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Abstract: To develop new strains of Ceriporia lamaritus (C.
lamaritus) with different functional activities, the protoplast
was prepared from the mycelium of C. lamaritus after treat-
ment with various concentrations of EMS and the myceliums
were regenerated. As a result, lots of mutant strains were
obtained, 3 strains with different phenotypic characteristics
were selected and named C. lamaritus f1, £2, and {3, respec-
tively. To evaluate molecular phylogenetic tree, the genomic
DNAs of mutants were amplified with ITS1 and ITS4 prim-
ers by PCR , sequenced and the DNA sequences were com-
pared with the ITS sequences of the related strains in GenBank
using BLAST program. Clustal multiple alignment showed
that there are a number of sequence changes in partial 18S
ribosomal DNA, ITS 1 region and 5.8S rDNA between the
strains, indicating that EMS treatment generated chemical,
random mutations in the chromosomal DNA. A neighbor
joining tree revealed that C. lamaritus f1 and {2 strains were
clustered in the same clade, but C. lamaritus 3 in different
clade. To investigate changes of biological phenotypes, lac-
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case and antioxidant activities were studied. As a result, lac-
case activity of C. lamaritus f3 showed the highest level (2.49
u/mg) among the strains and also antioxidant activity showed
124% of the culture broth after 4 days incubation. Further-
more, the radical scavenging activities were constantly main-
tained during culture period. Accordingly, EMS might be
efficient tool to develop new strain and utilization of the active
components in the culture broth of C. lamaritus {3 presents the
possibility of industrial application.

Keywords: antioxidant activity, Ceriporia lamaritus, EMS, lac-
case activity, phylogenetic tree

1. INTRODUCTION

Ceriporia < (genus) A2 Ly Ao] AR (Polyporales),
Al 31 9FH Al IH(Phanerochaetaceae)®l) 531= H Al 2 2 polypore
of o) 2 A2 resupinate (4 214 fungi2 A] 4k 450] 4
RS &Eafiohs HAc® A 9low [1], oF 80719 &
F2& EHSI0 o] F AYHE Foblolol ] AT B
2ttt [2,3]. L & Ceriporia lacerata (C. lacerata)= 2003 o]
ARo| A A 02 WAH T [4], HRIEFo] 4ok 4
BE@o b Ao BAS], ZA 81U g A
422 hoh2) 2Ao) U WA Ueh o

Seta SAE 7D g (5] QAo HARE A
2Ll w B3 20 4% gl Be Aol oo
FEHOR AYA LEL e AN HET FFE E
Ao EAT Y St L3, Fpe] ool ot 5
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A oA A A St wEil Ft o] @ 9
Aol S48t E4S 7HA AL QL o] &2 Q13|
N A= B2 ZFol 7t ek C. lacerata®] 739~
T AR RS 7 e v ok ] gho] Al Gt o & IRt
S Ao R wj g EEo] HolA 4bdSte] ofE&o] o
FE I Qloh webA o] & s Ast7] flste] A AR 2 27 A
felof W2 B 544 9 A& ol A= HE 65 C
lacerata #55& di-mono (03] ©Hal) wHjHH O &2 24 O
= A3 & WHE A Q] Wl & Foko] AR o] A E 7t
520} shelh Ao| 5 Rol WA, FAV} T, AR
Ul mE e FEE HEH R Aste] Austel 3
A WEHH Ao wet Ceriporia lamaritus (KCTC 56671)
2 5 5of e (@A HAL Aeleo] ). Fu o] HAl53l
C lacerata 0| 3 ©|e¥shy A2 4] FAPA wjel 23
= ARGt Al 13 T FoA e = &t [6], =
oA 2ol A o] Eajel HEzolA el A HAT, T
Wi BEAM Sl As AT Aol | 4T 7] S0l
I o Qle). Al ek, g, 1), )4 o
WlERR 5 o) 39 T S BT S el 2lo] A4
A 8k ohje} ol u ok Botol AAVEL FAAE 4l40]
T ao] 7154 A% W oloE a2 Bl BEH T o}
(8]. &, BIA Y] FAA = A A < v kA &2 o 7 7HA] #
? g , 58] AR = WAL A A 2
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&AL [17] & thet MAL A ALA & ]85 A A ok
o] 2| A sto] gt Ao HaLE Lo, C. lamaritus®] <+
A& o] &3t HA| B FE Aatke A3 st 7] &4
BA g5t Ate oFA7HA = mlH] R A A o]t whetA
okt 7154 A S flgke] ARS =T wEEA 2
ol Zstar it o D AAESH 750 ZatE =S
7 B asdo] A7 EAL o YRR o= SAR o] #
WAL A EA Y o TR 54, & A7 2 A
24, AEF N, 2EY A AR, WA 9 A
5= MAsk=H AHEE 4= Qo A9H Aol f
sto] o 2|74 &2, 3}shd EdHo] e (LY,
gamma-ray, chemicals, EMS §) AF&8F 427} 9l o oA 2}
59 FAA Y k= AR FE U o] 24§
712o] S &5HA Frh [18,19]. A DNA%OA o2 &

