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Insect immunity. Isolation and sequence of two cDNA
clones corresponding to acidic and basic attacins
from Hyalophora cecropia
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The Cecropia moth has three known classes of antibacterial
immune proteins, attacins, lysozyme and cecropins (earlier
referred to as P5, P7 and P9, respectively). Six attacins with
different isoelectric points have been purified. The N-terminal
sequences for five of these forms imply that only two differ-
ent genes exist. We have now isolated and sequenced two
cDNA clones, one for the basic attacin and one for the acidic
form. The two mature proteins show 76% homology at the
nucleotide level, while the regions beyond the stop codons are
36%7 homologous. The differences in the content of aspartic
acid accounts for the difference in net charge between the
acidic and basic attacin. Further differences in charge can be
obtained by post-translational removal of a lysine-containing
tetrapeptide at the C-terminal end of the two proteins. Evi-
dence for a prepro form of the basic attacin is presented.
Key words: attacin/immune protein P5/cDNA clones/DNA
sequencing/insect immunity

Introduction
The induction of immunity in diapausing pupae of the Cec-
ropia moth is a suitable model system for the study of selec-
tive gene expression. The genes for immunity are activated by
an injection of live bacteria and the insect responds by syn-
thesizing three classes of antibacterial proteins; attacins,
lysozyme and cecropins (earlier called P5, P7 and P9, respect-
ively; see review by Boman and Steiner, 1981). Three main
forms of cecropins exist, the A, B and D forms. The complete
amino acid sequences imply the existence of three closely
related cecropin genes originating from gene duplications
(Steiner et al., 1981; Hultmark et al., 1982). Six forms of
attacin with different isoelectric points were found in immune
hemolymph, but the N-terminal sequences of five of the
purified proteins suggested that only two different genes exist,
one for a basic form and one for an acidic form (Hultmark et
al., 1983). The preparation of a cDNA bank and the isolation
of a small attacin clone has recently been described (Lee et al.,
1983). We now report the isolation and sequence of two
cDNA clones containing the full coding information for each
of the two main forms of attacin. The basic attacin clone con-
tains additional coding information for a precursor form of
the mature protein. The parallel work on the amino acid se-
quence of attacin F is described in the accompanying paper by
Engstrom et al.

Results
Our cDNA bank was screened for attacin clones in two ways.
Initially we used our earlier clone pCP510 (Lee et al., 1983)

and later a synthetic probe (5'-AAATTNGGjTCCCA-3')
corresponding to amino acid residues 176-180 of the acidic
attacin F (see Engstrom et al., accompanying paper). The
latter procedure gave one single clone denoted pCP521. The
screening with the insert of pCP510 revealed 10 clones which
were further characterized by dot-blot hybridization to the
insert of pCP521 and by restriction enzyme analysis. The
plasmid with the largest insert, pCP517, was selected for
further studies.
Characterization and sequence ofcDNA clones
Figure 1 shows the restriction maps obtained for pCP521 and
pCP517. Suspected attacin clones were characterized with
AvaI and AccI, both specific for the acidic attacin clone
pCP521, and with KpnI which cleaves both the acidic and the
basic cDNA inserts. Restriction sites, other than those used in
the screening, are also indicated in the figure. These restric-
tion enzymes were used in the construction of fragments for
sequencing and primers for extending the cDNA.
The results from the DNA sequencing are given in Figure

2. The solid line between the two amino acid sequences is
interrupted whenever a base substitution occurs; when they
give rise to amino acid substitutions, these are indicated by
boxes. A comparison of the two protein sequences coded by
the two different clones shows a homology of 79% at the
amino acid level. The corresponding DNA homology is 767o,
which is in contrast with the 36% found beyond the stop
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Fig. 1. Restriction analysis of the inserts in clones pCP517 and pCP521.
Fragments A, B and C in the upper part of the maps were used in the
primer extension experiments. The arrows in the lower part indicate the
length and direction of the sequencing experiments. A filled circle in one
end of an arrow denotes labelling at the 5' end, an open circle at the 3'
end of the fragment. Numbers in parenthesis show the distance to the G/C
tail.
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GTC TTG GTT GGC GTC AAC AGC CGG TAC GTG CTC GTT GAA GAG CCT GGT TAC TAT GAC AAA CAG TAC GAG GAA
VAL LEU VAL GLY VAL ASN SER ARG TYR VAL LEU VAL GLU GLU PRO GLY TYR TYR ASP LYS GLN TYR GLU GLU

