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1. Intreduction

- ,M_ultiple forms of RNA polymerase generélly exist
in eukaryotic crganisms {for references see [1]). These
forms presumably play an important role in the selec-

tive transcnptlon of the genome. The a-amanitin in-
sensitive RNA polymerases Al and All [2] occur in
‘the nucleolus and appear to function in the transcrip-
tion of nucleolar RNA [3], whereas the a-amanitin
sensitive RNA polymerases Bl and BIH {4, 5] are
nucleoplasmlc enzymes and probably function in the
synthesis of the many classes of messenger and hetero-
seneous nuclear RNA. We have investigated whether
the extent of RNA synthesis in the nucleated chicken
erythrocyte during its differentiation intc an almost
completely repressed cell is directly correlated to the
activity G'RNA polymierases. Though the RNA poly-
merase activity was found to be significantly greater
in tue immature erythrocyts and to decline during
maturation, celluizt RNA synthesis had rewrned to
normal at a time when the RNA polymerase level was
still 4 tlmec above controls, The soluble RNA poly-
merase was found to be almost exclusively RNA
polymerase B form.

2 Mﬁ&nﬁﬁ_ls and methads -
21 Aﬁimals

White leghorn cocks were injected With 'phenyi-
-hydrazme (8 mg/Kg body weight) for 3 consecutive
days and killed 2 days after the last ir jection (zmaemic

blood type). Blood was collected in 2% (w/v} sodium
, utrate z% (w/v) t,l.ucos& R :

,Aorth-Hallqnd Pul;lishing Cqmpan 34 — Amsterdam

2.2. isolation and incubatios of nuclei

All procedures were carried out at O to 4° unless
otherwise stated. Blood cells were washed 3 times by
centrifugation at 10,000 ¢ for 2 min in 10vol 0.15 M
NaCl and nuclei were isolated by the following methods:

Method (a): Cells were lysed in 10 vol 0.2% (v/v)

- Triton X-100, 0.15 M NaCl for 30 min and the sus-

pension was spun at 10,000 g for 5 min. The nuclear
pellet was washed 3 times by centrifugation in 10 vol ~

7 0.15 M NaCl.

Method (b): Cells were lybed in 20 vol 0.05% (w/v)
digitonin (BDH), 0.15 M NaCli for 5 min, and the nu- -
clear pellet was washed once i~ 20 vol 0.25 M sucrose,
0.05 M Tris-HCL, pH 7.9, 5 m#i MgCl,, 25 mM KCI.

Chromatin was prepared by lysing the nuclei in 10
vol of 0.01 M Tris-HCI, pH 7.9 and washing the insolu-
ble residue 3 times in the same buffer.-

DNA was determined according to Dische [61, pro-

- tein by the method ot Lowry [7] and (NH4), S0, wit h

Nessler’s reagent.
RNA polymerase activity in intact nuclei-and chro-

 matin was determined in 0.5 'm! 0.05 M Tris-HCL, pH

7.9, 1 mM dithiothreitol (DTT), 2 mM MnCl,, 0.2 M

_sucrose, | mM ATP, GTP and CTP, C.16 mM [PH|UTP

(25 mCi/mmole), nuclear suspension (3601000 ug
DNA), and 0.05 M or 0.40 M (NH,4),SOq4. The reaction
was terminiated after 30 min incubation at 37° by the
addition of 3.0 ml 5% (w/v) trichloroacetic acid and
acid precipitable radioactive material was determmed
as described in fig. 1.
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Fig. 1. RNA and protein synthesis in red blood cells during
anaemia. Averagze values of 3 controls and 3 experimental
animals. Bload was removed daily from the wing vein using .
heparin as anticoagulant and incubated in virro for 20 min at -
37° as descrited by Schalland Turba {8] with 2 ¢Ci [PHuridine
(400 mCi/ mme!c) and 0.14 ;szfmAtom carbon). Trichioro-
acetic acid precipiiates were collected and washed by centry
fugation with 55 trichloroacetic acid, soiubilized in 0.5 mt

.25 N NaOH for 45 min at 1007, decolourized with H-0,,
and counted in a toliwwne-based a'cimiﬂator (0.8% TLA, 15%

_Bio Selv BBS-3, Beckman Instruments), Results are expressed

as a ratio of the incorporation per 10° cells from anaemic to
the incofporation per 10(’ cells from normal’ chtckens,

23, C‘x!ractmn and assay of RNA po!vmerase

RNA poiymerase was solubﬂizcd,similady to the
methods of Roeder and Rutter [9]. Nuclear pellets

were suspended in 3 vol 0.05 M Tris-HCI, pH 7.9,30%

(v/v) glycerol, 5 mM MgCl,, 0.1 mM EDTA, 5 mM
DTT. 25 mi aliquots were made 0.30 M with respect
to (NH; ), SO, and sonicated with a Bronwell, Biosonik
111 (intermediate tip. intensity 60} for three 30 sec
periods. The suspension was immediately mixed with-

