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Abstract

The opportunistic pathogen Candida albicans forms invasive filaments that grow into host tissues
during disease. The glycosylated, integral plasma membrane protein Dfil is important for invasive
filamentation in a laboratory model, and for lethality in murine disseminated candidiasis.

However, Dfil topology and essential domains for Dfil biogenesis were undefined. Sequence
analysis predicted that Dfil contains two transmembrane regions, located near the N- and C-
termini. In this communication, we show that Dfil remains an integral membrane protein despite
deletion of either predicted transmembrane region, whereas deletion of both regions results in a
soluble protein. Additionally, Dfil that was properly oriented in the membrane, as indicated by N-
linked glycosylation, was observed when either transmembrane region was deleted, but was absent
when both transmembrane regions were deleted. Interestingly, deletion of the N-terminal
transmembrane region resulted in production of two forms of Dfil. Most of the protein molecules
acquired normal N-linked glycosylation and a smaller population failed to become normally N-
linked glycosylated. This defect was reversed by replacement of the N-terminal hydrophobic
sequence with one synthetic transmembrane sequence but not another. Finally, microscopy studies
revealed that Dfil lacking the N-terminal transmembrane region was observed at the cell
periphery, where full-length Dfil normally localizes, whereas the double-truncation mutant was
diffusely intracellular. Therefore, mature Dfil protein contains two transmembrane domains which
contribute to its biogenesis.
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Introduction

Candida albicans is an opportunistic fungal pathogen that is a common commensal of the
human gastrointestinal tract [1-3], but, in immunocompromised hosts, can cause disease [4].
Filamentation, growth as elongated filamentous cells, is a C. albicans virulence trait [5].
Many stimuli promote filamentation, including the embedding of cells within a semi-solid
agar matrix [5]. Embedded filamentation may be related to tissue invasion during
candidiasis, and the C. albicans protein Dfil is a key mediator of embedded filamentation
[6]. Dfil is an integral plasma membrane protein that undergoes both O- and N-linked
glycosylation [6]. The Dfil C-terminus contains motifs that are important for Dfil function
[6,7], but the role of the Dfi1 N-terminus remains relatively unexplored.

Sequence analysis of the DF/1 gene reveals that the protein contains two predicted
hydrophobic regions, each close to one of the protein termini, and Dfil was previously
predicted to contain two transmembrane domains [8]. Furthermore, the five predicted
canonical N-linked glycosylation motifs [9] of Dfil are all between the two hydrophobic
regions. The central region of Dfil is thus predicted to be extracellular, and the N-terminal
hydrophobic region is either the first transmembrane domain of a multispanning integral
membrane protein or the cleaved signal sequence of a type | transmembrane protein.

In this communication, we analyzed the topology of Dfil and the role of the two Dfil
hydrophaobic regions, demonstrating that both regions contribute to membrane integration
and are retained in the mature protein.

Materials and Methods

Strains and growth conditions

Strains are listed in Table S1. Escherichia coli strain DH5a. was grown in LB broth plus
antibiotic to propagate plasmids. C. albicans was grown in YPD (1% yeast extract, 2%
peptone, 2% glucose) or CM-ura (complete medium minus uridine [10]) liquid media.
Nourseothricin (Werner BioAgents) was used at 200 pg/mL.

Construction of strains

Mutant DF/1 alleles were constructed by overlap PCR with mutagenic primers using
pSPLDFI1-TAP [6,7] as template. Primers are listed in Table S2.

For DF/14c, the first round primers were pz290/pz63 and pz134/pz291, and the second
round primers were pz134/pz63. This fragment was digested with Xhol and Mlul and moved
into pSPLDFI1-HA [6] (DF/1-HA in the SAT placer) or pPSPLDFI1-GFP [6] (DF/ZI-GFPin
the SAT placer) to generate pSPLDFILAC-HA or pSPLDFI1AC-GFP plasmids.

