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Structure of Escherichia coli BamB and its
interaction with POTRA domains of BamA

In Escherichia coli, the BAM complex is essential for the
assembly and insertion of outer membrane proteins (OMPs).
The BAM complex is comprised of an integral B-barrel outer
membrane protein BamA and four accessory lipoproteins
BamB, BamC, BamD and BamE. Here, the crystal structure
of BamB is reported. The crystal of BamB diffracted to 2.0 A
with one monomer in the asymmetric unit and the structure is
composed of eight-bladed B-propeller motifs. Pull-down and
Western blotting assays indicate that BamB interacts directly
with the POTRA 1-3 domain of BamA and the C-terminal
region of the POTRA 1-3 domain plays an important role in
the interaction, while the POTRA 1-2 domain is not required
for the interaction.

1. Introduction

The cell envelope of Gram-negative bacteria is composed of
the inner membrane and the outer membrane, which are
separated by the periplasm. The outer membrane consists of
phospholipids, lipopolysaccharides (LPS) and integral outer
membrane proteins (OMPs) (Wu et al., 2005). Omp85 is an
essential component in outer membrane biogenesis which
can export lipids and assemble outer membrane proteins
(Genevrois et al., 2003; Voulhoux et al., 2003). The integral
B-barrel membrane proteins are conserved in prokaryotes and
eukaryotes. In Escherichia coli, the Omp85 homologue BamA,
which belongs to the BAM complex, is crucial for outer
membrane assembly (Knowles et al., 2009). The nascent OMPs
are synthesized in the cytoplasm with an N-terminal signal
sequence which can be recognized by the chaperones SecA
and SecB, and the OMPs are translocated through the inner
membrane into the periplasm by the SecYEG complex. After
removal of the signal sequence, the unfolded OMPs are
recruited and delivered to the BAM complex by periplasmic
chaperones such as SurA, Skp and DegP. The BAM complex
folds and inserts the nascent OMPs into the outer membrane,
but how it does this is poorly understood (Pugsley, 1993; Bos
et al., 2007; Gatsos et al., 2008; Knowles et al., 2009). Under-
standing the mechanism of each component is highly signifi-
cant, as it could lead to strategies for devising drugs.

The BAM complex comprises an integral B-barrel outer
membrane protein BamA and four accessory lipoproteins
BamB, BamC, BamD and BamE (Wu et al., 2005; Sklar et al.,
2007). The BAM complex is essential for outer membrane
protein assembly (Werner & Misra, 2005; Doerrler & Raetz,
2005), although the specific function of each component is not
yet clear. BamA contains N-terminal polypeptide-transport-
associated (POTRA) domains and a C-terminal B-barrel
domain. The structures of the five POTRA domains, which
have a similar basic folding structure B-a-a-f-8, have been
determined by X-ray crystallography, NMR and small-angle
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X-ray scattering (SAXS); while the POTRA 3 domain has a
B-augmentation that is considered to be the protein binding
site, the POTRA 5 domain is crucial for interactions with the
lipoproteins BamB, BamC, BamD and BamE (Kim et al., 2007,
Gatzeva-Topalova et al., 2008, 2010). BamB and BamD make
direct interactions with the POTRA domains of BamA, while
BamC and BamkE indirectly bind to BamA via BamD
(Malinverni et al., 2006). The BAM complex can be recon-
stituted from the purified components in vitro; the presumed
BamA:BamB:BamC:BamD ratio was 1:1:1:1 (Hagan et al.,
2010).

BamA and BamD are required for cell viability (Voulhoux
et al., 2003; Wu et al., 2005), while BamB, BamC and BamE
are nonessential for cell viability and only affect the assembly
of some outer membrane proteins (Malinverni et al., 2006;
Voulhoux et al., 2003; Wu et al., 2005).

