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ABSTRACT la2ILabeled nerve growth factor binds to
membrane preparations from superior cervical ganglia of
rabbit in a specific fashion indicative of an interaction with
the physiological receptor. Of various tissues examined,
binding was observed only in the superior cervical ganglia,
a presumed target organ of nerve growth factor. Bind-
ing of labeled factor is displaced by nonradioactive factor
but not by several other peptide hormones. Binding to
ganglia of preparations of nerve growth factor treated with
N-bromosuccinimide closely parallels their biological
activity. Binding of nerve growth factor receptor is
saturable with an affinity constant of about 0.2 nM, similar
to the reported plasma levels of the factor. Nerve growth
factor does not elicit insulin-like biological effects in iso-
lated adipocytes, and it does not modify the binding of
[125Ilinsulin or [l2511epidermal growth factor to fat cells or
liver membranes.

Nerve growth factor (NGF) is an important regulator of
growth and development of sympathetic neurons (1). How-
ever, its exact mechanism of action is unclear and it is not
certain whether its biological effects are restricted to the sym-
pathetic and sensory nervous system. Selective accumulation
of radioactive NGF by sympathetic ganglia (2) suggested
that these ganglia might contain specific NGF-binding sites
on their surface membranes. The similarities between the
amino-acid sequences of NGF and proinsulin (3, 4), as well
as similarities in the nature of some of the biological activities
of these two hormones in their respective target cells (1, 3),
suggested the possibility that the tissue receptors for NGF
and insulin may possess some common features that could
be investigated by procedures similar to those recently used
to study insulin receptors (5-7). This report describes pro-
cedures for measuring the specific binding of NGF to mem-
brane preparations from sympathetic ganglia (8) and pre-
sents the salient features of this NGF-receptor interaction.

METHODS

Fractionation of Rabbit Superior Cervical Ganglia. Sym-
pathetic ganglia from young rabbits (Pel Freez, Birmingham,
Ala.) and calves (Slaughterhouse, Baltimore, Md.) were ho-
mogenized in 10 volumes of 0.32 M sucrose containing 100 mM
NaCl and 0.5 mM MgSOi with a Brinkmann Polytron Pt-10
(setting 2.2, 120 sec). The whole homogenate was centrifuged
for 10 min at 1000 X g. The pellet (crude nuclear fraction)
was suspended in 0.32 M sucrose containing 0.1 M NaCl and
0.5 mM MgSO4, and the previous step -was repeated. The
two supernatant fractions were combined and centrifuged
for 10 min at 7710 X g; the pellet (crude mitochondrial frac-

Abbreviation: NGF, nerve growth factor.
* To whom reprint requests should be sent at the Department of
Pharmacology.

tion) was suspended in Krebs-Tris buffer (pH 7.4) and the
supernatant fluid was centrifuged for 60 min at 100,000 X g
at 4°. The final pellet was suspended in Krebs-Tris buffer
(2-5 mg of protein per ml) to obtain the crude microsomal
fraction. This suspension was divided into multiple aliquots
and stored either in liquid nitrogen or at -30° in a freezer.
Stored in this way, binding of NGF receptor did not decline
for at least 9 weeks. The protein content was measured (6).
Rabbit ganglia were obtained freshly frozen and fractionated
3-10 days after the animals were killed. Calf ganglia were
obtained fresh, frozen, and assayed 2 days later.

The Assay of Specific Binding of iodinated NGF to ganglia
cell membranes was similar to that described for the binding
of [1251]insulin to cell membranes (6, 7). The usual binding
assay consisted of incubation of ganglia cell membranes at
240 for 40 min in 0.25 ml of Krebs-Tris buffer (pH 7.4) con-
taining 0.1% (w/v) crystalline bovine-serum albumin (Sigma
Chemical Co.) and [1251]NGF. After incubation, 3 ml of ice-
cold Krebs-Tris buffer with 0.1% albumin was added to each
tube and filtered and washed over EHWP (Millipore filters)
(5-7). Corrections were made for nonspecific binding of iodo-
NGF to the membrane and to the filters by running parallel
incubations in which excess unlabeled NGF (10 ,ug/ml) was
added to the membranes before [125I]NGF. Specific binding
was obtained by subtracting from the total radioactive up-
take the amount that was not displaced by native NGF.
The 2.5S preparation of NGF, prepared by the method

