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ABSTRACT

The nucleotide sequence of the entire 5' untranslated region of human y-globin
mRNA has been determined. This was accomplished by analyzing complementary DNA
(cDNA) synthesizengrom the mRNA with reverse transcriptase. The cDNA was labeled at
its 3' end with ““P using terminal deoxynucleotidyl transferase, digested with the
restriction endonuclease Hae HI and the end-labeled fragment isolated and sequenced by
the method of Maxam and Gilbert. Including the initiation codon AUG, the 5' untranslated
region of human y-globin mRNA contains 57 nucleotides, compared to 41 in - and 54 in 8-
globin mRNA. There is very little homology between o and y sequences in the 5' region.
There is considerable homology between g- and y-globin mRNAs in the regions proximal
and distal to the initiation codon, but the entire sequence shows less homology than the
human and rabbit g-globin mRNAs. The hexanucleotide sequence CUUCUG is found near
the 5' ends of all three human globin mRNAs, suggesting a possible role of this sequence in
ribosomal binding. Both guanosine and cytidine were found at the 19th nucleotide position
from the 5' end of the y mRNA. We believ& this heterogeneity arises from the difference

in nucleotide sequence between the Ay and "y loci.

INTRODUCTION

Mature eukaryotic mRNAs contain 5' and 3' noncoding sequences, which respectively
preceed and follow the sequences normally translated into proteins. The sequences of the
noncoding regions are of interest because they may play a role in the control of
translation. Certain parts of the 5' region may be important for ribosomal binding during
the initiation of protein synthesis.

Recent developments in rapid sequencing methodology and molecular cloning
techniques have greatly facilitated the determination of the nucleotide sequences of many
eukaryotie mRNAsl'Z. The procedure involves synthesizing a complementary DNA (cDNA)
from the mRNA with reverse transcriptase. By cloning the double stranded ecDNA into the
bacterial plasmid, a large amount of material can be obtained for sequence analysis.
However, a drawback of the cloning technique is that variable lengths of 5' sequence are
usually lost by Sl nuclease treatment during the preparation of the double stranded cDNA
for cloning. One method of determining the 5' untranslated sequence is to analyze the
32p_labeled eDNA of this region using a specific deoxyoligonucleotide primer comple-

mentary to the sequence around the initiation region3'5. We recently employed a
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different approach in which we labeled the 3' end of the single stranded cDNA with 32P

and derived the sequence from the labeled end which corresponds to the 5' end of the
mRNA. Using this method we obtained the entire 5' untranslated sequence of human o and

g-globin mRNAs®. we have now applied this technique to determine the 5' untranslated
region of human y-globin mRNA.

MATERIALS AND METHODS

mRNA preparation and ¢DNA synthesis. RNA was extracted from cord blood
reticulocytes and the poly (A)-rich RNA purified by oligo dT cellulose column
chromatography as previously described’. ¢DNAs were synthesized from the mRNA with
reverse transcriptase, according to the method of Verma et al. 8 and Efstratiadis et 819.
The 100 yul reaction mixture contained 50 mM Tris-HC1 (pH 8.3), 10 mM MgCl 60 mM
NaCl, 10 mM DTT, 400 uM each of dATP, dGTP, and TTP, 100 uM of 3H-dCTP at the
specific activity of 2.3 Ci/mmol (diluted from 23 Ci/mmol, New England Nuclear), 100 ng
of actinomycin D, 0.06 ug of me, and 4 ug of mRNA. Reverse transcriptase was added at
400 units/ml and the reaction mixture was incubated at 37°C for one hour. The e¢DNAs
were extracted with phenol and recovered by ethanol precipitation. The RNA was
hydrolyzed by incubation in 0.3 N NaOH for 16 hours at 37°C and the ¢cDNAs purified on a
G-75 Sephadex column.

Isolation of 3' end labeled restriction fragment. ¢cDNAs were labeled at their 3' ends
with 32? using terminal deoxynucleotidyl transferase (obtained from W. Salser) and (a-
32P) -GTP (New England Nuclear, 300 Ci/mmol) as previously described®. The labeled
c¢DNAs were digested with the restriction endonuclease Hae Il and the DNA restriction
fragments were separated by electrophoresis on a polyacrylamide slab gel. The gel

containing the 3' end y-globin ¢cDNA fragment was excised and the ¢cDNA eluted according
to the method of Maxam and Gilbert2.

