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Diversity of potential culturable humic substance-
transforming bacteria in sediments from 12 stations in the
western Pacific polymetallic nodule province

CHEN Ting, CHEN Xiunuan, REN Na, XUE Zehao, ZHU Sidong, YANG Jifang,
CHEN Jigang
College of Biological & Environmental Sciences, Zhejiang Wanli University, Ningbo 315100, Zhejiang, China

Abstract: [Background] The marine environment, as the largest organic carbon store on the earth,
stores a large amount of humic substances, which may harbor abundant humic substance-transforming
bacteria. [Objective] To isolate potential humic substance-transforming bacteria from marine sediments,
and provide bacterial resources for the biotransformation of refractory natural organic polymers.
[Methods] With humic substances as the sole carbon source, the humic substance-transforming bacteria
in the sediment samples from 12 stations in the western Pacific polymetallic nodule province were
enriched and purified. The taxonomic status of the purified bacteria was preliminarily identified by 16S
rRNA gene sequence comparison. The potential humic substance-transforming bacteria were screened
out by aniline blue-containing medium. [Results] A total of 276 strains were isolated from 12 sediment
samples, belonging to 56 species, 37 genera, 14 orders of Actinobacteria, Cytophagia, Flavobacteria,
Alphaproteobacteria and Gammaproteobacteria, including 1 potential new genus and 2 new species. Of
the 56 species, 49 species were lignin-modifying enzyme positive. [Conclusion] The medium with
humic substances as the sole carbon and energy source can be used to isolate potential humic

substance-transforming bacteria with high diversity.
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H AT R AR, R AT DI R
Py BN A7 AL AT 5540 HS BURIAE MRl

N T FRAAE TR PRV RERZ 1L HS
AUANTE, ASBIFTE L HS S E— B IR A 5 97 JE 300 7Y
KL S REEZIX 12 A E O TR A S Y
AL HS FeAL R AT o B . 2L 5 %5E, WFIEsh
R RIS HS S RUAE Y A AR RS
ME%

1 #H57%

1.1 HmxE&E

SRR ORI T R E RS 40 Mk 12 4>
s TR 0-2 em EKZ et 40 ik 12 Ak
P FRR L e B, H BT
gEi, WKTEEANT 4 933-5 574 m (£ 1), Ff
mi R T OISR AR
1.2 FERXFIFEE

JEREIR . ik HEPES, bRl 4=
R A PRA T s RO, A TAY
TR W) By A R E] B 1 R B 3 B
¥, OXOID /A¥); 2xTag Master Mix, pMD18-T

R1 40 fUR 12 MEGDTRMERERER
Table 1 Basic information of sediment samples
from 12 stations of 40th cruise

Station Longitude (E) Latitude (N) Depth (m)
40V-C1-BC1602  159.45° 20.02° 5501
40V-C1-BC1603a 156.97° 20.43° 5094
40V-C1-BC1604  157.20° 20.43° 5403
40VI-C1-BC1606 158.47° 20.39° 5574
40VI-C1-BC1607 160.41° 20.46° 5123
40VI-C1-BC1608 160.34° 20.24° 4933
40VI-C1-BC1610 160.85° 20.93° 4993
40VI-C3-BC1613  158.98° 22.15° 5293
40VI-C3-BCl1615 160.55° 22.88° 5590
40VI-C3-BC1617 161.09° 23.18° 5371
40VI-C3-BC1618 160.13° 22.88° 5528
40VI-C3-BCl621a 157.03° 22.22° 5294

1K, PCR BI¥(Q7F 1 1492R; M13-47 Hl
RV-M), FHAY TRCKE)ARAF; GenClean
FE DNA R &, Bl ey TRA
PR H] 3 KEFFIE (Escherichia coli)y DHSoUAZ
AU, AR A A BR A F

e &, WD T AR DUIR A i i A
FRZAw] s PCRAY, Eppendorf A+ ; /MUE
BRSO, Starorius A fHIEEZ B 3%
., AR TR ]

1.3 EFRE

2216E Kigphk: HEAM5.0g, WEH 1.0 g,
RAEYEERBEW 10 mL, fHFICE 10 mL,
HEPES (pH 7.0) 2.0 mL,  75%A T.#/K+25%
ZEIKEZRE 1000 mL, 1x10° Pa K 20 min,

WAL JWAEIR 1 g, NaNO; 3 g, i
HHEARFEW 10 mL, fEITE 10 mL, HEPES
(pH 7.0) 2 mL, F 75% A\ T /K+25%% 18K E
2% 1000 mL, 1x10° Pa K 20 min,

PReaEaRdt. Erk2 g, BRI 1 g, K
MW 0.2 g, BIEM 15 g, F 75% N 1TiK+25%
ddH,0 %% 1000 mL, 1x10° Pa K 20 min.

