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ARAEFSHMER BREBEABAARBAKZIRAREMT
Ry PR AR TN IR ERESZBBEREAXARREDR
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BPRE AFRLBRIHALBEER ERE—FHE - ssh
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HEGELREEFRAREN B > Biwik M5 RN
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=~ G E WE KR IE BT

BESrAMPBETRARIAEATARAEROEERF2—
BUEHBAKREBEVREARANAAELZIANAEE - BEF 2 XBAH
BZEABEARBRKRELASG  FER S - RARERFARE=H
BE CRAERERZAPF  RASNTEFZIINORMRE  BARKRNE
B9 IR A -

K BIREAEZATEFERFAER  BHEREFTRE (COD)
184 250 mg/L~ A9 EAE (BOD) 184 80 mg/L- E¥#EMET > &
Mk EZ B AAEE  BOD THEEE - 22— KPS COD £ 5
RAAEAE - GHERLRBHBEREE  ZEAXTAARKRREA LA
Wi £ u R BERE - b HRAPM T ZEAAREFZHAR
ERTHATH REREARKRIN  FHFROBETRE LSRN F
HSREEARREEAKTR LG REYEEZAF - Ak ANER T
FAEAACERIEE KAEMABELETREKRTZTHE  ERAE
EEBERRE - ARAKRD  MTARK GRBELRARA -

WA RREEA T EZ AT

LEBRAMMALBERERBENMNZ—  LFBRMM L ASH
EHA R AR RARRIAAEER  RERLGHBRES 16 B
BBy HRRSYEENEE 002001 RS EXEHAKRES
MAR A ELAXBTCAHERFART/EMS &8 SR AREN
(SBR) - o d g B A& - BILMAA % - AERARA - TRAEMN
stk  AEXRAE  SERAEH KAHY -_RAZFAANE
RGHEF - BABA Y TOBAKAEAARAE  LAEREBELTS
RBP4 R



EAE 3R
ARRBBEORFIRALEFRICKE > RERARIHLE  BARHF
REEZ AR FERBRKRERAERILAEEIRRIERE - RA
REAMBK  FREBERMENBOLRNKKEER  E0 FARBDE
WK BIERFHRACHRAE  EABRKRAEDFRAEA-AAR - FIRAL
BARERAT  SHLRAECRE  CERARZOMLRRA T -
BRAREXEARAMATHEBEALZEFRFRA  FEAMMG - BaTH
REERBRKRAREZEALTTRTFREATIEEMR LW R4 LY
Tl e R > KL ebfe ~ 384k o 3 oUbLik(phynotype) 5 4 B i@
BEHR A4 ALRBERERRE - KM > KT B R K
AW RAEEEY 0001-15% 0 MRAEFIARER wEE - HRNK et
BaBems o AR (genotype) 5 A 0 B T HR @S - IRNA AR A
FINHIERRAAELGELEMEOREF & - st XBRFT X0
BAREAGZFRABBSA > THREREGHF XN L LEE 0
IATHEEBAROLER - AARBRUREREAAT FAMNOT X AR
HARBARAREALTRAEZHMA  URSFIRIALKE -

A B

MOLE12A 17 BMHELABLFRERAN IR MEANLHARK
ITRER MEVAARRABTARIA TEHTRIMERAERED A
Dr. James M. Brown %% £ #t £ 4 % Dr. Jason Shih ¥ E T & * M & #5
BAREHRFIATE oA AR ¥ T4 Dr.Jay Cheng &8 # %
XA 92455 A 18 8 £ 22 B A7/ Washington DC 4w £ B4 4
2 4% 103 Rk %F € (103" General Meeting, American Society for
Microbiology) ; # 92 % 6 A 2 8 £ 4 B it F M BT ZILAR 4 A AR R-
& £.74 1t %4 & (Turning waste into watts: The anaerobic digester summit)° &

#%oNNE6CH16BEEHRRIKA -
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—~ARARERAAKT LA

FEABARAE 1998 £ 2 2003 F4IFRE > ARRSHEHEN
RELFBRAMN - AREEURRBEGAE  ULFTERSBHAY
2002 % 76.5%%% & A% 5000 S7IA LA Z KAy - 1984 £+ M A%
EHAA2EHE 1994 FHREMNETEEE BAIRAOBEA  F
AME20BET - AHA L E R4 16200 B3 4§ M4 39800
ETVe#e > AbFH  AEBHEETRME > LR —EFTHEFHA-

HOG INVENTORY
LEADING STATES - MARCH 1996 - MARCH 2002

Millions
15
3 T
11
9
7
3
1
3/96 3197 3/98 3/99 3/00 3/01 3/02
—@—- |OWA #1 M MINNESOTA#3 EEE INDIANA#S M NEBRASKATIED AT #6

~4—NORTH CAROLINA#2 Nl ILLINOIS #4

M MISSOURI TIED AT #6

Ranking based on most current year.

