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Localization of arabidopsis SYP125 syntaxin
in the plasma membrane sub-apical and distal
zones of growing pollen tubes
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Abbreviations: [Caz*]c, cytosolic free calcium; CLSM, confocal laser scanning microscopy;

PIP2, phosphatidylinositol-4,5-bisphosphate; PIP5K4, phosphatidylinositol-4-monophosphate-5-kinase; PM, plasma membrane;

SYP, syntaxin in plant (referring to all Q-SNAREs with a trans-membrane domain)

Tip growth in pollen tubes occurs by continuous vesicle secretion and delivery of new wall material, but the exact sub-
cellular location of endocytic and exocytic domains remains unclear. Here we studied the localization of the Arabidopsis
thaliana pollen specific syntaxin SYP125 using GFP-fusion constructs expressed in Nicotiana tobaccum pollen tubes. In
agreement with the predicted role for syntaxins, SYP125 was found to be associated with the plasma membrane and
apical vesicles in growing cells. At the plasma membrane, SYP125 was asymmetrically localized with a higher labeling
20-35 wm behind the apex, a distribution which is distinct from SYP124, another pollen-specific syntaxin. Competition
with a related dominant negative mutant affected the specific distribution of SYP125 but not tip growth. Co-expression
of the phosphatidylinositol-4-monophosphate-5-kinase 4 (PIP5K4) or of the small GTPase Rab11 perturbed polarity and
the normal distribution of GFP-SYP but did not inhibit the accumulation in vesicles or at the plasma membrane.

Taken together, our results corroborates previous observations that in normal growing pollen tubes, the asymmetric
distribution of syntaxins helps to define exocytic sub-domains but requires the involvement of additional signaling and
functional mechanisms, namely phosphoinositides and small GTPases. The localization of syntaxins at different mem-
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brane domains likely depends on the interaction with specific partners not yet identified.

Introduction

Pollen tube growth and reorientation occur at the extreme apex
of the tube due to polarized transport, docking and fusion of
secretory vesicles."? It was generally assumed that exocytosis
events occur mostly at the extreme apex while membrane recy-
cling (endocytosis) would take place further back from the tip,
at the flanks of the apex and/or at sub-apical regions.>* Recent
data questioned this paradigm suggesting that the preferential
location for fusion is on a limited membrane domain at the
sub-apical flanks and not at the extreme apex.>® The hypoth-
esis that two endocytic modes could co-exist according to the
growth conditions as also been raised”” and requires further
testing.

We recently showed that a pollen specific syntaxin, SYP124
(Microarray Database Genevestigator, GeneChip; reviewed in
ref. 10), accumulates at the membrane of apical vesicles and at
the plasma membrane flanks (10-25 pwm behind the apex) of
growing pollen tubes."! SYP124 belongs to a highly conserved
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family of Qa-SNARE:s (for soluble N-ethylmaleimide sensitive
factor attachment protein receptor) which interact on the tar-
get membrane with two other partners classified as Qb- and
Qc-SNAREs."2 The resulted target complex known as -SNARE
binds with R-SNARE on transport vesicle and assures docking
and thus driving membrane fusion.”® Therefore, our reported
localization suggests a role for SYP124 in the regulation of
localized exocytosis and a net low of fusion events in the flanks
of the growing pollen tube apex. According to theoretical pre-
dictions," SYP124 has functional redundancy with SYP125,
the other pollen-specific syntaxin reported to have asymmet-
ric localization.” So in this work we further investigated the
distribution of SYP125 during pollen tube growth and upon
modulation by regulatory proteins (PIP5K4 and Rabl1). Using
GFP-fusion proteins we found that SYP125 also accumulates at
apical vesicles and at the plasma membrane but, in contrast to
SYP124, the highest fluorescent labeling was observed in more
distal plasma membrane regions, 20-35 wm behind the apex of
growing pollen tubes.
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Results and Discussion

The location, dynamics and regulatory mechanisms of exocytic
events in pollen tubes remains unclear.>*>?' Recent data has sug-
gested that the preferential location for fusion is on a limited
membrane domain at the sub-apical flanks and not at the extreme
apex, in agreement with the hypothesis of an annulus shaped
release zone.>*** In a previous work we found that SYP124, a
pollen-specific Qa-SNARE, showed a specific distribution with
a higher labeling at the plasma membrane flanks of growing pol-
len tubes, 10-25 wm behind the apex.”! This distribution was
affected by regulators of membrane secretion (Ca?*, PIP5K4 and
Rab11)," indicating that syntaxins alone do not provide the level
of specificity required for apical growth and that additional sig-
naling and functional mechanisms are required.

