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Isolation and Characterization of Two Methyltransferase
Genes, AfuvipB and AfuvipC in Aspergillus fumigatus

Mohammed A. Abdo Elgabbar and Kap-Hoon Han*

Department of Pharmaceutical Engineering, Woosuk University, Wanju 565-701, Korea

ABSTRACT : In filamentous fungi, velvet complex associated with the veA gene plays pivotal roles in development and secondary
metabolism. In a model fungus Aspergillus nidulans, many proteins that can interact with VeA, including two methyltransferases
VipB and VipC, have been isolated and characterized. In this study, we isolated homologs of the vipB and vipC genes in the
human opportunistic pathogenic fungus Aspergillus fumigatus and named AfuvipB and AfuvipC. The AfuvipB gene, annotated as
Afu3g14920 in the Aspergillus Genome Database (AspGD) database, consists of 1,510 bp interrupted with 10 introns yielding 336
amino acid-long putative methyltransferase protein. Similarly, AfuvipC, which is Afu8g01930, has 10 introns and encodes a
polypeptide with 339 amino acids having a methyltransferase domain in the middle of the protein. To characterize the function
of the genes in A. fumigatus, knock-out mutants were generated and the phenotypes were observed. Deletion of AfuvipB gene
caused no obvious phenotypic change on point inoculation but showed smaller colony than wild-type when the mutant was
subjected to culture on single spore-driven culture condition. However, AfuvipC deletion mutant demonstrated no phenotypic
difference from wild type both in point inoculation and streaking cultures. These results indicate that the two methyltransfereases
might have a redundant role and could be dispensable in normal culture conditions.
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% SPUR= nsdD F-ANR ©] -8R R= GATA type zinc fin-
gerE 717 ZARIA} (transcription factor)E Y& slsal 3l
o o] FHA}F AAHAY - RS BT
LIS ohA| FeA HaL AP NS AT st
£ X8| sk sk -0 (positive regu-
lator)©]tH[5]. ©]€]ell C,H, zinc finger transcription factor
£ YTk nsdCot nosAE BIFS 983k o4
2744} (negative regulator)?] rosA AR} BIlElom,
APSES S-S IS 8loh= rgdA FAAKE fAEStol B
L& FS vx|= Aoz dHF T 6-9]. 53] A. nidulans
o] FAESh tst o @7 el met 9 e
Ao BuH=d, 1 5 He EAle FAESHE oAl
She WhH A2 (hypoxia) B A5 %2] CO, 2710l|A
= s X8k Ao s AT, 1],

A. nidulans OPYE 5] 735 F3ESIe} RS}
AE3 F¥S gl JgH =], ol E3labge] o
B veA FAAFS] Y Bol A HTH12]. veA 4}
o] 2RI veAIE 7HAIAL Q= TF] AF- o &
FollM Wl 2pdebd dEsF S7HEAL Ble 2ok
F3Est FXE= Aol Hlste] duk uj koA f-4
37t @R8] FolEaL Bl FHolFA] ghobe FAES}
ZXHA7] vl 733} 55 A8 A8 sk
T2 T2 AFREHO] 9rh13]. 23 o]23F vedl A
oo 54 wiTol] veAl EAHOIE AL Q= APA
dollXe fdEstel tigk A7t w9 olziler, o]
ol FdEstell gk A7 fdEstel FdiEstel &
¥ A3 A" 7R HZol Aok W A7) Ao
He] A7 W= VeA AL velvet domain®|gh=
HEH 95 7HAAL oL F2 o] 9J3 9 AsHg
o e} o o|Fafu] Sl ofe) FHe] e wh
A5} Z3ste] Woll 213 3he] 2ol ol AR
2] A4S 2R T Sol4l velvet T B3
S 7L AtH14]. WEbA] VeATH A7} A3sh= SHEL
Qo] ol FRAA0 T Tk €S S5l
tandom affinity purification (TAP)o|\} HS 74 52
o] B 7o) daaks D Eo] B vk At (15].
olRT WA Tt BEY dHAS SHE] 96k
yeast two hybrid 59 WHE& Tl A=2d3k Ay
VipA, VipB, VipC (VeA interacting protein)2} H™ 3+ Al
TR NAES g1 vt ok {16]. ©1E S VipB}
VipC T 22 25 methyltransferase =H 1S 7FA|3L 2]
oA O F 53] VipCe VeARvF o} Ik ThE
methyltransferaseQ] VapA<} Aste] A|lZaloA] gjoz
QIR NS E M=t T3 28-S ke Ao® Bl
S ATH17].

