
mately 20 to 30 percent of the nucle- 
ated cells were nonviable at 6 to 8 
hours, while more than half of the cells 
were nonviable at 24 hours. At the same 
time, there was a marked reduction in 
the number of antibody plaques formed. 
As an example, after 2 hours of incu- 
bation there was a 35 to 65 percent 
reduction in the number of antibody 
plaques per total number of viable 

lymphoid cells compared to control 
incubation mixtures containing immune 
cells from NIH mice and Hanks solu- 
tion only. After 8 hours there was a 
50 to 80 percent decrease in plaque 
count. In contrast, there was no sig- 
nificant decrease in plaque counts per 
number of viable cells when spleen cells 
from immunized NIH mice were incu- 
bated with nonsensitized, normal CsH 
cells, or heated, nonviable "killer" C:H 
cells (Fig. 1 and Table I). Similarly, 
there was no demonstrable decrease in 

plaque formation after incubation of 
immune NIH cells with normal, isol- 

ogous NIH cells for varying periods of 
time from 2 to 24 hours. In several 
instances there was an indication of in- 
creased antibody plaque formation at 
24 hours or longer when immune NIH 
cells were incubated with normal NIH 
cells instead of Hanks solution. 

Suppression of plaque formation was 
closely related to the relative concen- 
tration of immune NIH and "killer" 
C,H cells in the incubation suspensions. 
An initial ratio of two C:H "killer" 
cells for each NIH "target" cell re- 
sulted in a 60 to 80 percent reduction 
in the relative number of plaques 
formed after 2 hours incubation (Table 
1). A lower ratio resulted in less sup- 
pression. One sensitized C:.H cell for 
each ten "target" cells resulted in only 
slight inhibition of plaque formation. 

The results indicate that the anti- 
body plaque forming capability of im- 
mune lymphoid cells may be inhibited 

by prior incubation in vitro with lymph- 
oid cells from homograft sensitized 
mice. Significant inhibition may be 
detected after only a few hours incuba- 
tion of the two sets of cells. Such inhi- 
bition apparently reveals tissue incom- 
patibility between "target" and "killer" 
strains. Inhibition does not occur if 
"killer" cells have been rendered non- 
viable by heating. Other experiments 
indicate that serum samples from homo- 
graft sensitized "killer" mice are much 
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y-globulin (7S or 19S) or with mouse 

spleen cell suspensions are markedly 
effective in preventing plaque forma- 
tion when incorporated into agar to- 

gether with plaque-forming cells and 

sheep RBC (9). These observations and 
those reported here lend support to the 
belief that the Jerne technique detects 
new antibody formation rather than the 
release of preformed antibody. 

The experiments have been limited 
to spleen cells from "target" mice 

primed only with red blood cell anti- 

gens. Attempts to couple protein 

antigens, such as bovine serum albumin 
or egg albumin, to red cells by tannic 
acid or bisdiazotized benzidine methods 
have not been successful in our labora- 
tories as far as the antibody plaque 
technique is concerned. However, pre- 
liminary experiments in which red cells 
have been coated with polysaccharide 
antigens derived from Gram-negative 
bacteria (Shigella microorganisms) have 
resulted in plaque formation with 

spleen, lymph node, and peripheral 
leukocytes from immunized mice (9). 
This method should be of use in studies 
concerned with suppression of plaque 
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The principal factors that control 
fruit growth are not understood. An 
extensive search is in progress (1, 2) 
to determine whether each species or 
genus may require specific growth fac- 
tors for the development of its own 
fruit. We have performed transplanta- 
tion experiments with young ovules in 
vivo which suggest that the chemical 
control of the developing fruits may 
be similar for some varieties, species, 
genera, and families. 

Explants consisting of young ferti- 
lized ovules (hereinafter referred to as 
ovules) of several types of fruits were 
inserted in the placenta of growing, at- 
tached fruits of pepper (Capsicum 
frutescens L. var. California Wonder). 
The morphology of the pepper fruit 
makes it particularly suitable for this 
technique (3). 

A small triangular opening, each 
side measuring 1 cm, was made in the 
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pericarp of the pepper (Fig. 1). 
Through this opening the operation 
was performed on the pendant placenta 
by means of surgical instruments. To 
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Fig. 1. Pepper fruit attached to parent 
plant showing the window (cut larger for 
photograph) made in the pericarp wall. 
Transplanted strawberry receptacle with 
achenes can be seen nearing maturation 
(arrow). 
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Physiological Studies on Fruit Development by Means of 

Ovule Transplantation in vivo 

Abstract. Young fertilized ovules belonging to different species, genera, and 

families were transplanted onto pepper placenta and grown in vivo to mature, 
viable seeds. This suggests that the physiological requirements for growth of these 
ovules may be similar between plant species that are quite different taxonomically. 
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Fig. 2 (left). Transverse section of the area of placental union between pepper and 
pepper (X 100). (a) Arrow indicates region of union. (b) Wound vessel (WV) 
differentiated in host tissue. Fig. 3 (right). Transverse section of the area of placen- 
tal union between tomato (T) and pepper (P) (X 100). (a) Starch grains (S) 
apparent along interface. Arrow indicates region of union. (b) Several wound vessels 
(WV) differentiated in pepper tissue. 

