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ABSTRACT The gene coding for the RNA component of RNase
P from Escherichia coli was transcribed -in vitro by using a re-
striction fragment carrying the: gene as-template. The terminal
sequences of the transcription products were determined and
mapped on the DNA sequence of the gene. The signals for tran-
scription initiation and termination of the gene were thus iden-
tified. Transcription termination occurs within a region of two
bases at positions 413 and 414. from the transcription start site.
The transcripts carry extra stretches of 36 and 37 nucleotides at
the 3' end of the RNA molecule isolated from the enzyme. The
extra sequences were removed in vitro when the transcripts were
incubated with a crude cell extract.

RNase P is a processing endonuclease that cleaves tRNA pre-
cursors to generate the 5' termini of mature tRNA sequences
(1). The enzyme is essential for the biosynthesis of all tRNA
species in Escherichia coli (2, 3). RNase P contains both protein
and RNA components that can be dissociated from each other
and subsequently reassembled in vitro to reconstitute RNase
P activity (4, 5). We have obtained evidence indicating that the
protein component alone has a nonspecific nuclease activity but,
when associated with the RNA component in vitro, the spec-
ificity of RNase P toward substrate is restored (unpublished
results). Thus, the RNA component appears to play a key role
in substrate recognition. Recently, the nucleotide sequence of
the gene coding for the RNA component from an E. coli strain
was determined (6). The sequence of the gene for the RNA
component from a temperature-sensitive mutant of defective
RNase P function (ts709) has also been analyzed and compared
with that from its parental wild-type strain (unpublished re-
sults). The terminal sequences of the RNA component pre-
pared from RNase P were determined and mapped on the DNA
sequence. Thus, the complete sequence of the RNA molecule
has been determined. We have carried out in vitro transcrip-
tion of the gene by using a restriction fragment containing the
gene as template, and we have identified the major transcrip-
tion products. Structural analysis of the transcripts has revealed
the signals for transcription initiation and termination of the
gene. In addition, the analysis has also shown that the tran-
scripts of the gene are processed to form the RNA component
present in RNase P.

MATERIALS AND METHODS
Chemicals. All chemicals, including 32P-labeled nucleotides,

DEAE-cellulose plates, and polyethyleneimine cellulose plates,
have been described (7).

Enzymes. RNA polymerase holoenzyme was purified to near
homogeneity from E. coli A19 as described (7). All other en-
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zymes used were described previously (7, 8). The p factor, which
was purified as described (9), was a gift from M. Imai of Kyoto
University.

Preparation of DNA. DNA from AgrnpR-W, a clone con-
taining the wild-type gene for the RNA component of RNase
P, was prepared as described (7, 8). The HincII fragment of 2.8
kilobase pairs (designated Hinc2.8kb) was prepared by diges-
tion of AgrnpR-W DNA with HincIl, followed by electropho-
resis on a 1% agarose gel.

In Vitro Transcription. -Unless indicated otherwise, RNA
synthesis was carried out as described (7). Purified p factor (5
Ag/ml) was added where indicated.

Polyacrylamide Gel Electrophoresis. The procedures for
polyacrylamide gel electrophoresis and for recovery of RNA from
the gel were the same as described in ref. 7.

Analysis of Terminal Nucleotide Sequences of Transcrip-
tion Products. The 5'- and 3'-terminal sequences of transcrip-
tion products were determined by using the same procedures
described in ref. 7.

In Vitro Processing of RNA Transcripts. A dialyzed S30 ex-
tract was prepared from E. coli Q13 as described (2). The tran-
scripts of the gene for the RNA component of RNase P were
labeled with [a-32P]ATP and purified by electrophoresis on a
4% polyacrylamide gel/8 M urea. The RNA (about 2 fmol) was
incubated in the reaction mixture containing, in 80 ,l, 10 mM
Tris-HCl (pH 7.8)/5 mM MgCl2/0.1 mM EDTA/10 mM 2-
mercaptoethanol/10 ul of the S30 extract (about 180 pug of pro-
tein) at 370C. After incubation, the RNA was extracted with
phenol, precipitated with ethanol, and analyzed by polyacryl-
amide gel electrophoresis.

