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Colocalization of cortactin and PH domain of BCR in HEK293T cells
and its potential role in cell signaling

D. S. Gurianov!, S. V. Antonenko, G. D. Telegeev!

nstitute of Molecular Biology and Genetics, NAS of Ukraine
150, Akademika Zabolotnoho Str., Kyiv, Ukraine, 03680

Introduction

Chromosomal translocation t(9;22)(q34;q11) leads to generation of different types of the BCR-ABL fusion
protein and cause different types of leukemia. The generated fusion proteins differ by the presence or absence
of certain domains of BCR — C2, PH, and DH. Mass-spectrometric analysis identified 23 possible interaction
partners of PH domain of BCR. Among them is cortactin (CTTN), which is a multidomain protein responsible
for the actin branching during endocytosis. The activation of cortactin occurs after phosphorylation by SRC
kinase. However, it is unknown whether ABL kinase can phosphorylate and activate CTTN in the same man-
ner. Aim. To demonstrate whether CTTN and PH domains of BCR colocalize in HEK293T cells, to analyze
possible phosphorylation sites for the ABL kinase in the cortactin and to make a comparative prediction for
SRC kinase. Methods. HEK293T cells were transfected with the engineered pECFP-C3-CTTN and pm-
Citrine-C1-PH using a cationic polymer transfection and evaluated with fluorescent microscopy. Putative
phosphorylation sites of CTTN by ABL and SRC kinases were predicted by GPS 2.1 software. Results. PH
domain and CTTN were expressed in HEK293T cells and show specific cellular colocalization. Phoshorylation
sites for ABL kinase (Y384, Y396, Y409, Y416, Y427, Y433, and Y449) were detected in the proline-rich
region of CTTN; they match the corresponding sites predicted for SRC kinase. Conclusions. We have shown
that CTTN has a cytoplasmic localization; PH domain of BCR was localized predominantly but not exclu-
sively in the nucleus. Their partial colocalization occurs in specific dot-like perinuclear regions. A potential
phosphorylation of CTTN by ABL may be one of the activation pathways during leukemogenesis.
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and molecular weight is the absence or presence of
the functional domains of BCR protein in the fu-

Philadelphia chromosome is a distinct marker of
several leukemia types. It is a result of t(9;22)
(q34;q11) reciprocal chromosomal translocation,
which leads to the fusion of bcr and abl genes [1].
The resulting chimeric protein BCR-ABL exists in
three forms designated as p190, p210, and p230 ac-
cording to their molecular weight. Each form is as-
sociated with different leukemias: p190 is detected
in acute lymphoblastic leukemia (ALL), p210 is a
marker of chronic myelogenous leukemia (CML),
and p230 occurs during chronic neutrophilic leuke-
mia [2, 3]. The reason of such differences in length

sion protein BCR-ABL due to the different chro-
mosome breakpoints in bcr gene but not in abl/
gene. These domains are as follows: C2, Dbl ho-
mology (DH) and Pleckstrine homology (PH). DH
and PH domains are present in p210, but not in
pl90 form [2,4]. Consequently, these functional
domains may play crucial role in cellular signaling
that promotes development of either ALL or CML
phenotype [5]. DH domain has Rac GTPase activ-
ity and therefore is important in the GTP-dependent
cellular signaling [6, 7]. From the other hand, a
function of PH domain may vary because of its
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presence in many signaling proteins and limited
sequence similarity [8]. The mainly well-studied
function of PH domain is the ability to bind phos-
phoinositides . However this function is not the
only one and predominant [9, 10]. A function of PH
domain of BCR is still poorly understood, as well
as the function of BCR protein itself, making it a
perspective research object. This domain is also
important for protein-protein interactions. Previous
study conducted by Miroshnychenko et al. indi-
cated 23 potential interaction partners of PH do-
main of BCR among the cellular proteins in K562
cell line [11]. Several of those potential partners
may be grouped as the regulators of cytoskeleton
organization or the structural parts of cytoskeleton,
like cortactin (CTTN), cytokeratin 10 (KRT10)
and tubulin beta chain (TUBB). KRT10 and TUBB
are the structural components of intermediate fila-
ments and microtubules, respectively. Cortactin is
a multidomain protein that provides the actin
branching during the scission of clathrin-coated
pits [12] and the protein transport in Golgi network
[13, 14]. It requires activation upon phoshorylation
of its proline-rich region by Src kinase and interac-
tion with Arp2/3 complex [15-17]. The previous
data about the interaction of cortactin and PH do-
main of BCR were obtained by mass-spectrometry
of the protein complexes after pull-down of the
his-tagged PH domain of BCR with the proteins
from K562 cell lysate [11] and need to be con-
firmed with more reliable methods. This will shed
light on the spatial distribution of PH domain of
BCR and its possible interaction partners inside
the cell.

