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building a composable
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enzymes choice
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assemblies
how to make a BioBrick
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Looking for abstraction
part characterization
plasmids

Abstraction Hierarchy
Parts
Devices
o Biological Inverter
Systems
Host




typical genetic engineering proceeding

restriction +
ligation
plasmid
extraction

transformation > _>
cell
- ce"u'ar CU|ture
screening

“The lack of standardization in assembly techniques for
DNA sequences forces each DNA assembly reaction to
be both an experimental tool for addressing the current
research topic, and an experiment in and of itself.”

“One of our goals is to replace this ad hoc experimental
design with a set of standard and reliable engineering
mechanisms to remove much of the tedium and
surprise during assembly of genetic components into
larger systems “

Tom Knight, MIT

Tom Knight (MIT), Idempotent Vector Design for Standard Assembly of Biobricks,
2003




composability

suppose we have individual parts that work, can
we actually put them together such that they
work in a well-defined & predictable way ?

wish list for DNA composition

Parts that can easily be plugged together
Efficient and Reliable process

Support an Abstraction Hierarchy
Parts
Devices
Systems




we want a DNA library

make assembly possible

| - |

[{ assembly standard - assembly standard ]-]

assembly standard’s goal : easy DNA composition




assembly standard

o do they have to be the same ?
* why?

assembly standard - assembly standard

position matters !

prefix standard

prefix and suffix will have different restriction sites !

assembling DNA

o we want to get a DNA molecule next to another
» cut and paste DNA

prefix standard

prefix standard DNA 2 -]

prefix and suffix have to remain the
same and in same order




consecutive assemblies have to be
possible

O at the end of the assembly, same restriction
sites and in same position !!

le] prefix standard [Rz m

idempotence !

assembling DNA : enzyme choice

FRl] prefix standard [RZ m

O easy to use

o compatible buffers & temperature

o heat inactivated

o low star activity

o sticky ends overhangs to enhance ligation efficiency
o avoiding accidental creation of ATG sequence

o avoid methylation sensitive sites

O must be unique in plasmid




assembling DNA

O cutting BioBricks

Rl] prefix standard [RZ m

. preflx m

assembling DNA

O pasting BioBricks

[ prer{f2] ona 1) @ow[E

/ N

<

-

:EcoRI :? :? :Pstl
so, what about & ?

take advantage of mixed restriction sites !!




mixing highly similar
specific restriction sites

Mfel (Munl) : R EcoRlI : R
S'-C*'AATT G-3' 5'-G®"AATT C-3!'
3'-GT T A A"C-5! 3'-CTTA A"G-5"

5'-C AATTC-3"'

1 1
5'-C T C-3!
2L _ .B c_B1

M
M
=]

neither Mfel nor EcoRI can recognize this site !!

a restriction site has been erased !

same happens with Xbal and Spel ...

Xbal & Spel

Spel (Beul) : 5'-A"C T A G T-3' Xbal : 5'-T"C T A G A-3'

3'-T GAT C*A-5! 3'-AGAT C'T-5!

5'-A CTAGA-3"

1 1
5'-A|IC T A G A-3'
3'.T GA T Clp_51

neither Xbal nor Spel can recognize this site !!

restriction site has been erased !




assembling DNA

O pasting BioBricks

(Ra] prefix[R2] DNA [r3) (r2] DN (R suffix] ra)

A A
[I l

- EcoRI  Xbal - Spel . Pstl

<

MIT BioBrick Standard

GAATTC GCGGCCGCATCTAGAG
CTTAAG CGCCGGCG TAGATCT C

EcoRl Notl Xbal Spel Notl Pstl

Tom Knight (MIT), Idempotent Vector Design for Standard Assembly of Biobricks,

2003 ‘




assembling DNA

O pasting BioBricks : insert DNA after vector DNA

(&oren] ) @] (& prein]3]

Xbal 5’ overhang

[:] , 5'-alc T A G A-3"
3'.T @A TC 1 .

Spel 3’ overhang

assembling DNA

O pasting BioBricks : insert DNA before vector DNA

[[B DNA

Xbal 5’ overhang

[:] : 5'-alc T A G A-3'
3'.T @A TC 1 .

