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ABSTRACT

The nucleotide sequence of the transcript of the "late" strand
of the region of SV40 DNA preceding the preferred initiation site
for Escherichia coli RNA polymerase has been determined to be
U-G-U-A-A-C-C-A-U-U-A-U-A-A-G-C-U-G-C-A-A-U-A-A-A-C-
A-A-G-U-U-A-A-C-A-A-C-A-A-C-A-A-U-U-G-Cp. Hemophilus
influenza restriction endonuclease cleaves this region 30 nucleo-
tides (base pairs) before the site of initiation of RNA synthesis
by RNA polymerase.

INTRODUCTION

Knowledge about the regions of DNA involved in the initiation and

termination of transcription by RNA polymerase is essential to under-

stand the mechanism of regulation of gene expression. At present all

that is known about possible start signals is tIa t transcription by E.

coli nucleotidyl transferase (E. C. 2. 7. 7. 6 RNA polymerase) begins

with a purinei while the second and subsequent bases are variable(l).

Since several transcripts prepared with E. coli RNA polymerase end

with U-U-U-U-U-U-Ap(2, 3), this may be part of a termination signal.

The sequences U-U-U-U-U-U or U-U-U-U-U purine cannot be a

sufficient signals'fortermination in all situations since such sequences

occur intemally in RNA transcribed from coliphage T4 DNA(4) or SV40(8).

There is almost no information about the nucleotide sequences preceding

transcription initiation sites or following recognized transcription termination

sites although these presumably play a critical role in specifying the sites.
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Abbreviations used: SV40 - Simian Virus 40. Hin - Hemophilus influ-
enza. "E" strand - That strand of SV40 DNA whose transcript accumu-
lates in the cytoplasm of infected cells prior to replication of viral DNA.
"LI' strand - The strand of SV40 DNA complementary to the "E" strand.
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SV40 virus is an oncogenic DNA virus with a genome of

approximately 3. 5 x 106 molecular weight. Because of its relative

simplicity it has become an object of extensive study by several

laboratories using both biochemical and genetic approaches. We

have been involved in detailed sequence studies of SV40 trans-

cripts prepared in vitro and in infected cells. E. coli RNA poly-

merase has been known for some time to transcribe Form 1 SV40 DNA

assymetrically, transcribing only the "early" (E) strand (5). In an

earlier communication we reported the presence of a preferred

initiation site for E. coli RNA polymerase located within the SV40

segment of the Adeno -2 SV40 hybrid viruses, Ad2+ND1 and Ad2+

ND3(6). The initiation site is also contained in the G fragment

(SV40 Hin G) produced by cleavage of SV40 DNA with Hemophilus

influenza restriction enzymes (6, 7). In contrast to transcription of

SV40 Form 1 DNA, the H. influenza restriction endonuclease generated

SV40 Hin G fragment is transcribed selectively from the "L" strand (8).

This "L" strand transcript overlaps the "E" strand initiation site for

E. coli RNA polymerase. We have used this transcript to derive the

nucleotide sequence preceding the polymerase start. Independently
we derived the sequence of the E strand transcript from this region

and confirmed that the two sequences were exactly complementary(9).
MATERIALS AND METHODS

Most of the materials needed for sequence analysis were obtained

from commercial sources as described previously (2, 6).U2 ribonuclease

(E. C. 2. 7. 7. 26), "C" enzyme (10), spleen acid ribonuclease (11) were

the generous gifts of Sankyo Co., Dr. G. Bernardi, Dr. K. Levy and

Dr. P. Lebowitz. H. influenza restriction endonucleases were pre-

pared by the method of Smith and Wilcox (12) and E. coli RII-restriction

enzyme by the method of Yoshimort and Boyer (13). Details of cell and

virus propagation, DNA extraction, transcription of DNA (using E. coli

RNA polymexase either at 370C or 18-240C after synchronization of
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the initiation of RNA synthesti) preparation of E. colt RNA polymerase,
nucleic acid hybridization and seqneice analysis have been described

in detail elsewhere (2, 6, 14). SV40 DNA was prepared by the Hirt ex-

traction procedure from cells infected with 777 virus obtained from

Dr. M. Oxman, or from a small plaque forming virus provided by Dr.

