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Gut microbiome of capybara, the Amazon master of
the grasses, harbors unprecedented enzymatic
strategies for plant glycans breakdown
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Abstract

Background: 4FERXFISQ EWMME T\EQ MIARK Jl | HWSGO)S Y TEEG  JSVWIRFEW H T\GHYGXMRGYHRK JY1 RV
Al QMERVERHQBEX RV, S 11 VXl LML VWWERG SJ TEERXFNQ EWWS | ML VTL] WESQA.I Q MEPSV
FISFSKNEEPH GSRAYWGIBR LEWFI | RLEQ T \FRK MAR\SEH NHYWKREPY MIEX3R ERH GSRWUY1 R LI
XERVINBR >S E WWENREFP FI3I GSRSQ] 8LI KYXWWIQ MNGQ LI VFMSYWEV JS\Q MEFP FI8\ EGS\WWR
REX\ JSVIMRSA BYRSW FY ECHS] RERHXI HMI WY | GSFISKMIEPRVEL T W[ LIV LI \FMSVYWEVY JSYRHLEZI
PHXSXI MV SIE Q] \H SJ Q SP GYIEEWWEX KMW)S GSTI [ M XTI W T VGBQ TR\ M SI TERX

TSP VEGE B\l WSLMWYH] MYQMREXWLS] LI YRH W\ TRV HQ NBSFNBXE SIXLT FEKI VIKRNAK \EH RX
GET] FE\E JSYRHMRAEREREH | XERHWERH LI YQE*SRFEWR GERI™ GVIREG H TSR QI Wil ERH Y¥MI
MRSA FYEWEFNQ EVW

Results: , 1V [ | LEZ | YGWEX HXLI KYXQ NBSFMPWOYGYY ERH GSQ TSVIMBR SIXLI WQ MUYEXG

LI \FMIS\BYWGET] FE\E X\BYKL Q YPWVBQ MAETT\EEG.I W1 | YEFSHG\ GSRWYGIBR SJ X.MQ NBSFIBE

WS | HXEXQ AW H K\EHEXSR MAT B TI\IS\Q | HF] *MEFEGY VFEGI\RE [ LI Y EWLI Q B FYRSWW
ERHTI GRRWEY T\SA WWH F] E F\SEH EWVREPSJ' E\FSL] HEX %G | R>] QI W' %] Q1 W S\KERVII H R
TSRVEGLEWM Y)¥MENBR FSGVI490W Ml R HNRXLI Q YPMIR QI EKI RSQI EWVQFRHKI RSQ 1 WABQ
X1 TL] YQ &EGI\SMI X W* YWLI\Q SV Q| YEFSFSQ NBAVERER VWAWWLS] | HW.SWKA.ENR JEX] EGUNMEWQ ENSV
J\Q I REXSR TBHYGXV[ LML EV' O] Q B\ WASI HWI WIBR TI US\Q ERA SJ TRERXT S VEEGA VMl W

)\ TRVROL Kl RSQ MBHEVOQ X VSI XLMKYXQ MBESFNEPGSQ Q YR X SRSZIP %] QI WIEQ MV | \f
YRZI M H NRGYHIRK E KR GBI L] F\GFEW JEQ M SJ & KEFEGSVWEWW +, <<< ERHE GE\FSL] H\NEX FNRHWR
QSHYP JEQM ' &1 << NZSRI HNR\] FER FNRHWRK XLEXI WEFRMLLI WER YRTV @ H RXHXL | H@ | RABREP
JSPH EQ SRK EWSGEX HQ SHYRWS' %] Q1 W

Conclusions: 3 YWN'WBRXW ZI EPLS] X.I GET] FE\E KYXQ MBGFIBE S\AI VKEX WXLI H TSR Q| \KIEX8R ERH
YMIEABR SJHVEY THEERXTSE VEGA BVl W TV WRRK ER YRETTI HYW\WZSNSIRI [ ERH NRXKIEX

| R Q EAGVIREX KMW)S SZI\GSQ | I Y CERMERG  SJ TEERXTSH VEGEEVWl WE G RREPQLERP RKI XS] E\HE
AOMGYEEVERH WWENREFP | GSRSQ ]

Background

SLI HZ WV \WQ FISAGQ NBEFISE [ MR LI HWI Wl XEGXSJ LI \FMISVWLEWFI | RERSZI [ LI ) NRK
VE\G STHZ WY | R\ Q EXGQ | A.ERVQ WISVARMRSA FYFSW H GSRWYGIBR? «  A* SVH GEH WL

Q MBEFIBE SJISYKYX WQIR J\QI RXVWMEWFI I RI QTFS] | HEWE QSH PYWIQ ?  A[ LML PH)SXI
HWESZI \] SJVETLMAGEX H ERH JEVARERK WWE QWS H K\EEH GSQ TR\ TRERX! FI WWWQE. EWXLI Q YPM
IR QI GSQTR\ 1WA PFEVEQI W N\EQ 6 YO MSGSEEYVIEEZ JEGVIRA? AERHXLI | GUIRXERH
HWWRKYMLNRK G FYRSW H K\EHEXSR VW Q M\BQ * MBFEGY VWGEIRSKI R W2 A

%P VWM \ TRV HERH | UYER? | JJl Gl GEVWNSI LI \FMSY WIWLT LINRHKY X \Q | RAVV? A7 D MEV)S ISV KYX
JN\Q T RAWWL HWI VIBR MEGESQ TRMILI HF] EWQ FNAGQ MBSFMPGSQ Q YR FYXR E WARKP ERH
| REKI HIN\Q | REXSRAEQFI V?  A8LIW Q SRSKEVKKBL | \FMSVY WGEEQ TW E ZEVWK\ERKI SJ ER® ERV
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ABQ QEWMI QEQQERVWA. EW P TLERXV\LNRSWERH LSWVW)S ) EFPERI) ERVEVWEFFMAERH

WQ MUYEXG\EH RX\V?  A-REHHMBR X1 | BV WY EH SZI VE Q] \EH SJ | GSRSKMIEPRIE | W[ LML VWKKI VXA
X.EXLMLR W Q&R H Q SP GYIEVWIKEX KMWQ E] LEZI | Q1 \KI HYS SZI\GSQ | X.I GSQ TR\ M ERH HWI WY
SJ TRERXKR GERMR XLI W | RZNBRQ | RXV

8LI GET|FEE , ] F\GA.SI WWL] VGG El VMY MBI FENKI VKRANRK \BH RX ] TNEER® JSYRH MR XLI 4 EREREP

[ | YERHWERH %Q EASR FEVWWR ERH MMER'E GRS[ REWSLI QEWIVSIXI K\EEWVW HYI S MAHVIXFEWH SR
K\EQ N SYWERH EUYEXG TRERXV-R XLMER®D EPXLI J \Q | REXSREQ WIFEEG RX.I G GrQ X.EX

GBI VWTSRHWDS ER) SWOLV | UYEVK WWSI LI KEVKBIRX VMBEPXEGK \I EQLNRK E HVI Wil |~ GVIRG

GSQ TE\EFR S X.EXSIWQMERN? A1l SV SZI VEWE WEX K] YS QE\ MM EFVEVTABR SJ RYXMRX\VH \Ial +
ABQ FEGI \FEPJ \Q | REXSR GET] FE\E GER| EX)LI MG GSXBTI WE W GYIGK TI SIVBIXI\GIE? ASLMW
LEFMSI @ GSXBTL] MQ SV W UYI RXNR[ VM ERD ERVHYARK Y WEVBR [ LI RISSHMAVEE\G 2 A( | WM
FI MK E JS\Q MEFP TRERXFISQ EWMIIN\Q | R VLI | RY] Q EXGBVWEX KMWERH Q| YEFSRETEX[ E]W QTRS] | F
F] MAQ NBSFNEPVY Q FISXBGSQ Q YRY JSVAXLI F\ECHS] R ERH YAIVMEXSR S\ GERIERXHVDEY | FI WV
VQEMRQSWE | Ml -REHHMBR [ MM GET] FE\E ER ERVH | FRK LI 7SYXLI EVKV KI8R SJ &\EANALEZ|
NMCSVTS\EX HWKE\GER NRLI MHVIXISVH GEH W? A LML Q EQ WLI MG GEPQ NBSFISQ | ER| T GERP
EXEGHM \WWW Q JSVAMRSG AW H TSP Q | WIEXSR SI X MIBHYVWRERP \f B ZERXJ! | HWSGD

8S | FYGYEX XI | R Q EXBVWEX KVMW QTS| | HF] X.I &\E*NMER GET] FE\E Q NBSFIB)E JSVTRERXA FF ERP
H GSRWOYGIBR [ | GSQTVLI RAZI B NRZI VWIKEX H XL MKYXQ NBSFNEPGSQ Q YRM GSQ FIRVRK ER WX K\EX H
QYPMBQMBAETT\BEQ. 7 \62%KI Rl YEWKI MRK WUYI RGRK Q| YEKI RSQ MVQ | YEXERVBRIYSQ MBAVERH
21 6 FEWH QI XEFSSQNN [ M. GEFSL] HEX | RN Q SBSK] ERH< \E] G WERSK\ETL] [ LML YPADEX R
PHYSX.| HWESZI ] SIX SRSZIP %] JEQMVMWSLI W | RHRKWLMLAMLXOLI TSX RIEPSIX.I GET] FE\E KY
QMEFBQ| EWE T W\ZSMSI YRTV G H RX HI R\ Q EXGWWVM QWISVEEVFSL] HEX T\SA WIRK ERHLI I F
1\ TERHWRK SYVGYW RXYRH WYERHRK SJ KYXQ MBSFNEPVIEX KMW)S SZI \GSQ | X.I MMRSA FYRSW

VY GERIMSERG [ LML QMLXFI MAWYQ | REPS JISWIVXLI H ZI BSTQ I RXSJ FI8 FEWH X G_RSFSKNW

Results

Taxonomic distribution of the capybara gut microbiota diverges from typical hindgut fermenters

