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Tablel. Strainsand plasmids used in this study
Strains and plasmids Characteristics Sources
Strains
SN152 hisl leu2 arg4 [16]
CAl4 ura3 [17]
CPs42 BMH1/bmh1::CmLEU2 This study
CP343 Pret-of-BMH1/bmh1 CmLEU2 HIS1 This study
CPS179 BMH1/Pret.of -BMH1 URA3 This study
CPS64 rasl/rasl BMHL1/Prg.off -BMH1 URA3 This study
CPS65 flo8/flo8 BMH1/Pre.oft -BMH1 URA3 This study
CPS184 efgl/efgl BMHL/Pre.off -BMH1 URA3 This study
CPS185 cphl/cphl BMH1/Prg.off -BMH1 URA3 This study
CPS193 tecl a HISL, BMH1/Prg.off -BMH1 URA3 This study
CPS105 bmhl/ Pre.off -BMH1 ade2::ADH1p ARG4 HISL CmLEU2 This study
CPs187 bmhl/ Pre.off -BMH1 ade2::ADH1p-BMH1 ARG4 HIS1 CmLEU2 This study
CPS106 bmhl/ Prg. off -BMH1 ade2::ADH1p-BMH1-t0 ARG4 HISL CmLEU2 This study
CPS107 bmhl/ Prg off -BMH1 ade2::ADH1p-BMH1-t1 ARG4 HISL CmLEU2 This study
CPS108 bmhl/ Prg. off -BMH1 ade2::ADH1p-BMH1-t2 ARG4 HISL CmLEU2 This study
CPS109 bmhl/ Prg off -BMH1 ade2::ADH1p-BMH1-t3 ARG4 HISL CmLEU2 This study
CPS110 bmhl/ Prg. off -BMH1 ade2::ADH1p-BMH1-t4 ARG4 HISL CmLEU2 This study
CPS111 bmhl/ Prg. off -BMH1 ade2::ADH1p-BMH1-t5 ARG4 HISL CmLEU2 This study
Plasmids
pCPC42 URAS Pret-off This study
pCPC43 HISL Pret-off This study
pCPC48 loxP-CmLEU2-1oxP This study
pCPC70 BMH1 (-781 to +1761) in pUC18 backbone This study
pCPC101 Pret.of-BMH1 HISL This study
pCPC86 Pret-of-BMH1 URA3 This study
pCPC20 ade2::ADH1p ARG4 This study
pCPC203 ade2::ADH1p-BMH1 ARG4 This study
pCPC111 ade2::ADH1p-BMH1-t0 ARG4 This study
pCPC112 ade2::ADH1p-BMH1-t1 ARG4 This study
pCPC113 ade2::ADH1p-BMH1-t2 ARG4 This study
pCPC114 ade2::ADH1p-BMH1-t3 ARG4 This study
pCPC115 ade2::ADH1p-BMH1-t4 ARG4 This study
pCPC116 ade2::ADH1p-BMH1-t5 ARG4 This study
puC18 LIC BMH1-425s BMH1+419a pCPC86
pCPC70 CaP8 CaP9 pCPC42 pCPC101 URAS3-Preoi-BMH1 HISL-
pCPC43 Pret-off Pretoii-BMH1 HI1S1-Pretori-BMH1
BMH1+1ls BMH1-42a pCPC70 CP342 CP343 URAS3-Pre.oi-BMH1
LIC pCPC86 pCPC101 CAl4 rasl flo8 efgl cphl tecl
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Table 2. Primersused in this study

Primers Sequences (5—3)

BMH1-781s ACAGTCTGCCAGACTTGATTGCATAGAGAGGGTGGA
BMH1+1761a CTGACTGACTGACTGCCGCGCGTAACAAAACTT

pUC18+800s CAGTCAGTCAGTCAGGATAACGCAGGAAAGAACAT
pUC18+2628a AGTCTGGCAGACTGTCTTAAGGGATCCAAGCTTCCCGGGTTCTTAGACGTCAGGTGGCA
CaP8 CGTCCACGAAACGTTGAGAAAGAGGAGTATTGGCATTG

CaP9 TGACAATGATTACCTATTTATATTTGTATGTGTGTAGGAGT
BMH1+1s AGGTAATCATTGTCAATGCCAGCCTCCCGTGAAGAT
BMH1-42a AACGTTTCGTGGACGGATGTTTTTGACTGTAACTTGAGATG
BMH1-425s TTTTTCGGACCATTTTGCAC

