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We have isolated ¢cDNA clones coding for human lecithin:cholesterol
acyl transferase (LCAT) from a liver-specific ¢cDNA library by the use of
two oligonucleotide probes based on the protein sequence. The clones
span the sequence coding for the entire secreted LCAT, the 3’
untranslated sequence and 12 amino acids of the signal peptide. The
petptide sequence contains the conserved active site of serine lipases
within a hydrophobic domain, flanked by a possible amphipatic a-helix.
Only one gene for LCAT could be detected in genomic blots. We have
used the cDNA as a probe to analyse the LCAT gene in patients
suffering from LCAT deficiency and fish eye disease. No
rearrangements or abnormal gene fragments were detected in these
patients- © 1987 Academic Press, Inc.

Lecithin:cholesterol acyl transferase (LCAT, phosphatidyl-choline: sterol acyl
transferase, EC 2.3.1.43) is an enzyme present in plasma that catalyses the transfer
of fatty acid residues from phosphatidylcholine to cholesterol, thereby transforming
the amphipatic cholesterol to a hydrophobic cholesteryl ester. The enzyme is
secreted from the liver (1) and is found on the surface of high density lipoprotein
(HDL) in a complex with apolipoproteins Al and D (2). Apolipoprotein Al, which is the

Abbreviations:

LCAT, Lecithin:cholestero! acyl transferase; cDNA, complementary DNA; VLDL, very
low density lipoprotein; HDL, high density lipoprotein; LDL, low density lipoprotein;
bp, basepair; RFLP, restriction fragment length polymorphism.
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major protein component of HDL, stimulates LCAT activity when synthetic liposomes
are used as substrates (3). The function of apoD is unclear, it has been suggested to
be a cholestery! ester transfer protein, responsible for the transfer of LCAT-generated
esters from HDL. to very low density lipoprotein (VLDL) and low density lipoprotein
(LDL) (4). The activity of LCAT seems important for the "reversed cholesterol
transport" from peripheral tissues to the liver (5,6) because unesterified cholesterol
can exchange freely between lipo-proteins and cell membranes whereas esterified
cholesterol resides in the hydrophobic interior of the lipoprotein particles and can be
exchanged only by the action of lipid transfer proteins (7,8).

In patients with LCAT deficiency accumulation of cholesterol in peripheral tissues
can be observed, leading to corneal opacity, premature atherosclerosis and renal
failure (9,10). Patients suffering from fish eye disease, a hereditary disease
manifested by corneal opacities and dyslipoproteinaemia, also have abnormal LCAT
activity (11). Based on evidence of two different kinds of LCAT activity with different
substrate specificities, it is possible that two slightly different genes for LCAT exist
and that deficiency of one of them leads to fish eye disease (12,13).

As part of our effort to study the genes related to plasma lipid metabolism and thus
might be involved in cardiovascular pathogenesis, we now report the cloning of a
cDNA coding for LCAT and its use to analyse the LCAT genes of patients suffering
from these diseases. These probes will be made available for research.

MATERIALS AND METHODS

Library screening. The cDNA library, made from adult human liver, was kindly
provided by dr Derek Woods (14), and was plated and screened with labeled
oligonucleotide probes as previously described (15). Since the oligonucleotides
were 20 basepairs (bp) long, hybridisations were carried out at 45 OC.

DNA sequence analysis. Fragments of the cloned cDNAs were subcloned into
the singlestranded M13 phage vectors mp8,9,18 or 19 (16) and both strands were
sequenced by the dideoxy chain termination method. Sequence assembly and
analysis was done on an Olivetti M24 personal computer using the Beckman
Microgenie software and the BIONET databank and computing facility in Palo Alto,
California. Protein analysis was carried out by the programs of the University of
Wisconsin Genetic Computing Group and by the PC/GENE software package kindly
provided by Genofit (Geneva).

