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- THE EFFECT OF ZINC IONS ON TRANSCRIPTION
IN EUCARIOTIC SYSTEM :

Purified DNA~dependent RNA polymersses A, B and C {solate
ed from calf thymus contain a significant amount of zinc, A~
tomic absorption epectroscopy revealed the presence of 6.7,
5,35 and 2,6-4.1 geatoma of zinc per mole of polymerase
A, B -nd,C'rotﬁocttvoly. These enzymes are inhibited by
trestment ‘wit 3:ao~phonontroltno at concentrations varying
from 10~ to 10" M, However, the addition of zinc ions
doe® not restore fully the activity of 1.10~phenantroling
treated enzymes.Exogenous zinc ions reduce in vitro an ove~
rall -RNA synthesis catalysed by RNA polymerases from calf
thymus. In addition to the sites which bind zinc in s speci~
fic and stoichiometric way these enzymes possess other clas~
ses of binding sites with high and low affinity, Occupancy
by exogenous zinc of these additional binding sites inhibits
poliueruco ectivity. Additionelly, rate of RNA synthesis in
tsolated calf thymus nuclei, was exsmined in presence of
1.10-phenantroline and exogenous zinc ions, Similarly as in
the case of purified polymerases, transcriptional process in
nuclei wes inhibited by both of these agents.

Introduction

Zinc 18 esicngial for the growth and‘proiiforat;on of cells

from all 1living organisms, ‘Zing 18 necassary for . nornqi‘
“nueleic i,aétd‘ synthesis and function [1]. It is well known
that template dopghdont ONA  and RNA polyuerenpﬁf are metalopro-
teins centaining zinc [2-11],  Removal of zinc from: -enzyme mole=’
cules by trestment with cheleting sgente resulted in loss . of
their enzymstic function [3, 7-9]. It would suggest that  zinc
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model zinc ie invalved in the interaction between polymerase and
3°~0H terminus of a growing RNA or ONA chain [12, 13], Therefors,
the present study 4s an attempt to specify the role of zinc play-
od in asctivities of DNA=dependent RNA polymerases from calf thy-
mus.,

Matherials and methods
W

Purification of RNA polymerases

calf thymus polymerases A, B and C were isolated  and
.y purified ss described previously (14]. Further purifi-
cevion wae performed by chrometography on DNA-sgarcse = columns
prepsred according to Scheller etal. [15], . :

Aiiolbtion pf nucled

Celf thymus nuclei ware isolsted ond‘puraftodhoi described by

X2 tray and Miresky ®method [16]. Purity = of

.ne nuclear fraction was checked as & routine with - . the light
pigroecope. = ' ' ' o "

RNA palymersse assay

The standard incubation mixture (0.25) ml contsined 80 nM
Tris-HCl (pH 7,8), 4mM 2-merceptoethancl, 0.1 aM dithiothreitol,
0.1 mM EDTA, 4 mM MnCl,, 12% glycerol, 20 ug of native ~ DNA
(type Vv, Sigma), 1 oM CTP, 1 ®M GTP, .1 @M ATP, 0.5 =M UTP,
and 2 uCt (*H)=UTP and 100 ul of the onzyhc;‘-fhp'aéoay_ aix-
ture was incubated for 10 min. st 37°C. The éidioédtiyity in the
scid inecluble reaction pfoduct was determined 1n a'B¢¢kuah"oci-‘
ntillation counter, g 1 i Paen e N
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RNA synthesis in isolated huclei

The stendsrd reaction mixture (0.25 ml) contained: 12% glyce~
rol, 5 mM MgCl,, 50 M Tries-HC1l (pH 7.8), 0.1 mM EDTA, 0.1 nM
dithiotreitol, 0.1 M (NH) 250, 0.5 mM: ATP, GTP, CTP, 0,1 mM
UTP and 4 uCi (’N)-UTP Th- rQ-ctton was started by addi-
tion of 100 ul of nuclet suspension (10’ nuclei/ml), The reaction
mixture was generally incubsted at 25°C for 30 min, T1CA preci~
piteble counts were detarmined as above. |

Metel analysis -

V'gtne‘contont‘an polymerase preparetions was determinad et
213.86 nm using an atomic-~absorption dpoctrometor (Unicem SP
192). All samples ware minerslized by 1ncubat:on at 1oo°c for 10
ain in H,0 IHCID‘ pixture (1 3 1) ;

