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FIG. 9. Effect of sublethal latrunculin B treatment in cells downregulated for SlaB. (A) Nomarski and epifluorescence (in inverted contrast)
images of a slaBI hyphal tip cell expressing AbpA-mRFP cultured for 10 h on 10 mM nitrate medium and shifted to the same medium for an
additional 13 to 14 h of incubation. The inset in panel a2 was enlarged at double magnification to show the endocytic internalization collar.
(B) Examples of slaBI cells cultured for 10 h on 10 mM nitrate medium and shifted to the same medium containing 25 uM latrunculin B. b1, a



1516 HERVAS-AGUILAR AND PENALVA

speculate that in latB-untreated cells, actin clumps rather than
comets are formed when SlaB is downregulated due to the high
local levels of unrestrained actin polymerization associated
with the A. nidulans hyphal tip, which is densely populated by
endocytic patches.

DISCUSSION

For A. nidulans and Ustilago maydis, evidence strongly sug-
gests that endocytosis is intimately associated with hyphal tip
growth (2, 30, 45, 46, 49, 51). However, the actual contribution
of endocytosis to apical extension remains to be clarified.

A combination of localized apical delivery coupled to slow
diffusion and rapid endocytic recycling suffices to generate
polarity (31, 49, 52, 54). Thus, one attractive although hypo-
thetical possibility is that A. nidulans uses endocytosis to main-
tain the dynamic localization of a membrane polarity land-
mark(s) (51). One plausible candidate would be A. nidulans
Cdc42 (31). Although A. nidulans Cdc42 is dispensable for
polarity maintenance because its roles may be partially redun-
dant with those of Racl (a Racl orthologue is absent in S.
cerevisiae), Cdc42 misregulation leads to polarity establishment
and maintenance defects (53).

Cells cultured on ammonium and thus deficient for SlaB can
establish polarity and arrest shortly after germ tube emer-
gence. Although these cells still contain minute levels of SlaB,
this phenotype resembles the null phenotype (2). It is impor-
tant to note that a homozygous null s/la2 mutant of the dimor-
phic fungus Candida albicans, which can grow as yeast, cannot
form hyphae (3). Thus, that report and our data strongly indi-
cate that slaB/SLA2 is important for apical extension during
hyphal morphogenesis.

The very strong, depolarized GFP-SynA plasma membrane
fluorescence seen in slaB1 cells germinated on ammonium
demonstrates that they are fully deficient in endocytosis and, in
passing, that SlaB is not required for traffic from the Golgi
apparatus to the plasma membrane. It is not required for
biosynthetic traffic from the Golgi apparatus to the endosomal
system either, as the endosomal t-SNARE Pep12 also reaches
its normal locale at the vacuolar membrane under repressing
conditions. This is an important control because in mammals
Hip1R is involved in the traffic of Golgi-derived vesicles bound
to the endosomal system (10). Shift-up experiments demon-
strated that the endocytic and polarity maintenance pheno-
types are fully reversible and that normal hyphal tip morphol-
ogy essentially correlates with recovery of SynA turnover.

Markedly slower apical extension of germlings compared to
hyphae indicates that these two “cell types” differ substantially
(23). The fact that germlings can establish and maintain po-
larity in the absence of microtubules (MTs) (38) suggests that
transport of secretory materials to their growing tips is medi-
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ated by actin microfilaments. We thus considered the possibil-
ity that the failure of slaBI germlings to maintain polarity
could involve a “general” role of SlaB in F-actin regulation. If
secretion coupled to endocytic recycling were required to cre-
ate and maintain an apical domain containing, for example, the
actin microfilament organizer Cdc42, short germlings could be
more crucially dependent on an actin regulatory function of
SlaB for maintaining polarity than hyphae, because secretory
vesicle transport would be less dependent on the actin cy-
toskeleton in the latter, where the MT cytoskeleton has been
set in place. However, shift-down experiments showed that this
is not the case, as SlaB is required for normal apical extension
even when hyphal tips have progressed well beyond germlings.
SlaB downregulation in hyphae results in hyperbranching and
formation of markedly swelled, abnormal hyphal tips. The
complete absence of SynA polarization and the strong labeling
of the plasma membrane observed across the whole length of
these hyphae is indicative of deficient endocytosis. Therefore,
correlation between normal hyphal tip growth and efficient
endocytosis appears to indicate strongly that the latter plays an
important role in polarity maintenance.

