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Influence of Temperature on the Anaerobic Packed Bed Reactor Performance

and Methanogenic Community

XIE Hai-ying, WANG Xin, LI Mu-yuan, YAN Xu-you, Igarashi Yasuo, LUO Feng "
( Chongging Key Laboratory of Energy Microorganism, College of Resources and Environment, Southwest University, Chongging
400716, China)

Abstract: This study aimed to analyze the effect of temperature on performance and microbial community structure of an anaerobic
packed bed reactor (APBR). The temperature was increased step-wise from room temperature (22°C +1°C) to psychrophilic (15°C +
1°C), mesophilic (37°C £1°C) and thermophilic (55°C £1°C). The results showed that, in the temperature changing process, the
higher the temperature of APBR was, the higher COD removal rate and daily gas production were. After temperature changed to
psychrophilic, mesophilic and thermophilic, COD removal rate and daily gas production were 25% , 45% , 60% and 2.3 L+d™", 4.0
L-d™", 8.5 L-d™" respectively. However, there was no significant change in biogas composition ( ~60% ). A sudden temperature
change caused a simultaneous increase in the concentration of volatile fatty acids (VFA) , which had been fluctuating. Using 16S rRNA
gene clone library screening, Euryarchaeota was commonly found, including important methanogens: MBT ( Methanobacteriales) , Mst
( Methanosaetaceae) , Msc ( Methanosarcinaceae)) and MMB ( Methanomicrobiales ) , as well as thermophilic bacteria and few spring
Archaea. However, the diversity of methanogenic groups was reduced, especially at mesophilic. The results of quantitative PCR
showed that the 16S rRNA gene concentrations of Mst, MMB and Msc were reduced by temperature changes. Although the relative
proportion of every kind of methanogen was significantly affected, Mst was the dominant methanogen.

Key words ; anaerobic packed bed reactor( APBR) ; temperature; dairy manure; methanogenic community; 16S rRNA gene; Q-PCR
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TSN REIR AL, A7 2898 it A RE M =R A B A 1L
TPl A, A GRS YRR A il R T A il R
PR 3] 2 R UL AR A 1. DR OIS = 3l K 1 7
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1 #R5EFEE

1.1 SEEbR
FERNG PRI rh E O R b RS Sz 4y
R AT B PR AETE SR BERE , S A (total solids, TS) 7

N 3. 04% 35 RAEEK (volatile solids, VS) &t~
1.93%. A2k [ v E Al K228 FR A S0 40 5
TS &4 15.92% ,VS &+ 0 13.79% .
1.2 SEE%EE

A FA 0 T 2R 2T 4 8] 52 PR IR S80S o i
(APBR) , 1 10 mm A HLIES BN T2, FM% 24
em, B E B 27 em, RN R A RUB AR 10 L, N
PR L R AN 100 m* g~ BB LT 4E ( H A
Japan Carbon Company ) 1E R A4 M) 28K, [ V] 7% %%
B FR. APBR BUTEA ARG FA s thil YR
1.3 SRk

A28 8 KR R B, 76 % I (22°C +
1°C) &4 F LS d(day) A 1 4> HRT,COD 415 000
mg- L1173 N REERE, 5 11 d FFREBCERSTS Ykt
i G M RT IR AR EE O ), B 914k 1 4> HRT J5
PAREAS HRT FHRE 5°C 77 ik 2047 0B oAk, 430l ik
FILIE R1(15°C £1°C) , i R2(37°C £1°C) Ml
IR R3(55C +1°C) , 7655 50 d 5E R E ik Ja Wik
1~ HRT FFREBCE RS Je ke i, 45 T 1T IR an
1 Fii.

