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DNA extracted from hepatitis B virus Dane particles has
been cloned in bacteria using a plasmid vector. A full-
length clone has been examined by restriction endonuclease
analysis, and the nucleotide sequence of an 892-base pair
fragment from cloned hepatitis B viral DNA encoding the
surface antigen gene is reported. The amino acid sequence
deduced from the DNA indicates that the surface antigen is
a protein consisting of 226 amino acids and with a molecu-
lar weight of 25,398. The portion of the gene coding for this
protein apparently contains no intervening sequences.

VIRAL HEPATITIS is a major worldwide public health problem.
Its aetiology is associated with at least three distinct viral
families: hepatitis A, hepatitis B and non-hepatitis A/hepatitis
B (ref. 1). The characterisation of the viruses, the pathology
associated with the infection and the development of effective
means of control have been severely hampered by the very
narrow host range specificity of the viruses, and the inability to
replicate the virus and obtain cytopathology in tissue culture
systems. Nevertheless, progress has been made in identification
and preliminary characterisation of the viruses from the sera of
infected individuals and from livers at autopsy. The hepatitis A
virus is apparently a picornavirus detected as a 27-nm particle®>.
In addition to being infective in humans and chimpanzees, it has
recently been transferred to marmosets and has been replicated
in tissue culture®®.

The plasma of individuals infected with heptatitis B show
three major particulate structures containing the antigenic
determinants apparently specified by the hepatitis viral genome.
These include the predominant 22-nm particles, 22-nm
filaments of various lengths, and the 42-nm spherical form
known as the Dane particle”. The Dane particle is probably the
hepatitis B virion. Recently, a human hepatoma cell grown in
tissue culture was shown to produce small quantities of hepatitis
B antigens®.

In instances where productive infections and high titres of
viruses cannot be obtained in alternative hosts or tissue culture
cells, recombinant DNA methods can be used to obtain large
quantities of the virus genome for characterisation and biologi-
cal activity studies. Structural analysis of the various antigens
may allow identification and sequence determination of the
various genes of the virus. This information, plus the availability
of the viral genome, will greatly aid the study of the pathology
and eventually the development of antiviral therapy. In parti-
cular, it may be possible, using segments of the viral genome, to
produce appropriate viral antigens in alternative hosts such as
bacteria or yeast for the development of a vaccine.

Hepatitis B is a particularly attractive paradigm for the
development of this approach. The hepatitis B viral genome is
relatively simple, perhaps consisting of only 3,200 bases'®'!.
The surface coat, which can be removed by treatment with
detergents, contains two main polypeptides, P1 (22~
24,000 MW) and P2 (25-29,500 MW)'2, These molecules are
antigenically indistinguishable and protein components are
probably identical. Their amino acid compositions are the same

