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Figure 5
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Main manuscript figures – Legends 

 

FIG 1 Characterization of yeasts in a chemically defined culture medium. (A) Representative 

morphology of exponentially growing cells; (B1) Specific growth rate (h-1) of yeast strains. All 

cultivations were performed in shake flasks. Mean values were calculated based on biological 

triplicate experiments; (B2) Physiological status of yeast strains at the end of culture cultivation 

in the reference minimal medium using shake flasks. Data represent an average of triplicate 

experiments and the detailed physiology profiles are available in supplemental S1B. 

Abbreviations: O.D= optical density at 600nm, AG= cell aggregates, Glu.= glucose (g/l), Gly.= 

glycerol (g/l), Ace.= acetic acid (g/), EtOH= ethanol (g/l); C= consumed, ND= produced but 

consumed by the end of cultivation and therefore not detected at this point, NP= Not produced; 

(C1) Cell volume (fL) distribution at exponential growth phase showing the percentage of cells 

in different volume bins. The number of cells (n) used for the quantification were as following: 

CEN.PK (6157), W303 (20895), KM (21534), RT (26117); (C2) Median cell volume (fL, 

represented by a symbol) of exponentially growing cells. Bars represent standard deviations 

(SD) and were calculated separately for each half of non-normal cell volume distribution as 

represented in C1. Both halves of SD values are plotted at 50% of the actual values for a 

representative visualization; (D1) Vacuole volume (fL) distribution at the exponential growth 

phase showing the percentage of vacuoles in different volume bins. The number of vacuoles 

(n) used for the quantification were as following: CEN.PK (1825), W303 (14634), KM (15412), 

RT (11777); (D2) Median vacuole volume (fL, represented by a symbol) of exponentially 

growing cells. Bars represent standard deviations as described in C2; (E) Median vacuole to 

cell volume ratio at exponential growth phase. The number of vacuoles and cells used to 

calculate this ratio is the same as in D1. 

 

FIG 2 Response of yeast strains to the supplementation of K+ in a chemically defined culture 

medium. (A) Relative specific growth rate, using microplate reader, based on independent 

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted October 26, 2020. ; https://doi.org/10.1101/2020.10.22.350355doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.22.350355
http://creativecommons.org/licenses/by/4.0/


quadruplicate experiments. Specific growth rates in the reference culture medium (K+–0.025 

M, Na+–0.0 M,) were considered at 100 percent for each yeast. Error bars indicate SD; (B) 

Physiological status of yeast strains at the end of cultivation in the cation supplemented 

reference minimal medium using shake flasks. Data represent average of triplicate 

experiments and detailed physiology profiles are available in supplemental S1B and 

corresponding cellular morphology in S2B. Abbreviations are the same as used in Figure 1; 

(C) Relative cell (n>6000) and vacuole (n>1800) volume distributions of exponential phase 

cells. The first data point (indicated by a shadowed background) is the reference (refers to 

Figure 1). Log2 fold changes (log2FC= median values, indicated by symbols) are plotted relative 

to the reference. Bars representing log2FC(SD) are calculated separately for each half of non-

normal cell and vacuole volume distributions, respectively. A log2FC is obtained by dividing SD 

of experimental condition with the reference value for each half of non-normal distribution, 

separately. Both halves of the SD values are plotted at 50% of the actual values for a 

representative data visualization. Supplemental 2B shows percentage bins of cell and vacuole 

distributions in response to the increased K+ concentration in the culture medium. Asterisks (*) 

indicate statistical significance (p–value <0.001) based on the Kruskal-Wallis test, which is a 

modified version of one-way analysis of variance (ANOVA) and applicable to non-normal 

distributions.  

 

FIG 3 Response of yeast strains to the supplementation of Na+ in a chemically defined culture 

medium. (A) Relative specific growth rate, using microplate reader, based on independent 

quadruplicate experiments. Growth rates in the reference culture medium (Na+–0.0 M, K+–

0.025 M) are considered at 100 percent for each yeast and changes in growth rates (mean 

values) are plotted as relative to the reference. Error bars indicate SD; (B) Physiological status 

of yeast strains at the end of cultivation in Na+ supplemented minimal medium using shake 

flasks. Data are average of triplicate experiments and detailed physiology profiles are available 

in the supplemental S1B and corresponding cellular morphology in S3A. Abbreviations are the 
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same as used in Figure 1; (C) Relative cell (n>6000) and vacuole (n>1500) volume distributions 

of exponential phase cells. The first data point (indicated by a shadowed background) is the 

reference (refers to Figure 1). Log2 fold changes (log2FC= median values, indicated by 

symbols) are plotted relative to the reference. Bars representing log2FC(SD) are calculated 

separately for each half of non-normal cell and vacuole volume distributions, respectively. A 

log2FC is obtained by dividing SD of experimental condition with the reference value for each 

half of non-normal distribution, separately. Both halves of the SD values are plotted at 50% of 

the actual values for a representative data visualization. The supplemental 3B shows 

percentage bins of cell and vacuole distributions in response to the supplementation of Na+ in 

the minimal culture medium. Asterisks (*) indicate statistical significance (p–value <0.001) 

based on the Kruskal-Wallis test which is a modified version of one-way analysis of variance 

(ANOVA) and applicable to non-normal distributions. 