®1 EBTEE /T
Table 1~ Operation temperature/°C

i H 1~15d 15~204d 21~25d 26 ~30 d

31~35d

36 ~40 d 41 ~45d 45 ~50d 51~55d

R1 22 17 15 15
R2 22 27 32 37
R3 22 27 32 37

15 15 15 15 15
37 37 37 37 37
42 47 52 55 55

1.4 SRR E 5 7%k

pH {H. W B-212 # f#f & pH I ( H &
HORIBA) , % K 7 45§ 2k 3 7K pH {8 fb 757
F L (COD) : RAPREE IR L BER
T 55URSY . R Geotech Biogas I5E A (I
LA BRA ) BEATINAE 5 FERVERRIIIR (VFA) .
i QP2010 S AH (435 BT ( H A &) g 5
A (TS) FdE K PEFEA(VS) . B EENE TS F
Vst
1.5 DNA $2IHI PCR ¥3

B2 mL FEAR 2212000 remin ™' x 10 min &0
J& , Fide LI, FRRE 0. 2 ~0. 3 g AURESh (HERGIC
FIE)  FRIRELS g DPA011 75 g 5L R 24 e 42 B
RAE (bt E 250 B UL B E/E4R B DNA. 42
HUS 2] (1) DNA 2450 50305, i - 20°C P17
e H.

fii H Mastercycler gradient PCR ¥ ( & [
Eppendorf) #£47 16S tRNA &K ) PCR 734, 5

ESTERS W

— ]
HEEHE [ \
thok g

piigani] JETE iR

Bl1 BEEKRRELREZE (APBR)KERL
Fig. 1 Schematic diagram of anaerobic packed bed reactor (APBR)

PCR i I /9 38 H 51 ¥ A. A109f (5'-ACKGCT
CAGTAACACGT- 3’) #l A912rt ( 5'-GTGCTCCCC
CGCCAATTCCTTTA-3") "0 I W #E )3 M. 94°C i
A5 5 min, (93°C 754 1 min,50°C i &1 min,72°C
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FEAH 1 min 30 s) x30 /I\ﬂﬁﬁ,'ﬂaiﬁ 72°C HEfH 5 min.
PCR 7Y 19 ) B W I F UK A7 A, PCR 7™
Y B O B B AR B EE S DNA [rl SR & (At T
KAR) k.

1.6 16S rRNA SR SRR G L B R

PCR M &2tk MU |+ B & i O i 28
PRIZEFE R FORL pGEM® -T Easy Vector( H 4% Chiba).
BEALASPRIE 100 A SERE -, 78 BT 57 19 T SC e v
PRI IH T % 1k 5, 51 % ] 5'-TAATACGACTCA
CTATAGGG- 3') #1 Sp6 ( 5'-ATTTAGGTGACACT
ATAG-3") 1T HiV& PCR.

Z1R V6 PCR 132 DNA HITF R i v B
FB K B 2 A 20 B (restriction fragment  length
polymorphism analysis, RFLP). 1 & 5. U] & & .
NE Buffer 2 wL,PCR /=43 pL,Hinf I 1 uL, INJCH
KE B 20 pl. RG24 37°CKIE 3 h, =418
Tt 19 0 BN W B JE HL DK AN L Xof - 0 32 3 AS ()
AL T RE T, P 5 SO rh Pk X SO (]
R T RE T, A 1.5 mL B9 B0 (INAH LB
Rigi ) hligR 2 h 5 £ 0¥ ( LA TAY T
FEAMRAW) . HJE1HEA DNA J¥ 558 i1 GenBank
K3k, BLAST S 4E0047 HE X

M B 1 52 A 16S rRNA 41, i 3 http: //
www. ncbi. nlm. nih. gov/BLAST/ %45 22 i 47 AH AL M
K2, HEAT [ BT FIAR OCAR B AR | IR 4R T 51
LA G Fin 4k 45 77 51 — 2 8 A CLUSTAL X %A
£, i8S BT MEGA 4 # @ R G LT, 7 k% oK
2 AR
1.7 4 E 5 PCR(Q-PCR)

