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The Structure of Malto-Octaose bound Eschericia
coli Branching Enzyme Suggests a Mechanism for
Donor Chain Specificity
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Ecolif1-728 92 -QNLIDDPYRF-GPLIQEMDA- - ---- WLLSEGTHLRPMET LEAHADTMD- - - -GVT 3 N YWDGRRHPMR LRKESH 173
Klebsiella/1-728 92 -QNL IDDPYRF-GPLLQDLDV------WLLSEGTHLRPMET LEBAHADTMD- - - - GVV 5 N ¥ RRHPMR LRKES@E 173
Y.Pestis/1-727 92 -PQI |EDPYRF-GPLLQDIDS- -~~~ THLRPMER LEAHLMS LD----GVS A N DENF RRHPMR LRR ENE 173
AgroTum/1-735 101 - EWAVTDPYSF-GPVLGPMDD- - - - - - SHLRLFDRMBAHP LKLE----GVE A N DFENMNWDGR R HVMR FRKDTE 182
MycoTub/1-722 87 EPHTVADAYRF- LPTLGEVDL- - - RHERLWEVLBAHPRS FTTADGVVS A N EFMGWNGHEAPMRY LGP 5@ 173
RhodotesmObarm/1-621 locmmmmmmmmm e MSWLTEEDI - - - TFYDSHRK LEAHPDD- - - - - - - - C H ABEMDWNP EANPLERY -GG 67
Cyano/1-793 115 - EKV IYDPYAFSSPYLTDED |- - -~ NHHR | MEK LBAHVGE | N- - - - GVK A N DEMNWDGR EHOMR KR - NYT 196
Bac.Subtilf1-627  le--emmeon MAAASPTAHDV- - - - - - SLFKSMQLFGSHYRELN----GKS C H DEMsWSGEEHVMHRVNDNE 74
Bac.Caldo/1-666 - --MIAANPTDLEV- - - RLYQSMELFBAHV IRGG--- - GAV C H SEMDWNGTNSPLTKVNDEG 74
Bac.Stearothermoph/1-652  l-----=---- MIAANPTDLEV------ SLYKSMELFBAHY I NEG- - C H SENDWDGTDFRLEKVNDEG 74 Binding
Yeast/1-704 22 -ADVLSERRYLADKWLYDITHATPDGSYQSLSKFARDSHKSY/@LHANP ET- - N DEMNWDTTSHELKNKDEF@ 1 .
Rice/1-755 24 - KDHFNYR I KRY LDOKCL | EK------HEGGLEEFSKGMLKF@INTVD---- A E[FNN NIM(HK EKD-KF@ 101 @ Site |
Potato/1-861 109 - LOHFRHRMKRYVDOKML | EK------YEGP LEEFAQGMLKFBFNRED- - - - A DENCHNGSNHMMEKD-QFB 136 Binding
Arab./1-858 171 -RNHLDYRYGQYRKLREE IDK------NEGGLEAFSRGME | FBFTRSA- - - G DEMNWNAK SDVMARN-DFG 248
HomoSap/1-702 42 -AVDFQRRYKQFSQILKNIGE------ NEGGIDKFSRGMES FBVHRCAD G DIEMGWNP FSYPY KK L- DY@ 120 @ Site |l
[ J [ ] [ ] H H
Ecolif1-728 174 IWELF 1 YEM I DANE- NLRLKSDPYAFEAQMRPETA- - --BLICGL----- PEKVV----QTEERKKANQFDAP | S| 246 Blndlng
Klebsiella/1-728 174 IMELFV FELIDAHB- NLRVKSDPYAF EAQMR -QPPERKQANQFDAP | SIW 246  site |l|
Y.Pestis/1-727 174 IMELFL FEIIDCHB-QVRLKADPYAFEAQMRPETA----8L1SQL----- PDVVK----SSAARQKANDLCSPVSIN 246  pi i
AgraTum/1-735 183 IWE I FA FEVLGANGELLP LKADPYARRAELR VTAPE----- LTQKWEDQAHR EHWAQVDQRRQP | 5|1 260 g
MycoTub/1-722 174 VIME L F FRVHGADG- VVTDRADP FAFGTEVPPQTA- - - - SRVTS------ SDYTWGDDDWMAGRALRNPVNEAMSTN 249 @ Site |V
RhodotermObam/1-621 68 LMAGYV YRIRHGF--YQADKTDPYAFAMEPPTGSP | EGLAS | [ TR-= -~ LDYTWHDD EWMRRRKGPASLY EPVSIE 147 oo o
Cyano,/1-793 197 IWELFV YEIKNSEE-HIYEKSDPYGFYREVRPNTA- - - - 1VVDI----DNIYOWHDEEWLEKRRNSDP LKQPVSVN| 274 Inding
