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ABSTRACT

Cplis a polymorphic short interspersed repeat (SINE)
which is distributed over the whole genome of the
dipteran Chironomus pallidivittatus , and is particularly
abundant in the centromeres. It contains two different
sequence modules, one of which, the B module, has a
polymerase lll internal control region (ICR) typical for
tRNA genes (A and B box). Such sequence motifs are
common in SINEs and assumed to function in RNA-
mediated transposition. In the present case, however,
several structural features speak for another role. An
investigation of the transcription of the B module
shows that it encodes a 99 nt RNA species  in vivo,
Cp1-RNA, terminating within the module. The tran-
scription unit is likely to have evolved from a pre-tRNA
gene and the transcript has sequence similarities to
non-processed pre-tRNA. Mostofthe  invitro transcrip-
tion is eliminated by deletion or substitution mutation

of an upstream TATA box, present within the B module,
as well as by changing either the A or B box. The
properties of the transcript suggest that it does not
have a role in transposition but may have some other
function, perhaps in the centromere.

INTRODUCTION

SINEs only have internal transcription control elements and
probably use stop signals downstream of the element for
transposition. The unit in the B module has, however, properties
suggesting transcription for other purposes than transposition.
There is a TATA box within the SINE, upstream of the ICR region
and there are typical pol Il termination signals within the
element. Centromeric tRNA genes have previously been ob-
served inSchizosaccharomyces ponti&, 12). We were there-
fore interested in learning whether this component of the B
module is transcriptionally active vivo andin vitro and, if so,
how cis-acting control elements can be defined in relation to the
transcription unit.

Here we show that the B module is indeed able to direct pol Il
transcriptionin vitro andin vivo. Transcriptionin vitro requires
the upstream TATA box in addition to both boxes in the ICR. The
in vitro transcript is only 4 nucleotides (nt) larger thanhgvo
form and some processing is therefore not excluded. The
transcript is, however, more similar to pre-tRNA than tRNA and
starts 3 nt upstream of theénd and extends 23 nt beyond the
3-end of a processed tRNA. A predictive computer program
suggests that the product differs from tRNA in secondary
structure and adopts a hairpin structure. The transcript is unlikely
to be of importance for transposition of Cpl since it only
represents a minor part of the element. The well defined
transcriptional control elements which have survived evolution
from a tRNA gene indicate some function for this transcription

SINEs are transposable elements derived from RNA polymerad@it. We propose that this role is exerted in the centromere.
Il (pol 1) transcribed small structural RNAs which often carry
functional internal promoters (ICR) for their own transpositionMATERIALS AND METHODS
The Alu family in primates is the best characterized member
this group. It consists of di280 bp long dimeric DNA element
derived from a 7SL RNA gené)(and constitute§b% of the  Total RNA was extracted fror@.pallidivittatus embryos and
human genome2]. Most SINEs are, however, derived from salivary glands by standard methoti?) (For RNA sequencing
tRNAs (reviewed ir8) and have been seen in many species, liké0pug total RNA were annealed to 10 pmeéhd-labelled primer
mammals 4-6), fish (7) and plants§). (5'-AATGACTCTTCCCGAGC-3).. The cDNA strand was
We have described a new type of SINE, termed Cpl, ipolymerized with 3 U AMV reverse transcriptase (Boehringer
chironomid insects9). This element is interspersed betweerMannheim) per 2@l buffer at 42C in a mixture of deoxy/di-
arrays of centromeric tandem repeaftd @nd is also present at deoxynucleotides.
extracentromeric sites. Cpl is polymorphic and modular in For Northern analysis total RNA was used as well as the
design. It consists of two modules, the SCA and the B modulgoly(A)* fraction, isolated with the Dynabeads biomagnetic
each200 bp long. The latter contains ICR consensus sequenagparation system (Dynal). The RNAs were fractionated in a 6%
(A and B box) and termination signals typical for pol Il genespolyacrylamide denaturing gel (19:1) containing 8 M urea. The
and it has other sequence similarities with tRNA genes. MoRNA was then electrophoretically transferred (Trans Blot Cell,

cl‘-ﬁNA isolation, sequencing and Northern analysis
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BioRad) onto Hybontinylon membranes (Amersham) in%®.5 In vitro transcription
Tris—borate buffer at 20 V/cm overnight in the cold. The filter
were hybridized with the clone pCp2540Y and rehybridized
with the salivary gland secretory protein gene spaip (