8LI Y\ SRSQNBWOYGYV SIXI GET] FE\E KYXQ NBSFIBE MQ ENRP GSRWIX HF] &EGY VB[ ML SRP E
D EFPAEGHBR SJ Y EFVWGSW \WSRHWRK XS 9@ .E1E 7 1+ ERH1 8 ERH * YRKML +
ERH1 8 7 \62%KI R FEWH YE\ SRSQ] ERERVIMRHEEX WHLEXLI Q SYKEFYRHERX

FEGH \IE JSYRH NV GET] FE\E KYXQ NBSFISXE EV Q1 QFI WAAGQ I TL] FE * MDMBYX WQI ER_ WA
SEG\BMIXW  _ JSPS[ | HF] *YWBFEG{\VE ERH 4\8X SFEGY &
M E %V NEV)E SRSQ NEHWAFYNBR [ EWSFW\ZI HISV 7 \62 %\ EHVAY GBZI I HABQ
QIXKIRSQI 7CL+ 1+ERH18HOEWXVGSW ENSRGSI™ GURXY  JSV1I+18V  JSV
7CL+1+ERHY  JSV 7L +184 EEGY \EWI X W* YWBFEGY VEERH 4\8X SFEGY VB TL] FE
[ 1Y VWMRVIGERR QSV EFYRHERXR 1 + X.ERNR1 8 GSRVWAl \RK G GEPVEQ TRW*M  F [ LIV EW
)YWEGAESE 18 1+ \BEXSI\TVWYHEWQIER_ 7( r *MGSFEGIVW 1 ERH
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7TVBA.El X W [ IV QSY TVZERPRXR1 8 XERMR1 + HDE SIA GEPVEQTRW*M  F
UPLSYKL X1 T\BX MRS 62 Y%\EXSWEV \EXLI VH REQ MENR GSQ TR\ Q MBBFNEPGSQ Q YRMWVWEGES\HIRK S
EFVERYX Q YPVBQ MBAMWYHVIW?  AXLI LMLIVL 8 1 + \EXSWISWEQ! TL] FE WA EW) YWEVA B SE
QRS RYS GYH QI X.ERSKI RWWTT GVIWQ MLXGEW FEX S XLI JEGOLEXGET] FE\E ME T\BRSYRA H

QI XER T\BHYA VEQSRKXI LMHKYXI\QIRIW? A

&NARWRK SJ1 + EVWWQ FP H GSRMWFEWH SR X XERYGP Sl W UYI R ERHGSZI \EKI T\S! B\ WR H R LI
V GSRWYGIBRS]  YRWY! 1 1EKI RSQI BWWQFRH+IRSQIW1 %W 7YTTPSEFR 7 FI MK
GSRWAI V HSILML UYER GSQTRAR WV  ERHGSREQ MEXSR ERH QI HWQ UYER{
GQTRARW  ERHGSREQ WMEXSR MEKV I QI R N X.I GSQTRX R VWVERH GSREQ MEXSR
TE\EQ | X WWWYKKI WM HF] &S] | W/ XEP ? A&EWHSRXI +8( & HDEFEW  SJIXI Y GSZI I H

1 %+ WEY GEWWII HEWE SRSQ NERSZI PMW\ TV W RARK | BLI VRSZI PATT GVWSVKI RI\E [ LN NRGYH
SR \8Q *M\SFEG(\BE JEQN *M\GFEGI\EG E SR 0\6Q 4ERGSQ] A )SE JEQW

SLIVQSKY¥EG El SR \6Q 7TMBA.EIXSE JEQW 7TLEN\BA.EIXEGE 1 MLXNEQ *MD MY WIEQ NVW
) VTl FSXRALEG El OEQ.RSWNERW' %  ERH3 VBVBSWINEG El ERH  \BQ &EGY \SMI X WIEQ NV
GEGY\GMEGQ Bl 9&% ERHI1 YWIEGEGE T7YTTPSEFR 7  -XMRSEFR XLEXH WM SRP X S1 %\
NBQ * YWIBFEGY EERH 4\8X SFEGY VB 1 %+ ERH1 % VI GMI B [ I YGSZIVHABQ 1 +
X1 QSWKEFYRHERX3 89WN ZI ERHF] 7 \62%KI Rl ERERVIM{ |\ GEWWI HYS LI W TL] FE

“YWBFEGY VEERH  4\BXSFEGIVE 7TYTTP*M 7  TSVRWRK S ERND TSVERX\ER SIXLI W W GVWR
XMQ \BEFISE

%TV ZERRG SJ *MD MBYX WA\SX SFEGY VB &EGH \SWI X VIERH 81 R BYX W EWSFW\ZI HNR LI KYX
Q MBSEFISQ | WSI S VLIRHKYXLI \FMISY WWQ. EW' EWSV! FI V' EVWSVEEREH RMALSW \EFFM ERH CSEFE
2 o A*YWLI\QSVY QNBSFISYE ERERVIMSI HSQ | VWEEX H LI \EISV WNRGYHRK LIBHKYXJI \Q | RX W
WQ NBERXVERH Q SRSKEVWIGERD ERW ZI ERP H * MD MBYX EWXLI Q SWKEFYRHERXTL] FYQ ER
V\WIGMI B JSAS] | HF] &EG\GMI X W/ ERH VWIGHIP ? AYPLSYKL
X1 TV HSQNERA SJ &EGY \GWI X VERH * MD IBYX VIME KI R \EPJI EXYYI SJ Q EQ Q EREER KYXQ NBSFIQ | W
2 AXI QNBSFIBE SIREM &\EAMER GET] FE\E HMJ WAVSQ SYLI VLIRHKYXJ \Q | RX WWERH WQ NBERXV
QENRR HYI )SE\ HYA HEFYRHERG SJ *MD MBYX W EFSRK[ M E LMLI VEFYRHERG SJ * WBFEGY VB
ERHA\BYSFEGIVE  \WKKI WIRK XLEXHT Wl H VIKEX KMWISVAMRSA FYFSVIKG Y)WMIENSR Q E]
LEZI | ZSR HNR X.MKYXI RZMBRQ | RX

Fibrobacteres and Bacteroidetes are main degraders of dietary fibers in capybara gut

RS\H VS YRH WERH LI EFMY SJ GET] FE\E »S GSRZI \KTFERXT SR VEGA VMl WIS N | WKEW1 + ERH
18 HDE[ 1V NZ WMEX H)YSH X\QN X1 Kl RSQ MBTSX RAEPSI MAKYXQ MBSEFISE EWEBAEX H[ N

' EVFSL] HEX %GM | R>] QIW' %] Q1 W %XSEPS] TYEM ' %] QI WK R W RGSHRK JSV

+P GV , ] I\BEEWW +, ' EFSL] H\NEX ) WENEWW' ) ERH 4SRVEGA.EWA 0] EWW 40 JEQ MV
[ IV MIRWIHSI[ LM K RWIVWRI{HE QSHYEVEAM GW 7YTTPSEFR 7 8LI QSWK
EFYRHERX %] Q1 Wil Rl HEY QI QFI WWSIXI JEQMMWA, +, ERH+, F] H OIEWAK
EFYRHERG *M [ LNEL MAWREKV I QI RX[ M XLEXV TSW HJISVSXI VL SYKEWSAEA H KYXQ MEFBQ | W
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WA BEALYQER W M ERH@E&XP WQIR? ASLIW IR QI W RGSQ TEVWWHMI Wil H EGMMWMARGYHRK

& KVGGVHEW &\ | BWHEW & KEFEGSVWEW ERH & Q ERRSVWHEW ERHEV SIAREWSGAEA H[ M LI | REP
WITWRL H TSR Q1 \WMPXSR GEVEEH SJ W ZI \EPTEERXTSR VEGA EVMl WWQA. EWGE FYESW LI X\B\ | EERW
QMI HMRCEKI & KFYGERWERH & Q ERRERW

RXI ' %] Q1 I'TIVEN SIHMQMSFSE R M VA AYEWWASQ JEQMMWE, +, ERH+, RSV

a AYRBVEQ | WEVWVWYHF] LI TVWRA SJGSLI VR ERH HSGD \RR HSQ ENMWVEWSGEX H[ M. G FYFEWW

GSYRFI MI RYII HNR 1 + SV1 8 HDEWXV-R WQ NREPERE] \BFNBIYRKMYLI W JEQ MVWEN JSYRH MR LML

EFYRHERG TSWWAR YE\KI XK \f GERIERXG PYRBW WYGNW? A, [ | ZI VRRXLI GET] FE\E KYX

Q MBSFISE EWE] | HLIV JYRKM | ¥ HXGIHSRP EXZI ] BS] EFYRHERA *M E  8LMAWYKKI WAMLEX

A AW H KEEHEXSR LI GET] FE\E KYXQMLXFI QENBP EGESQTAMLIHF] IRHS&  KFYGEREWW)'
NBQ JEQMMWA,  WFIEQMMWA, C +, C +, C ERH+, C +, +, ERH+,

[ LM [ 1\ H X GUHI ML VEWWRKP HSQ ENRASVIR Q YRIVD SHYFEVT\BX R EVALIM GYW W2 SEFR X1 Q SW

INTVWVHKI R W RGSHRK | RHS &  KFYGEREWWFI FSRK S EQMMWA, C +, +, ERH+,  ERH

[ 1\ M RWIHIR *MEFEGI VL %W 7YTTP*M 7 ERH7YTTPSEFR 7 X.EXERGTVWRXELML 18 1 +

\BX8 *M F NMRHEEWRK XEOLI W FEGIE EY TY)EM B O] THE] | WR G FYBW H K\EHEXSR R LI

GET] FE\E KYX * M\GFEGY VWIYGOWRSKI R VIMICRS] REWE LMLR |~ GVIRXA PYFSRAGFEGT \WQ NI G5

WQIR? AERHI QTFS] WE Q YPMNGX MR GSQ TR\ XS EXEQ. YS A IYFSW | FI WWERH G FYFEWWW G X HF]

X1 8 77 HTIRH RXWGI MBRWW Q JSVA AYFSW FYECHS] R? ASLI X\ *M\GFEGI VL %W

\ G521 Y H\BQ GET] FE\E KYXQNBSFISQI | RGSH G IYFEWW ML E8 77 VWREPWUYI RG EW[ | FPEW

T\BX NRWISVA FYFSW EHLI WBR NRGYHRK X XEXIGSTI W | B VID| 3 QTY%ERH TR T\GX NRWEW

VTS HJISV* WAIRSKI R U2 A*YWLINQSY ABQ X1 WXSJ  T\SX MWSFW\ZI HNRXLI SYXV

QIQRER ZIWIPW3 1: WABQ * WARSKIR W? A[ | LEZl MIRWMIH [ M. WUYIRA M RM

\ERKNRK \BQ 8LI' W SFW\ZEXSRAWNYKKI WOLEX] TMEEP* MGFEGY VQ | ALERMD WJIYRHEQ | RER?

