
Table 2. Nuclear magnetic resonance spectra of biotin and a-dehydrobiotin. With structure I, 
only differences are shown; the remainder of the spectrum was essentially identical with that 
of biotin. 

Chemical Pro- 
shift* tons Type of signal Assignmentt 

(3 in ppm) (No.) 

Biotin (II) 
1.45 6 Broad methylene envelope Methylenes at C-3', C-4' 

and C-5' 
2.23 2 Asymmetrical triplet Methylene at C-2' 

~ 2.75 2 Apparent singlet with doublet Methylene at C-5 
3.10 1 Broad multiplet Methine at C-2 
4.25 2 Broad multiplet Methines at C-3 and C-4 
6.37 2 Broad singlet Protons on nitrogens 

a-Dehydrobiotin (I) 
~ 1.70 2 Broad complex multiplet Methylene at C-5' 
~ 2.20 2 Broad multiplet Methylene at C-4' 

5.78 1 Doublet (J- 17 cy/sec) Vinyl proton at C-2' 
6.83 1 Sextet, doublet or triplets Vinyl proton at C-3' 

(JAB - 17 cy/sec; JAX = 7 cy/sec) 

Determined at 60 mc/sec in dimiethylsulfoxide-df, and relative to tetramethylsilane as internal 
standard. ISee structures I and II. 

sentially at pH 6.5. The antibiotic from 
the filtered broth (adjusted to pH 4.0) 
was absorbed onto carbon and eluted 
with a mixture of acetone and water. 
It was further purified by partition 
chromatography on a column of dia- 
tomaceous earth. The lower phase of 
the solvent system, composed of a 
mixture (16:4:1) of ethyl acetate, cyclo- 
hexane, and McIlvaine's buffer (pH 3.0) 
(2), served as the stationary phase while 
the upper phase of the same system 
was used as the eluting solvent. Con- 
centration in a vacuum of the active 
fractions from the column resulted in 
an aqueous solution (pH 3.0) which, 
after being cooled, yielded the crystal- 
line antibiotic. Recrystalled from 
methanol, the antibiotic had the fol- 
lowing physical properties: m.p., 238? 
to 240'C; molecular weight, 242 (mass 
spectrum); [a]D25= + 920 (0. IN NaOH); 
pKa, 4.32. Elemental analyses were in 
accord with the formula CloH14N203S. 

Structure I for the antibiotic was 
deduced from a comparison of its in- 
frared and nuclear magnetic resonance 
(NMR) spectra (3) with those of 
biotin. The infrared spectrum in- 
dicates a close structural relationship. 
However, the infrared spectrum of 
the antibiotic has sharp, strong bands 
at 1645 cm-' and 985 cm-' which are 
absent in the spectrum of biotin. These 
are attributable to a trans-conjugated 
(x11mftO-=203 mat, c= 15,000: A, wave- 
length and (, extinction) double bond. 
The outstanding differences between the 
NMR (Table 2) and the infrared 
spectra are: (i) the methylene enve- 
lope ( zzabout 1.45 ppm) was reduced 
from six protons in biotin to two 
protons in the antibiotic and (ii) the ap- 
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pearance in the spectrum of the lat- 
ter of an AB part of an ABX2 system 
comprising two trans-vinyl protons 
with a methylene group next to the 
double bond. The low-field position of 
the signals for the vinyl protons and 
the magnitude of the coupling con- 
stant (JAB - 17 cy/sec) indicates conju- 
gation of the double bond with the car- 
boxyl group and trans orientation. 

The above data lead to structure I 
for the antibiotic, and the validity 
of this structure was proved by re- 
duction (10 percent palladium on char- 
coal) of the antibiotic to the natu- 
rally occurring d-biotin. The identity 
of the reduction product with biotin 
was established by the following cri- 
teria; there was no depression of melt- 
ing point on admixture with biotin, 
the infrared spectrum and optical rota- 

tion were identical with those of bio- 
tin, and the compound did not separate 
from biotin on papergrams (4). 