Gﬁne analysis. DN% was plurified fr?m bloog samples aft?r osmofti% éysi? of the

7 es (2 were dil indv -lysi
BOREr TS N R R BB pa'S 41 S ona B PAT S yseq 16 T5-20
min at 00C. White blood cells were pelleted at 400g, washed in RBC-lysis buffer and
resuspended in 0.9% NaCl, 25mM EDTA and lysed by the addition of SDS to 1%.
The samples were digested overnight at 370 with 1.5mg pronase (Boehringer). The
DNA was diluted to 15ml and extracted thoroughly with phenol, phenol/chloroform
and chloroform. Care was taken to mix the phases well by inverting tubes for 10-20
min during each extraction step. The DNA was precipitated by addition of 1/30th
volume of 3M sodium acetate pH 5 and 1 volume isopropanol. The DNA was quickly
collected with a glass rod, rinsed in 70% ethanol and dissolved in tm! TE (10mM Tris
pH 7.6, 0.1mM EDTA). This precipitation procedure facilitates the redissolving of the
DNA. DNA of high molecular weight (several hundred kb) can be obtained by this
procedure. The yield is usually between 0.5 and 1 mg per 15-20 mi blood. Samples
containing 5 pg DNA were cut with restiction enzymes and separated on 0.8 or 1%
agarose gels and blotted onto nylon membranes (Biorad). The DNA was crosslinked
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to the membrane by UV-irradiation (800uW at 254nm for 20s; ref18). Probes were
prepared by randomly primed syhthesis on denatured cDNA inserts essentially as
described (19): We add the homemade primers (ref 20, kindly provided by dr Tom
Kristensen) to 25ng of the insert before boiling and add 5x bufter, nucleotides and
enzyme separately afterwards. Labeling reactions were for 4-6 hours at room
temperature (see also ref 21). Dried skimmed milk {Nestlé, 0.5%) and herring sperm
DNA (100 ug/ml) was used as blocking agents during hybridisations. Hybridisation
conditions were as previously described (22). The patients have been described
previously (11,23).

RESULTS AND DISCUSSION

¢DNA cloning. Five hundred thousand clones from an amplification of the cDNA
library were screened with the two oligonuclectide probes in combination {corres-
ponding to amino acids 21 to 27 and 218 to 224 respectively; refs 24,25) and 14
positive clones were picked1. Preliminary restriction analysis showed three different
types of clones, having inserts of 0.8, 0.8 and 1kb, respectively. In one of the shorter
clones one of the Pstl sites flanking the cDNA had been destroyed during cloning,
indicating that the clones represent three independent clones from the original
library. The longest clone hybridised to both of the oligonucleotides whereas the
shorter hybridised only to the more carboxy terminal probe. Restriction analysis and
differential hybridisation to the oligonucleotide probes showed that the clones were
overlapping, the longest covering the 5'end of the expected cDNA and the other
covering the 3'end (fig 1).

The DNA sequence (fig 2) shows no start codon preceeding the start of the
secreted protein, thus indicating that we have cloned only part of the signal peptide
at the amino terminal end. As might be expected the signal peptide consists mainly
of hydrophobic amino acids, of which 6 are leucines. Following the stop codon at

position 1287 there is only 23 bp of 3' untranslated sequence before the poly(dA) tail
starts and the poly-adenylation signal is part of the Glu,s and stop codons. The

S I BT TOL = 5
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5° 1 4 1| [ 1] ] 3
* probe 1 * probe 2
LCAT11
LCAT41 (dA)n
100bp

Figure 1. Restriction map of clones LCAT-11 and LCAT-41, showing the areas
complementary to the oligonuclectide probes.

1 Prior to the work reported here we isolated and sequenced several clones which
hybridised to oligonucleotides based on partial peptide sequences from LCAT (37).
However none of these clones coded for LCAT, and we later found that this was due
to single amino acid errors in the sequences.
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10 30 50 70 90

CTGCTGCTGGGECTGCTGLTCCCTCCTGCCGCCCCCTTCTGGCTCCTCAATGTGC TCT TCCCCCCGCACACCACGCCCARGGCTGAGCTC
LeuLeuleuGlylLeuleuleuProProAlaAlaProPheTrpleuleuAsnValLeuPheProProHisThrThrProlysalaGluleu
-12 1 10 LS Yo wmeaa.
110 130 150 170
Probe 1 . . . . “ . .
AGTAACCACACACGGCCCGTCATCCTCGTGCCCGGCTGCCTGGGGAATCAGCTAGAAGCCAAGC TGGACAAACCAGATGTGGTGAACTGG
SerAsnHisThrArgProVallleLeuValProGlyCysLeuGlyAsnGlnLeuGluAlaLysLeuAspLy sProAspValValAsnTrp
+++ 20 30 +hbbtidbb bbb bbbt 40440
190 210 230 250 270

