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often difficult to draw clear boundary lines 1~ Thus I 
personally consider it important that an embryo that has 
not been transferred on the assumption that it is not 
normal should be carefully studied by scientific methods. 
In this way it would be possible to gather knowledge 
which is essential for deciding the fate of future embryos. 
This kind of research is already unacceptable for many. 
For obvious reasons the embryo has until now not been 
covered by legislation. Its position must therefore be exa- 
mined and considered from the beginning. Various en- 
deavors have been made to define the beginning of hu- 
man life, and different conclusions have been reached 
depending upon outlook and intention. It is certain that 
the zygote already contains all the genetic information 
that is needed for an individual with his or her own 
characteristics and abilities to develop. On the other hand 
it has to be seen that nature is not squeamish about 
deciding the fate of normal and abnormal embryos 3 . 
No manipulation can be permitted which may affect the 
genome of gametes and embryos obtained for IVF and 
ET. We still know too little about the structure of our 
genetic material and have no way of making selective 
changes in the human genome. So long as this is the case 
there remains the possibility of transplanting genes to 
wrong segments so that these would no longer be subject 
to natural control. This could have fatal consequences in 
later life. Further, one cannot foresee the consequences of 
gene manipulation for future generations. 
The status of the embryo is not clear. The ways of think- 
ing in society with regard to abortion, birth control, 
prenatal diagnosis and IVF show that public opinion is 
only beginning to form. Therefore it is very important 
that the medical, ethical and other aspects of IVF and 
ET, and especially their consequences, should be dis- 
cussed by the general public to promote a better under- 
standing of the methods involved and to ensure that an 
appropriate discussion and dissemination of information 
can take place. Scientists and other experts should inform 
not only their colleagues but also the general public 
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about the value of their procedures and their implica- 
tions. We must therefore provide each other with expla- 
nations of complex situations and each must listen pa- 
tiently to the views of the other. Only in this way is it 
possible to find a practicable solution for our society. 
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Summary. A simple organ culture system for brain tissue is described. Fragments of fetal rat brain hemisphere tissue 
are explanted to multiwell dishes base-coated with semisolid agar. In this system nonadherent organ culture can be 
performed for at least 50 days. Cell migration, biochemical and morphological differentiation and the formation of a 
layered architecture seem to mimic some of the phenomena occurring in the developing rat brain in vivo. The 
fragments may therefore be a useful organ culture model for nervous tissue. 
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Introduction 

In recent years there has been a rapid development of 
different modifications of cell and organ culture systems 
for the maintenance of nervous tissue in vitro for pro- 
longed periods 14'17'24'3~ 
Basically there are three main types of such culture 
methods: 
1. Dissociated neural cells grown in monolayer cul- 
tures ~ s, 35, 36, 42. 

2. Nervous tissue grown as solid pieces adherent to a 
surface, for example in Maximow double coverslip as- 
semblies and roller tubes 16,34. 
3. Nervous tissue reconstructed from single cell suspen- 
sions, either in gyratory s h a k e r s  12,z6,33,41, o r  in stationary 
cultures on a nonadherent surface 2. 
These culture systems offer numerous possibilities for the 
investigation of morphological, biochemical and electro- 
physiological properties of neural cells, and they have 
been valuable tools in neurobiological research. What 
has been lacking, however, is a three-dimensional tissue 
culture system where the histiotypic structure of the 
tissue is not artificially disturbed either by means of dis- 
sociation and reaggregation or by interaction with a sub- 
stratum. There has also been a need for brain tissue 
model where cellular migration in the developing brain 
may be investigated and which can serve as host tissue in 
studies on interaction between normal and malignant 
brain cells outside the body. 
In this article we present a modified organ culture system 
which has been especially designed for such studies and 
which is simple and easy to perform. 