To further study this topic, here we analyzed the distribution
of SYP125, another pollen-specific Qa-SNARE predicted to have
functional redundancy with SYP124." For such purpose, pol-
len of Nicotiana tabacum was transformed with a GFP-SYP125
fusion construct controlled by the Lat52 promoter and actively
growing pollen tubes (growth rate of at least 3 um-min™) imaged
by confocal laser scanning microscopy 5-6 h after transforma-
tion. Control experiments involved transformation of cells with
free GFP which exhibits cytosolic distribution."

SYP125 accumulates in apical vesicles and at the membrane
flanks of the growing pollen tube. Similarly to SYP124," in
growing cells expressing GFP-SYP125 (n = 10), the fluorescence
mainly localized in the characteristic inverted cone of apical
vesicles and at the plasma membrane with a higher signal at the
flanks of the pollen tube (Fig. 1A and B). However, the high-
est labeling at the plasma membrane was observed 20-35 pum
behind the apex, a localization that overlaps but not superimposes
with SYP124 (10-25 pm behind the extreme tip) (Fig. 1C). In
the non-growing pollen tubes (n = 5), there was dissipation in
SYP125 apical vesicle labeling and localization in the plasma
membrane was still visible but with no accumulation pattern
(Fig. 1D). Overexpression of GFP-SYP125 (observations made
7-9 h after transformation; n= 10) leads to a significantly higher
localization associated with the plasma membrane (Fig. 1E) and
perturbations in apical morphology (changes in tip diameter-n=
3; oscillatory or wavy pattern-n = 4) but not to a significant dis-
turbance of polarity.

Co-expression with a truncated version consisting only in the
N-terminal portion of SYP (SYP125T),"” led to no visible change
in pollen tube morphology or growth rate (n = 5). However, as
in non-growing cells, localization in the plasma membrane was
still visible but with no specific accumulation pattern (Fig. 1F)
suggesting a perturbation in the interaction of SYP125 with its
targets. We hypothesize this was due to the dominant negative
potential of the truncated form that competes with the native
protein for the SNARE partner but has minimal impact on the
formation of functional complexes.” Consequently, the “pool” of
interactors with the non-mutated SYP is reduced and the protein
will flow on the membrane differently.

Localization of SYP125 is modulated by signaling pathways.
Previously we found that the localization of SYP124 was affected

666

Plant Signaling & Behavior

by the addition of 20 pM gadolinium chloride."! Gadolinium
(Gd?*) is an inhibitor of plasma membrane cationic channels*
147 and

at this concentration transiently reduces growth rates allowing

known to reduce intracellular [Ca*] levels in pollen tubes

fast recovery upon wash-out."” Along with a reduction in growth
rate, the addition of this ion to the extracellular medium caused
a transient but significant (=5%) reduction in the association of
the fluorescent signal with the apical and sub-apical plasma mem-
brane (Fig. 2; n = 5). This is in agreement with the observation
that SNARE fusion is inherently Ca?*-insensitive but an increase
in Ca** enhances SNARE-mediated liposome fusion® and con-
sistent with a reduction in fusion rates but continued membrane
recycling. In contrast, the signal associated with both apical and
sub-apical cytoplasmic regions exhibited no significant changes
(<5%; Fig. 2) suggesting that, similarly to SYP124, influx of
extracellular Ca?* is important for specific SYP125 localization
(and accumulation) at the plasma membrane but not to its traf-
ficking through secretory vesicles.

The localization of SYP125 was also found to be modulated
by the Arabidopsis thaliana phospholipid kinase PIP5K4 and by
the small GTPase RABI1. To directly compare SYP125 results
with our previous report in reference 11, here we co-expressed
GFP-SYP125 with either PIP5K4 or with a dominant-negative
GDP-bound version of Rabll (RablIDN). Overexpression of
these two proteins was shown to induce depolarization of the
growth axis and to disturb membrane trafficking.?*?*?’ In all
analyzed cells (n = 10) PIP5K4 expression (-7-9 h after transfor-
mation) caused changes in GFP-SYP125 localization, the associ-
ation of GFP fluorescence with the apical plasma membrane and
dissipation of the typical higher labeling of the apical cytoplasm
(Fig. 3A—C). Eight of these cells also exhibited significant dis-
turbance of polarity as depicted in Figure 3A and B. Rabl1DN
overexpression (Fig. 4A—C; n = 10) led to similar observations
with altered SYP125 localization, dissipation of apical vesicle
labeling (n = 10) and depolarization of the growth axis (n = 9).

