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'LVFRYHU\ DQG FKDUDFWHUL]DWLRQ RYIDQVX\NLIRHWILEG ROYGRIVEI\ W X
HTXLOLEULXP E\ HI[FKDQJH VSHFWURVFRS\

S3DOLND $EDADRRRQ@ /LQRURUQKULVWRSKHUGHRQJIJW 'DYLHV
6KHQJIJHQ (WKDQ ' *RGGDUGSHRBBIMWU- :LOOLDPYV

6FKRRO Rl &KHPLVWU\ 8QLYHUVLW\ REEMWEROWQH 3DUNYLO
%LR OROHFXODU 6FLHQFH DQG %LRWHFKQRORJ\ ,QVWLWXW|
9LF $XVWUDOLD

$&5) &KHPLFDO %LRORJ\ 'LYLVLRQ WKW XD/OHW R UOB@GE {DQ | HHAD
3DUNYLOOH OLF $XVWUDOLD

'HSDUWPHQW RI OHGLFDO %LRORJ\ LSIQN HYUMVA W\ REXHWWEHRRUL
<RUN 6WUXFWXUDO %LRORJ\ /DERUDWRU\ 'HSDUWPHQW RI
+HVOLQJWRQ <2 ' 8.
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$SEVWUDFW

%DFWHULDO VXOIRJO\FRO\WLF SDWKZDRV BDWRERGHWVHWKHURF
JHQHUDWH D WKUHH FDUERQ PHWDERWORWH) GRD SAKIPDH F FHE
VXOIRQDWH WKDW LV H[SHOOHG IURKN \MRFRBHQ@O DX q PREJ®H B
OH\HUKRI 3DUQDV (03 OLNH RU (QWQHU 'RPGEBRU DQ OLN
X Q FK D UDF W KitR_ | EBGhelith@ koliPpSQ1_00415LR3eudomonas putidaW K DW LV
XSUHJXODWHG LQ WKH SUHVHQFH RFOIOSGIRIVQIG KISV FEHHUHIYV B QDRON?
PD\ HQFRGH DQ 64 PXWDURWDVH 2XD & WPRGHDRH Q © B8 QH Y FOHE
WKHVH SURWHLQV SRVVHVV PXWDUYR® FDK DONMLEFWHWLHG X HW H
H[SUHVVHG WKH KRPRORJXH |HeroaspWikukh sénsdivagdis68BURQ R

DQG XVHG LW WR GHPRQVWUDWH 64 PKXMW DUKRW DAHY COFFVE RPLS/D\L.
XVLQJ 105 H[FKDQJH VSHFWURVFRS\ (;6kPLHD® HWRRBZQWHK RW
PDJQHWL]DWLRQ EHWZHHQ WKH WZR646@ DQWRR HADM D ®\]H GX MX
PXWDURWDWLRQ RI YDULRXV DOGRKH[RWHRXSLWEFORGHPXDW
JDODFWRVXHFRVUBXFRVH SKRVSIKOXWXURQGE DFPGQERWHQRW
Hs640 GLVSOD\HG RQO\ IROG VHOHFKAKY LVRWULGZ W HWRX VR WHH L
JO\FRO\WVLV LQWHUPHGLDWH JOXFRVH WSKBVBKI{BAHQFOBF 3
kikw @ IRU 64 ZDV IROG EHWWHU DRE®4D IRWHIBEHG@WUB®BD
VWDELOLVHY WKH 64 WUDQVLWLRQ VWDWH
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L QWURGXFWLRQ
9DULRXV SURNDU\RWHY PHWDEROLV M XK R ODFEMD D O/GKHOK RETHK L §/I )
GLK\GUR[\DFHWRQH SKRVSKDWH '+$3 WL[D0DQOLNEGHERWHKZBUK
> @ RU S\UXYDWH YLD DQ (QWQHU @XJARNEH (' :OLOH \&BWKEZ3
RU S\UXYDWH IHHG LQWR SULPDU\ PHWDER®LWRSDWKZD\V
GLK\GUR[\SURSDQHVXOIRQDWH '+36 RURVYE®IRQBFWDWR ('6/
SDWKZD\V UHVSHFWLYHO\ DQG H[FUHWHG IURP WKH FHOO <
DV D IUHH VXJDU LQ QDWXUH UD WK WXOURNDXS LRST K HY B WR\G Ol U
GLDF\OJO\FHURO 64'* RUDLWKO IRHGLSYRYERWHG JRWFERMURO 64*U
DFWLRQ RI JO\FRVLGH K\GURODVHV MAHUP @G 64001 R XOLDHR YR WLE
JO\FRVLGDVHY DQG UHVXOW64Q AZKKH K 6 DWW DOIG HRUERD RXY\R Q URIW
64 DW DQ XQNQRZQ UDWH 7KH DQRPH BLRFZ 9V MWIBIBIR FHOJ\RH W K
XWLOL]H 64 64 LVRPHUDVH IRU WKH VKO®DR HOIR $ DMK IV\X GBIR G
SDWKZD\ DUH XQNQRZQ

$00 SURWHLQV FRPSULVLQJ D VXOIRKDRO \VKQ@FR G613 SO WK
D VLQJOH JHQH FOXVWHU 7KHVH FOZXRKMFHU K LXK & DIKON VL QUKDN
JO\FRVLGHY DUH LPSRUWDQW QDWXSDWKIHMHEVWRFAYV 1RH Y
FOXVWHUV DOVR HQFRGH D FRQVH DYWIS X0Q/F R Q UDE G/RNUH. | HKES § B
ZKLFK OLNHO\ FDWDO\VHV 64 PXW DW R VEBIWILHRSR UDMDH I6Q 0 R W DUFRW
ZLGHO\ GLVWULEXWHG HQJ\PHV W KRDQV R D BIOGLRAVVBIW HW\R KHHQ K D O
WKURXJK PHWDEROLF SDWKZD\V ZKHQ HQJ\PHV DFWLQJ RQ UHC
DQRPHU > @

