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Abstract
During endocytosis in S. cerevisiae, actin polymerization is proposed to provide the driving
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force for invagination against the effects of turgor pressure. In previous studies, Ysc84 was
demonstrated to bind actin through a conserved N-terminal domain. However, full length
Ysc84 could only bind actin when its C-terminal SH3 domain also bound to the yeast WASP
homologue Las17. Live cell-imaging has revealed that Ysc84 localizes to endocytic sites
after Las17/WASP but before other known actin binding proteins, suggesting it is likely to
function at an early stage of membrane invagination. While there are homologues of Ysc84
in other organisms, including its human homologue SH3yl-1, little is known of its mode of
interaction with actin or how this interaction affects actin filament dynamics. Here we identify
key residues involved both in Ysc84 actin and lipid binding, and demonstrate that its actin
binding activity is negatively regulated by Pl(4,5)P2. Ysc84 mutants defective in their lipid or
actin-binding interaction were characterized in vivo. The abilities of Ysc84 to bind Las17
through its C-terminal SH3 domain, or to actin and lipid through the N-terminal domain were
all shown to be essential in order to rescue temperature sensitive growth in a strain requiring
YSC84 expression. Live cell imaging in strains with fluorescently tagged endocytic reporter
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proteins revealed distinct phenotypes for the mutants indicating the importance of these
interactions for regulating key stages of endocytosis.
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Introduction
The actin cytoskeleton plays a central role in many dynamic cell processes including cell motil
ity, cell organization and membrane trafficking. Actin is highly conserved and forms dynamic
filaments that can be regulated through binding myriad actin-binding proteins which control
its organization and turnover in response to various external and internal stimuli [l]. During
endocytosis, the actin cytoskeleton is proposed to function both to provide the force required
for plasma membrane invagination and subsequently during movement of the vesicle away
from the plasma membrane [2_, J].
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The authors include a statement about the funding
for the study and a declaration that they have no
competing interests. This is another feature that
helps lend a sense of objectivity to the findings; the
authors aim to be transparent about the sources of
the funding and claim that no external sources or
competing interests influenced the experiment.

The authors establish
the research topic by
claiming centrality. By
doing this, they ask
readers to accept that
the current study is
part of a significant
area of research. The
authors begin the
introduction in the
present tense.
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In-text citations serve as hyperlinks to the corresponding
portion of the references section. We might think of the
hyperlinks throughout the text as a form of reader
engagement.

The authors establish a territory by
making topic generalizations. They
make statements about current
knowledge, practices, or
phenomena in the research field.

The authors establish a
territory by reviewing items
of previous research. They
secure the generalizations in
the research field, citing who
has found what. To do this,
the authors use the past
tense of the reporting verb “to
demonstrate” and
implement non-integral
citation to attribute credit to
others' research.

The authors establish a niche
by continuing a tradition.
They present their research
as a useful extension of
existing research.

The authors occupy a niche
by outlining their
purposes; the concluding
sentence of the
introduction explicitly
states the aim of the
present study.

Some sentences in
the introduction use
past tense; in these
sentences, the
authors describe the
ways they used the
previous studies and
available knowledge
to form the
hypotheses for this
study. These
sentences are
relatively dense in
hedges, which signal
to readers that the
claims are about the
authors' reasoning
and interpretations.

There are some
instances of self-mention
(“we”) in the Results,
as well as the more
typical passive/agentless
constructions. Note
that the Materials and
Methods section
contains no instances
of self-mention. The
authors foreground the
procedure rather than
the agents performing
them, which
contributes to the
notion that the
methods should be
reproducible regardless
of the experimenter.

The authors use the shared knowledge
reference “it has been demonstrated”
to encourage the reader to recognize
something as accepted or familiar.

The authors use the shared knowledge
reference “it is known” to encourage
the reader to recognize something as
accepted or familiar.

The authors begin the
"Discussion" section by
summarizing key findings
from the study. The use of
self-mention, the pronoun
“we,” serves to indicate
ownership over the key
findings of the study.
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The authors use the hedge
“might” to withhold
complete commitment to
the proposition, suggesting
the claim is based on
plausible reasoning rather
than certain knowledge.

Here, the authors highlight
some limitations of the
study and suggest further
research to address those
limitations. The authors
use the obligation modal
“should” to encourage
social action in the form of
carrying out future
research.