ATGTGCTACCGCAAGACAGAGGACTTCT TCACCATCTGGCTGGATC TCAACATGT TCCTACCCCTTGGGGTAGACTGC TGGATCGATAAC

MetCysTyrArglysThrGluAspPhePheThrileTrpLeuAspLeuvAsnMetPheLeuProleuGlyValAspCysTrpIleAspAsn
50 bbbt 4+ 60++++4++ 70

290 310 330 350

ACCAGGGT TGTCTACAACCGGAGC TCTGGGCTCGTGTCCAACGUCCCTGGTGTCCAGATCCGCGTCCCTGGCT TTGGCAAGACCTACTCT

ThrArgValValTyrAsnArgSerSerGlyLeuValSerAsnAlaProGlyValGlnIleArgValProGlyPheGlyLysThrTyrSer
80 90 100

370 390 410 430 450

GTGGAGTACCTGGACAGCAGCAAGCTGGCAGGGTACCTGCACACACTGGTGCAGAACCTGGTCAACAATGGCTACGTGCGGGACGAGACT
ValGluTyrLeuAspSerSerLysLeuAlaGlyTyrLeuHi sThrleuValGlnAsnLeuValAsnAsnGlyTyrValArgAspGluThr
110 +++ddbttdtbttbb a4+ 120 130
470 490 510 530

GTGCGCGCCGCCCCCTATGAC TGGCGGC TGGAGCCCCGCCAGCAGGAGGAGTACTACCGCAAGC TCGCAGGGC TGGTGGAGGAGATGCAC
ValArgAlaAlaProTyrAspTrpArgleuGluProGlyGlnGlnGluGluTy rTyrArgLly sLeuAlaGlyleuValGluGluMetHis
140 150 b b A L0 b b

550 570 590 610 630

GCTGCCTATGGGAAGCCTGTCT TCCTCAT IGGCCACAGCCTCGGCTGTC TACACT TGC TC TAT TTCC TGC TGCGCCAGCCCCAGGLCTGG
AlaAlaTyrGlyLysProValPheLeulleGlyHisSerLeuGlyCysLeuli sLeuleuTyrPheleuleuArgGlnProGlnAlaTrp
+H+ 170+t 180 * 190
650 670 690 710
AAGGACCGCTTTAT TGATGGCTTCATCTCTCTIGGEGCTCCCTGRGETGGC TCCATCAAGCCCATGC TGGTCT TGGCC TCAGG TGACRA!
LysAspArgPheIleAspGlyPhelleSerLeuGlyAlaProTrpGlyGlySerIleLysProMetLeuValleuAlaSerGlyAspAsn
200 210 220
730 750 770 790 810

CAGGGCATCCCCATCATGTCCAGCATCAAGCTGARAGAGGAGCAGCGCATAACCACCACCTCCCCCTGGATGT TTCCCTC TCGCATGGCG
GlnGlyIleProlleMetSerSerIleLysleulysGluGluGlnArglleThrThrThrSerProTrpMetPheProSerArgMetAla
230 240 HHHHH 250
830 850 870 890

TGGCCTGAGGACCACGTGT TCATTTCCACACCCAGCT TCAAC TACACAGGCCGTGACT TCCAACGCT TC T TTGCAGACCTGCACT TTGAG
TrpProGluAspHisValPheIleSerThrProSerPheAsnTyrThrGlyArgAspPheGlnArgPhePheAlahspleutisPheGlu
+H+260++++++ 44+ 270 280+ ++++++Httb bt bbb

910 930 950 970 990

GARAGGCTGGTACATGTGGCTGCAGTCACGT GACCTCCTGGCAGGAC TCCCAGCACCTGGT GTGGAAGTATACTGTC TTTACGGCGTGGGE
GluGlyTrpTyrMet TrpLeuGlnSerArgAspleuleuAlaGlyLeuProAl aProGlyValGluval TyrCysLeuTyrGlyValGly
+44+2904+ + -+t bbb 300 310

1010 1030 1050 1070

CTGCCCACGCCCCGCACCTACATCTACGACCACGGCT TCCCC TACACGGACCC TG TGGGTGTGC TCTATGAGGATGGTGATGACACGGTG
LeuProThrProArgThrTyrlleTyrAspHisGlyPheProTyrThrAspProvalGlyValLeuTyrGluAspGlyAspAspThrVal

