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$EVWUDFW

&HOOXORVH DFFRXQWV IRU DSSUR[LPGBWHDYERDO | KRIZ K KRW RAX
HFRORJ\ Rl LWV GHJUDGDWLRQ LQ OQRHWVWRR®LIKRHUHROW
DFWLQREDFWHULDD GQWLHR®DO X O R VIR &/H. BB HHY WALl WCHQHG Y KB V S L W
DEXQGDQFH LQ VRLO DQG NQRZQ FHOMX®RYVHW&HHY U IBGID W HRX
DEXQGDQFH RI WKH DFWLQREDFWH UEBOORRERK\LGUHR RIBUR QB
GHWHUPLQHG LQ VRLOV IURP WKUHHLGDLUBE)G3SDY ® XFUHRDRIR (
OLEUDULHV ZLWK JHQH VSHFLILF SVULWN D\D G) DE ¥XREB Q BHVRIQJ +
EDFWHULD DQG IXQJL ZHUH DOVR DWKHVQYXBO BRWLREH @ H WX QF
FORQHV UHYHDOHG VLJQLILFDQW QHZ JBIQHHU VR QG MIQ D DWALQR
WUDQVODWHG SURWHLQ VHTXHQFHV VISRZHG QWK D WQ FVMKLHRGH
FHOORELRK\GURODVHV 6RLO & 1 UDWGR I2DHU WRK H +S U ERP B X & QV
FRPSRVLWLRQ DFURVV VLWHV DQG WDQ@GE HX RH W XE M WRI@WWHU DX
WKHLU HFRORJ\ )XUWKHUPRUH PLGGLBWHGJKE P IDF5R VSMHEMFURL
ZDV GLVWLQFWO\ PRUH LPSRUWD QW FIARH tH_ D @ LDYQHA VX @) DVOK B Q
7KLV VXJJHVWV D OLQN EHWZHHQ DFWLGRREDRWHBDQDP FEBUER
G\QDPLFV DQG KLJKOLJKWV WKH SR WIHD WQDWKIHP S/RIWW Bl @ AHJ LR

F\FOH
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,QWURGXFWLRQ
&HOOXODVHV DUH UHVSRQVLEOH IR WRKHX BEOHU NGB WQ R QWRIDRY
ZKLFK FRPSULVHV DSSUR[LPDWHO\ KIR®M RDWKK ELRCHRIQRDOU!
FODVVLILHG DV JO\FRV\O K\GURODWHW YK DWMR WDWK H W KK IR
ERQGV LQ ROLJR DQG SRO\VDFFKDUWIHYHWK D ®GU B UBH FUWR XWKHHE
IROGLQJ VWUXFWXUH OHWDJHQRP LIFU IVRAKY/G LFHO GODOYRIV HE K|
HQYLURQPHQWY VXFK DV WKH ERYLQH QWPHK®JIXV JUODEBHIQW F
FRPSRVW HDUWKZRUP FDVWWHVW WRHOPLWH JXAM HVHDQ\G
KDYH UHYHDOHG D ULFK QHZ *+ JHQ®H LGL ¥ K O WDW\HG RAV. FAUKKRW I D
+RZHYHU OLWWOH LV NQRZQ DERXMQWKHRQRE B \RY *D-QIH QHW IH
WKH\ HQFRGH

*O\FRVLGH K\GURODVHV DUH D ODUJHZRDQ® NWRPHOH{ JUR’
IDPLOLHV VKRZLQJ PXOWLSOH VXE\OWIHWHH W SHIGYIHEULWDY D O3
GRFXPHQWHG IRU PDQ\ *+ IDPLOLHV OH VXEWWSIDHVHI Q/FSHH FRUI
ZLWKLQ WKH VDPH *+ IDPLO\ KDV SUHFOWRRDY WKW IGH BIHIN
LQYHVWLIJDWLRQ RI WKHLU HQYLUR QPGRMLIRD DURMHFKBERBWI
EDFWHULDO JO\FRVLGH K\GURODVH IQPLIORZQ WYWR WHQ]I AWV FKD
DQG LQ PRVW EDFWHULD WKDW FDUD\WLRHOH JHEORPLF WRISY ¢
2Q0\ LQ LQVHFWV KDYH WKH FKDUDF\WQRW. WRGW B U JHW \PHY CBH
WKHVH RUJDQLVPV *+ HQJ\PHV DUH FKLWLQDVHYV

,Q FRQYHQWLRQDO V\VWHPV IRU FHOWXPRWWM OROI XYV L RQW
FHOORELRK\GURODVHV DOVR NQRZY RV RFHAOXXPYANVBIWH NQF
K\GURO\VH WKH HQGV RI WKH FHOO QR $H RGOOAL®D D QCXWRV B |

FHOORELRVH DV HQG SURGXFWYV POWKRXIK WXHRLEA V
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FHOORELRK\GURODVHV DUH LPSRUW D @WORRFOSFRI) MQ W W \R/IW\M R M
DUH SDUW RI DFWLQJ LQ V\QHUJ\ ZIRVK FRWHKWK I H DRIV
GHSRO\PHULVDWLRQ RI FHOOXORVH EDKH B HDBO® URQ RRAHW KDW
VKRZQ WR VLJQLILFDQWO\ LPSDLU FHGEXOREULRIKRGLRWDWLHM
SUHYDOHQW DPRQJVW *UDP SRVLWLWYR IRX®DEXOQVIHQBHUREGH U

RUGHU 1HRFDOOLPDVWLJDOHV D VWBHOQDQRKPEBHUQREHWW B LAH

(YROXWLRQDU\ DQDO\VLV RI *+ VHTXHQFHO REWD LQNE FIV
JHQRPHV VXJJHVWV WKDW *+ JHQHV HRYRIXYBD0 $BWLRR ERPW R
JLUPLFXWHV DQG WKH &KORURIOH[HVBIQSK VOIOHLY &R AXW B HCGRAH
JHQH WUDQVIHU 6XNKDUQLNRYRMWHROYHG RPBYR QRBR{ WL
IXQFWLRQDOO\ FKDUDFWHULVHG EDH®W ULD Q Q¥HFBURWHSQRW
DQG XVHG WKH SUHVHQFH RI WKLV 1B RFOSVDQGNER QMW RQGRU H
JHQH WR SUHGLFW WKDW DOO NQRZQ \&DEWHW LAHOD®GRXRB JD®
WR FHOOXORVH WKH *<lostHd@in PHY HRFILMRPHDUH NQRZQ WR D
[\ODQ PDQQDQ DQG JOXFDQ LQ DGLWVRQDWIR [EG DX IRMHV
GLYHUVLW\ DQG DEXQGDQFH RI *+ JHIQWY EDRWHUQDHVREKFI
Clostridium VSS LQ WKHUPRSKLOLF FRPSRVWYV Q& XOB\KDMZAD WG X F
VHGLPHQWYV DQG RQH VWK\GH K DNOL ©+ H ¥ M/Q B DGV GI D\F
GHFRPSRVLQJ VWUDZ

OHPEHUV Rl WKH $FWLQREDFWHULD SK\® X\PK R X BIK BVE W®&GHOM)
DQ LPSRUWDQW UROH LQ RUJDQLF FODO/FW\W U DV@ YW © RFOYHHAX OFEHW/H Y
FHOOXORVH DQG SRO\F\FOLFRORRYNYWE KQGERFDG E/RX\

GHPRQVWUDWHG WKBIFEQREMFWHPDIOWRHIURZ R Q@ KALHO/MV WK
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SURSHUWLHV RI DFWLQREDFWHULDODBBGWXOROMEL FRHQMPR \F
FHOOXORVH G HJh¢nehifi@alfuscanu@alionas fimi )XUWKHUPRUH
DQDO\VLV RI WKH DYDLODEOH DFW L GREDFAQHWIL B O | XIERARY KX
JHQHV ZKLFK DUH VLPLODU WR F R DfusBaF WEGfiMVHG FHOOXODVH
)XUWKHU DQDO\VLV RI WKHLU FH OROWD FOFW/ILE RIE BIEGWHVAL DQVS K E
IXQFWLRQDO FHOOXODVH JHQHV D UM D/EIOH D\ER/ FGQHRW [RG HG A WGI
DFWLYLW\ LQ ODERUDWRU\ DVVD\V IPIDH & HF B OWH\OROM R X BAWKW U
DUWLILFLDO JURZWK PHGLD QRW RGVDIFRDLOY LRV FHOOX QD VIHP SE
WR QRWH WKDW HIILFLHQW FHOOX@RYK \&KHUDREDRHLLROH EDDF R
VHYHUDO HQJ\PHV L H HQGRJOXFDQDOKWVRVEEDODRELRK\G DRI
WKHUHIRUH LW LV QRW SRVVLEOHUWR HN W IKRIRWX BKFW & B X®HRW H
TXDQWLILFDWLRQ RI D VLQJOH FHOWXE RWHYG IOREPHMWML RQ \WR(
GHWHUPLQDWLRQ RI WKH DEXQGDQF N XEY® GD WHIUWS MF LRI FR BH
GHJUDGDWLRQ JHQHV WKH *+ JHOQH QIHRX FLFEDMOLRED WK H UHE
DQG WKH UROH RI WKHVH RUJDQLVPV LQ WHUUHVWULDO FDUEF
,Q WKLV VWXG\ ZH LQYHVWLJDWHG R/EB FHWRQRID RU Q/D\EF
GHYHORSLQJ VWDQGDUG DQG TXDQW IF\UDADOYW LF&E HIU RH RV
DFWLQREDFWHULDO *+ JHQH :H DLPHG WRQIGHVRRPPROQMW\ZK
ZRXOG FRUUHODWH PRUH VWURQJOWW R/ KIRQ ON KBl UE RIQU DXOIQ B/
DQG IXQJDO FRPPXQLWLHY &ORQLQJ D®IG M HVKHQFH\@R ZIDY\ X
DFWLQREDFWHULDO *+ JHQHV DPSOIALWEHIURMHWHRQPW RiIH W
FDWDO\WLF EDVH UHVLGXH DQG UHWQLGXHRY DQYR THD® XQR VK
DFFHVVLELOLW\ LQ RUGHU WR DVWMVRQDKHWKHUHQKNVGILNHBU |

LQYROYHG LQ FHOOXORVH GHJUD G DWILRRY L &XD R LHVDWL PYRV B &



(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Microbiology

Microbiology

DEXQGDQFH RI WKHVH JHQHV LQ W KBIHV RO\ VDIQRM® WG P 18 ¥ WQ
SRO\PRUSKLVP 7 5)/3 ZH DVVHVVHG DFNH GILY® UV L WAHRIHV RILUF
WKUHH SDLUHG SDVWXUH ZRRGOD QB FW.IMDHR\E DFSWHU LIDRD 60\ AR
LQ WZR VI\VWHPV ZKHUH SODQW O IGWWWHWXEW OWNE O\ &Rl IEK HF®&Y
)XUWKHUPRUH VRLO YDULDEOHV ZHU H XTOMVIOWDLU L B'W HD 6 B U X Wk

PRGHOV RI DFWLQREDFWHULDO *+ IXHQQBOD,@6EDHFOQAMHMILDO 6 |

ODWHULDO DQG OHWKRGYV

JLHOG VLWHYV
6DPSOLQJ ZDV FRQGXFWHG DW WKUHGMSBHQMG VHIVISWD V WXUK
ZRRGODQG SORWV 7KH VLWHV ZHUH 7DOPROHQURFNf6

f6 f( DQG %RJR f6 DQG DMH ORFDW

IDUPV QHDU WKH ORFDOLW\ RI %RRNKDPGOIBOQG$XVYWHD OZHU |
G R P L Q DEMcaIgptiEs\V S Sucalyptus melliodora$ &XQQ ([ 6FKDXU \HOORZ ER]
E. albens % HQWK ZKLWH ER[ @ 7DOPR ZRR G®HD@\G \8 DIRW ZK.IWXK WK
LQIUHTXHQW S&uSxX@abath B QGRIa implexDQG VPDOO LVRODWHG SDV
QDWLYH $XVWU D O LThéneiit) fhianita)\R UV X Risa Bigh&iana6 SUHQJ 7K H
SDVWXUH SORWYV ZFitbhunl SubteranéhG VAIBWKHUUDQHDQ FORYHU DG
PL[WXUH RI DQQXDO DQG SHUHQQLDRQ FRDREBIaHaoDa@. LQWURG X F
7KH SDVWXUH SORWYV ZHUH URXWLQK®\V X 0D HGQANWNKY VRIHSHKSR D |
IHUWLOLVHU DSSUR[LRDWHWK 7INJPR KORG *OHQURFN KDYLQJ
RYHUDOO VRLO IHUWLOLW\ DQG FWRFNLRQ GBWBY O YRVHIK BMKI(

