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Binding of scatter factor to epithelial cell membrane protein: 
identification of its receptor 
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Binding of scatter factor (SF) to the surface protein of Madin-Darby canine kidney (MDCK) cells was investigated. The factor 
has a specific affinity for mv~'~branc proteins of MDCK ceils and could be purified i0-20-fold using a membrane protein-affinity 
chromatographic procedure. The billding was pH- and salt-dependent. The factor did not bind to columns prepared with 
membrane proteins from non rcsponder cells or with bovine serum albumin. Further purification to homogeneity was achieved 
using reverse phase and immunoaffinity chromatography. The factor dissociated into 92, 62 and 34/32 kDa bands on 
SDS-PACE under reducing conditions. A 230 kDa protein band, the reccptor-SF cotaplex, was observed when radiolabeled SF 
was crosslinked to surface proteins of MDCK cells and the complexes were subjected to electrophoresis. The binding of 
radiolabelcd SF t¢ the MDCK cells was decreased in presence of excess unlabeled SF. These observations suggest that the 
binding of SF to surface p, oteins of MDCK cells is specific and occurs predominantly to a 150 kDa protein. 

Introduction 

Scatter factor (SF) is a heterodimeric protein pro- 
duced by fihroblasts [1-3] and arterial smooth muscle 
cells [4]. SF is also present in large amounts  in human 
placenta [5,6]. It causes cohesive epithelial cell colonies 
to scatter and stimulates the migration of  individual 
cells. After  t reatment with SF, cells spread out,  show 
membrane  ruffling, protrude and retract conspicuous 
processes [7]. Recent  findings suggest that  SF induced 
motility in part  may be mediated by alterations in 
protein synthesis, alterations in protein phosphoryla- 
tion, and  cytoskeleton reorganization [8]. Exposure of 
epithelial cell colonies to SF preparat ions for  45 rain at 
4°C or  at 37°C followed by vigorous washing and incu- 
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sodium dodecyl sulfate; ..'~, scatter factor; TBS, 20 mM Tris-HCI 
(pH 7 ~;) containing, 0.9% NaCI. 
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bation in fresh medium resulted in separation of  cells 
from each other,  suggesting the possibility of a specific 
cell surface receptor  mediated interaction [4]. 

In the present study we have demonstrated that  the 
SF binds to membrane proteins of Madin-Darby ca- 
nine kidney (MDCK) cells with high affinity and speci- 
fici~, investigated the characteristics of this binding 
process, and used this specific binding as a step in the 
purification of  SF. The binding of  SF occurred pre- 
dominantly to a 150 kDa protein and decreased in the 
presence of  excess unlabeled SF. 

Materials  a n d  Methods 

Acu lamide ,  bisacryiamide, sodium dodecyl sulfate, 
and  cation exchange resin Bio-Rex 70 were purchased 
from Bio-Rad. Tris-HCI, Triton X-100 and  MgCI 2 were 
purchased from Sigma (St. Louis, MO). Fetal calf 
serum, DMEM and other  tissue culture reagents were 
from GIBCO (Grand Island, NY). CNBr-Sepharose 6B 
was purchased from Pharmacia.  

Cell cultures. Bt 474 and MDCK cells (obtained 
from ATCC) were grown in DMEM with 10% FCS in 
presence penicillin-streptomycin as described [5]. All 
cells were free of  mycoplasma. 

Scattering assay. Scattering activity was measured on 
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cok,Efies of MDCK epithelial cells as described previ- 
ously [3,4]. Samples to be tested in serum-free DMEM 
were serially diluted by factors of two in a 96-well titer 
plate so that each well contains a volume of 150/zl. A 
suspension of MDCK cells in DMEM-10% FCS was 
prepared from stock cultures, and 5000 cells in a 150 
p.I volume were added to each well (total assay volume 
= 300 ~1, final serum concentration ~ 5%). Plates were 
incubated at 37°C for 20 h, then stained with crystal 
violet, and examined by light microscopy. The assay 
titer of a sample was the highest dilution at which 
significant scattering effect was observed. This effect 
consisted of spreading of tight cohesive colonies of 
MDCK cells, elongation of polygonal cells, and separa- 
tion into single cells. The activity present at the limit- 
ing dilution is defined as 0.5 scattering units/ml.  

