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octadec-dienoic acids- No unusual fatty acids were 
detected. 

Porterfield and Rowe' 3 have dAmonstrated that certain 
serum fractions which contain lipid, includinis ~-lipo
proteins, inhibit the haemagglutination of JE virus, 
among other group B arbovirusos. It was of interest to 
determine whether the increased lipids found could be 
associated with plasma protein components. Standard 
electrophoresis" on normal and infocted plasmas was 
done in agar gel using 0·05 M veronal buffer at pH 8·2; 
proteins were stained with azocarmine, and fats with 
sudan black. A striking increase in ~-lipoproteins and the 
fat associated with them was noted by day 3 in JE virus
infected plasmas. 

Whether this response of the chicken embryo to JE 
viral infection is a. specific one is of interest. Preliminary 
investigations indica.te that influenza virus a.nd Escherichia 
coli inoculated into the allantois produce some lipaemia 
not comparable to that seen with JE virus, whereas 
Staphylococcus and Rous sarcoma virus do not. 

The mechanism of the remarkable hyperlipaemia fol
lowing Japanese encephalitis virus infection initiated in 
the allantoic sac is not clear. 

It is possible that this neurotropic virus destroys fat
rich neural tissue with subsequent mobilization into the 
circulation. Histopathological study of the major tissues of 
the embryo did not show any inflammatory or destructive 
changes in neural tissue, but a hepatitis became evident 
by days 3 and 4. This was characterized by marked 
variation in fat distribution, diminished appearance of 
total fat, greatly increased haematopoiesis, and a fow 
haemorrhagic lesions. No other organ was noticeably 
involved at this time. This hepatitis, heretofore un
reported following JE virus infection in tho chicken 
embryo, became evident long after tlle lipaemia was 
already pronounced, but the pathology seen undoubtedly 
reflects earlier sub-microscopic lesions. 

The chicken embryo might be said to be on a relatively 
high fat diet, mobilizing lipids from the yolk for oxidative 
catabolism or lipid anabolism. Since many of the lipids of 
the embryo are produced as well as withdrawn from t,he 
circulation by the liver and partly by the yolk sac mem
brane11 , 16, it is very possible that dynamic imbalances 
between the two processes may result in hyperlipaemia. 
Another possibility is that embryonic cells in liver and 
elsewhere are only sufficiently damaged by viral infection 
to initiate an increase in intracellular lipid stores, as has 
been demonstrated in coll culture16 , with subsequent 
release of lipids into the circulation. The most attractive 
hypothesis, which does not exclude the above pos
sibilities, is that a specific host enzymo or enzyme system, 
necessary for lipid metabolism, is suppressed by JE viral 
infection. The depression of host protein synthesis and 
enzymatic activity, which occurs early in viral infection, is 

an apparently general cellular phenomonon17 • Inhibition 
of lipoprotein lipase might account for this phenomenon; 
the turbidity of plasma of infected embryos bled after 
intravenous administration of hepari n did not clear, 
whoreas normal embryo plasma did show lipase activity. 
A viral-induced lipoprotein lipaso deficiency would focus 
tho defect in endothelial cells in which JE virus has been 
shown to multiply18 • 

It is tempting to speculate that such a lipaemia plays a 
role in host resistance. Certain lipid-containing, and 
therefore lipophilic viruses, bind to cholesterol, palmitic 
acid or hexadecylamine with varying affinities1 •, 20 • Lipid 
inhibitors in serum might act by preforential binding of 
virions and thereby limit adsorption of virus to the lipo
proteinreceptors for virus which are normally present in cells. 

