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A nuclear DNA fragment (7.8 kb) from yellow lupin (L. luteuc} was sequenced
and shown to contain tRNA®Y(GGC) genes and tRNA®Y(GGC) pseudogenes
organized in three tandemly repeated units: of 2565 bp and 2564 bp, and one,
truncnted from its 3’ end, of 1212 bp. Each unit contains an identical pair of a
tRNAYY gene and a pseudogene, both having the same polarity. The nm:lenhde
sequence of the gene appears colinear to L. luteus cytoplasmic tRNA®Y(GGC)
primary structure. All three genes are efficiently transcribed in HeLa-cell
nuclear extract giving two primary transcripts. The main, longer primary
transcripts have each an extremely long 3’ trm]er of about 100 nucleotides, the
structure of which is specific only for tRNA®Y genes a.nd pseudogenes (B0%
homology) of the studied tandem (but not for other tRNASY genes of the yellow
lupin genome) as it has been shown by Southern hybridization. This distinctive
feature allowed m lsnlate putative tRNA Gly precursor(s) encoded by at least one
of the three tRNAY(GGC) genes from L. lufeus seedlings.

Nuclear tRNA genes are present in eu-
caryotes in multiple copies. Some of them are
dispersed throughout the genome, the others
form clusters at single chromosomal sites,
which consist either of the same or different
tRNA gene species [1]. This conclusion is
based mainly on studies on animal genes,

though scarce data confirm such an organi-
zation also for plants. For example, Arabi-
dopsis thaliana tRNA genes specific for tyro-
sine, serine [2] and cysteine [3] appear in
clusters, several intron-containing methion-
ine tRNA genes of this plant are probably
also clustered, whereas others are dispersed,

*This work was supported by the State Committee for Scientific Research (KBN grant: PB-6P 204 050

04),
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Nucleotide Sequence Databases under the accession number Z49255.

“Correspondence to: Jerzy Pawelkiewicz, Tel: 061 48-72-04
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like tRNATY™ genes in Nicotiana rustica

genome [4]. Moreover, the number of the
defined tRNA gene copies in a genome can be
adjusted to the required supply for its expres-
sion product, as for example, alanine tRNA
gene of silkworm [5]. An earlier report from
our lahurator_v has shown that the level of
tRNASY is relatively high in crude tRNA
isolated from yellow lupin (L. luteus) seed-
lings and is proportional to the glycine con-
tent in the plant proteins [6]. Having these
data in mind we became interested in the
isolation of tRNASY gene(s), from L. luteus
genomic library, to study their organization
and expression.

In this paper we describe a tRNAm"' gene
cluster consisting of Lhrea tRNASY(GGe)
genes and three tRNASY(GGC) pseudogenes
arranged in tandem units. This is the first
complete nucleotide sequence of eucaryotie
tRNA gene tandem with its 3’ and 5’ flanking
regions. Moreover, this is the longest and
evolutionarily the youngest, so far known
tandem of genes coding for a sm%!e tRNA
species. These yellow lupin tRNA™Y genes
are efficiently transcribed in a HeLa cell
transcription system giving mature tRNA-
GIY Moreover, it has been shown that at least
one of them is transeribed in yellow lupin
seedlings.

MATERIALS AND METHODS

Plant materials, genomic library,
HeLa-cell nuclear extract and primers.
Seeds of six L. luteus cultivars were obtained
from Dr T. Nijaki (Stacja Hodowli Roélin,
Wiatrowo, Poland), The L. luteus ev. Ventus
genomic library, cloned in EMBL 3 phage
was a generous gift from Professor A.B. Le-
gocki (Institute of Bioorganic Chemistry,
Poznan, Poland). Synthetic oligodeoxyri-
bonucleotides were provided by Professor W.
Markiewicz or purchased from IZOGEN
(Netherlands) and Promega (U.S.A.). The fol-
lowing oligodeoxyribonucleotides were used
in this study:

G1 (6-GCACCAGTGGTCTAGTGG-3) and
G2 (5-TGCACCAGCCGGGAATCG-3") cor-
responding to the 5 distal region and com-
plementary to the 3’ distal region of the L.

luteus tRNACY gene, respectively; Z-21 (5'-
GAGCTATGATGATAATTAGCA-3’) homolo-
gous to nucleotides 9-30 beyond the 3’ end of
the LtG gene coding strand (Fig. 1, 3), and
nucleotides 11-32, downstream of MtG and
HtG genes (Fig. 1, 3), Z-21c (5'-TGCTAAT-
TATCATCATAGCTC-3'), complementary to
Z-21, and its biotinylated version, b-Z-21c
(5"-biotin-TGCTAATTATCATCATAGCTC-
3; G-23 (5-GCCACGGTACAGACCCGG-
GTTCG-3'), homologous to nuclentides 36-58
of L. luteus cytoplasmic tRNASY(GGC) 7],
and biotinylated b-G-23¢ (5-biotin-CGAA-
CCCGGGTCTGTACCGTGGC-3"), comple-
mentary to the same sequence, pUC/M13
reverse sequencing primer 22-mer (5-TCA-
CACAGGAAACAGCTATGAC-3) and pUC/
/M13 forward (-47) sequencing primer (5'-
CGCCAGGGTTTTCCCAGTCACGAC-3").

Geuamc library screening. About 8 x
10° recombinant phages of the L. luteus
genomic library were screened with a 5-32P-
labelled synthetic oligodeoxyribonucleotide
probe G-23. Bacteriophage plaques were
transferred to Hybond N nylon filters, dena-
tured and baked according to a standard
method [8]. Hybridizations were performed
essentially as described in [8].

