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Fi(l. 4. CsCJ density gradient centrifugation of DNA isolated from roots 
of barley seedlings incubated with M. lysodeikticus DNA for 12 h. with 
water for 72 hand with 'H-thymidine for 3 h. Molecules of density 1·712 
g/cm• (compare Fig. 2b) were ultrasonicated and analysed in neutral 
(a) or in a lkaline (b) CsCI gradient. Harley DNA and double stranded 
M . lysodeikticus DNA were used as density markers. e-e. Radio-

activity; 0 - 0, ultraviolet absorption . Abscissa , fraction No. 
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Fig. 5. CsCI density gradient. centrifugation of D.:> A isolated from roots 
of barley seedlings incubated with uitrnsonicated (n) or denatured (b) 
M.lysodeikt.icus DNA for 12 h, with water for 12 h and with 'H-thymi
dine for 3 h. Denatured M. lysodeikUc"·' DNA was used as a density 
marker. e - e. Radioactivitr; 0 ·- 0 . ultraviolet absorption. 

Ahsrissa , fraction No. 

presumably result from the binding or integration of the 
foreign macromolecule to (or in) the endogenous one. 

No replication of this type of molecule (labelling with 
tritium at a density of 1·712 g/cm3 ) can be observed until 
some time after the initial "binding" of the 32P-DNA. 

This finding is very surprising. Among other possible 
hypotheses, it is tempting to suggest that the newly 
labelled molecules correspond to the stimulation of pre
existing autoduplicating structures (for example, virus, 
PPLO, bacteria and subcellular organites) activated in an 
unknown way by the foreign DNA. The crucial argument 
again>;t this hypothesis lies, however , in the observation 
that, after ultrasonication, two distinct p eaks of radio
activity are obtained. In the case of an autoduplicating 
particle, only one broad peak, corresponding to the density 
of the intermediary DNA18 , should be observed. 

Because the genetic approach to this problem is a very 
difficult one, we have to rely for our interpretation on 
biochemical data. We can get no help from pre-existing 
genetic considerations, which was possible in the case of 
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bacteriophage lambda13 • 14 • 19 • On the other hand, the pos
sibility of a foreign bacterial DNA attaching to the DNA 
of a higher organism raises many questions which are 
difficult to answer in the light of our present knowledge of 
plant chromosomes. 'Ve cannot, for example, suggest any 
precise mechanism for such an attachment. We can 
postulate, however, that such a mechanism should involve 
the pairing of small homologous regions of both DNAs 
(Volkin has recently discussed the biochemical grounds 
of the recombination phenomenon 20). 

It should, however, be emphasized that the results of 
the ultrasonication experiments suggest the attachment 
of a large piece of the foreign DNA to the endogenous 
DNA, for it is unlikely that, after ultrasonication, two 
clear-cut DNA species would be obtained if small parts of 
1".1. lysodeikticus DNA were integrated into the endogenous 
double strands15 • 
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Effects of Anti-spleen Serum on Skin 
Allograft Survival and Blood Lymphocyte 
Reactivity in the Chicken 
IT has long been known 1 • 2 that immunizing an animal 
with heterologous lymphoid tissue produces a serum 
which has a marked anti-lymphocytic effect in the species 
donating the lymphoid tissue. The wider significance of 
this finding was realized only recently, after injection of 
such anti-lymphocytic serum (ALS) had been shown3 •4 to 
prolong greatly the survival of allografts. Although the 
potent immunosuppressive effect of ALS is now well 
established, elucidation of its mode of action is proving 
more difficult•-'. 

It seemed that an investigation of the actions of anti
chicken ALS in skin-grafted chicks could be particularly 
useful, for there was an opportunity to alter selectively the 
immunological capacit,y of the chick recipients by tech
niques such as bursectomy8 - 10 • A further consideration 
was the fact that the immunological reactivity of circu-
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Fig. 1. Effect of repeated injections of anti-chicken spleen serum on the 
co~petence of chick .blood to produce GVH reaction (splenomegaly) in 
chiCk embryos. Sohd columns represent pooled spleen weights from 
embryos injected with blood from three serum-treated chicks bcarin~ 
he<:! thy skin allografts. Cross-hatched columns represent pooled spleen 
Weights from embryos injeel.etl with blood from three saline-treated eon
trois which had rapidly rejected skin allo~rafts. Blood samples were taken 
at 4 weeks old after twenty serum injections; 0·1 uti. was injected into 
13 day old host embryos and spleen weight was determined 6 days lakr. 

lating cell~ can be tested directly in the graft versus host 
(GVH) reaction which chicken blood produces in the 
chick embryou. 

