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Activation of a Phosphotyrosine Phosphatase by 
Tyrosine Phosphorylation 

Wolfgang Vogel, Reiner Lammers, Jiaoti Huang, Axel Ullrich* 
Regulation of cell proliferation, differentiation, and metabolic homeostasis is associated 
with the phosphorylatioh and dephosphorylation of specific tyrosine residues of key reg- 
ulatory proteins. The phosphotyrosine phosphatase 1 D (PTP 1 D) contains two amino 
terminally located Src homology 2 (SH2) domains and is similar to the Drosophila cork- 
screw gene product, which positively regulates the torso tyrosine kinase signal transduc- 
tion pathway. PTP activity was found to be regulated by physical interaction with a protein 
tyrosine kinase. PTP 1 D did not dephosphorylate receptor tyrosine kinases, despite the 
fact that it associated with the epidermal growth factor receptor and chimeric receptors 
containing the extracellular domain of the epidermal growth factor receptor and the 
cytoplasmic domain of either the HERBneu, kit-SCF, or platelet-derived growth factor 
p (pPDGF) receptors. PTP 1 D was phosphorylated on tyrosine in cells overexpressing the 
pPDGF receptor kinase and this tyrosine phosphorylation correlated with an enhancement 
of its catalytic activity. Thus, protein tyrosine kinases and phosphatases do not simply 
oppose each other's action; rather, they may work in concert to maintain a fine balance 
of effector activation needed for the regulation of cell growth and differentiation. 

Protein phosphorylation and dephospho- 
rylation are key events in the pathways that 
regulate cell mowth and differentiation. 
l%ese are triggered by secreted 
polypeptide growth factors or hormones 
that activate tyrosine kinases to induce 
specific cellular responses (I). The cellular 
factors that participate in these signaling 
pathways include polypeptide substrates 
that contain the Src-homology regions, 
SH2 and SH3. either alone or in combina- 

tion with regions that provide enzymatic 
activity (2). The SH2 domain elements of 
such substrates bind with high affinity to 
specific phosphorylated tyrosine residues of 
activated tyrosine kinases and thereby ini- 
tiate the subseauent intracellular sienal ... 
transduction cascade (I). For example, 
phospholipase Cy interacts through its SH2 
domain with the cytoplasmic domain of a 
receptor tyrosine kinase (RTK) and is acti- 
vated I5v subseauent ~hos~horvlation (3). 

. . I  . , 
Protein tyrosine phosphatases (PTPs) are 
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York, NY 10016. The large number of currently known 
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there may be specificity in PTP-RTK inter- 
actions. Recently, a cDNA encoding a PTP 
designated PTP 1C was cloned from several 
sources (5, 6). In addition to a single 
catalytic domain, the structure of this PTP 
includes a pair of SH2 regions near the 
NH,-terminus, which suggested that F'TK 
activity might be regulated by SH2 do- 
main-mediated interaction of tyrosine- 
phosphorylated RTKs with a PTP. 

We identified a PTP, designated PTP 
ID, that contains an SH2 domain and has 
extensive sequence similarity to PTP 1C 
(7). Overlapping clones from a cDNA li- 
brary from SK-BR-3 mammary carcinoma 
cells covered 6.8 kb and included in the 5' 
portion an open reading frame of 1779 bp 
that encoded a protein of 593 amino acids 
with a calculated molecular size of 68 kD 
(Fig. 1). The coding sequence was flanked 
by 129 nucleotides of 5'-untranslated se- 
quence and approximately 4.9 kb of 3'- 
untranslated sequence. The predicted ami- 
no acid sequence contains a PTP catalytic 
domain at the COOH-terminus and two 
adjacent SH2 domains that are located in 
the NH,-terminal portion. PTP 1D and 
PTP 1C are very similar in their overall 
structure, with only minor divergence to- 
ward the COOH-terminus. The two pro- 
teins exhibit 55% sequence identity and 
7 1% overall similarity. 

