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Abstract

AB-methyladenosine (mBA) in messenger RNA (mRNA) regulates its stability, splicing, and
translation efficiency. Here, we explored how the expression levels of small GTPase proteins are
regulated by m6A modulators. We employed a high-throughput scheduled multiple-reaction
monitoring (MRM)-based targeted proteomic approach to quantify systemically the changes in
expression of small GTPase proteins in cells upon genetic ablation of METTLS3 (the catalytic
subunit of the major m8A methyltransferase complex), m®A demethylases (ALKBH5 and FTO),
or mBA reader proteins (YTHDF1, YTHDF2, and YTHDF3). Depletions of METTL3 and
ALKBHS5 resulted in substantially diminished and augmented expression, respectively, of a subset
of small GTPase proteins, including RHOB and RHOC. Our results also revealed that the stability
of RHOB mRNA is significantly increased in cells depleted of METTL3, suggesting an m®A-
elicited destabilization of this mMRNA. Those small GTPases that are targeted by METTL3 and/or
ALKBHS also displayed higher discrepancies between protein and mRNA expression in paired
primary/metastatic melanoma or colorectal cancer cells than those that are not. Together, this is the
first comprehensive analysis of the alterations in small GTPase proteome regulated by
epitranscriptomic modulators of m8A, and our study suggests the potential of an alternative
therapeutic approach to target the currently “undruggable” small GTPases.
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INTRODUCTION

Small GTPases of the Ras superfamily are molecular switches that undergo conformational
changes between the active guanosine triphosphate (GTP)-associated state and the inactive
guanosine diphosphate (GDP)-occupied state.l Members of this superfamily interact with
effector proteins and modulate diverse essential cellular processes including proliferation,
vesicular transport, and cytoskeleton organization.2-3 Mutations and aberrant expressions of
small GTPases (e.g. KRAS) promote the progression of various types of cancer.*° Indeed,
clinical studies have documented that numerous small GTPases, e.g. those in the RAS and
RHO subfamilies, are differentially expressed in tumor vs. normal tissues, and metastatic vs.
primary tumor cells.® In this vein, targeting small GTPases has drawn substantial attention
from academia and pharmaceutical industry for the development of cancer chemotherapeutic
agents.” Despite intensive efforts since the initial discovery of the RAS oncogenes over three
decades ago, no effective inhibitors have been approved for cancer treatment.8-10 Therefore,
alternative approaches to modulate the expression of dysregulated small GTPases may offer
new venues for cancer therapy.

A growing number of studies in recent years have shown that RNA metabolism can be
dynamically regulated by post-transcriptional modifications, where Af-methyladenosine
(mBA) is the most prevalent internal modification in mRNA.1! Previous studies have
established dynamic regulation of m6A in MRNA by the METTL3-METTL14 méA
methyltransferase complex and m8A demethylases (i.e. FTO and ALKBH5).12-14 When
bound by its reader protein YTHDF2, the m6A in mRNAs could lead to their destabilization;
15-16 the binding of m®A in mRNA by other reader proteins (e.g. YTHDF1 and YTHDF3),
however, enhances the stability and/or translation efficiency of the mRNA.17-19 In addition,
mBA within the 5”-untranslated region (UTR) of mRNA promotes cap-independent
translation in mammalian cells.20 Interestingly, dysregulations of epitranscriptomic
modulators were found to drive the abnormal expression of oncogenes at the protein level
and thus promote the growth, survival, and invasion of cancer cells.21-23 We hypothesized
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that the expression of small GTPase proteins may be subjected to regulation by méA
modulators.

In the present study, we test the above hypothesis by analyzing comprehensively the
alterations in small GTPase proteome in HEK293T cells upon CRISPR-Cas9-mediated
ablation of METTL3, ALKBH5, FTO, YTHDFI1, YTHDF2, and YTHDF3genes.?* To
achieve quantifications of small GTPase proteins in high sensitivity, reproducibility and
throughput, we employed a previously developed scheduled multiple-reaction monitoring
(MRM)-based quantitative proteomic approach, together with the use of synthetic stable
isotope-labeled peptides as internal standards.25-27 We observed altered protein expression
of several small GTPases, including the known tumor suppressor RHOB and metastasis
driver RHOC,® in cells depleted of METTL3 or ALKBHS5.

