
30 minutes of exposure to these fluids. 

Apparently there is no time delay in 
either the preference for the S+G so- 
lution or the high rate of consump- 
tion. To compare preference differ- 
ences between thirsty and nonthirsty 
animals, six comparable male animals 
treated identically, except that they 
were deprived of water for 48 hours 
prior to the test, consumed approxi- 
mately equal quantities (9.5 ml) of 
the 0.125 percent S+G solution and 
tap water *during the first 30 minutes. 
To the extent that deprivation-induced 
thirst simulates diuresis-induced thirst, 
these findings would argue against any 
explanation based upon a diuresis-in- 
duced thirst, as animals have different 
preferences when thirsty and when al- 
lowed water ad libitum. 

The results indicate that a large part 
of the unique motivating properties of 
the S+G solution can be explained by 
the fact that the combination of sac- 
charin and a relatively small amount of 
glucose produces a mixture that is very 
palatable, and possesses a minimum of 
postingestional inhibiting factors. A 
0.25 percent saccharin solution is very 
sweet, but also is judged by most peo- 
ple to have a bitter "off-taste." A 
glucose solution equal in sweetness to 
the saccharin solution would be above 
a 60 percent solution. It is known 
that animals cannot consume much of 
such a high concentration of sugar dur- 
ing a 24-hour period, although they 
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The role played by lymphoid cells in 
homograft reactions has been con- 
sidered both in its immunological (1) 
and possibly nonimmunological aspects 
(2). When immunologically competent 
cells, like lymph node cells, from two 
strains of inbred animals of a given 
species are mixed in vitro and inocu- 
lated in the skin of lethally irradiated 
hamisters, delayed inflammatory reac- 
tions develop (3). These are absent 
when the components of the cell mix- 
tures are injected separately, or when 
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exhibit a preference for such a con- 
centration in brief exposure tests. The 
addition of a small amount of glucose 
to a very sweet saccharin solution may 
eliminate the bitter taste component 
without appreciably adding to the 
postingestional inhibiting factors such 
as caloric intake and osmolarity. 
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cells unable to react with each other for 
genetic reasons are mixed and inocu- 
lated. Irradiated hamsters might there- 
fore be used for the study of cellular 
mechanisms in homograft reactions. In 
this model, the cutaneous inflanmmatory 
reactions are of equal intensity whether 
lymphoid cells from specifically sensi- 
tized animals are mixed with cells of 
donor-type origin, or with mixtures of 
lymphoid cells from normal, immuno- 
genetically dissimilar animals. Further- 
more, the reactions are independent of 
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the species used, since mixtures of 

genetically incompatible lymphoid cells 
from inbred strains of mice, rats, guinea 
pigs, Syrian hamsters, or even mixtures 
of blood lymphocytes from two unre- 
lated human individuals, may provoke 
reactions. Finally, the intensity of the 
reactions seems to reflect the degree of 
histocompatibility differences existing 
between the cells used in the mixtures. 
Thus these inflammatory reactions are 
seemingly an expression of cellular 
homograft reactivity developing in the 
integument of irradiated animals serv- 
ing as inmunologically neutralized ve- 
hicles. Their nature is, however, com- 

pletely unknown. 
An indication of the cellular events 

was obtained by impression smears pre- 
pared from skin reactions. These 
showed a striking accumulation of poly- 
morphonuclear (PMN) cells at sites 
where node cell mixtures were in- 
jected, but not at sites where the com- 
ponents of the mixtures were injected 
separately. 

This finding suggested that the inter- 
action of genetically incompatible node 
cells in the skin of irradiated hamsters 
mlight lead to the formation of a leuko- 
tactically active mediator. To test this 
hypothesis, immunologically competent 
cells were confronted in vitro with cells 
carrying alien transplantation antigens, 
and the culture fluid was tested for a 
leukotactic factor. 

Lymph nodes from animals of var- 
ious inbred strains of mice, rats, or Syr- 
ian hamsters were harvested, and viable 
suspensions of node cells were prepared 
in tissue culture medium 199 (TCM 
199). The medium contained 5 percent 
heat-inactivated calf serum, 100 in- 
ternational units of penicillin per mil- 
liliter and 50 3cg of streptomycin per 
milliliter. Portions of 10 X 10" node 
cells from each of the donors were 
mixed and cultivated in plastic culture 
dishes (Falcon, 60 X 15 mm) in 5 ml 
TCM 199 for 48 hours at 37?C in a 
humid atmosphere of 95 percent air to 
5 percent CO2. Controls were provided 
by cultivating 20 X 106 node cells from 
one or from the other of the donors, or 
by incubating TCM 199 without cells 
under identical conditions. At the end 
of the incubation period, culture fluids 
were harvested and centrifuged (450 g 
for 10 minutes). The cell-free superna- 
tants were concentrated to one-tenth 
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of the incubation period, culture fluids 
were harvested and centrifuged (450 g 
for 10 minutes). The cell-free superna- 
tants were concentrated to one-tenth 
their volume by lyophilization and re- 
constitution with physiological saline 
and dialyzed overnight against 11s molar 

