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Isolation of the Ubiquitin-Proteome from Tumor Cell Lines
and Primary Cells Using TUBEs
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and Manuel S. Rodriguez

Abstract

Tandem ubiquitin-binding entities (TUBEs) act as molecular traps to isolate polyubiquitylated proteins
facilitating the study of this highly reversible posttranslational modification. We provide here sample prepa-
ration and adaptations required for TUBE-based enrichment of the ubiquitin proteome from tumor cell
lines or primary cells. Our protocol is suitable to identify ubiquitin substrates, enzymes involved in the
ubiquitin proteasome pathway, as well as proteasome subunits by mass spectrometry. This protocol was
adapted to prepare affinity columns, reduce background, and improve the protein recovery depending on
the sample source and necessities.
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1 Introduction

One of the most critical steps of the entire proteomic analysis
procedure is sample preparation. Obtaining a 100 % representation
of proteins from a biological sample certainly does not occur in
practice but the most efficient methods display a high number of
representative cellular proteins. Preservation of posttranslational
modifications (PTMs) of proteins such as phosphorylation, ubiqui-
tylation, or SUMOylation adds another level of complexity to the
sample preparation process due to the transient and labile nature of
these PTMs. The covalent attachment of one or more ubiquitin
moieties to a protein substrate (known as protein ubiquitylation)
implies a great diversity of conjugating and de-conjugating enzymes
[1, 2], resulting in a vast repertoire of ubiquitin chains on the tar-
get proteins [ 3]. Consequently, this PTM is involved in numerous
and crucial cellular processes [4, 5]. Different strategies have been
developed to face the challenging steps of enrichment and identifi-
cation of endogenous ubiquitylated proteins (including histidine
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pull-down and immunoaffinity purification) [6-8]. Tandem
Ubiquitin Binding Entities are versatile research tools for the sur-
vey of the ubiquitin-proteasome pathway that have been success-
fully applied for the isolation and enrichment of polyubiquitylated
proteins [9-11]. The fusion to a GST-tag allows a conventional
affinity purification step by pull-down using glutathione-coupled
beads. TUBEs have been demonstrated to be useful for isolation of
ubiquitylated proteins from different biological sources such as cell
lines, tissues, and organs [10]. Scaling up the pull-down protocol
allowed the enrichment of protein samples for the study of global
ubiquitylation events by mass spectrometry (MS) [12—-14]. Besides
the enrichment of ubiquitylated proteins in large scale, the pull-
down protocol can also be suitable for the isolation of ubiquitin-
interacting partners to provide a more complete view of the
ubiquitin proteome.

The method described here is adapted for the isolation and
identification of the ubiquitin proteome by MS. TUBEs are pre-
pared in columns to be used as affinity matrix for capturing
ubiquitin-modified proteins and interacting partners. Binding,
washing, and elution steps are checked to optimize the enrich-
ment of ubiquitylated proteins. Specific and background pro-
teins are controlled at each step by Western blot (WB) analysis
using an anti-ubiquitin antibody or gel staining in order to opti-
mize protein recovery. The protocol should be adapted accord-
ing to the source/type of biological sample since background
can be increased by the presence of very abundant proteins in
specific cell systems. If the aim is to isolate only ubiquitylated
proteins, more stringent conditions and /or number of washes
should be increased before elution to reduce the binding of
nonspecific proteins. With the method described below, we have
successfully isolated ubiquitylated proteins together with ubiq-
uitin-interacting partners from tumor cell lines or primary cells
such as mantle cell lymphoma (MCL) cells or red blood cells
(RBCs), respectively [15]. The abundance of hemoglobin in
RBCs requires specific adaptations to remove this sticky protein
(indicated in detail in Subheading 4). As TUBEs are GST-fusion
proteins, a GST control should be included in parallel with each
sample to discriminate background from specific proteins.

