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Supplementary materials and methods 

Bacterial culture and protein extraction 

H. pylori 26695 (American type culture collection, ATCC 700392) glycerol stock was 

recovered from -80°C and cultured on Columbia agar plates supplemented with 7% laked 

horse blood (Oxoid) and selective antibiotics (Oxoid). The agar plates were incubated at 

37°C for 3 days under microaerophilic conditions (5% CO2, 4% O2 and 91% N2) generated 

by CampyGen (Oxoid). Cells were then transferred into Brucella broth (BD) supplemented 

with 0.2% β-cyclodextrin (Sigma) and cultured with 105 rpm agitation at 37°C. Liquid 

cultures grown to mid-log phase (OD600 = 0.5) were harvested by centrifugation at 4,000 g, 

and washed with ice-cold PBS buffer for three times. Cell pellets were resuspended in ice-

cold Buffer A (20 mM Hepes, 500 mM NaCl, 1 mM TCEP, 0.1% TritonX-100, pH 7.2), 

then lysed by sonication and ultracentrifuged (15,000 g) to remove cell debris. 

Isolation of Bi-binding peptides by IMAC 

A home-made Bi-NTA column (Qiagen) with a bed volume of 0.5 mL was applied for 

extracting Bi-binding peptides in H. pylori 26695. The column was washed thoroughly and 

equilibrated with 20 column volumes (C.V.) of Buffer A and then loaded with 2 mg of 

filtered H. pylori protein extracts. On-column protein digestion was performed with 1 

mg/mL trypsin in 20 mM Tris-HCl buffer (pH 7.2) at 37°C for 1 hour. The metal unbound 

fragments and excessive proteolytic enzymes were washed off with 20 C.V. of Buffer A. 

Metal-binding peptides were finally eluted with 6 C.V. of Buffer A supplemented with 50 

mM EDTA.  

Bi-binding peptides from the IMAC eluent were desalted and pre-concentrated using C-

18 reverse phase chromatography prior to LC-MS/MS analysis. To minimize peptide 

oxidation and modification, eluted peptides were acidified and desalted by reverse phase 

chromatography immediately after IMAC separation. The eluent was acidified with 1% TFA 

(Fluka) for 10 min in ice bath before loading on Sep Pak classic C18 cartridge (Waters) for 

purification. The peptides eluted using a three-step-gradient of 20%, 40% and 60% ACN in 

0.1% TFA were combined and lyophilized overnight. Experiments were done in three 

biological replicates. 

 

 



 
Bi-binding peptide analysis and data processing 

The dried peptides were re-dissolved in 5% ACN/0.1% formic acid in water and fractionated 

by capillary-flow reversed phase liquid chromatography (RPLC), and analyzed online with a 

QSTAR XL Q-TOF mass spectrometer (AB sciex; Foster City, CA) installed with software 

Analyst QS 1.1. The acquisition parameters were as follows: nanospray voltage, 3000 V; 

DP, 60 V; FP, 220 V; DP2, 25 V; collision gas (CG), 5; GS1, 0 psi; GS2, 0 psi; CUR, 20. 

CID spectra were acquired in the IDA mode with scan cycles set to perform a 1-second full 

scan over a m/z range of 400-1600, followed by four 1-second MS/MS scan of the four most 

abundant peaks which exceed 10 counts and carry charge state between +2 to +4 within 100-

1500 m/z. Dynamic exclusion time of acquired ions was set at 120 seconds.  

MS/MS spectra were searched against theoretical spectra generated from the sequences 

of H. pylori 26695 in Uniprot database using the Paragon algorithm in the ProteinPilot 2.0 

software (Applied Biosystems, Framingham, MA). Trypsin was set as the enzyme used. 

Precursor mass accuracy and product ion mass accuracy were pre-determined using QSTAR 

electrospray in the software. The identified peptides from the Paragon algorithm were 

grouped into minimal non-redundant protein sets by the ProGroup algorithm. For protein 

identification, a minimal unused ProtScore of 2.0 was required, determined from the percent 

confidence of a single (99% confidence) or a set of identified peptides. 

Determination of binding constants of bismuth towards single amino acids 

The binding constants of bismuth towards 20 single amino acids were determined with nano 

isothermal titration calorimetry (Nano ITC, TA instruments). The amino acid solutions were 

directly prepared from powder reagents (Sigma) in PIPES buffer (10 mM PIPES, 100 mM 

NaCl, pH 6.4), and diluted to appropriate concentrations (30-50 µM) supplemented with 0.3 

mM TCEP. The metal titrant (Bi-NTA, 2 mM) was dissolved in water. Typically, 100 µL of 

metals were titrated into 1 mL of amino acid solutions over 100 s with a 5 min interval 

between each injection. Twenty injections were made in total. The background signals were 

subtracted from the raw ITC data to account for the dilution heat, which was obtained from 

the titration of the identical metal titrant only to the buffer solution in the same cell. The ITC 

data were fitted with a simple one-site binding model. 



Functional enrichment analysis 

In order to functional categorize IMAC-isolated Bi-binding proteins in H. pylori, we 

performed GO (gene ontology) enrichment analysis to identify statistically enriched GO 

terms by using an in-house enrichment tool programmed in Python. GO annotations of H. 

pylori 26695 proteins were obtained from the Uniprot database,1 Blast searching2 and 

Ortholog detection3 using Pseudomonas aeruginosa (strain PA7) and Escherichia coli 

(strain ATCC 8739 / DSM 1576 / Crooks) as model organisms. The enrichment p-values 

were calculated on the basis of hypergeometric distribution, using the numbers of H. pylori 

26695 proteins as the background list. The Benjamini-Hochberg method was applied to 

adjust p-values for false discovery rate (FDR) control. The enriched GO terms were selected 

with a significance threshold of p-values < 0.05 and FDR < 0.05. 

Biological network analysis 

The protein-protein interaction (PPI) networks of H. pylori 26695 were constructed by 

combining the high confidence (combined score > 700) interactions of H. pylori 26695 

extracted from String database,4 the yeast two-hybrid screened high quality PPIs5, 6 and a set 

of literature-curated binary protein interactions in H. pylori.6-9 The PPI networks were 

visualized with Cytoscape v2.8.3. 



Supplementary Figures 

 

 Fig. S1 Mining metal-binding motifs by IMAC-based metalloproteomics (Adapted from ref.10).



 
Fig. S2 Binding constants of Bi(III) with 20 single amino acids determined by isothermal titration 
calorimetry. It is noted that that Bi(III) possesses a much higher affinity towards cysteine residue 
than any other amino acids, in agreement with IMAC-based peptide analysis (Fig. 1A), indicating 
that Bi(III) utilizes a cysteine-oriented manner to interact with the protein targets in H. pylori. 
 

 



 
Fig. S3 Classification of Bi-binding peptides. Bi-binding peptides are classified into 2 major 
categories and 8 sub-categories according to the occurrence of four putative Bi-binding amino acids 
Cys (C), His (H), Glu (E) and Asp (D).  
 



Structures of H. pylori proteins with Bi-binding motifs identified 

 
Fig. S4 Crystal structure of H. pylori thioredoxin reductase (TsaA, AhpC, HP1563; PDB 1ZOF). The 
dimeric form of HpTsaA is shown on the left with two monomers displayed in gray and deep red 
respectively. The catalytic triad formed by C49 (peroxidatic cysteine), T46 and R124 are highlighted 
in yellow and C169, identified from the Bi-binding peptide (161)HFEEHGEVCPAGW(173), is 
shown in orange. C49 and C169 belonging to different subunits are linked by a disulfide bridge with 
bond length 2.9 Å in the crystal structure. 

AhpC is highly expressed in H. pylori as the third-most abundant cellular protein and 

acts as a peroxide reductase and also a molecular chaperone for prevention of protein 

misfolding under oxidative stress.11 It functions as a dimer, or a pentamer of dimers, and 

carries one conserved resolving cysteine which is found in the Bi-binding peptide 

(161)HFEEHGEVCPAGW(173).12 Cys169 initiates the recycle of the oxidized peroxidatic 

cysteine by forming an intersubunit disulphide bond that is subjected to be reduced by 

thioredoxin-1 (HP0824) and the replacement of the resolving Cys with Ser retards the rate of 

reduction.13  

 
 



 
Fig. S5 Crystal structure of H. pylori heme iron utilization protein (HugZ, HP0318; PDB 3GAS). 
C114 is identified from the Bi-binding peptide (104)ATLHPNGHVVC(114). C114 residues from 
the two monomers are separated by 5.0 Å at the dimer interface.  

