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Beta-glucosidase-producing microbial community in response
to the carbon catabolite repression during the composting of
cattle manure with biochar

SU Erlie, ZHANG Xinyue, LI Shanshan, CHEN Xiehui, FAN Zhihua, LI Hongtao*

College of Resources and Environment, Northeast Agricultural University, Harbin 150030, Heilongjiang, China
Abstract: [Background] High concentration of glucose will cause carbon catabolite repression, and
the functional microbial community producing B-glucosidase adapts to such pressure by differentially
regulating the expression of glucose-tolerant and non-glucose tolerant f-glucosidases. Adding biochar in
compost can change the environment where microorganisms live and affect the composition and
function of the microbial community. [Objective] The effects of biochar addition on the structure and
function of PB-glucosidase-producing microbial community were analyzed under different carbon
metabolism pressures. [Methods] Different carbon metabolism pressures were constructed by adding
glucose, cellobiose, and B-glucosidase inhibitor into the biochar-cattle manure-maize straw compost. We
used the B-glucosidase gene of the GH1 family derived from bacteria as a molecular marker to construct
a gene clone library and measured the activities of carboxymethylc ellulase (CMCase) and
B-glucosidase. [Results] Actinobacteria, Proteobacteria, and Bacteroidetes were dominant in the
functional microbial community. The relative abundance of Proteobacteria was lower in the
low-concentration cellobiose group, and that of Bacteroidetes was significantly higher in the groups
with the addition of inhibitor. High glucose significantly inhibited CMCase activity while had little
effect on B-glucosidase activity, and low cellobiose markedly induced B-glucosidase activity. The
B-glucosidase was activated by high glucose in the high-concentration glucose+high-concentration
cellobiose group. [Conclusion] The addition of biochar did not significantly affect the response of the
functional microbial community involved in cellulose degradation to carbon catabolite repression.
Compared with the natural compost, the addition of biochar in the compost increased the sensitivity of
B-glucosidase-producing microbial community to the carbon catabolite repression induced by high

concentrations of glucose and to the inductive effect of low-concentration cellobiose.

Keywords: biochar-cattle manure-maize straw composting; cellulose degradation; microbial community;
B-glucosidase; carbon catabolite repression

HE AR J2 A ML A 1 370 T 7 8 24 0E U
fb. TFEMSBNE AERFEZ -, #EiE
- MREEMAESRGLRE, Kb, F4R1E
IR i NEHE TR R W A B £ Y R T o0 o 4T
i 3% il T e HA AR AR VR A a5 A 3 Rl
NV SRPE T . SMU) AT SR T AN B~ 2 0
KA, -1 IR WE I (B-glucosidase) S £F

Y 2 R fE L FE P A R S [ At £ 4
R, %Yﬁﬁﬁ%%l@ﬁ"]kfiﬁﬁﬂﬂ?ﬂﬁlﬁ

255000 B- R B L A 3R 1K . 76 AR ME
HNE b, AN TAS N v e JEE ) 2 W R 2 A X
B- 7] SR 85 ) R Tl A ) A T 2 BRI ) RE Y
M RBY, ZEAERRAR I 12503 (carbon catabolite
repression, CCR)T, XMl o1 ik B K a9 -JF 6 %5
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BN 52 B~ SRME il Ak D] 1) R R 7Kk 22 8 25y
T 52 - AR ATAGS . (HAE CCR &M T,
IRETIE W RETR T8 1T HE N 52 B- 7 SR il 2k
(R, ARBE I 52 - SROBH T i 2 P 1 3
3K 2 B 00 LT 7 TR A T B SRR T
N 22 b Rk s i ep, BT R B-H R
PETT B JE N FE R R B 0 2K BRI —
SE MR EFRAET,

