
Inactivation by Ultraviolet Light 

of an Acriflavine-Sensitive 

Gene Function in Phage T 4 D 

Abstract. Mutants of phage T4D can 
be isolated which multiply in the presence 
of concentrations of acriflavine inhibitory 
to the growth of wild-type phage. Bacteria 
mixedly infected with resistant and sensi
tive phage are unproductive in the pres
ence of acriflavine. Irradiation of the 
sensitive phage with ultraviolet light re
sults in inactivation of the function of the 
gene for acriflavine sensitivity, permitting 
the mixedly infected complexes to yield 
phage. This function is inactivated in an 
exponential manner and has a cross section 
comparable to cross sections of other gene 
functions in T4D. 

Mutants of phage T4D can be iso
lated which are capable of normal 
growth in low concentrations of acri
flavine (0.25 per milliliter of "acrifla
vine neutral" [Nutritional Biochemical 
Corporation]). Under the same condi
tions, few (0.001 to 0.0001 percent) 
bacteria infected with wild-type phage 
are able to produce any infective par
ticles. Crosses have shown that the sites 
of 12 out of 12 independently isolated 
acriflavine-resistant (ac) mutants are 
all about six map units from a terminal 
marker in the rllB cistron, and the 
order rTIA, rTIB, ac has been estab
lished. Only 0.1 to 1 percent of cells 
infected with equal numbers of ac and 
ac+ phage produce any phage in the 
presence of acriflavine. Thus acriflavine 
sensitivity (ac+) is "dominant" over 
acriflavine resistance (ac) in the sense 
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that acriflavine inhibits phage produc
tion in cells mixedly infected with ac 
and ac+ phage. 

Krieg (1) has measured the ultra
violet-light cross section of the rIIA+ 

and rIIB+ gene functions of phage T4D. 
In his experiments, Escherichia coli, 
strain K12(A), bacteria were mixedly 
infected with unirradiated r l l phage 
and irradiated wild-type phage. Krieg 
found that the fraction of mixedly in
fected bacteria which produced any 
phage decreased in an exponential man
ner as a function of ultraviolet dose to 
the r+ phage, but at a rate much less 
than the rate of loss of infectivity of 
the phage particle. From this and other 
observations it was concluded that mix
edly infected bacteria cannot produce 
phage unless the r IP gene of the in
fecting wild-type phage is free of ultra
violet damage affecting its function. 
The properties of the ac-ac+ system de
scribed above make it possible to obtain 
a similar estimate of the ultraviolet tar
get size of the ac+ function. In contrast 
to the properties of the r l l system, how
ever, bacteria mixedly infected with ac 
and ac+ phage are productive in the 
presence of acriflavine only if the ac+ 

gene function in the infecting wild-type 
phage has been damaged by ultraviolet. 
Thus, in principle, one could mixedly 
infect bacteria with unirradiated ac and 
irradiated ac+ phage and measure the 
increase in the fraction of mixedly in
fected cells yielding phage in the pres
ence of acriflavine as a function of ul
traviolet dose. From this one would 
obtain a measure of the inactivation of 
the ac+ function, rather than of its 
survival. 

In order to control effectively the 
condition of mixed infection, our ex
perimental design was somewhat more 
complicated, combining both the ac 
and r l l systems. In addition to the ac 
alleles, an rIIA(r61) and an rIIB(r73) 
marker were employed in these experi
ments. K12(A) bacteria were infected 
at low multiplicity (0.2 of each phage) 

with unirradiated rllArUB+ac phage 
and with rllAVIIBflc* phage which had 
been exposed to various doses of ultra
violet light (from a General Electric 
15-watt germicidal lamp). Only mixedly 
infected bacteria will yield phage, be
cause both the rIIA+ and the rIIB+ func
tions are required for productive infec
tion of K 12(A). Since the multiplicity 
of infection is low, the majority of 
productive complexes will have received 
only one phage of each genotype. 

Samples of the mixedly infected 
bacteria were plated on the indicator 
strain S/6. Any complex which yields 
phage forms a plaque on S/6. Thus we 
measure the number of mixedly in
fected cells which received a phage with 
an undamaged rIIA+ gene function. 
This number decreases with increasing 
dose, because of damages of all kinds— 
that is, damages preventing injection as 
well as those specifically inhibiting the 
rIIA+ function. Samples were also 
plated on plates supplemented with 
acriflavine. Here we measure the num
ber of mixedly infected bacteria which 
received a phage with an undamaged 
rIIA+ gene and a damaged ac+ gene. The 
difference between the number on sup
plemented and the number on unsupple-
mented plates is the number of com
plexes which received both an undam-
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Fig. 1. Ultraviolet-light inactivation of in
fected bacteria plated with and without 
acriflavine. Strain K12(X) bacteria infected 
with rIIArIIB+«c and ultraviolet-irradi
ated rIIA+rIIBac+ phage are plated before 
lysis on plates seeded with S/6 (open sym
bols) and on plates seeded with S/6 and 
supplemented with acriflavine (solid sym
bols). Circles and triangles represent dif
ferent experiments. The ordinate is the 
surviving fraction of plaque-forming in
fected bacteria relative to the plaque-
formers at zero dose on unsupplemented 
plates. The abscissa is the dose expressed 
in phage lethal hits (4). 
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Fig. 2. Ultraviolet-light inactivation curve 
of the tic' function. Survival of LIC- func- 
tion is calculated as described in the text. 
Data from experiments illustrated in Fig. 
I (circles and triangles) and from an 
experiment with irradiated rI1ArllB'cic' 
and unirradiated rIIA'rIIBnc (rectangles). 
Survival curves for the rIIA" and the rI1B- 
functions (obtained in these experiments) 
are shown for reference. For the cic" func- 
tion, zero-dose values are less than 1, due 
to the small fraction of mixedly infected 
bacteria which form plaques in the pres- 
ence of acriflavine (at zero dose). 

