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Part 1: Entry of Human Pegivirus (HPgV) into Jurkat Cells
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Abstract
Human Pegivirus (HPgV) is a lymphotropic virus which causes infection in T and B
lymphocytes, including B cells, CD4+ and CD8+ cells. Human Immunodeficiency virus
(HIV-1) is the causative agent of Acquired Immunodeficiency Virus (AIDS) and shares
the same modes of transmission as HPgV. A relationship between HIV-1 and HPgV was
observed that is very significant which involves a lowered HIV-1 viral load, a higher
CD4+ T cell count and a better reaction to HAART therapy which ultimately leads to a
slower progression to AIDS in comparison to monoinfected HIV-1 patients. The form of
entry that HPgV could potentially use to infect human white blood cells (WBCs) are two
forms of endocytosis or viral fusion. Prior to determining the form of entry, infectious
virions had to be generated. Verification of the plasmid (pAF121950) took place using a
Diagnostic restriction digest. Plasmid isolation and linearization followed by proteinase k
treatment took place. Approximately 8 months, were spent on troubleshooting Phenol
chloroform extractions which included the various steps and reagents. Vacuum Grease
and Glycogen were incorporated into the method which significantly improved the yield.
The purified in vitro transcription product (IVT) was verified through an agarose and
bleach gel. Fluorescence-activated cell sorting (FACS) analysis was unable to be
completed due to cell death of the infected cells. The cell death could have attributed to
the various reasons which range from the transfection method, cytotoxicity from the
transfection agent or contamination of the RNA or reagents used during the transfection.
A different transfection method such as Calcium phosphate, Diethylaminoethyl (DEAE)Dextran or electroporation could be employed to generate infectious virions.
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Significance and Background

The Human Pegivirus

The human pegivirus (HPgV), formally known as GB virus type C (GBV-C) or
Hepatitis G virus (HGV), is an RNA virus belonging to the genus Pegivirus and is found
within the family Flaviridae (1). In 1967, researchers found that inoculating marmosets
with the isolated serum of a man with acute hepatitis, caused a similar disease in
monkeys. This virus was named the “GB-agent” based on the initials of the patient from
which it originated (2). In 1995, individuals from Abbott Laboratories identified two
similar viruses in the serum and liver of tamarins that were infected with what seemed to
be versions similar to the “GB-agent”. These viruses were named GBV-A and GBV-B
based on the lineage of serum samples. With the help of degenerate primers, a third virus
was identified via the amplification of sequences in human serum samples and named
GBV-C (3). Simultaneously, a virus present in the plasma of a patient with chronic
hepatitis was identified by Genelabs Technologies and named hepatitis G-virus (HGV).
Using genome sequencing analysis it was determined that GBV-C and HGV were
isolates of the same virus due to their 96% homology (4). However, GBV-C/HGV did not
cause hepatitis according to several studies and since no clear indication was provided
that the patient “GB” was actually infected with GBV-C, it was renamed as HPgV and
placed into a recently created genus known as Pegivirus (5).
In the United States, 1-4% of healthy blood donors are viraemic with HPgV at the
time of donation, however HPgV, as of yet, has no distinct association with any human
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pathology (1). It is a lymphotropic virus, which infects T and B lymphocytes, including
CD4+ and CD8+ T-cells , as well as Peripheral Blood Mononuclear Cells (PBMCs) (6).
HPgV is a blood-blood-borne pathogen, thus, transmission of the virus can be through
infected blood, sexual contact, IV drug use, as well as from pregnant mother to child.
HPgV is a single-stranded, positive-sense RNA enveloped virus, that consists of a single
long open reading frame (ORF), 9.4 kb in length. In similarity to the genomic
organization of HCV, HPgV has an internal ribosomal entry site (IRES), which controls
the translation of the viral polyprotein and is located in the non-translated region (NTR)
at the 5’ end of the genome. A 3’ NTR, which participates in RNA replication, is located
after the polyprotein in the GBV-C genome. Structural (S) and non-structural (NS)
proteins are produced from the 3,000 amino acid polyprotein through post-translational
processing by viral proteases and signal peptidases (4). Figure 1 displays the genomic
organization of HPgV.
Non-structural proteins of HPgV consists of a protease NS2, an RNA helicase and
trypsin-like serine protease known as NS3 (7), NS4, a membrane alteration inducer and
NS5A a multifunctional phosphoprotein (8), as well as a RNA-dependent RNA
polymerase known as NS5B (7). In addition, the polyprotein encodes two envelope
glycoproteins known as E1 and E2, which are the structural proteins of the virus (7).
E1 and E2 proteins make up the viral envelope of HPgV and are predicted to form a
heterodimer (8). It appears that E2 is involved in the binding of the cell however no
receptors of the E2 protein have yet been identified. Between the amino acids 279 to 298
of the E2 protein there is a putative fusogenic peptide, similar to HA in influenza and
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gp120 SU protein of HIV-1, which can insert itself into the membrane by creating a
hemi-fusion intermediate, followed by viral envelope and cell membrane fusion (9).
Previous studies suggested low-density lipoprotein receptor (LDLr) may have
involvement in the entry of HPgV and HCV (5), but this remains to be confirmed.

Figure 1: The genome organization of HPgV (5). The polyprotein consists of a 5’NTR
and 3’NTR and is cleaved into structural (S) and nonstructural (NS) proteins by viral
proteases and signal peptidases. The structural proteins are the envelope glycoprotein 1
(E1) and envelope glycoprotein 2 (E2).
Human Immunodeficiency Virus (HIV-1) is the causative agent of Acquired
Immunodeficiency Syndrome (AIDS). According to UNAIDS, it is estimated that as of
2018, 37.9 million people were infected with HIV-1 total worldwide with 36.2 million
being adults and 1.7 million being children less than 15 years of age1. Additionally,
individuals that are newly infected with HIV-1 in 2018 are approximately 1.7 million
people total with 1.6 million being adults and 160,000 being children at the age of 15 or
younger1. The region with the highest number of people living with HIV-1 is currently in
Eastern and Southern Africa with 20.6 million following Asia and the Pacific with 5.9
million1.

1

https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
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The Human Immunodeficiency Virus Type-1 (HIV-1)

HIV-1, is a lentivirus that can be transmitted through contaminated blood or blood
products, from pregnant mother to child as well as through sexual contact. It is predicted
to originate from Central Africa before migrating to Haiti and then to the USA prior to
ultimately reaching every country worldwide (10). The virus targets and depletes CD4+
T-cells, which leads to opportunistic infections, such as pulmonary tuberculosis and
several cancers, such as non-Hodgkin B cell Lymphoma and Kaposi Sarcoma, as well as
various bacterial and viral infections such as Herpes Simplex Virus (HSV) and
Pneumonia and parasitic infections, such as Isosporiasis. Since 1981, 32 million people
have died from AIDS-related diseases. However, since the peak in 2004, AIDS-related
deaths have been reduced by over 56%. Approximately, 770,000 people died from AIDSrelated illnesses worldwide in contrast to 1.7 million in 2004 and 1.2 million in 2010 a.
The relationship between HIV-1 and HPgV is very important because it has been
observed that HIV-1 infected individuals co-infected with HPgV have a decreased HIV-1
viral load, an increase in CD4+ T-cell count, react better to HAART therapy and have a
slower progression to AIDS in contrast to individuals infected with HIV-1 only (11).
HPgV infection is common in individuals who are infected with HIV-1 since both share
the same modes of transmission (11). According to Rey et al. (2000), HIV-1/HPgV coinfection, showed a high concentration of antibodies to the E2 protein which was an
indication of the protective effect, with an overall prevalence rate of 62.4% (12). HPgV
was present in 68.5% of intravenous drug users, 71.7% of homosexual men, 52% of

7

individuals who obtained HIV-1 through heterosexual contact and 52.6% of transfusion
recipients (12).

Viral Entry

The mechanism that HPgV utilizes to gain entry into human white blood cells has
been investigated, but still remains elusive. The focus of this research was to determine
how HPgV enters cells using clathrin or caveolae mediated endocytosis or envelopemembrane fusion. The importance of this research is critical since it will aid in
understanding how HPgV enters its target cells, slows down the process of HIV-1, as
well as provide additional knowledge in generating more effective therapies.

Clathrin-Mediated Endocytosis

Clathrin mediated endocytosis (CME) involves the internalization of cargo into
cells using vesicles known as clathrin-coated vesicles (CCV), which forms through
inward invagination from the plasma membrane. Because this mechanism is involved in
crucial cellular processes, such as nutrient uptake, cell-cell signaling and membrane
recycling this mechanism is highly regulated. The process of bringing the extracellular
environment into the cell is termed endocytosis. The principal element that comprises the
coat that forms around the vesicles to be endocytosed is known as clathrin which is
incapable of directly binding to the plasma membrane (13). Clathrin is comprised of three
heavy chains (192-kDa) which are individually linked to one of the two light chains
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which are LCa or LCb (~30 kDa). When observed through a negative stain or rotary
shadowing this composition is known as a triskelion. Figure 2 displays the structure of
clathrin and how it polymerizes to form a clathrin-cage. Polygonal lattices, which are
comprised of hexagons and pentagons, are created by triskelions, which ultimately allow
for clathrin-coated vesicle formation as well as, restriction of the budding site (14) (see
Figure 2).

Figure 2: The structure of a clathrin triskelion and a clathrin coated vesicle a) A
clathrin triskelion with it’s different components b) Polygonal lattices made up of
hexagons and pentagons generate the coated vesicle using the clathrin triskelion c)
scanning electron micrograph of clathrin coated vesicles2
The development of a clathrin-coated pit (CCP) is the initial step for clathrin
mediated endocytosis (15). According to McMahon et al. (2011), it was originally
predicted that initiation of a clathrin coated pit begins with protein adaptor protein 2
(AP2) being recruited to the plasma membrane. However, current studies have
determined that initiation is established with the generation of nucleation modules which
are located on areas of the plasma membrane where vesicle budding and clathrin

2

https://www.open.edu/openlearn/ocw/mod/oucontent/view.php?id=2532&extra=thumbn
ailfigure_idm45716838822624
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recruitment will occur (15) (see Figure 3). These Nucleation modules are composed of
Fer/Cip4 homology Domain Only (FCHO) proteins, Epidermal Growth Factor Receptor
Substrate 15 (EPS15) and Intersectin (15). FCHO (FCHO1 and FCHO2) are proteins
which encompass an F-Bar domain which binds to the cell membrane and causes the
membrane to curve, forming what will eventually become the clathrin-coated pit (13).
Epidermal growth factor receptor 15 (EPS15) and Intersectin are endocytic scaffolding
proteins that when absent inhibit the localization of FCHO 1/2 at the plasma membrane
indicating how essential they are in clustering FCHO ½ molecules which starts
endocytosis due to initial bending of the membrane (13).
Once endocytosis has been initiated, cargo selection is performed by recruitment
of AP-2 and other adaptor proteins specific to the cargo (15). Besides being a stable
protein, the structure of AP-2 involves four different polypeptide chains: the α-subunit
and β2-subunit which are both ~100 kDA, a μ2-subunit which is 50 kDa and a σ2 subunit
which is 17 kDa (16). Using the μ and σ subunit, AP-2 binds directly to phosphatidylinositol-4,5-bisphosphate (PtdIns (4,5) P2) by associating with motifs in the cytoplasmic
tail of the transmembrane receptor, and with the help of its appendage domains binds
indirectly to cargo and accessory adaptor proteins. Once AP-2, as well as, other cargo
specific adaptor proteins are bound to the cargo of choice the formation of the clathrin
coat is underway (15). The formation of the clathrin lattice is induced through a binding
sequence for clathrin that is present in the flexible hinge of the AP-2 appendage β2 which
interacts with the clathrin heavy chain (17).
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Dynamin GTPase, which is an accessory protein that has been extensively studied
in the process of endocytosis, is used to complete scission of the clathrin-coated vesicle
(CCV). This process is accomplished by the formation of oligomeric rings around the
neck of the vesicles to be endocytosed using GTP hydrolysis, however the mechanism of
how vesicle scission is accomplished is still unclear. It is predicted that scission is
completed either through the process of constriction, expansion of dynamin around the
vesicle neck or with the help of lysophosphatidic acid acyl transferase endophilin which
is a downstream effector protein (18).
After the vesicle has been excised the last step involves a process known as
uncoating, which is mediated by the ATPase molecular chaperone protein Heat Shock
protein 70 (HSC70) and its co-chaperone protein auxilin (18). Following the budding of
the vesicle, auxilin will bind to the terminal domain as well as the ends of the triskelia
while also locating itself under an adjacent triskelium. Enlisted by auxilin, HSC70 binds
to a motif positioned at the end of the triskelion under the “hub” of clathrin triskelia
which initiates the uncoating of the vesicle (15). Fusion with the endosome once the
vesicle is fully uncoated will occur and recycling will take place with its cargo (19).
Several viruses use clathrin-mediated endocytosis for viral entry. For instance, it has been
demonstrated that the avian leukosis virus subtype B (ALV-B) (20) as well as the
Hepatitis C virus (HCV) (21) require the clathrin-mediated endocytosis pathway for
successful viral entry.
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Figure 3: The steps that achieve Clathrin-mediated Endocytosis (15) Nucleation
modules which consist of Intersectin, EPS15 and FCHO 1,2 form during the initial steps
of nucleation. These modules indicate the sites on the plasma membrane where clathrin is
to be recruited. After nucleation, the modules recruit AP-2 which together with adaptor
proteins specific to cargo begin Cargo Selection. Subsequently, the heavy chain of the
clathrin triskelia interacts with the AP-2 appendage β2 through a clathrin binding
sequence which initiates the formation of a clathrin lattice and hence the generation of
the clathrin coat. Vesicle scission of the clathrin coated vesicle is completed by Dynamin.
Once, the vesicle has been excised it is uncoated using the protein Heat Shock protein 70
and its co-factor Auxillin. The uncoated vesicle then fuses with the early endosome.

