Biochemistry 1987, 26, 1617-1625 1617

of these two lipoproteins, and to Kenneth Watt for the ex-
tended sequencer runs that yielded the amino acid sequence
data upon which our oligonucleotide probes were patterned.
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Isolation of Full-Length Putative Rat Lysophospholipase cDNA Using Improved
Methods for mRNA Isolation and cDNA Cloning?
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ABSTRACT: We have cloned a full-length putative rat pancreatic lysophospholipase cDNA by an improved
mRNA isolation method and cDNA cloning strategy. These new methods allow the construction of a cDNA
library from the adult rat pancreas in which the majority of recombinant clones contained complete sequences
for the corresponding mRNAs. A previously recognized but unidentified long and relatively rare cDNA
clone containing the entire sequence from the cap site at the 5’ end to the poly(A) tail at the 3’ end of the
mRNA was isolated by single-step screening of the library. The size, amino acid composition, and the activity
of the protein expressed in heterologous cells strongly suggest this mRNA codes for lysophospholipase [Van
den Bosch, H., Aarsman, A. J., DeJong, G. N., & Van Deenen, L. M. (1973) Biochim. Biophys. Acta 296,

94-104].

Tle molecular cloning of cDNAs has played a key role in
elucidating the sequence, organization, and expression of eu-
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caryotic genes. In addition, it has provided the coding se-
quences for synthesizing specific proteins in heterologous
systems. The methodology usually requires screening a library
for the cDNA of interest and splicing partial-length cDNAs
to provide the full-length cDNA. The availability of an ef-
ficient method for obtaining full-length cDNAs would greatly
improve the efficacy of various screening methods of cDNA
libraries and of course eliminate the need for splicing par-
tial-length cDNAs to obtain full-length coding regions.

© 1987 American Chemical Society
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Several years ago, we developed a method for isolating
functional RNAs from the pancreas and other sources rich
in RNase (Chirgwin et al., 1979). This method allowed the
isolation of insulin cDNA (Ullrich et al., 1977) and subse-
quently the cDNAs of more than 15 pancreas-specific exocrine
and endocrine cDNAs [listed in Han et al. (1986)]; it has also
been used broadly by others. The method employed, however,
usually leads to the isolation of partial cDNAs, and the iso-
lation-of the full-length cDNAs is progressively more difficult
with increasing size. Two-dimensional gel analysis of the
proteins of the rat exocrine pancreas by ourselves (Van Nest
et al., 1980) as well as by others (Schick et al., 1984) has
revealed more than 20 distinct proteins, several of which still
remain unidentified. Several of these are large proteins with
molecular weights greater than amylase (55 000).

We describe in this paper an improved method that produces
c¢DNAs corresponding to full-length mRNAs. The procedures
involve the isolation of intact mMRNA by a refinement of the
original guanidinium thiocyanate method (Chirgwin et al.,
1979) and an optimization of the Okayama—Berg strategy for
¢DNA cloning (Okayama & Berg, 1982). Thus, instead of
using plasmid vectors, we employ a new A vector (Agt18) and
synthetic oligonucleotides as primers and adaptors. From this
library, we have isolated in a single screening several full-length
c¢DNAs which extend to the multiple cap sites of a previously
unidentified pancreatic mRNA which is both relatively rare
(0.05% of total message) and long [2.1 kilobases (kb)]. By
expressing the cloned cDNA in heterologous cells, we have
shown that it encodes lysophospholipase (Van den Bosch et
al., 1973).

MATERIALS AND METHODS

Chemicals and Enzymes. Guanidinium thiocyanate was
purchased from Fluka, guanidine hydrochloride from Sigma,
oligo(dT)—cellulose from Collaborative Research Inc., reverse
transcriptase from Life Sciences, Inc., terminal deoxy-
nucleotidyl transferase, RNase H, Escherichia coli DNA li-
gase, polynucleotide kinase, and unlabeled nucleotides from
P-L Pharmacia, and endonuclease-free DNA polymerase,
restriction enzymes, T4 DNA ligase, and dam methylase either
from Boehringer Mannheim or from New England Biolabs.
The RNase inhibitor RNasin and the in vitro A DNA pack-
aging extract were obtained from either Promega Biotech or
Vector Cloning System, DNase I and RNase A from
Worthington, and *?P-labeled nucleotides and 1-['*C]palmi-
toyllyso-3-phosphatidylcholine from Amersham. The oligo-
nucleotides were synthesized and supplied by Jennifer Barnett
of this laboratory.

Isolation of RNA. (A) Solutions. Guanidinium thiocyanate
stock (5 M) is prepared by mixing 60 g of guanidinium
thiocyanate with 5 mL of 1 M tris(hydroxymethyl)amino-
methane hydrochloride (Tris-HCI), pH 7.5 (final concentration
50 mM), 25 mL of 0.1 M ethylenediaminetetraacetic acid
(EDTA) (25 mM final concentration), and 8 mL of §-mer-
captoethanol (8% final concentration, added just prior to use)
in a total volume of 100 mL; 6 M guanidine hydrochloride
is prepared by mixing 57 g of the salt with 25 mL of 0.1
EDTA, pH 7.0 (25 mM), and 75 uL of §-mercaptoethanol
(10 mM final concentration, added just prior to use) in a total
volume of 100 mL. Both solutions are filtered through
0.45-um Millipore filters before use.

