RNA interference-mediated inhibition of ESCRT in mammalian cells

Katherine Bowers
Institute of Structural and Molecular Biology, Division of Biosciences, UCL, Gower

Street, London, WC1E 6BT

Abstract

Specific depletion of proteins from cultured cells using RNA interference (RNA1) has
been a useful technique in assessing protein function for many years. RNA1 allows
the degradation of specific, targeted mRNA, allowing the effects of protein depletion
on cellular processes to be examined. Here, I present a protocol for the depletion of
proteins from cultured HeLa cells, and list specific reagents and considerations for

targeting the endosomal sorting complexes required for transport (ESCRT).
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1. Introduction

The depletion of ESCRT proteins using RNA interference (RNA1) has been a widely-
used technique over the past 17 years to investigate the function of ESCRT complexes
in mammalian cells. Using RNA1, we have studied the role of ESCRTO, I, IT and III,
as well as associated proteins, in the trafficking of the epidermal growth factor

receptor (EGFR), on overall endosomal morphology and in the fate of virally-



ubiquitinated major histocompatibility complex class I (MHC class 1) [1,2]. We have
also used the same techniques to show that the sodium/ proton exchanger NHES plays

a role in endosomal protein trafficking at multivesicular bodies [3].

RNAI can be used to silence genes with the transfection of short, interfering RNA
duplexes (siRNA). The siRNAs are 21 base pair duplexes that are a perfect match to
the target sequence [4,5]. The siRNAs allow a RNA-induced silencing complex
(RISC) to bind to the target mRNA, leading a component of RISC, argonaute 2 (ago-
2), to unwind the siRNA [6]. The sense strand of the siRNA is degraded and
activated RISC, with the antisense strand of the siRNA, is targeted to the
complementary mRNA [7]. The mRNA of the gene of interest is degraded, leading to
a depletion of protein levels [8,7,9,10]. RNA1 therefore provides a simple way of
depleting a protein of interest and studying the resultant phenotype. However, there
are many factors that must be considered in setting up any RNA1 experiment. Firstly,
how effective will the siRNA depletion be? This can obviously be checked by real
time quantitative PCR (to assess mRNA levels) and western blot (to study protein
levels). To maximize the chance of effective silencing, a mix of four different siRNA
duplexes is often used. Secondly, how specific will the process be, using the chosen
siRNA duplexes or pool of duplexes? This second consideration is perhaps the most
difficult to address. siRNA and micro RNAs (small, endogenous, regulatory RNAs)
share the same RNAI effector, ago-2, and thus small RNAs loaded onto RISC may
perform the functions of siRNA and micro RNA. Micro RNA suppresses partially
complementary mRNA sequences and thus transfection of siRNA may result in many
off-target effects via silencing unintended and partially complementary target

sequences [11]. Steps can be taken to minimize and control for off-target effects. In



addition, new techniques are being developed to minimize or eliminate off-target

effects, as reviewed in [11].

Recent advances in gene-editing techniques (e.g. the clustered regulatory interspaced
short palindromic repeats [CRISPR] and CRISPR-associated protein 9 [Cas9],
CRISPR/Cas9 system) have led to the development of other ways to knockout or
mutate ESCRT genes in mammalian tissue culture cells. CRISPR/Cas9 systems are
being refined and improved and are already a very powerful tool for the analysis of
gene function in mammalian systems. Indeed, CHMP2B-, TSG101-, VPS36- and
ALIX-edited cell lines have been generated via CRIPSR/Cas9 [12-16]. A recent
review of RNA1 compared to CRISPR/Cas9 can be found here [17]. When choosing
a method for ESCRT analysis, your own facilities, budget, time and ultimate goals
will need to be considered carefully. RNAi has the advantage of being quick and
simple, with many reagents commercially available. Gene editing by CRISPR/Cas9
is likely to be more complicated in standard laboratory cell lines (e.g. HeLa) that have
chromosomal duplications, depletions or rearrangements, making RNAi a more
straightforward choice. However, off-target effects are a major concern with RNAi
and controls to validate any results must be performed. Here, I provide a detailed
protocol for siRNA depletion of ESCRTs, as used in our studies [1,2]. This procedure
is based on that used by Motley et al. [18]. It is our experience that siRNA-depletion
of ESCRT proteins is most efficient using a “2 hit” protocol. In summary, the cells
are plated on day 0, with transfections on days 1 and 3 and harvesting of the cells for
further experiments on day 5 (but see Note 1). This protocol is for the transfection of

