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Abstract: Yeast is a valuable host organism for protein, chemical, and plant natural product
production in metabolic engineering. The development of neutral sites in yeast holds great
significance for the construction and optimization of efficient cell factories. This review
summarizes the screening standards, characterization methods, influencing factors, and
applications of neutral sites in synthetic biology. Additionally, it discusses the future research
directions, providing theoretical support and practical guidance for the construction and
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optimization of yeast cell factories utilizing neutral sites.
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Screening criteria for candidate neutral sites in Kluyveromyces lactis. P: Promoter; t: Terminator.
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Table 1 Identification and characterization of neutral sites in yeast

Strain Gene integration technology Characterized product Neutral sites/Candidate sites Reference

Saccharomyces CRISPR-Cas9 eGFP, fatty alcohols 30/58 [10]

cerevisiae

Ogataea polymorpha CRISPR-Cas9 eGFP, fatty alcohols 18/36 [8]

Yarrowia lipolytica ~ Non-homologous eGFP, lycopene 17/- [15]
recombination

Pichia pastoris CRISPR-Cpfl eGFP, astaxanthin, biomass 102/— [9]

Pichia pastoris CRISPR-Cas9 eGFP, fatty alcohols 46/53 [13]
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Figure 2 Ogataea polymorpha cell factory that integrating genes of the newly designed pathway at neutral
sites produces fatty alcohols!®. A: Newly constructed biosynthetic pathway of fatty alcohol. Car: Carboxylic
acid reductase from Mus musculus; NpgA: 4'-phosphopantetheinyl transferase from Aspergillus nidulans;
Adh5: Alcohol dehydrogenase 5 from Saccharomyces cerevisiae. B: The production of fatty alcohols in

Ogataea polymorpha strain. y34: The negative control strain; FOHO4: Fatty alcohol producing strain; P:

Promoter; tt: Terminator; NS2: Neutral site 2; NS3: Neutral site 3.
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Table 2 Application examples of yeast neutral sites of neutral sites in yeast

Strains Neutral sites

Applications & Case studies

References

Ogataea polymorpha NS2, NS3

Successfully engineered for fatty alcohol production  [8]

(4.5 mg/L)

Yarrowia lipolytica  B-3, F-17

Lycopene biosynthesis regulated by combinatorial [15]

promoter-terminator configurations, resulting in

threefold yield variation (1.19-3.61 mg/g dry cell

weight)
Methanol-based biosynthesis of astaxanthin (13.29 mg/L) [9]

Pichia pastoris PINS27, P4ANS14

PIV-3, PIV-9, PIV-16

Combinatorial neutral sites and promoter library [13]

implementation enabled dual regulation of gene

expression and metabolic flux, achieving 30-fold fatty
alcohol yield variation (12.6-380 mg/L)

Intll, Int32, Int33, Int34,
Int37, Int42, Int45, Int48

Full integration of the 7 gene vindoline biosynthetic [11]
pathway into neutral sites, coupled with enhanced

methylation supply, achieved a final titer of 0.24 mg/L

Saccharomyces
cerevisiae

NSIX-1, NSIX-2, NSVIII-1

Int4, Int5, Int7, Int9, Int10,
Intl1, Int12, Int14,
Int16, Int17, Int18, Int19

Fatty alcohol production at 105.7, 90.7, and 80.3 mg/L [10]
via three distinct neutral sites

De novo biosynthesis pathway for sanguinarine and [6]
ajmalicine constructed at neutral loci, yielding

119.2 mg/L total isohydrostachine alkaloids (including

61.4 mg/L ajmalicine) in shake flasks

XII-1, XII-5, XII-2,

Anticancer indole glucosinolate pathway engineered  [39]

XII-4 by integrating 22 genes into neutral loci, achieving a
maximum titer of 1 mg/L
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