REAELEREW: EWER 0.002 g, MR
0.002 g, MEMEE 0.01 g, FilleX 0.005 g, %
% 0.005 g, MW 0.005 g, Ca-D-{Zi2 0.005 g,
HeHE B2 0.000 1 g, XFEIEFEFER0.005 g, i
2 0.005 g, ZE1H/K 1000 mL,

MEIITE: KA L] 15 g,
MgS0,4-7H,0 3.0 g, MnSO4H,O 0.5 g, NaCl
1.0 g, FeSO47H,0 0.1 g, CoSO,7H,00.18 g,
CaCl,-2H,0 0.1 g, ZnSO,7H,0 0.18 g,
CuS04-2H,0 0.01 g, KAI(SO,),-12H,0 0.02 g,
H;BO; 0.01 g, Na,MoO42H,O0 0.01 g,
NiCl-6H,0 0.03 g, Na,SeO,-5H,0 0.000 3 g,
Na,WO,-2H,0 0.000 4 g, #%i#7/K 1 000 mL.

HEPES (pH 7.0): HEPES 23.89 g & T 7518
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7K 100 mL ", {4 NaOH ##+5 pH £ 7.0, FF
1 0.22 pum A JC TR B8 AL DB BR TR

ANT#7K: NaCl 19.965 g, KCl 0.664 g,
KBr 0.080 g, Na,SO,3.917 g, K,HPO, 0.040 g,
NaHCO; 0.193 g, (NH,),SO, 1.000 g, H;BO;0.026 g,
StCL-6H,0 0.040 g, MgCL6H,0 6410 g,
CaCl,2H,0 1.469 g, Z&1%7K 1 000 mL.

JEEFE R N T¥ /K : NaCl 19.965 g, KCI
0.664 g, KBr 0.080 g, Na,SO; 3917 g,
K,HPO, 0.040 g, NaHCO; 0.193 g, (NH,),SO,
1.000 g, H3;BO; 0.026 g, SrCl,-6H,0 0.040 g,
ZEMIK 1000 mL.

14 BEBEREZECENEREEERS
ik

TCRFREL 5 g DTFRIRE b P2 2 50 mL JC e
AR, WIEIRZG IR, B 1 mL IR e S
WA 50 mL 5 FE B W A 37 2k 1 4 TR i
t, 20°C. 80 r/min#E¥% #5355 30-60 d. HL5 mL
B B I R 0 g e A VR AR B R B R AR
21-28 d, HFEH: 3K,

BUS SRR R MEAT 10 RERERRE, 1%
10°, 107 Ml 107 BB MR IR WP SR A &
2216E [EIAR FREL, BT 20 °C HiFM PR,
HEAWEK N . PREUARIE S FEAE7E
2 SHEERIL E 2216E 34 T 2-3 14
afifb3E e . PFARMALERIERN 2 2216E 1A}
MHEFRIE F, HFET 4 °C WP, Rt
il 2 2 A0 AR MR S SR, AN 2k
15%—30% 9 H I PR A7 T—80 °C K48
1.5 E#k 16S rRNA EE /) PCR I & 5 F

WA ARG SR 1 mL B AT EP &
Hi, 4°C. 8000 r/min &[> 5 min, 7 FiE, I
FEVE. DUEFINA 500 uL CHE K, WATEF
WS, BT 95 °CEilt/Kif 15 min, 1 PCR
PGB, 4T 16S rRNA JE R 514 27F

