
glutinating antibodies by the polyvinyl- 
prolidone technique (5). The heat eluate 
showed a specific hemagglutinin titer 
of 26 to 27 against A/Jax red blood 
cells. Specific hemagglutinins were not 
detected in the eluate from control 
nonimmune cells or in the final wash- 
ing fluid of immune cells or in mem- 
brane-free extracts of immune cells. 
Although the hemagglutinin was de- 
stroyed by exposure to 0.1 M 2-mer- 
captoethanol for 60 minutes at 37?C, 
trials to establish its sedimentation be- 
havior by sucrose-gradient techniques 
were not satisfactory. 

The eluates were tested further by 
Terasaki's cytotoxicity test (6). Five dif- 
ferent heat eluates from immune cells 
were capable of activating comple- 
ment, as shown by their capacity to 
kill approximately 70 percent of nor- 
mal A/Jax lymph-node cells iin the 
presence of fresh rabbit serum. 

The influence of metabolic inhibitors 
on the adherence and plaquing ca- 
pacity of immune cells was tested. 
A suspension (0.5 ml) containing 2 X 
106 o,f well-washed immune cells per 
milliliter was incubated for 2 hours at 
37?C in 5.0 ml of Eagle's minimal 
essential medium plus high concentra- 
tions of cell inhibitors as follows: 0.1M 
sodium azide, 0.004M 2,4-dinitrophe- 
nol, 0.05M sodium fluoride, 10.0 ,uM 
actinomycin D, 100 ,ug of chloram- 
phenicol per milliliter, and 200 Mjg of 
puromycin per milliliter. The cells 
were chilled to 4?C, sedimented, and 
suspended in 0.2 ml of Eagle's mini- 
mal essential medium. One drop of 
each treated cell suspension was then 
placed on a monolayer of A/Jax fibro- 
blasts and a monolayer lof L-cells. 
After 5 minutes, the monolayers were 
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Fig. 3. Effect of chloramphenicol and ac- 
tinomycin-D treatment on the capacity of 
immune C57B1/Ks macrophages to cause 
destruction of L-cell target monolayers af- 
ter 48 hours. (A) Chloramphenicol-treated 
cells. (B) Actinomycin D-treated cells. (C) 
Normal peritoneal untreated cells. (D) 
Untreated immune cells (the central dark 
spot is a wax pencil mark). 
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washed vigorously three times with a 
total of 30 ml of physiologic saline 
and stained by the plaque method 
(Fig. 2). Untreated control cells and 
inhibitor-treated cells adhered equally 
well to target cells. Specific adherence 
of the immune cell to the target cell 
apparently does not require a meta- 
bolically active immune cell. Actino- 
mycin D and chloramphenicol-treated 
cells were washed before the plaque 
test. In some cases chloramphenicol 
was added to the medium (Fig. 3). 
Both actinomycin D and chloramphen- 
icol blocked plaque formation. How- 
ever, chloramphenicol-treated cells only 
remained inactive when initial treat- 
ment was supplemented by maintain- 
ing a concentration of 100 tMg of chlor- 
amphenicol per milliliter of culture me- 
dium (Fig. 3, A and B). Whereas control 
immune peritoneal cells produced 
plaques (Fig. 3D), control starch-in- 
duced nonimmune C57B1/Ks perito- 
neal cells at the high dose of 2 X 106 
cells failed to produce plaques (Fig. 
3C). 

With respect to the chance that 
complement or its components may 
participate in plaque formation, three 
possible sources of complement were 
considered: (i) "free" humoral comple- 
ment, (ii) humoral complement which 
may become fixed to immune cells in 
vivo, and (iii) complement formed by 
either the immune cell or the target 
cell. The participation of free humoral 
complement appears to be ruled out 
by our observations that well-washed 
immune cells exhibit full plaquing 
activity in medium without serum or 
in medium containing heat-inactivated 
calf serum. The second possibility, that 
absorbed complement is present on the 
surface of the immune cell, was tested. 
Immune macrophages were unaffected 
by treatment with heat-inactivated rab- 
bit antiserum to mouse tissue. No evi- 
dence was obtained that complement 
participates in plaque formation. 