Endosomal Pathway

As mentioned, after the CCV is internalized, uncoating occurs and the fusion with
the early endosome, a vesicle that consists of extensions that are from the cell periphery,
takes place (22). According to Cooper (2000), a membrane H+ pump provides the early
endosome with an acidic pH which causes ligand dissociation from its receptors within
the early endosome (22). The dissociated ligands and their receptors move to different
intracellular destinations. For example, Low Density Lipoprotein (LDL) dissociates from
the LDLr inside the early endosome (22). Cooper (2000) mentions, that with the help of
transport vesicles which bud from the endosome, LDLr is transferred back to the plasma
membrane. On the other hand, LDL is moved to the lysosome where it is degraded, and
cholesterol release occurs (22). Cooper (2000) states that, proteins of the membrane as
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well as ligands that are meant to be degraded in lysosomes move from the early
endosome to the late endosome and are located near the nucleus (22). Endocytic carrier
vesicles regulate this movement along microtubules. Due to the higher acidity of the late
endosome, it fuses with the transport vesicles that contain lysosomal hydrolases which
are from the Golgi Apparatus (22). Copper (2000) believes that from being a late
endosome, it matures into a lysosome obtaining lysosomal enzymes and increasing in
acidity. Acid hydrolases degrade the material that has been endocytosed inside the
lysosome (22).

Caveolae mediated endocytosis

Caveolae-mediated endocytosis is the process that involves the uptake of viruses,
receptors, bacteria as well as toxins through membrane invaginations known as caveolae
(23). These invaginations are coated with cholesterol and sphingolipids and thus are a
specific subtype of membrane rafts. Caveolae are comprised of the principal protein
known as caveolins, which are integral membrane proteins that are 21-24 kDa in size.
The coat of the caveolae is generated by caveolins via the formation of complexes that
are homo-oligomeric or hetero-oligomeric (24). Production of caveolin is accomplished
in the rough endoplasmic reticulum (ER) and is transported through the Golgi complex
until reaching the plasma membrane. Once caveolin has reached the plasma membrane,
stabilization of its oligomers is accomplished through cavins. Cavins are proteins found
in the cytoplasm that form heteromeric compounds that are brought to caveolae in
caveolin producing cells (25). It has been demonstrated that cells without caveolin do not
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produce caveolae suggesting a vital role for caveolin in the generation of caveosomes
(26). Caveolin-1, Caveolin-2, and Caveolin-3 comprise the caveolin family. Caveolin-1
or Caveolin-3 expression is adequate for the generation of caveolae, whereas the
expression of Caveolin-2 alone is insufficient for caveolae generation (27). The
composition of Caveolin-1 previously known as VIP-21-caveolin includes a membrane
sequence that is hydrophobic and contains 3 sites at the C-terminus that are palmitoylated
which aid in the stabilization of its hairpin loop (24). The non-enveloped DNA virus,
Simian Virus 40 (SV40), which is part of the Polyomavirus family, binds to the viral
receptor GM1 on the surface of the cell and uses the caveolae mediated endocytosis
pathway to gain entry into cells (28).
The initial steps of caveolae-mediated endocytosis are still controversial, which
involve the process of caveolae “sequestration” and lipid raft assemblies caused through
the interaction of the virus with the plasma membrane. This is possible due to the fact
that viruses have the ability to seize control of the process of endocytosis by gathering the
elements of lipid rafts or binding to glycosphingolipids such as GM1. Several crosslinking experiments involving components of lipid rafts have demonstrated that raft
clustering is crucial to the process of sequestering caveolae. It is inferred that caveolae
are not often generated de novo on the plasma membrane but rather develop through the
fusion of former caveolar vesicles with the plasma membrane while the scaffold of those
vesicles remains intact (29).
Caveolae-mediated endocytosis begins with the viral protein of SV40 binding to
the major histocompatibility complex (MHC I) of the target cell, following the receptor
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and ligand complex to move laterally along the plasma membrane until falling into a
caveolae membrane invagination (see Figure 4 step 1). Viral proteins remain in caveolae
approximately 20 minutes or longer following caveolae breaking off and moving as a
caveolin-coated vesicle in the cytoplasm (29). SV40 trapped in caveolae initiates
phosphorylation of tyrosine residues in proteins located on caveolae by the receptor
tyrosine kinase Src (see Figure 4 step 2). Caveolin-1, the principal substrate of Src, is
phosphorylated on tyrosine 14 and it is inferred that the phosphorylation of caveolin-1 is
necessary for the process of caveolae-mediated endocytosis (30). The phosphorylation of
caveolin proteins begins a signal transduction pathway causing actin fibers along the
membrane to collapse (see Figure 4 step 2). The interaction of actin with the caveolae
vesicle cause the generation of an actin patch, following a rush of actin production,
creating the appearance of actin tails (~1.5 μm) protruding from the SV40 loaded
caveolae vesicle (26) (Figure 4 step 3). Fission of the vesicle is accomplished by
dynamin-2, which form oligomers and interacts with caveolin-1 at the surface of the
membrane due to the increase in GTP hydrolysis activity after being phosphorylated by
Src at Tyr231 and Tyr597 (30) (Figure 4 step 4). Once the internalization of the vesicle is
complete the actin cytoskeleton will return to its natural formation and phosphotyrosines
will retreat. (Figure 4 step 5 and 6)
Previous studies have demonstrated that following excision, caveolae-coated
vesicles fuse with the early endosome. It has also been suggested that the vesicle fuses
with an organelle known as the caveosome, however, novel research has classified
caveosomes as a compartment similar to a late endosome or multivesicular bodies
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(MVBs) modified by CAV1 overexpression. This is hypothesis is still in its infancy,
since only one study has come to this conclusion. Once fusion with the early endosome is
completed, caveolae remains will be recycled to the plasma membrane (25). Besides
SV40, Hepatitis B virus (HBV), which is part of the Hepadnaviridae family, also enters
target cells by using caveloae mediated endocytosis (31).

Figure 4: The process of caveolae mediated endocytosis. SV40 binds to the major
histocompatibility complex of the target cell and moves laterally and becomes trapped in
a caveolae invagination. Phosphorylation of tyrosine residues causes a signal
transduction pathway and actin fibers long the membrane to collapse. The formation of
an actin patch followed by actin polymerization generates actin tails protruding from the
SV40 loaded vesicle. Dynamin-2 performs excision of the SV40 loaded vesicle by forming
oligomers. The actin cytoskeleton will return to its natural state and phosphotyrosines
retreat once vesicle internalization occurred. (26)

Viral Membrane Fusion

A mechanism that is of crucial importance in life is viral membrane fusion, which
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is the merging of the viral membrane with the target cell membrane. This is accomplished
through receptor binding causing viral and target cell fusion which allows the
nucleocapsid of the virus to enter into the newly infected cell. This mechanism is
controlled by type I transmembrane glycoproteins known as “universalists”, which drive
the entire viral membrane fusion process and are created as individual precursor proteins
(32). Envelope glycoproteins consist of a short region known as the “fusion peptide”
within their sequence which is essential for viral membrane fusion. The peptide, which
consists of glycine and hydrophobic components binds to the target membrane at the
beginning stages of membrane fusion. Receptor binding or low pH cause a
conformational change leading to the fusion peptide which was previously hidden to
become exposed allowing for fusion to occur (33). Fusion is prevented if the amphiphilic
region of the fusion peptide is mutated (32).
For viral membrane fusion to occur with a target cell, fusion proteins undergo
several changes in their conformation (33). Enveloped viruses expose several copies of
fusion proteins on their surface that are in the “prefusion conformation” state due to
limitations that come from somewhere on the same protein or a different viral protein.
The conformational change of the viral fusion protein occurs through two processes. The
first process known as “priming” allows the conformational change to be possible by the
means of proteolytic cleavage. The second process known as “triggering” starts the
conformational process which is accomplished through ligand binding. Viral fusion
proteins are classified as “Suicide enzymes” due to their inability to reverse the
“priming” step, unlike SNAREs, intracellular fusion proteins, which can reverse this
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process due to recycling using the ATP-dependent protein known as NSF (34).
The mechanism of viral membrane fusion can be accomplished by either viruses
that are not depended on pH and thus gain entry into cells by interacting with the plasma
membrane or viruses which fuse with the endosome due to low pH and thus gain entry
through endocytosis. The process begins with viral and target membranes coming into
proximity with each other causing local dehydration at particular areas of contact (35).
Membrane fusion is favorable in regard to thermodynamics; however, it has a high
kinetic barrier. Viral fusion proteins are capable of bringing the two membranes together
due to free energy that is released when undergoing conformational changes and thus are
able to lower the kinetic barrier (36). Once the membranes have come into proximity of
each other, “the hemi-fusion step”, follows where leaflets outside of the membrane will
fuse causing the production of the fusion intermediate, known as stalk. Generation of a
fusion pore is accomplished when the leaflets inside of the membrane eventually fuse
resulting in the viral genome moving into the cytoplasm of the target cell, which will
allow for viral replication to occur (35).
Based on their structural composition, viral fusion proteins are divided into three
classes. The Influenza virus and HIV-1 are members of the first class of fusion proteins
(Class I). The second class (Class II) includes members of the flavivirus, alphavirus and
bunyavirus. The third class (Class III) includes rhabdoviruses, herpesviruses, as well as
group 1 alphabaculoviruses (34). Proteins from class I are trimers from individual
precursors, which require cleavage for successful fusion to take place. Two fragments are
produced through this cleavage and a single peptide bond is eliminated. The first
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fragment generated is the N-terminal fragment, containing a receptor binding domain. In
the case of HIV-1 envelope protein this is the gp120 fragment. The C-terminal fragment,
which is the second fragment, is the fusogenic fragment that is restricted by the Nterminal fragment and only released once the N-terminal fragment is triggered. Gp41
contains a fusion peptide, which is located close by or in the N-terminus, as well as a
transmembrane anchor located near the C-terminus, which interacts with the viral
membrane (34).
For successful infection of HIV-1, the viral envelope protein (SU, gp120) of HIV1 or membrane proteins of the target cell incorporated into the virion through cell
attachment, regulate the binding of virions to the target cell (37). ENV is produced as a
precursor gp160, which is cleaved in the trans-Golgi network by a furin-like protease.
Gp120, the surface glycoprotein and the transmembrane glycoprotein gp41 result from
this cleavage. They both remain attached to each other as heterodimers (38). Following
virion attachment, the most crucial step for infection, is Env binding to its primary host
receptor CD4. The gp120 subunit is in charge of receptor binding and consists of five
fairly conserved domains (C1-C5) and five variable loops (V1-V5) which were identified
due to their genetic heterogeneity. With excluding V5, all other variable regions consist
of a loop structure formed through a disulfide bond at its base (37) .
Mainly located at the gp120 surface are variable loops, which have a crucial role
in co-receptor binding and immune evasion, specifically the V3-loop (Variable-loop 3).
Gp120 binds to the CD4 binding site (CD4bs) allowing gp120 to interact with CD4. This
binding leads to V1/V2 and eventual V3 rearrangement. The membrane fusion potential
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of gp41 is activated during coreceptor binding (37). The co-receptors for HIV-1 are
CCR5 and CXCR4. Cell tropism of a specific virus is determined based on the binding
affinity of gp120 to CCR5 or CXCR4. Viruses that use CCR5 as its co-receptor are
determined R5 viruses whereas viruses that use CXCR4 are determined to be X4 viruses.
Dual-tropic are viruses that can use CCR5 or CXCR4 as a co-receptor (39). Following
coreceptor binding, the virions move to an area where membrane fusion occurs.
Membrane fusion regulated by gp41 is the fifth and final step. The hydrophobic gp41
fusion peptide becomes exposed due to coreceptor binding and the peptide inserts itself
into the membrane of the target cell. This connects the host cell membrane, as well as the
viral membrane letting gp41 fusion peptide in the trimer to bring an amino-terminal helix
and a carboxy-terminal helix from each gp41 subunit to form a six-helix bundle sortinglike structure.
Since the fusion peptide allows the amino terminal helical region (HR-N) to be in
close proximity to the target cell membrane and the gp41 transmembrane domain allows
the close proximity of the carboxy-terminal helical region (HR-C) of the viral membrane,
the six helix bundle (6HB) is what causes the membranes to come into close proximity
creation a fusion pore (37). Figure 5 shows the process of viral membrane fusion.
There are various types of entry that viruses can use in order to initiate an
infectious cycle. Endocytosis or viral membrane fusion are pathways that hijacked by
viruses in order to gain entry. HPgV is a lymphotropic virus and although it is
apathogenic, its method of viral entry has still not yet been determined. Thus, the goal of
this research was to determine if HPgV uses one of the following pathways for viral
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entry.