Isolation of total RNA and nuclear
DNA from L. luteus seedlings. DNA and
RNA were isolated from etiolated 3-day old
seedlings. Total Lupinus RNA was extracted
from fresh tissue and ground in liquid nitro-
gen, essentially as described in [9] (a phenolic
method). Nuclei were isolated by the Jofuku
& Goldberg method [10]. Lysis of nuclear
fraction was carried out in 7 M urea, 0.1%
(wfv) sodium sarcosine at 50°C, for 15 min
and followed by chloroform and subsequent
phenol/chloroform extraction. The extracted
DNA was precipitated with 0.6 vol. of iso-
propanol. When necessary, DNA was further
purified by RNase A and/or proteinase K
treatment [11].

L. luteus glycine pre-tRNA purification
using a solid phase DNA probe. The biot-
inylated oligodeoxyribonucleotide probes b-
Z-21c am:l b-G-23c, were used to isolate
tRNAC TEGG-C} precursors from Lupinus to-
tal RNA.The probes were purified by electro-
phoresis on 15% polyacrylamide gel in the
presence of 8 M urea and were bound to
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streptavidin coated magnetic beads (Magne-
tosphere, Promega) as described in [12]. The
RNA fraction isolated using b-Z-21c probe
was further purified by hybridization to b-G-
23c probe. Total L. luteus RNA, 5 mg, dis-
solved in 1 ml TE buffer (10 mM Tris/HCI, 1
mM EDTA, pH 8.0) was heated for 5 min at
90°C and immediately mixed with solid
phase DNA resin, suspended in 0.5 ml
6xSSC, 1 mM EDTA, 0.1% SDS and incu-
bated for 20 min at 40°C. The hybridized
solid phase DNA resin was separated from
the RNA containing solution by using a mag-
netic separation stand (Promega). The hy-
bridized resin was washed with 2xSSC until
the absorbance of the washing solution at 260
nm was almost zero.

Then pre-tRNAs were eluted from the resin
by four washes with 100 pl of TE buffer, at
90°C. The TE washing solution, containing
pretRNAs®Y was collected, mixed with 1 pl
of glycogen solution (20 pg/ml) and 40 pl of 3
M sodium acetate, pH 5.5, then phenol:chlo-
roform extracted and precipitated with 2.5
vol. of ethanol, at —20°C. All solutions were
prepared in DEPC treated water.

Preparation of DNA probes for South-
ern hybridizations by PCR. About 10 pg of
the XbaUHdeI DNA fragment containing
the MtG tRNA®Y gene (Fig. 1) was used to
amplify the tRNA gene sequence, probe G-72,
by PCR, with 200 nM each (dCTP, dGTP and
dTTP), and 20 nCi [a— P]d.ﬁ.TP (3000 Cv/
mmol), 500 ng of each the relevant primers:
G1 and G2, and 2 units of Taq DNA polym-
erase (Amersham), using the Gene Amp 2400
PCR system (Perkin Elmer). The PCR condi-
tions were as follows: denaturation at 94°C
for 30 s, annealing at 41°C for 30 s and
extension at 72°C for 30 s, repeated 20 times.
Ten picograms of pMtG recombinant plasmid
DNA, containing the same Xbal/HindlIII
fragment cloned in pGEM-3Zf{+) phagemid,
was used ta prepare by PCR a double
stranded %?P-labelled probe, designated Z-
317, comprising the nucleotide sequence
from nt 9 to nt 326 downstream the tRNASY
gene of the M unit. Primers: Z-21 and
pUC/M13 reverse sequencing primer 22-mer
were used to amplify this sequence under
conditions described above, except that the
extension time was 40 s and annealing tem-

L. luteus glycine tRNA genes expression 261

perature BSDC The synthesized double
stranded %2P-labelled probes designated G-
72 and Z-317 were electrophoretically sepa-
rated in 4% polyacrylamide gel, eluted from
gel slices for 30 min at 70°C and denatured
for 5 min at 95°C in 50 mM KCl, 10 mM
Tris/HCl, pH 9.0, 0.1% Triton X-100, and
then added to the hybridization solution.

Southern hybridizations. Southern blot
analyses were performed by a standard
method [11]. L. luteus DNA, 5 ng, was di-
gested by appropriate restriction enzymes
and separated by electrophoresis in a 1%
(w/v) agarose gel. DNA was transferred onto
a Hybond N nylon membrane. Each filter was
washed in 3xS8SC, 0.1% SDS for several
hours at 65°C and then for about 2 h in
prehybridization solution: 6xSSC, 1xDen-
hardt’s solution, 100 pg/ml denatured her-
ring sperm DNA, 0.5% SDS, 0.05% sodium
pyrophosphate at 40°C. Then the filters were
incubated for 20 h at 55°C in hybridization
mixture: 4xSSC, 1xDenhardt’s selution,
l}ﬂﬁ% sodium pyrophosphate, containing

32p_labelled probe G-72 or Z-317. The filters
which were hybridized to the probe G-72
were washed for 30 min in 0.2xSSC, 0.05%
sodium pyrophosphate at 70°C, and those
hybridized to the probe Z-317, at 60°C.
Autoradiography was done with X-ray film
for 1-5 days.

