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ABSTRACT

Over-expression of the ErbB receptor tyrosine kinase subfamily has been 

implicated in various types of human cancers. In the current study, ErbB-2, ErbB-3, and 

ErbB-4 tyrosine kinase domain cDNAs were isolated by RT-PCR and subcloned into a 

pFastBac-HT vector created through genetic engineering for the purpose of placing a his- 

tag on the ErbB protein receptors for purification. In isolating the ErbB-4 cDNA, an 

alternate receptor containing a 48 base-pair deletion in the tyrosine kinase region of the 

receptor was recovered. This result confirms an earlier report of an alternate splicing 

pattern in the ErbB-4 mRNA. Isolation of the ErbB TKD cDNAs allows for further 

research for the development of a diagnostic test of cancer tissues for over-expression of 

the ErbB receptors similar to the Herceptest, which tests for over-expression of ErbB-2.

*
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INTRODUCTION

The ErbB gene products, the ErbB receptor proteins, belong to the superfamily of 

growth factor receptors with intrinsic protein tyrosine kinase (PTK) activity. The 

receptors consist of an extracellular ligand-binding domain, a transmembrane domain, 

and an intracellular PTK domain followed by the C-terminus of the protein. The ErbB

• gene products have been categorized into a subfamily known as the Type 1 or ErbB

subfamily. The epidermal growth factor, EGF (also known as ErbB-1) is the prototype 

for the subfamily. The four members of this family are ErbB-1, ErbB-2, ErbB-3, and 

ErbB-4. The EGF receptor was first purified by EGF affinity chromatography from a 

human epidermoid carcinoma cell line (1). ErbB-2 was independently identified as the 

proto-oncogenic form of the rat neu oncogene. The protein is composed of 1255 amino 

acids in its functional receptor form. Its structure was found to be similar to the EGF 

receptor. As a result, efforts to isolate additional members of the EGF subfamily were

undertaken and ErbB-3 and ErbB-4 were eventually isolated. ErbB-3 is transcribed as a 

1342 amino acid peptide; ErbB-4 is transcribed as a 1310 amino acid peptide. All of the

proteins have a signal peptide on their amino terminal end that is cleaved off in the final

products (1).

The extracellular domain of the ErbB receptors is a ligand-binding domain. The

A members of the family share 40-50% amino acid identity with each other. The

extracellular domain contains 50 conserved Cys residues. There are also five potential 

sites for N-linked glycosylation in the extracellular domains that are identical to each 

other (1).
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Transmembrane sequences are made up of a short stretch of hydrophobic amino 

acid residues that span the lipid membrane once. The membrane spanning sequence is 

flanked on its C-terminal end by a stretch of basic amino acids assumed to be the “stop 

transfer” signal for anchoring the receptor in the plasma membrane.

The PTK domains of the subfamily are the most highly conserved sequences

• found within the proteins (2). The EGF, ErbB-2 and ErbB-3 proteins share 60-62% 

homology in the PTK region. However, they only share 26-34% identity with other 

families of receptor PTKs (1). A consensus glycine-rich loop containing a Lys residue is 

present in all PTK families and is thought to be an ATP-binding motif. In the EGF 

receptor, radiolabeled analogues have been shown to label Lys-721 which is the Lys

residue that corresponds to the Lys consensus loop. The conserved Lys residue is critical 

for proper orientation of ATP in the catalytic site and consequently proper

phosphorylation of the substrate (1).

Intrinsic PTK activity is critical to the function of the ErbB receptors. All the 

ErbB receptors except for ErbB-3 are believed to contain intrinsic PTK activity. ErbB-3 

is thought to serve as a cellular substrate for other family receptor PTKs. Ligand-induced 

receptor homo-dimerization and hetero-dimerization are thought to activate the receptors 

resulting in their phosphorylation of the C-terminal tyrosine residues. PTK activation

• may be involved in initiation of mitogenic signaling (3).

Phosphorylation of the C-terminal residues on the receptors is known to trigger 

the protein’s interaction with other cellular proteins involved in cell signaling.

Differential phosphorylation occurs depending on whether a homo-dimer or hetero-dimer 

forms, and which receptors make up the dimer. For example, the EGF/ErbB-3 hetero-
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dimer results in the activation of the PI 3-kinase mitogenic signaling pathway in response 

to the extracellular ligand heregulin (4). She (a ligand) has also been found to stimulate 

ErbB-3 in the context of the ErbB-2/ErbB-3 co-receptor. This interaction has been found 

to activate the Ras/mitogen-activated protein kinase (MAPK) signaling cascade. This 

cascade has been frequently implicated in cell growth and transformation (5). Activation 

of both the PI 3-kinase and MAPK pathways are thought to be required for full mitogenic 

response elicited by heregulin via the ErbB-2/ErbB-3 co-receptor. The exact mechanisms 

by which these signaling pathways affect the cell cycle are unknown. The Ras/MAPK 

pathway has been shown to play an important role in enhancing cyclin-Dl gene 

expression. This may be involved in the coupling of mitogenic signaling cascades to the

cell cycle machinery (6).