D. Nathans. The cleavage products obtained by digestion of (32p)
labelled SV40 DNA with the restriction enzymes were resolved by

electrophoresis on 4% acrylamide slab gels (40 cm x 0. 3 cm) as

described earlier (7, 14). The DNA was extracted from the gel by

homogenization in 0. 15 M NaCI 0. 015 M Na Citrate (pH 6. 7), and

concentrated by alcohol preciptation. To prepare radioactive SV40

cqNA, 2-3,ug of RNA polymerase holoenzyme was incubated with

template DNA (0. 1-0. 2,ug of Hin fragment DNA or 1-3,kg of intact

supercoiled SV40 DNA) in a reaction mixture containing 0. 09 M KCI,

0. 033 M Tris/HCI (pH 7.9), 6mM 2- mercaptoethanol, 3.3 mM MgCI2,
0. 165 mM XTP In a total volume of 64pLl. The reaction was allowed

to proceed at 370C for 50 minutes, followed by addition of 0. 2,ug of

pancreatic DNase (ribonuclease free-Worthington) and incubation at

370C for 10 minutes. For limited synthesis, the reaction mixture

was constituted as for standard synthesis, but with the omission

of MgCl and reduction of KCI to 2. 5 mm. After preincubation for2
1-2 minutes at 250C,MgCl2 was added to a concentration of 6. 1 mM

and the reaction was allowed to proce*d for 5-60 seconds at 18-240C.
After incubation, the reaction was stopped by the addition of SDS to

0. 25% and an equal volume of water saturated redistilled phenol.

The RNA was extracted and passed through a Sephadex G- 100 column,

to remove the unincorporated nucleoside triphosphates. The eluted

RNA was precipitated in the presence of 50- lOOg of nonradioactive

tRNA carrier by the addition of 2 volumes of alcohol. The RNA was

either directly analyzed or annealed to DNA immobilized on nitrocellulose

filters (18 hrs., 670C 0. 3 M NaCl, 0. 03 M Na citrate, pH 6. 7,. total

volume 2 ml) eluted with boiling water for 5 min., and reprecipitated
before aialysis.
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For sequence analysis, RNA labelled with a single radioactive

triphosphat e was digested with T1 (E. C. 3. 1. 4. 8) or pancreatic

RNase (1-A, E-C 2. 7. 7. 16). The products were fractionated by

electrophoresis on Cellogel (pH 3. 5) and homochromatography

on DEAE cellulose TLC plates with a 3% RNA solution. The radio-

active oligonucleotides were digested with either T1, pancreatic

or U2 RNAse, and the products further analyzed by electrophoresis

on DEAE paper at pH 3. 5 or 1. 7 and by alkaline hydrolysis. Ordering

of the oligonucleotides was determined by partial digestion of the

RNA with T1 RNase, spleen acid RNase or "C" RNase. The resulting

products wee resolved by electrophoresis on Cellogel strips and

homochromatography on DEAE cellulose plates in a 5% solLton of

partially hydrolyzed yeast RNA. The p rtial digesbn products were

analyzed by complete digestion with T1 RNase or pancreatic RNase

followed by electrophoresis on DEAE paper at pH 1. 7. The resulting

oligonucleotides were further digested with T1 RNase, pancreatic

RNase or U2 RNase and the digestion products wee identified by

electrophoresis on DEAE paper at pH 3. 5, and by alkaline hydrolysis.

