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Fig. 2 Changes in the chemical amounts of a, TPI and b, IDPI at
various times after fertilization. Data are normalized relative to
the amounts of TPI or DPI in the unfertilized eggs (1 =0 s) i each
experiment. Bars indicate s.e.m., n the number of experiments. P
values were determined by Student’s t-test; NS, not significant.
See text for explanation of sperm control experiments.

Methods: DPI and TPI were purified as described for Fig. 1. Ten
ml of a 5% egg suspension was used for each sample. Columns
were run at 0 °C. Fractions were dried and the amount of inorginic

phosphate in each was determined*®.

Although our results are difficult to interpret without a know-
ledge of the specific activity of the ATP pool, they did encourage
us to assay chemically the amounts of DPI and TPI present in
samples of sea urchin eggs taken before and after fertilization
(Fig. 2). Using column chromatography as described for Fig. 1,
and analysing the phosphate content of the eluted fractions (see
Fig. 2 legend), we found that each unfertilized egg contains
29+0.1 Xx107"° (s.e.m., n =8) moles of TPl and 6.9+0.7 x10™ "
(s.e.m., n =8) moles of DPI. Increases in amounts of both TPI
and DPI are seen 15s after fertilization, before vesicle
exocytosis. At 15 s post-insemination, the amount of TPI 1s 40%
greater than in unfertilized eggs (P <0.01); at 60 s, the increase
is 52%. DPI is increased by 22% at 15s (P <0.002) and by
31% at 60 s.

To exclude the possibility that the sperm used in the insemina-
tions was providing the increased amounts of TPI and DPI seen
following fertilization, we extracted these lipids from an amount
of sperm equivalent to that used in the fertilization experiments.
(The sperm had been exposed to solubilized egg jelly to induce
the acrosome reaction—acrosomal processes were seen in 70%
of the cells.) The sperm contain both DPI and TPI (see Fig. 2),
but the amounts constitute only 9-15% of the changes seen at
fertilization.

We conclude that there is an increase in the content of both
TPI and DPI following fertilization, but before the onset of
vesicle fusion, in the eggs of the sea urchin S. purpuratus.

Available data from another species of sea urchin® indicate that
our observed increases in TPI and DPI also precede the rise 1n

intracellular free calcium. These changes in TPI and DPI meta-
bolism might lead to the release of calcium from intracellular
stores. If the net increases we report indicate an increased rate
of TPI turnover, the egg might be generating inositol-1,4, 5-
trisphosphate, a substance known to release calcium from
intracellular stores in pancreatic acinar cells®’. Alternatively,
TPI and DPI might contribute to the stimulation of secretion
by a direct action occurring in parallel with the rise in free
calcium, but not causing it. The presence of negatively charged
lipids, and increases in membrane fluidity, both increase the
incidence of vesicle fusion with cells*’. The polyphosphoinosi-
tides are highly charged at normal pH—TPI has a net charge
of —5, and DPI one of —3 (ref. 24)—which may promote fusion
by increasing binding of calcium to the membranes. Moreover,
both TPI, and to a lesser extent DPI, increase glycoprotein
lateral mobility in the red blood cell membrane®’. These charac-
teristics of the polyphosphoinositides might be important in
initiating cortical vesicle exocytosis.
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The i1ncrease 1n polyphosphoinositide content of the sea
urchin egg might also be significant with respect to other changes
in the egg’s metabolism after fertilization®®. The increase in
polyphosphoinositide content that we report precedes all pre-
viously reported events, except for the membrane depolariz-
ation, and 1s therefore the earliest known biochemical event
following fertilization of the sea urchin egg.

We thank P. Cameron for help with the column chromato-
graphy. This work was supported by NIH grants HD-14939
(L.A.J.) and HL-23359 (M.P.S.). M.P.S. 1s an Established Inves-
tigator of the American Heart Association.
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The transplantation antigens H-2K, H-2D and H-2L are develop-
mentally regulated’ >, highly polymorphic® cell surface proteins
encoded by the major histocompatibility gene complex (MHC)™".
First detectable on the early embryo™’, they are subsequently
expressed on most somatic cells of’ the adult mouse in association
with the protein S,-microglobulin (8,M; ref. 5). Cultured F9
embryonal carcinoma (EC) cells can be induced to differentiate
along alternative pathways to form either parietal® or visceral’
extra-embryonic endoderm, each concomitant with a change iIn
morphology and pattern of gene expression. Previous reports have
demonstrated an increased level of transplantation antigens in
differentiated F9 EC cells'*'?, but the cell types expressing them
were not defined. Here we show that the level of MHC H-2K"
and B,M transcripts is increased during both pathways of this
differentiation. Expression of a foreign MHC H-2K"™' gene was
found to be regulated in a similar manner when the gene was
introduced into EC cells. |In contrast, an introduced rabbit S-globin
gene was not regulated but expressed constitutively.
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F9 EC cells were differentiated into parietal endoderm by
culturing as a monolayer with 10" M retinoic acid for 14 days®,
or with 107" M retinoic acid plus 107* M N° O*-dibutyryl-
adenosine 3',5'-cyclic monophosphate (dbcAMP) plus 107 uM
3-1sobutylmethylxanthine for 5 days, conditions in which 90%
of the cells are differentiated'>'®. For differentiation to visceral
endoderm, cells were grown for 6 days as small floating aggre-
gates in bacteriological Petri dishes with 5 x 107®* M retinoic
acid”. MHC H-2K" and 8,M mRNA transcripts were quanti-
tated by S, nuclease analysis using an exon—intron and a cDNA
probe respectively, which can detect ~10 pg of specific mRNA
after densitometric scanning.

