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Tne Action of Phenethyl Alcohol on the Synthesis‘of Macromolecules
in
Escherichia coll

. C." PREVOST and V. MOSES

Lavrence Radiation Laboratory, University of ‘California, Berkeley,
California '

" ABSTRACT
PREVOST, C. (Lawrence Radiation Laboratory, University of California, .

Berkeley, Calif.) AND V. MOSES. The action of phenethyl aleohol on =~ | '~

the synthesis of macramolecules in Escherichia coii. J. Bacteriol.

(1966)._ A kinetic stixch of the effects of various concentrations-:
of phenethyl alcohol on the synthesis of RNA, DNA, protein .a.nd [3 -ga-
lactosidase in E. coii ﬁas confirmed that RNA synthesis, rather than ‘, , i
DNA sjnthesis ig first mid'most affected by phenethyl 'alcohol. The ;f;' |
presence of ind‘ucer did not protect ﬁ ~-galactosidase synthesis from
inhibdition by phenethyl alcohol. Little preferential inhibition of :
ﬂ-gala.ctosidase synthesis v;vas obsgerved; this is in contrast to the
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severe ‘cata.bolite repression which results from partial inhibition -
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of total protein synthesie ca.used by chloramphenicol or starvetion

for a required amino acid. We found no evidence that messenger RNA

synthesis was inhibited to a greater extent than total RNA syntheais .
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‘measurements of "mRNA" of‘inducgd ﬁ?galactosidase, Rosenkranz, Carr’
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' The bacteriostatic action of phenethyl alcohol (6) was first

ascribed in Escherichia coll to a specific and reversible effect

on bacterial DNA synthesis (1). Sporulation and germination of

}acillus meraterium, however, were inhibited by phenethyl alecohol

4

at a concentration which did not inhibit DNA synthesis (5). Although -
phencthyl alcohol inhibited the growth of DNA phages (4), it was also ;
irhibitory for the growth of RNA phaces (11). This sugpested that -
the primary site of action may not necessarilx be the Inhibition of

DNA synthesis. A recent paper has indicated that a lower concentration
of pnenethyl alcohol is'reqﬁired to give 50% inhibition of the R 3,

incorporation of radiophosphorus into RNA than into DNA (14). On

the basis of a preférential inhibition of the synthesis of »J»—*‘waﬁ%.:

1

alkaline phosphatase compared with that of total protein, and some

e
A

and Rose (3) suggested that the synthesis of messenger RNA was the ot

orincipal point of attack by phenethyl alcohol. o o '

We have measured the rates of protein RNA'and DNA synthesis in o
o coli before and after the addition of various concentrations of

phenethyl alcohol, and indeed find that RNA’ synthesis, but not

‘necessarily messenger RNA synthesis, is the process showing greatest . .

inhioition, o
. MATERIALS AND METHODS
pacterium. E. coli Cavalli, a derivative of E. coll K-12, was obtained

from Aleen Simmons of the Molecular Biolomy Department, University of. ;
Calironnxa, Berkeley. It is auxotrophic for methionine_and_chymdng.'”
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vedium and growth. The bacteria were grown aerobically with

stirrinz at 37C in M-63 medium (12) supplied with 0.2% glycerol,
50 ps/ml methionine and 2.0 pgm/ml thymine. In experiments where

uracil incorpor'atioh was measured , the cells were usually grown

in the presence of 70 pp/ml uracil; the cells preferentially used ' Vv

the externally added uracil (8). Growth was followed by measuring

turbidity at 650 mu in a Beckman DK-2 spectrophotometer. The doubling -

time was about 60 minutes.

Incorporation of labeled precursors. Labeled precursors (New England

. (TCA) and left at 0" for at least 30 minutes. The whole 0.5 ml

_ sample was transferred to a prewetted millipore filter (HAWP 025 00,
_ filter was dissolved in 18 ml of scintillation fluid (3i).. The
: ascerteined' by two-dimensional paper chromatography of the acid

" ated into the macromolecules without metabolic alteration.

