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ABSTRACT

We have previously reported the co-purification of a
tRNA-like molecule with the

223-230]. To examine whether the trypanosome SRP
has a unique composition compared with that of other
eukaryotes, we analyzed the 7SL RNA and the SRP
complex of the monogenetic trypanosomatid
Leptomonas collosoma. The 7SL RNA from L.collosoma
was cloned, and its gene was sequenced. In contrast to
Tbrucei, two 7SL RNA transcripts were detected in
L.collosoma that originate from a single-copy gene.
Using stable cell lines expressing tagged 7SL RNA, we
demonstrate that the tRNA A9 gene located 98 bp
upstream to the 7SL RNA serves as part of the 7SL RNA
extragenic promoter. The steady-state level of 7SL
RNA was found to be tightly regulated, since the
presence of the gene on the multi-copy plasmid
repressed the synthesis of the chromosomal gene.
Cell lines carrying truncated 7SL RNA genes were
established and their expression indicated that domain

| is essential for expressing the 7SL RNA. No constructs
carrying portions of the 7SL RNA were expressed,
except for a construct which lacked 23 nt from the
3’ end of the RNA. This suggests that 90% of the 7SL
RNA molecule is important for its maintenance as a
stable small RNA. We propose that the repression
phenomenon may originate from a regulatory
mechanism that coordinates the level of the 7SL RNA
by its binding proteins.

INTRODUCTION

Trypanosoma brucei SRP
complex [Béja etal. (1993) Mol. Biochem. Parasitol .57,

DDBJ/EMBL/GenBank accession no. AF006632

functions were assigned to the different proteins. It was shown
that SRP54 binds the signal peptide as it emerges from the
ribosome, SRP 9/14 bind to domain | and function in elongation

arrest, SRP68/72 mediate translocation into the ER, whereas
SRP19 facilitates the binding of SRP54 to the RNA (

Extensive phylogenetic studies were performed on SRP RNAs
and indicate that the different RNAs vary in size and in
composition but all carry an invariant domain W/5). It was
proposed that the ancestral SRP molecule was reduced in size
during bacterial evolutiordj. However, it is currently unknown
whether, in organisms carrying truncated forms of the SRP RNA,
the missing RNA domains reside in other yet unidentified small
RNAs. Extensive changes in the size and shape of domain | are
found among eukaryotic 7SL RNAs. For example, domain | of
higher eukaryotic 7SL RNAs can be folded as a tRNA-like
molecule, but those dfrypanosoma bruc€b) andTetrahymena
lack one of the arms of the tRNA-like structurggnd yeast have
a significantly truncated form that bears no resemblance to the
tRNA structure §).

Structure—function aspects of the SRP were addréssém in
the canine system aiial vivo in the fission yeas$chizosaccharo-
myces pomb&he results obtained from both systems indicate that
the four domains (including domain Ill, that is missing from the
bacterial SRPs) are critical for SRP functiériL(). It is currently
unknown whether domain | of yeast also contributes to protein
arrest, since the phenotype observed for domain | mutants may result
from a failure to transcribe the gerig),

Little is known about the regulation of 7SL RNA transcription.
The only well characterized 7SL RNA promoter is the human
promoter which is comprised of both upstream and internal elements
(11,22). Homologies to A and B boxes of tRNA promoters can be
found within the coding region of 7SL RNA. However, a CG
dinucleotide at position +15 and +16 located outside this box was

The signal recognition particle (SRP) in eukaryotes is a cytoplasnfigund to be essential for transcription whereas most of the mutations
ribonucleoprotein that targets presecretory proteins and membranade within the A box had little effedt). Analysis of thel.brucei
proteins to the endoplasmic reticulum (ER) membran&RP was  7SL RNA gene demonstrated the existence of extragenic elements
shownin vitro to bind the signal sequence emerging from ribosomdscated 97 bp upstream to the start site that controls the synthesis of
and to trigger a transient pause in elongation. This blockageti® 7SL RNA. This element resides within a tR¥Athat is
relieved when SRP interacts with the ER SRP receptor, and norrtrahscribed in the opposite directidrl).

protein synthesis is resumed, resulting in co-translational trans-Very little is known about protein translocation in trypanosomes.
location of the protein into the ER lumel).(The eukaryotic SRP  The finding thafl.bruceihas an SRP homologue was not surprising
carries a single RNA molecule, the 7SL RNA, that is compose(). However, the presence of a co-migrating tRNA-like molecule,

of four stem—loop structures and six SRP proteihfifferent

that co-purifies with theT.brucei 7SL RNA (15), led us to
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hypothesize that the trypanosomatid SRP may differ from othétybridization with labelled oligonucleotides was performed at

