
 
 

 
 
 
 
 
 
 
 
 

  Stress is a worldwide known condition that affects not only psychological aspects, but also directly 
affects the balance of our immune system inducing high levels of Catecholamines (CAs), which causes 
Th1 suppression. In order to help prevent stress side effects and increase quality of life of individuals 
exposed to stress, we decided to create a probiotic, the "Jedi �������š���Œ�]��� �̂U that will sense CA and Nitric 
Oxide (NO) levels and produce cytokines to regulate the immune system, leading to homeostasis and 
restoration of immune balance. Therefore, autoimmune diseases can also be treated using our probiotic. 

The device 1 will act through sensing 
high and continuous levels of adrenaline 
during the stress conditions and respond 
by producing and secreting interleukin-12 
(IL-12), which will induce development 
and activate Th1 lineage of T helper 
lymphocytes. In addition, this device 
would be useful to sense when pathogenic 
bacteria are highly active and are 
reproducing, since they produce AI-3 
molecule (structurally similar to 
adrenaline) as a quorum-sensing auto-
inducer. Our sensor receptor would be 
able to percieve levels of Catecholamines 
and AI-3. (See Figure 1) 
 

 
 

Figure 1: Representation of � �̂:�����] �������š���Œ�]���_ containing device 1 (able to sense high levels of CAs and 
respond by producing IL-12) and device 3 (secretion system device, represented as the orange 
cylinder). 

Figure 2: Representation of Jedi bacteria containing 
device 2 (able to sense high levels of NO and respond by 
producing IL-10) and device 3 (secretion system device). 

 
This particular device is a 

modification of Stanford team anti-
inflammatory device (iGEM 2009), which 
comprises SoxR gene under control of a 
Constitutive Promoter and SoxS promoter, 
coupled to human IL-10 gene (sequence 
designed by our team, improved for 
bacterial expression). It acts by 
recognizing an inflammatory signal (such 
as NO - nitric oxide) coupled to IL-10 
transcription activation. Our team have 
chosen IL-10 to impair inflammatory 
response mediated by Th1 overstimulation 
(due to Device 1 action). Besides being an 
immune supressor cytokine, IL-10 can 
induce Th2 lineage. Thus, IL-10 would be 
useful to reach an equilibrium between 
immune stimulation (Th1) and suppression 
(Th2).  See figure 2. 

DEVICE 1: Adrenaline sensor/IL-12 producer 
 
 

 
 

DEVICE 2: NO sensor/IL-10 producer 

Such immune imbalance renders the organism 
a high susceptibility to the onset of diseases caused 
by opportunist microorganisms. Several 
microorganisms are able to sense changes in the 
host́ s body homeostasis. Usually such changes are  
interpreted by microorganisms as a signal to trigger 
expression of virulence factors. The microorganisms 
designed by our team are engineered so that they 
can counteract this pathological imbalance in host 
organism. In this sense, the ability of some gut-
inhabiting bacteria to sense catecholamines, which 
can reach high levels on the gastro-intestinal tract 
during stress, will be used to trigger the production of 
IL-12, a potent activator of Th1, to counteract the 
preferential differentiation towards Th2. On the other 
hand, the ability to sense Nitric-Oxide (NO), a 
compound released at higher levels in inflammatory 
conditions, will be used to trigger the production of 
IL-10, a cytokine with a potent anti-inflammatory 
action. The microorganism bearing these devices will 
thus be able to restore the appropriate balance 
between Th1 and Th2 cells in the host's organism, thus 
counteracting harmful outcomes of this condition 
and, hence, improving human life quality.   
 

The human immune system comprises a 
wide range of cells and mechanisms finely 
regulated to maintain body's homeostasis 
against eventual  threats.  

 Pathological conditions, such as stress 
and autoimmune diseases, can cause 
imbalances in defense mechanisms 
promoting higher susceptibility to potential 
pathogens. Ultimately, this imbalance is 
observed in the biased differentiation of 
naïve T-CD4+ Lymphocytes towards T-
lymphocyte "helper" class 1 (Th1) (e.g. in 
autoimmune diseases), or towards  class 2 
(Th2) (e.g. in stressful conditions), favoring 
cellular or humoral adaptive responses, 
respectively.  

 
 

 

 
 

 
 

Device 3: Secretion system 
 

Device 3 is an ABC protein-mediated transporter, composed 
of 4 parts: the C-terminal signal sequence of alpha-hemolysin 
(HlyA) which is bound to C-terminal of the protein to be exported, 
the two specific translocator proteins HlyB and HlyD and the outer 
membrane protein TolC. This system would be capable of exporting 
IL-10 when HlyB, HlyD and TolC are linked to SoxS promoter (see 
figure 3), and exporting IL-12, when these genes are linked to flhDC 
promoter. 
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Figure 3: Representation of device 3, the protein 
�•�����Œ���š�]�}�v���•�Ç�•�š���u�U���]�v������� �̂:�����]���������š���Œ�]���_ 

In order to create our � Ĵedi coli�_ to fight the STRESS WARS, we trained � p̂adawcolis�_ to 
use their power to sense Nitric Oxide (NO) or Adrenaline and produce IL-10 and IL-12, 
respectively, to defend our bodyConfederation host against inVader bacteria. By the end of the 
harsh Jedi training, which included hours of cutting and ligation, cloning and transformation, 
we aimed to develop the following gene constructions: 

 
 

Figure 4: Testing Device 2 through replacement of 
IL-10 to GFP. 