For DF/1,pnand DFI1apnac, the first round primers were SH01/SH20 and SH22/SH08, and
the second round primers were SHO1/SHO8. For DFI1n.7 replacement c-HA, first-round
primer pairs were SH37/SH08 and SH01/SH39, the SH37/SHO08 product was amplified by
SH38/SH08, then the SH38/SH08 and SH01/SH39 products were amplified by SH01/SH08.
For DFI1n.7a1 replacement z-HA, first-round primer pairs were SH40/SHO08 and SH01/SH42,
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the SH40/SHO8 product was amplified by SH41/SH08, then the SH41/SH08 and SHO1/
SH42 products were amplified by SH01/SHO08. Fragments were digested with Bglll and
Xhol and ligated into pSPLDFI1-HA [6], pSPLDFI1AC-HA, pSPLDFI1-GFP [6], or
pSPLDFILAC-GFP. Inserts were confirmed by DNA sequencing. Plasmids were linearized
with Bglll and transformed into the gfiZ4/A strain pcz5 [6].

Analyses of membrane association

Experiments were performed as previously described [6], with the following modifications:
Extraction buffer (EB) was supplemented with 1 mM PMSF and 1% Fungal Specific
Protease Inhibitor (v/v; FSPI; Sigma). After lysis by beadbeating, extracts were centrifuged
twice at 16,100g for 2 min at 4°C, then centrifuged at 300,000g for 20 min at 4°C. The
resulting pellet was homogenized in the original volume of EB with 1% SDS, or underwent
extraction with equal volumes of either EB alone, EB with 4M urea (final concentration), or
EB with 5% Triton X-100 (final concentration; v/v). Samples were incubated on ice for 30
min, homogenized, and centrifuged at 300,000g for 20 min. The resulting pellet was
homogenized in the same volume of EB supplemented with 1% SDS. An SDS
polyacrylamide gel was loaded with 50 pL of each sample (except the DF1,. pellet
extraction samples, which used 12.5 pL to avoid excessive signal).

Western blotting

Samples were run on an 8% SDS-PAGE gel, and transferred to PVDF (BioRad). Blots were
blocked, incubated overnight with 1:1000 primary antibody, washed and incubated with
1:4000 secondary antibody. HA was detected with Purified anti-HA.11 Epitope Tag antibody
(16B12, BioLegend) and Goat Anti-Mouse HRP Conjugate antibody (cat# 170-5047,
BioRad). Tubulin was detected with Rat Anti-Tubulin Alpha antibody (MCA78G, BioRad)
and HRP-Goat Anti-Rat 1IgG(H+L) (cat# 62-9520, Invitrogen). Blots were developed using
Pierce ECL Western Blotting Substrate on a G:BOX developer (Syngene). Each experiment
was performed at least three times.

PNGase F treatment

Crude cell lysates were made as described above, except cell pellets were resuspended in
880 uL EB supplemented with 1 mM PMSF and 1% FSPI (v/v). Samples were incubated as
described by the manufacturer, with or without 750U PNGase F (NEB), for 4 hr at 30°C.
Samples were assessed by western blotting for HA.

GFP localization

Exponential phase cells grown in CM-ura at 30°C were pelleted at 6000g for 30 seconds and
resuspended in PBS. 15 pL of cell suspension was placed onto an agarose pad. Images were
taken on a Leica SP8 confocal microscope with a 63x objective, controlled by the LAS X
program. Z-stacks were reconstructed into 3D and analyzed using Volocity software (Perkin
Elmer).
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To analyze Dfil topology, strains encoding HA tagged full length Dfil or Dfil lacking the
N-terminal hydrophobic region, lacking the C-terminal hydrophobic region, or lacking both
regions were employed (Figure 1A). Cells of these four strains were extracted as described
in the Materials and Methods. Extracts were centrifuged at 300,000g for 20 min to pellet
membrane fractions and other large subcellular material. The resulting supernatants and
pellets, and the original crude lysates, were examined via Western blotting for the presence
of HA-tagged Dfil.

Full-length HA-tagged Dfil (DF/1) is predicted to encode a 36.5 kDa, glycosylated protein
[6], but, as seen in previous studies [6], migrates at a wide range of apparent molecular
weights centered around approximately 200 kDa (Figure 1B). As observed previously [6],
full-length Dfil was observed in the crude lysate and the pellet (Figure 1B, lanes 1 and 3).
The vast majority of Dfil mutant protein lacking the C-terminal hydrophobic region
(Dfilpc) fractionated into the membrane-containing pellet (Figure 1B, lane 6), with a small
amount in the supernatant (Figure 1B, lane 5). The Dfilac protein migrated at a lower
apparent molecular weight, approximately 100 kDa, and formed a narrower band (Figure 2,
lanes 13-18). Dfilac protein (Figure 1B, lane 4) was present at higher levels than wild-type
protein (Figure 1B, lane 1), indicated by the tubulin loading control.

