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Lecture Content

Beyond BioBricks: scaling parts
Promoter design & libraries

Part design with the RBS Calculator
Dealing with local sequence context
Terminator libraries & design

Transcription factor libraries
CRISPRi repressors



Learning Objectives

To explain methods to generate part libraries

To understand how small RNA parts can be
designed using mathematical methods

To introduce the issue of context dependency

To show solutions to scaling regulators
To introduce CRISPRi methods



The iGEM Parts Registry

http://parts.igem.org/Main_Page

* 20000+ BioBrick-formatted parts

* But questionable quality and data unreliable

e tools catalog repository assembly protocols help search (G ) login ==

Registry of Standard Biological Parts

Promoters/Catalog/Ecoli/Multiple

This page lists promoters that are Multi-regulated meaning that each promoter is either positively or negatively regulated by

multiple transcription factors (other than the sigma factor). For example, a promoter negatively regulated by two repressor 1 |

proteins forms the basis of a nor gate, the presence of either or both repressors is sufficient to produce a low output from the F>
promoter. These promoters are useful if, for example, you are looking to build logic gates, or if you are looking to build a system

where expression of a gene must be dependent on multiple environmental factors

More..
Name Description Promoter Sequence mn m Length Doc Status
4 Sy It's
BBa_I105 Lux cassette right promoter \gttatagicgaatacetetggegatgata 68 | 1263 complicated
BBa_112006 Modified iamdba Prm promoter (repressed by 434 cl) | . . . attacaaacittctigtatagatttaacgt 82| 798 | Instock
Modifiec iamdba Prm promoter (cooperative
BBa_112036 repression by 434 cl) . . titetigtatagatitacaatgtatetigt 91| 927 | In stock
Modified lambda P{RM) promoter: -10 region from
BBa_I12040 P(L) and cooperatively repressed by 434 ¢l tttctigtagatacttacaatgtatetigt 91 | 1018 | In stock
BBa_I14015 P(Las) TetO .. . tittggtacactccctatcagtgatagaga 170 | 857 | In stock
BBa_114016 P(Las) CIO . . clittiggtacactacctctggeggtgata 168 | 856 | In stock
o 4 It's
BBa_1714924 RecA _DiexO_DLacO1 actclcggeatggacgagetgtacaagtaa 862 | 1144 | complicated
BBa_I731004 FecA promoter ctegticgactcatagel aca 90 | 540 | Not in stock



http://parts.igem.org/Main_Page

SynBERC, Addgene & BIOFAB

The alternative to iGEM is professional registries:
* SynBERC: a registry for some US synthetic biology

* Addgene: company to aid sharing published plasmids
* BIOFAB: a US effort to make professional parts

{/,‘addggm 1€ e

Find Plasmids - Deposit Plasmids - How to Order - Plasmid Reference - About Addgene -

biofab T




Our example: Inverter Network

Constitutive expression of a repressor that shuts off
a downstream promoter

Basic ‘wire’ device in synthetic gene networks
Logic function: NOT

- o
— Q@ i - OO

Scaling: why can’t we make 100 working inverters?

Plac




Bacterial systems: E. coli

e Unless stated all content in this lecture is for
parts and devices that work in E. coli

} shardcar:

Parts and devices made
for E. coli may not work in
other bacteria and almost
always don’t work in
eukaryotes like yeast and
mammalian cells

... and vice versa



Constitutive Promoters

* Promoter design is a straightforward example
of how to make a library of parts

* For constitutive E. coli promoters there are 2

main methods: ﬂ::>

(a) Conservative mutation of — T
Consensus Sequences nnnnnnnnnnnnnnnnn alalalalalals ™
-35 consensus -10 consensus

(b) Liberal mutation of sequences
between the consensus sites using ‘N’ bases
‘Synthetic Promoter Library’ method: Jensen & Hammer 1998



