
for C12H24N307 * PO(OH)2 * 2H20, 
are C, 32.80; H, 6.88; N, 9.56; 0, 
43.70; P, 7.05. The crystalline inac- 
tivated paromamine consumed 1.6 moles 
of periodate at pH 4.05 in 24 hours. 
The hydrolysis of the periodate-oxidized 
inactivated paromamine gave D-glucos- 
amine, but not deoxystreptamine. These 
data indicate that the 3-hydroxyl group 
of D-glucosamine moiety of paroma- 
mine is phosphorylated. 
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When the reaction mixture of inac- 
tivated kanamycin was treated by al- 
kaline phosphatase, the recovery of kan- 
amycin was not 100 percent; and the 
percentage recovery was higher when 
the concentrations of antibiotic and 
ATP in the reaction mixture were lower. 
When the reaction mixture containing 
1 mmole of kanamycin and 8 mmole of 
ATP per liter was inactivated and the 
solution was diluted tenfold, treatment 
with alkaline phosphatase resulted in 
60 percent recovery of kanamycin. 

Adenosine triphosphate (ATP) was 
the absolute requirement for the inac- 
tivation reaction and addition of co- 
enzymes (coenzyme A, nicotinamide- 
adenine dinucleotide, nicotinamide- 
adenine dinucleotide phosphate, flavin 
mononucleotide, flavin-adenine dinu- 
cleotide, folic acid), acetate, and amino 
acids did not show any enchancement 
of the inactivation reaction. Adenosine 
triphosphate could not be replaced by 
adenosine mono- or diphosphate, gua- 
nosine triphosphate, or uridine triphos- 
phate. 

Dihydrostreptomycin was inactivated 
by the kanamycin-inactivation system. 
Concentrations of dihydrostreptomycin 
and ATP in the reaction mixture were 
100 /,g/ml and 4 lmole/liter. After in- 
cubation at 37?C for 20 hours, the 
solution was heated to 90?C for 5 min- 
utes and treated by alkaline phospha- 
tase. This gave a 100 percent recovery 
of the activity. Thus, this strain of E. 
coli showed a phosphorylative inactiva- 
tion of dihydrostreptomycin. 

The relation between phosphoryla- 
tion and resistance was shown by the 
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a nutrient agar containing kanamy- 
cin, and a subculture which grew in a 
medium containing kanamycin (5 u/g/ 
ml) was obtained. Another resistant 
culture which grew in a medium con- 
taining kanamycin at 80 itg/ml was 
obtained by the successive transfers in- 
to a medium containing kanamycin. 
The enzyme solutions prepared from 
these resistant strains which had no R 
factor did not show inactivation of 
kanamycin. 

Thus, E. coli that carries R factor 
produces an enzyme or enzymes which 
phosphorylate the 3-hydroxyl group of 
2- or 6-amino-2- or 6-deoxy-D-glucose. 
Though it is not certain whether one 
enzyme alone catalyzes these reactions 
and whether the same enzyme catalyzes 
the same reaction on 2,6-diamino-2,6- 
dideoxy-D-glucose in neomycins, the 
isolation of the phosphorylated com- 
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with a mitotic time of not less than 46 
37?C. 

A typical antibody response to a 
particulate antigen is characterized by 
the production of yM-globulin antibody 
followed shortly by yG-globulin. The 
Jerne hemolytic plaque technique (1) 
permits detection of antibody-produc- 
ing cells during the yM phase of the 
response. The total number of these 
cells increases several thousandfold in 
the spleens of mice during a typical re- 
sponse. (We consistently observe that 
the number of antibody-producing cells 
doubles every 5 to 6 hours during the 
period 24 to 96 hours after cow red 
blood cells are given as antigen.) Cell 
division or cell recruitment, or both, 
could account for this increase (2). The 
experiments described here show that 
cells already known to be producing 
specific antibody do divide during the 
primary response, and they suggest 
that these cells continue to synthesize 
antibody after division. 

