
Table 1. Biological activities of hybrid proteins in 
crude E. coli cell extracts. Cultures of transformed 
E. coli HBlOl and their cell extracts were made as 
described (15). Antiviral activity was assayed on 
human WISH cells challenged with EMC virus or 
VSV (16). All IFN titers were calibrated against 
the NIH standard IFN samples. TNF activity was 
measured on L929 cells without pretreatment 
with actinomycin D or rnitomycin (17). Both IFN 
and TNF assay have been performed at least five 
times. The data shown are the results of repre- 
sentative experiments. 

IFN activity TNF activity 
Clone (loglo IU/ (log,o U/ 

liter) liter) 

PYTNF-P 1 7.11 4.48 
PY 143 7.41 0 
PYTNF-P~ 6.51 4.48 
pTNF-P 0 6.28 
pBR322 0 0 

these bands correspond to molecular sizes of 
15, 30, and 35 kD. These results together 
with the purification data indicate that 
pyTNF-P1 expresses a true fusion protein, 
whereas the fusion protein in pyTNF-P2 
has been processed. Purified recombinant 
IFN-y always gives two bands in SDS- 
polyacrylamide gels, one of 17  kD and 
another of 35 kD. This probably reflects the 
formation of covalent dimers. TNF-P mi- 
grates with a molecular size of 15.5 kD. 

We further tested the anticellular activity 
of the fusion protein IFN-y-TNF-P1 on 
ME-180, a human cervical cancer cell line. 
This cell line is sensitive to both IFN-y and 
TNF and hypersensitive to a combination of 
these lymphokines. The anticellular effect of 
the hybrid IFN-y-TNF-Pl protein is great- 
er than that of either lymphokine by itself or 
the combined effect of both lymphokines at 
lower levels (Fig. 3). 

In both pyTNF-P1 and pyTNF-P2, the 
first 23 amino acids of TNF were removed. 
However, in pyTNF-P2 the whole sequence 
of IFN-y was retained, whereas in pyTNF- 
p l  the last nine amino acids were deleted. 
Natural human IFN-y is processed at the 
carboxyl terminus (1 1). Six different termini 
have been identified and all have at least nine 
residues deleted. Thus this region of the 
IFN may form a sensitive site for proteolytic 
cleavage in the bacterial cell. This region 
contains two tandem arginine residues, and 
it is possible that this is a target for E. coli 
proteolytic enzymes (12). 

Combined treatment with IFNs and 
TNFs results in a synergistic anticellular 
effect in many tumor cell lines (1-5). In ME- 
180 cells, this synergism may be related to 
upregulation of the number of receptors for 
TNFs by IFN-y (6, 13). Epidermal growth 
factor and recombinant human transform- 
ing growth factor-p interfered specifically 

with the antiproliferation effects of TNFs 
but not with those of IFN-y on ME-180 
cells; neither growth factor had a substantial 
protective effect on the synergistic cytotoxic- 
ity of TNF and IFN-y, implying that IFN-y 
and TNFs inhibit tumor cell growth by 
distinct mechanism (14). We observed that 
very low levels of the hybrid IFN-y-TNF-P 
protein caused an enhanced cytotoxic effect 
on ME-180 cells. This intramolecular syner- 
gism between the IFN-y domain and the 
TNF-P1 domain within the hybrid protein 
may be different from the synergism be- 
tween these two separate lymphokines, since 
the antiproliferative activity of IFN-y-TNF- 
f3 was even higher than that of a combina- 
tion of IFN-y and TNF-P at lower levels 
(Fig. 3). At this time we do not know the 
exact mechanism whereby the hybrid mole- 
cule induces this enhanced antiproliferative 
activity, although this is possibly due to the 
formation of an unusual complex between 
the hybrid molecule and the receptors for 
TNF and IFN-y on the cell surface. Howev- 
er this enhanced activity suggests a potential 
for clinical application of the hybrid protein. 
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Hormone-Sensitive Lipase: Sequence, Expression, and 
Chromosomal Localization to 19 cent-q13.3 