HeLa M cells [19], and should give enough transfected cells to perform initial western



blots and immunofluorescence experiments. The protocol can be scaled up or down

as necessary for different experiments.

Before starting an siRNA protocol, it is extremely important to think about the
controls required. Initial experiments should include controls to confirm that any
effect of the transfection is due to the protein depletion and not a non-specific effect
of the transfection procedure itself. This can be assessed by performing a mock
transfection (i.e. performing the transfection procedure exactly as stated, but with
RNase-free water in place of the siRNA oligonucleotide duplexes) or by purchasing
specialised negative control oligonucleotides, designed to determine the baseline
cellular response that occurs when transfecting non-specific siRNA oligonucleotides.
You may also consider a positive control for the siRNA-transfection procedure and
for this [ recommend either using one of the oligonucleotides or pools of
oligonucleotides listed here (Table 1), or purchasing a control set of oligonucleotides
(e.g. targeting cylcophilin B or GAPD). Once initial experiments confirm a depletion
of the protein of interest, validation of any associated phenotype by controlling for

off-target effects is essential.

If possible, it is best to start with a pool of siRNA oligonucleotide duplexes, as this
maximizes the chances that the protein of interest will be depleted [20]. In addition,
the concentration of each individual duplex within the pool is lower (usually %4
concentration) than would normally be used for individual duplexes. This lowers the
risks of off-target effects, as these increase with the concentration of each duplex [21].
A table of pools and individual oligonucleotide duplexes for is provided for ESCRTs

and related proteins (Table 1).



2. Materials

2.1 Cell growth medium for routine cell culture and selection of stable cell lines

(see Note 2)

1. Routine culture medium for HeLa M cells: Roswell Park Memorial Institute
medium (RPMI 1640) containing 2g/L. sodium bicarbonate, supplemented with 2 mM
L-glutamine (see Note 3), 100 units/ml penicillin, 0.1 mg/ml streptomycin (see Note
4), and 10% (v/v) fetal bovine serum (FBS) (see Note 5).

Store at 4°C.

Alternative routine culture medium for HeLa M cells: Dulbecco’s Modified Eagle’s
Medium (DMEM) with 4.5 g/L glucose, 0.11 g/L sodium pyruvate and 3.7 g/L
sodium bicarbonate, supplemented with 2 mM L-glutamine (see Note 3), 100 units/ml
penicillin, 0.1 mg/ml streptomycin (see Note 4), and 10% (v/v) fetal bovine serum
(FBS) (see Note 5).

Store at 4°C.

2. Dulbecco’s phosphate buffered saline (DPBS): 8 g sodium chloride, 0.2 g
potassium phosphate, monobasic, 1.15 g sodium phosphate, dibasic, and 0.2 g
potassium chloride. Made up to 1L with distilled water and sterilized.

Store at 4°C.



3. Hank’s balanced salt solution with phenol red: 1g/L D-glucose, 400 mg/L KCl, 60
mg/L KH>PO4, 8 g/L NaCl, 350 mg/LL NaHCO3, 48 mg/LL NaHPOj4 (anhydrous), 10

mg/L phenol red (sodium salt).

4. Trypsin solution: 0.5 g/L porcine trypsin and 0.2 g/L tetrasodium EDTA in Hank's
balanced salt solution with phenol red.

Store at 4°C.