(5'-AGAGTTTGATCCTGGCTCAG-3") Fll 1492R
(5'-ACGGCTACCTTGTTACGACTT-3")i#:4T PCR
PiE, PCR WAKZR: 2xTag Master Mix 25 pL,
itk 2 uL, b TFU#514(10 pmol/L)£ 1 uL,
i ddH,0 ZE ARl 50 uL. PCR W41
95 °C 5 min; 95 °C 45 s, 53 °C 45 s, 72 °C
90 s, 35 ME¥FF; 72 °C 10 min, PCR j=¥%
DNA &l &aife)s, #4 pMDI18-T #k
1, ER WAL E. coli DHSEZASA0L, 4
W I BEGR e PR AR VR S, ] pMD18-T %%
RS M13-47 (5'-CGCCAGGGTTTTCCC
AGTCACGAC-3")# RV-M (5'-GAGCGGATAAC
AATTTCACACAGG-3"iE47 PCR i, 3R45FH
PETORE, ZHEA TAY TR () RM A BRA
AT R

1.6 E#k 16S rRNA ERF SR EZIHL
R A&

H- I (K P R AR A5 A6 5% 16S TRNA JE [H]
JPH$E4¢ NCBI %485, 3K1% GenBank %3¢
S BBERIASC 16S tRNA FEHFS F1EE
EzBioCloud %4/ i#£47 BLAST Xt (http://
www.ezbiocloud.net/identify) . & $i& #H L1 Hb Xt
LI PR B AIFNAY 16S rRNA SRR PR 432
FRRMEJE 94.5%5 Tl 97%), B Rk Y
SR HLAT . BEHOE T 25 X B R AR U
RS, R MEGA 7.0 H 4Rk
(neighbour-joining method)F4 & HEALAIY, 3 FH ™)
¥l iTOL (https://itol.embl.de/login.cgi)iF — & 5¢
3 AT
1.7  ARRZEIHEE A M E PR IF %

IV 5 2 e i 1 o £ 55 7% Rk O 6 A T 3R 18
Tiili (lignin-modifying enzyme, LME)BHM: Bk
MYEHFRA 16S rRNA FE K741 [R] JEL: Ho w235
R, EEESREE TAFRMORER RS 1 R T
S o BT B K IR L 2 pL R
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SR b, 20 °CHIREE ARG R 7-14 d, BE
7 1 B O 5 T V% ol R 5 A i B B, DA R A
R A /N it 55 % ) ) ) S (A AR L . AT VR
JE Bl A 25 B R s Bk R e % 7~ e €2 19 TR
FI5E J LME FEPER AR

R T 25 5 T 43 B TR PR ) R I R A v
73, M GenBank %4/ T # 5 LKWk 16S
rRNA JE K7 51 AR BIPE fe 95 (100%) 1 18 Mk
PR SE L4, B30 T A TR(ER)
Aoy A B2 7] A A 1llumina NovaSeq i J7-F & #F
7 LME B Rk voyad0th042 1 KL PR 2RI ¥ .
FIFH RAST 7ELER 250 BT Bk 18 R Ay LA

40VI-C3-BCl621a
40VI-C3-BC1618
40VI-C3-BC1617
40VI-C3-BC1615
40VI-C3-BCl1613
40VI-C1-BC1610
40VI-C1-BC1608
40VI-C1-BC1607
40VI-C1-BC1606
40VI-C1-BC1604

40VI-C1-BC1603a

H S 5 AR R M7 R AR AL (75) -

2 HERE504

2.1 HESHEMESH

FIFH LA HS Sy ok — il i) w8 SE R R 3, Xy
KETEL 4 BEEHE X 12 DAL TRR AL S Y
MEIHAT T B SR E st RS E
Pk 276 Bk BT IR B 16S IRNA JE[R F 51448
% NCBI %48 %, K14 GenBank %5 W
MT626101-MT626364., %4 EzBioCloud %iif)%
AEARLEE EEXT, #5276 AR H)E T 37 M E(E 1),
12 Db AL SR B 7E 5-15 2 a], Hir

u Aleanivorax

u Algoriphagus
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Aeromicrobium

[ | m Aliihoeflea

u Chromohalobacter

m Croceicoccus

m Eryvthyobacter
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u Microbacterium

m Muricauda

m Novosphingobium

u Nocardioides

m Oceanibaculum

m Pseudoalteromonas
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Pseudooceanicola
Pseudidiomarina
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0 60 | I . S
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1 RANMHMBERERELENMES S
Figure 1