It has been established (5) by x-ray 
crystallography that structure II rep- 
resents the absolute configuration of 
biotin. Consequently, the absolute con- 
figuration of a-dehydrobioltin is as 
depicted by structure I. 

The role of antimetabolites such as 
the sulfa drugs in the treatment of 
bacterial infections is well known. 
More recently, however, antimetabo- 
lites have received considerable atten- 
tion in the chemotherapy of neoplas- 
tic diseases. For example, aminopterin 
is now used in the treatment of acute 
leukemia in children and of chorio- 
carcinoma in women, and 6-mercap- 
topurine is used in the treatment of 
acute leukemia in both adults and chil- 
dren (6). 
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Reproduction in Lizards: Influence of Temperature on 

Photoperiodism in Testicular Recrudescence 

Abstract. The photoperiodic response of the testis in Anolfis carolinensis is 
very temperature-sensitive. Body temperatures must be elevated to near preferred 
levels (about 32?C) during at least part of the daily light period for long day- 
lengths to be effective in stimulating testicular recrudescence. High temperatures 
during the night, with cool days (20?C), may retard testicular growth more 
than do continuously low temperatures. 

Annual testicular cycles have been 
described for many species of reptiles, 
but the control of the timing of these 
cycles is poorly understood. Experi- 
mentally increased day-lengths stimu- 
late testicular recrudescence in several 
species of lizards (1, 2); however, in- 
terpretation of the importance of such 

photoperiodic responses is hindered by 
the paucity of information on thermal 
influences (3). Studies on other poikilo- 
therms have demonstrated that both 
the level of temperature and the nature 
of daily thermal fluctuations may modi- 
fy the influence of photoperiod on sea- 
sonal physiological cycles (4, 5). In- 
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creasing temperatures have been shown 
to accelerate photoperiodic responses 
in a few lizards (6), but available data 
deal only with the effects of constant 
temperature. The level and daily pat- 
tern of temperature to which a lizard 
is exposed tends to be established by 
the thermoregulatory behavior of the 
species. In diurnal lizards, body temper- 
atures are generally maintained within 
relatively narrow limits during the peri- 
od of daily activity-the species char- 
acteristic preferred range of tempera- 
ture-and the lizard typically cools to 
ambient temperatures at night (7). The 
relationship between ecologically mean- 
ingful temperature fluctuations and the 
photoperiodic influence on testicular re- 
crudescence in the lizard Anolis carolin- 
ensis is examined here. 

Sexually mature, adult male Anolis, 
averaging 5.1 g in weight and 62 mm 
in snout-vent length, were obtained 
from Louisiana on 30 September. 
Testes are completely involuted at this 
time and do not normally attain full 
size and spermatogenic activity again 
until the following spring (8). Several 
lizards (initial controls) were killed to 
assess the condition of the reproductive 
structures at the beginning of the ex- 
periment, and freshly captured speci- 
mens (final controls) were killed at the 
end to determine the extent of recru- 
descence under natural environmental 
conditions. The right testis was 
weighed, and the left testis, epididymis, 
and kidney were prepared for histologi- 
cal examination; the sexual segment of 
the kidney was used to judge androgen- 
ic activity (8). 

Four groups of 15 lizards were 
placed in screen-covered aquaria. Food 
(mealworms, crickets, and termites) 
and water were available at all times. 
All groups were exposed to 14 hours 
of light daily provided by 20-watt GE 
daylight fluorescent lamps. This photo- 
period corresponds to the longest day- 
length that occurs in the habitat of 
this species and is long enough to stim- 
ulate premature testicular recrudes- 
cence in Anolis at 280C (2). Each 
group was exposed to a different ther- 
mal regimen: (i) 320 + 1VC continu- 
ously, (ii) 200C continuously, or 
(iii-iv) 10 hours at 320C and 14 hours 
at 20'C daily. This last heating cycle 
was adjusted so that one group of liz- 
ards was heated to 32I C during the 
middle of the daily light period and 
cooled at night (day 32?, night 200), 

and the other group was heated only 
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during the 10 hours of darkness (day 
200, night 320). The upper tempera- 
ture used here corresponds to the mean 
preferred body temperature of A. 
carolinen'sis (7), and 20'C represents 
the lowest temperature at which the 
lizard normally becomes active in the 
field and one at which it remains alert 
and feeds readily in the laboratory. 

