
Is the half-life of TBCE Δ52-55 
involved in Kenny-Caffey Syndrome?

García-Hevia L, Fanarraga ML, Zabala JC.
Departamento de Biología Molecular. Universidad de Cantabria, IFIMAV

Abstract
Microtubules are αβ-tubulin heterodimers that play an important role in a lot of cellular processes such

as cell motility, cell division and intracellular transport. Cofactor E (TBCE) is one of five proteins

involved in the pathway leading to correctly folded β-tubulin from folding intermediates, and also

involved in regulation of tubulin heterodimer dissociation. A deletion of 12 bp in the human TBCE gene

causes the Kenney-Caffey syndrome (KCS), a rare hereditary skeletal disease characterized by

dysmorphic features, severe growth retardation, and hypocalcemia with hypoparathyroidism at an early

age. Recent studies in our laboratory have lead us to conclude that the mutant TBCE protein is

functional and that this disease could result of an increased microtubule depolymerization activity. The

aim of this study is to quantify and compare the half-life of the wild type and mutant TBCE proteins.

Tubulin dimerization and dissociation

Introduction
Microtubules are fundamental cytoskeletal filaments assembled by αβ-tubulin subunits organized in a head to tail fashion. This fact confers
microtubules an intrinsic polarity where each microtubule end displays different dynamics, the minus end, where the α-tubulin is exposed, is less
dynamic than the plus end where the β-tubulin is exposed.
The assembly of the tubulin heterodimer is not trivial requiring the participation of several molecular chaperones, namely prefoldin, the cytosolic
chaperonin CCT, and a series of five tubulin-specific chaperones termed cofactors A–E (TBCA–E). TBCA and TBCD interact with β -tubulin, whereas
TBCB and TBCE interact with α–tubulin. TBCE and TBCD interact with each other, assembling a multimolecular complex that interacts with TBCC to
from a supercomplex that finally releases native tubulin heterodimers upon GTP hydrolysis (as shown in the figures). Tubulin cofactors were originally
implicated in the αβ-tubulin association process in vitro (Fanarraga et al., 2001) but they are now considered key players in the proteostasis of the
tubulin heterodimer through their intrinsic ability to dissociate α from β-tubulin (Lundin et al., 2010). Recent studies show that this cofactors are
involved in regulation of tubulin heterodimer dissociation (Kortazar et al., 2006), specifically TBCE interacts with TBCB for efficient tubuling
dissociation (Kortazar et al., 2007).
TBCE is ubiquitous protein (mostly expressed testis, brain and liver) required for tubulin biogenesis in vitro (Tian et al., 1997) and in vivo. TBCE is
necessary for mitotic progress in all eukaryotic cells being necessary for life. Indeed, mutations in the human TBCE gene lead to systemic disorders
such as the Sanjad-Sakati Syndrome, a devastating disorder characterized by congenital hypoparathyroidism, mental retardation, facial dysmorphism
and extreme growth failure (Parvari et a., 2002). Also, a deletion of 12bp in the second coding exon of TBCE is the cause of Kenny-Caffey syndrome
type 1 (KCS1), similar to Sanjad-Sakati Syndrome with additional features such as osteosclerosis and recurrent bacterial infections (Khan et al., 2007).
Furthermore, a single amino acid mutation in murine Cofactor E causes progressive motor neuronopathy in mice (Martin et al., 2002).

The TBCE gene is located on the long (q) arm of chromosome 1 at position 42.3. The product of this gene contains three functional domains: a
glycine-rich cytoskeleton-associated protein domain (CAP-Gly) that has been involved in tubulin binding, a series of leucine-rich repeats (LRR), and an
ubiquitin-like (UBL) domain; the latter two mediate protein-protein interactions (Parvari et al., 2002)
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Materials and Methods

The half-life of different proteins varies between a few minutes to days. Two methods are commonly used to determine a protein´s half-life, namely
cycloheximide chase and radioactive pulse-case.

Quantification of the TBCE half-life by cycloheximide treatment

Cycloheximide chase: three parallel cultures of HEK cells were grown in separate 100mm well plates. The protein biosynthesis inhibitor,
Cycloheximide, was added to a concentration of 30 µg/ml to block protein synthesis. After this treatment, equal number of cells were collected at 0,
24, and 36 hours. Cell lysates were prepared precipitating proteins while leaving behind in solution interfering substances such as detergents, salts,
lipids, phenolics and nucleic acids. The extracts were next analyzed by Western Blot.

Western blot analysis

Western blots were performed following standard procedures. Total protein extracts were measured by the Bradford assay. The primary Western blot
antibody was anti-TBCE, and the secondary antibody was an anti-rabbit peroxidase conjugate. The immunoreaction was revealed by ECL detection.
Western blot signals were quantified using ImageJ software.

