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Supplementary Material

Supplementary discussion

Possible mechanisms for the propagation of conformational changes during the

nucleotide hydrolysis cycle

We postulate that, during the transition from the ATP to the ADP state, both NBDs rotate

outwards and towards the membrane. Because the PPXD is fixed by its interaction with

the SecY channel, this could result in the transient widening of the clamp of SecA. The

movement of the NBDs would also be propagated by the long helix of the HSD to the

two-helix finger. In one scenario, the NBDs would maintain their interactions with the

long helix of the HSD, resulting in its bending. This could change the tilt of the

associated two-helix finger, such that its tip would move away from the SecY pore. An

alternative possibility is that the interactions of the long helix of the HSD with the NBD1

are broken, perhaps by association of the NBD1 with a non-translocating SecY copy. In

this case, the long helix would serve as a lever arm with a pivot point on the 2b/3 loop of

SecY, and this could move the finger away from the SecY pore.
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Supplementary figures

Figure S1| Position of the seleno-methionine residues in T. maritima SecYEG. The

positions of 11 out of 13 Se-Met in SecY and SecG were identified in an anomalous

Fourier difference map shown at 3.2! contour level (yellow mesh). The positions for Se-

Met 162 of SecY and 19 of SecG could not be assigned unambiguously. The sulfur atoms

of all 13 Met residues of the SecYEG channel are shown as spheres in magenta. SecA is

shown in blue, SecY in gray, SecE in red, and SecG in green.
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Figure S2| Selected views of the electron density map. Shown are !A-weighted, phase

combined, NCS averaged, and B-factor sharpened (-100) 2FoFc electron density maps

(brown mesh, contoured at 1!). SecA is shown in blue and SecY in gray. a, Helix 2 of

SecA’s two helix finger inside the cytoplasmic funnel of SecY. b and c, TM6 and TM9 of

SecY. Phe798 of SecA and Leu224 and Phe316 of SecY are labeled for orientation.
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Figure S3| Sequence alignment of the SecAs from E. coli, B. subtilis and T. maritima.

The C-termini of the truncated SecA constructs used in this study are indicated by a red

bar.
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Figure S4| Sequence alignment of the SecYs from E. coli, M. jannaschii and T.

maritima. TM-helices are indicated by gray bars, and regions not modeled in our crystal

structure are indicated by red dashed lines.
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Figure S5| The ADP-BeFx complex in the nucleotide binding pocket of SecA. a, A

!A-weighted, phase combined, NCS averaged, and B-factor sharpened (-50) 2FoFc

electron density map (brown mesh, contoured at 1.2!). The model phases were calculated

with only ADP in the nucleotide-binding pocket and were also used to calculate a FoFc

difference map (red mesh, contoured at 4.5!). The modeled Mg2+/BeF3
- complex is

shown in spheres (green magnesium, blue fluorine, pink beryllium). b, as in a, but side

view of the ADP-BeF3
- complex. Asp252 and Glu253 in the DEAD box of SecA are

labeled for orientation.
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Figure S6| Comparison of the B. subtilis SecA – T. maritima SecYE and T. maritima

SecA-SecYEG complexes. a, Stereo view of a !A-weighted, 4-fold averaged, solvent-

flattened 2FoFc electron density map of the B. subtilis SecA - T. maritima SecYE

complex. The view is on the lateral gate of SecY. SecY is shown in gray, the plug domain

in orange, and SecA in blue. b, Side view of an alignment of the complex of B. subtilis

SecA and T. maritima SecYE (both components in yellow) with the complex of T.

maritima SecA and T. maritima SecYEG (SecA in blue, SecY in gray, SecE in red, SecG

omitted). The complexes were aligned with respect to the SecY channel. c, Top view of

the aligned complexes.
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Figure S7| Comparison of the B. subtilis SecA – A. aeolicus SecYEG and T. maritima

SecA-SecYEG complexes. a, Shown is a NCS averaged 2FoFc electron density map of

the B. subtilis SecA - A. aeolicus SecYEG complex. The view is on the lateral gate of

SecY. SecY is shown in light blue, SecG in green, SecE in red, and SecA in blue. b, Side

view of an alignment of the complex of B. subtilis SecA and A. aeolicus SecYEG (both

components in yellow) with the complex of T. maritima SecA and T. maritima SecYEG

(SecA in blue, SecY in gray, SecE in red, SecG green). The complexes were aligned with

respect to the SecY channel. c, Top view of the aligned complexes.
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Figure S8| Nucleotide dependence of the stability of a SecA-SecY complex. SecA

from B. subtilis and SecYEG from A. aeolicus were gel-filtered in the absence of

nucleotide or in the presence of ADP or ADP-BeFx in 20mM MES pH 6.5, 150mM

NaCl, 10% glycerol, 0.5mM Cymal-6, 10mM MgCl2 (± 1mM ADP, 2mM BeCl2, and

7mM NaF). Samples of the fractions were analyzed by SDS-PAGE and stained with

Coomassie blue. The “smearing” of SecA in the presence of ADP and BeFx is likely due

to an increased SDS resistance of SecA and disappears upon boiling of the samples in

SDS prior to electrophoresis. The arrows indicate the peak positions of SecA and SecY.
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Figure S9| Alignment of the mouth of the SecA clamp with the lateral gate of the

SecY channel. The seam on the surface of the SecA-SecYEG complex is indicated by a

dashed red line. The polypeptide chains are colored as in Figure 1.
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Figure S10| Signal peptide binding site of SecA as identified by NMR spectroscopy.

SecA residues interacting with the hydrophobic core of the synthetic signal peptide KRR-

LamB are mapped in red onto B. subtilis SecA (left) and the T. maritima SecA-SecYEG

complex (right) (E. coli residues: P228, M235, Y236, V239, I304, M305, L306). The

position of the SecY pore is indicated by a yellow circle.
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Figure S11| Nucleotide and amino acid sequence of T. maritima SecG. The gene was

PCR-amplified from genomic DNA (ATCC code 43589, DSM: 3109). The database

entry for the T. maritima SecG gene has a nucleotide deletion after the Ala33 codon,

resulting in a frame shift. The extra cytidine found in our sequence is highlighted in red.
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Figure S12| Experimental electron density map for the T. maritima SecA-SecYEG

complex. The map was calculated at 4.5Å and contoured at 1.0!. Experimental phases

were derived from 11 Se-Met positions identified in SecY and SecG in an anomalous

Fourier difference map and were refined by NCS averaging. a, Overview of the SecA-

SecYEG complex; b, Close-up view on the lateral gate of SecY. c, 90o rotation of b.

SecA is shown in blue, SecY in gray, SecE in red, and SecG in green. SecY’s plug is

shown in orange.