(B) Low-Temperature Guanidinium Thiocyanate Extrac-
tion Procedure. Freshly removed tissue (about 1 g) was placed
in 20 mL of 5 M guanidinium thiocyanate (precooled on ice
for 5 min; longer times produce crystallization) in a graduated
precooled polypropylene tube (50-mL volume) and immedi-
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ately homogenized with an ice-chilled polytron (probe 1 in.
in diameter, Brinkmann) for 20 s at the maximum speed. To
prevent loss of tissue homogenate, the tube was loosely covered
with parafilm during the homogenization. The contents were
poured into a polypropylene tube (50-mL volume, which fits
a HB4 Sorvall centrifuge rotor without rubber cushion) con-
taining 0.3 volume of cold ethanol (=20 °C), mixed, and im-
mediately centrifuged in the HB4 rotor (precooled to ~10 °C)
at 10000 rpm for 5 min. During this period, the polytron
probe was cleaned with 0.2% sodium dodecyl sulfate, rinsed
with water, and chilled on ice. After the centrifugation, a
protein film at the top of the fluid was removed, and the
remaining supernatant was discarded by aspiration while the
tube was maintained at —10 °C. Ten milliliters of ice-cold (0
°C) 5 M guanidinium thiocyanate was added to the pellet and
then homogenized for 10 s as above. The suspension was
centrifuged at 10000 rpm (3 min, 0 °C) to remove contam-
inating tissue debris. The clear supernatant was mixed with
0.025 volume of 1 M acetic acid and 0.75 volume of cold
ethanol (20 °C), incubated at —20 °C for longer than 3 h,
and then centrifuged at 6000 rpm for 10 min at —10 °C. The
supernatant and any floating material were discarded by as-
piration, and the pellet was resuspended in 2 mL of cold (-20
°C) 6 M guanidine hydrochloride (Gdn-HCI) by repeated
pipeting. In most cases, the pellet was easily resuspended; if
not, it was briefly sonicated. The volume was adjusted to 10
mL of Gdn-HC], transferred to two polypropylene tubes (15
mL), and vortexed. In each tube, 0.25 mL of 1 M acetic acid
and 0.5 volume of cold (=20 °C) ethanol were added with
mixing and the contents incubated at =20 °C for more than
3 h and centrifuged as above. This Gdn-HCl step was repeated
twice, and the RNA pellet was resuspended in progressively
decreasing volumes of Gdn-HCI (finally 5 mL). A small
aliquot (less than 50 uL) of Gdn-HCI solution containing
RNA was then tested for RNase activity. The aliquot was
precipitated with ethanol, dissolved in diethyl pyrocarbonate
(DEP) treated 50 mM sodium actetate (pH 7.0), and incu-
bated for 30 min at 37 °C. The RNA was analyzed by
electrophoresis in a 1.5% nondenaturing agarose gel (TBE
buffer: 89 mM each of Tris and boric acid and 10 mM EDTA,
80 V, 1 h). The presence of 28S and 18S rRNA bands in a
ratio of ~2:1 would indicate intact RNA. If the ratio was
less than 1:1, further cycles of Gdn-HCl-ethanol precipitation
were performed to remove the residual RNase activity, after
which the entire RNA pellet was dissolved in 5 mL of DEP-
treated water. Complete dissolution of the RNA pellet may
sometimes require extraction with additional aliquots of water.
The RNA-containing solution was mixed with 0.1 volume of
2 M sodium acetate and 2.5 volumes of ethanol and stored
at —70 °C until use. Poly(A) RNA was isolated by a standard
method (Aviv & Leder, 1972).

(C) RNA Isolation by Other Methods. For comparison,
RNA was also isolated by other methods using guanidinium
thiocyanate such as CsCl ultracentrifugation (Chirgwin et al.,
1979), ethanol precipitation (Chirgwin et al., 1979), and the
LiCl precipitation method (Cathala et al., 1985).

Construction of Agt18 and \gt19 (lac5 nin5 cI857 S100
spi”). Agtl8 and Agtl9 (Figure 1) were constructed from
Agtll (Young & Davis, 1983a). The two unwanted Sall sites
within the parent phage were removed by digesting Agtll
DNA with Sall and religating the DNA with a 10-fold molar
excess of a oligonucleotide which has Sa/I-cohesive ends but
cannot generate at a Sa/l site

TCGAGGGCC
CCCGGAGCT



COMPLETE NUCLEOTIDE SEQUENCE OF LYSOPHOSPHOLIPASE MRNA

19.6 437
cos cos
Agt18 Sall Sacl Xbal EcoRI

| | |
3'-CTT AAC CAG CTG CTC GAG AGA TCT CTT AAG-5'
Phe GIn Asp val Leu Giu Arg Ser Phe Glu

Agtio EcoRl  Xbal Sacl Sall

| b |
3'-CTT AAG AGA TCT CTC GAG CAG CTG GTT AAG-5'
Phe Glu Arg Ser Leu Glu Asp Val Leu Glu

FIGURE 1: Map of bacteriophage Agt18 and Agt19 vectors in the region
of polylinker. Restriction cleavage sites and the amino acids encoded
are shown below the map. Other restriction sites are identical with
that of Agtl1l (Young & Davis, 1983a) except for the deleted Sa/l
sites in the new vectors.

The removal of two Sall sites resulted in a phage which gives
rise to small plaques. This phage was passed for five gener-
ations in E. coli (LE392) until a relatively large plaque-
forming phage was obtained according to the procedure by
Stahl et al. (1975). A convenient polylinker containing Sa/l,
Sacl, Xbal, and EcoRI restriction sites
AATTGGTCGACGAGCTCTCTAGAG
CCAGCTGCTCGAGAGATCTCTTAA

A. Two Orientation Cloning

1. Anneal with oligo-dT
primer-adapter (Sall)

s T5
H—

2. Reverse transcriptase
3. Fractionate size
4. d-G tail

5 Anneat with oligo-dC primer-
adapter and Sall - adapter
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was then introduced at the EcoRI site of the changed Agtl1
DNA. Because of these changes, these phages are likely to
be Spi~ and chi. Agt18 and Agt19 are identical except for the
orientation of the polylinker.

¢DNA Cloning with the Agt18 (or Agt19) Vectors. The steps
for cDNA synthesis and cloning in either one or two orien-
tations in the Agt18 (or Agt19) vector are outlined in Figure
2. All restriction endonuclease digestions and ligations were
performed as suggested by the enzyme suppliers. The isolated
Agt18 DNA was. preligated and cut either with Sall for
two-orientation cloning or with Sa/l and Xbal for one-orien-
tation cloning after methylation by dam methylase. (The
methylase treatment protects only the second Xbal site present
in the right arm of the vector.) After digestion, the DNA was
phenol-extracted and ethanol-precipitated twice in the presence
of 2 M ammonium acetate as described (Maniatis et al., 1982).

For two-orientation cloning, about 20 pmol of mRNA was
annealed with 100 pmol of oliog(dT) primer-adaptor (GA-
ATTCGTCGACT);) in 20 L of 10 mM KCl by heating at
70 °C for 5 min and then chilling on ice. The first-strand
c¢DNA was synthesized in a volume of 200 uL, and sizes above
600 bases were selected by alkaline gel electrophoresis as

described (Maniatis et al., 1982). A dG tail (~15 bases) was
B. One Orientation Cloning

1. Annea! with oligo-dT
primer-adapter (Sall)

SCT‘s
=t

2. Reverse transcriptase
3. Fractionate size
4. d-G tail

S
ot
T

5. Anneal with oligo-dC primer-adapter
(Xbal) and Clal~-adapter

s Tis Gxg_ scTs v Gi'.’a_‘_
'—’. s evsascennconsenerrarcasnanen 4-;-*- '-'.q ............................. e
An I s An G5 X
6. Repai 6. Anneal with Agt18 (ligated
: e'posr and cut with Sall/Xbal)
s T Gs X cos scT G ¢ xcos s
a D AR T < Hulk
A C A | C
7. Cut with Sall 7. Ligate
s T * G X cos scT * G ¢cxcos s
= L= AT
A C s A C
8. Ligate with Agti8 ;
(ligated and cut with SatI) * 8. Repair
cos ¢DNA lacZ cos
t __/ === A
N/
poly linker

