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Abstract

Cancer is the second leading cause of death in the United States. Prostate cancer 

affects one in seven men in the United States. Thus, prostate cancer provides a very 

serious healthy threat to men in the United States. Unfortunately, not much is known as 

to how normal prostate cells are transformed into a cancerous state, or how once 

transformed remain in the cancerous state. A study preformed by Porkka et. al in 2002 

revealed that Elongin C is over expressed in prostate cancer cell lines. I hypothesize that 

over expression of Elongin C could inappropriately stabilize or destabilize key proteins 

involved in cell regulation leading to the mutation and or proliferation of cancerous cells. 

Through the use of a two-hybrid screening process I have identified four proteins within 

the prostate cell that interact with Elongin C.
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Introduction

Cancer accounts for approximately one in four deaths in the United States with 

more than 1,500 people in the United States dying from cancer daily (Cancer Facts and 

Figures, American Cancer Society). The American Cancer Society (ACS) has 

determined that cancer is the second leading cause of death in the United States preceded 

only by heart disease. The ACS predicts there will be 1,372,910 new cases of cancer in 

2005. The United States alone spent 189.8 billion dollars in cancer related healthcare in 

2004 (Cancer Facts and Figures, ACS).

Men and women are predisposed to different forms of cancer. Prostate cancer, 

the leading form of cancer in men is manifested by the formation of tumors in the 

prostate. Current estimates are that one in seven men will develop prostate cancer and 

one in twenty six will die from the disease (www.cancer.ca/ccs). Prostate cancer is not 

an equal opportunity cancer with some people having a higher susceptibility than others. 

The few well-accepted risk factors include, age, ethnicity, and family history. 

Approximately 70% of all prostate cancer cases are found in men 65 and older. Incident 

rates for African American men are twice as high as for Caucasian men (Cancer Facts 

and Figures, ACS) while men from Asia and South America, have a marginal risk as 

prostate cancer is rare in these regions (Cancer Facts and Figures, ACS). Two very 

important questions in the study of prostate cancer need to be addressed: 1) by what 

processes are normal prostate cells converted into cancerous cells, and 2) how do these 

cells progress to a more advanced stage of cancer?

http://www.cancer.ca/ccs
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The von Hippel-Lindau (VHL) disease predisposes individuals to a variety of 

cancers including prostate cancer (Schoenfeld et. all, 2000). By evaluating the 

characteristics of VHL disease, essential information on how cancer develops may be 

gained, von Hippel-Lindau disease is caused by a mutation in the VHL gene, a tumor 

suppressor gene, whose protein product functions in regulating the cell cycle (Schoenfeld 

et. al, 2000). The gene product of VHL interacts with two proteins, Elongin B and 

Elongin C, forming the VHL/BC complex. The VHL/BC complex is a tumor suppressor 

called E3 ubiquitin ligase complex (Schoenfeld et. al, 2000). Improper functioning of 

this complex, due to mutation, allows for rapid cell division leading to the formation of 

tumors (Schoenfeld et. al, 2000).

Interestingly, seventy percent of individuals who suffer from von Hippel-Lindau 

disease have a mutation occurring in a specific area of the VHL gene known as the BC 

box (Schoenfeld et. al, 2000). The mutation prevents the binding of Elongin C to the 

VHL protein causing destabilization of the VHL/BC complex (Schoenfeld et. al, 2000).

It appears that Elongin C is necessary for VHL to function properly (VHL prevents the 

formation of tumors through its role in the proper regulation of the cell cycle). However, 

Elongin C specific function is unknown (pers. comm., Hyman 2004). Previous work in 

the Hyman lab has shown that Elongin C plays a part in the stabilization of its binding 

partners (Hyman et. al, 2002).

The proteins Elongin B and C also associate with Elongin A to form a 

transcription elongation factor called Elongin (Aso et. al, 1995). This complex functions 

to promote the transcription of DNA, by reducing the ability of the RNA polymerase II to 

pause at various sites along the DNA (Kamura et. all 1998). By promoting transcription,
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the cell is stimulated to divide. The VHL protein then acts as a competitive inhibitor in 

the formation of Elongin (pers. comm., Hyman 2004). Thus, Elongin C interacts with 

two opposing proteins. One that works to promote cell division (Elongin) and the other 

that works to prevent cell proliferation.

