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SUPPLEMENTAL EXPERIMENTAL PROCEDURES

R8IA was purified by denaturation

Protein expression and purification. Untagged RelE
from a bicistronic construct based on pMG25 expressing both RelE**'* and His-
tagged RelB as previously described (Christensen-Dalsgaard et al., 2008; Neubauer et
al., 2009). Untagged RelB was purified in a reciprocal way using the plasmid
pSC2524HE encoding His-tagged RelE®*'* and untagged RelB (Christensen-
Dalsgaard et al., 2008). Both protein complexes were expressed in E. coli BL21 DE3
(Novagen) in shaker flasks growing at 37°C by induction with 1mM IPTG for 3
hours. In both cases, harvested cells were opened by sonication in a buffer containing
50 mM Tris-Cl pH 8.0, 300 mM KCI, 5 mM Mg,Cl,, 5 mM [B-mercaptoethanol
(BME), and protease inhibitors followed by high-pressure homogenization. Cleared
lysate was loaded onto a 5 mL Ni-column (Qiagen) and washed with lysis buffer
containing 20 mM imidazole, before elution of the untagged protein with lysis buffer
containing 9 M urea but without Mg,Cl,. The denatured elution was shock-refolded
by immediate mixing with a 10-fold excess of refolding buffer (50 mM Tris pH 8.0, 5
mM BME, 10% v/v glycerol). For each protein, any aggregated protein was pelleted
by centrifugation and the refolded protein further purified using ion exchange at 4°C.
RelE was purified on a MonoS column (GE Healthcare) in 0.05 M Hepes pH 7.0,
0.05 — 0.7 M KCl while RelB was purified using a SourceQ column (GE Healthcare)
with a 0.05 — 1 M gradient, and both followed by gel filtration on a Superdex 75
10/300 GL (GE Healthcare) column running in 25 mM Hepes, pH 7.0, 100 mM KClI,
and 5 mM BME. Protein concentration was estimated using a NanoDrop instrument
and extinction coefficients 12,950 M 'cm™ (RelE) and 2,980 M'em™ (RelB). The
RelE-saturated RelBE complex was then formed by mixing the two proteins in near

equimolar amounts but with an excess of RelE and incubating on ice for 1 hour before



final separation on Superdex 75. In this second gel filtration run, the complex elutes at

11.1 mL, while isolated RelB and RelE elute at 10.5 mL and 14.1 mL, respectively.

Crystallisation and structure determination of the RelBE complex. The purified
RelBE complex was concentrated to ~9 mg/ml and tested against commercial screens
using a Mosquito robot in sitting drop experiments with a 0.2+0.2 ul drop size.
Hexagonal crystals containing the RelB,E; complex grew at 4°C in 1+1 pL sitting-
drop vapour diffusion drops above a reservoir containing 1.6 -2.0 M ammonium
sulphate and 0.1 M Na acetate, pH 4.6 using 9.1 mg/mL protein complex. Crystals
first appeared after 2 days and grew to maximum dimensions of 150 x 150 x 200 um
within a week. Crystals were cryo-protected in two steps by gradually shifting them
from 10 to 20% glycerol before freezing in liquid nitrogen. Heavy atom soaks were
prepared by transferring the crystals into cryo-protecting solutions containing small
amounts of various heavy atom compounds (Pb, Pt, Hg, Cd, and Yb). Native data and
data from HA-soaked crystals were collected at the MAX-Lab (Lund, Sweden) and
processed using XDS (Kabsch, 2010) for the derivative dataset and Xia2 (Winter,
2010) for the native. HA positions were initially located using RANTAN, and a
phased and an improved density-modified MIRAS map was subsequently obtained
using only the Pt and Hg derivatives in SHARP (Bricogne et al., 2003). Refinement
was carried out by iterative model building in Phenix (Adams et al., 2004) and Coot
(Emsley et al., 2010) to a final R (Rgee) of 25.3% (28.5%) (see Table 1 for details).

The crystal structure has been deposited in the Protein Data Bank with PDB ID 4FXE.