of Bocchini and Angeletti (9), was used for all the experiments
in this study unless otherwise indicated and will henceforth
be referred to simply as NGF, while other preparations will
be specifically designated. The (3-subunit of 7S NGF was
prepared by the method of Varon et al. (10). The biological
activity of NGF preparations was assayed by measurement
of neurite production in dissociated sympathetic cells of chick
embryo (L. Greene, in preparation). In this assay, 10 units
correspond to 1 unit in conventional bioassays for NGF (11).
This assay is more sensitive than the conventional bioassay
and permits detection of changes in activity that vary by a
factor of less than 2. In the conventional bioassay, one BU
is referred to as the amount of NGF required to give a 4+,
response in the tissue-culture system. The biological activity
of NGF preparations used in this study varied from 30.0-40.0
units/,ug of protein when the unit is defined as described by
Levi-Montalcini et al. (11).
NGF was iodinated by procedures similar to those described

for insulin (5-7) except that the sodium metabisulfite step
was omitted. NGF (10-20 /Ag) was mixed with 1-3 mCi of
freshly prepared, tracer-free Nal5I (Union Carbide) in 0.12
ml of 0.25 M sodium phosphate buffer (pH 7.4). Chloramine
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TABLE 1. Specific binding of [1251I]NGF to subcellular fractions
of rabbit sympathetic ganglia

Total
binding
per

Specific binding fraction
(cpm/mg (cpm X

Fraction of protein) 10-5)

Whole homogenate 6880 i 110 14
Crude nuclear fraction

(1000 X g, 10 min) 4860 i 40 2
Crude mitochondrial fraction

(7710 X g, 10 min) 9040 i 140 0.9
Crude microsomal fraction

(100,000 X g, 10 min) 62,900 A= 330 11

Binding of 4 ng/ml of [12I]INGF was assayed in a total volume
of 0.25 ml. For each experimental point, nonspecific binding
in the presence of 10 ,g/ml of native NGF was subtracted. Data
for specific binding are the means i SEM of four samples.

T (20 ,1 of 0.5 mg/ml) was added, and after 20-30 sec at 240
0.5 ml of 0.1 M sodium phosphate buffer (pH 7.4) was added.
The solution was rapidly added to and mixed with one 25-mg
talc tablet (Gold Leaf Pharmacol) in a conical centrifuge
tube. After 1 min, 9 ml of 0.1 M sodium phosphate buffer
containing 0.1% albumin were added. The talc was washed
five times with this buffer before the sample was eluted (5-7)
with 1 ml of 0.5 N HCl-1% albumin. Different samples of
purified [1251]NGF, prepared over an 8-month period, con-
tained 1 to 3 X 106 cpm/20 Ml, were 85-97% precipitable
by 7% trichloroacetic acid (5-7), and had specific activities
that varied from 40-100 ,uCi/ug. The 3-subunit was iodinated
in the same way. [115I ]NGF preparations were stable for about
2 months when stored at 40; nonspecific binding of [1251I]NGF
to membranes generally decreased during such storage.

RESULTS

General Properties and Kinetics of Binding. [1251]NGF bind-
ing is linearly dependent on the concentration of membrane
protein of superior cervical ganglia over the range 1-10lg
and plateaus beyond 20 Mg (Fig. 1). All assays were therefore
conducted in the linear range.
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FIG. 2. Saturation of specific NGF binding to membranes
from sympathetic ganglia. Binding was measured by incubation
of various amounts of [12JI]NGF with microsomal preparations
of rabbit sympathetic ganglia (8 ,ug of protein) in a total volume
of 0.25 ml of Krebs buffer for 40 min at 240. For every concentra-
tion of [1251]NGF studied, control incubations were performed
in the presence of 10 jsg/ml of native NGF to obtain nonspecific
binding. This nonspecific binding (0) has been subtracted from
the total binding to obtain the specific binding curve (0).

