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Analysis of an acid-responsive element in a promoter of laccase gene
in the inky cap, Coprinellus congregatus
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ABSTRACT: The inky cap, Coprinellus congregatus, produces several laccase isozymes during its life cycle: both hyphal tip laccase and
sclerotial laccase are involved in the fungal development. When this fungus was transferred to an acid liquid medium (pH 4.0-4.5), a new
laccase was synthesized and secreted into the culture supernatant. In order to examine its regulation by external pH, green fluorescent
protein gene was ligated at the downstream of the promoters having different lengths. These expression vectors having different
promoter lengths were inserted into the fungal transformation vector, pPBARGEM7-1. These expression vectors were introduced to the
mating type a1 and a2 monokaryons, and the transformants were selected by the phosphinothricin resistance. Transformant a1 (a1TF)
and transformant a2 (a2TF) were mated with each other to generate homozygotic dikaryon transformants. All these transformants were
grown in neutral liquid medium for 5 days, and then the whole cell homogenates were transferred to the acidic liquid medium (pH 4.1).
After 36 h incubation at 25°C, cells were harvested for the analysis of GFP expression. GFP expression was detected in the transformant
having full-length promoter (2.0 kb), but other transformants having shorter length promoter (shorter than 1.29 kb) failed to show the
fluorescence. Therefore, the acid-responsive element in the laccase promoter should be localized between -2.0 kb ~ -1.29 kb region.
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gt E5hal x| Q1 YpSs (soluble starch 15 g, yeast extract 4 g, laccase Al o] A3 §loL, o] 72 pH 4.1 vl x| o]| A vlj o5}
KoHPO4 1 g, MgSO4-7H,0 0.5 g, agar 16 g, 1 L d-H,O: pH 7.0) H 1Y S EE ARSolof 4] laccase EA] 0] ERIEtHKimer al.,
of| A 2 Ajejm, 1S 250 244 o] A|(dikaryon) 2HE] H 1991). o] F42] cDNA (lac2)E &1 5}31 northern blot £-4
A3 =2 = UK Choi and Cho, 2005). o] -2 Y ZHAL = 5oto] S0l A= WHEA] LA 2o ARk
59 o] 2] £79] laccase (benzenediol:oxygen oxidoreductase, 2 el thKim et al., 2001). o] 8-} o] Whd oFAFS B
EC1.10.3.2)E RAASITE HAA Y BHE Qo R auE A5}31 A} promoter W genomic DNA -4 A& cloning 5} T
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primordial laccase (Choi, B|3F3E 2} i), A ulj ol A 25 o] A} ¢cDNAE promoter 2} A 2 ¢}31o] & Hatof] =3}l wdl
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Fig. 1. Confirmation of expression vector (lac2 promoter-GFP) construction
in pBARGEM7-1. M, molecular weight marker; FO-F7, double cut with
Xhol and BamHI showing different lengths of /ac2 promoters and GFP+
pBARGEMT7-1 (arrow). FO, 2.0 kb; F1, 1.85 kb; F2, 1.57 kb; F3, 1.29 kb;
F4, 890 bp; F5, 570 bp; F6, 340 bp; F7, 180 bp.

(Fig. 3). T}oFst 4 o|(F0, F3, F5) 2] promoter-GFPE 714 &
%] & WA al TFLLa2 TFS wef5to] B33 o] aA)
(homozygotic dikaryon) 5= & 511l o] FAAA =& 5
/J AR A (YpSs, pH 7.0) 0l A 5 AZF a3k 5= v QFel 4]
& Waring blender 2 Zro}a] AFA] A\l X|(YpSs, pH 4.1) 2
$71 36417 B9t jralsik. 2 SR E B AR5
WA E Hot d-S 493 A 1}2.0 kb promoter HA|E 7H2]
FO ER7U3 BAMAY L wY B 5-A L A
Aol Bokal Zo1E 71 F3 2 Fs fAne s 99
= WOl x| ghSkth(Fig. 4). o] Aib= Ak 52 o] thsto] W55}
+DNA element7}-2.0 kb ~ -1.29 kb A}o]of] A8+ A A}SH