Elongin C was recently found to be over expressed in both prostate and breast 

cancer cell lines further suggesting that it may be involved in cell cycle regulation and 

thus the conversion of normal prostate cells into cancer cells (Porkka et. al, 2002). This 

research focuses on the identification of key binding partners of Elongin C based upon 

the hypothesis that the over expression of Elongin C inappropriately stabilizes or 

destabilizes key proteins involved in cell regulation leading to the mutation and or 

proliferation of cancerous cells. In addition, whether the binding partners play significant 

roles in the maintenance or proliferation of a cancerous cell state was investigated.

A number of methods can be employed when searching for interacting proteins.

In vitro and in vivo screens exist and, in conjunction with molecular tools, have been used 

to identify interacting proteins (Guarente et. al, 1993). In this study an in vivo approach 

employing the yeast Saccharomyces cerevisiae was used as a model for screening 

proteins interacting with Elongin C. An In vivo screen works by manipulating a 

transcription activation factor. Typically an activation factor works by binding to DNA 

promoting the attachment of RNA polymerase and thus transcription of a gene.

However, in the in vivo screen this transcription factor has been split into two different 

fragments. These two pieces are placed in two different plasmids. One fragment is 

found on pGBKT7 and contains a binding domain allowing for attachment of the plasmid 

to the host DNA at the transcription activator’s binding site. The second fragment
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contains the activation domain, which works in promoting RNA polymerase binding. 

This fragment is found on plasmid GADT7. On each of these plasmids there is a 

multiple cloning region allowing for the insertion of different genes. The genes are 

transcribed and translated under normal cell conditions, thus the proteins of interest 

(Elongin C and one Prostate Library protein) are produced in yeast cells containing the 

plasmids.

If Elongin C and the protein from the Prostate Library interact, the two plasmids 

come together and interact reconstituting the transcription activation (TA) and when the 

binding site in pGBKT7 is bound to the host DNA, the reconstructed TA promotes the 

binding of DNA polymerase, and genes {adenosine, histine, and X-gal) located 

downstream from the binding site are transcribed. Thus, by placing Elongin C into one 

plasmid and a protein from the Prostate Library in the second plasmid, we can determine 

if the proteins interact.

Selection plates (media missing one or more necessary proteins) facilitate the 

isolation of interacting proteins. The plates only allow for the growth of the yeast cells if 

the genes transcribed downstream from the TA binding site are present. Therefore, if 

growth on the plates indicates reconstruction of the TA, which only occurs if the two 

proteins interact, Elongin C and a protein from the prostate library must be interacting. 

Through DNA extractions and sequencing of the plasmids information regarding the 

proteins can be obtained by comparing the sequences to known genes in public databases.

I used a two-hybrid screen {in vivo screen) to identify and sequence proteins that 

interact with Elongin C. The functions of these proteins may shed light on the role of

Elongin C in the cell cycle and the transformation of normal cells into cancerous cells.
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Materials and Method

Construction of Control Plasmid:

In order to construct a positive control, Elongin B and Elongin C needed to be 

present in pGADT7 and pGBKT7 respectively. Unfortunately, Elongin B (obtained from 

Jim Ganarra) was present in a pAS2, which is not compatible with the two-hybrid system. 

The pAS2 Elg B gene (provided by Jim Ganarra) was cloned into pGADT7 and 

transformed into E. coli using XL 1-Blue Subcloning -Grade Competent Cells 

(Stratagene, California) following the accompanying protocol (See appendix). After 

transformation, the DNA was extracted and purified using a Wizard Mini-Prep Kit 

provided by Promega, Wisconsin (see appendix). Following purification, pAS2 Elg B 

was renamed KS021, digested with Bam HI and NCO I, and run on a 1% low EEO 

agarose gel. Digestion cut the plasmid into two pieces, the smaller of the two being 

elongin B (approximately 400 kb). The agarose gel indicated the presence of a 400 kb 

fragment which I confirmed was elongin b by sequencing (performed by Mary Bateson).