FIGURE 2: Steps in the construction of phage cDNA recombinant. The experimental details of the procedure are presented under Materials
and Methods and under Results. A, indicates the poly(A) tail of mRNA, and C, G, and T indicate the oligonucleotide primer-adaptor which
has a dC, dG, and dT homopolymer tail, respectively. The small letters c, s, and x indicate restriction sites Clal, Sall, and Xbal, respectively.
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FIGURE 3: Comparison of different methods for RNA isolation using guanidinium thiocyanate. (A) An ethidium bromide staining pattern
of total or poly(A+) RNA from rat. Lane I, total RNA from adult spleen isolated by CsCl centrifugation method (Chirgwin et al., 1979).
Lanes 2 and 3, total RNA from embryonic pancreas by CsCl centrifugation method (Chirgwin et al., 1979). The tissue homogenate in 6 M
guanidinium thiocyanate was stored for 12 h at room temperature before centrifugation (lane 2) or immediately centrifuged (lane 3). Lanes
4-9, RNA isolated from adult pancreas. Lane 4, total RNA isolated by ethanol precipitation method (Chirgwin et al., 1979). Lane 5, poly(A+)
RNA from lane 4. Lane 6, total RNA by LiCl method (Cathala, 1985). Lane 7, poly(A+) RNA from lane 6. Lane 8, total RNA by
low-temperature method. Lane 9, poly(A+) RNA from lane 8. Five micrograms of RNA was denatured by heating at 65 °C for 10 min
in 50% formamide and 2.2 M formaldehyde and electrophoresed on a 1.5% agarose gel containing formaldehyde. The gel was flushed with
running water for 30 min to remove formaldehyde and stained with ethidium bromide. Positions of three known mRNAs are marked: Amy,
amylase; Chymo, Chymotrypsin; and Tryp, trypsin. X indicates lysophospholipase mRNA. (B) Autoradiogram of [**S]methionine-labeled
peptides synthesized from purified RNAs in a rabbit reticulocyte lysate (Pelham & Jackson, 1976). Poly(A+) RNA samples (1 ug per lane;
all from adult rat pancreas) used for translation were the following: lane 1, the same RNA used for lane 5 in (A); lane 2, the same RNA
used for lane 7 in (A); lane 3, the same RNA used for lane 9. Positions of three known proteins, amylase, chymotrypsin, and trypsin, are
marked as above. (C) Autoradiogram of 32P-labeled first-strand cDNA after size enrichment (larger than 0.5 kb). The positions of cDNAs
of three proteins are marked as above. ¢cDNA band marked X was eluted and used as a probe for screening cDNA library (see Results).

added to the 3" end according to Land et al. (1981). The tailed
cDNA was annealed with a 2-fold molar excess of oligo(dC)
primer-adaptor (GAATTCGTCGACC, ;) and Sall adaptor
(GTCGACQG) as above, and second-strand cDNA was syn-
thesized by DNA polymerase I in a volume of 100 nL by the
method of the Okayama and Berg (1982). The double-
stranded cDNA was cut with Sall, phenol-extracted, and
ethanol-precipitated twice in the presence of 2 M ammonium
acetate. Varying amounts of cDNA (100, 200, and 500 ng)
were separately ligated to 1 ug of Sall-cut Agt18 (or Agt19)
DNA in a 10-gL volume with 1 unit of T4 ligase.

For one-orientation cloning, first-strand cDNA was prepared
as above except that a different oligo(dT) primer-adaptor
(TCGACATCGATGT,s) was used as a primer for the
first-strand synthesis. The dG-tailed first-strand cDNA was
annealed with 2-fold molar excess of oligo(dC) primer-adaptor
(CTAGAATCGATGC,s) and Clal adaptor (CATCGATT
and CATCGATG) as above and ligated in a 25-uLL volume
with 5 units of E. coli ligase to Agt18 DNA previously cut with
Sall and Xbal. The ligated DNA was then converted into
double-stranded cDNA as above, phenol-extracted, ethanol-
precipitated as above, and packaged into infectious phage as
suggested by the supplier of the package extract. The phage
were propagated in E. coli strain (LE392 or K803) as de-
scribed by Young and Davis (1983b).

Sequencing. The cDNA insert from ArLPL3 was isolated,
cleaved with several restriction endonucleases, subcloned into
M13mpl8, and sequenced by the method of Sanger et al.
(1977); ambiguous sequences were confirmed by the method
of Maxam and Gilbert (1980). Direct A sequencing was
performed by a modified Sanger method (Chen & Seeburg,
1985) using two synthetic oligonucleotides (TTGACACCA-
GACCAACTGG and CCATATGGGGATTGGTGGC-
GAC) as primers. Direct mRNA sequencing and primer
extension were carried out by the chain termination method
using a synthetic primer (GAGGCCAAGAAACA-
GAACCTC) as previously described (MacDonald et al.,
1982b).

Expression and Enzyme Assay. The full-length cDNA
(rLPL) was isolated from a A clone (ArLPL3) and subcloned

into M13mp18 (MI13rLPL). The GC tract at the 5’ end of
the full-length cDNA was removed by site-directed muta-
genesis (Craik, 1985). The resultant cDNA was subcloned
into pECE,, a mammalian cell expression vector utilizing the
SV40 early promoter (Ellis et al., 1986). Ten micrograms of
pECE,rLPL DNA was cotransfected into CHO cells (1 X 10°)
with 10 ug of pSV,CAT, a vector in which the coding sequence
of chloramphenicol acetyltransferase (CAT) is under the
control of the same SV40 early promoter (Gorman et al,,
1982), using the calcium phosphate method (Graham & van
der Eb, 1973). For a control, CHO cells were transfected with
10 ug of pSV,CAT alone. After 48-h incubation, the cells
were harvested, washed with saline, sonicated in 100 uL of
20 mM sodium phosphate buffer (pH 7.0), and centrifuged
at 10000g for 5 min at 4 °C. The supernatant was frozen until
the activity was assayed. The lysophospholipase activity was
assayed according to van den Bosch (Van den Bosch et al.,
1973) using a modified Dole procedure (Depierre, 1977).

