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ABSTRACT OF THE THESIS
Investigating the role of 14-3:SUMOylation
By
Hoang Anh Phuc Nguyen
Master of Science in Biochemistry and Molecularl&gy
University of California, Los Angeles, 2013

Professor Albert J. Courey, Chair

SUMO modification is involved in several cellulaiopesses such as signal transduction,
cell division, and regulation of protein subcellulacalization, specifically including Ras
signaling and protein nuclear import/export. Poesi studies have demonstrated that 14;3-3
which is thought to have functions in both the eusland cytoplasm, is a SUMOylated protein
and is required for Ras signaling. | have theresangght to determine whether or not the
SUMOylation of 14-3-3 promotes or inhibits its localization to the nudeSubcellular
fractionation experiments fail to reveal a detelgtaihange in the overall ratio of nuclear to
cytoplasmic 14-3<3upon knockdown of SUMO by RNAI in cultured Drosdptcells.

However, immunofluorescence studies suggest thradéeaulocalization of this protein may

increase in a subset of the SUMO knockdown cells.
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INTRODUCTION



Post-translational modifications of proteins plagical roles in regulating protein
function. Proteins can undergo phosphorylation hylation, acetylation, SUMOylation, and
ubiquitination to alter their functions by affedgitheir subcellular localization, degradation,
activity, or interactions with other proteins. &post-translational modifications are reversible,
proteins can be rapidly turned on or off allowirgjl€ to respond to external cues without the
delays of transcription and translation. For exanpl the Ras signaling pathway, Raf, MEK,
and ERK are activated by phosphorylation (McCulategl. 2007). In addition, protein
modifications of histones regulate transcriptiomptevent the wasteful production of

unnecessary gene products.

Although Small Ubiquitin-related Modifier (SUMO) ates only modest sequence
identity with ubiquitin, the two proteins possesghiy similar three-dimensional structures. Like
ubiquitin, SUMO attaches to target proteins throaghATP-dependent mechanism, in which it
is first covalently attached to an E1 family acting enzyme (SAE1/2), then transferred to an E2
family conjugating enzyme (Ubc9), and finally tréersed to a target protein, sometimes with
the help an E3 family ligase. The final linkagasamide bond (also termed an isopeptide bond)
between the C-terminal carboxyl group of SUMO and-amino group in a target protein lysine
residue. The SUMO-acceptor lysine is often founthaconsensus siteKXE (¥ denotes a
hydrophobic amino acid, K is lysine, X can be anyreo acid, and E is glutamic acid) (Figure
1). SUMO is one of the several ubiquitin-like pois that have diverse functions in cell and
developmental biology because it regulates theetgngptein’s degradation, sub-cellular

localization, or activity (Gill, 2005; Seeler anejpan, 2003; Vergeat al., 2003).



Previously, Minghua Nie, from Dr. Albert Coureyabloratory, used liquid
chromatography tandem mass spectrometry (LC-MShd &)entify both SUMO-modified and
SUMO-interacting proteins in the developing embfiee et al., 2009). 6x-His-FLAG-tagged
SUMO was expressed in early embryos followed by dffe@rent purification schemes using the
His and/or FLAG affinity tags. In the first schenpeoteins were isolated under native conditions
by anti-FLAG co-precipitation, an approach thagxgected to yield SUMO-conjugated proteins
as well as proteins that interact non-covalentthUMO-conjugated proteins. In the second
scheme, SUMOylated proteins were first purified @emdienaturing conditions using the His tag
and then repurified under native conditions usheyELAG-tag. This latter two-step approach is
expected to yield only proteins that are directipjagated to SUMO. In each case, the purified
proteins were then size-fractionated by SDS-PAGHEerAn-gel trypsinolysis, the proteins were
identified by liquid chromatography-multidimensidmaass spectroscopy. The native single-step
purification identified 247 proteins while the démang two-step purification yielded 144

proteins.

