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ABSTRACT

The author discusses little investigated
antagonistic effects of certain antibiotics,
manifested by the inhibition of chlorophyll
synthesis in Huglena gracilis. Two main
types of depigmentation were found —
temporary and permanent. The oldest
substrains of FHuglena gracilis var.
bacillaris, strain Mainx, permanently
bleached by erythromycin, streptomyecin,
carbomyecin, spiramycin, kanamyein and
viomycin, were kept in the light for at
least two years without showing any
signs of turning green. These antibiotics
caused permanent apochlorosis, but
reversible apoplastidy. The euglena cult-
ures remained permanently heterotrophic,
Picromycin, methymycin and neomycin.
however,only temporarily inhibited chloro-
phyll synthesis. When transferred to
medium not containing these antibiotics
and incubated in the light, these cultures
again produced chlorophyll.

Provasoli, Hutner and Schatz (1948)
described the effect of streptomyecin on
green forms of Huglena gracilis, which
became permanently bleached and hence
heterotrophic. The same phenomenon was
described independently a year later by
Jirovec (1949).

Irreversible chlorosis of euglenas can
be induced by other factors, the best
known being pyribenzamine and other
substances used in medicine as anti-
histaminics (Gross, Jahn & Bernstein,

1955; Zahalsky, Hutner, Keane & Burger,
1962). O-methylthreonine is a similar
inhibitor of the synthesis of photo-
synthesis of photosynthetic pigments in
Euglena gracilis (Aaronson & Bensky,
1962). Apart from the action of these
chemical agents, permanent depigment-
ation of euglenas can also be obtained by
means of physical factors, including heat
(Pringsheim E. G. & Pringsheim O., 1952)
and ultraviolet light (Pringsheim, 1958),

Temporary loss of chlorophyll synthesis
was observed in Euglena gracilis cultures
treated with 3-amino-1,2,4-triazole (Aaron-
son & Scher, 1960). This triazole is a
herbicide and its bleaching effects have
also been described in higher plants
(Schwimmer & Weston, 1958). Its effect is
similar to that of keeping euglenas on
organic media in the dark. In the dark the
euglenas become apochlorotic, but when
they are transferred to the light, chloro-
phyll synthesis rapidly regenerates (Wol-
ken, 1956).

Provasoli, Hutner and Pintner (1951)
found that streptomycin had a similar
effect to darkness on the chloroplasts, but
that its effect was irreversible and that
in the later stages the plastids broke up
into fragments. Vavra (1957), however,
found that streptomycin did not block
multiplication of the plastids, but that,
on the contrary, the number of plastids
increased during contact with strepto-
mycin and only decreased in size. His
explanation is that the plastids divide,
but do not grow to full size. The bleaching
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Table 1. Bleaching of Euglena gracilis cells by antibiotics
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effect of streptomycin on Euglena gracilis
was regarded as a specific property of this
antibiotic alone. This assumption was
found to be wrong, however, since the
author recently described the bleaching
effect of erythromyecin (Ebringer, 1961)
and a little later of seven other antibiotics
(Ebringer, 1962a).

MATERIALS AND METHODS

Strain and cultivation methods. The
experiments were carried out with Euglena
gracilis var. bacillaris, strain Mainx,
obtained from the collection of the Proto-
zoology Laboratory of the Czechoslovak
Academy of Sciences, Prague. The follow-
ing culture medium was used: Bacto-
peptone Difco, 5 g., sodium acetate, 2 g.,
glucose, 2 g., tap water, 1,000 ml. The
cultures were continuously illuminated
with a “Daylight” lamp (22 W/50 cm.).
Biological test tubes measuring 13 X
X 160 mm., containing a total of 10 ml.
medium, were used for cultivation.
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Preparation of antibiotic solutions. The
antibiotics were added to the medium
aseptically. Soluble forms of antibiotics,
which were supplied in sterile packages,
were prepared in the usual manner, by
adding sterile distilled water to form
serial dilutions. Sterile solutions of the
bases of erythromycin, picromycin and
methymyecin, which are insoluble in water,
were prepared by dissolving the antibiotic
in acetone and filtering through a bacter-
iological filter. Excess acetone was
removed from the medium by distilling
in vacuo at a temperature not exceeding
50° C.

Determination of number of cells. Growth
curves were obtained by counting the cells
in a Biirker counting chamber.

RESULTS

As stated in previous reports (Ebringer
1961, 1962a, b), permanent loss of chloro-
phyll synthesis can be induced in Euglena
gracilis by a single dose of any of the

Table 2. Temporary bleaching of Fuglena gracilis cells by some antibiotics

Evaluated after
. . |
An:}blo- ancentra?on Tra::ls:‘gl"red to Throe passages Twelve
1e in pg./ml. 7 days 14 days withlgn;l without without
antibiot‘;cs antibiotics antibiotics
Methy- 200 PG G G G G
mycin 500 w PG G G G
1,000 W w G G G
Picromy- 200 G G G G G
cin 500 PG PG G G G
1,000 w w G G G
Neomy- 200 G G G G G
cin 500 w PG G G G
1,000 (0] o 0 (o} (o]
G = green cells.
PG = pale green cells
W = white cells
O = complete inhibition of euglenae
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following  antibiotics:  erythromyecin,
carbomycin, spiramycin, streptomycin,
kanamyecin and viomycin. The concen-
trations of these antibiotics which always
induce a permanent hereditary change
should be differentiated (Tab. 1). With
lower concentrations, it can be seen that
the smaller the dose of antibiotic used for
depigmentation, the more rapid the rate
of reversion to green forms.

