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Abstract

Protein lysine fatty acylation is increasingly recognized as a prevalent and important protein post-
translation modification. Recently, it has been shown that K-Ras4a, R-Ras2, and Racl are
regulated by lysine fatty acylation. Here we investigated whether other members of the Ras
superfamily could also be regulated by lysine fatty acylation. Several small GTPases exhibit
hydroxylamine resistant fatty acylation, suggesting they may also have protein lysine fatty
acylation. We further characterized one of these GTPases, RalB. We show that RalB has C-
terminal lysine fatty acylation, with the predominant modification site being Lys200. The lysine
acylation of RalB is regulated by SIRT2, a member of the sirtuin family of nicotinamide adenine
dinucleotide (NAD*)-dependent protein lysine deacylases. Lysine fatty acylated RalB exhibited
enhanced plasma membrane localization and recruited its known effectors Sec5 and Ex084,
members of the exocyst complex, to the plasma membrane. RalB lysine fatty acylation did not
affect the proliferation or anchorage-independent growth, but did affect the trans-well migration of
Ab549 lung cancer cells. This study thus identified an additional function for protein lysine fatty
acylation and the deacylase SIRT2.
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Introduction:

Protein lipidation is a well-established mechanism that regulates various cellular
homeostasis and human diseases 2. Lipidation has been shown to regulate membrane
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anchoring, protein stability, and protein-protein interactions 3. Much of our understanding of
this class of modifications comes from the study of N-terminal myristoylation, cysteine
palmitoylation (S-palmitoylation), cysteine prenylation, and modifications by
Glycosylphosphatidylinositol (GPI) anchors 1-3. A similar, but not well studied modification
is protein lysine fatty acylation, the modification of lysine residues with long-chain fatty
acyl groups such as myristoyl or palmitoyl. Until 2017, only three proteins were identified to
undergo lysine fatty acylation: TNF-a, IL-1a and lens integral membrane protein
aquaporin-0 4. Recent work identified several other proteins that are modified by lysine
fatty acylation and point to the prevalence and importance of this PTM 711, Interestingly,
two bacterial toxins are also reported to fatty acylate lysine residues on host proteins 12:13,

Sirtuins, the nicotinamide adenine dinucleotide (NAD*)-dependent Class 111 of histone
deacetylase (HDAC) proteins have attracted much research interest due to their connection
to metabolism, cancer, and aging 14. Sirtuins were initially identified as protein lysine
deacetylases. However, recently it was discovered that several HDACS, including Sirtuin 1
(SIRT1), SIRT2, SIRT3, SIRT6, SIRT7, HDACS, and HDAC11, possess lysine defatty-
acylation activity 9 11.15-20 These findings suggested that lysine fatty acylation is more
prevalent than initially thought. Consistent with this hypothesis, it was recently reported that
several Ras family small GTPases had protein lysine fatty acylation, and two of these
proteins K-Ras4a and R-Ras2, are SIRT2 and SIRT6 defatty-acylation substrates,
respectively’:812,

The Ras family of small GTPases are molecular switches; they are active when bound to
guanosine triphosphate (GTP) and inactive when bound to guanosine-diphosphate (GDP) 21,
There are over 150 members of the Ras superfamily that are classified into five subfamilies:
Ras, Rho, Rab, Ran and Arf. The Ras subfamily has 36 members and includes the Rap, R-
Ras, Ral and Rheb proteins 22: 23, Ras small GTPases are responsible for regulating a wide
range of cellular functions such as cellular senescence, apoptosis, cell growth, autophagy,
and are involved in numerous signaling pathways, making them key regulators of cancer 22,
Thus understanding the regulation of small GTPases is important for the development of
therapeutic strategies.

It is well established that protein lipidation, such as cysteine prenylation and palmitoylation
serve as regulatory mechanisms for several small GTPases 7- 824, Looking closely at the Ras
small GTPases that were recently identified to have lysine fatty acylation, we saw that many
of them shared common structural components in their C-terminal hypervariable region
(HVR) 7-8.12 with multiple lysine residues in addition to the palmitoylated and prenylated
cysteine residues. We hypothesized that protein lysine fatty acylation may be a regulatory
mechanism for these small GTPases and investigated this possibility here.