5. Geneticin antibiotic (G418 sulfate): 50 mg/ml stock in distilled water, filter sterilize
(see Note 6). This is used for the maintenance of stable cell lines, generated using
vectors with neomycin resistance genes (e.g. pIRESneo2).

Store at 4°C.

2.2 siRNA transfection reagents and oligonucleotides

1. Oligofectamine 2000 reagent and OptiMEM I reduced serum medium with L-
glutamine and phenol red (see Note 7).

Store at 4°C.

2. 20% FBS medium: RPMI or DMEM routine culture medium (section 2.1, point 1)
with L-glutamine, but with an increase of the FBS to 20% and no antibiotics (see

Note 8).

3. Solutions A and B for the transfection protocol, as shown in Table 2. Volumes for

different sizes of culture dish are given.



4. siRNA targeted against ESCRT components (Table 1). siRNA is supplied dry and
should be made up at 50 uM in RNase-free water.

Aliquot and store at -20°C.



Table 1: siRNA oligonucleotide sequences targeting ESCRTs and other relevant genes (human sequences) that we have used. All siRNA

duplexes were purchased from Dharmacon (Horizon Discovery). Where the oligonucleotides are available, the order numbers are given. For

those that have been discontinued or were custom orders (*), the target sequence is given.

Gene Type of Target sequence 5 3 Dharmacon | Accession number | Reference

oligonucleotide modification modification catalogue
number

ESCRT 0

HRS (HGS) ON-TARGET phosphate uu L-016835-00 | NM_004712 [2]
plus SMART
pool

ESCRT I

TSG101 (VPS23) | Custom CCTCCAGTCTTCTCTCGTC none dTdT N/A NM_006292 [5,1,22]
siGENOME phosphate uu M-003549-01 [2]
SMART pool

ESCRT 11

VPS22 (EAP30, Custom SMART | Sequences unknown phosphate Uu * NM 001317192 [1]

SNF8) pool

VPS25 (EAP20) | Custom SMART | Pool of sequences 1-4 listed below phosphate uu * NM 032353 [1]
pool
Custom SMART | CAGAACAACTCCGTCTTTA phosphate uu [1]
pool #1
Custom SMART | GCACAAGGCCGAGATCATC phosphate uu [1]
pool #2
Custom SMART | GGGAAACTCATCTATCAGT phosphate uu [1]
pool #3
Custom SMART | GTCGATCCAGATTGTATTA phosphate uu [1]
pool #4

VPS36 (EAP45) | Custom SMART | Sequences unknown phosphate uu * NM_001282168 [1]

pool




ESCRT III

VPS20 (CHMP6) | siGENOME Pool of sequences 1-4 listed below phosphate uu * NM_024591 [2]
SMART pool
siGENOME phosphate uu D-005060-01 [2]
SMART pool #1
siGENOME GGACAAGGCCATCCTGCAA phosphate uu * [2]
SMART pool #2
siGENOME phosphate uu D-005060-03 [2]
SMART pool #3
siGENOME phosphate uu D-005060-04 [2]
SMART pool #4

VPS24 (CHMP3) | siGENOME Pool of 4 oligonucleotides phosphate uu M-004696-01 | NM_ 001005753 [2]
SMART pool

VPS2A siGENOME Pool of 4 oligonucleotides phosphate Uu M-020247-00 | NM 014453 [2]

(CHMP2A) SMART pool

VPS2B siGENOME Pool of 4 oligonucleotides phosphate uu M-004700-00 | NM 001244644 [2]

(CHMP2B) SMART pool

ESCRTIII-

associated

proteins

Alix (AIP1, Custom GCCGCTGGTGAAGTTCATC phosphate dTdT N/A NM_ 001162429 [23,24,1]

PDCD6IP)

De-

ubiquitinating

enzymes

AMSH Custom TTACAAATCTGCTGTCATT phosphate dTdT N/A NM_006463 [25]

(STAMBP)

UBPY (USP8) siGENOME Pool of sequences 1-4 listed below phosphate uu * NM 001128610 [1]

SMART pool




Dish size | Solution Solution Additions | Additions
(area) A B after 20 after 4 h
min
OptiMEM | siRNA, | OptiMEM | Oligo- OptiMEM | 20% FBS
I (ul) 50 uM I (ul) fectamine | I medium
stock (ul) (ml) (ml)
(uh*
One well | 166 4 20 10 0.8 1
of 6-well
plate
(8.87 cm?)
6cm (21 | 332 8 40 20 1.6 2
cm?)
10 cm (58 | 830 20 100 50 4.0 5
cm?)