Constitutive Promoter Libraries

* Constitutive E. coli promoters are short
enough to be encoded on a primer

* Library can be made in a few days at low cost

Measure & Sequence

Select diverse
colonies

Ligate &
transform
E. coli

plasmid




Anderson Promoter Library

* Example of promoter library made by method #|

* http://parts.igem.org/Promoters/Catalog/Anderson

Anderson promoter collection

Identifier Sequence®

BBa_J23119 ttgacagctagctcagtcctaggtataatgectage
BBa_J23100 ttgacggctagctcagtecctaggtacagtgectage
BBa_J23101 tttacagctagctcagtcctaggtattatgectage
BBa_J23102 ttgacagctagctcagtecctaggtactgtgetage
BBa_J23103 ctgatagctagctcagtcctagggattatgectage
BBa_J23104 ttgacagctagctcagtcctaggtattgtgetage
BBa_J23105 tttacggctagctcagtecctaggtactatgetage
BBa_J23106 tttacggctagctcagtcctaggtatagtgectage
BBa_J23107 tttacggctagctcagccctaggtattatgectage
BBa_J23108 ctgacagctagctcagtcctaggtataatgectage
BBa_J23109 tttacagctagctcagtcctagggactgtgectage
BBa_J23110 tttacggctagctcagtcctaggtacaatgctage
BBa_J23111 ttgacggctagctcagtecctaggtatagtgetage
BBa_J23112 ctgatagctagctcagtcctagggattatgctage
BBa_J23113 ctgatggctagctcagtcctagggattatgectage
BBa_J23114 tttatggctagctcagtecctaggtacaatgectage
BBa_J23115 tttatagctagctcageccttggtacaatgectage
BBa_J23116 ttgacagctagctcagtcctagggactatgctage
BBa_J23117 ttgacagctagctcagtcctagggattgtgetage
BBa_J23118 ttgacggctagctcagtcctaggtattgtgctage



http://parts.igem.org/Promoters/Catalog/Anderson

Ribosome Binding Sites

1,
P _gfp 2 4 4

Ribosome Binding Sites

To make a protein in a cell you need a promoter, an
= . Gsa—@)— RBS, a CDS and a terminator. Ribosomes bind to
the RBS and begin translation at the start codon,
which is ATG on the registry. Your choice of RBS will affect protein expres-
sion levels. RBSs are small so can be synthesized or assembled.
We have have about 150 RBS parts on the Registry. The most
used is BBa_E0034. There are many RBS collections on the

Registry:
Anderson By expression E. coli Eukaryotic
Collection level

Promoter Ribosome binding site Start Codon
.. CTAGAGAAAGANNNGANNNACTAGATGC...

A part so small that possibly it could be designed....



Designing Ribosome Binding Sites

5 5 70S
mRNA_Q_QQJL—) —.— @ — 8
nital 0 Fina ; &

..........................................................

* Rate of translation largely determined by rate of
translation initiation

* Initiation rate determined by interactions between RBS
sequence on the mRNA and the part of thel 6S rRNA

within the ribosome
* Therefore rate is largely determined by RNA:RNA interactions



RNA:RNA interactions at RBS

A Translation initiation elements in mRNA and 165 rRNA

Ribosome docking
site (RDS): =30bp

Ribosome recognition
sequence (RRS): =10bp

mRNA Ll 4‘—,&6@66 AlGHE 1
Anti-RRS
| 5 UTR
16S/RNA 3 —H——uCcuce e
- 16SrRNA

B Three major events during translation initiation

1) Global folding of mRNA transcripts / 2) Regional folding of the RDS (AG, )

3) 305 ribosomal subunit binding

5 AU - RDS-exposed mRNAS Ribosome bound to mRNA (AGy, )
305 subunit 'qy
RRS 305
305 mRNA
5

- T L T

sssssss

\ Jr -
. JLAGLAGG 1 [

Rate of initiation at RBS
can be estimated by
calculating the rate of
binding between mRNA
and rRNA sequences

