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Abstract: Transcriptional activators coordinate the dynamic assembly of multiprotein coactivator
complexes required for gene expression to occur. Here we combine the power of in vivo covalent
chemical capture with p-benzoyl-L-phenylalanine (Bpa), a genetically incorporated photo-
crosslinking amino acid, and chromatin immunoprecipitation (ChlIP) to capture the direct protein
interactions of the transcriptional activator VP16 with the general transcription factor TBP at the

GAL1 promoter in live yeast.
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Introduction

Transcriptional activators are essential in directing
the assembly of the RNA polymerase transcriptional
machine at individual promoters within the genome.
Though it is well understood that this occurs through
the formation of protein—protein interactions (PPIs)
between DNA-bound activators and individual com-
ponents of the transcriptional machinery, resolving
the network of activator PPIs that underpin this pro-
cess has been technically challenging.! For example,
in vivo co-localization and chromatin immunoprecipi-
tation (ChIP) studies have identified the complexes
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that are recruited by activators to the promoter, but
distinguishing the individual subunits within these
complexes that serve as the activator binding part-
ner(s) in vivo has not been possible. Toward this goal,
in vivo covalent chemical capture with genetically
incorporated photo-crosslinking amino acids has
emerged as an important tool in the identification of
PPIs in cells.?® Here we describe an expansion of
this strategy that utilizes the rapid, reversible form-
aldehyde cross-linking of ChIP together with the site-
specific, irreversible cross-linking of the non-natural
amino acid p-benzoyl-L-phenylalanine (Bpa) to inves-
tigate the direct, in vivo PPIs of DNA-bound activa-
tors. We demonstrate that this tandem reversible and
irreversible cross-linking (TRIC) approach is able to
capture the interaction of the viral activator VP16
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and the general transcription factor TBP at the GAL1
promoter in live yeast.

The identities and compositions of the multipro-
tein complexes that assemble at genes in order to
initiate gene expression can vary significantly from
promoter to promoter.? Because of a lack of meth-
ods appropriate for determining the individual con-
tacts made by activators at a promoter, these PPIs
remain poorly defined. As an example, the recruit-
ment of TATA-binding protein (TBP) by the canonical
transcriptional activator VP16 has been studied
extensively, yet the mechanism by which TBP arrives
at promoters is still contested, even in the case of
well-studied promoter contexts such as GAL1. A sig-
nificant body of in vitro data exists to support a direct
interaction between VP16 and TBP.1°"!2 However, in
vivo ChIP studies suggest that TBP recruitment to
GAL1 is mediated via interactions with the SAGA
complex, supporting a model in which the activator is
not directly involved in TBP recruitment.**17

To distinguish between the two mechanisms of
TBP recruitment, in vivo covalent chemical capture
was first used to determine if VP16 directly contacts
TBP in living yeast. In this approach, the photo-
labile unnatural amino acid Bpa is genetically incor-
porated into the transcriptional activation domain
(TAD) of VP16 using an engineered nonsense sup-
pression system.’®1° Upon irradiation of live yeast
with UV light, Bpa is activated and forms an irre-
versible covalent bond with any protein partners
that are in direct contact with VP16 at the site of
incorporation. The covalently captured binding part-
ners can then be isolated and analyzed to determine
their identities. As previously described, we used a
chimeric activator in which the amino terminal half
of the extended VP16 activation domain is fused to
the LexA DNA binding motif.2 We chose to incorpo-
rate Bpa at position 444 in the VP16N (413-456)
subdomain, as this residue has been shown to be
involved in maintaining activator interactions and,
consistent with this, our previous work showed a
robust and repeatable multiprotein cross-linking
profile at this position. Furthermore, work from our
group has demonstrated that incorporation at this
site  does mnot impair activator function.?
LexA + VP16 L444Bpa was expressed in yeast and
the cells were irradiated with UV light to activate
Bpa and covalently capture any proteins directly con-
tacting VP16. Yeast were then lysed and the lysates
immunoprecipitated with an antibody against TBP.
After washing away any noncovalently bound pro-
teins, the immunoprecipitated TBP was run on SDS-
PAGE and the resulting Western blot was probed
with a Flag-HRP antibody to detect the presence of a
covalently bound VP16-TBP species. Indeed, a cross-
linked band is observed at approximately 60 kDa that
corresponds to the additive molecular weight of the
LexA +VP16 construct and TBP [Fig. 2(A)]. These
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data indicate that VP16 directly contacts TBP in live
yeast. Consistent with previous reports, introduction
of a double point mutation in the VP16 activation
domain (L439P and F442P) that abolishes activity
also abrogates cross-linking to TBP, indicating that
this interaction is specific [Fig. 2(A)].20:2

