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T:'1c Action of Phenethyl Alcohol on the Synthesis of Macranolecules 

in 

Escherichia coli 

C.· Pro?.VOST and V. MJSES 

Lav~rence Radiation Laboratory, University of 'California, Berkeley, 

California ·. 

P&.--vosrr, C. (Lawrence Radiation Laboratory, Uni~rsity of Califomia, . 

Ber~cley, Calif.) Al'ID. V. MJSE?• The action or phenethyl alcohol on 

the synthesis of macromolecules in Escherichia coli • J. Ba.cteriol. 

(1966). A kinetic study of the effects of various concentrations· 

of phen·ethyl alcohol on the synthesis of RNA, DNA, protein and f1-ga- -~·· 

lo.ctosidase in E. coli has confirmed that RNA synthesis, rather than . ·: .. 

DNA synthesi~ is first and most affected by phenethyl alcohol. 
I . . . . 

presence of inducer di~·not protect j3-galactosidase synthesis 

The 

from 

. ' . 

'· I ., 
inhibition by phenethyl alcohol. ~· · Little preferential inhibition of 1• • ,,_. 

•'..! 

P-ealactosidase synthesis was observed; this is in contrast to the " 
· .. ';·: .' 

I • 

severe catabolite repression which results from partial inhibition · -~r· 
. .. ·of:·~ 

~:-i,t. 
• .• ,t . of total protein synthesis. caused by chloramphenieol or starvation 

, .. 

for a required amino acid; We found no evidence that messenger RNA ·.:,.I 

synthesis was inhibited -~o ·a ~eater e~ent thaii tot~-·~· ~yn~hesil ~-.[~/ ,_· .. 
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The b;tcterio::.tatic actlon of phenethyl al~ohol (6) was first 

aGcribed in Escherichia coli to a specific and reversible effect 

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

l:.-:~.cillus mer;ateriun, however, were inhibited by pheneth,yl alcohol 
.. 

, . 

at a concentration which did not inhibit DNA synthesis (JS). Although 

phencthyl alcohol inhibited the ~wtll of DNA phages (14), it was also 

ir .. :'1ibitory for· the growth of HNA ptnc;es (II). This suggested that 

the prirM.ry site or action may not necessarily be the inhibition of 

D~!A s:,rnthesis. ·A recent paper has indicated that a lower concentration 

of ;Jhenethyl alcohol is· required to ~1 ve 50% inhibition of the 

incorporation of radiophosphorus into ~A than intO DNA CJ'I). On 
' . 

.. 
' 

the basis of a preferential inhibition of the synthesis of-.·..-· ....... :~ ~· 

alkaline phosphatase compared with that of total protein, arrl sane 
'. 
' . 
·'· 

. ' 

measurements of "mR'JA" of induc~d ~lactosidase, Ro~enkranz, Carr· ·, 1 

. ~ ; 

and Rose (/3) sw_,gested that the. s_ynthesis of mes·senger RNA was .the 
... 

... ,..f .. t' . ,· 
. , ... ; ·. ·. 

principal point of attack by pheneth.yl alcohol. · (\: 
I . . ··.: 

'vJe have measured the .rates of protein, RNA ·an:1 DNA synthesis in· t: 
. . . '·' ... 

'·'· coli before and after the addition of .various concentrations. or . '· 

~ i •. 

phen~thyl alcohol, and indeed find that RNA· synthesis, but. not . •' .·· 

·necessarily messenger RNA synthesis, is the process showing greatest 

inhibition. 

MATERIALS AND Mb'"THODS 

'.· . 

Bacterium. E. coli Cavalli, a derivative of E. coli K-12, was obtained. 
'.• 

fro:n Aleen Sinmons of the Molecular Biology Department, University of, ·; ·. 
California, Berkeley. It is auxotroj,hie for methionine .and· thymin~. 

•; 

., 
·t' ,. 

I 

r:: . 
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The bacteria were grown aerobically With 

:>tirring at 3~f( in :vt-63 medium (I~ supplied with 0.2% ~ycerol, 

50 }l!'"./ml methionine and 2. 0 prr/ml th,ymine. In experiments where 

uracil incorporation was meas~, the cells were usually grown 

J.n the presence of 70 Jlf'/ml uracil; the cells preferentially used 

~he externally added uracil (8). Growth was followed by rreasuring 

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

ti:ne was about 60 minutes. 