Growth factor receptors cause a cell to re-enter the cell cycle from the resting 

phase (Go). Due to this and their roles in activating signaling cascades, ErbB receptors 

could possibly play an important role in the regulation of cell proliferation and 

differentiation in the context of normal animal development and tumorgenesis. The ErbB 

proteins are the most implicated growth factors in human cancers (7). They have been 

shown to be over-expressed in a number of cancer lines, in particular breast cancer cell 

lines such as the SK-BR-3 cell line (8). Over-expression not only leads to an

• overabundance of mitogenic signaling, it also inhibits the down-regulation of the EGF

receptor by promoting its recycling to the cell surface enhancing its expression (1). 

Over-expression of ErbB-2 and ErbB-3 has been shown to correlate with high 

malignancy. ErbB-2 is overexpressed in 30% of breast cancer patients and has been 

shown to be a potent oncogene (8). One strategy for treatment of these cancers involves
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administration of monoclonal antibodies that induce receptor down-regulation. In 

experimental models, such antibodies have been shown to impair tumor cell proliferation 

both in vitro and in vivo (7). As a result, a new drug has been developed called 

Herceptin. It is a monoclonal antibody that is used to treat breast cancers that over

express the ErbB-2 protein. These cancers are usually very aggressive cancers with poor 

prognosis. As an aid in the determination of the advisability of Herceptin treatment, the 

Herceptest has been developed. It is a diagnostic immunohistochemical procedure to test 

tissue for ErbB-2 over-expression (1). The Herceptest was designed by DAKO (DAKO 

Corporation; Carpinteria, CA). It makes use of a polyclonal antibody specific for the 

extracellular domain of ErbB-2. The specificity of the antibody was tested against other

members of the EGF family. Using Western Blot analysis, this antibody, classified as

A0485, was shown to bind only to ErbB-2. When tissue from an individual tests positive

in the Herceptest, the individual is then eligible for Herceptin treatment.

EGF, ErbB-3 and ErbB-4 like ErbB-2 are over-expressed in many different 

cancers. Due to the success of Herceptin, Herceptest, and the high homology between 

the ErbB family members, it has been suggested that monoclonal and polyclonal 

antibodies specific for each of the ErbB family members may be used as diagnostic and 

therapeutic treatments of cancer.

• pFastBacl is a baculovirus transfer vector used to transfer DNA into insect cells

in order to amplify production of a certain gene product. An advantage to using the 

baculovirus expression system includes higher levels of expression of DNA and, 

consequently, higher rates of translation. This high level of expression is due to the 

pohlyhedrin promoter, one of the strongest promoters known for higher organisms (9).
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The polyhedrin promoter flanks the 5' end of the multiple cloning site (MCS), amplifying 

transcription of the DNA inserted into the MCS.

The purpose of the present study was to synthesize a pFastBac-HT vector from 

pFastBacl and pFastBacB3-CT-EcoRl (pFBB3-CT), then to isolate the tyrosine kinase 

domains (TKDs) of ErbB-2, ErbB-3, and ErbB-4 cDNAs using reverse transcriptase PCR
♦

(RT-PCR) and subclone them into pFastBac-HT. The subcloned cDNAs will then be

available for future studies, including cell signaling studies and possibly creating

diagnostic treatments for cancer.
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MATERIALS AND METHODS

The following are protocols used more than once throughout the study. The 

manufacturer’s instructions were followed in the use of each kit and each sequencing

reaction was done at the University of Iowa DNA lab.

Transformation Reactions

All transformation reactions (except those used in the TOPO-Cloning reaction) 

followed the following protocol: Frozen Ca2+-competent DH5-a E.coli were obtained 

from the University of Iowa enzyme store. The cells were separated into 100-ul aliquots 

and stored at -80° C. Approximately 2-10 ng of plasmid were added to 100 ul of DH5-a

cells that were thawing on ice. The cells with the plasmid were incubated on ice for 20 

min. During this 20 min 1 ml of LB medium was added to 3-ml test tubes and incubated

at 37° C. After 20 min, the cells were heat-shocked for 2 min in a 42° C water bath.

Next the cells were transferred to the 37° C LB medium and were mixed gently. The 

medium was then spread on agar plus ampicillin plates. The plates were incubated for 

approximately 12 hr or until colonies developed. Individual colonies were picked, placed 

in test tubes that contained 3 ml of LB medium + 3 ul of ampicillin, incubated at 37° C

for approximately 14 hr or until the liquid began to look cloudy. Then, the plasmids were 

purified.