Hogs and Pigs: Number of Operations &Percent of Inventory by Size
Group, North Carolina 2001-2002

199  100-499 | 500-999 [1,000-1,999 2,000-4,999 + 5,000
| Head  Head | Head | Head | Head | Head
2001 2002 2001 2002|2001 2002|2001 2002 2001 2002|2001 2002
Number of f I ;
~ 7" 1,6001,450 140] 120 100, 90| 200 190: 720 700 640 640
Operations : ' ; '
Percent of . : ,
02 02 03| 02/ 0.7 06| 29 25 209 200|750 765
Inventory _ : . : :

http://www .agr.state.nc.us




7&-525}7}([}&12 % 3% M B R ¥ (anaerobic lagoon)¥ 77 > AR1E BB R M R
BARERNEARARAMEZ A - RAE &R A 90 2 180 XA
AEEEAN  BEMAREREREN - AARTERYALE -ZHA
WAl B M BARE A R  RIBERAGEL BREAKA 2R
EHERAAEL L%k WTASFEFMA  £FRRARKRA RIS KER
EERABHR  BRTNGE RBREATHFHS -

—#R
1. BRERBELE

ARMBRERESE IR ETTETERREHERZHAZNR
EHIEME L AR EAMEKLIBRIGHT » B National Pollutant
Discharge Elimination System (NPDES) permit- 27 ta 3 4R fR7E 4 &M A
REIGRE » RIbFM AL > ERA 1950 F—EABE RBRTRS
A¥misTmeyE R - 1989 &£ Water Supply Watershed Protection Act
(House Bill 156)#,5€ 100 SAA Ley#in 4 £ IMAKBRFEEH RS > £
1994 % 7 ARTL KA RETERLAS  REBATKKFHE - 1992 F Wilful
Discharge Act(Senate Bill 386)#. % H35 B i 75 4 £ bk /K o4 48 3L B 8 3K
5,000 £ 1996 4425 £$10,000 - 1992 4 Water Quality Nondischarge
Rules 4,7 — & A8 54 L. (8 250 SH)40 35 4 AR R Bz » B4 1997
ERATLBRBBEDEENE > AN REANBSARENLARE
BEWEEG LT LI TAGEEHRGRE  ERSLARSMHENKT
#F - 1995 % Livestock Farm Setback and Buffer Rules (Senate Bill 1080)#. &
HOgoL AR B R & 1,500 RA L SEKH T 2,500 "’K.L){J: v MG
Fo B A R 100 Rt b 386 98 K 8 A R 20T 50 R4 E -Swine
waste Treatment Operator Training and Certification (Senate Bill 974) # & 3&
H R EWRIZ A SIREH LAEL 6 /NI BRAT S FRE - 1996
# Act to Implement Recommendations of the Blue Ribbon Study Commission

on Agricultural Waste (Senate Bill 1217 ) ##* B ZHE R £ E - F XK

6



A% BREMHESETREGARARE  BEIRALESR R H
&9 #, %€ (Barker,2003) °

1997 % Clean Water Responsibility and Environmentally Sound Policy
Act (House Bill 515) 1997 e £k ME RBAHK G RRRAE » 27 HE
TiBEZE 199 £3 A 2HERNEALRAEARNEZNEEZ LA GE
BTHERE 1999 £ 3 A - 1998 % Swine Integrator Registration and
Moratorium Extension Act (House Bill 1480)#%, & 3 3 3 & H AL BARE K
RERBEM  BHEBLEE 1999 F9 A - BRI RO ERARRAE
B EEALEEEORENATAG  ERREQRE L RENAR
HAGHTH  BAROBARTIMAL TN IALHNARERENT
£ § . o 1999 % The Clean Water Act (House Bill 1160) £ /& #2 % 2001
£7R #HmwBERKEREEZATESE 25000 ALRT > ERRAE
# 1k 5 F 4T A (Barker,2003) °

2001 £ B 3B451% % F(EPA) RERD KAHOH KT R EAER 3T
EEATAiB 20 F tH BLITH AR $ 7K Clean Water Act 75,7 R BHBRAR A ©
%3%%@%%&%?%@&%@&%&&%%%&%%°

JbFH B 1997 £ 2 2001 FRBEREL RS REARL B -
HARABBLBARASTRBTARGME  ENERGSFREARAEAE
EEAEFX HRRABHEARREFAAEAEMEMTERS -

2. HEARREN X

1994 £ 8 B EE B EWEE O (AKPWMO) i L7 b 3L K
2 aFELFEAMALTE > RVETRBRFAAR IR - 1997 10
Lake Wheeler Road Field Laboratory s 3L 353577 > 4536 5 ek » REFAR
ABBETRREES K 2% - ZF B ATERS BRREFA > &8
11 e Fez N 845

-« BioSystems Technology Inc. And RemTec Inc. Procedure
+ Bion Technologies Animal Waste Treatment System
Polymer-Enhanced Swine-Solid Separation

7



National Environmental Technologies Inc. Procedure

« Newman Environmental Solutions Inc. Aerobic Treatment
Mobil Tangential Flow Separator

« Swine Wastewater Dewatering/Composting Facility

« Vermicompost System

« Ekokan Inc. Animal Waste Management Treatment System

« Partial Lagoon Aeration of Swine Waste

« Rondali Inc. Animal Waste Management System

2000 4 # ¥% 7 Smithfield Foods, Inc.$ North Carolina Attorney General
TAWH FERBLFHIALE 1 F5FEATAESRATHAAR
BIEM A SGZHBE o — B BMFE T AR 0 Smithfield R EEE 4
BPEARBRTHEN - MBS ERHTHEITES

o £ %K 4 iR &K (Aerobic Upflow Biofilter)

« A% (Constructed Wetland)

« & % X R £ 7% /b4 (Covered Earthen Anaerobic Digester)
. i# &3t & K M M (Sequencing Batch Reactor)

. %% & #4148 (Thermophilic Anaerobic Digester)

% 4 A& http://www.bae.ncsu.edu/programs/extension/manure/awm.html

3. BURME

# 2002 % 12 B USEPA % & #thx & National Pollutant Discharge
Elimination System (NPDES)$ Effluent Limitation Guidelines (ELG)> ¥ % #
HEREZTAAVE FORMNERERNELERBEANETE S E-EPA
WA £ B & 332 # &9 comprehensive nutrient management plans (CNMP) ##
AFRENEL Bt AHAHNEXANHE CNMP & T £ 5 A
Mt ey X% -