T ofN Ipv
o X H1

o

=4 =
TRl FEt T
Zlo] BigtA)et N o FHWHO|AHE f=dt=tl a3ttt
Ethyl methanesulfonate (EMS)= A& 202 JMAE 72t
ALz HEAUIE Uo7l obF A o|u] Fejt
speba] ol ik [20]0]tf. whebA] & HAtof A= C
lamaritus®] £AF A E43 FEoH4 7]5A4 0l et
Al 3t 35 WEst7] fisko] C. lamaritus®] AFEAAE =
sto] o}ehA FAR o] = EMSE = E A5}
of AlxzollA F2-9] WOl E F =3 $, 7 A colony =
A&Eefsto] oo Hls) w& AWE, FAE 24 4

v
)
El-{ﬂ
ofN
H
rir

o
laccase &4 =71, flavour 5-0] 7fAEH #FE 7fEstaL o
el S AL $SUNE WAL AL 1 AT 2

¥ 3,

2. MATERIALS ND METHODS

21. 3% 9 Ao}
2 Qo] A4E Bgtl gAY AT A
AlE] (KCTC: Korean Collection for Type Cultures)of] 7| €F &
Z%|0J A Ceriporia lamaritus (KCTC 566715 G Auto]
2 (Seoul, Korea)ol| A A|-gwrol AA|5FA ). C. lamaritius <+
= vl OF-2 )31 vl X] 2 4] PDA (potato dextrose agar) 2 PDB
(potato dextrose broth)E Becton DickinsonA} (Sparks, MD,
USA) 2R FLYsto] ARE8FAL, AR v eF> PDA 1L
A v A o A v oFSEe] wFAF Bl = =R 5, WA HRCF Al
AL A A & EE 2 0|83k 2F 0.5 em’ 2 AHA|
A2 5 PDB A vl 2] 200 mLo]| 5] &-3}] 28°Cofl 4] 50 rpm
oz A5 wjesto] Aol Agskeich A BAL 915
o Trichoderma harzianumo)| A £-2]3} lysing enzyme (Sigma,
St Louis, MO, USA) 9 Celllulase onozuka R-10 (Duchefa
Biochmie, Haarlem, Netherlands)S AF8-5}$1 0.1, = H o]
G4 6 2 4] ethyl methansulfonate (Sigma, St Louis, MO,
USA), ®3t 3pitstey] 9 laccase &/ 4 $I5to
ABTS (Sigma, St Louis, MO, USA)E A3}t

2.2. C. lamaritus®] QA Y=

UG GA =2 f1sf PDBHIA] (100 mh)of A 5 59t vl
gk C. lamaritus A AFF (20 mL)S Fsto] A28
PDB B} 7] 200 mLE &7 5 EoF 28°Co| A 150 pm .2
A v sFH T wiFA 7] HAFE glass filter G1 (LukeGL,
Namyangju, Korea)s AR&-8to] wAMAE 2]4=51aL, 0.6 M
sucrose® A E 23] AAgE &, lysing buffer (lysing
enzyme 10 mg/mL, celllulase 10 mg/mL in 0.6 M sucrose)=
AR 9 S EEo] HE=E F7EeE th, 28°C, 130 rpmo]]
A AN 7 F- 9 vl FsF AT}, 1 & glass filter funnel G3 (LukeGL,
Namyangju, Korea)E ©]-8-5}o] 215 o2& 53l ol = 4]
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A2 FA} N Z R A7 & AASHI L, BEHE MA] 2
247 £91E 4°Co 4 9,000 rpm.2 20 Bk €413

sto] AP AAE WAAIF T A5 A2 B 2] AL pelleto] Hot
S+ Zo] lysing bufferE A o]F7] 9138} STC buffer (0.6 M
sucrose, 10 mM Tris-HCI, 10 mM CaCl,) 500 uL2 & 7}5}]
pellets dgsto] A& Pt A dFEA
STC bufferE #7511 du)7 32 3, hemocytometer=
HAAE Aol QA 52 1 10°cellsimLo] HES

sk TH21].

2.3. EMS A g 9| &8t C. lamaritus X3 A

EMS #e]= Liu[22] WS ot W ste] ARE-5}GI
EMS?] 2| FF =5 1.167 g/mL= A 35}0] A7 2 A| A=ty
100 uL. (1 x 10° cells/mL)o]] EMSZ Z+2F 0-2% (viv)7} 5=
= A F 30°C, 120 rpmof| A 1A[7F Z1eh vi Al A
Tl 4°C, 9,000 rpm ©. &2 5E7F Y452 sho dFAAE I
A & A4s S H P AL pelletZ STC bufferof 21 Alof& F,
pellet-2 hemocytometer= &-Q15} 4t B E 5 pelletS STC
buffer 100 uLol| &€}l low melting PDA agar ¥ ] (2.4%
potato dextrose, 0.8% agar powder) 7 mLo] 40| & %] 0.6 M
sucrose”} $H3-% PDA 4} X](2.4% potato dextrose, 1.5% agar
powder)®f| pouring §F %, 28°Co| A 7 & F9F A EISIE 95}
of ufjeFst it A3 H FAA &S kanamycin (50 pg/mL)
I} ampicillin (50 pg/mL)o| $H3-% MCM agar (2% glucose,
0.2% yeast extract, 0.2% peptone, 0.05% MgSO,7H,0, 0.1%
K,HPO,, 0.046% KH,PO,, 1.5% agar powder)H]} x| o] A 13]
t A sto] C. lamaritus &AW 0|1 A &2 w2331 Th.

