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Its Structural Change by Addition of Reducing Agent'

Chang-Young Hong’ - Se-Yeong Park® - Seon-Hong Kim? * Su-Yeon Lee’
Sun-Hwa Ryu’, In-Gyu Choi**"

2 4
H Ao A= WS dportiporus biennisS ©]-8-3510] 7)1 g]1d Q] AESHA HIS A] z‘é O FH, A
3HA W 7|4 olafstal, YA B8-S 98 718 Sl ARASE frestarat sheleh At uHx]oﬂ
A A biennise F2 57180 @1de] SNSE FEstHA, S 3438 STHIZeH, gl weh =
# zto]2 of7|akgie). wjek 7], ether Aol BaS E3) phenolic OH FHaFo] Z7}st v, vk 7]of|%= ether 2

o] Z7Fgholl whe} phenolic OH gheFo] 4sl3ict. Olﬁiﬂ AE v o R, 47189 gade 53 fEsH]
215) 3R] ascorbic acidS A7lsle] 974 glade] Tz W3l 9 W3 A2 HAsgch Aoz, 394
o] H7to oo f718m 21de EAEEE A% FTISHRANL A F37F Ao vjs] 1 F7F Zo] dA 3
Aokt Eoh vkl W] ad el ame] A, vk 1094 SHAE HUe AP FolA S Bt B4
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ABSTRACT

The main goal of this study was to investigate biomodification mechanism of lignin by white rot fungus, Abortiporus
biennis, and to depolymerize ethanol organosolv lignin for industrial application. In nitrogen-limited culture, 4. biennis
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polymerized mainly lignin showing a rapid increase of molecular weight and structural changes depending on in-
cubation days. At the initial incubation days, cleavage of ether bonds increased phenolic OH content, while the results

were contrary in of the later part of the culture. Based on these results, ascorbic acid as a reducing agent was used

to induce depolymerization of lignin during cultivation with white rot fungus. As a result, the degree of increase of
average molecular weight of lignin was significantly declined when compared with those of the ascorbic acid free-ex-
periment, although the molecular weight of fungus treated sample slightly increased than that of control. Furthermore,
lignin derived oligomers in culture medium were depolymerized with the addition of ascorbic acid, showing that the
average molecular weight was 381 Da, and phenolic OH content was 38.63%. These depolymerized lignin oligomers
were considered to be applicable for industrial utilization of lignin. In conclusion, A. biennis led to the polymerization
of lignin during biomodification period. The addition of ascorbic acid had a positive effect on the depolymerization and
increase of phenolic OH content of lignin oligomers in medium.

Keywords : biomodification, depolymerization, lignin oligomers, white rot fungus, Abortiporus biennis
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Aol itk wheba 4k ]9k kel Bofolq AR

Tt A A|AHRE 3 gl S22 Hiole
o] HdAe 5 F= "geElad 3] ol8Ear
AtHGouveia et al., 2013; Singh et al., 2011). ¥}
R5ggo] FHsHe 2y B Aol RO
= lignin peroxidase (LiP; EC 1.11.1.14), manganese
dependent peroxidase (MnP; EC 1.11.1.13), versatile
peroxidase (E.C. 1.11.1.16), ¥ laccase (Lac; EC
1.1032)7} glom, aifRshdor At kel
Hof| £3HeR(Schmidt, 2006). SA[RE WA RS
el 2lad &3 &4 9ol geade] 9=
n 2= ohFet mago] AT fEA LR H0,
A AR AR glyoxal oxidase (E.C. 1.2.3.5)%}
aryl alcohol oxidase (E.C. 1.1.3.7)7} 9w, glad
W biphenyl A3} E3fjo]] 93-S v|2|+= demethylase
9} dioxygenase7} EAfgtrtal G A ok olHgh
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2 At Himmel, 2009; Sahoo ef al., 2011). S}X]
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FoAE BTME TEA FHAR olgeiAt
217, stetokE W oWl E AAkshr] 9Ie 7R
olgE £ Qltfar H 13} ti(Sahoo et al., 2011;
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Z 3 =] 1 cH(Higuchi, 1986;