Spel 3’ overhang




assemblies

standard assembly F | ’
x » 5P
B 003 Co01e
b L i

A ‘ rolling or
B parallel
d assembly
al
!E !P C]T?-?T EX 3P
Red Consirucion Parti Part2
& 5 Hal ‘/'H:.?-i
all of them idempotent i .
3A assembly

how to make a BioBrick

o PCR

0@)@ forward primer
“+ 1 ) reverse primer

. wild DNA J

o synthesis

o mutagenesis on DNA constructs

* be careful : EcoRl, Xbal, Spel and Pstl sites have to .
be unique !




Registry

o Registry of Standard Biological Parts (MIT)

— = e ——— .
Registry of Standard c’ma \%{@i #
Biological Parts , ' J

u ! & A a

e http://parts.mit.edu

o alternative developing registries :
¢ BioBrick++, Austin Che, MIT

e Pam Silver’s Lab BioBrick Version, Harvard

» JC Anderson’s Lab BioBrick Version, UC Berkeley .

un-registered knowledge

o Global data bases

* NCBI - PubMed Pub%ed

o http://www.ncbi.nlm.nih.gov/

o KEGG
o http://www.genome.jp/kegg/ @

O Protein data bases
* ExPASy
o http://expasy.org/
* Protein Data Bank .

wM
o http://www.rcsb.org EF DB .
PROTEIN DATA BANK




let’s talks about parts...

owhat is a part ?

°just the DNA sequence ?

eits function ?

@
. basic functions encoded in DNA

sequences
» ! O

Registry is made of parts

P O Promoter
* regulates transcription
o Coding sequence

- » codes for protein

o Ribosome Binding Site

« regulates translation -
. o Terminator
o stops transcription ‘




Promoters

regulatory part
binding regions for RNA polymerase, which
performs transcription (RNA production from a
DNA template)

binding regions for transcription factors, which
regulates the initiation of transcription

cAMP-CAP footprint Repressor footprint

RNA polymerase footprint

— —>

5’ 3

REEEE A = D ac2Z],

3 84 i I+ +39 s
35 region 10 region

Figure 10-9. (Lodish et al, 2000)

lac operon promoter

- R — !
| T
| l i :
- lacZ lacY lacA

(a) Glucose present (CAMP); no lactose; no fac mRNA

CAP _—
= nif——m— A
EL -

Repressor - Figure 14-14. Negative and positive control of the lac operon
by the Lac repressor and catabolite activator protein (CAP),
respectively. (Griffiths et al, 2000)




lac operon promoter

{b) Glucose present (cAMP low); lactose present

CAP —_—

=" == -
I I I
' e
+ il == Very filtle lac mANA
Lactose Inducer-
repressor i

|
- lacY lacA

Figure 14-14. Negative and positive control of the /ac operon
by the Lac repressor and catabolite activator protein (CAP),
respectively. (Griffiths et al, 2000)

lac operon promoter

Lactose Inducer-
repressor l Abundani lac mMANA l
lacY lacA
lacY lacA
lacY lacA
lacY lacA

Figure 14-14. (Griffiths et al, 2000)




Zinc fingers

Figure 7-19. (Alberts et al, 2002)

Figure 7-18.
(Alberts et al, 2002)

Zinc fingers

~ &inc Finger Tools

* a web-based tool
o find possible Zinc finger target sequences
o design new Zinc finger transcription factors

o predict a target DNA sequence from a Zinc finger amino acid
composition

e http://www.zincfingertools.org

Mandell & Barbas. Nucleic Acids Res. 2006 ‘




Coding sequences

bears DNA sequence that codes for a protein

DNA will be transcribed to mRNA
mRNA will be translated to protein

A DNA sequence usually contains one open reading frame

Initiation Only one open reading frame Termination
| | |
T 1
. BESRGCAUARRBARIAGRGAGR, . | || TUCGCUAGAGUUARIGRAGCATRE. .