Among the proteins identified as described aboveewaultiple components of the Ras
signaling pathway including Ras, Erk, subunitshaf PP2A complex, 14-3s&nd 14-3-3 (Nie
et al. 2009). In confirmation of a role for SUMO in Ragrsling it was found that SUMO knock
down in S2 cells impaired Erk activation. The canahRas pathway involves the activation of a
receptor tyrosine kinase (RTK) via autophosphormytabn tyrosine residues. The
phosphotyrosines then serve as binding sites foraBd Grb2 adaptor proteins (Figure 2.). The
adaptor proteins recruit Son of Sevenless (SO&)aaine nucleotide exchange factor, which
activates the small GTPase Ras. The Ras proteirates the protein kinase Raf leading to the

sequential activation of the kinases MEK and Ee&a/phosphorylation cascade (Campéell
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al., 1998). PP2A is also important for the activatdiiRaf by dephosphorylating Raf at serine
259, a site of Raf inhibition when phosphorylatédumot and Hancock, 2001). The 14-3-3
family proteins also bind to Raf for activation amgruitment of an unknown activating factor

(Avruchet al., 2001; Dhillonet al., 2009).

The 14-3-8 protein was identified in both the native and deriag purification schemes
indicating that it is covalently conjugated to SUM®SUMOylation assay i&. coli was
performed confirming that 14-3:3s a SUMO target protein (N al., 2009). A search of the
14-3-3 sequence for matches for the SUMO acceptor-siteartsus sequence identified lysine
125 as the highest probability SUMO acceptor-$aowed by two other lower probability sites

at lysine 71 and lysine 6 (Figure 3.).

Previous studies have revealed that 14:-8&3nvolved in cell signaling, cell division,
and transcription regulation (Stoketeal., 1994; Leeverst al., 1994; St al., 2001; and Winter
et al., 2008). Genetic and biochemical experiments haverstael-3-3 can stimulate
transcription of genes such as HDAC1 by interactiith phosphorylated histone H3 serine 10
(Winteret al., 2008), while other studies have shown 14c3tBmulates Raf activity leading, via
MEK, to the activation of Erk MAP kinase (Tziviahal., 1998; Dhillonet al., 2009).In vitro
andin vivo assays showed that 14-343eeds to bind the C-terminus of Raf for Erk adioma
Li and coworkers revealed that 14-3f8ays a role in Torso RTK signaling, which uses [tas
pathway during the development of the early emlboyactivate the transcription tdilless, a
gap gene important fdrosophila anteroposterior development @ial., 1997). Overexpression
of 14-3-% enhances Torso RTK signaling by expandaitjess expression beyond its normal

domains at the anterior and posterior ends of iigrgo. The overexpression suppresseso



anddraf loss of function phenotypes. However, the overesgion 14-3-3did not affectas
mutant phenotype indicating that Ras is necessargdtivation of the Ras pathway by 14-3-3
In addition, Torso signaling is impaired in 14-3+Baternally depleted embryos. Work by
Joseph Cao in the Courey lab has also revealedktreds of activated Erk (dpErk) are
dramatically reduced in SUMO depleted embryos. éfoge, | am interested in investigating the

function of the SUMO modification of 14-3:3

One prominent role of SUMO modification is to irghce protein subcellular localization
(Seeler and Dejean, 2003). For example, SUMOylaiidBicoid, Dorsal, Hipk, and Medea are
necessary for nuclear uptake (Epps and Tanda, BYg&karet al., 2002; Huangt al., 2011;
and Mileset al., 2008). Therefore, SUMO could possibly affect 28chuclear trafficking and
thereby play a role in transcription regulation (féret al., 2008). In order to understand how
SUMOylation affects the function of 14-3;3 have performed experiments to determine if
localization of 14-3-8is dependent on SUMO. Subcellular fractionatiors werformed
followed by immunoblotting to determine whether 3-£8£'s localization is affected by knocking
down SUMO. Immunofluorescence was also performeBmsophila Schneider 2 (S2) cells to

determine if knocking down SUMO alters the locaiiza of 14-3-3.