Materials and methods 

Animals. Rats of the inbred BD IX-strain w e r e  u s e d  13. 
Fragments. Pregnant rats were subjected to caesarean 
section under ether anesthesia at the 18th day of gesta- 
tion. 
Whole brains were dissected out from the fetuses and 
placed in sterile petri dishes containing phosphate-buff- 
ered saline (PBS). The brain lobes were dissected free, the 
meninges carefully removed and the lobe tissue cut into 
approximate cubes, measuring about 800 gm in all di- 
mensions. 
Culture conditions. Dulbecco's modification of Eagle's 
medium (DMEM, Flow laboratories, Glasgow, Scot- 
land), supplemented with 10 % heat-inactivated newborn 
calf serum, 4 times the prescribed concentration of non- 
essential amino acids, L-glutamine, penicillin (100 U/ml) 
and streptomycin (100 gg/ml) was used. The fragments 
were grown in multiwell dishes (Nunc plastic, Denmark) 
base-coated with 0.5 ml 0.75 % semisolid agar (Agar No- 
ble, Difco Laboratories, Detroit, USA). One fragment 
was transferred to each well and 1 ml of the medium was 
added. The cultures were maintained at 37 ~ in 5 % CO2 
in air with 100% relative humidity. They were observed 
daily under a phase contrast microscope. The medium 
was changed every second day. The culture period was 50 
days and the fixation times were day 0, 1, 2 and 5 and 
every 5th day thereafter until day 50. 
Viability. At the different observation times some frag- 
ments were transferred to wells without agar. Cellular 

outgrowths observed at the bottom of the wells within 
24 h were regarded as an expression of viability. 
Size measurement. The size of the fragments was 
measured every second day, from the start of the culture 
period until day 50. They were measured using a phase 
contrast microscope with a calibrated grid in one of the 
oculars. The size was expressed as half the sum of two 
diameters at right angles to each other. 
Light microscopy (LM). Fragments were fixed for 24 h in 
2 % glutaraldehyde in 0.1 M cacodylate buffer with 0.1 M 
sucrose, postfixed for 1 h in 1% osmium tetroxide in 
cacodylate buffer and dehydrated in graded ethanol con- 
centrations up to 100%. After 2 x 10 rain in propylen- 
oxide and 12 h in a 1:1 mixture of propylenoxide/Epon 
812, the fragments were embedded in pure Epon 812. The 
final polymerization was carried out at 60 "C for 3 days. 
2-gm sections were cut on an LKAB microtome (LKAB, 
Bromma, Sweden) and stained with toluidine blue. Iden- 
tification of the different cell types in the brain tissue 
fragments was done according to the criteria used by 
Ling et al. 21 and Peters et al. 29. 
Scanning electron microscopy (SEM). The procedure for 
fixation and dehydration was the same as that described 
for LM. Critical point drying was carried out according 
to the technique described by Anderson j, and the frag- 
ments were mounted on stubs using tape and silver paint. 
The specimens were coated with a gold layer, approxi- 
mately 50 nm thick, in a vacuum evaporator (Polaron E 
5000 SEM coating unit, Watford, England), and exa- 
mined in a Philips SEM 500 microscope. Kodak Tri-X- 
pan professional film was used. 
Transmission electron microscopy ( TEM). The procedure 
for fixation and dehydration was the same as described 
for LM. Representative fragments from each observation 
point were cut on an ultra microtome (Reichert ultrami- 
crotome, 'Om U3'). The thin sections were mounted on 
copper grids and stained with uranyl acetate for 30 min 
and lead citrate for 8 min. Sections of the fragments were 
studied under a transmission electron microscope (Phi- 
lips EM 300) at a magnification of 6200. 