From bioinformatics, mutagenesis and biochemical analysis,
it has been shown that deletion of BamB reduces the levels of
many OMPs and leads to hypersensitivity to some antibiotics,
while the absence of BamB and DegP leads to a synthetic
lethal phenotype (Charlson et al, 2006). BamB plays an
important role in the assembly of OMPs which are delivered
by SurA (Hagan et al, 2010). Moreover, BamB and SurA
working together are more important in protein assembly than
their individual actions (Ruiz ef al., 2005; Onufryk et al., 2005;
Hagan et al., 2010).

Residues Leul73, Leul75, Argl76, Asp227 and Asp229 of
BamB are crucial for interaction with BamA, while the region
Val319-His328 plays an important part in biological function
of BamB other than its interaction with BamA (Vuong et al.,
2008). Recent studies have shown that BamB directly interacts
with POTRA 3 of BamA via its f-augmentation and also with
POTRA 2, POTRA 4 and POTRA 5 (Kim et al., 2007). In
order to better understand the interaction between BamB and
BamA and to obtain insight into how the BAM complex
functions in the folding and insertion of OMPs, we solved the
crystal structure of BamB and tested its interaction with the
POTRA domains of BamA via pull-down and Western blot-
ting assays in vitro.

2. Materials and methods
2.1. Cloning and expression

The coding sequence of BamB (residues 25-392; GenBank
accession No. AAC75565.1) was amplified from E. coli K-12
genomic DNA using the sense primer 5-GGCCATATGAG-
CGAAGAAGATGTGGTAAA (the Ndel restriction site is
shown in bold) and the antisense primer 5-ACGGAATTCT-
TAACGTGTAATAGAGTACACGGT (the EcoRI restriction
site is shown in bold). The PCR products were cut with the
Ndel and EcoRI restriction enzymes and cloned into pET28a
vector (Novagen; the thrombin protease site was replaced by
a PreScission protease site). The recombinant plasmid was
transformed into E. coli BL21 (DE3) cells. The cells were
incubated at 310 K with 50 ug ml~" kanamycin in LB medium,
induced at an ODgg, of 0.6 with a final concentration of 0.1 mM
isopropyl B-p-1-thiogalactopyranoside (IPTG) at 298 K for

12 h and harvested by centrifugation at 5000 rev min~' for
15 min.

2.2. Protein purification

The cells were suspended in 40 ml lysis buffer (20 mM Tris—
HCI, 200 mM NaCl pH 7.5) and lysed by sonication with
0.1 mM phenylmethylsulfonyl fluoride (PMSF), 10 mg ml™"
lysozyme. The crude cell lysates were centrifuged at
18 000 rev min~" for 45 min; the supernatant was loaded onto
an Ni-NTA column (pre-equilibrated with lysis buffer) and
nonspecifically bound proteins were washed out with washing
buffer (20 mM Tris—=HCI, 50 mM imidazole, 200 mM NaCl
pH 7.5). The binding protein was eluted with elution buffer
(20 mM Tris—-HCI, 500 mM imidazole, 200 mM NaCl pH 7.5).
The N-terminal Hisq tag was removed by PreScission protease
at 277 K overnight, leaving four additional residues (Gly-Pro-
His-Met) at the N-terminus of BamB, and the buffer was
changed to low-salt buffer (20 mM Tris—HCI, 50 mM NaCl pH
7.5) using a desalting column (GE Healthcare). The solution
was reloaded onto an Ni-NTA column and the flowthrough
was concentrated and passed through an anion-exchange
column (pre-equilibrated with low-salt buffer; GE Health-
care). The target protein was eluted with high-salt buffer,
concentrated to 10 ml and passed through a Superdex 200
column (GE Healthcare). The purity of the prepared protein
was determined by SDS-PAGE and the purified protein was
concentrated to ~16 mg ml~" for crystallization trials.

