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ABSTRACT

Role of the Scaffolding Protein p62Dok in Invasiges of Src-Transformed Cells.
(April 2011)

Ryan William Turkington
College of Veterinary Medicine and Biomedical Scen
Texas A&M University

Research Advisor: Dr. Gonzalo M. Rivera
Department of Veterinary Pathobiology

Tumor cells use actin-based structures capableegfading the extracellular matrix
during the process of invasion and metastasis. iResteidies demonstrate that the
adaptor protein Nck-2, an important link betweemosyne phosphorylation and
cytoskeletal remodeling, is required for invasiondancer cells. Using biochemical
approaches, we have previously uncovered thatddfotding protein p62Dok interacts
with Nck in transformed (tumor-like) but not nornealls. However, we know very little
about this interaction and the role of p62Dok inch@nisms of invasion of cancer cells.
We seek to determine if this interaction is impottan living cells. We used a
combination of molecular genetics, proteomics, hmgh-resolution optical microscopy
to determine the subcellular distribution of p62Dakd to determine if p62Dok is
required for tumor cell invasion. We have succdbsfinduced invasive structures in

fibroblasts and have made a fluorescent Dokl fupiatein. Preliminary data suggest



that Dokl localizes to these invasive structuretudi®s are ongoing to prove

conclusively that Dokl localizes to invasive stues.
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CHAPTER|
INTRODUCTION

Podosomes and invadopodia are actin-based stractiva¢ are involved in metastatic
invasion of cancer cells (Stylli et al., 2008). $henvasive structures can be induced by
introducing a constitutively active form of the $notein. Src is involved in cytoskeletal
remodeling. It is an oncogene which commonly havatked activity in cancer cells
(Stylli et al., 2009). Src-transformed fibroblastave an aberrant morphology and the
podosomes can be visualized by staining filamentmis with fluorescently labeled
phalloidin. The stained actin in Src-transformetisci®rms circular ‘rosettes’ which are
indicative of podosome formation (Winograd et a@D11). The adaptor protein Nck-2
has been localized via fluorescent confocal miapgdo podosomes which suggest that
Nck-2 has a role in the formation of podosomesl(iStiyal., 2009). It has recently been
determined via far western blot that Nck-2 and Dstneam of Tyrosine Kinase protein
1 (Dok-1, p62 Dok) interact with in Src-transformétroblasts, but not in normal
fibroblasts. The purpose of this research projgetbidetermine if Dok-1 is required for
podosome and invadopodia formation. To transformmmad fibroblasts to Src-
transformed fibroblasts, a retrovirus was made \aitbonstitutively active mutant Src
construct. A combination of fluorescent microsco@chniques including confocal
immunofluorescence and TIRF imaging with a Dok-1Pvfasion protein were used to

determine the subcellular localization of Dok-1 anddetermine if Dok-1 colocalizes

This thesis follows the style dburnal of Cell Biology.



with podosomes. Localization of Dok-1 to podosomesild suggest that it plays a role

in podosome formation in Src-transformed cells.



CHAPTERIII
METHODS

Creation of Dok1-GFP fusion protein

Primers for a polymerase chain reaction (PCR) vdasigned for use on an existing
Dokl template. After the PCR was run, the amplif@NA was digested with the
restriction enzymes Notl and Bglll. The parentaiteewith a GFP (MSCV) insert was
also digested with the same restriction enzymesh BXINA constructs were purified
using agarose gel electrophoresis. The parentabwvemd PCR product were then
ligated with T4 ligase. Competent bacteria (E. &dlR) were then transformed using the
product of the ligation and were selected with anfipi. Single colonies were picked
and grown in LB broth with ampicillin overnight. &e bacteria were centrifuged and
processed to separate the DNA from other cellwanponents. The plasmid DNA was
then separated from the chromosomal DNA by ultradagation with cesium chloride.
Next, a retrovirus was prepared by transfectingl2€dls with the Dok1-GFP construct
and the virus components gag.pol and env. The nuagtitaining the virus particles was
collected at regular intervals and frozen at -80°T@o types of NIH 3T3 cells were
cultured for infection with the virus. Normal 3Te&lls were cultured as a control and
cells with a mutated Src protein were cultured. Thatant Src protein induces
podosome formation in 3T3 cells. The infected celMsre then selected using
puromycin. Expression of the fusion protein wasficored with fluorescent microscopy

and western blot.



