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SUMMARY: A recombinant hst- 7 protein produced in silkworm cells 
by a recombinant baculovirus, previously shown to be a potent 
mitogen for NIH3T3 cells and human endothelial cells, also 
stimulated anchorage-independent growth of NRK-49F cells. Amino 
acid sequence analysis revealed that the amino-terminal sequence 
with 58 amino acids was cleaved off in silkworm cells. These 
results indicated that the mature hst-7 protein consisting of 148 
amino acids had transforming growth factor activity. 0 1991 Academic Pre**, Ir 

An hst-7 transforming gene, originally identified in DNAs from 

gastric cancers by its ability to cause transformation of NIH3T3 

cells upon transfection (l), has now been identified from a wide 

variety of tumors including Kaposi’s sarcoma and normal tissues as 

ABBREVIATIONS: bFGF, basic fibroblast growth factor; aFGF, acidic 
fibroblast growth factor; kbp, kilobase-pair; HPLC, high performance liquid 
chromatography; kDa, kilodalton; SDS-PAGE, sodium dodecyl-sulfate gel 
electrophoresis; DMEM, Dulbecco’s modified Eagle medium; TGF, transforming 
growth factor; PDGF, platelet-derived growth factor; EGF; epidermal growth 
factor. 
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a transforming gene (2-7). The hst-I protein deduced from the 

nucleotide sequence has a significant homology with basic 

fibroblast growth factor (bFGF), acidic fibroblast growth factor 

(aFGF), mouse int-2 protein, FGF5, the hst-2/FGF6 protein and 

keratinocyte growth factor (8-11). The hst-7 gene is mapped to 

human chromosome 1 Iql3, the same chromosomal localization for 

the int-2 gene, and these two genes are co-amplified in some human 

cancers (12, 13), indicating that the M-1 and int-2 genes are very 

closely located on the human chromosome. Cosmid mapping showed 

that these two genes are actually only 35 kbp apart with the same 

transcriptional orientation (14). 

We have previously reported the production of the hst-7 protein 

in silkworm cells using a recombinant baculovirus (15). The 

recombinant hst-I protein was purified to homogeneity with a 

combination of heparin affinity chromatography and reversed-phase 

high performance liquid chromatography (HPLC). The purified hst-7 

protein was a potent mitogen for NIH3T3 cells and human umbilical 

vein endothelial cells, and also induced malignant transformation of 

NIH3T3 cells including morphological changes and anchorage- 

independent growth in soft agar (15). The molecular weight of the 

purified protein was about 17.5 kilodalton (kDa) as judged by sodium 

dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE), 

smaller than the 22.0 kDa predicted by the nucleotide sequence (16). 

This result suggested that the hst-7 protein was processed in 

silkworm cells. We report here the primary structure of the 

processed hst- 7 protein with anchorage-independent growth 

stimulation activity on NRK-49F cells. 

MATERIALS AND METHODS 

Materials: The recombinant hst-7 protein produced in silkworm cells 
by a recombinant baculovirus was purified to homogeneity by heparin 
affinity chromatography and reversed-phase HPLC as described (15). 
Colony formarion assay: An underlayer was established with 2 ml of 
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Dulbecco’s modified Eagle medium (DMEM) containing 10% calf serum 
and 0.5% agar in a 35mm dish. Five thousand NRK-49F ceils were 
seeded onto the overlayer in 2 ml of DMEM containing 10% calf serum 
and 0.3% agar in the presence of various concentrations of the hst-7 
protein. After incubation for 8 days, the number of colonies was 
counted. 
Amino-terminal sequence analysis: The purified recombinant hst- 7 
protein was successfully recovered in the presence of 1% SDS after 
HPLC purification followed by lyophilization. Subsequently about 
150 pmol of the hst-7 protein was subjected to automated Edman 
degradation. 
Carboxy-terminal sequence analysis: About 300 pmol of the purified 
hst-7 protein was digested by 0.5 pg of Lysyl-endopeptidase in 50 ~1 of 
0.1 M ammonium bicarbonate (pH 8.0) at 37OC for 4 h, and digested fragments 
were purified by a reversed-phase column (Chemcosorb 30DS-H, 4.6 X 75 
mm) with a linear gradient of 0 to 50% acetonitrile in the presence of 0.1% 
trifluoroacetic acid. A few digested fragments with high recovery were subjected 
to automated Edman degradation. 

RESULTS 

Transforming growth factor activity: As shown in Fig. 1, the recombinant hst-7 

protein induced anchorage-independent growth of NRK-49F cells in soft agar. 

The hst-7 protein stimulated anchorage-independent growth of NRK-49F cells 

in a concentration-dependent manner (Fig. 2). The half-maximal stimulation 

was observed at the concentration of 0.8 rig/ml. 