$ FODVVLFDO DSSURDFK WR VW XG\IL QD AW DRI RRAKIWIHY/R MDY
E\ SRODULPHWU\ > @ 7KHVH DVVDAR SUHSOURML WXIGHEY DRS Q€
VLQJOH DQRPHU RI PDQ\ UHGXFLQJRW HHHQ SRE/NHEO W RVE IREh
DV D VLQJOH DQRPHU ZKLFK PDNHV W KIWX B SISQR S KKV IRW LONHP
PXWDURWDVHV 640V $OWHUQDWLY H/ HD\S KIDR'DF KR8 ORR  F/RAXSE)
DVVD\V LQ ZKLFK RQO\ RQH DQRPHU WDFWQY]\PY ¥XE VWA RWHDI R
FKHPLFDO UHDFWLRQ H J EURPLQYHGGR)VGDWMR BQ S EUH FOUV\DH C
LQ VROXWLRQ SULRU WR DGGLWLR®WH \RK KX @XMWDLGRWHDG H %W @
XQGHU VWDQGDUG FRQGLWLRQV RV\BH® DUHRLEHU \D QUK BVHHI XY D
IRU GLIIHUHQW FRXSOLQJ HQJ\PHV IRU HDFK VXEVWUDWH XQG
DSSURDFK LV WR VWXG\ UHDFWLRQ UDWHY DW HTXLOLEULXP
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DSSURDFK XVLQJ WKH WHEKQLTXH RI H[F KD Q( Bl< VISIFERVAYRHAF R
FKHPLEFDO VKLIW ODEHOOLQJ Rl WKH VSLQ SRSXODWLRQ RI QX
E\ D FKHPLFDO UHDFWLRQ WKDW FKDRQIHLW MEXD OKGIPEGBD BIQW
PDJQHWL]DWLRQ WUDQVIHU WR WKW IQH P VIO L0 Q & L R Q DVO/OD WA
QXFOHL LQ WKH VXEVWUDWH DQG BRE®GWERQ ®RHED X WS IRF WK\
DQG WKH SRWHQWLDO WR FRQGXFW WZRHGXPHGVWRQ N XGD |
XQLGLUHFWLRQDO UHDFWLRQV DW HWVEUWLIOAH® LWRH 63-HHUDROS Pt
VDWXUDWLRQ WUDQVIHU DQG LQYHUWLR @ IVHIXQQLHEW 1XB A HAKK

UDWHV IRU PXWDURWDVHYV > @
+HUH ZH GLVFORVH WKH ILUVW PHDWXUXWVHRWDRI H@ ] PPXHW
| U RHerbaspirillum seropedicaeaHs640 DQG ' (;6< DQG DQDO\H LWV VHOF}

YDULRXV UHGXFLQJ VXJDUV ZLWK D QEIWHRNKRXW LEQ WHXG. FDQ L F
EURDG VSHFWUXP RI DFWLYLW\ IRU VXJDUV ZLWK DQ HTXDWR
ZLWKRXW FKDUJH DW & " (;6< ZDV XWHW RNRERHDD\QX OHF K B B €
OHQWHQ NLEQIOEWOLFXLWRKU 64 DQG JOXFRVH SKRVSKDWH D FRI
PHWDEROLWH UHYHDOLQJ DQ DSSUR[DPDX\EH W UDOWH SOHTXUHIQ®
VWUXFWXUDO D @&a0 HEW ORYHD WHRG WKH JDODFWRVH PXWDUR
&ODVVLILFDWLRQ 21 B3URWHLQV 6&R2 3/ LAV K WL IGLXAHYOW kK B QY VIHWI
WR EH LQYROYHG LQ VXEVWUDWH ELQGLQJ DQG FDWDO\VLYV
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ODWHULDOV DQG OHWKRGYV

SHDJHQWYV

" *OXFRVH *OF "PDQQRVH 0DQ "JDODFWRVH *DO " JOXF?
JOXFRVH SKRVSKDWH *OF 3 ZHUH SX8X®&DRVIHKG QB KRR Ve DV
SXUFKDVHG IURP 0&%$7 *PEWWSHUPDOQO&SLIGWMURBKHQ\O
VXOIRTXLQRYRVLGH DQG VXOIRTXLQRYRXLGDY HHKDYH EHHQ GF

&ORQLQJ H[SUHVVLRQ DQG SXULILFDWLRQ RI +V640
$ JHQH H Q FRe®hidillvhisétopedicacaV WUDLQ $8 SURWHLQ :3B
ZDV FRGRQ KDBRARQVVHEKIIRWLVHG DQG FORQHG LRJ&MIR WKH S(7
DQ@®ol UHVWULFWLRQ VLWHV WR SURYLGH BDODWLRW6407KYMH 6.
SODVPLG ZDV W UPKHFAREUPOIG\ IFRWEBH W B.@W 1810 %W HSU RQWR /%
DJDU J PO NDQDP\FLQ DQG LQFXEDWHG DW f& IRU K $ \
LQRFXODWH PO RI /% PHBODNPR@WIDAL@MLOIOORZHG E\ LQFXED
IRU K 7KLV BOVAHWXWR EORFXODBMHRWK PO RIWB\SWRQH J
HIWUDFW J 1D&O S+ J POGRQOQWDPORIQY ZKLFK ZDV LQFXEDWH(
USP DW f& XQWLO RW UHDRKHXOWXUH ZDV FRROHG WR UT
,37* DGGHG WR D ILQDO BROQRBRHEQWKIHDWLREXEDWHG ZLWK VKDNL
f& IRU K 7KH FHOOV ZHUH KDUY Hlv WRRUG EPR IF(H @QWU L FXJWWH E
UHVXVSHQGHG LQ PO RI ELQGLOO EB&OGU POPOPLB®]ROH S+
FRQWDLQLQJ SURWHDVH LQKLELWRU H5RKHEERHASLD HRHN WDL O
O\WVR]\PH PJ PO E\ QXWDWLQJ DW P& IRV DGEOG WHRQ VIRKC
PLIWXUH DQG O\VLV ZDV HIIHFWHGLEGE VAR (HHHOWUL RIGQ J D WH ROQV DV
IRU PLQ DW f& WKH VXPHDQDWIRDGHIORGWR@ PO +L7UD
FROXPQ *( +HDOWKFDUH 7TKH FROXPQ ERWV WD \DKHIG WK M ISURW
ZDV HOXWHG XVLQJ HOXWLRQPBX1DHD PPOLDBLGD]ROH S+
JUDFWLRQV FRQWDLQLQJ WKH SURWEHB @R[ LDHWHHU HXYWW KDHW G
SXULILHG E\ VL]H H[FOXVLRQ FKURPBWMRBHISKFRQXP @LXRDGJ
PO 103 PO 1D&0O S+ JUDFWLRQV FR QUAHD/AVY LZGHIU M/ K M USVUKRHA
SXULILHG RQ D ORQR4 FROXPQ ZLWK SURWHLQ ERXQG LQ E
HOXWHG ZLWK D OLQHDU JUDGLHQW ®WRP PO 7BEMIVHU D@ R
PO S+ RYHU PO DW PO PRLE®J3ISHWOELY UHHRIGFXDW XUH
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105 PDJQHWL]DWLRQ WUDQVIHU H[SHULPHQWYV

7KH WKHRUHWLEDO EDFNJURXQG RIFIKOBPIRAD & KHEFKW ® GH KIDN LE
ZHOO GRFXPHQWHG > @ DQG RQO\7RHEUQWIHRF¥R QY HWZX LLR/Q
DQRPHUV E\ PXWDURWDWLRQ LV GHYEBEWEXR E\ D VLPSOH WZR