\ P VRK SRA PWAJEQ EHLI WBRERH3 1: WEV G RXEPISVA FYFSW H TSR QI \KIEXSR R XLI GET] FE\E KY?

RXI QYPMP \Y GSZI \I H &EGY \GWI X VA %+ WE FEKI RYQFI VSI TSRVEGAEVML Y)WMIENBR FSGVI4 90W
ERHGYWIVWASI' %] QIW' " W[ IV MIRWIH *M ERH7YTTPSEFR 7 [ LNEL T\GZWI LMLR

H W1 H GETEFNMVIVDS XLMQ NBSFIBE XS GSTI [ ML X1 QLI Q MEEPERH\WOYGY\EPGSQ TR\ M SJ X TNER®
EFYRHERXLI Q N FYFSWWWERH T1 GIRWIR K\EQ NI SYWSVEUYEAG TRERXMWAYA. EWLI X \B\ ] FERWQ MI H
MRCEK| & KFYGERW&  KFYGERW\ | FSKFYGERWQ ERRERWERH L SQ SKERFEGY\SRERW 2 SYEFR LI MI R H
490 YE\KI YRK Q MI HRRCEKI & KFYGERW7YTTP*M 7 MLMLP GSRW\ZI H VR GET] FE\E ERHLYQER

Q MBSFISQ | WTV WRIRK M RAGEPKI R EVALM GYV | RESQTEWMWRK SR +,  ERHX S+, IR QI WEW
VTSHHNR? A490WHEKI MRK S LI X \B\ ] FERWERH LSQ SKEEEGY\BRERW 7YTTP*M 7 GSQQSR

GSQ TSR RXAVSI K\EQ NI SYWTRERXMAYGA. EWWKEVGER 2 AER'S I WQFR 490Vl Rl HR LYQ ERKYX
QMBSEFISQIW?  ALMLILIRK X.I \IMRVIGERXP ZI PSJ GSRW\ZEXSBR SJ £EGT \GMI X W R\ Q EXGVW W QW
VR SQ RS\ WERH LINBHKYXLI \ENISV W

(TVWIM LT TVWRGA SIQYPMIP GEVFSL] HNEX | WIEWW' )W *M X FEGOSIEY\ M\ EGMI
| R QI W9 RHIEX WE B[ GETEGY SJILI GET] FE\E Q MBSFME XS Tl US\Q TEERXFNSQ EVWV
H MRYIGEAER EWVER'G SFW\ZI H ISVSXLI VQ SRSKEVRIGL | \FMSVY WWQE. EWLSWWVW? A%NE
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Q| GLERMD >S GSTI [ M. MR KL HVIXA\XLI W ERQ ERVQE] | QTRS] G GSXBTL] S| RLERA HWI VWANRY
ERHRYXMRXYTXEQ -R EHHMBR MMRSX [ SW] X.EXQER] Ml RWII H490WSRP WLS[ | HVID MER] [ ML
RSRI\ TI \KD | RER ZERMEX H490WERH[ MLSYXE GP EWWFVWKEX JE\KI X 7YTTPSEFR 7 [ LML RTEWX
GSYRHFI HY! S NRXRWIGRQ MEXBRASI KI RSQ| \f GSRMYGIBR AEQ QI XEKI RSQ | WEYXER'S \I §1 G|
ZEVEFVRY LI X\BKI R M ERH TEWEPCRS] PHKI SIXLI WYGYY ERHGSQ TSVIMBR SILI KB GERWT\Y WRXV
X HVIXSI[ MM GET] FE\EW

8EQ RYSKIXLI VLI ' %] SQI ERERPVIMSI XL GET] FE\E KYXQ NBSFIBXE NMHEEX W+ MEFEGY  IEWQ ENR
HZI WAOSVA AYFSW FYYECHS] R [ LIV EWXLI RYQ 1 \BYWEEGH \SMI X A9OW' ' WGESRI VS XLIW
GSQQYRM E Q] \EH SJ I RY] Q EXBVWKEX KNWS XEGTR [ M XL GSQ TR\ ERHHZI WV LI Q N FYFSW\WERH
TI GRRWY TNEERP TV WRXNR K\EQ MR SYWERH EUYEAG TRERXVQ ENVGSQ TSR RXAVSJ GET] FE\E HVIX

Global metabolite profiling shows high performance on the conversion of dietary fibers into short-chain
fatty acids

3 R3 EHHV WVH ND TSVERXTRE] | WWMRXLI H TSR Q1 \EXSR STHVDEY | FI WWR GET] FE\E KYX[ | JYWLI V
NRZI VWREX H LI \BRP SIXLI W Q NBBS\KERMD WIR LI GSRZI WIBR STV | WKEWMRS | RI\K] JSVXLI LSWKF]
VX K\EXRK Q | YEFSFSQ NBAVERH Q | YEFSAG\Y GSRVKYGIBR ERER VW

8LI QENVI QI REXSR MEHYGWQ | EWN HNR LI GET] FENEKYX[ |V WLS\WKALERRIEX] EGWW 7' * 9NV

EQSRKQSY XER QIXFSMIWH XG{HF] 21 6 WI GREVEST] FEWHQI XEFSFESQMNBN 7 YTTP 8EFR 7

8LI Q SWKEFYRHERXQ | YEFSPA WSFW\ZI HM G GEPERH VY GEPVEQTRW | EG XX QIER_ 7( _
ERH Ql VWIGMIR T\ETNREX _ ERH Q1 ERHFYX\EX

ERH _ Ql S8LIW 7" *%\EXSWRHIEA E JS\EKI FEWHHWXERHEV W) MEV)S

ABEXWI RISVWQ NRERXN? AWTTSRKELML | © GVRG SIXMQ MBEFE R YW STHWEY | FI W
EWERI R K] V6Y\G

Al ROV X HYS T] WZEX J\Q | REXSR WS EGEX [ | Y LMLP EFYRHERXMRFSX. 1 + ERH1 8 HEE JSV
Q GEPERH Y GEPVEQ TRWERH LI ] EV H \RI HA\BQ * MD MBYX WEEGY \GMI X WERH * YVBFEGY VB * M
ERH7YTTP*M 7 1 |)EFSRGTEL[ E] \f GSRWYGIBR ERERVIMWLS] WXLEXEQ YEX GERFI TY)EM B
T\BHYA HF] ER] SIX.I FEG{\EPL %+ W G5ZI I H\BQ CGET] FEE KYXQMDSBFI8Q! *M [ LML MAR
EKV1 QI RX M. X.I LML EFYRHERA SIX.MQI XEFSM N FSX. G GEPERH\ GEPVEQ TRW 7 YTTP 8EFR

7 3R SXUIVLERH X 1\ TV VWIBRERERVIASI A ] KI RIVWRZSRI HRXLI FY{\EX TEX[ E] EX6% (
KI R W NRHEEX VWLEX* MD MY WP IFEGY WO W 1 % ERHI /KEWLE \EW 1% EV RGO R XI
QEMVFYA \EX T\BHYGRK FEGI \IE R XLI GET] FE\EKYX 7YTTP*M 7 ERH7YTTPSEFR 7  8LI
SEGI\EWI X WI EVRVEFMEG £l 1 %  ERH*YVBFEG{ VW1 % ERH1 % ERGLEZ GSFSGEMIH
KI R WEXS% BXS( ERH TXF FYX \WKKI WIRK XLEXOLI ] ER'® GSRXAYX S FY \EX T\BHYGISR MR VEQ|
INXRX7YTTP*M 7 ERH7YTTPSEFR 7  8LI § TMEPKI R WASQ EG] X ERHT\GTER HSPTEX[ E] W
NRZSRZI H R T\STISREX T\BHYGHBR[ | Y RSXW RWII HIRXLI I GSZI Y H1 %+ \W\SQ GET] FE\E KYX * M
FYXLI QQHI6KI Rl | RGSHRK E QI X REMSR P S%H GEVFS\ ] BEW \8Q X.I WGIREX TEX[ E] W

[ N\ EH Q ENRR EQ SRK &EGY \GWI X VERH[ EWER'S SFW\ZI HNRVEQ| * MD MY IERH * YVIBFEGY VEE

1%-W7YTTP*M 7 ERH7YTTPSEFR 7  *YVLIWQSVY X \BEXS SIT\ETNREX H A GIHNRLI KYX
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GET] FE\E KYXGSW EEX W 6! ERHT! [ MO VM EFYRHERG SJ &EGY \GW X VANT TSR LI
WGEIREA TEX[ E] MQ XMWTL] YQ EWXLI Q ENWHEYNG SI TETREX T\EHYGIBR R XLI GET] FE\E KYX

SSKILI VXTI W Y WPAWH Q SRWKEX ELML 7' *%T\SHYGBR M X1 GET] FE\E HWAI WMl XEGK[ LML ME
GSQQSRQEVA VSIHWI WBR TI IS\Q ERG SIHWEV | FI W?  AERHXI VISV Y NRIS\A X TSA R¥EPSJ
XMQ NBSFNBXE ISV FYECHS] R SJV GERMERXTHEERXTSR VEGAEVM W M. GSRGSQ MERXT\SHYGIBR SJ
| RINKI AGBQ | EFSIAWISVALT LSWK