Since the precise mechanism(s) involv!ld remains 
obscure, the association of hyperlipaemia, hepatitis, and 
JE viral infection merits further study. 
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CHROMOSOME MARKER STUDIES ON THE DEVELOPMENT OF THE 

HAEMOPOIETIC SYSTEM IN THE CHICK EMBRYO 

By M. A. S. MOORE and DR. J. J. T. OWEN 
Physical Anthropology Laboratory, Department of Human Anatomy, University of Oxford 

ANUMBER of inves tigations have shown that placental 
interchange of blood in multiple mammalian preg

nancies results in blood coll chimaerism in the adult 
a'1.imal1-5• In addition, there is evidence that movement of 
erythrocyte procurs:>rs occurs during avian embryogenesis. 
Thus erythrocyte mosaicism has been demonstrated in 
chicks derived from double-yolked eggs• and from eggs 
parabiosed dt1ring incubatiou1 • These investigations sug
gest not only that there is movement of blood-forming 
cells between embryos sharing a comm')n circulation, but 
also tha,t such cells may become established and persist 

into adult life. Howovor, a direct study of the population 
of embryonic haemopoietic organs hy blood-borne cells 
has not boon made. 

For a number of reasons the chick embryo provides an 
ideal subject for such a study. First, male (ZZ) and 
female (ZW) avian cells can be readily distinguished from 
each other in good chromosome preparations as the Z 
chromosome is the only large mediocontric element 
present . Secondly, avian embryos can be parabioRed at 

(Continued on page 98.9) 
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various stages of development and afterwards the haemo
poietic organs of pairs of opposite sex can be analysed for 
cell chimaerism using the sex chromosomes as markers. 
Recently a technique has boon developed in this laboratory 
for the preparation of abundant, clear meta.phases from 
various haemopoietic organs of the chick embryo8 •9, thus 
making feasible experiments of this design. 

·white Leghorn fertile eggs of 6-11 days' incubation 
were parabiosed using a modification of the technique of 
Hasek10• The use of a tissue bridge was found unnecessary 
for the production of a para.biotic union and vascular 
anastomosis was readily obtained by direct apposition of 
the chorioallantoic membranes. 

After a further 7-13 days' incubation, each egg was 
injected, by way of the allantois, with 0· l ml. demecolcine 
solution ( containing 0·05-0· l mg demecolcine according 
to the stage of incubation). Three hours later, parabiosed 
pairs were removed and sexed. Where partners were of 
opposite sex, cells of the thymus, spleen, bone marrow and 
bursa of Fabricius were prepared for chromosome analysis 
using a modified hypotonic citrate-air drying technique•. 
Staining was carried out in lactic-acetic-orcein and the 
preparations were viewed by phase-contrast microscopy. 

In an additional experiment, double-yolked eggs were 
incubated for up to 13 days. Unfortunately, the very high 
mortality found in embryos derived from such eggs meant 
that only two pairs of embryos of opposite sex, of 11 and 
12 days' incubation, were obtained for investigation. 
Chromosomal preparations were made from cells of the 
various haemopoietic organs as before. 

A very high mortality was observed immediately after 
para.biotic union and this no doubt was due to trauma 
associated with the procedure. The pairs surviving to late 
incubation appeared perfectly normal when sampled. 
Although it is probable that there were histocompatibility 
differences between partners, no macroscopic or micro
scopic evidence of an immune reaction between them was 
found. As well as the initial operative mortality some 
embryos were killed by the demecolcine treatment. 
Unfortunately it appears that the dose of demccolcine 
which enables abundant meta.phases to be obtained is 
very close to the toxic dose for the embryo. Thus only a 
very small proportion of the original parabiosed eggs were 
eventually analysed. 

In Ta hie 1 it can be soon that in embryos parabiosed at 
6-8 days' incubation and sampled at 17-20 days' incuba
t.ion, 14-42 per cent of the dividing cells in marrow, 19-46 
per cent in the spleen and 26-50 per cent in the bursa of 
Fabricius are derived from the opposite partner. The 
percentage in the case of the thymus is much lower (0-12 
per cent). 

Fig. 1. Bursa of Fabricius of demecolcine-treated 19-day embryo show
ing a large number of metaphases (arrowed) in the lymphoid follicles. 