Plasmid Purification

All plasmid purification reactions were done with the Wizard® Plus Minipreps 

DNA Purification Kit (Promega Corporation; Madison, WI). The plasmids were eluted 

in 50 ul of TE8/10 buffer. The plasmids were stored at 4° C or at -20° C if not to be used

right away.
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Gel Purification

All DNA bands that were gel purified were excised from a 1.2% low melting 

point (LMP) agarose gel and purified using the Wizard® PCR Preps DNA Purification

Kit.

Gel Electophoresis

All products that were electophoresed were separated on 1.2% agarose gel and 

visualized under ultraviolet light after staining with ethidium bromide. A 1-Kb DNA 

ladder from GIBCO-BRL (www.lifetech.com) was used as a size marker. Gels in which

bands were excised were run on LMP agarose.

Purification of pFastBacB3-CT-EcoRl (pFBB3-CT)

PFBB3-CT was obtained from John Roland’s lab at the University of Iowa. It is 

the pFastBacl transfer vector with an added His-tag, the C-terminus of the ErbB-3 gene 

inserted into the multiple cloning site (MCS), and the EcoRl site missing. The plasmids

were transformed and purified by the methods stated above. To confirm that the correct

plasmid was isolated, a restriction analysis was done. A double digest was prepared by

adding 2 ul of plasmid, 1 ul of buffer, 0.5 ul of EcoRl, 0.5 ul of Bbsl and 6 ul of ddH2O 

to microcentrifuge tubes. Single restriction digests were also done. The single restriction 

digests contained the same materials except 1 ul of EcoRl or 1 ul of Bbsl was added 

instead of 0.5 ul of each. The mixtures were incubated for 2 hr in a 37° C water bath.

After incubation, the digests were electophoresed.
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Synthesis of pFastBacl-HT

The pFastBacl transfer vector was ordered from GIBCO-BRL. pFastBac 1 and 

pFBB3-CT were digested by adding 20 ul of pFastBacl or pFBB3-CT, 5 ul of buffer, 2.5 

ul of EcoRl and 2.5 ul of Bbsl to a microcentrifuge tube. The tubes were incubated at 37°

C for 2 hr. Then each sample was run on 1.2% LMP agarose gel at 80 V in a cold box at 

4° C. A band of 4020 bp (the vector) was cut from the pFastBacl sample. This band

contained the entire pFastBacl vector minus the short region between the Bbsl site and 

Hindlll site. A band of approximately 300 bp (the insert) was cut from pFBB3-CT. This 

band contained the region of pFBB3-CT from the Bbsl site to the EcoRl site in the MCS 

of the vector. These two bands were gel-purified using the Wizard® Miniprep Kit. Then 

the two DNA fragments were ligated together. Two ul of the vector, 10.5 ul of the insert,

1.5 ul of 10X buffer, and 1 ul of T4 Ligase were added to a microcentrifuge tube. The

tube was incubated at 16 0 C for 4 hr. The ligation product was transformed into DH5-a

E.coli cells. Next, the plasmids were purified and run on a 1.4% agarose gel to test their 

size. Also, samples that appeared to have the appropriate size were sent to the University 

of Iowa DNA core for sequencing. The new plasmid formed will be referred to below as 

pFastBac 1-HT (Fig.l). The following primer was ordered from the University of Iowa 

DNA core: 5' CCT ATA AAT ATG CCG GAT TAT TC 3'. One ul of this primer, 2 ul

of pFastBacl-HT and 8 ul of ddH2O were added together and sent to DNA sequencing.

ErbB cDNA Primers

Forward and reverse primers were obtained from the University of Iowa DNA 

core to isolate cDNA which encodes the tyrosine kinase domains of ErbB-2, ErbB-3, and 

ErbB-4. The sequence for Stul (AGGCCT) is present at the 5' end of the forward
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primers, while the sequence for SphI (GCATGC) is present at the 5' end of the reverse 

primers. The primers were ordered to be specific for the sequences flanking the TKD of 

each ErbB gene. All primers were ordered at a concentration of 100 mM but diluted with 

ddH2O to 10 uM for use in RT-PCR. The sequences of the primers are shown below. 

