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SUMMARY, ~ o-amanitin selectively inhibits RNA synthesis
catalyzed by calf thymus RNA polymerase activity B by interacting
with the enzyme and inhibiting chain elongation.

a=amanitin, a powerful toxin of the toadstool Amanita phal-
loides (1), was previously reported to inhibit RNA synthesis
both in vivo and in liver nuclei in vitro (2,3). During the cour-
se of purification of DNA-dependent RNA polymerase from calf thy-
mus we found that a~amanitin was a very efficient and highly spe-
cific inhibitor of one of the two RNA polymerase activities pre-
sent in calf thymus. This very interesting and promising property
of awamanitin prompted us to study the mechanism of its inhibi-

tory effect,
MATERIAL AND METHODS

RNA polymerase activities A and B of calf thymus were solu-
bilized by sonication and separated by ammonium sulphate frac-~
tionation and chromatography on DEAE cellulose, A being eluted at
0,15 M ammonium sulphate and B at 0.30 M (manuscript in prepara-
tion), Fraction B was further purified on hydroxyapatite column,
In the present experiments specific activities of fractions A and
B were respectively 2,8 and 9,4 mumoles of aupi2 incorporated/

10 min/mg protein, These values corresponded to about a 30-~fold
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purification for enzyme A and a 100-fold purification for enzyme
B, E., coli RNA polymerase was purified,with minor modifications,
according to Chamberlin and Berg (4) and its activity was 700
mumoles GMP32 incorporated/mg protein/l10 min,

Incubation conditions were as follows, in a final volume of
0.25 ml 1 tris HC1 pH 7.9 80 mM, MnSO, 2 mM, CTP, UTP, ATP,
(a=P32) GTP (1-2 mC/mmole) 0.5 mM, calf thymus DNA (Worthington)
60 ug, ammonium sulphate 32 mM, thioglycerol 20 mM, Unless other=-
wise specified, RNA synthesis was initiated by addition of enzyme
(usually in 0,10 ml of tris HCl 50 mM pH 7.9, thioglycerol 50 mM
and glycerol 25 °/,), The samples were incubated for 10 min at
37°C, then 10 °/, TCA containing 0,02 M sodium pyrophosphate was
added, The precipitates were collected on Whatman glass filter
GF/C, rinsed with TCA-pyrophosphate, dried and counted,

o~amanitin was supplied by Dr. T. Wieland.
RESULTS

Figure 1 shows that RNA synthesis by RNA polymerase activi-
ty B was inhibited by a~amanitin at very low concentrations of
toxin, On the contrary RNA polymerase activity A and E. coll RNA
polymerase were not inhibited even at concentrations of a-amanitin
1000~fold higher, It 1s interesting to note that mixing enzyme A
and B in the presence of the lowest concentration of a~amanitin
(0.004 ug/0.25 ml) resulted in the expected inhibition suggesting
that lack of inhibition of enzyme A is not due to preferential
binding of a~amanitin by some component present in enzyme prepa-
ration A, Increasing the ionic strength did not modify the effect
of a=-amanitin on RNA polymerase activities A and B, indicating

that lack of inhibition of RNA polymerase A is either an intrinsic

property of the enzyme or, less probably, related to a very tight

166



Vol. 38, No. 1, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

'_E L 1 T 1 T
g —g——g——y |
[N
(]
Q
£
2
"
W
T 450
'_
prd
>_
n
<
pd
4
S — | 1
0 001 01 1 10

& - AMANITIN (g/0,25ml)

Figure 1., - Comparative effect of s~amanitin on calf thymus RNA
polymerase A (—g—) and B (=—Q=~-) and on E, coli
RNA polymerase (—{]-—).

Incubation conditions were as described in Material
and Methods, E, coli enzyme was incubated in the sa-
me reaction mixture except that ammonium sulphate was
omitted and that MnSO, was 1 mM and MgCl, 4 mM, In
these assays, a~amanitin was added to reaction mik-
ture before the enzyme, Amounts of enzyme in incuba=-
tions were 149 pg for calf thymus RNA polymerase ac-
tivity A, 82 ug for calf thymus RNA polymerase acti-
vity B and 2.4 ug for E, coli RNA polymerase,

binding of some component to the enzyme preventing the interac~

tion with a-amanitin, but which in other respects would not af-

fect the enzyme catalytic properties. In any case, these results
suggest that e~amanitin inhibits transcription by acting on RNA

polymerase rather than on DNA,

This is confirmed by results presented in table 1 and figu-
re 2 which show that, for given amounts of enzyme and a~amanitin,
the inhibition was independent of the amount of DNA present in
the reaction mixtures (table 1) and that, for a given amount of

a=amanitin, the extent of inhibition was related to the amount of
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TABLE 1, - Inhibition of calf thymus RNA polymerase B by
e~amanitin is independent of DNA concentration,