Table 2. Solutions for siRNA transfection of HeLa M cells. * This concentration

of siRNA gives a final concentration of an oligonucleotide pool of 100 nM (25 nM

each oligonucleotide duplex), after all additions (see Note 9).

2.3 Solutions for fixation and cell lysis

1. PBS: 137mM NaCl, 2.7mM KCI, 10mM NaHPO4, 2mM KH>POys, in distilled

water (see Note 10).

2. Fixative: 3% (w/v) paraformaldehyde in PBS (see Note 11).

3. Cell lysis solution: 0.5% (v/v) Nonidet P-40, 150mM NaCl, 2mM EDTA, 20mM

Tris, pH 8. This solution is ideally made fresh and chilled on ice before use. Add 1X

protease inhibitors (see Note 12) prior to use.




3. Method
Work in a tissue culture hood, using sterile equipment and good sterile technique

throughout.

3.1. Routine cell culture

1. Trypsinize cells from a 10 cm tissue culture dish as follows: Warm all media to
37°C (see Note 13). Remove medium from cell culture plate, wash cells gently with 5
ml DPBS, remove DPBS and add 2 ml trypsin solution. Incubate at 37°C until the
cells are rounded up and begin to float off the dish (approximately 5 min). Add 8 ml

routine culture medium and gently pipette up and down to mix and break up clumps.

2. To new 10 cm dishes, add 1-2 ml cell suspension and make up to 10 ml with
culture medium (see Note 14). If the cell line is a stable, G418-resistant line, add

G418 as appropriate (see Note 6).

3.2 Day 0: Plating the cells prior to transfection

1. Trypsinize cells (section 3.1, point 1).

2. Count the cells using a haemocytometer following the manufacturer’s instructions.
Plate 1.5 x 10° cells per well of a 6 well plate, in a total volume of 2 ml routine
culture medium (see Note 15). Set up one well per transfection, and incubate
overnight in a standard tissue culture incubator at 37°C with 5% CO». Transfection

volumes for other sized dishes are given in Table 1 for reference.



3.3 Day 1: siRNA transfection 1

1. For the first transfection, make up enough solution B (Table 2) for all the

transfections (see Note 16), and incubate for 5 min at room temperature.

2. Make up solution A in individual sterile tubes. Use tubes that can take a total

volume of at least 1 ml.

3. Add solution B to the solution A tubes and mix by gentle pipetting. Incubate at

room temperature for 20 min.

4. Towards the end of the 20 min incubation in step 3, wash the cells once with 1.5 ml

pre-warmed DPBS to remove traces of FBS (see Note 17).

5. Add 0.8 ml OptiMEM I to the mixed solutions A and B from step 3, and mix by

gentle pipetting.

6. Remove the DPBS from the cells and add the whole mix from step 5. Incubate for

4 hat37°C in a 5% CO; incubator.

7. Add 1 ml 20% FBS medium and rock the plate very gently to mix. Incubate

overnight at 37°C, 5% COs,.



3.4 Days 2 and 3: Split cells and complete siRNA transfection 2

1. In the morning, replace the transfection medium on the cells with routine culture

medium (containing antibiotics, as necessary).

2. In the afternoon of day 2 (4-5 h after step 1), trypsinize the cells as described in
section 3.1, point 1, using 1.5 ml DPBS, 0.5 ml trypsin solution and 2.5 ml routine
culture medium. Transfer all cells into 6 cm culture dishes and add a further 2 ml
routine culture medium. Rock the plates very gently to mix and then incubate

overnight at 37°C, 5% COs,.