RESULTS

Isolation of Intact mRNA. The efficacy of our RNA iso-
lation procedure is illustrated in Figure 3 by comparing the
RNAs isolated from three different rat tissues (adult spleen,
16-day embryonic pancreas, and adult pancreas, exhibiting
intermediate, high, and extremely high RNase activity, re-
spectively) using variations of the guanidinium thiocyanate
method including ultracentrifugation (Chirgwin et al., 1979),
ethanol precipitation (Chirgwin et al., 1979), LiCl precipitation
(Cathala et al., 1985), and the method described here. All
methods are acceptable for isolating RNA from tissues with
intermediate levels of RNAse activity. As illustrated in lane
1, intact 28S and 18S ribosomal RN As are evident when the
RNA is isolated by any of the methods (data not shown). The
deficiency of the ultracentrifuge method is evident when the
RNA is isolated from tissues with high RNase activity such
as 16-day rat embryonic pancreas (lanes 2 and 3) and is even
more obvious when the RNA is isolated from tissues with
extremely high RNase levels such as adult pancreas. In this
case, degradation (as in lane 2) is always observed (data not
shown). The three remaining methods produce satisfactory
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28S and 18S rRNA bands (lanes 4, 6, and 8, respectively);
however, differences in the quality of the isolated mRNA are
evident when the poly(A+) RNAs are visualized by gel
electrophoresis. The three prominent pancreatic mRNA
species, amylase, chymotrypsin, and trypsin, are not easily
recognizable with the ethanol precipitation method (lane 5)
but are evident with the LiCl method (lane 7) and with the
present method (lane 9). The intensity of the amylase mRNA
band relative to the chymotrypsin or trypsin mRNA band (lane
8) is significantly higher with the latter method. The supe-
riority of the low-temperature method is further demonstrated
by in vitro translation of the poly(A+) RNA (Figure 2B). The
low-temperature method (lane 3) gives a higher yield of
translation products per unit of poly(A+) RNA input and also
shows at least a 5-fold higher amylase:chymotrypsin or trypsin
ratio as compared to the other two methods (lanes 1 and 2).

Construction of a Full-Length cDNA Library. The strategy
and experimental procedures for preparing and cloning cDNA
in either one or both orientations in A\ phage are outlined in
Figure 2. The key features are (a) a synthetic oligonucleotide
acts both as primer and as adaptor, (b) the size-selected reverse
transcripts are efficiently converted into full-length duplex
c¢DNAs by tailing/priming and repair synthesis, (c) a A phage
vector is used for efficient cloning of cDNA and screening,
and (d) the cDNA can be cloned in a defined orientation.

Expression vectors Agt18 and Agt19 were constructed from
Agtll by deleting the restriction sites for Sall in the phage
and then inserting a synthetic polylinker containing restriction
sites for Sall, Sacl, Xbal, and EcoRI in the 3’ end of lacZ
gene (Figure 1). Agtl9 contains the polylinker in the opposite
orientation of Agt18. By use of two restriction sites, single-
orientation cloning can be performed, thus maximizing the
chance of expression of the cloned cDNA as a fusion protein
with lacZ. If the Sall primer-adaptor is used for first- and
second-strand synthesis, and the resultant material is digested
with Sall to generate cohesive ends, then two-orientation
cloning occurs. Eucaryotic DNA contains few Sall sites; thus,
possible internal cleavage of the cDNA during the digestion
is minimal, but it is not eliminated.

The methods which employ viral reverse transcriptase for
first-strand synthesis usually generate partial copies of mRNA.
The double-stranded cDNAs made from these partial copies
are generally small [less than 500 base pairs (bp)] and are
readily incorporated into the vector, thus lowering the yield
of full-length cDNAs in the library. Generally, size frac-
tionation is more efficient when the mRNA is primed with
a short synthetic oligonucleotide as compared to priming with
an oligo(dT)-tailed plasmid vector as employed by Okayama
and Berg (1982). However, the cloning efficiency should be
higher in methods utilizing plasmid vector primers. By using
a synthetic oligonucleotide containing a preformed restriction
site and homopolymer tail that serves as both primer and
adaptor, we eliminate the need for linker attachment and
subsequent digestion with restriction enzymes to create co-
hesive ends.

The efficiency of second-strand synthesis was measured
under several different conditions as shown in Figure 4. The
best conditions involve dG tailing of the 5 end of the cDNA
in the mRNA /cDNA hybrid, and the priming of the sec-
ond-strand synthesis with oligo(dC) followed by repair syn-
thesis with DNA polymerase and DNA ligase (lane 3), thus
forming duplex cDNA. This combination of priming (Land
et al., 1981) and repair synthesis by nick translation (Okayama
& Berg, 1982) generates largely complete copies of the first
strand as illustrated by the identical banding pattern in lane
1 (first strand) and lane 2 (second strand). The mRNA/

1 2 345 6 7

il

FIGURE 4: Analysis of second-strand cDNA synthesis. The conversion
of unlabeled first-strand cDNA (10 ng) into second-strand cDNA
was monitored by incorporation of [a-*?P]dCTP into the second strand.
c¢DNA/mRNA cDNA was first size fractionated by alkaline gel (lanes
1-5) or by neutral gel electrophoresis (lanes 6 and 7) and then tailed
with dG (lane 2-5). After the conversion, all samples were denatured
by heating for 10 min in 30 mM NaOH at 70 °C before electrophoresis
on a 0.7% alkaline gel. Lane 1, y-*>P-5-end-labeled first strand; lane
2, second strand synthesized with oligo(dC) primer, DNA polymerase,
DNA ligase, and RNase H; lane 3, same as lane 2 except for no DNA
ligase; lane 4, same as lane 2 except for no RNase H; lane 5, same
as lane 2 except for no oligo(dC) primer; lane 6, second strand
synthesized with DNA polymerase, ligase, and RNase H; and lane
7, same as lane 6 except for no RNase H.
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c¢DNA hybrids can be converted into duplex cDNA by repair
synthesis alone, without tailing/priming, as shown in lane 6.
However, this procedure generates slowly migrating bands (top
band, lane 6) probably resulting from self-primed second-
strand synthesis. Further, the second-strand cDNAs migrate
as blurry bands (second and third bands, lane 6), indicating
a heterogeneous size distribution which may arise from internal
priming at different locations along the first-strand cDNA,
resulting in the loss of 5-mRNA sequence. The tailing/
priming reaction should abolish both problems and increase
the yield of full-length cDNAs in the library.

The data in Figure 4 (lanes 6 vs. 7) illustrate the require-
ment of RNase H for repair synthesis (second strand) in the
Okayama-Berg method. If the mRNA/cDNA hybrid is sized
by electrophoresis on an alkaline gel as in the present mehtod,
RNase H is no longer required (lane 4). During electropho-
resis in an alkaline gel, the mRNA is partially digested as
evidenced by a more than 10-fold increase in kinase-mediated
~v-3P incorporation into the hybrid after electrophoresis (data
not shown). In addition, the weak bands, 1.6 kilobases (kb)
(amylase) and 1.0 kilobase pair (kbp) (chymotrypsin), of
second-strand cDNA seen in lane 5 in the absence of oligo(C)
primer probably result from partial internal RNA priming.
Omission of DNA ligase has no apparent effect on second-
strand synthesis in the cDNA size range of 1-2 kbp (lane 3);
however, we add the enzyme in all reactions to ensure complete
ligation of the cDNA to the X vector.

