Part Collection
Included below is the entire part collection synthesised in silico by the St Andrews iGEM team 2020.
For more information about the parts, the hyperlink in part number can be accessed which discusses
the components further in their respective iGEM registry pages. All parts sequences were edited
using SnapGene before addition to the registry.
Part Number
BBa_K3634000

Part Name
3-Dehydroquinate
Synthase (DHQS)

BBa_K3634001

OMethyltransferase
(O-MT)

BBa_K3634002

ATP-Grasp (ATPG)

Description
Codon optimised 3-dehydroquinate
synthase (DHQS) CDS for use in E.coli as
part of the shinorine synthesis gene
cluster. The original gene for DHQS
(Ava_3858) can be taken from the
cyanobacteria species Anabaena
variabilis ATCC 29413. The enzyme
catalyses the conversion of
sedoheptulose 7-phosphate, an
intermediate of the pentose phosphate
pathway (PPP), to (R)-demethyl-4deoxygadusol.
Codon optimised O-methyltransferase
(O-MT) CDS for use in E.coli as part of
the shinorine synthesis gene cluster.
The original gene for O-MT (Ava_3857)
can be taken from the cyanobacteria
species Anabaena variabilis ATCC
29413. The enzyme catalyses the
conversion of (R)/(S)-demethyl-4deoxygadusol, the product of the first
step of the shinorine pathway, to 4deoxygadusol.
Codon optimised adenosine
triphosphate (ATP)-grasp (ATPG) CDS
for use in E.coli as part of the shinorine
synthesis gene cluster. The original
gene for ATPG (Ava_3856) can be taken
from the cyanobacteria species
Anabaena variabilis ATCC 29413. The
enzyme catalyses the conversion of 4deoxygadusol (4-DG), produced by OMT in the previous step of the reaction,
to the mycosporine-like amino acid
(MAA) mycosporine glycine. ATPG is
proposed to phosphorylate 4-DG
before conjugate addition occurs at the
cyclohexanone ring by the nitrogen of
glycine.
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BBa_K3634003

BBa_K3634004

Nonribosomal
Peptide
Synthetase (NRPS)

4-DG Pathway

Codon optimised nonribosomal
peptide synthetase (NRPS) CDS for use
in E.coli as the final part of the
shinorine synthesis gene cluster. The
original gene for NRPS (Ava_3855) can
be taken from the cyanobacteria
species Anabaena variabilis ATCC
29413. The enzyme catalyses the
conversion of mycosporine glycine to
the final product shinorine. NRPS has
three known domains: an adenylation
domain, a thiolation domain and a
thioesterase domain. Initially, a serine
amino acid is converted into an acyl
adenylate species which is then later
attacked by a serine residue present on
the thiolation domain of NRPS.
Adenosine monophosphate is then lost
from the intermediate followed by
imine formation, thought to occur
through an enol ester intermediate and
an O-N rearrangement by conjugate
addition of the serine nitrogen to the
cyclohexenimine ring.
The following part describes the
constitutive expression of the first two
enzymes of the shinorine production
pathway, optimised for use in E.coli.
Within the composite part, biobricks
BBa_K3634000 (DHQS) and
BBa_K3634001 (O-MT) are responsible
for converting sedoheptulose 7phosphate to 4-deoxygadusol. Once
produced, 4-deoxygadusol will then be
converted by BBa_K3634005 (ATPG
and NRPS composite, present on
'plasmid A') to the final product of the
pathway, shinorine. The shinorine
production pathway is separated in this
way as a biosafety mechanism so that
UV resistance is not conferred in a
bacteria which has lost or gained
plasmid A/B alone. As NRPS is
determined to be 'rate-limiting' with
respect to the pathway, plasmid A will
ideally be placed at a higher copy
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BBa_K3634005