The specific binding of [1251 ]NGF is saturable with respect
to the hormone (Fig. 2). Saturation occurs at about 20-30
ng/ml of [1n51]NGF, and half-maximal binding is observed
at about 6 ng/ml (0.2 nM). By contrast, the binding of [125I]-
NGF in the presence of excess nonradioactive NGF ("non-
specific" binding) is not saturable and increases linearly with
increasing amounts of [1251]NGF. At concentrations of NGF
lower than 5 ng/ml the ratio of specific to nonspecific binding
is about 10. A maximum of 0.2 pmol of [125I]NGF is bound
per mg of membrane protein.

Competition for binding of [1251]NGF by native NGF was
examined by incubation of membrane preparations of ganglia
with [1251I]NGF (6 ng/ml) that was mixed with different con-
centrations of native NGF (Fig. 3). The pattern of displace-
ment observed is consistent with a similarity in the behavior
of native and iodinated NGF with respect to binding to mem-
brane receptors. The concentration required to achieve half-
maximal displacement of binding is about 7 ng/ml of native
NGF (0.2 nM). The fact that half-maximal saturation (Fig.
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FIG. 1. Effect of membrane protein concentration on the
specific binding of [I25I]NGF. Various amounts of microsomal
protein obtained from rabbit sympathetic ganglia were incubated
for 40 min at 240 with 6.5 ng/ml of [125I]NGF (30,000 cpm) in
a total volume of 0.25 ml. Each point is the mean of duplicate
determinations.
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FIG. 3. Competition by native NGF of the specific binding
of [125I]NGF to microsomes obtained from rabbit ganglia. Mi-
crosomal suspensions (7 Mug/ml of protein) were incubated with
6 ng/ml of [125I]NGF (25,000 cpm) and increasing amounts of
native NGF at 240 for 40 min. Nonspecific binding obtained in
the presence of 10 Mug/ml of native NGF has been subtracted
'from all experimental points.
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2) occurs at identical concentrations of [125I]NGF indicates
that the [lBI]NGF is equivalent to native NGF in terms of
receptor binding and confirms the validity of the determined
specific activity of [12aI]NGF. When displacement experi-
ments were repeated with lE2I-labeled 13-subunit of 7S NGF
and unlabeled 13-subunit, the patterns of competition were
indistinguishable from those obtained with NGF.

Specific binding occurs rapidly at 240. A plateau is reached
by 12 min and half-maximal values occur at about 1 min (Fig.
4). This information permits calculation (5) of the apparent
bimolecular rate constant of NGF-receptor association al,
which is 4 X 106 M-1 sec'. The rate of dissociation of the
NGF-receptor complex can be measured directly at 240 and 40
(Fig. 4). At 240 dissociation is linear when plotted semilog-
arithmically; the half-life of the complex is about 13 min.
The rate constant for dissociation at 240 is 9 X 10-4 sec'.
Dissociation is very slow at 40; less than 20% of bound [125J].
NGF dissociates in 20 min.

Subcellular Localization. To determine the relative amounts
of NGF-binding activity in different subcellular fractions,
we homogenized ganglia and subjected them to differential
centrifugation (Table 1). The highest specific activity of bind-
ing of [125I]NGF occurs in the crude microsomal fraction,
which is enriched in membrane fragments. The specific activ-
ity of binding in the crude microsomal fraction is almost 10-
times greater than that of the whole homogenate and about
13-times greater than that of the crude nuclear fraction, which
contains the lowest specific activity of NGF binding. Of the
total binding activity in the whole homogenate, 79% is re-
covered in the microsomal fraction. Since almost all of the
binding activity of the homogenate is recovered in the three
subcellular fractions, it is probable that only a negligible por-
tion of the total binding activity is present in the supernatant
fraction, which could not be assayed directly.

