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ISCHEMIAMODIFIEDALBUMIN(IMA): Patientswho had suffered an ischemicevent in cardiactissuescan have
some of their serum albumin modified by ischemia. This modified albumin loses two amino acids on its N-
terminal portion which favours the binding of free fatty acids in a site that normally binds íons like cobalt,
impairing this property. IMA have been recently pointed as good biomarkers for prognosis of acute coronary
syndrome(Breitling et al., 2011).

BRAINNATRIURETICPEPTIDE(BNP): is synthesizedmainlyby the ventricles,and their circulatoryconcentrations
are significantly elevated in congestiveheart failure (CHF). Theplasmaconcentration of BNPhas been used to
assist in the accurate diagnosisof heart failure in patients admitted with symptoms of decompensatedheart
failure (Abassiet al., 2004).

Our Biomarkers
TRIMETHYLAMINEN-OXIDE (TMAO): originates
from the degradation of choline, present in the
phosphatidylcholine(lecithin) from foods. Choline
and other trimethylamine-containing species are
degraded by gut flora, forming the gas
trimethylamine (TMA). Thismolecule is then fastly
absorbed and metabolized in the liver by flavin
monooxygenases(FMO),forming TMAO(Wanget
al., 2011), associatedrecently with heart diseases
(Tanget al., 2013).

Figure 3: Formation of TMAO and atherosclerosis Wang et al., 2011.

Nature 472, 57ï63 (adapted)

Figure 1: The top 10 causes of death in the world 

in 2011.  World Health Organization, July 2013.

Figure 2: Death by type of chronic diseases. Portal da 

Saúde SUS, October 2011

Figure 13: Fluor0metric assay Ischemic versus non Ischemic
cobalt binding. In this experiment, it was measuredhow much
cobalt is free in mice serum by using RCNA-YFPengineered E.
coli. We used two different samplesof mice sera, each one in
triplicate: ischemic and non-ischemic serum. The three upper
curves (Isq1, Isq2, Isq3) are the sera with ischemic-albumin and
the the three below (Nor1, Nor2, Nor3), are the non ischemic.

Figure 12: Fluorometric assay to assess the BSA cobalt
binding. Measurement of the fluorescenceproduced by the
RCNA-YFPmodified E.coli accordingto the quantity of Bovine
SerumAlbumin (BSA)and 100µM of cobalt in the media. Each
bar shows the percentual fluorescence of each BSA
concentration tested accordingour positive control (culture +
100µM of cobalt). As we can see,the fluorescenceproduced
by bacteria ishigher for lessconcentrationsof BSA.

Experimental results

Figure 11: Fluorometric and absorbance reads of cultures of E.
coli XL1-Blue carrying the plasmid PSB1A3_RCNA+YFP, after
treatment with different concentrations of cobalt. The
fluorescencereads were divided by the absorbance,resulting in
the graphic above. The 75 µM concentration of cobalt was more
efficient in generatingfluorescence4 hoursafter treatment.

IMA TMAO

Our results show that the our composite RCNA+YFPBBa_K1086001generatesfluorescencein the presenceof cobalt. Furthermore, it can be usedto distinguish
between ischemicandnon ischemicindividuals. Further characterizationusinghuman(patients) seraisalsoneededfor improve our ÃÏÍÐÏÓÉÔÅȭÓ.

Figure 8: Our model of the IMA system considers at first the cobalt binding

with albumin. The cobalt that didn't bind to albumin can enter in the cell

through two transporters, but it can also exit the cell through two

transporters. This flow of cobalt is modeled by these equations. We

modeled the cobalt changing the rate of transcription acting as a

transcriptional activator, then the transcription and translation will produce

the YFP protein.

Modeling

Figure 6: TMAO transcription factor simulation. Simulation

intend to discover how would be the expected behavior of TMAO

transcription factor activation in our sensor system. Each curve

shows a convergence to a plateau where when concentrations

of TMAO tend to 100 µM.

Figure 9: IMA system simulation at

90µM BSA. Thus we tested whether

our model would be capable of

distinguishing situations of higher and

lower concentrations of normal

albumin, as existent in healthy and

affected individuals, respectively,

according their heart condition.

Figure 10: Modeling simulation

of IMA system with different

concentrations of Albumin. The

model could differentiate between

the different concentrations of

albumin, as shown in the graph

above.

