
Table S1 Recombinant proteins produced by Pichia pastoris in fermenters employing various fed-batch HCDF strategies (since 2014) 1 

Induction 
Strategies 

Proteins Biomass Volumetric 
activity 
(U/mL) 

Specific 
activity (U/mg) 

Volumetric 
production 
(mg/L) 

Productivity 
(mg/L/h) 

Specific 
production 
(mg/g) 

Specific 
production rate 
(mg/g/h) 

Ref 

Stat-induction 
strategy 

Leech hyaluronidase 1200a 8.4 × 105 7.0 × 102 4.2 × 102 5.1 0.35 0.0043 [1] 

Transmembrane glycoprotein 

CD83 
180c ND ND 2.0 × 102 2.1 1.1 0.011 [2] 

Human serum albumin 415b ND ND 1.0 × 104 25.3 24.1 0.061 [3] 

Glucose dehydrogenase 228b 2.6 × 102 1.1 7.1 × 102 8.5 3.1 0.037 [4] 

β-Fructofuranosidase 118c 1.0 ~0.01 6.0 × 102 8.3 5.1 0.071 [5] 

Human metallothionein 3 ~340b ND ND 4.3 × 102 7.6 1.3 0.023 [6] 

Sterol esterase 75c 29.4 0.4 6.4 0.09 0.09 0.001 [7] 

β-Galactosidase 325a 2.0 × 102 0.6 1.3 × 103 16.9 4.1 0.053 [8] 

hGMCSF 122c ND ND 4.2 × 102 5.0 3.4 0.040 [9] 

Glucose isomerase 110c 32.5 0.3 1.5 × 103 27.3 13.6 0.25 [10] 

Trichosporon coremiiforme 

lipase 
198c 5.0 × 103 25.3 2.0 × 103 11.9 10.1 0.06 [11] 

α-Galactosidase ND 2.0 × 103 ND 5.1 × 103 19.3 ND ND [12] 

Inulin fructotransferase 230a 1.1 × 102 0.46 8.0 × 102 13.3 3.5 0.058 [13] 

Human collagen α1(III) chain 230a ND ND 4.7 × 103 97.5 20.3 0.42 [14] 

β-Xylanase 95c 4.5 × 104 4.7 × 102 9.0 × 102 7.6 9.4 0.080 [15] 

Rotavirus VP6 protein 151c ND ND 1.4 × 103 12.9 9.5 0.088 [16] 

Candida antarctica lipase ~55c 15.2 16.1 9.5 × 102 25.3 17.3 0.46 [17] 

Trametes versicolor laccase 160c 0.2 ~0.001 5 0.1 0.03 0.00060 [18] 

hSA-TMP-TMP ~90 ND ND 4.0 × 102 4.4 4.4 0.049 [19] 

L-glutamate oxidase 420b 2.5 × 102 0.58 1.1 × 104 1.3 × 102 26 0.31 [20] 

Scorpion peptide BmK 

AngM1 
350b ND ND 1.2 × 103 17.6 3.4 0.050 [21] 

Chitin-glucan complex 159c ND ND 2.9 × 104 3.0 × 102 182 1.88 [22] 

SAF 76c ND ND 23.6 0.2 0.25 0.0021 [23] 

Rhizomucor miehei β-

mannanase 
458b 8.0 × 104 1.7 × 102 9.1 × 103 54.0 19.8 0.12 [24] 

hIDS 240c 2.1 × 102 0.9 7.0 × 102 23.3 2.9 0.10 [25] 



Human goose-type lysozyme 

2 
313b 2.1 × 103 6.7 1.4 × 102 1.9 0.4 0.0054 [26] 

Invertebrate-type lysozyme 232b 9.6 × 102 4.1 94.5 1.0 0.4 0.0042 [27] 

Co-feeding 
strategies 

Aspergillus ficuum phytase 217a 8.6 × 103 23.5 ND ND ND ND [28] 

Porcine circovirus Cap 

protein 
ND ND ND 2.0 × 102 ND ND ND [29] 

β-Glucosidase 88c 2.6 13.8 ND ND ND ND [30] 

Human erythropoietin 55c ND ND 6.5 × 102 72.2 11.8 1.31 [31] 