1999; Kersten et al., 1985). HAAHHZ

Kawai et al., HH AN LS

Hoz2HE B A= LiP 9 laccase= 5-0-4, -1
a5 md p:}:c]—‘jo Hafjgly, ol& =3 2lad
wel sighEe] ARs WAUS % 2ad R &
40 A3g o H:;f AT ShAT A A A
o g WMMES g whole cell] AwtAel &4
A2gg ofastar, S W gjad 9 Ade #a
deof AEsh we 3ol 28shr] 44 —EP-
wfabd B Aol old ATE B £ 2
J B3 fah FHL 7HA wAMES I dbortiporus

biennis?] whole cell-& 0] 83}o], A7 vlo]ujA
o] o7]eu A LA HolBER WA= o
718 2lade] FEsHE WIS A=Fosn A
Esl—x% W3} 7| &S olafska, 2lad o] AFel A -8
S ol7] 98 AEASE stz skt
A WSS Aelg §78u) 2ade] s
T2 HskE HAstglon, §7180 2lade] &

W32 fEdky] 913 B AF ascor-
HA7VAS w) A bienniso] 3t 57|80
gl aye] 3z WslE v)m 245t

[e)

=
=D Sk

-5

2. M= 3 g
2.1, ZAIXZE
HoAgLo A ARESE WMBSZ L Aportiporus
biennis)= Potato dextrose agarﬁﬂxloﬂ/\i 28T, 79

Zol Mufek AlF o, HA & 4CoA] BT}
A. biennisi= o1 AT AIolA 7MY =2 #ad
2ol 74 24E vedlon, {7180 2lad e A
E5H HEE o]gol Hesirtal st glth(Hong er
al., 2013).

B ATOIN AFET R718 U e
1) (Hong et al., 2013) &=5olX= Fomitopsis insularis=

AF =12, internal transcribed sequence (ITS)54-&
=38 HEFHO R Abortiporus biennist} Y§E = ATt

Sl - g8k 2T

Table 1. Composition of SSC media (per 1 ¢ distilled
water)

Component Concentration
Glucose (CgH;20¢) 1%
Ammonium tartrate (C4H;2N,Og) 1.08 mM
KH,PO,4 147 mM
MgSO, + 7TH,O 2.03 mM
CaCl, - 2H,O 0.68 mM
Thiamine - HCI 2.97 mM

Trace element solution (Hong et al., 2013) 10 mf/liter

Liriodendron tulipiferaS ©]-83F 47|80 AAg &
Hold Pad A o 8L el 249
50% ofghE, 1.6% H,SO,& S = ARE-She] 1517T 9]

A 162 ¢ HeAA E5TE 2ladelo

2.2. A blennisol 2lst K710 2|29

=
1=
e
o
£l

2 shallow stationary culture (SSC) HJj
Aol HEAIH oW, 1 4L Table 1;4 2t 250

ml AMZEgkAago] HiAE 98.8 me¥ Pl sili-
stopper= 92 F 121TCoA 1587 HsSc

SSC Hj#]2] Z$-, thiamine HCl 0.2 m2} trace ele-
ment solution 1 m¢E 0.2 um filter2 o3} & Ho
H R Hriekelct.

papags: S Eeyl ‘7‘/\} 7374-‘?‘74]7} 0.01 go] &=
5 A FEAS HEe &, f7189 gad o0l g

< F7tsted, 28°C wiFTIoNA HA W FAIZ .
718 Bad A7E & 7 el A&

(12000 rpm, 154, 4C)YE ol&ste] gad 1L
9 oujFlS Rejstelet. 2l 1d it A 23k a1
HELS 0.5 M NaOHZ, vjoFl-2 dichloromethane o
2 33}tk NaOHE o] 83fo] 2l1d Zalel o

