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Abstract

Basement membrane (BM) is an essential part of epithelial cell architecture. BM is a specialized
extracellular matrix. BM assembles on the basal side outside of plasma membrane. It carries out
important biological functions such as maintaining tissue shape, enabling cellular migration, and
facilitating communication between cells. Defects in BM assembly or composition can cause a range
of diseases. However, the regulatory mechanisms governing polarized deposition of BM are not well
understood. To study this process, I use the follicular epithelium of the Drosophila melanogaster ovary
as a model system. In this study, I analyzed the role of SNARE proteins in intracellular trafficking,
secretion and polarized deposition of the BM. SNARE:s are crucial for membrane fusion. I performed
a genetic screen targeting all SNARE proteins in Drosophila. Individual knockdowns of multiple
SNARE family members resulted in BM mislocalization. Three distinct mislocalization phenotypes
were observed: Intracellular accumulation of BM, apical deposition of BM, or a combination of apical
deposition and intracellular accumulation of BM. Taken together, these observations suggest that
multiple SNARE family members contribute to the intracellular trafficking, secretion, and polarized
deposition of BM proteins.

Keywords: Drosophila; genetic screening; SNARE; intracellular trafficking; secretion; polarized
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1. Introduction

Epithelia are sheets of tightly adherent cells that form selective barriers between the internal
tissues and the external environment. Many essential organs, including the kidney, lung, mammary
glands, and liver, contain hollow spaces lined by epithelial layers that selectively permit the exchange
between different parts of the body [1]. Epithelial cells perform a variety of functions during both the
embryonic and adult stages [2]. As a result, disruptions in epithelial integrity impair proper
gastrulation movements and normal tissue morphogenesis [3].

The functional diversity of epithelial tissues is fundamentally dependent on the polarized
architecture of epithelial cells [2]. Epithelial cells exhibit a profound apical-basal (AB) polarity [4]. A
critical component of the AB polarity is the proper placement of the basement membrane (BM). A
conceptual diagram of epithelial polarity and BM organization is shown in Figure 1. The BMs are
sheetlike extracellular matrices found at the basal surfaces of epithelial tissues [5]. The BMs are
composed of a number of proteins including Laminin, type IV collagen, Nidogen and Perlecan, etc
[6]. BM facilitates a number of biological functions including maintenance of tissue shape, and tissue
integrity, cellular migration, cell-cell communication, and cell-matrix adhesion [5,7]. Defects in BM
assembly and composition can lead to a wide range of diseases, including skin blistering, muscular
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dystrophy, neuromuscular junction defects, kidney failure, and lung hemorrhage [8]. Thus, correct
assembly of the BM on the basal surface is crucial.

Lateral Domain

Pcan, Coll IV, Laminin
Basement Membrane (BM)

Figure 1. Schematic diagram of epithelial apical-basal polarity and basement membrane assembly. A polarized
epithelial cell is shown with distinct apical, lateral, and basal domains. Perlecan (Pcan), Collagen IV (Coll IV),
and Laminin, are basement membrane (BM) components. The spatial organization of BM contributes to the

establishment and maintenance of characteristic apical-basal polarity of epithelial cells.

For the proper assembly of BM, newly synthesized BM proteins need to go through polarized
trafficking, secretion and deposition to accumulate at the basal surface of the epithelial cells [5]. Our
knowledge about the molecular network regulating polarized secretion and deposition of BM is very
little. Newly synthesized BM proteins inside of the cell need tightly regulated vesicle mediated
trafficking and secretion. This vesicle-mediated transportation requires the fusion of vesicles with
their target compartments [9]. The SNARE (Soluble N-ethylmaleimide-sensitive-factor Attachment
Protein Receptor) protein family has an active role in this fusion process [10]. Given this SNARE is a
potential candidate which plays role in polarized secretion and deposition of BM.

Fusion step of vesicle transport is mediated by SNARE protein family [11-14]. Each of the family
members has conserved SNARE motif [15]. Functionally, SNAREs were classified into two categories:
v-SNARE and t-SNARE [14,15]. If SNARE is localized at the donor compartment, then it is known as
v-SNARE (vesicle membrane SNARE) [14,15]. If a SNARE is localized at the acceptor compartment
membrane, then it is known as t-SNARE (target membrane SNARE) [14,15]. Structurally SNARE is
divided into two classes: Q-SNARE and R-SNARE [15]. Q SNAREs are further separated into Qa, Qb,
and Qc categories based on the specific position each helix occupies within the bundle [16]. These
proteins assemble into the characteristic four-helix structure required for membrane fusion [17].
Although SNARE proteins are well characterized in membrane fusion and intracellular trafficking,
their involvement in polarized BM secretion remains unknown.

