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Evaluation of garden biomass—degrading bacteria based on lignin monomer content

WU Tong'"?, LU Qianggiang"', ZHAO Yezi'?, CHEN Zhikun', XING Guoqiang’, JIA Ruiyu®

(1.Key Laboratory of Soil Resource & Biotech Applications, Shaanxi Academy of Sciences, Xi’ an Botanical Garden of Shaanxi Province
(Institute of Botany of Shaanxi Province), Xi’ an 710061, China; 2.Xi’ an University of Science and Technology, College of Geology and
Environment, Xi’an 710043 , China; 3.Xi’an Yanliang District Guoqiang Melon and Vegetable Cooperative, Xi"an 710089, China)
Abstract: Based on the change in the lignin monomer content in the degradation residue, the enzymatic hydrolysis effect of garden
biomass — degrading bacteria was evaluated. Using sodium carboxymethyl cellulose as the sole carbon source, functional screening and
molecular identification of natural understory humus layer—degrading bacteria were conducted. The enzyme activity was optimized through
orthogonal experiments and a degradation test was used to analyze the degradation weight loss rate. Gas chromatography—mass spectrometry
was used to determine the lignin monomer content in the degradation residue and comprehensively evaluate the degradation efficiency.
Strains QL—1 and QL-4, which had a higher enzyme activity, were Pseudomonas mandelii and Aspergillus fumigatus, respectively, and their
cellulase activities were 14.10 U+-mL™" and 8.15 U-mL™", respectively. The degradation rates of the two strains reached the highest levels of
9.48% and 13.91%, respectively, when they were cultured for 10 days, which were 2.49 times and 3.66 times greater than that of the blank
control group, respectively. There was a significant reduction in the lignin monomer contents of the guaiacyl and syringyl units. The net
degradation rate of the QL—4 test group was 15.57% at 10 days, which was 3.15 times greater than that of QL~1. The screened Aspergillus
Jfumigatus had a stronger degradation activity, and the lignin monomer content in the degradation residues decreased to different degrees.

Keywords: garden biomass; lignin monomer; degradation strain; enzyme activity; degradation evaluation

WrRs B #:2020-12-23 A AH:2021-02-05

YEE BT S (1994—) 2, HMASEN R AR |, B A BRI A W 5E o E-mail : 270276491@qq.com

FBEIER K E-mail: lugiang@xab.ac.cn

EET R PP RFBeRHE 15 H (2018K-11,2020K-08) ; P52 TR T4 5 H (2193058 Y FO46NS046)

Project supported : Science and Technology Plan Project of Shaanxi Academy of Sciences (2018K-11,2020K-08); Science and Technology Plan Project of
Xi’an(2193058 YF046NS046)



m@g 1576

URETR Rt Y F 4055 TH

Pel b A= ) ot 2 el 25 A= 77 B AR BRAE D BT 7 A ) I
FEW) o b KA W VB it i v R AR K AL S B
PN, SR AL 2 O 2 PP AR W ot 3 2t 21 4
B R YR AR R A U K91 SRR —— AT
TR, 2SS HEBRGEY BRI R E G PP,
Hh£F e 302 th D- A A L B—1, 4 W1 B BE 5 1T
IRy 2208, Je ) IO 00 200 L B ) 32 S 2 s e o
Y3 1 Z R B A B S T 2 R A R R AT R
MR FIS N B S A= ) B iR R R R &
B @A) K B (Guaiacyl nuit, G) 58 T 7 5t (Sy-
ringy unit, S) A%} 3L (p—Hydroxyphenyl , H) 3 i 2K 4
Bt 4t i BRI 1 W SR AL T A R A T LA C—O 3
FI C—C BERB 5 1M 2 B = o T it e, G 7Y
ARBTER FEPOR T AR BT 6 2 2L R 45 i BE |, H NI
FE KRR | 25 20 JLRE B 5 A HRHT I, S Y TR
TEFYERE , HA W SR K M R A, H BT
(] JZ A A Y, ELLABICR XA AR T R R B 2
RBHRFIEE, 3 o A 5T 2R B A2 ) 3 [w] S #3EAJo ¥i i
HA LG TR E PRI

