unicampP-emse
BRaZIL-FRaNCe

Device3: Secretionsystem

Device3 is an ABCprotein-mediatedtransporter,composed
of 4 parts the Gterminal signhal sequenceof alphahemolysin
(HIyA whichis boundto Gterminal of the protein to be exported,
the two specifictranslocatorproteins HlyBand HlyDand the outer @
membraneprotein TolC Thissystemwould be capableof exporting @
IL.-10 when HlyB HlyD and TolCare linked to SoxSpromoter (see
figure 3), andexportinglL-12, whenthesegenesare linkedto flnDC
promoter.

Thehumanimmune systemcomprisesa Suchimmune imbalancerendersthe organism
wide range of cells and mechanismsfinely  a high susceptibilityto the onset of diseasescaused
regulated to maintain body's homeostasis by opportunist microorganisms Several
againsteventual threats. microorganismsare able to sense changesin the

Pathologicalconditions, such as stress  host's body homeostasis Usually such changesare
and autoimmune diseases, can cause interpreted by microorganismsas a signalto trigger
Imbalances in defense mechanisms expressionof virulence factors The microorganisms
promoting higher susceptibilityto potential  designedby our team are engineeredso that they
pathogens Ultimately, this imbalance IS  can counteract this pathologicalimbalancein host
observed in the biased differentiation of  organism In this sense, the ability of some gut-
naive T-CDV Lymphocytes towards T-  inhabiting bacteriato sensecatecholamineswhich
lymphocyte "helper" class1 (T,1) (e.g9. In  can reach high levels on the gastrointestinal tract
autoimmune diseases)por towards class2  duringstress,will be usedto triggerthe productionof
(T,2) (e.g. in stressful conditions), favoring  Il-12, a potent activator of T,1, to counteract the
cellular or humoral adaptive responses, preferentialdifferentiationtowardsT, 2. Onthe other
respectively hand, the ablility to sense Nitric-Oxide (NO), a

Figure 3: Representation of device 3, the protel
e (E S]}v ¢eCesS uU Jv 74

compoundreleasedat higher levelsin inflammatory _In orderto createour _’Jedicol_i _to fight the STRES\WARSwe trained ‘padawcolis to Figure 6:Testing Device 3 through replacement of1D to GFP.
conditions,will be usedto trigger the production of use their power to sense Nitric Oxide (NO) or Adrenaline and produce IL-10 and IL-12, GFPsecretionwas confirmed by fluorescenceemissionand estimatedto correspondapproximately
IL-10, a cytokine with a potent anti-inflammatory respectivelyto defendour bodyConfederatiornost againstinVaderbacteria Bythe end of the to 6% of total protein, accordingto fluorescencdevels Significanievelsof GFFluorescencewere found
action. Themicroorganismbearingthese deviceswill harshJeditraining, which includedhours of cutting and ligation, cloningand transformation, only in the supernatant of Paraquatinduced cultures containing both the sensor/effector and the
thus be able to restore the appropriate balance we aimedto developthe followinggeneconstructions secretionsystems (Figures7A, 7B and Figure8) but not in the non-inducedculturesand in the cultures
betweenT, 1 andT,2 cellsin the host'sorganismthus containingonly the sensor/effectorsystem(Figures/Cand 7D).

counteracting harmful outcomes of this condition
and, hence,improvinghumanlife quality.

Stresds a worldwide known conditionthat affectsnot only psychologicaaspects put alsodirectly
affectsthe balanceof our immune systeminducinghigh levelsof Catecholamine$CAs)which causes

T,1 suppressionin order to help prevent stressside effects and increasequality of life of individuals
exposedto stress,we decidedto create a probiotic, the "Jedi S (& thatWvill senseCAand Nitric
Oxide (NO)levelsand produce cytokinesto regulatethe immune system,leadingto homeostasisand
restorationof immunebalance Therefore ,autoimmunediseasesanalsobe treated usingour probiotic.

Figure7. GFFfluorescenceassessedy microscopy
In Paraquatinduced cells A and B Fluorescence
microscopy40X and 100x respectively(Exp: 0.478
ms) and Iin non-induced cells (C and D:

Fluorescence microscopy 40X and 100x

respectively)

DEVICHE: Adrenalinesensor/Il-12 producer .

