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1. Introduction
1.1 Background
Since the 1950s, a series of accidental discoveries have led to the classification of many manmade compounds as endocrine disruptors (EDs)—chemicals that disrupt the delicate balance of
the endocrine system. Such discoveries were made in the laboratory when, for example,
incidental estrogen-like effects were seen in cell cultures, later attributed to the compound
bisphenol A leeching out of the plastic containers [1].
The ubiquity of endocrine disruptors in consumer products and ground water in the US make
them an emerging public health concern. Endocrine disruptors can enter surface water by a
variety of mechanisms including direct discharge of industrial or sewage treatment wastewater,
and agricultural runoff [2]. A wide range of substances, both natural and man-made, are thought
to cause endocrine disruption, including arsenic, cadmium, lead, mercury, dioxin, parabens,
some pharmaceuticals, the polychlorinated biphenyls (PCBs) formerly used in coolants, DDT,
pyrethroids, and other pesticides, and plasticizers such as bisphenol A. Such compounds can be
found in many everyday products, including plastic bottles, metal food cans, detergents, flameretardants, food, toys, cosmetics, and pesticides [3].
The widespread use of such plasticizers and similar industrial chemicals soon implicated them in
reports of abnormal thyroid function, decreased fertility, and feminization of various fish and
bird populations [4]. Even more disturbing is the theorized correlation between endocrinedisrupting compounds and widespread changes in the reproductive health of humans, such as
increased incidence of testicular and breast cancer, birth defects and declining sperm counts [2].
Furthermore, the disruption of endocrine processes by chemical contaminants is not restricted to
reproductive effects. A chemical capable of disrupting the endocrine system could theoretically
affect virtually any area of the body. This is because the endocrine system hormonally regulates
all body functions from conception through adulthood, including nervous and reproductive
system development and metabolism [5]. Though most hormonal alteration is reversible once
exposure ceases, endocrine disruptors may pose the greatest risk when organ systems are
growing under hormonal control during prenatal and early postnatal development [1, 3].
Interaction with the endocrine system may occur via many pathways, such as by either
mimicking or antagonizing natural hormones, affecting hormone synthesis, or affecting the
synthesis of hormone receptors [1]. The diverse mechanisms of these compounds make them
difficult to study. Though many experiments have demonstrated endocrine disruption activity of
certain chemicals, no official list of endocrine disruptors exists. The US Environmental
Protection Agency (EPA) is currently conducting the Endocrine Disruptor Screening Program to
compile an official list of compounds and study their specific effects [6]. The EPA is using a
range of assays that test effects on fish reproduction, amphibian metamorphosis, and
steroidogenesis, and on specific proteins such as estrogen and androgen receptors [7]. One such
assay utilizes an immortalized breast cancer cell line that is genetically modified to glow when
an estrogen-like molecule is present [8]. Such tests are greatly conclusive, but expensive and
time-consuming to conduct. For example, the cancer cell assay requires cell culturing by trained
laboratory staff under sterile conditions. Endocrine disruptors may also be detected by
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traditional chemical means such as chromatography and spectrometry. However, since
endocrine disruptors are classified by biological effect and not chemical structure, such
techniques would not be efficient for generic screening of samples.
With the emerging concerns about endocrine disruptors, and their ubiquity in our modern world,
a quick and effective means of screening for them is highly desirable. Biosensors can allow for
less expensive environmental testing with higher throughput, as they can be used for generic
screening of samples. Those showing the presence of an endocrine disruptor could then be
analyzed by traditional methods for specific contaminants.
1.2 Biosensor Design
Our design focused on optimizing the biosensor for detection of endocrine disruptors in water
samples, as contamination of US streams and ground water by endocrine disruptors is of major
concern. As reported in the National Water-Quality Assessment, the US Geological Survey
detected 17 pesticides in streams and ground water that are suspected endocrine disruptors; 11 of
these were among the most frequently found contaminants in water samples [9].
As noted above, EDs affect many human hormones through various modes of action [1]. The
biosensor design focused on detecting compounds that act as direct estrogen mimics. While the
biosensor could be modified in future research to respond to additional hormone mimics,
estrogen was chosen due to its straightforward signaling pathway and the prevalence of
feminization and reproductive disruption in wildlife and humans [2, 4]. In humans, estrogen
passes through cell membranes via simple diffusion and is bound by the human Estrogen
Receptor (hER) protein, which forms a homodimer. This protein-hormone complex acts directly
as a transcriptional activator by binding specific sequences of DNA called Estrogen Response
Elements (EREs) located near the promoter region of the target gene and enhancing transcription
by facilitating recruitment of RNA polymerase [10; Fig. 1].