More DNA was necessary then that provided in the previous purification and 

isolation steps, so E. coli containing pAS2 Elg B was inoculated into a 50 mL culture of 

LB broth and allowed to grow overnight (16-18 hours). pAS2 Elg B plasmid DNA was 

then extracted and purified using the Qiagen Plasmid Midi Prep Kit (Qiagen Maryland) 

following the directions in the Plasmid Purification Handbook (08/2003). The AS2 

plasmid was digested with Bam HI and NCO I in order to separate the Elongin B from 

the plasmid creating an insert to be placed in the pGADT7 plasmid. The digest was
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carried out in a 360 /zL reaction and placed at 37° C for 2 hours. The digest was run on a

0.8% low EEO agarose gel to confirm that a 400 kb band was present. This 400 kb band 

was extracted from the agarose gel (0.8%) using a QIAEXII Gel Extraction kit (Qiagen, 

Maryland) following the manufacturer’s instructions in the QIAEX 11 (Handbook 02/99).

The pGADT7 plasmid DNA was cut with Bam HI and NCOI so that it would 

accept the Elg B insert previously isolated. This digest was set up as a 40 fiL reaction 

and allowed to incubate at 37 0 C overnight. The cut pGADT7 vector was purified using 

the QIAEX II Gel Extraction kit (QIAEX 11 Handbook 02/99). After purification, the 

plasmid was dephosphorylated using a calf intestine phosphatase protocol (see appendix), 

followed by a phenol extraction, and ethanol precipitation (see appendix).

Ligation of the dephosphorylated vector with the Elg B insert was accomplished 

by combining 100 ng of the vector with 20 ng of the insert in a 10 /zL reaction. This 

reaction was placed in a 12-16 ° C incubator overnight (16-18 hours). The ligation was 

transformed into One Shot TOP10 competent cells using Invitrogen’s protocol (see 

appendix). The cells were plated on LB amp plates (pGADT7 is ampicillin resistant) and 

allowed to grow overnight (see appendix for plasmid maps). The transformants were 

grown and the DNA extracted using the PromegaWizard mini-prep kit. After 

purification, the transformants were screened for the presence of the correct plasmid and 

insert orientation by restriction digestion of potential plasmids with Hind III and Bam HI. 

The reaction mixture was incubated at 37°C for 3 hours. After the digestion, the digest 

was placed on a 0.8% low EEO agarose gel to verify if the ligation was successful and 

the inserts were in the correct orientation (orientation was determined by the size of 

digested band)



8

Two-hybrid screening was accomplished by transforming both the activation 

(pGADT7) and binding domain (pGBKT7) plasmids into the yeast host strain (AH 109 

Saccharomyces cerevisiae). Each plasmid works like two compatible pieces of a puzzle. 

When brought together the divided transcription activation factor (TA) is reconstituted. 

This promotes the binding of RNA polymerase, and genes located down stream from the 

TA binding site are transcribed (adenosine, histine, and X-gal). Therefore, if Elongin C 

(pGBKT7) interacts with Elongin B (pGADT7) the plasmids will be brought close 

enough together to form the transcription elongation factor. RNA polymerase will bind 

and genes encoding for the production of adenosine, histidine, and beta-galactose will be

transcribed.

The use of selection plates facilitates the isolation of interacting proteins. 

Interacting proteins allow for the transcription of adenosine, histidine, and beta-galactose. 

By growing cells on media lacking adenosine and histidine only those cells containing 

interacting plasmids will bed able to grow. AH 109 yeast cells (yeast host strain) 

containing pGBKT7hElc were successfully transformed with the pGADT7 Elg B plasmid 

by the use of a lithium acetate yeast transformation (see appendix). These transformants 

were placed on CM -trp-leu-add-his X-gal plates to confirm the interaction of Elg B and 

ElgC.