HugZ contains a Bi-binding peptide (104)ATLHPNGHVVC(114) at the dimerization 

interface where the distance between the two intersubunit C144 (Sγ) is 5.0 Å.14 HugZ 

utilizes heme as a source of iron by catalyzing the oxidative cleavage of porphyrin ring to 

generate free Fe2+, CO and biliverdin in the presence of electron donor such as NADPH-

cytochrome P450 reductase, which is crucial for the growth of H. pylori under iron-

restricted condition.15 Interference on dimer formation is presumptively influential to the 

function of HugZ, since the active site pockets, where the two hemes are accommodated, are 

located at the crevice of the packed monomers.14  



 
Fig. S6 Crystal structure of H. pylori urease subunit beta (UreB, HP0072, PDB 1E9Y). C321, H322 
and H323 are identified from the Bi-binding peptide (307)TVNTEAEHMDMLMVCHHLDK(326). 
The flag region consisting of C321 and H322 are adjacent to the catalytic site with two Ni ions 
(shown in green).  

Urease subunit beta in couple with UreA forms a dodecameric (α3β3)4 supramolecular 

assembly which is able to neutralize gastric acid from the surroundings by catalyzing the 

hydrolysis of urea to generate ammonia.16 Catalytic site in UreB contains two nickel ions 

with different coordination number and geometry: Ni(1): distorted square pyramidal; Ni(2): 

pseudo octahedral.17 In addition, crystal structure of UreB homolog from B. pasteurii 

revealed that the hydrolysis of urea may involve both of the nickel ions in which unsaturated 

Ni(1) orientates urea by coordinating its more nucleophilic carbonyl group, Ni(2) stabilizes 

one of the amide nitrogen of urea and the bi-Ni center activates a water molecule to OH-.18 

Two Bi-binding motifs (241)YDVQVAIHTDTLNEAGCVEDTMAAIAGR(278) and 

(307)TVNTEAEHMDMLMVCHHLDK(326) with close proximity to the metallocenter are 

identified. The former contains Cys257 but the residue is situated far away from His248 that 

coordinates with Ni(1); the latter overlaps with the flap region which serves as an entrance 

gate to the active site of urease. In K. aerogenes, mutagenesis of Cys319 (Cys321 in H. 

pylori) by Ala retained nearly half of its enzymatic activity, whereas C319S, C319D and 

C319Y variants only exhibited 4.5%, 0.03% and no urease activity respectively, suggesting 

that Cys321 may not be crucial in the catalytic processes but its induction of conformational 

changes upon steric hindrance in the flag region can be influential.19, 20 Moreover, C319A 

mutant of jack bean urease also shows a 19-fold reduced sensitivity towards Bi(EDTA), 

further supporting that Cys321 in H. pylori is a target site for Bi-based drugs which will lead 

to enzyme inactivation.21  



 
Fig. S7 Crystal structure of H. pylori urease accessory protein UreG (HP0068, PDB 4HI0). The 
dimeric form of HpUreG is shown on the left.  

UreG is one of the accessory proteins which are responsible for the activation of urease. 

In cooperation with UreF and UreH, the GTPase activity of UreG can utilize ammonia 

bicarbonate to promote the carbamylation of Lys in the active site of apo-urease, where the 

cofactor Ni2+ ions are concomitantly inserted by UreE.22-24 The identified CXH motif 

located on the dimer interface of HpUreG is involved in HpUreE recognition, as revealed by 

a structure model of UreE-UreG complex.25  



Structures of H. pylori protein homologues with Bi-binding motifs identified 

 
Fig. S8 Crystal structure of H. pylori peptide methionine sulfoxide reductase (MsrAB, HP0224) 
homologue from S. pneumonia (PDB 3E0M) and its active site. Active residue C285(Sγ) (aligned 
C318) is situated at the center of H266(Nε), H270(Nδ), and C230(Sγ) with distances of 9.4, 6.7 and 
4.1 Å respectively. 

MsrAB in H. pylori is a membrane-associated fusion protein composed of two 

commonly separated enzymes MsrA (N-terminus) and MsrB (C-terminus), which protects 

cells from oxidative damages by repairing proteins with oxidized methionine residues, i.e., 

the S and R isomers of Met sulfoxides.26 The stereospecificity, substrate affinity and the 

reactivity of the two subunits are different but they share a similar three-step catalytic 

mechanism.27 The MsrB subunit was identified to interact with bismuth through two 

consecutive motifs (299)AHLGHVFNDGPKELGGLR(316) and (317)YCINSAALR(325), 

which form the substrate-binding pocket.27 His300 and His303 can stabilize the Met-R-SO 

by H-bonds and deprotonated catalytic Cys318 attacks the sulfur atom of the sulfoxide (or in 

the form of sulfonium ion +S-OH).28, 29 The interdisulfide bond formed in the transition state 

is reduced by the recycling cysteine (Cys263) whilst an intradisulfide bond is formed 

between C318 and C263 and the reduced substrate is released with a loss of H2O.29 Similar 

to AhpC, the active site can finally be regenerated by the Trx1, instead of Trx2.30 Interacting 

partners of MsrAB in H. pylori includes Trx1 and several peroxide-treated Met-rich proteins 

such as chaperone GroEL, ROS detoxification enzyme catalase (KatA) and site-specific 

recombinase (SSR).30 In the absence of MsrAB, hydrophobic Met residues are converted 

into hydrophilic Met sulphoxide and the conversion may lead to structural changes that 



decrease or ruin the biological activities of the proteins. For instance, the catalase activity of 

KatA in H. pylori msr mutant strain reduces by 50% under 10% O2 compared to the wild-

type strain, due to an inability of the Met residues of KatA to be repaired.30 

 
Fig. S9 Crystal structure of H. pylori GDP-L-fucose synthase (Fcl, HP0045) homologue from E. coli 
(PDB 1E6U) and its active site. C109 (orange), Y136 and H179 are active residues which are close 
to the NADP-binding domain (purple). The distance between C109(Sγ) and T164(Oγ) (aligned 
C164) is 10.2 Å. 

GDP-L-fucose synthase (GMER) is involved in the last step of biosynthesis of GDP-L-

fucose, the substrate of fucosyl transferase, for generating L-fucose-containing 

glycoconjugates (e.g., cell-surface antigens) which are essential for cell-cell interaction.31 

GMER acts as a bifunctional protein in the conversion of GDP-4-keto-6-deoxy-D-mannose 

to GDP-L-fucose – the configurations of C3 and C5 in the hexose ring of the substrate are 

changed from R to S and the carboxyl group on C4 is subsequently reduced to hydroxyl 

group by NADPH.32 The conserved Cys109 from the identified Bi-binding peptide 

(102)AINLASSCAYPK(123) functions as a base that facilitates the deprotonation of C3-H 

and C5-H in the first step of epimerization and the enzymatic activities of Cys109Ala and 

Cys109Ser GMER mutants are reduced by 7000- and 540-fold respectively.31, 32  



 
Fig. S10 Crystal structure of H. pylori putative peroxiredoxin bcp (Bcp, HP0136) homologue from 
X. campestris (PDB 3GKN) and its active site. A46 (aligned C51), T48 and R121 forms the catalytic 
triad whereas the trapped intermediate ligand BIH (naphthalene-2,6-disulfonic acid) is filled in 
green. 

BCP and AhpC belong to two different sub-groups of peroxiredoxins (Prx) that prevent 

oxidative damages originated from peroxides such as hydrogen peroxide (H2O2) and organic 

peroxides by catalyzing the reduction reaction: ROOH + 2e- + 2H+ → ROH + H2O.33 The 

thio peroxidase activity of BCP homolog in E. coli shows higher substrate preference 

towards linoleic acid hydroperoxide (R = unsaturated fatty acid) compared with H2O2 and t-

butyl hydroperoxide (R = alkyl group).34 Cys46 identified from the Bi-binding peptide 

(37)FYPKDNTPGCTLEAKDF(51) is a redox-active peroxidatic cysteine that reacts with 

peroxide by nucleophilic substitution (in the form of Cys-S-) and forms cysteine sulfenic 

acid (Cys-SOH). 



 
Fig. S11 Crystal structure of H. pylori thioredoxin (Trx2, HP1458) homologue from A. aceti 
thioredoxin (PDB 2I4A) and the aligned CXXC motif. HpTrx2 C28 and C31 are identified from the 
Bi-binding peptide (14)IAHQAVVVNVGASWCPDCR(32). In the illustrated protein structure, the 
disulfide bond with 2.3 Å is formed between C32 and C35 (aligned C28 and C31). 

Trx2, together with thioredoxin Trx1 (HP0824) and thioredoxin reductase (TrxB, 

HP0825) form the basis of the thioredoxin system in H. pylori which utilized the reducing 

potential obtained from NADPH to reduce disulfide bonds, including those from oxidized 

reductase such as Bcp, TagD and AhpC.13, 35 H. pylori strain double mutant in the trxA1 and 

trxA2 genes was very sensitive to the oxidative and nitrosative stresses. Surprisingly, the 

thioredoxin system is not necessary for viability of the bacterium.36 Bi-IMAC captured Trx2 

via its bi-Cys motif (14)IAHQAVVVNVGASWCPDCR(32) in which Cys28 and Cys31 are 

catalytic residues responsible for thio-disulfide exchange.13 H. pylori deprived of Trx2 is 

more sensitive to the exposure to 21% (v/v) O2 (air), H2O2, cumene hydroperoxide and O2
- 

despite that the effects are generally less obvious than that of Trx1. However, the specific 

downstream functions of Trx2 remain unclear.   