24.DNA £ 9 ITS 97|14 ¥ &4

M| DNAF=E2 9151o] PDA E+= PDB x| o 4] 1047}
U 3t FAFE AHE-SF S, DNA 252 Lee [23] S
o]-gsto] FEkTh &, WiRE WA 1 g5 Fsto] WAL
dho Uy A ALZ FYPAIZ] th2, lysis buffer [50 mM
Tris-HCI (pH 7.2), 50 mM EDTA (pH 8.0), 3% SDS, 1% 2-
Mercaptoethanol] 500 uL& o] 2 4] 31, 55°C water batho]]
A TAIZEHEG-AIZT 2, 12,000 rpm, 4°Cofl Al 152 Al &e] &
A5 8-S- H35H4 o) 5% 9) phenol/chloroform/isoamylalcohol
(25/24/1) buffer= A7} 12,000 rpmofl A 1087F U415
2] 5to] A5 He F7E F, 2 volume®] 100% o &2} 1/10
volume?] 3 M sodium acetateS A 7}5lo] A A7l o} ¥
2ol SJSiDNAS 2-H 631t} [24]. White 5 [25]°] 9
3} B 75 fungi®] ITS (internal transcribed spacer) &4 &2 <&
3}7] 25kl ITSP1 (TCCGTAGGTCAACCTGCGG), ITSP4
(TCCTCCGCTTATTGATATGC), LROR (ACCCGCTGAACTTAAGC)
primer5-& AH-51917, 5% HIDNAS] 9171492 Macrogen
(Seoul, Korea)Z 55}0] £4]ak%ic}. gelel 17| 5L
sequencher (Gene codes Co., USA) ¥ Clustal X5 ¢]-8-3}¢]
C. lamaritus control 4] &1} alignment & W3} A &-& &9l
5kl 144 AE &7 9 Neighbour Joining (NJ) 4]

PAUP 4.0b version (Swofford, 2002) [26]2 o|-&3}o] &3}
st
IS .

25. 8|10 B3jlask X XA

C. lacamritus X Ho|FE9] 21 £ &4 (laccase)] &
3& K] Y8t laccaseo] tfgh =2 So]4 [27,28]
ZF=ABTS [2,2’-azinobis (3-ethylbenzthiazoline-6-sulfonic acid)]
£ 714 & AHgsto] #4153 &, ABTS agar i 2](0.2%
K,HPO,, 0.2% KCl, 0.2% MgSO, 7H,0, 0.0547% ABTS, 1.5%
agar powder)ol| 0.1 g0 FAMAIE Sl A5 §, 28°C
A TUE G STk HEUS FHOE HEA 0 ¢
3 B 7F /g o] =W laccase &/ o] Q= AR B 5t
o] WA A8 47102 Yo very weak(1+), weak(2+),
moderate(3+), strong(4+) 0.2 T 3Fo] ZAFSFA T [29,30].
HAuf e of| Alaccase g EAS oAl AR 22 F2
HEstA widRt Co lamaritus 9 HolFE9] v
100 uL %|3}o] 125 mM sodium acetate buffer (pH 5.2) 800 uL2}
0.25 M ABTS 100 uLE &35t 3, 25°Co]| A] 5571 uh-8-A] 7]
F 420mm Sl FHEE A5t gkl Yol
laccase /- th3- o] AARE it [31].

AAbsorbancex 10°x Total volume

Laccase activity (unit/mg) = ATimex €420 x Sample weight

(£10= 36,000 M"'em = 3.6 x 10%)

2.6. G418 BA BA
C. lamaritus U Wo|2E9] wjokl AL} AL ABTS
(2,2’-azinobis-3-ethylbenzthiazoline-6-sulfonic acid)& A}-&-3}
o] radical 0] &% 27 A7 HEE woF U W £
of A3kt [32]. =, 7mM ABTSS} 2.45 mM potassium
persulfateS 1:1 B] &2 4 0] & F, hAof| A 16A]7F HFS-A]
714, 71 & ODy30 A1 0.70] =& D.W= 3] 4 35}o] HE-g-of
AH&-3FITh A 2 E ABTS €94 900 mLa} v oFel 100 pL=
45%7F Ho]& T Ao A 30& 1A 7] T2, 0D, A
Hetgla vjepele] gArsh B g} 2ol

2 o
1

2 =
= .
=

2 oo

Activity(%) = (A-B)A x 100
(A: ABTS' solution, B: ABTS" solution + 8} %FoH)

3. RESULTS AND DISCUSSION

3.1. 9 EA U= L EMS A g

C. lamaritus®] YFEAE U&E3H7] 915t #AHAIE
5tof (wet weight, 1 g) o] 2] A5 23sto] Y4 U= 3
428 YA 5, AGH AR R ELE 23
celllulase onozuka R-10 (10 mg/mL)3} Trichoderma harzianum



4 Korean Society for Biotechnology and Bioengineering Journal 35(1): 00-00 (2020)

Protoplast

Regeneratiol
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Fig. 1. (A) Protoplast formation of C. lamaritus after treatment of
enzyme. The arrows indicate the position of the C. lamaritus
protoplast. (B) Effect of different EMS concentrations on
germination of basidiospores of C. lamaritus var.

