
21), isolated hepatic membrane receptor 
studies (5-7, 10, 22, 23), and lipoprotein 
metabolism in cultured hepatic cells (24) 
point to an elaborate apolipoprotein rec- 
ognition system in mammalian liver. The 
LDL receptor on canine hepatic mem- 
branes and the human fibroblast LDL 
receptor undergo rapid regulation by 
perturbations in cholesterol and bile acid 
metabolism (5-7, 19). Specific apoE rec- 
ognition sites, however, did not appear 
to undergo similar modulation (7, 19). In 
addition, a pathway in liver that is dis- 
tinct from the LDL and apoE receptor 
and that may have a broad specificity for 
lipoprotein recognition has been pro- 
posed (10,24,25). The mammalian liver, 
therefore, contains numerous pathways 
by which lipids and lipoproteins may be 
metabolized. 

The genetic and physiologic roles of 
these different hepatic receptors were 
investigated in human subjects by study- 
ing isolated hepatic membranes from 
normal individuals, from a patient with 
FH who lacked the fibroblast LDL re- 
ceptor, and from a patient with abetali- 
poproteinemia who had no circulating 
LDL lipoprotein particles. Despite the 
absence of the usual fibroblast LDL re- 
ceptor, low levels of residual LDL-spe- 
cific binding were observed in hepatic 
membranes from the FH patient (Fig. 1) 
(10). Of particular importance, however, 
was the observation that apoE binding 
was normal. The residual apoB binding 
to these membranes may reflect binding 
to receptors with broad specificity or a 
cross-recognition with the apoE recep- 
tor; this possibility is supported by the 47 
percent increase in both apoE and apoB 
binding to membranes obtained from the 
FH patient after portacaval shunt sur- 
gery (Fig. 2). The apoE binding, howev- 
er, was not only genetically distinct from 
LDL binding but was also regulated up- 
ward after portacaval shunt surgery. 

Hepatic membrane studies in abetali- 
poproteinemia also support the concept 
of distinct LDL and apoE receptors in 
humans. The absence of plasma apoB 
lipoprotein particles in this disorder was 
associated with a reciprocal increase in 
LDL receptor expression and a reduc- 
tion in the expression of the apoE recep- 
tors on isolated hepatic membranes (Fig. 
1). Blum et al. (26) and Innerarity et al. 
(27) proposed that the increased apoE 
lipid-rich particles in abetalipoproteine- 
mia lead to normalized lipid transport 
through an apoE-mediated uptake pro- 
cess. Our study supports the concept that 
the lipid-rich apoE particles are recog- 
nized by human hepatic membranes inde- 
pendent of an LDL receptor. Not only 
is the regulation of the LDL and apoE 

15 FEBRUARY 1985 

receptors independent, the apoE recep- 
tor pathway may in some way lead to 
normalization of cholesterol homeostasis 
in abetalipoproteinemia (26-30). 

These combined results indicate that 
hepatic receptors for LDL and apoE are 
present in humans. The LDL receptor. 
as was reported in earlier mammalian 
studies, undergoes regulation. However, 
the hepatic apoE receptor in humans, 
unlike that in other species, can also be 
modulated. Therefore. human hepatic 
receptors for LDL and apoE-containing 
lipoproteins are physiologically and ge- 
netically distinct. 
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Immunoprecipitation of Insulin Receptors from Cultured 

Human Lymphocytes (IM-9 Cells) by Antibodies to pp60SrC 

Abstract. The family of tyrosine-specific protein kinases includes proteins encoded 
by retroviral oncogenes as well as receptors for insulin and several growth factors. 
Antibodies to pp6OVc, the protein encoded by the src oncogene of Rous sarcoma 
virus (RSV) ,  can spec$cally immunoprecipitate afinity-labeled insulin receptors 
from cultured human lymphocytes (IM-9 cells). This precipitation is specifically 
inhibited by the src gene product purified from RSV-transformed rat cells. These 
observations provide evidence that there is structural homology between the insulin 
receptors and pp60"'. 

