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CoA Synthase influences adherence-independent growth
and survival of mammalian cells in vitro
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Aims. We aimed to study the influence of the expression level, activity and subcellular localization of CoA
Synthase (CoASy) on anchoring independent growth and viability of in vitro cultured cells. Methods.
Abilities of cells to form colonies in semisolid agarose and survive in growth factor depleted conditions
were tested. A panel of HEK293 stable cell lines which over express wild type, catalytically inactive or
mitochondria association mutants of CoASy were used in the study. Effects of CoASy down regulation by
SiRNA on malignant phenotype of HepG?2 cells have been studied. Results. We report here that changes in
CoASy expression level affect anchoring independent growth and viability of mammalian cells. Catalytic
activity of CoASy and its association with mitochondria are crucial for mediating of the observed effects.
Conclusions. Presented data indicate CoASy has positive impact on activity of signalling pathways in the

cell and reveal unknown before functional link between signal transduction and metabolism.
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Introduction. CoA Synthase (CoASy) is mitochondria
associated enzyme which facilitates the last two
catalytic steps of de novo CoA biosynthesis in
mammalian cells [1, 2]. The final product of CoASy
enzymatic activity — CoA is ubiquitous carrier of
activated acyl moieties that is indispensable for the
metabolism of carbohydrates and lipids [3, 4].
Nevertheless, functions of coenzyme A and its
derivatives are not restricted by metabolism. They also
are involved in regulatory cellular processes [4]. Well
established example is acylation of proteins which is a
fundamental regulatory mechanism utilized by cells to
modulate variety of cellular processes including gene
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transcription [5, 6], signal transduction [7, 8] and
membrane trafficking [9]. Genetic analysis of
Drosophila melanogaster with hypomorphic mutant
alleles corresponding to one of the three CoA
synthesizing enzymes (PANK; PPCS; PPAT/PPCK)
revealed that CoA plays important roles in lipid
biosynthesis, cell protection from oxidative stress,
maintenance of DNA integrity, cell proliferation and
organogenesis [10]. Recently, we found that CoASy
form complexes with a number of signaling proteins in
mammalian cells. Its interaction with kinase of S6
ribosomal protein (S6K) [11], p85a regulatory subunit
of PI3K [12], Shp2 protein tyrosine phosphatase
(unpublished observation) and signaling proteins Shc
(unpublished observation) were revealed. Moreover,
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we found that siRNA mediated knock down of CoASy
level in HEK293 cells led to a decrease in activity of
Aktl, PDK Ser/Tre kinases and also tyrosine kinases in
a dose dependent manner [12].

In this study, we report that changes in expression
level of CoA Synthase influence the ability of adherent
cells to survive and proliferate without contacts with
extracellular matrix and also to survive in conditions of
growth factors deprivation. Catalytic activity and
subcellular localization of CoASy are essential for the
observed phenotype. Presented data together with
earlier observations [12] demonstrate positive impact
CoASy has on activity of signalling pathways in the
cell and reveal unknown before functional link
between signal transduction and metabolism.

Materials and Methods. Antibodies and reagents.
The production of anti-CoASy (C-terminus) antibody
was described previously [1]. Anti-Myc (9E10)
antibody was from Santa Cruz (Santa Cruz, USA).
Anti-tubulin antibody was purchased from Cell
Signalling (Cell Signalling, USA). The expressing
vectors pcDNA3.1 CoASy-Myc wt, pcDNA3.1
CoASy-Myc H203A/G400A and pcDNA3.1 CoASy-
Myc ATM were generated and described previously
[11, 13]. The CoASy and scrambled siRNAs were
obtained from MWG Biotech, Germany. siRNA
duplexes were transfected into HepG2 cells using
INTERFERin™ (Polyplus Transfection, France).

Cell lines and culture. Human embryonic kidney
293 and human hepatocellular carcinoma, HepG2 cells
were from the American Type Culture Collection
(Manassass, VA), and maintained in Dulbecco’s
modified Eagle’s medium supplemented with 10 %
fetal bovine serum, 100 U/ml of penicillin, and
100 pg/ml of streptomycin. HEK293 cell lines stably
overexpressing Myc-CoASy, Myc-H203A/G400A-
CoASy, ATMCoASy proteins were established by
transfection of linearized by Munl (Fermentas,
Lithuania) pcDNA3.1 based vectors or pEGFP-CI
plasmid. For transfections JetPEI (Polyplus Transfec-
tion, France) reagent was used according to manu-
facturer’s recommendations. Stably transformed cells
were selected on the standard growth medium supple-
mented with 800 pg/ml of G418 (Invitrogene, USA).
For CoASy knock down, HepG2 cells were transfected
with 200 pmol of CoASy siRNA or scrambled siRNA

with INTERFERin™ according to manufacturer’s
recommendations and 48 hrs after transfection
subjected to the analysis by immunoblotting and plated
in semisolid agarose as described further.