These results stress the similarity between SYP124 and
SYP125 in agreement with a functionally redundant role for the
two syntaxins. They also support our previous suggestion that
syntaxins play mostly a structural role in pollen tube growth
rather than specifying the rate of vesicle delivery. Their turnover
and localization most likely follows the changes triggered by the
multiple signaling pathways acting on pollen tube secretion.

Material and Methods

Plasmids and vectors. Lat52 Pollen Promoter [pLat52,'] was
amplified from pGreen pLat52-GFP vector” as previously
described in reference 18 and 19. AtSYP125 cDNA (AT1G11250,
The Arabidopsis Information Resource) was amplified with for-
ward (5-GTC GAC CAT GAA CGA TTT ATT CTC TAA
TTC ATT C-3') and reverse (5-CTG CAG TTC ACT TCA
ACA TGA GCA TTA TGT GAG G-3') primers carrying Sal/l
and Pzl restriction sites (underlined) respectively. The resule-
ing DNA fragment was used to replace the Sa/l-Pszl fragment
in plasmid pSGFP5K." After digestion with Ndel and EcoRI the

resulting DNA fragment was used to replace the corresponding
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Figure 1. Confocal imaging of N. tabacum pollen tubes expressing GFP-SYP125. Scale bars = 20 um. (A) Time-course series of a growing tobacco pollen
tube showing the subcellular localization of SYP125 (observation made ~6 h after transformation). The protein seemed to accumulate mostly in apical
vesicles and at the flanks of the plasma membrane. Numbers refer to the time interval (in seconds). Images are representative of ten independent
experiments. (B) Time course analysis of GFP fluorescence intensity in the growing pollen tube shown in (B). Each line is representative of measure-
ments of the fluorescent signal made in the lines/circles depicted in the diagram for 12 different pollen tubes: apical plasma membrane (black circle);
apical cytoplasm (black square); sub-apical plasma membrane (lozenge); sub-apical cytoplasm (triangle). Growth rate measurements (wm-min™) are
displayed by the dashed line. See Supplemental file for Z-stack series of SYP125 localization. (C) Distribution of average fluorescence intensity along
the first 40 pm of the pollen tubes plasma membrane as depicted in the diagram for growing (Grow-thick solid line; n = 10) and non-growing (Non-
grow-thin solid line; n = 5) pollen tubes. Dotted line represents equivalent measurements for growing pollen tubes expressing GFP-SYP124 (n = 12);
differences to the localization pattern of SYP125 are statistically significant (p < 5E®). Error bars not displayed for the sake of clarity. See Supplemental
file for co-expression image of GFP-125 and RFP-SYP124. (D) Optical section of a non-growing pollen tube transformed with GFP-SYP125. (E) Pollen
tube expressing high levels of GFP-SYP125 exhibited disturbed growth and perturbations in apical morphology. The protein accumulates at the flanks
but also at the apical plasma membrane. (F) Pollen tube co-expressing SYP125T (truncated protein lacking the transmembrane domain) with full GFP-
SYP125. The cell exhibited no perturbations in apical morphology but protein localization exhibits a higher labeling in the plasma membrane further
away from the sub-apical region.
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Figure 2. Time course analysis of GFP fluorescence intensity in N.
tabacum growing pollen tubes transformed with GFP-SYP125 and ex-
posed to 20 uM of extracellular Gd**. Imaging and measurements were
performed under the same conditions and settings as in Figure 1A.
Growth rate measurements (wm-min™) are displayed by the dashed
lines. Addition of the inhibitor was performed at the time indicated by
the vertical dotted line and collection of data resumed after inhibitor
wash out. The graph is representative of five independent pollen tubes.
Symbols indicate measurements performed in the apical plasma mem-
brane (black circle), apical cytoplasm (black square), sub-apical plasma
membrane (lozenge) and sub-apical cytoplasm (triangle) according to
the diagram in Figure 1B.

fragment in plasmid GFP-AtSYP122F, resulting in GFP-
AtSYP125F fusion coding sequence controlled by the pLat52.

Construct 125T was similarly obtained but amplifying GFP-
AtSYP125F with forward (5'-GCC CAT GGC CCC CCA TGA
AGACTAATCTTTTTCTCT T-3") and reverse (5-ACT GCA
GAT CAA GTC CAT TTC CTC GAG CTC TT-3") primers
carrying Neol and Pstl restriction sites (underlined) respectively,
resulting in AtSYP125AC257-K283 coding sequence controlled
by the pLat52.

