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Figure 1 Micrographs of ordered iatex templates. &,
Optical microscopy in transmitted light. The different
colours probably commespond to crystal domains of
different symmetry or orientation. b, Scanning elec-
tron micrograph (SBM). Ordered latex layers display
either hexagonal or . gubic .patking. Scale bafs:
50 um and 1 wm, respectively.

media. The latex particles accumulated
slowly on the membrane surface, building
up dlosely packed, ordered layers roughly
10 yun thick. The
could ‘be brokén ;and .detached from the
membrane surfade for analysis by light and
scanning electron microscopy (Fig. 1).

To induce silica polymerization the
microsphere sutfaces had to be functional-
ized in situ by adsorption of the surfactant
hexadecyltrimethyl ammonium bromide
(HTAB). We soaked the crystalline latex lay-
ers with 0.02 M HTAB solution for 20 min,
then removed the excess unadsorbed sur-
factant by washing briefly with deionized
water. We mineralized the cavities in the
arrays by passing 0.5 M silica solution
through the latex-covered filter. The perm-
eability of the layers decreased as the
polymerization process continued, so that
flow through the filter stopped in less than
one minute. When the silica solution had
gelled inside the colloidal crystal layer, we
removed the excess solution and dried the
latex/silica composite under vacuum. The
latex templates inside the polymerized silica
were removed by heating at 450 °C for 4 h,
leaving silica flakes of very low density as
the final product.

Scanning electron microscopy shows
that the material is built up of three-dimen-
sional ordered arrays of uniform pores.
Examples of the discrete morphology of the
material are shown in Fig. 2. By varying the
size of the latex microspheres used, we were
able to produce.organized materials.with

pore sizes ranging fromwi ‘about 150 nui (6o

depysited arystalline layet .

ofsphencalcavmes cepresemnganegaﬂverepuca
of the original oolloidal crystal embedded in the sili-
ca, are seon. The siica flakes appear to be built up
of many similar domains with diffarent crystal orien-
tations. Detalls of materials and methods are avail- -
able on request from the authors. Scalg bars, 1 um.

1 pm. A comparison between the repeat
units of the silica replicas and the original
latex crystals showed that the baked materi-
als bad shrunk by 20-35%, & value that is
higher than, but comparable to, that in the
M41S mesoporous silicas*.

Our results show that it is possible to
obtain highly structured silica materials in
which the pore size, shape and ordering can
be precisely controlled within a wide range
that has previously been unattainable. The
method is powerful and controllable, and
could be adapted for large-scale production.
0. D. Velev, T. A. Jede
R. F. Lobo, A. M. Lenhoff
Department of Chemical Engineering,

University of Delaware, Newark,
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The same prion strain
causes vCID and BSE

Epidemiological and clinicopathological
studies, allied with pathological prion pro-
tein (PrP*) analysis, strongly support the
hypothesis that the human prion disease
new variant Creutzfeldt-Jakob disease
(vCJD) is causally related to bovine spongi-
form encephalopathy (BSE)"?, but consider-
able controversy remains. Distinct prion
strains are distinguished by their biological
properties on transmission to laboratory
animals and by physical and chemical differ-
ences in PrP* strains. We now find that the
biological and molecular transmission char-
acteristics of vCJD are consistent with it
being the human counterpart of BSE.

We studied transgenic mice expressing
only human PrP (HuPrP** Pm-p™°), which
have been shown to lack a species barrier to
human prions from ¢ne -iatrogenic CJD
case’, comparing them with non-transgenic
(FVB) mice. All of 16 further CJD cases,
encompassing a wide range of dlinicopatho-
logical phien: all three PrP™ types
reported in sporadic and aoquired prion dis-
eases” and all PRNP genotypes at polymor-
phic codon 129, a key determifant of genctlc
susczptibthty to human prion dxseases

tion periods, consistent with 2 lack of species
barrier to these isolates (Table 1). These
transgenic mice express human PrP
homozygous for valine at codon 129. How-
ever, there was no significant difference in
mean incubation periods between inocula of
the different codon 129 genotypes. PrP* typ-
ing of these transmissions showed that the
same prion types seen in sporadic and iatro-
genic CJD (types 1-3) are produced, distinct
from that seen in vCJD (type 4)". Only occa-
sional transmissions, at lo: and variable
incubation petiods, were in FVB mice.
In contrast, efficient transmission of
vCJD to FVB mice was obscrved (Table 1)
although incubation  periods were pro-
longed. Conversely, the attack rate of vCJD
in the transgenic mice was reduced in
comparison to typical CJD, and incubation
periods were generally more variable and
prolonged. Mean incubation periods to
these six vCJD cases were similar in both
types of mice. The clinical course in vCJD-
inoculated transgenic mice was much longer
than in transmissions of typical CJD. vCJD
in humans is also associated with a long
clinical duration'. Some mice, as well as
showing typical neurological features, per-
sistently walked backwards. This unusual

. clinical sign was not seen in fransmissions of

typidal GJD; futal familial indomnia or bther
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inherited prion diseases’.