The product of the v-erb B oncogene 
of avian erythroblastosis virus is a trun- 
cated form of the epidermal growth fac- 
tor (EGF) receptor (I). The v-erb B gene 
is a member of a family of retroviral 
oncogenes encoding tyrosine-specific 
protein kinases with structural homology 
to pp6OVC (2), the protein encoded by the 
src oncogene of Rous sarcoma virus 
(RSV). Similarly, the EGF receptor and 
those for insulin, insulin-like growth fac- 
tor I (IGF I), and platelet-derived growth 
factor belong to a family of cell surface 

receptors with ligand-stimulated, tyro- 
sine-specific protein kinase activity (3). 
These observations have led to the hy- 
pothesis that the genes for this family of 
cell surface receptors may be proto-on- 
cogenes corresponding to the retroviral 
oncogenes in the src family. We now 
show that antisera containing antibodies 
to pp60SrC can immunoprecipitate affini- 
ty-labeled insulin receptors. Moreover, 
this precipitation can be competitively 
inhibited by the protein encoded by the 
src gene. These observations are consist- 
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ent with the hypothesis that there is 
structural homology between the insulin 
receptor and pp60Src. 

Insulin receptors on human lympho- 
blasts (IM-9 cells) were labeled by the 
affinity-cross-linking technique of Pilch 
and Czech (4). After solubilization in 
Triton X-100, these insulin receptors (5) 
could be immunoprecipitated by tumor- 
bearing rabbit (TBR) serum (Fig. I), a 
serum derived from newborn rabbits 
bearing tumors induced by injection with 
RSV (6) and which contains antibodies 
to pp60SK as well as other virally en- 

* a b c d e  f 
- - ---a w 

coded proteins (7,8). At dilutions of 1 : 10 
and 1: 20 (Fig. lA, lanes a and b), TBR 
serum precipitated 17 percent and 11 
percent, respectively, of the affinity-la- 
beled insulin receptors in the detergent 
extract of the IM-9 cells (Fig. 1B) (9). 
This precipitation was specific in that 
normal rabbit serum did not precipitate 
the insulin receptor (Fig. IA, lane e). 

A highly purified preparation of the 
protein encoded by the src gene has been 
prepared from RSV-transformed rat cells 
(Schmidt-Ruppin normal rat kidney cells 
(10). This protein, p54, was used to as- 

Fig. 1. Immunoprecipitation of 
insulin receptors by TBR se- 
rum. (A) Insulin receptors on 
IM-9 cells (-2 x lo9 cells) 
were affinity-labeled with 
['2SI]insulin and disuccinimi- 
dyl suberate (4). Receptors 
were solubilized in 1 percent 
Triton X-100 (-5 ml) and pre- 
cipitated with TBR serum (lot 
C-5) at a dilution of 1 : I0 (lanes 
a and b) or 1: 20 (lanes c and 
d), with normal rabbit serum 
at a dilution of I : I0 (lane e), or 
with guinea pig antiserum to 
insulin (GP-625) at a dilution 
of 1 : 100 (lane f). Immunopre- 
ci~itations were canied out ei- 

I- thkr in the absence (lanes a, c, 
TBR ':' r B R  :*O e,  and f) or presence (lanes b 

and d) of Durified ~ 5 4  (1.5 udml) (10). Immune com~lexes were ~rec i~ i ta ted  with Pansorbin , -  7 ,  , 

(~albiochdm) andnanalyzed by sodium dodecyl suiate-polyac~lam~e gel electrophoresis 
(SDS-PAGE) and autoradiography. (B) The regions of the gel corres onding to the 135- P kilodalton (kD) subunit of the receptor were excised, and the quantity of l 2  I associated with the 
band was determined by gamma counting (50 minutes). The amount of specifically precipitated 
IZ5I was calculated by subtracting the radioactivity in the 135-kD region of lane e. Results are 
expressed as a percentage of the radioactivity (13,500 counts per 50 minutes) in the precipitate 
from the reaction with antiserum to insulin (lane f), which completely precipitates the affinity- 
labeled receptors under these conditions (4). 

