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Summary

A hallmark of functionally significant interactions between Rab proteins and their targets is
whether that binding depends on the type of nucleotide bound to the Rab GTPase. A system

that can directly compare those sets of interactions mediated by a Rab in its GTP-bound
conformation vsits GDP bound conformation can provide immediate with regard to the
nucleotide-binding status of the Rab would provide a direct route to finding biologically relevant
partners. Comprehensive large scale yeast 2-hybrid assays allow a potential method to compare
one interactome against another provided that the same set of interacting partners is interrogated
between samples. Here we describe the use of such a yeast-2 hybrid system that lends itself
towards comparing pairs of Rab mutants, locked in either their GTP or GDP conformation.
Importantly, using a complex library of protein fragments as potential binding (‘prey’) partners,
identification of interacting proteins as well as the domain(s) mediating those interactions can be
determined using a series of sequence analyses and binary validation experiments.
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1. Introduction

Rab GTPases are protein interaction switches that are acutely regulated by toggling between
an inactive GDP-bound form and an active GTP-bound form. Exchanging GDP for GTP
causes a conformational change allowing Rab GTPases to bind specific partner proteins or
effectors, which then assemble into functional complexes at discrete locations in the cell
according to the regulatory mechanisms that govern the distribution of Rab proteins [1].
Knowing the various protein interactions in which Rab proteins participate in vivo is a major
requirement for understanding how they function. Importantly, many Rab proteins have
been found to have multiple partners that likely engage them under different cellular states
and locations, emphasizing the critical goal of identifying specific Rab-interacting proteins.
Perhaps the most important group of Rab-interacting proteins are those that bind Rabs in

a nucleotide-specific manner, since those partners would be best implicated in mediating a
Rab-regulated function.
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Rab GTPases fit within a larger family of small molecular weight GTPases (~25 kDa)
consisting of 6 central B-sheets coordinated 5 a-helices that provide a well conserved
guanine-nucleotide binding fold [2]. Binding different guanine nucleotides in vivo causes
substantial conformational changes in the ‘switch’ regions of Rab GTPases. Rab proteins
have variable C-terminal tails that are covalently lipidated. These C-terminal tails also
undergo a conformational change upon GTP-binding by disengaging their guanine
dissociation inhibitor (GDI) and inserting into a lipid bilayer [3]. Thus, a nucleotide-specific
Rab interacting protein would be expected to use these features to achieve specific binding.

An important tool that has driven functional studies of Rab GTPases as well as biochemical
approaches aimed at finding Rab effectors is based on conserved mutations near the
nucleotide binding region. Mutation of Q61 to L in Ras, which blocks GTPase hydrolysis,
was originally found as an oncogenic form of Ras [4]. This position is highly conserved
amongst Ras-family members, allowing a similar mutation to be introduced into Rab
GTPases to lock them into a GTP-bound conformation [5,6]. Similarly, mutation of S34

to Nlocks Ras into a GDP-bound conformation, which can bias interactions towards proteins
such as guanine-nucleotide exchange factors [7].

Mutant Rabs (GTP-bound ‘Q>L’ point mutants and GDP-bound ‘S or T>N’ point mutants)
have been used in numerous biochemical and genetic approaches to find interacting partners.
One particular approach is the yeast 2-hybrid (Y2H) system, in which fusion proteins
containing a Rab (aka ‘bait’) and its interacting partner (aka ‘prey’), bind to form a
functional transcription factor that drives yeast growth [8-10]. The availability of sets of
Rab fusion “bait” proteins configured in a GTP-bound (Q>L) and GDP-bound (S or T>N)
conformation have made it possible to use a Y2H based matrix to score a particular Rab
interacting ‘prey’ protein for its nucleotide and Rab specificity across the whole family of
Rab GTPases [11]. However, the limited scale and capacity a traditional Y2H screen has

in sampling potential interacting partners within a given ‘prey’ cDNA library has prevented
the use of these Rab GTPase ‘bait’ sets to perform comprehensive denovo Y2H screens for
Rabs and their nucleotide specific interactions. Rather, a fiding or not finding an interacting
partner in a typical Y2H screen is entirely stochastic and comes without the ability to make
quantitative or statistical statements about whether potential interacting candidates do or do
not interact with a given Rab GTPase in a nucleotide-specific manner [12].

The advent of deep sequencing has allowed this limitation to be addressed since the
composition of a ‘prey’ library can be delineated and quantified from yeast populations
grown under conditions that do and do not select for a positive Y2H interaction. We have
developed one of these approaches called DEEPN (Dynamic Enrichment for the Evaluation
of Protein Networks), which uses selection for Y2H interactions at a modest stringency

in batch using liquid cultures [12]. The abundance of every prey-encoding plasmid is
determined by deep sequencing and bioinformatic analysis using a dedicated stand-alone
software package designed specifically for DEEPN datasets. For the identification of
proteins that differentially interact with Rab GTPases, DEEPN offers two main advantages:
One is that deep sequencing can confirm that the entire composition of the prey library
population within yeast carrying one particular Rab ‘bait’ is the same as that of another
particular Rab bait [13]. This allows for a direct comparison between what components
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one Rab bait interacts with vs a different Rab bait. The DEEPN software also identifies

the junctions that connect the prey insert with the expression plasmid, allowing one

to computationally determine whether a particular prey gene fragment is in the proper
translational reading frame and to determine what portion of a given reading frame encodes
the interacting protein fragment [14]. This latter feature is especially useful when using a
highly complex library of prey plasmids which contains several different open-reading frame
fragments since interacting domains can be quickly delineated.

These features offer distinct advantages when searching for Rab interactions. In systematic
matrix-driven Y2H screens, Rab proteins have limited representation because their
biologically relevant interactions are driven by nucleotide binding and thus, they need to be
presented in particular nucleotide-bound conformations that are not represented in genome-
wide libraries [15-18]. In both matrix-driven Y2H screens and affinity-isolation/mass-
spectrometry experiments, full-length proteins are analyzed rather than protein fragments.
Thus, Rab interacting domains may be hidden within the context of a larger proteins.
Moreover, there is not an immediate indication where in a protein a Rab-interacting
domain could lie without interrogating multiple protein fragments later, whereas DEEPN
interrogates several gene fragments to yield comparative interacting data for each fragment
as an integrated part of the workflow.

Here we demonstrate how to analyze a DEEPN dataset for interactors that differentiate
between distinct Rab proteins and their nucleotide conformation. Several proteins are
known to bind multiple Rab proteins, often within distinct domains. Here we show how
DEEPN Y2H data can identify subdomains with such proteins to yield a medium resolution
interaction map and how computational reconstruction of plasmids that yield a positive Y2H
interaction can inform downstream validation and hypothesis testing.

