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Previous work with axenic culture of the 
free living nematode, Caenorhabditis briggsae, 
led to isolation of a heat labile fraction from 
liver which was essential for maintenance of 
these cultures in an otherwise chemically de- 
fined medium( 1,2). Subsequently, this frac- 
tion has been further separated by chroma- 
tography on hydroxylapatite( 1A). The glob- 
ulin recovered has the interesting property of 
being “activated,” that is, certain specific 
treatments increased the biological activity 
30-fold. This phenomenon may have a bear- 
ing on the availability of proteinaceous ma- 
terials in biological systems. This proteina- 
ceous growth factor is present in most animal 
tissues as well as in bacteria. Preliminary 
studies show that the material is effective 
in a wide range of biological systems. 

The first method of activation discovered 
was freezing the growth factor in the basal 
defined medium. This activation proved to 
be limited in stability and restricted to rela- 
tively acid media. The need to expand the 
cultural conditions led to reexamination of 
the activation process and to the develop- 
ment of other methods of producing this 
effect. Recently activation has been produced 
by dialysis of growth factor to low phosphate, 
by controlled periods of heating, by lowering 
the pH of the defined medium to 5.6, and 
by addition of proper levels of the sucrose 
polymer Ficoll (Pharmacia) . 

With several methods available for activa- 
tion, the next step was a critical evaluation 
of the effects of each separately and in com- 
bination with each other. In this the out- 
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standing results obtainable with Ficoll soon 
became evident and increased emphasis was 
given to this phase of the investigation. 

MateriaZs and methods. The free-living, 
self-fertilizing protandrous nematode C. brigg- 
sae was used under axenic conditions in all 
assays. Stock cultures were maintained in 
a medium containing liver extracts ( 2,3 ) . 
Larvae used in assays were derived from eggs 
laid by young adults( 1). Three larvae were 
inoculated into duplicate 1101 X 75 mm tubes 
containing 0.25 ml aliquots of the medium 
to be tested. 

Effectiveness of culture media was meas- 
ured by time for maturation and reproduc- 
tion(4,l). Time of maturation was deter- 
mined by observations at  % day intervals 
and calculated to 0.1 day based on the rate 
of appearance of F1 larvae. Previous obser- 
vations had shown that the rate of larvae 
produced at  the 100 g / m l  level averaged 
one larva per adult every 2% hours, i.e., 0.1 
day. The time at which the first larva hatched 
was thus calculated to 0.1 day. Worms were 
observed for 20 days, any worm not pro- 
ducing an F1 by this time being classified as 
a non-maturer. Degrees of effectiveness of 
different media were compared by rates of 
maturation expressed as relative response. An 
F1 time of 2.8 days, obtained when worms 
were grown with E. coli on agar slants( 1),  
was considered the maximum response 
(=lOO). 

The medium used to measure dose response 
consisted of two components( l ) ,  the basal 
medium of chemically defined ingredients and 
the proteinaceous growth factor preparatioa. 
The growth factor used for these experi- 
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ments was additionally treated by precipita- 
tion with ammonium sulfate, then dissolved 
and dialyzed in 0.1 M potassium phosphate 
buffer, pH 7 to give a stock solution contain- 
ing 10 mgjml. It was sterilized by filtratioa, 
using Millipore pH size membranes. To 
study the effect of buffer strength, aliquots 
were redialyzed under aseptic conditions to 
lower molarity (20, 10 and 01.2 mM) potas- 
sium phosphate buffer, pH 7.0, and also to 
higher molarity (101.5 M). The protein level 
was held constant in the assays at 100 pg,/ml 
for most experiments, lower levels being used 
only when a more sensitive test was required. 

The composition of the published basal 
medium (4,3) has been modified: the level 
of amino acids has been lowered to 75% of 
that published; diaminopimelic acid and dl- 
alanine are now omitted; glutathione level is 
halved (to 0.66 mM);  guanylic acid is in- 
cluded as the sodium salt (at 0.85 mM);  
pyridoxd is used as phosphate (at 15.2 X 

mM);  choline is used as the dihydro- 
gen citrate (0.30 mM);  inusitol is lowered 
to 0.36 mM, and triethanolamine increased 
to 2.2 )( mM. This medium is desig- 
nated No. 75. The pH of the medium is 
adjusted to 5.8-6.0. To investigate the effect 
of pH, other batches were compounded at 
pHs ranging 5.6 to 6.1, and further adjust- 
ment to wider ranges was made with sterile 
0.1 N potassium hydroxide or acetic acid. 
Addition of growth factor solution increased 
the pH of the complete medium by 0.05; 
Ficoll introduced no change in pH. 