AR 4 3R A S5 R Rr S M S T H e AU it e
25 VA Z 8 ) B IR0 4 A 4 SRS H R, HOR 5T 2F 4
R AR RE T I W) A L A DR A
Horb HRE FSVE R IR 20T A BE )
559190, R i Y LA A 45 B TR (Wood —rot fungi) \ K75
Hi (Trichoderma ) F1 pl 25 (Aspergillus VAR HSE ke
ISR N U DA R4 N TN 1P W NN L YT 4
VE IR AR BT 2T 45 2R S5 46 fi (AR Ta] Bt , 76 B/ Ak A1) o
AR AR AR SR TR A AR I 1 1) LT
R & (Talaromyces stollit) SY —403 7 [ fif Ak ¥ £ K
FEAT 40 d i, 26 53R 5K 42.67% 5 T 25 08 5510 5k ) =
2T 4k 2 M AN B LT Z -5, 6 R AT 0 B R I R Ok
47% . 20T W) 2 3 3 53 L TP 2 A6 SR g 55, O T
AR BT T 2 28 FR T HEA A B 1 L RS T e 1Y)
M F B R E R (Clostridium) . ¥} 18 J& (Xan-
thomonas) I & J& (Bacillus) 2", KUMAR ¢ 56
R B T ( Pseudoxanthomonas sp)R-28 KIS d)T,
Xof UEARANAGLT 2 22 R A 3 R 387031 o 96% H195%
IR 40 T 77 R 5t 3R 3 AR A W I T A KR BT
FE, BILLINGS SR R AR £ 3 P o A3 2 LR
J 3 by A ) 2R B TR (Toluomonas ) il
B8R 1 AR BT 1k A WG o B A B R 2 TR
Z R R, FEAARE R REJE (Nocardia) /)
HAHEE (Micromonospom ) MR R (Streptomyces)

1% WHART]

G, FEOR A - A L R R AT R
IKTEVE KGR B 22 B Pk TR B i SR KT 4T 4k R 1P
FHU, X1 H5e & A0\ TE b 2 - Gk BT A5 i 2R T GS—-3-
39 ] S BT KIS ) 1R R T, L A A A R i ik
27.26%; 73 A, T30 2k TR I8 figk AR e 1 X o kL o
S5 W g PR 3 0L, G AR HE R s TR R B v, A Ak
T B B 809% LA RV, T BEl AR AR W R R v
St i BT 2 25 T D R R A P A 5 44

AR PTG A S 5 B T TG ) R o £ 4 2R K e
o TR JE VM A W W AR T B Ol R AR A .
FANG S5\ Fel b2 539 v i 8 31 52 45 Il A P B
DM -1, fE 85 5% 16 d Ji FoOR it 2 Bl 1% 1 KR & 8
67.44 U-mL™; T Jk RN A5 DA B2 G AT 43 5 1 = AL
LT 2 B PR T NXO, LIS R WE 15 d, HRR g 2k R
IKF 53.88%, [FHT, oA 38 28 W 45 W T 20 53 iR
TEM A PR R R, TN K22 FHERE FL AT (Ino-
notus obliquus ) PR H T, Bi g2 KB 14 d B, R E |
LR U Z AL AR YRR ) B i BRI B AR 19 A5 1453
FIE A>T 29.6% .24.3% F121.0%. ZHANG S5>F]
T i G P 3 48 R A e N SO 2 — T I R
(GC-MS) , XA J57 £F 4 2= it ik aod A rh AR S5 2R 4554 1) fi
R T HT, BRI R & 1> 5 R E W EEH
AAAFAE R R R SR AR R AL & T 3UE
FER AR T AR A B AT AR A, HR D38 2 A T 3R A
TREEF AL FAE R ACRIIGE . AUk, AR SCLARE A
R TR RS S SR AR R A e O
SEATE RN T AR LE A DA 45 RSt 1A 1 Tl A 5%