The cloning efficiency depends greatly on the recovery of
the mRNA /cDNA hybrid in the size-selection step. Using
electroelution, we routinely obtain 5 X 10° recombinant clones
from 1 ug of poly(A+) RNA for both one- and two-orientation
cloning.

Characterization of the cDNA Library. To test the quality
of the cDNA library, we screened with a single-strand size-
selected 3?P-labeled cDNA corresponding to the largest
mRNA species recognizable in rat adult pancreas (Figure 3A,
lane 9, also denoted as “X” in Figure 3C). Ten positive clones
were obtained from screening about 20000 recombinant
phages. Digestion of DNAs isolated from these 10 clones with
Sall yielded a single band for each DNA; 8 out of the 10
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Met Gly Arg Leu Glu Val Leu Phe Leu Gly Leu Thr
GCCTAGAGGCAGACACTCACT ATG GGG CGC CTG GAG GTIT CTG TTT CTT GGC CTC ACC

20 0¥

Cys Cys Leu Ala Ala Ala Cys Ala Ala Lys Leu Gly Ala Leu Tyr Thr Glu Gly
TGC TGC TTG GCA GCT GCT TGT GCT GCA AAG TTG GGT GCT CTG TAC ACA GAA GGC
40
Gly Phe Val Glu Gly Val Asn Lys Lys Leu Ser Leu Leu Gly Gly Asp Ser Val
GGT TTT GTG GAG GGC GTC AAC AAG AAA CTC AGT CTC TTG GGT GGT GAC TCT GTT
50 60
Asp Ile Phe Lys Gly Ile Pro Phe Ala Thr Ala Lys Thr Leu Glu Asn Pro Gln
GAC ATC TTC AAG GGC ATC CCC TTT GCT ACC GCC AAG ACC CTG GAG AAT CCT CAG
iy 80
Arg His Pro Gly Trp Gln Gly Thr Leu Lys Ala Thr Asp Phe Lys Lys Arg Cys
CGT CAC CCT GGC TGG CAA GGG ACA CTG AAG GCT ACA GAC TTC AAG AAA CGA TGT
90 100
Leu Gln Ala Thr Ile Thr Gln Asp Asp Thr Tyr Gly Gln Glu Asp Cys Leu Tyr
CTA CAA GCC ACC ATC ACC CAG GAT GAT ACC TAT GGG CAA GAA GAC TGC CTC TAT
110 12¢
Leu Asn Ile Trp val Pro Gln Gly Arg Lys Glu Val Ser His Asp Leu Pro Val
CTC AAC ATC TGG GTC CCT CAG GGC AGG AAG CRA GTG TAT CAT GAC C1G CCT GTG
130
Met Val Trp Ile Tyr Gly Gly Ala Phe Leu Met Gly Ser Gly Gln Gly Ala Asn
ATG GTC TGG ATC TAT GGA GGT GCC TTC CTC ATG GGG TCT GGC CAG GGA GCC AAT
140 150
Phe Leu Lys Asn Tyr Leu Tyr Asp Gly Glu Glu Ile aAla Thr Arg Gly Asm Val
TTT CTC AAG AAT TAC CTG TAT GAT GGG GAA GAG ATC GCC ACT AGA GGC AAT GIC
160 170
Ile Val val Thr Phe Asn Tyr Arg Val Gly Pro Leu Gly Phe Leu Ser Thr Gly
ATT GTG GTC ACC TTC AAC TAC CGT GTC GGA CCC TTG GGT TTC CTT AGC ACC GGA
18¢ 190
Asp Ala Asn Leu Pro Gly Asn Phe Gly Leu Arg Asp Gln His Met Ala Ile Ala
GAT GCT AAC CTT CCA GGT AAC TTT GGA CTT CGA GAT CAG CAC ATG GCT ATT GCC
200 210
Trp Val Lys Arg Asn Ile Ala Ala Phe Gly Gly Asp Pro Asp Agk Ile Thr Ile
TGG GTG AAG AGG AAC ATT GCA GCC TTT GGA GGA GAC CCC GAT AAC ATC ACC ATC
220
Phe Gly Glu Ser Ala Gly Gly Ala Ile Val Ser Leu Gln Thr Leu Ser Pro Tyr
TTT GGG GAA TCT GCT GGA GGT GCC ATT GTC TCT CTG CAG ACC CTC TCC CCA TAC
230 240
Asn Lys Gly Leu Ile Arg Arg Ala Ile Ser Gln Ser Gly val Ala lLeu Ser Pro
AAC AAG GGC CTC ATC CGG CGA GCC ATC AGT CAG AGT GGT GTG GCA CTG AGC CCC
250 260
Trp Ala Ile Gln Glu Asn Pro Leu Phe Trp Ala Lys Thr Ile Ala Lys Lys val
TGG GCC ATC CAG GAG AAT CCA CTT TTC TGG GCC AAA ACG ATC GCT AAG AAG GTG
270 280
Gly Cys Pro Thr Glu Asp Thr Ala Lys Met Ala Gly Cys Leu Lys Ile Thr Asp
GGA TGC CCC ACA GAG GAT ACC GCC AAG ATG GCT GGG TGT CTG AAG ATC ACA GAT
290 300
Pro Arg Ala Leu Thr Leu Ala Tyr Arg Leu Pro Leu Lys Ser Gln Glu Tyr Pro
CCC CGA GCC TTG ACA CTG GCC TAC AGG TTG CCC TTG AAA AGC CAG GAG TAC CCC
310
Ile val His Tyr Leu Ala Phe Ile Pro Val val Asp Gly Asp Phe Ile Pro Asp
ATT GTG CAC TAC CTG GCC TTC ATC CCT GTC GTC GAT GGT GAC TTC ATT CCT GAT
320 330
Asp Pro Ile Asn Leu Tyr Asp Asn Ala Ala Asp Ile Asp Tyr Leu Ala Gly Ile
GAT CCC ATC AAC CTG TAC GAC AAC GCT GCT GAC ATT GAC TAC TTA GCG GGT ATT
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340 350
Asn Asp Met Asp Gly His Leu Phe Ala Thr Vval Asp Val Pro Ala Ile Asp Lys