Table S1 Lists of Bi-binding peptides in H. pylori 26695 identified by IMAC. 

Locus tag Gene name Peptide sequence * Measured 
m/z 

Calculated 
m/z Motif pattern 

HP0010 GroEL, HspB EIELSCPVANMGAQLVK 1800.8434 1800.9114 C 

LVERLEEENK 1257.6516 1257.6565 E-rich 
HP0011 GroES, HspA 

EHEACCHDHK 1207.3879 1207.4498 HXXCCHXH 

HP0019 HP0019 NNELQLLCFR 1248.6239 1248.6285 C 

HP0030 HP0030 IDLISCRPDNFGEVWAK 1962.0818 1961.9669 C 

SVIKVEEPSKEACY 1580.7471 1580.7756 C 

IFAQAEAISLVSNAIKIQHCGLSAK 2611.4492 2611.4155 HC 

KACVDLTSDY 1113.4619 1113.5012 – 
HP0033 ClpA, HP0033 

KHPHCLLLLDEIEK 1688.8901 1686.9127 HXHC 

TLVPCNLYGEFDKFEEK 2031.0693 2030.9656 C 

YCEYVSAEK 1090.4534 1090.4641 C HP0045 Fcl 
AINLASSCAYPK 1236.6290 1236.6173 C 

IGVCGPVGSGK 972.5051 972.5062 C 
HP0068 UreG 

IIGVETGGCPHTAIR 1522.7665 1522.7926 CXH 

HP0071 UreI SALHPTAPVEGAEDIAQVSH 2028.1979 2027.9912 HX15H 

YDVQVAIHTDTLNEAGCVEDT 
MAAIAGR 2962.2957 2962.3801 HX8C 

EVTSKPANKVSLAQLFSIF 2078.1172 2078.1411 – 

TVNTEAEHMDMLMVCHHLDK 2353.0591 2353.0322 HX6CHH 

LGDTDLIAEVEHDYTIYGEELK 2522.1958 2522.2065 H, D-rich, E-rich 

HP0072 UreB, HpuB 

TMHTFHTEGAGGGHAPDIIK 2075.0693 2075.9846 HXXHX7H 

HP0073 UreA, HpuA NVGDRPVQIGSHFHFFEVNR 2355.1548 2355.1509 HXH 



HP0083 RpsI VWLTPGKGELSINEQSLNQWLGGHEAI
K 3103.4919 3103.6091 H 

HRPFYTPNVDCGDFVVVINANK 2504.2061 2504.2271 HX9C 

SKTLQEMLEKAPEKLYHLAVR 2482.2842 2483.3569 H HP0084 RplM 
LEDKEYFTHSGYFGSTK 2007.9124 2007.9214 H 

VAIVEKCSKLAQISSSAK 1861.0173 1861.0343 C 

RYESFKEIFVGLEEFDKQK 2391.1694 2391.2112 E-rich 

GLDLGCLPVAGSF 1247.6316 1247.6219 C 

DRTKRKLELGEKKICTHKGITF 2600.4788 2600.4585 CXH 

GANGIDRHENIIGHGY 1721.7909 1721.8234 HX5H 

HP0086 Mqo 

NMTPSPGATSCL 1176.4568 1177.5107 C 

HP0088 RpoD FGLLDDESDR 1165.5048 1165.5251 D-rich 

IVDRNGACAIEISGK 1544.7620 1544.7981 C 
HP0109 DnaK TNLNENDANEIQNAINALKDCV 

KNDNATK 3186.3801 3186.5212 C 

HP0110 GrpE HGIEGIECLEEFDPHFHNAIMQVK 2792.2820 2792.3052 HX3CX6HXH 

KVKHAREFIESNKHVKF 2096.1941 2096.1643 HX9H 

EALHIAQNLGLDLVLISASAKPPVCK 2699.6099 2699.5044 HX20C HP0124 InfC 
VQTMMQDLANPEKEPKTEGR 2301.1118 2301.1094 – 

HVHHTNAHSVMSLLCR 1840.9128 1840.8937 HXHHX3HX6C 
HP0125 RpmI 

GSAFKSHILTK 1187.6486 1187.6663 H 

HP0126 RplT AKEQLER 872.4550 872.4716 – 

EEGLDLHDCACEGPFHDHER 2307.9744 2307.9272 HXCXCX4HXH 
HP0129 HP0129 

GKKPSHHKH 1054.5311 1054.5785 HHXH, H-rich 

HP0130 HP0130 QQQALQQEFEK 1375.8878 1375.6732 – 

HP0136 Bcp NVILLCDEDKKAANLY 1820.9319 1820.9342 C 



IINTQGVLEKCFY 1526.7339 1526.7803 C 
  FYPKDNTPGCTLEAKDF 1945.0101 1944.8928 C 

NIIKVEFEDLVEEYKHFQVLNK 2733.3812 2733.4377 H, E-rich 
HP0137 HP0137 

LLSLITLNCIILLKKESIVR 2281.3760 2281.4170 C 

GIQAQETDLGELIIQLINEHPVHI 
VVPAIHK 3423.8772 2423.8879 HXXHX6H, H-rich 

HP0138 HP0138 
LNAAYEEEPEKLNAIAR 1930.0457 1929.9796 E-rich 

HP0139 HP0139 HDYLELFEGHAEFNMVKDFCSR 2686.3442 2686.1943 HX8HX9C 

AEIDGDMGDQHVGLQAR 1810.8323 1810.8268 H, D-rich 
HP0153 RecA 

TTLSLHIIAECQK 1455.7925 1455.7755 HX4C 

HP0154 Eno ACENVNSVIK 1075.5417 1075.5332 C 

GSGCHNVAVMYYTGK 1585.7191 1585.7018 CH 

YTGKGVPKDLDKAISYY 1917.0349 1916.9884 – HP0160 HcpD 

QNGEQALNLYK 1276.6719 1276.6411 – 

HP0175 HP0175 QRNPNFDFDKLKEKEKEALIDQAIR 3044.5911 3044.6042 D-rich 

HP0176 Fba ESCEKAVKAGF 1167.5514 1167.5594 C 

HP0177 Efp TFHAGDKCEEPNLVEK 1815.8577 1815.8462 HX4C 

HP0182 LysS TGELSIHALEFHILSK 1793.9615 1793.9675 HX4H 

TWEKTNKAEEIKAFF 1840.8962 1840.9359 – 

SSAELEKCVKSVF 1425.7144 1425.7174 C 

NLVASGVCDK 1005.5557 1004.4961 C 

SGKDPSKVDRSAAY 1479.7138 1479.7318 – 

IIERDQKAKVACETL 1715.8866 1715.9240 C 

GGSCPHGGGAF 945.3709 945.3763 CXH 

HP0197 MetK 

ACKETETL 893.4190 893.4164 C 

HP0199 HP0199 GELMLICDTSGK 1265.6934 1265.5996 C 



HP0200 RpmF DGTWKLPHHINKFTKEY 2113.0659 2113.0745 HH 

GKFEISECVK 1138.5118 1138.5692 C 
HP0210 HtpG 

TLELNPNHAILQK 1488.7991 1489.8253 H 

KKGCKSSVKEACDALKEL 1936.0615 1936.0122 CX7C 

NAQGTAKDEKQAVENF 1748.8125 1748.8329 – 

SKACELKDGRGCY 1428.6491 1428.6489 CX7C 
HP0211 HcpA 

EKACDLKDSPGCINAGY 1782.8108 1782.7916 CX7C 

HP0217 HP0217 GVIGFNDCDDGSK 1325.6344 1325.5558 C 

HP0221 NifU, HP0221 GLRDDPDTPAVPGQK 1564.8085 1564.7845 D-rich 

HP0222 HP0222 MEKTENTDETRLR 1621.7758 1621.7729 – 

KADEVIVDDDK 1245.6616 1245.6089 D-rich 

AHLGHVFNDGPKELGGLR 1916.0371 1916.0017 HXXH HP0224 MsrA, MsrAB 

YCINSAALR 1009.5146 1009.5015 C 

HP0232 HP0232 GQSGFFGSSRPTSSPAVSSGTR 2156.0391 2156.0247 – 

HP0247 RhpA TVCVYGGQSVK 1139.5548 1139.5645 C 

HP0264 ClpB IQLEAQFENEKEVFKEISR 2336.2122 2336.2012 E-rich 

ALVELVEVLAVSKEGKLSCGKP 
FVNGAK 2884.6135 2884.6096 C 

HP0296 RplU 
EGKLSCGKPFVNGAKIEAEVINEGR 2644.5730 2644.3643 C 

HP0297 RpmA MHPGNNVGMGKDHTLYALIDG 
VVKFEHKDR 3377.6629 3377.6760 HX10HX13H, H-rich, D-rich 

ATLHPNGHVVC 1146.5303 1146.5604 HX3HXXC 

FGQVHHAENVAFK 1482.7402 1482.7368 HH 

NAIIELCQSVEKTHDLK 1940.0264 1940.0037 CX6H 
HP0318 HP0318 

FIERGAEFDKAFDSFIEK 2148.0317 2148.0527 – 

HP0331 MinD GEPVIRTDCESAKAYQR 1921.9868 1921.9316 C 



