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1. Imtroduction .

- ar-Amanitin, 2 bicyclic oetapeptide from the tond-

stool, Amanita phaﬂmdes ]3], inhibits DNA transcrip- -
tion 7 vigro by binding specifically to RNA palyingr

ase form 1 of eukmym“hc orgenisms without affecting

ths activity of RNA polymerase form 1 {2— fi] The m~ o

fects of o-amanitin on RMNA polymerase aciivity

vitro can be used as the basis of an assay to distinguish
form T and ferm 1§ polymerase activities in whole np. ~
eled {51, Little is knowa about the action of oramant-

tin on growing cells. During a sindy of the inhibition

of influenza virus replication by fepmanitin, we found

that the drug, when atded in ¥ive, had litide sffect on
13}1}1m£hm incorporation into cellnlar RNA, but

~caused a rapid, d@se_ﬁenendem inhibition of KNA
“polymerase 11 activity |8] . However it has been 1e-

. ported that when administered fo rats, ﬁ-amamtn has.
only a short-dived effect on RNA polymerase II activi-
1w 71, and blocks the synihesis of all types of nuelear -

.- RNA, including n‘bosmma] precursor RNA, for swera‘l
- hours {7, 8] . We have now examined fn mone-de il -

. the effects of p-amanitin on macromelecular symhes;s;f :-j,'
“in thnck embryo il broblast f ‘CEF} Lﬂﬂs, In ;:ommsi m ‘

*its effects in whole animals 17] » G-amanitin when:

aﬂﬁed to cells in tisste @nﬂiu:re, causes m:.edmi:e mi'u
';jbrlmp :Df RNA pnlymemse 18 actmty, ‘bm dms :nc;i - -

'_:?-'hlbﬁ,RNA pmlyme:rzse Tactivity or mt:mpmanmn of

' "H]unﬁhne into sibosomal RNA'fm seyiral honrs,” A
ml{ h'as appaimad '

nrehnma:y ;rgpm—t rta"f some-of £1h

. 7: ﬂemammg the ammmﬁ fof mﬁmpomlmn @f _PH]UMP .

2 Maﬁem]s and me‘mms :

s -’mfnﬂme {27. 6 tl:ijmm@!e) ani PH]UTP

- {10.5 Ciymmole) were obtained from The Radiochem-
- ieal Centre {Amersham, England). ATP, CTP and GTP
“were obiained from Boehringer {(Mamheim, 'Gearmany), 7

and 2- mercaptoethanol and calf thymus DNA from

"Sigma Chemical Co., Londen. c-Amanitin wasa gener—
“ous gift from Prof. Th. Wielend, or was puichased

from Bochrinzet Ingslieim 116, (ldeworth, En;anﬁ)

CEF cell cultures were mnpamd and mammm:eﬁ as pm-

vionsly aasr:rb:eﬂ 15, 10}.

. The proceduze for pulse-labeling cel'lls. gmwn on.
Mahmaej;. pieces, with [*Hluridine and subsequent mea-
surernent of incorporated radicactivity have been de-
tailed elsewhere 16,11] .1 RNA polymerase Tand L ac-

“tivities were assaved in whole nuclei, exiracted as pre-
- viously deseribed 121, by the m@ﬁmﬂ oF Novelio and B

Stirpe [5]- ‘The reaction mixtuze for polymerase i a5
Sy cﬂmmnm in §.6 mi: 50 ;umﬂles Tris, pH &.0, 2

o ﬁmmes M, gC%, 7 umoles ?-merrcapmeﬁnmmi 3 ,umalas
. "NaF, 0.06 pmoles ATP, CTP and GTP, 2.5 pCi
PHIUTP (0.25 nmoles), 100 1 calf thymus DNA,

- and aboul 200 ug nucles: protein, The reaction mik-
- mrefor polymema i assay-was identical aexctpi ﬂaai .
Mg, Was IEpaHEB'ﬂ with MnCly, and 140 pmoles

