
one-treated pigeons (7) that were 6 
weeks old when hormone treatment 
was begun. 

The nitrocellulose-trapped RNA, dis- 
solved in saline solution, was placed 
into the oviducts of ether-anesthetized 
chicks or pigeons by means of a 27- 
gauge needle and a Hamilton syringe. 
The volume was 100 /il. The recipient 
birds were of the same age, and had 
the same schedule of stilbestrol prim- 
ing as described above. The birds were 
killed 24 hours later, and the avidin 
content of each treated oviduct, as 
well as that of various controls, was 
determined by a sensitive and specific 
assay based on binding of avidin to 

[14C-carbonyl]biotin (8). Tissue was 

homogenized in 6 ml of 0.02M phos- 
phate buffer, pH 7.1, containing 0.07M 
KCI, 0.004M MgC12, and 0.07M NaCI, 
and centrifuged at 5000g for 30 min- 
utes. To 2 ml of supernatant was added 
0.5 ml of [14C]biotin (0.01 tuc, 20 
mc/mmole; Radiochemical Centre, 
Amersham) in 0.2M ammonium car- 
bonate solution. The mixture was 
stirred and held at room temperature 
for 15 minutes. One milliliter of ben- 
tonite solution (10 mg of bentonite per 
milliliter of 0.2M ammonium carbon- 
ate) was added. The mixture was centri- 

fuged at 2000g for 10 minutes. The pre- 
cipitate was dissolved in 2 ml of 0.2M 
ammonium carbonate, and the centrifu- 

gation and purification procedure was 

repeated until the supernatant showed 
no significant radioactivity above the 

background when dissolved in Aquasol. 
The precipitate was then dissolved in 
10 ml of Aquasol and the radioactivity 
was counted. Computation of the num- 
ber of micrograms of avidin per gram 
of oviduct was based on a standard 
curve, with the use of avidin obtained 
from Sigma Chemical Company. 

The response of the chick oviduct is 
shown in Table 1. Earlier results re- 
vealed that an intraoviductal dose of 
500 ,ig of total RNA from stilbestrol- 
and progesterone-treated chick oviducts 
was required to stimulate avidin syn- 
thesis in estrogen-primed chicks (3). 
Nitrocellulose trapping effects a purifi- 
cation of approximately 50-fold. The 
RNA recovered after nitrocellulose 

chromatography stimulates avidin syn- 
thesis at a dose of 10 ftg. This activity 
is lost when the poly(A) RNA is first 
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The oviduct of the stilbestrol-primed 
chick responds to poly(A) RNA ex- 
tracted from the oviducts of pigeons 
treated with stilbestrol and progester- 
one. There is no avidin present in the 
oviducts of stilbestrol-primed chicks 
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that served as controls (intraoviductal 
instillation of saline). 

Avidin synthesis by the pigeon ovi- 
duct is shown in Table 2. Like the 
chick, and several other species re- 
ported (9), the oviduct of the estrogen- 
primed pigeon synthesizes avidin in 

response to progesterone. This response 
is brought about also by the intra- 
oviductal administration of homologous 
oviductal RNA, prepared from hor- 
mone-treated pigeons. A dose of 10 ,ug 
of poly(A) RNA elicits a significant 
level of avidin synthesis. The pigeon 
oviduct responds, also, to poly(A) 
RNA recovered from hormone-treated 
chicks. Prior treatment of the chick 
RNA preparation with pancreatic ribo- 
nuclease eliminates the activity. A simi- 
lar hydrolysis experiment with pigeon 
RNA has not been done. 

The heterospecific transfer of hor- 
monal stimulation, through the media- 
tion of hormone-induced RNA in vivo, 
has not been described previously, al- 

though in vitro systems have been 
described (1.0). This finding is of inter- 
est with respect to the specificity of 
RNA coding in the vertebrate classes, 
as well as in relation to the evolution 
of hormonal control mechanisms. Evi- 

dently, the progesterone-receptor com- 

plex (11) interacts with highly similar 
or identical chromatin acceptor sites 
in the nuclei of both the chick and the 