Second reading frame is blocked Third reading frame is blocked
virtualbert waew QIO o

codon usage

second
Ffirst third
T C A G
TIT F 0.685 TCT 5 0.204 TAT ¥ 0.653 TGT C 0.454 T .
T TIC F 0.31%9 TCC 3 0.125 TAC ¥ 0.347 TGC C 0.546 C trIpIEts (COdons) Of RNA COde
TTA L 0.199 TCA 5 0.236 TR/ 0.621 TGA /4 ©.235 A . .
TG L 0.155 TCG 5 0101 TAG / 0.144 TGE W 1.000 G for a m Ino aCIdS
CTT L 0.241 CCT P 0.286 CAT H 0.673 CGT R 0.182 T codon usage is organism
CTC L 0.113 CCC P 0.089 CAC H 0.327 CGC R 0.208 C
K CTA L 0.051 CCA P 0.191 CAA 0 0.512 CGA R 0.099 A Specific
CTG L ©0.241 CCG P 0.434 CAG O 0.488 CGE R 0.157 G
ATT I 0.504 ACT T o0.161 AAT N 0565 AGT S 0.108 T re_COdIng amlno aCIdS Can
ATC 1 0.367 ACC T 0.159 AAC N 0,435 AGC 5 0.225 C . .
i 1 ow | w1 oums | v o |we w0 | o | resultinimproved or reduced
ATG M 0.973 ACG T 0.268 AAG Kk 0.299 AGE R 0,095 G .
translation
GTT ¥ 0.286 | GCT A 0.247 GET G 0.184 T
GTC ¥ 0.258 GCC R 0.207 GGC G 0.339 C
& GTA ¥ 0.199 GCA A 0.283 GGA G 0.314 A
GTG ¥ 0.258 GCG R 0.263 GGG G 0.163 G
red plus charge  blue noncharge green  nonpolar

exception HTT M 0000 TCA X 1.000
CTG M 0.000 TG M 0.045
BTG M 0.011

http://www.g-language.org/data/haruo/codon_table.gif




- Ribosome Binding Sites

landing site for ribosomes on mRNA
approximately 10 nt away from AUG

Consensus RBS Sequences |’SI'\ine- Delgare sequence
Prokaryotic (Shine-Dalgarno sequence) !

+1 Prokaryetic mRNA 5'[ AT AT AT AT
5" = AGGAGGACAGCUAUG - 3' I
RBS  spacer initiator
165 rRNA 37 5

Eukaryotic (Kozak sequence)
+1 Eukaryotic mRNA

AUG

Ribosome scanning

5' - A/GCCACCAUGG - 3' 5 cap mG(Q
RBS h
initiator 408 ribosomal subunit l

www.ambion.com

5 cap mfG L AUG

C—~

Figure 7.7. Signals for translation
initiation. (Cooper, 2000)

RBS manipulation

mutate RBS sequence
add secondary structures to alter binding

3" end of 165 rRNA

Figure 10-35. Binding of the Shine-

e B Dalgarno sequence on an mRNA to
g o the 3’ end of 16S rRNA. (Griffiths et
5 S— 3 al, 2000)

GAUUCCUAGBAGGUUUGACCU | AUG i ceA | Gou | ULy | AGU —mAna
fMet — Arg — Ala — Phe — Ser — Polypeptide

Orig:  ATTAAAGAGGAGAAATTAAGCATG  strong
RBS-1:  TCACACAGGAAACCGGTTCGATG :
Weiss, et al. Oxford ~ RBS-2: ~ TCACACAGGAAAGGCCTCGATG v
Unviersity Press. RBS-3: TCACACAGGACGGCCGGATG  weak
2004.




Terminators

stops transcription
must be forward and reverse
i.e., BBa_B0025 from Registry

B0O010

T’A\n=a=ﬁ—;—£=s ¢

R EE R RS NS W o e e

AR e
2a \ﬁ

9 d6 = -33.31 BOO15S

Terminator Efficiency

single terminators
forward and reverse efficiency
current range -1.09 to .984

o negative means it acts as a promoter

terminators can be combined and inversed
0 B0021 = B0010 + BO0O12
o B0015 inversed is B0025

BBa_B0025 II#-

forward efficiency 0.295

reverse efficiency 0.984




taming nature

o lots of natural parts !

taming nature

o lots of natural parts !

o get them and tame them !!

