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|. Introduction

It is now well established that indole-3.acetic
acid (1AA) exhibits two types of effects on RNA
and proteln metnbolism in higher plant tissues.
For “short™ incubation periods (less than 2 hr),

* this nuxin increases incorporation of labelled pre-
cursors into heterogeneous nuclear RNA's
(HnRNAs) and into short-lived polysomal messenger
RNA's (mRNA's) {1, 2], whereas for longer in-
cubation periods (up to 15 hr) there is a marked
simulation of the synthesis of ribosomal RNA
(tRNAs) and specific proteins [3]. These etfects
are [ndeperdent of the precursor powol size [1].
Moreaver, hybridization experiments using unique
sequences of plant DNA, strongly suggest the
existence ol o precursor relationship between
HnRNA's and polysomal mRNA's [4], Taken to-
gether, these resubts argue in favor of a primaty
elfect of Indote-3-acetic acid on gene expression,
The increased transcriptional activity of isolated
chromatin in the presence of 1AA and 4 protein
factor |§], as well as the divect interaction of this
factor with DNA {6], ure in agreement with this
view. However, the mechanism by which an auxin
sitmulates e vive or in vitre transcription is oot
atall ¢clear and might be a priori due 1o three
types of phenomena occurring either alone or in
tombination, namely:

iy inercased availability of template;

i) increased specific activity of nuclear RNA

polymerases;

iis) increased amount of nuclear RNA polymerases,

't is the main goal of this paper 1o present new
gy, s it this problem,
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2. Methads

The plant tissues used are obtained from lentil
(Lens culinaris var Ronde Blonde, Vilmorin). Roots
were grown and hagvested as previously described
[3]. Nuclei were obtained with a method de.ived
from that of Mertelsmann [7]. The average yield
of nuclei, based on DNA determination by diphenyl-
amine reaction |8], was routinely 40%. Chromatin
and pon-histone proteins were prepared according to
Baulicu™s method |9], except that every solution used
contained S mM dithiothreitol, The above operations
were performed at 4°. Non-histone proteins are chro-
matographed on DEAE.Sephadex (A-25) columns
prepared sceording to Roeder and Rutter [10] using
50 mM Tris-HC1 pH 7.8, glveerol 25% v/v, 5 mM
MgCly, 0.1 mM EDTA, 5§ mM dithiothreitol
{YGMED bufter) for equilibration, To determine the
protein content of chromatographic fractions, the
following modifications of the Lowry method [11]
were adopted. 2 ml of 107 trichloroacetic acid
(wiv) and 100 g of yeast RNA were added Lo
cach fraction (1 ml). The resuiting previpitate was
washed twice with 55 TCA (2 ml), then dissolved
in Lowry solution C (1.25 ml). After 10 min Lowry
solution E (100 uf) was added. Absorbance was
measstred after 30 min at 350 nm. Suxin treatment
of the scedlings lasted cither 1.3 hr er 14 he with
aerated solutions of 0.25 mM LAA. All the butiers
used for RNA polymeruse extraction of hotone-
treated roots contained 0.1 mM LAA.

RNA polymetase activity was assayed by lTolkow-
ing 1he conversion of | FHJUTP into an acid-insoluble
materiad. The standard reaction mixture (0.2 ml)
contained 39 mM TrisHC pH 7.8, L1 mM MnCl,,
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g.55 mM KCl, 3 mM NaF . i.1 mM dithiothreitol.

1 ;M phosplicenolpyruvate, 0.5 mM cach of ATP,
CTP, GTP, 0.0355 mM unlabelled UTP, 1.65 uM
[HJUTP (15 Cifmmole, CEA), ¥ ug pyruvate kinase
(Sigma). 5 ug of calf thymus DNA {Calbiochem),
enryme, and ammoniem sulfate concentrations as
given tor each experiment. After incubation at 16°
fcr 30 miin, the reaciion was stopped by adding

50 ul of a solution containiag 80 mM sodiuin pyro-
phosphate, 20 yg veast RNA, and 20 pg bovine
serum albumin, then G0 ul 3% sodiwin dodecyisul-
fate and 2.5 ol 15 TCA. The upincarporated
[FH]UTP was removed by centrifugation and repeated
washings of the acid-insoluble precipitate with 2 ml
40 mbf sodium pyrophosphate and 3% TCA. The
acid-insoluble RNA’s were hydrolyzed 20 min at 95°
ii: 9.5 ml 35 TCA. 400 pl fractions of hydrolyzate
were placed in wials containing a mixture (8 ml) of
dioxane, 100 gf¢ naphthalene, 5 g/€ PPO, 0.30 ¢/0
FOPOP, and counted in a Beckiman LS5-150 liquid scin-
tillation counrer. The counting efficiency for 3H was
routinely 27%.

3. Results

The various steps involved in the solubilization,
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Tablc 1
Solubilization and isclation of RNA polymerases from fenyjf
roots.

