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*  Asynthetic malonyl-CoA independent module allowed continuous polyketide synthesis
*  Asynthetic malonyl-CoA dependent module dynamically regulated fatty acid synthesis

*  Anintegrated biosystem redirected malonyl-CoA flux to improve polyketide synthesis

ABSTRACT



Malonyl-CoA is a basic but limited precursor for the biosynthesis of various bioactive
compounds and life-supporting fatty acids in cells. This study develops a biosynthetic system to
dynamically redirect malonyl-CoA flux and improve production of malonyl-CoA derived
polyketide (6-MSA) in Komagataella phaffii. A synthetic regulatory protein fusing a yeast activator
Prm1 with a bacterial repressor FapR was proved to work with a hybrid promoter (-7)fapO-cPaox1
and activate gene expression. Expression mode by the Prm1-FapR/(-7)fapO-cPaox1 device was not
affected by intracellular malonyl-CoA levels. Further, 9 promoter variants of Pgap with insertion of
fapO at various sites were tested with the Prm1-FapR. It generated a biosensor of Prm1-FapR/Pgap-
(+2)fapO with regulation behavior of malonyl-CoA-low-level repression/high-level derepression.
Both devices were subsequently integrated into a single cell, for which fatty acid synthesis module
was driven by Prm1-FapR/Pgap-(+2)fapO but 6-MSA synthesis module was expressed by Prm1-
FapR/(-7)fapO-cPaox1. The integrated system allowed continuous polyketide synthesis but malonyl-
CoA-high-level “on”/low-level “off” fatty acid synthesis. This design finally increased 6-MSA
production capacity by 260%, proving the positive effects of dynamic malonyl-CoA distribution to
the target compounds. It provides a new strategy for synthesis of malonyl-CoA derived compounds

in eukaryotic chassis hosts.

Keywords: Komagataella phaffii; FapR/fapO; Malonyl-CoA; Dynamic control; Synthetic biology
1. Introduction

With the development of synthetic biology, heterologous production of bioactive compounds
in a chassis host has been commonly used (Galanie et al., 2015). However, precursor deficiency in
cells often limits the final productivity of these compounds (Nielsen and Keasling, 2016). Malonyl
coenzyme A (malonyl-CoA) is a basic building block for the biosynthesis of various value-added
bioactive chemicals such as polyketide and flavonoid (Johnson et al., 2017). However, the flux of
intracellular malonyl-CoA is strictly controlled because malonyl-CoA is also the precursor of fatty
acids (FAs) and lipids, which are essential for life support (Li et al., 2015; Pitera et al., 2007). With
a certain amount of malonyl-CoA, cells will preferentially produce FAs rather than other derivatives ,

leading to high difficulty in artificial regulation and affecting the synthesis of a series of downstream
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compounds (Li et al., 2015; Pitera et al., 2007).

For metabolic regulation, dynamic control is an effective strategy that can increase the
productivity of engineered strains and make them more robust to the changing conditions (Holtz
and Keasling, 2010). It allows cells equipped with engineered sensing system regulating
input/output flux dynamically (Holtz and Keasling, 2010). The synthetic cells would respond to
variation of a key intermediate inside the cell and regulate the target and competitive pathways
accordingly (Holtz and Keasling, 2010). To present, use of dynamic control to improve biosynthesis
of value-added chemicals has achieved good progress in Escherichia coli. A typical work has been
reported that a regulatory circuit sensing acetyl phosphate was designed and used to improve
lycopene biosynthesis in E. coli (Farmer and Liao, 2000). An acyl-CoA responsive system (Zhang
etal., 2012) and an oscillatory malonyl-CoA metabolism (Xu et al., 2014) were reported to increase
the production of FAs or their derivatives in E. coli. But till now, design of dynamic metabolic
control in yeast or higher eukaryotic microorganisms is still quite limited (David et al., 2016; Li et
al., 2015).

