
Table 1. Effect of puromycin on MOC (milli- 
liters of 02 consumed per minute per 100 g 
of fat-free body weight). Each value rep- 
resents the mean ? standard deviation of 
five rats. 

Minimal 
Dose oxygen consumption 

of 
thyroxine Before After 

puromycin puromycin* 

0 1.50 ?0.10 1.52 ?0.10 
0.1 mg 1.73 ?0.11 1.77 ? 0.07 

* Puromycin (100 mg/kg) was administered in 
two divided doses, 15 and 60 minutes before MOC 
determination [see (2)]. 
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Table 2. Effect of puromycin on BMR (milliliters of 02 consumed per minute per 100 g of 
fat-free body weight) at different ambient temperatures. Each value represents the mean - 

standard deviation of seven to eight rats; T4, thyroxine. 

(a) Ambient temperature (b) Thermoneutrality* 
(22?C3 ^^^ 

P1-1" 
(b) Thermoneutrality* (22oC) 

Treatment Treatment 
---Rectal Rectal 

BMR temperature 
BMR temperature 

T., 0; before puromycin 4.88 + 0.76 37.8 ? 0.2 3.34 ? 0.16 37.8 ? 0.2 
T4, 0; after puromycin 2.84 ? 0.24t 33.5 ? 0.2 3.27 ? 0.19 37.9 ? 0.1 

P <.001 <.001 >.5 >.5 
T., 1 mg; before puromycin 6.44 ? 0.76 38.0 ? 0.3 5.54 ? 0.36 37.9 ? 0.05 
T4, 1 mg; after puromycin 4.76 ? 0.40t 36.0 ? 0.2 6.09 ? 0.53 38.1 ? 0.1 

P <.001 <.001 >.5 >.5 

* Defined in text. .t Q10 corrected values given in text. 
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milliliters of 02 at standard tempera- 
ture and pressure per 100 g of fat-free 
body weight (5) per minute; surface 
area corrections were not used for rea- 
sons given elsewhere (6). All rats were 
fed a low iodine diet (3, 6). The effect 
of puromycin on MOC of young adult 
rats receiving thyroxine (T4) (0.1 mg 
kg-' day-' for eight consecutive 
days) was determined. 

Contrary to our expectations, puro- 
mycin failed to decrease the MOC of 
anesthetized hyperthyroid and euthy- 
roid rats (Table 1). In order to resolve 
the contradiction between these results 
and previous findings (2), we dupli- 
cated the original procedure. Therefore, 
the BMR was measured at an ambient 
temperature of 22?C in unanesthetized 
4-week-old rats previously treated with 
1 mg of T4 per kilogram per day for 
ten consecutive days. Under these con- 
ditions, the original findings appear to 
be confirmed (Table 2, column a); 
puromycin depresses the BMR. How- 
ever, puromycin significantly lowers 
rectal temperature in all rats, but rectal 
temperature was not reported in earlier 
publications (1, 2). When rectal tem- 
peratures are maintained within the 
normal range of 37.8? to 38.1?C (3, 
6), by controlling the temperature of 
the test chamber, puromycin has no 
effect on the BMR of hyperthyroid and 
euthyroid rats (Table 2, column b). 

Depression of the BMR by puromy- 
cin was observed in our experiments 
only in those rats whose rectal tempera- 
tures were permitted to fall to sub- 
normal values. We suggest that a simi- 
lar decline in rectal temperature might 
have occurred in the original experi- 
ments (2) carried out at a subthermo- 
neutral ambient temperature (22?C). 
Valid comparisons between most reac- 
tion rates including 02 consumption 
rates at different reaction temperatures 
requires a Q0o correction for these tem- 
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perature differences. In order to make 
this correction, we used 2.3 as the Q10 
of the major exothermic reactions of 
the rat (6, 7). Rectal temperature was 
used as an approximate index of core 
temperature (5, 8). After Q0o correc- 
tion of the BMR of rats with subnormal 
rectal temperatures (Table 2, column 
a), there is no significant decrease in 
the BMR following puromycin treat- 
ment (Q0o corrected oxygen consump- 
tion of euthyroid, 4.06 + 0.38; hyper- 
thyroid, 5.61 + 0.43). 

While the earlier hypothesis concern- 
ing a possible relation between the rate 
of protein synthesis and the calorigenic 
effect of thyroid hormones ultimately 
may be correct, the finding of the pres- 
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We report the first unequivocal dem- 
onstration of genetic recombination in 
dinoflagellates with carotene-deficient 
mutants (1, 2) of Crypthecodinium 
cohnii (Seligo) Chatton in Grasse, 
1952 (3), a nonphotosynthetic marine 
species. Because dinoflagellates possess 
chromosomes which remain condensed 
throughout their cell cycle (4) and 
contain large amounts of DNA per cell 
(2, 5), speculation as to their chromo- 
some structure and nuclear organiza- 
tion has received increasing attention 
(2, 6). The occurrence of sexual re- 
production in dinoflagellates has been 
a subject of conjecture (7). Until re- 
cently only incomplete cytological evi- 
dence existed for the presence of a 
sexual cycle. 