ARF 23k ﬂﬁﬂEOi%‘—H gade f5s9e
o, B=et 7] 212k, phenolic OH 3 9

'G

il

* Gel permeation chromatography (GPC)& ©]-&
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A 5
: GPC 542 Shodex KF-801, KF-802, KF-802.5,
KF-803 columns (Showa Denko, Tokyo, Japan)
2 AMESF A, UV detector= 280 nmojA]
tetrahydrofuran ©]-8-35}o] EASFGCt ofAE
StEl A& 2 mg& tetrahydrofurano]| £-3f A|71
5., 0.5 um hydrophobic filter2 o]7} & =43}
9.
* Aminolysis H'H-& ©]-83} phenolic OH ¢+
: Phenolic OH &S EA3}17] st vHo =z,
olMIEstE Al&E 20 mgol 0.5 ml pyrrolidineX}
0.5 m¢ dioxaneS YFA]AH, A= 1-ace-
tylpyrrolidine®] GC (Agilent 7890B)/MS
(Agilent5975)541& E3)| A2 phenolic OH
FFE EA8kelch 292 DB-5 (30 m x 0.32
mm x 0.25 um, Agilent)E AFEsF o, %27]
2= 100TColA 57 Bt §A & 173C7HA]
30CHELRE F2A17 5, SEF fAIAZeH,
& =& 200C7HA] ST/RELE 52417 &,
582 ZotF 8XAIF T Inlet =% 220C, de-
tector == 300CE 9-A 5} h
Nitrobenzene oxidation (NBO)Z ©]&3} ether
A% 4F 24

Sig

|y
o2

O

: 2] 2dY] ether A7 S Fetetr] Hlal
NBOW o] AN, 21 40 meol 4
mg2 2 M NaOH2} 250 pf9] nitrobenzenes

78k 170°Coll Al 2417k St WhA| AT 4
M HCIS d7}3lo] pHE 1~22 243 3, di-
3 ol guE 5=
sto] diethyl ether2 =91 %, 100 pf pyridinex}
100 p¢ N,O bis (trimethylsilyl) trifloroacetamide
£ #7}5to] TMS (trimethylsilane) -2 §-%=
stoicy. HEH oz GC (Agilent 7890B)/MS
(Agilent 5975) B4& E3}o] coniferyl (G)a}
sinapyl (S) unito] FF2 o2 FA . A9
2 DB-5 (30 m x 0.32 mm x 0.25 pum, Agilent)
£ ARgskelen, 7] &% 1204 S&E 5
FFA F, 2T 2= 280C7HA] 10C/ELE
5207 F, 208 B SN Inlet L5

chloromethane 0.2 &

71800 elade] e

) el whe Pz et

L 200C, detector 2= 250 C 2 8-A|3}9Th

2.3. EIX| ascorbic acid &70l| M=
A. biennisol| 2lst F7|204 2|22
e i

re

AL 2 FE W2 oA 9
H A9 &2l 5 mM ascorbic a01d—— 7181
A. biennisol] 23t &7)9u) ade] LxA WL

ol

g7 A=t Ascorbic acids= 87140 gad
I 4 HAriElgow, Zhzk wjoFdel 2.18k9] HY
o s 718 2ade ek AHE 4o

2.4. A biennisol °J3t 7180 2lato=
SE MME 2|0d Salnoiel S
2y

AABZE B3| Ao # vjFele dichloro-
methaneS ©]-§sto] F=&5FGtt 535 2lad &
YIS FRE FE0 5t AL okl
23l Gas chromatography / Mass spectroscopy % Gel
o] &3sto] HjAE B
4] 9 phenolic OH 32 &3¢t 2l1d &+
11 9] phenolic OH 3t £41-2 2.2%F2] Wiyl &
At A= k.

permeation chromatography=

3. Zmt ¥ n
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MBSHH Hat Al

7t gt
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Table 2. Average molecular weights and polydispersity of ethanol organosolv lignin (EOL) after fungal treat-
ments (Con: EOL in medium, ABB: EOL treated by A. biennis)