0028-0836/79/350815—05%01,00

within the limits of the analyses used, and the first 19 residues
from the N-terminus and the three amino acid residues at the
carboxy-terminus seem to be identical'®. The higher molecular
weight molecule (P2) is a glycoprotein, and it has been suggested
that the major virus-specific surface antigens are contained
within a single gene. Five to seven other polypeptides ranging
upward in size to 97,000 MW have been reported to be present
in surface antigen preparations'®. It is not known whether any or
all of these molecules are coded for by the viral genome. Viral
core preparations contain a major polypeptide of MW 17,000 to
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Fig. 1 Cloning and hybridisation of hepatitis B viral DNA. Double-
stranded DNA was synthesised in Dane particles (isolated from human sera
by Merck Laboratories) by the endogenous DNA polymerase reaction’.
Incubation was for 3h at 37°C in a reaction mixture containing Dane
particles (250 ng of DNA), 50 mM Tris-HCI (pH 7.5), 0.1 M NaCl, 20 mM
MgCl,, 40 mM NH,CI, 0.4% NP40, 10 mM 2-mercaptoethanol and 0.2 mM
each dATP, dGTP,dCTP and dTTP. DNA was isolated by phenol extraction
and ethanol precipitation after digesting the Dane particles for 60 min at
56°C with proteinase K (0.8 mgml™'). Dane DNA was digested to
completion with endonuclease EcoRI (producing a single 3,200-base pair
fragment) and with BamHI (yielding two fragments of 2,100 and 1,100 base
pairs). Digested Dane DNA (250 ng) was ligated to the appropriate plasmid
(50 ng of EcoRI digested pBR325 (ref. 18), or 680 ng of phosphatase-
treated, BamHI-digested pBR322 (ref. 30)) for 15 h at 14 °C in a reaction
mixture containing 50 mM Tris-HCl (pH 8), 1 mM ATP, 10 mM MgCl,,
20 mM dithiothreitol and 1 unit of T4 DNA ligase (New England Biolabs).
The reaction mixture was used to transform E. coli HB101 (in P3/HV1
containment conditions) or E. coli x1776 (in P2/HV2 containment condi-
tions). Recombinant colonies derived from the DNA ligated to the BamHI
site of pPBR322 were selected by their ampicillin resistance and tetracycline
sensitivity’” and screened for plasmid size'®. A clone (pHBV-2100) of
approximately 6,500 base pairs was identified by a modified toothpick
assay'®. Recombinant colonies derived from the DNA ligated to the EcoRI
site of pBR325 (ref. 18) were selected by their sensitivity to chloram-
phenicol. A clone (pHBV-3200) containing plasmid DNA of approximately
8,600 base pairs was identified by the toothpick assay. Supercoiled plasmid
DNA was isolated from either clone by a cleared lysate procedure®’, purified
by CsCl-ethidium bromide gradient centrifugation®’, digested with EcoRI
or BamHI and analysed in 1% agarose gels. DNA fragments were hybri-
dised according to Southern®? to Dane particle DNA labelled by nick
translation®?. Lane 1, ethidium bromide staining of fragments derived from
digestion of pHBV-3200 with EcoRI. Lane 2, hybridisation of the same
fragments to *2P-Dane particle DNA and autoradiography. Lane 3, HindIII-
digested A DNA as MW standards. Lane 4, ethidium bromide staining of
fragments derived from digestion of pHBV-2100 with BamHI. Lane 5,
hybridisation of the same fragments to *?P-Dane particle DNA and
autoradiography. Lane 6, ethidium bromide staining of fragments derived
from digestion of pHBV-64 (a clone of pHBV-3200 viral DNA inserted in
the Psi site of pBR322). Lane 7, hybridisation of the same fragments to
22p.Dane particle DNA and autoradiography.
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Fig. 2 Restriction endonuclease cleavage map of cloned HBV DNA in

plasmid pHBV-3200. Cleavage with restriction endonucleases was carried

out in the conditions described by the suppliers with excess amounts of each

enzyme. Analysis of the resulting fragments was by electrophoresis in 7% or

10% acrylamide slab gels in S0 mM Tris-borate (pH 8.3) and 1 mM EDTA

or in 1-2% agarose slab gels in 50 mM Tris-acetate (pH 8.3) and 1 mM
EDTA.

19,000 and a variety of other larger polypeptides of MWs
25,000 to 200,000 (ref. 12). Whether these polypeptides are
virus-specific determinants is unknown. A third class of antigens
associated with hepatitis infection are the e antigens'®, which
recent studies suggest are a dissociated form of the core
antigen'®.

Here we report the cloning in bacteria and structural analysis
of DNA from hepatitis B virus (HBV). We have defined the
location of the viral surface antigen gene in the restriction
endonuclease cleavage map of the cloned HBV genome.
Nucleotide sequence of an 892-base pair region encoding the
surface antigen gene allows us to deduce the complete amino
acid sequence of this protein.

Cloning of DNA from hepatitis B virus Dane
particles

DNA from Dane particles (prepared from pooled sera received
from Merck, Sharp and Dohme) was labelled with *’P-dATP
and **P-dCTP using the endogenous DNA polymerase reac-
tion'®, and purified as described by Landers et al.'*. Several
different DNA preparations were cleaved by the restriction
endonuclease EcoRI into a single fragment of approximately
3,200 base pairs and by BamHI into two fragments of approxi-
mately 2,100 and 1,100 base pairs (results not shown). For
cloning, the Dane particle DNA was digested with BamHI
endonuclease and separately with EcoRl], ligated to the respec-
tive sites of pBR322 (ref. 17) and pBR325 (ref. 18) and used to
transform Escherichia coli x1776. Ampicillin-resistant colonies
derived from the DNA ligated into the BamHI site were further
screened for their sensitivity to tetracycline’” and the size of the
plasmids they contained'®. Similarly, recombinant colonies
derived from the DNA ligated into the EcoRI site of pBR325
were screened for their sensitivity to chloramphenicol'® and by
analysis of their plasmids®®.

