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1. [bookmark: _Toc54099610][bookmark: _Hlk527291137][bookmark: _Hlk534379263]General information
E. Coli BL21 strains harboring genes of SsCR and BmGDH were constructed previously and stored in our lab. The genes of CP and SP were synthesized from GenScript Co., Ltd (Nanjing, China). DNA primers were purchased from Generay Biotech Co., Ltd (Shanghai, China). All plasmid vectors, restriction enzymes and ligases were purchased from Takara Bio (Shanghai, China). Reagents for bacteria culture were purchased from Oxide and ThermoFisher (Shanghai, China) and used in strict accordance with officially specified requirements. DNA gel extraction kits, plasmid extraction kits and DNA purification kits were purchased from Aidlab Biotech (Beijing, China). NADPH and NADP+ were purchased from Bontac Bioengineering (Shenzhen, China), and reagents for preparing buffers were purchased from Sigma-Aldrich and Merck (Shanghai, China) without further treatment. Chiral gas chromatography was performed using a Shimadzu GC-2014 or a Shimadzu GC-2010 Pro equipped with a CP-Chirasil-Dex CB column (25 m ×0.25 mm×0.39 mm, Varian) and a flame ionization detector (FID). Fluorescence images of NADPH recycle in P22-enzyme nanoreactors were taken using a Nikon A1R+ laser scanning confocal microscope. High resolution mass spectra (HRMS) were obtained by electro spray ionization (ESI) and the errors between observed and theoretical monoisotopic molecular masses were less than 5 ppm. Column chromatography was carried out by using a silica gel of 200-300 mesh. n-Dodecane was used as an internal standard.
2. 
3. [bookmark: _Toc54099611]Preparation and characterization of P22-enzyme nanoreactors
[bookmark: _Toc54099612]2.1 Molecular cloning
[bookmark: OLE_LINK1]Genes encoding for SsCR, BmGDH and SP were cloned into a pRSFDuet-1 vector. Target genes were amplified with designed primers (Table S1) by polymerase chain reaction (PCR) using thermostable Taq polymerase following the recommendations provided by the supplier.
The gene of CP was amplified using CP-for-BamH I and CP-rev-Sac I, and BmGDH was amplified using BmGDH-for-Sal I and BmGDH-rev-Not I. The two genes were purified by agarose gel extraction prior to digestion with restriction enzymes and then ligated into the empty vector in turn. The gene of SsCR was amplified using SsCR-for-Nde I and SsCR-rev, and BmGDH was amplified using BmGDH-for and BmGDH-rev. SP was amplified using SP-for and SP-rev-Xho I. Then, overlapping PCR technology was used to link the three DNA together to form a complete gene block. The fused gene was purified by agarose gel extraction prior to digestion with Nde I and Xho I and then ligated into the P22-BmGDH-pRSFDuet-1 vector with T4 DNA Ligase according to the instructions provided by the supplier. Colonies transformed with the vector were screened by colony PCR and all hits were sequenced for verification. After obtaining the correct sequence, DNA was transformed into E. Coli BL21(DE3) for enzyme expression.

Table S1 Primers used for PCR amplification.
	CP-for-BamH I
	CGCGGATCCGATGGCTTTGAACGAA

