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Abstract 17 

 18 

Membrane proteins are sorted to the plasma membrane (PM) via Golgi-dependent 19 

trafficking. However, our recent studies challenged the essentiality of Golgi in the 20 

biogenesis of specific transporters. Here, we investigate the trafficking mechanisms of 21 

membrane proteins by following the localization of the polarized R-SNARE SynA 22 

versus the non-polarized transporter UapA, synchronously co-expressed in wild-type 23 

or isogenic genetic backgrounds repressible for conventional cargo secretion. In wild-24 

type, the two cargoes dynamically label distinct secretory compartments, highlighted 25 

by the finding that, unlike SynA, UapA does not colocalize with the late-Golgi. In line 26 

with early partitioning into distinct secretory carriers, the two cargoes collapse in 27 

distinct ERES in a sec31
ts
 background. Trafficking via distinct cargo-specific carriers 28 

is further supported by showing that repression of proteins essential for conventional 29 

cargo secretion does not affect UapA trafficking, while blocking SynA secretion. 30 

Overall, this work establishes the existence of distinct, cargo-dependent, trafficking 31 

mechanisms, initiating at ERES and being differently dependent on Golgi and 32 

SNARE interactions. 33 

  34 

  35 
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Introduction 36 

In eukaryotic cells proper subcellular trafficking, topological distribution and 37 

targeting of de novo made plasma membrane (PM) proteins constitute processes of 38 

primary importance (Barlowe & Helenius, 2016). The great majority of these proteins 39 

translocate co-translationally from ribosomes into the lipid bilayer of the endoplasmic 40 

reticulum (ER) (Voorhees & Hegde, 2016). Proper integration into the ER membrane 41 

is followed by partitioning of membrane cargoes into ER-Exit Sites (ERES), which 42 

define distinct microdomains promoting the bud-off of vesicles (Zanetti et al, 2013; 43 

D’Arcangelo et al, 2013; Feyder et al, 2015; Gomez-Navarro & Miller, 2016) or 44 

tubules (Shomron et al, 2021; Weigel et al, 2021; Raote & Malhotra, 2021; Phuyal & 45 

Farhan, 2021). Vesicles or tubules loaded with membrane cargoes are directed to and 46 

fuse with the early- or cis-Golgi, seemingly via a dynamic pre-Golgi compartment, 47 

known as ERGIC (ER-to-Golgi Intermediate Compartment) in mammals and yeast, or 48 

the Golgi entry core compartment (GECCO) in plant cells (Aridor, 2018; Peotter et al, 49 

2019; Wong-Dilworth et al, 2023; Fougère et al, 2023; Tojima et al, 2023). Once in 50 

the early-Golgi, cargoes ‘advance’ towards the medial- and late- or trans-Golgi 51 

network (TGN), through Golgi maturation (Glick & Luini, 2011; Suda & Nakano, 52 

2012; Day et al, 2013; Pantazopoulou & Glick, 2019; Lujan & Campelo, 2021; 53 

Tojima et al, 2023). From the late-Golgi/TGN, cargoes destined to the PM are loaded 54 

in vesicular carriers coated, in most cases, with the AP-1/clathrin complex (Robinson, 55 

2015; Zeng et al, 2017; Casler et al, 2019). Alternative coated vesicles for specific 56 

cargoes or proteins other than those destined to the PM are also well studied 57 

(Makowski et al, 2020). The movement of such vesicular carriers towards the PM can 58 

be direct or via specific sorting endosomes and seems to require functional 59 

microtubule tracks and actin filaments (Berepiki et al, 2011; Schultzhaus et al, 2016; 60 

Fourriere et al, 2020). 61 

The initial exit of PM cargoes from ERES is orchestrated primarily by the 62 

protein coat complex COPII (Sar1, Sec23/24, Sec13/Sec31) and its associated 63 

scaffold proteins or regulators (e.g., Sec12, Sec16, cargo adaptors or chaperones) 64 

(Zanetti et al, 2013; Miller & Schekman, 2013; Peotter et al, 2019). Past and recent 65 

results have also strongly supported the direct involvement of coat complex COPI 66 

(Shomron et al, 2021; Weigel et al, 2021; Raote & Malhotra, 2021; Phuyal & Farhan, 67 

2021; Wong-Dilworth et al, 2023), independently to its long-thought role in specific 68 

cargo retrograde trafficking from the Golgi to the ER (Altan-Bonnet et al, 2004; 69 

Gomez-Navarro & Miller, 2016). Based on recent findings, COPII and COPI seem to 70 

carry topologically distinct functions, in which COPII first concentrates and drives 71 

cargoes into ERES, and subsequently COPI promotes further extension of budding, 72 

leading to homotypic or heterotypic fusion of the vesicular-tubular carriers into 73 

specific pre-Golgi intermediates, such as the ERGIC. Notably, both COPII and COPI 74 

protein complexes polymerize into flexible curved scaffolds to support membrane 75 

deformation, which seems crucial for cargo trafficking at the ER to Golgi interface. 76 

Anterograde cargo trafficking also necessitates membrane fusion at least in two steps. 77 

First, at the ER-to-Golgi transfer and secondly at the targeting of post-Golgi vesicles 78 
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or endosomal carriers to the PM. Membrane fusion between cargo carriers and 79 

recipient membranes requires specific tethering factors, SNARE proteins (soluble N-80 

ethylmaleimide-sensitive factor attachment protein receptors) and Rab GTPases, all of 81 

which regulate organelle identity as well as the direction of vesicular transport (Cai et 82 

al, 2007; Stenmark, 2009; Novick, 2016; Stanton & Hughson, 2023). 83 

The outlined mechanism of anterograde cargo trafficking, which is centrally 84 

dependent on Golgi maturation and functioning, is thought to be the major mechanism 85 

that directs membrane cargoes to the PM, excluding specific cases of unconventional 86 

trafficking routes, detected mostly under cellular stress and only for a small number of 87 

specific cargoes (Rabouille, 2017; Gee et al, 2018; Camus et al, 2020; Zhang et al, 88 

2020; Kemal et al, 2022; Sun et al, 2024). However, our view of canonical 89 

anterograde cargo trafficking has been mostly shaped by studies in a small number of 90 

cell systems, such as yeasts or specific mammalian or plant cells, or by in vitro 91 

biochemical approaches, and crucially, with only a limited number of membrane 92 

cargoes. Surprisingly, trafficking mechanisms of the two most abundant types of 93 

membrane cargoes in eukaryotic cells, namely transporters and receptors, have not 94 

been investigated systematically. Related to this issue, we have recently provided 95 

evidence that in the filamentous fungus Aspergillus nidulans several nutrient 96 

transporters, the major proton pump ATPase PmaA and the PalI component of the pH 97 

sensing receptor, can all well translocate to the PM when key Golgi proteins are 98 

repressed (Dimou & Diallinas, 2020; Dimou et al, 2022, 2020). This contrasts what 99 

has been observed, using the same fungal system, with apical PM proteins, such as 100 

chitin synthase ChsB
Chs1/2

, R-SNARE SynA
Snc1/2 

or lipid flippases DnfA/B
Dnf1/2

, 101 

which are considered as standard Golgi-dependent cargoes (Hernández-González et 102 

al, 2018; Taheri-Talesh et al, 2008; Pantazopoulou et al, 2011; Schultzhaus et al, 103 

2015, 2016; Martzoukou et al, 2018; Dimou et al, 2020). A notable aspect of our 104 

previous work is also that both Golgi-dependent and Golgi-independent cargo 105 

trafficking seems to depend on key COPII components. This in turn signified that 106 

there must be two subpopulations of COPII cargo carriers; one that reaches the Golgi 107 

carrying conventional, growth-related, apically localized cargoes, and a second one 108 

that bypasses the Golgi to sort non-polarized cargoes needed for nutrition or 109 

homeostasis to the PM.  110 

Here we describe a novel genetic system in A. nidulans for synchronously co-111 

expressing and following the de novo localization of the non-polarized cargo UapA, a 112 

well-studied purine transporter, versus the polarly-localized R-SNARE SynA. Using 113 

this system, we obtained multiple evidence for the existence of distinct cargo 114 

trafficking routes for these two cargoes, initiating at ERES and early secretory 115 

compartments. Most interestingly, we also obtained evidence that translocation of 116 

UapA to the PM seems to necessitate non-canonical SNARE interactions and is also 117 

exocyst-independent. Our work provides strong evidence that in A. nidulans specific 118 

polarized and non-polarized PM cargoes serving different physiological functions 119 

follow distinct anterograde trafficking routes.  120 

 121 
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 122 

Results 123 

 124 

Synchronously co-expressed polarized (SynA) and non-polarized (UapA) membrane 125 

cargoes follow distinct routes to the PM 126 

 127 

A new genetic system was designed to follow the dynamic subcellular localization of 128 

selected specific polarized and non-polarized membrane cargoes, namely SynA
Snc1/2 

129 

(R-SNARE) versus UapA (purine transporter), co-expressed in parallel. Notice that in 130 

this work we keep the A. nidulans protein (or gene) terminology based on previous 131 

experimental work and relevant publications, albeit in cases of proteins not studied 132 

before or/and not being annotated, we mostly use the terminology of the orthologous 133 

S. cerevisiae proteins/genes. When using the A. nidulans terminology of proteins, we 134 

also give the name of the orthologous protein in superscript, when these appear in the 135 

text for the first time (all genes/proteins with their A. nidulans annotation numbers 136 

used in this study are shown in Supplementary file 1). SynA and UapA tagged with 137 

GFP have been used previously for studying cargo trafficking mechanisms, albeit 138 

expressed in different strains, and in some cases under different promoters. In these 139 

studies, SynA has been shown to localize polarly in the apex of growing hyphae via 140 

conventional Golgi and post-Golgi secretion (Taheri-Talesh et al, 2008; Martzoukou 141 

et al, 2018), whereas UapA localized non-polarly all over the hyphal PM, through a 142 

mechanism that essentially did not require Golgi maturation and post-Golgi secretion 143 

(Dimou et al, 2020, 2022). 144 

Here, we constructed novel strains where we can simultaneously co-express, via the 145 

regulatable alcA promoter (alcAp), functional mCherry-SynA and UapA-GFP. In 146 

these strains, the respective engineered DNA cassettes replaced the endogenous loci 147 

via standard A. nidulans reverse genetics. Transcription from the alcAp can be 148 

repressed by glucose and derepressed in poor carbon sources (e.g., fructose). 149 

Derepression of alcAp by fructose leads to medium levels of expression (Flipphi et al, 150 

2003). Figure 1A shows that the strain co-expressing alcAp-mCherry-SynA and 151 

alcAp-UapA-GFP grows similarly to an isogenic wild-type (wt) strain in the presence 152 

of uric acid as a N source (i.e., substrate of UapA) and fructose as a C source, as 153 

expected. On the other hand, on uric acid/glucose media the alcAp-mCherry-154 

SynA/alcAp-UapA-GFP strain resembles the ΔuapA null mutant, confirming that 155 

uapA transcription is well repressed. Notice that lack of SynA expression, either in the 156 

null mutants or in the repressible alcAp-mCherry-SynA strain, does not affect growth 157 

(see also later). 158 

 We followed the subcellular steady-state accumulation of de novo expressed 159 

UapA and SynA in germlings and young hyphae after 4h derepression, in the alcAp-160 

UapA-GFP/alcAp-mCherry-SynA ‘dual-cargo’ strain by using widefield fluorescence 161 

microscopy (Figure 1B). UapA-GFP labeled homogeneously the PM in a non-162 

polarized or even anti-polarized manner, while mCherry-SynA marked mostly the PM 163 
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of the apical region of hyphae, with some overlap with UapA-GFP, at the sub-apical 164 

region. Thus, UapA-GFP and mCherry-SynA nicely reflect non-polarized and 165 

polarized cargo accumulation when expressed in the same cell. The distinct 166 

distribution of the two cargoes remained the same at all development stages tested 167 

(e.g., germlings, young or mature hyphae). Noticeably however, the localization of 168 

UapA in some cells where SynA has not yet accumulated at the apical region, can also 169 

show apical localization. This points to the hypothesis that there is no specific 170 

inhibitory mechanism that excludes UapA from the apex but is rather the consequence 171 

of massive accumulation of apical markers related to fast growth of hyphae that limits 172 

translocation of UapA at the tips. This idea is strongly supported later, as in cases 173 

where we blocked conventional apical localization of SynA, UapA could then 174 

accumulate also in apical tips (see Figures 6B, 6D and 6E).  175 

To investigate whether the observed steady-state accumulation of cargoes is 176 

the result of distinct or overlapping trafficking routes, especially at early steps of their 177 

secretion, we followed the dynamic appearance of the two cargoes from the onset of 178 

their transcriptional derepression. Wide-field epifluorescence microscopy showed that 179 

in most cells the two cargoes become visible after ~60 min of initiation of 180 

transcription and progressively labelled distinct cytoplasmic compartments, before 181 

accumulating in the PM. Importantly, the two cargoes did not seem to overlap 182 

significantly at any stage before accumulation to the PM (Figure 1C).  183 

 To better define the relative topology and dynamics of trafficking of SynA and 184 

