


Computational modeling Ls integral to synthetic biology, eg the early toggle switeh
and repressilator (Nature 402 2000) used a moolel.

Modeling (as in any engineering discipline) is good if quick, agile, cheap and helps
zerolng Ln on pleking parts that will work ok

-SO0:

1. standardisation: one needs well characterised parts =: BBs and thelr “data sheets”
~-what’s a data sheet? whew are two bricks the same? Ln whieh context?

2. executable § composable designs: one needs tn numero BBs- to be assembled into
virtual systems =: models
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THE ODATARASE OF USEFUL RICLOGICAL NUMBERS

Search tips: Try not limiting organism. Try abbreviations, full names etc., e.g. "Oxygen' or ‘02’
Disclaimer: Numbers in bickegy depend highly on conglions,
Use values as order of magnitude estimates or refer 10 expenmental details in cited erature

Search

Most Popular BioNumbers  Most Recent BioNumbers Random BioNumbers

Find Terms: c<¢ll cycle

0.9, thogsomae, phbl, gucose, CO2
Organism: Bacteria Escherichia coli (836) S ]

( search ) ( reset )

Found 450 results

Click a row for more detalls.

103514[Minimal generation time |Bactena Eschenichia coll  20jmin
SubMIt feedback 102047| Translation bursts of beta-galaciosidase per cell cycle |Bactena Eschenchia col|l  0.16junitless

102046| Transiation bursts of tsr-venus fusion protein per cell cycle Baciena Eschenchia coh] 1.2)unitless
101790|"Rule of thumb® for the cell cycle (generation time) |Baciena Eschernchia ooﬁ] 3000}sec
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Part:BBa_R0051 = .

Designed by Vinay S Mahajan, Brian Chow, Peter Carr, Voichita Marinescu and Alexander D. Wissner-Gross Group: Registry ¢l lam Get This Part

promoter (lambda cl regulated)

The cl regulated promoter is based on the pR promoter from bacteriophage lambda. The promoter has two DNA binding sites for lambda cl repressor BBa_C0051.
¢l binding results in repression of transcription. The specific sequence used here is based on the cl repressible promoter used in the Elowitz repressilator (and
references therein).

Usage and Biology
Strong promoter. [jb, 5/24/04)
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Increasing transcriptional activity =——3p»

B

Katie Vicari

- The upstream network must be reconfigured to produce TetR tnstead of Lacl
- the dowwnstream network meust recetve a new 'prwc Gal4p (Fig. 1a) because

TetR and tTA Lnterfere



http://www.nature.com.ezp-prod1.hul.harvard.edu/nbt/journal/v27/n5/full/nbt0509-450.html#f1
http://www.nature.com.ezp-prod1.hul.harvard.edu/nbt/journal/v27/n5/full/nbt0509-450.html#f1
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- Imodularityl at the B® Llevel of granularity, we can write rules for each B8

'Lwolepewdewtl,g

- [oowtewtiow,jams, quenes] competition for resources (RNAp, Ribosomes) is
captured naturally

- as Ls stochastie behaviour

%@m&%@/ KZZZZW ¢







- BBs (DNA agents) are glued (for good) along the downstream/ upstream sttes

- Bach B® is able to receive an RNAP agent from upstream, or divectly if it has no
upstream neighbour (eg RNAP must be accepted by the binding site of the
upstream-most PNA agent)

- Each BB has one or more rules for its transcription.

- a transcriptional step adds one RNA agent to the RNA train on the RNAP and
passes the RNAP along to the next BBs part

- transcription tnitiation - after RNAp binds to promoter, it moves down and
creates a fictitious RNA agent, the “seed” <-this way we can tell whenw RNAp is tn
processive mooe/elongation (cf the video)
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- a promoter Ls nwot made of parts, but of sub-parts (they could be sites in

fact)

- rules for the binding of RNAP for promoter sub-parts will depend on
activator or repressor occupancy of the part

- BB parts may have rules for the dissociation of RNAP from the part. €g
terminators would have a very high rate of RNAP dissociation compared
to their rate of transcription (the ratio of which is related to the
termination e{ﬁciewog).

- release of the RNAP agent from BPNA causes the release of its RNA train
as well

1 — e ————————
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RNA arioms

- The RNA representation of BBS parts must be composed of one or more RNA agents
connected L a row, with the downstream site of one RNA agent bound to the
wpstream site of the next.

- For stmplicity no polycistronic messages: any RNA equivalent of a BB part will
conslst o-{: a stgLe RNA agent, and any RNA site that can be translated must
include both a start codon and an stop codon (neither represented BKPLLGLtLH).