Riding into Arrakeen — Bryce Homick




Signal Carrier

biology

o goal : a protein generator
o transcription & translation

DNA ‘“ O




biology

o goal : a protein generator
o transcription & translation

rib

-
mRNA 5
N
anan ‘
DNA H" O

biology

o goal : a protein generator
o transcription & translation

protein
L J
- @
mRNA 5 %

DA H O




functionality

functionality

o find a set of design rules to insure
 functional property of the assembly
» modularity of the device created
« re-usability of the device/system

© make possible
* abstraction
e standarization




signal carrier

protein
L

o RiBS -

- —\
%
u_\ 3
AAAAA

DNA H”

mRNA ¥

o PoPS

signal carrier : PoPS

o Polymerase per second (PoPS) depends on
» strength of the promoter
« presence of activators / repressors
* RNApol, dNTP, energy available
« cell volume

DNA H”




signal carrier : RiPS

Ribosome per second (RiPS) depends on
strength of the RBS
presence of activators / repressors
ribosomes, tRNA, energy available

cell volume
protein
_____ _oq,
- W
mRNA 5 %
3
dynamics
[concentration] protein
mRNA
[time]
dIMRNAT _\ _ 4 [mRNA]
dt
d[protein] pr(jo:em] =k,[mMRNA]—d,[ protein]




PoPS characterization

large variety of promoters L

constitutives : with a given strength
tunable : respond to activators or repressors

[PoPS] 4 [PoPS]4

S S

[activator] [repressor]

RiPS characterization

variations can be made - -
' L 1
tunable tOO : : Prokaryotic gene expression: Avrtificial riboregulator system
. 1 1
mMiRNA ! :
: : P RES P ] | Por  D[EABY_GFF ]
riboswitches | ona :
' 1 Transcription l
1 1
' AUG : AUG
: RNA RES 1 cr RBES
1
: Translation : l
! r !
Protein ' '
i cis-Repression o aua crRNA
! RBS
1 h
Isaacs et al. (2004) trans-Activation
Nature Biotech. E! AG & -«
taRNA [taBNA] Pta

or RBS




modularity




(6] el o]

"""""""""
---------------------------------------------------------------------

functional A

modules :[BI :[C] :[D]

biochemistry

dependent - - :
: : [c] ‘

"""""""""
---------------------------------------------------------------------




i8]

el

‘e »
-----------------------

‘e .
-----------------------

------------------------

0

inter-dependent
modules

el

‘e »
-----------------------

biochemistry
dependent - i

‘e .
-----------------------

------------------------

0




modularity

THEY SEND AND RECEIVE
IGNALS USING DIFFERENT,

YOUR BENETIC
DEVICES, THAT'S
WHAT, I CAN'T

| HOOK THEM UP

YOUR GENETIC
DEVICES ARE
NG G000,

DUDE! WHAT WERE
YOU DOINGT

BT vices! WHAT'S
A\ WRONG?

Adventures in Synthetic Biology — http://openwetware.org/wiki/Adventures

modularit

2
g
wn
2
fesssssssssssssnnsaiGennnnnnnannnnnan
w

o+
3
o




inter-dependent
modules

]

biochemistry
independent

RiPS based

‘e .
-----------------------

inter-dependent
modules

]

biochemistry
independent

PoPS based

------------------------




modularity

RATE OF BENE ¥ = RATE OF BENE
EXPRESSION. il EXPRESSION IS THE
- NUMEER OF RNA POLY -
MERASE MOLECULES THAT
TRUNDLE PAST YOU
EACH SECOND.
LET'S CALL
THIS POLYMERASE
PER SECOND OR
POPSI**

STANDING ON THE DN&
WHERE THE INPUT SIGNAL,

POPS IS THE "FLOW" OF RNA
i POLYMERASE ALONG MY DNA WIRE
d

Adventures in
Synthetic Biology

modularity

AND HOW DO WE
MEASLURE POPS?

DON'T KNOW. BUT IFI
FIGURE IT OUT, YOU CAN
RENAME IT AFTER ME!

O a question yet to be solved ...

Adventures in
Synthetic Biology




looking for abstraction :
parts characterization

BBa_F2620

I0CHEL — PoPS Receiver
itz Opans. el eduregsteyindas. pho/Pat BBa_FI620

Lt Uipdaty: 18 Dctobes 2007

Pans.
B B Cio) B o)

Auton:
Bany Camion [beanioedimit sdu]
Anva Labeo fatbnoadSem o

pTetR LuxR pLuxR GFP

Description

A transcriphion factor (LuadR. BBa_COOG2) that i active in the
Prasance of cas-cel signaing molecule JOCIIESL s controsed by
- Te Fo040).