Crystallisation and structure determination of isolated RelE. Full-length E. coli
RelE®®!'* was expressed, purified, and crystallised as described previously (Neubauer

et al., 2009)[1. Closer inspection of the crystallisation drops revealed that they



contained two morphologically different, three dimensional crystal forms and native
datasets were collected from both types. For the crystal form previously characterised,
belonging to the space group P2; (P12,1) with three molecules per ASU, improved
data extending to 1.8 A were obtained at beam line ID29 at ESRF. The other crystal
form turned out to belong to space group P2,2,2; with two RelE molecules per ASU
and for this form, native data were collected at EMBL-DESY X12 to a maximum
resolution of 2.4 A (Table 1). All data sets were processed using XDS (Kabsch, 2010)
or MosFlm via Xia2 (Powell, 1999) and the structures were solved by molecular
replacement in Phenix/Phaser (Adams et al., 2004; McCoy et al., 2007), using a
search model derived from the published crystal structure of monomeric RelE (PDB
ID 3KHA) (Neubauer et al., 2009). Side chains were left unchanged in the search
model, but the C-terminus from residues 82-95 was removed to minimise model bias
when placing the flexible helix in the various RelE copies found the two crystal
forms. Based on the map generated by Phaser, the models were fitted and rebuilt to
include the C-terminal helix, by iterative refinement in Phenix and rebuilding in Coot.
The final R (Ryee) are 18.4% (21.9%) for the P12;1 form and 23.6% (28.2%) for the
P2,2,2; form (see Table 1 for details). Four of five molecules of RelE in the two
forms are complete from residue 2 to 95, i.e. just lacking the initial methionine, while
molecule A in the P2,2,2; form lacks residues 55-60 due to poor electron density. For
both forms, there was clear extra density at position Cys50, which we have modelled
as 2-mercaptoethanol covalently bound to the thiol group of the side chain. The
modified positions were included in refinement using eLBOW via ReadySet in
Phenix. The final models were submitted to the MolProbity server
(molprobity.biochem.duke.edu) for analysis (Davis et al., 2007). Summary statistics

for data processing and structure refinement are shown in Table 1. The crystal



structures have been deposited in the Protein Data Bank with PDB ID 4FXI (P12;1

form, supersedes the previous entry 3KHA) and 4FXH (P2,2,2, form).

Analytical ultracentrifugation. Purified and reconstituted RelBE complex was
prepared by size exclusion chromatography with multiple runs through a S200
PC 3.2/300 in 25 mM Hepes, pH 7.0, 150 mM KCIl, and 5 mM BME and the
resulting sample analysed by analytical ultracentrifugation at approximately 31
UM using an Optima XL-I analytical ultracentrifuge (Beckmann). Velocity
sedimentation was carried out at 45,000 rpm at 2(C in 25 mM Hepes, pH 7.0,

150 mM KCl, and 5 mM BME using 12 mm double sector cells in an An60Ti rotor.
The sedimentation coefficient distribution function, c(s), was analyzed by the
Sedfit program, version 12.51 (Schuck, 2000) using a bimodal distribution of f/f,
ratios. SOMO bead modelling (Rai et al., 2005) predicted frictional ratios of 1.36
and 1.26 for the tetramer and dodecamer, respectively. The ratio for the
dodecamer was fixed at 1.26 in the analysis due to the low abundance of species.
The solvent density and viscosity (p=1.00726 g/ml and n=1.002 mPa-s) were
calculated using Sednterp (Dr. Thomas Laue, University of New Hampshire). The
major species is a tetramer consistent with a complex of 40.6 kDa with an
elongated shape based on a frictional ratio of 1.41 from analysis of the
interference data. There is a very low abundance of higher MW species, which is
also the reason for the inconsistencies between the absorbance and interference

values for these molecules.