Gibbs free energy (AG)

can be calculated for any
DNA or RNA sequence

because we know the
energy of base-pairing

To do this use NUPACK
http://www.nupack.org/



Ribosome Binding Calculator

Salis et al. Nature Biotech 2009

nital state Final state Free energy calculated
Ge
(e} A

AG  g-C 30S complex f RBS

5 5 P or any sequence

U=A c=-g

U-2 A=U CAUUCACAG TIMIJ(IJTT‘LI” | ”
e U  UCCUUUCUAGAGARAGACAGGGGEAC UAGUCAUCG AUG CGUCAUUCACAGUACUCAUCUACCGUAUCACG

o aCUAUG CCA‘UCUACUCA Standbysite Shine Dalgarno Spacing Start
G 0 0

AGmRNA AG'standby AGImRNA:rF{NA AG'spacing AGstart Pred I Ctl On Of rate Of

translation from an RBS
AGot =AGRNARNA T AGggare + AGspacing - AGstandby —AGrNA

a b 105 d Forward engineering € 10°¢
Reverse engineering | UCUAGA NNNNNNNNNNNNN AUG ... |
41
[ NNNNNNNNNN AUG NNNNNNNNNN | 5 10° Mutate 5 10
< o— O <
S
8 10° | g 10
c c
g g
S 102 —>—e 3 10%}
S Target AG,,, S
L 10" \reached? L qo'
Predicted AG
Predicted expression level 0 Accept or reject? o°
roger: —10 -6

| UCUAGA ACCUGAGUAGGAGA AUG ... |

Predicted AG,, (kcal/mol) Predicted AG, (kcal/mol)

https://salis.psu.edu/software/ * sort of works 50% of the time



https://salis.psu.edu/software/

CONTEXT: RBS is not an isolated part

it state AG mRNA can only be calculated if RNA sequence
2% 5% upstream and downstream of RBS is included (>50 nt)
T So sequence either side of RBS part influences the RBS

This feature is known as ‘Context Dependency’
i.e. the RBS strength is dependent on the local sequence context

'
L ’ 4
| 4

1 11 21 31 41 51 61 71 81 91

aattgtgagc ggataacaat tgacattgtg agcggataac aagatactga gcacatacta gagtcacaca ggaaagtact agatgcgtaa aggagaagaa
e e S R————— T,

ROO11 B0032 EO040
e T ST TTET T ETETTTETEE
lac O1 35 lac O1 10 RBS-3Weak GFP protein
Upstream: (promoter) and scar Downstream: gene CDS

So... RBS strength will change when put in front of a different CDS



CONTEXT:a problem for synthetic biology

* Small DNA parts are like words affected by the surrounding
sentence: e.g.‘please set the table with a set of plates”

* Combining many different promoters, RBS and CDS parts
doesn’t lead to predictable gene expression output

Promoter 5" UTR Gene of interest

Abstract | 'l.) GFP RFP
layer | - o - o
| | N < v v © 0 OO 0D M A ~ < —  © 0 O 0 M A
| 5 3 3 3333 3 3 3 S5 535 3 3 333 3 3 3 3 5

Physical
Iayer

S0 +1

Fluorescence
(mean centered, a.u., log,)

Mutalik et al. Nature Methods 201 3a




Alleviating Context

* To overcome context you either have to:

(a) Understand enough so you can predict its effect

* RBS Calculator uses this approach: models effect of
upstream and downstream part sequence on RBS part

(b) Use parts that remove context (i.e. insulators)

* Three methods were developed for this...



Alleviating Context: RiboJ Method

... but many important promoters don’t end at the +1 site

Regulated promoters often have sequence after +1 that get transcribed

Input

4,000
Different upstream lelavert .1 Laver2 | Outputreporter | — _ Ho ]
pTAC < 3,000 &i
promoters encode  rrrq A | z ‘
. - 5 = A pTAC
different 5’ bases of [~ seos 2 £ 2,000} oo
RNA & alter RBS e e e B
m alter A0 ¢/~ pOR1 gfo £ 1,000}
strength of CDS o NOT gate .
of_, A &
0 500 1,000 1,500
Promoter activity (au)
. Input
Solut|on: add a Self- L;ypel:1 Layer 2 Output reporter 1,500
cleaving ribozyme e _
part (Ribo]) between . [~ {q§f_§>_} = 2] .2
Promoter & RBS to o] L Riboy J| o “poR1i | o T
[Ara] NOT gate o £ 500 | |
leave a clean 5’ UTR £ tg 5 bleco-1
a . pBAD
of e
Lou, Stanton et al. Nature Biotech 2012 O o 1800

