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The use of phenethyl alcohol (PEA) as a probe for signal sequence-dependent protein 
translocation in minicells was examined. Processing of 8-lactamases and tonA was 
inhibited by PEA at concentrations which did not affect production of the c1 and 
Y forms of penicillin binding protein (PBP) lb. The PBPlbs are believed to lack leader 

sequences whereas the other proteins contain them. Processing of a &lactamase which 
shares the murein-lipoprotein export pathway was relatively resistant to PEA, 
consistent with previous findings in whole bacteria. The results reported here suggest 
that PEA is a suitable probe for leader sequences in the minicell system. By using PEA 
we predict that PBP4 does not require a leader sequence for membrane insertion. 
0 1988 Academic Press, Inc. 

During bacterial growth many proteins are inserted into the cell envelope. In E. coli 

most periplasmic and outer membrane proteins and some cytoplasmic membrane 

proteins, are synthesised as precursors containing an amino-terminal extension known as 

the signal sequence or leader peptide, which facilitates protein translocation through 

the cell envelope (1,Z). The signal sequence is removed by leader peptidase activity 

before protein maturation (1,2). In contrast, some envelope proteins, particularly those 

associated with the cytoplasmic membrane, are inserted by a process that does not 

depend upon possession of a leader sequence (1,2). In the latter case these inner 

membrane proteins may simply partition into the membrane after synthesis is 

complete (1). The ability to detect, or predict, the presence of a leader sequence 

during synthesis of an envelope protein is therefore helpful when formulating models for 

membrane protein assembly. 

A number of approaches have been used to detect, or predict, signal sequences in 

proteins (1,2). The simplest predictive method proposed, especially for the products of 

plasmid-located or cloned genes, involves translation in E. coli minicells under 

conditions where processing is thought to be specifically inhibited by low molecular 

weight alcohols. In this system a putative precursor protein (preprotein) is detected as 

a higher molecular weight form of the mature product (3-5). The reliability of 

alcohols as probes for leader sequences in minicells has not been fully evaluated, but 
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depends upon the assumption that insertion of proteins into minicell and whole cell 

envelopes is comparable. However, this assertion may be untrue because minicell and 

whole cell envelopes differ structurally (6,7), expression of some transport proteins is 

impaired in minicells (8) and proteins located in the outer membrane of whole cells may 

fail to be exported in minicells (9). Phenethyl alcohol (PEA), which inhibits processing 

of envelope proteins in whole E. coli, has been suggested as a particularly useful probe 

for leader sequences (10). However, its effects on the synthesis of proteins in minicells 

has not been studied. In view of this we have examined the effects of PEA on the 

production, in minicells, of membrane proteins known either to be synthesized as pre- 

proteins, or which lack leader sequences. 

MATERIALS AND METHODS 

Bacterial strains: The E. coli minicell producing strain DS410 (11) was transformed (11) 
with plasmids pUC9 (mRW83 (13), pLC19-19 and pLC18-38 (14) to produce 
independent DS410 derivatives each carrying a separate plasmid. 

Purification of minicells, labelling of proteins, gel electrophoresis and detection of 
labelled proteins: These procedures were performed as described (11). 

Quantification of peak areas: This was performed by scanning densitometry of 
flurograms with a Joyce-Loebl Chromoscan 3 (15). 

RESULTS 

PEA inhibits processing of envelope proteins in whole E. coli cells (lo), but its effect on 

synthesis of proteins in minicells has not been examined. Plasmid pUC9 encodes a 

TEMl 8-lactamase which is known to be synthesised as a pre-protein (1). Precursor and 

processed forms of this enzyme were observed in minicells (Fig, 1, bands 1’ and 1 

a b c d e f 9 h 
Figure 1. 

Flurogram of [%I-labelled proteins synthesized in minicells containing plasmids pUC9 
(tracks a,b), pRW83 (tracks c,d) pLC19-19 (tracks e,f) and pLC18-38 (g,h). The profiles 
in tracks a,c,e,g were obtained after labelling in the absence of PEA. The other 
profiles were obtained from minicells exposed to PEA during protein labelling: tracks 
b,f,h 0.2% (v/v) PEA; track d 0.35% (v/v) PEA. The numbers show the position of the 
processed and precursor forms of the pUC9 encoded &lactamase (1,l’ respectively), the 
processed and precursor forms of the pRW83 encoded 8-lactamase (2,2’ respectively), 
the o and Y forms of PBPlb (3,4, respectively), the processed and precursor forms of 
tonA (5,5’ respectively), and PBP4 (6). 
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respectively), consistent with previous reports that processing of this enzyme is 

incomplete in minicells (1,7). Addition of PEA during synthesis of TEMl led to 

complete inhibition of processing (Fig. 1, track b). Plasmid pRW83 encodes a 8 - 

lactamase whose synthesis and secretion closely resembles that of murein lipoprotein 

(16,17). As with pUC9, precursor and processed forms of the 5-lactamase were 

visualised (Fig. 1, track c, bands 2’ and 21, and processing was inhibited in the presence 

of PEA (Fig. 1, track d). Processing of murein lipoprotein is relatively resistant to 

inhibition by PEA (10) and this was also demonstrated for the pRW83 encoded enzyme 

since higher concentrations of PEA were required to inhibit processing of the pRW83 

enzyme when compared to TEMl processing (Fig. 2). 