gatccggccaagacctcgatatgagecggtctggaatgacgactaagtaga
gtttcagcaagacttatgactctgatttctacgecgtcgggtgegtcaate

gtcgaatattggtacgacatgccgtctccgacaattgteccgegegggege
ttacctggaccagacaaacgggatggtctggcgaattgactccacggtcc
ggggacctcatcagtttcccagatcgactattattggcagggtaggtcag
cagtggagaccactatcaatatggtgtacccaataggtcgtaccgecgge
ggcatcaacgcactgcgatcaccaaccaggccagaatcgcacgecttgat
cttgaccaccatgaccaccatgcacactgcgcactggaccctacttacga
tattattccctaggatacttacgacactgaaagtacaaggccgegceacce
tctgttcaggecgtctcaagagttgcatcgtgagtacctttgaggttgega
ggtgacagcetgtccccggtaccggegtcttgagetcegtttcattcaagt
ttccagggtcgttcgttactgecgactaaccgtcectgegegattttagete
tgacttgtttcgtgttgectcaatggegetggegtcggagtgagegeggeg
gcgctcagcagtcecctagtgtgectggcetttatcccgtcgecaggaagtaat
cgcaagcectcgegettaccgecagetccagcaaatgaatccggagtgaate
tgcgactccgaggaccagagcecacagtgegtcaggaacgaggcetctcacag
gatctccttacttgtccgattcatctttgecattgtgtccaggcgaatcgt
gctgcagtgcgactgatttggggacatattcttggtcgtcgaagtctag
actctagcagttgggtttctaaggtggtgtcactacctattggaggcetcce
ctcgegagegtctgectecgacgactcactcattcttgecacacaatatca
agatgtgtgagatgaagggctcccaacccacaggecggtgacagttacaac
tcggggtcgaacgtcgaggtcaatcaagtegtcatggagtttattgtect
tctgattttcgtcctcacttgcagggecaggegggcectcaaacgttcga
ccacacagagaagtatggagaataagttatcttcaaaattattacggtga
acgcgtggtgtatgtagtctctactgggatacaacggtggtaggaategg
ggtggctgtggtagtgtcactgacgetggtgetttggectacgagaggtac
gttagtttcctttctttacttcacgtaagattggactgacgtccaggtga
tcaccgtggtgcecgttcaacaatgaagggagecttgttgaggacatcttcg
aatatgcgtgtggcactcagaacatcgectgectecgegacgacagggga
ctatgaaagcaatgtgagtatgaatgttacaagctttgaaggggtagcac
aaagagctcacaggaatagaagccaacatgctggcagcgaggaagatggg

gaatccgaactgcatggtggatgaagacgatatgtgggggactttggggg
tggcagagaccctacacagatttcctttagctcgatacgaacacatatca

agatctccccgetcgatggagttctacctecctggaatccagggagtegtg
ggctgtcaaatttttgttgeccaccgatgactcaaccgecgtttcgegg
gcacttgccgtcatcgcacggtetgttggtgecegetecgegetgeggtcaa
ggcaggcgagacccccgacgetcagggtacacctggtaaaggtcacggg
ctgtgttcctacacaccttgccattacgtttctgecgagetcagegaaca
gtacggttcagcgggegetgttggtgagagtgecgtcagettcaagtcaa
ccaagttgcctgaacgtcctgaggtataaatacctctggaggtcaageag
tatgttc CAACAAACTACATCTTCATTCTITTCCTTTGAACATCTCCCCC
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Fig. 2. Laccase gene promoter sequence and sites of the primers for FO-F7. TATA box with bold-faced letters and the 5'-end of the cDNA with capital italics.
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t}. o] X Yoll= WA w7 Candida albicans©|| 4| filament-
specific regulator 2 X 115 UME6 ZA3HE$|(-1.95 kb, -1.92
kb) (Banerjee et al., 2008), Saccharomyces cerevisiaeol| X|
mating ¥} pseudohyphal growth 413 9} T E HALZRZ 1A}
9l Stel2 ZATE2)(-1.57 kb, -1.52 kb, -1.44 kb) (Hoi and
Dumas, 2010), S. cerevisiae©]| 4] filamentation2 24 3}=
AFR1Z}9] Sutl ATHEY(-1.46 kb, -1.34 kb)(Foster et al., 2013),
2)3 S, cerevisiae?] Gend ZEHL)9F SAMAYS Hole ¢
71K 4 5ol EARITE O]EO] C. congregatus©l| A o™ A}=

