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of the nervous system®*. As NGF reversibly increases cell-
substratum adhesion, growing axons could be ‘guided’ by the
NGF-induced increase in the adhesiveness of the growth cone
to the underlying cells, rather than the growth cone following a
substratum-associated gradient. Growth cones preferentially
elongate on surfaces to which they adhere more firmly?*, and it
should make no difference if the growth cone or substratum is
reponsible for initiating the adhesive response. This type of
NGEF effect on cell-substratum adhesiveness could also explain
the requirement for local exposure to NGF for continued
neurite outgrowth in cultured sympathetic ganglion cells®.
Finally, a similarity between three groups of clonal cell lines
which are developmentally responsive to external stimuli
should be noted. The cells are PC12, C1300 mouse neuroblas-
toma and the Friend erythroleukaemic lines. As outlined
above, NGF, cyclic AMP and compounds which induce calcium
mobilisation in PC12 cells lead to developmental changes. In
C1300 neuroblastoma cells there is a well defined relationship
between cell-substratum adhesiveness and morphological
differentiation® and such compounds as cyclic AMP, butyric
acid, dimethyl sulphoxide (DMSQ), prostaglandin E,, acetyl-
ated diamines and ouabain (D.S., unpublished observation)
also induce neurite extension®”’. A set of reagents overlapping
the above also induce erythroid differentiation in Friend virus-
transformed erythroleukaemic cells. These include DMSO,
short-chain fatty acids, polymethylene acetamide, pro-
staglandin E,, and ouabain (see ref. 28 for discussion).
Although it is extremely difficult to envisage a direct action of
all these diverse conditions and reagents on the genome of the
cells, it is likely that all interact to varying extents with the
plasma membrane. It has, for example, been demonstrated that
DMSO, divalent ions, and other cryoprotective agents pro-
duced an increase in the phase transition temperature of
membranes which correlated with their inductive effects on
erythroid differentiation®®, Thus, it is likely that all of these
reagents produce their phenotypic effects by initially altering
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the membrane structure, perhaps by causing a change in cal-
cium ion permeability. The requisite next step would be the
flow of this information acquired by the membrane to the
biosynthetic machinery of the cell. The mechanism of this
transduction remains to be described.

B-NGF and its antiserum were obtained from R. Goodman
and H. Herschman. Supported by the Muscular Dystrophy
Association.
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Sequence of chicken ovalbumin mRNA
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The complete sequence of chicken ovalbumin mRNA is
presented ; it is 1,859 residues long, excluding its terminal
‘cap’ and poly(A). The region coding for ovalbumin lies
close to the ‘cap’ but is separated from the poly(A) by an
extensive 3' noncoding region of 637 nucleotides which
may have no function that is precisely dependent on its
sequence.

CHICKEN ovalbumin and its gene provide a favourable and
interesting model system for studying the regulation of gene
action by hormones'?. It is firmly established® that steroid
hormones will switch on the expression of all the egg proteins,
including ovalbumin, and that the hormone probably acts at the
DNA level through a steroid receptor protein. However, the
detailed molecular mechanism and details of the specific site or
sites involved on the DNA are unknown.

0028-0836/78/0273—0723$01.00

As a first approach to understanding the basic molecular
biology of this gene we decided to sequence the messenger
RNA. Since we started this work it has become clear that
the ovalbumin gene“’, as well as other genes such as the
B-globin®® and immunoglobulin genes'® are interrupted by
‘introns’’' or inserted sequences. This complication was
unexpected and made it essential that an accurate sequence of
the mRNA be established for future comparison with gene
sequences.

Previous sequencing of ovalbumin mRNA has been limited
to 130 residues immediately adjacent to the poly(A), with a
further tentative sequence from 131 to 191 residues from the
poly(A)'*!3, This study revealed the presence of the sequence
A-A-U-A-A-A centred about 20 residues away from the
poly(A)*, although the function of this signal remains
unknown.