RESULTS

Transcription of the SV40-Hin G fragment in vitro followed by

digestion of the transcript with either T1 (Fig.1) or pancreatic RNase

(Fig. 2) gave consistent sets of oligonucleotides. The products

were different from those observed when transcripts from whole SV40

DNA were annealed to Hin G fragment immobilized on filters, suggesti ng

that the Hin G transcript might be derived from the "L" strand of SV40.

Subsequent sequence analysis of both sets of oligonucleotides has

fully confirmed this expectation. Transcripts of the Hin G fragment

derived from the "E" strand were present in only very small amounts,

and generally contained less than 10% as much radioactivity per

nucleotide as thefranscripts from the "L" strand. The nucleotide

sequences of nearly all the pancreatic ribonuclease products of tIe

Hin G transcript could be determined directly by comparison of T1

ribonuclease digests of RNA separately labelled with each of the
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four (a-32P) triphosphates. To derive the sequences of T1 ribonuclease

products it was in general necessary to resort to both pancreatic ribo-

nuclease and limited U2 ribonuclease digestion of each product, in

addition to nearest neighbor analysis.

It was possible to group the Hin G fragment sequences into two

subsets by cleavage of the fragment with E. coli RII restriction en-

donuclease. This nuclease cleaved Hin G into products Hin G RII-1

and Hin G RII-2. The later product has been shown by redigestion

(15), hybridization and sequence analysis to be a portion of the RII F

fragment produced by cleavage of SV40 DNA. Since RII Foverlaps

Hin B, the DNA fragment Hin G RII-2 must represent that portion of

Hin G closest to the Hin B fragment. Hin G RII-2 was found to con-

tain the nucleotide sequence from the preferred initiation site forE.

coli polymerase on SV40 DNA to position approximately 116 from the

triphosphate end of limited transcripts (8). Sequences beyond posi-

tion 116 were missing, indicating that Hin G had been cleaved at

approximately this site. This corresponds to the deduction of others

(16, 17) that the RII restriction cleavage site has the sequence

C-C-A-G-Gp.

In addition to late strand products complementary to th e early

part of the pulse labelled SV40 transcript, certain sequences not

complementary to pulse labelled SV40 RNA were detected in the

transcripts of Hin G and Hin G RII-2. Those from the latter fragment

contained oligonucleotides T1GL 9, 12, 22, and 44 (Figure 1,

Table 1). These proved to be the sequences extendlig from the point

of cleavage of SV40 DNA by the Hin restriction endonuclease to the

initiation site of E. colt RNA polymerase. Data presented in Tables

1, 2, and 3 established the sequences of the T RNase products arnd
the pancreatic RNase digestion products. from this region. When

the transcript of Hin G fragment was digested with spleen acid

ribonuclease, a prominent product was an oligonucleotide (B1)
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with the sequence U-A-A-G-C-U-G-C-A-A-(U)p that could only

have arisen from an overlap between the T1GL products 9, 44, and 12.

This oligonucleotide was isolated separately from digests individually

labelled with each of the (a-32p) triphosphates and analyzed by digestion

with Ti and pancreatic ribonuclease (Table 4). Products were identified

by their electrophoretic mobility and by further redigestion with pan-

creatic or T1 ribonuclease respectively. This was sufficient to deter-

mine much of the sequence shown in Figure 4. In addition, products

obtained by cleavage of the G fragment transcript with "C" enzyme

included an oligonucleotide with the sequence A-A-U-G-U-U-U-(A)p.

The only source for this product could have been the 5' end of the

sequences shown in Figure 4. Also, the complement of the 5' end of

the sequence in Figure 4 G-U-U-A-Cp could have been derived from

only one of the T1 products obtained from SV40 transcript which had

been annealed to Hin G. This product had the sequence U-U-A-C-

A-A-A-U-A-A-A-G-Cp (see part 2) and contained within it the sequence

A-A-A-U-A-iA-A-Gp that had been found to be the nucleotide sequence

of the gamma p32 labelled T1 product obtained from pulse synthesis

of SV40 DNA annealed to Adeno 2+ ND1 or Adeno 2+ ND3. While

there was another oligonucleotide with the same 3' sequence found in

E strand transcripts of the Hin G fragment this latter T1 oligonucleotide

was shown to be present internally in limited transcripts of SV40 (8)