ATPG and NRPS
Composite

BBa_K3634006

ccaS

number to plasmid B to ensure 1:1
stoichiometry of reactants.
The following part describes the
constitutive expression of the final two
enzymes of the shinorine production
pathway, optimised for use in E.coli.
Within the composite part, biobrick
BBa_K3634002 (ATPG) and
BBa_K3634003 (NRPS) are responsible
for converting 4-deoxygadusol (4-DG)
to the final product shinorine. Once
produced, this mycosporine-like amino
acid can absorb UV radiation of
wavelength ~333nm. The composite
part described will be present on
'plasmid A', separate to the previous
enzymes responsible for 4deoxygadusol production which are
maintained on 'plasmid B'. By this
arrangement, biosafety of our gene
circuit will be ensured such that UV
resistance is not conferred in a bacteria
which has lost or gained plasmid A/B
alone. As NRPS is determined to be
'rate-limiting' with respect to the
pathway, plasmid A will ideally be
placed at a higher copy number to
plasmid B to ensure 1:1 stoichiometry
of reactants.
The membrane-associated histidine
kinase ccaS is part of the twocomponent system (TCS) involved in
the eventual transcriptional output of
an adjacent phycobilisome-related
gene (cpcG2) in response to green light
of wavelength 535nm. The system is
native to Synechocystis sp. PCC6803
but has been successfully expressed in
E.coli (Hirose et al. 2008) and has been
further used in multichromatic control
of gene expression (Tabor et al. 2011).
CcaS, alongside the response regulator
ccaR, functions as a photoreversible
switch between green (535nm) and red
(672nm) light by regulation of the
output promoter PcpcG2. Within the
N-terminal GAF domain of ccaS, the
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BBa_K3634007

BBa_K3634008

Heme Oxygenase
(ho1)

Phycocyanobilin:
Ferredoxin
Oxidoreductase
(pcyA)

blue phycobilin chromophore
phycocyanobilin (PCB) binds to a
conserved cysteine residue, imparting
reversible photoactivation of signalling
activity. Absorption of green light
increases the rate of ccaS
autophosphorylation, phosphotransfer
to ccaR and transcription from PcpcG2.
Absorption of red light by ccaS is
shown to reverse the process and
therefore reduce expression of the
output gene. CcaS is also shown to be
inactive in the dark.
Heme oxygenase (ho1) is the first of
two required genes for the conversion
of heme into the blue phycobilin
phycocyanobilin (PCB), a chromophore
required for activation of some two
component light-sensing systems (TCS)
such as the ccaS/ccaR system in
Synechocystis sp. PCC 6803. In the
presence of oxygen, heme oxygenase
catalyses the opening of the heme ring,
releasing iron and generating biliverdin
IXα which is then reduced by
phycocyanobilin ferredoxin
oxidoreductase (pcyA) to produce PCB.
PCB can then bind to the appropriate
membrane associated histidine kinase
of the TCS allowing activation and
expression of the output gene in the
presence of an activating wavelength
of light.
The gene pcyA codes for the functional
phycocyanobilin:ferredoxin
oxidoreductase protein, the second
enzyme required for the conversion of
heme to the blue phycobilin
phycocyanobilin (PCB); a chromophore
required for activation of some two
component light-sensing systems (TCS)
such as the ccaS/ccaR system in
Synechocystis sp. PCC 6803. The
protein catalyses the four-electron
reduction of biliverdin IXα, previously
produced from heme by heme
oxygenase, to PCB, which then binds to
the appropriate membrane associated
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BBa_K3634009

ccaS + ho1 + pcyA

histidine kinase of the TCS allowing
activation and expression of the output
gene in the presence of an activating
wavelength of light.
CcaS, alongside the response regulator
ccaR, functions as a photoreversible
switch between green (535nm) and red
(672nm) light by regulation of the
output promoter PcpcG2. Within the
N-terminal GAF domain of ccaS, the
blue phycobilin chromophore
phycocyanobilin (PCB) binds to a
conserved cysteine residue, imparting
reversible photoactivation of signalling
activity. Absorption of green light
increases the rate of ccaS
autophosphorylation, phosphotransfer
to ccaR and transcription from PcpcG2.
Absorption of red light by ccaS is
shown to reverse the process and
therefore reduce expression of the
output gene. CcaS is also shown to be
inactive in the dark. The required PCB
chromophore is produced from heme
by the following two enzymes.
In the presence of oxygen, heme
oxygenase (ho1) catalyses the opening
of the heme ring, releasing iron and
generating biliverdin IXα. The second
enzyme, phycocyanobilin:ferredoxin
oxidoreductase (pcyA), then catalyses
the four-electron reduction of
biliverdin IXα to PCB. PCB then binds to
the N-terminal GAF domain of ccaS,
allowing for transcriptional output of
the gene of interest.
BBa_K3634006, BBa_K3634007 and
BBa_K3634008 are combined here as a
composite part with the associated
regulatory regions used by Schmidl et
al. (2014). The system they produced,
termed CcaSR v2, uses two plasmids
for constitutive expression of ccaS and
ccaR, and optimised promoter and RBS
combinations to maximise PCB
production. The design will be
recreated in composite BioBrick part
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form using E.coli codon optimised parts
to further promote efficiency of the
system.

