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Recent live cell imaging analyzing the components required 
for endocytosis has elucidated that endocytosis actively occurs 
at the hyphal tip region in filamentous fungi. To examine 
further the physiological roles of endocytosis we investigated 
a conditional mutant of endocytosis in Aspergillus oryzae. 
Endocytosis-deficient hyphae displayed retarded apical growth, 
abnormal hyphal morphology, mislocalization of a vesicle-
SNARE, which is thought to undergo endocytic recycling to the 
tip region, and aberrant accumulation of cell wall components at 
large invaginated structures. These results suggest that endocy-
tosis is crucial for apical growth and for recycling components, 
which should be re-transported to the tip region. In this report, 
we discuss the endocytic recycling pathway and present its 
possible mechanism in filamentous fungi.

Endocytosis is highly conserved in eukaryotic cells, and is an 
important cellular process that occurs, for example, in acquisi-
tion of nutrients from the extracellular environment, uptake of 
plasma membrane proteins and reconstruction of cell polarity.  
In the endocytic process, many proteins are involved and regulated 
spatiotemporally, and the mechanism of endocytosis has been 
studied in detail in the model organisms such as unicellular yeast 
Saccharomyces cerevisiae.1 In contrast, in filamentous fungi, the 
existence of endocytosis was recently confirmed using the fluo-
rescent dye FM4-64 and the plasma membrane protein AoUapC  

(uric acid-xanthine permease) fused with EGFP which were 
internalized from the plasma membrane into cells.2,3 Filamentous 
fungi undergo polarized apical growth in almost all of their life 
cycle, which is critically different from S. cerevisiae. Endocytosis 
is thought to be the counterpart of exocytosis, which is required 
for hyphal growth in the fungal tip region. To achieve continuous 
tip elongation, filamentous fungi need to re-transport certain 
components, such as cell wall-building enzymes, to the tip region 
by endocytic recycling. Thus it is speculated that endocytosis 
occurs more actively in A. oryzae than in S. cerevisiae. Recently, 
the localization of components required for endocytosis has been 
analyzed in living hyphal tip region.4-6 However, the physiological 
importance of endocytosis in filamentous fungi still remains largely 
unaddressed.

To investigate the roles of endocytosis in filamentous fungi, 
we analyzed a conditional mutant of endocytosis in A. oryzae.7 
Because it is likely that Aoend4, the A. oryzae ortholog of S. cerevi-
siae END4/SLA2, is essential for hyphal growth, we generated a 
strain in which Aoend4 was expressed from its original locus under 
the control of a regulatable thiA promoter. End4p/Sla2p functions 
as an adaptor that connects the invaginated plasma membrane 
and actin cytoskeleton.8 In the Aoend4-repressed condition endo-
cytosis was impaired, which was confirmed by the analyses using 
FM4-64 and AoUapC-EGFP. Hyphae that showed the endocytic 
defect displayed aberrant hyphal morphology, presumably due 
to the lack of endocytosis. Hyphal tip elongation requires many 
components, some of which are thought to be recycled to the 
tip region by endocytosis. AoSnc1, a vesicle-SNARE (v-SNARE) 
protein localized both in the plasma membrane and endosome,  
is a candidate component for endocytic recycling in the tip region.9 
We demonstrated that endocytic recycling of AoSnc1 occurs at 
the tip region; AoSnc1 is normally localized to Spitzenkörper,  
a structure containing a large number of secretory vesicles at the tip 
region, but it mislocalized to the whole plasma membrane in endo-
cytosis-deficient hyphae. These results suggest that endocytosis is 
essential for apical growth and plays a role in recycling of certain 
components, such as v-SNARE, occurring mainly at the tip region 
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in filamentous fungi. Moreover, in endocytosis-defi-
cient hyphae, large invaginated structures filled with 
cell wall components were observed, suggesting that 
cell wall synthases, which should undergo endocytic 
recycling, failed to be internalized by endocytosis 
(Fig. 1A).

In Aspergillus nidulans, it has been recently 
suggested that endocytic recycling at the tip region 
occurs via a compartment termed dynein loading 
zone [or endocytic recycling compartment (ERC)], 
but its recycling pathway has been less clear.10 
Based on the analyses using the endocytosis-deficient 
mutant in A. oryzae, a model of endocytic recycling 
at the tip region is presented as shown in Figure 1B. 
Components such as v-SNARE destined to be 
recycled to the tip by endocytosis are mainly inter-
nalized from the subapical tip region of plasma 
membrane to ERC, and thereafter are transported 
to Spitzenkörper. However, these hypotheses are 
postulated by analyses mainly using v-SNARE as an 
endocytic recycling cargo; therefore, analyses using 
cargoes besides v-SNARE, such as cell wall-related 
components which would go through endocytic 
recycling, are certainly needed because they are likely 
to undergo discrete endocytic recycling pathway. 
Of note, A. oryzae can secrete a large amount of 
proteins, for example α-amylase, to the medium 
and is regarded to be a safe host for the production 
of heterologous proteins.11 In A. oryzae, endocytosis 
occurring actively at the tip region probably permits 
a large amount of protein secretion by recycling of 
certain components required for exocytosis.

In summary, in filamentous fungi, endocytic 
recycling is closely associated with apical growth 
and exocytosis at the tip region. There is possibly 
a mechanism of endocytic recycling which is espe-
cially active and specific to filamentous fungi, unlike 
unicellular yeasts such as S. cerevisiae. Endocytic 
recycling at the tip region probably enables a large 
amount of protein secretion, which is assumed to occur notably 
at the tip region.
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Figure 1. A model of endocytic recycling at the tip region in A. oryzae. (A) In endocytosis-
deficient hyphae, large invaginated structures are stained with Calcofluor White, which 
binds to chitin, one of major cell wall components in filamentous fungi (arrow). Bar, 5 μm. 
(B) In this figure, motor proteins, such as kinesins and dynein, which drive early endo-
somes moving on microtubules bidirectionally, are omitted. Components, which should be 
re-transported to the tip region, are internalized from the subapical tip region of plasma 
membrane where endocytosis actively occurs, to ERC, and secretory vesicles are subse-
quently transported to Spitzenkörper. Although there is no evidence, ERC possibly exists 
not only in the apical region but also, to some extent, in the subapical and basal region 
(the latter two strategies are technically represented by the opposite of the highlighted 
arrows shown above).


