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Nucleotides influence the SecE conformation at the 
contact surface of the SecYEG dimer 

 
Andreas K.J. Veenendaal, Jan-Willem Veening, Jeanine de Keyzer, Chris van der 
Does and Arnold J.M. Driessen 
 
 
Summary 
 
The SecYEG complex of Escherichia coli self-assembles into dimers with at the interface two 
opposing transmembrane segments 3 of SecE. By means of cysteine cross-linking experiments, 
we observed that nucleotide tri-phosphates induce a conformational change at the dimer 
interface which is manifested as a reduced interaction between the two SecE proteins at a 
position close to the cytosolic face of the membrane. This effect is specific for the γ-phosphate, 
while magnesium functions as an antagonist. The possible physiological relevance of the 
observed phenomenon is discussed. 
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Introduction 
 
 In bacteria, most preproteins are translocated 
into or across the cytosolic membrane via the 
protein-conducting channel that consists of the 
membrane proteins SecY, SecE, and SecG (for 
a recent review see [208]). These proteins 
together form a stable heterotrimeric SecYEG 
complex [28,139]. The channel is well 
conserved in all three kingdoms of life with 
homologues found in eukaryotes and archaea 
[13-16,20-23,209]. The SecYEG complex 
constitutes a high affinity binding site for the 
ATPase SecA [82], a large dimeric protein [80] 
that drives the stepwise translocation of 
preproteins by cycles of ATP binding and 
hydrolysis [86,87,182]. SecYEG can also 
interact with the ribosome for co-translational 
membrane protein insertion [7,8] and with 
SecDFyajC, another heterotrimeric membrane 
protein complex, that facilitates protein 
translocation [12]. 
 The structure of the protein-conducting 

channel has been extensively investigated. 
Although it has been suggested that the channel 
constitutes a single SecYEG molecule 
[128,165], the SecYEG readily forms dimers 
and possibly higher ordered units. Several 
studies indicate that the active channel consists 
of multiple SecYEG complexes (2-4 units), the 
formation of which is triggered by binding of 
the ribosome, SecA or the Sec63p complex. 
Evidence for multimeric channel complexes 
emerged from electron microscopic and 
structural analyses [149-151,157,159-161], 
biochemical studies [71,124,125,130,162-164] 
and an in vivo mutational study [63]. The 
oligomerization properties of SecYEG indicate 
that the channel must be a highly dynamic 
structure. The actual number of SecYEG 
complexes in the active protein-conducting 
channel, however, remains a topic of discussion. 
 The interface between a dimer of SecYEG is 
constituted by two oppositely tilted TMS3 of 
SecE as demonstrated by cysteine scanning 
mutagenesis on the protein-conducting channel  

Figure 1. Schematic model of the SecYEG dimer interface.  The dimer interface between two neighboring SecYEG 
complexes is constituted by opposing TMS3 helices of SecE. The three observed sites of close proximity, identified 
by cysteine scanning mutagenesis [124,125], are indicated by connecting lines. 
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Table I. Plasmids 
Plasmid secYEG mutation(s) Characteristics Source 
pET627 secYE(L106C)Ga L106C mutation in secE [124] 
pET2504 secYE(A99C)Ga A99C mutation in secE [125] 
pET2505 secYE(G110C)Ga G110C mutation in secE [125] 
pET615/627 secY(I278C)E(L106C)Ga prlA-I278C combined with L106C in secE [125] 
pET615/2504 secY(I278C)E(A99C)Ga prlA-I278C combined with A99C in secE [125] 
pET2328 secYE(L106C)Gb L106C mutation in secE  This work  
pET2329 secYE(A99C)Gb A99C mutation in secE This work 
pET2330 secY(F286Y;I408N)E(L106C)Gc prlA4 combined with L106C in secE This work 
pET2331 secY(F286Y;I408N)E(A99C)Gc prlA4 combined with A99C in secE This work 

a Mutations are introduced into pET607 [124], which encodes a cysteine-less SecYEG with a histidine-tag on the 
amino-terminus of SecY; or b into pET2302 [177], which encodes wild-type SecYEG with a histidine-tag on the amino-
terminus of SecY. c Mutations in SecE are introduced into pET2306 [177], which encodes SecYEG that harbors the 
PrlA4 form of SecY with a histidine-tag on the amino-terminus of SecY. 
 