Figure 5: The viral fusion cycle of HIV-1. Env consists of the glycoproteins gp120 and
gp41. Gp120 attaches to the CD4 primary receptor of the target cell through a CD4
binding site. This causes rearrangement of the variable loop 1-3 (V1-V3) which allows
for coreceptor binding. The membrane fusion potential of gp41 is activated when
coreceptor binding is initiated. Gp41 becomes exposed and inserts itself into the target
cell membrane and a six-helix bundle sorting-like structure generates to finalize
membrane fusion. (37)
Specific Aims
1) Create infectious virions through RNA transfection and infect PBMCs with the newly
generated virions.
2) Chemically inhibit clathrin and caveolar mediated endocytosis respectively. Observe
using confocal microscopy and measure viral entry using qRT-PCR.
3) Using fluorescent liposomes, observe and measure if HPgV uses fusion as a
mechanism for viral entry using a spectrofluorometer and confocal microscopy.
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Materials and Methods

Testing the effectiveness of the ampicillin resistant gene in the pCR2.1-TOPO plasmid
containing the HPgV insert

The HPgV full-length 9.2 kb viral clone was obtained through the NIH AIDS Research
and Reference Reagent Program, Division of AIDS, NIAID NIH: pAF121950 from Dr.
Jinhua Xiang and Dr. Jack Stapleton (40). Due to previous low plasmid yields in our lab,
the efficiency of the ampicillin resistant gene in the pCR2.1 plasmid containing the HPgV
insert was tested. Two 5 ml overnight Luria Broths were generated. One was inoculated
with DH5α containing pAF121950 and the second with regular Escherichia Coli
(American Type Culture Collection, ATCC, Manassas,VA) (cat# 25922). Both cultures
were incubated for 16 hours at 37 °C with shaking at 225 rpm. The following day, each
culture was streaked onto Luria broth-agar plates both with and without ampicillin (100
μg/ml). The plates were placed in the incubator at 37°C for 24 hours. Following
incubation, growth was present on the Luria Broth plates, however only the DH5α
containing the HPgV insert grew on ampicillin-supplemented plates. This experiment
confirmed that the ampicillin resistant gene is still active in the pCR2.1-TOPO plasmid.

Isolation of HPgV plasmid
Fifty milliliters of Luria Broth supplemented with (100 μg/ml) of Ampicillin (Sigma, St.
Louis, MO) where inoculated a colony from a Luria Broth plate supplemented with 100
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μg/ml of Ampicillin containing DH5α cells containing the plasmid pCR2.1-TOPO with
the HPgV insert. The bacterial overnight was placed in an incubator for 16 hours at 37°C
with shaking at 225 rpm. To achieve a high yield of plasmid DNA, the isolation was
performed by using the PureYield Plasmid Midiprep System (Promega, Madison, WI)
following manufacturer’s standard protocol using centrifugation. The DNA was eluted
using 600 μl of Nuclease-free water. The DNA concentrations were determined using the
Nanodrop 2000 Spectrophotometer (ThermoFisher, Scientific.Waltham, MA). Both
A260/A280 ratios and A260/A230 ratios were in the acceptable ranges, the DNA’s purity
was confirmed.

Restriction Digest and Agarose gel verifying pAF121950

After deep sequencing accomplished by Stapleton et al, several sequences were shown to
be incorrect or variant (personal communication). Thus, the integrity of the plasmid was
tested by first performing a virtual restriction digest using the plasmid-editing software
ApE created by M. Wayne Davis3. The restriction enzyme SmaI was used due to the fact
that it generated four distinct cuts in the plasmid. The diagram of the virtual digest is
shown in Figure 6a. Following the generation of a virtual digest, the isolated plasmid was
digested using 10 units of SmaI (cat # R0141S) (New England Biolabs, Ipswich, MA) for
1 hour at 25°C. The reaction components of the restriction digest are shown on Table 1.
A 1% agarose gel was prepared with the addition of ethidium bromide at 0.5 μg/ml,

3

https://jorgensen.biology.utah.edu/wayned/ape/
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following the addition of the samples for easy fragment identification. The gel was run at
90 V for 40 minutes, stained for 10 minutes and destained for 15 minutes in 1x TAE. The
gel is shown in Figure 6b. The pattern on the virtual digest as well as the pattern on the
agarose gel match verifying the presence of the insert in the plasmid.
Table 1: The reaction components for the digestion of the isolated plasmid product
which is the pCR2.1 Topo containing the HPgV insert

Components
1 μg plasmid DNA [(186.1 ng/μl)]

Amount (μl)
5.4 μl

SmaI (20,000 U/ml)

1 μl

Cutsmart Buffer (10X)

5 μl

Water

38.6 μl

Total

50 μl
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Figure 6: Restriction Digest of pCR2.1 Topo a) The virtual restriction digest of the
plasmid pCR2.1 Topo containing the HPgV insert b) A 1% agarose gel displaying the
digested and undigested plasmid products. Ethidium Bromide was added to the gel prior
to electrophoresis creating a final concentration of 0.5 μg/ml. Lane 1 (L-Ladder)
contains the 1 kb Tri-dye Ladder; Lane 2 (SmaI-restriction enzyme used) contains 220 ng
of digest product; Lane 3 contains ~200 ng of uncut plasmid

Phenol:Chloroform Extraction on Isolated Plasmid

After the plasmid was partially verified through a restriction digest, it was officially
verified through DNA sequencing. Three isolations of pAF121950 were combined in a
micro-centrifuge tube and in order to achieve a higher concentration and purity a phenol
chloroform extraction was performed on the sample. To the tube, 1 volume of
phenol:chloroform (1:1) was added followed by a 15 second vortex step. The mixture
was spun at full speed (17,000 x g) for 5 minutes at room temperature. The aqueous layer
was transferred to a new microcentrifuge tube and an additional phenol:chloroform was
added and vortexed, then centrifuged for 5 minutes at full speed (17,000 x g) at room
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temperature. The aqueous layer was transferred to a new microcentrifuge tube and 1
volume of chloroform was added, vortexed and centrifuged as above. An additional
chloroform step was repeated. The aqueous layer was transferred to a new
microcentrifuge tube and 1/10th volume of 3M sodium acetate and 2.5 volumes of ethanol
was added. The sample was mixed and incubated for 1 hour at -80°C. After incubation,
the tube was spun at maximum speed (17,000 x g) for 30 minutes. A pellet was observed
and the supernatant was decanted. To the pellet 250 μl of 70% ethanol was added
followed by centrifugation at maximum speed (17,000 x g) for 5 minutes. The
supernatant was decanted and the pellet was left to air-dry overnight at room temperature.
The pellet was resuspended in 50 μl of distilled water. The concentration of the sample
was determined using the Nanodrop 2000 Spectrophotometer from ThermoFisher
Scientific (Waltham, MA) and revealed an average concentration of 186.9 ng/μl with an
acceptable A260/280 and A260/230 ratio to proceed with the sequencing, which was
performed by Elim Bio (Hayward, Ca).

Isolation of HPgV plasmid
Six 5 ml Luria Broths supplemented with Ampicillin (100 μg/ml) were each inoculated
with a single colony from a Luria plate supplemented with (100 μg/ml) of Ampicillin
containing DH5 cells that contain the pAF121950 plasmid. The cultures were incubated
and shaken for 16 hours at 37 °C. The plasmid was isolated using the QIAprep Spin
Miniprep Kit (cat #27104) from Qiagen (Valenica, CA) following manufacturer’s
protocol. The DNA was eluted with 50 μl of Buffer EB and was added to the center of the
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QIAprep 2.0 spin column. The DNA concentrations were determined using the Nanodrop
2000 Spectrophotometer (ThermoFisher, Scientific.Waltham, MA). The A260/280 ratios
and A260/230 ratios were in acceptable ranges and thus the DNA’s purity was confirmed.

Linearization of HPgV plasmid

The isolated HPgV plasmid DNA was linearized using the restriction enzyme SpeI (cat #
R0133S) from New England Biolabs (NEB) (Ipswich, MA). Ten linearization’s were set
up according to the values listed in Table 2 with seven linearization’s using one plasmid
product and 3 linearization’s with a different plasmid product. The samples were placed
in the GeneAmp PCR System 2400 Thermocycler by Perkin Elmer (Waltham, MA) and
incubated for 1 hour at 37 °C and heat inactivated at 80°C for 20 minutes.
Table 2: The reaction components for linearization
Components
1 μg plasmid DNA
SpeI (10,000 U/ml)
BSA (100x)
NebBuffer 4 (10x)
vg H2O
Total

Amount (μl)
Varies
1
0.5
5
to 50 μl
50 μl

Proteinase K Treatment of linearized products

In order to deactivate the restriction enzyme as well as potential DNases/RNases, the
linearization products were treated with Proteinase K (cat #AM2546) (Thermo Fisher
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Scientific, Waltham, MA). The reaction volumes for the linearization products are shown
in Table 3. Both tubes were placed in a water bath at 50 °C for 1 hour.
Table 3: The reaction components for the proteinase k treatment
Components
SpeI digest products
Proteinase K (20 mg/ml)
SDS (5%)
Total

Amount (μl)
500 μl
3.50 μl
55.8 μl
559.3 μl

Phenol:Chloroform Extraction

The linearized DNA was purified and concentrated through 1:1 Phenol:Chloroform
extraction. Several months (~8 months) was attributed to obtaining concentrated and
purified linearized DNA by troubleshooting the Phenol & Chloroforms steps, as well as
reagents. However, this only led to low concentrations and purity as well as yields. It was
theorized that phenol/chloroform carry-over attributed to the low purity and yield. The
biology blog Bitesize bio indicated in an article the use of vacuum grease from Dow
Corning which would aid in the generation of a tight interface when a sample is treated
with phenol and chloroform allowing for complete recovery of the aqueous phase without
interference with the organic phase. The proteins remain under the silicone partition thus
allowing for a clear separation to obtain the aqueous layer. Glycogen (Sigma-Aldrich, St.
Louis, MO), which was kindly provided by Dr. Baysdorfer was also used in combination
with the vacuum grease tubes. Glycogen is a polysaccharide which can aid the
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precipitation of nucleic acids. It was possible to obtained linearized pure DNA with
acceptable A280/260 and A260/A230 ratios with the aid of vacuum grease and glycogen.

Isolation of HPgV plasmid
A 50 ml overnight culture containing Luria Broth supplemented with 100 μg/ml of
Ampicillin (Sigma-Aldrich, St. Louis, MO) was prepared. The overnight was inoculated
with a single colony from a LB+ Amp (100 μg/ml) plate containing DH5α cells with
pAF121950. The culture was incubated and shaken at 400 rpm in the incubator for 16
hours. The overnight culture was harvested using a Benchtop Sorvall Legend RT for 3
minutes at 8,000 rpm at room temperature. The pellet was resuspended in 4 ml of P1
buffer (Resuspension Buffer) and 250 μl of lysate was processed using QIAprep Spin
Miniprep Kit (cat # 27104) (Qiagen, Valencia, CA) according to the manufacturer’s
protocol. The plasmid DNA was eluted with 50 μl of TE, pH 8.0. The DNA
concentrations and purity was determined using the Nanodrop 2000 Spectrophotometer
from (ThermoFisher Scientific,Waltham, MA). Although there was acceptable
A260/A280 and A260/A230 ratios, the DNA concentrations appeared low. The DNA
eluate was pipetted back onto the column and incubated for one minute and centrifuged
for one minute at full speed (13,000 rpm). The concentration and purity of DNA were
measured again using the Nanodrop 2000 Spectrophotometer. DNA concentrations are
higher after re-elution. The DNA had a higher purity based on its acceptable A260/A280
and A260/A230 ratios. The plasmid yield from this experiment was high enough to be
used in downstream applications.

29

Linearization of the HPgV plasmid and Proteinase K treatment of linearization
products
Following plasmid isolation, 5 μg of the isolated HPgV plasmid was linearized using the
restriction enzyme Fast Digest SpeI (cat#FD1254) (Thermo Fisher Scientific,Waltham,
MA) and using the 10X Cutsmart buffer (cat# B7204S) (NEB, Ipswich, MA). Reactions
were placed in a heat block and incubated for 15 minutes at 37 °C. The reaction volumes
are shown in Table 4.
Table 4: The reaction components for linearization
Components
5 μg plasmid DNA
FastDigest SpeI
Cutsmart Buffer (10X)
Ultra pure H2O
Total

Amount (μl)
varies
5 μl
25 μl
to 250 μl
250 μl

In order to deactivate the restriction enzyme, as well as potential DNases/RNases, the
linearization products were treated with Proteinase K (cat #AM2546) (Thermo Fisher
Scientific, Waltham, MA). The reaction volumes for the linearization products are shown
in Table 5. Both tubes were placed in a water bath at 50 °C for 1 hour.
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Table 5: The reaction components for Proteinase k treatment
Components

Amount (μl)

SpeI digest products

250 μl

Proteinase K (20 mg/ml)

1.75 μl

SDS (5%)

27.9 μl

Total

280 μl

In-vitro Transcription

The linearized HPgV plasmid DNA was transcribed to RNA using the MEGAscript T7
Transcription Kit (cat # AM1334) from (Thermofisher Scientific, Waltham, MA)
following manufacturer’s protocol. Prior to transcription, the hood designated for RNAwork was sterilized by running the UV light for 15 minutes and all equipment inside the
hood was cleaned with 70% ethanol. Following sterilization, RNase Zap cat (#AM9740)
(Invitrogen, Carlsbad, Ca) was used on all surfaces and equipment inside the hood to
clear of RNases. Each 40μl reaction was assembled at room temperature in
RNAse/DNAse free 1.5 ml microcentrifuge tubes following the reaction set-up shown in
Table 6. Tubes were incubated at 37°C for 4 hours. Following incubation, 1 μl of
TURBO DNase was added to each reaction and mixed well with a micropipette followed
by incubation for 15 minutes at 37°C.
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Table 6: The reaction components for in-vitro transcription
Component

