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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Paolicies and the Editorial Policy Checklist.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a | Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.
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A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

X LI

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

XXX [ [ XX
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Agilent HPLC 1260 with HPX-87H column (Bio-Rad, Hercules, CA) for metabolites analysis; SBA-40ES biological sensing analyzer (Institute of
Biology, Shandong Academy of sciences, China) for glucose detection; Fusion FX6 Imaging System (Vilber, France) for protein signal detection;
Applied Biosystems QuantStudio 1 (Applied Biosystems) for qRT-PCR; A gas analysis system (BCP, BlueSens, Germany) for the detection of CO2
emissions; BD FACSAria Fusion flow cytometer (BD Biosciences) for single-cell level fluorescence measurements. A gas chromatography mass
spectrometry (GC-MS) system (GCMS-QP2020 NX, Shimadzu) for isotope labelling analysis; Multimode microplate reader (Spark, Tecan) for
the assay of cell growth and fluorescence intensity.

Data analysis Microsoft Excel 2019 was used to analyze the biomass, concentration and subsequent plotting were carried out using OriginPro 2022
(OriginLab) and Graphpad Prism 10 (Graphpad). The illustrations and layouts were generated with Adobe lllustrator 2023. The spacers of
gRNA were designed by sgRNAcas9 3.0. The fluorescence intensities were determined by using magellan 3.0 (Tecan). MUSCLE 5 and ESPript 3
were employed to perform sequence alignment and visualization, respectively. ImageJ 1.53t was used to quantify colony diameters. Nucleic
Acids Package (NUPACK) (https://nupack.org) was used for structure prediction and Gibbs free energy calculations, and VARNA (https://
varna.lisn.upsaclay.fr) for secondary structure plotting.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The data supporting the findings of this work are available within the paper and the Supplementary Information files. The plasmids used in this study
(Supplementary Data 1), strains (Supplementary Data 2), primers (Supplementary Data 3), the all sequences and accession numbers of used genes, promoters, RNAs
and operators (Supplementary Data 4). Source data are provided with this paper.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Our article contains no sex/gender related topics, therefore such information is irrelevant to our article.

Reporting on race, ethnicity, or N/A
other socially relevant

groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The strain growth assay, enzyme activity assay, fluorescence intensity assay, and concentration assay of multiple compounds including acetyl-
CoA, acetate, ethanol, mevalonate, polyhydroxybutyrate and 3-hydroxypropionate were performed at least three replicates. Two
independent biological samples with three technical repeats for each sample were performed for each gRT-PCR analysis. Sample size was
determined based on the previous experience and the majority of other metabolic engineering publications by Nature journals (e.g. Srinivasan
et al Nature. 2020, Xu et al Nature Communications. 2026). It is sufficient to confirm that results did not vary and were consistent.

Data exclusions  No data were excluded for the analyses.
Replication All the biochemical and biological experiments were performed at least twice, with ability to obtain similar results.

Randomization  The samples of bacterial cultures that were split into different conditions were random samplings, and there is no control over which cells will
be selected. And pipet tips were used to scoop few cells for culturing, the scooping locations are all random.

Blinding Blinding is not relevant to our study because none of our data is based on qualitative scoring metrics nor does it involve animals or human
research participants. As described in the above section for randomization, blinding during group allocation is irrelevant because the samples
of bacterial cultures that were split into different conditions were random samplings and there is no control over which cells will be selected
and thus, no bias during group allocation.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
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Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

Flow Cytometry

Plots

Confirm that:
The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
All plots are contour plots with outliers or pseudocolor plots.

|Z| A numerical value for number of cells or percentage (with statistics) is provided.

Methodology
Sample preparation For flow cytometry analysis, 1 mL cultured cells were taken and washed three times with phosphate-buffered saline (PBS).
Then, the cells were resuspended to an OD600 of 0.3.
Instrument BD FACSAria Fusion (BD Biosciences)
Software BD FACSDiva v8.0 for collection; FlowJo v10.6 for data analysis.
Cell population abundance Typical samples contained 10000 or more cells.
Gating strategy After completion of sample preparation, cells were filtered through a 30-40 mesh filter and used for sample loading. A 70 pm

nozzle was used, with a sheath fluid pressure of 85 psi. Then, the events were gated based on forward and side scatters to
reduce false events, and at least 10000 events were collected for the analysis of each sample.

|Z| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.




