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Supplemental Table S1. Characterized GH94 sequences that were used for BLAST analysis with EgP1

and Pro_7066

Sequence names*

Genbank accession

CBP from Cellvibrio gilvus ATCC 13127 BAA28631.1
ChBP from Vibrio proteolyticus BAC87867.1
CBP from Cellulomonas uda AAQ20920.1
CBP from Ruminiclostridium thermocellum AAL67138.1
CBP from Saccharophagus degradans ABD80168.1
CDP from Ruminiclostridium thermocellum BAB71818.1
LBP from Halorhabdus tiamatea. WP_020936056.1
CBP from Clostridium stercorarium AAC45510.0
CDP from Clostridium stercorarium AAC45511.1
CBP from Cellvibrio gilvus ATCC 13127 BAA28631.1
CBP from Thermotoga maritima MSB8 AAD36910.1
CBP from Thermotoga neapolitana AAB95491.2
N,N’-diacetylchitobiose phosphorylase from Vibrio furnissii AAG23740.1
ChBP from Vibrio proteolyticus BAC87867.1
LBP from Acholeplasma laidlawii PG-8A ABX81345.1
LBP from Paenibacillus sp. YM1 BAJ10826.1
N,N’-diacetylchitobiose phosphorylase from Ruminococcus albus | WP_013499018.1
CBP from Halorhabdus tiamatea SARL4B CCQ33375.1
NdvB protein from Neurospora crassa OR74A EAA28929.1

CellAP from Xanthomonas campestris

WP_011039146.1

*CBP = cellobiose phosphorylase, ChBP = chitobiose phosphorylase, CDP = cellodextrin phosphorylase,

LBP = laminaribiose phosphorylase, CellAP = cellobionic acid phosphorylase




Supplemental Table S2. Summary of the observed [M+Na]* of glucans in MALDI-ToF analysis.

DP of glucan Calculated The closest
[M+Na]* observed [M+Na]*

G4 689.221 689.203

G5 851.274 851.223

G6 1013.326 1013.287
G7 1175.379 1175.330
G8 1337.432 1337.374
G9 1499.485 1499.483
G10 1661.538 1661.517
Gl1 1824.581 1823.591
G12 1986.723 1985.649




Supplemental Table S3. Summary of conserved amino acid residues that are involved in GH94 catalysis
and G1P binding that have been found in the EgP1 and Pro_7066

GenBank CAZy | Catalytic | G1P Phosphate | References | PDB
accession families | residues | binding | recognition structures
(-1

subsite)
BAA28631.1 GH94 D490 W488, | H666 (44) 2CQs,
R367, 2CQT
D368
BAC87867.1 GH94 D492 W490, | H644 (45) IAVIAYE
R349, 1V7W,
D350 1V7X
AAQ20920.1 GH94 D490 W488, | H666 (46) 3RRS,
R367, 3RSY,
D368 3S4A,
3S4B
AAL67138.1 GH94 D483 W481, | H653 (47) 3QDE
R360,
D361
ABD80168.1 GH9%4 D472 W470, H626 (48) 471 E,
R349, 471 F,
(N350) 471G,
4711
BAB71818.1 GH9%4 D624 W622, H817 (29) 5NZ7,
R486 5NZ8
WP_020936056.1 | GH94 D535 W533, | H749 Inferred NA
R384, from
D385 Figure S9
EgP1 (in this GH149 | D660 W658, | H960 Inferred NA
study) RA77, from
D478 Figure S9
Pro_7066 (in this | GH149 | D653 W651, H959 Inferred NA
study) R470, from
D471 Figure S9
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Fig. S1 Partial purification of Euglena phosphorylase from E. gracilis protein extract. (A) An overlay
of AIEX elution profile (red) and the amount of phosphate release by the phosphorylase activity in each
fraction in the phosphate release assay (blue). (B) TLC analysis of Euglena phosphorylase (Peakll)
mediated reactions between G1P and laminaribiose (G2), or laminaritriose (G3) as substrates in the
presence (+DNJ, 1000 uM) and absence of DNJ. NE = no enzyme control.
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Fig. S2 Expression and characterization of insoluble recombinant EgP1. (A) SDS-PAGE analysis of
insoluble EgPlafter purification by washing with 50 mM Tris-HCI pH 7.5 containing 6 M urea (W1U-
W3U) followed by washing with buffer alone (W4T-W6T, 50 mM Tris-HCI pH 7.5). (B) the final
suspension of insoluble EgP1 in 50 mM Tris-HCI pH 7.5 buffer. (C) TLC analysis of the reverse
phosphorolysis reaction carried out by the insoluble EgP1 with 10 mM Glc and 20 mM G1P. * =
oligosaccharide products from the reverse phosphorolysis reaction.
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Fig. S3 IMAC and gel filtration purification of recombinant EgP1. (A) IMAC purification with UV
detection (blue line). EgP1 was eluted in 100% of 10 mM HEPES pH 7.5, 250 mM NaCl, 500 mM
imidazole (green line)). (B) Gel filtration of EgP1. The protein was eluted at 63 ml elution volume in 20
mM HEPES pH 7.5, 150 mM NaCl. (C) SDS-PAGE of EgP1 after IMAC purification.
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Fig. S4 Reverse phosphorolysis reaction catalyzed by EgP1. (A) HPAEC-PAD analysis of the reverse
phosphorolysis carried out by EgP1 in the presence of Glc and G1P as substrates. (B) MALDI-ToF analysis