SRPs, and is composed of two small RNP particles. 37°C in 5 SSC (X SSC consisted of 150 mM NaCl and 15 mM
In this study, we have cloned, sequenced and expressed mutatedium citrate), 0.1% SDSx®enhardt’s solution and 1Q@/ml

and truncated versions of the monogenetic trypanosomatidlimon sperm DNA. Thé.collosoma7SL RNA probe was

Leptomonas collosom@SL RNA. This study is the first step obtained from excising the two 280 and 300 nt 7SL RNA molecules

towards understanding the structure—function relationship of treriched in PRS from a preparative denaturing gel. The RNA was

trypanosomatid SRP and the mechanism that tightly regulatesitsated with alkaline phosphatases)(to remove the phosphate

level of expression. The results indicate thabllosoma7SL  termini and was "zend labeled with polynucleotide kinadesy,

RNA has a unique property as it is the only 7SL RNA described

so far that is present in two stable RNA conformations. StudigSloning of the gene encoding the 7SL RNA

performed with stable cell lines expressing truncated and mutated .
7SL RNA demonstrate that the tRR& located upstream to the Rbproximately 20 000 placues of arcolosomaAEMBL3 were

7SL RNA gene is part of the extragenic promoter element and 3 eened with'®nd-labeled 7SL RNA and four independent clones
an intragenic element controlling the expression of the gene exiY§"e isolated that also hybridized with antisense oligonucleotide
in domain I. This study also indicates that the steady-state Ie\;%?mplementary to nt 165-184 of drucei7SL RNA (). The

of 7SL RNA in trypanosomes is tightly regulated since th&lones were digested wiial and a 2.8 kb fragment was subcloned
presence of mutated 7SL RNA on a multi-copy plasmid repressgao the pGEM-3 vector, and tiecollosomarSL 4/78 construct

the synthesis of the wild-type RNA. The repression was observﬁfﬁas generated. Two fragments, a 408&BA fragment and a 1 kb
only when all 7SL RNA domains (known as the SRP protei aq fragment, were subclongd and sequenced using SP6 and T7
binding sites) were present, suggesting a mechanism tHytmers and internal gene primers.

coordinates the level of the 7SL RNA by its binding proteins. .
Growth and extract preparation

MATERIALS AND METHODS Leptomonas collosoneells were grown as previously described

_ _ (17). Cells (5% 1019 were harvested, washed with PBS and
Oligonucleotides resuspended in Buffer A containing 35 mM HEPES-KOH
5170, 5GTTAAAGTAGAGGAACTGGG-3, sense to positons (PH 7.9), 10 mM MgGl, 50 mM KCl, Spg/ml leupeptin and
159 to 177: 5mM B—mercgptqethanol. The cell suspension was equilibrated in
5303, 5-GCAGAGCACCACGTCAACGC-3 complementary to & nitrogen cavitation bomb (Parr Instruments Company) at_lOOO psi
nt 82-101; for 10 min, and disrupted by r_elease from the bomb. Post-ribosomal
8606, > TGCCGACATCAGTCCGTGTG-3 antisense comple- supernatant (PRS) preparation and DEAE-chromatography were
mentary to —88 to —105; essentially as described previouslp)(
8721, 5CGGGATCCAGCCGGAGCCTTGCTC! 3 sense to )
positions 1 to 16 including BanHi site; DNA transformation
10021,Sadl linker carrying arEccRI site -GGACTGAATTCA-  Apout 4x 107 cells were used for electroporation, conducted with
GTCCGC-3 two pulses of 50QF and 2.5 kV/cm in a Bio-Rad gene pulser.
10551, 5CAGGATTCGAACCTGCAACCC-3 sense to —142 cells were transfected with 50-10@ of the different DNA
to —162 complementary to (RN .. constructs. Transformants were selected in liquid medium in the
12615, 5CTGCTCCGTTCGGATCCTGCCGGCCTGAS3  presence of 20-50g/ml G418 (GIBCO). To elevate the copy
antisense to loop IV carrying insertion dBanHl site; number of the plasmid the transformants were grown in the

complementary to nt 304—-323 includin@ant| site;