2 vol of 0.05 M Tris-HCI, pH 7.9, 30% glycerol (v/v),

5 mM MgCl,, 0.1 mM EDTA, ! mM DTT (medium A) .

and spun at 45,000 g for 45 min. The clear supernatant -

was taken as the solubilized enzyme (fraction 1). Calf
thymus RNA polymerase was extracted similarly from

whole thymus tissue, and the enzyme precipitated at

58% (\IH4 32504 saturation from the supemamm
(fmcnon f}
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Soiubie RNA gmiymemse was determmed in 9 5 mi ;

. ~»i0‘05 M Tns~HCi pH 7.9, 1 mM DTT, 2 mM MaCl,, ~
SR ¢ X 32 mM ATP, GTPand CTP, 0.08 mM [PHIUTP (25
N mCz/mmole;) 0.10M (Mm)z304, enzyme sample and
100 pg calf thymus DNA (Sigma). The réaction was
~ terminated after 20 min: mcubahon at 37° by the ad- -

dition of 3.0 ml 5% {w{y}tnc}ﬁaro:scetxc acid. Acid
precipitable radioactivity was collected and washed
on a Whatman GF/C glass fibre filter with 5% trichlore.
acetic acid, ‘the precipitate was hydrolyzed and counted

 as above. 1 unit soluble RNA polymerase corresponds
" to 1 pmole [>HJUMP incorporated into RNA.

Al radioactive materials were obtained from {}n

_ Radiochemical Centre, Amersham. T he following were’

also used where indicated: a-amanitin (Boehnnger), I
ug per assay; calf thymus DNA denatured by heating
at 100° for S min followed by rapid cooling: Mzcro— :
coccus Iysadezkm:s DNA (Mﬁes—Seravac)

3, Results and discussion -

The levels of RNA and protein synthesis in blood
cells during the development of anaemia and the sub:
sequent recuparation phase were determined (fig. 1)~
in order torelate them to the leveis of RNA polymer-
ase. As reported previously {10, 11] the mcorpomtzom
of [*.luridine and ['*Clamino acids is significanty
k'gher in cells from maximally anaemic animals than
in: cells from noomal animals, 15 and 36 times; respec-
tively. Although cell populations contained the usual. .
small percentage of leucocy tes (~ 1%), the total level

“and proportions of the dif ferem types do not change

appreciably during phcnylhydwzme treatment and the

‘bulk of RNA synthesis in the total popuﬁatuon occurs

in the erythrocytes [ t1]. :
~The RMA polymerase activity in nuclei 1solated

: fmm anaemic blood (day 4) is 3.6 times greater than

in nuclei from normal blood whe:: assayed at 0.05 M
(NH,),S0, and 3.5 times greater when assayed at -
0.40 M (Nﬂa)z SO, (tﬂbk‘.‘ l) Al .05 M (NH4)2 S0,
histones do not dissociate from ::hromatin [12, 13]
and no derepression occurs [13°, while the molarity
allows actwity measurements o~ both class A and B

" soluble animal RNA pﬁiymems 5 {3} At GA0M

(N#;),S0,. there isa substantial dissociation of chromo-
somal proteins from chromatin {12, | 3] and the activity is

- ‘most likely largely a reﬂecuon oi‘ the amount of RNA
Vpoiymcraﬁe prescnt-
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. ) 'l‘able 1
RN A polwnerase actmty in blood cells,

Faction | Blood . (NHg);SO4 (M) No. of
“iype 005 0.16 . D.40 _ experi-
UL e e : ) ments

(pmoles | SH]UMP/mg DNA)

Nuclei anaemic 36+ 11 380+90 8
“o . normal 10z 4 11031 8
_Chfoinatiu angemic . —- 12 — 2
-1 - normal - I R 2
o (units/mg nuclear DNA)
Soiuble © anaemic -~ = 825 i — s
RNA o h . o
polymesase | normal o 25 — g

RNA polymerase activity with standard deviations in fractions
from nuclei isolated by method (a) from blood cells of normal
and anaemic chlckens.

' Thé endogenous RNA polymerase activity of the
chfomatin of erythrocytes from anaemic chickens
similarly has a greater activity thaa that from chroma-
tin of normal animals (4 times), the activities per mg
DNA being lower than those in intact nuclei {table 1).
The RNA polymerase activity (fraction i) extracted
from nuclei of anaemic blood was 3.2 times greater
than that from normal blood (table 1). This soluble
activity was almost completely dependent (90%) on
-added template DNA and yielded on DEAE—Sephadex
chromatobraphy one peak of activity corresponding

‘to calf thymus RNA polymerase B (fig. 2a). Nuclei
isolated by a very rapid procedure (method b) yielded
larger am‘oums of total RNA polymerase activity (ta-
ble 2). The actwuy from anaemic animals on days