JRU D VSHFLHV H[FKDQJLQJ EHWZHHQ RN RPIHW X H WKHD BLHSX®LEZ
QXFOHDU PDJQHWL]DWLRQV Rl FRQGHVBRRBH Q V SIXE CSHRLS XKIDFDRV
DQIG FRUUHVSRQGLQJ WR WKH LQWHJUDHD/O BIUKDWYRQ E\ WKF

<t FAF&  Gs P

+ 4 r
o+ P G F4FrgPlPEIl, PRRC

'KHUM DQG DUH WKH ORQJLWXGLQDO UHOD[DWQLRQ WEWHV F
PDJQHWL]DWLRQV WRZDUGV WKHLY DOHY 6HF Q& YMHUH TWK®IL E UL X

HIWULQVLF UDWH IRRIZDVDWBGQWMYG IR YYWYHWKIWH UHDFWLRQV IRU HE
UHVSHFWLYHO\ 7KH VROXWLRQ RIRW KMKHHV XD @YV RHQU UHGHN DW K F

Dng

@

+gw F4 F F 4
kgv 53 F4+G E#E

| AN Gs CohHED
vl P BTSB! Fa F PR ML

8QGHU WKH FRQGLWLRQ RI FKHPLADRD HMRXHGHEU MXPH W& HGQMW
IOX[HV UHPDLQ DQG DUH HTXDO LQ ERWK GLUHFWLRQV 7KXV

G>=9? LGg>5?
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7R REWDLQ WKHG D@, FRWQ\DWDLQYWQ FRQFHQWUDWLRQ UDWLR
HQJ\PH D VHULHMRKRNVSHFWUD ZLWH& [PULDIQILWLPHRP PV WR

ZHUH DFTXLUHG XVLQJ D ' VHOHFWL¥HK YXBYWXDWH FRQKHQ®H
WKH QRUPDOL]HG LQW HJW DQ\G FSIURE bDFAVR EYW U WIHI QD OV DUH S
DJDLQVW PL[LQJ WLPH SURYLGLQJWEXYBGWX DD @G GFHUFIDA HX ($ VU
> @ 7KH GDWD ZHUH WKHQ ILWW HG /& DR YIHFRWIGRRUBR YTSR @
LV YDOLG IRU VKRUW PL[L,Qy WLWHKW VR H WVDMHE QWLMWALDO UDW
SURYLGHVY HVWLPDWHY RI EFGVIK@H FKDQJH UDWH FRQVWDQW YV

OLFKD#EDWHQ NLQHWLFV
7KH HTXLOLEULXP H[FKDQJHNLRIH PKXKW DUWHDNFIMWMHR @ HHOLWM HG U
EH H[SUHVVHG DV

FEO: =7 | iy
o Ai[g >>7

8% LV WKH PD[LPXP UDWH RI UHDFWLR@®LBUD¥FKHEFXQGQBHK
FRQGLWLR@V-ZKH®&H UDWH RI WKH PXWDURWDWLRQ SURFHVV F
WKH OLFKDHOLY OHQWHQ HTXDWLRQ

RPaL &=L i ?

|
Al[g >>7
krow V' FDOFXOD W& GEE\WGKH HRIOPIH FRQFHQWUDWLRQ

+ +(;6< H[SHULPHQWYV

+ + (;6< VSHFWUD IRU DOO VXEVWUDWIKWS$6ZHUM D F3T X*OFH G
DW 2&RQ D %$NMNHH ,VSHFWURPHWHU HTXLSSHG ZLWK D 7;, FU
VWDQGDUG ' 12(6< (;6< SXOVH VHTXHQ FHR O®DRHWN 8 I6STL WKS HB QY
VFDQV LQ WKH DEVHQFH DQG SUHVHQOH RKMRI]\PHY UBVSHFWL
XVHG IRU DOO WKH H[SHULPHQWYV 6SHRWU®J ZH2BE 3SD RFHWY YV HRE

%UXNHY FIKIGLFDO VKLIWV ZHUH UHIHUHQFMH G/ KB® GLUHFWO\
UHVRQDQFH 7 &P HOHV ZHUH SUHSDIBWGFRQVLVWLQJ RI |
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VRGLXP SKRVSKDWH PO 1D&O S' UDWILWR D P/OXEY WWKIHWIHE N K
RU SUHVHQFHs®U0O S—DDV PHDVXUHG XVLQJ D S+ PHWHU DQG \
S+

+ (;6< H[SHULPHQWYV
Michaelis-Menten parameters
"+ (;6< VSHFWURVFRSLF VWXGLHV IRU BWDQBE&*RY D3YAHANHB
$YDQFH ,VSHFWURPHWHU HTXLSSHG ZLWK D 7&, FU\RSUREH X
SXOVH VHTXHQFH VHOQRJS %UKQRUEXBBRSOMYVINWH GURSDU
VRGLXP SKRVSKDWH PO 1D&Hs640 DWKVXENVWUDMWOH FRQFHQ\
UDQJLQJ IURP PO IRU 64 *RP 3S" YBOXIHRW ZHUH FDOFXO
XVLQJ WKH IROORZLQJ UHODWLRQVHKLS'+S(;6<S¥SHFW VUDU ZH VKK
PLILQJ WLPWDQJLQJ IURP PV WR V ZHUH DFYRUUHQJZLWK
EHWZHHQ DQG GHSHQGLQJ RQ WKH FRQFHQWUDWLRQ RI V]

WLPHV RI RFAEDVHOBEOWLRQ WLPHY EHWZHHQ VFDQV ZDV XV

+ (;6< VSHESMWUMDNUD ZHUH VXEVHTXHQWO\ SURFHVVHG DQG
YHUVLRQ LPQUHXWHUGDWD TRU ARIRAEHUW RR @ RQ/MRPRAHK HZ H U H
REWDLQHG E\ VHOHFWLYHO\+L @DWH U W LSS PWXW. Q H DR @DXYFH. IRQ
SXOVH RI vieeWwer§aQIGRRQYHUVLR D ORIPWHW HM\ODRQ RVAIKHHU WKH VDPH
VHOHFWLYH SXOVH ZDV DSSOLWG W R $\W H URHNMIRQUDAD F HRRJII WK H |
RI WWHQRPHU RI *OBD@QRPRWKNH.QHWLF GDWD ZHUH REWDLQHG |