» (NHJ.)ES Were, pmsem in aﬁxihmn Tha reaption ';‘ £

DX ares wem mcubated for 15 mina$ 37° befme sde—'_
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. Tfable] Cor
Exfec*ts of zx»ammmm added io CEF well s:ulmmzs for 1 hz on,
S RNA pﬁlvme:ase 1 z:mﬂ i actmhes L

“Q-Amaniﬁn ':aﬁdgﬁ B RNA'pbiyméiﬁsc 1 RNA p@lyzﬁemgsé]_li o

CfwgfmD - {pmoules UMP incorp./mg protein/15 min)
T . .. X
1 ' 120 - 180
5 37 3
10 RS KD ST
w 138 . AT

Virions amounis of e-amanitin were added to the medinm of

duplieate CEF culinres growing omn 1) sm plastic petn dishes.

* Onee hr iater the eells were thorenghly washed in 0,9% NaCl
then pucdlei issiated for determination of RNA p@lym'emse I

and I =~m:mms as 1tn ﬂaienalz. anﬁ me:thuaﬂs '

a-ama nm [5] Profein was estimated by me mmhuﬂ
@flmwry et [13].

* Labelled RNA was extracted from whole zells bya

hot ptenol—chloroform method [14] ; the final aque-
ons phase {1 ml) was 1oaded onto 2 16 ml linsur gradi-
ent of 15%—30% sucrose in 10 mM Tris, pH 7.4, 100
mM RaCi, 1 mM EDTA, 0.5% sodium dodecy] sul-

phate and centrifaged in » & Beckman SW27 rotor al |

' - Table 2 ,
- Effects of a-amaniiin (20 zg/ml) added 1o CEF- n:elﬂ x:uhnr-es ‘
“on RNA ptﬁymerasa J a-;a;vmr L

RNA xpoi:yme:ase ] ac‘mﬁy

R ',ipmules ﬂMPmmermg
. Time after

| prateinf 5min) - L

- wddition of. - Untreate:] Amamim :
cemmanitin . cells “Areaied cells
Cogam
RN wy o 1

2 130 - e L

3 LI d2e o
L R X - X - R
s BRI S B S - T R

".'Dﬁbl-iéaié !CfEF cell culimzes growing on 10 cm piﬁstai: et
“dishes ware trested with e-arnanitin (20 ,ugf.m]), or untreated.

| Atvariods fimes the teflswere washed then risclei extracted :-‘
p.tfrom kealed and unﬁzateﬂ e lls in. pa:aﬂel zbefore ﬂetermma—

RINA poly..erase activity in vitro asin Materislsand
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. Fig. 1. Effects of @an‘-anﬂm Bﬁﬂeﬁ to cells on | RNA pnﬂj me:r- -

ase 11 activity. a-Amanitin (20 pg/ml) was added 1o CEF cell
cultutes growing on 10 cm plastic petri dishes. At various
times the cells from deplicare enthures wers hamvested and the
niclej isolated for assyy of RNA polymerase I activity. Re- -
splt- are expressed =s n percentage of untreated eontrol cell

' muclear aptivity of culnizes harvested in paraliel with the @~

amani m~1reatea cnltures,

B0.00D g for 16 hr al 25°. 0.6 Fraciions were col
Jecied using an 1SCO fractionator attached to a record-
ing spectrophotometer measuring optical density at

260 nm. Acid-insoluble sadivactivity of the fractions |

was determmed as pmvmmly :descnbed 11 2.

3 Re‘s;ms“;an'ﬂ ﬂiseus‘s'mﬁ R

. W have previously reported the dose-dependent in- -
- hibition of RNA polymerase 11 activity which tcours
- within §-hr aﬁar -addition of a-amanitin to growing .-
o CEF cells 16] Fzble 1 pmsents ﬂm results of an ex- -
" perimeat in. which Varions amounts of w-amanitin were
_;aﬂuﬁ'ﬂ to i_'he meﬂmm of CEF cells, for 1 hi, fo]lﬂ-wmg

ich the. nm:lel were uextmr:ted zmﬁ BSSB}‘IE& in yifro.