RESULTS AND DISCUSSION:

Results: Several members of the Ras superfamily exhibit hydroxylamine resistant fatty

acylation

To visualize the level of lysine fatty acylation on a specific protein, we used the biorthogonal
palmitic acid analogue Alkyne-14 (Alk14) 2 25, This probe is metabolically incorporated
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and subsequently labels fatty acylated proteins and allows in-gel fluorescence visualization
of protein fatty acylation after conjugation of an azide-containing fluorescent dye with click
chemistry (Figure 1A). This method labels both cysteine and lysine fatty acylation, but
hydroxylamine can be used to remove S-palmitoylation and allows for visualization of
lysine fatty acylation, which is resistant to hydroxylamine (Figure 1A). To test our
hypothesis that other Ras superfamily GTPases also are regulated by lysine fatty acylation,
we chose several small GTPases that contain multiple lysine residues, a palmitoylated
cysteine, and/or a prenylated cysteine (characteristics that were seen with K-Ras4a, R-Ras2
and Rac1) (Figure 1B) 7+ 812, 24,26, 27

We initially screened these small GTPases to determine how much of their fatty acylation
was hydroxylamine resistant (Figure 1C, Figure S1). Interestingly, among the nine proteins
tested, four of them (E-Ras, R-Ras, TCL, and RalB) contained >20% hydroxylamine-
resistant fatty acylation, while only two of them (RalA and RhoB) contained <10%
hydroxylamine-resistant fatty acylation. To ensure the hydroxylamine treatment was
sufficient, we used a TNFa 4KR mutant as a positive control (Figure S1). The TNFa 4KR
mutant only has S-palmitoylation, and therefore should exhibit no hydroxylamine resistant
signal, which was what we saw 9. These results suggested lysine fatty acylation might be
prevalent among Ras small GTPases.

RalB, but not RalA, has lysine fatty acylation under basal conditions

While many of the proteins exhibited hydroxylamine resistant fatty acylation, for further
validation and functional studies, we decided to focus on the RAS like proto-oncogene A
and B (RalA and RalB). RalA and RalB share 80% of their amino acid sequence, and most
of their sequence divergence is found in their C-terminal hyper variable region (Figure 1B)
28 Despite their high sequence similarity, RalA and RalB often have different, or even
opposing roles in cancer 28-31, The screening results indicated that RalB showed high level
of hydroxylamine resistant fatty acylation while RalA had very little (Figure 1C). We
therefore thought that lysine fatty acylation could be a factor to differentiate the function of
these two small GTPases.

To further determine if either of the Ral GTPases, RalA or RalB, had lysine fatty acylation
we ectopically overexpressed N-terminally Flag-tagged RalA (Flag-RalA) and RalB (Flag-
RalB) in HEK293T cells, and labeled the proteins using the Alk14 method described above.
RalA had higher levels of S-palmitoylation, but under basal conditions most of its fatty
acylation signal could be removed by hydroxylamine, while RalB had labeling that was
~90% retained after hydroxylamine treatment (Figure 2A, 2B) 7. This suggested that under
these cell culturing conditions, RalB, but not RalA, may have lysine fatty acylation.

To further support that the hydroxylamine resistant signal on RalB comes from lysine fatty
acylation we mutated all eight lysine residues (K185, K187, K190, K191, K194, K196,
K197, and K200) in the HVR of RalB to arginine to generate the RalB 8KR mutant. The
RalB 8KR mutant showed approximately 20% of labeling compared to RalB WT, and
exhibited essentially no hydroxylamine resistant signal (Figure 2C, 2D). This supports that
the hydroxylamine resistant fluorescence signal detected on WT RalB is from lysine fatty
acylation. Additionally, to show that the hydroxylamine resistant signal was not a result of
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hydroxylamine resistant S-palmitoylation, we mutated the palmitoylated cysteine to serine to
generate the RalB C205S mutant. This mutant still contained fatty acylation that was
hydroxylamine resistant (Figure 2E). However, removal of the prenylated cysteine (the
C204S mutant) prevented RalB from having any fatty acylation signal (Figure 2E). The lack
of labeling on the non-prenylated construct was not surprising, as prenylation has been

established to be important for the proper processing and S-palmitoylation of proteins
26,32, 33

