
there are no large equilibrium reservoirs 
of beryllium to "dampen" out effects 
due to rapid fluctuations in the produc- 
tion rate. 

As has been emphasized by Somaya- 
julu (11), the search for effects of the 
type described above necessitates an in- 
dependent method of determining the ac- 
cumulation rates for the reservoirs in 
which the 1?Be is measured. It also re- 
quires the analysis of a fairly large num- 
ber of samples and, depending on the 
magnitude of the variations being 
sought, probably requires an accuracy of 
the order of 20 percent. This requirement 
suggests the desirability of certain modi- 
fications in our technique. Probably the 
most important of these would be some 
method of rapidly changing samples, 
without changing any parameters of the 
accelerator. Not only would such a mod- 
ification permit a much shorter measure- 
ment time per sample, but it also might 
permit one to bypass the acceleration of 
the 'Be completely and simply compare 
1?Be intensities between the sample and 
a known standard. On the basis of our 
replicate determinations of the same 
sample, we expect that such a procedure 
would improve the accuracy of the mea- 
surements considerably. Fortunately, 
the Grenoble cyclotron is equipped with 
an external ion source, and it may be 
possible to use this ion source to solve 
this problem. 
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The results derived based on the use of the 9Be 
current obtained by Rutherford scattering were 
within 15 percent of the normalized values given 
in Fig. 2, whereas those obtained based on the 
use of the 9Be from Faraday cup measurements 
were lower by almost a factor of 5. Although we 
originally attributed this difference to an incor- 
rectly calibrated Faraday cup, more recent ex- 
periments suggest that the low ratio may result 
from our procedure of using 20Ne4+ to tune the 
beam line. Apparently even the small (-10-3) 
mass difference between 20Ne4+ and 10Be2+ is 
sufficient to affect the beam line transmission. 
This difficulty could be avoided if 'OB2+ instead 
of 20Ne4+ were used to tune the beam line. The 
discrepancy between the 9Be from the Ruther- 
ford scattering and from the Faraday cup would, 
of course, still remain unexplained. What is im- 
portant to us is that the ratio of these two mea- 
surements remained constant throughout the ex- 
periment, thus giving us confidence that our rel- 
ative isotope ratios are reliable. 

10. S. Tanaka, T. Inoue, and M. Imamura [Earth 
Planet. Sci. Lett. 37, 55 (1977)] have recently 
extended the 1?Be counting technique to essen- 
tially its natural limit. These workers have been 
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through a color-opponent pathway. 

The human visual system has limited 
dynamic response and will saturate when 
sufficiently stimulated. The rod mono- 
chromat who possesses only rod photo- 
receptors, for example, cannot see pat- 
terns on a field more intense than about 
1000 scotopic trolands (1) because the 
rod pathways saturate and therefore can- 
not signal intensity variations. Aguilar 
and Stiles (2) demonstrated saturation of 
the "rod mechanism" in normal observ- 
ers with a steady red adapting field and 
green test flashes presented on the pe- 
ripheral retina. The intensity of the test 
flash was measured as a function of field 
intensity. The resultant increment 
threshold curve became very steep at 
field intensities of - 2000 to 5000 scotop- 
ic trolands, demonstrating saturation. 
Electrophysiological studies on rat (3) 
and Necturus (4) show saturation of the 
photocurrent of rod receptors. It is thus 
plausible that saturation of human rod 
pathways occurs at a very early stage of 
the visual system-in the rods them- 
selves. 

Saturation of human cone pathways 
has also been shown by increment 
threshold curves obtained with a flashed 
test spot on a flashed field (5). At suf- 

through a color-opponent pathway. 