B Agolsde 7183 delH FAAAS oHA] e
WA Aspergillus fumigatus| X A. nidulans vipBe} vipC
2212 ortholog=<?] AfuvipB} AfuvipCS w-2l8AaL,

o5 HAAE AT EMo] FFEL AT A
fumigatusA 15 FRAAE) 75 EMalaAt ik,

oF, X, s Y=, FEME W FEHE 2E

A. fumigatus®] °FY3¥ 5= Fungal Genetics Stock
Center (FGSC)IA] FGSC A1100S #-tol AR89
W AR e ARE A FFES A fumigatus
AF349 (pyrG, nkuA Y& AH&-315ATH A7 2] F4
H WS 93 2O ZE Af3499) pyrG FAANHS: 4
28Kt Af349.1 T (nkuA)E AFSSIATE. AZ3 plasmid
DNA A& DNA 53-8 913 WlE|= pJET1.2 (Thermo
Fischer Scientific, Waltham, MA, USA)E AR8-8F3AaL thd
I T2 Escherichia coli= DH5a. (Thermo Fischer Sci-
entific) = AFE-3FAT}.

A. fumigatus®] WS 913 LRAMAIE A, nidulanss
Hj ek wiA|9} US| Han 5 [5]9] Hes Fuls}
Aot A. fumigatus T HAB)R] ol HE3te] 37°CollA
700w} 2~4Y7F WS8R0, E. colit ampicillin
(100 ug/mL)°] H7F& luria bertani(LB) BiX|ol|A] vl Fa}
At A. fumigatus®] BAHEE Han 5 [18]9] W=
Az FEAE &3] protoplastE A|XS - poly-
ethylenglycol (PEG)Z} 7] DNAE 2]l 34313 tt.

EAYPES AP flaixs SuiRlel AL fumigatus
R 59} AfuvipB R AfuvipC B FARASIAE 7zt
7t 2 % (point inoculation)¥} streaking S}l 2~4Y7t
37°Coll A v Fste] BlaL w3t

DNA F£&, =& & FEXNH SUHO| M=

32 AlA (knock-out)E #I3A1= double-joint poly-
merase chain reaction (DJ-PCR)S- =885}tH19]. WA
AfuvipB (Afu3gl4920)= A|A387] 913 AfuvipB 5'-For-
ward, AfuvipB 5'-Reverse primersZ 5'-flanking regionsr,
AfuvipB 3'-Forward, AfuvipB 3'-Reverse primersZ 3'-
flanking regions 55 4 JUEE PCRe T3t
(Table 1), A. fumigatus pryG x|l pyrG Forward,
pyrG Reverse primers (Table 1)Z PCRS §~33}ed 3 HA|
PCR AHE-5 A0t} F #7 PCRS A ®iAoA & A
T dUE o83l 6k PCRe FA3IRIAL, vt
A9t FAZ annealingdt PCR &S TP O 2 3}al 5-,
3'-nested primer (Table 1)Z PCR3} F-314} A|AE S5
PCR HFES AXsIH. DJ-PCRe st d2
PCR HFHe3 FALEE pyrG B 87730 Af3490]]
PAAZ 319G AL pyrG FEHNIAES PCRE 53}
o AfuvipB} AfuvipC FAAE AAH M-S 18T
(Fig. 3). @& 7 32 ZE=dH0lY] P25 Popr7]
sl o QA EARCIAIE Al 2304 A




Table 1. Oligonucleotide primers used in this study

Aspergillus fumigatus AfuvipBS} AfuvipC A1) i) ¥4 35

Name

Sequences (5'~3")

AfuvipB 5'For

AfuvipB 5'Rev(pyrG-tail)
AfuvipB 3'For(pyrG-tail)
AfuvipB 3'Rev

AfuvipB 5'nest

AfuvipB 3'nest

pyrG Forward

pyrG Reverse

AfuvipC 5'For

AfuvipC 5Rev(pyrG-tail)
AfuvipC 3'For(pyrG-tail)
AfuvipC 3'Rev

AfuvipC 5'nest

AfuvipC 3'nest

GAG AGT GGG CGT GAT TTG ATT G

(GGT GAA GAG CAT TGT TTG AGG C) GGT GCT TCC AGG GTT AGT GTG
(AGT GCC TCC TCT CAG ACA GAA T) GAC ATG GCG CAG ACT CCT ATC
ACT GTC TGC CCC AAC TGT ATG