phosphate buffer (pH 7.8) in the cold. 
Volumes of 0.1 ml were then inoculated 
with 28-gauge hypodermic needles in 
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Leukotactic Factor Elaborated by 
Mixtures of Genetically Dissimilar Cells 

Abstract. Mixtures of immunologically competent cells, from1. genetically dis- 
similar donors from inbred strains of mice, rats, or Syrian hamsters, cultivated in 
vitro elaborate into the medium a factor capable of attracting polymorphonulclear 
cells when it is injected into the skin of irradiated hamsters. Supernatant mediuml 
of cultured node cells from genetically identical donors contains no leulkotactic 
activity. The degree of the cell accumulation seemned to parallel closely the degree 
of histoincompatibility. 
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the close-clipped skin of 8- to 12-week- 
old MHA hamsters, which had been 
irradiated with 1500 roentgens 28 hours 

previously (3). Intracutaneous inocula- 
tions of experimental and control 

supernatants were distributed randomly 
over the dorsal surface of several ham- 
ster hosts. 

The intracutaneous injection of su- 

pernatants from cultivated mixtures of 

incompatible node cells consistently pro- 
voked severe inflammatory reactions 
(Table 1). When scored against an arbi- 

trary scale (4) they reached + + to 
++ + +. The inoculation of control su- 

pernatants elicited only minor reactions. 
The intensity of cutaneous reactions 

provoked by culture fluids of mixed 
cells decreased with increasing genetic 
similarity of the cultivated node cells. 
Cutaneous responses could be elicited 

by means of supernatants from two 

types of node cell cultures: those com- 

posed of cells taken from animals spe- 
cifically sensitized by rejection of skin 

homografts and donor-type cells and, 
more importantly, also by those made 

up of cells obtained from normal indi- 
viduals of two inbred strains of the 
same species. Skin reactivity attained 
maximal intensity 24 hours after inoc- 
ulation of culture fluids and waned 

rapidly thereafter. 
Since irradiated hamsters, when used 

as hosts, are severely depleted of circu- 
lating lymphocytes but contain 1 to 2 
million granulocytes per milliliter of 
blood (3), it is reasonable to assume 
that these cutaneous reactions are the 
result of granulocyte accumulations. 
That this was indeed the case could be 
shown by means of imprints. These re- 
vealed remarkable accumulations of 
PMN cells. 

To determine the degree of cellular 
accumulations, skin reactions were ex- 
cised 24 hours after inoculation of cul- 
ture fluids. The tissue was trypsinized 
(5), and the number of PMN cells re- 
leased was counted. 

Supernatants of cultivated mixtures 
of node cells from genetically dissimilar 
donors of all three species tested con- 
tained a factor capable of attracting 
considerable numbers of PMN cells 
(Table 1). In contrast, culture fluids of 
genetically compatible node cells re- 
vealed little if any leukotactic activity. 
Characteristically, the number of PMN 
cells counted in these control reactions 
was of magnitude similar to that ob- 
served in reactions elicited by injection 
of incubated TCM 199. 

The results obtained with mice are of 
particular interest, since certain strain 
combinations represent various degrees 
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Table 1. Accumulation of PMN cells in cuta- 
neous reactions provoked by the injection of 
culture fluids of genetically incompatible or 
compatible lymph node cells cultivated in vitro 
for 48 hours. 

106 PMN Skin Reac- 
Source of culture sites cells per tion 

fluid from tested score skin site 
node cells esed soe (mean 

(No.) (mean) 

Mouse 
CBA + C57BL/6 49 +++ 2.72 + .13 
CBA + C3H 18 ++ 1.32+4 .11 
C57BL/6 9 + 

C57BL/6 c? 29 + 0.76t .08 
CBA 60 i .30 I .14 
C3H 18 =4 .20 4- .07 
C57BL/6 9 48 4- .28 z .04 
C57BL/6 c 52 + .23 4 .02 