Anti-chicken ALS was prepared by immunizing pairs 
of Porton coloured rabbits by repeated intraperitoneal 
injection of White Leghorn (WL) hen spleen cells. In 
the first experiment, serum from one pair of rabbit.s waR 
injected shortly after l week old chicks had been grafted 12 

with allogeneic WL hen skin removed from tho leg. The 
injection;,; were continued daily until graft rejection 
occurred or until the experiment terminated. A daily 
mtrapcrJt.oncal dmm of 0·25 mi. of serum was used so 
t.hat the group of nine chickR could be treated for up to 
3 weeks. The chicks did not appear to suffer any ill
effects wit.h repeated injections. 

After a ::;cries of twenty daily injections, all the grafts 
macroscopically appeared healthy. One day after cessation 
of the injoctionR, bood was withdrawn from the wing vein 
of ;,;orne chicks and injected into chick embryos to see if 
it. contained cells competent to producfl GVH reaction. 
The thro0 samples of blood from serum-tr0ated chicks 
produced splenomegaly in recipient WL embryos equal 
to or grm.~tor than that observed wit.h blood from three 
of tho ten controls, which had already rejected their 
allografts (Fig. I). Tho degree and pattern of the spkno
megaJy were essentially similar when blood from the same 
animals was re-tested 6 days after tho injections had 
been stopped. 

Tho first test injection of blood from serum-treated 
chicks produced changes in the recipient splccnR similar 
to those observed with blood from control chicks. Macro
scopically, the spleen surfaces wore irregular and studded 
with many superficial and discrete nodules. Histologically, 
these nodules wore large focal patches of reticulum cells 
and ;,;uch reticulum cell foci have been described'"·" as 
being characteristic of the splenomegaly in tho G VH 
reaction in tho chick embryo. Many of the reticulum cell 
foci had necrotic centres surrounded by giant cells typical 
of tho splenic changes in GVH reactions in donor host 
combinations with differences at the B locus which largely 
controls histocompatibility in the chicken. Blood t.ake;1 
from chicks treated with serum therefore remained 
capable of producing splenomegaly indistinguishable from 
Umt in the GVH reaction, although there was no visible 
homograft reaction against tho skin allograft. 

Those results suggest that a population of circulating 
lymphocytes was present. aft.or serum treatment, and that 
the;,;e lymphoeytes, though able to respond to WL anti
gem; in the chick embryo. did not respond or were unable 
to respond in vivo to Rimilar foreign WL antigens in the 
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allograft. This is not in accord with results in mice'·'"· 16 

where only a few injections of ALS were needed to inhibit 
the GVH activity of lymph node and Rpleen cells. 

The lack of inhibition of chicken peripheral lympho
cytes may well be a consequence of a species difference 
in the cellular mechanisms involved in the GVH reaction. 
A similar difference between monkeys and mice has also 
been described'". Treatment of monkeys with ALS for 
up to fi weeks, nsing doses known to suppress effectively 
skm allograft rejection, failed to modify the acute 
secondary disease in the irradiated recipients of the bono 
marrow from ALS-treated animals. 

It could be concluded therefore that multiple injection 
of ALS in chicks did not result in inactivation or "blind
folding" of peripheral lymphocytes by coating of receptor 
sitos with xenogeneic antibody5 •6 • On the other hand, 
experiments' with ALS in mice suggest. the alternative 
explanation that no inhibition was observed because 
chicken blood was tested too late after injection of ALS 
to detect cells still retaining a coating of antibody. 

In the second experiment, in which twelve chicks wore 
bursectomized when l day old before allografting and 
treatment with ALS, blood was tested for immunological 
competence after only five injections. Four blood sampleR 
were tested and there were apparently sufficient reactive 
lymphocytes present to produce a detoctable (}VH re
action; fourteen out of thirty-five spleens woro in the 
20-3fi mg weight range while the rest fell within normal 
limits (15-20 mg). Blood samples from the same four 
chi~ks tested after a further week of ALS injections, and 
agam at 7 weeks of age, seemed, however, to be no more 
effective, only six out of twenty-two and thirteen out of 
thirty-five spleens, respectively, weighed 20-35 mg. 