Amount (μl)

1 μg linear template DNA

varies

Enzyme Mix

4 μl

10X Reaction Buffer

4 μl

ATP solution

4 μl

CTP solution

4 μl

GTP solution

4 μl

UTP solution

4 μl

Nuclease-free H2O

to 40 ul

Total

40 μl

Phenol: Chloroform extraction of in-vitro transcription products

A phenol and chloroform extraction was performed on the in-vitro-transcription products
in the RNA hood. Prior to start, the RNA hood was run under UV light for 15 minutes
and cleaned with 70% ethanol followed by RNase Zap (cat # AM9740) (Invitrogen,
Carlsbad, Ca) to clear of RNAses. Each IVT product was brought to a volume of 200 ul
using DEPC-treated water. Following addition of DEPC water, IVT-derived RNA was
isolated via phenol:chloroform extraction and ethanol precipitation. The concentrations
and purity of each sample were determined using the Nanodrop 2000 Spectrophotometer
(ThermoFisher Scientific, Waltham, MA). Both samples had showed high concentrations
and purity and thus acceptable A260/A280 and A260/A230 ratios.
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Verification of RNA products using a 1% non-denaturing agarose gel

The quality of the RNA products was verified by performing electrophoresis with a nondenaturing 1% agarose gel containing 10 mg/ml EtBr. The size of the RNA fragments
was determined by using 2 μl of ssRNA ladder (NEB, Ipswich, MA) which ranges from
500-9000 bases. The ladder was combined with 2 μl of 1x TAE and 2 μl of 6X loading
dye. 1 ug of each sample was combined with 2 μl of 1x TAE and 2 μl of 6x loading dye
and was loaded onto the gel. Visualization was established using the Molecular Imager
ChemiDoc XRS+ from Bio-Rad (Hercules, California). The gel image is displayed in
Figure 7, where the first lane is the ssRNA ladder and the first band indicates the 9.0 kb
band. The IVT-2 product is slightly above the 9.0kb band which is approximately 9.4 kb
which is the size of the HPgV genome. The IVT-1 product seems to have degraded as it
appears very smeared on the gel which could have be due to potential RNases when the
product was loaded. Due to the high concentrations of RNA obtained from each IVT
reaction, aliquots of 1 μg/ml were made using 1X TE and were stored at -80°C.

33

Figure 7: A 1% non-denaturing agarose gel of the IVT products. Lane 1 indicates (LLadder) which is the ssRNA ladder. The first band indicates the 9.0 kb band. One
microgram of IVT product was loaded into Lane 3 and Lane 5. Lane 3 (IVT-1) denatured
due to its smeared state which could be from RNases. Lane 5 (IVT-2) shows a clear band
which is slightly above the 9.0kb band of the ladder at 9.4 kb indicating the HPgV
transcript.

Validation gel of in-vitro transcription products

To verify that the RNA products have not degraded, an aliquot of the in-vitro
transcription product was analyzed on a 0.8% bleach gel (see Figure 8). The gel was
prepared according to the protocol established by Aranda et. al (41). 0.4 g of agarose was
added to a 50 ml Erlenmeyer flask which contained 50 ml of 1X TAE. 500 μl of
household bleach was added to the Erlenmeyer flask and incubated at room temperature
for 5 minutes and swirled occasionally. The flask was microwaved until all the agarose
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dissolved. Once cooled, 2.5 μl of Ethidium Bromide (10 mg/ml) was added to the melted
agarose creating a final concentration of 0.5 μg/ml. The solution was swirled and poured
into a casting tray and allowed to solidify. To determine the sizing of the fragments, 2 μl
of ssRNA ladder (cat # N0362S) from NEB (Ipswich, MA) was combined with 3 μl of
1X TE and 1 μl of 6X loading dye. 1 μl of IVT product was combined with 4 μl of TE
and 1 μl of 6X loading dye and was loaded onto the gel. The first band of the ladder
indicates 9.0 kb. A clear band for my IVT-derived RNA (NF 86-A) can be seen which is
located slightly above the 9.0 kb band indicating 9.4 kb which is the size of the HPgV
genome. The RNA has not degraded and thus can be used for transfection.

Figure 8: A 0.8% bleach gel displaying the in-vitro transcription products
approximately one year ago. Lane 1 (L-Ladder) indicates the ssRNA ladder. The first
band indicates the 9.0 kb band. Lane 2 is Margaret Hackney’s IVT product. Lane 3
indicates 1 μg of my IVT sample. My IVT product is slightly above the 9.0 kb band at
approximately 9.4 kb indicating the HPgV transcript.
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Cell Line

Jurkat cells (American Type Culture Collection, Manassas, Virginia) were maintained in
RPMI Growth Media (Sigma -Aldrich, St. Louis, MO), which was supplemented with
10% fetal calf serum (FBS), 1% L-glutamine, and 1% PSF and were kept at 37°C with
5% CO2. The cells were maintained at a confluency of 80% and were split at 1:10 ratio.
An aliquot of 1 million cells was frozen as a backup.

Transfection of Jurkat cells with HPgV using Lipofectamine 3000

The transfection of Jurkat cells with the HPgV genome was performed using the
Lipofectamine 3000 kit from (Invitrogen, Carlsbad, Ca) following manufacturer’s
instruction. Briefly, just prior to transfection the viability and cell count of a T75 flask
was determined using the Trypan Blue Exclusion assay. The cells were at 90%
confluency and had a viability of 85%. In each well of a 24 well plate, 2 x 105 cells were
seeded. The plate layout consisted of a mock-transfection control well, an untreated
control well, as well as two 48-hour treatment wells. To avoid pipetting errors, a
Lipofectamine mastermix was prepared in a sterile 1.5 ml microcentrifuge tube, by
combining 62.5 μl of Opti-MEM I medium (Thermofisher Scientific, Waltham, MA)
with 3.75 μl of Lipofectamine 3000 reagent in a sterile 1.5 ml microcentrifuge tube. The
tube was vortexed for 2-3 seconds. An RNA mastermix was generated by combining: 1
μg (2.5μl) of HPgV RNA and 62.5 μl of Opti-MEM I medium as well as 5 μl of P3000
reagent in a sterile 1.7 ml microcentrifuge tube making sure to mix well using a
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micropipette. The Lipofectamine and RNA mastermixes were combined at a 1:1 ratio and
incubated for 15 minutes at room temperature. In a separate tube the no DNA control was
generated by combining 50 μl of Opti-MEM I medium, 1.5 μl of Lipofectamine 3000 and
2μl of P3000 reagents. Following initial incubation, 50 μl of the RNA:Lipid complexes
was added to each 48-hour incubation with 50 μl added to the control well. The plate was
placed in the incubator for 48 hours at 37 °C at 5 % CO2.

Passaging of transfected cells

Following 48 hours incubation, cells from each well were transferred to sterile 1.5 ml
microcentrifuge tubes. Each well was rinsed with 1 ml of complete RPMI culture media
(10% FBS, 1% L-glut, 1% PSF) and pipetted into the appropriate microcentrifuge tube.
The cells were spun down at 400 rpms for 5 minutes. Each supernatant was placed into a
sterile 1.5 ml microcentrifuge tube and stored at -20°C. Each pellet was resuspended in
2.5 ml of complete RMPI culture media and placed into a T12.5 flask. Following two
days of incubation the cells were transferred to T25 flasks. Each T12.5 flask was rinsed
with 3 ml of complete RPMI and placed into the appropriate T25 flask. The T25 flasks
were placed at 37°C with 5% CO2.

Viral supernatant treated with RNase/DNase A

Following 7 days of incubation, the viability and cell count of each T25 Flask was
determined using the Trypan Blue Exclusion Assay. The contents of each flask were
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transferred to a sterile 15 ml conical tube and centrifuged at 210 x g for 5 minutes. Each
supernatant was transferred to a sterile newly labeled 15 ml conical tube. The pellets
were resuspended in 5 mls of fresh complete RPMI media and placed in T25 flasks. The
flasks were incubated at 37 °C with 5% CO2. The supernatant was spun down at
maximum speed (1,120 x g) for 5 minutes to ensure of all cell debris. Supernatants were
transferred to a new 15 ml conical tube. Aliquots of each supernatant was placed in
labeled microcentrifuge tubes, which were stored at 4 °C for future analysis. The
remaining supernatants (2.5 ml) were treated with 10 μl of RNase A (2 U/ml, SigmaAldrich, St. Louis, MO), as well as 2.5 μl of Turbo DNase (2 U/ml, Ambion, Carlsbad,
California). The supernatants were incubated at 37 °C for 90 minutes.

Testing Potentially Virally Infectious Supernatants with Fresh Jurkat cells
For each infection, 5 x 106 of healthy Jurkat cells were obtained from Flask A, which was
maintained at 11 passages. The Jurkat cells were placed into a sterile 50 ml conical and
spun down at 210 x g for 5 minutes. The supernatant was removed using a sterile Pasteur
pipette and the cell pellet was resuspended in 13.5 ml of fresh culture media RPMI. Three
milliliters of cell suspension was placed into each of three T25 flasks, to which 2 ml of
the treated RNase/DNase supernatant was added. Approximately, 48 hours after infection
the cells were counted using the Trypan Blue Exclusion Method. This protocol was
attempted three times.
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Discussion
The infected HPgV cells were unable to be screened for the virus using FACS
analysis due to cell death. This cell death could have attributed to the fact that the
transfection was unsuccessful due to cell toxicity from the transfection reagents. Several
reasons could be attributed as to why the transfection failed. Additionally, there could
have been problems that were innate to the transfection methodology itself. According to
Thermofisher, the transfection efficiency for Jurkat cells is less than 30% when using
Lipofectamine 3000 under optimal conditions. Jurkat cells are notoriously known to be
difficult to transfect. Jurkat cells are a T lymphocyte cell line that was originally retrieved
from the peripheral blood of a boy that had T cell leukemia (42). The exposure of
lipofectamine for too long causes cytotoxicity could have been another reason the
transfection did not succeed. Though several time frames were used, all were
unsuccessful. Cell death could have occurred due to contamination of the reagents such
as the Opti-MEM or growth media. In addition, during the process of transfection, the
RNA could have been contaminated and its integrity comprised and thus did not interact
with the liposomes and form complexes.
Besides, the transfection the infection could have also failed. This could have
been due to the low infectious viral particles needed to build an infection. Due to the time
constraints of this research, any additional transfections of Jurkat cells and infection
using HPgV were not preformed and a different research route was taken in order to
satisfy the requirement of the thesis.

39

The reason for using this transfection method was due to the fact that Matt
Fernandez and Margaret Hackney had the intention of obtaining viral particles of HPgV
as well, however, their projects diverged into different aspects of the virus from that point
on. Thus, to increase the chances of obtaining viral particles different transfection
methods were chosen. Matt transfected using Jurkat cells using GenePORTER and
Margaret transfected Jurkat cells using the Mirius Trans-IT mRNA transfection kit.
Although a liposome-based transfection method did not achieve results, a
different method would have been to use electroporation. This method is known to be the
most commonly used physical method. The exact mechanism of how electroporation
works is not known however it stated that the cell membrane is disturbed through short
electrical pulses, which generate holes in the cell membrane allowing nucleic acids to
pass through. It is easy and fast and allows the transfections of a large number of cells to
take place in a short period of time when conditions are optimized (43).
Another optional transfection method would be using Diethylaminoethyl
(DEAE)-Dextran. It is a polymer, which is poly cationic polymer, which interacts with
the negatively charged phosphate backbone of the DNA, creating DNA:polymer
complexes, which have an excess of positive charge due to the polymer. This positive
charge allows the DNA:polymer complex to associate with the negatively charged
membrane of the cell and uptake of the complexes occurs through endocytosis.
Using Calcium Phosphate would be a third method for transfecting Jurkat cells
with HPgV, which involves mixing DNA with calcium chloride in a saline/phosphate
solution that is buffered creating calcium-phosphate-DNA co-precipitates which are then
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mixed with cultured cells. The DNA in the co-precipitate binds to the cell surface with
the help of calcium phosphate and the DNA gains entry into the cell through endocytosis.
When adding the DNA-calcium chloride solution to the cells, aeration of the phosphate
buffer aids in confirming that the precipitate which forms is as fine as possible due to the
fact that clumped DNA will not gain cell entry efficiently. This method is inexpensive,
and its components are easy to obtain and can be used for the transfection of different cell
types.
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Abstract
Autophagy is an intracellular process involving the cellular breakdown of cytoplasmic
cellular substances or cellular organelles that become non-functional or lose their
integrity over time. The most common form of autophagy is entitled Macroautophagy,
which involves the formation of an autophagosome, which is a double membrane bound
vesicle generated by using cytoplasmic components, which will eventually entrap
cytosolic components. The autophagosome is a very complex structure that uses
components not only within the cytoplasm, but from cellular membrane components as
well. For example, TMEM55B is a Type I phosphatidylinositol 4,5-bisphopshate 4
phosphatase, which is located near lysosome and endosomal membranes, but whose
ultimate function remains to be elucidated. Thus, it’s role in lysosomal entry is up for
debate. It may be involved in modifying the lysosomal membrane by altering lysosomal
integral (or potentially peripheral) proteins. One such modifying protein is the serinethreonine kinase, Ulk-1, one of the principal autophagy related genes (Atg). In addition,
Ulk-1 is an initiator of Macroautophagy that brings Atg proteins to a region where the
formation of an autophagosome occurs. In addition to autophagosome regulation, signals
upstream of the pathway allow Ulk-1 to activate based on the nutrient status of the cell.
Thus, it is of interest to look at the role TMEM55B has in Ulk-1 expression. A knockdown experiment using the bacterial Crispr-Cas9 system will be employed to reduce the
expression level of TMEM55B and look for alterations in Ulk-1 expression. Four
different small guide RNAs (sgRNAs) were generated using the Benchling software. The
Target Sequence Protocol, provided by Zhang et al. was used to generate the modified
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Crispr-Cas9 construct. Sanger sequencing was performed to validate the construct
transfected into triple negative breast cancer cell line, MDA-MB-231 cells by Calcium
Phosphate transfection. Two transfection attempts lead to 100% cell death following
puromycin selection indicating a unsuccessful transfection. This technique was compared
to siRNA technology. The expression of TMEM55B was reduced by 50%, which was
completed by Margaret Hackney. Due to problems with Crispr-Cas9, the MDA-MB-231
knocked- down cells, created by Mrs. Hackney were used to determine the expression of
Ulk-1. There was no difference in expression that was noted in Ulk-1. Still, this was only
determined on a transcriptional level and will need further inquiry to determine if it is
based on the translational level and level of TMEM55B inhibition which was only at
50%.
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Significance and Background