ILCLPLIGIIPEDHHIISATNK 2409.2942 2409.3455 CX10HH 
  NCNLSQALITDK 1318.6843 1318.6552 C 

GISSSSIATLLQHCNYQVSILK 2361.2091 2361.2363 HC 

LQSPNPIILDFIKSALSKS 2070.3621 2070.1726 – HP0349 PyrG 
LGEYECEIMPNSLLEK 1866.8744 1866.8744 C 

SVISMDLPFSQGQICGAEGIK 2177.9614 2179.0654 C 
HP0390 Tpx 

VTFKEETYQLEGK 1570.8160 1570.7878 – 

IGQEITCVVVAIEKSNNK 1944.0939 1944.0350 C 
HP0399 RpsA 

SHSSLKNDANHIGKR 1661.0383 1662.8550 HX8H 

HP0404 HP0404 IIQGEIPCSK 1086.5854 1086.5743 C 

HP0417 MetG VLCPDCLR 917.4855 917.4463 CXXC 

HP0470 PepF, HP0470 IPFEEQNLSEEEILALLHNPKR 2618.3625 2618.3704 H, E-rich 

KGPMIGNHVSHANNK 1603.0129 1602.8049 HXXH 
HP0491 RpmB 

SIKIQLDDGTTK 1318.7970 1317.7140 – 

HP0514 RplI AGEVCEVKDGYGNNFLIANQK 2268.1138 2268.0845 C 

HP0547 CagA, Cag26 IDRLNQIASGLGGVGQAAGFPLKR 2437.5355 2437.3555 – 

GIHPEYIPCKVTCVTSGK 1928.9850 1928.9666 HX5CX3C 
HP0551 RpmE 

IDISSFCHPFYTGSDK 1815.8109 1815.8138 CH 

HP0554 HP0554 MKEFDKACTF 1218.5018 1218.5413 C 

SRFGSVVNVASIIGER 1689.9613 1689.9163 – 
HP0561 FabG 

TEDFHHVIDNNLTSAFIGCR 2288.0481 2288.0645 HHX12C 

KQTDRNLVVTECR 1560.8016 1560.8042 C 
HP0562 RpsU 

EGDAFDEAYR 1171.4811 1171.4781 – 

HP0564 HP0564 GTNQDSSINCDSSSR 1569.6284 1569.6326 C 

HP0589 OorA AAIEVGCR 817.4187 817.4116 C 

HP0590 OorB MSSYVNCNTVHTTHGR 1805.8057 1805.7937 CX3HXXH 



VFCGLAKLDHVVFK 1574.8657 1574.8643 CX6H 

EVNLYQSLLNLCLHEGFVGIK 2389.2578 2388.2512 CXH 

NNLYGMVFGLNSFDITSHKNCR 2529.1685 2529.1892 HXXC 
HP0599 HylB, HP0599 

NTSCVGEYHK 1136.5004 1136.4921 CX4H 

HP0618 Adk SVIEVEVSENTAKER 1688.8551 1688.8582 E-rich 

HP0631 HydA, HP0631 RGHFDAGEFVEHFGDENAK 2161.0774 2160.9614 HX8H 

HP0639 QueC VCLVGFDYAQK 1241.6011 1241.6115 C 

GQVVIPVRQEEVKVAVKELLE 
AGAK 2688.8452 2688.5537 E-rich 

VYSESACSPELGFSVTGVIMR 2231.0312 2231.0603 C 

GYSPSDFVCFSYGGAGPVHTYG 
YTEGLGFK 3162.2598 3162.4070 CX9H 

DSGLDTVSVTDCH 1347.5900 1347.5613 CH 

GMEVGLICNK 1062.4757 1062.5201 C 

AIVICLLQSHK 1223.6543 1223.7061 CX4H 

HP0695 HyuA, HP0695 

SAFGCACADFEYR 1436.5536 1436.5667 CXC 

AHKDIGVCSEF 1204.5653 1204.5547 HX5C 

EFKERDPIGYEKMF 1787.8467 1787.8552 – HP0696 HP0696 
FGDGYMITCR 1161.4769 1161.4948 C 

GLNVSVCSGDTR 1206.5546 1206.5663 C 

KKDEHCSPK 1070.5275 1070.5178 HC HP0720 HP0720 
TKGLSDEEIKAK 1317.7317 1317.7140 – 

GNMEDMDDDFGLRSCK 1831.7058 1831.7175 C 

HP0721 HP0721 HGKKHDKDHDDKDHDHHDED 
HSDKH 3063.3270 3063.2952 HX3HX3HX4HXHHX3HX3H, H-rich, D-rich 

DVILVDDMIDTAGTICK 1820.8483 1820.8900 C 
HP0742 PrsA, Prs 

VQKCDKITTL 1147.5991 1147.6271 C 



HP0776 RpoZ KLVDIAIREIAEGKIDIDRIDERN 2793.5608 2793.5349 D-rich 

HP0777 PyrH EICESYIYR 1174.5039 1174.5328 C 

HP0779 AcnB RPHAIDEVFIGSCMTNIGHFR 2399.1118 2399.1626 HX9CX5H 

HP0795 Tig ECVPSVGVEVPNEEK 1613.8110 1613.7607 C 

HP0824 TrxA ICKVNTDEQEELSAK 1705.8318 1705.8192 C 

HP0853 YheS, HP0853 TIGNEALECENISK 1519.7584 1519.7189 C 

QSVHLLIETLENQGK 1707.8937 1707.9155 H 
HP0857 GmhA 

ILICGNGGSASDAQHFAAELTGR 2287.1072 2287.1016 CX10H 

HP0866 GreA ICAELKQLK 1044.5472 1044.6001 C 

VGNTSCEVGIKVL 1317.7506 1317.6963 C 
HP0891 VdlD 

SEDIKTREITHTNSCY 1895.9136 1895.8683 HX3C 

ALNLTENGYTIEEEREILAR 2333.1887 2333.1863 E-rich 

ARAKDTKNRLCF 1421.7551 1421.7561 C HP0893 HP0893 

ALEKLKEIQAQKQR 1681.9878 1681.9839 – 

FCVVEGDLQTNR 1379.6725 1379.6504 C 
HP0900 HypB 

MCADAVIISK 1049.5328 1049.5249 C 

HP0902 HP0902 MEVVHFLEGVCFEK 1665.7753 1665.7894 HX5C 

HP0919 CarB AQTACFNPIK 1091.4875 1091.5433 C 

HP0953 HP0953 VAQKEFGSVCALR 1406.7495 1406.7340 C 

GLDSCIIGGFDPL 1305.7056 1305.6274 C 
HP0954 RdxA 

IACLIALGK 900.5319 900.5466 C 

HP0958 HP0958 KKKEELVEKTEPKIY 1861.0475 1861.0560 E-rich 

KICAIVAEFK 1120.6106 1120.6316 C 
HP0978 FtsA 

SACAKAGLDNDKHIL 1554.7827 1554.7825 CX9H 

HP0979 FtsZ NASTTECYREVDDVLVR 1969.0845 1968.9211 C 

HP1021 HP1021 HFSSTCTDTELANK 1552.6707 1552.6827 HX4C 



IPIGVEEGEKIR 1338.7665 1338.7507 – 
HP1024 CbpA, HP1024 

SRGPSEDLDDILSSIFGK 1934.9886 1934.9585 D-rich 

VWCKECQESEC 1342.6102 1342.4991 CX2CX4C 

SGTHLSPEEITHSIRQKDKNTSISSVYR 3169.6125 3169.6116 HX7H 

ENFICVLETSK 1281.6714 1281.6274 C 

IIEFADPEIENR 1444.6987 1444.7198 – 
HP1027 Fur 

LETLESILER 1201.6318 1201.6554 – 

HP1043 HP1043 LSIQEYEKEAIRHF 1761.8720 1761.9050 H 

HP1045 AcsA ALENNACPSVEK 1273.5818 1273.5973 C 

AECAELGYNPVDWGGEHEFIPVSAK 2717.2646 2717.2432 CX13H 
HP1048 InfB 

VGTIAGCVVSDGVIAR 1515.8049 1515.8079 C 

ASYDKACDLKDSPGCF 1718.7039 1718.7280 CX7C 

KKGCKLGAKGACDILKQL 1873.0552 1873.0641 CX7C HP1098 HcpC 
SKACELENGGGCF 1313.5909 1313.5380 CX7C 

HP1123 SlyD DFSATHVMVDYNHPLAGK 2001.0606 2000.9414 HX6H 

HP1125 Omp18, HP1125 GETKPKCAQKTRECY 1740.7786 1740.8287 CX6C 

HP1138 ParB GLADIFPEINEVYEQGLYER 2354.1096 2354.1431 E-rich 

IFPFYSESLASVEVLR 1855.9099 1855.9720 – 

GNGVDKTFCVRK 1322.6970 1322.6765 C 

TRTQYFEGVCIAIR 1655.7837 1655.8453 C 
HP1147 RplS 

YIQQFEDAQLKDK 1624.8472 1624.8097 – 

DGGWIESIGYYNPLSEPKDIK 2380.1729 2380.1587 – 
HP1151 RpsP 

MSERVEKLSQKA 1420.6748 1420.7344 – 

HP1152 Ffh VLLCACDLQR 1132.5508 1132.5732 CXC 