 
of Escherichia coli [124-126], and confirmed by 
the recent structural analyses [127,128]. 
Cysteine-directed cross-linking identified  the 
presence of at least three sites of close 
proximity in the interface: positions Ala-99, 
Leu-106 and Gly-110 in SecE [124,125]. These 
residues are well positioned at a confined face 
of the α-helical structure of TMS3 of SecE, and 
together cover the full stretch of the helix 
(figure 1). 
 In this study, we have employed the cysteine 
cross-linking assay as a molecular ruler to 
investigate conformational changes at the 
SecYEG dimer interface. The data shows that 
the interaction with nucleotides prevents the 
cross-link at Ala-99, a position that is located at 
the cytosolic side of the membrane. This 
phenomenon specifically depends on the γ-
phosphate while magnesium shows an 
antagonizing effect. The possible physiological 
relevance of this conformational change is 
discussed. 
 
 
Experimental procedures 
 
Material 
 SecA [27],proOmpA and proOmpA-DHFR 
[190] were purified as described previously. A 
stock solution of 80 mM Cu2+(phenantroline)3 
(Sigma, St. Louis, MO) was prepared as 
described [124]. Neocuproine was purchased 
from Sigma (St. Louis, MO). Nucleotides were 

purchased (from Sigma, St. Louis, MO) either 
as sodium or lithium salts: Na-AMP; Na-ADP; 
NA-ATP; Li-AMP-PNP; Li-ATP-γ-S; Na-
GMP; Na-GDP; Na-GTP; Na-CMP; Na-CTP; 
Na-UMP; Na-UTP. 
 
Plasmids, bacterial strains, growth conditions 
and membrane vesicle isolation 
 The plasmids used to overproduce SecYEG 
are listed in table I. Plasmids pET627 [124], 
pET2504, pET2505, pET615/627 and 
pET615/2504 [125] were constructed 
previously. Plasmids pET2328 and 2329 were 
constructed by replacing the NruI/BamHI 
fragment (containing the cysteine mutation in 
secE) from pET2302 [177] with that from 
pET627 and pET2504, respectively. Plasmids 
pET2330 and 2331 were constructed by 
replacing the NruI/BamHI fragment (containing 
the cysteine mutation in secE) from pET2306 
[177] with that from pET627 and pET2504, 
respectively. 
 Cell growth and the isolation of inside-out 
inner membrane vesicles (IMVs) was as 
described previously [124]. IMVs were treated 
with urea with or without 
ethylenediaminetetraacetic acid (EDTA) to 
remove the endogenous SecA and Mg2+ ions. 
For this purpose, IMVs (1 mg/ml) were 
incubated with 6 M urea (and 10 mM EDTA) 
on ice for 30 min. Samples were centrifuged 
(TLA 100.4 rotor, 100,000 rpm, 20 min, 4 ºC) 
and pellets were washed twice with ice cold 
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buffer (50 mM Tris-HCl pH 8.0). Finally, the 
washed pellets were resuspended in a buffer (50 
mM Tris-HCl pH 8.0, 20% glycerol), frozen in 
liquid nitrogen and stored at -80 ºC. 
 
DHFR blocked preprotein translocation 
intermediate 
 The translocation intermediate was formed 
by trapping the preprotein proOmpA in the 
translocation pore by a folded dihydrofolate 
reductase (DHFR) moiety that is fused to the 
carboxyl-terminus of proOmpA. The DHFR 
folding assay was performed essentially as 
described in [210]. In short, 1 µl of proOmpA-
DHFR (2 mg/ml) was incubated with DHFR 

folding ligands methotrexate (MTX) (5 µM) 
and NADPH (40 µM) for 5 min at 37 ºC. 
Subsequent proOmpA-DHFR translocation was 
carried out in a 25 µl reaction mixture by the 
addition of IMVs (4 µg of protein), 0.5 µg SecA 
and 2 mM ATP in a translocation buffer (10 
mM creatine phosphate, 0.5 µg creatine kinase, 
50 mM HEPES-KOH, pH 7.6, 2 mM MgCl2, 30 
mM KCl). The translocation reaction was 
carried out for 20 min at 37 ºC. 
 