 

FIG 4 Response of yeast strains to K+-Na+ supplementation in a chemically defined culture 

medium. All experiments were performed in the background of 1.0 M Na+ while varying K+ 

concentrations. (A) Specific growth rate using shake flasks, based on independent triplicate 

(for CEN.PK and W303) and duplicate (KM and RT) experiments. Error bars indicate SD. 

Supplementary S4A shows changes in the lag phase and the final cells densities in response 

to dual cationic stress; (B) Physiological status of yeast strains at the end of cultivation in the 

K+-Na+ supplemented minimal medium using shake flasks. Data are average of triplicate 

experiments and detailed physiology profiles are available in supplemental S1B and 

corresponding cellular morphology in S4B. Abbreviations are the same as used in Figure 1; 

(C) Relative cell (n>7000) and vacuole (n>900) volume distributions at exponential phase. The 

first data point (indicated by a shadowed background) is the reference (refers to Fig. 3— K+–

0.025 M, Na+–1.0 M,). Log2 fold changes (log2FC= median values, indicated by symbols) are 

plotted relative to the reference. Bars representing log2FC(SD) are calculated separately for 

each half of non-normal cell and vacuole volume distributions, respectively. A log2FC is 
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obtained by dividing SD of experimental condition with the reference value for each half of non-

normal distribution, separately. Both halves of the SD values are plotted at 50% of actual values 

for a representative data visualization Supplemental 4C shows percentage bins of cell and 

vacuole distributions in response to K+-Na+ supplementation in the minimal medium. Asterisks 

(*) indicate statistical significance (p–value <0.001) based on the Kruskal-Wallis test which is 

a modified version of one-way analysis of variance (ANOVA) and applicable to non-normal 

distributions. 

 

FIG 5 Evaluation of K+/Na+ supplementation impact on the production of beta-carotene in R. 

toruloides. (A) Cellular and organellar cationic transporters in yeasts.  The absence of cationic 

transporters, based on the currently available sequence comparisons, in R. toruloides is 

indicated by placing the label inside a rectangle. (B) Cell density of glucose grown R. toruloides 

cultures and the beta-carotene production yield on glucose (Yxs, mg/g) in response to the 

supplementation of K+/Na+ cations. Data presented are from independent triplicate 

experiments and beta-carotene measurements are performed using the stationary phase 

cultures where all glucose (10 g/l) was consumed. Error bars indicate SD and significance 

(pvalue <0.05) is indicated by a symbol (*).  
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Salt manuscript main figures: 
Figure 1 [Reference] [S1A, S1B] 

A. Yeasts (morphology) 

B. 1. Specific growth rates 2. Cell volume (fL) 3. Vacuole volume (fL) 
C. 1. Cells heterogeneity (fL) 2. Vacuoles heterogeneity (fL) 2. Vacuole/Cell (fL/fL) 4. 

Physiology  

2. Figure 2 [Potassium stress] [S1A, S2B] 
A. Relative growth rates  

B. Physiology  

C. Cellular and vacuolar heterogeneity distribution  

3. Figure 3 [Sodium stress] [S1A, S3A, S3B] 
A. Relative growth rates  
B. Physiology  

C. Cellular and vacuolar heterogeneity distribution  

4. Figure 4 [Sodium + Potassium stress] [S1A, S4A, S4B, S4C] 
A. Relative growth rates  

B. Physiology  

C. Cellular and vacuolar heterogeneity distribution  

5. Figure 5 [RT, Carotene] 
A. K+/Na+ transporters  
B. Salt stress application 

Salt manuscript supplemental data: 
 

1. S1A – Cations in the Delft medium [Ref. – Results - characterization section] 

2. S1B – Physiology table/graph [Ref. – Figure 1 to 4] 

3. S2A – Morphology [Potassium] [Refers – Figure 2] 

4. S2B – cells % vs fL, vacuoles % vs fL, vacuoles/cells (fL/fL) [Refers – Figure 2] 

5. S3A – Morphology [Sodium] [Refers – Figure 3] 
6. S3B - cells % vs fL, vacuoles % vs fL, vacuoles/cells (fL/fL) [Refers – Figure 3] 

7. S4A – Cellular adaptation and density [Refers – Figure 4] 

8. S4B – Morphology [Sodium + Potassium] [Refers – Figure 4] 

9. S4C - cells % vs fL, vacuoles % vs fL, vacuoles/cells (fL/fL) [Refers – Figure 4] 

10. S5A-B – Transporters – comparison [Refers – Figure 5, Discussion] 
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