2.3. Crystallization and X-ray diffraction

BamB was screened for crystallization at 293 K in 96-well
plates using crystallization screening kits from Hampton
Research including Crystal Screen, Index, PEGRx, PEG/Ion,
Natrix, SaltRx and PEG 600/LiCl Grid Screen. A crystal of
BamB grew within 4 d via the sitting-drop vapour-diffusion
technique using 25%(w/v) PEG 3350, 0.2 M lithium sulfate
monohydrate, 0.1 M bis-Tris pH 5.5 as the reservoir buffer.
The crystallization drops consisted of 1 pl protein solution and
1l reservoir solution. The selenomethionine (SeMet) deri-
vative was purified and crystallized as described above. The
crystals were flash-cooled in liquid nitrogen after soaking in
cryoprotectant solutions consisting of the reservoir solution
supplemented with 25%(v/v) glycerol. Data sets were
collected from both wild-type and SeMet-substituted crystals
at 100 K on station BL17U1 of the Shanghai Synchrotron
Radiation Facility (SSRF) at the peak wavelength for Se. The
wild-type and SeMet-substituted crystals both belonged to
space group 1222. The wild-type BamB crystals diffracted to
20A resolution, with unit-cell parameters a = 49.14, b=121.12,
c=13329 A, a= B=v=90°. SeMet-substituted BamB crystals
diffracted to 2.1 A resolution, with unit-cell parameters
a=4915b=121.11,¢=13329 A, a = B = y = 90°. Data were
processed using HKL-2000 (Otwinowski & Minor, 1997).

2.4. Structure determination and refinement

The program HKIL2MAP (Pape & Schneider, 2004) was
used to search for six Se sites and initial phases were then
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Table 1

Data-collection and refinement statistics for BamB.

Values in parentheses are for the highest resolution shell.

Wild-type crystal

SeMet-derivative crystal

Space group R 1222 1222

Unit-cell parameters (A) a=49.15,b=121.12, a=49.15,b=121.11,
i c=13329 c=133.29

Wavelength (A) 0.9793 0.9793

Resolution range (A)
Total No. of reflections

50-2.00 (2.07-2.00)
498081

50-2.10 (2.18-2.10)
564606

No. of unique reflections 25190 23337
Multiplicity 4.5 (1.8) 52(22)
Rinerget (%) 10.2 (25.0) 10.8 (29.8)
(Ilo(1)) 133 (2.2) 16.0 (2.1)
Completeness (%) 92.6 (60.2) 97.8 (88.8)
FOM — 0.640
Refinement

Reryuit (%) 172

Rigect (%) 231

R.m.s.d.pona$ (A) 0.007

R-m-s-d-angle§ (O) 11

No. of protein atoms 2620

No. of ligand atoms 0

No. of solvent atoms 348

Ramachandran plot, residues in (%)

Favoured region 97.4

Allowed region 2.6

Outlier region 0
Average B factor (A%)

Protein 35.37

Solvent 46.36

T Reryst = Do “Fobs\ -

test set consisting of 5% of data excluded from refinement.
angles (Engh & Huber, 1991),

IFeaic|/ X paa 1Pl # Riree Was calculated as Rerysi, but from a

§ R.m.s.d. for bonds and

Table 2

Constructions of plasmid sequences.

Plasmid Residues Tag
pHGB.HA-P1 Ala21-Arg91 His-HA
pHGB.HA-P1-P2 Ala21-Gly172 His-HA
pHGB.HA-P1-P3 Ala21-Asp264 His-HA
pHGB.HA-P1-P4 Ala21-Asn345 His-HA
pHGB.HA-P1-P5 Ala21-Glu420 His-HA
pET28.GST-BamB Ser25-Arg392 GST

calculated using the PHENIX software (Zwart et al., 2008).
Model building and refinement were performed using Coot
(Emsley & Cowtan, 2004) and PHENIX. After the initial
polyalanine model had been built, iterative refinement was
performed against the wild-type data to assign all side chains.

