
A. P. Orr, Rapp. Proces-Verbaux Reunions 
Conseil PeJrm. Int. Explor. Mer 153, 92 
(1962); M. Anraku, J. Oceanogr. Soc. Japan 
20, 221 (1964)] have confirmed this only for 
very small volumes. In spite of the increased 
mortality that corresponds to a decrease in 
dish size, we have found that the minimum 
development time for A. tonsa has remained 
unchanged in our 100-, 150-, and 190-mm 
dishes containing 200, 700, and 1500 ml of sea 
water, respectively. This suggests that a com- 
parable nutritional status exists among these 
volumes, but leaves the cause of the increased 
mortality unexplained. We did not study de- 
velopment time in less than 200 ml. 

6. The necessity for employing such a high de- 
gree of temperature control has not been 
established, but experience suggests that rea- 
sonable control over sudden increases of 
temperature is necessary. The temperature of 
17?C was chosen because it is suitable for 
both the copepods and our various algal cul- 
tures, and, if temperature control is lost, it 
allows extra time for corrective action before 
lethal temperatures are reached. The range of 
illumination used appears to have no effect on 
either development or survival; investigations 
outside of this range are incomplete. 
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incompetent by r-adiation with cobalt-60. 

Kidd reported that normal gui- 
nea pig serum had inhibitory activity 
against certain transplantable lympho- 
ma tumors in mice (1). Broome (2) 
suggested that the enzyme L-aspara- 
ginase (3) was the agent in the serum 

responsible for this effect. Evidence 
has been obtained that supports this 
suggestion (4-7). 

We have recently obtained from 

guinea pig serum a preparation of L- 

asparaginase which is homogeneous in 
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7. Although the concentration limit for satis- 
factory development with our standard feed- 
ing regimen has not been determined, cultures 
containing 100 or more nauplii per liter will 
usually show retarded or erratic development 
followed by high mortality. On one occasion, 
however, a natural population of A. tonsa 
eggs and nauplii matured and subsequently 
was maintained for at least a week at a con- 
centration of more than 600 animals in 300 
ml of sea water that contained a heavy dino- 
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the ultracentrifuge under conditions of 
sedimentation equilibrium (8), shows 
the migration of a single homogene- 
ous peak in an ultracentrifugal sedi- 
mentation velocity experiment (Fig. 
1), gives a single band upon poly- 
acrylamide gel electrophoresis (Fig. 
2), and gives a single arc in im- 
munoelectrophoresis (9). We now re- 

port the antagonistic effects of this 
highly purified preparation toward 
lymphoma and suggest that the evi- 
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Fig. 1. Schlieren pattern of the descending boundary for guinea pig serum asparaginase 
in the double-sector cell after approximately 16 minutes (right) and 48 minutes (left) 
at 59,780 rev/min in the Beckman model E ultracentrifuge; O.1M potassium phosphate 
buffer, pH 7.0, 25?C. 
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dence is conclusive that the enzyme L- 

asparaginase is responsible for the 
inhibitory activity of guinea pig serum. 

The inhibitory activity of the puri- 
fied enzyme was tested as follows. Fe- 
male C3H mice (Jackson Laboratories), 
weighing 18 to 25 g, were separated 
randomly into groups of ten animals 
each, and five were housed in a cage. 
Selection of treatments and the order 
of injections were also random. Each 
animal was given a single subcutane- 
ous injection of 0.2 ml of a suspen- 
sion of Gardner lymphosarcoma 
(6C3HED) cells in the right, lower 
ventral side. The suspension was pre- 
pared by briefly homogenizing 10 mg 
of tissue (wet weight) per milliliter of 
saline in a small Potter-Elvehjem ho- 
mogenizer. The tissue was a 1-week- 
old tumor carried subcutaneously in 
C3H mice. Immediately after trans- 
planation of the tumor, one group 
received an intraperitoneal injection of 
0.5 ml of saline containing 1 mg of 
crystalline bovine serum albumin 
(BSA) per milliliter, another group 
0.5 ml of guinea pig serum, and the 
third 0.3 ml of purified asparaginase 
solution to which was added BSA (1 
mg/ml). Albumin is necessary to pro- 
tect the enzyme against surface denatu- 
ration that occurs when the enzyme is 
highly purified and in dilute solution. 
After passage of enzyme solution 
through the needle used for injection, 
there was no loss of activity. One ex- 
perimental group was given purified 
asparaginase (160 units, 75 pg), and 
the other was given 90 units in whole 
guinea pig serum. Under similar con- 
ditions, a second injection of 1.0 ml of 
serum given 12 hours after the first 
injection invariably protected the ani- 
mals against appearance of the tumor 
for at least 30 days; and if more dilute 
suspensions of cells (2 to 5 mg/ml) 
were used in transplantation, this dose 
schedule prevented the appearance of 
tumors entirely. Tumors which ap- 
peared after a long latent period (30 
days) remain sensitive to the serum, 
but Kidd (10) has shown that repeated 
low doses of guinea pig serum can pro- 
duce sublines of tumors resistant to 
inhibition by guinea pig serum. 