1 #MREFE

1.1 iR Ba w4
111 RS RAE

2 fife DA U5 228 P ) 0 2 5 2 BB I A0S 32 1 R
(4K 2 350 m) RIA T 1 =42 (Qinghai Pine ) FR T 3
JZ0~10 em 138,
1.1.2 Hifr ik d®

i 32 BT FH 35 95 B BC R R R AR 4 R M 10 ¢
HEAMR10 g FHALENS o B — 28 1 ¢ Bhillg 20 ¢ 46
KL BRI IR R 5 0 - IS W R LB S 7 3R
NA . T4 2 PDA RN SR LT B 373
1.2 iR A&
1.2.1 WPRI I 8
1.2.1.1 RS 25

YRGS 7 57 )2 145 10 ¢ F & 45 90 mL JC R UK 1Y
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250 mLAETE P, KE B DGR RIRY 1 h, § 5, I
T IR & AW BRI 107 ~107 IR BRI, 43
S B 200 WL ¥ A1 T 0 3 15 7 Ak (4% Wk 35 3 A1
17), T 30 CHER T4 3G 008 H W HA K IE
I, & Z WAL LA B 5 15 3 B — T bk
1.2.1.2 W21 B el 56

P& AR S TR AT R 5 5L B33 d e, )
1 mol - L' NaCl 7 V& i €6, 30 min, 23 59 ) 22 7 V& B
(d) RS B B AR (D)Pe,
1.2.1.3 B M s

HR A T i 228 H A 225K, ARHE R UL 40 TR R 40 %
FE TN, P E DL RRAE 5 A A T 56 e 16 8 A
R ABERE UM A T JER K AN ET 4 20K i
1.2.1.4 RS E

43l B B 40 TROFD B TR S [ 41 DNA, DL 27F
(AGAGTTTGATCMTGGCTCAG) . 1492R (TACGGY-
TACCTTGTTACGACTT) #1 ITS1 (5’ = TCCGTAGGT-
GAACCTGCGG -3" ) . ITS4 (5" = TCCTCCGCTTATT-
GATATGC-3" ) fE 4 168 rDNA Fi1 18S rDNA 5|4 , H]
JH 40 B AL 7 L PR 4 DNA 149 PCR 4™ 34 77 W k4700
¥, 37 BLAST #4647 NCBIFE 5 5088 e X . 514
P3G 500t A oS A AR R IE I RHECA R w42 At
HoRSCHE
1.2.2 [ilgig S e

21 4 2 HEE J1 (CMC) FLUE B IS 1 (FPA) I E « 55
O R R o0 5, 1A T A I 19 B3R HY O
LR YR AN (50 mg PEARAS) (1.5 mLATIE R AN 2% mh iy
#% (0.05 mol - L™ pH 5) KL 0.5 mL, LAfITA 0.5 mL
TG K R A IR 3 405747, 50 CC/KIA 1 h e 1A 4448
A3 mL DNSH], FHOK B 5 min 5B %
HEFIRJGERZE 20 mL, #E25), WH 300 WL &5 2
BEFR AR, T 540 nm T SGAE , 76 46 25 bR o il
2 b A R O et A S S (Y

P 70 S 2 1 mL R A AR AR B 1 g i 2
Wi — NS 1B, DU -mL T /R
1.2.3 FeRg& itk

I 5 BRIER 47KV 1A S 50 41 G R BRI 7 il A
AT P04k, 1R B PR 2R 43 301 Ay < B AR (a8 0 2 AR
VEN R LT Y RN ) SRR (RS AS IR AR
PR i ERE R AR R ) IR BE (25~40 °C) (BFA] (12~
48 h) Fl pH (3~9) , il 1k 43 Y6 T LA ODeoo [EL A
REER VI 223545 R B ik 1 LA CMC I FPA i
6 SR TS IR