It is also important to investigate whether cortac-
tin could be a possible target for tyrosine phosphory-
lation by ABL kinase, as it is for Src kinase [18].

Materials and Methods

Genetic constructs

DNA fragment corresponding to coding sequence of
cortactin has been amplified from pOTB7-CTTN
construction (kindly provided by Pontus Aspenstrom,

Karolinska institute, Sweden) with CTTN sense
(5°-tatagaattc AGATGTGGAAAGCTTCAGCAGQG)
and CTTN antisense (5’-tataggatccAAAGAAGGC
CTGATCTGTAGTG) primers. Derived fragment
was column-purified and digested with EcoRI and
BamHI restriction endonucleases according to man-
ufacturer’s guide (Thermo Scientific). Digested
DNA fragment was ligated to pBluescriptll SK(+)
vector on EcoRI and BamHI sites and to pECFP-C3
vector on corresponding sites according to manufac-
turer’s instructions (Thermo Scientific). DNA frag-
ment of PH domain of BCR was subcloned from
pET32a-PH construction (created by D. Miroshny-
chenko) to pmCitrineC1 on BamHI/BglIl - HindIII
sites according to manufacturer’s instructions
(Thermo Scientific). After ligation of CTTN in
pBluescriptll SK (+) vector, ligase mix have been
transformed to Machl competent E.coli cells and
spread on LB agar plates containing 0.1 mM IPTG
0.03% X-Gal and 50ug/ml ampicillin and were
grown at 37°C for 18 hrs for blue-white screening.
After ligation of CTTN to pECFP-C3 and PH do-
main to pmCitrine-C1 the ligase mix have been
transformed to DH5a E.coli competent cells, spread
on LB agar plates with 50 ug/ml, and were grown at
37°C for 18 hrs.

DNA isolation and purification

DNA , cut with 2 restriction endonucleases, was
separated in 1% agarose gel and column-purified
with commercial kit (Thermo Scientific). The col-
onies on agar plates have been put into LB medium
containing an appropriate antibiotic and were
grown until late log phase. Minipreparation of
plasmid DNA from 5ml growth medium was per-
formed by a non-ionic detergent method [19].
Maxipreparation of plasmid DNA from 200 ml
growth medium was done by an alkaline lysis
method [20]. The plasmid DNA purification for se-
quencing was done on silica-based columns
(Thermo Scientific). The plasmid DNA purifica-
tion for transfection was done using a non-ionic
detergent solution with LiCl [21]. DNA purity and
concentration were measured on Nanodrop 2000
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(Thermo Scientific). The derived genetic construc-
tions were sequence-verified.

Cell culture and transfection

293T cells were grown until 90 % confluency in
DMEM complete at 37°C and 5 % CO, in 6 well
plate. For single transfections 2 ug of pECFP-C3-
CTTN and 1 ug of pmCitrine-C1-PH were used. For
cotransfection 2 ug of pECFP-C3-CTTN and 2 ug of
pmCitrineC1-PH were used, and appropriate control
vectors pECFP-C3 and pmCitrineC1 were applied in
amount of lug each. DNA was diluted in 200 ul of
DMEM and appropriate volume of PEI (3:1 ul PEL:ug
DNA) was dilluted in 200 ul DMEM. Both solutions
were mixed and put on room temperature for 20 min-
utes. The transfection mix has been added to the cells
covered with the DMEM complete and the cells were
grown for 24 hrs at 37°C and 5 % CO,. The expres-
sion of the target sequences was analysed by regular
widefield fluorescent microscopy.