The method is divided into four sections: (1) coupling
TUBEs/GST to glutathione beads, (2) cell lysis and sample clear-
ance, (3) capturing and elution of proteins, and (4) sample con-
centration and gel electrophoresis. Figures 1 and 2 show a scheme
of the general workflow.
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1. COUPLING OF TUBEs TO GSH BEADS: COVALENT CROSSLINKING
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Fig. 1 Procedure to couple TUBES/GST to GSH-agarose beads. Before covalent cross-linking using DMP,
molecular traps were bound to agarose beads. After blocking active groups with ethanolamine, several washes
are applied to eliminate unbound molecular traps and non-covalent interactions. Superscript numbers are
associated to Subheading 4
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2. CELL LYSIS AND SAMPLE CLEARANCE
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Fig. 2 Isolation of ubiquitylated proteins for MS analysis using TUBEs. After lysis of biological samples, ubiqui-
tylated proteins and associated factors are captured, eluted, and concentrated following the illustrated proce-
dure (Captured and eluted proteins are monitored by Western blot with an anti-ubiquitin antibody). Superscript

numbers are associated to Subheading 4
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2 Materials

2.1 Coupling TUBEs/
GST to Glutathione
Beads

Prepare all solutions using ultrapure water (18 M Q cm at 25 °C)
and analytical grade reagents. Solutions are filtered and stored at
4 °C (unless indicated otherwise). Filtering should be done inside
a hood to avoid contaminations. Diligently follow all waste disposal
regulations when disposing waste materials. Sodium azide is not
added to the reagents; therefore solutions should be prepared as
fresh as possible.

1.

10.
11.

12.
13.

Glutathione beads (Biontex, Germany): Beads are previously
washed twice with cold PBS and centrifuged at 2000 rpm dur-
ing 15 min after each wash and kept at 4 °C until use.

. Autoclaved PBS.
. TUBEs and GST proteins are produced in Escherichia coli

(C41-DE3) using a standard protocol for recombinant protein
production [9] or can also be purchased through Life-Sensors
Inc (Malvern, PA, USA).

. Coupling buffer: 200 mM Borate bufter containing 3 M NaCl,

pH 9. Boric acid (Sigma) is adjusted with NaOH, filtered by
0.22 pm membrane, and kept at room temperature. Do not
store longer than a week as it precipitates.

. Cross-linking solution: 50 mM Solution of dimethyl pimelimi-

date (DMP, Fluka) is prepared just before use. Dissolve DMP
directly in coupling buffer at room temperature (RT).

. Blocking buffer: 200 mM Ethanolamine (Sigma), pH 8.2.

Carefully adjust pH with HCI in a fume hood. Filter and
keep at 4 °C avoiding exposition to light by covering with
aluminum foil.

. TUBEs buffer: 20 mM Phosphate buffer pH 7.5 (Na,HPO,,

NaH,PO, from Sigma) containing 1 % Igepal (Calbiochem),
2 mM EDTA (Sigma), 50 mM sodium fluoride (Sigma),
5 mM tetra-sodium pyro-phosphate (Sigma), and 10 mM
B-glycerol-2-phosphate (Sigma). Filter through 0.22 pm
membrane and store at 4 °C.

. Washing buffer 1: TUBEs buffer containing 1 M NaCl.
. Washing buffer 2: 200 mM Glycine (Sigma) pH 2.5. Filter and

store at 4 °C.

PBS-Tween 0.05% (Tween 20, Sigma).

Empty Poly-Prep® Chromatography Columns 9 cm height
(BioRad).

Rotating wheel for Eppendorf tubes (tube rotator).

Refrigerated centrifuge for Eppendort tubes (swing rotor is
optimal).
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2.2 Cell Lysis
and Sample Clearance

2.3 Capturing
and Elution of Proteins

2.4 Sample
Goncentration and Gel
Electrophoresis

1.

Tumor cell lines or primary cells are grown in appropriate
medium. For MCL cells RPMI-1640 medium containing 10%
fetal bovine serum, 2 mM L-glutamine, and 50 pg/mL
penicillin-streptomycin were used.

