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1. I N T R O D U C T I O N  2. MATERIAL A N D  M E T H O D S  

In recent years local anesthetics have been used 
to alter the processing of precursor forms of ex- 
ported proteins in E. coli. Whereas procaine alters 
the processing of few of these proteins [1,2] when 
it is used at high concentrations, phenethyl alcohol 
is much more powerful in this respect [3,4]. Both 
anesthetics can alter the synthesis of some of the 
major outer membrane proteins [2,5]. The genetic 
expression of the same proteins is also altered in 
the absence of lipid synthesis [6-8]. Since phenethyl 
alcohol interferes with phospholipid synthesis [9], 
it is interesting to extend the study of the effects of 
local anesthetics on genetic expression of some 
periplasmic and outer membrane proteins and to 
try to identify the targets of these drugs. 

In this report, effects of procaine and phenethyl 
alcohol on expression of fl-galactosidase in omp F- 
lac, ompC-lac, lamB-lac operon fusions and pro- 
tein fusions, have been studied. Both compounds, 
in similar range of concentrations, act on this 
expression at the transcriptional level. Since in- 
hibition of lipid synthesis alters the expression of 
fl-galactosidase in the same strains at the transla- 
tional level [8], the effect of both anesthetics on 
genetic expression of ompF, ompC, lamB is proba- 
bly not mediated by an inhibition of lipid synthesis. 
Preliminary evidence suggests that one of the 
products of the ompB locus is involved in this 
effect. 

2.1. Strains and growth conditions 

Bacterial strains listed in Table 1 [10-13] were 
generous gifts from Drs. M. Hall and M. Schwartz. 
Cells were grown either in a Tris-based medium of 
high ionic strength, supplemented with casamino 
acids (0.1%), thiamine and glycerol or in Luria 
broth of low osmotic strength as previously de- 
scribed [8,14]. When required, 0.2% maltose was 
added. 

2.2. Chemicals 

Phenethyl alcohol (PEA) was purchased from 
Fluka and procaine was obtained from Sigma 
Chemical Co. 

2.3. Assay of  fl-galactosidase activity 

fl-Galactosidase was assayed as previously de- 
scribed [8]. 

3. RESULTS 

3.1. Effects of  local anesthetics on cell growth 

The effects on cell growth of the various con- 
centrations of procaine and PEA to be used in 
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Table 1 

List of strains 

Bacterial strains Genotype Reference 
E. coli 

M H  221-1 
M H  514 
MH 610 
M H  621 
pop 3098 
pop 3194 
pop 3105 
CW 3747 

MH 70 d9 (ompC-lacZ) 10-21 [10] 
M H  20 q~ (ompF-lacZ) 7-14 [11] 
MH 20 • (ompF-lacZ) hyb I6-10 [11] 
MH 20 • (ompF-lacZ) hyb 16-21 [1 l] 
MC 4100 q~ (lamB-lacZ) operon fusion [12] 
MC 4100 qb (lamB-lacZ) hyb 52-4 [12] 
MC 4100 qb (lamB-lacZ) hyb 61-4 [13] 
F'-lac, met phoR [1] 

further experiments were tested (Fig. 1). Procaine 
at 20 mM only increased the generation time by 
30% whereas PEA at the same concentration had a 
dramatic effect (threefold increase). Lower con- 
centrations for both compounds only slightly al- 
tered cell growth. 

3.2. Effects of local anesthetics on expression of 
•-galactosidase in ompF- lacZ and lamB-lacZ op- 
eron and protein fusions 

The differential rate of synthesis of /3-galac- 
tosidase under the control of the ompF promoter 
was compared in cultures growing in the presence 
or absence of various concentrations of local 

anesthetics (Fig. 2). In the ompF-lacZ protein fu- 
sion strain (MH 610) used, as previously described 
[11], both transcription and translation for fl- 
galactosidase production are under the control of 
ompF promoter. Procaine as well as PEA strongly 
inhibited fl-galactosidase synthesis. However, as 
observed above for the effects on growth, the 
residual synthesis calculated as the ratio of slopes, 
to that observed with the control, was 58% and 
28% for 10 mM and 20 mM procaine respectively, 
whereas it was 31% in the presence of only 8 mM 
PEA. Therefore, PEA is almost twice as efficient 
as procaine for inhibition of OmpF protein 
synthesis. 