Transcription of L. luteus iRNACY
genes in HeLa-cell nuclear extract. To
—::haractenze the LtG, MtG and HtG as func-
tional tRNACGLY genes, three restriction frag-
ments: Sall/HindI1I of 756 bp which contains
the LtG gene with it’s 320 bp long upstream
sequence, and two Xbal/HindIIl fragments
of 1004 bp and 1006 bp, containing MtG and
HtG genes with their 5’ flanking sequences
of 621 and 620 bp, respectively, were cloned
in pGEM-3Zfl+) vector, and named pLtG,
pMtG and pHtG. Three DNA fragments, con-
taining the same genes, but with shorter
upstream sequences, were also cloned in the
same vector: Spel/HindIll fragment, contain-
ing the LtG gene with its 59 bp upstream
nucleotide sequence (named pLtGSpD) and
two Xhol/Hindlll restriction fragments, con-
taining MtG and HtG genes with their 141
bp upstream sequences (pMXtG and pHXtG).
To test whether the two poly(T) tracts; T5 and
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Tg (Fig. 3) do serve as effective transeription
termination signals, the Sall/SacI DNA frag-
ment containing the LtG gene, deprived of T
and Tg by Sacl digestion (5 bp upstream Ts)
and cloned in pGEM-3Zf(+) vector (named
pLtGSaD)), was also assayed in HeLa-cell
transcription system. The Spel/HindIIl re-
striction fragment of 451 bp of the L unit was
cloned in pGem-5Zfi+) vector. The cloned
Lupinus DNA contains the LtG gene and its
5" flanking sequence of 70 bp.

In vitro transcription activity of the three
genes was studied in a heterologous HeLa-
cell extract which has been shown to be an
efficient expression system for many other
plant tRNA genes [3, 13, 14]. The nuclear
extract was prepared from HeLa S-3 cells
according to Dignam et al. [15]. Transcrip-
tion reactions were performed as described
by Stange & Beier [16] in the presence of 4
mM MgCly [14]. Two different nucleoside
triphosphate mixes were used: a standard 10
* NTP mix, containing: 1 mM ATP, 1 mM
CTP, 1 mM GTP and 2.5 uCi [0->2PJUTP
(3000 Ci/mmol), and the 10 x yNTP mix,
containing: 1 mM C‘TP 1 mM GTP, 1 mM
UTP and 2.5 nCi ['r— PIATP (3000 Ci/mmaol).
The TNTP mix was used to visualize only the
tRNACY gene transcription products, with
unprocessed 5’ ends. Transcription products
were separated by electrophoresis in 8%
pﬂlyacrylamuie gel containing 8 M urea.

Pre-tRNA®Y maturation in a cell-free
wheat germ S-23 extract. Cell-free wheat
germ S-23 extract was prepared from wheat
embryos as described by Stange & Beier [16].
In vitro processing of pl tRNAS precursor
was performed in the incubation mixture
containing in a total volume of 90 ul:18 ul
523 extract (30 mg protein/ml), 20 mM
Tris/HCl, pH 7.4, 100 mM potassium acetate,
6 mM Mg(OOCHg)s, 80 pM spermine, 0.4%
Tnta:m X-100, 1 mM ATP, 0.1 mM CTP and
5x10%¢, p.m. of pre-tRNA labelled during the
transeription asaay in HeLa-cell nuclear ex-
tract with [a->?PJUTP.

Primer extension analysis. In vitro syn-
thesized RNA was eluted from polyacry-
lamide gel [17], mixed with 20 nl of 2.5%
linear polyacrylamide per 400 nl [18] and
precipitated by adding 3 wvol. of ethanol
(=70°C) and 10 min eentrifugation at room

temperature, washed with 70% ethanol,

dried and dissolved in 10 pl of TE buffer,
containing 0.1 pmol of ?P-end-labelled
primer Z-21c. The mixture was heated at
90°C for 2 min. Then 10 pl of 10 mM Tris/HC],
pH 8.0, 250 mM NaCl, 1 mM EDTA was
added and the mixture was incubated at
30°C for 10 min. After the primer annealing
the mixture was phenol:chloroform ex-
tracted. Nucleic acids were precipitated with
3 vol. of ethanol (~=70°C) and centrifuged for
10 min at room temperature. The precipitate
was washed twice with 70% ethanol and
dissolved in 4 pl of 5xM-MLYV reaction buffer
(250 mM Tris/HCI, pH 8.3, 250 mM KCI, 50
mM MgCls, 50 mM dithiothreitol, 2.5 mM
spermidine). The primer was extended for 1
h at 37°C by the addition of 12.5 pl Hs0, 2 ul
of 2 pM dNTPs, 1 ul RNasin (Promega, 40
uw/pl) and 0.5 pl M-MLV reverse transcriptase
(50 units, Promega). The reaction mixture
was phenol:chloroform extracted, precipi-
tated with 2.5 vol. of ethanol, dissolved in
95% formamide, 10 mM NaOH, 0.5% bromo-
phenol blue, 0.5% xylene cyanole, heated at
90°C for 5 min and run on a sequencing gel.
Segélencing ladders were generated using

-labelled pUC/M13 forward (—47) se-
quencing primer, with Taq DNA polymerase
(Promega) on double stranded plasmid
pGEM-3Zf(+) template.

DNA sequencing. In order to obtain over-
lapping sequences of the whole 7.8 kb
Sall/Sall L. luteus DNA fragment contained
in a selected EMBL 3 recombinant phage, 30
restriction fragments were subeloned in pUC
and pGEM vectors and 3 series of nested
deletion clones were prepared. Nucleotide
sequence determination was performed by
the dideoxy chain termination method [19]
with Tag Track sequencing system (Pro-
mega).

RESULTS

Tandem arrangement of tRNA®Y genes
and pseudogenes

About 80x10° clones from lupin genomic
library were screened as described in Mate-
rials and Methods section. After twice re-
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Figure 1. Schematic presentation of the 7.8 kb Sall DNA fragment derived from the nuclear genome

of L. luteus cv. Ventus.

