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Dynamics of the Interaction between 
the Two-Helix Finger of SecA ATPase 

and SecYEG

 

CHAPTER 4
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ABSTRACT

Thermotoga maritima SecA-SecYEG complex, SecA enters the SecYEG channel via 

transmembrane domains 2-4 of SecY, that result in the pre-open state but this interaction 
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INTRODUCTION

Cellular processes depend on many systems of which proteinaceous complexes 

and either inserted into the cytoplasmic membrane or translocated to the trans side of 

SecA is found in cells either as soluble cytosolic form or peripherally associated with 
cytoplasmic membrane [4] where it can bind to acidic phospholipids [5] and to SecYEG 

bound SecA can diffuse along the membrane surface, and in this state it is triggered 

signal sequence of the preprotein into the SecYEG pore [10], and this is coupled to the 

a dissociation of SecA from the preprotein whereupon SecA can undergo cycles of ATP 
binding and hydrolysis that are associated with preprotein binding and release and 

the preprotein can translocate by sliding [13,15]

The structure of SecA has been solved either as a soluble protein as well as in a SecYEG-

from ATP binding and hydrolysis is carried out by DEAD (Asp-Glu-Ala-Asp) motor-

structure of Thermotoga maritima SecA-SecYEG complex, two possible mechanisms for 

of the translocation pore to allow polypeptide segments to slide into the translocation 

4
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MATERIAL AND METHODS

Chemical and reagents

2

Bacterial strains and plasmids
E. coli 
using E. coli
template, and resulting fragments were used to substitute the corresponding nucleotide 
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Table 3 | Strains and plasmids used in this study

Strains/plasmids Description Source
E. coli SF100 F-

(pvuII), DompT
[26]

E. coli [27]

F-ompT hsdSB(rB-, mB-) gal dcm [28]
pAGK002 This study
pET503 proOmpA C290S [29]
pET80 [30]
pEK20 Cysteine-less SecYEG [31]
pEK20-100C SecY(P100C)EG This study
pEK20-109C SecY(G109C)EG This study
pEK20-179C SecY(T179C)EG This study
pT7SecA-Co Cysteine-less SecA This study
pT7SecA-792C This study
pT7SecA-794C SecA Y794C This study
pT7SecA-795C SecA A795C This study
pT7SecA-797C SecA K797C This study
pT7SecA-801C SecA Q801C This study

containing designated overexpressed SecYEG with 1 mM Tris 2-carboxyethylphosphine 

2

E. coli BL21 (DE3) harboring wild type 

1-thiogalactopyranoside at A600

4
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Labeling of SecA was accomplished by incubating the protein with a 10-fold molar 

280  M 550  M  for 

480  M

In vitro translocation of proOmpA
In vitro

translocation activity was analyzed by means of SDS PAGE as previously described 

FRET Measurements

KCl, 2 mM MgCl2

RESULTS

Introduction of unique cysteines into SecA and SecY
The crystal structure of SecA and protein translocation channel SecYEG from T.maritima 
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, SecA Y794C, SecA A795C, SecA K797C, SecA 
E. coli  

Fig. 1. Cysteine mutation introduction to SecA and SecY. (A) Positions of cysteine mutations in 
SecY and SecA as mapped on Thermotoga maritima SecYEG and SecA co-structure (PDB: 3DIN) 

right is view from cis
1-5) and blue (TM 6-10); SecE in light brown and SecG in pale green; SecA is only represented by 

-
(B)

(C)

4
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cis interface of TM2b, TM3 

Each of the aforementioned mutants of SecY was cloned into an expression vector and 
overproduced in E. coli 

mutants of SecA and inner membrane vesicles harboring overproduced levels of SecY 

2-maleimide pair since these two pair have been used successfully 

relatively smaller than Cy dyes and Texas C2

the SecA Q801C mutant and SecY T179C, respectively, but were unable to label the 
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Fig. 2. Fluorescent labeling of SecA cysteine mutants (A)
(B)

(C) SecA was labeled 
(D)

C2

with either dyes followed by urea treatment to inactivate and remove the endogenous 

2-

4
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Fig. 3. Fluorescent Labeling of SecY Cysteine mutants. (A)
2 (B)

2 (C) 2-maleim-

for SecY P100C is explained by lower protein loaded on the gel as seen as from the Coomassie 
(D) 2

Translocation activity of labeled SecA and SecY variants

by means of in vitro

Substitution of the tyrosine residue in position 794 for a cysteine severely perturbed the 
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mutants K797C and Q801C show substantial translocation activity after IANBD labeling 

Fig. 4. Translocation activity of SecA and SecY cysteine mutants. (A) Normalized translocation 

 (B) Translocation activity of wild-type 

C2-maleimide to SecY still allows translocation, although the activity is slightly reduced 

FRET analysis of the SecA-SecY interaction
To examine the interaction between SecA and SecY, and associated dynamical changes, 

cis

2

4
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611 537
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 Emis-

(B)

(C)  

4
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Fig. 6. Unlabeled SecA quenches the FRET signal between Q801C-IANBD and SecY 
G109C-Texas Red. -

(A) or SecA 
Q801C-IANBD (B)

cis

positioned at TM 2-4 at the cis side of SecY, but indicate that no further changes in the 
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DISCUSSION

by means of the signal peptide-binding domain that involves residues of the preprotein 

domain 2 (NBD2) in order to release signal sequence and forms a clamp, creating 
continuous polypeptide guiding channel that is further stabilized by interaction with 

SecY, causing the displacement of the plug domain and the widening of a central channel 

of SecA directly interact with the translocating polypeptide and it was proposed that this 
structure moves up-and-down during the ATPase cycle to pushes the polypeptide to go 

SecA and three mutants on cis interface of SecY, using the structural and sequence 
homology of the E. coli proteins to that of T. maritima 

SecA mostly occurred through loop of TM 6-7 and 8-9 [37], the cysteine substitutions 
cis ends of TM 2b, 3 and 4 of SecY will not inhibit binding or 

2

cysteine mutations resulted in a decreased activity of SecA, in particular the Y794C 

4
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of the Y794C mutant with IANBD even restored some of the activity of this catalytically 

Using combinations of donor labeled SecA proteins and inner membrane vesicles 

which suggests that potential conformational changes involving the positioning of the 

ATP-dependent lever, but does not exclude a lever action in the initial stages of SecA-

positions at the cis interface of TM2b, TM3 and TM4, is more in line with a study where 

cis interface of TM1-5 of 
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