ErbB-2 primers:

forward primer 5'GCA GGC CTA AGC CGA GGC AGC AGA AGA TCC

reverse primer 5'CGG CAT GCC TTC TGC TGC GGA CTT GGC CTT CTG

ErbB-3 primers:

forward primer 5'GCA GGC CTC GTG GGC GCC GGA TTC AGA AT

reverse primer 5'CGG CAT GCC TGA GTG CCA CAG GGA GCA G

ErbB-4 primers:

forward primer 5 'GCA GGC CTA GAA GGA AGA GCA TCA AAA AGA

reverse primer 5'CGG CAT GCC AGG TAA AAA ACC AGA ACT GA
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Fig. 1. Synthesis of pFastBacl-HT

Isolation of ErbB cDNAs

SK-BR-3 and MDA 451 cells from human breast cancer tissue were subcultured

and mRNA was extracted from the cells using an Invitrogen Micro-FastTrack 2.0 Kit

(www.invitrogen.com). The mRNA was used in the reverse transcription (RT) reaction. 

The following protocol was used. First RT mix # 1 was made. It consisted of 1 ul oligo

DT (100 ug/ml), 7.5 ul diethyl pyrocarbonate (0.1%) water (DEPC), 0.5 ul RNase 

inhibitor (40 U/ul), and 1 ul (2.5 ug) of mRNA (from SK-BR-3 or MDA 451 cells). 

These components were mixed well, heated in a water bath at 70° C for 10 min and then 

placed on ice.

RT mix # 2 was made using 2.1 ul DEPC water, 2 ul of 0.1 M DDT, 4 ul of 5X 

First Strand Buffer, 0.4 ul dNTPs (25 mM), and 0.5 ul RNase inhibitor (40U/ul). Mix #1
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and Mix #2 were added together, briefly centrifuged to get all the mixture in the bottom 

of the tube and heated in a water bath at 42° C for 1 hr. Next, it was placed on ice to

generate cDNA to be used in the PCR mixture.

The PCR mixture consisted of 10 ul of 10X buffer (200 nM Tris-HCL (pH 8.4)),

500 mM KCL, 3 ul of 50 mM MgCl2, 2 ul of 10 mM dNTP mix, 1 ul of 10 uM forward 

primer, 1 ul of 10 uM reverse primer, 2 ul of cDNA, and 80 ul of sterile ddH2O. All PCR 

reactions were hot started. After heating the mixture to 95° C for 5 min, 1 ul of Taq DNA 

polymerase was added to each reaction tube. The programs used to amplify each ErbB 

TKD gene are as follows:

ErbB-2 and ErbB-3

Cycle 1: 85° C for 1 min 

*Cycle 2: 95° C for 1 min

58° C for 1 min (annealing temperature)

72° C for 2 min

Cycle 3: 72° C for 10 min (extension step)

ErbB-4

Cycle 1: 85° C for 1 min

*Cycle 2: 95° C for 1 min

♦ 61° C for 1 min (annealing temperature)

72° C for 1 min

Cycle 3: 72° C for 10 min (extension step)

*repeated 35 times
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For ErbB-2 and ErbB-3, annealing temperatures of 58° C and 55° C were used and 

55° C gave the best results. For ErbB-4, annealing temperatures of 55° C, 58° C, 60° C, 

61° C and 62° C were attempted. 61° C resulted in the most successful outcome. In both 

cases the rest of the programs were similar to those presented above.

After PCR was complete, 4 ul of each product were run on a 1.4% agarose gel to 

determine if a PCR product was present and if it was the proper size.

Cloning of ErbB PCR products into the TOPO-cloning vector

ErbB PCR products were cloned into Invitrogen 2.1 TOPO TA Cloning vector. 

After the PCR products were cloned into the TOPO vector a restriction digest with 

EcoRl was done on each of the products. Two ul of plasmid, 1 ul of 5 U/ul EcoRl, 1 ul 

of NEB #2 buffer and 6 ul of ddH2O were placed in a microcentrifuge tube and incubated 

for 2 hr at 37° C. Each product was then electophoresed. Each ErbB PCR product in TA 

TOPO was sent to DNA sequencing using the Ml3 reverse primer from Invitrogen to

check for PCR errors.

Subcloning into pFastBacl-HT

ErbB-2 in TA TOPO vector, ErbB-3 in TA TOPO vector and pFastBac-HT were

digested with restriction enzymes. Twenty ul of plasmid, 20 ul of ddH2O, 5 ul of buffer, 

3.5 ul of SphI (5 U/ul), and 1.5 ul of Stul (10 U/ul) were incubated together for 2 hr in a

• water bath at 37° C. Then each product was run on 1.2% LMP agarose gel at 80 V in a

cold box at 4° C. A 2050 bp band encoding the ErbB-3 TKD was excised from the ErbB- 

3 in TA TOPO digestion, a band of size 1745 bp encoding ErbB-2 TKD was excised 

from the ErbB-2 in TA TOPO digestion, and a band of size 4773 bp was excised from
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pFastBac-HT. The bands were then purified from each gel using the procedure outlined 

under gel purification.