320 330 340
1090 1110 1130 1150 1170

GCGACCCGCAGCACCGAGCTCTGTGGCC TG TEGCAGGGCCGCCAGCCACAGCCTGTGCACCTGC TGCCCCTGCACGGGATACAGCATCIC
AlaThrArgSerThrGlulLeuCysGlyLeuTrpGlnGlyArgGlnProGlnProVallisLeuleuProLeulisGlyIleGlnHisLeu
350 360 370 +4Hbbbbbbee
1190 1210 1230 1250

AACATGGTCTTCAGCAACCTGACCCTGGAGCACATCAATGCCATCCTGC TGGGTGCCTACCGCCAGGGTCCCCCTGCATCCCCGACTGLC
AsnMetValPheSerAsnLeuThrLeuGluHisIleAsnAlalleLeuleuGlyAlaTyrArgGlnGlyProProAlaSerProThrAla
380 ettt 390+ 400
1270 1290 1310

AGCCCAGAGCCCCCGCCTCCTGAATAAAGACCTTCCTTTGCECCGTMAAMAMM
SerProGluProProProProGluEnd

410 4116

Fi%ure 2. The DNA sequence of the cDNA coding for human LCAT. Nucleotide
number T corresponds to the first nucleotide following the G-linker of clone LCAT-11,
and amino acid number 1 corresponds to the first amino acid of mature circuiating
LCAT. The active Serine is indicated by an asterisk. Segments predicted to be in
a-helical conformation (cf text) is indicated by plus signs. Oligonucleotide probes are
indicated by solid lines. Predictions for -sheet did not agree well with circular
dicroism measurements (29} and are not shown.

164



Vol. 148, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

biological significance of such an exceptionally compact 3' untranslated sequence is
unclear.
The peptide sequence predicted from our cDNA clones is in full agreement with

that recently found by protein sequencing (25)2. Yang et al. also identified two
cysteine bridges from Cysg, to Cysy, and Cysgys t0 CySasg (25).

Homology to other lipases. A search for homology between LCAT and other
lipases by the sensitive algorithm of Argos (26) revealed only small stretches of
homology. One of these (fig 5) is of interest because it includes the active serine of
the lipases (which are serine esterases). This, in addition to the involvement of

serine in the catalysis by LCAT (27), strongly supports that LCAT has a similar active
site and that Ser,g, is the active serine.

Protein secondary structure. By the aid of computer programs we tried to
predict the secondary structure of the LCAT peptide. In particular we were interested
in amphipatic o-helixes, which would parallell the amphipatic a-helices found in
apolipoproteins and are thought to be typical of proteins which function at a
water/lipid interface. In spite of the inherent uncertainty of algorithms used to predict
secondary structure (28), the fraction of LCAT predicted to be in the a-helical
conformation is close to that found by circular dichroism analysis (25 and 24 %
respectively, ref 29). Analysis by the algorithm of Garnier et al (28) indicated that a 21
amino acid segment from Gin,s; to Lys,,3 may be a-helical. This is supported by the
Chou and Fasman procedure (30) which give peak probabilities for the beginning of
this segment being at the amino terminal end and the end of the segment being at
the carboxy terminal end of an a-helix (results not shown). Figure 3 shows how this
segment would have amphipatic properties, having hydro-phobic residues on one
side and hydrophilic on the other (omitting the first amino acid, Gln;s). In addition
several shorter a-helical segments were suggested (indicated in fig 2), none of
which had similar convincing amphipatic properties. The hydropathy plot (fig 4, ref
31) of the peptide shows several hydrophobic stretches, one of which (going from
Val,.5 to Leuqgg, i.€. starting just after the possible amphipatic a-helix described
above) surrounds the Ser,g, of the putative active site. This would enable the
enzyme to act within the lipid surface of the lipoprotein, and the more hydrophobic
nature of LCAT compared to the apolipoproteins (25) may be due to this
requirement.

