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-. It is known that tGF-responsive cells bind NZ at cell surface 
receptors in a specific and saturable fashion and there are two separate 
kinds of receptor-ligand binding interactions as jtiged by Rosenthal. 
analyses. Following isolation of nerve growth factor receptors fran 
mbryonic chicken sensory ganglia, rat pheochranocytaM cells and human 
neuroblastarra cells, equilibria binding studies were carried cut and two 
different equilibri~binding constants similar to that described for whole 
cells uere determined. This evidence is consistentwiththe hypothesis that 
there are tw different receptors for NXwhich have been consewed. 

The interactions of biologically active proteins with appropriate 

target cell receptors and the subsequent physiological responses are unique 

and alnplex events. The binding of IQ? to neuronal cells is not wall 

UnderStOOd. In responsive target cells, NiF is capable of inducing 

biochemical and nxxphological changes, the next dramatic of which are 

increased neuronal survival and outgruvth of functionalneurites (l-3). NZF 

binding to receptors has been -n&rated for both sensory and synpathetic 

ganglia in vitro (4-10) as ~11 as for several transformed cell lines -- 

(11-15). The receptor on rabbit syrqathetic ganglia has been found tobe a 

protein of 130,000 daltons (16). Similar receptors have been demonstrated 

for two other cell types, a rat pheochrawqtana clone that responds totGF 

ardahumanwlawzna line that does not (17,181. 

Abbreviations: IXG, dorsal root ganglia; GPP, glycoprotein pool; MF, nerve 
grawth factQr; NZR, nerve grtX&h factor receptors; N~40, noniodet-P40; PBG, 
polyethylene glycol; PBS, phosphate buffered saline. 
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when Ex;FR binding eguilibrium studies are performd using sensory or 

synpathetic neurons, two distinctive dissociation ccxwtants can be 

determined (4-6). The existence of two dissociation constants has been 

interpreted in two ways: 1) there are tm distinct receptors with different 

NZF binding prcperties; or 2) the observed birding heterogeneity is due to 

changes in receptor characteristics induced by the binding of NZ to an 

increasing proportion of sites in an otherwise homogeneous receptor 

pcpulation. The former interpretation agrees with the findings of Ishii and 

Sonnenfeld who have &own that in %GF responsive cell lines law affinity 

receptors are not necessary for neutire cutgrawth (11). Thus, it watld be 

istportant to determine if the tm different birding cohstants are 

consistently present in responsive cell lines fran different species and 

whether or not the Kd's aresimilar. In this paper, the eguilibriumbinding 

characteristincs of isolated recfzptors fran a variety of cell types fran 

different species are detemiued. The assay is performed on detergent 

solubilized cell lysates in order to remye variables, such as rexptir 

interualization and lateral mmbraue movement, fran the ligand-receptor 

interactions. The studies took advantage of the fact that NZFR are 

glyccproteins that bind to lentil-lectin, thus, allowing a my-fold 

purification of receptors fran a relatively crude cell lysate as an initial' 

Step. The binding equilibrium data obtained suggests that tbare are two 

dissociation constants among SJ? receptors present in the KF-responsive 

cells tested and that the Kd constants obtained are similar for the 

different cell types. 

Cells. Sensory ganglia were remwed fran 8-9-day-old Wxyonic chickens 
ad ware dissociated into a single cell suspension as described elsewhere 
(5). The hman neuroblastam cell line I&I-l andtbsratpbeochramcytuna 
cell line FCl2 wsre maintained in logrithnic phase of growth in plastic 
tissue culture flasks, appropriate mdia (IAW~RFMI 1640 s~@easnt& with 
2O%,fetal calf serum; PC12 mm sqzplemented with 10% fetal calf serum and 
5% horse serm). 