Prostate Library Screening:

The prostate library was obtained from BD Clonetech (California). Each plasmid 

encodes a different protein found within the prostate cell line. These plasmids were 

transformed into the AHI 09 pGBKT7hElc yeast strain (see appendix). The
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transformation was plated on CM -trp -leu -add, to select for both the presence of the 

two plasmids (pGBKT7 contains a gene coding for tryptophan and pGADT7 encodes a 

gene for leucine) and the interaction of the two proteins. The plates were placed in a 30° 

C incubator for four days. Thirty-nine initial protein interactions were identified. Each 

of the initial Prostate Library proteins were tested on more stringent plates, requiring add- 

his-Xgal genes to be expressed for growth, thus only strongly interacting proteins would 

be selected for and therefore used in the next step. Protein interaction strength was 

determined by the cells ability to produce adenosine, histidine, and test positive for B - 

galactosidase. If a cell grew on media lacking adenosine, histidine, and tested positive 

for B - galactosidase then it was deemed to have strong protein interactions.

After stringency plating of yeast containing plasmids that held both Elongin C and 

a Prostate Library protein, the strong interactors were isolated. The interacting plasmids 

were extracted from the yeast deemed to have strong interactions (Smash and Grab, see 

appendix). The DNA obtained was run on a 0.8% low EEO agarose gel to verify that 

DNA extraction was successful. The extracted plasmids were transformed into XL 1 

Blue competent £ coli cells using a modified protocol (see appendix). Our E. coli strain 

can only accept one plasmid so only pGBKT7Elc or pGADT7+Prostate Library protein 

sequence would enter the £ coli cell. pGADT7 contains a gene allowing for ampicillin 

resistance, so these transformations were plated on LB amp plates to select for the cells 

containing only the prostate library plasmid. The E. coli cells that grew on the LB amp 

were used to extract the plasmid containing the prostate library protein using a Wizard 

Mini-Prep Kit.
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The isolated interacting plasmids containing a prostate library protein were 

transformed into an AH 109 pGBKT7-53 (same as pGBKT7-hElc only without elongin 

C) yeast strain to make sure that the plasmid was only interacting with Elongin C and no 

other proteins present in the yeast cell. The transformants were plated on the same 

selection plates used to identify interactions between Elongin C and the prostate library 

protein. If cells grew on these plates it indicated that the prostate library protein was 

interacting with something other than Elongin C in the initial transformation. Thus, they 

were false positives and could be eliminated from the list of interacting proteins.

However, if the transformants did not grow on the selection media then the prostate 

library protein had only interacted with Elongin C in the yeast cell. Plasmids containing 

the prostate library proteins which only interacted with Elongin C were then sequenced 

(see appendix) and compared against known genes in public databases. The sequences 

were blasted into the NCBI web site (http://www.ncbi.nih.gov/) and compared to other 

known DNA sequences. From this analysis the most probable protein was determined.

http://www.ncbi.nih.gov/
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Results

I cloned Elongin B from pAS2 into pGADT7 for the two-hybrid screening. The 

pGADT7-Elg B plasmid was transformed into a yeast strain containing Elongin C 

(AH 109 Saccharomyces cerevisiae containing pGBKT7-hElc). The two plasmids came 

close enough together to reconstitute the transcription elongation factor and transcribe the 

indicator genes: adenosine, histidine, and X- gal (5-bromo-4-chloro-3-indolyl-beta-D- 

galactopyranoside). Since the two proteins interacted with each other, blue colonies 

formed on LB selection (containing X- gal but lacking tryptophane, leucine, adenosine, 

and histidine,) plates (see appendix). Elongin B is known to interact with elongin C; 

therefore this positive test result indicated that my two-hybrid system would produce 

reliable results. The prostate library DNA was transformed into the yeast strain 

containing Elongin C (AH 109 Saccharomyces cerevisiae containing pGBKT7-hElc). 

Initially thirty-nine different proteins were found to interact with Elongin C (Table 1). 

