
The molecular ions of the C. and C,a 
esters are of very low relative abun- 
dance; the C,9 and C24 are entirely 
absent. The major peaks in the gas- 
liquid chromatograms of the esters 
ranged from C15 to C23 with a maxi- 
mum also at C17. There is a large peak 
due to the C16 acid for both the high- 
resolution mass spectrum and the gas- 
liquid chromatogram of the branched 
esters. The major peaks were also col- 
lected, and their low-resolution mass 
spectra were determined. The following 
acids were identified from the mass 
spectra of their methyl esters (Figs. 2 
and 3): 3,7,1 1-trimethyldodecanoic 
acid; 4,8,12-trimethyltridecanoic acid; 
5,9,13-trimethyltetradecanoic acid; 2,6,- 
10, 14-tetramethylpentadecanoic acid 
(norphytanic acid); 3,7,11,15-tetra- 
methylhexadecanoic acid (phytanic 
acid); and 4,8,12,16-tetramethylhepta- 
decanoic acid. Coinjection of methyl 
phytanate enhanced its respective peak 
in the analytical gas-liquid chromato- 
grams. 

The aliphatic isoprenoid carbon 
skeleton has been isolated from carbo- 
naceous sediments of various geologic 
formations ranging from the early Pre- 
cambrian to the most recent (11), and 
has been taken as presumptive evidence 
for the occurrence of the photosynthetic 
process as far back in terrestrial chro- 
nology as 3.2 billion years. The possi- 
bility of migration of organic molecules 
after sediment deposition and compac- 
tion has brought up in previous discus- 
sions the question whether these 
molecules are indeed indigenous. 
McCarthy and Calvin (12) have dis- 
cussed the significance of the molecular 
structures of hydrocarbons with respect 
to their possible diagenetic transforma- 
tions and biological or nonbiological 
origin. The isolation and identification 
of any particular molecular species is of 
debatable significance without the as- 
surance that the species was laid down 
at the time of deposition and compac- 
tion of the sediment. 

The occurrence of isoprenoid acids in 
the extract from the chromic acid oxi- 
dation of kerogen concentrate from the 
Green River Formation is evidence that 
these acids are bound to the kerogen 
matrix. This means that they are indige- 
nous and were laid down at the time of 
sedimentation and thus incorporated 
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tory. It is therefore of fundamental 
significance to corroborate earlier find- 
ings with this evidence. In addition, a 
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knowledge of a particular molecule's 
structure and abundance, relative to the 
large number of organic components 
present in any carbonaceous rock, must 
be ascertained before formulating 
hypotheses regarding that particular 
molecule's diagenesis and significance 
as a "biological marker." For such 
reasons, detailed characterization of the 
acidic components of the solvent ex- 
tracts of the total organic matter in the 
Green River Formation has been carried 
out (3, 4, 5, 6, 13). Such findings 
should catalyze similar studies of carbo- 
naceous sediments as a function of 
chronologic age. 
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Kidd's observation (1) that adminis- 
tration of guinea pig serum causes re- 
gression of certain mouse and rat 
lymphomas has been confirmed (2, 3). 
Broome produced evidence that the 
antitumor activity of guinea pig serum 
is due to its content of L-asparaginase 
(4); this also has been extensively con- 
firmed (5). Thus asparaginase of 
Escherichia coli was shown (6) to have 
an antitumor effect similar to that of 
asparaginase of guinea pig serum. Lym- 
phoma in the dog (7, 8) and lympho- 
blastic leukemias in man (8, 9) may 
respond to therapy with asparaginase. 
The evidence points to the conclusion 
that tumors and leukemias that respond 
to asparaginase depend on an external 
supply of asparagine, and that when 
this is hydrolyzed by asparaginase in 
vitro or in vivo the cells die. 
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A plausible explanation of the re- 
quirement for asparagine by certain 
malignant cells is that they have lost 
the capacity to synthesize it. Several 
pathways of biosynthesis of asparagine 
have been proposed (10). Conversion of 
aspartate to asparagine in certain micro- 
organisms has been shown to require 
ammonia and adenosine 5'-triphosphate 
(ATP) and to be associated with cleav- 
age of ATP to inorganic pyrophosphate 
and adenosine 5'-monophosphate (11). 
The amide nitrogen atom of glutamine 
rather than the nitrogen of ammonia is 
utilized for asparagine synthesis in HeLa 
cells (12), and subsequent work (13, 14) 
has confirmed the participation of glu- 
tamine in the synthesis in vitro of 
asparagine in mammalian systems. 
Synthesis of asparagine by preparations 
of Jensen sarcoma and from nutritional 
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Asparagine Synthetase Activity of Mouse Leukemias 