9] lysing enzyme (10 mg/mL)E& E3}5Fo] AJZF H 2 FALA|
of Hejstel YFHAE UY&3HH S W 24|17 o5he] Z-2
A2 AIZFol| A= Y AA =7 mLE 1 x 10°7) o] et 2 34
o] E L AL ¥ (SAIZE o] Al7| W A|zdto] T}
Y= o] HA7|7} gho] A= o] dFAA L] Aol Hol
A& A4S BHon, 4A7F BhgatdS o 1~1.5x 10
cells/mLE W2 AFAAE 8-S 4= 3t (Fig. 1(A)). Ao
2 AFAA Y] AE FE 1% 10° cells/mLo] H =% 2H3H
= &ekol 100 ul (10 cells)o]] EMS (1.167 g/mL)E 22} 0%,
0.5%, 1% 2 2% (v/v)7} S22 A28 2 5 30°Co) A 1A7F
i 5 A2 H EMSE A A3t top agarg ©]-§-3}¢] PDA
8 ] | pouring 3}o] A E-3H5 =3¢t 1 A3} Fig. 1(B)
o Al Bz upe} Fo] EMSE A 2517 ¢k Lol A= 2F 800
N Am o] A7 A2 E 93, 0.5% A 2] Al 42071, 1%
#2] Al 1807 =& EMSS] A ] s 7} ol = A&
5} Bl A 27F ashe Ao & et o, 4 A
o] EMS] 9]t REXIAFAEF (LDso) 0.5% A 2| A] 52.5%,
1% EMS A 2| A| 22.5%2 A A3 EMS 2] FE2& 0.5%0]
A 1% o|Ujel Aoz Belth 115 =2 EMS (2-5%)E A
RS W= AR Q] A EE7F A o] dojfA] ¥kl (data
not shown), o] = A3 ZA| o] EMS A 2| =7} 57}k np
2} §5F 2] (dose-dependent) O &2 FAMA| 2 2] Y EI}HE
Waljate] AAMES S7HA7 = A o2 B E o) [33].

32. 5dWolA A

Q&S H HFAAELS kanamycin (50 pg/mL)Z} ampicillin
(50 pg/mL)o] o5 MCM agar Hj 2|0l A] 13] & AH 35}
C. lamaritus EQAWOIAES £ttt &, EMSE 217}
0%, 0.5%, % 1% A 2]3t AP DA & 28°Col| A ufjFsto] A
=3t H A & 5 EMS A2 E 22 40714 A8 A|
3 MCM agar vl 2| 9| A control « A (C. lamaritus)S} -
AR S, U, A F9 A o whet 0.5% A 2]t

C. lamaritus

C. lamaritus f1 C. lamaritusf2 C. lamaritus {3

Fig. 2. Time profile of C. lamaritus and mutants mycelia on
MCM agar plates. To examine the growth rate of each strain, the
mycelium of same wet weight was spotted on the center of each
plate and incubated during 7 days.

of| Al 2t (0.5-8, 0.5-11), 1% A 2ol A= 13t (1-41)&
AE319I T}, 2, EMS A 2], 0.5%9} 1%2] 4] 2] control
I HSFS 1 0.5% B 1% A 2ol A wFARA| O] A<
=, W, 57 (wet weight), W FAHAF2] A7 B2 A
2 37t e Aoz Yyt (Fig. 2, Table 1). €71 A7t
A AP AL 141 289 A9 30 M wgon, #
A = 0.5-11 220 7HE = kaL, B3 A 59 =
A= 1-41 0] 2mmz 7HE FAE 39 #HAHE 74
stttk oloh 2 B4S 2k 225, 058 2EL C
lamaritus f1, 0.5-111H Z2& C. lamaritus 2, £ 1-41H =
22 C. lamaritus 32 NEZA HY5FH T (Table 1). o] =
wol A5 0] EMSo] o3 $04 sk 24el7] $istel 2}
SRS WU F QA DNAS 2E5hn FEA 188
ribosomal DNA, ITS (internal transcribed spacer) 5-¢] 4 5.8S
ribosomal DNA x| &} o] & 7| A & B A41351 9t}

33. 5@ HolH o F7IAE BA L AES
Nuclear ribosomal DNA (nrDNA)2] ¥ 3}%] A
£]3}o] ITS 13} ITS 4 primerE AM-&-5}o] 242+
o] AMA DNAE F=9 o2 5tof PCRE +stal 5
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Table 1. Phenotypic characteristics of C. lamaritus and mutants

Confluent growth (day) Diameter of mycelium top layer (mm) Wet weight (g) Culture medium (pH)
C. lamaritus 6 1.5+£0.2 843+0.2 437+0.2
C. lamaritus f1 4 1+0.2 13.14+£0.2 33703
C. lamaritus 12 7 1.5+£03 10.79+0.3 3.63+£0.2
C. lamaritus 13 3 2+04 13.84+0.4 4.72+0.1

The strains were incubated at 28°C in MCM solid plate and liquid medium, respectively. In solid plate, the periods of confluent growth and the
thickness of mycelium were measured. Wet weights of the strains and pH of the culture medium were investigated after 7 days incubation.