ol eiste] wh3 2191A] oz o] & A AT TR w e
M P 1 2
1.0 kb
0.5kb

Fig. 3. Confirmation of transformants by PCR using constructed vector
specific primers. Arrow represented the amplified DNA fragment (750
bp). M, molecular weight marker; P, positive control (expression vector);
1, transformant FO; 2, transformant F5.
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% e}, wjorei73 o] pH wzlof gt 4.8, % pH wisle] 415
I 2 A. nidulansol| X GZe] F24 0] A5 dd 429
chal 9] PalA, B, C, F, 1, H, alkaline phosphatase Q1 PalD
regulatory proteinQ] PacC7} 714 2+ &2 % © 1 (Pefialva and
Arst, 2002; Pefialva et al., 2008), Candida albicans©)| 4] PacC
homolog?l PRR27} 231 %] QI tRamon et al., 1999). o] Thdl
&2 alkaline pH &) A}=o]| HE-8-3} o4 Al & & A5}l PacC
TR o] Ay 2704 B At B ) A4 B g
32 4l Mgndoln det vadE) fnS
LA 7= A Aol E 1
Al += salt stresso]] gt Z{GPH S ZA3}= PacC ZARIRZ}
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W SLRoA 4 5] ol §0%ke) el gk i
7} glo] o] A o] oA AT W AL Z=A Ao o3t S-Z A}
U Atol] =82 & Aloletal wEr.

§ o

BN

>

_121-

E

29| Fusarium oxysporumOl|

Merge

[*]
=]

—
wn

—
S)

W

Relative intensity of GFP

o

WT FoO E3 E5

Fig. 4. Analysis of GFP expression in four different dikaryotic mycelia grown under acid liquid medium by confocal microscopy. Cells were obtained from
36 h cultures. Left, FO homozygotic dikaryon showed fluorescence but all three other dikaryons (WT, F3, and F5) did not; Right, FO transformant showed the

highest fluorescence when compared with other strains.
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HEHA Q] 3142l Coprinellus congregatus+—= A SA}L 5
Qb ol 2] F9 laccase A5 FAIRITE AL E A A0F HIAIA|
YA &4 Dsclerotium () EAEL 5 o] 2] E3}e}
TR, o] 4] A AFA AR} A (pH 4.0-4.5)0]
Z31H A 28 laccase 7} gHAJ =] o] Eu]FH ). o] laccase -G-F
Ao) 2wl of o] o] b7 0] A5 o] Pl ehl
Aol Agksherl BAI517] $i5tol e ekl green
fluorescent protein, GFP) -3- 4 A}= laccase L& X E| 2.0 kb T}
Soll AL, o] %22 ]l PBARGEMT-1] 414
3to 2 WE Wl el S L=35}9I T} o] promoter-GFP 23+2] 5
-reglonTH 2 2 A AR %é ]_4 o] U Wl E] & W2

A welE aldyl a24to) FAAS HhHo g w=olAy]|al
phosphinothricin A &4 ©. 2 &2 1?_]—54] ; é’._ Pl }Oﬂlﬂr Al
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FRAY FEAASA A = BEFE EA #\/} Rk ge
7101129 kb o]3h ] L2 @ e 2 712 FA AT ol =
o] e A] gttt o] Aol ’5P°:l HEH A ’3%
Z o] t3t Al 5 & k= K97} accase -G AR TR HE] Q] -2.0
kb~ -1.29 kb Ato]o] 918 A 0.2 Ak
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