Immunohistochemical procedure 

Glial fibrillary acidic protein (GFAP). GFAP is con- 
sidered to be characteristic for astroglia, and is connected 
to the intermediary filaments 11. GFAP antibodies were 
kindly supplied by Elisabeth Bock, The Protein Labora- 
tory, University of Copenhagen, Denmark. GFAP anti- 
gen was prepared from white substance in normal human 
brain 9. Antisera against human GFAP were produced in 
rabbits and tested for specificity as described elsewhere 27. 
Immunization and isolation from pooled antisera were 
performed according to standard procedures 19. 
Neuron specific enolase (NSE." 14.3.2). NSE is an isoen- 
zyme of enolase specific for neurons 8. Polyclonal anti- 
bodies were kindly supplied by Kenneth Haglid, Univer- 
sity of Gothenburg, Sweden. They were produced in rab- 
bits and purified as described by Moore 25. Further details 
are given elsewhere 3,4. 
Indirect immunoperoxidase technique. Activity of GFAP 
and NSE was tested on 6-gm paraffin-embedded sections 
from fragments at the time of explantation and after 20 
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and 40 days in cutture by the indirect immunoperoxidase 
technique. The sections were rehydrated in toluene (2 x 5 
min) and 96 % ethanol (4 min). They were incubated for 
15 min in methanol with H202 (3 ml 35% H202 in 200 ml 
methanol) and for 2 min in 96 % and 70 % ethanol and 
then washed for 3 • 10 min in Tris-HC1 buffer (pH = 7.4, 
2.5 M NaC1) with 0.01% non-IDET added. Incubation 
with antisera diluted in Tris-HC1 buffer (GFAP 1:1000, 
NSE 1:2000) was performed in moist chambers at 4~ 
The incubation time was 48 h. Serum from non-immu- 
nized rabbits was used as negative control. The sections 
were then washed for 3 x 5 min in Tris-HC1 buffer, incu- 
bated for 30 min with peroxidase labeled swine anti-rab- 
bit IgG (Dako, Denmark) diluted in Tris-HC1 buffer and 
normal swine serum (Dako, Denmark) (0.1 ml immuno- 
globulin + 5 ml buffer + 1 ml swine serum) and washed 
again for 3 x 5 min in buffer. After 9.5 min in a solution 
of 75 mg 3'3-diaminobenzidine tetrahydrocloride (DAB, 
Sigma, USA) in 150 ml buffer without NaC1 and 10 min 
in a similar mixture with 75 pl 35% H 2 0 2  added, the 
peroxidase formed the brown insoluble reaction product 
which identified cells as neurons or astrocytes depending 
on the antibody employed. The sections were serially 
mounted. Every other section was labeled with GFAP 
and NSE antibodies, respectively. 

Results 

General. The fragments behaved in a constant manner. 
All the reported findings are based on verification of the 
same phenomena in at least 5 separate fragments. For 
LM morphology we used 8-12 fragments at each obser- 
vation point. They came from 5-8 separate experiments, 
each comprising one litter of 3-8 fetuses. For SEM and 
TEM we used 5 7 fragments on each observation day, 
where 2-3 were from one litter of fetuses. Immunohisto- 
chemical investigation was done on 6 fragments at each 
stage, and they came from 2-3 different experiments. 
Phase contrast microscopy. The shape of the fragments 
changed from cubic to spheric. This process started after 
a few hours in culture, and after 5 days most of the 
fragments were perfectly spherical. This shape was re- 
tained during the rest of the culture period (see section on 
SEM). 

There was also a considerable decrease in the size of the 
fragments. The greatest decrease occurred between day 0 
and day 20. The size reduction was 65% during this 
period. The decrease between day 20 and day 50 was only 
2.5 % (fig. 1). In all cases the fragments reached a steady 
state with diameter about 300 pm (fig. 1). This was inde- 
pendent of the initial size of the fragments in the range 
between 600 and 1200 ~tm. 
Light- and transmission electron microscopy. The follow- 
ing description is based on light microscopy of the archi- 
tecture and cell identification by TEM: Day O: Sections 
at this stage showed brain lobes with the four zones 
described by the Boulder Committee 4~ The cortical plate 
could also be identified. The great majoritiy of the cells 
were undifferentiated. Some cells in the cortical plate, 
however, had the characteristic morphology of neurons. 
Macroglial cells could not be identified (fig. 2). Mitoses 
were found in all sections examined. Their number varied 
from 1 to 5 per 0.5 mm 2 section, and they were situated in 
the ventricular and subventricular zones (fig. 2). 
Day 1-day 2." The most characteristic feature at this stage 
was the rounding process. The sections showed an expan- 
sion of the outer parts of the fragments. This event was 
not discernible in the ventricular zone, but increased with 
increasing distance outwards. The eventual result was a 
spheroid where ventricular and subventricular cells and 
neurons constituted the center, and intermediate and 
marginal cells the periphery. Along with this, there was a 
change in cellular organization. The 5 layers observed at 
day 0 could no longer be demonstrated. Instead, most of 
the fragments at this stage were two-layered structures. 
The central layer had a high cellular density, especially in 
the periphery, and contained both the most mature and 
the most immature cells in the fragment. Young neurons 
were present. Numerous mitoses were also observed, 
most of them peripherally, in this inner zone. The outer 
layer was totally dominated by cells with small amounts 
of cytoplasm and granular nuclei. They were larger than 
the more centrally located, dark nucleated, cells. A few 
neuron-like cells were also seen in this outer area. Macro- 
glia, macrophages or microglia were not observed. 
Day 5-day 10: At this stage it was not possible to see 
separate layers. Signs of cellular organization could, 
however, be observed (fig. 3). The majority of the most 
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Figure 1. Mean diameter of brain fragments at the different stages of culture. Each point is the mean of 90108 separate fragments from altogether 4 
replicate experiments :~ SE. For practical reasons SE is only given for every 4th observation point. 
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Figure 2. Fragment at day 0, i.e. at the time of explantation, showing the 
characteristic five layers of fetal rat brain cortex. Abbreviations are: v, 
ventricular zone; sv, subventricular zone; i, intermediate zone; cp, cortical 
plate; m, marginal zone; arrow, mitosis. Semithin section. Toluidine blue 
stain, • 208. 

