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ABSTRACT 

Using the Bacteria-2-Hybrid System to determine the role of S2 in the Equine 
Infectious Anemia Virus (EIAV) Life Cycle. (April 2003) 

Jason L. Weidner 

Department of Veterinary Pathobiology 
Texas A&M University 

Fellows Advisor: Dr. Susan Payne 
Department of Veterinary Pathobiology 

After in vivo and in vitro experiments comparing wild type and S2 knock-out 

strains of EIAV were conducted, the role of one small accessory protein still eluted 

discovery, S2. S2, is a small protein that has a nuclear localization sequence, SH3 

binding domain ligand, and is only 19 kD in size. It was used in a bacterial two-hybrid 

to discover interacting host cell partner proteins from a mouse lung cDNA library via 

transcriptional activation. 

The experiment used a genetically modified strain of E. coli to test interactions 

between fusion products made by fusing S2 with lambda repressor, and random cellular 

proteins to RNA polymerase (RNAP). Since a reporter suain cassette is contained 

within the genetically altered bacteria, the lambda repressor can bind to the altered 

lambda operator, freeing the S2 particle for interaction. If a single bacteria has the 

plasmid that codes for S2 and the interacting partner, then the interacting partner can 

bind to S2, guiding RNAP to transcribe the reporter gene, carbenicillin. The experiment 



used plates with differing carbenicillin concentrations to test for stronger protein-protein 

interactions, and has resulted in about thirty different putative positive partners. 
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INTRODUCTION 

The Biolo of E uine Infectious Anemia Virus 

Equine Infectious Anemia Virus (EIAV) is a retrovirus of the genus lentivirus 

along with the human immunodeficiency viruses (HIV-1, HIV-2), simian 

immunodeficiency virus and feline immunodeficiency virus. The clinical signs of equine 

infectious anemia (EIA) usually show themselves anywhere fiom 6 to 30 days post 

infection (Kono et al. , 1969, Kemeny et al. , 1971) and include febrile episodes with 

viremia (Kono et al. , 1969). The high temperature is partly due to the increase in 

cytokines such as TNF and IL-1 levels released upon destruction of macrophages (Cook 

et al. , 1996), the cells in which EIAV replicates. EIAV replication is thought to start in 

cells of the macrophage/monocyte lineage at the site of inoculation. Eventually, disease 

spreads throughout the body infecting only the monocyte/macrophage cells, and the 

Kupffer cells of the liver. The clinical signs of EIA can vary from very mild or 

inapparent infection to death. During the acute stage of infection, the disease episodes 

usually decline in severity until the animal becomes an inapparent carrier (Kono et al. , 

1974a, Kono et al. , 1974b). In addition to fever, and multiple disease episodes, 

symptoms can include small lesions on mucous membranes, depression, anorexia and 

weight loss. 

The genome of EIAV is 8200 nucleotides long and includes gag, pol, Sl, S2, env, 

and S3 open reading frames. Long Terminal Repeat sequences (LTRs) flank each end of 

the genome (see figure 1). The gag and env genes encode proteins that make up the virus 

This thesis follows the style and format of Virology. 



particle, while Sl and S3 encode accessory proteins, The Sl gene encodes a protein that 

has been assigned the name tat. Tar comes from the transactivator protein in HIV, where 

HIV's tat protein reacts with the LTRs to increase the number of viral transcripts (7). 

The S3 region in EIAV encodes a protein that has been assigned the name rev. Rev comes 

from the HIV rev protein that inhibits splicing, a critical step in virus production (Noiman 

et al. , 1990, Carroll et al. , 1991). The role of S2 in the virus lifecycle is still unknown 

and is the focus of my studies. 



tat rev rev LTR 

82 
Fig, l. EIAV genome organization. The gag, pol, and env are typical genes found in 

retroviruses. Tat and rev are common to all lentiviruses while, S2 is unique to EIAV. 
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Fig. 2. This graph shows the growth properties of wild-type and S2 mutant EIAV in cell 

culture. Virus growth is monitored by reverse transcriptase (RT) activity. The red line 

represents the wild-type strain, while the green line represents the S2 mutant. 



The EIAV S2 ene 

Initial experiments to examine S2 function included a mutation of the gene on the 

background of an infectious molecular clone of EIAV, An in vitro comparison of the 

replication kinetics of the parental clone with the SZ-knockout showed that the replication 

kinetics of the two strains were similar in equine macrophages (see figure 2). However 

the outcome of an in vivo experiment comparing the ability of these viruses to cause 

disease was significant. The wild type strain caused lethal disease while the mutant strain 

caused no disease (data not shown). 