ALSVIESFGNCVR 1393.8417 1393.7024 C 
HP1158 ProC 

ERPEMIIEQICTPK 1685.8236 1685.8480 C 



HP1179 DeoB ACFNNLADSNDR 1338.6470 1338.5623 C 

HP1189 Asd TLHGFCVADQLR 1358.6913 1358.6765 HXXC 

FVSLHHQTLGMPFKR 1796.9891 1796.9508 HH 
HP1190 HisS 

NMHSGMQLNCLSFLK 1721.7876 1721.8052 HX6C 

IGEVHDGAATMDWMEQEKER 2332.0234 2331.0259 H, E-rich 
HP1195 FusA 

DTLTGDTLCDEK 1309.5948 1309.5708 C 

MMVDRLANELMDAASDK 1908.8856 1908.8744 D-rich 
HP1196 RpsG 

AFNKIEEKSGEKGIEVFEKALER 2650.4304 2650.3967 E-rich 

KKTKSPALVECPQRRGVCTRVY 2518.3127 2518.3625 CX6C HP1197 RpsL 

LTSKFEVISYIPGEGHNLQEHSIVLVR 3064.6082 3064.6345 HX4H 

FKDIGTCEKCGVAITHSK 1935.9948 1935.9547 CXXCX5H 
HP1198 RpoBC 

ITLEYAGCEFGK 1329.6953 1329.6274 C 

HP1200 RplJ ALLICDYKGLSVR 1449.7665 1449.8014 C 

HP1201 RplA ASFPEEKIKENMLELVK 2004.2743 2004.0602 E-rich 

HP1203 NusG FIGENKKPTPLSEADIGHILEK 2435.3042 2435.3059 H 

KFCPRENKHTLHKEIK 2007.1300 2007.0836 CX5HXXH 

TNTEKLELK 1074.5947 1074.5920 – HP1204 RpmG 
CSDCEDINYSTTK 1475.5460 1475.5723 CXXC 

GMVLCKPGSITPHK 1466.8027 1466.7738 CX7H 

HYAHVDCPGHADYVK 1710.7862 1710.7573 HXXHXXCXXH 

GITIATSHIEYETENR 1832.9380 1832.8905 – 

DYDNIDNAPEEKER 1706.7026 1706.7384 D-rich 

HP1205 Tuf, TufA 

ALEEAKAGNVGEWGEK 1686.8461 1686.8213 E-rich 

HP1223 HP1223 MVYDDTCDKKN 1330.5490 1330.5533 C 

HP1227 Cy553, HP1227 SKIVNMMSEAEIEKDLMDFK 2357.0906 2357.1316 – 

HP1236 HP1236 EGFHLFWEERCNDLSHQILNK 2614.3621 2614.2388 HX6CX4H 



  
KLPVGSDEYELVFER 1779.8798 1779.9043 – 

HP1237 CarA GVLGVCGVDTR 1074.5741 1074.5492 C 

HNQLDDDIKTAEQQNASDAEV 
SHMKK 2951.4248 2951.3679 HX21H, D-rich 

HP1242 HP1242 
LKLKDEIHSMIIEYR 1887.0477 1887.0288 H 

TEAKISFIDYKDLDMLKH 2166.1165 2166.1030 H, D-rich 
HP1244 RpsR 

YCKYTEAK 1004.4599 1004.4637 C 

HP1257 PyrE ILVCEDIITTGK 1303.7494 1303.7057 C 

KAEPSMIVELERLY 1676.8657 1676.8807 – 

ILKPTLVEEEIKSKIEF 2015.2754 2015.1554 E-rich HP1246 RpsF 

EKHEKTEHTHSHHTEEAESVGSHSE 2878.2849 2878.2502 HX4HXHXHHX9H, H-rich, E-rich 

HP1266 Nqo3, HP1266 VLNDFYHNPICGAGR 1675.8099 1674.7937 HX3C 

NCIKYTPETWDKFEK 1900.9351 1900.9030 C 

DKKPAVILDLDETVLNTFDYAGYLIK 2953.6316 2953.5688 D-rich 

KECVSPITR 1031.5654 1031.5433 C 
HP1285 HP1285 

SVKYHQQSAEIR 1443.6820 1444.7423 H 

SYIEKLTTAAR 1251.7308 1251.6823 – 
HP1292 RplQ 

NLAIALIEHNKIETGIYK 2039.3724 2039.1415 H 

HP1293 RpoA CFNCLDKIGIK 1250.6206 1250.6151 CXXC 

HP1294 RpsD TSDYGLQLKEK 1280.6588 1280.6613 – 

STPYAAQQAVESALSK 1650.8274 1649.8260 – 
HP1295 RpsK 

DITPLPHNGCRPPK 1544.7375 1544.7770 HXXC 

HP1296 RpsM VHELSEDEVSSIAK 1541.7742 1541.7573 H 

MKVRPSVKKMCDNCKIIK 2134.2693 2134.1611 CXXC 
HP1297 RpmJ 

GVIRVICATPK 1155.6388 1155.6798 C 

HP1301 RplO GFEGGQQPLQR 1215.5895 1215.5996 – 



HP1302 RpsE MEEINREEFQEVVVNIGR 2190.0693 2190.0740 E-rich 

YAQAIDDVKQSTITHIDGRKM 2389.1802 2389.2061 H, D-rich 
HP1303 RplR 

AEELKKAGIERAVY 1575.8410 1575.8621 – 

SRIGKRIIEIPSSVQASVEGSKL 2453.3743 2453.3965 – 
HP1304 RplF 

KNSKEKHELETH 1478.7579 1478.7478 HX4H 

HP1305 RpsH RQNVGGEVLCSIW 1459.6763 1459.7274 C 

HP1306 RpsZ, RpsN CGRPHSVYR 1073.5156 1073.5189 CX3H 

HP1308 RplX TSQVVVEGCK 1048.5062 1048.5223 C 

YASVGSVIVASVK 1278.7920 1278.7184 – 

LNVADNSGAKEIMCIK 1704.8201 1704.8539 C HP1309 RplN 
FDDNAAVILDAK 1290.6638 1290.6456 D-rich 

HP1310 RpsQ VGDFVSAIECR 1194.5676 1194.5703 C 

HP1311 RpmC SIKELEELLHAKKAELFELR 2395.2583 2395.3474 H, E-rich 

HP1312 RplP TKIVTCESENEIY 1527.7366 1527.7126 C 

HPQADAQLAAENVATQLEK 2033.0432 2033.0178 H 
HP1313 RpsC 

GIQFEKKEEAKEEREPR 2100.9316 2102.0757 E-rich 

KPTSHVFVEVAEGKEMK 1914.0016 1914.9873 H 
HP1314 RplV 

SALIVSCR 847.4296 847.4586 C 

HP1315 RpsS NVHNGRVFIPVYITENHVGY 2327.1631 2327.1812 HX13H 

TGTSGHPVSPWGTPAKGYK 1927.1335 1926.9589 H 

YILSECMASVGVVGNEDFINVS 
IGKAGR 2927.3159 2927.4521 C HP1316 RplB 

GSAMNPVDHPHGGGEGK 1645.6707 1645.7267 HXH 

GVLVVQTAQNVTK 1355.8047 1355.7772 – 
HP1317 RplW 

INSLKQEGKVK 1242.7312 1242.7296 – 

HP1318 RplD AGSITSPVFVGGGVSHGATNNR 2084.0823 2084.0398 H 



  
LALEYALEEK 1177.6232 1177.6230 – 

MEFLVQKIGMSR 1437.7391 1437.7472 – 
HP1319 RplC 

TIDANSTPVTLLK 1371.7830 1371.7610 – 

LASGPRCGLGEL 1171.5675 1171.6019 C 
HP1325 FumC 

NIHCASGIEPNREKIDY 1958.0114 1957.9316 HC 

EREELHEHLISKPCLALR 2172.1633 2172.1475 HXHX5C 
HP1334 HP1334 

IFFYDCKPLK 1272.6573 1272.6577 C 

GLALDHALKLGCEKIATGHY 2109.0796 2109.1040 HX5CX6H 
HP1335 MnmA, TrmU 

IKNAQKACEF 1150.5356 1150.5804 C 

DLASLCDVFVNDAFGTSHR 2066.1521 2065.9526 CX11H 

ILPCFEVLDK 1175.5662 1175.6260 C 

IRESLPTIQYCIDNK 1791.8684 1791.9189 C 
HP1345 Pgk 

FLRGEEENDENLAK 1662.8130 1662.7849 E-rich 

HP1379 Lon HALKPSEVEISHECLK 1818.0001 1818.9298 HX10HXC 

SGSMVADVHHVLVKKGGMF 1998.1230 1998.0179 HH 
HP1385 Fbp 

LASQHEAHILEKY 1536.7208 1537.7889 HXXH 

HP1430 Rnj TDNNQNNENHENSSENSKADEMR 2676.2700 2676.0703 H, E-rich 

HP1441 PpiA VIAGFVAQGGCPYGTGTGGPGHR 2158.0557 2158.0378 CX10H 

IAHQAVVVNVGASWCPDCR 2038.2634 2037.9877 HX11CXXC 
HP1458 HP1458 

GKVEFFKVSFDESQDLKESLGIR 2657.5583 2657.3701 – 

