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Aspergillus nidulans undergoes polarized hyphal growth during
the majority of its life cycle. Regulatory mechanisms for hyphal
polarity have been intensively investigated in a variety of fila-
mentous fungi. Two important cellular processes, which have
received recent attention, include protein myristoylation and
endocytosis. It is clear that protein myristoylation is essential for
polarity establishment because germinating A. nidulans conidia
lost polarity in the presence of cerulenin, a lipid metabolism
inhibitor and in an N-myristoyl transferase mutant background.
Only 41 predicted proteins encoded by A. nidulans posses an
N-myristoylation motif, one of which is ADP ribosylation factor B
(ArfB). Disruption of ArfB leads to failure of polarity establishment
and maintenance during early morphogenesis and in a delay in
endocytosis. Therefore, ArfB connects N-myristoylation and endo-
cytosis to polarized growth. Exocytotic vesicle trafficking through
the Spitzenkérper may also require Arf proteins in their role in
vesicle formation. Taken together, ArfB is one of the important key
components for the fungal hyphal growth.

Filamentous fungi serve as a model system for polarized growth
since they display an extensive hyphal growth phase during the
majority of their life cycle. For these organisms, conidia (asexual
spores) initially establish polarity to send a germ tube during germi-
nation. Polarization of the cell is maintained as hyphae elongate
at their apex to make a complex mycelium (reviewed in ref. 1).
In this commentary, we describe how vesicle trafficking to the
Spitzenkérper, endocytosis, and N-myristoylation are involved in
fungal hyphal polarity in a model organism, Aspergillus nidulans
and discuss the role of ArfB in linking these mechanisms to this
developmental pattern together.
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N-myristoyl transferase (NMT) is essential for hyphal polarity
maintenance in A. nidulans?> The temperature sensitive swoFI
mutant displayed a loss of polarity and grew isotropically at its apex
immediately after germ tube emergence. In contrast wild-type is able
to maintain polarized growth of the hyphal apex. N-myristoylation is
a form of protein lipidation. Examples of protein lipidation include
protein (iso) prenylation, protein palmitoylation, glycosylphosphati-
dylinositol (GPI) lipid anchoring, and protein N-myristoylation.>*
Here we show for the first time that cerulenin—a lipid metabolism
inhibitor—leads to a loss of cell polarity in A. nidulans (Fig. 1). This
result coupled with the swoFI mutant phenotype further demon-
strates the importance of protein lipidation in polarized growth.

In the A. nidulans proteome, 41 proteins are predicted to be
myristoylated, including a proteasome subunit and three ADP
ribosylation factors (ArfA, ArfB and ArlA).> We found that 20S
proteasome activity is negatively regulated by N-myristoylation and
the polarity phenotype of the swoFI mutant phenotype was partially
bypassed by a mutation in a proteasome o subunit or by exposure to
MG132, a proteasome inhibitor.”> We also demonstrated that ArfA
functions in polarized growth through a secretion pathway.

Filamentous fungi have a unique apical body termed a
Spitzenkérper, which is located at growing apices and is thought
to control apical growth.”8 The Spitzenkorper corresponds with
a postulated secretory vesicle supply center (VSC) thought to be
necessary to explain hyphal tip growth.”-? ADP ribosylation factors
are of particular interest in formation of the Spitzenkérper since
these Ras related small GTPases are involved in vesicle assembly
and trafficking.!® Arf proteins are also likely to play an important
role in endocytosis. Relative to exocytosis, endocytosis has been
underrepresented in research directed at polarized morphogenesis
of filamentous fungi. Recently, an important role for endocytosis
in regulating cell shape during polarized development is becoming
clear. For example, in S. cerevisiae, the endocytic system uptakes
chitin synthases on plasma membrane for recycling.!! Regulation of
cell polarity by endocytosis is proposed in a mathematical model in
the yeast.12 In filamentous fungi, FM4-64, an endocytotic marker
dye is frequently used to stain the cell membranes and later the
Spitzenkorper.!314 Recently in A. nidulans, it was suggested that
hyphal growth is mediated through the combined processes with
endocytosis and exocytosis.!> Supporting this idea, is the proposal
that maintenance of polarized growth might be achieved through
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Figure 1. Effect of lipid metabolism inhibitor (cerulenin) on the polarity
establishment in A. nidulans. Wild-type conidia grow isotropically until the
first mitotic division (not shown) and then send a polarized germ-ube to
establish the filamentous hyphae characteristic of A. nidulans. In the pres-
ence of 20 pg/ml of cerulenin, conidia exhibit an extended isotropic growth
because of a delay in polarity establishment. In 50 pg ml of cerulenin,
conidia exhibit isotropic growth but do not extend a germ tube. Scale =
10 um. Objective numerical aperture = 1.4 with oil.
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Figure 2. Model for the positions of ArfB, endocytosis and N-myristoylation
in support of hyphal polarity in A. nidulans. ArfB mediates polarized growth
by functioning in endocytosis. N-myristoylaiton of ArfB is critical for the
proper localization of ArfB. Thus ArfB links endocytosis and N-myristoylation
to hyphal tip growth of A. nidulans.

endocytotic recycling of key components at the polar apex.'®

One possibility for these components is the recently described cell
end markers TeaA and TeaR!” which could be recycled through
endocytosis.

Another important finding is that ArfB is involved in polarity
establishment and maintenance.!® Disruption of a7fB resulted in
extended isotropic growth of conidia and abnormal hyphal growth
characteristic of polarity establishment and polarity maintenance
disruption. The a7fB::Tn mutant was also found to be delayed for
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endocytic uptake of the marker dye FM4-64. The localization of
ArfB::GFP was also found to be dependent on the myristoylation
of its N-terminus. Therefore ArfB is one likely target to explain the
cell polarity phenotype in the swoFI1 N-myristoyl transferase mutant.
It is noteworthy that ArfB localization was not altered in a fimbrin
(fimA::Tn) mutant with endocytosis defects (data not shown), which
indicates that ArfB is not dependant on actin/fimbrin patches for

localization. These patches are sites of endocytosis as described in

S. cerevisiae.?

Here we show that ArfB connects endocytosis and protein lipida-
tion to hyphal polarity (Fig. 2). Therefore one might speculate that
the mutant phenotype of the swoFI mutant resulted at least in part
from mislocalization of ArfB. The role of ArfB in vesicle assembly
is yet to be determined. ArfB is a small GTPase protein that will
cooperate with accessory proteins including a GTPase exchange
factor (GEF), GTPase activation protein (GAP), and other auxiliary
factors, which remain to be identified.
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