BBa_K3634010

lacO- + lacP

The lac operon found in E.coli consists
of the three lactose metabolising genes
lacZ, lacY and lacA which when
expressed, allow the bacteria to use
the sugar as a source of energy. The
initial regulatory mechanisms in the
pathway were outlined by Jacob and
Monod in 1961, where the topic of
inducible and repressible enzyme
systems was discussed. In this system,
the transcriptional repressor is a
protein known as Lac I which binds to
DNA at various operator sequences
(termed O1, O2 and O3) which exist
both upstream and downstream of the
transcriptional start site (TSS).
Interaction between the Lac I and
operator sequences reduces
transcription of the downstream
lactose metabolising genes unless
relieved by the lactose isomer
allolactose. In the absence of Lac I,
transcription is constitutive and can be
further activated by the catabolite
activator protein (CAP), with binding
site upstream of the promoter
sequence.
Oehler et al. (1990) mutated each
individual operator sequence
respectively and then determined the
effect of repression by Lac I to which
they found mutation in O1
(downstream of the promoter)
sufficient to lose almost all total
repression. Mutation of O2 and O3
further decreased repression by Lac I
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BBa_K3634011

BBa_K3634012

ccdB (BsaI
Removed)

Glucose-Mediated
Death Sensor

70 fold. Here, the St Andrews iGEM
team 2020 aimed to utilise these
findings to create a regulatory region
solely under the control of glucose
concentration to allow expression of
the toxin ccdB.
The ccdAB toxin-antitoxin (TA) module
is a type II TA module where the toxic
ccdB protein, poisons the enzyme DNA
gyrase, required for negative
supercoiling of DNA (Bernard and
Couturier, 1992). Through ccdB-gyrase
complex formation, DNA cleavage
results as well as inhibition of
transcription by the formation of RNA
polymerase roadblocks. The activity of
the unstable ccdA antitoxin separates
the ccdB-gyrase complex if present
(Vandervelde et al, 2017).

The 'glucose-mediated death sensor' is
a vital part of the St Andrews iGEM
2020 kill switch as when glucose is
absent, greater expression of ccdB will
overcome intracellular ccdA
concentrations causing transcriptional
inhibition and DNA cleavage as
previously discussed. Expression of
ccdB will also relieve the associated
ccdAB promoter from ccdA binding
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which consequently, will allow for cviJI
endonuclease expression to chew up
the integrated plasmid constructs and
target restriction sites within the
genome.
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BBa_K3634013

BBa_K3634014

ccdAB promoter +
operator

ccdAB-Controlled
mf-Lon Protease

Expression of ccdA and ccdB within the
type II TA module is self-regulated by
low specificity and affinity of ccdA for
individual binding sites of the
regulatory region upstream of both
ccdA and ccdB genes. This 113bp ccdAB
promoter/operator sequence extends
into the first ccdA gene and is
suspected to have a total of 8 ccdA
operator binding sites (Tam & Kline,
1989). The antitoxin binds the operator
DNA sites, with some sites overlapping
the promoter, functioning as a
repressor of ccdAB transcription. The
toxin then functions as a co-repressor
or de-repressor depending on the
molar T:A ratio (Vandervelde et al.,
2017).

Expression of ccdA and ccdB within the
type II TA module is self-regulated by
low specificity and affinity of ccdA for
individual binding sites of the
regulatory region upstream of both
ccdA and ccdB genes. This 113bp ccdAB
promoter/operator sequence extends
into the first ccdA gene and is
suspected to have a total of 8 ccdA
operator binding sites (Tam & Kline,
1989). The antitoxin binds the operator
DNA sites, with some sites overlapping
the promoter, functioning as a
repressor of ccdAB transcription. The
toxin then functions as a co-repressor
or de-repressor depending on the
molar T:A ratio (Vandervelde et al.,
2017).
At low T:A ratio, the operator is
repressed however as the ratio is
increased, repression is relieved by
preferential formation of a V-shaped
non-repressing heterohexamer (ccdB-
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ccdA-ccdB). Specifically, at the moment
the molar ratio of T:A > 1, repression is
rapidly lost (Vandervelde et al., 2017).
Therefore the regulatory region,
controlled by intracellular ccdAB
concentrations, can be used for precise
control of a desired output gene as
shown in the native system.
Here, the output protein expressed will
be mf-Lon protease (BBa_K2333011).
mf-Lon protease is evolutionary related
to the native Lon protease in E.coli and
functions similarly in that recognition
of a specific degradation tag allows for
rapid endogenous breakdown of the
protein to which it was attached. The
two enzymes differ in their ability to
recognise these specific tags; mf-Lon
protease cannot recognise degradation
tags associated to E.coli lon protease
and vice versa. By the ability to alter
the strength of signals associated with
these degradation tags through
sequence specific alterations (Collins et
al., 2014), intracellular concentrations
of proteins can be precisely modulated.
BBa_K3634015

