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clamates, which, in combination with saccharin, 
were contained in nearly all artificial sweeteners 
between 1960 and 1969. Saccharin has been the 
only AS permitted by federal law since the ban- 
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ning of cyclamates as a carcinogen in 1969. The 
number of subjects specifically recalling cy- 
clamate use, as distinct from saccharin, was too 
small for analysis. However, since cyclamates 
would have been used by nearly all who used AS 
for 10 years or more, and since no increased 
bladder cancer risk was observed among this 
group, it is highly unlikely that cyclamate con- 
sumption contributed to excess cancer risk in 
our study population. 

14. 0. S. Miettinen, Biometrics 60, 75 (1970). 
15. Exclusion of patients with diabetes from the 

analysis resulted in negligible lowering of RR's. 
Exclusion of patients with cardiovascular dis- 
eases also resulted in trivial changes; patients 
with cardiovascular disease in our study did not, 
as has often been suggested, consume larger 
amounts of AS or DB than other groups of 
controls. 

These findings are essentially in agreement 
with results obtained during an earlier phase of 
the study, in which a less elaborate question- 
naire was used. In that version, three questions 
(history of regular AS use [yes or no], quantity, 
duration) were added in 1974 to a bladder cancer 
study already in progress, in response to wide- 
spread public interest in possible health effects 
of saccharin. That study, published in 1977 (6), 
found no association between AS and bladder 
cancer based on the rather limited numbers then 
available: 132 male and 31 female cases and 
equal numbers of matched controls. As data col- 
lection proceeded, an interim, preliminary anal- 
ysis was submitted in a progress report to the 
National Cancer Institute in October 1977, 
based on 260 male and 86 female patients with 
bladder cancer. It gave crude RR estimates of 
1.87 for males and 0.9 for females. Reservations 
were expressed at the time that a causal hypoth- 
esis might not be supported by the data for sev- 
eral reasons: (i) Substantial socioeconomic dif- 
ferences existed between cases and controls, 
with 29 percent of all male controls coming from 
Veterans Administration and county hospitals 
(notably Los Angeles County) compared with 
only 8 percent of male cases; opposite patterns 
of socioeconomic confounding appeared to ex- 
plain much of the opposite female RR estimates. 
(ii) For a given substance to produce opposite 
risks for men and women would be highly un- 
usual. (iii) RR estimates varied substantially 
from one city to another. 

When data collection terminated in 1977, 
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The world's most productive fish are 
the tilapias (family Cichlidae), which 
feed as detritivores and herbivores at the 
base of the aquatic food chain in tropical 
and subtropical freshwaters (1). The de- 
tritivorous species Sarotherodon mos- 
sambicus (= Tilapia mossambica) is of 
special interest. Hoping to benefit from 
its high productivity, man has extended 
the distribution of this species from a 
small endemic zone in southern Africa to 
many parts of the tropics and subtropics. 
The results have been mixed: some in- 
troductions established populations of 
rapidly growing individuals that reach a 
large size (> 2 kg); others resulted in 
populations of slowly growing, stunted 
individuals of no commercial value. 

In an effort to explain this, the feeding 
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bladder cancer cases numbered 402 males and 
122 females, with 7200 male and 3777 female 
controls. Final crude RR estimates (and 95 per- 
cent confidence intervals) were 1.85 (1.45-2.36) 
for males and 0.99 (0.61-1.59) for females. When 
adjusted for age, hospital, hospital-room status, 
and year of interview, these RR's fell to 1.43 
(1.10-1.86) and 0.89 (0.48-1.64), respectively. A 
matched-pair analysis, with matching based on 
the above variables plus education, further re- 
duced the RR estimates to the statistically not 
significant values of 1.13 (0.60-2.09) and 0.80 
(0.20-2.98). An equivalent result was obtained 
by matching on occupation instead of education. 
There were no noteworthy or statistically signif- 
icant differences between cases and controls 
with respect either to quantity or duration of AS 
use. 

16. N. Mantel and W. Haenszel, J. Natl. Cancer 
Inst. 22, 719 (1959). 

17. All cigarette smokers interviewed had smoked 
for at least 10 years. 

18. S. D. Walter, Am. J. Epidemiol. 105, 387 (1977). 
The tables in this reference refer strictly to un- 
matched studies; for matched pairs of cases and 
controls, the least significant risks are slightly 
smaller. 

19. I. I. Kessler, J. Natl. Cancer Inst. 44, 673 
(1970); B. Armstrong and R. Doll, Br. J. Prev. 
Soc. Med. 28, 233 (1974). 