Extracts preparation and immunoblottings. Cells
were lysed with buffer containing 10 mM Tris, pH 7.5,
150 mM NaCl, 5 mM EDTA, 5 mM sodium fluoride,
1 % Triton X-100, 1 mM Na,VO, and a mixture of
protease inhibitors (Roche Applied Science, France).
Whole extracts were centrifuged at 10000 g for 20 min
at 4 °C. Immunoblotting was performed as described
previously [1]. The antigen-antibody complexes were
detected with ECL system (Millipore, USA). When
membranes had to be re-probed, they were stripped, re-
blocked and re-probed with other primary antibodies.

Trypan blue exclusion and colonies-forming
assays. The viability of generated HEK293 stable cell
lines was analysed in trypan blue exclusion assay. Cells
were resuspended in PBS 48 hrs post the initiation of
serum starvation. The portion of cells was thereafter
diluted 1:5 with 0.4 % trypan blue (Sigma, USA) and
scored under light microscopy. Viable (unstained) and
nonviable (blue-stained) cells were counted. The ratio
of total/dead cells was calculated and folds over EGFP
overexpressing cell line were presented as a graph. The
results are presented as the mean #s. d. of 5 inde-
pendent experiments, with p <0.05, a minimum of 200
cells being scored in each experiment.

To monitor the capacity of CoASy stable cell lines
to grow in semi-solid medium in vitro, cells were
transferred into 2 ml of complete DMEM containing
0.7 % low-melting agarose. 10’ cells were seeded into
35 mm dishes containing a 2 ml layer of solidified
1.2 % low-melting agarose in complete medium.
Colonies were stained 3 weeks later with MTT and
counted using Quantity One Software (Bio-Rad, USA).
The folds over control (EGFP overexpressing cells) are
presented as the mean £s. d. of 5 independent expe-
riments, with p < 0.05.

Results and Discussion. CoASy promotes cell sur-
vival. Normal differentiated cells require growth fac-
tors, hormones and contacts with extracellular matrix
molecules to sustain their viability in vitro and in vivo
[14-17]. It was described in multiple studies that
PI3K-Akt and Ras-Raf-MAPK1/2 signalling pathways
are the key players in transduction of survival signals
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Fig. 1. Overexpression of CoASy protein in HEK293 cells
promotes adherence independent proliferation and cell survival:
A — Overexpression of CoASy wt protein in HEK293 promotes
cells survival. HEK293 cells stably overexpressing CoASy-Myc or
EGFP proteins were serum starved for 48 hours. Cell viability was
estimated by trypan blue dye excision assay and ratio of total/dead
cells was calculated and plotted as fold change over EGFP
expressing cells. Data are means + s. d. of 5 experiments; p <0.01
(*against EGFP); B — Overexpression of CoASy wt protein but not
mutants CoASy H203A/G400A or ATMCoASy promotes
adherence independent proliferation of HEK293. wtCoASy,
H203A/G400A CoASy, or ATMCoASy overxpressing cells were
plated in agarose containing DMEM medium in triplicates as
described in material and methods. Three weeks later, colonies
were stained with MTT and counted using Quantity One Software
(Bio-Rad), fold change over EGFP was calculated and data
presented as means + s. d. of 5 experiments; C — Western blot
analysis of established stable cell lines for expression of
recombinant (top panel, anti-Myc) and overall, recombinant and
endogenous CoASy protein (low panel, anti-CoASy): / — GFP; 2 —
CoASy-Myc; 3 — CoASy-Myc 203/400; 4 — ATMCoASy-Myc

B-actin | w— e — —

from extracellular stimuli [18]. Appearance of inacti-
vating mutations in the genes of the pathway suppres-
sors (PTEN) or activating mutations in oncogenes
(Ras, PI3K, Akt) is known to lead to malignant trans-
formation of the cell [19]. We hypothesised that since
we detected effects of CoASy protein on phosphory-
lation state of downstream targets of PI3K pathway
[12], we could expect these changes to influence cells
behaviour. To test this we estimated ability of cells
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with experimentally manipulated CoASy to survive
and proliferate in conditions of growth factors and
extracellular matrix anchorage deprivation.