Major Outcomes and Possible uses.

The genome encodes a plethora of Rab proteins, yet only the function of a handful

are largely known. Even for these few, how their functions are executed and the

set of interacting effector proteins required for that execution remain underdetermined.

Rab GTPases work by interacting with other proteins in a manner dependent on their

bound nucleotide. To understand their function requires finding those nucleotide specific
interactions and characterizing the structural basis of them enough to alter their Rab-
interacting motifs and determine how that interaction is relevant to cellular process. The
methods described here harness the inexpensive capabilities of high-throughput sequencing
and the well-established yeast 2-hybrid protein interaction reporter system to not only query
large sets of potential interacting proteins, but statistically determine whether each candidate
has specificity for one nucleotide-bound state vsanother. Moreover, with a dense library of
open-reading frame fragments, one can use computational methods to extrapolate where in a
given protein a Rab interacting domain is located. This method can be expanded to not only
determine what interactors are dependent on a particular nucleotide-bound conformation but
also which ones may be sensitive to disease-causing mutations within Rab proteins [19,20],
thus offering a pathway to discover the biochemical basis for how Rab mutations cause
disease.
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2.1 Rab Expression constructs.

1

2.2 Data Processing
1

Rab fusion constructs in pTEF-GBD, encoding the Gal4 DNA binding domain.
Rab GTPases with mutations that favor a GTP-bound conformation and a
GDP-bound conformation. Rab open-reading frames are codon optimized to
the S. cerevisiae and the isoprenylation consensus sequence (CAAX box, [21])
minimally mutated to avoid lipidation (Figure 1).

Illumina sequence datasets from a differential DEEPN Y2H screen. This

includes sequence data from plasmid populations grown under non-selective
conditions or conditions that select for a positive Y2H interaction (eg. media
lacking Histidine) using the Gal4-DNA-binding bait vector alone or within a
fusion construct with Rab mutants locked in their GDP and GTP bound state.

DEEPN software programs, including DEEPN, Stat_Maker, and Mapster.
(https://github.com/emptyewer). Figure 2

Macintosh computer for data processing. (minimum requirements: OS 10.10 or
above, quadcore Intel i3 processor, 8 Gb memory, 4 Tb hard disk drive)

3 Plasmid Reconstruction

1
2.

2.4 Validation

Processed data files from DEEPN output (Note A).
Plasmid: pPL6343 — pGal4AD

Oligonucleotides to amplify gene fragments and clone into pGal4AD (Note B).

Plasmids: pPL6229 - pTEF-GBD, pPL6222 - pTEF*-GBD, pPL6343 —
pGal4AD

Yeast Strains; PJ69-4A and PLY5725

Glucose Solution (50% wi/v): for 500 mL add 220 mL milliQ water to a 600
mL beaker. Add in 250 g D-(+)-Glucose slowly till all dissolved. Add milliQ
water up to 500 mL. Filter Sterilize with a 0.22 um PES filter and store at room
temperature.

NOTE A.DEEPN creates a number of datasets and files that allow easy analysis of sequence data to discern the nature of particular
Y2H interactions. One of those datasets is viewed with the module Read_Depth, which displays the number of reads obtained along
each transcript or ORF. This analysis will indicate which gene fragment(s) were present in each sample and indicate what portion
of the gene sustained a Y2H interaction under selective conditions. The second dataset is a description and count of the junctions
that join the Gal4-transcriptional activation domain to a particular gene of interest. Here, the 5" and 3’ ends of gene fragments that
encode interacting portions are collated and counted, and the data summary is viewed using Blast_query. Finally, a *.junctions file
is created that lists all of the reads that cover the junctions between the Gal4-AD ‘prey’ vector and the gene inserts. From this file,
one can search and retrieve the exact sequence of a given junction in order to computationally reconstruct the exact prey plasmid that
supported a positive Y2H enrichment in the DEEPN experiment.

ote B.The process of plasmid reconstruction uses the processed DEEPN files to computationally reconstruct ‘prey’ plasmids that
sustained a Y2H interaction. Once this is done, oligonucleotides are designed to amplify these fragments and clone these fragments
into pGal4AD to yield a plasmid that can then be used to validate the Y2H interaction that was indicated by the DEEPN data.
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4, Yeast Nitrogen Base (YNB): for 500 mL, add 400 mL milliQ water to a 600 mL
beaker. Add 3.35 g Yeast Nitrogen Base without amino acids. Mix well and add
milliQ water up to 480 mL. Autoclave and allow to cool till warm to touch. Add
20 mL 50% glucose. Swirl to mix. Store at room temperature.

5. Transformation Buffer: 1 M sorbitol, 1 M lithium acetate dihydrate, 10 mM tris
pH 7.6, 0.5 mM EDTA, 0.2 mM calcium chloride. For 500 mL, add 300 mL
milliQ water to a 600 mL beaker. Add 91.1 g Sorbitol, 10 mL 0.5 M Tris pH
7.6, 5.1 g lithium acetate dihydrate, 500 ul 0.5 M EDTA pH 8.0, 100 ul of 1 M
Calcium Chloride. Mix well and add milliQ water up to 500 mL. Filter Sterilize
with a 0.22 pm PES filter and store at room temperature.

6. Yeast extract peptone dextrose (YPD) plates: For 25 plates, weigh out and
dissolve 10 g Peptone and 5 g Yeast Extract in 400 mL MilliQ water in a 600 mL
beaker. Mix well and add milliQ water up to 480 mL. Add 7.5 g agar. Autoclave
and allow to cool till warm to touch. Using a pipette, add 20 mL of 50% glucose.
Mix well by swirling. By pipette pour 20 mL into a series of 100 mm plates.

7. Complete synthetic minimal media (CSM)-Trp plates: For 25 plates, weigh out
and dissolve 3.35 g Yeast Nitrogen Base without amino acids in 400 mL MilliQ
water in a 600 mL beaker. Mix well and add milliQ water up to 480 mL. Add
0.35 g -Trp-Met dropout mix, 10 mg of methionine, and 7.5 g agar. Autoclave
and allow to cool till warm to touch. Using a pipette, add 20 mL of 50% glucose.
Mix well by swirling. By pipette pour 20 mL into a series of 100 mm plates.