BORMEREE O A RBHGLATH NPDES #77 > 34t
BHRER AVABRSERALARAREFXFLAANETE S TR
BLERSRYKMEE ) P NPDES T EAEAH T ENE -

2002 Farm Bill 2% 44 ¥4% % @480 % £ » 4 Environmental Quality
8



Incentives Program (EQIP)32 ft 5 % 75% 3 8L 8h » MAWBBY ¥ H 2R F
Ko H 45T #3484 8) Conservation Reserve Program ~ Conservation Reserve
Enhancement Program - Wetlands Reserve Program - Wildlife Habitat
Incentives Program -

% R R ¢ www.nres.usda.gov/programs/afo/CAFO_AsstAvail.html

= RAAZSER |

BN RAETET A4 B A(biogas) ¥ FRTHELAER B RS
FRFTHBEVREALT  XEBRIHER  HAAHELBEDARR
g7 H > 20002002 £ ARARET SRR REA L0 30%
EABRABAHBCRELALTAH IS BHERBRAETRAR % 40 @
% 4 & % % 12 » AgSTAR Digest, EPA-430-F-02-028 i #F & %
(www.epa.gov/agstar) » 2003 4 6 A 2 £ 4 B2 3bF M BRITILBES A L R-
& .54 15 % % 4 (Turning waste into watts: The anaerobic digester summit) > 3%
4 3#8 2 2 (USDA) - 4R 2R (US. Dept. of Energy) - 2 4% Z(USEPA) K 3%
¥ 5 2 (Water environ- ment federation) E#8 > w5 AR B A B2 EAMHHY
BEDRAARAL  RAERFRBHAUAEMESAMARL > AnE S
A RERAELASHAF A BHREAEEFMS 0 i 5 Bahram Farm
HAERARAICIEAEERFIA -

100 ~
e B Planned
% 80 - Start-Up/Under Construction
2 B Operating
3 60
€
& 40
2
[
<§ 20
1970-1980 1981-1990 19912000 2002
Year

% # R &: AgSTAR Digest, EPA-430-F-02-028



BREPAERANCHEREEXRAES %% R4 X (mixing) -
E AR X (plug flow) ~ 345 £ & K (contact growth) %3t - & A &y 4L R
B 8] 4 & % % (ambient) ~ P % (mesophilic, 35°C)# % & (Thermophilic, 50
T)- a2 RARAR XBEHMAEEXRAFILE R AHRBMM(pilot
scale) R AT HRBE LR S  EREEFFEFT ES MM LBAE
BAE - HOBRBRELARARERE  FHRAKEETRSHERY >
P RMAKREAREEE - FHRARRREF AR HREHERE PP
HLAEBRRABINESEERS B ZYREREREIERIEER
EREHRE LS AR B EAS R Carl Nelson 36 4 R > A3 2
HWHT BABAREZABELRARL  EARMTR 2 E/AER
B RRGAGEEAN -

EEHEBARRRRERALRBANUERE AAABRAEESK
%o AN AAAHA « FHAK RS RSB AETR 25 R
M BEEMK RPAANSBENXKRERLEN NG > &EBATD
FHREAERBABEZEP, - THBERBRAFBEERLRAAM  2£H
BRABEERUEERTRK REMERIIERA  MAEHRANTH -

UTFNBLFMAE 1997 F#EE258RAXRAECATETH
#2003 FREZHZBRAACHBELASL AR EHARAKSEEL
WBREREAREAKEFESMRE  IBRABKELSEE -

1. BEXRAHILE

AL g — R A B 0 14 4000 SEREEE 0 A 1997 FRALBREAR
7%ﬂ&ﬁ%m%%%wﬁﬁ@yﬁ%ﬁ$kﬁﬁm%%ﬁ’ﬁa%%ﬁ
RERX#ES  BERATANGELRE  SEUBERAKAAEAFTFR
Eb— ki ARERBRPR o P REBARANRAGLE - REEAH
fCEYERBBAR  REEARFE  HEIBKARTAES St
BEBEEBAEASERN - RAHCEIEM 24500 m* » FAE 6 K K
LBAIT RBURSEERCHBALE  ANFEHREHIS0K - AE£ 273
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AAFIRT1% > —RAb# 29% » B EH58 A4 FTH 560-990 kW-hr -
BEZHHE AREABRK BAKARMESRE AAZA4fbs > AR
BE o WA KB AK COD & 17247 mg/L ~ Bk &4 167 &k A 1102 mg/L
%773 & 637 mg/L (Cheng et al., 2001) -

BAGRENEHRT  2REZREK COD EREFEEZ IR
KAZE > B4 KNS GEERI 4 450-500 X P P E R A LMEK 0 RBKE
ERUEMT  ERAEEANEGE -2 HAEHAABRER(FRE_R
1e5)  HERBARTFABAFAZETEAREE -

Tomato Greenhouse 11

' |

[—

Hot Water

Exhaust Gas (Carbon Dioxide)

= Jk &4 1t A% (Thermophilic Anaerobic Digester)#§ 50 Cuh Lz K1k
*'g' ’ ﬁ;i.li$‘§iq’/m&%‘4m%y" E]thﬁﬁr#:/)é’fto%?id ﬁ)ﬁig‘&% 12
RAEZEERE  AThALZSBRBAEREL  REKERIR -

11



|

FEREDE  ALATERRKSFMREENS - SERAFHCHEE
LBBHREZBAK  BEEEB(VS)E 2%4 &4 > B bk X (flush)3 &
LEERASNARNELS FTHAAKAL HRATRALTARF X
BE GBI REREEL SRNCHEAESHEM]D  RERS -