Seven of the proteins were determined to be strong interactors. Two of the initial strong 

interactors were found to be false positives, and another one was Elongin B, a known 

interactor. Thus, only four of the initial thirty-nine proteins, Olfactomedin, HRY, HSP 

40, and HSP 70-1, were interacting partners of Elongin C (Table 2).



12

Table 1. Steps in the Prostate Library Screening.

Step of Screening Proteins involved
Number of genes in prostate library 3.5 X 10A6
Specimens determined to interact 39

Specimens that made it through stringency plates 7
Specimens that made it through false positive testing 6
Number of proteins found to interact with Elongin C 4

Table 2. Prostate Library Positive Interactors.

Protein Activity
Olfactomedin Unknown at this time

HRY Drosophila hairy segmentation gene 
homolog

HSP 40 Heat Shock Response gene in E. coli
HSP 70-1 Gene involved in protein folding
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Discussion

Throughout this experiment transformation efficiencies were low. This can be 

seen in Table 1 where out of the 3.5 million possible interacting protein sequences, only 

39 encoding sequences successfully made it into a yeast cell. For XL1 Blue Subcloning- 

Grade Competent Cells, the transformation efficiency should be S x 106 (Manufacturer’s 

Transformation Handbook). Biotech claims that transformations involving a library 

should have efficiencies ranging from 5 x 105 to 2 x 106 (Biotech, Texas). Factors 

contributing to transformation efficiency include: 1) amount of DNA used 

(transformation reactions are generally saturated at >10 ng DNA), 2) duration of heat 

shock (usually ranges from 45-60 seconds), 3) length of time given for expression (the 

longer they are left to grow the more colonies to be found), 4) use of SOC medium (aids 

in obtaining higher efficiencies), 5) selection plates (causes strain on the organisms 

slowing its ability to divide), and 6) the freezing and thawing of cells (frequent freeze/ 

thawing cycles decreases efficiencies) (Sigma-Aldrich). Several modifications such as 

increasing and decreasing the amount of DNA used, varying times for incubation, and the 

use of fresh cells and DNA were attempted to no avail. Therefore, further manipulation 

of the transformation process needs to take place in order to increase transformation

efficiencies.

If the efficiency was 1 x 104 then 100 gg of DNA would be necessary to screen 1 

x 106 different plasmids. Since there are 3.5 x 106 possible proteins in the prostate library 

at least 350 ns, of DNA must be screened. Each transformation uses 1 /ig of DNA; so
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350 transformations should be done to account for all the possible protein interactions. If 

this is not accomplished, then potential key binding partners of Elongin C could be

overlooked.

Four proteins were identified in this study (Table 2). 1) The HRY gene is a 

Drosophila hairy segmentation gene homolog (HAIRY/ENHANCER). This gene 

functions in two steps of the Drosophila development: A) creates segmentation in 

embryogenesis, and B) determines the pattern of sensory bristles in the adult fly 

(HAIRY/ENHANCER). In humans, the gene homolog is essential in neurogenesis, 

myogenesis, hematopoiesis, and sex determination (HAIRY/ENHANCER). 2) HSP 40 is 

a heat shock response gene in E. coli (Heat et. al, 1998). It is the human homo log to 

bacterial DnaJ (Heta et. al, 1998). DnaJ works with other proteins as a molecular 

chaperone, involved in assembly and disassembly of protein complexes, protein folding, 

renaturation of denatured proteins, prevention of protein aggregation, and protein export 

(Ohtsucka et. al, 1993). 3) HSP 70-1 is a gene involved in protein folding (Seung-Hoon 

Lee et. al, 2004). The HSP 70-1 gene product combines with the HSP 70-2 gene product 

to protect the brain against ischemic injury (Seung-Hoon Lee et. al, 2004). 4) The

function of Olfactomedin is unknown at this time. More research needs to be done on

these four proteins to determine if they are involved in cell cycling and if they play a 

potential role in the maintenance or transformation of a normal cell into a cancerous one.