Promoter activity (au)
Input



Alleviating Context: Csy4 Method

. but it would be a cumbersome to put RiboJ parts everywhere

Instead we can cut the mRNA using sequence-specific enzyme Csy4

a Without RNA processing With RNA processing
Csy4 enzyme expressed in E. coli will .,
Yt enzyme exp ENC N SRR e T
cut a short specific RNA sequence | gfepm w'mm = 4,-, m T oEEo
that makes a hairpin fold o'Em aEmm ©oEEe m g

T - v
' e - P OO0

Combinatory bicistronic circuits Combinatory bicistronic circuits
b Context Context c Conltext Con}ext
1 1
O B B0 @ &N O B B F B
1,000

1,500 A
X | ALOOOH H H H

30 nt Expression unit ‘ ‘s 500 4
m» . ﬂ ﬂ ﬂ 0 m - . ﬂ H H

200

Mean protein production rate (RFU h 1)
Mean protein production rate (RFU h 1

g 1,000 A é
+ CRISPR U 3 2
G 1004 |i5 1E
S cleavage site W ™ 5 5001 |5
C=G C=G Csy4 _ |
cmc /[O8Y4 e y 0 o
Yaui Spacer Um=A 400 s
GU-U-C-A-C=G-C-U-A-A-G-A-A-A G-U-U-C-A-C = G-C-U-A-A-G-A-A-A 5 ; 2
‘ . - B 1,000 | 5
2004 § 8
. . . g 500 1 |5
Qi, Haurwitz et al. Nature Biotech 2012 N .

As the first cistron As the second cistron As the first cistron As the second cistron



Transcription Terminators

Terminators

< Back to Catalog

Terminators are genetic parts that usually occur at the end of a gene or

operon and cause transcripfion to stop. In prokaryotes, terminators - U 9
usually fall into two categories (1) rho-independent terminators and (2) LOOp

rho-dependent terminators.

Rho-independent terminators are generally composed of palindromic

sequence that forms a stem loop rich in G-C base pairs followed by Stem
several T bases. The conventional model of transcriptional termination is
that the stem loop causes RNA polymerase to pause and transcription

g Reference position
of the poly-A tail causes the RNA:DNA duplox to unwind and dissociate Gene

prenm e A-tail T-tail (15 nt) .

All the E. coli terminators in the Registry are rho-independent

GCAGCACUG
20N99NVVO

terminators. Rho-dependent terminators are not included, because rho- A rho-ndependent transcriptional terminator. Image courtesy of Kings

dependent terminators are not specified by sequence

Catalog: Are you looking for a terminator to use? The registry has a collection of bacterial, yeast, and eukaryotic
terminators.

* Terminators: boring parts but a challenge for clonin
* Not a good idea to repeatedly use the same one



Transcription Terminator Libraries |

BIOFAB designed and characterised 100s of
terminators & used data to model further design

* Terminator is an RNA stem/loop

* Measure by placing between
reporter genes

up. context dw. context

®  rec LA GLOM o> LA oLoa > GER
RnolllG GnolllR

Cambray et al. Nucleic Acids Research 2013

[ [
40 60

Termination Efficiency (%)

80

100



Transcription Terminator Libraries 2

Voigt lab characterised 500+ terminators and
used data to make a ‘terminator calculator’

* Measured natural and designed 1

TS:1+

terminators BePAGL 4 BePiAGh+AGA-AGU)(1 4 g FiACH)

* Derived a biophysical model of

.lhl|. I'I
. . . . -
RNA folding to explain efficiency 10° E;?"
. . . . 2 o
* Equation is ‘somewhat’ predictive S w'r
g 10" ¢ ,
Natural and terminat Syntheti termin @ : '5 ¢ } . I;I{atural
atural and reverse terminators nthetic terminators : ¢ "'?‘ w(" everse
£ i . = 100k 7 ,%“x‘ X Syn Lib #1
5 g o X Syn Lib #2
W Syn Lib #3
£ 2 10 i i i
) 10 W H‘ MHN“M_JMMJLMH“ I — : 100 JLLE i 10_1 100 101 102
I I Predicted T

rrrrrrrrrrrrr

Chen, Lui, Nielsen et al. Nature Methods 2013



We're halfway there...

Constitutive Promoter Libraries
RBS Designs and RBS Libraries
Tricks to account for ‘context’ effects

Terminator Libraries

Time to now get a bit more complex...