8. CSM-Leu plates: For 25 plates, weigh out and dissolve 5.025 g Yeast Nitrogen
Base without amino acids in 400 mL MilliQ water in a 600 mL beaker. Mix well
and add milliQ water up to 470 mL. Add 0.5025 g -Leu-Met dropout mix and 7.5
g agar. Autoclave and allow to cool till warm to touch. Using a pipette, add 30
mL of 50% glucose. Mix well by swirling. By pipette pour 20 mL into a series of
100 mm plates.

9. CSM-Leu-Trp- plates: For 25 plates, weigh out and dissolve 5.025 g Yeast
Nitrogen Base without amino acids in 400 mL MilliQ water in a 600 mL beaker.
Mix well and add milliQ water up to 470 mL. Add 0.5025 g -Trp-Leu+40Ade
dropout mix, 120 mg adenine and 7.5 g agar. Autoclave and allow to cool
till warm to touch. Using a pipette, add 30 mL of 50% glucose. Mix well by
swirling. By pipette pour 20 mL into a series of 100 mm plates.

10. CSM-Leu-Trp-His plates: For 25 plates, weigh out and dissolve 5.025 g Yeast
Nitrogen Base without amino acids in 400 mL MilliQ water in a 600 mL
beaker. Mix well and add milliQ water up to 470 mL. Add 0.4875 g -Trp-Leu-
His+40Ade dropout mix, 120 mg adenine and 7.5 g agar. Autoclave and allow to
cool till warm to touch. Using a pipette, add 30 ml of 50% glucose. Mix well by
swirling. By pipette pour 20 mL into a series of 100 mm plates.

11.  Plate Reader or spectrophotometer to read ODggg

12.  Sterile sticks and 1.7 mL microcentrifuge tubes
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3. Methods

Goal:

The statistical software module in DEEPN assesses whether a particular gene, or gene
fragment is enriched in the population of plasmids in the Y2H culture placed under
conditions that select for a positive Y2H interaction. Typically, the number of sequence
reads for a gene that has a true positive Y2H interaction are far higher in the selected
population than the non-selective population. For the interaction to be specific for the bait
protein of interest, enrichment or increase in the number of sequence reads should be

far less for a control bait (eg. the Y2H vector alone that only expresses the Gal4-DNA
binding domain alone). Discerning what is likely to be a true and specific enrichment
above the noise in the experiment is provided by the DEEPN software package using

a built-in statistical model. The DEEPN software also determines whether the enriched
gene/ORF prey inserts are likely in the correct translational reading frame, or not. These
two analyses then serve as the first step in identifying likely Y2H-interactors specific to
one bait, but not another. A second aspect of informatic processing takes advantage of the
fact that prey libraries, such as cDNA libraries, contain fragments of open-reading frames
and rarely complete full-length clones. By determining the exact 5” and 3’ ends of the
gene fragment that is enriched, bioinformatic analysis can reveal what domains or parts

of a particular interacting protein is sufficient for interaction. In addition, by monitoring
what gene fragments are not enriched upon Y2H selection, DEEPN can also indicate what
domains are not required for Y2H interaction. The more fragments that are in the prey
library, the more granular DEEPN analysis can become to determine the relevant interaction
domain. Previously, we have made high-density libraries from genomic DNA from S.
cerevisiae, an organism with few introns allowing genomic DNA fragments to provide a
useful array of open-reading frame fragments. We also have recently made a prey library
of open-reading-frame fragments derived from the human ORFeome v8.1. These libraries
allow for better sampling of a given ORF, which in turn, can provide a higher resolution
analysis of interacting and non-interacting ORF fragments through informatic analysis of the
sequencing data (Figure 3).

We obtained DEEPN sequence data from screening mutant Rab bait proteins locked in a
GDP as well as GTP-locked conformation using a human ORFeome fragment prey library.
Following are the steps to process sequence data, identify likely interacting proteins, discern
the interacting portion of each candidate from sequence data, and reconstruct the particular
library constituent plasmids to perform validation experiments to confirm deduced Y2H
interactions.

3.1 Data Processing

1 Obtain Illumina 150 bp paired-end reads from PCR amplicons amplified from
DNA isolated from different yeast populations grown under selective and
non-selective conditions. PCR amplicons are randomly sheared to ~250-450
bp fragments, modified by bar-coded Illumina sequencing primers prior to
sequencing in a flow cell. Between 8-20 million reads/sample is adequate for
analysis.

Methods Mol Biol. Author manuscript; available in PMC 2021 October 19.
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Map reads to relevant genome. For screens using the human ORFeome library,
map Illumina reads to the human genome hg38. If alternate prey libraries have
been used, then use mm10 for the reference mouse genome, or Saccer3 for the
reference yeast genome. The output must be in the form of a .sam file (sequence
alignment map). Programs such as Tophat2 or HiSat2 that can accommodate
mapping mMRNA sequence data to a complete genome work comparably. For an
easy-to-use interface, mapping can be accomplished using the Mapster program
included in the suite of DEEPN bioinformatics software.

Process the .sam files with the ‘Gene Count” module within the DEEPN
software. Once complete, then run the ‘Junction Make’ module one time to find
the 5’ ends or the gene fragment insert, and a second time to find the 3’ end. For
the human ORFeome library, use the following junction sequences to find the 5
and 3’ ends of the gene fragment inserts, respectively:
CCTCTGCGAGTGGTGGCAACTCTGTGGCCGGCCCAGCCGGCCATGTCA
GC,
CATGGCCCGGGAGGCCTAGATGAATAATAGAAGACGGGAGACACTAGC
AC.

Identify in-frame interacting partners with StatMaker. Statmaker results display
statistical rankings for the differential interaction of a given prey with vector
alone, a Rab protein in its GTP-bound conformation, and a Rab protein in

its GDP-bound conformation (Figure 4). This 3-way comparison assigns a
probability for finding gene products that specifically interact with only the GTP-
or GDP-bound form. Filter the specific interactors to identify those that are in the
correct translational reading frame and within the open-reading frame of interest.

Use the Blast Query module to analyze the set of 5’ and 3’ junctions to find
what fragments of a given interacting gene is sufficient to yield a positive Y2H
interaction. The data that BlastQuery uses is a collection of all the sequences that
flank the 5” and 3’ ends of each insert. These are subjected to a Blastp search

to determine what gene they correspond to and what portion of the open-reading
frame is encompassed in the fragment (Figure 5). Click save to CSV to export
data to a spreadsheet file located in QueryResults.

Use the ReadDepth module to find the number of sequence reads that were
obtained across the prey gene of interest (Figure 6). Use the gene identifier
(NM_*) that corresponds to the gene of interest and also select the correct
sample from the selected population that contains the enriched gene of interest.
Adjust the interval of sequence match to 20-30 bp to increase resolution of the
analysis. Click the export button to write a spreadsheet file with the ReadDepth
results.

