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SUMMARY 

RNA synthesized in vitro by maize RNA polymerase II arises in part from -- 
repeated DNA sequences, since significant hybridization 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 may underlie a variety of 

phenomena'from differentiation to carcinogenesis 1-4 . How transcription is 

controlled in higher organisms is virtually unknown, except for the recent 

discovery of multiple RNA polymerases with correlated cellular compartmestali- 

zation5 and the possible involvement of poly(A) in the initiation of synthesis 6 , 

processing or transport of nuclear transcripts7. We have studied which DNA 

sequences are transcribed by the eukaryotic RNA polymerase II of Zea meys ..-- -- -.- 
8 seedlings . 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 

Britten, Pavich and Smith' modified as described previously 10 . Chinese hamster 

ovary (CHC) cell DNA was the gift of Dr. M. Schneiderman. T4 DNA was from 

Dr. C. Mead. Calf thymus, E. coli and El. luteus DNAs were from Worthington 

(Freehold, NJ). Maize and celf 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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TAM,% I. rlCCIJVK,ATTnN OF 4CID--I?JSnJ,T’4J,T? PDODIJC’? AFTRR INClJ!%‘r’Tf’M OF ~~fi,IS’G: PND 

TIOVJIIS DP1p.S !\TI”Ji h”AI7.E %A POT>Y~.??PASF: TT. 
- . . . .._ __ __.. __ ..__ _. _._.__. ~. _... ___..__ 

Tenmlxte 3?!A Tabeled product accumulated 
?ne uf. nnoles 

P . . Yaize native 318 4.2 

%i ze den'd 

J?ovine native 

267 15.1 

563 6.3 

Ravine den'd 4k4 11.7 

H. Maize native. 
bovine den'd 111 . 5 each 1.n 

Bovine native. 
maize den'd 

Roth native 

111.5 each 1 . 4 

h1..5 each fl.P 

Both denatured 41.5 each 1.9 
. .._.__._... . . . . . . . . .._...-..^. ._... .._..... _....-. -. 

Reaction mixtures (2 ml) for sinple temnlates (Part A) contained ?OC J~moles 
Tri s, nil 8. 7. J2 unoles ?-mercantoethanol. '2.1 umoles [n-???lATP (snecific activ- 

ity 21 Ci/mole; JL usoles each CTJ". C.'"R a.nd IPI'?. 10 Jrroles 'MYQ,. 1 mr hovine 
serum albumin, 0.03 m"-p; nolymerase and an excess of DNA as indicated. For 
mixed temnlate syntheses (Part 'i) reactions volumes were o. 5 ml and all reapents 
were cronortionately decreased. "fixtures were incubntrd at 30°C far 60 min and 
acid-insoluble radioactivity determined on filter aaper disks as described pre- 
viouslylh. Di!A was denr.tured in a hoilinp water bath for 10 min and aurnched 
on ice. 

was aurified through nSAR-cellulose chromatoKrsnhp from shoots of Cj--day--old 

seedlin,Ts to a specific activity of 7.? nmoles AW incornorated/min/mp protein 

P 
at 30°C as described by bfans . 

RNA was transcribed in vitro fron sinple or mixed DNA nonulations of 

maize and bovine DNAs, either native or heat denatured, with RNA nolymerase IT 

of Zea m.RJy.s. Roth nNAs served as temalates and. at the concentrations used. _ .- 

denatured DNA supported greater aroduct accumulation than native DNA (Table I. 

Part A)l'. 

Sin@e-template RNA. Hybridization is snecific for the DNA used as _ - _ _ _._ _ _ 

template, the homolop;ous reaction being at least lo-fold greater than hybridi- 
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Eovine native 0.1 

Bovine den'd 0.1 

a nesults are rmortrd 

( 4n 1 ?h.Q(V) 1.4(n) 0.3043) 1?.9(??) 1.3OIL) 
..-. .._..___ - . . . 

as nlnoles A"m hound ner filter' 110 cm/mole 4'T. 

b Number in parentheses is 11~ DNA ner filter. 
_._. . . . ..___ . . .." ..__.._._ . -. . _ _ . . . 

Radioactive wroducts nccurmlated after f9 min incllhation as desrrjbed in 
Table I were oreoared for hybridization by the addition of an equal volume of 
phenol saturated with acetate hufter (Q.l*q F!arl. O.OliT- sodium acetate. pTi 5). 