Bursectomized chicks were much less tolerant of 
repeated injections of serum from the second pair of 
immunized rabbits; four out of twelve chicks died after 
receiving nine to eleven injections. Varying degi'Cos of 
graft survival were observed in the bursectomized chicks 
which survived. Two showed no prolongation and two 
slight prolongation (17-18 days). In another two chicks, 
partR of the graft survived for fi weeks, while in the 
remaining two chicks the whole graft remained healthy 
while injections were continued. as was the case with four 
sham-operated eontrols with intact bursa. After injcc
twns had been Rtopped, gradual shrinkage of the graft 
with apparent replacement by host scar tissue occurred 
over 9 days in both bursectomizcd and control chicks. 
Bursectomy therefore did not influence to anv extent 
the pattern of graft Rurvival during ALS troat~cnt nor 
graft deterioration subsequently. 

These few results do not suggest that antibody produc
tion by the host against ALS. or processes such as sterile 
activation play important parts in the mechani::.m of 
ALS action in the chicken. 

In conclusion, the observation that immunologically 
activo cells persist in the peripheral circulation during 
ALS treatment and that such cells arc also detectable 
after bursectomy ::.nggm;t that ALS might. prevent allo
graft rejection by effect;; on the graft 17 • If, however, 
there arc two or more population;; of lymphocytes in the 
fowP 8 then ALS could have conceivably inactivated a 
population of cells responsible for allograft rejection, but 
left. intact a sub-population concerned with the GVH 
reaction. 

I thank Dr J. J. T. Owen for a u~eful discussion a.nd 
assiRtancc in interpreting the histological findings. 
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Effect of Serum from Tolerant Mice 
on Immunity and Tolerance to a 
Bacterial Antigen 
THE mechanism of immunological tolerance is still poorly 
understood. Numerous model systems have been used in 
attempts to resolve some of the important questions con
cerning the fundamental role of both antigen and antibody 
in the establishment and maintenance of immunological 
tolerance to various antigens, in a variety of conditions 
in mammalian or avian species1 - 3• It has been observed 
recently that establishment of immunological tolerance to 
certain antigens, such as serum proteins, foreign erythro
cytes or bacterial extracts, can be prevented by specific 
antiserum•-•. The suppressive effect of antibody on the 
induction of tolerance seems to be similar in many respects 
to the effect of specific antiserum on a ntibody formation. 

A number of investigators have found that serum 
antibody is important in the regulation of antibody at 
the cellular as well as the humora l level'0 - 13• A relation
ship between serum antibody and induction, maintenance 
or termination of immunological tolerance is not yet 
clear. 

Previous studies in our laboratory have shown that 
passive administration of antiserum to Shigella antigens 
suppresses induction of specific tolerance in newborn 
mice4 •14 • The time of serum inoculation in relation to 
,.ntigen injection was important because tolerance could 
be blocked only when antibody was administered simul
taneously or within 2 days after antigen had been given. 
Further studies indicated that injection of antiserum 
later in life, when tolerance was already established, 
had little or no demonstrable effect on maintenance of 
unresponsiveness. Several other investigators have 
observed that tolerance to protein antigens can be blocked 
either in neonatal or adult mice by simultaneous adminis
tration of antiserum to the specific antigen. Passive 
transfer of hyperimmune homologous or heterologous 
serum following establishment of tolerance has usually 
had little effect on unresponsiveness1 •5 •15 • 

The biological effect of de novo antibody synthesis in 
animals "escaping" from tolerance, especially as related 
to maintenance of tolerance after additional injections of 
antigen, is not known. The relation of antibody activity 
in partially tolerant animals, as well as in immune animftls, 
to establishment or maintenance of tolerance is also not 
clear. The experiments described here are concerned 
with effects of serum antibody obtained from mice 
"escaping" from immunological tolerance to Shigella 
antigen on induction of either immunity or tolerance in 
other recipient animals. The results obtained suggest 
that, despite similar titres, there may be both quantita
tive and qualitative differences in antibody activity to 
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Shigella antigen in sera of mice recovering from tolerance, 
as compared with antibody in sera of actively immunized 
animals. 