UapA, we employed high-speed spinning-disc confocal microscopy and analysis of 185 

deconvolved Z-stack images (i.e., dual-color 4D imaging; see Material and methods). 186 

Figure 2A and 2B and Figure 2 – Videos 1-3 show snap shots and movies of UapA 187 

and SynA trafficking dynamics after synchronous derepression of transcription for 3h. 188 

The topology of UapA-labeled versus SynA-labeled structures was clearly distinct in 189 

all cells tested, as most UapA and SynA structures did not co-localize in movies 190 

recorded for a time period of 7 min (PCC=0.01, n=52). We detected only a small 191 

number of doubly labeled, mostly non-cortical puncta (0.33±0.03 µm in diameter) 192 

(Figure 2A, see merged channels in middle and lower panels), suggesting that UapA 193 

and SynA might very partially co-localize on an early secretory compartment, before 194 

reaching the subapical or apical PM, respectively. Both UapA and SynA structures 195 

showed low-range mobility, but in addition several SynA puncta also moved towards 196 

the apical area (see Figure 2 – Video 3 and Figure 3 – Video 4). In several hyphae, 197 

UapA appeared to label cytoplasmic oscillating thread structures decorated by pearl-198 

like foci (0.32±0.02 µm) as well as a very faint vesicular/tubular network (Figure 2B 199 

and associated movie in Figure 2 – Video 2). Similar thread-like structures with 200 

pearl-like foci were also seen with SynA (0.30±0.03 μm). Larger SynA-puncta were 201 

also observed (0.52±0.08 μm) (Figure 2 – Video 3). Some UapA structures were 202 

tracked moving laterally towards the PM (indicated by yellow arrow heads in Figure 203 

2A and 2B, see lower left panel). The average time needed for this to occur was 204 

estimated to be 12-18 sec. The time frame in our videos ranged from 3-9 sec, as 205 

shorter times proved too low for detecting the cargoes, especially SynA.  206 
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To identify whether the cytoplasmic structures labeled with UapA-GFP or 207 

mCherry-SynA, especially those that appear as small cytosolic puncta, reflect sorting 208 

via ERES and Golgi compartments, we performed co-localization studies with 209 

markers of ERGIC/early-Golgi (SedV
Sed5

) or late-Golgi/TGN (PH
OSBP

-containing 210 

protein; (Pantazopoulou & Peñalva, 2009)  (Figure 3 – Videos 1-4). Results shown in 211 

Figures 3A and 3B reveal that in movies recorded for a time period of 6-10 min 212 

UapA did not colocalize with any of the two Golgi markers [PCC=0.01, n=100 213 

(UapA-SedV), PCC=0.01, n=35 (UapA-PH
OSBP

)], while SynA co-localized 214 

significantly with the late Golgi marker PH
OSBP

 (PCC=0.74, n=76, p<0.0001), and 215 

very little with the ERGIC/early-Golgi marker SedV (PCC=0.04, n=40). Significant 216 

colocalization of SynA with the late Golgi marker PH
OSBP

 is also confirmed via Super 217 

Resolution Radial Fluctuation (SRRF) imaging (Figure 3 – Figure supplement 1). 218 

Given that colocalization of SynA and PH
OSBP

 occurred all over the cytoplasm of 219 

hyphae and not only at the apical region, and because we record colocalization of 220 

cargoes before their steady-state accumulation to the PM, thus at a stage where 221 

recycling must be minimal, the recorded colocalization should reflect anterograde 222 

transport rather than recycling.  223 

The inability to record significant colocalization of UapA or SynA with the 224 

ERGIC/early-Golgi marker (SedV) in our movies (time frames of 6 sec) might reflect 225 

very rapid (< 6 sec) passage of both cargoes from early secretory compartments. This 226 

assumption seemed the most logical, as at least SynA, which colocalizes to the late-227 

Golgi, should ‘necessarily’ pass via the early-Golgi. Although we were unable to 228 

estimate the relevant contribution of early-Golgi in the trafficking of distinct cargoes, 229 

a challenge that would require more ultra-fast high-resolution microscopy or/and 230 

synchronization of controlled ER-exit (see later), our findings, already provided 231 

strong evidence that the two cargoes studied traffic via distinct routes. SynA seems to 232 

be secreted via the conventional Golgi-dependent mechanism, while UapA is 233 

probably sorted to the PM from an early secretory compartment, ultimately bypassing 234 

the need for Golgi maturation. This assumption is strengthened by subsequent 235 

experiments.  236 

 237 

 238 

UapA and SynA sorting to the PM is differentially dependent on COPII 239 

components 240 

 241 

The evidence that UapA and SynA follow distinguishable trafficking routes, which 242 

are differentially dependent on Golgi maturation, leads to the hypothesis of existence 243 

of functionally discrete ERES/COPII or ERGIC-type subpopulations that might be 244 

involved in the generation of distinct trafficking carriers (vesicles or tubules). One 245 

subpopulation (the ‘canonical’) drives the budding of carriers containing polarized 246 

cargoes like SynA or other growth-related proteins to the Golgi, whereas the second 247 

type of carrier (the ‘unconventional’) bypasses the Golgi to sort non-polarized cargoes 248 

like UapA or other transporters to the PM (Dimou & Diallinas, 2020; Dimou et al, 249 

2022, 2020). To further investigate the nature of distinct cargo carriers originating 250 
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from the ER in A. nidulans, we examined the role of key proteins necessary for COPII 251 

formation and proper cargo ER-exit using our system of synchronous co-expression 252 

of SynA and UapA in the same cell. We specifically tested the role of the major 253 

COPII structural components SarA
Sar1

, Sec24, Sec13 and Sec31, as well as Sec12, a 254 

guanine nucleotide exchange factor (GEF) that regulates SarA. Notice that SarA, 255 

Sec24 and Sec13 have been previously shown to be essential for growth, while Sec24 256 

or Sec13 have also been found critical for proper trafficking of both polarized and 257 

non-polarized cargoes (Hernández-González et al, 2015; Dimou et al, 2022, 2020). 258 

Noticeably, however, these studies have been performed in different strains for each 259 

cargo so that a direct comparison of the relative contribution of COPII components in 260 

the trafficking of distinct cargoes has not been possible. 261 

Here, we analyzed the relative role of COPII components in the trafficking of 262 

UapA versus SynA using newly constructed thiamine-repressible alleles for SarA, 263 

Sec31 and Sec12 (for strain construction see Materials and methods), as well as 264 

previously made repressible alleles of Sec24 and Sec13 (thiAp-sec24 and thiAp-sec13; 265 

Dimou et al, 2020). All repressible alleles were introduced by genetic crossing in the 266 

strain co-expressing UapA-GFP and mCherry-SynA via the regulatable alcA 267 

promoter. Western blot analysis confirmed that we could tightly repress the 268 

expression of SarA, Sec24, Sec13, Sec31. (Figure 4A). Sec12 could not be detected 269 

in western blots, probably due to an apparent high turnover or modification of its 270 

terminal regions. As expected, thiamine repression of COPII-related genes led to lack 271 

(sarA, sec24, sec13 or sec31) or dramatically reduced (sec12) colony growth in the 272 

respective strains (Figure 4B). Using these strains, we followed the relative 273 

subcellular localization of UapA versus SynA (Figure 4C). 274 

Repression of SarA, Sec24, Sec31 and Sec13 led to total retention of SynA at 275 

the ER network in ~ 100% of cells. UapA trafficking was also totally blocked upon 276 

SarA or Sec31 repression (100% of cells) and was also highly blocked when Sec24 277 

was repressed (~76% of cells). The partial independence of UapA localization on 278 

sec24 repression might be due to the existence of a Sec24 homologue, namely LstA, 279 

in A. nidulans (Dimou et al, 2022).  LstA is known to function as a cargo selection 280 

adaptor, similar to Sec24, for bulky or large oligomeric cargoes (Dimou et al, 2022). 281 

Notice that UapA is indeed a large cargo (i.e., the UapA dimer has 28 transmembrane 282 

segments), while SynA is a relatively small cargo (single transmembrane segment).  283 

Interestingly, UapA trafficking to the PM was not efficiently blocked upon 284 

Sec13 repression in most samples (~ 80% of cells). This was quite surprising given 285 

that sec13 is an absolutely essential gene for growth and SynA trafficking. Given that 286 

A. nidulans has no other Sec13-like proteins, this suggests that Sec13 is partially 287 

dispensable for UapA exit from the ER. The dispensability of Sec13 for UapA 288 

trafficking in most cells overrules our previous conclusion, which considered it as an 289 

essential protein for translocation of UapA or other transporters to the PM (Dimou et 290 

al, 2020, 2022). Apparent discrepancy in our previous and present findings is 291 

probably due to the fact that previous studies have been performed in strains that 292 

separately expressed the two cargoes, so that a direct relative comparison could not 293 

have been performed. This shows the validity of our new system of synchronous co-294 
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expression of two cargoes in the same cell, especially when the role of a trafficking 295 

factor on different cargoes is variable, as is the case of Sec13. 296 

Given the differential requirement of Sec13 and other COPII components on 297 

UapA translocation to the PM, we further addressed the degree of relative 298 

contribution of Sec13 and Sec24 by measuring the capacity of transport of 299 

radiolabeled xanthine (i.e., substrate of UapA) in strains expressing the respective 300 

thiAp-repressible alleles. In other words, we took advantage of the fact that UapA, our 301 

model cargo, is a native transporter whose activity is directly related to proper 302 

integration to the PM. Figure 4D shows that UapA-mediated xanthine transport was 303 

very low when Sec24 was repressed (~15% of wt) but remained relatively high when 304 

Sec13 was repressed (~72% of wt or non-repressed levels). This confirmed the high 305 

degree of dispensability of Sec13 for UapA functional translocation to the PM, 306 

relative to the other COPII components. 307 

Finally, Sec12 repression of transcription was shown to lead to a moderate negative 308 

effect on the trafficking of both UapA and SynA to the PM (~33-38%, n=116, t=4), 309 

compatible with a less profound effect on growth (see Figure 4B). Sec12 is very 310 

probably present at extremely very low levels when expressed from its native 311 

promoter under the condition of our experiment (minimal media). This is supported 312 

by our recent proteomic analysis, performed under similar conditions, which failed to 313 

detect the Sec12 protein, unlike all other COPII components [see (Dimou et al, 314 

2021)], but also by cellular studies of the group of M.A. Peñalva, who failed to detect 315 

Sec12 tagged with GFP (Bravo-Plaza et al, 2019). Given that repression of sec12 316 

transcription via the thiAp promoter still allows 68% of cells to secrete normally both 317 

SynA and UapA, while 32% of cells are blocked in the trafficking of both cargoes, 318 

suggests that in most cells either SarA can catalyze the exchange of GDP for GTP 319 

without Sec12, maybe through a cryptic guanine nucleotide exchange factor (GEF), or 320 

that very small amounts of Sec12 remaining after repression are sufficient for 321 

significant SarA activation. Additionally, in yeast, immune detection of Sec12 has 322 

been possible only in cells harboring sec12 on a multicopy plasmid, suggesting its low 323 

abundance in wild-type cells (Nakano et al, 1988). Whichever scenario is true, Sec12, 324 

similarly to SarA, is not critical for distinguishing Golgi-dependent from Golgi-325 

independent routes, as both cargoes are affected similarly. 326 

Overall, the above findings suggest that while SynA proper trafficking 327 

requires the formation of a ‘canonical’ COPII functional formation, UapA seems to be 328 

able to be secreted to the PM in the absence of Sec13, which is a major component of 329 

the outer coat of COPII. The differential role of Sec13 on specific cargo trafficking is 330 

discussed further later.  331 

 332 

 333 

Genetic block in COPII formation or repression of COPI activity traps UapA and 334 

SynA in distinct ERES 335 

 336 

Live imaging of newly synthesized membrane cargoes in the ER is challenging 337 

because these proteins are continuously being synthesized and traffic rapidly from the 338 
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ER to their final subcellular destination. Thus, trafficking cargoes might not be 339 

detected at the ER because their concentration is too low for detection by fluorescence 340 

microscopy. To overcome this technical limitation, the thermosensitive COPII allele 341 

sec31-1 has been used in yeast as a genetic tool to reversibly retain the newly 342 

synthesized fluorescent-tagged cargoes in the ER or aberrant ERES in a temperature-343 

dependent fashion (Castillon et al, 2009; Rodriguez-Gallardo et al, 2021). Through 344 

this system, synchronous cargo ER-exit can also be restored by shifting the cells to a 345 

permissive temperature (25°C). Here, we used a Sec31 thermosensitive approach for 346 

achieving a synchronized dual block of UapA and SynA and investigate whether the 347 

two cargoes are trapped in similar or distinct compartments. We constructed several 348 