RESULTS
Identification of Transcription Products of the Gene for the

RNA Component of RNase P. We have found that the gene
coding for the RNA component of RNase P from E. coli is pres-
ent within Hinc2.8kb, a fragment generated by digestion of the
10-kilobase-pair EcoRI fragment of AgrnpR-W with HincII.
Furthermore, the sequence of the RNA component was mapped
on the Hinc2.8kb fragment, and the complete nucleotide se-
quence of the gene and its flanking regions has been deter-
mined. From the DNA sequence and the 5'- and 3'-terminal
sequences of the RNA, the nucleotide sequence of the RNA
component has also been determined, These results will be de-
scribed elsewhere. When the Hinc2.8kb fragment was tran-
scribed in vitro with E. coli RNA polymerase in the absence of
p factor and RNA products were fractionated by electrophoresis
on a 4% polyacrylamide gel/8 M urea, a single major band and
at least several minor bands were detected (Fig. 1).
The major RNA band was ==400 nucleotides long, as judged

by the electrophoretic mobility, and represented >85% of the
transcription products of the restriction fragment on the basis



6188 Biochemistry: Sakamoto et al.

{ "I if 4 7 w . ..f .- S .. A...- _ . r S . A
;1_. ..... .

| 4 i) 8

9
:I

_ -

1 2 1 2

14 $*.._

6S

_ 5S

S 4S

FIG. 1. Identification of in vitro transcripts of the gene encoding
the RNA component of RNase P. The Hinc2.8kb fragment was tran-
scribed as described, with [a-32PIATP as the radioactive substrate. RNA
synthesis was carried out in the absence (lane 2) or presence (lane 3)
of p factor. The transcripts were fractionated by electrophoresis on 4%
polyacrylamide gel/8 M urea and autoradiographed. The major tran-
script, '400 nucleotides long, is marked by an arrow. The in vitro tran-
scripts of the Hael.4kb fragment containing the supB-E tRNA operon
of E. coli (7) and RNAs synthesized in ts241, a thermosensitive RNase
P mutant, at 420C (2) were electrophoresed on the same gel (lanes 1 and
4, respectively) as size markers.

of the radioactivity incorporated. To map this RNA on the
Hinc2.8kb fragment, the major band was recovered from the
gel and subjected to Southern blot hybridization with various
restriction enzyme digests of the Hinc2.8kb fragment. The hy-
bridization profiles of the Sma I, Pst I/Sst II, BstNI, and Sau3Al
digests with the major transcript (Fig. 2) were the same as those
observed with the end-labeled RNA component prepared from
RNase P, and they were consistent with the map of the gene
for the RNA component in the Hinc2.8kb fragment. These re-
sults show that the RNA product of -400 nucleotides repre-
sents the transcript of the gene.
When the Hinc2.8kb fragment was transcribed in vitro in the

presence of p factor, production of the major RNA band as well
as the minor bands was essentially unaffected (Fig. 1). When
A phage DNA was transcribed in the presence of p factor under
the same conditions, the transcripts >800 nucleotides long that
were detected in the absence of the termination factor disap-
peared (data not shown). These results led us to conclude that
transcription termination of the gene coding for the RNA com-
ponent of RNase P is independent of the p factor.

Terminal Sequences of the Transcription Product of the
Gene. To identify the 5'-terminal nucleotide of the in vitro
transcript of the gene for the RNA component, the Hinc2.8kb
fragmentwas transcribed in the presence of [y-32P]ATP/[y-32P]-
GTP/[y-32P]CTP/[y-32P]UTP. The major transcript =400 nu-

cleotides long was purified by polyacrylamide gel electropho-
resis and subsequently digested with nuclease P1. The digests
were chromatographed on a polyethyleneimine cellulose plate
and autoradiographed. As shown in Fig. 3a, only pppG was
detected. To map the transcription start site more specifically
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FIG. 2. Map of the major in vitro transcript on the Hinc2.8kb frag-
ment. (Lower) Patterns ofSouthern blot hybridization ofthe restriction
endonuclease digests of the Hinc2.8kb fragment. The Hinc2.8kb frag-
ment (0.3 ,ug) was digested with Sma I, Pst I/Sst 11, BstNI, or Sau3Ai
and then electrophoresed on a 1% agarose gel. The DNA bands were
visualized by staining with ethidium bromide (lanes 1), transferred onto
nitrocellulose filter, and then hybridized with the major transcript de-
tected in Fig. 1 (lanes 2). (Upper) Restriction map oftheHinc2.8kb frag-
ment. The region corresponding to the sequence of the RNA component
from RNase P is indicated by a thick bar.