3. On day 3, repeat the transfection procedure as in section 3.3, using the volumes in

Table 1 for 6 cm dishes.

3.5 Day 4: Plate out cells

1. Replace the transfection medium on the cells with routine culture medium

(containing antibiotics, as necessary).

2. After 4-5 h, wash the cells once with 2.5 ml pre-warmed DPBS, trypsinize as in
section 3.1, point 1, using 1 ml trypsin solution and resuspend with 1 ml routine
growth medium (to give a total of 2 ml cell suspension). Add 100 pl cell suspension
per well to a 4-well (or 24-well) plate (growth area 1.82 cm?) containing a sterile

glass coverslip for immuno-staining (see Note 18). Add 1 ml routine culture medium



per well. The remaining cell suspension can be added to a 6 cm culture dish and the

volume made up to Sml with routine culture medium.

3.7 Day S: Test efficiency of knockdown (see Note 19)

1. Fix cells on coverslips as follows (see Note 20): wash 3 times with PBS (1 ml per
wash), incubate in fixative for 15 min at room temperature, wash a further 2 times
with PBS. Continue with a standard procedure for immunostaining adherent, fixed

cells to localise the protein(s) of interest [1,26].

2. Wash cells in 6 cm dishes 3 times in 5 ml cold PBS, on ice. Remove PBS and add
2.5 ml cold PBS. Using a plastic cell scraper, scrape the cells into the PBS and
transfer to a 15 ml tube. Add a further 2.5 ml PBS and scrape the cells again, added
this to the same tube (5 ml cell suspension). Spin down cells gently at 4°C, 5 min,
1000 x g . Remove PBS and resuspend the cells in cold cell lysis solution. Incubate
15 min on ice. Remove cell debris and nuclei by a further spin at 16 000 x g for 20
min at 4°C, and remove the post-nuclear supernatant (lysate) to a fresh tube. Discard
the pellet. Carry out a protein assay on the lysate (see Note 21), and load equal
amounts of protein per lane for SDS polyacrylamide gel electrophoresis (PAGE) and

western blot, using standard procedures [1,26], see Fig. 1.

FIGURE 1 HERE

3.8 Validation (see Note 22)



1. Repeat the siRNA transfections using individual oligonucleotides (if previously a

pool was used). See Note 23 and Fig. 1.

2. Titrate the siRNA oligonucleotides to the lowest possible concentration that still

produces the phenotype, to minimize off-target effects (see Note 24 and Fig. 1).

3. Rescue the phenotype seen using an siRNA-resistant version of the cDNA of
interest (see Note 25). To do this, choose one siRNA oligonucleotide (usually the
most efficient for knockdown). Generate a mutant cDNA by site-directed mutagenesis
with silent mutations (i.e. mutations that do not change the amino acid sequence in the
protein) along the length of the oligonucleotide binding site (see Note 26). This
mutated version of the cDNA can then be transfected into the cells prior to siRNA
transfection (we would normally create a stable cell line expressing the mutant
protein). Repeat siRNA transfections in the cell line expressing the siRNA-resistant
mRNA and determine whether the phenotype seen is corrected or “rescued” by the

exogenous protein.

4. Notes

1. For TSG101 (VPS23, part of ESCRTI), transfections were carried out on days 2
and 3 to avoid the extensive cell death seen after the longer transfection protocol. For
VPS2A (CHMP2A, part of ESCRTIII), only one transfection was carried out, on day

1, again to avoid extensive cell death.



2. Media for tissue culture, including DMEM, RPMI 1640, trypsin solution, DPBS,

G418 and other listed supplements can be purchased from cell culture suppliers.

3. 200 mM L-glutamine is purchased as a stock in 50 ml quantities. Store at -20°C
until required and then thaw at 37°C in a water bath (some agitation is usually
required to get all the glutamine into solution). 5 ml aliquots (sufficient for a 500 ml
bottle of medium) are made under sterile conditions into sterile tubes for storage at -

20°C. Thaw at 37°C before use.