so that it could not have contained the initiation site. Therefore, the

5' end of the sequence of the late strand transcript shown in Figure

3 overlapped the 5' end of the early strand transcripts as seen in

pulse synthesis from SV40 DNA and the sequence of Figure A provided

the entire sequence for the nucleotides from the H influenzae restriction

cut in $V40 DNA to the site of E. coli polymerase start.

To obtain nucleotide sequences from the B fragment L strand

transcripts which immediately preced6s the, junction of the G and

B fragments we transcribed separated strands of the Adinovirus SV40

hybrid virus Ad 2+ ND3A DNA (18) kindly provided by Dr. S. Patch,
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A. Levine, and A. Levis. A transcript of the Ad 2+ ND3A strand which

contained the L strand of a segment of SV40 DNA was then annealed

to SV40 DNA which was immobilized on a filter. Oligonucleotide

maps of T1 RNase digests of the resulting RNA (Fig. 3) showed one

principal product (T1 BL-7) in addition to those derived from the Hin G

fragment. This product was found to have the sequence U-U-A-A-

C-A-A-C-A-A-C-A-A-U-U-Gp. The 5' end of this fragment would

be G-U-U-A-A-Cp, one of the sequences previously shown to be

an H influenzae cleavage site (19). More direct evidence Joining
this oligonucleotide to the sequence derived from the G fragment

transcript was obtained by comparing E strand oligonucleotide sequences

from SV40 transcript. One and only one oligonucleotide was obtained

which could be complementary to the L strand sequences described

immediately above. This oligonucleotide had the sequence G-U-U-

A-A-C-U-U-G-Up, hence provided the overlap of oligonucleotide

T1GL- 12 and the oligonucleotide just described. Therefore, the

sequence shown in Figure 4 represents the transcript of the L strand

of SV40 DNA extending from the initiation site for E. coli RNA poly-

merase through the junction between tie Hin G and Hin B fragments-

of SV4A DNA.
DISCUSSION

In the course of this work we transcribed and analyzed DNA from

several sources that overlapped the sequences described here. These

included DNA from the separated strands of Ad2+ND3 virus DNA from the

Hin G fragment of SV40 DNA, from the ZC fragment, produced by digestion

of SV40 DNA with H. aegyptius restriction enzymes (15, 20, 21, 18) (see below)

and DNA from the E. coli RI-F fragment of SV40. We further compared

sequences obtained from RNA synthesized in infected cells with that

obtained from the in vitro transcripts of SV40. In each case the se-

quance in this region proved to be identical. Further, the same sequence

was found whether the SV40 virus used was thei. mixed stock 777 virus

or whether it was derived by low multiplicity passage from a s8all
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Figure 1
Autoradiograph of a two dimensional electrophoretic separation of oligonucleotides
produced by T1 RNase digestion of Hin G cRNA. Electrophoresis was from left to
right on cellogel in 7 M urea at pH1 3. 5 and from bottom upwards on a DEAE cellulose
(9:1) thin layer chromatography plate with the "Homo B" sorution of Sanger et al (27).
The RNA was synthesized with SV40-Hin G fragment DNA template, in the presence
of (a-32P)GTP (125 Ci/m mol) at 370C for 30' as described in the Methods section.
(a) Autoradiograph
(b) Schematic sketch of autoradicgraph with numbers assigned to only those oligonuc-

leotides from which the sequence shown in Fig.4 was derived.
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TABLE 1