Figure 3. Fragment after 10 days in culture showing no typical layers. 
Semithin section. Toluidine blue stain, x 208. 

centrally located cells were neurons. Among them were 
smaller cells with little cytoplasm and dark, granular 
nuclei. Their incidence increased towards the periphery 
where they constituted the dominant  cell type. Single 
neurons were observed at some distance from the center, 
but not in the most  peripheral parts of  the fragment. 
Macroglia appeared during this period. They were si- 
tuated in the peripheral parts of  the fragments. Mitoses 
were observed in all sections examined, 1-2 per 0.5 mm 2. 
Macrophages also appeared during this period. They 
were polychromatic with lipid droplets and granula in 
their cytoplasm. Their number varied considerably, and 
they could be found anywhere in the fragment. Microglia 
were observed in a majority of  the sections without any 
specific location. Numerous necrotic cells were observed 
in all sections examined. They were randomly distributed 
all over the fragments. 
Day 15 day 20: A three-layered structure now appeared 
in the spheroids (fig. 4). Centrally, neurons and astrocytes 
were in the majority. A few oligodendrocytes could be 
observed among them. The layer in the middle mainly 
consisted of  fibers of  various thicknesses that surrounded 
the center of  the fragment. By serial sections it could be 
demonstrated that cellular outgrowths both from the 
central and peripheral layers intermingled with them. 
Some cell bodies of  neurons and macroglia were also 
present in this middle layer. In the peripheral layer, mac- 
roglial cells, especially oligodendrocytes, dominated. 
Some scattered neurons were, however, also observed. 
The structure of  this outer zone was looser than the rest 
o f  the fragment. A general tendency in the cell-rich areas 
was an increasing distance between the individual cell 
nuclei. This seemed to be due to two factors; the increas- 
ing amount  of  cytoplasm and the increasing number of  
cellular outgrowths. F rom now on the area without cell 
bodies, both between the individual cells and between the 
inner and outer layer, will be referred to as neuropil. 
Mitoses were present in about  half  the sections examined, 
never more than one per 0.5 mm 2 section. They were 
both peripherally and centrally located. Microglia and 

Figure 4. Fragment after 35 days in culture showing the reappearance of 
defined layers. Abbreviations are: c, central layer; m, middle layer; p, 
peripheral layer. Semithin section. Toluidine blue stain, x 524. 

macrophages were observed only in a minority o f  the 
sections. 
Day 20-day 40: The three-layered structure developed 
between days 15 and 20 lasted all through this period 
(fig. 4). Some minor changes, however, took place. The 
number of  neurons in the outer layer increased. Large 
neurons became situated just beneath the surface of  the 
fragments. Macroglial cells were, however, still the most 
numerous in this area. In the middle layer there were a 
few cell bodies, both neurons and macroglia. The main 
constituent was, however, still the neuropil, rich in fibers 
of  various dimensions. The center of  the fragments, to- 
tally encircled by the middle layer, mainly consisted of  
neurons and astrocytes. A few mitoses were found at all 
the different stages in this period. They did not have any 
specific location. This was also the case with macro- 
phages and microglia, which were present in a few sec- 
tions. In this period, the number of  necrotic cells was 
reduced compared to earlier stages. Such cells were, how- 
ever, still observed in all sections examined. 
Day 40-day 50: A reorganization of  the fragments took 
place, and separate layers could not be observed any 
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5a 5b 

Figure 5a. Neuron with numerous mitochondria, R.E.R. cisterns and an abundant Golgi apparatus. The nucleus is large with one well defined nucleolus 
and without chromatin aggregates. 10-day-old fragment, TEM, x 13,200. 