The ErbB cDNAs were then ligated into the pFastBacl-HT vector. Twelve and

one half ul of gel purified ErbB-2 or ErbB-3 were added to 2 ul of gel-purified

pFastBacl-HT, 1.5 ul 10X ligation buffer and 1.0 ul T4 Ligase. The reactants were

incubated at 16° C for 12 hr.

After the ligation reaction, each reaction was sequenced to make sure that error- 

free products were isolated. Each plasmid (ErbB-2 or ErbB-3 in pFastBacl-HT) was

transformed into DH5-a cells and stored at 37° C.

t
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RESULTS

Generation of pFastBac-HT

The products of the ligation reaction were run on a 1.2% agarose gel at 110 V. A 

band of approximately 4800 bp was found (Fig. 2). This product was then sequenced.
t

The vector contained 4837 bp and its sequence was compared to the BLAST search DNA 

library and was found to be correct by looking at the pFastBacl sequence.

RT-PCR results

Using an annealing temperature of 55° C gave an impure PCR product for both 

ErbB-2 and ErbB-3. This was evident because multiple bands appeared when the product 

was electophoresed. Consequently an annealing temperature of 58° C was used and it 

gave a pure PCR product (one band when electophoresed). PCR to isolate ErbB-4 was 

attempted with an annealing temperature of 55° C, 58° C, 60° C and 62° C. Each of 

these temperatures gave very faint and multiple bands when electophoresed. An 

annealing temperature of 61° C gave the purist and the most ErbB-4 product; therefore, it 

was used in the final analysis as the annealing temperature.

When run on a 1.2% agarose gel, as expected, the ErbB-2 PCR product showed a 

single band of size 1700 bp. The ErbB-2 cDNA was then cloned into the TA TOPO 

cloning vector and the product was digested with EcoRl. When electophoresed, this 

product had bands of 3900 and 900 bp (Fig. 3 B). Sequencing indicated no PCR errors.

The ErbB-3 PCR product appeared as a band of 2000 bp when run on 1.2% 

agarose gel and when cloned into the TA TOPO vector it appeared as a band of 5950 bp 

(Fig. 3 A). When this product was digested with EcoRl, two bands of 3610 bp and 2057
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bp were present (Fig. 3 C). When sequenced, the ErbB-3 PCR product contained one

PCR error. PCR was then run again. This second ErbB-3 PCR product contained one 

acceptable error. The isolated ErbB-4 cDNA showed a band of approximately 1800 bp. 

When cloned into the TA TOPO cloning vector and digested with EcoRl, three bands of 

3900 bp, 1160 bp and 750 bp were present. When the cDNA was sequenced, there was a 

49 bp fragment missing from the middle of the tyrosine kinase-encoding region of the 

DNA. RT-PCR was repeated multiple times and all of the isolated products contained

this deletion.

Subcloning into the pFastBac-HT vector

ErbB-2 and ErbB-3 were successfully cloned into the pFastBac-HT vector.

Sending the ErbB-2/pFastBac-HT and ErbB-3/pFastBac ligation reactions to DNA 

sequencing validated this. ErbB-4 was not subcloned into pFastBac-HT, and the ErbB 

gene products were not isolated due to time limitations, but the project is being continued 

in Roland’s lab at the University of Iowa Pharmacology Department.

*
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Fig. 2. The pFastBac-HT vector. Lane 1 shows the 1-Kb DNA ladder. In lane 2 is the pFastBac-HT vector 

which is 4837 bp. It was made by ligating the area encoding a His-tag from the PFBB3-CT vector into the 

MCS of pFastBacl.

DB CA

Fig. 3 ErbB PCR products in the TA TOPO cloning vector. (A) ErbB-3 in the TA TOPO cloning vector. The band is 

5950 bp. Gels B-D show the ErbB products in the TA TOPO vector that has been digested with EcoRl. The TA 

TOPO vector contains two EcoRl sites. If there are no EcoRl sites in the inserted gene then there should be two bands 

present. (B) The digested ErbB-2 in TOPO product. There is one EcoRl site in the TKD domain, therefore, there 

should be three bands present of sizes 3900, 900 and 850 bp. On the gel there are only two bands present, but the 900 
and 850 bp bands are appearing as one band due to their close sizes. DNA sequencing confirmed that this was ErbB-2 

in TA TOPO. (C) T he digested ErbB-3 in TOPO product. ErbB-3 contains no EcoRl sites in its TKD. 