	CP-rev-Sac I
	CGAGCTCTTACGCAGTCTGACCA

	BmGDH-for-Sal I
	ACGCGTCGACAAGGAGATATAATGTATAAAGATTTAG

	BmGDH-rev-Not I
	AAGGAAAAAAGCGGCCGCTTATCCGCGTCCT

	SsCR-for-Nde I
	GGGAATTCCATATGACTACCTCAGTTTTCG

	SsCR-rev
	ATCTTTATACATTGCTCCTCCGGTACCTCCGCCGCCTGCGGATCCACCTTGTACCTTCA

	BmGDH-for
	TGAAGGTACAAGGTGGATCCGCAGGCGGCGGAGGTACCGGAGGAGCAATGTATAAAGAT

	BmGDH-rev
	ATTGCTGCGACAGCTGCCGCGCGGCACCAGGGATCCTCCGCGTCCTGCTT

	SP-for
	AAGCAGGACGCGGAGGATCCCTGGTGCCGCGCGGCAGCTGTCGCAGCAAT

	SP-rev-Xho I
	CCGCTCGAGTTATCGGATTCCTTT

	BmGDH-GSAG4TG2A-SsCR-GSLVPRGS-SP

	BmGDH-for-NdeI
	GGGAATTCCATATGTATAAAGATTTAG

	BmGDH-rev 1
	TGAGGTAGTCATTGCTCCTCCGGTACCTCCGCCGCCTGCGGATCCTCCGCGTCCTGCTT

	BmGDH-for 2
	AAGCAGGACGCGGAGGATCCGCAGGCGGCGGAGGTACCGGAGGAGCAATGACTACCTCA

	SsCR-rev 2
	ATTGCTGCGACAGCTGCCGCGCGGCACCAGGGATCCACCTTGTACCTTCAAA

	SsCR-for3
	TTTGAAGGTACAAGGTGGATCCCTGGTGCCGCGCGGCAGCTGTCGCAGCAAT



[bookmark: _Toc54099613]2.2 Nucleotide sequences
The oligopeptide chains in the fusion are shown underlined.
(1) SsCR-(GGS)3-SP
ATGACTACCTCAGTTTTCGTTTCAGGTGCAACCGGTTACCTTGCCCAACAAATTATTGCACTTGTTCTCTCCAAGGGCTACAAGGTCGTTGGTTCGGTCAGATCTGAAGAAAAGGGTGCAAACTTAAAAAAATTGTATGGTGACGATTTCTCCTATGAAGTTGTCAAGGTCTTGGAACAGAAGGGTGCTTTCGATGAAGCCTTGAAGAAGCACCCAGAAGTTACAATTTTCTTACACACTGCCTCTCCAGTTACCTTCGAAGTTGAAGATACCGAAAAGGAAATCTTGATTCCTGCCATTAATGGAACAAAGTACGTCTTGCAATCTATCAAGGACGTTGCTCCTCAAATCACCAGAGTTGTTTACACCAGTTCTGTCGTTGCTATGAGCGTCCCAGAGGAATTAGGTAGCCCAGATGTGGTCCTCTCTGAAGCTTCTTGGAGTAGTCTCTCTTACGAGCAATCCAAGACTCATGGAGTTTTGGCTTACTTCGGTTCGAAGCAATTTGCTGAAAGGGCTGCATGGGAGTTTGTTGAACAGGAAAAGCCAAACTTTGCTCTCTCGACCGTAAACCCTGTCTACATTTTTGGTCCTCAAGCTAAGGACGAGGAAGTTAAGGGTACCTTGAACCTTTCTGCCGAAATGGTTAATTCCGTATTGAAGTTGAATAAGGACGACGATGTTCCAGCAACTACTGGTACTTTCATTGATGTTAGAGATGTGGCTAAAGCTCACCTTGCAGCCTTCGAAAAGGACGAAGCAAAGGGTGAAAGACTTCTCCTCTCTAACACCAGATTCAATGGTCAAACTCTTTTGGACGTTGTTAGAAAGAACTTCCCACAACTTGCTGACAAGCTTCCAGTTGGAAAGCCACATTCTGACGATTTCTCTGCTTTTAAGGAATGGAACGACAAGAAGACCAAGAAGATTCTTGGATTTGAATACTTCGACTTTGAAACTTCTGTTGTTGACTCAATCAAGCAAGTTTTGAAGGTACAAGGTGGAGGATCAGGAGGATCAGGAGGATCATGTCGCAGCAATGCCGTAGCAGAACAGGGCCGCAAGACTCAGGAGTTTACCCAGCAATCAGCGCAATACGTCGAAGCTGCCCGCAAACACTATGACGCGGCGGAAAAGCTCAACATCCCTGACTATCAGGAGAAAGAAGACGCATTTATGCAACTGGTTCCGCCTGCGGTTGGGGCCGACATTATGCGCCTGTTCCCGGAAAAGTCCGCCGCGCTCATGTATCACCTGGGGGCAAACCCGGAGAAAGCCCGCCAGTTACTGGCGATGGATGGGCAGTCCGCGCTGATTGAACTCACTCGACTATCCGAACGCTTAACTCTCAAGCCTCGCGGTAAACAAATCTCTTCCGCTCCCCATGCTGACCAGCCTATTACCGGTGATGTCAGCGCAGCAAATAAAGATGCCATTCGTAAACAAATGGATGCTGCTGCGAGCAAGGGAGATGTGGAAACCTACCGCAAGCTAAAGGCAAAACTTAAAGGAATCCGATAA
(2) SsCR-GSAG4TG2A-SP
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Hlk4415125]ATGACTACCTCAGTTTTCGTTTCAGGTGCAACCGGTTACCTTGCCCAACAAATTATTGCACTTGTTCTCTCCAAGGGCTACAAGGTCGTTGGTTCGGTCAGATCTGAAGAAAAGGGTGCAAACTTAAAAAAATTGTATGGTGACGATTTCTCCTATGAAGTTGTCAAGGTCTTGGAACAGAAGGGTGCTTTCGATGAAGCCTTGAAGAAGCACCCAGAAGTTACAATTTTCTTACACACTGCCTCTCCAGTTACCTTCGAAGTTGAAGATACCGAAAAGGAAATCTTGATTCCTGCCATTAATGGAACAAAGTACGTCTTGCAATCTATCAAGGACGTTGCTCCTCAAATCACCAGAGTTGTTTACACCAGTTCTGTCGTTGCTATGAGCGTCCCAGAGGAATTAGGTAGCCCAGATGTGGTCCTCTCTGAAGCTTCTTGGAGTAGTCTCTCTTACGAGCAATCCAAGACTCATGGAGTTTTGGCTTACTTCGGTTCGAAGCAATTTGCTGAAAGGGCTGCATGGGAGTTTGTTGAACAGGAAAAGCCAAACTTTGCTCTCTCGACCGTAAACCCTGTCTACATTTTTGGTCCTCAAGCTAAGGACGAGGAAGTTAAGGGTACCTTGAACCTTTCTGCCGAAATGGTTAATTCCGTATTGAAGTTGAATAAGGACGACGATGTTCCAGCAACTACTGGTACTTTCATTGATGTTAGAGATGTGGCTAAAGCTCACCTTGCAGCCTTCGAAAAGGACGAAGCAAAGGGTGAAAGACTTCTCCTCTCTAACACCAGATTCAATGGTCAAACTCTTTTGGACGTTGTTAGAAAGAACTTCCCACAACTTGCTGACAAGCTTCCAGTTGGAAAGCCACATTCTGACGATTTCTCTGCTTTTAAGGAATGGAACGACAAGAAGACCAAGAAGATTCTTGGATTTGAATACTTCGACTTTGAAACTTCTGTTGTTGACTCAATCAAGCAAGTTTTGAAGGTACAAGGTGGATCCGCAGGCGGCGGAGGTACCGGAGGAGCCTGTCGCAGCAATGCCGTAGCAGAACAGGGCCGCAAGACTCAGGAGTTTACCCAGCAATCAGCGCAATACGTCGAAGCTGCCCGCAAACACTATGACGCGGCGGAAAAGCTCAACATCCCTGACTATCAGGAGAAAGAAGACGCATTTATGCAACTGGTTCCGCCTGCGGTTGGGGCCGACATTATGCGCCTGTTCCCGGAAAAGTCCGCCGCGCTCATGTATCACCTGGGGGCAAACCCGGAGAAAGCCCGCCAGTTACTGGCGATGGATGGGCAGTCCGCGCTGATTGAACTCACTCGACTATCCGAACGCTTAACTCTCAAGCCTCGCGGTAAACAAATCTCTTCCGCTCCCCATGCTGACCAGCCTATTACCGGTGATGTCAGCGCAGCAAATAAAGATGCCATTCGTAAACAAATGGATGCTGCTGCGAGCAAGGGAGATGTGGAAACCTACCGCAAGCTAAAGGCAAAACTTAAAGGAATCCGATAA
(3) SsCR-(G4S)3-SP
ATGACTACCTCAGTTTTCGTTTCAGGTGCAACCGGTTACCTTGCCCAACAAATTATTGCACTTGTTCTCTCCAAGGGCTACAAGGTCGTTGGTTCGGTCAGATCTGAAGAAAAGGGTGCAAACTTAAAAAAATTGTATGGTGACGATTTCTCCTATGAAGTTGTCAAGGTCTTGGAACAGAAGGGTGCTTTCGATGAAGCCTTGAAGAAGCACCCAGAAGTTACAATTTTCTTACACACTGCCTCTCCAGTTACCTTCGAAGTTGAAGATACCGAAAAGGAAATCTTGATTCCTGCCATTAATGGAACAAAGTACGTCTTGCAATCTATCAAGGACGTTGCTCCTCAAATCACCAGAGTTGTTTACACCAGTTCTGTCGTTGCTATGAGCGTCCCAGAGGAATTAGGTAGCCCAGATGTGGTCCTCTCTGAAGCTTCTTGGAGTAGTCTCTCTTACGAGCAATCCAAGACTCATGGAGTTTTGGCTTACTTCGGTTCGAAGCAATTTGCTGAAAGGGCTGCATGGGAGTTTGTTGAACAGGAAAAGCCAAACTTTGCTCTCTCGACCGTAAACCCTGTCTACATTTTTGGTCCTCAAGCTAAGGACGAGGAAGTTAAGGGTACCTTGAACCTTTCTGCCGAAATGGTTAATTCCGTATTGAAGTTGAATAAGGACGACGATGTTCCAGCAACTACTGGTACTTTCATTGATGTTAGAGATGTGGCTAAAGCTCACCTTGCAGCCTTCGAAAAGGACGAAGCAAAGGGTGAAAGACTTCTCCTCTCTAACACCAGATTCAATGGTCAAACTCTTTTGGACGTTGTTAGAAAGAACTTCCCACAACTTGCTGACAAGCTTCCAGTTGGAAAGCCACATTCTGACGATTTCTCTGCTTTTAAGGAATGGAACGACAAGAAGACCAAGAAGATTCTTGGATTTGAATACTTCGACTTTGAAACTTCTGTTGTTGACTCAATCAAGCAAGTTTTGAAGGTACAAGGTGGAGGAGGAGGATCAGGAGGAGGAGGATCAGGAGGAGGAGGATCATGTCGCAGCAATGCCGTAGCAGAACAGGGCCGCAAGACTCAGGAGTTTACCCAGCAATCAGCGCAATACGTCGAAGCTGCCCGCAAACACTATGACGCGGCGGAAAAGCTCAACATCCCTGACTATCAGGAGAAAGAAGACGCATTTATGCAACTGGTTCCGCCTGCGGTTGGGGCCGACATTATGCGCCTGTTCCCGGAAAAGTCCGCCGCGCTCATGTATCACCTGGGGGCAAACCCGGAGAAAGCCCGCCAGTTACTGGCGATGGATGGGCAGTCCGCGCTGATTGAACTCACTCGACTATCCGAACGCTTAACTCTCAAGCCTCGCGGTAAACAAATCTCTTCCGCTCCCCATGCTGACCAGCCTATTACCGGTGATGTCAGCGCAGCAAATAAAGATGCCATTCGTAAACAAATGGATGCTGCTGCGAGCAAGGGAGATGTGGAAACCTACCGCAAGCTAAAGGCAAAACTTAAAGGAATCCGATAA