Nuclear Corp., Boston, Mass.) of the following specific radiocactivities’
were added to the cultures at the beginning of the experimental period

to measure the rates of labeling of" macranolecules. metlwl—H3 S

thymine, 300 }AC/}Amole, uracil-—2-Clu 1.4 JpC/ymole, methyl-Clu ‘
methionine, 1.4 ).xC/pmole. Samples (0.25 ml) from the culture of

growing cells were added to 0,25 ml of 10% trichloroacetic acid

0.45 1) and washed with 10 x 1 ml distilled water. The millipore " ;
TCA insoluble fraction includes proteins, DNA and RNA.” It was i

hydrolysate of the TCA precipitate that the pnecursors were incorpor—.
lu ’,’y:
¢

113 vere counted simultaneously in the Packard fri-Carb scintillation

counter. - o A B L
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Bazvme Induction and Assay. Isopropyl-thio- 3 -D-galactopyranoside

(IPIG), a gratuitous fnducer of the lactose operon, was added to the
bacterial cultures at a final concentration of 5 x lo'hM. Galacto;'
sidase activity was ass#yéd b& measurlﬁg the rate of hydrolysis of
o—nitrophenyl-{3-D-galactopyranoside es described by Kepes (2). .

One unit of enzyme activity is defined as that which catalyzes the

PR hydrolysis of 1 mumole substrate per minute per ml at 37 C, pH 7.h.
Protein. Total protein was measured chemically (}) and by following .
T the incorporation of methionine-clhe. ’ o o L

.
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RESULTS L

ffect on Turbidity, and the Synthesis of Protein and Induced ‘\‘, ~:'?‘\’

8-galactosidase. . The time course of the inhibitory effect on the NS
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synthesis of induced B-galactosidase by increasing concentrations

" of phenethyl alcohol is illustrated in Figz., 1. The differential rate

S

of 3-palactosidase synthesis (B-galactosidase versus methionine-

Cl“ incorporation) is definitely not depressed at: lower concentrations .
of phenethyl alecohol but is even slightly stimulated (Fig. 2A).

Hir ncr concentrations of phenethyl alcohol cause some degree of
preferential inhibition which increases with time (Fig. 2B, 2C).

Phenethyl alcohol, at a concentration of 0.30% was sufficient

to cause an almost immediate cessation of protein synthesis and
increase in turbidity (Fig. 3).. At a slightly lower con?entrafion
(0.28%) protein synthesis was not entirely inhibited and the following
kinetic phencnenon occurred: p;otein and induced g-galactosidase
Qynuheois were sharply inhibited for a period of 20 to 40 minutes,

then recovered somewhat during the next 2 hours before being canpletely

innibited phereafter (Fig. H). At no time, at these high Qoncentratians ‘fﬁt“
of phénethyl.alcohol, was there any significant uncbqpling between %J{iii..fal?“%'
zeneral proteiﬁ synthesis and induced B-galactosidase synthesis. ﬂ;ma‘f‘{;f:’:'
Furthennore, B-galactosidase synthesis, induced at various times f}{:&{.;-"”
after the addition of. phenethyl alcohol, followed the same pattern :7}ﬁ

of behavior (Fig. 5) as a—galactosidase synthesis induced 20 miqutes -




-67. . . ' .
before the addition of phenefhyl alcohol. The rate of (5-galacto;;ffi ;
sidase synthesis was inhibited to.the‘greatest extent 10 minutes’ l' x
‘after the addition of phenethyl alcohol and to the léast extent .
60.minntes laten, during the recovery period. In an experiment |

.similnr to the one reported in Figure 5 IPIG was added 3 hours after :
phenethyl alcohol (0.30%) and although protein synthesis was inhibie
ted by aobout 98%, the difforential rate'of (5-galactoaidase syntheais;;%:'v
was not reduced by more than 25%. ‘ -