Putative recombinant plasmids were isolated and examined
by agarose gel electrophoresis after digestion by EcoRI and
BamHI. One clone from the EcoRI experiment (named pHBV -
3200) was found to contain a hybrid plasmid with an inserted
DNA fragment of approximately 3,200 base pairs, the reported
size of linearised viral DNA?, A clone from the BamHI
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experiment (named pHBV-2100) was found to contain a plas-
mid with a 2,100-base pair insert. The identities of the inserts
within pHBV-3200 and pHBV-2100 were verified by cleavage
of the plasmids with EcoRI and BamHI and hybridisation of the
fragments with **P-labelled Dane particle DNA (Fig. 1). Physi-
cal mapping of both inserted fragments with restriction
endonucleases showed that pHBV-2100 contains a BamHi-
derived insert also present in pHBV-3200.

Location and sequence analysis of the
fragment containing
the HBV surface antigen gene

A physical map containing the cleavage sites for several restric-
tion endonucleases was prepared from pHBV-3200. This map
has been obtained by a combination of enzyme digestions and
DNA sequence analysis (Fig. 2). No restriction sites were found
for Xmal, Ssd, Kpnl, Hpal, Xhol and Sacl endonucleases. The
map is similar, but not identical, to those recently described by
others for cloned hepatitis viral DNA?'"*, For example, the
map reported by Charnay et al.>> shows an extra BamHI site in
the region containing the surface antigen gene. Examination of
the nucleotide sequence in this region (Figs 3, 4) shows that the
sequence GGATCA coding for the amino acids Gly-Ser may be
converted to a BamHI site GGATCC by a change of one base in
the third position of the codon, which would therefore not result
in a change in the amino acid sequence.

The HBV surface antigen gene was located by extensive
nucleotide sequence analysis of the entire cloned viral genome
to identify the sequence coding for the 19 amino acids present at
the amino-terminus of the protein®®. The location of the gene
within the physical map of the cloned viral DNA is shown in
Fig. 2.

The nucleotide sequence of an 892-base pair region encoding
this gene was determined as summarised in Fig. 5 legend. The
sequence, including the restriction enzyme cleavage sites, is
presented in Fig. 3. The translation of this sequence in one of the
phases (Fig. 4) predicts precisely the sequence of the 19 N-
terminal amino acids of the proteins P1 and P2, except for
residue 15, in which the DNA sequence predicts a leucine
instead of the serine. Re-examination of the original data of
Peterson and Vyas has shown that residue 15 is indeed leucine,
and that the original report was incorrect. Furthermore, the
amino acid sequencing data up to residue 31 is completely
compatible with the amino acid sequence predicted by the
DNA, with the exception of residue 24 (arginine), in which
insufficient amounts of the phenylthiohydantoin amino acid
were formed for analysis (D. Peterson, personal communi-
cation). The reported C-terminal sequence, Val-Tyr-Ile®?, is in
phase from 204 amino acid residues towards the 3’ RNA
terminus just before the ochre termination codon, UAA. The
polypeptide encoded by these sequences is 226 amino acids long
and has a MW of 25,398, in satisfactory agreement with the mass
for P1 (22-24,000) determined by SDS gel electrophoresis?2.
The amino acid composition also agrees very closely with that
reported for this protein'®. Note also the relatively high content
of proline (10.2%), tryptophan (5.8%), aromatic amino acids
(Trp, Tyr, Phe) (15.0%) and hydrophobic amino acids (Val, Ile,
Leu) (26.6%).

Because of the prevalence of intervening sequences in
eukaryotic genes (see ref. 24 and refs therein), it is not possible
to presume the colinearity of a gene with the amino acid
sequence of the protein product. However, there is no evidence
for an intervening sequence in the surface antigen gene, as the
molecule predicted by the DNA sequence closely approximates
the characteristics of the isolated surface antigen P1. Any
intervening sequence(s) would have to be small (<150 bases);
most intervening sequences in structural genes are longer. The
N-terminal and C-terminal ends of the molecule are in phase,
thus any intervening sequence must also maintain the phase.
Furthermore, preliminary studies suggest that the number of
major peptides resolved from trypsin-treated aminoethylated
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P1 agrees quite well with those predicted from the amino acid
sequence derived from the gene (D. Peterson, personal com-
munication). Further studies on P1 or its mRNA should resolve
this issue decisively. In the meantime, it seems justified to
assume colinearity of the gene with the mRNA for purposes of
examination of the primary structure of P1. The high concen-
tration of proline residues and their dispersion throughout the
molecule preclude the possibility of a high content of «-helix.
Indeed, according to the Fasman rules®’, there is only approxi-
mately 4% a-helix. However, there is a significant amount of 8
form (~30%) and also more than 10% g-turns. Thus, the
molecule probably has a globular configuration. Perhaps the
most striking primary structural feature of the molecule is a
19-amino acid long hydrophobic region. The sequences flanking
this region are particularly rich in proline and cysteine residues.
This hydrophobic region may be the site for intermolecular
interaction of P1 monomers, and the abundant cysteine residues
could make intra- and intermolecular linkages to form the
surface coat of the virus. Because of the likelihood that P1 is
glycosylated, we searched for possible sites of glycosylation at
asparagine residues (Asn-X-Ser/Thr)?, There are three such
sites at amino acid positions 3, 59 and 146.