The recently characterized product of 
the Drosophila corkscrew (csw) locus (a), a 
gene that participates in signaling by the 
tyrosine kinase encoded by the turso gene 
(9), is similar to PTP 1C and PTP 1D in the 
SH2 and PTP domains. Within the se- 
quences that could be aligned, csw was 69 
and 76% similar to PTP 1C and PTP ID, 

LTVWQYHP R l w  

iPL%WCS AGI 

2 4 1  ETTLOWECX LLY- 

281  NTLPFDHTRV nfi 

3 6 1  enGas~cvur wPuer.uner bvnRVRNV?Z SAAHDYT 

401  LKLSKVGQGN T 5  PDHGVPS DPGWLDPL 

6 4 1  EVHHKQESM DAC GRTGTPI V I D I L I D I I  

5 2 1  Y I L T M R R I E  EEQKSKRKGH E Y T N I X Y S U  DQTSGWSPL 

Flg. 1. Amino acid sequence of PTP ID .  The 
deduced amino acid sequence is shown. SH2 
and PTP domains are boxed and the latter is 
shaded. The nucleotide sequence was deter- 
mined with the chain termination method (19). 
Abbreviations for the amino acid residues are; 
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. 
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respectively (8). All three catalytic do- 
mains contain characteristic sequence mo- 
tifs of PTPs-(D or E)YINA, FWXM, and 
CSAGXGR, which are separated by spacer 
regions of variable length. Within the ap- 
proximately 60-amino acid long region be- 
tween the SH2 tandem repeat and the PTP 
domain, the sequence GFWEEFE was iden- 
tified, which is conserved in all three 
known SH2-containing PTPs but was not 
found in any other protein sequence con- 
tained in the Swiss Protein data base. This 
sequence may therefore represent a charac- 
teristic structural motif for this class of 
proteins. 

Northern (RNA) blot analysis of mouse 
tissues revealed high amounts of expression 
of the 6.8-kb mRNA encoding PTP 1D in 
brain, heart, and kidney; lower amounts 
were detected in liver, skeletal muscle, 
testes, and lung, and very low amounts 
were present in stomach and spleen (10). 
This distribution contrasts with that of PTP 
lC, which appears to be expressed predom- 
inantly in hematopoietic cell types (6). 
However, low amounts of PTP 1C mRNA 
were detected in seven of nine cell lines 
derived from human mammary carcinomas 
that were examined. These cell lines gen- 
erally expressed higher amounts of PTP 1D 
mRNA (10). 

We examined the substrate specificity of 
PTP 1D and PTP 1C and their association 
with a panel of RTKs in intact cells. We 
used a system that allows transient overex- 
pression of multiple transfected genes re- 
sulting from efficient transactivation of the 
cytomegalovirus early promoter by ectopi- 
cally expressed adenovirus transcription 
factor Ela (1 I )  in the human 293 embry- 
onic kidney cell line. Expression constructs 
containing PTP cDNA in a vector with a 
cytomegalovirus promoter were transfected 
into 293 cells together with expression plas- 
mids for one of seven RTKs. These includ- 
ed the receptors for epidermal growth factor 
(EGF), insulin, insulin-like growth factor- 
1, and the cx and p forms of platelet-derived 
growth factor receptor (PDGF-R). In the 
case of HER2-neu and p145""', we used 
chimeric receptors, HER1-2 and EK-R, in 
which the respective kinase functions were 
under the control of an EGF receptor (EGF- 
R) extracellular domain (1 2, 13) (Fig. 2, A 
to C). 

After transfection with equal amounts of 
expression plasmid and stimulation with 
the appropriate ligand, cells were lysed and 
identical portions were analyzed by electro- 
phoresis and immunoblotting with a mono- 
clonal antibody to phosphotyrosine (Fig. 2, 
A to C). In these experiments, the appar- 
ent absence of an effect of ligand on phos- 
phorylation of the PDGF-R and EGF-R 
resulted from very high overexpression and 
constitutive activation of basal activity of 
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A P - PDGF-RB . C EGF-R HER1-2 - 
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,, I D  ,, 1C ,-, 1 0 ,  l C ,  
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Fig. 2. Effect of transient overexpression of PTP I - 
ID and PTP 1C on tyrosine phosphorylation of 
RTKs and association of the PTPs with the RTKs 1 I I 111 I - ? D m  