After several refinement cycles with PHENIX and Coot, the
orientations of the amino-acid side chains and bound water
molecules were modelled on the basis of 2F, — F.and F, — F.
difference Fourier maps. The final structure had an R value
of 17.2% and an Ry value of 23.1%. The Ramachandran plot
calculated using the program MolProbity (Chen et al., 2010)
showed that 97.4% of the residues were in most favoured
regions, 2.6% of the residues were in allowed regions and no
residues were in disallowed regions. Detailed data-collection
and refinement statistics are summarized in Table 1. Structural
representations were generated by PyMOL (DeLano, 2002).
Sequence comparison and alignment was performed using
ClustalX (Thompson et al., 2002) and ESPript (Gouet et al.,
2003).

2.5. Pull-down and Western blotting experiments

The 1200 bp DNA fragment coding for the POTRA 1-5
domain of BamA (residues Alal21-Glu42; UniProtKB
POA940) was amplified from E. coli K-12 genomic DNA using
the forward primer 5-GGCGGATCCGCTGAAGGGTTC-
GTAGTGAAAGAT (the BamHI restriction site is shown in
bold) and the reverse primer 5'-ACGGAATTCTTACTCTT-
TTACCTTGTAGACGACATC (the EcoRI restriction site is
shown in bold). The PCR product was digested and ligated

Figure 1

180°

(%)

Overall structure of BamB. (a) The structure of BamB is composed of eight-bladed B-propellers; each blade motif is shown in a different colour. The
diameter of the hole formed by the eight blades is approximately 20 A at the bottom. (b) BamB rotated anticlockwise by 180° about the y axis; the
diameter of the hole is about 10 A at the top.
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into a modified vector pHGB.HA including a His-HA tag at
the N-terminus. The plasmid was transformed into E. coli
BL21 (DE3) for inducible expression. The cells were incu-
bated at 310 K and induced at 298 K overnight using 0.1 mM
IPTG when the cell density reached an ODgy of 0.6. The
protein was purified by Ni-affinity chromatography and the
elution buffer was exchanged for the experimental buffer
(50 mM HEPES, 150 mM NaCl pH 7.5) using a desalting
column (GE Healthcare).

The plasmids for the POTRA 1, POTRA 1-2, POTRA 1-3
and POTRA 1-4 domains were constructed on the basis of
the POTRA 1-5 domain of BamA using forward primer 1 (5'-
CAGGTAAAAGAACGTTAAACCATTGCCAGCATTAC)
and reverse primer 1 (5-GTAATGCTGGCAATGGTTTA-
ACGTTCTTTTACCTG), forward primer 1-2 (5-GGT-
GTTCCAGGAAGGTTAATCAGCTGAAATCCAGC) and
reverse primer 1-2 (5-GCTGGATTTCAGCTGATTAACC-
TTCCTGGAACACC), forward primer 1-3 (5-GAACA-
TCACCGAAGGCGATTAATACAAGCTTTCTGGC) and
reverse primer 1-3 (5-GCCAGAAAGCTTGTATTAATCG-
CCTTCGGTGATGTTC), and forward primer 1-4 (5-GTT-
GATGCGGGTAACTAATTCTACGTGCGTAAGATC) and
reverse primer 1-4 (5-GATCTTACGCACGTAGAATTAG-
TTACCCGCATCAAQ), respectively (Table 2). The expres-
sion and purification of POTRA 1, POTRA 1-2, POTRA 1-3,
POTRA 1-4 were performed using the same protocol as
described above for POTRA 1-5.

The gene for BamB encoding residues 25-392 was cloned
into a modified vector including a GST tag at the N-terminus
and transformed into E. coli BL21 (DE3) cells. The cells were
incubated at 310 K and induced at 298 K using 0.1 mM IPTG
overnight. GST-BamB was purified by GST-affinity chroma-
tography and the elution buffer was exchanged for the
experimental buffer 50 mM HEPES, 150 mM NaCl pH 7.5
using a desalting column (GE Healthcare).