The preliminary biosensor design sought to directly replicate the human estrogen signaling
pathway in Escherichia coli bacteria [Fig. 2]. The gene for human Estrogen Receptor protein
[11] would be cloned into one plasmid, while another plasmid would contain the gene for Red
Fluorescence protein (RFP) [12] with an ERE upstream of its promoter region. In this way, a
base level of RFP may be visible, but would be noticeably upregulated in the presence of
estrogen or estrogen mimics.
However, this direct pathway model does not account for hypothetical differences between
human and bacterial RNA polymerase. Binding of the hER–estrogen complex to the ERE would
not necessarily act as a transcriptional activator. This problem was noted by the 2008 iGEM
Synthetic Biology Competition team from the University of Alberta [13; 14; 15]. Instead this
team proposed an indirect pathway that uses the Tetracycline Repressor protein (TetR) as a
consistent off switch for RFP, as RFP is regulated by a TetR–repressible promoter called Ptet.
When the hER complex binds to the ERE located between the TetR promoter and gene,
transcription by RNA polymerase is physically impeded, stopping TetR production and allowing
for RFP to be expressed [Fig. 3, Fig. 4; 13].
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Though the gene constructs to create this indirect signaling system were submitted by the
University of Alberta team [13, 16] and others [RFP construct: 17] to the iGEM parts registry,
sequencing data for the hER and ERE–TetR constructs showed inconsistencies [18, 19]. We
sought to recreate and test the parts, and, time permitting, expand the system to include other
hormone receptors. The three plasmids necessary to construct the system are pictured in Figure
5.
2. Methods and Results
2.1 hER Plasmid
Plasmid “parts” from the iGEM registry are composed of an engineered insert in one of several
standard vectors, which confer resistance to a specific antibiotic. Those used in this project were
vectors containing resistance genes for Ampicillin (pSB1A2; 20), Kanamycin (pSB1K3; 21), and
Chloramphenicol (pSB1C3; 22). All parts came in the pSB1A3 vector from the iGEM Spring
2011 DNA Distribution Kit, which provides all of the registry’s parts [23]. Standard restriction
sites flank the insert in each iGEM vector. These are EcoRI and XbaI upstream, and SpeI and
PstI downstream from the insert [Figure 6; 24].
The hER plasmid (13; insert 1849 base pairs) was reconstituted with water as called for in the
iGEM protocol [23] and amplified via bacterial transformation in JM109 cells grown in
Ampicilin-containing tryptic soy agar (TSA) plates [25]. The plasmid was isolated from several
bacterial colonies using a QIAfilter Plasmid Midi Kit (Qiagen, Valencia, CA). Plasmid from
each colony was digested using EcoRI–HF and PstI–HF restriction endonucleases (New England
BioLabs (NEB), Ipswich, MA) and run on an electrophoresis gel. Colonies with inserts of
expected molecular weight were prepared using UC Berkeley DNA Sequencing Facility
specifications for double stranded DNA and delivered to the Facility for sequencing [26]. The
sequencing primers used were the VF2 (tgccacctgacgtctaagaa) and VR (attaccgcctttgagtgagc)
primers recommended by iGEM for part sequencing [27]. These primer sites are located in the
iGEM vectors and flank the insert sequences. Accordingly, iGEM cautions that insert sequence
is not read until approximately 50-75 bases [27]. Sequencing results were inconclusive, as the
sequencing terminated after approximately 100 bases.
The hER insert was transferred to a pSB1K3 vector to provide a different resistance, and to
potentially correct sequencing difficulties. The hER colony that was sequenced and had shown
the expected molecular weight band was transformed into JM109 competent cells using the
manufacturer’s protocol (Promega, Madison, WI) from Midiprep product. The insert was cut out
as above and gel purified (UltraClean 15 Gel Purification Kit; MO BIO Laboratories, Inc.,
Carlsbad, CA). Linearized pSB1K3 was digested with EcoRI-HF and Pst1-HF, and the hER
insert was ligated with the pSB1K3 digest product using the iGEM protocol [28]. This construct
was sent for sequencing with new primers designed by selecting a 20 base pair sequences
complementary to the beginning, end, and middle (about 800bp from start) of the listed part
sequence [13]. Sequence results each had approximately 850bp read-through, and had 87%
sequence identity to the listed part sequence [Fig. 7]. This hER insert in the pSB1K3 vector will
be tested in follow-up research.
At the same time, the hER part design was reengineered de novo in case of continued
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inconclusive results. The overall design of the plasmid is shown in Figure 8.
The vector was obtained from frozen stock of bacteria containing iGEM part BBa_J04450,
which comes as multiple versions each with the insert in a different vector [12]. The bacteria
were grown in liquid culture (Tryptic Soy Broth medium, BD, Franklin Lakes, NJ) and plasmid
DNA was then isolated using a QIAprep Spin Miniprep Kit (Qiagen, Valencia, CA). The
plasmid was digested with EcoRI–HF and SpeI–HF (NEB), and the vector was isolated and
purified using an electrophoresis gel [Fig. 9] and gel purification kit (MO BIO).
The promoter region was then constructed to be placed upstream of the hER gene. Two reversecomplement oligonucleotides (oligos) were designed to contain an EcoRI restriction site, a
constitutively active bacterial promoter (LacIQ; from iGEM part BBa_I14032;
tggtgcaaaacctttcgcggtatggcatgatagcgcc), a ribosomal binding site (RBS; from iGEM part
BBa_B0034; aaagaggagaaa), and a XhoI restriction site. These oligos were then annealed [29].