Dfil mutant protein lacking the N-terminal hydrophobic region (Dfilay) was detected in
similar quantities to full-length Dfil, and migrated within the same size range. Dfilap
protein was detected in the membrane-containing pellet (Figure 1B, lane 9). Therefore, Dfil
protein containing either one of the two hydrophobic regions localized almost exclusively to
the membrane-containing pellet fraction. Finally, Dfil mutant protein lacking both the N-
terminal and C-terminal hydrophobic regions (Dfilayac) migrated as a narrow band around
40 kDa, and fractionated to the supernatant (Figure 1B, lane 11), not the membrane-
containing pellet (Figure 1B, lane 12). Thus, the Dfilanac mutant lost its membrane
association. Therefore, the membrane association characteristic of Dfil requires at least one
of its two hydrophobic regions.

To determine whether these truncated Dfil proteins were integral membrane proteins,
membrane-containing pellets were extracted with buffer alone, buffer containing urea, or
buffer containing Triton X-100. After extraction, the samples were centrifuged at 300,000g
for 20 min and the supernatants and pellets were probed for Dfil protein. Consistent with a
previous report [6], the majority of full-length Dfil (DF/1) was extracted by Triton X-100
(Figure 2, lanes 5 and 6), but not by urea (Figure 2, lanes 3 and 4) or buffer alone (Figure 2,
lanes 1 and 2).

The Dfil mutant proteins lacking either the N-terminal or C-terminal hydrophobic region
(DFI1pn 01 DFI14c, respectively) were also extracted by Triton X-100 (Figure 2, lanes 11,
12, 17, and 18), but not by urea (Figure 2, lanes 9, 10, 15, and 16) or buffer alone (Figure 2,
lanes 7, 8, 13, and 14). Therefore, the single-truncation Dfil proteins represented integral
membrane proteins. Finally, doubly-truncated Dfil protein (DF/Iapnac) Yielded a small
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amount of protein that pelleted (Figure 1B, lane 12), and this protein was extracted with urea
(Figure 2, lanes 21 and 22), but not with Triton X-100 (Figure 2, lanes 23 and 24). This
protein likely represented aggregated protein.

To summarize, at least one of the two hydrophobic regions was required, and either was
sufficient, for Dfil to behave as an integral membrane protein. Therefore, mature Dfil
protein contains two transmembrane domains, each represented by one of these two
hydrophaobic regions.

Normal Dfil membrane orientation but abnormal glycosylation patterns resulted from
deletion of either transmembrane domain

The roles of the two Dfil transmembrane domains in Dfil biogenesis were examined, first
focusing on Dfil membrane orientation and glycan maturation. The five canonical N-linked
glycosylation motifs [9] of Dfil are located between the two transmembrane domains and
preserved in each Dfil mutant. The N-linked glycosylation patterns of full-length Dfil and
the three truncation mutants (Dfilac, Dfilan, and Dfilanac) Were analyzed to determine
whether this central region of the protein was exposed to the lumen of the endoplasmic
reticulum, where N-linked glycosylation initiates during translation [11,12]. N-linked
glycans are further processed through the endoplasmic reticulum (ER) and Golgi, but
glycoproteins must be correctly folded to exit the ER [12]. As such, the presence and pattern
of N-linked glycosylation of the Dfil mutants will indicate the proteins’ orientation in the
membrane and glycan maturation, respectively.

N-linked glycosylation of Dfil can be detected as a shift in apparent molecular weight
following treatment with peptide: A-glycosidase F (PNGase F), an endoglycosidase that
removes N-linked oligosaccharides by cleaving at the sugar-asparagine junction [6,13].
Therefore, crude cellular lysates from strains encoding one of the four versions of Dfil (HA-
tagged full-length DFI1, DFI1pc, DFI1anand DFI1apna0) underwent treatment or sham-
treatment with PNGase F and were examined via Western blotting for HA-tagged Dfil.