 _Protein determination

'Enzyno‘éoncjntratténi nefo,noéourod océardiné-to"_s"g haf-
tner and Wedtssamoenn [17] with bovine ssrum al-
busin as standsrd, 50 I '

‘Réuultc and discussion :

The purified polymersese A, 8 end C used in oll_ykpnr@monta,
were DNA dependent enzymes. Polymerase A wae completely incensis ‘
tive to a =amanitin up to the concentration ‘of 200 pg/nl. For
polynorlto C 60 percent of inhibition of onzy-o octivtty was - obw
served under thoao.condtt;qno and polymsrase B was fully inective
ated: im. the presence qf’i{pgtn&~ef‘a4¢uan1tin. Tha.bhbc;ftu' ag=--
tivity of the snzymes was 130, 270 and 340-400 units par mg pro-,
tein for polymerasses A, 8, and c roup.ctxvoly..‘ : : ES

Teble 1 tllustrates ztnc contents of calf thymus RNA polyaa-
rioon, Direct measurements by using atonic obiorptton spoctroaao'
try jh@n that qqtal contents of the RNA pglya.rgq.. A,.B and ©C
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Zinc content of calf thymue RNA polylnratoc o
Zawartodé cynku w polimerazach RNA x grasicy otalcooj;

Protein Zinc
RNA #* zznc contont
polymerase” “““?:;;:{}“"ﬁ °°"“?z;;:i' " | (gratoms/mole)
O CRC M e 6.7
8 . .. 2.00 4 .46 ¢ 5.35 "
c 0.85-1.20 |  0.240.83 2.6-4.1

*Molecular woight ofpolynaraso.lmo aoo 000 -ooordtng to
Ch a m bon 19 1.

*Protain was determined ss dqocr#bod by Scheffner
and Weiesemann [17].

**%Zino wee measured by atoatc-lboorptton -nnlyoto_ in 3 ml
samplas, ‘

amounts to 6.7; 5.35; 2.6-4,1 g~atoms of zinc per mole of enzyme,
respectively. -Endogencus zinc is essential for enzyme activity
of polymerases involved in eynthetizing resction but the role
of this metal in an enzywmatic octtvzty has hot boon precisely sta-
ted, ‘ ;
_ Fig. 1 illuetratee effect = of dtfforont conc-ntrottonc of
1.10-phenantroline on RNA polymerase A, B and C activities. Si-
wilerly, & other eucariotic polymerases, the RNA‘polyuorng. i~
solated from calf tyhmus were inhibited by choiattng sgent of
zinc dons, with pKi values of 4.9; 4.65 ¢nd 4. 5 for ‘A, B and
C enzymes, respectively, Instantanoou- inhibition of RNA polyno-.
rase activities by 1.10-phenantroline should be uttrtbutod to the
interaction of the chelator with the protein bound zinc., This n.y_‘
~ occur either dus to binding to the metel ionrend blocktng tho ac~
tive site or romoving the endogonoua metal ion, ' Qur obtorvatton‘

that addition of exogenous zinc to phonnntrolino-tnhibitod cnzy-'
mes did not restore ths full activity of polylorono B ond C led
us to investigate in vitro sffoct of zine ions on the sotivity of

polymerasss A, B, and C not treated with this inhibitor. The : exo-

genous zinc ions added to tho rcnctton mixture gonorolly roducod '
the ovorall RNA synthesso. : A0S LIS LTS
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Fig, 1. Effect of 1.,10=-phensntroline on RNA polynnn A, B rnd
. C sctivities. 1.10-phenantroline wes present ot 10°° ¢o 10‘
and enzyme protein st 10 ug per the incubation mixture,

the velocity in the presence of inhibitor, V, 1is the vo aca
xn ite obcom o—0 polymsrese A, »——x polymerasse B, o-.-—o
; polymerase C

Wtw 3.10 phomntrol ne ektywnodé polimersz c.
Stosowsno stoienis 1, K-phomtrouny od 107 do 10‘? 8
bialke enzyms ‘xczmo .30 ug na 250 Oumntny tnkubocyjno;;.
Vy = sktywnodé enzyméw w obacnoéci in tbl.von. Ve aktywnodc
Ml.llﬂ"l‘. o pou.nrm A, Myt polanrua 8, o—o,
Ll . pcunrm € i ,

Figure 2 shows mabum o"oct of exogenous zinc ions . on.
- RNA polymersse A, B8 end C activities. The presence of xzinc
“in the incubstion -odtu- of polymersses A and C did not cause
- significant Mn in their sctivities, especislly et s low -
- zinc concentration. A rapid decrease in the oversll RNA - ‘synthe=
"~ ais cnolyud by polymerase B wes obnrvcd 4n tho mxo oxuin— o
od renge of zinc concentration. : :