WKH VMRIQPO DW SSPS FEXLIO ERAURWKHH FRXOG QRW EH REWDI
WKH VLIJQDO IRU + DW SSP ZRVSMHDHNFI/W G E\SBRH\VGHDBEGI

IRU UHSUHYHQ@® DWHEFWUD ,QVWHDG WK YW FEQ QR WADKQHV .
DQRPHU WHRQRKHU ZHUH FDOFXBDWHG IRWLGBDRKK FRQFHQWUDYV
FDOFXODWHG XVLQJ WKH 3ULVP VRLW BRUW ZDOAN D IHW DUDISIKIZ D
WR D VHFRQG RUGHU SRO\QRPLDO NX$MWBLRQ @V GHVFULEHG S

pD dependence of activity for 8QM
7KH OLFKDHOLV 0HKeMHRDSDRBDPWHWXWUHG IRU *OF 23EXXMADURWDW |
FRQVLVWLQJ RI PO FLWUDWH SKRV$SKDWIBOXHWO0 1D&O DW D
DQG DW z& S5HDFWLRQV ZHUH L
—1Bs640 WR *OF 3 PO LQ EXIIHU DQG WKKB<UDWH PHDYVX
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GHVFULEHG DERYH WLWWKDPULGI IWRPH PV WR V DQG QXPEHL

DQG .LQHWLF GDWD ERQ ¥HRIBMN RIQMRIBWIRHEEIWMGHTFW K H .
DQRPHU E\ VHQMFVOLYW&H L\QYIQ DOSKRH +D QEWBD OXHV ZHUH
FDOFXODWHG XVLQJ WKH 3ULVP VRLWBRUWZDDAND $H GHBSRSE
ZDV ILW WR WKH IROORZLQJ IXQFWLRQ

) 5 .
U &% m —m —7mw 41 E ?

A AL
S —mw> 7o P

8QFDWDO\]JHG PXWDURWDWLRQ UDWH PHDVXUHPHQW

7KH XQFDWDO\HG UDWH FRQVWDQWXNRLD 64S RXOW D URKNWVDW LRQ [Z |
'3 GLJLWDO SRODULPHWHU HTXLSSHG RRWKI QO XVQOJODP
VXOIRTXLQRYRVLG.D&/H IWRPJHQHWDREKMHATXLQRYRVLGH 3136
$QDO\VIVIBS VSHFWURVFRS\ DQG WKLQ OD\HK\GKRAPOLWRRIUDS |
31364 ZDV FRPSOHWH ZLWKLQ PLQ 64B0UH ZDM DG GRHR® FMHQ W |
VROXWLRQ RI 31364 ILQDO FRQFHQMQDWLRRDXPHPRI L® & X¥ KU

FRQVLVWHG RI PO VRGLXP SKRVSKBWH PPOLIDROLX® +
SKRVSKDWH PR 19&0O RQ 'PO VRGLXP SKRVSKDWHX 0 1D&O |
S 7KH UHDFWLRQ PL[WXUH ZD W \WRHD@Y IBIQG HIE WHRJ W KPHL Q

PXWDURWDWLRQ UDWH ZDV PRQLWR.IQHG/ERBMW L B XURXWIDW DR\Q D'\
WLPHVY 7KH UDWH FRQVWDQW ZDV FDOFXS DRNHIE H VL QDS WKBi(
6FLHQWLILF 6RIWZDUH 'DWD ZHUHWWIWRY KWE&WR D RQH SKDVH (

)RU PXWDURWDWLRQ DV GHVFULEHG LQ HTXDWLRQ  WKH
WKHQRPHU KDV WZR FRQWULEXWLRQUFWWRIQ 5@H QMG E\ W
UHSOHQLVKHG E\ WKH ¥ H:Ya4 UAMHH UQHDVE W IDRAQH DRV BIIODAVGHIH LV W K H

x> ?

= L ERE G>U?

7KH VROXWLRQ RI WKLV ILUVW RUGHU GLITHUHQWLDO HTXDWLF

>U') P7'>I'Qd:o_607-;8
H = UD_>D7_

E >U?

$QG WKXV WKH ILUVWKRU® HIHGBWHGCFRRVWIWHWUZDUG DQG UH
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G LsG G

8VLQJ HTXDWLRQ ZKLFK UHODWHM RAWUKH B G XD-@G BUHXHPURNRIQWI
VKRZV WKDW

_@ga Lj’j

T

?b

5HVXOWYV
2XU LQLWLDO HIIRUWYVY WR FKDUDFWSHWHYRHBAIPRWRD URWDVHV |
ZKLFK XWLOL]JHV WKH VXO FRSQL30EIBWKR Pitide 6@ INVKGEFK
XWLOL]JHV WKH VXOIR KE'cdIDWEUZHV VAL RQLOQAWDWPHP +RZHYHU GHVS
VHYHUDO H[SUHVVLRQ FRQVWUXFWRI|DRZ ARKQOGLWLBQRWHLOQ\ I
REWDLQHG 7KXV ZH WXUQHG RXU \/WRH/DDWLHRWQ | WRP RYDKUH.R X6 \X \
WKDW SRVVHVV VXOIRJO\FRO\WLF JHXQHLFOIXVIBHUYV DQG VXF
KHUHBI&8MHU | U RiErbaspirillum seropedicaealLQ KLJK \LHOGHDQG SXULW
seropedicaeaLV D QLWURJHQ IL[LQJ HQGRSK\W LIFVWEKH WRWHXUF HOORE
VSDFHV RI JUDVVHV VXFK DV ULFHWQGCSVYNKELEWBQH X0 (DRGS
DQDORJRXV PNRItid¥ KBWERMW ODFNLQJ LQ VI\QWHQ\ )LIJXUH $ =
DOLIQPHQW Rl WKHVH WKUHH SXWDW ZYAHD ¢/ XooM RW X RQWRW B X AWR
FKDUDFWHUL]J]HG KH[RVH PXWDURW&MHOVVKINUSVRYLGHBLOQ UYLW
LGHQWLEVCEOliZEMKK DQG VLPLODULW\P. putidaGHQ WLW\ ZLV
3564 B 6, 7TDEOH $00 WKUHH FRIRWHHILYQH\VG UHHVD GX HWK R k
KHIRVH PXWDURWDVHYV +LVHs64QV 7KBIQHaT XCXD @MW UHVLGXH \
+LV LQ JDODFWRYVH. i VKDVRWUIHWH. RURP\ EHHQ SURSRVHG WHF
VXEVWUDWH ELQGLQJ > @ ZKHUHDWD®/E&HGOKXT XLY DB QW SRAANHGE
DFW LQ UROHV RI JHQHUDO DFLG WRIG HNHQMNU R D CHDRAHW K H \USHHDHRV
WR WKH DF\FOLF DOGHK\GH LQ JD&sFWERaOH>P XWImMJRWDVHV Ul
7KH L7$66(5 VHUYHU > @ SURY LH36140 ¥ IKVRIR DO & M FARRRIGIH O
RI VXJIJHVWLQJ LW WR EH WKHRRBWRESIRKEP IKN\WVR (DR U
FRPSDUHG WR H[LVWLQJ VWUXFWXUHV E\ XVLQJ 70 DOLJQ >
PXWDURWDVH VWUXFWXUHY *UHDWHWX HAYBY B R SUWHIDODWLG L O D |
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D JDODFWRVH PXW D URM&rMHMAdetobutBitlR \&'19d QR 6U R IXUH $
ZLWK D 506' RI ¢ EHWZHHQ VWUXFWRWBQQRRBKDWLQEIHVSL
LGHQWLW\ 6WUXFWX&I0 BRPROMRHQ WRBIHWKHQG WKH JDODFWF
GRPDLQ RI JB OereviddéZR WEDODFWRVH ERXQG 3'% = > @ UHY!
FRQVHUYHG DFWLYH VLWH UHVLGXKRPRORJI\+RRGHO @& HOSR V LIV
DSSURSULDWHO\ IRU FDWDO\VLV )LIJXUH %