For these experiments newborn NIH albino A mice 
were inoculated with 20 fl.g of Shigella soluble antigen 
(SSA), as described previously, to induce specific immuno
logical tolerance4 •16 • Such mice were unresponsive to 
challenge immunization with a concentration of Shigella 
antigen capable of inducing relatively high agglutinin 
titres in control mice. As Table l shows, mice injected 
with SSA as neonates rarely had titros greater than 

Table 1. EFFECT OF SERA FROll TOLERANT, Jmlt:NE OR NOR,IAL )liCE ON 
E STABLISHMENT OF TOLERANCE OR INDI:CTION OF AGGLUTININ ~'OR,!ATION 

I N EITHER NEONATAL OR .~DULT MICE 

Mouse. serum 
injected 

Peak agglutinin titres after challenge immunization• 
Tolerant mice (age in weeks)t Xormal adult 

3 5 8 JO mice! 
Xonc(saline) 1:25 1: 29 1:15 1:~3 1:405 
Normal 1 : 18 1 : 32 1 : 27 1 : 48 1 : 460 
Early tolerant§ I : 30 I : 23 1 : 16 1 : 40 1 : 415 
J,a te tolerantll 1 : 14 1 : 32 1 : 22 1 : 35 1 : 493 
Rarly immune~ 1 : 138 I : 343 1 : 392 1 : 316 1 : 64 
Hyperimmune•• 1 : 248 1 : 365 1 : 330 1 : 410 1 : 10 

• Mean titres of five or more mice per group per day were tested. 
t Mice injected at birth with SSA and serum indicated; challenged with 

88A at age indicated and serum titres determined 7-15 d:tys later. 
t Groups of 7-10 week old untreated adult mice injected with serum 

indicated , followed by challenge immunization with SSA; serum t itres 
determined 7-15 days later. 

§Sera obtained f>--7 days after challenge Immunization of 2-3 month old 
" early" tolerant mice; agglutinin titre = 1 : 32. 

II Sera obtained f>--7 days after challenge immunization of 5-8 m&nth old 
"late" tolerant mice ; agglutinin titre = 1 : 256. 

'll Sera obtained I week after primary injection of 5-7 week old mice with 
20 1-<g of SSA; agglutinin titre= I : 384. 

•• Sera obtained 5-7 days after last of four monthly injections of mice 
with 20 1-<ll ofSSA; agglutinin titre= l : 5,120. 

l : 40 when subsequently challenged with the same 
antigen. Control, non-tolerant animals responded with 
much higher agglutinin titres when challenged with 
Shigella antigen. Both groups of animals formed relatively 
similar amounts of circulating antibody to unrelated 
antigens such as sheep erythrocytes or bovine serum 
albumin (Table 2). 

'fable 2. ANTIBODY TITRES OF TOLERANT AND CO NTROl, lllCE TRE.\TED WITH 
SER.~ FROM TOLERANT OR IMMUNE MICE AND INJECTED WITH BITHER SHIGELLA 

OR CONTROL ANTIGENS 

Mouse group 
Antibody ti tres after immunization 

Serum with:§ 
injected SSA S-RBC l.lSA 

Tolerant• ~one 1 : 31 1 : 712 1 : 480 
Late tolerant t I : 23 I : 824 1 : 554 
Hyperimmune t I : 480 1 : 768 I : 425 

Normal control None 1 : 415 1: 928 1: 470 
Late tolerant t 1 : 3U2 I : 845 1 : 515 
Hyperimmune t 1 : 12 1 : 910 1 : 538 

• Mice injected at birth with SSA; treated when 4-6 weeks old. 
t Sera obtained 5-7 days after challenge immunization of 5-8 month ohl 

tolerant mice; agglutinin titre = 1 : 256. 
t Sera obtained 5-7 days after fourth monthly injection of normal adult 

mice with 20 1-<g of SSA; agglutinin titre= I : 10,240. 
§ Groups of five to eight mice each immuni zed with either 20 pg of SSA, 

2 x 10' sheep erythrocytes, or 5mg of bovine serum albumin (BSA)in complete 
Frevnd's adjuvant; antibody titres determined 8-15 days later. 

Sera were pooled from mice of various ages after neo
natal establishment of tolerance for passive transfer into 
other mice. Sera from tolerant mice less than 3 months 
old rarely had significant agglutinin titres. Also, there 
was no detectable Shigella antigen in these sera, as shown 
by several serological inhibition procedures. Serum 
specimens were also obtained from older mice, usually 
5 t o 8 months old, emerging spontaneously from the 
tolerant state. Such mice often had specific agglutinins 
to Shigella, usually with titres of 1 : l 00- 1 : 200 or more, 
within l -2 weeks after challenge immunization with SSA. 
Control negative sera were prepared from normal, non
injected mice, while control positive sera were obtained 
from mice which had received three or more monthly 
injections ofSSA. Such sera usually had titres of l: 5,120 
or more. For some experiments, gamma globulin frac
tions derived from these pooled sera were prepared by 
precipitation with 30 per cent ammonium sulphate. 
Results obtained either with the gamma globulin or the 
whole sera were equivalent. 
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