
giophore first recoils (Figs. 1, 2, and 
4) and then collapses (Figs. 3 and 5). 
In some cases the subsporangial swell- 
ing appears to contract irregularly 
(Fig. 4), but in others it maintains its 
general shape even after it has been 
thrown to the surface of the medium 
(Fig. 3b, arrow). 

It is not clear whether the liquid 
that constitutes the jet comes entirely 
from the subsporangial swelling. The 
appearance of some cylindrical jets, 
and Buller's observation (2) that the 
orange protoplasmic ring from the 
base of the subsporangial swelling may 
sometimes be found among discharged 
sporangia adhering to a target, suggest 
that the liquid may come, at least in 
part, from the stipe of the sporangio- 
phore. However, two lines of evidence 
suggest that the liquid comes mostly 
from the subsporangial swelling. First, 
it is difficult to see how a tapered jet 
could be formed by the stipe, and sec- 
ond, the crimp apparent in the stipes 
of some sporangiophores during early 
stages of discharge (Figs. 2 and 4) 
would seem to prevent a rapid move- 
ment of liquid up the stipe. Moreover, 
the volume of the subsporangial swell- 
ing is more than adequate to accom- 
modate all of the liquid in even a long 
jet. The volume of the subsporangial 
swelling in Fig. 3, for example, is ap- 
proximately 0.08 mm3, but the total 
volume of the jet and visible droplets 
is less than 0.06 mm". 

The photographs not only confirm 
Buller's deduction (2) that the spo- 
rangium of Pilobolus is propelled by 
a jet of cell sap which breaks into 
droplets, but they also reveal unsus- 
pected details of the behavior of the 
jet, the sporangium, and the sporangio- 
phore during discharge. 
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Ionizing Radiation: Effect on 

Genetic Transcription 

Abstract. Cells of Escherichia coli 
grown on nmaltose can be induced by 
the addition of thiomethyl galactoside 
to produce /3-galactosidase. If cells are 
irradiated shortly after induction, the 
transcription of the DNA ceases, and 
the enzyme produced by the messenger 
RNA is observed to reach a maximum. 
From these data the calculated half- 
life of unstable messenger RNA is given 
over a temperature range from 8.1 min- 
utes at 10?C to 0.7 minute at 45?C. 
The kinetics of cessation of transcrip- 
tion give information on both mes- 
senger RNA decay and rate of trans- 
cription. Arrhenius graphs for both 
these rates are given, and the activation 
energies measured are 11,000 calories 
per mole for decay and 22,000 calories 
per mole for transcription. This relation 
to temperature is characteristic of en- 
zymatic behavior. 

It has been suggested that one impor- 
tant action of ionizing radiation is con- 
cerned with the transcription of the ge- 
netic message from DNA to RNA (1). 
Billen and Lichtstein (2) studied the 
effect of ionizing radiation on formic 
hydrogen lyase and Clayton and Adler 
(3) showed that induced catalase syn- 
thesis in Rhodopseudomonas spheriodes 
is inhibited by low doses of rays, giving 
experimental support to the idea. Pol- 
lard and Vogler (4), using Escherichia 
coli cells in which the process of induc- 
tion was dependent on both permease 
induction as well as the measured en- 
zyme induction, showed that there is 
some sensitivity to radiation. Novelli (5) 
found a reduced sensitivity as compared 
with colony formation, but still a con- 
siderable sensitivity. 

The process of induction of an en- 
zyme has been thoroughly studied 
(5-10), particularly by Pardee and 
Prestidge (6), Boezi and Cowie (7), 
Nakada and Magasanik (8), Levinthal, 
Keynan, and Higa (9), and Kepes (10). 
Their work, which supports the well 
known suggestion by Monod, Jacob, 
and Gros (11, 12), indicates that the 
transcription of the genetic message is 
repressed by something which can be 
acted on by a small molecule, the induc- 
er, to remove repression and permit the 
formation of messenger RNA which 
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show that for the messenger RNA for 
/3-galactosidase the half-life is 1.02 min- 
utes at 37?C and 2.05 minutes at 25?C. 
The time of onset of the enzyme activity 
after induction was about 3 minutes. 