DO DQG 6XSSOHPHQWDU\ ODWHULDO
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$ WRWDO RI VDPSOHV ZHUH WDNHIHWFURVAPWAHHH S L[ S
FP GLDPHWHU ZHUH NHSW FROG f& UXQWLBYISGRFHRRHG
KRPRJHQLVHG DQG VHSDUDWHG LQWRRDEQRTXRW V1D D QUIR]HH V (
NHSW DW & TXIRQW LQXFDWIHRQV R IINQUG GPLRILWVGV XWRL O FS+ PLG L
0,5 VSHFWURPHWU\ DQG & DQG 1 DQIRQ\Y HARLVBRXOHS URSHR
RUJDQLF FDUERQ '2& GLVVROYHG RUPDQUF1QLIWRUBQH '21
12 1 IUHH DPLQR DFLGV )$$ 1 PLFUREEDDOEERRBDVV&1 0%
0%1 ORVV RQ LJQLWLRQ /2, WRWRWDQERDOEQLMQGGCRUW
KXPXV DQG UHVLVWDQW RUJDQLF FDUERQPI3QEG+2¥ GBGFYUALE k
GH OHQH]HV HW DO 7KHUH LV DOKA JXURRBUBWO DM IDROQY RAHW
XVHG WR HVWLPDWUHJIDIE P G0 WERWD BDEV HYZKWRIOWQBKHVH WZR
FDUERQ IUDFWLRQV DUH SUHGLFWHG EWXHBVRQ W KKHWBHRR UM !
LQWHUSUHWDWLRQ RI +2& DV KXPLF LRAUK FQXMWE R QE RRUVKRXID &

UHJDUGLQJ WKH RWILIR@LE HW H B R RQIDAXESFQ@ HEFP HQ3V WVBHHODWHULD:

*+ SULPHU GHVLJQ
6WDQGDUG *+ 3&5 SULPHUV
$00 XQLTXH DYDLODEOH DFWLQREDE@H® LD @ P* 4 K W H&$=H QZHH
SRUWDO KWWS ZZZ FD]\ RUJ [KQG DIF® XK UPH G RQL BIE)WH B VL
SDLU * ,16 L PHWKRG $OLJQPHQRWW ZHUH YL %X RO DWHGH U
1HZ =HDODQG DQG FRQVHUYHG UHJORQVFRWUHUHGG WEW LTkH C
FDWDO\WLF GRPDLQT.%ifida ES @RUILPAUV ZHUH GHVLIQHG XVLC(
GHVLJQ WRRO LQ *HQHLRXV 'XH WRHKHLEHULSOQWLARY HQLC

DFWLQREDFWHULDO *+ JHQH GLYHUVQRSH®&ZR+ SBLPHY SDL
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55&$7%7$&**%$7*&$&T**&T7 DQG *+ B5 1
98&&*&&&&SW*0*7$57$&& 1 DV ZHOO DV *+ B) BFHOC
$<*7&*$&$$&5767$&**07:&* DQG *+ B5 BFHOO

&&*&&&ESH6*&6::57$&& T DQG ERWK ZHUH XWHHGEFURU FOQRQILQJ
5)/3 ,Q VLOLFR SULPHU VSHFLILFLW\ ZDV DQDIONNK GJ XY¥YHDO HG
WKDW WKH FRPELQDWLRQ RI WKH WZRJSURIPNQRA)L D¥ VBURREDBF
* + JHQH GLYHUVLW\ VHH WKH 5HVXIOOW RMHHEWLRBRIQH SU)RBV

GHVLJQ DUH LQ VXSSOHPHQWDU\ 6XSSOHPHQWDU\ ODWHULDO 7

AXDQWLWDWLYH 3&5 SULPHU GHVLJQ
*+ T3&5 SULPHUV T3&5B*+ B) T *&&$'"*+7%**&*$&T7T$& &7
T3&5B*+ B5 1 &*&&&&$%*06::*7%$&&$ § ZHUHHGHWDNVHEHG DV
RQ VHTXHQFHY REWDLQHG IURP WKHI &%=\ JGEOIWDEWDLVAH U XBHWVK H |

DUH LQ 6XSSOHPHQWDU\ PHWKRGY DQG 6XSSOHPHQWDU\ 7DEO

'1$ HIWUDFWLRQ
7KH OR%LR 3RZHUBRLOS NLW &DUOVEDGURB ZDVW RYHXRMR H
DFFRUGLQJ WR WKH PDQXIDFWXUHU{RI LI VAW D XHFQ LTR.Y V XHH[/FHIS
9HQOR 1HWKHUODQGYV VKDNHU IRKH LRWVQXRGXFWWRIX®RO E)SIH

'l$ FRQFHQWUDWLRQQ/ ZHWRY Q DUWCP® ¢ BWBFSEO\HE HD YHOHSRW VAW D!

&ORQLQJ



nvironmenta

Microbiology

pplied and

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Microbiology

7KH '1$ VDPSOHV IURP HDFK RI WKHV IS@RWWKHVRSDLQ REG S DV
ZRRGODQG VLWHV ZHUH SRROHG DQG LIP30 BIDLIHGY Z EW KB ERW K
*+ B5 DQG *+ B) BFHOO *+ B5 BFHOO WR (DIPKH Rl WRSIOLILFI
DPSOLFRQ IUDJPHQWY ZHUH H[FLVHG ®\W & VILQILAILWEXQFERP D
OLQLSUHS NLWV 4LDJHQ '+VVHOGRUIQ *HUPQKG |$RBHFRIQRIZ'

DPSOLFRQ PL[WXUHV VHSDUDWHD{DMALQH FWKRH 3 R WHIPD St (OF
ODGLVRQ 86$% 5HVXOWLQJ SODVPLGWHFRQWHQ W R JZ HQ ¥H kWAL
XVLQJ 3HSIBPWSRPHG LVRODWLRQ NLWV (SSHQGRRIQHADPEXUJ
VHTXHQFHG E\ ODFURJHQ 6HRXO 6RXWKXHQUHD XNUEJID®DGCWM
LQ *HQHLRXV DQG SRRU TXDOLW\ VHTXHQRWYD Q) RP R Y KGJ KU RRDW
*+ VHTXHQFHV ZHUH REWDLQHG IURPKWAHUH W®BRQL XY HGH DE
SK\ORJHQHWLF DQDO\WVHV ZLWK D WR@®O |IRUWHSEMYKHWVYURD (

VHTXHQFHV SHU LQGLYLGXDO SDVWXUH RU ZRRGODQG SORW

7KH DFWLQREDFWHULDO *+ JHQH VHZINKHR RPHVE B HW WHIBWW I

*HQ%DQN DFFHVVLRQ QXPEHUV .0 .0

SK\ORJHQHWLF DQMEDFWHRLDFWL VHTXHQFHV

$YDLODEOH *+ VHTXHQFHV H[FOXGLRWLQREDIFFMDNMUH\D VWRID Ui
ZHOO DV D VHOHFWLRQ RI VHTRddius VG RaeRBACIMMKHMSE UPLFXWH
Clostridium VSS 3 UR W HaR&I® ehajuensisD D MyxaGbacter V S &KORURIOH]JL

Herpetosiphon aurantiacus D Q D H U R PitdmyicéQV IS S NeBc@lliastix VS S DQG

, Q V HIEewimbtarsa decemliuneataZHUH DOLJQHG LQ 03%$))7 XVLQJ WKH *

DQG GHIDXOW SDUDPHWHUV IRU '1$ D XDIQPH@EWD @&HP DQKD®I
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RSWLPLVHG LQ *HQHLRXV DQG H[SRUWHG RIJW H$I WH P ROYMLO RA
QXFOHRWLGH VHTXHQFHV ZHUH WUDQWOIDWHGFHQWIRD %U B WG L
WUDQVODWH LQWR D *+ WKURXJK LPVW KH R UUBIL QBIQ JQXKF @ H k
VHTXHQFH DOLJQPHQW SULRU WR WKM FRQVWUXFWLRQ RI SK\C

OD[LPXP /LNHOLKRRG SK\ORJHQHWLFQN UHKIN Z6UHB8HRWXW
3K\0/ RQOLQH KWWS DWJF OLUPP IU SK\SO\OREHQBR G LSO
LW FK UD[PO EE 3K\0/ ZDV UXQ XRDQPREBKID DG WKV
6KLPRLGDUD +DVHJDZD 6+ OLNH D/57 EUERRAKY WXIDSR/U VB D BW
ZDV UXQ ZLWK ERRWVWUDSY DQG WKH 7&%7 WBBHONVRE RE RH
JHQHUDWHG ZLWK 3K\0/ DQG 5D[0/ ZHUH RFRAYMUHEGF \WRI GHMAK
EUDQFKLQJ SDWWHUQV 7KH UHVXOWLQXSEDROMGISE\QRIJHGRW
KWWS LWRO HREXDOLVDWLRQ RQGVRHWKECORIM QY HH 6XSSOHF

ODWHULDO )LJ 6 IRU WKH 3K\0/ WUHH

$QDO\VLV RI UHVLGXHV RI IXQFWLRQDO VLJQLILFDQFH
7KH *+ VHTXHQFH UHJLRQ WDUJHW HGK HQU W XILR/Qig8aX ®AKFR U U F
JHQH WKDW FRQWDLQV WKH FDWDOQWLBEDRY FHO DYVSRWHVY KR (

DV ZHOO DV  RWKHU UHVLGXKEJPRQA#H U ¥ H G OLRE ERKVEGHRIC
ZLWK IXQFWLRQDO VLJQLILFDQFH LQERRB\\YUDDMG KHER RSKWRI
VWDFNLQJ LQWHUDFWLRQV DQG HOQRWGLYKWURQO VWDELOLW
DGGLWLRQ WKH UHJLRQ WDUJHWHCHWOSRHQOGDROBAVQWZR M
WV\URVLQH LQ W KTHfub® YW+U D Q FW LRIHWWUWH WXQQHO LQ ZKLFI
FKDLQ VOLGHV LQ DQG ZKHUH K\G URRGH VLY WU B NGIL S\DDFIHQ JZR EF

FHOOXORVH FKDLQV WR WKH DFWLYHWALWH DQ ®R $GRB RWVWRH GHYY



(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Microbiology

Microbiology

LI WKH *+ VHTXHQFHY REWDLQHG KHUB@MAQRI&EDE& WKHNAH Q AP
SURGXFHG IURP RXU FORQH OLEUDWHYFANUHOW LFIRP\EO W 8 GZ MX

SURWHLQ VHTXHQFH RT.fd66aH PRGHO RUJDQLVP

T3&5 F\FOLQJ FRQGLWLRQV
*+ EDFWHULDO 6 U51%$ DQG IXQJDO DQ6NLHIQHS DIER@ GHIFAH R 1Z
LQGLYLGXDO VRLO VDPSOHV LQVWRBGSODRERBHSUHDFWIL RQV
6XSHUPL[ %LR 5DG +HUFXOHV &$ XVIQLRVGOK &+HUFKIOWRD G F
WR ZKLFK Q0 SULPHUV —02'Z$UB IDIBOMIBGWR LQ —O OC
F\FOLQJ FRQGLWLRQV ZHUH DV IROORZLQIRU MAKBH+ JRQIRU
V. f& IRU V F\FOHV 6 US51$ JHQH UBQEK XELPHUV@(XE
R& IRU PLQ RJ® RBOHV BQ®RU V F\FOHV ,76 JHQH >S
,76 ) DQG V& IR PLOQXWH ROQHRE\POBQIRU V DQG
H[WHQVL®Q DW\FOHV $ PHOW&FXHE& ZDVRIPGGHG DW WKH HQG
DPSOLILFDWLRQ F\FOHV 6WDQGDUG VI Z&5U IS ODYH LOL WK L S OR.®
GLOXWLRQ VHWRHV IERPIHYV MWDQGDUGV ZHUH SXULILHG 3&5 ¢
D ORFDO VRLO DFWLQREDFWHULDO HVR&DWH RGXFWEDHAWRP |
Pseudomonas fluorescens WUD L Q 6 U51% RU YuKadum7o&kyspbrgH IURP
vasinfectum ZHUH XVHG $PSOLILFDWLRQ HIILFZBQFLHV ZHURU DO

*+ EDFWHULDO 6DNGLEODOEQKEDOLEUDWLRQ FXUYHV

7 5)/]3 DQDO\VLYV

*+ JHQH
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YRU 7 5)/3 DQDO\VLV RI WKH L Q G HY L3@% DAD V RSHOU VFDLPRSHOGH X V B
ERWK SULPHU SDLUV GHVLJQHG IRU WKB) DYWIBGRBDIFGVHULDC
*+ B) BFHOO *+ B5 BFHOO 7KH *+ B) D QG ZHUH)OEEHID 150 |
ZLWK &DUER[\IOXRUHVFHLQ DQG +HJDF KGR SR IFOXRUHOAF H IK®
UHDFWLRQV FRQWDLQHG QJ '1$ IRQIDWBGFRQ&\TIBYHUVH SUL
SRO\PHUDVH —0[ D A RIADL QX VMOU DOODHDBK 7D QG [ RI WKH
VXSSOLHG EXIIHU $ WRXFKGRZQ 3&5 SURVDRBRQ I ZEDMWKRBGD )
IROORZV f& IRU PLQXWHV IROORZHG &\ fR\MAHY RIf&V HL
F\FOHV RI V HDFK DW f& f& DQGf&fRQG F\FOHWQAI W DWW
f& F\FOHV Rl V DW f& DQG f& RQG V DWW f& & QGF\FQ@&H
DQG V DW f& F\FOHV Rl V DWV P& F&DWDVMO\DQEB\FOI
f& IRU PLQXWHV 7KH DPSOLILHG W&5$FUHRGRRWW I I$0BXE®S
EHDGV %HFNPDQ &RXOWHU /DQH &RYHQEXVWXDBQMDL7DQG
3LFRJUHHQS GV'1$ TXDQWLILFDWLRYQUWD YH | X\HW K Q R DR J DHFYV
WR WKH PDQXIDFWXUHUTV LQVWUXFVEIHRQWR DQU HOIF LR Q URLG
FRQWDLQLQJ ZDWHU UHDFWAIRQDHEM®| HU HDVQGU L FXMQLRADV HRY ] WK
(QJODQG %LRODEV WKH GRXEOH GWJBWW LRQ YW W B H USDHE IRY
Rl 3&5 SURGXFWV GLJHVWV ZHUH SUHFLSQ WOWHRBO E\ LQFXHI
LVRSURSDQRO Y Y 6LIJPD $OGULFK 6XGMHM IRDVWEZBGLIE)
FHQWULIXJDWLRQ DW USP IRU WPIZHUHHDGGKIGLWR @ 3RHD
FRQWDLQLQIRUIPDIPLGH —0 "DQG /*HQHGADVOWDQGDUG -
$SSOLHG %LRV\VWHPV 0XOJUDYH $K& WRID O PR Q ¥\WHNU IGIDQPN
OHQJWKV ZHUH GHWHUPLQHG E\ HOHFQHUVRISKBRQBOLM XV BQ $ A