L, M and H identify the two full iengt.h and one truncated, repeating units, respectively. Stippled boxes identify

the three tandemly repeated tRNAY
tRNACY

genes, designated LtG, MtG and HtG, open boxes represent the three
pseudogenes (LptG, MptG, HptG). Horizontal arrows indicate transcribed sequences and the direction

of transcription. Restriction sites are indicated by vertical arrowheads,

peated screening, from 20 recombinants giv-
ing the highest hybridization signals two
were chosen. Restriction analyses and South-
ern hybridizations have shown that they con-
tain the same 7.8 kb Sall fragments hybrid-
izing to the G-23 ohg-:mucleutlde probe, ho-
mologous to nt 36-58 of tRNASY(GGC) from
yellow lupin cytoplasm. Therefore only one
clone was used for further studies.

We have found that the 7.8 kb Sall restric-
tion fragment contains three tandemly re-
peated units, tentatively named: L of 2565
bp, M of 2564 bp and H of 1212 bp, truncated
at its 3’ end (Fig. 1). Analogous nucleotide
sequences of the three units are homologous
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in 99. 2% Each unit L, M and H contains a
t.RNA Ycae) gene and a downstream
tRNASY(GGC) pseudogene having the same
polarity, which are spaced by intergenic se-
quences of 671, 670 and 668 bp, respectively.

The tfmdemly repeated sequences start 8 bp
upstream of the tRNA®Y gene of the unit L
and end 394 bp downstream of the pseudo-
gene of the unit H (Fig. 3). The mature
tRNASY encoding sequences of the three
genes are identical. The three tRNA Gly (GGC)
genes show 100% nucleotide sequence homol-
ogy to_the two other known plant nuclear
tRNACY genes, from Sorghum bicolor [20]
and Oryza sativa [21] and are colinear with

b

QrNO>==
AHQAOH0A

14149 ]

GCC

Figure 2. Secondary strugtures of tRNAs?Y encoded by nuclear tRNA®Y(GGC) genes designated LtG,

MtG, HiG (a), and tRNA

Gyiaae) pseudogenes designated LptG, MptG, HptG (b), which differ from

genes by four nucleotide exchanges, indicated hy outlined letters.
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TATATACTTT-GAGCTATGATGATAATTA-GC-ATATATGTGTTTGTTGGTCA
T-T-T-GTTTGGAGCTATGATGATAG-TAAGCAAT-TCTGTGTTTGT-GGTCA
T-T-T-GTTTGGAGCTATGATGATAG-TAAGCAAT-TCTGTGTTTGT-GGTCA
T-T-T-GTTTGGAGCTATGATGATAG-TAAGCAAT-TCTGTGTTTGT-GGTCA

* * LA * * * &

ATCACTAACATCTCTAAGATGAAAATATG-TGCTTCTGAGCTCT-TATTTTT-AT
ATCACTAACATCTCTAAGATGAAAARTATGATGCT-CTGAGCTCT-TATTTTT-AT
ATCACTAACATCTCTAAGATGAAAATATG~-TGCT~-CTGAGCTCT-TATTTTT-AT
ATCACTGACATCTCTITAGATGAAAATATG-TCCTTCTGAGCTCTGTATTTTTTA-
ATCACTGACATCTCITAGATGAAAATATG-TCCTTCTGAGCTCTGTATTTTTTA-
ATCACTGACATCTCTTAGATGAARATATG-TCCTTCTGAGCTCTGTATTTIT-A~
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CAT=-~ATCTTGGATTTTTITA-CATCATCC-ATGTTGTTATTGAGCAATTTGTT
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CATGGTATGTIG====~~TTATCATTGTCCAATG=~=======AGCAATTTCTT

CATGGTATGTTG--==-~ TTATCATTGTCCAATG=——~====— AGCAATTTCTT
CATGGTATGTTG=~==~~ TTATCATTGTCCAATG=====m==m AGCAATTTCTT
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TCC===AAT=——— =z CAGT-CACTCC-TCC-TTTACATTATCCACATAAC
TCC===AAT===~~—=~-CAGT-CACTCC-TCC~TTTACATTATCCACATAAC
POC-==AAP— e e CAGT-CACTCC-TCC~TTTACATTATCCACATAAC

GCTTGAAATATTAGGGGCCAGTGGACTCCCT-~GT=~ACA-~~~CCA-~T~—~
GCTTGAAATATTAGGGGCCAGTGGACTCCCT-=GT==ACA~~==CCA—=T-~~
GCTTGAAATATTAGGGGCCAGTGGACTCCCT-~GT=~ACA==—=CCA--T—~—
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Figure 3. Nucleotide sequences (coding strands) of 3’ flanking regions of the three tRNASY genes and
these psendogenes.

Sequences are aligned to achieve maximal homology. Positions where one nucleotide differs in at least one sequence
are indieated by asterisks above the LtG 3° flanking region sequence. Insertions or deletions appear as gaps. The
nueleotide sequence (gene) name is indicated at the left. The nucleotide numbering starts just beyond the 3° end
of each mature tRNA or pseudo-tRNA encoding sequence. RNA polymerase [1] termination signals appear in bold

print.
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the published L. luteus E}?tﬂp]dbmlc tRNA-
CY(GGe) (7). Similarly, tRNASYGGO)
pseudogenes in this tandem are identical
with each other and differ from the genes in
four positions. C1-T1 and G2—-T2 nucleo-
tide exchanges disrupt at least the first base
pair in the acceptor stem. Two transversions,
T8—A8 and G51-T51 extinguish the first
invariant position of A-box and the second
position of B-box of the internal polymerase
II1 promoter, respectively [22]. G51—-T51 ex-
change also disrupts the last hase pair of the
T¥C arm (Fig. 2). The tRNA®Y(GGC) genes
and pseudogenes are surrounded by A:T-rich
sequences (63% A:T) and their 5 flanking
sequences contain TATA-like elements. The
CAA triplet occurring just upstream of many
different plant tRNA genes [23] was a!so
found in 5’-adjacent regions ofthree tRNASY
genes, but not upstream of tRNASY pseudo-
genes. In contrary to the d.lfferent 5’ flanking
sequences of the tRNA®Y genes and pseudo-
genes, their 3"-adjacent regions of about 100
bp (Fig. 3) are highly homologous (over 80%
homology). These homologous regions
roughly comprise the 3’ traller sequence of
the longest primary tRNA®Y precursors ob-
tained during transcription of the three
genes in HeLa-cell extract (Fig. 6). Down-
stream sequences of genes and pseudogenes
contain only a few runs of short T-clusters.
The first ones of five and six consecutive T
residues are separated from 3’ end of the
mature tRNA encoding sequences by at least
94 bp spacers (Fig. 3).