%hironomus tentansissue cultured cellsl) were used for
cytoplasmic cell extracts ). All 40 pl transcription reactions
contained 2Qul cell extract and were carried out in 80 mM KCI,
3mM MgCh, 3mMDTT, 30 MM HEPES-KOH pH 8.0, 0.5 mM
Primer extension each of unlabelled UTP, ATP and CTP, 0.050 naM{P]GTP
(5 Ci/mmol), 8 mM creatine phosphate, 0.5 U creatine phos-

Total RNA (10ug) was mixed with 5 pmolfnd-labelled primer phokinase and 1 U/ml RNAsin (Promega). Supercoiled plasmid
described above in hybridization buffer (0.15 M KCI, 10 mM(500 ng) was used as template. All Cp1 constructs were cloned in
Tris—HCI pH 8.3, 1 mM EDTA). The mixture was incubated inpUC18 and most of them have previously been described:
boiling water for 15 min and then annealed &CGi&r 1 h. pCp627 and pCp254.(), pCpl1l16, pCpl25, pCp413 and pCt2

The annealing reaction was precipitated and resuspended(®. The pCt2.2 clone is the fragment of pCt2 between the left
6 pul 5x AMV reverse transcriptase buffer (250 mM Tris—HCI,EcaRlI site in pCt2 and th&cadRl site between the S and C
40 mM MgCb, 150 mM KCI, 5 mM DTT; pH 8.5 at 2C), 3yl  fragments of the SCA module. The pCplA clone is an
deoxynucleotides (5 mM each), 3 U AMV reverse transcriptassmpublished PCR generated fragment where the B module is
(Boehringer Mannheim) and water to @0 The reaction was preceded by a SCA module and followed by a 155 bp centromeric
incubated at 42C for 1 h. After precipitation cDNA was repeat{0). The reactions were incubated at room temperature for
analyzed on a 8% polyacrylamide—7 M urea sequencing g2l h, phenol/chloroform extracted and precipitated prior to
(19:2). analysis in 6% polyacrylamide—8 M urea gels (19:1).

Construction of 5 deletions

) ) The insert of the pCp627 clonk)f was isolated witkEcdRl and
The 3-end of the transcript was mapped according to Frohmareated with T4 polymerase. It was then cleavedHiitdill and
etal (15). Total embryonic RNA was treated wifrolipoly(A)  a fragment containing the B module preceded by the A segment
polymerase (Pharmacia) in the presence of ATP. Polyadenylaigidthe SCA module (which is the one present in pCp254, a
RNA (Cb pg) was heated at 70 and cooled on ice. The RNA sybclone of pCp627) subcloned into Hiadill/Hindll sites of
was then added to a @lreverse transcription mixture containing puc18. This plasmid was then linearized witha/Sad and

2 pmol 3-poly(dT) primer: SAAGGATCCGTCGACATCGA-  digested with Exo Ill nuclease (Erase-a-base system, Promega)
TAATACGACTCACTATAGGGAT(17y3'. After the addition of at 16C. Mutants were recircularized, transformed and se-