Thus, immune peritoneal macro- 
phages derived from C57B1/Ks mice, 
immunized against A/Jax antigens, 
possess membrane-associated antibod- 
ies that may be responsible for specific 
contact adherence of the immune cell 
to the target cell. That specific ad- 
herence was not blocked by a variety 
of cell-inhibiting agents is consistent 
with the concept that adherence is pas- 
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The additional observation that acti- 
nomycin D- or chloramphenicol-treated 
immune cells were unable to destroy 
the target cells even though they ad- 
hered suggests that to form plaques the 
immune cell must have biosynthet,ic ac- 
tivity. In contrast some trials indicate 
that treatment of target cells with met- 
abolic inhibitors does not affect plaque 
formation. 

GALE A. GRANGER 

RUSSELL S. WEISER 

Department of Microbiology, 
University of Washington, 
School of Medicine, Seattle 
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Sulfur Mustard: Reaction with 
L-Cells Treated with 

5-Fluorodeoxyuridine 

Abstract. Aftere exposure to 5-fluoro- 
deoxyuridine, L-cells are considerably 
more sensitive to the lethal effect of 
sulfur mustard than after they have 
been released from this block by ad- 
dition of thymidine and allowed to 
proceed into the G2 phase of the divi- 
sion cycle. Nevertheless, for both pop- 
ulations, the amounts of mustard 
bound per cell and per nucleus (ex- 
pressed as the amount of mustard per 
unit of protein) were the same. Like- 
wise, the amounts of mustard bound 
per unit of DNA were the same for 
both populations. 

Cultured L-strain mouse cells were 
more sensitive to the lethal effect of 
nitrogen and sulfur mustards when the 
cells were synthesizing DNA than after 
they had entered the G2 period (1). 
This result was obtained with cell pop- 
ulations that had been treated with 
5-fluorodeoxyuridine (FUDR) and 
then with thymidine, which releases 
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they had entered the G2 period (1). 
This result was obtained with cell pop- 
ulations that had been treated with 
5-fluorodeoxyuridine (FUDR) and 
then with thymidine, which releases 
the cells from the inhibitory effect of 
the FUDR. The cells then move in a 
wave successively through phases S 
and G2. Beyond this point the syn- 
chrony diminishes rapidly. Since the 
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time of the earlier report (1), some 
of the characteristics of the L-cell line 
have changed. The doubling time has 
decreased from 20 hours to 16 hours 
and the sensitivity to sulfur mustard 
has increased significantly. I have 
reinvestigated the sensitivity to sulfur 
mustard of cells in the S and G2 phases 
and report some chemical data concern- 

ing the reactivity of the cell compounds 
with mustard. 

The subline of L-strain mouse cells 
was maintained in continuous suspen- 
sion culture at 37?C in medium 
CRML-1066, containing 5 percent 
horse serum, penicillin, and streptomy- 
cin but with thymidine excluded (1). 
During exponential growth the dou- 
bling time of these cells was 16 hours. 
The number of cells in suspension was 
determined by means of a Coulter 
electronic cell counter. The S-phase 
cells were produced by exposing an 

exponentially growing suspension cul- 
ture, containing I to 2 X 105 cells per 
milliliter, to 10-7M FUDR for 14 
hours (2); 41/2 hours after the addition 
of thymidine to such a culture (final 
concentration, 10 p,g/ml), the cells 
were in the G2 phase (3). 

Survival curves were obtained by ex- 
amination of samples from the culture 
of S or G2 cells. After the appropriate 
dilution the cells were added to petri 
dishes containing the plating medium, 
which consisted of CRML-1066 with 
antibiotics, thymidine (10 ug/ml), 5 
percent horse serum, and 5 percent 
fetal calf serum. Sulfur mustard in 
methanol, freshly prepared from a 
stock solution, was then added to the 
dishes. The dishes were incubated for 
10 days at 37?C in a humidified atmo- 
sphere containing 5 percent CO,. The 
colonies were then stained with 0.5 
percent aqueous methylene blue and 
counted under a low-power mi- 

croscope. A minimum of 25 cells con- 
stituted a colony. The stock solution 
of mustard, 5 mg per milliliter of 
methanol, was kept satisfactorily at 
-20?C. The amount of methanol in 
all dishes including the controls was 
in the proportion of 0.05 ml per 5 ml 
of medium, and the plating efficiency 
of the controls was usually 80 per- 
cent or higher. After mustard treat- 
ment cells that were not able to divide 
and form colonies persisted in the 
form of "giant" (4) or "feeder" cells, 
and their numbers influenced the num- 
bers of colonies that developed. There- 
fore, sufficient extra "feeder" cells 
were added to each dish to give a 
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10a per dish. The extra isolated from whole cells by the meth- 
cells were prepared by treat- od of Djordjevic and Szybalski (7). 
iall suspension culture with An important point concerning the use 
nustard per milliliter of cul- of this method in my study is that 
hour at 37?C. the yields of DNA are nearly quanti- 
mustard labeled with S'"' (ini- tative, the DNA is free of RNA, and 
fic activity, 30 mc/mmole) any protein present seems to have 
ned from the Radiochemical come from the ribonuclease used in 
mersham, England. The prep- the preparation. The DNA was pre- 
as dissolved in methanol and cipitated from solution by addition of 
-20?C. It was diluted fur- an equal volume of lN perchloric 