ANALYSIS OF OLIGONUCLEOTIDES OBTAINED BY COMPLETE DIGESTION
OF cRNA WITH Ti RNase

Oligonucleotide Source of Pancreatic RNase dlgestion Products (a) Sequence
Number RNA Radioactive Precursors Used to Label Derived

cRNA
a=p--ATp c32P-CTP a32PGTP a32PUTP

T1GL-12 HinG AAAC,AACG AAAC MG MU,MG| C(AAUMAC)MG(U)
AMU,CC

T1GL-44 Hin G - G U C CUG(C)

T GL-9 Hin G MG,MC, AMG,MC MG AU U(AACC,AUU,AU)AA
:AUU, C G(C)

T1GL-22 Hin G U U AU, C, G, C(U, U, U,AU, U)
U j UG(U,)

I,T1BL-t Ad2+ND3 AMC, MU, MC, G U AU, U_ (U,AU MCMCMC,
L" strand U___(UGUCA
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Fi,gure 2
Autoradiograph of a two dimensional electrophoretic separation of oligonucleotides
produced by pancreatic RNase digestion of Hin G cRNA, fractionted as described
In Fig.l. The RNA synthesized was labelled with (a-32) UTP (98 Cl/m M)at 370C
for 30' as described in Methods.
(a) Autoradiograph
(b) Scematic sketch of the autqrdigraph with wmbers assigned only to thone ol$go-

nucloutides from which the squence shown in Fig.4 was derived.
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) POL-8
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TABLE 2

ANA-LYSIS OF OLIGONUCLEOTMDES OBTAINED BY COMPLETE DIGESTION
OF HIN G cRNA WITH PANCREATIC RNase

Oligonucleotide Number(b) T RNase digestion Products(a)
Radioactive Precursors Used to
Label cRNA

Sequence Derived

32P ATP 32p CTP 32p GTP 32 UTP
PGL- 14 - - AAG MG AAGU-OH
PGL- AAC MC - - AAC(A)
PGL-3 C G - - GC(A)
PGL- 0 AAG MG MG C MGC(U)
PGL-4 - - - AU AU(U). AUl(Ap)
PGL-3C AAC MC - AAC(C)
PGL-8 U _ _ G GU(A)
PGL-5 - G _ C GC(U)
(a) The RNA was digested with Tl RNase or Pancreatic RNase. The resulting oligonucleotides
were separated by electrophoresis on cellogel at pH 3. 5 and homochromatography on thin layer
chromatography plates as described in Materials and Methods. Indvidual products were located
by autoradiography, eluted and digested with Pancreatic RNase or Ti RNase. These digestion
products were fractionated on DEAE paper by electrophoresis at pH 3. 5 and the products identified
by their electrophoretic mobilities, and, where necessary, by base analysis.
Lines underscoring a product indicate the nearest integral yield in excess of one. Brackets indi-
cate the nearest neighbor base. (b) Oligonucleotide numbers in Tables 1 and 2 refer to Figures
1 and 2 respectively.
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Figure 3
Autoradiograph of a two dimensional electrophoretic and chromatographic separation
of oligonucleotides produced by T1 RNase digestimn of Ad2 + _ND3A "L" strand cRNA,
as described in Fig. 1. The DNA template used for the preparation of RNA was "L"
strand of Ad2 + ND3 DNA.
(A) Autoradiograph
(B) Schematic sketch of the autoradiograph with numbers assigned to those oligouc-

leotides from which the sequence shown in Fig.4 is derived.
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0
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0

T GL- 22

0

0
T, GL-9

0
SLT

TABLE 3

ANALYSIS BY U2 RIBONUCLEASE DIGESTION OF VARIOUS OLIGONUCLEOTIDES
OB'TAINED BY DIGESTION OF HIN G cRNA WITH Ti RIBONUCLEASE

Oligonucleotide
No. (a)

RB (3. 5)(b)
Labelled Precursor

Product (c) Sequence
Identifl- Derived
f!at1 n

T1GL-22 (a-32P)ATP 1.4/20 CUUUA CUUUAUUUG(U)