Preparation of MDCK and Bt 474 cell membrane 
protein extracts. Bt 474 are epithelial cells which are 
not scattered by SF. MDCK and Bt 474 cells ( ~  l × 
107) were trypsinized, washed in PBS, and lysed in 2 ml 
distilled water by repeated freezing and thawing. The 
suspension was ~pun at 30000 Xg for 20 rain and the 
pellet was washed once with PBS. The pellet was then 
resuspended in 100 mM Tris-HCI buffer (pH 7.5) con- 
taining 500 mM NaCI and 1% Triton X-100, vortexed 
and mixed overnight at 4°C. The suspension was cen- 
trifuged at 30000 Xg for 20 min at 4°C and the super- 
natant was used for the preparation of the affinity 
column. Proteins were quantitated by the dye binding 
method [9]. 

Preparation of the affinity column. CNBr-aetivated 
Sepharose 6B was swollen in distilled water, washed, 
and equilibrated with 0.5 M NaHCO a. MDCK cell 
membrane protein extract was dialyzed against 0.5 M 
NaHCO 3 and then mixed with gel and incubated for 1 
h at room temperature and then overnight at 4°C. The 
gel was washed with 0.25 M NaHCO 3 to remove the 
unbound proteins, and re-equilibrated with 20 mM Tris 
buffer (pH 6.5) containing 150 mM NaCl [10]. 

Purification of SF from human placenta. The scattel 
factor was prepared from human placenta as described 
before [5] with several modifications. Human placenta 
was obtained fresh from the delivery room at Long 
Island Jewish Medical Center after normal and Ce- 
sarean deliveries. Approximately 1.5 kg of the tissue 
was washed with saline (0.9% NaCI), cut into small 
pieces, and homogenized in a Waring blel:der for 3 
min at low speed followed by 3 min at high speed in 50 
mM Tris-HCl buffer (pH 7.5) containing 1 mM PMSF, 
2 mM EDTA, and 25 p.g/ml gentamycin. The extract 
was centrifuged at 4°C for 30 min at 30000 × g in a 
Sorvall centrifuge and the supernatant was used for the 
purification of SF. The supcrnatant was mixed with 
Bid-Rex 70 resin (0.1 g /ml )  in the above buffer and 
stirred overnight at 4°C. The mixture was filtered, 
washed, and SF was eluted from the resin using 50 mM 

Tris-HCI buffer (pH 7.5) containing 800 mM NaCI. 
The eluates were diluted with buffer so that the final 
concentration of NaCI was 250 mM. It was then mixed 
with S-Sepharose and stirred overnight at 4°C. The 
Scpharose gel was packed into a column, washed and 
was eluted with a gradient  of 0.3-1.2 M NaCI in Tris 
buffer. SF containing fractions from the affinity col- 
umn were pooled, concentrated and subjected to FPLC 
(Pharmacia LKB) using a reverse phase C-18 Pep RPC 
(HR I0 /10  15 /.Lm) column equilibrated with 0.1% 
TFA in H20.  The column was washed and the bound 
SF was eluted using a 0-100% acetonitrile gradient in 
0.1% TFA. The fractions containing SF were neutral- 
ized with 'Iris buffer, freeze dried and assayed for SF 
activity. To obta in  highly pure homogeneous prepara- 
tions of SF with. good biological activity, an im- 
munoaffinity purification procedure was used. Anti- 
bodies were raised in rabbits against SF purified by 
revers~ phase chrom,~tography, lgG fraction from the 
antiserum was purified using Protein A-Sepharose and 
was then coupled to CNBr-activated Sepharose 6B. 
The fractions containing SF from the above column 
were poolcd and dialyzed agains! 20 mM Tris-HCl 
buffer (pH 6.5) containing 150 mM NaCl and applied 
to the affinity column. The column was washed with 
the Tris buffer and the bound SF eluted with the 
immunoaffinity elution buffer (Pierce, Rockford, IL) as 
described previously [6]. 