To further substantiate this interaction, covalent
chemical capture in which TBP is the captor was car-
ried out. Biochemical data suggest that residues along
the concave face of TBP are involved in dynamic
exchange with other transcriptional proteins, includ-
ing activators, which compete for binding at this
site.?272* We therefore co-expressed LexA + VP16 WT
alongside a myc-TBP construct in which the leucine
at position 114 was mutated to Bpa (L114Bpa) and
carried out covalent chemical capture experiments.
We found that incorporation of Bpa at this position in
TBP resulted in a cross-linking TBP-VP16 adduct
[Fig. 2(B)]. Thus, in support of previous biochemical
data, our results indicate that this site on TBP is
indeed a contact point for VP16 in vivo.2*

While demonstrating a direct interaction
between VP16 and TBP, the above experiments do not
report on any one context. In other words, the cross-
linked species likely originate from a variety of differ-
ent promoter-localized and non-DNA bound VP16
species. We next chose to design a straightforward
method that would allow for the direct examination of
the VP16-TBP interaction at the GAL1 promoter
present in the yeast strain. The first step of this strat-
egy borrows principles from classic ChIP protocols in
which formaldehyde is first administered to cells to
rapidly stabilize dynamic protein—-DNA interactions.
The fixed cells are then subjected to our covalent
chemical capture workflow in order to activate Bpa
and site-specifically cross-link the direct targets of
the Bpa-containing activators within the immobilized
transcription complexes. The advantage of this tan-
dem cross-linking approach is rooted in the nature of
the covalent bonds that are formed by each cross-
linking moiety; more specifically, the formaldehyde
cross-links can be readily reversed in an appropri-
ately nucleophilic buffer, whereas the Bpa cross-links
are irreversible under such treatment conditions.
Thus, after tandem cross-linking treatment, we could
lyse the yeast, isolate the insoluble chromatin-
containing pellet, and wash the pellet extensively to
remove any non-DNA bound complexes. Similar to
ChIP, the DNA could then be solubilized via sonica-
tion and immunoprecipitation carried out against the
protein of interest, in this case TBP. The formalde-
hyde cross-links on the isolated complexes are then
reversed, leaving only the irreversible photo-
crosslinked activator—coactivator interactions intact
and able to be visualized via Western blotting (Fig. 1).

When we executed our TRIC approach, we
found that only under conditions where both formal-
dehyde and UV treatment were used were we able
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Figure 1. Tandem reversible and irreversible cross-linking (TRIC) allows for the covalent capture of the direct targets of tran-

scriptional activators at a promoter. Yeast cells are treated with formaldehyde to stabilize protein-DNA and protein—protein
interactions at the promoter. Treated cells are then irradiated with UV light to activate a genetically encoded photo-crosslinking
amino acid in the transcriptional activation domain (TAD) of the activator coordinating complex assembly. The cells are lysed
and the chromatin isolated and sheared via sonication. Following immunoprecipitation of the immobilized complexes, the form-
aldehyde cross-links are reversed and the irreversibly covalently linked PPIs are identified by Western blotting.

to observe a VP16-TBP cross-link in the DNA frac-
tion, whereas UV alone was sufficient to capture
this interaction in yeast lysate [Fig. 2(C)]. When this
protocol was repeated to examine the DNA that co-
purified during immunoprecipitation, we observed
that the GAL1-LacZ gene could only be visualized
under conditions in which formaldehyde was pres-
ent. This indicates that formaldehyde stabilization
of promoter-bound proteins is required to observe
the interactions of DNA-bound activators [Fig. 2(D)].
Finally, we executed a straightforward ChIP protocol
to show that both LexA +VP16 and TBP co-localize
to our reporter gene and confirm that we are indeed
observing a direct PPI at this specific location in the
yeast genome [Fig. 2(E)].

