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Fermentative production of tetraacetyl phytosphingosine: a
review

CUI Liuwei, WANG Kaifeng, JI Xiaojun’

State Key Laboratory of Materials-oriented Chemical Engineering, College of Biotechnology and Pharmaceutical
Engineering, Nanjing Tech University, Nanjing 211816, Jiangsu, China

Abstract: Tetraacetyl phytosphingosine (TAPS) is an excellent raw material for natural skin
care products. Its deacetylation leads to the production of phytosphingosine, which can be
further used for synthesizing the moisturizing skin care product ceramide. For this reason,
TAPS is widely used in the skin care oriented cosmetics industry. The unconventional yeast
Wickerhamomyces ciferrii is the only known microorganism that can naturally secrete TAPS,
and it has become the host for the industrial production of TAPS. This review firstly introduces
the discovery, functions of TAPS, and the metabolic pathway for TAPS biosynthesis is further
introduced. Subsequently, the strategies for increasing the TAPS yield of W. ciferrii, including
haploid screening, mutagenesis breeding and metabolic engineering, are summarized. In
addition, the prospects of TAPS biomanufacturing by W. ciferrii are discussed in light of the
current progresses, challenges, and trends in this field. Finally, guidelines for engineering
W. ciferrii cell factory using synthetic biology tools for TAPS production are also presented.
Keywords: tetraacetyl phytosphingosine; Wickerhamomyces ciferrii; phytosphingosine; synthetic
biology
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Timeline of important achievements in the research of tetraacetyl phytosphingosine fermentation
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Figure 2 Structural formula of tetraacetyl
phytosphingosine.
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Figure 3 De novo synthesis pathway of TAPS in Wickerhamomyces ciferrii. Shml, Shm2: L-serine
hydroxymethyltransferase; Chal: L-serine deaminase; Lcbl, Lcb2: Serine palmitoyltransferase; Tscl0:
3-keto-dihydrosphinganine reductase; Syr2: C-4-hydroxylase; Slil: O- and N- acetyltransferase; Atf2:
O-acetyltransferase; Lcb3: Sphingosine phosphatase; Lcb4: Sphingosine kinase.
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Figure 4 Strategies for improving the production of TAPS in Wickerhamomyces ciferrii.
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*1
Table 1
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Summary of strategies for achieving high TAPS production in Wickerhamomyces ciferrii

Original strains Strategies Substrates Fermentation Titers (g/L) or References
scales strategy effects
W. ciferrii NRRL Y-1031  Haploid screening Glucose  Bioreactor 0.32 [8]
W. ciferrii CGMCC 19562 Haploid screening, fed-batch Glucose  Bioreactor 22.10 [22]
fermentation
W. ciferrii F-60-10 Physical and chemical mutation Glucose  Shake flask 0.23 [32]
breeding
W. ciferrii F-60-10 Mutation breeding and selection Glucose  Shake flask 0.37 [14]
techniques
W. ciferrii NRRL Y-1031 Chemical (EMS) mutation, Glucose+ Bioreactor 2.90 [20]
fed-batch culture Molasses
W. ciferrii F-60-10 Physical (y ray) mutation, batch Glycerol Bioreactor 17.70 [18]
fermentation
W. ciferrii DSCC 7-25 Alcb4, Apox3 Glycerol  Bioreactor 3.50 [33]
W. ciferrii F-60-10 AShml, ALcb4, AShm2, AOrml, Glucose  Shake flask 2.00 [17]
AOrm2, AChal, Lcb1?, Leb21, Syr21
W. ciferrii KFCC 10937 leb2t Glycerol Bioreactor 7.40 [34]
W. ciferrii F-60-10 Ura3, Lys2 as screening markers - - Developed an efficient [35]
transformation system
W. ciferrii F-60-10 Alig4 - - Homologous [16]
recombination efficiency
increased to 87%
W. ciferrii F-60-10 Fed-batch fermentation, add L-serine  Glycerol Bioreactor 2.10 [36]
W. ciferrii DSCC 7-25 Fermentation optimization Glycerol  Bioreactor 14.00 [37]

—: Not mentioned in the references.
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