i F ABI 7500 145 ( 32 [E Applied Biosystems )
#EATE R PCR (Q-PCR) . RMIAZR Ny . ffH 2
x TagMan Universal PCR Master mix 2RHAC i 20 wL,
SR . 1 pL /Y DNA BE47,6. 4 pL (9 55
FIKIER 51 9145 1 pL (5] 909 e &9 FE 0 10
pwmol-L "), 0.2 pL K TagMan probe ( fix 2% ¥ FiE .
100 nmol -L™") , 0.4 L ) 50 x ROX IT (& E R 1
x),10 pL B 2 x Premix Ex Tag ( Probe qPCR)
Reaction Solution( ZHE 1 x ) ( Ki% TaKaRa).
YN 5 R I fige | g e B T e B TR — 25 O R

I ALY 14 PCR FEFF : 94°C 72 1E 10 min, fif
JEIHEAT 40 A HAHEIR (94°CAETE 10 5,60°C 1B k 5 4E
130 ), TEE MMB IR JCR I GE fif i 2 47 S
63C.

Q-PCR fdf JH 1 ¢ 5 1 51 90 % A1 57 -#R 5

MMB ( Methanomicrobiales; MMB282F, MMB749F,
MMB832R; #° ¥ K J. 506 bp ); Msc
( Methanosarcinaceae; Msc380F , Msc492F , Msc828R ;
PoHE K BE. 408 bp) Ml Mst ( Methanosaetaceae
Mst702F , Mst753F , Mst862R; §34 K &, 164 bp).
XKLL | WPHERAE TagMan $REH EAR LT FAM (263
Y 1 BHQ- 1 (R IEI) . i 47k e th NITE
Biological Research Center ( H PN Chiba) Pt , B3R 3
ANASTRI R T AT bR v R O T LR 20 DNA
Kl 1E € & PCR b5 1 B £8 . Methanomicrobiales
( Methanospirillum hungatei NBRC100397 , 7o s
W oH),
acetivorans NBRC100939, 7= B % /\ & Bk | &} ) |
( Methanosaeta
NCBR101360, 7 5 £2 B 1AL 705 MMB | Msc |
Mst. RS PCR T-B M ESCHREBIARN 5147,
XAtk HVGE B 1 H Y cRNA SR AT 51 | 224l
fbJ5 R TIANgel Midi BifgAEE RS DNA [ 5]
&Pl DNA F3% #2 5| pGEM-T Easy Vector ( 3 [
Promega ) BRI , Bl S Fe AL BRI H & b, 7 KB R
Jei >R PLO30T i 4 b /) e bR 2 BBt & (b
UML) SEBUTURL. SRS X B — > BTk DNA #2118
10 f5Hk BEAS BE 64T 10 ~ 10” copies« L ™' A [R) 466 i
Fike, T HI/EE it PCR mpRifER 4.

2 HRE5HMF

2.1 JREESMEXT COD R AF

COD 5 # 2 e APBR Ab 2% {8 /K R4 1
) —NEZFE R, COD 2 B 0 1 5 Ak AR B4
HE COD ZBRFAE 2 frs. 7ERI 10 d BE 2k
B COD Z=BRRYEHTE 55% AoAq, & izt B
BABmER COD £BRF; 7255 11 d FFREMURE i T
N AR A2 S VS A G 0 DR AR B 1 27 2
T, 25 FE COD KBRRM# TR, Rl IKE 8% ,(H &
TUREJG 25 TR COD BRI K 5, 28 W] I Fof 4%
BABEWIBITR0%; ERE e, &5
) COD ZBRFIEAL S R3 >R2 >R1 AL, HE
Fra AT A3 , A HERY COD EBR3R A2 Wi 5h
B (RS BRI M ES RS, R R3 A E TIRE
SHAETT 10 d /9 COD X FR%, 2978 60% , 1 R1, R2
FEARTRETE 45% M1 25% £ 47, W Rgse i F 11 d JF
FERUREXT COD LBRF1EBATFZM ; R3 COD LBR%R
TE 42°C F1 47°C 28850, 32 ~38 d XA BEH BL—A4>
R4S 165 36 d BN 28% , I REJEAE UL IR JE T g