Southern hybridizations of L. luteus DNA
restriction fragments with G-72 and Z-317
DNA probes revealed that these downstream
sequences, common to the sequenced glycine
tRNA genes and similar sequences located
downstream of pseudogenes, are unique for
the studied tandem. They seem not t.u appear
in close proximity to ﬂther tRNACY(GGO)
genes, or possible tRNACY(GGC)-like se-
quences in yellow lupin nuclear genome (Fig.
4, 5). It has also been shown that this tan-
dem occurs as a single copy per lupin haploid
genome (Fig. 4 and 5).

Tﬂ estimate the copy number of tENA-

Gly(GGo) genes in the L. luteus genome,
Southern blot analysis was performed. DNA
was hydrolysed with five pairs of restriction
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enzymes which do not cut inside the tRNA-
ClY(GGC) gene coding sequence, and hybrid-
ized to G-72 probe, which is gene specific.
From 22 to 29 hybridizing restriction frag-
ments were detected (Fig. 5A). In each lane,
three of them giving as a rule the strongest
signals, derive from the 3 units of the studied
tandem (Fig. 5B). These fragments contain
tRNASY(GGC) gene and its pseudogene
(compare with Fig. 1). This implies that there

1 2 3 4

t‘”“';;

..u:*' r-f-"

i

Figure 4. Southern blot analysis of L. luteus ev.
Ventus, nuclear DNA.

Lupinus DNA, 5 ug, (lane 1) and 25, 50 and 75 pg of
pMtG DNA (lanes 2, 3, 4), respectively, were digested
with Xbal restriction enzyme, separated in 0.9%
agarose gel, transferred onto nylon membrane and
hybridized to **P-labelled Z-317 probe; 25 pg of pMtG
DNA corresponds to the amount of Lupinus 2565 bp
Xbal restriction fragment, analogous to the plasmid
insert, in 6 ng of nuclear DNA from L. lefeus ov. Ventus
(2.212 pg DNA per diploid genome)} when it appears in
one copy per haploid genome (M. Olszewska, personal
communication).
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Figure 5. DNA blot analysis of L. luteus ev. Ventus nuclear DNA.
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Lupinus DNA (5 ng) was digested with 5 pairs of restriction enzymes which do not cut inside tRNAY(GGO) coding
sequences; Xbal and BstEll (lane 1), Ndel and BstEL (lane 2), Ndel and BglIl (lane 3), Xbal and BgllI (lane 4),
Xbal and Ndel (lane 5), separated in 0.9% agarose gel, transferred onto nylon membrane and hybridized to
¥2p.labelled G-72 probe, specific for tRNA“YGGC) (panel A}, and to Z-317 probe (B}, specific for 3’ flanking regions
of Lt;, MtG: and Ht(: (see Materials and Methods, and Fig. 1),

are at least 26 tRNAY(GGC) genes or simi-
lar sequences (faint bands) outside the tan-
dem.

Transcription of the Lupinus tRNA®Y.
(GGC) genes in HeLa-cell nuclear extract
and maturation of the two main LtG gene
primary transcripts in a wheat germ 5-23
exiract

To characterize LtG, MtG and HtG as fune-
tional tRNASY genes theirin vitro transcrip-
tion has been analysed in a heterologous
HeLa-cell nuclear extract. During in vitro
transcription of the three individually sub-
cloned genes, about 7 transcripts (or RNA

fractions) are produced (Fig. 6), also when
o-amanitin (5 pg/ml) is added to the reaction
mixture (not shown); this indicates that the
observed transcripts are synthesized by RNA
polymerase III. All three genes are tran-
scribed in this system with a similar effi-
ciency, comparable to that of tRNATYT gene
from wheat [24] (Fig. 6), irrespective of their
different upstream sequences (the tandemly
repeated sequence starts 8 bp upstream of
the LtG gene). On the other hand, the re-
moval of the MtG gene upstream nucleotide
sequence (from —621 to —141) markedly low-
ers the efficiency of its transcription, while
almost the same upstream sequence can be
removed from analogous pHtG template with
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Figure 6. Comparison of in vifro transeription
patterns of the three tRNA®Y(GGC) genes in
HelLa-cell extract.

Products were separated on 8% denaturing polyacry-
lamide gels. Recombinant plasmid DNAs, containing
LtG, MtG and HtG genes, were transcribed in Hela-
cell in vitro transeription system, as described in Ma-
terials and Methods section. Lanes 1-8 contain tran-
seripts produced from: (1) pHtG, (2) pHXtG, (3) pMLG,
i4) pMXtG, (5) pLt(, (6) pLSptG, (7) plLSatG, (8)
ptTyRsall [24]. The main bands of the transeription
and processing products of LtG, MtG and HtG genes
are designated pl to p7; pd and p6 were not observed
among the MtG gene transcription products.

no significant effect (Fig. 6). Thus it seems
that this change of MtG in vitro transcrip-
tional activity may be due rather to an over-
all conformational change of the plasmid
template than to any specific upstream se-
quence [21]. Furthermore, the rate of proe-
essing of MtG gene transcription products is
faster in HeLa-cell extract, and slightly dif-
ferent than of the pruducts synthesized on
the two remaining tRNA®Y genes. To test
whether the Tr and T tracts (Fig. 3) are
indeed responsible for transeription termina-
tion of the ]cmgest transeripts synthesized on
the three tRNACY(GGC) gene templates, an
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in vitro transcription assay was also per-
formed on pLtGSaD template (see Materials
and Methods section), deprived of these two
RNA polymerase [II transcription termina-
tion signals. As expected, a longer primary
transeript than the original pl (180 nt) was
obtained (Fig. 6, lane 7).