The human visual system has limited 
dynamic response and will saturate when 
sufficiently stimulated. The rod mono- 
chromat who possesses only rod photo- 
receptors, for example, cannot see pat- 
terns on a field more intense than about 
1000 scotopic trolands (1) because the 
rod pathways saturate and therefore can- 
not signal intensity variations. Aguilar 
and Stiles (2) demonstrated saturation of 
the "rod mechanism" in normal observ- 
ers with a steady red adapting field and 
green test flashes presented on the pe- 
ripheral retina. The intensity of the test 
flash was measured as a function of field 
intensity. The resultant increment 
threshold curve became very steep at 
field intensities of - 2000 to 5000 scotop- 
ic trolands, demonstrating saturation. 
Electrophysiological studies on rat (3) 
and Necturus (4) show saturation of the 
photocurrent of rod receptors. It is thus 
plausible that saturation of human rod 
pathways occurs at a very early stage of 
the visual system-in the rods them- 
selves. 

Saturation of human cone pathways 
has also been shown by increment 
threshold curves obtained with a flashed 
test spot on a flashed field (5). At suf- 

0036-8075/78/1013-0217$00.50/0 Copyrig 0036-8075/78/1013-0217$00.50/0 Copyrig 

able to construct a beta counter having a back- 
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values for chemical yield (50 percent) and coun- 
ter efficiency (40 percent), this corresponds to 
the count rate of a sample containing - 3 x 1010 
atoms of '?Be. For an activity equal to this back- 
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ficient intensity of the flashed field, the 
test flash becomes invisible even when 
much more intense than the field. This 
saturation is typically not observed when 
the field is presented continuously; the 
threshold simply rises to a high level in 
proportion to the adapting field intensity 
(6). Mollon and Polden (7), however, 
have shown that the blue-sensitive cone 
pathways do saturate with steady violet 
adapting fields. 

Our results show that the saturation of 
the blue-sensitive cone pathways does 
not, in general, occur within indepen- 
dently acting blue-sensitive cones. Re- 
sponse saturation is studied with flashed 
fields. According to the principle of uni- 
variance (8), the response of indepen- 
dent photoreceptors would be controlled 
by the rate of quantum absorption and 
not by the wavelength of light. Thus if 
the response saturation were to occur di- 
rectly in such independent photorecep- 
tors, flashes of any color would simply 
drive the mechanisms into further satu- 
ration. Our results are in the opposite di- 
rection: positive yellow field flashes may 
un46 the saturation produced with violet 
field flashes, and negative yellow flashes 
may promote this saturation. This re- 
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Apparent Saturation of Blue-Sensitive Cones 
Occurs at a Color-Opponent Stage 

Abstract. Response saturation of blue-sensitive cone pathways was studied hy 
measuring increment thresholds for violet test flashes on flashed violet fields in the 
presence of a steady yellow "auxiliary" field of constant radiance. Adding intense 
yellowfield flashes to the violetfieldflash could eliminate or reduce response satura- 
tion (greatly reduce threshold), whereas "negative" yellow field flashes drove the 
mechanism to further saturation. The response saturation is thus not, in general, 
controlled exclusively by independent blue-sensitive cones but by spectrally oppo- 
nent mechanisms that receive opposite-signed signals from blue-sensitive cones and 
from green- or red-sensitive cones. These results add to a growing number of studies 
that demonstrate that detection of signals from blue-sensitive cones is largely 
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veals interactions of mechanisms, possi- 
bly cones. 

Results are shown for one observer 
(C.F.S.); they are not shown for the oth- 
er observer since they were quantita- 
tively similar (9). Stimuli were seen in 
Maxwellian view. A violet (441.6 nm), 
100-msec test flash 1? in diameter was 

presented foveally in the center of a yel- 
low (575 nm, - 10-nm bandwidth) field 
9.5? in diameter and 1010.85 quanta deg-2 
sec-' (50,000 trolands) that was present- 
ed continuously to suppress the green- 
and red-sensitive cone pathways and 
thus isolate the blue-sensitive pathways. 
This steady yellow field was always 
used. Every 6 seconds a violet field (440 
nm, 15-nm bandwidth) covered the 
whole yellow field for 700 msec; the vio- 
let 100-msec test flash was presented 100 
msec after the onset of this violet field. 
This timing was used throughout. The 