EXPERIMENTAL SECTION

Cell culture and gene depletion

HEK?293T human embryonic kidney epithelial cells (ATCC) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Thermo Fisher) supplemented with 10% fetal bovine
serum (FBS, Thermo Fisher) and 1% penicillin-streptomycin solution (PS, GE Healthcare).
The cells were maintained at 37°C in a humidified chamber supplemented with 5% CO2. All
knockout cells in the HEK293T background were generated by using the CRISPR-Cas9
genome editing method.28 In brief, plasmids (Addgene #62988) carrying required enzymes
and selected guide sequence (Table S1) were transiently transfected into HEK293T cells and
the single clones were selected. Successful knockouts of target genes were confirmed by
Sanger sequencing and Western blot analyses (Figure S1).

Cell lysis and proteomic sample preparation

To extract total proteins, approximately 8x10° cells were incubated on ice with 100 L of
pre-chilled CelLytic M cell lysis reagent (Sigma) containing 1% protease inhibitor cocktail
(Sigma) on-ice for 30 min. The cell lysate was centrifuged at 16000 g for 30 min at 4°C.
Supernatants containing total proteins were transferred to a chilled vial. Protein
concentration was measured by using Quick Start Bradford Protein Assay (Bio-Rad).
Approximately 50 g of total proteins was mixed with 4x Laemmli SDS loading buffer and
the mixtures were boiled for 10 min. Total proteins were resolved by 10% SDS-PAGE gel
and then stained with Coomassie Brilliant Blue R-250.

In-gel protein digestion was conducted as described previously.? In brief, gel bands
corresponding to a molecular weight range of 15-37 kDa were cut into 1 mm3 cubes, and
sequentially destained with 25% and 50% CH3CN in 50 mM ammonium bicarbonate (pH
7.8). Reduction and alkylation were performed by incubating the gel pieces in 10 mM
dithiothreitol (DTT) at 37°C for 1 h and 55 mM iodoacetamide at room temperature in dark
for 20 min, respectively. The proteins were digested with trypsin at 37°C for 18 h with an
enzyme/protein ratio of 1:100. Peptides were extracted from the gel pieces by sonicating in a
solution containing CH3CN/H2O/acetic acid (45/45/5, viv) and concentrated by Speed-Vac.
Prior to LC-MRM analysis, the tryptic peptides were desalted using C18 ZipTip (Agilent),
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concentrated by Speed-Vac, and reconstituted in 30 pL of 0.1% formic acid. Approximately
8% of the digestion mixture was spiked-in with a crude pool of synthetic small GTPase
peptides (New England Peptide, Inc.) (~4 fmol each) with a C-terminal [1°Nj, 13C¢]-labeled
lysine (+8.0 Da) or [°Nj, 13Cg]-labeled arginine (+10 Da).?>

Liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis and data

processing

The MRM-based LC-MS/MS experiments were performed on a TSQ Altis triple-quadrupole
mass spectrometer (Thermo Fisher) coupled with an UltiMate 3000 UPLC (Thermo Fisher)
and a Flex nanoelectrospray ion source (Thermo Fisher). The spiked-in sample was loaded
onto a 4-cm trapping column (150 pm i.d.) packed in-house with C18 resin (5 um in particle
size and 120 A in pore size, Dr. Maisch GmbH HPLC) with buffer A (0.1% formic acid in
water) at a flow rate of 3 uL/min. The peptides were eluted from the trapping column and
separated on an analytical column (75 pm i.d., ~25 cm in length) packed in-house with C18
resin (3 um in particle size and 120 A in pore size, Dr. Maisch GmbH HPLC), using a
gradient of 12-40% buffer B (0.1% formic acid in 80% CH3CN) and a flow rate of 300 nL/
min. The peptides were ionized with a spray voltage of 2200 V and an ion transport tube
temperature of 325°C. A resolution of 0.7 FW.H.M. was set for both Q1 and Q3.
Fragmentation of precursor ions in Q2 was conducted with 1.5 mTorr argon and the collision
energy was derived from default settings in Skyline (version 19.1.0.193).30

The mass spectrometer was scheduled to monitor the precursor to product ion transitions of
144 unique peptides of human small GTPases with a cycle time of 3 sec in a 4-min retention
time (RT) window. The retention time of the monitored peptides was predicted from its
normalized retention time (iRT) and the iRT-RT calibration curve determined from 10 tryptic
peptides of BSA.25: 31 The three most abundant y ions found in MS/MS acquired from
shotgun proteomic analyses were selected to quantify each peptide.