2. Cold sterile PBS.

. TUBEs lysis buffer: Supplement just before use TUBEs buffer

with 1 mM PMSF (Sigma), complete mini-EDTA-free prote-
ase inhibitor cocktail (Roche), 50 pM DUB inhibitor PR-619
(Calbiochem), and 200 nM proteasome inhibitor (Bortezomib,
Velcade) (see Note 1). Keep on ice until needed.

. Round-bottom sterile polypropylene tubes (13-15 mL) suit-

able for sonication.

. Sonicator probe.

6. Cold centrifuge (4 °C).

. Wet ice.

. Gravity columns pre-packed with TUBEs cross-linked beads

(described in Subheading 3.1).

. TUBESs bufter (described in Subheading 2.1).
. Washing bufter 1: TUBEs buffer containing 1 M NaCl (pre-

pared in Subheading 2.1).

4. PBS-Tween 0.05 % (prepared in Subheading 2.1).

O 0 NN N Ut A W N~

—
—— O

. Elution buffer 1: 200 mM Glycine pH 2.5 (same as washing

buffer 2 in Subheading 2.1).

. Elution buffer 2: 1% SDS (Sigma) prepared in PBS and warmed

at 60 °C before use.

. 1.5 M Tris-HCI, pH 8.8 (filter and store at RT).
. Rotating wheel.

. 2D-Clean up Kit (GE Healthcare).

. Ultrapure H,O.

. Lyophilizer.

. Parafilm.

. Vortex.

. Bath sonicator.

. Aspiration pump.

. Loading buffer (Laemmli bufter).

. Reagents and buffers for SDS-PAGE.

. Pre-cast acrylamide mini gel (1.5 mm thick) and 5-well comb.

. Fixing solution: 10 % Acetic acid and 30 % ethanol. Prepared

in fresh.
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12. Destaining solution: 7% Acetic acid, 10% ethanol. Prepared in fresh.

13. Sypro-Ruby protein gel stain (Invitrogen).
14. Wipe Tissue (Kimberly-Clark Professional).

15.

Gel imager.

3 Methods

3.1 Goupling TUBEs/
GST to Glutathione
Beads: Covalent
Cross-Linking

In order to reduce contaminants, affinity chromatography is per-
formed within a clean hood using gloves during all the procedure.
The method is divided into four sections:

1.

This step takes 2 days to be performed. If commercial TUBEs
(Lifesensors) are already coupled to glutathione beads, start
this procedure directly from Subheading 3.2. Never let the
beads dry during any protocol step. Allow TUBEs or GST
(control) binding to glutathione beads overnight (O/N)
(Fig. 1). For a large-scale purification, incubate 600-700 pg of
TUBE:s (see Note 2) with 600-700 pL of PBS-washed gluta-
thione beads in a 2 mL Eppendorf tube (e.g., prepare 1300 pL.
of a 50% slurry glutathione-beads) (se¢ Note 3). Adjust vol-
ume to submaximal tube capacity with PBS and incubate O /N
at 4 °C using a wheel for rotating incubation.

. After TUBEs or GST incubation with glutathione beads, cen-

triftuge at 500 xg for 3 min at 4 °C and remove supernatant
(see Note 4).

. Wash beads twice with PBS and centrifuge for 3 min at 500 x 4.

Discard supernatant by aspirating or remove carefully using a
pipette to avoid losing beads.

. Equilibrate beads by adding approximately 2 packed beads-

volumes (Vol) of coupling buffer. Centrifuge and discard
supernatant. Add 2 Vol of coupling buffer and incubate beads
for 10 min by rotating at RT.

. Before cross-linking step, centrifuge as previously, discard

supernatant, and add 1 Vol of fresh 50 mM DMP dissolved in
coupling buffer (cross-linking solution). Incubate for 10 min
at RT, centrifuge, discard supernatant and replace by 2 Vol. of
cross-linking solution. Incubate for additional 30 min by rotat-
ing at RT.

. Wash twice with coupling buffer to remove DMP. Centrifuge

and discard supernatant as previously indicated.