817

Directions for future study

Although P1 and P2 are the major peptides, five or six other
proteins of larger size (up to ~100,000 MW) have been ob-
served in surface antigen preparations'’. One of these, P6
(~72,000 MW), is sometimes present as a major component'”.
This family of molecules cross-reacts antigenically and hence
must be related structurally. Whether they represent aggregates
of P1/P2 or are distinct molecules is not known. We have not
detected nucleotide sequences encoding similar amino acid
sequences in the other regions of the viral genome. The possi-
bility that they are formed by processing from a single peptide
precursor should also not be overlooked. However, the DNA
sequence suggests that it is unlikely that a precursor could
extend from the C-terminus because several other termination
codons exist in the 3’ RNA direction. Furthermore, the nucleo-
tide sequence which could code for a protein of 190 amino acids
begins with the methionine codon AUG, 41 bases after the
termination codon of the surface antigen gene (Fig. 5). Screen-
ing of the sequence of the entire virus suggested that this may be
the gene coding for the major core protein. Further structural
analysis of the core protein must be carried out before a

BamHI1 Hinfl Mboll Mnll

GGATCCCAGAGTCAGGGGTCTGTATCTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATATTGCCTCTCACATCTC

CCTAGGGTCTCAGTCCCCAGACATAGAAGGACGACCACCGAGGTCAAGTCCTTGTCATTTGGGACGAGGCTTATAACGGAGAGTGTAGAG
Mbol

Tacl Ul Hinfl Ul
GTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACATGGAGAACATCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAGGCGGG
CAGTTAGAGGCGCTCCTGACCCCTGGGACACTGCTTGTACCTCTTGTAGTGTAGTCCTAAGGATCCTﬁGGGACGAGCACAATGTCCGCCC

Mnll Ava2 Ava2

Hindll Hinfl Hinfl Hinfl Mbol
GTTTTTCTTGTTGACAAGAATCCTCACAATACCGCAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCTCCCGTGTG
CAAAAAGAACAACTGTTCTTAGGAGTGTTATGGCGTCTCAGATCTGAGCACCACCTGAAGAGAGTTAAAAGATCCCCCTAGAGGGCACAC

Mnll Xbal

Ball Mnil Hph Mnll Mnll Apyl
TCTTGGCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAATTTGTCCTGGTTATCGCTGGATGTGTCTGCG
AGAACCGGTTTTAAGCGTCAGGGGTTGGAGGTTAGTGAGTGGTTGGAGGACAGGAGGTTAAACAGGACCAATAGCGACCTACACAGACGC

Haelll EcoRII

Mnlly Bbr Mnllt "Mbolll Mbol Mnll
GCGTTTTATCATATTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCC
CGCAAAATAGTATAAGGAGAAGTAGGACGACGATACGGAGTAGAAGAATAACCAAGAAGACCTAATAGTTCCATACAACGGGCAAACAGG

Mboll

EcoRII Mboll Ul Hinfl Mnll
TCTAATTCCAGGATCAACAACAACCAGTACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAGGCAACTCTATGTTTCCCTCATGTTG
AGATTAAGGTCCTAGTTGTTGTTGGTCATGCCCTGGTACGTTTTGGACGTGCTGAGGACGAGTTCCGTTGAGATACAAAGGGAGTACAAC

Apyl Ava2

EcoRII Asul Mnll

CTGTACAAAACCTACGGATGGAAATTGCACCTGTATTCCCATCCCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGGCCTCAGT
GACATGTTTTGGATGCCTACCTTTAACGTGGACATAAGGGTAGGGTAGCAGGACCCGAAAGCGTTTTATGGATACCCTCATCCGGAGTCA