%LRV\WWHPV O0XOJUDYH $XVWUDOLD *(PMW$3IBNOSUDHSIBOLHC
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$XVWUDOLD ZDV XVHG WR SURYLGH WHKMWH LZAHWIHR . OWIHUPHH® X
PHWKRG RI $EGR WWR DWPRYH VSXULRXV EDVHOLQH SHDNV P
IOXRUHVFHQFH XQLWYV SHDNV VP DIOIWIURY KD F X\CLIP\M M GV KR ¥ H\
ZHUH UHPRYHG 7KH UHVXOWLQJ *+ VHQH , QWHQD FRDWDH 20\

LQ 5 ZLWK D VOLGLQJ ZLQGRZSDIUDPRINFKUNQ ® V@K A XIR @
PD[LPXP SHDN VL]HV RI DQG ES LYHIS HFXRLUYHCH Q PH QLX)

ZLQGRZ VL]H RI ES DQG D VKLIW VL]H RI ES

%DFWHULD DQG IXQJDO 7 5)/3 DQDO\VLV
%ULHIO\ '1$ IURP EDFWHULD ZDV DPSORIGHG UXVLQD GG LWKHYV
IXQJDO ,76 UHJLRQ XVLQJ SULPHUV RWK IXQDIQ®QB6EDFWHRU
IRUZDUG SULPHU ZDV )$0 ODEHLQWXUWHW RI BRWK U RHX
ZHUH GLJHAIWHBHZLMPKODQG %LRODEV DQG WKHI®HHDWQGWLQJ (

DQDO\WHG DV GHVFULEHG LQ GH OHQH]HV HW DO

6WDWLVWLFDO DQDO\VLV

'DWD DQDO\VLV
OXOWLYDULDWH VWDWLVWLFDO DQDQEVRY5A$1L2ADFDBULRE RXW
( /IWG 30\PRXWK 8. *+  EDFWHULDS0JHQ H RSP PROGL WAQ.
ULERW\SH UHODWLYH DEXQGDQFH GDWIRREWDULRQ®OGIFEYPHE)/BC
%UD\ &XUWLV GLVVLPLODULW\ PDWUH[ | RROWXODRRIG WERILQV I¥
H[FHSW S+ DQG VWDQGDUGLVHG DQG XD DXFHGE G HD R UGLHWW V@ F
GLIIHUHQFHV LQ *+ EDFWHULDO 6 BRYVEWOQRQIPGURY V, \6L WMH

ODQG XVHV RUGLQDWLRQ E\ SULQFLSFO URRRIGGREWWHKRE&ZH
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RYHUOD\ IXQFWLRQ LQ 35,0(5 ZDV XEB&WA\RKDIW ¥R BAK H G/
ILUVW WZR 3&2 D[HV 2QO\ YDULDEOHV WHDMW LKDF® XG NE FMRR
YLVXDOLVDWLRQ LQ WKH 3&2 SORW EDKH GY REW R HO AR UWHK OLD
EHWZHHQ WKH VRLO YDULDEOH LQ V>)XOHQ/GVL R Q LIFQ @/ AV WHK HL U WW
VLIJQ Rl WKH UHODWLRQVKLS EHWZHH® WKH VRLO YDULDEOH D

3(50$129% DQDO\VLV SHUIRUPHG ZLWKGHVQRQ QWSWHG, IL
SDUWLDO VXPV RI VTXDUHV DQG BEHO X WDW XKRE G YVRG 6 H VWH
GLIIHUHQFHV LQ *+ FRPPXQLW\ FRPSRRGWDRE \E HEWW EIQH §DWV/
DQG WKH LQW H UDVFN DRG BHVOTH KQHY )RUH3 Z30S$H29SDWWRUV VL
OHYHOV 7DOPR *OHQURFN DQG %RJRGIDDRGGDQDBQED XWHK UH
OXOWLYDULDWH GLVSHUVLRQ LQGH[ DQDDWNYLV GaY6EIVIZWV
FRPPXQLW\ FRPSRVLWLRQ KHWHURJHGKL@D QB PRH VDV \ZHIRIO
DPRQJ VDPSOHV LQ HDFK SDVWXUH FQGFARRG GD Q& USHIRAWM V ZIK
GLYHUVLW\ EHWZHHQL VOB & DXW HWH \B B BPI QRIG KRWPIRJH @H WAH R
GLVSHUVLRQ 3(50',63 XVLQJ SHUPXWDWLRQV

6,03(5 DQDO\VLV DQDO\VLV Rl FRQWDUEMWLRRVRX WD VD
GHWHUPLQH WKH YDULDELOLW)\ RIVHRLDQSURIISWHW IDHMVG Z D Y0 FRDF
XVLQJ WKH (XFOLGHDQ &1V Rm\WQPHUPMWURYRHGVKHFHSW S+ DG

VRLO YDULDEOH GDWDVHW

'LVW/O0
7KH UHODWLRQVKLSYVY EHWZHHQ *+ JH QRHL OF BDRMOPIHW HEIR/P 3 R
GHWHUPLQHG XVLQJ QRQ SDUDPHWULFV P XIOML/YD UURW HWKXO

3(50%$129% DGG RQ LQ 35,0(5 ( SDFNDJH 'LQW/NW KAD VW W R QBIXAW
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VHOHFWLRQ SURFHGXUHVHAIOMHE WLKRH) IFAMWWHWHRBQ5D QG SHLU
YDULDEOHVY WKDW ZHUH FRUUHODMUMHG ZH WKYHGFKURWRKRMHKUH G DV
WKH SUHGLFWHG RUJDQLF FDUERQ IUDMBHRQM F +2RD & 2&D Y0 Q¢
LQYHVWLIJDWH WKH LPSRUWDQFH ROLMDUER@@DOD& VIDRQWHRR®GH
ZDV FRUUHODWHG ZLWK SUHGLFWHGLW22ZDD QF®R W20 CDAHSS 1
SUHGLFWHG 32& LQ WKH ZRRGODQ GV D¥RMROUJ B ZMDW HEZO0 ¥ RWMKHR

3

5HVXOWYV

,Q VLOLFR 3&5 DQG T3&5 SULPHU VSHFLILFLW\ DQDO\VLV

$ WKHUPRG\QDPLF LQ VLOLFR DQDO\VLRUPHG& N D PGHOW HFPMG
ZKHWKHU WKH SULPHUV GHYHORSHG KHRYHVRRHEHRI MNRRRZQ/ S
DFWLQREDFWHULDO *+ JHQHV 7KH WIRWWHQPBORSHG VIK3RAF
GLIITHUHQFHYV LQ WKHWLE@GREBPWDHW LMD O6*»% S SCA MHPUW/ QWM D U \

7TDEOHV 6 DQG 6 7KH *+ B) *+ B5 SWRPHH EDSEDEDHHURII
DPSOLI\LQJ *+ JHQHV IURP HYHU\ DEQ WXRE R B W HLOW DEDVHX M [
Cellulomonas D @eéllvibrio KRZHYHU RXW RI *+  Stkeptdgee® FHV ITURP
VWUDLQV ZHUH QRW SUHGLFWHG WR EBS5DB8QPHWY G5 ELNUW KHH H
6XSSOHPHQWDU\ ODWHULDO 7DEOH 6 *3U BBHBJF FB@Q UZBV B) E
SUHGLFWHG WR DPSOLI\ DOO DY DL OCetiubhionas, Xylahi@oha8 HTXHQFH?
DQ®nesia JHQHUD DV CeNio gbvs ,Q DGGLWLRQ *+ B) BFHOO

*+ B5 BFHOO SULPHUV ZHUH S StéptlomywddCV WRRBRPKES O H\F WHGHW R
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EH DPSOLILHG E\ *+ B) *+ B5 SULPHUV QBRZHYBI3BFH®) BFH(
ZHUH QRW SUHGLFWHG WR DPSOLI\ *REDMHNXHIQFAIVJHQR P D/ WX
Nocardiopsis Salinispora Catenulispora Streptosporangium D QIGermobifida. 2YHU D O O
FRYHUDJH RI DFWLQREDFWHULDO *+E XG\ Y¥HRW\BLOM\P HIWV W K H WHRI F
*+ B) *+ B5 SULPHUV %RWK SUL$udpions/BestUty PUH/TNHHE WHKW H H
SUHVHQW LQ WKH GDWDEDVHV DQ V @ FRPELE®WMWRHG WKR PZ
RXW RI DFWLQREDFWHULDO *+ JHOWHWUHDCOCHQ@BH®H 66XS S DKl
SULPHUV *+ B) *+ B5 ZHUH S U#&h€la ERsjietsisNRPBPEBUIRI WKH
*DPPDSURWHREDFWHULD SK\OXP WKDW DHQMLWHGIRYKHYV JHQH
QRQ *+ JHQHV DUH SUHGLFWHG WR EHBBDPRO L*+ HE) BFWEE *+
*+ B5 BFHOO SU&GRSSOFHPHMMWDU\ ODWHKHDBIRDEHOHQ@ VLOLFR D
GHPRQVWUDWHG WKDW LQ FRPELQDWURQGWXHORSBR & WHB Q8 DBLG
JRRG VSHFLILFLW\NI@®REZ ¢ DYFMWUIRERHWHULDO *+ JHQ

7KH *+ T3&5 SULPHUV GHYHORSHG KHIUBFMROYQHREDG \WWHQL D
*+ GLYHUVLW\ FRPSDUHG WR WKH VWWMNQ&DHGL FW H & UW RHLJR/S D1
RXW RI *+ JHQH VHTXHQFHV IUR D IFXYD WX BI$® HDAFMQ P R E D B D/\%
7DEOH 6 $V ZLWK WKH VWDQGDUG 3&BUSUSPHGVFWRGQRA *
DPSOLILHG E\ WKH T3&5B*+ B) DQG T3&SEHP IBQ WHWLNPFHDUNSWIILL
7TDEOH 6 7TKHUHIRUH. PMKHS OB&5GHY H HR/S\AHLG DRHRU\H WK IRQIG HW R
DEXQGDQFH RI WKH DFWLQREDFWHULD® VW L P DM®H D DRQL® LLPX H

DEXQGDQFH RI DFWLQREDFWHULDO *+ JHQHV LQ WKH VRLOV \

SK\ORJHQHWLF DQDO\VLV RI *+ FORQHYV
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&ORQLQJ DQG VHTXHQFLQJ RI WKH 3&5%5 BJRGXFBEY REWDLQHG
*+ B) BFHOO *+ B5 BFHOO SULPHU SDLW\HYDYXPRQGQFWH S UIIRI
VSHFLILFLW\ DQG WR GHWHUPLQH WHKHH [3KS O R UIHHIGH WR E OU H+O D W
WR WKRVH RI FXOWNXUS$ GVRWWDQRE DFHWNB QFH/OZWUH REWDLQ
ZKLFK WKUHH ZHUH UHPRYHG GXH WWRKMKHHSNHQRBFH RIUWKRIS
VHTXHQFHV ZHUH UHPRYHG DV WUDQSORWHRQ GHTXE8RWH UIRW
HQWLUH UHJLRQ FRYHUHG 2QH VHTXBE@BMHZPD WHPHRY HF® XID\G |
LGHQWLILHG E\ %/$67Q 21 WKH UHP DH ¢/HJX H QFHR/Q H V ZHUH

&RPSDULVRQ RI SK\ORJHQHWLF WUHHV JHQWHIDOWHHGG E\
FRQVLVWHQW EUDQFKLQJ SDWWHUQNQ R E D PVHH X HIYF HAXW LR ¥ X
VHSDUDWH FOXVWHU WR WKRVH |URPRRMKH K RFZHOWHXIU HGK EYD FR
KDG ORZ ERRWVWUDS VXSSRUW $00 REXWKWZR VRK\D/FRRIQHRWX U
WKLV VWXG\ FOXVWHUHG ZLWK W KPHDFADLUQ RECDF MUHLDLAD ) ) 1J 6
%/$67Q DQDO\VLV RI WKHVH GLYHUJHQWWAO RGIRD L\DKREZ D WK
JHQHV IURP FXOWXUHG DFWLQREDFVDMWIDD VRR2BY BUR S\RKHN ISR
DPSOLILHG VHTXHQFHV ZHUH QRW GHIRW HGH IURG HBKRIXDW W L QR