. To block active amino groups, wash beads with 2 Vol of block-

ing buffer, centrifuge, and discard supernatant. Add another
2 Vol of blocking buffer and incubate for 1 h rotating at RT.

. Wash twice with cold PBS.
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3.2 Cell Lysis
and Sample Clearance

9. To remove non-coupled proteins, wash cross-linked beads
twice with 2 Vol washing cold buffer 1. Incubate beads in each
washing step 5 min by rotating at RT.

10. Wash with cold PBS twice.

11. Continue removing non-coupled protein by washing twice
with 2 Vol of washing buffer 2. Do not incubate; only wash by
inverting tube (see Note 5).

12. Wash once with PBS and once more with washing bufter 2.

13. Wash twice again with PBS and then transfer the cross-linked
TUBESs beads to an empty polypropylene column. (If the pro-
cedure does not continue on the same day, keep beads in PBS
at 4 °C in the Eppendorftube). Coupled TUBEs beads should
be used as fresh as possible.

14. For the affinity chromatography step, all procedures should be
done in a cold room or in a cold cupboard to ensure that all
materials, buffers, and beads stay cold. Wash the beads inside
the column with 5 Vol of washing buffer 2. Close column
(bottom cap). Wait for 3 min and then open the bottom cap to
discard the flow-through (FT).

15. Wash beads twice with 5 Vol of cold PBS (see Note 6).

16. Equilibrate beads into the column with 10 Vol of cold TUBEs
buffer. Column is ready to use immediately with the lysed sam-
ple. (To check cross-linking efficacy, a sample of 10-20 pL of
cross-linked beads may be analyzed by SDS-PAGE or WB anti-
GST or anti-SV5) [9].

Cell lysis should be done on ice to avoid loss of protein modification
and prevent other enzymatic activities. The time between the lysis
and the incubation with the affinity column should be as short as pos-
sible. The following protocol has been performed with tumor cell
lines or primary cells taking into account that the sample does not
saturate the capacity of the coupled TUBEs beads to capture more
than 80-90% of all ubiquitylated proteins present in the sample.

1. Cell culture maintenance: Mantle cell lymphoma (MCL) cells
Z-138 are grown in suspension at 37 °C and 5% CO, humidity
atmosphere. For protein extraction, around 50x 10° cells are
used for each condition or point (consider GST-bead control)
(see Note 7). For a better manipulation and efficient cell lysis,
each sample is splitted in two 13 mL round sterile tubes
(25x10° cells each). Samples will be pooled later.

2. Cells are pelleted by 5-min centrifugation 300 x gat RT. Wash
cell pellet twice with 5 mL of cold PBS. Centrifuge and dis-
card supernatant by aspiration (eliminate residual PBS as
much as possible). Keep cell pellets on ice while performing
lysis step.
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3. Cell lysis (Fig. 2): Prepare supplemented TUBE:s lysis buffer
just before use. Add 1 mL of TUBEs lysis buffer to each
25x10° cell pellet (see Note 8). While keeping samples on
ice, disrupt cell pellet by three pulse sonication of 30 s each,
and let cool between each pulse. The lysis step should be
done as quickly as possible (see Note 9). Transfer the lysates
to Eppendorf tubes and clarify sample by centrifuging at
20,000 xg during 10 min at 4 °C. Recover and pool super-
natants to evaluate the input for each experimental condition.
Keep a small sample for protein quantification. (Usually a
lysate from 25 x 10® MCL Z-138 cell pellet resuspended in
1 mL contains about %2 mg,/mL of total protein concentra-
tion, measured at Ajgo.m.) Therefore, approximately 4 mg of
total protein is applied to the TUBEs or GST columns (see
Note 10).

Ubiquitylated proteins are often interacting with other protein
factors, which could increase background level. For MS purposes,
longer incubation times (>1 h) increase the presence of back-
ground proteins in the sample. Due to the high TUBEs affinity
for poly-ubiquitin molecules (low nanomolar range) [9], the cap-
ture of ubiquitylated proteins is very efficient in a short time
(30 min or less). According to the abundance of ubiquitylated
proteins in the sample, the incubation time must be optimized to
preserve specific proteins and discard nonspecific ones, also pres-
ent in the GST control.