>

NA 2712 A A3t o+, Macrogen (Seoul, Korea)ol| A€
48 o Zate] 91714 AL ehuetgir). 2hu gt 2k2t ol
o] E9] G7A YL BEA 0] 18S ribosomal DNA, ITS1
29 W 58S RNA A2 Fakoha gon], 1 HA5L
BLAST (basic local alignment search tool)E- ©]-&35}¢] Genbank
database$} H| W5to] 22 EAHOAEY F T 45t
ATt (Fig. 3(A)). C. lamaritus A B3} Genbanko] A ¥ C.
lacerata A2 665 7|5 vH|WSFFS o FEEZ 18S
ribosomal DNA, ITS1 5], 5.8S tRNA A & ol A <F 34% &
2o HH9 2fo|E Holu, £ C. lamaritus A B} S
HolAl 1, 2, 39 F7|AEETE Husgle o ITS1
region®| A= # 2] consensus A G-& HO|X|qF 11 £]9] 2]
SN ZEE 7ol 97] Aol A Aol 7 98-S Bl
S}4 ). E 3 Clustal multiple alignment programof] 2]} & 7|
A5 ool o FEETOIE AT Aol7
Aoz eyt (Fig. 3). YR o2 1TS g9 7He-d|
5.8STRNA A gL Z&st Qlong 2 fitog Be
ah4 olo] Agetm 1 BARs & s} wet gy Mg
ChOb S RTels &, 49 BRo| Agelch o B
Ho] & 588 9| EeI 9o n TS £9\oke] u]
Woh hs el ole BRe AR E Ao B S
o $7- d %710} §ATAE Aol §-83 Sto] Holy
™ E3F A5 A 5ol o] &F o] XTh34,35]. - A Al
(phylogenetic tree)E 12]7] $J5te] Z}2+] EHH oA 59
71N AS Bl o R M| REZS PAUP (4.0b) program
(Swofford, 2002) [26]-& ©]-8-5}f A|A| 2 2l HAE B 71517
23t A4 Wi 9l UPGMA (unweighted pair group method
with arithmetic mean) [36]E 43§t A1} Fig. 4(A)%} Fig.
4(B)ol| Al K= vpel e AnS Al A7 D 4 At
&0 2] Bootstrap &2 AlS4~ (Fig. 4(A))2} Neighbor-joining
(NJ) A& (Fig. 4(B))= vl 523k FF O & UBtE L, EMSE
85t #3521 C. lamaritus f1, C. lamaritus 2= A H 02
= 4 Zol7t gle W 7k FrAEAE YE Sl C
lamarins 3 T2 S ehol 94 1A2E ¥
Astol EMSo] o5t 518H42) Bello] 7 1 Hl9le S o
% 91t} 99714 % 10]0] 7] 25101 neighbor-joining (NJ) &
AT}, 2 5709 clusterE FASFATE C. lamaritus, Fungal
endophyte sp (EU803316.1), Porostereum spadiceum (JX463660.1)
o] cluster 19 &3t SAHo|A|Ql C. lamaritus 13+ C.
lamaritus 27} cluster 25 o] FUth. C. lamaritus 3= Th=

tlo

(

rE Hr
x

= A9 FAS T o Thanatephorus cucumeris (KF381087.1)
2} cluster3-& ©o|FUth. C. lacerata (KP297426.1), Emmia
lacerata (MN856430.1), Unculutred fungus (KX761867.1), Fungal
sp (HQ331062.1) & cluster4ol| &3 Ao & Urebyt}.
ol gt EAA TS et = ol AMAR C. lamaritus
2t A2 oA wolof ofsf £33} E ¢l 7] el C.
lamaritus f19} C. lamaritus £27} St clustero] Hoj %L, C.
lamaritus f3-& Ho| B3} x 7} o} th= clustero]] oI Z A
O 2 Ve, FHA R = EMSE A3 50| Bt
CFE clusters P4 A 02 Hof FA91AQl 31eh4 <l &
Aol 7 Hh Rk Ao 2 Helty 53] ITS A goleh= Algt
2 DNAS] F-A o] ol 5-2] 2 41 ¥ o] 7} HA86} 51 7] wfizoll
N2g EFEom F7HSE e BAAA 2AE &0l
A B& 4 Stk wokEw, webA HAl AP A A 9
EMS9| A 2]= M2 #F5= /st 183 3wl
frgdol & 4= ikl Atz H ok