f.fm ]"’NA pmly:rr-emsa 1 and TF activitizs. In contrast to

@bsgrved wﬂih RNA po]ymﬂm? 15 RNA
ire. was sﬂxghﬂy mcreased m ihe nu_ -

,.3at:9b: tal. [8] b :elaomteda tonﬁnmng, mﬂ'

T’a (4 2 'e'{
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. i ) Table 3 -
:Eﬁacts of n—amamim adiled to cell culmms fm 1 “31' IDT! 0
: 1 H}unﬁme mcmpmmcm mtu RNA ‘ :

‘Duretion Dflabels 3H]Unﬁme mmxpmmted

'il'mg‘wlth ' {cpm/10° cells) :

1 mumdme Unmeated : n—Ammmm- S
fwoim). o o celly o weatedesBs. o (B
Foho 0 D4 . 434 - 82
is . v % R ;- . SRR | - SR
30 .. - . 3BE - 3972 S0z
B0 o ,3352@, ©. Ya3s . 92

:CEF cell cu&tures WETE ZIOVM OR 18 b 15 mm elinex smps g _
- Half the mn’imns were Trsated with eramanitin {20 pgfml) for-
1 hr, then PHJuridine {2 wCifmD was added 10 each culiure:

for the indicated perivds. Afier kabelling, acid-nsolble radio-
artivily of the enltares was determined as in Materials and

methods, Each value js the mean oblained from M’lph’:ﬂt’g cul
iares.

ret Jiver nuclei. 20 pgfm] e-amanitin were added to
the medium of CEF cell cultuzes which were har-
vested at various times up to 6 hr thereafier and no-
clel assayed for RNA polymerase I activity (1able 2).

Mo significant inhibition of polymerase 1 activity was

observed at any time; in a pam]leﬁ experimant using

the same conceniration of @-amanitin, RNA polymer- -

se 11 activity was comipletely suppressed by 4.5 hr

after adding the dmg, and theze was 1o evidence of -

1BCOVRTY {fig. 1), ‘
The resulis of ihese expenme‘ﬁs supgest, in con-

trast 1o the anomalous T2poris conceming aﬁmmlsmc_» :

‘tion of a-amanitin to rais [7, 8], that when added to-
tissue culture cells the drughas a similar action on

RNA polymerases in vivo as i1 virre. However Rottand

Scholtissek 1151 reported that up to 50 pgfml a-ama-
nitin-did not affect |3H]uridine incorporation into,

RNA.of CEF cells during I hs puises for several hours, = -
and we Gﬂnﬁnmd ‘this ﬁndmg using 15 min [FHluri-
“dine pulses [9]. With shorter labelling periods {5 min),

inhibition of RNA symhem conld be deizcted as:
eatly as 1 hr after adding a-amanitin 1o the mﬂi‘m‘a
- misdium. Monolayer cultiires of CEF ceils: grows on -
(18 %16 mm Melinex sirips were tieated With 20
‘ pgfnﬂ a-amanitin for 1.hr, then pulﬂs.e—lﬂabe]led wmh
; 13H]und1ne {2 p&jml) i"m 5, 15,30 or 60 snin, feﬂ-
i"lnwmg which the amcunt of amﬁmnsoiuble Iadmamw»
Uity incorposated by ﬁmg—t e‘aied and cont: ol ciltuzas
!_,were ﬂetarmmed {mblf: 3} N mgmﬁcani d"yiexentes

- FEBS LETTERS - 7. 0ol

oMwam

- in total {*H]uridine incorporation were detzeted dur-

_ ing pulsés of 15 min or longer, althouph there wasa

R A0% reduciion in the amount of n"admamavmy ingor- -

i pm;a‘haaﬂ by u—amanmn—mremtd m:!‘.is ﬁurmg aSmin.