PCP517

.-Basic Attacin
CAG CCG CAG CAG TGG GTC AAC TCC AGA GTA CGT CGG CAA GCG GGT GCT CTC ACT ATC AAC TCT GAC GGT ACC
GLN PRO GLN GLN TRP VAL ASN SER ARG VAL ARG ARG|GLN|ALA GLY ALA LEU THR ILE ASN SER ASP GLY THR

ASPIALA HISIGLY ALA LEU THR LEASN SER ASP GLY THR
pCP521 GAC GCG CAC GGA GCC CTT ACG CTC AAC TCC GAT GGT ACC

l..*-Acidic Attacin 10

TCA GGT GCT GTG GTC AAG GTA CCT ATA ACT GGG AAT GAA AAC CAC AAG TTC AGT GCT CTT GGC TCC GTT GAT
SER GLY ALA VAL VAL LYS VAL PRO ITHR GLY ASN GLU A HIS LYS PHE SER ALA LEU GLY SER VAL ASP

- i i i F-i- -- I---- ---v- - - - - - - ---~-SER GLY ALA VAL VAL LYS VAL PRO PHEIALA GLY ASN ASP LYS ASN ILE VAL SER ALA ILE GLY SER VAL ASP
TCT GGT GCT GTG GTT AAA GTA CCC TTT GCT GGT AAC GAC AAG AAT ATA GTA AGC GCT ATC GGT TCC GTA GAC

20 30

CTT ACT AAC CAA ATG AAA TTG GGA GCT GCT ACA GCT GGA TTG GCT TAT GAC AAC GTC AAC GGA CAC GGA GCG
LEU T MET LYS LEU GLY ALA ALA THR ALA GLY LEU ALA TYR ASP ASN VAL ASN GLY HIS GLY ALA

I- -H-h--t-H~~~~~i- F- i ih7 -I
LEU THR ASP ARG GLN LYS LEU GLY ALA ALA THR ALA GLY VALALAI½EJASP ASN ILEIASN GLY HIS GLYILEU
TTA ACT GAT AGG CAG AAA CTA GGC GCT GCA ACC GCT GGA GTG GCA CTG GAT AAT ATA AAC GGT CAC GGA CTA

40 50 60

ACC CTA ACA AAA ACT CAT ATC CCT GGG TTC GGT GAC AAG ATG ACG GCT GCC GGC AAA GTA AAT CTC TTC CAT
THR LEU THR LYS THR HIS ILE PRO GLY PHE GLY ASP LYS MET THR ALA ALA GLY LYS VAL ASN LEU PHE HIS

F- -t--- - i-- - I I I Ii i I - I
S LEU THR ASP THR HIS ILE PRO GLY PHE GLY ASP LYS MET THR ALA ALA GLY LYS VAL ASN VAL PHE HIS
AGT CTC ACG GAT ACA CAC ATC CCC GGG TTC GGA GAC AAG ATG ACA GCA GCC GGC AAA GTG AAT GTC TTC CAC

70 80

AAC GAC AAC CAC GAT TTC AGT GCC AAA GCA TTC GCC ACT AAA AAC ATG CCA AAT ATT CCT CAA GTT CCG AAC
ASN ASP ASN HIS ASP PHE SER ALA LYS ALA PHE ALA THR LYS ASN MET PRO ASN ILE PRO GLN VAL PRO ASN
H- H- h-+---H I- i F--H- H-±H- I- --- h-I-
ASN ASP ASN HIS ASP IL H ALA LYS ALA PHE ALA THR A ASN MET PRO ASP ILE ALA ASN VAL PRO ASN
AAT GAT AAC CAC GAC ATC ACA GCG AAG GCT TTC GCC ACC AGA AAC ATG CCG GAT ATT GCT AAT GTA CCT AAT