T1GL-9 (a-32P)ATp 4.8/15 UAA UAACCAUUAUAAG(C)
6/15 UUA
10/15 CCA
15/15 UA

T1GL- 12 (a_-32p)ATp 17/15 CA(A) CAAUAAACAAG(C)
15/15 UA(A)
6.5/'.5 CAA(G)

T1BL-7 (g-P)GTP 7/22 UUG UUAACAACAACAAUUG
(C)

(a) The first three numbers refer to Figure 1. T1BL-7 refers to Figure 3.
(b) Rb 3. 5 refers to the electrophoretic mobility of the product at pH 3. 5

on DEAE paper relative to xylene cyanol.
(c) In addition to their electrophoretic mobility at pH 3. 5. the products

were further analyzed by electrophoresis on DEAE paper at pH 1. 7 and
by digestion with pancreatic RNase.
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POLYMERASE
START

AUUGC UU UAUUU GUAA CC AUUAU AAGC UGCAAUA
GL22 ' ' GL9 I LOL44J' OL12-

HIN G HIN B

AA CA A G UU:A AC A AC AA C A AAU U G
GL12 -' BL7

TABLE 4

ANALYSIS OF THE OLIGONUCLEOTIDE UAAGCUGCM(U) PRODUCED
BY LIMITED DIGESTION OF HIN G cRNA WITH SPLEEN ACID RIBONUCLEASE

Radioactive RNase used for Oligonuclectides in Analysis of Oligonucleotides from extensive digest
Precursor extensive digestion extensive digest Rb (1. 7) Type of Product of Sequence of

Analysis Analysis Oligonucleotides

Ti ( a ) 10. 2/19 P 3.5 U,AAG (-TAAG)
( b ) 34/16.5 3.5 CAA (CM)

(a-32P)ATP Pancreatic ( a ) 19. 2/15. 8 T13. 5 MGC (AAGC)
( b ) 27. 5/15.8 3.5 GC(A) GC(A)
(c 32/15.8 3.5 AA AA

(.-32P)CTP Ti (a ) 3/14. 5 P 3. 5 MG UAAG(C)
(_b 11/14. 5 P 3. 5 G CUG(C)

(a- 32P)GTP

(a- 32p)UTP

Pancreatic 20. 5/16.7 T13. 5
25/1R 7 T3 5

AAG CUGC
G CUG(C )

a
!

T1 (a ) 6.5/14.3 P 3.5 AAG UAAG
( b ) 9/14.3 P 3.5 U CUG

Pancreatic ( a ) 17. 5/15 T13. 5 AAG UMG(C)
_( b ) T13.5 U CUG(C)

(a ) 11/14.5 P 3.5 G CUG
T1 ( b ) 30/14.5 3.5 CM CM(U)

Table 4
The radioactive Hin G cRNA was partially digested with spleen acid RNase, followed
by resolution of the products by two dimensional electrophoresis and homochroma-
tography as described in methods. The resulting aligonucleotides (partial products)
were analyzed first by extensive digestion with T1 and pancreatic RNase (separately)
followed by fractionation of the complete digestion products by electrophoresis an
DEAE cellulose paper at pI 1. 7. The products so obtained were further analyzed
by digestion of the extensive T1 RNase digestion products with pancreatic enzyme
(or without any further digestion) followed by electrophoresis on DEAE paper at pH
3. 5 (P 3. 5 = Pancreatic RNase digestion followed by electrophoresis at Pk 3. 5, 3. 5=
no digestion but resolution by electrophoresis at pH 3.5). Similarly the extensive
pancreatic RNase digestion products were analyzed by electrophoreGis m DEAE pap-
er at pH 1.7 with or without prior T1 RNase digestion. The products were identi-
fied by their Rb (relative mobilities with reference to the blue dye, (xylene cyanol).
Derivation of the sequence is based on the data shown in Table 1, 2, 3 and 4, and
from the position of the partial product on the autoradiograph (figure not shown).
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plaque isolate provided by Dr. K. Danna and D. Nathans. We