Incorporation of labeled precursors. Labeled precursors (New Enp,land · 

Nuclear' Corp., Boston, :vlass.) of t.he following specific radioactivities= 

were added to the cultures at the bee;inr1.1rlg of the experimental period 

to measure the rates of labeling of· ma.cranolecules: methyl-H3- .,, · 

thymine, 300 )lC/pnole; uracil-2~14 , 1~~ )lC/}.IIOOle, nethyl-cl4_ . -: . 
. ~::r 

methionine, 1.4 pC/)JIOOle. Samples (0.25 ml) froni the culture or 
J : 

growin<?; cells were added to· 0.25 ml of 10% trichloroacetic acid 
... ·. .... -~ . 

'• 

(TCA) .and left at 0° .for at .le~st 30 minutes. The whole 0.5 ml .J •.· 

I . ' . . ' 
sample Was transferred to. a prewetted millipore. filter (HAWP 025 OOt ,, .'-. 

. . 
0.45 ~) and washed with 10 x 1 ml distilled water. The mllllpore . 

filter was dissolved in 18 ml of scintillation fluid (?;i) •. The 

'l'CA insoluble fraction includes proteins, DNA and RNA.· It was 

. . 

' . .. -.... 
. ·' . i. 

•."e 
• '"·1, · ••. I~-

H3 were counted simultaneously in the Packanl Tri..carb scintUlation 

counter. 
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i·:nzy:71c Induction a.nd Assay. Isopropyl-thio- {!> -D-galactopyranos ide 

(IPTG), a gratuitous inducer of the lactose 

b~cterial cultures at a fihal concentration 

operon, was added to the 

. 1 -4 of 5 x 0 M. Galacto-

sidasc activity was assayed by measuring the rate of hydrolysis of 

o-nitrophenyl- r·D-g·alactopyranoside e.s describ.ed by Kepes (2'.). 

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

hydrolysis of 1 ~ole substrate per minute per ml at·37 C~ pH 7.4. 
.. 

Protein. Total protein was measured 

tne incorporation o·r methionine-c14 ... 

chemicaUy· (I:) and by following_'. 
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RF.SULTS 

Effect on 'I'urbidity. and the Synthesis of Protein and Induced 

B-salactosidase •. ~~ time course of the inhibitory effect on the 

Gynthesis of.induced a-galactosidase by increasing concentrations 

of l')hcnethyl alcohol is illustrated in Fig. 1. The differential rate 

of a-r,alactosidase synthesis (B-galactosidase versus methionine-

c111 incorporation) is definitely not depressed at· lower concentrations 

of phcnethyl alcohol but is even slie;htly stimulated (Pig. 2A). 

l ii~hcr concentrations of phenethyl alcohol cause sane ~gree of 

preferential inhibition which increanes with time (Fig. 213, 2C). 

Phenethyl alcohol, at a concentration of 0.30% was sufficient 

to cause an a.lm:>st :imn'ediate cessation. of protein synthesis and 

increase in turbidity (Fig. 3) •. At a slightly lower concentration 

(0.28%.) protein synthesis was not entirely inhibited and the following 

kinetic phenomenon occurred: protein and induced ~lactosidase 
i. . . . . 

synthesis were sharply.'inhibited for a period' or 29 to 40 minutes,· 

then recovered sorrewhat. ·during the next. 2 hours before being canpletel¥ 

of phenethyl alcohol, Wa.s there any significant uncoupling between 
. . 

general prot~in s.ynthesis and induced a-galactosidase synthesis. 

Purthennore, -a-galactosidase synthesis, induced at various times 

.. 
• #' - ; '. ~ 
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before the addition of ph en ethyl al·cohol. The rate of ~ -gala.cto•. 

sidase synthesis was inhibited to the greatest extent 10 minutes' 

after the addition of phenethyl alcohol and to the least extent 
! . 

