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1. Introduction

It is well known that blue-green algae and green
algae clearly differ in their protein synthesis machine-
1y, blue-green algae having 70 S ribosomes similar to
those of bacteria in their sedimentation coefficient
and sensitivity towards antibiotics {1—4] whereas the
green algae cytoplasm contains 80 S ribosomes similar
to other eukaryotic ribosomes in theit sensitivity to
antibiotics [1—7] . It appears that a similar situation
might occur in the mechanism of RNA synthesis as it
is widely accepted that the rifamycins are inhibitors of
RNA polymerase from bacteria, mitochondria and
chloroplasts but are not active on RNA polymerase
from eukaryotic cells [8—14] . We have studied the
effects of the rifamycin antibiotics on a blue-green
and a green algae and the results obtained are reported
in this work.

2. Materials and methods

2.1. Algae and growth conditions

The work was carried out with Aracystis montana
(1405/3) and Chlorella pyrenoidosa (211/8a) from
the Culture Collection of Algae and Protozoa (The
Botany School, University of Cambridge, England).
Cultures were free from bacteria. 4. montana was
grown in medium D [15] and C. pyrenoidosa in a
medium previously described [16]. The cells were
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grown exponentially at 24° passing air containing 2%
CO, through the cultures exposed to the light. Growth
was estimated by measuring absorbancy at 600 nm in
a Beckman D.U. spectrophotometer.

2.2. Net synthesis and uptake of 14C-rifampicin by in-
tact bacteria

To estimate net synthesis, total nucleic acids were
extracted in 0.5 N perchloric acid at 70° and absorb-
ancy of the extract measured at 260 nm [17]. DNA
was estimated in the same extract by the diphenyl-
amine method of Burton [18] and total protein was
estimated by the method of Lowry et al. [19] in the
residual pellet.

Uptake of 14C-rifampicin (specific activity 693
uCi/mmole) (Lepetit Laboratories) by the cells was
estimated as previously described using other antibio-
tics and organisms [20] .

2.3. Incorporation of SH-thymidine, SH-uridine and
14C leucine by intact cells

3H-Thymidine (515 mCi/mmole), 3H-uridine
(6.7 mCi/mmole) and 14C-leucine (22.2 mCi/mmole)
were used to study incorporation in the DNA, RNA
and protein fractions, respectively. 5 ml Aliquots of
A. montana cultures (0.1 mg dry wt/ml) were treated
with the required antibiotic while growing exponen-
tially and adding either 5 uCi 3H-thymidine/m] or
0.2 uCi 13H-uridine/m! or 0.1 pCi 14C-leucine/ml. 1 ml
samples were extracted with 5% trichloroacetic acid
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at 0° to remove the pool after 5, 15, 30 and 60 min
of incubation. The precipitates were collected by fil-
tration through glass filters (Whatman GF/A) washed
with 5% cold trichloroacetic acid and finally 1% acetic
acid before measuring the radioactivity incorporated.

2.4. Incorporation of 14C-UTP in a cell-free system

A. montana extracts were prepared by alumina
grinding and used without further purification after
separation of cell debris and membranes. The system
for incorporation of 14C-UTP was taken from that
previously described by other workers [21]. 0.1 uCi
14~ v 1> 7

YC-UTP (specific activity 5 mCi/ mmole were added
per tube.

2.5. Incorporation of 14C-phenylalanine in a cell-free
system

A. montana and C. pyrenoidosa ribosomes were
prepared as previously described [3] . Escherichia coli
MRE 600 and Saccharomyces cerevisiae supernatant
fractions were used respectively in A. montana and C.
pyrenoidosa cell-free systems to catalyse incorpora-
tion of 14C-phenylalanine following methods essential-
ly similar to those previously described [22] . 28
pmoles of 14C-Phe-tRNA were added per tube.

3. Results

Rifamycin B (12 uM), rifamycin S (6 uM) and
rifampicin (12 uM) completely blocked growth of
A. montana observed after 24, 48 and 72 hr. Under
the same conditions, these antibiotics even at con-
centration 24 uM did not affect growth of C. pyre-
noidosa but the three antibiotics at concentration
12 uM caused bieaching of this aigae. The bleaching
of C. pyrenoidosa by the rifamycin antibiotics suggest

that fhmr are active on the phlnrnr\lncfc and so the
tnat U ive on {nhe chior SO the

lack of growth inhibition in the cell is not due to im-
permeability to the antibiotics. In order to confirm
this point, the uptake of 14C-rifamycin by A. montana
and C. pyrenoidosa was studied under similar condi-
tions and results not presented here showed that the
amount of the antibiotic taken up per mg dry weight
of the two algae was practically the same.

Incubations of 4. montana cultures for 24 hr were
required in order to study net synthesis of DNA, RNA
and protein. Under these conditions inhibitory con-
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centrations of the rifamycin antibiotics drastically af-
fected protein and RNA synthesis and also inhibited
DNA synthesis although to a lesser extent. More
realistic estimates of the degree of inhibition require
shorter periods of incubation. This was done in sepa-

rate axynarimentc ta ctudv incarmaration af SH.nridine
I3l CXPCINTICiL O StUAY INCOIPOI4IonH U1 “n-uridifne,

3H-thymidine and 14C-leucine in the RNA, DNA and
protein fractions respectively. The results obtained
showed no inhibition of the incorporation of 14C-
thymidine into DNA by the rifamycins but there was
a clear cut inhibition on the incorporation of 3H-uri-
dine and 14C-eucine in the RNA and protein fractions

respec lIVCly in lIlC presence Ul UlC IlldmyLlIl dIl[lUlO'

tics (table 1). In all cases and mainly in short incuba-
tions (reqnltq not shown hr—\rp\ the inhibition of 3H-

ur1d1ne incorporation is hlgher than inhibition of
14C.leucine incorporation.