The sequence work described here was possible because of
the synthesis and isolation of an almost full length duplex DNA
copy of the mRNA'" and its subsequent cloning in the
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Fig. 1 Sequence derived from residues 490-523 from Pst-
labelled Haelll-recut 341-long fragment. G and A refer to the
‘alternate G’ and ‘alternate A’ procedures, whilst C and C+T are
the standard hydrazine proceduresw. Residue 508 is methylated
as it is part of an Eco RII recognition site, and the resultant
5-methyl C (Cm) appears as a gap, or very weak C. 40 pg of
pOv230 was opened as its sole Ps/I site by restriction with 60 units
Psl (New England Biolabs) for 1 h at 37 °C in a volume of 200 pl.
An equal volume of phenol was added and, after vortex mixing
and centrifugation to separate the two layers, the linear DNA was
precipitated from the aqueous layer by the addition of one-tenth
volume of 3 M sodium acetate and 3 volumes of ethanol. The
DNA was treated with excess bacterial alkaline phosphatase
(Sigma) (20 pug) in the presence of venom phosphodiesterase
(0.5 pg) in 0.01 M Tris-acetate 0.01 M MgCl,, pH 8.5 in a 100 ul
reaction for 30 min at 37 °C. The enzymes were removed and the
DNA precipitated by a similar phenol inactivation to that
described above for the restriction enzyme. Labelling was carried
out using 200 pCi y->2P-ATP (3,000-5,000 Ci mmol™*, Radio-
chemical Centre, Amersham) in a volume of 25 pl using 5-20
units of T4-polynucleotide kinase (P.L. Biochemicals or Boeh-
ringer) in 1xglycine-NaOH buffer, pH 9.5 (2xbufter is 100 mM
glycine-NaOH, pH 9.5, 20 mM MgCl,, 10 mM dithiothreitol,
0.2 mM spermidine, 50% glycerol) for 30 min at 37 °C. The total
reaction mixture, after the addition of 20 pl H,O and 0.5 pl of
10 mM ATP, was treated with phenol to remove enzyme and the
labelled DNA precipitated, as before, in the presence of 0.3 M
ammonium acetate. Recutting was with 100 units of Haelll (New
England Biolabs) for 1 h at 37 °C in a volume of 20 pl, after which
5 ul of a 30% sucrose solution containing marker dyes (bromo-
phenol blue and xylene cyanol FF) was added. The sample was
loaded onto a 3 mmXx1.5 mm well of a nondenaturing 4% and
40 cm long acrylamide gel in Tris—borate—-EDTA buffer 8 and run
for 6 h at 400kV. The faster band running close to the xylene
cyanol FF (slow) dye was eluted'® and subjected to the Maxam
and Gilbert procedure and fractionation on a 20% acrylamide gel.
Sensitive autoradiography with phosphotungstate screens at
—80 °C was used to detect bands®’.
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Escherichia coli plasmid pMB9'® using the poly(A)/poly(T)
tailing method. Plasmids were screened for the size of inserted
sequence and the longest clone (named pOv230) containing
about 1,850 residues of ovalbumin mRNA was selected for
sequencing. Similar plasmids have been isolated by other
workers'”.

Ovalbumin sequences in clone pOv230

Clone pOv230 was sequenced by the chemical degradation
method of Maxam and Gilbert'®. An initial difficulty was that
there was no satisfactory method of excising the inserted oval-
bumin sequence from the vector plasmid. This problem was
overcome in one approach by the isolation in bulk of two large
Haelll restriction fragments which contained mainly oval-
bumin-derived sequences. Another approach was to radioac-
tively label a restriction enzyme digest of the entire pOv230
and then purify the specific ovalbumin-containing fragments.
Full details of the sequence analysis will be published else-
where, but as an example, the sequence established by labelling
the single Psi site in the intact pOv230 is shown in Fig. 1.
Similar labelling of restriction fragments by six different
restriction enzymes known to cut ovalbumin sequences’®, that
is, Haelll, Hinfl, Alul, Mboll, Hphl and Hgal, allowed the
entire ovalbumin-derived part of the plasmid to be sequenced
(residues 13-1,859 of Fig. 2). A computer search ** of this
sequence showed the final positions (see Table 1) of cutting
sites, not only for those enzymes used in the sequence analysis,
but also of all other presently known restriction enzymes.
Considering the large number of sites, there was fair agreement
with the previously published restriction map of ovalbumin
c¢DNA'® although additional Xbal, Pvull and Tagql sites were
established and more sites were present for some of the
enzymes than was previously thought.