7t Smith field ;=83 E P » &7 2000 F A+ 5 SR A H LT85
ERAPRAFMEEES 2003 FTFEERIU—THETALFH
Rocky mount b & USDA 53 » MBHSEGSBRAALRE - ERE
4 & % (integrated farm)# B (W TH) ACBABTTERFE—FIBE X
#% -

(Shih et al.,1999)

WM RAREZIMAEY
BRRE
BAAVMAEAARAMAY Bh— LB EFRMEAFHERZA
BRI S T —EALR LAY - BE H A =R & » B KM (hydrolysis) ~
8% 1t (acidogenesis) & F k% t.(methanogenesis) o K A 1E A 4§ 48 3 A M ih 4o 5
Kibb¥ - BQH B RGeS FRICREANL - BE
zﬁ%%°$ﬁﬁﬁ%%§ﬁﬁ%ﬁ%%ﬁ%$ﬁ@Lﬁ‘ﬁﬁ‘T&%’
HIRAR =R - AL Tﬁﬁééﬂbﬁ%ﬁ%‘%%&&ﬁﬂﬁ&

AR FRALERA B LR A AR —AILE LS Fos — R b
12



Organic Substrate (Polymers)

1. Hydrolytic
OrganiC Acids

Alcohols

v N

Acetate < H;, + CO;

2. Acetogenic l l

3. Methanogenic CHs; + CO; CHs; + HO

2. WA SHREES R

AW ELRER BAME B - K A& -TAHRFELLY
SHM TARRYTHABRETR - flo - HAEMEAROGBRBERETH
SCZE 118C ' pH A 0 £ 11 R A MAEMTHE - SLBHRBEM
AL REBHARELEFTARRGBEMEMAT  SEHERGEARR
MAEHTRARANLTE  REEZXLEA -

Bt s BRAKAMERYUE - £AFTARECHEUZR> B
RTBRYFAEMBHiES 2 DNAERNA FPI oA S BT
Ao mAMa R ECRERBER BB E T (small subunit > £ .
B EZRAY) BRIESEL Y6 RNA A7 RMEE > SRR E
SR FERCHAI BRI R - MR TH T X - £ 5 A Archaea »
Bacteria & Eucarya =3 S 4 ARGEHR - RAA DR -HBK >
MR- RERRH AR AABRRE -

13



Bactleria Archaea Eucarya

Animals
Green Entsmosbee  Siime

molds
e Euryarchaeota

Methanosarcina

Cren- -
archaeota  “ethano

Thermoproteus M

Halophiles

Flagellates

Trichomonads

Microsporidia

FIGURE 1 A phylogenetic tree based on evaluation of 16S rRNA sequences. The three major
lineages of life (Archaea, Bacteria, and Eucarya) are shown. T. celer, Thermococeus celer. Reprinted
from The FASEB Joumal (56) with permission.

3. FHRHA

EZBAGOS R EFHRA - FHAREREFB Archaca > Hiaf
ZAREARM (peptidoglycan) ms > £ALHET BREBFRF - T2
BARHRRAE  AARTROBEF T RIF i'JiF{ﬁﬁ?%’abE% £ BRR
PHENBESMZHEE - kg8 - PhEREEBREIRAERT -
EBRARERARRBEEY T 8L Fiil - BILrBLF AT A
Mrthanpbacteriales ~ Methanococcales + Methanosarcinales  Methanpyrales
& Methanomicrobialese ¥ %t 8 X 4& % % R /& 4 & hydrogenotroph( &1t & &
BR P IAE R F ﬁﬁ) » formatotroph( #.1t formate) ~ methylotroph(#] &
methyl compound) & acetotroph(#] B84 A £ Fit) R dLAH-A
LB BRAFREBDARK  HHEEIRATFTRABAERS
hydrogenotroph #& #§ % # acetotroph  (Garcia et al., 2000) - £ & KR E % %
P REBMAERLH RS RBAY TRAEAAGRE - —RTAR
KERIE A% P » UL Methanosarcina B A X EFLH » A XN BB AKRENE
L% ¥ > 95% # Archaea $L Methanosarcina barkeri ~ Methanosarcina frisius
% Methanobacterium formicicum #8432(Godon et al., 1997) - £ B 1K ~ F ~

14



EEBBRAAMREE Y > X EB&FIRE A Methanosacta B & 8 4
(Mchugh et al., 2003) -

B SmiRMAEHMEER 103 EFERE

LRAMAMEE R B EFTRAEASN T ADEHMANE - BR
HAFERBMH - LAEMEDSE - P TFTRAEDERLEERFEL=KRE -
BAREXHHE 268 - GHH2003E5F18HE R BHBFTEKR
LA S e RERET  c AAAEAMIBREMEYAEM T @
3184 F

1. 2R%RH g%(Metagenomics)

#t% & & metagenomics AP KL B R ik LR R ERSD
A% F DNA £8 - iE7 R & % R AR B (metagenomic library) # &g
BALEHRENMREFRASEE

BHRE—AMMARRAE  SRARNBETHRABES S HLY
ZHRHE - HEF ERBBREMACGe LR - RBER - 3584 &)4) DNA
HERER BEERAE S RM AN DNA 4 2§ (vector) L » K1k #8
BN E.coli- B ##ANSRARERGEBRARN T EARE
B AFT SN HEFATHABEAARSETERANOK
o EARTEARELEGY  ARRARBRZTOANEHK - FIE
M RAE EHERHMBRLERARREZETRARBRGFF 547
(Schloss and Handelsman, 2003) * $X b H ik — st R e 32 a9 A R R & T
UAER - XA AREEZRA > ALEL -2 ARIZZRARE
BA G THAREEHTEAEAK LY RARIIHASBERAR
MAETERRGRAIH -

