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SUMMARY: Approximately 40 amino-terminal residues and 20 internal residues of CSF- 
1 purified from the media of cultured human pancreatic carcinoma (MIA PaCa) cells and 
of cultured murine L ceils have been identified. Results indicated that the two subunits 
in each molecule of biologically active CSF-1 are identical in their amino-terminal 
portions. The twelve amino-terminal residues of MIA PaCa CSF-1 were found to be 
identical to those of human-urinary CSF-1, suggesting that the polypeptide portions of 
the two human proteins may be identical. Approximately 75% of the amino acids 
identified in both MIA PaCa CSF-I and murine CSF-1 were found to be common to 
both. No homology to other proteins was observed. This study suggests a subunit 
polypeptide Mr nearer to 17K than to 26K predicted from cDNA. © 1987 Academic P ..... Inc. 

Colony stimulating factors (CSFs) regulate the proliferation and differentiation of 

cells of the granulocytic and mononuclear phagocytic lineages. CSF-1 selectively 

stimulates cell survival, proliferation and differentiation of mononuclear phagocytic cells 

via a specific cell surface receptor (reviewed in I). It has been purified from serum-free 
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Abbreviations used: LCM CSF-I, macrophage colony stimulating factor isolated from 
serum-free culture medium conditioned by murine L cells; MIA PaCa CSF-I, CSF-1 
isolated from serum-free culture medium conditioned by MIA PaCa ceils; HU CSF-I, 
CSF-I purified from human urine; cDNA, complementary desoxyribonucleic acid; PTH- 
amino acids, phenylthiohydantoin derivatives of amino acids; HPLC, high-performance 
liquid chromatography; CNBr, cyanogen bromide; OPA, ortho-phthalaldehyde. 
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media conditioned by murine L ceils (2) or by human pancreatic carcinoma ceils (3) and 

from human urine (%5). The Mr of LCM CSF-I has been reported to be between 66K 

and 80K (6) whereas the Mr of the purif ied MIA PaCa CSF-I used in this study and of HU 

CSF-I is J't~6K (3-5). Treatment with reducing agents halves the apparent molecular 

weights of all CSF-I preparations and destroys their biological act iv i t ies (2-6), suggesting 

that the biologically act ive CSF-I molecule consists of two subunits of similar size 

maintained in a dimeric state by disulfide bonds. Analysis of 66K LCM CSF-I and 46K 

HU CSF-I following treatment with endoglycosidases revealed that these proteins are 

glycosylated with asparagine-linked oligosaccharides of the "complex type" which, when 

removed, leave a polypeptide subunit of Mr a'14.5K (6). Thus, the molecular weight 

dif ferences between several forms of CSF-I may be due solely to differences in 

glycosylation. 

In this paper, we describe partial sequences of LCM CSF-I and MIA PaCa CSF-I and 

compare them with the sequence predicted from a MIA PaCa CSF-I cDNA clone which 

encodes for a protein of Mr ~" 26K (7). 

MATERIALS AND METHODS 

Protein isolation: LCM CSF-1 was isolated as previously described (2,8). 
Alternat ively,  batch calcium phosphate gel chromatography (8) followed by 
immunoaff in i ty chromatography on anti-murine CSF-I monoclonal antibody columns (9) 
was used. MIA PaCa CSF=I was purif ied as described earl ier (3). Al l  preparations had 
specif ic act iv i t ies of Sxl0 / to 8x101 units/mg protein. IA unit is defined by comparison 
of the act iv i ty  of the sample preparation with the act iv i ty  of a stable reference 
preparation to which an act iv i ty  value has been arbi t rar i ly assigned. One unit is 
equivalent to approximately 0.$4 femtomoles of CSF-I (9). 1 

Primary structure determination: Amino acid sequences were determined using 
either an Applied Biosystems Model ~70A gas-phase sequencer or a Beckman System 
890M spinning-cup sequencer. PTH-amino acids recovered from either instrument were 
identi f ied using reversed-phase HPLC employing isocratic e~4tion from an Al tex 
Ultrasphere ODS(PTH) column. Some samples were reduced and~ ~ C)carboxymethylated 
as described by Hirs (I0). Methionyl bonds were cleaved with CNBr as described by Gross 
and Witkop ( I I ) .  Edman degredation of selected peptides was blocked by a modif ication 
of the method of Bhown et al. (12) in which OPA in the presence of 2-mercaptoethanol 
was substituted for fluorescamine. 