Inc

ubation conditions

addition of
a~amanitin

mumoles GMPp32

0.004 g incorporated
Standardt - 0.85
Standard + 0.47
" except that DNA was 90 ug - 0,78
" except that DNA was 90 ug + 0,45
" except that DNA was 120 ug - 0.82
" except that DNA was 120 ug + 0.46

*As described in Material and Methods, RNA synthesis was initia-

ted by addition of 84 ug of enzyme fraction B,
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Figure 2, - The extent of inhibition of calf thymus RNA polymera-~
se B brought about by a given concentration of a=-
amanitin is related to enzyme concentration,
Incubation conditions were as described in Material
and Methods, RNA polymerase fraction B was added last
to reaction mixtures, in the absence (== =)} or in
the presence (=—{J=—) of a-amanitin (0,004 ug per

0.25 ml),

enzyme (fig, 2). Extrapolation of curves of figure 2 indicates

that 0.004 ug of a-amanitin would completely inhibit the amount
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of RNA polymerase B contained in 30 ug of protein of the partial-
ly purified preparation, Assuming that the molecular weight of
RNA polymerase B is close to that of E, coli RNA polymerase
(about 400,000) and taking into account that our enzyme prepara-
tion is still not pure, these results would indicate that a very
limited number of o-amanitin molecules (M.W, 916), perhaps only
one, would be necessary to inhibit one molecule of RNA polymera-
se B,

Results shown in table 2 indicate that e=amanitin inhibits
at least the elongation step of transcription, since pre-incuba-
tion of the enzyme with DNA or addition of a~amanitin after poly-
merization had started did not modify the extent of inhibition
(in our incubation conditions not more than 30 per cent of RNA
synthesis between 10 and 20 min corresponded to initiation of

new RNA chains), It does not seem that there is a competition

TABLE 2, = a~amanitin inhibits RNA chain elongation catalyzed by
calf thymus RNA polymerase B,

Order of addition of components Incubation mumoles GMp32
to reaction mixture time incorporated

Standara’ 10 min 0,850

Enzyme, nucleoside triphosphate,

a-amanitin (1 ug), 2 min of pre- 10 min 0,016

incubation, then DNA,
Enzyme, DNA, 2 min of pre-incuba~

tion, then a-amanitin (1 ug) and 10 min 0,023
nucleoside triphosphate.
Standara’ 20 min 1.402

Standard®, a-amanitin (1 ug) ad-

ded after 10 min of incubation, 20 min 0.854

*aAs described in Material and Methods. 82 ug of enzyme fraction
B were added to each incubation,
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between c-—amanitin and nucleoside triphosphates, because increa-
sing the triphosphate concentration did not change the extent of

inhibition,
DISCUSSION

Although we cannot exclude at the present time that o~
amanitin could also inhibit previous steps in transcription, our
results suggest that a~amanitin acts on calf thymus RNA polymera-
se activity B as streptolydigin does on bacterial enzyme by in-~
hibiting chain elongation (5),

The fact that E, coli polymerase is not inhibited by a-
amanitin is in keeping with a previous report showing that a-
amanitin does not inhibit bacterial growth (6). Our results sup-
port the hypothesis that the structures of bacterial and animal
RNA polymerases are different as already suggested by the lack of
effect of rifampicin on various crude animal RNA polymerases (7,8)
and on calf thymus RNA polymerase activities A and B (unpublished
results), The inability of calf thymus enzymesA and B to use na-
tive » and T4 phage DNA as template is also consistent with this
hypothesis (unpublished results).

Although it is still possible that a more purified fraction
of RNA polymerase activity A would become sensitive to a~amanitin,
it is tempting to conclude from cur results that the specific in-
hibition of RNA polymerase B reflects a structural difference bet-
ween the two calf thymus RNA polymerases. Such a difference is al-
so suggested by the elution pattern from DEAE cellulose, That the-
se two RNA polymerase activities could also have specific func-
tions in the cellular transcription is indicated by the work of

Stirpe et al, (2,3) who reported that RNA synthesis catalyzed by

isolated mouse and rat liver nuclei was inhibited by e-amanitin

only when incubating at high ionic strength, i.e. in conditions
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where RNA polymerase present in the extranucleclar part of chro-
matin was activated (9). These observations suggest that calf
thymus RNA polymerase fraction B corresponds to the extranucleo=-
lar RNA polymerase, Very recent results of Roeder and Rutter
(10) , which were brought to our attention while this manuscript
was in preparation, are also in agreement with this interpreta-

tion,
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