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Data analysis

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
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- 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
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Reporting on sex and gender
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Life sciences study design
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Sample size

Data exclusions

Replication

Randomization

Blinding

No custom code used

Basic statistical analysis was performed using Microsoft Excel 2016 (version 16.0.4266.1001).

Figures and plots were made using Adobe Illustrator CC 2021 (version 25.2.1) and PowerPoint 2016 (version 16.0.4266.1001).

Geometric structures of compounds were generated by ChemDraw (version 17.0).

HKL3000 (version 721.3) was used for X-ray data processing, PHENIX (version 1.19.2-4158) and COOT (version 0.9.6 EL) for structure
determination, refinement and model building, and PyMol (version 2.3.2) for preparation of structural figures.

DFT optimization was performed for structures of substrates and amino acids with Gaussian16 (Revision A.03).

Proteome Discoverer (Thermo, version 1.4) was used for database search.

Automated molecular docking was performed by running AutoDock vina (version 1.5.7).

Atomic coordinates and structure factors for substrate-free PikCH238pAcF, 4-bound PikCH238pAcF, 5-bound PikCH238pAcF and 6-bound PikCH238pAcF have been
deposited in the Protein Data Bank under the accession numbers 7XBM, 7XBN, 8GUE and 7XBO, respectively. Previously published structures used in this study
include PDB IDs: 2BVJ (the crystal structure of ligand-free PikCWT), 2C6H (the crystal structure of 4-bound PikCWT), 2C7X (the crystal structure of 5-bound PikCWT),
2VZ7 (the crystal structure of 4-bound PikCD50N), and 2VZM (the crystal structure of 5-bound PikCD50N). All other relevant data supporting the findings of this
study are available in Supplementary Information. Source data are provided as a Source Data file.
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Following common practice, the enzyme activities of wild type and each mutants were independently determined in triplicate.

No data exclusions

Three independent experiments were conducted, and all attempts at replication were successful. The representative results are displayed in
Figure 3b.

According to the purpose of the experiments, the samples were allocated to three conditions for testing. Condition 1: the reaction conditions
for screening mutants; Condition 2: the reaction conditions for improving substrate conversions; Condition 3: the reaction conditions for
glycosylation reactions.

All samples were labeled and assayed, and no blinding was applied to the present study.