Removal of the non specific binding proteins in SF 
preparations using a non-responder epithelial cell mem- 
brane protein affinity column. An affinity column was 
prepared with a cell m~:mbrane extract from a non-re- 
sponsive epithelial cell line (Bt 474) by using the above 
procedures. The SF preparation from the S-Sepharose 
column wa~ applied to the above affinity column to 
remove the non-specific proteins that birid to the cell 
surface coraponents. The unbound proteins were then 
subjected to column chromatography using the MDCK 
cell membzane protein affinity column to obtain the $F 
(see below). About 20% of SF activity was lost in this 
step. 

Affinity chromatography purification of SF. The par- 
tially purified SF preparation obtained a,; described 
above was agplied to the MDCK cell membrane pro- 
tein affinity column and the eluate was reapplied to 
ensure optimum binding. After washing to remove the 
non specifically bound proteins, the bound proteins 
were eluted from the column with a gradient of (0-5 
M) MgCI 2 in TBS. The pH of the fractions was ad- 
justed to 7.5, dialyzed against PBS and assayed for SF 
activity. 

Affinity columns for the determination of non-specific 
binding. Affinity columns were prepared with BSA or 
MDCK cell lysate supernatant as ligands. MDCK cells 
were lysed with distilled water by freezing, thawing and 
by sonication (six times). The proteins in the super- 



natant obtained after c¢~ltrifuging the extract at 30000 
× g for 30 min or BSA were coupled to the CNBr- 
activated Sepharose 6B as described above. 

Preparation of radiolabeled SF. A modification of the 
method of Greenwood et al. [11,12] was used to iodi- 
nate SF. SF was dialyzed against phosphate buffer pH 
7.4 at 4°C. lodination was performed at room tempera- 
ture. 10 p,l (1 mCi) of 12Sl (carrier free, Amersham) 
was mixed with 25 /zl of 0.5 M sodium phosphate 
buffer (pH 7.4). The following (in the 0.1 M sodium 
phosphate buffer (pH 7.4)) were added with stirring; 
4-8  p,g of SF (200/.H), 20/zg ehloramine-T (20 p,I) and 
the mixture was incubated at room temperature for 5 
min. 50 /zg  sodium metahisulfite (50/~1) and 2 mg Ki 
(100 /~1) were added to terminate the reaction. The 
reaction mixture was then applied to a PD-10 (Phar- 
macia) column equilibrated with 0.03 M Tris-HCI buffer 
(pH 8.8). l-ml fractions were collected and monitored 
for radioactivity (in a Beckman scintillation counter, 
Model LS 7500) and scattering activity. The fractions 
containing scatter factor activity and radioactivity were 
pooled, and mixed with 0.6% BSA in 100 mM Tris-HCI 
buffer (pH 7.5) in a 2:1 ratio. The specific activity of 
the labeled SF was --- 3 x 10 + epm/ng.  

Binding of  ~ZSl to MDCK cells. MDCK cells (number 
indicated in figure legends) were washed and sus- 
pended in PBS containing 25 mM Hepes (pH 7.5) 1 
mM CaCI 2, 1 mM MgCI 2 and 0.1% BSA. Six well 
collagen coated (Falcon) dishes were used for binding 
studies. The factor (amounts indicated in figure leg- 
ends) and the cells were incubated at 4°C for 4 h. The 
cells were then scraped, washed with cold PBS and 
dissolved in SDS-PAGE sample buffer (0.1 M Tris-HCI, 
2% SDS, 20% glycerol, 0.002% Phenol red (pH 6.8)) 
and subjected to SDS-PAGE using 7.5% acrylamide. 
Non specific binding was determined by performing 
the experiment in the presence of 10 p,g/ml of puri- 
fied unlabeled SF. 