Sequence accuracy

The sequence of the coding region of the mRNA (residues
65-1,222) was considerably helped by a comparison of the
nucleotide sequence with known amino acid sequence. Several
selected regions of amino acid sequence such as those of the N

Table 1 Known restriction recognition sites in pOv 230 (residues
13-1,859 of Fig. 1)*

Enzyme Residue nost Sequence
Psil 477 CTGCA/G
Haelll 818 GG/CC
Hinfl 258, 566, 1458, 1732 G/ANTC
Hgal 1125 GCGTC
Hphl 60, 336, 1605 TCACC
Alul 15, 38, 117, 175, 2717, 475, 495, 557, AG/CT
759, 828, 986, 1042, 1235, 1332,
1338, 1554
Mboll 147, 308, 389, 603, 638, 748, 887, GAAGAoOr
895, 922, 989, 1030, 1133, 1161, TCTTC
1197, 1229, 1669
EcoRIIE 193, 213, 254, 507, 754 JCC(A/T)GG
Mbolt 482,751, 898 /GATC
Tagt 41 T/CGA
Xbal 1345 T/CTAGA
Ssil 116, 494 GAGCT/C§
Poull 474 CAG/CTG
Asul 867 G/GACC
Mnll 325, 444, 447, 892, 914, 929, 943, CCTCor
1014, 1085, 1103, 1159 GAGG

* No sites for Haell, Hindll and 111, Hhal, Hpal and 1I, EcoRI,
Aval, Baml, Ball, Bglll, Smal, Xhol and Sall.

+ The number given is the first (5') nucleotide of the recognition
sequence and not the point of cutting. Where this is within the recog-
nition sequence it is indicated by a vertical bar.

1 These enzymes do not cut in pOv230 grown in E. coli strain RR1*
because of methylation of the C (EcoRII) or the A (Mbol) residues.

§ Recognition sequence established by C. D. Liarakos (personal
communication). For others see ref. 43.
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mG M 6 8 I 6 A A § M E F C F D1 V F K E L
ACAUACAGLUAGAAAGCUGUAUUGCCUUUAGCAGULﬁAGCULGAAAGA(‘AALUCAGAGUUCACCAUGGGCUCCAUCGGUGCAGCAAGCAUGGAAUUUUGUUUUGQUGUAUULAAGGAGCU
10 20 30 40 S0 60 70 80 90 100 110 120

K V HH ANZENTIVFYLCCPF I ATIMNMSALAMUVVY L G6AKDSTRTOEGINIRKWV VR
CAAAGUCCACCAUGCCAAUGAGAACAUCUUCUACUGCECCAUUGCCAUCAUBUCAGCUCUAGCCAGGUAUACCUGGGUGCAARAGACAGCALCAGGACACAAALAAALUAAGGUUGUUCG
130 140 150 160 170 180 190 200 210 220 230 240

F O K L F 6 F 6D S I E A Q@ C G T S V NV H S S L RDIDILNQTITIKZFPFNIDUVYS§
CUUUGAUQAALUUCCQBGQUU(‘GG(\GACﬁGUﬁUUGAABCUCAGU(:U[;(:CA(,AUCUbUAhACGUlJLACULUlJ[‘ACUUAGAGhLAUCCUChﬁCCAAAUCALC(&AACCAAAUGAUGUUUQUUC
50 260 270 280 290 300 310 320 330 340 350 3460

F 8§ L A S R L Y A EEF R Y P I L F E Y L Q@ C€CUVKEILYRG G L EVFPTINIFQTAA
GUUCAGCCUUGCCAGUAGACUUAUGCUBAAGAGAGAUACCCAAUCCUGCCAGAAUACUUGCAGUGUGUGAAGGAACUGBUAUAGAGEAGGLUUGGAACCUAUCAACUUUCAAACAGCUGT
370 380 390 400 410 420 430 440 450 460 470 480

b @ A R E L I NS W V E S Q@ T NG I I RNV L Q@ F S SV ISR T a MV L VNATI
AGAUCAAGCCAGAGAGCUCALICAAUUCCUGGGUAGAAAGUCAGACAAAUGGAAUUAUCAGAAAUGUCCUUCAGCCAAGCUCCGUGGAUUCUCAAACUGGCAAUGGUUCUGGUUAAUGCCAUY
490 500 510 520 530 540 S50 560 S70 580 S90 600

vV F K 6 L WEI KA AFKDETDT QO AMMPFP F R VT EQ@E S KF V@ M MY Q@ I 6 L F R
UGBUCUUCAAAGGACUGUGGGAGAAAGCAVUUAAGGAUGAAGACACACAAGCAAUGL CUUUCAGAGUGALUGAGCAAGAAAGCAAALCUGUGCAGAUGAUGUACCAGAUUGGUUUAUUUAG
410 620 630 640 650 660 670 &80 690 700 710 720

vV A S M A S E K M K I L E L F F A S 6 T M $ M L Vv L L F D E V S§ 6 L E Q@ L E S I
AGUGGCAUCAAUGHECUUCUGAGAAAAUGAAGAUCCUGGAGCUUCCAULVUGCCAGUGEGACAAUGAGCAUGUUGGUGLCUGUUGCCUGAUGAAGUCUCAGGCCUUGAGLAGCUUGAGAGUAY
730 740 75Q 760 770 780 790 800 810 820 830 840