E"oct of enzyme coneontrauon on RNA polyurau A, B -nd c‘
~activities in the pnnnc' of cmomoo zinc ions was - examined
Cae well, - As- shown in Fig, 3 the ugniﬂ.emt decrease in poly- _
-merase B octl.vtty wes independent of protein mcontuuon. “In
' the cese of poly-or”” A and G- tho ngnuudo of inhibninq
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Fig, 2. Effect on exogenous zinc ions onh RNA polymersse A, B .and
C sctivities, The resction mixtures contain 1 to 10 mM Zn** and
RNA polxnoraao samples et the following conceptrations « polye
merese A; @) 2.07 mg and 'b) 1.53 mg: polymerase B:r @) 1.7 »g.
b) 0.86 mg, ¢) 0.10 mg, d) 0.08 mg; polymerase C; 1) 12.5 ug,
2) 10.0 pg, 3) 9 pg, o—0 polymerase A, »——=x polymerase B,
i : o——o0 polymerase C ‘ e

Wolyw egzogennych jonéw cynku na aktywnoéd pblt,f?ii”‘A, 8"1c.
Mieszanina reakczin: zawierals od 1 do 10 mM Zn .przx nastepuje=-
cych stezeniach bielka enzymatycznego = polimersze A; a) 2,07
mg 4 b) 1,53 mg: polimeraze B: 8) 1,7 mg, b) 0,86 mg, ¢)
0,1 mg, d) 0,08 mg: polimerszs C: 1) 12,5 ug, 2) 10 ug, 3)
9 pg, o—a polimeraza A, »———x polimeraza B, 00 polimeraza C

effect of zinc is dspendent on the zinc/enzyme  concentration
ratio., It s clesrly indicated thet the influence of exogenous
zinc ions on polymersse A end C activities is @ functioo;; of
enzyme concentration, The increasing amount of  enzyme protein
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Fig, 3. Effect of enzyme concentration on RNA polymarase A, 8

and C aectivities in the p;goqnco of exogenous zinc ions, Solu~

tions of 1.5 end 10 aM Zn** ware mixed with polymersse sam=

ples containing enzyme proteins as indicated, O—-O polymerase A,
&k *——=* polymerase B, o——o polymerase C

‘Wplyw stezenis enzymu na sktywnoéci polimersz A, B L C. w, oboce
‘nosci egzogennych jonéw cynku. Roztwory 1, 5 1 10 mM Zn?* bylty
inkubowane z probkami bistek enzyméw w ilodciach wykazanych na
wykresie, o—n0 polimeraza A, H——X polimersza 8, o——o0

e 0 gk o 1. polimersza C . :

‘resulted in the decresse of inhibitory effect of zinc. “Dilution®
of inhibitor (Zn) by enzyme protein led to reaching special en-
zyme/zinc concentration-ratio above which the stimuletion of
RNA synthesis was observed (Fig. 3). These date suggest the ew -
xistance of a great number of enzyme binding sites for ~ zinec
fons, However, only s saall amount of exogenous zinc lons can
bind to RNA polymerass A and C without changing their origi-
nal sctivity, To determine in detsil the quantitative correle=-
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tion between zinc ions sand polymersee activity, the binding of
6%2n2* o protein molecules wes stuydied. The associstion of
652n 120top with RNA polymersses B end C gave simple setu~
ration isotherms (Fig, 4). The binding curve obtasined for poly=-
merase B ghows the ssturation tendency already at relatively
low Zn concentration. Such saturation effects were not observed
in the case of‘poly-orooo C.The seturation curves illustrate thet
the binding cepacity is sbout 3 times higher in the case of po-
lymeross C when compared with B enzyme. The capacity and af-

fo

20
© In inmeies)

Fig. 4. Titration cuirves of RNA polymersses by zinc ions. 65zn2*

solutions (4 ul) of increasing concentration were mixed with

40 ul of enzyme. Following 1 h incubation et 37°C enzyme

bound zinc was precipitated, collected on the Milipore filters

and measured in ligquid scintillation counter, 0——o0 polymersse B,
¥———xX polymersse C 2

