uz2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GwW

u2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GwW

nagAc 319
nagAc 319
nagAc 319

nagAc 419
nagAc 419
nagAc 419

nagAc 519
nagAc 519
nagAc 519

nagAc 619
nagAc 619

ATTATCTGEGTGATGCAGCCTGETA
ATTATCTGEGTGATGCAGCCTGETA
ATTATCTGEGTGATGCAGCCTGETACKE

GCARAGTGGTGATCARGGCCAACTGGRAAGE
GCARAGTGGTGATCARGGCCALACTGGRAGE

nagAc 619
nagAc 719 TGTGEGEAC TGATGGCATTCGECGECG 818
nagAc 719 TGTEEEARC TGATEECATTCGECGECE 818

nagAc 719

TGTGGGAC TGATGGCATTCGGCGGCG 818

nagAc 819
nagAc 819
nagAc 819

nagAc 919
nagAc 919
nagAc 919

nagAc1019 i . ] ECAGTCGCARRRATGOCARGE 1118
nagAc1019 : AGTCGCRARLRTGCCARGR 1118
nagAclOlQ : ] ks GEAGTCGCARRLTGCCARGS 1118

nagAClllQMTAC CARTCCAGCRALACH
nagAc1119AATACCALRTCCAGCALCR
NagAc1119 AATACCRATCCAGCALCE

ACATCAGCAGCTCCAATTGGGCCGAGTTCGRAALAC
ACATCAGCAGCTCCAATTGGGCCGAGTTCGRAALAC
NagAC1219CGGEGARACCAGCTATCGCGEAT TCTACCGIGCCTACCAGGCECACATCAGCAGCTCCRATTGEGCCGRAGTTCGARRRC

CC 1318
ZC 1318
CC 1318

NagAC1319 G CTCRCC, GATCGCTARR 1345
NnagAcl1319 A TCACC LS LTCGCOTLE 1345 GYVI30EO1AX3SN
NagACl1319 G T oA CCALGACBACTGATCGOTAL 1345 ——-  GYVI30EO1ERXW9

= GYVI30EO2FYFOH



u2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

nagAd 1
nagAd 1
nagAd 1

nagAd 101
nagAd 101
nagAd 101

nagAd 201
nagAd 201
nagAd 201

nagAd 301
nagAd 301
nagAd 301

nagAd 401
nagAd 401
nagAd 401

CTGARAGTTCGAGTTGAS 300
TGRARGTTCGEAGTTERS 300

GCTTCGTCACCRAATETC
CGCTTCGTCACCRATGTCR

TGCTGCATET
TGCTGCATET
TGCTGCATETECGE

TCCARCCTCATTCTCCACD 432 — GYVI30EO1DH2TJ




u2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

nagB
nagB
nagB

nagB
nagB
nagB
nagB
nagB
nagB
nagB
nagB
nagB

476
476
476

576
576
576

676
676
676

776
776
776

TTTCTTCCTATGCGEE
TTTCTTCCTATECE
TTTCTTCCTATGCG

ATGETCAAGGCETTGECCTACGARATTGEC

CATCCEEGTCARATGGCETTGEGCCAGETS
CATCCEEGETCARTGGCETTGCGCCAGETS
CATCCGEETCAATGGCETTGOGCCAGETS

GETCACTTCTTTGGCTS
GETCACTTCTTTGGCTS

TCGACARRRACCRARARATEARRGACAT
TCGACARRRACCARRATERARDRGRCATRCCCGEEE 675
TCGACLARARCCRARATEGARRGRCATECCCGEE 675

LACRRGGEGR 775
RLCLRRGGGR 775

GEGETTCGCBECAAGECCCGAGGACGTGETGSCACCGTAICTTTTGCTGGCCTCCCEECARCARGGGR 775

CATTGATGGCGECATGECGCTCGEICGERAGTGE 834

GYVI30EO1DO6VU



u2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

GCACCCTGTCAGTGGCGR
GCACCCTGTCAGTGGECGR

nagF 1 ATGALGACGALATTGTT
nagF 1 ATGALGRACGRALRATTGETT
nagF 1 ATGALGACGALRLATTGTTE

nagF 101
nagF 101
nagF 101

nagF 201
nagF 201
nagF 201

nagF 301
nagF 301
nagF 301

nagF 401 CGECTGEOGETCR

GTGGGCGEEETTCRAC 300
TGEECEEEETTCARLC

TGARAGEGTGECAGE
TGRAGGTGECAGE

GTCATGGAGAGCRALACGCCCGAGTTCAT
GTCATGGAGAGCRALACGCCCGAGTTCR

GTCGECCCCATCTTGAGRATC
nagF 401 CGCTEOGETC GTCGECCCCATCTTGAGTATC
nagF 401 CGCTEOGETC CEGTCGECCCCATCTTGAGTATC

nagF 501 TACCGTIGTGETTCARAGGCTCCGAGTTCAGCCCCE
nagF 501 TRCCGTLGTGTTCRARLRGGCTCCGRAGTTCRGCCCCE
nagF 501 TACCGTGEETGTTCRARLGGCTCCGAGTTCAGCCCCE

nagF 601
nagF 601
nagF 601
nagF 701
nagF 701
nagF 701

nagF 801
nagF 801

nagF 801
nagF 901 GCCCGATGETGETC
nagF 901 GTCCGATGGETGETC

nagF 901 GTCCEATGETETC

nagF
nagF
nagF

nagF 1101 CCRACGTGRACAGCCGRCATGCAGRTCTRACGATGRAGGRARCCT
nagF 1101 CCACGTEACAGCCGRACATGCAGATCTACGATGAGGRARCCT
nagF
nagF
nagF
nagF