pigeon, and does not discriminate be- 
tween the two. Thus, once the hormone 
stimulates the production of RNA 
coded for avidin synthesis in the ovi- 
ductal nuclei of either species, the 
hormone molecule itself is no longer 
required; and the newly synthesized 
RNA can complete the steps leading to 
avidin synthesis, interchangeably be- 
tween the oviductal cells of the two 
species. This may be the physiological 
basis for the interspecies cross-reaction 
of many hormones. Most likely, the 
active component is a form of messen- 
ger RNA, since it is highly purified by 
nitrocellulose trapping (4). It has been 
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In both mice (1) and rats (2, 3) 
there is one exception to the rule that 
skin grafts are uniformly accepted be- 
tween members of an isogenic strain. 
This occurs when females are chal- 
lenged with grafts from male donors. 
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concluded (3) that a contaminating 
residue of progesterone cannot account 
for the avidin synthesis observed after 
RNA administration. This conclusion 
is further strengthened by our observa- 
tion of avidin induction with the puri- 
fied RNA preparation that is active at 
a dose as low as 10 ,Ig. As in earlier 
experiments with either progesterone- 
induced RNA or estrogen-induced 
RNA (12), enzymatic degradation with 
pancreatic ribonuclease eliminates the 
activity. 

Our experiments do not reveal 
whether the exogenous RNA-homol- 
ogous or heterologous-is translated 
directly or acts in some manner at the 
nuclear level to influence transcription 
of avidin-coded RNA. A lack of abso- 
lute antigenic identity between the 
avidin molecules produced by the two 
species, if found to exist, would provide 
an excellent experimental basis to 
resolve this question. 
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presence of a histocompatibility anti- 

gen or antigens determined by a locus 
on this chromosome. Moreover, the 
numerous studies conducted to analyze 
the behavior of the Y antigen (or H-Y 

antigen or Y factor, as it has come to 
be called) are all consistent with this 

interpretation (4). 
Because of the similarities in the be- 

havior of the Y factor in mice and rats, 
attempts have been made to determine 
whether they are antigenically similar 
(3). These included repeatedly injecting 
newborn and very young C57BL/6 
females with BN male rat spleen 
or marrow cells, and subsequently 
challenging them with C57BL/6 male 
skin grafts to determine whether a state 
of tolerance of the Y factor had been 
induced; and inoculating adult C57BL/6 
females with suspensions of spleen cells 
from male BN donors in the hope of 
demonstrating sensitization in respect 
to subsequent grafts of C57BL/6 male 
skin. No evidence was forthcoming 
from these experiments to indicate any 
overlap between the antigens deter- 
mined by the Y chromosome of the 
two species. 

However, these initial attempts to 

demonstrate homology between the Y 
factor in mice and rats were all con- 
ducted with BN rats because, of the 
rats available, the incidence of females 
that rejected male skin grafts was the 
highest in this strain. In retrospect this 
rationale was not a good one; as shown 
by later studies, the capacity of females 
of different strains to reject intrastrain 
male skin grafts is not necessarily a 
function of the immunogenicity of the 
Y antigen (4). Because different com- 
binations of rat and mouse strains 
might yield different results, we re- 
investigated the possibility of an H-Y 
homology in mice and rats by testing 
the capacity of male cells from various 
inbred strains of rats to sensitize 
C57BL/6 females against subsequent 
C57BL/6 male skin grafts. 

Nine rat strains were surveyed. These 
animals represented six different Ag-B 
genotypes, the major histocompatibility 
locus of the species. The Lewis (LE), 
Fischer (FI), and BH donors, all of 
which are Ag-B'/Ag-B1, originated 
from domestically maintained stocks, as 
did rats of the BN (Ag-B'/Ag-B'), DA 
(Ag-B'/Ag-BW), and August (AUG) 
(Ag-B /Ag-B.) strains. Wistar-Furth 

(WF) (Ag-B2/Ag-B2), Buffalo (BUF) 
(Ag-B6/Ag-B6), and ACI (Ag-Bi/ 
Ag-B') animals were obtained from 

Microbiological Associates, Bethesda, 
Maryland. Cells from BN/FI (Ag-B'/ 
Ag-B') Fl hybrid males were also 

analyzed. 
Virgin C57BL/6 females, 8 to 12 

weeks of age, were inoculated with 
10 X 106 male rat lymph node cells 
from each of these strains and were 

challenged 18 to 22 days later with an 
adult C57BL/6 male skin graft. The 
survival of these grafts, as compared 
with similar grafts on females inocu- 
lated with female rat lymph node cells, 
indicated whether the xenogeneic male 
cell inoculum had sensitized the re- 

cipients with respect to H-Y antigen. To 
obtain information on the degree of 
immunity induced, the survival of 
C57BL/6 male skin grafts on 
C57BL/6 female mice treated with rat 
cells was also compared with the sur- 
vival of similar grafts on C57BL/6 
females that had received 10 X 106 
allogeneic CBA/Ss male or female 
lymph node cells 3 weeks earlier. 