Cl:iO
I N F E K L T E W T 8 8 NV M EERKTINKWVY L F R MIKMEZENKYNILTS VL M

AAUCAACUUUGAAAAACUGACUGAAUGGEACCAGUUCUAAUGUUAUGGAAGAGAGGAAGAUCAAAGUGUACUUACCUCGCAUGAAGAUGGAGGAAAAAUACAACCUCACAUCUGUCUUAAD
850 860 870 880 890 200 910 P20 930 740 ?50 960

A M 6 I T D V F S § 6§ A N 1L S 6 I § S A E S L K I 8 Q@ AV H A A HAE I NE AG
G(:CUAUGGG(‘AUUA(‘UGA(‘GUGUUUAG(‘UCUIICAGLCAAULUhULUG(:(‘QULULCULA&(.QGAGAbLCUI"AAbAUAUCUCAﬁGCUbUCCAUGCAGCALAUG(‘A[:QQAUCAAUGAAGLAGG
70 280 990 1000 1010 1020 1030 1040 1050 1060 1070 1080

®

R E VVYGBGE S A EAGUVYVHNAASUVYVSETETFU R ADHTFTF L F CTINKUHTIA AGTNAUVLF
CAGAGAGGUGGUAGGGUCAGCAGAGGCUGGAGUGGAUGCUGCAAGCGUCUCUGAAGAAUUUAGGGCUGACCAUCCAUUCCUCUUCUGUAUCAAGCACAULGCAACCAACGCCGUUCUCUY
1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200

F 6 R C V S F x
CUUUGGCAGAUGUGUUUCCCCUUAAAARAGAAGAAAGCUGAAAAACUCIIGUCCLUUCCAACAAGACCCAGAGCACUGUAGUAUCAGGGEUAAAAUGAAAAGUAUGUUAUCUGCUGCAUCCA
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320

GACUULCAUAAAAGCUGGAGCUUAAUCUAGAAARANAAUCAGAAABAAALUACACUGIGAGAACAGGUGCAAUUCACUUUUCCUUUACACAGAGUAAUACUGGUAACUCAUGGAUGAAGGE
330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440

UUAAGGGAAUGAAAUUGGAGUCAUCACACUGAAAAAUGCAACCUGAUACAUCAGCAGAAGGUULAUGGGEGGAAAAARUGCAGCCUUCCAAUUAAGCCAGAUAUCUGUAUGACCAAGCUGCU
1450 14560 1470 1480 1490 1500 1510 1520 1530 1540 1550 1560

CCAGAALUAGUCACUCAAAAUCUCUCAGAUUAAAUUAUCAACUGUCACCAACCAUUCCUAUGLUGACAAGGCAAUUGCUUGUUCUCUGUGUUCCUGAUACUACAAGGCUCUUCCUGACUU
1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680

CCUAAAGAUGCAULAUAAAAAUCUUAUAAUUCACAUUUCUCCCUAAACUUUGACUCAAUCAUGGUAUGUUGGCAAAUAUGGUAUALUACUAUUCAAAUUGUHULCCUUGUACECAUAUGU
1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800

AAUGGGUCUUBUGAAUGUGCUCUUUUGUUCCUUUAAUCAUAAUAAAAACAUGUUUAAGEC ~ Poly A
1810 1820 1830 1840 1850

Fig. 2 Sequence of ovalbumin messenger RNA. Residues 13-1,859 were present in the plasmid pOv230: residues 1-12 and 1,731-1,859

were sequenced directly from the mRNA. * Marks the terminator, ® the serine phosphate residues, and ‘CHO’ the carbohydrate. Mature

ovalbumin lacks the N-terminal methionine; the resultant N-terminal glycine is N-acetylated. The amino acid composition, excluding the

initiator Met, is Ala (A), 35; Arg (R), 15; Asn (N), 17; Asp (D), 14; Cys (C), 6; Gin (Q), 15; Glu (E), 33; Gly (G), 19; His (H), 7; Ile (1), 25;

