
Introduction

Results & Discussion

Strategy

Figure1. Schematicrepresentationof ALEof the yeastYarrowialipolytica.

FourALEstrategieswere designedto increasebiomassand lipid formation

under high Pure Glycerol(PG)and Crude Glycerol(CrG) concentrations.

Starting point: WTpar, Y.lipolytica 28849 parental strain; EMSmut, after

randomchemicalmutagenesiswith methanesulfonate(EMS)exposure.
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¾ Among the oleaginousyeasts,Yarrowia lipolytica

appearsto be a single-cell oil producer with great

potential.

¾ Crudeglycerol, derived from biodieselindustry,can

be valorized as carbon source to develop a

sustainableprocessfor single-celloil production.

¾ Adaptivelaboratory evolution (ALE) is employedto

improve the fitness of Y. lipolytica MUCL 28849

while the metabolism rewires under high

concentrations of pure (PG) and crude glycerol

(CrG).

¾ Dry biomass and lipid concentration of Evolved

Strains(ESts) are evaluated and superior EStsare

studiedthroughRNAsequencing.
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Figure 2. ɲOD/ɲt rate during ALE experiment for increasing PG and CrG
concentrations. Eachgraphcorrespondsto a different population(A. WTev.pure; B.
WTev.crude, C. EMSev.pure; D. EMSev.crude); gray shades stand for different
glycerolconcentrations. Parentalstrain valuesare shown in greenand error bars
indicatestandarddeviation.

¾ ΔOD600nm/Δtrate of all Evolvedpopulations (EPs)

increased.

¾ Stable phenotype was reached for all EPs.

Figure3. Growth profiles of 450 isolatedEStscultivated in 0.2 mL 15% v/v PG-Synthetic
Medium(SM). Graphsdepict the average,min andmaxgrowth curveof a. WTev.pure, n =
297; b. WTev.crude, n =53; c. EMSev.pure, n = 100.

Figure4. A. Comparisonof lipid fluorescenceand distribution per cell, between YLE155
(green)and WTpar(blue),usingflow cytometry and bodipy dye (493/503nm), B. Growth
profilesof 90 isolatedEStscultivatedin 0.2 mL15%v/v PG-SM. Graphdepictsthe average
growth curveof 58WTev.pureESTs,20WTev.crudeESTs,and12EMSev.pureESTs.
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¾ EStsof WTev.pure and EMSev.pure showed from 1.5 to 2-fold

higherbiomassconcentrationat 48h, comparedto WTpar.

¾ Growth profiling differencesof EStsand cell observation

through flow cytometry indicate the presence of

heterogeneity.

¾ Multiple selection steps resulted in 5 superior EStswith

enhanced biomass formation while lipid content was

slightlyincreased.

¾ Culture of YLE155 (in 15%v/v CrG-SM) reachedup to 2.4-

fold increaseof dry biomassin the first 24h.

Figure 5. Observationof (A) dry biomassand (B) lipid concentrationof 5 superior ESts,
cultivatedin 15%CrG-SM.
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Figure 6. Differential gene expression
analysis. A. Multidimensional scaling plot
(MDS),for all librariesbasedon all non-zero
gene FPKMs. B. Venn diagram, visualizing
the overlapof differentiallyexpressedgenes
amongthe different ESts.
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Figure 7. Abundancelevels of the most abundant gene ontology (GO) - biological process(BP) terms associatedwith the
differentiallyexpressedproteinsin A. YLE111andB. YLE155.
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¾ Geneontology annotation of all 5

ESts(focusedon BP)showed that

most differentially expressed(DE)

proteins were related to

membranetransport activation.

¾ Transcriptome analysis revealed

significant differential expression

compared to WTpar, especiallyin

YLE111 and YLE155 EStswith 417

and580DEgenes,respectively.
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V Utilizationof crudeglycerolwasfavoredby applyingALEwhile growth profilesof EStsrevealedphenotypeenhancementin termsof biomassformation.

V Bothflow cytometryandlipid concentrationanalysisverifiedthat intracellularlipid levelsof EStswereslightlyincreased.

V Initial changesin all derived EStsaffected nucleosomalstructure and regulation of transcription. In the more differentiated ESts, these changesglobally affected

membranetransportandprotein transportprocesses.

V Geneontologyannotationanalysisshoweda similartrend in all EStseventhoughthey originatedfrom different ALEstrategies.

V Fermentationsin a labscalebioreactorarecurrentlyconductedto determinebiomassandlipid yieldsbetweenselectedESTsandparentalstrain.
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