10 U AMV reverse transcriptase the reaction was incubated fglienced by the dideoxy-termination method.

2 h at 42C. The resulting cDNA pool was diluted to 1 ml with

water, 5ul of which were used for PCR amplification with the ~gstruction of substitution mutants

following primer pair: (i) a 17mer primer present in the adapter

poly(dT) primer (5AAGGATCCGTCGACATC-3) containing A series of plasmids with substitutions of TATA box, transcription
aBanHl restriction site, (ii) a 17mer internal to the B module andtart site, A and B boxes, respectively, were created by PCR with
complementary to the 17mer used for primer extension and RNKe clone pCp254 as template. The target regions were substituted
sequencing (S(GCTCGGGAAGAGTCATT-3). ThecDNAwas by the introduction of restriction endonuclease sites with
then amplified by cycling at 9€ for 1 min, 50C for 45 s and oligonucleotides containing the desired sequences in conjunction
72°C for 45 s, in 30 cycles. A single low molecular weight bandvith primers flanking the cloning site of pUC18. The oligo-
was amplified. This product was isolated from agarose getucleotides used are shown in Table

blunt-ended with T4 polymerase and finally digested with The PCR products were digested vBie for the TATA box

3 RACE PCR

BanHI. The resulting fragment was cloned int®aarHI/Hindll mutant,Clal for the transcription start site mutant atad and
digested pUC18 plasmid and sequenced by the dideoxy-termir&tyt for the A and B box mutants, respectively, and efveRI
tion method. or Hindlll and ligated into the polylinker of pUC18.

Table 1.

Oligonucleotide

TATA box mutant 5'-CCTGCACTAGT TTGGCATTCTGCCAAT-3 and
5-CGATCGACTAGT TGAACCACTCTTTTTTC-3

Transcription start site mutant '-BATGCCATCGAT AGCCCGATAGCTCAG-3 and
5'-CATAGCATCGAT TTGGCATTGGCAGAATG-3

A box 5-CGATTCTCGAG TCTGAGCACTTGACCGGC-3and
5-TTTTCCTCGAGTTATG TCGGGCTTTGCCATTGGC-3

B box 5-TTAGCCTCCTTGG CGCTCGGGAAGAGTCATTGG-3and

5'-GCTATTCCAAGGACGTATCGCACCTCTCGATTGCC-3

Substitutions shown in boldface.
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Figure 1. Northern blot of a total RNA extract from salivary glands (t) and the A &
poly(A)* fraction of this extract (+) probed i)(with pCp254 (10) and reprobed E:H
in (B) with sp12 salivary gland secretory protein gene (14). Markers were a mixture a—3
of tRNA, 5S RNA and RNA size marker Ill (Boehringer Mannheim). E:E L
-4=Y
[+ 1
A ¢ G=—iC
RESULTS renE T
A
The B module transcript i
. . Ge=Cc ™
Northern analysis of RNA from embryos or salivary glands ¥—a
showed a low molecular weight RNA species in the 100 nt range e g ._._E
in total RNA, absent in the poly(Ajfraction when pCp254 or a ] y
clone containing only the B module was used as probe (pCp254, GoA Crll
with the whole A segment of the SCA module and the initial 29 C=G
bases of the B module deleted; Hig.The product, designated A '-'¢ -
Cpl-RNA, contained 99 nt as determined by sequencing. Its - 'j.l:ﬂ
5'-end was mapped by primer extension with help of a 17mer a—U
primer hybridizing downstream of the B box (positions 151-168 E:%
! . X . = .
in the pCp254 sequence shown in Bg.The main extension i S —DaArUUACUNUUY &

product corresponded to an 81 nt fragment, mappind-éeds

of Cp1-RNA to 10 positions upstream of the first base pair of the
A box (Fig. 24). We sequenced the transcript in a total RNATEC 0 e e e posiion afinich i ndicated
g:clxél:)rf ES,\TA? \tIU:SS?I‘T/Z S:L'[rgrgte; dawﬁﬁpgggée)gggg?mg with an asterisk.§) RNAFold plot of the 99pnt CpiPRNA from module B.
electrophoretic band was obtained. The PCR product was cloned

in pUC18 and sequenced. The RNA derived sequences agreed ) )