Cross linking of  IZSl to its receptor on MDCK cells. 
MDCK cells were incubated with 1251-SF as described 
above, washed thrice with PBS, suspended in TBS 
containing 100 p,g/ml heparin and the suspension in- 
cubated for 5 rain [13] and washed with PBS again. 
This was done to remove SF which was bound to 
heparin-like molecules on the cell surface. Freshly pre- 
pared DSS (in DMSO), was added to cells containing 1 
ml PBS (final concentration 0.25 raM) and then incu- 
bated for 45 min at 4°C for cross linking to occur. Cells 
were then washed with PBS containing 0.1 mM EDTA, 
0.25 M sucrose and 1 mM PMSF and scraped in the 
same buffer and the suspension was centrifuged in an 
Eppendorf microcentrifuge. The cell pellet was dis- 
solved in SDS-PAGE sample buffer, boiled for 5 rain 
and subjected to SDS-PAGE (7.5% acrylamide). The 
ge+s were dried and kept in contact with Kodak film 
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(XAR-5) at - 80 ° in the presence of an intensifying 
screen for 2-3 days and developed. 

Results 

Purification of SF. 
The purification steps are shown in Table I. A 

1000-fold purification was achieved by Bid-Rex ion 
exchange and Sepharose chromatography. A further 
10-15-fold purification of SFs was achieved by the 
affinity chromatography resulting in 10 000-15 000-fold 
purification of SF. The steps used in elution of bound 
hpSF from the membrane affinity column are shown in 
Fig. 1. 

A major 82 kDa band was observed when the puri- 
fied hpSF preparation was subjected to SDS-PAGE 
(Fig. 2). When the unstained gel was sliced into 3-mm 
segments, proteins eluted and assayed for SF activity, 
only the segment containing the 82 kDa band exhibited 
activity. 

The SF preparati,~n from MDCK affinity step was 
further purified using a C-18 reverse phase FPLC 
column. A major protein peak which exhibited scatter 
factor activiL." appeared at an acetonRrile concentra- 
tion of ~ 37% (Fig. 3). The purity of this SF prepara- 
tion is shown in Fig. 4. When subjected to SDS-PAGE 
the SF preparations exhibited two protein bands, a 
minor 90 kDa and a major 82 kDa band. The intensity 
of the 82 kDa band was 2.6-times higher than the 90 
kDa band. (Fig. 4 lane A), Electrophoresis was per- 
formed for longer periods to separate the bands. The 
proteins were eluted from the gel segments containing 
these protein bands and assayed for activity (method 
described in Fig. 2 legend). The ratio of the SF activi- 
ties were 3: 4 where as the corresponding protein con- 
centration ratio was 1:2.6. These resuits suggest that 

TABLE I 
Purification of scatter factor from human ,~lacenta 
See text for detads. 

Activity Protein Specific R~ ~overy Purifi- 
units (rag) activity (+ + cation 
(U ( x 106)) IU/~g) (x-fold) 

Extract 25 
Bid-rex 70 

and sepharo~e 
chromatography 12.5 

Reverse phase 
FPLC 0.05 

MDCK-CMP 
affinity 
chromat,~graphy 4.8 

Immunoaffinity 
chromatography 1.55 

12.5" 103 0.2 10i I 

52.5 238 50 1190 

0.35 14 

2.1 2285 19.2 11425 

0.31 5000 6.2 170OI 
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Fig. I. A•ntty enroa,atography of hpSF. 4-104 units of pertially 
purified hpSF ,,,,as applied to 0 4 mi MDCK mcJub;,,,¢ column. First 
seven fractions were pooled and reapplicd, washed with TBS (pH 
6.5). The elution was performed stepwise with 4 column vols of TBS 
(pH 8.5) (B), followed by TBS (pH 8.5) containing 1 M NaCI (C) and 
finally with I0 ml of TBS (pH 6.5) and then 0-5 M MgCI 2 gradient 
in TBS (D)- Less than 10% of the applied activity was elated in the 

pool of 4-12 (A) fractions. 

