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Experimental study on enriching culture of cellulosic /hemicellulosic microorganisms
in excess sludge
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Abstract: To improve energy conversion of lignocelluloses contained in excess sludge, we need to understand if there are cellulosic /hemicellulosic
microorganisms in excess sludge. Xylan was chosen as a sole carbon source for enriching culture of cellulosic /hemicellulosic microorganisms in both excess
sludge and anaerobic digestion sludge. The experimental results revealed that there were cellulosic /hemicellulosic microorganisms in the two types of
sludge and that they were successfully enriched. Both FISH and LIVE/DEAD experiments verified that the enriched microorganisms were a mixture of
Clostridium and Bacillus and dominated by Clostridium. The enriched microorganisms had very high activity.

Keywords: excess sludge; lignocelluloses; xylan; enzymatic activity; fluorescence in-situ hybridization (FISH) ; LIVE/DEAD staining

w5 U S A R R TE R (Mottet et al.
2010).
TPl 2 e o A7 AE A R > B0 ME DL AR W) B ik 1Y) R, R R B — M4 R R4
P eF 4 R (JE LA T E 4, 1997 M 25 55, AERFARTRAMAE S Y (Hendriks and Zeeman,
1990;Fyt1h and Zabaniotou ,2008).—J5 [, XSG 2009; fBEHEEE | 2013a) . Hid, K & e MEFE A%, H
FAEZMELUAE IR A AL B e A Al 48 FEDREASRM N IOk S A AR R A s T 47 4 R A 41
BEVR (I Be) Fo R (IR (R e b 25, 2013a) .59 — 7 AERAHRTA S M6 O 5 Ak SR B S P o 21 4k %
17, SR AT AT I P AR B e R WA s Jesl. o 2 40 (AP R R CRATER) S8 %, A U5
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Ve RETR AL A S 4 v, T EL AL 23 X675 18 D i S 3]
— & AL HEAE ] 5 e R A AL SRR W (5 G0 IR AR
THAL L X AR BT 241 2 2% A B 3 3R W AR GE IR AR
THAL R GE TP AR D B LT A TE [ A 2 2= A 7 25
ARTREF 4k Z 00334 W) ( Motteta et al., 2010 ; 77 ¢ b
&5 2013b).

TG B SEER G O, AR B 7R o AR Y e
EEREFR TR AR AH AL TS U8 vh & 75 77 16 7] R figk 21
YR/ R Y IR EEY , 5 Seit 55 e
AR ET 2 28 PR A8 W e A B SIE 00 ity Bk, 2F
YR AL LT A R A YRR AR XS 25 5, X2 R X 2
TR PSS AL b BAT — & BRI, AR SR b (2F
LPYER FE Ny ) LT AR A IE 1 MR 28 B-1,4 B
T EHE TR, AT A I A X O MK I A i AT
B-1, AN 5T S B AT U AT DAGE o R A R R R A
— iy B B R P AT SE IR R BT AR 4t 2R 2 Fhgi oy
18 [ei) 20 B ik AS I 50 Th B A 0 B 35 3 S o gl oy
I IT IR,

2 LW H B EHFE (Experimental materials and
methods)

2.1 MREHER

B ARG R R AR 4 R IR A A W A e 43 i I A
At KA T BT K A B R A5 U (S BR TS
V) 5525 %= K e i R AU 3R 15 U8 (T k5 ).

SEBR TG e 0 15 K A BT K S 5 T (% K R
80% ) , S50 4% T L VR B EA T S K R T AR TS
J 5 e ofe U5 50 56 %= — A B K Y SBR I (55
e B (MBI, 2012) TS 1 s FH T A5 T
RS0 R BERE TAEIRRN 4 L 7E T=35 °C \SRT=20
d.pH=7.0 T Fizf7.

PR A T 1 A A o £ 2 R I A 4 s 4
IR — BE T, RO B A AR 4R Ok U, 4548
B, TC AR ZEAE TG AR, B 45 5 B I i
22 BEEEXRHK

EERFERH R ATHR L5, Bl A % B
HRIEFERY 250 mL IMIEHEAE R & e 55 5% R 40, MG
BEFSAWHEBRK (T=35 C; #3#E 100
remin”") PIIEATIEE.

AP [R) 4 TR 114 1 7 100385 O P 1 75 U ik
4350k DSEFRTE U8 . MLSS ~22.28 ¢- L™ MLVSS =
14.56 ¢- L' @il Li5 e MLSS =~ 22.37 g- L',
MLVSS~17.69 ¢ L™ Wifi5 e/ 5l & 3 P47
FECHRS:1.2.3) IR IE 1 DARINZER A S F A
L SEE R, DL 6 d AE A 1 AR TR A, it
FTAHRLFEARAG I, BAR S0 T5 5281 3% 1. 401 15 5%
Jihr s PR T 2 38 2ok 1] IV L4390 S I DIN EN' 1SO
11734 147 ( f&i#% L47) F1 DIN EN ISO 11734 ( & Fr
M) 35 5% WK A 78, Hol 4 W3R 2 (Weiss et al.,
2010).