Bac.Subtil/1-627 75 IMTLFI YEIVTNNG-EIRLKA vllvsz\m NTA----§LTYDL----- EGY SWQDQKWOKKQKAKTLYEKPVFIN 151 ¢ site V
Bac.Caldo/1-666 75 VT I vV YEIITPDE-RVLLKADPYAFYSELRPHTA----8IVYDL----- KGYEWNDSPWORKKRRKR |'YDQPMV[IN 151 .
Bac.Stearothermoph/1-652 75 VT I vV YEIVTPDE-QVLFKADPYAFYSELRPHTA----8IAYDL----- KGYQWNDQSWKRKKRRKR 1 YDQPMy[IY 151 Binding
Yeast/1-704 109 NFTITLHP LPNGDFAIPHDSK I lVMF 1 LPDE-SKIFRLPAWITRATQP SKET----SKQFGPAYEGRFWNPKNPYKFVHPRPKFSESVDS LRI 197 ¢ site VI
Rice/1-755 102 IS IKISHVN-GKPAIPHNSKVKEFRFRHGGE- AWVDR | PAWI RYATFDASKF----GAPYDG- - - - - VHWDPPACERYVFKHPRPPKPDAP RN 1. L
Potato/1-861 187 VS IR IFDVD- SKPV IPHNSRVEFRFKHGNG- VWVDR | PAWI KYATADATKF-- - - AAPYDG- - - - - VYWDPPPSERYHFKYPRPPKPRAPRIY 263 Binding
Arab./1-858 249 VIME | FL NNADGSPAIPHISRV IRMDTPS--GIKDSIPAWIKYSVQPBGEI------ PYNG-----VYYDPPEEDKYAFKHPRPKKPTSLRIN 329 _ gite \/||
HomoSap/1-702 121 KIME LY 1 BP KQNKSVLVPHGS K LEVVITSKSE-E1 LYR | SEWEKYVVREGDNV - - - = NY DW= == = = = = = = I HWDP EHSYEFKHSRPKKPRS LRI 200 oY
e o Binding
Ecolif1-728 247 BVHL R AKWMEF FDG PIGL PTREF TRDIFR 319 o site VIII
Klebsiella/1-728 247 BVHL R AKWME F FDG PEGLYAPTRRFETREDFR 319 eV
Y.Pestis/1-727 247 [BVHL R VEYVKYMEF FDG PLGLYAPTRRYGTHEDFK 313 Binding
AgroTum/1-735 261 [EVHA D IBYCTDMEF YDP GLYAP SARFEDREGFA 332 o i |y
MycoTub/1-722 250 [EVH L R TDY I VDQ@EF FAG PTSRFGET FR 316 el
RhodotermObam;1-621 148 BVH LBSWRHKR - - - - - - - - mm oo oo e oo - R ADYVQEMBF YYG PTFRYES Lm 219 Binding
Cyano/1-793 275 [BVH L ¥ I PY VK DMEY FDG SPTSRFER FM 368 ey
Bac.Subtil/1-627 152 ELHL K IPY IKEHGF Y DR SPTSRFEP LM 223 @ Slte
Bac.Caldo/1-666 152 ELHF R IPYVLERGEF LDR SVTSRY@T FM 223 Binding
Bac.Stearothermoph/1-652 152 BLHF R I SNV LDHEF LDR vET FM 222 .
Yeast/1-704 198 EAHV K RIKYLGYDAIQEMA | MEHAY Y A FETREELK 267 © Site XI
Rice/1-755 185 [EAHV R FIDNVL RIRANNYNTVQEMA | MEHSY Y A S@T EILK254 Binding
Potats/1-861 270 [EARV REFADDVLER I KANNYNTVOEMA | MEHSYYG YEANBEDLK 333
Arab./1-858 330 BSHV ANFRDDVL RIKKLIYNAVQIM&IQ FETRDDLK 399 ~ site Xl
HomoSap/1-702 201 EsHv KHFTCNVLER IKGLEYNCIalMA 1M SFF v@SBEELQ 270
Ecolif1-728 320 YF I [DAA - -MNLYEHSDPRE N IERFGI v 409
Klebsiella/1-728 320 YF | NAA --TSLYEHSDPRE N IERFGI v 409
Y.Pestis/1-727 320 AFVAKF --TALYEYADPRE N MERFG I I 409
AgroTum/1-735 333 RFVNGA --TALYEHADPRQ N AEKFHL v 422
MycoTub/1-722 317 ALVDAL --TPLYEHSDPKRGEQLDMWG LQEFHI v 406
RhodotermObam;1-621 220 ¥LIDYL --TTLFEYDDPKMRYHP DWG LEKYHV v 308
Cyano/1-793 360 Y FVDKC - -THLYEHADPR | GEHK EWG FDKYHV v 458
Bac.Subtil/1-627 224 KFVDEC ---EPLYEYKEERDRENWLMWG AEFYHI v 313
