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The direction of in vitro genetic transcription on circular DNA

When cireular, @X-174 rephcative DNA (RI-DNA) s used as a template f,
RNA synthesis in vilro by a DNA-dependent RNA polymerase (150 2.7.7.6) purifieq
from Lscherichia coli, the synthesized RNA has heterogencous sedimentation cop.
stants ranging from 30 S to 108 (ref. 1), As svnthesis proceeds, progressivelyv heanyer
molecules of RNA are obtained, Pulse and chase experiments show that some of 1},
Jabel initiallv incorporated into RNA with low S vaJues i~ tramsferred to more rapidiy
sedimentimg fractions indicating the growth of the polvnucleotide chains in s
svstern. Using this svatem 1t is possible to prepare RNA Tabeled with i ditterong
radioisotope at cach end of the molecule. This differentiadly Tabeled RNA can b,
used to determine the direction of polynucleotide chain growth. This communication
will present evidence which indicates that RNA svnthesis by DNA-dependent RNy
polymerase proceeds from the 5° to the 3" end of the molecule.

Purified E. coli C-122 DNA-dependent RNA polvmerase and N RE-DNy

were prepared as described previously!l. To synchronize the initiation of the reaction,
the reaction mixture (see legend of Iig. 1) was preincubated at 25 {for 10 min. The
reaction was mitiated by adding a mixture of four nucleoside 5'-triphosphates to a
final concentration of: *H ATP (2.48 € 'mmole, Schwartz Biorescarch, Inc.)
25 mumole 'ml, SH UTP (1.63 C mmole, Schwartz Bioresearch, Inc.) 25 mymole ml,
CTP 50 mymole ml and GTP 50 nigmole ml. After 7 min 3H_ATP and 3H UTp
were chased with a 100-fold excess of unlabeled AT and UTP. Simultancously
50 mumole ml of 2P GTP (250 mC mmole, prepared according to HARUNA of al ?)
was added in order to label the RNA at the site of svnthesis (the head). Fig. 11l
lustrates the kinetics of incorporation of the nucleoside triphosphates into an aid-
insoluble fraction.

The incubation mixture was sampled prior to chasing (at ;7 mini: the remamder
was incubated for an additional 48 min. The reaction mixture was chilled at 0 and
the nucleic acids were purified by the phenol method described previouslyt. The
two samples were subjected to sucrose gradient analvsis. A profile of the <amyple
taken at 7 min 1s shown in Fig. 2A. It has been shown? that the heavier peak coin-
ciding with RF-DNA is a hyvbrid complex composed of double-strand RI©-DXNA and
newly svnthesized RNA. It was concluded that this hyvbrid complex 15 an inter
mediate in genetic transcription. It has also been shown that the RNA invehed
in this complex can be freed from the template RF-DNA by treatment with forma-
mide or heat. As tllustrated in Fig. 24,
from RI-DNA upon incubation with 7o ¢, formamide for 2o min at 37°. T
released RNA now sediments with the originally free RNA of 6 to == hoas diear
from I"ig. 2A and FFig. 2B (formamide-treated 35-min ~ample) that more than 0 7,
of the 6 S tn 7 S 3H RNA svnthesized during the first 7 min of incubation is trans-
ferred to RNA species with S values of more than 20 during the additional 4>-nun
incubation with 2P GTP and 100-fold excess of unlabeled ATP and UTP. While
the 7-min sample gives a profile with a homogeneous size distribution, subsequent