open circles in Fig. 1 show the threshold 
(9) of the violet test flash as a function of 
the intensity of the violet field flash. The 
curve ascends steeply beyond field flash 
intensities of about 108.3 quanta deg-2 
sec- ( 
then b 
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Fig. 2. Increment thresholds for test flashes of 
different wavelengths. Open circles, thresholds 
on the original steady yellow field of 101085 
quanta deg-2 sec-' plus violet field flash of 
109'40 quanta deg-2 sec-~. Closed circles, 
thresholds on the same fields when a yellow 
field flash of 1011.85 quanta deg-2 sec-' is pre- 
sented simultaneously with violet field flash. 
Left and right curves are spectral sensitivities 
of 13 and f14 mechanisms of Stiles (12) shifted 
vertically. 

showing the saturation effect) and vention of the green-sensitive mecha- 
>ecomes flat as a result of inter- nism. The closed circles show thresholds 

when a very intense yellow field flash 
(575 nm, -10-nm bandwidth) of 1011l80 

quanta deg-2 sec-' is presented simulta- 

neously with the violet field flash; this 

.jl?--" .i....' yellow flash cancels the saturation and 
S / i/ ~ delays its onset until much more intense 

- .- -0-.0- 00 violet flashed fields are used. The closed 
and open squares show thresholds when 

,/ yellow light of 101155 and 10'2.04 quanta 
It 

~/'/ iJ ^deg-2 sec-1, respectively, is added con- 
'/! ,/ / tinuously to the original steady yellow 

l/ P field rather than being flashed with the 

/!/~~~- ,violet field flash (10). These added steady 
_- OS yellow fields only slightly change the in- 

.0OS"-~ 1tensity of the violet field flash at which 
-~g i^r^~~~~saturation occurs. They do raise the lev- 

_ _ l~ Xel at which the green-sensitive mecha- 
i, 8 9 10 11 nism (upper, flat branch) intrudes, in good 

Violet field flash agreement with Weber's law. Clearly the 
(log quanta deg-2 sec-l) flashing of the yellow field is essential to 

Increment threshold (mean, + 2 stan- canceling the violet flash saturation. 
rrors; error bars are not shown in Figs. The added yellow field flash will pro- 
gh 3 if they are smaller than the symbol duce large transient responses in the 
or a violet (441.6 nm) test flash as a red- and green-sensitive cones, whereas 
,n of the intensity of a violet (440 nm) 

ash. A steady yellothese cones will adapt to the steady yel- ash. A steady yellow (575 nm)"aux- 
field of 1010.85 quanta deg-2 sec-1 was low field. For the intense, steady yellow 
present. Open circles, thresholds on fields, a significant part of the adaptation 

ields alone. Closed circles, thresholds mechanism is pigment bleaching (11). 
se fields when a yellow field flash of 

Presumably the strong signals in the red- 
quanta deg-2 sec-1 was presented si- 
eously with the violet field flash. The and green-sensitive cones, induced by 
beside the top closed circle indicates the yellow field flash, will cancel the sat- 
test flash of this intensity was invisible. uration in the blue-sensitive pathways 
and open squares indicate the thresh- and increase their sensitivity. To demon- 

hen steady yellow fields of 1011.55 and 
quanta deg2 sec, rstrate that the blue-sensitive pathways 

continuously to the original steady yel- detect the test flash under the yellow 
ld. field-flash condition, we measured the 
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spectral sensitivity of the detection 
mechanism. Stimuli were as before, but 
the wavelength of the test flash was var- 
ied. The open circles in Fig. 2 show 
thresholds for test flashes of different 
wavelength (10-nm bandwidth) on the 
original steady yellow field plus a violet 
field flash of 109-40 quanta deg-2 sec-1, 
which is intense enough to saturate the 
blue-sensitive pathways (Fig. 1); closed 
circles show thresholds when a yellow 
field flash of 1011'85 quanta deg-2 sec-1 is 
added to the violet field flash. The added 
yellow field flash greatly increases sensi- 
tivity to blue test stimuli. The left and 
right curves are the spectral sensitivity 
functions of the blue-sensitive 13 and 
green-sensitive H4 mechanisms of Stiles 
(12) displaced vertically to fit the data. 
The intense yellow field flash greatly in- 
creases the sensitivity to short-wave- 
length test flashes and thereby causes a 
shift in the detection from the green-sen- 
sitive mechanism to the blue-sensitive 
mechanism. 

