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Abstract: Ceramides play critical roles in maintaining skin barrier functions and exhibit anti-inflammatory and
antioxidant properties; thus, their biosynthesis has substantial market potential. Ceramide synthesis has primarily been
achieved using Saccharomyces cerevisiae, whereas there have been no reports on ceramide synthesis using the important
industrial host Pichia pastoris. This research represents the first instance of ceramide synthesis via genetically

modified P. pastoris GS115. The key genes PAS chr4_0427 and PAS chr2-2 0408 were sequentially targeted for deletion
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using CRISPR-Cas9 technology, leading to the construction of the mutant strains GS115-O and GS115-OC. The maximum
biomasses of GS115-0O and GS115-OC were reduced by 17.03% and 24.06%, respectively, compared with that of GS115,

whereas the relative contents of ceramides in these mutants were increased by 3.80- and 4.75-fold, respectively. The analysis

revealed the synthesis of 67 ceramide species, including 28 phytoceramides, using GS115-O and GS115-OC, marking an

additional five species than that produced using GS115. Notably, the relative contents of 28 ceramide species increase by

more than 100-fold, with the highest reaching 8533.98-fold. Furthermore, the contents of phosphatidic acid, diacylglycerols,

triacylglycerols, and particularly inositol phosphoceramide were significantly increased in the mutants, with the inositol

phosphoceramide content showing the most substantial increase. These results indicate that remarkable lipid metabolic

alterations occur, accompanied by increased conversion of ceramides into complex sphingolipids. GS115-O and GS115-OC

show great potential for ceramide production, including in industrial applications.
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Table 2 List of dihydroceramide differential compounds

e At £ #8 B 17] /min FERHAHK FRRFKEAR  AAE a4
1-O-stearoyl-Cer(d18:1/18:0) 3.22 GS115-0C GS115 8 533.98
Cer(d18:0/14:0) 4.13 GS115-0C GS115 890.58
Cer(d18:0/15:0) 4.16 GS115-0 GS115 136.68
Cer(d18:0/16:0) 4.17 GS115-0C GS115 55.17
Cer(d16:0/15:0) 4.18 GS115-0C GS115 94.78
Cer(d18:0/17:0) 4.19 GS115-0C GS115 71.87
Cer(d16:0/16:0) 4.20 GS115-0C GS115 169.45
Cer(d18:0/18:0) 4.20 GS115-0C GS115 18.90
Cer(d16:0/17:0) 423 GS115-0C GS115 165.02
Cer(d18:0/19:0) 4.23 GS115-0C GS115 57.29
Cer(d18:0/20:0) 424 GS115-0C GS115 175.99
Cer(d18:0/21:0) 4.25 GS115-0C GS115 28.48
Cer(d18:0/22:0) 427 GS115-0C GS115 58.74
Cer(d18:0/23:0) 4.28 GS115-0C GS115 14.16
Cer(d18:0/24:0) 430 GS115-0C GS115 71.50
Cer(d18:2/16:0) 432 GS115-0C GS115 38.93
Cer(d18:1/16:0) 432 GS115-0C GS115 19.79
Cer(d18:1/17:0) 433 GS115-0C GS115 51.12
Cer(d18:0/26:0) 4.33 GS115-0C GS115 15.39
Cer(d18:2/18:0) 4.35 GS115-0C GS115 82.96
Cer(d18:1/18:0) 4.35 GS115-0C GS115 78.97
Cer(d18:1/20:0) 438 GS115-0C GS115 15.20
Cer(t18:1(60H)/24:0) 5.17 GS115-0C GS115 79.99
Cer(t18:1(60H)/19:0) 5.23 GS115-0C GS115 874.18
Cer(d18:0/14:0(20H)) 5.32 GS115-0C GS115 *
Cer(d18:0/15:0(20H)) 5.33 GS115-0 GS115 *
Cer(d18:0/16:0(20H)) 5.35 GS115-0C GS115 565.56
Cer(d18:0/17:0(20H)) 5.36 GS115-0 GS115 1 435.08
Cer(d18:0/18:0(20H)) 5.37 GS115-0C GS115 96.41
Cer(d18:0/20:0(20H)) 5.39 GS115-0C GS115 239.46
Cer(d18:1(4E)/16:0(20H)) 5.42 GS115-0 GS115 10.04
Cer(d18:1(4E)/17:020H)) 5.42 GS115-0 GS115 101.27
Cer(d18:0/22:0(20H)) 5.42 GS115-0C GS115 526.18
Cer(d18:2/17:0(20H)) 5.44 GS115-0 GS115 1271.94
Cer(d18:1(4E)/18:0(20H)) 5.44 GS115-0C GS115 24.40
Cer(d18:2/18:0(20H)) 5.45 GS115-0C GS115 23.62
Cer(d18:1(4E)/24:0(20H)) 5.49 GS115-0C GS115 8.77
Cer(d18:2/24:0(20H)) 5.50 GS115-0C GS115 203.55
Cer(d18:1/24:0) 4.44 GS115-0C GS115-0 6.19

E: o RTAR T A E R B AR B I A AP 2 BbE.
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Table 3 List of phytoceramide differential compounds
P& JiFE % PR % & 18] /min FRR B ER R RAKE AR 3G v /A
Cer(t18:0/14:0) 5.00 GS115-0C GSI115 470.66
Cer(t18:0/15:0) 5.01 GS115-0C GSI115 1170.45
Cer(t18:0/16:0) 5.02 GS115-0C GSI115 89.64
Cer(t18:0/17:0) 5.03 GS115-0C GSI115 232.47
Cer(t18:0/18:0) 5.05 GS115-0C GS115 277.44
Cer(t18:0/19:0) 5.07 GS115-0C GSI115 217.12
Cer(t20:0/18:0) 5.08 GS115-0C GSI115 702.29
Cer(t18:0/21:0) 5.08 GS115-0C GS115 247.00
Cer(t18:0/22:0) 5.09 GS115-0C GS115 391.89
Cer(t18:0/23:0) 5.10 GS115-0C GS115 57.72
Cer(t18:0/24:0) 5.12 GS115-0C GS115 39.46
Cer(t18:0/25:0) 5.13 GSI115-0 GS115 10.96
Cer(t20:0/24:0) 5.14 GS115-0C GS115 14.00
Cer(t18:0/27:0) 5.15 GS115-0 GS115 18.14
Cer(t20:0/26:0) 5.16 GS115-0 GS115 7.29
Cer(t18:0/24:0(20H)) 6.14 GS115-0C GS115 418.93
Cer(t18:0/14:0(20H)) 6.27 GS115-0C GS115 *
Cer(t18:0/16:0(20H)) 6.28 GS115-0C GS115 2 044.96
Cer(t18:0/17:0(20H)) 6.29 GS115-0 GS115 *
Cer(t18:0/18:0(20H)) 6.29 GS115-0C GS115 1325.20
Cer(t18:0/19:0(20H)) 6.29 GS115-0C GS115 *
Cer(t18:0/20:0(20H)) 6.30 GS115-0C GS115 1864.91
Cer(t18:0/21:0(20H)) 6.30 GS115-0C GS115 3071.38
Cer(t18:0/22:0(20H)) 6.32 GS115-0C GS115 348.53
Cer(t18:0/23:0(20H)) 6.32 GS115-0C GS115 71.78
Cer(t18:0/25:0(20H)) 6.32 GS115-0 GSI115 6.32
Cer(t18:0/26:0(20H)) 6.33 GS115-0 GSI115 4.83
Cer(t18:0/27:0(20H)) 6.34 GS115-0 GS115 11.82
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