(4) SsCR-GSAG4TG2A-BmGDH-GSLVPRGS-SP
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Hlk51523865]ATGACTACCTCAGTTTTCGTTTCAGGTGCAACCGGTTACCTTGCCCAACAAATTATTGCACTTGTTCTCTCCAAGGGCTACAAGGTCGTTGGTTCGGTCAGATCTGAAGAAAAGGGTGCAAACTTAAAAAAATTGTATGGTGACGATTTCTCCTATGAAGTTGTCAAGGTCTTGGAACAGAAGGGTGCTTTCGATGAAGCCTTGAAGAAGCACCCAGAAGTTACAATTTTCTTACACACTGCCTCTCCAGTTACCTTCGAAGTTGAAGATACCGAAAAGGAAATCTTGATTCCTGCCATTAATGGAACAAAGTACGTCTTGCAATCTATCAAGGACGTTGCTCCTCAAATCACCAGAGTTGTTTACACCAGTTCTGTCGTTGCTATGAGCGTCCCAGAGGAATTAGGTAGCCCAGATGTGGTCCTCTCTGAAGCTTCTTGGAGTAGTCTCTCTTACGAGCAATCCAAGACTCATGGAGTTTTGGCTTACTTCGGTTCGAAGCAATTTGCTGAAAGGGCTGCATGGGAGTTTGTTGAACAGGAAAAGCCAAACTTTGCTCTCTCGACCGTAAACCCTGTCTACATTTTTGGTCCTCAAGCTAAGGACGAGGAAGTTAAGGGTACCTTGAACCTTTCTGCCGAAATGGTTAATTCCGTATTGAAGTTGAATAAGGACGACGATGTTCCAGCAACTACTGGTACTTTCATTGATGTTAGAGATGTGGCTAAAGCTCACCTTGCAGCCTTCGAAAAGGACGAAGCAAAGGGTGAAAGACTTCTCCTCTCTAACACCAGATTCAATGGTCAAACTCTTTTGGACGTTGTTAGAAAGAACTTCCCACAACTTGCTGACAAGCTTCCAGTTGGAAAGCCACATTCTGACGATTTCTCTGCTTTTAAGGAATGGAACGACAAGAAGACCAAGAAGATTCTTGGATTTGAATACTTCGACTTTGAAACTTCTGTTGTTGACTCAATCAAGCAAGTTTTGAAGGTACAAGGTGGATCCGCAGGCGGCGGAGGTACCGGAGGAGCAATGTATAAAGATTTAGAAGGAAAAGTAGTGGTCATAACAGGTTCATCTACAGGTTTGGGAAAATCAATGGCGATTCGTTTTGCGACAGAAAAAGCTAAAGTAGTTGTGAATTATCGTTCTAAGGAAGACGAAGCTAACAGCGTTTTAGAAGAAATTAAAAGAGTTGGCGGAGAGGCTATTGCCGTTAAAGGTGACGTAACAGTTGAGTCTGATGTAATCAATTTAGTTCAATCTGCAATTAAAGAATTTGGAAAGCTAGACGTTATGATTAACAACGCAGGACTAGAAAATCCGGTTTCATCTCATGAAATGTCTTTAAGCGATTGGAATAAAGTAATTGATACGAACTTAACGGGAGCTTTCTTAGGTAGTCGTGAAGCGATTAAATATTTTGTTGAAAATGATATTAAGGGAACAGTTATTAACATGTCGAGTGTTCACGAGAAAATTCCTTGGCCATTATTTGTTCATTATGCAGCAAGTAAAGGCGGTATGAAGCTTATGACTGAAACACTGGCATTAGAATACGCTCCAAAAGGTATTCGTGTAAATAACATTGGACCGGGAGCGATTAATACACCGATTAACGCTGAGAAATTTGCTGATCCTGAGCAGCGTGCAGATGTAGAAAGCATGATTCCAATGGGATACATCGGAGAGCCGGAAGAAATTGCAGCAGTTGCTGCATGGCTAGCTTCTTCAGAGGCGAGTTATGTAACAGGAATTACGCTCTTTGCTGACGGCGGTATGACACAGTACCCATCATTCCAAGCAGGACGCGGAGGATCCCTGGTGCCGCGCGGCAGCTGTCGCAGCAATGCCGTAGCAGAACAGGGCCGCAAGACTCAGGAGTTTACCCAGCAATCAGCGCAATACGTCGAAGCTGCCCGCAAACACTATGACGCGGCGGAAAAGCTCAACATCCCTGACTATCAGGAGAAAGAAGACGCATTTATGCAACTGGTTCCGCCTGCGGTTGGGGCCGACATTATGCGCCTGTTCCCGGAAAAGTCCGCCGCGCTCATGTATCACCTGGGGGCAAACCCGGAGAAAGCCCGCCAGTTACTGGCGATGGATGGGCAGTCCGCGCTGATTGAACTCACTCGACTATCCGAACGCTTAACTCTCAAGCCTCGCGGTAAACAAATCTCTTCCGCTCCCCATGCTGACCAGCCTATTACCGGTGATGTCAGCGCAGCAAATAAAGATGCCATTCGTAAACAAATGGATGCTGCTGCGAGCAAGGGAGATGTGGAAACCTACCGCAAGCTAAAGGCAAAACTTAAAGGAATCCGATAA
(5) BmGDH-GSAG4TG2A-SsCR-GSLVPRGS-SP
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]ATGTATAAAGATTTAGAAGGAAAAGTAGTGGTCATAACAGGTTCATCTACAGGTTTGGGAAAATCAATGGCGATTCGTTTTGCGACAGAAAAAGCTAAAGTAGTTGTGAATTATCGTTCTAAGGAAGACGAAGCTAACAGCGTTTTAGAAGAAATTAAAAGAGTTGGCGGAGAGGCTATTGCCGTTAAAGGTGACGTAACAGTTGAGTCTGATGTAATCAATTTAGTTCAATCTGCAATTAAAGAATTTGGAAAGCTAGACGTTATGATTAACAACGCAGGACTAGAAAATCCGGTTTCATCTCATGAAATGTCTTTAAGCGATTGGAATAAAGTAATTGATACGAACTTAACGGGAGCTTTCTTAGGTAGTCGTGAAGCGATTAAATATTTTGTTGAAAATGATATTAAGGGAACAGTTATTAACATGTCGAGTGTTCACGAGAAAATTCCTTGGCCATTATTTGTTCATTATGCAGCAAGTAAAGGCGGTATGAAGCTTATGACTGAAACACTGGCATTAGAATACGCTCCAAAAGGTATTCGTGTAAATAACATTGGACCGGGAGCGATTAATACACCGATTAACGCTGAGAAATTTGCTGATCCTGAGCAGCGTGCAGATGTAGAAAGCATGATTCCAATGGGATACATCGGAGAGCCGGAAGAAATTGCAGCAGTTGCTGCATGGCTAGCTTCTTCAGAGGCGAGTTATGTAACAGGAATTACGCTCTTTGCTGACGGCGGTATGACACAGTACCCATCATTCCAAGCAGGACGCGGAGGATCCGCAGGCGGCGGAGGTACCGGAGGAGCAATGACTACCTCAGTTTTCGTTTCAGGTGCAACCGGTTACCTTGCCCAACAAATTATTGCACTTGTTCTCTCCAAGGGCTACAAGGTCGTTGGTTCGGTCAGATCTGAAGAAAAGGGTGCAAACTTAAAAAAATTGTATGGTGACGATTTCTCCTATGAAGTTGTCAAGGTCTTGGAACAGAAGGGTGCTTTCGATGAAGCCTTGAAGAAGCACCCAGAAGTTACAATTTTCTTACACACTGCCTCTCCAGTTACCTTCGAAGTTGAAGATACCGAAAAGGAAATCTTGATTCCTGCCATTAATGGAACAAAGTACGTCTTGCAATCTATCAAGGACGTTGCTCCTCAAATCACCAGAGTTGTTTACACCAGTTCTGTCGTTGCTATGAGCGTCCCAGAGGAATTAGGTAGCCCAGATGTGGTCCTCTCTGAAGCTTCTTGGAGTAGTCTCTCTTACGAGCAATCCAAGACTCATGGAGTTTTGGCTTACTTCGGTTCGAAGCAATTTGCTGAAAGGGCTGCATGGGAGTTTGTTGAACAGGAAAAGCCAAACTTTGCTCTCTCGACCGTAAACCCTGTCTACATTTTTGGTCCTCAAGCTAAGGACGAGGAAGTTAAGGGTACCTTGAACCTTTCTGCCGAAATGGTTAATTCCGTATTGAAGTTGAATAAGGACGACGATGTTCCAGCAACTACTGGTACTTTCATTGATGTTAGAGATGTGGCTAAAGCTCACCTTGCAGCCTTCGAAAAGGACGAAGCAAAGGGTGAAAGACTTCTCCTCTCTAACACCAGATTCAATGGTCAAACTCTTTTGGACGTTGTTAGAAAGAACTTCCCACAACTTGCTGACAAGCTTCCAGTTGGAAAGCCACATTCTGACGATTTCTCTGCTTTTAAGGAATGGAACGACAAGAAGACCAAGAAGATTCTTGGATTTGAATACTTCGACTTTGAAACTTCTGTTGTTGACTCAATCAAGCAAGTTTTGAAGGTACAAGGTGGATCCCTGGTGCCGCGCGGCAGCTGTCGCAGCAATGCCGTAGCAGAACAGGGCCGCAAGACTCAGGAGTTTACCCAGCAATCAGCGCAATACGTCGAAGCTGCCCGCAAACACTATGACGCGGCGGAAAAGCTCAACATCCCTGACTATCAGGAGAAAGAAGACGCATTTATGCAACTGGTTCCGCCTGCGGTTGGGGCCGACATTATGCGCCTGTTCCCGGAAAAGTCCGCCGCGCTCATGTATCACCTGGGGGCAAACCCGGAGAAAGCCCGCCAGTTACTGGCGATGGATGGGCAGTCCGCGCTGATTGAACTCACTCGACTATCCGAACGCTTAACTCTCAAGCCTCGCGGTAAACAAATCTCTTCCGCTCCCCATGCTGACCAGCCTATTACCGGTGATGTCAGCGCAGCAAATAAAGATGCCATTCGTAAACAAATGGATGCTGCTGCGAGCAAGGGAGATGTGGAAACCTACCGCAAGCTAAAGGCAAAACTTAAAGGAATCCGATAA
[bookmark: _Toc54099614]2.3 Amino acid sequences
(1) SsCR-(GGS)3-SP