IHLWKHU 3K\0/ RU 5D[0/ SK\ORJHQ BWHG MIX/O\WULM ¥
RI VHTXHQFHV DULVLQJ IURP HLWKHUNBD QGNXBHH ® U 7 KIHRPH DAY
FOXVWHULQJ RI VHTXHQFHV DULVLRUU UR® GVW K HUMH RRU HH MWK IKIH
UHFRYHUHG ZLWK ERWK VWDQGDUG 3BEV*¥WSGLZHW W WWRLGB
WKH VHTXHQFLQJ GHSWK LQYHVWLJDWHG KHUH

&ORVHU LQVSHFWLRQ RI WKH SK\ORJHXIS®0OF PWQMHD UAKR
ODWHULDO )LJ 6 UHYHDOHG WKDW VRRXNWHUWEGHZMMREKXNQRE

DFWLQREDFWHULDO *+ JHQHV ZKLGV@H W KD X\DWIHRW\ VEZ L \R K X0
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FXOWXUHG UHSUHVHQWDWLYH $00 VRQH FORFWHW H. Q/ HETRWMK
3K\0/ DQG 5D[0/ WUHHV DQG WKLV F @SV WXSIS RAKA FIKQ KW EHKE DK
WUHH ! LQFOXGHG WZR VRLO FORQA K HKILIKQERRW $ WHFR Q
LQ WKH WUHHVWXH @R WXWPIEW BRBWispbra RAdpHIE B Q G VRLO
FORQHV 5D[0/ LQGLFDWHG WKDW WZRWRORGDH/ \POSSRUKU HE
Actinoplanes VSS DQG RQH VRLO MNerR@sispsr® Mg/ 13K HG B DW R
VKRZHG WKH SUHVHQFH Rl WKHVH FOSSRUWY %ERWKZUMWK 6BH |
3K\0/ SK\ORJHQHWLF WUHH UHYHDOHIBVW &DIVD FFROWW WHRWLYD Z&R |
QRW FRQWDLQ DQ\ *+ VHTXHQFHV |IURPREXORHMHH 6 OWW WHILUQV
VRLO FORQHV ZKLOH RWKHU FOXVDABH UV WFHRYQHOD DQIGQ W RN ¥ i
7KHUH ZHUH IRXU VRLO FORQHV SalisiEpdraMioBoMivhdspothtHG DG MD F
Verrucosispora FOXVWHU 7KHUH ZHUH WZR VRLO FEWWRWHD SVKOSS RO X
Z L W#hella chejuensislURP WKH *DPPDSURWHREDFWHULD SK\OXP 7K
REWDLQHG E\ 5D[0/ EXW QRW 3K\0/ WRIQRIAH BHW K DAMR AV HRBWRX)
Rl WKH DFWLQREDFEW KR X DK FROOKHNIWHKH VH SPW B YW HI IDRPG W X ND U

FOXVWHUYV

$QDO\VLV RI UHVLGXHV RI IXQFWLRQDO VLJQLILFDQFH
,Q RUGHU WR HYDOXDWH ZKH WRHEH 1WQEKFMW L FDQM
FHOORELRK\GUR O DAHH) BH QGRH VF RIQR/HH (SHHIGQ BAY LGREIMNVZLY VXEV\
UHFRJQLWLRQ DFFHVVLELOLW\ DQG W\GH RORQNVZREWIHW HGP
VWXG\ VKRZHG WKH SUHVHQFH RI VSIOW \WD® D6 L\G LFHE/DL G HDL BR\
SRVLWLRLQaDV )LJ $QDO\VLV RI  FRQVHUYDHGURDHNG KBV Z

EDFWHULDO DQG IXQJDO *+ FHOOREHRKD®URDBDYH V6 6XEBRBRAHP
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DOO FRQVHUYHG UHVLGXHV LQYROYHGQM) K\QURJHQ ERQG
VHTXHQFHV REWDLQHG LQ WKLV VWXBY DQRE WLKHR t +W KFHWVRIQZHHA
2QH UHVLGXH LQYROYHG ZLWK FDOFLXMRIFREKWGLODWORQ HADV
REWDLQHG 7ZR IXUWKHU FRQVHUYHG BRRUGXBDWLERQR @3
K\GURSKRELF VWDFNLQJ LQWHUDFWLRGURIOHIWH BRENWOW WRF
UHVLGXHV ZHUH DEVHQW IURP WKH *+0 $UHRWKDRWHEKHEQDE B
DFWLQRERSWHULD VKRZV WKH SUHVHQFH RU DEXHKIPHHRI DUR
D GHPRQVWUDWHG UROH LQ SURY IMGAKuScaD'FF HM @ JWPRH FBHO® X O R\
EXW VL[ VRLO FORQHV VKRZHG WKH V8UMH WHQYEIE XH VHR W KHUF W
VLIJQLILFDQFH SKHQ\ODODQLQH D @& HVIY RWLHDTHXHQ FHQ VS RI
FXOWXUHG VWUDLQV UHYHDOHG WG W WK RRYWHL @ R EDREW/K UFIRD
DURPDWLF UHVLGXHV ZKLOVW WKH)8URVFQEHVRT+W KHYTHX HE ¥

ZDV PRUH YDULDEOH DQG QRQH RI WISHHXQOQOF® VHTXHQFHV VI

*+ GLYHUVLW\ LQ ZRRGODQGY DQG SDVWXUHYV
*+ JHQH GLYHUVLWIQDFORWO\G XWHHV ZD V7 6 BV HDURG. QMIGH [EU
FRPPXQLW\ FRPSRVLWLRQ ZDV DQDO\VHAL HVI DW R V SW RPHIDG/AHK UD
XQGHUVWDQGLQJ RI ZKLFK HQYLURQPH®WROR Y\D U3WDIE@AH\E D®L
FRRUGLQDWH DQDO\VLV Rl WKH *+ HBQB BURBGVWMSDYDWLE
VDPSOHV E\ ODQG XVH DOWKRXJK VRPBQRY DQGD S DRIWXDMS @b
REVHUYHG SDUWLFXODUO\ EHWZHHQXUMO BRI ZRRIW DR FDIQ\E P
E\ VLWH ZDV OHVV FOHDU DQG VD P SIDB\S HEGR P X*EOVHNDEW N DIDDG
HDFK ODQG XVH 3&2 DQDO\VLV DOVR OBK®EHGD P SIOH\D WRIRS D S b

WKRVH IURP WKH SDVWXUHV 7KH PDKG® RWDQ VY B BLMOMNLIGRHEG D
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YHFWRU RYHUOD\ IXQFWLRQ VXJJHVDWL RG XW WK 1PIDD @ L3R 2 SR\ D
VRLO PRLVWXUH Q& JDIWLK HP IFIRQ U3-QDBV[LUERD L @ HURILVKY DULDE O
LQIOXHQFLQJ *+ FRPPXQLW\ FRPSRELWKRQ/RQOW&H VDWHR Y}
FRUUHODWHG PRVWO\ ZLWK VKLIWYV LIR QRARGEONRGPRL FRKRXQ P’
FRUUHODWHG ZLWK FKDQJHV LQ WKHOHV FRPABRVEXNARQOO R IWKL
7DOPR SDVWXUH *OHQURFN DQG %R J&DSDA/ WBR P S HW ZHUBO VIS
DORQJ DORQJ WKH & 1 UDWLR +# PRLVWXUH D[LV LQ WKH 3&2 SC
,Q RUGHU WR FRQWUDVW WKH QHFRLOVK JW KW WRK NV K
RYHUDOO VRLO PLFURELDO FRPPXQ LRWP\S RWVK.AV IGR ¢ HU VE DVA WDHQUA. [
U51$%$ DQG IXQJDO ,76 JHQHV ZHUH DODRVWHDLDO®HGG B&2$DIHD
GLYHUVLW\ )LJ % VKRZHG WKDW SDNVEXRD ®Q\GVHEREO WG
WKH VHFRQG 3&2 D[LV ZKLFK H[SODIL@ H®PP RQ WKHFRRSWVQ W I
7KH & 1 UDWLR DQG VRLO PRLVWXUH WHFW®WU ¥ RAHIHD B RWIGN !
VHFRQG 3&2 D[LV UHVSHFWLYHO\ DE® H\HWHHSWRHQWQZR \PHOLLIQ
EDFWHULDO FRPPXQLW\ FRPSRVLWLRQ KPBRZANKH.UW \3 &2Q DSADVON"
EDFWHULDO FRPPXQLW\ FRPSRVLWLRQYB®GWR UFR UR b DDVEH ® %1
S+ 121 SUHGLFWHG 32QLFVRWOG OR UWPRUF32 2D QG DWRWINORL
IXQJDO FRPPXQLW\ GLYHUVLW\ )LJ &R GUXKIRQG GV DWKIOM \S XHW
VHSDUDWHG DORQJ WKH PDLQ 3&2 D[LVDUZKDWK RHJSIOD ERP® X Q
FRPSRVLWLRQ 7KH & 1 UDWLR DQG VRYBOP RLY® XQUHJ DAMIEYWR
FRUUHODWHG ZLWK WKH PDLQ 3&2 B[LLWW XUHY YHHFFW/LRH OO \LRQ 6 R
QHJDWLYHO\ ZLWK WKH VHFRQG 3&2 DNLWV 7KIR PXIQDBIO \BIDW M X
VHSDUDWHG DORQJ WKH VHFRQG 3&2FRRYR\GKWLRY L QR KX QO OB U

SDVWXUH VDPSOHV FRUUHWMHBFWIRGE ZVMKWWKHQL+XQJDO FRPPXQI
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IURP %RJR SDVWXUH VDPSOH\V FIRURHIDIMW A G ZTW K WIRWMADIR2 1 DC
YHFWRUV ZKLOVW VKLIWV LQ IXQJD ORFRIP\PX R UW \FRRIRISFOLLWH & C
VRLO PRLVWXUH S+ 0%& 0%1V 6KULHVYLLEFQW IKGJ D3O
FRPPXQLW\ FRPSRVLWLRQ IURP DOOKHR& AOYDHFGVRUWHY FRUUHC

3(50$129%$ DQDO\VLY ZDV FRQGXFWHG WRLGHWRBRDQW\LI V
FRPSRVLWLRQ EHWZHHQ ODQG XVHVYIDRIQWLWHYEDHUH WWRBZW L
*+ FRPPXQLW\ FRPSRVLWLRQ ZDV VLDDQGFBRYWD\DGGIIEHKWWQM
VLWHV S DQG 3(50$129% 3VHXGRPP X® I IWHVARP S\RVLW ¥R Q
ZDV PRUH GLIIHUHQW EHWZHHQ ODQG DX HM WHKDDFWPERQ JHVIL
EHWZHHQ VLWH DQG ODQG XVH VXJXQVUWW W PEFEWRW K LVL@/IHVH BH
3(50$129% FRPSDULVRQV VKRZHG WKDW GLIIFRFABRAHW LLRQ * +
EHWZHHQ ODQG XVHV DW HDFK VLWMZEHQHVIWHDWEWYW WEBKQ GI
H[FHSW ZKHQ FRPSDULQJ 7DOPR DQG %RJR VDPSOHYV

09',63 DQDO\VLV ZDV SHUIRUPHG WR GHWHVRRRDHGZKHWK
VLPLODU SDWWHUQV RI FRPPXQLW\ FRMIRA D\QIGR Q DKHIN KV RV HI
EDFWHULDO DQG |IXQQDINGBRMWLR@LMIIHNEDEBSEUW\LHY YDV DOVR
XVLQJ 6,03(5 7DEOH VKRZV WKDW WKARUYH KHVQHIURR A ®RIRIXW L
WKH ZRRGODQGV FRPSDUHG WR WKH SDNKXUIBVIIBEOQER ZOQ
VLIJQLILFDQW S 7KH 09',63 DQGG3(BI0G%B M ZRRBWILNVQRI D
SDVWXUH SORWV UHYHDOHG WKDW Z®&RQ@ VK\HWBORRHD®GEWhRIR
*OHQURFN SDVWXUH KHWHURJHQHLR/\ ERM RR RGDLPQ® WD RW V H

3(50',63 VKRZHG WKDW GLIIHUHQFHYV AHU i RPRW QWY MI\Q K HW B {

EHWZHHQ WKH LQGLYLGXDO ZRRGOD¥® O G R\UY @ORGF B H/DX/MHXQ |
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7DOPR DQG %RJR SDVMDQMY\ KDRZ N UK RQH YW IFRRIASDHIHAG. WR DO O
SORWV 7DEOH

%DFWHULDO KHWHURJHQHLW\ OHYHOW ZHRWRH /D8 GODQ GEH
SDVWXUH SRWV ZKLOVW ZKHQ DQD M GQu RIRFKR RGO DQUL®E XDG
KLIKHVW KHWHURJHQHLW\ OHYHOV YRQHBR® FERPRRQWWHHARRB O
DQG WKH KLJKHU KHWHURJHQHLW\ RI| ZDR/HRERRIGY B G GE RVDK ¥
FRPSDULQJ DOO ZRRGODQGV WR DO SIDVW XD DIVGXDOOS DR \X