6o minutes later, during the recovery period. In an experiment 

similar to the one reported in Figure 5 IPTG was added 3 hours after 

phenethyl alcohol (0.3o%) and although protein synthesis was inhibi· 

ted by about 98%, the differential rate _of ~-galactosidase synthesis. :-:, . 

'~·as· not reduced by more than 25i. 

Effect on Nucleic Acid Synthesis. 
I 

DNA synthesis was inhibited after 

one hoUr by ahout 0.3Q% phenethyl alcohol {Fig. 6). The small extent 

of incorporation of thymine-H3 added 5 hours a.rter 0 .3~ phenethyl 
'I 

' : :; ' 

alcohol revealed that no major portion of the DNA was turn~ng over 
'· 

at that time. 
..... ~-;~ :.·. 

The synthesis of DNA and RNA were compared by simul-· :.::.,'' 
. 4 . ;-.: .. 

taneously adding thymine-H3, ura.cil-C1 and phenethyl alcohol ·(o.3~).~:i-

(Fig.· 7). DNA synthesis continued at an undiminished rate ·ror at 

least 1 hour before slowing down.·. The amount of DNA made during· 
i . 

that period corresponded to 40-GQ% of the ~unt present at the ti-
.... · ... 
m~ or·addition of phenethyl alcohol. 

i 
·' ' ·I 
I I. 
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'·: \ .. 
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1,' .· .• 
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phcnethyl alcohol shewed that not only was uracil incorporation 

inhibited within a few minutes but that RNA also underwent a pro~ 

~ressive breakdown (Fig. '9B) • Similar measurements at 0.25~ phe-

nethyl alcohol again show that RNA synthesisJwas more inhibited than 

DNA synthesis (Fig.' 9A). Followine an initial and complete inhibition, 

;.,hich laated approximately 20 minutes, RNA synthesis recovered to 

only 10% of the rate immediately preceding the addition of phenethyl 

alcohol. By comparison the rate of DNA synthesis waa slowed down by· 

about only 4<>% during 'the first hour and the rate ot protein synthesis, 

was even less affected. 
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inhibition or DNA ~ynthesiA aa wall as that or RNA synthesis by 

measurinG the incorporation or labelled thymine and uraoll o.ttcr 

the addition or phooethyl alcohOl to the culture mt:d1um. Wo have 
' ·"! 

obta.1ncd aimilar kinetic resultB afi rar an the 1nh·11)1t1on or DNA 

syntheGi:1 1G cooccmoo, but hava been UMble to contirm the rnsponac 

of :\Y1A oynthca!G to phenathyl alcohol ~'hich they observed. In tho1r . :; -·._:_: )~W:: 
cxper~"llenta urnc11 1ncorporat1m continued unimpair«t ~up to < ·.- ., , 

~ hours 1n tOO prostnce or 0,32Z ph<netl1)'1 alcohol. 'J'beY do not' · • ';·:; ';:> ;;~~~: 
i.'"'idicata. howcvc>.r, too rato or uracu-cl4 incorporation 1n thn 

ah:;)enCe of'- phenethyl alcohol. In our experiment&, ~ fa.arxi ttat 
'• t· 

thin concentration of phenethyl alcohol not only fltopped total RNA . · 
. . 

ayntheais, tut brenkl<»n or the previously tanned RNA OCcurred 

(Fig. 9Tn. The rate of urac1l uptW<a·_w1th phoMthyl alcohol reported ;-, :·;-~~-~-~~: .. r:\· 
t •• : • :. ':t ~ l 

b~· Tre1ck and Konetzka (18) mny have oom 0. Vf!Jt"y' nmall traction or . ':1': .. .f.· .~)I::i.il ' 

tr.c rate r1t which uraa11 -ma taken up prior to the addition or the 

inhibitor. Ir thin \~ere tho caoo t tM1r t1rx11ngo wa.alc1 agree with · 

,· ... 

rosulta ccncerning the inhlbit1cn or ltiA oyntheo1a are· in agreEment t • ~ r • '_. •,~.,. ' 

( . ' .. _: __ "''.' _!·: ;:~ .. ~ ' 
; ; ' ' ; ..... -~.' .... ;., ;.- ;. ~ . 