Species distribution of potential humic substances-transforming bacteria from 12 stations.
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uifii 40VI-C1-BC1613 152 (15 1NE),
M5z 40VI-C1-BC1606 3550 @ /(5 4V &) -

My I H M Gammaproteobacteria) ) 37 1N ,
A Gammaproteobacteria R & (Alcanivorax)

276 KRB TR F AN (Actinobacteria) . T BB 5 8 (Pseudomonas) 3R A5 FL R e g, 435
4k kS M E A (Cyrophagia) B FF B4 RIS S6 KRR B, S0l R R 20%7 14%
(Flavobacteria) . o. "I 1 2W (Alphaproteobacteria) (#2),

R2 R2AMUNREFEEREREUE MR EMAN

Table 2 Community composition of potential humic substances-transforming bacteria isolated from

12 stations

Class Genus Isolate 16S rRNA gene similarity (%)
Alphaproteobacteria Aliihoeflea 1 98.00
Aurantimonas 15 99.06—100.00
Hartmannibacter 2 100.00
Jiella 2 98.44—-98.85
Martelella 2 100.00
Methyloligella 1 93.21
Pelagibacterium 2 100.00
Rhizobium 2 99.33-100.00
Stappia 3 98.78—99.85
Hyphomonas 2 99.85
Roseovarius 5 99.85-100.00
Salipiger 6 100.00
Pseudooceanicola 11 99.20—100.00
Oceanibaculum 1 99.85
Thalassospira 17 99.57-100.00
Croceicoccus 3 100.00
Erythrobacter 17 99.07-100.00
Novosphingobium 2 99.35-99.86
Actinobacteria Janibacter 2 99.85
Microbacterium 1 99.21
Rhodococcus 3 99.85-100.00
Aeromicrobium 1 99.10
Nocardioides 3 98.80—99.04
Cytophagia Algoriphagus 9 99.38—-100.00
Flavobacteria Maribacter 5 99.10-99.40
Muricauda 18 98.16—100.00
Vitellibacter 1 100.00
Zunongwangia 6 98.81-100.00
Gammaproteobacteria Marinobacter 10 99.17-100.00
Pseudoalteromonas 1 98.91
Rheinheimera 6 99.85-100.00
Lysobacter 3 99.70
Alcanivorax 56 99.71-100.00
Chromohalobacter 1 99.03
Halomonas 10 99.52—-100.00
Pseudomonas 39 98.76—99.40
Pseudidiomarina 7 98.85-99.10
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22 S EEREEEHLRAE

K voya40th401 F1 voya40th034 [ 16S rRNA
3 A 5 5 R 2 AR R R B (Muricauda
antarctica) Ar-22" FIEE/K2E K F (Jiella aquimaris)
LZB041" 1] 16S rRNA FEHAHLLEE 5351k 98.5%
98.2%, X 2 BRI JC)n B E IR
B W (Muricauda sediminis) FI K120 [ (Jiella
pacifica) R HAMNERE voyad0th576
1) 16S rRNA ZE[H351 5 EzBioCloud %/ A

Tree scale: 0.1

KRR 16S rRNA HE K 54 e ey — SR R
93.21%, KHZEMATRERFHE. RFER
FWER, 276 RERIET 549 14 H 37 J& 56 Ff
(K 2), Hrp Alphaproteobacteria £33 532550
KFEEG@ H 18 J8 22 F), HRKKH
Gammaproteobacteria (4 H 9 J& 19 Fj) .
Actinobacteria (4 H 5 J& 6 Fl"). Flavobacteria (1 H
4 J& 8 FiAI Cytophagia (1 B 1 )& 1 Fi), ZEFKF-
b, RPME R R R Z 6 1, K 2).