SUPPLEMENTAL FIGURES AND TABLES

RelE sequence alignment » w @ w

il 2838366 18(ref|2P_06356359.1] MSYTVKFRED ALKEWQKLDK AIQQQFAKKL KKCCENPHVP PAKLRGIKDC YKIRLRTSGF RLAYQVIDDT LVIAVVAVGK RERSEFVNUA]

Qil372276764|ref|ZP_09512800.1) MSYTVKFREE AFKEWOKLDK SLOQQFAKKL KKCCDNPHIP SARLRGIKDC YKIKLRASGF RLVYQVIDDQ LVIAVVAVGK RERS YHY
911253690545 |ref|YP_D03019735.1] MSYSVKFRED ALKEWLKLDK TIQQOQFAKKL KKCCENPHIP SAKLRGMKDC YKIKLRASGF RLVYEVIDDV LIIAVVAVGK RERSGMYHU

gil 262040484 |ref|ZP_DE013726.1) MTYTVKFRED ALKEWNKLDK TIQQQFAKKL KKCCENPHIP SAKLLGIKDC YKIKLRASGF RLVYQVIDNQ LIIAIVAVGK RERS T LjAS

gil 170765852 |ref|ZP_D2900663.1) MRYQVKFRED ALKEWOKLDK AIQQQFAKKL KKCCDNPHIP SAKLRGIKNC YKIKLRASGF RLVYQVIDEQ LIIAVVAVGK RERS Y LAl

gil193070410|ref|ZP_03051351.1] MRYQVKFRED ALKEWOKLDK TIQQQFAKKL KKCCDNPHIP SAKLRGIKDC YKIKLRASGF RLVYQVIDEQ L1 IAVVAVGK RERS YN LjAL
gi| 298378883 |ref|ZP_06988765.1| MRYQVKFRED ALKEWOQKMDK TIQQQFAKKL KKCCDNPHIP SAKLRGIKDC YKIKLRASGF RLVYQVIDEQ LI IAVVAVGK RERS YN
gil10955393|ref|NP_053105.1] MTYTVKFRDD ALKEWLKLDK QOQOQFVEKKL KKCSENPHIP SAKLRGLKDC YKIKLRASGF RLVYQVIDDM L VVAVCGK RERS YN
gi|331686017|ref|ZP_08386585.1| MTYTVKFRDD ALKEWVKLDK TIQQQFVKKL KKCSENPHIP SAKLRGLKDC YKIKLRASGF RLVYQVIDDM LI IAVVAVGK RERS YU
gil1462846400reflYP_001165553.1] MTYTVKFRDD ALKEWMKLDK SI1QQQFAKKL KNCSENPHIP SAKLRGIKDC YKIKLRASGF RLVYQVIDDO LI IAVVAVGK RERSDVNYNU
gil194437941 ref|2P_03070035.1] MTYTVKFRDD ALKEWLKLDK VIQOOQFAKKL KKCSENPHIP SAKLRGIKDC YKIKLRASGF RLVYQVIDDOQ LI IAVVAVGK RERSDMYNU
gll261345221|ref|2P_05972865.1] MIYSIEFDER ALKEWKKLDS SIRDOFKNKL KKPOKNPHVE SGRLHGLSSC YKIKLRSSGY RLVYQVIHSE IVIFVIAIGK REASTAY[TA
U