Autophagy

Autophagy is a process by which the cell performs breakdown of non-functional
intracellular components within the lysosome (1). In periods of nutrient starvation,
autophagy becomes activated in cultured cell models and metabolizes non-functional
components to create nutrients necessary for maintenance of the cell. Autophagy is a
strictly controlled mechanism and errors in this process have been linked to various
diseases such as neurodegenerative diseases, cancer and neuromuscular disorders (2).
According to Choi 2012, the involvement of autophagy in cancer is complex and
debatable, it has been shown to prevent tumor formation during cancer growth, but also
aids in the survival of tumor cells during cancer advancement. In comparison to healthy
regular cells, cancer cells acquire a greater metabolism and undergo higher stresses
because of their rapid cell growth and altered metabolism and thus are more reliant on
autophagy for their survival. It has been experimentally shown that inhibiting autophagy
can improve the benefits of cancer therapies (3). During autophagy, the targeted
intracellular components are transported to the lysosome through three separate
pathways, shown in figure 9: Macroautophagy, Microautophagy, and ChaperoneMediated Autophagy (1). Macroautophagy utilizes an intracellular structure termed an
autophagosome, which is a double membrane-bound vesicle that forms during
macroautophagal process and by engulfing cytoplasmic components. The
autophagosomes are transported to lysosomes for degradation of their cargoes (5).
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Figure 9: The three types of Autophagy. Macroautophagy, Microautophagy and
Chaperone-Mediated Autophagy. During Macroautophagy, three crucial steps need to be
completed to generate an autophagosome. During initiation, the formation of an
autophagosome begins were the Ulk complex (composed of Ulk-1 and Ulk-2, ATG13,
FIP200 and ATG101) gather at the phagophore assembly site. The Ulk complex targets
the Class III PI3K complex (composed of beclin 1, VPS15, VPS34, ATG14) which
motivates PIP3 generation. The expansion of the phagophore requires two pathways
which resemble ubiquitin pathways. Initially, a bond is generated between ATG12 and
ATG5 which then form a complex with ATG16L. PE and LC3 bond in the second pathway
which is required for autophagosome size increase, identifying materials that meant for
autophagy and generation of the autolysosome. Once autophagosome has formed it fuses
with the lysosome and cellular substances are broken down. Chaperone Mediated
Autophagy involves the chaperone heat shock 70 protein which identifies proteins that
are tagged with a KFERQ pentapeptide motif and moves them to lysosomal lumen using
LAMP2A. Invaginations that form through the lysosomal or endosomal membrane take in
cytosolic components in Microautophagy following degradation using lysosomal
proteases.(4)
In Microautophagy, cytosolic components are engulfed through invaginations that form
using the membranes of the lysosomal or endosome membrane following degradation by
the proteases of the lysosome (6). Chaperone-mediated autophagy, unlike other
pathways, does not form a vesicle when taking in cellular substances. Proteins tagged
with a KFERQ canonical pentapeptide motif are identified by chaperone heat shock 70
kDa protein (HSC70), which encourages the movement of tagged proteins into the
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lysosomal lumen through lysosomal associated membrane protein 2A (LAMP2A) (7).
The focus of this thesis will solely be on Macroautophagy.

Macroautophagy

Macroautophagy begins with the formation of an autophagosome, which is a
vesicle called the phagophore whose double membrane is created using components of
the cytoplasm. Initiation, nucleation and expansion of the phagophore are the three
essential steps that must be completed in order to form the autophagosome, as shown in
Figure 1 (4). According to Kaur et al 2015, during initiation, the UNC51-like kinase
(ULK) complex, comprised of ULK-1 and ULK-2, autophagy related gene ATG13, FAK
family kinase interacting protein of 200 kDA (FIP200) and ATG101, assemble at the
phagophore assembly site (PAS) to begin the process of autophagosome formation. In the
nucleation stage the Class III PI3K complex, composed of the proteins, beclin 1, vacuolar
protein sorting 15 (VPS15) as well as 34 (VPS34) and autophagy related gene 14
(ATG14), is targeted by the ULK complex following its activation to encourage the
generation of phosphatidylinositol 3-phosphate (PIP3), which is specific to
autophagosomes. To complete autophagosome formation and the expansion of the
phagophore membrane, two pathways similar to the ubiquitin pathways are needed. The
initial pathway generates a bond between ATG12 and ATG5 following the formation of a
complex with ATG16L and thus becoming ATG12-ATG5-ATG16L. The second
pathway creates a bond between phosphatidylethanolamine (PE) and microtubuleassociated protein 1 light chain 3 (MAP1LC3 or also known as LC3). PE coupled to LC3

52

is necessary for the autophagosome to increase in size and allow for the identification of
substrates targeted for autophagy as well as the formation of the autolysosome. (4).
Following autophagosome formation, fusion with the lysosome occurs, creating an
autolysosome and causing the breakdown of cellular substances. Lysosomes travel from
the cell periphery to the cell center using the microtubule minus-end motor dynein which
uses retrograde transport encouraged by TMEM55B.

Phosphatidylinositol

Cell membranes consist of various phospholipids, one of which is
phosphatidylinositol (PtdIns) (8). PtdIns can be phosphorylated at the 3rd, 4th, or 5th
position of its inositol head by phosphatidylinositol kinases and dephosphorylated by
phosphatases, thus creating seven different Phosphoinositides (PI) (9). PI’s are
structurally similar to other phospholipids, consisting of two fatty acid chains bound to a
glycerol backbone and phosphate group which are connected to a polar inositol head (10).
They are involved in signaling by using their inositol heads to bind to proteins found in
the cytosol or the cytosolic domains of membrane proteins. This allows them to control
how integral membrane proteins operate or enlist other membrane components that are
involved in signaling (11).
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Transmembrane protein 55B

Transmembrane protein 55B (TMEM55B), also recognized as Type I
phosphatidylinositol 4,5-bisphosphate 4-phosphatase (PtdIns-4,5-P2 4-Ptase I) was
initially observed to cause the removal of the phosphate group located at the 4th position
of phosphatidylinositol-4,5 bisphosphate (PtdIns-4,5-P2) but not other
phosphatidylinositol to create phosphatidylinositol-5-phosphate (PtdIns-5-P) (12). The
CX5R motif, present in phosphatidylinositol phosphatases is located in the cytosolic Nterminal domain of TMEM55B, however it differs from other phosphatases by containing
an isoleucine after arginine, as opposed to a serine or threonine residue in other
phosphatases. According to Willet 2017, the phosphatase activity of TMEM55B is
significantly weak and thus does not indicate its primary function. The proposed structure
of TMEM55B, shown in Figure 10, consists of a large N-terminal domain located in the
cytosol (CD) as well as two transmembrane domains (TM) and a small C-terminal
domain tail located in the cytosol (13).

Figure 10: The predicted secondary structure of TMEM55B. It is predicted that
TMEM55B is composed of a large N-terminal domain in the cytosol (CD) and the two
transmembrane domains (TM) in addition to a C-terminal domain tail in the cytosol (13)

54

TMEM55B is found in late endosomal and lysosomal membranes and is
expressed ubiquitously. In addition to its phosphatase activity, an overexpression in
TMEM55B has shown an increase in EGFR degradation following EGF stimulation in
TMEM55B transfected cells versus mock transfected cells when preforming a EGFR
degradation assay (14). TMEM55B has also been recognized as a candidate gene in the
metabolism of cholesterol (12). According to Medina et al. (2014), TMEM55B siRNAs
were used to transfect human hepatoma cell lines, which showed a reduction in overall
cellular cholesterol levels. Additionally, an increased rate of Low Density Lipoprotein
Receptor (LDLR) protein decay was also noted causing a decrease in LDLR protein cell
surface expression and LDL uptake (12).

Ulk-1

Located on chromosome 12q24.3, Ulk-1, a serine-threonine kinase, is one of the
main human Autophagy-Related Genes (ATGs). Ulk-1 initiates autophagy and enlists
downstream Atg proteins to the area where autophagosome formation occurs as well as
regulates formation of the autophagosome when it receives upstream signals regarding
the nutrient status of cell. Autophagy is prevented if Ulk-1 kinase activity is inactivated
or ULK1 is knocked down by siRNA (15).
Tang et al 2012, states that Ulk-1 could be used as a new prognostic biomarker for
patients with breast cancer. Immunohistochemical staining of nonmetastatic invasive
breast cancer tissue and matching adjacent normal tissue indicated a low expression of
Ulk-1 suggesting a correlation with disease progression and higher chance of metastasis
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for patients with breast cancer (16). According to Zhang et al 2017, Ulk-1 was highly
downregulated in triple negative breast cancer cells (TNBC), which was determined
through The Cancer Genome Atlas (TCGA) analysis as well as tissue microarray analysis
(TMA) which indicates that Ulk-1 could be a possible drug target in TNBC.
This thesis will focus on the reduced expression of TMEM55B in the triple
negative breast cancer cell line, MDA-MB-231 and measure any influence of the reduced
expression of TMEM55B on Ulk-1 expression.
Specific Aims
1. Knock-out the transmembrane protein 55b (TMEM55B) in the triple negative breast
cancer human cell line MDA-MB-231 using CRISPR-CAS9.
2. Measure the expression level of Ulk-1 mRNA, an autophagic marker, in the knockedout/down Triple Negative Breast Cancer cell line MDA-MB-231.
Materials and Methods

Small guide RNA design

Small guide RNA (sgRNA) sequences targeting exon 1 located at position 420, exon 2
located at position 850 and 900, as well as exon 3 located at position 1333 for the
knockdown of TMEM55B, located on chromosome 14, were designed using a program
known as Benchling. To increase the likelihood of a knockout, exons 1-3 were targeted
due to their location near the 5’ end and the chance of creating a frameshift and hence a
nonfunctional protein. Benchling ranks the guide sequences based on predicted on-target
and off-target scores which each range from 0-100. The on-target score refers to the
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efficiency of Cas9 cleavage (17), whereas the off-target score refers to the specificity of
the guide RNA to the target sequence (18). Benchling recommends a high on and off
target score and states that an on-target score over 60 and an off-target score over 50 is
acceptable. An efficiency of approximately 70% was desired. Efficiency scores above
70% had much lower specificity scores, which would indicate a higher chance of off
target effects. The guide RNA with the highest specificity scores were chosen, while
maintaining an efficiency score of approximately 70%. The sequences were exported into
a Microsoft Excel Spreadsheet and are shown in Table 7. Some efficiency was sacrificed
for higher specificity (Table 7). In order to clone the sequences into the sgRNA scaffold
of the px459 plasmid, plasmid specific adaptors according to the Target Sequence
Cloning Protocol provided by Zhang were placed on the small guide RNA sequences and
are displayed in Table 8. Stock solutions at 100 μM were generated for each primer pair
and were obtained from Sigma-Aldrich (St. Louis, MO).
Table 7: Small Guide RNA sequences generated using Benchling software. The guide
RNA sequences are listed with their targeted exon number, position, strand location,
PAM sequence as well their respective off and on target scores
TMEM55B
Exon #
1
2
2
3

Position
420
850
900
1333

Strand
-1
1
1
1

Sequence (5'-3')
TGTTTACCGGCTCCGTACGG
CCCTTAACTAGCCCGGACAG
CTGCCAATCTCTCATCAACG
CAATCAAGAATGCACCCCCA

PAM
TGG
TGG
TGG
GGG

Specificity Score
(off target)
98.9680781
90.8922373
87.515384
75.6720955

Efficiency Score
(on target)
70.51685889
69.31999778
70.58960015
70.84491428

Table 8: TMEM55B Forward and Reverse Primer with px459 adaptors. The
sequences targeting exon 1 located at position 420, exon 2 located at position 850 and
900 and exon 3 located at position 1333. The highlighted blue portion indicates the
specific px459 adaptors.
Name of Forward
Primer
F-TMEM55b-e1p420
F-TMEM55b-e2p850
F-TMEM55b-e2p900
F-TMEM55b-e3p1333

Forward Oligo Primer Sequence
Name of Reverse
5'(CACCGNNNNNNNNNN)3'
Primer
CACCGTGTTTACCGGCTCCGTACGG R-TMEM55b-e1p420
CACCGCCCTTAACTAGCCCGGACAG R-TMEM55b-e2p850
CACCGCTGCCAATCTCTCATCAACG R-TMEM55b-e2p900
CACCGCAATCAAGAATGCACCCCCA R-TMEM55b-e3p1333