The C57BL/6 recipients originated 
either from our colony or from the 

Table 1. Number (N) and percentage of surviving C57BL/6 male skin grafts after transplantation on C57BL/6 females that had been inocu- 
lated with lymph node cells from various strains of rats or from CBA mice. Abbreviations: MST, median survival time; S.D., standard 
deviation. 

Ag-B Time after transplantation (days) MST S.D. 
Donor geno- Data P( 

type 0 10 12 14 16 18 20 22 24 26 28 30 50 >10 ays) ays) 

LE c 1/1 N 41 34 27 21 18 15 10 5 3 2 0 14.5 1.45 
% 83 66 50 44 37 24 12 7 5 .00003 

LE 9 1/1 N 26 25 22 21 15 11 8 7 0 22.2 1.27 
% 96 85 80 58 42 31 27 

FI c? 1/1 N 36 33 31 27 21 17 8 4 3 2 1 0 16.5 1.26 1 
% 92 86 75 58 47 22 11 8 6 2 

FI 9 1/1 N 19 15 9 5 0 21.1 1.36 
0192 

% 79 47 26 
BH cr 1/1 N 36 31 23 18 13 12 4 1 0 16.0 1.361 

% 86 64 50 36 33 10 3 I 02 
BH ? 1/1 N 19 15 14 11 9 6 3 0 21.1 1.32 

% 79 74 58 47 32 16 
WF d 2/2 N 24 23 20 15 10 7 3 1 0 23.0 1.14 

% 96 83 63 42 29 13 4 
BN c 3/3 N 32 31 26 19 13 11 10 5 0 22.5 1.31 

% 97 81 59 41 34 31 16 298 BN 9 3/3 N 9 7 5 3 2 0 20.2 1.31 29 
% 78 56 33 22 

DA c 4/4 N 26 24 22 14 8 7 4 2 0 21.0 1.20 
% 92 85 54 30 27 15 8 2 DA 9 4/4 N 17 15 14 9 7 3 1 0 20.4 1.19 
% 88 82 53 41 18 6 

ACI d 4/4 N 24 23 22 14 10 6 3 2 0 21.0 1.27 
% 96 92 58 42 25 12 8 

AUG d 5/5 N 36 35 34 29 19 11 5 4 3 2 1 1 18.4 1.20 ) 
% 97 94 81 53 31 14 11 8 6 3 3 

AUG ? 5/5 N 25 24 21 20 16 12 7 5 3 0 21.9 1.35 r .0314 
% 96 84 80 64 48 28 20 12 

BUF d 6/6 N 24 23 20 14 6 4 3 2 1 0 21.0 1.17 
% 96 83 58 25 17 12 8 4 

BN/FI cft 3/1 N 23 21 18 15 12 10 7 5 2 0 22.2 1.33 
% 91 78 65 52 43 30 22 9 

CBA c N 22 19 13 5 2 1 0 14.6 1.19 
% 86 59 23 9 5 .00003 CBA N 21 20 19 17 12 8 4 3 2 0 23.0 1.17 00003 

___% 95 90 81 57 38 19 14 10 J 
*P value obtained in the Mann-Whitney U test when survival times of male grafts on females inoculated with male and female cells of the same strain were compared. f Y chromosome from FT. 
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Jackson Laboratory, Bar Harbor, 
Maine. Although these two sublines 
have been separated since 1957, 
female-female and male-male skin 
transplants exchanged between them 
are uniformly accepted, and females of 
both sublines behave similarly toward 
male skin grafts. Nevertheless, in all 
cases females were challenged with 
male skin from the same subline. 

Viable cell suspensions were pre- 
pared from the axillary, brachial, cervi- 
cal, and mesenteric nodes of adult rats 
and mice as described (5). The cells 
were administered intraperitoneally in 
a standard volume of 1 ml of Hanks 
balanced salt solution. 

