
youngest part of the sequence. A com- 
parison of the entire sequence with 
sections of borings from the neighbor- 
ing continent suggests a stratigraphic 
range from the Jurassic to the Lower 
Cretaceous. These results, which 
indicate that the eastern Canaries are 
underlain by continental crust, are sup- 
ported by geophysical evidence (8). 

Rifting parallel to the present con- 
tinental margin is suggested by tre- 
mendous basaltic dikes that cut the 
Mesozoic sedimentary rocks of Fuerte- 
ventura in a north-northeastern direc- 
tion. The relation between the sedi- 
mentary rocks and the dikes indicates 
that rifting could have started in the 
Upper Cretaceous. It cannot be stated 
with absolute certainty that rifting was 
the mechanism of the separation of 
the eastern Canaries from the continent. 
The flightless ratites could have gained 
access to the Lanzarote area across vol- 
canic land bridges, which would have 
been destroyed later. As the remains of 
different kinds of ratites were found on 
Lanzarote, one can envision successive 
waves of immigration, most likely with 
a considerable time gap in between. 
Thus, the possibility of the birds' access 
across volcanic land bridges is only 
slight. 

Dietz and Sproll (9) add further 
support to the idea of a continental 
origin of the eastern Canaries. They 
suggest that this part of the Canary 
Islands formed a microcontinent or 
sialic continental fragment that became 
detached from the African margin of 
what is named the "Ifni Gap" in the 
Africa-North America drift fit. If the 
opening of this gap happened 200 X 
106 years ago, the eastern Canaries 
block must not have become completely 
separated from Africa until millions 
of years later. It could have occurred 
at a time when the struthious and 
aepyornithoid birds had established 
themselves in the Lanzarote region of 
West Africa. 

Dietz and Sproll (9) mention a mid- 
Triassic detachment of the eastern 
Canaries, but they do not force the 
issue. They rather suggest that this 
event might have taken place in the 
early Cenozoic, associated with the 
orogeny of the Alps and the creation of 
the Atlas foldbelt. 

Biological and geological evidence 
brings new validity to the controversial 
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and aepyornithoid ratites of Lanzarote 
was the direct result not of the original 
rifting process between the North 
American and African continents but of 
the eventual detachment of the eastern 
Canaries from the African mainland. 

Whether the distribution patterns of 
birds can be attributed to continental 
drift has long been a subject of discus- 
sion, with seemingly unsatisfactory 
results. The new and substantial 
evidence projects the separation of the 
eastern Canaries from Africa into a 
period of abundant bird life. One might 
think that Wolfson's (10) ideas on bird 
migration and its correlation with 
continental drift can not be rejected 
on the grounds of a temporal discrep- 
ancy between drift and the origin or 
modification of migration. 

The question arises whether the 
Malagasy elephant birds (Aepyornithi- 
formes) might have experienced an 
evolutionary development comparable 
to the one that separated the Lanzarote 
ratites from their ancestral stock on 
the African mainland. It is very likely 
that the aepyornithoids from Lanzarote 
will eventually become identified as 
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Removal of the bursa of Fabricius 
from chickens, at or before the time of 
hatching, interferes with subsequent de- 
velopment of immunological compe- 
tence, as is shown by decreases in con- 
centration of several classes of serum 
immunoglobulins and of specific anti- 
body (1). The major function ascribed 
to the bursa, therefore, is that of seed- 
ing immunocompetent cells to periph- 
eral sites where they become anti- 
body-producing cells (2). 

The Ipresence of immunoglobulins G 
and M has been demonstrated, by im- 
munofluorescent methods, in bursal fol- 
licles of mature chickens (3); j/ and 
light chains have been found in bursae 
from 14-day embryos (4). In culture in 
vitro, bursal lymphocytes from 18-day- 
old embryos synthesize small amounts 
of IgM (5). There is, at best, inconclu- 
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ancestral to the Malagasy ratites, and 
that both bear a direct relationship to 
the Asiatic species of aepyornithoid 
character whose eggshell remains have 
been found in Punjab and Inner 
Mongolia (2). 
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sive evidence of specific antibody pro- 
duction in or by bursal cells following 
systemic antigenic challenge (6). Nei- 
ther rosette nor hemolytic plaque forma- 
tion by bursal cells has been obtained 
in vitro after parenteral injection of 
sheep red blood cells (sheep RBC) (7). 
It was also not possible to detect specific 
antibodies to bovine serum albumin in 
the bursa after immunization (8). 