Hormone-sensitive lipase, a key enzyme in fatty acid mobilization, overall energy 
homeostasis, and possibly steroidogenesis, is acutely controlled through reversible 
phosphorylation by catecholamines and insulin. The 757-amino acid sequence predict- 
ed fiom a cloned rat adipocyte complementary DNA showed no homology with any 
other known lipase or protein. The activity-controlling phosphorylation site was 
localized to Ser563 in a markedly hydrophilic domain, and a lipid-binding consensus 
site was tentatively identified. One or several messenger RNA species (3.3, 3.5, or 3.9 
kilobases) were expressed in adipose and steroidogenic tissues and heart and skele- 
tal muscle. The human hormone-sensitive lipase gene mapped to chromosome 19 
cent-q13.3. 
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In both cases activation by catecholamines 
occurs through the cyclic .adenosine 3',5'- 
monophosphate (CAMP)-mediated phos- 
phorylation of a single serine residue (1). 
The dephosphorylation of HSL by insulin is 
responsible for the antilipolytic effect of this 
hormone (l) ,  one of its most important 
actions. In addition to its major role in FFA 
mobilization and in the control of brown 
adipose tissue thermogenesis (l) ,  HSL pre- 
sumably has an important role in steroido- 
genesis, since the cholesteryl ester function 
of this enzyme occurs in steroidogenic tis- 
sues (2). Furthermore, HSL has been noted 
in heart and skeletal muscle (2), but its role 
in these tissues is less clear. Thus, although 
originally believed to reside only in adipose 
tissue, it has become clear that HSL is a 
widespread tissue acylglycerol and choles- 
teryl ester hydrolase that confers hormone 
sensitivity on this function in many tissues. 

The structures of other lipases, including 
lipoprotein lipase, hepatic lipase, and pan- 
creatic lipase, with key roles in lipoprotein 
and lipid metabolism, have recently been 
determined through cloning and sequencing 
of cDNA from several sources (3) .  These 
enzymes were all found to belong to the 
same gene family (3). We cloned and se- 
quenced HSL cDNA from rat adipocytes to 
find out if this was true also for HSL. We 
also wanted to obtain further insight into 

Fig. 1. Amino acid sequence of rat hormone- 
sensitive lipase predicted from the cDNA se- 
quence. The position of bovine HSL tryptic 
peptides, obtained by microsequencing, are desig- 
nated by underlining. Each asterisk indicates iden- 
tity between rat and bovine residues. The actual 
bovine peptide sequences, in the single letter 
code, follow in the order they occur in the figure: 
TMTOSLVTLAEDDMAFF; DQAFGLF; 
SLVHTA; YVA(E)X(R); (E)(s)(T)(N)(N)(A) 
(E)(L)(E)A(Y)L(A)ALTQQ; ALAYCAQR, L L  
TI'NQPGR, NETGISVTAAS; (L) (L) (S) (L) (P) 
(P) (V) (A)FEMPLTSDPELT; LLSLMDPLL GA, 
ALGVMGVOR: GLGOPVTLLR ( 17). Those - ,  

amino acid residues with questionabl; assign- 
ments in the protein sequencing are in parenthe- 
ses. The regulatory phosphorylation region as 
described by Garton et al. (7) is boxed, and the 
serine phosphorylated by CAMP-dependent pro- 
tein kinase is indicated bv a closed circle. A 

the structural, genetic, and regulatory fea- 
tures of HSL, especially with regard to the 
activity-controlling phosphorylation site, 
and to examine the possible role of the 
enzyme in obesity. In addition, we used the 
cDNA to analyze the expression of HSL 
mRNA in a variety of rat tissues and to map 
the human HSL gene to chromosome 19 
cent-q13.3. 

Rat adipose tissue cDNA for HSL was 
isolated with two complementary strategies, 
the first involving antibody screening of an 
expression library and the second involving 
amino acid sequencing of bovine HSL fol- 
lowed by construction of an oligonucleotide 
probe. &I amino acid sequence from 13 
bovine HSL tryptic peptides was obtained 
(Fig. 1). These peptides were between 6 and 
20 amino acids in length and comprised a 
total of 126 residues. Based on a 17-residue 
sequence from one of the peptides (the most 
NHz-terminal in Fig. 1) and codon usage 
tables for mammalian genes (4), an oligonu- 
cleotide probe of 51 nucleotides (nt) was 
synthesized. In parallel, an antibody against 
rat HSL (5)  was used to screen about 
700,000 recombinant phage from a rat adi- 
pocyte Xgtll cDNA library. The cDNA 
from three overlapping clones was sub- 
cloned into M13 phage vectors for sequence 
analysis (6). These clones comprised a total 
of 1.5 kb and did not cross-hybridize with 

the 51-nt probe. They contained nucleotide 
sequences coding for three peptides that are 
between 67 and 82% homologous to three 
of the bovine peptides (the three most 
COOH-terminal in Fig. l ) ,  thus verifying 
the identity of these cDNA clones. In addi- 
tion, these clones contained sequence cod- 
ing for a stretch of 27 consecutive amino 
acids, which is highly homologous to a 
recently reported amino acid sequence sur- 
rounding the regulatory phosphorylation 
site of bovine adipose tissue HSL ( 7 )  (Fig. 
1). The remainder of the HSL cDNA was 
obtained by rescreening 800,000 recombi- 
nant phage from the same library with the 
51-nt probe. Two overlapping clones con- 
taining a sequence from cDNAs identified 
with the antibody plus additional sequence 
were obtained. The amino acid sequence of 
rat HSL predicted from the cDNA sequence 
(8) is shown in Fig. 1. All but one of the 13 
bovine HSL tryptic peptides were located 
within the predicted rat HSL amino acid 
sequence and showed an overall sequence 
identity of 80%. 

