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Supplementary Information 

 

Supplementary Methods 

Trypsin proteolysis 

Proteoliposomes containing 4.6 µM SecYEG (2.3 μM active sites), 4.6 µM YidC (2.3 

μM active sites) or 2.3 μM of the HTL complex were subjected to proteolysis using 

trypsin. Trypsin (15 µg/ml) was added to the vesicles at a volume ratio of 1:1, 

solubilized in LDS sample buffer and the reactions were incubated at room 

temperature for 30 minutes. Samples were subsequently run on SDS-PAGE and 

analysed by Coomassie staining. 

  



Supplementary Figure Legends 

 

Supplementary Figure 1: Proteoliposome controls.  (A) 10 µl of empty vesicles 

and proteoliposomes containing SecYEG (4.6 µM = 2.3 μM active sites), YidC (4.6 

µM = 2.3 μM active sites) or the HTL (2.3 µM) were resuspended in LDS sample 

loading buffer and analysed by SDS-PAGE electrophoresis followed by Coomassie 

blue staining. The migration of SecE is slightly higher in the HTL sample compared 

to SecYEG due to slight differences in sequences of the affinity tags between the two 

[1]. (B) Protein incorporation into proteoliposomes. Equal amounts of the different 

proteoliposomes were exposed to 50 mM HEPES pH 8.0 (- urea) and 50 mM HEPES 

pH 8.0, 5M urea (+ urea) for 20 min and centrifuged at 355,000 x g for 45 min at 4°C. 

Pellets were resuspended in LDS buffer and analysed by SDS-PAGE. (C) HTL 

proteoliposomes were analysed after each in vitro translation/insertion assay step to 

follow the efficiency of the experiment. Input: 15 µl of HTL proteoliposomes. 1: 

Following first centrifugation (213,000 x g, 10 min, 4°C). 2: Following sucrose 

flotation. 3: Following second centrifugation (355,000 x g, 25 min , 4°C.). 4: 

Following urea treatment and third centrifugation (355,000 x g, 60 min , 4°C.).  

  



Supplementary Figure 2: Orientation of complexes in proteoliposomes. (A) 

Diagram showing the inverted orientation (inside-out) of E. coli SecY and YidC in 

proteoliposomes. The orientation shown corresponds to the cytoplasmic side of the 

proteins being exposed to the outside of the vesicles; the exposed tryptic cleavage 

sites in SecY and YidC are indicated by pairs of scissors. (B) Aliquots of SecYEG-, 

HTL- and YidC-containing proteoliposomes (PLs) were treated with trypsin and 

subjected to SDS-PAGE analysis followed by Coomassie staining. The arrowheads 

indicate the proteolysis fragments, which correspond to the respective products of 

cleavage in SecY and YidC at the sites shown in (A). The N-terminal fragment of 

SecY (21 kDa; blue arrowhead) [2, 3] is a result of cleavage between trans-membrane 

helices 6 and 7 [4] (shaded in blue.) The 42 kDa fragment of YidC (pink arrowhead) 

corresponds to the N-terminal fragment that includes the large periplasmic loop 

(shaded in pink) [5]. This indicates that the majority of reconstituted complexes 

favoured an orientation with outwardly facing cytosolic faces. 

  



Supplementary Figure 3: Representative gels of a PMF-stimulated membrane 

protein insertion assay. In vitro translation / insertion coupled assay showing 

membrane integration of radiolabelled substrates detected by phosphor imaging, as in 

Fig. 3A-C. Note that quantification (Fig. 3A) was performed at lower pixel intensity 

that allowed the isolation and quantification of each condition, without interference 

from the neighbouring lane (A, right-hand side). 

  



Supplementary Figure 4: FOc and xFOc folding. (A) FOc insertion activity during in 

vitro translation / insertion coupled assay in empty vesicles and YEG-, HTL- and 

YidC-containing proteoliposomes analysed by SDS-PAGE and detected by phosphor 

imaging. (B) FOc and xFOc insertion activity in HTL proteoliposomes in the presence 

or absence of 100 mM DTT. 

  



Supplementary Figure 5: Effect of YidC depletion on other components of the 

translocation machinery. Wild-type and YidC-depleted inner membrane vesicles 

(IMVs) from the BL21 and JS7131 strains, respectively, were analysed by SDS-

PAGE (A) and Western blotting (B, left panel) against SecY, SecE, SecG and YidC. 

Quantification was performed using ImageJ software and values represent the mean 

of three independent blots +/- SEM (B, right panel). 

  



Supplementary Table Legends 
 
 
Supplementary Table 1: Stoichiometry of the holo-translocon components. 

Calculated stoichiometry of the components of the holo-translocon (HTL) based on 

the average mRNA levels of each of the corresponding genes and their translation 

efficiency [6]. In order to verify reliability of this approach, stoichiometry of the FO 

complex of F1FO ATP synthase, with a known ratio of its subunits (a, b, and c) of 

1:2:10, was also calculated using the same method. 
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Protein	 Stoichiometry	
Components	of	the	holo-translocon	
SecD	 1.00	
SecF	 1.08	
SecY	 3.71	
SecE	 3.86	
SecG	 4.49	
YidC	 3.27	

Components	of	the	FO	complex	
FOa	 1.00	
FOb	 1.68	
FOc	 10.7	
	