MATERIALS AND METHODS



1. Subcellular Fractionation assay

Centrifugation through a sucrose cushion was perdrto separate nuclear from
cytoplasmic components. The protocol was adapted Khodor, Y., Rodriguez, J., Abruzzi,
K., et al. (2011). About 80x1082 cells treated or untreated with SUMO dsRNA asdleed
below were lysed with 1 mL Buffer AT (15 mM HEPES 3.6, 10 mM KCI, 5 mM MgOAc, 3
mM CaC}, 300 mM Sucrose, 0.1% Triton X-100, 1 mM Dithiatol (DTT), 10 mMN-
Ethylmaleimide (NEM), 1X Halt Protease inhibitoofn Thermo Scientific). The 1 mL lysates
from the previous step were transfered to a 7 mhltde Kontes Dounce Tissue Grinder in
which cells were homogenized by douncing with geBtfor 30 strokes. Lysates were overlaid
onto 1 mL of Buffer B (15 mM HEPES pH 7.6, 10 mM KE mM MgOAc, 3 mM CaGl 1 M
Sucrose, 0.1% Triton X-100, 1 mM DTT, 10 mM NEM, Belt Protease inhibitor). To
separate the nuclear and cytoplasmic fractionssdhgles were spun at 8000 rpm in
microcentrifugefor 20 minutes at%C. After the centrifugation, the nuclear pelletsrey
resuspended in Buffer AT and overlaid onto 1 mBaoffer B for another round of
centrifugation. The cytoplasmic fraction, which @@ned at the top of the supertant, was
overlaid onto 1 mL of Buffer B for a second spiendical to the first. Multiple spins were
performed to enhance the separation and minimazgsarontamination between the cytoplasmic
and nuclear fractions. The entire procedure wa®peed in a cold room. The subcellular
fractions were stored at -20 and analyzed by Western blot.

2. Immunofluorescence staining:
A) Formaldehyde fixation
S2 cells (3x16) cells either treated or untreated with SUMO dsRagAdescribed below

were pipetted onto cover slips coated with polyAgan 6-well plates for 30 minutes at room



temperature (RT). To fix cells, 1 mL of 4% formaigede in phosphate-buffered saline (PBS)
(pH 7.4) was added on top of the cover slip andhated at RT for 20 minutes before being
permeabilized by the addition of 1 mL PBST (0.3%olr X-100 in PBS). Cells were then
blocked for one hour in PBST with 10% Bovine Cadf@n (BCS). Cells were incubated with
primary antibody overnight at 4°C then incubatethvgecondary antibody for an additional hour
at RT. Cells were mounted onto slides with Prol®mgpld Antifade Reagent with DARtom
Invitrogen. The primary antibody used was rabbit anti-Drosaph4-3-3 (1:3000) (Skoulakis
and Davis, 1996). The secondary antibody usedgwasanti-rabbit Alexa Fluor 488 (1:1000)
from Invitrogen.

B) Methanol fixation:

After treating 3x10S2 cells with either control or SUMO dsRNA, cedlere fixed in
100% methanol at -2 for 10 minutes. The cell samples were not tresiigl PBST for
permeabilization. Cells were stained in the sameneagas those fixed by the formaldehyde
method.

C) Fluorescent Microscopy:

The S2 cell samples were imaged using a Leica TESS#focal Microscope with a
100x objective. Alexa Fluor 488 attached to theoseary antibody was used to image 14:3-3
and was excited at 488nm. DAPI was excited at #05n

3. Western Blotting

Protein samples were run on 12% SDS-PAGE gelslerdttansferred to nitrocellulose
membranes. To reduce the nonspecific backgrousdngmbrane was blocked in blocking
solution (1X phosphate-buffered saline (PBS), 108%iBe Calf Serum (BCS), 0.03% Tween-

20) for one hour at room temperature. After thecking, the membrane was incubated in



primary antibody overnight af@. After extensive washing with PBST, the membrans
incubated for one-hour with IR-dye-labeled secondentibodies, and, after additional PBST
washes, imaged on a Licor Odyssey IR imager. Timgpy antibodies used were rabbit anti-14-
3-3 (1: 30000) from Skoulakis (Skoulakis and Davis9@y rabbit anti-SUMO (1:5000) from
the Courey lab (Smitkt al., 2004), rabbit anti-Rpb3 (1:5000) from John Lis @nal., 2008),
and mouse anti-tubulin (1:10000) from Sigma. Theoedary antibodies (purchased from Licor)
were goat anti-rabbit coupled to a fluororphoré #raits at 800 nm, and goat anti-mouse
coupled to a fluorophore that emits at 680 nm.
4. RNA interference (RNAI)