Even though S2 has not been fully characterized at the molecular level, possible 

functions have been suggested, based largely on similarities to proteins Irom HIV and 

SIV. One such hypothesis is that S2 might be a homologue of the vpu gene of other 

lentiviruses (Li et al. , 2000). Even though S2 does not have a hydrophobic membrane 

spanning domain, or a CKII site (the site where vpu is phosphorylated by Casein Kinase 

II), it does have high threonine and serine residue content, which suggests that S2 may be 

phosphorylated. The location of the S2 gene in the EIAV genome is similar to the 

location of the vpu gene in the viral genome. The vpu gene has been shown to be 

involved in virion assembly and release (Montelaro et al. , 1993, Strebel et al. , 1989, 

Terwilliger et al. , 1989). Another hypothesis as to the function of S2 is that it might play 

a similar role as vpr (Li et al. , 2000). Vpr is a gene found in both SIV and HIV-1, where 

it stops host cell cycle and drives host cell differentiation, while up regulating viral gene 

expression (Cohen et al. , 1990, Heizinger et al. , 1994, Levy et al. , 1993). The connection 



was made between S2 and vpr mainly because they both have nuclear localization 

sequences on their C-terminus (Li et al. , 2000). This second hypothesis causes 

controversy because S2 does not cause monocytes to differentiate into macrophages, nor 

does it affect virus infectivity in vitro (Li et al. , 2000). 

Identification of rotein- rotein interactions b two-h brid screenin 

The lack of an observable phenotype for the S2 mutation in cell culture leads to 

an important question: How do we elucidate the function of a protein that seems to have 

an observable phenotype only in vivo? One way to do this is with a bacterial two-hybrid 

screen. 

The two-hybrid technique is based on transcriptional activation, and is a 

variation of a normal cellular protein-protein interaction between RNA polymerase 

(RNAP), and a DNA binding protein (DNABP). Instead of using a typical RNA 

polymerase, and DNA binding proteins, these two proteins have been genetically altered 

to test interactions between a protein of interest and a test protein. 

Bacterial 2-h brid Re orter strain and Re orter cassette 

The bacterial two-hybrid system is based on the protein interaction between 

RNAP, and a DNABP to transcribe a reporter gene. Instead of using a typical RNA 

polymerase, and DNA binding proteins, these two proteins have been genetically altered 

to test interactions between a protein of interest and a test protein. The test for protein— 

protein interactions requires that the cell not transcribe the reporter gene with its normal 

DNABP and RNAP. To ensure this is the case, the cells used in the experiment are a 

special reporter strain derived from XLl-Blue MR bacteria (Stratagene), and contains the 



lacl gene to suppress the expression of the pBT and p TRG plasmids. Even though the 

pBT and p TRG are being suppressed by lacP, it should be noted that there is always a 

basal level of expression. Besides having lacP, the reporter strain also contains a reporter 

cassette that codes for ampicillin resistance and B-galactosidase. These reporter genes 

are located on the F' episome, and are under the control of a modified lac promoter. The 

modified lac promoter has a single lambda operator located at — 62 so that it replaces the 

normal cAMP receptor protein (CRP)-binding site. The single lambda operator is the site 

ofbinding for the lambda repressor, which is the DNABP used in this screen. 

To test the interaction between S2, and a test protein, S2 needs to be fused to the 

DNABP. To do so, S2 has apolyglycine linker added to it before it is cloned into the 

pBT plasmid, the plasmid that codes for DNABP. To decrease the number of false 

positives, the S2-linker needs to be cloned into pBT so that it is added to the N-terminus 

of the DNABP. By having the bait protein (S2-linker) fused to the N-terminus of the 

DNABP, the dimerization sequence of the DNABP that resides on the N-terminus of the 

DNABP, which usually interacts with the C-terminus of the RNAP, was not available for 

interaction. This means that if there is an interaction, the interaction is less likely to be 

from an unwanted interaction between the DNABP and RNAP. 