34. 8 1d B3 &4 laccase A RA}

Laccase(benzenediol: oxygenoxidoreductase, EC 1.10.3.2)=
Y E2 O] o 7 7F AL Q= A2 Q] BARA AL b 3
Ao = Qo] =2 Ao ® A A Ut whebA] laccase
= At ol A AlsHaL Sl thefRt ot 59 AZhAbe] Thoi st
L glom 7o FEu AHAA FA, oF A A FA,
T e, A R, 428 A, 7]k A ol et ol
53 2L FAT /)5S §Uen i 40w nuggn
[30]. WA RS70] C. lamaritusS 52 3to] EMS 2] 2]
o ofa) ol 1, 2, 3 50| W QB BHL
H219] 2l 1d-& Eofish= mAl laccase
454t &, laccased] sty w2 &
= ABTSE X §5l= ABTS agar 114 v %]
22 5] A 01 g& o)A Fel HE F, 28T
o4 79 ok GPufFsith 1 AFUS FAOR 3%
A o] A7 AT 7L g g o] =W laccase E4J0] Sl= Ao ®
T oho] HhA ZHE B 4510 2 L0 very weak(1'), weak(2),
moderate(3"), strong(4M) 2. = FA| 5} T} [29,30]. 7L A3} Fig.
50 A Hi= vt} o) C. lamaritus®] AT 27]& 15 mm
2 7} = weak(2NE YERW AL, C. lamaritus 1 T-52] 2HAY
o 7] % 14 mm= weak(2') A2 ZFEE Kol ZdH
o|A FollAe 7H oF3t laccase E4-& YER It E3H
C. lamaritus £2 452 WA 27]= 22 mmo|y ZF=7}
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CLUSTAL 0(1.2.4) multiple sequence al ignment

C.lamaritus f3  TGGGCTATGGAGGTTGACGGGT TGTCTGCTGGCTCGCAAGGGCATGTGCACGCCTGTCT— 59
C.lamaritus f2  —TGACAATCAGCTTGACGGGTTGTAGCTGGCCTCTCACGAGGCATGTGCACGCCTGGCTT 59
C.lamaritus f1 ——GTAAAAAGCAGCTATGATTCGT TGTCGCTGGCCGCAAGGCATGTGCACGCCTAGCCC 57
C.lamaritus —ATGTCTTGTAGCGGATGATACGT TGGCGCTGGCCGCAAGGCATGTGCACACCTACCT— 57
* AAARARARARR AAE &
C.lamaritus {3  —CATCCACTCTCAACTTCTIGTGCACTTTTCATAGGCCGGC 98
C.lamaritus f2  CATCCACTCCTTAACCTCTGTGCACT TTATGTAAGAGAAAAAAATGGTGGAAGCTTCCAG 119
C.lamaritus f1  ATTCCACTCCTCAACTTCTGTGCACTATCGCATGTAAGGTTGGCTTTGTGACGGAGGCTG 17z
C. lamaritus —CGTCCACTCTCAACTTCTGTGCACTATCGCATGTAAGGTTGGCTTTGTGACGGAGGCTG 116
* HE KRA KARANRANRR A
C.lamaritus f3 —TTGTGGGTGCGTTC————GCGCACTTGTAGGTGTCGGGCTTATGCT TTATTACAAA 150
C.lamaritus f2  GATCTCGCGAGAGGTCTTTGGT TGAACAAGCCGTTTTTCTTTCTTATGTTTTACTACAAA 179
C.lamaritus f1 G-CTTCGCGGCTGGTCGTCG————TTGTATCGCTGCCTTGTGTGT TTCTTACTACAAA 170
C.lamaritus G-CTTCGCGGCTGGTCGTCG——TTGTATCGCTGCCTTGTGTGT TTCTTACTACAAA 169
* & * Ak * * * *x Ak RAhkkAx
C.lamaritus f3  CGATTCAGTCTTAGAATGTCA-TACTTTGCTATAACGCAATTATATACAACTTTCAGCAA 209
C.lamaritus f2  CGCTTCAGTTATAGAATGT——CAACTGTGTATAACACATTTATATACAACTTTCAGCAA 236
C.lamaritus f1 CGCTTCAGT TATAGAATGTCTTTAT TTGCGGATAACGCAACTATATACAACTTTCAGCAA 230
C.lamaritus CGCTTCAGTTATAGAATGTCTTTGT TTGCGGATAACGCAACTATATACAACTTTCAGCAA 229
Kk RARARA AR KRR » MRAKA AR AR R R AR AR AR A KR AR
C.lamaritus f3  CGGATCTCTTGGCTCTCGCATCGATGAAGAANCGCAGCGAATGCGATAAGTAATGTGAAT 269
C.lamaritus f2  CGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT 296
C.lamaritus f1 CGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT 290
C.lamaritus CGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT 289
* kA
C.lamaritus f3  TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAG 329
C.lamaritus f2  TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCACTCCTTGGTATTCCGAG 356
C.lamaritus f1 TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAG 350
C.lamaritus TGCAGAAT TCAGTGAATCATCGAATCTTTGAACGCACCT TGCGCTCCTTGGTATTCCGAG 349
A ok *oake R
C.lamaritus f3 GAGCATGCCTGTTTGAGTCTCATGGAATTCTCAACCT TCAGCTTTATTGATGA—— 382
C.lamaritus f2 GAGTATGCCTGTTTGAGTCTCATGGTATTCTCAACCCCTAAATTTTTGTAATGAAGGTTT 416
C.lamaritus f1 GAGCATGCCTGTTTGAGTCTCATGGAATTCTCAAGCT TGCAGTTTTGTTACTG—— 403
C.lamaritus GAGCATGCCTGTTTGAGTCTCATGGAATTCTCAAGCTTACAGTTTTGTTACTG——— 402
kA * ARk *
C.lamaritus f3 ——AGGCTTGGACTTGGAGGTCGTGCCGGCT-CTCGTAGTCGGCTCCTCTGAAATGCATT 438
C.lamaritus f2  AGCGGGCTTGGACTTGGAGGTTGTGTCGGCCCTTGTCGGTCGACTCCTCTGAAATGCATT 476
C.lamaritus f1 ~CAAGGCTTGGACTTGGAGGTCGTGTCGGCTCTCGCGAGTCGACTCCTCTGAAATGCATT 462
C.lamaritus —CAAGGCT TGGACT TGGAGGTCGTGTCGGCTCTCGCGAGTCGACTCCTCTGAAATGCATT 461
RARARRARARAARARAR RAR AR RRAR R AR R AR AR AR R AR
C.lamaritus f3  AGTGCGAACGTTACCAGCCGCT-TCAGCGTGATAATTATCTGCGTTGCTGTGGAGGGTAT 497
C.lamaritus f2  AGCGTGAATCTTACGGATCGCCTTCAGTGTGATAATTATCTGCGCTGTGGTGTTGAAGTA 536
C.lamaritus f1  AGTGCGGACGTTACCGGTCGCT—-TCAGCGTGATAATTATCTGCGCTGCCGTCGACTGGTA 521
C.lamaritus AGTGCGGACGT TACCGGTCGCT—TCAGOGTGATAAT TATCTGCGCTGCCGTCGACTGGTA 520
Ak Ak Ak K Ak A *hoh ARAR ARkAAAAAAAAAAAANAE Ak L
C.lamaritus f3  TCT—AGIGTTCACGCT TC—————TAACCGTCTTCGGACAAATTTCTGAACTCTGAGC 548
C.lamaritus f2  TTTATGGTGTTCATGCTTCGAACCGTCTCCT TGCCGAGACAATCATT TGACAATCTGAGC 596
C.lamaritus f1 TGT—GAAGTACGCGCT T—CTAACCGTCCT TCACGGGACAATACGT TGAAACTCTGAGC 577
C.lamaritus TGT—GAAGTACGTGCT T—CTAACCGTCCTTCACGGGACAATACGT TGAAACTCTGAGC 576
. x Ak ok Rk * *> * * A RAA AR
C.lamaritus f3  TCAAATCAGGTAGGACTACCCGCTGAACTTAAGCAT TCAAAAGGGGGGGAAAAAAAAAAT 608
C.lamaritus f2  TCAAATCAGGTAGGACTACCCGCTGAACTTAAGCATATCAATAAAGCGGAGGAAAGGGGC 656
C.lamaritus f1 TCAAATCAGGTAGGACTACCCGCTGAACT TAAGCATATCATAAGCGGGAAGGAATCATTA 637
C.lamaritus TCAAATCAGGTAGGACTACCCGCTGAACT TAAGCATATCAATAANGGCGGGAAGANAAAA 636
ok ek ek * > *
C.lamaritus f3  TTTTGAGTTTTGAAAGGGT-TGGTCGC——TGGGTGGAAGGGGTGTGCACGCCTGTCTC 663
C.lamaritus f2  AATATCGAGTTTTGAACGGGTTGTAGCTGGCCTCTCACGAGGCATGTGCACGCCTGGCTC 716
C.lamaritus f1 TCGAGTTTTTGGTTAGGTT——GTCGC———TGGCCGCAAGGCATGTGCACGCCTAGCCC 690
C.lamaritus ATCTAGTTTTTGGGGGGGG—GGGEG——GGGGGGGEGGECAGCGCGGCGCCCACCCC 689