To start with we have generated a set of stable cell
lines which stably expressed Myc tag fused wild type
CoA Synthase [1], ATM CoASy mutant with deleted
mitochondria association signal [13] or catalytically
inactive CoASy 203/400 mutant with His203Ala and
Gly400Ala substitutions [11, 20]. Analysis of estab-
lished stable cell lines with anti-Myc and anti-CoASy
antibody is presented on Fig. 1, C.

We compared survival of HEK293 cells stably
overexpressing CoASy or control cells expressing
EGFP. To induce death, cells were cultured without
serum for 48 hrs and thereafter subjected to trypan blue
exclusion assay to assess cells viability. For the both
cell lines total and dead cells numbers were counted.
Viability was calculated as a ratio between these values
and presented as folds in comparison to EGFP
overexpressing cells (Fig. 1, 4). As a result, cells
overexpressing CoASy were in average 1.7 folds more
viable in comparison with control cells. It prompted us
to conclude that increased level of CoASy protein has
protective effect on cells in these conditions. One of the
explanations of these results is up-regulation of
survival signaling in CoASy overexpressing cells.

CoASy protein level affects anchorage-inde-
pendent cell growth. As a further test, the semisolid
agarose colonies forming assays was performed using
the same stable cell lines. As a result we found that
CoASy overexpression lead to increase in colonies
number formed in agarose up to 2 folds in comparison
to control cells (Fig. 1, B). Notably, similar results were
obtained in other cell line (NIH3T3) (data not shown).

We also addressed the question whether observed
increase in colonies number is dependent on catalytic
activity of CoASy. Since CoA Synthase possesses two
catalytic domains — phosphopantetheine adenylyltrans-
ferase (PPAT) and dephospho-CoA kinase (IPCoAK),
we generated stable cell line expressing CoASy en-
zyme with amino acids substitutions H203A and
G400A which result in inactivation of both catalytic
activities of CoASy [1, 20]. As it is seen from Fig. 1, B,
expression of catalytically inactive CoASy has no ef-
fect on colonies formation. This result indicates impor-
tance of CoASy catalytic activity for the observed
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Fig. 2. siRNA mediated knockdown of endogenous CoASy level in
HepG2 cells suppresses their ability to adherence independent
proliferation. HepG2 cells were transfected with siRNA directed to
CoASy or scrambled control as described in materials and methods.
48 hrs posttransfection cells were plated in agarose as in Fig. 1, B,
and efficiency of knock down was controlled by immunoblotting
with anti-CoASy antibody (right panel). 17 days later colonies were
stained with MTT and counted using Quantity One Software
(Bio-Rad), fold change over scrambled control were calculated and
data presented as means + s. d. of 4 experiments

increase in cells ability to anchorage-independent
proliferation.

Then, we were interested whether CoASy targeting
to mitochondria is required for the colony forming
phenotype. To estimate this we created stable cell line
overexpressing CoASy containing mitochondria
targeting sequence deletion, ATMCoASy (29-563 aa).
A subcellular localization and biochemical properties
of this transiently expressed mutant protein was
previously studied and described [13]. Because of
deletion of the first 28 aa from the N-terminus CoASy
mitochondrial localization is disrupted and protein
accumulates in the cytoplasm. Surprisingly, we found
that cells expressing ATMCoASy protein formed
significantly less colonies in semisolid agarose than
cells expressing EGFP (Fig. 1, C). Consequently, exp-
ression of ATMCoASy protein prevents the increase in
colonies forming ability observed in wt CoASy over-
expressing cells and dramatically suppresses ability of
cells to adherence independent proliferation (Fig. 1, C).
We conclude that both — CoASy activity and mito-
chondria localization are essential for promotion of an-
chorage independent cell growth.

Together, pro-survival, in serum depleted conditi-
ons, and anchorage-independence promoting effects of
CoASy indicate this protein as a potential oncogene.

Next, we were interested to confirm observed
results using alternative approach. We knocked down
the expression of endogenous CoASy in HepG2 cell
line that expresses malignant phenotype. In this case

siRNA mediated selective knock down of CoASy led
to significant reduction of a number of colonies formed
in agarose medium in comparison to cells which were
transfected with scrambled siRNA (Fig. 2, left panel).
The effective knock down of CoASy expression was
confirmed by immunoblot with anti-CoASy antibody
(Fig. 2, right panel).

