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SUMMARY
RNA synthesized in vitro by maize RNA polymerase II arises in part from
repeated DNA sequences, since significant hybridizetion to the parent DNA

occurs with low concentrations of RNA and DNA. Over three times as much
"repeated sequence" RNA is transcribed from maize as from calf thymus DNA.

INTRODUCTION

Differential selection of DNA sequences for transcription and subsequent
translation of the defined messenger population maey underlie a variety of
phenomena'from differentiation to carcinogenesisl-h. How transcription is
controlled in higher organisms is virtually unknown, except for the recent
discovery of multiple RNA polymerases with correlated cellular compartmentali-
zation5 and the possible involvement of poly(A) in the initiation of synthesis6,
processing or transport of nuclear transcripts7. We have studied which DNA
sequences are transcribed by the eukaryotic RNA polymerase II of Zea mays
seedlingse. Our approach has been RNA-DNA hybridization using filter-bound

DNAs and RNA synthesized in vitro from maize and calf thymus DNAs, native or

heat denatured, alone or mixed.

SOURCE AND PREPARATION OF MATERIALS
Maize DNA was prepared from seedling roots and shoots by the method of

9

Britten, Pavich and Smith” modified as described previouslylo. Chinese hamster
ovary (CHo) cell DNA was the gift of Dr. M. Schneidermen. Th DNA was from

Dr. C. Mead. Calf thymus, E. coli and M. luteus DNAs were from Worthington
(Freehold, NJ). Maize and calf thymus DNAs were heterogeneous in molecular
weight, with mean sizes greater than 20 x 106. Template DNAs were dissolved

in 15 mM NaCl, 1.5 mM sodium citrate, pH 7 (0.1 x SSC). Maize RNA polymerase II
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TARLE I. ACCUMILATION OF ACID--INSOLUBLE PPODUCT AFTER INCUBATION OF MATZE AND

Termlate DHA Tabeled product accumulated
vpe ue nroles
A. Maize native 318 h.2
Maize den'd 26T 15.1
Rovine native 563 £.3
RBovine den'd LLk 11.R

B. Maize native.
bovine den'd 41.5 each 1.9

Bovine native.

maize den'd k1.5 each 1.4
Both native 1.5 each n.>2

Both denatured k1.5 each 1.9

Reaction mixtures (2 ml) for single temnlates (Part A) contained 200 jmoles
Tris, pE A. 7.1 umoles P-mercaptoethanol. 2.1 umoles [a-2"PJATP (snecific activ-
itv 21 Ci/mole: ! umoles each CTP. G™P and UTP. 10 jiroles ”nClp. 1 mg bovine
serum albumin, 0.09 mg polynerase and an excess of DNA as indicated. For
mixed temmlate svntheses (Part B) reactions volumes were N.5 ml and all reagents
were pronortionately decreased. ™Mixtures were incubated at 30°C for A0 min and
acid-insoluble radiocactivity determined on Tilter paper disks as described pre-
Viously16. DIA was denstured in e hoiling water bath for 10 min and auenched

on ice.

was nurified throurch NRAE-cellulose chromatographv from shoots of 5-dav-old
seedlings to a specific activity of 3.2 nmoles AMP incornorated/min/me protein

2
at 3N°C ss described bv Mans

RESULTS AND DISCUSSION
RNA was transcribed in vitro from single or mixed DNA povulations of
maize and bovine DNAs, either native or heat denatured, with RNA nolymerase IT
of 7Zea mays. DBoth NNAs served as templates and. at the concentrations used.
denatured DNA supported greater vproduct accumulation than native DNA (Table I,
Part A)ll.
Single-template RNA. Hybridization is specific for the DNA used as

template, the homologous reaction being at least 10-fold greater than hyvbridi-
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TABLE I7. HYBRIDIZATION SPECIFICITY OF MATZIE R'MA POLVMWRACT PPANICTSR
SYNTHESIZED WITH STNGT.E THMPLATES?.

Ternlate Radionctive nroduct {omoles AMP) hound to filters

T DIA on filter

'aize Bovine CHO cell. K. coli ™M, luteus Th
Maize native 32.3(F2) 0.32(50) n.1lha)
Maize den'd £9.7(h0) n.b(rR2) 1.2(ke L.L(h7)  o.k(2f)  n.n(ha)
FKovine native n.1(k2)  1n.s5(50) n.1(51) n.n{51)  o.o(2h)  0.o(k1)

Bovine den'd 0.1(4n)

0.3(43)  0.9(23)  1.3(kb)

Radioactive products accurmulated after €0 min incubation as described in

Table I were orevared for hybridization bty the addition of an eaual volume of
phenol saturated with acetate huffer (N.1M Nafl, 0.01M sodiur acetate. pl 5).
The mixtures were shaken for several minutes at T0°C. the phases separated by
centrifugation and the aocueous lavers desalted by Sephader column chromatogsrarhy.
DNAs were loaded onto nitrocellulose membranes (25mm. 0.L45 pm) according to
Gillespiel®. Hybridization was done in scintillation vials with 1 ml medium
and 2-4 filters including one without DNA. Medium consisted of 7.5 urea.
0.01 M Tris, oH £, 0.05% sodium dodecvl sulfate, 0.20% Na+ as SSC and 3500
25000 com of RNA. After U4 days incubatior at 37°C filters were rinsed with