Leu (L), 32; Lys (K), 20; Met (M), 16; Phe (F), 20; Pro (P), 14; Ser (S), 38; Thr (T), 15; Trp (W), 3; Tyr (Y), 10 and Val (V), 31. Total, 385
residues.

terminus®’, the C terminus®’, the carbohydrate linkage®?, the =~ mined on both strands of the DNA for all but 23 residues,
sites of serine phosphorylation®’, and the region of a genetic where it proved technically difficult. Sequencing each strand of
variant®, have been published, but represent only a small the DNA is a valuable confirmation of the sequence and is
percentage of the total. However, almost complete peptide probably essential for 100% accuracy.

sequence information from trypsin and cyanogen bromide In addition to the above checks care was taken to overlap the
cleavage has been established as part of the determination of sequence data derived from different restriction fragments in
the complete amino acid sequence of the ovalbumin protein the noncoding region and also in the coding region if the amino
(A.D.N. et al., in preparation). The independent nature of the acid sequence was uncertain. In the coding region no overlap
evidence from both nucleotide and amino acid sequencing was sought across the fragments labelled at the Psi site (resi-
acted as a powerful check on the accuracy of the sequence. As a due 477) or the Alul site (1,042), because the amino acid
further check on accuracy about two-thirds of the coding sequence was reliable. By contrast, an Alul fragment over-
region was sequenced on both strands of the DNA of the lapping the Haelll site (818) was sequenced because here the
plasmid. In the noncoding regions the sequence was deter- amino acid sequence was not established. In the noncoding
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Fig.3 Sequence of 5’ end of mRNA by ‘primed synthesis’. C, A,
G and T refer to the four separate dideoxynucleoside tri-
phosphate reactions. O is a control containing all four deoxy-
nucleoside triphosphates but with no added dideoxynucleoside
triphosphates. The arrow marks the major ‘full stop’ band while
the intense band at the bottom is unused primer. The primer was a
32p_end-labelled 23-long Alul fragment (residues 17-39) pre-
pared by **P-end-labelling an Alul digest of 40 ug of pOv230
using a protocol identical to that used for labelling the Psf site
(see legend to Fig. 1), except that no venom phosphodiesterase
was used. After the phosphokinase labelling in 22 ul, 5 ul of the
30% sucrose dye solution was added and the samples loaded
directly onto a 1.5 mmx25mm slot of a 40cm long 12%
nondenaturing acrylamide gel in 1xTris-borate-EDTA buffer'?
and electrophoresis carried out for 16 h at 200 V. The 23-long
Alul fragment ran close to the fast blue dye and was identified by
its absence from a control, but otherwise identical digest and
labelling, of pMB9; it was eluted in the presence of 20 ug carrier
tRNA, but excluding sodium dodecy! sulphate. Before setting up
the ‘dideoxy’ reactions, a tenth of the fragment (2 ul) was boiled
with 20 pl water for 2 min to denature it and then mixed with
25 plof 1.5mg ml™! of partially purified ovalbumin mRNA (from
S. L. Woo). 4 ul of this primed mRNA was used in a 10 pul
reaction volume containing all four deoxynucleoside tri-
phosphates at 0.02 mM and the relevant single dideoxynucleoside
triphosphate (from F. Sanger) at 0.1 mM with buffer'? and reverse
transcriptase (from W. Beard). After 45 min at 37°C, 3 ul of a
90% formamide, 0.02 mM EDTA solution containing dyes was
added and the sample boiled for 5 min in an open tube to reduce
the volume to 3 pl, which was loaded onto a 5 mm wide slot of
a 40cm long 12% thin gel*! and electrophoresed at 1.3kV
for 1.5h.

region only the Hinfl site (1,458) was not overlapped by
sequencing an independent restriction fragment. However, in
this case the internal ‘N’ nucleotide of this ‘S’ overhanging’
restriction site (G-A-N-T-C) was sequenced on both strands
and provided the overlap. This observation made it unlikely
that there were two HinfI sites very close together,

The sequence near the poly(A) region was less extensively
checked because residues 1,730-1,859 had been sequenced
previously using ‘primed synthesis’ on the mRNA directly'”.
However, we established that pOv230 included all the known
poly(A)-adjacent sequences of the mRNA by sequencing a
Hinfl fragment labelled at residue 1,732. The tentative
sequence previously proposed for the region of 131-191 resi-
dues from the poly(A) was corrected (nine changes), eliminat-
ing two postulated restriction sites. Thus no apparent mutation
or rearrangement of sequences occurred during cloning so that
the plasmid represents an exact copy of the mRNA. Despite
the care taken to ensure accuracy the possibility of occasional
errors remains.