90 100

TTC AAC ACT GTC GGT GCC GGA GTG GAC TAT ATG TTC AAA GAT AAG ATT GGT GCA TCT GCG AAT GCC GCT CAC
PHE ASN THR VAL GLY SALAGLY VAL ASP TYR E H Y S Y L L L E L S L L I

TTC AAC ACT GTC GGT GGC GGA ATA GAC TAT ATG TTC AAA GAT AAG ATT GGT GCA TCT GCG AGC GCC GCT CAC
110 120 130

ACC GAT TTC ATC AAC CGC AAC GAC TAC TCT CTG GGC GGG AAA CTG AAT CTC TTC AAG ACT CCG ACC ACA TCG
THR ASP PHE ILE ASN ARG ASN ASP TYR SER LEU GLY GLY LYS LEU ASN LEU PHE LYS THR PRO THR THR SER
THR ASP PHE ILE ASN ARG ASN ASP TYR SER LEU S GLY LYS LEU ASN LEU PHE LYS THR PRO THR SER
ACG GAC TTT ATC AAT CGC AAC GAC TAC TCT CTT GAC GGG AAA CTG AAC CTC TTC AAG ACT CCT GAT ACC TCG

140 150

CTG GAC TTC AAC GCC GGT TGG AAG AAG TTC GAT ACG CCC TTC TTT AAG TCC TCG TGG GAA CCC AGC ACT AGT
LEU ASP PHE ASN ALA GLY TRP LYS LYS PHE ASP THR PRO PHE PHE LYS SER SER TRP GLU PRO SER THR SERI

_ II I § _ I | § H- -_ -±--H -H-__ -I
ILE ASP PHE ASN ALA GLY PHE LYS LYS PHE ASP THR PRO PHE MET LYS SER SER TRP GLU PRO ASN PHE G
ATT GAT TTC AAC GCC GGT TTC AAG AAG TTC GAT ACA CCT TTC ATG AAG TCC TCT TGG GAG CCT AAC TTC GGA

160 170 180

TTC TCG TTT TCT AAA TAT TTC
PHE SER PHE SER LYS TYR PHE TAA CTT AAA ACA GTC ATT AAC TTA AAA CGT AAA CTA ATT ATT ACA AAA CTT

PHE SER LEU SER LYS TYR PHE TGA TTA GTA TTT TAA TTT TAA TTC TAT ATA TAT AAA TTT AGA TGT ATA TGT
TTC TCA CTT TCT AAA TAT TTC

188
AAT GTT AAG GGA ACC ATT TTT CTT AAC ATA GTT AAT TGT TTG TAW AT A TAT AAA GTT TTA ATA TGT

ATA TAT ATA TAT TTT TTT TTT ATT AAT ATG ATA TCA CTA AAT GTA TTT ACT CCT TCG ATT ATT ATT ACT TTT

AGT TAC AAA TTG
TTT GTT TAA AGA AGT CCG CCT[AAT AAA GAT AAT TTG

Fig. 2. Nucleotide sequences of the inserts in two attacin clones pCP517 (uppermost line) and pCP521 (bottom line). The amino acid sequence belonging to
pCP517 is given below the nucleotide sequence, for pCP521 above. The line between the amino acid sequences is broken when the nucleotide sequences
differ. Amino acid substitutions and the signals for polyadenylation are boxed in. The numbers indicate amino acid positions for both attacins.
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Table 1. Amino acid composition and codon usage in acidic and basic attacin

Amino Residues per Base in wobble position (o)
acid mature molecule

Basic Acidic T C A G
attacin attacin

Asp 12 19 48 52 - -
Asn 18 17 34 66 - -

Thr 17 14 35 26 23 16
Ser 14 13 48 30 7 15
Glu 2 1 - - 67 33
Gln 3 1 - - 75 25
Pro 8 7 47 27 6 20
Gly 18 19 40 16 30 14
Ala 20 20 43 27 15 15
Cys 0 0 0 0 - -
Val 9 10 16 26 32 26
Met 4 4 - - - 100
Ile 6 10 31 44 24 -

Leu 11 11 23 27 18 32
Tyr 4 3 71 29 - -

Phe 16 15 13 87
His 6 6 17 83 - -
Lys 16 14 - - 47 53
Arg 1 3 0 50 25 25
Trp 2 1 - - - 100