It is enigmatic that lymphoid cells in 
the bursa actively produce immunoglob- 
u'lins but not specific antibody, at least 
not against antigens introduced by the 
usual methods of immunization. We 
present evidence here that the bursa 
produces specific antibodies to sheep 
RBC's introduced into the cloaca and 
bursal duct. The bursa is also shown to 
be a site for antibody production to bac- 
terial antigens that reside in the cloaca. 
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Production of Specific Antibody by Lymphocytes 
of the Bursa of Fabricius 

Abstract. Lymphocytes in the bursa of chickens have been found to produce 
hemolytic antibodies to sheep erythrocytes that are introduced into the cloaca. 
These lymphocytes also react with Escherichia coli and form bacterial adher- 
ent colonies, but not with gamma streptococci to which they have not been pre- 
viously exposed. Thymic and splenic lymphocytes do not bind either organism. 
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Table 1. Hemolysin response by bursal and splenic lymphocytes of 4- to 6-week-old chickens 
after injection of 109 sheep red blood cells. The numbers in parentheses indicate the number 
of organs with plaque-forming cells over the number tested; the number of plaque-forming cells 
are shown as means - standard error of the mean per 106 leukocytes. 

Time after Plaque counts per 106 leukocytes 
Injection injection 

(days) Bursa Spleen 

Uninjected - 15 (1/7) 150.7 ? 60 (5/7) 
Intramuscular 4 <15 (1/6) 1175.5 - 158.3 (6/6) 
Bursal lumen 4 158.7 - 26 (8/10) < 150 (3/10) 
Bursal lumen 5 426.3 - 119.9 (11/12) 167.2 ? 23.0 (3/12) 
Bursal follicles 4 <15 (3/16) < 150 (10/15) 

To determine whether bursal lympho- 
cytes could be made to produce anti- 
body to a specific antigen, 4- to 6-week- 
old chickens were immunized with 109 
washed sheep RBC's, either by injection 
into the cloaca and bursal duct, or by 
direct injection into the bursa. The 
number of cells producing hemolyzing 
antibody was determined at days 2, 3, 
4, and 5 by use of a monolayer of cells 
in the absence of agar (9). Bursal cells 
(0.5 ml), containing between 2.5 X 106 
and 1 X 107 lymphoid cells, were mixed 
with 0.5 ml of a 15 percent suspension 
of sheep RBC's and 0.03 ml of chicken 
serum. This mixture was pipetted into 
a hemocytometer and was incubated in 
a mo,ist chamber at 37?C for 90 minutes; 
the number of clear areas surrounld- 
ing a lymphocyte was then determined. 
In all cases, serum from a single chicken 
was used as a source of complement 
and the sheep RBC's were aged in 
Alsever solution for at least 1 week. 

To determine whether bursal cells 
were reacting with bacteria resident in 
the cloaca, we used the method de- 
scribed by Diener (10). Single-cell sus- 

pensions from the bursa, spleen, and 
thymus were prepared by gentle disrup- 
tion and sedimentation, were washed 
three times in medium 199, and were 
incubated at a concentration of 5 X 106 

cells in 1 ml, at 4?C for 30 minutes, in 
medium containing 85 X 105 E. coli or 
y streptococci per milliliter. (The E. coli 
were obtained from the cloaca of experi- 
mental chickens, and were used as pure 
cultures. The y streptococci had been 
isolated from a hospital patient and 
were maintained for teaching purposes.) 
After incubation, the lymphocytes were 
plated on nutrient agar (0.5 percent), 
and were incubated at 37?C ifor 3 hours; 
colonies derived from the coated lymnph- 
old cells were then counted after flood- 
ing the plates with 0.5 percent meth- 
ylene blue and washing off the excess 
stain with 70 percent alcohol. In all 
experiments, one petri dish of nutrient 
agar containing 85 X 105 bacteria only 
was included as a growth control. 

