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Studies on the Organization and Expression of tRNA Genes
in Aspergillus nidulans (V1)
The Molecular Structure of tRNA** Gene of A. nidulans
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Abstract: One clone(pANt32) carring tRNA*"®gene was selected from Aspergillus total tRNA
gene clones. The nucleotide sequences of this tRNA gene were determined by Maxam and Gilbe-
rt’s chemical cleavage methods. The sequence of this tRNA gene is as follow; 5GGCCGGCT -
GCCCAATTGGCAAGGCGTCTGACTACGAATCAGGAGATTGCAGGTTCGAGCCCTGCGT -
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GGGTCAZ,

and 3-end flanking regions.

This sequence conicides with the characteristics of other eukaryotic
Some consensus sequences(ACT-TA box, TATTTT and T-cluster) are found in both

tRNA

~

5-end
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The recombinant DNA technology and vari-
ous nucleotide sequencing methods developed
in 1970’s have made it possible to understand
the organization and expression of a certain
gene, especially, eukaryotic gene (Cohen et al.,
1972 ; Jackson et al, 1972 ; Maxam and
Gilbert, 1977 ; Sanger et al., 1977 ; Simonc-
sits et al,, 1977 ; Donis-Keller et al., 1977).
After the first cloning of the tRNA gene of
Saccharomyces cevevisiae (Beckmann et al.,
1977), many tRNA genes of eukaryotes such
as Xenopus, Drosophila, Bombyx wmori,
mouse, rat, Caenohabditis elegans, Neur-
ospora, Aspergillus and human were
cloned (Clarkson et al., 1978 ; Cortese et al.,
1981 . Roy et al,, 1982 ; Hagenbuchle et al.,
1979 ; Garber and Gage, 1979 ; Selker and
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Yanofsky, 1980 ; Lee and Kang, 1983 ; Cor-
tese et al,, 1978). As a result of the DNA
sequencing for these cloned tRNA genes, it is
known that intervening sequences (IVS) exist
in some tRNA genes (Kang et al, 1979 ; for
detail see Lee. 1986). There is no general
rule about the existence of IVS in certain
tRNA genes. But two significant facts are
found; one is that IVS has not been found until
vet in the mammalian tRNA genes, the other
is that there seems to bo no IVS in the genes of
tRNA*"® and tRNA"*. Thus we have chosen
tRNA*™ gene to examine whether the exis-
tence of IVS is species or tRNA family depen-
dent or both. The molecular structures of
tRNA*” have been reported in a separate
paper(Kim et al., 1986).
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MATERIALS AND METHODS

Isotopes and Enzyme

[ @-*P]-dATP was purchased from NEN
and {r-*P]-ATP was synthesized in our lab-
oratory or purchased from Amersham. Vari-
ous kinds of enzymes were bought from New
England Biolab., Takara or BRL.
Colony Hybridization

Colony hybridization to the total tRNA gene
clone of Aspergillus was performed with
tRNA"® labeled with [7-"P]-ATP at 5"
end according to Lee and Kang(1983)
tRNA Gene Localization

After constructing restriction enzyme maps
with some hexanucleotide recognizing
enzymes, Southern hybridization was carried
out by the method of Southern(1975; 1979)
with some modifications. When the agarose (1,
2%) gel electrophoresis was completed,
DNA was denatured by soaking the gel in two
volume of denaturation solution (0, 5M NaOH,
1.5M NaCl) for 15 min. at room tempera-
ture with gentle shaking, and then in neutrali-
zation buffer(1,5M NaCl, 0,5M Tris-Hel,
pH 7.4) with the same way. Blotting was
done according to Maniatis et al. (1982)
except the concentation of blotting solution
{20x55C). Hybridization experiment was
done with the same methods as those of South-
ern(1980),

(A) (B)
Fig.1, Selection of fﬂ/v’AMggeﬂe clone by coi
ony hybridization
{A), the autoradiogram. (B), DNA print.
The numbers marked in DNA print stand
for the colony number.
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Fig.2, Enzyme digestion pattern of pANt32,

(Left) (1) lambda-Hind IIl, EcoRI 2
pANt32-Pstl,Sall (37 pANt32-Bgl 11,
Pstl (4} pANt32-Bglll, EcoRI (5) pANt-
32-BamHILPst] (6; pANt32-BamHI Buli]
{7) pANt32-Hindlll, Sall (8) pANt32-H-
ind i1, Pstl {9} pANt32-Hind III, BamHI
(10} pANt32-Hind IIl, BamHI 11
pBR322-Hinfl. (Right) (1, (& lambhda
-‘Hind 1II, EcoRT {2} pANt32-Sall 3
pANt32-Pstl (4} pANt32-Pstl 45
pANts2-HindIll 5) pANt32-EcoRI 6
PANt:2-Belli (71 pANt32-BamHL.