7KH YDULDELOLW\ RI VRLO SDUPROWHUSDWWEOR W RIRKDRN

*+ JHQH DQG IXQJDO FRPPXQLW\ KHWHURZRRISIODQ ® GG WV K

J)DFWRUV GULYLQJ BF W HH@HOUD QCE | X RIDSRFRWRRQL W\ F
OXOWLYDULDWH FRUUHODWLRQ PRGH®N ZHXD EW L\N WML 5 H\
Rl WKH FRQWULEXWLRQV RI HDFK PUHCHX SIDE W R U@ \8 RR SPHOUWW D
FRPPXQLW\ FRPSRVLWLRQ IRU WKH *+ HV6 UBE®H QG IKKHIDO
DQDO\VLQJ WKH FRPELQHG ODQG XWH ULID\E DN WP DI5 H/ LVP K B DKL
FRQWULEXWLRQ WR WKH YDULDE LG LW) 8D WWKIHF WED b K JU B X $/\
PRLVWXUH 1RWDEOH GLIIHUHQFHYV EMMRAHMIMQFHRKIS R LIDFILDEG
0%& LQ WKH EDFWHULDO PRGHO RWRIQ@® LPR YW Q FBORIWWALE® DI F
H[SODLQLQJ EDFWHULDO FRPPXQLW)\ PFARKLSR WLDVLLPE OY-D WKIDDEE La
LPSDFW LQ WKH *+ IXQFWLRQDO FRPPKWHW®\+Q®&CGH|]|SQDDQH®R
KLIJKHU SURSRUWLRQ Rl *+ FRPPXQOW\RPRWE&RVRWKRQ WIZRLDU
BUHGLFWHG 52& DQG 328 %&1 FD®D\ DQG LQRUJ 3 ZHUH LQFOX(

PRGHOV EXW JHQHUDOO\ PDGH VPD®RREB XER@W UHRERSARMLQW. R
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YDULDELOLW\ $ JUHDWHU SURSRUWRRIQORW FRPRXQLD\DERPERI
EDFWHULDO PRGWMKD® IRU *+ RB IXQJDO FRPPXQLWLHV 5

,Q ZRRGODQGY VDPSOHV DORQH S+ H)S@QBLQAG DX@LBDOI
FRPPXQLWLHY RU KLJKHU IRU EDFQW UL D DWRRXBRWP KD UHDG IVDF
FRPELQHG ODQG XVH PRGHOV 3UHG LEWGIBWA2EH D Q GP\SRIUOW PR MW
*+ JHQH PRGHO EXW GLG QRW FRQWRUWLDXW D OMR LY W[ 3QDILI
YDULDELOLW\ LQ GNKHQ EDG WIENM D00 PRIGHD Y F/RKGHODAMS ODLQHG
FRPPXQLW\ FRPSRVLWLRQ YYROIORZIHG B\ VBKH DHQG 5XQJDO
5 FRPPXQLW\ PRGHOV

6RLO PRLVWXUH H[SODLQHG PRUH FRPPIQVWX &R FFRP\SLDALH
WR WKH ZRRGODQG 'LVW/0 PRGHOV :®HOW KIDQAR W] B QDE BGHID W K
YDULDELOLW\ RI WKH EDFWHULDO F RRPX@W\W\DQ B EWKHL QHWR €
PRGHO LW ZDV QRW SDUW RI WKH *+ 2RRPPHX@LWXKPHRGWE F 1
YDULDEOH WKDW PRVW H[SODLQHG Y PRIGIHEL OF WK URIDW KLHD *W |
EDFWHULDO DQG |I)¥QUHD® +P2RRGHDW SRIMSILE BRUWWBQWO WD\ S+ |
SUHGLFWHG 32& ZHUH LQFOXGHG LQ$W KH W GV FRIP B IKGIH W KQ
XVH PRGHO WKH EDFWHULDO PRGHO YKIDUAL KEUBHWW BDPRXQW

IROORZHG E\ WKH IXRQQBO*+5 PRGHOV 5

7RWDO DQG UHODWL# H DBXU56AB @RHGRIX QB DMHY ,76 J
7KH DEXQGDQFH RI WKH *+ JHQH ZDVK®KWRIIURIKHEDE QG UFLRPC
U51$ DQG IXQJDO ,76 JHQHV LQ RUG RWWIRQ AN WL PIDFNWL QKED B'
VDSURWURSKY WR WKH RYHUDOO PNMVFUREEZDWKBRWPEZKQQWW P

*+ DEXQGDQFH ZDV VLPLODU LQ ERMWW K®DRQBEXR\GH\WQ FBIW. @/ ISHD
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ZHUH IROG JUHDWHU WKDQ LQ WKIR ZRR/GBBP WG YHO) *@HBRW

6 U51$ DEXQGDQFH ZDV JUHDWHU LQ@RRIGH B0Q W YOWH ¥ CFGRAPRS D U
IROG DQG *OHQURFN IROG EXWDQRWG6LYRMRI® DEXQRBOGQFI
JUHDWHU LQ SDVWXUHV FRPSDUHG @® %BRRR OD QIGRO 6 WEXMO PR

*OHQURFN IROG

'LVEXVVLRQ

*+ 3&5 3ULPHU VSHFLILFLW\
,Q VLOLFR DQDO\VLV RI VWDQGDUG B\ B G W.HHMWV WGEH YW DR SHIG
DUH EURDGO\ FRPSOHPHQWDU\ LQ WKWM\L UFROVFHAULDQIRIE DIF @/GI ULLQ
FRPELQDWLRQ FRYHU DOPRVW DOO WKURPFMX@WREDHR® HWWD O
DYDLODEOH LQ *HQ%DQN 6XSSOHPHQW IVKK\H 0RMIKU DB HTD RO +
VSHFLILFLW\ Rl WKH *+ SULPHUV W)RG DFFDWL B & EED FIWQH VU L O DF R+ D
LV FRUURERUDWHG E\ WKH IDFW WK®RWQR QAT XREWHRIUH KU BIK |
QRQ *+ VHTXHQFH 2QH QRQ DFWL G&EIREMjkehsiSDDD Y+ D VHTXH
SUHGLFWHG WDUJHW R+ SBBELPHAKL V*+V B PHPEHW R WKH
*DPPDSURWHREDFWHULD SK\OXP DQG DFW RDUHEQ W KNHU DQ V DHHWD
3K\ORJHQHWLF DQDO\VLV RI WKH *+ G ERRQH WKDWHQFBR @H\G R
Rl QRQ DFWLQREDFWHULDO RULJL@ HMHLY RIHGRBBWSHEY | DFUWO
DQG LQ DQ\ FDVH WKH JHQH DPSOLIWK®&DWKHYH SUH@H UNQEWI
VSHFLILF WR WKH WDUJHWHG JHQHJJIMARORILFDO IXQFWLRQ WK

7KH LQ VLOLFR VSHFLILFLW\ DQDO\VH®RRSHEBKKHUH IBREHS:

WKDW WKLV SULPHU SDLU ZDV XQOUNWRD QR ADAPISORED BYWH WLH
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JHQHV KRZHYHU WKH T3&5 SULPHUWD G I*G QRMQ AR HYUH D @ OWD AW
FXOWXUHG DFWLQREDFWHULDO VWUDUGVWL@OGWWREURIRDAW
DFWLQREDFWHULDO *+ JHQH DEXQGEQFNV6 6XGSBHPHQWDU\ (

$V ZLWK DQ\ 3&5 EDVHG DSSURDFK WX&5 \SUDROBDVG D
GHYHORSHG KHUH ZLOO QRW DPSOLTXHQ F BIH\QIHPL GKWDLWW G RQQWR K
SULPHU WDUJHW VLWHV +RZHYHU WXSS G HRDMULR@ RW MRH RH G
DQG DEXQGDQFH SDWWHUQV DFURYV\F BDUWD DLW KQ WKEH G HRAY HVUCPRL
Rl VRLO SURSHUWLHV DOORZV D EHWMNHW RX@MHG HRU VWISURNVQU

DFWLQREDFWHULD LQ VRLO HFRORJ\ DQG FDUERQ F\FOLQJ

'LYHUVLW\ RI DFWLQREDFWHULDO *+ JHQHV LQ VRLOV
SK\ORJHQHWLF DQDO\VLV RI VRLO *Q WV@HXHRFAVUYHYWDQR &
LQ JHQH GDWDEDVHYV )LJ DQG 6X S &6 HRPHNDRWDLWN \ OB IWNHHUTLDHDQ
ZHUH ORFDWHG LQ FOXVWHUV ZLWIKRAXKR DX B XOMWXUWHH Q XPHE Sl
VHTXHQFHY FOXVWHUHG ZLW KCakehulispdeaRaBidiphiley DR & \DXEBR O WHAL V
QXPEHU RI VRLO F O BieptdmycesX 8A¢tihaplates X/ IS8 KBr@ddsispora
maris *+ JHQH VHTXHQFH GDWD LV RQOMNDDYDHQBEDHDRG W KRV
FRYHUDJH RI *+ JHQH GLYHUVLW\ |URRF OBOCHW X IDH G& H BVRAWHLL
XQGHUVWDQGLQJ RI WKH SK\ORJHQHWLIFLQBE QRHLUM R IR VWRKEHY L
FOXVWHULQJ RI VHTXHQFHVY GHULYHGURPRP XBRGDILEGWLWH S
REVHUYHG

$00 WKH VRLO FORQHV REWDLQHGLN KRDAHGDWISIB LSW HN B® E €
DV GHWHUP fugctl GLIRU ZKLFK SOD\V WKH HVVHQWIL\MLRUROH R

ZDWHU PROHFXOH WKDW DOORZV K\RUFGMVLY RHOMKHORVH J
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$GGLWLRQDOO\ FRQVHUYHG UHVLGXBKLBK HVHQ W QYR ONKIIG \X
VXEVWUDWH UHFRJQLWLRQ ZHUH FRQVOIHYHBEWOL@HKGE KRBDWt
6XSSOHPHQWDU\ ODWHULDO 7DEOH 6ZKR\KH SAKHWVHQ FR QDHVUR' R
YDULDEOH LQ WKH FORQHV REWDLQHGNHEHQHVEODXRQBFHVRRQWRLK
FHOOXORO\WLfESCRURD AHAWPH QRW L CDWVRID YHHF RIQ VWERQW U ZKLFK
VXJIJHVW WKDW WKHLU SUHVHQFH G\ \@ RRWQ HD/FAHIQWL MD OL QR D FRAHL(
JXUWKHUPRUH DOO EXW VRLO FORRUVERWKZBGRWRW ISSUBPHQIR
) DQG < LQ WKH HQWUDQFH RI MIKH *+ F7OXWM DEDE WHL @ PM X
WKH ) DQG < UHVLGXHV ZRXOG QRIWFBEONORDUWOF URGEE
LQGHHG WKH VHTEKYahigwendy/ cdllui®yica, Actinosynnema mirunD Q G

Nocardiopsis dassonvilleiZ KLFK DUH NQRZQ W®RLWR VWWR\GVHWKXHGBBEIHOOXO
ODFN WKH < DURPDWLF UHVLGXH DKH SEHRMYWKEHHRI UMHR/H G
LQYROYHG LQ VXEVWUDWH UHFRJQIHWLEBYHW GONW X B UPFDRAVDRAULLFNV
*+ VHTXHQFHV REWDXQWHGVLQOWKQAE HF BW/R Q B VWKHDSA MAKHQ W | X (

FHOORELRK\GURODVHV

$FWLQREDFWHQHDERPPXQHW\ GLYHUVLW\ DFURVY ODQG XV
3&2 DQDO\WLV VKRZHG WKDW & 1 UDWERVPDQQ GRLEHWRLRW XY
FRPPXQLW\ FRPSRVLWLRQ DFURVYV DRRY W LADIOWP B @6 VONDXQIH XADH
KLJK LQ VRLO PRLVWXUH WR 7DOPRKLYWRIR DQODWDRQUYRFN &F
7KH & 1 UDWLR DUH WKRXJKW WR GQKDXHQ FIH UDIMWMWHKIDX D YQH.
HITHFW RQ H[WUDFHOOXODU K\GURORWLWLHR@\PHV GXWM QLV OQ

VXUSULVLQJ WKHUHIRUH WKDW & 1 VW RR) ZHDWWRBRURH WEW LR
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PDLQ 3&2 D[LV DQG ZDV PRUH LPSRUW®KNRWOWKDEE RWX HUD I WH
WKHPVHOYHYV

$V ZLWK WKH *+ JHQH 3&2 DQDO\VLY Z& UHUDOWR \DRQIE W R
PDLQ GULYHUV RI WKH RYHUDOO EDRNHWILR® D)QGVIXQJ D® &R &
KRZHYHU RWKHU VRLO SURSHUWLHV ZHUH[SBPSQUQWERROX @E
FRPSRVLWLRQ VKLIGHU RIURXSIW HWE DR DW KIRMNGH FAR RAOHQ I W\
FRPSRVLWLRQ $V WKH SULPHUV GHIYH®RBHREK B O H XQIFUMIIHRAD D C
LH DFWLQREDFWHULDO VDSURWURSGKAR L QV KB UQRZEDH \L FPIR UV
UHIOHFW WKH QDRUR DWW BHK \RILRWERIDLWIHQH FRPPX