*pulse, The latter result is not smpmmg, since RNA -

- polymerase 1 is almost ceﬂmmy uesprms:h]ﬁ for ﬁﬁ
synthesis of Lrapndxya]abelleﬁ FHA in the cell [16],

and treatmeat wnﬁx 20 pgfml c-amanitin fm 1hrn-

“hibited this enzym? achvity akoost completely {tahls
'..]) However, [he esulls obigined with lmager penods '
- of labelling’ indicats thay fy-armanitin causes 1o oveiall.
- ‘m]n@m@n of the bnﬁk of RNA syuthesis, in agn:emem
*with previsus reports for cell sultures £9,15], bul
' -'mmrary 1o mesulfts Ubtamed in rats, w};ere it was -

found that synthes:s of ail spm,ms of nuciear RNA,
mncluding ribosomal precursor RNA, remained blocked

for several houts after a-amaniiin anﬂmm:simﬂm 1.

- The effect of o-arnamitin on RNA- symhesas i

CEF cells was further investigated by sxtracting RNA
- labelled during a 15, 30 or 60 min pulse of PH]uri-"
dine and analysing 1 ihe distribution of mﬁmaﬁwﬂy
- following sedimentation through snerose density gra-

dients in com: pATison ¥ “ith contrel oells. Meonolayer.
CEF culturss grown on 10 e piastm petri dishes, in-

treated or treated for 1 hr with 20 pg/mi o-amaniting -
“were labelled with. |*H]uridine {2 Ci/nl) and at 15,
© 30 or 60 mir thereafter the cells were extracted with
~ hot henol-chloroform and the final aguéons phase
 of the extraction applied to 15—30% sucrose denmﬁy -
' gradiﬁml& (fi 2). The patiemns cbserved duzing 13,
30 or 60 min Jabelling were identicel &z a-amanitia-
. imea‘&eﬁ and centrel cultures; in particular, there was

no eviden<e of any inhibition of labeling in 45 5 nuo-

- glepler precurser RNA. This msmlt STttt g1 the con- -

clusion that in CEF cells RNA pelymemsu 1 acnwty
iz mpl sensitivg to f-amanitin addm in vivp, and agreefs

T with Pprevious '.nepmfis in which P\IA po]yma:ase 2=
- -tivities of whele nuelel [, H?] m mmf Bd cemymes e
- ‘_{[2—4] have been stidied. -

The’ dlffemm & fects of u—éznanﬁm on 'l?EF cells -

s té';md on rat liver m;;ght perhaps be- B}_plameﬁ by me- : :j,
- “tabolism’ andjm defoxication. of the: drug in the - .
e whole animzl sysiem, This would #geownt for the .
'iimnslert nature of the inhibition of RNA pniymer—
*mse T activity: {"F] Rnb@SUmﬂ] RNA synthesis was- ..
“unaffzuied for af least 2 he afier the addition of a:
Z;ama:xm_m m QEF cellss this

'ha 'was rm* ihe’ ea:-;e n 13,
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Fig. 2. S'uc:-mse df:n;rhr £ sdient am'ﬁym of | j H]nnﬁme—!abe]]eﬂ RNA exiracted from c-amamim—i:rﬂa“ied and control coltures,

Duplicate sets of CEF cultnres in 10 cm plastic petri dishes were ]ab.aﬂewﬂ for 15, 30 or 60 min with | 3Hjuridine {2 pCi'mb. ml).

One set of eultnres was jreajed wih owmanitin {20 pgfmb 1 ke ‘befpre Jabedling, Tm,_ﬁa}ﬂ_z:. were hurvested g7 the end of the
labelling peried and the total cell ENA extracted and Jeaded onto a 16 mi gradient of 15— 30% sucrose which was sedimenied

at 80,000 g for 1% hr az described in Materials and methods, Left ™ right: 1%, 30 #nd 60 min Haba]lmg. Upper. profiles, vn-