Cell fixation and fluorescent microscopy

Previous to fixation, the cells were washed twice with
PBS prewormed to 37°C (140 mM NacCl, 2.7 mM
KCl, 10 mM Na,HPO,, 1.8 mM KH,PO,), fixed for
20 minutes in a fixation solution (4 % paraformalde-
hyde in PBS) at room temperature and washed thrice
in PBS. The cells transfected with single construc-
tions were additionally stained with DAPI at concen-
tration of 4ug/ml. The cell imaging was performed on
Leica Microscope. The images were documented by
a Canon digital camera and processed in Adobe
Photoshop CS5. The DAPI stained cells single- trans-
fected with pECFP-C3-CTTN were imaged in DAPI
and FITC filter channels respectively. The DAPI
stained cells single- transfected with pmCitrine-C1-
PH were imaged in DAPI and Cy3 filter channels re-
spectively and merged with green pseudocoloring of
Cy3 channel. The double-transfected cells were im-
aged in DAPI filter channel for ECFP fluorescence
detection and in Cy3 filter channel for mCitrine fluo-
rescence detection. Merging images of double- trans-
fected cells were done with green pseudocoloring of
DAPI channel.
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Bioinformatic analysis

An analysis of putative phosphorylation sites of
CTTN by ABL and SRC kinases was performed on
GPS 2.1 software [22].

Results and Discussion

The existence of BCR-ABL fusion protein correlates
with the development of some myeloproliferative
disorders. However, the exact mechanism of its im-
pact on certain signaling pathways is unknown.
Moreover, it is still unclear what provides such dif-
ferences in a disorder phenotype between the cells
that express p190 or p210 proteins. The structural
differences are determined by presence or absence of
C2, PH and DH domains, but their direct role is un-
known. Interestingly that PH domain is one of the
most represented proteome domains and appears
252 times in the human proteome [3, 8]. It has been
proposed that binding to phosphatidylinositol-4- and
-5-bisphosphate is not the predominant function of
PH domain, and indeed, only 20 % of PH domains
studied possess a strong affinity to this type of phos-
phoinositides while the rest have weak or no affinity
[8]. The fact that many signaling proteins have PH
domain shows it potential role in cellular signaling
[23]. In addition, this type of signaling may be fol-
lowed by the membrane and cytoskeleton remodel-
ing [10]. The previous data indicate that PH domain
often appears in tandem with DH domain, which
may be seen in the BCR protein [24]. DH domain is
necessary for the guanine nucleotide exchange fac-
tor (GEF) activity. The physiological relevance of
this tandem has been studied earlier [25]. For in-
stance, it was demonstrated that PH domain alone
does not always localize in a cellular membrane in
contrast to the case where it is in tandem with PH
domain, and that PH domain alone possesses a low
affinity to phosphatidylinositol-4,5-bisphosphate
when compared to DHPH tandem [26]. Moreover,
binding to plasma membrane seems to be necessary
for the conformational changes that promote access
for small GTPases and their targets to DH domain
[27, 28]. On the other hand, the full length proteins
with these domains often localize on a plasma mem-
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brane. This shows that specific interactions between
other multiply domains of BCR are required for
membrane anchoring. In this study we demonstrated
that PH domain of BCR is within the cell nucleus
(Fig 1, F). This is consistent with the earlier data of
Miroshnychenko et al. [11] and is quite surprising
because the full length BCR does not localize within
the cell nucleus.

Such interactions may also affect the binding
partners of PH domain. One of the possible binding
partners of PH domain of BCR is cortactin. This
protein is overexpressed in many types of cancer
[29]. However, in most cases this is true for solid

Fig. 1. Expression of target
proteins in HEK293T cells af-
ter transfection with appropri-
ate vectors. Single transfec-
tion with pECFP-C3-CTTN:
A — DAPI channel, B — ECFP
channel, C — merged A and B;
single transfection with pm-
Citrine-C1-PH: D — DAPI
channel, £ — mCitrine chan-
nel, ¥ — merged D and E;
double transfection with pm-
CitrinePH and pECFP-C3:
G — ECFP channel, H — mCi-
trine channel, / —merged G
and H; double transfection
with pECFP-C3-CTTN and
pmCitrine-C1: J — ECFP
channel, K — mCitrine chan-
nel, L — merged J and K; dou-
ble transfection with pECFP-
C3-CTTN and pmCitrine-C1-
PH: M — ECFP channel, N —
mCitrine channel, O — merged
M and N. The scale bar indi-
cates 10 um. Cells in I image
were outlined for approxi-
mate estimation of cell bor-
ders and shape.