Effect on Nucleic Acid Synthesis. DNA synthesis was inhibited after

one hour by about 0.30% phenethyl alcohol (Fig. 6). The small extent
of incorporation of thynine-H3 added 5 hours after 0.30% phenethyl Hff

s
o\

alcohol revealed that no major portion of the DNA was turning over

that time. The synthesis of DNA and RNA were compared by simul-'i '

taneously adding thymine-H3, nracil Clhand phenethyl alcohol (0. 30$)i§g:'
(Fig.- 7). DNA synthesis continued at an undiminished rate for at .
least 1 hour before slowing down. . The amount of DNA made during ' :&
un&t period corresponded to ho-éd% of the ampunt present at the ti- e
me of addition of phenethyl alcohol The incorporation of uracil wes

"relauively low.: The rate of uracil incorporation dropped by at least "'Snn

90' within 20 minutes of the addition of phenethyl alcohol (Fig. B)o




-7~
phcneihyl alcohol showed that not only was uragil incorporation
inhibited within a few minutes but that RNA aleo underwent a pro-
rressive breakdown (Fig. 9B). Similar measurements at 0.25% phe-
nethyl alcohol again show that RNA synthesis was more inhibited thah
DNA synthesis (Fig. 9A). Following an initial and complete inhibition,
which lasted approximétely 20 minuteg, RNA synthesis recovered to
only 10% of the rate imﬁediatély preceding the addition of phenethyl“:
alcohol. By comparison tﬂe rate of DNA synthesis was slowed down by:

about 6n1y 40% during the first hour and the rate of protein synthesis
. o C

v 3
o v . '
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was even less affected.  , .- . EPRI UL PP PR
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g
DISCURSION

Phenethyl aleohol has been widely used as & specifio inhibitar . “ ..

of nuclelc acid synthesis. 'There 1s no general agreement, however,

an to the actual site of action or even on the relative extent of : |

inhibiticn of thc blosynthesis of the varicus mcranoleculea.
Tredok and Konatzka (18) have followsd the kinetics of the
inhibiticn of DRA nynthesin aa well as that of RNA nynthoaia by :
measwring the inearporation of ladbelled thymine and uracil after
the addition of phenethyl alcohol to the culture medmm. e havo
ochtained similar kinetic results as far aa the mhibibion of DNA

synthesin is concerned, tut have been urable to conrim the respanse

of RA synthesis to phencthyl alcohol which they observed. In thetr

éxfmrmrér:is uracil incorporation continued unimpaired for up to - ‘

4 nours in the preasence of 0,327 phanethyl alcohols They do not‘-‘ ;
indicate, however, the rate of uracil-c14 incorporation in the
absence of' phenethyl alsohol. In our experiments, we found that
this concentration ot‘ phenethyl alcohol not only gtopped tot;al RM
synthesis, lut Lmakdom of the previously formed RNA occurred

(Fig. 98)s The rate of uracil uptakc with phenethyl alcohol reparted
hy Treick end Konetzka (18) may have beem a very ‘mll fraction of
the rate &t which urasil was taken up prior to the addition of the
inhibitars I this were the case; their findin@ Wld agree with -
the obsarvations reported 4n thie cmm.mieation (Pigao 7 and 8).
results concerning the inhibition of IWA aynchenin ars 1n weeamt

with those of Rosenkrang m-. nl. GI}). . i a h ,7

“Heslde and NHanavalt ( 7) famd that mhibitim of the Bynthaala




of FNA ard protein by the removal of uracil and arginine from E, cold - L - :
15 T™UTAT, which requires thenn mibstances for growth, prevented ' .

the initiation of a new cycle of DNA replication while permitting - o
the ccipletion of the eycle then in progresss In view of thinm obsavation '
.1t 1s to be expected that phencthyl aleohol, which caused o severe . ; |
inhibition of RHA and protein simtresis, would ultimately have a A
similar effect on the synthesis of DNA, x
Rosenlcanz et al. (9) mave demonatrated that low concentrations ;

of phencthyl alechol inhibit the synthesis of alkaline phosphatase to = i
a ruch preater extent than . the synthesis of proteins in generale A .s
atudy by them of the effects of phencthy) alcohol on the inductien of ), . 7

p-ralactosidase seened to indicate that, at levels which were not

inhibitary to other processes, phencthyl alochol interferod with ‘

the function or biosynthesis of g-zalactosidase-specific messenger 2 o
RiA. Thoy have therefore proponed that phencthyl aleohol selectively | R
inhibits the synthesis of messenger FIA. This explanation, however, ‘ :
ig not consietent with the results reported in the present cammnlcations ‘1\:

It nas been estimated that 3-4% of all the RNA in B, coli has a S
messenger function (5). If all messicnger RNA 418 labile, then a .

total irmibition of messencer RNA synthesis, which woald rapidly be

reflected in a[ total cessation of protein synthesis, would eppear as
only a 4% inhibition of tdtal RNA _synthéoig.- However, in experiments '
reported above the partial reduction in prot;'oin synthesis has always o ;
been assoclated with a very much greater mhibitiéh of RNA nynth@sis‘- '
than U, Were messenger REA'a for the bulk or','the;éeuulmr protein

¢
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A0
_not srort-lived (9), complete inhihition of messenger RMA synthesis

waiild rot xmediately have affected tha synthenis of the total m*ocem._;.‘ 5
Hensenpger RMA for e—mlactonmf:e. however, is known to be vm*y labile  .'
(2) so that we would expect a rapid preferential inhibition of ' o '
g-galactosidase synthesis in the preeence of phenethyl tlooholt such ,‘ ;
preferential inhibition bas not been obacr;red. . o _

J;r: contrast to the earliér findings with alkaline ;ilfonpi‘atq.ae
‘and f-galactosidase (13), ve found only a cmparat‘ively al'a#ht
rreferential Inhibition ;)f s—ralactonidanse syrthesis (Pig. 2). A
conparison of our findings with those of Rosenleans et al,: (15) Sxa
shown in Table 1. Thus, if the large inhibitory effects on a—aalnctosi- :

dase z;ynt)wois:, obgerved by Pocenkrang ot al, in the first f‘ow mimtea ‘ K
after phenethyl aleohol addition, wera dua as they mggaot to - *
rref erential inhibition of the speoific messenger RM. such an
inhibition must be a very transitory ph&bmamn from wmch the cglla
recovered rapidly (sce Figs 1). ‘ o ' . RERSs
The piresence of inducer Qid not nrotect é-galactosidase ',ssﬁ'nthaéis
frem phenethyl aleohols - Induation of g«galactosidase 'syntbeaia at " ‘ :
various times after the addition of phanothyl .a.lcohol (Pige 5) fol= . ”
lowed tﬁe came pattern of inhibition and recovery as ﬁ-galactosidéﬂe
synthests induced before the addition of phenethyl aleohol (Fig. b),
Wnile our kinetis experimants do not demonstrate that phenethyl " |
alcohol 1s méro Inhibitary far' ¢the aynthesim of mesacnger RNA than |
for other types of RNA, -1t; i& neverthelest o‘hjviou‘s ‘that a very mat;
inhibition Of RNA synthesis in genaral ‘muét evmtuqny result in &
lack of ritoswal and transfor KA necessiry ror the transiation %?f.“ )
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mescenger RHA, and consequently cause & dedrease in the x‘é.te of :
protein synthesis. We have no inmediate explanation for the period 'j‘?""“' '!
of prefaerentinl synthesis of 8-galactosidane at low congentrations of 'Tv‘fn ' i
phenethyl alcolnl (Fig. 2A) -
The mnall daprco of catabolite repression with phencthyl almhol ; lr o
is rather unusuals It has fremuently been observed in the past that - . L
when protein synthesis 1n partially 1nhibited, the differential rate
of f-palactosidane anthe%m fella as a consequence of catabolite T
repression. Por instonce, Syph rm, Strauss and Treffers (17) found
that when protein synthesis was inhibited by 1!0-50% with chloramphenicol
the differentind rate of p~mmlactosidase syrthasio fell by 68%, Nakaab
and Yagasanik (10) have noted thrat "cells ¢annot be induced in a maﬂium
containing ¢lycerol as wcll as chloramphenicolj as in all cases of T j‘. .
inrhibition of protein svnthesis without the removal of the source .
of catalolites, this effect may be ascribed to catabolite repression®. . \
Inhibiticp by phencthyl alcohol does not secem to follow such a rule,
since, in the presence of glycerol, inhibition of protein synthesis
b}lr as nuch as 98% oniy resulted in a 25% redustion of the differential
rate of induced f-galactoridase synthesis, We might even qulude '
from this that one of the modes of astion of phem;hyl aloohol' is B
irterference with the operation of catabolite repressfon, = . s
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TARLE 1, Comparicon of the inhibvition of alkaline phosphatase,

p-ralactonidase, and protein increases after one hour

with phenethyl alcolol st 37 C, .

