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spongiform encephalopathies present in blood by
adsorption to selective affinity resins
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Summary
Background Trinsmissible sponglform encephalopathtes (TSE}can be contracted t.'hmug'h blood transfussion. Selective

adsorption of the causative agent from donated blood might be one of the best ways. of managing this risk. In our
study, affinity resin L13, which reduces brain-derived infectivity spiked into human red blood cell concentrate by
around 4 log,ID,,, and its equivalent, L13A, produced on a manufacturing scale, were assessed for their ability to
remove TSE infectivity endogenously present in blood.

Methods 500 mL of scrapie-infected hamster whole blood was leucoreduced at full scale before passage th:ough the
affinity resins. Infectivity of whole blood, leucoreduced whole blood (chaﬂenge), and the recovered blood from each
flow-through was measured by limiting dilution titration.

Findings Leucoreduction removed 72% of input infectivity. 15 of 99 animals were infected by the challenge, whereas
none of the 96 or 100 animals inoculated with the final fow-throughs from either resin developed the disease after
540 days. The limit of detection of the biozssay was 0-2 inlectious doses per mL. The overall reduction of the challenge
infectivity was more than 1. 22 Jog,,ID. The results showed removal of endogenous TSE infectivity from leucoreduced
whole blood by affinity ligands. The same resins adsorb normal and abnormal prioa protein from human infections
with variant, sporadic, and familial Creutzfeldt-JakoD disease, in the presence of blood components.

Interpretation TSE affinity ligands, when incorporated into appropriate devices, can be used to mitigate the risks from

TSE-infel:ted biood, blood products, and other materials exposed to TSE infectivity.

lntroduct:on

Experimental and natural transmissible spong1{orm
encephalopathy (TSE) diseases can be contracted via
blood fransfusion (Rohwer Laboratory, ongoing re-
search).™* There have been three known iransfusion
transmissions of variant Creutzfeldt-Jakob disease
(vCID) in humans from 2 small group of known
pre-symptomatic donors, indicating high infection
efficiency. A survey of surgically removed tissues
estimated the number of individuals infected with vCjD
in the UK population to be around 4000, assuming 100%
ascertainment. This prevalence is greater than that
estimated from the 199 symptomatic cases recognised to
date and forewarns that bleod donations from
presymptomatic individuals present a serious threat of
hurman to human wansmission**™* To reduce this risk,
deferral of potentially exposed donors has been imple-
mented in many countries,” However, this option is not
available for highly exposed populations, such as in the
UK. Although testing individual donations is desirable,
the technical challenges for such a test remain for-
midable.”" Most of these obstacles can be circumvented
by appropristely designed and validated removal
strategies, which in the end might also provide greater
protection from these low-titre, long incubating agents
than is even theoretically possible by diagnostic
strategies.
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To obtain highly specific ligands that bind the prion
protein (PrP), we screened millions of ligands from
combinatorial libraries™® and other materials for selective
binding to both normal {PrP%) and abnormal {PrP=) prion
proteins from humans, hamsters, and other spécies™® in
the presence of blood and blood components. Ligands
and their resin supports were further selected for lack of
negative effects on red blood cells and plasma proteins.
Strong binding to buman PrP was confirmed using
tissue from peaple with sporadic CJD (sCJD) and vC]D,
as well as rnouse-adapted familial CJD {fCJD).

The best resins were further assessed in cohurmn format
for binding normal human P:P* prepared from human
platelets, abnormal human PrP~ from sCJD brain
homogenates spiked into human red blood cell con-
centrates, and PrP from normal and scrapie-infected
hamster brain homogenates spiked into human red
blood cells. From-this analysis seven resins were chosen
for infectivity studies. Each was challenged in column
format with a unit of human red blood cells spiked with
hamster brain homogenate infected with 263K scrapie.
Three resins reduced the spiked infectivity by around
4 logydDs,. More than 10* infectious doses of spiked
infectivity were bound, which is at least six orders of
magnitude greater than the infectivity expected for a unit
of leucoreduced red blood cell concentrate from an
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infected donor* Nevertheless, a small fraction {1:10000)
of the brain infectivity could not be removed,* raising the
question of whether the endogenous TSE irifectivity
present in blood might be in this capture-zesistant form,
To address this question and to satisfy other reservations
about the relevance of brain-derived infectivity spikes for
blood studies, the resin that proved most effective in the
spiking study, L13, was tested for #ts ability to remove
. TSE infectivity from leucoreduced, scrapie-infected
blood.

Methods _ o -

We obtained blood from around 130 symptomatic
hamsters infected by the intracraniil route with a low
doseof the 263K strain of scrapie as previously described.?

