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In Short

• Vitamin B12 accquisition and transport by BtuH

• Structure and dynamics of BtuBGH

• BtuBG dynamics in asymmetric membranes

The human gut bacteria Bacteroidetes need sev-
eral proteins to extract vitamin B12, small cofactors
such as maltodextrin (MalA), sucrose (SuxA) and
metallo-organic compounds from their environment
(1,2). These bacteria acquire vitamin B12 from the
environment either instead or in addition to biosyn-
thetic pathways of the vitamin. To this end, they
employ the outer membrane protein BtuB along with
surface-exposed lipoproteins ButG and BtuH (3,4,5).
Aim of the present project is to understand the molec-
ular details of this process based on recently ob-
tained protein structures.

A current report suggests that BtuG can bind
cyanocobalamin (CNCbl) with femtomolar affinity,
whereas the dissociation constant of the CNCbl
bound BtuH is smaller than that of CNCbl bound
to BtuG. The newly determined crystal structure of
the BtuH and a cryo-EM structure of the BtuBGH
complex along with the BtuBG and B12-BtuG crystal
structure from B. thetaiotaomicron are at the heart
of the present computational study.

The MD simulations revealed that the BtuG
molecule can pull CNCbl from a more or less arbi-
trary position to its binding site by strong electrostatic
and non-covalent interactions. The binding free en-
ergy caculated using well-tempered metadynamics
(WTMtD) corresponds closely to the dissociation
constant found in experiment. Furthermore, we ex-
tensively examined the CNCbl intake process by the
BtuG surface-exposed lipoprotein in association with
the BtuB outer membrane protein, i.e., the BtuBG
protein. The BtuG lid opening process using biased
and unbiased MD simulations revealed that the BtuG
moves away from BtuB via a hinge loop and can
open up to about 40◦ to facilitate the acquisition of
CNCbl from the surrounding. The process is similar
to that of the SusCD and RagAB proteins which re-
cently have been examined by our research group
(6,7,8). Furthermore, unbiased simulations were

Figure 1: Crystal structure of cyanocobalamin bound BtuH. The
phosphate moiety of the cyanocobalamin interacts with Na+ (yel-
low sphere) and Ca2+ (green sphere) ions.

performed with a starting structure with an opening
angle of 40◦ and CNCbl being outside of the BtuG
protein. The BtuG lid started closing very quickly to
an the BtuG lid angle of around 20◦, and the CNCbl
molecule reached the BtuG active site cavity after 1
µs. To this end, the CNCbl-bound BtuBG was consid-
ered to reveal conformational dynamics of the BtuBG
protein and the translocation process of the CNCbl
from the active site cavity of BtuG to BtuB. In the
closed state of the CNCbl-bound BtuBG, BtuG binds
CNCbl weakly compared to the results for CNCbl-
BtuG due to several loop rearrangements, which
further enable CNCbl molecules to move toward
the BtuG binding cavity. Computationally mutated
substrate-binding sites, i.e., E55A, F58A, N107A,
Y196A, and Q336A, of the ButG lipoprotein were ex-
plored to better understand the high binding affinity
of the substrate. The stability and binding affinity
of the methylcobalamin (MeCbl) and adenosylcobal-
amin (AdoCbl) with BtuG protein were explored. In
addition, the transport of MeCbl and AdoCbl from the
BtuG binding site to the BtuB binding site have been
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being examined. Molecular dynamics simulations,
enhanced sampling techniques, applied field simu-
lations and the umbrella sampling approach were
employed in this project.

Furthermore, the newly crystalized BtuH protein
provides us with an excellent opportunity to explore
the binding affinity for CNCbl as well as the stability
and role of the BtuGH and BtuBGH complexes in the
CNCbl transport process. Since Ca2+ and Na+ ions
enable the binding of the CNCbl in the binding cavity
of BtuH, the stability of the CNCbl-bound BtuH in the
presence of Ca2+ and Na+ ions, and subsequently,
with two Ca2+, two Na+, only one Ca2+, only one
Na+, and without any ion using unbiased MD sim-
ulations will be examined to reveal the role of the
individual ions and electrostatic interactions. The
experimentally determined binding affinity of CNCbl
with BtuH was lower than that of BtuG, therefore, it
is expected that CNCbl can be transported from the
BtuH binding site to the BtuG binding site. Conse-
quently, it would also be noteworthy to calculate the
free energy required for the CNCbl transport process.
In addition, we aim at examining how CNCbl moves
from BtuH to BtuB via BtuG in this complex.

Figure 2: (A) CNCbl-BtuG simulations from more or less arbitrary
starting positions 1, 2, and 3. The CNCbl ligand was captured by
the surface-exposed BtuG protein from all depicted positions by
strong electrostatic interactions. The crystal structure position of
the ligand is shown in a blue stick representation. (B) The CNCbl
transport in the BtuBG complex from BtuG (blue) active site to
BtuB (yellow) active site. The starting position is displayed in a
magenta stick representation and the final position in green.
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