Full-length Dfil (DF/1) showed a large shift in mobility upon PNGase F treatment (Figure
3, lanes 1 and 2), as previously reported [6]. Dfilay Yyielded a large, wide band migrating in
the 200 kDa region that shifted mobility following PNGase F treatment (Figure 3, lanes 3
and 4). A second, narrow band migrating at 55 kDa (arrow in Figure 3, lane 3) was detected
when longer exposures were used. This species of Dfilay did not undergo a large change in
apparent molecular weight upon PNGase F treatment (Figure 3, lanes 3 and 4). Therefore,
the major species of Dfilan was N-linked glycosylated and had achieved the native
membrane orientation, while the minor species was aberrant. The smaller Dfilay species
may represent protein with non-native membrane orientation causing mislocalization of the
glycosylation motifs, improperly-folded glycoprotein that failed to mature, or
proteolytically-cleaved protein.

Dfil mutant protein lacking the C-terminal transmembrane domain (Dfilac) showed an
appreciable decrease in apparent molecular weight upon PNGase F treatment (Figure 3,
lanes 5 and 6), indicating normal membrane orientation. Notably, the decrease in apparent
molecular weight upon PNGase treatment was less substantial for Dfilac than for full-
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length Dfil. This indicates that the N-linked glycan of Dfilac was present but abnormal,
with the Dfilac glycoprotein achieving normal membrane orientation but not maturing
normally thereafter. Finally, the Dfil mutant protein lacking both the N- and C-terminal
transmembrane domains (Dfilanac) showed no appreciable shift in molecular weight upon
PNGase F treatment, indicating that this polypeptide is not N-linked glycosylated. This lack
of N-linked glycosylation may occur because the doubly-truncated protein is cytosolic, and
not accessible to the glycosylation machinery.

To summarize, at least one of the two Dfil transmembrane domains was required, and either
was sufficient, to produce Dfil protein with normal membrane orientation. Furthermore,
apparently-normal glycoprotein maturation was achieved in the absence of the N-terminal
transmembrane domain, but not the C-terminal transmembrane domain.

The Dfil N-terminal transmembrane domain is not required for localization to the cell

periphery

Deletion of either Dfil transmembrane domain could affect Dfil subcellular localization. As
Dfil characteristically localizes to the cell periphery [6], the localization of the truncated
Dfil mutant proteins was determined. Strains encoding GFP-tagged versions of full-length
Dfil or a truncation mutant (Dfilap, Dfilac, and Dfilanac) Were observed by confocal
bright-field and GFP fluorescence microscopy. An untagged strain showed no fluorescence
(Figure 4, panel A). The strain encoding full-length Dfi1-GFP showed fluorescence at the
cell periphery (Figure 4, panel B), as previously described [6,7]. The strain encoding
Dfilan-GFP showed fluorescent signal at the cell periphery (Figure 4, panel C). The strain
encoding Dfilac-GFP showed faint or no GFP signal (Figure 4, panel D). Dfilac-GFP is the
only examined version of Dfil in which the GFP tag is predicted to be on the extracellular
side of the plasma membrane; This localization may prevent GFP activity. Finally, the strain
encoding Dfilanac-GFP showed diffuse intracellular signal. Therefore, the Dfil N-terminal
transmembrane domain was dispensable for localization to the cell periphery, but removal of
both transmembrane domains resulted in a cytoplasmic protein.

Production of the abnormal, low molecular-weight species of Dfilpy can be abrogated by
the substitution of a generic transmembrane region

The main defect in Dfil biogenesis that was detected upon deletion of the Dfi1 N-terminal
transmembrane domain was the appearance of an aberrant, poorly-glycosylated Dfilay
species. We proposed that this abnormal Dfilay Species occurs because the Dfil N-terminal
transmembrane domain is required for the efficient biogenesis of Dfil. To test this, we
constructed DF/1 alleles in which a region of twenty amino acids in the native N-terminal
transmembrane region was substituted with a sequence of twenty amino acids from an
artificial, generic transmembrane helix [14,15]. One such sequence was
LLIAVLLLIAVVLILLIAVA, based on Choma et al. [14] (denoted DF/In. 7y repiacement ©)-
A second sequence was LLLLLLVLLLLLLVLLLLLL, based on Zhou et al. [15] (denoted
DFIIn-M replacement 2)- The effect of these artificial transmembrane sequences on Dfil N-
linked glycosylation was analyzed using western blotting of cell lysates that had been
PNGase F- or mock-treated.
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Both Dfil substitution mutant proteins migrated as wide bands of large apparent molecular
weights (Figure 3, lanes 9 and 11). These species underwent a dramatic shift upon PNGase F
treatment (Figure 3, lanes 10 and 12). The Dfiln.7m replacement ¢ Protein did not yield a
lower molecular-weight, aberrant species (Figure 3, lanes 9 and 10). In contrast, the
DFiln-TM replacement z Version showed a distinct smaller species (Figure 3, lanes 11 and 12)
that was similar to the abnormal species of Dfilpy in its apparent molecular weight, relative
abundance, and lack of appreciable N-linked glycosylation. Therefore, substitution of a
generic transmembrane sequence could promote efficient Dfil biogenesis but not all
sequences had the same effect.