This study was extended to various operon and 
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Fig. 1. Effects of  local anesthetics on cell growth. Cultures of strain MH 621 were grown in minimal medium in the absence (A) or 
presence of procaine (B) 1 m M  ((3), 5 m M  (O), 10 m M  (&), 20 mM (A),  or of PEA (C) 0,8 mM (C)), 5 mM (O), 8 m M  (A),  20 mM 
(A). 
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Fig. 2. Effects of local anesthetics on expression of J3-galac- 
tosidase in ompF-lacZ protein fusion. A culture of strain M H 
610 was grown on minimal  medium to a density of 2.108 
ce l l s /ml  and was then divided into 4 fractions. One fraction 
was kept without addition as a control ( + ) ;  to the other 
fractions 10 m M  procaine (O),  20 m M  procaine (O) and 8 mM 
PEA ( A )  respectively were added. At intervals samples were 
removed, the absorbance at 600 n m  was measured and B- 
galactosidase activity was assayed. 

100 

A 50 ._= 
..= 

m 
~_ 100 

50 

omp F-lacZ (P.E) larn B_ lacZ (P.F.) 

A 
, I I I 

10 20  

D 

t0  20  

amp F_ IacZ(O.E) 

I [ i L I I I I 10 20 0 10 2 0  

~ I I : l  i ~ ~  i I i I 

10 20  0 t 0  20 

F 

C o n c e n t r a t i o n  o f  a n e s t h e t i c s  (rnM) 
Fig. 3. Comparative effects of procaine and PEA on expression 
of fl-galactosidase in ompF-lacZ and lamB-lacZ operon and 
protein fusions, fl-galactosidase activity was assayed in cells 
grown in the presence of procaine (A, B, C) or PEA (D, E, F). 
The following strains were used: M H  621, (A, D); M H  514 (B, 
E) and pop 3194 (C, F). At the top of the figures, P.F. and O.F. 
stand respectively for protein fusion and operon fusion. 
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protein fusions (Fig. 3). By using another ompF- 
lacZ protein fusion (MH 621)results very similar 
to that described above were obtained (Fig. 3A, 
D). The control on fl-galactosidase synthesis is 
probably exerted at the transcriptional level since 
in ompF-lacZ operon fusion a strong inhibition by 
local anesthetics was also observed (Fig. 3B, E), 
although the extent was less marked than in 
ompF-lacZ protein fusions. 

Synthesis of LamB protein, the phage lambda 
receptor, was also inhibited by procaine and PEA 
(Table 2). This was observed both with the strain 
pop 3194 (Fig. 3C, F) in which the hybrid protein 
comprised 49 amino acid residues from pro-LamB 
and in strain 3105 in which the hybrid protein 
comprised 2 amino acids only from pro-LamB. 

In contrast to the results observed after inhibi- 
tion of lipid synthesis [8] that indicated no transla- 
tional regulation for expression of the shorter fu- 
sion here a regulation to the same extent was 
exerted by both procaine and PEA at the level of 
transcription since the regulation was also ob- 
served in lain B-lacZ operon fusion with the strain 
pop 3098 (Table 2). 

3.3. Effects of local anesthetics on expression of 
~-galactosidase in ompC-lacZ operon fusion 

The relative amounts of OmpF and OmpC pre- 
sent in the outer membrane vary, depending on 
the growth medium. When the synthesis of OmpF 
is repressed, an increased production of OmpC has 
been evidenced [15,16]. Accordingly, we investi- 
gated the effects of local anesthetics on synthesis 
of/3-galactosidase under the control of ompC pro- 

Table 2 

Effects of local anesthetics on expression of/3-galactosidase in 
lamB-lacZ operon and protein fusion strains 

Strains % Residual synthesis of fl-galactosidase 

Procaine 20 mM PEA 8 m M  

pop 3098 70 80 
pop 3194 52 55 
pop 3105 46 48 
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Table 3 

Effects of local anesthetics on expression of fl-galactosidase in omp C-lacZ operon fusion (strain MH 221-1) 

Medium % Residual synthesis of B-galactosidase 

Procaine PEA 

5 mM 10 mM 20 mM 0.8 mM 4 mM 8 mM 

Low ionic strength N.D. 128 133 N.D. 127 134 
High ionic strength 100 100 100 105 106 110 

N.D.-  not determined. 

mote r  (Table 3). An  increased produc t ion  of  this 

enzyme was observed under  condi t ions  where 

O m p F  synthesis was inhibi ted by local anesthetics. 