Amino acid composition determination: Amino acid compositions were determined 
using a Beckman 6300 amino acid analyzer fol lowing acid hydrolysis of samples for 24 h 
at 108 degrees. 

RESULTS 

A prel iminary sequence analysis, using the gas-phase instrument, of d.100 pmol of 

LCM CSF-I containing both 66K and 80K species, allowed the identi f icat ion of the f irst 
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Table I. Amino acid sequences of purified MIA PaCa CSF-I and L cell CSF-I aligned with the 
amino-acid sequence deduced from the nucleotide sequence of MIA PaCa cDNA (7) 

cDNA: 

MiaPaCa: 

L ce l l :  

5 10 15 

Glu-Glu-Val-Ser-Glu-Tyr-Cys-Ser-His-Met-lle-Gly-Ser-Gly-His- 

Glu-Glu-Val-Ser-Glu-Tyr- X -Ser-His-Met-l le-Gly-Ser-Gly-His- 

Lys-Glu-Val-Ser-Glu-His-Cys-Ser-His-Met-lle-Gly-Asn-Gly-His- 

20 25 30 35 

Leu-G•n-Ser-Leu-G•n-Arg-Leu-••e-Asp-Ser-G•n-Met-G•u-Thr-Ser-cys-G•n-••e-Thr-Phe- 

Leu-Gln-Ser-Leu-Gln-Arg-Leu-lle-Asp-Ser-Gln-Met-Glu-Thr-Ser- X -Gln-l le-Thr-Phe- 

Leu-Lys-Val-Leu-Gln-Gln-Leu-lle-Asp-Ser-Gln-Met-Glu-Thr-Ser- X -Gln-l le-Ala-Phe- 

40 45 50 55 

Glu-Phe-•a•-Asp-G•n-G•u-G•n-Leu-Lys-Asp-Pr•-Val-•ys-Tyr-Leu-Lys-Lys-A•a-Phe-Leu- 

Glu-Phe-Val-Asp-Gln-Glu-Gln-Leu... 

Glu- X- Va l . . .  

60 65 70 75 

Leu-val-Gln-Tyr-Ile-Met-Glu-Asp-Thr-Met-Arg-Phe-Arg-Asp-Asn-Thr-Pr•-Asn-Ala-Ile- 

(Met-Arg)Phe-Arg-Asp-Asn-Thr-Pro-Asn-Ala-lle- 

(Met-Arg)Phe-Lys-Asp-Asn-Thr-Pro-Asn-Ala- X - 

80 85 90 95 

Ala-Ile-Val-Gln-Leu-Gln-Glu-Leu-Ser-Leu-Arg-Leu-Lys-Ser-Cys-Phe-Thr-Lys-Asp-Tyr- 

Ala- X -Val-Gln-Leu-Gln-Glu- X -Ser... 

Ala(Thr)Glu(Arg)Leu-Gln-Glu- X -Set... 

100 105 110 115 

Glu-Glu-His-Asp-Lys-Ala-Cys-val-Arg-Thr-Phe-Tyr-Glu-Thr-Pr•-Leu-Gln-Leu-Leu-Glu- 

120 125 130 135 

Lys-Val-Lys-Asn-Val-Phe-Asn-Glu-Thr-Lys-Asn-Leu-Leu-Asp-Lys-Asp•Trp-Asn-Ile-Phe- 

140 145 150 155 

Ser-Lys-Asn-Cys-Asn-Asn-Ser-Phe-Ala-Glu-Cys-Ser-Ser-Gln-Gly-His-Glu-Arg-Gln-Ser- 
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160 165 170 175 

