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Characterization of a Monosaccharide Transporter mstB
Isolated as a Downstream Gene of MsnA in Aspergillus nidulans
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To screen downstream genes of Aspergillus nidulans MsnA showing amino acid sequence similarity
to the zinc finger region of Msn2/4 stress response transcription factors in Saccharomyces cerevisiae,
differentially expressed genes (DEG) in MsnA overexpressed or msnA null mutant strains compared
to wild type have been isolated. The cognate gene IDs were identified by DNA sequencing of the
selected DEGs. Among those, DEG6 was known as mstB encoding a putative monosaccharide
transporter. Expression level of mstB mRNA was increased in MsnA overproducing strains and
MsnA bound directly to the promoter region of mstB in vitro. MstB containing twelve trans-
membrane domains exhibited 80% of amino acid sequence identities to A. niger MstA a high-affinity
monosaccharide transporter. A null mutant of mstB was phenotypically undistinguishable to wild
type. On the other hand, forced overexpression of MstB caused the increased formation of sexual
structure cleistothecia in 0.1% glucose condition where wild type showed almost no cleistothecia.
This result implies that mstB is involved in transport of monosaccharide required for sexual

differentiation.
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Table 1. A. nidulans strains used in this study
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Aol AMSH A nidulans T5F< Table 19 YERH oM,
kel ALE-E LAl A(CM) 9F FHARIAMM)= Kifer (18)<]
el wet Azt ol AME FAEAlE ¢dulA|
oA 397k ujF & 0.01% Tween 8022 F8ale] ARR3IY
on BE 5= 37°CollA] fdsidar, bkl 79 200
pmOE 16A1ZF Bt vttt wid FpEs $isted]
alcA ZEREE o]83F ZHolle §Y BAa¢Uo= 100 mM
threonine= AHE-3F SHBIX|(CMT) A FHES FE31HMoH,
niiA Z2ZREE o8¢ 9ol Han 5(20)9] ol wa}
AAEfAN e BAYOE 0.2% ammonium tartrateS -
A= 0.6% sodium nitrate S AFE5F] IHHES {2tk

E. coli 5= XL1 Blue (MRF’)$} BL21-DE3E Al-&3}
Qdom FAHIAE ampicillin (100 pg/ml, USB, USA)©]

€ LB iAol HF - 37C oA widsaict

-

A, nidulans®} E, coli @ZEITiEl

A. nidulans BAXEL Y& A A|(protoplast) & A =3}
A=steh 9884 AzE A 200 miol oF 107/m1]
BEAZAZ HF F 37°C, 200 ipmOE 16417t <t 2 )
A DR FAAIE BetrE 2w 712} miracloth (Calbiochem,
USA)E olg3sl 83l Hvd S/ 53 9589
(0.6 M potassium chloride, 10 mM sodium chloride, pH 7.5)
O F MHS T AEH E3E4 Glucanex 200G (Novozymes,
USA)7F & 8902 g/ ¢+5-89 20 mhell 41¢] 30°C,
80 rpm O 2 2A17F WHSAIZTE WSS 4°CollA 5,000 rpm
o3 7837 AAEYsI 5 897 STC 8912 M
sorbitol, 10 mM Tris-HCI (pH 7.5), 10 mM CaCL]2Z A
2 & AR AR A" 9¥8EAE 0.8 ml STC &
Aoz At o] AFAA &Aool 10 ug DNAS} 25% PEG
£25% PEG 6000, 10 mM Tris-HCl (pH 7.5), 5 mM
CaCly] 0.2 ml& 3718t Dol 20831 ¥H-A1Z1 H PEG
£ 5 mle FUIRE F Aol 2087 WESAIATE 1 &
KC (0.6 M KCl, 5 mM CaCly) €948 10 ml 3713+ 5 0.6 M

Strain Genotype Source

A4 veA + FGSC*

Al1153 YAl pabaAl; argB2; pyroA4; nkuA::bar FGSC

SK461 pabaAl; argB2; pyroA4; chaAl, veAl Cross # 357.11.7

SK564 pabaAl; argB2; AmsnA:argB’ choAl; veA” Cross # 381.1.25

SK568 pabaAl; argB2; veA” Cross # 381.3.14

SK579-5 pabaAl; argB2; pyroA4; chaAl veAl, alcA(p)::msnA:argB’ Transformant of SK461 with pQa-msnA
SK878 pabaAl; pyroA4; chaAl veAl Cross # 415.2.3