4. A stock of 10 000 units penicillin and 10 mg streptomycin per ml is purchased in
50 ml quantities. Store at -20°C and thaw at 37°C in a water bath. As with L-

glutamine (see Note 3), make 5 ml aliquots and store at -20°C until required.

5. FBS is purchased in 500 ml quantities and stored at -20°C. Thaw (in a 37°C
waterbath), and filter the FBS through a 0.2 um syringe filter (several are usually
required for a 500 ml bottle of FBS, as they clog easily). Make 50 ml aliquots in
sterile tubes. The aliquots are frozen, and thawed as required. 50 ml is sufficient for

one 500 ml bottle of complete medium with 10% FBS.

6. The concentration of G418 antibiotic is titrated for each batch and each cell line,
but usually ranges from 0.2-0.5 mg/ml in routine culture medium, to select and

culture stable cell lines.



7. Oligofectamine 2000 and OptiMEM I reduced serum medium with L-glutamine
and phenol red are proprietary formulations, supplied by Thermo Fisher Scientific. |

have not tested other, similar reagents.

8. For 100 ml of 20% FBS medium, add 20 ml FBS and 1 ml L-glutamine stock to 79

ml DMEM or RPMI culture medium.

9. Use sterile filter tips on pipettes for the siRNA transfection. The siRNA
concentration given is a good starting point, but pools and individual duplexes should
be titrated so that the lowest concentration is used to achieve depletion of the protein.
Volumes are given for different sized wells or dishes. The dish/ well chosen will

depend on how many cells are required for further analysis.

10. Make a 10X stock of PBS, sterilize, and dilute to 1X prior to use.

11. Make 6% (w/v) paraformaldehyde stock in PBS. This solution should be made in
a fume hood, and requires heating to about 80°C to dissolve. Once cooled, add 10 pL.
MgCl; and 10pL CaCl,. Store in aliquots at -20°C. Thaw and dilute 1:1 with PBS just

prior to use.

12. Protease inhibitor tablets (cOmplete™, Mini, EDTA-free Protease Inhibitor

Cocktail) are a proprietary formulation from Roche.



13. Pre-warming the media speeds up the trypsinization process and avoids possible

cold stress to the cells.

14. HeLa M cells should be maintained by splitting 1:5 to 1:10 twice per week: Use a
plate that is just confluent (i.e. the cells are just touching each other) and trypsinize
and plate onto new plates as described. Maintain some cells for future use and plate

some for siRNA transfection, as required.

15. If necessary, the cells can be plated on Day 1 (rather than Day 0). In this case,
add 5 x 10° cells per well of a 6 well plate and leave for at least 3 h to adhere to the
plastic before transfection. For other plate or dish sizes, scale the number of cells

plated depending on the surface area.

16. Make up a little more Solution B than required to ensure you have enough.

17. Traces of FBS will decrease the transfection efficiency.

18. To prepare sterile, circular glass coverslips (13 mm diameter): wash in 70%
ethanol and dry with tissue. Ensure coverslips are completely dry. Place in a glass
petri dish in single layers, divided by filter paper. Bake at 180°C in an oven for at

least 2 h and cool before use.

19. The efficiency of the siRNA knockdown must be assessed before further
experiments can be conducted. This is perhaps best done by a combination of SDS-