A. nidulans Sec31 mutant strains (see Materials and methods) and identified one that 349 

showed a thermosensitive growth phenotype at 42
o
C (Figure 5A). The relevant 350 

mutation, named sec31
ts
-AP, was introduced by genetic crossing to the strain 351 

synchronously co-expressing UapA and SynA, and performed live microscopy.  352 

As shown in Figure 5B (left panel), when spore germination takes place at 353 

42
o
C, both cargoes fail to reach the PM, as expected given the essentiality of Sec31, 354 

shown also earlier in this work (see Figure 4). This confirms that the specific sec31
ts
 355 

allele used has severally inactivated Sec31 function at higher than the physiological 356 

temperatures, in line with growth tests shown in Figure 5A. Importantly, UapA and 357 

SynA marked very distinct areas of a membranous network typical of the ER (see 358 

merged panel). When cells were shifted from 42
o
C to 25

o
C and observed after 0-45 359 

min, the picture changed (Figure 5Β, right panel). More specifically, both cargoes 360 

progressively marked puncta on or closely associated with the ER membranous 361 

network, often associated with rings reflecting nuclear ER, but also in cortical regions 362 

next to the PM. Most notably, UapA and SynA puncta did not co-localize 363 

significantly (PCC=0.28±0.06, n=17). The distribution, size and rather static nature of 364 

UapA and SynA puncta strongly suggested that these reflect distinct ERES, as these 365 

appear when marked with FP-tagged COPII components (e.g., Sec24; Dimou et al, 366 

2020). Thus, when Sec31 was inactivated (42
o
C) and proper ERES cannot be formed, 367 

UapA and SynA collapse in extensive parts of the ER network, but when Sec31 is 368 

progressively re-activated by a shift at 25
o
C, stable COPII complexes start being 369 

formed, giving rise to apparently proper ERES and normal trafficking. In this series of 370 

events, UapA and SynA never colocalized significantly, which in turn suggested that 371 

the two cargoes, after post-translational translocation to the ER, partition and exit 372 

from distinct ERES, subsequently forming spatially distinguishable secretory 373 

compartments. 374 

To further define the identity of the ER-associated puncta marked with UapA 375 

or SynA, we constructed sec31
ts
 strains that co-express either UapA-GFP or GFP-376 

SynA with a standard marker of ERES, namely Sec16, tagged with mCherry (for 377 

strain construction see Material and methods). Figure 5C shows the localization of 378 

UapA-GFP/Sec16-mCherry or GFP-SynA/Sec16-mCherry in the presence of sec31
ts
 379 

mutation after growth in a non-permissive temperature (42
o
C) and transfer to 380 

permissive temperature (25
o
C). Both cargoes show significant colocalization with 381 

Sec16 (PCC≈0.6) in clearly defined puncta, as those detected in Figure 5B. These 382 
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findings strongly suggested that upon block-and-release of ER-exit, both cargoes are 383 

sorted to ERES. Ideally, for showing directly the existence of distinct cargo-specific 384 

ERES, a three-color approach, using red, green and blue fluorescent tags, would be 385 

needed. However, the BFP-tagged Sec16 failed to give a specific and strong signal for 386 

performing colocalization studies with UapA-GFP and mCherry-SynA (not shown). 387 

However, given that UapA and SynA mark distinct compartments, as clearly shown in 388 

Figure 5B, our results strongly suggest that the two cargoes are recruited in spatially 389 

distinct ERES. 390 

To further follow the parallel fate of UapA and SynA carriers exiting the ER, 391 

we also tried to detect their dynamic localization when immediate downstream steps 392 

in their secretion were blocked. More specifically, we tested their localization when 393 

COPI function is conditionally downregulated by repression of transcription of either 394 

CopA
Cop1 

or ArfA
Arf1/2

. CopA is an essential core component of the COPI complex, 395 

while ArfA is an essential ADP-ribosylation GTPase that regulates anterograde coated 396 

vesicle formation by recruiting COPI at the ERES-early-Golgi interface (Weigel et al, 397 

2021; Shomron et al, 2021). We have previously constructed thiAp-repressible alleles 398 

of CopA and ArfA and shown that these affect trafficking of UapA or SynA, albeit in 399 

experiments performed in separate strains (Georgiou et al, 2023). Here we introduced 400 

thiAp-copA and thiAp-arfA alleles in the dual strain synchronously co-expressing 401 

UapA and SynA. As shown in Figure 5D, repression of either CopA or ArfA, 402 

abolished translocation of these cargoes to the PM. Whether this signifies a direct 403 

block in anterograde transport or alternatively CopA/ArfA are needed to recycle 404 

proteins from ERES-derived carriers (or ERGIC) back to the ER, and thus indirectly 405 

affecting anterograde transport, is a still a debatable issue. Noticeably, the picture 406 

obtained upon CopA repression was rather similar to what has been observed when 407 

cargo trafficking was followed in the background of the sec31
ts
 strain shifted from 408 

42
o
C to 25

o
C. More specifically, we observed distinct, little colocalizing 409 

(PCC=0.15±0.08, n=9), UapA or SynA cytosolic puncta associated with the ER 410 

network. On the other hand, upon ArfA repression, the effect on cargo trafficking 411 

seemed more dramatic compared to CopA repression or sec31
ts
, with UapA sorted 412 

into vacuoles and SynA collapsing all over the ER membrane. This might be related 413 

to the fact the ArfA has a pleiotropic effect on other steps in cargo trafficking, besides 414 

recruitment of COPI. Notably, the ER membranes where SynA collapses upon ArfA 415 

repression is distinct from the structures marked with UapA (PCC=-0.14±0.1, n=10).   416 

Overall, the findings described above show that UapA and SynA are trapped 417 

in distinct ERES and possibly downstream secretory compartments upon functional 418 

blocks in COPII or COPI formation.  419 

 420 

 421 

Golgi maturation and conventional post-Golgi vesicular secretion are redundant for 422 

UapA localization to the PM  423 

 424 

Using a similar approach as that for studying the role of COPII components, we 425 

followed the synchronous co-expression and trafficking of de novo made UapA and 426 
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SynA in mutant backgrounds where we could repress the transcription of genes 427 

encoding essential Golgi proteins or conventional post-Golgi secretion 428 

(Pantazopoulou, 2016; Pinar & Peñalva, 2017; Pantazopoulou & Peñalva, 2009; 429 

Pantazopoulou & Glick, 2019; Nakano, 2022). The role of Golgi proteins studied 430 

were a) the ERGIC/early-Golgi proteins SedV
Sed5

 (Q-SNARE) and GeaA
Gea1 

431 

(Guanine nucleotide exchange factor for Arf GTPases), b) the late-Golgi/TGN protein 432 

HypB
Sec7

 (Guanine nucleotide exchange factor for  of Arf GTPases), c) the 433 

RabO
Ypt1

/
Rab1

 (GTPase involved in both early- and late-Golgi functioning), d) 434 

RabE
Ypt31/32/Rab11

 (GTPase essential for generation of post-Golgi vesicles from the 435 

TGN and cargo recycling from the PM), and e) and AP-1
σ/Aps1 

subunit of the clathrin 436 

adaptor complex essential for the generation and fission of TGN-derived vesicular 437 

carriers, but also for  retrograde traffic in the late secretory pathway (Casler et al, 438 

2022; Robinson et al, 2024). thiAp-repressible alleles of the aforementioned Golgi 439 

proteins (Dimou et al, 2020) were introduced by genetic crossing in the strain 440 

synchronously co-expressing UapA-GFP and mCherry-SynA. As expected, the 441 

resulting A. nidulans strains could not form colonies when Golgi proteins were 442 

repressed, apart from the thiAp-hypB mutant which produced small compact colonies 443 

(Figure 6A).  444 

After having established overnight repression of transcription of the Golgi 445 

proteins, we imaged the subcellular steady state localization of de novo made SynA 446 

versus UapA (Figure 6B), Our results showed that in all cells repressed for SedV, 447 

GeaA, RabO, RabE or AP-1
σ
, and ~60% of cells repressed for HypB, SynA totally 448 

failed to accumulate in the PM of the apical region, and instead labeled cytoplasmic 449 

foci or large aggregates. These findings were in full agreement with previous reports 450 

supporting that SynA is a membrane cargo that traffics exclusively via the 451 

conventional Golgi-dependent vesicular secretion mechanism. In contrast to SynA, 452 

UapA translocated to the PM when several key Golgi proteins were repressed. More 453 

specifically, in GeaA, HypB, RabO or AP-1
σ 

repressible strains UapA translocation to 454 

the PM was practically unaffected in all cells (~100%). The non-essentiality of HypB 455 

for UapA trafficking, but not for SynA, was also in line with the co-localization of 456 

SynA, but not of UapA, with the late-Golgi/TGN marker, as shown earlier in Figure 3 457 

and supplementary movies. On the other hand, two proteins among those tested, 458 

namely SedV and RabE, had a partial but prominent negative effect on UapA 459 

translocation to the PM. Repression of SedV led to a block in UapA trafficking to the 460 

PM in ~65% of cells, while in ~35% of cells UapA was normally localized to the PM. 461 

The partial dependence of UapA trafficking on SedV seems to be in line with the low 462 

relative co-localization detected in Figure 3. Upon RabE repression, a significant 463 

fraction of UapA could translocate to the PM in ~75% of cells, but in this case, the 464 

same cells also showed numerous large cytoplasmic structures. These structures are 465 

probably UapA membrane aggregates, as they showed very little colocalization with 466 

Golgi markers (PCC=0.17±0.07, n=6 with SedV and PCC=0.26±0.08, n=11 with 467 

PH
OSBP

; see Figure 6 – Figure supplement 1).   468 

To validate further and quantify the effect of selected Golgi proteins on UapA 469 

localization to the PM, and particularly evaluate the partial role of SedV and RabE, 470 
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we performed radiolabeled xanthine uptake assays. As shown in Figure 6C, we 471 

detected high levels of UapA activity (i.e., transport of radiolabeled xanthine) in 472 

strains repressed for HypB and AP-1
σ 

(83-100% of the transport rate of wt), whereas 473 

transport activity was reduced to 27% and 19% of the wt when RabE and SedV were 474 

repressed, respectively. This confirmed a partial dependence of UapA trafficking on 475 

RabE and SedV. A possible explanation for the indirect role of RabE and SedV on 476 

UapA trafficking is discussed later. 477 

To further address the importance of Golgi proteins in the trafficking of SynA 478 

and UapA we also used the standard approach of pharmacological inactivation of 479 

Golgi by addition of Brefeldin A (BFA). Notice that BFA does not affect early 480 

secretion steps, as ERES or ERGIC formation seems intact (Lippincott-Schwartz et al, 481 

1990; Saraste & Svensson, 1991; Füllekrug et al, 1997). Our results showed that 482 

addition of BFA for 60min after derepression of cargoes for 90min, blocks the 483 

trafficking of SynA in all cells (~100%), leading to the trapping of this cargo into 484 

large Golgi aggregates (known as ‘brefeldin bodies’), but has only a very modest 485 

effect on UapA translocation to the PM (Figure 6D). Notice that the images of SynA 486 

versus UapA localization in the presence of BFA are very similar with those observed 487 

when the early-Golgi protein GeaA, which is a target of BFA, was repressed (see 488 

white head arrows in Figure 6B).  489 

Finally, we tested the effect of microtubule depolymerization on SynA versus 490 

UapA traffic by adding benomyl in the sample of cells after 90min of cargo 491 

derepression and before microscopic imaging. Our results showed that proper 492 

trafficking of SynA to the apical PM was totally abolished, as expected for a 493 

conventional cargo, while UapA translocates normally to the PM, in all cells, 494 

similarly to the control without benomyl (Figure 6E). 495 

Overall, our findings confirmed that in cells exhibiting a total block in SynA 496 

conventional secretion due to repression of Golgi maturation, UapA could still 497 

translocate to the PM.  498 

 499 

 500 

UapA translocation to the PM occurs in the absence of SNAREs essential for 501 

conventional fusion of ER-derived carriers to the cis-Golgi  502 

 503 

Specific fusion of ER-derived vesicles with target Golgi membranes requires the 504 

pairing of SNARE proteins embedded in vesicles (i.e., v-SNAREs) to SNAREs 505 

anchored in the target membrane (i.e., t-SNAREs). This pairing forms trans-SNARE 506 

complexes that bridge lipid bilayers (Weber et al, 1998; Südhof & Rothman, 2009). In 507 