To study the role of SNARESs in the polarized secretion of BM, I use the Drosophila melanogaster
FE as a model system. FE is part of the Drosophila egg chamber formed inside ovary during oogenesis.
The FE consists of a monolayer of somatic epithelial cells that surrounds the germline cells in the
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developing egg chamber [18]. FE is a classical epithelium that contains all polarity domains including
apical and basal domain [2,19]. BM underlies the basal side of the FE [19]. Drosophila FE synthesizes
and secretes all of the major BM proteins [5]. Thus, Drosophila FE is an excellent model system to
study BM secretion.

Using this model system, I conducted a genetic screen targeting all members of the Drosophila
SNARE family. My screening results show that individual knockdown of multiple SNARE family
members leads to BM mislocalization. Analysis of the phenotypes revealed three distinct patterns of
BM mislocalization: intracellular accumulation, apical deposition, and concurrent intracellular
accumulation with apical deposition. Together, these results indicate that multiple SNARE family
members are involved in regulating polarized trafficking, secretion and polarized deposition of BM.

2. Materials and Methods

Fly stocks and Genetics

Details of the Drosophila melanogaster SNARE gene family RNAi lines obtained from the
Bloomington Drosophila Stock Center are provided in the Supplemental Materials. Basement
membrane protein trap lines, including Vkg GFP (CC00791) and Pcan GFP (ZCL1700), were obtained
from the FlyTrap collection. Tissue specific knockdowns were performed using an ovarian somatic
cell-specific GAL4 driver line (kindly provided as a gift).

Screening and Phenotype Analysis

Tissue-specific knockdown of candidate genes was assessed for BM protein mislocalization.
Female Drosophila melanogaster ovaries were dissected in phosphate-buffered saline (PBS), fixed in
PBS containing 4% paraformaldehyde for 20 minutes at room temperature, and processed for staining
using established protocols [20]. Imaging was performed using epifluorescence, confocal, and
super-resolution microscopy.

3. Results

To investigate the role of SNARE family members in polarized BM secretion, a tissue-specific
RNAI screen was conducted targeting all 25 Drosophila SNARE genes. In total, 35 RNAi lines were
used, as several genes were targeted by more than one independent RNAi construct. The effects of
individual SNARE knockdown were assessed using several GFP-tagged BM proteins as readouts.
This screen identified multiple SNARES, and their loss affected BM localization in follicular epithelial
cells, resulting in three broad phenotypic classes (Fig. 2). In one class, knockdown of specific SNAREs
led to intracellular accumulation of BM proteins, suggesting a role in intracellular trafficking and/or
secretion of BM. In a second class, individual SNARE knockdown caused ectopic deposition of BM
at the apical surface, indicating a requirement for polarized secretion. In a third class, a mixed
phenotype was observed following individual SNARE knockdown, with intracellular accumulation
and apical deposition of BM, suggesting roles in vesicle trafficking and in maintaining the polarity of
secretion.
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Figure 2. Conceptual phenotypes associated with tissue-specific knockdown of individual SNARE family
members. Tissue-specific knockdown of individual SNARE family members in Drosophila follicular epithelium
shows three representative phenotypes of basement membrane (BM) mislocalization. (A) Wild-Type cell shows
regular BM protein localization. (B) Representative phenotype Class I shows intracellular accumulation of BM
proteins. (C) Representative phenotype Class II shows apical deposition of BM proteins. (D) Representative
phenotype Class III shows both intracellular accumulation and apical deposition of BM proteins. Figures are

cartoon schematics intended for conceptual illustration and do not represent raw experimental data.

4. Discussion

Polarized secretion is a fundamental architectural feature of epithelial cells. In the Drosophila FE,
newly synthesized BM proteins are targeted for secretion at the basal plasma membrane. Polarized
secretion is achieved through tightly regulated intracellular trafficking mechanisms that include
vesicle transport, docking to the target membrane, and subsequent membrane fusion to release cargo.

SNARE proteins function at the final stage of vesicular trafficking, where they directly mediate
membrane fusion with the target compartment. In this study, depletion of individual SNARE family
members resulting in mislocalization of BM proteins. The observed BM mislocalization phenotype
includes intracellular accumulation of BM proteins, their ectopic deposition at the apical side, or the
coexistence of both phenotypes within the same cell. These results indicate that multiple SNARE
family members are involved in polarized trafficking and secretion of BM proteins.

The BM mislocalization phenotype characterized by intracellular accumulation of BM proteins
suggests defects at multiple stages of the secretory pathway. These defects may arise from impaired
vesicle maturation, vesicle trafficking, or disrupted fusion with intracellular organelles such as the
Golgi apparatus. Alternatively, intracellular accumulation may occur even when vesicle formation,
maturation and trafficking proceed normally, but loss of specific SNARE compromises vesicle fusion
with the plasma membrane. In this scenario, BM cargo containing vesicles become accumulated
within the cell, consistent with the well-established role of SNAREs in mediating membrane fusion.