Amino acid sequence analysis: The amino-terminal sequence of the 

biologically active hst-7 protein was Pro-Val-Ala-Ala-Gln-Pro-Lys which 

Fia. 1. Colony formation of NRK-49F cells stimulated by the hst-7 protein in soft 
agar. Five thousand NRK-49F cells were incubated in the absence (A) or in the 
presence (6) of 10 rig/ml of the hst-7 protein for 8 days in soft agar, and were 
photographed. 
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Fia. Z Effect of the M-7 protein on anchorage-independent growth of NRK- 
49F cells. Colony formation of NRK-49F cells in soft agar at various 
concentrations of the hst-7 protein was performed as described in the text. After 
incubation for 8 days, the number of the colonies per dish (~5,000 um2) was 
counted. Values are the means of triplicate determinations. 

corresponds to the amino acid positions 59-65 of the hst-7 protein deduced 

from the nucleotide sequence (16). The carboxy-terminus was also determined 

after digestion with Lysyl-endopeptidase. The sequence Val-Thr-His-Phe-Leu- 

Pro-Arg-Leu which corresponds to the amino acid positions 199-206 of the 

deduced hst-7 protein was recognized. This result indicated that the carboxy- 

terminus of the I-M-7 was not processed. Therefore, the processed form of the 

M-1 protein consists of 148 amino acids which corresponds to the amino acid 

positions 59-206 with a calculated molecular weight of 16.2 kDa (Fig. 3). This 

molecular weight is a little smaller than 17.5 kDa as judged by SDS-PAGE (15). 

However, no other bands whose amounts were sufficient for Edman 

degradation were detected, indicating that the 17.5 kDa band actually 

corresponded to the hst-I protein with the calculated molecular weight of 16.2 

kDa. 

MSGPGTAAVALLPAVLLALLAPWAGRGGAAAPTAPN, LEAELERRWESL w 
v 

VALSLARIPrfi P ] AV 

DGRIGGAHADTRDSLLELSPVERGVVSIFGVASRFFVAMSSKGKLYGSPF 
v 

FTDECTFKEILLPNNYNAYESYKYPGMFIALSKNGKTKB 

50 

100 

150 

200 

206 

Fia. 3. Primary structure of the M-7 protein produced by a recombinant 
baculovirus. The deduced amino acid sequence is shown by a single-letter 
notation for amino acids. Primary structure of the recombinant hst-7 protein 
determined by amino-terminal and carboxy-terminal sequence analyses is 
boxed. The signal peptide and the potential N-glycosylation site are indicated 
by underline and asterisks, respectively. Two cysteine residues conserved in 
FGF-related proteins are indicated by arrows. 
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DISCUSSION 

Transforming growth factor-cc (TGF-o) has an ability to induce anchorage- 

independent growth of NRK-49F cells (17), and transforming growth factor-p 

(TGF-8) also has the same ability in the presence of epidermal growth factor 

(EGF) or TGF-a (18). Platelet-derived growth factor (PDGF) is known to induce 

anchorage-independent growth of NRK-49F cells in the presence of extracts of 

human platelet, but PDGF alone does not elicit this effect (19). Bovine brain- 

derived growth factor, whose chemical and physical properties are similar to 

those of aFGF, also induces the same effect in the presence of EGF (20). As 

shown in Fig.1 and 2, the hst-7 protein, like TGF-ol, induced colony formation of 

NRK-49F cells in the absence of EGF, and EGF did not stimulate the activity of 

the hst-7 protein (data not shown). The present study indicates that the M-1 

protein alone, as in the case of TGF-a, has the ability to transform NRK-49F 

cells. 

We have previously shown the structural characteristics of the hst-7 protein 

predicted by the nucleotide sequence(8). Unlike bFGF and aFGF, the hst-I 

protein has a signal peptide and a potential N-glycosylation site. However, two 

cysteine residues of the M-7 protein are conserved in other homologous 

proteins. Furthermore, clusters of basic amino acids or groups of basic and 

aromatic amino acids ( positions 81 to 85 and 170 to 173 ) which are 

considered to be important for heparin-binding and the inverse of minimal 

fibronectin cell recognition site ( position 100 to 103 ) are found in the hst-7 

protein. As shown in Fig. 3, present structural analysis revealed that the signal 

peptide and the potential N-glycosylation site are cleaved off, but that the two 

cysteine residues and two possible functional domains described above are 

conserved in the processed form of the hst-7 protein. The present study 

indicates that the processed hsf-7 protein with the calculated molecular weight 

of 16.2 kDa is biologically active. Previously, Delli Bovi et a/. reported that the 

hst-7 protein produced in COS cells was processed (7). The signal peptide 

was also cleaved off in COS cell, but, in contrast to the hst-7 protein produced in 

silkworm cells, the potential N-glycosylation site was not cleaved off. The 
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processed hst- 7 protein secreted from COS ceils consisted of 175 or 176 amino 

acids. The potential N-glycosylation site located at the amino acid positions 36 

to 38 was conserved in the secreted hst-7 protein, and this protein was 

glycosylated. The conditioned medium from COS cells producing the hst-7 

protein was shown to have growth promoting activity on NIH3T3 cells and 

bovine capillary endothelial cells. This report indicated that this form of the hst- 

7 protein also has growth factor activity. However, it is unknown whether or not 

the hst-7 protein produced in COS cells has a potential equal to that of the 16.2 

kDa hst-7 protein produced in silkworm cells. 

Our results show that a long amino-terminal extension unique to the hst-7 

protein is cleaved off in silkworm cells. In the mature form, the 16.2 kDa hst-7 

protein shares about 40% homology with bFGF, aFGF and the selected regions 

of other homologous proteins. It is now necessary to analyze the biological 

difference of these homologous proteins in normal cell function, tumor 

development and embryogenesis. 
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