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Chart 3. Isoelectric focusing profiles for (A) HAP, (B) serum FN, (C) HAP and
serum FN.

mixed for focusing, 2 separate peaks of activity were detected
at pl 4.1 and 4.8 (Chart 3C).

SDS-polyacrylamide gel electrophoresis of partially purified
HAP in 5% gels revealed 5 bands with molecular weights of
109,000, 107,000, 58,000, 52,000, and 48,000 (Fig. 1). To
determine which protein band was responsible for the attach-
ment activity, a solution containing HAP was incubated con-
secutively on 10 collagen-coated plates to adsorb the hepa-
toma attachment protein. As shown in Fig. 1, one band was
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Fig. 1. SDS-polyacrylamide gels of HAP. B, HAP prior to adsorption on
collagen; A, HAP after collagen adsorption. k, thousands.

lacking when compared to nonadsorbed material, namely, the
protein band with a molecular weight of 58,000. Attachment
activity was monitored by assaying each of the 10 collagen-
coated dishes in the standard attachment assay. Attachment
activity was maximal (greater than 95% cells attached) on the
first 3 dishes. However, attachment activity had decreased to
5% or less by the ninth plate, indicating that the previous
incubations on collagen-coated dishes had removed the HAP.

Immunodiffusion analysis of HAP against anti-FN demon-
strated no cross-reactivity (Fig. 2). However, the same anti-FN
produced lines of identity when tested against purified FN,
bovine serum, rat serum, and armadillo serum.

DISCUSSION

The attachment of cells to collagen is mediated by a high-
molecular-weight, trypsin-sensitive protein known as FN or
cold-insoluble globulin (11, 20). Previous studies have shown
that FN is produced by numerous cell types including fibro-
blasts, glial cells, endothelial cells, and some epithelial cells (3,
4, 9, 25, 27). Other work has demonstrated that certain epi-
thelial cells produce little or no FN (16, 17, 19, 26). Primary rat
hepatocytes do not require FN to adhere to collagen (21), but
cold-insoluble globulin or serum FN is required for adhesion to
plastic dishes (8). This difference in the adherence of hepato-
cytes suggests that different attachment ligands may be oper-
ative in the attachment of epithelial cells to collagen and plastic.
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3 2

Fig. 2. Double immunodiffusion with anti-FN (center well), human serum FN
(Well 1), bovine serum (1:2) (Well 2), rat serum (1:2) (Well 3), HAP (Well 4), rat
FN (Well 5), and armadillo serum (1:2) (Well 6).

The present study was undertaken to define and biochemically
characterize the collagen attachment-promoting factor found
in the spent culture medium of the rat hepatoma cell line
designated 6TG-11.

Biochemical characterization of HAP demonstrated a cell-
derived protein differing in several properties from serum FN.
HAP has a different thermal stability than does FN, with the
50% inactivation temperatures differing by 10°. Isoelectric
focusing of the 2 proteins indicated clearly 2 different isoelec-
tric points of 4.1 for HAP and 4.8 for FN. The electrophoretic
mobility of HAP, as determined with bioautography, was ap-
proximately one-half that of FN. SDS-polyacrylamide gel elec-
trophoresis of HAP indicated an approximate molecular weight
of 58,000. In addition, HAP did not cross-react with anti-FN
antibody.

These molecular characteristics indicate that HAP is not
identical to serum FN; however, HAP may be a proteolytic
fragment of FN that is not recognized by the anti-FN antisera.
Several recent papers have demonstrated collagen-binding
fragments of FN with molecular weights similar to that of HAP
(1, 5, 6, 15, 22). Recent work (15) has demonstrated a glyco-
protein (M.W. 40,000) on the acrosome of rabbit spermatozoa
that cross-reacts with anti-FN antibody, which may represent
a fragment from the collagen-binding domain of FN. Other
investigators (1, 6, 22) have isolated collagen-binding proteo-
lytic fragments of FN with molecular weights of 40,000 to
70,000. The culture medium from hamster fibroblasts contains
a highly glycosylated collagen-binding protein with a molecular
weight of 70,000, which may also be a degradation product of
FN (5). Thus, with these biochemical characteristics, HAP may
represent a unique gene product of these particular trans-
formed epithelial cells that is biochemically distinct from FN.
However, the possibility remains that HAP is a modified prote-
olytic fragment of FN which maintains the biological function of
attaching celis to collagen.
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