The two transcription products: pl (180 nt)
and p5 (86 nt), appear first during the time
course of the transcription experiment (Fig.
7), thus they seem to be the products of
transcription termination rather, than of fur-
ther processing. The in vitro trans{:r'lptmn
carried out in the presence nf{'f— P];"\.TP has
shown that both fractions, pl and p5, contain
adenosine triphosphate as the first base (Fig.
8). These, and primer extension data to-
gether (see below), imply that the two poly(T)
tracts: the proximal CTTTG, located 5 bp
downstream of LiG gene (7 bp downstream
of MtG and HtG), and the distal Tj, starting
94 bp beyond the 3’ end of LtG and HtG (95

bp downstream MtG). respectively, serve as
123 456
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Figure 7. Time course of the transcription of
pLLG gene.

The pLtG DNA was incubated in HeLa-cell nuclear
extract for: (1) 15 min, (2) 30 min, (3) 60 min, (4) 90
min, (5] 120 min and (6) 180 min. The products of
transcription and processing were separated on 8%
polyacrylamide, 8 M urea gel. pl-p7 designate the
transeription and processing products.
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Figure 8. Fractionation of the in vitro transcrip-
tion products labelled with [1-**PJATP during
transcription in HeLa-cell extract.

In this case the transeription was carried out in the
presence of [-""PJATP instead of [a-"“P]UTP, to visu-
alize only those transeripts which have unprocessed 5°
ends. Lane 4: 60 min transcription without the tem-
plate carried out as a control; lanes: 1, 2 and 3 contain
pLtG transeripts obtained during 30, 60 and ) min of
incubation at 30°C, respectively. The bands corre-
sponding to pl and p5 are indicated on the right.

main transcription termination signals in
this system.

The two primary transcripts (pl and p5) are
also efficiently processed in wheat F,crm 5-23
extract to the mature size tRNAGY (Fig. 9).
Other RNA fractions, probably intermedi-
ates of this heterologous transcription and
processing system, were not further charac-

terized.

Primer extension analysis of transcription
initiation site of transcript pl

The primer extension analysis was per-
formed using the 5-*?P-labelled oligode-
oxynucleotide Z-21e complementary to nu-
cleotides located 9-30 bp downstream of the
MtG coding strand. The longest primary
transcript p1 (180 nt), obtained after 90 min
transeription of pMt(; template in HeLa-cell

4 5 T

.--—- = T1i3 mt
" Oeww™ -

Figure 9. In vitro maturation of LtG gene pri-
mary transecripts, pl and p5 in wheat germ 5-23
extract.

The primary transeripls were recovered from a prepa-
rative gel and incubated in a wheat germ extract.
Aliguoels of the reaction mixture containing pl { panel
A} and p5 (panel B) were removed after (1) 0, (2) 30,
(3) 60, (4) 90 and (5) 120 min of incubation at 30°C,
and separated on 8% polyacrylamide, 8 M urea gel.
Lane T contains the Arabidopsis tRNA™™ 113 nt pre-
cursor incubated in the same conditions for 60 min;
lane I, HeLa-cell transcription products of the LiG
tRNA"Y(GGC) gene.
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nuclear extract, was used as a template. This
analysis revealed that the initiation of tran-
scription occurs at the A residue positioned
in a canonical R-Y-R sequence 5 bp upstream
of the MtG gene (Fig. 10, PE-1). Since the
transcription initiation site is located within
the 8 bp long, MtG 5 -ad_]anent region com-
mon to all three tRNASY genes of the tandem
giving nearly the same in vifro transcription
products, it can be assumed that the tran-

ACGT 1

H.-

Figure 10. Analysis of transcription initiation
site of the MG gene pl (180 nt) transcript, by
primer extension.

The tRNASY(CCG) precursor was recovered from a
preparative gel, hybridized to 32p_end-labelled primer
Z-21c and reverse transcribed with M-MLV reverse
transcriptase as deseribed in Materials and Methods
section. Primer extension products were fractionated
in 8% sequencing gel against pGEM -372+ ) sequencing
ladders, generated using 5°-"P-labelled pUC/M13 for-
ward (-47) sequencing primer. Lanes: A, C, G, T des-
ignate sequencing ladders, lane 1 contains primer ex-
tension products, PE-1 and PE-2, indicated on the
right.
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scription of LtG and HtG genes initiates at
analogous sites.

The second, by 5 nt shorter, faint band of
an unexpectedly observed primer extension
product (Fig. 10, PE-2) corresponds to the
mature 5° end of the pl precursor.

Purification of glycine tRNASY(GGC) pre-
cursors originating from the tandemly or-
ganized tRNACY gene(s), from L. luteus
seedlings

In order to test whether tRNACGY genes of
the studied tandem are transcriptionally ac-
tive in vivo, their precursors were purified
from Lupinus RNA by two consecutive hy-
bridizations to oligodeoxyribonucleotide
probes bound to magnetic beads. Total RNA,
5 mg, isolated from 3 day old, etiolated, L.
luteus seedlings was hybridized to b-Z-21c
probe, complementary to nucleotides 9-30
beyond the 3’ end of MG gene coding strand.
This RNA fraction was then hybridized to
b-G-23c probe, complementary to nu{:leutldes
36-58 of L. luteus c}l’tup]asmlc tRNAGY.
(GGC). The purified and 5'- end-""P-labelled
RNA was separated in 8% polyacrylamide gel
containing 8 M urea (Fig. 11). The RNA
fraction hybridizing to b-Z-21c and G-23c
probes has the same length (180 nt) as the
pl primary t.ranscrlpt produced from the
three tRNA®Y(GGC) genes in a HeLa-cell
transcription system.