Cross-linking assay 
 Disulphide bond formation between 
neighboring cysteine residues was induced and 
monitored as described previously [125,126]. In 

Figure 2. Cross-linking of the sites of contact in the SecYEG dimer interface under translocation conditions. 
IMVs harboring overproduced SecYEG cysteine mutant were subjected to various translocation conditions, prior to 
oxidation by 2 mM Cu2+(phenantroline)3. Subsequently, samples were analyzed by 12% SDS-PAGE and Western 
blotting and immunostained with an antibody directed against SecE. A, IMVs harboring overproduced 
SecYE(A99C)G, SecYE(L106C)G or SecYE(G110C)G were diluted into translocation mixtures containing 
proOmpA-DHFR (pOA-DHFR), SecA, ATP, MTX and NADPH as indicated. Samples B,  IMVs harboring 
overproduced SecYE(A99C)G was diluted into translocation mixtures containing proOmpA (pOA), SecA, ATP, 
AMP-PNP or ADP as indicated. The bands representing SecE and cross-linked SecE dimer (SecE2) are indicated. The 
lower position of the SecE(106C) dimer compared to the other SecE dimers is due to shifted gel mobility that is 
caused by its mutation. 
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short, IMVs (1 mg/ml) were oxidized with 1 
mM Cu2+(phenantroline)3 for 30 min at 37 ºC. 
The oxidation reaction was quenched by the 
addition of 25 mM neocuproine. When 
indicated, IMVs were incubated with nucleotide 
for 15 min at 37 ºC prior to the oxidation 
reaction. The samples were analyzed by 12% 
SDS-PAGE, Western blotting onto PVDF 
membranes (Amersham Pharmacia Biotech, 
Buckinghamshire, U.K.) and immunostaining 
using antibodies directed against SecE [184]. 
 
Miscellaneous methods 
 Translocation reactions were performed as 
described [170]. Protein concentrations were 
determined with the DC Protein Assay (Bio-Rad 
Laboratories, Hercules, Canada) using bovine 
serum albumin (BSA) as a standard.  
 
 
Results 
 
Nucleotides affect disulfide-bond formation 
between SecE proteins at position Ala-99 
 Previously, multiple sites of contact (at 
positions 99, 106 and 110) between neighboring 
SecE molecules within a multimeric SecYEG 
complex were revealed by cysteine cross-
linking studies [124,125]. These contacts were 
used to investigate the conformational changes 
within the SecYEG complex upon protein 
translocation. For this purpose, conditions were 

employed that lead to the quantitative formation 
of a trapped precursor translocation 
intermediate using a proOmpA derivative with, 
at its carboxyl-terminus, a fused and folded 
DHFR moiety [210]. Subsequently, samples 
were subjected to an oxidation reaction and 
analyzed by SDS-PAGE, Western blotting and 
immunodetection against SecE. The results 
show that the homodimeric cross-link between 
neighboring SecE molecules in IMVs harboring 
SecYE(A99C)G disappears under conditions of 
the translocation intermediate, whereas non-
translocating conditions normally showed the 
presence of the cross-link. Remarkably, the 
SecE dimer cross-link for SecYE(L106C)G and 
SecYE(G110C)G were unaffected (figure 2A). 
This prompted us to study the effect of the 
translocation conditions on the cysteine cross-
linking efficiency for A99C in SecE in greater 
detail (figure 2B). Surprisingly, the inhibition of 
the SecE dimer cross-link correlates only to the 
presence of the nucleotides ATP or AMP-PNP 
(a non-hydrolysable ATP analogue), while ADP 
had no apparent effect. Other translocation 
ligands such as SecA and proOmpA or 
proOmpA-DHFR are not needed to induce the 
loss of cross-link between the two neighboring 
SecE molecules. These results indicate that the 
conformational change at the SecE dimer 
interface is specific for position Ala-99 in SecE 
and induced by ATP (or AMP-PNP) alone. 
 
The nucleotide effect on the SecE dimer 
contact is exacerbated in the absence of 
magnesium 
 The abovementioned experiments were 
performed in the presence of 2 mM MgCl2, a 
concentration that is typically used in protein 
translocation assays. To analyze the role of 
Mg2+ ions on A99C cross-linking, IMVs 
harboring SecYE(A99C)G were treated with 
urea and EDTA, to completely remove the 
endogenous SecA and residual traces of Mg2+ 
present in the membrane preparation. Next, the 
IMVs were incubated with ATP (2 mM) in the 
absence or presence of 2 mM MgCl2 and 
subsequently oxidized and analyzed by SDS-
PAGE and Western blotting. The inhibitory 

Figure 3. Mg2+ ion and ATP dependency of the 
disulfide cross-linking of SecE(A99C). A, incubation 
with or without 2 mM MgCl2 and 2 mM Na+-ATP 
prior to oxidation. B, incubation with various ATP 
concentrations in the absence of Mg2+ prior to 
oxidation. The bands representing cross-linked SecE 
dimer (SecE2) are indicated. Further details are as 
described in the legend to Figure 2. 
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effect of ATP on the homodimeric SecE(A99C) 
cross-link is exacerbated in the absence of Mg2+ 
and prevented by an excess of Mg2+ (Fig 3a). To 
cancel out its antagonizing effect, all subsequent 
nucleotide experiments were performed with 
urea and EDTA treated IMVs, and Mg2+ was 
omitted in the procedure. 
 