gi|354594966|ref|ZP_09013003.1) MIFNIDFDER ALKEWYKLDK SIQLQFKKKL KQLOSNPHIE SARLHGLANC YKIKLRSSGF RLVYQVIDKE IVILVIAVGK REDKK
911123440880 ref|YP_D01004871.1| MTFNIDFDER ALKEWHKLDK AIREQFKKKL RKLQENPYIE SARLHGLAGC FKIKLRASGF RLIYQVIDEE IVIWIVAVGK REDEKRAYD I
gil253987677|ref|YP_D03039033.1) MIFNIDFDER ALKEWCKLDO TIRDOFKKKL RKLONNPYIE SARLHGLAGC FKIKLRSSGF RLVYQVIEEE WV IAVGK REDEK|TYE I
gil317051159(ref|YP_D04112275.1] MTYKLRFHEK ALAEWRALDN ASRLOQQPHVP ADALSGMPNC YKIKLKRIGY RLVYQVCNDT VVVSVIAVGK RDKNHNYEGS
gil359430914|ref|ZP_092218%6.1) MTYKLDFLEE ALEEWNKLNP IKVLES P KNKLSGHPNR YKIKLRSIGY RLVYEVIDDE VVVLVIAVGR RENNANY|
gi|262374398|ref|2P_06067673.1| MTYKLDFLEE ALAEWNKLNP IKQPLKKKL IKVLENPRIP KNKLSGHPNR YKIKLRSIGY RLVYEVIDDE VVILVIAVGR RENNANY]
Qi|256830028|ref|YP_O03158756.1| MTYSLRFKEE AKKEWDRLDP VIREMFAKKL ROQRRENPRVN SARLSGMPDC FKIKLRSAGY RLVYEVRDHE VVIVVIAVGK RERSANYK ||
gi| 167584892 |ref|2P_02377280.1| MTFELAFLEP ALREWKRLDR TVRDQFKSKL AERLENPRIP SAKLHGHPDR YKIKLRSAGY RLVYEVRDAE VIVLVVAVGR RERDANYIL A
gil 145636940 ref|2P_01792604,1| MTYKL|FOKR ALKEWNKLGE TLLOOQFKNKL AERMINPRIQ ADKLKGENDL YKIKLRSAGY RLVYQVRDQE ITIIVVSVGK RERLEMYKT
gll260581752|ref|2P_05849545.1] MTYKLIFDKR TLKEWNKLGE TLROOQFKNKL AERMINPRIQ ADKLKGENDL YKIKLRSACY RLVYQVRDQE ITIIVVSIGK RERLE]
QI 37BEG7 126/ ref|YP_005179084.1] MTYKL | FOKR ALKEWNKLGE TLROOFKNKL AERMINPRIQ ADKLKGENDL YKIKLRSAGY RLVYQVRDOQE I1TIIVVSIGK RERLE

222 P b P DD

@il145632303|ref|ZP_01788036.1) MTYKL | FDOKR ALKEWNKLGE TLROQFKNKL VERMINPRIQ ADKLKGENDL YKIKLRSAGY RLVYQVRDQE RERLE|
gil145630010|ref|ZP_01785792.1) MTYKL | FDKR ALKEWNKLGE TLRQQFKNKL AERMINPRIQ ADKLKGENDL YKIKLRSAGY RLVYQVRDQE RERLE|
gil293390400|ref|ZP_DE634734.1) MTYKLTFDKR ALKEWOKLGD TIRQQFKNKL AERLENPRVP GDKLRGYQNL YKIKLRAAGY RLVYEVNDNQ RNRL

0i|261868457 ref|YP_003256379.1| MTYKLTFDKR ALKEWEKLGD TIRQOQFKNKL AERLENPRVP GDKLKGYQNL YKIKLRAAGY RLVYEVNDNQ IYILVLSVGK RNRL
gil319944572|ref|ZP_D8018841.1] MKYQLTFNPQ ALKEFRKLGA NIANQFLDKL EERLQNPKVP SARLIGMADC YKIKLRSSGY RLVYQVQDEK 1I1VQVIAVGK RERMENY|

gi|39997534|ref|NP_953485.1] MSYSLEFKES ALKEWKKLDG RIREQFKKKL TERLELPRVE PARLSGMPDC YKIKLKNAGY RLVYQVDDNR | IVTVVAVGK RENLTNYRA
gi|336315503 |ref|ZP_08570414.1| MTYKLVFKEE ALKEWKKLEP LIREQFKKKL |ERLDAPHVE SAKLRGMKDC YKIKLLSAGY RLVYQVRDLE IVVSVVAVGK RDRNONYKA
gil153011849|ref|YP_001373062.1) MPYKLEFLPS ALKEWNKLGA TIQQQLKKKL RERLETPRVY SASLHGMPDH YKIKLROLGY RLVYSVNDDT VTVLVVAVGK RERGODMY
gi|350563506|ref|2P_08932327.1| MTYSLEFDOR ALKEWHKLDA TIQAQFKKKL AQVLEQPKIE ANRLRDLENC YKIKLRQSGY RLVYQVOQDAR VVVFVIAIGK RDKEKAYES
gll237B09589 ref|YP_D02894025.1) MTYKLEFKKS AQKEWSKLGS TVREQLKKKL LERLENPHVF AAKLSGAENL YKIKLROQSGY RLVYQVEDG! ITVIVLSVGK RERSENYKA