Plasmid pLC 19-19 carries the genes tonA and @ which encode respectively the tonA 

protein and penicillin binding protein (PEP) lb, the latter synthesized in minicells in two 

forms, PBPlbcl and PBPlbY (18,191. These PBPs are not synthesized as pre-proteins 

whereas tonA is (18,191. Minicells carrying pLC 19-19 expressed three high molecular 

weight polypeptides corresponding to PBPlbo, PBPlby and tonA (Fig. 1, track e, bands 

3,4,5). Exposure to PEA led to synthesis of a higher molecular weight form of tonA 

whereas synthesis of the PBPs was unaffected by exposure to the alcohol (Fig. 1, track 

h). 

Plasmid pLC 18-38 encodes PBP4 (14). It is not known whether PBP4 is synthesised as a 

precursor, but addition of PEA during synthesis did not result in the formation of a 

larger molecular form of the protein (Fig. 1, tracks g,h). 

0.05 0.1 0.15 0.3 0.35 

Phenethylalcohol (%.v/v) 

Figure 2. 
Susceptibility of @-lactamase processing in minicells to PEA. PEA at the 
concentrations indicated was added during labelling of proteins in minicells carrying 
pRW83 ( 0 ) or pUC9 ( n 1. Labelled products were separated by gel electrophoresis and 
detected by flurography. The bands corresponding to the processed forms of each 8- 
lactamase were quantified by scanning densitometry and the amounts synthesised 
expressed as a proportion of the processed forms present in the PEA-free controls. 
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DISCUSSION 

Reservations concerning the use of alcohols in minicells as probes for leader sequences 

have been raised by others (3). However, our results suggest that PEA is an appropriate 

probe in the minicell system because it (a) inhibits the processing of proteins known, or 

believed to be synthesised as precursors, and (b) its presence during synthesis of 

proteins lacking leader sequences does not affect their electrophoretic mobility. 

Furthermore, we have also demonstrated that processing of the pRW83 8-lactamase 

which shares the murein-lipoprotein export pathway (16,17) is relatively resistant to 

inhibition by PEA, consistent with the reported resistance to PEA of murein lipoprotein 

processing in whole bacteria (10). From results presented here (Fig. 1) we predict that 

PBP4 is not synthesised as a precursor. Since PBP4 is a cytoplasmic membrane protein 

(20) its insertion into the cell envelope may not require a leader sequence. 

Confirmation that PBP4 lacks a leader peptide awaits analysis of nucieotide sequencing 

data. 

The exact mechanism by which PEA inhibits protein translocation is unknown, but it 

may distort membrane conformation to the point where precursor proteins are 

prevented from interacting effectively with leader peptidases, also located in the 

cytoplasmic membrane (21). Our data suggest that PEA has similar effects in whole 

cells and minicells. 

ACKNOWLEDGMENTS 

We thank Or Brian Booth of Glaxo Research Ltd for helpful discussions. This work was 
supported by an SERC CASE award in conjunction with Glaxo Research to D.D. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Silhavy, T.J, Benson, S.A., and Emr, S.D. (1983) Microbial. Rev. 47, 313-344. 

Pugsley, A.P., and Schwartz, M. (1985) FEMS Microbial. Rev. 32, 3-38. 

Mooi, F.R., Harns, N., Bakker, D., and De Graaf, F.K. (1981) Infect. Immun. 32, 
1155-1163. 

Palva, E.T., Hirst, T.R., Hardy, S.J.S., Holmgren, J., and Randall, L. (1981) J. 
Bacterial. 146, 325-330. 

Jackson, W.J., and Summers, AD. (1982) J. Bacterial. 151, 962-970. 

Dennis, C.A., and Rogerson, AC. (1975) J. Bacterial. 124,1610-1612. 

Stoker, N.G., Pratt, J.M., and Holland, I.B. (1984) In Transcription and 
Translation - A Practical Approach (E.D. Hames and S.J. Higgins, Eds.), pp. 
153-177. IRL Press, Oxford, England. 

Chopra, I. (1985) In Handbook of Experimental Pharmacology (J.J. Hlavka and 
J.H. Boothe, Eds.), Vol. 78, pp. 317-392. Springer-Verlag, Berlin. 

374 



Vol. 150, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

9. Ferrazza, D., and Levy, S.B. (1980) J. Bacterial. 144,149-158. 

10. Halegoua, S., and Inouye, M. (1979) J. Mol. Biol. 130, 39-61. 

11. EC&S, S.J., and Chopra, I. (1984) J. Bacterial. 158, 134-140. 

12. Vieria, J., and Messing, J. (1982) Gene 19, 259-268. 

13. Mezes, P.F.S., Wang, W., Yeh, E.C.H., and Lampen, J.O. (1983) J. Biol. Chem. 
258, 11211-11218. 

14. 

15. 

Takeda, Y., Nishimura, A., Nishimura, Y., Yamada, M., Yasuda, S., Suzuki, H., 
and Hirota, Y. (1981) Plasmid 6, 86-98. 

Chopra, I., Johnson, S.C., and Bennett, P.M. (1987) J. Antimicrob. Chemother. 
19, 743-751. 

16. Sarvas, M.O., and Palva, 1-A. (1983) J. Bacterial. 155, 657-663. 

17. Hayashi, S., Chang, S-Y., Chang, S., and Wu, H.C. (1984) J. Biol. Chem. 259, 
10448-10454. 

18. Plastow, G.S., Pratt, J.M., and Holland, I.B. (1981) FEBS Lett. 131, 262-264. 

19. Kato, J-I., Suzuki, H., and Hirota, Y. (1984) Mol. Gen. Genet. 196, 449-457. 

20. Spratt, B.G. (1977) Eur. J. Biochem. 72, 341-352. 

21. Chen, L., and Tai, P.C. (1987) J. Bacterial. 169, 2373-2379. 

375 