Sum: 187 188
Average codon usage (o): 30 36 16 18

All values are obtained from the sequences in Figure 1. The data for basic
attacin assume that Gln is N-terminal (see Discussion).

signals. A common feature in the C terminus of both amino
acid sequences is a tetrapeptide, Ser-Lys-Tyr-Phe. This struc-
ture is not present in attacin F (Engstrom et al., accompany-
ing paper).
The basic attacin clone (pCP517) codes for 36 amino acid

residues at the N terminus. Since this sequence is not present
in the mature protein it probably belongs to a prepro part of
the molecule. The mol. wts. obtained from the sequences are
20 009 and 19 996 for the mature acidic and basic attacin,
respectively (based on Asp as N-terminal amino acid in the
acidic attacin and Gln in the basic one, Figure 2). These data
agree well with the 20-23 K estimated by SDS-polyacryl-
amide gel electrophoresis (Hultmark et al., 1983).
The regions beyond the stop codons differ in several re-

spects. The basic attacin clone carries two signals for poly-
adenylation (Proudfoot and Brownlee, 1976) while only one
is found in the acidic attacin clone. The two clones also differ
in their potential for forming secondary structures which is
much more prevalent in pCP521.

Table I shows the amino acid compositions of the basic
and the acidic attacins. Both of the proteins lack cysteine, a
fact which was evident already in the experimental analysis
by Hultmark et al. (1983). These results could not distinguish
glutamine and asparagine from the respective dicarboxylic
acids and it was therefore not possible to explain any differ-
ences in isoelectric points. However, Table I shows that vary-
ing amounts of aspartic acid account for this difference be-
tween the acidic and the basic attacin. The differences in
lysine and arginine content do not give rise to any change in
net charge. The difference in aspartic acid content should not
contribute significantly to the net charge at pH 4.0. In cor-
roboration, electrophoresis at this pH does not separate the
basic and acidic forms. Table I also shows C and T to be the
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Fig. 3. Determination of missing mRNA information by primer extension.
The gel (607o polyacrylamide, 7 M urea) to the right was for pCP517 alone,
the one to the left was for pCP517 and pCP521. Size markers (arrows on
the outer sides of the gels) were pBR322, cleaved with Hinf I. Details for
the labelling are given in the text. Numbers refer to lengths in bases.
Larger arrowheads point at fragments A, B and C and their extended
product. Small arrowheads point at labelled fragments which were not
extended. The two middle lanes of the left gel are control samples not
extended.

most frequent bases in the wobble base position. Compara-
tive data for many other eucaryotic systems show C and G to
be the most frequent bases in this position (Wain-Hobson,
1981).

Size ofmRNAs for the two attacins
In neither of the two clones studied did we obtain the N-ter-
minal start signal or the mRNA leader sequence (Figure 2).
An attempt was therefore made by primer extension to esti-
mate the amount of missing mRNA information. As primers
we used fragments A, B and C (Figure 1). The 202-bp frag-
ment A was produced by FnuDII and AvaI cleavage of
pCP521, while fragments B (75 bp) and C (118 bp) were both
obtained from pCP517, B by digestion with HincII and C by
use of HpaII and KpnI. T4 polynucleotide kinase and [-y-32P]-
ATP was used in the labelling of fragments A and B, while
fragment C was labelled with terminal transferase and
[c-32P]ddATP. By the latter technique the 5' ends of the
DNA were also weakly labelled. In the case of fragments A
and C we first isolated and labelled a larger fragment ob-
tained by use of PstI together with either AvaI or KpnI,
depending on the target plasmid. The labelled fragments were
then split by FnuDII and HpaII, respectively. Primer exten-
sion was then carried out essentially as by Ghosh et al. (1978)
with the modifications specified in Materials and methods.
Figure 3 shows that fragment A gave an extended product of
-335 bases. This result means that - 130 bases are missing
between the start of the mRNA and its corresponding first
base of the cDNA. For fragments B and C similar exper-
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Fig. 4. Northern blot estimation of the size of mRNA for basic and acidic
attacin. Lane a, basic attacin; lane b, acidic attacin. Size markers (arrows)
were pBR322 cleaved with HinfI.

