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,SUWYS Phenethyl alcohol, at concentration of 0.15 to 0.2%, 
specifically inhibits induced fmaation of alkalihe phosphatare activity, 
but not that of ,5 -galactosIdaae In &&g&&&k &Q& This Inhibition 
Is reversible. Evidence haa been obtained uhIch suggeats that this 
chemical prevent8 conversion of Inactive monomer sub-units to a6tIve 
alkalfne phoaphataae dimer rather than InhIbItIng f& m aynthesI8 of 
SUb-UnItS themaelvea. 

Alkaline phoaphatase Is one of several hydrolytic enzymea In 

E. m that aeem to be localised In ttm space between cell membrane and cell 

well (1, 2). The enzyme has been ahowh to be an unusually stable zinc 

metalloproteiri coapoad of two Identical sub-units (3, 4). Recent experimenti 

of SchleaInger (5) and Torriani (6) are suggestive of a mechanism In which 

Inactive monomer aub-unita, ayntheaiad in the cytoplasm, diffuse through the 

cell membrane to a perlplaaadc region where aubaequent dimeriaation to active 

enzyme occurs. 

In this ccmrnmlcetion, we report our atudiea with @enethyl 

alcohol @%A), an agent believed to alter bacterial cell mdWihe structure 

(7)) which support the mechanlam proposed by Schleefnger and TcmLani. PEA 

has been found to Inhibit apecIfIcelly Induction of alkeline phosphotaae in 

9. u, but not that of b -galactoaIdaae, an Internal enzynw (1) fomod 

ln the cytoplam (8). This inhibition appears to result fropl intesferonce 

with the dimrIratIon of mmoaer sub-units rather than the inhibition of 

ayntheaIa of sub-unit3 thomelves. 
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RESULTS AND DISCUSSION 

Rosenkranr &a. reported that in 5. calf, at levels which 

were not inhibitory to other cellular processes, PEA inhibited induced 

formation of S -galactosidase and alkaline phosphatase (9, lo), whereas 

Prevost and Moses (11) found that this agent simultaneously inhibited 

alkaline phosphatase induction as ~11 as general synthesis of proteins. 

It will be seen from Fig.1 that at concentraticn of 0.25%, PEA inhibits 

induction of both alkaline phosphatase and j3 -9alactosidase in 8. u 

Bl&nethionine auxotroph. However, at lower concentrations, i.e. 0.15 and 

O.ti, PEA exhibits differential action. At 0.15% PEA, induction of alkaline 

1 I I / I I I I 
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TIME h4lNUTES) 

Fig. 1 Effect of PEA on induction of,B-galactosidase and alkaline 
phosphatase in & u B&methionine auxotroph 113-3. Cells grown for 
18 hr in nutrient broth were washed and suspended in phosphate-free 
medium ( (A-Pi) medium used by Torrfani (6) ) containing iso ropyl-thio- 
pJ)-galactopyranoside (10-3 M) at the cell density of 5 x 1 cl 
and incubated at 37oc. 

ccl Is/ml 
At the end of 18 hr, PEA was added. This is 

considered as ‘zero-time’ in the figure. p -galactosidase activity was 
assayed with o-nitrophenyl-,e-D-galactopyranoside as substrate, as 
described by Fardee &g. (12) and alk a li ne phosphatase activity with 
p-nitrophenylphostiate as substrate according to the method of Torriani 
(13). .For both the enzymes, one unit of enzyme activity is defined as 
that amount which catalyses the hydrolysis of 1 wmoleof substrate per 
min under respective conditions of assay. Specific activity is expressed 
as units of enzyme per 2.5 x 108 cells. The density of cell suspension 
was determined by measuring absorption at 490 y. o----O, No FEA; 
U, O.l% PEA; u, 0.15% PEA; A----&, 0.2$ PEA; 
D-----Q, 0,25% PEA. 
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phosphatase 1s suppressed by about SC%, but that ofb-galactcsidaee is 

unaffected. Formation of alkaline phosphatase is completely inhibited in 

the vesence of 0.2% PEA in the medium, while,5 -galactosidase synthesis 

is lowered only by about 10%. As seen in Fig.2, this effect of PEA on 

alkaline phosphatase induction is reversibles the enzyme formation is 

resumed as soon as the cells are transferred to the medium devoid of PEA. 

6.0 

TIME (HOURS) 

Fig.2 Reversal of inhibition by, OpRA of alkaline phosphatase induction. 
E. ~011 cells were incubated at 37 C in 
dens of 5 x lo* cells/ml. 

(A-Pi 
f 

medium at the ini_tial cell 
At the end of 1 hr, PEA was added. After 

further 1 hr, the cells were collected on Millipore filter (IMP), washed 
and transferred to fresh (A-Pi) medium and incubated at 3 9 
as in Fig.1. 0 

C. Other details 
0, No PEA; -, 0.2% PEA; - 0.25% PEA; 

$ 
--- 4, incubated for 1 hr in 0.2% PEA and then in (A-PI) ‘mediumt 
---a, incubated for 1 hr in 0.25% PEA and then in (A-Pi) medium. 

The differential effect of PEA on formation of these two 

enzymes was also observed with E. m 15 T-U’ at the sams concentration 

range. It is possible, howetver, that PEA may exert this effect at somewhat 

different concentration ranges in other strains of H. a and under differ- 

ent growth conditions. 

