified in an informatics screen of genes that are highly expressed in tissues with highly
ciliated cells such as olfactory sensory neurons, trachea and lung [18]. Although there is
evidence that TTC30A1 can be incorporated into the IFT B complex, a possible role for
TTC30A2 and TTC30B in the complex has not been tested.

To determine if TTC30A2 or TTC30B can interact with a known component of the IFT B
complex, expression vectors were prepared for AU1-tagged TTC30A1, TTC30A2 and
TTC30B and used to transfect HEK293 cells in the presence or absence of an expression
vector for FLAG-IFT52. All three TTC30 isoforms were detected in the input cell extract,
although interestingly TTC30A2 and TTC30B were expressed at considerably higher levels
than TTC30A1 (Fig. 2A). All three TTC30 isoforms were also detected in co-
immunoprecipitates with IFT52 (Fig 2C). Although TTC30A1 was expressed at much lower
levels than TTC30A2 and TTC30B, it was quite efficiently enriched by
immunoprecipitation of IFT52 (Fig 2D). The poor expression and efficient co-
immunoprecipitation of TTC30A1 with IFT52 were confirmed in several experiments (data
not shown) suggesting that TTC30A1 may have a higher affinity for components of the IFT
B complex than TTC30A2 and TTC30B. Alternatively, the subcellular location of
TTC30A1 may facilitate incorporation into the IFT B complex. In any case, these findings
provide evidence that TTC30A1, TTC30A2 and TTC30B can participate in a complex
containing IFT52 and are consistent with a possible role for all three mouse TTC30 isoforms
as components of the IFT complex B.

To test the possible interaction of TTC30B with individual members of the IFT B complex,
epitope-tagged proteins were expressed using an in vitro, cell-free, mRNA translation
system from wheat germ. We used the wheat germ system for protein expression as
flowering plants, angiosperms, do not have cilia [19, 20]. Our initial assumption was that
wheat germ extracts would not contain IFT proteins and therefore we could test for binary
interactions of the expressed proteins without the complication of possible interactions with
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an endogenous IFT complex in the extract. However, there is evidence that at least some
ciliary proteins are conserved in plants that have no cilia [19]. Therefore, we cannot totally
exclude possible involvement of a conserved wheat germ ciliary protein in any complexes
that are formed in the wheat germ extract. We observed co-immunoprecipitation of TTC30B
with each of the tested IFT proteins, except IFT74. These findings are consistent with
previous studies providing evidence that Chlamydomonas DYF-1 can bind directly to IFT46
[14] and IFT52 [15]. Based on the present immunoprecipitation studies, it is possible that
TTC30B may also directly interact with IFT27, IFT57, IFT80, IFT81 and IFT88. However,
as indicated above, it remains possible that some of the interactions may be mediated by
conserved ciliary proteins or other proteins in wheat germ extracts. While it is surprising to
find that TTC30B appears to directly interact with multiple proteins in the IFT B complex,
analysis of the domain composition of IFT proteins has indicated that many IFT proteins
contain multiple protein-protein interaction domains [21]. In view of this, it is conceivable
that a single component of the IFT complex could interact with multiple proteins. Indeed,
biochemical studies have provided evidence for multiple, direct interactions between several
IFT proteins [15, 22, 23]. Further studies using purified proteins as well as mutation of
individual protein interaction domains will be required to further assess the interaction of
TTC30B with individual proteins of the IFT B complex.