after 1 hour.
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Fig. S5 TLC analysis of the reverse phosphorolysis carried out by EgP1 over a range of pH (A) at 30
°C or a range of temperatures (B) at pH 7.0.
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Fig. S6 IMAC and GF purification of recombinant Pro_7066. (A) IMAC purification with UV detection.
Pro_7066 was eluted in 100% of 10 mM HEPES pH 7.5, 250 mM NaCl, 500 mM imidazole. (B) Gel
filtration of Pro_7066. The protein was eluted at 63 ml elution volume in 20 mM HEPES pH 7.5, 150 mM
NaCl. (C) SDS-PAGE of Pro_7066 after IMAC purification.
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Fig. S7. Reverse phosphorolysis reaction catalyzed by Pro 7066 (A) TLC analysis of the reverse
phosphorolysis carried out by Pro_7066. (B) HPAEC-PAD analysis of the reaction. (C) MALDI-ToF

analysis of the reverse phosphorolysis after 1 hr. Asterisk = G1P.
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Fig. S8 TLC analysis of the reverse phosphorolysis carried out by Pro_7066 (A) over a range of pH at
30 °C or a range of temperatures (B) at pH 7.0.



EgP1 437 EYLP ITFSRRHGDPSRPWNTFSICLRD-EAGNKY - INWEAL CMSYBINFLPSMI| 498

Pro_7066 420 EYLPLKFSRRHGDPSRPWNKFSINTQSE | DGSKV - INWEALAHSFRBNF IDGM | 491
EgP2 437 EYLP ITFSRRHGDPSRPWNTFSICLRD-AAGNKY - NWEALTISFRYYFES || 498
EgP3 437 EYLP ITFSRRHGDPSRPWNTFSICLRD - AAGNKY - NWEALTISFRYYFES || 498
EgP4 437 EYLP ITFSRRHGDPSRPWNTFS I CLRD-AAGNKY - NWEALCMSYBNFLPSM| 498
GH94-CgCBP 270 LENPDEEKWADDAHQVVNKAPAHALLGRFATSEQVDAALEALNSYWTNLLSTYSVSSTDEKLDRMVN IWNQYQCMVTFNMSRSASFFETG IGRGMGFRDSNBIDLLGFVHL IBERARER| 388
GH34-CuCBP 270 VENPDEEKWADDAKQVVNKERAHALLSRFATSEQTDAAFAALKDYWTDLLSTYSVSSNDEKLDRMYN IWNQYQCMYTFNMSRSASFFETG | GRGMGFROSNEDLLGFVHL IBERARER | 388
GH94-RICBP 265 VENKDEEKWESKG - -VINKKKAYEM | EQFNTVEKVDKAFEELKSYWNALLSKYFLESHDEKLNRMVNIWNQYQCMYTFNMSRSASYFESG IGRGMGFRDSNEIDLLGFVHQ | BERARERL 381
GH94-VpChBP -GERLREHYQDVANIDAAFAA | KAHWDERCAKFOQVKSPNQGLDTMINAWTLYQAETCVVWSRFASF IEVGGRTGLGYRDTABIDA I SVPHANBEMTRKR | 370
GHO4-HILBP DPATLVERYGSSEAVAEELAACQDHWREKSSAVEFDTGDDTFDOWM -RWVTLAQPVFRRLFGNSFLPYHDYGRGGRG! DL DILSLLLTEMONVTDLL 404
‘GH94-SdCBP EAIALRNKYLSAEGFAKAKSEYQTY | TSGKGCLQINTPDPELNNFVNHWLPRAVFYHGDVNR - - - - - - - - LTIDPQT NY |@DNMGMSY | KIN | TRQAF 370