---EOL

3 days 5 days 10 days 15 days
Parameter EOL
Con ABB Con ABB Con ABB Con ABB
Mn 1140 1332 1567 1489 1884 1933 1948 1447 2478
Mw 2408 2975 3879 3274 6208 4980 9801 3376 15232
Mw/Mn 2.11 2.23 2.48 2.20 3.37 2.58 5.03 2.33 6.15
s 1000
& _ 800
3- ----------- - G unit CONTROL
4 =+ Control i T e * - unit ABE
-=-ABB ; 5 unit CONTROL
£
E]

Amount of phenolic OH (%)

=
o
]
s

6 8 10 12 14 16
Incubation day (days)

Fig. 1. Amount of phenolic OH group after the fun-
gal treatment (Control: EOL in medium, ABB: EOL
treated by 4. biennis).

Su) BAEe] AL, A, biennis AE T A

A
ofl A wjeFdo] FTIetel wet F7kst= Aol UE
wieh 53] wieF ISYA, A biennisol O] 7718l
Zlade] &2 Hid EAEFMw)S 15,232 DarlA]|
Zlelolen, chAM oA e F2e Z71e
CHTable 2). Wgks] g1 222 wsle BAst
Ay}, vjoF 7U7HA] phenolic OH $Hfd AZ 27}
519l oM (Fig. 1), NBO A2 HjQF 59747 o2+t
ofl )3 Zhaateh7h ok 703} 1026l 23 Z7}
SlAth(Fig. 2). ATA O R A biennise= v 7|7

5o %3 7180} 2lT0e) BRI
AN, Weple] ek el o] P 7o
S HAth wieF SU7HA= NBO A= A
ether 23%}to] E3|E %3) phenolic OH 315 % F
e A Aom AmEA, v 7YY
NBOAHz©0| S7F-So% &3}l phenolic OH &
2ol tizmct A SAEUT. otz o 2710
= A. biennis7} ether Are] B3l WSS of7|5F
Ak, 2}eiz 2ol )3 ether AT 9] ThE Agke

-

fujr

G
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il

o
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-G+ usit ABE
200
° I
)

Incubation day (dsys]

Fig. 2. Amount of guaiacyl unit (G unit) and sy-
ringyl unit (S unit) of EOL after fungal treatments
(Control: EOL in medium, ABB: EOL treated by A.
biennis).

29| o Rbgo] dofit ez Hoju, ujek 74
o|Folli= 2l e] EAF 7ol ether A3e] F7}
7b 9 v AoR Afmdnt mEkA i 7dA)
ek 77180 2]71d2 phenolic OH gHFo]

Zto] vls) EA FAIEHA, ether e Wol g

okl = FHE, e Wi |78 2jad
Hoh o &5k ExE o AtEchBaucher et al
1998).

2 A A WARSGS o] 83 glad i
s i AF Aot Aol dutE, XF7HA] iR
= WARTdol gad B fiae gad =2d
e A%s Haghtt BuEQich Tien &

Kirk 153} Higuchi 152 F& Phanerochaete
chrysosporium . 23 el AA|E LiP2} MnPL ©]&73]
of p-0-4 il Sk ARe] 7LE wEon
(Higuchi, 1986; Tien, 1987; Tien & Kirk, 1983),
Coriolus versicolor=2%-€] AA|% laccase= [-0-42}

B-1 W9 2RO alkylphenyl 23] ) 2 C,
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Table 3. Average molecular weights and polydispersity of ethanol organosolv lignin (EOL) after fungal treat-
ments and the addition of ascorbic acid (Con: EOL in medium, ABB: EOL treated by A. biennis)