Cell inmunocytochemistry and transfections

HeLa cells were transfected using X-treme Gene® following the manufacturer´s instructions. Cells were fixed with 4% paraformaldehyde at different
time points after transfection. The primary antibodies used were Rabbit anti-TBCE raised in our laboratory, and mouse B512 (anti-alpha-tubulin);
secondary antibodies were anti-rabbit Alexa 488 or Alexa 647, and anti-mouse Cy3. Nuclei were stained with Hoechst. In order to detect minimal
expression levels cells were also transfected with YFP-Hs TBCE at short post-transfection periods. Cells were analyzed and photographed by confocal
microscopy.

Radioactive pulse-chase

The protein of interest is first radio-labeled over a brief period (the pulse) with 35S methionine,
in order to measure radioactivity decay over time. HeLa cells were transfected with a plasmid
expressing TBCE and are next incubated for 5 hours. One hour later 35S methionine were added
to the cells, and it were incubated at 37ºC for different times. Then cells were washed and had
added medium with methionine and cysteine, and were next incubated at different times.
Rotated the microcentrifuge tube containing cells extracts with special buffer and the final
protein concentration quantified by Bradford assay.

In order to optimize the radioactive immunoprecipitation technique we first performed the
experiment on in vitro translated TBCE. For this purpose we used an in vitro coupled
transcription and translation kit where proteins are synthesized in cell-free extracts. The
procedure is as illustrated in the figure.
Phosphorimager
Radio-labeled protein extracts are loaded on a SDS-PAGE and results were analyzed and
quantified using a phosphorimager system that is a quantitative imaging device that uses
storage phosphor technology that is more accurate than x-ray film.
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Future research

- Measurement of the wt-TBCE and mutant TBCE proteins half-life by metabolic labeling.

- Evaluation of microtubule destruction by wild type TBCE and mutant TBCE at parallel post-transfection times.

- Analysis of different posttranslational modifications in the TBCE polypeptide that could modify the protein half-life.

- TBCE partner isolation using immunoprecipitation protocols followed by mass spectrometry identification of interacting proteins.

- TBCE depletion by RNAi and phenotype study.

- TBCE replacement by mutant TBCE after depletion by RNAi, and phenotype study.

Conclusions

- YFP-TBCE is first detected 6 hours post-transfection. At this time point the TBCE signal is cytoplasmic diffuse and microtubule
destruction is already evident. Occasional cells bearing no microtubules are also observed.

- TBCE protein has a long half-life in the cell, about 36 hours.

- We used two antisera produced in our laboratory from rabbits immunized against the full length protein. One of them didn't work on
Western blots or immunoprecipitation.

- This study has served to identify ideal conditions of buffer, temperature and incubation times for immunoprecipitation.

- The specificity of this binding was tested by incubation of Dynabeads® with the preimmune rabbit serum. This incubation pulled no
TBCE protein into the gel.

Results

Cell biology of TBCE

Determination of TBCE half-life by cycloheximide treatment.
A.

B.

Immunoprecipitation of TBCE with polyclonal antibodies

A. B.

A. TBCE decay induced by cycloheximide chase in total protein cell extracts
treated for 0, 24 and 36 hours. The single immunostained band of 60 kDa
corresponding to TBCE shows a progressive depletion at these time points.

B. Quantification of the above Western blot image performed with ImageJ to
calculate the TBCE half-life*. According to this, TBCE half-life is ≈ 36h

(*) The half-life of a protein is defined as the time it takes for the protein to
be reduced by 50% relative to the level at the beginning of the chase.

Antibody-antigen complexes were
incubated under different conditions
of buffer, temperature, time and
serum concentration.

A. SDS-PAGE gel. Stained with
Coomasie Blue.

B. Fluorography immunoprecipitations
TBCE is present in all lines were
antiTBCE immune serum was used.

Inmunoprecipitation
Sample of the cells was lysed and immunoprecipitated with an anti-TBCE antibodies produced in
our laboratory against the full-lengh protein. We use protein A bound magnetic beads
(Dynabeads®) to capture immune complexes and remove them from the supernatant by magnetic
separation. The procedure can be divided in three steps: sample preparation, immunoprecipitation,
and elution. The anti-TBCE serum was first incubated with the cell lysate with different conditions
(NP-40, RIPA buffer, Triton-X-100) at different times and temperatures, to form an antibody-antigen
complex. The complex was captured by adding Dynabeads® to the sample, followed by magnetic
separation. The Dynabead®-antibody-antigen complexes were next resuspended in elution buffer
and incubated at 70ºC. Then, tubes were placed on a magnet to remove the beads. Supernatant
was next loaded onto a SDS-PAGE gel.

YFP-TBCE is detectable as soon as 6 hour post-
trasfection. Some of the overexpressing cells exhibit
microtubule destruction at this post-transfection time.

The expression of wild type TBCE can lead to the complete
destruction of the microtubules in HeLa cells (20 hour post-
transfection)

TBCE is detectable in neonate murine neurons Subcellular redistribution of TBCE during the HeLa cell cycle 

Primary culture of murine
neonate neurons cultured
for 30 days. This confocal
images shows how TBCE is
distributed mostly at the
cell cytoplasm of these
neurons.