Thedevicel will actthroughsensing
high and continuouslevels of adrenaline
during the stressconditions and respond
by producingand secretinginterleukin12
(IL-12), which will induce development |
and activate Th; lineage of T helper E4 Device 2 testing : SoxR/SoxS system regulating GFP production conductedby the advisorswasvery profitable.
lymphocytes In addition, this device
would be usefulto sensewhen pathogenic

-

Device 3testing : Protein Secretion System

Theassembleddevicesrelatedto secretionsystem(Hemolysinsecretionsystemunder control of
Sox&HIyBHIyD TolQ were tested under laboratory conditionsusing GFPas reporter. We were able to
validatethe parts HlyB(BBa K54007%), HlyD(BBa K54008, TolC(BBa k54009, HiyA(BBa K54003)
and Sox3HIlyBHIyDTolCdevice(K554013. The HlyCprotein is naturally found at the sameoperon, but
its functionis only relatedto pathogenicitythereforewe Z A wp&dHIyC

. Thefirst portion of our HumanPracticebeganwith the selectionof the team, assomestudents
hadlittle or no previousexperiencan molecularor syntheticbiology In this sense the training process,

To accessGFPsecretion,competent
E coli DHor strain cells were
transformed simultaneously with a §g
PpSAC3  vector (Chloramphenicol
resistan), carrying both the sensor
(Strong_Constitutive_promotetr RBS+
SoxR + Terminator) and the effector
(SoxS_promoterr RBS+ GFP+ HIyA +
Terminator), and pSBAK3 (Ampicillin
resistant) carryingthe secretionsystem
(SoxS_promoter RBS+ HlyB+ HlyD +
TolC+ Terminator) As a non-secretion
control, E coli harboring only the
PSAC3 vector, with both sensor and
effector systemswasused(Figure6).
Oxidativestresswas induced by adding
Increasingconcentrationof Paraquat

Figure 8. Supernatant fluorescence emission
from 508to 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

Additionally we decidedto innovate,creatinga didacticalmethodto teachgeneticengineeringn

hacteri hiahl i g In order to test the ability of *: ] S Eih sensingNO levelsand activatinggenes schools,to a public that has never heard about this scientific field. We were very happy with our
acierla are nighly ~aclive - and - are linked to SoxSpromoter, we built a testing Devicewith GFPlinked to SoxSpromoter, asit is results,speciallywith the high schoolstudentsfeedback Theywere very enthusiasticabout the Video
reproducing, since they produce Al3 _ _ _ 9 _ o T _ | d DNAwWorksh dto th Also.thev b e tedin | . hout
molecule  (structurally  similar  to shownin the following schema(Figure4). We induced oxidative stressby addingincreasing classan WOrkShopwe preparedto them. AlSo, they becamevery INterestedin learningabou

adrenaline) as a quorum-sensing auto- concentrationsof Paraquat
Inducer Our sensor receptor would be

able to percievelevelsof Catecholamines
andAl-3. (SeeFigurel)

Interestingdiscussionsboutthe theme.

Figurel: Representationof *: ] S Eg¢ontainingdevicel (ableto sensehigh levelsof CAsand
respond by producing IL.-12) and device 3 (secretion system device, represented as the orange
cylinder).

DEVICE: NOsensor/Il-10 producer

This particular device is a
modification of Stanford team anti-

& inflammatory device (IGEM 2009, which
comprisesSoxRgene under control of a
ConstitutivePromoterand Sox3romoter,
coupledto human IL-10 gene (sequence

designed by our team, improved for Figure 4: Testin@pevice Zhrough replacement of Figure5: Sox$SoxRfluorescencedata (511 nm) for
bacterial expressiolh It acts by IL-10 to GFP. concentrations O, 5, 10, 20, 30 and 40 puM of
recognizingan inflammatory signal (such Inducer.

as NO - nitric oxide) coupled to IL-10

transcription activation Our team have Results

chosen IL-10 to Impair inflammatory Achievedresultsindicatethat the designedsensor/effectordevicesystemwas capableof

responsemediatedby Thl overstimulation

(dueto Devicel action). Besideseingan iInducing the production of GFP(or another generic protein controlled by the sensor) In
u Vi 10N). I I

mmune supressor cytokine, IL-10 can ac_ldition, protein inc_:luction canbe modula_tgdthroqgh varyinginducerconcentrati_on(Eiggre5).
induce Th, lineage Thus,lL—lb would be !—Ilgher concentrations 01_‘ Paraquat exhibited h.lgher flyoresce_nce levels, which |nd|c_ates
useful to reach an equilibrium between Figure2: Representation of Jedi bacteria containing mcreasect_BFFboncentranngNo plateauwase_lchlevedJangth_e.hlghe_sttested Cc_)ncentratlons
immunestimulation (Th,) and suppression device 2 (able to sense high levels of NO and respond | Theexperimentalconcentrationsot Paraquatdid not showsignificantdifierencesin cell growth
(Th). Seefigure 2. producing IE10) and device 3 (secretion system device) asshownby ODlevelsand calculationsof its specificgrowth rates(Datanot shown).

genes,promoters, devicesand important issuesrelated to Genetic Engineering The other human
practiceswere talk presentationsat Unicampand EMSEwhere we were ableto disseminateandcreate