The procedures used for activating growth 
factor were freezing at -23°C for 24 hours 
in the presence of the chemically defined 
medium( 5) , controlled heating of concen- 
trated growth factor (0.1 M buffer) at 37°C 
for 24 hours(6), controlled heating of 100 
pgJml growth factor in defined medium at 
37°C for 72 hours, dialysis against 0.2 mM 
potassium phosphate buffer, lowering the pH 
of the chemically defined medium to 5.6, and 
addition of the sucrose polymer Ficoll. 

A stock solution of Ficoll was prepared 
by mixing 2.5 g of Ficoll with 5 ml of triple 
distilled water (38.5% solution, wJv). This 
was sterilized by autoclaving for 10 minutes 
at 121°C and stored at 4°C. Ficoll was used 

undialyzed after it was ascertained that a 
preliminary dialysis of the stock solution 
did not alter the effects in our media. 

At the time of assay, a 15.4% w/v dilu- 
tion of the highly viscous Ficoll stock was 
made to facilitate later pipetting. This was 
added to the basal medium prior to addition 
of growth factor; or, alternatively, growth 
factor was added to the Ficdl solution be- 
fore i t  was added to the basal medium. The 
order of mixing appeared to have no influ- 
ence on the activating effect. Mixing was 
performed with a “Vortex” mixer operated 
at low speed. 

After the optimum ratio of growth factor 
to Ficoll was determined, other mixtures were 
made. A mixture of 400 pg/ml of growth fac- 
tor with 15.4% Ficoll was stored and used 
as a convenient source. Mixtures of 200 pg/ 
ml growth factolr with 15.4% Ficoll were lyo- 
philized. 

Multiple activating procedures were ob- 
served: growth factor activated by dialysis 
was subjected to additional activating proc- 
esses such as 37OC heating, freezing, lower- 
ing pH, and adding Ficoll. 

Two isolated globulins [ Fetuin (Lilly 236- 
415B-104) and Serum Fraction IV-4 (Hy- 
land Laboratories)] that had been shown to 
be active in other biological systems were 
tested for ‘Lgrowth factor” effect and were 
also subjected to these activating procedures. 

Results. Growth factor used at a concen- 
tration of 100 &ml in the basal medium 
was ineffective unless it had been subjected 
to specific treatments to induce activation. 
The degrees of activation observed with dif- 
ferent procedures are compared in Table I. 

The degrees of activity obtained with dif- 
ferent amounts of Ficoll and growth factor 
are shown in Table 11. The effective con- 
centrations off Ficoll in the medium were 
found to be between 1.5% and 7.7% WJV. 

Below this range activation declined; stock 
solutions necessary to give higher concentra- 
tions were too viscous to handle accurately. 
With levels of growth factor lower than 50 
pg/ml, Ficoll a t  3.1 % did not plioduce activa- 
tion; these lower levels of growth factor, 
however, did show activity after freeze activa- 
tion. 
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TABLE I. Activation of Growth Factor for Cul- 
ture of C. briggsae. 

Relative 
Activator F, time (days) response* 

None non-maturing 0 
F/A 4.5, 4.7 61 

5.0, 4.9 57 
6.1, 4.7 52 

H/A 
Dialysis 

3.7, 4.0 73 
3.7, 3.9 74 

PH 
Ficoll 3.9% 

* Maturation time of C. briggsae when associ- 
ated with E .  coli is 2.8 days (1) = 100; difference 
required for significance is 8. 

F/A-complete medium frozen for 24 hr at 

H/A - growth factor held at 37°C for 24 hr. 
Dialysis - growth factor dialyzed t o  0.2 mM po- 

tassium phosphate buffer p H  7.0. 
pH-acidity of medium adjusted to pH 5.6. 
Except where specified above the growth factor 

used was from a stock solution of 10 mg protein/ml 
in 0.1 M phosphate buffer, p H  7.0. The chemically 
defined medium was p H  5.8 to 6.0; concentration 
of growth factor in medium 100 pg/ml. 