methanol and added to acid; the precipitate was either col- 
1 cultures of S or G2 cells lected on a Millipore filter and counted 
t final concentration of 0.6 as described, or it was dissolved in 
fter treatment for 1 hour at toluene-phosphor solution with the aid 
mples of the culture were of hyamine and counted. Protein was 
d, and the collected cells measured by the method of Oyama 
hed twice by suspension in and Eagle (8), and DNA was mea- 
-buffered saline (5) and cen- sured by Burton's method (9). 
gain. The radioactivity in the Figure I shows the survival for S 
Is was measured by suspend- and G2 populations. The lines were de- 
ells in phosphate-buffered sa- rived by regression analysis and their 

:atching a sample on a Milli- slopes are not significantly different 
r (pore size, 0.45 ,u). The (10). This result differs from that ob- 
-e placed in toluene-phosphor tained previously, in which the slope 
,nd counted in a liquid scin- of the survival curve for S-phase cells 
counter (Nuclear Chicago). was greater than that for G2-phase 
;re prepared (6), and samples cells (1). In the previous study the 
were collected on Millipore degree of cell killing by the doses of 
ir radioactivity was measured mustard used was extended about two 
ed for whole cells. DNA was logarithmic units for the G2-phase 

cells. Further, the survival curve for 
these cells had a broad shoulder. It 

r .... ------ now seems possible that a straight line 
was fitted to points that lay in the 
shoulder region, so that the result- 

ing slope was erroneously shallow. My 
present data do not suffer from this 

* defect. 
l 
* _ Because the slopes of the two sur- 

vival curves are not different it may 
G2 be concluded that the target compo- 
*\- | nents of the cells in both S and G2 

- 
populations are being inactivated at 

;s~ \I the same rate. This contention re- 
ceives support from the data (Table 1) 

N _ . \ - which show the amount of sulfur mus- 
as \ tard that has combined with the whole 

cells, nuclei, and DNA from popula- 
o tions of S and G2 cells. After thymi- 

dine has been added to the FUDR- 
blocked cultures and during the sub- 

sequent 4.5-hour interval, which takes 

o 0.2 0.4 0.6 the cells into the G2 period, there is 
no increase in cell number. However, 

DOSE OF MUSTARD (ug/mI) the cells increase their protein and 
R~RNA content, and they synthesize 

rvival of reproductive capacity enough DNA to generate the pre-mitot- 
G2 populations of L-cells after ic amount of this material. When equal 
with sulfur mustard. The lines volumes of culture are analyzed, whole 

uted regression lines. The two cells, nuclei, and DNA from G2 popu- 
ked with asterisks were not in- lations contain more radioactive mus- 
the calculation of the upper re- 
ne because they li e n te shol- tard than their counterparts from S 

of the survival curve. populations. However, when radioac- 
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Table 1. Radioactive mustard associated with 
whole cells, nuclei, and DNA after reacting 
S- and G2-phase cells with mustard (final con- 
centration 0.6 Atg/ml) for 1 hour at 37?C. 
The radioactivity of all the samples, except 
the DNA preparations in experiment III, was 
measured by the liquid scintillation technique 
(the samples having been collected on Milli- 
pore filters). The filters were placed in 
toluene-phosphor solution and counted. The 
DNA samples in experiment III were dis- 
solved in toluene-phosphor solution and 
counted. All values are the average of two 
estimations. 
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Ex- Specific activity (count min-'1 ig-1) 
peri- 
ment Whole cells* Nuclei* DNAt 

S phase 
I 0.555 0.511 
II .541 .533 
III 12.0 
IV 8.47 

G2 phase 
I 0.523 0.452 
II .519 .531 
III 11.4 
IV 8.70 

* Per microgram of protein. t Per microgram 
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IV 8.47 

G2 phase 
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II .519 .531 
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* Per microgram of protein. t Per microgram 
of DNA phosphorus. of DNA phosphorus. 

tivity values for whole cell and nucleus 
are expressed per unit of protein and 
those for DNA are expressed per unit 
of DNA (Table 1) there is no differ- 
ence between the two populations. 