The oligos were designed so that sticky end overhangs would be created when annealed, as if the
construct had been digested with EcoRI and XhoI.
The third piece of the construct cloned the coding region of homo sapiens estrogen receptor 1
(11; 2879bp total, with coding region from base pairs 106 to 1893). The cDNA of human
Estrogen Receptor was ordered from Open Biosystems (Open Biosystems, Thermo Scientific,
Lafayette, CO; Cat. No. EHS1001-98683954). PCR primers were designed with 20 bases
complementary to the first and last 20 bases of the hER coding region. Additionally, the primers
included flanks with a GCAT sequence, and XhoI recognition sequence on the forward primer,
and a double terminator (TT; !!"!!"), SpeI recognition site, and GCAT sequence on the reverse
primer. A XhoI recognition sequence was selected, as the hER coding region does not contain a
XhoI cut site (analyzed for recognition sequences by Webcutter 2.0) [30]. PCR was performed
with the Phusion® High-Fidelity DNA Polymerase (NEB) to minimize mutagenesis. The PCR
product was of the expected molecular weight [Fig. 10]. These blunt ended products were
cloned into a pCR-Blunt vector (Zero Blunt® PCR Cloning Kit, Life Technologies, Grand
Island, NY) using TOPO cloning. The pCR-Blunt vector with the PCR product insert was
amplified in bacteria, isolated, and digested with EcoRI and XhoI. However, products were not
of the expected molecular weight when run in several trials. Accordingly, the original PCR
product was instead digested and used for a triple ligation with T4 DNA ligase (Promega) to
construct the final hER plasmid [Fig. 8]. A molar ratio of 1 nanoMolar (nM) pSB1K3: 2nM
hER: 40nM oligo was used. The ligation product was transformed successfully (i.e. bacteria
grew in selective kanamycin–containing medium) into JM109 cells and frozen stock was made.
The construct will be sent for sequencing in follow-up research.
2.2 ERE–TetR Plasmid
The ERE plasmid was constructed from an annealed oligonucleotide insert and an existing iGEM
part containing the TetR gene in a pSB1A2 vector [31]. The part contains the proper double
terminator sequence at the end, however the RBS was removed [31]. Thus, an oligonucleotide
insert was designed to act as a promoter region, similar to that for the hER construct. The
sequence contained a constitutively active bacterial promoter (LacIQ; sequence from iGEM part
BBa_I14032; tggtgcaaaacctttcgcggtatggcatgatagcgcc), a ribosomal binding site (RBS; sequence
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from iGEM part BBa_B0034; aaagaggagaaa), and part of the recognition sequences for EcoRI
and XbaI which, as above, produced sticky ends when annealed. The difference with this
promoter region is the addition of an Estrogen Response Element sequence after the promoter
(ERE consensus sequence 5’-C(A/G)GGTCAnnnTGACC(T/C)G-3’ [10]; caggtcacagtgacctg
selected). The final order of the insert construct order was therefore cutEcoRI-LacIQ-ERE-RBScutXbaI. Binding of hER to ERE in the presence of estrogen would physically interrupt RNA
polymerase read-through from the LacIQ promoter through the TetR gene [Fig. 3, 4]. Thus,
TetR mRNA would not be produced, and after turnover of the existing TetR, no TetR protein
would be left in the cell to repress RFP transcription. The TetR iGEM part was digested with
EcoRI and XbaI, allowing insertion of the insert construct upstream of the TetR gene [Fig. 6].
The vector and insert were ligated first with a 1:3 molar ration, then with a 1:50 molar ratio and
transformed into JM109 competent cells. In both trials, bacterial growth was difficult and either
plates resulted in biofilm growth or (with additional antibiotic) unusually small colonies. The
TetR iGEM part website does not mention any such issues [31]. Several colonies were selected,
and colony PCR [32] was performed (illustra PuReTaq Ready-To-Go PCR Beads, GE
Healthcare Biosciences, Pittsburgh, PA) unsuccessfully, though control colony PCR worked as
expected. Alternatively, the colonies were grown in liquid culture and the plasmid was isolated
using a Miniprep Kit (Qiagen). Plasmid was then digested with EcoRI and PstI and run on a gel
to confirm molecular weight. However, no DNA bands were visualized, and this digest should
be repeated with a greater amount of DNA in upcoming research. Additionally, the ligated
construct could be sequenced to check for possible sources of error.
2.3 Ptet–RFP Plasmid
As no sequence inconsistencies were noted with the Ptet–RFP iGEM part BBa_I13521 [17], and
bacteria directly transformed with the part became red after several hours of growth, the insert
construct was used directly. Our own sequence analysis of part BBa_I13521 showed high
sequence homology with the published sequence [Fig. 11; 17]. However, the part vector needed
to be switched in order to transform bacteria with all three plasmids successfully, as bacteria
need to be grown in media with three different antibiotics to create selective pressure to maintain
all three plasmid constructs. Thus, a pSB1C3 vector was obtained from BBa_J04450 frozen
stock as above to replace the pSB1A3 vector of iGEM part BBa_I13521. The BBa_J04450
plasmid was digested with XbaI and PstI–HF (NEB), as was the Ptet–RFP plasmid (note that
XbaI was chosen, as BBa_I13521 does not contain the standard EcoRI site [33]). Both digest
products were run on a gel and the pSB1C3 vector and Ptet–RFP insert were cut out and purified
as above [Fig. 9]. DNA in the purified products was quantified using a NanoDrop Lite UV-Vis
Spectrophotometer (Thermo Scientific, Wilmington, DE) and ligated with a molar ratio of 1nM
