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A list of all the primers used in this study is available in Table S1 from this section. All the primers were ordered from Integrated DNA Technologies (IDT) (Coralville, IA, USA). 
The native gene encoding pyruvate carboxylase isoform 2 (PYC2, GenBank: CCA37718.1) was codon-optimized for its expression in K. phaffii, synthesized and subcloned by GenScript Biotech (Piscataway, NJ, USA) into the backbone BB1_23 from the GoldenPiCS kit [1], provided by Addgene (Watertown, MA, USA), to obtain plasmid BB1_23_PYC2. The DNA sequence encoding a heterologous aspartate dehydrogenase from Serratia proteamaculans (SpeAspDH, NCBI Reference Sequence: WP_174354643.1) was codon-optimized using the bioinformatic tool GenSmart Codon Optimization from Genscript setting K. phaffii as expression host. The optimized sequence was synthesized as a gBlock® Gene Fragment by IDT, and subcloned into BB1_23, obtaining plasmid BB1_23_SpeAspDH. The genes encoding cytosolic aspartate aminotransferase 2 (AAT2, GenBank: CCA40613.2) and putative lactate transporter (PAS, GenBank: CCA39727.1) were PCR amplified from genomic DNA of K. phaffii CBS7435 using primers pairs AAT2_FW_GP_BsaI_2/AAT2_RV_GP_BsaI_3 and PAS_FW_GP_BsaI_2/PAS_RV_GP_BsaI_3, respectively. Both genes were flanked by BsaI restriction sites for further subcloning into BB1_23 by performing a Golden Gate Assembly (GGA) reaction [1], obtaining plasmids BB1_23_AAT2 and BB1_23_PAS. To allow its subcloning into backbone vector, the coding sequence of ESBP6 gene (GenBank: QHB11255.1) was modified to remove all the internal BbsI and BsaI restriction sites, while maintaining a high codon usage. First, three individual fragments were PCR amplified from genomic DNA of S. cerevisiae CEN.PK113-7D strain using primers pairs ESBP6_FW_F1/ESBP6_RV(BsaI)_F1, ESBP6_FW(BsaI)_F2/ESBP6_RV(BbsI)_F2, and ESBP6_FW(BbsI)_F3/ESBP6_RV_F3. Afterwards, an overlap extension PCR was performed to fuse the PCR fragments using two primers flanking the outer parts, ESBP6_FW_GP_BsaI_2 and ESBP6_RV_GP_BsaI_3. The overlap extension product was gel-extracted and purified, and subcloned into BB1_23, obtaining the plasmid BB1_23_ScESBP6. Assembly of promoters, genes, and terminators in recipient BB2 was performed following further subcloning procedures using the GoldenPiCS kit and protocols [1]. The restriction enzymes BsaI-HFv2® and BbsI-HF® from NEB were used to perform the GGA reactions.
Table S1 List of primers used in this study.
	Primers name
	Sequences (5’  3’)

	AAT2_FW_GP_BsaI_2
	GATGGTCTCACATGTCGTTTTCAACGCAGAATATCC

	AAT2_RV_GP_BsaI_3
	GCAGGTCTCTAAGCCTATACACGCACAACCTGATCAATGGC

	5'-HR_pENO1UP_FW_F1
	GATGGTCTCCGATCTGGCAAGACGTATGGCTTTGG

	5'-HR_pENO1UP(BbsI)_RV_F1
	GCACATCTAGCAGGCTTTTGTCATCTTGG

	5'-HR_pENO1UP(BbsI)_FW_F2
	GTTTCAACCAAGATGACAAAAGCCTGC

	5'-HR_pENO1UP(BbsI)_RV_F2
	TAGTTAAGGTATGATGACTGATCTCTCGC

	5'-HR_pENO1UP(BbsI)_FW_F3
	GGGTGCGAGAGATCAGTCATCATACC

	5'-HR_pENO1UP_RV_F3
	GATGGTCTCACCGGTATCATTGGAAACAGTGAGGGACG

	3'-HR_pENO1UP_FW
	GATGGTCTCAAATTAGGAAAATTACCATTGAACGG

	3'-HR_pENO1UP_RV
	GATGGTCTCGAGCTTGAGGGTCCAAGCTATTGTCG

	1_pENO1UP_gRNA1_FW
	TGAAGACGCCATGCAATAACTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCTTAT

	2_pENO1UP_gRNA1_FW
	AAACGAGTAAGCTCGTCTTATTGAAGATACCGCCCGGGTTTTAGAGCTAGAAATAGCAAG

	1_pENO1UP_gRNA2_FW
	TGAAGACGCCATGTAAACGCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCCGTT

	2_pENO1UP_gRNA2_FW
	AAACGAGTAAGCTCGTCCGTTTAAACTTACCTCCGGGGTTTTAGAGCTAGAAATAGCAAG

	5'-HR_pENO1UP_out_FW
	AAAGGTTGGAGCATCGGTTGG

	pDAS1_AAT2_in_RV
	GATGCAAACAGATGGTTATGGC

	5'-HR_AOX1ttDOWN_FW
	GATGGTCTCAGATCTTGCTAGATTCTAATCAAGAGGATGTCAGAATGC

	5'-HR_(BsaI)AOX1ttDOWN_RV
	CTGATAGGAGATCTCAAGACACTGAAGAATGC

	5'-HR_(BsaI)AOX1ttDOWN_FW
	CGCATTCTTCAGTGTCTTGAGATCTCCTATC

	5'-HR_AOX1ttDOWN_RV
	GATGGTCTCACCGGACAAACAACTTTGATTTCTCTGGATTCGG

	3'-HR_AOX1ttDOWN_FW
	GATGGTCTCCAATTCTGACAATAGTGTGCTCGTGTTTTGAGG

	3'-HR_(BbsI)_AOX1ttDOWN_RV
	GGGGTTGAGAAAACTCGTGTGTTGG

	3'-HR_(BbsI)_AOX1ttDOWN_FW
	CCAACACACGAGTTTTCTCAACCCCG

	3'_HR_AOX1ttDOWN_RV
	GATGGTCTCTAGCTAATGTCAACGTCTATTGCTAATCTCG

	1_AOX1ttDOWN_gRNA1_FW
	TGAAGACGCCATGAATAGTCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCACTA

	2_AOX1ttDOWN_gRNA1_FW
	AAACGAGTAAGCTCGTCACTATTGATCCAAGCCAGTGGTTTTAGAGCTAGAAATAGCAAG

	5'-HR_AOX1ttDOWN_FW_out
	CTCTTTTGATCGGTGAAAAGACTGC

	5'HR_AOX1ttDOWN_RV_in
	CAGGGTTGACGATGTCTCTTCCG

	PAS_FW_GP_BsaI_2
	GATGGTCTCACATGTCGCATTCAATCCATTCTGC

	PAS_RV_GP_BsaI_3
	GCAGGTCTCTAAGCTTACTTATTTCCTTCAAAAGCCTCTACTTTCTCATTGC

	5'-HR_GUT1ttDOWN_FW
	GATGGTCTCAGATCGAAGGTGTCTGTTTCCAAACTAGAGC

	5'-HR_GUT1ttDOWN_RV
	GATGGTCTCACCGGCAGTTTTCTATAGTCATTCAATAACGGC

	3'-HR_GUT1ttDOWN_FW
	CATGGTCTCAAATTGAGAAGTTTTGTGGGTTAACACTACC

	3'-HR_GUT1ttDOWN_RV
	GATGGTCTCAAGCTATGAGTTTAACCATTGGTGATGGG

	1_GUT1ttDOWN_gRNA1_FW
	TGAAGACGCCATGTCTACCCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCGGTA

	2_GUT1ttDOWN_gRNA1_FW
	AAACGAGTAAGCTCGTCGGTAGATGAGTTATTAACTGGTTTTAGAGCTAGAAATAGCAAG

	1_GUT1ttDOWN_gRNA2_FW
	TGAAGACGCCATGCAGTTTCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCAAAC

	2_GUT1ttDOWN_gRNA2_FW
	AAACGAGTAAGCTCGTCAAACTGCGAATAAGAAAGCAGTTTTAGAGCTAGAAATAGCAAG

	5'-HR_GUT1ttDOWN_out_FW
	GATTGTTTGCCCCTTACTGG

	pDAS2_PAS_in_RV
	CTAACTTAGAAAGTCATGCCC

	ESBP6_FW_F1
	GTCTTCGGGAGAACCTGG

	ESBP6_RV(BsaI)_F1
	TCGGACGATGTCTCAGAAACCATTCC

	ESBP6_FW(BsaI)_F2
	TCTTCCGGAATGGTTTCTGAGACATCGTCCG

	ESBP6_RV(BbsI)_F2
	CGCTAAACCCATCAGAGGTCTACCGATGG

	ESBP6_FW(BbsI)_F3
	AATCCATCGGTAGACCTCTGATGG

	ESBP6_RV_F3
	CGCAACACAAAGTGTATTACATATGG

	ESBP6_FW_GP_BsaI_2
	GATGGTCTCACATGTCAACGCACTCAAACGACTAC

	ESBP6_RV_GP_BsaI_3
	GATGGTCTCAAAGCTAGACCTTCATTGGATATACCATTCTTAGGAAG

	5'-HR_pOPT1-1UP_FW
	CCGGTCTCAGATCGGTATCTTCGACATTGAATCC

	5'-HR_pOPT1-1UP_RV
	CCGGTCTCACCGGTGTCTCCTACAATCGGTATTGGA

	3'-HR_pOPT1-1UP_FW
	CCGGTCTCAAATTCAATTCTTTCAAGCAGAACT

	3'-HR_(BbsI)_pOPT1-1UP_RV
	AGATGCAGTAGTTTTCGGTGA

	3'-HR_(BbsI)_pOPT1-1UP_FW
	CTTTCACCGAAAACTACTGCA

	3'_HR_pOPT1-1UP_RV
	CCGGTCTCAAGCTGCGGCAAAATATAATCACAT

	1_pOPT1-1UP_gRNA1_FW
	TGAAGACGCCATGGTTAGTCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCACTA

	2_ pOPT1-1UP_gRNA1_FW
	AAACGAGTAAGCTCGTCACTAACCAGAGCAAACACTGGTTTTAGAGCTAGAAATAGCAAG

	5'-HR_pOPT1-1UP_out_FW
	TATCAATAAGGTTAGGAACTCGT

	1_FDH1_gRNA1_FW
	TGAAGACGCCATGGCCGATCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCATCG

	2_FDH1_gRNA1_FW
	AAACGAGTAAGCTCGTCATCGGCGGCGTGCTTACCAGGTTTTAGAGCTAGAAATAGCAAG

	1_FDH1_gRNA2_FW
	TGAAGACGCCATGGAGAACCTGATGAGTCCGTGAGGACGAAACGAGTAAGCTCGTCGTTC

	2_FDH1_gRNA2_FW
	AAACGAGTAAGCTCGTCGTTCTCGTTTTGTACTCCGCGTTTTAGAGCTAGAAATAGCAAG

	InDel_FDH1_FW
	TGTTGCTCCTCCCAAACGC

	InDel_FDH1_RV
	ACCAGTAACCTCTAGGACCG


BsaI restriction sites added to the primers sequences are highlighted in bold, followed by four base pair overhangs (fusion sites) outside of their recognition sequence, allowing rapid assembly of multiple DNA fragments. Further point mutations to remove all the internal BbsI and BsaI restriction sites are underlined in the primers sequences.
For gene insertions by homology-directed repair mediated by CRISPR/Cas9, genomic regions from K. phaffii CBS7435 consisting of 1000 bp were PCR amplified upstream (5’) and downstream (3’) of the 20 bp target site [2], using the Q5® High-Fidelity 2X Master Mix (NEB). The DNA sequences from the homology regions (HR) were modified to eliminate the internal BbsI and BsaI restriction sites. HR from each locus were fused with the corresponding heterologous expression cassette in between into the recipient vector BB3nK_ext_AD from the CRISPi kit [2] provided by Addgene, by performing a GGA reaction using the enzyme BsaI-HF® from NEB. All plasmids constructed in this study are listed in Table 2 from the main manuscript. The external BbsI sites also present in this BB3 backbone enabled the excision of the final donor DNA construct by a simple overnight digestion using the FastDigest BpiI (BbsI) restriction enzyme from Thermo Fisher Scientific (Waltham, MA, USA).
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