Consequently, there are only two bands present in the ErbB-3/TA TOPO digest of sizes 2057 and 3610 bp. (D)

Shows the digested ErbB-4 in TOPO product. The three bands are of size 3900, 1160, and 750 bp. There are three 

bands because ErbB-4 contains an EcoRl site within its TKD.
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DISCUSSION

The ErbB gene products, the ErbB receptor proteins, are growth factors with 

intrinsic PTK activity. They are thought to be involved in numerous cell signaling 

pathways and cell division. The ErbB receptors have been shown to be elevated in many 

different cancers. Antibodies specific for ErbB-2 have been used for both a diagnostic 

(Herceptest) and therapeutic (Herceptin) purpose.

In this study I wanted to isolate ErbB-2, ErbB-3, and ErbB-4 TKD cDNAs for use 

in further research. The purpose of isolating the TKDs of the ErbB cDNAs is that 

eventually the ErbB gene products can be amplified and purified. Kinase activity of the 

ErbB TKDs can be compared and used in studies on different signaling cascades within 

the cell. However, the most immediate goal of isolating the ErbB TKD gene products 

would be to develop antibodies that could be used to test cancer tissue for the over

expression of an ErbB receptor. I chose to isolate the TKDs to see whether or not they 

would give the most specific antibody possible for each ErbB gene product and if it 

would improve the antibody used in the Herceptest for ErbB-2. Others at the University

of Iowa are studying extracellular domains. These extracellular domains will hopefully 

aid in the development of a monoclonal antibody that will be used to treat cancers over

expressing the ErbB gene products much like Herceptin is used.

This study had the long-term goals of the future research discussed above in mind. 

However, immediate goals consisted of synthesizing a vector with a His-tag called 

pFastBac-HT, isolating the ErbB-2, ErbB-3, and ErbB-4 cDNAs by RT-PCR, and 

subcloning these cDNAs into pFastBac-HT. pFastBac-HT was synthesized by ligating
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the His-tag region of pFBB3-CT into pFastBacl. It was desirable to create a vector with 

a His-tag, for purification purposes, that PCR products could be cloned into.

After synthesizing pFastBac-HT, an attempt was made to isolate the human ErbB- 

2, ErbB-3 and ErbB-4 cDNA TKDs by RT-PCR. The ErbB-2 mRNA consists of 4530

nucleotides (1817 amino acids). Nucleotides 2176-3921 (amino acids 676-1380) code for
9

the tyrosine kinase domain, therefore, it was the region of ErbB-2 isolated. ErbB-3

mRNA consists of 4879 nucleotides (1594 amino acids). The tyrosine kinase domain is 

encoded by nucleotides 2098-4123 (amino acids 667-1342) and it was the region 

amplified. ErbB-4 mRNA consists of 5484 nucleotides (1817 amino acids). Nucleotides 

2095-3963 (amino acids 676-1308) encode the TKD and it was the region isolated. In 

amplifying ErbB-4, an isoform of ErbB-4 containing a 48 base-pair deletion was 

detected. These results confirmed an earlier report by Sawyer et al. (10) of the existence

of this isoform.

The last goal of the study was to subclone the ErbB cDNAs into pFastBac-HT. I

was able to subclone ErbB-2 and ErbB-3 into pFastBac-HT.

Synthesis of pFastBac-HT (pFB-HT)

p-FastBacl is a vector that is specifically used to transfer DNA into insect cells in 

order to amplify production of a certain gene product. p-FastBacl contains a multiple

• cloning site (MCS) specific for numerous restriction enzymes to allow DNA sequences to

be inserted into the vector. A polyhedrin promoter flanks the MCS at the 5' end. This 

promoter will be activated inside the cell greatly amplifying the transcription of the 

inserted DNA and thus the protein product produced in the insect cell (9).

A segment encoding six histidines between the polyhedrin promoter and the
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MCS, where DNA is inserted, was added to the p-FastBacl vector for purification 

purposes. Histidine is a charged molecule, therefore, the proteins produced in the insect 

cell can be separated and purified, perhaps, by ion-exchange chromatography.

A His-tagged vector (pFBB3-CT) was available, but it did not contain the 

necessary restriction sites for the study. A Stul site was added at the 5' end of the cDNA 

product and a SphI site was added at the 3' end of the cDNA product. These two 

enzymes were chosen because they will not cut the ErbB genes in the TKD domains and 

they are present in the MCS of the pFastBac-HT vector. To place these restriction 

enzymes on the 5' and 3' ends of the inserted cDNAs, the sequences encoding Stul or 

SphI were placed on the 5' or 3' ends of the primers that were custom made for 

amplification of the different ErbB cDNAs by RT-PCR.