' + + (;6< ZDV XVHG WR B5\6¥ Bl \F\D @ KFEDMKCHAA]H PXWDURWD W L
SXOVH VHTXHQFH HTXLYDO H QWL (B <WK[BWUXLWPH® WRIDY HPSOR\I
SURYLGH D YLVXDO UHSUHVHQWDWNRQ Rl @KI$ FKPPQBEDODB BAKR
ZDV XWLOL]HG E\ *UDLOOH DQG FR ZKRIWH UK W RURMXOGAHD>K Hil R B
RQ ZRUN E\ %DODEDQ DQG )HUUHWWNRRH ULKHWL\R R GR | RIOB Q R3F
SKRVSKRJOXFRVH LVRPHUD®K XV@QJDQG HDUOLHU ZRUN E\ .X
FRZRUNHUV ZKR VWXGLHG PXWDURW DR QRFRWMGBX\]HG E\ SR
> @ ,Q WKLV DSSURDFK DOO QXWOMLL PQ H XORHN HE& DAKL QV D C
HYROYHtRBHULRG $ VHFRQG f SXOVH LY FRIPIS® OECWLRIG W
PDJQHWL]DWA B L R QIMQRG WK Pl LWL QD Q. @RVWURDIQ HWL]DWLRQ WUDGC
FKHPLFDO H[FKDQJH $ ILQDO [ SXOWH K Qi EOERHV ZKQFX H UV
LV GHWHFWHG OROHFXOHV WKDW X@SBDJIRFERWYLSHION L\QW 8
EHWZHHQ D VLJQDO IURP WKH VXEWFWDWP DOREQW RIQ HF FOU UW \RS
QXFOHXV LQ WKH SURGXFW RQ WKH RWKHU D[LV &DUHIXO FKR
UHTXLUHG IRU FKHPLFDO H[FKDQJH mMD\O\ORZQ WXDCH RWD/WR. X \W DAJHR
RI HQ]\PH FDWDO\]HG PXWDURWDWLRQJXQHD % VERIN MK DK SD
VROXWLRQ RI 64 GIDVDCEHD RPHRUMWEY LQGHSHQGHQW VHWV RI
DGGLWE®RID RII GLDJRQDO FURVV SHDNV DSSKNU BHW ZGHVQ DW K |
SURYLGHV HYLGHQFH WKDW FKHPLF BIS6 4D AKD 6 DM D @\ ROFIX WKIE
PXWDURWDWLRQ RI 64

7R TXDOLWDWLYHO\ H[SORUHs8OH X/ DWW H B WHIGV\S K AL DLEFLLO
WKH HQJ\PH WR FDWDO\]H PXW D UR WIXWHRQHREYRWHKRKDO & LPSOH
FDWDO\]H WKH P XJXERWB W ISK@ VEIOAXKH QLG DFLG VKRZLQJ )
VXOIRQDWH JURXS LV RN\ FHDTX MURHIGH DRW HWRWWHU DQLRQLF
VLPSOH DOGRKH[RVHWs&D0/ ADOWIRO VW & GR.XN\GDOXRAVR D' W LIRQGR |
JDODFWRVH VKRZLQJ WKDW WKH HQJ\PH LV WROHUDQW RI HLW
WKLV SXOVH VHTXHQFiHs&40 PRIAG VQHREGV FOHVDRERGFDML RQ WK H
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105 WLPH VFDOH GHPRQVW BIS6MD QR W KN ESVHU B WHYFBLRIK DQ |
& K\GUR[\O JURXS

'KLOH WKHVH H[SHULPHQWY SURYLGH ILOMNAKRMY LQWR W/
VLPSOH KH[RVHV DUH QRW SUHVHQWLIW LBYQE DS\S H H E DDERHO BR/C
IRAJcoli JURZQ RQ YDULRXV FDUERQ VR XURINVKH UGS KAW KRIQRW KB
SODXVLEOH W$EYWUDWHOXRRVH *®KRVBBEQWHEXQGDQW SULPD
PHWDEROLWH SURGXFHG E\ EDFWHUEBWDWEQ>R@ JORAREO R I
VHOHFWHSBLOW VR 64*ORG ZH XVHG (;6< WR GHWHUPLQH NLQHW
XQGHU FRQGLWLRQV RI HTXLOLEUMX® X\ FK D ®HW K R GO HVLIRNVGLHAWS
UDWHY DFFXUDWH G H Withiu RQRZWHRBQHUR T RISUMIMP XP PL[LQJ WL
OHQJWK\ H[SHULPHQW DQG VR ZH K;®HK M/ GRRDERAMIHH R GWD O W |
RI WKH HTXLOLEULXP H[FKDQJH U DWW LFYRHQ VNHUN Y. Z® \R D B K& LHV
VLJQDO IURP RQH DQRPHU DQG WK HQLXPQLOWRHIQ QLU WX KH ¥ HINDXOL
ERWK DQRPHUV )RU TXDQWLWDWLYHWGHWHUBDGDWWR R QR P YX/\D
VXIILEFLHQW SRZHU DQG GXUDWLRQRQR \HQW N K RX\D IGHQWR BVUG H WHHR
WKH HTXLOLEULXP PDJQHWL]DWLRQ \RR WHKH FFWKRUFDOLB[BRB
WKH DQRPHUV WKH LQYHUWHG PDJQXHWLYDWGRRQWHIBG VY WHL
PDJQHWL]DWLRQ FDQ WKHQ EH VDPSOW & KERDRKNPODG RE \WKBGN\
+ DDULVLQJ IURP WKHE RU (bR GRAF LR E VRSIHFWLYHO\ DQG )LIXUF
VKRZ WKH UHVSHFWLYH GHFD\ FXUYHV$SORR WKKRZ QDLPH WK 8 HW D E
D Wy ZKLFK SURYEGBIQJWKIDWH FRQVWDQW )LIJXUHV () VKR
SORWV IRU FRQEBIQR PR QVRRN\GAIH DBV SHFWLYHO\ :KLOH 64 H[k
VDWXUDWLRQ NLQHW L FRE phi @QEHKi QriD OXMIVX BGD @/ IOFRRWRDI QG WK X V
RQI@¥w FRXOG EH FDOFXODWHG $V WKH HIRX DQIRPUHLLXP FEIRKDIFHIQ
VXEVWUDWH DUH NQRZQ WKLV GDMP HWBDRYZ Y RAD O KXOWNWLHRWY R
7KH FRPSOHWH VHW RI NLQHWLF SDAVHP AXWHDYRIWD WLKRH IBHR B!
VKRZQ LQ 7DEOH H3®@4D WGHYISDOVWWKDWSSUR[LPDWH IROG VH
RYHU *OF 3 L Qk¥dw UPDVORIHW K H