15366, S5GCTCTAGAGTCGACTTTGACCACCCATTAT-3  plasmid construction

sense oligo to nt 440 to —455 withad andSal sites; . _ _

15367, 5GCGTCGACCAGCTGATAGGAAGTGCGGCAA3  To construct the 7SL RNA gene tagged in$ad| site a linker
antisense to —1 to —16, carrying sitesSat andPvul; (oligo 10021) was inserted into the uniq$&adl site in
5804, 3-CGGGATCCGCTTCACAGGATCGCCTGG:3 anti- L.collosoma7SL RNA 4/78, located in position 239 within
sense to 7SL RNA, complementary to positions 259 to 278 carryifgmain Il of the 7SL RNA. The fragment carrying the mutation

aBanHl site; was subcloned into the pX expression vectdy.(Two deletions
17208, 5TGCTCCGTTGCCGGCCT 3antisense to domain IV, of the upstream region were constructed using the 1460 bp
complementary to nt 180-197; Acd—-Sal and the 1360 bpag—Sal fragments. To generate a pX
17528, 5TCAGCTGGTGAAAGC-3, antisense to domain I, plasmid containing the 7SL RNA gene transcription termination
complementary to nt 31-45; signals, (pX-7SL-t), a 1.2 kblindlll-Sma fragment, derived

18816, SAGACGTGCGCGAGGTGG-3 antisense to 200 to 216; from the 4/78 plasmid, was cloned to the pX vector. The
18662, 5CGCAGGTGATGACAGGCT-3 antisense position constructs described below are illustrated in Figie The
240 to 257; construct (dl) carrying domain | was obtained by ligating to pX

aSma-Pvul containing a 1.3 kb upstream sequence and 41 nt of
the 7SL RNA. The construct [p(dl)t] was made by ligating the
same fragment as for [p(dl)] but to the pX-7SL-t. Constructs
Total RNA was prepared with TRIzol reagent (GIBCO BRL).p(H)t and p(B)t were made by ligating tBma—Hincll fragment
The RNA samples were fractionated on a 7 M urea/10%arrying 86 nt of the 7SL RNA @ma—Bsd| carrying 147 nt of
polyacrylamide gel and electroblotted onto a Nytran membranthe 7SL RNA, respectively, to pX-7SL-t. Plasmid pdIX2 was

RNA isolation and northern analysis



constructed by cloning a PCR product in to BerHI site
obtained using oligos 8721 and 15137 into the pdl plasmic
Plasmid [p(-dil)t] was constructed by cloning a PCR product
obtained from oligos 18816 and 15366, to pX-7SL-t. The)(-3
plasmid was constructed by ligating the PCR product generate
with oligos 18662 and 15366 to ti&ma site. The [p(-di)t]
construct was made by three point-ligation. The PCR produc
obtained using oligos 15367 and 15366 was digestedXlvih
andPvul; the second PCR product, made with oligos 8721 an(
15137, was digested witRvul and BanHIl. The two PCR
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products were ligated to pX digested withnHI andXbd. The
loop IV mutation was obtained by the Kunkel methad).(To
generate the site-directed mutation, the 2.8d&bfragment was
cloned into pBluescript KS(-). Oligonucleotide 12615 was use!
to generate the mutation, and the mutated fragment was clonec
the pX vector. The mutation was confirmed by sequencing. Th
sequence of the constructs generated by PCR and site-direc
mutagenesis was verified. To synthesize an antisense 7SL RM
probe, a PCR product carrying the entire 7SL RNA gene
(generated with oligos 8721 and 15137) was cloned into th
BanHl site of pGEM-3.

IRNA SHMA-RS —

—

— 7

RNase protection assay

Antisense 7SL RNA was synthesized using SP6 polymeras
Total RNA (110 pg) was mixed with 100 000 c.p.m. iof vitro
transcribed anti-7SL RNA probe in buffer containing 80%
formamide, 40 mM PIPES (pH 6.4), 0.4 M sodium acetate an
1 mM EDTA. After incubation at 8% for 5 min, the RNA was
hybridized for 12 h at 45C. The unprotected RNA was digested
with RNase One (Promega), and after deproteinization, the RN
was separated on a 6% denaturing gel.