1.2.4 HlZE R AR50

H BTG 25 (B PE LA BE K S X H R A 25
I ZEFE A FERE) BT 2 1~2 em, 2RI KR LT
LA ]I E A LY, 85 CHET 15 1. FREURE 22
(me)3 g BiIREL 0.4 g BRFREE 0.1 g T 500 mLAEIEHE,
JA 60 mL B FR 2% #h ik (5 mmol - L™ pH 7) 5 121 CK
B, A EE AR 6 mL(3415F47) , IITA 6 mL 7%
WEKAE R 28 ot B2 (CK) L IR 205 B F 50 ClIE IR kS
FEAERG R 15 d, 8 WO B A 28 Kk IR A 16 00, 49 50
555,10, 15 d B 1 U8 R B, 25 1R K gk S BR TR
B AR ) BT 105 CHET 208 i, FRIBUR [/
J i (ms) , W02 HE RS (D)™

Dr=(mp—ms)/mpx100%

1.2.5 ARJE S F il e

AR5 R FRARZE R SR N e 5L 19 oL B 07 F2 I AE 5 ik
S AT R R A AR AR SN T A A
SRR Z AT AEY . Hoh i IASE (G A fi
P 0T B T 06 (mi/z) R 269 V55 T & 5L (S AL i fk
Y5 F 8 1% (m/z) R 299, AT Al GC-MS 4 AR ik
A7 R8P 43 B R 8 e W, DT R A A o 28 45 .
(N G

FE A A2 10 mg B HOIA 1T mL AR A C R £ 158
#(2.5% = FALT LT 10% LBl . 87.5%1-4 — 44
ANH), 100 CIKIE SN 4 h, 557 0.5 hFE shit b — Ik .
B VA HS AR 0.2 mL — - PU%E (1 mg-mL™)FE KA
Fr L A 0.3 mL i R L #H % (0.4 mol - L) fili pH 2y
3~4, FEAA 1 mL 58 H BE 43 i £ B3 IR, U 5 min
DL R A WA CT 3B B R W ) 31 g —/ N
H, A 50~70 mg JC/K B BRAM , UK 46 i B 5% B )
FORTAARAE 0.3 mL S B rp , JF A 35 L B BE I
75 pL N, O—( = HUIEREBERL ) X L MEE , = i E 4 h,
AT GC-MS 7 HT .

GC & HEREIE B 250 °C, A& 1 L, 20 F
FECLO: 1), E g HEE 2 3 HN 1.8 mL-min™' AP 4R
TR K 160 °C, 8K L 20 °C - min™ (35 & T+ % 250 °C
FHARFES mine MSZF: BT HL B (ED A, 2 705
TREE 230 °C, FLTHREE 250 °C, B T-AER 70 eV, 7557 4B
iR 3.5 min, F 475 [ 40~650 amu, K Lapierre™ [}
Tkt H AR BRI TR Ak 4w 1 R K SO R
WIAFI I B 5 R it A T R A OB, M 1.5

K=(Cs/Ci)/(As/Ai)

o K R N 8 Cs 1 Ci AR SR AR MR
mg-mL_1 sAs F AL N —F HEE AL, mV - min,

WWW.QEs.0r9.CN
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2 HER55H

2.1 WHIES BRI
2.1.1 BARhGE S %

24 58 ] 0 e | P SR 2T e €0 2 T 15 0 5 R B, T
PR QL-1 F1 QL~4 119375 BH & fe Ry BH S, %12 D/ (B 5330
g (2.84+0.20) F1(3.16+0.13) , HoA) b5 15 1 K Al 54
PAE R E RIS R 1,