prepare the receptor fruit, young 
ovules were removed from a small area 
of the placenta with fine forceps, and 
a small wedge-shaped incision was 
made there with a surgeon's cataract 
knife. An explant consisting of one or 
two ovules with a small piece of 
placenta was removed from the donor 
fruit. The placental tissue of the ex- 
plant was trimmed to fit the incision 

already prepared in the receptor fruit. 
After the insertion of the explant, the 
entire fruit was immediately covered 
with a perforated plastic bag. Observa- 
tions on the progress of the transplant 
were made through the "window." Lit- 
tle or no infection problem was en- 
countered throughout the period the 
donor ovule was grown in the placenta 
of the host fruit. 

Table I. Results of transplantations between different species, genera, and families. The fruit of 
the pepper plant (Capsicum frutescens L. var. California Wonder) was used as host in every 
case. The fruit was 15 to 20 days from pollination when used. 

Age of Time ovule 
ovule when remained on 

Donor plant transplanted pepper after Remarks 
(days after transplanta- 

pollination) tion (days) 

Intervarietal^ 

C. frutescens L. var. 15 30 Seeds germinated and seedlings 
Wisconsin Lakes grew to normal plants. 

Interspecific" 
C. annlium L. 17 30 Seeds germinated and seedlings 

(Chili pepper) grew to normal plants. 
Intergeneric ' 

Lycopersicumn 20 30-35 Seeds germinated only after 
esculentum Mill var. period of dormancy-seedlings 
Roma (Tomato) grew to normal plants. 

Solantiu mnelongena L. 20 30-35 Seeds harvested at maturity; 
var. Black Beauty viable but dormant. 
(Eggplant) 

Solanlnu pseudocapsicum 20 30-35 Seeds harvested at maturity; viable 
L. (Jerusalem cherry) but dormant. Entire fruit was 

also cultured.t 
Inter familial* 

Fragaria virginiana 7 20-30 Achenes germinated and seedlings 
(Strawberry Hort. were obtained. 
var. Sparkle) 

* Nature of transplantation. tWhole young fruit (20 days from pollination) was grown in the 
pepper by inserting the stalk of the fruit into the pepper placenta. The fruit matured 30 days after 
transplantation. 
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Young ovules ranging from 7 to 20 
days from pollination were trans- 
planted into the pepper. These ovules 
were obtained from families which 
were as different as Solanceae and 
Rosaceae. The seeds which developed 
from these transplanted ovules were 
collected 20 to 35 days after transplan- 
tation (depending upon the specific 
ovule used) and germinated on moist 
filter paper in petri dishes. The seed- 
lings grew to mature plants and bore 
normal flowers and fruits. A summary 
of transplantations between various 
species of plants and the results ob- 
tained is presented in Table 1. 

In the experiments with pepper on 
pepper, the area of the embryo was 
measured from median section of 10 ! 
in thickness. At the time the transplants 
were made, the average area of the 
embryos was about 0.0035 mm2, at 
seed maturation, the average area was 
0.4500 mm2. Mitotic figures were ob- 
served at the time the ovules were 
transplanted, indicating that cell di- 
vision was still in progress. The cells 
of the graft unions were parenchyma- 
tous in nature. Some wound tracheids 
were distributed among the parenchy- 
ma cells of the host, at the interface of 
the graft union (Fig. 2). 

In the experiments with tomato on 
pepper, the average area of the embryo 
increased from 0.0025 mm2 to 0.2000 
mm2 while it was on the pepper 
placenta. The graft union consisted of 

parenchymatous cells, and the newly 
differentiating xylem elements in the 
host parenchyma were more numerous 
at this interface than in the experi- 
ments with pepper on pepper. There 
was an accumulation of starch grains 
in the parenchymatous cells along the 
margins of the host tissue (Fig. 3). 
The responses of the tissues from the 
two placentae at the point of contact 
have not yet been examined for other 
genera and families. 

In these experiments, the ovules were 
transplanted while the cells were still 
dividing. It would be of interest to 
know the chemical structure of some of 
the special growth factors, such as hor- 
mones, which arise during this crucial 
period of the growth of the ovule but 
which are as yet unidentified. It is pos- 
sible that these substances only set in 
motion those processes of differentia- 
tion in the several areas of the repro- 
ductive structure which result in com- 
plete seeds and fruits. The physiological 
and biochemical apparatus which is 
provided for the differentiating tissues 
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may be common to all of the fruit 
parts. 

There are some interesting similari- 
ties between the results obtained in 
our experiments in vivo and those re- 
ported in the literature on ovule cul- 
ture in vitro. However, there are also 
points of contrast that should be borne 
in mind when comparisons are drawn 
between the two types of experiments. 
In our experiments the supporting 
medium is the growing pepper placenta 
through which all of the chemical sub- 
stances are supplied to the developing 
ovule. 