GLRNVVERQEALKEFF 1934.0929 1934.0374 – 

RLVDVACGTGDML 1348.7601 1348.6479 C 

ACEHAFLFLENK 1420.6879 1420.6809 CXH 
HP1483 UbiE 

AIKKCEELENKASF 1608.7720 1608.8181 C 

HP1496 RplY SKKRISVECAPEHLPDHY 2108.0754 2108.0474 CX3HX3H 



LHIPIVAPLDTNCDPDLVDYPIPGNDDAI
R 3270.5605 3270.6230 HX10C 

HP1554 RpsB 
DLLECGVHFGHQTR 1610.7328 1610.7623 CXXHXXH 

TIAQVVADCSKEWNDDLK 2034.0880 2033.9278 C 

ETLALIAEIEKDNEEAKR 2071.3164 2071.0798 E-rich HP1555 Tsf 

DLTDAGMMDCK 1198.4769 1198.4668 C 

HFEEHGEVCPAGW 1496.6093 1496.6143 HX3HX3C 

HAVINDLPLGR 1203.6980 1203.6724 H HP1563 TsaA 
ATHQGVAEYLK 1215.5597 1215.6248 H 

HP1576 MetN LINCLERPSSGEVLVNGVNLLK 2366.2827 2366.2991 C 

VTIPACIVVATLR 1354.9545 1354.8007 C 

GEGVLYKEILCDVCDKLK 2022.1926 2022.0343 CXXC HP1588 HP1588 

SLEEMDDEEVKEMCDELSIK 2369.9202 2371.0117 C 

 
* Amino acids with Bi-binding abilities are highlighted in bold. 
 

 
	
  
	
  
	
  
	
  
	
  



Table S2 Amino acid compositions in Bi-binding peptides 
 

Amino acid compositions (%) 
Amino acids Frequency in 

proteins (%)37 Hp proteome † Bi-binding 
peptides in Hp 

Changes in 
occurrence (%) ‡ 

A (Ala) 7.7 6.8 6.9 1.8 

C (Cys) 2.0 1.1 4.2 273.8 

D (Asp) 5.2 4.9 5.7 15.3 

E (Glu) 6.2 7.2 9.9 38.4 

F (Phe) 4.0 5.3 3.6 -32.0 

G (Gly) 7.4 5.7 7.2 26.9 

H (His) 2.3 2.1 3.8 78.9 

I (Ile) 5.3 7.2 6.9 -4.7 

K (Lys) 5.9 9.0 7.7 -2.9 

L (Leu) 8.5 11.2 7.7 -31.3 

M (Met) 2.4 2.2 1.5 -30.8 

N (Asn) 4.3 5.8 4.6 -21.4 

P (Pro) 5.1 3.3 3.2 -3.0 

Q (Gln) 4.1 3.7 2.8 -24.7 

R (Arg) 5.1 3.5 3.4 -0.9 

S (Ser) 6.9 6.7 6.1 -10.2 

T (Thr) 5.9 4.3 4.3 -0.01 

V (Val) 6.6 5.6 6.8 21.2 

W (Trp) 1.4 0.7 0.4 -49.0 

Y (Tyr) 3.2 3.7 2.4 -34.0 
 
† The background Hp proteome was obtained by theoretical trypsin digestion of the whole H. pylori 
26695 proteome performed in the website of MS-Digest (UCSF).  
‡ The changes in amino acid occurrence were compared between the theoretical trypsin digested H. 
pylori proteome and the identified Bi-binding peptides. The amino acids that are more abundant in Bi-
binding peptides are highlighted in bold. 



Table S3 Enriched GO Biological Processes associated with putative Bi-binding proteins identified by IMAC. 

GO ID Bi-protein 
Ratio 

Background 
Ratio p-value FDR GO term name Proteins associated * 

GO:0006412 55/166 98/1555 3.41×10-31 4.99×10-29 translation 

P0A0X4 | P55972 | P55973 | P55975 | P56002 | P56003 
| P56004 | P56008 | P56009 | P56010 | P56011 | P56013 
| P56018 | P56020 | P56021 | P56023 | P56026 | P56028 
| P56029 | P56030 | P56031 | P56032 | P56034 | P56035 
| P56038 | P56039 | P56041 | P56042 | P56043 | P56044 
| P56045 | P56046 | P56047 | P56049 | P56050 | P56052 
| P56054 | P56058 | P56078 | P56126 | P56127 | P56455 
| P64275 | P66119 | P66142 | P66185 | P66217 | P66269 
| P66449 | P66459 | P66572 | P66609 | P66621 | P66637 

GO:0044267 68/166 163/1555 5.93×10-29 4.34×10-27 cellular protein 
metabolic process 

O25668 | O25982 | P0A0R3 | P0A0X4 | P42383 | 
P48285 | P55970 | P55972 | P55973 | P55975 | P55994 | 
P55995 | P56002 | P56003 | P56004 | P56008 | P56009 | 
P56010 | P56011 | P56013 | P56018 | P56020 | P56021 | 
P56023 | P56026 | P56028 | P56029 | P56030 | P56031 | 
P56032 | P56034 | P56035 | P56038 | P56039 | P56041 | 
P56042 | P56043 | P56044 | P56045 | P56046 | P56047 | 
P56049 | P56050 | P56052 | P56054 | P56058 | P56078 | 
P56112 | P56116 | P56126 | P56127 | P56420 | P56455 | 
P56460 | P64275 | P66119 | P66142 | P66185 | P66217 | 
P66269 | P66449 | P66459 | P66572 | P66609 | P66621 | 
P66637 | P71404 



GO:0019538 70/166 187/1555 2.14×10-26 1.18×10-24 
protein metabolic 
process 

O24875 | O25216 | O25668 | O25982 | P0A0R3 | 
P0A0X4 | P42383 | P48285 | P55970 | P55972 | P55973 
| P55975 | P55994 | P55995 | P56002 | P56003 | P56004 
| P56008 | P56009 | P56010 | P56011 | P56013 | P56018 
| P56020 | P56021 | P56023 | P56026 | P56028 | P56029 
| P56030 | P56031 | P56032 | P56034 | P56035 | P56036 
| P56038 | P56039 | P56041 | P56042 | P56043 | P56044 
| P56045 | P56046 | P56047 | P56049 | P56050 | P56052 
| P56054 | P56058 | P56078 | P56112 | P56116 | P56126 
| P56127 | P56420 | P56455 | P56460 | P64275 | P66119 
| P66142 | P66185 | P66217 | P66269 | P66449 | P66459 
| P66572 | P66609 | P66621 | P66637 | P71404 

GO:0009059 67/166 179/1555 4.36×10-25 2.13×10-23 
macromolecule 
biosynthetic 
process 

O24886 | O25528 | O25668 | O25671 | O25684 | 
O25806 | P0A0X4 | P55972 | P55973 | P55975 | P55976 
| P55993 | P55994 | P56001 | P56002 | P56003 | P56004 
| P56008 | P56009 | P56010 | P56011 | P56013 | P56018 
| P56020 | P56021 | P56023 | P56026 | P56028 | P56029 
| P56030 | P56031 | P56032 | P56034 | P56035 | P56036 
| P56038 | P56039 | P56041 | P56042 | P56043 | P56044 
| P56045 | P56046 | P56047 | P56049 | P56050 | P56052 
| P56054 | P56058 | P56078 | P56126 | P56127 | P56455 
| P56460 | P60325 | P64275 | P66119 | P66142 | P66185 
| P66217 | P66269 | P66449 | P66459 | P66572 | P66609 
| P66621 | P66637 