Bl COORE xR ORF
Bla_ROGMT  LusRomguisted opsrator
[ila_ROGAT  Tel-reguiated cperator

IOCHHEL PoPS bom a L
W s i1 & ool combning TelR thon & second ingut signal sech ma
AT can b used 15 produce & Bockan AND fuscion

0 a good device
characterization is

¢ the minimum amount of
information someone
needs to reuse the part

without any prior

Signaling De

Pur Compatibiity
Chassn: MCA 100, MG 1655, mrd DHS
Phasmc: pERIKY ot pSBIAT
Dvicas: EOM40,

e BRI knowledge

Barry Canton (Endy’s lab)

looking for abstraction :
parts characterization

BBa_F2620

30C4HSL — PoPS Receiver
hitp:/ipans.mit.edu/registry/index php/Part:BBa_F2620

Auon:

BBa F2620

— PoP5 Foceiy

Authors:
Barry Canton [beanton@mit.edu]
Anna Labno [labnoa@mit.edu]

Last Update: 19 October 2007

Parts
ROG40 BOO34 COOG2 BOOTS ROS2

Description

A transcription factor (LuxR, BBa_C0062) that is active in the
presence of cell-cell signaling molecule 30CEHSL is controlled by
a TetR-regulated operator (BBa_R0040). Device input is
30CEHSL. Device output is PoPS from a LuxR-regulated operator.
If used in a cell containing TetR then a second input signal such as
aTe can be used lo produce a Boolean AND function.

BBa_C0062: IluxR ORF
BBa_R0O040; LuxR-regulaled operator
BBa_R0040: TelR-requlated operator

L e
Blte FIEN Ragponss Tana < i

1PFS caitubited Fom poiynomis 16 GFF syrinens
i

Piasmids: pSB3K3 and pSB1A2

Devices: E0240, E0430 and E0434
Crosstalk with systems containing C0040

ptional Output Demand (low/high input)
Nucleofides: 0.2xNt | 6xNt nucleotides cell’ s
Polymerases: 4.4E-3xNt / 1.5E-1xNt RNAP cell!
(Nt = downsiream transcript length)

3 st
.
T, Suppiemenied Me. 370
Tramasriptional Dutpat Pmtghnputy  Vecken oS80
Chossix: MO16ES
" PE

Rogistry urmgyﬁw:ﬁ B Lienee Pubic

making i e

Conditions (abridged)

Cutput: PoPS measured via BBa_E0240
Cuilture: Supplemented M9, 37°C

Vector: pSB3K3

Chassis: MG1655

*Equipment: PE Victor3 plate reader
**Equipment: BD FACScan cytometer

Barry Canton (Endy’s lab)




looking for abstraction :
parts characterization

BBa F2620 By Cantnen [bcanioegimi s
i @ hnioa st fatnusdEers oot

ot s el sxhutegiseny St o/ BB FIR KA lpaem. 18 Gt AT

Bescrnpren Parts.
[ at o3 menss
g E e e =
.  F0e
iy PP e BB CONOE WA ORF 8
RO

* Population Mean
Colony Range I 7
= Hill Equation

W used i1 8 0 TR e .
T can be wsed 1 produce & Booksan AND funchon

FS

PoPS cell

§ &8 &8 g 8

ot e o oy P wrasn
R G gL s P N ML L

g
o

GFP mythests rate imolecules ofu* &)

et

oy ) R e P S—

GFP synthesis rate (molecules cell™’ s™)

=

DE+00 1E-10 1E-09 1E-08 1E-07 1E-06 1E-05 1E-04
[30CHSL] (M)

Barry Canton (Endy’s lab)

looking for abstraction :
parts characterization

BBa F2620 -_, Sy G s S
IOCHEL - PoPS Rocabver fremeiees s Input Compatibility™

Lt Uipetats: 15 Detobes 2007

bt Dsarts. it edhulreggairyrans. pro/Fa BB FI620

[orr—" Parts . 600 8
A bransoription facior (Lun#. BBa_COOGE) that s achies i the. S0 B 00T SOV D T C4H5L
I0CHmsL w
Hy s Pell bom BBs COOBZ kR ORF L 500 _CSHSL o7
st i Blis_ROCAT F 30C _HSL
87 can e ssed t5 perduce & Bockasn AR Tusction s P00AT  Teraguistnd cpanal 8 —— o le
. 2 400 || —=—CHSL s
: 3 —+—-C,HsL <
" E 300 1|~ 30CHSL ]
W3 % —C, HsL §
: 1] ‘3
: 2 200(| —C,.HSL
. % s
S 100 Ly
[
G o lo