To assess whether endogenous RalB also has lysine fatty acylation, we treated cells with
vehicle control (DMSO) or Alk14 and enriched Alk14-labeled proteins by attaching biotin-
azide with click chemistry and subsequent streptavidin immunoprecipitation. S
palmitoylated proteins were removed from the streptavidin beads by hydroxylamine
treatment, leaving proteins with lysine fatty acylation on the streptavidin beads, which were
then detected by western blot. Indeed, we could detect RalB from the boiled streptavidin
beads suggesting that endogenous RalB, like overexpressed RalB, has lysine fatty acylation
(Figure 2F). We previously showed that RalA does not have endogenous lysine fatty
acylation using basal conditions using the same method .

We further confirmed RalB has lysine fatty acylation by mass spectrometry (MS). After
immunoprecipitation of Alk14-labeled Flag-RalB and trypsin digestion, we detected by
tandem MS/MS a doubly charged Alk14-modified peptide in which RalB Lys200 was
modified by Alk-14 (Figure 2G). To confirm the mass spectrometry results, we generated
several different RalB lysine to arginine mutants (Figure 2H). We saw that the RalB M1
(K185,187R) and the RalB M5 (K200R) mutants both exhibited a slight decrease in fatty
acylation levels. Further combinations suggested that the RalB M1M5 mutant exhibited a
significant decrease in fatty acylation (Figure 21, Figure S2). The redundancy of the lysine
fatty acylation is not surprising, as it is similar to what was observed for R-Ras2, KRas4a,
and Racl 78 12 1t is likely that if the predominant site of fatty acylation is mutated, other
nearby lysine residues would have increased fatty acylation to compensate.

SIRT2 Regulates RalB Lysine Fatty Acylation

We next wanted to identify the mechanism by which RalB lysine fatty acylation is regulated.
Over the past few years, it has been established that several HDACs, particularly sirtuins,
possess lysine defatty-acylation activity 9 11.15-17 To see if RalB is a sirtuin target, we
treated purified Alk14 labeled Flag-RalB from HEK293T cells, and examined the lysine
fatty acylation levels of RalB after /n vitrotreatment with SIRT1, SIRT2, SIRT3, SIRTS6,
SIRT7, and HDACS (Figure 3A, Figure S3A-E). We saw that only SIRT2 was able to
remove RalB lysine fatty acylation in an NAD-dependent manner. Using a previously
established 32P-NAD assay, we detected the 2’-O-fatty acyl adenosine diphosphate ribose
(ADPR) product in the SIRT2-catalyzed deacylation reaction, further supporting that SIRT2
was removing fatty acyl groups from a lysine residue of RalB (Figure 3B).

We next wanted to see if RalB was a SIRT2 target in cells. To evaluate this, we looked at the
fatty acylation levels of RalB in SIRT2 control and knockdown (KD) cells. In SIRT2 KD
cells, RalB had significantly more hydroxylamine resistant fatty acylation (Figure 3C and
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3D). In contrast, the RalB 8KR mutant did not have SIRT2-regulated lysine fatty acylation
(Figure 3E).

SIRT2-Regulated RalB Lysine Fatty Acylation Affects Cancer Cell Migration

RalB Lysine

RalB has been shown to play a role in cell proliferation, anchorage independent growth and
cell migration 34-36, We therefore sought to understand if lysine fatty acylation was
important for the role of RalB in these physiological processes. We first investigated if lysine
fatty acylation could promote cell proliferation. As it has previously been shown that RalB is
important for A549 cell growth, to test if lysine fatty acylation was important for this, we
transiently expressed pCDH control vector, Flag-RalB WT, and Flag-RalB 8KR and
transiently knocked down SIRT2 in A549 cells (Supplemental Figure S4A). If RalB lysine
fatty acylation was important for cell proliferation, we expect that SIRT2 KD should affect
RalB WT expressing cells, but not RalB 8KR expressing cells. We monitored the cell
proliferation and observed that lysine fatty acylation of RalB did not affect A549 cell
proliferation (Supplemental Figure S4A).