20. An additional observation of a strong associa- 
tion between obesity and kidney cancer in both 
men and women leads to the prediction that 
these patients use substantial amounts of AS. 
Use of AS was in fact higher in the current series 
of 65 male kidney cancer patients, but not 
among the 88 male kidney cancer patients inter- 
viewed in 1974-1977. This epidemiological lead 
merits further investigation. 
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New York. The late Jerome Cornfield pro- 
vided valuable counsel throughout this in- 
vestigation. We thank E. Cuyler Hammond for 
critically reviewing the manuscript. 
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ecology of S. mossambicus has been 
studied in detail (2). Two recent findings 
are of special significance for detritivo- 
rous fish in general. First, the diet of rap- 
idly growing S. mossambicus in Lake 
Valencia, Venezuela, contains very little 
protein (3). Growth rate in animals is di- 
rectly proportional to the amount of pro- 
tein in the diet; judging from the nutrition- 
al requirements of other animals, protein 
levels in the diet of S. mossambicus 
should be adequate for maintenance only 
(4). How do these fish grow so well on a 
low-protein diet? Second, although the 
exceptionally long gut of detritivorous 
fish is assumed to be necessary for com- 
plete digestion, in S. mossambicus com- 
plete digestion and assimilation appear to 
occur in the first half of the intestine (4). 
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Detrital Nonprotein Amino Acids Are the Key to Rapid 
Growth of Tilapia in Lake Valencia, Venezuela 

Abstract. The detritivorous cichlid Sarotherodon mossambicus grows rapidly on a 
low-protein diet by assimilating detrital nonprotein amino acids. Differences in the 
quantity of detrital amino acids in different lakes may account for the variable suc- 
cess of S. mossambicus introductions around the world. 
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Table 1. Amino acid composition of two detrital aggregate samples and of pooled stomach and posterior intestinal contents of S. mossambicus 
(N = 18) from Lake Valencia. Asp, aspartic acid; Thr, threonine; Ser, serine; Glu, glutamic acid; Pro, proline; Gly, glycine; Ala, alanine; Val, 
valine; Met, methionine; Ile, isoleucine; Leu, leucine; Tyr, tyrosine; Phe, phenylalanine; His, histidine; Lys, lysine; and Arg, arginine. 

Milligrams per 100 milligrams of total amino acids 
Sample 

Asp Thr Ser Glu Pro Gly Ala Val Met Ile Leu Tyr Phe His Lys Arg 

Detrital aggregate 14.4 5.8 6.1 15.4 5.3 7.6 9.3 4.2 1.7 3.1 7.4 3.6 2.9 1.4 5.5 6.3 
[grid 1, sample 5 (3)] 

Detrital aggregate 14.5 5.8 6.3 16.3 5.9 7.5 8.5 4.2 1.3 3.2 6.9 2.6 2.4 2.0 5.2 7.4 
[grid 2, sample 5 (3)] 

Stomach contents 11.7 6.0 5.5 14.5 4.1 6.6 7.9 5.9 1.6 4.7 8.6 3.3 2.4 2.4 6.5 8.4 
Posterior 12.3 6.7 5.9 14.7 5.5 7.2 7.5 5.7 0 4.5 7.9 3.9 3.5 2.4 6.1 6.2 

intestinal contents 

What is the function of the second half? 
Both questions are answered when the 
nutritional significance of nonprotein 
detrital amino acids is examined. In addi- 
tion, the variable abundance of these 
amino acids in different lakes may ex- 
plain the variable growth of S. mossam- 
bicus populations. 

The results I report here primarily 
concern the rapidly growing, introduced 
population in Lake Valencia. Some com- 
parison is made to the unusually slowly 
growing endemic population in Lake 
Sibaya, South Africa. In both lakes, S. 
mossambicus feeds on detrital aggre- 
gate-a mixture of algae, bacteria, and 
other detritus on the lake bottom and on 
the surfaces of aquatic plants (4, 5). Mi- 
croorganisms comprise < 10 percent of 
the organic weight of this material; pro- 
tein values are < 10 percent of the or- 
ganic weight and account for less than 
one third of the organic nitrogen present. 
The form of the remaining nitrogenous 
organic matter is not known. Investiga- 
tors studying similar material from other 
systems suggest that these compounds 
include polypeptides and nonprotein 
amino acids (6) and other nonprotein 
compounds such as amino sugars, phe- 
nol proteins, and nitrogen-containing 
humic acids (7). These compounds may 
be bound to organic or inorganic materi- 
al. To establish the role of nonprotein 
amino acids in the nutrition of S. mos- 
sambicus, I have determined the amino 
acid composition of detrital aggregate, 
the quantity of nonprotein amino acids, 
and the extent to which these are assimi- 
lated by the detritivore. 