MTTSVFVSGATGYLAQQIIALVLSKGYKVVGSVRSEEKGANLKKLYGDDFSYEVVKVLEQKGAFDEALKKHPEVTIFLHTASPVTFEVEDTEKEILIPAINGTKYVLQSIKDVAPQITRVVYTSSVVAMSVPEELGSPDVVLSEASWSSLSYEQSKTHGVLAYFGSKQFAERAAWEFVEQEKPNFALSTVNPVYIFGPQAKDEEVKGTLNLSAEMVNSVLKLNKDDDVPATTGTFIDVRDVAKAHLAAFEKDEAKGERLLLSNTRFNGQTLLDVVRKNFPQLADKLPVGKPHSDDFSAFKEWNDKKTKKILGFEYFDFETSVVDSIKQVLKVQGGGSGGSGGSCRSNAVAEQGRKTQEFTQQSAQYVEAARKHYDAAEKLNIPDYQEKEDAFMQLVPPAVGADIMRLFPEKSAALMYHLGANPEKARQLLAMDGQSALIELTRLSERLTLKPRGKQISSAPHADQPITGDVSAANKDAIRKQMDAAASKGDVETYRKLKAKLKGIR
(2) SsCR- GSAG4TG2A -SP
MTTSVFVSGATGYLAQQIIALVLSKGYKVVGSVRSEEKGANLKKLYGDDFSYEVVKVLEQKGAFDEALKKHPEVTIFLHTASPVTFEVEDTEKEILIPAINGTKYVLQSIKDVAPQITRVVYTSSVVAMSVPEELGSPDVVLSEASWSSLSYEQSKTHGVLAYFGSKQFAERAAWEFVEQEKPNFALSTVNPVYIFGPQAKDEEVKGTLNLSAEMVNSVLKLNKDDDVPATTGTFIDVRDVAKAHLAAFEKDEAKGERLLLSNTRFNGQTLLDVVRKNFPQLADKLPVGKPHSDDFSAFKEWNDKKTKKILGFEYFDFETSVVDSIKQVLKVQGGSAGGGGTGGACRSNAVAEQGRKTQEFTQQSAQYVEAARKHYDAAEKLNIPDYQEKEDAFMQLVPPAVGADIMRLFPEKSAALMYHLGANPEKARQLLAMDGQSALIELTRLSERLTLKPRGKQISSAPHADQPITGDVSAANKDAIRKQMDAAASKGDVETYRKLKAKLKGIR
(3) SsCR-(G4S)3-SP
MTTSVFVSGATGYLAQQIIALVLSKGYKVVGSVRSEEKGANLKKLYGDDFSYEVVKVLEQKGAFDEALKKHPEVTIFLHTASPVTFEVEDTEKEILIPAINGTKYVLQSIKDVAPQITRVVYTSSVVAMSVPEELGSPDVVLSEASWSSLSYEQSKTHGVLAYFGSKQFAERAAWEFVEQEKPNFALSTVNPVYIFGPQAKDEEVKGTLNLSAEMVNSVLKLNKDDDVPATTGTFIDVRDVAKAHLAAFEKDEAKGERLLLSNTRFNGQTLLDVVRKNFPQLADKLPVGKPHSDDFSAFKEWNDKKTKKILGFEYFDFETSVVDSIKQVLKVQGGGGGSGGGGSGGGGSCRSNAVAEQGRKTQEFTQQSAQYVEAARKHYDAAEKLNIPDYQEKEDAFMQLVPPAVGADIMRLFPEKSAALMYHLGANPEKARQLLAMDGQSALIELTRLSERLTLKPRGKQISSAPHADQPITGDVSAANKDAIRKQMDAAASKGDVETYRKLKAKLKGIR
(4) SsCR-GSAG4TG2A-BmGDH-GSLVPRGS-SP
MTTSVFVSGATGYLAQQIIALVLSKGYKVVGSVRSEEKGANLKKLYGDDFSYEVVKVLEQKGAFDEALKKHPEVTIFLHTASPVTFEVEDTEKEILIPAINGTKYVLQSIKDVAPQITRVVYTSSVVAMSVPEELGSPDVVLSEASWSSLSYEQSKTHGVLAYFGSKQFAERAAWEFVEQEKPNFALSTVNPVYIFGPQAKDEEVKGTLNLSAEMVNSVLKLNKDDDVPATTGTFIDVRDVAKAHLAAFEKDEAKGERLLLSNTRFNGQTLLDVVRKNFPQLADKLPVGKPHSDDFSAFKEWNDKKTKKILGFEYFDFETSVVDSIKQVLKVQGGSAGGGGTGGAMYKDLEGKVVVITGSSTGLGKSMAIRFATEKAKVVVNYRSKEDEANSVLEEIKRVGGEAIAVKGDVTVESDVINLVQSAIKEFGKLDVMINNAGLENPVSSHEMSLSDWNKVIDTNLTGAFLGSREAIKYFVENDIKGTVINMSSVHEKIPWPLFVHYAASKGGMKLMTETLALEYAPKGIRVNNIGPGAINTPINAEKFADPEQRADVESMIPMGYIGEPEEIAAVAAWLASSEASYVTGITLFADGGMTQYPSFQAGRGGSLVPRGSCRSNAVAEQGRKTQEFTQQSAQYVEAARKHYDAAEKLNIPDYQEKEDAFMQLVPPAVGADIMRLFPEKSAALMYHLGANPEKARQLLAMDGQSALIELTRLSERLTLKPRGKQISSAPHADQPITGDVSAANKDAIRKQMDAAASKGDVETYRKLKAKLKGIR
(5) BmGDH-GSAG4TG2A-SsCR-GSLVPRGS-SP
MYKDLEGKVVVITGSSTGLGKSMAIRFATEKAKVVVNYRSKEDEANSVLEEIKRVGGEAIAVKGDVTVESDVINLVQSAIKEFGKLDVMINNAGLENPVSSHEMSLSDWNKVIDTNLTGAFLGSREAIKYFVENDIKGTVINMSSVHEKIPWPLFVHYAASKGGMKLMTETLALEYAPKGIRVNNIGPGAINTPINAEKFADPEQRADVESMIPMGYIGEPEEIAAVAAWLASSEASYVTGITLFADGGMTQYPSFQAGRGGSAGGGGTGGAMTTSVFVSGATGYLAQQIIALVLSKGYKVVGSVRSEEKGANLKKLYGDDFSYEVVKVLEQKGAFDEALKKHPEVTIFLHTASPVTFEVEDTEKEILIPAINGTKYVLQSIKDVAPQITRVVYTSSVVAMSVPEELGSPDVVLSEASWSSLSYEQSKTHGVLAYFGSKQFAERAAWEFVEQEKPNFALSTVNPVYIFGPQAKDEEVKGTLNLSAEMVNSVLKLNKDDDVPATTGTFIDVRDVAKAHLAAFEKDEAKGERLLLSNTRFNGQTLLDVVRKNFPQLADKLPVGKPHSDDFSAFKEWNDKKTKKILGFEYFDFETSVVDSIKQVLKVQGGSLVPRGSCRSNAVAEQGRKTQEFTQQSAQYVEAARKHYDAAEKLNIPDYQEKEDAFMQLVPPAVGADIMRLFPEKSAALMYHLGANPEKARQLLAMDGQSALIELTRLSERLTLKPRGKQISSAPHADQPITGDVSAANKDAIRKQMDAAASKGDVETYRKLKAKLKGIR
[bookmark: _Toc54099615]2.4 Protein expression and purification 
Luria-Bertani (LB) medium was prepared with 5 g/L yeast extract, 10 g/L peptone, and 10 g/L NaCl in distilled water, and then sterilized at 15 psi and 121°C for 15 min. The recombinant bacteria were inoculated into 50 mL LB medium in a 250 mL flask, and cultured at 37°C and 200 rpm for 24 h. Gene expression was induced by the addition of isopropyl β-D-thiogalactopyranoside (IPTG) to a final concentration of 0.5 mM when cell density reached OD600 0.8. After induction, cells were further cultured overnight and were collected by centrifugation (12,000×g, 6 min). The cell pellet was resuspended in a PBS buffer (100 mM Na2HPO4, 100 mM NaH2PO4, pH 6.0) and lysed with ultrasonication (350W, 10 min). Cell debris were removed by centrifugation at 12000 g for 30 minutes at 4°C. P22 particles were then purified from the supernatant by ultracentrifugation (200,900×g, 1 h) on a 35% (w/v) sucrose cushion. The resulting pellets were resuspended in a PBS buffer and then purified on an S-500 Sephadex size exclusion column at 0.5 mL/min using AKTA Pharmacia FLPC. Fractions containing P22 were collected and concentrated by ultracentrifugation (12,000×g, 6 min) and the resulting VLPs were resuspended in a PBS buffer. The free enzyme SsCR-SP was purified by a Ni-ATA column after lysis. The concentration of P22 constructs was determined by measuring UV absorbance at 280 nm with a micro-spectrophotometer (NanoDrop, Thermo Scientific). Molecular weight of proteins was determined with SEC-MALS. Samples were injected onto the S-500 Sephadex size exclusion column, and then detected using a UV-Vis detector (Agilent), a DAWN HELEOS MALS detector, and an Optilab rEX differential refractometer (Wyatt Technology Corporation). The molecular weight was calculated with Astra 6.1.1.17 software (Wyatt Technology Corporation) based on the molecular weight distribution.
The protein sample was mixed with a 4×loading buffer and heated in metal bath for 10 minutes, and spun on a bench top centrifuge. Samples were run on a gel containing 5% acrylamide stacking gel and 20% acrylamide at a constant current of 35 mA, then stained with coomassie brilliant blue, rinsed with water and bleached. Images were taken on a gel imaging analysis system (BIORAD), and then Image Lab software (ImageJ) was used for optical density measurements. 