We also explored possible interaction of murine TTC30B with the kinesin, KIF17, a kinesin
that plays a role in IFT. In Caenorhabditis elegans, two different kinesin motors contribute
to anterograde intraflagellar transport in sensory cilia [24]. Mutation of one of these
kinesins, OSM-3, has the same phenotype as mutation of DYF-1 [12]. Although DYF-1
does not appear to be required for the localization of OSM-3 to sensory cilia, it seems to be
required for the function of OSM-3. DYF-1 may function as an adapter protein to link to
cargo to be delivered to the distal regions of cilia. The present and previous findings
[17]provide evidence that mouse TTC30 isoforms have properties similar to DYF-1. As
KIF17, the vertebrate homologue of OSM-3, has been shown to play a role in intraflagellar
transport [25, 26], we sought to test for a possible formation of a complex containing both
KIF17 and TTC30B. In mice, alternative splicing generates several different isoforms of
KIF17. Mouse KIF17 isoform 1 contains 1038 amino acids while a shorter isoform contains
511 amino acids. The first 462 amino acids of these two murine KIF17 isoforms are
identical and contain the complete motor domain of the protein. Based on studies of KIF17
truncations [27], the short form of mouse KIF17 is predicted to form dimers and to bind
microtubules. In preliminary studies the short form of KIF17 was well expressed, but
difficulty was encountered in obtaining adequate expression of the long form of KIF17.
Therefore we focused attention on characterizing the interaction of IFT proteins with the
short form of KIF-17. HEK 293 cells were transfected with expression vectors for AU1-
TTC30B, HA-KIF17, and either FLAG-IFT52 or FLAG-IFT57. Use of monoclonal anti-
FLAG antibody to isolate FLAG-IFT52 or FLAG-IFT57 led to co-immunoprecipitation of
AU1-TTC30B (Fig. 4B) and HA-KIF7 (Fig 4,D). The co-expression of TTC30B with KIF17
does not significantly reduce the amount of either protein co-immunoprecipitating with
IFT52 or IFT57 (Fig. 4B & 4D). The observation that TTC30B does not compete with
KIF17 for formation of a complex with IFT52 or IFT57 is consistent with the possible
presence of all of the proteins in the same complex, likely the IFT B complex.

Conclusions
In summary, we used immunopurification to isolate the IFT B complex from mouse
pituitary cells. Using mass spectrometry, we identified peptides corresponding to the
tetratricopeptide repeat-containing proteins, TTCA30A1, TTC30A2 and TTC30B. A
previous study found that TTC30A1 can interact with a known IFT protein [17]. The present
findings provide evidence that TTC30A2 and TTC30B can also be incorporated into a
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complex with known IFT B complex proteins. Immunoprecipitation of proteins produced in
a cell-free system also showed that TTC30B appears to be able to interact with IFT27,
IFT46, IFT52, IFT57, IFT80, IFT81 and IFT88. Interestingly, the present studies also
demonstrate that mouse TTC30B can be incorporated in a complex with the kinesin motor,
KIF17, consistent with a possible functional interaction in cargo transport as has been
suggested by studies in C. elegans [24]. Thus the studies contribute to further understanding
of the protein complexes that support the essential process of intraflagellar transport.
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IFT intraflagellar transport

TEV tobacco etch virus

PCR polymerase chain reaction

MS mass spectrometry

TPR tetratricopeptide repeat
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Highlights

• An intraflagellar transport (IFT) complex was purified from mouse pituitary
cells.

• The complex contained tetratricopeptide repeat protein 30 isoforms.

• TTC30A1, TTC30A2 and TTC30B were found to enter into the IFT B complex.

• In vitro, TTC30B was found to interact with several IFT proteins.

