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The engineeringof biologicalsystemswith predictablebehavior is a chal-
lengingproblem.Onereasonfor thisdi�cult y is that engineeredbiological
systemsare embeddedwithin complexand variablehost cells. To help
enablethe future engineeringof biologicalsystems,we are studyingand
optimizingthe interfacebetweenan engineeredbiologicalsystemandits
hostcellor \chassis".Otherengineeringdisciplinesusemodularity to make
interactingsystemsinterchangeableandto insulateonesystemfrom an-
other.Engineeredbiologicalsystemsaremore likelyto work aspredictedif
systemfunctionis decoupledfromthestateof thehostcell. Also,specify-
ingandstandardizingthe interfacesbetweena systemandthe chassiswill
allow systemsto beengineeredindependentof chassisandallow systemsto
be interchangedbetweendi�erent chassis.To this end,we are assembling
orthogonaltranscriptionandtranslationsystemsemployingdedicatedma-
chinery, independentfrom the equivalenthostcellmachinery. By analogy
to software programming,theseorthogonalsystemsform the basisof a
biologicalvirtualmachine.In parallel,we are developingtest systemsand
metricsto measurethe interactionsbetweenanengineeredsystemandits
cellular chassis.Wehopethesemetricswill allow usto characterizecellular
chassisandensuretheyare well matchedto the engineeredsystemsthat
theypower.

It is becomingpossibleto engineersimplemulti-
componentsystemsin living organismsbasedon
transcriptionallogic. An exampleof patternform-
ing bacteriais shown to the right [1]. However,
the engineeringof functionalsystemsis still di�-
cult and time consuming,more akin to art than
engineering.Furthermore, currentengineeredsys-
temsare highlysensitiveto host physiologyand
environmentalconditions[2, 3].

The engineeringof biologicalsystemswill be facilitatedby adoptingcon-
ceptsthat haveprovedusefulin other engineeringdisciplines.Central
amongtheseconceptsisstandardizationof components(http://parts.
mit.edu ) andabstraction,whichleadto the conceptof modularity. Cur-
rently, engineeredbiologicalsystemsare dependenton naturalhostcells.
Constructingmodular systemsis madedi�cult by the complexity of the
host cellsand the numerousinteractionsbetweenthe host cell and the
engineeredsystem.The developmentof engineeredsystemswouldbe ac-
celeratedif systemengineersdid not haveto considerall the detailsof
the hostcell. Modularizationcanbe achievedby makingthe interactions
betweentheengineeredsystemandthehostcellsimplerandstandardized.

Engineeredbiologicalsystemstypicallyrely on the host cell for the pro-
cessesof replication,transcription,translationand degradationand the
requisiteenergyandmaterialsto power thoseprocesses.In this way, the
cellactsasa powersupplyandchassisthat insulatesanddrivesthesystem
[Knight,T.F. Jr., personalcommunication].

Figure1 - Justasthe power supplyandchassisof anautomobilesupport the driverandthe accessory

systems,sothe cellsupports an engineeredbiologicalsystem.

Desirablecharacteristicsof a chassis/systeminterface:

� Perturbationsin the environmentor the chassisshouldnot be trans-
mitted to the system.Similarly, changesin the functionof the system
shouldnot a�ect the functionof the chassis.

� Thesystemandthe chassisshouldshare di�erent resourcepools.
� A simpleandstandard chassis/systeminterfacewill allow interchange-

ability of systemsandchassis.
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� By creatingan orthogonalor dedicatedproteinproductionchannelfor
an engineeredsystem,we can decoupleits functionfrom that of the
host.

� This dedicatedchannelcanform a standard interfacebetweenthe sys-
tem andthe cellular chassis.

Figure2 - Dedicatedsystemsseparate the geneexpressionof anengineeredsystemfromthat of the

cellular chassis.Thismeansthe behavior of the engineeredsystemshouldbecomedecoupledfromthe

behavior of the chassis.

Software virtualmachine:Software that isolatesan applicationfrom the
computer. Any applicationwritten for the virtual machinecan be op-
erated on any platform for which a virtual machineexists. [http:
//en.wikipedia. org/ wiki /Vi rt ual machine]

Biologicalvirtualmachine:A geneticnetwork that isolatesan engineered
systemfrom the cellular chassis.Any engineeredsystemthat usesthe
virtualmachinecanbe operatedin anycellular chassisfor whicha virtual
machineexists.

Figure3 - Two early versionsof a virtualmachine.Thecomponentsof VM1.0havebeenassembled

andshown to functionasdescribed later. Thecombinedsystemis currentlybeingtested.VM2.0is an

improveddesignwith better regulationof the dedicatedsystems.Thebehavior of VM2.0is currently

beingtestedby a computationalmodel.

Figure4 - BL21(VM1.0)containstwo transcriptionsystemsandtwo translationsystems.For both

transcriptionandtranslationthereis the nativechassissystemandthe virtualmachine'sdedicated

system.We havebuilt reporter devicesfor eachcombinationof transcriptionandtranslationsystem.

Thesedevices,built fromstandard biologicalparts, are describedin more detailat

http://parts.mit.ed u

Figure5 - Reporter devicesusing4 variantsto the consensusT7 promoterweretested.A veryhighrate

of GFPaccumulationin the presenceof T7 RNAPandno accumulationin the absenceof T7 RNAP

showedthat dedicatedtranscriptionwasworkinge�ectively. Furthermore it showedthat a rangeof

transcriptionratescouldbe achieved.

Figure5 - A reporter devicewith a ribosomebindingsite(RBS)that is recognizedby dedicated

ribosomes.Threereplicatesof the cultureswith andwithoutdedicatedribosomesinducedare shown.

Inductionof the dedicatedribosomesis necessary to seeaccumulationof GFP. The 
uorescenceof the

inducedculturesis similar to cellswithouta GFPreporter.

� Canwe quantitativelymeasureandpredictthe demanda systemplaces
on a chassis?

� How doesacellular chassisrespondto anapplieddemandfor machinery,
materialsor energy?

Figure7 - Methodsto placea translationdemandthat canbe speci�edon a cellular chassis.The

responseof the cellular chassisto thesedi�erent demandscanbe measuredby growth rateor ppGpp

levelsetc. Similar experimentshavebeenplannedto measureresponseto transcriptiondemand.

Figure8 - Simulationresultsfroma 9 speciesODEmodelof transcriptionandtranslationdemandof

BBa E7104.Themodel is parameterizedusingdatafrom literature.Thissimplemodelcrudelypredicts

the demandsfor machineryandmaterialsthat the systemplaceson the chassis.
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