A new GH family mined from the genomic dark matter of capybara microbiome

(\E[ NRK SRLI ' WRXMWLLS] | HLI ' R GET] FE\E KYXQMBSFSQ| GERFI ERND TSVERXVENG JSV
YRA.EW HI R\ Q1 WNAZSRZI H N TRERXT SR VEGAL EVRAl WH TSR Q| \WIEXBR 1 SV SZI VXLI MBRX1 + ERH1 8
ERER \WASJ GET] FE\E KYXQ MBSFISQ| \f ZI ER HWZI \EPI\ TV WVHKI R WERRSEX H EWL] TSXLI X@EP
TVBX W 7SQI SIXIW KIRWEY 'QSA R WDNEVS' %] QI QFIWV[ M. WUYI RG M RBf \ERKIAK
ABQ X8 WKKI WIRK E TSX RAEPIYROIBR N LI T\BA WIRK SJ TRERXT SR VEGA EVMI WYX\ UYMRBK
IYVAL| VIYROISREPVRZI WHEXBR 7YTTPSEFR 7 %@ NBK XS YRGSZI VLI EGEMM SII W T\BX MWW ZI \E
365W |\ 1\ TV WVH ERHWFN G HS FISA.I Q NIEPEWE] W Q TFS] NBK E HYI WV W XSJ VW RLI X6 TSP
ERH SMSVEEGA E\MAl VWWFVEX W 7 YTTP 8EFR 7

3R SIHUIW TVBXNMW7)5 { 4&1 (')’ &C REQIHLIV ' ET+, <<< [ EWEGMI SR TRMWSTLI R P&
( KEFEGST]\ERSWA 724 &( +EP ERHOR XGTEEQI X W 1V H X\Q N HABQ WFWEX VEXEXSR
ONZIWSEFR ERH7YTTP*M 7 ' ET+, <<< SVLSEKYI WEV JSYRH NR %GRSFEGY VE * MD NBYX W

: 1 WYGSQ NBSFIMEFERH &EGY \SWI X ML %+ WA GSZI \FHBQ HI WV VBY\A WWA. EWWQI R J @ WKYX ERH
S\EPQ MBSBFIEW 7YTTPSEFR 7 FI MR LI GSWVXWUYI RA A\6Q EWQIRH \RI H1 % 9&%

ABQ X YRGRYWH6' KBYT? A71UYIRA EREPVMWLS] | HXLEX ET+, <<< MHWER® VI FEX H>S
JFQWMMWE, ERH+, *M E ERHTBX MLV EHWK RHEEXWE 8-1 FEW PISPH 7YTTP*M 7
VWKKI WIRK XLEXOUMA, JEQI FI SRS XLI GER+, % 8S IYVLI VI\ TRV X1 +, <<< JEQM X

IR QI " & 7)5 @ &<=C ABQ & | ] FERMSZI RV LML WEVW  WUYIRG MI RN

[ DML' ET+, <<< [ BWLI X \BSKSYWP T\BHYG HERHFI8A.I QNEERP GLE\EG{\MIl H 8EFP  8LMWWGSRH
QI QFI VERBW.S[ | H& KEFEGSVIMEW EGMN X.EXWI ROLI RAEXFISA.I Q NMIEPR ZI PYLI | WEFRMLQ | RXSJ
XMR[ +, JEQW

RXI EEGI\EMSEFEGI\WO 1 % VW GZIVHMBQ ' ET] FEEKYX' ET+, <<< MJSYRHMRE TV H®{ H
490 EHHMBRER GSQ TVMIRK | R\ Q1 WA\BQ JEQMMWA, ERH+, %V MEVA90 S\KERVIEXSR[ EWERY
TVHBIHR EEGI\EMI X CC Y GSZ HABQ LYQERKYX[ LML 1 XLEFSWM R Q1 W\BQ +,

') ERH40 C JEQMMW-XMRSX[ SW] XEX ET+, <<< MBIXRJISYRHIYWH)SE+, QSHYR SVR
A90WLEZMK +, QI QFIWEWR & | ] FERWSZI RVERH 4\ ZSX FE H REMAN G521 I H\BQ WSSPERH S\E
EZM VWIGHMIR *M F NRHIEWRK EWR \KMAG FEXSRWNT FI X 11 RXIW JEQ MWL SV SZI VXLI W
JEQMVWEY ER'G GSQQ SRR JSYRHERBRK[ ML+, %0 \LEQ RSVWEWWR LI 490 GSRX\ X R

&EGH \SMER WFEGY \WQ 98&% E+, <<<QIQFIVMETTIRH H)>SE+, QSHYR GEW MKE' &1
FSX YE\KI MRK \LEQ RSKEFEGYV\BRERW* M F  8LI W SFW\ZEXSRWWEKKI WOLEX+, <<< GBYR EGXSR&

MRQ H KEFEGSW P VIY1 WIR Tl GIG TSR VEGI BRI W
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Capybara Prevotella sp. MAG57 harbors a novel family of carbohydrate-binding module

%Q SRKXLI \FGSZI W H1 % WASQ GET] FE\E KYXQMBSFNBQ| 4VZSYAEW 1% M| SR [ NI
K VKRYQFI VSJ' %] QI | RGBSHRK KI R W4L] FSKI R MBERH[ LSP KI RSQI ERERWWWLS] X.EX1 %
MGSWR Y BEX H S SXLI VYRGYRY H 1 %+ WE\ SRSQ MERP EWWR! HXS XLI 4V.ZSX AEG El JEQ W}

W GBZI VHABQ XI 98%T\BNIGK? Al NMLIVABQ WLI I T | RTLERXERHQNME KYXQMDSFISQI W 7YTTP* M
7

1 YPMP 490WERH' %] Q1 GYWIWA[ I\ MI RYIIHMR1 %  7YTTPSEFR 7 NRGYHRKEKIR GYWV
E\KI XRK E\EFNRS\ ] FER ' EREFYRHERXL| Q NB FYFSW NR WGSRHE G A EF\SIWKEVER ERH
S VKAEWVWSLMGYWE VI RGSH WX SI\STRY QI WASQ JEQMMWA,  ERH+, ERHER

YRGSRZI RASREP+, QIQFIV[ M ERYRRS] R Q E2 X\QMEPHSQEM *M E 71Uyl RG ERERVIW
WS | HXEOLMYRYWER2 X \Q NEPHSQ ENR MER'S TV WRXIR &EGH \GWI X WL %+ \WH \III HABQ X1 KYX
SILYQER QSYW ERHIRTLERX 7YTTPSEFR 7 LS[ | ZI VMHWIE] WRS WD NEWM [ ML ER] CRS[ R
ERGVE\] HSQ ENR EWEGEA H[ M. %] QI W

8LIJISV YS|ZEFYEX X.| JYRGIBRSIX.MYRGSRZI RASREP+,  QIQFIV' ET+,  XI JYPRRKL
T\BX R MAVHSQ EMWETENKERHXLI ST V+, QI QFI WWGSQT\MIRKXLI ' ' GYWIV[ |\ Y GSQ FNRERR
NTVVWHERHGAEEG(\WIH 8LI +, QIQFIV' ET+,  ME GERNMQ EGVEX H %KEFEGSVHEW

[ LIVEWXI +, QIQFIV'ET+, C MELMLP EGM %0 E\EFNBSIV\ERSWEW 7YTTP* MW7

7 ERHSEFR « X SA] EGEMMIWS VI QSZI H GBEXSRWSI LI X\B\ | FERW

8LI +, HSQENMRS]' ET+, IW\LMMM RHS &  \] EREW EGMM FI MK EGMI SRFSX \ ] ERERH
HWIRGKE\EFNRS\ | ERWSEFP  / VR XGERER WWWRHEX X.EXH CGS\EXBRWTY WRXWR | E\EFNRS\ | EER

E\EFNRSW \ ] FSW \EXS ! EV RSXH XK@ | REP)S LI GEERXGTI\IS\QERG WS N VID NEV/
ERH Qe CSRWERXVGSQ TEWH)S\ | EER 8EFP ERH7YTTP*M 7 8LI <]R > IR QI 8Q
, YRKEX NSO X1 QSA YO 98" WEWK  SIWUYIRG MIRM [ ML' ET+,  MAI

FBWWKABEESL I HQI QFI W JEV[ M. LML EGMM SR\]ER? AS8LI 2 X\QNMEPVKMRSI<]R >
| RGSQ TEWYVWE JI WFS] P VK\EW JSHS[ |HF] E' &1 HSQEMWR [ LML MRSXGSRWV\ZI HNR' ET+, ? A
8LI " ET+, 2 XA\QMRYWALS] | HSRP WUYI RG VI ME\BY [ ML YRAE\EGL \Il HT\GX MRW[ N LI GSWV

LSQ SEKWQ SWR TV WRBK E +, HSQEMR[ M. WUYI R M R™ E\GYRH " ET+,
SVLSFEKYI WJI EXY\IRRK VWD MEVHSQ ENR EN\GLM GV [ 1 Ml RAYII HNR 49 0WI\NEQ WQ NREP4 VW ZSX FEW
WaQ. EWAVZSX FEW &4 4V ZSXFEW &4 4V ZSXHEQ El FEGI\WQ |, 92 ERH

AVZSAFEGE FEGYWQ 12 ERG R P XK A\ | ERV FEX H TSR VEGAEMI W

8LI TSX RMEP R| QEXGEGHM SIXI MBEX H2 X\QMEPHSQEMSI' ET+, [ EWEWV\WYH EKENRVK
HDI Y RAVWYFVIREX VWIRGRYHIRK Y R XBVWFVWEX W SPHSVEEGE. E\WAl WERH TSR VEEGELE\MAL W 7 YTTP 8EFR
7 FYXRS L] H\GEW BPEW SVIWI\EW EGEM [ EWSFW\ZI H 8] TNIEPEGMYIVWAZSEZI HIR LI X \8\ | FER\
FVECHS] RMGYHRK | RHS & \] FEREW &\ ] FBSWHEW %0 E\EFNRSIV\ERSVIMEW %( KEFEGSWHEW %(
KIYGNBRVEW 3 Q1 )] PKIYGNBRS] PQ I X.] RWI\EW JI WFS] P W \EW ERHEG X P\] FER | V\EW [ | Y
EWE] | HF] HWIRGXQ | X.SHA[ DLSYXOLI H X GIBR SJ T\BHYGXIS\Q EXBR SWYFVWEX GSRWQ THBR 9RH )