Low affinity binding of ATP affects the SecE 
dimer contact 
 The inhibitory effect of ATP on the SecE 
dimer cross-link in SecYE(A99C)G was tested 
at various ATP concentrations. SecE dimer 
cross-link was not affected at an ATP 
concentration of 0.25 mM, slightly diminished 
at 0.5 mM and practically non-existent at 1 and 
2 mM (figure 3B). This suggests that a low 
affinity interaction is responsible for the ATP-
dependent effect. ADP decreases the cross-
linking efficiency only marginally at 
concentrations of 1 mM and higher while AMP 
has no effect at all (figure 4). 
 
The nucleotide effect on the SecE dimer 
contact is not nucleosidyl specific 
 A variety of nucleotides that differ in their 
nitrogenous base  were tested for their effect on 
SecYE(A99C)G cross-linking. All tested 
nucleotides were sodium or lithium salts to 
cancel out the antagonizing effect of 
magnesium. The results show that the SecE 
dimer contact disappears in the presence of all 
tested nucleotide tri-phosphates (ATP, GTP, 

CTP and UTP), showing only minor differences 
in strength of their effects (figure 4, upper 
panel). Nucleotides harboring a di-phosphate 
group (ADP, GDP) exhibit only a mild effect, 
while nucleotide mono-phosphates (AMP, 
GMP, CMP, UMP) are not effective at all. The 
loss of contact could also be demonstrated 
under condition of ATP regeneration by the pre-
incubation of ADP with creatine phosphate and 
creatine kinase (data not shown). Strikingly, 
while nucleotide tri-phosphate analogues AMP-
PNP and GMP-PNP also prevent cross-linking, 
ATP-γ-S displays no such effect (figure 4, lower 
panel). The cross-linking efficiency is also 
unaffected when free phosphate (2 and 10 mM 
potassium phosphate buffer) was used instead of 
nucleotides (data not shown). These data 
indicate that the observed phenomenon is 
insensitive to the nucleosidyl group but 
dependent on the presence of a γ-phosphate. 
 
SecE dimer formation at position Ala-99 is 
also prevented by the prlA mutation I278C 
 Because the nucleotide-induced loss of the 
SecE-SecE contact points at a conformational 
change, we next investigated the properties of a 
set of Prl mutants of SecY. The introduction of 
a cysteine mutation in SecE did not seem to 
affect the activity of the investigated Prl 
mutants as demonstrated by proOmpA 
stimulated SecA ATPase activity (data not 
shown). The SecE dimer cross-linking is also 
prevented when SecYEG harbors both 

Figure 4. Influence of the nucleotide base and polyphosphate chain on the dimerization of SecE(A99C). IMVs 
harboring overproduced SecYE(A99C)G were incubated with various nucleotides at 2 mM (upper panel) or at the 
concentration indicated (lower panel) prior to the oxidation reaction. Samples were analyzed by 12% SDS-PAGE and 
Western blotting and immunostained with an antibody directed against SecE. The bands representing cross-linked 
SecE dimer (SecE2) are indicated. 



Nucleotide effect on SecYEG 

 78 

SecE(A99C) and SecY(I287C) (figure 5). The 
latter mutation results in a prlA phenotype as 
described previously [173]. This effect seems, 
however, specific for this Prl mutant as a 
combination of SecE(A99C) and PrlA4 (SecY 
F286Y; I408N) does not result in an altered 
cross-linking (figure 5). Moreover, 
SecE(L106C), when combined with the PrlA4 
or SecY(I287C) mutant shows a normal 
disulfide bonding as wild-type SecY (figure 5). 
These data suggest some conformational 
flexibility in the cytosolic region of TMS3 of 
SecE which can be either influenced by 
nucleotide tri-phosphates or mutations in SecY. 
 