SK905-1 yAl pabaAl; AmstB::argB’ argB2; pyroA4; nkuA::bar Disruption of mstB in A1153

SK906 pabaAl; argB2; veA’, niiA(p):mstB::argB’ Transformant of SK568 with pNQ-mstB
SK907 pabaAl; argB2; pyroA4; chaAl veAl, niiA(p):mstB::argB’ Transformant of SK461 with pNQ-mstB

* FGSC, Fungal Genetics Stock Center in Kansas City
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mstB cDNAT A. nidulans cDNA libraryE F8O.2 3]
mstB F primer (5-ATATGAATTCATGGCGGACGGTGTC
GTTG-3)¢} mstB R primer (5-ATATCTCGAGTTACGCC
TTCTTAGCAATGTC-3)Z PCRS F3J3lo] ShHsl9t) T
gk ©] DNAE A|$t&EA EcoRIZ Xhol 22 H3lal 5Ug
42 Agld ke WE pNQ-argB (niid promoter, N.
crassa qa-4 terminator, argB+ B9} ligation ¥ E. coli o
F XL-1 Blue(MRF")ol] 278kste] 4 plasmid (pNQ-
mstB)E AZ3IG T} 15 A. nidulans SK568°l &ZA3ks}
I Northern #43& 3l mstB7} LA E FAASIAE A
ey

mstB AL EAWCA AXE HIA= double joint PCR
1 (35)0] we} mstB DFI primer (5'-ACTCGTTTCGCTGT
CTTGTTC-3)¢} mstB DRI-tail primer (5-AGTCAAATGA
GGCCTCTAAACTGGTCAATGTACATTTTTGGGAGGCG
GTTG-3)Z argB” tailo] & mstB 5' flanking H-9]= PCR
3}al mstB DF2-tail primer (5-GCCAAGGTAGATCCAGG
CCTAACACAGGCGAGGGGCGTGAAGGTGAC-3")%}
mstB DR2 primer (5-TAGCATTGCGAGACTCAATG-3)=
T2 29 grgB’ tailo] B¥ mstB 3' flanking $$]S PCR3}
SAtt. argB genomic DNAE pILJ16 plasmidS FEOo 2 3}
o argB DF primer (5-TGACCAGTTTAGAGGCCTC
ATTTGACT-3)$} argB DR primer (5-TGTGTTAGGCCT
GGATCTACCTTGGC-3)Z PCR3}] EE319 k. 53 Al
25" ¥ 3 flanking F-9], argB gDNA)E 1:1:39] HIEZ
412 F primerE YA %3 F WA PCRS 34391 0|5
F8oF 3} mstB NF primer (5-AAGATATCGGCG
AGTTGTTCAG-3)%} mstB NR primer (5'-CTAACTCCCG
TTATTTCCAGATTC-3")& PCR3} mstB W4l argB 7
A7} tiAlE DNA 2742 30tk ol& A1153 oo 2
galo] FHHASAE 13193 Southern E PCR 48 &
3l mstB AL AR5 Rl

GST2} 88=l MsnAQ| Wad L mstB promoter2te] gt
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Glutathione S-transferase (GST)oll 8% MsnA (GST-
MsnA)2] 28 2 E212 9J51e] E. coli BL21-DE3°)| pGEXAT-
1 (Pharmacia Biotech, USA)% msnA cDNAE Z=2435}1L
O] Z(pGEX4T-1/msnA) E. coliol| FAAT3IATE FAASHA
o] 1 mM IPTGE 30°CollA 4417 B¢t A2 3 5 lysis 2
[20 mM Tris-HCl1 (pH 8.0), 500 mM NaCl, 0.1 mM EDTA
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3te] E431 5 Trizol (Invitrogen, USA)S ©]-835}4] RNAS
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hybridization buffer (0.25 M Na,HPO,, 1.0% Hydrolysated
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7t &9t pre-hybridizationS 3}Ith. Random primer DNA
labeling kit (TAKARA, Japan)S o|-83lo] “p2 ¥AE &
HAAE ARSI 12A1219] hybridization ¥8-& vhxl H, Al
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Table 2. Gene IDs of the selected DEGs