3DJH



UMVTI AT G [ 1 X1 RV WBKEX HXLI GETEGY SILM2 X \Q MEPHSQ ENR S FINBH TS RAEPWRVKEX W
SIMM,  TEVR VWA EWFI | @[ SSH\ ] FER ERHE\EFNRS\ | FERWYWRK E* RV KI Pl P GXSTLSV VW %+)
MMWLLS] RR*M G XLMHSQENR GERNH | HNMX\EG] NI WRWKEXWSIXI +,  HSQENR WKKI VMK
XEOLM2 X\QMEPHSQEMR QE] JEXKI XLI ' ET+,  COERAGHSQEMR)S\ | FER TSR VEGA E\Wl W

RS KI XIYVLI VIRWKLXMARS X TS REP\SR SIX.MYRGSRZI RABREP2 X \Q NREPHSQ ENR MV

OF WERSK\ETLNEWOYGYY [ EVWWBRZI HF] 711 | XTLEWRK EX  E\'VBIYX@R 7YTTPSEFRP 7 8LI

HSQ ENR MQ SRSQ | IGNRVBIYXBR 7YTTP*M 7  ERHI\ LNMAMAE TE\ER PWKLXLERH H& LI IV JSP
GSRMMRK S GSQTRX LI REEPY\RW M. X S Q ENRVLS\KLI I WNEXYHRK NGQ X.| & LI MM FEGFSRI
*M F ALl LIMEPY\RVEY X MEHERHGAZI H[ M. EGERMQ MBRFIX IIRXI LT ERH X X\RW
NR ER SGEL| H\EPGSS\HREXSRWLIVY *M F SLM&LI IV ISP MSFW\ZI HRRXLI GER+, 2 SIXI +,
WTIVEQNM WX GEFSLIHEX | W\EW ' ) ERHNMRWZI \EPTSRVEGAE\WMI PEW 40 JEQMMWLS] | Z1\
WOYCGNEPGSQ TEWBRA DLOLIW ' %] JEQMMW+,  +, 40 ERH') RPHXSLML \QWZERIW"
E NMHIEWRK TSSVLV | HOQ | RISREPGSRW\ZEXSR 7YTTPSEFR 7 21 NI VLI GEERXGER \I P ZERX
\F VIAY] WRSVXLI EGEI WX XSTSISK] SIXLI W JEQ MVWEY GSRW\ZI HWRXLI ' ET+,  &LIAMHSQEWR
TYTTP*M 7 WTTSVRK X.EXXLMHSQ ENR MIRSXGEER XIER EGHI

RS\H VS | YGHEX X.I Q SP GYFEVH X \Q NRERXAISWA | FER FNRHIRK SEW\ZI HIR %+) 1\ TIKD | RXVX S
WVEQ \KISRWTSTYREX H[ M. E\BQ EXGERH EGHING\ VY1 WX TNIEPTREXIS\VQ WISVGR\ESL ] HAEX
VX \EGIBR [ |\ Ml R HERHQY)EX H 8LI VKIR-FIX [ I RXI X\RW  ERHXI KNSR~ R EV)S X\RA
*M FERH7YTTP*M 7 1YPBRA)  %ERH) % MR VKI8R- WZI 'R M) TEN HT\BX R
WEFNM ERHPHYS LI 1\ TV \WIBR SRP EWIRGVIBR FSHVIWL Y)EXBR( 0 EXLI GEREWQ FIRHRK Vi
ER'G EJJ G{HT\EX MR WEFNM MR E PVWM \ X RXFYXOLI E\EFNRS\ | FER \ ] FER FNRHIRK GETEGY [ EWTV W\ZI
TYTTP*M 7 SLMA VWRKIRHEEX VWLEXGERMQ R LEWE WYGY\EPY R ZERG \BXLI VXLER E JYRGIBRE
\BP R GEVESL] HEX Y GSKRMBR 3 RP Y| QY)ERXVE=  %ERH) % EJJ GLHX.I QM\EASR TEX \R \R %+)
EWE]W N FI 1 Q[ SSH\]FERERH| EEFMS\]FER *M G &S \I VIYI WEY ISGEX HEXLI \ KIBR -
NRHEEWR L EOLMTEA. THE] WE \BRP NR GEESL] FNEX FIRHWRK XM SV 5 Q| RASRXLEXX S E\8Q EXG
VYL WISGEX HEXOLI GBW WISRHBK VKIBRSIX +, EGMI WX =  ERH=  HWRSXER{VLI
GEESL] HNEX FIBHWRK NREKV | QI RX[ ML RS JYRGISREPVY PZERA SIXMAKIBRJISV ET+,  &LIAM
HSQEMR ' SQ FNRRK XLI FISQA.I Q MEEP\VWYGY\EPERH Q Y)EKI R WMERERWW[ | [ SYIMH ! R ' ET+, &
LI MV HSQENMREWE' &1 XISV | WEFRVILNAK E RSZI PWOYGY\EPVEEJISA MR XL MWYTI JEQ NP ERH
JSYRHBK LI JEQW ' &1 <<

8EQ RYSKIXI V[ | GSRGYH X.EXLMYRTV G H RXHQSHYEVIRHS&  \] FEREW ERSRK[ N I

WR \KMGEGEMMSISI V' © TEUR WWGSRI WALI EFVM )S 4VZSYAEW 1 % S EGKSR
GSQTR\ LIX\B\]FEERW*M H EQ] JYRGIBRMXI KYXQMSFEQ! SJCGET] FEEXEXLEZI K\EWVWEWE
Q ENBVGSQ TSR RXNR MAHVIX

Discussion
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+YXQ MDSBFISE SILI \EFMSY WMSR SIXLI QSWKI ™ GVRXVW W Q WIR REXY XS SZI \GSQ| X.I \ GERBRERG
SITRERXA P ERVERH LI YRH WYERHIRK SJ1 R\ Q EXBERH Q| YEFSMBQ | GLERMDW Q TFS] | HF] XLI W
Q MBSFMEPGSQ Q YRWVWGER T\GZMI RSZI PERH ERN\REW VEFYISRWISVLI ZEFS\KIEABR SJ MRS YRS\
QEX\EERVERHSTIRRI [ STTSWRMWWISVEEFSL] FEX FEWH FISX Q. RSFSKMIEPET TREEXBRW -R XL MW H]
[ VZIEPLS] XI KYXQMSFISE SIXI K WRANRK \SH RXGET] FE\E |, ] H\6A.SI WWL] HAEA.El M/ ERH
ERG CRS[ REWAQ EWEVSILI KEWYW GER|™ GVIRG H TSRQI \KIl ERH YW TRERXTSR VEGAEVMI W
8LI' W WQMEUYEXGER®D ERVEY LINRHKYXJ \Q | RX WAM\BYKL SYXISYRH VR 4 EREREF] | XERHWERH LI
UQEASRFEVIR [ LML LEZI NRGS\VTS\EX HWKEVGER! NI MHVIXISVH GEH WAEMIRK LI TSWIANB XLEX
X1 MKYXQ MBSEFISYE LEWF! | RWETI HF] XLMFSQ EVW\SI K\ EXNRHYWIEPY P ZERQ

8LI QI EKI RSQMBVQ | EXERVBRNSQ MBAERH' %] Q1 N&ZI RS ERERPWW ZI ER HXLEXG FYRSW

H K\EHEXBR MR XLMGSQ Q YRM MRSXEGESQ TRMLI HF] GEWWEPQ | G_ERW) VWRZSRZNRK

Q@ FSFIBL] HBEEWWSVA FYFSVSQ | W-RW EH G BYFSW MR B T\SG WVH F] VIRKYREVERH VBTL MAZEX H
QI GLERMQWI XN HF] * MGFEGY V RGYHRK VIRKP ERH Q YRR SHYFEV %] Q1 WWGI X HF] I

8 77 WWQ ' %] QI KL SYAVQIQFER ZI VWP WERH MRSA FYFSW EHLI WBRT\BX MW * M SLI
GSQ TR\ ERHHYI W E\ALM GY\ ERH GSQ TSVWMBR SJ LI Q M FYFSVIKBERH T1 GG TSR VEGA BVl W WRX
VR K\EQ N SYWERH EUYEAG TRERXEV XEGRHF] E ZEWKRYQFI VSJ' %] Q1 WS\KERVII H NR 49 0WISYRH IR
X1 QYPMIP \ G5ZI \ H &EGH \BWI X VA %+ W[ LML MR TEWKN WQ FRWS XLEX\BQ LYQERKYX
SEG{ \GWI X VXTI GVMWYGE EWXLI 490WISVQ MI HARCEKI F KFYGERW?  AERH\ ] FSKIYGERW? A

X[ EWNSBQ N ROLI Ml RYIGERBR SIKI R WSVA90W N\ QSX SVRS VI MER] )5S GRS R' %] JEQ MMW
ERHVY\WE QWLEXPHYS X1 HMESZI ] SIX SRI[ ' %] Q1 WIEQ MVMWWRGYHWRK E LML Q SPGYFEV] | MLX

' &1 JEQN MZSRZI HNR\] FER\ GSKRMBR ' &1 << ERHE+, %GERJIEQM SJF KEFEGSWHEWW +, <<<
8LMRSZI P &1 JEQN |\ LMMAER YRTV G H RX HVWYGEPVEEIISR MR XL MAYTI JEQ NP ERH MV

Q SP GYREEVEVALM G\ GSRVIMMRK SJ\I TI EXARK F LI AVl YRWAGSYRH W\ZI EWE TREXS\Q JSVAXLI \EXBREP

H VMR ERH | RKIB! | K SJ' &1 WBLI +, <<< JEQM |\ TERAWLI TER PSINRHYWIER \f R ZERX %]

JEQ MIVWIRG F KEFEGSVIMEWWEN F\BEHR | Q TFS] | HNR JSSH ERH FI ZI \EKI NRHYWWKIIW \AT1 GERP VR LI
T\SA WIRK SJHEN] FEWH T\SHYGXV

