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1. Introdoeiion

The phenazine anmibictic lompfungin [1] mhibiis
the growth of many organisms [2] and it has been sug-
gested that its primeary mode of action is o the syn-
thesis of RMA {2} . In the present investigalion we
have sindied the effect of the dmig on nueleic acid zad
prolein synihesis in spheroplasis of Sgecharomyces
cerevisize. Spheroplasts can carry ot rapid synthesis
of RNA and protein 3] snd smce they can be lysed
in deterpent easily and guickly this has allowed us to
study, by sugrose sradient analvsis, polyribosome pro-
files before and after treaiment of sphereplasts with
the drog.

Qur results show that lomofungin, at a concentra-
tion of 5 pgfmi, rapidly mhibits the incorporation of
uridine into RNA. This effest is not reversed by exien-
sive washing of either spheroplasts or whole cells. The
drug also inhibits the synthesis of DNA in whole cells.
In contrast, protein synthesis in spheroplasts is at first
uraffected by iomofungin which only becomes inhib-
itory approx. 20 min after its addition. Analysis of
polyribosome profiles fior various thme poinis afier ad-
dition of lomofungn indicates that the drug induces
complsie breakdown of polyribosomes over 2 45 min
incubation. The graduzl disappearance of the polyribo-
some profile corresponds in time approximaiely with
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the inkibition of amind acid incorporation inio pro-
tein. The decay of pretein svanthetic capacity which
follows inhibition of rucleic acid synthesis oceurs
with a ha'f life of epprox. 20—25 min.

2. Maierials and methads

5 cerevisive strain ¥ 166 {1-p5 hisd MA1) was
grown in synthetic complete Tyediurn 4] at 30° with
ghaking, Solid medin for strair s and ceil-viability deter-
minations contained 1% yeast extract, 2% Baclopep-
tone, 2% glucose and 2% agar. Tell growth was fiol-
lowed at an zbsorbance of 550 nm in & Bausch and
Lomb Bpectionic 20. A readirg of 0.30 approximaied
107 cells/msl. Viability of cell cult rres was determined
by serial dilution and plating on solid media; plates
were scored afier 48 hr incubziion a1 30°.

Spheroplasts were prepsred as described previously
13.5].

R¥A and proiein synthesis were monitored using,
respeciively . PB-lebelled leucine or 1403abelled methin-
nine. At varicus 1imes, somples were added to ice-
eold trichloroacetic acid (TCA). Te ma2asure amine
acid incorporation into prolein, samples wers held at
00—95° for 15 min. AH precipiiates were cpllecied on
glass fibre circles (Whatman GF/C 2.4 cm), washed 7
thmes with jca-cold 5% TOCA, dried and counted in a
toluene based scintillation flvid.

To analyze polyribosome profiles, spheroplasis
were inhibited by cycloheximide, povred onto frozen
M sorbitol and spheroplasts collected by centrifigation
at B,000 g for 5 min ir: a Sorvall 35-34 rotor. The pel-
leis were resuspended in Tris-BC! bufier, pH 7.4

277



Volume 32, namber 2

{€0.25 ml), conizaining 30 mM magnesium acetzte and
80 mM KL, and 3% sodinm deoxycheolate (25 pl) and
5% Brij 58 (40 pl) were added to Iyse spheroplasts.
Lysawes were layered on top of 5 ml 10--30% sucrose
gradiznts in the above buffer and centrifnged for 35
won at 35,000 rpm in a Spinco model SW50.1 rotor.
Gradients were analyzed at 254 nm in an Isco model
DUA-2 gradient anaivzer.

[5,6->H] Uridine (42.4 Ci/mM) and [4,5-3H]Llen-
cine {64 Cijmdl) were obtained from the New
England Nuclear Unrporation, Boston, Massachusetss,
[Methyl-14C) L-methionine, £0 mCifmM, was ob-
tained from The Radiochemical Centre, Amersham.
Lomofungin and eycloheximide were both kindly sup-
plied by Dr. G.B. Whitfield, Jr. of i:ie Upjshn Compa-
ny, Michigan. Lomofungin was dissolved freshly in di-
methyl sulfoxide {DMS0) for each experiment.
Gluswiase was obtained from Endo Laborateries, 1 <.,
Garden City, New York.

3. Results and discnssion

The effect of lomofangin &t low concentration {3
pr/ml) or the viability of 5. cerevisiac has been sind-
ied, The g was added to s yeast culture growing ex-
poneniially (approx. 107 cells/ml) and incubation was
continued 2t 30°. Samples were then removed at 0.5
hr, 1hr, and 5 hr, serially diluted with distilled water
and aliguots cultured to determine the nember of
growing colonies. Treatmeni. with lomofengin for
only 0.3 hr resnited in a 93% reduction in the number
of viable cells. This figure rose to 100% with ceils ex-
posed 10 20 pgiml of lomofungin for 0.5 hr.