Regulators & Regulated Promoters

These are the key pairs of parts that enable logic

TetR and pTet (-) AraC and pAraBAD (+/-)
Lacl and pLac (-) cl and pORI (-)
LuxR and pLux (+) OmpR-P and pOmpC (+)

Classic transcription factor/promoter pairs behave differently

For scalable logic we need hundreds of predictable pairs



Regulators & Regulated Promoters

Complexity of devices can’t increase without a
large orthogonal set of predictable regulators
and promoter pairs

Purnick & Weiss. Nature Reviews Mol Cell Biol. 2009



|: Modular transcription factors:
Zinc Finger Proteins

Zinc Finger Tr‘anscription Factors can be SYNTHETIC SYNTHETIC
TRANSCRIPTION FACTOR PROMOTER

designed to recognise different promoters

Khalil et al. made a great set of synthetic ATc —iTetR | Operates on

TFs paired to synthetic promoters _é>m Ao [ TR - > EeE]

Inducible sTF cassette ZF operator

...but they don’t work in E. coli (only yeast) PGALT

] r

ZINC FINGER RESIDUES SYNTHETIC PROMOTER OPERATORS -
o P B e e s | e e o | § .
. e | " g o
. 0- ) 0"<‘ «N 143 | APSKLDR LGENLRR DGGNLGR | GAATTC gGAC GACGGCa GGATTC -4 |
A A 2116 | RNFILQR QGGNLVR QQTGLNV | GAATTC aTTAGAAGTGa GGATTC E 42-10 le)
ﬁ‘ zi‘ \ 36-4 | GRQALDR DKANLTR QRNNLGR | GAATTC ¢GAAGACGCTg GGATTC o - a
; 3712 | RNFILQR DRANLRR RHDQLTR | GAATTC tGAG GACGTGt GGATTC haed
4210 | TGQILDR VAHSLKR DPSNLRR | GAATTC aGACGCTGCTc GGATTC o 43-8 -3 o
’ - 438 | RQDRLDR QKEHLAG RRDNLNR | GAATTC aGAGTGAGGAc GGATTC Q
\/ \) 54-8 | NKTDLGR RRDMLRR RMDHLAG | GAATTC aTGGGTGGCAt GGATTC (8] L =
() N < ’ 551 | DESTLRR MKHHLGR RSDHLSL | GAATTC ¢TGGGGTGCCc GGATTC ] 54-8 g
6 321 6 32-1 62-1 | TGQRLRI QNQNLAR DKSVLAR | GAATTC gGCCGAAGATa GGATTC [ -2 =+
921 | DSPTLRR QRSSLVR ERGNLTR | GAATTC aGATGTAGCCt GGATTC < 62-1 o
I / \ / | / \ / 93410 | APSKLKR HKSSLTR QRNALSG | GAATTC c¢TTTGTTGGCa GGATTC - L 5
97-4 | RQSNLSR RNEHLVL QKTGLRV | GAATTC aTTATGGGAGa GGATTC [
> GC T AGC T i 129-3 | TAAVLTR DRANLTR RIDKLGD | GAATTC ¢ GGG GACGTCa GGATTC > 93-10 1
5'- -3 150-4 | KGERLVR RMDNLST RKDALNR | GAATTC gGTGTAGGGGt GGATTC [73)
15141 [ IPNHLAR QSAHLKR QDVSLVR | GAATTC tGCAGGAGGTg GGATTC © © 0 W +~ o
3. C G A T C G A -5’ 158-2 | DKTKLRV VRHNLTR QSTSLQR | GAATTC tGTAGATGGAg GGATTC T T O h e &
172-5 | MKNTLTR RQEHLVR QKPHLSR | GAATTC aGGAGGGGCTc GGATTC - N 9 D © o
173-3 | SAQALAR QQTNLAR VGSNLTR | GAATTC aGATGAAGCTg GGATTC o < e

Khalil, Lu, et al. Cell.2012 Synthetic transcription factor



2: Modular transcription factors:
TAL Effectors

TAL Effector Proteins can be designed to oiamino Nucieotide Tandem repeats Enche

domain

\acid bound TCTATTCACTGACC
bind specifically to any DNA sequence - A N{:mmm |(jc

NG
HD

LTPEQVVAIASNIEGGKQALETVQRLLPVLCQAHG
RVD

o nn
o]