S. cerevisiae, the SNARE proteins Sed5, Bos1, Bet1 and Sec22 have been shown to 508 

form a basic trans-SNARE complex required for vesicular traffic from the ER to the 509 

Golgi apparatus (Shim et al, 1991; Dascher et al, 1991; Hardwick & Pelham, 1992; 510 

Parlati et al, 2000). Importantly, two additional yeast SNAREs, Ykt6 and Sft1, have 511 

also been shown to play essential roles in cargo trafficking via their interaction with 512 

Sed5 at the ER-Golgi interface (Kweon et al, 2003; Adnan et al, 2019). Given the 513 

difficulty in assigning rigorously whether a SNARE is anchored in vesicles or target 514 
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membranes, an alternative classification is based mostly on their sequence similarity 515 

but also the presence of either Arg (R) or Gln (Q) residue in the motif that is needed 516 

for SNARE self-assemblage into a stable four-helix bundle in the trans-complex 517 

(Bock et al, 2001). By this classification, Sec22 and Ykt6 are R-SNAREs, while Sed5, 518 

Bos1, Bet1 or Sft1 are Qa- Qb and Qc-SNAREs, respectively. Commonly, a v-519 

SNARE is an R-SNARE and t-SNAREs are Q-SNAREs. Notice however that Bet1, 520 

Bos1 and Sft1 despite lacking an R residue are also annotated as v-SNARES 521 

(https://www.yeastgenome.org/), and that Bet1 and Sft1, although phylogenetically 522 

classified as Q-SNAREs, they possess polar residues (T/S or D) other than the critical 523 

Q at their SNARE motifs. In most cases, the trans-SNARE complex is formed by a 524 

single R-SNARE and three structurally and phylogenetically distinct Qa/b/c-525 

SNAREs. In yeast, null mutants of the Q-SNAREs Sed5, Bos1, Bet1 or Sft1 and of 526 

the R-SNARE Ykt6 are inviable, whereas the deletion of the R-SNARE Sec22 is 527 

viable but affects the trafficking of specific cargoes. The viability of Δsec22 is 528 

thought to be due to Ykt6, which seems to be a multitask R-SNARE involved in 529 

vesicular fusion occurring at several trafficking compartments, as for example, at the 530 

ER-Golgi interface, within Golgi, during endocytosis, or in vacuolar sorting (Kweon 531 

et al, 2003). Orthologues of the yeast R- and Q-SNAREs (e.g., synaptobrevin, 532 

syntaxins or SNAP-25) are localized and act similarly in mammalian and plant cells. 533 

In the previous section, we showed a partial dependence of UapA trafficking 534 

on SedV. To investigate further how SedV might affect UapA trafficking, we tested 535 

the role of putative partners of SedV in the trans-SNARE complex that mediates 536 

fusion of ER/ERGIC-derived vesicles to early-Golgi cisternae. Based on the known 537 

SNARE interactions regulating ER to Golgi sorting in S. cerevisiae outlined above, 538 

SedV (Qa-SNARE) might interact with orthologues of Bos1 (Qb-SNARE), Bet1 or 539 

Sft1 (Qc-SNAREs), and Sec22 or Ykt6 (R-SNAREs). Thus, we identified the relative 540 

genes and constructed repressible (thiAp-bos1, thiAp-bet1, thiAp-ykt6 and thiAp-sft1) or 541 

total deletion (Δsec22) alleles of all aforementioned SNAREs. Strains carrying thiAp-542 

sft1 and thiAp-ykt6 alleles could not form colonies in the presence of thiamine but 543 

grew normally in the absence of thiamine. The Δsec22 mutant and thiAp-bos1 and 544 

thiAp-bet1 strains also showed a significant growth defect under repressed conditions, 545 

but less prominent compared to that where Ykt6 or Sft1 were repressed (Figure 7A). 546 

The significant negative effect on growth of strains expressing thiAp-driven 547 

transcription of the SNARE genes strongly suggested that repression of the respective 548 

SNARE proteins was successful.  549 

The repressible or null alleles of bet1, bos1, sft1, ykt6 and sec22 were 550 

introduced by genetic crossing to the strain co-expressing UapA and SynA. Figure 551 

7B shows the steady state subcellular localization of neosynthesized UapA and SynA 552 

upon specific SNARE knockdown or knockout. SynA proper trafficking was severely 553 

mitigated in ~100% of cells upon repression of Sft1 or Ykt6, while it was little 554 

affected when Bet1 was repressed (reduced accumulation at the apex), and not 555 

affected when Bos1 was repressed or in the Δsec22 mutant. Notice also that when 556 

Sft1 or Ykt6 are repressed hyphae become somewhat wider compared to wt or strains 557 

downregulated for Bos1, Bet1 or Sec22. Most importantly, UapA trafficking to the 558 
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PM was not affected in any of the five SNARE mutants tested. Given that Ykt6 and 559 

Sec22 might have redundant activities, being R-SNARES, in respect to cargo 560 

trafficking, we also constructed the double mutant strain Δsec22 thiAp-ykt6, ‘lacking’ 561 

both these SNAREs and followed UapA versus SynA trafficking (see Figures 7A and 562 

7B). As expected, SynA proper trafficking was abolished in Δsec22 thiAp-ykt6, but 563 

still UapA translocation to the PM remained unaffected. 564 

In conclusion, our findings showed that unlike SynA trafficking, which 565 

required Ykt6 and Sft1, we did not identify any possible SNARE partners of SedV, 566 

among those conventionally operating at the ER to Golgi vesicular transport, as 567 

important for UapA trafficking. This indicated that UapA trafficking might involve 568 

unprecedented non-canonical interactions of SNAREs, other than the ones normally 569 

involved in the secretion of polarized cargoes, as further supported in the next section.  570 

 571 

 572 

UapA translocation to the PM requires the SsoA-Sec9 (Qa/b-SNARE) complex, but 573 

not its conventional partner SynA (R-SNARE) or the exocyst effector RabD 574 

 575 

The final step in the biogenesis of transmembrane proteins destined to the cell 576 

membrane consists of tethering and fusion of vesicular carriers, originating from the 577 

TGN, to the PM. In yeast, this occurs via the action of the hetero-octameric exocyst 578 

complex (a tethering complex) and the trans-interaction of Qa/b-SNAREs Sso1/2 and 579 

Sec9 with vesicular R-SNAREs Snc1/Snc2 (Couve & Gerst, 1994; Katz & 580 

Brennwald, 2000). In this complex, the Snc1 and Snc2 (synaptobrevin/VAMP family) 581 

seem to function as the v-SNAREs of Golgi/TGN-derived secretory vesicles. 582 

Vesicular fusion to the PM also requires RabD
Sec4

, an essential Rab GTPase, that 583 

recruits secretory vesicles to the exocyst tethering complex (Guo et al, 1999; 584 

Pantazopoulou et al, 2014).  585 

To study the final steps of translocation of UapA to the PM versus that of 586 

polarized cargoes, we constructed mutant strains where the A. nidulans genes 587 

encoding the trans-SNARE complex proteins SynA
Snc1/2

, SsoA
Sso1/2

 and Sec9, or the 588 

exocyst effector RabD
Sec4

, were deleted or could be repressed. Surprisingly, unlike the 589 

double deleted Δsnc1Δsnc2 yeast mutant, which is inviable, the ΔsynA mutant 590 

showed only a minor growth defect at alkaline pH at 25
o
C (Figure 8A). On the other 591 

hand, strains harboring thiAp-sec9 or thiAp-ssoA alleles could not form colonies on a 592 

Petri dish supplemented with thiamine (Figure 8A). Western blot analysis confirmed 593 

that the expression of Sec9 could be tightly repressed in the presence of thiamine 594 

(Figure 8B). SsoA could not be detected via terminal FP tagging in western blots, but 595 

efficient repression is strongly supported by the inability of the relevant strain to form 596 

colonies in the presence of thiamine. Finally, the deletion of rabD (ΔrabD) had a 597 

prominent morphological defect coupled with altered colony morphology, as also 598 

previously described by others (Pantazopoulou et al, 2014) (Figure 8A). The ΔsynA, 599 

thiAp-sec9 and thiAp-ssoA alleles were introduced, by genetic crossing, into strains 600 

expressing either UapA-GFP or GFP-ChsB, while the ΔrabD allele was introduced by 601 

genetic crossing to the strain co-expressing UapA and SynA. ChsB is a chitin 602 
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synthase that here was used as a standard polarly localized apical cargo, similar to 603 

SynA (Martzoukou et al, 2018; Dimou et al, 2020). 604 

Live cell imagining showed that repression of SsoA or Sec9 (Figure 8C) 605 

blocked the translocation of both ChsB and UapA to the PM, as these cargoes marked 606 

cytoplasmic puncta. In contrast, both cargoes reached the PM normally in the ΔsynA 607 

mutant. Given the dispensability of SynA for growth and cargo translocation to the 608 

PM, we also tested whether NyvA
Nyv1

, a fungal specific R-SNARE (v-SNARE), 609 

might replace the function of SynA. NyvA homologues are thought to be involved in 610 

cargo sorting to vacuoles, vacuolar homotypic fusion, and autophagy, but have also 611 

been detected in the PM (Nichols et al, 1997; Gupta & Brent Heath, 2002; Kuratsu et 612 

al, 2007). However, the ΔnyvA null mutation did not affect growth and has not 613 

affected trafficking of UapA or ChsB. To further test a possible additive or 614 

compensatory role of different v-SNARES, we also constructed and tested the triple 615 

combination of ΔnyvA ΔsynA Δsec22. The combination of these three R-SNAREs did 616 

not affect neither UapA nor ChsB trafficking to the PM (Figure 8 – Figure 617 

supplement 1).  618 

Lastly, in the strain deleted for RabD (ΔrabD) UapA localization to the PM 619 

was not affected, while SynA translocation to the apical PM (or that of ChsB; not 620 

shown) was significantly blocked (Figure 8D). 621 

 622 

Discussion 623 

Contrasting the general concept of conventional Golgi-dependent trafficking of 624 

membrane cargoes, we recently provided evidence that in A. nidulans several non-625 

polarized PM proteins, mostly transporters, translocate to the PM via a Golgi 626 

maturation-independent trafficking route. Evidence for Golgi-independence was 627 

obtained by co-localization studies coupled with a genetic system where proteins 628 

essential for Golgi function or post-Golgi secretion could be knocked-down by 629 

transcriptional repression (Dimou & Diallinas, 2020; Dimou et al, 2020, 2022). 630 

Despite its apparent advantages, our previous system for evaluating the contribution 631 

of Golgi and post-Golgi secretion in cargo biogenesis suffered from the fact that 632 

trafficking was evaluated in separate strains for each specific cargo, and in some cases 633 

the cargoes were expressed through different promoters. This endangered quantitative 634 

misevaluation of results obtained due to non-homogenous efficiency of transcriptional 635 

repression of Golgi-related genes in all cells, a problem most obvious in cases where 636 

the trafficking factor repressed had a partial role on cargo secretion (e.g., SedV or 637 

RabE). 638 

Here, we improved our genetic system to be able to follow in parallel the 639 

trafficking of specific neosynthesized polarized (UapA) and non-polarized cargoes 640 

(SynA), synchronously co-expressed via the same regulatable promoter in the same 641 

cell, and in addition, we manage to synchronize cargo accumulation and exit from the 642 

ER by using a novel sec31
ts
 allele. These approaches allowed us to compare and 643 

rigorously quantify the relative dynamic localization and the effect of secretory 644 
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proteins on the trafficking of neosynthesized UapA versus SynA, irrespective of 645 

developmental stages and only in cells where repression of genes essential for 646 

conventional secretion route was totally arrested (i.e., cells that show a total block in 647 

SynA localization to the apical membrane). We thus obtained strong evidence that 648 

UapA and SynA, representing examples of native polarized versus non-polarized 649 

plasma membrane cargoes, follow distinct trafficking routes in A. nidulans.  650 

The evidence concerning the independence of UapA trafficking from essential 651 

proteins necessary for Golgi maturation and post-Golgi vesicular secretion was very 652 

clear specifically in genetic backgrounds repressible for GeaA (early/medial Golgi), 653 

HypB (late-Golgi), RabO (early- and late-Golgi) or AP-1
σ 

(post-Golgi). In these 654 

strains proper UapA translocation to the PM was observed in nearly 100% cells, 655 

which at the same time showed a total block in SynA trafficking. Furthermore, proper 656 