the specific activity of  the 90 kDa band is about 2-times 
higher than that of  the 82 kDa band. On reduction the 
protein exhibited four bands at 92 kDa, 62 kDa, 34 
kDa and 32 kDa each. Al though a high degree of  
purity was at tained after the reverse phase chromatog- 
raphy there was considerable loss of  activity. There- 
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Fig. 2. SDS-PAGE of the membrane affinity purified hpSF. Partially 
purified hpSF preparations were subjected to SDS-PAGE before (a) 
and after (b) chroalatography using MDCK-membrane protein col- 
umn. Protein concentrates in the SDS sample buffer were incubated 
at 3"PC and were not boiled to preserve activity. One unstained lane 
was cut into I mm slices and was eluted in sterile PBS ~t 4°C; by end 

over end mixing overnight and assayed for scatter activity. 

IL~ITION VOLU~  (mr) 

Fig. 3. Reverse phase fast performance liquid chromatography of 
hpSF. Activ~ fractions from the MDCK membrane affinity column 
eluates were concentrated to O.5 ml on Amicon PMI0 membranes, 
was made to 0.1% TFA in H20 and applied to Pup RPC HR 10/10 
C18 05 pm) column. The column was eluted at 0.5 ml/min with a 
70 ml (0-100%) split gradient. Fractions 1 ml were neutralized with 
TBS (pH 7.5), lyophilizcd ard assayed for MDCK scattering activity. 
Black stripped peak are~ marks the fractions which expressed activ- 

ity. 

fore,  an immunoaf f in i t y  chromatography procedure was 
used to obta in  highly active and pure  preparat ions o f  
hpSF. The specific activity o f  the purif ied SF  prepara-  
tions, used in the present studies was 5000 U / / z g  
protein. A single bread band around 82 kDa was 
observed on S D S - P A G E  under  non-reducing condi- 
tions [6]. 

Effect of pH and salt on the binding and elution of  hpSF 
from the MDCK-CMP column 

The effect of  pH on the biuding of  SF  to MDCK-  
CMP column is shown in Table II. Higher  b inding 
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A B C 
Fig. 4. SDS-PAGE of hpSF, Purified hpSF preparations were labeled 
with tZSl, subjected to SDS-PAGE and radioautography. Lane A and 
lane B contain non reduced and lane C contains reduced hpSF. Lane 
A had a shorter exposure to be able to visualize the two bands at 82 

kDa and 90 kDa. For details see text. 



TABLE II 

Effect of pH on binding on hpSF ro MDCK cell memhratw proteins 

4.2.104 units of hpSF were applied to a 3 ml column repeatedly, five 
times in the buffer of intricated pH, washed with the same pH buffer 
(15 ml) and elated with 5 M MgCI 2. Eluates were dialyzed against 
TBS (pH 7.5) and assayed for SF activity. 

pH of the SF bou.~d SF unbound SF rectwcq' 
binding buffer (U( x 104)) (U( × 104)) (% of the bound) 

5.5 4.07 0.12 34 
6.5 3,7 0.49 67 
7.5 3,5 0.69 65 

eff iciency was  observed at p H  5.5 than at p H  6.5 or  p H  
7.5. However ,  the  specif ic  activity of  SF in the  e lua tes  
was  lower when  the  b ind ing  was  done at p H  5.5 instead 
of  p H  6,5 o r  p H  7.5. T h e  lower recovery of  SF  at this 
p H  could be  due  to s t ronger  b inding or  the  reduct ion 
in activity o f  hpSF.  M o d e r a t e  b ind ing  and  be t te r  recov- 
er ies  were  ob ta ined  when  the  samples  were  appl ied  at 
p H  6.5. T h e r e f o r e  the  b ind ing  was  done  at p H  6.5 in 
all the  subsequent  s tudies.  