Thermomyces lanuginosus 

lipase 
513b 2.7 × 104 52.6 ND ND ND ND [32] 

Glucose oxidase ~250b 1.6 ×103 87.1 ND ND ND ND [33] 

Thermus thermophilus 

laccase 
500a 6.1 2.1 1.2 × 103 9.1 2.4 0.018 [34] 

Citrobacter amalonaticus 

phytase 
400a 3.5×104 87.5 9.6 × 103 80.0 24 0.20 [35] 

Candida rugosa lipase 413b 7.5×103 18.1 ND ND ND ND [36] 

Porcine interferon-α 140c 2.5 × 109 1.8 × 107 2.7× 103 38.6 19.3 0.28 [37] 

Human growth hormone 98c ND ND 1.2 × 103 28.6 9.1 0.22 [38] 

Candida rugosa lipase ND 1.3 × 104 ND 5.0 × 103 ND ND ND [39] 

Neosartorya fischeri lipase 393b 1.9×103 4.8 2.0 × 103 11.9 5.1 0.030 [40] 

Granulocyte colony-

stimulating factor 
220a ND ND 3.0 × 102 0.7 0.66 0.0015 [41] 

Human sialyltransferase 565b 1.7 × 104 30.0 1.1 × 103 11.5 1.9 0.020 [42] 

Human growth hormone 108c ND ND 6.9 × 102 16.4 6.4 0.15 [43] 

Human growth hormone 163c ND ND 9.8× 102 32.7 6.0 0.20 [44] 

β-Glucosidase 115c 1.3 × 102 1.1 ND ND ND ND [45] 

Glucose oxidase ~450a 7.9 × 102 1.7 ND ND ND ND [46] 

Rhizopus oryzae lipase 121c 3.4 × 104 2.8 × 102 7.2 × 103 56.7 59.5 0.47 [47] 

Endoglucanase 1 400a 6.5 × 102 1.6 4.1 × 103 28.5 10.3 0.072 [48] 

Limited 
strategies 

Human c-type lysozyme 6 116c 2.3×10 7.1×103 3.3 × 102 2.6 2.8 0.022 [49] 

Plectasin-derived peptide 

NZ2114 
360b ND ND 1.3 × 103 0.04 3.6 0.011 [50] 

Fc-fused kringle domain 320a ND ND 6.4 × 102 7.2 2.0 0.023 [51] 



Porcine interferon-α 140c 2.5 × 109 1.8 × 107 2.7 × 103 38.6 19.3 0.28 [37] 

Trichoderma reesei 

 xylanase 
194c ND ND 9.9 × 103 58.9 51.0 0.30 [52] 

THCAS 80c 0.8 0.01 11.0 × 103 261.9 137.5 3.31 [53] 

Lipase MAS1 450b 4.4 × 102 0.98 2.0 × 103 13.9 4.4 0.031 [54] 

Endo-β-1,4-xylanase 213c 2.8 × 102 5.9 × 104 ND ND ND ND [55] 

hGALNS 190c 30.4 0.16 1.6 × 103 78.9 8.3 0.42 [56] 

Neutral protease I 442b 4.9 × 104 1.1 × 102 1.3 × 104 89.0 29.0 1.81 [57] 

Serine protease 380b 1.6 × 104 5.2 × 103 3.2 × 103 33.3 8.4 0.088 [58] 

Lactone hydrolase ZHD 134c 1.5 × 102 1.1 30 0.36 0.2 0.0024 [59] 

Alkaline xylanase 159c 4.8 × 104 3 × 102 ND ND ND ND [60] 

Leech hyaluronidase 200c 1.7 × 106 8.4 × 103 ND ND ND ND [61] 

Bacillus subtilis β-mannanase 352b 5.4 × 103 15.3 3.3 × 103 19.6 9.4 0.056 [62] 

Subtilisin QK 110c 1.1 × 105 1.5 × 104 7.6 × 103 82.6 69.1 0.75 [63] 

Rhizomucor miehei β-

mannanase 
480b 8.5 × 104 1.8 × 102 8.9 × 103 53.0 18.5 0.11 [64] 