If the process of transcription is in- 
deed sensitive to ionizing radiation, then 
the irradiation of cells which have just 
been induced should show development 
of the enzyme to the extent of forma- 
tion of new messenger RNA for a few 
minutes until transcription stops and 
should show the formation of the en- 
zyme while the messenger RNA is de- 
caying. This pattern was found by Clay- 
ton and Adler (3). Our experiments 
now amplify and extend their work, 
and also permit some measurements of 
the half-life of the messenger RNA, 
which are in agreement with the work 
of Kepes. The experimental procedure 
is as follows. Cells of either Escherichia 
coli B or E. coli 15 Thy-Leu- are grown 
in minimal medium with maltose as a 
carbon source. This does not repress the 
formation of enzyme, nor does it in- 
duce it. When the cells are at a concen- 
tration between 5 X 107 and 1.0 X 108 
per milliliter they are induced by the 
addition of 1 ml of thiomethyl galacto- 
side (TMG) (0.2 g/100 ml) to 20 ml 
cells. The concentration of cells at ir- 
radiation must be kept relatively low. 
At higher concentrations the cells are 
much less sensitive for reasons not yet 
wholly clear, but partly the cause is 
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Fig. 1. A culture of E. coli, strain B, 
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previously grown. 
A culture 

on maltose was in B,uced previously grown on maltose was induced 
with TMG at time zero. It was then al- 
lowed to grow at 42?C and irradiated in 
a Co60 source for 2/4 minutes, with a 
dose of 13,500 r. The amount of ,-galac- 
tosidase in 1 ml of the culture was mea- 
sured at various times for this culture and 
an unirradiated control. The production of 
enzyme continues for a short while after 
irradiation and then ceases. From the 
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kinetics of cessation of production the 
half-life of messenger RNA can be found. 
Later, presumably as new DNA synthesis 
starts, the supply of enzyme begins to 
increase. 
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Table 1. Rate of decay of messenger RNA (k1) and rate of transcription of DNA; a, mole- 
cules of messenger per cell per minute at different temperatures. 

Temp. Temp. Half-life Decay constant, ( 
(?C) (10-s X 1/K?) (min) k, (min-1) m ecules 

per cell) 
10 3.45 8.1 0.085 9.1 X 10-,s 
17 3.45 5.7 .12 6.8 X 10-3 
20 3.42 3.8 .18 1.8 X 10-2 
25 3.35 1.9: .36 0.28 
30 3.31 2.75: .26 .63 
37 3.23 0.80t .86 4.2 
42 3.18 0.80 .86 2.9 
45 3.14 0.70 1.0 13.5 

:Compare 2.05, Kepes (10). ' Compare Kepes, 1.05 (10) and at 33.5?C, 1.4 minutes, Levinthal et al. 
(9), B. subtilis. $ Compare 2.5, Nakada and Magasanik (8). 

related to a strong en;ct of dissolved 

oxygen and partly to the formation of 

peroxides of long life in the medium. 
A few minutes after induction (the time 
depends on the temperature) the cells 
are irradiated in a Co1" source, the dose 

being about 13,500 r which takes 21/4 
minutes. In the meantime 1-ml samples 
were taken at about 2-minute intervals, 
both from the irradiated and a nonir- 
radiated culture, and assayed for fl-ga- 
lactosidase activity. This was done by 
putting the l-ml sample into 4 ml of 
ice-cold distilled water containing 1 

drop of toluene and 1 drop of deter- 

gent (Sarkosyl, 2 percent). The samples 
were shaken vigorously at intervals for 
1 hour, and then placed in a waterbath 
at 34?C. Then o-nitrophenyl-f/-D-galac- 
topyranoside was added to each tube, 
and the yellow color was allowed to 

develop until suitable for reading, the 
time of assay being recorded. The re- 
action was stopped with 0.5M sodium 
carbonate, and the percentage trans- 
mission was read on a Bausch and 
Lomb spectronic spectrophotometer at 
420 mni. A calibration curve with known 
relative amounts of enzyme is used to 
derive arbitrary units of enzyme activity. 

30?C 
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zi I F. '^''HALF-LIFE 3.0 MIN 
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Fig. 2. Data similar to Fig. 1 with the 
temperature at 30?C. The three curves 
through the irradiated sample points are 
theoretical curves for three different half- 
lives of messenger RNA. 
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Figure 1 shows the results of one ex- 

periment. The formation of messenger 
RNA continues for about 2 minutes af- 
ter the mid-time of the irradiation and 
then ceases. The decay of the messenger 
is indicated by the slowing down to a 
stop of the production of enzyme, and a 
reduced rate of synthesis is seen to fol- 
low later. This may be due to newly 
synthesized DNA. In Fig. 2 the same 
kind of data taken at 30?C is shown. 