The cDNA size of 3225 nt is in agreement 
with the 3300-nt rat adipose tissue mRNA 
derived from RNA blot analysis (Fig. 2). 
Thus, it is likely that this represents the full- 
length HSL cDNA sequence. We propose 
that the ATG starting at nt 616 is the 
translation initiation codon, because it en- 

1 ~ e i  A s p  Leu  A r g  T h r  M e t  T h r  G l n  Ser Leu  V a l  A l a  L e u  A l a  G I u  ASP  AS^ net A I ~  p h e   he ser ser ~ l n  G l y  P r o  G l y  G l u  T h r  A l a  , * .  * .  . . * , * *  * * * *  
3 1  A r g  A r g  L e u  Ser A s n  V a l  P h e  A l a  G l y  V a l  A r g  G l u  G l n  a l a  L e u  GIY L ~ U  GI" p r o  ~ h r  L e u  G l y  ~ l n  Leu  Leu  G l y  V a l  A l a  Hls a i r  . * . 
6 1  P h e  A s p  L e u  A s p  T h r  G l u  T h r  P r o  A l a  A s n  G l y  T y r  A r g  Ser L e u  V a l  H I S  T h r  A l a  A r g  C y s  C y s  L e u  A l a  His L e u  L e u  His L y s  Ser 

. * * . , ,  
9 1  A r g  T y r  V a l  A l a  Ser A s n  A r g  A r g  Ser I l e  P h e  P h e  A r g  A l e  Ser  is ~ s n  ~ e u    la G l u  L e u  G l u  A l a  T y r  L e u  A l a  A l a  L e u  T h r  G l n  . * .  * f , * , * * * l t + t  

1 2 1  Leu A e g  A l e  L e u  A l a  T y r  T y r  A l a  G l n  A r q  L e u  L e u  T h r  I le  A s n  A r g  P r o  G l v  V a l  L e u  P h e  P l i e  G l u  G l y  A s p  G l u  G l y  L e u  Ser A l a  . * * *  * * * * * *  * ,  
1 5 1  A s p  P h e  L e u  G l n  A s p  T y r  V a l  T h r  L e u  His L y s  G l y  C y s  P h e  T y r  G l y  A r g  C y s  L e u  G l y   he G l n  P h e  T h i  P r o  A l a  I l e  A r g  P r o  P h e  

1 8 1  L e u  G l n  T h r  L e u  Ser I l e  G l y  L e u  V a l  Ser P h e  G l y  G l u  HI. T y r  L y s  A r g  A s n  G l u  T h r  G l y  L e u  Ser V a l  T h r  A l a  Ser Ser L e u  P h e  
* * . *  * * , *  

2 1 1  T h r  G l y  G l y  A r g  P h e  A l a  I le  A s p  P r o  G l u  L e u  A r g  G l y  A l a  G l u  P h e  G l u  A r g  I le  I le  G l n  A s n  L e u  A s p  V a l  H l s  P h e  T r p  L y s  A l e  

2 4 1  P h e  T r p  A s n  I le  T h r  G l u  I le  G l u  V a l  L e u  Sei Ser L e u  A l a  A s n    st A l a  ser ~ h r  ~ h r  V a l  A r g  V a l  Ssr A r g  L e u  L e u  Ser L e u  P r o  
. . + ' *  

2 7 1  P r o  G l u  A l e  P h e  G l u  Met P r o  Leu T h r  Ser A s p  P r o  L y s  L e u  T h r  v e l  ~ h r  I l e  ser p r o  p r o  ~ e u  A l a  Has T h r  G l y  P r o  G l y  P r o  V a l  * . . * * * * * * *  * * 
3 0 1  L e u  A l e  A r g  L e u  I le  Ser T y r  A s p  L e u  A r g  G l u  G l y  G l n  A s p  Ser L y s  ~ e i  L e u  ~ s n  Ser L e u  A l a  L y s  Ser G l u  G l y  P r o  A r g  L e u  G l u  