The His-tagged region of the pFBB3-CT vector was successfully ligated into 

pFastBac 1. To ensure that the reaction in fact took place, the new vector (pFastBac-HT) 

was sent to DNA sequencing. The complete pFastBac-HT vector is 4320 bp and contains 

the His-tag region, part of the MCS from pFBB3-CT (300 bp) and all of the pFastBacl

vector minus the Bbsl site to the Hindlll site (4020 bp). Comparing the results to a DNA

library confirmed that pFastBac-HT contained a His-tag, the polyhedrin promoter and the

MCS for insertion of the ErbB cDNAs.

w Isolation of cDNAs

Primers specific for the TKD domain of each ErbB gene were ordered. The 

primers were chosen by looking at the TKD DNA sequence of each ErbB gene. Primers 

were then selected that flanked the TKD region to isolate and amplify this area, using 

RT-PCR, from the SK-BR-3 cDNA. The primers were custom made, therefore, there

19



were no data available on what the actual annealing temperature of the primers would be. 

Consequently, several different programs were tried. No PCR products were present for 

any of the ErbB receptors when an annealing temperature of 55° C was used. However,

by raising the annealing temperature to 58° C, ErbB-2 and ErbB-3 TKD cDNAs were 

isolated. ErbB-4 was much more difficult to amplify. Isolation of ErbB-4 was attempted 

at annealing temperatures of 55° C, 58° C, 60° C, 61° C and 62° C. Amplification of the 

ErbB-4 product seemed to work the best at 61° C and was chosen as the annealing 

temperature in the final program used to isolate ErbB-4. It is recommended that primers 

do not have any repetitive sequences or nucleotides. Both the forward and reverse 

primers for ErbB-4 had stretches of repeating adenines. This could have been part of the 

reason the ErbB-4 PCR product was hard to amplify.

For the RT-PCR reactions, mRNA was extracted from both SK-BR-3 (human

breast cancer cell line) and MDA 453 cells (human brain cancer). In all the PCR trials, 

cDNAs from both cell lines were used. The cDNA products were only isolated from 

SK-BR-3 cells. The MDA 453 cells did not give any PCR products. Both cell lines are 

believed to have elevated levels of all the ErbB receptors (10). It is unclear why only the

SK-BR-3 cDNA could be amplified.

The ErbB products were sequenced to confirm they were the correct products and 

• that no random PCR errors occurred during amplification of the cDNA. Taq polymerase

8
was used in the PCR reactions. Taq has a naturally occurring error rate of 1 error per 10

- 1 o'° bp. This means that the incorrect nucleotide can be randomly added during 

amplification of the cDNA. Therefore, DNA sequencing was used to screen for these

errors.
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I compared the DNA sequence of the ErbB-2 product with the known ErbB-2 

sequence using a DNA library. The ErbB-2 product contained no PCR errors, but the 

ErbB-3 cDNA did contain a critical PCR error that would result in the change of the 

amino acid sequence of the protein. Consequently, PCR was run on ErbB-3 again. This 

time the isolated product contained a PCR error; however, it was an A to T mutation that

changed the codon from CCA to CCT. Both codons code for proline, therefore, the 

mutation was acceptable because the amino acid sequence would not be changed.

Multiple samples of the ErbB-4 product were sequenced due to the fact that the 

sequence seemed to be missing 48 nucleotides in the middle of ErbB-4s TKD. The area 

missing was bp 3170-3218. Six different samples, from six different PCR reactions, were 

sequenced and all six samples contained the mutation. This is interesting because the 

cDNA was synthesized from breast cancer cells. It is also interesting because the area of 

the mutation lies within the phosphatidyl inositol 3-kinase (PI3K) binding region. The 

binding of PI3K is known to be involved in intracellular signaling pathways (11). Even 

though there is a mutation, this receptor is still active and it may represent an alternative- 

signaling pathway within the cell. Consequently, the existence of the ErbB-4 isoform 

may represent a novel mechanism for regulation of some receptor tyrosine kinase 

functions such as cell division (11). This mutated ErbB-4 receptor may play a role in the

♦ development of cancer.

The PCR products were cloned into the TA TOPO cloning vector. Each 

ErbB/TOPO vector was digested with EcoRl to ensure that the correct PCR product was 

present and that it was inserted the proper way. Further, EcoRl was chosen as the 

restriction enzyme because the TOPO vector contains two EcoRl sites that flank the
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region where the PCR products are to be inserted. ErbB-2 TKD contains an EcoRl site 

1191 bp from the beginning of the insert. This site is 908 bp away from the first EcoRl 

site on the TOPO vector and 857 bp away from the second. The two EcoRl sites on the 

TOPO vector are 3900 bp away from each other. The gel revealed two bands at 

approximately 4000 bp and 900 bp (Fig. 3 B). The 908 and 857 bp bands probably 

merged into one another due to the closeness of their sizes. To separate these two bands 

better they could have electophoresed longer or a higher percentage of agarose could 

have been used in the gel. These things were not done because sequencing ensured that 

the proper ErbB-2 TKD was inserted into the TOPO vector.