Finally, to examine whether the abnormal Dfilay Species was inserted into the membrane,
we examined blots of DF/14, membrane-containing pellets after extraction. The small
species was not extracted from the pellet using buffer alone or urea (Figure S1, lanes 1, 2, 3,
and 4). Some protein was extracted by treatment with Triton X-100 (Figure S1, lanes 5 and
6). This suggests that the lack of N-linked glycosylation was not due to complete failure of
membrane insertion. As such, some of this population likely represents mis-oriented
membrane-inserted protein.

Discussion

The C. albicans protein Dfil is required for normal invasive filamentation and virulence in
murine disseminated candidiasis [6]. Here we experimentally determined that mature Dfil
contains two transmembrane domains. This and other data [7] suggest a model of Dfil
topology and membrane orientation where the N- and C-termini are cytoplasmic, and the
inter-transmembrane region is extracellular. Because the N-terminal transmembrane domain
is retained in mature Dfil protein, this domain and/or the intracellular N-terminal region
may mediate or regulate Dfil signaling. The topology of Dfil, containing two
transmembrane domains with an extracellular inter-transmembrane region, is similar to that
of SInl [16], an osmosensor of S. cerevisiae [17]. It has been proposed that cell wall or
periplasmic molecules can contact the SInl extracellular domain and activate SIn1 [17].
Contact sensing by Dfil, which itself covalently binds to the cell wall [6], may share some
mechanistic features with sensing mediated by SiIn1.

We also examined the role of the two Dfil transmembrane domains in Dfil biogenesis,
including membrane orientation, glycoprotein maturation, and subcellular localization.
Removal of both transmembrane domains disrupted multiple features of Dfil biogenesis,
yielding a soluble protein without N-linked glycosylation that localized diffusely within the
cell. In contrast, removal of only one of the two Dfil transmembrane domains produced
more subtle effects.

Dfil protein lacking the C-terminal transmembrane domain (Dfilac) was present at
dramatically higher levels than wild-type Dfil protein in equivalent amounts of cell extract.
Interestingly, mutation of other functionally-important motifs within the Dfil C-terminus
[6,7] did not cause this marked increase in Dfil quantity. Therefore, a yet-uncharacterized
feature of the Dfil C-terminus may regulate Dfil protein levels.
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Removal of the N-terminal transmembrane domain of Dfil resulted in an extensively
glycosylated protein subpopulation, consistent with proper membrane orientation and
glycoprotein maturation, and a second, aberrant subpopulation with defective glycosylation.
Dfil lacking the N-terminal transmembrane domain localized predominantly to the cell
periphery. These results show that a substantial amount of apparently-normal Dfil
biogenesis can occur in the absence of the N-terminal transmembrane domain. The presence
of the second, aberrant species of Dfilay is not unexpected, because the membrane
orientation of multispanning integral membrane proteins like Dfil is strongly affected by the
first transmembrane domain [18], which is missing in Dfilay. Substitution of one generic
transmembrane sequence, LLIAVLLLIAVVLILLIAVA, but not another, similar generic
transmembrane sequence, LLLLLLVLLLLLLVLLLLLL, at the Dfil N-terminus was
sufficient to promote efficient normal Dfil biogenesis. The native Dfil N-terminal
transmembrane domain thus has characteristics, beyond mere hydrophobicity, which are
required for normal Dfil biogenesis.