2 x S8SC, treated 30 min at 23°C with 20 ur/ml pancreatic ribonuclease £
(Vorthington, Freehold, NJ: brought to A0°C at pli 5 prior to use), and washed
on both sides with 50 ml 2 x SS5C. RNase treatment reduced counts on blank
filters from iwice backrround to backercund (20 cpm) and removed 777 of the
counts originally bound to TMA-containing disks. 3Hound radioactivity was then
assayed by counting dried filters in a liquid scintillation spectrometer.
During hybridization there was no loss of RNA acid-precinpitable countes. After
hybridization MIA was hvdrolyzed from filters by boiling in 0.77 nerchloric
acid. The amount of DRA mer filter wos estimated from the Aoy relessed. using
a standard curve constructed from filters loaded but not hvbridized. MIA
retention was 100%.

zations with other than template DNA (Table II). Specificityv is maintained
whether the template DNA is native or heat-denatured., but denaturation increases
the amount of RNA hybridizing to the parent DNA at least twofold (Table IT).
Since low RNA (<1 ug/ml) and DNA (<8B3 pg/filter) concentrations were used, the
observed hybridization is due to RVA transcribed from repcated DNA seouencesl?"l3

Such "repeated sequence’ RNA represents a significent fraction of the in vitro

product. since up to 30% of the inout RNA became bound in RNase-resistant
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Figure TI. Kinetics of RNA-DNA hybridization. Product transeribed from denatured
maize DNA as described in Table I was isolated and hybridized to
maize DNA as described in Table II. Percent DNA hybridized was cal-
culated by assuming a DNA-like composition of the RNALE, rircles =
primary hvbridizations: triangles = secondary hybridizations in which
new filters (1', 2' and 3') were added to vials from which other
filters (1, 2 and 3, respectively) had been removed.

hybrids. That RNAs other than those from highly reiterated sequences are
transeribed is suggested by the fact that both percent DNA and RNA hybridized
decrease as DNA and RNA concentrations increase. Further evidence for product
from less repeated DNA sequences is obtained from experiments in which a
second (or third) DNA filter was either included in the hybridization vial or
added after removal of a primary filterlh. In the former experiment none of
the multifilter vials yielded disks with counts as great as on disks from
equivalent vials incubated with only one DNA filter (data not shown). Vith
sequential hybridizations, secondary filters failed to bind as much RNA as
equivalent-time primary disks (Fig. 1). These results indicate the presence
of at least two different RNA classes differing in the renetition frequency
of the varent DNA sequences.

Mixed template RNA. It may be noted that in single-template transcrip-
tion maize DNA vroduces threefold more hybridizable RNA than does bovine NNA
(Table II). Since the transcripts sccumulated in vitro with maize RNA poly-
merase II anneal selectively to the DNA used as template. we investigated the
products transcribed in the presence of two potential templates. In essence

we asked if the polymerase could selectively transeribe its homologous DNA in
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TABLE III. HYBRIDIZATION SPECIFICITY OF MAIZE RNA POLY!"ERASE PRODUCTS SYNTHE-
3IZED WITH MIXED TEMPLATESZ,

Template “ixture Input RYA Radicactive product (pmoles AMP)  Ratio®
(pmoles avP) _  bound to filters
__DA on filtert

Maize Bovin
Both native 307 54,0 (10A) 8.0 (127) £.1
Both denatured k13 23.8 (1n7) 10,8 ( 70) 1.2

Maize native,
bovine den'd 527 8.0 (105) 7.3 ( 00) 0.17

Maize denatured,

bovine native 573 73.3 {120) h.2 (122) 17

% pesults are reported as wmoles AMP hound per Tilter; Ul opm/vmole AMP.
b Number in parentheses is ug DNA ner filter.

¢ Ratio of pmoles AMP bound on the maize DNA filter to pmoles bound on the
bovine DNA filter.

RNA was synthesized and purified and hybridization vperforrmed as described in
Tables T and TI.

the presence of a heterologous temmlate. DProducts were accumulated in reaction
mixtures containing equal amounts of maize and bovine DNAs with neither. one

or bhoth denatured (Tahle T. Part P). Hvbridization of the "NA with hoth DNAs
was observed {Table III). However. (1) maize DNA is a A~fold better temvlate
for making hybridizahle RNA than is hovine NNA when hoth templates are native:
(2) when both templates ;re denatured vroduct RNA hybridizes with about equal
efficiency to both NNAs:; and (3) with RNA from mixed native and denatured
templates, hybridization strongly favors the DNA which was denatured during
synthesis of the RNA; however, the dominance of maize DNA in this regard is
much greater than that of bovine DNA (Table III, lines 3 and b).

We conclude that the maize RNA polymerase transcribes more repetitious
regions of the homologous maize DNA than of bovine DNA. whether the temmlates
are native or denatured. TFurthermore the selection of reiterated maize DNA
sequences is enhanced during transcrivption in the presence of a competing,

native transcribable DNA.
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