The presence of oxygen in the cul- 
ture greatly increased the sensitivity of 
the process of transcription to the dam- 

aging effect of radiation. Cells irradi- 
ated at a concentration of 5 X 10S 

cells per milliliter, where respiration 
rapidly removes the dissolved oxygen, 
show a much reduced effect, in which 
there is no cessation of synthesis of en- 

zyme, but a short linear period of syn- 
thesis, followed by a second steady in- 
crease. In our experiments the sensi- 
tivity was kept high by bubbling the 

oxygen through the cell suspension be- 
fore irradiation, as well as by keeping 
the cell concentration low. 

The kinetics of development of en- 

zyme can be analyzed as follows. De- 
note enzyme produced by E, messenger 
RNA by R. Let a be the rate of forma- 
tion of messenger RNA per minute, ki 
the decay constant per minute, and b 
the number of (arbitrary) enzyme units 

produced per minute per molecule of 

messenger RNA. Then 

dE - 

d = a - klR, t < to dt 

dR----k,R, t > to dt 
- 

fromn which it follows that 

d2E dE 
dtr 

'-- 
,, dt < t 

In Eo- E = --k, t > to 
Eo 

(1) 

(2) 

to is the time at which transcription is 
assumed to stop because of the action 
of ionizing radiation and Eo is the maxi- 
mum amount of enzyme produced. 

From Eq. 5 it follows that a graph of 
the amount of enzyme short of the pla- 
teau figure, (Eo - E), plotted against 
time, on a logarithmic scale (Fig. 3), 
should yield a straight line, and from 
it the half-life of the messenger RNA 
could be calculated. This is the method 
used by Kepes. The half-lives and decay 
constants derived in this way from a 
number of experiments are given in 
Table 1 together with data appropriate 
to other messenger decay studies. The 
agreement with Kepes is reasonable, 
and the consistency of all the data adds 
weight to the general idea that radiation 
has inhibited transcription in somewhat 
like the same way that the removal of 
inducer does, as shown by Kepes. The 
mechanism suggested for these experi- 
ments is totally different; only the re- 
sult is the same. 

From the figures one can also derive 
two other sets of numbers. The first 
is the time taken to halt transcription. 
This is measured from the start of irrad- 
iation to the time at which the irradiated 
culture deviates from the control. When 
the full radiation sensitivity is operating 
the time is remarkably short, often less 
than 1 minute and rarely exceeding 5. 
It seems to depend more on the condi- 
tions of irradiation, such as good oxy- 
genation, than on the temperature. 

The second numbers are the rates of 
transcription at different temperatures. 
From Eq. 4 we see that when the rate 
of formation of enzyme (dE/dt)m is 
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Fig. 3. The amount of enzyme short of the 
plateau value is plotted against time on a 
semilogarithmic scale. The amounts are 

(4 read off the curves through data similar 
to Figs. 1 and 2. The decay character is 
clearly visible, and the half-life of mes- 
senger RNA can be found for various 
temperatures. 
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Fig. 4. The logarithm of the decay con- 
stant for messenger RNA and the rate 
constant for transcription of message are 
plotted against the reciprocal of the ab- 
solute temperature. The activation energy 
for decay is 11,000 cal/mole, while that 
for transcription is 22,000 cal/mole. 

constant, so that (d'E/ dt) - 0, we 

have ab = kl(dE/dt))m. Thus we can 
find the quantity ab dependent on the 
measurement of E being in arbitrary 
units. If we follow the suggestion that 

the basal amount of enzyme in a fully 

repressed culture corresponds to one 

molecule of messenger RNA per cell, 
we can make the arbitrary units indica- 
tive of the numbers of transcribed mole- 

cules per unit of time. This has been 
done by measuring the number of cells 
in each experiment, and also by mea- 

suring the amount of enzyme from a 
known number of fully repressed cells 
with exactly the same assay procedure. 
We designate these units as "basal 
units" and hope that one basal unit 
is equivalent to one molecule of mes- 

senger RNA. 
In Table 1 we give numbers found in 

this way for different temperatures. In 

Fig. 4 we show the Arrhenius graphs [in 
which the relation In(rate) = - (AH*/ 
RT) is used, where AH:- is the energy of 
activation, R the gas constant and T the 
absolute temperature] for the decay of 

messenger and also for the rate of tran- 

scription. For the decay of messenger, 
AH* is found to be 11,000 calories per 
mole, while that of the rate of transcrip- 
tion is 22,000 calories per mole. Both 
are in a reasonable range for enzyme 
action; although the transcription value 
is rather high. 