A) SUMO dsRNA Synthesis

The sequences of the primer used to generate tis&JMO template forn vitro
transcription of SUMO double stranded RNA are

TAATACGACTCACTATAGGGAGATTTGACCACTTAGCAGCTTCAACAAGC and

TAATACGACTCACTATAGGGAGAACCATTTTCTTGTCTGCAAATGTTTTTG. The

underlined sequence corresponds to the T7 pror(idteet al., 2009). HiScribe TTn Vitro
Transcription Kit from NEB was used to generateSMO dsRNA.

B) Conditions for RNAI in Drosophila cultured cells (& cells)

For the subcellular fractionation experiment, 8x%$Q cells were harvested and
resuspended in 40 mL of Schneider’s serum free unethefore transferring the cells into two
T150 cell culture flasks (i.e. 4xi@ells in 20 mL serum free medium for each flasid cells at
a density of 2x19Dcells per mL were then incubated with 6Ag7of dsRNA in serum free
medium in each flask for 45 minutes at room tentpeea After 45 minutes, the cells were

supplemented with an equal volume of Schneidessahmedium containing 20% fetal bovine



serum (FBS), which resulted in a final concentratid 1x16 cells/mL in 10% FBS. The cells
were incubated at 26 for an additional 4-5 days.

For the immunofluorescence experiment, 3P cells in 1.5 mL Schneider’s serum
free medium were transferred to a 6-well cell adtplate. The cells were then incubated with 5
ug of dsRNA in the serum free medium for 45 minesom temperature. After this step, the
cells were treated in the same manner as desdobéde RNAI treatment of S2 cells used for
the subcellular fractionation.

5. Site-Directed Mutagenesis

14-3-3 was mutagenized at lysine 125, the highest préibaBUMO acceptor site as
predicted by SUMOplot™ (http://www.abgent.com/suhotp(Figure 2). The lysine was
changed to arginine to generate the mutant K12%8nid pUC19 containing the 14-&-3
cDNA was used as DNA template. The mutagenic prives:5’
AGCAAGGTGTTTTACCTGAAGABGAGTGATTACTACAGGTATTTAGCC 3The
mutagenized codon is underlined while the mutagehiase is bold. The 14-3-B125R
mutant was generated using the QuikChange MuktBitected Mutagenesis Kit (purchased

from Stratagene). Mutants were confirmed by DNAusgging.
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RESULTS
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Subcellular Fractionation does not reveal a detectde change in the overall ratio of nuclear

to cytoplasmic 14-3-% upon SUMO knockdown.

To determine if SUMO affects the localization 0f3-48C in S2 cells, | centrifuged cell
lysates through sucrose cushions to separate mdbdea cytoplasmic proteins starting with
control cells or cells in which SUMO had been krextklown by RNAI (Figure 4). This was
followed by western blotting to detect proteinghe total cell lysate, and in the nuclear and
cytoplasmic fractions (Figure 5). Anti-SUMO blotglicate that levels of free SUMO and
SUMO-conjugated proteins are reduced in the SUMGckdown cells relative to the control
cells (Figure 5B). Tubulin was used as a cytoplasmarker demonstrating that cytoplasmic
proteins did not significantly contaminate the maclfractions (Figure 5A, compare lanes 3 and
4 with lanes 5 and 6 in the tubulin blot). In aduht | used the RNA polymerase Il subunit,
Rpb3, to determine the extent to which nuclearginstcontaminated the cytoplasmic fraction. |
found that, while the nuclear fractions were ergttlfior Rpb3 (Figure 5A, lanes 3 and 4 in the
Rpb3 blot), there was also some Rpb3 in the cysopiafraction (Figure 5A, lanes 5 and 6 in
the Rpb3 blot). SUMO knockdown did not result ity @etectable change in the overall ratio of
nuclear to cytoplasmic 14-3:3Figure 5A, compare lane 3 with lane 4 and laméth lane 6 in

the 14-3-3 blot).