[bookmark: _Toc54099616]2.5 Calculation of protein loadings in P22 nanoparticles
The average number of enzymes per capsid = (Mw(P22-SsCR)-Mw(P22))/ Mw(SsCR-SP). According to Mw(P22-SsCR) (30.9 MDa), Mw (P22) (19.1 MDa) and Mw(SsCR-SP) (55.5 kDa), 214 SsCR-SP were encapsulated into a single capsid. Considering the capsid internal volume of 5.8 × 104 nm3 (ref 3), an internal enzyme concentration of 6.13 mM has been estimated. For P22-SP-BmGDH-SsCR, the densitometry analysis showed that the ratio of the intensity of SP-BmGDH-SsCR to BmGDH (one subunit) equals to 2. If the number of free BmGDH subunit is x, then Mw(P22-SP-BmGDH-SsCR)-Mw(P22) = 2x•Mw(SP-BmGDH-SsCR) + x•Mw(BmGDH). So according to Mw(P22-SP-BmGDH-SsCR) (36.4 MDa), Mw (P22) (19.1 MDa), Mw(SP-BmGDH-SsCR) (84.5 kDa) and Mw(BmGDHsubunit) (28.1 kDa), the average number of free BmGDH subunit and SP-BmGDH-SsCR is approximately 88 and 176, respectively. Because 3 free subunits of BmGDH can form a whole BmGDH, then the average number of BmGDH in P22-SP-BmGDH-SsCR is 29.
[bookmark: _Toc54099617][bookmark: _Hlk532384708]2.6 Transmission electron microscopy
[bookmark: OLE_LINK42]A sample (10 μL) containing P22-enzyme particles (0.1 mg/mL protein) was applied to a copper grid with carbon and Formvar coating, incubated (1 min) and dried at room temperature. After negative staining, images were taken on a JEM-1400 transmission electron microscope at an accelerating voltage of 200 kV. The electron microscopy images were processed using ImageJ software (NIH).
[bookmark: _Toc54099618][bookmark: _Hlk532384743]2.7 Enzyme assay and kinetic analysis
The reductive activity of SsCR toward different substrates was assayed at 30°C by monitoring the decrease in the absorbance of NADPH at 340 nm for 1 minute on a UV spectrophotometer Beckman Coulter DU730. The standard assay mixture (1 mL) consists of 970 μL of sodium phosphate buffer (100 mM, pH 6.5), 10 μL substrate with various concentrations, 10 μL NADPH (20 mM), and 10 μL enzymes of different forms with an appropriate concentration. One unit of enzyme activity (U) is defined as the amount of enzyme that can catalyze the oxidation of 1 μmol of NADPH per minute under above conditions. The substrates were dissolved to different final concentrations with DMSO, and then the specific activity was measured by a UV spectrophotometer. The data were processed using Origin 9.0 and kinetic parameters were obtained by fitting the Michaelis-Menten equation. 
4. [bookmark: _Hlk532384758]
5. [bookmark: _Toc54099619]Bioreduction of ketones by free SsCR and P22-enzyme nanoreactors
The reaction mixture (1 mL) was prepared by dissolving substrates (5 mM), d-glucose (15 mM), an appropriate amount of SsCR or P22-SP-BmGDH-SsCR nanoparticles, NADP+ (0.1 mM) and 2% DMSO (v/v) in a PBS buffer (100 mM, pH 6.0). For free enzyme-catalyzed reactions, 5 mg BmGDH was added to recycle NADPH. The reaction was carried out at 25°C and 1000 rpm for 12 h and then terminated by acidification with 1.0 M sulfuric acid at pH 2.0. The mixture was extracted with 1 mL ethyl acetate and the organic layer was dried over anhydrous sodium sulfate. The enantioselectivity and yield of products were determined by a Shimadzu GC-2014 or GC-2010 Pro gas chromatography equipped with a CP-Chirasil-Dex CB column (25 m ⅹ 0.25 mm ⅹ 0.39 mm, Varian) and a flame ionization detector (FID). The GC analysis conditions for different products were listed in Table S6.
6. [bookmark: _Toc54099620]Fluorescent detection and molecular simulation of the NADPH recycle in P22-SP-BmGDH-SsCR
[bookmark: _Toc54099621]4.1 Synthesis of NADPH fluorescent probe TCF-MQ 
The synthesis of TCF-MQ followed the method reported previously.[1] The synthesis of compound a, b and TCF-MQ were described below. 
Synthesis of compound a. 3-Hydroxy-3-methyl-2-butanone (1 mL, 9.5 mmol) and malononitrile (1.3 g, 20 mmol) were added to 8 mL anhydrous ethanol sequentially to form a solution; then, sodium ethoxide (0.1 g, 1.5 mmol) was added, and the solution was stirred at room temperature for 1.5 h, and then refluxed at 60°C for another 1 h. After cooling to room temperature, the precipitate was filtered to give compound a.
Synthesis of compound b. Compound a (160 mg, 0.8 mmol) and 3-quinolinecarboxaldehyde (151 mg, 0.96 mmol) were dissolved in 15 mL anhydrous ethanol, two drops piperidine and acetic acid were added and the solution was refluxed for 2 h. After cooling to room temperature, the precipitate was filtered to obtain compound b.
Synthesis of TCF-MQ. A mixture of compound b (60 mg. 0.18 mmol) and methyl trifluoromethanesulfonate (0.1 mL, 0.92 mmol) in 5 mL trichloromethane was stirred at room temperature for 24 h under a nitrogen atmosphere. Ether was added after the solvent was removed in vacuo, and then the precipitate was filtered to give TCF-MQ.
[bookmark: _Toc54099622]4.2 In vitro detection of NADPH by TCF-MQ
The stock solution of TCF-MQ (2 mM) was prepared in DMSO. For spectral measurements, the stock solution of TCF-MQ was diluted with PBS buffer (pH 6.0, 100 mM) to give a final concentration of 10 μM. NADPH was added to give the final concentrations of 0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 8, 9 and 10 μM, respectively. The fluorescence emission of NADPH in the each solution (λex=582 nm, λem=610 nm) was recorded and plotted against the concentration of NADPH (Fig. S5). 