Abstract. Various transplanted leukemias and normal tissues of the mouse 
were tested for asparagine synthetase activity. Leukemias susceptible to sup- 
pression by asparaginase have little or no synthetase activity. In contrast, leu- 
kemias insensitive to asparaginase exhibit substantial and often very high as- 
paragine synthetase activity. Asparaginase-resistant variants of sensitive leukemias 
also have considerable synthetase activity. Thus the requirement by certain 
malignant cells of exogenous asparagine, which entails sensitivity to asparaginase, 
may be ascribed to lack of asparagine synthetase. Development of asparaginase- 
resistant variants from asparaginase-sensitive lines is consistently associated with 
acquisition of asparagine synthetase activity. 
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variants of this tumor in the presence higher concentration) are active 
of ATP, glutamine (or ammonia), and gen donors, there is some varia 
aspartate has been described (13). The their relative effectiveness, dc 
asparagine-requiring parent line syn- apparently on the stage of enzy 
thesized less asparagine than did variant fication. Tumor asparagine sy 
lines that had lost their asparagine re- thus resembles in certain pi 
quirement apparently as a consequence several other enzymes that ca 
of culture in an asparagine-free me- either glutamine or ammonia 
dium. nitrogen donor (15). Aspar 

Independent studies (14) of an aspara- resistant and asparaginase- 
gine synthetase preparation purified 6C3HED lymphoma cells utilih 
from Novikoff hepatoma have shown the same amounts of exogenous 
that synthesis of asparagine is associated gine for protein synthesis, and 
with cleavage of ATP; although both gine is not converted to asparta 
glttamine and ammonia (at a much appreciable extent in either type 

Table 1. Asparagine synthetase activity of transplanted mouse leukemias and of norr 
tissues. Most of these leukemias were induced and carried in mice of our colonies 
determination of activity, suspensions of viable single cells were prepared from thym 
node, spleen (normal or leukemic), and peritoneal fluid (ascites tumors or leukemi 
were washed three times in Earle's balanced salt solution at 4?C and resuspended ii 
foulr times the volume of chilled buffer [0.1M tris-HCI (pH 7.6), lmM dithiothreito 
EDTA]. These cell suspensions or the tissues were homogenized in a Potter-Elvehjem 
izer with the same buffer. The 105,000g supernatants were tested for activity at 3 
reaction mixture consisting of 100 tmole of tris-HCl, 5 /zmole of Na-ATP, 5 
MgCL, 20 ,mole of L-glutamine, and 0.5 ,/mole of L-aspartic acid-4-14C (specific 
1.67 c/mole) in a final volume of 0.7 ml (pH 7.6). The reaction was stopped after 3 
by addition of 0.1 ml of 15-percent trichloroacetic acid. After centrifugation, a port 
ml) was streaked on a Whatman 3-MM paper strip and electrophoresis was carri 
50 volt/cm for 45 minutes in 0.04M sodium acetate buffer (pH 5.5). The radioactiv 
asparagine area was determined with a scintillation counter. In all instances it was e 
by experiments with purified asparaginase (guinea pig) that the radioactivity was due 
gine. Synthetase activity is given as nanomoles of L-asparagine formed per miligram 
per hour. 

Strain of 
origin 

Mode of 
induction 

Asparaginase-sensitive leukemias 
C57BL/6 X-radiation 
(C57BL XA) F1 X-radiation 
C3H Estrogen 
BALB /c Diethylstilbesterol 
A Spontaneous 
C57BL/6 X-radiation 
DBA/2 Methylcholanthrene 

Suppression by As 
asparaginase sy 
in vivo (3) 

+ -r 

+ 

+ 

Asparaginase-resistant variant lines of asparaginase-sensitive leukemias- 
ERLD-Res-1 
ERLD-Res-2 - 
EARADI-Res 
6C3HED-Res* - 
P1798-Res* 

A 
BALB/c 
AKR 
C57BL/6 
C57BL/6 
SJL 
C57BL/6 
C57BL 

BALB/c 

Asparaginase-resistant leukemias 
X-radiation 
X-radiation 
Spontaneous 
Spontaneous 
Spontaneous 
Passage A Gross virus 
Passage A Gross virus 
Dibenzanthracene 

Methylcholanthrene 

Normal tissuest: 

* Ascites form; in all other instances cell suspensions were prepared from spleens and lyi 
of passage mice. f Produced by repeated passage in hosts treated with suboptimal doses 
ginase, and subsequently carried in untreated hosts. t Average values obtained with ti; 
three strains of mice (C57BLXA)FTi, C57BL/6?, BALB/cc); individual valtes did not 
stantially from means. 
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as nitro- the asparaginase-resistant line synthe- 
ibility in sizes asparagine at a greater rate than 

spending do the asparaginase-sensitive cells (16). 
me puri- We now report experiments on the 
/nthetase asparagine synthetase activity of several 
roperties transplanted mouse leukemias. Normal 
n utilize rat tissues had been found to exhibit 
L as the extremely low synthetase activity, 
raginase- whereas preparations of Novikoff hepa- 
-sensitive toma were much more active (14). 
ze about Asparagine synthetase activity is low in 
s aspara- normal mouse spleen, lymph node, 
I aspara- thymus, liver, and kidney, while activity 
ite to an is greater in brain and testes (Table 1). 
e of cell; Seven different asparaginase-sensitive 

mouse leukemias proved to have no or 
only slight asparagine synthetase activity 

nal mouse (Table 1). It is possible that the low 
(18). For level of synthetase activity found in 
us, lymph 
[as). Cells several leukemias arises from inclusion 
n three to of normal host cells in the preparation. 
o?, 05gmM In contrast, asparaginase-resistant lines homogen- 