LacI + mf-Lon
Degradation Tag

BBa_K3634015 is a fusion between the
lacI gene and the mf-Lon degradation
tag, a specific sequence recognised by
the mf-Lon protease which allows for
rapid endogenous breakdown of the
protein to which it is attached. The
degradation tag used here is the
strongest characterised sequence for
the specific protease (BBa_K2333001)
and will allow for efficient removal of
Lac I from the cell when mf-Lon
protease is expressed (BBa_K3634014).

BBa_K3634016

PlacIq & LacI
Repressor + mf-

Here, alongside a more efficient
promoter, lacI is attached to a mf-Lon
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protease degradation tag to allow for
R.CviJI endonuclease expression and
cellular destruction when intracellular
ccdA concentrations are low.
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BBa_K3634017

ccaR

The response regulator ccaR is part of
the two-component system (TCS)
involved in the eventual transcriptional
output of an adjacent phycobilisomerelated gene (cpcG2) in response to
green light of wavelength 535nm. The
system is native to Synechocystis sp.

Hirose Y.,
Shimada T.,
Narikawa R.,
Katayama M.,
Ikeuchi M. 2008.
Cyanobacterioch
rome CcaS is the

PCC6803 but has been successfully
expressed in E.coli (Hirose et al. 2008)
and has been further used in
multichromatic control of gene
expression (Tabor et al. 2011).
CcaR, alongside the membraneassociated histidine kinase ccaS,
functions as a photoreversible switch
between green (535nm) and red
(672nm) light by regulation of the
output promoter PcpcG2. Within the
N-terminal GAF domain of ccaS, the
blue phycobilin chromophore
phycocyanobilin (PCB) binds to a
conserved cysteine residue, imparting
reversible photoactivation of signalling
activity. Absorption of green light
increases the rate of ccaS
autophosphorylation and
phosphotransfer to ccaR. Once
phosphotransfer has occurred, ccaR
binds to an operator site within the
sequence of the output promoter
PcpcG2. Transcription of the output
gene is then activated.

BBa_K3634018

PL8-UV5

The lac operon found in E.coli consists
of the three lactose metabolising genes
lacZ, lacY and lacA which when
expressed, allow the bacteria to use
the sugar as a source of energy. The
initial regulatory mechanisms in the
pathway were outlined by Jacob and
Monod in 1961, where the topic of
inducible and repressible enzyme
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BBa_K3634019

ccaR-Mediated
ccdA Expression
System

systems was discussed. In this system,
the transcriptional repressor is a
protein known as Lac I which binds to
DNA at various operator sequences
(termed O1, O2 and O3) which exist
both upstream and downstream of the
transcriptional start site (TSS).
Interaction between the Lac I and
operator sequences reduces
transcription of the downstream
lactose metabolising genes unless
relieved by the lactose isomer
allolactose. In the absence of Lac I,
transcription is constitutive and can be
further activated by the catabolite
activator protein (CAP), with binding
site upstream of the promoter
sequence.
Reznikoff et al. (1978) mutated the
regulatory region in question at three
different sites. Within the CAP binding
site, bases -66 (G) and -55 (C) of the wt
binding region were substituted with A
and T respectively to prevent binding
of the CAP protein at low glucose
concentrations. The wt -10 promoter
sequence was also mutated from
TATGTT to TATAAT in order to allow σ
factor (RpoD) to bind without relying
on further activation by the CAP
protein. As a result of these mutations,
gene expression mediated by the PL8UV5 promoter will be independently
regulated by intracellular
concentrations of the lacI repressor as
all CAP-associated regulation has been
removed.
The response regulator ccaR is part of
the two-component system (TCS)
involved in the eventual transcriptional
output of an adjacent phycobilisomerelated gene (cpcG2) in response to
green light of wavelength 535nm. The
system is native to Synechocystis sp.
PCC6803 but has been successfully
expressed in E.coli (Hirose et al. 2008)
and has been further used in
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multichromatic control of gene
expression (Tabor et al. 2011).
CcaR, alongside the membraneassociated histidine kinase ccaS,
functions as a photoreversible switch
between green (535nm) and red
(672nm) light by regulation of the
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Figure 1. Cartoon visualisation of all parts and composite parts synthesised and used in
pSB3B1-DOPH and pSB3E1-AN.