RalB has been shown to modulate colony formation of HCT116 cells in soft agar 34 36, To
evaluate if lysine fatty acylation was important for the role RalB plays in anchorage
independent growth, we generated stable RalB KD HCT116 cells, and subsequently
overexpressed RalB WT or 8KR with and without SIRT2 KD. Lysine fatty acylation did not
significantly affect anchorage independent growth (Supplemental Figure S4B).

To evaluate if RalB lysine fatty acylation could promote cell migration, we generated stable
pCDH (control), Flag-RalB WT, and Flag-RalB 8KR overexpressing A549 cells. We then
transiently knocked down SIRT2 in these cell lines and examined cell migration. Expression
of RalB WT or 8KR had very little effect on cell migration in control KD cells. Interestingly,
when SIRT2 levels were decreased, overexpression of RalB WT, but not RalB 8KR,
dramatically increased cell migration (Figure 4A and 4B). This result suggests that RalB
lysine fatty acylation promotes cell migration in A549 cells in a SIRT2 dependent manner.

Fatty Acylation Promotes RalB Plasma Membrane Localization

Protein lipidation such as S-palmitoylation and cysteine prenylation are known to be
important for protein membrane localization 3. Like other small GTPases, RalB cysteine
prenylation and S-palmitoylation are also important for its membrane localization 25: 32,
Previously it was reported that lysine fatty acylation could regulate the plasma membrane
localization of K-Ras4a and R-Ras2 7- 8. We therefore hypothesized that lysine fatty
acylation could also promote RalB plasma membrane localization. To test this hypothesis,
we ectopically expressed Flag-RalB WT and Flag-RalB 8KR constructs in HEK239T cells
and compared the intracellular immunofluorescence signal to the signal observed for the
whole cell. We saw that the RalB 8KR mutant had a larger fraction of its fluorescence signal
from the intracellular portion than RalB WT. This suggests that lysine fatty acylation may be
important for plasma membrane localization of RalB (Figure 5A, B).

To rule out that this was an artifact from mutating multiple lysine residues, which form the
polybasic region on the C-terminal hypervariable region of RalB, we compared the
localization of RalB in SIRT2 Control and KD HEK?293T cells. We saw that SIRT2 KD
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promoted membrane localization of RalB WT, but not the lysine fatty acylation deficient
RalB 8KR mutant (Figure 5C, D). The data provide further support that RalB lysine fatty
acylation is important for the plasma membrane localization of RalB.

RalB Lysine Fatty Acylation Promotes RalB GTP binding and Promotes Membrane
Localization of the Exocyst Components Exo84 and Sec5

When bound to GTP, RalB can associate with its effector proteins such as Exo84, RalBP1,
and Sec5 31, We first evaluated if RalB fatty acylation affects its activation (GTP binding).
We compared the GTP binding of RalB-WT and RalB-8KR using a well-established GTP
binding assay using the Sec5 Ral binding domain (RBD). The Sec5 RBD selective binds to
active, or GTP-bound Ral. We saw that RalB WT bound more GTP than the 8KR mutant,
suggesting that fatty acylation promotes the GTP binding of RalB (Figure 6A, B).

We next wanted to see where active RalB WT and RalB 8KR were located within the cell.
We co-overexpressed GFP-tagged RalB WT or 8KR and mCherry-Sec5RBD (Figure 6C).
Through live cell imaging, we observed that when RalB-WT was overexpressed in SIRT?2
knockdown cells, there was a larger portion of the Sec5 RBD located on the plasma
membrane compared to control knockdown cells (Figure 6C & D). RalB WT showed more
co-localization with the Sec5RBD on the plasma membrane than the lysine fatty acylation
deficient 8KR mutant in SIRT2 knockdown cells, with the RalB 8KR mutant showing
predominately intracellular co-localization with the Sec5-RBD in both control and SIRT2
knockdown cells (Figure 6C & D).