The blood was pooled to produce a human-size. unit-

{505 mL) and kept at amblent temperature throughout
the study. A sample (15 mL) of whole blood was removed
for titration. The remaining blood was leucoreduced with
a commercial Pall WBF2 filter {Pali Corporation, Port
Washington, NY, USA) following the manufacturer's
instructions. The reduction in hamster white blood cell
concentration was confirmed to be around 3 log, (to
25 cells per pL).” A'15 mL sample of leucoreduced blood
{challenge) was removed for titration.

Two ligands immobilised on the same type of chromato-
graphic resin support were tested: L13, previously des-

aribed,® and L134, a version of the same resin produced

at manufacturing scale. Roughly 50 mL of the Jeuco-
reduced hamster infected blood was applied to 1 ml of
each resin packed in disposable columns (PIKS! kit,
ProMetic Biosciences, Cambridge, UK). The column flow
rate was controlled with a peristaltic pump (Rainin
Insttument, Woburn, MA, USA) at 0.5 mLfmin. Each
resin was divided between two chromatography columns,
which were challenged in series by a common pool of
lencoreduced, scrapie-infected hamster whole blood. For
each resin, the flow-through from column 1 {flow-through
1) was used to challenge column 2 (flow-through 2). The
column-in-series strategy was used, as in the brain spike
study® with two objectives: to confirm the volume of
r1esin needed to dear the infectivity and to assess the
intrinsic susceptibility of the infectivity to removal. When
infectivity is present in fiow-through 1 but not in flow-
through 2, all of the infectivity can be adsorbed but two
column volwmes are needed, If the infectivity that
escaped column 1 also escaped column 2, we could
conclude that there is 2 form of infectivity that is not
captured by the resin.

Samples of the blood before and after leucoreduction
and samples of the flow-throughs 1 and 2 of both resins
were titred. For each resin, the first fow-through was
collected in a2 single fraction, mixed thoroughly, and
12 mL removed for titration. The remainder was applied
to an jdentical second column and the flow-through 2
again collected in a single fraction, mixed thoroughly,
and stored for titration,
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Titrations were by the limiting dilution method.” This
method Is a precise and sensitive way to measure TSE

-infectivity in low-titre samples such as blood. About 10 mL

‘of each sample was ultrasenicated at 40% full power in
four 15 s pulses on ice (Sonics and Material, Vibra cell,
VCX 750 and stepped micoprobe, Newtown, CT, LISA),
before inoculation of weanling golden Syrian hamsters
with 50 pL per animal. The tite was calculated as
previously described.” ~ .

Whole blood was inoculated into aboit 50 animals,
whereas all other samples were inoculated into roughly
100 animals, Animals that died at the time of inoculation
or before 21 days’ incubation were rernoved from the total
count, since the short incubation time was not consistent
with scrapie infections. Altogether, this loss represented
about 109 of the total animals inoculated and is due to
toxic consequences of the intracranial inoculation of
blood. Animals were isolated when they showed the first
symptoms of scrapie and were subsequently observed
daily. The brains of all animals that contracted scrapie or
died intercurrently or were terminated for unrelated
-causes were collected. At 54445 days after inoculation, all
animals still alive were killed and the brain of each animal
was removed.

Every brain was tested for the presence of the proteinase
K-resistant protein, PrP™. Individual brains were
homogenised in phosphate buffered saline pH 7-2 t0 10%
weight per volume with a MediFASTH homogeniser
{Consul AR, Villeneuve, Switzerland). The assay was done
according to a previously described protocol* with the
following modifications: in one 100 pL sample, protein-
ase K was added at 0-1mg/mLl final concentration, and in
anather 100 pL sample the enzyme was replaced with
phenylmethylsulphonyl fluoride at 1.7 mg/mL final con-
centration, Both reaction mixtures contained 2% sodium
dodecyl sulphate (SDS}. The reaction mixtures were
incubated at 37°C for 20 min followed by 100°C for 10 min
to stop the digestion and denature the PrP=. The samples
were diluted 100-fold in DELFIA (Dissociation Enhanced
Lanthanide Fluorescence Immuno Assay}® assay buffer
{PerkinEimer, Wellesley, MA, USA) before testing for the
presence of PrP with purified 3F4 (Signet, Dedham,
MA, USA) as the capture antibody, and purified 7D9
{Signet) labelled with Europiwm as the detection antibody.
Antibody labelling was done according to the manu-
facturer's instructions (PerkinElmer) and the molar ratio
of Europiurn:7D9 antibody was 7-4:1. Antmals that died
intercurrently and all animals with incondusive DELFIA
resulis were assayed for the presence of PrP™ by western
blot with 3F4 monoclenal antibody®