1. Before starting the chromatography, do not forget to keep
50 pL of sample (input), mix with Laemmli buffer, and store at
-20 °C. Analyze total ubiquitylated proteins by WB using anti-
ubiquitin antibody.

2. Binding proteins to TUBEs column (Fig. 2): Apply clarified
lysates directly to respective column, TUBEs or GST-control,
and be sure to close bottom cap before adding the lysate. Close
also top cap and allow binding of ubiquitylated proteins to the
beads. Incubate during 15-30 min at 4 °C (see Note 11). For
a better capture, use a wheel to keep column in rotation.

3. After the binding step, set the column into a support. To
collect the flow-through fraction (FT), open first top cap
and then bottom cap before collection. Keep a FT sample
and mix with Laemmli buffer as it was done with the input.
Keep FT fraction for WB analysis to verify that TUBEs are
not saturated and ubiquitylated proteins are not being lost
(see Note 12).

4. Washing unbound proteins (Fig. 2): Wash column three times
with 10 Vol of TUBEs butffer. Close both sides of the column
and mix by inversion. Set column in its support and discard
wash flow (see Note 13).
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5. Wash three times with 10 Vol PBS-Tween 0.05 %, close column,
and wash as in the previous step (see Note 14).

6. Eliminating nonspecific proteins: Before elution, wash beads
twice with 10 Vol of washing bufter 1 (see Note 15).

7. Eluting proteins from column (Fig. 2): Elution is performed
in a sequential step: first, elute proteins with 1 Vol of elution
buffer 1. Close the column, mix by flicking (do not invert),
and wait for 5 min. Place column again in the support, open
top and bottom caps, and collect the elution sample in a
15 mL tube (keep tube on ice to avoid ubiquitin de-
conjugation). Add again 1 Vol of elution buffer 1 to rinse
column walls, and collect on the same tube. Add immedi-
ately to the eluted fraction 0.1 Vol of Tris 1.5 M, pH 8.8 to
neutralize pH. Repeat this step once with elution buffer 1,
collect and keep fraction on ice.

8. Second elution step using elution buffer 2 (pre-warmed at
60 °C): Add 1 Vol of elution buffer 2 and wait for 5 min
mixing by flicking. Collect and apply 1 more Vol and col-
lect in the same tube containing the previous eluted frac-
tion. Repeat this step to recover tightly bound proteins (see
Note 16). Neutralize eluted sample by adding Tris 1.5 M
pH 8.8. Take care that the final Tris concentration does not
exceed 100 mM.

9. Mix tube to homogenize eluted fractions and freeze immedi-
ately at -80 °C (see Note 17). Eluted samples can be stored at
-80 °C until required MS analysis.

10. When optimizing your protocol, check also ubiquitylated pro-
teins remaining on the beads by WB analysis. Transfer beads
from column to Eppendorf tubes (with 1 Vol PBS). Drain PBS
and add 300 pL of 3x Laemmli buffer.

3.4 Sample 1. Lyophilization and re-constitution of samples (Fig. 2): Keep
Concentration and Gel the sample frozen until lyophilization starts. Make holes in the
Electrophoresis tube caps or replace caps with parafilm (with holes) before

lyophilization. To preserve frozen samples during the lyophili-
zation process, freeze them before in liquid nitrogen (NO,,.
Lyophilize samples overnight (se¢ Note 18).

2. Re-constitute sample in 500 pL ultrapure H,O. To avoid
ubiquitin deconjugation events, sample can be supplemented
with proteasome and de-ubiquitylase inhibitors, 20 pM
MG132 and 50 pM PR619, respectively. Mix samples by
vortexing for 15 s and/or sonicate for 5 min in a sonicator
bath (see Note 19).