PAGE/ western blotting and immunofluorescent staining, assuming an antibody



specific to the protein of interest is available. In this case, a western blot will give an
overall idea of the percentage protein depletion, compared to mock or control-
transfected cells and with a suitable loading control (e.g. anti-calreticulin).
Immunofluorecence will allow you to assess the extent of knockdown and in which
cells specifically the protein is depleted: For example, a 90% depletion of a particular
protein may be the result of 90% depletion levels in all cells, or may be the result of
90% of the cells having no detectable protein but 10% of the cells having near wild
type levels. The latter is more common, in my experience. Most of the siRNA
oligonucleotides or oligonucleotide pools in Table 1 should give 90% or greater
depletion efficiency, but this should be assessed for each transfection. If an antibody
to the protein of interest is not available, then siRNA efficiency may be studied using
real time quantitative polymerase chain reaction to assess the depletion of mRNA.
Transfection in 6 well plates moving to 6 cm dishes should give adequate numbers of
cells for an initial investigation of depletion of the protein of interest. The cells can
also be used for a variety of other assays, including real time quantitative PCR (RT-
PCR, to assess the depletion of mRNA levels), fluorescence activated cell sorting
(FACS) analysis, biochemical assays (including '>’I-EGF uptake assays) and electron
microscopy [1,2], although the procedure may need scaling up to give satisfactory cell

numbers on day 5. Also see Note 1.

20. Once the siRNA transfections are complete and the cells are removed from the
tissue culture room for fixation and lysate preparation, there is no need to maintain

sterile technique.



21. Many protein assay methods are available. We use a bicinchoninic acid-based
method. Whichever method is chosen, it is essential to generate a standard curve and

to ensure that the samples measure are within the linear range of the assay.

22. Following siRNA-depletion of a protein of interest, it is essential that any
phenotype observed is validated to ensure it is a result of depletion of that protein
(directly or indirectly) and not a consequence of non-specific effects of the
oligonucleotide duplexes used. 1 recommend reading an editorial in Nature Cell

Biology regarding validation of siRNA [27].

23. The first step in validation is to determine which of the four oligonucleotides used
(if using a pool) give rise to efficient depletion, and which also gives rise to the

phenotype of interest. One would expect three or four of the siRNA duplexes used to
give rise to efficient mRNA and protein depletion, and it goes some way to validating

the procedure if all siRNA that deplete the protein also show the observed phenotype.

24. It is important to titrate the concentration of siRNA to the lowest possible able to
achieve effective depletion, to minimize off-target effects [21]. An example of
VPS20 (CHMP6) depletion using both a pool and individual duplexes at various
concentrations is shown in Fig. 1. As can be seen, efficient depletion is seen even
with 5 nM of the pool (i.e. 1.25 nM each oligonucleotide duplex). Of the individual
oligonucleotide duplexes, number 2 is not particularly effective but numbers 1, 3 and

4 give effective protein knockdown.



25. The rescue experiment is the best validation of an observed effect of protein
depletion. However, it may not be possible for a variety of reasons. For example, a
transfected cell line (even a stable cell line) will often express much higher levels of
the protein of interest than is expressed endogenously and thus rescue may be partial
or possibly not apparent. Overexpression of the construct of interest may in itself
may also cause a phenotype (this has been documented for ESCRTs, e.g. expression
of N-terminally tagged TSG101, ALIX (AIP1), VPS2A (CHMP2A), VPS32A
(CHMP4A), VPS32B (CHMP4B), VPS32C (CHMP4C), CHMP1A, CHMPI1B and
CHMPS disrupts HIV-1 production [28]). Ultimately, the controls should validate the
effects of protein depletions seen, by the best methods available to you. This may, of
course, include complementary techniques (such as CRISPR-Cas 9 gene editing) to

mutate the protein of interest and validate the data.

26. Any translational effects of silent mutations can be avoided by using an siRNA

that targets the 3’UTR.

Figure legend

Fig. 1. RNAI depletion of VPS20 (CHMP6) in HeLa M cells. The double-
transfection RNA1 protocol described was used, with either a pool of siRNAs
targeting VPS20 at varying concentrations or each of the individual siRNAs at 25 nM
(see Table 1). Mock-transfected cells are included for comparison. 33 pg total protein
lysate was loaded per lane on SDS-PAGE, the gel blotted to nitrocellulose and the

resulting western blot cut between the 33 and 48 kDa markers. The upper half was



probed with anti-calreticulin as a loading control and the lower half with anti-VPS20

[2].
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