Samples of food, gut contents, and 
feces used in previous assimilation stud- 
ies (4, 5) and of detrital aggregate col- 
lected directly from the lakes (3, 5) were 
analyzed for total amino acid content. 
Amino acids were freed by acid hydroly- 
sis under nitrogen (24 hours) and quan- 
tified by a fluorimetric technique cali- 
brated with glycine (8). In this proce- 
dure, amino acids differ in the level of 
14 MARCH 1980 

Table 2. Quantities of protein and nonprotein amino acids assimilated by S. mossambicus in 
Lake Valencia. 

Milligrams per gram of Assimi- 
Amino lation 
acid Amnino Amino Amino acids effi- 

source acids in acids in . Ash assimilated ciency 
food ash feces ash mioo from food (%) 

Protein 197 54 300 42 72.2 
Nonprotein 674 246 300 128 63.5 

fluorescence they produce, 
fluorescence values were w< 
using the average amino aci( 
tion of four samples as deterr 
an automated amino acid ai 
and molar fluorescence equi 
specific amino acids (8). Pr 
quantified as described by K 
Hynes (10), and amounts of 
amino acid were calculated 
tracting protein amino acids 
amino acids. Assimilation 
(amount assimilated as a per 
amount ingested) was measu 
modification of Conover's un 
ash ratio technique (3, 4). 

The amino acid composition 
aggregate in Lake Valencia me 
tritional requirements of fish 
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Fig. 1. Digestion and assimilatio 
and total amino acids from detrit 
by S. mossambicus in Lake Val 
ples are the contents of the stor 
the four quarters of the intestine 
18 fish. 

so glycine (11). The composition varied little among 
eighted by the four samples and was similar to that 
d composi- reported for a variety of algae (12). Non- 
mined with protein amino acids averaged 14.6 per- 
nalyzer (9) cent of organic weight (range, 6.9 to 23.6 
valents for percent; N = 30)-approximately six 
rotein was times the amount of protein present 
auskik and (range, 0.5 to 5.1 percent; mean, 2.57 
nonprotein percent; N = 45). Assimilation effi- 
d by sub- ciencies were 72.2 percent for protein 
from total and 63.5 percent for nonprotein amino 
efficiency acids (Table 2). Although assimilation of 

rcentage of protein is more efficient, nonprotein 
red with a amino acids contribute 76 percent of all 
assimilated amino acids assimilated by S. mossam- 

bicus. Thus I calculate that S. mossam- 
n of detrital bicus in Lake Valencia assimilates 25.6 
eets the nu- mg of amino acid for each kilojoule as- 
i (Table 1) similated (13)-a level very similar to 

that required for maximum growth rates 
of trout and catfish under aquaculture 
conditions (10). Clearly, nonprotein de- 
trital amino acids are the key to the 
rapid growth of S. mossambicus in Lake 
Valencia. 

This fish uses its extremely long 
intestine to assimilate the nonprotein 

"~--~-- amino acids (Fig. 1). Although protein 
digestion is completed in the first quarter 
of the intestine, nonprotein amino acids 

------- (totaling nearly three times the amount 
3/4 4/4 of digested protein) are gradually assimi- 
ent lated as the food passes along the full 
in of protein length of the intestine. 
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(range, 3.5 to 6.0 percent; N = 12), 88 
percent of which is protein. Combined 
with low protein levels (5), the paucity of 
nonprotein amino acids in Lake Sibaya 
detrital aggregate accounts for the stunt- 
ing of the S. mossambicus living there. 

These results resolve a long-standing 
problem concerning the trophic structure 
of aquatic ecosystems. It has never been 
clear whether animals that feed on detri- 
tal aggregate are microphages that obtain 
their nutrition exclusively from micro- 
organisms, or are true detritivores (14). 
Since living microorganisms contain neg- 
ligible amounts of free amino acids, non- 
protein amino acids that support the rap- 
id growth of S. mossambicus must be 
present in detritus. This establishes de- 
tritivory as a valid trophic category, 
comparable to carnivory and herbivory. 

Finally, these findings raise several in- 
teresting questions. What factors influ- 
ence the abundance of nonprotein detri- 
tal amino acids in aquatic systems? Are 
other detritivorous fish similarly depen- 
dent on nonprotein amino acids? Do 
these compounds play a role in the nutri- 
tion of invertebrate detritivores? An- 
swers to these questions will help in the 
culture of S. mossambicus and will con- 
tribute to our understanding of aquatic 
ecosystems. 