CoASy is not unique metabolic enzyme changes in
expression or activity of which have impact on cellular
signalling. Two recent studies demonstrate that an
embryonic- and cancer-cell-specific isoform of the
glycolitic enzyme pyruvate kinase M2 (PKM2) is
regulated by binding to phospho-tyrosine motifs of
signalling proteins and promotes increased cell growth
and tumour development [21, 22].

Up-regulation of expression and activity of
lipogenic enzymes which mediate de novo fatty acids
synthesis is a widely reported event in tumour cells in a
variety of human cancers [23]. Well characterized
examples include fatty acid synthase (FAS) [23, 24,
25], acetyl-CoA carboxylase o [23, 25, 26] and ATP
citrate lyase (ACL) [23, 27]. Interestingly, it was
demonstrated that pharmacological or siRNA mediated
inhibition of FAS blocks cell proliferation, induces
apoptosis of cancer cells cultured in vitro and retards
the growth of tumors in murine xenograft models.
These findings have confirmed the potential of FAS as
a major target for antineoplastic intervention [23].
Notably, targeting of other lipogenic enzymes led to
the similar effects demonstrating that lipid synthesis
per se is important for survival of cancer cell [23, 27,
28]. The reasons of why it is so remain poorly
understood. The simplest explanation is requirement of
actively proliferating cells in lipids as biosynthetic
material. In contrast to lipogenic enzymes, CoA
Synthase is ubiquitously expressed and we did not
detect significant changes in its expression on the
protein level in at least tested cancer cell lines (O. B.,
I. N. and G. P. unpublished observations). However,
elevated levels of CoASy mRNA were reported for
cancer cell lines in comparison to normal tissues [2].

Similar to our observations, several effects of FAS
on cellular signalling have been reported. One of them
describes requirement of FAS activity for Aktl
activation. Moreover, other report that FAS overexp-
ression leads to a dramatic increase in the number of
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phospho-tyrosine-containing proteins, including hy-
perphosphorylation of epidermal growth factor recep-
tors HER1/HER2 [29, 30]. The mechanisms under-
lying these effects are not known. Nevertheless there
are several hypothetical explanations. It is known that
activated de novo lipogenesis change lipid composition
of cell membranes, promotes protein acylation, affects
the redox status in cancer cells and also may affect gene
expression [23]. All these effects potentially can
influence signal transduction in different pathways and
in PI3K pathway in particular. Coenzyme A is an es-
sential cofactor for lipid and energetic metabolism and
its availability may directly influence de novo
lipogenesis, TCA turnover and glycolisis all of which
change dramatically in cancer cells.

Conclusions. The observed effects of CoASy
expression, activity and subcellular localization on
anchorage independent growth and viability of
mammalian cells cultured in vitro prompted us to do
following conclusions. Increased levels of CoASy
protein have protective effect on cells in conditions of
growth factors deprivation and also support anchorage
independent growth. We hypothesize that these effects
mediated by up-regulation of survival signaling in
these cells. CoASy activity and mitochondria loca-
lization are essential for promotion of anchorage inde-
pendent cell growth. Knock down of CoASy exp-
ression in cancer cell line (HepG2) lead to the dramatic
decrease in ability of these cells to form colonies in
semisolid agarose. Notably, this ability is one of the
hallmarks of cellular malignant transformation.
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O. C. bpeyc, I. O. Hemaszanuu, 1. T. ['ym, B. B. @inonenxo,
I'. I'. Ilanacrok