Methanosarcinaceae  ( Methanosarcina

Methanosaetaceae thermophila
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—*= R3-CODZ: k3

60

50

40

30

<

CODZERE/%

20
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Fig. 2 Variations of COD removal in different fermentation tanks

2.2 MRBEEXT R RCR R

FEA T e B B VA SN AR R R AGE AT
EZARbR. 250 H S E N 3 (a) s, RS
FLHTA&HE A P BAE 2 ~4 Lod ™" 250, 4%
WERERREIZTT. R bR, A EH R
BT XS AT T A RS , IR RN S |
SERIEERERE R H R IBERER] 17°C, 75K
HIEH 18 AWM ZE 4.6 L-d~', X 57 AW LS
A kT RS BT R A N AR AR
ZEAHBER R 0 RN T B = A
AP, NI S80S . AE R it
R3 7E 42°C Fl147°C 1} ,32 ~36 d #1138 ~42 d X H4
R B, H =S B ANMICAY, 76 35 d 140 d
YK 3.5 L-d " F14.4 L-d~", 5t} R3 COD 2
BRI AR AT, 1V 2 D90 3% W1 224 0 B - 8 s e
45°C I AR AR E RE W W IR, 7 A R X
AT RE S T 45°C 2 Mg TR A ) A g I A 4 A A
g™ RS HIS R, R2, R3 H A&
Iy WIREETE 2.3, 4.0, 8.5 L-d ™" 247, AT WLIRLEE 43
b5 R3 WL, R2 BEA G, RL WA B /b, 159
LB TH i A A = S B, T R e A
P N3 SR R A B 2 R AR b R
7T P2 AR . (R 3(b) i LA
R BE A Al X b R LR B A S, 4 R A
65% Ze A7 HJE CO, Mg AT i, 45 Wik J 3L,
A TETE A TRLE T AR ELA B 10 7 B R
2.3 JREEEXT VFA B30

T LT A FER R . SRR AN R AR XS
FA (W R =0. 005 g-L~', 2R =0.01 g-L~" A

M2 =0.02 mg-L™") , RUIK RS T LB E , A
MR RIS (K 4). £ 16 d FFURRE LAt 45 B
IR, TR AN IR & & 2 %) T, iX 5 Dohényos
SEUOTRIT G S ARSI (0 28 SRR B R & M R
IR LR AR R JUHE SRR , 3% vl B2 th T
SN 0 3 U Al e P B A R ) B A
VEFIZE R0 S 300%™ B8 o 1 106 32 Bl A
A N2 I 1 o3 A A1) P25 2R, TS 1 PR GE 1) 7 o
BEE B Ul EE AL, R . SRR AT R Y 75 R AT
I S A TR 4 1 3 /NI 38 B, 3R W AR
FEAL TSR RREE Y, ANRE B2 o3k A1) T T /O A
PR , I3 b A HLIR AR R, IR 3B J5 R1
R2., R3 W& RARETE0.42,0.18, 0.2 g- L™ 24,
Rl R & B8, 20 R2 fl R3 HIR & =19 2 £%;
R1, R2, R3 ZMR & REAETE0.62,0.47,0.43 g-L™"
ZeAi, Rl PR EM G ; R1, R2, R3 R & L FaE
7£0.21,0.44,0.25 g- L' /247, R2 IR & B 5H,
2979 R1 M R3 MR & 21 2 i, N IR AN RE B Hew8™
e A AT, RAESeild ™ 20 SRR H i L
R PR = e R BRI R 2R iR R
BB MU O 2 R — R AR M
{ELEVAHT AR Hh AR I
2.4 168 rRNA I FebE SR 5 R G R BRI AT
2.4.1 RESMEHTE TR S5 b

J5L i ST T 100 AT SERE T, S TR S AT
LAk BRAE JEUG G Ak 35 P b, R AT 10 4> OTUs
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