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ABSTRACT

complex that functions as a membrane embedded protein conducting channel that 
associates with the peripheral membrane protein SecA which acts as an ATP-driven 
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INTRODUCTION

Around one third of proteins produced in bacteria are either inserted or translocated 

translocase which consists of the protein conducting channel SecYEG, the motor protein 

is provided by ATP hydrolysis via SecA, which drives stepwise transport of preproteins 

regulated by unfolded preproteins, the SecYEG complex, acidic phospholipids and SecB 

The nucleotide binding domains (NBDs) of SecA form a DEAD (Asp-Glu-Ala-Asp) motor, 

Structural studies on the Thermotoga maritima SecA-SecYEG complex [10] show that 

is inserted into the cytoplasmic opening of the SecY channel, which brings the two helices 

The mechanism of SecA mediated protein translocation through the SecYEG pore is 

the C4-loop between the transmembrane segments (TMS) 6 and 7 which are part of 
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Fig. 1. Overview of SecA 2HF variants. (A) A representation of the T. maritima SecA-SecYEG 
viewed from the side [10]; SecYEG (purple), SecA : NBD1 (blue), NBD2 (light blue), PPXD (green), 

SecA with insertion region (yellow) and the conserved Tyr794 (magenta), Alanine residue shown 

E.coli

MATERIAL AND METHODS

Plasmids construction
The secA E. coli 
was digested with NdeI and Xho
Unique restriction site MunI and BseRI in pAGK002 were then used to insert synthetic 
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by these restriction sites, resulting in pAGK003, pAGK004, pAGK005, pAGK006, 

E. coli BL21 (pLySs) 
at 37 ºC, but SecA i3 mutant was expressed at 25 ºC to prevent the forming of inclusion 

In vivo complementation assay
E. coli

In vitro translocation assay

were determined by measuring the amount of released free phosphate using the 
malachite green assay [17]. In vitro

SecA binding assay
Microscale Thermophoresis - The dissociation constants (KD) of wild type SecA, SecA i3 

ANS binding to SecA - ANS binding assay was performed to gain more insight into the 
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RESULTS

Truncation and extension of the 2HF of SecA

helices that are connected through a loop which harbors the highly conserved tyrosine 

for the parallel insertion of an equal number of alanine residues into the two helices and 

The alignment showed that D772-S773 and E816-S817 are not conserved thus this region 

Table 1 | Strains and plasmids used in this study

Strains/plasmids Description Source
E. coli [19]

E. coli BL21(DE3) 
pLysS

F-ompT hsdSB(rB-, mB-) gal dcm [20]

E. coli [secA13(Am) supF(Ts) trp(Am) zch::Tn10 recA::CAT 
clpA

[15]

E. coli SF100 [21]

pAGK002 This study
pAGK003

and S773 and E816 and S817 in pET20b (i1)
This study

pAGK004
and S773 and E816 and S817 in pET20b (i2)

This study

pAGK005
and S773 and E816 and S817 in pET20b (i3)

This study

pAGK006
and S773 and E816 and S817 in pET20b (i6)

pAGK007 This study

pAGK008 This study
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Table 1 | Continued

pAGK009 This study

pAGK010 This study

in vivo by a complementation 
E. coli 

strain, chromosomal secA expression can be shut off by growth at 42 °C because of the 
presence of a secA 

in vitro, we focused hereafter 

Truncation of 2HF by about one helical turn does not interfere with translocation
The ATPase activity of SecA is strongly stimulated when both SecYEG and preproteins are 

in vitro,
E. coli

E. coli resulted in strong 
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Fig. 2. The effect of extension and truncation in 2HF SecA in protein translocation. (A) 

generation through ATP hydrolysis and thus translocation is solely coupled to the 

in vivo complementation data and demonstrate the importance and promiscuity of the 
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is applicable to analyze protein-protein interactions based on their movement in a 

is different than the bound molecules due to their distinct charge, hydration shell and 

and therefore the dissociation constant KD

surrounding SecYEG and enough space for the SecA N-terminus to bind, large nanodiscs 

KD

Fig. 3. Analysis the binding of SecA 2HF mutants (A) MST measurements of wild type SecA 

apparent KD

to hydrophobic residues of protein, the emission maximum of ANS will be shifted to blue 
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DISCUSSION

The mechanism of SecA mediated protein translocation through the SecYEG pore is 
T.maritima SecA–SecYEG [10], at least 

in vitro

 The lipid environment around SecYEG and the N-terminus of 

enhanced as compared to that of wild type SecA, whereas the translocation activity 
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per translocation event as compared to the wild type SecA [28], as observed with the 

of SecA may interact with the polypeptide ensuring a one directional movement through 
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