A negative yellow field flash has the 
opposite effect of augmenting saturation. 
The steady yellow field was 10'10'8 quan- 
ta deg-2 sec-', as before. The negative 
flash was produced by interposing neu- 
tral density filters in the yellow beam 
during the exposure of the violet field 
flash. The parameter beside each curve 
in Fig. 3 shows the size of the decrement 
in log units (negative sign indicates dec- 
rement). The negative yellow flashes 
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Violet field flash 

(log quanta deg-2 sec-') 

Fig. 3. Increment threshold for a violet test 
flash on a simultaneous positive violet field 
flash (abscissa) and negative yellow field 
flash. A negative yellow flash was produced 
by reducing intensity of a steady yellow field 
of 1010.?8 quanta deg-2 sec-'. The size of the 
decrement is specified in log units beside each 
curve (the negative sign indicates a decre- 
ment); the indicated decrements of 0.00, 
-0.094, and -0.32 are reductions of the radi- 
ance of the yellow field to 100, 81, and 48 per- 
cent of its original value. The abscissa has 
been expanded. 
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strongly augment the saturating effects 
of the positive violet flashes. The ab- 
scissa has been expanded. 

The results suggest that the response 
saturation of the blue-sensitive pathways 
is largely controlled by spectrally oppo- 
nent neural mechanisms that treat sig- 
nals from blue-sensitive cones and those 
from green- or red-sensitive cones in an 
opposite manner (13). The physiological 
site for this opponent interaction might 
be the blue-sensitive cones themselves if 
the sensitivity of these cones is con- 
trolled by inhibitory signals originating 
in other classes of cones. Inhibitory in- 
teractions between different spectral 
classes of cones have been shown in the 
turtle (14). Our results add to the grow- 
ing support of the hypothesis that the de- 
tection of signals from the blue-sensitive 
cones is through a color-opponent path- 
way (15). 
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pigmentation quantitatively accounts for the dif- 
ference in the data for the two observers. 

10. The steady and flashed added yellow fields are 
approximately the same in intensity but not 
identical, as the measurements were made in dif- 
ferent experiments for purposes other than 
those explicitly shown here. 

11. W. A. H. Rushton and G. H. Henry, Vision Res. 
8, 617 (1968). 

12. The spectral curves shown are field sensitivities 
for II mechanisms [W. S. Stiles, Coloq. Probl. 
Opt. Vision (Madrid) 1, 65 (1953); tabulated in 
G. Wyszecki and W. S. Stiles, Color Science: 
Concepts and Methods, Quantitative Data and 

strongly augment the saturating effects 
of the positive violet flashes. The ab- 
scissa has been expanded. 

The results suggest that the response 
saturation of the blue-sensitive pathways 
is largely controlled by spectrally oppo- 
nent neural mechanisms that treat sig- 
nals from blue-sensitive cones and those 
from green- or red-sensitive cones in an 
opposite manner (13). The physiological 
site for this opponent interaction might 
be the blue-sensitive cones themselves if 
the sensitivity of these cones is con- 
trolled by inhibitory signals originating 
in other classes of cones. Inhibitory in- 
teractions between different spectral 
classes of cones have been shown in the 
turtle (14). Our results add to the grow- 
ing support of the hypothesis that the de- 
tection of signals from the blue-sensitive 
cones is through a color-opponent path- 
way (15). 
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threshold curve for a parafoveal violet (420 nm) 
flash on a steady blue (473 nm) field ascends 
slightly faster than Weber's law, thus showing 
partial saturation. The threshold on this steep 
branch could be lowered as much as 0.4 log unit 
by adding intense yellow light to the steady blue 
field to make the mixture field appear white. 
Both we and Mollon and Polden (paper present- 
ed to the 20th Tagung experimentell arbeitender 
Psychologen, Marburg, Germany, 20 to 22 
March 1978) also observed that the threshold for 
a violet flash on a steady field composed of in- 
tense yellow light and violet light of sufficient in- 
tensity to induce saturation of the blue pathways 
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Thermoplasma acidophilum is a non- 
parasitic mycoplasma that grows iri ex- 
treme conditions of heat and acidity, its 
optimal culture conditions being 59?C 
and pH 1.0 to 2.0 (1). It was discovered 
in a spontaneously burning refuse pile, 
its only known natural environment (2). 

