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Visualization of viral candidate cDNAs in infectious
brain fractions from Creutzfeldt-Jakob disease by
representational difference analysis

Michel Dron and Laura Manuelidis

Yale Medical School, New Haven, Connecticut 06510, USA

Creutzfeldt-Jakob Disease (C]JD), a neurodegenerative and dementing disease of
later life, is caused by a viruslike entity thatis incompletely characterized. Asin
scrapie, all more purified infectious brain preparations contain nucleic acids.
However, it has not been possible to visualize unique bands that may derive
from a viral genome. We here used a subtractive strategy known as
representational difference analysis (RDA) to uncover such sequences. To
reduce the complexity of starting target nucleic acids, sucrose gradients were
first used to select nuclease resistant particles with a defined 120S size. In CJD
this single 120S gradient peak is highly enriched for infectivity, and contains
reduced amounts of PrP (Proc. Natl. Acad. Sci. 92, 5124-8, 1995). Parallel
120S fractions from uninfected brain were made to generate subtractor
sequences. 120S particles were lysed in GdnSCN, and ng amounts of released
RNA were purified for random-primed cDNA synthesis. To capture repre-
sentative fragments 0of 100 - 500 bp, cDNAs were cleaved with Mbo I for adaptor
ligation and amplification. In the first experiment with moderate RDA
selection, it was possible to visualize clones from CJD cDNA that did not
hybridize to control ¢cDNA. In the second experiment, more exhaustive
subtractions yielded a discrete set of CJD derived gel bands. Competitive
hybridization showed a subset of these bands were not present in either the
control 120S cDNA or in the hamster genome. This represents the first
demonstration of apparently CJD-specific nucleic acid bands in more purified
infectious preparations. Although exhaustive cloning, sequencing and
correlative titration studies need to be done, it is encouraging that most of the
viral candidates selected thus far have no significant homology with any

previously described sequence in the database.
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Introduction

Creutzfeldt-Jakob Disease (C]JD), classified for many
years with other late-onset neurodegenerative dis-
eases of unknown etiology, was parenthetically
thought to be infectious by Jacob (cf. Manuelidis
and Manuelidis, 1989). Spongiform changes are
typically present at terminal stages of disease, but
there is an absence of the lymphocytic infiltrates
evoked by most acute viral infections of the brain.
In 1959, Hadlow rejuvenated an infectious concept
(Hadlow, 1959), noting the pathological similarities
between the CJD-like disease kuru, and scrapie, a
far more prevalent infectious disease of sheep
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recognized for at least 500 years. The transmission
of human kuru and CJD to primates by Gibbs and
Gajdusek demonstrated unequivocally the infec-
tious origin of these human diseases (cf. Gajdusek,
1977). The serial propagation of CJD to rodents in
our laboratory vielded more accessible models of
disease that have been used to answer medically
important questions (Manuelidis and Manuelidis,
1979) and to solidify distinctions between different
agent strains (Manuelidis et al, 1988). The recent
epidemic infection of thousands of normal cows in
England via the oral route, with demonstrable
infection of Peyer’s patches in the ileum, has been
presented (Bradley, 1996). The subsequent infection
of young people with a new agent strain that has no
other source than cows is a reminder that some
strains are transmitted in a manner not predicted by
transgenic PrP polymorphism experiments (Hope,




1995; Collinge et al, 1995). Interestingly, these
outbreaks have not been linked to any PrP gene
mutations that some consider central for infection
(Prusiner et al, 1995).