ErbB-3 TKD does not contain any EcoRl sites. Therefore, only two bands were 

seen when the restriction digest of this product was electophoresed (Fig. 3 C). ErbB-4 

contains an EcoRl restriction site in its TKD 1007 bp away from the beginning of the 

ErbB-4 insert. This results in three bands of 724 bp, 1166 bp, and 3900 bp when

electophoresed (Fig. 3 D). When sequenced the ErbB-3 and ErbB-4 PCR products were 

shown to be in the correct orientation without any errors.

The ErbB TKD genes were cloned into the TA TOPO cloning vector. There are

many advantages to cloning the genes into this vector. For example, the TA TOPO 

cloning vector comes with a very simple and useful method for transforming the vectors

♦ into E.coli cells. The TA TOPO vector contains two EcoRl sites and comes with primers

so that it is easy to see if the DNA is inserted properly. Also, the TA TOPO cloning 

vector is useful for cloning PCR products into other vectors such as pFastBac-HT. This is 

why the ErbB PCR products were cloned into the TA TOPO cloning vectors.
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Subcloning into pFastBac-HT

After the ErbB cDNAs were cloned into the TOPO vector to ensure proper 

orientation and error-free cDNAs, the cDNAs were transferred into the pFastBac-HT 

vector. This entailed digesting pFastBac-HT and the cDNAs in TOPO with Stul and

SphI. Then the 4773 bp band of pFastBac-HT was purified and the appropriate cDNAs
t

were ligated into the pFastBac-HT vector. The 2050 bp ErbB-3 cDNA was ligated into 

the pFastBac-HT vector. Next, the 1745 bp ErbB-2 cDNA was ligated into pFastBac- 

HT. Each ligation reaction was electophoresed. The ErbB-3 reaction resulted in a 6823 

bp band, which is the ErbB-3 insert plus the pFastBac-HT vector. The ErbB-2 reaction 

resulted in a 6518 bp band, which is the ErbB-2 insert plus the pFastBac-HT vector.

Both of these reactions were sent to DNA sequencing to confirm that ErbB-2 and ErbB-3

were properly subcloned into pFastBac-HT. Subcloning ErbB-4 into the pFastBac-HT

vector was not attempted because it was not yet confirmed that the isolated PCR product 

was an ErbB-4 isoform versus a PCR error. These reactions proceeded without problems

so probably the subcloning of ErbB-4 into pFastBac-HT would be successful.

Summary of experiments

In conclusion, the pFastBac 1-HT vector was generated. This vector will be useful 

for the amplification of transcription and, hence, translation of the ErbB TKD genes and

• for the purification of the proteins. The ErbB-2, ErbB-3, and ErbB-4 TKD cDNAs were

isolated and amplified by RT-PCR. During this process I was able to verify that there is 

an isoform of ErbB-4 that contains a 48 base-pair deletion. The presence of this iso form 

may indicate that ErbB-4 is involved in multiple signaling pathways and perhaps 

tumorgenesis. Lastly, the ErbB-2 and ErbB-3 cDNAs were subcloned into pFastBacl-
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HT in preparation for the eventual isolation of the gene products.

Future research

Follow-up studies should include the following experiments. After transfer into 

pFastBac-HT, armyworm ovary cells should be infected with the transfer vector. By 

inserting the vector into the insect cells, the virus causes the cells to undergo apoptosis.
$

Cell lysis occurs 72 hr or more after infection allowing the cell to generate the ErbB 

proteins (12). Next, the proteins are extracted and purified. Purification would be 

accomplished by using column chromatography that takes advantage of the His-tag added 

to the C- terminus of each protein.

After purification, the ErbB TKD gene products can be used to develop diagnostic 

tools in the development and treatment of cancer. I chose the TKD domain to see if it 

would give the most specific antibody possible for each ErbB gene product and to 

possibly improve the antibody used in the Herceptest for ErbB-2. Antibodies specific for 

the ErbB TKDs can be developed to test malignant tissue for elevated levels of the ErbB 

gene products (just as Herceptest is used to identify elevated level of ErbB-2). These 

diagnostic tests could be used in conjunction with the development of possible 

monoclonal antibodies that will be used for therapeutic purposes similar to Herceptin.

Also, protein tyrosine kinases are an integral part in the proper functioning 

• of a cell. The ErbB gene products appear to play an important role in growth,

development and cell division, and their proper functioning is imperative for the cell to 

behave normally. By isolating the TKD domains they can be carefully studied and 

compared. Isolation of the TKD domains will lead to a greater understanding of the 

mechanisms of the TKDs, their importance, and how they can be used to develop tools to
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fight disease.
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