'KLOVW FOXVWHULQJ RI VDPSOHV ED\GH® FRIQ QOQ GV RFH |
RYHUODS EHWZHHQ VDPSOHV IURP GLREVHOQYHG LBV WLFE 0T
EHWZHHQ 7DOPR ZRRGODQG *OHQURFN ZRRBOIME/ DQG
3(50$129% DQDO\VLV ZDV DEOH WR GHPRQVWRHDRPKQLKMDW DF
FRPSRVLWLRQ ZDV VLJQLILFDQWO\ GHLWZHHHI@® VO CEQHW KWHIY DZKC
SDLUZLVH FRPSDULVRQV FRQILUPHG WKIZWV *¥LJ6RFAFD@OWO\
GLIIHUHQW EHWZHHQ SDVWXUH DQG H®&RAGHYGVQDBRWKHOD &(
7DEOH

GLYHUVLW\ HVWLPDWHG XVLQJ PXORZIH®UWNBDW &KWHSH
DFWLQREDFWHULDO *+ DQG IXQJDO ARPPKQOWWHKW ZRRBIG CPIRY
ZKLOVW WKH GLYHUVLW\ RI WKH EOB W HEWWZH AR PW X B LWZ RZ D\D
7DEOH 7KH KHWHURJHQHLW\ RI WKHEW®RD®MGWIXDEROGFR
YDULDELOLW\ Rl VRLO SURSHUWLEY XXE FK 71LKH B 8 VRH ¥ X I DWW HWUX
WKH FRPPXQLW\ DVVHPEO\ SURFHVVHV RDUH PRQIE VNWUFODI G

LQIOXHQFHG E\ WKH PHDVXUHG VRLWK$&SURBHW WL HYOWRKRDRP X § LW
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VLPLODULW\ LQ KHWHURJHQHLW\ SDW\WRPPXQEMWEBMHQY W&W H k
JLYHQ WKDW D VLJQLILFDQW SURSRUBM\RQQ R W VIRGIDQ M QRD OK DHY
QLFKH LQ VRLO RISKV ¥FRIS® /DS IRR VBHIO 0 DADLMI SROYWFFKDULGF

,Q *OHQURFN SDVWXUH WKH *+ FRPPXWKWRVHIRM DAKHKHW
ZRRGODQG SORWYV ,W LV QRW SR WWHKIE &H MROG MW® W FRUIQKHW K K
DW *OHQURFN SDVWXUH EXW WRE®HVRY\HH DKODDG & WL KUHD \K L
SDVWXUHYV *LYHQ WKH LPSRUWDQFH+RI RRREPMQWWRY LC
FRPSRVLWLRQ LW LV SRVVLEOH WKDMDOWKH HFRORJIQ LRV VDKWV
*OHQURFN SDVWXUH ZDV PRUH VLPL@®BK KR SDKKVZBRRG ADYE V'

KHUH

6RLO FDUERQ LQIOXHQFH RQ *+ EDFWRERNOWLE® IXQJIDO
BUHGLFWHG +2& ZDV IRXQG WR EH FRIQYDVWBHRLOQWRP RU HN KPS F
FRPPXQLW\ FRPSDUHG WR WKH JHQHULHY EDFMIGUR Q OWK®IG XYW
DQDO\VLV 7DEOH 7KHVH UHVXQWWV /3 0HHHZS MWW EHRV D § U R
FDUU\LQJ DFWLQREDFWHULD LER DK G H SIUGHV/GH ® WF D RFEER_DH
FRPSDUHG WR WKH RYHUDOO EDFW HW LPWKBQGE DFQUIDOL BRPP & C
JURXSV DUH DOVR OLNHO\ WR KDYHOD WDKH RWQRBRIOF | ¥R OB
EDFWHULDO FRPPXQLWLHV DQDO\VHBGRKXB VY H IUW B UBH\WHHQIW HE H R R (
UROHVY DQG WKHLU DVVRFLDWLRQHZHWKUMRQBVRURBQILREXN DEX
LQGLFDWHYV WKHUHIRUH WKDW ZH ZEFAHWHYEDHYNVWKO VDB WRDN
OLIHVW\OH WKDW DUH OLNHO\ LQKROMH®REZOWK RUJDQLF & G\Q

7KH SUHFLVH QDWXUH Rl WKH SUHGLW¥ \WKGU#+2@W 0D KWW NR® Z

IXUWKHU VWXGLH\GBW H UPH BV ¥ B ) WHRR FFSHRODK@WR VRH WK LV UL
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DQG ZKHWKHU VDSURWURSKLF D FW IOG@REIRAWMAHH IULFOP DOU IR CD/EDLH R
ELRDYDLODEOH FRPSRXQGV VXFK DV SHSWLGRBODNY@ F DR WQ RQ
VDSURWURSKLF DWRVINV®RBDRWHUQIDF ZADUERY IRXWQIG WKHHUHV X (
%DOGULDQ HW DOHG LQFKIHIKYMEBRIKQYE QR E B FIWOH WIKIHO GIHEH S H U
KRUL]JRQ RI IRUHVW VRLOV

+2& ZDV WKH PRVW PE XRI GHUHG Ll BW FELERQ OL @ UN R B L\FL WHB
VWXGLHG UHSUHVHQWLQJ DSSUR[LPDWRPOD OO RI, SWH H VRFOPEL®
IUDFWLRQV DQG WKLV LV DOVRRWISKVDWYWBIOLQ D UDAKM GRI
REWDLQHG KHUH W KMKUH | 8RW HIQW K D CRIKW/SIRFUMLIDRAEHD ARV HW LD L

WXUQRYHU RI WKLV PRUH UHFDOFLRWY WEW & DIFRER® FOBOWK XV V

2WKHU IDFWRUV LQIOXHQFLQJ FRPPXQLW\ FRPSRVLWLRQ
6RLO PRLVWXUH LQ WKH ZRRGODQGYV WZDWK I RW L FIHPERX QRRW H
PRGHO WKDQ IRU WKH JHQHUDO EDFW#HH Z® RGN0 Q) YIRQ (PR 6B
WLPH RI VDPSOLQJ ZHUH UHODWLYH WHH BRBWRRIGWL G H U XK
PRLVWXUH ZDV RQH RI WKH PRVW LFASRIREDRQW NMRXIDE 0@ Y HRW
,W LV SRVVLEOH WKDW WKH JUHDWRGOIPGR UW D §RIP 0 UHRL WR
EDFWHULDO DQG IXQJDO 'LVW/0 PRGHWV ZPRSR WHWLFOQN BV WK
E\ WKHLU '1$ PRUH DFFXUDWHO\ UHIIOHFWWH® \URH JBIF B/UR 8RR
WKH FRPPXQLW\ FRPSRVLWLRQ WUDF NI6GJ EQ MAK IR DI\HIQBIUH & H HC
LOQDFWLYH RU VHQHVFHQW FDSWXWM)BHURR®K RVKOM KRHF PRUL
7KLV LV FRUURERUDWHG E\ D VWXGN PRRZL G R RLIQIDVQ \D L\PL O R B
UDWKHU WKDQ '1$ FHDIRW HRQV VIRLIOB WKIHUBHM AR B D WKXPLF KRUL]

,QRUJDQLF 3 ZDV WKH ILUVW DQG \OHF RIQS0 PR @ WQLUPBRWIVDEQ @ L\
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EDFWHULDO DQG IXQJDO PRGHOV LRSWRW RD\BWIXWAWL OU N D SH.R
EDFWHULDO DQG IXQJDO FRPPXQLW\ FRPERPHGWRQ KDV %HH
FRQWUDVW WKH EHVW *+ FRPPXQLWQFDWXWEXUHQRYWIQLFRS H’
VRLO 3 OHYHOV GHWHUPLQHG LQ WRKYL \RIVWRX@X EHHS USHO/HEW DDY(
RUJDQLF DQG LQRUJDQGF VBKH DSSOLFODMWHRQZBY 3V KHUWDMR
DQWKURSRORJLFDOO\ GULYHQ GLIIHURRG®IDBWI G & QS BIDW K LRH
7KH ORZ LPSRUWDQFH RI LQRUJDQLF 3V L\QX DIFW MQ RVEKCDRW HAUKLH
RUJDQLVPV REWDLQ PRVW Rl WKHLU RP SRIVIXQU HRRHQW VF GRDW
ZKLFK XQOLNH VROXEOH RUWKRSKRWBSKOMEOHY @RWQLEPRHGLE
HDVLO\ DYDLODEOH LQRUJDQLF 3 LV SUHVHQW

'LVW/0 DQDO\VLV IXUWKHU UHYHDDEG UXIQDW O FEWR MPKXHD LW L |
S+ DQG SDUWLFXODUO\ & 1 UDWLRLRODARBSR WPRDICRIH UQURGH B
FRPSDUHG WR WKH W RFRAOWXEW ZKVOPRONVIRBHWDE®A WRDQ LQ
ZRRGODQGYV & 1 UDWLRV LQ WKH SD VW BUGHVRLONULDE® H RZKH-D
ZRRGODQGV ZKLFK SUREDEO\ DFFRP®WY LM U FIRP\S FORAMILR €
WKH SDVWXUHV ORLVWXUH DQG S+ KHUHL®RWKHFRDVW® DWW GU
WKDQ LQ WKH ZRRGODQGV U W KOHR.ZUH B R G- RAUKUHH (DIBVG 1L R\VQ.
YDULDELOLW\ H[SODLQHG E\ S+ R QFRL WKXUWDIDL D ELLQIALONK\G MG (

'LVW/0 PRGHO

*+ DEXQGDQFH LQ UHODWLRQ WR EDFWHULD DQG IXQJL
7KH TXDQWLILFDWLRQ RI *+ JHQHV VKRZHG DO KQIKRFN DEX) (
%RJR SDVWXUHV ZKHUHDV EDFWHULBO \DWQXUIKQJDIOUME XQB8DQ

ORZHU WKDQ WKRVH LQ WKH ZRRGODBHXNHORIHG KNWUWKGFHRTG R B
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Microbiology

Microbiology

DOO RI WKH FXOWXUHG *+ JHQH GIWHURLQHN ZWHMWKBBW BR YV
DEXQGDQFHV LQ *OHQURFN DQG % R JRWSDO/ W@ H \D B X ® GIEDQAHAG
GLIIHUHQFHV LQ WKH WD[RQRPLFDO RRPISWYHWQRWKRIVW KD ¥ W
DQG WKH RWKHU SORWYV +RZHYHUUHWDE WXWMHURIZHWLVD R WHWD
UDWLR DQG WKH KLIJKHVW RYHUDOO &0 D RQBEXQIGID® MK HOO RH AMY
UDWLR DQG WKH KLJKHVW *+ DEXQGDYFSDIRQUY W ZRRG @D
ZLWK VWXGLHV VKRZLQJ WKDW KLJKHLUOBWH & DWR RN[ VDWDHIF H®

K\GURO\WLF HQ]\®RH DEWMWYHWGCHBRKRESRVLWLRQ

&RQFOXVLRQV
7KLV VWXG\ LV WR RXU NQRZOHGJHVWEKGHI LYWW VWRLLID EDR 8 G
GLYHUVLW\ RI D FHOORELRK\GURODQ XV 1D G HVMRDL\G LRORE R
GDWD UHYHDOHG VLJQLILFDQW QH Z JHIQHW DIQWE\ \R K IDW V&L © RIEDDF
PRLVWXUH DUH SULPDU\ IDFWRUV GULYLQJWHH \FRIPGPX QWX GE
*LYHQ WKH XELTXLW\ DQG DEXQGDQRH RR ®HA WL R/EDLFAV HF UDLLDE E
FOHDUO\ PHULWV IXUWKHU DWW HQWIGZ® UN. @MHF®IV VDH \K DRAH 16
VWXGLHV WR LQYHVWLJDWH WKH GQWWUYRWYRRIOD YW ® B HDFW
IRFXVLQJ RQ LQ VLWX H[SUHVVLRQ RIRWEGVSEHRGORHLRKEGWN
XQGHUVWDQGLQJ RI WKH HFRORJLFDO&URGK LR WKGEHWRHL

LQWHUDFWLRQV ZLWK RWKHU VRLO VDSURWURSKYV

$FNQRZOHGJHPHQWYV



'H DUH SDUWLFXODUO\ JUDWHIXO WR KRQQRYPRBROPROHDYR
ODOFROP 3HDNH %RJR IRU WKHLUHDQUWK X WDIQG/ WKH MX Z$ROWQI
DOORZ XV DFFHVV WR WKHLU SUR S HIGWH.HH OBK-DPW XVOHFR XL D &

LQ WKH ODE DQG ILHOG
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5HIHUHQFHV

IMXQJGDKO /* (ULNVVR®RORJI\ RI PLFURELDO FHOOXORVH C
OLFURE (FRO

+HQULVVDW “@\FRVLGDVH IDPLOLHV %LRFKHP 6RF 7

4L 0 :DQJ 3 2 7TRROH 1 %DUER]D 36 8QLAQUHDG%( /HLJIK
%XWOHU * 7VDQJ $ OF$OOLVWHWBQGHSYRBWNRIUWKH HXND!I

JHQH H[SUHVVLRQ LQ PXVNR[HQ UXPI® 3DRWWQWUDQVFUI

Microbiology

%UXOF -0 $QWRQRSRXORV '$ OLOOHU 0(% 'LQWGRDQ®B. <DC
(3 (GZDUGV 5( )UDQN (' (PHUVRQ -% :DF M®@IUQ \8V BWR XW L C
% 1HOVRQ .( :KLWH*B@H FHQWULF PHWDJHQRPLFV RI WK
ERYLQH UXPHQ PLFURELRPH UHYHDOQORHDJB ¥BWOLKLAD 6
6FL 86%
'XDQ &- ;LDQ / =KDR *& )HQJ < 3DQJ + @DHQJ 7:0QJ -/ Ol
,VRODWLRQ DQG SDUWLDO FK DR®IFQUHDE [BWE RFQ! RO XQWRI
IURP PHWDJHQRPHV RI EXIIDOR UXPHQV - $SSO OLFURELR(
JHUUHU 0 *RO\WKLQD 29 &KHUQLNRYD 71 H.KDFRKAWDQH $1 &