We note that although the protocol is a hybrid
of two powerful approaches, optimization efforts in
several areas were required in order for this
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approach to work. The first point of optimization
was the duration of formaldehyde cross-linking. We
were unable to observe a VP16-TBP interaction
using previously reported 1-min rapid mixing proto-
cols.??> We therefore tested several formaldehyde
treatment times and found that 5-min treatment
with formaldehyde was the shortest interval that
could be used to achieve consistent results. As has
been noted elsewhere, formaldehyde cross-linking
optimization will have to be examined on an individ-
ual protein basis in order to achieve sufficient cross-
linking results.2®2” Another key point of optimiza-
tion for this study involved the extent of yeast lysis
prior to sonication of the insoluble chromatin-
containing fraction. Yeast have a tough cell wall
that is notoriously difficult to break open. We found
that under conditions of incomplete lysis, any
remaining cells that pelleted with the insoluble
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Figure 2. VP16 directly contacts TBP in yeast. The VP16-
TBP interaction was captured in vivo using covalent chemical
capture in yeast expressing (a) LexA + VP16N L444Bpa and
(b) LexA + VP16N WT and myc-TBP L114Bpa. Yeast were
irradiated with UV light and the lysates immunoprecipitated
with a TBP antibody. The covalent VP16-TBP products were
visualized on Western blot with a a-Flag HRP antibody. (c,d)
Tandem reversible and irreversible cross-linking captures the
direct targets of DNA bound transcriptional activators. Identi-
cal cultures of yeast expressing LexA + VP16N L444Bpa
were either cross-linked with UV, formaldehyde, or treated
with a combination of both procedures (formaldehyde fol-
lowed by UV cross-linking). The chromatin fractions of these
cultures were washed to remove noncovalently bound protein
and then the chromatin was sheared and solubilized using
sonication. Soluble chromatin was then immunoprecipitated
with an «-TBP antibody and the formaldehyde cross-links
were reversed. Western blots (c) were probed with an «-Flag
antibody and immunoprecipitated DNA was amplified with
GAL1-LacZ specific primers and visualized on an agarose gel
stained with ethidium bromide (d). (€) Chromatin immunopre-
cipitation at the GAL1 promoter in yeast. Bars are the mean
of at least three biological replicates. Error bars indicate the
standard error of the mean.
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fraction would release their cellular contents upon
sonication, resulting in contaminating bands in the
UV-treated lanes of the Western. We thus screened a
number of commercially available chemical lysis
reagents and mechanical lysis conditions to deter-
mine a method that would provide us with the most
complete yeast lysis. We evaluated the efficacy of
lysis under each condition by measuring the total
concentration of protein released in the lysate as
well as by visually assessing the extent of lysis by
monitoring cells under a microscope. We found that
only extended mechanical disruption with glass
beads consistently achieved >95% cell lysis and
yielded maximal protein release in the cell lysate.

In conclusion, we have described a new in vivo
tandem cross-linking approach that is useful in cap-
turing the PPIs of DNA bound activators, as demon-
strated by the capture of VP16 and TBP at the
GAL1 promoter. The advantage of this strategy over
previously described dual cross-linking applications
(such as those using formaldehyde and disuccini-
midyl suberate, for example) is that the use of a
site-specific photo-crosslinking amino acid allows
one to distinguish the direct targets of a given pro-
tein within a DNA-bound multiprotein complex.
This allows a level of resolution that, to the best of
our knowledge, has not been achieved prior to this
work.

TBP is an essential transcription factor required
for gene expression in yeast, yet, as is the case with
other requisite transcriptional complexes, the mech-
anism by which it is recruited to promoters has
remained elusive, even in the most well-studied pro-
moter contexts. Using TRIC, we were able to stabi-
lize transcription factor-DNA contacts and then
covalently capture proteins that were in direct con-
tact with the Bpa-containing activator VP16 in live
yeast. This work suggests that VP16 directly con-
tacts TBP in yeast to recruit the general transcrip-
tion factor to the GAL1 promoter. While our results
thus suggest a direct mechanism of recruitment to
GALLl, earlier observations that SAGA is required
for TBP localization to GAL1 likely point to a role
for SAGA in stabilizing TBP residency at this pro-
moter. This work is an important first step toward
resolving the PPI map of activators at a single pro-
moter, work that will be useful in building a more
complete picture of activator interactions as a whole.
Future work will be focused on combining TRIC
with DNA microarray technologies to facilitate the
identification of the direct interactions of a single
activator at individual promoters across the genome.