To enable robust peak detection, all target peptides were manually inspected and filtered
with dot-product (dotp) > 0.7.32 To calculate the relative quantity of small GTPases, the sum
of peak areas in the extracted-ion chromatograms (XICs) for the three monitored transitions
were normalized against those of corresponding spiked-in heavy isotope-labeled peptide.
The derived ratio of the knockout cells was further normalized against that of parental
HEK?293T cells. A total of three and four biological replicates were conducted for
METTL3~ and other knockout cells, respectively.

Real-time quantitative PCR (RT-gPCR) and mRNA stability assay

RNA was extracted from approximately 1x108 cells with Total RNA Kit | (Omega) and
purified with HiBind RNA mini columns (VWR). Total RNA (1 pg) was subjected to reverse
transcription and 66 ng of the resulting cDNA was mixed with Luna qPCR Master Mix
(New England Biolabs) in a 96-well optical reaction plate (Bio-Rad). RT-qPCR was
conducted on a CFX real-time PCR detection system (Bio-Rad). For mRNA stability assay,
cells were treated with 5 pg/mL of actinomycin D in a reverse chronological order prior to
harvesting cells for RNA extraction. The primer sequences used for RT-gPCR were:
GAPDH forward, GGTCGGAGTCAACGGATT, GAPDH reverse,
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ATCGCCCCACTTGATTTTG; RHOB forward, CGGACTCGCTGGAGAACA; RHOB
revere, GAGGTAGTCGTAGGCTTGGAT; RHOC forward, CAGTCTGAGCCTCCGGCAC;
RHOC reverse, GAGGAGGCAGGTCTTCCCAC.

Hierarchical clustering

RESULTS

The hierarchical clustering was performed using the default setting of the ClustVis online
tool with minor changes.33 Briefly, the Euclidean method was used for distance
measurement, and the tightest is clustered first in the tree ordering.

MRM-based Targeted Proteomic Profiling of Differential Expression of Small GTPase
Proteins in Cells Depleted of mSA Modulators

Recent studies revealed that dynamic and reversible formations of m8A in mRNA enable
cells to adapt rapidly to environmental stresses.34-36 Since small GTPases serve as upstream
molecular switches for numerous signal transduction cascades in response to extracellular
stimuli, we reason that the expression of small GTPase proteins may be dynamically
regulated by m8A modulators. To test this hypothesis, we systemically investigated how the
protein expression levels of small GTPases are modulated by epitranscriptomic regulators.
We utilized a previously established high-throughput MRM-based targeted proteomic
workflow to quantify, at the proteome-wide scale, the changes in expression of small
GTPase proteins in cells where the m6A writer (METTL3), eraser (ALKBH5 and FTO), or
reader (YTHDF1, YTHDF2, and YTHDF3) proteins were individually knocked out by
CRISPR-Cas9 (Figure S1).24-25

The MRM library contained a unique peptide for each of the 144 small GTPases, which
represent approximately 85% of the human small GTPase proteome.2”: 37 To fulfill sensitive
and reproducible quantification, we selected three most abundant fragment ions for each
peptide based on MS/MS obtained from shotgun proteomic analyses. We realized that the
potential differences in efficiencies of tryptic digestion and peptide recovery from gels may
affect the quantification accuracies for small GTPases. Thus, we always analyzed the lysates
of the knockout cells in parallel with those of parental HEK293T cells in each batch of
sample preparation (Figure S2). A mixture of synthetic stable isotope-labeled peptides with
identical amino acid sequences to our target analytes was employed as internal standards for
robust quantitation and was spiked into the samples prior to LC-MS/MS analysis (Figure
1A). Notably, the heavy peptides and the corresponding unlabeled sample peptides exhibit
nearly identical retention time and ionization efficiency.3¢ MRM analyses facilitated
quantification of > 80 small GTPases for each knocked-out background (Figure S3A-F,
Table S2), and 78 small GTPases were commonly quantified in all genetic backgrounds
(Figure 1B). It is of note that some peptides were only detected in the heavy form,
suggesting that these small GTPases are not expressed or expressed at very low levels in
HEK?293T and the isogenic knockout cells. Additionally, the failure in detecting in some
small GTPases may also arise from post-translational modifications that increase
pronouncedly the molecular weight of the small GTPase protein (i.e. to above 37 kDa)
and/or alter the mass of the small GTPase peptides selected for MRM analysis.
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Our results showed that depletion of METTL3 and ALKBHS5 altered the expression of small
GTPase proteins in HEK293T cells (Figure 1C). By imposing a cutoff ratio of 1.5-fold, we
found that the expression levels of 13 and 20 small GTPase proteins were substantially
altered in HEK293T cells upon genetic ablations of METTL3and ALKBH5, respectively
(Figure 2A). By using the same threshold, only a few small GTPases were, however, up- or
down-regulated at the protein level in cells depleted of FTO or any of the three m8A reader
proteins (Figure S3G-J). Our observation about the three m®A reader proteins is in keeping
with a recent study showing that YTHDF1, YTHDF2, and YTHDF3 assume redundant
functions, and their abilities in regulating mRNA stability becomes evident only when all
three paralogs are simultaneously depleted.3?