However, although this conclusion appears to be firmly es-
tablished, it should be taken with some caution. Thus far,
genetic evidence supporting the role of endocytosis in hyphal
tip growth is based on the inactivation of endocytic genes with
F-actin regulation capabilities. Abnormal germlings that had
been cultured on ammonium contain large aggregates of F-
actin, visualized with fluorescently tagged AbpA. Similar F-
actin accumulations were eventually observed near the hyphal
tips and branches of hyphae that showed typical polarity de-
fects upon SlaB downregulation. Thus, although this and work
with A. oryzae (20) unequivocally establish that SlaB? is
required for endocytosis, we cannot formally rule out that in
addition to endocytosis, F-actin misregulation also contributes
to the polarity maintenance defects displayed by slaBI cells.

S. cerevisiae Sla2p (26, 55), which is essential for endocytosis,
is thought to inhibit Arp2/3-mediated F-actin polymerization
driving actin patch internalization until a signal releases its
inhibitory effect (26), in agreement with the finding that the
Sla2p mammalian orthologue HiplR, in complex with cortac-
tin, prevents actin filament “barbed end elongation” (29).
Thus, unrestrained actin polymerization due to the absence of
SlaB may have consequences beyond endocytosis. For exam-
ple, S. cerevisiae sla2 mutations suppress the hyperabundance
of actin cables resulting from a formin-deregulated mutant,
possibly by depleting actin monomers (56). Hyphae downregu-
lated for SlaB contain numerous septae (see Fig. S1 in the
supplemental material), and 38 out of 88 abnormal germlings
directly germinated on ammonium presented a basal septum,
which argues strongly against actin monomer deficiency being

large field; b2, the inset was enlarged at double magnification to facilitate direct comparison with a2; b3, a branch near the tip; b4, a dichotomous
tip. (C) Examples of slaB1 cells cultured for 10 h on 10 mM nitrate medium and shifted to ammonium medium without latrunculin B. c1, a hypha
which had undergone multiple branching events; c2, a hyphal tip cell with characteristic “deer antler” morphology. (D) Examples of slaBI cells
cultured for 10 h on 10 mM nitrate medium and shifted to ammonium medium containing 25 wM latrunculin B. Cells were expressing either
AbpA-mRFP or GFP-SynA, as indicated. d1, a large cell; d2, examples of globular tips; d3, middle plane of a globular tip showing cortical
comet-like structures of AbpA-mRFP, corresponding to Movie S5 in the supplemental material; d4, globular tip showing the plasma membrane

localization of SynA. In all panels, scale bars indicate 10 pum.



VoL. 9, 2010

the underlying cause of the defective polarity maintenance
(septation is F-actin dependent). However, we cannot rule out
the possibility that actin/AbpA clumps titrate a key actin-reg-
ulatory factor which is required to organize actin microfila-
ments elsewhere (for example, in the Spitzenkorper).

Abortive SlaB-deficient germlings display very large and
deep invaginations of the plasma membrane. It is tempting to
speculate that the absence of SlaB leads to excessive F-actin
polymerization in association with endocytic patches, thus driv-
ing these deep invaginations of the plasma membrane. If this is
true, these large structures would be ideally suited to gain
insight into the ordered pathway leading to endocytic vesicle
internalization (27), using immunoelectron microscopy (24).

Finally, our method to generate conditional expression al-
leles should be of general applicability to investigate the func-
tions of essential A. nidulans genes. Our system has, we believe,
significant technical advantages over those already in use, in-
cluding a very low level of expression under repressing condi-
tions, the possibility of fine-tuning the levels of synthesis, and,
importantly, the fact that both the physiological inducer and
the repressor are favorable nitrogen sources.
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