We used a modified Jerne plaque 
technique which permits the direct ob- 
servation of antibody-producing cells 
for many hours after they have formed 
hemolytic plaques (3-7). Plaques with 
central cells in good focus and with 
no nearby cells were selected for de- 
tailed study. In this way, it was en- 
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sured that hemolysis was the result of 
antibody made by central cells. Plaques, 
first observed after 30 minutes of in- 
cubation at 37?C, were numbered and 
inspected at intervals. The inspection 
part of the procedure was carried out 
at room temperature, since one experi- 
ment entirely at 37?C showed no qual- 
itative or quantitative differences in the 
results at the two temperatures. Most 
observations were made with spleen 
cells taken from animals 72 hours after 
antigen administration, a time when the 
total number of antibody-producing- 
cells is still increasing logarithmically. 
Since observations made at other times 
(21/4 to 4 days) during the primary re- 
sponse do not differ importantly from 
these, all are described together. 

When first observed, most of the 
plaques contained single central cells, 
but 4.8 percent (83/1742) already had 
two cells at this time. During the sub- 
sequent observation period (usually 4 
to 5 hours), 2.6 percent (45/1742) of 
the single cells divided and gave two 
cells. All but one of the newly arising 
cell pairs remained in contact, al- 
though several of these pairs of cells 
showed vigorous amoeboid activity. In 
the instance when we did observe a 
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Antibody-Producing Cells in Division 

Abstract. Cells producing antibody were detected by a modified Jerne plaque 
technique. Of plaques initially containing a single central cell, 2.6 percent (45/ 
1742) later had two. Mitosis of cells producing antibody was directly observed, 
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Fig. 1. Mitosis of a mouse spleen cell known to be producing specific antibody 
against cow red cells. Red cells ghosts approximately 6 u in diameter are apparent 
in the background. The first and last pictures were taken about 25 minutes apart, 
at room i:femperature with a phase-contrast oil immersion lens (40 X). 

newly divided pair of cells migrate 
apart in the agar, the hemolytic plaque 
showed an asymmetric increase in size, 
indicating that the cells continue to 
release or synthesize antibody after 
dividing. 

Occasional daughter cells showed 
obvious unequal enlargement 2 to 3 
hours after mitosis, and two plaques 
initially scored as containing two cells 
were later observed to contain three 
cells. Two plaques initially containing 
a single cell later contained four cells; 
the time interval in one case was 20 
hours; in the other, only 1.5 hours. 
The extremely rapid result was seen 

only once, at a time when the cells 
could not be observed adequately under 

high magnification. A binucleate cell 

undergoing quadripolar division could 

produce four cells in this short time. 
In the course of counting the central 

cells in plaques, we learned to recog- 
nize cells likely to divide. These were 

relatively large cells, very often with 
condensed chromosomes. Fourteen cells 
were observed continuously and pho- 
tographed while in mitosis (Fig. 1). 
Five of the resulting cell pairs fused 
again to give binucleate cells. Some 
plaques initially scored as containing 
two cells were also observed to have 
fused to give a single cell after several 
hours. Binucleate plasma cells have 
been described by Langevoort (8) in 
the spleens of mice during the first few 
days of a primary response to horse 
y-globulin. 
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Twelve of the 14 closely watched 
cells which went through mitosis had 
condensed chromosomes when first ob- 
served; in the other two cases the chro- 
mosomes condensed and the cells went 
through mitosis during the period of 
observation. In one case, a cell with 
condensed chromosomes did not divide; 
the chromosomes seemed to disappear 
before mitosis occurred. It would ap- 
pear that, in general, the cells which 
divide in this experimental system are 
already in mitosis when first observed. 

Direct observation entirely at 37?C 
permitted the determination of a mini- 
mum time for mitosis in one case. 
Condensed metaphase chromosomes 
were present in this cell at first ob- 
servation and division occurred after 
40 minutes. This particular cell pair 
fused again and was clearly binucleate 
after 3 hours. 

The importance of cell division in 
the immune response has been demon- 
strated repeatedly in the past (see 9). 
Our experiments show that cells which 
are actually producing antibody can 
divide and suggest that the cells con- 
tinue to produce antibody after divid- 
ing. 

ALICE J. CLAFLIN 
OLIVER SMITHIES 

Laboratory of Genetics, 
University of Wisconsin, Madison 
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