Moniliophthora roreri 

laccase 
460a 2.8 × 102 0.6 1.1 × 103 5.9 ~2.4 0.013 [65] 

hIDS 188c 3.0 × 102 1.6 6.8 × 102 13.6 3.6 0.072 [25] 

Invitrogen 
protocol and 
others 

Full-length streptavidin 235c ND ND 6.5 × 102 13.0 2.8 0.055 [66] 

Tat47-57-Oct4 218b ND ND 2.1 × 102 1.9 0.9 0.0086 [67] 

Truncated human 

plasminogen Lys531-Asn791 
190c 7.9 0.04 3.4 × 102 8.4 1.8 0.044 [68] 

Porcine trypsin 350b 19.2 0.055 4.8 × 102 5.0 1.4 0.14 [69] 

Human meprin β 950a 0.3 0.4 58.4 ~1.0 ND ND [70] 

Human calreticulin 86c ND ND 1.6 × 103 14.4 18.6 0.17 [71] 

Proteinase K 382b 1.1 × 105 2.8 × 102 8.1 × 103 96.0 21.2 0.25 [72] 

Candida antarctica lipase ~55c 15.2 15.9 9.5 × 102 21.6 17.3 0.39 [17] 

Endo-inulinase 250b 1.7 × 103 6.8 2.8 × 103 15.0 11.2 0.060 [73] 

Family 6 cellobiohydrolase 595a 1.1 ~0.002 2.0 × 103 9.8 4.0 0.020 [74] 

Streptokinase ~90c ND ND 4.3 × 103 68.6 49.8 0.80 [75] 

Phospholipase C 125c ND ND 4.5 × 103 118.0 36.0 0.95 [76] 



scFv 95c ND ND 60.0 1.9 0.64 0.020 [77] 

hBCMA‐Fc 350a ND ND 2.1 × 102 3.5 0.6 0.010 [78] 

α-Amylase ~80c 9.6 × 104 1.2 × 103 1.2 × 102 0.8 1.5 0.010 [79] 

Endo-polygalacturonase ~55c 2.4 × 103 43.8 ND ND ND ND [80] 

Trichosporon coremiiforme 

lipase 
~500b ND ND 6.7 × 103 186.0 13.4 0.37 [81] 

Cel5A/Cel6A 283c 3.7 × 102 1.3 4.3 × 103 24.0 15.2 0.083 [82] 

Human interleukin-3 252b ND ND 1.5 × 103 15.5 19.4 0.20 [83] 

Human serum albumin 400b ND ND 8.9 × 103 92.3 22.2 0.23 [84] 

Alginate Lyase 424b 9.2 × 102 2.2 2.3 × 102 1.7 0.5 0.0037 [85] 

Biotin ligase BirA 434b ND ND 5.8 × 102 4.0 1.3 0.0090 [86] 

Thielavia terrestris α-

galactosidase 
522b 4.4 × 103 8.4 8.3 × 103 1.2 × 102 15.9 0.23 [87] 

Carrot antifreeze protein 97c ND ND 3.8 × 102 3.5 3.9 0.036 [88] 

 2 

 hGMCSF, human granulocyte–macrophage colony-stimulating factor; hSA-TMP-TMP, human serum albumin-tandem thrombopoietin mimetic peptide fusion protein 3 

 SAF, monomers of the unique human papilloma virus type 16 L1‐L2 chimeric protein; hIDS, human lysosomal enzyme iduronate‐2‐sulfatase; 4 

 THCAS, Δ9-tetrahydrocannabinolic acid synthase; hGALNS, human N-acetylgalactosamine-6-sulfate sulfatase; scFv, anti LDL (-) single-chain variable fragment 5 

 Tat47-57-Oct4, fusion protein of HIV Tat47-57 and transcription factor Oct4; Cel5A/Cel6A, Trichoderma reesei family 5 endoglucanase and family 6 cellobiohydrolase; 6 

 hBCMA‐Fc, B‐cell maturation antigen fused at the C‐terminus to the Fc portion of human IgG1. 7 

 a Optical cell density at 600 nm (OD600); b Wet cell weight (WCW), g/L; c Dry cell weight (DCW), g/L 8 

 ND, the values were not detected. 9 
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