BSE transmits efficiently to FVB mice’,
albeit with prolonged and variable incuba-
ion periods (Table 1) which fall to a consis-
ent short incubation period of around 140
days on second passage (data not shown).
Transmissions of BSE into the transgenic
mice did not occur at incubation periods
well beyond those of dassical CJD?, but we
have now observed transmission with much
longer incubation periods (Table 1). These
transmissions resembled those of vCJD with
a long clinical duration and backwards walk-
ing in some animals as well as the otherwise

typical clinical features of mouse scrapie.
There were striking similarities in PrP
deposition patterns between BSE- and
vCJD-inoculated animals (detailed neuro-
pathological studies will be published else-
where). Such patterns are determined by
host genotype as well as by agent strain®. We
saw distinct patterns in the two types of

were PrP plaques and diffuse PrP.deposi-

Prn-p®° transgenic mice we saw a predomi-
nantly pericellular pattern of PrP immuno-
staining (data not shown). PrP plaques are a
rare feature of prion disease in mice. Occa-
sional mock-inoculated transgenic mice

negative in all these controls.

We performed western blot analysis to
determine the PrP* types produced in these
transmissions. We have previously shown
that the PrP* type seen in vCJD (type 4) has
a ratio of glycoforms closely similar to that
of BSE passaged in several other species™
vCJD-inoculated FVB mice produced mouse
PrP* with type 4-like glycoform ratios and
fragment sizes indistinguishable from those
in BSE-inoculated FVB mice (Fig. 1a,b).

NATURE | VOL 389} 2 OCTOBER 1997

mice, but, in each case, vCJD and BSE pro- .
duced closely similar patterns. In vCJD- and -
BSE-inoculated non-transgenic mice, there

tlon In vCID- and BSE-inoculated HuPrP*"*,

owed weaker and less extensive pericellu- .

PrP immunostaining, probably reflecting -

the high level of \PrPY ,overexpression in
these mice. Western blotting for PrP* was:

Fgure 1 Tmnsmission of prion diseases to mice. &, Scatter graph of proportions of protease-fesistant PP in
the high-moletular-mass {di-glycosylated) and low-molecular-mass (mono-glycosylated) glypoforms in indi-
vidual human cases and FVB mice with experimentally transmitted CID, vCID or BSE. $pbretic and iatro-
genic CID cases PIP% types 1-3), red squares; VCID, yellow circles; transrissions of typical CID to F\B
mice, green squares;BSE to FVB mioe, blue squares. Transmissions of vCID to FVB mice, open triangles.

. bye, Westen biots of brain homagenates after pre-treatment with proteinase K using antiP® polycional ant-

body 95:108 {ref. 15) {b)0r antHP1P, monocional antibody 34 {¢). Methods were as in ref. 2 except that for PP
glycotorm. analysis.a chemifluorescent substrate EOF Amersham) was used and ratios analysed on a
Storm 840 Phosphoimager (Molecular Dynamics). b, Transmission of vGID and BSE to non-ransgenic (FVB)
mice, Lane 1, human vCID; 2, vCIDHnoculated FVB mouse (same case as lane 1); 3, BSE; 4, BSE-inoculated
PVB mouse (same oage as in fane 3). ¢, Transmigsion of vCID to HWPP*** P transgenic mice. Lane 1,
human CID, type-2 PR, 2, trensgenic mouse inoculated with CID case from fane 1 showing type-2 pattern;
3, human vCID cass, fype-4PP>: 4, transgenic mouse inoculated with vGID from Jang 3 showing type-5 pat-
tem; 5, hunan cp 0833 lype-z PiP3% 6 and 7, type-5 PiP> pattern in vCID-inoculated transgenic mice.
P T Y [

In uansxmssxon ;of vCID to HuPrP**

Prn-p transgenic mice, where human PrP*

mice of a different codon 129 PrP genotype
than the inoculum has been reported previ-

is generated, fragment sizes in inoculum and
host can be directly compared. Again the
PrP* produced had type 4-like glycoform
ratios, However, the fragment sizes differ
from those in the inoculum and were indis-
tinguishable from those in the type-2 PrP*
pattern® (Fig. 1c). We have designated this
new pattern type 5. -

A change of £

Agment size on passage in -

ously’. Type-1 PrP%, seen in CJD cases of
129MM' PRNP genotype, cons1stently con-
verts to type-2 PrP* on passage in these
transgenic mice expressing 129VV human
PrP. The glycoform ratios of the original
inoculum are also maintained’. Abrupt
changes in the biological properties (‘muta-
tion’) of murine scrapie strains on passage in
mice of different genotypes are well recog-
. nized’. We have not, however, been able to
show PrP* by western blotting in BSE-inoc-
ulated HuPrP** Pr-p™ transgenic mice.
This may reflect culling of many of these
mice soon after clinical diagnosis rather than
at a more advanced dinical stage. Though
transmission of pnon diseases without

- detectable PrP* on primary passage has been

+ reported™®, it will be important to confirm

transmission by second passage studies.

12 The prion tittes in these primary inocula
are unknown but may be higher in the
human cases, because cattle with BSE will
have been culled before the terminal stages
of disease. However, 6n clinical, pathological
and molecular criteria, vCJD shows remark-
able similarity in its transmission character-
istics to BSE, and is quite distinct from all
. other forms of sporadic and a;:quu'ed CID.