T h e  effec t. o f  salt  and  p i !  on the  elut ion o f  SF  
bound  to the  co lumn is shown in Tab le  I l l .  Elut ion 
wi th  Tr i s  buf fe r  ( p H  8.5) yielded one  four th  of  the  
bound  activity, wi th  high specific activity. Addi t ion  o f  1 
M N a C i  in Tr i s  buf fe r  (pH 8.5) resul ted in an  addi-  
t ional 5 %  recovery. Approximate ly  70% of  the  bound  
activity was  recovered  with  a g rad ien t  o f  0 - 5  M MgCI  2 
wi th  SF  elut ing be tween  1.5 to 3 M salt concentra t ion 
(Fig.  1). 

Specificity o f  binding o f  h p S F  to M D C K - C M P s  
N o n  specific b ind ing  o f  SF to the  affinity co lumn 

was  d e t e r m i n e d  by us ing BSA as a l igand. Wi th  BSA- 
affinity co lumn very low b inding  and  recovery ( 2 - 4 % )  
was  observed.  Th i s  may  represen t  non-specif ic  binding.  
Similarly a low b inding  and  recovery ( 6 - 8 % )  of  SF  was  
observed  f rom a column p repa red  with C M P s  of  a 
uon-rc~ponder  cell llne Bt  474. M D C K  cell lysate su- 
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TABLE tV 

Binding of hpSF to columns prepared ~ith MDCK-CMP. BSA. Bt.474. 
CMPs and MDC;~-cell lysate supernatant proteins as ligands 

4.2- |04 units of hpSF in TBS (pH 6.5) were applied on to a 3 ml 
column and washed with 15 ml of TBS and cluted with 5 M MgCl:. 
The fractions were dialyzed and assayed for SF activity. For details, 
see text. 

Ligand (10 mr) Unbound (~/~) RecoveiT (%) 

MDCK-CMP t6 68 
BSA 72 3 
Bt-474 celi 

membrane protein 76 7 
MDCK cell 

lysate superoatant 58 18 

TABLE V 

Effect of trypsinization on binding of hpSF to the MDCK cell mem- 
brane proteins 

16-104 units of hpSF in TBS (plt 6.5) were applied on to a tO ml 
column and washed with 50 ml of ~ and etuted with 5 M MgCI z. 
The fractions were dialyzed and assayed for activity. 

MDCK cells Number Total cell SF bound SF Recov- 
ofcells surface (U(xl04)) recovered et7 

proteins (U{ x 104)) (%~ 
(mg) 

Scraped 2" 107 39 13.7 8.t 59 
T~psinized 2.107 27 12.5 8.2 68 

A B C D E  

110--  
8 6 - -  

47-- 

TABLE I i i  

Effect of salt concentration on recoL'ery of hpSF from MDCK.CMP 
Sepharose columns 

4.2.104 units of hpSF in TBS (pH 6.5) were applied to a 3 ml column 
repeatedly and cluted with the indicated buffer. About 90% of the 
activity was bound to the column. The eluate fractions were dialyzed 
in TB$ (pH 7.5) and assayed for SF activity. 

Elution buffer Recovery (%) 