370C in a derived from these asparaginase- 
,mole of sensitive leukemias exhibited substantial 

0 minutes ,0 minutes asparagine synthetase activity (Table 1); 
tion (0.05 indeed two of them showed much 
ed out at higher activity than did any of the 
ity in the 
~stablished normal mouse tissues examined. The 
to aspara- asparaginase-resistant tumors (Table 1) 
of protein showed appreciable asparagine synthe- 

tase activity, all but three exhibiting 
sparagine levels of synthetase activity considerably 
athetase hi 
activity higher than did any of the normal 

tissues studied. 

0.4 The striking evidence (Table 1) that 
.9 sensitivity of tumors to asparaginase can 

0 be ascribed to lack of the enzyme 

0.7 asparagine synthetase suggests a defined 
.3 genetic defect, the sensitive leukemia 

0 cell being viewed as an auxotrophic 
mutant. Evolution of resistance to 

10 asparaginase by sensitive tumors evi- 

664 dently entails acquisition of the syn- 
34 thetase activity characteristic of normal 
5.8 tissues and of asparagine-independent 

tumors. 
156 Considering the very high levels of 
39 synthetase activity in many resistant 

2.3 tumors, one may ask whether asparagine 
6.0 is performing a special metabolic func- 

13 tion in tumors. The only metabolic 27 
55 pathways of asparagine yet known are 

its utilization for protein synthesis and 
its conversion to aspartate by hydrolysis 
or to a-ketosuccinamic acid by transam- 

2.3 ination (17). The possibility that there is 

1.6 a qualitative biochemical difference be- 
5.2 tween tumor and normal tissues in rela- 

13.6 tion to asparagine metabolism merits 1.1 
0.3 investigation. It is possible, for example, 

that in tumor cells asparagine functions 
mph nodes 
of aspara- in amide nitrogen transfer reactions of 
osues from the type observed with glutamine (15). 

These considerations suggest therapeutic 
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Virus-Induced Hemolysis in Erythrocytes Deficient 
in Glucose-6-phosphate Dehydrogenase 

Abstract. Red cells from individuals deficient in glucose-6-phosphate dehydro- 
genase undergo increased autohemolysis when incubated in the presence of 
influenza-A virus. Normal red cells, but not those from individuals deficient in 
glucose-6-phosphate dehydrogenase, show increased activity of the hexose mono- 
phosphate shunt in the presence of the virus. This increase in shunt activity appears 
to be related to oxidation of cellular sulfhydryl groups. 
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Increased hemolysis, as evidenced by 
jaundice and significant anemia, has 
been observed in individuals deficient in 
glucose-6-phosphate dehydrogenase (G- 
6-PD) and showing clinical signs of 
viremia and certain bacterial infections 
in the absence of any possibly offending 
drug (1). The observation that a patient 
severely deficient in G-6-PD had a re- 
current fall in hemoglobin level of at 
least 2 g during upper respiratory infec- 
tions prompted this investigation. 

The initial experiments were designed 
to determine whether the hemolytic 
process associated with viremia could 
be reproduced in vitro. Red cells from 
three patients with severe G-6-PD de- 
ficiency (less than 10 international units 
per gram of hemoglobin) were washed 
three times in isotonic saline and then 
incubated at 37?C for 48 hours in the 
presence of serial titers of an influenza 
virus (2). Hemoglobin was measured in 
the supernatant by a benzidine method 
(3). The values obtained were calcu- 
lated as percentage hemolysis, as in the 
autohemolysis test (4). In the absence of 
virus, normal red cells undergo less than 
2 percent autohemolysis in 48 hours. 
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Fig. 1. Autohemolysis, in the presence of influenza-A 
normal or deficient in G-6-PD. 
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From the results of a typical experi- 
ment (Fig. 1) it is evident that concen- 
trations of virus higher than 103 parti- 
cles per cubic millimeter are associated 
with increased autohemolysis in cells 
deficient in G-6-PD. The addition of 
glucose had but little effect on the 
hemolytic action of the virus. No com- 
plement was present, and viral-induced 
agglutination of the red cells was not 
observed. Increased numbers of Heinz 
bodies, however, were observed in cells 
deficient in G-6-PD incubated with 
virus. Prior inactivation of the virus by 
either heat or specific antibody abol- 
ished completely the hemolytic activity. 

Because this clinical syndrome of 
hemolysis was associated with a bio- 
chemical defect in the hexose mono- 
phosphate shunt, the next experiment 
involved an investigation of this path- 
way. A relatively simple technique (5), 
for evaluation of this pathway in the 
intact red cell, uses as an index of 
hexose monophosphate shunt metabo- 
lism the production of C140O from 
glucose labeled in the 1-carbon position. 
Since in the mature erythrocyte the 
shunt represents the only known locus 
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