03 0.1 1 .O 1 0  
p54 Concentration (uglml) 

e f g h  
- -  - 

Fig. 2. Immunoprecipitation of insulin receptors by TBR serum: competition by p54. (A) TBR 
serum (0.04 ml) plus Pansorbin (0.1 ml) was incubated with purified p54 (0 to 7 &ml, as 
indicated) in a total volume of 0.44 ml for 30 minutes at 4°C. Affinity-labeled insulin receptors 
(0.2 ml) were added, and the incubation was continued for an additional 2 hours. The Pansorbin 
was separated by centrifugation and washed as described (6). The immune complexes were 
analyzed by SDS-PAGE, and the data are presented as described in the legend to Fig. 1. In this 
experiment, antiserum to insulin (GP-625) precipitated 16,200 counts per 50 minutes of "'I in 
association with the a subunit of the insulin receptor. (B) Affinity-labeled insulin receptors were 
incubated at 4OC with TBR serum at a dilution of I :  10 (lanes a to h), normal rabbit serum at a 
dilution of 1: 10 (lane i), or GP-625 at a dilution of 1 : 100 (lane j). In some lanes, either the 
product of the raf oncogene at a concentration of 70 pg/ml (lane b) or various synthetic peptides 
related to the product at a concentration of 25 kg per milliliter (SP-45, lane c; SP-46, lane d; SP- 
47, lane e; SP-67, lane f; SP-68, lane g; SP-63, lane h) were added (11, 12). Immune complexes 
were separated as described in the legend to Fig. 1, and the precipitates were analyzed by SDS- 
PAGE and subsequent autoradiography. 
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sess the specificity of the immunoprecip- 
itation reaction (Figs. 1 and 2). Half- 
maximum inhibition of precipitation was 
observed at a concentration of p54 of 10 
to 30 ng per milliliter (Fig. 2), similar to 
the concentration reported earlier that 
inhibited precipitation of 32~-labeled 
pp60SrC by TBR serum (10). In contrast, 
the product of the raf oncogene (11) and 
several synthetic peptides related to the 
product (12) did not inhibit precipitation 
of the insulin receptor (Fig. 2). We con- 
firmed that TBR serum could also specif- 
ically precipitate affinity-labeled insulin 
receptors that had been partially purified 
(-20-fold) by purification over wheat 
germ agglutinin-agarose. Finally, TBR 
serum did not precipitate '25~-labeled in- 
sulin. This suggests that TBR serum pre- 
cipitates receptors by binding to the re- 
ceptor moiety rather than to the insulin 
moiety of the affinity-labeled receptor. 

We investigated the ability of other 
antisera directed against oncogene prod- 
ucts to immunoprecipitate insulin recep- 
tors. Whereas TBR serum (lot C-5) was 
able to precipitate affinity-labeled insulin 
receptors (Figs. 1 and 2), three other 
antibodies to pp60sK were not: monoclo- 
nal antibody ABsrc-1 (Oncor), TBR se- 
rum (lot C-8), and a polyclonal antiserum 
raised by immunization of rabbits with 
purified pp60SrC (13). These observations 
suggest that pp60SK is unlikely to be 
identical to a truncated form of the hu- 
man insulin receptor. Nevertheless, the 
existence of a cross-reacting antiserum 
(TBR serum lot (2-5) provides experi- 
mental evidence in favor of structural 
similarity of one or more epitopes on the 
two proteins. In other studies, we have 
shown that antibodies to four other 
members of the src family of tyrosine- 
specific protein kinases (raf, abl, fes, 
and fms) did not precipitate the insulin 
receptor (14). 

Tumor-bearihg rabbit serum had been 
shown to contain immunoglobulins 
whose heavy chains were able to serve 
as substrates for the insulin receptor- 
associated protein kinase (15). However, 
in that study TBR serum did not precipi- 
tate the 32~-labeled phosphoreceptor. 
Moreover, the previous studies did not 
show directly whether it was the anti- 
bodies to pp60SrC that were responsible 
for the ability of the polyclonal TBR 
serum to serve as substrate for the insu- 
lin receptor-associated protein kinase. It 
is possible that the differences between 
these observations and ours derive from 
differences among preparations of TBR 
serum. 