Figure 2

The purified GST-fusion protein (GST-BamB) and the
purified HA-fusion proteins (HA-POTRA 1, HA-POTRA
1-2, HA-POTRA 1-3, HA-POTRA 1-4 and HA-POTRA
1-5; equivalent numbers of moles) were incubated in 800 pul
reaction buffer consisting of 50 mM HEPES, 150 mM NaCl
pH 7.5, 0.8% Triton X-100, 8% glycerol by rotating at 277 K
for 2 h and immobilized on 20 pl Glutathione-Sepharose 4B
beads (GE Healthcare) pre-equilibrated with the same reac-
tion buffer for 1 h. The beads were washed six times with
reaction buffer and the bound proteins were released from the
GST beads by heating at 360 K for 10 min in the presence of
20 pl SDS loading buffer. The supernatant was subjected to
SDS-PAGE and detected by Western blotting with anti-HA
antibodies (Sigma).

3. Results and discussion
3.1. The overall structure of BamB

The final model contains residues 25-392 of BamB, with the
exceptions of residues Met189-Ser193 and GIn234-Asp242,
which could not be traced in the electron-density map. The
N-terminal sequence 1-23 was predicted to be a signal peptide
that anchors the outer membrane. The overall structure
consists of eight-bladed g-propellers. Each blade contains four
B-sheets connected by four loops (L1-81-L2-82-L3-3-L4-54;
Fig. 2b). The eight-bladed B-propellers connect in turn to form
a hole (~20 A at the bottom and ~10 A at the top) in the
middle. Blade 8 consists of the C-terminus ($1-52-83) and the
N-terminus (g4) (Fig. 1).

Superposition of the eight S-propeller motifs shows that the
overall structure is similar except for loop 1 of each blade,
which is relatively flexible (Fig. 2a). Loop 1 of blade 2 is
particularly protuberant (Fig. 2b) and the projections
(Lys100-Leull1) on the top of the overall structure are not
conserved or do not exist in other species.