7TDEOWLFKDHOLY OHQWHQ N HQGHW LFD /MWD AHHWPXWIOBRBRWDWLRQ
*OF XBQGHU FRQGLWLRQV RI HTXLOLEULXP H[FKDQJH

VXEVWUDWH kepwV Ko PO Krokwo O V

D64 ‘ i “ “ 1
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7R JDLQ LQVLIJKW LQWR WKH UDBBO HE KMHIFHPUHHGN WDKEHK LUHDY
RI PXWDURWDWLRQ RI 64 E\ SRODUXEBDWURRVRQ JODL WRIKSKH® \
VXOIRTXLQRYRVLGH ZLWK D UHWD LR UWUWHWXDOWRRXOLRRFRY LIGIXWH
DIIRW&A4 ORQLWRULQJ WKH UDWAH LK) PXRODSKRVBWDR® EXITIHU Ut
D KDOI OLIH RI PLQ 6, )LIXUH QU FRP S BULNV\R @ H A RWIHERW U
WR RFFXU DW f& ZLWK D KDOI OLIH RI vV > @ +RZHYH
FDWDO\|JH PXWDURWDWLRQ > @ ,Q RIRAMHWWRQPH® VKRV S\KKOHNV
FRQGLWLRQV DQG WR VXEVHTXHQWONDMPHRZ FBWSHNVYURN B QXL
2 ZH PHDVXUHG PXWDURWDWWRYPDWDWNKY RRGBHQWUDWLRQV |
SVHXGR FRQVWDQW LRQLF VWUHQJWK D[MKUBYRGDINLMRQ ROl MDKL
WR >SKRVSKDWH@ PO JDYH DKSBRHGLFWHWG PXWPURWDWLRQ
FRUUHVSRQGLQJ WR D KDOI OLIHPRFRQWRWOQQBWDQOREZKH HTX
FDOFXODWLRQ RI IRUZIXKUG DQG YWB&BUVH UDWHY WIPLODU
FDOFXODWLRQ IRU *&HT 3 PXWDQRWIKWMLBREOLVKHG GDWD JD\
UHYHUVHK UDWHY RDQ&G T* vV VWULFWO\ VSHDNLQJ WKHVH
UDWHVKD Y H IRU2 @k +2 >+2@
7KH DERYH GDWD DOORZ XV WR FR&Os64ODWYH MAOXW DED W.A\W
WKH PXWDURWDWLRQ RI 64 DQG *OEkxodkrB8%oH@E HBBLFFLHQF\ FRQ

DUH T0 IRU64 DQG O IRU*OF 3 UHY HBEA0QH LW IGIYWW K H
64 WUDQVLWLRQ VWDWH VRPH QB O/ WMKIXW H H VWMWK B R QNRLLG

VXOIRTXLQRYRVH PXWDURWDVH :H RRWHFW KDID W R H CPUOWHIGR
+2 ZKHUHDV DOO RWKHU PHDVXUHPWNRXAW ¥ VR SHIQWR UP R RLS
PD\ VRPHZKDW FRQIRXQG WKLV DQD®XVVR Q@R Y MWW & B OHSOW K H
7KH S' GHSHQGHQFHisR4 (D ZWV Y&EMW HRB L G-H G 6% VILRQW
*OF 3 $W D FRQFHQWUDWLRQ RI ROIDWORQ 3XQRHMH) RRW \6KR:
VR UDWHV PHDVXUHG DW WKLV FRIGHKWQWURWH R Q/ISRIRW MBGKH DSQ
GHSHQGHQFH RI DFWLYLW\ LV EHOO \DKMSHGWXLRNKSD EURESB
VLPSOHVW LQWHUSUHWDWLRQ RI WKHVH UHVXOWV LV WKDW
LPSRUWDQW W WIDGOXHHW ZRIWK “S DQG “ 7KH LREL]DWLRQ |
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SUHVXPDEO\ UHIOHFWLRQV LRQL]DWLRQ Rl WKH JHQHUDO DFL(
WKH JHQHUDO EDVH +LV %\ KRPSOXHVR QU WWKHH LQRQU LDEQ A §
RI *OX DQG +LV DUH DQG UHVSHFWLYHO\ > @ ,Q ERWK F
LQW UKWILEXHY DUH SHUWXUEHG SUHVXFDERQEHBDX VO FROIX\EK E
FKDUJH FKDUJH DQG FKDUJH GLSROBWIQRQH HDIFHWWR/QY @ V 7KH
GHSHQGHQFH RI WKLV HQJ\PH LV VLPLODU WR WKH S+ GHSHQG
EXW EURDGHB. abiK DBQO WKW RVRII PXWDURWDVH > @

'LVFEXVVLRQ
O0DQ\ HQJ\PHV LQYROYHG LQ WKH PHMMDEROALM P FRIRIW HRH) N XDIQRIKY/
WKHLU VXEVWUDWH )RU H[DPSOH SWROWSX RID \TMIOANNARMNR QB WHR V S
SURGXFBIDODFWRVH SKRVSKDWH > @ BhOIK$ RagaterGii K\GURJHQ |
XVHV RQDOXFRVH DV D VXEVWUDWH > @ \HDWWWBHNRVSKRJOX
JOXFRVH SKRVSKDWH DV VXEVWUDWHN RP U DD/HGLYH U 8 WF & KLRFV

PDQQRVH SKRVSKDWH > @ )RU WHKRWBH IHQNH WX E B ARFHDWYHWE
ZRXOG EH UDWitb OLMMRHLQUWRFHVY UHOLHG RQ VSRQWDQHRXYV F
HQVXUH WKDW WKHUH LV UDSLG HPIXQDW HUW KMMI\R @ HBHIMEARHOHLGF [E@
:KLOH VRPH PXWDURWDVHV KDYH EHHDWIKOLIQ\WHS @QVRLWSHKB VI LER
GLIILFXOW WR DVVLJQ PDQ\ RWKHOVYPNVRUB PH\MQJ G H @ X EW W V¥ DN
WKH LQKHUHQW SURPLVFXLW\ RI PDQH PXRVIMKRIW D VKHRV WR/QRRJUN
LPSRVH QR FRVW WR ILWQHVYV