with those obtained directly from DNA within the stretch of 99 bf30 Starting nt) to 86% with rat tRN¥ (for a stretch of 26 nt).
and are shown in Figu2B (in predicted secondary structure However, the sequence did not give a typical tRNA-like
form). The localization within the B module of DNA correspon-cloverleaf with the RNAFold software but a hairpin (E28).
ding to the transcript is shown in Fig@e On the basis of tRNA nearly invariant positions and the size of

the different stems and loops3| the stretch of 79 nt from the
5'-end can be arranged like a tRNA cloverleaf, although with
significant differences (Fig). Cp1-RNA starts 3 nt upstream of
Previously we found that much of the sequence can be alignedat@rocessed tRNA and continues 23 nt beyond the downstream
tRNA genes fronD.melanogastef9). We have extended the processing point. The cloverleaf structure, although unlikely to
search and found high scores in comparisons with several tRN&istin vivo, strengthens the arguments for an evolutionary origin
genes from different species, including rat tR¥Aand tRNA™  of the Cp1-RNA gene in a tRNA gene and it permits us to identify
from prokaryotes Ghlamydiaand Micrococcu3. The identity  borders between regions that have an origin in mature tRNA and
ranges from 98% compared with tBelamydiatRNAT"5'-end  processed leader and trailer, respectively.

Genetic origin of transcription unit
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Figure 3. Schematic illustration of the B module and its various components.

R2 stands for the initial 22 bp that have strong similarity to the integration site 3
of the R2 non-LTR retrotransposon into the pre-ribosomal gene.
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U G A 19 f (E (.}(.: (E ? AG Figure 5. Different cloned Cpl elements used in ihevitro transcription
G cucG GCG G@ c studies shown in Figure 7A: 1, pCplA; 2, pCp627; 3, pCp116; 4, pCp413; 5,
a e Ush 4 Uv pCpl125; 6, pCt 2.2 and 7, pCp254. The 155 bp centromeric tandem repeat is
,U UG AGC G shown as a black arrow with the initial 14 bp as a white box, present on both
C A A G sides of Cpl elements that are interposed between 155 bp repeats. The B
20 C+G module is shown as a shadowed arrowhead against a white background and the
Us A SCA module as a white arrowhead against a shadowed background. The bases
20 g : g @ of the arrowheads are theends and the tips thé-&ds. The SCA module
AU consists of three segments, S, C and A, with intervétgog| sites. Modules
C A may be inverted and truncated to an extent that can be estimated from what is
>C A left of the arrowheads. No. 1 is an unpublished PCR generated intracentromeric
G fragment where the B module is preceded by a complete SCA module and
G followed by a centromeric 155 bp repeat. No. 2 represents parts of two different

elements on either side of two centromeric repeats and no. 7 is the left part of
no. 2. No. 3 and 4 are complete extracentromeric elements between target site
Figure 4. The initial 79 nt of Cp1-RNA arranged as a tRNA cloverleaf. duplications short unfilled arrowheads), embedded in flanking genomic host
Positions where tRNA is nearly invariant are shown in boldface, disagreementdPNA. No. 5 is a fragment from an extracentromeric element. No. 6, pCt2.2 is
between Cp1-RNA and tRNA indicated with arrowheads. Compared to the the left part of pCt2, which is an extracentromeric element €dentans
tRNA consensus Cp1-RNA starts at—3 and has 5 rather than 7 bp in the accept#Ct2.2 extends between BodR site in the flanking DNA to thEccRI site
stem. The invariant U-8 is present in Cp1-RNA like the 4 bp in the D-stem andbetween the S and C segments in the SCA module. Nos 3-6 are described in
A-14 and G-18. There is, however a U-19 instead of the tRNA G-19. It is also references 9 and 2 and no. 7 in reference 10.
possible to reconstruct an anticodon stem with 5 bp but with a C-33 instead of
a U-33 in the loop. What would be position 47 in a tRNA is missing in
Cp1-RNA like in some tRNAs. The T-stem is disturbed by insertion &f an