in the DNA sequence previously determined, the 5'-terminal
sequence of the transcript was determined. The Hinc2.8kb
fragment was transcribed in the presence of [y-32P]GTP, and
the major transcript was purified by gel electrophoresis. The
RNA was subjected to partial digestion with RNase T1, RNase
U2, RNase PhyM, RNase from Bacillus cereus (Bc), or alkali,
and subsequently the digests were electrophoresed on a 20%
polyacrylamide gel. As shown in Fig. 3b, the sequence of at
least 17 nucleotides from the 5' end of the transcript was de-
termined. The sequence is the same as the 5'-terminal se-
quence of the RNA component isolated from RNase P and pres-
ent uniquely in the DNA sequence previously determined (see
Fig. 5). It is worth noting that the 5'-terminal guanine residue
of the transcript is seven base pairs downstream from a hep-
tameric T-A-T-A-C-T-G sequence that is consistent with the
Pribnow box sequence (13) and 31 base pairs downstream from
a hexameric G-T-G-A-C-A sequence that is consistent with the
sequence of the -35 region (14). It is likely that these se-
quences function as the promoter of the gene.

To identify the p-independent termination site(s) of the gene,
the 3'-terminal sequences of the transcript were determined
and mapped on the DNA sequence previously determined. The
transcripts of the Hinc2.8kb fragment were end-labeled at the
3' termini with [5'-32P]pCp by T4 RNA ligase and purified by
electrophoresis on a 4% polyacrylamide gel. The end-labeled
major transcript was digested to completion with RNase T1,
and the digests were separated by two-dimensional homochro-
matography. As shown in Fig. 4a, two radioactive spots (A and
B) were detected in the digests. These spots were reproducibly
observed from the transcript that migrated as a single band on
5% and 6% polyacrylamide gels and also from the transcripts
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FIG. 3. Analysis ofthe 5'-terminal sequence ofthe transcript ofthe
gene for the RNA component of RNase P. (a) Identification of the 5'-
terminal nucleotide of the transcript. The Hinc2.8kb fagment was
transcribed in the presence of ['32P]ATP/[3PIGTP/[b-2P]CTP/[,'
32P]UTP. The products were electrophoresed as in Fig. 1, and the 400-
nucleotide-long RNA band was recovered from the gel and digested with
nuclease P1. The digests were chromatographed on a polyethyleneim-
ine cellulose plate according to the protocol of Cashel et al. (10) and au-
toradiographed. Lane 1, [y-"P]ATP/[-t2PJGTP/[y-;P]CTP/[y52PI-
UTP used as marker. P,, orthophosphate; 0, origin. Lane 2, the nu-
clease P1 digests of the transcript. (b) Nucleotide sequence of the 5'-
terminal region of the transcript. The Hinc2.8kb fiagment was tran-
scribed in the presence of [-32P]GTP and the major transcript was pu-
rified as in a. The RNA was subjected to partial digestion with RNase
T1 (lanes T1), RNase U2 (lanes U2), RNasePhyM (lanes PhyM), RNase
from B. cereus (lanes Bc), or alkali (lanes Alk), as described by Donis-
Keller and colleagues (11, 12). In RNase T1 digestion, RNA was di-
gested with 0.1 unit (left lane) and 0.01 unit (right lane) ofthe enzyme.
In RNase U2 digestion, RNA was digested with 5 units (left lane) and
0.5 unit (rightlane) ofthe enzyme. InRNasePhyM andRNaseBcdiges-
tions, RNA was digested with 2 units (left lanes) and 0.2 unit (right
lanes) of each enzyme. The digests were electrophoresed on 20% poly-
acrylamide gel/8 M urea and autoradiographed.