Alternatively, the differences may 
have resulted from differences in experi- 
mental technique (16). At present, we 
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cannot rule out the possibility that TBR of rabbits with purified p p 6 Y  produced in E. dodeca- and tridecapeptides derived from the 
coli by means o genetlc englneerlng techniques predicted sequence of the raf gene product (11). 

serum may have precipitated insulin re- (9). 13. R. L. Erikson er a l . ,  J .  Virol. 45, 462 (1983). 
ceptors indirectly-for example, b y  vir- 9. When the supernatant from the TBR serum 14. N. Perrotti, U. Rapp, S. I. Taylor, unpublished 

immunoprecipitation was subjected to a second observations. 
tue of  pp60SrC binding o f  insulin receptors precipitation with TBR serum, it was possible to 15. M. Kasuga, Y. Fujita-Yamaguchi, D. L. Blithe, 

and consequent bridging of  the receptors precipitate a similar fraction (I0 to 20 percent) of M. F. Withei, C.  R. Kahn, J .  Biol. Chem. 258, 
the affinity-labeled insulin receptor. Thus, the 10973 (1983). 

to antibodies to pp60SrC. However, this precipitation of only a small amount (10 to 20 16. In this regard, Kasuga er a / .  (15) studied the 32P- 
percent) of the insulin receptors by TBR serum labeled insulin receptor whereas we studied the seems less likely since antibodies the probably results from the relatively low affinity affinity-labeled insulin receptor. In our experi- 

insulin receptor do not precipitate 35S- of that antiserum for the insulin receptor. More- ments, we showed that the precipitation of the 
over, these observations rule out the alternative insulin receptor occurs only when it is covalent- 

labeled pp6OSrC (that is, a protein with an possibility that the receptors precipitated by ly cross-linked to insulin. The results of initial 
studies suggest that phosphorylation of the re- 

apparent weight of  60'000 dal- r o e  i t  ceptor with adenosine tnphosphate substantially 
tons) in association with insulin recep- during the first immunoprecipitat~on. inhibits (by about 50 percent) the ability of TBR 
tors labeled biosynthetically with 10. D. L. Blithe, N. D. Richert, I. H. Pastan, J .  serum to precipitate the affinity-labeled insulin 

Biol. Chem. 257, 7135 (1982); N. D. Richert, D. receptor. Cross-linking of insulin to its receptor 
[35S]methionine ( 1  7). L. Blithe, I. H. Pastan, ibid., p. 7143. We have may expose cryptic epitopes that enable TBR 
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shown that four separate preparations of p54 serum to bind to the receptor. Similarly, phos- 
were capable of inhibiting the ability of TBR phorylation of the receptor may render those 
serum to immunoprecipitate aflinity-labeled in- same epitopes less available for antibody bind- 
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A Mutant of Arabidopsis Lacking a Chloroplast-Specific Lipid 

Abstract. In order to investigate the functional sign$cance of membrane lipid 
unsaturation, we have isolated a series of mutants of Arabidopsis thaliana which are 
deficient in particular membrane fatty acids. The first of these mutants completely 
lacks A3-trans-hexadecenoate, an acyl group that until now has been thought toplay 
an important role in the structure or function of thylakoid membranes in photosyn- 
thetic eukaryotes. The apparent absence of any marked physiological effect of the 
mutation illustrates the potential of this approach to the analysis of membrane 
structure and function. 
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animals ( I )  and plants (2). Much of  the 
work on plants has been dominated by a 
hypothesis that suggested a causal rela- 
tion between membrane lipid unsatura- 
tion and chilling sensitivity (3) and has 
frequently involved an attempt to corre- 
late species differences in membrane 
composition with thermal tolerance. In 
addition, it is widely proposed that the 
unusual fatty acid composition that char- 
acterizes chloroplast membranes is criti- 
cal to the maintenance o f  photosynthetic 
function (4). W e  have taken a novel 
approach to these questions by isolating 
a series o f  mutants o f  the crucifer Arabi- 
dopsis thaliana (L.)  Heynh. with specific 

Fig. 1. Fatty acid composition of PG from 
wild-type (a) and mutant (b) Arabidopsis .  PG 
was purified by preparative thin-layer chro- 
matography of a chloroform-methanol extract 
of leaves (20). Lipid-containing zones were 
visualized with iodine vapor, the lipids were 
extracted from the silica gel, and fatty acid 
methyl esters were prepared as described in 
the legend to Table 1. Individual lipids were 
identified by comparison of Rf (relative mobil- 
ity) values with those of known lipid stan- 
dards. The major peaks (from left to right) and 
the percentages of total fatty acid in the wild- 
type sample were solvent, C16:0 (34 percent); 
t r a n ~ - C ~ ~ , ~  (20 percent); C18,1  (4 percent); 

(10 percent); and (32 percent). 
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