3. Sample cleanup: Distribute sample in 100 pL aliquots (see
Note 20). Add to each aliquot 450 pL of precipitant from
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2D-clean up kit and incubate tube on ice for 15 min. Add
450 pL of co-precipitant, mix the content by vortexing for
10 s, and centrifuge tubes at 15,000 x 4 for 5 min (se¢ Note
21). A pellet should be visible in the bottom of the tube (see
Note 22). Carefully aspirate the supernatant with 1 mL
blue tip. Briefly spin down the tubes and aspirate remaining
liquid with a 200 pL yellow tip. Add 20 pL of H,O over the
pellet followed by 1 mL of chilled wash buffer and 5 pL of
wash additive. Vortex until the pellet gets in solution (see
Note 23). Keep samples at -20 °C, mix tubes for 30 s, and
incubate again at -20 °C. Repeat this action three times,
incubate for 10-15 min between each vortex pulse, and
keep samples O/N at -20 °C. Centrifuge for 5 min at
15,000 x g. Aspirate supernatant with a 1 mL blue tip. Spin
down the tubes and aspirate the remaining liquid with a
200 pL yellow tip. Leave the pellet to dry out for 30 s keep-
ing tubes with open caps; do not overdry pellet.

. Resuspend the pellet in loading buffer. Add 80 pL of 1x

Laemmli buffer to the first tube aliquot and pipet up and down
ten times. Take the liquid and transfer it to the next tube;
repeat this procedure with all the tubes to pool into one sam-
ple. Then, apply additional 50 pL of loading buffer and repeat
sample transfer. The final sample volume should be of approxi-
mately 130 pL.

. Mix protein sample by vortexing for 15 s and then boil during

5 min (repeat this twice). Keep 13 pL of sample for WB analy-
sis; the remaining material is loaded in an SDS-PAGE gel for
MS analysis. Figure 3 shows typical results from MCL in A and
B or P. fulciparum-intected red blood cells (iIRBC) in C and D.

. SDS-PAGE for mass spectrometry (Fig. 3a, ¢): Buy or cast gel

according to the required percentage of acrylamide:bisacry-
lamide. After boiling samples, load the total volume of samples
immediately. Load molecular weight markers leaving a well
space between samples to avoid contaminations (sec Note 24 ).
Run the gel at 80 V for 10-15 min to let samples get into the
stacking gel. Then increase the voltage to 125 V| for 10% gel
run for about 30-60 min (see Note 25).

. After gel electrophoresis, pry open the gel plates with the use

of a clean spatula. Rinse the gel with pure MilliQ water and
transfer carefully to a large glass petri dish.

. Stain gel with Sypro-Ruby according to the manufacturer’s

instructions.

. Perform de-staining step until a clean background is observed.
10.

Document gel image in a digital imager.
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Fig. 3 Proteins captured by TUBEs for MS analysis. (a) SYPRO-stained gel, 10% acrylamide (90 % of total
sample from MCL cells). (b) WB detection of total ubiquitylated proteins (10 % of total sample from MCL cells).
(c) SYPRO-stained gel, 10% acrylamide (90 % of total sample from non-infected RBCs and RBCs infected
(iRBC) with Plasmodium falciparum). (d) WB detection of total ubiquitylated proteins (10 % of total sample from
RBC and iRBC). GST-coupled beads were used as control

4 Notes

1. Other proteasome inhibitors such as MG132 (20 pM) can be
used instead of bortezomib.

2. The amount of TUBESs required to capture ubiquitylated pro-
tein from a given number of cells should be set up to avoid
TUBES saturation.
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. Add a slight excess of beads before the coupling step since after

several washes a considerable amount of beads is lost.

. During settings conditions, keep unbound fraction for WB anal-

ysis to verify that most ubiquitylated proteins were captured.

. The pH of washing bufter 2 could alter GST binding capacity,

so it is important to control incubation time with this solution.

. Extra washes can be performed with SDS 1% preheated at

60 °C (elution buffer 2) to remove non-cross-linked proteins.
It depends on the elution stringency that will be used to elute
the sample.