Comparison of each blade motif. (@) Superposition of each blade B-propeller, with each blade shown in a different colour as in Fig. 1. (b) Ribbon diagram
of blade 2 and the order of secondary-structure elements (L1-81-L2-82-1.3-83-L4-$4) with an electron-density map of 3.
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B b2 . .
—— o obtained for these two regions
P77774_ECOLI 1 MQLRHELLLPGELSVTLLS|GCS LFNEE ED vViKME/P@P T VENQF[Te[hT ALK T EhAE Sl L FIY SNHEA LADN we presume that they are flexible
Q9KTWS VIBCH 1 ..MKKLFNQVMVAAGVLALLAGCKMEEENV|IMAPMP Iv[Ks EF|TP wssvcccw Y| s[kMARIDYAYD .
Q9HXJ7_PSEAE 1 ..MVQWKHAAPLALALAVVGCSSEKKE . [L/p plalefT b Flk £ BviviLisk o REREE DlE ol Ly N e VDG s owing to the absence of the
W48-G57 POTRA domains of BamA and
B b4 ps 86 87 B that the missing regions are
F77774_ECOLI T T TIT . , ik P R crucial for the binding of BamB
P77774_ECOLT 71 V[vYARDRAELEKETNADDEKE IRV SPAEKDGWF s KE P A L LERIEVITVIS cEHV YT S|E K 2 O VESANT S|DE T
Q9KTWS VIBCH 69 KSDKDPQNKTDEG ...... SARLTAFKFENGVNDTE and BamA.
QouxJ7_PSEAE 68 T|LYAINSh/RERNMINToR E Tl LIKKDMERPV . . .. ... ... EXetelviclviG viElLvL VI8 TIL R G DY TESAD|E AlTlgK . .
Mapping all of the highly
conserved resides in the structure
9 10 11 12 13 14 15
P77774_ECOLI . B—r“ E TT E TTT P B—PTTL of BamB, we found that most of
P77774_ECOLI 141 VA[JOTKVAGEARSREV Vs DGILHL JHEEN GOoaRNE ApEAV K TVNL D M S S PG E S AT AlF G ARV V[ : :
Q9KTWS VIBCH 133 PLEGDNNNRGANDAITE PLLRG p AGG@FW the highly conserved resides are
Q9HXJ7_PSEAE 128 KKIUT KRVIN S{vEAs ABA TIN G Dlvi4v viogolp |k 1/cHpla als{Epio rIti 1/viels T ViR vEA TIRRE T Gla KLl Alc NM{A/L Ald not located on the protein
P190-P200 :
surface, suggesting that these
B17 18 BI9 B20 p21 highly conserved resides are
P77774_ECOLT TTT ——>TT TT TTT . . .
P77774_ECOLI 211 GDNERVSEVILME OEoMEGORIRT|sOlA TS TR ERIL SV T B[V V VN GV V F A AR NEN L TR LR LR EEE0 T MK important for BamB biogenesis,
Q9KTWS VIBCH 203 steR L afAlT alE RO LERNORPIviGlol kfga Tl 1 AR Vi viMa s Bl v TG GlT L F T viGlE N0 L TR T LR e Olp T K - .
Q9HXJ7 PSEAE 198 sfelx v vENvID vio RIEIL PERYE[R([vVIA|T|p OfeR sE LRV vl 1k G LiL L sl DT L Y v viS|y ofelr A AR IVINEREIR|T[LIZIO while other hlghly conserved
G237-D248 resides such as Ile227, Trp228,
p22 g3 b4 p25 p6  p g GIn230 (B4 of blade 4), Ser274
#77774 BCOLT > —$mr———pxo . . —>TT——> T ——> 54 Gly275 (loop 4 of blade 5)
P77774_ECOLI 281 [ELGEVND F[TVDGN R[TFIL VDN DRVIMAT[TDG GV THAGT 0)s DAL HLEATSEV L YN G N AR S IR D [Tv
Q9KTWS_VIBCH 273 YSEATDMDGSRTDKDHVADRSGTQEHELKMIDDD accumulate on the surface of
Q9HXJ7_PSEAE 268 |N5ASHYVGVREGFGN[IFVS/oascsVEGLD|SRGAlS sPRliNND AMA REIOMS AfJA v F s s Nl AR L tepd vittrILlS . .
L337-H347 BamB (Fig. 3¢). In particular, 4
of blade 4 located between loop 1
29 30 31 32
P77774_ECOLI T L» TT B—»T'rﬁ—b TT B—» of blade 4 and lOOp 1 of blade 5

P77774_ECOLI
Q9KTW8_VIBCH
Q9HXJ7_PSEAE

351
343
338

DS S|
ND S
D S D

QAKD]
VTRN
FGNG

E
N
\'2

[EFQTEIJVAADGKLL|T [ET\V|Y(S|TEYR|. .
[EFAVIGIJLALNDGYV|T €O\ T(KIKILEY IIQQ
[EVIRVIRIJLVVIGSWMY| [EKILVIA[YRYTR .

(a)

V|E D[eJR} VIAIQ O|KN4
RIN S[elEpg TIAIQ Q|4
QVD[e]RIFVIG[R E[RNY

Q230

1227 W228 S274 G275

(®)
Figure 3
Conserved resides of BamB homologues in Gram-negative bacteria. (a

homologues in other Gram-negative bacteria. The protein sequences were acquired from the UniProtKB

database: P77774 (E. coli), QIKTWS (V. cholerae) and Q9HXI7 (P.

conserved regions in the ribbon diagram of BamB. (c¢) The highly conserved loops and the residues which

accumulated on the surface are shown for the BamB structure.