Bac.Caldo/1-666 224 YFVDRC ---APTYEYANEKDRENY VMG LEYYHV v 313
Bac.Stearothermoph/1-652 223 YFVDRC cK ---APTYEYANEKDRENY VWG LEYYHI v 312
Yeast/1-704 268 EL IDTA ASKNVED - SDHQYFHS | SSGRGEHP L LAFYVDVYQF F 360
Rice/1-755 255 Y LVDKA ASNNVTD YHK L LRYBMMDEFMF F 348
Potato/1-861 340 Y L I DKA ASNNVTD | GQGSOESY FHAGERGYHK L LRWMLEEYNF F 433
Arab./1-858 400 SLIDKA ASKNTLD ———IDGQYFHSGSP. ¥ HWM RWMLEEYKF F 450
HomoSap/1-702 271 ELVOTA ASKNSAD ---MDSCYFHSGPRGTHDL IRWMLEEYRF F 361
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410 ----EWIPNEFGGRENLEN!E RILGEQVSG-AVTM HBTEDEMK L 495
410 ~---EWVPNEFGGRENLE| RVLGEQTEG- AVTM HDTLD¥MKL 495
410 ~=--QWVPNYYGGRENLE KT1GVERBG-SVTM HDTLN¥MQC 495
423 -~ -EWIPNEYGGRENLESVR SLVYGTHRG- VMT | HOT FAR 508
407 -~ -GWTPNVHGGRENL EBVQ ATAHKVARG- 1VT I HOTLDY¥VSR 492
310 ---EWTPNIFGGRENLERID ETVYLHFRIE-AMT | HOT QR 393
459 ---EWIANEYGGDEH | ERVS TLLFEYFRG-1LS] HDOMLDY¥ FN | 544
314 | -QDERHTNP Y#VD TMREAYBH- VMM | NDVLK¥MET 389
314 NDRLYENPYRVE EAVFAYDRIN- VWM | NDM 389
313 - NDRLYENP YBVE EAVFAYDRN-ALMI NDMLK¥MET 388
361 GSFSGDYNEYLSRDRSFVDHE] DLVHEMLEIN LAVTV] as4
349 MLMHHHG | NKGFT -~ - - - CNYKEYFSLDTDVD HLMHK LLBIE- AT I V] 436
434 ---CNYNEYFSEATDVDRVVY NLIHK | FED- ATV 521
491 ---GNYNEYFGYSTDVDRVVY 578
362 MEMHHHGVGQEFS- - - - - GDYSEYFGLQVDEDALTY AIPDKWIQLLKE 443
496 DPWVYRQYHHDK LTIFG 1 - - LENYTEN- - FVEP L| AY Y GWHWA FFG- - KKBL s67
496 DPVHRRHHHDKMT FGM- - LY¥NYTEN- - FVLP L| AYYGWLFAF K LE s67
496 DPVHRKYHHNLMTEGM- - LYAYTEN--F I LPL| AWAFIxM KL s
509 EPVHRK FHHQELTFGL- - LYAFTIEN- - FVLP L| SYYGFMWGY KL 580
493 DPVYRSYHHHEMTESM- - LYAFSEN--YVLPL| SLLAYQWAH: LI 564
394 DP | YRKYHHDE LTFSL--WYAFS[EH--YVLP L] LLFGHMWGH KILL|E 465
545 DP|Y FRQY HQNNVT FSM- - LYY YNEN- - FMLA L] ALFTYMYTH KT M 616
300 PPEERRHCHQL I SESL-- LYAFS[EH-- FVLPF LLLGYMTVH KI 1§ 46
390 PPHERKYAHNQVSESL-- LYAYSEN--FILPF LLYGYMMAH K LI 461
389 PRY ERRHVHNQVTESL- - LYAYSEEN--FILPF P LLYGYMMAHPG- - L 460
455 K- KDDEWEMGS I VYTL--TNRRYGEKVVAYCE TLAFWLMDAAMYTDMTVLKEPSIVIDRGI--ALHKMIRLITHSL GEA‘r NI 543
437KEDRKWSMSEIVQTLT——NRRYTIK—CIAYAE TIAFLLMDKEMYTGMSDLQPFASPTINRGIALQKMIHF I TMALGGD- - GY [N 525
522 KNDEDWSMKEVTSSLT--NRRYTIEK-CIAYAE TIAFLLMDKEMYSGMSCLTDASPVVDRGIALHKMIHFFTMALGGE- - GY[ENE 610
579 RDEDWQVGD I TFTLTN--RRWGEKC- - VVYAE TIAFWLMDKDMYDFMAVDRQATPRVDRGIALHKMIRLITMGLGGE- - GY BN 666
450 F- KDEDWNMGD | VY TLTNRRY LEKC- - | AYAE SLAFWLMDAEMYTMMSVLTPFTPVIDRGIQLHKMIRLITHGLGGE- - GYEINIE 538
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AGGREWNH----------DASEOWHUELEGGD- - - - - NWHHGVQR LVRDENLT RHHKAMHE ——————————— LDFDPY LVVDDKE 635