Figure 5b. Synapses (arrows) in the center of a 35-day-old fragment. TEM, x 19,200. 

Figure 6. Astrocyte with intermediate filaments and no glycogen granulae 
in the sparse cytoplasm. Chromatin densities are seen along the nuclear 
membrane. 45-day-old fragment, TEM, x 21,500. 

more. Neuropil became the main constituent. The cells 
present, mainly neurons and astrocytes, were spread all 
over the fragments. Peripherally, astrocytes dominated. 
The mitotic activity now ceased, and mitoses were not 
observed at the end of the culture period. No increase in 
cell death was observed. Examples of ultrastructurally 
differentiated neural cells and synapses are shown in 
figures 5 7. 
Observations by SEM. During the rounding of the ex- 
planted cubes two phenomena occurred: Cells from the 

Figure 7. Dark oligodendrocyte in the periphery of a 20-day-old frag- 
ment. It is characterized by a nucleus containing large clumps of chroma- 
tin and dark cytoplasm. TEM, x 15,500. 

pial side of the fragments (fig. 8) moved toward the epen- 
dymal surface and eventually covered the structures after 
5 days in culture. The fragments curved around a point 
on the ependymal surface. After two days this gave a 
convex structure with a 'crater' on one side. After 5 days 
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this 'crater '  was obliterated and a spherical structure ap- 
peared. Between day 5 and day 20 the number ofpial  cells 
at the surface of  the fragments was gradually reduced. 
During the last 30 days larger cells with extensively 
branched outgrowths gradually covered the spheroids 
(fig. 9). Macrophages were seen singly or in clusters, often 
associated with cell debris. 
Observations by immunohistochemistry. GFAP. At the 
time ofexplantation, day 0, no GFAP-activi ty was obser- 
ved in any of  the fragments investigated. After 20 days, 
numerous GFAP-posit ive cells were seen in all specimens 
(fig. 10). In 5 of  the 6 fragments most of  the labeled cells 
were peripherally located. In the sixth, these cells were 
more randomly distributed all over the spheroids. A 
network of  positive processes was seen throughout  the 
fragments. After 40 days the number and position of  the 
labeled cells had not  changed. 
NSE. At day 0, no NSE-positive cells were observed. 
After 20 days in culture, several labeled cells were present 
in all the fragments investigated (fig. 10, inserted). Except 
for one specimen, in which two positive cells were seen in 
the periphery, all of  them were centrally located. 
After 40 days peripherally situated labeled cells were 
present in all fragments. Most  of  the peroxidase positive 
elements were, however, still centrally located. 
Viability. At every observation time 2 fragments were 
transferred to multiwell dishes without agar. Adherence 
to the bot tom and outgrowth of  identifiable neural cells 
were always observed. This was taken as a marker of  
viability although no quantitation of  outgrowth was per- 
formed. Otherwise the following features were taken as 
signs of  viability: 

- Morphological differentiation into neurons, astrocytes 
and oligodendrocytes which were not present in the 
original explants. 

- Cell migration and organization in layered structures. 
- No overt tissue necrosis, al though some vacuolization 

and death of  single cells was observed. 
- Production of  nervous system specific proteins which 

were not identifiable at the time of  explantation. 
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Figure 9. Fragment at day 50 showing a surface dominated by large cells. 
SEM, x 220. 

Figure 10. Peroxidase stained sections from a 20-day-old fragment. Main 
picture: Section incubated with GFAP showing numerous labeled astro- 
cytes (arrows) peripherally situated in the section, x 310. Inserted pic- 
ture: Central area of the subsequent section incubated with NSE, showing 
labeled neurons (arrows). x 285. 

Figure 8. Fragment at day 0 showing the pial and the ependymal surfaces 
and the hemispheric tissue in between. Abbreviations are: p, pial surface; 
h, hemispheric tissue; e, ependymal surface. SEM, x 200. 