* *  x ke heAkeh * *x

Fig. 3. Clustal multiple sequence alignment of C. lamaritus mutants. Chromosomal DNAs of the strains were isolated and the regions of
partial 18S rRNA, ITS, and 5.8S rRNA were amplified using ITS 1 primer by PCR. Nucleotide sequences of the strains were analyzed
using Clustal omega program.

T

moderate(3) 2 FHAZ -2 laccase B4S LEPY Wh,  Z71gh 20 2 Urehytth ABTSE: 2 7] 7] 43 o
C. lamairtus 13 F52] 79 48T 2717k 24 mm 7P 2 2] Q1A oS §ukA 7] 2] ki v]ukek el Abakakel 4] A
3 BRI = strong(41) 0 2 7 =2 laccase A2 LUEF A2 UEA Qo

Welch F4E A5A 2 WHA 52 C. lamaritus (15 mm) =0} A4 S5

£ 7122 C lamaritus £2°] 739~ 22 mm, C. lamaritus 3¢] /o] 3lo] A7 SAMO| A S BE3H4] &40 ks &
78924 mm= laccase Z/g 0] Kot = H T} 46-60%71A] 27 Ao Z4517] 9t F2 71 E Y
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A. Bootstrap consensus tree Ceriporia lamaritus

i i
EUB03316 1 Fungal endophyte sp
01
Ceriporia lamaritus 1
Ceriporia lamaritus f 2
Ceriporia lamaritus f 3
KF381087 1 Thanatephorus cucumeris