HSP 70-1 is an important gene because it functions in protein folding. It is well 

known that protein function is closely tied to shape. If Elongin C leads to the degradation 

of HSP 70-1, this may prevent proteins from obtaining their optimal three-dimensional 

structure. This inability of a protein to acquire its optimal three-dimensional structure
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could lead to a variety of problems within the cell, and perhaps to the formation of 

cancerous cells. More research needs to be done on the functioning of all the interacting 

proteins. Ideally, my research provides a starting point for others to expand upon.
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Appendix

A. Protocols

1. XL 1-Blue Subcloning-Grade Competent Cells 
Transformation Protocol:

1. Pre-chill two 14-ml BD Falcon polypropylene round-bottom tubes on 
ice. One tube is for the experimental transformation and one tube is for 
the pUC18 control. Preheat SOC* medium to 42° C.

2. Thaw the competent cells on ice. When thawed, gently mix and aliquot 
50 gl of cells into each of the two pre-chilled tubes.

3. Add 0.1 -50 ng of the experimental DNA to one aliquot of cells and 
add 1 gl of the pUCl 8 control DNA to the other aliquot. Swirl the 
tubes gently.

4. Incubate the tubes on ice for 20 minutes.
5. Heat-pulse the tubes in 42° C water bath for 45 seconds. The duration 

of the heat pulse is critical for maximum efficiency.
6. Incubate the tubes on ice for 2 minutes
7. Add 0.9 ml of preheated SOC medium and incubate the tubes at 37° C 

for 30 minutes with shaking at 225-250 rpm
8. Plate ^00 gl of the transformation mixture on LB agar plates 

containing the appropriate antibiotic*. For the pUCl 8 control 
transformation, plate 100 gl of the transformation mixture on LB- 
ampicillin agar plates.

9. Incubate the plates at 37° C overnight (at least 17 hours for blue-white 
color screening). Colonies containing plasmids with inserts will 
remain white, while colonies containing plasmids without inserts will 
be blue. The blue color can be enhanced by incubation the plates for 
two hours at 4° C following the overnight incubation at 37° C.

10. For the pUC18 control, expect 10 colonies (3 x 106 cfu/gg pUC18 
DNA). For the experimental DNA, the number of colonies will vary 
according to the size and form of the transforming DNA, with larger 
and non -supercoiled DNA producing fewer colonies.

* SOC Medium:
2 ml of filter-sterilized 20% (w/v) glucose or 1 ml filter-sterilized 2M 

glucose
SOB medium (autoclaved) to final volume of 100 ml 

20.0 g tryptone
5.0 g of yeast extract 
0.5gofNaCl
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Add deionized H2O to final volume of 1 liter 
Autoclave
Add 10 ml of filter-sterilized 1M MgCfe and 10 ml of filter- 

sterilized 1 M MgSC>4 prior to use.
* LB amp (50mg per liter)

2. Wizard Plus SV Minipreps DNA Purification System
Purification Protocol:

Production of Cleared Lysate
1. Pellet 1 -10 ml overnight culture for 5 minutes.
2. Thoroughly resuspend the pellets with 250 /zl Cell 

Resuspension Solution.
3. Add 250 /zl Cell Lysis Solution to each sample; invert 4 times 

to mix.
4. Add 10 /zl Alkaline Protease Solution; invert 4 times to mix. 

Incubate 5 minutes at room temperature.
5. Add 350 gl Neutralization Solution; invert 4 times to mix.
6. Centrifuge at top speed for 10 minutes at room temperature. 

Binding of Plasmid DNA
7. Insert Spin Column into Collection Tube.
8. Decant cleared lysate into Spin Column.
9. Centrifuge at top speed for 1 minute at room temperature. 

Discard flowthrough and reinsert Column into Collection Tube.
Washing

10. Add 750 Wash Solution (ethanol added). Centrifuge at top 
speed for 1 minute. Discard flowthrough and reinsert column 
into Collection Tube.

11. Repeat Step 10 with 250 gl Wash Solution.
12. Centrifuge at top speed for 2 minutes at room temperature.

Elution
13. Transfer Spin Column to sterile 1.5 ml microcentrifuge tube.
14. Add 100 /zl of Nuclease-Free Water to the Spin-Column. 