B Rhizobiales

. Sphingomonadales
. Mycobacteriales
B Oceanospirillales
. Microbacteriales
[T Alteromonadales
] Propionibacteriales
I Rhodospirillales
. Pseudomonadales
] Dermatophilales
D Lysobacterales

. Cytophagale
Flavobacteriales
. Rhodospirillales

2 RNAEEREREUESSERRNARLER

Figure 2

Neighbor-joining phylogenetic tree

of representative cultivable potential humic

substances-transforming bacteria in sediments from 12 stations and their closest relatives based on 16S rRNA
gene sequences. The serial number in parentheses denotes the GenBank accession number of the strain. The

nucleotide substitution rate was 0.1.
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23 EHBBEREALEZRNSH

I 5 TR T 56 BRIA (R 55 AR
1 METEHT®E)™ LME BB 7 RN 45 R 8o, bR
T ¥ voyad40th042 |  voya40th064 |
voya40th105 . voya40th136 . voya40th225 .
voya40th231 F voya40th403 It 7 #£ 5 & LME [
PERIAR, HA 49 BRI LME FHYERfR . 7 4%
LME [PER R, Fitk voyad0th042 REfHHEA
FRFRFED I AINTR(KI 3A 3B), 53755 7 Ki,
LME  FH e Gk 14 T v Jol [T X T s o B e 1Y)
R, I H R SR R e, AR
ARG (E 3C, 3D).

K RAST dla FE XS A S B A G A 18 AV
XA SR H AT R, g R ERGR
3): (1) 3 MG RIE R 5 A ettt £k
E ALY (dye-decolorizing peroxidase, DyP)Z i
A, AR A BRSO B B I lcanivorax
dieselolei) B5 . %t JK A= 21 BR B (Rhodococcus
gingshengii) JCM 15477 Hl Jiella pacifica
40Bstr34, H, FrkR. gingshengii JCM 15477
A DyP SifSREH B RZ02 1); (2) 181
B QR bk AR 4 b A 2 i R L
(multi-copper oxidase, MCO)ZmiSRe[A, Hrifg
4 (O BRTE (Croceicoccus marinus) E4A9 A HY
MCO Zi i HE R £ (9 )5 (3) 18 MRIEUH
PR, HUA T PR B AR AL B0 R (Salipiger
thiooxidans) DSM 10146 54 V& 7E AU B (laccase)
MR s (4) BRIEKE C. marinus B4A9 ., ZhiE
W T W (Marinobacter adhaerens) HP15 Fl
Pseudomonas aestusnigri CECT 8317 AN B-ii
R % 7% (B-ketoadipate pathway), H: 4y kA
KIZH o 8 S st Horb s ki v S s T
(Salipiger marinus) DSM 26424 25 B-filil . —F&
WA I BB R Z G5 1) (5) wHk S
thiooxidans DMS 10146 &7 2 535 & A

Wi, s p-ic —mRihss . KR
£h (benzoate) 18 ¥ i& 12 . K ¥ R A1 Jg 1A iR
(salicylate and gentisate)fCHli&1E | 4-F2FHFHK L
% (4-hydroxyphenylacetic acid)fCiffix1c . &8
i (quinate) 18 f 18 42 F1 B 7% (biphenyl) £t 3 i
75 (6) B E R A. dieselolei B5 LR &4
5 %A AL i (phenoloxidase)gm i L A

SEDAH I e 25 2R ok, LME B T pR
voya40th042 YLK 2 K /N R 3 594 070 bp
(GenBank 5% 5 A7 JAIQWZ000000000.1), H:FE
R0 A& DyP fl laccase gmfb LA, {HEIF
A 24 MCO ZwtEILH ., 1A, Hkk voyad0th042
HRAAPA A B-IC —RiEie. KA IRER.
KA R AN D R A i A ) i PR o

3 EMESERREMREIERE LR
it & [

Figure 3  Decolourization zones of bacteria in
aniline blue containing plates. A: Blank control
medium; B: voya40th042 represents
lignin-modifying enzymes negative bacteria after
14 days of incubation; C: voya40thO75 represents
lignin-modifying enzyme positive bacteria after
7 days of incubation; D: voya40th075 represents
lignin-modifying enzyme positive bacteria after
14 days of incubation.
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Table 3  Potential genes for lignin degradation and aromatic degradation present in genomes of 18 type strains