He ) I S H8 A PRI 5540 55 HE ) Jo oA R Bk
AR T AEURIE I & B 5 7 S R BB Al B
BARA BB, BA B RRE
YL RE 1o SRR L TR AR T DA ks
HEBRGYA LR, FEx H A
A S AR R e AR R PO B A 2 AT
R, WY ORI B AR P BN RR A
25 A 0 B A A T S I PR A At
HEYIRE ST, RN SUEXT S 5 g
T v 2 4 25 5 Ak 1) D BB LA 0 A T 1 45 ) A
5 IR RS 1 B = RGEPERIBIESE . ARl
77 B RME T (2 4 2R R i ) PR il ) 2 g Tk
A= YR T 2H R e S RE R AT ST AT L B S R B
BT A 400 ¢ VS N 2R 6 v 1 48 28 100 v s R

AW FEAE AR W) I A - T B HE AT v Y &7 4
R LA A R LS B, R S A R e
JER) RIS 2T 4E 05 e B SROME T I ) 51
[D-(+)-glucono-1,5-lactone 3L & 7 AL HH, I
52 ¥ FH L 41 2k 2K i (CM Case) A1 B-Fi) 58 AR il
it 1% N el R IR S R SRR vk, IR E W
AR HENE TP DO RE AR IR VR AR T A AR
HERE , TEAN[RRR AR T DO RE LA P 7K 45
T4 185 T ae v A8 Ak S LN FERIL T o

WL

1.1 8
S R HUA 3 - TR RS FFHEAR , HENE 373 K

HERE A RS 2R 200 . FORFEFF . ARk 4ikok
A AR Jb A 2 BTk S 06 S dth . TR AR S
IFEFE . 2 YR ARG RIS 43,
THER 6:4:1 (FIN LA LENAEY
), BEHIRA YIS KELE 60%E 4 . IREW
W4 o R 3 0, 43 AR 2.5 mx1.5 mx1 m A9 3HE
BeUNEHE . 7ERFZE 46 d A HERE o 2 Ho 6 HE HE 2F
TP BTSNy, DGR IE AR HE i 35 7K 45 il 78
40%-60%Z (8] . MPAIEREMEM AL, e
RESE AR 11, 20 F1 29 d Xt A HEDRDET T 3E,
3 W, ERIEASEOLE 1,

Soli DNA Kit 1 Gel Extraction Kit, Omega
3wl 5 2xTag Master Mix, 75T 25 1 BURHE
B AR b NI AR EEAEY)
HIRAF G pMDI18-T #idK | Escherichia coli
DH5o 2 54008, ¥ HEAYHARLR)AER
ol HARRI o tral, b REEEAY
BHEABRA A .

1.2 #HmRE

FEHENE (55 23 RAEATHEAERE SR A TAE,
TEBUREIT 4> SIAEHERE 15, 50, 90 cm RAMZ5E &
B 29 2 000 g #4503 D HEBE ST 6 000 g 44
W Gt ARG S5k 7 Sy, R
800 g, FF A H 3 A 40 mL A [m] A%
W % MRS T) G A B RE R T AR AT, IRHE

x1 HRREREERSHY

Table 1 Characteristics of the raw material used
for the composting
Rk pH k& BaEdk BE EW
Material Moisture Total Total C/N
content  organic nitrogen
(%) carbon (%) (%)
3 9.05 70.57  39.24 1.78  22.05
Cattle manure
FKFERT 6.23 9.30 39.59 0.80  50.11
Maize straw
AW 6.40 0.06 47.46 0.60  79.10
Biochar
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H I FAEHE 50 om RALARLE A TIEE 6 h )5
B o B S ST 20 A TR AR 42 TR S 56
EAEET—80 °C VKA .

IR T FORRIEEE RO 5 A s (1) R
JE AR BE LT 4E W (GuCr)s (2) kB
I PR IRE LT 4 W (GuCr); (3) mivkJEH]
2 W+ 5 e B 4 A B+ ) (GuCuD) s (4) ik
WRELTYE —ME(CL); (5) MV EELF4E — K (Ch);s
(6) o BE T 4 M+ FI(CuD); (7) RE T
IK(CK)o A b A BRI R B L3R 2.
1.3 BRI E
1.3.1 CMCase B§iENE