[bookmark: _Toc54099623][bookmark: _Hlk52216814]4.3 Fluorescence imaging of the NADPH recycle in P22-SP-BmGDH-SsCR
The fluorescence imaging of the NADPH recycle in P22-SP-BmGDH-SsCR during reaction was performed using a confocal fluorescence microscopy. Briefly, the reaction was started by adding 5 mM MBF and 10 mM glucose into 1 mL solution (100 mM PBS, pH 6.0) containing the purified P22-SP-BmGDH-SsCR, 100 μM NADP+ and 10 μM TCF-MQ. Then, one drop of the reaction solution was placed on a glass slide and was imaged immediately using a confocal microscope (100ⅹ, Nikon A1R+, Japan). Positive and negative controls were imaged with the assay mixture containing the equal amount of purified P22-SP-BmGDH-SsCR nanoreactors, 10 μM TCF-MQ, 100 μM NADPH or 100 μM NADP+ under the same condition, respectively (Fig. S6).
[bookmark: _Toc54099624]4.4 Coarse-grained molecular simulations 
















A coarse-grain, particle-based, mesoscopic model was applied to investigate the origin of high efficiency of our multienzyme networks. The details of the process of coarse-graining can be found in our previous work.[2] The mesoscopic molecular simulation we used is dissipative particle dynamics, which samples the NVT ensemble. In our simulation, each bead represents a cluster of several atoms and an enzyme molecular contains several beads. There are three different interaction forces which each bead experiences i.e., the conservative interaction force FC, dissipative force FD, and random force FR, i.e.,  where the sum runs over all beads j. All these forces are pairwise additive and are truncated at a certain cutoff distance rc. The conservative force is a soft repulsion given by , where aij is the maximum repulsion between bead i and j; and , . aij has a linear relationship with Flory-Hugginsparameter: . A larger aij corresponds to a stronger bead-bead repulsion and aii=25 is the usually chosen repulsion parameter between like species (i.e.,=0). In this work, aij=25 for all i, j type for interactions between two beads. The drag force and random forces are given by, , where and are r-dependent weight function going to zero at rc, vij=vi-vj , and  is a zero-mean Gaussian random variable of unit variance and . Here, kB is the Boltzmann constant and T is the temperatu re of the system. For weight functions we selected the following form:  for rij <rc. The simulation box with periodic boundary condition in all directions is 40×40×40(σ) in size, which is large enough to avoid the finite size effect. A modified velocity-Verlet integration algorithm with a time step  is used in all simulation and  is the time unit of DPD. 
7. [bookmark: _Toc54099625]Preparation of structurally diverse chiral alcohols by P22-SP-BmGDH-SsCR
Typically, the reaction mixture (100 mL) was prepared by dissolving substrates (50 mM), glucose(2 equiv. of substrate), the crude extract of E. coli cells harboring P22-SP-BmGDH-SsCR, 5% DMSO (v/v), and NADP+( 0.05 mM) in sodium phosphate buffer (100 mM, pH 6.0).The pH value of the mixture was maintained at 6.0 by tittering 1 M Na2CO3 and the reaction was carried out at 25℃ and 180 rpm for different periods of time which depended on the reaction conditions. The reactions were terminated by acidification to pH 2.0 using 1.0 M aqueous H2SO4 and extracted with ethyl acetate three times. The organic layers were collected, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The residue was purified by flash column chromatography (1:15 ethyl acetate to petroleum ether) to yield pure product. Spectral data of 1H NMR (400 MHz, CDCl3), 13C NMR (100 MHz, CDCl3) and high-resolution mass spectra (ESI-MS) were obtained for products. 