Discussion 

A general question when working with tissue culture is to 
what extent the observed phenomena correspond to 
events occurring in vivo, rather than being due to the 
artificial culture conditions. 
Cell migration was observed in the brain fragments. Dur-  
ing the first days in culture, pial cells gradually covered 
the explants. Furthermore, neurons moved towards the 
periphery of  the spheroids between day 20 and day 40. 
The initial expansion of  the outer parts of  the fragments 
was similar to that occurring in the normally developing 
brain cortex. The marginal zone is known to expand 
considerably faster than the ventricular layer. This is due 
to cell migration from the ventricular area outwards 
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along curved pathways and a parallel increase in cell 
volume 2~ 
At the time of explantation, the only morphologically 
differentiated cells were neurons, but neuron specific eno- 
lase (NSE) was not yet present. The first macroglial cells 
appeared after approximately 5 days, and after 20-25 
days most of the cells in the fragments could be identified 
as differentiated neural cells both morphologically and 
by immunohistochemical methods. This is in accordance 
with the corresponding time-dependent events in vivo in 
pre- and postnatal rats 5, 8,1% It may therefore seem that 
the brain tissue fragments grown in the culture system 
described here mimicked some of the events taking place 
in the developing rat brain in vivo, including morpholo- 
gical differentiation, production of nervous system spe- 
cific marker proteins, cell migration and formation of a 
layered structure. On the other hand, some of the features 
observed in the cultured brain tissue did not correspond 
to the in vivo situation. There was a gradual shrinkage of 
the fragments from a mean diameter of  800 gm to stabili- 
zation at a diameter of 300 gm after 20 days. This was 
accompanied by the observation of scattered pyknotic 
cells, in conformity with a cell loss. While a mature brain 
lobe has 6 different zones, only 3 such zones could be 
recognizied after 20 days of organ culture. Eventually, 
after 40 days, this layered organization was lost. So far, 
we cannot explain this. 
Another difference was the assembly of large neurons in 
the periphery of the fragments seen in the later stage of 
culture. This event may, however, be an in vitro counter- 
part to the outward migration of neurons from the ven- 
tricular zone which is known to occur in vivo. 
Another important question in organ culture is to what 
extent cell viability is preserved, and to what extent there 
is a real cell proliferation instead of a slowly occurring 
cell death. 
In our set-up, morphological signs of single cell death 
were observed through most of the culture period. The 
incidence of dying cells did, however, decrease as the 
fragments reached their permanent size of about 300 gm. 
In this connection it is generally known that primary 
explantation to organ culture is accompanied by in- 
creased cell death. It should also be remembered that 
single cell death is a naturally occurring phenomenon in 
all developing tissues, and that tissue size reduction will 
automatically occur if this is not compensated for by a 
corresponding number of mitoses 3~ In the brain frag- 
ments the mitotic activity ceased after 40 days in culture. 
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This also occurs in postnatal rat brains in vivo and at the 
corresponding time3< 
In the present experiments an average initial explant di- 
ameter of 800 Ixm was used for practical reasons. As 
exponentially growing spheroids of  human glioma cells 
reach this size 6, there is a proliferation gradient from the 
periphery to the center. With such diameters the central 
02 tension may be at a minimum 7. Usually there is an 
upper limit of 400 gm diameter for oxygenation of tissue 
in vitro1% Furthermore, above this size, static cultures 
show less oxygen transport as compared to tumor ag- 
gregates in spinner fiasks 28. It was therefore interesting 
that the shrinkage of the brain fragments seemed to be 
independent of the initial diameter in the range between 
1200 and 600 ~tm, resulting in a stable size of 300 gm. This 
is well within the limit for sufficient oxygenation. 
Many features of the brain tissue fragments described 
here have also been observed in neural tissue grown in 
other culture systems. Differentiation of single cells takes 
place in monolayers as well as in other three-dimensional 
cultures 2,12,18, 23, 26, 33-36, 41, 42. Cellular organization by segre- 
gation of similar cells in groups has also been re- 
ported2,33,4t However, it appears that neural tissue grown 
in this set-up remains viable and organized for a longer 
period than other non-adherent cultures 2~' 4t. 
The described brain fragments may then provide the pos- 
sibility of investigating cellular differentiation, migration 
and organization in developing brain tissue in a model 
where the original histiotypic structure is not initially 
disturbed and where there is no interaction between the 
tissue and an artificial substratum. In addition this 
standardized and stable structure ist of particular value in 
the study of interactions between normal and malignant 
brain tissue in organ culture 37' 38, 39. Although invasiveness 
is known as one of the most critical properties for malig- 
nant behavior of primary brain tumors, very little is 
known about the biology of this process 22. There is there- 
fore a need for methods where glioma cells can be directly 
observed during invasion into their natural target tissue 
outside the body. The culture system described here has 
already proved valuable for such p u r p o s e s  37-39. 

