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Biodegradation of Kraft Lignins by White-Rot Fungi(I)'
- Lignin from Pitch Pine -

Kim, Myong-Gil® and Won-Yung Ahn®

ABSTRACT

This study was carried out to investigate the structural characteristics of kraft lignin
and the wood degrading characteristics, the productivity of ligninolytic enzymes and the
enzymatic degradation of kraft lignin by white-rot fungi. To purify kraft lignin,
precipitation of kraft pulping black liquors of pitch pine meal was done by titration with
IN H2504 reaching to pH 2., and isolation of the precipitates done by centrifugation. The
isolated precipitates from pitch pine were redissolved in IN NaOH. reprecipitated by
titration with IN H.S0,, washed with deionized water, and kept for analysis after freeze
drying. Fractionation of the precipitates in solution by successive extraction with CH.Cls
and MeOH, and the fractionates were named SwKL, SwKL I, SwKL I, and SwKL III for
pitch pine kraft lignin The more molecular weights of kraft lignin increased, the less
phenolic hydroxyl groups and the more aliphatic hydroxyl groups. Because as the
molecular weights increased, the ratio of etherified guaiayl/syringyl(G/S ratio) and the
percentage were increased. The spectra obtained by 13C NMR and FTIR assigned by
comparing the chemical shifts of various signals with shifts of signals from autherized
ones reported. The optimal growth temperature and pH of white-rot fungi in medium
were 28°C and 4.5-5.0, respectively. Especially, in temperature and pH range, and mycelial
growth, the best white-rot fungus selected was Phanerochaete chrysosporium  for
biodegradation. For the degradation pathways, the ligninolytic fungus cultivated with
stationary culture using medium of 1% kraft lignin as a substrate for 3 weeks at 28C. The
weight loss of pitch pine kraft lignin was 15.8%. The degraded products extracted
successively methanol, 90% dioxane and diethy! ether. The ether solubles were analyzed by
HPLC. Kraft lignin degradation was initiated in B-0-4 bonds of lignin by the laccase from
Phanerochaete chrysosporium and the degraded compouds were produced from the cleavage of
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Ca-CB linkages at the side chains by oxidation process. After Ca-CB cleavage, Ca-Carbon
was oxidized and changed into aldehyde and acidic compounds such as syringic acid, syringic
aldehyde and vanilline. And the other compound as quinonemethide, coumarin, was analyzed.
The structural chracteristics of kraft lignin were composed of guaiacyl group substituted
functional OHs, methoxyl, and carbonyl at C-3, -4, and -5 and these groups were combinated

with a aryl ether, B aryl ether and biphenyl.

Kraft lignin degradation pathways by

Phanerochaete chrysosporium were initially accomplished cleavage of Ca-Cf linkages and Ca
oxidation at the propyl side chains and finally cleavage of aromatic ring and oxidation of OHs.
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B9 A (Phanerochaete chrysosporium,
PCH)® F&W A (Coriolus versicolor, COV)
2 AW R (Ganoderma lucidum, GAL), 22
2 =e}el(Pleurotus ostreatus, PLO)SH 33
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Factor250nm = 0.2005, Factor300nm = 0.4140
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Table 1. Composition of the liquid medium
for white-rot fungi cultivation

Component Concentration(mg/L)
Urea 1,320
KH:PO,4 600
K>HPO4 400
MgSO; - 7TH:0 500
MnSO4 200
Glucose 10,000
CaCly 74
Ferric citrate 12
ZnS0, - TH20 6.6
CoCl: - 6H:0 1.0
CuSOq - 5BH:0 . 1.0
Thiamine - HCI 0.1
pH 50
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o]71el4 Wa : oven dry weight of decayed kraft

lignin after 3 weeks cultivation by
the fungus on the kraft lignin

Wb ! calculated oven dry weight of
sound kraft lignin
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Table 2. Elemental analysis of unfractionated
and fractionated soft-wood kraft lignin

Fraction | © | H | O | S| Empirical
(%6) | (%) | (%) [(%6)] formula

SwKL 66.8| 6.5 |24.3] 2.4 | C7oHxO16S
SwKL(I) [6761 6.7 |24.3] 1.4 | CiaH14903:S
SwKL{I) (671 58 120.3] 6.8 | CasHx0sS
SwKL(ID 1660 6.7 125.8| 1.5 | C117H1430%:S
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412 AHZZE 29 AA FA7is HEAy
FA71 A%
7t Avi e Aevy Ag2E 2o
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Table 3. Contents of hydroxyl groups in
unfractionaed and fractionated soft-wood
kraft lignin

Total Phenolic | Aliphatic

Fraction { hydroxyls | hydroxyls | hydroxyls

(mmol/g) | (mmol/g) | (mmol/g)
SwKL 6.7 35 3.2
SwKL(D 6.2 3.8 24
SwKL(II) 6.5 3.2 3.3
SwKL(III) 6.4 2.8 34