6XOIR (03 DQG VXOIR (" JHQH FOXVWHRWW E RW KKHRE@RR&RRE RSXX\

WH640 WKDW DUH XSUHJXODWHG LQ UHMIREWH QVWRWHXKILRNZ WWKK |
SULPDU\ IXQFWLRQ LV DV DQ 64 HEGMDURWPD WK HH X ® RZ (K HFDE W
R H. seropedicaeaFDQ FDWDO\]H 64 P XWDURAMKRWILCRIX A LWKDDR JR Y DMK
SRVVLEOH DOWHUQDWLYH VXEVWUDWMHQWD PP HW D ERIOAKNV HV W_KRADWA
WKH (PEGHQ OH\HUKRI 3DUQDYV DQG (QIWRNMU DR XZRORIIDYOWHKR
SHQWRVH SKRVSKDWH SDWKzZD\ \WWKHSRYMPEORQWKDIDRN @/ KM
DGYDQWDJHRXV WR D EDFWHULXP WUD@QWAWURGZWX FEHWDOHH
JXUWKHUPRUH GXH WR WKH EURDGRWKEWAMM DLWHLW FSGRWYDBROGH F
HQ]J\PHV PD\ SOD\ D UROH LQ FDWDOMVEB O @ 4 VP KRMXIKRINO\WHRIQ
WKDW GRHV VR LV XQOLNHO\ WR B HF RQBPHY\WHIDSWRRRGDDY O\ UH.
LWV KRPRORJV DUH
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7KH VXEVWUDWHs6UDHEH DLFV WL RLODULWLHY WR WKH DOGR
E.coi JDOO ZKLFK LV WROHUDQW WR |IXQG WLRQDIR BFKRR B VKL
FKDQJHV DW & *DO EXW QRW DW &W QAIVQG V@ L Q OXWKKHRBW K IR
\PU F ZKLFK HQFRGHV D KH[RVH SKRVWKRWQH @XWDBURNDYVA
DQG 0DQ 3 DQG WKXV WROHUDWHYV @W Bl FORHF® FIP LOFDLO) @ BN & W\
VWUXFWXUDO P R Gis64® LQL NWHHY HDFOV W K\DKW RXJK D PHEKDQLVP F
RWKHU PXWDURWDVHV 7 K$bA4/0K ER/W VX EWMW RGHQWQ ¥ B URIDWLR C
FRQWUDVWOW 6MRVH ZKLFK H[KLELWHG R BHORERVEGH \DBWHY MR\ |
VSHFLDOL]HG VHW Rl FRQVHUYHG DWWLIEMNNXS VRK BW LHFRYQ G]H)

7KH HIITHEFWLYHQHVV Rl DQ HQJ\PH EY PHBINW D DQVWVKBIQUBDHM
HQKDQFHPHQW LW SURYLGHY UHODWLYH WR WKH UDWH RI WKH
WKDW XQFDWDO\]HG 64 PXWDURWDWLRE MWKE 648 @RIMHRYUH O\ V C

IROG ORZHU WWKDR WKRQY WK HHRMWKHID WD@GHY PXWDURWD
ZLWKd® YDOXH DURXQG IROG KLJKHU WK D@® KR “OHY H® O&/RWEKE
Hs640 LV DSSUR[LPDWHO\ IROG PRUH SURILFLHQW DV D
PXWDURWDWLRQ RI 64 DQG *OF 3 @ ¥ [HIHMPHIQ IVFW K i) REK K KHHL C
VWDELOL]DWLRQ RI WKH WUDQVLWWRIQ WWHWH GDHOD W XY BH W\R
DIILQLW\ IRU WKH WUDQVLWLRQ VRADDVMHDORI| 64 PRW® URWDWHRC
WKDW IRU *OF 3 PXWDURWDWLRQ $V KDV EHHQ QRWHG E\
PXWDURWDWLRQ RI *OF 3 LV PXFKVHM BW@®& U DD Q S\8 KD WVRW |
UHVXOW Rl QHLJKERULQJ JURXS SDUDWLHLBDRKISRO R WRKXH SH
VXJIJHVWY WKDW WKH VXOIRQDWH JRMRXQRIJURBR I$D QR WF ISSIRN

8QGHUVWDQGLQJ WKH SUHFLVH UR®@HRR (' 63DW K.2D WK ELDX0
UHTXLUH NQRZOHGJH RI WKH VXEVVQGD W R ZQYMALHIDPL\S URWV HR
8SVWUHDP SURFHVVHV LQFOXGH 64 LPSRUWREHQ \RQ @G P64 DKW |
64 DQRPHUV WKH 64 LPSRUWHUV P R\QHH[6EDLQRP W HD UHD FRD |\
EH UHTXLUHG IRU UH HVYWDEOLVKL@P PDQVH BXS OWU B Q¥R /L H/IXR)
WKDW Rl UHG EORRG FHOOV LQ ZKWRHU VW LKL EIQR DQ SW K DU BIQ X
JOXFRVH > @ DQG D SRWHQWLDO PHDOM IR\WY W6 R FIRPKRVDYUHRGN [
HVWDEOLVKLQJ WKLV HTXLOLEULXP KRXQER® @D 60\ FRNHG HV @
UHOHDVHG E\ DFWLRQ RI 64DVHD\64WRB G BABG LPIDW HE 15 WRIG X E WHL
HQKDQFH FROBMUNBRQWRR PDWFK WKH SUHIHUHQFH RI D GRZQ\
DFW LQ WKH UHYHUV HE 64 WHKEDWL FDG FAXR Y@ BIW FIXHIV D UHVXOW
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PXWDURWDBWLRRZ@VWUHDP HQ]\PHV LQFOXGH 64 DWRIRRHUDVHV I
$V \HW WKH DQRPHULF SUHIHUHQFH QRZRQ\7KRH WKHYB<HQ]\P
H[SHULPHQWYV XVHG KHUHLQ WR SURRB HHU IDFWZRUW\UHZBERKQE
PDQ\ GHFDGHV FRXOG EH RI XVH IRWQ¥FWYXGRL QUKW KGR X G E WW |
HQ]\PHV DQG LQ VR GRLQJ FRXOG KHW SR RKIHGEH4OWKH ELRORJ

$EEUHYLDWLRQV

'+$3 GLK\GUR[\DFHWRQH SKRVSKDWH 1RIBDWH GLIXOGURBDPDBBWR

*OF JOXFRVH *OF$ JOXFXURQLF DFLRXGIDURIPD@®RIAE GHQQV

OH\HURI 3DUQDV (;6< H[FKDQJH VSHFWWIRVBRSRQMG FB X B O3BDAL
QLWURSKHWXOIRTXLQRYRVLGH 6/ VXOIRODFWDWH 64 V.