The methylotrophic yeast, Komagataella phaffii (syn Pichia pastoris), is often used as an
excellent chassis cell to produce heterologous proteins due to its easy-culture, high-density growth,
intensive expression capacity and post-translational modification (Schwarzhans et al., 2017; Pefia
et al., 2018; Yang and Zhang, 2018). Recently, it is also recognized as good chassis host for
production of small molecule pharmaceuticals such as polyketides (Schwarzhans et al., 2017; Pefia
etal., 2018; Yang and Zhang, 2018). In cells, inadequate malonyl-CoA usually limits the production
capacity of its derived bioactive compounds (David et al., 2016; Johnson et al., 2017). Thus,
engineering of malonyl-CoA metabolism has been widely concerned to improve the product titer
(David et al., 2016; Johnson et al., 2017). It was reported that the bacterial regulatory protein FapR
could bind with malonyl-CoA, which then hampered the binding of FapR with its operator fapO
and regulated gene transcription (Schujman et al., 2003; 2006). In our previous work, we
constructed a synthetic malonyl-CoA metabolic oscillator that recurrently regulates malonyl-CoA
source pathway and sink pathway for 6-methylsalicylic acid (6-MSA, a model fungal polyketide)
synthesis in K. phaffii (Wen et al., 2020). Nevertheless, the resulted “on” and “off” states of gene

expression caused less accumulation of 6-MSA synthase (AtX) than the constitutive expression,



leading to a low 6-MSA level (Wen et al., 2020). As polyketide and FAs competitively use malonyl-
CoA as a key precursor, regulation of FAs synthesis might benefit production of polyketide. The
synthesis of cytosolic FAs in yeast is mainly carried out by the fatty acid synthase (Fas) with Fasl
and Fas2 subunits (Inokoshi et al., 1994; Tehlivets et al., 2007). Fasl and Fas2 are often present in
equimolar amounts in Fas complex, however, the activity of Fas holoenzyme is mainly determined
by the amount of Fasl (Inokoshi et al., 1994; Tehlivets et al., 2007). Therefore, regulation of Fasl
expression might achieve the purpose of regulating FAs biosynthetic pathway.

In this study, we proposed an improved strategy that involves a malonyl-CoA independent
expression of AtX and malonyl-CoA dependent expression of Fas (Fasl). Accordingly, 6-MSA
biosynthetic pathway will always keep “on”, but its competitive pathway for FAs synthesis will only
be “on” with high-level malonyl-CoA but “off” with low-level malonyl-CoA. By this design, the
engineered cells will preferentially use malonyl-CoA for 6-MSA synthesis. The developed gene
circuits are useful for potential biosynthetic applications of malonyl-CoA derived compounds not

limited by natural cellular behavior.
2. Materials and methods
2.1. Materials and molecular agents

The plasmid pPGG (AmpR expression cassette removed from the pP1C3.5K) was constructed
previously (Wang et al., 2016). Other materials and molecular agents are the same as our previous

study (Wen et al., 2020).
2.2. Construction of plasmids and strains

For expression of the fused regulator Prml-FapR, a fragment Prml-FapR cloned from
pAG_Prm1-FapR (Wen et al., 2020) by primer pair of IPFF/IPFR was fused with the Pic.1 promoter
(cloned by primer pair of IF/IR from K. phaffii genome), generated a plasmid of pAG_Pc.1-Prm1-
FapR. Then this plasmid was linearized by primer pair of ICL1-linear-F/ICL1-linear-R and
transformed into K. phaffii GS115, resulting in the strain named GS_IPF. This strain was used as a
parent strain for further construction. The plasmid of pGZB_P¢ap-(+2)fapO-eGFP (Wen et al., 2020)
was linearized by BspQI and transformed into the GS_IPF strain, giving a strain of GS_IPF_Pgap-