AQGREWNH- - - - - - -~ - - DASLDWHLL EGGD- - - - - NWHHGVQR LVRDLNHT¥RHHKA -LDFDPY LVVDDHE 635

AQGR ---CWHSGVQRLVRDLNHCYRQYAP -WDYQPA LVVDDHE 635

AQWS ---PMHEGMRRLVRDLNLT¥RSKAA -RDCEPD LVVDDHE 646
GQRA ----GFSNGIQRLVRDIMNDI¥RCHPA --LDTTPE I DANDSA 631
GERGQHH ~-==-PYHRGIQLWVCDENHL¥RTNPA ---DGPE IDFSDRD 529
MEEGQwWS ---EPHQOLKQFFTDLNALYQQEPA ~HDFEYH IDCNDNT 682
SIEEAQFD -~ -PMHQKASVFTQDLLR FYQKSK I —HDHRAQSFE | DVHNDE 527
SIEEAQ FD ----ELHRKMDEYVKQL I ACKKRYKPFYE -~ LDHDPR IDVHNAE 527
NEEAQ F D ----ELHRKMNDYMKEL | ACKKRYKPFYE - - LDHDPQ IDVHNAE 526

NEEGHP EWLDFPNVNN -=-NLADDPLLRYQNLNEFDRSMQLCEK=~~~~ RHKWLNTKQAYVSLKHEG 615

NEFGHP EWIDFPREGN ~==SLVDTDHLRYKYMNAFDQAMNALEE- - -~ - EFSFLSSSKQIVSDMNEK 597

NEFGHP EW I DFPREGN- ----NLADSEHLRYKFMMAFDRAMNSLDE -KFSFLASEKQIVSSMDDD 682
NEFGHP E-W1D--------- FPRT HIP[!GRVIAGNNGSYDKCRRRFDLG[ME.LRYHG EFDRAMONLEETYGFMTSEHOY | SRKDEG 749

N GHPEWLDFPRKCNNESYHY%R HLTDDDL----- LRYKFLNNFDRDMNR LEERYCWL- - - - === == === - = AAPQAYVSEKHEG 610

[ ] e ° (1 1] e o [ ]