BIMRTE S8 & T, QL-1 ELAH B B S 4R 1E ,
EEILAG FRIOLE, RRENE LG W R
B B AR 5 T QL—4 RN KRSk €6, 35 11 0 1 8,58
R, B BN, HERIESRE. 4168 rDNA Fl
18S rDNA ) & B 41 PCR § 3 W )3 J¢ NCBI $§ % &
Blast FHAUYEXT e AR, bR QL-1 5 AR HEGR IR Pseudo-
monas mandelii FALE % 513K 99.72% , % 5E M 2 AR
AR , QL—4 S5FRUE R KK Asperqillus fumiqatus FLIE
ik 100% , 28 5€ M2 . AR QL-1F1 QL-4 i ik
[l AT AR SO R I NENG K i 7 N = R Ny
LR G RRRSCR BT PR, A SC L RIS T AR
T IZR R
2.1.2 PEEEAE S G

W 25 53 B 4 R o, AR & WAk QL-1 A1 QL4
) fe 2 5 M DR 2R T 5 7 T 0 D) Sy 5 AN B L 114 5 i)
%, Y40, pH W Bk QL-1 B EE 52 K 25, B
WA QL-4 MR s BES5 R R, QL-1 Al QL-4
X N7 PR B IR 4 ) Oy A A W R R RUE Ry LB
W, KB4 F 736 h 35 C.pH 7.0,

28 7 WA AR AL PR TR BRI TE I R
(B 1), Hp QL-1 W £F 48 R W35 J135 %) 14.10 U -

R EFMERRFNE

Table 1 Basic characteristics of strains

I 7E #5847 Determined index QL-1 QL-4

FTE A dlem 0.45+0.07 1.3020.14
[ fi 4% Diem 1.28+0.11 4.12+0.28
Did 2.84+0.20 3.1620.13
WL AE R A/ (U-mL™") 1.94+0.15 1.55+0.14
Wb R/ (U-mL™) 2.48+0.15 1.60+0.09

D% bl + +

D—A + +

D—2 7L b + -

TER K i + +

LR F KN + +

TE +BHME B

Note: + Positive,, — Negative.

1% WHART]

Br [ QL-1 274 Z [ 115 Cellulase activity

O QL-1 LG Total enzyme activity
207 @ QL-4£F4E F R Cellulase activity @
W QL-4 LAHE Total enzyme activity

151 @

fiF 1% 71 Enzyme activity/(U-mL™")
S

52 & @
Ak T
Kb P Treatments

B 1 EgiE NN

Figure 1 Changes of enzyme activity

(=]

s

mL " AL T 7.27 4%, BTSSR S T
8.151%,145]20.22 U-mL™"; QL4 FO£TF 4k K il 1% /7 L4
WG 143 93k %) 8.15.9.20 U-mL™", A AL & T
5265 F15.75 % . MK, QL-1 BB S & Ak A%
BT QL-4.
2.2 MEMMEYE

WE 2 frs , INBEFR B ), TR R QL-1 7655 5 d
I R fiff 2 BN 6.96% , FL R g 2 FE A H BE T4 10
d, 4 9.48%; 1M QL—47£ 5 d I} (1) [ ik 2 TR N 7.66%
R i W R HE BRAESE 10 d, M 13.91%., P RR 3
R ARRAE Ay < 155 9% 25565 10 d B 2k 21 B fige O T SR UG (L, T
TE55 10~15 d B, 2R AR 9292, B i b T Fa e
TG AT D, 10 d Sy ik 2 T 23R 1 i B 255080 o

I ARR T, PR QL-4 1 QL-1 7655 5.10.15
d Y e B i R 0 B R 4.08% . 10.11% . 10.57% Fi
3.38%.5.68% .6.05% . S VK i 2R 359 I B[] 328
HEm, {H QL-4 78 55 5~10 d Y [ fif ok R e B,
59.64% , T £ 55 10~15 d B i BB AN 4.35%; [ FE
QL-17E55 5~10 d B FE i HJ2 55 10~15 d 1Y 6.62 1%
H 2R W], 5 DA 1] J8 A TR i i %6 2% 4, 10 d A5 AT
VER e FEREARINT ] o Z75 SR R AR B 32, 24 S R
ELIE QL4 F 4N QL-1, Hit & F CK AY 45 .
23 BEFEYPHNARZLESE
2301 RERBPARSE G