Other antibiotics —— methymycin and
picromycin — cause only temporary or
partial depigmentation (Tab. 2). The
concentration needed for bleaching is
about 1,000 gug./ml. for both. When
transferred to medium containing no
antibiotics, the cells continue to synthesize
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Fig. 1. Study of the bleaching effect of erythromycin
(1,000 pg./ml.)-on different phases of growth. The
culture was always under action of antibiotic
48 hours, then transferred to medium without anti-
biotics.

<« — — addition of antibiotic causing perma-
nent depigmentation of further passages of euglenas
< addition of antibiotics not inhibiting chlorophyll
synthesis, so that subsequent passages of the
euglenas are green.

chlorophyll. Higher antibiotic concentra-
tions were mnot used, since orientation
tests showed that higher picromyein
and methymyecin concentrations caused
complete inhibition of the cells, which
died soon after the antibiotics had been

Vol. &

added. When soluble forms of these
antibiotics have been obtained, their
bleaching properties will probably be
greater, as in the case of the less readily
soluble base of erythromyecin, whose
bleaching effect was weaker than that of
soluble erythromyecin salts. Neomycin also
had only a weak inhibitory effect on
chlorophyll synthesis in Euglena gracilis.
It could not be used in concentrations of
more than 500 ug./ml., however, since
higher concentrations were toxic for
euglenas,.

The given erythromyecin concentrations
had practically no effect on proliferation
of the cells: the same applies to carbo-
mycin and spiramycin. With antibiotics
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Fig. 2. Study of bleaching effect of viomycin (1,000
pg-fml.) on different phases of growth. The culture
was always under action of antibiotic 48 hours,
then transferred to medium without antibiotics.
<- — — addition of antibiotic causing perma-
nent depigmentation of further passages of euglenas
<«- addition of antibiotics not inhibiting ehlorophyli
synthesis, so that subsequent passages of tbe
euglenas are greemn.

of the streptomyein group, however, the
situation was different. Although kana-
mycin, in the given concentrations, like-
wise had practically no inhibitory effect on
proliferation, streptomycin and viomyein
both inhibited it. The most toxic of all,
however, was neomycin. In this connec-
tion it should be noted that inhibition
of proliferation of euglenas basically
correlates with the toxicity of these
antibiotics for higher animals.
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In addition to inhibiting chlorophyll
synthesis, antibiotics of the erythromyein
and streptomycin group also interfere
with the development of plastids. Erythro-
myein inhibition of plastid development
has already been described (Ebringer,
1962¢). Tt was later found that antibiotics
could be divided into three groups,
according to their effect on the plastids
and inhibition of chlorophyll synthesis:

Group 1: erythromyecin, carbomyecin,
spiramycin and streptomycin. These
antibiotics interfere with the mnormal
development of plastids. After the anti-
biotic has been added to the medium the
plastids gradually decreased in size until
they almost disappeared. After a few
days they again regenerated and gradually
increased in size; now, however, they were
only leucoplasts. Inhibition of the plastids
was also accompanied by inhibition of
chlorophyll synthesis and the cells were
rapidly bleached (Fig. 1). Apochlorosis
was permanent, but apoplastidy was only
temporary.

Group 2: viomyecin and kanamycin,
On adding these antibiotics to euglena
cultures, the cells remained green and the
plastids also appeared intact. The bleach-
ing effect of the tested concentrations of
these antibiotics was manifested only in
subsequent passages. When transferred
to media containing no antibiotics, the
euglena cells did not produce chlorophyll,
but remained permanently bleached and
were heterotrophic. These antibiotics
affected the cells in the later stages of
growth. This was particularly the case
with viomycin, which only bleached
euglenas in the resting phase (Fig. 2).
Apochlorosis was again permanent.

Group 3: picromycin, methymycin and
neomyecin. These antibiotics only tempor-
arily bleached Fuglena gracilis cells
(temporary apochlorosis).

DISCUSSION

Antibiotics of the erythromycin group,
i.e. macrolidic- antibiotics, are character-
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ized by the presence of macrocyclic
lactone rings, to which one or several
sugar components are joined. The author
assumes that the mechanism of the anti-
bacterial effect of these antibiotics is the
same. This is borne out by reciprocal cross
resistance and by their bleachng effects
(described above).