Results: 
Achieved results indicate that the designed sensor/effector device system was capable of 

inducing the production of GFP (or another generic protein controlled by the sensor). In 
addition, protein induction can be modulated through varying inducer concentration (Figure 5). 
Higher concentrations of Paraquat exhibited higher fluorescence levels, which indicates 
increased GFP concentrations. No plateau was achieved using the highest tested concentrations. 
The experimental concentrations of Paraquat did not show significant differences in cell growth 
as shown by OD levels and calculations of its specific growth rates (Data not shown). 

Device  2 testing : SoxR/SoxS system  regulating  GFP production  
 
In order to test the ability of � �̂:�����] �������š���Œ�]���_ in sensing NO levels and activating genes 

linked to SoxS promoter, we built a testing Device with GFP linked to SoxS promoter, as it is 
shown in the following schema (Figure 4). We induced oxidative stress by adding increasing 
concentrations of Paraquat. 

 
 

Figure 5: SoxS/ SoxR fluorescence data (511 nm) for 
concentrations 0, 5, 10, 20, 30 and 40 µM of 
inducer. 
 

 
 

 
 

Figure 6: Testing Device 3 through replacement of IL-10 to GFP. 

Device  3 testing : Protein  Secretion  System  
 

The assembled devices related to secretion system (Hemolysin secretion system under control of 
SoxS-HlyB-HlyD-TolC) were tested under laboratory conditions using GFP as reporter. We were able to 
validate the parts: HlyB (BBa_K554007), HlyD (BBa_K554008), TolC (BBa_K554009), HlyA (BBa_K554002) 
and SoxS HlyB HlyD TolC device (K554013). The HlyC protein is naturally found at the same operon, but 
its function is only related to pathogenicity, therefore we �Z���À���v�[�š used HlyC. 

 
 

       To access GFP secretion, competent 
E. coli DH5�r strain cells were 
transformed simultaneously with a 
pSB1C3 vector (Chloramphenicol 
resistant), carrying both the sensor 
(Strong_Constitutive_promoter + RBS + 
SoxR + Terminator) and the effector 
(SoxS_promoter + RBS + GFP + HlyA + 
Terminator), and pSB1AK3 (Ampicillin 
resistant) carrying the secretion system 
(SoxS_promoter + RBS + HlyB + HlyD + 
TolC + Terminator). As a non-secretion 
control, E. coli harboring only the 
pSB1C3 vector, with both sensor and 
effector systems, was used (Figure 6). 
Oxidative stress was induced by adding 
increasing concentrations of Paraquat.  
 

Figure 7: GFP fluorescence assessed by microscopy 
in Paraquat induced cells: A and B Fluorescence 
microscopy 40X and 100x respectively (Exp.: 0.478 
ms) and in non-induced cells (C and D: 
Fluorescence microscopy 40X and 100x 
respectively) 

Figure 8: Supernatant fluorescence emission 
from 508 to 540 nm, excitation in 500 nm. Black 
squares (40 �…M A): sensor/effector with 
secretion system; Green triangles (40 �…M B): 
sensor/effector without  secretion system; Red 
circles (0 �…M): sensor/effector with secretion 
system, non-induced. 

 
        GFP secretion was confirmed by fluorescence emission and estimated to correspond approximately 
to 6% of total protein, according to fluorescence levels. Significant levels of GFP fluorescence were found 
only in the supernatant of Paraquat induced cultures containing both the sensor/effector and the 
secretion systems  (Figures 7A, 7B and Figure 8) but not in the non-induced cultures and in the cultures 
containing only the sensor/effector system (Figures 7C and 7D). 

The first portion of our Human Practice began with the selection of the team, as some students 
had little or no previous experience in molecular or synthetic biology. In this sense, the training process, 
conducted by the advisors, was very profitable.  

Additionally, we decided to innovate, creating a didactical method to teach genetic engineering in 
schools, to a public that has never heard about this scientific field. We were very happy with our 
results, specially with the high school students feedback. They were very enthusiastic about the Video 
class and DNA workshop we prepared to them. Also, they became very interested in learning about 
genes, promoters, devices and important issues related to Genetic Engineering. The other human 
practices were talk presentations at Unicamp and EMSE, where we were able to disseminate and create 
interesting discussions about the theme . 