transfected either with RTK expression plasmids 
alone or with those plasmids and expression vectors encoding human PTP 1D or mouse PTP 1C 
(1 1). After 24 hours of serum starvation, cells were stimulated for 10 min with the appropriate ligand 
as indicated. Proteins from portions of cell lysate were separated by SDS-PAGE, transferred to 
nitrocellulose, and probed with the monoclonal antibody 5E2 to phosphotyrosine. Blots were 
developed with an enhanced chemiluminescence (ECL) detection system (Amersham). Molecular 
size markers are indicated in kilodaltons. Major bands represent PDGF-Ra and -Rp (A), uncleaved 
precursors (185 kD) and P subunits (97 kD) of I-R and IGF-1-R (6). and EGF-R. HERI-2 and EK-R 
proteins (C). lmmunoblots were stripped and reprobed with receptor-specific antibodies to confirm 
that equal amounts of receptor were expressed. Probing with antibodies to PTP 1C and PTP 1 D (20) 
revealed comparable ECL signals. (D) Association between RTKs and PTPs was determined in 293 
cells transfected with expression plasmids coding for chimeric RTKs and PTPs as indicated. After 
serum starvation, metabolic labeling with [35S]-~-methionine overnight, and stimulation with EGF (50 
nglml) for 10 min, the EGF-R and the chimeric receptors were immunoprecipitated with the 
monoclonal antibody 108.1. The precipitates were washed extens~vely, boiled in SDS sample buffer, 
and analyzed by SDS-PAGE (7.5% gel). After transfer to nitrocellulose, the blot was probed w~th a 
mixture of rabbit antisera to PTP 1 D and PTP 1 C (20) (upper panel). Samples in lanes 13 and 14 
were transfected with PTPs alone. Lower panel: Autoradiographic analysis of the precipitated RTKs. 
Molecular size markers are indicated in kD. 

(A to C) Semiconfluent 293 cells (human embry- 

these receptors in this system. Dephospho- 
rylation activities of PTP 1D and PTP 1C 
were different, despite the fact that both 
enzymes were comparably expressed in large 
amounts. Expression of PTP 1C led to 
partial or complete dephosphorylation of 
EGF-R, HER1-2, overexpressed PDGF-R cx 
and p subunits, and the p subunits and 
unprocessed precursors of insulin receptor 
(I-R) and insulin-like growth factor-1 re- 
ceptor (IGF-1-R). In contrast, PTP 1D had 
no effect on the phosphorylation state of 
the RTKs examined, with the exception of 
the EK-R chimera, for which a reduction of 
about 40% in the phosphotyrosine signal 
was reproducibly observed (Fig. 2C). 

We examined possible association of 
PTPs with coexpressed RTKs. Our results 
suggested specific interaction of PTP 1C 
and PTP 1D with distinct kinase domains. 
We used three chimeric RTKs with EGF-R 
extracellular domain fused to the cytoplas- 
mic domains of HER2-neu (HER1-2), c-Kit 
(EK-R), and PPDGF (EP-R) receptors (14) 
and the EGF-R itself (Fig. 2D). After trans- 
fection and stimulation with EGF, cells 
were lysed and proteins from each sample 
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were immunoprecipitated with antibody 
108.1 to the extracellular domain of the 
EGF-R. This strategy eliminated the influ- 
ence of possible differences in properties of 
growth factors or antibodies on the experi- 
ment and permitted quantitative compari- 
son of the results. Precipitates were ana- 
lyzed by SDS-polyacrylamide gel electro- 
phoresis (SDS-PAGE) and immunoblotting 
with a mixture of antibodies to PTP 1C and 
PTP ID. PTP 1C coimmunoprecipitated 
with the HERl-2 chimera only (Fig. 2D), 
whereas PTP 1D associated strongly with 
HER2-neu (HER1-2) and PDGF-RP (EP- 
R) cytoplasmic domains and with lower 
affinity to EGF-R and c-Kit cytoplasmic 
domain (EK-R) . The PTP 1 D band had an 
apparent molecular size of 68 kD when 
isolated from cells expressing EGF-R, 
HER1-2, or EK-R, but it had a larger 
apparent molecular size when isolated from 
cells expressing EP-R, suggesting phospho- 
rylation as a result of interaction with the 
activated PDGF-RP cytoplasmic domain. 