Imaging

The cells expressing the Dok1-GFP were seededglasa bottom Matek plate coated
with fibronectin for total internal reflection fluescence (TIRF) microscopy, a type of
microscopy that visualizes fluorescence at theroelnbrane. The TIRF was done in the
imaging laboratory at the vet school. Immunoflucesee was also done to visualize
colocalization with actin and Dok1. Cells were ffiseeded on coverslips coated with
poly-D-lysine. Cells were then fixed with parafolaehyde and permeabilized with
Triton-X100. The cells were blocked with 1% BSA amdubated with arn-Dok1
antibody. Then they were incubated withealyG secondary antibody mixed with DAPI
to visualize the nucleus and Texas red phalloidirvisualize filamentous actin. The
coverslips were mounted with fluorescein and tateethe imaging laboratory for the
fluorescent microscopy. LSM software was used togedhe images and determine

colocalization.

FACS Sorting

Cells were infected with the pLenti lentivirus atite cultures were expanded. The
confluent cultures were trypsinized, centrifugedid aresuspended in PBS. The
suspensions were taken to the flow cytometry figcét the Texas A&M Health Science

Center. Cells were analyzed with a 488 nm laselis @t had a fluorescence peak were

collected and expanded in culture.



CHAPTER 11
RESULTS

Cloning

We initially attempted to make a fusion protein@bk-1 using the MSCYV retroviral
system. We were unable to use the MSCV vectorfexirBT3 fibroblasts so we cloned
Dok-1 into the pLenti lentiviral system. We werdelo produce clones in the pLenti
vector. Agarose gel electrophoresis confirmed DB@lt1 was cloned into the vector (see

Fig. 1).

Figurel Agarose Gel Electrophoresis of the pLenki-
Dok-1 Clone. Lane 1 is the ladder. Lane three is the clpne.
The expected size of the clone is 9801 bases. The lighter
band is due to supercoiling of the uncut plasmid. Lane|4 is
the clone digested with the restriction enzymes Notl and
Smal. The linear vector should have a size of 7606 bases,
while the insert should have a size of 2195 bases. The
other lane:contain neaative clone




To test the expression of the Dok-1 fusion prote2@3T cells were chemically
transfected to express the protein. The cells weea harvested and the lysates were
analyzed using a western blot. To check the prpteenused an antibody that recognizes
the EYFP tag on the fusion protein, and an antibtbdy is specific to human Dok-1.
The lysates were run on an SDS-PAGE gel and théeipravas transferred to a
nitrocellulose membrane. The membrane was cut &whk could analyze the sample
with both antibodies. Both samples were blocked.B5% non-fat dry milk and were
then incubated with the appropriate antibodies sewbndary antibodies. An antibody
against3-actin was included on one of the membranes aadirlg control to ensure that
equal amounts of protein were added to each larshefmiluminescent reagent was then
added to the membrane and images were taken ussdmageQuant system. The
western blot using an antibody specific to Dokl #mel fluorescent tag confirmed that

our fusion protein was being expressed as we ieiske Fig. 2).
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Figure2 p62Dok-EYFP fusion protein
western blot. 293T lysates were run using SDS
PAGE electrophoresis. The exposure time was 30
seconds. After the ladder, the first lane containged
293T lysates transfected with no plasmid. Lang
two contained lysates transfected with 2 pg of
plasmid and the lysates in lane 3 were transfegted
with 5 pg of plasmid. The membrane on the left
was incubated with-Dok-1 polyclonal
antibodies and the two prominent bands indicate
that overexpression of Dok-1 occurred in the cells
that were transfected with the Dok-1 fusion
protein, but not in the control cells. The
membrane on the right was incubated withfthe
actin loading control and@GFP antibody. The
two prominent bands indicate that the fluorescent
protein was expressed with the Dok-1 protein
confirming the positive clone.