gil15601207|ref|NP_232838.1] MTYKLEFKKS ALKEWKKLAV PLOQOQFKKKL |ERLENPHVP SAKLSGAEN! YKIKLRQSGY RLVYQVENDI IVVTVLAVGK RERSENYITH
9152997848 ref|YP_001342683.1] LTYKLEFKKS ALKEWOQKLGA TLOQQOFKKKL |ERLDHPHVL ASKLSGADNL YKIKLRQSGY RLVYEVOQDDV VIVTVLAVGK RERNE|

gil54302880|ref|YP_132873.1| MSYKLDFKKS ALKEWKKLGA TLREQFKKKL IERLENPHVP ASKLSGADNM YKIKLRQSGY RLVYEVNDGV ITVTVLAVGK RERSE|
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gil323493854|ref|ZP_DS098971.1) MTYKLNFKKS ALKEWKKLGA TLOQOQFKKKL SERLENPHVP ASRLTGGESL YKIKLRQSGY RLVYKVEDDV |IVTVLAVGK RERS YRQA|
gil343516864|ref|ZP_DS753867.1) MTYNLEFKSS ALKEWKKLGA TLOQOQFKKKL |ERLANPHVP ASKLSSADNM YKIKLRQSGY RLVYKVQDDV VIVTVLAVGK RERSYNYRKA|
gi|229530057 |ref|ZP_04419447.1| MIYKLSFKKS ALKEWOKLGA TLOOQOQFKKKL AERLENPHVP ASKLSGADNV YKIKLRQSGY RLVYNVEDDV VIVTVLAVGK RERS Y KAl
gil197337163 |ref|YP_002158237.1] MTYKLDFKKS AYKEWNKLGA TLREQFKKKL LERLDNPHVP ASKLSGADNL YKIKLRQSGY RLVYKVEDDV 1IVTVLAVGK RERS YR
Qi|262274118|ref|ZP_06051930.1| MTYKLSFKKS ALKEWKKLGS TLOQOQQFKKKL I|ERLENPHVP ASKLSGVDNM YKIKLRQSCY RLVYKVEDDV IVVTVLAVGK RERS YHH
gil260775936|ref|2P_05884832,1| MTYKLDFKKS ALKEWKKLGA TLOOOFKKKL |ERLDNPHVP ASKLSGADNM YKIKLRQSGY RLVYKVEDDV | IVTVLAVGK RERSDNMYRK
gilB4385746|ref|ZP_00988776.1] MTYKLDFKKS ALKEWKKLGS TLOOOFKKKL |ERLDNPHVP ASKLSGADNM YKIKLHQSCY RLVYKIEDDV | IVTVLAVGK RERSDNYRK
gil153831816|ref|ZP_01984483.1) MTYKLDFKKS ALKEWKKLGS TLOOOQFKKKL |ERLDNPHVP ASKLSGADNM YKIKLRQSGY HLVYKVEDDV |1 IVTVLAVGK RERS YEH
il91224354|ref|2P_01259616.1] MTYKLDFKKS ALKEWKKLGS TLQQOQFKKKL |ERLDNPHVP ASKLSGADNM YKIKLRQSGY RLVYKVEDDV | IVTVLAVGK RERSDMY
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gll317490370]ref|ZP_07948854.1] MAGMNTRISR SLKERGDAAL EKAGMTPSQA VRKLWDFAAR LTEDEAERRE AEEefAavaL KIEPSYAEM 79
Ak