GO:0009058 85/166 384/1555 3.80×10-15 1.19×10-13 biosynthetic 
process 

O24886 | O25009 | O25087 | O25116 | O25286 | 
O25356 | O25528 | O25577 | O25668 | O25671 | 
O25684 | O25686 | O25773 | O25801 | O25806 | 
O25835 | O25936 | O26017 | P0A0X4 | P55972 | 
P55973 | P55975 | P55976 | P55993 | P55994 | P56001 | 
P56002 | P56003 | P56004 | P56008 | P56009 | P56010 | 
P56011 | P56013 | P56018 | P56020 | P56021 | P56023 | 
P56026 | P56028 | P56029 | P56030 | P56031 | P56032 | 
P56034 | P56035 | P56036 | P56038 | P56039 | P56041 | 
P56042 | P56043 | P56044 | P56045 | P56046 | P56047 | 
P56049 | P56050 | P56052 | P56054 | P56058 | P56078 | 
P56104 | P56016 | P56126 | P56127 | P56162 | P56184 | 
P56195 | P56455 | P56460 | P60325 | P64275 | P66119 | 
P66142 | P66185 | P66217 | P66269 | P66449 | P66459 | 
P66572 | P66609 | P66621 | P66637 | Q09066 



GO:0044237 114/166 636/1555 1.60×10-14 4.70×10-13 
cellular metabolic 
process 

O24886 | O24913 | O24950 | O25087 | O25098 | 
O25116 | O25286 | O25356 | O25524 | O25528 | 
O25560 | O25577 | O25629 | O25668 | O25671 | 
O25684 | O25686 | O25773 | O25801 | O25806 | 
O25825 | O25835 | O25883 | O25893 | O25982 | 
O26017 | O26096 | P0A0R3 | P0A0X4 | P14916 | 
P42383 | P42445 | P48285 | P55970 | P55972 | P55973 | 
P55975 | P55976 | P55993 | P55994 | P55995 | P56001 | 
P56002 | P56003 | P56004 | P56005 | P56008 | P56009 | 
P56010 | P56011 | P56013 | P56018 | P56020 | P56021 | 
P56023 | P56026 | P56028 | P56029 | P56030 | P56031 | 
P56032 | P56034 | P56035 | P56036 | P56038 | P56039 | 
P56041 | P56042 | P56043 | P56044 | P56045 | P56046 | 
P56047 | P56049 | P56050 | P56052 | P56054 | P56058 | 
P56078 | P56097 | P56104 | P56016 | P56019 | P56112 | 
P56116 | P56126 | P56127 | P56154 | P56162 | P56184 | 
P56185 | P56195 | P56418 | P56420 | P56455 | P56460 | 
P60325 | P64275 | P64382 | P66119 | P66142 | P66185 | 
P66217 | P66269 | P66449 | P66459 | P66572 | P66609 | 
P66621 | P66637 | P66928 | P69996 | P71404 | Q09066 

GO:0006457 11/166 18/1555 4.90×10-7 1.02×10-5 protein folding O25668 | O25982 | P0A0R3 | P21762 | P42383 | P55970 
| P55994 | P56112 | P56116 | P56420 | P56003 

GO:0045454 4/166 4/1555 5.63×10-4 9.88×10-3 cell redox 
homeostasis O25151 | O25996 | P55979 | P66928 

GO:0009166 12/166 43/1555 1.07×10-3 1.67×10-2 nucleotide catabolic 
process 

O25098 | O25524 | O25560 | O26096 | P55972 | P55995 
| P56002 | P56003 | P56005 | P56097 | P56195 | Q09066 



GO:0044248 19/166 88/1555 1.11×10-3 1.67×10-2 cellular catabolic 
process 

O25098 | O25524 | O25560 | O25686 | O25835 | 
O26096 | P14916 | P48285 | P55972 | P55995 | P56002 | 
P56003 | P56005 | P56097 | P56154 | P56184 | P56195 | 
P69996 | Q09066 

GO:0006184 7/166 17/1555 1.36×10-3 1.86×10-2 GTP catabolic 
process 

O25560 | P55972 | P56002 | P56003 | P56005 | P56097 | 
Q09066 

GO:0006351 8/166 22/1555 1.40×10-3 1.86×10-2 transcription, DNA-
templated 

O25671 | O25684 | O25806 | P55976 | P55993 | P56001 
| P60325 | P64275 

GO:0009116 19/166 92/1555 1.84×10-3 2.28×10-2 nucleoside 
metabolic process 

O25098 | O25116 | O25356 | O25524 | O25560 | 
O25577 | O25835 | O26096 | P55972 | P55995 | P56002 
| P56003 | P56005 | P56097 | P56104 | P56016 | P56162 
| P56460 | Q09066 

GO:0006414 5/166 9/1555 1.91×10-3 2.28×10-2 translational 
elongation 

P55975 | P56002 | P56003 | P56004 | P64275 

GO:0006091 14/166 60/1555 2.38×10-3 2.75×10-2 
generation of 
precursor 
metabolites and 
energy 

O24913 | O25686 | O25825 | O25883 | O26017 | 
P0A0R3 | P48285 | P55970 | P56026 | P56109 | P56154 
| P56418 | P56460 | P66928 

GO:0055114 24/166 131/1555 2.46×10-3 2.77×10-2 oxidation-reduction 
process 

O24913 | O24950 | O24951 | O25011 | O25087 | 
O25151 | O25286 | O25311 | O25312 | O25348 | 
O25608 | O25686 | O25773 | O25801 | O25825 | 
O25856 | O25883 | P21762 | P55970 | P55979 | P56184 
| P56418 | P56460 | P66928 

GO:0009164 11/166 43/1555 3.41×10-3 3.56×10-2 nucleoside 
catabolic process 

O25098 | O25524 | O25560 | O26096 | P55972 | P55995 
| P56002 | P56003 | P56005 | P56097 | Q09066 



GO:0009117 23/166 128/1555 3.74×10-3 3.73×10-2 nucleotide 
metabolic process 

O25098 | O25116 | O25524 | O25560 | O25577 | 
O25801 | O25835 | O26096 | P55970 | P55972 | P55995 
| P56002 | P56003 | P56005 | P56097 | P56104 | P56106 
| P56162 | P56184 | P56195 | P66269 | P71404 | Q09066 

 
* Proteins are listed by Uniprot ID. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4 Enriched GO Molecular Functions associated with putative Bi-binding proteins identified by IMAC. 

GO ID Bi-protein 
Ratio 

Background 
Ratio p-value FDR GO term name Proteins associated 

GO:0003735 45/166 54/1555 6.31×10-37 2.77×10-34 
structural 
constituent of 
ribosome 

P0A0X4 | P56008 | P56009 | P56010 | P56011 | P56013 
| P56018 | P56020 | P56021 | P56023 | P56026 | P56028 
| P56029 | P56030 | P56031 | P56032 | P56034 | P56035 
| P56036 | P56038 | P56039 | P56041 | P56042 | P56043 
| P56044 | P56045 | P56046 | P56047 | P56049 | P56050 
| P56052 | P56054 | P56058 | P56078 | P66119 | P66142 
| P66185 | P66217 | P66269 | P66449 | P66459 | P66572 
| P66609 | P66621 | P66637 

GO:0019843 30/166 39/1555 1.92×10-22 7.65×10-21 rRNA binding 

P0A0X4 | P56010 | P56011 | P56013 | P56018 | P56020 
| P56021 | P56026 | P56029 | P56030 | P56031 | P56032 
| P56034 | P56035 | P56036 | P56039 | P56041 | P56043 
| P56045 | P56046 | P56047 | P56049 | P56078 | P66119 
| P66185 | P66449 | P66459 | P66572 | P66609 | P66621 

GO:0003723 42/166 90/1555 2.07×10-19 7.56×10-18 RNA binding 

O25893 | P0A0X4 | P55972 | P55973 | P55975 | P56002 
| P56003 | P56004 | P56005 | P56008 | P56010 | P56011 
| P56013 | P56018 | P56020 | P56021 | P56026 | P56029 
| P56030 | P56031 | P56032 | P56034 | P56035 | P56036 
| P56039 | P56041 | P56043 | P56045 | P56046 | P56047 
| P56049 | P56078 | P56127 | P56185 | P64275 | P66119 
| P66185 | P66449 | P66459 | P66572 | P66609 | P66621 



