
Table 1. Concentration (parts of fatty acid 
per million parts of sediment) of the 
branched-chain and straight-chain saturated 
fatty acids in sediments. 

Fatty BB GM BH GRS 
acid (9) (7) (8)? 

iC,4 0.97 0.4 32 0.6 
C1l 2.6 2.9 130 3.4 

(i + a)C5s 3.1 0.6 61 0.5 
CQ5 1.3 1.9 76 2.0 

iC1i 1.3 0.4 38 0.5 
Ci, 11 15 560 12.2 

(i + a)C17 I 0.1 13 n.d.t 
C1 1 1.0 39 1.6 

iC5s 0.84 n.d. n.d. 2.5? 
CQ 3.0 3.5 140 8.4 

* Numbers in parentheses indicate numbers of 
samples averaged. See text for sample locations. 
i Calculated on a carbonate-free basis. $ Not 
detected. ? Identification tentative. 

iso and anteiso acids are about equally 
abundant. Usually the even-carbon 
acids have only the iso acid. The iso 
C12 acid and several monounsaturated 
acids are present although not listed in 
Table 1. The relatively high ratio of 
branched-chain acids to straight-chain 
saturated acid for the various carbon 
numbers (especially the even ones) 
raises a problem concerning possible 
origins. 

Sediments receive a small fraction of 
every Itype of fatty acid produced by 
its community. The fatty acid pattern 
of a sediment will depend (i) on the 
nature of the acids supplied by the com- 
munity, and (ii) on the relative sur- 
vivability, both biological and chemi- 
cal, of the different acids. Branched- 
chain acids are chemically as stable as 
the normal acids and are certainly no 
more subject to biological degradation 
than straight-chain acids. Therefore the 
most important factor is the nature of 
the acids being produced by the orga- 
nisms which make up the marine com- 
munity. 

The ratios of the major straight- 
chain saturated acids to the correspond- 
ing branched-chain isomer is lower in 
sediments than the same ratio is in 
higher organisms which we have 
analyzed. This comparison holds for a 
variety of higher marine organisms re- 
ported by Ackman and Sipos (7). For 
their organisms the ratios of straight- 
chain to branched-chain (iso) for C10 
and C14 are between 100 and 500. 
The same ratios for sediments are be- 
tween 1 and 20. This suggests that 
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sediments. One should make the same 
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plankton but scarcity of data does not 
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seem to justify doing so. Williams (8) 
studied the fatty acids of six phyto- 
plankton and reported no branched- 
chain acids. Only minute traces of 
branched-chain acids were found in ten 
species of blue-green algae studied in 
this laboratory. While we do not know 
the contribution made by plankton to 
the branched-chain acids in sediments, 
we would like to suggest a possible 
source. Bacterial lipids are noted for 
being rich in branched-chain acids (9). 
Kaneda has shown that the major fatty 
acids of Bacillus subtilis are the iso and 
anteiso acids (10). Two of the five 
ciliated protozoa studied by Erwin and 
Bloch (11) contained significant 
amounts of iso acids (23 and 12 percent 
of the total acids); both bacteria and 
protozoa live in the upper sediment, de- 
riving food from organic detritus and 
perhaps producing enough branched- 
chain acids to account for the enrich- 
ment observed. 

The branched-chain fatty acids prom- 
ise to be an interesting group of com- 
pounds for organic geochemists. They 
are present in at least one ancient sedi- 
ment, the Green River shale (Table 1). 
It remains to be seen whether they will 
be found in the variety of ancient sedi- 
ments which contain straight-chain acids 
(1). The Ponca City crude oil contained 
1.8 percent of n-decane, 0.3 percent of 
2-methylnonane, 0.1 percent of 3- 
methylnonane, 0.1 percent of 4-methyl- 
nonane, and no 5-methylnonane (12). 
The relationship of the iso paraffin be- 
ing the second most abundant isomer 
holds for the nonanes and octanes; un- 
fortunately data is not available for the 
higher paraffins. This correspondence 
between the methyl branched-chain fat- 
ty acids and paraffins suggests either a 
genetic relationship or simply that or- 
ganisms make paraffin skeletons much 
as they make fatty acid skeletons. 
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Prolonged Immunosuppression and 
Tumor Induction by a Chemical 
Carcinogen Injected at Birth 