2 2 TR RR: 5 A T 4 W v R o 3R 45 SRR Y O o
di b . AL, B AR QL-1 1 QL-4 [ i 58 4x 4 v
R0 2R 5 B T 359 i o e o (R39S
AR R HA —E M RRIER ; WHBIE , e R
5 dBf, QL-1 AT &R & ik & i b /0 F QL-
4, FR WL 40 A A B A A B Ry 5 1 L R 215 10 d
B, PRI 0 25 0 A A T ORI AR h G+S R
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. 16 0 cK 116 §
e O QL-1 2
5 pf @ QL4 7 7 {12 %
g m QL-1 A E
2 A QL-4 g
= o
Z 8r 18 2
g =
5} //

= 2 1, #
w4 % Zh g
® o

0 0

5 10 15
[ fi# st 6] Degradation time/d

HER IR B R R AT R SRR 25 CKUR TR AR
The bar graph indicates the degradation rate ,and the broken line graph
indicates the net degradation rate of the strain after removing the CK

B2 BEEBREERSEME

Figure 2 Degradation weight loss rate and net degradation rate

A 16.25% [4 % 2.01% , T 40 TR R B 20 A2 T
2.86 1A 43, WL G FLEIEE 15 d, PO TR R3S R BOM %
IR BN IR . DL ESE TR, 55 10 d B I R
TR A S5 2R LA 14 i SR SR A s
2.3.2 RFEHERAR S R L

FEAR T R A E A B REAT T, B e ik 2/ 0] B
T WA T 2 0 ER v e Sk A RE O W AR
JE AR 2R S T R T A B T L S R 4 R L Tk
(C—0—C) &5 & T ¥ B L Ak 2% B2 e M 1y 33
T REA 30 AR G RIA R E , SEUA R &
(3. 50X 54 AR 0L ) S5 F s mAa e .

I3 AR it R B AR f SR W B AR5 5 d AR QL-
1. QL=4 X} G 1S 44 1) ¥4 % A 2% 43 3l R 1.29%
0.86% F110.92% .0.47% , ¥ 3R J G FARFE AR 2505 T S

R2 BEHMRUPARZEAGSELLL

Table 2 Lignin monomer content ratio in degradation residue

B WEIARKG ETHFIS REHIKG+S
Time/d Group Guaiacyl nuit/%  Syringy unit/%  Lignin monomer/%
5 QL-I 7.25£0.27 8.2420.16 15.49£0.22

QL-4  7.62:023 8.63=0.05 16.25+0.14
CK 8.54+0.28 9.10£0.05 17.64+0.17
10 QL-1 5.75+0.17 6.8820.05 12.6320.11
QL-4  0.95:0.19 1.06+0.21 2.01+0.20
CK 8.08+0.07 9.500.15 17.58+ 0.06
15 QL-1 5.42:0.17 6.65+0.22 12.070.20
QL-4  0.90:0.16 1.12+0.14 2.02+0.15
CK 7.85£0.09 9.17+0.08 17.020.09

T ARJUR BRSO AR AR TR A SR 1 I 8 e i
.

Note: The lignin monomer content ratio refers to the ratio of the lignin
monomer content to the total substrate content.

B TAE S d J5 PAR B SR BN S 58 G Bk FE A 15
% . JE R AT RETE T W) 06 B3 Ak B B it A A L Bk
AW AR S 5 G RUR TR B 48 L Bl A 6 i 45
Bro AR S5 B B, DR U PR e A A i T A
TR AR S R R S TR S 2R

MR ZE R, QL-1 A1 QL-4 ¥I7E4 5~10 d if Xt
G+S P4 [ fifp R R PR, 56 10 d 38 BV B A 3 e R
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