3 3 1  L e u  A r g  P r o  A r g  P r o  G l n  G l n  A l a  P r o  A r g  Ssr A r g  A l a  Leu v41 v a l  H A S  11e H I =  G l y  G l y  G l y  P h e  V a l  A l a  G l n  T h r  Ser L y s  Ser 

3 6 1  His GI" P r o  T y r  L e u  L y s  A s n  T r p  A l a  G l n  G l u  L e u  G l y  V a l  P r o  1 1 e  I le  Ser I l e  A s p  T y r  Ser L e u  A l a  P r o  G l u  A l a  P r o  P h e  P r o  

3 9 1  A r g  A l a  L e u  G l u  G l u  C y s  P h e  P h e  A l a  T y r  C y s  T r p  A l a  V a l  L y s  H i .  C y s  G l u  L e u  L e u  G l y  Ser T h r  G l y  G l u  A r g  I l e  C y s  L e u  A l e  

4 2 1  'Ely ~ s p  ser & l a  ~ l y  ~ l y  ~ s n  L e u  C y s  I le  T h r  V a l  Ser ~ e u  A r g   la  la   la ~ y r  G I ~  v e l  ~ r g  v a l  p r o  A s p  G l y  I le  Met A l a  A l a  

4 5 1  T y r  P r o  V a l  T h r  T h r  L e u  G l n  Ser Ser A l e  Ser P r o  Ser A r g  L e u  L e u  Ser L e u  Met  A s p  P r o  L e u  L e u  P r o  L e u  Ser V a l  L e u  Ser L y s  
, * . . * , * * +  

4 8 1  C y s  V a l  Ser A l a  T y r  Ser G l y  T h r  G l u  T h r  G l u  A s p  H l s  P h e  A s p  Ser A s p  G l n  L y s  A l a  L e u  G l y  V a l  M e t  G l y  L e u  V a l  G l n  A r g  A s p  
. * * . * *  

possible lipid binding reg&n is overhed. Bo- 5 1 1  T h r  SS. L e u  P h h  L e u  A r g  A s p  L e u  A r g  L e u  G l y  A l a  Ser Ser T r p  L e u  A s n  Ser P h e  L e u  G l u  L e u  Ser G l y  A r g  L y s  P r o  H i s  L y s  T h r  

vine adipose tissue HSL was purified as de- 541  p ro  v.1 AI. cys A s p  T h r  p r o  G I Y  p h e  T~~ ~h~  GI" ser M~~ ser V ~ I  ser G ~ U  l i l a  A I ~  L ~ U  A I ~  , * * * ,  , . * . , *  
scribed (18). Peptides obtained after trypsh-di- 5 7 1  p ro  G ~ Y  L e u  L~~ G ~ Y  T h r  ASP ser L e u  L ~ ~ ~ L ~ ~  L ~ U  T ~ I  II* L~~ lisp L ~ U  ser p h e  L~~ 2y ser G ~ U  P r o  ser h s p  ser 

% * . *  * . . * * , *  gestion and fractionation were subjected to 6 0 1  P ro  G l "  Met Ser Met G l u  T h r  Leu G I y  Ser Thr  Pro Ser Asp Val Phe Phe Leu Arg Ser Gly Ser G I n  G lu  G I u  

automated chemical degradation on a gas-phase 
microsequencer (Edman) (19). A rat 

6 3 1  A l a  G l u  T h r  A r g  A s p  A s p  I l e  Ser P r o  M e t  A s p  G l y  I le  P r o  A r g  V a l  A r g  A l a  A l a  P h e  P r o  ~ s p  G l y  P h e  His P r o  A r g  A r g  Ser Ser 

Xgcll c~~~ library (clontech) was screened 6 6 1  G l n  G l y  v a l  L e u  H i s  Net P r o  L e u  T y r  Ser Ser p r o  1 1 e  v a l  ~ y s  AS" p r o   he ~ e t  ser p r o  ~ e u  ~ e u  ~ l e  p r o  ASP V a l  ~ e i  L e u  L y s  

with an antibody against rat HSL (5) and an 6 9 1  T h r  L e u  P r o  P r o  V a l  His L e u  v a l  A l a  C y s   la L=U  AS^ p r o  Met L e u  A s p  A s p  Ser V a l  Met P h e  A l a  A r g  A r g  L e u  L y s  A a p  L e u  G l y  , . 
'2JI-labeled protein A. Additional HSL clones 721  P r o  v a l   hi ~ e u  ~ y s  V ~ I  v a l  G ~ U  ~ s p  ~ e u  p ro  H X S  GIY  he L ~ U  ser ~ e u  A l a  A l a  ~ e u  c y s  A r g  G l u  T h r  ~ l y  A r g  P r o  A r g  sei 