Using a 161-nucleotide Hpall fragment spanning part of the
B.M cDNA and adjacent plasmid sequences as a probe for S,
nuclease protection, no SB,M transcripts were detected in
undifterentiated F9 cells (Fig. 1). Difterentiation to parietal or
visceral endoderm resulted in at least a 20-fold increase in the
level of B,M transcripts, as demonstrated by the presence of
10- and 80-nucleotide fragments resistant to digestion by S,
nuclease (Fig. 1). This is consistent with the high level of this
transcript observed in visceral and parietal endoderm isolated
from the extra-embryonic tissues of a 13.5-day-old mouse. The
shorter than full-length 80-nucleotide fragment may be due to
either a small difference between the cDNA probe and the
transcript or cleavage by S, nuclease of an A +T-rich region
located 85 base pairs (bp) from the labelled Hpall site'’.

S, nuclease analysis using a 600-nucleotide Avall exon I11-
intron probe (Fig. 2b) was used to determine the level of H-2K"
mRNA. As judged by the presence of a 230-nucleotide protected
fragment, this transcript is produced in very small quantities in
undifferentiated F9 cells. After differentiation either to visceral
endoderm using retinoic acid or to parietal endoderm using
retinoic acid alone or in combination with dbcAMP (Fig. 2b),
the level of H-2K mRNA increased 5-10-fold as determined by
densitometer scanning.

Analysis of RNA samples from other undifferentiated and
differentiated F9 cells (given by B. Hogan)”'>''°, showed levels
of H-2K” mRNAs identical to ours (not shown). Low levels of
H-2K” mRNA in undifferentiated F.C cells have been reported
previously'®'” and resemble the results described for laminin.
Laminin mRNA is also transcribed at low levels in undifferenti-
ated F9 cells and its transcription is increased following differ-
entiation'”. The fact that 8,M RNA is not detectable in undiffer-
entiated F9 cells may indicate that the H-2K and B,M genes
are regulated differently. Note that despite the low levels of
H-2K” RNA synthesis, H-2K" antigen might not be detected '
on the cell surface in the absence of B,M.

Experiments using cell fusion or chromosome transfer
between somatic cells and EC cells have shown that the somatic
H-2K gene is either repressed”’ or remains active in the hybrid
cells'”****. As these experiments were inconclusive, we have
used DNA-mediated gene transfer to study tie control of H-2K
expression.

A 10-kilobase (kb) fragment containing a variant H-2K " gene
called H-2K """ was introduced into F9 cells**. H-2K "™ was
covalently linked to Simian virus 40 (SV40) DNA and to the
transposon Tn5-dertved aminoglycosyl phosphotransferase 11
(AGPT) as a selective marker (Fig. 2a). Using the calcium
phosphate transformation method*, 1-10 clones per 5 X 10° cells
per g DNA were obtained. Southern blotting showed that 12
transformants contained 1-15 copies of the introduced DNA
per cell (data not shown).

Taking advantage of the fact that the intrrduced H-2K "™’
gene and the endogenous H-2K " gene differ in the third exon
sequence”’, we prepared a 600-bp H-2K ®* Avall probe from
this region which allowed us to distinguish between the tran-
scripts from the two genes by S, digestion analysis (Fig. 2b).
Because partial S, nuclease digestion of the H-2K ” Avall probe
protected by H-2K *"' mRNA yields the same fragment as that
protected by the H-2K " transcript, we confirmed the results

using the corresponding probe isolated from the H-2K *™' gene
(not shown).
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Fig. 1 S, nuclease analysis of 8,M mRNA in F9 EC cells before
(ND) and after differentiation to parietal (PAR) or visceral (VIS)
endoderm. Control mRNA was obtained from visceral and parietal
extra-embryonic endoderm of a 13.5-day-old mouse embryo, and
from adult mouse liver. Lane | contains a radioacivity labelled
®X X Rsa marker.