Solubilization and Isolation by Iectin Chramtographh . cells tc be 
stlldied were lysed in 0.5% 1540 in PBS and 'ucubated onlceforltmr.Tk 
lysate was then centrifuged 15 minutes at li,OOO x g to rmove nuclei. The 

369 



Vol. 115, No. 1, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

supernatant was inmdiately applied to a lentil-lectin Sepharose calm. 
The column was then extensively washed with 0.25% IWIO-PBS aud glycoproteins 
specific for lentil-lectin were eluted with 0.5M alpha-mthy mannoside - 
0.25% NPIIO-PBS. This GPP was then concentrated by vacuum dialysis. 

Binding Assay 
elsewhere (41.' 

IGF has iodinated via lactoperrncidase as 
Specific activity was 2000-4000 c&fmle with 

90-100% of the counts trichloroacetic acid precipitable. Cells ware washed 
3 timas in PBS and resuspmded at 5 x lO'/.ml in ths sama buffer. Five 
millicuries of Na lz5-I Vmsrsham, Arlington heights, IL), 50 pg of 
lactoperoxidase (Sigma chemical Co., St. -is, M3) aud 10 ~1 of 0.03% H202 
were added at 0 and 15 tin to this suspension. 
addition of sodium aside. 

The reactionwas stoppedby 
Soluble receptor binding assays (20,211 were 

carried cut on aliquots before and after chrcmtography on a lentil-lectin 
lxund sepharose columu. Saqles were incubated for 90 minutes at roan 
tenperature with 3.0 x 10'12 to 3.8 x 10m9 _M 125-I-beta-~ in PBS 
containing 0.5% NP40 and 2 ny/ml cytcchranE! c. Nonspecific binding was 
determined with the addition of lO+ M unlabem beta-w. At the end of 
the incubation time, sarqles were mid at 4 degrees aud than 0.5 ml of 
cold 21% PEW; in PBS containing 1.5 x&ml gamna globulin (rabbit or bovine) 
was added. The sanples were incubated at 4 degrees for 15 min and 
centrifuged at 1900 x g for 20 min. The supernatantwas rsmoved, the pellet 
washed with 8% PEG in PBS and rapidly centrifuged. The supernatsnt was 
renoved and the pellet assayed for radioactivity. Typical nonspecific 
binding w  fran 50-60%. mn-specific binding was determined at each 
concentration of 125-I-beta-m used and subtracted fran the total binding 
to obtain specific binding. IQuilibrium dissociation constants (Kd) wwe 
determined using a Rosenthal plot (27). 

RESULTS. KEG were rsnwed fran 8-g-day-old chicken embryos, dissociated 

and the receptor isolated as described in Materials and Methods. When IGF 

binding activity was monitored for the lectil-lectin Sepharose column 

non-adherent and adherent fractions, approximately 95% of the recovered 

binding activity was in the adherent GPP (Table 1). This is striking 

because following iodination of dissociated embryonic chicken sensory 

TARLRI 
REWERYCEtGF- RmXPlDRWIE'R)RINXffiXTIVtTY 

FRoMTRRUwrIIr-IKXN8EP~wLwN 

Percent 125-1- Percent Total PercelkNXR 
LabeIled Protein mainding Rinding 
Ralra to cohmn Activity Activity in 

RecoVered GPP 

sensory=- 3.5 79 + 8 93 + 4 

(chicke!n) 

PtlWChroaocytcma 
PC12 
(rat) 

4.2 56 83 + 3 - 

NSlXobh3tama 3.5 60 + 3 89 + 7 - - 
UN-1 
emEm) 
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FI~lSoluble receptor binding assays for NSFR fran DZ were carried cut as . .- - __.. - -. described in Materram am Met-. litter data was corrected for 
nonspecific binding, it was analyzed using aRasentha1 (Scatchard) plot. 

gangliacell mmbrane surface proteins with 125-Iodine (22-241, only 3-4% of 

the iodinated proteins adhere to the lentil-lectin columns. Thus, there is a 

minimum 25-fold enriclnwnt of receptors by lectin binding chranatography 

(Table 1). 