When small GTPases are bound to GTP they have the ability to interact with their known
effector proteins. Two of the most well established Ral effector proteins are members of the
exocyst complex, Sec5 and Ex084 3740, The exocyst complex has been implicated in
cellular processes such as migration and exocytosis 41. RalA and RalB have been shown to
interact with exocyst components Sec5 and Exo84, modulate the assembly of the exocyst as
well as control its subcellular localization, and thus regulating trafficking, exocytosis and
migration 39-43,

We hypothesized that the enhanced membrane localization of fatty acylated RalB could
promote the membrane localization of the exocyst complex. To evaluate this, we looked at
the localization of endogenous Sec5 in HEK293T cells overexpressing Flag-RalB WT or
Flag-RalB 8KR. We saw that in a SIRT2 dependent manner, overexpression of lysine fatty
acylated RalB promoted the localization of Sec5 punctae to the plasma membrane (Figure
6E, F). When we expressed the RalB G23V active mutant in HEK293T cells, we also
observed that endogenous Exo84 was recruited more to the plasma membrane by the RalB
G23V WT that contained lysine fatty acylation, than by the RalB G23V 8KR mutant that did
not contain lysine fatty acylation (Supplemental Figure 5A). Furthermore, knockdown of
SIRT2 also led to enhanced cell membrane localization of endogenous Sec5 in A549 cells
(Supplemental Figure 5B, C). These findings suggest that lysine fatty acylation of RalB
promotes the membrane localization of the exocyst complex, which may be important for
the migration phenotype we observed (Figure 5A).
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Discussion.

Despite being identified in the early 1990s, protein lysine fatty acylation has remained an
under-recognized PTM. This is largely due to the fact that only a few proteins have been
identified to have this modification. Our studies here provide important support for the
prevalence and importance of lysine fatty acylation. The screening of nine GTPases
suggested that many members in the Ras superfamily are likely regulated by lysine fatty
acylation. It is possible that the abundance and importance of lysine fatty acylation is similar
to cysteine palmitoylation that has been well studied.

In this study, we focused on the role lysine fatty acylation of RalB. RalB is predominately
fatty acylated at Lys200. Interestingly only RalB, but not RalA, exhibited lysine fatty
acylation under the conditions tested, despite their high sequence similarity. This observation
highlights that there are specific requirements for lysine fatty acylation to occur. It is
possible that the difference in the C-terminal sequence of RalA and RalB can partially
explain why RalB but not RalA exhibits lysine fatty acylation under the conditions tested.
We identified Lys200 as the predominate site of lysine fatty acylation on RalB, and RalA
does not have this lysine residue. The RalA sequence actually has an arginine where RalB
has a lysine. As arginine cannot be fatty acylated this can potentially explain our findings.
Furthermore, it is already reported that RalA and RalB exhibit different subcellular
localizations?6: 28: 30, The difference in subcellular localization can also potentially explain
our findings. Recently, two bacterial toxins that are reported to fatty acylate lysine
residues’? 13, It is likely that mammalian cells have endogenous lysine fatty acyl
transferases. Understanding what determines this interesting RalB over RalA specificity
requires the identification of lysine fatty acyl transferases in the future.

RalB lysine fatty acylation is regulated by SIRT2, one of the sirtuin family of NAD-
dependent lysine deacylases. SIRT2 has been reported to regulate many biological pathways
via different substrate proteins, including metabolic enzymes, histones, signaling proteins,
and transcription factors 4459, However, to date, almost all the known substrates (except K-
Ras4a) of SIRT2 are deacetylation substrates, not defatty-acylation substrates. Here, we have
identified the second SIRT2 defatty-acylation substrate. These findings show that SIRT2-
regulated lysine fatty acylation can affect K-Ras4a-induced colony formation and RalB-
mediated cell migration. Much still remains to be understood about the biological function
of SIRT2. For example, SIRT2 inhibitors have shown promise in treating both cancer and
neurodegenerative diseases, but the detailed molecular mechanisms still remain elusive
60-68, The identification of RalB as a defatty-acylation substrate may help to understand why
SIRT2 inhibitors would be useful for treating cancer and neurodegeneration.