CAC GCC CCG ACT TAC AAC AGA G

AAG GGG CCG TGG TGA TTA TGG

GCCTCAAACAATGCTCTTCACC

ATTCTGTCTGAGAGGAGGCACT

CGA CCT TGA TGG CTT TGT AAC C

(GGT GAA GAG CAT TGT TTG AGG C) GTA GGC GGA GTC GGC ATC GTC
(AGT GCC TCC TCT CAG ACA GAA T) GCT TAT TGC CTG CGT TGT ATC A
CTT TGT CTA GCA GCG GTG TGG

ATG GCG GCA GAT GAT AAT G

ACC TGC AGT AGT CGT GTT CC

o

5 3t BHSATL 25 T AfwvipB BRI 7
PAASA oW (19), ZE|AL AfuvipC o] 79
A28 5 (tf5)S TIEAQ] FA BEE ot &8
AT (Figs. 4, 5).

A. fumigatus QEHNBAZHE PCRS T3] #1387
ZA] DNA F52 2 #AK| 71 20~60 mgs P35
Bl ©o} 400 ul &3l &4 (lysis buffer; 50 mM Tris-Cl
(pH 8.0), 50 mM EDTA (pH 8.0), 3% SDS, 1% 2-mercap-
toethanol)2- A7}ste] 2+ &316}a1, o] FHE 65°CollA] 1
Azt &2t WhE- &, 53] phenol/chloroforms @]
oL deEE FARAR & 2XA AR SRl

=] ARg-sIlt.

o

O
-
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A. fumigatus®| AfuvipB2} AfuvipC SHAt = U 7|
MYEEN

A. nidulans®lIA] vipBe} vipC A= E5F methyltrans-
feraseS P83}l 291 Aspergillus Genome Database
(AspGD, http://aspgd.broadinstitute.org)ollA] 22t AN5416
I} AN8945%1 A2 LA ot FAHA] o] F F4t
2RSS E3SE A3 Y] 7)) methyltransferase”} VeA ©
A3} Agtsle] o8-S sk ZAo® BaEAt(20].
2 AFolXNe 71Eol SRE A. nidulans vipBS} vipC
AR} A7 o5 Fot] ¢S EiAE opigt MY
= vRERO 2 21, 22] QIZF 71313 Q) A fumigatus©ll
A A TAAE FEslaL O 7lss S48k WA
Blastp 415 &3] dlolEHo] =5 X8t

A vipB F-RA} AHE2] VipB TA-2- NCBI2] protein

BLAST (http://blast.ncbi.nlm.nih.gov)E &3t A} Tl
AES B A3 A, fumigatusol| M= Afu3gl4920 32
o) sigste F-AAF AFE0] e-value 2e-98, “dEotr] Ak
(identities) 46%, ~L2]3L FALOF] =2} (positives) 65%= 7+
8E30] =& AR YEl o oIS AfuvipB 134
2} WeslT (Fig. 1). vipC H9A1] A9 mRlAZ
Blastp 7S AAJ8t A. fumigatus Afu8g01930 32}
7} e-value 8e-172, 70%°] identities?} 80%<] positives=
- & FE8S Ueie] o] RS AfuvipCe}
3HCHFig. 2).

DL FHAEL AspGDE o831 ZHzte] fix) R
S RIS, Afu3gl4920 FHAR= A, fumigatus -7
A A TR0 AR93ANA 3H AXA| S EASHH open
reading frame (ORF)T 1,510 bp 27| 7FAaL oy
10749] QIEEC 2 953} (coding) F-$17F LFrolA 1o
olld BoJuko 2= 1,011 bpolH, 33670<] o=k 7}
7 el AS dheslsial vk, 48 il LS pfams
53 Tl B449) 72-254 ohu)icAt 7710 methyl-
transferase =H| Q1S 71|31 )55 ERIT 4= ASATH(Fig. 1).