AR M2 i . P A A B R A

fn BC L 1 mg/mL (938 25 BRARE IR, 4331 W B
1 mg/mL #jZ FEFRMER 0. 0.2, 0.4, 0.6, 0.8,
1.0, 1.2, 1.4, 1.6, 1.8 mL Tik%&h, w&m
ABEBR 2% (0.1 mol/L, pH 5.0)% 2 mL,
MRE A 1.5 mL B9 DNS @7, il h
AN (R A O o A SOV R, A5 RS R S s
KW 5 min, ¥RANIRE E A F 25 mL IFRES],
TE 540 nm K A0 E 25 104 s W OB 1
20 ) IR A W B vl U

FRECT g HERBAESE 2 10 mL A9 .04,
A 8 mL WK, 7534 1 h, 6 000 r/min
B0 10 min 5, WEH 2 mL _F 3 R B ZE AR

x2 HmMOEGRE

Table 2 The formulation of sample solution

pUBLiT WA AN D-AEAEEIR-1,5- IR

Treatments Glucose Cellobiose D-gluconate-1,5-lactone
(mmol/L) (mmol/L) (mmol/L)

GuCp 200 0.8 0
GuCn 200 8.0 0
GuCyD 200 8.0 2
CL 0 0.8 0
Cy 0 8.0 0
CyD 0 8.0 2
CK 0 0.0 0

mr, ZEZSIE TN 2 mL JC KR R IR
EARETINA 1.5 mL BERRZE #hi% (0.1 mol/L,
pH 5.0), 343 BIIA 4 mL B WA HR B L 2T 2k
FEHI(CMC-Na)R¥) % W (4 mmol/L), X} BRZ AN
Y, VATCHEKARER . 55 °C KB ¥ St
FEA RN 1 h G, SEEPA 1.5 mL DNS &
o W LA TP Ok AR B N o R A BR AT R K IR
5 min, BUREAKERZE 25 mL, 7£ 540 nm
P D B RO . I s o il 2k 15 3
A RO C R, MR R ATE
A FES CMCase B35 PEM
1.3.2 B-HEEEEIHNE

Xof i SE 2R Wy bR o 2R s - G R
Py C 1 B 1 mmol/L f% X A 32 2 By s VR, 43+ 931)
WEL 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6,
1.8 mL F 10 mL fB.LAEH, BEINABERZE
M (0.1 mol/L, pH 5.0)% 2 mL, &R
A1 mL JGR 7K 1 2 mL A RR B2 8195 (1 mol/L),
FESIJEHE 400 nm YA AR E A B0 T IR
IWRGAR, 22 Xt A 6 I i il £ 1

FREC 1 g HEARFE S 2 10 mL 2089, i
A 8 mL I JCHI K, 55°C, 180 r/min 550k
1 hJ& 6 000 r/min #.0> 10 min, WL b7 ED
HLEFIE 0.5 mL 2B A9 10 mL 2048, FR
0.5 mL Fi5W 5 — #1010 mL 2.0 8
VB R e B, FF AT B 3 MR A AN B 25 € X6F
HEL R, £E0EPIMA 1.5 mL )
Mtk 2 2% v (0.1 mol/L, pH 5.0), SCIZH N A
1 mL L T5EA A X6 il 5L 25 35 - B- D - N g 4] 285 %
(4-nitrophenyl-B-D-glucopyranoside, pNPG)JiE4)
S (4 mmol/L). Fu/HIRATJE 55 °C KGR
557540 I 30 min JEBGH, SERIIA 2 mL
A BREREMIA TR (1 mol/L) ALK 11 B S v o X HE
AT W 5 Tl R R s W HLS 5 A S
J7 o 7E 400 nm I 4 Ab F X A8 2H I8 200 G 206 21
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R P W AL o 1) R B 7 1l 2 45 300 % A 2R
WSRO R RO R, AR O R AR A A b
B~/ SR I ) v
14 REGHIHAEREp-BREEHER
p e =L AFE
1.4.1 HERES DNA BO$REXFNZE 4k