K1 REMEEEFIRAR

Table 1  Experimental schemes of microbial enrichment culture
54 KEN/ g Bl TR wEgewwn o0 ML/ :
(mg-L7") (mg-L7")

bRz A 0 100 vV 10 1 40 VvV
Shr 15 0.25 100 % 10 1 40 %
SpR2 5 0.25 100 VvV 10 1 40 VvV
SpR3 5 0.25 100 VvV 10 1 40 vV
Mk H 0 100 vV 10 1 40 vV
k1% 0.25 100 Y 10 1 40 %
M2 5 0.25 100 vV 10 1 40 Y
Wik 3 5 0.25 100 vV 10 1 40 VvV

TE & SR i, R AE 78 A SRR i 2 2k
Wy, EATEA RSB R BT DL R S RE R, &
ST BN | Bl S 239 7 L3 7 e TR Ak
CH, A1 CO,. Rt , v AR 438 i 5 R = A0 B0 R AR S AR
B AR Z H6 . D3O, K R BERE A £ 2

Je LT B N AR A I SR K i AR SR, HL oMl 2
T E S BEY TR R I T Ut R AR
B BEG A AT AR — R s AR, DAE T 2R 48 h R R
W R A E B HE 0 A
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F2 EFBRAR
Table 2 Composition of the synthetic culture medium
W AR iy AR
(mg-L7)
LA7 K557 CaCl, - 2H,0 0.075 75
FeCl, - 4H,0 0.02 20
KH, P04 0.27 270
MgCl, - 6H,0 0.1 100
Na,HPO, - 2H,0 0.56 560
NH,Cl 0.53 530
MM CuCl, 0.003 3
ZnCl, 0.005 5
MnCl, - 4H,0 0.05 50
H,BO, 0.005 5
Na,MoO, - 2H,0 0.001 1

2.3 A@EAnnE

SR AR 354 (GC-2014 AL ) A5 0 1t
TR ™ A Y B B A5 SR I O T R AR I i
bR 2 0 2k e 0 8 s o S0 S0RT o i s T 2
Wi 1 .

51 — 120
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= ARREES ' 100 E

E A ® il >

= g
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Fig.1 Standard curves of the gas chromatograph

2.4 KFRAEEEEENE

2.4.1 M EE ORREEL KRS
A LSRR SR R S LA A R R it A
HAERFEIERA, ITLL, SBREER KA TS
DNS {57 £ A= €0 5 . PRI €2 I g B 6 5 5
it it 2 A A JEOR B AE e, ELAS RO S5 4
VR A SROBE A S P O HE, T DL AT o € R
O8R JIE SR AR A SRR I 12

242 MEFE B 1% KEPAREE R 3.6 mL,
A 25 mL HFEZIFERE P A 0.4 mL & S B

AR AR BYEI, T 35 COKI B TR I 30 min;
JIA 6 mL DNS &%, 157, WK 15 min; B E1 %
FIRERT] 25 mL, 78 540 nm I E 7 WO
AT RE I K 35 WA 25 1 6 RE 2.
243 EEuE AT Tk KRBEEENG AR
B min AR RBEAK A AL 1 pmol AW T 75 1) i
I, Hp—ANEEE R SO U B PR A (2
R4 ,2001)

H=DV,C/(TV,) (1)
K, HRRBERERG G PE(U-mL™") s D N EGHR A
BEASE Vo A E AR TR (mL) 5 € o A B
(wmol-mL™") 3 T A 2 W B[] (min ) ; V, Ay Tt AR AR
(mL).
2.4.4 AR & R Al R K SR OBE VA T AE A
HERNZRE (IR ) | A Y Y A 3R 00 it 0% 4, 0 7
BB UE R ZE AN ] 2 BT 7 . 32 5 v AT o Al b A 0 S e
LR B A S B T AT AR B A e
TR F A SR it 1 1

08
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»=0.7685x-0.0083

< R*=0.9969
R 04
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=
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Fig.2 Standard curve of the xylanase activity
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RCIRFIE R 21, IR PR 21 4 i B 9Ot ML fig
UEIE R HEAT A, O T LB AR AL, AT e
RS WL S 0 G A ) R A7 S I 411 4, I Bil 22 3 T
B AxioVision FPFHEAT 70 M7, LU= Az i 6 1 Kbl