TB$, pH 8,5 26-40 
TBS, pH 8,5+ l M NaCI 30-45 
0-5 M MgCI 2 68-72 

3 3 - -  

24 - -  

] .6  m 
_ 

Fio. 5 Dis,plaep,,~e~t of bound I~l-hpSF with increasing amounts of 
unlabeled hpSF. 10 s MDCK ce!!s were incubated with 50 ng of 
t~l-hpSF (At and with 0.3 (B), 0.6 (C) 1.2 (D) and 2.4 (E)/~g o[ 
unlabeled SF for 3 h at 4°C. The cells were washed, subjected to 
$DS-PAGE and autoradioBraphy by methods described in the text. 
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Fig. 6. Identification of a high molecular weight form of hpSF 
receptor, by SDS-PAGE. l0 s MDCK cells were incubated with 
~2SI-SF undel standard bindiug conditions, without any other addi- 
tives (lane BI or in the presence of 100x excess of unlabeled hpSF 
(lane A). The cells were washed in PBS and then treated with a 
ctosslinking agent DSS (0.25 mM), washed and dissolved in sample 
buffer and subjected to SDS-PAGE. The gels were dried and pro- 
cessed for autoradiography. A 48 h exposure is shown in the figure• 
The arrow shows the receptor-hpSF high molecular weight complex. 

pernatant  proteins exhibited a slightly higher (15-20%) 
binding and recovery (Table IV). 

Effect of trypsin on the binding of hpSF to MDCK-CMP 
columns 

Since trypsin was used to remove the MDCK cells 
from the plastic, its effect on the relative affinity of 
hpSF to cell membrane proteins was determined. Two 
separate affinity columns were prepared with cell 
membrane proteins of trypsinized and scraped MDCK 
cells. No significant differences were observed in the 
binding of hpSF to these columns (Table V). 

Displacement of binding of 1251-SF to MDCK cells by 
unlabeled SF 

As can be seen from Fig. 5, there was a concomitant 
i decrease in binding of -'sI-SF (82 kDa band) to MDCK 

cells with increasing amounts of unlabeled SF. A ra- 
dioactive band was observed on the top of gels; the 
amount of this band also decreased with the increasing 
concentration of unlabeled SF. This would suggest that 
this band is comprised of aggregated form of SF and 
that it also binds efficiently to the surface of MDCK 
cells. 

Affinity cross linking of 1251-SF to its receptor on MDCK 
cells 

When 12sl-SF was cross linked to its receptor using 
DSS (by methods described above) and the complex 

subjected to SDS-PAGE and radioautography, a ra- 
dioactive band with molecular weight of approx. 230000 
dalton was observed (Fig. 6). This band was not pres- 
ent when cells were omitted from the incubation sys- 
tem and also when excess e f  cold SF was present in the 
incubation mixture. These data would suggest that  this 
band represents SF-receptor complex and that the 
approximate molecular mass of the SF-receptor is 
250000 daltons. 

Discussion 

Purification and subunit structure of hpSF 
SF purification from human embryo fibroblasts has 

been repotted recently [14]. The factor migrated as a 
broad band at an average moledular weight of 64000 
on non-reducing SDS gels, and all parts  of this band 
exhibited the same specific activity. 

Gherardi  et al. [1] have purified SF from condi- 
tioned medium of ras transformed NIH 3T3 cells to 
homogeneity by a different method. The mouse scatter 
factor is a 62 kDa peptide which dissociates into 57 
and 30 kDa subunits on reduction. A 90 kDa peptide 
was reported to be present in only certain prepera-  
tions. Our  scatter factor preparat ions from human pla- 
centa always exhibit a 92 kDa component  when sub- 
jected to SDS-PAGE under  reducing conditions. This 
could represent  unprocessed SF. Partial amino acid 
sequence data  derived from tryptic peptides of mouse 
[5,17] and human [14] fihroblast derived SFs indicate 
significant sequence homology with rat  and human 
HGFs.  Recently SF was shown to be identical to HGF.  
The two subunits arise from a precursor protein by a 
specific proteolytic cleavage [15]. 