8. [bookmark: _Toc54099626]Figures and tables
[image: ]
Fig. S1 (a) Plasmid of P22-SP-SsCR. (b) Sucrose density gradient centrifugation of P22-SP-SsCR. (c) UV peak of P22-SP-SsCR after size-exclusion chromatography. (d) DLS of P22-SP-SsCR. (e) SEC-MALS of P22-SP-SsCR. (f) Plasmid of P22-SP-BmGDH-SsCR. (g) DLS of P22-SP-BmGDH-SsCR. (h) SEC-MALS of P22-SP-BmGDH-SsCR.       
[image: ]
Fig. S2 (a) Effect of pH on the activity of P22-SP-SsCR (full symbols) and SP-SsCR (empty symbols). Enzyme assay was performed using standard assay procedure in the following buffers of 100 mM: citrate (pH 4.0-6.0, circle), phosphate (pH 6.0-8.0, square) and Tris-HCl (pH 8.0-9.0, triangle). (b) Effect of temperature on the activity of P22-SP-SsCR (full square) and SP-SsCR (empty circle). (c) pH stability of P22-SP-SsCR (full symbols) and SP-SsCR (empty symbols) at pH 7.0 (triangle), pH 6.0 (square) and pH 5.0 (circle).
 [image: ]
Fig. S3 The kinetic constants of P22-SP-BmGDH-SsCR for the asymmetric reduction of four industrially useful substrates, NADPH, NADP+ and glucose were measured. The enzyme activities were determined in 100 mM sodium phosphate, pH 6.0, containing 0.2 mM NADPH in the presence of (0.01-2 mM) substrate at 30°C.

[image: ]
Fig. S4 The kinetic constants of SP-SsCR for the asymmetric reduction of four industrially useful substrates were measured. The enzyme activities were determined in 100 mM sodium phosphate, pH 6.0, containing 0.2 mM NADPH in the presence of (0.01-2 mM) substrate at 30°C.


Fig. S5 Reaction kinetics (number of product, np, versus simulation time) of enzyme cluster and uniformly distributed enzymes with different concentration of NADPH. 1, 2, 3, 4 and 5 represent the concentrations of 0.0026, 0.0052, 0.010, 0.026, 0.052, respectively. 

[image: ]
Fig. S6 (a) The fluorescence of NADPH and NADP+ (10 μM) detected by TCF-MQ. (b) The linear correlation between emission intensities and concentrations of NADPH detected by TCF-MQ. 


[image: ]
[image: ]c)

[image: ]
Fig. S7 The fluorescence images of controls. The assay mixtures contained the equal amount of purified P22-SP-BmGDH-SsCR nanoreactors, 10 μM TCF-MQ, 100 μM NADP+ (a) or 100 μM NADPH (b) under the same condition, respectively. (c) The confocal fluorescence imaging of the asymmetric reduction of MBF (5 mM) by P22-SP-BmGDH-SsCR in 1 mL PBS buffer (100 mM, pH 6.0) containing 100 μM NADP+, 10 mM glucose, and 10 μM TCF-MQ. (d) Enlarged image of (c).


Table S2 The effect of cross-linkers on the activity of P22-SP-SsCR
	P22 particles 
	specific activity
(U/mg enzyme)
	gross activity
(U/mg particle)

	P22-SP-(GGS)3-SsCR
	8.18 ± 0.28
	2.06 ± 0.01

	P22-SP- GSAG4TG2A -SsCR
	10.16 ± 0.24
	2.56 ± 0.06

	P22-SP-(G4S)3-SsCR
	6.87 ± 0.06
	1.73 ± 0.01



Table S3 Plasmid design and dehydrogenation activity of double enzyme nanoreactors.
[image: ]

Table S4 Catalytic activity of enzyme-P22 nanoreactors towards MBF (1) and glucose
	  Enzyme-P22 
	Enzymes
	Specific activity
(U/mg enzyme)
	Gross activity
(U/mg particle)

	P22-SP-BmGDH-SsCR
	SsCR
	15.2 ± 0.7
	2.7 ± 0.1

	
	BmGDH
	2.5 ± 0.2
	0.24 ± 0.03

	P22-SP-SsCR-BmGDH
	SsCR
	6.6 ± 0.4
	1.2 ± 0.1

	
	BmGDH
	3.4 ± 0.1
	0.32 ± 0.02



Table S5 Kinetic parameters of P22-SP-BmGDH-SsCR for NADPH recycling
	Substrate
	Vmax (μmol min-1 mg-1)
	Km (μM)
	kcat (s-1)
	kcat /Km (s-1mM-1)

	Glucose
	4.06 ± 0.104
	3030 ± 645
	7.60 ± 0.19
	2.5 ± 0.3

	NADP+ a 
	4.06 ± 0.065
	22.6 ± 2.67
	7.60 ± 0.13
	345 ± 20

	NADPHb
	38.68 ± 3.843
	57.7 ± 17.2
	72.46 ± 7.19
	1249 ± 106

	a The enzyme activities were determined in 100 mM potassium phosphate pH 8.0 with appropriate dilutions of  NADP+ (0.02-0.1 mM) in the presence of saturating concentrations of Glucose (20 mM) at 30°C. b The enzyme activities were determined in 100 mM potassium phosphate pH 8.0 with appropriate dilutions of  NADPH (0.01-0.1 mM) in the presence of saturating concentrations of 2-chloro-2',4'-difluoroacetophenone (0.5 mM) at 30°C. 