3 days 5 days 10 days 15 days
Parameter EOL
Con ABB Con ABB Con ABB Con ABB
Mn 1140 1429 1597 1471 1676 1359 1665 1457 1663
Mw 2408 3367 3659 3396 3898 2946 4067 3343 4134
Mw/Mn 2.11 2.36 2.29 2.31 2.33 2.17 2.44 2.29 2.49
Abgtol deFe wlAThn EIEQirhHiguchi, 1990; = el e fa o) ThE ma Alxglo] 2ga)
Kawai er al., 1988; Morohoshi et al., 1987). 3}x]qt o] &7 8] gladel x& Wl 9 JASH =35t
Wu A9 Tl MAREee] By Be G4 9SS $ES om Ard
2dlo] gl &8 # oty Sl FFS m
ko B kgl ch(Iwahara et al., 2000; Kudanga et 3.1.2. BN HM7tof| W= A biennisol 2t

al., 2011; Nugroho Prasetyo et al., 2010). £3] lac-
caset= 2|19 Aol HAE = TR, T
9] phenolic OHZRE ARE WA iﬂHﬂM
S EE T RUEEE A
oF7]3ttH(Youn et al, 1995). Hat O}HE} L1P9}
MnP SA] Stz WSS SEgo] ule} EFFS-S
freste] 2ade BAEF St FFe wHc
(Eriksson et al., 1990; Haemmerli et al., 1986). €1

O B AL A 3 G, A% oS B

2= 9Jth(Kudanga et al., 2011, Onnerud et al., 2002).
H AR E= WABRE L 4 biennis?] whole cellS
0] 83 A2, MYATLE E3)| 4 biennis| 2|1
Bl &4 A2 gad Hrtel o) gizTtol b
F7RIAe, drel wet ke ARe wa
HjoF Z7]oll= MnP%} laccase ZHAlo] Z7)at |t
Zfﬂo] =43 doldt wiF Tl 4ol &

4= Q1%ith(data unshown). whebA] vjoF =%
A bzennzsq 2lad B3l a4 ether A7 £3f
53} phenolic OH ¥ 571 & EXgF S7o=
S 0|3e Aolek Apmar). s ek F710)

of M N P g O S
of
I

o
C (¢}

27Ig0f 2latel 7x wat 2o
3,103 AE vigos 780 2ade) &
23} "k 2 xsly] 95 sHUAe] 29l ascor-
bic acidE ZH7}sto] A. biennisol| 93+ S-7]8uj T
o] MRS Rk Almelalc.
Bajero] Aotz Ha| A biennisE A
Al Lol A A~E =718 A4, ascorbic acid
A7bebAl b A A} Hugls o, A
27 Aot o 2] 2asiodch. W 150
7180 glade] FEEd BEXEFS 4,134 Dao)
o, THEAR LS 2492 UERGTHTable 3). 0] as-
corbic acid®] H7}7} A. biennisoll &3t §7]80] &
uf glie] Zake AAjshe] A G
Z Aoz #etET) A9l U2l ascorbic acid
na geld WEd shrErel F
oA|5l7] el AHEET ofE o] WHg-A o] A EO#%
0], ascorbic acid®] Ataof A AR} £AS Fa At
3Ego] dojuHA 78S 2= AES g
th(Kinne et al., 2009; Kinne et al., 2011).

lﬂi°

Jo lo mlm ot

o]

r]r

(FF34]) RO+ + CeHyOs— — RO- + CeH70s *
— ROH + C¢H604

EG BAe] 7 ARE AT ol we 39
A 292 Daol|A] vj%F 1044 Zof 1,121 Dal & 1}
e, ol Hale 2 fef shakEol B
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Fig. 3. Amount of phenolic OH group after fungal
treatments and the addition of ascorbic acid (Control:
EOL in medium, ABB: EOL treated by A. biennis).

Aoz wotHEt AulH o2 4 biennisol 23|
7180 @l1ude] wajel Fato] FAlo] WAlelw
ouf, ShAA| Aol Hls gHAAQ] M7 Fl
S B AReE A ARAEE Aol &s] W
Agtol el vehd A2 AlREh

