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ABSTRACT

In bacteria, signal sequence bearing secretory proteins (preproteins) are translocated 

consists of a protein-conducting channel SecYEG, and the ATP-driven motor protein 

but the translocation defect could be restored by the PrlA4 mutant of SecY that exhibits 

formation between the signal sequence and the amino-terminal mature region of the 
secretory protein is critical for initiation of translocation, but that once translocation has 



55

INTRODUCTION

In bacteria, the Sec translocase is the main system for the translocation of proteins 

SecYEG [2], and SecA, a peripheral associated component that provides the energy for 

initiation of translocation wherein a looped structure of the signal sequence and the early 

signal sequence into the lateral gate of SecY results in the opening of a central aqueous 

which supports cycles of ATP binding and hydrolysis that drive the complete translocation 

a SecA association, large segments of the preprotein may be translocated in a process 

The SecYEG pore conducts the passage of unfolded proteins, but appears rather non-

amino acid residues may, however, insert laterally into the membrane rather than being 

of positively charged amino acid residues inhibit translocation, long stretches of glycine 

rigid spherical organic molecules attached to the carboxyl-terminus are also translocated 

bacteria, that allow the translocation of precursor proteins that have been glycosylated in 
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canonical Sec translocase, the precursor proteins needs to be partially unfolded prior to 

Previous studies showed the ATP dependent translocation into SecYEG proteoliposomes 

MATERIAL AND METHODS

Introduction of cysteine residue into proOmpA
E. coli
in which endogenous cysteine residues at position 290 and 302 of proOmpA were 

single cysteine residue was introduced into the Cysteine-less proOmpA at positions 8, 
16 and 20 of the mature proOmpA yielding pAGK029 (Y8C, proOmpA 8C), pAGK031 

express a proOmpA variant with a single cysteine position at the extreme C-terminus 
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Table 2 | Strains and plasmids used in this study

Strains/Plasmid Description Source
pET2345 Cysless proOmpA [12]
pAGK029 proOmpA Y8C This study
pAGK031 proOmpA S16C This study
pAGK032 proOmpA D20C This study
pET2348 proOmpA N33C [12]
pEK204 proOmpA 326C [17]
pET502 proOmpA C302S [18]
pET2302 SecYEG [19]
pET2306 PrlA4 mutant [19]
E. coli [20]

E. coli SF100 F- (pvuII), 
DompT

[21]

E. coli MM52 F-, U169, araD139, rpsL, thi, relA, ptsF25, deoC1, 
secA51

[22]

E. coli E. coli 

To reduce the remaining concentration of glucose, the culture was diluted with pre-

growth at 37 ºC, high-level expression of the ompA gene was induced by the addition 

by low-speed centrifugation (2000 g, 10 min), and dissolved in 5 mL of 8 M urea, 20 

3
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Labeling of proOmpA mutants

1000 (malPEG1000) or maleimide-PEG3000 
(malPEG3000

by adding 5 mM of DTT and the unreacted labeled proOmpA was collected by TCA 

1000 and malPEG3000

migration on SDS-PAGE of the labeled protein in comparison to the unlabeled protein 

In vitro translocation assay
Translocation of the set of labeled proOmpA into SecYEG or PrlA4EG proteoliposomes 

2) with 10 mM phosphocreatine, 

proOmpA-Fmal and proOmpA-malPEG were analyzed by SDS-PAGE, followed by in 

RESULTS

Importance of the proOmpA mature N-terminus for translocation

precursor proteins, unique cysteine positions were introduced into proOmpA for 

an N-terminal hydrophobic beta barrel embedded in the membrane and an exposed 
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residues were introduced at positions 4, 8, 16, 20, 33, using the cysteine-less proOmpA 

in E. coli MM52, a temperature sensitive SecA strain that harbors a lethal mutation of 

Fig. 1. Fluorescent labeling of proOmpA

In line with previous data [12,17], translocation was observed when the Fmal was 

labeled position 33C, translocation was slightly inhibited, but labeling at position 4, 8, 