This organism has associated with its 
DNA a basic protein that closely resem- 
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Fig. 1. Thermal denaturation profiles of calf 
thymus DNA reassociated with increasing 
amounts of the T. acidophilum histone-like 
protein. The ratio of protein to DNA by 
weight was (left to right) 0, 0.61, 0.80, 0.97, 
1.34, 1.82, and 2.43. The hyperchromicity de- 
creased from 1.34 to 1.29 as the protein con- 
tent was increased, but in this figure has been 
normalized to a constant value. The DNA- 
protein mixtures were reconstituted by gradi- 
ent dialysis (9) and then exhaustively dialyzed 
against 0.25 mM sodium ethylenediaminetet- 
raacetate (EDTA), pH 8.0 (7). The samples 
were diluted to an absorbance at 260 nm 
(A260) of 0.5, degassed, and centrifuged be- 
fore thermal denaturation. The A260 was con- 
tinuously recorded with a Gilford spectropho- 
tometer as the temperature was raised 0.5 C 
per minute. Protein was assayed (17) with 
purified histone-like protein as a standard. 
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bles eukaryotic histones (3). The protein 
is acid-soluble with a strong net positive 
charge at neutral pH and is small, com- 
posed of 89 amino acid residues of which 
14 are lysine and 6 are argirline. Neither 
tryptophan, methionine, nor cysteine is 
present (4). The electrophoretic mobility 
of the protein in various conditions is 
similar to that of histone 4 of calf thy- 
mus. The protein is tightly bound to DNA 
in salt concentrations up to about 0.6M, 
which is well above the physiological 
range (5), and reconstituted nucleo- 
protein is relatively insoluble in 0.1 to 
0.2M NaCl. Both native nucleoprotein 
and reconstituted protein-DNA com- 
plexes are partly protected from diges- 
tion by micrococcal nuclease. Also, 
DNA fully complexed with this protein is 
inactive as a template for Escherichia 
coli RNA polymerase. We now report 
that the protein strongly stabilizes DNA 
against thermal denaturation. Thus, al- 
though this protein shares several char- 
acteristics with eukaryotic histones, it 
does not appear to be closely homolo- 
gous to any particular class of histone (3). 

Eukaryotic histones stabilize DNA 
against thermal denaturation, especially 
under the conditions of low ionic 
strength that must be used in vitro to pre- 
vent precipitation (6). Since T. acid- 
ophilum exists in a high-temperature en- 
vironment and has an unusually low in- 
tracellular ion concentration (7), one 
possible function of the histone-like pro- 
tein might be to protect the DNA from 
thermal denaturation. 

The protein and the purified calf 
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Physiologically Important Stabilization of DNA 

by a Prokaryotic Histone-like Protein 

Abstract. The thermophilic mycoplasma Thermoplasma acidophilum has tightly 
bound to its DNA a protein that closely resembles the histones of eukaryotes. DNA 
associated with this protein is more stable than free DNA against thermal denatura- 
tion by about 40?C, as shown in both native nucleoprotein and in hybrid nucleo- 
protein reconstituted in vitro with calf DNA. Since only about 20 percent of the DNA 
in this organism is associated with the histone-like protein, we suggest that its physi- 
ological function is to prevent complete separation of the DNA strands during brief 
exposures of the organism to denaturing conditions, and thus tofacilitate rapid rena- 
turation when normal environmental conditions return. 
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