Tissue Distribution. To determine whether NGF binding
represents binding to the physiological NGF receptor, we

TABLE 2. Tissue specificity of [1251]NGF binding

["2'I]NGF bound (cpm)

10 'g/ml
Without of native

Tissue native NGF NGF

Rabbit superior cervical ganglia 4210 326
Calf superior cervical ganglia 3170 628
Mid-brain 701 804
Adrenal glands 713 893
Liver 1500 1390
Heart 500 505
Kidney 571 522
Fat cells 1390 1300

The indicated tissues, obtained from rabbits (except fat cells
and calf ganglia), were homogenized in 10 volumes of 0.32 M
sucrose with 100 mM Na+ and 0.5 mM Mg++. Isolated micro-
somes were suspended in the same volume of Krebs-Tris buffer,
and 20 ul of this suspension was used in the standard binding
assay. Incubation medium contained 6 ng/ml of ["11I]NGF in a
total volume of 0.25 ml. Fat cells were obtained from rats and
contained about 4 X 101 cells per ml (5). Data are the mean re-
sults from three determinations.
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FIG. 4. Rates of association and dissociation of [12'IINGF to
microsomes obtained from rabbit sympathetic ganglia. Upper:
The rate of binding at 240 of 4 ng/ml of [12"I]NGF to micro-
somes (8 Ag/ml of protein). Nonspecific binding has been sub-
tracted from all experimental points. Lower: Semilogarithmic
plot of the dissociation of [125I]NGF bound to microsomes as a
function of time at 40 (0) and 24° (0). The procedure for deter-
mination of the rate of dissociation has been described (5).

evaluated several tissues in addition to superior cervical gan-
glia (Table 2). In these experiments superior cervical ganglia
of rabbits bind more than 4000 cpm of [121I]NGF, and the
binding is reduced more than 10-fold by addition of exce~s
nonradioactive NGF. Although binding of [125I]NGF is ob-
served with several other tissues, in all cases there is no sig-
nificant reduction of binding in the presence of 10 /ug/ml of non-
radioactive NGF.

Specificity of Binding Interaction. To determine whether
binding of NGF to superior cervical ganglia is specific for
NGF, we examined the ability of various other peptide hor-

TABLE 3. Effect of peptide hormones on binding of [126I]NGF
and ['261]epidermal growth factor to preparations of rabbit

sympathetic ganglia membrane

[1261]_

Hormone
binding

lodohormone Hormone added (cpm)

[125I]NGF (4 ng/ml) No addition 3370 d 330
NGF (5,ug/ml) 742 4 70.
Glucagon (5 1ug/ml) 3270 180

(50 /g/ml) 3160 4 230
(500,ug/ml) 3020 1 210

Growth hormone
(10 ,g/ml) 3240 d 170
(100,ug/ml) 3030 i 260
(1 mg/ml) 2510 4 190

Insulin (500 /Ag/ml) 3260 d 280
Proinsulin (500,ug/ml) 3010 i 160
Desoctapeptide insulin

(1 mg/ml) 3260 d 220
['21I]Epidermal growth
factor No addition 262 i 20

NGF (100 ,ug/ml) 248 1 20

Data presented are the mean of four determinations d SEM.

Proc. Nat. Acad. Sci. USA 70 (1978)
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TABLE 4. Effect ofNGF on the specific binding of [12I]insulin and ['25I]epidermal growth factor to various tissues

Native hormone

Concentration
Tissue .2[1]Hormone added Hormone (ug/ml) Binding (cpm)

Fat cells Insulin None 14,700
(1.2 X 105 cpm)

Insulin 0.1 7,100
Insulin 1 4,610
NGF (7 S) 100 14,700
NGF (7 S) 1 15,200
NGF (a8-subunit) 100 14,300
NGF (fl-subunit) 0.1 14,400

Liver Insulin None 5,780
membrane (9.4 X 104 cpm)