HR 156 B 45 19 26 BR (8 1 Soil DNA Kit $2H
H:H 4 DNA, —20 °C i .
142 HBEERERY 1E

XTI T A9 ey 7 A HEREAE 521 T B Y A
By, SemR A5 190 H Primer 300F3t,
T 4G GHI ZETRAN R I B- SR B A
F#ESI¥h GHIBF300 (5-KCVTAYCARATIG
ARGG-3"), Fii#51% 5 GHIBR1600 (5'-GCCCA
YTCRAARTTRTCIA-3"), i i 2% 18 KR Y
o6 BE TR PCR 92 il W 454 o PCR [ i i
Z (25 pL): 2xTag Master Mix 12.5 uL, DNA #&
M 1pL, . FUH#514(0.8 umol/L)4% 1 pL, G
P7K 9.5 uLo PCR LI 4544 : 95 °C 5 min; 95 °C
60's,50°C 30's,72°C 90 s, 3t 30 MEH; 72 °C
10 min,
1.43 FHETFHEE. i

PCR j= Wil it 1 %3 e W5 B e fL vk 43 25, 9
# F Gel Extraction Kit ZlifbEENE, SR)5 ¥4tk
J& 1Y) DNA Fl# & pMD18-T 7% 8

B3t 10 ul inA 100 pL KT
W DHS5a Bz 8400, RS e A K&
HHEAT UK 30 min. VKRR B DB B E
42 °C /KIBE I 60 s, FES7 BRI Elpk &
AH 2 min, FHRELOENMA 800 pL ik
LB HiFHEES . HE.OEHIF A 37 °C.
200 r/min F& R IR ZHFE 1 ho I Ja ¥ & A Bz
SRR FRWIRTE S A 50 pg/mL AR EHR
1) LB ARG SR b o PR B & T 37 °C KA
IR

1.5 EHEFHETE

flfA LB #5383k BA K K| amis,
PRI /IS Th A AT VR 64T PCR R,
PCR frill b1 & N BHYE. R d 5 H
BN i MEE R R S A AN TR RN
LB WA R 3530, 78 37 °C F 180 r/min #E1T
PREEFR . RIGHE TR % B AR R
FLDR2A w6 H B R B AT R A o R AR
1307 51 4E NCBLEU itk 47 7 51 L X 24T
1.6 FitaHh

% SPSS 26.0 115 br#fE 2% , K JH| GraphPad
Prism #1744 7347 , & F] Excel 2007 Fl Origin
2018 BRI EAE A T A BT B I A

2 X504

2.1 HREHREVEKR
2.1.1 CMCase 5 p-HRHEHEBEEE
CMCase JETEUIE 1 B, Ao T4
2 W 1) Ak 3L 1) Tl % AT T A VA o ) 2 W ) Ak
PR, X Fesrub B T s vk A A BE X CMCase
BEETG PO PRI VR, 54 SC O Nitta 251915 51
AR —F, B-HRPETESE A 2 o, 5
CMCase AN[RAYSRE, HMNIEES N 25 8 35 A B
i AT B~ SR T A RS 1, TAE Co b3
b, - RME T S v T A AR A
PP 5 -V RN
2.1.2 HEENGIT p-BREEHEAEXEEE
AR T B B~ SR T AR X 1 1 4
K 3 R, 43l 50, 100, 200 mmol/L X
3 AN T) v B B A A WA Sy SO BR Bl A
P AED TG ELA AT T R R, RIRE 25 SRR
NI AR BE A TR, AR R B B
SROWE T it R X 9 M Bt = R AT o e R R A 2
AFHZH | A v e B A 2 W A B R R REZH TR A 4
BEANE R B B- RN T 1 A XoF T TG A2 1k R B
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Figure 1 The CMCase activities. **: P<0.01.

1500

zyme activity

(unol/(kg-min))

—

o

(=

(=]
T

sidase en
i
()
o

B-gluco

0 A

B2 FHABEHRE p-EREEHIBES
Figure 2 The B-glucosidase activities. **: P<0.01.