Role of the funding source

This work wids funded by Pathogen Removal and
Diagnostic Technology {PRDT) Inc and by MacoPharma,
a worldwide manufacturer of indine blood filters and
blood collection sets. PRDT is a joint venture of the
American National Red Cross and ProMetic BioSciences.
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Figure: Distribution of incubation times for all infections in the study

598 animals ware noaulated. Animals that died from complications during inotulation or before 21 diys following
incoulationwere excluded from the calevlations (around 10%). Only animals that became infectsd with scrapie
ordied intercurrently of unrelated causes are plotted (58 of 540 that survived past 21days). 89% ofthe

540 experimental animals survived without infection to the end of the experiment at 540 days.

- Whots blood before leuroreduction (black circles), leucoreduced whole blood (white cirdes), 113 flow- thruugh 1
(dawntrizngles) and L134 flow-through 1 (uptningles), intercument losses unrekited to serapie (x).

PRDT was involved at all levels of this study: in the design
and execution of the study, the interpretation of data, the
decision to submit the paper for publication, and in the
writing of the manuscript. MacoPharma supported this
study fnancially The corresponding author had hull
access to all data in the study and had final responsibility
for the decision to submit for publication.

Results

The incubation times of each infection in tlus study are

shown in the figure. The total volume and number of
animals inoculated for each sample, and the number of
animals that contracted scrapie, are reported in the table
along with the calculated titres and standard deviations
of each sample. The brains of all animals in the study
were-analysed for PrP™ to confirm the dinical scoring
and to discover incubating infections at the time of
termination. Only one animal (challenge group), which
died of intercurrent causes at 530 days after inoculation,
was detected by western blot to be incubating scrapie. All
othey animals that were dinically normal were negative
for PrP™ by DELFIA or western blot, while all
symptomatic anirnals had PrP™ in their brains.

In this study, leucoreduction removed 72% of the
infectivity present in whole blood compared with an
earlier study, in which only 42% infectivity was
removed.” Two of 99 animald inoculated with fow-
through 1 of L13 resin were infected, as were three of
99 animals inoculated with Bow-through 1 of L13A resin,
This result corresponded to a decrease in titre from 3-3
(SD 0-8) ID/mL {leucoreduced whole blood) to 0-4 (0-3)
and 0-6 {0-4} ID/mL for L13 and.L13A, respectively
{able). By contrast, none of the 100 and 96 animals
inoculated with flow-through 2 of either resin developad
the disease during 540 days of incubation. Thus, there
was complete removal of the 16 ID present in the 4-95mL
of challenge inocculated. For the entire processed volume
(table), infectivity was reduced to below the limit of
detection of the assay, which is one infection in 5 mL
inoculated or 0-2 {0-2) ID/mL.

The log, of infectivity reduction calculated for each
filtration step individually and cumulatively are reported
in the righthand columns of the table. The first passage
reduced the infectivity in the challenge by 0-91 log,ID
and 0-73 Jog,ID for 113 and L13A, respectively. The
infectivity that passed the first column was captured by
the second column. Residual infectivity, if any, was
below the limit of detection. The cumulative infec-
tivity reduction for the two columns was greater than
1-22 log,ID.

Discussion

Blood-assodated TSE infectivity presents unique
challeriges to risk management absent from other
blood-borne pathogens. The low concentration of
infectivity, although difficult to detect, has nevertheless
been sufficient for efficient transfusion transmission of
these fatal diseases. People with certain genotypes could
harbour the infection in a transmissible but undetectable
form for decades. The form that the infectivity takes in
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blood is unknown but might be different from that
associated with brain. No pathogen-specific antibodies
have been idehtified for diagnosis, and infection-associated
forms of the prion protein constitute only a minuscule
proportion of the total prion protein present in blood,
thereby presenting a formidable challenge to detection.

Selective adsorption of TSE infectivity from donated

_ blood might be one of the best ways of managing this risk.
Lipands that bind 2l forms of the prion protein with high
affinity can still remove trace amounts of infection-
assocjated forms jn the presence of much higher
concentrations of normal forms. Binding will take place
even at the earliest times in the infection when the
concentration of infectivity is below the limit of detection
of diagnostic assays. Finally, if every donation is treated,
the protection might be more comprehensive than from a
diagnostic test. - .

In this study, powerful affinity ligands, selected from
libraries of millions of compounds and malerials, were
tested for their ability to remove the low amounts of TSE
infectivity that are naturally present in the bload of infected
individuals. After increasingly stringent screening, resin
L13 was selected for assessment with endogenous blood
infectivity. Optimisation to facilitate manufacturing of this
resin produced L13A. The two resins are identical in terms
of ligand chemistty and matrix, and are functionally
equivalent.