DEG No. Gene ID Protein BLAST match

DEG4 AN2702  No informative BLAST hits

DEG6 ANG6669  monosaccharide transporter (mstB)
DEGS AN4260 No informative BLAST hits

DEG9 AN5568 Leucine rich repeat domain-containing

protein

ORF, msnA AL EAWOIA E MsnA IR FFES O
4O DEG 4= ysIalt(Fig. 1). 7 DEGE2] 244
A71MES o83l U=k Broad InstituteolA] 3= A.
nidulans genome database (http://www.broadinstitute.org/annotation/
genome/aspergillus_group/MultiHome.html) 4] BlastNS <=
st s FAAE FIeHAtiTable 2). ©lE DEG % 7|
5ol fFEE DEG6E AWsie] F&ATE IYsioith
DEG69] 3|33l F%AR= mstB (Genbank No. XP_664273)
Z =] Qo Tl Major Facilitator Superfamily
2] monosaccharide =50l Fsh= =~<AHtransporter) 2 o

m GP1 GP2

GP3 GP4 GP5

Fig. 1. Photographs of gels containing differentially expressed
genes (DEGs) of wild type, AmsnA, and MsnA overexpressed
strains. Wild type (A4) and AmsnA were incubated in CM
liquid and overexpressed MsnA strain was incubated CMT
liquid media at 37°C with shaking at 200 rpm for 16 h.
Isolated total RNA was used for DEG screening using 6
general primers (GP1 to GP6). Four DEGs were identified
for further analysis. Boxes indicate selected DEG bands

(numbers 4, 6, 8 and 9). 1: Wild type (A4), 2: AmsnA, 3:

= 19}
=9 1k AATH3D). MsnA overexpressed strain.

mstB= 1,605702] 728 QEl| =5 7AW, 37K9] JIER
3} 534709 TS QtEslslar Uk High affinity mono-
saccharide transporter®] A. nidulans MstA (CAC80843),
HxtA (CAD59636) 12|l A. niger MstA (AAL89822)}=

247} 84.4%, 27.2%, 80.3% 2] oPiAt MY TUAS HolH
(Fig. 2), glucose AR S. cerevisiae Snf3 (CAA98771),

TEkvESETPRAE-—--QFVISERHRSLI] 76
VEAEYEAADNLSGYVISSEHESLI 80
L-DYNTTPTDSEV---LESWEESLI| 76

A.nidulans msth 1:
A.nidulan= mstB 1:
E.niger msth 1:
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HECEvEMLEVR ERR sTITvEME VR
SECEIEMVEVRLGTR STTVALLVVERL

SECVVELVEVILEIRSTSLELLVRERL
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FVGEVSRIMILYMSET
EVGEVSAIL{ILYMSEL
EVGEVSAIIILYMEEL

A.nidulans mstk TT:TSIL3AGTFEGAIIAGLLA RE[
A.nidulans mstB 81l:ISILSAGTFFGA[IIAGLLA EE[]
A.niger msth TTi[SILSAGTEFEGALIAGILA ER[]

A.nidulans msth 15T:ERGRI‘JSGYQFL1I1 LMLASCVHNYGTENENDSGSYRIFIRLOL [ IGLEVLEESERY[Y
A.nidulans mstB 161:VRGAIVSGYQFCNINMGLMLASCVOYGTENRTILSGSYRIFIFELAL I VELFLLEESERY[Y
T I GGEL

A.niger msth 15T VRGRIVSGYQFCITIGLMLASCVOYGTENRLDSGSYRIFIGLOL LCLEESERY[F

=]

NLAERARTLARV| 236
DVS5RAFVILARV) 240
DLARRAEVILAEV) 236

A.nidulans mstd 237: PEf] ELLQELEEI\’EN YEMEV] GYERTRWLHCFRGGLRSENSNLERV ILGT SLOMHOOWIGVNEVEYFGTTE| 316
A.nidulans mstB 241: ‘.’EEEI FEELAEIVANNEYEMSL] GYERIRFMCERGS INSFNSNLRRI ILGT SLOMHQOWIGVHEVEYFGTITE| 320
: i GYENS