Prenettyl addcohol corgentration (v/v) 0,105 0.15% 0,208 0.25%

Y

Rosenleranz et al.#

Protein (turbidity) (% of cortrol) 73 - 5T =
Alaline prosphatase (f of control) 5 - 0 -
AMlizline prosphatase/protetn 007 =« 0 . =

Present recults

retedn®® (2 of control) n 0 - 2
g=ralactosidase (I of eontrol) 87 s - 16
g~nlactosidase/frotein 1.23 07T - - 073

&

%The values were computed from the results presented in Figure L
from NRosenlaanz, Carr ard Fose (13). ‘

#iThese results were caloulated from the experiment described in

Plaures 3 and 2.  The ectimate of protein synthesis was the same’ | ‘

whether ‘turbmity or mthionin@-cm incorpombion was useds .



Figufe 1

. parallel cultures of exponentlally growing cells, Phenethyl -

E2Y

Floure 2

Figure 3

frigure 4

Figure 5

' was then followed for'the next 25 min,  Induction started
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LIST OF FIGURES

The effect of phenethyl alcohol on the synthesis of induced

B-ralactosidase.” IPIG was added at time zero to four

alcohol was added 32 minutes later: A, 0% (v/v); o, O. 10%;

€, 0.15%; 4, 0.25%. ,

The effect of phenethyl alcohol on the rate of induced
B-galactosidase synthesis. versus protein synthesis as
measured by methionine-clu ;ncorporation. Séne-experiment
as in Fig. 1. - Phenethyl aleohol was added at the’arrow:'

A O . control, @ 0,10%; B 0 control, @ 0. 15% co control,

& 0.25%. . ' | R

Effect of phenethyl alcohol (0.30%)on turbidity and total - 5

b}

protein.

Effecq of phenethyl alcohol (0.28%)on ‘total protein and . ~ .

induced B-galactosidase synthesis. .
Inducibility of Bi-galactosidase after the addition of
Phenethyl alcohol was added

phenethyl alcohol (0 28%).

samples of the culture were removed and B-galactosidase
synthesis ~induced with IPTG, B-Galactosidase activity

at the following t;imes in relation to addition of phenethyl
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" Figure 9 Effect of phenethyl alcohol on thymine-H3 and m'acil-2-"' i

Calb- . .

o) R
alcohol: A , minus 20 min.;g'o plus 10 min.; @ ; plus 70 min.;

o, plus 130 min.; A , plus 190 min.

Figure 6 Effect of phenethyl alcohol (O, 30%) on tm/mi.ne incorporation ‘

in exoonentially growing cells. Culture A was grown in ,-‘ »
'pr‘esence of thymine-H3. Culture B was grown in a parallel
flask but thymine-H3 was not added until 5 hours after
the addition of phenethyl alcohol. |
Flgure 7 Ef‘fect; of phenethyl alcohol (0.30%) on thymine and uracil
| ‘ incorporation, Thymine-13 and uraci1-2-c14 £ldded‘ B
simultaneously with phenethyl alcohol to e:_cponentially '

growing cells. '

‘Figure 8 Effect of phenethyl alcohol (0,30%) on the rate of 1abe11ng.

of RNA with uracil-z-cluo The cells were grown in the absence

of uracil. At various intervals 0. 25 ml samples were » o

added to 0.025 ml of uu*acil-»Z-CllJ (15.8 mumoles; 31 6uC/umo1e),
incubated for 2 min, at 37 C and killed by the addition - s
of 0,25 ml of 10% tricloroacetic acid at 0 C,.
4

c!! incorporation in exponentially mung cells. Ay,

0. 25% phenethyl alcohol, B, 0. 3oz phenethyl alcohol
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