BAARA S RAR MG ELSBEA chitinase ~ 4-hydroxy butyrate
sehydrogenase - lipase/esterase ~ protease ~amylase ~ oxygenase  DNase ~ xylanase
% polyketide synthase (Lorenz et al., 2003) ; #4i 4 ¥4 turbomycin A £
B(Gillespie et al;, 2002) -

15



R Touns

(Schloss and Handelsman, 2003)

W SRAEBEL—FTRAN LKA KON B AT HAé
ETUARMBENAESRGARELOTE LML FRSFMNE -
MENHSOAREHYSRARAR  SRERARLY - KRBT RH
EFR @A BTRIAEMEARA - KB - £ HHER
P sk (enrich) B AP R R Y > TORHEAH BRERORE >
RHABRTAOEAARLL -
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2. 323 k324 (uncultured) sk & 4 2 R % 8 HHF

BE P TInhRAENRIE 1% Fesnkoh e MaskBE 16
TR LEAME B - B T A metagenomics 89 7 ik H R e sn A
BMAEMGAREARBANS > AL RSBEREE S EREEOME
MR- RO F ik -

1 A & & % (encapsulation) A ¥ 2 — 3 B4 MKk R LB
ZRAE M EHIEE — TREREF B (agrose , 40C)R4A - AMME R
B FRR 0 #% GMD (gel microdroplet) » K# 4 10% #3 GMD ¥R 4 &
— Bt o F-REEEBAENETRE  RRFLARNE@EHE TR 24
AR ABHBRBR > B KMAEMRRBAGEAEE - F_BHRIE
RMEREATEKIEALIER ik A RSBk FL,H
(phylogenetic analysis) 3R, — 4 Z AT & A 35 % 2 # B # (Zengler et al,
2002)° fILREGHRE T HAAXKEGMD R BR LS BBENE
EREAETEFR L AT ABERART R RS HF @B wib
fRRE— GMD vap 4t KiBE > M5 %2 H4¢ GMD &R > R AT 2]
a4tk GMD -

Sample Phese | Phase 1
preparation {Growth Column) (Microtiter Plate)
Sample
‘ Free Coms
washed out
Purified Cefte e |
ot Cetls into GMDs
=
Low-organc Qegenic-rich
medium medum

(Zengler et al., 2002)

3. BB PM A F RN

TAEBARAFRRARMANMEEANBHZ B R F2Z— - MK
AHR BRI AEARCEREEWIAR  ER LRI T A LR
AEAFARSLANE - NARAG > B CELARAHFMILE
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F o BHEANERGARECRARAEZIVE ARETSERENS
BEARS AR A F A LR LR KR AR R
X ER T X bl

ik 88% LEAHFERANAFRREAGLR BRI TH 6R
SRERBERER  REFIRAEFT RAFREARRENBERAZIHK
Ko ERREBRLN  c BRBREREAEESHEKZ BB IR FHEN
(% bacitracin ~ chlortetracycline - tetracycline ~ tylosin)¥f R £ & B # > &
AR AZ LIRS - LBRARBRELFEBEALR - AKA —RE
HIGHEA KRS L3R 0 & 90 R ERE LIBMA MR BN M—F N
FHE ARG BB LD E AR FRER S A o(Maxwell
etal.,2003) > % — & % R M K (tetracycline) A H e S R E R A
ABEA A BEBRAKGEEFMERBMAR  AEARBEELARE
B 3 & % ¥ & i& (Rodriguez-Minguela et al., 2003) - £A real-time PCR R3X4%
PR EARLRARGAARTHEARL Y AAH /- AALR
BaSARwog®ELAR  BEowARZEA  EREAREFZARR
3% (organic farm) # & » B FAR TAEA KRRk F S RHK
&2+ 42— % F 4 2 —(Mehboob, et al., 2003) - dIEERER - £H
SERARAE  SHRAAKEEHBIRMEDR B PAMYE -

_i o RAAESBEVREFXALREZHAZIRAELE @ L
AFEBARRELLTAALKBRLEBYREAL AL R I BHL
f7 0 RFEARTAY » RFEATE T R YRR S i R A
Aof HRAHKEHZEERA -
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RAGEBLERA ERAANEH LABCEE Sk R TAS
£ 60 B > B b EAEITR SRR IE 5 R, - 2006 2 £ BB R SAF 9 B3k 2
BAERRSHAT - BN CF A FANMABASKRES X HHE -
RHARIRAEL - Bk SAMMBEZFHEEG AL RRSRE
& £ BB R ST HAT H TR 2o 38 SR -

HARAAERA B AL LRSRALERE MR AFEA
BAEA R EAXRAMEA—SAMISAN TRE - £ FRIBETH A
LRBEAFE  whrieh ACAELLTAAHFRAES  £E
BRTF F UL

EREMAMGTARL  3AAARETRAN NS E LHME - &
BT 2 B 9N PTG R ARH - A8 HF IR A AR B MR REAR Rk 0 2L
WESRE  RANSENSECLOMETT DOAE > HERS 2T
TS BB 5T 65 AR, -

19



18~ A8 B PSR

Mokl . %4 B

Cheng, J., and B. Liu. 2002. Swine wastewater treatment in anaerobic digesters
with floating medium. Trans ASAE.45(3): 799-805.

Cheng, J., M. M. Peet, D. H. Willits, and J. Pace. 2001. Integrated farming for
sustainable agriculture. Proceedings of the international conference for
agricultural science and technology, Nov. 7-9,2001, Beijing, China.

Ficker, M., K. Krastel, S. Orlicky, and E. Edwards. 1999. Molecular
characterization of a toluene-degrading methanogenic consortium. Appl.
Environ. Microbiol. 65(12): 5576-5585.