Lectil-lectin adherent Gpp were obtained and binding assays carried cut 

to detennine the equilibrium dissociation constants (Kd) for NSFR (Figure 

1). The binding is consistent with the presence of a high affinity receptor 

withaKdof1.4xlO- _ l1 M and a law affinity receptor with a Kd of 1.2 x 

1O-s _M1. Thus, there are two receptors with different equilibrium 

dissociation constants present in the eluted BP of solubilized sensory 

ganglia. 

Due to the law amunts of receptor material present, there are few 

caqmisons of the prwties of NZR fran different cell types or species. 

We felt that the lectin mrichmsnt step VJould provide a unique w&unity 

for making such carrparisons. Firstly, it weld give scm information 

1. TheKd'sobtainedaftercorrecting forthepresence of mre timnone 
receptor (Ii. A. F'eUmn (1972) Anal. Biochm. 48, 317-338) are not 
significantly different than thosecbtained frantheRosenthalplot 
andarethe same as foundonwholecells. 
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regarding the carbohydrate moiety associated with EE'R; and secondly, if the 

NZER fran all cells bound to k&ins, it kculd yield an enriched pool of 

ICE3 for further purification. 

The soluble rece.ptcx assay was used to determine the dissociation 

constants of NZFR in the El? responsive cell lines FC12, a rat 

pheochramcykma, and the IAN-l, a human neuroblastam. Again, NZFR fran 

these cells ware enriched by using lectin chramtography (Table I) and when 

binding assays wre performed on the BP fran PC12 and ~N-1cells, similar 

binding profiles as wall as Kd's were obtained (Table II). Since 100% of 

the binding activity is not recovered in the BP, it is not possible to get 

an accurate determination of the number of receptors per cell. Hcwever, the 

ratio of high affinity to total binding can be estimated. The ratio of type 

I to total binding is the saw (approximately 4%) for allcelltypes and is 

similar to that found in DRG cells (5,6). 

DISCUSSION 

These studies demnstrate that both high and law affinity GE'R are 

glycxproteins capable of binding to lentil-lectin and that the 

detennination of two different Kd's is a consistent finding for KE'R on 

cells fran different species, only one of which, the chicken Embryonic 

Cell Line 

Equilibrium Dissociation Constants' 
--------------------l____l_______ 

TYPE1 TYPE II 

sensory Neurons 
(chicken) 

PheCChranocytoM 
PC12 
(rat) 

Neurohlast~ 
I?Wl 
(humn) 

1.2 + 0.3 x lo-le 1.1+ 0.2 x 10-93 

3.8 + 0.8 x lo-1E 5.0 + 2.6 x 10-m 

5.1 t 1.1 x lo-llM* - 5.5 + 1.5 x 10-g* 

'1JLrmbers are the average? S.E.M. of 2-5 trials and each experiment was 
perfomsdtvke. (*) and (#I indicate these slopes fran the Rosenthal 
analyses that are not significantly different for different cell types 
(p > 0.05). 
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tissue, requires tGF for survival. Thus, any hypothetical explanation of 

the role of the NGFl? with regards to its biological action should address 

this issue. It is likely that the use of a solubilized receptor assay on 

partially purified GPP remves receptor clustering as a mjor explanation 

for the two observed Kd's. The sinplest explanation is that there are two 

structurally distinct &FR. Indeed, preliminary data on NiE?? isolated frun 

rat pheochramcytana (PC12) and chicken sensory ganglia wrxlld suggest that 

there are at least three different mlecular might species of N;FR'. We 

cannotatthistimedeterminewhat roles both receptors play in NZ action. 

Hcwever, it is interesting that both cells previously m to NZ, 

chicken sensory ganglia, and cells rbaiveto~amlthatdork%requiretGF 

to survive, PC12 and IAN-1,display similar Nzm characteristics. 
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