=]

oY
2.6 ROCJEALA T (FISH) 5 4

POCRALZRAZ (FISH) HH T % W e 9F R
GErP AR AP BT, YRR T 4% 2 3R Y RE [#]
SE 2 b FEXF B E S5 A YRR B0 R AE 1xPBS H LT
BTE (R 30 UK, X PR AT B R, 4%
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TR e 4 3% o AE BH I B w1 2 8k B b, g il
50% .80% F1 98 %W HK5 1L 3 min. FRIK , ¥ 9 Ehnic
PYFEAZH BRARER (UK 3) Wi T AR e vl h (4
A%:0.9 mol - L™ NaCl, 0. 02 mol-L™" Tris-HCI ( pH =
7.4),0.01% SDS H135% 28 7B (DFA) ), I
TE 46 C T 5i5letE M43 2 h 2258455 , R G

Ve (ZH A : 0.005 mol - L™ EDTA (pH=8.0),0. 02
mol-L™" Tris-HCI ( pH = 7.2), 0. 01% SDS Al
0.9 mol-L™" NaCl) 7£ 48 °C F ¥ 20 min. ¢ )i, XF
BN TG e AE b FHZE G 0 305% ( Zeiss Axioskop 40) Fifi
HLAT BT 2047 € B AT

K3 LEEARERBHEOEZERST IR

Table 3 16S rRNA-targeted oligonucleotide probes for xylan-degrading bacteria

. l i 16S tfRNA e » s

) HREFI(5-3) gy DEECED S ik
7N SN

EUB338 GCTGCCTCCCGTAGGATG 338~355 Most, but not all bacteria Amann et al., 1990
EUB338-1I GCAGCCACCCGTAGGTTG 338~355 Bacteria but not convered by EUB338 and EUB338-1I Daims et al., 1999
EUB338-1I GCTGCCACCCGTAGGTTG 338~355  Bacteria but not convered by EUB338 and EUB338- Il Daims et al., 1999
CST440 CGTCTATTTCGTCCCCGATC 440~459 Clostridium stercorarium—related clones Burrell ez al. , 2004
BCE182 TTGATGCCAACCAACTGTGT 182~201 Bacteroides cellulosolvens—related clones Burrell et al. , 2004

2.7 #fEE M %€ (LIVE/DEAD)

R PG YR w4 3 37 R g8 b i A Wk
Froet, LUl E & 4R 55 9% 22 48 v U W 0 4 i s
P, 2 4E 7k W 2 % SCHR (Invitrogen  Molecular
Probes, 2004 ; Ziglio et al., 2002).

3 ZRDHT51HL (Result analysis and discussion )

3.1 AL
I AR 3 3R R g AR o T 3,
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Fig.3 Trends of total produced gas
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Fig.4 Trends of produced methane
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Ja , PRI IR A T 055, 0™ A ) R Bl 2
W A R R 2 b LR T B — A
AR NER 3 TG | LT b & AR B IR B R A AR
SROBIAR TR T Uy 1 22, (0 A5 A SR I fige 5021 10 3
SiR , PRI e KA 7 A 1 B I IR e 1) 3 %
BUBRER LT, T4 5.6 JAl ) BUER 2 v g AR 2R
B I ik 3 B2 vt TR R R UK A 8L ) BB B 1 O
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e RS 1500 6 S AR RN e S e T
PR LB SRl
3.2 AREAMEEHE NS
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Fig.5 Scheme of xylanase enzyme activity trends
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Kl 6 7, AR AR e 5 4R 1 57 A5 A SR % it
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SRR 20 B o = 5 39 A 75 U rh A 40 TR 25 00 Bk
PRI A A 220K, BV, 240 587 R BRR 40 e B FTIR
HBEAN AA D 22 bR 2Ty 20 R R (A 3R
RN A, 1984) Al A1, B 2524 1 JEE BB €
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AN — Rl e i, (E A BERA D) H) 1 2R s T
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Fig.6 Microbial morphologies of enriched sludge
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a. R4 CST440 ARt IR

b. #F§+ BCE182 Rid Elf%

7 FISH B&(EH CY3 pricdR4Er CST440 F1 BCE182 Sh&ka , F 6 I B A A SRBH AL M 5 CY5 Aic MFRET 4 6, F Fhric T A i

)

Fig.7 FISH photos ( CY3 labeled by CST440 and BCE182 for probing xylan-degrading microorganisms ( green); CY5 labeled for probing all

microorganisms (red) )

3.4 {8 A4 vE M) (LIVE/DEAD)
LIVE/DEAD 35256 1 i % 25 R T 8.
RYZGIT2E 5] LIAS & B2 4045 10 i 2k 93

SN S PRTG e 83.6% IH AL TS R 92.8%. X FERY
SEEG AR R LLULI, SEBR 5 U85 T AL T T v 4 1A
R RFFEAR S AP, B IR i .

E 8 LIVE/DEAD ZRE % (a. SEFRT5IE ;b IHMTTIE; B G O g TE W L0 N FER ; 38 G IR SOE G S IR )
Fig.8 LIVE/DEAD photos( Green:all live bacteria, : Red:all dead bacteria; Yellow: binding of fluorescence)

4 25i% (Conclusions)
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