* * * * .  
were obtained by screening with a 51-nt probe, ,,, .,, ,,, ,,, .,, ,,, 
synthesized on the basis of one of the larger 
bovine HSL tryptic peptides (most NH2-terminal peptide) and codon min each wash) in 300 mM NaCI, 30 mM trisodium citrate, 0.1% SDS 
usage tables for mammalian genes (4). Filters were hybridized in 0.75M at 47"C, and exposed to x-ray film. DNA from positive clones was puri- 
NaCI, 75 mM trisodium citrate, 50 mA4 sodium phosphate (pH 7.0), fied and subcloned into M13 phage vectors, and both strands were se- 
5x concentrated Denhardt's solution (0.1% Ficoll, 0.1% polyvinylpyr- quenced by the dideoxy-chain termination method (6). Shown is the 
rolidone, and 0.1% bovine serum albumin), 0.1% SDS, and denatured predicted amino acid sequence derived from the sequence of this 
salmon sperm DNA (150 pgiml) at 45°C overnight and washed twice (20 cDNA (8). 
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codes the only methionine in an open read- 
ing frame before the first identified peptide. 
In addition, it is the only methionine codon 
upstream of the first peptide that is within 
the most optimal consensus sequence for 
initiation by eukaryotic ribosomes [c- 

(911. 
The predicted primary translation prod- 

uct is 757 amino acids in length and is 
82,820 daltons in size. These data are con- 
sistent with the apparent size in SDS-ply- 

- 2%- 
hour 

acrylamide gels of 84,000 daltons (1). A 
computer search of the GenBank and the 
National Biomedical Research Foundation 
libraries failed to reveal any significant ho- 
mology at either the nucleic acid or protein 
level between HSL and any other protein of 
known sequence. In particular, HSL shares 
no homology with either the members of 
the lipase gene family (lipoprotein lipase, 
hepatic lipase, and pancreatic lipase) (3) or 
any other sequenced lipase. This is despite 

_ 63- 
hour 

Fig. 2. RNA blot analysis of rat tissue RNAs. Total RNA (10 pg) from all tissues, except adrenal glands 
[ l  pg ply(A)+ RNA], and heart and skeletal musde in right panel [5 pg polyadenylated poly(A)+ 
RNA], was analyzed by electrophoresis in a 1% agarose, 2.2 M formaldehyde gel, transferred to nylon 
blots, and cross-linked by exposure to ultraviolet light (20) (left and middle panel) or transferred 
to nitrocellulose and immobilized by baking in vacuum at 80% for 2 hours (right panel). Blots 
were probed with either a 1.1-kb (left panel) or a 2.0-kb (middle and right panels) 32P-labeled HSL 
cDNA (approximately lo9 cpmlpg) in 0.5M sodium phosphate (pH 7.0), 7% SDS, 1% bovine serum 
albumin, and 1 mM EDTA at 60°C (nylon blots), or in 0.75M NaCl, 75 mM uisodium citrate, 50 mM 
sodium phosphate (pH 7.0), 5 x concentrated Denhardt's solution (0.1% Ficoll, 0.1% polyvinylpyrroli- 
done, and 0.1% bovine setum albumin), 50% formarnide, denatured salmon sperm DNA (150 pglml) 
at 42°C (nitrocellulose blot). The filters were washed twice (20 min each wash) in 15 mM NaCI, 1.5 
mM uisodium citrate, and 0.1% SDS at 60°C. RNA sources are as indicated; pr. ovaries are ovaries 
obtained from pregnant animals. The inserts at the bottom of left and middle panel show a pomon of 
the same filters at a longer exposure in order to vis& weak signals. Exposure times are given on the 
figure. 

the fact that HSL shares similar biochemical 
and functional features with at least some of 
these enzymes. For example, both HSL and 
lipoprotein lipase hydrolyze long-chain tri- 
acylglycerols, have similar positional speci- 
ficity, are inhibited by serine-directed re- 
agents, and probably exist as dimers (1, 3). 
On the other hand, HSL exhibits several 
unique properties. The most remarkable of 
these is its rapid activation on phosphoryl- 
ation, which in vivo can be as much as a 50- 
fold increase, and its ability to hydrolyze 
cholesteryl esters (1). 