This  was more  marked  when the strain was grown 

in low ionic strength medium,  and when the in- 

hibi t ion of  O m p F  synthesis was efficient (8 mM 

PEA, see Fig. 3D). 

3. 4. Effects of ionic strength on the extent of inhibi- 
tion of expression of ~-galactosidase in o m p F - l a c Z  

operon and protein fusion strains 

Since ionic strength dependent  f luctuat ion in 

expression of  O m p F  and O m p C  is media ted  at the 

level of t ranscr ipt ion [11], as that media ted  by 

local anesthetics, it was of interest  to de termine  

the extent  of  inhibi t ion caused by these drugs at 

various ionic strengths (Table4) .  In both operon  

and protein fusions the inhibi t ion was less marked 

Table 4 

Effects of ionic strength on the extent of inhibition of expres- 
sion of/~-galactosidase in ompF-lac operon and protein fusion 
strains 

Strains % Residual synthesis of fl-galactosidase 

Procaine (10 mM) PEA (8mM) 

high low high low 
ionic ionic ionic ionic 
strength strength strength strength 

MH 514 74 48 57 23 
MH 621 54 30 32 16 

at high ionic strength than at low ionic strength. 

Therefore,  when the O m p F  synthesis was dere- 

pressed, local anesthetics had a stronger effect. 

3.5. Effects of local anesthetics on alkaline phos- 
phatase synthesis 

It has been previously reported that procaine 

alters the processing of  the precursor  form of 

alkaline phosphatase  [1]; however  this effect was 

not very marked and required high concentra t ions  
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Fig. 4. Effects of local anesthetics on alkaline phosphatase 
synthesis. Cultures of the strain CW 3747, constitutive for 
alkaline phosphatase synthesis, were grown in the presence of 
various concentrations of procaine (e) or PEA (C)). Differen- 
tial rates of alkaline phosphatase synthesis were determined at 
each concentration of anesthetics and plotted as their ratio of 
the control rate observed in the absence of anesthetic. 
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of procaine .  The  main  effects of  local anesthet ics  
a p p e a r  to be on synthesis  of this enzyme (Fig.  4) 
a l though this effect was sl ighter  than that  observed 
on  O m p F  and  LamB synthesis.  

4. D I S C U S S I O N  

This s tudy was unde r t aken  in o rder  to compare  
the effects of local  anesthet ics  on genet ic  expres-  
s ion of  expor ted  p ro te ins  with that  of  the inhibi-  
t ion of l ipid synthesis  prev ious ly  evidenced [6-8].  
The  poss ib i l i ty  of  an indirect  effect of anesthet ics  
th rough  in ter ference  with phospho l ip id  synthesis  
was suggested by  an earl ier  repor t  showing that  
PEA alters this process  [9]. 

A l though  it had  been not iced  that  p roca ine  [5] 
and  PEA [3] can inhib i t  the synthesis  of  O m p F  no 
quan t i t a t ive  eva lua t ion  of  this inhib i t ion  was pre- 
sented previously.  A selective inh ib i t ion  of synthe-  
sis of mal tose  b ind ing  p ro te in  by  proca ine  was 
also descr ibed  [17]. Since it is shown here that  
p r oduc t i on  of  LamB is also inhib i ted  by  PEA and 
procaine ,  this suggests a coord ina te  inh ib i t ion  of 
malB divergent  ope rons  products .  In  all cases 
s tudied,  when used at  the same concent ra t ion ,  
P E A  had a s t ronger  effect than procaine .  Also,  the 
extent  of  inh ib i t ion  was always greater  in pro te in  
fusions than  in ope ron  fusions. We have no ex- 
p l ana t ion  for  this at present .  Nevertheless ,  since 
the effects were observed  bo th  in ope ron  and 
p ro te in  fusions, this indica tes  that  local anesthet ics  
very l ikely act at  the level of t ranscr ip t ion .  There-  
fore, the effects of  these drugs do  not  appea r  to be 
med ia t ed  th rough  an a l te ra t ion  of phospho l ip id  
synthesis.  Since then, an inhib i t ion  at the level of 
t rans la t ion  has been evidenced [8]. 