incubated with T4 RNA ligase for prolonged periods. The two
spots, which represent 3'-terminal oligonucleotides of the ma-
jor transcript, differ from each other by the contents of a single
UMP residue, as judged by their positions in the chromato-
gram. The spot B must have an additional UMP as compared
to the spot A. From the electrophoretic mobilities on a 20%
polyacrylamide gel, the spots A and B were shown to be three
and four nucleotides long, respectively, including the 3'-ter-
minal CMP residue ligated to the 3' end of the transcript (Fig.
4b). When the two oligonucleotides were individually analyzed
by RNase T2 digestion followed by paper electrophoresis, 32p-
labeled UMP was generated in both cases (Fig. 4c). These re-
sults indicate that transcription terminates at two adjacent po-
sitions within a dinucleotide 5' T-T sequence that is two and
three nucleotides downstream from a GMP residue. Quanti-
fication of the radioactivity of the spots has revealed that the
molar ratio of spot A to B is approximately 13:7. It appears,
therefore, that the 5'-proximal thymidine is the preferred ter-
mination point, at which about 65% of the chains terminate. To
localize the T-T sequence in the DNA sequence of the gene,
the major transcript labeled at the 3' end was subjected to par-
tial alkaline hydrolysis and the resulting digests were fraction-
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FIG. 4. Analysis of the 3'-terminal sequences of the transcript of
the gene for the RNA component ofRNase P. (a) The transcripts of the
Hinc2.8kb faent were end-labeled at the 3' termini with [5'-32PlpCp
byT4RNAligaseandpurifiedby electrophoresis as in Fig. 1. The major
transcript was recovered from the gel and digested to completion with
RNase T1. The digests were subjected to two-dimensional separation
according to the method of Jay et al. (15); first dimension (from right
to left) by electrophoresis on cellulose acetate in pyridine acetate/7 M
urea, pH 3.5, and second dimension (from top to bottom) by homochro-
matography on a DEAE-cellulose thin-layer plate in Homo-mix V of
Jay et al. (15). After chromatography, the plate was dried and auto-
radiographed. (b) Oligonucleotides corresponding to spots A and B in
a were eluted from the plate with triethylamine carbonate and elec-
trophoresed on 20% polyacrylamide gel/8M urea. Lanes: A, spot A; B,
spot B; Ml, partial alkaline digests of the end-labeled transcript; M2,
complete RNase T2 digests of the end-labeled transcript showing the
position of mononucleotides. Numbers indicate oligonucleotide chain
lengths. (c) Oligonucleotides corresponding to spots A and B were re-
covered from the thin-layer plate in a and individually digested with
RNase T2. The digests were electrophoresed on Whatman 540 paper in
pyridine acetate (pH 3.5). The paper was dried and autoradiographed.
Lanes: M, mixture of 32P-labeled ribonucleoside 3'-monophosphates
as marker; A, digests of spot A; B, digests of spot B. 0, origin. (d) Major
transcript labeled at the 3' end prepared as inawas subjected to partial
alkaline hydrolysis as described (11). Digests were subjected to two-di-
mensional separation as in a. (e) Schematic interpretation of radio-
active oligonucleotides in d.

ated by two-dimensional homochromatography. As shown in
Fig. 4 d and e, two series of oligonucleotides were observed;
one series that appeared to be major could be read as 3' X-C-
G-U-U-U-U-U, where X is the 5'-proximal base of the smallest
oligonucleotide spot in the figure, while the other series had an
additional UMP at the 3' end of the major series. In the chro-
matogram shown in the figure, spots for mononucleotides were
not seen. Because the majority of transcripts have the 3'-ter-
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1U'iLu;LiL-sijLTATsiA-sA-T-TCT-WCsiT-s-TT-AT A C CIAATl CCGCGACAC lbbCbATllGAATClCA
AGGCGCCCCGAATACTGTTATAGACGGCACGAAGTGCATTATAGCGGCGCTGTGACCGCTAACCTTACGCGTTGCGCCCCACTGTTCCCGCGCGTTTGGG

-10 1 10 20 30 40 50 60 70 60

TATCpGCGCCGAAGCTGACCAGACAGTCGCCGCTTCGTCGTCGTCCTCTTCGGGGGAGACGGGCGGAGGGGAGGAAAGTCCGGGCTCCATAGGGC
A~hTATGAC CGCGGCTTCGACTGGTCTGTCAGCGGCGAAGCAGCAGCAGGAGAAGCCCCCTCTGCCCGCCTCCCCTCCTTTCAGGCCCGAGGTATCCCG

pppGAAGCUGACCAGACAGUCGCCGCUUCGUCGUCGUCCUCUUCGGGGGAGACGGGCGGAGGGGAGGAAAGUCCGGGCUCCAUAGGGC

90 100 110 120 130 1 40 150 160 170 160

AGGGTGCCAGGTAACGCCTGGGGGGGAAACCCACGACCAGTGCAACAGAGAGCAAACCGCCGATGGCCCGCGCAAGCGGGATCAGGTAAGGGTGAAAGGG
TCCCACGGTCCATTGCGGACCCCCCCTTTGGGTGCTGGTCACGTTGTCTCTCGTTTGGCGGCTACCGGGCGCGTTCGCCCTAGTCCATTCCCACTTTCCC
AGGGUGCCAGGUAACGCCUGGGGGGGAAACCCACGACCAGUGCAACAGAGAGCAAACCGCCGAUGGCCCGCGCAAGCGGGAUCAGGUAAGGGUGAAAGGG