(alcized) between the IRILLY s e ?;1;;25 ?#ttsm;"&‘fgg?gt_g%at“re%horter.78 ntbyproduct of the cell extract (used in the experiments
and C-61. Finally the'&nd of Cp1l-RNA is that of a pre-tRNA rather than a shown in F|g'7A and B) was also labelled, present also when no
tRNA, in which the post-transcriptionally added CCA residues occupy template was included (not shown). Consequently, there was a
positions 74-76. Cp1-RNA extends 23 nt beyond position 73 in the cloverleafminor size difference betwedam vitro andin vivo transcribed
RNA. We do not yet know the start point for the primary transcript
which is likely to be that of then vitro transcript and,
consequently, within 4 nt of the start of thevivoproduct.

The transcriptionally inactive B module (FigA, lane 6)
contains ICR and TATA boxes matching the consensus. Three
To examine transcriptional properties of the B module we test@ubsertions are, however, present upstream of the A box at -2, -1
different Cp1 containing plasmid clones in a cell free extra@nd +6 relative to the start of tirevivo transcript (Fig6). In
made from aC.tentansepithelial cell culture. These clones another B module the A box contains a duplication of the C in the
represent the B module in different naturally occurring DNAourth box position and has a C substituted for a T in the first
environments, schematically illustrated in FighteThe se- position. Nevertheless, transcription of this clone was not
guences of the B modules in these clones, which have sosignificantly lower than that of other clones (H§, lane 5).
mutational differences, are given in Figétdt can be seen in  Several gene classes transcribed by RNA pol Ill are known to
Figure7A that the three centromeric clones (no. 1, 2 and 7) areither require or be influenced by botheéid 3-flanking regions.
the extracentromeric transpositions (no. 3, 4 and 5) transcribethathe experiment reviewed above the templates contain B
103 nt long RNA (exact size determined in sequencing gethodules flanked at their-5and 3-ends by DNA sequences of
whereas the extracentromeric transposition no. 6 was inactivedifferent kinds. At the sside transcriptionally active units border

In vitro transcription of natural B modules
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eontrol mutant insert AGTGCATCCTATCTCGATTATCGATTCGC TTECGAGTG

Figure 6. Top line shows consensus of B modules from clones used in experiments of Figure 7A. Asterisk shows first nutieatidérafiscript. Below are
sequences of B modules shown schematically in Figure 5 and used for experiments in Figure 7A. The B module in no. 2 (from pCp627) is identical to that of pCg
i.e. no. 7 in Figure 5 and 7A. First bases in cloned fragments remaining after Exo Il deletions fremdhaf BCp254 are indicated in subsequent line by numbers
used in lanes for electrophoretic separations of Figure 7B. Further down, under SM, are substitution mutants, covering TATA box, initiator region, A and B k
respectively. Bottom line shows 38 bp fragment in the control mutant inserted intbdhsite between position 167 and 168 in pCp254.

duplication with adjoining host genomic DNA in nos 3 and 4 and
vector sequence in no. 7. These differences did not affect the
transcriptional efficiency of the templates.

Further support that Cp1-RNA is a pol lll product was obtained
when a-amanitin was usedh vitro during transcription of
pCp254 (no. 7), which was resistant to the drug at the highest
concentration tested, 500/ml (results not shown), in agreement
with previous observations of insensitivity of insect pol I
(Bombyx mori)to the drug 19). A KrYppel pol Il promoter
construct (Stratagene) was completely inactive in the cell free
extract from theC.tentansepithelial cell culture and, therefore,
could not be used to control the efficiencyoedimanitin in this