ll170717691|ref|YP_001784765.1) YTNFNMRLDN DLRGRAYPIL EQYGLTPSQA VRMFFNQIAQ A--ENQTLTF H QTE QFANSLDEL 77
gil113461112]ref|YP_719180.1] YTNFNMRLDN DLRGRAYPIL EQYGLTPSQA VRMFFNQIAQ ADTSSHKLSE ULRESVTEFK NTRTSFDDF 79
il 365921682|ref|ZP_09445944.1] TTTFHIPLDD DLKKRAFAVI ERFGLTPTQA VRLFLTQIAE QYEKNP 1 [TMO DGK VRYASFDDF 78
il 313668504 ref|YP_D04048786.1) AINFNIRMDE SLKERAFPVI ESYGMTPAQA VKLFFNQIAA NRIPNIATRR AIE ALKASLEEM 79
il269214385|ref|ZP_05986462.2] AINFNIRMDE SLKERAFPVI ESYGMTPAQA VKLFFNQIAA NRIPNIATRR Al ALKASLEEM 79
il333367532|ref|ZP_08459768.1] HSNFNMRLDD DLKASAFSVL EQYGLTPTQA VRMFFNE |AH AYTPNTE YQ AKLAQADEL 79
il 365922744|ref|ZP_09446926.1] TSNFNIRLDD DLKARAFAVI ERFGLTPTQA MRMFLTQIAE ARQSSAHTLE MLRES IRDME NAVSHFDSV 79
gil92004822|ref|lYP_579251.1] TTNYNIRLDQ ELKDKAFSVL EGYGLTPSQA |KLFLHQVAE QTMPSTNILE -H-F-F-f---- ----DGDQ- &4
gi|258545784|ref|ZP_05706018.1] TTNYNIRLEQ ELRDRAFAVF ERYGLAPSQA |KLFLNQVAD HHIPNALITROD ALLE NFT AQRYTLEEA 79
gl 268680117 ref|YP_003304548.1] GTAMTVRIDP EIKNKAAEYL KOMGLTTSEA TRLFLHSVVL PNEETATAILN EHSKEMIKHTS SKEL-FDDL 78
il 363898834/ ref|ZP_09325354.1] MAQVNFRVDD SIKERAESAC TAMGLTMSSA INIFLTKVAN DPFYSEEHIR MLERRIJADMK AKKVHEHEL 79
il229827091|ref|ZP_04453160.1] MAQINFRVDD TVKAKAERAC AAMGLTMSTA INIFLTKLAN DPFYSEENME RLKKS IJADLN A-KGKVHEV 78
il 358068929|ref|ZP_09155369.1] MAQVNFRIDD TIKAKAESAC TAMGLTMSTA INIFLTKLAN DPFYSEKNLE ELERRI[SNLR SKSIEVD-- 77
i|239820500|ref|YP_002947685.1] TSMLHVRVDD DLKAQATAAL ANVGLTVSDA IRILLTRVTK DDS FR WVRERLEDPR PVMAEARDL 79
il83956435]ref| ZP_D0964E57.1] - -MIHVRVDD QLKAQASDVL SGVGLTLSDA VRILLTRVAA DPDAYDANFR K LAQALIDKK 77
ilB3949645|ref| ZP_D0958362.1] TSMLHVRVDD QLKAQAAEAL SGVGLTLSDA VRILLTRVAA DPDS YDAWNFR R PARALIDGK 79
il 118592696/ ref|ZP_D1550086.1] - -MLHVRVDD QLKAQAADAL AGVGLTLSDA VRILLTRVAT DSDAYDANFR R PAQALIDEK 77
gil156530459|ref|YP_001429552.1| TSMLHVRVDD HLKTQATNAL SGVGLTLSDA VRILLTRVAA DPDAYDANFR PARALIDGK 79
gll84686816|ref|ZP_01014703.1] TSMLHVRVDD QLKAQASDAL AGVGLTLSDA VRILLTRVAA DPDAYDANFR PAQALIDGK 79
gil 225874956 ref|YP_D02756415.1] NALVQTRIDP EVKDRAAAVL ERMGLTVSDA VRILLTRTAN TPEEYDANFR PHRAAILNL 79
il 1706951 20|ref|ZP_02886268.1] TALVAQTRIDP ALKERAAAVL DNMGLTVSDA VRILLTRVAN OF. Fi PRAAALRKA 79

gil167647593 ref|YP_001685256.1] SALVQARIDP EIKDOQASAVL ENMGLTLSDA VRILLTRIAK H PRAAALLKA 79
Qi|2221497 76 ref|YP_002550733.1] NOQLVQARIDG EIKAEATAVL AAMGLTVSDA VRLLLTKVAQ P KETVTLDDL 74
Qi|222111343|ref|YP_002553607.1] NOLVQTRIDG AIKEEAAAVL AAMGLTVSDA VRLLLTKVAQ E A PRFATVDAL 76