pSBIC3: 3nM insert. The ligation product was then transformed into JM109 cells as above. Cell
colonies were all red, and grew on a chloramphenicol-containing tryptic soy agar (BD, Franklin
Lakes, NJ) plate [Fig. 12]. Several colonies were grown in liquid culture, and frozen stock was
made. The DNA from one colony was purified with a MiniPrep Kit to be used in a triple
transformation.
2.4 Triple Transformation
A sequential transformation of the three plasmids will be followed to yield the most efficient
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transformation. JM109 cells containing the Ptet–RFP insert in pSB1C3 were made competent
with calcium chloride treatment performed under cold conditions, as per the protocol described
by the American Society for Microbiology [34]. These have been left at -80ºC to be transformed
with the hER construct in pSB1K3 and grown in chloramphenicol-kanamycin medium. These
doubly-transformed bacteria will then be made competent by repeating the above calcium
chloride treatment. They will be transformed with the ERE construct, and grown in medium
containing all three antibiotics. The process can be performed in two versions: one using the
hER construct created by the University of Alberta and transferred to pSB1K3 in this project; the
other with the hER construct created de novo. Testing with !–estradiol, the endogenous ligand
for hER can then commence, followed by testing with various known endocrine disruptors.
Theoretically, the triply-transformed bacteria would be white until hER binding, and turn red
within several hours.
3. Future Research and Discussion
The advent of a bacterial biosensor detection method for endocrine disrupting compounds in
water would be an advantage over current biological testing methods, as E. coli is a much easier
organism to work with than cancer cell lines, which require specialized laboratory equipment and
sterile environments to maintain. Compared to traditional chemical analysis, this biosensor
would screen broadly for endocrine disruptors based on their interaction with a part of the
endocrine system, the human Estrogen Receptor and EREs. This would allow many water
samples to be screened, and only those with positive results would need to be sent for further
analysis.
The testing phase of the design will establish the lowest concentration of estrogen at which
florescence can be seen: the theoretical detection limit of the biosensor. We predict that the
biosensor will be sensitive to small concentrations of estrogen and estrogen-mimicking
compounds, as hormones act in the body at low concentrations, and hER binds ERE with high
affinity [35]. Once the system has been shown to work for estrogen, it will be tested with
standard concentrations of endocrine disruptors known to interact with hER or EREs, to achieve
the same qualitative results and establish detection limits. An additional goal of testing will be to
establish the biosensor’s ability to provide quantitative results, such as by quantifying and
correlating the fluorescence intensity to the amount of endocrine disruptor present.
The biosensor’s quantitative abilities (including detection limit and fluorescence intensity) will
be verified by and compared to that of traditional instrumental analysis. The chemical
instrumentation available on campus will provide a comprehensive suite of techniques to detect
and quantify various endocrine disruptors. For example, pyrethroid pesticides can be detected at
low parts-per-billion concentrations by gas chromatography–tandem mass spectrometry (GCMS-MS), while less volatile compounds such as estrogens can be readily detected by highperformance liquid chromatography (HPLC) [36, 37]. Thus instrumentation will vary based on
the specific compound being quantified. Once its capabilities are established, we can begin to
use the biosensor to test for estrogen-mimicking endocrine disruptors in real samples, such as
various household and commercial chemicals, and local water samples.
Future directions of the project could include addition of other human endocrine receptors
(androgen receptor for example) coupled to a different reporter such as green fluorescent protein.
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Thus the biosensor could distinguish between different types of endocrine disruptors that are
present in a water sample.
A bioremediation component could also be added to the biosensor, so that the E. coli is not only
able to detect, but also degrade contaminants. After activating RFP production, the presence of
endocrine disruptors would activate the production of enzymes to break down the compounds.
Genes have been identified that produce proteins capable of degrading bisphenol A as well as
atrazine (the most prevalent pesticide in US streams and ground water) [9, 38, 39, 40]. Of
course, were bioremediation to be considered for use in the environment, serious safety
considerations would need to be made; this would present another opportunity for novel
engineering feats of designing a foolproof self-destruct system to ensure that genetically
modified E. coli did not propagate in the environment. Such degradation and self-destruct
enzymes could be added to the E. coli using the same techniques as this project.
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Figure 1: Estrogen signaling pathway in humans.
After estrogen diffuses into a cell, human Estrogen Receptor (hER) protein binds it and
forms a homodimer. Binding of the hER–estrogen complex to an Estrogen Response
Element, located upstream of a gene promoter region, acts as a transcriptional activator by
recruiting RNA polymerase. The target gene is thus upregulated, and the estrogen-dependent
trait is expressed.