Collate the data from the BlastQuery tables and the exported data from
ReadDepth (Figure 7).

Methods Mol Biol. Author manuscript; available in PMC 2021 October 19.
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3.2 Plasmid Reconstruction

Goal.—There are two methods to reconstruct a prey plasmid that encompasses the gene
fragment within the original Y2H library that produced the positive Y2H interaction that

led to the amplification of the plasmid during growth under selective conditions. One is
approximate, in that the known stretch of residues within the gene of interest are determined
and cloned into the prey plasmid in frame with the Gal4 Transcriptional Activation domain.
The other is more precise and relies on finding the sequence reads that correspond to the 5’
and 3’ junctions of the gene fragment that yields a positive Y2H interaction. These are found
manually by searching through the list of junctions compiled in the *.junctions.txt file.

1.

Approximate method. The data in Figure 7 indicate a single gene fragment

of interest if a single region is indicated in ReadDepth and flanked by one
high-abundance 5’ junction and one high-abundance 3’ junction (Note C). The
junction data from BlastQuery will define the beginning and end codons of the
gene region of interest. Using the strategy in Figure 8, construct a DNA map in
which the span of DNA encoding the residues of interest within the prey gene of
interest are inserted in-frame downstream of the Gal4 transcriptional activation
domain. This construct should also include a stop codon after the gene fragment.

Precise method. The data in Figure 7 show the 5” and 3’ junction data that
correspond to the gene of interest. However, the fragment of interest may be
flanked by other nucleotides as a result of the way it was cloned into the vector.
Finding an actual sequence that encompasses those junctions allows for the
precise reconstitution of the likely library plasmid that gave rise to the Y2H
positive interaction. The precise junction of the Gal4-AD vector with the 5’

and 3’ ends of the gene fragment may affect the linker region preceding the
fragment and the C-terminal region before translation is terminated. The data
required from BlastQuery on the gene fragment of interest is the NM_* code of
the gene of interest, the Position, and the g-start (Figure 8). The files needed are
the *sample*.blast.txt and the corresponding *sample*.junctions.txt file. Open
the *.blast.txt file. Search for the NM_* code of the gene of interest and find

a Blast match that also contains the g-Start and Position numbers that match
the g-start and s. start values, respectively. This line also contains the original
sequence read identification number found within the original FASTQ file of the
Illumina dataset. Copy the sequence ID and search for it in the corresponding
*junctions.txt file. Each line within the *.junctions.txt file will contain the
original sequence read, the sequence downstream of the flanking sequence used
to find each junction, and the amino-acid sequence of the translated flanking
region. Using the sequence from both the 5” and 3’ *.junctions.txt file, construct
a DNA map in which the span of DNA encoding the residues of interest

Note C-Finding the gene fragment of interest to test in further analysis is straightforward when a single fragment was amplified during
selection as indicated by a single 5 and 3’ junctions that flank a single region visualized by ReadDepth (Figure 6). However, multiple
fragments may also be amplified during selection, making it less clear where fragment boarders are and whether multiple Rab-binding
domains are present or whether overlapping fragments simply share a single Rab-interacting region. An example is shown in Figure 7,
where Rab43-GTP interacts with a single fragment of SSX2IP whereas Rab5-GDP interacts with two regions that can be seen using

the ReadDepth data.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peterson and Piper

Page 9

within the prey gene of interest are inserted in-frame downstream of the Gal4
transcriptional activation domain.

3. Making new Gal4-AD *prey’ plasmid. From the electronic map generated in
3.2.1 or 3.2.2, design oligonucleotide primers that have 22-24 bp of homology
with the gene insert of interest and that have 15-20 bp of homology with the
regions of pGal4AD that flank the insertion site. Using those primers, amplify
the fragment of interest from the genomic DNA previously isolated from the
genomic DNA sample of the relevant yeast population that was used to generate
the Illumina sequence data. These samples should be greatly enriched for
the gene fragment of interest due to their amplification during growth under
selection conditions. Once the PCR product is checked for the correct size, use
the Gibson method to recombine the fragment into pGal4AD double cut with
Sfil. Once sequenced and verified, these prey gene fragment AD plasmids can be
used in binary Y2H validation experiments (Figure 9).

3.3 Validation

Goal: The goal of this step is to perform a series of binary assays in a traditional format

to directly compare Y2H interactions across multiple baits including empty vector alone.
This serves to validate the possibly Y2H interactions that computational analysis predicts
happened during the batch selection process within the original DEEPN experiment. When
used with a variety of bait proteins (such as a large set of Rab protein mutants locked

in ether GTP- or GDP-bound conformations), this analysis can reveal one of 3 different
outcomes. One is that a given prey fragment has the same interactions with the bait GTPases
as found by the batch DEEPN analysis in that a subset of Rab proteins interact while others,
including vector alone, do not. Another is that more Rab proteins and possibly vector alone
are found to produce a Y2H interaction that was not detected computationally be DEEPN.
The reason for this is that each bait in a DEEPN run can interact with a different set of

prey proteins. And while some of those preys may also interact with other bait proteins,

the preys may not all be enriched to the same extent across samples. The likely reason is
that differential interactions across two baits will create different enriched populations that
may crowd out detection of one authentic interacting prey in one sample but not the other.
This emphasizes the need to perform the binary validation studies described here. A third
possible outcome is that binary assays fail to show a Y2H interaction with a prey fragment
computationally identified by DEEPN (Figure 10).

1 Lithium Acetate transform vector only pTEF-GBD or pTEF*-GBD and bait
pTEF-GBD or pTEF*-GBD constructs into PJ69-4A and newly constructed prey
AD validation constructs along with vector only pPL6343 into PLY5725. Spread
transformations onto CSM-Trp and CSM-Leu-Met plates respectively (see Note
D). Incubate plates in a 30 °C incubator for 2-3 days or the appearance of
colonies.

Note D-we found that by making the competent cells within 3 months of transformation as well as not freeze thawing these cells
allows for more efficient transformations. Plates made within the last week also allow for better transformations efficiencies.