To examine whether PTP 1D could 
serve as a substrate for the PDGF-RP ki- 
nase, 293 cells were transfected with PTP 

onic kidnev fibroblast: ATCC CRL 1573) were 1 2 3 4 s 6 7 8 9 1 0 1 1 1 ~ 1 3 1 4  



Rg. 3. Phosphorylation and ac- 
tivation of PTP 10 by activated 
EP-R. (A) lmrnunoprecipitates 
of PTP 1 D from [35S]-~-rnethio- 
nine-labeled 293 cell transfec- 
tants expressing PTP 1 D either 
alone or with the EP-R chimera 
were subjected to irnmunoblot- 
ting with antibodies to phospho- 
tyrosine (upper panel). 293 cells 

Time (min) transfected with the vector 
clone were used as a negative 

control. Lower panel: Analysis of quantity of PTP 1 D by autoradiography 
of the same immunoblot. The differences in gel mobility are due to 

66 phosphorylation of PTP 1 D. (B) In vitro determination of PTP 1 D activity. 
lmrnunoprecipitated PTP 1D from the same cell lysates as in (A) was 
used for an activity assay with the artificial substrate poly(Glu-Tyr) (15). 

Immune complexes bound to Protein A-Sepharose (Pharmacia) were incubated with 32P-labeled 
substrate (lo4 cpm) for the indicated time at 37°C. After precipitation with 1.5 volumes of 
trichloroacetic acid (20%), the release of 32P into the supernatant was determined by Cerenkov 
counting. The data represent means t SEM from three independent experiments with duplicate 
time points. Cells were transfected with either control plasmid (open bars). PTP I D  expression 
vector (striped bars) or PTP 1 D and EP-R expression plasmids together with (closed bars) or without 
(shaded bars) EGF. 

1D and EP-R, and proteins from cell lysates 
were analyzed by immunoprecipitation with 
antibody to PTP ID, SDS-PAGE, and im- 
munoblotting with antibody to phosphoty- 
rosine. PTP 1.D was phosphorylated on 
tyrosine in cells transfected with EP-R and 
this phosphorylation was enhanced by 
treatment of cells with EGF (Fig. 3A). A 
small amount of a larger tyrosine phospho- 
rylated protein of about 180 kD was also 
detected, which is likely to represent the 
EP-R chimera (1 4). 

We examined whether tyrosine phos- 
phorylation by the PDGF-RP kinase influ- 
enced the catalytic activity of PTP ID. 
Identical portions of proteins immunopre- 
cipitated with antibody to PTP 1D from 
cells overexpressing EP-R and PTP 1D were 
tested for their ability to release phosphate 
from [3ZP]poly (Glu-Tyr) (1 5). Although 
activity of immunoprecipitated PTP 1D was 
detectable in the absence of EP-R, immu- 
noprecipitation of PTP 1D from cells also 
expressing the receptor led to an increase of 
the activity, which was further enhanced by 
exposure of cells to the ligand (Fig. 3B). In 
the presence of equal amounts of PTP 1D 
and coprecipitated EP-R (see Fig. 3A), the 
phosphorylation state of PTP 1D correlated 
with an increase in phosphatase activity. 
These results demonstrate that regulation of 
PTP catalytic activity is associated with 
direct interaction with and tyrosine phos- 
phorylation by a ligand-activated RTK. Be- 
cause equal amounts of phosphatase and 
EP-R were present in the immunoprecipi- 
tates used in the assay, the increase in 
phosphatase activity appears to have been 
caused primarily by phosphorylation of PTP 
1D (Fig. 3A). 

The recent identification of a large num- 
ber of tyrosine-specific phosphatases has 

suggested that these enzymes, which in- 
clude receptor-like transmembrane, mem- 
brane-associated, and cytoplasmic forms, 
modulate signaling pathways in which pro- 
teins are phosphorylated on tyrosine. The 
target specificity and regulation of PTPs by 
extracellular ligands or intracellular pro- 
tein-protein interactions are still poorly un- 
derstood. The realization that most PTK 
substrates contain SH2 domains, which 
mediate interaction with the PTKs, and the 
discovery of an SH2 domain-containing 
PTP, PTP lC, revealed the possibility that 
SH2 domain-mediated interaction modu- 
lates the activity of PTKs. This interpreta- 
tion was further supported by the finding 
that the gene product of the Drosophila 
corkscrew locus, which is part of a geneti- 
cally defined signaling pathway including 
the RTK encoded by the gene torso, the Raf 
homolog pole hole, and the transcription 
factors tailless and huckebein (8), encodes a 
PTP containing an SH2 domain. 