AfuvipC=Z ©]5A]01Z] Afu8g01930%] 789 34 73
= A ERISH AfuvipBol FrAMI O] E=UATEH Afu8g01930
2] A5 1070¢] IER] S8t 1,577 bpe]
Ax}o| A AEZS A|2J3F 1,020 bpoll A 3397) ofw|=ARS-
7 e dstsial It o] AfuVipC © e
A5 76-255 op|i=Ak 7)o BEE methyltransferase
=HRlo] ko] BRI (Fig. 2). ©15 B3t A. fumi-
gatus?I = A. nidulansl| X FHX vipBS} vipC FAH)
FEFAAE EATTRE 2E & 5 ANCH AfuvipBot
Afuvipc Ato]9] A= QIERS] S2rje} P27 S frAle




A *D1

= 0.1 kb

1 336
I I

Afu_VipB 1 ZEVGEKHIAPTYNRET\YE\YED| SpMSGSFVREISGVEET SENITRUMKYEN:3:3¢.9.1
An_VipB 1 ZEVDQOPPILNGOCATVAPYDN)]---FPRRDDTYS-HEIESYA N| RIN Y UL 4GRRYHA
1 MA A S

consensus V Ve Denly DD sf dS TS1 SSi NYky GRRYHA

Afu_VipB 61 IRIASERIN MK NISAULHEH I HISAKI ATEOIAJRIITIPRD VS IATIAJL A
An_VipB 57 EGS YLQJPNDEJ DI3RUMLEINMF | 3AVI A EKIAJLEIJLKDGPLIZVIAYT 13A
i

consensus 61 FrEGSY PNDEKEQ RLD1 H i RL LDG LF SP RiLD1GTGTGIWAIE A

Afu VipB P BRDE F PALCIVIIGNDLSPIQPWWVPPNIAIFEVDDIY EYSK)232388:(A)dDLQO SYN|
An_VipB 117 I3RSV (GNDLSPIQP|JWVPPNAYFEVDD [EQIPPRPIJ3)P9:IS|JYMCEIEWP|
d

consensus 121 DEFPtA eV GNDLSPIQP WVPPNl1l FEVDD ESdW PFDFIH R 1 GSv Dy R
Afu_VipB 180 APRIFAN| F DIALVCCDRETI KUMLEVNRAVCDE\SARFGKLMGTAKQ
An_VipB 177 {oJO AN &SI I [QLJF ¥ NYSEDGSL NLVNRFYEMLREL\LDKINRPVTIGRE
consensus 181 L QAf nL PGGW EF D L1 dD tiKEa Nm Lv dA r k m ak

Afu_VipB 240 HKQRLEDEYEL ESIYKINJFSPUAKDP| KFHQVNLIIE SIADENY SIF YL LsR VA e}
An_VipB 237 LERIVKELXSF Hi FOL|JLGT|PRER] I LNMLOZILDGIAELYF| AUNITIBILGW|
consensus 241 1 dAG VNVr Eiy iP W kd K1KE1G vnMie LdAyS A T VvLGW

Afu VipB 300 HETEGHAL| AQAELLN[IS IfILYARKWYH| QK P[s)D]
An_VipB 297 TMERYQVF LVKDAKDIGV IMMHDFHV| 0 L -
consensus 301 I EV LA R e R iH1 w VYgQKP d

Fig. 1. AfuvipB gene structure. (A) Arrow indicates transcription direction and introns were positioned as discontinuity of the
arrow. +1 indicates translation start position. White box showed AfuvipB gene product and numbers are amino acids residues
and grey box indicates the conserved methyltransferase domain. (B) Gene product similarity between AfuvipB and vipB from A.
nidulans (AnvipB). Inverted box indicates identical amino acid residues and grey box shows similar amino acid residues
between two sequences. The alignment was done by ClustalW (http://www.ebi.ac.uk/Tools/msa/clustalw2/) and visualized by
BoxShade (http://www.ch.embnet.org/software/BOX_form.html).