DNA Sequencing

DNA fragments to be sequenced were
labeled at 3'-end with [ o -*P]-dATP(Mania-
tis et al, 1982}, Sequencing was done with
Maxam and Gilbert’s chemical cleavage
method(Maxam and Gilbert, 1977, 1980,
The reaction time at each base modification
step was modified in this laboratory(Lee,
1986,

RESULTS AND DISCUSSIONS

tRNA"® Gene Clone Selection and Gene
Localization

Clone 32(pANT32) showed positive signal
in colony hybridization of total tRNA gene
bank with the 5-end labeled tRNA*™ (Fig.
1i, The restriction map was constructed
with hexanucleotide recognizing enzymes(Fig.
20 and pANt32 contains about 3.4 kb of
Aspergillus DNA with two sites for Pst] and
Sall as well as a single site for Hind [il and
Bgl II. Southern hybridization for above
enzyme combination revealed that B frag-
ments of Hind l[[-Sall, BamHI-Hind [I[.
BamHI-Bgl I and C fragments of Hind
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Fig.3. Physical map of pANt32.
The whole map of pANt32 (B) Aspergil-
lus DNA inserted. The position of tRNA
gene is designated as thick bar. Arrow
means for the direction of transcription. (C)
The fragments which have shown positive
signals in hybridization.

III-Pstl contain tRNA gene(Fig. 4), tRNA'™
gene was located within the C fragment(about
400 bp) of HindIlI-Bglll(Fig. 3),
DNA Sequencing and Identification of
tRNA" Gene

We decided to determine the whole sequence
of HindllI-Bglll C fragment. Because of the
limit of resolution on the gel, it is believable to
read up to 300 bases in 60cm long gel. It is,
therefore, necessary to compare the sequence
of both strands with each other to obtain a
faithful sequences. Therefore. DNA
labeled at the 3-end of HindIll site and se-
quenced to the rightward at first and next
-Hdée Hd+Sa  Hd+Ps Bg+Ps BasHd Ba+*Bg

wdas

.

Fig. 4. Southern hybridization of pANI 32 with
[PE]-IRNAMTE
Ba;BamHI, Bg;Bglll, Ec;EcoRI, Hd;Hind
I, Ps;Pstl, Sa;Sall.
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laheled at the 3'-end of Bgl I site and se-
quenced to the leftward. Labeled DNA with
[@-"P]-dATP was digested with Pstl which
makes it easy to elute a proper fragment
because of its asymmetric digestion pattern.
Pstl also showed low artifact labeling effect
due to its 5’-recessed end.

Fig.5 shows 8% DNA sequencing gel in
which the tRNA"" gene is included. About
300 Dbp from Bgl [I site and 350 bp from
Hind Il could be sequenced and the
sequences were confirmed by comparing its
complementary sequences. The tRNA"™ gene
was found between 64th base and 136th base
downward from Bgl [] site of this fragment
(Fig.6). This sequence coincides with its cog-
nate RNA sequence(Lee and Kang, 1986},

B% PAG

Fig.5, DNA sequ=ncing gel(8%-7M urea PAG)
DNA was isotopically labeled at Bgllj
site and sequenced. tRNA gene is contained

in this gel.
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Fig.6, ONA seguences of pANt32 Bgill, Hind
Il C fragment
tRNA gene-is indicated in box. Some con-
sensus sequences at the 5’-flanking region
are indicated as follows; possible ACT-TA

box{(---}, AT-rich sequence such as
TATTTT. TTC{(----) and repeated
sequence to the structural gene(------ ),

Analysis of tRNA"" Gene Sequence

Possible Secondary Structure of tRNA"™

tRNA has a secondary structure of clover
-leaf shape by means of its internal base
pairing. There are 5 Watson-Crick base
pairing in amino acyl stem and 3 in dihy-
drouracil stem, 4 in anticodon stem and 5 in
T¢C stem(Fig. 7). All the non Watson
-Crick bases of amino acyl stem and
anticodon stem are composed of Crick’s G.U
wobble base pair. Especially, the two in amino
acyl stem have G base on the 5-side and U
base on the 3%-side. This type of base pairing
known to be more similar to that of Watson
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Molec ilar structure of tRNA®™® gene
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Fig.7. Possibie secondary strurtire of the v
mary transcripls
Watson-Crick base pair is designated as
closed circle( - ) and Crick's wobble hase
as open circle( ), Arrows indicate the
splicing point and conserved bases are sur-
rounded with circle.