Rat 
DA + Lewis 20 +++ 2.74 4 .26 
DA + (Lewis X 

DA)Fl 16 +++ 2.15 4 .28 
DA + Lewis T* 24 +++ 1.46 4 .26 
DA T- +Lewis T 24 =4 0.33 4- .01 
DA 16 -+ .37 .09 
Lewis 20 4 .50 4 .07 
(Lewis X DA)FI 16 + .25 4- .05 
DA T 20 4 .30 4 .07 
Lewis T 24 + .30 4 .07 

Hamster 
CB + MHA 24 +++ 2.00 4 .15 
CB + LSH 24 +++ 1.50 4 .14 
MHA + LSH 24 4z 0.38 = . 10 
CB 24 4 .30 t.07 
MHA 24 =4 .20 - .04 
LSH 24 t4 .26 .04 

TCM 199 
104 + .28 4- .02 

* T, thymocytes. 

of histoincompatibility. Mixtures of 
node cells from mouse strains differing 
at the strong H-2 locus in addition to 
non-H-2 histocompatibility loci (CBA + 
C57BL/6) seemed to elaborate more 
leukotactic factor than cell mixtures 
identical at the H-2 locus (CBA + C3H). 
Still smaller amounts of this factor were 

produced by cells differing at the rela- 

tively weak Y locus only (C57BL/6 9 
+ C57BL/6 8 ). 

Similarly, the supernatants of cul- 
tivated node cell mixtures from hamster 
strains MHA and LSH, known to differ 

only by trivial isoantigenic differences 

(7), likewise contained only insignifi- 
cant amounts of leukotactic activity. On 
the other hand, supernatants of culti- 
vated node cell mixtures from hamster 
strains CB and MHA, or from hamster 
strains CB and LSH, both provoked 
considerable accumulation of PMN 
cells. These latter strain combinations 
differ by major histocompatibility 
loci (7). 

Kinetics of liberation of the leuko- 
tactic factor were studied with mixtures 
of node cells (from Lewis and DA rats) 
cultivated mixed or singly for varying 
periods of time. Whereas the cultivation 
of mixtures for only 15 minutes (most 

of the cells settled to the bottom of the 
dish in this time) did not result in the 

production of detectable amounts of the 
leukotactic factor, appreciable activity 
was present within 2 hours. Activity ap- 
peared to be at its peak after 4 to 8 
hours of cultivation. 

The speed with which competent cells 
seem to respond to foreign antigens 
raises the question of the immunological 
basis of the phenomenon. To answer 
this question I used rat thymocytes 
(from DA and Lewis rats) which, un- 
like lymph node cells, fail to provoke 
reactions when mixed and inoculated 
into the skin of irradiated hamsters (3), 
a confirmation of earlier observations 
that this cell type lacks immunological 
competence (6). Consequently, if the 
leukotactic factor were synthesized as a 
result of an immunological process, cul- 
tivation of mixtures of the rat node 
cells should lead to its production, 
whereas that of DA and Lewis rat thy- 
mocytes should not. Results fully con- 
firmed the expectation (Table 1). 

With the exception of mixtures com- 
posed of female and male node cells 
from the C57BL/6 mouse strain, the 
cellular interactions described so far 
are of a two-way nature, because both 
components are immunologically com- 
petent node cells. To test whether im- 
munological one-way reactions would 
also result in the production of leuko- 
tactic activity, DA rat node cells were 
cultivated either with (Lewis X DA) Fl 
rat node cells or with Lewis rat thy- 
mocytes. The latter cell types both carry 
Lewis isoantigens but are incapable of 
reacting against DA rat node cells. Cul- 
ture fluids from these cell mixtures eli- 
cited cutaneous reactions of similar in- 

tensity which contained much the same 
number of PMN cells as immunological 
two-way reactions (Table 1). 

These results suggest that the confron- 
tation of genetically dissimilar cells with 
transplantation antigens lead to the elab- 
oration of a leukotactic factor. This fac- 
tor appears to be specifically granulotac- 
tic, for skin reactions elicited by inocu- 
lation of culture fluid into normal, that is, 
nonirradiated MHA hamster hosts, con- 
tained predominantly PMN cells. It is 
tempting to assume that the same fac- 
tor is responsible for the accumulation 
of PMN cells in cutaneous inflamma- 
tory homograft reactions (3). 

The findings suggest that the elabora- 
tion of leukotactic factor depends on at 
least two conditions: immunological 
competence and presence of isoantigenic 
differences. If, as in the case of rat 
thymocytes, the cultivated cells lack 
immunological competence, discernible 
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amounts of leukotactic factor will not 
be detected, even though the cells pre- 
sumably differ by strong isoantigens. If, 
on the other hand, differences in isoanti- 
genicity are absent or minor, little or no 
leukotactic activity will be elaborated, 
despite the fact that both components 
of the cell mixture are competent. 
However, to produce the factor, the 
components of cultivated cell mixtures 
need not both be immunologically com- 
petent. Mixtures composed of node cells 
and cells carrying foreign transplanta- 
tion antigens will be just as effective. 
The results would also indicate that 
competent cells recognize isoantigenic 
differences within a surprisingly short 
period of time. Since the intensity of 
leukocytic infiltration reflects degrees 
of immunogenetic differences, this 
should provide a means for quantitative 
measurement of histocompatibility. 