AAT GAC ATG GAT GGC CAC CTG TTT GCT ACA GTT GAC GTG CCC GCC ATC GAC AAG
360 370
Ala Lys Gln Asp Val Thr Glu Glu Asp Phe Tyr Arg Leu Val Ser Gly His Thr
GCC AAG CAG GAT GTC ACA GAG GAG GAC TTC TAC AGG CTA GTC AGT GGA CAC ACT
380 398
Val Ala Lys Gly Leu Lys Gly Thr Gln Ala Thr Phe Asp Ile Tyr Thr Glu Se;
GTC GCC AAG GGG CTT AAA GGC ACC CAA GCC ACC TTT GAC ATC TAC.ACT GAG TCC
400
Trp Ala Gln Asp Pro Ser Gln Glu Asn Met Lys Lys Thr Vval val Ala Phe Glu
TGG GCC CAG GAC CCG TCC CAG GAG AAC ATG AAG AAG ACA GTG GTG GCC TTT GAG
419 420
Thr Asp Ile Leu Phe Leu Ile Pro Thr Glu Met Ala Leu Ala Gln His Arg Ala
ACT GAC ATA CTC TTC CTG ATC CCC ACA GAG ATG GCT CTG GCC CAG CAC AGA GCC
430 440
His Ala Lys Ser Ala Lys Thr Tyr Ser Tyr Leu Phe Ser His Pro Ser Arg Met
CAT GCC AAG AGT GCC AAG ACC TAC TCT TAC CTG TTT TCC CAC CCT Egﬁ CGA ATG
450
Pro Ile Tyr Pro Lys Trp Met Gly Ala Asp His Ala Asp Asp Leu Gln Tyr val
CCT ATC TAC CCA ARA TGG ATG GGG GCA GAC CAC GCT GAT GAC CTC CAG TAC GIC
470 480
Phe Gly Lys Pro Phe Ala Thr Pro Leu Gly Tyr Arg Ala Gln Asp Arg Thr val
TIT GGG AAG CCC TTT GCC ACC CCA CTG GGC TAC CGG GCC CAA GAC AGG ACT GTC
490
Ser Lys Ala Met Ile Ala Tyr Trp Thr Asn Phe Ala Lys Ser Gly Asp Pro Asn
TCC AAG GCC ATG ATT GCC TAC TGG ACC AAC TTT GCC AAG AGT GGG GAC CCC AAC
500 510
Met Gly Asn Ser Pro Val Pro Thr His Trp Tyr Pro Tyr Thr Met Glu Asn Gly
ATG GGC AAC TCA CCC GTG CCC ACA CAC TGG TAC CCT TAT ACC ATG GAG AAT GGT
520 530
Asn Tyr Leu Asp Ile Asn Lys Lys Ile Thr Ser Thr Ser Met Lys Glu His Leu
AAC TAC CTG GAC ATC AAT AAG ARA ATA ACC AGC ACC TCC ATG AAG GAG CAC CTA
54C 55C .
Arg Glu Lys Phe Leu Lys Phe Trp Ala Val Thr Phe Glu Met Leu Pro Thr Val
AGG GAA AAG TTC CTC AAG TTC TGG GCT GTG ACA TTC GAG ATG CTG CCC ACT GTG
560 570
val Gly Asp His Thr,Pro Pro Glu Asp Asp Ser Glu Ala Ala Pro Val Pro Pro
GTT GGT GAC CAC ACT|CCC CCT GAG GAT GAC TCA GAG GCT GCC CCC GTC CCA CCT
580
"Thr Asp Asp Ser Gln Gly Gly Pro Val Pro Pro Thr Asp Asp Ser Gln Thr Thr
}ACA GAC GAC TCC CAG GGT GGT CCT GTCFQQA CCT ACA GAT GAC TCT CAG ACA ACA
: 590 600
Pro Val Pro Pro Thr Asp Asn Ser Gln‘Ala Gly Asp Ser Val Glu Ala Gln Met
ICCG GTG CCC CCA ACA GAC AAC TCT CAG:GCT GGT GAC TCT GTG GAG GCT CAG ATG
610
Pro Gly Pro Ile Gly Phe OC
CCT GGT CCC ATT GGC TTC TAA AGTCCTATAAACCGGGGCTAGAGATGGCTCAGGAGCTAAGAGC

TCTTCTTCCACTGTTCTTCTGAAGGTCCTGTGTTCAATTCCCAGCACCCACATTGCTTCTTACAGCTGTCT
GATTCCGTCTACTGGTGTGCAGATGTACACGCAGACAAAGCGCCTATATATAGAAAATTCATACATARATA

AAGTCTTATAAGCCCTTAAAAA ++++
-—

558 598
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FIGURE 5: Sequence of the full-length lysophospholipase cDNA. The M13 sequencing strategy is shown above the nucleotide sequence and
predicted amino acid sequence of putative lysophospholipase. The direction of each sequencing reaction is shown by the horizontal arrows
starting at the restriction sites shown (Hec, Hincll; He, Haelll; P, PstI; RI, EcoRI; Rs, Rsal; S, Sau3A). The 5'- and 3’-end sequences of
the insert were confirmed from direct A sequencing (wavy arrows). Amino acids are numbered from the initiator Met residue. The possible
cleavage site for the signal peptide is indicated by a vertical arrow. The conserved sequence used as the polyadenylation signal in the 3’-noncoding
region is underlined. The site for potential asparagine-linked glycosylation is indicated by a star. The four direct repeats of amino acid sequences

are boxed and further represented schematically below the sequences.

clones contained cDNA inserts of about 2000 bp; the other
2 cDNA clones contained inserts of 700 and 1200 bp, re-
spectively. Southern analysis confirmed that all cDNA inserts
from the 10 clones are homologous to the nucleotide sequence
of the DNA probe used (data not shown). A Northern
analysis indicated the size of the relevant mRNA was about
the same (~2 kb) as the large cDNAs (data not shown).
Sequence analysis of these clones showed that they were vir-
tually full-length (see Figure 7 and below). Further evidence
that this cDNA library contains largely full-length clones was
obtained by analysis of the clones of three other known rat
pancreatic mRNAs. The library was screened with an oli-
gonucleotide probe specific for carboxypeptidase A2 and
cDNA probes for amylase and trypsin. Ten positive clones
specific for each probe were randomly picked. In each case,
8 of the 10 clones were similar in size to the corresponding
full-length mRNAs (estimated by Northern analysis). In the
case of carboxypeptidase A2, the 5 end of the cDNA was
sequenced and found to terminate 30 nucleotides downstream
from the TATAAA sequence of the corresponding gene. We
presume this represents the bonafide cap site (the only other
upstream purine residues are at positions 18, 19, and 20; S.
Gardell, unpublished results).