Reverse Oligo Primer Sequence
5'(AAACNNNNNNNNNNNC)3'
AAACCCGTACGGAGCCGGTAAACAC
AAACCTGTCCGGGCTAGTTAAGGGC
AAACCGTTGATGAGAGATTGGCAGC
AAACTGGGGGTGCATTCTTGATTGC
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Bacterial Overnight and Plasmid Miniprep

The pSpCas9(BB)-2A-Puro(PX459) V2.0 was a gift from Feng Zhang (Addgene plasmid
#62988) (19). A vector map of the plasmid is shown in Figure 11. The PX459 plasmid
contains a bacterial ampicillin resistant gene which allows selection specifically for the
plasmid. Five hundred microliters of the bacterial plasmid stock PX459 was grown in an
overnight culture containing 5 ml of Luria broth supplemented with ampicillin (100
μg/ml). An additional overnight culture was generated containing 5 ml of Terrific broth
supplemented with ampicillin (100 μg/ml) and with 500 μl of PX459 plasmid. To
determine if a higher plasmid yield could be established the Stbl3 competent cells
containing the PX459 plasmid were cultured in Terrific broth and Luria broth. Both
overnights were placed in the MaxQ 4450 Benchtop Orbital Shaker (Thermofisher
Scientific, Waltham, MA) and were shaken at 225 rpm for 16 hours. Following standard
protocol, plasmid isolation was performed using the QIAprep Spin Miniprep kit (cat
#27106) (Qiagen, Valenica, CA). Miniprep samples with different volumes were
generated for each overnight. The samples, which were labeled MF 201-A and MF 201B, contained 1.5 ml and 3.0 ml of Terrific Broth and NF 2-A and NF 2-B contained 1.5
ml and 3.0 ml of Luria Broth. During plasmid isolation, the optional wash step using
Buffer PB was performed on all four mini-prep samples. The DNA was eluted in 50 μl of
Elution Buffer (EB) and the nucleic acid concentrations were determined using the
Nanodrop 2000 Spectrophotometer (ThermoFisher Scientific, Waltham, MA). When
comparing MF 201-A and B with NF 2-A and B the plasmid yield was twice as much
when grown in Terrific Broth versus Luria Broth (see Table 9). Based on the absorbance
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ratios the plasmid DNA was pure due to the fact that the generally acceptable range of
pure DNA is ~1.8 for the 260/280 ratio and 1.8-2.2 for the A260/230 ratio.

Figure 11: Vector map of the pSpCas9(BB)-2A-Puro (PX459) V2.0. Image obtained
from Addgene.
Table 9: The Nucleic Acid Concentrations of the px459 plasmid isolation from two
different broths and volumes. The tubes NF 2-A and NF 2-B indicate 1.5 ml and 3.0 ml
of Luria Broth and tubes MF 201-A and MF 201-B indicate 1.5 ml and 3.0 ml of Terrific
Broth

Restriction Digest and Gel Electrophoresis
Following the cloning protocol provided by Zhang, 1 μg of the PX459 plasmid (MF 201B) was digested using the restriction enzyme BbsI (10,000 U/ml) (cat # R0539S) from

59

NEB (Ipswich, MA) for 1 hour at 37 °C. The experiment was performed in duplicate and
following digestion the samples were heat inactivated at 65°C for 20 minutes. The
reaction set up is listed in Table 10. Following heat inactivation, a 0.8% agarose gel was
generated to validate the linearization of the plasmid. A 0.8% agarose gel instead of a 1%
gel was created, due to the fact that Addgene stated that lower percentage agarose gels
are more efficient regarding gel purification. Prior to electrophoresis, 2.5μl of Ethidium
bromide (EtBr) (10 mg/ml) was added to the agarose gel thus creating a final
concentration of 0.5 μg/ml. The sizing of the fragments was determined by using the λ
DNA-HindIII Digest ladder (cat # N3012S) from NEB (Ipswich, MA). The preparation
of the ladder was as follows, by combining 4 μl of DNA ladder with 2 μl of 6x loading
dye (cat # B7024S) from NEB (Ipswich, MA) and 6 μl of distilled water. The
components were mixed and loaded onto the gel. To determine the efficiency of the BbsI
restriction enzyme, 228 ng of uncut PX459 plasmid was loaded onto the gel. Four
microliters of 6X purple gel loading dye (cat # B7024S) from NEB (Ipswich, MA) was
added to each of the digested samples and loaded onto the agarose gel. The gel was run at
90 V for 44 mins and visualized using the Molecular Imager ChemiDoc XRS+ from BioRad (Hercules, California). Figure 12 shows the 0.8% agarose gel with bright bands at
9.166 kb that can be observed for the linearized PX459 plasmid.
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Table 10: The reaction set up for restriction enzyme digestion of the PX459 plasmid
Components
1 μg of PX459 (228.1 ng/μl)
NEB BbsI (10,000 U/ml)
Shrimp Alkaline Phosphatase (1000 U/ml)
10X Cutsmart Buffer
very good H2O (vgH2O)
Total volume

Amount (μl)
4.38 μl
1 μl
1 μl
2 μl
11.6 μl
20 μl

Figure 12: A 0.8% agarose gel of the digested and undigested px459 plasmid
products. Lane 1 displays L-Ladder which is the λHindIII digest ladder. Approximately
228 ng of uncut PX459 plasmid in Lane 2. For the uncut plasmid, a fragment which is
supercoiled DNA conformation can be seen. Lane 7 and 8 show the linearized PX459
plasmid.
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Gel Extraction and Purification

The digested plasmids were each excised using a sterile razor blade ensuring complete
removal of excess agarose and placed in sterile 1.7 ml microcentrifuge tubes. The
samples were purified using the MinElute Gel Extraction Kit (cat#28604) from Qiagen
(Valenica, CA). Following the Quick-Start protocol, the samples were eluted in 20 μl of
Elution Buffer (EB buffer) and DNA concentrations were determined using the Nanodrop
2000 Spectrophotometer from ThermoFisher Scientific (Waltham, MA).

Phosphorylation and Annealing of sgRNA

Following Zhangs protocol, the forward and reverse primers of TMEM55B exon 2
located at position 850 were phosphorylated and annealed using the T4 PNK (cat#
M0201S) and 10X T4 Ligation Buffer (cat#B0202S), respectively, provided by NEB
(Ipswich, MA). The reaction set up for TMEM55B exon 2 located at position 850 is
located in Table 11. The samples were placed in the ProFlex PCR system from Applied
Biosystems and run according to the cycling conditions listed in Zhangs protocol.

Table 11: Reaction set up for phosphorylation and annealing of forward and reverse
oligo pair of exon 2 position 850
Components
F-TMEM55be2p850 (100 μM)
R-TMEM55be2p850 (100 μM)
10X T4 Ligation Buffer
double distilled water (ddH2O)
T4 PNK

Amount (μl)
1 μl
1 μl
1 μl
6.5 μl
0.5 μl
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Total Volume
10 μl
Ligation of TMEM55B oligos with the digested px459 plasmid

Prior to ligation, a 1:200 dilution of the TMEM55B primer pair exon 2 located at position
850 was performed in sterile 1.7 ml microcentrifuge tubes. The digested plasmid was
ligated with the phosphorylated and annealed TMEM55B exon 2 located at position 850
oligo pair using the T4 DNA ligase (cat #M0202) provided by NEB (Ipswich, MA). The
reaction was incubated for 2 hours at room temperature and heat inactivated for 10 mins
at 65°C. The reaction set up for the ligation reaction is shown in Table 12.
Table 12: Ligation Reaction. The set up of the digested px459 plasmid and the
TMEM55B exon 2 located at position 850 primer pair.
Components
50 ng of BbsI digested plasmid
phosphorylated/annealed oligo duplex
10X T4 DNA Ligase Buffer
double distilled water (ddH2O)
subtotal
T4 DNA Ligase
Total

Amount (μl)
2.57 μl
1 μl
1 μl
5.43 μl
10 μl
1 μl
11 μl

Bacterial Overnight and Plasmid Miniprep of PX459 plasmid with oligo insert
TMEM55B exon 2 located at position 850

Two overnight cultures containing 5 ml of Luria Broth supplemented with ampicillin
(100 μg/ml) were inoculated with glycerol stocks which contained the remaining
overnight of the PX459 plasmid with the TMEM55B exon 2 located at position 850. The
overnights were incubated at 37 °C and shaken at 225 rpm in the MaxQ 4450 Benchtop
Orbital Shaker from Thermofisher Scientific (Waltham, MA) for 16 hours. Following
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incubation, 3 ml of each overnight were each transferred to sterile 1.7 ml microcentrifuge
tubes and plasmid isolation was performed using the QIAprep Spin Miniprep Kit (cat #
27106) from Qiagen (Valenica, CA). Following the quick standard protocol both samples
were pelleted at 9000 rpm in the accuSpin Micro 17 Microcentrifuge from
FisherScientific (Waltham, MA) for three minutes at room temperature and eluted in 50
μl of elution buffer.

Cycle Sequencing and X terminator

Prior to sequencing, a 1:10 dilution was performed on the forward and reverse U6
primers to achieve a 10 μM concentration. To verify the CRISPR construct, eight cycle
sequencing reactions were performed. The reaction set up is shown in Table 13. The Big
Dye Terminator 3.1 Ready Reaction Mix from Applied Biosystems was provided by Dr.
Baysdorfer. The samples were placed into the GeneAmp PCR System 2400 thermocycler
by Perkin Elmer (Waltham, MA) which was set according the parameters listed in Figure
13. Each cycle sequencing reaction was cleaned up by adding 55 μl of bead mixture
(Big Dye Xterminator bead solution and SAM solution). The samples were placed on the
Eppendorf Mixmate PCR Tube Shaker and shaken at 2000 rpm for 30 mins. Each
sequencing well was loaded with 30 μl of very good H2O (vgH2O) and after letting the
beads settle to the bottom of the well, 3μl of supernatant was added to the appropriate
well. For each sample, a dilution was prepared by adding 3 μl of the vgH2O plus sample
mixture and loaded into another well, which contained 20 μl vgH2O. The samples were
sent into sequencing. The sequencing reactions were viewed using the software known as
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chromas. A pair wise alignment with the PX459 plasmid containing the oligo insert
TMEM55B exon 2 located at position 850 was aligned with the sample showing that the
insert was present. (see Appendix)

Table 13: Reaction set up of cycle sequencing reaction
Components
Big Dye Terminator 3.1 Ready Reaction mix
Plasmid
U6 Forward/Reverse Primer (10μM)
dH2O
Total

Rapid thermal ramp to 96°C
96°C for 1 minute
Rapid thermal ramp to 96°C
96°C for 10 seconds
Rapid thermal ramp to 50°C
50°C for 5 seconds
Rapid thermal ramp to 60°C
60°C for 4 minutes

Amount (μl)
5 μl
1 μl
0.5 μl
3.5 μl
10 μl

25x

Figure 13: Parameters for cycle sequencing

Plasmid Purification of the glycerol stock of the px459 plasmid which contains the
oligo insert TMEM55B exon 2 located position 850

Following the validation of the presence of the TMEM55B guide RNA in the PX459
construct through sequencing, a plasmid isolation was performed. One hundred milliliters
of LB+Amp (100 ug/ml) was inoculated with the glycerol stock of the px459 plasmid
containing the oligo insert TMEM55B exon 2 located at position 850. The overnight was
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placed in the MaxQ 4450 Benchtop Orbital Shaker from Thermofisher Scientific
(Waltham, MA) and incubated at 37 °C and shaken at 225 rpm for 16 hours. In order to
obtain a high concentration of plasmid the Endofree Plasmid Maxi kit (cat# 12362) from
Qiagen (Valenica, CA) was used following manufacturer’s instructions. Following
incubation, 50 ml of each overnight culture was transferred to a 50 ml conical tube. Both
50 ml conical tubes were spun at 6000 xg for 15 mins at 4 °C in the Benchtop Sorvall
Legend RT. The supernatant of each tube was discarded, and the pellet of one of the 50
ml conical tubes was resuspended in 10 ml of Buffer P1. The solution was then
transferred to the other 50 ml conical tube to resuspend the second pellet. Near the
completion of the protocol the DNA pellet was resuspended in 300 μl of endotoxin-free
TE.

The MDA-MB-231 Cell line

The Human Mammary Carcinoma triple negative cell line, MDA-MB-231, was obtained
from the American Type Culture Collection (ATCC) (ATCC cat #HTB26) and were
maintained in Dulbecco’s Modified Eagle’s Medium with high glucose (cat #D5648)
provided by Sigma-Aldrich (St. Louis, MO), which was supplemented with 10% calf
serum (CS), 1% L-glutamine, and 1% PSF and were kept at 37°C with 5% CO2. The cells
were maintained at a confluency of 70-80% and were split at ratios of 1:4 to 1:6.
depending on cell confluency. To split cells, media was aspirated using a sterile Pasteur
pipette and was washed with sterile PBS. Cells were detached with 1X Trypsin-EDTA
and incubated for two minutes at 37°C with 5% CO2. The trypsin was deactivated with
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cDMEM (10% CS, 1% L-glut, 1% PSF) and the appropriate number of cells was
transferred to a new flask.