G•u-G•y-Ser-Ser-Ser-Pr•-G•n-Leu-G•n-G•u-Ser-Va•-Phe-His-Leu-Leu-•a•-Pr•-Ser-•a•- 

180 185 190 195 

••e-Leu-Va•-Leu-Leu-A•a-•a•-G•y-G•y-Leu-Leu-Phe-Tyr-Arg-Trp-Arg-Arg-Arg-Ser-His- 

200 205 210 215 

G•n-G•u-Pr•-G•n-Arg-A•a-Asp-Ser-Pr•-Leu-G•u-G•n-Pr•-G•u-G•y-Ser-Pr•-Leu-Thr-G•n- 

220 

Asp-Asp-Arg-Gln-Val-Glu-Leu-Pro-Val 

13 amino acids, except for residue seven (Table I). Two similar analyses (not shown) of 

reduced and ( l$Clcarboxymethylated LCM CSF-I revealed the seventh residue to be 

cysteine. Since analysis using the gas-phase instrument fai led to yield information 

beyond the thir teenth residue, the spinning-cup sequencer was used to examine a larger 

(.e I nmo[) sample of LCM CSF-I. This experiment extended the known sequence to the 

2gth residue and defined the locations of two of approximately four methionyl residues 

known as a result of compositional analysis (not shown) to be present in this molecule. 

Treatment of LCM CSF-I with CNBr le f t  no uncleared material,  and in both the 

presence and absence of 2-mercaptoethanol yielded a fragment only .~SK smaller than 

the untreated subunits, indicating asymmetr ic distribution of methionyl residues and 

suggesting that these large fragments are not linked by interchain disulfide bonds in the 

intact dimer. Attempts to separate the CNBr fragments using size-exlcusion HPLC, 

reversed-phase HPLC, or preparative SDS-PAGE were only part ia l ly  successful. 

Sequence analyses using the gas-phase instrument revealed that a l l  fractions contained 

varying amounts of the same three major fragments. Because the amounts varied, the 

PTH-amino acids recovered from each sequencer cycle in analyses of several fractions 

could be tentat ive ly  assigned to three sequences: The f i rst  corresponding to the amino 

terminus; the second beginning at position 28 (overlapping the previously-known amino- 

terminal sequence and extending the known sequence to position 39); and a third, more 

carboxyl- terminal sequence which included a prolyl  residue at position seven. The last 
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Table 2. Experimentally determined amino acid composition of purified MIA PaCa CSF-I 
compared to the theoretical composition of the amino-terminal 153 residues of the sequence 
predicted from MIA PaCa CSF-I cDNA and to the theoretical composition of the entire 22~ 

residue hypothetical protein 

Amino Acid Experimental Theoretical 

153 224 
Residues Residues 

Asp+Ash 13.18 I I. 8t4 9.46 

Thr 5.99 5.26 e).05 

Ser 6.51 7.89 9.46 

Glu+Gln 16.97 17,11 18.02 

Pro 4.77 1.97 4.50 

Gly 2.25 1.97 3.15 

Ala 4.10 3.29 3.15 

Cys 2.14 4.61 3.15 

Val 6.90 5.26 6.76 

Met 3.41 2.63 1.80 

lie 3.63 4.61 3.60 

Leu 9.56 10.53 12.16 

Tyr 3.12 3.29 2.70 

Phe 3.35 5.92 4.95 

His 2.19 2.63 2.70 

Lys 8.02 7,2tt 4.95 

Trp N.D.* . . . .  

Arg 3.90 3.95 5.41 

Totals 99.99 100.00 99.97 

Results are expressed in mole-percent. 

* N.D. = Not determined and not included in calculations. 

sequence was extended in a subsequent analysis in which contaminat ing sequences were 

blocked by OPA treatment af ter  six cycles of Edman degradation. 

In the case of MIA PaCa CSF-I) ,e 1 nmol of protein was cleaved wi th CNBr and the 

unfract ionated peptide mixture was analyzed using the spinning-cup instrument. On the 

basis of homology, amino acids were assigned to three segments corresponding to the 

major CNBr fragments of LCM CSF-I .  The amino-acid composition of MIA PaCa CSF-I 

was determined and is compared in Table 2 to the theoret ical  composition of the ent ire 

22 t) residue protein predicted from the corresponding cDNA and to the theoret ical  

composition of the 153 amino-terminal  residues of that hypothet ical  protein. 
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DISCUSSION 

