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A comparison of the production of gamma-decalactone in wild-type
and mutant strains of Yarrowia lipolytica
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Abstract. Gamma-decalactone, an intramolecular 4-hydroxydecanoic acid ester, has a peach-like aroma and is widely
used in the food and cosmetics industries. The biotechnological production of this compound is possible via
biotransformation of castor seed oil by the yeast Yarrowia lipolytica. This study aimed to compare the production of
gamma-decalactone by wild-type strain with that in a mutant strain producing lipase in high amounts. It was found that
cells with yeast-like morphology produce more gamma-decalactone than hyphae-like cells. The maximum production
of gamma-decalactone by wild-type and mutant strains was 65 mg/L after 24h of inoculation and 90 mg/L after 72h of
inoculation, respectively. The mutant strain converts 38% more substrate into gamma-decal actone than the wild-type
strain, therefore, it could significantly increase the productivity of industrial-scale production of gamma-decal actone.
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Figure 1. Comparison of wild Yarrowia lipolytica yeast colonies DSM 3286 with those of U6 mutant strain. The both
strains are grown on the same plate under the same conditions. A. Mutant strain U6 and B. Wild type DSM 3286.
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Figure 2. Microscopic images of the dide of Yarrowia lipolytica (100x lens). Cells were grown in liquid YPD medium
(stained with safranin) for 18 h. A. The mutant strain U6 grew into yeast-like form. B. The wild strain DSM 3286 grew

into the hyphae-like form.
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Figure 3. Comparison of the morphology of wild Yarrowia lipolytica DSM 3286 cells and U6 mutant yeast cells grown
in the biotransformation medium, cultured for different hours (24h and 80h). A. Wild strain of Yarrowia lipolytica

DSM3286. B. Mutant strain of Yarrowia lipolytica U6.
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Table 1. Percentage of gamma-Decal actone recovery from microbial culture samples.

Sample GDL" (g/L) GDL added GDL recovered (g/L) Mean recovery (%)
(gL)

0.063 0.05 0.11 %4
0.1 0.17 107
0.2 0.25 93.5

0.11 0.05 0.16 100
0.1 0.21 100
0.2 0.32 105

0.058 0.05 0.11 104
0.1 0.15 92
0.2 0.25 96

"GDL: gamma-Decalactone
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Figure 4. Diagram of gamma-Decal actone production by wild strain DSM 3286 (Blue rhombus) and U6 mutant of
Yarrowia lipolytica (Orange Square) cultured for different times.
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Figure 5. Growth curve of wild DSM 3286 (Blue rhombus) and mutant U6 strains (Orange Square) of Yarrowia
lipolytica in biotransformation medium.
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Figure 6. Natural logarithm diagram of the number of cells per unit volume by time for wild DSM 3286 (Blue rhombus)
and mutant U6 strains (Orange Square) of Yarrowia lipolytica. The time interval used is selected based on the
logarithmic phase of growth in the biotransformation environment.
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Figure 7. Three-axis diagram of the effect of castor oil concentration and culture time on gamma-Decal actone
production in natural strain DSM 3286 yeast Yarrowia lipolytica. A. Bar chart. B. Contour view.
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Figure 8. Three-axis diagram of the effect of castor oil concentration and culture time on gamma-Decaactone
production in the U6 mutant strain of Yarrowia lipolytica. A. Bar chart. B. Contour view.
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Table 2. Analysis of variance of experimental data Investigation of the effect of castor oil concentration and culture
timein natural strain DSM 3286 yeast Yarrowia lipolytica on the production yield.

Factor  Sumofsquares Degree of Freedoms Meansquare [-value p-value

Model 11355.25 14 811.09 4484  <0.0001 Significant
Castor oil 8451.77 9 939.09 5191  <0.0001
Time 2903.48 5 580.70 3210 <0.0001
Residue 814.06 45 18.09
Sum 12169.32 59
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Table 3. Analysis of variance of experimental data Investigation of the effect of castor oil concentration and culture
timein U6 mutant strain Yarrowia lipolytica on the production yield.

Factor Sum of squares  Degree of Freedoms

Mean square F-value p-value

Model 25876.52 14
Castor oil 2995.73 9
Time 22880.79 5
Residue 2194.95 45
Sum 28071.47 59

1848.32 37.89 <0.0001 Significant
332.86 6.82 <0.0001
4576.16 93.82  <0.0001
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