The CAMP-dependent protein kinase 
phosphorylation site (regulatory site) of 
HSL (7) is in the COOH-terminal third of 
the molecule. located at residue 563. This 
site is to be within a hydrophilic a 
helix, according to the algorithms of Hopp 
and Woods and Chou and Fasman (10). 
This is consistent with a wsition at the 
surface of the molecule and' thus accessible 
to the protein kinase. The presence of one or 
more -functional sulfhyd$ groups in the 
HSL molecule has previously been pro- 
posed based on inhibition of activity with 
cysteine-directed reagents (1). However, it 
is unclear which of the cysteine residues 
participate in the formation of disulfide 
bonds. It has been proposed that the disul- 
fide linkages of lipase are con- 
served in lipoprotein lipase and hepatic li- 
pase (3). However, putative disuliide bonds 
in HSL do not show any similarity to this 
pattern. Analysis by the method of Kyte and 
Doolittle (11) predicts several relatively hy- 
drophobic regions in HSL that could repre- 
sent lipid binding regions. One of them 
includes a sequence that corresponds to a 
weak consensus sequence for lipid biding 
regions (G-X-S-X-G preceded by four hy- 
drophobic residues),- found in 
lipase, lecithin-cholesterol acyltransferase, 
lingual lipase, gastric lipase (12), and hepatic 

Table 1. Distribution of human HSL gene with human chromosomes in human-mouse cell hybrids. The first symbol within the parentheses indicates those 
hybrids that were either positive (+) or negative (-) for the HSL gene as determined by the presence or absence of the human band in a DNA blot analysis of 
hybrid genomic DNA. The second symbol within the parentheses indicates hybrids that contained (+) or lacked (-) the chromosome. A panel of 17 mouse- 
human somatic cell hybrids was derived from the fusion of thymidhe kindeficient  mouse cells and normal human male fibroblasts, and genomic DNA 
was isolated from these hybrid clones (14). Genomic DNA from the arental cell lines and hybrid clones was digested with the restriction enzyme Eco RI, and 
each sample (6 pg) was elecuophoresed in 1% agarose gels, transf!med to nylon, and cross-linked by exposure to ultraviolet light (117 HSL cDNA was 
labeled with 32P to approximately lo9 cpm per microgratn of DNA by oligolabeling. Hybridization was perfomed in 0.5M sodium phosphate (pH 7.0), 7% 
SDS, 1% bovine serum albumin, and 1 mM EDTA at 65°C. The filters were washed twice in 15 mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS at 60°C. 
The human HSL gene sequences, present in fragments of 7.7 and 14 kb, could be easily distinguished from the mouse sequences, present in fragments of 2.9 
and 6.2 kb. 

Chromosome number 

Concordant hybrids 
(+I+) 5 4 5 6 4 7 6 7 0 5 2 3 5 7 6 2 7 5 7 6 2 5  1 2  
(-1-1 1 0 8 4 4 5 3 4 3 1 0 6 5 1  7 4 6 9 0 2 1 0 3 3 7 9 9  

Discordant hybrids 
(+I-) 2 3 2 1 3 0 1 0 7 2 5 4 2 0 1 5 0 5 0 1 5 2 6 5  
(-I+) 0 2 6 6 5 7 6 7 0 4 5 9 3 6 4 1 1 0 5 0 7 7 3 1 1  

Discordancy(%) 12 29 47 41 47 41 41 41 41 35 59 76 29 35 29 35 59 59 0 47 71 29 41 35 
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Fig. 3. Regional mapping of the HSL gene on 
human chromosome 19. The remaining pan of 
the deleted chromosome 19 is noted for each of 
seven somatic cell hybrids used for regional map- 
ping of HSL. The portions of chromosome 19 
contained in the hybrids are: CF96-31N10: pter- 
p13.3; CF96-21Bl2: qter-p13.3; G24A4C1 and 
G24B2: qter-p13.3; CF100-516 and CF100-116: 
pter-q13.3; 104-1916: cent-qter. The presence 
(+) or absence (-) of the human HSL gene in 
each hybrid, as determined by DNA blot analysis, 
is noted at the bottom. Clones CF100-516 and 
CF100-116 were derived from fusion of mouse 
A9 cells and human fibroblasts containing a chro- 
mosome Xi19 translocation (GM 0089, Human 
Mutant Cell Repository, Camden, New Jersey). 
Clones G24A4Cl and G24B2 are chromosome 
Xi19 translocations (21). Clones CF96-3 1N10 
and CF96-21Bl2 are chromosome 17119 translo- 
cations (21), and clone 104-1916 is a chromosome 
1119 translocation (14). DNA from these clones 
was prepared and hybridization was performed as 

lipase (3). The HSL protein has a predicted 
cw helix and P sheet content of 38 and 26% 
(lo), respectively. However, none of the a 
helices or P sheets are of apparent amphi- 
pathic nature. On the basis of detergent 
studies, it has been speculated that HSL is 
an intrinsic membrane protein (13). Howev- 
er, its predicted amino acid sequence does 
not appear to contain a membrane-spanning 
region. 