A.niger msth 237 QOECREDELAEIVANEEYEMOV HMCERGSIFSPNSHLERIVLGT SLOMMOQWIGVHEVEYEGTTE) 316

A.nidulans matd 31T:F N%GTIEBPFLISHITTIVN?E THIBEYT]
GII

A.nidulans mstB 321:[F[N CEFLISMITTIIVHVESTEIEYT
A.niger msth 31T FRSLGTIPLFFLISMITI IVHVICSTENVBEYT[L

I LLLWGALGHVICGFIVAT DGENNET[VSARIRFICIYI| 400
F LLLWGALGMVICQF IVATVETVOGENRHAVSAETRFICTYT) 396

LERRPLLLWGALGHVVEQE IVA TRV oakse T saklF IcTY T 396
*RR
RR

EERERE]

A.nidulans mstB 401:FFFASTWGEGAWVVIGEINFLFIRSREGVALSTASNWLWNCIIAVITEYMVE VEFIWGSLCACAFVYTYFLI| 480
A.niger msth 38T FFEASTWGEGAWVVIGEIFFLFIRSRGVALSTASHWLWNCITIAVITEYHVIFLEG] FEIWGSLCACAREVYINELI] 476

A.nidulans mstd 397:FFFASTWGEGRAWVVIGEIFFLEIRSEGVALSTASHNWLWNCIIAVITEYMVIILRG EVEFFIWGSLCACAFVIVYELI| 476
LEG E
E

A.nidulans msthd 47T FETEGLTLEQVDEMMEETTFERIS TEMGMIERNASTTVESAR--- 527
A.nidulans mstB 481:FETRGLTLEQVOEMMEETTERTS BEMGMIERCVIQTVELIRRRR 534
A.niger msth 47T FETRGLTILEQVDEMMEETTERTS AEMGLITRNAVAERATAVHQEY 530

Fig. 2. Amino acid sequence alignment of A. nidulans MstB (XP_664273) and other high-affinity glucose transporters, A.
nidulans MstA (CAC80843) and A. niger MstA (AAL89822). Boxes indicate identical amino acids.



Fig. 3. Expression levels of mstB mRNA. Wild type (A4),
AmsnA (SK564), and MsnA overexpression strain (MsnA
OE, SK579-5) were inoculated in liquid CMT and incubated
at 37°C with shaking at 200 rpm for 16 h. The blot having
10ug total RNA per lane were probed with mstB cDNA.
rRNA indicates ribosomal RNA loaded per lane.

Rgt2 (CAA65621) 18]l N. crassa RCO-3 (AAA99806)<}
= 27} 385%, 402%, 41.2%9] oAt Y FYEE B
Ak

mstBY] S 7144 2,586 bp H9S A5 A} 5749
STRE (STress Response Element, AGGGG: -5, -875, -1,630,
-1,732, -2,228 bp)<} 10712 CreA AF F-2(SYGGRG: -66,
-87, -97, -381, -766, -835, -1,064, -1,095, -1,722, -2,019 bp)
)31 3709] PacC A F-GCCARG: -547, -707, -2,162 bp)
7} EAES BRI 4= AANTHY, 6, 24). ©|= A. niger2] high-
affinity monosaccharide transporter2 &% mstA2] 3¢ 4
7IMGAME FARIAl RS = RASZ HA| A niger mstA
i CreAol 2]3}4] carbon catabolite repressions- Wro} &
o] 2= w3k pHoll ofsf A4Jo] 2-Ew ZARRIA} PacC
o] FIg= W Aos Haug uh Jri28). MstBE MstA 9}
o] E2 oAt MY TYUT CreAd] g 24 7FsAdd
w2} high-affinity monosaccharide 542 <|ZHh

Saccharomyces cerevisiae9l= THeF 20719 S8+ =%}
(Hexose transporter; HXT1-17, GAL2, SNF3, ¥ RGT2)7}
A&, o] F 7/0HXT1-4, 6, 7, 2 GALz)UPol T2 5
A2A 715 ¥(23), UHAES glucose UAJAHSNF3 2}
RGT2) 32 HXT 24 EOﬂtﬂolxﬂA 47 3|Eol|Tt st
I(HXTS-17) S8 ol AFH o2 HAstA= =t
3 GdEA ok EA Aspergillus  nidulansl= 177,
Candida albicansol= 20719] S8 521 AP A=
Aoz HAFTKS, 31).