UapA trafficking was shown not to be affected by the Golgi-disrupting drug BFA or 657 

the tubulin depolymerizing agent benomyl, unlike the absolute negative effect of these 658 

drugs on SynA trafficking. These findings strengthen our previous results pointing to 659 

a mechanism that bypasses Golgi maturation and post-Golgi vesicular secretion for 660 

transporters and other non-polarized proteins. Importantly, the present work goes 661 

further in presenting novel findings on the specific contribution of COPII, COPI, 662 

specific SNAREs and exocyst activity in the trafficking of UapA relative to polarized 663 

cargoes (SynA or ChsB).  664 

Highlights of our new findings include a) the minor contribution of Sec13, an 665 

essential COPII component for growth, to the trafficking of UapA, b) the partitioning 666 

of UapA and SynA to distinct ERES and downstream early secretory compartments, 667 

similar to intermediate compartments (IC) or ERGIC upon reversible Sec31 668 

inactivation or repression of CopA activity, and c) the non-involvement in proper 669 

UapA trafficking of essential ER-to-Golgi or Golgi-to-PM SNAREs other than Sec9 670 

and SsoA. Altogether, these results strongly support the existence of a specific 671 

trafficking route for UapA, independent of conventional Golgi maturation, post-Golgi 672 

secretion, or canonical SNARE-interactions. The partial but prominent negative effect 673 

of the knockdown of SedV or RabE on Golgi-independent UapA trafficking is very 674 

interesting and needs to be studied further, as it points to new roles, direct or indirect, 675 

of these proteins, in addition to their involvement in conventional secretion.  676 

The discovery of spatially and dynamically distinct secretory compartments 677 

for UapA and SynA, coupled with the independence of UapA proper trafficking from 678 

late-Golgi or post-Golgi secretory mechanisms, or canonical SNARE interactions and 679 

exocyst recruitment, strongly suggest the existence of a distinct cargo-specific type of 680 

vesicular or tubular carrier that drives UapA, and very possibly other non-polarized 681 

cargoes, to the PM from specific ERES. Distinct ERES generating specific COPII 682 

subpopulations have been shown to be formed in vitro and in vivo for specific 683 

glycosyl-phosphatidylinositol (GPI)-anchored proteins or other cargoes, such as 684 

hexose or amino acid transporters  (Muñiz et al, 2001; Watanabe et al, 2008; Castillon 685 

et al, 2009, 2011; Rodriguez-Gallardo et al, 2021), but also interleukin-1b (Zhang et 686 

al, 2015, 2020). The early distinction of trafficking routes in these cases seems to be 687 

driven via specific cargo associations with chaperones/adaptors (e.g., p24 or Erv14 688 
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proteins), specific ER-exit motifs on cargoes, or/and differential dependence on 689 

COPII accessory proteins (Sec12 or Sec16), which all seem to lead to partitioning into 690 

distinct ERES prior to budding. Most interestingly, a Rab1-dependent, Golgi-691 

independent, pathway connecting directly a pre-Golgi intermediate compartment (IC) 692 

with the PM has been reported in polarized neuroendocrine PC12 cells (Sannerud et 693 

al, 2006; Saraste & Marie, 2018). This IC, which is spatially segregated from 694 

canonical ERGIC membranes, seems to act as a cargo-specific tubular network that 695 

delivers, via Golgi-bypass, PM components in developing neurites. Given its well 696 

established essentiality in conventional secretion, this work further reveals a new role 697 

of Rab1 GTPase in regulating Golgi-bypass via interactions with apparently non-698 

canonical effectors. In line with these findings, it was also shown that Golgi and 699 

canonical Rab1 effectors, but not the ERES generating unconventional ICs, are 700 

excluded from neurites. Notably, in our case, RabO, which is the fungal homologue of 701 

RaB1, was found to be dispensable for Golgi-bypass. Despite this important 702 

difference, we cannot avoid noticing a possible analogy of the role of Golgi-bypass to 703 

the development and maintenance of highly polarized cells, such as filamentous fungi 704 

and neuronal cells.  705 

Several more cargoes undergoing Golgi-independent trafficking in 706 

mammalian cells might also be secreted via specific ERES or intermediate 707 

compartments exiting the ER (Rabouille, 2017; Gee et al, 2018; Camus et al, 2020; 708 

Zhang et al, 2020; Kemal et al, 2022; Sun et al, 2024). In fact, distinct early secretory 709 

intermediate compartments have been reported in plants, where two types of ERGIC-710 

type subpopulations have been identified (Fougère et al, 2023). One subpopulation 711 

forms a dynamic reticulated tubulo-vesicular network, generated independently from 712 

Golgi maturation, while the other subpopulation is more stable, more cisterna-like, 713 

and dependent on Golgi. Apparently, the generation of two types of ERGIC serves the 714 

trafficking of structurally and functionally different cargoes. However, the distinct 715 

ER-exit routes detected in plants have not been related to Golgi-sorting versus Golgi-716 

bypass.  717 

Possibly related to the existence of distinct ERES, UapA trafficking, unlike 718 

that of SynA, can take place in the absence of Sec13. A rationalization of this finding 719 

might come from reports showing that intrinsic cargo properties and/or the mode of 720 

cargo oligomerization might lead to surface-crowding effects and influence the 721 

bending of membranes, which in turn might specify differential needs for different 722 

COPII components, and particularly for Sec13, as reflected in the isolation of several 723 

mutants bypassing the need for Sec13 in yeast (Elrod-Erickson & Kaiser, 1996; Fatal 724 

et al, 2002; Čopič et al, 2012; Springer et al, 2014). Most notably, Sec13 has been 725 

shown, through both genetic and biochemical approaches, to serve the rigidification 726 

of the COPII cage, which in turn leads to an increase in its membrane-bending 727 

capacity, especially needed when specific cargoes tend to elicit the opposing 728 

curvature towards the lumen of the ER (Čopič et al, 2012). Interestingly, a 729 

requirement for Sec13 can also be bypassed when non-essential membrane cargo 730 

proteins are depleted (e.g., GPIs or p24-family proteins). These proteins cause a 731 

concave negative curvature of the membrane into the ER lumen, which to be inverted 732 
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necessitates Sec13 (D’Arcangelo et al, 2015). Thus, for specific cargoes, Sec31 is 733 

mechanistically sufficient to generate COPII vesicles in the absence of Sec13, albeit 734 

with reduced efficiency, as we also recorded here for UapA. UapA is known to form a 735 

tight dimer, necessary for its transport activity, and genetic evidence suggests that 736 

UapA dimers might further oligomerize to achieve concentrative exit from the ER 737 

(Martzoukou et al, 2015; Kourkoulou et al, 2019). It is thus probable that UapA forms 738 

large oligomers that might elicit sufficient positive curvature to rigidify the COPII 739 

cage and thus promote ER-exit, even in the absence of Sec13. One can further 740 

speculate that the presence or absence of Sec13 in specific ERES, driven by properties 741 

of the cargo itself, might affect the size, composition, and membrane scaffolding of 742 

the emerging cargo carriers, and thus dictate their downstream trafficking routes.  743 

Related to the aforementioned ideas, it was interesting to find out that none of 744 

standard R-SNAREs (v-SNAREs) known to pack in canonical COPII vesicles 745 

destined to the early-Golgi was found to be essential for proper UapA trafficking. The 746 

absence of a canonical ER-Golgi R/Q-SNARE complex might be sufficient to diverge 747 

these carriers away from Golgi and instead promote fusion to proximal PM via a 748 

short-range ‘hug-and-kiss’ mechanism (Kurokawa et al, 2014). The physiological 749 

consequence and rationale of a mechanism bypassing late-Golgi functioning might be 750 

to uncouple the trafficking of cargoes localized all over the PM, serving nutrition and 751 

homeostasis, from microtubule-directed secretion of apical cargoes, which are 752 

essential for growth. Furthermore, in line with Golgi bypass, fungal nutrient 753 

transporters, unlike those of mammals, are not glycosylated (Zielinska et al, 2012), so 754 

Golgi-bypass might serve to avoid fortuitous glycosylation of transporters and other 755 

cargoes that function as non-glycosylated proteins. Noticeably also, the trafficking of 756 

Chs1, a chitin synthase localized in growing hyphal tips but also in nascent septa and 757 

subapical spherical structures in the filamentous fungus Neurospora crassa has been 758 

found to be unaffected upon Benomyl and Brefeldin A treatment, which suggests a 759 

Golgi-bypass mechanism (Sánchez-León et al, 2011). As also discussed earlier, Golgi 760 

bypass has been reported for several other mammalian or plant transmembrane 761 

cargoes (Rabouille, 2017; Gee et al, 2018; Camus et al, 2020; Zhang et al, 2020; 762 

Dimou & Diallinas, 2020; Kemal et al, 2022; Sun et al, 2024). However, most of 763 

these studies concern trafficking routes operating only under specific conditions or 764 

stress, and do not seem to reflect a major trafficking mechanism for the biogenesis of 765 

essential cargoes, as transporters or receptors, proposed through our work. Notice also 766 

that in A. nidulans transporters and apical cargoes use different endocytic mechanisms 767 

for their internalization, turnover or recycling (Martzoukou et al, 2017). 768 

Despite the possibility that SedV might affect UapA trafficking indirectly, as 769 

discussed earlier, we also addressed the possibility of a direct role by investigating the 770 

role of all principal SNAREs in yeast known to functionally interact with Sed5 (Qa-771 

SNARE), possibly forming the trans-SNARE complex necessary for transfer of 772 

cargoes from ERES/ERGIC to early-Golgi cisternae. We showed that none of these 773 

(Sec22, Ykt6, Bet1, Bos1 or Sft1) is critical for UapA translocation to the PM, while 774 

repression of SedV, Sft1 and Ykt6 totally blocks ER-exit and sorting of SynA to the 775 

apical membrane. We subsequently obtained evidence that although localization of 776 
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UapA and apical cargoes (e.g., ChsB) to the PM requires the SsoA/Sec9 (Q-SNARE) 777 

complex, it is however independent of SynA, which is considered the canonical R-778 

SNARE syntaxin partner of SsoA/Sec9 in both yeast and mammals. Since the 779 

knockdown of SynA had little effect on growth and there are no SynA paralogues in 780 

A. nidulans, this suggests that for most cargoes a ‘non-canonical’ v-SNARE (R-781 

SNARE) might interact with SsoA-Sec9 at the PM in this fungus.  782 

Overall, the only SNAREs found to be strictly necessary for UapA localization 783 

to the PM were SsoA and Sec9. This foresees the existence of a novel, unprecedented 784 

trans-interaction of these Qa/b/c-SNAREs with other SNARE partners not studied 785 

herein. Interestingly, there are reports showing that the 3Q:1R ratio might not be 786 

necessary the formation of a trans-SNARE complex. In these studies, genetic and 787 

biochemical assays have shown that SNARE complexes composed of four glutamines 788 

(4Q) are fully functional for assembly in vitro and exocytic function in vivo. Thus, 789 

SNARE complexes may, in principle, be composed entirely of Q-SNAREs in non-790 

canonical, context-dependent, combinations, for the trafficking of specific cargoes or 791 

under specific conditions (Katz & Brennwald, 2000; Ossig et al, 2000; Parlati et al, 792 

2002). In line with this, some SNAREs, like Sed5, are known to possess remarkable 793 

plasticity in mediating distinct trans-SNARE complexes (D’Souza et al, 2023). In A. 794 

nidulans, as in other systems, there are additional Q-SNAREs related to ER to Golgi 795 

sorting of cargoes and essential for growth, not studied here (Gupta & Brent Heath, 796 

2002; Kuratsu et al, 2007). These are homologues of the S. cerevisiae SNAREs: Ufe1 797 

(Qa), Tlg2 (Qa), Sec20 (Qb), Gos1 (Qb), Vti1 (Qb), Use1 (Qc) and Tlg1 (Qc). Notice 798 

also that Sed5 has been shown to physically interact with several of these SNAREs 799 

(e.g., Gos1, Vti1, Use1 and Tlg1; https://www.yeastgenome.org/). Most interestingly, 800 

in a recent article it has been shown that hyperactive Sly1, a member of the 801 

Sec1/mammalian Unc-18 (SM) family of SNARE chaperones, can directly tether 802 

close-range vesicles with high curvature to the Qa-SNARE on the target organelle 803 

(Duan et al, 2024). This leads to the alternative and rather provocative possibility that 804 

cargo carriers bypassing the late-Golgi/TGN might fuse to the PM without any v-805 

SNARE in them. 806 

Notice also that in the filamentous fungus Trichoderma reesei growing apical 807 

and non-growing subapical hyphal compartments have been shown to possess 808 

spatially distinct ternary SNARE complexes at their PM, involving two SsoA-like 809 

paralogues (SSOI and SSOII) interacting with their SynA-like partner (SNCI). This 810 

finding indicated that there is more than one pathway for exocytosis in filamentous 811 

fungi, employing different surface SNARE proteins, at apical and subapical regions of 812 

fungal cells (Valkonen et al, 2007). Distinct exocytic routes in apical and subapical 813 

regions have also been suggested in older studies in filamentous fungi (Harsay & 814 