RNA blot analysis (Fig. 2) showed that 
HSL mRNA is present in a variety of tis- 
sues, including adipose tissue, adrenal 
glands, ovaries, testes, and placenta, and 
heart and skeletal muscle. Although it is not 
found in ovaries from nonpregnant rats, 
HSL mRNA was detected in ovaries from 
pregnant animals, presumably due to the 
presence of corpora lutea vera, which are 
highly active in the production of progester- 
one. Also, in heart and skeletal muscle HSL, 
mRNA was not detected in total RNA but a 
signal was visible in poly(A)C RNA. This is 
not surprising because the amount of HSL 
is low in muscle tissues (less than 2% of that 
in adipose tissue) (2). Three distinct mRNA 
species were observed in the tissues exam- 
ined, and these species exhibited a tissue- 
specific distribution. Adipose tissue and ad- 
renal glands express a single 3.3-kb species; 
heart muscle, skeletal muscle, and placenta 
express a 3.5-kb species; ovaries express a 
3.3- and a 3.5-kb species; and testes express 
another mRNA species of 3.9 kb. The pres- 
ence of a different size mRNA in testes is 
consistent with a previous studv in which we 
observed three imrnunoreactive proteins of 
about 86, 110, and 130 kD in testes (2). 
Any or all of these three proteins could be 
coded for by a 3.9-kb mRNA. It is possible 
that the different size mRNAs arise either 
through alternative splicing, use of multiple 
polyadenylation signals, or multiple tran- 
scription start sites. On the other hand, they 

Presence of - + + + + + +  
HSL gene 

described in Table 1. 

could be products of multiple genes exhibit- 
ing tissue-specific expression. If multiple 
genes for HSL are present, they are presum- 
ably clustered, because as shown below, all 
hybridizing sequences map to a single genet- 
ic locus. It may well be that the multiple 
HSL mRNA and protein species have sig- 
nificance with respect to the regulation and 
functions of the enzyme in different tissues. 

The chromosomal location of the human 
HSL gene was determined by hybridizing 
DNA from a panel of mouse-human somat; 
cell hybrids to HSL cDNA. Restriction 
fragments corresponding to the human gene 
segregated with chromosome 19, while all 
other chromosomes exhibited multiple dis- 
cordancies (Table l ) ,  indicating that the 
HSL gene resides on chromosome 19. Ex- 
amination of hybrid clones containing vari- 
ous translocations of human chromosome 
19 by DNA blotting indicated that the HSL 
gene is located in the region from the cen- 
tromere to band q13.3 (Fig. 3). No other 
lipases have been mapped to this location, 
including hepatic lipase (located on chromo- 
some 15) and lipoprotein lipase (located on 
chromosome 8). Although several other 
genes for proteins involved in lipid metabo- 
lism reside on chromosome 19, including 
those for apolipoproteins CI, CII, and E 
(q12), the low-density lipoprotein receptor 
(p13.1-p13.2), and the insulin receptor 
(p13.2-p13.3) (13), this is unlikely to have 
any functional or regulatory significance. 
Although several familial disorders have " 
been mapped to chromosome 19 (I#), none 
appear likely to involve HSL. Variations in 
the ex~ressibn or structure of HSL mav be 
related to the development of obesity of 
metabolic origin, the rare syndrome of lipo- 
dystrophy (15), and lipomatosis, a disease 
characterized by formation of lipomas that 
are defective in adrenergic-stimulated lipoly- 
sis (16). 

X 

REFERENCES AND NOTES 
1. P. Belfrage, G. Fredrikson, P. StrWors, H. Torn- 

qvist, in Lipases, B. Borgstrom and H. L. Brockman, 
Eds. (Elsevier, Amsterdam, 1984), pp. 365-416; P. 
StrWors, H. Olsson, P. Belfrage, in Enzymes, P. D. 
Boyer and E. G. Krebs, Eds. (Academic Press, New 
York, 1987), vol. 18, part B, pp. 147-177; P. 
StrWors, P. Bjorgell, P. Belfrage, Proc. Natl. Acad. 
Sci. U . S . A .  81, 3317 (1984); B. Cannon and J. 
Nedergaard, in New Perspectives in Adipose Tissue: 
Stnrcture, Function and Development, A. Cryer and R. 
L. R. Van, Eds. (Buttenvorth, London, 1985), pp. 
223-270; E. G. Krebs, Cum. Top. Cell. Regul. 18, 
401 (1981). 