Specific
Totad S
Steps protein activity Reovery
p im » (units/mg units
& protein)
Homogenate 1 950 B (¥} | 810
Soluble<chromatin 134 27 364
Noen-histone- . i
proteins 2.60 24 323+
DEAE-Sephadex
{A-25) chyomato-
graphy
Ia 0.015 530 12.5
[b 9.134 700 93
Ik 8205 760 155
Ir 3.300 185 46.5

* This assay was performed with an incubation mixture
(200 i) containing 100 xe of calf thvmus DNA,

Activities assayed under standard conditions with 0.06 A
ammanium sulfate and 25 agfmi calf thymus ONA are
expressed in pmoles UMP incorperated in 30 min at 167
Values are given for 15 g of lentil qoots.
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Fig. 1. Effect of divalent cation concentrations and ionic strength in RNA polvmerases W and I Assay conditions in A and B
were g3 described in Methods except that the metal ion concentrations were varied a= indicated. Each reaction mixture

(100 z) contained 12 mM and 25 mM ammonivm sulfate for enzymes 1b and 11, cespectively. Mn? * effect was tested in 1h?
presence of 0.5 mM Mg2*, The amounts of enzymes wece 1 uz and 0.6 ug for RNA polymerases [b and §f, respectively. Tuped
ments showa in fig. C were pe-formed in the same conditions, at a fixed concentraticn of both Mg2* (2.5 mM} and Mn®"

(} mMY. Ammoniuzm sulfate concentration was varied as indicatsd.
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Table 2

[2ffcct of trypsin predigestion on RNA synthesis in chromutin isolated from vontrol and auxin-treared (i3 he) [entil roots,

Chromatin from conirol tissues

Chromatin trom auxin-freated

tissueey
Trycsin T T T T T T
(pgrml) (pmoles UMP Increase (pmoles UMP Encrease
iecorporated/ {%) fmcorporated/ (#)
10 pzz DNA) 10 = DNA)
0 5.980 = 0.060 — 7.51 1 0.0680 -
i0 10.189 + 0.024 T0 12.236 = {1.306 62
¢ 10.286 + 0411 72 12,139 + 0486 61
1 10419 + 0511 74 11456 + 0.516 52

Assays were performed as previously described, in a mixture (LOQ uf) coruaining 0.038 M ammonium saliaie. Chromarin was in-

cohated 30 min at 157 with trypsin.

isolution, and partial purification of nuclear RNA
polvmerases of lentil roots are presented in table 1.
Four polymerases are cbtained from DEAE-Sephadex
chrematography (fig. 2). Compenent [a comes through
with the TGMED wash, and components Lb, [1, and

il arc eluted stepwise with the same buffer containing
(125 M. 0250 M, and 0.5 M ammonium sulfate,
respectively. The major part of the recovered activity
is found in components Ub {309) and U (51%}). The
minor compouesnts [a and I represent 4% and 13%

of the actwvity, respectively. From their chromatographic
behaviour and by analogy with RNA polynerases of
other eukaryotic ceils [10, 12— 6], it is very likely
that enzymes la, Ib are of nucleolar origin, and poly-
merases H and U from the nucleoplasm, Only frac-
tions b and 11 have been studied in the present work
since they occur in rather large anrounts widin nucled.
The specific activity of RNA polymerase preparations
ib and 1 are 700 and 760, respectively. With regard to
the crude homogenate, they have been purified i700-
and 1900-fold, with a recovery of 11% and 19%,
respectively.

Buth enzyines require divalent cations for activity
{fic. 1A, [B). Whereas the concentration—activity
profils for Mn2* is sharp, that obtained for Mg?™ is
very broad. The various optimun values can: be foud
an fiz. 1. The Mn2*/Ma?* activity ratio, at ihe optiraal
concntation of each ion, are 0.83 and 1.23 for corn-
ponenits Ib and I, respectively. The activily ot both
€nzy mcs is obvicusly dependent on the ionic strength,
ssalrzady observed with other eukaryotic RNA
polynerases. Fig. 1C shows the effect of various

animopimm sulfate concentrations on the lentil raats
CRZYIICS.

RNA polymerase 11 is strongly inhibited (800%) by
a-gmanitin, (0.1 gefml), whereas enzyme 1b is not.
This is also the case with mammalian RNA polymerases
of nuclecplasmic and nucleolar origins, respectively
[ 10]. Rafumpicin (3 ge/ml) has ne effect on either
polymerase.