Bretscher, 1995; Nykänen et al, 1997; Davis et al, 2000). Future studies will be 815 

necessary to define the role of all SNAREs in respect to unconventional cargo 816 

trafficking in A. nidulans.  817 

Lastly, we obtained indirect evidence, via knockout of RabD, suggesting that 818 

the exocyst is not needed for UapA localization in the PM. On the other hand, RabD 819 

was found to be essential for proper growth and SynA translocation to the apical 820 

https://www.yeastgenome.org/
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membrane. Previous findings on the tethering role of the exocyst complex in A. 821 

nidulans showed that, similarly to UapA, secretion of the non-polarized GPI-anchored 822 

protein EglC to the cell periphery and septa was little impaired in the absence of 823 

RabD (Peñalva et al, 2020). Notice also that while fungal exocyst proteins and 824 

associated effectors (e.g., Sec4 or Sec1) are polarly localized, the functionally 825 

relevant transmembrane SNARE SsoA is distributed all along the PM, despite a 826 

relatively higher abundance in the apical membrane (Martzoukou et al, 2018; Dimou 827 

et al, 2020). This suggests that the PM trans-SNARE complex might serve exocytic 828 

vesicular fusion at the subapical membrane of hyphae via an exocyst-independent 829 

non-canonical mechanism, as also suggested before (Grote & Novick, 1999). 830 

We believe that our present work paves the way to the next obvious step in 831 

dissecting the mechanistic details of unconventional trafficking routes of transporters 832 

or other non-polarized cargoes in eukaryotes. This should necessitate the employment 833 

of more powerful high-speed live cell imaging at high spatial resolution, coupled with 834 

in vitro vesicle/tubule budding and fusion reconstitution assays. The coupling of such 835 

approaches to the unique genetic tools and mode of extreme polarized growth of A. 836 

nidulans, or other model filamentous fungi, is expected to enrich the study of 837 

membrane tracking in eukaryotes. 838 

 839 

Materials and Methods  840 

Media, strains, growth conditions and transformation  841 

Standard complete and minimal media for A. nidulans were used (FGSC, 842 

http://www.fgsc.net). Media and chemical reagents were obtained from Sigma-843 

Aldrich (Life Science Chemilab SA, Hellas) or AppliChem (Bioline Scientific SA, 844 

Hellas). Glucose 1% (w/v) or fructose 0.1% (w/v) was used as carbon source. 845 

NH4

+

(di-ammonium tartrate) and NaNO3
 were used as nitrogen sources at 10 mM. 846 

Thiamine hydrochloride was used at a final concentration of 10-20 μM as a repressor 847 

of the thiAp promoter (Dimou et al, 2020) in microscopy or Western blot analysis. A. 848 

nidulans transformation was performed by generating protoplasts from germinating 849 

conidiospores using TNO2A7 (Nayak et al, 2006) or other nkuA DNA helicase 850 

deficient strains, that allow in-locus integrations of gene fusions via auxotrophic 851 

complementation. Integrations of gene fusions with fluorescent tags 852 

(GFP/mRFP/mCherry), promoter replacement fusions (alcAp/thiAp) or deletion 853 

cassettes were selected using the A. nidulans marker para-aminobenzoic acid synthase 854 

(pabaA, AN6615) or the A. fumigatus markers orotidine-5-phosphate-decarboxylase 855 

(AFpyrG, Afu2g0836), GTP-cyclohydrolase II (AFriboB, Afu1g13300) or a 856 

pyridoxine biosynthesis gene (AFpyroA, Afu5g08090), resulting in complementation 857 

of the relevant auxotrophies. Transformants were verified by PCR and growth test 858 

analysis. Combinations of mutations and fluorescent epitope-tagged strains were 859 

generated by standard genetic crossing and progeny analysis. E. coli strains used were 860 

DΗ5a. A. nidulans strains used are listed in Supplementary file 2. 861 
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Nucleic acid manipulations and plasmid constructions  862 

Genomic DNA extraction was performed as described in FGSC (http://www.fgsc.net). 863 

Plasmid preparation and DNA gel extraction were performed using the Nucleospin 864 

Plasmid and the Nucleospin Extract II kits (Macherey-Nagel, Lab Supplies Scientific 865 

SA, Hellas). Restriction enzymes were from Takara Bio (Lab Supplies Scientific SA, 866 

Hellas). DNA sequences were determined by Eurofins-Genomics (Vienna, Austria). 867 

Mutations were constructed by site-directed mutagenesis according to the instructions 868 

accompanying the Quik Change ® Site-Directed Mutagenesis Kit (Agilent 869 

Technologies, Stratagene).  Conventional PCRs were performed with KAPA Taq 870 

DNA polymerase (Kapa Biosystems, Lab Supplies Scientific). High-fidelity 871 

amplification of products and site-directed mutagenesis were performed with Kapa 872 

HiFi polymerase (Kapa Biosystems, Lab Supplies Scientific). Gene cassettes were 873 

generated by sequential cloning of the relevant fragments in the pGEM-T plasmid 874 

(Promega), which served as template to PCR-amplify the relevant linear cassettes. 875 

The same vector was used for the construction of the sec31 mutations, by changing 876 

alanine at position 1249 to valine, proline, serine or glycine, based on sequence 877 

alignment to the S. cerevisiae sec31-1 mutation (Salama et al, 1997). Oligonucleotides 878 

used for cloning and site-directed mutagenesis purposes are listed in Supplementary 879 

file 3. 880 

Conditions used to repress-derepress cargo expression  881 

For following the subcellular trafficking and localization of de novo made UapA-GFP 882 

and mCherry-SynA we used the regulatable alcA promoter combined with a 883 

repression-derepression setup analogous to the one described in Dimou et al, 2020. In 884 

brief, cargo expression was repressed by overnight growth (for 12-14 h, at 25
o
C) in 885 

the presence of glucose as sole carbon source, and derepressed by a change to fructose 886 

for the following 1-8 h of growth. For following the trafficking of the polarized cargo 887 

GFP-ChsB, we used its native promoter. In experiments aiming at repressing key 888 

trafficking proteins expressed from the thiA promoter, 10 μM thiamine was used 889 

throughout growth. In the case of thiAp-copA and thiAp-arfA, thiamine was not added 890 

ab initio in the culture, but after an 8h time-window without thiamine at the start of 891 

spore incubation, under conditions where cargo (UapA, SynA) expression was 892 

repressed, as described previously (Georgiou et al, 2023). 893 

 894 

Protein extraction and Western blots  895 

Total protein extraction was performed as previously described in Dimou et al, 2020, 896 

using dry mycelia from cultures grown in minimal media supplemented with NaNO3
-
 897 

at 25°C. Total proteins (50 μg, estimated by Bradford assays) were separated in a 10 898 

% (w/v) polyacrylamide gel and were transferred on PVDF membranes (GE 899 

Healthcare Life Sciences Amersham). Immunodetection was performed with an anti-900 

FLAG antibody (Agrisera, AAS15 3037) an anti-actin monoclonal (C4) antibody 901 
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(SKU0869100-CF, MP Biomedicals Europe) and an HRP-linked antibody (7076, Cell 902 

Signalling Technology Inc). Blots were developed using the Lumi Sensor 903 

Chemiluminescent HRP Substrate kit (Genscript USA) and SuperRX Fuji medical X-904 

Ray films (Fuji FILM Europe).  905 

Fluorescence microscopy  906 

Conidiospores were incubated overnight in glass bottom 35mm μ-dishes (ibidi, Lab 907 

Supplies Scientific SA, Hellas) in liquid minimal media, for 16–22h at 25°C, under 908 

conditions of transcriptional repression of cargoes expressed from the alcA promoter 909 

[1% (w/v) glucose] and repression of selected trafficking proteins expressed under the 910 

thiA promoter (10 μM thiamine). Sec31
ts
-AP thermosensitive cells were incubated 911 

overnight at 42°C in glucose containing media. Transcriptional derepression of 912 

cargoes was followed through a shift in media containing fructose as a carbon source. 913 

Derepression periods ranged from to 60 min to 4h, according to experiments. To test 914 

the effect of the thermosensitive sec31
ts
-AP on cargo ER accumulation/release, after a 915 

2h derepression period at the restrictive temperature (42°C), cells were shifted down 916 

to the permissive temperature (25°C), to reverse the secretory block and allow cargoes 917 

to enter the ERES. Benomyl (Sigma-Aldrich) and brefeldin A (Sigma-Aldrich) were 918 

used at 2.5 and 100 μg/ml final concentrations, respectively. Images from widefield 919 

microscopy were obtained using an inverted Zeiss Axio Observer Z1 equipped with 920 

the white light pE-400 Illumination System (https://www.coolled.com/products/pe-921 

400) and a Hamamatsu ORCA-Flash 4 camera. All widefield z-stack images were 922 

deconvolved with Huygens Essential version 23.10 (Scientific Volume Imaging, The 923 

Netherlands, http://svi.nl). Contrast adjustment, area selection, colour combining and 924 

scale bar addition were made using the Fiji software (Schindelin et al, 2012). Images 925 

were further processed and annotated in Adobe Photoshop CS4 Extended version 926 

11.0.2. Images and movies from ultra-fast spinning disc microscopy were obtained 927 

using a motorized inverted Nikon Eclipse Ti2-E microscope equipped with the high-928 

contrast multi-dimensional confocal - spinning disc system DragonFly 200 (Andor 929 

technology, https://andor.oxinst.com/products/dragonfly-confocal-microscope-930 

system) and the Andor Sona sCMOS 4.2B-6 camera. Two of the four available lasers, 931 

488nm (cyan) for GFP excitation, 561nm (yellow-green) for RFP/mCherry excitation, 932 

were used in combination with the emission filters 525/30 (510-540nm) for GFP and 933 

598/35 (580-615nm) for RFP/mCherry respectively. All images and videos were 934 

obtained using z-stacks, then deconvolved with the Fusion software version 2.3.0.44 935 

(Andor – Oxford Instruments) and further processed in Imaris 10.1 (Andor – Oxford 936 

Instruments) for contrast adjustment, area selection, colour combining and scale bar 937 

addition. Super Resolution Radial Fluctuation (SRRF) imaging was performed in 938 

fixed cells using the confocal - spinning disc system DragonFly 200 and the SRRF-939 

Stream
+
 algorithm embedded in the Fusion software 2.3.0.44 (Andor – Oxford 940 

Instruments). SRRF-Stream
+
 is based on the SRRF algorithm (Gustafsson et al, 2016) 941 

and delivers super-resolved images with a final resolution between 50-150 nm. In this 942 

experiment, images were obtained using 100 snapshots per channel (GFP and mRFP) 943 

https://www.coolled.com/products/pe-400
https://www.coolled.com/products/pe-400
http://svi.nl/
https://andor.oxinst.com/products/dragonfly-confocal-microscope-system
https://andor.oxinst.com/products/dragonfly-confocal-microscope-system
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per z-stack (57 z-stacks in total). Cells used for SRRF imaging were incubated 944 

overnight in glass bottom 35mm μ-dishes in liquid minimal media, for 15h at 25°C, 945 

under conditions of transcriptional repression of cargo expressed from the alcA 946 

promoter [1% (w/v) glucose]. Transcriptional derepression of cargo was followed 947 

through a shift in medium containing fructose 0.1% (w/v) as a carbon source for 2h. 948 

Then, cells were firstly washed with PBS, fixed in RT for 20min using 4% 949 

formaldehyde (final concentration) and after washes with PBS, mounting medium 950 

(ibidi, Lab Supplies Scientific SA, Hellas) was added in fixed cells for their 951 

observation in the microscope. All images were further processed in Adobe 952 

Photoshop CS4 Extended version 11.0.2. Co-localization was calculated with the 953 

Pearson's correlation coefficient (PCC) using the BIOP JACoP plugin of Fiji. PCC 954 

was determined using maximal intensity projections of deconvolved z-stacks on 955 

manually traced regions of interest (ROIs) covering the hyphal cells. Data 956 

visualization and statistical analysis of PCCs were performed using the GraphPad 957 

Prism software. Confidence interval for one-sample t-test was set to 95%.  958 

 959 

 960 

Transport assays 961 

 962 

Kinetic analysis of UapA into mutant backgrounds thiAp-repressible for secretion-963 

related proteins were measured by estimating uptake rates of [
3
H]-xanthine uptake (40 964 

Ci mmol
−1

, Moravek Biochemicals, CA, USA), basically as previously described in 965 

(Krypotou & Diallinas, 2014). In brief, [
3
H]-xanthine uptake was assayed in 966 