RESULTS

Identification of the L.collosma7SL RNA and sequence

. - . . Figure 1. TheL.collosomaZSL RNA exits in two stable conformationd)) (l:
analysis of the gene and its flanking regions

Whole cell extract was prepared from 5010 cells subjected to centrifugation

) Sy at 150 00@ (S150). Aliquots were deproteinized and the RNA was analyzed
As a first step towards elucidating the SRP complex ofin 5 6% denaturing gel and visualized by silver staining. Lane 1, whole cell

L.collosomawe identified its 7SL RNA. Whole cell extracts were extract; lane 2, S150. II: Equivalent RNA samples were subjected to northern
prepared fromL.collosomaand the 781 RNA CoMIeNt WS o RNA. €) Fractionation of Send labeled 75L RNA in a 10% denatri
; . : . . A

'?’Eargr[lﬁg n Hl]ese g);gaﬁsbaféer ?.EpletlonltOf rl_t;)r?somei_ (PRzéél. Fractions enriched for 7SL RNA were end-labeled at'teadband the g

e pronie an € hybridization results with an antiSeNSegnA was separated on a 10% denaturing gel. The 7SL | and Il were excised
oligonucleotide, complementary to thérucei7SL RNA (oligo from the gel, eluted and electrophoressed on a 10% denaturing gel. Lane 1, an
EU-53) probe, are presented in Figlite Il. The results indicate  aliquot of the 5end labeled RNA enriched for 7SL RNA,; lane 2, pure 7SL |;
the existence o o 7S RNA molecules of 280 and 300 i thaie & re 15, 10 Forton o 5L o bt sl e,
hybrIdIZQ o the 7.SL RNA pYObe' Th.ese t\.NO molecules arewas separated in a 10% polyacrylami%e gel containing 7 M urea;7 2: 10%
presentin a 1:1 ratio and are highly enriched in PRS. To examingyacrylamide containing 7 M urea and 75% formamide. The RNA was
whether the two molecules are distinct stable transcripts, theisualized by EtBr staining. DNA marker was the 1 kb ladder (BRL).
potential for interconversion of one species to the other was
investigated. A fraction enriched with 7SL RNA was end labelled
at the 5end and the labeled RNA (FitB, lane 1) was separated
on a 10% denaturing gel. The separated 7SL | and 7SL Il To gain more information on the structure of theollosoma
molecules were excised and analyzed. The results 1B)y. 7SL RNA, the gene coding for the RNA was cloned and
suggest that there is no conversiownitro between these species. sequenced. Ah.collosomagenomic library was screened with
Further separation of the 7SL RNA in different gel systemgnd-labeled 7SL RNA. Four independ®BiNA clones carrying
suggests that the 7SL RNA migrates as a single species only inthe 7SL RNA were isolated and sequenced. The sequence of the
presence of 75% formamide and 7 M urea (E@. panel 2), 7SL RNA gene and of the flanking regions is presented in Figure
suggesting that only under severe denaturation conditions can & and the proposed secondary structure is presented in Figure
molecule be completely denatured. These results also suggest 2t To examine the genomic organization of the 7SL RNA,
the two distinct 7SL RNA conformations are stable and ark.collosomaDNA was digested with restriction enzymes of 6 and