 
Discussion 
 
 Chemical cross-linking studies have 
revealed many sites of close proximity within 
the protein-conducting channel [71,121,123-
126,130,131]. Cross-linking can also be used as 
a molecular ruler to monitor conformational 
changes in the channel complex. In this study, 
we show that nucleotide tri-phosphates change 
the SecE-SecE dimer interface at a specific 
position between neighboring SecYEG 
complexes. 
 Initially, we set out to look for possible 
changes at the SecYEG dimer interface between 
in the active channel, i.e. under translocation 
conditions. This interface harbors at least three 

identified sites of close proximity as determined 
by cysteine scanning mutagenesis [124,125]. 
Their positions are confined to a specific face 
on the α-helical TMS3 of SecE, i.e. Ala-99, 
Leu-106 and Gly-110. The homodimeric cross-
links for the indicated cysteine-substituted 
residues were monitored under translocation 
conditions. The results show that the 
homodimeric SecE cross-link in IMVs 
harboring overproduced SecYE(A99C)G 
disappears completely under conditions that 
allow complete or DHFR-trapped proOmpA 
translocation, while the cross-linking of SecE in 
SecYE(L106C)G and SecYE(G110C)G is 
unaffected (figure 2A). Surprisingly, further 
analysis revealed that ATP (and its analogue 
AMP-PNP) seems to be the sole effector for this 
phenomenon since neither SecA nor proOmpA 
are required (figure 2B). The possibility that 
residual SecA in the isolated membranes may 
be involved in the loss of contact can be ruled 
out since IMVs used in the assays are almost 
completely devoid of SecA as verified by 
immunodetection with SecA antibody (data not 
shown). Moreover, any residual SecA present in 
the IMVs will be significantly under submolar 
concentrations compared to overproduced 
SecYEG and therefore unlikely to be involved 
in the loss of contact. The loss of contact is also 
observed in purified SecYE(A99C)G 
reconstituted into liposomes, albeit with much 
lower efficiency (data not shown), confirming 

Figure 5. Effect of prlA mutations on the SecE dimer cross-linking. prlA-I278C and prlA4 (F286Y; I408N) 
mutations were combined with cysteine mutations A99C and L106C in SecE. SecYEG harboring wild-type SecY and 
SecE(A99C) or SecE(L106C) were included as control. IMVs, harboring the respective SecYEG complexes at 
overproduced levels, were oxidized. Samples were analyzed by 12% SDS-PAGE and Western blotting and 
immunostained with an antibody directed against SecE. The bands representing SecE and cross-linked SecE dimer 
(SecE2) are indicated. The weaker bands in the first two lanes (SecY I278C; SecE L106C) are caused by a lower 
blotting efficiency in that region and are otherwise comparable to samples in lanes 3 and 4. 
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the notion that ATP is the sole effector. The 
region of the membrane domain that harbors the 
affected site of interaction is positioned in the 
cytosolic side of the membrane and does not 
contain any charged residues. Thus, possible 
aberrant charge effects on the residues by 
nucleotides can be excluded. 
 The results presented here suggest the 
presence of a nucleotide binding site on 
SecYEG. Walker A and B motives are common 
for nucleotide binding proteins [211] but there 
is no evidence for such motifs in the amino acid 
sequences of the SecYEG subunits. On the other 
hand, other proteins are known to bind 
nucleotides while lacking common binding 
motifs, such as annexins [212-215] and the ε 
subunit of the F1-ATPase from Bacillus strain 
PS3 [216]. Therefore, the possibility that 
SecYEG contains a low affinity nucleotide 
binding site cannot be excluded. We have made 
several attempts to establish nucleotide binding 
to SecYEG. Assays were employed that allow 
photo-reactive cross-linking of azido derivatives 
of ATP to proteins.  Subsequent detection of 
ATP binding could be done by means of a 
radio-active label or a biotin moiety on the ATP 
molecule. So far, specific nucleotide binding to 
SecYEG could not be reliably detected. 
Probably the low specificity of cross-linking of 
azido-ATP (high background) and the apparent 
low binding affinity for ATP are accountable 
for this result.  
 Divalent cations such as Mg2+ are involved 
in the binding of nucleotides to proteins. Mg2+ 
ions typically enhance the specificity of the 
nucleotide binding reaction by enhancing the 
binding energy [217]. First, the Mg2+ ion 
neutralizes some of the negative charges present 
on the polyphosphate chain. This reduces non-
specific interactions between enzymes and the 
polyphosphate group. Second, the interaction 
also serves to hold the oxygen atoms in the 
phosphoryl group in a conformation that can be 
specifically bound by the enzyme. Often, the 
magnesium ion provides additional points of 
interaction between the ATP-Mg2+ complex and 
the enzyme, thus increasing the binding energy. 