An important difference is that 
the developing fruit is a dynamic 
entity in which the nature and quantity 
of nutrients and growth factors change 
constantly (2). The materials so re- 
ceived by the explants enable them to 
increase in volume and also to grow 
and differentiate from the globular 
embryo stage into mature viable seeds. 
The technique of ovule culture is com- 
paratively recent (4). Maheshwari, (5) 
using Nitsch's medium (6) supple- 
mented with vitamins and such growth 
factors as kinetin, indoleacetic acid, 
and combinations of various amino 
acids has obtained mature viable seeds 
from young ovules. They reported suc- 
cessful results starting with ovules in 
two-cell pro-embryo stage in Papaver 
(5) and Zephyranthes (7) and globu- 
lar stage in Gynandropsis (4). We are 
aware of no other instance where via- 
ble seeds have been obtained from cul- 
tures of ovules in vitro during globular 
or earlier stages without the use of 
unknown growth factors such as coco- 
nut milk, yeast extract, or casein hy- 
drolysate. 

Our experiments demonstrate that a 
common parent is able to supply the 
necessary growth factors to support 
the growth and development of young 
ovules which belong to different spe- 
cies, genera, and families. Since the 
ovules matured normally and produced 
seeds and fruits, it is possible that the 
physiological requirements for the 
growth of fruits are the same between 
plant species that are quite different 
taxonomically. Our results also indi- 
cate that it may not be necessary to 
search for many new and different 
growth factors in the fruits of each 
species of plant. 
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Agammaglobulinemia: 
The Fundamental Defect 

Abstract. Addition of phytohemag- 
glutinin and of streptolysin S to in 
vitro cultures of leukocytes of normal 
and agammaglobulinemic subjects re- 
sulted in mitosis of lymphocytes and 
their differentiation to plasma cells. 
In contrast, specific antigens induced 
mitosis and differentiation of lympho- 
cytes of normal but not of agammaglob- 
ulinemic donors. The data suggest that 
the absence of plasma cells in agam- 
maglobulinemia is not in itself responsi- 
ble for failure of antibody production, 
but is rather the morphologic con- 
comitant of the primary defect (failure 
of antibody production on exposure to 
antigenic stimulus). 

The idiopathic agammaglobuline- 
mias, both the so-called "congenital" 
(1) and "acquired" (2) varieties, ap- 
pear to be genetically determined. 
Most authorities assume that the 
primary defect in these disorders is 
the absence of plasma cells in lymph 
nodes, bone marrow, and other anti- 
body-forming tissues and that inability 
to synthesize y-globulin (and antibody) 
is a result of the absence of plasma 
cells (3). 

However, a genetic defect directly 
responsible for the absence of one or 
another cell line seemed to us less 
likely than a genetic defect which 
prevents the elaboration of those cel- 
lular products normally formed in 
response to appropriate environmental 
stimuli (4). A more tenable explana- 
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tion for the deficiency of plasma cells 
in agammaglobulinemia might be that 
differentiation of lymphocytes into 
antibody-producing plasma cells is con- 

comitant with, rather than a pre- 
requisite for, antibody formation. If 
the progressive morphologic change in 
immunologically competent cells after 
antigenic stimulation is attributable to 
cellular differentiation, during which 

y-globulin (antibody) is produced (5), 
the primary genetic defect responsible 
for the various types of agammaglobu- 
linemia could then be attributed to 
failure of synthesis of one or another 
of the polypeptide chains of the im- 
mune globulins (6). This might result 
from one or more of several mecha- 
nisms, including (i) mutations at 
regulator gene loci controlling quanti- 
tative aspects of synthesis of the poly- 
peptide chains of the immune-globulin 
(an X-linked) regulator, for example, in 
the case of "typical" sex-linked agam- 
maglobulinemia in which all three 
immune globulins are deficient, (ii) loss 
or duplication of genetic material due 
to unequal homologous crossing over 
during meiosis or mitosis of the 
chromosomes bearing the structural 
genes for the polypeptide chains of 
y-globulin (7), or (iii) mutation at 
these structural loci. Regardless of the 
mechanism responsible for failure of 
immune globulin synthesis, the absence 
of plasma cells is envisioned here as 
merely a morphologic manifestation, 
secondary to failure of response to 
specific stimuli. 

To test this hypothesis, the lympho- 
cytes of 100 normal and five agam- 
maglobulinemic subjects were studied 
in vitro in the culture system described 
elsewhere (8). Of the subjects with 
idiopathic agammaglobulinemia, two 
had "typical" sex-linked agammaglob- 
ulinemia and three the "acquired" 
form of the disease (Table 1). Leuko- 
cytes were obtained for culture 1 week 
after the second of two injections (1- 
week interval between iniections) of 
a variety of antigens including diph- 
theria and tetanus toxoids (four sub- 
jects) and typhoid antigen (three sub- 
jects). 

Lymphocytes from the patients with 
agammaglobulinemia (in contrast to 
lymphocytes from normal donors) 
failed to differentiate or to produce 
y-globulin when challenged in the 
culture by the immunizing antigens. 
Especially pertinent is the failure of 
differentiation in vitro of agamma- 
globulinemic cells upon addition of 
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