The other component of the two-hybrid is the test protein. To see which equine 

macrophage proteins interact with S2, a cDNA library is made. The resulting cDNA 

fragments are into pTRG directionally so that the partner proteins are fused to the N- 

terminus of RNAP. This hinders dimerization sequence on the N-terminus of the RNAP 

resulting in fewer false positives. 



pnmer I 
OGAGGCGGAGGTTCCGGAGTATTTGGTA 

ATOOGAGTATTTGGTAAAGGGOTAACATGGTCAOCATCGCATTCTATGOGOGAATCCCAGGG 

GGAATCTCAACCC CTATTACC CAACAGTCAGAAAAATCTAAGTGTGAG GAGAA CACAATGTTTC 

S2 
AACCTTATTOTTATAATAATGA CAGTAAGAACA GCATGGCAGAATCGAAGOAAG CAAGAGACC 

G G CA OAATC GAA G GAA O CAA GAGA CC 
AAGAAATO mvetve pnmer 
AAGAAATOAGGATCCATGCACGCC 

PCR, gel putigoation, TOPOwloning 

primer II 
CGGAGGTGGAAGCGGTGGAG 
GCOGAAGTGGAGGCGGAGGT 

GGAGGCGGAGGTTCCGGAGTATTTGGTAAAGGGGTAACATGGTCAGCATCOCATTCTATGGG 

GGAATCCCAGGGOGAATCTCAACCCCTATTACCCAACAGTCAGAAAAATCTAAGTGTGAGGA 
S2 

GAACACAATGTTTCAACCTTATTGTTATAATAATGACA GTAA GAA GAG CATGGCA GAATCGAA G 
OGCAGAATCGAAO 

OAAGCAAGAGACCAAGAAATOAOGATCCATOCACGCC raven e pnmer 
GAAOCAAGAGACCAAGAAATGAGGATCCATGCACGCC 

PCS, gel punfioation, TOPOwloning 

primer Ig 
CGCATCCGAATTCAGGCGGAGOTGGAA 

CGOAGOTOOAAOCGOTOGAGGCGGAAOTOOAGGCOGAGGTTCCGGAGTATTTOOTAAAG 

0 GOTAA CATG GTCA G CATCO CATTCTATG G GG GAATC CCAG GOO OAATCTCA ACCC CTATT 
S2 

ACCCAA CAOTCAOAAAAATCTAAGTOTGAOGAGAACA CAATOTTrCAACCTTATTOTTATAATA 

ATGACAGTAAGAACAGCATGGCAGAATCGAAGGAAGCAAGAGACCAAOAAATGAGGATCCA 
OOCAOAATCGAAGGAAGCAAGAGACCAAOAAATGAGGATCCA 

TOCACGCC revene pgmer 
TOCACGCC 

PCS, gel permeation, TOPOwlonlng 

CGCATCCOAATTCAGGCGOAGGTGGAAGCGGTGGAGGCGGAAGTGGAGOCGGAGGTTCCG 

OAOTAT1TG GTAAAGGGOTAA CATOGTCAOCATC GCATTCTATOGO GOAATCCCA GO GGGAA 

82 
TCTCAA CC CCTATTA Cc CAACA GTCA GAAAAATCTAAGTGTGA G OAGAA CACAATGTTTCA AC C 

TTATTOTl ATAATAATGA CAGTAA GAA CAO CATO GCA OAATCGAAG GAA O CAAGA GAG CAAGAA 

ATGAOOATCCATGCACOCC 

Fig. 3. PCR strategy. Adding the linker on step-wise requires performing PCR, 
purifying the fragment, then cloning the fragment into the TOPO vector for use in the 

next round of PCR. 



NOR a Plas I LAIS S ISaaas 
CAOGAAACA OCT CA10 ATT ACGCCAACO 1 TTAOOTCACACTATA G 

OTC CTTTOTCOATAC OTAC TAA TOO GOTTCO A AAT CGA CTO TGA TAT C 

SP I S IS HI 

TAC TCA AOCTAT GCATCAAOCTTG OTACC3AOC ICOOATCCACTAGTAACG OCC 
0 

ATG AOTTCO ATA CGTAOTTCGAACCATOOCTCOAOCCTAGGTGATCATTGCCGO 

SMI I a A I &ta I V 

OCC AGT OTG CTO OAA TTC GCC CTT~~O GOC OAA TTC TGCAGA7AT 
COO TCA CAO OAC CTT AAG COG G~~C CCG CTTMO ACGTCT ATA 

aal atl a N I Xl 

CCA TCA C AC TG 0 CG 0 CCO CTC OA G CAT 0 CA TCT AGA GGG CCC AAT TCG l CCC TAT 

GGT AOTOTO ACC OCC OGC OA0 CTC OTA CGTAOA TCC CCC 000 TTA AO~GGG ATA 

TT Pioaaa Sar I. SSIFawra Fill a 
AGT OAO TCG TAT T MT TCAfCTG OCC OTC GTT TTA CCIA COT COT OAC TOO GAA AAC 

TCACTC AGCATAA 0TTA AG~~TOCA OCACTGACCCIT TTO 

pCRell-TOPOI 
4. 0 kb 

Fig. 4. The pCRII-TOPO vector has topoisomerase on each end insertion region where the PCR product 

ligates into the multiple cloning site. The topoisomerase grabs the poly-A tails lett on the PCR product 

trom the taq polymerase, and aids in the cloning of the PCR product into the vector. 