tdth thone or Roscnh1.·•ans: et nl. 0/J)• .. , · . :-. ·;;;;.:J-:(_: ~' 
......_.......... 0 .. • .. ' ' _l • ~•";'·': J,/, ·:·:·; .. : 

"HaalJ:Sa ani Hana\\'Glt ( .1> t<:und that 1nhib1t1on or the aynth&as.a ,· · :· ·· · ·:~~-· · ,·~ :,-: 1 

. . . .... '' . ,~,i~: ' . :: ·.· . .· ........ ;.•·: :' ·:: ;r;::·.t:~·:)<'t /;,;~'~:.:; .. ~ ::}~~ ;.} ··?2}': i~?': i 
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of RNA and protein by the reooval or uracll an1 arginine tran E. ooli · --
15 -r-trt.-, which ref!UireA tr-.cn~ m.1hstnncns tar growth• prevented 

too m1t1at1on of a nerd cycle of Dr~A r~pllcnt1on whUe pemitt~ ·\ 

the ccrnpleticn of the eyole then 1n progreso. In view of thin obsexvation 

. it is to be €Xpectoo that phcncthyl alcohol• which owned a severe 

jnhihltion or I'U'lA onc1 protein :,;:mthcn1n• would ultjmately have a 

s:trn.ilar effect on the Bynthen:to of DNA. 

Hoocnl~nnz ~ £b.. ~) blVe dernQnatratEd tint low ooncentrationo 

of phcncthyl alcohOl 1.nh1bit the GyntheBiO Of alkaline pho8phatane to . 
·~ l 

a ruch f",rcatcr extent than . tho synthesis ot' proteins 1n general. A 

otudy by them or the er.rQQts or phcnothyl alcohOl en the 1nc1uct1oo ot 1l,i 
p_..r:;alactos1dnse seemed to 1ro1onte that • at levels Which were not 

l 

inhibitory to other procet~seR, phen€ttwl alcohol Sntcrterad with 

R!"!A. They have tbcrerore propor.P.d thnt phcncth,yl alcohol seleot1vely 

1nhib1t3 ~bf-~ nyntheJds or mcnuenrrer m~. Th1B expl.arat1on• hoWeVer, 

in not cona1ete.'1t w:ith the ronulto roportcd in the preaent caml.U'l1aat1on. 

It has been estimnted thut 3-l!:! of all the RNA in E. coli has a . _.........,_ 
' I 

m<"!nser.gE'".r ;1Ut1ct16n ( 5 ) • If n11 mesnenger RNA 1s labUe, then a. 

toto.l inhibit ion or meo:Hl'lry-·r RNJ\ zynthesin, Which wcul4 rapidly be 

reflected 1n o. total cesso.tion o.t' pro~e1n synthesis, l1Wld appear as 

onlj• a 4% 1nh1b1t1oo of total nNA tyntheaie. nowever. 1n experimento 

reported aboVe the part1nl reduction in protein synthos1A t.o alway~. 

baen at;zoo1ated with a very rruoh p;reater ~it1cn ot RNA tll'nthes1s · 

than ~. t·:ero mennffl'lgcr ru~A'o for too bulk ot· the·. cellular protein 
# • ' ' • ~ ' • ' ,· 

·.· I 

' '• . ,•(' 1 ( ~ 

.. , 

.. 
'. 

.. .. 
' 

' .. , ~ '· ' ... ; 

•. p 
r ; 

' J. 
r '· 

.· .:.:··':!;,j;\: 
•. i .': ·: .... ... 
: '. ' .... 

. '· 

·. 
·, . : ~~ 
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'' 
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. ' ~' 

. not nt-.o~-lived (9). oomplcta 1nhlh.1.t1on or rneAamgel' RNA s:vnthes1o .·.:, "::.{,..': ,·;r.r;::.::, 
would not irrrnedi:ltoly t.ava arrectro tho oyntheo1s or the total proteini · ;·; .::~:.;1;:/·. 