Figure 2: Direct estrogen signaling pathway recreated in bacteria.
The cloned system functions analogously to the human system (Fig. 1), except that the target
gene has been replaced by the red fluorescent protein (RFP) gene, which acts as a “reporter” in
the biosensor assay.

Figure 3: Indirect biosensor design with no estrogen present.
When no estrogen is present, no interaction of hER with the Estrogen Response Element (ERE) occurs.
RNA polymerase is free to transcribe the Tetracycline Repressor protein (TetR), which binds to the Red
Fluorescence Protein promoter and blocks transcription. Thus, bacteria appear their normal white color.

Figure 4: Indirect biosensor design with estrogen or estrogen mimic present.
Upon estrogen or estrogen mimic (pictured in orange) binding to the human Estrogen Receptor, the
complex interacts with the Estrogen Response Element (ERE). As ERE is located between the promoter
region and gene of the Tetracycline Repressor protein (TetR), transcription by RNA polymerase is
physically impeded, stopping TetR production. In the absence of TetR, RNA polymerase can transcribe
Red Fluorescent protein (RFP), and bacterial colonies turn red.

Figure 5: Overview of plasmid constructs.
Each plasmid is composed of a vector and insert. The vectors provide antibiotic resistance genes—pSB1A2
to ampicillin (A), pSB1K3 to kanamycin (K), and pSB1C3 to chloramphenicol (C)—allowing plasmidcontaining bacteria to be selected for.
The Estrogen Receptor insert contains a constitutively active promoter coupled to the human estrogen
receptor gene.
The ERE–TetR Gene insert contains sequentially a constitutively active promoter, Estrogen Response
Element (ERE), and the gene for the Tetracycline Repressor protein (TetR).
The RFP Gene insert contains a TetR–repressible promoter coupled to the Red Fluorescent Protein (RFP)
gene.

