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Abstract: Methylotrophic yeasts are considered as promising cell factories for bio-manufacturing due to their several
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advantages such as tolerance to low pH and high temperature. In particular, their methanol utilization ability may help to
establish a methanol biotransformation process, which will expand the substrate resource for bio-refinery and the product
portfolio from methanol. This review summarize current progress on engineering methylotrophic yeasts for production of
proteins and chemicals, and compare the strengths and weaknesses with the model yeast Saccharomyces cerevisiae. The
challenges and possible solutions in metabolic engineering of methylotrophic yeasts are also discussed. With the developing
efficient genetic tools and systems biology, the methylotrophic yeasts should play more important roles in future green

bio-manufacturing.
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Fig. 1 Phylogenetic tree of three methylotrophic yeasts and S. cerevisiae. The 18S rRNA sequences of K. phaffii,
O. polymorpha, C. boidinii and S. cerevisiae were downloaded using NCBI (https://www.ncbi.nlm.nih.gov/). Multiple
sequence alignments were performed using DNAMAN V6 software (LynnonBiosoft, Quebec, QC, Canada) and the
phylogenetic tree was constructed using molecular evolutionary genetics analysis (MEGA 6.0) software based on the
results of the homology comparison.
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Table 1 Recombinant proteins production in methylotrophic yeasts

Proteins Titer Host strain Promoter Methanol concentration (%) References
Keratinocyte growth factor-2 1g/L K. phaffii Paoxi 0.5 [38]
Plectasin 0.75 g/L K. phaffii Paoxi 0.5 [39]
Human serum albumin 8.9 g/L K. phaffii Paox1 0.5 [31]
Hispidalin 98.6 mg/L K. phaffii Paox1 15 [40]
Trypsin 185.7 mg/L K. phaffii Paox1 1.8 [41]
Staphylokinase 0.7 g/L K. phaffii Paox1 3.0 [42]
(HPV-16) L1-L2 proteins 132.1 mg/L  O. polymorpha Pmox 1.0 [43]
Streptavidin 0.75 g/L O. polymorpha Pevp 0.5 [33]
Ferritin 1.9¢g/L O. polymorpha Pemp 1.0 [44]
Staphylokinase 1.2 g/L O. polymorpha Pemp 1.0 [45]
Transglutaminase 90 mg/L C. boidinii Paop1 0.7 [46]
Glucoamylase 3.4 g/L C. boidinii Paop1 1.2 [32]
Cathepsin C 12 mg/L C. boidinii PrpH1 15 [34]

Paox1, Pmox and Paops are the promoters of alcohol oxidase genes from K. phaffii, O. polymorpha and C. boidinii, respectively.
Pepn1 and Pryp are the promoters of formate dehydrogenase genes from O. polymorpha and C. boidinii, respectively.
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Table 2 Metabolites produced in methylotrophic yeasts

Products Species Carbon source Medium Cultivation Yield References

Ethanol K. phaffii CMC Complex Shake flask 5.1¢g/L [64]

O. polymorpha Glycerol Complex Shake flask 5g/L [65]

C. boidinii MPHH Complex Shake flask 12 g/L [66]
Lactic acid K. phaffii Glycerol Minimal Bioreactor, fed-batch 24 g/L [59]

C. boidinii Glucose Complex Bioreactor, fed-batch 85.9 g/L [61]
Xylitol K. phaffii Glucose Complex Bioreactor, fed-batch 17.3 g/L [58]

C. boidinii CPHHH Complex Shake flask 11.3g/L [60]
FABCEs K. phaffii Glucose Complex Shake flask 169 mg/L [82]
Glucaric acid K. phaffii Glucose, myo-inositol Complex Bioreactor, fed-batch 6.6 g/L [83]
Riboflavin K. phaffii Glycerol Complex Bioreactor, fed-batch 175 mg/L [84]
Isobutanol K. phaffii Glucose Minimal Shake flask 2.2g/lL [72]
2,3-butanediol K. phaffii Glucose Minimal Bioreactor, fed-batch 74.5 g/L [73]
1,3-propandiol O. polymorpha Glucose or glycerol Complex Shake flask 2.4 g/Lor0.8g/L [85]
Glutathione O. polymorpha Glucose or methanol Minimal Bioreactor, fed-batch 2.3 g/L or 0.25 g/L [74]
6-methylsalicylic acidK. phaffii Glycerol, methanol ~ Minimal Bioreactor, fed-batch 2.2 g/L [75]
Ricinoleic acid K. phaffii Glucose, galactose ~ Minimal Shake flask 125.4 mg/L [76]
(+)-Nootkatone K. phaffii Glucose, methanol ~ Minimal Bioreactor, fed-batch 208 mg/L [62]
Dammarenediol-II K. phaffii Methanol Complex Shake flask 1 mg/g [63]
Lycopene K. phaffii Glucose Minimal Bioreactor, fed-batch 73.9 mg/L [78]
p-carotene K. phaffii Glucose Complex Shake flask 339 no/g [79]
Lovastatin K. phaffii Glycerol, methanol ~ Minimal Bioreactor, fed-batch 419 mg/L [81]
Monacolin J K. phaffii Glycerol, methanol ~ Minimal Bioreactor, fed-batch 594 mg/L [80]

CMC: carboxymethyl cellulose; MPHH: macal ba presscake hemicellulosic hydrolysate; CPHHH: cocoa pod husk
hemicellulose hydrolysate; FABCEs: fatty acid branched-chain esters.
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Table 3 Comparison of metabolites production between methylotrophic yeasts and S. cerevisiae

Products Host Titer References Host Titer References

Ethanol K. phaffii 5.1 g/L [64] S. cerevisiae 93.1 g/L [67]

O. polymorpha 5g/L [65]

C. boidinii 12 g/L [66]
Lactic acid K. phaffii 24 g/L [59] S. cerevisiae 60.3 g/L [69]

C. boidinii 85.9 g/L [61]
Xylitol K. phaffii 17.3 g/L [58] S. cerevisiae 47 g/L [71]

C. boidinii 11.3 g/L [60]
(+)-Nootkatone K. phaffii 208 mg/L [62] S. cerevisiae 59.8 mg/L [77]
Dammarenediol- IT K. phaffii 1 mg/g [63] S. cerevisiae 10.9 mg/g [86]
Lycopene K. phaffii 73.9 mg/L [78] S. cerevisiae 5.9 g/L [87]
[S-carotene K. phaffii 339 ng/g [79] S. cerevisiae 14.3 mg/L [88]
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