We conclude that solid hemisphere fragments grown in a 
nonadherent stationary organ culture system may be a 
valuable supplement to existing culture methods for the 
investigation of phenomena in the developing brain and 
may be applicable as host tissue in a study of the inter- 
action between normal brain tissue and malignant brain 
tumors outside the body. 
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Structure of victorin C, the major host-selective toxin from Cochliobolus victoriae 
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Summary. The p r e d o m i n a n t  host-selective toxin f rom Cochliobolus victoriae, victor in  C, is a pept ide with an  appa ren t  
mol.  wt of  796, represent ing  a cyclic a r ray  of  the subuni t s  l ~ i .  The  s t ructure  of  the toxin has now been  established as 

i n  16 th rough  analysis  o f  the degrada t ion  products  generated by enzymic and  non -enzymic  par t ia l  hydrolysis.  The 
presence of  a hydra ted  a ldehydo group  requires for vic tor in  C the compos i t ion  C31H45013N6C13 with an  amended  
mol .  wt of  814, for which  independen t  exper imenta l  suppor t  has been  secured. 
Key words. Blight o f  oats ;  Helminthosporium victoriae; phyto tox ins ;  N M R - s p e c t r a ;  s t ructural  e luc idat ion;  unusua l  
oligopeptides.  

The  causal  agent  o f  victor ia  bl ight  o f  oats, Cochliobolus 
victoriae Nelson  produces  a host-specific toxin  called vic- 
tor in  2. Victor ia  bl ight  o f  oats  became a ma jo r  disease 
a b o u t  40 years ago as a consequence  of  the i n t roduc t ion  
of  commerc ia l  varieties of  oats  carrying the Pc gene for 
resistance to c rown rust,  Puccinia coronata 3,n. I t  was later 
discovered that  rus t  resistance a n d  susceptibil i ty to C. vic- 
toriae and  its toxin were either closely l inked or con-  
trol led by the same genetic locus. Subsequen t  studies on  
the inher i tance  of  susceptibil i ty to C. victoriae have 
shown that  sensit ivity to the fungus  a n d  its toxin,  victo- 
rin,  is cont ro l led  by  a single d o m i n a n t  gene with the 
homozygous  d o m i n a n t  geno type  confer r ing  sensitivity to 
the tox in  and  the homozygous  recessive genotype  condi-  
t ion ing  insensi t ivi ty ~. Thus ,  v ic tor in  appears  to be a gene- 
specific toxin  affecting only  those genotypes  of  oats  tha t  
car ry  the d o m i n a n t  allele for susceptibil i ty to C. victoriae. 
In  a previous  c o m m u n i c a t i o n  6 we repor ted  on  the isola- 
t ion  of  several homo g e n eo u s  host-selective toxins  f rom 

the cul ture  fil trate of  Cochliobolus victoriae Nelson  (Hel- 
minthosporium victoriae M e e h a n  and  M urphy )  7 and,  in 
addi t ion ,  have shown  that  the mos t  a b u n d a n t  c o m p o u n d ,  
v ic tor in  C, ( apparen t  m o l . w t  796, co r respond ing  to 
C31H43012NtCI3) mus t  represent  a cyclic c o m b i n a t i o n  of  
the c o m p o n e n t s  glyoxylic acid, 1, 5 ,5-dichloroleucine 
(C121eu), 2, erythro-fl-hydroxyleucine (OHleu) ,  3, victa- 
lanine,  4, threo-fl-hydroxylysine (OHlys) ,  5, a n d  ~t- 
amino-f l -chloroacryl ic  acid (aClaa),  6. We  now out l ine  
new evidence which has led to the der iva t ion  of  a com- 
plete s t ructure  for v ic tor in  C, thus  es tabl ishing its correct  
compos i t ion  as C31H45Ox3NtC13 (mol.  wt  814). 

Materials and methods 

Acid hydrolyses, a) 40 m g  of  vic tor in  C were incuba ted  in 
10 ml  o f 6 N  HC1 at r.t. for 21.5 h. The sample  was dried in 
vacuo  and  redissolved in  water,  a small  po r t i on  was in- 
jected on to  an  analyt ical  reverse phase C18 c o l u m n  (Wa- 