Podosome induction with c-Src Y 530F

To induce podosomes in the 3T3 fibroblasts, viras wrepared to induce the production
of a constitutively active form of the Src proteirhe tyrosine to phenylalanine mutation

in the 53¢ residue renders the protein constitutively actarel a retroviral vector



containing the mutant protein and puromycin resistawas already available. Viruses
were prepared by transfecting 293T cells with th8QW(puro)-Y530F c-Src plasmid,
and the DNA constructs needed to make a retrov8T8. cells were then infected with
the c-Src retrovirus and selected for using puromye kill the uninfected cells. After
the pharmacological selection, the cells infecteth whe virus remained healthy while
naive cells were completely killed with the druges&on. To confirm podosome
formation, the cells were seeded on a coverslipifonunofluorescence. Cells were
fixed with 4% paraformaldehyde and incubated withiodies against cortactin, a
known podosome marker. The cells were also incdbaith Texas-Red phalloidin, a
stain for filamentous actin. The cells were alsairgd with DAPI to visualize the
nucleus. The coverslips were then mounted and Nzgagawith a 510 META NLO laser
scanning microscope. The images were overlaid uti@lyl software for confocal

imaging showing the colocaization of actin and &ctith in the podosomes (see Fig. 3).



Figure 3 Confocal imaging of podosome production. c-Src 3T3 cells were
stained with a cortactin antibody (green), Tx-Red phalloidin (red), and DARI

(blue). Yellow indicates colocalization between cortactin and actin, marking a
podosome. Arrows are pointing to a selection of the podosomes in the image.

TIRF imaging
So far, TIRF imaging has had mixed results. Ceifedted with the mCherry-Actin

fusion protein do show strong localization of adbnpodosomes. Due to low infection



efficiency of the pLenti virus system, we have bestable to take images of cells
expressing both the mCherry —Actin and Dok-1-YF§ldao proteins. We are working to
increase the infection efficiency of the virus dndsorting the infected cells using flow
cytometry. We have had success with the cell spriithe efficiency of the infection

was 5%, but we were able to sort the cells to 9b%#\p
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CHAPTER IV
SUMMARY

Podosome induction

The cell lines that were infected with the c-Src3¥b virus consistently formed
podosomes and exhibited other hallmarks of tumdls,ceuch as loss of contact
inhibition. Immunofluorescence showed colocalizatiof actin with the podosome
marker cortactin confirming the formation of podoss in the c-Src 3T3 fibroblast
cells. The formation of podosomes in these celsna us to study the physiology of

invasive cancer cells.

Fusion protein creation and TIRF imaging

We encountered a problem with the creation of a-Dd@kFP fusion protein with the

MSCV retroviral system. We changed virus systemaude the pLenti system. We
successfully made the clone in the pLenti systeth @nfirmed the expression of the
protein with western blot. We optimized the usetled pLenti virus system and then
infected cells with the new virus. Attempts to \d@Bme colocalization between actin and
Dok-1 using TIRF were unsuccessful because of dhe ihfection efficiency of the

virus. The success of the cell sorting will allow to view any colocalization between

the two proteins with the TIRF system.

Futureresearch

We first noted the interaction of Dok-1 and Nck-Rhna far western blot using the SH2

domain of Nck. The SH2 probe localized to Dok-1tle@ nitrocellulose membrane (size

11
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62 kDa). We will confirm this interaction by immup@cipitation. We will lyse normal
3T3 cells and 3T3’s expressing the mutant Src proféhen we will precipitate the Nck-
2 protein with aruNck-2 antibody. Then a western blot will be runtwihe precipitant
and the membrane will be probed with @Dok-1 antibody to determine if Dok-1 was

pulled down with Nck-2.

Podosome formation is important to the release atrimn metalloproteinases that
degrade the extracellular matrix to allow the cwlsnetastasize, or invade other tissues.
Future studies of the role of Dok-1 in the formataf podosomes, and by extension the
molecular mechanism of metastatic invasion, willoilve knockdown of Dok-1. We will
use small interfering RNA (SiRNA) to prevent traatgdn of Dok-1 mRNA in c-Src 3T3
cells. We will also introduce a point mutation tetDok-1 protein (Y362F) that will
prevent phosphorylation of the tyrosine residué thil render the protein inactive. The
mutant protein will then be overexpressed in 3T8dblasts to make the cells dominant
negative for Dok-1. The dominant negative Dok-1udtidnave similar actin dynamics to
the Dok-1 siRNA KD. These two approaches to sto-Dactivity in the cultures will
confirm the physiological effects of Dok-1 on podo® formation. If the cells have a
significant reduction in their ability to form poslomes, then we will show that Dok-1 is
a key player in the formation of podosomes. We waiflo study the degradation of a
fluorescently labeled matrix quantitatively to detene if the loss of Dok-1 prevents the

degradation of the extracellular matrix by matrigtailoproteinases.
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