Apyl Haelll

Alul

CCGTTTCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCCTAGGGCTTTCCCCCACTGTTTGGCTTTCAGCTATATGGATGAT
GGCAAAGAGAACCGAGTCAAATGATCACGGTAAACAAGTCACCAAGCATCCCGAAAGGGGGTGACAAACCGAAAGTCGATATACCTACTA

Asul Hinfl
GTGGTATTGGGGGCCAAGTCTGTACAGCATCGTGAGTCCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAAAC
CACCATAACCCCCGGTTCAGACATGTCGTAGCACTCAGGGAAATATGGCGACAATGGTTAAAAGAAAACAGAGACCCATATGTAAATTTG

Haelll

Mbol
CCTAACAAAACAAAAAGATGGGGTTATTCCCTAAACTTCATGGGCTACATAATTGGAAGTTGGGGAACTTTGCCACAGGATC
GGATTGTTTTGTTTTTCTACCCCAATAAGGGATTTGAAGTACCCGATGTATTAACCTTCAACCCCTTGAAACGGTGTCCTAG

Fig. 3 Nucleotide sequence of the HBV surface antigen gene and adjacent regions. Sequence analysis was carried out by the method of Maxam and Gilbert* as
outlined in Fig. 4. The enzyme Mbol is an isoschizomer of Sau3A. Ul indicates Sauqg, sites.
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Fig. 4 The amino acid sequence of the HBV surface antigen gene. The nucleotide sequence presented in Fig. 3 was translated in one reading frame so as to
correspond to the known first 19 amino acids of the N-terminus of the HBV surface antigen'?.

definitive assignment can be made.

It is possible that a putative precursor could extend from the
N-terminus. In certain instances, promoter sites in eukaryotic
genes may be identified from the DNA sequence. Hogness and
Goldberg (personal communication) have postulated that the
canonical sequence TATAAATA may interact with RNA
polymerase, as E. coli polymerase interacts with the Pribnow
box?’. Initiation of transcription usually occurs 23+ 1 nucleo-
tides from this site. We have been unable to find this sequence in
the 200 nucleotides immediately preceding the N-terminal
methionine. However, more distant variations on the Hogness—
Goldberg sequence occur (D. S. Hogness, personal com-
munication; E. Ziff, personal communication and ref. 28). For
example, the sequence TATATT is found 184 bases in the 5’
RNA direction from the initiator methionine codon of the
surface antigen gene and also occurs in the IgG2 light chain®.
However, there are no specific data and the site of initiation of
transcription and the structure of the initial gene product of the
HBYV surface antigen gene therefore remain in doubt.

Tiollais and coworkers have defined the single-stranded
regions in the DNA of the virus®. From their map, itis clear that

single-stranded regions of DNA extend into the surface antigen
gene, but probably not as far as the initiation of transcription.
These observations localise the coding strand of the gene on the
full-length DNA strand.

The availability of abundant quantities of hepatitis B viral
DNA through molecular cloning procedures will allow a
comprehensive study of its gene products and the pathology of
the virus. The present work enables specific studies on the
expression of the gene coding for the major surface antigen to be
carried out. The availability of this gene may also provide an
alternative means for production of the antigen which in turn
can be used as a vaccine against hepatitis B infection.

We thank Drs D. Peterson and G. Vyas for helpful discussions
and for making their unpublished data available to us, Drs J.
Birnbaum, R. Hirschman, M. Hilleman and A. Tytell for the
Dane particle preparation and for helpful discussions, and Drs
J. T. Yang and G. R. 1. Chang for consultations on the
putative structure of the surface antigen protein. This research
was supported by a grant from Merck Sharpe and Dohme.
H.M.G. is an Investigator of the Howard Hughes Medical
Institute.
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Fig. § Sequence strategy for the 889-base pair fragment containing the HBV surface antigen gene. Nucleotide residues are numbered in the direction from 5'to 3’ in
the message strand, beginning at the BamHI site. The solid bar represents the 678-base pair region coding for the protein. Only the restriction sites used as starting
points for sequencing are shown. For labelling, DNA was treated with 5 pg of bacterial alkaline phosphatase (Worthington) at 37 °C for 60 min in 20 mM Tris-HCl
(pH 8.0), phenol extracted and treated with 10 units of T4 polynucleotide kinase (Boehringer) at 37 °C for 30 min in a reaction mixture containing 50 mM glycine
(pH 9.5), 10 mM MgCl,, 10 mM dithiothreitol, 0.1 mM spermidine and 0.001 mM [y-**PJATP (~4,000 Ci mmol~?). Fragments labelled only at one end were
isolated by gel electrophoresis after either digestion with a restriction enzyme or strand separation. DNA sequence was carried out by the method of Maxam and
Gilbert*4, Arrows indicate the direction and number of base pairs sequenced in each experiment. Sequences were determined in both strands or in duplicate for all but
50 residues. In this 50-base pair region the data were very reliable. (Sequence data are available from the authors on request.)
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Discovery of IR bursts
from Liller I/MXB1730-333