B . Thei¢ data provide compelling evidence that
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BSE and vCJD are caused by the same prion
straims Taken together with the temporal and
spatial association of vCJD with BSE but not
with scrapie or other animal prion diseases,
and BSE transmission studies in macaques"!,
this strongly suggests that vC]D is caused by
BSE exposure: The theoretical possibility
that both BSE and vCJD arise from exposure
to a common unidentified source appears
remote.

The production of a distinct molecular
strain type on transmission of vCJD to mice
expressing valine 129 human PrP suggests
that BSE transmitted to humans of this
genotype might produce a similar strain.
Such cases miay differ in their clinical and
pathological phenotype to vCJD, but could
be identified by PrP* typing. "

Although it has been argued that the
species barrier resides in PrP primary struc-
ture differences between donor and host,’
our data emphasize that strain type cin be °
as important. As prion propagation involves
interactions between PrP* and host PrPS,

and strains are associated with differences in -

PrP conformation and glycosylation®”, such
PrP interactions may be most efficient if the -
interacting proteins are not only of the same >
sequence but have similar conformational-
preferences and glycosylation. Mismatch of .
codon 129 between inoculum and HuPrP*"
Pru-p™ mice does not significantly affect '
CJD transmission, but this could differ for-
BSE. All vC]D cases have been 129MM-
genotype (ref. 14 and unpublished data).
Although our 129VV mice are much less
susceptible to BSE than to typical CJD, sug-
gesting a substantial species barrier, 129MM
human PrP mice could be more susceptible.
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‘Male-stuffing’ in
wasp societies

Intracolony aggression within and between
castes of social insects is common'>, We
have observed an unusual aggressive interac-
tion between nestmates of the paper wasp
Polistes dominulus. In response to foragers
returning to the colony, females (workers)
initiate aggressive encounters with males
culminating with the male being forced
head-first into,an empty nest-cell (‘male-
stuffing’). ‘Stuﬁed males are unable to feed,
s0 thg !;ehakur seems to ensure that food

E‘ajlx channelled to larvae, which

We observéﬂ two categonm of stuffing.

“‘Initial stuffing’ (Pig, 1) began with antenna-
‘to-antehna -contact and was followed by
grappling, :biting,~ and sting-threats. The
aggressor then forced the recipient head-
first into an empty cell. ‘Repeated stuffing’
‘was chatsgterized by biting dnd pushing the
abdomen ofan individual dvhose héad and
thorax were already insideacell. .+ -

" “We studied the bebaviour by transcribing
and analysing 26 hours of videotape. We saw
stuﬁng ‘béhaviour only in colonies contain-
ing males (#=5 colonies) and not in those
without {n==6"¢ol6hies; sexed by antennal

morphology ¥*=21,"P<0.001).- Stuffing -

was directed exclusively at males, despite
their being greatly outnumbered by females
(1:4.21) in colonies of both sexes (binomial
test, P<0.0001). Of 66 stuffing events, 46
were directed at males from that colony
(identified by marking them at eclosion); the
remainder were of unknown origin, Queens
(n=5) did not stuff males (0/66 events;
binomial test, P<0.1). All stuffing was done
by workers other than the returning forager.

Initigl stutﬁng occurred soon after the
return.of a forager; whieregs

Figure 2 Difference between the time from most
recent male arrival untl stuffing and half the average
interval between retums. A value of 0 is expected if
male-stuffing is random with respect to arrivals. Initial
stuffing (n=32) occumed shortly after a nestmate
retumed (f=18.86 + 2.89 s; Wilcoxon signed-rank test

=-3.20, *P<00t), but repeated stuffing (n=34)
occurred randomly with respect to amivals (f=39.88 +
7bt 8, Z= ~018, P>0.8;NS). Means £ s.em.

ing occurred at random times (Fig. 2).
Males that had been repeatedly stuffed rem-
ained in cells 6.35 times longer (f =384.29 +
43.01 s; mean time + s.e.m.) than the mean
time ‘between forager arrivals (f =60.53 +
2.25 8; 1=833). Thus, stuffing may function
to precdude males from gaining access to
resources gathered by the workers.

Limiting food consumption by males
may maximize the indusive fitness of work-
ers, who should direct their help towards
closely related kin®’. Feeding future repro-
ductive females provides a larger fitness pay-
off than feéding adult males®. Workers from
a colony containing one singly mated queen
have a relatedness to sisters of 0.75. Workers
are only related by 0.25 to brothers, 0.375 to
nephews (worker-produced males) and are
unrelated to immigrant males.

Assuming that female larvae are present,
workers are more closely related to repro-
ductive-destined larvae than to adult males.
Even in circumstances where workers are,
on average, equally related to male and
female nestmates (such as brothers and half-
sisters when the queen has mated more than
once), feeding neédy larvae may provide a
larger inclusive fitness pay-off than feeding
adult males, which can forage for them-
selves. Preferential channelling of resources

. to larvae, by stuffing males, may maximize

the genetic self-interest of worker wasps.
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