aged rII+ and an undamaged act gene. 
This number, divided by the number on 
unsuppleniented plates, gives the frac- 
tion of complexes at each dose in which 
the ac" function survives among those 
In which the r1IA' function survives as 
well. Data from two experiments of this 
type are given in Fig. 1.  The calculation 
of the data to give the survival of the 
ac' gene is presented in Fig. 2. Also 
given in Fig. 2 are comparable results 
from an experiment with unirradiated 
rIIA+rIIBac and irradiated rIIAr1IB'nc'. 
In this experiment the inactivation of 
the ac' function. together with the sur- 
vival of the rIIB+ rather than the rTIA+ 
gene function, is measured. 

Our results on the target sizes of the 
rIIA' and rIIB+ functions are in good 
agreement with the previous nieasure- 
nients by Krieg I I ) .  The survival of the 
ac" function, like that of the rIIA+ and 
rIlB7 functions, decreases in a simple 
exponential nianner with increasing 
irradiation dose. The slope of the sur- 
vival curve indicates that the nc' func- 
tion is 0.03 of the total ultraviolet- 
sensitive target of the phage. No data 
are available at the present time which 
will permit a con~parison between the 
ultraviolet cross section of the ac' func- 
tion and an estimate of the length of the 
ac' gene obtained from mapping experi- 
ments. 

In the experiments described here we 

measure only the damage to the ac- 
genes among those phage in which the 
rlI' function survives. Any class of 
damages which simultaneously inacti- 
vate both the ac' and one of the rIIA 
genes is not included in our estimate of 
the ac target size. One class of damage 
which rnight be expected to occur is 
that which renders the phage totally in- 
operative (for example, that which pre- 
vents injection). However, Barricelli 
(2) has suggested that irradiation dam- 
ages, although discretely localized in 
the genome, may have a finite size. If 
this were true one would expect that 
some ultraviolet hits of this type could 
inactivate two neighboring genes at 
once. Indeed, Krieg (1)  found a correla- 
tion between the inactivation of the 
rllA+ and the rlIB' genes which could 
be explained on this basis. If such ex- 
tended damages contributed signifi- 
cantly to our data. the apparent target 
size of the ac' gene would be smaller in 
experiments requiring survival of the 
rTIB+ gene than in experiments requir- 
ing survival of the rIIA+ gene. As can 
be seen from the data presented in Fig. 
2, no such effect is detectable. This 
only means that, if ultraviolet-induced 
lesions have a finite size, this size must 
he smaller than the distance between 
the rIIB* gene and the nc' gene (less 
than six map units). 

Features of this system may make it 
useful in other studies on the genetic 
effects of ultraviolet irradiation. Since 
.the cells which yield phage are those in 
which the irradiated parent has received 
at least one ultraviolet-induced lesion, 
there exists a selective system for ex- 
amining the genetic consequences of 
very low doses of ultraviolet light. Since 
only that fraction of the irradiated 
phage which has a surviving rII+ func- 
tion yields phage. experiments are not 
influenced by damages which render 
the page totally inoperative ( 3 ) .  
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Nonreinforced Trial Procedure 
for Probability Learning 

Ab~trrlct. For rats in a T-maze, nonre- 
inforced trials were interspersed with rein- 
forced trials to insure that .67 of all rein- 
forcements would be dispensed on the 
more frequently reinforced side. At asymp- 
tote, the proportion of responses to the 
more frequently reinforced side was .67. 

Probability learning (as defined here) 
refers to experiments in which each 
trial ends with one of two responses. 
One response (called M in this re- 
port) is more frequently reinforced 
than the other response (called L) .  
The independent variable is the ratio 
of reinforcements for M to all rein- 
forcements; this ratio is called a. The 
dependent variable is the proportion of 
trials during which M is emitted; this 
proportion is called P. Functional re- 
lationships between v and P have been 
derived from theories about the effect 
of reinforcements on response prob- 
ability, and much probability learning 
experimentation has been devoted to 
the development of these theories (I ,  
2 ) .  Unfortunately, all the procedures 
used to control in animal learning 
situations involve the introduction of 
factors not considered in these theories. 
In the light of generally applicable be- 
havior principles, these factors should 
affect P as follows. 

1 ) In the forced trial procedure, 
forced trials are interspersed with free 
trials in order to control a, and P is 
reckoned as the proportion of free trials 
during which M is emitted. An ex- 
traneous factor is a discrimination be- 
tween forced trials and free trials which 
develops in the course of the experi- 
ment, so that reinforcement of forced 
trials affects P less than does rein- 
forcement of free trials (3). 

2 )  In the correction procedure, one 
response is selected for reinforcement 
on each trial, A4 being selected with 
probability T .  If the initial response of 
the trial is not the response to be rein- 
forced, the trial does not end until the 
reinforced response is emitted (that is, 
"correction" is permitted). P is reck- 
oned as the proportion of trials during 
which M is the initial response of the 
trial. One possible extraneous factor in 
this procedure is that an initial response 
not scheduled for reinforcement may 
receive delayed reinforcement because 
it is followed by reinforcement of a 
correction. In addition, a correction is 
topographically different from an initial 
response, SO that a discrimination be- 
tween corrections and initial responses 
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