Methods and Materials

All covalent chemical capture and TRIC experiments
were carried out in yeast strain LS41 [JPY9::pZZ41,
Mato his3A200 leu2Al trplA63 ura3-52 lys2A385
gal4 URA::pZZ41]. Bpa was purchased from Chem-
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Impex International (Wood Dale, IL). All plasmids
used in this study were constructed using standard
molecular biology techniques. Sanger sequencing
verifying plasmid sequences was performed by the
University of Michigan Core Facility (Ann Arbor,
MI).

Construction of plasmids

pLexA+VP16N WT-5xFlag. A high copy plasmid
expressing LexA(1-202)+VP16N (413-456)+5x FLAG
tag under the control of the ADH1 promoter was cre-
ated via ligation of the fusion gene into a pCLexA-
5xflag backbone containing BamHI and Sall sites. Pri-
mers 5'- catgaattcATGGCCCCCCCGACCGATGTC-3
and 5-catGTCGACTTACTTGTCATCGTCGTCCTTGT
AGT CTCCCGGCCCCGGGGAATCCC-3’ were used to
amplify VP16 (413-456) from a pCLexA-VP16-1xflag
template. The amplified PCR product was digested with
Sall and BamHI and inserted into pCLexA digested
with Sall and BamHI and treated with calf intestinal
phosphate to create pLexA +VP16N WT-5X Flag.

pLexA+VP16N L444Bpa-5xFlag. Site directed
mutagenesis was used to replace Leu 444 in the pLex-
A+VP16N WT-5xFlag to a TAG amber stop codon.
PCR primers were designed to have ~15 bases of
homology on either side of position 444. QuikChange
protocol (Qiagen) was used to generate the mutation
using manufacturer recommended conditions.

PGADT7 myc-TBP. A high copy plasmid pGADT7
expressing an N-terminally myc-tagged TBP was
constructed by amplifying the DNA sequence encod-
ing TBP from yeast genomic DNA using primers (5'-
catCATATGATGGCCGATGAGGAACGTTTAAAGG-3')
and (5'- atgCTCGAGTCACATTTTTCTAAATTCACT
TAGC —3'). The purified PCR product was ligated
into a myc-pGADT7 vector digested with Ndel and
Xhol using standard molecular biology techniques.
The myc-pGADT7 cloning vector was created by
inserting a c-myc epitope tag in pGADT7 (Clontech)
using site-directed mutagenesis with the following
primers: (5-AGCTATGGAACAAAAGTTGATTTCTGA
AGAAGATTTGGGATCCAATGCATATGATCT-3') and
(5'-AGCTTGATCATATGCATTGGATCCCAAATCTTCT
TCAGAAATCAACTTTTGTTCCAT-3'). Leull4 in TBP
was mutagenized to an amber stop codon using site-
directed mutagenesis (Qiagen Quikchange Protocol).

In vivo covalent chemical capture

In vivo covalent chemical capture experiments
for pLexA +VP16N L444Bpa was carried out as
previously described, except that immunoprecipita-
tion was carried out with an antibody against TBP
(sc-33736, Santa Cruz Biotechnologies).? For cross-
linking studies with mycTBP L114Bpa, the proce-
dure was identical except that cells were grown in
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SC media lacking histidine, leucine, and tryptophan.
For lysis, cells were resuspended in 600 uL Lysis
Buffer (50 mM HEPES-KOH pH 7.5, 140 mM NaCl,
1 mM EDTA, 1% Triton X-100, 0.1% Na-
Deoxycholate and 1X Complete Mini EDTA Free
Protease Inhibitor (Roche) and lysed using glass
beads by vortexing at 4°C. Subsequently, the lysate
was pelleted and the supernatant incubated with 2
ng of TBP antibody (sc-33736, Santa Cruz Biotech-
nologies) for 2 h at 4°C for immunoprecipitation.
The protein bound to the antibody was isolated by
incubation for 1 h with 50 uL of prewashed protein
G magnetic beads slurry (Dynal Corporation, Invi-
trogen, Carlsbad, CA) and the beads were washed
six times with 1 mL Wash Buffer (10 mM Tris-HCl
pH 8.0, 250 mM LiCl, 0.5% NP-40, 0.1% Na-
Deoxycholate and 1 mM EDTA) and stored dry at
—80°C until elution. The cross-linked sample was
eluted from the beads by heating at 95°C for 10 min
in NuPAGE 4x LDS Sample buffer (Invitrogen,
Carlsbad, CA) containing 250 mM DTT and probed
using Western Blot analysis using anti-FLAG (M2)
antibody (Sigma, St. Louis, MO).