N-terminus, labeling could potential interfere with loop formation of the signal sequence 

suppressor of signal sequence mutations, and such mutations are thought to destabilize 

3
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the translocation pore thereby even allowing the translocation of signal sequence-

Fig. 2 The in vitro translocation assay of proOmpA-Fmal labeled

-

glycol chains
To gain more insight in the promiscuity of translocon for non-polypeptide entities 

The inert and hydrophilic properties of the polyethyleneglycol is important as to 

polyethyleneglycol1000 (malPEG1000) and maleimide polyethyleneglycol3000 (malPEG3000) 



61

1000 causes 

weight corresponding to proOmpA-di-PEG1000

1000

3000 migrated even slower than proOmpA-
malPEG1000 3000 1000, the degree of labeling 
with malPEG3000 1000, and about half of the proOmpA 

Fig. 3 Conjugation of proOmpA with the maleimide polyethyleneglycol. (A) Overview of the 

proOmpA 8C as the representative mutant labeled with malPEG1000 (lane 2) and malPEG3000 (lane 

stained of proOmpA-malPEG1000 (lane 5) and proOmpA-malPEG3000

3
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The set of proOmpA mutants labeled with the different malPEG structures were assayed 

The immunostaining visualizes only the completed and very late stages of proOmpA 
translocation as the polyclonal OmpA antibody recognizes only the extreme C-terminus 

1000 labeled 

1000 
labeled proOmpA could be translocated across the SecYEG channel when the labeling 

1000 was attached to 

1000 at positions 16, 20 and 33 

Fig. 4 Translocation of unlabeled and labeled proOmpA 326C into SecYEG proteoliposomes
(A) Unlabeled proOmpA, proOmpA-Fmal and proOmpA-malPEG1000

indicated ATP was added (lane 10, 12 and 14) and not added to the reaction (lane 9, 11 and 13), 

-
tion proOmpA-malPEG1000 and proOmpA malPEG3000 

1000 and proOmpA-malPEG3000, 
-
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Fig. 5. Translocation of proOmpA-malPEG1000 into proteoliposomes of SecYEG and Pr-
lA4EG complex. -
pA-malPEG1000 was able to translocate SecYEG and PrlA4EG proteoliposomes (lane 10-14), but 
not with proOmpA-4C-malPEG1000 and proOmpA-8C-malPEG1000

3000

Interestingly, proOmpA-malPEG3000

3000 at the 

Fig. 6. Translocation of proOmpA-malPEG3000 into proteoliposomes of SecYEG and PrlA4EG 
complex 3000 (lane 10-14), also proOmpA 
di-malPEG3000 

3
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DISCUSSION

Protein translocation is a stepwise process in which each turnover is responsible 
for transport of a distinct length of polypeptide [18,30], whereas other regions may 

the recognition of the N-terminal hydrophobic signal sequence at the SecYEG translocon 

with proteoliposomes reconstituted with the PrlA4 mutant of SecY that exhibits a loosed 

with the formation of a hairpin of this region with the signal sequence that is critical for 

malPEG1000 and malPEG3000, respectively, remain translocation-competent in vitro

endogenous cysteine positions with malPEG3000 

the unstructured PEG molecule attached to proOmpA was able to cross the translocation 

inhibit translocation through steric hindrance that perturbs of the opening of the SecYEG 
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concluded that correct alignment of the N-terminal mature region of the precursor 
protein with the signal peptide plays an critical a role in the initiation of translocation 

3
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N

O

O

HN

O

PEG3000

Mal-PEG  (2)

To a solution of 1 (110 mg, 0,58mmol) in DCM (4 mL) was added alpha-Amino-omega-

2 

atmosphere for 16h and subsequently all the volatiles were evaporated in vacuo

1

indicative for compound 1 has been moved which is consistent with the formation of the 

1.41.61.82.02.22.42.62.83.03.23.43.63.84.04.24.44.64.85.05.25.45.65.86.06.26.46.66.87.07.27.4
f1 (ppm)
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