Whereas PTP 1C displayed promiscuous 
activity on autophosphorylated receptors, 
no activity was observed for PTP 1D in the 
same experiment. Because both PTPs are 
expressed in several mammary carcinoma 
cell lines, this suggested that in spite of 
their close structural similarity the two 
PTPs have distinct regulatory functions. 
Alternatively, the apparent lack of sub- 
strate specificity by PTP 1C could have 
been the result of abnormal overexpression, 
which might cause overactivation and loss 
of specificity, or it may reflect the require- 
ment for additional cell type-specific fac- 
tors that are not present in 293 embryonic 
fibroblasts yet are required for the definition 
of specificity. 

PTP 1D and PTP 1C also differed in 
their ability to form complexes with RTK 

cytoplasmic domains. PTP 1C was only 
coprecipitated with a chimeric EGF-recep- 
tor containing the HER2-nac cytoplasmic 
domain. whereas PTP 1D associated with 
several receptors but did not cause dephos- 
phorylation. Although we cannot be cer- 
tain of whether our analysis failed to detect 
minor changes in the phosphorylation state 
of specific tyrosine residues in the RTKs 
tested, we interpret our data to suggest that 
PTP 1D interacts tightly, presumably via its 
SH2 sequences, with phosphotyrosine resi- 
dues in the activated PDGF-RP cytoplas- 
mic domain, thereby protecting them from 
dephosphorylation and thus protecting the 
recevtor from inactivation. In turn. PTP 
1D is phosphorylated on tyrosine, which 
activates its catalytic function and may lead 
to activation of a positive signaling poten- 
tial by dephosphorylation of phosphoty- 
rosines that negatively regulate the signal- 
ing potential of other polypeptides, such as 
the Src-type tyrosine kinases (1 6 ) .  

In conjunction with the genetic evidence 
for a positive regulatory function for csw, our 
observations suggest a role for PTP 1D in the 
definition or amplification, rather than neg- 
ative control, of PDGF-R-mediated signals. 

Note added in proof After submission of 
this manuscript, isolation of a cDNA clone 
encoding the same PTP, designated SH- 
PTP2, was reported (1 7). The PTP Syp (1 8) 
appears to be a COOH-terminal splice vari- 
ant (amino acids 549 to 593) of the mouse 
homolog of PTP 1D. The failure of both 
groups to demonstrate regulated phosphatase 
activity is likely due to the fact that Freeman 
et al. (1 7) used a truncated version expressed 
in Escherichza coli lacking all of the NHz- 
terminal and most of the COOH-terminal 
SH2 domains and did not study RTK inter- 
action and phosphorylation, whereas Feng et 
al. (18) used different experimental condi- 
tions, a different substrate, and an alterna- 
tively spliced mouse sequence. 
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Expression Cloning and Signaling Properties of the 
Rat Glucagon Receptor 
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Francis J. Grant, Shaula Biggs, Peggie A. Bensch, 

Joseph L. Kuijper, Paul 0. Sheppard, Cindy A. Sprecher, 
Patrick J. O'Hara, Don Foster, Kathleen Mi Walker, 

hennie H. J. Chen, Patrica A. McKernan, Wayne Kindsvogel* 
Glucagon and the glucagon receptor are a primary source of control over blood glucose 
concentrations and are especially important to studies of diabetes in which the loss of 
control over blood glucose concentrations clinically defines the disease. A complementary 
DNA clone for the glucagon receptor was isolated by an expression cloning strategy, and 
the receptor protein was expressed in several kidney cell lines. The cloned receptor bound 
glucagon and caused an increase in the intracellular concentration of adenosine 3', 5 ' -  
monophosphate (CAMP). The cloned glucagon receptor also transduced a signal that led 
to an increased concentration of intracellular calcium. The glucagon receptor is similar to 
the calcitonin and parathyroid hormone receptors. It can transduce signals leading to the 
accumulation of two different second messengers, cAMP and calcium. 