Phenolic OH ko] A9, vljof 7U7FA] o319
Hls) Rk F7bekglont 1 ool wlulsiek. NBO AF
BAS Ea $7180 21T U ether Ao
2 AZ%E G unit} S unit®] L ascorbic acidS
d7Fgtoll whet tfzate] vlsl Hadhe A 2
o, vjgklel w2t 7o) Aol molx] eroret
(Figs. 3 & 4). ©}2}A] ascorbic acid®] H7= BRI
9] F7HESE oAl FAAR dFE A=
v, o)W Zajo) Hla] 718 2 o 724
Halo A= & 2olE Ho|A| gt uje 713t W
NBO 4h= Hg a5 ¢, 718w 2lad W
cther Ato] HolHAES AT 4 sgoLk
e ¥hg-o] ether Ago] ofd thE Ade] FH=
Fojz Aoz TtEch

Angom, 94 959 w5y
off EHA| ascorbic acidE H7Fet A}, EAES
7He oPAIE 4 ARAR, 3 AAle A
k= 34 o Aoz FAESI floA da
o], A9l k= gad &l a4 osf
A ghrize) B BeL fugel w8
7o) 2HA FFL A Ao ARENL,
d RE efrige] JRE vlA
ok wepA 2hIA o] FS

o)
T
[e]

A

L=ie]
==

(2
(2

oIt
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u
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o

A
=]
=

5ol - 418k AT
800
=
-
800 —- = = . - g
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Fig. 4. Amount of guaiacyl unit (G unit) and sy-
ringyl unit (S unit) of EOL after fungal treatments
and the addition of ascorbic acid (Control: EOL in
medium, ABB: EOL treated by A. biennis).

o) BAgel £ FrIgom, W
SR Ggol Wik F7ke WA FashaA £
A% F7bl S 1A AL

|
EO
>
ja)

73
=

3.2. A biennisoll 23 271804 2|2
omBE MME 2|74 22|noiol
EN 2N

SR TG ofgt 780 2ol el 4
2 dichloromethane©. 2 %3t A3}, ascorbic acid
H7F el wet Aoldt ditE Btk Ascorbic
acid WP ke 7180 2lTde] Bl Ak
o 7%, 2oy nRRe) Aajel ulsi EAjo]
Z7FeF "9, ascorbic acidE H7FRF AFtolA=
ool ) 2 elune) Bajao] skt
(Table 4). Ascorbic acidE F7}8}A] &2 Alslo] 7
<, vjepalol wlel ZeFBE HAG 225264 Dark
2 Z7sIgon, ol Blay Lennany R
H AHEO] AFSe Aol oJgt Autet AlRErh o]
off BFafl ascorbic acids H7IRE Aol B, ol
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Table 4. Average molecular weights and polydispersity of lignin oligomers derived from ethanol organosolv lig-
nin after fungal treatments ((A): 1% EOL treated by 4. biennis, (B): 1* EOL treated by A. biennis and ascorbic
acid, (Con: EOL in medium, ABB: EOL treated by 4. biennis)

G

®)

1 days 5 days 15 days

Parameter — - = T Gon. ABB__ Con.  ABB

1 days 5 days 10 days
Con. ABB Con. ABB Con. ABB

Parameter

Mn 298 312 369 512 311 525

Mn 312 280 265 250 298 220

Mw 888 1128 1152 1416 865 1090 Mw 848 742 528 552 586 381

Mw/Mn  2.98 3.62 3.12 2.77 2.78 2.08 Mw/Mn  2.64 2.65 1.99 2.21 1.97 1.73
A Bl WA g, Wk 1097 B
& 225 381 Da2 YEFHTE Ascorbic acidE 7} ::
B ARoNE o1y gelunie] AEasiel e £,
o] phenolic OH gFo] vljoF 104 4| 38.63%% LER 5

WChFig. 5). Phenolic OH 3+ 715 &3, gl1d
o) nrle] ether TS a7t Uoliks Aoleh
o FEm, HekE gad Se|am= A 8ol
ol wfg- A7 wohal gtE w8 v 3
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Sena-Martins et al., 2008)
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Fig. 5. Amount of phenolic OH group of degradation
products of 1" EOL after fungal treatments and the
addition of ascorbic acid (Control: EOL in medium,
ABB: EOL treated by A. biennis).
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