Materials and Methods 

Construction of the S2-DNABP fusion roduct 

A flexible polyglycine linker was added in between the DNABP and S2. PCR 

was used to add the poly-gly linker to the N-terminus of S2 before cloning the S2- 

linker gene into the TOPO vector (see fig 3 &for the PCR strategy&, and figure 4 &for a 

restriction map of the PCRII-TOPO plasmid&). The PCR reactions used one of three 

forward primers (depending on the step of poly-gly linker synthesis) and the same 

reverse primer. The first reaction consisted of 10 umol forward primer I, 10 umol 

reverse primer, 0. 25 uL Taq polymerase, 1. 0 uL dNTPs, 4. 0 uL 10X reaction buffer 

containing Mg2+, 34 uL dH20, and &I ng pET30-S2 as the template. The second and 

third reactions were kept the same except the forward primer, The PCR product 

formed in each round was used for the template of the next PCR reaction. After each 

PCR, the reaction mix was run on a I'/0 agarose gel, the PCR product was gel purified 

(QIAquick gel extraction kit by Qiagen), and the purified product was used as the 

template for the next PCR reaction. 

To clone S2 into the TOPO vector the protocol included with the kit (TOPO TA 

Cloning kit dual promoter ¹K465040 by Invitrogen) was used. This required taking 

gel purified PCR product, incubating it with the chemically competent (came with the 

kit) on ice for 5 minutes, heat shocking the cells for 30 seconds at 42'C, adding 900 uL 

SOC, shake at 37'C for I hour, then plating -100 uL on an LB-kan+X-gal plate. Plates 

were incubated the over-night at 37'C. 
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The next day, 3 mL of fresh LB-kan broth was inoculated with one white 

colony from the plate, incubated at 37'C, and shaken at 250 rpm over night. Plasmid 

DNA was isolated using a miniprep kit (Qiaprep Spin Miniprep Kit, Qiagen), and the 

purified plasmid was used as the template for the next PCR reaction. 

With the insert in the TOPO plasmid, the TOPO-S2 clones were grown up in 

some in over-night cultures, and had their plasmids isolated via miniprep (Qiaprep spin 

miniprep kit, Qiagen). The plasmids were then digested with restriction enzymes 

BamHI and EcoRI (these sites flanked the S2-linker fragment). After the digestion, the 

digestion mixture was run on a I'/o agarose gel, and the fragment containing the S2- 

linker sequence was gel purified (Qiaquick gel extraction kit by Qiagen) so that it 

could be ligated into some pBT plasmid that had also been cut with BamHI and EcoRI 

(see fig 5). 



"M 

MCS 
Bptll 

SBo I 
Be«H I 

Gttta I 

EcaR I 

Not I 

PBT Balt Plasmld 
3. 2 kb 

Rt«UVS 

Rat I 

la&set '«at&I«N& I Rat 4 I I«HI PI 
Step Slco 4«o 

I'. GAA GAG ACGTITGG GCGGCCGCATCh&ATICCCGGGGATCCTCGAGTTAATTAATTAATTAAGATCT 2 
T . CTI CIC TGC AAA CCG QGCCGGCGTAGCTTAAGGGCCCCTAGGAGCICAATTAATTAA TTAATICTAGA 2 

1242 1142 

Fig. 5, By cloning in frame into the multiple cloning site, the protein encoded by the 

insert is automatically fused to the c-terminus of the lambda-c I protein, also known as 

either lambda repressor, or DNABP. This is especially important because the DNA 

binding sequence is located on the n-terminus of DNABP, while the dimerization 

sequence, the portion of the protein that binds to RNAP, is found on the c-terminus of 
DNABP. This is important because the DNA binding sequence must be free to bind 

the DNA, and the dimerization sequence cannot be free so as to avoid dimerization of 
DNABP with RNAP outside of an S2-partner interaction. 