(+2)fapO-eGFP. For strains with fapO inserted at various locations, their construction procedure
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referred to the GS_IPF_Pgap-(+2)fapO-eGFP. Similarly, the pGZB_(-7)fapO-cPaox1-eGFP plasmid
(Wen et al., 2020) was linearized by BspQI and transformed into the GS_IPF strain, giving a strain
of GS_IPF_(-7)fapO-cPaox1-eGFP. The linearized pGZB_Pgap-(+2)fapO-eGFP and pGZB (-
T)fapO-cPaox1-eGFP plasmids were integrated into K. phaffii GS115 genome at the GAP site. We
added GAP additionally, as there is no GAP homologous sequence in the pGZB_(-7)fapO-cPaoxi-
eGFP plasmid (Wen et al., 2020). All transformations were identified and confirmed by PCR and
gene sequencing. Strains carrying single copy of each specific cassette were selected for analysis.
To construct the biosynthetic pathway of a model fungal polyketide 6-methylsalicylic acid (6-
MSA) (Wattanachaisaereekul et al., 2007), atX and npgA gene fragments were firstly obtained from
the strain of GS_XN (Xu et al., 2019) by primer pairs of atXF2/atXR2 and npgAF2/ngpAR2,
respectively. A plasmid backbone was then cloned from the pGZB_(-7)fapO-cPaoxi-€GFP by
primer pair of fcaF/fcaR or fcnF/fcnR, which was then fused with the obtained atX or npgA and
generated the plasmid of pGZB_(-7)fapO-cPaoxi-atX or pGZB_(-7)fapO-cPaoxi-NgpA, respectively.
Then the (-7)fapO-cPaoxi-atX cassette was cloned by primer pair of atXcasF3/atXcasR3, and fused
into the Spel linearized pPICZ B, resulting in a plasmid of pZB_(-7)fapO-cPaoxi-atX. It was
linearized by Spel again and fused with (-7)fapO-cPaoxi-ngpA cloned from the pGZB_(-7)fapO-
cPaoxi-ngpA by primer pair of atXcasF3/atXcasR3, which generated a plasmid of pZB_(-7)fapO-
cPaoxi-atX+ngpA finally. The plasmid was linearized by Pmel and integrated into the genome of K.
phaffii GS115 and GS_IPF at AOX1 site to give strains of GS_(-7)fapO-cPaox1-AtX+NpgA and
GS_IPF_(-7)fapO-cPaoxi-AtX+NpgA, respectively. For construction of pZB_Picii-atX-ngpA, a
fragment of Pic1 was firstly obtained from K. phaffii genome by primer pair of IF3/IR3 or IF4/IR4,
respectively. Plasmid backbone was then cloned from the pGZB_Pgap-atX or pGZB_Pgap-ngpA by
primer pair of laF/laR or InF/InR, which was then fused with the obtained Pic.1 fragments,
generating the plasmid of pGZB_Picr1-atX or pGZB_PicL1-ngpA, respectively. Then the Picri-atX
cassette was cloned by primer pair of atXcasF2/atXcasR2, and fused into the Spel linearized pPICZ
B, resulting in a plasmid of pZB_PicL1-atX. It was linearized by Spel again and fused with Pici1-
ngpA cloned from pGZB_PicLi-ngpA by primer pair of atXcasF2/atXcasR2, which generated
pZB_PicLi-atX+ngpA finally. It was then linearized by Pmel and integrated into the K. phaffii GS115

genome at AOX1 site to give the GS_PcL1-AtX+NpgA strain. To construct the fasl pathway, fasl*



(the upstream 1200 bp of the native fasl, GenBank accession no. NC012963) was cloned from K.
phaffii genome by primer pair of faslupF/faslupR and fused into pPGG backbone cloned by primer
pair of GfF/GfR, producing a plasmid of p3.5K*_Pgap-fasl*. For construction of p3.5K* Pgap-
(+2)fapO-fasl*, the Pgap-(+2)fapO fragment was firstly obtained from the pGZB_Pgap-(+2)fapO-
eGFP plasmid by primer pair of 2GF/2GR, which was fused into the p3.5K*_Pgap-fasl* backbone
by primer pair of GffF/GffR by seamless cloning, producing a plasmid of p3.5K*_Pgap-(+2)fapO-
fasl*. Then they were linearized by primer pair of fas1-linear-F/fas1-linear-R and transformed into
the GS_IPF_(-7)fapO-cPaox1-AtX+NpgA strain, resulting in the final strain of GS_IPF_(-7)fapO-
CProx1-AtX+NpgA _Pcap-Fasl  (control) and  GS_IPF _(-7)fapO-cPaoxi-AtX+NpgA Pcap-
(+2)fapO-Fasl (dynamic). The native fasl gene in both strains were destroyed and allowed an intact
fasl driven by Pgap or Peap-(+2)fapO solely. All the primers were listed in Appendix A. Table S1.
Information of all the constructed strains was shown in Appendix A. Table S2. The hybrid promoters

with fapO inserted at different sites were listed in Appendix A. Table S3.
2.3. Evaluation of the engineered biological devices and quantification of 6-MSA

For evaluation of the engineered biological devices, 12 mg/L cerulenin was added to the broth
to force cells to accumulate malonyl-CoA after the constructed strains were grown at 30°C and 200
rpm for about 12 h in YNE (1.34% YNB+1% ethanol) medium (Wen et al., 2020). The fluorescence
intensity of eGFP was used to characterize the activity of the engineered biological devices, which
was performed following the procedures we reported (Wen et al., 2020). For 6-MSA quantification,
strains were grown (200 rpm, 30°C) in YNE medium after seed preparation, 6-MSA was extracted
every 24 h till 96 h. The extraction and quantification of 6-MSA were performed following the

procedures we reported (Wen et al., 2020). All experiments were performed in triplicates.