The results from the MRM-based small GTPase quantification suggest that METTL3 and
ALKBHS5 may be important regulators for the expression of some small GTPases at the
protein level (Figure 1C). In particular, 80 small GTPases were commonly quantified in
METTL3 '~ and ALKBHS5'~ cells (Figure S4). A hierarchical clustering analysis for the
commonly quantified small GTPases revealed the regulatory profiles of METTL3 and
ALKBHS5 in the expression of small GTPase proteins (Figure 2B).33 Notably, the protein
expressions of several small GTPases were significantly altered in cells depleted of
METTL3 and/or ALKBHS5 (Figure 2C), including the well-established regulators for cancer
metastasis, e.g., RHOB and RHOC, along with the less well-characterized RAB40A and
RAC2.5 40 Together, our results revealed the involvements of METTL3 and ALKBHS in
regulating the expression of small GTPase proteins.

Western Blot for the Validation of Differential Expression of Small GTPase Proteins in Cells
Depleted of m8A Epitranscriptomic Modulators

To further validate the findings made from the scheduled MRM analysis, we employed
Western blot analysis to quantify the small GTPase expression at the protein level. The
Western blot results confirmed the relative expression levels of RHOB, RHOC and several
other selected small GTPase proteins in METTL3"~ and ALKBH5'~ cells vs. the parental
HEK?293T cells (Figure 3A and B, Figure S5). Together, the quantification results obtained
from Western blot analysis are highly consistent with the proteomic data with an A2 value of
0.991, and a slope of 0.934 in linear regression analysis (Figure 3C). This result
demonstrates the excellent accuracy of the scheduled MRM approach in quantifying the
protein expression of small GTPases in cells depleted of epitranscriptomic modulators.

To further explore the involvements of METTL3 and ALKBHS in regulating small GTPase
expression at the protein level, we compared the transcriptome datasets retrieved from the
Broad Institute Cancer Cell Line Encyclopedia (CCLE) and the previously published
proteomic results acquired from the paired primary/metastatic melanoma cells (WM115/
WM266-4 and IGR39/IGR37) and colorectal cancer cells (SW480/SW620).26: 41-42
Interestingly, we observed a greater discrepancy between the mRNA and protein expression
for the small GTPases found to be regulated by METTL3 and/or ALKBHS5 in the present
study than those that are not, for which a normal distribution of mMRNA/protein ratio with the
median value being 0.87, 0.97, and 1.17 were observed in the WM115/WM266-4, IGR39/
IGR37, and SW480/SW620 paired cell lines, respectively (Figure S6). Notably, although the
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median ratio of the small GTPases regulated by METTL3 and ALKBHS5 in the IGR39/
IGR37 are close to 1, the ratio distribution is distinct from the non-targets (Figure S6B).
Interestingly, the expression of the well-characterized driver genes for melanoma metastasis,
e.g., ARF6 and RHOC, were down-regulated at the mRNA level but up-regulated at the
protein level in the metastatic melanoma cells relative to the paired primary melanoma cells
(Table S3).40: 43 Together, these results support that the differential expression of small
GTPases during the metastatic progression may be regulated by epitranscriptomic
modulators.