iments gave extended products of -185 and 230 bases,
respectively. This means that pCP517 lacks the first 95-100
bases of the mRNA information.
A Northern blotting experiment was performed to com-

pare the mRNAs of the acidic and basic attacin (Figure 4),
which we determined to be - 1130 and 1010 bases in length,
respectively. This is in agreement with the 950 bases found
with pCP51O (Lee et al., 1983). These size determinations of
the attacin mRNAs make it possible to estimate the number
of mRNA bases which are missing from the 3' region of the
cDNA. The mRNA for basic attacin was found to extend

- 100 bases downstream; whereas the acidic attacin mRNA is
extended -250 bases.

Discussion
Our previous work has shown immune hemolymph to con-
tain six different forms of attacin, four basic forms (A - D)
and two acidic ones (E and F). However, three of the four
basic attacins showed identical N-terminal sequences (the
fourth one could not be analyzed) and the same was true for
the two acidic forms (Hultmark et al., 1983). These results
implied the existence of only two different genes. We have
now isolated and analyzed two cDNA clones, one for each of
the main forms of attacins. The coding parts for the mature
proteins show a high degree of homology (76% on the nu-
cleotide level and 79% on the amino acid level), while for the
region beyond the stop codons the homology was only 36'o.
The two forms may therefore have evolved from a gene
duplication stretching from the beginning of the mature
attacin and extending to the stop signal. Alternatively, the
data could possibly be interpreted to mean that the dupli-

cation is longer and that the difference in homology is due to
a large difference in the selection pressure between the coding
region and the non-coding parts of the genes.

There is a complete agreement between the amino acid se-
quence of attacin F (Engstrom et al., accompanying paper)
and residues 1 - 184 of the acidic attacin structure predicted
from the DNA analysis. However, in both of the clones there
is coding information for a C-terminal tetrapeptide with the
sequence Ser-Lys-Tyr-Phe. This structure is missing from
attacin F (Engstrom et al., accompanying paper) and prob-
ably also from attacins C and D. It is therefore possible that
this terminal peptide is removed proteolytically. At present it
cannot be judged if this step is an artifact or a reaction of
physiological significance. The assumed removal of the pep-
tide would also eliminate one positive charge from the pro-
tein, a change which may explain the occurrence of the two
acidic forms and of two of the basic forms. It is interesting
that in the accompanying paper, Engstrom et al. have found
that the N terminus of the basic attacins can be blocked by a
pyroglutamate group. This finding is supported by the fact
that in the mRNA a glutamine precedes the alanine residue
proposed earlier as N terminus (Hultmark et al., 1983). If in-
deed the mature protein starts with this glutamine residue,
then the N terminus becomes adjacent to two arginine
residues. This is a typical site for post-translational processing
by trypsin-like enzymes (Steiner et al., 1975; Richter, 1983). It
should also be noted that the formation of pyroglutamate will
remove one positive charge and the reaction can therefore, in
combination with the removal of the tetrapeptide Ser-Lys-
Tyr-Phe, explain all six forms of attacin.

Electrophoresis of the products formed after in vitro trans-
lation of crude mRNA and immunoprecipitation shows three
not fully resolved bands with sizes of 27 -28 K (Lee et al.,
1983, and results not shown), as opposed to the 20 K calcu-
lated from the sequence. This discrepancy agrees with the fact
that the coding information in pCP517 extends 36 amino
acids beyond the N-terminal glycine residue of attacin A/B.
In this sequence there is a potential cleavage site for signal
peptidase between amino acid seven and eight in agree-
ment with the model of von Heijne (1983). Moreover, since
36 amino acids cannot account for a 7 -8 K difference, we
conclude that a prepro-attacin must exist as a precursor of the
basic attacin. Further support for this comes from the primer
extension experiments, which showed that pCP517 lacks

- 100 bases that are present in the complete mRNA molecule.
In the case of pCP521, the 5' end coincides with the N-ter-
minal region of the mature acidic attacin. Also, we expect
that the 130 bases revealed by the primer extension exper-
iments contain information for a prepro sequence. This is as
far as our present data lend themselves to interpretations and
the final assignment of the precursors to different attacins
must await the isolation and sequencing of genomic clones, a
project which is under way.

