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Primers used in this study 

Name Primer description  
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Figure S1. Capsule production of 49 transcription factor mutants in C. neoformans. (A) WT (H99S) and 49 transcription factor mutant strains were grown in YPD liquid 
medium at 30 ays at 37 C. Each graph 
indicates relative capsule size of transcription factor mutants that exhibited statistically significant changes in capsule production ( 30% difference relative to wild type as 
cutoff). Two biologically independent experiments were performed and representative data are shown here. Each measurement was repeated for 20 cells per condition. Error 
bars indicate standard deviation. Statistical analysis was performed using one- -comparison test. (*, P < 0.05; **, P < 0.01; ***, P < 0.001; 
****, P < 0.0001). (B) WT (H99S) and 13 transcription factor mutant strains were grown in YPD liquid medium at 30 C with shaking for 16 h, washed with PBS, and spotted 
onto FBS solid medium. Cells were further incubated for 2 days at 37 C. Each graph indicates relative capsule size of transcription factor mutants that exhibited statistically 
significant changes in capsule production ( 30% difference relative to wild type as cutoff). Two biologically independent experiments were performed and representative data 
are shown here. Each measurement was repeated for 20 cells per condition. Error bars indicate standard deviation. Statistical analysis was performed using one-way 

-comparison test (*, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001). (C) Expression level of CAP genes increases under capsule-
inducing condition. The expression level of capsule biosynthesis genes was determined using qRT-PCR with cDNA from total RNA samples of WT (H99S) grown in basal 
YPD medium and three capsule-inducing media. CAP10, CAP59, CAP60, and CAP64 expression levels were normalized by actin gene (ACT1) expression. Each strain 
grown in YPD medium (time zero sample) was re- id medium, and 10% fetal bovine 
serum (FBS) liquid medium and further incubated for 6 h. Three biological replicate samples with three technical replicates were analyzed using qRT-PCR. Error bars 
indicate standard deviation. Statistical analysis was performed using Student t-test (*, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001).
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Figure S2. Yap1 and Ada2 co-regulate GAT201 induction under capsule-inducing conditions. (A) WT (H99S), cap10 yap1 ada2
(YSB2382), yap1 ada2 gat201 bzp4 gat201 bzp4 C for 16 
h, washed with PBS, and spotted onto 10% fetal bovine serum (FBS) solid medium. The cells were further incubated for 2 days at 37 C. Three biologically independent 
experiments were performed, and representative data are shown. Each measurement was repeated on 70 cells for each condition. Mean values were shown with error 
bars indicating standard deviation. Statistical analysis was performed using one- test (*, P < 0.05; **, P < 0.01; ***, P
< 0.001; ****, P < 0.0001). (B) GAT201 expression levels were determined using qRT-PCR with cDNA from total RNA samples of WT (H99S), ada2 yap1
(YSB815), and yap1 ada2 GAT201 expression levels were normalized to actin gene 
(ACT1) expression. Each strain grown in YPD medium (time zero sample) was re-suspended in FBS liquid medium and further incubated for 2 h. Three biological 
replicate samples with three technical replicates were analyzed using qRT-PCR. Mean values were shown with error bars indicating standard deviation. Statistical 
analysis was performed using one- -comparison test (*, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001). (C) Construction of 
the GAT201 overexpression strains. The native promoter of GAT201 was replaced with the constitutively active H3 promoter linked to the hygromycin B resistance gene 
(see Methods and Materials). Positive transformants were confirmed by diagnostic PCR. All primer sets were listed in Table S1. The expected size of PCR-amplified 
DNA bands was indicated under each gel image. (D) GAT201 overexpression strains generated in wild-type, ada2 yap1 yap1 ada2
grown in YPD liquid medium at 30 C for 16 h, washed with PBS, and spotted onto FBS solid medium. The cells were further incubated for two days at 37 C. Each 
measurement was repeated on 50 cells for each condition Mean values were shown with error bars indicating standard deviation. Statistical analyses were performed 