nagF
nagF
nagF
nagF
nagF
nagF

GYVI30EO01CMX3C
—-— -  GYVI30EO1lALPVF
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u2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

nagC 1 PTECGETACATGEGCATTTCGGTCRRGGRTC
nagC 1 GEATACATEEGCATTTCGGTCARGGATC
nagC 1 GEETACATGGGCATTTCGGTCAAGGATC
nagC GCTTCTATCTGCGRAATGGACRATTGECACCT
nagC GCTTCTATCTGCGAATGGACRATTGECACC

nagC GCTTCTATCTGCGAATGGACRATTGECACC

nagC
nagC
nagC

nagC
nagC
nagC

nagC
nagC
nagC

nagC
nagC
nagC

nagC ! AATGCCTGCGECCARGCEC
nagC 5 AATGCCTGCGGCCARGES
nagC

nagC
nagC
nagC

nagC
nagC
nagC
nagC
nagC
nagC

GYVI30EO01B3SLS
GYVI30EO1CD71IX
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uz2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

nagQ 1
nagQ 1
nagQ 1

nagQ 101
nagQ 101
nagQ 101

nagQ 201
nagQ 201
nagQ 201

nagQ 301
nagQ 301
nagQ 301

nagQ 401
nagQ 401
nagQ 401

nagQ 501
nagQ 501
nagQ 501

CCAATCTGACCTCATTCGATGCAGATCATGC
CCAATCTGACCTCATTCGATGCAGATCATGC
CCAATCTGACCTCATTCGATGCAGATCATGC

12

CATCARCCGCGA
CATCARCCGCGA

100
100
100

200
200
200

300
300
300

400
400
400

500
500
500

600
600
600



uz2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

u2
CJ2
GW

uz2
CJ2
GW

nagkE 1 ATGACARGRARGH 100
nagE 1 ATGRACARGARAGE 100
nagk 1 ATGACARGRARGH 100
nagk 200
nagE 200
nagE 200
nagkE GETCGAGTGCCCTACTTCTGCGGCACRDC 300
nagkE GETCGAGTGCCCTACTTCTGCGGCACRAC 300
nagE 300
nagkE 400
nagE TECTCGECETECCGATETGEETGAAGATGEATCTEE 400

nagk TGECTCEECETGCCGATGTGEETGRAGRTGGATCTGE 400

nagE
nagE
nagk

nagk 501 CCCGTTTTGGECCGRARATGTCCRARRATCCCGE CAGCCARGTACTTGEECATCGE 600
nagk 501 CCCGTTTTGGGCCGRARATGTCCARRATCCCGE CAGCCARGTACTTGGGCATCG 600
nagE 600
nagkE 601 CGCTTCCTTCCGCATGAGGATGACTA

nagkE CGCTTCCTTCCGCATGAGGATGACT

nagkE

nagE 800
nagE 800
nagE 800
nagE 900
nagk CEGEGEGCCGETEC 900
nagk CEGEEECCETEC 900

nagkE 901 CGGCCACCCTATACGCTGS
nagkE 901 CGGCZCACCCTATACGCTGS
nagE

GGEAATTGEER 1000
AATARCCTTGCAGGETG GCCHAGGRAATTEA 1000
AATARCCTTGCAGGETG GCCRAGGRATTEA 1000

nagkE TCEAARAAGRAGTRERL 1038 —— GYVI30EO1EB2RY
nagkE TCEARRALGRAGTGEA 1038 —.—-  GYVI30EO1EQ8UF
nagk TCGRARLAGRAGTAL 1038
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uz2 nagD 1
CJ2 nagD 1
GW nagD 1

U2 nagD 101
CJ2 nagD 101
GW nagD 101

U2 nagD 201
CJ2 nagD 201
GW nagD 201

U2 nagD 301
CJ2 nagD 301
GW nagD 301

GAGCCECTGARATATGTTCG
GRGCCGCTGARTATETTCE
CGAGCCGCTGALATATGTTCGCLTE

IEATAGCTTGCTGEC
GATAGCTTGCTGEC
GATAGCTTGCTGGET

GETATECGACE 400
GETATECGERACER 400

U2 nagD 401
CJ2 nagD 401

CAGCGAARRATGCCGCCARGGCATACGACE
CAGCGAARRATGCCGCCARGGCATACGACE

GW nagD
uz2 nagD
CJ2 nagD

GW nagD

—  GYVI30EO1ARORO
—-—- GYVI30EO1B66ST

Figure S6. Multi-sequence alignment of the nag operons, including nag2, nag-U2 and nag-CJ2.
Bases which were not the same between nag2, nag-U2 and nag-CJ2 are colored.

Grey hightlight represents homologous bases between nag2 and nag-U2, but different from nag-CJ2;
Red highlight represents homologous bases between nag2 and nag-CJ2, but different from nag-U2;
Blue highlight represents bases of nag2 with no homologies with either nag-CJ2 or nag-U2.

The DNA sequence of nagFCQED is from the plasmid pWH_NagFCQED. Bases from single 454
sequencing read are underlined and marked alongside each gene. The numbers on the bottom right are
the codes of individual 454 sequence reads.
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GETATECGACE 400