- AnyYy RNA agent that can be translated must have one or more rules to take a
Ribosowme off of the upstream RNA agent, and produce the appropriate protein agent
and release the ribosome.

- RNA agents can be degraded only if they have a free binding site. we do not
constoer endonucleases and exonucleases Lwdcpewdewtl,a. (nstead, each RNA agent
has equal likelihood to be degraded. A further extension could tnclude a more detatled
moodel of RNA degradation.




- RNA agents may have rules that deseribe the binding of a Ribosome agent to
the binding site of the RNA agent. Typieally, RNA agents that can bind
Ribosomes will be RNA equivalents of Ribosome Binding Sites (RBS's).

- RNA agents that cannot be translated do not take Ribosome agents, and thus
have no rules involving the Ribosome.

- Unlike for the RNAP during transcription, the Ribosome is not passed ow to the
next RNA agent, but is instead taken by a downstream agent.
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+ when RLbo Ls bound to an mMRNA Lt prevents degradation

+ could model deg otherwise; rate might depend on transcript
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when RLbo ts bound to an mMRNA message with wo start codon/coding 1
sequence, Lt should fall off

BE parts migth have an RBS upstream of something other thaw a cds,
thus translation cannot proceed to clear the ribosome off of the RBS
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http://cellucidate.com/books/58389-Rule-Based-Modeling-of-BioBrick-Parts
http://cellucidate.com/books/58389-Rule-Based-Modeling-of-BioBrick-Parts
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. Initial Conditions (5)

700 RNAP(dna,rna)

DNA(upstream,downstream!1,binding,type~BBaR0040p1),
DNA(upstream!1,downstream!2,binding,type~BBaR0040p2),
DNA(upstream!2,downstream!3,binding,type~BBaR0040p3),
DNA(upstream!3,downstream!4,binding,type~BBaR0040p4),
DNA(upstream!4,downstream!5,binding,type~BBaB0034),
DNA(upstream!5,downstream!6,binding,type~BBaC0051),
DNA(upstream!6,downstream,binding,type~BBaB0011)

1
DNA(upstream,downstream!1,binding,type~BBaR0051p1),
DNA(upstream!1,downstream!2,binding,type~BBaR0051p2),
DNA(upstream!2,downstream!3,binding,type~BBaR0051p3),
DNA(upstream!3,downstream!4,binding,type~BBaR0051p4),
DNA(upstream!4,downstream!5,binding,type~BBaB0034),
DNA(upstream!5,downstream!6,binding,type~BBaC0012),
DNA(upstream!6,downstream,binding,type~BBaB0011)

1
DNA(upstream,downstream!1,binding,type~BBaR0010p1),
DNA(upstream!1,downstream!2,binding,type~BBaR0010p2),
DNA(upstream!2,downstream!3,binding,type~BBaR0010p3),
DNA(upstream!3,downstream!4,binding,type~BBaR0010p4),
DNA(upstream!4,downstream!5,binding,type~BBaB0034),
DNA(upstream!5,downstream!6,binding,type~BBaC0040),
DNA(upstream!6,downstream,binding,type~BBaB0011)
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Reaction Volume: 1e-15 Liters

Simulation results

. Simulation Results

Solution observables:
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BBaROODOp1

BBaR00DDp2

BBaR0000p3

An example of a repressible promoter with a single binding site for the repressor. The part '
thus consists of three DNA agents: i

- the first (BBaR0000p1) agent is the mandatory agent that receives RNAP agents passed on
by upstream parts

- the middle agent (BBaR0000p2) is where a repressor agent (defined later) can bing,

- and the last (BBaR0000p3) agent is where the promoter recruits a new RNAP to bind.
DR e —— | ‘——-'_-4
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The repressor can bind to the middle binding site (BBaR0000p2) of the promoter with a high
affinity when the RNAP is not bound to the third binding site (BBaR0000p3). By showing the ¢
"binding" site of BBaR0000p3, but having nothing bound to it, we are saying that the rule only
applies when nothing is bound to this site. Note that the rule is reversible. Also, the status of

the DNA upstream and downstream of these agents do no impact the rule.

binding

, e

BBaR0000p2 > T~
BBaR0000p3

/\/8/7/ fZ//J are non WJMW (could be sites in imé%




Repressor bindng

The repressor can bind to the middle binding site (BBaR0000p2) of the promoter with a low
affinity when the RNAP is bound to the thlrd blndmg site (BBaROOOOpB) The association rate ig
1000 times smaller than the association rate with no RNAP present. Note that the rule Is
reversible (both forward and reverse arrows are black). Also, the status of the DNA upstream
and downstream of these agents do no impact the rule.