Table S6 GC conditions used to determine the enantioselectivity of corresponding products
	No.
	Product
	GC condition

	2a
	[image: ]
	GC column temperature: 120℃ hold for 5min, 10℃/min to 150℃, 0.5℃/min to 160℃, 160℃ hold for 5min

	2b
	[image: ]
	GC column temperature: 150℃ hold for 6 min, 20℃/min to 180 ℃

	2d
	[image: ]
	GC column temperature: 150℃ hold for 6 min, 20℃/min to 180 ℃

	2e
	[image: ]
	GC column temperature: 100℃ hold for 4 min, 5℃/min to 160 ℃, 160℃ hold for 10 min

	2f
	[image: ]
	GC column temperature: 100℃ hold for 4 min, 5℃/min to 160 ℃, 160℃ hold for 10 min

	2g
	[image: ]
	GC column temperature: 140℃ hold for 25 min

	2h
	[image: ]
	GC column temperature: 140℃ hold for 25 min

	2i
	[image: ]
	GC column temperature: 110℃

	2j
	[image: ]
	GC column temperature: 120℃, 2℃/min to 128℃ 13 min, 20℃/min to 180℃ 3 min

	2k
	[image: ]
	GC column temperature: 100℃ hold for 4 min, 5℃/min to 150 ℃, 150℃ hold for 10 min

	2l
	[image: ]
	GC column temperature: 2℃/min from 160℃ to 170℃, 170℃ hold for 2 min, 1℃/min from 170℃ to 180℃, 180℃ hold for 15 min

	2m
	[image: ]
	GC column temperature: 150℃ hold for 6 min, 20℃/min to 180 ℃, 180℃ hold for 10 min



9. [bookmark: _Toc54099627]GC spectra
(1) [image: ]
                (2a)

Racemic mixture of 2a
[image: ]

	Peak#
	Ret. Time(min)
	Height(uV)
	Area(uV*s)
	Area%

	1
	11.247
	16923
	63866
	49.9

	2
	11.406
	16443
	64210
	50.1



Bioreduction with SsCR
[image: ]

	Peak#
	Ret. Time(min)
	Height(uV)
	Area(uV*s)
	Area%

	1
	11.214
	60632
	242271
	98.1

	2
	11.412
	1083
	4662
	1.9




Bioreduction with P22-SP-BmGDH-SsCR

[image: ]

	Peak#
	Ret. Time(min)
	Height(uV)
	Area(uV*s)
	Area%

	1
	11.204
	60516
	237871
	98.3

	2
	11.401
	945
	4084
	1.7




(2) [image: ]
                 (2b)


Reduction with NaBH4
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Bioreduction with P22-SP-BmGDH-SsCR
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(3) [image: ]
                  (2d)

Reduction with NaBH4
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Bioreduction with P22-SP-BmGDH-SsCR
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(4)[image: ]
            (2e)

Reduction with NaBH4
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Bioreduction with P22-SP-BmGDH-SsCR
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(5)[image: ]
           (2f)


Reduction with NaBH4
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Bioreduction with P22-SP-BmGDH-SsCR
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 (6)[image: ]
            (2g)


Reduction with NaBH4
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Bioreduction with P22-SP-BmGDH-SsCR
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 (7)[image: ]
           (2h)



[image: ]Reduction with NaBH4
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Bioreduction with P22-SP-BmGDH-SsCR
[image: ][image: ][image: ]

[image: ](8) 
              (2i)

Reduction with NaBH4
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Bioreduction with P22-SP-BmGDH-SsCR
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(9)[image: ]
               (2j)


Reduction with NaBH4
[image: ]

	Peak
	Ret. Time (min
	Area
	Height
	%

	1
	19.560
	172188
	65108
	

	2
	19.794
	171385
	63540
	



Bioreduction with P22-SP-BmGDH-SsCR

[image: ]

	Peak
	Ret. Time (min
	Area
	Height
	%

	1
	19.582
	23266
	9669
	14.7

	2
	19.799
	134982
	51035
	85.3



(10)[image: ]
                (2k)

Reduction with NaBH4
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Bioreduction with P22-SP-BmGDH-SsCR
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(11) [image: ]
                 (2l)


Reduction with NaBH4
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Bioreduction with P22-SP-BmGDH-SsCR
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(12)[image: ]
              (2m)


Reduction with NaBH4
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	Peak#
	Ret. Time(min)
	Height(uV)
	Area(uV*s)
	Area%

	1
	13.540
	7921
	22559
	50.7

	2
	14.371
	6748
	21941
	49.3




Bioreduction with SsCR

[image: ]

	Peak#
	Ret. Time(min)
	Height(uV)
	Area(uV*s)
	Area%

	1
	13.539
	847
	2487
	1.6

	2
	14.332
	39985
	152210
	98.4



Bioreduction with P22-SP-BmGDH-SsCR

[image: ][image: ]


	Peak#
	Ret. Time(min)
	Height(uV)
	Area(uV*s)
	Area%

	1
	13.551
	277
	1047
	1.8

	2
	14.356
	17232
	58365
	98.2





[image: ]
Fig. S6 Photographs of the prepared products: 2a, 2d, 2l and 2m.

10. [bookmark: _Toc54099628]1H-NMR, 13C-NMR and HR-MS
1H NMR (400 MHz, Chloroform-d) δ 7.46 – 7.31 (m, 5H), 5.18 (s, 1H), 3.77 (s, 1H).13C NMR (101 MHz, Chloroform-d) δ 174.16, 138.23, 128.65, 128.54, 126.60, 72.88, 53.08.
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1H NMR (400 MHz, Chloroform-d) δ 7.59 (dd, J = 8.5, 0.6 Hz, 1H), 7.38 (d, J = 2.1 Hz, 1H), 7.32 (dd, J = 8.4, 2.1 Hz, 1H), 5.27 (d, J = 2.8 Hz, 1H), 5.25 (d, J = 2.8 Hz, 1H), 3.91 – 3.47 (m, 2H). 13C NMR (101 MHz, Chloroform-d) δ 135.86, 134.62, 132.47, 129.31, 128.55, 127.59, 70.29, 49.20.
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1H NMR (400 MHz, Chloroform-d) δ 7.52 (d, J = 2.1 Hz, 1H), 7.45 (d, J = 8.3 Hz, 1H), 7.22 (dd, J = 8.3, 2.1 Hz, 1H), 4.89 (d, J = 3.5 Hz, 1H), 4.87 (d, J = 3.5 Hz, 1H), 3.79 – 3.53 (m, 2H).13C NMR (101 MHz, Chloroform-d) δ 138.21, 128.64, 128.54, 126.60, 72.87, 53.09.

[image: 3碳][image: 3氢]
[image: ]


1H NMR (400 MHz, Chloroform-d) δ 7.51 (d, J = 8.4 Hz, 1H), 7.29 – 7.26 (m, 1H), 7.25 (d, J = 2.1 Hz, 1H), 5.21 (d, J = 6.4 Hz, 1H), 1.44 (d, J = 6.4 Hz, 3H).13C NMR (101 MHz, Chloroform-d) δ 141.71, 133.34, 132.11, 129.07, 127.49, 127.42, 66.54, 23.58.

[image: Document 1]
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