6DQWRV 9 6WURPSO & (OERURXJK . -DUWUPPEVIHHI $ <DN

Microbiology
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Microbiology

Microbiology

*RO\WKLQ 31 1RYHO K\GURODVH GLYHUVLW\ EHWULHYHG Il
RI ERYLQH UXPHQ PLFURIORUD (QYLURQ OLFURELRO

JHQJ < 'XDQ &- 3DQJ + OR ;& :X &) <X < 44X )XHQIHL - 7DC
- &ORQLQJ DQG LGHQWLILFDWLRQ RQ FRXROYWDOU HFE OO0
PLFURRUJDQLVPV LQ UDEELW FHFXMHDQIGFRKIBDOO K O/BIWHYD W
OLFURELRO %LRW

6XHQ * 6FRWW -- $\0ZDUG )2 $GDPV 0 )RVWHIH 6* 3
&( 3DXO\ 0 :HLPHU 3- %DUU\ .: *RRGZLQ /$ %RXIIDU
2VWHUEHUJHU - +DUNLQV 77 60ODWHU 6& $RQREXHFW &X
KHUELYRUH PLFURELRPH ZLWK KLJK SQORW *HIRPDVYV GHJU
3DQJ + =KDQJ 3 'XDQ & - OR ; & 7DQJ ;:GHQMQJILFPWLRQ F
FHOOXODVH JHQHV IURP WKH PHWDJHQRRRWYDRI FRPS
FKDUDFWHUL]DWHRGRRIORGBEBQDRMYH & XUU OLFURELRO
$00JDLHU 0 5HGG\ $ 3DUN -, ,YDQRYD 16DSHDIHWGHOHHU
+D]HQ 7& 6LPPRQV %$ 9DQGHU*KH\QVW -BDUXJWBEROW
GLVFRYHU\ RI JO\FRVLGH K\GURODVHS RVRWP AR VEZXQYIF\W I UD
30RV 2QH

%HORTXL $ 1HFKLWD\OR 7< /ySH] &RUWPV3IROEKIDQD $ *XD]
6WULWWPDWWHU $: 5HYD 2 :DOLF]JHN $ ¥xHDWURBYOO00 *RO
*RO\WWKLQ 31 'LYHUVLW\ RI JO\FRV\O K\GURODVHV IURP

FRPPXQLWLHY HQULFKHG IURP FDVWV(QY WRR) HHDBWKERU I

:DUQHFNH ) /XJLQE*KO 3 ,YDQRYD 1 *KDVVWPRUBQ DO 5LFK!I

&D\RXHWWH 0 OF+DUG\ $& 'MRUGMHYLF *LGHEHRXVYKDGL 1
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Microbiology

Microbiology

3RGDU 0 ODUWLQ +* .XQLQ 9 'DOHYL ' DW®HMBNDW-R .LU\
( 6DODPRY $ %DUU\ . OLNKDLORYD 1 .\WH\GHY (& O0DW\
=KDQJ ;1 +HUQIQGH] 0 OXULOOR & $FRVRVD /*UHHQORXW VR
%' &KDQJ & 5XELQ (0 ODWKXU (- 5REHUWDRBGHWWMNIHQK
-5 OHWDJHQRPLF DQG IXQFWLRQDODDRIDD\ZRR®| KLQ
IHHGLQJ KLJKHU WHUPE&WH 1DWXUH
BUR] 6 %XHH 0 OXUDW & )UH\ .OBWWVHTXBIQWILQJ)UHYHD
FRQWUDVWHG EDFWHULDO GLYHUVIRX\QBHQZHWHRQ CR DI WLKLLA
OLFURELRO 5HS
7DNDVDNL . OLXUD 7 .DQQR 0 7DPDNL + L®XQDIGD 6 .DPD.
'LVFRYHU\ RI JO\FRVLGH K\GUR O DSWMHIEQ]RUHW WQV R QC
IXQJDO FRPPXQLW\ E\ D PHWDWUDQVFULSWRPLF DSSURDFk
/\QG /5 :HLPHU 3- YDQ =\0 :+ 3UHWMRWREALDE® FHOOXOF
XWLOL]DWLRQ IXQGDPHQWDOV DQG ELRWHFKQRORJ\ OLFU
*LOEHUW +- +D]JOHZRRG *3 /DXULH -, 2URPR&ERJIRXM *3
FDWDO\WLF GRPDLQV LQ D UXPHQ IXBJGRSPDDODMWIVRIQ MHYXC
SURNDU\RWLF RULJLQ ORO OLFURELRO
*DUFLD 9DOOYp 6 3DODX - +BRRHRQWDO JHQH WUDQVIHU
K\GURODVHV LQIHU U H GEsdh&ithid ®I5 R@acHIvsDsabiilid @ R O
%LRO (YRO
*DUFLD 9DOOYp 6 5RPHX $+BDDRQWDO JHQH WUDQVIHU

K\GURODVHV RI WKH UXPHQ IXQJL ORO %LRO (YRO
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Microbiology

Microbiology

6XNKDUQLNRY /2 $ODKXKWD 0 %UXQHFN\ 5XQ@ERQGK\D\ $
99 =KXOLQ ,%6HTXHQFH VWUXFWXUH DQG RVROGKWLRQ R
K\GURODVH IDPLO\ - %LRO &KHP

3DORPDUHV 5LXV -( +LURRND < 7VDL ,- LODVXRIMHYV +LQR
-7 .LNXFKL 7 'LVWULEXWLRQ DQG HYROXWLRQ RI JO\FRVI
FHOOXODVHYV LQ QHPDWRGHY DQG IXQJL %0& (YRO %LRO
4XLOOHW / %DUUD\ 6 /DEHGDQ % 3HWLWKH THOWHSLQ 0L
HQFRGLQJ WKH HQ G R J DIy«écDQUB %anthuSs HB ¥ L GHIRFFH IR U
LQGHSHQGHQW DFTXLVLWLRQ E\ KRUJWRQWDP GRMINI MU U
DFWLQRP\FHWHV *HQH

, JTXLHUGR -$ 6L]JRYD 09 /\Q&HBVLW\ RI EDFWHULD DQG
K\GURODVH IDPLO\ JHQHV LQ FHOBROW®HWIPR SFR.OUKU'
ELRFRPSRVW $SSO (QYLURQ OLFURE

20VRQ '* 7ULSDWKL 6% *LDQQRQH 5- /R$- +EIWWUFK 1& +
5/ *XVV $0 'XEURYVN\ * /\QBOBHWLRQ RI WKH &HO 6 FHOO
Clostridium thermocellum 3 1DWO $FDG 6FL 86%

,UZLQ '& =KDQJ 6 :LOVRQR®LQJ H[SUHVVLRQ DQG FKDUD

)DPLO\ H[RFHO O X O ODkefnolsiftd®fusa (WBRR %LRFKHP

'"HYLOODUG ( *RRGKHD&W '%D\BUQJBWDPIKG-51EDVRQ
.( ORUULVRQ ORuminococcus albous PXWDQWV GHIHFWLYH LQ F
GHJUDGDWLRQ DUH GHILFLHQW LQ V$ZRQSURKHBWYLERWK &R

ZKLFK SRVVHVV D QORKMHOHFR/EXYEGDY ®DFWHULRO
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Microbiology

Microbiology

6WHHQEDNNHUV 3-0 )UHHORYH $ YDQ & UDDUKDEUWRHN % |
+5 O9RJHOV *' +D]JOHZRRG *3 #%KBEPBOMRU + -
FRPSRQHQW RI WKH FHOOXORVRPHV RAirom@esHUREDF [XQJL
IDPLO\ JO\FRVLGH K\GURODVH '1$ 6HTXHQFH

5DPtUH] 5DPtUH] 1 5RPHUR *DUFtD (5 &DO®HIHIQ 9& $Y
9DOHQFLD $ 3HGUD]D 5HSHMWVLRQ FKDUDFWHUL]JDWLRQ

LQWHUDRykdb&@W RIS/ &HO DQG &HO JO\FRV\O K\GURODV

6KHQ + *LONHV 15 .LOEXUQ '* OLOOHU 5& :DUUHC
&HOORELRK\GURODVH % D VHFRQG B®XPBHROOWEERKNE WRO
Cellulomonas fimi % LRFKHP -

/LX && 'RL 5+ 3URSHUWLHV RI H[J6 D JHQH IRU D PDM
Clostridiun cellulovoransFHO O XORVRPH *HQH

%HUJHU ( =KDQJ ' =YHUORY 99 6FXEDQRQFHOOXORVRP
F H O O X O@ostddiunRthermocellum &HO , DQG &HO < K\GURO\VH FU
FHOOXORVH VI\QHUJLVWLFDOO\ )(06 OLFURELRO /HWW
3HUH\UD /3 +LLEHO 65 5LTXHOPH 093 5HWWGERQR® 3
DQG TXDQWLILFDWLRQ RI IXQFWLRQDHURHQWDWRIY i HD@X

VXOIDWH UHGXFLQJ EDFWHULD DQG RHWKDREJHQLF DUFK]

<DQJ &< :DQJ "X 0) /L &) 03X A PLXO 3ZDVWHZDV

VHGLPHQW UHYHDOV QRYHO PHWKD@RJIBWHKE BOE FHOOXOF
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Microbiology

Microbiology

=KDQJ ; =KRQJ < <DQJ 6 =KDQJ : ;X 0 0D $LXKXDQJ * &l
'LYHUVLW\ DQG G\QDPLFV Rl WKH PIRVREL YK HIRW P X (
VWUDZ GXULQJ PXVKURRP FRPSRVW SURGXFWLRQ %LRUHYV

*RRGIHOORZ 0 :LOOLDPROKI\ RI $SFWLQRP\FHWHV $QQX 5¢F

OF&DUWK\ $- /LIJIQRFHOOXORVH GHJUDGLQJ DFWYQRP\FHWL

GH OHQHJHV $ &OLSVRQ 1&RRS®HWDWLYH PHWDWUDQVFULS)\
ZLGHVSUHDG FRPPXQLW\ UHVSRQVHV GRULRLIOSKB@DQRWX L
OLFURELRO

3KHODQ 0% &UDZIRUG '/ 3RPHWRVRDWLRQ RI OLJQRFHC
GHFRPSRVLQJ DFWLQRP\FHWHV DQG ®HHI® DOITEMIOROH R V!
OLJQRFHOOXOR VS$téptEmyvdi/ WHOHBOWH&DQ - OLFURELRO
BOULFK $ .OLPNH * :L'UWHUS/LW\ DQG DFWLYLW\ RI FHOOX(
EDFWHULD LVRODWHG IURP D VDQB\PDQ®X UM MBBM\LFBR WA R
OLFURE (FRO

GH OHQH]HV $% /RFNKDUW 5- &R[ 0- $OOLVRQ +( OF&
&HOOXORVH GHJUDGDWLRQ E\ PLFURPR\GRY SRONHNV UHFR Y
FODVVLILFDWLRQ RI WKHVH DFWLQRP\FHWHWYJE\$'I$0*\UD
(QYLURQ OLFURE

5DELQRYLFK 0/ OHOQLN 06 %ROFEMREDDBO® FHOOXODVHV !
$SSO %LRFKHP OLFURELRO

7HHUL 77 &U\VWDOOLQH FHOOXORVH GHIXN@RDVWRER @ 1HZ

FHOORELRK\GURODVHV 7UHQGYVY %LRWHFKQRO
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Microbiology

Microbiology

_.RHFN '( 3HFKWO $ =YHUORY 99 ®BH®RBUFV+RI FHOOXORO
EDFWHULD &XUU 2SLQ %LRWHFK

$QGHUVRQ $SEW % I\NLGLV $ .OHQN
*HQRPLFV RI DHURELF FHO O X0tRobattetis/ BORYWQRQ V\VWHPYV
.JJHO .QDEQHU ,7KH PDFURPROHFXODU RUJDQLF FRPSRVL
PLFURELDO UHVLGXHV DV LQSXWWWRFNRPO RUJDQLF PDWYV
$XVWLQ $7 %DOODUPD &/ UROH RI OLJQLQ LQ SODQW OLW\
WHUUHVWULDO HFRV\VWHPV 3 1DWO $FDG 6FL 86%

GH OHQH]HV $% 3UHQGHUJDVW O0LOOHU ODUNIHFXDWGVRQ ¢
ODFGRQDOG /0 %DNHU * :DUNIHWZRUBOXQB®\VLYV UHYHD
EDFWHULD DQG IXQJL IRUP PRGXOHWWKIRLOF SDWIHDE@BWH L
(QYLURQ OLFUBEHR® GRL

%DOGRFN -$ +DZNH % 6DQGHUPDQ -3 WG GRQIDDIGFRQW H Q)
FDUERQ DQG LWV FRPSRQHQW IUDFMWNVRIQWHI QHFXNWMQFHO P D
LQIUDUHG VSHFWUD 6RLO 5HV