Strain Type strain* MCO DyP Aromatic degradation genes
B-ketoadipate Benzoate Salicylate and 4-hydroxyphenylacetic Quinate Biphenyl
gentisate acid

voya40th206 Alcanivorax 1 1 6 1 8 9 1 0
dieselolei B5**

voya40th114 Algoriphagus 2 0 3 0 8 0 1 0
iocasae DSM
102044

voyad40th455 Croceicoccus 9 0 0 0 3 0 0 10
marinus E4A9

voya40th084 Qipengyuania 7 0 3 2 1 0 1 0
citreus CGMCC
1.8703

voyad40th525 Hartmannibacter 2 0 14 1 8 0 2 0
diazotrophicus
E19

voya40th034 Jiella pacifica 2 1 13 2 6 0 1 0
40Bstr34

voya40th152 Maribacter 4 0 15 1 11 0 1 0
cobaltidurans B1

voya40th154 Marinobacter 1 0 0 7 7 0 0 0
adhaerens HP15

voya40th196 Martelella 3 0 30 3 11 0 1 6
mediterranea
DSM 17316

voya40th401 Muricauda 3 0 2 0 6 0 1 0
sediminis
40Bstr401

voyad40th522 Pelagibacterium 1 0 20 5 10 0 3 0
halotolerans B2

voya40th116 Pseudomonas 3 0 0 1 3 0 1 8
aestusnigri CECT
8317

voya40th594 Rhodococcus 6 2 28 10 33 0 2 12
qingshengii JCM
15477

voyad40th424 Roseovarius 3 0 10 4 10 0 1 3
mucosus DSM
17069

voya40th352 Salipiger 3 0 29 1 29 9 1 1
thiooxidans DSM
10146%**

voya40th635 Adequorivita 2 0o 2 0 6 0 1 0
aquimaris D-24

voya40th083 Zunongwangia 3 0o 2 0 7 0 1 0
profunda SM-A87

voyad40th451 Salipiger marinus 5 0 35 0 6 0 1 0
DSM26424

e % HSEEERN 16S rRNA BERFH—FEHR 100%; **: &8 5 W4 bH(phenoloxidase) g ALK ; ***. &7 1
BRI FAE PP RA B R R 0

Note: *: Sharing 100% 16S rRNA similarity with corresponding experimental bacteria; **: Contains five phenoloxidase coding
genes; ***: Contains one laccase encoding gene; Arabic numerals in the table represent number of genes.
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KVFEZE BT E SV 779,
R 2 T A R Y R A2 i Y T AR ) b o T
P JEEEAEk, WRSE R R T 2R G SR R A
FEHOARR A5 XU h 4 R AP T
T5rHTe ASZERHILL HS AME—BriE AR 055
Fehk, MWURFHEZEEAEZIX 12 DA
eGP BTSSR AR AT 1o S5 . TEK
Vb, o ARTE NI S RN B 2R E(18 A
J& 22 ), X—4558 Y5 Rocker S5 MFFY 45 R
—*, Rocker P K EL, LALHS HME—k
V5 NTERPEPRIRAE S RIS B HS R AL R L) o A8 TR TR
RO EFIEE, T AT ORISR S RIS HS
PRI FESRIB T v AWIEREA ., ABFFERT A
[RS4SR 0 B AR A I A0 T A A T 00 B A B
NG () A P AR AR R 2 S, TR
KL, B 40VI-C1-BC1613 RF5HY &8 Hirs &
37 40VI-C1-BC1606 A3 R AR Y 3 %, HH
AT RESIX 2 DU E MRS AR R 2= 5+
A, WA, Alcanivorax 1 Pseudomonas
TE 12 sl s oy B iy im, X 2 N8
B A IR EE A S RT 5 FR A A AR, 1 AL
PERIX 2 ADFEERE SR I MERE iR R IR A WL R
Yo (A8 R, ASSEE N 12 TRt {7
AR ZEPE(RT B 56 AN R T LI
F MBI ARTT A0 R 22 AE (14 8 22 R,
XULHI LA HS Ay E— Rl ) ' A 35 73 2 v] AR
R Z R A0 R R

HS & T RUK AP A BILST Y 32 A

B, HEAHKE 94%PT, HS tifk:. ¥
RV B JE . OF AN (IR )