Nature Vol. 273 29 June 1978
Sequence at the 5’ end of the mRNA

The sequence of pOv230 extended into the 5' noncoding
region, but there was no way of assessing from the sequence
itself how close it was to the 5’ end of the mRNA. These
additional 12 nucleotides were defined by using primed
synthesis on the mRNA template with reverse transcriptase.
Similar methods have been used to define the 5' noncoding
regions of globin mRNA®. A chain terminator method®®
(P. Hamlyn er al., in preparation) using dideoxynucleoside
triphosphates was used to define this sequence (Fig. 3). Residue
1 (an A) was deduced from a ‘partial minus’ reaction® (resuits
not shown). In these various reactions with reverse transcrip-
tase some minor synthesis invariably occurred for 1-3 residues
beyond the major ‘full-stop’® position. We have not
established whether this represents a length micro-
heterogeneity at the 5’ end of the mRNA, or whether it reflects
errors in copying due to the presence of the cap structure. The
presence of the m’Gppp cap structure was assumed from
translation studies’”. We have not assessed whether N°
methylation occurs at residue 1 as in the rabbit globin
mRNAs?,

Significance of the mRNA sequence

The 1,859 residue long ovalbumin mRNA is the third eukary-
otic mMRNA to be completely sequenced and makes an interes-
ting comparison with the completed rabbit*® and human?>°
B-globin sequence as well as the partial sequence available for
a-globin®*, immunoglobulin (P. Hamlyn et al., in preparation)
and other mRNAs. Like all eukaryotic mRNAs it has more
nucleotides than are needed to code for its specific protein, but
the length of the 3’ noncoding region is remarkable.
Specifically, ovalbumin mRNA has a 64-long 5 noncoding
region, a 1,158-long coding region, and a 637-long 3’ non-
coding region. The 637 noncoding residues at the 3’ end are
more extensive than the entire rabbit B-globin sequence (589
residues).

(1) 5" Noncoding region. This region is believed to be required
for initiation of protein synthesis, but the molecular details of
how this is achieved are unknown. The sequence is of compar-
able length to other 5’ noncoding sequences but is otherwise
quite dissimilar in sequence. It seems that only the cap and
A-U-G are conserved sequence features for all the 17 known 5’
noncoding sequences. This has led to the suggestion that apart
from the cap, which is known to augment initiation, A-U-G
itself is the only important general signal for initiation in higher
organisms**.

It is notoriously difficult to predict secondary structure
models from primary sequence studies, but nevertheless a
convincing ‘hairpin loop’ can be drawn close to the cap (Fig. 4).
This is a highly stable structure®' (—AG (25 °C)=11.4 kcal) and
additional data for its existence was evident in the sequence
determination of this region (Fig. 4 legend). A tight hairpin
loop near the cap is not a conserved feature in all mRNAs, but
it might have a special, if as yet unknown, significance for
ovalbumin mRNA. However, we could speculate that this
hairpin loop exists to bring the ‘cap’ and the A-U-G close
together in the tertiary structure of the mRNA, despite the fact
that these are 65 residues apart in the primary structure. The
remainder of the 5’ noncoding region may also participate in
local hairpin loops but these are of marginal stability and
several alternatives are possible, which cannot yet be dis-
tinguished. It may be noted that there are no A-U-G triplets
other than the initiation triplet in this region suggesting that the
first A-U-G from the cap might specify initiation. But, as this is
not true of other known 5’ noncoding sequences**, the
significance of this is doubtful.