IMATMAO

Figure 5: Modeling simulation of TMAO system.

The TMAO system requires several reactions steps. We

modeled it in order to obtain the production rate of activated

TorR. The activated TorR enables the transcription of reporter

protein and our model could be simplyfied in just one equation.

Cardiovascular Disease Biomarkers

TMAO (Trimathylamine N-oxide), derived from atherosclerotic plaque, activates torCAD
promoter, which leadsto production of RFP.

IMA (IschemiaModified Albumin), from heart ischemicregions,binds lessto cobalt then normal
albumin. Freecobalt activatesRCNApromoter that isupstreamYFP.

BNP (Brain Natriuretic Peptide), released by excessivestretching of cardiomiocytes, links to
humanNPRAreceptor, which is in bacterial cell wall. Theactivation of NPRAgeneratesa cascade
of signals,resulting in cGMP(cyclicGMP). cGMPactivatesPDE5 promoter, leading to expression
of CFP.
Ą However, since we were not able to synthesize the promoter parts needed for the detection of BNP, due to

their high content of CG, and also couldn't modify nor substitute them, as they were not coding regions, we had to

put this biomarker on hold and reserve it for future experiments.

Our Design

BBa_K1086001

Ba_K1086002

Human practices

We basedour HumanPracticein three fields:
1. Talkto experts to seeknew perspectives;
2. Thinkingoutside the box;
3. Disclose synthetic biology and iGEM in
Brazil(in Portugueselanguage).

Figure 4: A piece of all we have done in Human Practices

Acute coronarysyndrome(ACS)refers to a group of clinicalsymptoms
and signs compatible with acute myocardial ischemia and includes
unstable angina, nonɂST-segment elevation and ST-segment
elevation myocardial infarction (Kumar and Cannon, 2009). These
high-risk manifestations of coronary atherosclerosis are important
causesof the useof emergencymedicalcareandhospitalizationin the
United States(Fig1) andalsoin Brazil(Fig2).

A Challenging Problem

The high incidence of death in ACS patients is deeply
related to its late diagnosis. Atherosclerotic plaque
formation and its development releasesseveralsubstances
in the patient's blood that have a big potential to be
explored as possiblebiomarkers for diagnosisof ACS,and
several of such biomarkers associated with acute
myocardialinfarction havealreadybeendescribed.

Figure 1. The 10 leading causes of death in the

world on 2011 (World Health Organization, July

2013)

Figure 2. Mortality by chronic diseases in Brazil (Brazilian Ministry

of Health, 2010).

Thus, by inserting all of these inside ourEscherichia coli�á���™�‡�ï�†���Š�ƒ�˜�‡���‹�•��
our hands our heart vigilant bacteria, ready to save some lives!

Our results show that our new biobrick TorCAD +
RFP(Ba_K1086002) was able to detect TMAO after 8 hours of
incubation,but only at the 100uM concentration.

Achievements�3
VModified the previousdescribedbiobrick BBa_K540001addinga fluorescent yellow protein and give it

a new functionality.
VOurnew biobrick BBa_K1086001isable to differentiate serumfrom isquemicandnon isquemicmice.
VGenerateda new BiobrickBBa_K1086002able to detect a concentrationof 100µM of TMAO.
VGenerateda model that describeour systemsandsimulateit.
V Expandedthe knowledge about syntheticbiology in our University,our Stateand in Brazil.
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Perspectives

ÅTo incorporate more plasmid copies with
Tor_CADBBa_K1086002biobrick to decreasethe time
to detect TMAO and to detect less TMAO
concentrations.

ÅTo test our 2 constructs with isquemic and non
isquemicpatients serum.

ÅTo test our 2 constructs with serum from obese and
non-obesepatients to try to predict the potential risk
of cardiovasculareventsin thesepatients.

Figure 14: Fluorometric reads of cultures of E. coli XL1-Blue carrying the plasmid
PSB1C3_TorCAD+ RFP,after treatment with different concentrations of TMAO.
Bacteriawere treated with 0 ʈ-, 1ʈ-, 10ʈ-, 100ʈ-, 1mM, 10mM and 100mM.
After that, fluorescence was read hourly, until 15 hours. The beginning of the
fluorescence increase can be seen about seven hours after the treatment. The
fluorescence reads shown in figure 11divided by the absorbance,resulting in the
graphicabove.
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