The extent  of inh ib i t ion  of  O m p F  synthesis  
caused  by p roca ine  and  PEA fluctuates  depend ing  
on  the ionic s t rength of  the media .  This feature  
suggests the involvement  of  one of  the ompB prod-  
ucts. Indeed  a role for ompB has been demon-  
s t ra ted  in the regulat ion,  at the level of t ranscr ip-  
t ion,  of the m e d i a - d e p e n d e n t  f luc tuat ion  of  O m p F .  
EnvZ is the p roduc t  of  ompB that  is involved in 
this regula t ion  [18]; this p roduc t  might  be the 
target  of local  anesthet ics .  However ,  this is only  a 

157 

poss ib i l i ty  and more  evidence is needed  before  it 
can  be accepted.  Regula t ion  of  a lkal ine  phos-  
pha tase  synthesis  might  be f i t ted in this hypothes is  
since perA mutan t  s trains that  are deficient  in 
p roduc t ion  of this p ro te in  have been shown to be 
equivalent  to envZ mutan t s  [18]. 

A C K N O W L E D G M E N T S  

This work  was suppor t ed  by  the A T P  'Mic rob i -  
o logy '  f rom the C.N.R.S.  and  I N S E R M  (contra t  
79.4.202.1). We  are grateful  to Drs. M. Schwartz  
and  M. Hal l  for their  generous  gift of strains.  

R E F E R E N C E S  

[1] Lazdunski, C., Baty, D. and Pages, J.M. (1979) Eur. J. 
Biochem. 96, 49-57. 

[2] Gayda, R.C., Henderson, G.W. and Markovitz, A. (1979) 
Proc. Natl. Acad. Sci. USA 76, 2138-2142. 

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

[4] Pages, J.M. and Lazdunski, C. (1981) FEMS Microbiol. 
Lett. 12, 65-69. 

[5] Pugsley, A.P., Conrad, D.J., Schnaitman, C.A. and Gregg, 
T.I. (1980) Biochim. Biophys. Acta 599, 1-12. 

[6] Bocquet-Pages, C., Lazdunski, C. and Lazdunski, A. (1981) 
Eur. J. Biochem. 118, 105-111. 

[7] Pages, C., Lazdunski, C. and Lazdunski, A. (1982) Eur. J. 
Biochem. 122, 381-386. 

[8] Murgier, M., Pages, C., Lazdunski, C. and Lazdunski, A. 
(1982) FEMS Microbiol. Lett. 13, 307-311. 

[9] Nunn, W.D. (1975) Biochim. Biophys. Acta, 380, 403-413. 
[10] Hall, M.N. and Silhavy, T.J. (1979) J. Bacteriol. 140, 

342-350. 
[11] Hall, M.N. and Silhavy, T.J. (1981) J. Mol. Biol. 146, 

23-43. 
[12] Moreno, F., Fowler, A.V., Hall, M., Silhavy, T.J., Zabin, I. 

and Schwartz, M. (1980) Nature 286, 356-359. 
[13] Silhavy, T.J., Shuman, H.A., Beckwith, J. and Schwartz, 

M. (1977) Proc. Natl. Acad. Sci. USA 74, 5411-5415. 
[14] Luria, S.E., Adams, G.N. and Ting, R.C. (1960) Virology 

12, 348-390. 
[15] Van Alphen, W. and Lugtenberg, B. (1977) J. Bacteriol. 

131,623-630. 
[16] Kawaji, H., Mizumo, T. and Mizushima, S. (1979) J. 

Bacteriol. 140, 843-847. 
[17] Granett, S. and Villarejo, M. (1981) J. Bacteriol. 147, 

289-296. 
[18] Hall, M. and Silhavy, T.J. (1981) J. Mol. Biol. 151, 1-15. 

 by guest on Septem
ber 16, 2016

http://fem
sle.oxfordjournals.org/

D
ow

nloaded from
 

http://femsle.oxfordjournals.org/