AJ\./\./\/\./M\.A
>
===0.1kb
1 339
Afu_VipC 1 s 0 QPOHQTP S VEEZIDFETIA [€]SLGDASYTTSITSSAMNYTYENGRRY
An_VipC 1 WXp----- ETSHIRTNA1 E PDAF DDDSIY RIS LGDAS Y TTS ITSSAMNY TYENGRRY
consensus 1 MA prpgsT vIEPD FDD DS Y SLGDASYTTSITSSAMNYTYENGRRY

Afu_VipC [ PENHS YHEGEYVLPNDEQEQDRLDLSHHIYRMLLKGELHLVAP)Y IWRVLDIGTGTGIWAIDF
An_VipC FIJHS YHEGEYVLPNDEQEQDRLDLSHHI YRUILLKGELH)IA RVLDIGTGTGIWAIDF!

consensus 61 HSYHEGEYVLPNDEQEQDRLDLSHHIYRIiLLKGELH APiKNP RVLDIGTGTGIWAIDF

Afu_VipC JAADEHPENEVIGNDLSPIQPSW{PPNCRFEMDDFEAJWSYSQPFD)IHGRELEGAIRDHDY
An_VipC IS MADEHPEWEVIGNDLSPIQPSW\YPPNCRFE\DDFE[BMWSYSOPFDIJIHGRELEGAIRDHD.]

consensus 121 ADEHPESEVIGNDLSPIQPSWiPPNCRFEiDDFE WSYSQPFDYIHGRELEGAIRDHD

Afu_VipcC 181 LROEWYENIAR| MEIEISIIDVNS YSDDGTHLIMA AN G| Al H (AP
An_VipC 176 VISELIFKS IJEIISIIDVN S ¥ S DD GTHL)IA) oMol S F TH
1 T

consensus 181 1lF Ay LrPGGW Em S DVNSYSDDGTHLkKA M E VKNmH SKK GKDM T

Afu_vipC 241 LEV U IEKAGFINVIHEDMYKLPOSPWIJKDPKIAKELGRYHQVNMF EAAeP YR JA PLGW|
An_VipC 236 IAAIAEKAGF INV PUIYKLPOSPWEVKD PRUIKELGRYHOVNMF EASSLP Y(eh4A [LGW

consensus 241 Wk kmEKAGFINV EdiYKLPQSPW KDPK1KELGRYHQVNMFEAv PY fALFTR LGW

Afu_vipC 301 s (LVAGLIRIY QT Y RI R)
An_VipC 296 QP {L VA GHR(¢ ~-MSL| K\JHV P E S

consensus 301 R EIE LVAGmR ELrDy t HLYT VriVYGQrPEtd

Fig. 2. AfuvipC gene structure. (A) Arrow indicates transcription direction and introns were positioned as discontinuity of the
arrow. +1 indicates translation start position. White box showed AfuvipC gene product and numbers are amino acids residues
and grey box indicates the conserved methyltransferase domain. (B) Gene product similarity between AfuvipC and vipC from
A. nidulans (AnvipC). Inverted box indicates identical amino acid residues and grey box shows similar amino acid residues
between two sequences. The alignment was done by ClustalW (http://www.ebi.ac.uk/Tools/msa/clustalw2/) and visualized by
BoxShade (http://www.ch.embnet.org/software/BOX_form.html).
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20l 7F5e AT 5 92 PR WA 5 gk
(A5 VA,
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ook

AfuvipB2t AfuvipC XS] A4 SitHo|o| 22| &
224

A. nidulans vipB} vipC 1702} 35738 7171 AfuvipB
1231 AfuvipC A TSk} AE ) 7152 o]
A3 A. fumigsatus ©PIE TFOIA SE FHALE ©lF
crossing-overs 3% 5] AZF(homologous recom-
bination) *Hel| 2lsf 1jH o= AAAR] A =W
o)1= A|Z3ItHFig. 3). EM0] FF9] 2 B2 Ay},
AfuvipB EAH0] 0] FEUY F7|= o Fo| Blsl
213k 2folE HolA| eIt Fig. 4A0lA] H= e} o],
AuiAeIA A F 37°CollA 96413t MBIl 7
S AAHQ FEU9) 7] (Fig. 4A top)7} oF¥ T} T
SiAoH, A oS A A3 F5TF A%

A k—— Wildtype 2.7Kb) — 4
5— I /\71vipB (904 bp) I - o
® Ik *._ 4

e

5— AfpyrG (1,896 bp) I
K Deletion construct (3.1 Kb) >

x

Pl
A
<«

M 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 WT

= -1 4 0 0y «3.1Kb
POV WwWw weowe L1 Je27kKb

B k—— Wild type (3.1 Kb) ]
S AfuvipC (1324 bp) R 3
LI * 4
¥ ¥ \\A
S— AfpyrG(1896 bp) 5