2.4. Statistical analysis

The data were obtained from three biological replicates assayed in duplicate or triplicate. The
independent-sample t-test was used to analyze the differences among grouped data. Statistical

significance was assessed at P<0.05.

3. Results and discussion



3.1. Construction of 6-MSA synthase expression module independent of malonyl-CoA regulation

We previously developed a series of transcriptional signal activation devices named Prm1-
FapR/fapO-cPaox1, for which 18 hybrid promoter variants that carrying the operator sequence (fapO)
of FapR were constructed. The Prml-FapR fusion protein then converted the bacterial
transcriptional repressor FapR to a yeast transcriptional activator (Fig. 1A). For this, Prm1-FapR
binds to fapO, recruiting RNA polymerase for the hybrid promoter of fapO-cPaox1 (Wen et al., 2020).

For K. phaffii, its cytosolic malonyl-CoA easily reached a high level when culturing on ethanol
(Liu et al., 2019). Thus, it is beneficial for polyketide production using ethanol as substrate in this
yeast (Liu et al., 2019). As the expression of transcription factor will influence the intensity of
activation (D’Ambrosio and Jensen, 2017), we then used an ethanol-inducible promoter Pici1
(Menendez et al., 2003) to drive Prm1-FapR expression. The intensity of Pic.1 reached about 7 times
as that of the Pprm1 (Wen et al., 2020) when using eGFP as a reporter (Appendix A. Fig. S1). The
resulted transcriptional signal activation device Pic1i_Prml-FapR/(-7)fapO-cPaox1 achieved strong
activation effect and led to high levels of eGFP (Fig. 1B). Different from the malonyl-CoA
dependent device of Pprmi_Prml-FapR/(-52)fapO-cPaox1 (Wen et al., 2020), the eGFP expression
by the PicL1_Prm1-FapR/(-7)fapO-cPaoxi with fapO located 6 bp upstream of cPaox1 (Appendix A.
Table S3) was almost not affected by cerulenin (12 mg/L). As is known, cerulenin can block
FAs/polyketide biosynthetic pathway and force cells to accumulate malonyl-CoA (Schujman et al.,
2006; 2008). The unchanged eGFP expression implied that the device was not affected by variation
of intracellular malonyl-CoA level (Fig. 1C). Also, the expression of eGFP by the Pici 1 Prml-
FapR/(-7)fapO-cPaox1 reached about two folds of that by the Pic.1 (Fig. 1B). The transcriptional
signal amplification effect was further verified by 6-MSA biosynthesis. The 6-MSA synthase (AtX)
and phosphopantetheinyl transferase (NpgA) were expressed by the Pici1Prml-FapR/(-7)fapO-

cPaox, resulting 6-MSA production of about two folds as that by the Pici1 (Fig. 1D).

3.2. Construction of FAs synthase expression module dynamically regulated by malonyl-CoA

Malonyl-CoA acts as a key precursor for biosynthesis of both FAs and polyketide. However,
the inadequate malonyl-CoA in cells usually limits the production capacity of malonyl-CoA derived

chemicals (David et al., 2016; Johnson et al., 2017). Therefore, it is necessary to regulate FAs



synthesis, which allows cells preferentially use malonyl-CoA for synthesis of polyketide but not
FAs. However, as FAs play critical roles in life support (Li et al., 2015; Pitera et al., 2007), it is not
sensible to knock out the FAs synthetic pathway absolutely. We then conceive a strategy that
repressing FAs synthesis under low malonyl-CoA level and activating it when malonyl-CoA is
sufficient. In theory the cells will synthesize polyketide continuously but only allow FAs synthesis
when malonyl-CoA is adequate.