In contrast to previous studies, the 
results presented in Table 1 show that 
a substantial number of lymphocytes of 
the bursa are capable of secreting speci- 
fic hemolytic antibodies to sheep RBC's 
on days 4 and 5 after erythrocytes 
were introduced into the cloaca of 4- 
to 6-week-old chickens. In contrast, if 
the sheep RBC's were injected directly 
into the bursal tissue, then the numbers 
of plaque-forming cells (PFC) did not 
exceed that in uninjected chickens. Fur- 
ther, in Table 1 it can be seen that 
when sheep RBC's were injected into 

Table 2. Numbers of chicken lymphocytes in the bursa and spleen that bind E. coli and ' 

streptococci as measured by bacterial adherence colonies (BAC). Numbers in parentheses 
indicate the number of organs reacting over the number tested; NT, not tested; the number 
of BAC is expressed as the mean ? standard error of mean per 106 leukocytes. 

Number of BAC per 106 leukocytes 

Age E. coli ' Streptococci 

Bursa Spleen Bursa Spleen 

18-day embryo 0 (0/4) NT NT NT 
Newly hatched 0 (0/4) NT NT NT 
4 to 5 days 936.5 ? 153.6 (6/6) NT NT NT 
8 to 9 days 1059.0 ? 57.1 (8/8) (0/4) (0/8) (0/4) 
5 weeks 671.3 ? 97.5 (7/9) (0/9) NT NT 
6to 7 weeks 1609.7 ? 452.1 (6/7) 263* (1/2) (0/6) 571* (1/7) 
4 to 6 months 614.5 + 372.6 (2/3) 351.5 ? 248.2 (2/3) NT NT 

* Mean not calculated; data of one reactive organ. 
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the bursa by either method, the number 
of splenic lymphocytes synthesizing 
hemolyzins did not increase. When the 
antigen was injected intramuscularly, 
bursal lymphocytes failed to produce 
antibody although splenic lymphocytes 
did. These experiments demonstrate 
that lymphocytes of the bursa, but not 
of the spleen, are capable of producing 
specific antibody to sheep RBC's when 
this antigen is introduced into the 
cloaca. 

Table 2 is a summary of results of 
experiments that indicate that bursal 
lymphocytes of chickens from 4 days 
through 6 months of age are capable of 
producing bacterial adherent colonies 
(BAC) with E. coli isolated from the 
chicken cloaca. In 18-day embryos and 
newly hatched chicks, BAC were not 
produced by bursal lymphocytes. At 
these ages the cloaca was sterile, and 
it was not until 2 days after hatching 
that E. coli from chicks could be cul- 
tured. When the chickens were 8 to 9 
days and 5 weeks of age, most of their 
bursae tested were positive for BAC, 
but the splenic lymphocytes of these 
chickens were not. In other experi- 
ments, it was not possible to demon- 
strate BAC with thymic lymphocytes in 
five 4- to 6-week-old chickens, although 
their bursal lymphocytes were positive 
for BAC. No colonies were observed if 
lymphocytes were not first incubated 
with bacteria. 

To assess the specificity of the BAC 
reaction, bursal and splenic lympho- 
cytes were incubated with either y 
streptococci that were not isolated from 
the chicken or with E. coli that were 
isolated from the cloaca. Bursal lympho- 
cytes never produced BAC after incuba- 
tion with the y streptococci, but they 
consistently produced BAC with E. coli 
(Table 2). In only one of the 6- to 7- 
week-old chickens did the spleen con- 
tain lymphocytes which reacted with 
either E. coli or y streptococci. These 
results confirm the belief that the BAC 
formed by bursal lymphoid cells with 
E. coli are specific for this organism. 

These experiments provide evidence 
that after the chickens hatch, their 
bursal lymphocytes have the ability to 
initiate an immunological reaction. 
When sheep RBC's were introduced 
into the cloaca and bursal duct, a 
significant number of bursae produced 
PFC, but no such increase in PFC for- 
mation occurred after injection of anti- 
gen intramuscularly or into the bursal 
follicle. Bursal cells also reacted specifi- 
cally by forming BAC to microorganisms 
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that reside in the gut but not to y chicken and until resorption of the or- 
streptococcus that does not reside there. gan, is related to local immunological 
Diener (10) has interpreted the specific defense against bacterial organisms pres- 
binding of microorganisms on the sur- ent in the gut. 
face of lymphoid cells as an indication PIERSON J. VAN ALTEN 
of production of specific antibody by Department of Anatomy, University 
these cells. Friedman et al. (11), with of Illinois at The Medical Center, 
E. coli, substantitated the fact that such Chicago 6068.0 
surface binding of bacteria was due to HILAIRE J. MEUWISSEN 