Abstract. The injection of 60 micro- 
grams of 9,10-dimethyl-l,2-benzanthra- 
cene into newborn mice gave rise to 
a very high incidence of malignant thy- 
momas. The tumor incidence was di- 
rectly related to the dose of the car- 
cinogen. The neonatal injection of the 
carcinogen also resulted in a depression 
in the immune response when the ani- 
mals were challenged with an antigen 
as early as 4 weeks or as late as 11 
weeks after administration of the car- 
cinogen. 

Neonatal injection of chemical car- 
cinogens into mice induces a variety of 
tumors (1, 2). The strain of mouse used 
in our experiments (3) was extremely 
sensitive to the induction of malignant 
lymphomas when the animals were in- 
jected with 9,10-dimethyl- ,2-benzan- 
thracene (DMBA) at birth. The num- 
ber of lymphomas induced was related 
to the dose of carcinogen. In addition, 
the neonatal injection of DMBA re- 
sulted in a prolonged depression of the 
immunological response. 

A colloidal suspension of DMBA 
prepared according to the method of 
Pietra et al. (1) was injected subcu- 
taneously in the intrascapular region of 
mice that were less than 24 hours old. 
Care was taken to prevent leakage of 
the carcinogen at the injection site. One- 
half of the mice of each litter were 
injected with carcinogen and the other 
half received an equal volume of 1-per- 
cent aqueous gelatin. Both treated and 
control mice were kept together with 
their mothers for 1 month, at which 
time they were weaned, separated ac- 
cording to sex, and thenceforth ob- 
served for the appearance of tumors. 
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Our results show that the number of 
lymphomas induced is related to the 
dose of carcinogen. Of 120 mice in- 
jected with 60 tg DMBA, 90 percent 
developed lymphomas, whereas the tu- 
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Table 1. The effect of variation in the length 
of time between carcinogen and antigen treat- 
ment. The numbers in the parentheses repre- 
sent the number of animals tested. Results are 
log2 of average hemolysin titer. 

Time after Interval between carcinogen 
immuni- and antigen (weeks) 

zation 
(days) Group 4 7-9 11 

4 Treated 6.0(7) 6.6(8) 4.8(5) 
4 Control 8.0(6) 9.8(10) 8.3(6) 

P<.001 P<.001 P<.001 

10 Treated 6.3(3) 4.6(8) 4.8(8) 
10 Control 7.0(3) 7.0(10) 6.8(8) 

P<.001 P=.02 
19 Treated 3.5(8) 
19 Control 6.9(10) 

P<.001 

30 Treated 4.3(9) 4.4(7) 
30 Control 7.0(7) 7.7(8) 

P<.001 P=.002 

60 Treated 4.1(8) 4.3(3) 
60 Control 6.6(7) 6.5(4) 

P<.01 
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mor incidence was only 53 percent for 
76 mice injected with 30 [g and 19 

percent for 47 mice receiving 10 /tg. 
The incidence for mice receiving gela- 
tin only was 4 percent. The first lym- 
phomas began to appear approximately 
10 weeks after treatment, and by 25 
weeks virtually all mice that were going 
to develop a thymoma had done so. 
The three lymphomas that arose in 73 

gelatin-injected control animals did not 

appear until 43 weeks, or more, after 

injection. 
The whole-body weights of treated 

and control newborn animals were fol- 
lowed for 7 days. No differences were 
detected, a contrast to the results of 

Rappaport et al. (4) who observed a 
decrease in the whole body weight 4 

days after the injection of 100 1tg of 
DMBA. 