A. nidulans conidiospores germinating for 16h at 25°C, at 140 rpm, in liquid MM 967 

supplemented with 10 mM thiamine and 1% (w/v) glucose for cargo repression, at pH 968 

5.5. Then cells were shifted to MM supplemented with 10 mM thiamine and 0.1% 969 

(w/v) fructose, at pH 5.5, for 6h at 25°C, 140 rpm to derepress the cargo expression. 970 

Steady state transport rates were measured on 10
7
 conidiospores/100 μL by incubation 971 

with concentration of 2.0 μΜ of [
3
H]-xanthine at 37°C. All transport assays were 972 

carried out in two independent experiments and the measurements in triplicate. 973 

Standard deviation was < 20%. Results were analyzed in GraphPad Prism software. 974 

 975 
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Figure legends 988 

 989 

Figure 1. Synchronously co-expressed UapA and SynA follow distinct routes to 990 

the PM (wide-field microscopy). (A) Growth test analysis of the strain co-expressing 991 

alcAp-uapA-gfp and alcAp-mCherry-synA compared to isogenic wt and ΔuapA or 992 

ΔsynA strains. Notice that the alcAp-uapA-gfp and alcAp-mCherry-synA strain grows 993 

similarly to the wt in the presence of uric acid as a N source (substrate of UapA) and 994 

fructose as a C source. On the other hand, on uric acid/glucose media the alcAp-uapA-995 

gfp and alcAp-mCherry-synA strain resembles the ΔuapA mutant, confirming that 996 

uapA transcription is well repressed. Notice also that lack of SynA expression, either 997 

in the null mutants or in the repressible alcAp-mCherry-SynA strain, does not affect 998 

growth. (B) Maximal intensity projections of deconvolved snap shots showing steady-999 

state localization of de novo expressed UapA and SynA in germlings and hyphae after 1000 

4-6h derepression. UapA-GFP labels homogeneously the PM in a non-polarized or 1001 

even anti-polarized manner, while mCherry-SynA marks mostly the PM of the apical 1002 

region of hyphae, with some overlap with UapA-GFP, at the sub-apical region. (C) 1003 

Dynamic localization of de novo UapA/SynA after 1h derepression. On their way to 1004 

the PM, while both cargoes are still in cytoplasmic structures, they label distinct 1005 

compartments that do not seem to overlap significantly at any stage before their 1006 

accumulation to the PM. (D) Schematic representation of an A.nidulans germling 1007 

depicting the subcellular organization of key components of the secretory pathway 1008 

(ER, ERES, early-, late- Golgi, cytoskeleton). Scale bars: 5μm 1009 

 1010 

Figure 2. Synchronously co-expressed UapA and SynA mark distinct dynamic 1011 

secretory compartments on their way to the PM (High-speed spinning-disc 1012 

confocal microscopy). 1013 

(A) Maximal intensity projections of deconvolved snap shots of UapA and SynA 1014 

trafficking dynamics, extracted from a 7 min video (Supplementary Figure S1), after 1015 

synchronous derepression of transcription for 3h, using ultra-fast spinning-disc 1016 

confocal microscopy. UapA-GFP has a non-polarized distribution to the PM, while 1017 

mCherry-SynA is mostly localized in the apical area. UapA structures moving 1018 

laterally towards the PM are indicated with yellow arrow heads (left bottom panel). 1019 

Cytoplasmic UapA and SynA structures do not colocalize significantly (PCC=0.01, 1020 

n=52), apart from a small number of doubly labeled, mostly non-cortical puncta (0.33 1021 

± 0.03 µm in diameter) with low-range mobility (right bottom panel). (B) Maximal 1022 

intensity projections of deconvolved snap shots of UapA trafficking dynamics, 1023 

extracted from a 7 min video (Supplementary Figure S2), showing that UapA-GFP 1024 

labels cytoplasmic oscillating thread structures decorated by pearl-like foci (0.32 ± 1025 

0.02 µm - white arrow heads) as well as a very faint vesicular/tubular network 1026 

(magenta arrow heads). Pearl-like structures (yellow arrow heads) moving towards 1027 

the PM are estimated to reach their destination in 12-18 sec. Scale bars: 5μm. 1028 

 1029 
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Figure 2 – Video 1. 7 min video of de novo UapA-GFP versus mCherry-SynA after 1030 

3h of derepression. Maximal intensity projection of deconvolved video showing that 1031 

cytoplasmic UapA and SynA structures do not colocalize significantly (PCC=0.01, 1032 

n=52) apart from a small number of doubly labeled puncta (0.33±0.03 µm) with low-1033 

range mobility. Scale bar: 5μm 1034 

 1035 

Figure 2 – Video 2. 3 min video of de novo UapA-GFP trafficking dynamics after 3h 1036 

of derepression. Maximal intensity projection of deconvolved video showing 1037 

cytoplasmic oscillating thread structures decorated by pearl-like foci (0.32±0.02 µm) 1038 

and a faint vesicular/tubular network. Scale bar: 5μm 1039 

 1040 

Figure 2 – Video 3. 2 min video of de novo mCherry-SynA after 3h of derepression. 1041 

Maximal intensity projection of deconvolved video showing thread like structures 1042 

with pearls and puncta moved towards the apical area. Scale bar: 5μm 1043 

 1044 

Figure 3. Unlike SynA, dynamically secreted UapA, does not co-localize with 1045 

late-Golgi marker  1046 

(A) Maximal intensity projections of deconvolved snap shots of deconvolved videos 1047 

(Supplementary Figure S4-S5) in young hyphae after derepression of transcription of 1048 

UapA-GFP for 3h. Colocalization study of UapA with the ERGIC/early-Golgi marker 1049 

mCherry-SedV (left panel) and with the late-Golgi/TGN marker PH
OSBP

-mRFP (right 1050 

panel). Neosynthesized UapA-GFP does not colocalize significantly with any of the 1051 

Golgi markers as indicated by the PCC (0.01, n=100 UapA-SedV; 0.01, n=35 UapA-1052 

PH
OSBP

). A small number of colocalized structures of UapA-GFP with mCherry-SedV 1053 

is observed lasting ~6sec, without being statistically significant. (B) Maximal 1054 

intensity projections of deconvolved snap shots of videos (Supplementary Figure S6-1055 

S7) in young hyphae after derepression of transcription of GFP-SynA for 3h. 1056 

Colocalization study of SynA with the ERGIC/early-Golgi marker mCherry-SedV 1057 

(left panel) and with the late-Golgi/TGN marker PH
OSBP

-mRFP (right panel). Unlike 1058 

UapA-GFP, neosynthesized GFP-SynA colocalizes significantly with the late-1059 

Golgi/TGN marker PH
OSBP

 (PCC=0.74, n=76, p<0.0001) and very little with the 1060 

ERGIC/early-Golgi marker SedV (PCC=0.04, n=40). Notice that after exiting the 1061 

TGN, fast moving SynA-puncta are directed to the apical area of the hyphae (white 1062 

arrow heads - right panel). Scale bars: 5μm 1063 

 1064 

Figure 3 – Video 1. 10 min video of mCherry-SedV versus de novo UapA-GFP after 1065 

3h of derepression. Maximal intensity projection of deconvolved video showing that 1066 

neosynthesized UapA does not colocalize significantly with the ERGIC/early-Golgi 1067 

marker SedV (PCC=0.01, n=100). Scale bar: 5μm 1068 

 1069 

Figure 3 – Video 2. 6 min video of mRFP-PH
OSBP

 versus de novo UapA-GFP after 1070 

3h of derepression. Maximal intensity projection of deconvolved video showing that 1071 

neosynthesized UapA does not colocalize with the late-Golgi marker PH
OSBP

 1072 

(PCC=0.01, n=35). Scale bar: 5μm 1073 
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 1074 

Figure 3 – Video 3. 5 min video of mCherry-SedV versus de novo GFP-SynA after 1075 

3h of derepression. Maximal intensity projection of deconvolved video showing that 1076 

neosynthesized SynA does not colocalize significantly with the ERGIC/early-Golgi 1077 

marker SedV (PCC=0.04, n=40). Scale bar: 5μm 1078 

 1079 

Figure 3 – Video 4. 6 min video of mRFP-PH
osbp

 versus de novo GFP-SynA after 3h 1080 

of derepression. Maximal intensity projection of deconvolved video showing that 1081 

neosynthesized SynA colocalizes significantly with the late-Golgi marker PH
osbp

 1082 

(PCC=0.74, n=76, p<0.0001). Scale bar: 5μm 1083 

 1084 

Figure 3 – Figure supplement 1. Super Resolution Radial Fluctuation (SRRF) 1085 

imaging of colocalization of SynA with the late Golgi marker PH
osbp

 in fixed cells. 1086 

Maximal intensity projection of 57 z-stacks (left panel) and a specific z-stack (z = 8, 1087 

right panel) showing a significant colocalization of GFP-SynA with the late-Golgi 1088 

marker mRFP-PH
OSBP

. 1089 

 1090 

Figure 4. UapA and SynA sorting to the PM is differentially dependent on 1091 

COPII components 1092 

(A) Overview of COPII formation at ERES (left panel). Western blot analysis of 1093 

COPII-repressible alleles sarA, sec24, sec13 and sec31 (right panel). More 1094 

specifically, COPII proteins were expressed under the tightly repressed thiAp in the 1095 

presence and absence of thiamine in the medium. Notice that in the absence of 1096 

thiamine, all COPII proteins (SarA, Sec24, Sec13 and Sec31) are expressed and 1097 

detected using anti-FLAG antibody. However, when thiamine is added in the medium, 1098 

thiAp is repressed and the respective proteins are not expressed to an extent not 1099 

detectable in western blot analysis. Equal loading and protein steady-state levels are 1100 

normalized against the amount of actin, detected with an anti-actin antibody. Sec12 1101 

detection was impossible even in the absence of thiamine. (B) Growth test analysis of 1102 

strains expressing the repressible COPII components. In the absence of thiamine (-thi) 1103 

all strains form colonies similar to wt, while in the presence of thiamine (+thi) strains 1104 

do not grow at all (thiAp-sarA, thiAp-sec24, thiAp-sec13 and thiAp-sec31) or form 1105 

dramatically reduced colonies (thiAp-sec12). (C) Maximal intensity projections of 1106 

deconvolved snap shots showing the subcellular localization of de novo UapA-GFP 1107 

and mCherry-SynA using the alcAp-uapA-gfp/alcAp-mCherry-synA strain in different 1108 

genetic backgrounds repressible for conventional COPII formation. In wt background 1109 

UapA was sorted non-polarly to the PM, while SynA was localized in the apical area 1110 

of the PM. Repression of SarA, Sec24, Sec13 and Sec31 led to total retention of SynA 1111 

at the ER network in 100% of cells. UapA trafficking was also totally blocked upon 1112 

SarA or Sec31 repression (100% of cells), and also efficiently blocked when Sec24 1113 

was repressed (~76% of cells). Notably, UapA trafficking was not blocked upon 1114 

Sec13 repression in most cells (79%). Notice also that when the trafficking of SynA is 1115 

blocked, SynA partitions in the ER membranes, whereas in the fraction of cells where 1116 

UapA translocation to the PM is blocked, the protein forms aggregates (e.g., in 24% 1117 
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of cells repressed for sec24, and 21% of cells repressed for sec13). UapA aggregation 1118 

might be to the fact that it is a large homodimeric protein with 28 transmembrane 1119 

segments that oligomerizes further upon translocation into the ER membrane, 1120 

apparently causing ER stress and turnover. Sec12 repression led to a moderate 1121 

simultaneous negative effect on the sorting of UapA and SynA to the PM (33%) The 1122 

number of cells used for quantitative analysis upon repressed conditions was n=101 1123 

for SarA, n=158 for Sec12, n=163 for Sec24, n=256 for Sec13 and n=126 for Sec31 1124 

respectively. (D) Relative 
3
H-xanthine transport rates of UapA in genetic backgrounds 1125 

repressible for COPII components Sec12, Sec24 and Sec13 expressed as percentages 1126 

of initial uptake rates compared to the wt. UapA-mediated transport was very low 1127 

when Sec24 was repressed (~15% of wt) but remained relatively high when Sec13 or 1128 

Sec12 was repressed (~65-72% of wt). Results are averages of three measurements 1129 

for each concentration point. Scale bars: 5μm 1130 

 1131 

Figure 4 – Source data 1. PDF file containing original western blots for Figure 4A, 1132 

indicating the relevant bands and treatments for each strain. 1133 

 1134 

Figure 4 – Source data 2. Original files for western blot analysis displayed in Figure 1135 

4A. 1136 

 1137 

Figure 5. Genetic block in COPII formation or repression of COPI activity traps 1138 