Antibiotic selection curve using Puromycin on the breast cancer cell line MDA-MB231

According to Mirius, an antibiotic kill curve, is an experiment reliant on the dose of an
antibiotic, where the cells are treated with various increasing concentrations of an
antibiotic to determine the optimal concentration that will be required to kill all cells over
the timespan of a week1. The Antibiotic Kill curve was generated using the T75 MDAMB-231 stock flask maintained at passage 8. The cell count and viability of the cells was
determined using Trypan Blue. Puromycin (cat# ant-pr-1) was provided from InvivoGen
(San Diego, CA). In a 24 well plate, 1.5 x 105 cells were seeded in each well with 500 ul
of fresh cDMEM (10% CS, 1% L-glut, 1% PSF) and placed in the incubator at 37 °C
with 5% CO2. The puromycin concentrations were performed in duplicate and ranged
from 0-6 μg/ml. A 1:10 dilution of the puromycin stock (10 mg/ml) was creating thus
generating a working concentration of 1000 μg/ml. A 1:100 dilution from the working
puromycin solution (1000 μg/ml) was created thus generating a concentration of 100
μg/ml. Nine 5 ml conical tubes were labeled with the concentrations (0-6 μg/ml) and each
where filled with 2.5 ml of fresh cDMEM (10% CS, 1% L-glut, 1% PSF). The media of
each well in the 24 well plate was changed to cDMEM (10% CS, 1% L-glut, 1% PSF)
supplemented with the appropriate puromycin concentration after 24 hours post seeding.

1

https://www.mirusbio.com/applications/stable-cell-line-generation/antibiotic-kill-curve
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The MDA-MB-231 cells were sensitive to all the respective puromycin concentrations
(0.5-6 μg/ml) following 24 hours of puromycin exposure. Thus, a dose of puromycin at
which 100% non-transfected regular cells died was established and which is 6 μg/ml.

Transfection of MDA-MB-231 cells with the PX459 plasmid containing the TMEM55B
oligo insert exon 2 located at position 850 using Calcium Phosphate

The viability of the T75 MDA-MB-231 Stock Flask, which was maintained at passage
11, with a confluency of 90% was determined using Trypan Blue. In a 6-well plate, 7.5 x
105 cells per well were plated with 1.21 ml of fresh cDMEM (10% CS, 1% L-glut, 1%
PSF). The plate layout consisted of two experimental wells comprised of cultured MDAMB-231 cells to be transfected with the PX459 plasmid construct containing the oligo
insert TMEM55B specific for exon 2, located at position 850. To measure the
transfection efficiency of the calcium phosphate method, which is described below, a
well composed of MDA-MB-231 cells was transfected with the pCMV-Sport βgalactosidase (1.24 μg/μl). Lastly, to determine the efficiency of puromycin, a well
containing healthy non-transfected MDA-MB-231 cells was included. Prior to
transfection, the confluency of each of the wells were at 90%. The cells were washed
with 3 ml of sterile PBS. Following the wash step, 3 ml of fresh cDMEM (10% CS, 1 %
L-glut, 1% PSF) was added to each well. The β-galactosidase (β-gal) was placed in a
water bath and incubated at 37°C for approximately 8 minutes. Following the calcium
phosphate protocol provided by Dr. Fred Bauzon, two 1.5 ml microcentrifuge tubes
containing 10 μg of the modified CRISPR construct were diluted with 450 μl of double
distilled water making a final volume of 500 μl. A third 1.5 ml microcentrifuge tube was
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filled with 450 μl of double distilled H2O and 10 μg of pCMV-Sport β-galactosidase (βgal) making a final volume of 500 μl. To each microcentrifuge tube, 500 μl of 2x Hepes
Buffered Saline (HBS), [0.27 M NaCl, 0.01M KCl, 0.0014M anhydrous Na2HPO4,
0.011M Dextrose, 1M of Hepes] was added, followed by the addition of 50 μl of 2.5M
Calcium Chloride and vortexed on the Digital Vortex Mixer from Fisher Scientific
(Waltham, MA) for 10 seconds. The tubes were incubated at room temperature for 15
minutes and was added dropwise to the appropriate culture and mixed. The cells were
incubated overnight at 37°C with 5% CO2. After 24 hours, the media was aspirated from
each well, washed with 3 ml of pre-warmed PBS followed by the addition of 3 ml of
fresh cDMEM (10% CS, 1% L-glut, 1% PSF). Eventually the cells were transferred to
T25 Flasks due to their high confluency. Once the transfer was complete, 2 ml of fresh
cDMEM (10% CS, 1% L-glut, 1% PSF) was added to each flask. After 48 hours, the
media was aspirated in each T25 flask, except the T25 flask which contained the β-gal
transfected MDA-MB-231 cells. A wash step with 5 ml of sterile PBS was performed
followed by the addition of selection media (cDMEM supplemented with 6 μg/ml of
puromycin). After 24 hours of selection, 100% cell death was observed in the
experimental and control flask.

β-gal staining of transfected MDA-MB-231 cells using Calcium phosphate

Forty-eight hours post transfection, the previous media was aspirated from the well
containing the MDA-MB-231 cells transfected with pCMV-Sport β-galactosidase
plasmid. Following a wash step using 3 ml of sterile PBS the cells were fixed with 2.5 ml
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of fixing buffer (cat # A10300K, Genlantis, San Diego, CA) and incubated for 15
minutes at room temperature. The fixing solution was removed, and the cells were
washed twice with 3 ml of sterile PBS. The cells were stained with 2.5 ml of βgalactosidase staining solution containing X-gal (cat# 2600B, Mirius Bio, Madison, WI).
Following incubation, the staining solution was removed and the cells were washed with
3 ml of sterile PBS three times. The flask was stored in 2 ml of sterile PBS and the
transfection efficiency was determined using the Eclipse TS100 Inverted Routine
Microscope from Nikon (Melville, NY). No blue cells were observed, which indicated
that the cells did not take up the pCMV-Sport β-galactosidase plasmid.

Transfection of MDA-MB-231 cells with px459 oligo insert TMEM55B exon 2 located
position 850 using Calcium Phosphate

The pH of the 2x HBS and 2.5M Calcium Chloride buffer that were used in the previous
transfection were made several weeks prior to use were found to be below a pH of 6.0.
For Calcium phosphate transfections, these buffers should have an optimal pH of 7. Thus,
fresh calcium chloride buffer, as well HBS buffer were prepared and the procedure was
repeated. A T-75 Flask containing MDA-MB-231 cells maintained at passage 12 with a
confluency of 95% was used for this transfection. In a 6-well plate, 7.5x105 cells were
seeded in each well ensuring that the cell suspension was mixed fully prior to the addition
to each well. Each well had 1.33 ml of fresh cDMEM (10% CS, 1% L-glut, 1% PSF)
added and cells were left to equilibrate in the fresh media. The plate set up was done as
explained previously stated, except that instead of the β-galactosidase control, a control
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of non-transfected cells, not treated with puromycin, was generated to ensure cell
viability. On the day of transfection, the confluency of each well was at 85%. The cells
were washed with PBS and fresh cDMEM media was added to each well. The
transfection was performed as done previously and the cells were incubated for
approximately 16 hours. Following 24 hours post transfection, the cells were washed, and
their media was changed. As mentioned before, due to the high confluency of the cells
following 24 hours, the cells were transferred to T-25 flasks. Forty-eight hours posttransfection, the media was replaced with selection media, which was cDMEM
supplemented with 6 μg/ml except for the well containing the cells not to be treated with
puromycin. The media of the well containing the cells not be treated with puromycin was
changed with fresh media. After 24 hours post-selection, 100% cell death was observed
in the puromycin treated wells.

Digestion of plasmid PX459 with EcoRI and Gel Electrophoresis

Due to the fact that previous transfections were unsuccessful and cell death was observed
after 24 hours, a google group for CRISPR/Cas genome engineering was discovered. This
group stated that some PX459 version 2 plasmids had a mutated EcoRI site, which
created a frameshift mutation, hence no resistance to Puromycin. When preforming a
virtual digest with EcoRI a 669 bp fragment can be observed. A restriction digest with
EcoRI was performed as seen in Table 14. The reaction was incubated at 37ºC for 60
minutes and heat inactivated at 65 ºC. To verify the digestion of the PX459 plasmid, a
1% agarose gel was generated. Two microliters of ethidium bromide (EtBr) (10 mg/ml)
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was added to the melted agarose prior to pouring it into the casting tray. To determine the
size of each fragment, 15 μl of a 1kb Plus exACTGene DNA ladder which was obtained
from Fisher Scientific (Waltham, MA) was loaded onto the gel. Twenty-four microliters
of digested PX459 was loaded as well as 241 ng of uncut PX459 was loaded onto the gel.
The gel was run at 90 Volts for 40 minutes. Figure 14 shows the 1% agarose gel where a
faint band at approximately 670 base pairs is seen in the px459 digested sample.
Table 14: Restriction Digest Reaction of PX459. Using EcoRI to determine the
integrity of the Puromycin gene.
Components
1 μg PX459 version 2 (MF 201-A 120.9 ng/μl)
10X EcoRI buffer
100 Units of EcoRI enzyme (100,000 mL)
ddH2O to 50 μl
Total

Amount (μl)
8.37 μl
5 μl
1 μl
35.7 μl
50 μl

Figure 14: Digestion of the px459 plasmid to ensure correct puromycin gene
sequence. a) A 1% agarose gel of px459 digested and undigested px459 products to
determine the presence of puromycin. Lane 1 indicates the Ladder (L) which is the 1 kb
exACT Gene Ladder. Lane 3 shows the digested plasmid. Lane 5 indicates approximately
241 ng of uncut px459 plasmid b) The same image that has been contrast and brightness
enhanced using Microsoft Powerpoint to indicate the 670 bp band.
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Transfection of MDA-MB-231 cells using the siPORT NeoFX Transfection Agent with
TMEM55B siRNA

A reverse transfection was performed using the siPORT NeoFX Transfection Agent (cat
# AM4511, Invitrogen, Carlsbad, Ca) following manufacturer’s protocol. The plate
layout consisted of a 24 well plate with three different time points (24, 48, 72 hours) and
for each time point a non-transfected control, negative control and three experimental
wells were created. The negative control consists of a sequence that doesn’t target any
gene product and is vital for knowing siRNA delivery efficiency generating a baseline
that allows comparison to samples treated with siRNA. The non-transfected control is a
control, which is not treated with an siRNA, but only consists of healthy MDA-MB-231
cells which allows gene expression in the absence of siRNA treatment.
Prior to transfection, the viability and cell count of the T-75 Stock Flask containing
MDA-MB-231 cells maintained at passage 20, which were at a confluency of 60% was
determined by Trypan Blue. The transfection took place in a Bioflow laminar flow hood,
were all surfaces and pipettes were sterilized and cleared of RNases using RNase Zap (cat
# AM9740, Invitrogen, Carlsbad, Ca). The cells were transfected with the Silencer Select
Pre-designed (Inventoried, siRNA, siRNA ID #: s40497) targeting TMEM55B
(NM_001100814.1) with sequences as follows: TMEMM55B Sense 5’
GCAGGAAAGUGUCAUCUAUtt 3’ and Anti-sense
5’AUAGAUGACACUUUCCUGCag 3’. A 50 μM stock solution of the Silencer Select
Pre-designed (Inventoried) siRNA targeting TMEM55B was generated followed by a 1
μM working concentration as recommended by the transfection kit. To validate the
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transfection, a negative siRNA control, known as the Silencer negative control siRNA #1,
was used. A 10 μM working concentration of the Silencer Negative siRNA control #1
was generated. The siPORT NeoFX Transfection Agent was diluted in pre-warmed OptiMEM I (1X) (cat # 31985062) reduced serum medium from Gibco and incubated for 10
minutes at room temperature. The 1μM Silencer Select Pre-designed (Inventoried) siRNA
targeting TMEM55B and 10 μM Silencer Negative control siRNA #1 were both diluted
in Opti-MEM I. The diluted siPORT NeoFX Transfection Agent was combined with the
diluted siRNA and mixed and incubated for 10 minutes at room temperature. Following
incubation, 50 μl of the transfection complexes was added to the appropriate well of the
24 well plate. Following the transfer, the cell suspension was gently mixed and 4x104
cells was pipetted into each well following gently tilting the plate to allow homogenous
distribution of the complexes. For each non-transfected control, 50 μl of fresh cDMEM
(10% CS, 1% L-glut, 1% PSF) was added. The plate was incubated at 37°C with 5%
CO2.

RNA isolation of TMEM55B siRNA transfected MDA-MB-231 cells

At each appropriate post transfection time point (24, 48, 72 hours), cells were harvested
and stored at -80°C as cell pellets. To each sample, 350 μl of Buffer RLT supplemented
with 1% β-mercaptoethanol was added and the sample was vortexed with the Digital
Vortex Mixer from Fisher Scientific (Waltham, MA) for 1 minute. Total RNA extraction
was performed on each cell pellet using the RNeasy Mini kit (cat #74104, Qiagen,
Valenica, CA) following the manufacturer’s instructions for animal cells. The optional

74

DNase treatment was not performed. The optional dry spin prior to elution was
performed. Total RNA was eluted with 32 μl of RNase-free water. The purity and
concentration of the RNA was determined using the Nanodrop 2000 Spectrophotometer
from ThermoFisher Scientific (Waltham, MA).