production of specific antibody. We Kidney Disease and Birth Defects 
conclude that soon after hatching, bur- Institutes, New York State Department 
sal lymphocytes are involved in recogni- of Health, Albany, 12208 
tion of antigen present in the gut and 
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licular cortex (3). Other studies failed 
to demonstrate specific antibody forma- 
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gators considered the bursa to be Epoxides of Carcinogenic Polyc 
exclusively a site where cells can differ- 
entiate before emigrating to peripheralAre Frameshift Mutagens 
sites for active antibody synthesis. This 
view is too restrictive and must be Abstract. K-region epoxides of the ca 
modified to include our new data. The anthracene, and 7-methylbenz[a]anthracei 
bursa, in addition to being a site for typhimurium designed to detect frameshif 
differentiation of antibody forming diols and phenols and some other epoxid, 
cells at a critical period in ontogenesis, Polycyclic hydrocarbon epoxides, and o 
begins functioning actively in the first discussed as examples of intercalating ag6 
week after hatching in the local de- shown previously that intercalating aget 
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antibodies against the environmental 
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veloped lymphoid organ. That this is a pounds, such as the acridines, which 
local defense system was clearly shown intercalate in the DNA base pair stack 
by the marked increase in the produc- (1) are mutagens that cause additions 
tion of PFC by bursae, and not by a- -nd deletions of bases in a gene (2-4). 
spleen, when the sheep RBC's were in- The mechanism is thought to be that 
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thymic lymphocytes failed to react with which causes the errors of addition or 
this organism. We postulate that anti- deletion (3, 5). These mutagens are 
gens reach the follicular cells by direct called frameshift mutagens because the 
passage from the gut by way of the reading frame of the messenger RNA 
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introduced into the lumen did we detect distinguishes them from the usual muta- 
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Therefore, only when antigens gain en- frameshaft mutagen by one or two 
trance to the follicle by way of the orders of magnitude (4). Polycyclic 
lumen are they capable of setting in hydrocarbons, which are known to in- 
motion a chain of events that culmi- tercalate into DNA (6), are converted 
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antibody-producing cells. The epithe- gens that cause base pair substitutions 
lium associated with the follicle has the (3). When an intercalating agent also 
capability of pinocytosis and the neces- has a side chain attached to it that can 
sary fine structure for this function (12). react with DNA, it is a more potent 
Therefore, only when antigens gain en- frameshaft mutagen by one or two 
trance to the follicle by way of the orders of magnitude (4). Polycyclic 
lumen are they capable of setting in hydrocarbons, which are known to in- 
motion a chain of events that culmi- tercalate into DNA (6), are converted 
nates in production of specific anti- into epoxides by microsomal enzyme 
bodies. Thus, although unrecognized up systems (7). These epoxide intermedi- 
to now, one of the major functions of ates are chemically and biologically ac- 
the bursa, shortly after hatching of the tive compounds (8) that may well be 
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involved in hydrocarbon carcinogene- 
sis (9). We report here that polycyclic 
hydrocarbon K-region epoxides cause 
frameshift mutations in bacteria but 
that the hydrocarbons themselves and 
the hydroxylated derivatives are inac- 
tive. K-region epoxides are also muta- 
genic to T2 bacteriophage and to mam- 
malian cells in culture, but the types 
of mutation produced have not been 
characterized (10). 

We have used a set of tester strains 
(11) that have been developed in Sal- 
monella typhimurium for detecting and 
classifying mutagens. We score, by a 
simple back mutation test, the reversion 
from histidine requirement to growth 
on minimal medium. Three of the 
strains (TA1531, TA1532, and TA1534) 
are designed for detecting frameshift 
mutagens of varying specificity. Each 
strain has a frameshift mutation in one 
of the genes of the histidine operon thus 
causing the strain to have a histidine 
requirement. Another strain (TA1530), 
used to detect mutagens that cause base 
pair substitutions, has a base pair 
change in the histidine G gene. All four 
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