The action of PEA on alkaline phosphatase formation cauld 

either be due to specific inhibition of synthesis of the enzyme protein or 
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due to interference in the conversion of inactive monomer sub-units to 

active phosphatase dimer. Silver and lendt (7), from their studies on 

permeability to acriflavin and efflux of intracellular potassium in &. co!_i 

cells treated with PEA, have inferred that PEA affects cell membrane 

structure. These authors have suggested that. observed inhibitory effects of 

this chemical on processes such as initiation of IN& replication (14, 15), 

conjugation (16, 17). and sporulation (18) are secondary consequences of the 

changes in cell membrane conformation. Recent studies indicate that monomers 

of alkaline phosphatase are accumlated in a periplasmic region (5, 6) where 

dimerisation to active enzyme takes place, possibly mediated by the cell 

membrane (19). It, therefore, seems more likely that action of PEA on 

alkaline phosphatase formation results from interference in tha dimerisation 

rather than inhibition of the synthesis of sub-unit5 themselves. 

It has been shoon that under conditions of growth in ‘low ZnW’- 

containing medium, the synthesis of active alkaline phosphatase in H. u is 

suppressed while monomer sub-units accumulate (6). In order to ascertain 

whether incubation of cells in PEAcontaining medium also leads to a similar 

accuaulation of the sub-units, the following experiment was carried out. 

Cells were incubated in phosphate-free medium in the presence of 0.2% PEA at 

3?C for 1 hr, after which they were collected on Millipore filter5 and 

subsequently incubated in phapphate-free medium devoid of PEA but containing 

chloramphenicol, which ensured no further synthesis of alkaline phosphatase 

protein. It 15 apparent from Table 1 that the enzyme activity of cells, 

previously incubated with 0.2% PEA, was increased even in the presence of 

chlorampheni col. In the control experiment in which de novo synthesis of 

the enzyme protein was suppressed by chloramphenicol during incubation of 

cells with 0,2% PEA, no such increase in enzyme activity was observed. 

This lend5 support to the presumption that PEA allow5 synthesis of inactive 

monomers but precludes their conversion to active enzyme dimer. The increase 

in alkaline phosphatase activity during incubation in the pre5ence of chlora- 
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Table 1. Increase in alkaline phosphatase activity in presence of 
chloramphenicol in 8. coli cells previously incubated in 
phosphate-free medium containing 0.2% PEA. 

Sp. activity Xncrease in sp. Relative 
units/8 activity over increase % 
2.5x10 cells initial level of control 

1. Zero time 0.21 
2. 1 hr in (A-PI) 2000 1.79 100 
3. 1 hr in (A-Pi) plus PEA 0.21 0” 0 
4. 1 hr in (A-Pi) plus CM 0.21 0 
5. Cells from 3 in ‘(A-Pi) 

plus CM’ for further 1 hr 0.55 0.24 
6. 1 hr in *(A-Pi) plus PEA 

13.4 

, 0.21 0 0 
7. %?rom 6 in ‘(A-Pi) 

plus CM’ for further 1 hr 0.21 0 0 

Cells (6.5 x lOS/ml) were incubated in (A-Pi) medium at 37’C. 
18 hr, 

At the end of 
PEA (0.2% final concentration? and chloramphenicol (CM) (lOOpg/ml 

final concentration) were added, wherever indicated. This is considered as 
zero time. The incubations were continued for another hour and aliquots were 
assayed for enzyme activity. At this time interval, cells from expt. 3 and 6 
were collected on Millipore filters and transferred to (A-Pi) medium containing 
CM (100 jug/ml). After incubation for additional 1 hr aliquots were assayed 
for enzyme activities. 

mphenicol was only about 13% of control and incubation for extended periods 

did not result in any further rise in activity. The reason for this is not 

knOWn. It has been shown that monomer sub-units are unstable (20) in 

Contrast to the active dimar enzyme. This may restrict capacity of cells to 

accumlate sub-units ., 

Dimerisation of alkaline phosphatase sub-units is kncMn to be 

dependent on Zr#+ (6, 21). The action of PEA on the dimerisation camot be 

due to chelation of zn** since Wf, at the final concentration of log3 H 

includsd in the PEA-containing medium, did not reverse the PEA effect. 

Whether PEA directly affects dimer formation, or not, was 

tested in an in vitro system. It is seen from Fig. 3 that 0.s PEA partially 

suppresses this reaction. Since, however, the appearance of enzyme activity 
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Fig. 3 Reactivation of alkaline phoaphatase sub-units in the presence 
of PEA. Alkaline phosphatase was purified from & m B /methionine 
auxotroph 1133 by the method of Torriani (22) and sub-m fP a fran this 
enzyma were obtained by acid inactivation according to the procedure of 
Schlesinger and Barrett (21). The monomer sub-units (69.6,ug/ml) were 
incubated at 37’C in the presence of 0.1 M Tris-CI: (pH 7.4), 0.4 ti 21130~~ 
1 mM Mgc12. PU was added at the final concentration of 0.2%. Aliquots 
were removed and assayed at the indicated times. W, No PM; 

A- --- -A,O.2% PEA. Definition of enxym unit, as in Fig.1. 

is totally prevented at this concentration of PEA in intact cells, it is 

unlikely that this agent interferes with the dianmisation par a~. Rather, 

it seem plausfble that the PEA effect stems from its plrasry action on the 

ccl 1 rambrane. 

The present findings reveal yet another subtle effect of 

pbmethyl alcohol which should px~ve useful in studying regulatory aspects 

of alkaline phoaphataae formation in relation to cell structure. 
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