Endocytic Function of Ysc84 Actin and Lipid Binding

form that is retained in the supernatant during centrifugation assays, nor can it sequester actin
in a pyrene based assay to reduce polymerization rate. These 2 basic residues are highly con
served across eukaryotes with RR in S. cerevisiae and RK in human, mouse and chicken. In
addition, these basic residues are flanked on each side by an acidic residue creating a highly
charged patch available for the interaction (Fig. SIA in SI File).
The second mutation that affected actin binding was KKl6,l7AA. Again both, G-actin and
F-actin binding were defective as judged from actin co-sedimentation assays. Lack ofF-actin
binding also correlated with a lack ofactin bundling in a low speed pelleting assay. Interest
ingly, the pyrene polymerization assay that used a combination ofG-actin and F-actin seeds
indicated that the Ysc84 KKl6,l77AA mutant did show some level ofsequestration at early
stages. However, once polymerization commenced, the ability to interact and reduce polymeri
zation was lost. This assay therefore indicated a slight difference between the two actin binding
mutations with the KK mutant still retaining some ability to interact with actin nuclei/seeds. A
crystal structure is not available for the N-terminal YAB domain ofYsc84, and we have to date
been unable to generate sufficient highly purified protein for crystallization, but further struc
tural information would allow us to gain critical information on the relative organization of
these two parts ofthe protein.
The other major activity ofYsc84 detected by the mutational analysis was lipid binding.
Our analysis has revealed that Ysc84 is able to bind to a range ofinositol phospholipids. Muta
tion ofresidues LKSS,56 to alanines completely inhibits the lipid binding activity and renders
the actin binding activity ofthis mutant insensitive to addition oflipid. The mammalian homo
logue ofSH3yl-1 shows a high level ofidentity with Ysc84 and has been the subject ofrecent
reports suggesting that it is a regulator ofdorsal ruffle formation in NIH3T3 cells and that it
binds SHIP2 (the PI(3,4,5)P3 5-phosphatase, Src-homology 2-containing inositol-5-phospha
tase 2) [12]. However, based on attempts to demonstrate binding to rabbit muscle actin, the
authors suggested that SH3yl-1 is not an actin-binding protein. They did however report bind
ing to Ptdlns{3,4,5)P 3 and various diphosphate inositol lipids containing a S'phosphate. The
mutational analysis undertaken in the report focused on the N-terminal amphipathic helix,
equivalent to that containing the KKl6,l7 mutation studied here. They demonstrated that this
helix is important for lipid binding and that a truncated protein lacking the helix is impaired in
interaction with liposomes. Notably their results also indicated that about halfofthe lipid bind
ing capacity lies elsewhere in the N-terminal domain. Our data would indicate that the region
around IK53,54 (equivalent to LKSS,56 in Ysc84) might harbour this additional functionality.
Given the high level ofsequence identity ofthe domain, it might be expected that the actin
binding function would be maintained. Evidence to support this comes from a cell-based study
in which SH3yl-1 is expressed in yeast and was shown to disrupt actin organization [2ll]. The
question arises then as to whether the lack ofactin binding by recombinant SH3yl-1 is due to
some inappropriate folding or lack ofrelevant modification ofthe protein when produced in E.
coli. Alternatively, mammalian SH3yl-1 might only bind to cytoplasmic rather than muscle
actin. Our preliminary analyses ofSH3yl-1 expressed in other systems including baculovirus,
indicates that actin binding capability should be further investigated. Currently, however we
consider that the actin binding capacity ofSH3yl-1 remains an important question.

The importance of Ysc84 actin and lipid binding in vivo
The importance ofthe actin binding and lipid binding functions ofYsc84 were also investi
gated in vivo. First, localization ofGFP-tagged Ysc84 mutants indicated that the SH3 domain,
but not the actin binding nor lipid binding sites, were required for recruitment to endocytic
sites. Given the in vitro properties ofYsc84 in binding Lasl7/WASP and actin, its
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The authors use the hedge
“could” to indicate the
degree of confidence that
should be attributed to a
claim. In this instance, the
authors indicate a possibility
but not a certainty.
Highlighting a possibility
about which the authors are
not certain may implicitly
suggest to readers that this is
a subject for future research.
The authors use the
attitude marker “surprising”
to indicate that the results
they are reporting are
unexpected. Reporting
unexpected findings is a
way to highlight that the
research being presented
is novel.
The authors use the
obligation modal “require” to
prescribe action to the
discourse community,
whose members share
responsibility for acting on
knowledge supported by
research.

The authors provide a final summary
of the study, including the methods
used and the key findings. In the
final sentence of the discussion, the
authors gesture towards the broader
context into which their study fits.