-Crick’s than contrary style(Sundaralingam
., 1979). The fourth position of DHU stem is
A.Cmismatched type and almost all eukarvotic
tRNAs with anticodon of ACG are this type.
This characteristics are appeared in other
tRNAs(Dillon, 1978,
that the base pairing in DHU stem is dependent
both on the family of tRNA and on the
phylogeny, i.e. the base pairing of eukarvotes

It seems. therefore,

shows different type from that of prokaryotes.
All conserved bhases
tRNAY® gene specific consensus sequences

are occurred and

GGCCGAC TG GCCC AATTGO
Y R

] TCAGG AGATT GCAGG TTCGO
l GRY R

CiNe]
= o

TCAGA
T

Fig.8, (RNA" specific consensus sequences
Underlines stand for the

erved bases.

consensus sequences and upper
R; purine. Y; pyrimidine.

lines are the position of cons
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which are appeared specifically in tRNA*™ at
the same positions are also occurred(Fig. 8).
The -CCA sequence at the 3’-terminal is not
found which is also the characteristics of eu-
karyotic tRNA genes.

Sequences Related to Transcription

IVS does not exist in tRNA*™ gene. But this
fact only is not sufficient to conclude that the
existence of IVS is dependent on tRNA gene
family because IVS was found in aspartic
tRNA gene of Aspergilius.

Traboni et al.(1982) reported that the con-
sensus sequences of internal control
region(ICR) of box A is ~-RRYNNARY-GG
and that of box B is GTCRANNC(R = purine;
Y =pyrimidine; N=any nucleotide). In the
tRNA*™ gene, the sequences correspond to
box A and Box B are GGCCCAATTGG and
GTTCGACC, respectively. These sequences
show good agreement with the proposed con-
Sensus sequences.

Four to twenty bases of T-cluster (or
stretch) are found in the 3'-flanking
sequence of tRNA gene and these T-cluster
may play some roles in termination of
transcription(Korn and Brown, 1978 ; Silver-
mann et al, 1979 ; Sekiya et al., 1982 ;. Se-
kiya et al., 1981). There are two kinds of T
~cluster. One is short T-cluster which is 4-5
T-residues (Makowski et al., 1983), and the
other is long T-cluster composed of more than
10 T-residues (Hu et al.,, 1983). The 3'-flan-
king sequences of Aspergillus tRNA gene has
the long T-cluster (17 bp) as in some other
organisms, but the very peculiar aspect is that
in this gene, T-cluster begins just at the end of
coding region(+74 base). There is, yet, no
report on this kind of example,

There is no general theory on the role of
5-flanking region in eukaryotic tRNA gene,

(RNA® 218 243 9l Z2 (pANL32) & Aspergillus ¢l % (RNA $-3 4 F2ulag He
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because of little homology of sequence in this
region between tRNA genes. Two contrary
opinions(positive role vs negative role) are
pitted until now about the role of 5-flanking
sequence in transcription. But the groups who
insist the positive role of 5-flaking region in
transcription emphasize that there are AT
-rich regions like ACT-TA box(Indik and
Tartof, 1982) and TATAC, TATTTT or
TTC(Fournier et al, 1984 ; Raymond and
Johnson, 1983). In the tRNA"" gene of
Aspergillus, sequences similar to ACT-TA
box are shown at —10, —39, —89 positioﬂ’
and TATTTT sequence exist at —29th
position(Fig. 6),

It has been reported that alternating purine
-pyrimidine tracts(d(CA/TG)n) that can form
Z-form DNA in vitro in the 5'-flaking
region or in the space between two internal
promoters inhibit the transcription. when
microinjected into Xenopus oocyte(Santoro et
al, 1984) There is no such sequence in the
5'-flanking region of tRNA"™ gene. From
above results. we can assume that the 5’
-flanking region of Aspergillus tRNA""™ gene
would play a positive role. It has been obser-
ved in some tRNA genes that the sequence of
coding region repeats at 5-flanking region
and the transcription initiates at purine nu-
cleotide somewhere in this region(Santos and
Zasloff, 1981), The 5 bases of —7 region
are repeated in 437 region(see Fig. 6).
Thus, transcription of tRNA""gene may initi-
ate on A uncleotide of —3 or —6 position,
These assumptions can be verified directly by
tn vitro or in vivo transcription experi-
ments. We are now processing in vitro tran-
scription test and sooner or later we can clari-
fy a little more information about the mecha-
nism of transcription of eukaryotes.
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