8LI ' %] QI Y TIVSNM SIX.I GET] FE\E KYXQNBSFBQ! Y \B G521 WWLI Q SVWKEFYRHERXERH \f GERIER
TSR VIEGE BV W\ WRXVR K\EQ NI SYWERH EUYEXG TRERXV[ LN ERS \ UYMW~ GVIRXQ | YEFSRG
GETEFMMWDS JYWLI VGSRZI WOLI W HE TSR Q 1\l H TSR VEGELEVRL WIRS 7' *98VLI QENRI R \K] VB\G
SII LSWKSLML] TSI VW[ EWIYVALI VZERVEX HF] KFSFEPQ | YEFS T\S! PRK ERH Q | YEFSHG

\Y GSRAYGHBRW ML LI XL T 7' *0AVEQ YEX FY)\EX ERHT\BTISREX EWXLI QENRQI EFSRAW
T\BHYA HQ SWR F] &EGH \SWMI X W* MD MBYX VERH * YWBFEGI VB *M 7N NMEVQ NBSFNEPWKEX KNWISV
7% OANT\BHYGIBR[ | I ER'® SFW\ZI H IR LYQ ER KYXFEGK \RE LMLPMLXRK LI G5Q Q SRERMWFI X 11 R
KYXQ NBSFIBYE NGQ SQ RS\ WERH LIRHKYXJ \Q | RXWV?  ASEQ RYSKI LI VLI W \ VWRXWALI H ML XSR
X1 QSPG/EVQ | GLERMDWSI GEVFSL] HEX T\SA WIRK ERH Q| JEFSAMD F] X.I REMI GET] FE\E KYX

Q \BSFIBE

Conclusions
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8LM[ S\OT\BZMI WER YRTV G H RX HERH GSQ TV LI Rl YRH WYERHWRK SIXLI | RY] Q EXGETTE\EXYWER-
QI YEFSRETEX[ E]W QTS| I HF] XI KYXQMBSFIBE NSQ X.I %Q E*SR Q SRSKEVWKIBGW Q MEUYEAG
LI\FMSV GET] FE\E JSVXLI FV ECHS] R ERH YAWVIEXSR SJ\I GERSNERXHVDEY TSR VEGAEVM WSLIMW

Q MBSFNEPGSQ Q YRY GSQ FNVR WLI YRWY! G FYFSRAGQEQNR \] J XN HF] * MSFEGK V VERH XLI

HMI WV ERH | IEFS\EX H490WISYRH R &EGY \GMI X WIS |1~ GVIRE H TSRQI \KIl IMRSA FYFSWEFI8Q EVWWV
7 XHGY\EPERH JYRGIBREPVAZI \MHEABR SJ T\BX NRWERH 49 0V RWII HIRXLI KI RSQ NMEHEVOQ EXH VSJ XM\
QMBSBFIE YRGSZI VHX SRI[ ' %] JEQ MWL MLLIRK MAKV EXTSX RIEPEWWBY\G SJ 1 R\ Q1 WISV
X1 T\BA WIRK SJ TRERXT S VEEGA EWWAl WSLI W | RHABKW \ TERH SYVG\W RXYRH WYERHWRK EFSYXKYX

Q MBEFNEPWEX KMWS SZI\GSQ | X1 \f GERIMERG SJ MMRSA FYRSWGFISQ EWV[ LN Q MLXFI YY¥MiI H VR
FISV ! R\WMWISVLI ZEFS\IEXSBR SJ EK\GIRHY\WKIEPA VIR W

Methods

Ethics statement

SLMMWYH [ EWGEWHH SYXNR VWKEXEGES\HERG [ ML XLI %R EPL EREKI QI RX6 YR SIXI &\E MER

1 MR SJ) RZNBRQ | RX 7 MFI® 8LI VEQTRW |\ SPEN HABQ X\ 1 | YYLERVI HER® ERWR
SEXE 7TASAEYRS 7)EX &\E'M 71 TXQFIV EWE Q| EWN SJIQEREKI Q1 RXSJ6SG] 1 SYREWR
TTSMH*1Z1V 61 7* LSWWY%X VI YLEREWE K SJ VX VWREPGSRA RXM | ¥ GSPGIHM\BQ X.I G GrQ
ERHV GS SJ1 EG. ERQEPY%™VEQ TRW | TAEG HNR W R GSRENR WAVERH N Q| HEX B AE"| R R PUYMA
RMBKIR 7EQTRW IV QTXEX¥ d YRWN\EA WIRK

Microbial DNA extraction

7EQTRWSJ @ GEPERH I GEPGSRA RY\[ | I \BM R IR YN RMBKI R ERH TYR \Kil H[ ML ER SVEWENRK FER
QWP11  6IX@ -RG 8LI LSQSKI R¥MI HVEQTRW |\ YWH JSVQ MBBFNER( 2 %I \ XEGIBR EGES\HRK
S| TVBYSGSPH VBRI HISV? A DL Q SHYIGEXBRW &\WS] K SIVEQ TR [ EWXERWI W H S 0] VIRK
1 EXM) 8YFI « / M*EWK 2%7 TR/ MISV7SV 1 4 &\8Q| HEEP-RG *SVA PRVIW QO 6&& ' FYJI V] B\
EHH HNVRI EQ VEQTR JSAS[ | HF] LSQSKI RVEX8RMRE*EWGTo *4  NAWYQIRX 1 4 &\8Q| HIEP
RG 8LI T\ GINEXSR SIRYGP NEEGWAN EWSFENR H[ M. LI EHHMBR SJ E VERYIBR SJ EQ Q SRWQ
EGXX 1 8LI VEQTRW IV MGFEXHSRME JSV QMERHX.IRARXMYKIHEX d JSV QMREX
, K 8LI RYGR NBEGWWTI RPX] EWN G521 I HERH[ EWLI H[ ML ZZ | X.ERSPJISHS[ | HF] HJ N
EX\VESQ X QTI\EX\ 8LI RYGPNBEGW TI X[ EWHWSRZI HR [ 0 SIEY)SGEZI HYRRETW [ EXV62%
[ EWVQSZI H[ N XI EHHMBRSI( 2EW N1 62EW  QKQO  ( 2%TYWWIGEASR[ EWTI \IS\Q | H YRk
4S[ IVRERD (2% RER9T/ M1 S &N OEFS\EXSWIW EGES\HRK XS X.I Q ERYJEGY WWIN\SYSGSP * NRER®
| P GXBTLSY VIYVIRK EKE\BW KI P[ EWYWH S WTE\EX X1 ( 2 %NEKQ | RXMERH XS | ZEFYEX ( 2%
UYER] SLI ( 2%VERIBR[ EWWSVHEXs

RNA extraction and mRNA enrichment

8LI VEQ TRWLSQ SKI R¥iIl H[ N ER SVGHEXRK FEFPQ M |V ER'G YWH ISV62 %1 \ XEGIBR &\W§] QK
SIVEQTR [ EWYWH ISVSEP62 %I \ XEGBR[ M. 8\KMISPERH* EW62%0 4\6+V IR/ M 1 4 &\8Q | HIERV
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EGES\HRK XS X.I Q ERYJEGYY VWRWYGIBRWSLI YSEP62 %VEQ TRW |\ XY EXH[ N 6MIS > \Ba
1 EKRIOG/ M) TN RXY &I8X ALRSFSKMW XS \I Q SZI \IESVBQ EP62 % \62 % N\BQ YSEP6 2 %ERH

| RUALQI RXSIQ62% JSAS |HF] E QMMGFEASREX d [ M QEKR XGFI EFVWWS VY QSZl X
L] F\RANI H\62 %Q SP GYRWABQ X1 Q62% 7YFWUYI R X.I WTI\RDERX] EWTYWII H YVIRK ER
| X.ERSPVERYBR ERHXLI I WPERX62 %[ | I YWH JSVWUYI RGRK

Microbial community structure and diversity analysis

' ET] FE\E KYXQ NBSFNEPGSQ Q YR VWYGXY ERH HVI WY [ EVWNRZI VWHEX H 2 LML X\BYKLTYX
WUYI RGRKS] 7 \62%KI R ASLI EQTRIGENBRSIN.I 7 \62%KIR : W KSR[ EWTI \IS\Q | H YVIRK
X1 % 48+ "% 1+ '+ ++899 ERH 6 ++9 8%, : +++8; 8' 8098 TIDIWW? A
71 UYI RGRK [ EWTI\IS\QIHSRER1 MIU71 UYI RGRK7]WQ -FYQME-RG [ MLXI: OM ' ]GPWM
TEMHIRHWUYIRGRKQSH \  FT 8LI >]QS&31- 70 1 NBSFMP SQQYRY ( 2%7XERHEH (
>]QS6IWEA [ M| MLXTL] FSKI R XEER HWERXFEGI \IPYKENAW K\EQ R KB ERH  K\EQ
TSV ERH ]I EWWV[ EVWNRGYH HEWE TSVl GSRXBP)S | ZEFYEX TSWIAR FNEVR RAERIW
GSRWYGHIBR W UYI RGRK ERH FISRIS\Q EXBAERER VIW* SVHE\ SRSQ] EREPVIMVTEN HI RH\ERW[ | \f
UYER] GLI GO HYWIRK*EWS' LYW [ [ [ FISNRIS\Q EXBAFERELEQ EGYO T\BNGWJIEWUG ERH! B\t
YWRK SV QSQENGZ  ? ASVQSZ EHETXWERHFS] UYER{ Y EHWYWIRK LI JSAS] NRK TENEQ | X WA
0091 2% 0-4 21\ X\E4) 4) JE XVl 0)% 2+ 86%02+ 1-20)2 ERH
70-( 2+; 2(3; * NNV HTEM HI RHYERW 1V Q1\KI H YWIRK JEWUGQ | \KI TEMAJYRGIBR \SQ
OWE\A. Z TEGEK ? ATEEQIXWIEWURERII  JFEWURQMSZAR ERHIEWURQNQI\KI PR