MRNA Metabolism Regulated by Epitranscriptomic Modulators

Aberrant protein expression of RHO small GTPases, e.g., RHOB and RHOC, drives the
migration and invasion of cancer cells.#0: 44-45 Our MRM analysis of small GTPase
proteome revealed altered expressions of RHOB and RHOC proteins in the METTL 3™~ and
ALKBH57!~ cells. To understand how METTL3 and ALKBH5 regulate the protein
expression of RHOB and RHOC, we carried out real-time quantitative PCT (RT-gPCR)
analysis for RHOB and RHOC transcripts in METTL3™~ and ALKBH57'~ cells. The results
revealed a similar trend in changes of mMRNA and protein expression (Figure 4A). Thus, we
hypothesized that METTL3 and ALKBH5 may alter the transcriptional efficiencies of
RHOB and RHOC genes and/or the stabilities of the resulting transcripts in cells. To
distinguish these two possibilities, we tested, by employing RT-qPCR analysis, the stabilities
of RHOB and RHOC mRNAs by treating cells with a transcription inhibitor, actinomycin D,
prior to harvesting cells for mRNA extraction. The results revealed an elevated stability of
RHOB transcripts with half-life being increased by approximately 1.5-fold in cells depleted
of METTL3 (Figure 4B). The mRNA of RHOC, on the other hand, was stable during the
monitored time window with a marginal decrease in parental HEK293T cells (Figure S7).
Together, our results demonstrated that the expression of RHOB and RHOC can be directly
or indirectly regulated by epitranscriptomic modulators.

DISCUSSION

In this study, we employed a facile MRM-based targeted proteomic analysis to study the
alterations in small GTPase proteome in cells depleted of m8A epitranscriptomic
modulators. With this high-throughput method, we were able to monitor 144 small GTPases,
which represent approximately 85% of the entire small GTPase proteome in human cells,
and commonly quantify 78 small GTPases among the cells depleted of mBA writer, eraser or
reader proteins. Moreover, we validated the MRM data by Western blot analysis (Figure
3C), and the quantification results obtained from the two methods are highly consistent,
underscoring the accuracy of the MRM-based target proteomic method in quantifying small
GTPase protein expression. To our knowledge, this is the first comprehensive analysis of the
entire small GTPase proteome regulated by m8A writer, eraser, and reader proteins. Our
results revealed the roles of epitranscriptomic modulators in regulating the expression of
small GTPases at the protein level.

The expression of small GTPase genes is tightly regulated, and maintaining their expression
levels within a proper range is pivotal for cell fitness.2 Mutations and abnormal expression
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of small GTPase proteins are among the key drivers for tumor development and progression.
540,46 The RHO small GTPases such as RHOC and RAC? are overexpressed in cancer cells
and are associated with poor patient prognosis. In contrast, RHOB was found to suppress
tumorigenesis.*—® Despite the importance of targeting small GTPases in anti-cancer therapy
and decades of intensive research efforts, no effective inhibitors for oncogenic small
GTPases have reached the clinic.®

Here, we found that the expression of small GTPase proteins, including several known
tumor drivers or suppressors, were significantly altered in the cells depleted of méA
epitranscriptomic modulators, especially the m®A methyltransferase METTL3 and
demethylase ALKBHS5 (Figure 1C, 2C). In addition, parallel RT-gPCR analyses further
revealed that METTL3 and ALKBHS5 directly or indirectly regulate the mRNA metabolism
of small GTPases and thus modulate their expression at the protein level (Figure 4, Figure
S7). These observations resemble recent findings that some epitranscriptomic regulators
assume important roles in oncogenesis.4’~48 Our findings that the tumor suppressor RHOB
and metastatic driver RHOC are regulated by METTL3 and ALKBHS5 provide potential
targets for therapeutic interventions of human cancer. Along this line, several small
molecules were discovered to modulate the activities of m8A methyltransferase (i.e.,
METTL3) or demethylases (i.e., ALKBH5 and FTO).23 49-51

Interestingly, we found that those small GTPases regulated by METTL3 and ALKBHS5 in
HEK?293T cells also possess higher discrepancy in the expression between mRNA and
protein levels in paired primary/metastatic cancer cells derived from the same patients
(Figure S6, Table S3). This finding, despite with limited size of the dataset, suggests that the
mOA writer and eraser proteins may be involved in altering the protein expression of small
GTPases during cancer progression. Moreover, this observation indicates that the m8A-
mediated epitranscriptomic pathway may constitute a very important mechanism
contributing to the discrepancy between the transcriptome and proteome. We realized that
only a modest number of small GTPases were modulated by METTL3 and ALKBHS5;
hence, it will be important to examine, in the future, whether the m®A-mediated
epitranscriptomic pathway constitutes a major mechanism contributing to the differences
between the transcriptome and proteome. This can be achieved by assessing how these m6A
writer and eraser proteins affect protein expression at the entire proteome level.