OE+00 1E-10 1E-09 1E-08 1E-07 1E-06 1E-05 1E-04
[AHL] (M)

|
. % Part Compatibility
~ Chassis: MC4100, MG1655, and DH5a
 Plasmids: pSB3K3 and pSB1A2
Devices: E0240, E0430 and E0434

Crosstalk with systems containing C0040

Tramsariiona Cutmet D (it
Fciaides 830 el st e e 0

N« Graribear bt g

Barry Canton (Endy’s lab)




looking for abstraction :
parts characterization

BBa F2620 . .

JOCMHSL —~ PoPS Receiver

Low Input

GFIF:ED 1E1
(0 M 30CHSL) (arpyy 52 123
(] &.a’y

High Input - )
(1E -7 M 30C;HSL)

Barry Canton (Endy’s lab)

looking for abstraction : plasmids

O expression vector
O bears our parts
oin chassis

* has to replicate
* express parts




looking for abstraction : plasmids

Psil 3611 () signa
" N lonal

vu | 37

reduction)

Syninetic poly(A) signal
and transcrigtional

pause sita {for
backgraund reduction)

pvae“e‘l,grz EcoR 1 4359

(4361bp) Hind 1129

PCAT*3-Basie

EcoR v 187 Vector

JasrlEan

Synthet
and trai

© poly(A) signa
BamH scriptiona

pause £t (Hind 11l 276
background reduction)

Sph | 566 & oo | 289
Sargs i / AED/‘_I‘::
ez 19 g - - Synthetic palylA) signal
PCAT*3-Enhancer and anscriptional
Veetor pause sits (for
lots where to choose !!
]

CAY ImmedisteEarly AT S Promater
(4219bp)

7 Sgil

Terminator

Barnase

(Hind 111} 488
Neo | 481

AFATT
Flexi* Vector
{3455bp)

a1z

Teszvaon A

looking for abstraction : plasmids

E
PSB1A3 =

Nor 1{10)
Xba 1(18) X
pSBI03 R Spe 1(26) S
WVerification forward Nt 1{34)
-
P{BLA) - M Fr 1640 P
- i - pS8103 F
2 v Verification revers:
CHI
pSB103
2031 bp rop (A1)
AP
Knight, 2003
Fermentas Figure 4: Structure of the pSIEE vector
pliCiga P

E X

5 [0 ) =2 S
H1ZpUCSpeRng e =3 L
PR e L) = W Sl () |_Sp gy Pl sman 2
5" GTIGTLAMICGATGEC RGNS ax ¢ LISA GUT Gt Tl UL Gat 21C GLET B9 A! CEAGLT GUAGEC ATG CAR GCT T GFCGTLTCLTGETCRT LSC TGTTTCCTS 37

3 CAMCITTTTGCTECOGETTACT TAAGCT CGAGCC ATG GEC CCC TAG GAEATC TCA GCY QGA O CCGE TAC STT CGA. TCGACAAAGGIC 5%
Ioel e —Low Yol %l Mo lsu B A O Ow Ao Vol &y Fo Ap G lsa T 6 &g Gs Bs s I O Fe Thr b Me e Det
tiiitreets

iRy H2E, TR




Abstraction Hierarchy

Systems

‘Can | have
three inverters?’

Loy L

‘Here’s a set of PDP
inverters, 1—N, that each
send and receive via a

DE’ V/CG'S fungible signal carrier, PoPS.’

‘I need a few DNA
binding proteins.

——e} e e

‘Here’s a set of DNA binding
proteins, 1—-N, that each
recognize a unique cognate

Parts DNA site, choose any.’

‘Get me this DNA.

Zif268, Paveltich & Pabo c. 1991 Ill III

TAATACGACTCACTATAGGGAGA DNA Here's your DNA.

Parts

basic biological functions

structure of GFP

Fig 1. Model of a six zinc-finger—-DNA complex.
(Liu et al, 1997)




Devices

O any combination of ‘Parts’ that perform a
human-defined function

O example ,~§\
e transcription device |
- =N
» sensor device

\ Figure 7-43. (Alberts et al, 2002)

Black
/ output
o) A
ompC lacZ ‘

promoter

Levskaya et al. Nature. 2005

Biological Inverter

Weiss et al. Oxford University Press. 2004.