Skin grafting entailed the transfer 
of a full-thickness disk of nonactive 
trunk skin, about 1.0 to 1.2 cm in 
diameter, to the right side of the host's 
chest. The operative technique and 
method of appraisal of the well-being 
of the grafts have been described (6). 
In several experiments, grafts were 
scored without knowledge of the re- 
cipient's treatment. 

Median survival times (MST's) of 
grafts were estimated by Litchfield's 
nomographic method (7). Statistical 
significance was determined by the 
Mann-Whitney U test (8). 

The results are summarized in Table 
1. Male cells from four (LE, FI, BH, 
and AUG) of the nine strains assayed 
succeeded in sensitizing C57BL/6 fe- 
males against subsequent C57BL/6 
male skin grafts. On the other hand, 
all female cells, as well as male cells 
from WF, BN, DA, ACI, and BUF 
donors, proved ineffective in sensitizing 
their female mouse recipients against 
male skin grafts. The results with BN 
cells are in accord with our previous 
findings (3). 

It is undoubtedly significant that the 
rat cells most successful in inducing 
immunity to the mouse H-Y antigen all 
stemmed from Ag-B1/Ag-B' males. In- 
deed, the level of immunity induced by 
these cells, as indicated by the MST's 
of male skin grafts on their recipients, 
compared favorably with that observed 
after the inoculation of similar num- 
bers of allogeneic CBA male lympho- 
cytes. 

The capacity of male cells from only 
some strains of rats to sensitize female 
C57BL/6 mice to the Y antigen could 
be due to differences in their survival 
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ter, in most cases, might have been re- 
jected before they were able to induce 
any immunity at all to the relatively 
weak H-Y antigen. Indeed, the fact that 
not all recipients of Ag-B'/Ag-B1 male 
cells gave a demonstrable immune re- 
sponse when challenged with a male 
skin graft suggests that even these cells 
may not have persisted long enough in 
some animals to induce immunity. If 
the survival of rat cells in mice is a 
function of their Ag-B genotype, this 
would certainly not be surprising, since 
there is ample evidence of serologic 
cross-reactivity between the histocom- 
patibility antigens of different species 
(9). Most pertinent is the report by 
Sachs et al. (10) that mice challenged 
with rat xenografts produce antibodies 
that can detect the major histocom- 
patibility alloantigens of the donor rats 
with remarkable specificity. Direct evi- 
dence for the longer survival of Ag-B1/ 
Ag-B1 cells, as opposed to those of 
other genotypes, could be obtained by 
establishing the fate of isotopically la- 
beled rat cells, derived from various 
strains, in C57BL/6 recipients. 

Alternatively, it might be argued that 
the better results obtained with LE, FI, 
and BH male cells stems from the fact 
that their Y antigen is more closely 
related to the Y factor of C57BL/6 
mice than is the male antigen of other 
rat strains. This possibility is, however, 
ruled out by the fact that BN/FI 
(Ag-B3/Ag-B1) F1 hybrid cells-that 
is, cells derived from an animal whose 
Y chromosome was of FI origin-were 
ineffective in inducing sensitization to 
H-Y in mice. Indeed, the fact that these 
cells behaved like BN cells lends fur- 
ther support to the thesis that the re- 
sults obtained reflect differences in the 
capacity of rat cells of different Ag-B 
genotypes to survive in a mouse milieu. 
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is, cells derived from an animal whose 
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ineffective in inducing sensitization to 
H-Y in mice. Indeed, the fact that these 
cells behaved like BN cells lends fur- 
ther support to the thesis that the re- 
sults obtained reflect differences in the 
capacity of rat cells of different Ag-B 
genotypes to survive in a mouse milieu. 

Evidence that allelic differences at the 
H-Y locus were not responsible for the 
results obtained is also derived from 
previous grafting experiments that, 
with one exception (11), indicate that 
the Y factor is identical in male rats of 
all strains (3, 12). 
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Abstract. Goldfish exhibit cyclic changes with an annual rhythm in their 

learning and activity patterns. Maximum learning ability and active behavior 

occurred during the months of January, February, and March. Poor learning was 

obtained in the summer months, after the onset of the spawning season. The 

results indicate that the annual periodic changes of the hormonal levels which 

govern spawning may also influence learning and activity patterns. 
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