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was maintained for 8 days, and then 
started to decline. The untreated control 
cultures and c ultures stimulated with 
HCG were used for reference. The ap- 
parent shorter latent period and shorter 
tduraon n of elevated antibody produc- 
tion in PHA-stimulated cultures, as com- 
pared to those stimulated with HCG, 
was not observed consistently when dif- 
ferent concentrations of PHA and differ- 
ent rabbits were used. Figure 1 shows 
the effects of PHA in varying concentra- 
tions on the production of antibody to 
BSA in cultures of BSA-sensitized node 
fragments. PHA in concentrations of 
500 and 200 ,ug/ml produced an an- 
amnestic response almost exactly like 
that elicited by BSA, while a PHA con- 
centration of 50 [ug/ml showed only a 

questionable stimulatory effect. Prelim- 

inary experiments showed that the effec- 
tive concentrations of PHA for mitotic 
stimulation were lower when serum- 
free medium (10) was used. 

If the elicitation by PHA of an an- 
amnestic response is truly a nonspecific 
one, it implies that sensitized cells can 
transmit to their progeny the necessary 
information for synthesizing a specific 
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PHA (Table 2). If this is the case, 
presence of the antigen is not necessary 
for the elicitation and maintenance of 
the anamnestic response. 

On the other hand, the elicitation by 
PHA may be really a specific one in 
that PHA increases the sensitivity of 
previously primed cells to traces of 
antigen still present in the fragments. 
Normally, these concentrations must be 
insufficient to produce an anamnestic 
response, as shown by the negative re- 
sponse in the untreated cultures. If this 
is the case, PHA may resemble the in- 
ducer in the synthesis of induced en- 
zymes (11) by increasing the permea- 
bility of the cell to the antigen; thus 
the intracellular antigen may reach a 
concentration sufficient to trigger syn- 
thesis of the antibody (perhaps by de- 
repressing the directing gene). Phyto- 
hemagglutinin may also exert its effect 
by altering the membrane of the sensi- 
tized cell so that it is more responsive to 
the antigen or to whatever compound 
transfers the information, for example, 
RNA (12), or RNA-antigen com- 
plex. The effectiveness and persistence 
of the PHA stimulatory effect after 
such short contact raises the pos- 
sibility that PHA may act on the level 
of the cell membrane; conceivably, for 
the same reason, so may the antigen. 
It is difficult at present to explain the 
three experiments in which the sensi- 

PHA (Table 2). If this is the case, 
presence of the antigen is not necessary 
for the elicitation and maintenance of 
the anamnestic response. 

On the other hand, the elicitation by 
PHA may be really a specific one in 
that PHA increases the sensitivity of 
previously primed cells to traces of 
antigen still present in the fragments. 
Normally, these concentrations must be 
insufficient to produce an anamnestic 
response, as shown by the negative re- 
sponse in the untreated cultures. If this 
is the case, PHA may resemble the in- 
ducer in the synthesis of induced en- 
zymes (11) by increasing the permea- 
bility of the cell to the antigen; thus 
the intracellular antigen may reach a 
concentration sufficient to trigger syn- 
thesis of the antibody (perhaps by de- 
repressing the directing gene). Phyto- 
hemagglutinin may also exert its effect 
by altering the membrane of the sensi- 
tized cell so that it is more responsive to 
the antigen or to whatever compound 
transfers the information, for example, 
RNA (12), or RNA-antigen com- 
plex. The effectiveness and persistence 
of the PHA stimulatory effect after 
such short contact raises the pos- 
sibility that PHA may act on the level 
of the cell membrane; conceivably, for 
the same reason, so may the antigen. 
It is difficult at present to explain the 
three experiments in which the sensi- 

The Schmidt-Ruppin strain of the 
Rous sarcoma virus produces tumors 
in a wide variety of mammals as well 
as in fowl (1). Affected mammals in- 
clude the mouse, rat, Syrian hamster, 
rabbit, and guinea pig. A similar strain 
of the Rous sarcoma virus (Zilber) 
produces tumors in primates (2). We 
have previously studied the effect of 
the Schmidt-Ruppin virus on chromo- 
somes in the cells of rat tumors in- 
duced by the virus, in the cells of 
similar tumors in tissue culture, and in 

diploid rat embryo cells in tissue cul- 
ture (3). In all three systems chromo- 
some breaks, or rearrangements re- 

sulting from breaks, occurred. Because 
of the wide variety of mammals in 
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tized cells did not respond to PHA, but 
did respond to the specific antigen by 
producing an anamnestic response. 