PlpppatUSG 

pTRG Target 
P 1asmld 
4. 4 kb 

MCS 
BemH I 

Not I 

EcoR I 

tt&o I 

Bpe I 

4 tt ~~a«tte 4 at ta»a I 

1' . &&& Cc& G&G GCG GCC GGATCCGCGGCCGC&&a&&TIC 
TIT GGT CTC CGC CGG CCTAGGCacCGGCGTtclT&AG 

«o &1 oo o' «o«ot aa 
AC1CTG&GClGGCGCltX AGTA&lT&ATTAA ST& & To&ACT&GTG&G&lCC 2 
TCAG&clCOACCCCGAGCIC&TC&ATTAATTAATTACTTGATC&C1CT&GG 2 

Fig. 6. By cloning an insert in frame with the RNAP gene (into the multiple cloning 

site), the insert becomes fused with RNAP when the plasmid is transcribed, then 

translated. By fusing the insert to the c-terminus of the RNAP, the dimerization 

sequence of RNAP is obstructed, while allowing the polymerizing portion of the 

protein is free to transcribe the reporter gene, carbenicillin. 



Construction of the cDNA librar 

A previously constructed cDNA library was used in the 2-hybrid screen. It was 

constructed as follows: The mRNA was isolated and purified Irom mouse lung cells. 

Then, cDNA was synthesized using reverse transcriptase, so that the cDNA could be 

cloned into p TRG, the plasmid that codes for RNAP. The p TRG plasmid confers 

tetracycline resistance (see figure 6). 

Ex ression of BT-S2 and Western Anal sis 

After pBT-S2 was constructed, the clone needed to be expressed to ensure that 

the fusion product was available for interaction in the cell. First, 3mL of fresh LB 

liquid media were inoculated with one colony of pBT-S2 and another 3mL of fresh LB 

liquid media with one colony of pBT. These were grown over-night at 30' C, shaking 

at 250 rpm. In the morning, separate 2mL aliquots of fresh LB and 15 uM IPTG were 

inoculated with a loop of each of the over night cultures, leII incubating for 6 hours at 

30' C, while shaking at 250 rpm. Then the cells were prepared for analysis by SDS- 

PAGE by spinning the cells at 10, 000 rpm for 2 minutes, pouring off the supernatant, 

and adding SDS-PAGE sample buffer. Then the induced culture, uninduced culture 

and purified recombinant S2 protein samples were loaded onto two different 15 /o SDS- 

PAGE gels, and run at 200mV for approximately an hour. Once ran, each gel was used 

to transfer the bands of proteins onto nitrocellulose. The transfer was conducted at 200 

mV for 90 minutes. Once the proteins were transferred to nitrocellulose, membranes 

were blocked for 30 minutes with 5'/o non-fat dry milk+ tris/saline (BLOTTO). Then 

the blots were washed with an anti-S2 antibody I:1000 and EIAV infected horse sera 
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I:500 and BLOTTO mixture, and incubated for an hour at room temperature. The 

blots were then washed 5 minutes with tris/saline, 10 minutes tris/saline + 0. 05'Io 

NP40, 10 minutes with tris/saline + 0. 05'/o NP40, and 5 minutes tris/saline all at room 

temperature. Then the secondary antibody was bound to the blots by adding anti-horse 

conjugated horse radish peroxidase (HRP) I:2000 in BLOTTO to one blot, and anti- 

mouse HRP I: 3000 in BLOTTO to the other. Chemo flourmetric substrate was then 

added to the blot to illuminate the bands with the HRP bound, and exposed film for one 

minute (see figure 7). Since the Western blot using the mouse-anti-S2 showed similar 

induction of S2 for both pBT and pBT-S2 induced clones, I decided to do another 

western, and ensure that the primary antibody is working. I loaded induced pBT, 

induced pBT-S2, uninduced pBT-S2, and purified prokaryotically expressed S2 onto a 

15'to SDS-PAGE gel, and ran at 200mV for approximately an hour. For the new 

western, pre-immune sera was used as the source of primary antibody (I:1000) and 

anti-mouse HRP (1:3000) and the secondary anti-body. Other than the primary anti- 

body, all of the western procedure were kept the same (see figure 8). As figure XX 

shows, there was no binding of the primary anti-body. This means that the binding 

from the Western using mouse-anti-S2 was non-specific. I am currently working on 

the expression of pBT-S2, checking that the positive controls in the western show 

positive results so that there is no doubt about the availability of S2 for interaction due 

to pBT-S2 not being expressed. 