Tandem reversible and irreversible cross-linking
To perform TRIC, 100 mL cultures of yeast were
grown in SC media containing 2% Raffinose, 2%
Galactose, 1 mL of 100 mM pBpa dissolved in 1M
NaOH, and 1 mL 1M HCI. The cultures were incu-
bated overnight at 30°C with agitation and grown to
mid-log phase (ODggy ~1.0). Cultures receiving UV
treatment only were spun down by centrifuging at
3901 rcf at 4°C for 5 min. following which the cell
pellets were washed with SC media lacking histidine
and tryptophan. These cell pellets were resuspended
in 2 mL SC media lacking histidine and
tryptophan + 2% Raffinose, 2% Galactose and trans-
ferred to small cell culture dishes and subjected to
UV irradiation at 365 nm light (Eurosolar 15 W UV
lamp) with cooling for 0.5 h.

For cultures receiving only formaldehyde treat-
ment, 3 mL of 37% formaldehyde solution was added
directly to the culture and allowed to remain in the
incubator for 20 min. Repeat of this procedure with
a 5 min formaldehyde incubation yielded the same
results as a 20-min incubation. Cultures were then
quenched with 15 mL of 2M Glycine. Cells were
then centrifuged and washed with 50 mL SC media
lacking histidine and tryptophan. Samples intended
to additionally receive UV cross-linking were resus-
pended in 2 mL SC media (His-, Trp-) containing 2%
Raffinose and 2% Galactose and transferred to a
small cell culture dish and subjected to UV irradia-
tion at 365 nm UV light (Eurosolar 15 W UV lamp)
with cooling for 0.5 h.

For lysis, cells were resuspended in 600 uL
Lysis Buffer (50 mM HEPES-KOH pH 7.5, 140 mM
NaCl, 1 mM EDTA, 1% Triton X-100, 0.1% Na-
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Deoxycholate and 1X Complete Mini, EDTA Free
Protease Inhibitor (Roche) and lysed using glass
bead mechanical disruption at 4°C until >95% lysis
was observed. We found in these studies that com-
plete cellular lysis is necessary to eliminate back-
ground signal caused by cell lysis during sonication.
Subsequent lysates were immunoprecipitated with
1.6 micrograms of TBP antibody (Santa Cruz, sc-
33736) and incubated for 2 h at 4°C. The remaining
pellet was then washed 4x with “Harsh” ChIP buffer
(50 mM HEPES-KOH pH 7.5, 1M NaCl, 1 mM
EDTA, 1% Triton X-100, 1% Na-Deoxycholate) fol-
lowed by two washes with standard ChIP buffer
[50 mM HEPES-KOH pH 7.5, 140 mM NaCl, 1 mM
EDTA, 1% Triton X-100, 0.1% Na-Deoxycholate and
1X Complete Mini EDTA Free Protease Inhibitor
(Roche)]. Pellets were resuspended in 600 uL stand-
ard ChIP buffer containing protease inhibitor and
sonicated at a setting of 10% for 2 min with 30 s
pulse on/off (double-step microtip, Fisher Scientific
Dismembrator Model 500). Samples were then cen-
trifuged at 4°C for 20 min at 14,000 rpm (Eppendorf
5417C). Soluble chromatin (supernatant) was immu-
noprecipitated with TBP antibody (santa cruz, sc-
33736) for 2 h, 4°C. The protein bound to the anti-
body was isolated by incubation for 1 h with 50 pL
of prewashed protein G magnetic beads (Life Tech-
nologies). After immunoprecipitation, the beads were
washed 6 times with 1 mL Wash Buffer (10 mM
Tris-HCI pH 8.0, 250 mM LiCl, 0.5% NP-40, 0.1%
Na-Deoxycholate and 1 mM EDTA) and stored dry
at —80°C until elution. The cross-linked sample was
eluted from the beads and formaldehyde cross-links
reversed by heating at 95°C for 20 min in SUTEB
(1% SDS, 8M Urea, 10 mM Tris, pH 6.8, 10 mM
EDTA, 0.01% bromophenol blue) buffer containing
250 mM DTT and probed using Western Blot analy-
sis using anti-FLAG (M2) antibody (Sigma, St.
Louis, MO). For studies examining the DNA IP’d
during TRIC, the TRIC protocol was followed with
the exception of 50 pL of solubilized chromatin being
saved prior to immunoprecipitation. Additionally,
lysates were discarded in these experiments.