Our study identifies a novel regulatory mechanism for RalB lysine fatty acylation. We found
that lysine fatty acylation is important for the GTP binding of RalB. This is similar to what
was recently seen for Racl, which is lysine fatty acylated by a Cholera effector protein RID
12 RalB has been known to regulate cell proliferation, anchorage-independent growth, cell
migration, and cell adhesion. Interestingly, lysine fatty acylation does not significantly affect
cell proliferation or anchorage-independent growth, but affects cell migration. Our finding
that RalB lysine fatty acylation promotes Exo84 and Sec5 plasma membrane localization is
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consistent with its effect on cell migration. Lysine fatty acylation promotes RalB activation
and localization to the cell migration front, which serves to recruit exocyst to the migration
front, thus promoting cell migration.

In conjunction with recent findings that several other small GTPases also exhibit
hydroxylamine resistant fatty acylation, this study suggests that lysine fatty acylation could
be an additional mechanism which regulates many GTPases. As modulating the Ras family
of GTPases can affect various cancer phenotypes such as cell migration, proliferation, or
anchorage independent growth, elucidating the role of lysine fatty acylation as a regulatory
mechanism may lead to new treatment strategies for human diseases 23 29. 42, 69-74,

Material and Methods:

Detailed information for all methods used can be found in the supplemental information.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Several members of the Ras family small GTPases contain hydroxylamine-resistant fatty

acylation. (A) The method used to detect lysine fatty acylation on proteins using the
palmitic/myristic acid analogue, Alk14. N-terminal Flag-tagged small GTPases were
overexpressed in HEK-293T cells. The cells were treated with 50 uM Alk14 (or the vehicle
control DMSO) for 6 hours. After FLAG immunoprecipitation and on-bead click chemistry,
fatty acylation levels were visualized using in-gel fluorescence with and without
hydroxylamine treatment. (B) A list of related Ras family small GTPases and their
respective c-terminal hypervariable region. Palmitoylated cysteine residues are highlighted
in blue, prenylated cysteine residues are highlighted in green, and lysine residues that are
potential sites for lysine fatty acylation are highlighted in red. (C) Quantification of the
relative amount of hydroxylamine-resistant fatty acylation for each small GTPase. The fatty
acylation level of each of the proteins listed was determined from two independent
experiments (n=2). To quantify the relative hydroxylamine resistant fatty acylation, the
fluorescence signal after hydroxylamine treatment, normalized to protein loading as
determined by blue staining or a flag western blot, was divided by the fluorescence signal
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prior to hydroxylamine treatment, normalized to protein loading as determined by blue
staining or a flag western blot.
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RalB contains Lysine Fatty Acylation. (A) Alk14 labeling of RalA and RalB with and
without hydroxylamine treatment in HEK 293T Cells. The image shown is representative of
three additional independent experiments to the data presented in Figure 1. (B)
Quantification of the relative level of hydroxylamine-resistant fatty acylation of RalA and
RalB shown in A for three additional independent experiments. Quantification was done as
described in Figure 1. (C) Alk14 labeling of RalB WT and the 8KR mutant in HEK293T
cells. The data shown is representative of two independent experiments. (D) Quantification
of fluorescence labeling of RalB WT and the 8KR mutant shown in (C). For quantification,
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the total florescence signal for the 8KR mutant was normalized to its protein level as
determined by a flag western blot or Coomassie blue staining and was then divided by the
normalized florescence signal for WT RalB. The normalized (fluorescence signal/protein
loading) for RalB WT was set to 1. (E) Alk14 labeling before and after hydroxylamine
treatment of RalB WT, the non-prenylated (RalB SC) and non-S-palmitoylated (RalB CS)
RalB mutants in HEK293T cells. The image shown is representative of three independent
experiments. (F) Fatty acylation of endogenous RalB in HEK293T cells. (G) Tandem
MS/MS spectra of a doubly charged Alk14 modified peptide on RalB. (H) C-terminal
sequences of RalB lysine to arginine mutants generated. (1) Relative hydroxylamine-
resistant fatty acylation levels of the various RalB lysine to arginine mutants in HEK293T
cells. Statistical significance was calculated using Prism 7 software using an ordinary one-
way ANOVA. ** p< 0.01, *** p< 0.001. (p=0.0008 for the difference between RalB-WT
and RalB-8KR, and p=0.0034 for the difference between RalB-WT and the RalB-M1/M5
mutant.) FI, fluorescence; WB, western blot.
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Figure 3.
RalB is a SIRT2 defatty-acylation substrate. (A) SIRT2 decreased RalB hydroxylamine-