Final activity could be increased by apply- 
ing these several activating processes in se- 
quence. n e  enhancement of activity that 
resulted from combining Ficoll with other 
activation procedures is shown in Table 111. 
Certain combinations of procedures, however, 
led to decreased activity or total loss of 
activity (shown in Table I11 for H/A and 

The activating effect of Ficoll in basal 
medium ranging from pH 4.6 to 6.9, and 
the effect of concomitant alterations in the 
molarity of potassium phosphate buffer con- 
tained in the growth factor solution are shown 

-23°C. 

F/A) * 

TABLE 11. Maturation of C. briggsae in Ohed-  
cally Defined Medium Supplemented with Growth 

Factor and Containing Added Ficoll. 

Growth 
factor Ficoll (Yo Maturation Relative 

(Fg/ml) i n  bioassay) time (days) response 

100 
9 )  

9 9  

I f  

I 9  

9 9  

50 

25 

0 

99 

9 9  

0 
.4 
.8 

1.5 
3.1 
7.7 
1.5 
3.1 
1.5 
3.1 
7.7 

non-maturing 
8.5, 7.0 
5.8, 6.0 
4.5, 4.5 
4.4, 4.1 
3.9, 4.2 

10.6, 10.7 
4.6, 4.5 

non-maturing 
9 9  

9 9  

0 
36 
47 
62 
66 
70 
27 
62 

0 
0 
0 

Medium pH 6.0; growth factor from 10 mg/ml 
stock solution in 0.1 M phosphate buffer. 

in Table IV. A high level of Ficoll was re- 
quired for activation when the phosphate 
molarity was high and the medium relatively 
alkaline. With such media activation is not 
produced by either the heating or the freez- 
ing procedures. 

Addition of Ficoll increased the stability 

TABLE 111. Increased Activity by the Addition 

Relative response 

Activators* (pg/ml) Flcoll Flcoll 

of Ficoll. 

Growth 
factor 0% 3,9% 

14 0 53 Dial + pH 6.1 
pH 5.6 9 0 32 

9 29 52 Dial + pH 5.6 
Idem + F/A 9 37 48 

” + H / A  9 38 65 
” + H / A + F / A  9 0 46 

* See Table I f o r  description. 

TABLE IV. Increased Range of Activity by Addi- 
tion of Ficoll. 

Growth factor at 100 pg/ml 

Growth factor Relative response (%) 
p H  of in  pot. phoBph. 
basal buffer 0% 3.1-3.9% 7.7% 

medium (molarity) Ficoll Ficoll Ficoll 

6.9 .5 M 

6.1 .5 M 
.2 mM 

.1 

.02 

.1 

.02 

.2 mM 

.1 

.01 

.2 mM 

.1 

.01 

.2 mM 

6.0 .5 M 

5.8 .5 M 

5.6 .5 M 

4.6 .5 M 

non-mat. 
13 

non-mat. 
9 4  

9 9  

non-mat. 9 9  

14 
non-mat. 

64 
54 
53 
14 
52 
70 
50 

non-mat. 

99 

- 
- 

non-mat. 
56 
78 
22 
65 
73 

23 
72 
65 

72 
72 

67 

- 

- 

- 
- 

58 

65 

- 
75 

- 
75 
70 
68 

74 
- 

- 
35 

of dilute solutions of growth factor. Solu- 
tions of 400 pglml of growth factor in 15.4% 
Ficoll stored a t  -23OC and 4’C for 2 weeks 
retained original activity, whereas solutions 
diluted in water showed a loss of activity and 
a variable response. Solutions with Ficoll re- 
tained activity after sterile filtration (mem- 
branes of 0.3 p pore size); activity was lost 
if the filtration was performed on a solution 
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of growth factor in basal medium. 
A lyophilized mixture of 7.7% Ficoll and 

200 pg growth factor was stable at -1OOC; 
i t  could be reconstituted without difficulty 
and was active thereafter. 

Addition of Ficoll also reduced the vari- 
ability of C. briggsae responses between du- 
plicate tubes. A Wilcoxon matched pair test 
on 29 samples of duplicate tubes was highly 
significant: P, .003. 