EgPi 499 AKFVNATTADBYNPYRVSN- - - - - - - oo mm e DG IDWETVEPHDPWSY IGYWGEHQ IVYLLRFLESLRRFDPSALEELLHEEIFAYANVPY | IRPYNE | VKNPKDT IVFAHTRHADL 602
Pro_7066 492 HKFLNATTFDRYNPYRVTK- - - - - - - - - - - - GGFDWEV | EEDDPWSY IGYWGEBHQ | IYLLKFLEFIEKHQPGKLHSYFESECFVYAAVPYT IKPYEE I LNNPKDT IGYNHEWEKY | 595
EgP2 499 AKFVNASTVDEYNPY | VNRT DG INWECPEPDHPHAN IGYWGEHQ | IYLLKLLEWCGKFQPGKLEANCDKDWFSYANVPYE IRPYDK | VENAKDT ITFNWNKHKH | 603
EgP3 499 AKFVNASTVDEYNPY | VNRT DG INWECPEPDHPHAN IGYWGEBHQ I IYLLKLLEWCGKFQPGKLEANCDKDWFSYANVPYE IRPYDK | VENAKDT ITFNWNKHKH | 603
EgP4 499 AKFVNATTADBYNPYRVEN - DG I DWETVEPHDPWSY IGYWCBHQ I VYLLRFLESLRRFDPSALEELLHEEIFAYANVPY | IRPYNE | VKNPKDT I VFAHTRHADL 602
GH94-CgCBP 389 IDIASTQFADBSAYHQYQP - ==--LTKRGNNDIGSGFNBDFLWL | AGVAAY | KESGDW- - - -G I LDEPVPFDNEP 454
GHY4-CuCBP 389 IDIASTQFADESAYHQYQP - ---LTKRGNNDIGSGFNBDPLWL | AGTAAY IKETGDF - - - -SILDEPVPFDNEF - - - - - 454
GH94-RICBP 382 LOLAATQLED@SAYHQYQP - - = = = = == = = = - ==--LTKKGNNE IGSNFNBDPLWL I LATAAY IKETGDY - - - -S| LKEQVPFNNDP - - - - - - 447
GH34-VpChBP 371 VOLLRGQVKABYGLHLFDPDWFDPEKEDVAPSKSPTYVPTPSDEDK I HG IKDTCSBDHLWL I PTICKYVMETGET - - - -SFFDQMIPYAD - - - - - - - 456
GH94-HILBP 405 YNNFAGVRFDEISNAT | IGDEP - = = = == o m o v v o v v m oo e s GEFTADRNNIPRVWMBHGAWPWLTTRFYLDLSGDL - - - -QFLLRDQQYYKDLHVDRASEQD - 482
GH94-SdCBP 371 LHALSQQEESEMAMPDGILLL - - ------------------- EGAELKY INQIFPHTEHCVWLPVCMQAYLDETNDY - - - -ALLDEIVPYASG - - - - - - ---------------oooooo e 436
EgP1 603 MALAKTMGSDGKLLLDGHGKVLRVNLVEKLLVSLLAKLSNFVLDGG IWLNTOQRPEMNBANNALVGN GISMVTTFHLRRWLTFVIAELQAIKG-ETKLS 699
Pro_7066 596 NERKKS |GADGALLKSNDKS I YHVNF IEKILATVLAKMSNF | PEAG IWLNTQRPEWMNBANNALVGN GVSMVTLYYLRRFLKFFDOLLENSTLENIKIS 693
EgP2 604 EALKKTMGADAKLYVLTKDGKVVHVNLAEKLLVPLMAKASNFVIGGG IWLNTOQRPESMNBANNA IVGF GLSMVTVYYMRRYVSFLLAQLLKSLPTPTVNLS 701
EgP3 604 EALKKTMGADAKLVL TKOGKVVHYNLAEKLLVPLMAKASNFV IGGG IWLNTQRPEWMNBANNAIVGF GLSMVTVYYMRRYVSFLLALLKSLPTRTVNLS 701
EgP4 603 MALAKTMGSDGKLLLDGHGKVLRVNLVEKLLVSLLAKLSNFVLDGG IWLNTQRPEMNBANNALVGN GISMVTTFHLRRWLTFVIAELQAIKG-ETKLS 699
GHe4-CgCaP 455 - GSEVPLFEHLTRSFQFTVQNR- -GPHGLPL IGRADBWNBCLNLNCFSTTPGESFQTTENQAGGVAESVF | AAQFVLYGAEYATLAERRGLADVATEARK - 550
GH94-CuCBP 455 - GSEVPLFEHLTRSFEFTVTHR- -GPHGLPL IGRADMNBICLNLNCFSTTPGESFQTTENQAGGVAESTF IAAQFVLYGEQYAELAARRGLADVADRARG - 550