resistant fatty acylation /n vitroin an NAD-dependent manner. Representative images from
three independent experiments are shown. (B) 32P-NAD assay with RalB and SIRT2. The
formation of the 32P-labeled fatty acyl-ADPR was detected, showing that RalB contained
lysine fatty acylation. A representative image from two independent experiments is shown.
(C) Alk14 labeling of WT RalB in control and SIRT2 KD HEK 293T cells. Representative
images from three independent experiments is shown. (D) Quantification of the relative
hydroxylamine-resistant fatty acylation levels in SIRT2 WT and KD HEK293T cells.
Fluorescence signal was normalized to the protein level based on blue staining. The
normalized hydroxylamine resistant fatty acylation from SIRT2 KD cells was divided by the
normalized hydroxylamine resistant fatty acylation signal from SIRT2 WT cells. The signal
from SIRT2 WT cells was set to one. Statistical significance was calculated using Prism7
software with an unpaired student’s t-test. ** p<0.01 (p=0.006) (E) Alk14 labeling of the
RalB 8KR mutant in control and SIRT2 KD HEK 293T cells. The image shown is
representative of two independent experiments. CB, Coomassie Blue staining.
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Figure 4.

RalB lysine fatty acylation promotes A549 cell migration. (A) Images of the stained Boyden
chambers after 24 hour cell migration. For the experiment cells were starved of serum for
12hr, prior to being counted and seeded in Boyden chambers. Experiments were done in at
least biological duplicates and images shown are from one representative experiment.
Images were taken on a Motic AE21 microscope, using a 20X objective. Motic Images Plus
2.0 software was used to obtain the images. (B) Quantification for experiments shown in A.
Quantification was done by measuring the absorbance of the crystal violet stain of migrated
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cells and normalizing to the starting cell number as determined by cell titer blue. (C)
Western blots to confirm SIRT2 KD, and Flag-RalB WT and Flag-RalB 8KR overexpression
in A549 cells.
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RalB lysine fatty acylation promotes membrane localization (A) Immunofluorescence to
evaluate the subcellular localization of Flag-RalB WT and Flag-RalB 8KR in HEK293T
cells. (B) Quantification of the intracellular RalB signal over the whole cell fluorescence
signal. Statistical significance determined by a two-tailed unpaired student’s t-test, *** p<
0.001 (C) Immunofluorescence to evaluate the subcellular localization of Flag-RalB WT and
Flag-RalB 8KR in Ctrl and SIRT2 KD HEK293T cells to evaluate the subcellular

localization. (D) Quantification of the intracellular RalB signal over the whole cell

fluorescence signal. Statistical significance determined using one-way Anova, * p< 0.05, **

p<0.01, *** p< 0.001.
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Figure6.
RalB lysine fatty acylation promotes RalB-GTP binding. (A) GTP binding of RalB WT and

RalB 8KR determined using the Sec5-RBD after 30 min starvation in EBSS buffer. (B)
Quantification of the GTP binding assay. Statistical significance was determined using a
student’s unpaired t-test with Prism7 software. (C) Live cell imaging of HEK293T cells co-
overexpressing GFP-RalB (WT and 8KR) and mCherry-Sec5RBD. (D) Quantification
showing the percentage of the Sec5-RBD membrane localization in cells overexpressing
RalB WT and RalB 8KR. Statistical significance determined by a one-way Anova using
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Prism7 software, *** p < 0.001, ns= not significant. (E) Immunofluorescence of CTRL and
SIRT2 KD HEK?293T cells overexpressing Flag-RalB WT and Flag-RalB 8KR and
endogenous Sec5 (F) Quantification of the number of Sec5 puncta in cells overexpressing
RalB. Statistical significance was determined by a one-way Anova using Prism7 software
*** p<0.001, ** p<0.01, * p< 0.05, ns= not significant.
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