(xc. 900) 

In two embryos sampled at 15 days' incubation a 
considerable degree of chimaerism was found in the 
marrow and spleen of both and in the bursa of one. In a 
pair parabiosed as late as 11 days' incubation, chimaerism 
was found in the spleen and bursa; thymus and marrow 
were not sampled. In the twin embryos investigated, a 
high degree of chimaerism was found within the spleen 
(27-39 per cent), a low degree of chimaerism in the thymus 
and marrow (0-8 per cent), and no chimaerism at all in the 
bursa. 

In order to gain some idea of the cell type being sampled 
for chromosome analysis, sections of spleen and marrow 
were examined after demccolcinc treatment and it was 
noted that abundant mitotic figures were distributed 
throughout the whole tissue in both granulocytic and 
non-granulocytic areas. Phase contrast microscopic 
examination of cell suspensions prepared from these 
organs showed that both cell types were present. In 
sections of bursa (Fig. 1) and thymus (Fig. 2) it is quite 
clear that. the overwhelming majority of mitoses are 
confined to the lymphocyte series. Bursa! and thymic 
suspensions were predominantly lymphoid though a few 
granulocytic elements were present. 

The spleen and marrow have similar haemopoietic 
functions during avian embryogenesis11 although the 
spleen develops about 4 days earlier than the bone marrow. 
Both arc sites of production of granulocytes, erythrocytes 
and thrombocytes, but, while the spleen is predominantly 
granulopoietic after an initial erythroid phase, the marrow 
continues to produce both types of cell throughout 

Table 1 

Bone marrow Spleen Bursa of Fabricius Thymus 
-------

Age at Age at No. of Percent- No. of Percent- No. of Percent- No. of Percent-
para- samp- Sex No. of cells age of No. of cells age of No. of cells age of No. of cells age of 

Pair biosis ling cells of cells of cells of cells of cells of cells of cells of cells of 
No. (days) (days) scored oppo- oppo· scored oppo- oppo- scored oppo- oppo- scored oppo- oppo-

site sex site sex site sex site sex site sex site sex site sex site sex 
------

1 6 19 'i' 100 24 24 100 20 20 261 97 37 35 0 0 
t 100 18 18 50 13 26 30 8 27 - - -

2 6 10 'i' 54 10 18 57 26 46 300 78 26 100 3 3 
t 50 7 14 27 5 19 68 34 50 - - -

3 7 20 'i' 51 15 29 54 12 22 31 13 42 52 6 12 
4 8 19 t 50 12 24 50 14 28 50 19 38 50 0 0 
5 8 17 !j' 100 42 42 100 46 46 100 29 29 100 0 0 

3 33 11 33 50 19 38 41 13 32 - - -
a 8 15 'i' 50 24 48 50 18 36 10 5 60 50 0 0 
7 8 15 'i' 100 14 14 50 14 28 50 0 0 50 0 0 
8 11 19 'i' 60 16 27 30 14 47 

t Not sampled 50 24 48 100 49 49 Not sampled 
Embryos from 12 'i' 50 2 4 100 27 27 50 0 0 100 1 1 

double-yolked t 50 2 4 100 39 39 50 0 0 100 4 4 
eggs 1 

Embryos from 11 !j' 25 0 0 - - - 50 0 0 50 4 8 
double-yolked t 60 1 2 - - - 50 0 0 50 1 2 
eggs 2 

Note: (1) In those cases where only one embryo is represented from the initial pair the partner had died following demecolcine injection. (2) No metaphasee 
were obtained for study from the thymic tissue of three embryos and the spleens of two others. 
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Fig. 2. Thymus of the same embryo showing metaphases (arrowed) 
distributed throughout thymocytes. ( x c .• 900) 

ombryogonosis. Tho rapidity with which chimaorism is 
o.3tablishod in both organs indicates that there is a con
siderable inflow of cells into them. That the spleen, 
but not the marrow, is highly chimaeric in the embryos 
derived from double-yolked eggs probably reflects the 
fact that at sampling (12 days' incubation) haemopoiesis 
is firmly established in the spleen but there are few blood
forming cells in the marrow. There is evidence that an 
inflow of cells to the spleen and marrow occurs in the adult 
animal. Thus chromosome marker investigations have 
shown that there is an afferent stream of cells to both 
organs in the adult mouse12 , 13 • 

Similarly, investigations on the repopulation of thymic 
grafts" and on the movement of haemopoietic cells in 
adult parabiosed mice13 using the T6 chromosome marker 
system have domonstrnted an afferent stream of blood
borne cells to the thymus. The chimaerism found in the 
thymus of some embryos in the present investigation 
shows that there are cells entering tho avian thymus during 
embryogenesis. 