K——————— Deletion construct 3.4 Kby —————
M W 2 3 4 5 6 7 8 9 10 M

5Kk

3kl t%
2kl

.4 Kb
.1Kb

1kb

Fig. 3. Strategy of AfuvipB and AfuvipC deletion mutants
construction and confirmation of the deletion mutant by
polymerase chain reaction (PCR). (A) Schematic illustration
of wild type and AfuvipB deletion construction and diagno-
stic PCR for isolating knock-out transformants were shown.
Transformant numbers 9 and 14 showed increased band size
(3.1 kb) which is corresponding to the size of deletion cons-
truct instead of wild type size (2.7 kb). (B) AfuvipC deletion
strain was also verified by PCR. Transformant numbers 5
and 10 were produced 3.4 kb PCR amplicon which is expec-
ted size of deletion construct. vertical arrows indicate dele-
tion strains. M, size marker; WT, wild type strain A1100.

Aspergillus fumigatus AfuvipBS} AfuvipC 21 #-2] ¥4 37

shax depd S SHITAY ks AR AlolE =
oko 2= PESHA] F-319 Tk (Fig. 4A bottom). FEUE &
n7e s Esto] IAREAS Hlawsl ov AP (coni-
diophore)2] Seju} FAE= xAlQ] 714 Sl oY E
I} 2o)5 YERRA] 34Tt (Fig. 4). L2y 3 74A] Sol=
& ARE SdulR]el A HFEHA gar FEE 0|85t
FAE streaking$ 37°COllA] 48A17F Hljofslo] ©d =2
UE st #EeAS Al oPER ] gkl S2Y
71 1.18 £0.11 cm@IH] B3} AfuvipB S0 75
= 0.89 +0.32 cm=EAX] P Hlgtd of 75%2] F21
715 Ao B3 £31Ho] FAEAE s ST
op el Hlsl =eX A}t I TS oFF
E3pF Al A e F2Y 7RIS ATt of
AFel vlal] & o & 3 HFL 5 Arh(Fig. 4B). o=
A AT BF el A SAR FFH o] Holst

A Af349.1 AAfuvipB (tf9)

Fig. 4. Phenotype of AfuvipB deletion mutant (AAfuvipB).
(A) AAfuvipB strain and isogenic control (Af349.1) were
point inoculated and cultured on complete medium (CM)
for 96 hours at 37°C. Top and bottom of the cultured plates
and the enlarged microspoic picture for observing conidio-
phore and conidia are shown. (B) AAfuvipB strain and isoge-
nic control (Af349.1) were streaked and cultured on CM for
48 hours at 37°C.



38 EI= - 3k

e

o FEYUE FslE=E AA™] 22 4 2 B3l
Aol o Ao FFT} Aol E HolA] &5 7 A
A9k, GLFEA || M FE FZU7} THEEOJAE streaking®]
73%- AfuvipB 327 AA" wet A7 2 Eslol] <
s Hole S Uehd F doke AMS ARk 9
o mebx] F5 AFTA N S ZA AR Ad7ds)
3 Batee IS o8 T AfuvipB EAHO] dFollA
R} AdeiA #Eete] A7 et Aokl AZET
HIE AfuvipC AR F4 72 2 estE oy
A MLQo| AfuvipBe} VISSIAAIRE, AfuvipC F7AE A
At EdAMo] FFAME AfuvipB S| TN £
T AN FES #HSE] olHSIt). Fig. 5A00A4 E &
Uzo] AN A HE T 84Xk st A
g A3 A AR FEY S Z719f w2 ERlshks A
=4, 2gar E3hHo] vehe AP B 2] Bk

Af349.1

AAfuvipC (if5)

-

Bottom

Fig. 5. Phenotype of AfuvipC deletion mutant (AAfuvipC).
(A) AAfuvipC strain and isogenic control (Af349.1) were
point inoculated and cultured on complete medium (CM)
for 96 hours at 37°C. Top and bottom of the cultured plates
and the enlarged microspoic picture for observing conidio-
phore and conidia are shown. (B) AAfuvipC strain and isoge-
nic control (Af349.1) were streaked and cultured on CM for
48 hours at 37°C.

5o BT o o7} gle Ao EHAG B3
ST A B FEU S Fpolle o E ] Aol
T Atelell Bt 2717} 2el7t gl &1 = AN
T} (Fig. 5B).