Gene analysis. We analysed the LCAT genes of 19 unrelated normal
individuals, cut with one of 17 different restriction enzymes (and 6 individuals with 11

2During the progression of this work the sequence of another LCAT cDNA clone was
published (24). This sequence agrees completely with ours, even at third base
positions and untranslated sequence.
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His168 Tyrise
Ala161
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Glu154
‘ Ala170
Gly172 . +
‘ ‘ Lys159
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Glu1ss
Ala169 Glytg2 LY8173

Figure 3. View along the axis of the proposed amphipatic a-helical segment from
amino acid 153 to 173. Hydrophobic amino acids (i.e. residues having positive
hydropathy indices on the scale of Eisenberg; ref 32) are underlined.

other enzymes)3 in an attempt to detect restriction fragment length polymorphisms
(RFLPs). In all cases the 38 (or 12) alleles were of the same size, precluding
common RFLPs with these enzymes. We also analysed the genes of patients
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Figure 4. Hydropathy plot of LCAT. Average hydropathy of 9 amino acid segments
were calculated for every position along the peptide. Positive values indicate
segments more hydrophobic and negative values segments more hydrophilic than
average (31). The bar indicates the proposed amphipatic a-helix and the asterisk the

active serine. The dotted line designates average hydropathy on the scale of Kyte
and Doolittle (31).

3The following enzymes were used: Apal, Alul, Accl, BamHl|, Bgll, Bglll, BssHIl, BstEll,
Clal, Dral, EcoRl, EcoRV, Haell, Haelll, HinDlll, HinFl, Hpal, Kpnl, Mbol, Mspl, Ncil,
Pstl, Pvull, Sacl, Stul, Tagl, Xbal, Xhol, Xmnl. Those underiined were used to analyse
19 samples.
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Human LCAT Phe Leu lle Gly His Ser Leu Gly Cys Leu
Rat hepatic lipase (33) His Leu lle Gly Tyr Ser Leu Gly Ala His
Human lipoprotein lipase (34) His Leu Leu Gly Tyr Ser Leu Gly Ala His
Porcine pancreatic lipase {35) His Val lle Gly His Ser Leu Gly His Ser
Rat lingual lipase (36) His Tyr Val Gly His Ser Gilu Gly Thr Thr

Figure 5. Homology of the segments surrounding the presumed active serine
residue of LCAT and members of the lipase family.

suffering from LCAT deficiency (23) and from fish eye disease (11). Although we
compared the gene fragments generated by ten different restriction enzymes, several
of which had four bp recognition sequences and gave small fragments, no
differences could be detected between patient genes and those of normal
individuals (one example is shown in fig 6 ). The LCAT deficient patients studied
here do have low levels of a defective LCAT protein (23). It is unlikely that deletions
or insertions of more than 50 bp would evade detection by our detailed analysis. A
point mutation giving a single amino acid exchange may induce conformational
changes which result in altered enzyme activity, increased degradation rate or
reduced secretion rate. To determine the exact gene defect an LCAT gene of one of
these patients would have to be cloned and sequenced. Although with the sensitivity
of our analysis the LCAT genes of the fish eye disease patients are indistinguishable
from the normal genes, we cannot exclude that point mutations or minor
rearrangements may have altered the gene product so as to give the characteristic
LCAT activity described (12). Although we could not detect more than one gene for
LCAT even at reduced stringency (washing in 150mM Na) it is still possible that
another gene for an LCAT-like enzyme may exist, but that the homology between

n LCAT-deficient patient, a fish eye patient and a normal individual. The

Figure 6. Southern blot of genomic DNA digested with Dral. Samples were (from
lefty an LC
molecular weight of the fragments are 2.6 kb and more than 20 kb.
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these is less than 90% at the DNA level. We are at present investigating this
possibility further. Our finding is supported by the detection of only one LCAT mRNA
in liver (24).

Because LCAT is believed to play an important role in the removal of cholesterol
from peripheral tissues it may be of importance to the developement of
cardiovascular disease. The isolation of a gene probe for LCAT enables the analysis
of whether genetic variants may predispose to this disease. Although this work at
present is hampered by the lack of RFLPs around the gene, the isolation of genomic
clones for LCAT will hopefully provide polymorphic probes for genetic analysis.

ACKNOWLEDGEMENTS

We are indebted to professor G Kostner for his collaboration in our initial attempts
to acquire LCAT peptide sequence, to dr Skarbevik for assistance in collection of
blood samples from LCAT patients and to Anne Engen, Hege Svendsen, Jorun
Solheim and Reidun Jonassen for exellent technical assistance. This work was
supported by the Norwegian Cancer Society and the Norwegian Council on
Cardiovascular Diseases.