Using N-methyl-N'-nitro-N-nitroso- 
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ent experiments, that puromycin lowers 
rectal temperature, appears to cast some 
doubt on the validity of the experimen- 
tal conditions originally used to test 
this hypothesis. 
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guanidine, we have produced (1, 2) 
mutant clones that are deficient in i8- 
and y-carotenes-the only pigments 
present in wild-type cells (1)-at fre- 
quencies (2) consistent with the vege- 
tative cell being haploid. At least two 
phenotypes of carotene-deficient mu- 
tants have been isolated (1); albino 
clones (pig-1, pig-3, pig-4, pig-5, and 
pig-13) lack measurable carotenes, and 
cream-colored clones (pig-2 and pig- 
10) contain about one-tenth the caro- 
tenes of the wild type (8). 

In media depleted of nitrogen and 
phophorus (9) we have observed that 
pairs of motile cells sometimes fuse 
while swimming. The cytological stud- 
ies of von Stosch (10), in which he 
observed in Gymnodinium pseudo- 
palustre Schiller and Woloszynskia 
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Crypthecodinium cohnii 

Abstract. Genetic recombination in dinoflagellates has been detected with the 
use of chemically induced carotene-deficient mutants of Crypthecodinium cohnii. 
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Table 1. Results of mixing carotene-deficient 
mutants of Crypthecodinium cohnii. 

Colonies Yellow 
Plates (No.) colo- 

Mixing scored nies as 
(No.) Yel- % of 

White low total 

pig-1 X self 24 0 2216 0 
pig-3 X self 25 0 1747 0 
pig-4 X self 25 0 1949 0 
pig-5 X self 24 0 984 0 
pig-13 X self 23 0 3618 0 
MassX* 24 96 1590 5.69 
pig-i X pig-3 19 0 1338 0 
pig-1 X pig-4 29 0 2616 0 
pig-i X pig-S 26 0 1150 0 
pig-i X pig-13 21 211t 1744 10.8* 
pig-3 X pig-4 25 71 1137 5.80 
pig-3 X pig-5 23 63 1384 4.36 
pig-3 X pig-13 23 0 3670 0 
pig-4 X pig-5 22 150 951 13.6 
pig-4 X pig-13 26 107 1204 8.16 
pig-5 X pig-13 23 15 1537 0.966 

* Mixture of all of the above mutants. t Only 
cream-colored recombinants were obtained. 

apiculata von Stosch isogamous cell 
fusion and meiotic division of the 

zygote, and our observations on fusing 
cells of C. cohnii are consistent with 
the presumption that recombination is 
associated with cell fusion. 

In a medium (9) containing low 
concentrations of nitrogen and phospho- 
rus we inoculated equal numbers of 
the mutant clones pairwise. As controls 
we grew each one of the mutants sep- 
arately, and we also mixed all of the 
clones in the same flask under the low 

nitrogen and phosphorus conditions. 
After incubation, cells were counted, 
diluted, and plated on a solid medium 

(11). Colored and albino colonies were 
counted. Table 1 shows the results of 

mixing our pigment-deficient mutant 
clones along with the two types of con- 
trols. No yellow colonies were observed 
in any of the five albino clones grown 
separately. It is very improbable that 
the high number of yellow and cream- 
colored colonies (713 pigmented col- 
onies out of a total number of 18,321 
colonies) can be due to reversion in 
view of the total absence of yellow 
colonies in the 10,514 colonies which 
we counted to look for revertants. 
Therefore we feel justified in using 
genetic recombination to explain our 
results. The numbers of yellow colonies 
observed in the mixings of two differ- 
ent mutants or in the mixing of all 
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results. The numbers of yellow colonies 
observed in the mixings of two differ- 
ent mutants or in the mixing of all 
mutants cannot be explained by rever- 
sion or suppression. A mass mixing of 
all five mutant clones or the pairwise 
mixing of pig-3 X pig-4, pig-3 X pig 5, 
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pig-4 X pig-5, pig-4 X pig-13, and pig-5 
X pig-13, all produced recombinant 

yellow-colored colonies with a fre- 
quency of 0.966 to 13.6 percent of the 
viable colonies. The experimental pro- 
cedure allows all of the mixed cells to 
form colonies; thus the numbers pre- 
sented express a minimum figure for 
genetic recombination frequencies. The 
relatively high frequency of recombi- 
nant progeny found in some of the 
mixtures would suggest recombination 
by independent assortment if these are 
nuclear mutations. Recombinant phe- 
notypes are obtained with pig-3 X pig-4, 
pig-3 X pig-5, and pig-4 X pig-5; this 
indicates that mating types (+ or - 

types) do not exist in C. cohnii. Of the 
four pairwise mixings with pig-1, three 
of the mixings gave no wild-type re- 
combinant colonies and the mixing of 
pig-1 X pig-13 gave 10.8 percent cream- 
colored colonies. Pig-3 X pig-13 did not 
yield recomibnant colonies. At this 
time we have no explanation for these 
last results. 

R. C. TUTTLE 
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Harvard University, 
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ment appears to constitute a pathoge- 
netic model for the unreported human 
entity which we now describe (2). 
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