Testicular weights are presented in 
Fig. 1, and the spermatogenic activity 
and condition of sex accessories is de- 
scribed in Table 1. There was no sig- 
nificant change in the condition of the 
reproductive structures between 22 and 
33 days in any of the four treatments. 
The testes of animals exposed to 320C 
continuously were almost fully devel- 
oped after 3 weeks of treatment. In 10 
of the 15 animals in this group, the 
epididymis and sexual segment of the 
kidney were hypertrophied and the vas 
deferens contained abundant motile 
sperm. Sexual behavior, such as terri- 
torial displays and attempted copula- 
tions, were frequently observed among 
these lizards during the third week of 

treatment. In contrast, the testes were 
only slightly enlarged and spermato- 
genesis just beginning after 1 month 
at 201C. The reproductive condition 
of these lizards was similar to that of 
lizards under the shorter day-length in 
nature, indicating a lack of photo- 
periodic stimulation at 20'C (Table 1). 

The effectiveness of only 10 hours 
of daily heating to 321C clearly de- 
pends on its relationship with the light 
cycle. Testes were distinctly enlarged 
and spermatogenesis accelerated in liz- 
ards maintained on a natural thermal 
cycle with body temperatures elevated 
during the day. Their condition was 
only slightly less advanced than that 
of lizards maintained at 320C continu- 
ously; differences were most pro- 
nounced in the sexual segment of the 
kidney. In. contrast, the long day-length 
did not stimulate testicular recrudes- 
cence when the 10 hours of heating 
coincided with the dark period. In fact, 
after 33 days the testes of these lizards 
were significantly smaller than in those 
kept at 20'C (p = .02). 
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Fig. I. Testis size in Anolis maintained under various thermal conditions with 14 
hours of light daily, starting 4 October. Five animals in each group were killed 
after 22 days and 10 after 33 days of treatment. Horizontal lines (and curves) 
represent average testicular weights in each sample and vertical lines represent the 
95 percent confidence limits about the means. 
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Table 1. Condition of accessory sexual structures and stages of spermatogenesis of the testes in Anolis after 22 and 33 days of treatment. 
Stage I, spermatogonia only and tubules collapsed; stage VI, tubular lumina well formed and lined with many sperm. Other stages are 
intermediate, representing the progressive development of spermato cytes and spermatids. 

Tubular ~~~~~~~~Epithelial 
Temperature dTubuamtr Epididymal height of Spermatogenic stage Temperature ~~N dimtrepithelium* sex segment 

conditions of testis-' () ~~~~~~~~~~of kidney" - 
________________________________ (~~~~~~~~~~~~~~~~~~~~~) I II ~~~ III IV V VI 

Initial controls 9 102.5 ?- 17.1 17.57 ?i- 3.29 17.66 ?- 2.12 7 2 
Final controls 6 137.1 ?: 8.26 1 4.44 ?- 1.85 1 2.8 5 ?L 2.56 4 2 
Constant 200C 15 146.0, ? 25.2 1 3.9 8 ?- 2.81, 17.9 3 ?L 5.08 6 7 2 
Constant 320C 15 220.3 ?: 20.3 2 9.7 9 ?: 11.55 3 4.8 1 ?t 15.56 1 9 5 
Day 32PC, night 200C 15 187.4 ?- 19.6 2 1.2 5? 5.41 2 0.2 8 ?- 4.3t0 2, 7 5 1 
Day 200C, night 320C 15 132.9 ?t 22.6 14.0 7? 2.87 1 8.6 0? 2.62 2 7 4 2) 

Mean :? standard deviation. t Hypertr-ophy is evident when epithelium exceeds about 20, It. 