generatedh vivo. 4 bp recognition sites. The blot was hybridized with the
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729 AGGAGGCGCT TGAACTGGCG TCATCGTTCC TGTGCGTTGG GGAAACGACT GTGGCGTACC
_669 TGCGTGACGG ACAGACCACC ACCATCACGG TGCGTCCCCG TCCGTGAGGT GCTCCTCCCT
.609 TTTTCTTTTC TTTTTTCTTC TTTTCTTTTC TCTGTGTATA TGTGTGTGCG AATACCGCCC
.549 TCACTGGCCT CTTCGCCCAT CACCGGTTCG GTTTTTTTCC GTCTAATCCT CCGCTCGGTG
.489 CGAGCATACG CTGTATGTTG CCATCGTCCT TCTGTTTGAC CACCCATTAT CCGCAAGCCA
_429 AARAGGACGC GCCGTCTTCT CGCTTTCGTC GGCTCCGATC ATCAGACGCA' CACACGATCG
.369 CGTCGTTTGG GAGAGGCGAG CTGACCCTCC CTCCTCTTTT CTTGATGGAA ACGAAAAAGA
.309 GAAGCGATCA GGAACCACTC TCCCCCTCTT CGCCGTCTAC ACGCCGCCGT CTCCTCAACC
.249 CTCAACCTTC CCTCTCCCCT CCCCGAAAGA GGCACTTGAA TCCATTTCCC TCCTTGCGTT
44— box B t RNAA rg
-189 TTTTCTGGGC AARAAAGTCA TCCGTGAC: TGCAACCCTC TGATCCGTAG
box A +1
.129 TCAGATGCTC TTECATTGAG CCHACACGGAC TGATGTCGGC ACCCAAAACA AGTCAAATGA
.69 GGTGCTATTG TGTTTGGCAC CGACTTGGAC ATTCCGAATC CGCTGCTGCG TATTTGCCGC
+1
-9 ACTTCCTATA GCCGGAGCCT TGCTCTGTAA CCTTCGGGGG CTTTCACCAG CTGAACAGGG
52 AGCTGTCTGG ACCAGCATAG GGTGCTTGCG GCGTTGACGT GGTGCTCTGC TTGGCTGTGT
7SL RNA
112 @TC C_TCC C CCCTTGCAGA AGGGGCGCGC CCCCTCCGTT AAAGTAGAGG
172 AACTGGGTCA GGCCGGCAAC GGAGCAGCCC ACCTCGCGCA CGTCTGCCGT TGCAGAACCA
232 CACCGCGGAG CCTGTCATCA CCTGCGCCCC AGGCGATCCT GTGAAGCTTT TTTGTTTTTC
>
292 TGTTCCTCGC TTCCGTCTCA TTTCATCGCA CCCATCAGGT TCTTCAAGCA CGCGTGTGTG
352 CATGTGGAGA GAGGAGGAGA GAGGGAGGGA GGGAAGGGAG ATGAAGACAA AGGTCTGTGT
412 GGAGGCGATG AGTGATGACG GCTGACAGGT CGCATTGGAC TCTCTTTCTT TTTT 5]
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Figure 2. DNA sequence analysis of the 7SL RNA gene lo@)sTtie coding regions of the 7SL RNA and the tRf%are indicated by upper case lettering and the 7SL
RNA sequence is underlined. The +1 position of the 7SL RNA and the’¥RMre indicated and the direction of transcription is marked with an arrow. The consensus
promoter elements of the tRRA (boxes A and B) are boxed®)(The proposed secondary structure ofLtisellosoma7SL RNA. Differences between thecollosoma
andT.brucei7SL RNAs are shown in boxes. Nucleotides that are missingattosomabut exist inT.bruceiare shown in triangles and nucleotides that existivilosoma

and missing fronT.bruceiare shown in inverted triangles. Nucleotides that are invariant in all 7SL RNA are circled. The position of insertirig thartagbwith arrows.

400 bpSaBA 7SL RNA subclone, and the results (Fa4\)

presented in Figur@B indicate that all the 7SL RNA genes that

indicate that the 7SL RNA is a single-copy gene. To examineere isolated have an identical size, suggesting that there is no
whether small size variations exist between alleles, genomitlelic size variation.

DNA and ADNA obtained from the different clones were To determine the exact’ ®nd of the 7SL RNA, primer
subjected to PCR with oligos 8721 and 15137. The resulextension was performed with oligonucleotide 5303. The results
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Figure 3. (A) Genomic organization of 7SL RNA.eptomonas collosoma
genomic DNA (10pg) was digested with different restriction enzymes as
indicated. After transfer, the membrane was hybridized with random-prime labeled - e tRNAATS
7SL RNA clone 7SL.7SaBA. Phage\ digested withHindlll was used as a

marker, and the size of the fragments are indicd@dPCR analysis of phages

and plasmids carrying the 7SL RNA gene and genomic DNA. DEA iig) was

amplified with the oligonucleotides-B721 and 315137, and the PCR products

were separated on a 6% native polyacrylamide gel. Marker was the 1 kb ladder

(GIBCO BRL). The identity of the DNA is indicatedC)( Primer extension Figure 4.(A) Schematic presentation of constructs that vary in thenks. The

analysis was performed using an end-labeled oligonucleotide (5303). The productposition of restriction enzymes that were utilized to create the constructs is

of sequencing reaction of 7SIS&BA using the same oligonucleotide were used indicated. The 7SL RNA coding region is marked by filled lines and the

as a reference. The sequence of the cDNA is indicated. tRNAAY by dashed lines. The arrows indicate the direction of transcription.
(B) Northern analysis of RNA derived from wild-type and cell lines growing on
500 pg/ml G418 carrying the following constructs: lane 1,wild-type; lane 2,
construct I; lane 3, construct Il; lane 4, construct lll. The RNA was probed with

presented in Figur8C indicate that the +1 position is an A as antisense oligonucleotides to 7SL RNA, tRN#and U2 RNA. €) Northern

indicated in Figur@A and that the two 7SL RNA molecules do analysis of RNA derived from: lane 1, wild-type; lane 2, construct I; lane 3,

not differ at the 5end. The 280 rit.collosomaZSL RNA is 6 nt mutation in loop IV. The northern blot was probed as indicated in (B).