In six s e p a r a t e  sequence analyses  of four d i f f e ren t  p repa ra t ions  of C S F - I ,  only a 

single sequence was observed~ indica t ing  tha t  a l l  n o n - b l o c k e d  polypept ides  in the  sample  

had iden t ica l  amino te rmin i .  Recover i e s  of a m i n o - t e r m i n a l  res idues  a c c o u n t e d  for 50- 

70% of the  appl ied  samples~ precluding the ex i s t ence  of an occu l t  subunit~ i.e.~ one of 

s imi lar  s ize possessing a blocked amino te rminus .  Such a subunit  would have caused 

recover ies  of less than 40% and would probably  have become  evident  during sequence 

analysis  of u n t r a c t i o n a t e d  C N B r - t r e a t e d  MIA PaCa CSP- I .  Purthermore~ the  observed 

expression of CSF-I  b iological  a c t i v i t y  by p r ima t e  (Cos-7) cel ls  t r ans fo rmed  by MIA 

PaCa C S F - I  cDNA (7) could not  have occur red  if a second type  of subunit  were required 

for a c t i v i t y .  

The LCM C S F - I  a m i n o - t e r m i n a l  sequence shown in Table I d i f fers  from the pa r t i a l  

sequence of this  pro te in  or iginal ly  r epo r t ed  by Ben-Avram e t  a l .  (13), in which res idues  

e ight  and nine9 as  wel l  as res idue seven9 were iden t i f i ed  as cys te ines .  These authors  have 

since a l t e r e d  the i r  resul ts  (I~) to be cons i s t en t  with the  sequence r epo r t ed  here .  The 

observa t ion  tha t  75% of the  amino ac ids  iden t i f i ed  in both LCM C S F - I  and MIA PaCa 

C S F - I  a re  identical9 toge the r  with the i r  s imi lar  subunit  s t ruc tu res  and biological  

ac t iv i t ies9  i l l u s t r a t e  the  close re la t ionship  be tween  these  two prote ins .  That the  

s imi la r i ty  ex tends  even fa r the r  can be in fe r red  by compar ing  the  p resen t  work to  the  

resul ts  of Ben-Avram et  a l .  (13). Trypsin t r e a t m e n t  of  LCM C S F - I  by these  inves t iga tors  

l i be ra t ed  two pept ides  conta in ing carbohydrate~ one of which also conta ined  cys te ine .  

Prec i se ly  the  same  resul t  would be p r ed i c t ed  if MIA PaCa C S F - I  of the sequence shown 

in Table I were  so t reated~ if i t  were  g lycosy la t ed  a t  both po ten t i a l  N-l inked s i tes  

(posit ions 122 and i~0). A compar ison of the  C S F - I  sequences  in Table I to the  da ta  

banks of Dayhoff  (15) and Dool i t t l e  (16) fa i led  to revea l  re la t ionships  to any pro te ins  of 

known p r imary  s t ruc tu res .  

Hydropath ic  analysis  of c D N A - p r e d i c t e d  amino -ac id  sequences  of  severa l  growth  

fac to r s  suggest  t ha t  they  may exis t  in vivo on the  su r face  of the  cei ls  of the i r  origin~ 

anchored  by a hydrophobic  t r an smembrane  segment  from which they  a re  l a te r  c leaved  by 

pro teo lys i s .  The 225 res idue hypo the t i ca l  MIA PaCa C S F - I  molecule  p red i c t ed  f rom the  

cDNA sequence includes a segment  (posit ions 167 to I$$) consis t ing a lmos t  en t i r e ly  of 
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hydrophobic residues and may be an example of such a membrane-bound precursor. One 

or more proteolytic events could release a CSF-I molecule of fewer than 167 residues. 

Although the length of the active MIA PaCa CSF-I molecule analyzed in this study 

remains undefined, the experimentally determined composition suggests that it is nearer 

to 153 residues than to 224 (Table 2). Consistent with this hypothesis are the 

observations that L cells exhibit cell surface immunofluorescence following incubation 

with fluorescently-labeled F(ab')2 fragments of anti-CSF-1 monoclonal antibodies (K. 

Price and E. R. Stanley, unpublished observations) and that treatment of L cells with 

trypsin causes release of biologically active CSF- 1 (17,18). 
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