Methods Mol Biol. Author manuscript; available in PMC 2021 October 19.
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2. Using a sterile stick, make quarter size patches of about 5-6 single colonies of
each transformation onto the appropriate selection plate. Incubate plates 30 °C 1
day. (see Note E)

3. Using sterile technique, set-up a mating reaction of each pTEF-GBD or pTEF*-
GBD vector only and bait construct with Library AD validation constructs on a
YPD plate. Briefly, take a matchhead of Library AD validation construct, dab
it at the top center of the plate, and streak it down the YPD plate. Using a
sterile stick, take a matchhead of pTEF-GBD or pTEF*-GBD vector only and
bait constructs, dab to the left of the already streaked Library AD validation
construct, and streak it to the right through the Library AD validation construct.
Do this for all library AD validation constructs/pTEF-GBD or pTEF*-GBD
constructs needing validated. Incubate plates in a 30 °C incubator for 1 day.

4, Using sterile technique, streak the mated yeast onto CSM-Leu-Trp plates to
select for a diploid population. Incubate plates in a 30 °C incubator for 1 day.

5. For each mating reaction, label a sterile 1.7 ml microcentrifuge tube with
construct names. Pipette 500 pl of Yeast Nitrogen Base into each tube.

6. Using sterile techniques and a sterile stick, obtain a small matchhead amount of
diploid yeast cells and twirl it into the correct 1.7 ml microcentrifuge tube. Do
this for all diploid possibilities in a given set. (see Note F)

7. Make sure samples are mixed well and pipette 140 pl of samples into a 96
well plate. Save the remaining yeast diploid suspension in each tube for further
dilution, which will depend on the values obtained from the plate reader.

8. Measure the ODgqg of the cells. Record the OD. (see Note G)

9. Based on the values from the plate reader, make up a 1:10 dilution series
using the YNB starting with an initial concentration of diploids at 0.5 OD and
continuing until you have a total of 6 different concentrations. This can be done
in either a 96 well plate or in sterile 1.7 ml microcentrifuge tubes. (see Note H)

Note E.The ability to analyze the validation result in confidence hinges on knowing that the bait BD constructs as well as the newly
constructed Library AD constructs express protein, therefore it is imperative that the expression of the constructs be checked and
confirmed by western blot analysis before continuing.
Note F.gefore doing this step, it is imperative that you think through what combinations of diploids you plan on validating on a
given set of CSM-Leu-Trp and CSM-Leu-Trp-His plates. For example, you may want to compare one newly constructed library AD
construct across multiple Rab GTPases or you may want to compare a few different library AD construct regions across the same
set of Rab GTPases in a GDP vs GTP specific manner. You need this planned out for a couple reasons. One, we have seen growth
variability between plates so if you want to be able to make direct comparisons, they really should either be all on the same plate
or you have a representative control (p-TEF-GBD and Library AD construct) on each set of plates. Second, even though diploids are
happier in YNB than sterile water, you do not want to leave them sit there for hours while you are setting up validation of other diploid
combinations. You can always complete the protocol from here with one set and return to complete for iterative sets.
Note G.p\jake sure the cells are properly suspended prior to checking the ODgqg reading as cells that have settled will give a false
reading. Also, it is imperative that if a plate reader is used to determine the ODgQ, the reading is multiplied by the correction efficient
that allows for the same ODgqq reading that would be achieved with a 1 mL solution 1 cm pathlength.

ote H.1n order to make accurate dilutions, make sure to mix the suspension prior to using it to make the next 1:10 dilution set in the
series. If this is not mixed properly for dilution here, you will not make an accurate dilution which will make your final result less
interpretable. This will be seen by the growth or lack of growth when you compare constructs on the CSM-Trp-Leu plate at the end of
the validation. You should see the same growth or ability to grow on CSM-Trp-Leu plates at the end of the validation.
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10.  Obtain a CSM-Trp-Leu and a CSM-Trp-Leu-His plate, label/mark the top as
top, as well as label it accordingly to the combinations of diploids that will be
spotted. (see Note I)

11.  Using a pipette, spot 5ul, left to right and least to most concentrated respectively
in one row. (see Note J)

12. When all the spots have dried, place all plates in the 30 °C incubator for 3 days.

13.  After 3 days, pull all the plates out of the 30 °C incubator and scan for archive
and interpretation. (see Note K, L).
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Note I-Make the CSM-Trp-Leu and CSM-Trp-Leu-His plates the day before spotting. Fresh plates will allow the diploids the best
opportunity to grow and give an interpretable result. Plates that are even three days old here, will cause a slow growth or what seems to
be a stunted growth ability for diploids even on the CSM-Trp-Leu plates alone.
Note J. ¢ js imperative that you mix the concentrations efficiently right before spotting. This will further ensure that any growth
difference seen in diploid comparison sets are accurate and thus interpretable. As mentioned above at the end you should see
comparable growth on the CSM-Trp-Leu plates this will give you confidence that any difference seen on the CSM-Trp-Leu-His plates
is indeed real. Improper mixing leads to an inability to compare sets and the need to repeat.
Note K\when interpreting your plates, you want to make sure that the growth is similar across all constructs on the CSM-Trp-Leu
plate. If one pair of diploids did not grow as well as another there are a couple reasons for that. One, of which is highlighted
throughout the notes, is the potential that at one step or another the diploids were not mixed well enough leading to the wrong
concentration of diploids being spotted. The other is a little more complicated in the regard that the expression level of the construct
is too high and is thus toxic to the cell and a growth defect in the form of cell viability is observed. If expression is in fact too
high, you can switch from pTEF-GBD vector to pTEF*-GBD that will allow for a lower protein expression level and potentially help
with cell viability. If the growth is similar of all diploids across the CSM-Trp-Leu plates than a direct interpretation of growth on
the CSM-Trp-Leu-His plates can be made. For example, if there is no growth observed on the CSM-Trp-Leu-His plates, then one
would conclude that there is no direct two-hybrid interaction between the Rab GTPase(s) of interest with a given library AD validation
construct. You may also observe growth for both the GTP and GDP nucleotide bound states of the Rab GTPase with a given library
validation construct of which you could conclude that indeed there is a two-hybrid interaction, however it is nucleotide non-specific.
Lastly, you may observe that there is growth on only the GTP- or GDP-bound nucleotide state of which you would conclude that
the two-hybrid interaction is nucleotide specific for the given pair. If you need to further tease apart the strength of the two-hybrid
interaction between different pairs of diploids of the Rab(s)/Validation AD library constructs it is common to add 0.1mM to 10mM
3-aminotriazole to the CSM-Trp-Leu-His plates before pouring them. With the system described here, analysis of Rab proteins with
the yeast strains and plasmids described, the use of 3-aminotriazole is not necessary.