(2) Coding regions. The entire mRNA sequence, even exclud-
ing the poly(A) region, is rich in A+U (A+U=58.1%) and the
coding region reflects this (A+U=55.3%). This imposes no
severe constraints on the amino acid sequence because of

©1978 Nature Publishing Group
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redundancies in the genetic code. All codons are used at least
once (Fig. 5) with the exception of C-C-G (proline), G-C-G
(alanine) and C-G-U, C-G-A and C-G-G (arginine). These
codons all possess the doublet C-G, which is rare in eukaryotic
DNA* and in globin mRNA?®. C-G doublets are not entirely
excluded since there are 12 in the coding region. Nevertheless,
this is a significantly lower number than is found for any of the
other 15 doublets. The reason for the rarity of (5') C-G (3') as
opposed to the other 15 possible doublets is not known but
may be correlated with N°> methylation of the cytosine residues
in the DNA?*. Other codons which are rarely used are C-U-A
(once, leucine) and C-C-C (once, proline). Nonrandom use of
codons has been noted before in bacteriophage X DNA** and
in rabbit B-globin mRNA?® but the reason is again unknown.
(3) 3’ Noncoding region. This region is most obviously charac-
terised by its length of 637 nucleotides including the U-A-A
terminator, and is by far the longest known 3’ noncoding
region. It compares, for example, with 95 residues in rabbit
B-globin and 211 residues in a mouse x immunoglobulin light
chain (P. Hamlyn et al., in preparation). A detailed examina-
tion of this sequence reveals several other features which dis-
tinguish it from the coding region. For example, ‘runs’ of a
single base (for example As, As, Gs) are more frequent than
would be expected for a random nucleotide sequence of
equivalent overall composition and length. Another feature is
the presence of short repeats or near repeats: G,-U-A, (resi-
dues 1,285-1,293) is repeated with one base change as Gs-A,
(1,507-1,515) and G-A;s-U-G-C-A is also exactly repeated
(1,471 and 1,511). The A-rich sequence immediately following
the U-A-A terminator is particularly striking and is repeated
with one change in the Az sequence (1,351). There are many
other shorter runs and repeats. There are no C-G doublets.
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Fig. 4 Hairpin loop near cap. The sequence determinations in

this region showed severe ‘compression’ (close spacing) at the

T-G-T sequence when the acrylamide gel of Fig. 3 was run ‘cold’,

that is at 250 V, 16 h on a standard 1.5 mm thick gel, rather than

‘hot’ as described in the legend to Fig. 3. ‘Compression’ invariably

correlates with hairpin loop structures, and so provides positive
evidence for their existence °.

A comparison with the same region of other mRNAs reveals
certain similar features which have not previously been
emphasised. For example, rabbit a-globin mRNA?® contains a
Cs sequence while the human a-globin contains three near
repeats of the hexanucleotide G-G-G-C-C-C?**. An immuno-
globulin light chain mRNA also contains an unusual localised
repeat based on the triplet U-C-C (P. Hamlyn et al., in prep-
aration). Moreover, longer areas covering 30 nucleotides of
partial repeat sequence were noted in the human B-globin
mRNA?. Simple repeat sequences are also characteristic of
nontranscribed DNA under no selective pressure®’, such as
parts of the 58 DNA ‘spacer’ of Xenopus®® and also satellite
DNA.
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Fig. 5 Codon usage in ovalbumin mRNA.

The presence of these homopolymeric and repeat sequences
suggests that the 3' noncoding region of ovalbumin mRNA,
and indeed other mRNAs, may not be a region with a precise
sequence-dependent function. Rather these regions may have
similar evolutionary origins through multiple repetitions of
simple sequences. This could explain the variable length and
sequence features in all of the known 3’ noncoding regions—a
variability that would be surprising if special functions were to
be ascribed to these regions. It is also possible that there is a
limited sequence variation in this region of the mRNA which
would not be revealed here as the sequence was determined
mainly from a single clone. Despite this, there may be evolu-
tionary constraints on the 3’ noncoding sequence of a particular
mRNA because it has some property, for example the overall
shape of the mRNA, which is not sequence-specific. This could
explain the observed 80% homology of the noncoding regions
in rabbit and human 8-globin mRNA®®,

One sequence, the hexanucleotide A-A-U-A-A-A (residues
1,841-1,846) is conserved in different mRNAs and occurs
about 20 residues away from the poly(A)'* but its function
remains unknown. Given the evolutionary explanation for the
3’ noncoding region and its position near the 3’ end of the
mRNA, the strong possibility emerges that it is related to the
termination of transcription or to a subsequent processing of
the mRNA. However, A-A-U-A-A-A occurs elsewhere in the
coding region of ovalbumin mRNA (223-228), suggesting that
it alone may be a necessary but not a sufficient signal.