In summary, we demonstrated that depletion of METTL3 and ALKBHS5 perturbed the
expression of small GTPase proteins in cells. Interestingly, those small GTPases targeted by
METTL3 and ALKBHS5 also exhibited higher discrepancy between the transcriptome and
proteome in paired primary/metastatic melanoma and colorectal cancer cells. To our
knowledge, this is the first comprehensive analysis of the involvements of m6A
epitranscriptomic modulators in the expression of small GTPases at the protein level, and
our findings lay the foundation for alternative therapeutic approach to tackle the abnormal
protein expression of the currently “undruggable” small GTPases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. MRM-based targeted proteomic analysis for protein expression profiling of small
GTPasesin cells depleted of epitranscriptomic modulators.

(A) A schematic diagram illustrating the workflow of MRM-based targeted proteomic
analysis of the small GTPase proteome. In-gel tryptic digested peptides were spiked-in with
a mixture of synthetic stable isotope-labeled peptides of identical amino acid sequences
prior to LC-MRM analysis. The LC-MS/MS data were processed using Skyline. (B) A Venn
diagram showing the number of small GTPases in human proteome, the current MRM
library, and the commonly quantified in all knockout cells studied herein. (C) Violin plots
displaying the ratio distributions of knockout/parental cells of the quantified small GTPases
in cells depleted of m8A writer, eraser, or reader proteins.
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Figure 2. Modulations of the differential expression of the small GTPase proteome by mBA
writer and eraser proteins.
(A) A bar chart showing the substantially (>1.5-fold) up- (grey) or down-regulated (black)

small GTPases quantified from three (for METTL3~) or four (for ALKBH57'-)
independent LC-MRM experiments. (B) Hierarchical clustering of the differential
expression of small GTPase proteins between METTL3"~ vs. HEK293T and ALKBH5 '~
vs. HEK293T cells. (C) A dot plot showing the significantly up- and down-regulated small
GTPases in the METTL3 '~ (green), ALKBH5~ (red), or both (blue) cell lines relative to
the isogenic parental HEK293T cells.
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Figure 3. Western blot validation of the quantification results obtained from scheduled L C-
MRM analysis.

(A) lon chromatograms showing the traces of the three monitored transitions for unique
tryptic peptides of RHOB (y7, y8, and y9) (upper panel) and RHOC (y6, y8, and y9) (lower
panel) in METTL3 '~ and ALKBH5~ in comparison with parental HEK293T cells. The
traces for the unlabeled peptides in parental or knockout cells are shown in red and the
corresponding traces for the spiked-in heavy isotope-labeled peptides are displayed in blue.
(B) Western blot for validating the MRM results of RHOB and RHOC proteins in
METTLZ !~ and ALKBH57!~ cells vs. parental HEK293T cells. The band intensity of small
GTPases was normalized against that of tubulin and further normalized against the
corresponding ratio obtained for parental HEK293T cells. (C) Linear regression analysis of
the quantification results of small GTPase expression in protein level obtained from the LC-
MRM and Western blot analysis in METTL3~ cells vs. parental HEK293T cells.
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Figure 4. Expression and stability of selected small GTPase mRNA.
(A) RT-gPCR results for the steady-state mRNA expression levels of RHOB, RHOC, and

IFT27 genes, which encode RHOB, RHOC, and IFT27 proteins, respectively, in HEK293T
cells and the isogenic METTL3 '~ and ALKBH5!~ cells. The levels of transcripts of small
GTPase genes were normalized against that of the GAPDH gene. The data represent mean
SD of results obtained from three biological replicates. The o values were calculated using
two-tailed, unpaired #£test (*, 0.01 < p<0.05; **, 0.001 < p< 0.01; ***, p< 0.001; ns, p>
0.05) (B) RT-gPCR results showing the stability of RHOB mRNA. Cells were treated with
actinomycin D to block transcription in a reverse chronological order prior to RNA
extraction. The level of RHOB mRNA at each time point was normalized against that of
GAPDH and further normalized against that at O hr. The percentage of remaining mRNA
was fit with single-phase exponential decay Kinetics to calculate the half-life.
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