Apical deposition of BM proteins suggests that vesicles are redirected to the incorrect membrane
domain. In this scenario, a SNARE normally mediates fusion with the basal plasma membrane. Upon
knockdown, vesicles accumulate, increasing the vesicle load in the cytoplasm. Although Crag
activated Rab10 typically blocks apical misrouting of vesicles, excessive vesicle accumulation may
overwhelm this system, allowing some vesicles to reach the apical membrane [19,21]. Fusion at the
apical site may then occur via a paralogue SNARE expressed at the apical domain, resulting in apical
BM deposition.

The mixed phenotype—intracellular accumulation combined with apical deposition—may
reflect SNARE proteins with dual functions. One role could be upstream of the Crag/Rab10 pathway,
facilitating vesicle formation, maturation, or fusion with the Golgi, so that knockdown leads to
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cytoplasmic accumulation. Another role could be at the plasma membrane, where paralogous
SNAREs on the apical surface mediate vesicle fusion, explaining ectopic apical secretion.

Together, these observations support a conceptual model in which SNARE proteins operate at
multiple stages of BM secretion: upstream in vesicle trafficking, including vesicle generation and
fusion with intracellular organelles, and downstream in fusion at the basal plasma membrane.
Integration with the Crag/Rab10 pathway ensures directional trafficking and domain specificity,
maintaining epithelial polarity and proper BM deposition. Figure 3 illustrates the proposed
conceptual model for SNARE-mediated regulation of intracellular trafficking, secretion and
polarized deposition of the basement membrane in Drosophila FE. Because the available literature
primarily links Stratum/Rab8 pathway to basal vesicle targeting but does not clearly address their
potential roles in preventing apical secretion, these components were not incorporated into the
present conceptual model [22].
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Figure 3. Conceptual model for SNARE mediated regulation of intracellular trafficking, secretion, and polarized
deposition of basement membrane (BM) proteins. BM proteins are synthesized in the endoplasmic reticulum
(ER) and transported via vesicular trafficking to the Golgi apparatus, where they are packaged into secretory
vesicles destined for the basal surface of epithelial cells. SNARE mediated membrane fusion contributes to

multiple steps of vesicle dynamics, including vesicle biogenesis, maturation, trafficking, and fusion with the
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plasma membrane. The Crag/Rab10 pathway restricts BM containing vesicles transport to the apical domain.
Individual loss of specific SNAREs produces three phenotypic classes: (I) intracellular accumulation of BM
proteins due to defects in vesicle biogenesis, maturation, trafficking, and/or fusion with the plasma membrane;
(IT) apical BM deposition resulting from defects in fusion of vesicles with the basal plasma membrane, vesicle
misdirection and vesicle fusion with the apical plasma membrane mediated by alternative SNARE paralogs; and

(III) a mixed phenotype reflecting SNARE function at multiple stages of the trafficking pathway.

Future Directions

The distinct phenotypes observed provide a framework for dissecting the molecular
mechanisms of polarized BM secretion.

1. Intracellular localization studies could determine where intracellularly accumulated BM
proteins reside whether in vesicles, Golgi, or ER. Immunostaining or live imaging of fluorescently
tagged BM proteins may reveal trafficking dynamics and block points in the pathway.

2. Live-cell imaging could visualize vesicle transport and exocytosis in real time, helping to
identify whether vesicles fail to reach the basal membrane, accumulate intracellularly, or are
redirected to the apical membrane.

3. Genetic interaction analyses could probe the functional relationships between SNAREs
and upstream trafficking regulators such as Crag and Rabl0. Double knockdowns experiments
analyzed via epistasis can reveal whether SNAREs act upstream, downstream, or in parallel with
these regulators.

4. Colocalization and localization studies of individual SNARE protein with Rab10 or Crag-
positive vesicles can clarify which vesicle populations each SNARE operates on, and whether
paralogous SNAREs contribute to apical fusion.

5. Functional assays examining apical-basal polarity marker localization and levels, along
with cell morphology, in individual SNARE deficient cells can reveal how trafficking defects impact
tissue architecture.

Overall, these experiments will help define how SNARE proteins contribute to intracellular
trafficking, secretion, and polarized deposition of the basement membrane, and how they
functionally integrate with the existing Crag/Rab10 pathway.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1. List of Drosophila melanogaster SNARE genes and corresponding RNAi
lines used in this study. For each line, the Bloomington Drosophila Stock Center (BDSC) stock number and the
full genotype information, as provided by the stock center, are listed.
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