Protein sequence

The amino acid sequence predicted here is in complete
agreement with an almost completed analysis using classical
direct sequence analysis of ovalbumin (A.D.N. et al., in prep-
aration). It is clear, therefore, that the sequence shown above
represents the major ovalbumin protein corresponding to one
of the known genetic variants®*. The other allelic form can be
explained by a point mutation of residue 998 from A to G,
giving an aspartic acid instead of an asparagine residue. Oval-
bumin is both glycosylated and phosphorylated at the positions
shown (Fig. 2), and the position of the single ‘intrachain’
disulphide bond is established in part®.

Ovalbumin is a secreted protein. Most secreted proteins have
a transient N-terminal hydrophobic region of sequence or
‘signal peptide’®® which is removed during the secretion pro-
cess. But translation studies’® have shown that ovalbumin
lacks such a signal sequence. The nucleotide sequence that we
have established substantiates this observation, as an A-U-G
codon immediately precedes the triplet coding for the first
amino acid in ovalbumin. Presumably a somewhat specialised
mechanism exists for ovalbumin secretion.

©1978 Nature Publishing Group
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letters to nature

A Near-Eastern sighting
of the supernova explosion of 1054

ASTRONOMERS have long been puzzled by the apparent
failure of observers in Europe and the Near East to see and
report the Crab supernova of 1054. However, we now present
evidence of such a sighting.

On 4 July 1054 a supernova explosion was observed and
recorded in several reports by astronomers in China and Japan.
For example, the report in the Sung-shih (Astronomical Trea-
tise, Chapter 56) says, “First year of the Chih-ho reign period,
fifth month, (day) chi-ch’ou (a ‘guest star’, that is, a nova)
appeared approximately several inches (k’o-shu-ts’un) to the
south-east of T’ien-kuan (¢ Tau). After a year and more it
gradually vanished.”'* This remarkable observation was first
brought to light in the west by Biot® in 1846. Lundmark®
in his list of suspected new stars recorded in old chronicles,
published in 1921, notes the proximity of this object to
NGC1052—the Crab nebula. Although Duncan® measured the
expansion rate of the filaments of the Crab in the same year
(1921) and found that a simple linear extrapolation of their
motion with constant velocity implied an origin about 900
years earlier, it was not until 1928 that Hubble® first drew the
connection between the expansion rate and the Chinese
observation to identify the Crab nebula with the ‘guest star’
observed by the Chinese in 1054. The subsequent historical
researches’’® have mainly served to strengthen this
identification (but see ref. 9 for some reservations).

The Chinese records indicate that the ‘guest star’ was
brighter than Venus, giving it a probable visual magnitude of
—4 or —5 at maximum. It was visible in the day time for 23
days, and continued to be visible in the night sky for perhaps
6 months. It is therefore puzzling that no reference to this
event has been found in European or Arabic records of the
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time®'°'?. (A possible record in certain south-west Indian

petroglyphs has been proposed by Miller'®, and further
supported by Brandt'*. However, see Ellis'® and S. H. Koenig
(in preparation) for some cautionary remarks.) This led to the
conclusion, as expressed, for example, by the historian of
science George Sarton, that “The failure of medieval Euro-
peans and Arabs to recognise such phenomena was not due to
any difficulty in seeing them, but to prejudice and spiritual
inertia connected with the groundless belief in celestial
perfection.”'* However, since they quite accurately reported
the position and other properties of another supernova which
occurred in 1006, only 48 years earlier'’, as well as many other
astronomical phenomena, such as Halley’s comet (witness the
Bayeux tapestry), and meteorological phenomena, such as
aurorae, this has never seemed to be a very convincing
explanation. Others have suggested that the whole of the
Middle East and Europe was clouded out for 6 months, an even
more dubious proposition. We present here for the first time
what we believe to be an eyewitness account of a sighting of the
1054 supernova explosion in the Near East.

The event and its supposed sequelae were mentioned by Ibn
Butlan, a Christian physician of Bagdad, who lived in Cairo for
3 years until late in 1052 or early in 1053. Then, probably as
the result of a famine, he left for Constantinople where he
stayed for about a year. His original report was reproduced by
Ibn Abi Usaybi‘a (hereafter referred to as I.A.U.) in the
biography of Ibn Butlan, which he includes in his ‘Uyin al-
Anba’, a biographical encyclopaedia of physicians, originally
composed around 1242. Ibn Butlan was not a professional
astronomer or astrologer but, in the tradition of Hippocrates
and Galen, he, like other physicians of his time, was concerned
with the presumed connection between cosmic and telluric
happenings and diseases and other natural catastrophes
affecting the life and health of man. The report'® reads as
follows:
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