—EMZERME. 75 GuCL A T, 50 mmol/L
A1 100 mmol/L Hi 2 MM FE R, B~ SR 11 i AH
X S R T AL A A GuCy AL B
i, 200 mmol/L F &M T -] R WH 1T
FXFIEPEASRE T, £ 2 KT 100 mmol/L A2
WP AR
22 B-ARBEEHRERXEMWES ST
22.1 BHIDNA FERITER &K

XF 7 A HEREAE SR T DNA $25US , A

FH514%) F300 1 R1600 i#E17 PCR 738, K5 T
KBEEZ % 1200 bp HY DNA 437 Fr B, [N Ao 4
Stk R4, RIS G PCR = kA 7 [a]
Wesidh, DI T RS aiimscs ., B 4 4
#B4 PCR A i 58 fise L Uk 141

% 50 mmol/L
= 80+ 100 mmol/L
SRk EEE 200 mmol/L
>

=z

3 60 f

Q

3

2 B

= %!

@l. R

o ke

[}

o~

B3 ZABHEARBEERENGTH -8
BREEHMEMEE ARG FRER LY
PE Z B A7 B 35 22 5 (P<0.05)

Figure 3 Relative B-glucosidase activity of the
treatments under different glucose concentrations.
Different lowercase letters indicate significant
differences among mean values in columns
(P<0.05).

bp 1 2

B4 PCREBER
PCR A5 A 25 2R
Figure 4 The results of PCR amplification of

B-glucosidase gene. 1: DLT2000 Marker; 2: PCR
amplification of positive.

1. DLT2000 Marker; 2:
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E# DNA REERIIERE. BIL5%TE
3% 42 B i 5L KA 24K (pMD18-T) #% 1k 2]
KT DHSa Rz B4, H£&A Amp
) LB AR SRR 3% 12-16 h, FRETE R/
HIEN PRI SR R LB AR 33 b gk &
BRI B R SRS WA E AR, 4T PCR
P18 LUK I 5 4 SOk 2 5 5 A R DHSa
JEAZ AN, AL b+ PCR AN
FHME, 738 B SER RN 250 o o B T
i Ee el | Sy NE - 375 F/ANTEi B}

223 EEwEXENNF

X7 AAEAS B I P B Ak et 249 4,
Hoh R A 242 5502 B-HIRPEH G . A
I 2 B~ RMH T W 2 SE 1R 3 9 v e S
WA 5 W168/L173 BIARSFEN St g S22k [N
D e A 2 1 B~ SR W T Il L DR A T A2
AU /AR BRI 32 PR, 45 A 320 i 2 A T 52 5 LA
JIT 5 EeAAI N2 3 s o AHAS T B AR NE Hh e A b
i 52 B~ SBT3 IR EL 4511 (9.09%—37.5%)!°),
A=W AR SRR AR P A A PR TN 57 B SR
it R 451 B A T 50 (36.4%-69.4%)

2.2.4 DNA XEFF= B-HEEEHERAN
H DU Y ARAT I BT AT -4 SR T T s B B PR

2.2.2

R3 BABABEEME p-AREEHHEER LA

FPoIAE NCBI Hdfa e i i A7 FUxE, e e
PIRDER RN R 028, TET K Bk 70328, X
BREY EE R 5 AT, Al WA R
(Bacteroidetes) . JERER [ | (Firmicutes) . TR
Il (Actinobacteria) . 7% ¥ T |'] (Proteobacteria)
LRI TE ) (Chloroflexi). VEMMIT K432 00
Bl 5. FEM K2y, Rl b & S,
T CL AP L i Er, ik 72%; 7 GuCyD
A FRZH 5 AR, N 36%. TEUS AN T 4
B Ab BRAH e, SOURF T B A A ) R AT A
RS A E A R0 B, 7EH
KA AT A E 232, HOoRIR EZ a3 13 4>
H, 20l &% I8 IE H (Sphingobacteriales) . i}
J8i 18 H (Rhizobiales) . Bk H (Myxococcales) .
/N TR H (Micromonosporales) . JUPFHC R H
(Euzebyales). ZFHIATFH H (Bacillales) . A= 22147
H (Hyphomicrobiales) . BRTH H (Acidimicrobiales) .
AT H (Kallotenuales) . 213215 H(Rhodospirillales) .
Wkt H (Enterobacterales) . 1W3KEE H(Micrococcales)
122 [ H (Jiangellales) . TEANH) H K432 0
Kl o6, it HAER Ml A, BEIEAF A H &
PUFFRT T i 2D Re M RE IS 4R 2R AT TR
H 2 JERER ] rh i LI Re P A 75 2 i o