longer than thé&.brucei7SL RNA. The overall identity between

the T.bruceiand the 7SL RNA is only 69%; the differences

between these two 7SL RNAs are shown in Fi2Be The  small loop, thel.collosomasequence possesses two bulges of

degree of identity varies between the domains, domain | and /and 5 nt each (FigB). Interestingly, the bulge of 5 nt is located

being the most conserved, 91% and 82%, respectively. Domaimthe 7SL RNA region homologous to the region that was shown

Il can be further divided to two sub-domains on the basis of the mediate the interaction of SRP with riboson#s.

micrococcal nuclease hypersensitive site of human 7SL RNA A GenBank search with the sequences upstream to 7SL RNA

(21); the first part, spanning nt 40—83 and 241-280, exhibits onlgvealed the presence of a tRNA gene located 98 bp upstream, which

51% identity with theT.bruceihomologue, whereas the other is 100% identical to tRNAY from Leishmania tarentolag23).

part, covering nt 84-113 and nt 211240, is highly conservddterestingly, tRNAY was found upstream to tHeeishmania

(85%). In the second part, the location of the bulges is algmfanoi 7SL RNA geneX4). No other significant similarity was

conserved. Several compensatory changes are found includiiogind to sequences located either upstream to the ARNoA

the pairs 58—-264 and 90-237. These pairs are G€allosoma  downstream of the 7SL RNA. Such a genome organization differs

but AU in T.brucei.In addition, domain IlI differs in both the from that of T.brucej since the U3 homologue with its

primary sequence (only 54% identity) and in the secondamccompanying tRNAY was found 90 bp upstream of the

structure. Whereas tfiebruceidomain Il is a long stem with a T.brucei7SL RNA locus. The A and B boxes of the tRN®are
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Figure 5.(A) Schematic presentation of constructs carrying truncated 7SL RNAs. The position of termination is indicated with rune tRNIZMP is boxed in
black and the 7SL RNA coding region is indicated with a thick black bar. The potential secondary structure of the truriRBl&dsiBdicated.B) Northern analysis

of RNAs from cell lines expressing the different constructs. All cell lines were grown ry800G418, and the blot was hybridized with antisense oligonucleotides
to 7SL RNA, tRNAVY, Lanes 1, wild-type; lanes 2, pdl; lanes 3, p(dl)t; lanes 4, p(H)t; lanes 5, p(B)t; lanes 6, p(-dll)t; lanes 7, p(®)pdixdanes 9, p(-di)t;
lanes 10, p7SLwtQ@) RNAse protection assay. RNA was derived from the same cell lines as in (B). Size markers (pBR322 digéfpet)veith indicated.

indicated in Figur@. Box A, 3-TGGCTCAATGG-3, deviates served as a control for the amount of RNA. The results are
from the canonical sequenceTRRYNNAGTGG-3 by an A presented in Figu#B. Lanes 3 and 4 indicate that the tagged gene
instead of a G in the 8th position, whereas the B boxyas efficiently expressed in cell lines carrying only the 274 nt
5-GTTCGAATCC-3, agrees well with the canonical sequenceupstream sequence but not when the tRSlAvas truncated,
5-GTTCRANNCC-3. suggesting that the tRMY is part of the extragenic elements that
dictate the expression of the gene. Interestingly, despite the fact that
the 7SL RNA was carried on a multi-copy plasmid, its cellular
) level was not elevated compared with wild-type cells, whereas the
To study the structure—function of the 7SL RNA, we sought t@ve| of tRNAMY increasedIL0 times. This suggests that the level
overexpress mutated and truncated 7SL RNA genes. The 7tthe cellular 7SL RNA is tightly regulated. To examine whether
RNA gene was marked by inserting a linker in the unisp@  or not the repression phenomenon is restricted to the mutation
site (construct | in Fig5A) located at position 239 of the 7SL |ocated in domain I1, another mutation was introduced in loop IV.
RNA (domain II), indicated in Figur@B. A stable cell line  staple cell lines were then established from a construct carrying
expressing the mutated gene was obtained. The expression ofig mutation (indicated in FigB), and the expression of the gene
tagged RNA was examined by northern analysis, and the resufigs examined by northern analysis (Big). The results indicate
indicate that the tagged 7SL RNA, which is larger than thghat the 7SL gene mutated in loop IV also repressed the synthesis
wild-type RNA is efficiently expressed (FigB, lane 2). The ofthe wild-type 7SL RNA and was found in a single conformation.
expression of the tagged 7SL RNA repressed the synthesis of the
wild-type RNA, since RNA transcripts, corresponding in size t :
wild-type 7SL RNA, were absent in cell lines carrying the tagge xpression of truncated and mutated 7SL RNAs
molecule (compare lanes 1 and 2). Since only a single RNFo characterize the sequences that regulate the expression of the
species was observed in lane 2, it may suggest that the tagged 7S RNA and to elucidate the mechanism that elicits the
RNA does not undergo the conformational change proposed frapression of the wild-type 7SL RNA by the gene carried on the
the wild-type RNA. multi-copy plasmid, several constructs were generated and are
To examine the extragenic sequences which regulate tkehematically presented in Figua.
synthesis of 7SL RNA, the expression of the tagged gene wadOne possibility to explain the repression phenomenon is that
examined in the presence of 274 and 154 bp of upstream sequethee multi-copy plasmid titrates the 7SL RNA transcription
(constructs Il and lll, respectively). Construct Il carries a truncatefhctors. To examine this possibility the level of 7SL RNA was
tRNAAY, RNA was prepared from cell lines and subjected t@xamined in cell lines carrying the upstream regulatory region
northern analysis with antisense 7SL, tRi®and U2; the latter and domain |, since this domain was shown in humans to carry