Insulin 0.1 940
NGF (7 S) 100 5,860
NGF (a-subunit) 100 5,610

EGF None 28,300
(6.8 X 104 cpm)

EGF 0.01 5,220
NGF (7 5) 100 29,100
NGF (a-subunit) 100 28,500

Fat cells (1.1 X 105 cells per ml) and liver membranes (210 lyg of protein) were incubated at 240 for 30 min in 0.25 ml of Krebs-Ringer-
bicarbonate buffer (pH 7.4) containing 0.1% albumin and the indicated concentrations of ['"I]insulin (140 Ci/g), ['16I]epidermal growth
factor (EGF) (96 Ci/g), and the indicated native hormone. The latter was added to the membranes before addition of the iodohormone.
Binding was determined as described (5-7); all values are corrected for nonspecific binding. Many similar experiments were performed
with various concentrations of the iodoproteins with a broad range of concentrations of NGF; in no case did NGF cause significant dis-
placement of binding.

mones to compete with [125IINGF for binding to ganglia (Ta-
ble 3). The following peptides do not displace NGF binding
in any of the concentrations examined: glucagon, insulin,
proinsulin, and desoctapeptide insulin. Growth hormone at
1 mg/ml reduces binding by 25% but fails to affect NGF
binding when used at 10 or 100 /Ag/ml.
The ability of NGF to interfere with the binding of [12EI1

epidermal growth factor to sympathetic ganglia was also
examined. The limited amount of binding observed was not
displaced by excess quantities of nonradioactive epidermal
growth factor or NGF. Since epidermal growth factor and
NGF are similar in their source (12), the apparent failure of

TABLE 5. NGF specific binding and biological activity after
N-bromosuccinimide treatment

Percent displacement
specific ['2I]NGF

N-Bromo- Biological Tryptophan binding
succinimide activity % of NGF concentration
(nmol/,ug of (units/,Ag untreated (5.5 (55.0
protein) of protein) control ng/ml) ng/ml)

None 333 100 52 91
0.30 108 45 - 55
0.43 49 18 17 27
0.57 0 0 8 4

The binding experiment was done as described in the tezt and
native NGF was treated with N-bromosuccinimide by the pro-
cedure of Spande and Witkop (13). The specific binding of
[12'I]NGF to ganglia microsomal preparations in the absence of
NGF treated with N-bromosuccinimide was 3630 cpm.

epidermal growth factor to bind to the NGF receptor sites
provides further evidence in support of the specificity of NGF
binding.
Under various conditions it was not possible to demonstrate

significant effects of native NGF on the specific binding of
[I261]insulin to intact fat cells or liver membranes (Table 4).
NGF also does not modify the specific binding of [12'I]epi-
dermal growth factor to liver membranes (Table 4).
As a further test of the physiological relevance of NGF

binding, the biological activity of NGF was correlated with
its ability to bind to membrane fragments of superior cervical
ganglia of rabbits. NGF preparations were treated with var-
ious amounts of N-bromosuccinimide (13), which destroys
the biological activity of NGF by selectively oxidizing trypto-
phan residues (14). Treated preparations of NGF with a range
of biological activity were prepared (Table 5). The reduction
in biological activity of the various preparations correlates
well with the content of tryptophan. Bromosuccinimide-
treated samples that are devoid of biological activity do not
displace [125I]NGF binding. A preparation containing 40% of
the biological activity of the native hormone displaces
[1251I]NGF binding half as well as native NGF, while a sample
containing only 14% of control biological activity decreases
binding 27% as well as native NGF. Treatment of [125I]NGF
with bromosuccinimide (0.6 nmol of bromosuccinimide per ug
of protein) destroys its specific binding to ganglia membranes.