Constructs pLat52:GFP-AtSYP124F, pLat52:AtRabl1DN
and pLat52-AtPIP5K4 were generated as previously in reference
11, 19 and 20.

For co-expression experiments a construct RFP-AtSYP124
was generated in two steps. RFP from the vector pHD334 was
amplified with forward (5-ATC ATC GGT ACC ATG GCC
TCC TCC GAG GAC GTC-3") and reverse (5-AAT AAT GCG
GCC GCT TAG GCG CCG GTG GAG TG-3') primers car-
rying Kpnl and Notl restriction sites (underlined) respectively
and cloned into pHD32. AtSYP124F was amplified with forward
(5'-GGA GCC GTC GAC AAT GAATGA TTT ATT CTC-
3') and reverse (5'-CAT GAT CCA TGG TCT TCA ACA TGA
GCA TGA-3') primers carrying Sall and Ncol restriction sites
(underlined) respectively. The resulted fragment was cloned into
pHD32 giving rise to RFP-SYP124 controlled by the pLat 52.

Plant material. Nicotiana tabacum (cv. Petit Havana SR1)
plants were grown in a greenhouse under standard conditions.
Mature pollen was collected and germinated in culture as previ-
ously described in reference 20.

Transient transformation and GFP imaging in tobacco
pollen tubes. A helium-driven PDS-1,000/He particle delivery
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system (BioRad) was used for the biolistic transformation of
tobacco pollen as described by reference 20. The methods for
plasmid expression, pollen germination, confocal imaging and
drug treatments were as previously described in reference 11.
Data analysis. Numerical data extraction was performed using
Image-Pro Plus 6.0 software (Media Cybernetics). Fluorescence
measurements of the pollen tube cytoplasm and/or plasma mem-
brane correspond to medium fluorescence intensity in the areas
depicted in the figure diagrams. Fluorescence was quantified in
terms of average pixel intensity and statistically analyzed with
a t-student test (2-tailed distribution). Variations of >5% were
considered to be meaningful. Except where mentioned, numeri-
cal data in figures correspond to single cell analysis of typical

experiments and not to summary statistics.>%

Conclusions

The data presented here indicates that pollen-specific syntaxins
SYP125 and SYP124," have a complementary distribution and
corroborates previous suggestions of a functionally redundant
role for these two Qa-SNAREs." The observed differences in
protein accumulation at the plasma membrane might reflect spe-
cific interactions with unidentified targets (e.g., PIP2 and phos-
phatidic acid; ref. 28) which, under normal growth conditions
of wild-type pollen tubes, could translate into discrete asym-
metric secretory events and relate to the two endocytic modes
suggested to co-exist in these cells.”** However, we cannot rule
out the hypothesis that this overlapping but not superimposed
distribution is due to the use of a heterologous system (expression
of Arabidopsis genes in tobacco).

Similarly to SYP124," the changes in SYP125 distribution
observed upon growth modulation are likely to reflect membrane
dynamics and a repositioning of the vesicle’s docking machin-
ery upon intra- and extracellular stimuli. Although these find-
ings highlight the importance of syntaxins in secretion and tip
growth, they must be carefully interpreted because the localiza-
tion reported reflects protein accumulation and not necessarily
the point of vesicle fusion.'"?! Further studies on the complex
machinery required for vesicle fusion are thus required.
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Figure 3. Confocal imaging of N. tabacum pollen tubes co-expressing
PIP5K4 with GFP-SYP125. Scale bars = 20 um. (A and B) Optical sec-

tion of pollen tubes overexpressing PIP5K. Along with high protein
localization in the flanks and apical plasma membrane, labeling of large
endomembrane-like structures is visible. (C) Distribution of average
fluorescence intensity along the first 40 wm of the pollen tubes plasma
membrane (n = 10) as depicted in the diagram. The distribution is
statistically different (p = 2.6E?%) from GFP-SYP125 alone (compare with
Fig. 1B). Error bars not displayed for the sake of clarity.
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Figure 4. Confocal imaging of N. tabacum pollen tubes co-expressing
Rab11DN with GFP-SYP125. Scale bars = 20 um. (A and B) Optical section
of pollen tubes overexpressing Rab11DN. The cells exhibit partial loss of
polarity, high protein localization in the flanks and apical plasma mem-
brane and almost complete dissipation of the apical vesicle labeling. (C)
Distribution of average fluorescence intensity along the first 40 um of
the pollen tubes plasma membrane (n = 10) as depicted in the diagram.
The distribution is statistically different (p = 1.4E") from GFP-SYP125
alone (compare with Fig. 1B). Error bars not displayed for the sake of
clarity.
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