Immunofluorescence

To determine if SUMO knockdown resulted in a chaimgine localization of 14-3£3in
a small subset of the cells, | performed immunathsaence studies on control and SUMO
knockdown S2 cells. Western blots with antibodigaiast SUMO and tubulin demonstrate the
effectiveness of the SUMO knockdown. For immunofészence, the fixation and

12



permeabilization steps are critical to the quadityhe results. Two common methods for cell
fixation are the use of cross-linking reagents treduse of organic solvents. Cross-linking
reagents such as formaldehyde result in the foamatitermolecular bridges and require a
permeabilization step for antibodies to penetragecells and obtain access to the network of
linked antigens; whereas organic solvents suchethanol remove lipids, dehydrate cells and
precipitate proteins onto the cellular architectdiee formaldehyde fixation method is better
than the methanol method in retaining the cellctmes, but does not detect all antigens with the
high sensitivity that can be obtained using thehaet! fixation procedure. The formaldehyde
procedure also requires a permeabilization stgldav the access of the antibody to the antigen,
which may cause some subcellular leakage, wheheaméthanol fixation method avoids that
problem. Since every protein has its own optimetion conditions, two different fixation
methods, formaldehyde and methanol fixation, weragared, in case the observed localization

of 14-3-3 is sensitive to the method of fixation.

Both fixation methods yielded similar results refjag the effect of SUMO knockdown
on the localization of 14-3£3To ensure objectivity, | scored the samples Iiifdithout being
aware of which samples were the control samplesadmch were the SUMO knockdown
samples). For each sample, | determined the pergemf cells that exhibited reduced levels of
14-3-3 in the nucleus as compared to the cytoplasm (Eig&y; B, C, D). 71.5% of
formaldehyde fixed and 72.5% of methanol fixedscebkhibited this phenotype (Table 1, Figure
7). However, in SUMO knockdown cells only 36.7%lod formaldehyde fixed and 30.5% of
the methanol fixed cells showed lower levels 14:3a3he nucleus than in the cytoplasm (Table
1, Figure 7). Rather, the majority of SUMO knockaoeells exhibited equal levels 14-3;

the nucleus and cytoplasm.

13



DISCUSSION
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A possible role for SUMO in 14-3-% nuclear export.

One of the processes with which SUMO has beerelji@ssociated is nuclear import
and export and for targeting proteins to the nugbeaes (Seeler and Dejean, 2003). For
example, the cytoplasmic nuclear import factor &P requires SUMO modification for its
translocation to the nuclear pore complex (NPC)t(Meset al., 1996). In addition, mutagenesis
of the gene encoding the SUMO-conjugating enzymeSQlippears to result in reduced nuclear
import of the transcription factor Bicoid (Epps ahahda, 1998). This explains thenchback-
like phenotype ofibcO mutants because zygotic expressiohwichback is dependent on
Bicoid. Furthermore, SUMO can modulate export friv@ nucleus. The TEL protein, which is a
Ras-regulated repressor of transcription, is exggoirtrom the nucleus when SUMOylated in
NIH-3T3 cells (Woockt al., 2002). As a result, the TEL SUMO-acceptor site mu(REL

K99R) was found to be a better repressor of Raetayenes than was wild-type TEL.

Since previous studies have demonstrated that34is3localized in both the nucleus
and cytoplasm, | decided to determine whether SUMtn of 14-3-3 regulates its
localization to the nucleus. To assess this pdagidicompared control and SUMO knockdown
cells by two methods: subcellular fractionationdwled by anti-14-3-83western blotting and
anti-14-3-3 immunofluorescence studies. The two methods afpegive discordant results.
While the subcellular fractionation studies do reeal a change in the ratio of nuclear to
cytoplasmic 14-3-3following SUMO knockdown, immunofluorescence sasisuggest that
SUMO knockdown may lead to increased levels of earcl4-3-3 in a subset of cells. Thus,
although these results are preliminary, they sughas SUMO may interfere with 14-3:3
nucleocytoplasmic transport either by inhibitingclaar import or stimulating nuclear export.
Given that the SUMO knockdown cells never show 13t-8nrichment in the nucleus relative to

15



the cytoplasm, but only a loss of the cytoplasmigalment observed in the control cells, it is

more likely that SUMO promotes nuclear export of3t&..