tRNAAD js part of the 7SL RNA extragenic promoter
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intragenic promoter elementd1j. The results presented in plasmid, was expressed. Apart from the 7SL RNA gene lacking
Figure5B (lanes 1, 2 and 3) indicate that the level of the cellulaonly 23 nt from the '3nd, none of the other split 7SL RNAs were
7SL RNA was not changed in cells carrying constructs p(dl) anekpressed, suggesting that only when four 7SL RNA domains are
p(dht. A small transcript of 40 nt that could have been generatgutesent can the RNA be maintained as a stable small RNA. This
from domain | was not detected in total RNA preparation, evestudy also demonstrates that the tRI\#As part of the extragenic
when the proper termination signals from the 7SL RNA genelements that control the transcription of 7SL RNA and that
were present [construct p(di)t]. This data may suggest that tidemain I, like in humans, is essential for expressing the gene.
repression is not due to competition for transcription factors.  One of the most intriguing findings regarding the trypanosome
Hybridization of the same northern with the tRN®probe  7SL RNA is its high degree of similarity to the human RNA
(Fig. 5B) indicates that the level of tRM¥9 was elevated due to (60%) compared with the yea&pomb&NA (45%) €). This is
its presence on the multi-copy plasmid, suggesting that the'/NA also true for thé.collosomaRNA, that shares 52% identity with
carried on these plasmids is highly expressed, irrespective of e human RNA and only 38% with tiSepombeRNA. This
expression of 7SL RNA. result is even more surprising considering the earlier divergence
To examine the factors that regulate the expression of the 78t trypanosomes compared with yeast from the eukaryotic
RNA, two constructs that differ only in domain 1, i.e., deletion ofiineage p4). Genetic transfer from the mammalian host to the
domain | [p(-di)t] or duplication of this domain (pdIx2) were parasite, is a mechanism that could have generated such
constructed, and the expression of the 7SL RNA was examingdlatedness. However, sintecollosomalacks a mammalian
The results indicate that in the absence of domain | the 7SL RNAvst, the genetic transfer hypothesis should be ruled out.
is not expressed, (FigB lane 9), suggesting that domain I may Despite the sequence diversity between the yeast, human and
carry elements which are necessary for transcribing the gene tgpanosome RNAs, yeast and trypanosome RNAs possess a
in humans. Duplication in domain | did not interfere with thetruncated domain | compared with the tRNA-like domain of human
expression of the gene (lane 8), but this construct failed to reprg@s8A. The trypanosome domain | is an intermediate between the
the synthesis of the wild-type RNA. highly-truncated yeast domain and the tRNA-like structure of the
To further explore the sequences essential for expressing thgman domain. In the mammalian domain I, a potential for
7SL RNA, constructs harboring different lengths of the 7SL RNApase-pairing between the two hairpin loops exists. This potential
were generated. Four constructs carrying split 7SL RNA genges not exist in the trypanosomdetranymen&NAs, since these
harboring coding information for 86, 147, 216 and 257 nt wer&NAs carry a truncated second hairpin loop. Interestingly, however,
generated, and are schematically presented in FlMré\ll  these three domains carry the sequence homologous to the
these constructs carried the 7SL RNA transcription terminatiogonsensus sequencé@CG-N3-5-CCUGUAAYCY-3 that has
signals. The constructs were used to establish stable cell lines gjg@n involved in binding the SRP9 and 24)( Based on the
the level of 7SL RNA was examined. The results, presented {fncation of domain | in lower eukaryotes and the presence of a
Figure 5B, lanes 4-6, indicate that, despite the high level ofRNA-like molecule that co-purifies with the trypanosome 7SL
expression of the accompanying tRN?‘\ none of these RNP (15) we propose that in those organisms which lack domain