Materials and methods
Isolation and purification of DNA fragments
Restriction enzyme cleavage was as recommended by the suppliers. Agarose
(Sigma) gel separations were done in a buffer containing 40 mM Tris-HCl,
30 mM sodium acetate and 2 mM EDTA adjusted with acetic acid to pH 7.8
(Loening, 1967). The gel contained 0.5 jig/ml of ethidium bromide. The
samples were analyzed at 85-100 V for 15-45 min using a minigel appar-
atus (100 mm x 80 mm gel size). DNA was eluted from agarose or polyacryl-
amide gels by smashing the gel slice through a syringe without a needle into
20 ml of 0.3 M NaCl in 10 mM Tris-HCI, I mM EDTA, pH 8.0 (I x TE buf-
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fer). The sample was incubated for 18-48 h at 37°C. DNA was then
adsorbed to a DE-52 cellulose (Whatman) column equilibrated with 1 x TE.
The column was first washed with I x TE buffer, then with 0.3 M NaCI in
I x TE and the DNA was finally eluted with 800 tu of I M NaCl in I x TE.
After two subsequent ethanol precipitations, the DNA was considered pure
enough for either sequencing, secondary restriction enzyme digestions, or
radioactive labelling.
Nick-translation ofprobes
Labelling of probes by nick-translation was carried out according to Rigby et
al. (1977). The DNA polymerase (New England Biolabs) was diluted 100
times before adding 4-5 units. 50 itCi of [a-32P]dATP (New England
Nuclear or Amersham) were used to label 0.1-1 tg of DNA. The dNTPs
were from Pharmacia. Maximum labelling was obtained when the DNase I
(0.05 pg, Boehringer-Mannheim) was added to the mixture of isotope, DNA,
buffer, and cold nucleotides before the DNA polymerase. The probe was
separated from free radioactive dATP on a G-50 column and precipitated
with ethanol.
Screening of cDNA clones by dot-blot and synthetic primers
A synthetic oligomer, 5 '-AATrNGGCTCCCA-3' (kindly provided by
KabiGen AB, Stockholm) was used to screen the cDNA bank for attacin
clones. The oligomer was complementary to residues 176-180 in the
C terminus of acidic attacin. The probe was labelled with T4 polynucleotide
kinase and [-y-32P]ATP, and subjected to G-50 purification. Colony hybridiz-
ation was according to Thomas (1980). Dot-blot hybridization was performed
by binding - 5 Ag of plasmid DNA to a nitrocellulose filter as follows. The
DNA was dissolved in 0.1 M Tris-HCI (pH 7.4). To this solution was added
NaOH followed by the addition of 3 M NaCl, 0.3 M tri-sodium citrate (20 x
SSC) to final concentrations of 0.2 M NaOH and 0.9 M NaCl, 0.09 M tri-
sodium citrate (6 x SSC). The samples were then heated at 80°C for 20 min.
Afterwards they were quickly chilled in ice water and 1 M Tris-HCI (pH 7.4)
was added to a final concentration of 0.2 M. Using a manifold, small portions
of the DNA solution (total volume 760 pd) were then bound to the filter under
vacuum. After baking for 120 min at 80°C, the filters were hybridized to a
probe as for colony hybridization (Thomas, 1980).
Sequencing of DNA
DNA sequencing was carried out according to Maxam and Gilbert (1980),
with the addition of a T-specific reaction (Rubin and Schmid, 1980). End-
labelling of generated 5' ends (Maxam and Gilbert, 1980) of restriction frag-
ments was done with T4 polynucleotide kinase (New England Biolabs) and
[y-32P]ATP (New England Nuclear), while 3' ends were labelled according to
Amersham with terminal deoxynucleotidyl transferase (New England Biolabs)
and [e-32P]ddATP (Amersham). The sequence reactions were separated on
polyacrylamide gels (8 or 20%, 7 M urea, Maxam and Gilbert, 1980) on an
LKB Macrophor Electrophoresis Unit, essentially according to Garoff and
Ansorge (1981). The glass plate was treated with Bind-Silane (LKB), and the
thermostatic plate with Repel-Silane (LKB). Kodak X-OMAT RPI films and
Cronex Lightning Plus intensifying screens were used for autoradiography of
the gels. Routine computer analysis (restriction sites, overlaps etc.) of the
sequencing data was performed on an Apple lIe microcomputer using the
Sequence Analysis Program, version 2.1 by Roger Larson, Department of
Biochemistry, University of Minnesota.
Preparation of mRNA
The interior of four immunized pupae were thoroughly washed with 0.9%0
KCI and ground to a fine powder in a mortar with liquid nitrogen. After
allowing the liquid nitrogen to evaporate, the powder was suspended in
50 mM Tris-HCl (pH 8.0), 10 mM EDTA and 1% SDS to a final volume of
60 ml. To this was added an equal volume of phenol/chloroform/isoamyl-
alcohol (24:24:1). The mixture was shaken for 20 min at room temperature.
After the organic phase was spun down (25 000 g, 20 min), it was again
extracted for 5 min at room temperature with 10 ml of 50 mM Tris-HCI,
10 mM EDTA and 1% SDS. The two combined water phases were then
extracted with 10 ml of phenol/chloroform/isoamylalcohol (24:24:1) for
20 min at room temperature. The nudeic acids (the water phase) were dia-
lyzed at 4°C against 1 x TE (pH 8.0). The poly(A)-containing RNA fraction
was then isolated by oligo(dT) chromatography (Aviv and Leder, 1972).
Primer extension
Extended cDNA clones were prepared according to Ghosh et al. (1978) with
the following modifications. The appropriate n2P-end-labelled DNA primer
(10-50 x 103 c.p.m.) was combined with 5 Ag of Cecropia mRNA, precipi-
tated with ethanol, and dissolved in 10 ul containing 0.1 M NaCl, 20 mM
Tris-HCI (pH 7.9), and 0.1 mM EDTA. The samples were heated at 100°C