636 RSWL I RDKE-GNE I I VASHIBTP- v RHDNR FB | NQPBKWRE! SMHY HESNAG- - == = = - - - CGTVHSDEIASHGRQHSLSLTLEPL 718
636 RSV F I |fVRRDRA-GNEI I VASNETP - VP RHENR FI | NOP GRWREE SMHY H GGVVESDP IASHGREHSLS ITLRP L 718
636 NSV FARLRRDAE-GHEL I A1 SNETP - vPRYHYRVIG I PQGGHY R EV SAFYC GGIDSHHVRSHNHEHSLLLTLBP L 718
647 NSV FAWLRTAP G- EKPVAV I CMLTR-VYRENMYMP LP LAGRWRE | AEIY CGRVOAVD- - - AGGD | GAMLVLBIP L 726
632 NNV LSEMRY GSD- GSVIEACV FNEAG- AEHRDMR LELP RAGRWR EVIENTBAT | YH LGGVDATDDPWHGRPASAVLVLBPT 714
530 QSM I CY LRKNA- - GRMLLFVL -VPREHERVEBVP | GGPWHEV AVAY FGRVEAVP ESWHGRP FHLELTLRP L 611
683 HSMVS[HLRR SDDPNDSLVVVCMETP -aP HSHER | BVP EAGYYVELFNSBAKQY LGGKWADEWS FHNKPYSLDLCLPP L 766
528 QS | FSIE I RYGKKHGEALV I 1C -VVYHQMDMBVP FFTQY | EV SETY KKPLSAKKGALHHKPCY | TMT IBPY 611
528 QS | FS[H I RRGKKEGDVLV I VCMETN-QAY DDMKMSVP LLAPYREV, AAEF ~-MGKRLPAFSEP FHGKPYHVRMT IBP F 611
527 QS | FS[f I RRGKKEDDVLV I VCMETN-QAY DDMKVEVP LLVPYREV AVTF CKRLSAFNEP FHGKPYHVRMT IBIRF 610
616 DKM | V[E LF | FMEHPTNSY SDMRVEVEKAGTY H IV RAEFGEBHNR | ----- --NESSEFFTTDLEWNNRKNFLQVY ISR 695
598 DKW | VIHE VEVF NKTYKGEKMBCDLPGKYRVA ALVF HGRVGHDVDHFTSPEGMPGVPETNFNNRPNSFKVLS R 685
683 NKMVVIEE VFVF KNTYEGEKMBCDLPGKYRVA AWE FGBHGRTGHDVDHFTSPEGIPGVPETNFNGROQ- - - - - - SK 764
750 DR E FVFNFHWT - NSY SDNR | CSVPGKYK I V] NSLFGEBFNR L=~~~ ——DDSAEFFTSDGRHDDRPCSFMVYA CR 829
611 NK | | ARE LF | FIEHPIS K SY TOMRUGTALP GK FK 1 V] AAEYGEHQR L- -~ - - --DHSTDFFSEAFEHNGRPYSLLVY IBSR 690

Figure S1. Sequence alignment of Branching Enzymes from various organisms. Identical
residues are shown in blue. Amino acids in each binding site are shown.
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Figure S2. Site XII is close to the path of the donor chain. (a) The glucans bound
in site I and XII (spheres, C, pink) of M8-bound EcBE (green ribbon) are shown
with the M7 donor chain (spheres, C, blue-green) from the Cyanothece BE
structure modeled into the structure. (b) EcBE is represented as a surface.



Figure S3. Overlay of the W399 loops from Mycobacterium tuberculosis (pink) and Cyanothece (blue)
BE’s. The active-site bound M7 donor chain from Cyanothece is shown as spheres, with C atoms colored
blue-green. Right, M8-bound EcBE (grey surface) showing the site one bound glucan (Pink C atoms),
with the cyclodextrin bound in site from the alpha-CD-bound EcBE structure (light red C atoms) and the
Cyanothece M7 donor chain modeled onto the structure.



Figure S4. M8-bound EcBE structure showing site I-bound M8 (spheres, C,
pink) with alpha-CD modeled into site VII (based on the alpha-CD bound
EcBE structure, spheres, C, light red), active site bound M7 from Cyanothece
BE modeled into the active site (spheres, C, blue-green) representing the
donor strand and three malto-oligosaccharides connecting M8 and the
modeled donor strand showing how site I could represent the binding
surface of the longer donor strand characteristic of E. coli BE.



Table SI. Data collection and refinement statistics M8-bound EcBE.

Wavelength (A) 0.978
Resolution Range
o 38.85 - 3.00
(A)
Space group P3221
a(A) 146.489
b (&) 146.489
c(A) 294.92
a(°) 90
b (®) 90
v ©) 120
Molecules per 4
Asymmetric Unit
Total reflection 1065049
Unique
Reflection 71397
Multiplicity 2.1
Completeness
%) 96.33
Average I/s 229
Rmerge (0/0) 0.14
Rwork (%) 0.2139
Rfree (O/o) 03152
R.e:flect}ons used 71269
in refinement
Reflections used
fOI' Rﬁ-ee 3615
RMSD from ideal values
Bond Angle 1.36
Bond Length (A) 0.012
Average B factor 69.29
Number of water 473
molecules
PDB ID 8SDB