GH94-RICBP 448 - SKADTMFEHLTRSFYHVVNNL - -GPHGLPL IGRAD@NBICLNLNCFSTVYPDESFQTTTSKDGKVAESVM I AGMFVF IGKDYVKLCEYMGLEEEARKAQQ - 543
GH94-VpChBP 457 - GGEASVYEHMKAALDFSAEYV- -GQTG I CKGLRADMNBCL NLGGG --ESSMVSFLHFWALQEF IDLAKFLGKDQDVNTYTE - 533
GH94-HiLBP 483 - EAWSPEDGTELYTDDGE IYEGTVLEHLLVQHLTQFFNV - -GEHNVMRL EDADNBAMDMAPER -GESVAFTALYAWNLRDMSDVLDALRAELDVEE IEIA 579
GHI4-SACEP L T EKRETVEQHMHHAMRWLLQAR - - DERGL SF | AQGDWCBPMNMVG Y K GKGVSGWLSVATAYALNLWADVCEQRQONSCANEFRQ - 517
EgP1 700 AEVSVWFDG I KKVFAENEG I LGGAV - - SASQRRAMLDALGEAASVYRG | LYEKGLSGAKVAVPTASVVEFLQSALKFVDHT I RA - - -NKTPEGLYHSYNLLVLGPGSA-DIKHLYL 809
Pro_7066 694 NEMVEFYHKVRETLMENQHLLAGS | - -SDTDRKV ILDKLGNAAADYRFQIYNSGFWGKKRTHSMQGLKNFTKVSLAF IDHS I KA - - -NQRPDKLYHAYNLMSVEKNKE IAISYLSE 804
EgP2 702 EEVAVWLAGLTKVYADNVGL |AGDKDLSSHDRRQLLDALGVVASEYRWK | YENGFSGQKTAVKVADAVHFLOSLLLFIDYSIRK - - -NKKTDGLYHAYNLLSLHPGKA-DIGYLYV 813
EgP3 702 EEVAVWLAGLTKVYADNVGL | AGDKDLSSHDRRALLDALGYVASEYRWK I YENGFSGOKTAVKVADAVHFLDSLLLFIDYSIRK - - -NKKTDGLYHAYNLLSLHPGKA-DIGYLYV 813
EgP4 AEVSVWFDG I KKVFAENEGILGGAV - - SASQRRAMLDALGEAASVYRG ILYEKGLSGAKVAVPTASVVEFLQSALKFVDHT I RA - - -NKTPEGLYHSYNLLVLGPGSA-DIKHLYL 809
GH94-CgCBP LEHGWDGQWFLRAYDYYGNPVGTD -AKPEGK | 590
GH94-CuCBP LTDGWDGSWFLRAYDYYGNP IGTD - AHDEGK | 590
GHE4-RICBP LKYGYDGEWFLRAYDDFGRKVGSK-ENEEGK | 583
GH94-VpChBP 534 - VREACETHLWDDEGGWY | RGLTKNGDK IGTA -QQQEGRV 575
GH94-HILBP 580 DYLDTWERTVSGEKATVA |EELAADLEQKAEWLYEQLRDQEF | EDEDGHQWFNGYYDDSGRRVEGD - HDNGVRM 679
GH94-80CBP [ L e I I [ INAAV - -NKH IWDGEWFGRG | TDDGVLFGTS -KDKEGR | 857
EgP1 GOVCALSSGL ITGQE------ -AVEMLRHLRGSABYRADQDSYTLYPDREVPPFLARNY IPAPRLALPGLKFVLDHGL -QS I AYVDAEGVGRFGDTLSNADDLLAALDKLQDS - - - 917
Pro_7066 805 MLEGQVAVLSSGFLSSKE- -« - - - - NLAVLDGLKNSABFREDQYSYLLYPNKELFPKFLDKNT I SKEAVSKSELLSLLVSKSNKQVIEKDS IGEYHFNGEFNNASNLKQALEDLSQQNEY 916
EgP2 814 MLEGQASALSSGL ITSDS------ -AAALFNHIYSSDBYRPDOHSFMLYPDRKLKGFMERNC IPEYRRDAAAVEFCLTNKL -SRILYEDANGDLRFGATLANANDLKAA I QACA - 919
EgP3 a14 IEGQASALSSGLITSDS— ————— AAALFNHIYSSDBYRPDQHSFMLYPDRKLKGFMERNC IPEYRRDAAAVEFCLTNKL -SRILYEDANGDLRFGATLANANDLKAAIQACA - a19
EgP4 810 MEEGQVCALSSGL I TGQE - ----AVEMLRHLRDSABYRADQDSYTLYPDREVPPFLARNVIPAPRLALPGLKFVLDHGL -QSIAYVDAEGVGRFGDTLSNADDLLAALDKLQDS anr
GH94-CgCBP 591 WIEPQGFAVMAG IGVGEGPDDADAPAVKALD -SVNEM TPHGL -VLAQYPAYTTYQI