190 200 2 10 220 2 30 2'40 250 260 270 280

300 310 320 3 0 3'40 350 360 370 380

AACCCGGGTAGGCTGCTTGAGCCAGTGAGCGATTGCTGGCCTAGATGAATGACTTCTCACGACAGAACCCGGCTTATCGGTCAGTTTCACCTGATTTACG
TTGGGCCCATCCGACGAACTCGGTCACTCGCTAACGACCGGATCTACTTACTGACAGGTGCTGTCTTGGGCCGAATAGCCAGTCAAAGTGGACTAAATGC
AACCCGGGUAGGCUGCUUGAGCCAGUGAGCGAUUGCUGGCCUAGAUGAAUGACUGUCCACGACAGAACCCGGCUUAUCGGUCAGUUUCACCUGAUUUACG

3 9 0 4 00 4 1 0 4 2 0 4 3 0 4 4 0 4 5 0 4 6 0 4 7 0 4 8 0

TAAAAACCCGCTTCGGCGGGTTTTTGCTTTTGGAGGGGCAGAAAGATGAATGACTGTCCACGACGCTATACCCAAAAGAAAGCGGCTTATCGGTCAGTTT
ATTTTTGGGCGAAGCCGCCCAAAAACGAAAACCTCCCCGTCTTTCTACTTACTGACAGGTGCTGCGATATGGGTTTTCTTTCGCCGAATAGCCAGTCAAA
UAAAAACCCGCUUCGGCGGGUUUUUGCUU

FIG. 5. Nucleotide sequences of the gene coding for the RNA component of RNase P and its transcripts. The nucleotide sequences of the tran-
scription products are in italics starting with the 5'-terminal triphosphate. Arrows indicate the 3' termini of the transcripts; the larger arrow rep-
resents about 65% of the chains, whereas the smaller arrow represents about 35% of the chains. The transcription start site is at position 1. The
Pribnow box sequence in the promoter region is enclosed in a box. The arrowhead at position 377 indicates the 3' end ofthe RNA component isolated
from RNase P.

minal sequence of G-U-3' as described above (Fig. 4 b and c),
the unidentified base X in the oligonucleotide must be uracil.
These results show that the 3'-terminal sequences of the tran-
scripts are 5' U-U-U-U-U-G-C-U (major) and 5' U-U-U-U-U-
G-C-U-U (minor). A DNA sequence (5' T-T-T-T-T-G-C-T-)
corresponding to the major oligonucleotide sequence is present
in the gene 406-413 base pairs downstream from the tran-
scription start site. This is the only DNA sequence that is con-

sistent with the 3'-terminal sequence of the transcript. On the
basis of these results, we conclude that transcription terminates
withina region of two bases at positions 413 and 414 from the
transcription start site as shown in Fig. 5.
The termination sites are immediately preceded by a se-

quence of 28 nucleotides (between positions 385 and 412 in the
figure) that could form a stem-and-loop structure of 13 base pairs
in the transcripts as shown in Fig. 6. The presence of this po-
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FIG. 6. Stem-and-loop structure near the transcription termina-
tion site. The arrows indicate the 3' termini of the transcripts shown
in Fig. 5.

tential secondary structure in the transcripts was supported by
the following experimental results. When the major transcripts
labeled at the 3' end were subjected to partial digestion with
RNase T1 or RNase U2, and the digests were electrophoresed
on a 20% polyacrylamide gel, the region corresponding to the
potential secondary structure was relatively resistant to the nu-

cleases and very few partial digestion products were detected
in the gel, although there were eight guanines and five ad-
enines in the region (data not shown). These results strongly
suggest that the region of the transcripts may form a secondary
structure in solution as predicted from the sequence analysis.
This is consistent with the consensus structural feature of p-in-
dependent termination sites (14). The complete nucleotide se-

quence of the transcript of the gene for the RNA component
of RNase P is shown in Fig. 5.

In Vitro Processing of the Transcript of the Gene for the
RNA Component of RNase P. The transcript of the gene is 413
or 414 nucleotides long. On the other hand, the RNA com-

ponent isolated from RNase P is 377 nucleotides long as will be
described elsewhere. Comparison of the two RNA sequences
has revealed that the two RNAs have the same 5'-terminal se-

quence, but the transcript carries an extra stretch of 36 or 37
nucleotides at the 3' end of the RNA component from the en-

zyme as shown in Fig. 5. It appears, therefore, that the tran-
script is processed at the specific site to form the mature RNA
component.