• TTC30B was found to co-immunoprecipitate with the kinesin, KIF17.
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Figure 1. Expression of tagged mouse IFT57 to isolate an IFT complex from mouse pituitary
cells
(A) Organization of the coding sequence of tagged mouse IFT57. The mouse IFT57 coding
sequence was modified so that a calmodulin binding domain (CalB), an epitope recognized
by the FLAG antibody (FLAG), 2 recognition/cleavage sites for the TEV protease (2xTEV)
and 2 epitopes recognized by the AU1 antibody were added to the caroboxy-terminus of the
protein. (B) Coding sequence for tagged IFT57. The first 3 amino acids and the last three
amino acids of IFT57 are shown (upper case), and the sequence added to the carboxy-
terminus of the protein is shown (lower case). The calmodulin binding domain, FLAG
epitope, TEV recognition/cleavage sites and AU1 epitopes of the carboxy-terminal tag are
indicated by underlines. (C) Expression of tagged IFT57 in the αT3-1 pituitary cell line.
Cell extracts were prepared from either control αT3-1 cell or αT3-1 cells stably expressing
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tagged IFT57. Cell extracts were resolved by denaturing polyacrylamide gel electrophoresis,
transferred to a membrane and then incubated with FLAG antiserum to detect input-tagged
IFT57 or with antiserum to IFT172 to detect endogenous IFT172. To assay for formation of
an IFT complex, the tagged-IFT57 was isolated by immunoprecipitation with FLAG
monoclonal antibody and the immunoprecipitate was analyzed by gel electrophoresis and
immunoblotting with antibody to IFT172 to detect co-immunoprecipitated IFT172. (D)
Identification of proteins interacting with tagged IFT57 in pituitary cells. Whole cell extracts
were prepared from control αT3-1 cells or αT3-1 cells expressing tagged IFT57. The cell
extracts were incubated with AUI antibody immobilized on agarose beads. After washing of
the beads, the bound proteins were eluted by digestion with TEV protease and the eluate
incubated with FLAG antibodies immobilized on agarose beads. After washing, bound
proteins were eluted with FLAG peptide and resolved by denaturing polyacrylamide gel
electrophoresis followed by staining with Coomassie brilliant blue R250. Stained bands that
appeared to be substantially more intense in the sample from the tagged IFT57 cells were cut
from the gel and subject to trypsin digestion and mass spectrometry. Several known IFT
proteins were identified (labeled to the right of the gel lanes) and one 70 kDa protein. Some
bands were not determined (n.d.).
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Figure 2. The tetratricopeptide repeat-containing proteins TTC30A1, TTC30A2 and TTC30B
interact with IFT52
(A) HEK293 cells were transfected with expression vectors for AU1-TTC30A1, AU1-
TTC30A2 or AU1-TTC30B and FLAG tagged-IFT52 as indicated. At 20 hours after
transfection, whole cell extracts were prepared. (A) Samples were analyzed by denaturing
gel electrophoresis and immunoblotting with antibody to AU1 to detect the input expression
of the tagged-TTC30 isoforms. A non-specific band was detected in all lanes. (B) Input
expression of FLAG-IFT52 was detected by immunoblotting with FLAG monoclonal
antibody. (C) To detect interaction of AU-tagged TTC30 isoforms with IFT52, FLAG-
tagged proteins were isolated by immunoprecipitation with FLAG antibody and the
immunoprecipitate was analyzed by gel electrophoresis and immunoblotting with AU1
antibody to detect co-immunoprecipitated AU1-TTC30A1, AU1-TTC30A2 or AU1-
TTC30B. (D) Imunoblotting of cell extracts with antibody to ERK-1 as a loading control.
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Figure 3. Interaction of TTC30B with multiple IFT proteins in a cell-free, in vitro system
Coding sequences for tagged proteins were prepared by PCR and fused to a promoter for
bacteriophage SP6 polymerase. The promoter-tagged protein DNA was used to direct
protein synthesis in a cell-free coupled transcription-translation system from wheat germ.
The in vitro reactions contained either coding sequences for AU1-tagged TTC30B or
FLAG-tagged IFT protein as indicated. (A) To analyze protein expression, aliquots of the in
vitro reactions were resolved by denaturing gel electrophoresis and immunoblotting with
antibody to FLAG to detect the input expression of IFT proteins or with AU1 antibody to
detect input expression of TTC30B. non-specific band was detected in all lanes and serves
as a loading control. (B) To detect interaction of TTC30B with IFT proteins, FLAG-tagged
IFT proteins were isolated by immunoprecipitation with FLAG antibody and the
immunoprecipitate was analyzed by gel electrophoresis and immunoblotting with AU1
antibody to detect co-immunoprecipitate, AU1-tagged-TTC30B.
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Figure 4. Interaction of TTC30B and KIF17 with IFT52 and IFT57 in cells
(A) HEK293 cells were transfected with expression vectors for AU1-tagged TTC30B or
HA-tagged KIF17 and FLAG tagged-IFT52 or FLAG-tagged IFT57 as indicated. At 20
hours after transfection, whole cell extracts were prepared. (A) Samples were analyzed by
denaturing gel electrophoresis and immunoblotting with antibody to AU1 to detect the input
expression of TTC30B. (B) To detect interaction of TTC30B with IFT52 or IFT57, FLAG-
tagged proteins were isolated by immunoprecipitation with FLAG antibody and the
immunoprecipitate was analyzed by gel electrophoresis and immunoblotting with AU1
antibody to detect co-immunoprecipitated AU1-TTC30B. (C) Input expression of HA-
KIF17 was detected by gel electrophoresis and immunoblotting with HA antibody. (D)
Interaction of KIF17 with the IFT complex was analyzed by immunoprecipitation with
FLAG antibody and the immunoprecipitate was analyzed by gel electrophoresis and
immunoblotting with HA antibody to detect co-immunoprecipitated HA-KIF17.
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