( 1 DEMHRYQFI VSJ Y EHWTI WEQ TR EY WQQEWI HNR7YTTPSEFR 7 4\IB\V)S 3 89 WGV \IRK
TNQ I VWUYI RAW 1V QSZI H ERHVIRKR SR | ¥ HMEEH H * N\ HEQ TRESR Y EHW |\ H RSMVH
| WBVGBW GLH YWRK LI 94967) YRSM/ JYRGIBR TEEQIX W QMW ERHEALE  )SAAR
\f GBZI VXY FISFSKMEPW UY1 RG W4\BCEY SXGE\ SRSQ] EWIRQ | RX[ EWTI \IS\Q | H YWIRK \WRE\
JYRGIBR EMD TRQI RXHNMROWEWL Z  YWRK EXLI VIRE\ CONSU TEEQI XVSJ BV VSR ERH LI
6( 4 HEOEFEW Z 2 AR YWLI VERERWW |\ TIVS\QIHYWRK TL]SWUZ 6 TEGEKI SR6 7XHS

Metagenome and metatranscriptome sequencing

A 1 XEKI RSQ NMBRAEWIW | ¥ TV TEY HYWRK LI 21\ X\EONNEY 4\ TEEXSROM -AYQME-RG [ LW

Q1 EXERVBNNSQ NERNENWIW | TV TEV HYWRKOLI 8W71 U7XERH HXSEP62 %0NMN\EY 4\ T/ M -FYQ NRE
-RG OMAEWWGSRA RXEXER[ 1V QI EWV HX\SYKL UYERMEM U4' 6 YWRK LI / %1% 0NNEY

5 YERYIENBR/ M 6SA.I -RG ERHEWY] | HISVUYER] YWRK LI &NYRERMN V %KM RX81 GLRSFESKMW 1 +
ERH1 8 MNEWW I TEMHIRHWUYIRGHMX SWRW )’ FT SRXI -AYQNRE, MIU THEEXS\Q
BEXLI 2+7 WUYI RORK JEGBY EX02&6 ' 24)1 ' EQTNMMEW&\E'N 8LI G GEPERHV GEPK( 2% 1Y

LSQ SKI R¥il HS E WARKP VEQ TP ERHWUYI RA HSRE 1 N2-3 2 WUYI RORK H 2 \N6Q 3 \JS\H2 ERSTSV
81 ALRSFEEKMWRG >S SFEMR FBSRK  EHW%-SYX VK SJ YRXE FSRK LML Q SP GYFEV] | MLXK( 2 %M\EQ A
LSQ SKI R HVEQ TRW EVWW UYNM JSVIVNEY TV TEVEXSR 8LI RRAEN [ EWTYTENH[ ML LI 75/ 07/

/ M3\ISH2ERSTSVY 81 A RSEKMWRG JSHE[ MK LI QERYJEGYV VT\E)SGSP8LI 1 -3 2 WR[ EW
TINSWQIHSRE*F A6 ZWIBR KI RN\BERK E\GYRH +F SJFBSRK I EHW
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Metagenome and metatranscriptome analysis

1 1EKI RSQ| ERH1 | YEXERVBRMSQI \E] WUYI RAW |\ UYER] G.I GO HERH XKD Q| HEWH VBRI H
EFSZI 18 VEHW | Y ER'® ERERPA HYWRK 7SVQ162%Z XSV QSZI \62 %\ EHWERHLI RFSX 1 +
ERH1 8 VEHW[ | )E\ SRSQ MER GEWWI H YWRK / ENY Z [ M. QE\MYQ RYQFI VSIQMDBXAI W
ERS[ IH ERH[ MLOLI KVIH QSH ? A* SVIYRGIBREPERERVWLI 1 + XIDQIHVERW I\ H RSZS
G5 EWVQFRH YWRK - &%D( 21 WIBR [ ML TV GBW OISR TE\EQ| X VERHOQI WWIl A8Q XS
2 AWWQFR WEMIBAEY H VORI HR7YTTPSEFR 7 8LI EWVQFRHQIXEKI RSQI [ EWFNRR H
YWRK' 32'3'8Z TEEQIXWG O P V  ERH RSGBZRS\QEMIEASR ? AERH
1B&R  TEEQI X WVQNRGESRMAP ROL QELOM\BASR T\BFOLVWSH  ERHQEO WVX
2 AS\IGSZI VTYEMI Kl RSQIWASQ X.I QIXEKI RSQMHEE 8LI FNR HKI RSQIW |\
H \' TREEX HXS I QSZI \I HYRHERGYMYWIRK HB | T Z TEEQIXW GSQT @GR W ERHT
ERHERERAHYWRK' LIGAL Z [ ML MREKIQ J[ SWBS ? ASHX\QM XI GQTRAR W
ERH GSREQ MEXBR \EXSWSI LI W KI RSQ | WOSRK \Y EHWWUYI RGRK [ | YWHJISVL %6 WWEEISPHRK
YWBK 774% ) BRKVEHWZ TEEQIXWO E \ Q S ERHR +1 RSQIW ML
GSQTRAR WWQERVAER  ERHQSY XER  GSREQMEXSR\EX [ |V HWEE\H H 8S EWKHR
Y\ SRSQ] YSXI Y GBZIVHKI RSQI WH8( &YOXSSPZ [ EWYWH[ ML X WVREW  SIXI +8( &
HEEFEW ? A+IR T\ HGIBR ERHERRSEABR SJFSH. Y| Y G5ZI \ HKI RSQ I WERH LI GSEVWWQFR [ 1V
TIVSWQIHYWRKA\BOEZ [ MLl QIXETEEQIXV? AERHERRSEXSR WEMIBAEY H VBRI H R
7YTTPSEFR 7 /) ++ TEAL[ E]WERH/ | KK 3 VLSBKSYW/ 3 WERRSEXSR[ |\ TI\IS\Q | H YVIRK
/3*4 | ZEY | ? AERH* YROBREP3 RSISK] YVIMRQ | RXMISVL | YEKI RSQIW*3 94  HEEFEW
| ZEYI | ? A' %] QI WERRSENSR[ EWTI \UIS\Q| HEGSB\HAK XS ' %] HEDEFEW TNII BRI W? A
*YULINQSV 1+ ERH1 8 VEHW | ¥ QETTIHXSXI [ LSP WXSIKI R WY GSZI W HABQ X.I G5 EWVQFRH
Q1EKI RSQI ERHX.I WXSIKI R WA GSZI W HABQ I 1 % WYVIRK / EFWYS Z [ M. UYERXJYRGHBR
2 ASIWWEX X| G5ZI\EKI EFYRHERG SJT\BX MR GSHWK KI R WWR G GEPERH \Y GEPVEQ TR W
2 S\Q EMil HEFYRHERG [ EW VW@ EX HFEWH SRX.I GSYRXRYQ FI VSI\ EHWTI VOVBFEW TI VQ NPSR
QETTI HVY EHW \ TV WWH EW841

Phylogenetic analysis and metabolic reconstruction

AL] FSKI R AGERERVIMSILI 1 % I RA &EGH\GWI X VA TI VWKENRWERH 4V ZSX AEG Bl YRGYRY'H
KI RSQ | W GBZI IV H\BQ 9&%TBNIGK? Al EWTI IS\Q | H YWRK GSREEXREXH  WRKP GST] GSV KIRIW
EGE\HRK S 9& + QINSH? A' %] QI WTL] F5KI R XGERERWW EWGEWWH SYXYVIRK LI GEER NG
HSQEMRSJ | EGL JEQNM EMRI H[ ML 1 9%6*8 ? AERH YWRK QE\ M YQ B PUSSH Q| X.SHW Q TFS] MK XL
6941 0VBI EV 2 A M \ETM FSSXMET NI\ RG WERH 0+ EWXLI WFVWMBR Q SH P

8STINIS\Q X QI XEFSRTEA[ E] WN CSRMYGBR SII EA. VY GBZIVH1 %+ X1 MERRSEAIR SPENR H
MNEQ /3*%d HEEFEW [ IV | XVVHXS QI TSRR Xl XST LMASITEQ T\GXMR[ M1 ZEFI FI S Xl |
AVWSH 8LIW | MVVHERRSEXERW |\ LI RWTTRVHIS X1 YRRSENIRSI 1 | EFSRA 3 WHNARW %d 3 2
XSSP? Al LML FEWHSRXI / 3AVVERRSEXHMNR I EQ. 1 %+ WY HBXNLI TY)>EM Q1 XEFSRE WXLEXMAER
Kl RN\EX
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NMR-based metabolomics

WT\B\MDEXR QKSIHY G GEPERHV GEPGSRARWERH [0 SIVERBR QI X.ERSPARB\BIS\Q
[ IV QM HERHVBREEXHISV QM G @WSJ  WG[ M MX\ZEMS) WG ERHTEQ HEX ¢ JSV
QMR 21\X [0SIVBAMBR  QIX.ERSPYRETYV [ BEXV [ EWEHH H JSAS] | HF] @ RXFIYKENSR EX
KERH d JSV QM 8LI WTI\RDERX EWXERWI W HXSERI [ XFI ERH[ | ¥ HWIHNR' | RXMET
7SI RX7]WQ OEFGSRGS' SWS\EXSR 7EQTRW IV HWXHXS  [OF] EHHMBRSI( 3 [0 SJ
VEHWQ TLSWLEX FYJI V! REPGSRA RXEX8R 1 GSRENRRK HQ I X] PWETI RER WRSREX | REP
GSRARXEN8R Q1 JSV21 6 Gl QMEPWNXVYJ \'RA ERHGSRA RXEXSR GERRENSR 8LI VEQTRW
[ IV XEXHMREWRK | PV MLE  vQ TSV Wl L] \ETLMGTSRI LI WWRBSR 4) 7 QIQFER
8LI | REPZSFYQI SJ! XEX \ERKIHASQ S [0 , 216 WIGESIVEQTRW |V EGUYM H YVIRK
E: EWER-RSZE 21 6 W1 GXBQI X V %< RX81 A_RSISKMWRG | UYNITIH[ MLE  QQ XNIP ' VBRERA GSP
T\SFI ERHSTI\EX®K EXE , \'VBRERG M UYIRG SJ 1, " ERHGSRWERIQTI\EXYVY 8] /
d 9%SEPS] NI BHYGIBRH GE|W | ¥ GSRPGIH[ M. OHEE TSNRXASZI VE WIT GXEF[ ML SJ
TTQ % W\ EXSRH FE] [ EWNRGSVTS\EX HFI X | | RVEERWHY\RK [ LML E GSRARYER] EXV
TVVENEXSR\EHS M UYIRG 6* ! | [ EWETTRVH 7 TI GXEPTLEW ERHFEWRR GS\W GISRWEW[ | FPEW
X1 Wi RYIGENSR ERH UYERMIGEASR SJ Q | YEFSAM WT WRXRVEQ TRW[ 1V TI\IS\Q | HYWIRK ' LI RSQ\
216 7YM VB EVY ' LIRSQ\ -RG