BMH1+419a TCAGCGATAGCAAATTCAGC

BMH1+882a CAATGGCACTACAGCCAGCCAATGATAAGAACTTAAATGAA
CaP22 TTGGACGCAGCCAAATCAC

CaP23 TGAGTTCAAATGGCACACCAA

CaP19 GCTGTAGTGCCATTGCATTGTTCACCACAAATGTTTCT

CaP28 TGACAATGATTACCTATGGTAGCGATGCACGGT

BMH1+705a GTAGCGATGCACGGTCTATAAATCGGTCCATAAAGTCAAGTTA
ACT1+1765s ACCGTGCATCGCTACCATTGTTCACCACAAATGTTTCT

BMH1+699a-t11R
ACT1+1765s-t1F
BMH1+699%-12R
ACT1+1765s-t2F
BMH1-t2F

BMH1-t2R

BMH1+699%a-t3R
ACT1+1765st3F
BMH1-t3F

BMH1-t3R

BMH1+705a-t4R
ACT1+1765s-t4F
BMH1+705a-t5R
ACT1+1765s-t5F

CCGGCTTCTTCATCTTGTTGATCTGAGGTCCATAAAGTCAAGTTATCTCTCAA
AAGATGAAGAAGCCGGGGAAGGTAACTAGCATTGTTCACCACAAATGTTTCT
CCCTTGCATATCTGAGGTCCATAAAGTCAAGTTATCTCTCAA
GAAGATGAAAACCAATAGCATTGTTCACCACAAATGTTTCT
TCAGATATGCAAGGGGATGGTGAGGAGCAAAATAAAGAAGCATTGCAGGATGTG
TTGGTTTTCATCTTCCACATCCTGCAATGCTTCTTTATTTTGCTCCTCACCATC
TGATCCTCTTGGCCTGACTCACTGATGTCTGAGGTCCATAAAGTCAAGTTATCTCTCAA
CCCGCGGAACAGACACAAGGAGAACCGACTAAATAGCATTGTTCACCACAAATGTTTCT
AGGCCAAGAGGATCAACAGCAACAGCAGCAACAGCAACAACAGCAGCAACAACAGCAGC
TGTCTGTTCCGCGGGAGCTTGCTGCTGCTGTTGTTGCTGCTGTTGTTGCTGTTGCTGCT
TCACGTTGTCTACGACCACCCCCACCAGCCATTAAATCGGTCCATAAAGTCAAGTTA
TCGTAGACAACGTGATGCACCAGCTAAAAAATAGCATTGTTCACCACAAATGTTTCT
ATCAGCAGATCGTCCACCACCACCTGCCATTAAATCGGTCCATAAAGTCAAGTTA
GGACGATCTGCTGATGAACCAGCTAAGAAGTAGCATTGTTCACCACAAATGTTTCT
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CPS179 CPS64
CPS65 CPS184 CPS185 CPS193 SN152
DNA BMH1+1ls BMH1+882a
BMH1 CaP19 CaP28
pCPC20 LIC
pCPC203 BMH1+705a ACT1+1765s
pCPC203 pCPC111 BMH1+699a-
tlIR  ACT1+1765st1F pCPC203
pCPC112 BMH1+699at2R ACT1+1765st2F
BMH1-t2F  BMH1-t2R pCPC203
pCPC113 BMH1+699a-t3R ACT1+1765s-t3F
BMH1-t3F BMH1-t3R pCPC203
pCPC114 BMH1+705at4R  ACT1+1765st4F
pCPC203 pCPC115 BMH1+
705a-t5R  ACT1+1765s-t5F pCPC203
pCPC116 pCPC20 pCPC203 pCPC111-
pCPC116  PCR CaP22  CaP23
CP343 CPS105
CPS187 CPS106-CPS111