DNA sequenclng. The DNA fragment labeled with 32P at its 3' end was sequenced
according to the method of Maxam and Gllbert2 Four chemical reactions were used in
which cleavage occurs specifically or preferentially at G, A, T or C. The partially
degraded products were analyzed on 20% polyacrylamide gel in 7TM urea.

RESULTS

Because of their similarity in size, the single stranded o-, 8- and y-globin ¢DNAs
synthesized from cord blood mRNAs were not resolved by eleetrophoresis on 4%
polyacrylamide gel (Fig. 1, lane a). The cDNAs were then digested with the restriction
endonuclease Hae III which cleaves single as well as double stranded DNAs at the sequence
GGCCIO—IZ. Because the distribution of the GGCC sequence differs for each of the
e¢DNAs, three 3' labeled fragments were generated, and these were readily separated by
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Figure 1. Autoradiograph of 3' end 32p_jgbeled globin cDNAs on 4% polyacrylamide slab
gel. (a) undigested cDNAs prepared from cord blood mRNAs; (b) Hae III digestion of the
cDNAs. Arrows indicate positions of origin (O), xylene cyanol blue (X) and bromphenol

blue (B) markers.

electrophoresis (Fig. 1, lane b). The two fast migrating fragments, 75 and 132 nucleotides
in length, have previously been shown to correspond to the 5' region of human a- and g-

globin mRNAs respectively and these sequences have been reporteds. The slowest
migrating fragment of approximately 450 nucleotides, which was present only when cord
blood was used for cDNA synthesis, was derived from the yYmRNA.

The 3' end y fragment was eluted from the zel and sequenced according to the
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Fi%ure 2. Autoradiograph of the sequencing gel of the 3' terminal Hae III fragment of y-
globin ¢DNA, labeled at its 3' end with (3',5'-"“P) GDP. Four chemical reactions were
used in which cleavage occurs specifically at G (G), more frequently at A than C (A>C),
at both T and C (T+C), and specifically at C (C). The left set was loaded on the gel 20
hours before the right. Brackets show the region of overlap. The arrow indicates the
position where heterogeneity was observed.
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method of Maxam and Gilbert (Fig. 2). The mRNA sequence that we derived from this
cDNA sequence starts from the first nucleotide following the cap structure and extends to
the nucleotides encoding the first 10 amino acids (Table 1). Including the cap and the
initiation codon, the 5' noncoding region of the y-globin mRNA contains 57 nucleotides. Of
special note is position number 19 from the cap where both guanosine and cytidine were
present (Fig. 2). These two nucleotides were also found at the same position in the
cDNAs prepared from two other samples of cord blood. As in the case of the a-and g-
globin mRNAs, a stable secondary structure with a hairpin loop with free energy ( AG, 25%
of -8.7 Is{callmol can be constructed from the 5' untranslated region of the y-globin mRNA
(Fig. 3)13.

TABLE 1 NUCLEOTIDE SEQUENCE OF THE 5' REGION
OF HUMAN y-GLOBIN mRNA
5" (m7Gppp)—A-C-A-C-U-C-G-C-U-U-C-U-G-G-A-A-C-g-U-C-U-G-A-G-G-
U-U-A-U-C-A-A-U-A-A-G-C-U-C-C-U-A-G-U-C-C-A-G-A-C-G-C-C-A-U-G-G-G-U-
Gly
C-A-U-U-U-C-A-C-A-G-A-G-G-A-G-G-A-C-A-A-G-G-C-U-A-C-U - - = = = = = = = = 3r
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* % *

Figure 3. Possible secondary structure of the 5' untranslated region of human y-globin
mglﬁx.
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DISCUSSION

The nucleotide sequence of the entire 5' untranslated region of human y-globin
mRNA has now been determined. This region contains 57 nucleotides as compared to 41
and 54 for human a- and 8- mRNAs respectivelys. In this region, the a sequences differ
extensively from the non-a sequences. Comparison of human y- with human g-and rabbit
s-globin mRNA sequences in this same region reveals that the homology between human y-
and either of the two g-globin mRNAs is 60%, while that between the two g's is 80% (Fig.
4). These findings support the theory that y-globin evolved from the g-globin gene before
the divergence of human and rabbit (Fig. 4).