In our previous work, we constructed a series of malonyl-CoA sensors named Prml-
FapR/Pgap-fapO, for which 24 promoter variants of the Pcap promoter with insertion of fapO inside
were designed (Wen et al., 2020). Therein, the Prm1-FapR binds to fapO and highly repressed the
promoter activity at low malonyl-CoA level when fapO inserted at -2~+27 site relative to the Pgap
TATA-box. The derepression behavior then happened with increased malonyl-CoA level by
cerulenin (Wen et al., 2020). Therefore, these sensors could be used for our dynamic control of FAs
synthesis in this work. While expression of Prm1-FapR was driven by the Pici1 but not the previous
Permz in this work, we then integrated the PicL1_Prm1-FapR and Pgap-fapO with fapO at -2~+27,
respectively (Fig. 2A). The eGFP fluorescence intensity of each construct was shown in Fig. 2B. As
discussed above, synthesis of FAs should not be absolutely blocked. On the other hand, FAs
synthesis is competitive to the production of target compound, thus its biosynthetic pathway should
not be strong. Thus, the PicLi_Prml-FapR/Pgap-(+2)fapO with the lowest eGFP fluorescence
intensity was selected as the potential sensor for the control of FAs biosynthesis. We further verified
the malonyl-CoA dependent repression/de-repression regulation mode of this biosensor. The eGFP
expression by the PicLi_Prml-FapR/Peap-(+2)fapO was repressed by 65% compared with that by
the Pgap-(+2)fapO solely (Fig. 2C). However, when 12 mg/L cerulenin was added, a remarkable
derepression effect was observed. The increased malonyl-CoA level by cerulenin released eGFP
expression by 110% (Fig. 2C). Therefore, this malonyl-CoA dependent repression/de-repression

sensor can be applied for the dynamic control of FAs biosynthesis.

3.3. Integration of the malonyl-CoA independent 6-MSA synthase expression module and dependent

FAs synthase expression module

Theoretically, with the above synthetic gene circuits the malonyl-CoA flux will be redirected

from synthesis of FAs toward 6-MSA, while the FAs pathway will be finetuned by varying malonyl-
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CoA. It should lead to a more efficient biosynthetic system for 6-MSA. To verify it, we then
integrate two synthetic devices into a single cell. For this, the malonyl-CoA sink pathway (6-MSA
synthase and phosphopantetheinyl transferase encoded by atX and npgA respectively) was placed
under the control of the PicL1_Prm1-FapR/(-7)fapO-cPaox1; A cassette of Peap-(+2)fapO-fasl* was
inserted into the upstream of genomic fasl, which destroyed the endogenous fasl and allowed an
intact fasl controlled by the PicL1_Prm1-FapR/Pgap-(+2)fapO for FAs synthesis (Fig. 3A).

Accordingly, the malonyl-CoA independent device was employed to drive 6-MSA production
and the malonyl-CoA sensor was used for the dynamic control of FAs synthesis. When the substrate
in medium is sufficient, the increased malonyl-CoA will promote binding of malonyl-CoA to Prm1-
FapR and in turn facilitate dissociation of Prm1-FapR from Pgap-(+2)fapO. It will switch on fasl
expression and improve FAs synthesis for cell support. On the other hand, when the substrate in
medium is inadequate, the limited malonyl-CoA will enable binding of Prml1-FapR to Pgap-
(+2)fapO. It will switch off fas1 expression and FAs synthesis, which leaves more malonyl-CoA for
6-MSA synthesis. We compared two strains with fasl expression driven by the native Pgap (control)
without fapO and the malonyl-CoA sensor with Pgap-(+2)fapO (dynamic). The engineered strain
achieved a 6-MSA production of 9.8 mg/g dry cell weight (DCW) at 96 h, which was 2.6-fold higher
than that of the control strain (Fig. 3B). Also, cell growth during the culture showed no significant
differences (Appendix A. Fig. S2), indicating the engineered regulation of FAs synthesis could be
fine for life support of yeast cells.

Till now, malonyl-CoA biosensor and its based dynamic control are seldom reported in yeast
and other eukaryotes. In a previous work, David et al. (2016) operated intracellular malonyl-CoA
level by glucose control, by which the varying malonyl-CoA directly switch on/off biosynthetic
pathway of its derived product of 3-hydroxypropionic acid. This study proposed a different strategy
that cells automatically sensing malonyl-CoA levels in order to switch on/off the competitive
pathway of the malonyl-CoA derived target compound. By this strategy, cells can not only produce
FAs for life support but also avoid excessive FAs generation, which redirects malonyl-CoA flux to
promote 6-MSA synthesis. The developed biosynthetic system could also be used for dynamic
distribution of malonyl-CoA flux for regulation of other malonyl-CoA derived chemicals. Besides,

as a hon-conventional yeast, K. phaffii has been widely used in protein expression for both academic



and industrial purpose. This strain holds various merits such as high cell density, easy culture, strong
expression capacity, stable inheritance and mild glycosylation, which allows it an excellent host for
protein expression (Gasser et al., 2013). These advantages also make it a potential chassis host for
synthetic biology. Moreover, its good methanol-utilizing ability endows it a promising chassis host
for biotransformation of methanol and other one-carbon substrates (Liu et al., 2018). However, the
lack of tools for genetic operation and expression control severely limit its use in this area (Wagner
and Alper, 2016). This work provides useful biological elements and devices that can be applied for

fine-tuning expression control of synthetic pathways in K. phaffii.