VXOIRTXLQRYRVLGDVH 640 VXOIRTXLQRYRVH PXWDURWDVH

$XWKRU &RQWULEXWLRQ

6-: 6 < DQG ('* % FRQFHLYHG D-Q%/FRRGG-LQ DSHIE RUKHI & W
FORQLQJ DQG SURWHLQ H[SUHVVLRQ RHD VXQUG BHQ WAR QG X FIV®
& % FRQGXFWHG WKH SRODULPHWU\ BPHDNE UMR HLUL W L 0 OR ID
PDQXVFULSW DQG DSSURYHG WKH ILQDO YHUVLRQ RI WKH PDQ

)XQGLQJ

'H WKDQN WKH $XVWUDOLDQ 5HVHDUFK &RXQFDG RRDO %RELBW \
.HQ O0XUUD\ 5HVHDUFK )HOORZ DQG VXOKSBSRWRN® VE\ RN
JHYHUKXOPH 7UXVW ('* % DFNQRZOHGJAV&DRFSRUSBHVHRR FK Kk
JRXQGDWLRQ O9LFWRULDQ 6WDWH *RYH BXSISEW W2 DHUED $/X R\ D [
*RYHUQPHQW 1+05& ,5,,66

$FNQRZOHGJIJHPHQWYV
‘H WKDQN 3URI )UDQFHV 6HSDURYLF WRUVWAXX GN WKLY J VWKW BV H

&RPSHWLQJ QWHUHVWYV
7KH $XWKRUV GHFODUH WKDW W K HIWUMHWIHWGH ZQ R K RAPKSHH WD Q X \L RQUAL

SHIHUHQFHYV
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HsSQM plasmid and sequence data

plasmid resistance details

C-terminal Hisg-tagged Herbaspirillum seropedicagtrain AU14040 sulfoquinovose mutarotase

PET29-HSSQM Kan (WP_069374721.1)

pET29-HsSOM

CDS:
ATGTCGGCAGCTCTTGCGTCCCTGACACTTGCCCAAGGACCGTGGCAAGTGCGCGTGCTGCCTGCACTGGGCGGTGCGH
AAGCGCCAGCTGGCGTGGTCAGCCGGTGCTGCGCCCGAGCGTCGAGGCACAGCTGCAGCAGGGCCTGGTTAGACGCTC
GCTATCCGCTGCTGCCGTTTAGTAACCGTATCGGAAACGCGCAATTCGCCTTTGATGGCCAGACATACGCGCTGATTGCC
TTTGACAACGAACCGCACGCTATCCACGGGCTGGGCTTTCAGCGCGCGTGGCAGGTTCAGTCTAGCTCGGCGGAAAGTC
TATGCAGCTCACCCACGCCTCGCCGAGCCCGGGTCAGTGGCCGTTTGCCTTGCGTGCCACCCAGGTGATTGCCATCGAA
ACGATCTGGTGCTGCGCCTGGAAGTGGAAAATACCGATCATCGCCGCGCCCCATGCGGCCTGGGCTGGCATCCGTTTTT
CTGGATAGCGCGGCGCAGCCGACCCAGCTGCAGACCCATTGGCAAGCGATGCTGGTAAACGGGCCAGACAAACTTCCGT
CAGCACGGCCCCTCCGGATACGACCCAACTGGATACCTTAGTGATTGATAATTGCTTTACCGGCTGGAGCGGCCAGGCC(
TTACCGGCCCGCATCATCGTATTACCCTGACAGCGAGCCCGACCCTGCGTTGCGCGGTGCTGTTTCGCCCGCCGGGGCA
TTCTTCGCGTTTGAACCGGTGAGCCATCCGAACAATGCCCTGCACGGCGTTGCGCCGGCGATGCACATCCTGGAACCca
GTGCCTGGCGGGCGAAATGCGCCTGAGCCTGTCGACCGCTCCGAGCATTCTGGCGGCCGCACTCGAGCACCACCACCAI
ACTGA

Translation:
MSAALASLTLAQGPWQVRVLPALGGAIASASWRGQPVLRPSVEAQLQQGLVRRSACYPLL
PFSNRIGNAQFAFDGQTYALIANFDNEPHAIHGLGFQRAWQVQSSSAESLTMQLTHASPS
PGQWPFALRATQVIAIEGDDLVLRLEVENTDHRRAPCGLGWHPFFPLDSAAQPTQLQTHW
QAMLVNGPDKLPCGSTAPPDTTQLDTLVIDNCFTGWSGQAVVTGPHHRITLTASPTLRCA
VLFRPPGQPFFAFEPVSHPNNALHGVAPAMHILEPGQCLAGEMRLSLSTAPSILAAALEH
HHHHH*



Table S1. Pairwise sequence comparisons of HsSQM with various hexose mutarotases.”

H. seropediaceae | P. putida E. coli L. lactis S. cerevisiae
HsSQM PpSQ_00415 YihQ GalM YMR099C % identity
WP_069374721.1 KHL76357.1 NP_418315.3 WP_039116219.1 DAA09996.1 (Yosimilarity)
35 19 13 13 HsSQM
(49) (38) (26) (28)
19 12 15 PpSQ_00415
(37) (24) (29)
12 11 YihQ
(29) (23)
14 GalM
(23)
YMRO099C

" Calculated using the “Sequence Manipulation Suite” and the following groupings of similar amino
acids: GAVLI, FYW, CM, ST, KRH, DENQ, P.

See: http://www.bioinformatics.org/sms2/ident_sim.html, Stothard, P. Biotechniques2000, 28, 1102—
1104.
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Figure S1. Mutarotation of SQ monitored by polarimetry.
4-Nitrophenyl a-D-sulfoquinovoside in 50 mM sodium phosphate, 150 mM NaCl in H,O (pH 7.1) was
treated with sulfoquinovosidase, and after 5 min, the specific rotation was monitored as a function of
time. pH 7.1, 26x1 °C.



1D 'H NMR spectra
Sulfoquinovose (600 MHz, 15 mM, D,0)

Glucose-6-phosphate (600 MHz, 15 mM, D,0)
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2D H-"H NOESY spectra with 1D spectrum projected onto F1 and F2 axes
Sulfoquinovose (5 mM), no enzyme
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D-Glucose-6-phosphate (5 mM), no enzyme

D-Glucose-6-phosphate (5 mM), with HSSQM
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D-Glucuronic acid (5 mM), no enzyme

T

D-Glucuronic acid (5 mM), with HSSQM
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D-Glucose (5 mM), no enzyme
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D-Glucose (5 mM), with HSSQM
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D-Galactose (5 mM), no enzyme

D-Galactose (5 mM), with HSSQM
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D-Mannose (5 mM), no enzyme

D-Mannose (5 mM), with HSSQM
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