msnA 5t9| RTXIEAMC| mstBoll CHSt HE

DEG6E DEG ¥4 A] MsnA 3 730l wdo] &
7iet Aoz FEYEJet o9 AFS flste] CMT #iA ¢l
A alcA promoterE ©]83}] MsnAE FAEIF TFolA
mstB Northern #2415 $=3J3}9t}t. 1 23} MsnA Fd o
FolA mstBe] HAo] A T AL ARISHATHFg.
3). o]¥ A= MsnA7l mstBY] HHE Fshe A

A. nidulans & 554 mstBQ) 7|5 54 285

5 &J
ST
& & P
(Kb)
6.3 <= mstB(p)
3.2
2.1
1.3

Fig. 4. In vitro assay for the binding of MsnA to the
promoter region of mstB. GST tagged MsnA (GST-MsnA)
and the mstB promoter DNA fragment were incubated for
12 h at 4°C in vitro. GST-MsnA was pulled down with
GST beads and washed 5 times. The presence of the
co-precipitated promoter DNA fragment with GST-MsnA
was analyzed by PCR amplification. GST was used as a
negative control and A. nidulans genomic DNA was used as
a positive control for the PCR amplification of the mstB
promoter. The resulting 4,690 bp PCR amplicon of mstB
promoter was visualized by 1% agarose gel followed by
ethidium bromide staining.

&S 3l S-S AR ok vhE Fggk v A uf
&S msnd A& EAWOAAX ] mstB Northern 4] A7}
oME op¥Fo} Hlwsle] WY Afolg THE F gk
(Fig. 3).

mstB7}F MsnAol| ©J3te] AZF o= Wio] 2HH=AE
21517 A5te] mstBe] ZE2RE 29129 MsnA 9] A o
BE= in vitroolA ZAFFATE GST- MsnA S} mstB T2 R E
DNA ZH#E 4Jo] GST bead® GST-MsnAZ 317 &
mstB ZZHE] DNA d#9] 37 o35 PCRZ ISt
GST-MsnAE ARE-3le] H733E A A= PCR DNA &
Ho| RIS} GST THAE 083 tx=TF o = PCR
o o3t mstB TZWE] DNA FHo] FEEX] AQItHFig.
4). o= MsnA7} mstB ZRRE Jo FAHFo=z At

=
‘T‘M

18

mstB AL SHHOMQ| FSHE EAL

138 R FEAR AEE msB A4 AE =
Aol & AZxste] A7 4 E3lol] nAEs S AT
mstB A& EAmolA= PCR (A& PIA|A]) 2 Southern -
28 aPsle] BoIElthFig. 5). 0.1% glucose =& 1%
glucose CM 2 MM H|X] 27 vt mstB 2 A0
F= A% Aol Qo] opiFe} Aols FEE = gl
(Fig. 6A, 0.1% glucose CMolA] st 2k5 H|A|A]). T3
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(A)

wild type

.SKb
Pstl < Psil

Pstl

Pstl digestion

Fig. 5. Disruption of mstB. (A) Scheme of the mstB knock-out construct. (B) Southern analysis of a null mutant of mstB.
Genomic DNAs of wild type and AmstB were isolated, restricted with Psfl and hybridized with the *P-labeled DNA probe

indicated within the figure.
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Fig. 6. Phenotype of mstB deletion strain. (A) The point inoculated control strains (A4 and A1153 as a host strain for mstB
knock-out) and AmstB (SK905-1) were grown for 3 days on MM (1% glucose) solid media. The AmstB exhibited no difference
on growth and conidiophore formation compared with wild type. (B) The cleistothecial production of AmstB. The AmstB and
wild type were grown in 0.1% and 1% glucose CM media for 6 days. No difference between wild type and AmstB was

observed.
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Fig. 7. Increased cleistothecial formation in the MstB overexpressed strain on 0.1% low glucose condition. Point inoculated
wild type (A4 and SK878) and MstB overexpressed (MstB OE, SK906 and SK907) strains in both veA" and veAl genetic
backgrounds were grown on 0.1% glucose CM. Under repressing conditions, no developmental change occurred compared with
wild type. However induction of MstB with 0.6% sodium nitrate caused enhanced sexual structure formation. The arrows

indicate sexual organs cleistothecia.
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