4. Conclusion

This study reports an engineered dynamically controlled yeast biosynthetic system for
improving biosynthesis of malonyl-CoA derived bioactive chemicals. This system allows
continuous polyketide synthesis but automatically controlled competitive and essential FAs
synthesis. The improved polyketide production proved the optimal distribution of malonyl-CoA
flux to the target compounds. It provides an applicable method for efficient synthesis of malonyl-

CoA derived compounds in eukaryotic chassis hosts.
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Fig. 1. Construction and analysis of the malonyl-CoA independent biological device of
Picui_Prml-FapR/(-7)fapO-cPaoxi. (A) Construction scheme of the device. The grey arrow
represents activation. (B) Expression of eGFP by (-7)fapO-cPaoxi, PicL1, and Picis_Prml-FapR/(-
T)fapO-cPaoxi, respectively. n.s., statistically not significance. (C) Expression of eGFP was not
affected by increased malonyl-CoA level by cerulenin (12 mg/L). (D) Production of 6-MSA by (-
T7)fapO-cPaox1, Pictr and Picri_Prml-FapR/(-7)fapO-cPaox1, respectively. (-7)A represents (-
T)fapO-cPaoxi; (-7)A+PF represents Picra_Prml-FapR/(-7)fapO-cPaoxi. The fused transcription
regulator Prm1-FapR was expressed by the promoter of Picr1. The hybrid promoter with fapO was
shown in Appendix A. Table S3. All the error bars represent the standard deviation of three
biological replicates assayed in triplicate. Statistical significance of the eGFP fluorescence intensity

or 6-MSA production by the (-7)A+PF to that by the (-7)A or Pc.1 is at *P<0.05 at each time point.
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Fig. 2. Construction and analysis of the malonyl-CoA dependent biosensor of Picii_ Prml-
FapR/Pgap-(+2)fapO. (A) Construction scheme of the sensor. The T lines means repression. (B) The

eGFP fluorescence intensity expressed by various biological devices with fapO inserted at different
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sites in Pgap. (+2)G means Pgap-(+2)fapO; PF means the Prm1-FapR expressed by the promoter of
Picui. The number indicates different fapO locations relative to the TATA box of Pgap (refer to
Appendix A. Table S3). Statistical significance of the eGFP fluorescence intensity by the (+2)G+PF
to the other devices is at *P<0.05 at each time point. (C) Repression/derepression regulation mode
of the biosensor. The hybrid promoter of (+2)G was repressed the PF, while it was further
derepressed by the increased malonyl-CoA level by cerulenin (12 mg/L). Statistical significance of
the eGFP fluorescence intensity by the (+2)G+PF to (+2)G or (+2)G+cerulenin is at *P<0.05 at 18

h. All the error bars represent the standard deviation of three biological replicates assayed in

triplicate.
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Fig. 3. Production of 6-MSA by the strain with integration of the malonyl-CoA independent 6-MSA
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synthesis module and dependent fatty acid synthesis module. (A) Construction scheme of the
dynamic control strain. Specific function of each device referred to Fig. 1A and Fig. 2A. The
malonyl-CoA dependent biosensor in Fig. 2A was used to control fatty acid synthesis; the malonyl-
CoA independent biological device in Fig. 1A was used to control 6-MSA synthesis. (B)
Comparison of 6-MSA production by the control strain [(-7)A+PF+AtX+NpgA/G+PF+Fas] and
dynamic strain [(-7)A+PF+AtX+NpgA/(+2)G+PF+Fas]. Strain construction and designation
referred to Fig. 1 and Fig. 2. Statistical significance of 6-MSA production by the dynamic strain to
the control strain is at *P<0.05 at each time point. All the error bars represent the standard deviation
of three biological replicates assayed in triplicate. Fasl, fatty acid synthase; AtX, 6-MSA synthase;

NpgA, phosphopantetheinyl transferase.
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