The mixtures were shaken for several minutes at 7O'C. the phases seaareted hy 
centrifucation and the aqueous layers desalted by ‘:c~hder co7iunn chromatopraahy. 
DNAs were loaded onto nitrocellulone nelnbrnnes (25~~. O.h5 pm) accordinK to 
Gillespie15. Hybridjzation was done in scintillation vinls with 1 ~1 medium 
and 7-4 filters includinp: one without XV. *Jedim consisted of 7.5'" urea. 
0.91 M Tris, T)E 8. 0.05" sodjum dodecyl sulfate. 0.3W Ka+ as SSC and 35W. 
25000 &m 0f FNA. After 11 days incuhatior at 17'C filters were rinsed with 
2 x SSC, treated 30 min at 23'C with 20 llp/~l pancreatic rihonuclease fi 
(Worthington, Freehold, ILJ; brought to rjO*C at pJi 5 prior to use) I and wash4 
on hoth sides with 50 ml 2 )r SSC. RMasr treatment reduced counts on blank 
filters from twice harkrround to hackrround ("-20 mm) and removeti 7"" of' t1ta 
counts orip;inally bound to ??$A-containing disks. Tiound radioactivity was then 
assayed by countinK dried filters in a lirruid scintillation spectronetm. 
T)urinp: hybridization there was no loss of PNP acid-orecipitnble colmt9. 4fter 
hybridization ?!!A was hydrolyzed frm filters by boilinp ir? 9.'14 nerchlor?c 
acid. The amount of DKA ner filter w:)s estirlatec! from thr :72/n released. using 
a standard curve constructed from fjlters loaded hut not h:rbridized. pI:A 
retention was 100s. 

zations with other thm template DNA (Table TT). Snecificitv is maintained 

whether the temnlate DNA is native or heat-denatured. but denaturation increases 

the amount of RNA hybridizing to the warent DNA n.t least twofold (Table IT). 

Since low RNA (cl uc/ml) and DNA (<83 pp/filter) concentrations were used. the 

observed hybridization is due to FW transcribed from repeated nF1.A seauences 17.111 

Such "repeated sequence' RNA represents a significant fraction of the i? vjAT.0 

product, since uw to 30% of the inout WA became bound in RVase-resistant 
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ANNEALING TIME (hrs) 

Figure I. Kinetics of RNA-DNA hybridization. Product transcribed 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 assuminp a DNA-like comaosition of the PNAlG. Circles = 
primary hybridizations: triangles = secondary hybridizations in which 
new filters (I', 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 

transcribed 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 filter 14 . In the former experiment none of 

the multifilter vials yielded disks with counts as qreat as on disks from 

equivalent vials incubated with only one DNA filter (data not shown). \,!ith 

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 FNA classes differing in the renetition frequency 

of the narent DNA sequences. 

Mixed template RJIA.. .-.- _.-.. _-- _-- -.. It may be noted that in single-template transcrip- 

tion maize DNA nroduces threefold more hybridizable RNA than does bovine DNA 

(Table II). Since the transcripts accumulated 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 transcribe its homologous DNA in 
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TABLE III. HYf?RIDIZATIO;T SPECIFICITY OF ~l'AIZE RNA PCLY";4:PASE WODTJCTS "YJJT!iR- 
SIZED 1!ITH ?fiIXED TEW'LATESa. 

--- -.-._ .-._._-----..---.--.-- - -.-_.-.- _--- ___. ._--. _--. --.---.. _---_-___.._-_ - ____ - ._.__ ____ 

Template '"ixture Input WA Radioactive product (pmoles ART) Ratio' 
(pmoles AT) bound to filters .- . . - _.-. ̂ - ~~~.on.‘~~-l~~r~- -.- - _- __-._ 

__--_.-___-- __.____ _- __...___.r_-___ _ ______ c-----.------- .-. -----.. ----.._-_---__ ._. 
""size Bovine ..----- ..---..._ 

Both native 307 54.0 (106) R.? (177) 6.1 

Roth denatured 413 23.P (107) 1o.p ( 70) 1.P 

Maize native. 

bovine den'd 527 fJ.0 (1o'j) 47.3 ( 90) 0.17 

Vaize denatured, 

bovine native 573 73.3 (120) 4.2 (122) 17 
.__- -..-- .__--._._.-..-. _ -____..- -.- .._.._..- ~-.-- .------ -.-̂  -_-- _ .-----_ -._--.----~_- _... 

a ?esults are reported as pmoles A\p hound per filter; JIlI com/pmole AW. 
b Xumber in parentheses is up; DNA per filter. 

' Ratio of pmoles NT bound on the maize DNA filter to pmoles bound on the 
bovine DNA filter. 

_^__. _ ._.__.._.___. __.- __.___-.__,____ _ .___ --_-._ -.-_ -- .---.._._--. _ .__.__-_._._.______ 

RNA was synthesized and purified and hybridization performed as described in 
Tables I and 11. 

the presence of a heteroloEous template. Products were accumulated in reaction 

mixtures containing equal amounts of maize and bovine DNAs with neither. one 

or both denatured (Table I. Part I'). IJy.oridization of the WA with both D!JAs 

was observed (Table III). Rowever, (1) maize DNA is a h-fold better temnlate 

for making hybridizahle RNA than is hovine n?Jb when hoth temnlates are native: 

(2) when both templates are denatured product RNA hybridizes with about equal 

efficiency to both DNAs; 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 h). 

We conclude that the maize RNA polymerase transcribes more repetitious 

regions of the homologous maize DNA than of bovine DNA. whether the temalates 

are native or denatured. Furthermore the selection of reiterated maize DNA 

sequences is enhanced during transcription in the presence of a competing, 

native transcribable DNA. 
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