46,8 and 12 were 6.3, 3.6, 3.1 and 1.1 tlmes greater
than normal act_mty. As in the previous series this ac-
tivity-consisted almost exclusively of RNA polymerase
B (table 2, fig. 2). This activity was found to correspond
to animal RNA polymerase B by the following criteria:
inhibited more than 95% by c-amanitin [14}]; eluted at
approx. 0.24 M (NH,), SO; from DEAE-Sephadex
{9,:151, typxcal ionic concentration dependence with

an optimum at 0.10 M (NH4}9 S0, {15, 16]; typical
dependence on Mn?* and Mg?* with optima at 2 mM
and at over 6 mM, respectively [15}; ratio of activity
at optxmznl Mn3* and Mg®* concentration equal to 4

{15, 16]. No significant differences between the proper-
tnes of thc normal and anaemxc RNA polymerase were

FEBS LETTERS

March 1 973

50

B 05
- A, f Foom: B
sof - : A" o3
L o
o ' b ’ -
10} o ol {01
R P Y i \'fu,,
20 ~ -
15 ' @ 8 8 _oa
8. 7 =
105~ P | %
- ~02 3
~y Pa [+
o st x"x,' !ﬁ\ &
- pr 3
g -zl ~ [ N P
a o £ L L 2ui®_1 1 g E
s _ 10 8 100 120 . 140 2
30 £
C. . E
: ~ os
b ,
wl-
.___.._._f FENERS——
0-——1-#—

e
Fraction No.

Fig. 2. DEAE-Sephadex chromatography of RNA polymerase,
Fraction 1 from avian erythroeytes or fraction 2 from calf -
thymus { 15— 30 mg protein) diluzed with medium A to a final
(NH3)250, concentration of 0.05 M, wasloaded onto a 1.3 X
12 cm column of DEAE-Sephadex (A-25) equilibrated with
0.05 M (NH4}2504 in medium A, and eluted with a 60 m!i

- linear gradient of 0.05 M to 0.50 M (NHg4),S0; in medium A.

Flow rate: 15 mi/hr. Fraction voleme: 1 mk 2006 ul aliquots
assayed in standard incubation mixtures containing to additional
{(NH4)2804. A) calf thymus; B) normal blood cells (60 mg tis-
sue DNA)Y; C) Anaemic blood cells (60 mg tissue DNA) i

detected. RNA polvmerase B from both blood types ¥
was completelr - oendent on added template DNA
and displayed tl. _ame relative activities with the dif-
ferent DNA template: tested (table 3). RNA polymer-
ase B franscribed heat-danatured DNA more efficiently

B than native DNA

- Erythrocytes of anaemic chickens provide a conve-
nient source for RNA polymerase B, 373 units per mg
tissue DNA (table 2). DEAE-Sephadex chromatography
resulted in a 20 times purification of RNA polymerase
B from anaemic blood yielding a fraction having a spe-
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. ’I‘able 2 : -
Levels of solub!e RNA polymemse m e:ythmcytes. -

Day of _'anaemin “a-Amanitin (1 ug)° Units per mg zmciear

DNA
I\ - 59
4 - 373
) ) + ) 3¢

6 Lo 210
5 ,“*.. - 18§
12 - , — 66

RNA polymerase activity in pooled c:{tracts from erythrocyte
nuclei (isolated by methed (b)) from 3 normal and 3 am}emic
chickens each.

: Tab!e 3
'RNA polymemse B activity with dxffcrcnt DNA templates,

DNA;md enzyme source Relative activity
Calf thymus DNA, native

Form B, anaemic’ : 1.0

Form B, nermal - 1.0
Calf thymus DNA, denatured

Form B, anaemic o 2.1

_Form B, normal . 2.1
M Iysodeixticus DNA native

Form B, anaemic . LS

. Form B, normal ) 14

No DNA

Form B, anaemic ' 1]

Form B, normal - 0

RNA poly 'mc‘msé B (after DEAE-Sepliadex chrcmétogmphs of
fraction 1) from normal and anaemic chicken blood ceils, as-
say ed with 100 ug DNA z: template,

uﬁc activity of approx. it umts per mg protein.

The blood-ceils of anaemic chickens were predomi-
nantly (> 90%) late polychromatic and mature ery-
throcytes, neither of which possess nucleoli {17]. The
absence of an RNA polymerase A in mature and im-
mature erythrocytes correlates well with this absence
of nucleoli, and is also in agreement with the conclu-
sion [11] that rRNA synthesis terminates before DNA-
lize RNA synthesis during erythrocyte maturation.

- If the decrease in the level of soluble RNA 'polym'cr-‘

ase activity during maturation (table 2) is a result of
RNA polymerase B catabolism in the erythrocyte fol-
lowing compiete shutdown of protein synthesis, the
half-life of the enzyme is 77 hr. Though the enzyme ac-
198
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ERETe twnty on the 6t day of anaemia is, snll 3 6 times greate;'
* than normal activity, the RNA synthesns in blood cells

at the correspondmg time had retumed to the normai
level. This indicates that the te.rmmatnou of RNA syn-~

. thesis in the matare erythiocyte is not closeiy Correidted
- to'the level of RNA po!ym"rase B. Investigations into

the template pr0pertles of erythrocyie ch;omaim wnh

- RNA poi ,rmerase 3 are in progrr‘ss
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