To determine the effect of lomofungin on RNA syn-
thesis in.S. cerevisize, spheroplasts were incobated
with >H-labelled uridine and samples ramoved a1 vari-
ous 1imes into 10% TCA. Lomofvagin (5 pg/ml) was
added 135 min after the stan, of the incubation. This
allows time for added 3B-labelled nridine 10 equili-
brale with the intracellular peol of nucieic acid pregur-
sors and ensures linzar incorporation of uridine at the
time of dig addition. The results are shown in fig. 1.
Uptdke of uridine into RNA is inhibited within 3 min
of addition of lomofungin. ‘

RNMA synthesis in intact yeast cells was assayed to
determine if the inhibirory effect of lomofungin is
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Fig. 1. Upizke of uridine by yeasi spheroplasts and the effect
of lomofungin. A cultere {30 mY) of 5. cererdsias was har-
vested at an absorbance of 0.32 measuied at 55 nm. The cz2lls
wezre washed in water {30 ml) and resuspended in M sorbitol
{3 ml), Glosalase {30 pl) was added and the snspension incu-
bated at 30° with genile shaking. ATter 45 min the spspension
waz diloied into syntheiic complele medinm (&0 ml) and
shaken gently at 30° fior 2.5 hr. Samples (10 m) ¥ exe mixed
with 2H-labelled uridine {25 2O and cold uridine {10 pg)
and samples {0.5 ) Temoved into ice-onid 10% TCA (0.3 m
coniaining .25 me/ml wridine, at the rimes indicated. Fiftesn
min afier starting the incubation DMS0 (10 k1) was added 1o
©ong sample and 2 solnlion of lompfungin in DMSO (10 ul of
5 mefmh added to the second sample, Further alignots were
Temoved as mdicpiad. Samples were pancessed and conznied os
described in Materizls and smethods. (&—a~—#) = Control:
{o~-o-~o) = sample with lomelungin added at the tims indi
cated.

reversible. One sampie of 2 growing cultire was stored
on jce and a farther sample incubated for £.5 hrwith
lomofungin {% pgfml). Both sampies were harvested,
washed several times, resuspended in medivm and incn-
bated for 20min at 30°. 3H-labelled uridine was then
added and samples of fhe chltores removed into 10%
TCA atvarious times. The control cultore insorporated

uridine into RNA tapidly after a shortlag phase. Celis

previously treated with lomofungin remained inhibited

in their ability to incorporate uridine.
In addition we have canried out ]_)Ie]iminary studies
-on the effect of lomofungin on the incorporation of
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Fig. 2. Uptake of lencine by yeast spheroplasis and the effect
of lomofungin. Conditions for preparation of spheroplasts are
described under fig, 1. Samples {10 mI) were mied with “H-
lgbelled lucing (2 pCD and cold leucine {10 x2g). Incorpora-
tions with or without added lomoefungin were carried out as
under fig. 1 and samples (0.5 m removed nio 10¥% TCA
(0.3 ml) containing 1% casamino acids. Samples were heated
at 90—95° for 15 min before processing and ¢ounting as de-
seribed in Materials and methods. {#—e—#) = Conirol;
fo--o--c) = sample with lomofepein added at the time indi-
caied.

adening into DNA. Our resulis milicate that DNA syn-
thesis is rapidly inhibited by loynofungin (5 p2g/ml)
with kinetics similor 1o those for inhibition of RNA
synthesis.

Bince lomcfungin is such a potent inhibitor of nu-
<leic acid symihesis in both yeast cells and sphero-
plasts we have investivated the effect of the drug on
the synthesis of protein by the latter, Spheroplasts
were incubated with 3H-labelled lencine, and samples
removed into TCA at suitable times intervals. As for
RNA synithesis, the imcubation 3 as coniinued for 15
min before drug addition, 1o establish linear incorpors-
tion conditions for the labelled amino acid. The tesuli
of this experiment is ilinstrated in fig. 2. In contrast

_to the results for uridine incorporation Inio RNA, the
synthesis of protein, as measured by leucine uptake
into hot T~ 2-precipitable material, is unaifecied by
lomofungin for approx. 20 min after addition of the
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drag. After this ime the incorporation ¥ lencine be-
comes inhibited and 50 min after dmg ad lition there
is little or oo protein synthesis. This expe: 'ment has
been repeated measuring vpiake of 14Ciabsiled

" rpethionine o sedy protein synithesis — the same re-

sult as for lencine was obtained. The effecis of lomo-
fungin on RN A and protein synthesis have also been

examined in a doubls-labelling ex perimeat using >H-

labelled uridine and 19C-1abelled methionine. Resuits
were identical 1o those shown in figs. 1 end 2.