In control animals the tumor ap- 
peared within 4 to 6 days as a tiny, 
circumscribed elevation of the skin at 
the site of injection; it was revealed 
as a solid nodule by palpation. The 
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tumors went into a "log" period of 
rapid growth in 12 to 14 days, and 
the animals died in 16 to 20 days. 
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Antagonism of Purified Asparaginase from Guinea 

Pig Serum toward Lymphoma 

Abstract. The tumor inhibitory activity of highly purified asparaginase from 
guinea pig serum toward the Gardner lymphosarcoma in C3H mice was com- 

pared with that of the serum itself. The purified enzyme, homogeneous by ultra- 

centrifugation and immunoelectrophoresis, had activity comparable to that of the 
serum. The serum was also effective in mice which were made immunologically 
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Table 1. Antagonistic effect toward mouse 
lymphoma of guinea pig serum and purified 
asparaginase from guinea pig serum. Values 
are averages of latent periods, survival, and 
gain in weight of the mice at intervals after 
transplantation of the tumor. 

Latent Survival Wt gain (g) from days: 
period period 

(days) ------- 
(days) vdays) 1-7 7-13 13-19 

Saline and BSA 
4.6 18.2 2.8 6.4 

Guineca pig serumi 

10.8 27.7 2.0 1.6 4.2 

Purified asparaginase fromn seruml and BSA 

17.8 33.2 2.5 0.4 0.7 

The animals were checked daily for 
the appearance of tumors, and their 
weights were recorded every other 
day (Fig. 3). The purified asparaginase 
had inhibitory activity comparable to 
that of the serum (Table 1). In con- 
nection with the data on weight gain, 
we have noticed that guinea pig serum 
depresses the weight gain of growing 
mice (about 20 g) for a short period. 

The effect of treatment with saline 
or with serum (0.5 ml) was compared 

Fig. 2. Polyacrylamide-gel electropho- 
resis of whole guinea pig serum (right) 
and purified asparaginase from guinea pig 
serum (left); 250 volts for 4 hours; pH 8.6; 
in ethylenediaminetetraacetate-boric acid- 
tris buffer. 
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in animals that received 900 rad of 
total-body radiation at the rate of 
1000 rad/min from a Co60 source 
1 day before transplantation of the 
tumor. The same experimental design 
was used. All animals treated v,vLh 
saline developed tumors by the 5th 
day, whereas only 50 percent of the 
animals treated with serum had tumors 
by the 9th day, when the animals be- 
gan to die of radiation sickness. A 
dose of 900 rad was expected to rend- 
er the animals immunologically incom- 
petent (11), but the serum was as ef- 
fective with such animals as it was 
with nonirradiated animals. The serum 
was also active against tumors in ani- 
mals receiving 500 rad (a nonlethal 
dose). The antagonistic effect of the 
L-asparaginase is independent of any 
immune phenomenon in the host. 
Kaufman and Kidd (12) were led to 
much the same conclusion by less di- 
rect methods. 

The importance of demonstrating 
correlations between the growth of tu- 
mors on the one hand, and unique 
or highly modified metabolic path- 
ways on the other, is widely recog- 
nized, and serves as an impetus for 
much of the current research on can- 
cer. Other enzymes have been used 
in attempts to treat cancer (13), but 
none has shown as striking an effect 
as L-asparaginase. Tumors susceptible 
to asparaginase-for example, Gard- 
ner lymphosarcoma (6C3HED) and 
leukemia EARAD 1; see references 6, 14 
-require asparagine in order to di- 
vide normally in tissue culture, and 
no other enzyme which has a tumor 
inhibitory effect (for example, xanthine 
oxidase or ribonuclease; see reference 
13) has been so closely linked to a 
specific metabolic requirement of the 
tumor cell. 

There are no known metabolic path- 
ways which require asparagine, and if 
one assumes that asparaginase inhibits 
the tumor by depriving it of aspara- 
gine, the central problem of the role 
of asparagine still remains. Kapoor and 
Waygood (15) showed that aspara- 
gine is more active than glutamine in 
the synthesis of glycinamide ribonu- 
cleotide from phosphoribosylpyro- 
phosphate by wheat embryos. Mash- 
burn and Wriston reported (16) that 
asparaginase from Escherichia coli, 
which also has lymphoma-inhibiting ac- 
tivity (5), caused an 80-percent in- 
crease in alkaline ribonuclease of an 
asparaginase-sensitive tumor 2 hours 
after administration, but had no effect 
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