A. nidulans?|A] VipCe] 73-9- Aol EA)Sh= methyl-
transferase=A] VeA T2 Mt olug} o| 53} A¢sh=
A2 methyltransferase] VapA, VapB 53 &7 5%+
AT BB o] HIAE 2] 5o Tk ATES
doz HFE B3 208 75E SR 0T
T B EQoH17]. 23 AL fumigatus®] 735 38
3}5 222 3 5= §IE heterothallicdt w0 AEA
ZANME E3HE s 17E vl 7icE 7] el
o] A} A. fumigatusS] /3E3l Y-S 7X=A]
of tiatede RIS dhrlolle ofedgol AU T3t kA
Q3 U AfivipBS} AfuvipC T AL A5 4}
sl7] wigol] F AP e R AR 715 S T e
u= 7z s AAR AeZe FH E3ew
© & H3E YA &5 v w7 fAP)
BT AAE ol SAH|E Alxst] FES FA8loF
S, A, nidulans$t 22 982 A7} vl AlRHER]
A. fumigatus®] 735~ ©lF EMOlE A x| 43et
ojgfgol] qlof olF Edwe] Ax 2 A FHS B
T2 71s B4 5 B A7 Zad slog B
olt}. Bat ok} A. nidulans®] 735-91= vipB, vipC Al
A EAWo] #FTo R o] XPPo] A EEHA
A eite vl Qlem g s Eddo] 7 54
g FHP A AJolE HolA] o= AL o= A odd 2
F)E AAFsaL )lth16, 21, 22]. ©]9F HEo] & FAk=E
o] 4& 33l Y= methyltransferase®] 70| 72] 4
AEEY IARA 59 2 F@Foe ARHA0 S
FA %5 7Fe A= wiAE 4= glk. AspGDOlA A. fumi-
gatestrZA| 2] methyltransferaseE 7343}53:S 7-F- methyl-
transferase f-0A7} #HAx 2471 oPdolH thafst ojm|i=4t
Aol 23 methyl7| & 358k 9= 3= methyl-
transferase’s = TR SA|817] wiZolt}. 1= B3}
LB AFE FE 22 AANE AHAEE A nidulans
oA T83F 7|5 4¥3h= T methyltransferase -4}
o] 5 AT A. fumigatusoll Z HEEO] QI3 1
TS gl 7)5S BAIoEE FF o] 1}
go2 3t 7|37 n HE HYgddl uist gHS I
dlod A EZ Ao EASH= methyltransferase”} 713]7+4
Aol FEEES F=Aol e A 55 ATkt AR
2 5 9= Edi7} HAraL Bejxin)

VS| (@)
a1

<

AP Rtoll A ved FrRAKS} AAIE O] = velvet B
e e #3e) o) trAHEY] - vll¢- F&



St 755 st BEl AP Aspergillus nidulans®] 73-5-
methyltransferase?] VipB2} VipCE X &3t o8] Tl ds
o] VeA Ty} FoAgshe Zom deA v & A
TolXE ARt 713)7FE ) Aspergillus fumigatusOl| A
vipB} vipC AR 24 E-FdAkE Eelsted 242t AfuvipB
o} AfuvipC=. " 83IAT}. AfuvipB -4 R= AspGD H|©]
EfHo] 20l Afu3gl4920°0 2 S5 o] 10 1,510 bp 2
ool 10749} RIERS 7FA|aL §lar, 734} 2ha2 336 oF
v =2k 2712 e AR methyltransferase =7 Q1
< 7HAAL AT AfuvipCe Afu8g01930°2-F AfuvipB}
AR 10709] IEES 71AL 9lem 3397)9] ofri=
ko 2 3% methyltransferaseE P81kl JATEH. A.
fumigatusoI| A Z¥2¥e] A} tigk 7e-S dopazt
AAA A EA0] HFES AXshal 259 RAFS &
Z3I3Ant. AfuvipB 732 AA EARelE A HES 8
S 735tz vlste] EEF 9 AjolE KolA] sttt
T & ZAplA A F2UE vl Bk v
el Hlsle] 1 =77} AL £33 S o Hd A
= WES AU v AfuvipC AR AlA SAH
ol tEwF HlaslS W EAF Y AfelE HolA]
sttt ot A= F 71| methyltransferase”} 3% &
B7Q] 93 F AL YA 2B vl

£ 208 V5SS BE 5 98 AR
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