DNase Digestion and cDNA synthesis

Using the iScript gDNA Clear cDNA synthesis kit (cat # 172-5035, Bio-Rad, Hercules,
California), genomic DNA was removed from the RNA samples prior to cDNA
synthesis. The 48-hour time point of the isolated RNA samples achieved the highest yield
and were thus used for cDNA synthesis. In nuclease-free PCR tubes, 1 μg of total RNA
from each sample was brought to final volume of 14 μl with nuclease free water. Each
sample was treated with 2 μl of DNase mastermix and mixed following incubation in the
GeneAmp PCR System 2400 thermocycler by Perkin Elmer (Waltham, MA), which was
set according to the DNase reaction cycling protocol by the manufacturer. To assess
possible genomic DNA contamination in the RNA samples, a no-RT control was
prepared by combining 14 μl of iScript No-RT Control Supermix with 2 μl of DNase
mastermix. The no-RT control was incubated with the other samples at same time with
the same cycling parameters. Following incubation, 4 μl of iScript Reverse Transcription
Supermix was added to DNase-treated RNA sample, except for the no-RT control. For
the no-RT control, 4 μl of iScript No-RT control Supermix was added. All samples had a
total reaction volume of 20 μl and were placed in the GeneAmp PCR System 2400
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thermocycler by Perkin Elmer which was set to the cycling parameters listed in the
manufacturers protocol.

Quantitative Real Time PCR using TMEM55B (480-665) primers

Quantitative Real-Time PCR (qPCR) was performed by Margaret Hackney
using the Sso Advanced Universal SYBR Green Supermix (cat # 172-527, Bio-rad,
Hercules, California) following manufacturer’s instructions. The gene-specific primers
used were as follows: TMEM55b (480-665) Forward
5’TCTGAGTCCAGAACCCCAAC-3’ (Tm=64.2 °C); TMEM55b (480-665) Reverse 5’AAAAGCAAGCCAAGCAAGAA-3’ (Tm=63.8 °C) which were obtained from Sigma
(St. Louis, MO). Expression was normalized using the reference gene glyceraldehyde 3phosphate dehydrogenase (GAPDH) whose primers were as follows: GAPDH Forward
5’-ACCCAGAAGACTGTGGATGG-3’ (Tm=64°C) and GAPDH Reverse 5’TTCTAGACGGCAGGTCAGGT-3’ (Tm=63.8°C) and which were obtained from SigmaAldrich (St. Louis, MO). A standard curve with six, two-fold dilutions was generated for
the GAPDH and TMEM55B primer pairs using non-transfected cDNA. Each standard
curve was created in duplicate. Two mastermixes (GAPDH, TMEM55B) were generated
and the reaction volumes for each are listed in Table 15 and Table 16. A plate set up was
created using the CFX Maestro Software (Bio-Rad, Hercules, California). Eighteen
microliters of the appropriate mastermix was added into the appropriate well of a 96 hard
shell PCR plate (cat# HSL9605) (Bio-Rad, Hercules, California). Following the addition
of the mastermix, 2 μl of the appropriate cDNA was added to the appropriate well. To
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indicate possible DNA genomic contamination, a no reverse transcription control (no-RT
control) was generated, which contained 18 μl of GAPDH mastermix and 2 μl of the noRT control. Likewise, to eliminate potential primer dimers or possible cross
contamination a no template control (NTC) was generated by combining 18 μl of
GAPDH mastermix and 2 μl of nuclease-free water. Three biological groups were created
which were non-transfected, negatively (-) transfected and transfected MDA-MB-231
cells. For the negatively (-) transfected biological group and the transfected biological
group, 3 technical replicates were generated each for GAPDH and TMEM55B primers.
The samples were loaded onto the CFX96 Real Time PCR system from Bio-Rad
(Hercules, California) and run according to the thermal cycling protocol of the Sso
Advanced Universal SYBR Green Supermix which are as follows: Polymerase activation
and DNA denaturation (95°C for 30 seconds) followed by 40 cycles of denaturation
(95°C for 15 seconds) and annealing/extension, as well as a plate read at 60 °C for 30
seconds. Following 40 cycles, a melt curve was set at 65°C and ramped up to 95°C at
0.5°C increments for 5 seconds/step.
Table 15: The reaction volume for the GAPDH mastermix created by Margaret
Hackney
Component
Sso Advanced Universal
SYBR Green Supermix
GAPDH Forward (10 μM)
GAPDH Reverse (10 μM)
Nuclease-free H2O
Total volume

Volume for 1 reaction
(μl)
10 μl

Mastermix for 29 wells
(μl)
290 μl

1 μl
1 μl
6 μl
18 μl

29 μl
29 μl
174 μl
522 μl
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Table 16: The reaction volume for the TMEM55B (480-665) mastermix created by
Margaret Hackney
Component
Sso Advanced Universal
SYBR Green Supermix
TMEM55B Forward (10 μM)
TMEM55B Reverse (10 μM)
Nuclease-free H2O
Total volume

Volume for 1 reaction
(μl)
10 μl

Mastermix for 27 wells
(μl)
270 μl

1 μl
1 μl
6 μl
18 μl

27 μl
27 μl
162 μl
486 μl

Quantitative Real-Time PCR on MDA-MB-231 knockdown cells using ULK-1 primers

The expression level of the lysosomal protein, Ulk-1 was to be determined in MDA-MB231 cells. The expression of TMEM55B was knockdown successfully in those cells by
Margaret Hackney. The Ulk-1 primers were designed using NCBI Primer BLAST are as
follows: Ulk-1 forward primer 5’GTTCCAAACACCTCGGTCCT’3 (Tm=65.2°C); Ulk-1
reverse primer 5’TCCACCCAGAGACATCTTCCT’3 (Tm=65.0°C). The primers were
obtained from Sigma-Aldrich (St. Louis, MO) and 100 μM stock solutions followed by
working solutions (10 μM) of the forward and reverse Ulk-1 primers were generated. A
standard curve for Ulk-1 was created with a series of five, two-fold dilutions using nontransfected cDNA and double distilled water. The curve was made in duplicate. A plate
set up was generated using CFX Maestro Software from Bio-Rad (Hercules, California).
Three biological groups were generated which were non-transfected, negatively
transfected and transfected MDA-MB-231 cells. For the negatively transfected and
transfected biological group, three technical replicates were generated for each. The
mastermix for the primer pair Ulk-1 was generated following the reaction set up shown in
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Table 17. All the PCR components were added to a RNAse/DNase free 1.7 ml
microcentrifuge tube. In a 96 well plate, 18 μl of Ulk-1 mastermix was added to the
appropriate well and 2 μl of the appropriate cDNA was added to each well. For the no-RT
control instead of 2 μl of cDNA, 2 μl of the no-RT control from the cDNA experiment
performed by Margaret Hackney was added. Also, cDNA was omitted during the
preparation of no template control and replaced with 2 μl of double distilled water. The
samples were run according to the thermocyling protocol of the Sso Advanced Universal
SYBR Green Supermix as described previously. Following 40 cycles, a melt curve was
set at 65°C and ramped up to 95°C at 0.5°C increments for 5 seconds/step.
Table 17: The reaction volumes for the Ulk-1 mastermix. Forward and reverse refer
to the Ulk-1 primers.
Component
Sso Advanced Universal
SYBR Green Supermix
Ulk-1 Forward (10 μM)
Ulk-1 Reverse (10 μM)
Nuclease-free H2O
Total volume

Volume for 1 reaction (μl) Mastermix for 31 wells
(μl)
10 μl
310 μl
1 μl
1 μl
6 μl
18 μl

31 μl
31 μl
186 μl
558 μl

Results
Four small guide RNA sequences were designed using Benchling targeting exons 1-3 at
various positions. The small guide RNA that was used for further research was targeting
exon 2 position 850 of TMEM55B. The PX459 plasmid stock was grown in overnight
cultures (Terrific and Luria Broth) and incubated following plasmid isolation. Different
volumes of Luria and Terrific broth were used for Plasmid isolation (1.5 ml and 3.0 ml).
It was determined that the plasmid yield was twice as much when px459 was grown in
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Terrific broth versus Luria broth. The px459 plasmid was digested using restriction
enzyme BbsI and run on a 0.8% agarose gel. The sample was cut out and purified. The
digested px459 plasmid was ligated with the annealed and phosphorylated oligo insert to
generate the modified Crispr Construct. Subcloning efficiency DH5α competent cells
were used for transformation with the modified Crispr Construct. However, after two
unsuccessful transformations, DH5α transformed cells which contained the PX459
plasmid with the oligo insert TMEM55B exon 2 located at position 850 generated by
Margaret Hackney were used. MDA-MB-231 cells were transfected with the modified
Crispr Construct using Calcium phosphate. Following 48 hours post transfection, the
cells were washed with PBS and selection media was added (cDMEM supplemented with
6 μg/ml). Twenty-four hours post-selection, 100 % cell death was observed in the
experimental flask and control flask. The reagents Calcium chloride and HBS indicated
to have a pH of 6.0. To achieve a successful calcium phosphate transfection both of these
reagents require a pH of 7.0. Thus, the reagents Calcium chloride and HBS were re-made.
The transfection was repeated as done previously except that the β-gal control was
omitted and replaced with a control of non-transfected cells not treated with purimycin.
One hundred percent cell death was observed after 24 hours post selection in purimycin
treated wells. After two unsuccessful transfections and 100% cell death that was observed
post 24 hours of puromycin selection the presence of the purimycin gene in the px459
plasmid version 2 was tested. A restriction digest using EcorI of the px459 was
performed following a 1% agarose gel which indicated a faint band which is the size of
the purimycin resistant gene. Thus, the purimycin was present however if it is actively
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working still needs to be determined. At this point siRNA technology was going to be
used.

Figure 15: The expression level of TMEM55B. The TMEM55B transcript level
expression in the siRNA knockdown of negative, non-transfected and transfected MDAMB-231 cells. The asterisk states p<0.01 significance.
A 50% reduction in the expression of TMEM55B in the MDA-MB-231 cells was
successfully completed by Margaret Hackney using siRNA. This knockdown can be seen
when comparing the non-transfected to transfected MDA-MB-231 cells in Figure 15.
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Figure 16: Ulk-1 transcript level expression of TMEM55B siRNA knockdown
MDA-MB-231 cells
There was no difference in expression for Ulk-1 in the siRNA TMEM55B knockdown
MDA-MB-231 cells. This can be seen when comparing the negatively transfected and
transfected cells in Figure 16.
Conclusion
A modified Crispr construct which consisted of the px459 plasmid with the oligo
insert exon 2 targeting TMEM55B at position 850 was generated with the help of
Benchling software and the Zhang Protocol. Two transfections of MDA-MB-231 cells
with the modified Crispr construct were performed using Calcium Phosphate. The first
transfection deemed unsuccessful as 100% of transfected MDA-MB-231 cells died
twenty-four hours post-selection. The transfection was optimized by adjusting the pH of
the reagents (Calcium Chloride and HBS) and the transfection was repeated following the
same procedure as done prior. One-hundred percent cell death was noted in the
puromycin treated cells twenty-four hours post-selection. The integrity of the puromycin

82

came into question at which it was discovered that according to a CRISPR genome
engineering group that some PX459 version 1 plasmids had a Single Nucleotide
Polymorphism (SNP) which generated an additional mutated ECORI site. A SNP
indicates the difference between a single nucleotide. A virtual digestion using ECORI
followed by a restriction digest using ECORI was completed. Two bands were expected
if the SNP mutation was present however only one band would indicate the SNP was not
present. The gel indicated a single band at 670 bp which stated no SNP mutation was
present in the ECORI site and that the puromycin gene is intact but it is still questionable
if it’s working actively.
At that point TMEM55B was to be knocked down using siRNA technology.
Margaret Hackney successfully discovered that a 50% reduction occurred in MDA-MB231 cells when knocking down TMEM55B using siRNA. The relationship between the
knockdown cells and Ulk-1 was to be determined. No significant difference in the
expression of Ulk-1 was observed when performing qPCR on TMEM55B knocked down
cells using siRNA technology. However, this was only determined at the transcriptional
level and has still yet to be determined on the translational level.
No studies have indicated if the promoter Cbh which is present in the px459
plasmid has been expressed in the triple negative breast cancer cell line MDA-MB-231.
Thus, pSpCas9(BB)-2A-GFP (PX458) which is an alternative form of the px459 plasmid
but has a GFP tag can be used to determine if the Cbh promoter can be expressed in
MDA-MB-231 cells.
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A Liposomal system would be an alternative method to delivering the modified
Crispr Construct into MDA-MB-231 cells such as Lipofectamine 3000. It involves the
cationic lipids whose positively charged head group allow for interaction with the nucleic
acid due to the phosphate backbone. A helper lipid is often incorporated with the cationic
lipids which provides a positive charge on its surface when in water. The liposome
interacts with the nucleic acid forming a complex which then interacts with the
negatively charged cell membrane. The complex enters the cell through endocytosis. 2
Due to the fact that it is easy to use and has a 79% transfection efficiency in
MDA-MB-231 cells. Also, a different vector instead of the px459 plasmid can be used
that has a more well-known promoter and has been expressed in MDA-MB-231 cells.
Another potential experiment could be to perform a starvation experiment where MDAMB-231 cells are starved and are compared to regular healthy cells and see if other
makers that are of interest are being expressed.

2

https://www.thermofisher.com/us/en/home/references/gibco-cell-culturebasics/transfection-basics/gene-delivery-technologies/cationic-lipid-mediateddelivery/how-cationic-lipid-mediated-transfection-works.html
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Appendix

Figure 17: Pairwise Alignment of px459 plasmid containing the oligo insert exon 2
at position 850 aligned with the cycle sequencing sample. The highlighted portion
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indicates the insert.

Figure 18: Pairwise Alignment of px459 plasmid containing the oligo insert exon 2
at position 850 aligned with the cycle sequencing sample. The highlighted portion
indicates the insert