Ao AdoM B, grdivs AHTE
gdadel Aa FaA7]e FE& . Aelrt vA
%o, #lsAl 447 dichloromethane
280 714 w1 AWEF FA7E

2 H g
hebyteh.

317]‘:}4-‘4-1—9} 4‘—'4 ‘/}—r :ii‘)r—ﬁ-!i gy
FEHA @2 z
G polystyrene._:n HEFLE 78 F, F
g (Mn) s I 2AEMwE A
&3 EAE(Table )& F3l¥ o

r> oo lo

Table 4 Molecular weight averages and poly-
dispersity of unfractionaed and fractionated
soft-wood kraft lignin

Fraction Mn Mw |Mw/Mn
SwKL 1010 2990 3.96
SwKL(D) 510 714 1.40
SwKL(II) 1320 2110 1.60
SwKL(IID - - -

2% 44
FMg4E Aw4d #7E #Ade
AdE FA7 = F7AEG 1 olf e &
go| Zsigte] wal ojH 23 @ guaiacyl®
syringylo]l Z7hsta olo] uwhg} A4 <ol
Wol A wFojct.

4.2 FYTE gade| 7|7| ;Y
421 “C NMR &4
DMSO-d:& &vh2 3t grictaui a

BzE gade #2587 @ 27 234
239 ¥C NMR 29 EHE Fig. 19 JeHU

it 2831 Kringstad®t Morck” 7 R g
chemical shiftg& # 33t Table 82 99 o]
E 7 peak$ assignments& el AT)

Fig. 17} Table 5914 H& v} o] 2]7]
g2y AHLE gad& 1150-116.1ppm
2o C-5 guaiacyl 2§ %40l ERFL
v, e E 8L 144.0-149.8ppmol] A ¢
C-3, 4 guaiacyl® signal® YEpWT = A
gl g el ulastR 2 1156ppme Hol A B-aryl
ether g3 55.0-56.2ppmoll 4] methoxyl®l sig-
nal® E94g. agln grigiyy AHEZE
gad Brcdz 9A g5sEe EIiAE
¢l xylan groupE°]l 75.0-102ppm<- ol e}
st

ey g4 AYZE adde tgE2A
13.8-26.2ppmol @A methylelYt methylene
group?] ¥ A7t BT

Swxuln)

Swkil@)

Fig. 1. "C NMR Spectra of unfractionated and
fractionaed softwood kraft lignin (S=solvent,
DMSO-ds)
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Table 5. Assignments of "C NMR sectra of unfractionated and fractionated softwood kraft
lignin(chemical shifts in §, ppm)”

SwKL SwKL(I) SwKLAID) SwKLIID Assignments
149.8
1495 C-4 Guaiacy], etherified
149.1
149.0
148.8
1487
1485
1484
148.2 C-3 Guaiacyl
1479
147.8 1477
147.4 1474
147.3 147.2
1470
146.9 146.8 C-4G-CH=CH-
146.3
146.1
1456 C-4G-CH=CH- and G-CHOH-
145.3
145.0 145.0
144.8
1446 ,
1444
134.3
128.7
126.5
124.5
124.0
1236
116.1 C-5G-CH=CH, G-CH-, G-CH2
116.0 116.0 C-5G-CHOH-, G-CH-0, G-CH»-
1158 1158 G-CH-
1156 1155 1157 C-5 B-aryl ethers
1154 1153 1154
1152 1151 1153
115.0 115.0 1151 102.1
1149 1020
1147 1019 C-1 xylan
1146 101.8
1144 100.2
1143 99.1
99.0 not resolved
79.3
79.2
79.0 not resolved
76.9
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(Continued Table 5)
SwKL SwKL() SwKL(ID SwKLIII) Assignments
75.8
75.7
75.6 C-4 xylan
754
75.3
71.0 not sesolved
66.5 not resolved
61.2 not resolved
60.2 60.3 v-CH-OH(G-CH»-CH»-CH:0H
56.2 36.0 56.2 B-aryl ethers)
55.7 56.0
55.6 55.6 559
55.7 55.5 55.8
55.6 55.2 55.7
55.6 -OCHs
555
55.4
55.3
55.2
55.1 55.1
54.8
54.7
487 not resolved
436
478 not resolved
46.4 not resolved
448
365 not resolved
34.0 ~-CH3-(G-CH2-CH>-CH:0H)
329 not resolved
315
31.2 31.3 -CHy-(G-CH2-CH:-CH>OH)
29.6 29.1
29.0 29.0 -CH>-(C5-CH2-C3)
28.8 28.8
28.7
26.2 25.0 -CH: and CHj3
248 249
24.0 24.0
22.1 not resolved
22.0
21.3 not resolved
21.1
20,7
18.3 not resolved
17.8
16.6 -CHj
14.0 not resolved
138 not resolved
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Figure 2. Proposed compounds of hardwood and softwood kraft lignin
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4.2.2 FTIR Spectroscopy +4

gA71Aauy Ad=zE gadel FTIR ¥4
A#}E Fig. 3o el

Guaiacyl® 9] A% 3 & (stretching vibration)
7} ¥ A E(bending vibration)e] HAZ Rol&
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18R 3400cm R Eol A el Z@ HAaE -OH
group?l ZAoli, 800 em” ZHA e Ha
= wEgEgel 43 Aoz A% Hayd