These data imply that at least one of the
three tRNACY genes is transcribed in vivo in
yellow lupin seedlings to give a precursor of
the same size as that obtained in HeLa-cell
extract, probably terminated at the T5, RNA
polymerase I1I transcription termination sig-
nal. In vive transcription of these three genes
(or one of them) giving a pre-tRNA(s) with
unique 3" trailer, raises the possibility of
further, direct studies on the expression of a
higher plant, single, nuclear tRNA gene, be-
longing to a multigene family.

DISCUSSION
In thls report it has been shown that three

tRNASY(GGC) genes and tRNACY(GGC)
pseudogenes of L. [uteus genome are organ-
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Figure 11. Electrophoretic separation of pLtG
transcripts from L. [uteus seedlings (lane 1),
obtained during 90 min incubation in HeLa-cell
extract (lane 2) and 5-"*P-labelled RNA fraction,
purified by hybridization to Z-Z1¢ and G-23¢
oligonucleotide probes.

ized in three tandemly repeated units of
2566, 2564 and 1212 bp. Each urnt contains
an identical pair of an tRNA“Y(GGC) gene
and a downstream of tRNA“Y(GGC) pseudo-
gene, both having the same polarity. The
tandemly repeated saquen-::e starts 8 bp up-
stream of the tRNA®Y gene of the first (2565
bp) un]t and ends 394 bp downstream of the
tRNASY pseudogene of the last (1212 bp)
unit, truncated at its 3" end. The nucleotide
sequences of 5" and 3’ flanking sequences of
the tandem were determined and it has been
shown that this tandem occurs in one copy
per haploid E‘enome of L. luteus.

The tRNA“Y(GGC) gene and the pseudo-
gene, contained in each of the three tandemly
repeated units are, except their 3"-adjacent
sequences of about 100 bp, surrounded by
different nucleotide sequences. Therefore, it
can be assumed that this tandem appeared
by a two step process: a defective tRNAC!
gene duplication, either by an unequal cross-
ing-over with the loss of the pseudogene 5’
flanking sequence, or by reverse trans:.np=
tion of a partly processed pre-tRNA“Y, fol-
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lowed by a subsequent tandem amplification
of the 2.5 kb DNA fragment whmh contained
a preexisting pair of a tRNASY gene and its
pseudogene. The 99.2% nucleotide sequence
homology of the three units implies that this
amplification event could take place a short
time ago. One can estimate the age of this
tandem to be about 800000 years [2, 25].
Furthermore, since the tandemly repeated
sequence starts in close proximity to the
putative transcription initiation site of the
LtG gene (Fig. 1), it can be postulated that
this tandem amplification event could have
been transcription dependent [26]. Hence it
seems ll'ltE!'Ebt.lJ'lg which one of the three
tRNASY {(GGC) genes of this tandem is the
most ancient. The nucleotide sequence com-
Fansnn of 3’ flanking regions of the tRNA-
WY(GGC) genes (Fig. 3) reveals that the MtG
3’ flanking region shows the most CDI]SEI."\Fd—
tive structure among the three tRNASY gene
3'-adjacent sequences. On the other hand,
the LtG 3’ flanking region exhibits the great-
est similarity to analogous 3-adjacent se-
quences of the three pseudogenes (Fig. 3).
Thus, the LtG gene, which is located just at
the 5" end of the tandem seems to be the best
candidate for being considered as the ances-
tor of the first pseudogene and the most
ancient tRNACY gene of this tandem. Since
it has been shown that the at least 26 remain-
ing tRNAmeGGCJ genes of L. luteus genome
have dlfferent 3’ flanking sequences than the
three tRNAC Y{GGCJ genes of the tandem,
the first tRNACY(GGC) pseudogene could
have indeed appeared by a del'ectwe duplica-
tion of the upstream tRNACY gene (LtG).

The pseudogene appearance by the tandem
duplication seems rather unlikely because
the upstream sequences of the gene and the
pseudogene are different. However the
pseudogene could have appeared by a recom-
bination event, but strikingly, homologous
sequences of the genes and the ps&udugenes
roughly comprise the regions of tRNA“Y.
(GGC) genes, which are transcribed as well
in vitro as in in vivo. This may imply that the
pseudogene appeared rather by reintegra-
tion of a reverse transcribed pl, or a longer
pre- tRNA®Y with a mature 5’ end, possibly
a transcrlpt of the ancestral upstream
tRNASY(GGO) gene.,
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The nucleotide sequence and primer exten-
sion data support to some extent this hy-
pothesis. It has been shown that a fraction of
pl, obtained in HeLa-cell extract, has a ma-
ture 5" end (Fig. 10). Furthermore, the up-
stream nucleotide sequence of the pseudo-
gene together with its two first nucleotides
differs from the analogous region of the gene.
The lack of the two first nucleotides of the
pseudogene could be ultimately explained to
be an effect of retroviral integrase processing
of reverse transcribed pl, as a donor mole-
cule, having a mature 5’ end [27].