The effect of the rifamycin antibiotics on RNA syn-
thesis was studied in 4. montana and C. pyrenoidosa
cell-free systems by following the incorporation of
14C_UTP and the results obtained are presented in
table 2. These results clearly show that the rifamycins
inhibit 14C-UTP incorporation by A. montana extracts
but have no significant effect on C. pyrenoidosa ex-
tracts.

The effect of the rifamycin antibiotics on protein
synthesis was also tested in cell-free systems by study-
ing poly-U directed 14C-phenylalanine incorporation
using either A. moniana ribosomes and £. coli super-
natant or C. pyrenoidosa ribosomes and S. cerevisiae
supernatant. No significant inhibition by the rifa-
mycins was observed in these systems (table 3). Pro-
tein synthesis inhibitors of 70 S ribosomes affected
the 4. montana system as expected but not the
C. pyrenoidosa system showing that this is not con-
taminated with chioroplast ribosomes. As would be
expected incorporation by C. pyrenoidosa ribosomes

-n k]nn]{nr‘ |-\u anicamvucin and cvelahavimide twa
UIULRVG Uy alioUlily Cint and vy CionexXimiae, t\wo

specific inhibitors of protein synthesis by eukaryotic
systems.

4. Discussion

Results presented in this work show that the rifa-
mycin au‘ubluuva block gi’f‘)wth of the blub'leCll al-
gae A. montana but do not affect directly growth of
the green algae C. pyrenoidosa. However the rifa-

mycins caused bleaching of C. pyrenoidosa most
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Table 1
Effects of the rifamycins on 3H-thymidine, 3H-uridine and **C-leucine incorporation on the DNA, RNA and protein fractions
respectively of A. montana.

3H-Thymidine 3H-Uridine '4C.Leucine
Antibiotic (uM) incorporation incorporation incorporation
(% control) (% control) (% control)
Rifamycin B 26 107 69 82
65 93 59 66
130 84 48 53
Rifamycin § 26 90 53 67
65 104 41 54
130 91 16 24
Rifampicin 26 96 56 66
65 100 35 52
130 79 12 21

Experimental procedures were as indicated in Materials and methods. Incubation times were 60 min for 3H-thymidine and 30 min
for H-uridine and * *C-leucine. Incorporation in the control experiments without antibiotics was 11.5 pM for 3H-thymidine,

133 pM for >H-uridine and 3260 pM for ! *C-leucine.

Table 2
Incorporation of 14 C.UTP in cell-free systems.

A. montana C. p?)renoidosa
Y4curp 4c-UTP
Antibiotic (uM) incorporation incorporation
pmoles % control pmoles % control
Control without antibiotic 445 100 99 100
+ Rifamycin B 130 104 23 83 84
+ Rifamycin S 130 62 14 86 87
+ Rifampicin 130 100 22 84 85

Experimental conditions were as indicated in Materials and methods.

probably due to a direct effect of the antibiotics on
the chloroplasts.

The inhibitory effect of the rifamycins on blue-
green algae growth appears to be due to a direct effect
of the antibiotics on RNA synthesis as it was shown in
intact cells and confirmed in a cell-free system. Sig-
nificant inhibition of protein synthesis was also found
in intact cells but was not confirmed in a cell-free
system. Inhibition of protein synthesis by the rifa-
mycins has also been reported using intact bacteria
and some bacterial cell-free systems [23] but inhibi-
tion of the RNA polymerase by these antibiotics is
always more relevant to their mode of action {8—14].

It appears that 4. montana RNA polymerase is not so
sensitive to the rifamycin antibiotics as the bacterial
enzyme. In fact it has been observed by other workers
in purified preparations of RNA polymerase from
Anacystic nidulans that the activity of the enzyme is
not completely inhibited even at high concentrations
of rifampicin [24].

The results reported in this work support the pro-
position that in blue-green algae RNA polymerase is
the main target of the rifamycin antibiotics. It is con-
cluded that RNA polymerase of blue-green algae has in
common with the enzyme of bacteria, mitochondria
and chloroplasts their sensitivity to the rifamycins.
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Table 3
Poly U-directed incorporation of 14C~phenylala.m'ne in cell-free systems.

A. montana C. pyrenoidosa
1I‘C-phenylalanine 14¢.phenylalanine
Antibiotic (uM) incorporation incorporation
pmoles % control pmoles % control
Control without antibiotic 8.0 100 1.04 100
+ Rifamycin B 130 6.6 83 0.96 92
+ Rifamycin § 130 6.7 84 1.02 98
+ Rifampicin 130 6.7 84 0.94 90
+ Lincomycin 100 0.2 2 1.01 97
+ Chloramphenicol 100 5.4 67 - -
+ Streptogramin A 100 0.0 0 - -
+ Anisomycin 100 - — 0.02 2
+ Cycloheximide 100 - - 0.13 12

Experimental conditions were as indicated in Materials and methods. Control experiments were carried out without poly U and

figures obtained for incorporation deducted.

On the other hand RNA polymerase from green algae
like the enzyme from other eukaryotic cells is not
sensitive towards the rifamycins. In analogy to spe-
cies specificity of ribosomes, it appears that RNA
polymerases in prokaryotic systems have a number of
features in common which differ from those of the
enzyme in eukaryotic systems.
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