GH94-CuCBP 591 WIEPQGFAVMAGVGVGEGPQDTDAPA I KALD -SVNEMBATDHGM -VLQYPAYTTYQV

GH94-RICBP 584 F |ESQGFCVMAEIGLEDG - - - - - - KALKALD-SVKKYBDTPYGL -VLANPAFTRYY |

GHE4-VpChBP

----- GEQAMD-AVDEHBFSPYGL -HLNAPSFSTPND

GHO4-HILBP 680 TLTGQVFTLMGGVYATDDQ- - - - - - -ADA | VE-AADEYBYEPKMRGYRLNTDFDELKT

GH94-SdCBP POSWA | LGGAADEQK - = = « =« IPCLLD-AVEQQEETPYGY -MMLAPAFTAMRD

EgP1 918 HPGVDAHRAELAETFEAVFDHKAFTGRSGTMFSYEGLEC Y CAKLALAVSELCAAAEGT - - - - ADHVALRDKYYELRKGLGGFNKSPAVYGAFPADPYS -

Pro_7066 917 KDLVAKESKTVEAIFEDVFNHKAFTGRSGTFYGYEGLES | Y VSKLQLAVLECCLKAVEEKESEEVIGRLLEHYYEINEGIG-VHKSPSLYGAFPTDAYS -

EgP2 920 NPSVOQDHTAELLDIYEEVFVHRAFTGRSGTMFGFEGLECIY VAKVLLAAQEVTLDAIDRN- -DGCVGTLAQKYYYEARAGIG-FNKSPEVYGAFPCDPYS -

EgP3 920 NPSVOQDHTAELLDIYEEVFVHRAFTGRSGTMFGFEGL@C Y VSKVLLAAQELTLDALDRR- -DGSMAALRAAYYELRGG IG-FNKAPQEYGAFPSDPYS -

EgP4 918 HPGVDAHRAELAETFEAVFDHKAFTGRSGTMFSYEGLECIY VSKVLLAAQELTLDALDRR- -DGSMAALRAAYYELRGG IG-FNKAPQEYGAFPSDPYS - - - - - - - - - - -

GH94-CgCBP 646 - - -ELGEVSTYPPGYKEN| IFCHNNPWY | TAETVVGRGA -« <QAFDYYKRIT-PAYREDISDTHKLEPYVYAQMI AGK - - -EAVRAG 723
GHO4-CuCBP 646 - -HMGEVSTYPPGYKENEG | FCHNNPWY | | AETVVGRGG ---RAFDYYKRIT-PAYREDISDVHRLEPYVYAQMIAGK - - -EAVRHG 723
GH94-RICBP B33 - “EYGEISTYPPGYKENAG | FCHNNAWI | CAETWVGRGD ««-MAFDYYRKIA-PAY |EDVSDIHKLEPYVYAQMVAGK - - -DAKRHG 710
GH94-VpChBP 624 - —DIGFVTRVYQGVKENIAIFS PNPWAWVAETKLGRGD - - -RAMKFYDALN-PYNQNDI IEKRIAEPYSYVQF IMGR - - - DHQDHG 701
GHI4-HILBP 728 - -DLGRGFGFAFGHKENBAMF SEMAVMYANAL YRRGKVE ---AGHRVLSGIY-EQ--=-------- SKDFEVSRIYPGI -PEYFSERG 798
GH94-5dCBP 606 ------crerce e, DVGEVTQ%FPGBAEN ISVYNBAAVFY IFSLLSIGESE-=---=--=--v-n-- RAYKLLRQML -PGPDEADLLQRGQLPVF IPNYYRGAYYQHPRTAG 686

Fig. S9 Multiple alignment of EgP1-4, and Pro_7066 and GH94 enzymes revealed conservation of
key amino acids required for the phosphorylase activity. Only a snap shot of the alignment is presented
showing key amino acid residues. 100% conserved amino acid residues are highlighted in dark blue. Red
circles indicated the residues involved in the subsite formation for sugar and sugar phosphate binding. Red
triangle represents the residue involved in phosphate binding. Red asterisk represents the Asp catalytic
residue.
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