Blount et al. made a great set of synthetic
TFs paired to synthetic promoters

G/A

Repressors
...but they don’t work in E. coli (again!) P17 Ti6  T17 T2l T34

x40

-

Blount et al. Unpublished Data



3:'Part Mining’ for Orthogonal Regulators

To get an orthogonal set of repressors and promoter pairs for E. coli
Stanton et al. ‘mined’ DNA diversity from microbe genome sequences

Input Output
> c

¥ 2 »

o =

S 5 g

” *| e T = ] |

B T -35 -10 9 | |
N : A**TTTA aAaTx 0575 1o|15|£o
L“I—f Repressors Input
Synthesize In vitro operator Build synthetic Screen for Obtain response

N . N AmeR  gatAGTGACAAAC|TTGACA|ACTCATCACTtcctagg |tataat |gctagctactagagaaagaggagaaat

AmtR gattcgttaccaa|ttgaca |gTTTCTATCGATCTATA |GATAAT |gctagctactagagaaagaggagaaat

FO u n d P rotel n S SI I I l I Iar to Betl gattcgttaccaa|ttgaca |ATTGATTGGACGTTCAA | TATAAt |gctagctactagagaaagaggagaaat
BM3R1 gattcgttaccaa|ttgaCG|GAATGAACGTTCATTCC |Gataat |gctagctactagagaaagaggagaaat

ButR gattcGTGTCACT | TTGACA | GCAGTGTCACtcctagg |tataat |gctagctactagagaaagaggagaaat

TetR from Se ence HapR gattcgttaccaa|ttgaca|gctagctcTTATTGATT | TTTAAT |CAAATAAtactagagaaagaggagaaa
qu HIyllIR  gattcgttaccaa|ttgacA | TATTTAAAATTCTTGTT |TAAAat |gctagctactagagaaagaggagaaat

IcaR gattcgttaccaa|ttgaca |aTTCACCTACCTTTCGT | TAGGTT |AGGTTGTtactagagaaagaggagaaa

. LitR gattcgttaccaa | tTGACA |AATTTATAAATTGTCAgG | tataat |gctagctactagagaaagaggagaaat

data bases S nth es I Sed them LmrA gattcgttaccaal|ttgaca|actggtggtcgaatcaa |GATAAT |AGACCAGTCACTATATTTtactagaga
] McbR  gattcgttaccaa|ttgaca|ATAGAAAGATCTGTCTA |tataat |gctagctactagagaaagaggagaaat

Orf2 gattcgttaccaa|ttgaca | CTAACTGCTGTTCAGTT |AGGTTg | ctagcaaagaggagaaatactagatgg

PhIF gattcgttaccaa|ttgacA | TGATACGAAACGTACCG | TATCGT | TAAGGTtactagagaaagaggagaaat

an d WO rI(Ed Out Wh at D NA PsrA GGAACAAACGTTTGA | TTGAca |gctagctcagtcectagg |tataat |gctagctactagagaaagaggagaaat
QacR gattcgttaccaa|ttgaca|gctagctcagtcctaCT | TTAGTA | TAGAGACTGAGCGGTCGGTCTATAtac

ScbR gattcgttaccaa|ttgaca|gctagctATCATACCGC | TATAAT |GGTATGTTtactagagaaagaggagaa

° SmcR gattcgttaccaa|ttgaca | TTATTGATAAATCTGCG | TAAAAT |gctagctactagagaaagaggagaaat

Seq uence t ey In SrpR gattcgttaccaa|ttgaca|gctagctcagtcctagg | tATATA | CATACATGCTTGTTTGTTTGTAAACta
TarA gattcgttaccaa|ttgaca |gctAAACATACCGTGTG |GTATGT |TCtagctactagagaaagaggagaaat

TetR tcagtgatagaga|ttgaca | TCCCTATCAGTGATAGA |tataat |gagcactactagagaaagaggagaaat

