
with adenine as substrate was 1.0 X 
10-' for the wild type, and 0.8 X 10-5 
for the mutant; and with PRPP as the 
substrate, the Km was 3.4 X 10-4 for 
the wild type and 2.6 X 104 for the 
mutant. Both enzymes were equally 
sensitive to inhibition by inorganic 
pyrophosphate, 60 to 65 percent at 
5 X 10-'M and 100 percent at 5 X 
10-2M, but with 5 X 10'M sodium 
fluoride the mutant was only 44 per- 
cent inhibited as compared to 100 per- 
cent for the wild type. Heat-inactiva- 
tion showed a greater temperature sen- 

sitivity for the mutant enzyme. At 
55?C the extent of inactivation was 
twice that of- the wild type. The time 
required for 50-percent inhibition was 
48 seconds for the mutant enzyme 
compared to 96 seconds for the wild 

type. This twofold difference in the 
rates of inactivation of the two en- 
zymes was consistent within the range 
studies 50? to 60?C and was not sig- 
nificantly altered by either a twofold 
increase or decrease of enzyme protein 
concentration. The pH for optimum 
activity was less for the mutant en- 
zyme, 6.8 as compared with 7.6 for the 
wild-type enzyme. The effect of pH 
was more striking at pH 8.0 where 
wild-type activity remained near opti- 
mum but mutant activity was decreased 
to 47 percent of its optimum. As 
shown in Table 1, there is no differ- 
ence in substrate activities, of the two 
enzymes with adenine as substrate com- 
pared to the complete loss of activity 
in the mutant when diaminopurine is 
the substrate. Another analog, 8-azaad- 
enine, can be pyrophosphorylated by 
adenylic pyrophosphorylase and though 
the mutant retains this activity it is 
only 27 percent as active as the wild 
type. No activity for either preparation 
could be shown with 2-aminopurine, 
isoguanine (2-oxyadenine), hypoxan- 
thine, guanine, xanthine, 6-mercapto- 
purine, or 8-azaguanine. 

Thus, a new protein species has been 
created by the genetic alteration which 
gave rise to the mutant. It is also of in- 
terest to note, in terms of active sites, 
that what represents a mutant form in 
Salmonella may be the normal form in 
other organisms, for the adenylic pyro- 
phosphorylase of yeast has been re- 
ported to be inactive in pyrophospho- 
rylation with diaminopurine (1, 6). 
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Changes in Chlorella Exposed to (7) to be constant at low intensities of 

Strong Light: The Red Band exciting light, but increasing in steep- 
ness in the region where photosynthesis 

Abstract. The reversible decrease in becomes light-saturated and approach- 
the apparent intensity of the main red ing another constant value at high light 
absorption band of chlorophyll a at intensity. This can explain the sigmoid 
680 mpl upon strong illumination of shape of the light intensity dependence 
Chlorella cells, described by Coleman of the spectral change at 680 m,, which 
and Rabinowitch in 1957, is shown, was observed by Coleman and Rabino- 
by a polarization method, to be due witch (1, 2). Coleman (8) checked 
to an increase in the fluorescence yield. this hypothesis by rerouting his detect- 
True absorption changes are observed in beam so that it traversed the suspen- 
at 657 nmI (positive) and 648 my (nega- sion at a right angle to its usual straight 
tive). path, but concluded that changes in 

fluorescence due to the detecting beam 
The steady-state difference spectrum contributed less than 7 percent to the 

of Chlorella (that is, the absorption of changes measured at 680 mt. 
illuminated cells less the absorption of The more recent results presented 
non-illuminated cells), measured in the here, however, suggest that an increase 
red region by Coleman and Rabino- in the yield of fluorescence might have 
witch (1, 2) appears complex, with produced most, if not all, of the "nega- 
negative bands at 630, 650, 680, and tive absorption band" observed by 
710 mp/ appearing upon irradiation of Coleman at 680 my. 
a cell suspension with white light of To measure the difference spectrum, 
high intensity. The difference spec- we used an instrument developed in our 
trum of Chlorella measured by Kok laboratory from Duysens' original in- 
(3) before and after flashes, also shows strument (9), and similar in principle 
a complex structure in the red region, to that used in the study by Coleman 
with negative bands at 650, 680, and and Rabinowitch. The monochromatic 
700 myt. The prominent band at 680 measuring beam (band width, 3.3 my), 
m/y, noted in both papers, suggested modulated by a rotating disk, was ob- 
reversible bleaching of chlorophyll a tained from a 6-volt ribbon filament 
during photosynthesis (2). lamp and passed through a Bausch and 

When using a flow system, Strehler Lomb 250-mm focal length grating 
and Lynch (4) observed no absorption monochromator, with the entrance and 
changes at 680 mix upon irradiating exit slits set at 0.50 mm. The cell 
Chlorella cell suspensions with light of suspension of Chlorella pyrenoidosa 
low intensity. Strehler (5) suspected was irradiated at right angles to the 
that the apparent absorption changes at detecting beam by blue light from 
680 m,t, noted by others, were in fact another 6-volt ribbon filament lamp 
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Fig. 1. The change in the absorption 
spectrum of a Chlorella suspension upon 
irradiation with blue light of high intensity 
(corrected for fluorescence). 

from overloading the photomultiplier. 
The changes in fluorescence due to 

the measuring beam were separated 
from absorption changes by two meth- 
ods: 

1 ) A narrow band interference filter, 
placed in front of the photomultiplier, 
was used to remove a large fraction of 
the fluorescence due to the measuring 
beam. A large fraction of the measur- 

ing beam passed this filter, which thus 
reduced the fluorescence effect com- 

pared with the absorption effect. Such 
an interference filter can be used effec- 

tively below 670 m/u; at 680 ms its 
effectiveness is sharply reduced, since 
the fluorescence band itself has a peak 
at 680 to 690 map. 