the hybridized RNA Is completely refeasil
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Yig 1. Winetics of the incorporation of UH ATP, PHUTP and **P,GTP into RN\ at 25",
(e reaction mixture consisted of (per miin order of addition): H,O. yo pmole Tris-HCH (pH 7.95),
Logumole MacCl,, j.ogmole MgCl,, 10 umole f-mercaptocthanol, 30 umole NaCl, 15ug @X
RE-DN N and o4 ug enzyme. Atter preincubation at 257 for 1o min, the reaction was initiated by
whding amaxtureof PHOATP, *H UTP, and unlabeled CTPand GTP. At specific times an aliquot of
sozd before chase and 33 ulafter chase was withdrawn and radioactivity in the 1o 4 cold trichloro-
acetie acid-msoluble fraction wus determined. The number of gumoles of nucleotides incorporated
was calculated from the specific activities of the nucleoside triphosphates used.
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Figg 2. Sucrose density-gradient profiles of the reaction products. KNA was purificd by phenot
extraction! from the 7th and s5th min samples of Fig.o 1o After dialysing overnight against o.o 4 M
Tris HCL buffer (pHE 7.4 containing o1 M NaCl, half of the sample was layered ona 2.5 to 15 9%,
huear sucrose gradient in the sane buffer, and spun in a SWozs. rotor for 12 h at 57, The other
hatf of the sumple was treated with 75 %) formamide for 2o min at 377, diadyzed against the above-
mentoned bhuffer, and then subjected to sedimentation analysis us above. Radioactivity was
determined as o Figoo oo () 7-min o sample, before (0 -2 7)) and after (@ - @) Tormamide
troatment. (B 55 - min simmple after formamide treatment. 32 P-labeled 2 DN A used as a marker
woas prepared from a lysogenic Winro (2) by a method sitnilar to that of Kamsier ann f{oGNgss®,
pranhied 2 DN in ooc MONGCE (2 /ol sas heated to 757 for 1o min and rapidly cooled in
"\_ sater e order o olitain o linear wonoamer {form to which an 8 vadue of 32 his been assigned
cierstiey, Bogor AN INarariast?) 2P dabeled @NCORE DN was purificd as reported'. The
peele b these two marker DN AYS wis derived from o simualtiancons ran in e sepsarate backet.
o head e os A (Ll region) was plotted as Gdontated frome B,
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RNA chaimn growth vields a heterogencous size distribution with 5 or 6 reproducible
peaks, Figo 20 s a plot of the ratio of #2131 (in counts/min) of cach fraction ag
calculated from Fig. 2B, The ratio is nghest for the Targest RNA spectes and dye-
creases stepwise as the size of the RNA decreases, This stepwise decrease in the 32
*H ratio implies that the initially synchronized polymerization stopped, or decreased
in rate, at distinet sites on the template DNAL

The heaviest parts (spectfied by arrows in Fig. 2B) with a constant *2P:3]]
ratio were collected. After concentrating 1o-fold by pressure dialysis, the sample
was re-tun on a sucrose gradient for further purification. The mean relative lengths
of the head (2P-labeled, most recently synthesized region) and the tail (*H-labeled
region, svathesized during the first 2 min) of these polvnucleotide chains were
calculated by assuming that the base compositions of both regions of the chain are
identical to that of the @N-174 DNA (A:G:U:C - 25:23:33:19). The head is 8g v,
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Fig. 3. Digestion of differentially labeled RNA by venom phosphodiesterase. The reaction
mixture contained per ml: 35 umole Tris-acetate (pH 8.8) 30 gmole magnesium acetate, 3.25 ug
venom phosphodiesterase {Worthington Biochemical Corp.) and an appropriate amount of
labeled RN AL The reaction was stopped by adding 500 ug of bovine serum albumin as a carrier,
and o.2 ml of 50 9, trichloroacetic acid. After centrifugation at 10 000 rev./min for 1o min,
trichloroacetic acid in the supernatant was extracted with ether 5 times and N, gas was used to
remove a trace of ether. 0.8 ml of the supernatant was added to 20 ml of a dioxane scintillation
fluid (BRUNO axD CHRISTIAN®) for assay in a Nuclear-Chicago liquid-scintillation spectrometer.

and the tail is 11 % of the molecule. If the tail has the 5° terminus and the head the
3’ terminus, there should be a differential release of 32P and 3H into the acid-soluble
fraction upon treatment with venom phosphodiesteraze (EC 3.1.4.1). P would
appear without delav, whereas 3H would appear only after an initial lag. On the
other hand, if the tail has a 3’ terminus, the situation would be reversed. I'ig. 3
shows a 6-min lag in the release of 3H into the acid-soluble fraction in contrast to the
linear release of 32P. Some 11 °, of the input 32P had been released into the acid-
soluble fraction before the appearance of appreciable amounts of 3H (b min). *H is
solubilized somewhat carlier than expected from the ratio of 3H to #P in the sample.
This mayv be due to endonucleases present as an impurity in the exonuclease prep-
aration; a control RNA, prepared similarly but labeled oppositelv (r.c; #P in the
tail and *H in the head), gave the opposite result.
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Considering the specificity of venom phosphoediesterased, these data prove that
RN\ s svathesized from the 57 to the 3" end. This conclusion is consistent with the
data recently published by BREMER ¢f «fl} and Marrra axp Hurwitz?,
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