4.3 WA sEFof 2|f IIZE 2o B
|

431 #F9 B&ExA

5742 BAFFY pHE 259d 4% 54
& Table 63 Table 79 tebdch

58 WCE nAHIAS o, HIHA pH
= 45-502 YEiwth FAEMAR, 53¢
A 1% SN 259 §Folxrt AFHIY

o, pHZE &ox7F |t pHE 502
2 NGNS W 57HA #F BT EHALS

Table 6. Mycelial growth of white-rot fungi

by pH at temperature of 28°C  (Unit: cm)
pH LSD
Fungl 40145 |50 | 55160 (5%)

PCH’ 45| 45| 45 [ 45|45
COH’ 4514514545145
PLO" 3840|451} 45|45 .
Ccov” 35140140 ]133]35 .
GAL’ 231271333133 .
L.S.D(5%)
* . PCH(Phanerochaete chrysosporium),
COH(Coriolus hirsutus), PLO(Pleurotus ostreatus),
COV(Coriolus versicolor), GAL(Ganoderma lucidum)

Table 7. Mycelial growth of white-rot fungi

by temperture at pH of 5.0 (Unit: cm)
T LSD
Fungl 18 [ 23 |28 | 33 | 38 (5%)

PCH' 4514514514545
COH 21 |43 [45[45]1 0
PLO 33/40[45[271 0
Cov 281324012710 | -
0
1

GAL 2413613318
LSD(G%) | 7| - . .
& 7 See footnote bellow at Table
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Figure 3. FT-IR Spectra of unfractionated and fractionated softwood kraft lignin
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Table 8. Mycelial growth of the culture filtrate during the cultivation of white-rot fungi in

stationary and shaking culture

Days™ 0 3 6 9 12 LSD
Fungi A"l B A B A B A B A B (5%)
PCH 0 0 1553|348 | 672 | 645 | 951 | 498 | 9.20 8.72 .
Cov 0 | 0 [ 593|439 | 611 | 785 | 842 | 754 | 1833 | 2445 .
COH 0 0 | 552 | 220 | 6.78 | 6.73 | 17.37 | 9.06 | 2061 | 2517 .
GAL 0 0 | 535|310 | 565 | 621 | 621 | 661 671 | 1416 .
PLO 0 0 | 615|378 | 659 | 58 | 710 ] 345 | 99 4.06 .
AXB .
L.5.D(5%)
Cult. days . . . .
L.5.D(5%)

© A(Stationary culture), B(Shaking culture)

" Unit(1" 2g)
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Figure 4. "'C NMR Spectra of degraded softwood kraft lignin (S=Solvent, DMSO-ds)
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Table 9. Assignments of "C NMR spectra of DSwKL (chemical shifts in & ppm)

DHWKL DSWKL Assignments

172.0
171.3 -COOH, Aliphatic(G-CHOH-COOH,

171.0 G-CH:~-CH;-COOH)
148.1
1479
147.8
1477
1475
147.4 C-3 Guaiacyl
147.2
147.0
146.8 C-4G-CH=CH-
146.7
134.2 C-1 B-aryl ethers and phenylcoumaran

1

1324 Guaiacyl and / or olefinic carbons
130.6

C

121.3 C
115.6 C

1155
115.4
115.2
115.0 C-5 B arylethers
114.9
101.7 C-1 Xylan

-6G-CHz~, G-CH,olefinic carbons(C-Bp, o’ -stilbenes)
-5G-CHOH-, G-CH-0, G-CH»-, G-CH-

976 not resolved
79.2 not resolved

76.3 not resolved
755 C-4 Xylan

74.1 C-3 Xylan
7279 C-2 Xylan

70.0 not resolved
69.4 not resolved

65.1 not resolved
56.6 56.3
56.4 56.2

56.0 55.8 OCHj;
55.9 55.7
55.7 55.5
55.6 55.4
55.1 55.2
55.0 55.1
55.0
54.9
516 51.7 not resolved
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Figure 5. High performance liquid chromato-
gram of degraded softwood kraft lignin by
Phanerochaete chrysosporium
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