UapA and SynA in distinct ER-associated aggregates 1139 

(A) Growth test analysis of sec31
ts
-AP at 25

o
C and 42

o
C, pH 6.8, compared to an 1140 

isogenic wild-type (wt) control strain. Notice the severe growth defect of sec31
ts
-AP 1141 

at 42
o
C (left panel). Strategy for achieving a synchronized accumulation/release of de 1142 

novo made UapA and SynA at ERES (right panel). (B) Maximal intensity projections 1143 

of deconvolved z-stacks, using a sec31
ts
-AP strain co-expressing UapA-GFP and 1144 

mCherry-SynA. At the restrictive temperature (42
o
C), both cargoes are retained in the 1145 

ER marking distinct areas of a membranous network (merged image). Upon shifting 1146 

down to the permissive temperature (42
o
C→25

o
C), ER export is restored and cargoes 1147 

are progressively incorporated into ERES-like structures. UapA and SynA appear 1148 

mostly in distinct puncta, showing a low degree of colocalization (open arrowheads, 1149 

non-colocalizing dots; white arrowheads, colocalizing dots), as illustrated also by the 1150 

calculation of Pearson’s correlation coefficient (PCC) on the right (PCC=0.28±0.06, 1151 

n=17). (C) Maximal intensity projections of deconvolved z-stacks, using sec31
ts
-AP 1152 

strains co-expressing UapA-GFP/Sec16-mCherry or GFP-SynA/Sec16-mCherry upon 1153 

a shift from 42
o
C to 25

o
C. Both UapA and SynA exhibited significant colocalization 1154 

with the ERES marker Sec16 (PCC=0.66±0.08, n=22 UapA-Sec16; PCC=0.58±0.09, 1155 

n=37 SynA-Sec16) strongly suggesting that UapA and SynA are recruited to spatially 1156 

distinct ERES. (D) Maximal intensity projections of deconvolved z-stacks, using 1157 

strains co-expressing UapA-GFP and mCherry-SynA under conditions where copA or 1158 

arfA transcription is repressed by addition of thiamine (+thi). De novo synthesis of 1159 

cargoes takes place after full repression of CopA or ArfA is achieved (>16 h). 1160 

Repression of either CopA or ArfA abolishes the translocation of both cargoes to the 1161 
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PM. Notice that upon CopA repression, UapA and SynA collapse in distinct internal 1162 

structures, similar to those when the sec31
ts
-AP strain was shifted from 42 to 25

o
C. 1163 

Quantification of co-localization (right panel) when copA or arfA transcription is 1164 

repressed, by calculating PCC, shows clear non-co-localization of UapA with SynA 1165 

(PCC=0.15±0.08, n=9 in thiAp-copA and PCC=-0.14±0.1, n=10 in thiAp-arfA). Scale 1166 

bars: 5 μm 1167 

 1168 

Figure 6. Golgi maturation and conventional post-Golgi vesicular secretion are 1169 

not needed for UapA localization to the PM  1170 

(Α) Schematic depiction of Golgi maturation and post-Golgi secretion (upper panel). 1171 

Growth test analysis of strains expressing early / late / post-Golgi repressible alleles 1172 

sedV, geaA, rabO, hypB, rabE or ap1
σ 

(lower panel). In the absence of thiamine (-thi) 1173 

all strains form colonies similar to wt, while in the presence of thiamine (+thi) strains 1174 

could not form colonies when Golgi proteins were repressed, apart from the thiAp-1175 

hypB mutant which produced a small compact colony. (B) Maximal intensity 1176 

projections of deconvolved snap shots showing the subcellular localization of de novo 1177 

UapA-GFP and mCherry-SynA using the alcAp-uapA-gfp/alcAp-mCherry-synA strain 1178 

in different genetic backgrounds repressible for conventional Golgi-dependent 1179 

secretion. In wt background SynA was localized to the apical area of the PM, while 1180 

UapA was sorted non-polarly to the subapical PM. Repression of SedV, GeaA, RabO, 1181 

RabE and Ap1
σ
 led to total retention of SynA in cytoplasmic structures, while 1182 

repression of HypB abolished SynA trafficking in 56% of cells. Notice that upon 1183 

repression of SedV and GeaA, SynA mostly labeled the ER network, indicating the 1184 

close dynamic association of the ER with the ERGIC/early-Golgi. In contrast to 1185 

SynA, UapA reached the PM when several essential ERGIC/early-Golgi and post-1186 

Golgi were repressed. More specifically, in GeaA, RabO, HypB and Ap1
σ
 repressible 1187 

strains UapA translocated to the PM in 100% of cells. Repression of SedV and RabE 1188 

had a partial negative effect on UapA trafficking. In particular, lack of SedV led to 1189 

block of UapA traffic in 65% of cells, while upon RabE repression, a significant 1190 

fraction of UapA could translocate to the PM in ~75% of cells, but in this case, the 1191 

same cells also showed a significant number of large cytoplasmic structures. The 1192 

number of cells used for quantitative analysis upon repressed conditions was n=266 1193 

for SedV, n=201 for GeaA, n=104 for RabO, n=159 for HypB, n=219 for RabE and 1194 

n=190 for Ap1
σ
 respectively. (C) Relative 

3
H-xanthine transport rates of UapA in 1195 

genetic backgrounds repressible for SedV, HypB, RabE and Ap1
σ
 expressed as 1196 

percentages of initial uptake rates compared to the wt. UapA-mediated transport was 1197 

very high when HypB or Ap1
σ
 were repressed (83-100% of wt), while transport 1198 

activity was reduced to 27% and 19% of the wt when RabE and SedV were repressed, 1199 

respectively. Results are averages of three measurements for each concentration point. 1200 

(D) Subcellular localization of de novo UapA-GFP and mCherry-SynA in wt 1201 

background upon treatment with the Golgi inhibitor Brefeldin A (BFA) after 90min of 1202 

derepression of cargoes. In the absence of BFA, UapA and SynA were localized 1203 

properly in the PM. Addition of BFA for 60min after derepression blocked SynA 1204 

trafficking leading to its trapping into large Golgi aggregates ("brefeldin bodies"), 1205 
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while UapA could still reach the PM (upper panel). Notice that cytoplasmic SynA 1206 

structures upon BFA addition are similar with those obtained when the early-Golgi 1207 

protein GeaA, which is a target of BFA, was repressed (white arrow heads, lower 1208 

panel). (E) Subcellular localization of de novo UapA-GFP and mCherry-SynA in wt 1209 

background upon treatment with the anti-microtubule drug Benomyl for 90min after 1210 

derepression of cargoes. Notice that microtubule depolymerization is dispensable for 1211 

UapA trafficking, while it is absolutely necessary for the proper sorting of SynA to 1212 

the apical PM. Addition of Benomyl blocks SynA in cytoplasmic structures, while 1213 

UapA translocation to the PM is unaffected. Scale bars: 5μm 1214 

 1215 

Figure 6 – Figure supplement 1. UapA membrane aggregates upon RabE repression 1216 

do not colocalize with early- or late-Golgi markers. Maximal intensity projections of 1217 

deconvolved z-stacks, using thiAp-rabE strains co-expressing UapA-GFP and the 1218 

early Golgi marker mCherry-SedV (left panel) or the late Golgi marker mRFP-PH
osbp

 1219 

(right panel). Notice the almost non-existent degree of overlap (white color in the 1220 

merged image) between UapA-GFP and Golgi-markers. Scale bars: 5μm. 1221 

Quantification of co-localization by calculating Pearson’s correlation coefficient 1222 

(PCC) verifies the low degree of co-localization of UapA with both early- and late-1223 

Golgi markers (PCC=0.17±0.07, n=6 with SedV and PCC=0.26±0.08, n=11 with 1224 

PH
osbp

). 1225 

 1226 

Figure 7. UapA translocation to the PM occurs independently of SNAREs Ykt6, 1227 

Sec22, Bet1 and Bos1 1228 

(A) Schematic illustration of the SNARE complex mediating membrane fusion of ER-1229 

derived vesicles to Golgi cisternae (upper panel). Growth phenotypes of null or 1230 

repressible mutants of SNAREs involved in ER-to-Golgi trafficking (lower panels). In 1231 

the absence of thiamine from the growth medium (derepressed conditions), the 1232 

corresponding strains grow nearly as an isogenic wild-type control strain. In the 1233 

presence of thiamine to the growth medium, thiAp-ykt6, Δsec22 thiAp-ykt6 and thiAp-1234 

Sft11 do not form colonies, while thiAp-bet1 and thiAp-bos1 form a slow-growing 1235 

colony with reduced conidiospore production. Growth test analysis of Δsec22 at 37
o
C 1236 

and 42
o
C, pH 6.8, compared to an isogenic wild-type (wt) control strain, showing a 1237 

temperature-dependent growth defect at 42
o
C. (B) Maximal intensity projections of 1238 

deconvolved z-stacks, using ER-to-Golgi SNARE mutant strains co-expressing 1239 

UapA-GFP and mCherry-SynA. UapA translocation to the PM is not affected in any 1240 

of the SNARE mutants tested, even in the double mutant strain lacking both Ykt6 and 1241 

Sec22. SynA trafficking to the hyphal apex is not impaired upon Bos1 or Bet1 1242 

repression or Sec22 deletion, but is abolished upon Ykt6 or Sft1 repression, and in the 1243 

double mutant thiAp-ykt6 Δsec22. Scale bars: 5 μm.   1244 

 1245 

Figure 8. UapA translocation to the PM requires the SsoA-Sec9 Q-SNARE 1246 

complex, but not the R-SNARE SynA or the exocyst effector RabD 1247 

(A) Schematic illustration of the SNARE complex mediating membrane fusion of 1248 

secretory vesicles to the PM (upper panel). Growth phenotypes of null or repressible 1249 
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mutants of SNAREs involved in vesicular fusion to the PM (lower panels). Growth 1250 

test analysis of ΔsynA at 25
o
C and 37

o
C, at pH 6.8 and 8.0, compared to an isogenic 1251 

wild-type (wt) control strain. Notice the reduced colony growth of ΔsynA at 25
o
C, pH 1252 

8.0. Growth test analysis of ΔrabD at 37
o
C, pH 6.8 compared to an isogenic wild-type 1253 

(wt) control strain, showing a markedly reduced colony size resulting from rabD 1254 

knock-out. Growth test analysis of the thiAp-sec9 and thiAp-ssoA strains compared to a 1255 

wild-type control strain in the presence (+thi) or absence (-thi) of thiamine from the 1256 

media, showing that Sec9 or SsoA repression impedes colony formation. (B) Western 1257 

blot analysis of Sec9 using the anti-FLAG antibody. In the absence of thiamine (-thi) 1258 

from the growth medium, Sec9 is expressed, while upon addition of thiamine (+thi) at 1259 

the onset of conidiospore germination (ab initio repression), the expression of these 1260 

proteins is tightly repressed. Equal loading and protein steady-state levels are 1261 

normalized against the amount of actin, detected with an anti-actin antibody. (C) 1262 

Maximal intensity projections of deconvolved z-stacks, using strains expressing 1263 

UapA-GFP or GFP-ChsB in genetic backgrounds where exocytic SNAREs are 1264 

repressed or deleted. Repression of Sec9 or SsoA abolishes the translocation of UapA 1265 

and ChsB to the PM, while SynA deletion has no effect on the trafficking of both 1266 

cargoes to the PM. (D) Maximal intensity projections of deconvolved z-stacks, using 1267 

a ΔrabD strain co-expressing UapA-GFP and mCherry-SynA. Deletion of RabD 1268 

impairs the translocation of SynA to the apical PM, which remains trapped in 1269 

cytosolic membrane aggregates, while UapA trafficking to the PM is not affected. 1270 

Scale bars: 5 μm. 1271 

 1272 

Figure 8 – Source data 1. PDF file containing original western blots for Figure 8B, 1273 

indicating the relevant bands and treatments for each strain. 1274 

 1275 

Figure 8 – Source data 2. Original files for western blot analysis displayed in Figure 1276 

8B. 1277 

 1278 

Figure 8 – Figure supplement 1. Triple R-SNARE knockout Δsec22 ΔnyvA ΔsynA 1279 

does not affect UapA or ChsB trafficking to the PM. (A) Growth phenotypes of null 1280 

mutants of R-SNAREs at 37
o
C and 42

o
C, compared to an isogenic wild-type (wt) 1281 

control strain. ΔnyvA shows no growth defect, while the triple knock-out Δsec22 1282 

ΔnyvA ΔsynA exhibits a severe growth defect at both temperatures. (B) Maximal 1283 

intensity projections of deconvolved z-stacks, using strains expressing UapA-GFP or 1284 

GFP-ChsB in genetic backgrounds where single or triple R-SNAREs are deleted. 1285 

Deletion of either nyvA or all three R-SNAREs has no effect on the trafficking of both 1286 

cargoes to the PM. Scale bars: 5μm 1287 

1288 
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