tumors as cortactin is responsible for the cellular
invasiveness through the cortical actin branching
[30]. The normal function of cortactin is the branch-
ing of actin during endocytosis, specifically during
scission of clathrine-coated pits [13]. Several fac-
tors are required for the cortactin function: phos-
phorylation by Src kinase, interaction with Arp2/3
complex, and interaction with dynamin. Intere-
stingly that dynamin contains PH domain but there
is no evidence that it interacts with cortactin direct-
ly [12]. In terms of protein localization the data
about cortactin are rather contradictory. Being lo-
calized either on plasma membrane or Golgi com-
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Fig. 2. Phosphorylation sites
- 1 of cortactin by Abl kinase pre-
Acidic dicted in GPS 2.1 software.
nase, B — prediction for SRC
kinase. Image was generated
Y384y409 with DOG plugin of GPS
Y427 yaa9

plex this protein affects the Golgi morphology and
the post-Golgi transport [13, 31]. It is worth men-
tioning that the Golgi complex is rich for phospha-
tidylinositol-4- and -5-bisphosphates and phospha-
tidylinositol-4-monophosphate that also possibly
may be a target for the PH domain binding [32, 33].
An additional evidence of this is that GLGI protein
is among 23 possible protein interactants with PH
domain of BCR showing location on the Golgi cis-
ternae [11]. In the current study we expressed
ECFP-fused CTTN in HEK293T cells where it lo-
calizes in the dot-like structures and no significant
colocalization with a plasma membrane was seen
(Fig 1, C, M). This may indicate that CTTN colo-
calizes with the Golgi complex, although this find-
ing is required verification. When coexpressed with
PH domain, a typical picture of its colocalization
with CTTN was observed at specific dot-like re-
gions (Fig 1, O). This colocalization was statisti-
cally significant when analysed on the confocal im-
ages of identical cells using Pearson correlation
coefficient and Manders overlap coefficients com-
paring to the control samples (unpublished data).
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software.

We propose, that this may be perinuclear region or
some structures involved in the processes that both
PH domain and cortactin normally take part. These
findings could shed light on the role of cortactin
and PH domain in the BCR/ABL-induced oncogen-
esis. Cortactin is activated upon phosphorylation of
its proline-rich region by SRC kinase. Therefore,
we performed in silico prediction of possible phos-
phorylation sites of ABL kinase in the protein se-
quence of cortactin and compared it with predicted
sites for SRC kinase. The predicted sites are Y384,
Y396, Y409, Y416, Y427, Y433, and Y449 for
ABL kinase (Fig. 2, 4) and Y297, Y384, Y396,
Y409,Y416,Y427,Y433, Y449, Y464 for SRC ki-
nase (Fig. 2, B).

The prediction shows that 7 sites are identical
for both Abl and Src kinase and all of them are
within the range of proline-rich region. Interestingly
that one site predicted in the proline-rich region
(Y384) was experimentally demonstrated to take
part in cortactin activation [34]. These results need
to be validated experimentally, but are still a good
starting point for further studies on mechanisms of
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the cortactin activation by BCR-ABL. Another
possible implementation that may have colocaliza-
tion of cortactin and PH domain is involment in
endocytosis.

Taken together, cortactin is important in the mem-
brane and cytoskeletal remodeling that occurs dur-
ing endocytosis and vesicular transport, while a
characteristic function of PH domain is to bind
membranes rich in phosphatidylinositol-3-phos-
phate, phosphatidylinositol-4-phosphate and phos-
phatidylinositol-5-phosphate. Their colocalization
may be functionally important for the regulation of
cellular signaling dependent on the vesicular trans-
port. Further study would be focused on the experi-
mental validation of the cortactin phosphorylation
by ABL kinase predicted in silico, the direct interac-
tion between cortactin and PH domain. We also need
to determine which cellular structures are involved
in the overlay of CTTN and PH domain of BCR that
has been demonstrated in this work.