STEPHEN H. BOWEN 
Department of Biological Sciences, 
Michigan Technological University, 
Houghton 49931 
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tible to antibabesial drugs. 

Babesiosis is one of the most impor- 
tant tick-borne diseases of domestic ani- 
mals: at least 1.3 x 109 domestic animals 
are at risk worldwide (1). Human babe- 
siosis caused by parasites from bovine, 
rodent, and equine hosts is detected with 
increasing frequency, indicating the zoo- 
notic potential of these organisms (2). 
Exotic babesias (3) occasionally infect 
animals in the United States. The cattle 
babesia, Babesia bovis, is an obligate in- 
traerythrocytic parasite that occurs in 
the tropics and subtropics, and its patho- 
genicity in cattle closely resembles that 
of Plasmodium ftalciparum in humans. 
The finding that P. falciparum, the 
causative agent of malignant tertian ma- 
laria, could be successfully cultured in 
vitro (4) suggested that the bovine para- 
site could be cultivated under similar 
conditions. However, attempts to use 
the Trager-Jensen method for cultivation 
of B. bovis were unsuccessful (5). Short- 

Table 1. Statistical data for the micro- 
aerophilous stationary phase (MASP) culture 
of Babesia bovis. 

Days in culture 82.6 
Number of subcultures 33 
Parasitemia of 2-day- 19.9 + 7.3 

old subculture* 
Parasitemia of 3-day- 26.1 + 7.1 

old subculturet 
Maximum parasitemia 38.1 ? 3.0 
Cumulative dilution 2.49 x 1026 
Cumulative increase 1.74 x 1027 

1 log increaset 73.2 hours 

*Mean age, 44.5 hours. tMean age, 68.6 
hours. tFor routine cultivation, this rate was ob- 
served; however, when cultures were subjected to a 
cumulative dilution of 3.15 x 107-fold over 31 days, 
an average of 42.3 hours was required for a 10-fold 
increase. 
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term cultivation of B. bovis was recently 
accomplished in constantly agitated cul- 
tures (5), and, by lowering the pH to 7, 
this spinner flask method is reported to 
support continuous growth (6). Relative- 
ly low parasite yields (7) and the large 
culture volumes required by this tech- 
nology limit its application. 

Continuous cultivation of B. bovis in a 
settled layer of bovine erythrocytes has 
now been achieved, with the para- 
sitemias occasionally exceeding 40 per- 
cent. To initiate the cultures we obtain 
defibrinated peripheral blood from intact 
or splenectomized B. bovis-infected cat- 
tle when the parasitemias reach 0.1 to 2 
percent (8). The use of standard anti- 
coagulants in blood collection, for ex- 
ample, heparin, ethylenediaminetetra- 
acetic acid (EDTA), or acid-citrate-dex- 
trose, is detrimental to the parasites. 
Infected erythrocytes are suspended to a 
final packed cell volume of 9.1 percent in 
a medium consisting of 60 percent Medi- 
um 199 (9) and 40 percent normal bovine 
serum (NBS) (10), supplemented with 15 
mM of 4-(2-hydroxyethyl)-l-piperazine- 
ethanesulfonic acid (Hepes), 100 tg of 
streptomycin, and 100 units of penicillin 
G per milliliter (11). The culture suspen- 
sions are titrated to pH 7 with IN HCI 
(12); portions of the suspensions are then 
placed in containers in a ratio of 0.62 ml 
of suspension to 1 cm2 of culture area. 
The cultures are incubated at 37? to 38?C 
under an atmosphere of 5 percent CO2 
and 95 percent humidified air. Every 24 
hours the overlying medium is removed 
and replaced with fresh Babesia tissue 
culture medium No. 4. This medium con- 
sists of 40 percent NBS and 60 percent 
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Babesia bovis: Continuous Cultivation in a 

Microaerophilous Stationary Phase Culture 

Abstract. The protozoan parasite Babesia bovis, a causative agent of bovine babe- 
siosis, has been continuously cultivated in a settled layer of bovine erythrocytes. 
Lowered oxygen tension within the layer of host erythrocytes results in a darkening 
of infected cultures and provides a rapid means of evaluating parasite growth. Depri- 
vation of carbon dioxide causes the merozoites to accumulate in the medium rather 
than invading new erythrocytes. When separated from the culture, these extra- 
erythrocytic parasites retain their infectivity. Parasites produced in vitro are mor- 
phologically identical to parasites from the blood of infected cattle and are suscep- 
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