To examine the size of the sheared chromatin,
50 uLL TE/SDS was added to the Input samples and
incubated overnight at 65°C to reverse cross-links.
2.5 uL proteinase K (20 mg/mL stock) was then
added and incubated at 50°C for 3 h to digest pro-
teins, followed by a PCR cleanup. 0.5 u. RNAse A
(1 mg/mL stock) was added and then incubated at
37°C for 30 min. Samples were visualized on 1%
agarose gel stained with Ethidium bromide. Smears
showed between 300 and 900 bps.

For PCR on TRIC samples, 90 uL. TE/SDS was
added to 50 pL input and incubated overnight at
65°C followed by PCR Cleanup and elution in 58 pL
EB buffer (Qiagen). For immunoprecipitated samples,
beads were washed 2x with Lysis Buffer, one time
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with 500 mM NaCl lysis buffer, one time with Wash
Buffer, and two times with TE buffer (10 mM Tris-
HCI, 1 mM EDTA, 0.01% SDS (5 g in 500 mL ex). 50
uL elution buffer(50 mM Tris-HCI, 10 mM EDTA, 1%
SDS) was then added to the beads and vortexed
briefly before incubating at 65°C for 30 min, with vor-
texing every 5 min to resuspend the beads. Beads
were centrifuged for 30 s at 3000 rpm and the eluent
transferred to a new tube. 120 uLL TE/SDS was added
and the samples were incubated overnight at 65°C.
Samples were purified using a PCR cleanup kit (Qia-
gen) and eluted in 58 pLL EB buffer. DNA was quanti-
fied and PCR reactions were set up with GAL1-LacZ
specific primers (5 CCTTCTCTTT GGAACTTTCAG-
TAATACGCTTAACTGC 3 and 5 GGGCGATCGGT
GCGGGCCTCTTCGC 3'). Products were visualized
on a 1% agarose gel stained with ethidium bromide.

ChIP at GALI-LacZ. For ChIP, cultures were
grown and formaldehyde cross-linked as was done
for TRIC experiments. After mechanical glass bead
shearing, the lysate and insoluble pellet were resus-
pended by gentle pipetting. Samples were sonicated
and centrifuged as described earlier. Soluble chro-
matin was separated from the pellet and 10 uL. was
saved as an input sample. The remaining soluble
chromatin was split equally between three 1.75 mL
tubes which were then immunoprecipitated with
either 2 ng TBP antibody (sc-33736, Santa Cruz
Biotechnologies), LexA antibody (sc-1725, Santa
Cruz Biotechnologies), or control IgG (sc-2027, Santa
Cruz Biotechnologies). Immunoprecipitations were
allowed to proceed for 2 h at 4°C followed by incuba-
tion for 1 h with ~40 pL of prewashed protein G
magnetic Dynabeads slurry (Life Technologies).
Beads were washed in the same manner as TRIC
DNA samples. Immunoprecipitated complexes were
eluted in 50 pL elution buffer (50 mM Tris-HCI,
10 mM EDTA, 1% SDS) at 65°C for 30 min. The elu-
ate was transferred to a new tube and 120 uL of TE-
SDS (10 mM Tris-HCl, 1 mM EDTA, 0.1% SDS)
buffer was added. To the saved inputs, 90 pL TE-
SDS was added. Formaldehyde cross-links were
reversed overnight in a 65°C water bath. Samples
were purified using Qiagen PCR Clean Up protocol
and eluted in 58 uL. Buffer EB. qPCR on all samples
and inputs was run using Promega GoTaq qPCR
master mix (A6001, Promega) using primers specific
for GAL1-LacZ (sequences above). All qPCR runs
were carried out on an Applied Biosystems StepOne-
Plus instrument. At least three independent biologi-
cal replicates were run for each condition, with each
biological replicate run in triplicate for gPCR quanti-
tation. PCR amplification with the designed primers
yielded a single band around 450 bps. This band
was gel purified and submitted for sequencing.
Results returned a sequence for the GAL1l-LacZ
gene, as expected.
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