Fig. 7. Westemblotanalysisofinductionof'pBT-82. (a) 1'anti-bodyE1AVinfectedhorsesera(H500), 
2' anti-horse HRP (1:2000) I. Mutilmark prestained standard (invitrogen) 2, purified pmkaryotically 

expressed S2 fmm pET30-S2 3. puriged prokaryotically expressed S2 from pET30-S2 4. induced pBT 
clone @3 5. induced PBT dane & 6. empty 7. uninduced pBT82 clone 6 g. induced pBTS2 clone 6 9. 
uninduced pBT82 clone 6 10, multimark prestained marker (b) 1' anti hotly mouse anti-S2 (I:1000)„2' 
anti-mouse HRP (1:3000) Assuming there is not non-spectTrc binding fmm the mouse sera, 82 pmtein 

appears to be in several induced and umnduced samples. Gel: multimark prestained protein marker 

(invitrogen) l. puriBed S2 from pmkaryotically expressed pET30-S2 2. purified S2 fmm 

prokaryoticagy expressed pET30-S2 3. induced pBT 4. induced PBT 5. induced pBTS2 dane 6 6, 

uninduced pBT82 clone 6 

Pig. g. Western blot with 1' antibody being pre-immune mouse sera„2" anti-mouse HRP. 1. purified 

prokaryotically expressed 82 2. purified pmkaryotically expressed 82 3. pBT done t)3 induced 4. pBT 
clone N4 induced 5. pBT-S2 clone t)6 induced 6, pBT-S2 clone t)6 uninduced 7, multimark prestained 

protein marker. No bands appearing means that there is not non-specific binding fmm the pre-immune 



Table l. 
Essential controls for the bacterial 2-h brid screen. 

DNA used in 
transformation 

pBT-S2 only 

p TRG-library 

pBT-S2+p TRG 

pControl 

Explanation of control 

Ensures pBT-S2 does uot 
interact with E. coli RNAP 
Ensures p TRG-library does not 

interact with E. coli DNABP 
Ensures pBT-S2 does not 
interact with phage RNAP 

Ensures the bans formation 

rotocol worked 

Antibiotics used 

Kan, Cam, Tet, Carb 

Kan, Cam, Tet, Carb 

Kan, Cam, Tet, Carb 
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Cotransformation and screenin 

Cotransformation was performed using the BacterioMatch™ Reporter Strain 

Competent Cells (Stratagene). To grow the transformants, Luria Broth plates 

containing carbenicillin (250, 300, 350 and 400 ug/mL), chloramphenicol (10 ug/mL), 

tetracycline (15 ug/mL), and kanamycin (50 ug/mL) were used (LB-CTCK plates). 

The kanamycin and carbenicillin resistance is coded for by the reporter cassette, while 

the chloramphenicol and tetracycline resistances are coded for by the pBT and p TRG 

plasmids, respectively. 

Several controls were conducted to ensure that positive colonies were not false 

positives (see table I). The transformation of the reporter strain with pBT-S2 and 

p TRG-library separately ensures that neither the pBT-S2 fusion product or any of the 

pTRG-library test fusion products produce any colonies. If pBT-S2 produced colonies 

it would mean that the fusion product interacts with the regular host RNAP strongly 

enough to express carbenicillin resistance. If, on the other hand, p TRG-library had 

produced colonies, it would mean that at least some of the fusion products, made by the 

cDNA library, allowed the RNAP portion of the fusion product to read, and transcribe 

the reporter cassette's carbenicillin resistance gene. The appearance of colonies from 

either of these transformations would be detrimental to the project because it would 

mean that there were inherent complexities within either S2 or the cDNA library that 

would keep that component from being used in the bacterial-2-hybrid screen. 

The transformation of the reporter strain with pBT-S2 and p TRG (without 

library) tests for an interaction between S2 and the RNAP coded for by p TRG. If 
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colonies result from this transformation it would mean that S2 interacts with the RNAP 

strongly enough to express the carbenicillin resistance gene on the reporter cassette. 

Again, positive colonies with this transformation would be devastating to the project. 

For the test interaction between the library fusion products and S2-DNABP to be 

legitimate, it is assumed that S2 does not interact with the test partner's adjacent 

RNAP. 

One major caveat to the bacterial-2-hybrid system is the number of false 

positives. False positives come from unwanted interactions from S2-RNAP 

interactions, partner-DNABP interaction, or even DNABP-RNAP interactions. 

Luckily, not all of these interactions are strong interactions. By plating the 

transformations on LB-CTCK plates of differing carbenicillin concentrations, we can 

test for interactions of different strengths. This means that if the number of colonies 

from the pBT-S2 and p TRG-library test are many when compared to the number of 

colonies from negative controls, the experiment is not ruined. At that point, the results 

should be kept in perspective. If there are approximately one-tenth as many colonies 

on the negative controls as on the plate of the pBT-S2 and p TRG-library interaction, 

then one-tenth of the pBT-S2 and p TRG-library colonies are probably false positives. 