Isolation and Complete Nucleotide Sequence of Putative
Lysophospholipase mRNA. One of the eight putative full-

length clones, ArLPL3, was randomly selected for detailed
sequence analysis. As shown in Figure 5, the cDNA is 2067
nucleotides long and contains a long open-reading frame (1839
nucleotides) with 21 additional nucleotides at the 5 end and
207 nucleotides at the 3’ end including the poly(A) tail. The
single-coding frame prescribes a protein of 612 amino acids
with a molecular weight of 67 107. The size and amino acid
composition of the predicted protein are remarkably similar
to those of the reported bovine lysophospholipase (Table I; see
Discussion). The nucleotide sequence of actATGg around the
first methionine agrees with the conserved sequence of §xx-
AUGg around the initiation codon (Kozak, 1984). The po-
lyadenylation signal AAUAAA is found 15 nucleotides before
poly(A) addition in the 3’-noncoding region.

5" End of the Putative Lysophospholipase mRNA. The
nucleotide sequences at the 5’ end of the lysophospholipase
mRNA and cloned cDNA were determined by primer-ex-
tension analysis and direct A sequencing, respectively. The
analysis of the extended synthetic oligonucleotide primer re-
vealed that the 5’-end sequence of the mRNAs is heteroge-
neous as indicated by the stars in Figure 6A. About 50% of
the mRINA species begin at the position indicated as star 5,
20% at stars 2 and 3, and 5% at stars 1 and 4 as determined
by densitometric scanning of the first lane in Figure 6A. The
first nucleotide of each mRNA could not be identified since



COMPLETE NUCLEOTIDE SEQUENCE OF LYSOPHOSPHOLIPASE MRNA VOL. 26, NO. 6, 1987 1623

Table I: Comparison of the Amino Acid Composition of Bovine
Pancreatic Lysophospholipase with That Predicted by the Isolated
Pancreatic cDNA Sequence

putative rat pancreatic
lysophospholipase

bovine pancreatic without predicted

amino acid lysophospholipase signal peptide
Ala 48 (8.2) 51 (8.8)
Arg 18 (3.1) 17 (2.9)
Asn 70 (12.0) 69 (11.9)
Asp
Cys 5(0.9) 4 (0.7)
Gln 45 (7.7) 46 (7.9)
Glu
Gly 48 (8.2) 48 (8.2)
His 10 (1.7) 13 (2.2)
Ile 29 (5.0) 32 (5.5)
Leu 51(8.8) 42(7.2)
Lys 35 (6.0) 34 (5.8)
Met 11 (1.9) 15 (2.6)
Phe 25 (4.3) 27 (4.6)
Pro 33(5.7) 44 (7.5)
Ser 37 (6.4) 29 (5.0)
Thr 42 (7.2) 42 (7.2)
Trp 12 (2.1) 11 (1.9)
Tyr 30 (5.2) 23 (4.0)
Val 33(5.7) 35 (6.0)
no. of amino acids 582 582
mol wt? 67000 63400

“The molecular weight and amino acid composition of bovine pan-
creatic lysophospholipase are from van den Bosch et al. (1973). The
values for the rat enzyme are obtained from the amino acid sequence
derived from the nucleotide sequence of the cDNA minus the first 30
amino acids (putative signal peptide). The mole fractions are listed in
parentheses.
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FIGURE 6: Comparison of 5-end sequences of putative lyso-
phospholipase mRNA and cDNA. The nucleotide sequence shown
in (A) is the mRNA complement because the mRNA was used as
a template for the chain termination sequencing reaction. The
primer-extension analysis of the mRNA is shown in the left-hand lane.
The sequence in (B) is obtained from direct X sequencing (see Ma-
terials and Methods). Possible multiple 5* ends of the mRNA are
marked by stars, and the end of the cloned sequence in A\rLPL3 is
indicated by an arrow in (B).

the elongated molecules terminate at these positions. Com-
parison of these extension results with the 5’-end sequences
of the cDNA in A phages indicates that star 5 corresponds to
A, star 4 to T, star 3 to C, star 2 to C, and star 1 to G at the

m YYVYY
Lysophospholipase mRNA ; G pppGCCTA(;AGGCAGA -------
Number of A LPL clones obtained;
R  S— I — GCCTAGAGGCAGA====-==
1 G R ——— CCTAGAGGCAGA======~
1 ¢ 15 ———mmmm——— ~—TAGAGGCAGA--=--==~
4  Gummm=—- 15 =mmmmm e AGAGGCAGA-—---——-

FIGURE 7: Comparison of 5'-terminal sequences of rat pancreas
lysophospholipase mRNA with 5’-end sequences of seven putative
full-length lysophospholipase cDNAs determined by direct A se-
quencing. Multiple-cap sites determined by primer extension analysis
are marked by triangles on mRNA. The number of dG residues
resulting from tailing are indicted before the 5" end of each cDNA
sequence.

Table Il: Relative Activity of Lysophospholipase and
Chloramphenicol Acetyltransferase Expressed in CHO Cells®

CHO transfected CHO transfected with
with pSV,CAT pECE,rLPL and PSV,CAT

lysophospholipase 1 12
activity
CAT activity 1 1

2300 nmol of 1-[**C]palmitoyllyso-3-phosphorylcholine (3 % 10!
cpm/mol) was incubated for 30 min at 37 °C with 10 uL of each CHO
cell extract (50 ug in protein) in a total volume of 100 uL of 20 mM
sodium phosphate buffer (pH 7.0). The reaction was stopped by ad-
justing the pH to 3.5. The '“C-free fatty acid was extracted with pe-
troleum ether, and the radioactivity in the organic phase was deter-
mined by scintillation spectrometry. An aliquot of the reaction was
checked by thin-layer chromatography for free fatty acid. The CAT
activity was determined as described (Gorman et al., 1982). Each en-
zyme activity detected in CHO transfected only with pSV,CAT was
taken as 1 to obtain relative activity.

5’-terminus of the molecule (see Figure 7). Because of the
5’-end heterogeneity, it is not rigorously possible to assess
whether the isolated cDNAs indeed represent full-length
mRNA copies; however, the frequencies of the 5’-end sequence
in the cDNAs appear to reflect those of primer-elongated
molecules and are compatible with the view that each cDNA
clone is full-length.

Expression of cDNA and Demonstration of Lysophospho-
lipase Activity. In the absence of a peptide sequence for
lysophospholipase (LPL) that could provide more definitive
evidence for the identity of the cDNA sequence, we expressed
the cloned cDNA in CHO cells using an SV40 expression
vector (pECE,) (Ellis et al., 1986) and tested the biological
activity of the protein. Cells were cotransfected with
pECE,rLPL and plasmid pSV,CAT. In both vectors, the early
SV40 promoter drives the expression of the lysophospholipase
and CAT coding sequences, respectively. Control cells were
transfected with pSV,CAT alone. Lysophospholipase activity
was then tested in extracts by measuring the release of free
fatty acid from the specific lysolecithin substrate. As shown
in Table II, the fatty acid release was 12 times higher in cell
extracts which were transfected with pECE;rLPL than in
control cell extracts. The CAT activity, in contrast, was about
the same in the two cell extracts, indicating the transfection
was equally efficient in both cells. Thus, the cDNA sequence
does indeed code for lysophospholipase.