This idea is supported by the following experiment. The
Hinc2.8kb fragment was transcribed in the presence of [a-32P]-
ATP, and the major transcripts were purified by polyacrylamide
gel electrophoresis. When the transcripts were incubated with
an S30 extract and then electrophoresed on 8% polyacrylamide
gel/8 M urea, they were converted to a RNA species that had

2 9 0

A AmtfttlR a Rot-0kACGCGGGGTG1ACAAGGGCGCG AAAL;Lw

TGCGGTAAGAGCGCACCGCGCGGCTGGTAACAGTCCGTGGCACGGTAAACTCCACCCGGAGCAAGGCCAAATAGGGGTTCAGAAGGTACGGCCCGTACTG
ACGCCATTCTCGCGTGGCGCGCCGACCATTGTCAGGCACCGTGCCATTTGAGGTGGGCCTCGTTCCGGTTTATCCCCAAGTATTCCATGCCGGGCATGAC
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FIG. 7. In vitro processing ofthe transcripts ofthe gene for theRNA

component ofRNase P. TheHinc2.8kb fragment was transcribed in the
presence of [a-32P]ATP as the radioactive substrate, and the major
transcript was purified by gel electrophoresis as in Fig. 1. The RNA
(approximately 2 fmol, 1 x 104 cpm) was incubated at 37°C with the S30
extract. Incubation times (min) were as follows: 0 (lane 1), 10 (lane 2),
30 (lane 3), 60 (lane 4), and 120 (lane 5). After incubation, RNA was
extracted with phenol and electrophoresed on 8% polyacrylamide gel/
8 M urea. Migration is from top to bottom. The RNA component isolat-
ed from purified RNase P and end-labeled at its 5' terminus with [Y.
32P]ATP by T4 polynucleotide kinase was electrophoresed on the same
gel (lane 6).

the same electrophoretic mobility as the RNA component of
RNase P (Fig. 7). When the same experiment was performed
with transcripts labeled with [y-32P]GTP, the product still con-
tained radioactivity, indicating that the 5' end of the transcript
was intact (data not shown). A preliminary experiment showed
that the product has the 3'-terminal sequence indistinguishable
from that of the RNA component from RNase P. The details of
the in vitro processing reaction will be described elsewhere.
The results show that there is a nuclease activity in E. coli that
cleaves the transcript of the gene to form the RNA component
of the enzyme.

DISCUSSION
We have identified the major transcription product of the gene
coding for the RNA component of E. coli RNase P. From the
terminal sequences of the RNA product, the sites for tran-
scription initiation and termination were mapped on the DNA
sequence of the gene previously determined and the complete
nucleotide sequence of the transcript was determined. Struc-
tural analysis of the transcription products has revealed the sig-
nals for transcription initiation and termination of the gene. The
transcription start site indicates that the region including the
Pribnow box sequence (T-A-T-A-C-T-G) located 7-13 base pairs
upstream from the start site and the sequence (G-T-G-A-C-A)
in the -35 region represent the promoter of the gene. The GC-

rich sequence (C-G-C-G-C-C) between the Pribnow box se-
quence and the transcription start site appears to be related to
the stringent control of the gene reported by Reed et al. (6) as
are the cases with tRNA genes and rRNA genes in E. coli (7,
16, 17). Transcription of the gene coding for the RNA com-
ponent of RNase P terminates at two different sites within the
5' T-T sequence, which is located 413 or 414 base pairs down-
stream from the start site. The T-T sequence is followed by two
additional thymidines and preceded by a sequence of 28 nu-
cleotides that could form a stem-and-loop structure of 13 base
pairs. This is consistent with the observation that transcription
termination of the gene is p independent (14). Among the two
termination sites in the 5' T-T sequence, the 5' proximal thy-
midine is the preferred position, where more than 65% of the
chains terminate.
The sequence analysis of the transcription products has also

revealed that the transcripts carry extra sequences of 36 and 37
nucleotides at the 3' end of the RNA component isolated from
RNase P. It is highly likely that the RNA of the enzyme is formed
from the transcript by some processing event. In fact, the E.
coli extract appears to contain a nuclease activity that cleaves
the transcripts to generate the 3' end of the RNA component.
At present, the nature of the nuclease activity is not under-
stood. It also remains to be elucidated whether the processing
of the transcripts is a prerequisite for assembly of the protein
and RNA components of the enzyme. In any case, it seems that
we have encountered an interesting situation; that is, the RNA
component of a RNA processing enzyme itself is a product of
RNA processing. Apparently, more work is needed to clarify
the nature of this processing reaction.
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