The arrangement of the tRNA®Y(GGC)
gene and its downstream pseudogene is remi-
niscent of human, nuclear tRNASY(GGe)
gene and a tRNAC I[GGC} pseudogene [28].
Three aspects of this similarity should be
considered. First, the arrangement of the
gene and the pseudogene is almost identical
in both cases, namely, the pseudogene having
the same orientation is located about 0.7 kb
downstream of the gene and the intergenic
spacer contains very similar poly(A)/poly(T)
tracts. Secondly, in both cases only the tran-
scribed sequence is duplicated. Thirdly, the
main changes between the duplicated se-
quences locate just beyond the 3’ end of the
tRNA®Y encoding sequence. In the case of
human pair of the tRNAS F{GGC} gene and
pseudogene, reverse transcription mediated
integration of a downstream pseudogene was
also dizcussed [28], since the three different
types of repetitive sequence elements in
higher eucaryotes may be retroposons that
were derived from several tRNA molecules,
and two of these elements have a great simi-
larity to human tRNACY(GGC) [29]. This
human tRNA®Y(GGC) is also quite homolo-
gous to the identifier sequence elements lo-
cated in the intervening sequences of brain
specific genes in rats [28, 30]. Another exam-
ple of such an arrangement of the tRNA gene
and its pseudogene is a pair of tRNAHM ® gene
and its downstream, defectively duplicated,
transcribed sequence found in Drosophila
melanogaster [31]. These three examples of
strikingly similar arrangement of tRNA
genes and pseudogenes in nuclear genomes
of those different organisms are either purely
accidental or reflect a similar route of tRNA
gene duplication in higher eucaryotes.
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Tandem organization of tRNA genez ap-
pears in several organisms examined so far.
However, there are significant differences
both in gene composition and in the number
of repeating units. Xenopus laevis genome
contains a set of tandemly, about 150 times,
repeated units each of which includes eight
different tENA genes [32]. A cluster of at
least 20 individual units with two tRNA™"
and one tRNASeT genes appears in Arabidop-
sis thaliana [2)].

The only known, annther example of tan-
demly organized tRNA Gly genes appears in
Escherichia cali genome, where three re-
peated tRNACY(GGC) genes having the
same orientation are separated by 36 and 35
bp intergenic spacers of almost identical
nucleotide sequence [33].

5 Flanking sequences of the studied genes
contain motifs that are considered as ex-
tragenic control elements for transeription.
They include TATA-like boxes and short TA
base pair blocks surrounding the start sites
of transeription. Quite recently Ulmasov &
Folk [34] reported that upstream TATA-like
elements are required for efficient and accu-
rate expression of plant tRNA genes. Lt has
a TATAATAA sequence at the position —27
with respect to the mature tRNA coding se-
quence. The two following genes MtG and
HtG have a motif TAAGATAA at the same
position and an additional sequence TATAA-
(GAA at the position —48. Moreover, all the
genes contain short TA blocks at —10(or—11),
located near the presumable start sites of
their transcription, which were shown to im-
prove the transcription efficiency and posi-
tion the transcription initiation site of tRNA
genes in yeasts [35].

In the present work it was shown that all
studied tRNA®Y genes are transcribed in
vitro in a HeLa-cell system. Among the syn-
thesis products two primary transcripts were
identified, indicating the existence of two
main transeription termination sites. A Ts
sequence tucat.ed 94 bp downstream of the
mature tRNA®Y(GGC) encoding sequence is
surely a termination signal, giving the 180 nt
long and the main transcript. The second,
weaker termination signal would be a motif
CTTTG located 5 and 7 bp downstream of the
LtG and the two MtG and HtG genes, respec-
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tively, responsible for the synthesis of the
shorter, 86 bp primary transcripts.

Usually the number of tRNA genes, specific
for a single amino acid in genomes of eu-
caryotes is relatively high. Glycine tRNA
genes of L. luteus appear in at least 29 loci.
The determination whether an individual
gene or a group of genes are expressed in vivo
1s quite a problem. Ulmasov & Folk [34] have
described a method for the determination of
tRNA gene transcription ability in vivo, that
relies upon translational suppression of non-
sense codons in a reporter gene. The exam-
ined tRNA gene is mutagenized to alter it's
anticodon, and the test is carried out in carrot
protoplasts. Qur way to demonstrate expres-
sion in vive of studied tRNACY genes was
more direct. We have shown that at least one
of the three genes is in fact transeribed in
lupin, namely in developing seedlings. We
took advantage of particular structural fea-
tures of the gene family. First of all 3’ flank-
ing regions of the three tRNAGY genes have
appeared unique among all tRNA(GGC)
genes in yellow lupin genome. Moreover,
their primary transcripts are long because
the main transcription termination signals
T5 and Tg are distributed far away from 3’
ends of these genes, as we have shown in in
vitro experiments. These properties have en-
abled us to isolate primary transcripts di-
rectly from crude RNA preparations by hy-
bridization to magnetic carrier with an at-
tached oligodeoxynucleotide, complementary
to the unique 3’ trailer of these pre-tRNAs.
The isolated RNA fraction has the size char-
acteristic of the main primary transeript pro-
duced in vitro in HeLa-cell extract, and hy-
bridizes to oligodeoxynucleotides comple-
mentary to both 3’ flanking sequence and
mature tRNASY sequence.

Trﬂnsmptmnal activity of at least one of
the three tRNACY genes raises the possibil-
ity to compare its (their) transcription effi-
ciency in different organs or tissues of yellow
lupine. Since the long primary transeripts of
the three tRNACY genes, likely transeribed
in lupin, differ from each other by point
mutations, it is also possible to study the
transcriptional activity of the three individ-
ual tRNA genes organized in a tandemly
repeated sequence in vitro and in vive.

We thank Professor A.B. Legocki for provid-
ing the L. luteus genomic library, Professor
W. Markiewicz for oligodeoxynucleotide syn-
thesis, Dr T. Nijaki for L. [uteus seeds and
Dr M. Sikorski for useful practical advice.
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