DiscussioN

Several innovations in cDNA cloning methods have been
made over the original procedures. Rabbitts first introduced
a vector-priming method which allowed directional cloning of
cDNA with improved efficiency (Rabbitts, 1976). Okayama
and Berg (1982) refined the Rabbitts procedure and further
introduced a more efficient method for second-strand cDNA
synthesis which elicited a better yield of more complete copies
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of a given mRNA (Okayama & Berg, 1982). More recently,
Young and Davis (1983a) have developed a A cDNA cloning
method that exploits the high cloning and plaque screening
efficiencies of the phage system. In this method, the cloned
cDNA is expressed as a relatively stable fusion protein so
screening of the library can be performed with an antibody
to the desired protein.

The cloning strategy presented here employs the advantages
of the A system together with refinements for regenerating
full-length cDNAs. The expression vector (Agt18) has two
unique cloning sites for the restriction enzymes Sall and
EcoRlI, and an additional Xbal site which is of particular use
if the A DNA is dam methylated before treatment with re-
striction endonucleases. The polylinker allows directional
c¢DNA cloning which increases the efficiency of producing
positive clones. A key aspect of our cDNA cloning strategy
is the use of versatile synthetic primer-adaptors that contain
both homopolymer tails for the primed synthesis of cDNA and
preformed restriction sites for cloning into the A vector. These
oligonucleotides (1) allow size selection after the first- or
second-strand synthesis, (2) minimize the manipulation of
cDNA necessary to create sticky ends for cloning, and (3)
increase cloning efficiency. The successful use of a similar
primer-adaptor for cDNA cloning in a plasmid vector (Co-
leclough & Erlitz, 1985) and in Agtl10 (Krawinkel & Zoe-
belein, 1986) has recently been reported.

We have also improved the guanidinium thiocyanate method
of mRNA isolation. Guanidinium thiocyanate combines the
strong denaturing characteristic of guanidine with the chao-
tropic action of thiocyanate. This reagent efficiently solubilizes
cell or tissue homogenates and denatures protein quickly.
However, guanidinium thiocyanate, even in near-saturating
concentrations, does not completely inactivate RNase in an
RNase-rich homogenate such as that of adult rat pancreas,
This has been the source of much variation in the original
method (Chirgwin et al., 1979). We observed that guanidi-
nium thiocyanate is effective at low temperature for isolation
of mRNA. Thus, the RNase-rich tissue can be quickly hom-
ogenized in guanidinium thiocyanate solution at 0 °C and the
RNA rapidly separated by ethanol precipitation at —10 °C.
This step eliminates the bulk of RNase activity and makes the
remaining steps less critical. The RNA preparations prepared
by this simple method appear superior to those prepared by
other methods. Using this method, we have been able to isolate
virtually intact RNA species from various sources such as
placenta, intestine, and several cultured cell lines.

Using our method for mRNA isolation and cDNA cloning,
we have isolated a complete nucleotide sequence of a 2.1 kb
mRNA by a single screening of our cDNA library. A com-
puter search of our cloned 2.1 kb (lysophospholipase) cDNA
for both nucleotide and deduced amino acid sequence hom-
ology in the data bank revealed no significant strong hom-
ologies. However, the size and amino acid composition of the
predicted protein resemble that of bovine pancreatic lyso-
phospholipase. As shown in Table [, the predicted amino acid
composition of the putative rat lysophospholipase (without the
putative signal peptide) is similar to that of the bovine enzyme.
Furthermore, close inspection reveals that the tryptophan and
cysteine residues are present in quite similar frequencies in
both proteins. Tryptophan is evolutionarily conserved in low
frequency in many proteins (Dayhoff et al., 1978), and cysteine
is important for protein conformation. The detection of ly-
sophospholipase activity in extracts from CHO cells transfected
with LPL ¢cDNA is persuasive evidence that the cloned cDNA
represents lysophospholipase. However, amino acid sequence
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comparison and/or demonstration of common antigenic de-
terminants is required to definitively identify the cloned rat
enzyme as lysophospholipase.

The isolated putative lysophospholipase cDNA exhibits
structural features resembling the cDNAs of other rat pan-
creatic secretory proteins. The cDNAs (mRNAs) encoding
trypsin (MacDonald et al., 1982a), elastases I and II (Mac-
Donald et al., 1982b), chymotrypsin B (Bell et al., 1985),
carboxypeptidase A (Quinto et al., 1982), and amylase
(MacDonald et al., 1982¢) all have short (11-21 nucleotides)
5’-noncoding leader sequences. Primer-extension analysis
shows that the gene is transcribed at multiple start sites and
that lysophospholipase mRNA also has a short leader of 17-21
nucleotides. The putative lysophospholipase mRNA, however,
lacks a sequence within the 5’-noncoding region that is com-
plementary to the conserved oligonucleotide sequence at the
end of the 3’ end of eucaryotic 18S rRNA. The putative
lysophospholipase contains an N-terminal peptide which re-
sembles a signal (Watson, 1984). We cannot infer from the
sequence Whether the enzyme has an activation peptide. The
presence of a glycosylation site at amino acid residue 207
indicates the possibility of glycosylation. Another structurally
interesting feature of this enzyme is 4 blocks of tandem amino
acid repeats located 15 amino acids before the carboxy-ter-
minal end of the protein. These repeats are regularly separated
by a dipeptide of the same amino acid. The repeating unit
consists of the consensus nanopeptide (PYPPTDDSQ), but
the first two amino acid residues are deleted and the fifth and
ninth residues are substituted with E in the first block
(PPEDDSE). At present, the role of these repeats in the
structure and function of the enzyme is not known,

These results illustrate the advantage of these methods in
the routine construction of full-length cDNA libraries. Besides
the improvements in the methodology for intact mRNA iso-
lation and efficient cDNA cloning, these full-length expression
libraries should improve the prospects for the efficient
screening for individual proteins based on their biological or
immunological properties.

ADDED IN PROOF

A recent report (Rogers et al., 1986) indicated that proteins
with a short half-life have common structural domains rich
in proline which may serve as a signal for selective proteolytic
degradation (PEST hypothesis). All four tandem amino acid
repeats found in the cloned lysophospholipase show remarkable
structural similarity to the PEST regions demonstrated in
many unstable proteins. Because of the presence of these
repeats in lysophospholipase, the possibility that it will have
a short half-life can now be tested.
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