Although final judgment on the na- 
ture of the cellular interaction leading 
to the production of leukotactic factor 
would be premature, the available evi- 
dence indicates that it is an immunologi- 
cally specific process. While the results 
offer a possible explanation of the na- 
ture of skin reactions in lethally irradi- 
ated hamsters after inoculation of ge- 
netically dissimilar cells, their more gen- 
eral implications for homograft reaction 
and cellular hypersensitivity remain to 
be elucidated. 

H. RAMSEIER 

Depa-rtment of Medical Microbiology, 
University of Ziirich, 
8006 Ziirich, Switzerland 
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Subcellular Structure of Endosperm Protein in 

High-Lysine and Normal Corn 

Abstract. Optical microscopy shows that the protein network in endosperm 
cells of normal corn is composed of an amorphous matrix in which granules aver- 
aging about 2 microns in diameter are embedded. That these granules are rich in 
zein is demonstrated by their solubility in 80 percent ethanol. High-lysine corn, 
with submicroscopic granules clearly resolved only in the electron microscope, 
has a much lower content of zein than normal corn. The small size of subcellular 
protein granules in high-lysine maize as compared with normal corn correlates 
with the reported difference in zein content of the two types of corn. 

Subcellular Structure of Endosperm Protein in 

High-Lysine and Normal Corn 

Abstract. Optical microscopy shows that the protein network in endosperm 
cells of normal corn is composed of an amorphous matrix in which granules aver- 
aging about 2 microns in diameter are embedded. That these granules are rich in 
zein is demonstrated by their solubility in 80 percent ethanol. High-lysine corn, 
with submicroscopic granules clearly resolved only in the electron microscope, 
has a much lower content of zein than normal corn. The small size of subcellular 
protein granules in high-lysine maize as compared with normal corn correlates 
with the reported difference in zein content of the two types of corn. 

A marked change in the composition 
of endosperm protein of maize was 
first revealed by Mertz et al. (1). They 
discovered that the protein in a strain 
of floury maize, homozygous for the 
mutant gene opaque-2 (o0), contained 
about twice as much lysine as normal 
maize and only one-third as much zein 
(1). 

To establish a structural basis for 
this change in protein composition, we 
compared the subcellular structure of 
the endosperm of high-lysine mutants 
with that of normal corn. Micro- 

scopically, cells of the maize endosperm 
show starch granules embedded in a 
protein network. If the starch is di- 
gested with a-amylase, the protein net- 
work can be exposed for microscopic 
examination. In normal corn, this net- 
work consists of a matrix protein in 
which globular protein granules, a 
little less than 2 /, in diameter (average), 
are embedded (Fig. 1). These granules 
may appear as strings of beads. 

Unlike normal corn, endosperm cells 
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which globular protein granules, a 
little less than 2 /, in diameter (average), 
are embedded (Fig. 1). These granules 
may appear as strings of beads. 

Unlike normal corn, endosperm cells 

of the high-lysine mutant 02 gave little 
evidence of protein granules when ex- 
amined with a light microscope. How- 
ever, the electron microscope showed 
that granules were actually present in 
the matrix protein (Fig. 2); their di- 
ameter is approximately 1/20 that 
found in normal corn. 

The proteinaceous character of the 
network was demonstrated by diges- 
tion with the protease, pronase; both 
components, the granules and matrix, 
were solubilized. A positive staining re- 
action indicative of protein was ob- 
tained in both components on treat- 
ment with ninhydrin-Schiff or chlora- 
mine-T Schiff reagent (2). Treatment 
with 80 percent ethanol dissolved the 
granules and left the matrix protein in- 
tact. In view of the fact that zein is 
defined as the alcohol-soluble fraction 
of corn endosperm, the effect from 
treatment with ethanol provided direct 
evidence that the granules were the 
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Fig. 1 (left). Destarched section of normal maize endosperm, showing the spherical 
protein granules (about 2 / in diameter) embedded in a protein network. The dark 
lines are cell walls. Fig. 2 (right). Destarched opaque-2 maize endosperm, showing 
spherical protein granules in beadlike arrangement (average diameter 0.1 At). 
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