To determine what tissues were be- 

ing affected by the carcinogen treat- 

ment, the ability of the lymphatic sys- 
tem to respond to an antigenic stimu- 
lus was investigated. Mice, less than 
24 hours old, received 60 /tg of 
DMBA or, in the controls, 1 percent 
gelatin, and beginning at 4 weeks of 
age they were challenged with an anti- 

gen at various intervals. The prepara- 
tion of the antigen and hemolysin as- 

says have been reported (5). All titers 
are expressed as the logarithm to the 
base 2 (log 2) of the dilution (Table 1). 
Thus, a small dose of DMBA given 
within the first 24 hours after birth 

produced a significant and long-lasting 
reduction of the ability of the treated 
animals to respond to an antigenic 
stimulus when challenged as early as 
4 weeks or as late as 11 weeks after 
carcinogen treatment. 

A further attempt was made to ob- 
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tain information on the site of action 
of DMBA with respect to its effect 
on the immunological response. It had 
been shown (6) that mice splenecto- 
mized as adults and challenged with a 
low dose of antigen administered intra- 
venously do not give a detectable anti- 
body response. Intraperitoneal injection 
of the antigen to splenectomized ani- 
mals resulted in a response arising only 
from the extrasplenic lymphatic tissue. 
If splenectomy does not alter the re- 
sponse of the extrasplenic tissues, then 
it is possible to obtain information on 
the portion of the antibody response 
contributed by the extrasplenic tissue 
and, by difference, an estimate of the 
contribution of the spleen to the re- 
sponse. The results of this experiment 
indicate that 89 percent of the total 
response was contributed by the spleen 
as compared to 11 percent by the ex- 
trasplenic tissues. However, a compari- 
son of the effect of 60 ,tg of DMBA 
on the responding tissues showed that 
both are affected proportionately to 
the same extent. 

Malmgren et al. (7) showed that very 
large doses of chemical carcinogens in- 

jected into adult mice were able to de- 
press the immunological response when 
the animals were challenged with an an- 

tigen administered during carcinogen 
treatment. The noncarcinogenic chemi- 
cals tested had no effect on the im- 
munological response. Stjernsward (8) 
has shown that 3-methylcholanthrene 
given in a large, single dose to adult 
animals 6 days before antigenic stimu- 
lation, not only depressed the hemoly- 
sin response but also resulted in a de- 
crease in the number of antibody-form- 
ing spleen cells. Prehn and Main (9) 
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In recent years it has been suggested 
that certain important biological pro- 
cesses involve a sequence of enzyme- 
proenzyme reactions which exhibit a 
net chemical gain. Thus, MacFar- 
lane (1) has proposed that blood 

clotting constitutes such an enzyme 
sequence. In this instance surface acti- 
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have suggested that the impairment of 
the immunological response of the host 
is related to the ability of 3-methyl- 
cholanthrene to act as a carcinogen. 

Thus, neonatal injection of the po- 
tent carcinogen DMBA depresses the 
capacity of the animals to produce 
hemolysins to sheep's erythrocytes, and 
it does not matter when the erythro- 
cytes are given: the immunological ca- 
pacity of the animal is chronically im- 
paired throughout the duration of the 
latent period for the development of 
the thymomas. Possibly such chronic 
impairment plays an important role in 
carcinogenesis (10). 
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Enzyme Amplifier Kinetics 

Abstract. Enzyme amplifier systems have been implicated in such diverse 

physiological phenomena as vision and blood coagulation. Such systems are 
considered from a general point of view and the concept of steady state gain of 
the enzyme amplifier is introduced. Expressions for the latter are obtained, and 
several of the main factors influencing gain are discussed. The effect of the 
duration of the activation on the characteristics of the response is discussed, 
and the influence of small changes in the rate constants on the steady state gain 
is considered. 
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