Elicitation by PHA of an anamnestic 
response in vitro thus provides a differ- 
ent approach for investigating the role 
of antigen in antibody formation. 
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which this virus produces tumors and 
the association of the virus with 
chromosome breakage, its effect was 
studied in a human cell system in vitro. 
The cells, human peripheral leukocytes, 
were chosen primarily because in cul- 
ture they are induced to divide by 
addition of phytohemagglutinin (4); 
therefore the times of RNA and DNA 

synthesis and the state of mitosis when 
virus is added are known with relative 
accuracy (5). 

Pools of cell-free virus suspension 
were prepared by harvesting rapidly 
growing tumors induced in the chicken. 
The tumors were minced and put in 
suspension (10 percent by weight) in 
tris-saline solution containing 10 per- 
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when Schmidt-Ruppin strain of Rous sarcoma virus was added to the cultures. 
Similar additions of Bryan strain of Rous sarcoma virus had no such effect. 
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cent calf serum. The cellular debris 
was removed by multiple centrifuga- 
tions, and the separated virus prepara- 
tions were stored in flame-sealed glass 
ampules at -60?C until used. The hu- 
man leukocytes were cultured, with 
slight modification (6), by the method 
of Moorhead et al. (7). The cells were 
exposed to virus suspension, either at 
the time of culture preparation or af- 
ter DNA synthesis had begun, by cen- 
trifuging the cultured cells, decanting 
and saving the supernatant media, re- 
suspending the cells in virus suspen- 
sion, and allowing them to stand in 
the cold for 1 hour. The cells were 
centrifuged again and the virus suspen- 
sion was decanted; the cells were then 
replaced in their former media. Con- 
trols were handled similarly, but 
without the addition of virus. On two 
occasions Bryan strain of the Rous 
sarcoma virus, a strain which does not 
produce tumors in mammals, was sim- 
ilarly added to additional controls. The 
cultures were then incubated until 72 
hours, when chromosome prepara- 
tions were made in the usual manner 
(6). 

In the first four experiments, titra- 
tions of the Schmidt-Ruppin virus were 
not available. Later, we found that the 
Schmidt-Ruppin virus could be titrated 
in the same manner as the Bryan strain 
of Rous sarcoma virus on either 
chorioalantoic membranes of embryo- 
nated chicken eggs (8) or monolayers 
of chick fibroblasts (9). When virus 
suspension was added at the time the 
cultures were established, severe mi- 
totic inhibition prevented chromosome 
analysis (Table 1). If the virus was 
added at 36 hours, after the onset of 
DNA synthesis, mitotic inhibition was 
less severe, and chromosome abnor- 
malities were detected. Abnormalities 
detected after adding virus at 36 hours 
were in the form of chromatid breaks 
(Fig. 1) in five experiments in which 
colchicine was added and the cells were 
studied during c-metaphase. They were 
in the form of acentric fragments and 
bridges (Fig. 2) in one experiment from 
which colchicine was omitted to permit 
study of anaphases. Breaks seen in the 
metaphase preparations fitted the de- 
scription by Ostergren and Wakonig 
(10) of the delayed isolocus chromatid 
type. These authors postulated that a 
labile locus is formed when the chro- 
mosome is functionally a single unit. 
Then, after the chromosome has been 
functionally split into two chromatids, 
any range of abnormality from a sec- 
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ondary constriction in only one chro- 
matid-or, as in the typical example, 
a secondary constriction in one chro- 
matid, with a corresponding break in 
the other-to a complete break in 
both chromatids may be observed. (A 
complete break in both chromatids may 
also derive from chromosome break- 
age before the split.) This variation 
presumably depends on the stresses to 
which the chromatids are subjected 
during chromosomal contraction at mi- 
tosis (11). Chromosome rearrange- 
ments and reunions are rare. 

The question arose whether chro- 
mosome abnormalities might be due 
to some component of the chicken 
tumor extract rather than to the virus: 
deoxyadenosine, a normal deoxyri- 

Fig. 1. Chromosome break in human 
leukocyte at metaphase treated with 
Schmidt-Ruppin Rous sarcoma virus. 
Break is at the arrow. 

boside found in all tissues, has been 
known to produce chromosome ab- 
normalities at high concentration (6). 
However, when the Bryan strain of 
virus suspension, prepared from 
chicken tumors in the same way as 
the Schmidt-Ruppin virus suspensions, 
was added to similarly prepared cells, 
there was no significant chromosome 
breakage; the Bryan strain did seem 
to produce some degree of mitotic in- 
hibition (Table 1). 