Centrifuge at top speed for 1 minute at room temperature.
15. Discard column and store DNA at -20° C or below.

3. Calf Intestine Phosphatase (CIP)
Protocol:

1. Mix the following for a 50 fJ.\ reaction:
20 mM Tris-Cl, pH 8.0 
1 mM MgCL 
1 mM ZnCL
1 to 20 pmol DNA termini 
0.1 U CIP
Add water to make total reaction mixture of 50 fi\

2. Let reaction run for 30 minutes at 37° C. Then perform phenol
extraction



18

4. Phenol Extraction
Protocol:

1. Add 50 [d PCI A to 50 gl of CIP reaction mixture, vortex.
2. Centrifuge at 14,000 rpm for 5 minutes at room temperature.
3. Remove aqueous layer and place in sterile tube.
4. Add and equal volume of 1:1 chloroform: isoamyl alcohol (—50 gl), 

vortex.
5. Centrifuge at 14,000 rpm for 5 minutes at room temperature.
6. Remove aqueous layer and place in sterile tube.

5. Ethanol precipitation
Protocol:

1. Add the fallowing to the Phenol extraction mixture ( —50 pi):
1/10 volume 3M NaOAc pH 5.3 (—5 fd)
2X volume absolute ethanol (—100 pi)
1 /d tRNA

2. Place in -80° C fridge for 30 minutes.
3. Centrifuge at 14,000 rpm for 20 minutes at 5° C, decant supernatant.
4. Wash twice with 500 fd 70% ethanol.
5. Let air dry 20 minutes.
6. Resuspend in 10 pi deionized water.

6. One Shot Top 10 Competent Cells
Protocol:

1. Centrifuge the vial(s) containing the ligation reaction(s) briefly and 
place on ice.

2. Thaw, on ice, one 50 pi vial of One Shot cells for each 
ligation/transformation.

3. Pipet 1 to 5 fd of each ligation reaction directly into the vial of 
competent cells and mix by tapping gently. Do not mix by pipetting 
up and down. The remaining ligation mixture(s) can be stored at -20° 
C.

4. Incubate the vial(s) on ice for 30 minutes.
5. Incubate for exactly 30 seconds in the 42° C bath and place them on 

ice.
6. Remove vial(s) from the 42’ C bath and place them on ice.
7. Add 250 fd of pre-warmed SOC medium to each vial.
8. Place the vial(s) in a microcentrifuge rack on its side and secure with 

tape to avoid loss of the vial(s). Shake the vial(s) at 37° C for exactly 1 
hour at 225 rpm in a shaking incubator.

9. Spread 20 to 200 fd from each transformation vial on separate, labeled 
LB agar plates. The remaining transformation mix can be stored at 4° 
C and plated out the next day, if desired.

10. Invert the plate(s) and incubate at 37° C overnight.
11. Select colonies and analyze by plasmid isolation, PCR, or sequencing.
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7, Yeast Competent Cells 
Protocol:

1. Inoculate YPD with yeast strain.
2. Place in 30° C shaker, let grow overnight.
3. Pour overnight culture into 15 ml centrifuge tube.
4. Pellet by spinning at 3,000 rpm for 5 minutes at room temperature.
5. Decant supernatant, resuspend in deionized water.
6. Centrifuge at 3,000 rpm for 5 minutes.
7. Decant supernatant, resuspend in 1 X TE/LiAC.
8. Centrifuge at 3,000 rpm for 5 minutes.
9. Decant supernatant; resuspend in 1.5 ml 1 X TE/LiAC.

Yeast Transformation 
Protocol:

8

1. Prepare the following cocktail for each transformation:
a. 200 Ml 50% PEG
b. 25/dlOXTE
c. 25 gl lOXLiOAc
d. 5 m! salmon sperm carrier DNA

2. Add 50 Ml competent cells.
3. Add 1 Mg DNA.
4. Place in 30° C for 2 hours.
5. Heat shock at 42° C for 30 minutes.
6. Spin at 300 rpm for 1 minute, remove supernatant.
7. Resuspend in 150 [A deionized water.
8. Plate on CM -trp -leu plates.
9. Incubate at 30° C for 2 to 3 days.