Gil31795165|ref|NP_858023.1| NOLVOTRIDG AIKEEAAAVL AAMGLTVSDA VRLLLTKVAQ E A PRFATVNDL 76
gil350560254|ref| ZP_08929094.1) DTVVRARIDS ETKKRATAAL EAMGLSVSDA IRLLMLRIAD PNALTAKALE - GRFDSAEEL 75
gi| 350559899 ref|ZP_08928739.1| DTVVRARIDS ETKKRATAAL EAMGLSVSDA IRLLMLRIAD PNALTAKALE - GRFDSADEL 75
gi|294023686|ref|YP_003547005.1| DTYVRARIDN TTKERATAAL GCAMGLSISDA IRLLMLRIAD PNAATRERMA - GKFASVDAL 75
Qi 14BS50557 |ref|YP_001259%96.1] DTYVRARIDN TTKERATAAL GAMGLSISDA IRLLMLRIAD PNAATRERAMA - GKFASVDAL 75
gil 312795668 ref|YP_00402855%0.1) DTYVRARIDT HTKERAASAL EAMGLSISDA IRLLMLRIAD PNATTRERIR - GKFASVDSL 75
gil 198283421 ref|YP_002219742.1] DTYVRARIDT NTKERAASAL EAMGLSVSDA IRLLMLRIAD PNATTEEKRIRA - GKFTSVDDL 75

gl|10954422|ref|NP_067560.1) DISIRVRTNR ALKNQAAKEL REMGLTVSDA IRLYLSYIAN S====AVLIE | =RKL=
gil312193385reflYP_003966111.1] DISIRVRTNR ALKNQVAKEL RKMGLTVSDA IRLYLSYIAN =LTOSAVLIE | =RKL===== 63
gil139438513|ref|ZP_01772029.1] PVOMNVRIDR QLKEAGDAVL THIGMTPSQA VRTLWEYLVY AVSDOGVE I PFSGDYDDL 79
gil296114153|ref|ZP_D6832808.1] LTRVSYKIPQ DMKDEAYAVL KSMGIKPSDA IRDYFAYIVK MSAEDQE[LRA If1 MVRVSLDDL 79
gil349702578|ref| ZP_D8904207.1] RTQISLVVDK AVKEKAYENL KRAGLKPSDM FRDVLHYIAT LSAEDRELLlI HAKKNUANPG KTRVKLDDL 79
Qi|258513189|ref|YP_003189445.1] | SQVNLKVNT QLKENAYATL KELGTTPSDF FRDILEYVVRE VSDEDAEFYR L] G KRNVDLESL 79
Qi|260738824|ref|YP_003227006.1| MSQISLRVDR NLKEAAYDQL KNLGVTPSDF FRDMLEYVVR I SDEDADE LA E KKKVSFDEL 79
gi|258513035|ref|YP_003189292.1| MSAVTFRVDE TLKAAAVKKL SAQGISLSDA LRDTLAYIAE VTDEDAELIE V] A QHRMTFAEL 79
gi|329113645|ref|ZP_08242422,1| MSAVTFRVDE TLKAAAVKKL SAQGISLSDA LRDTLAYIAE VTDEDAEL | 1) A QHRMTFAEL 79
gil296115380|ref|l2P_06834017.1] MSAVTFRVDE TLKAAAVKKL SAQGISLSDA LRDTLAYIAE VTDEDAELIE I|V] A QHRMTFAEL 73
gil205543241 |ref|YP_002275470.1] MSAVTFRVOD TLKAAAVAKL SAQGMSLSDV LRDTLAYIAE VTDEDARLIE 1|v| PA PHRMTLADL 79
gl 162146883 |ref|YP_001601344.1] MSAVTFRVDD ALKSAAVAKL SAHGLSLSDV LRDTLAYIAE VTDEDARLIE 1fv] A PHRMTLAEL 79
gil339022619|ref|ZP_08646544.1] MSAVTFRVDD ALKSAAVAKL SAHGLSLSDV LRDTLAYIAE VTDEDARLIE I1fv] A PHRMTLAEL 79
Qi| 169786923 |ref|YP_D01708735.1] MATVNFRVDE ALKEKSYSVL REQGIAPTEF FTNVLEYIAA LSEEDTELLR iV K EEEITLDDL 79
il 262380902 |ref|ZP_06074052.1| MATVNFRVDE ALKEKSYSIL KEQGIAPTDF FTSILEYVAT LSEEDEELLA UVRKRINDPK EEEVTLDDL 79
9il332290226|ref|YP_D04421078.1] MANLNIRIDD TIKQRAFLAF DNLGINPSEA IRTFLTYVAD TG VSDEDTELYE VVKKRUNEPE KTATTLDEL 79