truncated 7SL RNA were detectable in steady-state RNA (jike bacteria or eukaryotes that have a truncated domain I), a
preparation, suggesting that all four domains are essential fRfctional domain | may be carried by a separate RNP complex. We
expressing stable 7SL RNA molecules. ~ have previously reported the co-purification of a tRNA-like
To examine the level of 7SL RNA that may be presentin minutgolecule with thabrucei7SL RNP (5) and recently identified the
amounts, a sensitive RNase protection assay was used. The reggita-like molecule that co-purifies with thecollosomazSL RNP
presented in Figur&C indicate that, except for a construct (our unpublished resuilts).
lacking 23 nt from the'3nd (lane 7), none of the truncated 7SL" The results suggest that theollosoma7SL RNA is a single
RNAs were expressed. Longer exposure of the gel did not reveg)py gene and that no size variation exists between the two 7SL
any additional bands that were not found in the wild-type controRNA alleles. The data also indicate that the two 7SL RNA
However, the construct lacking only 23 nt from theld was transcripts represent two stable conformers of the RNA. We
efficiently expressed and repressed the synthesis of the wild-tyggserved that the ratio between 7SL | and Il changes during
RNA, as no fragment corresponding to protection with wild-typgyrowth, j.e., actively growing cells contain more 7SL 1, and the
RNA was observed. The presence of two transcripts in Fsgure 51io petween the molecules reaches 1:1 when the culture ages. In
lane 7, suggests that this truncated 7SL RNA is capable gfgition, 7SL I is preferentially associated with ribosomes, and
undergoing the conformational change, like the wild-type RNAw 6y vivo conversion of 7SL I to Il is inhibited in the presence
The tight regulation on the 7SL RNA was also observed whegy cycioheximide. These data suggest that the conformational
the wild-type 7SL RNA locus was cloned into the pX plasmidchange takes place during protein translocation (Ben-Stdoaip
Despite the elevation in the copy number of the gene no incregggy hlished data). The finding that 7SL RNA mutants located in
in the cellular level of 7SL RNA was observed (B, lane 10).  4omain Il and IV exist in a single conformation may indicate that
these mutated RNAs are not active in protein translocation and
DISCUSSION therefore do not undergo the conformational change.
The repression phenomenon observed in this study is similar to
In this study we have cloned and sequenced the 7SL RNA getie observation made when human U1 RNA gene was expressed
of the monogenetic trypanosomatidtollosomaand examined in mouse cells 46). It was found that despite the efficient
the elements that regulate its expression. The results indicate thapression of the human gene, the total amount of U1 RNA (both
the level of 7SL RNA is tightly regulated, since synthesis ofmouse and human) did not change, suggesting that multi-gene
mutated 7SL RNA repressed the wild-type 7SL RNA. Thdamilies encoding mammalian U1 RNA are subjected to dosage
repression took place only when the 7SL RNA, carried on theompensation. The finding of such a regulatory phenomenon
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shared by two different small RNPs, may suggest that there is al'he repression phenomenon observed in this study can be
common regulatory mechanism that co-regulates the level of tfigrther utilized to examine the structure—function relationship of
RNA with its RNP binding proteins. The repression was observdtie trypanosomatid 7SL RNA. Since the level of wild-type 7SL
only when the 7SL RNA was efficiently transcribed andRNA was undetectable in cells carrying 7SL RNA mutated in
maintained as a stable RNA. We, therefore, favor the hypothesiemains Il and 1V, it may suggest that trypanosomes, like yeast
that the SRP proteins regulate the level of 7SL RNA. AlthougkR9), utilize an alternative protein translocation pathway.

we cannot rule out the possibility that the repression is due to the
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