Comparison of the human g- and y-globin mRNAs shows that the translated region is
most highly conserved, with 75% homology between the two sequences. The 5'
untranslated regions are less conserved but are still homologous in 60% of their sequences.
The 3' untranslated regions show extensive divergence (Poon et al., unpublished). The high
degree of homology in the translated regions of these globin genes is most likely due to
the functional constraints of the hemoglobin macromolecule. The less divergence in the 5'
untranslated regions as compared to the 3' untranslated ends suggests that certain
sequences in the former are conserved because they may provide sites for ribosomal
binding during the initiation of protein synthesis, as is seen in the prokaryotic systemM’ls.
A hexanucleotide sequence of CUUCUG was found near the 5' end of all three human
globin mRNAs. Recently, a complementary hexanucleotide sequence of GAAGAC was

found 9-14 nucleotides from the 3' termini of several eukaryotic 18S rRNAs!S 17, An

Human B (m7G-ppp) -A-C-A-U-U-U-G-C-U-U-C-U-G-A-C-A-C-A-A-C-U-G-U-G-U-

* * x X x *x * *
Human y (m’G-ppp) -A-C—A-C-U-C—G-C-U-U-C-U-G-G-A-A-C-g—U—C—U-G—A—G-G-
+ + + o+ + + + +

Rabbit 8 m'G-ppp -A-C-A-C-U-U-G-C-U-U-U-U-G-A-C-A-C-A-A-C-U-G-U-G-U-

U-C-A-C-U-A-G-C-A-A—C—C-U-C-A-A-A—C-A-G-A-C-A-C-C-A-U-G-....ccee0e. '

* £ x % % ) (1) ** *= *(]) *
U-U-A-U-C-A-A-U-A-A-G-C-U-C-C-U-A-G-U-C-C-A-G-A-C-G-C-C-A-U-G-
+ 4+ + + 4+ + o+ + + o+ + + + +

U-U-A-C-U-U-G-C-A-A-U-C-C-C-C-C-A-A-A-A-C-A-G-A-C-A-G-A-A-U-G-

Figure 4. Sequence comparison of 5' untranslated regions of human g-, human y- and
r_a'gsfre?globin mRNAs. (*) denotes differences in nucleotides between human g- and v-
globin mRNAs and (+) indicates the differences between human y- and rabbit g-; (-1)
represents deletion of one nucleotide in that sequence.
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alternate ribosomal binding site is the region surrounding the initiation codon AUG, where
base pairs can also be formed between the mRNA and the 18S rRNA. In globin mRNAs,
the hexanucleotide AAUGGU in rabbit g-, the pentanucleotide AUGGU in rabbit o-,
human o- and g-, and the tetranucleotide AUGG in human y- are complementary to the
invarient 3' terminal sequence of 18S rRNAsls. However, the exact role of these
conserved complementary sequences in the translational process awaits functional analysis
of modified or mutant mRNAs.

Polymorphism in nucleotide sequence has been found in different regions of human
globin mRNAs. In the g-globin structural region it occurs at the third nucleotide of the
codon for amino acid number 5019. In the a-globin, Wilson et al. described a possible
polymorphism in the untranslated 3' region and suggested that the heterogeneity was due
to the two « gene 10ci?%. In the o- and g-globin mRNAs, we did not find polymorphism in
the 5' untranslated region, although the sequencing technique we used may not detect
certain heterogeneity such as the occurence of T with C in the same position. In the y-
globin, we found a polymorphism at the 19th position from the 5' end. Since it was present
in three different cord blood samples, we believe that the heterogeneity represents the
difference in sequence of the Gy and AY loci. However, we have not yet been able to
assign either nucleotide to a particular y locus. This will require sequence analysis of the
individual y-cloned DNAs.
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