Garcia, J., B. K. C. Patel, and B. Ollivier. 2000. Taxonomic, phylogenetic, and
ecological diversity of methanogenetic Archaea. Anaerobe, 6: 205-226.

Gillespie, D. E., S. F. Brady, A. D. Bettermann, N. P. Cianciotto, M. R. Liles,
M. R. Rondon, J. Clardy, R. M. Goodman, and J. Handlesman.2002.
Isolation of antibiotics turbomycin A and B from metagenomic library
of soil microbial DNA. Appl. Environ. Microbiol. 68:4301-4306.

Godon, J., E. Zumstein, P. Dabert, F., Habouzit, and R. Moletta. 1997.
Molecular microbial diversity of an anaerobic digester as determined by
small-subunit IDNA sequence analysis. Appl. Environ. Microbiol. 63:
2802-2813.

Harris, J. K., E. S. Haas, D. Willams, D. N. Frank, and J. W. Brown. 2001. New
insight into RNase P RNA structure from comparative analysis of the
archaeal RNA. RNA 7: 220-232.

James C. Barker.2003. Water Quality and Waste Management Rules for
Livestock Farms in North Carolina. North Carolina State University.

Lorenz, P. K. Liebeton, F. Niehaus, and J. Eck. Screening for novel enzymes
for biocatalytic processes: accessing the metagenome as a novel
functional sequence space. Current Opinion in Biotechnology.
13:572-577.

Maxwell, S., J. C. Chee-Sanford, and G.K..Sims. 2003. A comparison of
antibiotics resistance patterns in swine effluent manured and
non-manured soils. Abstract A-041, 103th ASM general meeting,
Washington DC, USA.

McHugh, S., M. Carton, T. Mahony, and V. O’flahery. Methanogenic
population structure in a variety of anaerobic bioreactors. FEMS
Microbiology Letters 219: 297-304.

Mehboob, A., S. A. Kocherginskaya, R. I. Aminov, and R. I. Mackie. 2003.
20



Quantification of tetracycline resistance genes using real-time PCR on
pig farms with and without antibiotic use. Abstract A-043, 103th ASM
general meeting, Washington DC, USA.

Nercessian, D., M. Upton, D. Lloyd, and C. Edwards. 1999. Phylogenetic
analysis of peat bog methanogen populations. FEMS Microbiology
Letters 173: 425-429.

Parker, J. 2002.Turning manure into gold-The potential of methane-producing
bacteria to mmet future energy needs. EMBO reports 3(12):1114-1116.

Plumb, J. J., J. Bell, and D. C. Stuckey. 2001. Microbial populations associated
with treatment of an industrial dye effluent in an anaerobic baffled
reactor. Appl. Environ. Microbiol. 67: 3226-3235.

Rodon, M. R,, S. J. Raffel, R. M. Goodman, and J. Handelsman. 1999. Toward
functional genomics in bateria; Analysis of gene expression in
Escherichia coli from a bacterial artificial chromosome library of
Bacillus cereus. Proc. Natl. Acad. Sci. USA 96:6451-6455.

Rodriguez-Minguela, C. M., J. M. Tiedje, and L. M. Jacobs.2003. Detection of
novel tetracycline resistance gene sequences in soil treated with swine
manure. Abstract A-042, 103th ASM general meeting, Washington DC,
USA.

Rondon, M. R,, P. R. August, A. D. Bettermann, S. F. Brady, T. H. Grossman,
M. R. Liles, K. A. Loiacono, B. A. Lynch, I. A. MacNeil, C. Minor, C. L.
Tiong, M. Gilman, M. S. Osburne, J. Clardy, J. Handelsman, and R. M.
Goodman. 2000. Cloning the soil metagenome: a strategy for accessing
the genetic and functional diversity of uncultured microorganisms. Appl.
Environ. Microbiol. 66(6): 2541-2547.

Schloss, P. D. and J. Handelsmen. 2003. Biotechnologicaal prospects from
metagenomics. Current Opinion in Biotechnology. 14: 1-8.

Sekiguchi, Y., Y. Kamagata, K. Syutsubo, A. Ohashi, H. Harada, and K.
Nakamura. 1998. Phylogenetic diversity of mesophilic and thermophilic
granular sludges determined by 16S rRNA gene analysis. Microbiology.
144: 2655-2665.

Solera, R., L. 1. Romero, and D. Sales. Determination of the microbial
population in thermophilic anaerobic reactor: comparative analysis by
different counting methods. Anaerobe 7: 79-86.

USEPA. 2003. AgSTAR digest. EPA-430-F-02-028.

Williams, D., E. S. Hass and J. W. Brown. 2001. Surprising archaeal diversity
in a municipal wastewater sludge. (unpublished manuscript) -

Wu, J., W. Liu, L. Tseng, and S. Cheng. 2001. Characterization of microbial
consortia in a terephthalate-degrading anaerobic granular sludge system.
Microbiology 147: 373-382.

21



Wu, J., W. Liu, L. Tseng, and S. Cheng. 2001.Characterization of the microbial
consortia in a terephalate-degrading anaerobic granular sludge system.
Microbiology, 147: 373-382.

Zengler, K., G. Toledo, M. Rappe, J. Elkins, E. J. Mathur, J. M. Short, and M.
Keller. 2002. Cultivating the uncultured. PNAS 99: 15681-15686.