/IRPEDUG 9 5DPXOX +* 'UXOD ( &RXWLQKR BRH +HQULV'
FDUERK\GUDWH DFWLYH HQJ\PHV GDWDGED\GHI V&$=\ LQ
_.DWRK . .XPD . 7RK + 09))TDWADVERQ LPSURYHPHC
DFFXUDF\ RI PXOWLSOH VHTXHQFH DOLJQPHQW 1XFOHLF $
4X : =KRX < =KDQJ < /X < :DQJ ; =KDR ' =<
0)(SULPHU D IDVW WKHUPRG\QDPLFV3RBVEGLBHRIUDP

VSHFLILFLW\ 1XFOHLF $FLGV 5HYV



*XLQGRQ 6 'XID\DUG -) /HIRUW 9 S$QLVKPRYD 0 +RUGLMN
1HZ DOJRULWKPV DQG PHWKRGV WR HYMQIPHW H ? D HVAX R O
WKH SHUIRUPDQFH RI 3K\0/ 6\WWHPDWLF %LRO

6WDPDWDNLV $ +RRYHU 3 BSRXIHARQBRRWVWUDS DOJRUL

5%$[0/ ZHE VHUYHUV 6\VWHPDWLF %LRO
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IHWXQLF , %RUN GBWHUDFWLYH 7UHH 21 /LIH L72/ DQ F
SK\ORJHQHWLF WUHH GLVSOD\ DQG DQQRWDWLRQ %LRLQI
.RVW\OHY 0 :LOVRQ'HWHUPLQDWLRQ RI WKH FDWDO\WLF
JO\FRV\O K\GURODVHV $SSO (QYLURQ OLFURE

3DUVLHJOD * B5HYHUEHO & 7DUGLI & 'WMUXKEFWXUHDNV HRU
PXWDQWYV RI FHOOGI@thduk cllolyjcuRILQ FRPSOH[ ZLWK ORQ
KHPLWKLRFHOORROLJRVDFFKDULGHW WIWCHVHL 8 B WKRZ D\ @G

SURFHVVLYH DFWLRQ - ORO %LRO

Microbiology

*XLPDUMHV %* B6RXBKRQ# /AW -+' $O]DKH FUOVWDO
VWUXFWXUH DQG FDWDO\WLF PHFKDRLNPMRIU FHQOREWR K\
FRP SR QH @wstidiuwtkeimocelumFHOOXORVRPH - ORO %LRO
.RVW\OHY 0 $ODKXKWD 0 &KHQ 0 %UXQHFNWIDEPRHO 0
'LOVRQ '% &HO $ THémbBbifida fusca VWUXFWXUH DQG VLWH ¢
PXWDJHQHVLV RI NH\ UHVLGXHV %LRWHFKQRO %LRHQJ
IDQH '- 6 6 U51$% VHTXHQFLQHA 6WDFNHEUDQGW (
*RRGIHOORZ 0 HG 1XFOHLF DFL® DWHEFKWQ L-TRKHY :LQ HADFV
6RQV &KLFKHVWHU 8.

OX\]JHU * 'HZDDO (& 8LWWHUGGBIURIHQL®I Rl FRPSOH[ PLFI

SRSXODWLRQV E\ GHQHIDWHOH® W UH B KRR HSRA W HDIQIMVOA VRER/D L C

Microbiology
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Microbiology

Microbiology

UHDFWLRQ DPSOLILHG JHQHV FRGLQJ IRURQVOUEERE¥RPDC(

'KLWH 7- 7 %XUQV 6 /HH $PSODRVQRDWLRQ DQG GLUHFW Vi
IXQJDO ULERVRPDO 51$% JHQHV IRl SKQQRJIHQHWER®IBQG

- - 6QLQVN\ 7 - :KLWH HG 3&5 SDRWRHWROV $FDGHPLF :
9LOJDO\V 5 5DSIHGVMGPHWLFOLGHQWLILFDWLRQ I
HQJ\PDWLFDOO\ DPSOLILHG ULERWyRR@EQs W$SHFURKF V-HYHU
%DFWHULRO

$EGR = 6FK*HWWH 80( %HQW 6- :LOOLDPV &- )RUQH\
BWDWLVWLFDO PHWKRG\G LR H UIPKIDARRAXFIUAV IRHEY. [(EQ BQ D O\V
RI WHUPLQDO UHVWULFWLRQ IUDJPHI¥WVIBERBVYW KQ S RORRR U
OLFURELRO

5DPHWWH $4XDQWLWDWLYH FRPPXQLW\ ILQWHQ S WLIQW L QJ
DEXQGDQFH RI RSHUDWLRQDO WD[RGQFRFLEQXWLWY L$G STD V
(QYLURQ OLFURE

5 &RUH 'HYHORSPHQW5 71D/ QJXDJH DQG (QYLURQPHQW IR
&RPSXWLQJ 5 )RXQGDWLRQ IRU 6WDMDLVWLFDO &RPSXWLQ.
/IDQH '- 3DFH % 20VHQ *- B6WDKO '$ 6RJLEDIUG 3DFH

GHWHUPLQDWLRQ RI 6 ULERVRPDO 518D 8HHEKWHQF H\D WROU
$FDG 6FL 86$%

*DUGHV 0 %UXQV 7,76 SULPHUV ZLWK HQKDQFHG VSF

EDVLGLRP\FHWHYV DSSOLFDWLRQ DR DWKG WX W LOIRFD \FLF

&ODUNH . *RUOH3550(5 Y 8VHU 0DQXDO 7XWRULDO 30\PR
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Microbiology

Microbiology

$QGHUVRQ 0 *RUOHN5B12%$0 DRUNIE,0(5 XVHU
PDQXDO 30\PRXWK 8.

/IHLWQHU 6 :DQHN : :LOG % +DHPPHUOH , .RKO /
=HFKPHLVWHU %ROWHQVWHUQQBOXHFKHHRU SLWWHU FKHP
VWRLFKLRPHWU\ RQ JOXFDQ GHSRO\PHWEHBRWKRQ GXULQJ
sylvatica/ OLWWHU 6RLO %LRO %LRFKHP

*HLVVHOHU 5 RODWDRW\KKLS 5SEHWZHHQ FDUERQ
DYDLODELOLW\ DQG H[WUDFHOOXDR®RHQMPH DFWLYLWLHV
*RRGIHOORZ 03K\OXP ;;9, $FWLQREDFWRRBGDH®RZ QRY
_.DPSIHU 3 %XVVH + 7UXMLOOR 0( 6X]XNHMG /XEZWIH\ VKLW
PDQXDO RI VIVWHPDWLF EARRMobACIisRIORIW ¥ ROSULTQKIHH U 1HZ
<RUN

6LPSVRQ $- 6RQJ * 6PLWK ( /DP % 1RYRWQ\ (+ +D\H
8QUDYHOLQJ WKH VWUXFWXUDO FRPORQHAQYW\WDWRLQXKX
PDJQHWLF UHVRQDQFH VSHFWURVFRS\ (QYLURQ 6FL 7HFK(
6SHQFH $ 6LPSVRQ $- OF1DOO\ '- ORUDQ %DXO0P&®HXO 09

. HOOHKHU %37KH GHJUDGDWLRQ FKDUDFWHUYRWQFV RI P
*HRFKLP &RVPRFKLP $F

%DOGULDQ 3 .ROD tN 0 AWXUVRYi 0 .RSRM\N\eé -7 9DOiaN]|
=LIpiNRYi / a4QDMGU - 5tGO - 9OpHN $&EWIRHANRG WRWD
PLFURELDO FRPPX@LVOLBYH @ DR UH&MWGIO Y MUHOMWVDIQE G G X
GHFRPSRVLWLRQ ,60( -

5RRQH\ '& & O L BKRRSKDWH: DGGLWLRQ DQG SODQ'

PLFURELDO FRPPXQLW\ VWUXFWXUGBGLEQREFI(BR6 XSODQG JU



,UYLQJ *&- OF/DXJKOL® OBSLG DQG VLPSOH ILHOG WHVW |
20VHQ DQG %UD\ 1R H[WUDFWV RI VRLO &RPPXQ 6RLO 61
20VHQ 65 6RPPHUV 3IKRVSKRUXV OHWKRGV RI VRLO DQI

&KHPLFDO DQG PLFURELRORJLFDO SURSHUWLHYV
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Applied and Environmental
Microbiology

Environmenta

Microbiology

Applied and




7DEOHV
7DEOH 3(50$129% YDOXHV IRU GLIITHUHQFH\RRSRYEW LRHQH

EHWZHHQ ODQG XVHV DQG VLWHYV 3MHW EIHWHZ FIRIRDS B UWWR QAL WK
XVHV DQG EHWZHHQ ODQG KWHMO X HWWHN @B\ MWH ¥ V 3V O/ R Z Q

PDLQ WHVW DQG ¥BRQWZUWN FRPPVEDWHO\ WRHUHS5D8BUHIS$ IDFWRU
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VLWH > OHYHOVN m@&® B RRRHQ U PRIBOOD QR RGHD ® GOBIFG SDV WX

THVW )DFWRU 3DLYUVZH¥ER t VWDWLVWLF P YDOXH
FRPSDULVRQV

0DLQ WHVW
/IDQG XVH
6LWH
3 6LWH YV /DQG
E XVH LQWHUDFWLRQ
£ 3DLUZLVH 72 YHUVXV *.
5 > ‘RRGODQG 6LWH
'E_g 3DLUZLVH 72 YHUVXV %2
55 :RRGODQG 6LWH
g 3DLUZLVH *  YHUVXV %2
= 'RRGODQG O6LWH
3DLUZLVH 6LWH 72 YHUVXV *.
3DVWXUH
3DLUZLVH 6LWH 72 YHUVXV %2
3DVWXUH
3DLUZLVH 6LWH *  YHUVXV %2
3DVWXUH
3DLUZLVH 72 3DVWXUH YHUVXV
/IDQG XVH zZRRGODQG
3DLUZLVH *. /IDQG XVH 3DVWXUH YHUVXV
ZRRGODQG
3DLUZLVH %2 /DQG XVH 3DVWXUH YHUVXV

ZRRGODQG
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7TDEOH *OREDO PXOWIODDUYDWHOIGHEY SHXWIRQ ,76 JHQHV DQC
EDFWHULDO 6 DFK1HDIR® XVH DQG 6,03(5 DQDO\VLRQRRIVRLO YDU
YDULDEOHV W RKWVWH® DWXIHMUVERFU | B3INAROXAQU LQGLYLGXDO SORW \
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7DEOH  'LVW/0 PRGHOV VKRZLQJ YDWILREOHY WK D VE EFHVMU HDS
U51% DQG IXQJDO ,76 FRPPXQLW\ FRPS®R\EDWVIHQ ROQDGHBEBBVL
SHUFHQWDJH FRQWULEXWLRQ WR QARKHDCHND[GOHD\ Q DG LYFIDWLHD BA
RYHUDOO DPRXQW RI YDULDELOLW\ LHRG® O RQHGRED W B LFDREGHQ

LQGLFDWHG LQ WKH PHWKRGV +28WDWQEEG ERW & KR &L J K O H DWW

/IDQG XVBLFURELDDFWRUW D O X H FRQWULEXWLRQ R
FRPPXQLWDFK YDULDEOH LQ EUDFNHWYV
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JLIXUHV
JLIXUH OD[LPXP OLNHOLKRRG WUHH 5\HTX HRREGWWIWRFPW ARSL |
FORQHVY DQG FXOWXUHG VWUDLQV IRRPOXAVPDYREDBPWHUYL D QN
IXQJL 3URWHREDFWHULD &KORUREHIQFKMGE L@QCHFWWH1RBR
VXSSRUW ! 6 HEaXIHI IS8 PBARIBacilusVSS ZHUH XVHG DV RXWJU
6HTXHQFH DFFHVVLRQV DUH LQGLFDWNGLQRQE R WIHQ NV HIVKHDIF
WD[RQRP\ RU VRLO FORQH SURY H QD @M HW REFGOVF DY H UNRIQHV SRII
RU DEVHQFH Rl DURPDWLF DPLQR DRV PLHOYMHGN EVOR FANH O C
FLUFOHV LQGLFDWH WKH SUHVHQFH FRIUE®MAK LDPGIQFD DR LG}
SKHQ\ODODQLQH GLDPRQGV LQGLFDWH DD AN GIL FVD VWHR WA IQHH
ERWK DURPDWLF DPLQR DFLGV 7: 7DOPRODRRGODQG RIR *Ot

ZRRGODQG 73 7DOPRHMNRWNXUID VB XWHUW3 %RJIR SDV

YLIXUH BULQFLSDO FRRUGLQDWH 3®2LDIDQ D \\DLYGRIX QI D O$
FRPPXQLW\ FRPSRVLWLRQ IRU DOO VLWHY BE® RXUYG LXQGH ¥ D
VLWHV WULDQJOHV UHSUHVHQW ZRRGOWREGH VOPBOGINYV FaHF!

LOFOXGHG ZHUH WKRVH WKDW KDG D XOGIIQON VFK UF O H 7ZKAV R DUWDIGIL

J)LIXUH 7TRWDO DEXQGDQFH SHU*3UD EDRAWHUWOD®I D& WIS /B EIDC
IXQJDO ,76 JHQHV (UURU EDUV DUH VAOIIDJGEOUC HOURUWRFN:
ZRRGODQG %: %RJR ZRRGODQG 73 7DUWRKUFDVWXUPLRIBR *

SDVWXUH
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