- Krzyws wysycenia polimerasz RNA jonami cynku. Roztwory 652n2* (4
u1) o wzrastajacych steieniach 1nkubonang z 40 pl bialks en-
zymatycznego. Po 1 h inkubascji w 37°C 05za2% zwigzany przez
biakko byl strgcany, osedzany na sgczkach Millipore, @ jego za=~
wartodc mierzona w liczniku ecyntylacyjnr. Beckmana, o———0 po-
limeraza B, »x——x polimeraza C S
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finity for the zinc=polymerases interaction were estimated by
plotting equilibrium data sccording to S ce tcherd [18)
In addition to binding eites which bind zinc ione in specific and
stoichiometric manner, polymerases B and C poseess other class-
os of binding sites exhibiting both high snd low effinity to this
..t.lo " '

From scatchard”s equation the number of binding sites and
the apparent association constants were estimated [18]. Polymersse
C molecules can bind 38 gfitoms of zinc per mole of enzyme with
high affinity, and 159 g=atoms of zinc por mole with low ef-
finity, For polymerase B molecules, high affinity sites bind
9.4 g-atoms of zinc per mole of enzyme and low affinity sites
47.2 g-atoms of Zn per mol of enzyme (Tab, 2), These date moy
provide besis for the explanation of the observed greater inhibi-
tion effect of exogenous zinc ions on polymerase B ectivity as
compared with polymerase C, The increasing concentration of zinc
in the metal-enzyme complex sbove the stoichiometric emount leads
to a decresse in the yield of RNA synthesis, This indicates that
zinc behaves as en allosteric inhibitor. Loading of polymerase
molecules by zinc may result in the conformational changes which

prevent the proper functioning of the catalytic center, The dif«

Table 2

A nuamber of binding sites for exogenous zinc ions
in DNA dependent RNA polymersses molecules,
: from calf thymus

Iloé¢ miejsc wigzgcych egzogenne jony cynku :
‘w_polimerazach RNA zaleinej od DNA, z grasicy cielgce]

High affinity sites | Low affinity sites

RNA A ‘ : :
polymerase | . ,tome zn2* Ka  |'geatoms zn2* | Ker
mole e mole il L
38 |335 - 2070 Tame i femag0™
9.4 ["4.8 207 " w22 1972077

: " No te: Aliquots containing 1.95 ug of polymsrese C. and
. 5,08 ug °£ polymerase B proteins were incubsted with varying
amounts of ©52n?* (0-120 nmolee) in the total volumes of 100 "ul,
The binding data were plotted sccording to S ceaetchardis

equation (18], LR PR O '
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farences in the inhibitory action of zinc observed for polyme~
rases B end C support the previoue deta showing ‘thot these po-
lymerases are struoturally distinct enzymes [19, 20], Above men=
tioned results, obtained 4n vitro for RNA polymersse A, B and C
from calf thymus, prompted us to investigate the effect of 0-P
end exogenous zinc ions on RNA synthesis in functionslly active
nuclei isolated from this source, o '

Rate of RNA synthesis in isolated calf thymus nuclei, was e-
xamined, 4n the presence of incressing concentrations of 1.10-
~phenantroline, Sinilerly, ss in the cese of purified polysers-
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Fig. S. Inhibiting effect of 1.10~phonantrolln, on RNA synthesis
in isolated calf thymus nuclei. Nuclei (2 x 10" nuclei/ml) were
incubated in presence of increasing concentrations of 1,10-phe-
nantroline (0,5-10 mM) for 1 h st 37°C, After that 100 ul samples
of nuscleil suspension were edded to 250 gl standard reaction mixe
ture and incubstion was performed at 25°C for 30 min, TCA preci-
piteble counts were datermined aftorbagottsuy the nuclei on What=
san glass fibre filters (Control: 1 RNA=-synthesis in nuclei
without incubation with 1.10=phenantroline) - -

Hamuiscy wpiyw 1,i0-phenantroliny na syntez¢ RNA w 20 lowanych
Jedrgzhykowérkouych z gresicy cielgcia. dra (2 x :z’wwjgdqr/ul)
inkubowans w obscnodci wzrastajacych steze 1,10-phenantroliny
(0,5-20 sM) 4 h w 37°C. Nastepnie 100 pl prébki zewiesiny jg=
der dodawsne do 250 ul standardowej mieszaniny inkubacyjnej.pro-
wadzono inkubacje w 25 C przez 30 min,  Iloéé wigczonego prekure.
sors H3-UTP gkradlano po osedzeniu jeder na sgczkech z  widkns
szklanego Whatwan, (Kontrola: 100% syntezy RNA w jgdrech bez in~
kubacji z 1 ,10-phenantroling) : : ,
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ses transcriptional process in nuclei was inhibited by this che~
lating agent of zinc ione, 4in & concentration dependent  manner
(Fig, 5). ,