Results obtained by this method 

clearly show that a fluorescence effect is 

superimposed upon a positive absorp- 
tion change at 657, and a negative ab- 

sorption change at 648 mix (Fig. 1). 
When Coleman's difference spectrum 
obtained in high-intensity light is cor- 
rected for the fluorescence effect, it 

agrees with these conclusions; and so 
do the observations of Strehler and 

Lynch (4) at low intensities of actinic 

light. 
2) In the second method, we utilized 

the fact that the fluorescence in Chlor- 
ella is largely (97 percent) depolarized 
(10), while light transmitted in the for- 
ward direction is only slightly de- 

polarized (5 percent). We introduced a 

polarizer in the measuring beam in 

front of the suspension, and an 

analyzer in the same beam between it 

and the photomultiplier. Measurements 
were made at a series of wavelengths, 
including 680 m/n, with the polarizer 
parallel to the analyzer and with the 

polarizer at 90? to the analyzer. Ab- 
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sorption changes should disappear 
(within the noise level of the instru- 
ment) on crossing the polarizer and the 
analyzer, while fluorescence changes 
should be reduced only by 3 percent. 
At 680 m/n the observed effect was not 
reduced markedly upon crossing the 

polarizers, suggesting that it is due 
predominantly or entirely to changes 
in fluorescence intensity. Measurements 
at shorter wavelengths gave results in 

agreement with those obtained with 
interference filters. 

These results suggest that the 680-mp, 
band in the difference spectrum that 

appears in Chlorella pyrenoidosa in 

strong light, is not due to the absorption 
changes, but to changes in the yield 
of fluorescence caused by the measur- 
ing beam. This can happen not only in 

steady state measurements (with read- 
ings taken during the illumination), but 
also in "flash" or "flow" experiments 
where measurements are made in the 
dark after the flash, because, as Butler 

(11) has recently shown, the higher 
yield of fluorescence does not decrease 
immediately upon reduction of the in- 

tensity of exciting light, but decays 
slowly (for several seconds) until it 
reaches its steady value. 

Experiments by Karapetyan, Litvin, 
and Krasnovsky (12), published while 
this paper was in preparation, suggest 
that not only the 680 mni band in 

Chlorella, but also certain changes in 
the infrared region observed in the dif- 
ference spectra of photosynthetic bac- 
teria, are due to fluorescence. 

DANIEL RUBINSTEIN 

EUGENE RABINOWITCH 

Department of Botany, 
University of Illinois, Urbana 
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Technique for Sustaining Behavior 

with Conditioned Reinforcement 

Abstract. Pigeons were intermittently 
reinforced with food for pecking at 
one key. Concurrent pecking at a sec- 
ond key intermittently produced con- 
ditioned reinforcers (the set of stimuli 
that accompanied food reinforcement, 
but not the food). Under these condi- 
tions, responding on the second key 
was maintained indefinitely. Rates and 
patterns of responding on the second 
key were a function of the schedule of 
conditioned reinforcement. 

In the present experiment, pigeons 
could peck at either of two keys which 
were available concurrently. Pecks on 
one key intermittently produced food 
on a variable-interval schedule of re- 
inforcement. Pecks on the second key 
intermittently produced all of the stim- 
uli associated with food reinforcement 
on the first key but it was impossible 
for the birds to eat, because the food 
magazine was raised for one-half sec- 

ond, so there was not time enough for 
the birds to reach the food. 

More specifically, pigeons, main- 
tained at 80 percent of their free-feed- 

ing weight, performed daily in a stand- 

ard, two-key experimental space (1). 
Each daily session terminated after 50 
food reinforcements were obtained. A 

yellow light and a blue light were pro- 
jected upon the left key and right key, 
respectively. Responses on the left key 
were reinforced on a 3-minute variable- 
interval schedule with a 4-second ac- 
cess to the food magazine. This was 

accompanied by (i) the sound of the 

solenoid-operated magazine, (ii) the 
illumination of a magazine light, (iii) 
the absence of the key lights, and (iv) 
the absence of the two house lights 
which normally illuminated the experi- 
mental space. Responses on the right 
key were reinforced on an independent 
3-minute variable-interval schedule with 
all of the above stimulus changes oc- 

curring for a duration of one-half sec- 
ond. 

Figure 1 shows a final performance, 
a stable state which could be main- 
tained indefinitely, under this proce- 
dure, for two birds. The left records 
are cumulative response records of per- 
formance maintained by the variable- 
interval schedule of food reinforce- 
ment. A constant rate of responding 
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