was incubated at 37°C for 30-45 min, phenol extracted once, ether extracted
three times and finally precipitated with ethanol. The products were analyzed
on a 6% polyacrylamide gel with 7 M urea. HinfI fragments of pBR322 to be
used as mol. wt. markers, were labelled by a 'fill-in' reaction with
[a-32P]dATP and the Klenow fragment of DNA polymerase I. Bromophenol
blue was used as tracker dye and allowed to run to the bottom of a 50 cm gel.
Northern blot
The mRNA (15 jig) was separated by electrophoresis on denaturing form-
amide agarose gels in MOPS buffer (Maniatis et al., 1982). The gel was im-
mediately blotted (Southern, 1975) to a nitrocellulose filter, essentially as
described by Maniatis et al. (1982) with no intermediate washings. The nitro-
cellulose filter was soaked in 20 x SSC in order to have the same salt concen-
tration as the blotting solution. After the blot was completed (usually within
16 h), the filter was washed in 2 x SSC and baked as described earlier. To
detect any traces of remaining RNA, the gel was stained twice with 50 ug/ml
of acridine orange in 10 mM phosphate buffer, pH 7.0 for 30 min each time
at room temperature. If necessary, the gel was destained in the same buffer.
Filters were then hybridized to the denatured probe at 420C, in 5 x SSC, 50%
deionized formamide, 50 mM sodium phosphate buffer (pH 6.5), 10% dex-
tran sulphate, 100 pg/ml denatured herring sperm DNA, 0.2% SDS, and
5 x Denhardt's soluiion (Maniatis et al., 1982). The filters were washed twice
at room temperature in 2 x SSC, 0.I% SDS for 30 min each time, and then
once for 30 min at 50°C. Finally the filters were washed twice for 20 min each
time at 500C in 0.1 x SSC with 0.1% SDS and subjected to autoradiography.
The filters were not allowed to dry if they were to be rehybridized. In this case,
washing was performed according to Thomas (1980).
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for 2 min in glass capillaries and then incubated at 60°C for 5-10 h. An
equal volume was added, containing 80 mM Tris-HCl (pH 6.8) with 10 mM
MgCl2, 4 mM DTT, 0.4 mM of each dNTP (Pharmacia) and 5 units ofAMV
reverse transcriptase (New England Biolabs). After 5 min on ice, the sample
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