Figure 6: Standard assembly of iGEM “BioBrick” Parts.
Vectors include a prefix, with recognition sites for the restriction endonucleases EcoRI (E)
and XbaI (X), and suffix with sites for SpeI (S) and PstI (P). Digesting both inserts and
vectors with the proper restriction endonucleases allows them to be ligated in the order
desired due to the sticky end overhangs specific to each endonuclease. Figure from iGEM
Registry of Standard Biological Parts website section on standard assembly [24].

A

B

Figure 7: Sequence data for hER with primer 1.
The human estrogen receptor insert in iGEM part BBa_K123003 was sequenced after being transferred to
the vector pSB1K3. The results from the sequencing primer complementary to a 20bp sequence near the 5’
end of the insert (GAGGAGAAATACTAGATGGC) are comparable to those from the other two primers
used for sequencing, located near the middle and 3’ end (reverse) of the sequence (all 87% homology). (A)
Sequencing peaks become distinct after the first several bases, and remain so for approximately 850 bases.
(B) In this region, a nucleotide BLAST comparison found 87% sequence homology between the listed
sequence for BBa_K123003 (Query) and the sequencing results (Sbjct). The hER insert is 1849 base pairs
(bp) long; the three primers had sufficient overlap in read-through to show the entire insert sequence.

Figure 8: Vector and inserts of reengineered hER construct.
A pSB1K3 vector, digested with EcoRI and SpeI and gel purified, was ligated with two insert
sequences. The first includes the constitutively active promoter LacIQ and a Ribosomal
Binding Site (RBS). It was made by annealing oligonucleotides which were engineered to
have “sticky end” overhangs as if it had been digested with EcoRI and XhoI. A XhoI
recognition sequence was selected to ligate the two pieces of the insert, as the hER coding
region does not contain a XhoI cut site. The human Estrogen Receptor gene was cloned from
cDNA with primers containing recognition sequence flanks, as well as a downstream double
terminator sequence, to allow for digestion with XhoI and SpeI, neither of which cut the hER
sequence itself.

Figure 9: DNA electrophoresis gel containing purified vectors and inserts.
Column 1 is the DNA molecular weight ladder. Column 2 contains digested iGEM part
BBa_J04450 digested with XbaI and PstI, which yields its insert, and the pSB1C3 vector of
2070 base pairs (bp). Column 3 contains iGEM part BBa_I13521 likewise digested with XbaI
and PstI, yielding an insert band of 923bp (difficult to resolve in this image, but clear when
cut out under UV light). Column 4 is BBa_J04450 digested with EcoRI and SpeI to yield a
pSB1K3 vector at 2204bp. In column 5 is the pCR-Blunt with hER PCR product plasmid,
digested at XhoI and SpeI. An insert band at 1813bp was anticipated, but did not appear.
Accordingly, the original PCR Product was used.

Figure 10: DNA electrophoresis gel containing hER PCR products.
The human estrogen receptor coding region was cloned via PCR. A PCR product of 1813bp
was expected (1787bp coding region plus PCR primers), and confirmed by comparison to the
molecular weight ladder (left column).
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Figure 11: Sequence data for Red Fluorescent Protein insert with primer VR.
The Red Fluorescent Protein insert was sequenced using the VF2 and VR primers, which are complementary
to sequences in the vector regions that flank the insert. The iGEM part BBa_I13521 itself was sequenced,
before the insert as transferred from its original pSB1A3 vector to a pSB1K3 vector. Sequencing data for VR
is shown. (A) Peaks become distinct after the first several bases, and remain strong for approximately 180
bases before becoming notably weaker, but with almost no background. (B) A nucleotide BLAST
comparison found 99% sequence homology between the listed sequence for BBa_I13521 (Query) and the
sequencing results (Sbjct). Results for VF2 sequencing were similar, but showed 97% sequence homology.
The RFP insert is 923 base pairs (bp) long, so the two primers overlap sufficiently (VF2 read-through length
839bp, VR 598bp) to show the entire sequence.

Figure 12: Fluorescence of E. coli transformed with Red Fluorescent Protein gene.
The insert from iGEM part BBa_I13521, which codes for Red Fluorescent Protein, was transferred to a
pSB1K3 vector. The strong bacterial growth in kanamycin-containing medium, as well as the apparent red
color both under visible (left) and ultraviolet light (right), serve as evidence of a functional construct.