R ——

binding

DNA

BBaR0000p2 BBaR0000p2

BEBaR0000p3 BBaR0000p3
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The RNAP can bind to the third site (BBaR0000p3) of the promoter with a high affinity when the
repressor is not bound to the middle binding site (BBaR0000p2). By showing the "binding" site of
BBaR0000p2, but having nothing bound to it, we are saying that the rule only applies when nothing
s bound to this site. Note that the rule is reversible (both forward and reverse arrows are black).

Also, the status of the DNA upstream and downstream of these agents do no impact the rule.

N ———
28aR0000p3

BBaR0000p2 BBaR0000p2




The RNAP can bind to the middle third site (BBaR0000p3) of the promoter with a low affinity {
when the repressor is bound to the middle binding site (BBaR0000p2). The association rate is
104 times smaller than the association rate with no repressor.

0.0005uM st

= binding
1s1

Repressor Repressor
P dna - d

BBaR0000p2 BBaR0000p2

B88aR0000p3 B8aR0000p3




When an RNAP is bound to the third site (BBaR0000p3) of the promoter, and the binding site
of the DNA agent of the downstream part is unoccupied, the RNAP can initiate transcription. ¢
Transcription initiation involves the RNAP moving to the free binding site of the next part, and i

an RNA copy of the promoter being made and attached to the RNAP. Obviously, the newly
made RNA agent has nothing attached to its upstream site (since it's the 5" end of the mRNA

QH amlnﬂ ﬁiiﬂﬁ edfoits binding site. _ _._____.___d

8BaR0000

downstream binding
DNA
upstream

B8aR0000p3 BBaR0000p3




When an RNAP is bound to the third site (BBaR0000p3) of the promoter, and the binding site ¢
of the DNA agent of the downstream part is unoccupied, the RNAP can initiate transcription.

We can model cyclic DNA, failed terminations, etc.
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At a lower rate than termination, a bound RNAP will transcribe the terminator instead of
terminating transcription. An RNA copy of the terminator is added to the 5' end of the transcript
that is attached to the RNAP.

R S —
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We define an example BB ribosome binding site (RBS), BBa_B0000. The RBS part consists of
a single DNA agent. We need a few rules:

- RBS transcription
- Ribosome binding

Note that translation initiation depends on the presence of an appropriate coding sequence
(with a start codon) immediately downstream of the RBS RNA agent on an mRNA molecule.
Thus, the translation initiation rules are coding sequence dependent and included in the rules
for each coding sequence.




RBS transcription requires that the "binding" site of the downstream part be free to take the
RNAP. An RNA copy of the RBS is added to the 5' end of the mRNA molecule that is attached
to the RNAP. The identity of the downstream part, and the presence or identity of an upstream

part do not affect this transcription rule.

-




Ribosomes can bind the "binding" site of the RBS RNA agent.

binding
RNA

type
BBaB0000 BBaB0000







The coding sequence for a repressor, BBa_C0000, consists of a single DNA agent with a few '
rules:

- Coding sequence transcription
- Translation initiation

- Coding sequence translation

- Protein degradation
e —— - -——-—-——.—4




Transcription requires that the "binding" site of the downstream part be free to take the RNAP. ¢
An RNA copy of the coding sequence is added to the 5" end of the mRNA molecule that is
attached to the RNAP. The identity of the downstream part, and the presence or identity of an
upstream part do not affect this transcription rule.

— - e ——— ————

BBaC0000




During translation initiation, the coding sequence accepts a Ribosome agent from the upstrean),
RNA agent. The rule does not depend on the identity of the upstream agent (although
presumably it is a ribosome binding site) nor the presence or identity of a downstream RNA

agent.




Cw@% sequernce

The translation of the coding sequence occurs when a Ribosome is bound to the coding 4
sequence, and is independent of the presence or identity of upstream or downstream RNA
agents. The Ribosome is released, and a single copy of the encoded protein, here Repressor,

s produced (shown in green).

8B8aC0000




The Repressor protein is degraded at a constant rate when not bound to anything via the "dna®

binding site.
PR ——— -———-—-——d

Repressor Repr ~ssor







We define an example BB terminator, BBa_KO0000. The terminator part consists of a single
DNA agent with rules:

- Termination

- Terminator transcription (failed termination)

Sometimes, an RNAP that is bound to the terminator DNA will not fall off and will instead read
through and transcribe the terminator (failed termination).

WS ———




Lermination

An RNAP agent that is bound to the terminator dissociates from the DNA relatively rapidly. ¢
When it dissociates, the RNAP releases the mRNA molecule. Termination does not depend on
the presence or |dent|ty of upstream or downstream DNA agents, nor the identity of the mRNA ;
molecule.

BBax0000 BBaxK0000