ote I--By uncovering Rab interacting protein fragments/domains with a DEEPN screen and then validating those putative interactions
with binary Y2H assays over a broad range of Rab GTPases, the Rab-specificity and nucleotide-bound conformational specificity
of interactions can be determined. These can help provide immediate insight into how proteins that bind multiple Rab proteins may
do this, either by having a single Rab domain that can interact with several different Rab GTPases, or multiple Rab binding sites
each with a more exclusive specificity for Rabs. Many proteins that interact with multiple Rab proteins have been described such
as RabEP1 [22], Optineurin [23,24], and MICALL1 [25,26], all of which have been identified by the approach above to contain
multiple Rab-binding domains that each have different subsets of Rab specificity. In the example used here, the protein SSX2IP
(Synovial Sarcoma X breakpoint 2 Interacting Protein) was found to have 2 Rab-interacting regions as validated by binary Y2H
interactions. One binds Rab5A but only in its GDP-bound conformation, indicating this may be a region that could help SSX2IP work
as a nucleotide-exchange factor of Rab5A. A different region binds Rab43, but only in its GTP-bound conformation, indicating that
SSX2IP is a specific Rab43 effector. SSX2IP has known roles in centriole assembly and cilia biogenesis [27-29]. Little is known about
Rab43, however, one role is to promote trafficking from the ER to the Golgi [30,31]. Rab5 is known to play a large role in endosomal
trafficking, but it also plays a role in maturation of the spindle pole, providing a possible function for an interaction with SSX2IP
[32]. Figure 11 summarizes the differential interactions of Rab43 and Rab5A with SSX2IP. Interestingly, the region that interacts
with Rab43-GDP does not appear to do so in the context of full-length protein containing the region that interacts with Rab5A-GTP,
suggesting that the binding of one Rab may regulate the binding of another. This suggests two models. One is a Rab cascade whereby
Rab5-GTP could bind to SSX2IP and activate its nucleotide exchange activity for Rab43, which would coordinate activities associated
with Rab5 with those of Rab43 [33]. Another is that SSX2IP provides a mechanism to localize Rab5 exchange activity to Rab43
membrane compartments or Rab43-containing complexes when Rab43 is activated by GTP binding.
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Figurel.
Construction of Rab bait Y2H plasmids. (A) Schematic of the Gal4-DNA-binding domain

expressing plasmid pTEF-GBD, a low-copy yeast plasmid with 7RP1 for selection in
yeast and Kan' for selection in bacteria. (B) Shown is the cloning of a Rab GTPase with
alteration of the Rab C-terminal CAAX box. Clone the Rab GTPase of interest into the
pTEF-GBD plasmid linearized with either EcoRI/Narl or Ncol/Xhol for N- or C-terminal
cloning respectively to the Gal4-DNA-binding domain. The CAAX box on Rab proteins
directs their lipidation (geranylgeranylation) which would direct their interaction with GDI
and also membranes. This would hamper their ability to translocate to the nucleus and thus
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their ability to interact with Gal4-activation-domain “prey’ in the nucleus. To avoid this,
the Cysteine residues and remaining residues that define the CAAX box are replaced with
alanine codons.
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User interface of two software programs used to computationally analyze lllumina sequence
data from batch Y2H assays. (A) shows the Mapster program that can be used to Map
sequence reads to the relevant genome to create a .sam file used for all subsequent analysis.
(B) shows the DEEPN main user window that allows access to analysis modules such as

GeneCount, BlastQuery, and ReadDepth.

Methods Mol Biol. Author manuscript; available in PMC 2021 October 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Peterson and Piper Page 18

Select for interactions

Rab ‘baits’ in :T'l;gge?\f;i?;?: Idfentify Rab—i'ntr:zracting Cross-check specificity
GTP and GDP ragment within full- of Rab-binding region
conformation . length gene

o @@

- ':'-c:. (609 Rab1
O =™ Rabz
Rab3
Rab4
— (== Rab5

Rab6
Figure 3.

Overview of the process to find differential Rab interacting proteins using DEEPN, a

batch yeast 2-hybrid approach, and subsequent validation and characterization. Rab ‘bait’
plasmids are constructed as shown in Figure 1. These are introduced into yeast containing
a diverse Y2H “prey’ library comprised of gene fragments. After selection for positive
Y2H interactions, the entire population of remaining prey plasmids is sequenced to find
genes that are enriched, indicating a positive Y2H interaction, and data are further analyzed
to determine what gene fragments were selected for. These fragments also define the Rab-
interacting region(s) of each prey protein (yellow regions). The computationally deduced
plasmids that produce the Rab-interacting protein fragments are then reconstructed and
tested in a series of binary Y2H interactions with a matrix of Rab proteins in their GDP and
GTP-bound conformations to determine the specificity of interactions.

Rab* =)
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Figure 4.
Data from StatMaker identifying SSX2IP as an interacting proteins with Rab43 (top) and

Rab5A (bottom). The first row shows the number of sequence reads found for SSX2IP for

3 different datasets, Vector alone, Bait 1 (Rab43_QL or Rab5_QL), and Bait 2 (Rab43_TN
or Rab5_SN) in ppm. A 3 way statistical model used to evaluate the likelihood that there

is a specific enrichment in the number or reads for SSX2IP (Y2H interaction) for a given
bait vs Vector alone and vs the other bait. These are observed as pBaitl and pBait2 having

a maximum probability of 1. These data indicate that SSX2IP specifically interacts with
Rab43 in its GTP-bound conformation, but not its GDP-bound conformation nor Vector
alone. The data below indicate that that SSX2IP specifically interacts with Rab5 in its GDP-
bound conformation, but not its GTP-bound conformation nor Vector alone. The data also
summarize the percentage of junctions (those sequence reads that span the Gal4-activation
domain and the prey protein of interest), that are in the correct translational frame and within
the open-reading frame (inframe_inorf). Having a large enrichment of reads for a prey hit
as well as a large proportion of those being in the proper reading frame are both criteria to
determine the authenticity of the computationally derived Y2H interaction.
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Figure5.
Shown is the display from BlastQuery that compares various fragments of SS2XIP from

3 different datasets: Vector alone, Rab5A_SN (locked in the GDP-found form), and
Rab5A_QL (locked into the GTP-bound form). BlastQuery displays data on the different
junction fragments of the selected gene that were found in the sequence results in (A) tabular
format and (B) graphical format. Junction fragments are those that span the C-terminal
end of Gal4-activation domain and the fusion point into the gene of interest. The position
within the gene of interest where it is fused to the Gal4 activation domain is listed as well
as the number of times this particular junction was found in the dataset (in ppm). Also
shown, is a calculation of whether the fragment of the gene of interest is in the coding
region and whether it is in the same translational frame as the Gal4-activtion domain. For
the example here, a fragment of SSX2IP that begins at position 890 is greatly enriched

in in the Rab5A-SN dataset (1390 ppm), over what its abundance was in the vector only
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dataset (0.217 ppm) and Rab5A_QL dataset (0.177). The exact genbank identifier of the
annotated cDNA/transcript to which blast matches were found is given in the top-center and
the sequence of that cDNA is provided in the bottom window for unambiguous identification
of the prey gene of interest.
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Save CSV