KX761867 1 Uncultured fungus
9
65 HQ331062 1 Fungal sp
b KP297476 1 Ceriporia lacerata

1 Emmia lacerata

JINE15247 1 Irpex sp

S
B. NJ tree
EUB03316 1 Fungal endophyte sp Cluster 1
JX463660 1 Porostereum spadiceum —

Ceriporia lamaritus f 1 Cluster 2

Ceriporia lamaritus 2

Ceriporia lamaritus f 3
{ Cluster 3
KF381087 1 Thanatephorus cucumeris
KX761867 1 Uncultured fungus e
HQ331062 1 Fungal sp
Cluster 4
KP297476 1 Ceriporia lacerata
MNB856430 1 Emmia lacerata Mp—
— Cluster 5

JINB15247 1 Irpex sp
= 0.01 substitutions/site

Fig. 4. (A) Bootstrap consensus tree by UPGMA using PAUP
(4.0b) program based on ITS sequences of mushroom. This tree
showed the various dissimilarities on the genetic variation. (B)
The phylogenetic tree based on ITS sequence by Neighbour
joining (NJ) method. This showed classification of 5 clusters. C.
lamaritus f1 and f2 were same cluster but C. lamaritus 3 was
classed into different cluster.

ol | uf oFo]] o] 3t kM O] laccase T4 EAS YA T

TAHA] e oF2 H &5 o] ujoFst C. lamaritus X Ho|FE
o] HjoFl-& #3}o] sodium acetate buffer (pH 5.2)2} ABTS

100 pLE E3Fsto] RESAIZ] 3 420 nm 3ol A SF =S
5745t Bd B4 S5 [31]. Fig. 5o 4] H= vie}
Zro] B39l C. lamaritus= 1.76 unit/mg, C. lamaritus f1->
1.74 unitymg . =2 ZF7}skA] 9QkaL, C. lamaritus 2+ 1.87
unit/mg, C. lamaritus f3+= 2.49 unit/mg2 A XXt} 1.06
o 9 1418 Z}2F S71e A o & Lrebgth. aA el A] 2F A
v 2] o]l A laccase /g2 w50l Wb YA 5= Ao = 1t
EFSE AT, laccase 20 T wFARA] /Ad ko] THA|= ] A<l
DA 7} obd Ao 2 bt} (Table 1 & Fig. 5). 2, ABTS
agar plate /-] laccase &/ o] =7 LEFSiThal 5o REEA|
A = A A7 A2 of Y 7] Wi 2ol A AAE
w2 g4 20 W B 54 ST A ] Akt
AE #TEHE A5 A7 28Y Ao & Zrh EMS
A 2]of ofsf WM RL#Q C. lamaritus®] 2] 1 £-5f50]
2718} 0 2 A laccase TH S AR W A H o Polsl=
AAEY] F741 2] Hsto] o5 laccase A4~2] WH o] F7} &
= AL =2 HekE} [37].

3.5. EdHolA o F4bst &4 B4

AU o2 WA R £ JEH 7H 3815 AU B
A oo 23S 7HA= AR Peqzq Qlct. ofa] Ay
o] Yolo] H|= free radical W BAAAE A7 3= FAlS)

R4S i sl 28 A LA 9 e
o}&, terpenoids, 2 H| 20| =5, cytokine A ZH1A], 9]
AYAAE 3 22 B4 S| welEol AEstH 2
A o) BeE g 750 B E 9k [39.40]. whehA
C. lamaritus B2} =AM oAl C. lamaritus {1, 2, {3 o+
ol PSS V] ofol 2 B0 b
MCM Hjj 2] o] 3 F5ko] 8UF 2t vl oFsta Al wjek7] 7t (2-8
Ad)of| w2 FAtst 4 %5‘ S A, vk 2,4,6,8Y
2 71&o =2 & uf AL C lamaritus®] 735 Z+2t
116.28%, 52.14%, 13.71% 2 22.28% A]7o] 2 o] u}at
7235191, C. lamaritus f1-& 104.28%, 41.14%, 15.71%,

C. lamaritus I C. lamaritus

f1 C. lamaritus 2 l C. lamaritus {3 I

Agar medium /
activity | \

Diameter

(mm) 15 14

22 24

Culture

medium

activity
(unit/mg)

1.76 £ 0.12 1.74 + 0.1

1.87 + 0.14 2.49 + 0.13

Fig. 5. Laccase activities of C. lamaritus and mutants on ABTS agar and culture medium. Each strain with same wet weight was spotted
on the center of MCM agar plate containing ABTS as a substrate. Chromogenic intensities were examined for laccase activity.



8 Korean Society for Biotechnology and Bioengineering Journal 35(1): 00-00 (2020)

180

160

140

120

2 days
w4 days

100
80 6 days

N 8 days
60

Antioxidant activity (%)

40

20

0

S

N

C [ it C [ C [ C [ jtus f3

Fig. 6. Antioxidant activities of C. lamaritus and mutants in
culture broth. ABTS radical scavenging activities of the culture
broth from submerged culture of C. lamaritus and mutants were
measured during 8 days incubation.
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4. CONCLUSION
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