. . . . ,.., ': t /i ~ • '.·~.~~:_:<~ .i; ;' 
i-'1ermmger P.W\ for ~aotoa1da:>e; h'JweV~, 1o }(r.,oW'\ to be very labile . ': ':· . ·. · '~~ ;~.- ( ', 

:::.:::ct:: ::t:;~ 4t::a~=::t:::~::~:.: ~h ,:;< ,;: '.'~~;\ 
prcfe>rerJtial inhibition hR.P. not been observEd, • : ··· '_::· 

ar~ P::::::: ~:)~~1;~:::a::::7;~1P::tase ·, •'·.~:.t:.\~:-~ 
prei'crcr1tlnl 1nhibitio.'l or e...galacto1d.daae aynthflrd.o (Pig. 2), A .. ·~;: .. · 'j.:·}~i~ 

• . . . •. • t • 

con1r..ar1ocn or our findingc with thono or Rosenkranz ~ al. Jl!)· :~o ·.,·~·. ·,.~.{~.::-{:~ 
. ./ .··:·::·r;_,•.·:~;--. 

. . • ' 1 ... ·•. • •. 
nrov.n 1n Tnble l. 'l'hls, if the lama inhibitory effects on e-galnotos~~ · .··;··,. ~f(:;F· . 

. - ;' ··,·.·~.'!';~.:~~,~·. 
dase syntbns1s, obaf!NC!\d by HotcnkrMZ !'!_ ~ 1n thr. t1rat tow mhlUteo · '>': ::,;:\ :,:-. 

:::::::::::~~=~:::::::=::::::t: ·:~. ~ :·}ri;;!:,j~ 
,, . ' . . <,;i.Y' •. 

recovered rap:ldly (sclt Fig. l). 
I 

?he presence of inducer did not protect B-E:ala.otosid.ase .sY"thotd.a 
. ' 

!'ran phe."'lethyl alcorol. · l'nduotlcn of B-gnlaotos.1dase 'l'ynthc:)B1B at 

various timAs at"tcr too additio:1 o!' phtmoth.Yl olco)l:)l (Fig. 5) tol

lO\·ted the c.:1me pattern of mhibit1cm ood recovery as ~..galactos1claoe · ... ·, · . <::.: .. '.,+J.::': . . . . . ..:. ·- ~, .-~~· rJ: :<: .. · 
syntheaia 1nc1ucea. berore th(!! actdltion or plnleteyl ucohol (Fig. ll). ·. :···: .)i ::·.'S\·\.· 

. . . . ; ~- . ···.·~.i.~t~.-:~~-;,,t:~::_~ 
t(nile our ldr.etio exper1mnnts do not deroonstrata ttat phenett\Yl. ·: .:~; (':\··;·.(;:.··._::i. 

alcotol 1s lll)r<> inh1b1tot'7 fe>r tha aynthaeia or llleSdqel' RIIA tlan ·. ':: irl::<·;~',iJ. 
for other typen or RNA, it .to neverthel.,so o~1ou·s tlBt a very ~a~ · : ... ::(:; . 

'-:~· /'·:'<; 
inhibit 1on or FWA syntheoiR 1n r~rmarol muet eventually result 1n a. ' \·. ;~ :. " 

.·; :_.; ~· g·~~? : lack or l•il;oaoo;..'"U aM trannfc:r }{;,il\ ne-eessnr-v tor the tronallitlon or, ; . 

· · .·. · ~.• .1 , · .. ·.. \: .J ,· :. :: •• <. ~ll~ ,Jir-::'t·c~.;};;;;:·c]·l_:_.;,. :;;~ ;;:;;, ':r~~~l 
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maaoenger RiM, nnd consequently ce.ur.e a doorease 1n the rate or 
protein r.ynt~r.la. \<!e have no irrmediate explanation tor tho period 

or rm::rm-cnthl nynthcr.io of a-ealactosidaoe at l.ow concentrations ot 

phcnethyl alcoh>l (F~. 2A). 

The ~.11 dep;roCl'e of catabolite* ropra.H!i1on with phen&thyl Alooool. 

in rl\th~r ununual, It NlS rrequrotly bam oboerved 1n the past thnt 

t1h!'n protem oynthen1~ in p.nrt1.ttllY 1.nh1bitcl• the cUtrerential rate 

or e.-g,.uaotosidatt~ c;yntooa1.A runn as a conr.cquenoe of catabolite 

repression. I"or instnnce* r;y~l~cr'd, strauss 8.nd Trel'fero (17) found 

. i _. , ....... .. ... . ,' ~ :. - . 
. <JI < ... , . 