In several cultures to which 
Schmidt-Ruppin virus had been added 
there seemed to be a defect in coiling 
or contraction, or both, of the chro- 
mosomes in a high percentage of the 
cells in mitosis. This is suggested by 
the smaller chromosome size and dif- 

Fig. 2. Anaphase preparation showing 
acentric fragment remaining at equator 
of cell after treatment with Schmidt- 
Ruppin strain of Rous sarcoma virus. 

Table 1. Schmidt-Ruppin Rous sarcoma virus in human leukocytes. 

Time 

Stage of 
examined vlrus addition 

(hour) 

Metaphase 

Metaphase 

Metaphase 

Anaphase 
Metaphase 

Metaphase 

* 50 cells analy 

Zero 
36 
Zero 
36 
Zero 
36 
36 

Schmidt-Ruppin Rous 

Virus 
concn Cells Mi 
(FFU with Mltotlc 
per breaks* in- 
0.1 (%) 

ex 

ml) 

0.3 
24 1.9 

0.2 
16 2.5 

26 
20 

0.3 
1.2 

Bryan strain of Rous Control 

Virus 
concn Cells Cells 
(FFU with Mitotic with Mitotic 
per breaks* in- breaks* in- 
0.1 (%) dexi- (%) dext 

ml) 

3.1 
2 

2.3 
8 

6 
2 

36 3 X 104 Severe 7X 105 6 1.35 4 2.75 
inhibition 

36 2X104 40 0.7 7 X 105 8 0.9 4 2.8 36 2 X 10 Severe 0.3 
inhibition 

yzed at each examination. t 2000 cells counted at each examination. 
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ference in staining quality, as com- 
pared with control preparations. This 
type of change is sometimes associated 
with decreased robustness of cells un- 
der unfavorable culture conditions. 

When the Schmidt-Ruppin virus was 
concentrated by ultracentrifugation so 
that 2 X 106 focus-forming units 
(FFU) of virus were added to the 
culture containing approximately 2.25 
X 106 cells, there was mitotic inhibi- 
tion to a degree that prevented chro- 
mosome analysis. On two occasions 
serial titrations of the leukocyte cul- 
ture fluids after virus addition revealed 
no evidence of virus multiplication. 
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molecular oxygen. 

The radiation-induced destruction of 
amino acids in solid proteins has been 
described by Alexander and Hamilton 

(1) and by Bowes and Moss (2) as 
not being significantly greater under 

oxygen than in a vacuum. However, 
neither of these studies was under- 
taken to determine optimum conditions 
for radiation-chemical reaction in a 

heterogeneous peptide-oxygen system; 
in the one study the dose rate was con- 
fined to the relatively high value of 
about 5 X 1022 ev g-' min-', and in the 
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other the solids were irradiated in a 

nondispersed form. We have, therefore, 
re-examined this question by irradiating 
-as highly dispersed fluffs (3)-a poly- 
peptide, gelatin, and a polyamino acid, 
poly-D,L-alanine, in a vacuum and in an 

oxygen atmosphere under y-rays at the 

relatively low dose rate of 1 X 1016 ev 
g-l min-1. 

The very striking results are the re- 

markably high G values (see Table 1) 
for oxygen uptake and for oxidative 

degradation of both gelatin and poly- 
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Table 1. Product yields in the y-radiolysis of gelatin and poly-D,L-alanine in the solid state. 
A, irradiated in a vacuum and then exposed to oxygen prior to chemical manipulation. 
B, irradiated in oxygen at a pressure of 50 mm-Hg. The dose was 1.44 X 1020 ev/g. G - mole- 
cules per 100 ev absorbed energy. 

G-values 

>C=O NH3 CO2 -02 

A. Evacuated 
Gelatin 2.3 ? 0.3 8.1 ? 0.5 0.63 ? 0.03 

Poly-D,L-alanine 4.8 + .3 5.6 + .3 .41 ? .01 

B. Oxygen atmosphere 
Gelatin 17.9 ? 0.9 42.1 ? 1.8 15.7 ? 3.0 72.7 ? 0.5 

Poly-D,L-alanine 24.3 + .7 30.9 ? 1.7 33.8 ? .5 52.3 ? .9 
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D,L-alanine. Chemical analysis of the 
irradiated peptides after a 3-hour pe- 
riod of hydrolysis in 2N hydrochloric 
acid established that ammonia and a- 
ketoacid or acids were principal degra- 
dation products. The quantitative pro- 
cedures were those developed in our 
previous studies of the radiolytic oxida- 
tion of polypeptides in aqueous solu- 
tion (4). Oxygen uptake and carbon 
dioxide production were followed by 
mass spectrometry. The observed 
G(-02) values correspond to an en- 
ergy requirement of only 1.5 and 2.0 
ev per molecule of oxygen removed by 
gelatin and poly-D-L-alanine, respec- 
tively. 