Stanton et al. Nature Chem Biol 2014



3:‘Part Mining’ for Orthogonal Regulators

/3 TetR-family repressors identified, | 6 show strong specific repression

Project yielded |6 orthogonal NOT gates (TetR plus |15 new ones)

10° —
10’ %\ \ \ %
TetR 10° 1 \& K
IcaR(A) 107k LmrA AmtR SrpR TarA ,4
AmtR 102

Betl

I

107

SmcR

™~ Z—
SrpR 10’ ﬁ’\\\‘
Orf2 -IOO 33
BM3R1
ButR 107"} QacR IcaR(A) ScbR ButR z
2
5 PhF 0 ——
S HIylIR Z
o 0
AmeR g 10 \ 1 1
LmrA © Lok PhIF SmcR McbR PsrA
QacR 10° —
ScbR ;
McbR 10
LitR 10°
HapR Betl LitR orf2 TetR
2
TarA 10 ™~
| Ny
107 10° 100 102 10° 10° \ X X
HapR %

Fold repression HIylIR

102 10" 10° 10"102 107 10° 10'102 107 10° 10'107 107 10° 10

Stanton et al. Nature Chem Biol 2014 Input (REV)

AmeR BM3R1




CRISPR — a ‘game-changer’

* CRISPR = Clustered Regularly Interspaced
Short Palindromic Repeats

* Bacterial immune system where RNA sequences
related to phages are made and guide a DNA-cutting
enzyme (e.g. Cas9) to cut any DNA that matches the
‘gsuide’ RNA sequence

* Together CRISPR guide RNAs and Cas9 cut DNA



CRISPR interference (CRISPRi)

DeS|gned sgRNA chlmera

base -pairing dCas9 )

A |: cas9 |; sgRNA
reg|0n handle

l’ l’ Lt
Terminator

B
wt Cas9 6§\ . g\ dCas9
endonuclease Protein-RNA -5 catalytically
complex assembly inactive

o~ > '@l

RNA-guided
LT Il L Il
- - - =~

targeting

l !

- N RNA@
eavage €
ﬁé\ . Transcription .

block *.., GNAB

Figure 1. Design of the CRISPR Interference System

CRISPR/Cas is an RNA-guided
DNA cutting system

Cas9 enzyme binds to a
synthetic guide RNA (sgRNA)
which matches a DNA target

dCas9 is deactivated Cas9:
mutation means it binds DNA
& represses instead of cutting

CRISPRI collision model

3
Transcription

dCas9

NT strand
Tstrand =



Guiding dCas9 for CRISPRI

Sequence-specific repression can be seen when guide RNAs target dCas9 to:
() elongating non-template strand or (b) core promoter template strand

A B g) AI? AAG
£ Uua .
+ B oG Qi, Larson et al. Cell 2013
Q A
sgRNA chimera % Moy o
U A
20nt 40nt 40nt % AU SgRNA (NT1)
A U 1234567 891011121314151617181920
RuvC1 HNH iri 3’ - ...GAAUA UGUCUGGCGAUUUGACUUUCAA - 57
N Pz Base‘?g'gr:gg ﬁgﬁjg -‘?éﬁr’]’ TR
dcas9 mutations 5’ - AAGGTACCCAGACCGCTAAACTGAAAGTTAC - 3'
9 mutations TRINERR 1
(catalytically inactive) 3/ - TTCCATGGGTCTGGCGATTTGACTTTCAATG - 5'
PAM DNA
Two gene specificity
C Transcription elongation control D Transcription initation control rfp gfp
-63 RNA polymerase mRFP JTerm SIGFP  3Term

NT1

NT2 NT3

-104 -66& initial complex +1 +20

Promoter
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Scalable Regulation with CRISPRI
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Scalable Inverter Networks
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Summary

We now have |00s of parts for each key
position in genetic networks

Short parts can be (somewhat) designed
Context issues present a challenge
‘Mining’ for parts yields orthogonal pairs

We now have enough parts to rationally make
dozens of different inverters in E. coli and Yeast

CRISPRi is making life even easier



Example Exam Questions

How do you make and characterise promoter
and terminator libraries!?

How does the RBS Calculator work!?

What is context dependency and how it can
be tackled?

Why are orthogonal regulators important and
give examples of these!
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