‘Ireateﬂ cells; lower profiles, a-amanitin-1reated cells, The m;nnnmom lme ShoWws the opticel mnm}' :tracmv am 2-5@ nm. 'ﬂm -
. IBEHBH of sexlamemahun is from left 1o right, - : \

an ﬁmme{dimg effect of 'ﬂje,ﬂnlg [ B" . Taken together, ~ Pfizer 14d. for a research 7$'1mﬁdemship, and the -

our resplts suggest that in CEF cells a-amanitin ;wf*is ~ H.E. Durham Fend, ngs Fo]lege 'f“mbnﬂge fo;r a
- for several ]murs on RNA PD]’VII]EI%I’SE I] actmiy S .reseamh gram
2 -alcane. ' : S =
. "The iraphca"tmn tyc]as of thraae viruses, a'ﬂenmnms - :

: [18] influenza 6, 15] and Rons sarcoma [19] - References
_'".'h‘ave prevmu@ly been-found sensitive to.ths presemae R e LA TR

of p-amanitin in the ciilture medium. The conchu-~ °  ° {13 L. Frume and Th; Wieland, FEBS Letrers 8 (1970) 1.

- sion reached in each czse, that this reflects a specif- - - 121 C Kedinger, M. Gniazdowski, J.1. dlaniel, F. Gisshiger
+ ¢ Tequirenent for transeription by RNA polymerase R ?;37%)?;?3799, Bm“hemrﬂmphys Res. L’Dmmun 3B
‘__'__‘]1 Dr “13 h’m 53315 Wﬂmd mmlumﬁ"'ﬂ C T [{3]] S.T. Yacob, EM. .sajaen md H N. mammg Name 225
SR TR : ‘ SRR Rt ¢ L= [c) 2 3 PR
' ER S e e e -_'.'i.I4] T.1. Lindell, E. Wemfberg,]‘ ans RG_ Rneder and
'Z_“Ac}mow]edgements ST 7‘ R ;‘ R R W1, R]lﬁer, Scienee 170(1970) 447, -

. ISIF.Novelloand F. Stirpe, FEBS Letors 8 (1970) 57,
‘:;.Iﬁ] B.W.J. Mahy, N.D. Hastis and S,:l' Arms:tmng, PIDC N.nﬂ E
. Acat fscL u.s 69 (19?2; 1421 A

o : 7;?‘11115 wo:rk was supported by grants fmm ﬂle _
'Medxca} Research Cmmml ND}-]‘ W, mhes to. ﬂmm:




,vs:m;; 3‘2' ﬁu'mbe‘: 1

L m IR, Tm, M. Hs’amﬂioﬂ and D the‘]ﬁs, Nmm N.ew
7 Biol, 238 {197 161. .
: I_QS] 8.T. Jacob EM. S‘ajﬂe] W, Mtnecka and H N Mm:r-o

" Cold Spring Harbor Symp. Quanzt. Biok. 25 (1970) 681

: ]9] N.D. Hastis, S.J Armstrong and B W] Mah}, o
B Bmchzm. 145071972y 28P. ‘
: [.‘lﬁ] R. Borland and BW.1. Ma.h}, I, Virpl, 2 1196183 3;-.

111] IB"W.J Mzhy, 3. Am:.sncng, N.J. ox mﬁR D. Bam,f," o

Nature §1973) in press.

121 B W3, Mfahy and P.A. Bromdey, J Virol. 6 mwm 259,

FEBS .LE“"TERE

,’{13] OH: Lm:r;g; M. Rmabmmﬂn AL Fm? zmd

May 19’53 g

- R.J. Randall, J, Biol. Chem, 19311951)?65 B

"7 {241 S. Penman, 1. Mol. Bick. 17 {1566) 117.
ISR Rott and C. Schmﬂﬂnsseax, Natufe 228 {1970} 56. ,
118} E.A. Zyiber and §. Pamman, P;rm:. Wa'ﬁ.’l As;ad. Scn U S -

BBI1971) 2861, -

| "':'jqﬁﬂ G231, siooe 35d N.R. ngeriz Exp. Cell Rﬂ 76

£1273p 223,

— IIB} N. Ledinko, i’simme New Biol. 223 1197 ﬂ} 247. o
i1 9] M. Zanetti, L. IFea, F. Costanzo and M. LaP!m:a, m-ch. N

ges W;ms:fmsch 3411971) ’MS- )

9D,