Future Directions

My findings can be followed up in a number of walyer example, to determine whether
there is an increase in nuclear localization oB13-in SUMO knockdown cells, | can perform
chromatin precipitation - polymerase chain reac{ohlP-PCR) experiments on known 143-3
target genes. This will allow me to reassess tssipility that SUMO affects the subcellular
localization 14-3-3 and to determine whether 14-343comes enriched at chromatin perhaps in

a target gene-specific manner in the absence of SUM

To further investigate the role of SUMO in 14-3+8iclear export, | could perturb
protein nuclear export by various methods. For eanprevious work has shown that
Leptomycin B modifies and inhibits CRM1 (exporti)) & factor required for the nuclear export
of many proteins (Kudet al., 1999). In such an experiment, | would treat Saeith this
inhibitor and then determine whether knocking d&wMO still affects 14-3-3nuclear
localization in the absence of functional CRM1l. fihd that the change in nuclear localization is
dependent upon CRM1, this would provide additicugdport for the idea that SUMO modulates

14-3-3 nuclear export.

In addition to the subcellular localization studiadditional in vivo work to determine
how SUMOylation of 14-3-3affectsDrosophila development needs to be carried out. Previous
experiments have demonstrated that the functi@®@IUO targets is sensitive to SUMO gene

dosage. For example, Schnetral. showed defects in eggshell dorsoventral pattgr(@arRas-

16



dependent process) in females heterozygous formnaligles of the genes encoding SUMO and
Ras (Schnoret al., 2001). Therefore, we will generate double hetggotes for the genes
encoding SUMO and 14-3:&nd look for defects in Ras-dependent developmedesses or

other processes that could require 14:3-3

The most likely SUMO-acceptor residue in 143i8K125. | have therefore recently
generated a 14-3:23nutant allele in which this lysine has been coteckto arginine (see
Materials and Methods). To confirm that this residgirequired for SUMOylation, the mutant
protein will be examined by well-established inr@iand in vivo SUMOylation assays (Nse
al., 2009). Once this is confirmed, it will be podsito introduce this mutant allele into the
Drosophila germ line and then carry out genetidissito elucidate the function of the SUMO-
modification of 14-3-8. There are several possible phenotypes that tersetic experiments
may reveal. For example, since 14{3eBhances Ras signaling (Frestdl., 1994), we can look
for phenotypes known to result from Ras signaliafgdts, including eggshell dorsoventral
patterning defects or embryonic anteropostericiepaing defects (Schipbaehal., 1987;
reviewed by Duffy and Perrimon, 1994). Additionakynce both SUMO and 14-3:Bave roles
in mitosis, we can use approaches that have besiopsly employed to examine the effect of

the 14-3-8 SUMO acceptor site mutation on mitosis ¢al., 2001).
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TABLES AND FIGURES
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Table 1. Percentage of cells with low levels of 343 detected in the nucleus compared to
cytosol Formaldehyde and methanol fixing methods wered @isiethe immunofluorescence
staining of WT and SUMO KD S2 cells. Percentage ¢&)esponds to the ratio of number of

cells with low levels of 14-33in nucleus compared to cytosol and total cells.
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Table 1.