Noxt we exemined the influence of exogenous zinc ione on RNA
eynthesis in isolsted calf tyhmus nuclei. In thie case, distinct
decresse in transcriptional activity of this system was oboerved
as well (Fig, 6). The magnitude of inhibiting effect of  zinc
ions wae dependent. on the zinc/nuclei concentration éatio.’ The

increasing smount of exogenous zinc ions resulted in the increase
of inhibitory effect of this metal, When the celf thymus nuclet

$
'
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Fig, 6. Effect of various concentrations of zinc ions on 11914 of
trenscription in isolsted celf thymus nuclei, Nuclei (10 nuUg=
lei/ml) were incubeted in presence of increasing  concentrations
of zine fons (1~10 aM) 1 h at C. After that, 13200 ul samples
of nuclei suspension were sdded to 250 ul standard reaction mixe
ture and incubation was performed at 25°C for 30 min, TCA pre=
cipitable counte were determinsd as in Fig. 5 (Control: 100% RNA

' synthesis in nuclel without incubation with zinc fonsj .

Wplyw réznych stezed jondw Zn2’ ns poziom transkrypcii w jedrach
komérkewych izolowanych z grasicy cielecis. _aader%%l‘ Jeder/ml)
inkuboweno w g?ecno‘ct uzra:taigcych stezed jondw Zn*' (1=10 aM)
przez 1 h w 37°C. HNastepnie 1300 sl prébki zawiesiny jnder dodew
wano do 250 pul setendardowej wisszaniny inkubacyjnej, prowadzono
inkubacie w 25°C przez 30 win, Iloéc wigczenego. prexursora HI-UTP
okredlano jek na rys. 5, (Kontrola: 100% syntezy RNA w jedrach
: . komérkowych bez inkubscji z jonami Zn®") -
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were incubated with equivalent concentrations of both 1.10-phe-
nantroline and exogsnous zinc ions no inhibitory effect was  ob~
served. RNA synthesis in these nuclei was continued without di-
sturbances. L

Experiments concerning influence of exogenous zinc ions  on
RNA synthesis in iszecleated, functionally active calf thymus nuce
lei confirmed our earlier results obteined for purified RNA po-
lymerases. Inhibiting effect of 21,10-phenantroline on RNA synthe=
sis in nuclet demonctrated indirectly the existence of intrineic
zinc in protein of these enzymes, which is importent for their
“ transcriptional activity, : .

The existence of DNA dependent RNA polymerases in  isolated
nuclei, retsining at least partielly, their originel - function
and chromatin complex etructure, does not protect them from in=
teraction with inhibitory sgents: exogenous zinc ions and 1,10
-phenantroline. ' -
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WPLYW JONGW CYNKU NA TRANSKRYPCOE U EUKARIONTOW

Oczyszczone polimerszy RNA A, B 4 C zalezne od DNA izolowane
z grasicy cielecej zawierajp znaczne ilodci cynku. Metoda ptomoe
wej] spektrometrii asbsorbcyjnej wykazeno obescnoéé 6,7; 5,35 4 2,6~
=4,1 g=atoméw cynku, odpowiednio na mol polimerszy A ELg,c._‘En-
zymy te byly hamowane w obecnosci réznych stezen (10 «107% M)
1,10-phenantroliny. Jednakie dodanie jonéw cynku nie odwracalo
w peini sktywnodci enzyméw inkubowanych uprzednio 2 1,10-phensn-
troling, Egzogenns iony cynku redukujg ceikowity syntezg RNA kaw
talizowang przez polimerazy RNA z grasicy cielgcej. Précz miejsc,
ktére wigzg cynk w sposéb specyficzny i stechiometryczny, - enzy-
ny te posiadajs inne klasy miejec wigzania 2z wysckim 1 niskim
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powinowactwenm., Zwigzanie egzogennego cynku w tych dodatkowych
miejecach wigzeanis ne powierzchni enzymu hamuje aktywnodé pod~
limsraz. Ponadto, zbadano tempo eyntezy RNA w jgdrach komdre
kowych wyizolowanych z greeicy cielecej, w obecnodci: 1,10«
«phenantroliny 4 jondw cynku., Podobnie jsk w przypadku oczysz~
czonych polimaraz RNA proces trenskrypcji w jedra byt przez
oba te zwigzki hemeoweny, !