Our resulis show, therefors. that while lomofungin
inhibits toial BNA synthesis in yeast spheroplasts al-
most imnediately upon addition, it alows protein
synihesis (o procsed at a norral raie for a consides-
able length of time. Clearly, the diig does nei inhibit
protein synthesis directly and its effect on this pro-
oess must be secondary. Because of this observation
polyribosome profiles from veas: spheroplasis have
been examined various times afier addilion of the
dnig. Profiles of both a control sample and a =ample
inhibitsd with lomofungin are identical (fie. 3a). Both
sainples were incubaled for S min after either DMB0
or drug addilion, respeciively. There is 2 small pegk
eorresponding 1o 80 8 ribosomes snd the polyribo-
somes a1e clearly defined as peaks carrying presum-
ably, 2,3,4, 5.6, and possibly 7 and 8 monomeric 80
8 ribosomes linkzed 1o messenger RN A, After 45 min
incubation {fig. 3e) the conilre! sample =il retains
much of its polyribosome content aithough the 805
ribosome pesk is more pronourced than in fig. 3a.
However, spheroplasts, analyzed 43 min after lomo-
fimgin addition {fig. 34) contain few polyribosomes
and there Is a massive peak of 80 8 monomers. From
this result it is ciear that lJomofougin induces bo-
somes to ‘Tun off” from messenger RNAA. This is a pro-
gressive effeci as shown by figs. 3b and 3c. Fiftzen
min after drug addition {fig. 3b) run off has com-
menced and by 30 min {fiz. 3¢} the polvribosome pro-
file is disappearing rapidly to be replacad by a large
peak of 30 S ribosomes.

‘The data obinined sioggest that In 5. cerevisine
lomofungin acts primarily as an inhibitor of nucleic
acid synthesis, although we cannot a5 yet distinguish
between effects on DNA or RNA producticn. 13
shonld be noted also that since ungder the growih con-
ditions nsed in the present work mitochondrial -
tion will be minimal, we cannot say whether this
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Fig. 3. Polvribosome profiles of yeast spheroplasts and the effect of incubation with lomofangin. Conditions for preparation of
spheroplasis are described nnder iz 1. Samples (10 mI) were inenbated a1 307 For the firmnes indicated in the absence or presence

of lomolungin {5 pe/ml). Protein syaibesis was stopped by addition of oy cloheximide {100 pefml) o ‘Treeze’ polyribosones and
cultwres were poured onto frozen M sorbitol {10 ml). Spheroplests were collecied by centrifugation and lysed and analyzed on su-
erose pradienis as described in the Materials and methods seetion. The fracings are plotied in arhitrary units and are meant 1o pro-
vide only a somparison of polyribosome profiles. In all cases the position of the 80 8 ribosome peak is marked with an arrew and
the left hand side ©f sach racing represents the boliom of the gradient. {a) Conilrel sample and sample Inhibiied witk lomoefungin.
Incubation for 5 min, These twe tracings were identical and only ons is depicted. (&) Sample incubated with lomefungin for 15 min.
{¢) Sample incubaied witl. lomofungin for 30 min. {d) Sample ncubated with lomofungin for 45 min. {e) Control semple incu-

bated for 45 min.

celiular organelle conld be affecte? by the drug.

Lomofongin primarily affects nucleie agid synihesis
and an inhibition of protein synthes:s followys only sec-
ondarily, Heace, we can gelermine approximately the
decay of proiein synthetic eapacity which foliows
blockade of nucleic acid synthesis by the diug, This is
important since, hitherto, S. cerevisize las proved re-
fractory 10 several imhibiiors commnonly wsed in other
systems. Thue, although such drugs as rifamycin in
bacteria and actmomycin D in highe - sukarvoies have
provided information on mRNA twrrnover in these or-
ganisms, the compounds fadl 1o inhib 1 5. cerevisie.
The decline in incorporation of 3H-lzbelled lencine
into protein {(fig. 2) and polyribosomre mn off (fip. 3)
which both result from lomofungin inhibition can be
nsed o estimate the decay in proieir synihetic capac-
ity im veast spheroplasts when RNA synthesis is inhib-
ited by the drug. In both cuses deray occurs with a
half 1ife of 20—25 min, a figure w.iich compares favor-
ably vith the time of 23 min delermined by
Huichison et al. [6] in a mutant of 3. cerevisiae tem-
peratunre-sensitive fior RNA synthesis, The halflife of
mRNA in bacteria approximates 3 min [7] while in
higher orgapisms 32 may be as yonich as 23 days [8].
For our experirents it should be emphasized that the
time of 20-25 min calculaied above does not
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necessarily represent the actnal half life of mRNA
since other factors may be nvolved in the decay of
protein eynthetic capacity after inhibition of RNA
synihesis by lomofungin.
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