9. Yeast Transformation with Prostate Library 
Protocol:

1. Add 0.1 Mg plasmid DNA to 0.1 mg of salmon sperm DNA in a 1.5 ml 
sterile centrifuge tube and mix gently.

2. Add 0.1 ml freshly prepared yeast competent cells. Mix well by 
vortexing.

3. Add 0.6 ml Sterile PEG/LiAC solution to each transformation mixture. 
Vortex for 10 minutes.

4. Incubate at 30° C for 30 minutes with shaking at 200 rpm.
5. Add 70 m! DMSO, mix well by gentle inversion (Do not vortex).
6. Heat shock for 15 minutes in a 42° C water bath.
7. Chill cells on ice for 1-2 minutes.
8. Centrifuge cells at 14,000 rpm for 5 seconds at room temperature.
9. Remove supernatant, resuspend in 150 m! sterile 1 X TE buffer
10. Plate on CM -trp -leu plates.
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10. Yeast DNA extraction (Smash and Grab)
Protocol:

1. Inoculate yeast cells in desired culture, and allow to grow overnight.
2. Pellet cells in 2 ml microcentriftige tube.
3. Add 0.2 ml Lysis Buffer and vortex for 2 minutes with 0.2 ml of glass 

beads.
4. Centrifuge 3-5 seconds at 3,000 rpm, remove supernatant by pipet and 

transfer to clean tube.
5. Add 0.2 ml PCIA, vortex for 1 minute.
6. Add 0.2 ml TE, vortex 10 seconds.
7. Spin for 5 minutes at 12,000 rpm at room temperature.
8. Transfer upper aqueous layer and place in clean tube.
9. Add 2 volumes 100 % EtOH, mix thoroughly
10. Spin for 3 minutes at 12,000 rpm at room temperature.
11. Discard supernatant.
12. Rinse pellet with 0.5 ml cold 70% EtOH, add gently down the side of 

the tube.
13. Spin 3-5 seconds at 3,000 rpm.
14. Remove supernatant, dry pellet by inverting the tube and allowing to 

sit.
15. Resuspend in 50 gl TE pH 8.0.

11. E. coli transformation of Smash and Grab DNA
Protocol:

1. Gently chill XL1 Blue Subcloning-Grade Competent Cells on ice for 
about 5 minutes.

2. Place tubes with smash and grab mixture on ice.
3. In a sterile tube place 5 gl of DNA and add 40 gl of competent cells.
4. Chill on ice for 20 minutes.
5. Heat shock for 45 seconds in a 42° C water bath.
6. Chill on ice for 2 minutes.
7. Add 900 gl of warm SOC medium.
8. Incubate at 37° C with shaking at 250 rpm for 30 minutes.
9. Spin at 3,500 rpm for 2 minutes.
10. Discard supernatant, resuspend in 150 gl SOC.
11. Dilute each transformation tube by making a 1:10 dilution.
12. Plate on LB amp plates.
13. Incubate at 37° C, and allow to grow overnight.
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12. Sequencing reaction 
Protocol:

1. Mix the following:
a. 10 /zl wizard prep DNA
b. 3 f/1 deionized water
c. 2 /zl 5 X buffer (for Big dye)
d. 4 /zl Big dye
e. 1/zl primers ( Gal 4 AD sequencing primers)

2. Place in a PCR program:
a. 96° C for 10 seconds
b. 50° C for 5 seconds
c. 60° C for 4 minutes

3. Repeat this cycle 25 times then allow mixtures to sit at 4° C until ready 
to be sequenced

B. Plasmid Diagrams

Remove Elg B from pAS2 and place in pGADT7
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C. Transformation Plates

Figure 1. Identification of interacting proteins (selection plate: CM -trp -leu -add - 
his X - gal). Blue colonies indicate the presence of interacting proteins.

Figure 2. Identification of false positives (selection plate: CM -trp -leu -add -his). 
Growth indicates that prostate library protein is interacting with something other then 
elongin C in the yeast cell.
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