Considerable interest has centred lately around the 
bursa of Fabricius as a site of production of antibody
forming colls15 and possibly of a hormone necessary for the 
maturation of such cells16 • Lymphoid development begins 
within the organ at 14-15 days' incubation with the 
formation of follicular structures closely associated with 
(•pithelium, and most subsequent cell proliferation occurs 

within these lymphoid follicles (:Fig. 1). The fact that up to 
50 per cent of the dividing cells in the bursas ofparabiosed 
embryos are derived from the opposite partner suggests 
that the lymphoid follicles arc largely populated by blood. 
borne cells. The Bbsence of chimaerism in the 11- and 
12-day embryos derived from tho double-yolked eggs and 
in one of the two parabionts sampled at 15 days' incubation 
is not surprising in view of the fact that at those times very 
little follicular development has occurred. 

In summary, it may be stated that, although there is 
some variability both between and within parabiosod 
pairs, the large number of dividing coils of opposite sex 
found proliferating in the spleen, marrow and bursa of 
Fabricius of most parabionts after various periods of 
incubation indicates that these organs are largely popu
lated by blood-borne cells. Chimaerism was found less 
frequently and to a lesser degree in the thymus. The nature 
and origin of the blood-borne cells remain unknown, but 
they could be derived from many embryonic tissues in 
addition to the organs studied. Thus the pancreas, kidneys 
and gonads are all sites of intense granulopoiesis in the late 
embryo17 although the avian liver, unlike its mam
malian counterpart, is not a site of haemopoiesis. The 
yolk sac produces various types of blood cells from a very 
early stage of embryogenesis and is a possible source of 
progenitor cells. Further experiments using grafting and 
chromosome marker techniques are being carried out in 
an attempt to clarify some of those problems. 

We thank E. M. McDermid, Thornber Bros., Ltd., 
near Halifax, for supplying the double-yolked eggs. 
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ORIGIN OF THE GEOELECTRIC EFFECT IN PLANTS 

By PRO". MALCOLM B. WILKINS and A. E. R. WOODCOCK 
School of Biological Sciences, University of East Anglia, Norwich 

WHEN a plant shoot, such P,s the coleoptile of Avena 
sativa and Zea mays or the hypocotyl of Helianthus 

annuus, is placed in the horizonts1,l position, a potential 
difference develops between tho upper and lower surfaces, 
tho lower becoming positively charged with respect to 
the upper. This phenomenon, first reported by Bose1 and 
afterwards investigated in a number of laboratoriPs2- 10, 

is known as the gooelectric effect. In addition, shoots 
which have boon placed in tho horizontal position develop 
an upward curvature and this geotropic response continues 
until they have once again attained tho vertical position. 
The relationship between tho geoelectric effect and the 
geotropic response is obscure, but it has been suggested 11•·13 

that the former may be an essential link between the per
ception of a gravitational stimulus by the shoot and the 
induction of the upward curve,ture. 

Recent investigations of the geotropic response of 
shoots have clearly shown that tho increased growth rate 
of the lower half and the decreased growth rate of the 
upper half are duo to the development of different concen
trations of auxin in the two halves of the organ. This 
concentration gmdient is brought about by lateral 
movement of auxin from the upper to the lower half of 
the horizontal shoot11 , 14-17. 

The present investigation was begun to determine the 
relationship between the geotropic response and tho 
geoelectric effect since, from a review of tho literature, 
it seemed to us that there was a large body of evidence 
which pointed to the geoelectric effect being duo to the 
establishment of an auxin concentration gradient across 
geotropically stimulated shoots. This evidence can be 
briefly summarized: (1) The geoelectric effect has little or 
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