THE first detection of IR bursts from the object' known as
Liller I which has been identified® with the rapid X-ray burster
MXB1730—333 is reported here. The rapid burster is the only
one of its kind that has been extensively studied in the X-ray
region®”® and some of its known characteristics can be sum-
marised as follows. When it is active it gives several thousand
X-ray bursts per day. It operates in two modes: mode I (usually
in March and September every year), mode II (usually in April
and October every year). In mode I it gives large X-ray bursts
with energy in the range 10*°~10*° erg and also small bursts with
energy in the range of 10**~10%° erg; while in mode II it pri-
marily emits bursts with energy typically close to 10*° erg. These
bursts are called type II on the basis of the constant character of
their spectrum during the decay phase. The rapid burster
occasionally also gives bursts known as type I which are charac-
terised by the softening of the X-ray spectrum during the decay
phase. The energy in these bursts is usually in excess of 10*° erg
and their frequency is about one every few hours.

Liller' searched for an optical counterpart of the rapid burster
and found a highly reddened compact cluster with a red magni-
tude m, = 21 in the error box of the rapid burster®, This has been
identified as a globular cluster by Kleinmann et al.”, with the
help of IR observations. The identification of this cluster with
the rapid burster was supported by Doxsey et al.” who obtained a
more precise position for the X-ray burster. Kleinmann et al.’”
observed the globular cluster continuously for about an hour on
29 May 1976 and did not detect any variation greater than 10%
of the total IR flux. However, the rapid burster may have ceased
activity in April 1976.

Two of us (K.M.V.A. and S.M.C.)® have proposed a model for
the X-ray emission from the rapid burster based on accretion of
matter onto the poles of a rotating magnetic neutron star. More
recently (unpublished data), the cyclotron emission of electrons
in the accreting column above the poles of the magnetised
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neutron star has been considered and emission in the IR and
optical regions suggested; these calculations have prompted us
to undertake the present experiment. The optical emission from
the rapid burster may, however, be difficult to detect because of
the large interstellar extinction’” of A,=11+1mag. On the
other hand, the interstellar extinction in the IR is very small
which makes it possible to observe the radiation.

The observations were made on the 1-m telescope of the
Indian Institute of Astrophysics at Kavalur (lat. 12° N), India on
the night of 4-5 April 1979 between 21.29 and 00.10 UT. At the
Cassegrain focus a liquid-nitrogen cooled photometer was used
with a set of IR filters, three apertures and a Fabry mirror
imaging the primary of the telescope on a 0.5 mm x 0.5 mm InSb
detector. The incoming beam was f/20 giving the scale of
10 arcs mm ™! at the focal plane. For the present measurement
we used a 2 mm aperture corresponding to 20 arc s field of view.
The incoming beam was chopped alternately on the source and a
neighbouring part of the sky with a throw of 20 arc s by a tertiary
mirror inclined at 45° to the incident beam with a frequency of
16 Hz. The servo-controlled square wave gave a duty cycle of
75%. The Liller I signal was detected with the phase sensitive
detector followed by the low pass filter with a time constant of
0.6 s. In the case of standard stars, the phase sensitive detector

Table 1 IR bursts from Liller I/MXB1730-333

Peak
luminosity
(107 ergs™'  Burst energy
Time of Rise Dura- in 0.3 um (10*% erg in
Burst  occurrence time  tion FWHM  interval at 0.3 um interval
No. (uT) (s) (8) (s) 1.6 pm) at 1.6 pm)
1 21h 33min 00s 2 37 12 2.2 3.0
2 22 41 24 2 36 12 1.9 2.0
3 23 45 06 3 36 12 2.0 2.6
4 23 47 30 3 24 9 1.7 1.5
5 00 03 00 2 36 10 2.2 2.5
6a 00 04 54 2 20 6 23 1.7
6b 00 05 12 2 19 6 1.6 0.9
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