PrP is a 34 kd host encoded protein that
continues to be proposed as the major if not
exclusive component of the infectious agent (Bald-
win ef al, 1995). In this scenario, infectious PrP (the
prion) arises from a PrP mutation that is either
familial or somatic, or from an as yet to be
discovered unique protein conformation (Prusiner
et al, 1995). The molecular nature of the infectious
agent however remains speculative, with no defini-
tive data for either an infectious PrP or a viral
genome (reviewed in Manuelidis, 1994). PrP itselfis
insufficient to transmit infectious disease (cf.
Discussion) and no infeclivity has ever been
demonstrable in preparations that are devoid of
nucleic acid (Akowitz ef al, 1994). Indeed, inde-
pendent extractions of PrP-rich scrapie fractions
yielded far higher levels of longer nucleic acids than
reported (e.g. Aiken et al, 1990). Moreover, origin-
ally ultrafiltration experiments in scrapie have
indicated a viruslike size of >25 nm whereas
undocumented claims that the agent has a non viral
size of <100 kd are questionable, especially
because one author acknowledges artifacts due to
leaky filters (cf. Sklaviadis el al, 1992). In CJD
systematic physical characterizations of infectivity
by gradient centrifugation combined with molecu-
lar analyses have reproducibly indicated a viral
structure of reasonable size. Protective capsid
proteins and longer nucleic acids have been
detected in more purified infectious preparations.
Relevant data include (i) a homogeneous viruslike
size of ~107 daltons or ~27 nm after nuclease
digestion (Sklaviadis et al, 1992), (ii) a viruslike
density of 1.27-1.28 in sucrose (Sklaviadis et al,
1990) and (iii) the observation that treatments that
disrupt or solubilize nucleic acid-protein com-
plexes destroy infectivity whereas removal of PrP
does not (Manuelidis et al, 1995). A current report
in scrapie similarly shows sedimenting infectious
particles separate from the majority of PrP during
sucrose gradient centrifugations (Riesner et al.,
1996). Removal of PrP also facilitated the detection
of small viruslike structures of ~12 nm with a
density of >1.2 (Ozel et al, 1994).

Biological properties such as exponential replica-
tion (Manuelidis and Fritch, 1996), strain variation
and mutation (Bruce and Dickinson, 1987; Bruce et
al, 1991), long or evasive persistence in the host and
cell specificity are most easily embraced by known
viral mechanisms. Additionally, classical viral
interference experiments in scrapie show that
injection of one agent strain can protect an animal
from infection by a second agent strain (reviewed in
Manuelidis, 1994). Because capsid-like proteins are
detectable in more purified CJD preparations
(Sklaviadis et al, 1993), and a non-specific but
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5000 nt long endogenous retroviral RNA can be
recovered from infectious preparations after ex-
haustive nuclease digestion (Akowitz el al, 1994), it
seemed reasonable to pursue a strategy that could
uncover a viral genome of reasonable size. Although
radiation data has been used to exclude a viral
genome of =50 nt (reviewed in Rohwer, 1991), it is
notable that several RNA viruses, including ~ 10 kb
retroviruses, are completely resistant to radiation
(cf. Manuelidis, 1994). We therefore sought to
further characterize RNAs in infectious brain
fractions. Visualization of discrete nucleic acid
bands in infectious but not control preparations is
an important first step in this process.

It is advantageous to purify the infectious agent
away from most cellular nucleic acids and aggregat-
ing PrP for more effective RNA extractions.
Additionally, because the titer in CJD is ~2 x10°
per gram of brain, or <10° per ug of brain RNA,
enriching infectivity will increase the likelihood of
capturing agent-specific sequences. We have shown
that a 120S sucrose gradient peak reproducibly
contains ~15% of the starting brain titer, with an
~100 000-fold purification with respect to starting
nucleic acids. Nonetheless, the presence of con-
taminating cellular sequences in this fraction makes
a subtractive approach desirable. As with other
viruses that are not released extracellularly to any
large extent, it has not been possible to purify the
CJD agent to homogeneity.

The low levels of RNA obtained from more
purified 120S infectious brain preparations
(~5 ng/gm), with comparably low levels of nucleic
acid in parallel normal preparations (Akowitz et al,
1990), made direct visualization as well as standard
subtraction methods impractical. Amplification of
cDNA by PCR after adaptor addition is also of
limited usefulness due to the heterogeneity and
unequal representation of large and small fragments
(Akowitz et al, 1990). Representational difference
analysis (RDA) was recently developed for identify-
ing unique sequences in genomic DNA (Lisitsyn et
al, 1993). This procedure seemed most suitable for
our purpose because it can produce large amounts
of subtractor by ligation of adaptors and PCR
amplification. Furthermore, the sequential use of
different adaptors on the target (in this case CJD
amplicons) also ensures exclusive amplification of
remaining target sequences. These amplified target
bands become visible with increasing rounds of
RDA. We therefore adapted this method for
representation of small amounts of RNA by reverse
transcription and used the synthesized cDNA for
RDA. We show here that after moderate selection by
RDA, individual clones containing sequences that
are not present in the normal 1208 preparation or in
the hamster genome can be isolated. In a second
more stringent RDA selection, a discrete set of well-
resolved bands was seen. Competitive hybridiza-
tion indicated this pool contained several se-
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