GO:0003676 54/166 218/1555 5.37×10-11 1.18×10-9 nucleic acid 
binding 

O25029 | O25665 | O25671 | O25684 | O25758 | 
O25806 | O25893 | P0A0X4 | P42445 | P55972 | 
P55973 | P55975 | P55993 | P55995 | P56001 | P56002 | 
P56003 | P56004 | P56005 | P56008 | P56010 | P56011 | 
P56013 | P56018 | P56020 | P56021 | P56026 | P56029 | 
P56030 | P56031 | P56032 | P56034 | P56035 | P56036 | 
P56039 | P56041 | P56043 | P56045 | P56046 | P56047 | 
P56049 | P56078 | P56126 | P56127 | P56185 | P60325 | 
P64275 | P66119 | P66185 | P66449 | P66459 | P66572 | 
P66609 | P66621 

GO:0046914 21/166 81/1555 3.76×10-5 7.17×10-4 transition metal ion 
binding 

O25009 | O25216 | O25356 | O25528 | O25560 | 
O25577 | O25668 | O25671 | O25748 | O25825 | 
P0A0R3 | P14916 | P55970 | P55994 | P56021 | P56058 
| P56109 | P56195 | P66185 | P69996 | Q09066 

GO:0051082 5/166 8/1555 5.29×10-4 9.68×10-3 unfolded protein 
binding O25668 | P21762 | P42383 | P55994 | P56116 

GO:0005515 17/166 67/1555 9.41×10-4 1.59×10-2 protein binding 
O25116 | O25356 | O25528 | O25668 | O25671 | 
O25801 | P21762 | P42383 | P48285 | P55970 | P55994 | 
P56001 | P56116 | P56420 | P56460 | P71404 | Q09066 

GO:0003746 5/166 8/1555 1.07×10-3 1.67×10-2 
translation 
elongation factor 
activity 

P55975 | P56002 | P56003 | P56004 | P64275 

GO:0000049 7/166 17/1555 1.36×10-3 1.86×10-2 tRNA binding O25893 | P0A0X4 | P56020 | P56029 | P56041 | P56127 
| P66609 

GO:0003924 7/166 17/1555 1.36×10-3 1.86×10-2 GTPase activity O25560 | P55972 | P56002 | P56003 | P56005 | P56097 | 
Q09066 



GO:0046983 4/166 5/1555 1.51×10-3 1.95×10-2 
protein 
dimerization 
activity 

O25801 | P55970 | P56001 | Q09066 

GO:0042802 7/166 18/1555 1.92×10-3 2.28×10-2 identical protein 
binding 

O25116 | O25671 | P48285 | P55970 | P56420 | P56460 
| Q09066 

GO:0001882 35/166 219/1555 2.95×10-3 3.24×10-2 nucleoside binding 

O24875 | O25029 | O25098 | O25116 | O25356 | 
O25524 | O25577 | O25629 | O25668 | O25686 | 
O25835 | O25893 | O26096 | P0A0R3 | P42383 | 
P42445 | P55972 | P55994 | P55995 | P56002 | P56003 | 
P56005 | P56097 | P56104 | P56106 | P56116 | P56126 | 
P56127 | P56154 | P56184 | P56185 | P56455 | P56460 | 
P71404 | Q09066 

GO:0000166 40/166 263/1555 3.61×10-3 3.69×10-2 nucleotide binding 

O24875 | O25029 | O25087 | O25098 | O25116 | 
O25286 | O25356 | O25524 | O25577 | O25629 | 
O25668 | O25686 | O25801 | O25835 | O25893 | 
O26096 | P0A0R3 | P42383 | P42445 | P55970 | P55972 
| P55994 | P55995 | P56002 | P56003 | P56005 | P56097 
| P56104 | P56106 | P56116 | P56126 | P56127 | P56154 
| P56184 | P56185 | P56455 | P56460 | P66119 | P71404 
| Q09066 

GO:0030554 31/166 192/1555 4.23×10-3 4.13×10-2 
adenyl nucleotide 
binding 

O24875 | O25029 | O25098 | O25116 | O25356 | 
O25524 | O25577 | O25629 | O25668 | O25686 | 
O25835 | O25893 | O26096 | P0A0R3 | P42383 | 
P42445 | P55970 | P55994 | P55995 | P56104 | P56106 | 
P56116 | P56126 | P56127 | P56154 | P56184 | P56185 | 
P56455 | P56460 | Q09066 

 

 



Table S5 Enriched GO Cellular Components associated with putative Bi-binding proteins identified by IMAC. 

GO ID Bi-protein 
Ratio 

Background 
Ratio p-value FDR GO term name Proteins associated 

GO:0005840 45/166 56/1555 1.29×10-35 2.83×10-33 ribosome 

P0A0X4 | P56008 | P56009 | P56010 | P56011 | 
P56013 | P56018 | P56020 | P56021 | P56023 | P56026 
| P56028 | P56029 | P56030 | P56031 | P56032 | 
P56034 | P56035 | P56036 | P56038 | P56039 | P56041 
| P56042 | P56043 | P56044 | P56045 | P56046 | 
P56047 | P56049 | P56050 | P56052 | P56054 | P56058 
| P56078 | P66119 | P66142 | P66185 | P66217 | 
P66269 | P66449 | P66459 | P66572 | P66609 | P66621 
| P66637 

GO:0044444 53/166 92/1555 9.48×10-31 1.04×10-28 cytoplasmic part 

O25116 | O25883 | P0A0X4 | P48285 | P56005 | 
P56008 | P56009 | P56010 | P56011 | P56013 | P56018 
| P56020 | P56021 | P56023 | P56026 | P56028 | 
P56029 | P56030 | P56031 | P56032 | P56034 | P56035 
| P56036 | P56038 | P56039 | P56041 | P56042 | 
P56043 | P56044 | P56045 | P56046 | P56047 | P56049 
| P56050 | P56052 | P56054 | P56058 | P56078 | 
P56116 | P56418 | P56420 | P56460 | P66119 | P66142 
| P66185 | P66217 | P66269 | P66449 | P66459 | 
P66572 | P66609 | P66621 | P66637 



GO:0005737 88/166 290/1555 1.22×10-26 7.67×10-25 cytoplasm 

O25116 | O25528 | O25668 | O25671 | O25773 | 
O25801 | O25883 | O25893 | O25936 | P0A0R3 | 
P0A0X4 | P14916 | P21762 | P42383 | P42445 | 
P48285 | P55970 | P55972 | P55973 | P55975 | P55993 
| P55994 | P55995 | P56002 | P56003 | P56004 | 
P56005 | P56008 | P56009 | P56010 | P56011 | P56013 
| P56018 | P56020 | P56021 | P56023 | P56026 | 
P56028 | P56029 | P56030 | P56031 | P56032 | P56034 
| P56035 | P56036 | P56038 | P56039 | P56041 | 
P56042 | P56043 | P56044 | P56045 | P56046 | P56047 
| P56049 | P56050 | P56052 | P56054 | P56058 | 
P56078 | P56097 | P56104 | P56106 | P56116 | P56126 
| P56127 | P56154 | P56184 | P56185 | P56195 | 
P56418 | P56420 | P56455 | P56460 | P66119 | P66142 
| P66185 | P66217 | P66269 | P66449 | P66459 | 
P66572 | P66609 | P66621 | P66637 | P69996 | P71404 
| Q09066 



GO:0005622 90/166 338/1555 1.34×10-22 5.89×10-21 intracellular 

O24864 | O25116 | O25348 | O25528 | O25668 | 
O25671 | O25773 | O25801 | O25883 | O25893 | 
O25936 | P0A0R3 | P0A0X4 | P14916 | P21762 | 
P42383 | P42445 | P48285 | P55970 | P55972 | P55973 
| P55975 | P55993 | P55994 | P55995 | P56002 | 
P56003 | P56004 | P56005 | P56008 | P56009 | P56010 
| P56011 | P56013 | P56018 | P56020 | P56021 | 
P56023 | P56026 | P56028 | P56029 | P56030 | P56031 
| P56032 | P56034 | P56035 | P56036 | P56038 | 
P56039 | P56041 | P56042 | P56043 | P56044 | P56045 
| P56046 | P56047 | P56049 | P56050 | P56052 | 
P56054 | P56058 | P56078 | P56097 | P56104 | P56106 
| P56116 | P56126 | P56127 | P56154 | P56184 | 
P56185 | P56195 | P56418 | P56420 | P56455 | P56460 
| P66119 | P66142 | P66185 | P66217 | P66269 | 
P66449 | P66459 | P66572 | P66609 | P66621 | P66637 
| P69996 | P71404 | Q09066 

GO:0015935 7/166 7/1555 1.01×10-6 2.11×10-5 small ribosomal 
subunit 

P0A0X4 | P56009 | P56010 | P56011 | P56026 | 
P66572 | P66609 

GO:0015934 5/166 6/1555 2.11×10-4 4.23×10-3 large ribosomal 
subunit P56029 | P56030 | P56039 | P56047 | P56054 
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