22



M2 . HEARFERRARFFRAZSTFEHAERXIRB

Methanogenic Population Associated With Treatment of Swine
Wastewater in Anaerobic Digesters
M. P. Cheng’, J. M. Brown® , I. J. Shih®

1. Material and Methods
1.1. Source of anaerobic sludge

Anaerobic sludges from swine wastewater plant of Taiwan Livestock
Research Institute (T) and North Carolina State University(A) was collected for
DNA extraction. The former was a plug flow- red mud plastic covered plant
operated under ambient temperature; the latter was an pilot scale mesophillic
(35°C) upflow énaerobic bioreactor(UASB) with filters for contact growth. The

COD removal efficiencies were similar in these two reactors.

A* T
HRT (day) 10 10
Influent COD(mg/L) 1925 1389
- Effluent COD(mg/L) 661 480

* data from Cheng and Liu, 2002.

1.2. Sludge DNA extraction and purification

Sludge DNA was extracted by using a modified protocol developed by
Harris et al. (2001). Sludge samples were initially crushed using pestle and
mortar grinding with dry ice, treating them with lysozyme (10mg/ml) for 5 min
at 37°C, aliquots were added to sterile centrifuge tubes along with 3 ml of
extraction buffer (30% 4-aminosalicyclate, 5% SDS, and incubating for 10 min
at 70°C. Following repeated extraction with STE saturated phenol,
phenol-chloroform, and chloroform, DNA was precipitated using 0.1 volumes
of 3M sodium acetate and equal volume of isopropanol. The crudely extracted
nucleic acids were pelleted by centrifugation at 10000xg for 10 min. Extracted
DNA was dissolved in STE (pH=8) buffer, and purified by CsCl gradient

centrifugation.

23



1.3. Generation of 16S rDNA clone library

Archaeal-specific 16S rDNA was amplified by performing polymerase
chain reaction (PCR) in a thermocycler (Perkin-Elmer) with forward primer
8FAPL  (5-GGCTGCAGTCTAGATCCGGTTGATCCTGCCGG-3")  and
reverse primer 1492RPL (5'-GGCTCGAGCGGCCGCCCGGGTTACCTTG
TTACGACTT-3'), and reaction mixtures (50 #l) contained reaction buffer, 200
H#M dNTP, 100 ng of each primer, 10ng template DNA and 0.5 U Taq DNA
polymerase. Reactions were incubated for an initial 2min at 94°C and amplified
for 30 cycles at 92°C for 1.5 min, 55°C for 1.5 min and 72°C for 0.5 min,
followed by 7 min of extension at 72°C. PCR products were ligated into the TA
cloning vector (pST-Blue) and by using- a TA cloning kit (No&agen) and then
transformed to the competent Escherichia coli cells provided by following the

manufacturer's instructions.

1.4. Amplified IDNA Restriction Analysis

Clones from each library were screened to determine whether they
contained the insert of appropriate size by colony PCR with T7 and SP6
primers. PCR products obtained from the insert-containing clones from each
sludge sample were digested with the restriction endonuclease Haelll and Rsal.
The resulting DNA fragments were resolved by electrophoresis on 2% agarose.
Banding patterns were compared by visualization and grouped into operational

taxonomic units (OTUs).

1.5. Sequence analysis

Representative from different OTUs were sequenced. Plasmid DNA was
prepared from overnight cultures of positive transformants using an alkaline
miniprep kit (Qiagen). Automate DNA sequencing was performed with an ABI
model 377 sequencer (Applied Biosystems) with T7 and Sp6 primers. Each
sequence was used to search NCBI/GeneBank database for most similar
sequence; these sequence were aligned by pileup program of GCG server.

Phylogenetic analysis was performed using Phylip.

2. Results and Disscusion
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1000 bp

Fig. 1. Amplified IDNA Restriction Analysis

Of 51 and 64 clones were obtained from sludge A and T, 15 and 14
different OTUs were identified by ARDRA. The initial 500 bases of 16S rRNA
gene of OTU A2 (5/51) were identical to those of Methanococcus vannieli;
those of OTU A3 (5/51) was similar to those of Methanobacterium formicicum
(98% identity); those of OTU A4 (10/51) was similar to Methanococcus
vannielii (96%). Thel6S rRNA gene of other OTUs from sludge A were
related to those from a wastewater sludge of Cary South Municipal Treatment
Plant (Williams et al., 2001) with 98-99% of identity. OTU A8 (1/51), A9 (6/51)
and Al4 (1/51); A6 (1/51) and A13 (1/51); A7 (8/51), A10 (1/51), A12 (2/51)
and Al5 (2/51); A1l (2/51); Al (5/51) and A2 (1/51) were similar to
uncultured archaeon 39-2, 44A-1, 69-1, 62-2, and 72-1, respectively.
Uncultured archaeon 39-2, 44A-1 and 69-1 were related to a large group of
euryarchaea for which no cultivated species have been identified, anrd no
phenotypic data are available; it was as methanogenic microbes with

phylogenetic analysis (Williams ez al., 2001).

Table 1. Operational Taxonomy Units (OUTs) from anaerobic sludges and their

most closed sequences aligned from Genbank database
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OTU

Frequency

Most closed sequence

Most closed strain

Name and Source

Identities

Name

Identities

TO1

16/64

Uncultured
archaeon TA02
/terephthalate-deg
rading anaerobic
granular sludge
system

Uncultured
archaeon ASDS8
/ anaerobic
bioreactors

545/556
(98%)

436/439
(99%)

Methanoculleus
chikugoensis

433/484
(89%)

T02

16/64

Uncultured
archaeon clone
LH-02
/northern
peatland

525/558
(94%)

Methanosaeta
concilii

508/555
(91%)

TO3

13/64

Uncultured
archaeon 61-2
/municipal
wastewater sludge

539/550
(98%)

Methanosaeta
concilii

525/545
(96%)

TO4

4/64

Uncultured
archaeon 39-2
/municipal
wastewater sludge

527/543
(97%)