Antibiotics of the streptomycin group
have a qualitatively similar activity
spectrum and (with the exception of
viomycin) a similar chemical structure,
The molecules of streptomyein antibiotics
(except viomycin, which is a polypeptide)
usually consist of carbohydrate elements
and aminocyclical components. The inter-
relationship of these antibiotics is also
confirmed by frequent cross resistance,
the similarity of their side-effects on the
macroorganism and their above bleaching
effects. All antibiotics of the erythromyein
and streptomycin group are produced by
the genus Streptomyces.

Since all bleaching antibiotics (except
viomyein) contain specific amino sugars,
it was first assumed that the bleaching
mechanism could be explained on the
basis of their interference with the chloro-
plast nucleic acids. Viomycin, however,
is a polypeptide without a sugar compo-
nent, so that this theory was incomplete.
The course of viomycin bleaching also
differs from that of the other antibjotics
(Fig. 1 and 2).

It is interesting to note that all the
bleaching antibiotics inhibit Mycobacter-
tum tuberculosts extremely strongly. If
some correlation exists between the de-
pigmentation of euglenas and inhibition
of Mycobacteriuwm tuberculosis, this pheno-
menon could probably be utilized for
screening antibiotics with a tuberculostatic
effect. In that case Huglena gracilis could
also be used for studying combinations of
antibiotics for thetreatment of tuberculosis.
It was found that mixtures of these
antibiotics had a pronounced synergic
effect on depigmentation of EHuglena
gracilis.

The phenomenon of the change of
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autotrophic to heterotrophic organisms
by antibiotics might also help to explain
the formation of some heterotrophic
flagellates from green partners. A number
of authors assume (Provasoli, 1957) that
some natural leucoflagellates are formed
by the action of streptomycin or by the
combined action of this antibiotic and
physico-chemical factors on. coloured
species. The discovery of further ‘‘bleach-
ing” antibiotics makes this eoncept even
more feasible, since antibiotic mixtures
seem to have a symergic effect on de-
pigmentation (Ebringer, 1962c¢). This
means that, on using a mixture, the
euglenas are bleached by a much lower
antibiotic concentration than on using
one antibiotic only. It can therefore be
assumed that ‘loss”” mutations also occur
in nature and that the mutagens are
bleaching antibiotics. It can be assumed
from the above results that inhibition of
chlorophyll synthesis is another wide-
spread manifestation of antagonism,
which is at present known only in the
genus Streptomyces.

The author wishes to thank Dr. W. D. Celmer,
Pfizer Medical Research Laboratories, Groton,
Conn. for the carbomycin, Professor V. Prelog,
Laboratorium fiir organische Chemie, Eidg. Tech-
nische Hohschule, Ziirich, for the pieromycin, Dr.
Richard Donovick, The Squibb Institute for
Medical Research, New Brunswick, for the methy-
mycin and the Société Parisienne d’Expansion
Chimique ‘*Specia’, Rhone-Poulenc, Paris, for the
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OBECIIBEUYVNBAHHNE 35BIJIEH BL
AHTUBUOTUKAMUI — OCOBAA ®OPMA
AHTATOHU3MA ¥V AKTUHOMUIETOB

JI. 36punzep

Wccnenopanock Majaon3y4eHHOe [0 CHX
HOp aHTAarOHWCTHYEeCKoe JeicTBAe HeKOTo-
pHX aHTUOWOTHKOB. OTOT AHTATOHH3M
nposiBisietTcss B YTHeTeHHM CHHTe3a XJIo-
podmina y Euglena gracilis. Mu 3ame-
THIM, 9T0, [0 CYIIECTBY, WUMEIOT MecTO
IBa Buia HACUATMEHTANNN: BpeMeHHad
u ycroiumsasa. HamGomee crapee cy6-
rynsTypet Euglena gracilis var. bacil-
laris, mramm Mainx, ycroitumso obGecise-
4eHHEC HPHUTPOMENOUHOM, CTPeXTOMHUNH-
HOM, KapOOMANMHOM, CIHPAMHIMHOM, Ka-
HAMHAOUEOM H BWOMMIIMHOM, MBI JIOAJep-
JKMBaeM Ha CBeTY y)Ke He MeHee 2 JleT,
nprYeM He HaOIIOIany HX HO3eJICHEHH.
[lepeuncieHnble aHTEOMOTHKE BHI3HIBAIOT
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YCTOWYHBEHL amoxiopos, Ho obpatumyo
ANOIIACTHYHOCTh, Takue KYIBTYPH 9B-
TJIeHB CTAHOBATCS YCTORIHBO TeTepOTPOd-
voiMa, HaoGopor, NNKpOMMINH, METHMH-
UMH ¥ HeOMUIWH BBEI3BBIBAIOT JIMIIE Bpe-

MEHHYI0 yTpaTy CHOCOOHOCTH K CHHTE3y
xynopoduina. Ilocae mepeceBa B cpeny
6e3 oTEX aHTHOMOTHKOB ofecIBedeHHBI®
KYJABTYpH CHOBA HAYMHAKT DPOXYIUPO-
BaTh Xa0podmmi,