Cell Fixing Formaldehyde fixing Methanol Fixing
Method
WT SUMO KD WT SUMO KD
Number of cells
with low levels of
14-3-3 in nucleus 98 11 37 18
compared to
cytosol
Total cells 137 30 51 59
Percentage (%) 71.5% + 3.9% 36.7% +8.8%  72.5%%6, 30.5% + 6.0%

20




Figure 1. The SUMO-modification pathway. The SUMO peptides in immature form are first
cleaved by Ulp to expose a di-glycine motif at @erminus. The SUMO with the exposed di-
glycine motif attaches to SAE1/SAEZ2, the E1 acingaenzyme in an ATP-dependent manner
by the formation of a thioester bond before bemgsferred to Ubc9, the E2 conjugating
enzyme. SUMO is then transferred from Ubc9 to gaBprotein, sometimes with the help of an
E3 ligase. The consensus sequence found at the Safidéptor sites in target proteinglSXE,
wherey is a hydrophobic residue, K is the target lysiegepresents any residue, and E is
glutamic acid. The SUMO-modified proteins also ugdedeconjugation by the SUMO protease

Ulp to release SUMO from the target proteins.
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Figure 1.
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Figure 2. The Ras signaling pathwayThe RTK first dimerizes leading to the
autophosphorylation of particular tyrosines andvgtimg a binding site for the adapter proteins
Shc and Grb2. SOS is then recruited and activaass fellowed by the sequential activation of
Raf, MEK, and ERK by phosphorylation. Once ERKd#i\ated, it is able to phosphorylate its

target proteins. PP2A and 14-3-&e also required for Raf activation.
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Figure 2.
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Figure 3. Potential SUMO-acceptor sites of 14-3c3re predicted by SUMOplot™. The
program predicts SUMOylation sites using informatadbout the sequence context of
SUMOylation sites in known SUMO targets. The saamgges from 0 to 1. K125 is the highest
probability SUMO acceptor site with a score of @d8lowed by the two lower probability sites

at K6 and K71, both with scores of 0.5.
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Figure 4. Flowchart of the subcellular fractionation method used to study the localization

of 14-3-% in Drosophila cultured cells.S2 cells are first lysed and dounce homogenizell wit
the tight pestle to break open cells. The celltlysathen centrifuged through a sucrose cushions
to separate the nuclear fraction (pellet) fromaygesolic fraction (top layer of the supernatant).
For a better separation, a second spin is perfoondabth the nuclear and cytosolic fractions.
After the separation, the cellular fractions aredu® perform western blots with antibodies

against 14-3-3 tubulin (a cytoplasmic marker), and Rpb3 (a naclearker).
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Figure 4.
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Figure 5. Localization of 14-3-8 in Drosophila cultured cells (S2 cells) is determined by
subcellular fractionation. A) Western blot with 14-3&3antibodies was performed to detect the
level expression of 14-3:3n the cell lysates (Input), nuclear fraction (lihd cytosolic fraction
(C). The Rpb3 and tubulin serve as nuclear andsolitomarkers respectively. The cell samples
used in the subcellular fractionation experimentuded the control S2 cells (without treatment
of SUMO dsRNA) denoted with “=* sign, and the SUMIGRNA treated S2 cells denoted with
“+” sign. The arrow in the western blot with Rpb@iaodies points to the band representing
Rpb3.B) Western Blot with SUMO antibodies shows the reduegdls of SUMO expression in
cells treated with SUMO dsRNA (denoted with “+”8)gcompared to the control sample

without any treatment (denoted with “-* sign). Tlibuserved as a control loading.
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Figure 6. Localization of 14-3-8 in Drosophila cultured cells (S2 cells) imaged by
immunofluorescence stainingA. Three examples of control S2 cells fixed with fatdehyde.
B. Three examples of control S2 cells fixed with naetbl. C. Three examples of SUMO
knockdown S2 cells fixed with formaldehyd®. Three examples of SUMO knockdown S2 cell
fixed with methanol. Cells were stained with DABIUg) and 14-3-3antibodies (green). Bar
scale for cell samples is 7utn. E. Western Blot with SUMO antibody shows that levdis o
SUMO were reduced when S2 cells were treated wWillS dsRNA. Tubulin served as a

loading control.
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Figure 2-3.
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Figure 7. Quantitation of the immunofluorescence @sults. The bar graph shows the
percentage of S2 cells with lower levels of 14£3rBthe nucleus than in the cytoplasm (see
Figure 2-3, A and B for exampleg)he data are from Table 1. Error bars represerthior

standard deviation for cell samples. * p-value B0Q.
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Figure 7.
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