] ) ) o extract. In parallel experiments we could, however, show that the
Figure 7. (A) Autoradiogram of polyacrylamide gel showirig vitro pgl Il construct transcribed in@rosophilaembryonic nuclear
transcription products of Cp1 elements. The clones used as templates are shown - "
in Figure 5 and have the same numberiBy.Autoradiogram of polyacryl- ~ €Xtract (Stratagene) and was completely sensitiweaimanitin
amide gel showiniy vitro transcripts of deletion constructs, numbered as in the down to 5ug/ml, as expected. Furthermore, this extract promoted
Exo lIl line of Figure 6, where first bases in cloned fragments after Exo lll weak transcriptional activity from pCp254 (tested in the presence
gg:;f;'r‘;rt‘izn"gg‘ ;h?e'fgee}gdtooihg‘?ntggpf:‘n c')gigtl grat;hgg:écgggoffg‘om of theKriippel construct) and this transcription was completely
substitution mﬁtants shown in Figure 6. The terﬁplates in (C) are in turn an&nsensmve ta-amantin even at the hlg,heSt C,Oncentratlon tested,
order 1, the non-mutated pCp254; 2, the TATA box mutant; 3, the initiator2501g/ml (results not shown). An additional important aspect of
region mutant; 4, the A box mutant and 5, the B box mutant. In all separationthese experiments is that they show that our extract from the

the 103 nt band is due to transcription units in the B module, the 78 nt band iﬂ?.tentansepithelial cell culture is specific for pol Il
(A) and (B) is a byproduct of the extract used in these separations, the 141 nt

band in (C) is from the control construct with 38 bp insertion into module B. . L .
In vitro transcription of B modules progressively

deleted from the %-end

to a complete SCA module (nos 1 and 3), to the terminal 8ince transcription of the B module was independent of
segment of such a module (nos 2 and 7), to an inverted, initial paomponents outside of the unit, we focused our attention on
of the SCA module (no. 5), or to the terminal part of another Bossible regulatory elements within the module, in particular the
module, in turn preceded by a large segment of an inverted S@#gion delimited by the transcription start and thersl. Within
module (no. 4). At the' Zide there are centromeric repeats for nothis 80 bp long region there is a sequence that conforms with the
1 and 2, the upstream part of the SCA module in no. 5, target ST&TA box consensus (positions —31 to —25 in relation to the first

Ay 23 45878 223485 C1 3348
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nucleotide of thein vivo transcript). To determine whether There was pronounced transcriptionvivo resulting in a
upstream elements influence transcription of the B module, vproduct within the range of pre-tRNA, i.e. 99 nt, designated
created a series of partially deleted B modules by progressi@@1-RNA.In vitro an only slightly larger transcript was obtained,
digestions of the pCp254 insert (Fig. no. 7) with Exo Il 103 nt. The small difference betweaervivo andin vitro results
nuclease. Deletion end points are shown in Figiara results of could have alternative explanations, such as processing in the
in vitro transcription in Figure’/B. One mutant, extending to nuclear compartment, requiring factors not present in the
position —99 (in relation to the first nucleotide of thevivo  cytoplasmic extract, readthrough at the stop sigwéto and the
transcript) only eliminates part of the A segment of the SCRossible presence of a master gene for a 99 nt transcript. There
module upstream of the B module which is intact. The mutanigas no evidence for a processed product of a size more typical for
used in lanes 2 and 3, with deletions to —61 and —50, affecting tiature tRNAs. The difference in size between a mature tRNA
5' part of the B module, directed transcription at the same rate asd Cp1-RNA is due to differences at both theafid 3-ends.
the intact module in lane 1. With larger deletions, passing the TATEp1-RNA starts 3 nt upstream and terminates 23 nt downstream
box, transcription was completely abolished (lanes 4 and 5). N# a typical tRNA. The similarities with pre tRN!& of Bombyx
detectable activity was found even after long exposure times. mori are striking, where the processed parts of tteaBler and
3 trailer contain 3 and 22 nt, respectivel@)(

. . . The transcription unit in the B module is thus likely to have

In vitro transcription of base substitution mutants evolved from a tRNA gene, during which mutations have taken