The variation of the decay constant 
with temperature is further evidence 
that the decay is some kind of enzymatic 
degradation rather than physical inac- 
tivation analogous to thermal inactiva- 
tion. Although the points do lie suffi- 
ciently on the line, the individual varia- 
tions in decay constant can be as high 
as a factor of two. This suggests that 
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the metabolic state, which is altered by, 
for example, good aeration, may also 

affect the decay, so that temperature is 

only one of several variables of impor- 
tance. 

The fact that very reasonable figures 
for the decay of messenger over a wide, 

range of temperature, there being good 
agreement with good measurements 
made quite differently, are obtained by 
assuming that radiation acts to stop 
transcription forces consideration of 

this as a hypothesis. Such a hypothesis 
is supported by experiments of Pollard 
and Achey (13) in which it was found 
that in the presence of oxygen the DNA 
of E. coli is degraded to the extent of 
50 percent, but no more, and also that 
there is a reduction in the synthesis of 
DNA after irradiation. If it were sup- 
posed, as a hypothesis, that the 50 per- 
cent degradation took place in one 
strand of DNA, which is the strand 
which is transcribed, then a natural ex- 

planation of a great reduction of tran- 

scription is at once available. In addi- 
tion, if it is supposed that the new syn- 
thesis of DNA is temporarily halted by 
radiation, then no new DNA is available 
to be transcribed, and so there is a 

stoppage. It has been suggested, for 

quite different reasons, by Champe and 
Benzer (14), Bautz (15), and McCarthy 
and Bolton (16), that only one of the 
two strands of DNA is transcribed. 
The DNA is presumably in a different 
physical state while the process of tran- 

scription is going on. It would appear 
that the two effects of radiation men- 
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DNA after irradiation. If it were sup- 
posed, as a hypothesis, that the 50 per- 
cent degradation took place in one 
strand of DNA, which is the strand 
which is transcribed, then a natural ex- 

planation of a great reduction of tran- 

scription is at once available. In addi- 
tion, if it is supposed that the new syn- 
thesis of DNA is temporarily halted by 
radiation, then no new DNA is available 
to be transcribed, and so there is a 

stoppage. It has been suggested, for 

quite different reasons, by Champe and 
Benzer (14), Bautz (15), and McCarthy 
and Bolton (16), that only one of the 
two strands of DNA is transcribed. 
The DNA is presumably in a different 
physical state while the process of tran- 

scription is going on. It would appear 
that the two effects of radiation men- 
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tent (1), polyphenol oxidase activity 
(2), and peroxidase activity (3) in- 
crease in the tissue adjacent to the site 
of infection. This suggests that more 
detailed analysis of the tissue adjacent 
to sites of infection would contribute 
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tioned above are sufficient to stop the 

process of transcription. Since this type 
of inhibition of transcription, regardless 
of the hypotheses advanced to explain 
it, is not specific at all, it should be 

possible to exploit it to make a general 
study of a wide variety of messenger 
RNA half-lives and also, possibly, of 
rates of transcription. 

ERNEST C. POLLARD 

Biophysics Department, Pennsylvania 
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to the understanding of the physiology 
of the diseased plant. We have used 
chromatography and gel electrophore- 
sis in studies of resistant and suscepti- 
ble sweet potatoes interacting with 
pathogenic and nonpathogenic isolates 
of the fungus Ceratocystis fimbriata 
(E. H.) Ell. 
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929 

to the understanding of the physiology 
of the diseased plant. We have used 
chromatography and gel electrophore- 
sis in studies of resistant and suscepti- 
ble sweet potatoes interacting with 
pathogenic and nonpathogenic isolates 
of the fungus Ceratocystis fimbriata 
(E. H.) Ell. 

Resistant (Sunnyside) and suscepti- 

929 

0 
\ DECAY OF 

\ * MESSENGER 

RATE OF o\, 
TRANSCRIPTION o NIo 

", 

0 
\ DECAY OF 

\ * MESSENGER 

RATE OF o\, 
TRANSCRIPTION o NIo 

", 

Ceratocystis Infection in Sweet Potato: Its Effect on 

Proteins, Isozymes, and Acquired Immunity 

Abstract. Changes take place in the protein and isozyme patterns of tissue 
adjacent to cut surfaces of sweet potato roots infected by the fungus Ceratocystis 
fimbriata. Chromatography and gel electrophoresis of extracts from sections 
cut at known distances from a plane of infection showed that inoculation with 
a pathogenic or nonpathogenic isolate produced similar changes in several pro- 
teins and enzymes. Inoculation of a susceptible variety of sweet potato with the 
nonpathogenic isolate induced in a thin layer of tissue around the site of inocula- 
tion an acquired immunity to subsequent inoculation with the pathogen. 
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