Conclusions

Cortactin has 7 predicted phosphorylation sites for
ABL kinase and they are all match with correspond-
ed predicted sites for SRC kinase. On the basis of the
previous data, it has been shown that phosphoryla-
tion of the proline-rich region of cortactin by Src ki-
nase leads to its activation but not suppression.
Therefore it is possible that phosphorylation of the
same sites by ABL kinase will lead to the same out-
come. However this indeed will be the case of fur-
ther experimental research of possible phosphoryla-
tion of cortactin by BCR-ABL. Cortactin is ex-
pressed in cytoplasm only and concentrated in dot-
like compartments around the nucleus. PH domain
of BCR has both nuclear and cytoplasmic localiza-
tion but is predominantly localized within the cell
nucleus. Cortactin and PH domain of BCR are par-
tially colocalized in the dense perinuclear dot-like
regions, which correspondence to the specific cellu-
lar structures is yet to be identified in a future re-
search. These findings are a starting point for the in-
vestigation of the role of BCR-ABL in the protein
sorting and endocytosis.
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Konoxkaunizanis koprakTuny i fomena PH 6inka BCR
B kiaiTunax HEK293T i ii mo:xi1nBa posib y KIHITHHHOMY
CUTHAJIIHTY.

. C. T'yp’saos, C. B. Autonenko, I'. /1. Tenerees

Xpomocomua TpaHciokais t(9;22)(q34;q11), sika IpH3BOAUTE 10
YTBOPEHHs TPbOX pi3HHX (opMm xumepHoro Oimka BCR-ABL,
IPHU3BOIUTH 10 BUHMKHEHHsI Pi3HUX (opM JeiikeMiil. Bonu Bia-
PI3HSIOTHCS HASIBHICTIO 200 BiJCYTHICTIO ITEBHUX JoMeHiB — C2,
PH i DH. Mac-cniekrpoMeTprdHuii anai3 inentudikysas 23 mo-
TEHLIIHUX KaHaugaTH Ha B3aemonito 3 tomeHoM PH BCR. Cepen
Hux Ounok xopraktuH (CTTN) — MynabTuioMeHHUH OiNOK, IO
Oepe y4acTb B pO3TaNy)KCHHI aKTHHY IIiJ Yac EHIOLHTO3Y.
AKTHBAIIiSI KOPT aKTUHY 3OIHCHIOETHCS 32 PaxyHOK (ochOpuItto-
BanHs KiHa3or0 SRC. Onnak HeBimomo, un 31arHa ABL kiHasza
dbochopuroaru Ta aktuByBatd CTTN cxoxum ynHOM. Meta.
Tlokazaru HasiBHICTH 200 BifCyTHiCTh Konokauizamii Mixk CTTN
ta tomeHoM PH BCR, nepen0aunTu HasiBHICTS caidTiB ¢pochopu-
nroBanHs ABL kinazoro B mociigosHocti CTTN Ta nopiBHSTH 1ii
caiiti 3 mependadenumu it SRC kinasu. Meromu. Kimitiau
HEK293T Oynu TpaHC(eKkoBaHI CTBOPEHHMH KOHCTPYKIISIMH
pECFP-C3-CTTN i pmCitrine-C1-PH 3a nonmomororo kaTioHHHX
nonimepiB. Moxnusi caiiti pochopumroBannst CTTN ABL kina-
3010 Oymu inenTndikoBani nmporpamoro GPS 2.1. Pesyasrarm.
Excmpecis nomeny PH i CTTN B knituHax 293T noxkasye ix cre-
ubivHe BHYTPIIIHBOKITITHHHE po3TainyBanHs. Caiiti pochopu-
moBanst ABL kinazoro (Y384, Y396, Y409, Y416, Y427, Y433,
and Y449) Gynu 3HaiineHi B Oarariit Ha iponid gimstHI CTTN i
CHiBIIAAIOTh 3 caiitamu, nepenbadeHnMu s SRC kiHazm.
BucHoBku. [Tokasano, mo CTTN Mae uToriasMaTiHyHy JIOKaTi-
3arito, B JoMeH PH stokanizoBaHumii mepeBaskHO B si/Ipi, aje MpH-
CYTHIH 1 B IUTOIIIa3Mi. BOHH 4acTKOBO KOJIOKATi30BaHH B CIICIH-
(iYHMX TOUYKOBUX HABKOJMOSICPHHUX AistHKaX. Moxmse docdo-
pumoBanass CTTN ABL kiHa30t0 Moxe OyTH OfHHM i3 IIUISXIB
aKTHBAIIl i/ 9ac JIeHKeMOreHe3y.