2. K. G. Cook, S. J. Yeaman, P. StriUfors, G. Fredrik- 
son, P. Belfrage, Eur. J .  Biochem. 125, 245 (1982); 
K. G. Cook, R. J. Colbran, J. Snee, S. J. Yeaman, 
Biochim. Biophys. Acta 752, 46 (1983); C. Holm, P. 
Belfrage, G. Fredrikson, Biochem. Biophys. Res. Com- 
mun. 148, 99 (1987). 

3. T. G. Kirchgessner, K. L. Svenson, A. J. Lusis, M. 
C. Schotz, J .  Biol. Chem. 262, 8463 (1987); M. C. 
Komaromy and M. C. Schotz, Proc. Natl. Acad. Sci. 
U . S . A .  84, 1526 (1987); C. Miller Ben-Avram et 
dl., Proc. Natl. Acad. Sci. U . S . A .  83, 4185 (1986). 

4. R. Lathe, J .  Mol. Biol. 183, 1 (1985). 
5. G. Fredrikson et al., J .  Immunol. Methods 97, 65 

(1987). 
6. F. Sanger, S. Nicklen, A. R. Coulson, Proc. Natl. 

Acad. Sci. U . S . A .  74. 5463 11977). 
7. A. J. Garton, D. G.  be$^. &hen, S. Yeaman, 

FEBS Lett. 229, 68 (1988). 
8. C. Holm, T. G. Kirchgessner, K. L. Svenson, A. J. 

Lusis, P. Belfrage, M. C. Schotz, entered into 
GenBank, access ;umber J03087. ' 

9. M. Kozak, Cell 44,283 (1986). 
10. T. P. Hopp and K. R. Woods, Proc. Natl. Acad. Sci. 

U . S . A .  78, 3824 (1981); P. Y. Chou and G. D. 
Fasman, Annu. Rev. Biochem. 47, 251 (1978). 

11. J. Kyte and R. F. Doolittle, J .  Mol. Biol. 157, 105 
(1982). 

12. J. DeCaro et al., Biochim. Biophys. Acta 671, 129 
(1981); J. McLean et al., Proc. Natl. Acad. Sci. 
U.S.A. 83, 2335 (1986); A. J. P. Docherty et al., 
Nucleic Acids Res. 13, 1891 (1985); M. W. Bodmer 
et dl., Biochim. Biophys. Acta 909, 237 (1987). 

13. C. Holm, G. Fredrikson, P. Belfrage, J .  Biol. Chem. 
261, 15659 (1986). 

14. A. J. Lusis et al., Proc. Natl. Acad. Sci. U.S .A .  83, 
3929 (1986); T. L. Yang-Feng, U. Francke, A. 
UUrich, Science 228, 728 (1985). 

15. M. J. Albrink, in Duncan's Diseases of Metabolism, 
Genetics and Metabolism, P. K. Bondy, L. E. Rosen- 
berg, Eds. (Saunders, Philadelphia, PA, 1974), pp. 
417-443. 

16. G. Enzi et al., J .  Clin. Invest. 60, 1221 (1977). 
17. Abbreviations for the amino acid residues are as 

follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, 
Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; 
P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, 
Trp; and Y, Tyr. 

18. S. Nilsson, C. Holm, P. Belfrage, Biomed. Chroma- 
tow.. in Dress. 

19. J."E: S6ively, P. Miller, M. Roak, Anal. Biochem. 
163, 517 (1987). 

20. G. M. Church and W. Gilbert, Proc. Natl. Acad. Sci. 
U . S . A .  81, 1991 (1984). 

21. J. D. Brook, D. J. Shaw, L. Meredith, G. A. P. 
Bruns, P. S. Harper, Hum. Genet. 68, 282 (1984); 
R. S. Sparkes et al., ibid. 74, 133 (1986). 

22. We thank A. Oldberg for discussions, B. Danielsson 
and A. Holmen for technical assistance, S. Yeaman 
for unpublished data, G. Bruns for the hybrid clones 
G24A4C1 and G24B2, and D. Ameis, R. Davis, and 
M. Doolittle for comments on this manuscript. 
Supported by NIH, the Veterans Administration, 
the American Heart Association, the Greater Los 
Angeles M a t e ,  the Swedish Medical Research 
Council, the Medical Faculty of the University of 
Lund, A. Pihlsson, P. Hikansson, M. Bergvall, 0. 
E. Johansson, 0 .  Johansson, A. Wiberg, and Nor- 
diska Samfundet. A.J.L. is an established investiga- 
tor of the American Heart Association. C.H. ac- 
knowledges the financial support of Lars Hiertas 
mime, Carl Tesdorpf, Blanceflor Boncompagni- 
Ludovisi net Bildt, and the Swedish Institute. 
2 May 1988; accepted 21 July 1988 

SCIENCE, VOL. 241 