14

YPD

30°C 240 r/min Doxycycline hydrochloride

ODESOO
ODe¢oo ODgpo=1
10 ODgoo 10" 107 10° 10™
2.5 uL
25°C
(YPS )
YPD 30 °C
4x10* CFU/mL (CFU )
YPD 30°C 4h
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Figure 1. Cell growth was inhibited when BMH1 was knocked down by adding Dox. A: Schematic depiction of
the Tet-off promoter controlled BMH1 strain. One BMH1 allele was disrupted by the selection marker gene
CmLEU2. The Tet-off promoter was integrated into the upstream region of the other BMHL1 allele to replace its
native promoter. BMH1 will be transcribed without Dox and the transcription will be inhibited in the presence of
Dox. B: The cell growth of the Pre.o-BMH1/bmhl mutant was severely repressed in the presence of Dox.
Overnight-cultured cells were diluted to ODgy=1 and were then serially diluted by 10-fold. 2.5 uL of each dilution
of WT (SN152), BMH1/bmhl mutant (CPS42) and Pre.oi-BMH1/bmhl mutant (CPS43) were spotted onto YPD

plates with/without 50 ug/mL Dox and incubated at 25 °C. WT: Wild-type.
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(B) YPD, 25 °C
—-Dox +Dox

Wi BMHI/  Py,-BMHI/
bmhl bmhl WT ‘

Proo-BMH1/
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Figure 2. Overexpressed Bmhl improved filamentation significantly. A: The Pre.oi-BMHL/bmhl strain grew
hyperfilamentous colonies on YPD plates at 37 °C in the absence of Dox. Cells of the three strains were streaked
out directly on YPD plates and incubated at 37 °C. B: The Pre.ori-BMHL/bmh1 strain grew excellent filamentous
colonies under embedded condition (microaerobic for weak hypha induction) which was inhibited by adding Dox.
Cells were embedded with Y PS +/-20 ug/mL Dox and incubated at 25 °C. C: The improvement of filamentation by
highly expressed Bmh1 was blocked by deleting flo8. The Pre.oif promoter cassette containing a URA3 marker was
introduced into the rasl, flo8, efgl, cphl and tecl mutants to replace the native promoter of one BMH1 allele and
then cells were streaked out on YPD plates and incubated at 25 °C (yeast growth condition). WT: Wild-type strain

SN152. “+” means that the Tet-off promoter was introduced in the strain while “—" means not.
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Figure 3. C-terminal region variations of Bmhl did not affect cell growth. A: Schematic depiction of Bmhl
mutants and chimeras with heterologous C-terminal tails. B: Genotypes of different BMH1 variant strains. BMH1
variants was controlled by the ADH1 promoter and was introduced into the ADE2 locus for over-expression. C:
Bmhl variant strains grew normally under yeast growth condition (Y PD, 25 °C). Cells were streaked out on YPD
+/—50 pg/mL Dox plates and incubated at 25 °C. Vec: empty vector pCPC20.
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Functions of 14-3-3 protein Bmh1l in cell growth and hyphal
development of Candida albicans

HuaYin', Jiangye Chen? Peng Chang®
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400715, China
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Abstract: [Objective] We studied the roles of 14-3-3 protein Bmhl of Candida albicansin its cell growth and hyphal
development by using a Tet-off promoter. [M ethods] Based on the URA3" strain SN152 of C. albicans, we deleted
one BMH1 alele and replaced the promoter of the other allele with the Tet-off promoter, generating a strain in which
Bmhl expression was controlled by Doxycycline. Then we explored the phenotypes of cell growth and hyphal
development via spot analysis and morphological observations. Further, we preliminarily studied the position of Bmhl
in the network of hyphal development regulation via overexpression of Bmhl in the mutants of rasl, flo8, efgl, cphl
and tecl, which were very important hyphal development regulators. Finally, we constructed some Bmh1l mutants
with different C-terminals and detected their effects on cell growth and hyphal development of Candida albicans.
[Results] Doxycycline-induced knockdown of Bmhl inhibited cell growth severely. Highly-expressed Bmhl
improved hyphal development significantly without Doxycycline induction. Thisimprovement bypassed the effects of
rasl, efgl, cphl and tecl gene deletions and was blocked by flo8 deficiency. All Bmhl mutants with C-terminal
deletion or heterologous C-terminals grew normally with Doxycycline induction and the hyphal development was not
improved obvioudly. [Conclusion] We validated that the 14-3-3 protein Bmhl of Candida albicansis essentia for cell
growth, proving the tight controlling of the Tet-off promoter on Bmhl expression. Bmhl functions as a positive
regulator of hypha development and plays roles in the downstream of Rasl, Efgl, Cphl and Tecl, and in the
upstream of Flo8. The conserved domain of Bmhl is required for cell growth while the C-terminal is not.

Keywords: Candida albicans, 14-3-3, Bmhl, hyphal development
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