Accession Number NM_001166294 Depth Count Interval 20 -
Select .sam file
RabSASN_534_SEL.sam
Rosults
Position Deotn cDS
1 o Not in COS
21 o Not in CDS
41 L] Not in COS
&1 o Mot in CDS
81 o Mot in COS
101 L] Mot in CDS
121 L] Not in CDS
141 o Not in COS
161 o Mot in CDS
181 o Mot in CDS
20 1 Not in CDS
221 1 Not in CDS
241 1 In ORF I
2000 3000
Base Pair
> NM_B01166294 (SSX2IP) on chromosome CHR1 (-) ORF Start: 226 ORF Stop: 1989
ATGTCTCCATCAAGT

TTATACTCACAGCAAGTGCTATGTTCTTCAATACCTTTATCOAAAATGTGCACAGTTTTTTCAGTGCCTTCTGCACAGAAGATAATATTGAACAGAGTATCTCATATCTTGATCAGGAA
TTGACTACTTTTGGTTTTCCTTCATTATATGAAGAATCCARAGGT AAAGAGAC AAAGAGAGAGT TAAATATAGTAGCTGTACT AMAT TETATGAATGAGC TRCTTGTRCTTCAGCGGAAG
ARCCTTCTAGCT CAGGAAAATGTGGAGACACAGAATTTGAAGCTGGGAAGTGATATGGACCATCTACAGAGCTGCTACT CAAAACTTAAGGAACAACT GGAAACCTCCAGGAGGGAAATG
ATTGGGCTTCAGGARAGAGACAGACAGTTACAATGTARGAACAGGAATTTGCATCAGCTACTARAGAATGAGAAAGATGAGGT GCAAARATTACARRATATCATTGCAAGTCGAGCTACT
CAGTATAATCATGATATGAAGAGAAAAGAGCGTGAATATAATAAACTGAAGGAACGTCTACATCAACTTGTTATCAACAAGAAAGATAAGAAAATAGCTATGGACATTTTGAATTATGTC
GOGAGAGCTCATGGARAAAGAGGCTCCTGOAGGACTCGTAARACTGAAGCCAGGAAT GAAGATGAAATGTATAAAATTCTCTTGAATGATTATGAATATCOTCAGAAACARATCCTAATG

Figure 6.

Display of ReadDepth that shows the sequence coverage of a prey gene of interest

designated by a Genbank identifier in a particular dataset. The level of sequence coverage
indicates the level of enrichment of the corresponding gene region found in the data. This

feature can identify which fragments were selected for or enriched by Y2H interactions and
which fragments were not. In this case, the interacting gene of interest is SSX2IP, selected
for an interaction with Rab5A_SN locked in the GDP-bound form. Two regions appear in
the ReadDepth display, a very abundant fragment beginning at position ~900bp and a more
minor fragment beginning at position ~340bp.
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Figure7.

Collated data for Rab Y2H interaction. Shown are the collated data for interaction of
SSX2IP with Rab GTPases. DEEPN datasets for multiple Rab GTPases were generated and
two different Rab proteins were found to interact with SSX2IP. However, the fragments

of SSX2IP mediating the interaction were different between Rab5A_SN (GDP-bound
conformation) and Rab43_QL (GTP-bound conformation). By summarizing the junction
fragment data available from BlastQuery and the sequence coverage from ReadDepth, a
helpful picture of these interactions can be generated for comparison. (A) shows the number
of 5" junctions found containing SSX2IP and their position along the length of the SSX2IP
cDNA (left) for the dataset for Rab5A_SN interactions. Lines in blue are in the same reading
frame as the up-stream Gal4-activation domain, whereas the grey are out of frame fusions.
Blue arrows indicate the 5" end of fragments that are must abundant and that are shown in
tabular format below. Similar junction fusion points are shown for the 3" end of SSX2IP
fragments, with the most abundant 3" junction indicated with red arrows and highlighted in
tabular format below. Data from ReadDepth (right) is shown overlayed with blue and red
arrows corresponding to the abundant 5" and 3" fragment junctions, respectively. Below is
the domain organization of the SSX2IP protein, scaled to the nucleotide positions within
the read depth data above. Delineated in blue are the putative Rab interacting regions
extrapolated from the data. (B) Same analysis in A but for SSX2IP interactions with Rab43-
QL (GTP-bound conformation) showing interaction with the 5’ fragment corresponding to
residues 68-206.
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Salect Gene and Accession Number
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Select Dataset Select Dataset
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Results Finered Resulls Piot Results I
Position #Junctions v Query San CcDs Frame Pasition Bunctions
556 5903.535 2 In Ot In Frame
558 10.143 4 In Ort In Frame

B Fomat of tho *.plast.txt File
# BLASTN 2.2.30+
# Query: K00274:177:HW3ITFBBXX:7:1101:19309:4391 #*+*Sequence ID**
# Database: ./ncbi_blast/db/hg38NMgenes.db
# Fields: query id, subject id, % identity, alignment length, mismatches, gap opens, gq. start, g. end, s. start, s. end, evalue, bit score

# 6 hits found

92

92

92

92

92

1duosnuepy Joyiny 1duosnuely Joyiny
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KO0274:177:HWITFBBXX:7:1101:19309:4391 HM_001166295 100.00. 91
646 le-40 165
KO0274:177 :HW3TFBBXX:7:1101:19309:4391 NM_ 001166294 100,00 91
518 le-40 165
KO0274:177 :HWITFBBXK:7:1101:19309:4391 NM_001166417 100,00 91
le-40 165
K00274:177:HWITFBBXX:7:1101:19309:4391 HM_ 001166293 100.00 91
560 650 le-40 165
KO0274:177:HWITFBBXX:7:1101:19309:4391 HM_014021 100. 00 91
610 700 le-40 165
c Format of the *_junctions.txt File
K00274:177:HWITFBBXX:7:1101:19309:4391 4 + 0 **Sequence ID**
COTCTGL T GGCCCAGCCGGCCATGTCAGCTATATAGTAGC TGTACTAAATTCTATGAATGAGC TECTTG TGCTTCAGCGEARGAACCTTCTAGCTCAGGAAAATGETG **0riginal read++

TATATAGTAGCTGTACTARATTGTATGARN' RGO ACCTTCTAGCTC AR ACACAGAATTT **Sequence immediately following junction*#
YIVAVLNCMNELLVLORKNLLAQENVETQNX **translated peptide fused to Gal4-activation domain #+

D
Gal4 AD SSX21P
GCCTCTGOGAGTGETGECAACTCTGTGGOCGGCOCAGCCGGCCATGTCAGC TATATAGTAGC TG TACTARR TTGTATGAATGAGC TGC T TG TGCTTCAGCGGARGAACCTTCTAGCTCAGGARRATGTG
A S5 A 5 6 6 N S5 ¥V A G P A G H V¥ 5 ¥ I ¥V AV L N CMMNELL V¥ L OGREKWMHNILILAD®QGEMHNLYV
Figure 8.