. Manipulate and scale the culture according to the biological

sample since culture conditions are different for other cell
types. The amount of cells used to isolate ubiquitylated pro-
teins depends on the relative abundance of these proteins that
will allow their optimal MS/MS detection. For example,
around 2 x 10° RBCs are needed to capture ubiquitylated pro-
teins with 700 pg of TUBEs. The number of cells should be
adjusted until no ubiquitylated proteins are detected in the
flow-through for a fixed amount of TUBE:s.

. During the sonication procedure, use 13 or 15 mL round-

bottom tubes to avoid overflow and cell extract warming.
13 mL tubes adjust much better into sonication tip allowing an
efficient lysis. Do not forget to keep tubes on ice.

. Lysis conditions should be set up for each biological sample.

By reducing the lysis time ubiquitin de-conjugation/protea-
somal degradation can be limited. No more than 15 min
should be used.

There is not a direct correlation between total protein concen-
tration and abundance of ubiquitylated proteins. Ubiquitylation
can be altered according to stimuli, cellular process, or pathol-
ogy. For instance, cells treated with proteasome inhibitors can
accumulate ubiquitylated proteins. If protein quantification is
not possible, refer to cell number and set condition controlling
by WB using anti-ubiquitin antibodies. This is the case for
RBC lysates where hemoglobin interferes with standard tech-
niques used to quantify protein concentration.

Do not incubate samples with beads for more than 15-30 min;
otherwise the background (nonspecific proteins) will increase.
Be sure to close the column tightly in both sides to avoid
spills.

Flow-through can be passed through a new TUBEs column to
avoid losing ubiquitylated proteins with weaker TUBEs
affinity.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. If desired, keep all washes to concentrate them by TCA/DOC
precipitation and control unbound ubiquitylated proteins by
WB analysis.

The number of washes and volumes may differ depending on
the sample. For example higher number of washes are required
when working with RBCs due to the hemoglobin content.

For a RBC sample, the elution step started with the washing
buffer 1. After a last wash with TUBEs bufter (10 Vol), add
1 Vol of washing buffer 1 (in this case this step is considered as
elution). Close the column, mix, and wait for 5 min. Open
column and collect the fraction. Add 1 more Vol of washing
buffer 1 and collect the elution again.

During elution step, the number of repetitions or rounds using
elution buffer 1 and 2 can be increased to recover tightly
bound proteins. For example, the elution stringency is higher
for RBCs. To detach ubiquitylated proteins, 2 elution rounds
with washing buffer 1, 6 rounds with elution buffer 1, and 4
rounds with elution buffer 2 are required. To set up the num-
ber of rounds required to recover most ubiquitylated proteins,
all fractions are analyzed by WB anti-ubiquitin.

The final elution volume is around 5 mL for MCL cells. To
recover most ubiquitylated proteins 2 rounds with elution
buffer 1 and 2 rounds with elution buffer 2 are required. Each
round includes 2 Vol of approximately 600 microlitres ul/Vol.

Avoid large volumes or if necessary split sample before freez-
ing. If needed, allow samples to dry out for more than a night.

Final suspension volume could be 500 pL to maintain a limited
number of aliquots for the cleanup step.

If you plan to use a kit for cleanup, scale the sample according
to the manufacturer’s instructions.

Large quantities of interfering substances can compromise
protein precipitation in the sample. Therefore, precipitant and
co-precipitant solutions are added in larger volumes than rec-
ommended by the kit manufacturer.

Sometimesthe protein gets strongly attached to the Eppendorf
wall and thus a pellet is not easily visible. Proceed with the
cleanup protocol even if the pellet is not visible after the first
centrifugation.

If precipitated protein sticks to the tube after washing buffer
addition, carefully scratch the tube wall with a 200 pL tip. If
the proteins are not well detached, final precipitation will fail.

Separation between samples and markers is essential to avoid
protein contamination when cutting gel slides.

Running time may change depending on the sample, buffer,
size of the gel, etc. Check that no protein runs out of the gel
by following the gel migration blue front.
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