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Figure1. Activation of SEAPin mammaliancellsusingthe fusion protein dCas9-VP16. (A)
Plasmiddesignfor activatinggeneexpression. (B)Schematicrepresentationof dCas9-VP16
activationsystem. (C)Plasmidswere cotransfectedinto HEK-293T cellsand expressionof
SEAPreporter wasmeasuredafter 24 h. Thenumberscharacterizingthe crRNAsrepresent
the distancefrom the translationstart site.

Figure4: Behavior of the different components. By minimizingthe least squareerror
betweenthe time resolveddCas9 andSEAPdata (purple)and the modelprediction(cyan)
the best parameters for our model were found. Using these parameters a potential
behavior for measured and unmeasured (tracr/crRNA & gene recognition complex)
componentscan be predicted. Expressionof our fusion proteins seemsto representthe
bottleneckpart of the system.

The greatest advantageof the CRISPR/Cas9
systemis that onlyoneprotein is requiredfor
targeting various DNA sequences. The only
componentwhichneedsto be replacedis the
CRISPR-RNA(crRNA). We therefore designed
an RNA plasmid termed the RNAimer. It
providesthe backbonefor easyinsertion of
the crRNAsequences.

For multiple targeting, different crRNAscan
be combined into one RNAimer plasmid
using the BioBrick standard assembly
method. Generegulationin mammaliancells
worked even more efficiently when using
multiple targets(seeFigure1 C).

Gene regulation was achievedbased on a modified CRISPR/Cas9 system. We
engineereda toolkit which offers efficient and customizablegeneactivationand
repressionvia effector domainsfused to the dCas9 protein. CombininguniCAS
with multiple targeting,light inductionandthe uniBAsswe generateda universally

We fuseddCas9 to the transactivationdomainof VP16.
This fusion protein was successfullyused to activate
gene expressionof the secreted embryonic alkaline
phosphatase(SEAP)reporter in mammalian cells in
presenceof appropriatecrRNAs. We achievedover 25-
fold upregulationof SEAPexpression(seeFigure1 C).
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We developeda novel and innovativeELISA-basedmethod to
quantify the binding efficienciesof our dCas9 fusion proteins:
The uniCAS Binding Assay (uniBAss). For this purpose,
biotinylated oligoswere coatedon 96-well ELISAplatesvia the
interactionwith streptavidin.

Figure5. TheuniCASBindingAssay(uniBAss). (A)Schematicoverviewof uniBAss. (B)Bindingaffinity
of dCas9 fusion constructs. HEK-293T cellswere cotransfectedwith the indicateddCas9 constructs
and a crRNAplasmid. Sampleswere normalizedto dCas9 expressionlevelsthat were quantified by
WesternBlot. Backgroundlevelof wellswithout coatedoligoswassubstractedof depictedvalues.

We aimed to control our systemwith light
thereby allowing for gene regulation with
high spatiotemporal resolution. We
engineereda system for induction by red,
UVBand blue light. Theblue light systemis
based on the light-triggered interaction of
CRY2 and CIB1. CRY2 was fused to dCas9
which can upon light-stimulus recruit the
CIB1-VP16 fusion protein to any DNA
sequenceof interest.

Figure 6. Light controlled
activation of SEAPreporter via
dCas9-CRY2 and CIB1-VP16. (A)
Plasmid design for light control.
(B) Schematicrepresentationof
the dCas9-CRY2 & CIB1-VP16 light
system. (C) Transfection of
plasmids(Figure6 A) in NIH/3T3
cells and illumination with 460
nm. A 5-fold upregulationof SEAP
reporter wasachieved(*, p<0.05).
dCas9-UVR8 was targeted to four
DNA regions upstream of the
promoter.

ThetranscriptionalrepressordomainKrüppel-associated
box (KRAB)was fused to dCas9 resulting in a fusion
protein with the ability to repressgeneexpression. The
device was tested in mammalian cells by targeting
different sitesin the endogenousVEGFlocus. Up to 50%
repressionwasachieved(Figure3).

Figure3: Repressionof GFP& the endogenousVEGFgene expressionvia dCas9-KRAB.
(A) Plasmiddesign for repression. (B) Schematicrepresentation of the dCas9-KRAB
repression system. (C) Repressionof GFPin HeLa cells via dCas9-KRABanalyzedby
fluorescencemicroscopy. (D)HEK-293Tcellswere cotransfectedwith plasmidsshownin A
and the amount of VEGFexpressionwas measured. The numbers characterizingthe
crRNAsrepresentthe distancefrom the transcriptionstart site.

Ourteamdevelopeda universaltoolkit, termeduniCAS, that enablescustomizable
gene regulation in mammalian cells. Therefore, we engineered the recently
understood and highly promising Clustered Regularly Interspaced Short
PalindromicRepeats(CRISPR)system. TheCRISPR-associatedcatalyticallyinactive
dCas9 is the heartof our toolkit: Aprotein that enablesmultiple andsequence-

specificDNAbinding. Thekeycomponentsfor bindingdCas9 to its targetsare two
small,non-codingRNAs: TheCRISPR-RNA(crRNA) and the transactivatingcrRNA
(tracrRNA). TheRNAcomplexguidesdCas9 to the DNAsequencesof interest. By
fusing several effector domains to dCas9, we constructed novel engineered
proteinsfor generegulation,evencontrollableby light stimulus.
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We used a thermo-
dynamic approach
to model our sys-
tem for dCas9-VP16
geneactivation.

applicabletoolkit which allowsregulationof anygeneof interest.
Our toolbox of standardizedparts of the CRISPR/Cas9 system
offers broad application in research fields such as tissue
engineering,stemcell reprogrammingandfundamentalresearch.
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Figure 7: Plasmid design of the RNAimer. TransactivatingcrRNAis
transcribedby H1 promoterandcrRNAby U6 promoter. ThecrRNAcan
beexchangedby cutting the plasmidwith Bbs1.
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Specificchromatin modification was achieved by fusing the
histone methyltransferaseG9a to dCas9 and thereby resulting
in an epigeneticBioBrick. G9a primarily methylateshistone 3.
Different endogenousloci in the vascularendothelial growth
factor (VEGF)gene were targeted in mammalian cells. This
resultedin anup to 50%repression(*, p<0.05) (seeFigure2 C).

Figure 2. Repressionof the endogenousVEGFgene via histone modification by dCas9-G9a. (A)
Plasmid design for histone modification. (B) Schematicrepresentation of dCas9-G9a repression
system. (C) Plasmidsshown in A were cotransfectedinto HEK-293T cellsand the amount of VEGF
expressionwasmeasured. VEGF-8 correspondsto a region in the VEGFlocusat position -8 bp from
the transcriptionstart site (TSS)andVEGF-573correspondsto a region-573bp from the TSS.
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