The magnitude of these G values 
prompted us to give particular attention 
to the quantitative basis of such reac- 
tions. Dose is determined by extrapola- 
tion on the basis of the ratio of the 
electron densities of the solids and 
the Fricke dosimeter (5). The validity 
of the extrapolation for the low-density 
solids and for the geometries used here 
was established experimentally in a 
series of control experiments in which 
the density and the volume of the irra- 
diated samples were varied from about 
0.025 to 0.6 g/cm3 and from 1 to 80 
cm3, respectively. The possibility that 
not all of the observed chemical change 
arises as a result of the direct action of 
the radiation on the polypeptides was 
also examined in some detail. The fact 
that the degradation yields in oxygen 
are independent of pressure from 650 
mm down to 20 mm as shown in 
Table 2 indicates that energy absorp- 
tion by oxygen is not a major contrib- 
uting factor. At 20 mm pressure, the 
oxygen in the gas phase plus that ab- 
sorbed on the solid peptide represents 
less than 1 percent of the mass of the 
total sample (6). The possibility that 

part of the energy absorbed by the 
pyrex cell is transferred to the peptide 
through excited states of oxygen is 
negated by the observed pressure inde- 

pendence and by the observation that 
addition of a glass-fiber plug above the 

peptide sample does not result in any 
change in the degradation yields. There 
is also the question whether or not the 
amide and carbonyl yields given in 
Table 1 include some contributions 
from "dark reactions" induced in the 

hydrolysis. Both peroxides and car- 

bonyl compounds, for example, are 

D,L-alanine. Chemical analysis of the 
irradiated peptides after a 3-hour pe- 
riod of hydrolysis in 2N hydrochloric 
acid established that ammonia and a- 
ketoacid or acids were principal degra- 
dation products. The quantitative pro- 
cedures were those developed in our 
previous studies of the radiolytic oxida- 
tion of polypeptides in aqueous solu- 
tion (4). Oxygen uptake and carbon 
dioxide production were followed by 
mass spectrometry. The observed 
G(-02) values correspond to an en- 
ergy requirement of only 1.5 and 2.0 
ev per molecule of oxygen removed by 
gelatin and poly-D-L-alanine, respec- 
tively. 

The magnitude of these G values 
prompted us to give particular attention 
to the quantitative basis of such reac- 
tions. Dose is determined by extrapola- 
tion on the basis of the ratio of the 
electron densities of the solids and 
the Fricke dosimeter (5). The validity 
of the extrapolation for the low-density 
solids and for the geometries used here 
was established experimentally in a 
series of control experiments in which 
the density and the volume of the irra- 
diated samples were varied from about 
0.025 to 0.6 g/cm3 and from 1 to 80 
cm3, respectively. The possibility that 
not all of the observed chemical change 
arises as a result of the direct action of 
the radiation on the polypeptides was 
also examined in some detail. The fact 
that the degradation yields in oxygen 
are independent of pressure from 650 
mm down to 20 mm as shown in 
Table 2 indicates that energy absorp- 
tion by oxygen is not a major contrib- 
uting factor. At 20 mm pressure, the 
oxygen in the gas phase plus that ab- 
sorbed on the solid peptide represents 
less than 1 percent of the mass of the 
total sample (6). The possibility that 

part of the energy absorbed by the 
pyrex cell is transferred to the peptide 
through excited states of oxygen is 
negated by the observed pressure inde- 

pendence and by the observation that 
addition of a glass-fiber plug above the 

peptide sample does not result in any 
change in the degradation yields. There 
is also the question whether or not the 
amide and carbonyl yields given in 
Table 1 include some contributions 
from "dark reactions" induced in the 

hydrolysis. Both peroxides and car- 

bonyl compounds, for example, are 
known to degrade amino acids by way 
of the Strecker reaction, with the for- 
mation of ammonia under certain con- 

SCIENCE, VOL. 146 

known to degrade amino acids by way 
of the Strecker reaction, with the for- 
mation of ammonia under certain con- 

SCIENCE, VOL. 146 

Radiation-Chemical Oxidation of Peptides in the Solid State 

Abstract. Gamma-ray trradiation of polypeptides as highly dispersed fluffs 
under oxygen leads to chemical degradation of the peptide bond with the remark- 

ably high oxygen consumption of about one molecule per 2 ev of absorbed energy. 
A radical chain mechanism appears to be involved, and there is evidence that 
excited states of the polypeptide aggregate undergo chemical quenching by 
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