The data presented here suggests that  both the 
unprocessed and the processed forms exhibit biological 
activity when they are still cross linked by disulfide 
bridges. Biological activity could not be detected in 
peptides eluted from the 92, 62 and 32 kDa bands  
separated under  reducing conditions. These findings 
are in agreement  with those of Gherardi  et al. [1] and 
Rosen et al. [5] who have demonstrated that sulfhydryl 
groups of SF are required for its biological activity. 
Weidner e t a l .  [14] have shown that  the upper  portion 
of the single diffused 64 kDa band on reduction gener- 
ates the 62 and 3 4 / 3 2  bands, and the lower band  
mainly consists of the 92 kDa band. Peptide map 
comparisons and sequence analysis data has also 
demonstrated that the 62 and 3 4 / 3 2  bands are derived 
from the 92 kDa band. These results suggest that  SF 
preparat ions from human placenta and conditioned 
medium of human embryo fibroblasts may consist of a 
mixture of processed (cleaved by a specific protease 
but still linked by disulfide bonds) and unprocessed 
(uncleaved) forms and that both forms are biologically 
active. 



"Scatter factor like' activity of antibodies to cell adhesion 
molecules and integrins 

SF-induced scattering involves dissociation of cells 
from each other  and from extracellular matrix compo- 
nents. Cell adhesion molecules and intcgrins are in- 
volved in cell adhesions and cel l-substratum interac- 
tions. Antibodies to cell adhesion molecules (CAMs) 
[18] and integrin [19], a receptor for several extraeellu- 
lar matrix proteins, also causes 'scat ter  factor like' 
effects. Whether  SF acts through regulating CAMs or 
integrins remains to be determined. 

Binding of hpSF to cell surface proteins and identifica- 
tion of a SF-receptor 

The binding of hpSF to the columns prepared from 
MDCK-CMPs was dependent  on the pH. Binding was 
better  at  pH 5.5 than at p H  7.5 but the recovery was 
low. Elution with 5 M MgCI 2 releases all the baund  
proteins. This lowers the specific activity of  the SF in 
this fraction. The lower pH (3.5) of  MgCI 2 and the 
high (1,5-3 M) salt concentration, may account for the 
loss of activity under  these conditions. A loss of  30% 
activity at  p H  3 for SF has been reported earlier [4]. 
Therefore,  for the highest specific activity, the elution 
with TBS (pH 8.5) was considered optimal; however, 
for the higher total recovery of  SF, elution was per- 
formed with a gradient  of 0 - 5  M MgCi 2. 

Recent  findings have shown that SF is identical to 
hepatocyte growth factor, a mitogen for hepatocytes. A 
receptor  for H G F  has been partially identified [13] and 
characterized [16]. The molecular mass of the receptor  
for SF (150 kDa), (derived from SF-receptor complex 
of 230 minus 80 kDa, the molecular mass of  SF) 
observed in the present studies is very similar to that  
observed by these investigators, O u r  results suggest 
that  MDCK cell surface proteins exhibits two levels of  
affinity towards scatter factor. The elution of SF at 
near  neutral  p H  and  low salt from the affinity column 
may represent  low-affinity binding while the elution at 
higher pH and higher salt may represent  high-affinity 
binding, H G F  exhibits a low affinity binding site (for 
heparin or heparin like molecules) and a high-affinity 
specific binding site (to its receptor) for the surface 
components of hepatocytes [16]. 

The factor does not show any significant binding to 
the BSA or to non-responsive (Bt 474) cell membrane 
proteins. The small amount  of binding and recovery 
observed with MDCK-cell lysate supernatant  proteins 
could he due to the presence of  some SF binding 
protein(s) in the cytoplasm or due to incomplete re- 
moval of cell membrane proteins from the cell lysate 
supernatant.  

The binding characteristics of SF to CMPs of  MDCK 
cells reported here may be useful in devising experi- 
ments related to binding of SF to MDCK cells. The 
information could also be useful for tht~ purification of 
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receptor(s) for SF using SF-affinity chromatographic 
procedures. Advantages of affinity chromatographic 
procedures arc obvious, it renders better total recover- 
ies, purer  preparations, and the affinity column could 
be used repeatedly. With increasing interest in scatter 
factor and other motility factors, the procedure de- 
scribed above may be useful in the purification and 
determination of binding characteristics of these fac- 
tors. 
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