¥ (F5) R A 1E R A . HS & 5 R U8 A
B, REBES S ZMANL. P TAHDLER, 1
AR . Ik, BAMARRR B, HAESA

AR . WKALG YRGBT S A WS Y

WEAEBREERE. R, . 25, g, ot
WE FILL R S5 AR W s PR 5T, TR HS AT DAY R ik
AYIE TR TR IES . SR, B SRR
HERAL= A EERE , HS i 2 H At s o
WA R AP, REm, AMTE A+,

MEBOK IR 73 85 AR 22 BB 5% AL HS I TUZE )
KR, X R HS A A A7 e T & A
BP0 o+ P REAS HE 1L HS 1Y
R PR 2 S E PR 1 0.2%-3.5%,

H a5 i Y A HS IPLTE oS 8 4E v
FHERE>P, WFRM, EREM HS S
Hp=A: AR R R oL A ALY (lignin peroxidase,
LiP) . &G K #8741 4 1k P B (manganese-
dependent peroxidase, MnP) . £ Hjfigid AL Pk
(versatile peroxidase)FI N5 LME 25 UIAHC
LME "] LVSEALB 251, My AR 2R A A
WA A M, PERARE B RS A A 4A
ARG B — P #P . LiP A MnP & fLH.
A e AR A AR B S DY B ALA Y, TR
it S Ak B AR B AT AR AR i i A 1 A 8 28 0
HHEY. Mo FENTRAEET, BT
A DLV HA i A S (0 A E B i
Bk LME #b, F-Sb B R 1 A AL B (phenoloxidase)
FITE I (esterase)t A GE HLAT HS R IhRERT,

H A X HS S AL o8 T AR F 2T
BRI 2 S5, TR 40 o e A sl B f 1S 19
PUEI A 5% e A 4RE PO H T n fE2 5 HS
ALy LME G $G R . DyP Al MCOP>*0, &
PIZH A e, ARSI AHOCHY 18 MR A B
HYFERI ZH H & MCO gmfid B[R, Hirp 3 AN
R (A. dieselolei BS. J. pacifica 40Bstr34 I
R. gingshengii JCM 15477)it &4 DyP Zwhdh St
o ANFITHA 17 MRAEATERR, WK S. thiooxidans
DSM 10146 LR ik &4 —NEBHEC 1.10.3.2)
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SMADILIN . 5 HAL MCO M B, A&
A5 4 RBP4 R ETFCY,
SR, T B AR S HA MCO F% AL
3K A3k B e 3 R e 41, DR O e S 5
SE LT VG MR B B 3 M SO A E—
BP0 AT REL, 18 MR EMS A MCO
Y i A R H e A R IR AF TR R 22 52,
Ak, BHEFE voyad0th042 EANHA LME i&M:, H
ARG IS A 2 4 MCO Rt A . X
— AT ERIRER, MCO 4 H e g w2
oy, HAMBAEAE T 1A AR B 0
R, [RE LA AR T A S5 28 I A 336 2 1) BT A
FB2 T =AM AN TR HA LME (G 7E#) MCO
HLAAMBRAFAFE R, IR I 20 A i 1 S
e H2m HA LME 3EtE. JUHESE XA
J&, MICEVE 4. dieselolei B5 BT &4 DyP #l
MCO % i 3 [H Ah , 3R 5 43 By 46 Ak 1 4 1
W, #FE £, BEiFRefiL HS HhEpn
TLIENLRRE, BMAEDHL HS ks E
FIINRERER . eAh, B ERE 4. dieselolei BS
MMEEHZH/ LME, Wi &/ 2 4R &
W R, X ULBIZ R T BE H A M A HS
AbBE T .

18 At 2 P R JE IR 4 & A R B 2 —
Mz, RXHWRE:. Kigie., . 483K
. 28 Je R ARG 2ROy F IR RE, X
AMEAWFFELL HS Sy ME— R I 1 355 37 36 3%
AREL HS FALR 0L T B B Ak H , i L
PR LA P HS FAL IR — A E K
2B FE L) HS I E—BRVEAE KR &
B AEH, LME BH4: B R A0 0y 4 A i B 44 B it
HS i R AR R Py s 05 & e A, S AN A&
HS i 5 A8 I H HL 45 5 B i AR RE 0 i o vk 42
it

==
=
/N = e}
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