Methods: A cDNA probe for .M (IP) (illustrated at bottom of
figure) was end-labelled by reverse transcription, strand-separated
and hybridized with total RNA at 37 °C for 12 h in 10 pl of 80%
formamide, 40 mM PIPES pH 6.4, | mM EDTA, 400 mM NacCl.
The mixture was digested with 3,000 U of S, nuclease (Boehringer)
in 300 wl of 300 mM NaAc pH 4.8, 200 mM NaCl, 2 mM ZnSO,
at 20 °C for 2 h. S,-protected DNA (Prot.) was ethanol-precipitated,
denatured and electrophoresed on a 7M urea/7% acrylamide gel.
F9 lanes: ND, 15 pg of undifferentiated F9 cell RNA; VIS, 3 pg
of visceral endoderm F9 cell RNA (overexposed fivefold); PAR,
|5 pg of parietal endoderm F9 cell RNA. Embryo lanes: 5 pg of

visceral or parietal endoderm (from B. Hogan).

Out of eight clones that contained intact copies of the H-
2K ! introduced DNA, seven clones showed a 6-15-fold
increase in the level of H2-K "™ mRNA on differentiation to
parietal endoderm (Fig. 2b, clones 2-5). Only one clone
expressed the gene in a constitutive manner (not shown). Four
clones were shown to contain an incomplete or rearranged copy
of the introduced DNA and on differentiation, only the
endogeneous H-2K " transcripts could be detected (Fig. 2b,
clone 1). Note that the level of the endogenous H-2K” mRNA
1s 5-10-fold lower than the level found in liver and spleen of
H-2K" mice. In contrast, the exogenous H-2K""' gene is
expressed at higher levels. This effect may be due either to a
higher copy number (see legend to Fig. 2b) or to selective
Integration sites.

The increased levels of H-2K mRNA observed on differenti-
ation of EC cells could be a result of transcriptional activation
or specific stabilization of H-2K mRNA ; we cannot yet distin-
guish between these possibilities.

All of the above S, analyses were done using a probe which
spans one of the exon-intron junctions within the gene. To
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Fig. 2 a, Structure of the plasmid introduced into F9 cells. Transcripts are illustrated by arrows in the 5’ to 3’ direction. E and B, EcoRI and
BamHI sites, respectively. b, S, nuclease analysis of H-2K® and H-2K®™' RNA from untransformed (F9) and from H-2K bml_transformed (1-5
EC cells) before (—) and after (+) differentiation. Lane labelled H-2K°™' RNA, 10 pg of RNA from a transient expression of the H-2K ™!
gene in HeLa cells®'. F9 lanes: 10 wg of RNA as in Fig. 1. Lanes 1-5, 10 pg of transformed F9 cell RNA containing, respectively, 1-3, 5-8, 3-5,
10-12 and 3-5 integrated copies of the H-2K ™' gene. ¢, S, nuclease analysis of the 5" end of H-2K mRNA in two F9 transformants, before

(—) and after (+) differentiation.

Methods: b, A 600-nucleotide intron-exon probe that allowed a distinction to be made between H-2K"™!' and H-2K?" transcripts (see a) was

end-labelled with reverse transcriptase, strand-separated and hybridized as in Fig. 1, except that S, digestion was for I h at 20 °C followed by

| h at 40 °C. Lane 4 contains a pBR322 x Hinf marker. ¢, The 5’ H-2K" probe was end-labelled with T4 polynucleotide kinase, strand-separated
and hybridized as described in Fig. 1.

determine whether these transcripts were properly initiated, we
used a probe that covered the 5’ end of the H-2K band H-2K *™
genes, which are identical in this region. Although this probe
does not distinguish between the mRNA produced from the
endogeneous and exogenous genes, it showed only the correct
5’ end expected for H-2K" and H-2K®™' mRNAs, therefore we
conclude that transcription of the exogenous gene 1s correctly
initiated (Fig. 2¢).

In another set of transfection experiments, the rabbit B-globin
gene, covalently linked to the same SV40 vector, was introduced
into F9 EC cells. S, nuclease analysis of four different transfor-
mants showed a low level of B-globin mRNA which did not
increase following differentiation, while the endogenous H-2K"
mRNA level in the same transformants increased (Fig. 3).