Inverters rely on
transcription & translation

translation
mRNA 6 % MRNA E 3
ribosome ribosome
transcription
operator RNApol
promoter
Weiss et al. Oxford University Press. 2004.
signal
L C T
Wa
———»| translation - franscription
input input repression output
mRNA protein mRNA
input
mRNA protein
L £ T #
“grarin "
0, + p +ow = W \“"
ot o T R ot T
wi\ ¢J\ pA wi\

+ “clean” signal I + invert signall = digital inversion I

Weiss et al. Oxford University Press. 2004.




Pa Yz b,

[ Pa

Ya

(a) modify ¢ (b) modify T (¢) modify £

Pa [

L

W
(d) modify £ (e) modify C

(a) Reducing the repressor-operator binding affinity
(b) Reducing the strength of the promoter
(c) Reducing the strength of the RBS

(d) Increasing the translation efficiency Weiss et al.
Oxford University Press.
(e) Adding autorepression 2004.
++
Syste ms ++g+ Sender \
+ <I-_T£D
any combination of ‘Devices’ s

usually builds up a major level — ww *7e5%~

fU n CtIO n f":'.' Band detector\l
folv @ )

example @i S
band detect multicellular system @ Y,

Basu et al, Nature. 2005 |




olre Rodrigo et al, IET
Va ni I I N Ce' I Se nsor Synthetic Biology. 2007

/ W'D ‘—T“’ﬂﬂﬂ C -1 mﬁ

RO010 BO034  BOO1S

RO010 BO034 B0015 pLac
plLac

pOmMpR  CRP
P RO082  New

|

OmpR

BO034 BO015

tetR
C0o040

RO083 B0034 80015
pOmpRm
cl
C0051

GFP RO040 BO034 B0OO15
pTet ‘

-iﬁ—a—Egu—.- g
L Mewe E1010
pPOmpRm e 0%
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Host

o parts work in a cell, a chassis
« stability

e cross-talks

Escherichia coli

e cell load

mouse

stem cells ‘

Saccharomyces cerevisiae

Our Parts aren’t necessarily Stable

O parts add load to a cell & reduces its fitness — cells
may ‘lose’ the part

* mutations : losing a plasmid, alteration of promoters to
not work as efficiently (or not at all)

» antibiotic resistance

o cross-talks
» parts interact spuriously with some cell part
» watch out for incompatibilities ! ‘




Load

o How many cellular resources does the device use ?

» dNTPs (DNA replication)

rNTPs (RNA Production)

Ribosomes (RiPS)

Amino Acids (Proteins)

ATP for activities D.S. Goodsell, The
machinery of life,
Springer, 1993

Dealing with Load

o Need engineered chassis

o towards a Java Virtual Machine ...

* reduced genome organisms
o Mycoplasma genitalium
o Buchnera sp.

* eliminate key components
o recombinases
o create dependencies
o unnecessary parts (refactoring genome ?)

» ortogonal transcription ‘

o T7 promoters & T7 polymerase




tools

Zinc Finger Tool

http://www.zincfingertools.org

Gene design
http://slam.bs.jhmi.edu/gd/index.html

Gene Designer —software from DNA2.0
http://www.dna20.com/tools.php

Cambridge Dictionaries Online

standard, (USUAL) adjective

1 usual rather than special, especially when thought of as being correct or acceptable:
These are standard procedures for handling radioactive waste.

The metre is the standard unit for measuring length in the S| system.

2 Language described as standard is the form of that language which is considered
acceptable and correct by most educated users of it:
Most announcers on the BBC speak standard English.

3 [before noun] A standard book or writer is the one that is most commonly read for
information on a particular subject:

Her book is still a standard text in archaeology, even though it was written more than
twenty years ago.

standard, noun
1 [C] a song or other piece of music which has been popular and often played over a long
period of time

2 [C usually singular] a pattern or model that is generally accepted:
This program is an industry standard for computers.

3 [C] US a car with gears that are changed by hand

standardize, UK USUALLY standardise, verb

to make things of the same type all have the same basic features:

We standardize parts such as rear-view mirrors, so that one type will fit any model of car
we make.
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