Absence of Inactivation during Binding Process. To deter-
mine whether NGF is degraded as a consequence of receptor
binding, we studied the binding capacity of [125IINGF eluted
from ganglia membranes. 2 mg of ganglia-membrane protein
were incubated with 50 ng (2 X 108 cpm) of [12SI]NGF at 40
for 10 min in a total volume of 1 ml. After the preparation

Proc. Nat. Acad. Sci. USA 70 (1973)



Proc. Nat. Acad. Sci. USA 70 (1973)

was centrifuged at 50,000 X g for 10 min, the pellet was ex-
tracted with 1 ml of 0.1 N HCl at 370 for 30 min and centri-
fuged. The resultant solution was neutralized to pH 7.0 with
0.2 M sodium phosphate buffer (pH 7.9). This preparation
was assayed for binding to ganglia membranes along with
identical amounts of untreated [125I]NGF. [1251]NGF eluted
in this way from plasma membranes binds to the same extent
as comparable amounts of untreated [125I]NGF. Binding of
both preparations is similarly displaced by excess NGF (10
,ug/ml). Thus, NGF resembles insulin (5) in remaining bio-
logically intact after binding to receptor sites.
NGF and Insulin-Like Activity. Extensive efforts were made

to determine if NGF could elicit insulin-like biological effects
in isolated fat cells. Whereas insulin (2 ng/ml) caused a 7-fold
enhancement in conversion [14C]glucose (0.2 mM) to [14C]CO2
during a 2-hr incubation (15) at 370, NGF in concentrations
ranging from 1 ng/ml to 100 ,ug/ml was without effect. Various
attempts were made to demonstrate inhibition of epinephrine-
induced lipolysis (15) by NGF. Glycerol release (2 hr, 370)
was stimulated 5-fold by l-norepinephrine (20 ng/ml), and
this response was 90% inhibited by insulin (1 ng/ml). The
a-subunit of NGF caused no inhibition in concentrations
varying from 10 ng/ml to 20 /Ag/ml. The 7S form of NGF
also had no effects at concentrations less than 1 ,ug/ml; some
inhibition, however, was demonstrated with 2 /Ag/ml (20%),
4 ,ug/ml (28%), and 10,g/ml (32%). NGF preparations had
no significant lipolytic activity.

DISCUSSION

Binding of [1251]NGF to membrane fractions of superior cer-
vical ganglia of rabbits appears to represent an interaction
with the physiological receptor for NGF. Of the various tissues
examined, only preparations of superior cervical ganglia dis-
play specific NGF binding. The binding is a saturable process
over the concentration range of NGF that exists in the cir-
culation and that is biologically effective in assays in vivo.
Furthermore, the dissociation constant (about 0.2 nM) cal-
culated from the kinetics of binding corresponds closely to
that estimated from bioassays.
NGF binding is not modified by high concentrations of

several other peptides, including proinsulin, whose amino-
acid sequence bears similarities to NGF (3, 4), or epidermal
growth factor, another growth-promoting hormone which,
like NGF, is produced by salivary glands of mice. The close
correlation of biological activity with receptor binding dis-
played by NGF samples treated with N-bromosuccinimide
provides further evidence that the [125I]NGF binding ob-
served here represents true receptor binding.
The binding assay used in the present study is simple, sensi-

tive, and specific. It provides an efficient means for examining
biological specimens for NGF-receptor interactions and might
be useful in studies of pathological states, such as hyperthy-
roidism, hypertension, and malignant disease. We recently
observed that human lymphocytes stimulated with concana-
valin-A develop NGF receptors (manuscript in preparation)
coincident with the emergence of insulin receptors (16).