Glucagon is a 29-amino acid pancreatic 
hormone that affects the production and 
distribution of glucose by its target organ, 
the liver. Glucagon functions to, maintain 
basal concentrations of glucose and is a key 
hormone in the pathogenesis of diabetes. 
Glucagon binds to receptors in liver and 
activates two enzymatic pathways, glycogen- 
olysis and gluconeogenesis, which result in 
the production of glucose (1 ) . It is assumed 
that these actions of glucagon on the liver 
result when glucagon binds its hepatic recep- 
tor (or receptors) and activates adenylate 
cyclase, thereby increasing the intracellular 
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concentration of CAMP. However, glucagon 
may also cause hydrolysis of inositol phos- 
pholipids (2, 3) and increases in intracellular 
calcium concentrations (4). Two types of 
hepatic glucagon receptor have been pro- 
posed, and it has been suggested that they 
signal via two different intracellular messen- 
gers (2). Despite considerable effort, it has 
not been possible to isolate a cDNA for the 
glucagon receptor. We have used an expres- 
sion cloning stratew to isolate a cDNA that - -, 
encodes a functional hepatic receptor for 
glucagon. Like the parathyroid hormone 
(PTH) and calcitonin (CT) receptors (5, 6),  
the glucagon receptor, when stimulated, 
gives rise to increased intracellular concen- 
trations of cAMP and calcium. 

We constructed a rat liver cDNA library 

in a mammalian cell expression vector and 
tested miniprep DNAs from pools contain- 
ing 5000 clones by transfection into COS-7 
cells (African Green monkey kidney cells) 
grown on microscope slides (7). The trans- 
fected cells were analyzed after 72 hours by 
binding with 1251-labeled glucagon and by 
emulsion autoradiography. One pool out of 
the 100 screened reproducibly gave rise to a 
single cell that bound glucagon per slide. 
This pool was successively broken down into 
portions of one-tenth as many clones until a 
single clone, pLJ4, was isolated. 

The pLJ4 plasmid contains a 1.9-kilo- 
base pair insert that encodes a @-amino 
acid protein with a predicted molecular size 
of 54,962 daltons (Fig. 1). The receptor 
encoded by pLJ4 is related to the CT (8), 
PTH (5), secretin (9), vasoactive intestinal 
peptide (VIP) (1 0) , and glucagon-like pep- 
tide I (GLP I) ( I  I )  receptors (24,31,34,35, 
and 42% amino acid identity, respectively). 
Analysis of hydropathy (12) revealed eight 
clusters of hydrophobic amino acids. The 
NH,-terminal cluster does not contain a 
likely site for signal peptide cleavage (1 3). 
The remaining hydrophobic clusters corre- 
spond to seven transmembrane domains 
(TMDs), as seen with the other members of 
the secretin receptor family. Alignment of 
the rat secretin, rat PTH, porcine CT, and 
pLJ4 receptor sequences shows that amino 
acids within and adjacent to the TMDs are 
conserved (Fig. 1). Just before the sixth 
TMD the sequence RLAR appears in pLJ4, 
and a similar sequence motif, KLAK, was 
shown to be important for the interaction of 
the P2-adrenergic receptor with the adenyl- 
ate cyclase-stimulating guanosine triphos- 
phate-binding protein (G,,) (1 4). The 
COOH-terminal segment of pLJ4 shows less 
similarity to the CT, PTH, and secretin 
receptors, except for a segment of 16 amino 
acids adjacent to the seventh TMD. There 
are four potential N-linked glycosylation 
sites located in an extended hydrophilic 
stretch (amino acids 30 to 140) and six 
cysteine residues conserved among the secre- 
tin receptor family in this same segment. 
This segment may be an extracellular region 
of the receptor analogous to those predicted 
for the other receptors in this family. 

We expressed pLJ4 transiently in COS-7 
cells and established stable baby hamster 
kidney (BHK) cell lines that express pLJ4. 
Both types of cells bound lZ51-labeled gluca- 
gon with similar affinity to that of the recep- 
tors in rat liver membranes (1 5). Competi- 
tion with unlabeled glucagon yielded nearly 
identical sigmoidal curves for glucagon bind- 
ing by BHK cell or rat liver membrane 
preparations (Fig. 2). As indicated by Scat- 
chard analysis, the apparent dissociation 
constants (Kd9s) were 37 nM for the cloned 
receptor and 38 nM for rat liver membranes. 
These Kdls correspond closely to published 
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