Methanococcus
maripaludis

183/206
(88%)
32/33
(96%)
30/33
(90%)

TO5

4/64

Uncultured
archaeon 57-1
/municipal
wastewater sludge

Uncultured
euryarchaeote
VALA7/ surface
water of
freshwater Finnish
forest lake

527/552
(95%)

i

527/552
(95%)

TO6

3/64

Uncultured

430/439

Methanospirillum

540/554
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archaeon isolate (97%) | hungatei (97%)
MUAHR
/ methanogenic
upflow anaerobic
hybrid reactor

TO7 1/64 Uncultured 421/433 | Methanospirillum | 522/545
archaeon isolate | (97%) | hungatei (95%)
MUAHR 12

- / methanogenic

upflow anaerobic
hybrid reactor

TO8 1/64 Uncultured 535/555 | Methanosaeta 349/351
archaeon TAO3 (96%) | concilii (99%)
/terephthalate-deg '
rading anaerobic 53/57
granular sludge (92%)
system

T09 1/64 Uncultured 444/475 | Methanosaeta 431/472
archaeon clone (93%) | concilii (91%)
LH-02

/northern

peatland

T10 1/64 Uncultured 528/555 | Methanoculleus | 337/370
archaeon 57-1 (95%) | bourgensis (91%)
/municipal 119/136
wastewater sludge 87%)

Ti1 1/64 Uncultured 472/489 | Methanocorpus- | 534/559
archaeon clone (96%) | culum (95%)
LK2 labreanum
/ landfill site

T12 1/64 Uncultured 545/576
archaeon 57-1 (94%)
/municipal
wastewater sludge

T13 1/64 Uncultured 534/551 | Methanosaeta 373/382
archaeon TAO3 (96%) | concilii (97%)
/terephthalate-deg 54/57
rading anaerobic (94%)
granular sludge
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system
T14 1/64 Acholeplasma 520/552
vituli (94%)
Al 5/51 Uncultured 491/491
archaeon 72-1 (100%)
16S ribosomal
RNA gene
A2 5/51 Methanococcus | 887/895
vannielii (99%)
A3 5/51 Uncultured 391/403 Methanobacterium | 478/485
archaeon (97%) {formicicum (98%),
Expanded ' Methanobacterium | 456/472
Granular subterraneum (96%),
Sludge Bed
(EGSB) reactors
treating oleic acid
A4 10/51 Methanococcus
vannielii
AS 1/51 Uncultured 490/491
archaeon 72-1 (99%)
16S ribosomal
RNA gene
A6 1/51 Uncultured - 488/491 | Methanococcus | 244/279
archaeon 44A-1 (99%) | maripaludis (87%)
A7 8/51 Uncultured 490/491 | Methanococcus | 242/279
archaeon 69-1 (99%) | maripaludis (86%)
A8 1/51 Uncultured 483/491
archaeon 39-2 (98%)
A9 6/51 AF424769 488/493
Uncultured (98%)
archaeon 39-2 |
A10 | 1/51 Uncultured 490/491
archaeon 69-1 (99%)
All | 2/51 Uncultured 483/492
archaeon 62-2 (98%)
Al2 | 2/51 Uncultured 489/491
archaeon 69-1 (99%)
Al3 1/51 Uncultured 489/491
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archaeon 44A-1 (99%)

Al4 | 1/51 Uncultured 488/490
archaeon 39-2 (99%)
Al5 | 2/51 Uncultured 487/491

archaeon 69-1 (99%)

The major OTUs of sludge T were OTU TO01 (16/64), T02 (16/64) and
T03 (13/64). OTU TO1 was 98% identical to an uncultured archaeon TA02
from a terephthalate-degrading anaerobic granular sludge system and 89%
identical to Methanoculleus chikugoensis. OTU TO02 was 94% identical to an
uncultured archaecon LH-02 from a northern peatland with and 91% identical to
Methanosaeta concilii. OTU T03 was 98% identical to an uncultured archaeon
61-2 from municipal wastewater sludge with and 96% identical to
Methanosaeta concilii (Table 1).

The methanogenic population structures of two sludges from different
anaerobic digesters were different. In sludge A, 45% of clones were closed to a
group of uncultured methanogenic microbes, 29% of clones were closed to
Methanococcus vannielii which uses both hydrogen and formate as electron
donors (Garcia et al., 2000), 10% of clones were related to Methanobacterium
formicicum which can use formate, 16% of clones were related to a
little-known group of environmental crenarchaeal sequences. In sludge T, 45%
of clones were closed to Methanosaeta concilii which is obligate acetotrophic,
and 25% of clones were related to Methanoculleus chikugoensis, which uses
formate as eletron donors.

The results of phylogenetic analysis showed clones from sludge T were
belong to the orders methanobacteriales, methanomicrobiales and methano-
sarcinales, excépt for OUT TO04; w};ile those from sludge A belong to order

methanococcales (Fig.2).
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Escherichia coli

Methanocorousculum labreanum
T11(1/64)
Methanocorousculum parvum
57-1
T05(4/64)
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E T06(3/64)
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L
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TO9 (1/64)
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Methanobacterium formicicm
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T04(4/64)
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39-2
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1

Order 3 Methanomicrobiales

Order 4 Methanosarcinales

Order 1 Methanobacteriales

 e—

A05(1/51)
—-[ 721

A01(5/51)
_,[ A11(2/51)

62-2

Methanococcus maripaludis
Methanococcus voltae
Methanococcus vannielii
A02(5/51)
A04(10/51)
Methanothermococcus okinawensis
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0.1

Fig. 2. Phylogenetic tree of partial SSU rDNA sequences from OTUs studied and

sequences from identified archaea in the databases.
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