Fetuin and Serum Fraction IV-4 were 
tested by all of the “activating” procedures, 
but showed no “growth factor” effect. 

Discussion. The proteinaceous material 
required for culture of C. briggsae undergoes 
activatioa in terms of enhanced biological 
activity following specific physical treatments. 
The mechanism of this action is not, as yet, 
understood. Data we now have suggests that 
activation is due to change in shape of the 
protein molecule, probably to a mare com- 
pact form. For example, sulfhydryl deter- 
mined as one per 108,000 in the unactivated 
protein cannot be detected after heat activa- 
tion. The physical and chemical changes ac- 
companying activation will be studied fur- 
ther as methods appropriate to this multi- 
meric protein are developed. 

The physical procedures used produce ac- 
tivity that varies in respect to degree, reli- 
ability, and stability. Comparison of the acti- 
vating treatments showed that the sucrose 
polymer Ficoll provided the most reliable and 
stable activation over a wide range of physio- 
logical conditions. Ficoll also permitted 
greater latitude in handling and storage. 
These characteristics allow for assay of 
growth factor through a broad range of bio- 
logical systems: one such use has been in 
culture of the parasitic stages of Haemonchus 

Ficoll is ,stated to be nontoxic and inert. 
Reported uses include the determination of 
specific gravity of amoeba(8) and the isola- 
ation of cells for culture(9?10’). When used in 
our culture medium, Ficoll was not toxic but 
i t  was not inert; rather it cawed activation of 
the proteinaceous growth factor. It did not, 

contortus ( 7 ) .  

however, activate other isolated biologically 
effective materials added to our basal me- 
dium. Thus, the growth factor appears to be 
biolbgically distinct. 

An examination of the effect of this poly- 
mer on growth factor should give further in- 
sight into the phenomenon of enhanced bio- 
logical activity. This information may have 
bearing on the effectiveness of proteinaceous 
supplements. 

Summary. The sucrose polymer Ficoll at 
the proper concentration activates the pro- 
teinacmus growth factor necessary for con- 
tinuous cultivation of the free-living nema- 
tode, C .  briggsae, in a chemically defined me- 
dium. It increases the activity that is pro- 
duced by other activating procedures. It in- 
creases uniformity of maturation, allows 
greater stability at 37”C, and produces a 
mixture with growth factor that can be read- 
ily lyophilized. Its use thus greatly extends 
the usefulness of the growth factor. 

We are indebted to Merck Sharp & Dohme for 
preparation of growth factor, and to Dr. F. W. Sayre, 
G.  Perez-Mendez and C. Burkhart for assistance. 
Statistical calculations were made by Dr. W. Lower. 

1. Hansen, E. L., Buecher, E. J., Jr., Yarwood, 
E. A., Nematologica, 1964, v10, 623. 

1A. Sayre, F. W., Hansen, E., Sttarr, T. J., Yar- 
wood, E. A., Nature, 1961, v190, 1116. 

2. Dougherty, E. C., Hansen, E. L., Nicholas, 
W. L., Mollett, J. A., Yarwood, E. A., Ann. N. Y. 
Acad. Sci., 1959, v77, 176. 

3. Sayre, F. W., Hansen, E. L., Yarwood, E. A., 
Exp. Parsitol, 1963, v13, 98. 

4. Dougherty, E. C., Hansen, E. L., Proc. SOC. 
Exp. Bid. and Med., 1956, v93, 223. 

5 .  Hansen, E. L., Sayre, F. W., Yarwood, E. A,, 
Experientia, 1961, v17, 32. 

6. Hansen, E., Yarwmd, E. A., Buecher, E., Sayre, 
F. W., J. Parasitol., 1964, v50, 26. 

7. Silverman, P. H., Hansen, E. L., Buecher, E., 
Jr., J. Parasitol., 1965, v51, Suppl. 46. 

8. Holter, H., Moller, K. M., Exp. Cell Res., 1958, 
v15, 632. 

9. Uvas, B., Thon, I. L., ibid., 1959, v18, 512. 
10. Walder, A. J., Lunseth, J. B., Proc. SOC. Exp. 

Biol. and Med., 1963, v112, 494. 

Received September 9, 1965. P.S.E.B.M., 1966, 17121. 