There was an average loss of about 
6 percent in the body weight of all 
groups, and there was no correlation 
between body size or change in weight 
and the testicular response within 
groups. Abdominal fat bodies were 
similar (averaging 170 mg) in the four 
groups. Thus, the differences in repro- 
ductive responses under the various en- 
vironmental conditions cannot be at- 
tributed to differences in the health of 
the lizards. 

The pronounced discrepancy between 
the testicular response to light at 200 
and 320C indicates that this aspect of 
photoperiodism is highly temperature- 
sensitive in A nolis carolinensis. This 
sensitivity is further illustrated by com- 
parison with the rate of testicular re- 
crudescence reported for this species at 
280C (2). Testicular development in 
A nolis exposed to 16 hours of light 
daily at 28?C for 60 days was less 
than in lizards exposed to 14 hours of 
light daily at 320C for only 22 days; 
there was no stimulation of the sexual 
segment of the kidney under the former 
conditions. The slight elevation of tem- 
perature from 280 to 32?C is appar- 
ently an even more effective stimulus 
than an additional few hours of light. 
However, there may be marked species 
differences in the temperature sensitiv- 
ity of the photoperiodic response, since 
long-day stimulation of recrudescence 
in the lizard Xantusia vigils was not 
abolished by temperatures of 1.90 or 
8?C (9). This interspecific difference 
may be related to the different ecologies 
of the species: Xantusia typically en- 
counters much lower environmental 
temperatures than Anolis. 

The large number of possible com- 
binations of temperature and light 
makes evaluation of the importance of 
these two factors difficult. In this re- 
spect, the preferred body temperature 
of the species may provide a particu- 
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larly valuable focal point for further 
study. In addition to representing an 
ecologically meaningful temperature, it 
appears to be closely related to the 
physiological thermal requirements of 
the species. For example, daily heat- 
ing to temperatures even I 0C above 
preferred ranges may produce sperma- 
togenic arrest and testicular collapse in 
lizards (10), and such heating is likely 
to interfere with photoperiodic re- 
sponses. The decline in the rate of 
the photoperiodic response between 
320 and 280C suggests that A no/is may 
also be very sensitive to slight cooling 
below its preferred range. Some daily 
heating to temperatures near preferred 
levels may be required for the initia- 
tion of photoperiodic responses in re- 
production, at least during the season 
when the reproductive system is rela- 
tively quiescent. However, the lack of 
a photoperiodic response in A nolis 
heated to 320C only during the night 
indicates that the length of the daily 
heating period per se is not the primary 
influence on photoperiodism. 

The timing of the daily heat and 
light period appears to be extremely 
important for the photoperiodic re- 
sponse in testicular recrudescence. The 
present data indicate that the body 
temperature during the light period is 
more important than the temperature 
during the dark period of the day. This 
is the reverse of the relationship be- 
tween temperature and light cycles in 
the control of diapause in insects (5). 
The basis for the "synergism" between 
heat and light may be related to the 
thermal sensitivities of any of the mul- 
titude of physiological processes in- 
volved in the initiation of testicular re- 
crudescence. The metabolism of testic- 
ular tissues from Anolis appears to be 
markedly depressed by cooling from 
330 to 28'C in vitro (11). I have also 
found a pronounced temperature sen- 

sitivity of the gonads and accessory 
structures to the administration of ex- 
ogenous gonadotropins and androgens 
in vivo (12). Thus, the temperature of 
the target tissues would be expected to 
influence the rate of testicular recrudes- 
cence in the presence of endogenous 
gonadotropins, and this factor may ac- 
count in part for the difference in testic- 
ular response in animals kept at 320C 
for 24 or 10 hours daily. However, 
the condition of the testes in the liz- 
ards heated only during the night indi- 
cates that gonadotropin production was 
not accelerated by the long day-length 
under these thermal conditions. These 
results suggest that at least some of 
the "higher" centers, such as those in- 
volving photoreception, neurosecretion, 
and gonadotropin synthesis and re- 
lease, must be warmed to a certain 
level during at least part of the light 
period for the animal to respond ef- 
fectively to the stimulus of long day- 
lengths. 
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