Table 3 The ratio of glucose-tolerant B-glucosidase genes of treatments

SL LI TR 52 5k D5 % H B~ SR ME T R B H TS 52 Wk D5 RT o L 451
Treatments  Number of glucose-tolerant ~ Number of total B-glucosidase The ratio of glucose-tolerant B-glucosidase
B-glucosidase genes genes genes to total B-glucosidase genes (%)

GxCL 8 22 36.4

GyxCx 24 40 60.0

GxCyxD 19 38 50.0

CL 20 33 60.6

Cy 22 35 62.9

CuyD 18 38 47.4

CK 25 36 69.4
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Figure 5 Taxonomic assignment of B-glucosidase genes of bacterial at the level of phylum.
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Figure 6 Taxonomic assignment of B-glucosidase genes of bacterial at the level of order.

3 Wi
MM RI, 76 ASRMER P FMT,

DI REVE A W B R 3 3 22 S Ak R 7 28 AR T =2
R B FMET Bk, [R]A T R HE A5 20 it 52
T B ST T %) 2 35 LA N X g vk A 2 B 5 |
TR AT ) PR 5E  4F 4 2K 2 bR, I at
PR BT SR B FL L T X — R Ak A M
DRI K AR T A BT 2 5% i A e A ik LT A 2%
SALRIRR R, EVET U - R A L
B RIEHMAEY, TERELRBHNIEKE EE

C, CD CK

B — E AR R R AR RN A 4 5 ) HE R
DIRE A W I G s, DA RO ) fig B 1A
7 S AR 15 i AR AT R
WA TG A AL AT, 5 A SR HEAE AL,

A 0 P A 28 - e M IS v A o v A R A 1 Ak
PR rh CMCase BIG B0 B2 2 TR0, B-# 2R
BHT it S 52 1) CCR R0 B SE AN K o AT
FUARHENR, Az g 25 25 R R HE R v -1 SR A
il 1) T ol IR, X — 45 SR 5 SR [16-18]
— B, YEIX T A X — G ) D A AN ] A AL
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fift . Lehmann /"N A5 2 B T2k W) ARk 78
AW R FR AT, FERE SRR A B9 TR
7= 5 1M Liao PN, R T AYRSA T
RS, MM T A W BT 4540 . g m]
RESZ T A B T -7 RO Bl 1) Wz Bt A
S 20T 0 E B A R TR R AP RSS2
S b, E X B SO T R SRRk K
SR oA, BT DURILE G R . AR
W, TEAYI AR 2R HENE /Y iU B
38 2k o3 A W A7 R B T A2 D) g 5 R Y E A5 T
DIAS AR i A 26 A R HE T OB i 32 2 i 3
B B B AR . B E R — AT
A 32 B- M AT Bl Sk KRR T - R
W R AR R, X AE— e R AR T A
UNTINAER I B~ SR T Ik 1% 7K A T 1 3 o oo
MR EA o A 52 B~ SROMH il ik AL 1) L 43 1
hn, ULEI I REGUA: IR IR 22 H kR IA B R
VETT I o 76K A 16 PR32 2l B, B-7 SR ME AT
P Ao o B T SR R I K A T M B R AR
DLAERRi A o R 0y AR 2L . [RIBE, FEA kA
FE-THEHENE A CK AR TR H, AR
IR B B AT I AO0E T, SRR T H R TR A T
HETENRERETS 22 AL FRIE B-H SRME 11 Bl 1 78
B EEEENMAAT . XU EN, R
[FF BRI, EHRAERE, AVt
2% - R I ALk A A A A R RO R o AR Wk
B BT R 2 AL UE AR KR T A IS Y
IAEE, TEIXFIGLIASE A M4 ik ) ook
SRSy, WA A5 FM 54 5 A 0 )= 3
0] 2580 07 175 R A5 Ny 3 AR AR B 5 | X FE A 5T
RARE] TP RuEsE, AARMERE Y, FE B R
BEFT T A T 1% O A8k b, 0 550 A S i 9
FEIH B S RIS, , TAEAE Y e A FE- AR B e
JE A B B S PR R RN, o B SR T i
Mg 7E Co AL PR IR B f e o5, BARHFE I AL PR