To perform the cotransformation, reporter strain competent cells were thawed 

on ice, aliquoted out 62. 5 uL of cells into pre-chilled tubes, and had 1. 2 uL of 11- 

mercaptoethanol added to each tube. Then the cells were incubated on ice for 10 

minutes, and had 10 ng of each plasmid necessary for the experiment added, while 

incubating the cells on ice for an additional 30 minutes. After the 30 minutes, the cells 



were heat shocked for 45 seconds at 42' C and incubated on ice for an additional 2 

minutes, Then 900 uL of SOC were added to the cell mix so that the cells could grow 

up for 3 hours at 30'C. While the cells were growing, they were shaken at 250 rpm, 

just to be have 120 uL of cells plated on an LB-CTCK plate. 

When the experiment was performed, the putative positive colonies needed to 

go through some processing. First, a master plates of putative positives were made 

(LB-CTCK with the carbenicillin concentration the same as the plate the positive 

colony came &om), and then the p TRG-partner plasmid from each putative positive 

was isolated. That allowed a cotrans formation using the purified p TRG-partner 

plasmid and pBT-S2 to be done. This cotrans formation ensures that the p TRG-partner 

plasmid is a positive. 

Of the putative positives that grow up after the second cotransformation, those 

pTRG partner plasmids are cotransformed with pBT (without S2). This test will helps 

to eliminate a family of false positives from the group of putative positives left &om 

the second cotrans formation. 

To get the p TRG-partner plasmid from putative positives, a colony was taken 

from each putative positive and used to inoculate 3 mL LB-CTK liquid media to grow 

overnight. The purpose of leaving the chloramphenicol out of the media was to 

encourage the cells to loose the pBT-S2 plasmid. Once grown up, an inoculating loop 

full of overnight culture was used to inoculate another 3 mL of fresh LB-CTK media to 

grow up again overnight. This second overnight culture without chloramphenicol 

ensures that the pBT-S2 plasmid was lost. Once grown, the cells were pelleted by 



pHT cut with 
Xbal/Xhttl 

943, 2257 

82-& -2GGbp 
linker -& -5G bp 

pHT vvith insert 
cut with 

XbalÃhul 
shuuld have a 
-3GG bp frag, 

Fig. 9. 1% agarose gd of Xhal/Xhol digestions of pBT-S2 elones. 1) digest of pBT (no insert) 2) 

digest ofpBT-S2 //2 3) digest of pBT-82 t/3 4) digest of pBT-S2 //4 S)digest of pBT-S2 N 6) digest of 
pBT-S2 46 7) control DNA (10 ng/nl. ) g) 100 hp ladder All elones have insert except in lane 1 and 5. 
Lane 1 has no insert, while lane 3 has two inserts. 
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Results 

cDNA Libr Construction 

Because equine macrophages, the regular host cell of EIAV, are difficult to 

grow in cell culture, the cDNA library was made from mouse lung cells. Lung cells 

were chosen because of the usual abundance of macrophage in that tissue. 

Construction and Ex ression of BT-S2 

To ensure that S2 would be available for interaction, a polyglycine linker was 

engineered in frame and upstream of the S2 gene, before cloning S2 into pBT. The 

poly-gly linker was added in a stepwise fashion to complete the addition of the entire 

linker. 

Each round of PCR required me to clone purified product into the PCR II- 

TOPO plasmid, plate transformants, grow up overnights and start over again using the 

new TOPO-S2 as a template for the next round of PCR. After the three rounds of PCR 

had been preformed, the TOPO-S2 was digested with EcoRI and BamHI, run on a I'/0 

agarose gel, and the S2-linker DNA fragment was gel purified (QIAquick gel 

extraction kit by Qiagen), and ligated into EcoRI and BamHI digested pBT plasmid I 

using the Rapid DNA Ligation Kit (Boehringer Mannheim). When cloned into pBT, I 

confirmed S2 was in frame by DNA sequencing (see figure 9, 10). 



Fig. 10, 1'/a agarose gel of 1) 1 kb ladder 2) empty 3) uncut pBT 4) -3. 9 kb fragment of TOPO-S2 cut 

with EcoRI and BamH1 5) -225 b fmgment from TOPO-S2 cut with EcoR1 and BamM (presumably S2- 

linker) 6) empty 7) empty 8) 100bp ladder 



Table 2 
Number of colonies resulting from cotranformation. 