REFERENCES

Osuga T and Portman OW (1970) Am J Physiol 220, 735-741

Fielding PE and Fielding CJ (1980) Proc Natl Acad Sci USA 77, 3327-3330
Fielding CJ, Shore VG and Fielding PE (1972) Biochem Biophys Res
Commun 46, 1493-1498

Chajek T and Fielding CJ (1978) Proc Nat! Acad Sci USA 75, 3445-3449
Glomset JA J Lipid Res (1968) 9, 155-157

Davis RA, Helgerud P, Dueland S and Drevon CA (1982) Biochim Biophys Acta
689, 410-414

Barter PJ, Hopkins GJ and Calvert GD (1982) Bischem J 208, 1-7

Rudel LL, Parks JS, Johnson FL and Babiak J (1986) J Lipid Res 27, 465-474
Gjone E (1974) Scand J Clin Lab Invest 33 suppl 137, 73-82

Teisberg P and Gjone E (1981) Acta Med Scand 210, 1-2

Carlson LA and Holmquist L (1985) Acta Med Scand 217, 491-499

Carlson LA and Holmquist L (1985) Acta Med Scand 218, 189-196

Carlson LA and Holmquist L (1985) Acta Med Scand 218, 197-205

Woods DE, Markham AF, Ricker AT, Goldberger G and Colten HR (1982)
Proc Natl Acad Sci USA 79, 5661-5665

Myklebost O, Williamson R, Markham AF, Rogne S, Rogers J, Woods DE and
Humphries SE (1984) J Biol Chem 259, 4401-4404

Yanisch-Perron C, Vieira J and Messing J (1985) Gene 33, 103-119

Baas F, Bikker H, van Ommen GJB and de Vijlder JJM {1984) Hum Genet 67,
301-305

Church GM and Gilbert W (1984) Proc Natl Acad Sci USA 81, 1991-1995
Feinberg AP and Vogelstein B (1983) Analyt Biochem 132, 6-13

Maniatis T, Fritsch EF, and Sambrook J (1982) Molecular cloning.

A laboratory manual. Cold Spring Harbor , NY

Hodgson CP and Fisk RZ (1987) Nucl Acids Res 15, 6295

Rogne S, Myklebost O, Olaisen B, Gedde-Dahl T and Prydz H (1986)

Hum Genet 72, 68-71

Albers JJ, Gjone E, Adolphson JL, Chen C-H, Teisberg P, and

Torsvik H (1981) Acta Medica Scandinavica 210, 455-459

McLean J, Fielding C, Drayna D, Dieplinger H, Baer B, Kohr W,

Henzel W and Lawn R (1986) Proc Natl Acad Sci USA 83, 2335-2339

NN N — e ad —d - [ QNS S QT Qe Y
N2 OOV N U1 AWN—-OOON OO~ W

NN
N ]

168



Vol. 148, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

25
26
27
28
29
30
31
32

33
34

35
36
37

Yang C-y, Manoogian D, Pao Q, Lee F-s, Knapp RD, Gotto AM and Pownall HJ
(1987) J Biol Chem 262, 3086-3091

Argos P (1987) J Mol Biol 193, 385-396

Jauhiainen M and Dolphin PJ (1986) J Biol Chem 261, 7032-7043

Garnier J, Osguthorpe DJ and Robson B (1978) J Mol Biol 120, 97-120

Chong KS, Hara S, Thompson RE and Lacko AG (1983) Arch Biochem Biophys
222, 553-560

Chou P and Fasman G (1978) Annu Rev Biochem 47, 251-276

Kyte J and Doolittle RF (1982) J Mol Biol 157, 105-132

Eisenbc;rg D, Schwarz E, Komaromy M and Wall R (1984) J Mol Biol 179,
125-14

Komaromy MC and Schotz MC (1987) Proc Natl Acad Sci USA 84, 1526-1530
Wion KL, Kirchgessner TG, Lusis AJ, Schotz MC and Lawn RM (1987) Science
235, 1638-1641

Caro J de, Boudouard M, Bonicel J, Guidoni A, Desnuelle P and Rovery M
(1981) Biochim Biophys Acta 671, 129-138

Docherty AJP, Bodmer MW, Angal A, Verger R, Riviere C, Lowe PA, Lyons

A, Emtage JS and Harris TJR (1985) Nucl Acids Res 13,1891-1903

Yang C-Y, Gotto AM and Pownall HJ (1984) Circulation 70 supp II, 142

169