o IRV B R AT A XS T B SR Y
SER B2,

AHALE T H AR HENE A& Ak 397 4 70 4 ) T
B~/ SR T AF X T 1) AE AR ) A e
FE-TH B HENE A S I A5 SRR WY, 7 v Wk B i A b
AR, THRETAE e s IRl R 2 22 Ak R ER
KA BRI 2 R B RGP TE GuCo
50 mmol/L #11 100 mmol/L } GuCy 200 mmol/L 4k
FRZA B SRMH T AR OS2 TR
VR A AT AL A (AR, TR
BT ZE-FREHENE Y GuCy AL ERZL M, 200 mmol/L
AT BEID R A B SROBE T A XS M 2 =
FAARILLBELLAE 100 mmol/L i A M R f
B-HiI RWH T AR X G PR . X —45 RN, 7Em
WA MR AL T, ShRe A Wi g 22 Ak
FIk B R B A (A AL 52 8 - 2R
BEFF BB i 52 B B- ) SR, 7E—E/
ZAF AL AT LA ZE A RIS B B SR
Mtk BRI B B SR T Tl A 5 0 A W AP T
A4 A TR 1 DT DI 7 7 WA R AT 1 Y —
e B RAE AT G2 e v VR A A R R R
THREA A1y b V8 7 2 W ) 52 28 B SR T A
HAPRROE R B- A R . X Fh SRR LA 1Y
22 AL AR R IR AE Py 1 W iy A SR b AR
AT LA B — ol A 3R P AL 2028 X R L
X k2B 0/ 2 RE I AR ) A O 2 B B b ) A A
53R TR EN

R T A R A O HERE T B SR T
AR P RV 4H R 15 7 A= 52, 1 1] DNA o
G SC IR 2 R X Ty fig ik DR 1Y) 22 4 Ve AR A T
Mo ANTEIT AR HEAE A e T 300 08 0 35 TR
Bacteroidetes'® , 1) i 2 2% - B IE Hp AR 40 4
W HEN Actinobacteria. W] B4 H T4 W e X
AR TR AR T S 1 T X R L A B Y 22
5o AWFRERY], T IEA SN AE Y ae i i
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+ 3 rh Actinobacteria (/)4 K270 i ] i3 )
Proteobacteria W N G A FRAH (R URAT A #ERO)
25 AN P25 T, 46 R 230 Proteobacteria 2k
PR T RE LR e 2 vh & R i A2 R A M DR ST
MOWI168 Ml L173. fHAHERME, 78 CLAbH
Hrh, Proteobacteria FFHY L REEL DA XS 5 HE
W A% . X — DUl D RE A W TE i R
5 B-HIRBETT RN LT, B PR 2 R IR Y
BNt 3 v A 5T A s | D W m 1 1 B! B S
PR (CuD 1 GuCuD) A A0 i 77 i 42k LA
(Cu Fl GuCy), FFRME A 1 B S A .
X AT A HH TR D-A 2 B2 - 1.5- N R 7E HEAL
T AR XA AR B T R

IR EE R R, AWy o T RE T AR P
P& LSRN B INRE A2 T — 2 ISR o X A AR
AR R HENE L FR R AU IR, DL S 2 4 22 i = 3L
A AMENE T2 A fb et T T S8/ B kL

4 Gk

(1) FHET B ARHERL , AN A ) o HERE Y
PRI A L™ 2 T W A4, ik
PR AT A AL B A DS A, CL AR BRH Y ATE
RO IR B, AEAS I T ARG o Ak B2 A
AT R B 2

(2) FHET AARHERL , TEASIN T A 4 1 i 3
AEAf, 77 B-A SR R A P RV X BN T
e B8 4 I 1 BT A 255007 s A I P ke 21
L4 <R 7 S A 3
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