These results suggest that the DNA sequences involved 1n
this induction process must be present on the 10-kb fragment
containing the H-2K ™' gene used in this experiment and that
these sequences are specific for the H-2K gene. It 1s highly

unlikely that the control sequences would be tissue-specific
enhancer elements, as first observed for immunoglobulin
genes“®*°; instead, they may control the activation of the H-2K
gene at a certain time in the development programme and its
subsequent expression in all somatic cells. Induction of this sort
may be mediated either by the release of gene suppression of
by gene activation and our data are compatible with both of
these models.

The fact that visceral-like endoderm and parietal-like
endoderm F9 cells, which differ morphologically and func-
tionally, both express H-2K and 3,M may imply that the F9
EC cells originate from embryonal cells predetermined” to
express transplantation antigens. Thus, although F9 EC cells
can be differentiated along alternative pathways®”~°, with
respect to the expression of MHC genes they may not be different
from other, already committed cell systems where increased
gene expression can be induced chemically.
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Fig. 3 S, nuclease analysis of H-2K® and rabbit 8-globin mRNA
before (—) and after (+) differentiation. Control mRNA for H-2K"
was obtained from nontransformed F9 cells after differentiation

to parietal endoderm. Control mRNA for rabbit B-globin was
obtained from rabbit bone marrow. The 3’ rabbit B-globin probe
(RBip) was end-labelled using reverse transcriptase and hybridized

as described in Fig. 1 legend.
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Antibodies to a scrapie prion protein
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Scrapie is a slow infection of the nervous system which progresses
in the absence of any apparent immune response' ™. The recent
development of a large-scale purification protocol for scrapie
prions’ made it possible to obtain substantial quantities of elec-
trophoretically purified prion protein (PrP 27-30) and we report
here on the successful production of a rabbit antiserum to PrP
27-30. The antiserum reacted with PrP 27-30 and several lower
molecular weight proteins as shown by Western blots; it did not
react with protein preparations from uninfected brains. Discrete
structures in the subependymal region of scrapie-infected hamster
brains were stained immunocytochemically. These same structures
also stained with Congo red dye and showed green birefringence
with polarized light, a characteristic of purified prion rods’. This
staining pattern suggests that they are amyloid plaques.

Although the immune system remains competent in both
natural and experimental scrapie, prions fail to evoke humoral
or cell-mediated responses'™. The host is afebrile, leukocyte
counts 1n the cerebrospinal fluid and blood are normal, and no
inflammatory response is seen. Nevertheless, the animal dies of
an overwhelming central nervous system slow infection. Progress
in the purification of the scrapie agent’ led to the identification
of a protease-resistant protein which is a major component of
the prion'®''. This protein (PrP 27-30) aggregates into rod-like
structures which have the ultrastructural'*'? and histochemical
characteristics of amyloid'”. |

Three rabbits were immunized with 10-20 wg of PrP 27-30,
coupled to keyhole limpet haemocyanin (KLH), and boosted
twice with 10-20 wg of PrP-KLH. These animals failed to pro-
duce antibodies to PrP 27-30. A fourth rabbit immunized with
80 wg of PrP 27-30 without KLH and boosted with 130 png of
PrP 27-30 after 25 days produced antibodies. For subsequent
boosts in this rabbit, denatured scrapie prions purified by zonal
rotor sucrose gradient sedimentation were used without further
electrophoretic purification of PrP 27-30. We estimate that the
third and fourth boosts contained 40 wg and 100 wg of PrP 27-30,
respectively. |

The sera were tested by a modified dot-blot immunoassay'*.
Preimmune serum (Fig. 1, row a) did not react with purified
PrP 27-30, while only immune serum from the fourth rabbit
reacted with purified PrP 27-30 (Fig. 1, rows b—e). Reactivity
with PrP 27-30 was seen at a 1:1,000 dilution of the serum
collected 25 days after the first immunization. Immune sera
collected after subsequent boosts showed a progressive rise in
titre. After three immunizations, the serum could be diluted
1:20,000 and a positive response was seen with purified
PrP 27-30.

Immune serum failed to react with proteins purified from
uninfected brains by the same protocol (Fig. 1, rows f, g). This
antiserum reacted with both denatured and native prions
purified from scrapie-infected hamster brains (Fig. 1, rows h,
i). Preimmune serum at a 1:100 dilution gave a detectable
response against the denatured and native prions (data not
shown), but failed to react with electrophoretically purified
PrP 27-30 (Fig. 1, row a). At 1:1,000 dilution, no reaction of
the preimmune serum with denatured or native prions could be
detected. With antiserum diluted 1:1,000, PrP 27-30 could be
detected even after its concentration was reduced by a factor
of 100 (Fig. 1, rows j, k).

Western blots'>''® were prepared to confirm that the antiserum
was reacting specifically with PrP 27-30 (Fig. 2). PrP 27-30 and