3.2. The conserved amino acids and the critical residues for
BamA interaction

A homology sequence alignment (of sequences from E. coli,
Vibrio cholerae and Pseudomonas aeruginosa) shows that
there are four conserved regions (Trp48-Gly57, Pro190-
Pro200, Gly240-Asp248 and Leu337-His347; Fig. 3). In our
structure, loop 1 of blade 4 and loop 1 of blade 5 are two
conserved regions that contain crucial residues for binding
BamA, such as Leul92, Leul94, Argl95, Asp246 and Asp248
(Charlson et al., 2006), but as electron-density maps were not

may conveniently provide some
binding sites for the POTRA 3
domain via its B-augmentation
(Fig. 3c¢).

G237-D248

3.3. Pull-down and Western
blotting assays to detect the
interaction between BamB and
the POTRA domains of BamA

Which of the POTRA domains
of BamA are able to interact with
BamB is a very important ques-
tion. Therefore, we performed
pull-down and Western blotting
assays to explore this.

We prepared five N-terminally

() Hisg-HA-tagged BamA POTRA
domain constructs (Hise-HA-
) Sequence alignment of BamB POTRA 1, Hiss-HA-POTRA

1-2, Hiss-HA-POTRA 1-3, Hise-
HA-POTRA 1-4 and Hiss-HA-
POTRA 1-5; Fig. 4b); all five
constructs were expressed in
E. coli strain BL21 (DE3) and purified by Ni-affinity chro-
matography. As the same time, we constructed an N-termin-
ally GST-tagged BamB (25-392) plasmid, which was also
expressed in E. coli BL21 (DE3) and purified by GST-affinity
chromatography.

We incubated purified GST-BamB (25-392) and the various
POTRA domains of BamA (POTRA 1, POTRA 1-2, POTRA
1-3, POTRA 1-4 and POTRA 1-5) in 50 mM HEPES,
150 mM NaCl pH 7.5, 0.8% Triton X-100, 8% glycerol at
277 K for 2 h and pulled down the five constructed domains of

aeruginosa). (b) Mapping the
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POTRA1-5

Z
Q

A21 E420

POTRA1-4
0.3% input

N345
POTRA1-3

GST + BamB + P1-3

GST + BamB + P1
GST + P12
GST + BamB + P12
GST + P1-3
GST + P14

. GST + BamB + P14
GST +P1-5

f GsT+BamB+PI-5

S

P14
-5
GST +P1

P1-3

@

A~ A

A21 D264
POTRA1-2

G172

(a) (b)

Figure 4

Pull-down and Western blotting assays performed to detect the interaction between BamB (25-392) and the POTRA 1, POTRA 1-2, POTRA 1-3,
POTRA 1-4 and POTRA 1-5 domains of BamA. (a) The GST-fusion protein (GST-BamB) was used to pull down HA-fusion proteins (HA-P1, HA-P1-
2, HA-P1-3, HA-P1-4 and HA-P1-5). The POTRA 1-3 domain protein is unstable and degrades from the C-terminus; the degradation protein in the

POTRA 1-3 domain lane is indicated by a red square. (b) Summary of the POTRA domains in the BamA truncations.

BamA via the GST-fusion protein (GST-BamB); the results
were detected by Western blotting with anti-HA antibodies.

The results showed that BamB could pull down POTRA
1-3, POTRA 1-4 and POTRA 1-5, but not POTRA 1 or
POTRA 1-2 (Fig. 4a), which suggests that POTRA 1-2 is not
required for interaction. The POTRA 1-3 domain protein is
not very stable and degrades from the C-terminus (Fig. 4a,
red circle). However, BamB could not pull down degraded
POTRA 1-3, which demonstrates that BamB interacts directly
with POTRA 1-3 and that the C-terminal region of POTRA
1-3 plays an important role in the interaction.

In summary, BamB consists of eight-bladed S-propeller
motifs and the structure of each blade is similar, with the
exception of loop 1. The Pro190-Pro200 and Gly237-Asp248
loops are very flexible and are important for binding BamA.
The pull-down assay suggested that BamB interacts directly
with the C-terminal region of the POTRA 1-3 domain. The
POTRA 1-2 domain is not necessary for interaction with
BamB.
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