Like receptors for many hormones, the NGF receptors are
localized to membrane fragments and may be present on the
cell surface. The bimolecular nature of the association con-
stant suggests that NGF binds to a single species of a receptor.
The dissociation constant calculated from the ratio of k11/k,
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(0.23 nM) is similar to the value of 0.2 nM calculated on the
basis of the concentrations of free NGF and receptor and
of their complex at equilibrium under nonsaturating con-
ditions. This value is quite similar to plasma concentrations
of NGF in mouse serum, which are 0.4 nM (17).
The recent demonstration that somatomedin ("sulfation

factor", "thymidine factor"), a peptide hormone that has
potent insulin-like activity on isolated fat cells, can effectively
compete with ['251]insulin for binding to receptors in various
tissues (18) has raised the possibility that other basically
anabolic and growth-promoting hormones may possess some
common receptor properties. This possibility seemed especially
important for NGF since this hormone has metabolic effects
on sympathetic ganglia that are similar to those of insulin
on its target tissues, and since the primary structure of NGF
has certain analogies to that of proinsulin, a hormone that
activates insulin responses by binding to insulin receptors
(19). Our demonstration in these studies that proinsulin and
insulin do not affect the binding of [1251]NGF, that NGF
does not alter the binding of [1251 ]insulin, and that NGF does
not elicit insulin-like effects in adipocytes indicates that the
receptors for insulin and for NGF are highly specific and
possess little or no cross reactivity, with respect to specificity.
The receptors for NGF and for epidermal growth factor also
do not demonstrate cross-specificity. Furthermore, no cross
reactivity exists between the receptors for insulin *and for
epidermal growth factor (manuscript in preparation).
Supported by USPHS Grants MH-18501, AM-14956, and

NS-07275; The John A. Hartford Foundation; The American
Cancer Society; the National Science Foundation (no. GB-34300);
and the Kroc Foundation. S.H.S. and P.C. are recipients of
USPHS Research Scientist Development Awards, MH-33128
and AM-31464, respectively. S.P.B. and L.A.G. are postdoctoral
fellows of Medical Research Council (Canada) and American
Cancer Society, respectively.

1. Levi-Montalcini, R. & Angeletti, P. U. (1968) Physiol.
Rev. 48, 534-569.

2. Angeletti, R. H., Angeletti, P. U. & Levi-Montalcini, R.
(1972) Brain Res. 46, 421-425.

3. Frazier, W. A., Angeletti, R. H. & Bradshaw, R. A. (1972)
Science 176, 482-488.

4. Angeletti, R. H. & Bradshaw, R. A. (1971) Proc. Nat. Acad.
Sci. USA 68, 2417-2420.

5. Cuatrecasas, P. (1971) Proc. Nat. Acad. Sci. USA 68, 1264-
1268.

6. Cuatrecasas, P. (1971) J. Biol. Chem. 246, 6522-6531.
7. Cuatrecasas, P. (1971) J. Biol. Chem. 246, 7265-7274.
8. Banerjee, S. P., Snyder, S. H., Cuatrecasas, P. & Greene,

L. A. (1973) Fed. Proc. 32, 525.
9. Bocchini, Y. & Angeletti, P. U. (1969) Proc. Nat. Acad.

Sci USA 64, 787-794.
10. Varon, S., Nomura, J. & Shooter, E. M. (1968) Biochemistry

7, 1296-1303.
11. Levi-Montalcini, R., Meyer, H. & Hamburger, V. (1954)

Cancer Res. 14, 49-57.
12. Cohen, S. (1962) J. Biol. Chem. 237, 1555-1562.
13. Spande, T. F. & Witkop, B. (1967) in Methods in Enzymol-

ogy, eds. Colowick, S. P. & Kaplan, N. 0. (Academic Press,
New York), Vol. 11, p. 513.

14. Angeletti, R. H. (1970) Biochim. Biophys. Acta 214, 478-482.
15. Cuatrecasas, P. (1969) Proc. Nat. Acad. Sci. USA 63, 450-

457.
16. Krug, U., Krug, F. & Cuatrecasas, P. (1972) Proc. Nat.

Acad. Sci. USA 69, 2634-2638.
17. Hendry, I. A. & Iversen, L. L. (1973) Nature 243, 500-504.
18. Hintz, R. L., Clemmons, D. R., Underwood, L. E. & Van

Wyk, J. J. (1972) Proc. Nat. A cad. Sci. USA 69, 2351-2353.
19. Cuatrecasas, P. (1972) Diabetes 21, Suppl. 2, 396-402.