SecA requires magnesium to bind nucleotides 
[218] and it is needed for ATP-hydrolysis. In 
contrast, Mg2+ is not required to change the 
interaction at the SecYEG dimer interface but 
instead, acts as an antagonist to ATP since the 
cross-link re-appears in the presence of 
magnesium (figure 3A).  In the absence of 
Mg2+, a minimal ATP concentration of ~0.5 
mM seems to be required to induce loss of 
contact at the indicated position in the SecYEG 
dimer interface (figure 3B). In contrast, 
SecYEG-bound SecA exhibits a high ATP 
binding affinity (Kd = 59 nM) [133]. The 
observed low affinity for ATP is well within the 
range for cellular concentrations of ATP, but 
most ATP in the cell is present as an ATP-Mg2+ 
complex and therefore it is difficult to access 
the physiological relevance of the observed 
nucleotide effect on the SecYEG dimer 
interface.  
 AMP-PNP exhibited a similar effect as ATP 
(figure 2B, 4) while ADP caused only a minor 
reduction in A99C cross-linking (figure 2A, 4). 
Other nucleotides were also tested for their 
ability to abolish the dimer contact at Ala-99. In 
general, all tested nucleotides that harbor a tri-
phosphate group were able to reduce the dimer 
contact significantly, while nucleotide di-
phosphates showed only a marginal effect 
(figure 4). This suggests that the presence of the 
γ-phosphate is essential for this effect, while the 
nucleosidyl group seems exchangeable.  
Intriguingly, while nucleotide analogues AMP-
PNP and GMP-PNP affect the SecE dimer 
interface similar to ATP (and GTP), ATP-γ-S 
seems not effective at all (figure 4, lower panel). 
In AMP-PNP and GMP-PNP, the oxygen atom 
in the ester bond between the β- and γ-
phosphate is substituted by nitrogen. In ATP-γ-
S, one of two single bonded oxygen atoms in 
the γ-phosphate is substituted by sulfur. Thus, 
ATP-γ-S harbors an intrinsically altered γ-unit 
that seems unable to affect SecYEG dimer 
formation.  
 The loss of contact is observed in the 
SecYEG dimer interface at the cytosolic side of 
the membrane, while retaining those contacts in 
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the middle and at the periplasmic side of the 
transmembrane segment. This may imply the 
opening of the SecYEG dimer interface facing 
the cytosol, thus forming a wig. Such a wig 
could possibly constitute a docking site for 
SecA. The presence of a wig in the SecYEG 
dimer interface is evidenced by the projection 
structure derived from 2-dimensional SecYEG 
crystals [127]. Strikingly, the introduction of a 
prlA mutation, prlA-I278C in secY also results 
in the loss of contact at SecE position Ala-99 in 
the SecYEG dimer interface (figure 5). The 
SecY(I278C)EG mutant is known bind SecA 
more tightly to SecYEG [173]. Interestingly, 
SecY Ile-278 is located at approximately the 
same level in the membrane as SecE Ala-99. 
The loss of contact, however, cannot be 
regarded as a PrlA-specific phenomenon as it 
was not observed with PrlA4 (figure 5). Taken 
together, SecA binding to SecYEG complex 
may be regulated by the cellular ATP 
concentration while magnesium (and possibly 
other cations) acts as an antagonist. This effect 
does, however, not dependent on the hydrolysis 
of ATP, suggesting a putative regulatory 
function for ATP binding. Preliminary surface 
plasmon resonance experiments indicate a small 
decrease in the binding of SecA to SecYEG in 
the presence of ATP, but without Mg2+ (J. de 
Keyzer, unpublished data). However, this effect 
seems more subtle than indicating a major 
regulatory phenomenon. 
 Taken together, the putative binding of 
nucleotides at the SecYEG complex seems to be 
mediated by the γ-phosphate. So far, tested 
nucleotide binding assays have failed to 
unequivocally demonstrate a nucleotide binding 
site in SecYEG. The apparent low binding 
affinity for ATP may be accountable for this 
problem. However, only when the identity of 
such a nucleotide binding site on the SecYEG 
complex is established, it will be possible to 
define the physiological role of nucleotide 
binding to the channel complex. 