Protein expression and purification

A\BX R\ TV WIBR ERH TY\WIGEABR [ | ¥ GSRHYGIHEWN TS HNR? A&WIS] ) GSR&O0 \WENR[ EW

XERWIS\Q | H[ ML YEWKI XKI R WWFGSR HWST) 8 EMMEQI YSE \, MBEKEXLI 2 X \QMYW0&

QIHMQ? [ Z ]JIEWIN\XEX [ Z XTDSR ZZ VBHWQ GLFS\WMI A EW QTRS] | HISV

TBX R 1\ TV WIBR NI TYWRA SIWI GYIGERWISABAISVXERNS\Q ERX\WR GISR ' YR K\S[ XW[ |\

GSRHYGIHEX d YRWB ( gy EGYRH  ERHXUIR I\ TVWIBR[ EWMRHYG HF] X.I EHHMBRSJ

Q1 MBT\ST]P&H XIBKEEGST]\ERSVWAI 48+ 7MQEYMNE 4\8X MBI\ TV WIBR[ EWGSRHYGL HEX
{* SV LWERHA M\ |V LEZIWHF] G RXMYKEXBREX  \ K

B R TYWIGERSRA |\ TIISWQ I HF] R PE° RY G\BQ EXSK\ETL] JSAS[ | HF] VNI 1\ GYWIBR
A\BQESK\ETL] &\WS] TIMXHA M\ |\ \'WWI RH HRVERR TLSWLEX FYJIV Q1 VBHWQ
TLSWLEX Q1 2FE PT, [ MLEHHMBRS] Q1 MME'SP Q1 TLIR RIX]RYRSK PSYS\WA
417* Q1 FIRREQMI® ERH  QKQBF BVE QI ' M\ IV XI RHWYTX HF] VEREXSR ERH
VERYFR T\BX RRVEXW | ETTMH)SE QP, M\ET' LI WK, 4 GSFYQR +) , |EPLEEY  8EKI X
TSX N[ |V | PXHMRERMD ME'SP K\EHVIRXYT)S 1\, MBEK[ EWGRPEZHYWRK [ [ X/ TWW
EEBKRS 8 7MQE %N SEKI XT\BX N[ 1\ IYVLI VIY\RII HF] VIRl 1\ GYWIBR
A\BQESK\ETL] [ M. E, MISEH 7YTI\H\  TKGSFQR +) , IEPLGEY |UYMAEXH[ M. Q1
VEHWQ TLSWLEX Q1 2F PT, AYWI HTBX MW |\ | ZEFVEX HF] H REQ NERVL XVEEX \IRK
(07 ERHVEQTRW MRS TSP HWI Wi [ 1V 1 QTRS] | HNRFI8QA.I Q NEEPERH FISTL] WAEP

I\ TIND | RW
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Enzyme assays

AYWIHIR] QIW |\ VB | R HEKENRVKTSR VEGE EVAl W SPHSVEEGE. EVRAl WERH VY RLI XEWFVWEX WEW
H VBRI HR7YTTPSEFR 7 8LI VEX\BASRGNZIWSIXLI IR QIW+, C %0 E\EFNRSIY\ERSWHEW
{' ERHT, +,  %KEEGSWEW  {' ERHT, ERH+, <<< FKEEGSWAEW {' ERHT,
[ 1V SPEN HYWRK L VWRLI XGWIFVWEX WT RMSBTLI R P20 E\EFNASIV\ERSVWML  T24 %098E* T
RMBTLI R| P%( KEREGST] \ERSVWI T24 %( +EP SVTRMSETLI R| P& ( KEREGST]\ERSVW T24 &( +EP
7TMQE %N \I\WI GMI B EXLI STAQEPT, ERHXQTI\EXY SJIEQ IRV QI 1 GREM FYJIV
Q1 8LI VEX\BXSBRGNZIWSIXI JYPRROL' ET+, IRVQI  {' ERHT, ERHSIXI MBEX H
+,  COERPXGHSQEWM  {' ERHT, [ 1V HX\QM HISVFSX.\] ERERHV | E\EFWAS\] FER
WRWEX WYWWRK XLI  HRMBVERE REEGW QI X.SH? AR1 GRENME FYJIV Q1 /MGHEE[ IV
CERSYFEX HGQ NMMEPZI FSGYWIWERH [\ TVWVHEWQI ER_ 7( ABQ X1 MRH TI RHI RXI\ TI I | RWR!
&NRHWRK GETEGY SIXI GEESL] H\EX FNRHRK QSHYR ABQ LI+, IR QI ERHMAQYERY[ | VY
| ZEFVEXHF] E° RV KI Pl P GXSTLSV VW %+) EGEB\HRKIS? A

Small Angle X-ray Scattering (SAXS)

79%<7 HEESIXAI ' ET+, &LIMMHSQENRR[ IV GGIPGIHEXALI 7%7 FIEQMR &\E'"MER 7] RA\EXER

OMLXOEFS\EXSY ' EQ TREW&\EAN® EXT\BX R GSRA RXEXBRS] QKQO AR Q1 , I TIWFYJ VT,
&YIN VWX \RK [ 1V GB\H HERHWFXEG{HMSQ X1 T\BX RVEX K 7%<7 TEX\RWM |V

MAKEXHYWRK*M (7 AERH+231 ? A EWYWH)S | ZEFYEX XI TEMHWERG HWAREY)8R JYRGIBRW

TV % MA8QSPG/EVI RZ BSTI [ EWMERYEAHNSQ 7%<7 HEE[ ML (% 1 -2 ? AERHEREZ \EKIH

QSH A EWKI RNEXHM\SQ WZ\EPWRWWRK ( %d % )6 ? A8LI Of WERSK\ETLNEGSS\HREXW] |

I RHMS L 7%<7 B VVEYABRQSH PYWRK 794" 31&7? A

Crystallization, diffraction data collection and structure determination

'\ WERMEXSR I\ TIND | RAAVSIXLL ' ET+,  &LIRMVHSQENR[ | ¥ GEMMHF] X1 VIDBRK H\ET ZETSV
HIYWBRQIXSHEX d ARBEM OJWERM |\ K\ RN [ Z 4)+ 1 VBHWQ EQ X

T, ERH 1 VEHWQ GFS\MI 711 | XOJ WERM | Y SPENR HYRH VXLI VEQ| GSRHMBR[ NI
EHHMBRS) Q1 FIXENR L] H\SALFS\M * SVG] ST\SX GI8R O WERM | \f VBEQ HNRXLI \I W\ZS\
VERYIBR EHH H[ M KR QA \BPSV4) + [ Z TVSVS SEVL GSSARK ( MAEGISR HEEW X\S) REMI
ERH7I1 | XOI WERM |V GSPGIHEXLI 463 <1 % %ERH1 < FIEQMAIWASQ 73 0)-0 +NWV=2 X
'IH\ *\ERG ERH0207 &\E'NMER7]RA\SXEROMLXOEFS\B)SY ' EQ TMEW&\E'N \I\WI Gl B

( DEWXA[ 1\ NRH\ T H X KEX H Q1 \KI H ERHVEERH YWRK <( 7 TEGEEKI ? ASLI WYGY\ [ EWVERZI H
F] VIRKP ERSQ EFSYWHWT T WIBR 7% YWRK X.I T\BK\EQW7, ) 0<' 7, )0<( ERH7, )0<) ? AISVHEE
TV TEEXBR ERSQ EFSYWWEEX WWSGENBR ERH TLEW GERSYFEXSR W G B 4R NAMIEPQ SHE P EWFYNK
[ ML %0S&YNM; MEH? ANSQ X 4LIRMTEGEKI ? ASLI WOYGYV [ EWAI'! RIH[ DL XTI T\BK\EQV
4,)2<6)*2) ? AERH6)*19% 2 AERHX.I QSH RV |\ NI G{HERHQERYER EHYW H EGES\HW!
YSXI GBQTYAH3y [ IMLXH *s*5 ERH *5 %5 | POXBRH R QETWYWRK' 3382 A807 K\BYTW

[ 1\ GERYEEXHF] 8071 ( ? AERHETTRVHHYVRK X.I O] WERSK\ETLINBV ! Rl Q1 RX8LI | REPWYGY
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[ EWM ZEFYEXHF] 1 SB\6FM ? AERHA( &6IHSW\ZI V? A7 XYGYN JEGSWMERH BXSQ NbGSS\HWREX W
[ IV HTSWHBEXOL 4\6X R ( EE&ERO 4( & YRH VLI EGAWWBRGH W . : - ( BXE GSF? GI8R ERH
V| R QI RAWMEMWBNMEY WQQEII HNR7YTTPSEFR 7
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Table 1: Kinetic parameters of CAZymes heterologously expressed in E. coli BL21.
CAZy T
Protein ID family  Substrate pH (°C) Ky Koot (1) keot/Ky
s s
*+ S136" *DO a PO
I X® S S
BIQJI WK * 4 5\ HDWDELQR] \ MQ PJP/
*+ *+ S S
GRP DLQ 5\ HDWDELQR] \ MQ PJP/
s s
; \AQ PJP/ a
o/ S S
*+ B DUDELQRIXWDQRVIGH PO
s s
*+,,: S136' *DO PO
&% 0 * DO S S

" RP DIQ Ll S130" *DO PO
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