KOA cuHTa3a BIUIMBa€ Ha HE3AJIECKHUM BiJ KOHTAKTIB 3
MO3aKITITHHHIUM MaTPUKCOM PIiCT Ta BUKUBAHHS KJIITHH CCaBIIiB

3a YMOB in vitro

Pesrome

Mema. Oyinumu enaus piensi ekcnpecii, Kamaiimu4Hoi aKkmueHo-
cmi ma cyokaimunnoi noxkanizayii KoA cunmasu na HesanexcHuil
610 KOHMAKMIG i3 NO3AKATMUHHUM MAMPUKCOM PICI MA BUNCUBAH-
HA KAimun y Kyaemypi in vitro. Memoou. Busuanu 30amnicme Kii-
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mun 00 Popmy8anHs KOIOHIN 8 HANIBPIOKIN a2apo3i ma GUICUBAHHS
3a siocymunocmi pocmosux gaxkmopie. Cmeopeno cmabinbui Kii-
munHui 1inii Ha ocnoei knimun HEK293, wo nadexcnpecyroms KoA
CUHmMA3y OUKO20 Muny, a maxKoic MymaHmmui — KAmaiimu4Ho Heax-
mueny gopmy, ab6o KoA cunmaszy iz denemosanoio nocaioognicmio,
wo 8ionosioac 3a acoyiayito 3 MimoxoHopiamu. JJocnioxcysaru ma-
Ko ehexmu onocepeoxkosarnozo MiPHK 3nudicenns enoo2ennozo
pisns KoA cunmasu na paxosuii penomun kaimun HepG2. Pe3ynb-
mamu. 3minu 6 excnpecii KoA cunmasu enausaiome Ha He3anexc-
HUL 810 NPUKPINJIEHHS picm | 8UNCUSAHHS KAimuH ccagyie. Kamani-
muuna akmuenicmov KoA cunmasu, a maxoac acoyiayis ii 3 mimo-
XOHOPIAMU BUABUNUCSH HEOOXIOHUMU O ONOCEPEeOKYBAHHS COCHe-
peoicenux egpexmis. Bucnosku. Ilpedcmasneni dani ekazyloms Ha
me, wjo KoA cunmasza wunumos no3umueHuil 6Nau6 HA CUSHATbHI
WAAXU KAIMUHU, Ma 8UABAAIOMb He8i0oMull paniue hyHKYionaib-
HUll 368 'A30K MidC nepeoasaHHsAM CUSHANI8 8 KAIMUHI ma memd-
0601i3MOM.

Kniwowuosi cnoea: KoA cunmasa, xoensum A, nezanedcHuil 6io
NPUKPINIEHHs PICM, HCUMMEZOAMHICIb KILIMUH.

O. C. bpeyc, U. A. Hemasanwvui, 4. T. I'ym, B. B. @uionenko,
I'. I'. Ilanacok

KoA cuHTa3a BiausieT Ha HE3aBUCUMBIH OT KOHTAaKTOB C
BHCKJICTOYHBIM MATPHUKCOM POCT U BBIXKMBAHHUE KJIIETOK

MJIEKOIUTAIOIUX B YCIOBUSAX in Vitro

Pesrome

Llenv. Oyenra eruanus yposHs IKCnpeccuu, Kamaiumuyeckou ax-
musHocmu u cyoxaemounou roxaruzayuu KoA cunmasel na nezagu-
CUMbLL OM KOHMAKMOG ¢ 6HEKAeMOYHbIM MAMPUKCOM POCH U
8blJICUBAHUE KIEMOK 6 KyaAbmype in vitro. Memoowl. B pabome oye-
HUBANU CNOCOOHOCMb KIIeMOK QOPpMUPOBAMb KOTOHUU 8 NOLYIHCUO-
KOU azapose u 8blICUBAMb 8 OMCYMCMEUU POCHOBbIX YaKMOpPOs.
bBvinu cozoanvt cmabunvhvie KiemouHvle TUHUU HA OCHOBE KIeMOK
HEK293, xomopwvie Haoskcnpecuposaiu KoA cunmaszy oukozo
muna, a maxace Mymanmuole — KAmaiumuiecku Heakmushyio gop-
My, b0 KoA cunmaszy c deremuposanoii nocied08amenbHoCmoio,
omeeuarouell 3a accoyuayuio ¢ mumoxonopusmu. Mccredosanuce
maroice apghexmor MuPHK onocpedosannoco crudicenus 31H002eH-
nozo yposns KoA cunmasvi na paxoswiii penomun xiemox HepG2.
Pesynomameut. Mzmenenus 6 ypogne saxcnpeccuu KoA cunmasul 61u-
ANU HA HEe3ABUCUMDbLI OM NPUKPENNEeHUs POC U 6blJICUBAHUE Kile-
mox  maexonumarowux. Kamanumuveckaa axmusnocms KoA
CUHMA3bL, A MAKICE ACCOYUAYUS ee C MUMOXOHOPUAMU OKA3ANUCD
HEe0OX00UMbIMU Ol ONOCPed08aHUsl HAON0Oaemblx 3ppexmos.
Boi6oowl. Ilpeocmasnennvie dannvie ykaszviearom, umo KoA cunma-
3a NO3UMUBHO AU HA AKMUBHOCHb CUSHAILHBIX NYyMell 6 Klem-
Kax MAeKOnumalowux, a maxdice 8CKpulealom Heu38ecmuyio pamee
DYHKYUOHATLHYIO C6:3b MedcOy nepedayel CUSHAN08 6 KiemKe U
Memadonu3IMoM.

Kniouegvie cnosa: KoA cunmasa, kopepmenm A, nHezagucumoiii
om npuKpenyienus pocm, JCU3HecnocoOHOCHb KIemox.
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