Cons(n!,z‘ MATINVRIDD ELKARAYAVL EKLGLTPSXA VRLLLOYVAE TGRLPFKTVL LSDEDAALLE TVRERLANPOQ KIRVSLDDL
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Supplemental Figure S1, related to Figure 1. RelE and RelB sequence
alignments.Top; alignment of complete RelE sequences from a range of bacterial

organisms obtained using PSIBLAST searching with the E. coli RelE sequence



(SwissProt ID POCO077). The conserved RelB interaction motif is indicated with grey
boxes. Bottom; alignment of complete RelB sequences from a range of bacterial
organisms obtained as described above using E. coli RelB (SwissProt ID POC079).
The conserved RelE interaction and unique turn motifs are indicated with grey and

purple boxes, respectively.
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Supplemental Figure S2, related to Figure 2. Interactions in the higher order
complex. (A) The clash between RelE molecules upon placement of two complete

RelB;E, tetramers in adjacent major grooves on DNA. The red oval indicates the area



of clash. (B) Possible interaction between helix a3 from two adjacent RelB molecules
within the RelBy4 tetramer and RelE-RelB4-RelE hexamer. The region 65-69 found to
be required for formation of the RelB,4 tetramer in solution is coloured in green. (C)
Possible location of a secondary binding site for RelB on the surface on RelE as
estimated by superpositioning of the most complete RelB molecule onto the
innermost RelB molecule of the hexamer model. (D) Details of residues putatively

involved in the secondary binding site of RelB on RelE.



E. coli RelBE M. tuberculosis RelBE2

M. jannaschii RelBE Bacteriophage P1 Phd/Doc

Supplemental Figure S3, related to Figure 3. Comparison of toxin-antitoxin
structures. Examples of V-shaped toxin-antitoxin structures. E. coli RelBE, this study;
M. tuberculosis RelBE2, PDB ID 3G50) (Miallau et al., 2012); M. jannaschii RelBE
(PDB ID 3BPQ) (Francuski and Saenger, 2009); bacteriophage P1 Phd/Doc (based on

PDB ID 3K33) (Garcia-Pino et al., 2010).
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Supplemental Table 1. Analytical ultracentrifugation of reconstituted RelB;E; complex.

Detection method Absorbance Interference
Molecular species 1 2 3 1 2 3
Fraction (%) 96 0.96 1.6 99.2 0.07 0.06
MW (kDa) 40.6 108.8 231.9 40.6 77.8 200
S20.w) 2.7 59 9.7 2.7 4.7 8.8
Frictional ratio 1.42 1.26 1.26 1.41 1.26 1.26

Supplemental Table 1, related to Table 1. Analytical ultracentrifugation of reconstituted RelB,E, complex. Biophysical parameters for the
molecular species present in the reconstituted RelBE complex as measured by analytical ultracentrifugation. The predominant species (the
RelB;,E, tetramer) is shown in bold. S(20.w) 1s the sedimentation coefficient corrected for viscosity and density of the solvent, relative to that of
water at 20°C. The frictional ratio is based on SOMO bead modelling. The RelB;E, tetramer has a theoretical molecular weight of 40.5 kDa

while the RelB¢E¢ dodecamer is 108.3 kDa.
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