therefore believe that the sequence represents an accurate trans-

cript of SV40 DNA and furthermore that sequences within this region

of SV40 DNA are preserved during repeated passage of this virus

in cells. The fact that the Hin G fragment transcribes preferentially

from the L strand is of some curiousity since this results not only

from the destruction of an E strand initiation site by cleavage with

the Hin enzyme but possibly from the generation of a preferred site

for the initiation of transcription of the L strand. This provided a

fortuitous opportunity to derive a sequence preceding the point

where F. coli polymerase prefers to initiate synthesis on whole

SV40 DNA. In the accompanying report these results have been

confirmed and supplemented by' analysis of the sequences derived

from this region of the E. strand of SV40 DNA, obtained by poly-

merase read-through of the initiation site on the DNA.

The promotor has been defined as a region of DNA which is "an

indispensable initiator element"(22) and "a site which serves to

initiate the transcription of an operon" (23). Blattner and Dahlberg('24)

called the region of DNA which includes polymerase entry drift and

start site the promotor region. Thus the site in SV40 DNA which imme-

diately precedes the site of initiation of RNA synthesis and is not

transcribed under conditions of limited synthesis would constitute

part of the promotor region. Not all the promotor region is present in'

Hin G. However when we transcribed either the H. aegyptius restriction

enzyme fragment ZC of SV40 DNA (a fragment which extends approximately

90 nucleotides to the 5' end of the L strand transcript of Hin G (15, 21),

or Ad2+ND3 DNA ( which contains approximately 30 nucleotides of SV40

DNA to the 5' end of the Hin G "L" strand transcript), there was clearly

a strong preference for initiation of the RNA polymerase at the same

site as was used in whole S1140 DNA. Therefore the entire promotor

may well be contained in the ND3A segment of SV40, although the

S ~~~~i
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possibility remains that the adeno virus DNA attached to SV40 DNA

in Ad2 + ND3 contributed information to specify the promotor site.

After the present sequence determination was completed we learned

of the work of Allet and Roberts (25) who determined that E. coli RNA

polymerase selectly binds to and protects the Hin GB junction in SV40

DNA. Thus if this site is part of the promotor it lies 30 nucleotides

away from and preceeding the site wiere E. coli RNA polymerase actually

initiates transcription of DNA.

The question arises as to why E. coli polymerase starts trans-

cription exactly where it does on the DNA. One perhaps coincidental

but striking feature of the sequences is that the polymerase begins

transcription within a sequence of 12 nucleotides that is exactly

repeated approximately 30 nucleotides further frDm the Hin G Hin B

junction (8). Other than this there is no characteristic of this sequence

that immediately suggests itself as neighboring sequence information

specifying a polymerase start. An alternative possibility is that the

polymerase has a "measuring function"and, for example, begins trans-

cription at the first pyrimidine located at approximately 30 nucleotides

from the mid point of a symmetric oligonwvleotide sequence within

the polymerase binding site (25, 26). Further analysis of polymerase

binding sites and promotor sequences in other native DNA molecules

should make it possible to deduce the common features recognized

by polymerase and hence to determine how the initiation and transcription
is encoded in DNA.

When cytoplasmic mRNA from SV40 infected cells was annealed to

Ad2+ND3 DNA, eluted, and mapped, oligonucleotides T1GL 9, 44 and

12 were prominent while oligonucleotide T1BL-7 was not detectable(8).
Therefore either termination of transcription, cleavage of precursor

RNA or polyadenylation of the cleaved RNA appears to occur preferentially
within oligonucleotide T1BL-7,_ very.close to or within the region
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corresponding to the polymerase binding site on SV40 DNA. Portions of

this short sequence therefore may be recognized by restriction en-

donucleases, bacterial RNA polymerase, and animal cell proteins con-

cerned with termination of transcription or processing of RNA, a rather

striking example of evolutionary conservation or convergence.
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