KawuoBi caosa: XMJI, BCR-ABL, nomen PH, CTTN.
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Konoxanusauus koprakTuHa u nomesa PH 6eaxa BCR
B kietkax HEK293T u ee Bo3mMoxkHast poJib B KJI€TOYHOM
CHUTHAJIMHTE.

J. C. I'ypesHoB, C. B. AnTOHEeHKO, I. [I. Tenerees

Xpomocomuas TpaHciokamust 1(9;22)(q34;q11), Bemyras k oopa-
30BaHUIO TPEX pasHbIX GopM xumMepHoro oemka BCR-ABL, mpu-
BOZIUT K BO3HUKHOBEHUIO PA3HBIX THUIOB Jielikemuii. OHM OTIHN4Ya-
I0TCS] HAUTMYHMEM WM OTCYTCTBHEM OIPEIeIeHHBIX 10MeHOB — C2,
nomenbl romosiornu mwieketpuHa (PH) u romonorun Dbl (DH).
Macc-CreKTpOMETPUICCKUI aHATU3 UACHTU(HIpoBan 23 mo-
TEHIMAJILHBIX KaHIWOAaT Ha B3aumoxeiictBue ¢ PH nomenom
BCR. Cpenu mux 6enok xopraktuH (CTTN) — MynbTHIOMEHHBIH
Oernok, Oepymuil yaacTre B pa3BeTBICHUN aKTHHA BO BPEMsI €H-
JomTo3a. kuHasoit B mocnenoBarensHocTH CTTN, a Taroke cpas-
HHUTh 3T CalThI C TAKOBBIMH AKTUBAIUS KOPTAaKTHHA OCYILECT-
BIsieTcs 3a cuet ero gocdopunmuposanus kunasoit SRC. Onqnaxo
He U3BeCTHO, MoxeT i1 ABL knHaza ocoprimnpoBars KopTax-
THH 1 aKTUBHPOBATh €TI0 TaKUM xke o0paszom. Lles. nmokasars Ha-
nrdue Wik orcyTeTBHe Komokammaruu Mexay CTTN n mome-
HoMm PH BCR, npenckazars Hamu4ue caiiToB pocoprmrpoBanust

ABL mmt SRC xwmuaszsl. Meroansl. Kierku HEK293T Owun
TpaHCc(erpoBaHbl co3naHHbIMH KOHCTpyKimsimu pECFP-C3-
CTTN u pmCitrine-C1-PH ¢ nomMompto KaTHOHHBIX ITOJIMMEPOB.
Bosmosknble caiitel ocdopummpoBanns CTTN ABL kunazoit
ObUIH MaeHTHUIMpoBaHb! porpamMmoit GPS 2.1. Pesynbrartsl.
Oxcnpeccust fomeHa PH u CTTN B kierkax 293 T nokasbIBaeT ux
crenuQuIecKoe BHYyTPUKIETOUHOE pactonokenue. Caiftsl doc-
dhopmmmposanns ABL xunazoit (Y384, Y396, Y409, Y416,Y427,
Y433, and Y449) 6butn HaiiieHbI B 60raToM MIPOJIMHOM Y4acTKe
CTTN u OHH COBIIAJAIOT C NpeCcKa3aHHBIMU caliTamu Gochopu-
muposanus Uit SRC kunasel. BeiBoabl. [Tokazano, uro CTTN
MMeeT IUTOIUIa3MaTHYeCKyIo JIOKanu3auio, a gomeH PH moka-
JIM3UPOBAH MIPEUMYIIECTBEHHO B APE, HO MIPUCYTCTBYET U B IIH-
TorasMe. OHM 9aCTHYHO KOJOKAIM30BAaHBI B CHEIM(PHIESCKHX
TOYKOOOPa3HBIX OKOJIOSIIEPHBIX ydyacTkax. Bo3mokHoe docdo-
puupoBanne CTTN ABL krHa30# MOXXET ObITh OHUM U3 ITyTei
aKTHUBaLlUK BO BpeMs JIEHKeMOreHe3a.

Kawuensie caosa: XMJI, BCR-ABL, nomen PH, CTTN.
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