¹ colonies Interaction tested 250 ug/mL* 
Carbenrcdbn 

300 ug/mL* 
Carbenicillin 

350 ug/mL* 
Carbenicillin 

400 ug/mL* 
Carbenicillin 

Controls 

1. 5 hour* 
incubation 

3 hours* 
incubation 

pBT+p TRG 

TRG-libra 
BT-S2+ TRG 

pBT-S2+p TRG-library 
(1:1 dilution) 

pBT-S2+p TRG-library 
1r10 ddutron 

pBT-S2+p TRG-library 
1:100 dilution 

pBT-S2+p TRG- 
library (1:1 dilution) 

pBT-S2+p TRG- 
libra 1:10 dilution 

pBT-S2+p TRG- 
libra 1r100 dilution 

Not preformed 

Not preformed 

Not preformed 

NA 

NA 

NA 
50 

59 

NA 

NA 

NA 

NA 

NA 

NA 

*Cotransformation with 10ng of appropriate DNA. DNA was added to 100 ul aliquots of competent cells, incubated on ice for 

30 minutes, and then heat-shocked at 42' for 45 seconds. After the heat shock, 900 ul of SOC was added to each 

transformation reaction, and the cells were incubated at 30'C, shaking at 250 rpm for either 1. 5 or 3 hours. 100 ul of cells from 

each transformation except the pBT-S2 +p TRG library were plated. The pBT-S2+p TRG library had 100ul volumes of cells 

from 1:1, 1:10, 1:100, and 1:1000 dilution plated on the plates of different carbenicillin concentration. The stronger 

carbenicillin tests for stronger interactions between S2 and the random cellular protein partners. NA means not applicable. 
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Cotransformation into Re orter Strain 

With the necessary components constructed, I cotransformed a reporter strain 

that coded for carbenicillin resistance, and plated the cells on plates with differing 

carbenicillin concentrations (see table 2). By plating on plates of differing carbenicillin 

concentrations, I tested for protein-protein interactions of different strengths. The 

results are promising due to two main points: the negative results of the pBT-S2+p TRG 

control, and the increase in the number of colonies in the pBT-S2+p TRG-library (1:1 

dilution, 1. 5 hours of incubation) when plating on LB-CTCK plates where the 

carbenicillin was increased to 300 ug/mL. I took a colony from each putative positive 

and used it to inoculate 3 mL LB-CTK liquid media to grow over night, two times, 

back to back. This was to ensure the loss of the pBT-S2 plasmid, so that the p TRG- 

partner plasmid could be isolated. Once quantitated, I used the pTRG-partner plasmids 

to perform 32 different cotransformations (one for each putative positive) using the 

pTRG-partner plasmid, and pBT-S2. This cotransformation ensures that the putative 

positives are true positives. I put the plate in a 30'C incubator over night, and saw that 

every transformation produced colonies. This meant that each positive was confirmed 

to be an actual positive. 

Now that they are positives, the goal is to eliminate a family of false positives. 

This family of false positives are false positives that arose from an unwanted interact 

between the DNABP and RNAP. To test for this interaction, I began to perform the 32 

cotransformations, but only transforming with pBT (no S2) and the p TRG-partner 

plasmids. I have currently performed 8 of the 34 cotransformations (the 
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cotransformations were preformed exactly the same way as before, except that this 

time I only transformed with pBT instead of pBT-S2), and each cotransformation 

resulted in the production of colonies. The production of colonies while testing the 

interaction of p TRG-partner and pBT means that the DNABP produced by the pBT 

plasmid interacted with the RNAP produced by the p TRG-partner plasmid. Basically, 

the 8 putative positives are branded as false positives. 
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Conclusion 

The components needed for the two-hybrid experiment have been constructed, 

and the preliminary screening has begun. To date, there are approximately 100 

possible positives that came from the pBT-S2 + p TRG-library experiment, where 34 of 

these positives have been screened again testing for an interaction between the isolated 

p TRG and pBT-S2. All 34 positive colonies gave positive results for an interaction. 

Which confirms that the pTRG-plasmids isolated from those 34 clones are positive 

results. Then, 8 of the 34 putative positives were tested to see if they were apart of a 

family of false positives, by testing an interaction between pBT and the p TRG-partner 

plasmid isolated from the putative positives. All 8 of the tested putative positives were 

false positives, but 24 clones remain to be screened. What is left is to test the 

remaining partner clones to see if they too belong to the family of false positives. If 

the additional screening results in the absence of colonies once a cotransformation is 

performed with pBT and the isolated p TRG-partner plasmid, then the p TRG-partner 

plasmid needs to be sequenced. With the assistance of computer-aided searches, the 

sequences will result in the identification of partners that interact with S2 in E. coli. 
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