The B module of pCp254 was mutated by substitutions trééace that result in loss of processing and may have changed the

eliminated the TATA box, the initiation region and the A and
boxes, respectively, as shown in Fighil®NA from the constructs
was transcribed together with control DNA (FiG). The control
contained a 38 bp insertion (F&).into theMball site between the
B box and the first stop signal (between position 167 and 16
Transcription was largely dependent on the integrity of the TAT,
box and the two boxes of the ICR. There were weak 103 nt sign
for the TATA (lane 2) and A box (lane 4) constructs bu
incorporation directed by the box B mutant (lane 5) could be se
only after prolonged exposure. When, however, the initiatio
region was mutated (lane 3), there was no effect on transcripti
The relative template efficiency of the control construct was
somewhat lower than that of the non-mutated template, and it ¢
therefore not be excluded that the region arounltiod site has
some effect on transcription efficiency. The 78 nt byproduct was
not seen with the extract used in these experiments.

condary structure from a cloverleaf to a hairpin.

Some transcriptional control features probably also have
evolved.Cis-acting control elements were studied with natural B
modules, experimental deletions and substitution mutants. We
é und thatcis elements required for basal transcription are

ontained within a stretch extending to —50, still within the
-module. This region has a TATA box starting at —31. The TATA
Ox is indeed an essential element, since a substitution mutation of
is motif eliminated almost all transcription. Also each component
the ICR were, separately, essential for transcription as shown by
her experimental mutations. A naturally occurring variant of the
box with only two base changes nevertheless transcribed. Our

eriments do not exclude other control elements within the

ranscription unit and its upstream region extending to —50.
We found no evidence for regulatory sequences downstream of
e B module (which terminatd®20 bp downstream of the
transcription unit). In this respect transcription control may differ
from that of some insect pol lll transcribed genes which may be
DISCUSSION influenced by relatively large 8anking regionsZ3,24).
Interestingly a natural variant which had three extra base pairs

Chironomus centromeres have accumulated a polymorphibetween the TATA box and the A box (pCt2.2), in the initiator
SINE-like transposable element, Cp1, present also in extracdggion, was completely inactivia vitro. Without additional
tromeric positions9). It contains two sequence modules, withexperimental support this result must be interpreted with caution.
variable arrangements in different elements. Both modules st&ince, however, a substitution mutation in the same region showed
with a 22 bp sequence similar to the integration site for tHell activity, it may well be that it is the change in tilt of the DNA
non-LTR retrotransposon, R2, in the pre-ribosomal gafe ( double helix between the two boxes due to the insertions, almost
One part of the B module is likely to be tRNA derived, andne third of a turn, that inactivates transcription. This could be
contains consensus sequences for pol Il internal control regiolrecause TFIIIC, binding the ICR, is interacting with TFIIIB and
The origin of the remainder of Cpl, i.e. less than half of B andas a role in attaching it to the upstream control regigh A

most of SCA has not been traced. ICRs with A and B boxes arere remote alternative is that it is the host genomic DNA
common in SINEs, reflecting their origin, and do not necessarilypstream of the transposition that has an inhibitory influence.
imply cellular function 21). The B module has, however, Inconclusionthe Cpl-RNA gene shows a unique combination
structural features unusual for a SINE, possibly due to a cellulaf pol Ill control elements. Although several tRNA genes have
role other than transposition. Firstly the ICR box sequences, witipstream regulatory motifs, some of which are AT ri-§1)

one exception, always agree with established consensus, secotitlfye is usually no TATA box, and the upstream elements are
distinct pol Ill stop signals are present within the element, whiamodulatory rather than essential. An exception is<#m@opus

is not the case for SINEs in general, and thirdly the transcriptidaevistRNASeNSegene with an essential upstream TATA-box in
unitis preceded by a TATA box. Furthermore, DNA motifs for pobddition to other regulatory sequenc&333). In that case the A

[l transcription are not localized to thépart of the element, box is, however, non-functional. The promoter of the U6 gene in
which is probably necessary for transposition. We therefoi®.cerevisiag34) is similar to the Cp1-RNA gene in having a
suspected that the B module contains a complete pol MATA box and an internal split promoter although there the B box
transcription unit, entirely controlled within the module, probablhjhas an unusual distal position. The U6 TATA box is, furthermore,
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