A “short” (1.5 hr) rreatment of the t'ssues with
{AA does not affect the level of nuclear RNA polymer-
ases, but increases by abour 25% the transcriprionat
activity of isolated chromaiin (1able 2). It thus
appeared likely that this cnhanced activity is related
to a hormonal control of chrowmatin availability for
transcription. This idea was tested by using the effect
of proteolytic enzymes on transcriptional activity of
cliromatin {17, 18]. Chromatin from control and
auxin-treated (1.5 hr) roats was incubated for 30 min
at 13" with trypsin before assay for transcription. Aa
enliancement of RNA synthesis was observed with
hoth chromatins at a¥l the trvpsin concentrations used
(rabie 2). Experiments perlormed with ather protenly-
tic enzymes showed that ouly those able to cleave
arainine and lysine bonds were effective for stimuiating
temnplate activity of chromatin. These abservations in-
dicate that trypsin pre-digestion activates chimraiin
by removal of histones. Moreover, the results of table 2
show this stimulation to be less pronounced with
chromatin obtained frem hormoene-treated Lissues than
with homologous chromatin extracted from control.
Thus, the above results confirn the wdea that chroma-
tin of auxin-treated roots is already in a depressed
state and more available for transcription.
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Fix. 2. Elution pattern of control and auxin-treated lentil root RNA polymerases from columns of DEAE-Sephadex {A-25), Non-
histone proteins {3.5 ml conzining 2.05 mg proteins), extracted as described in the experimental section, were loaded onto a
(0.7 X 9 cm) DEAE-Sephadex (A-25) column, washed with 4 .nl of TGMED buffzr, and eluted stepwise with TGMED conlaining
0.125 M, 0.250 M and 0.5 ammionium selfate (vertical arrows). Fractions of 1.0 ml were colfected. RNA polymerase activity was
assayed with the standard incubation mixture containing 8.06 M ammonium sulfate and calf thymus DNA 25 pgfml.

If the incvbation period of the rissues in hormone determine whether the increased level of ENA polyiar
selutions is longer (14 hr), then the levels of “nucleolar™ ase Ih was due to an increased synthesis of the enzyms
polymerases [a and b, but not those of “nucleoplasmic™ ortoa change in its specific activity, the following
enzymes I and 1, are increased (fig. 2). In order to experiment was done. Activity of purified eazyme 1b,
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Fig. 3. Relationship between enzyme concentration and
activities of RNA polymerases Ib extracted from control and
auxin-treated lentil roots. Aliquats of peaks Ib eluted from
DEAL-Sephodex {A-25) columns were assayed for RNA poly-
merase activity im an incubation medium (200 ul} containing
0.09 M ammonivm sulfante and a fixed amount of native lentil
DNA (LS5 meh.

exiracted from control and auxin-treated roots, was
mezsured using varying amounts of polymerase Ib and
afixed quantity of lentil DPNA (1.5 ug). The difference
of activity for these two homologous RNA polymerases
ib is mure pronounced at high than at low enzyme
concent; tjons (fig, 3). Since lenidl DNA is saturated

it lawer incenteations of polymerase 1b when the
enzvine ;- izolated from control than from auxin-
treated 1ycaes, it is very likely hormone treatment in-
duces sevee conformational change of RNA polymer-
ase Ib [eling to an increased specific activity. Similar
esults hizv: been observed with nucleolar polymerases
obtzined :1om control and hydrocortisone-treated rat
liver [6]. -

4. Discassion
Various RNA polymerases have already been

isolated and parctially purified from plant material
{12, 14]. However, the only extensive purification has
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been eftected from coconut milk JE2]. The spesific
activities of the polymeruase prejarations obtaired
from lentil roots and coconut nuclei are about the
same. The present report thus szems to be the {irst to
be concerned with the extensive purification of RNA

polymerases from higher plant tissues. The pivmer-
ases extracted from lentil ruots exhibit obvicus

similarities to their counterparts from animai tissues.
owever, with respect io salt dependency and divalent
cation requirements, “nuclecia:™ and “nucleoplasmic™
RNA polymerases from lentil roots resemble cach
other more than do the homologous enrymes ohtainad
from animal cells. It s thus impossible to differentiate
the activitics in whole chromatin or in “so:ubilized
polymectase preparation” siraply by varying Ma2*,
Mg?* or ammonium sulfate concentration, 4s was
done with animal magerials | 19-21]. [solation and
partial purification of RNA polymerases appeur to be
prefequisite s1eps for establishing the mechanism of
auxin control at the transcriptional level.

The two effects of hormone treatments on RNA
metabolism, namely the enhanced synthescs of
HuRNAs and tRNA's are likely due to different
types of mechanisins. The increased synthesis of
HaRMNA’s and shortlived mRNA’s, tor “shord™
hormaone treatments, is due only to g derepression ot
gene batteries |22, as suggested by the zbove results
(table 2). On the other hand, the stimulation of rEXNA
aynthesis during “long’ hormone treatments. is at
least partially explained by the stimularion of a
“nucleclar” RNA polymerase th.

Estrogen action in animaid target cells is charucterized
by a stimulation of nucleolar RNA polymerase activi-
ties tollowed by an increuzs2 :n rRNA and proicin syi-
thasis [23]. According to Baulien 21 al. [24} this
activation of nucleolar enzyines cotld be induced by
a **key intermediary protein” (kip) translated from
short-lived mRNA. Results presented in the present
report are compatible with these views. The early
effect of auxin on template capacity of chromatin
cauld be concerned with the turning on of genes
coding for effector(s} of “nucleolar™ RNA 2oiymerases.
The two effects of auxin treatment. namely the in-
creased template activity of chrom:zzin and the
stimulation of nucleolar RNA polymerases would thus .
be functionally linked. lavestigations are naw in
progress to isolate a soluble auxin-induced protein
eftector that is able to enhance the specific activity
of purified RNA polymerase 1b.

6Y



Volume 30, numher 3

carefully readmg the manuscnpt.
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