... 
, . . . .. ·; 

',o·· 

. ~ . ,. . ' ': !· ·;, 
. ! .' ' . 

- ~ ' ; 
' . 
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TP.BTZ l. Corr:parinon of too jnh1.bit1on ot' alkaline phosphataoa, 

P,-ealactosidaso, nnci protein jnercaaes atter one hour 

\·t1th phenethyl a.lcolnl &.t 37 c. -
Phcnr:tl~tl ru.cohol oonocntrot!.on (v/v) 0.10~ 0.15% 0.20S 0.25% 

Honf'llkranz et al. * 
Protein (turbidity) (,: or control) 

~'\lkllline prr.>F.phatru::e (~ or control) 

Alkal ina prospl'Dta~/protoin 

Pr~ncnt rcculta 

l'l\:lte1n*' (% or control) 

a-r.al~ctoajdaAe (%or control) 

B-t1Uootos1dane/prote1n 

.. 
13 -

5 -
o.ctt ... 

71 

'57 

0 

0 

-· 
87 115 -

1.23 0.7'• -.. 

-· 

fi'i.'he valuoG \trore computed from the rorulta proaented 1n FigUre l. 

from fiosenlcronz, r.arr art.l Pose (13). 

ffWTher;a rerul ts were cnloulat~ n-om tho cxperJment deaor1bed 1n 

Figurer. 1 Md 2. :Tho tat1n-.ate ot protein s)'nthes1a waa the same· 

whatl1er . turbidity or meth1on1ne-Cl4 incorporation .s U8ed, · 
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Pigure 2 

LIST OJ? FIGURES 

'l'he effect of phenethyl 8lcohol on the synthesis of induced 

B-~alactosidase. · IP'ro was added at time zero to four 

parallel cultures or exponential~y growing cells. Pl:lenethyl 

alcohol was added 32 minutes later: A 
1 

e 1 0.15%; 6, 0.25% • 

O% (v/v); o, 0.10%; 

The effect of phenethyl alcohol on the rate of induced 

a-r:,alactosidase synthesis. versus protein synthesis as 

measured by methionine-el4 incorporation. Sane .experiment 
. . 

as in Fig. 1. · Phenethyl alcoJ:lol was ~ded at the arrow: 

. · .. 

. ' 

A o . controi, " 0.10%; B o con~rol, • 0.15%; C o control j · . 

0.25%. 
,• I • 

' . ) . 

Figure 3· Effect of phenethyl alcohol (0.30%)on turbidity and total 

proteino 

Effect of phenethyl alcohol (0.28%)on·total protein and. 
I 

induced 8-galactosidase synthesis. 

Figure 5 Inducibility of a.:.e;alactosidase after the addition of 
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Figure 6 

Figure 7 

Figure 8 

Figure 9 
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01 
alcohol: A , minus 20 min. ;J. 0 plus 10 min.; Cit , plus 70 min. ; 

0 
1 

plus 130 min.; ~ , plus 190 min. 
I· 

Effect of phenethyl alcohol (0.30%) on t~e incorporation 

in exponentially growing cells. Culture A was grown in 
•\ (' . '~ . 

. presence of thymine-1~3. Culture B was grown in a parallel · ·., ·· 

flask but thymine.:..H~ was not added \D'ltil 5 hours after . 

the addition of phenethyl alcohol • 

Effect of phenethyl alcohol (0.30%) on thymine and uracil 

incorporation. Thym1ne-H3 and uracll-2~14 added· 

simultaneou$ly with phenethyl alcohol to exponentially 

growing cells.· · ~ .. · 

Effect of phenethyl alcohol (0.30%) on the rate of labeling 
. . . 14 
of RNA with uracil-2~ o 

of 0.25 m1· of 10% tricloroacetic acid at 0 c • 
. · 

Effect of phenethYi alc~hol. on thymine-H3 and 
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