Since an N-terminal transmembrane sequence is important for Dfil biogenesis, conservation
of an N-terminal transmembrane domain would be expected in Dfil orthologs of non-
albicans Candida species. A BLAST search using the Dfil amino acid sequence yielded
closely-related proteins in C. aubliniensis, C. orthopsilosis, C. parapsilosis, and C. tropicalis.
Dfil and the four Dfil-like proteins were individually analyzed for transmembrane tendency,
based on a published model [19], using the ProtScale website (http://web.expasy.org/
protscale/pscale/Transmembranetendency.html, Accessed Jan. 2017). C. albicans Dfil and
the Dfil-like proteins of C. dubliniensis, C. orthopsilosis, C. parapsilosis were each
predicted to contain two transmembrane domains, suggesting that the resulting protein
topology contributes to Dfil function. In contrast, the Dfil-like protein of C. tropicalis was
predicted to contain only one transmembrane domain, near the C-terminus. This suggests
that the Dfil-like protein of C. tropicalis may differ from C. albicans Dfil in biogenesis and
function.

The topology and biogenesis of any protein underlies its phenotypic function and
mechanism of action. In the case of Dfil, the demonstration of the presence of two
transmembrane domains and elucidation of their respective roles in biogenesis promotes our
understanding of this important mediator of invasive filamentation in the opportunistic
pathogen C. albicans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Two hydrophobic regions of Dfil contribute to its integration into cellular
membranes [85 char]

. The two Dfil hydrophobic sequences contribute differently to N-linked
glycosylation [83 char]

. An artificial hydrophobic sequence at the Dfil N-terminus rescues
glycosylation [81 char]

. Dfil lacking the N-terminal hydrophobic sequence localizes to the cell
periphery [81 char]
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Figure 1. Either hydrophobic region is sufficient for membrane association of Dfil
Panel A. Diagrams of Dfil protein variants. Diagrams show full-length Dfil (Dfil-HA),

Dfil lacking the C-terminal hydrophobic region (Dfilpc-HA), Dfil lacking the N-terminal
hydrophobic region (Dfilan-HA), or Dfil in which the both hydrophobic regions were
deleted (Dfilanac-HA). Diagrams are not to scale.

Panel B. Membrane association. Cell lysates of C. albicans strains encoding HA-tagged full-
length Dfil, Dfilpc, Dfilan, or Dfilanac Were made as described in the Materials and
Methods. Lysates underwent ultracentrifugation at 300,000g for 20 min to pellet cell
membranes. Equal volumes of the crude lysate before ultracentrifugation (C), and the
supernatant (S) and pellet (P) resulting from ultracentrifugation, were loaded into each lane,
and the resulting membrane was probed for HA (top image) and tubulin (bottom image).
This blot is representative of three independent experiments.
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Figure 2. Dfil is an integral membrane protein when at least one hydrophobic region is present
Cell lysates of C. albicans strains encoding HA-tagged full-length Dfil, Dfilay, Dfilac, or

Dfilanac underwent ultracentrifugation to pellet cell membranes at 300,0009 for 20 min, as
described in the Materials and Methods. The pellets were then homogenized with extraction
buffer alone, buffer plus 4M urea (final concentration), or buffer plus 5% Triton X-100 (final
concentration; v/v). These homogenates then underwent a second round of
ultracentrifugation and the resulting supernatants (S) and pellets (P) were probed for HA by
Western blotting. The lanes from the DF1,c strain were each loaded with 12.5 uL of sample,
to avoid excessive signal, and all other lanes were each loaded with 50 L of sample. Each
blot is representative of at least three experiments.
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Figure 3. N-linked glycosylation is abnormal in some truncated Dfil proteins
Crude lysates of C. albicans encoding HA-tagged full-length Dfil, Dfilac, Dfilay, OF

Dfilanac Were either mock-treated (=) or treated (+) with PNGase F, and these samples
were probed for HA by Western blotting, as described in the Materials and Methods. Arrow
indicates a faster-migrating species. C. albicans strains encoding DF/1.7a1 replacement ¢ OF
DFI1n.7M replacement z Underwent identical treatment. The lanes from the DF11,c strain
were each loaded with 11uL of sample, and all other lanes were each loaded with 45 pL of
sample. Each blot is representative of at least three experiments.
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Figure 4. The Dfil N-terminal TM domain is not required for localization to the cell periphery
C. albicans strains encoding no GFP-tagged Dfil, or encoding GFP-tagged full-length Dfi1l,

Dfilan, Dfilpac, or Dfilanac Were grown in liquid culture and imaged by confocal
microscopy, as described in Materials and Methods. Images shown are xy-slices through 3D
reconstructed images. Scale bar 5 um.
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