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FLAGELLAR GROWTH

Boarder control on the

IFT train

New details are revealed about the system that transports proteins

to the tip of flagella during growth.

CECILE FORT AND PHILIPPE BASTIN
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Image Immunofluoresence image of a
wild-type green alga showing (in red)
proteins inside both flagella

ilia and flagella are cylindrical organelles

that are present at the surface of many

eukaryotic cells, where they detect changes
in the local environment and—when they beat—
help the cells to move. An individual cilium or
flagellum grows by adding new protein subunits
to its tip, using a special mechanism to move
proteins from the body of the cell to the tip of the
organelle.

Intraflagellar transport, or IFT, was discov-
ered by Joel Rosenbaum and co-workers at Yale
University twenty years ago while they were
studying the green alga Chlamydomonas, which
is a classic model for flagellum studies (Kozminski
et al., 1993). In this form of transport, complexes
containing about 20 IFT proteins are moved from
the base to the tip of the flagella, and are then
recycled back towards the base. This movement
can be compared to trains travelling on microtu-
bule tracks. At the time, it was proposed that the
cargoes, or passengers, on the IFT ‘train’ are the
precursors of the axoneme that forms the core

of the flagellum (Figure 1A). This very reasonable
hypothesis is supported by the observation that
construction of the flagellum is inhibited if a sin-
gle IFT protein is missing (Pazour et al., 2000).

However, demonstrating the presence of pas-
sengers on IFT trains turned out to be very tricky.
IFT trains were purified from different organ-
isms, confirming that IFT proteins were tightly
bound together, but the presence of cargoes
could not be shown convincingly. This suggests
that association is transitory and cannot survive
biochemical purification. So are the passengers
hiding?

Now, in elLife, Hiroaki Ishikawa and Wallace
Marshall, both from the University of California,
San Francisco, and co-workers in the US, Japan
and Germany report on a new IFT protein called
IFT56 (also known as DYF13, TTC26B or PIFTC3)
that could deliver a specific set of proteins that
power the movement of flagella (Ishikawa et al.,
2014). IFT56 would therefore function as a train
conductor selecting particular proteins to board
the train (Figure 1B). This exciting proposal is
based on exhaustive analysis of cilia and flagella
in zebrafish and Chlamydomonas when IFT56
expression was prevented. A mutation leading
to the production of a severely truncated IFT56
protein did not interfere with train speed or fre-
quency, but resulted in the formation of slightly
shorter flagella with reduced motility. Proteomic
analyses revealed that these flagella contained
reduced amounts of several proteins associated
with the generation or control of flagellum beating.
Although the model is based on indirect evi-
dence, the recent report that cargo proteins
can finally be visualised (Wren et al., 2013) means
that it is now possible to test this hypothesis:
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Figure 1. How does the axoneme at the core of a
flagellum grow? (A) The precursor proteins that will
become part of the axoneme are loaded onto the

IFT trains. These trains are formed of tightly bound IFT
proteins (red and blue ovals) and are powered towards
the end of the flagellum by kinesin Il molecular motors.
The precursor proteins (orange, brown and green
circles) are randomly distributed within the IFT trains.
(B) According to the new findings by Ishikawa et al., a
protein called IFT56 (shown here as a black heptagon)
could function as a specific adaptor ensuring transport
of a limited but specific subset of axoneme compo-
nents (in this case, the green one).

in other words, we will be able to unmask the
passengers.

If IFT56 really acts as a conductor, how does
it function? Recent data indicate that only a
minority of the trains transport cargoes (Wren
et al., 2013), despite the presence of IFT56 on
all of them. So what controls loading? Is it simply
the availability of cargoes or are some proteins
marked in some way to indicate that they should
be sent to the flagellum? In other words, do pas-
sengers need tickets to gain access to the train?
This ticket could be a single post-translational
modification such as phosphorylation.
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The absence of IFT56 affects different organ-
isms in different ways. In protozoa called trypano-
somes, an absence of IFT56 causes flagella to go
missing (Absalon et al., 2008; Franklin and Ullu,
2010), but in zebrafish (Zhang et al., 2012) and
the green alga it only results in shorter flagella.
This absence could impact the stability or move-
ment of the IFT train. Perhaps in some species,
the conductor is also an engineer, assisting train
formation and function.

Alternatively, such a difference could reflect
how the stability of the flagellum depends on
the elements that power flagellar beating. For
example, in Leishmania, the cousins of trypano-
somes, a modification to the molecular motor
results in the construction of much shorter fla-
gella (Harder et al., 2010). This same modifica-
tion in Chlamydomonas does not have this effect
(Kamiya, 1988). In this case, the different pheno-
types would be due to the nature of the flagellum
itself-IFT56 and the IFT train would not play a
direct role in determining them.

Intriguingly, IFT56 is also associated with IFT
trains in immotile cilia that do not possess the
motility elements discussed above (Blacque et al.,
2005). This may seem to contradict the model
proposed by Ishikawa et al. but could be explained
by the conductor specialising to detect and trans-
port any cargoes that possess the same ticket. In
these conditions, IFT56 could ship very different
protein complexes providing a single recognition
element is shared between them.

Twenty years after the discovery of intraflagel-
lar transport, we are now getting the first insights
about putative cargoes. In the future, progress
in live imaging, functional genomics and better
understanding of the structure of IFT trains should
illuminate the mechanisms by which cargoes
are recognised, loaded and delivered to their
destination.
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