BlastQuery can identify particular fragments that are greatly enriched under selection. These
fragments are identified by their junction sequences, which are the sequences that are
immediately adjacent to the sequence of the Gal4-activation domain with which they are
fused. With this information in hand, one can trace back to the original sequence. The data
that BlastQuery displays can be found in the associated *.blast.txt file, which contains a
series of blast results for each junction sequence found in the original Illumina datafiles. In
this example, what is sought is the original sequence that spans the Gal4-activation domain
and the gene of interest.

A. BlastQuery shows that the interacting gene is SSX2IP, and the junction homology is
found to start at a region beginning at base-pair position 558, with a Q-start of 2 meaning
that there is an insertion of a bp in between the end of the Gal4-activation domain and

the beginning of the SS2XIP coding region. The exact gene-1D for the SSX2IP that was
matched is found in the BlastQuery window as NM_001166295.

B. To find the original sequence read identifier, one needs to open the corresponding
*.blast.txt file that lists all the blast hits and search for a blast hit for NM_001166295 and
find one that begins at position 558 with a Q-start of 2. Shaded in grey is the lllumina read
identifier, in this case: K00274:177:HW3TFBBXX.

C. By searching for the read identifier in B in the *.junctions.txt file, the original sequence
read can be found. The junctions.txt file is arranged with the following format: read ID,
SAM flag (typically ‘4’ because the read was not mapped), contig name (typically “*’
because the read was not mapped), map position (typically ‘0’ because the read was not
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mapped), the original read (which is what is needed to retrieve), the junction sequence
downstream of the Gal4-activation domain (which is used to in the Blast search), and
the amino acid translation of the junction sequence. The original sequence read can be
extracted from the file and used to reconstruct what the precise sequence is that joins the
Gal4-activation domain in the prey plasmid with the gene of interest fused to it.
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B GTTCCGATGCCTCTGCGAGTGGTGGCAACTCTGTGGCCGGCCCAGCCGGCCATGTCAGCTATATAGTAGCT
GTACTAAATTGTATGAATGAGCTGCTTGTGCTTCAGCGGAAGAACCTTCTAGCTCAGGAARATGTGGAGAC
ACAGAATTT

3’ Jjunction
TTGTTATGAACAAGAAAGATAAGAAAATAGCTATGGACATTTTGAATTATGTCGGGAGCTGACATGGCCCG
GGAGGCCTAGATGAATAATAGAAGACGGGAGACACTAGCACACAACTTTACCGGGCAAGGTATTTGACGCT
AGCATGTGC

C Sfil Sfil

. .
- "
_____
\\\\\

Forward primer 5" - CTCTGTGGCCGGCCCAGCCGGCCATGTCAGCTATATAGTAGCTGTACTARATTGT
Reverse primer 5’ - CTATTATTCATCTAGGCCTCCCGGGCCATGTCAGCTCCCGACATAATTCAAAATGTCCAT

Figure9.
Reconstructing prey plasmids. (A) Schematic of pGAL4-AD, a high-copy LEU2-containing

plasmid that expresses an HA-tagged Gal4 activation domain and is used to house yeast
genomic and human ORFeome fragment libraries. (B) Sequences corresponding to the
flanking regions of a particular fragment of SSX2IP (which was identified to interact with
Rab43) as determined by computational reconstruction using BlastQuery as noted in Figure
8. Underlined portion is the region encoding SSX2IP, bold is the region from the prey
plasmid pGAL4-AD. (C) Example oligo primers that are used to amplify the designated
fragment of SSX2IP and clone into Sfil double cut pGAL4-AD. Bold shows the Sfil sites.
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Figure 10.
Binary Y2H interactions. A ‘prey’ plasmid encoding an interacting portion of SSX2IP, as

extrapolated from the sequence data, was reconstructed and introduced into diploid yeast
also containing the indicated pTEF-GBD fusion “bait” plasmids expressing Rab fusions (in
either the GDP or GTP conformation) as well as vector only (). The diploid cells had as
their sole source of HIS3 gene a version under the control of the promoter that requires

a 2-hybrid interaction to complement a split Gal4 transcription factor. Yeast were serially
diluted and plated on media containing histidine (+His) or lacking histidine (-His), the latter
of which reveals positive Y2H interactions indicated by colony growth. To determine Rab
specificity, a large matrix is constructed to find whether the particular fragment of SSX2IP
interacts with multiple Rab proteins and what the conformational specificity is. In these data,
SSX2IP (residues 68-206) is specific only for the GTP-bound conformation of Rab43.
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Figure11.
Hypothesis for SSX2IP. (A) Schematic of the full length SSX2IP protein where CC denotes

coiled coil regions of the protein. Also depicted are the regions identified by DEEPN and
validation studies for interaction with Rab43-GTP and Rab5A-GDP, which are housed in
separate parts of the protein. (B) Binary Y2H analysis with Rab43, Rab5 and an irrelevant
control Rab, Rab11, each in their GDP- or GTP-bound conformations alongside of vector
alone (2). Growth is shown only on plates lacking histidine whereby growth indicates a
positive protein interaction by Y2H. Shown (right) are the three fragments (a,b,c; residues
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223-497, 35-497, and 68-206, respectively) tested for a binary Y2H interaction. (C) Two
models for how Rab5 and Rab43 binding could be functionally integrated. Model 1 proposes
a Rab cascade where Rab5-GDP binding is triggered by binding of Rab43-GTP. Model 2
proposes that activation of Rab43 allows it to recruit the Rab5 exchange activity of SSX2IP
to other Rab43 effectors or Rab43 enriched locations.
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