t-test (* P < 0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001). 
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Figure S3. BZP4, GAT201, YAP1, and ADA2 complemented strains showed similar capsule production level as the wild-type strain under capsule-inducing 
condition. WT (H99S), cap10 bzp4 bzp4 BZP4-mCherry (YSB5408), bzp4 BZP4 (YSB5499), (B) gat201
gat201 GAT201-GFP (YSB6745), (C) yap1 yap1 YAP1-GFP (YSB2723), and (D) ada2 ADA2-GFP (YSB3405) strains were grown in 
YPD liquid medium at 30 C. Two 
biologically independent experiments were performed and representative data are shown here. Each measurement was repeated for 40 cells per condition. Error bars 
indicate standard deviation. Statistical analysis was performed using one- -comparison test (*, P < 0.05; **, P < 0.01; ***, P < 0.001; 
****, P < 0.0001).
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Figure S4. Multiple kinases regulate core capsule-regulating transcription factors under capsule-inducing condition. The expression level of GAT201, YAP1, 
ADA2, and BZP4 was determined using qRT-PCR with cDNA from total RNA samples of WT (H99S), pka1 bud32 pos5 ire1
(YSB552), cdc2801 hog1 irk5 GAT201, (B) ADA2, 
(C) BZP4, and (D) YAP1 expression levels were normalized by actin gene (ACT1) expression. Each strain grown in YPD medium (time zero sample) was re-suspended 
in LIT or FBS liquid medium and further incubated for 2 h. Three to five biological replicate samples with three technical replicates were analyzed using qRT-PCR. Error 
bars indicate standard deviation. Statistical analysis was performed using Student t-test (*, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001).
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Figure S5. Capsule-inducing condition affects gene expression patterns of wild type strain. (A) Hierarchical clustering exhibits RNA-seq analysis of wild type (H99S) 
strain under basal and capsule- -off range of the fold change was 2 with P
test. Three independent biological experiments performed by each set. A volcano plot of the RNA data was constructed using DESeq2 and plotted using R. (B) DAVID 
analysis-based enrichment scores of gene ontology (GO) terms for genes upregulated (red) or downregulated (blue) in response to capsule-inducing condition.



A

B

WT_B_1
WT_B_2

GAT201_B_3
GAT201_B_1
GAT201_B_2

WT_B_3
ADA2_B_3
ADA2_B_2
ADA2_B_1
BZP4_B_3

WT_B_4
WT_B_6

BZP4_B_1
BZP4_B_2

WT_B_5
ADA2_L_1
ADA2_L_3
ADA2_L_2

GAT201_L_1
GAT201_L_2
GAT201_L_3

WT_L_2
WT_L_3
WT_L_1

BZP4_L_3
BZP4_L_2
BZP4_L_1

WT_L_4
WT_L_5
WT_L_6

-20 -10 0

-20

-10

0

10

PC1 (19.88%)

ada2 _basal

ada2 _LIT

bzp4 _basal

bzp4 _LIT

gat201 _basal

gat201 _LIT

WT_basal

WT_LIT

WT_LIT

bzp4 _LIT

gat201 _LIT

ada2 _LIT

Color Key

Value
0-2-4 2 4

Figure S6. Capsule-inducing condition changes gene expression patterns of wild type strain. (A) Principal Component Analysis (PCA) of 
WT (H99S), bzp4 gat201 ada2 -inducing conditions. (B) Hierarchical 
clustering and heatmap exhibit RNA-seq analysis of WT (H99S), bzp4 gat201 ada2
basal and capsule-inducing conditions (Littman's media). A heatmap of RNA data that characterizes the role of the LIT treatment was 
constructed using DEBrowser.
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Figure S7. GAT201 regulates the expression level of GAT204. (A) The expression level of GAT204 was determined using qRT-PCR with cDNA from total RNA 
samples of WT (H99S) and gat201 GAT204 expression levels were normalized by actin gene (ACT1) 
expression. Each strain grown in YPD medium (time zero sample) was re-suspended in LIT liquid medium and further incubated for 2 h. Three biological replicate 
samples with three technical replicates were analyzed using qRT-PCR. Error bars indicate standard deviation. Statistical analysis was performed using Student t-test 
(*, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001). WT (H99S), cap10 gat204 gat201
medium at 30 C shaking incubator for 16 h, washed with PBS, and spotted onto (B) LIT and (C) FBS solid medium. Cells were further incubated for 2 days at 37 C. 
Each graph indicates relative capsule size of transcription factor mutants that exhibited statistically significant changes in capsule production ( 30% difference relative 
to wild type as cutoff). Two biologically independent experiments were performed and representative data are shown here. Each measurement was repeated for 40 
cells per condition. Error bars indicate standard deviation. Statistical analysis was performed using one-way ANOVA with Bonferr -comparison test (*, P
< 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001).



Figure S8. Measurement of the chitosan content on each mutant strain. Each strain was grown at 30 C in liquid medium for 2 days, collected by 
centrifugation, washed, and used in the 3-methyl-2-benzothiazolinone hydrazone hydrochloride (MBTH) assay for the quantitative measurement of 
chitosan. Three biological replicates are shown. Error bars indicate standard deviation. Statistical analysis was performed using one-way ANOVA with 

P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001).