It seems likely that the DNA in 
S-phase cells and the DNA in G2- 
phase cells have different molecular 
configurations and perhaps different 
degrees of association with histones 
and other nuclear proteins. Therefore it 
is noteworthy that the extent of mustard 
reaction with DNA is the same in S 
and G2 cells. 

According to target theory, if the 
number of targets in the unit to be 
destroyed is increased, the targets be- 
have independently with respect to the 
inactivating agent (11). The G2 cells 
contain almost twice as much DNA 
as do the S cells under the present 
experimental conditions. If DNA is 
the target component of the cells, and 
G2-cell and S-cell DNA do not react 
differently from each other with mus- 
tard one would expect the following: 
the linear portion of the G2-cell sur- 
vival curve would be parallel to that 
of the S cells but would be displaced 
above it by a factor of almost 2. That 
is, the extrapolation number of the 
G2 curve would be twice that of the 
S curve. In fact the curves are dis- 
placed by a factor of about 10. This 
could be taken to mean that another 
target is involved. It could also mean 
that some kind of repair mechanism 
is operative and that G2 cells can take 
advantage of this mechanism. 
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In order to obtain some idea of the 
quantitative nature of the lethal effect 
of sulfur mustard on L-cells, the fol- 
lowing calculations were made. From 
the data of experiment III (Table 1) 
where a reliable estimate of the count- 
ing efficiency was made it was calcu- 
lated that there was one alkylation per 
48,000 nucleotides in DNA. From 
Fig. 1, the D, value (12) or dose 
which on the average will inactivate a 
cell is 0.06 /1g/ml. Since alkylation of 
the cellular DNA is directly propor- 
tional to the dose of mustard (13), the 
Do would yield therefore one alkyla- 
tion per 480,000 nucleotides. If the 
average gene contains about 3000 nu- 
cleotides (14) then about one gene in 
every 160 (480,000/3000) could be 
alkylated. Some genes undoubtedly 
would escape alkylation, while others 
would suffer several alkylations. If 
gene inactivation is the critical action 
of mustard in producing cell death, 
then the foregoing calculations sug- 
gest the feasibility of this process. At 
the same time the calculations indi- 
cate the small extent of gene damage 
that will produce cell death. Such a 
consideration is even more marked if 
only about one in five alkylations or 
perhaps fewer yield cross-links in the 
DNA and it appears that the latter is 
the inactivating reaction (Brookes and 
Lawley, 13). 
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common pesticide chemicals. 

Residues of pesticides in crops that 
are shipped are subject to government 
limitations, but obviously the real sig- 
nificance of the residues lies in the 
amount actually ingested by animals 
and humans. Data on the actual 
amounts of the residues in food as 
shipped do not give a clue to the 
amount that will be ingested. There is, 
therefore, a continuing need for this 
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shipped in interstate commerce. Some 
states have established similar toler- 
ances for intrastate control. The 1954 
statement of the National Academy of 
Sciences with its subsequent revisions 
(1) is used as a basic guide. The re- 
port issued by the President's Science 
Advisory Committee discusses in some 
detail the mechanism and criteria used 
in setting tolerances (2). 

We planned our investigation to pro- 
vide additional information and ex- 
pand the data furnished by experiments 
on specific food items and on specific 
types of food processing. 

101 

shipped in interstate commerce. Some 
states have established similar toler- 
ances for intrastate control. The 1954 
statement of the National Academy of 
Sciences with its subsequent revisions 
(1) is used as a basic guide. The re- 
port issued by the President's Science 
Advisory Committee discusses in some 
detail the mechanism and criteria used 
in setting tolerances (2). 

We planned our investigation to pro- 
vide additional information and ex- 
pand the data furnished by experiments 
on specific food items and on specific 
types of food processing. 

101 

Pesticide Residues in Total-Diet Samples 

Abstract. Small amounts of pesticide residues were found in food samples 
from 18 markets consisting of 82 foods collected from three different geographical 
areas. The samples were separated into twelve similar classes of foods, made 
ready to eat, and analyzed by methods capable of detecting small quantities of 50 

Pesticide Residues in Total-Diet Samples 

Abstract. Small amounts of pesticide residues were found in food samples 
from 18 markets consisting of 82 foods collected from three different geographical 
areas. The samples were separated into twelve similar classes of foods, made 
ready to eat, and analyzed by methods capable of detecting small quantities of 50 