"Universal leucereduction has been implemented in
several countries, induding the UK, in pat to remove
white cell-assodated TSE infectivity. " However, we
previously showed that leucareduction removed less than
half of blood-borme TSE infectivity® Other evidence
suggests that the remaining infectivity is in plasma.” To
further manage TSE risk, the UK nolonger fractionates its

* domestic plasma. That leaves the bulk of the residual risk

with red blood cell concentrate, which is by far the most
frequently used blood component, but one for which there
is no alternative to domestic sourcing. Red blood cells are

- for this reason in most urgent need of risk mitigation and

have been the first objective for TSE removal. However,
because of the low and variable amounts of plasma in
leucoreduced red blood cell concentrates, the infectivity in

a red blood cell preparation from hamsters might be

insufficient to show 2 meaningfial level of removal. Instead,
leucoreduced whole blood from hamsters infected with
263K scrapie was used to challenge resins 113 and L13A.

Hamster 263K scrzpie has consistently produced blood

infectivity titers of 10 (SD 2) ID/ml during symptomatic
disease (Rohwer Laboratory, unpublished)® Simce
leucoreduced whole blood retains its full cornplement of

_ plasma and red blood cells, and since removal was to the

Hmit of detection, the same resins would probably also

remove endogenous infectivity from plasme, plasma

derivatives, and red blood cell concentrates. '
The main objectives of this study were to confirm that

the volume of resin needed to capture all measurable

blood-borne infectivity, as deduced from earlier experi-

wwwithelancet.com Vol 368 December23/30,2006

ments, was correct, and to make sure that the infectivity in
blood was in a form that could be adsorbed by the resins,
In an earlier study, one part per 10000 of the infectivity in 2
brain spike was not removable by any resin tested ® In this
study, resins in the proportion of 2 mlL to 50 ml
leucoreduced blood removed the endogenous; blood-

associated infectivity to below the limit of detection

{0-2 ID/ml). With a challenge of 3.3 ID/ml of
leucoreduced whole blood, we were able to show a greater
than 1-22 log,ID reduction. All of the infectivity in the
roughly 5 mL volume inoculated was removed before the
final Aow-through of both resins. Because there were no
infections, we can calculate from the Poisson distdbution
that there is a 63% miniroum probability that the con-
centration of infectivity is 0-20 ID/mL or less, fe, the limit
of detection, and a 90% mininmun probability that it is
0-46 ID/mlL or Jess. Since the actual titve is unknown and
could be far less than the limit of detection, these values
represent upper limils on the achml fire In ‘this
experiment, the endogenous infectivity in a fisll unit of
leucoreduced whole blood (450 ml) would be 1485 ID.
Passage through the resin would reduce the infectivity to,
at maximom, 90 remaining infectious doses. This
corresponds to, at minimum, 1395 infectious doses
removed.

The reduction efficiency of the resin differed for
endogenous blood-associated infectivity and spiked
brain-derived infectivity. Between 1and 2 mL of resin were
needed to capture the 165 1D from 50 mL of leucoreduced
hamster blood versus 20-30 mL of the same resin to
capture several million infectious doses from brain spiked
in 2 330 mL unit of human red blood cell concentrate.*
Important differences between the studies indude the
source of infectivity—blood versus brain; the protein
environment—human red blood cell concentrates versus
hamster whole blood; and the flow rate—gravity versus
pump. Both approaches provided valuable information
and our experience emphasises the value of experiments
that use both methods.

The figure shows that symptomatic disease in limiting
dilution titration assays occurs randomly from 120 days
to more than 500 days, and only rarely after 500 days
incubaton.” Titre cannot be deduced from incubation
tfimes, and premature termination would lead to over-
estimates of removal capabilities and underestimates of
titre. However, extending the endpoint beyond 540 days is
not beneficial, since new infections are rare, whereas
‘age-related mortality increases greafly (Rohwer Laboratory,
unpublished;.

In 2 previous study, Jeucoreduction removed around
42% of the infectivity in hamster whole blood” compared
with 72% in this study following the same protocol. Both
filtrations used human-sized units of whole hamster blood
and both filters worked to specification for femoval of
white blood cels. The differences in infectivity removal
could indicate natural varability between blood pools,
filiers, stability of white blood cell associations, or subtle
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differences in execufion. Differences we are aware of
indide: the collection interval—7 h in the first experiment
and 4 b in the second; and the filtmtion time—about
20 min in the first filtration and around- 11 min in the

second.” Neither filtration removed sufficient infectivity to

eliminate the risk Thus, a stong TSE blood safety
programme cannot rely only on Jeucoreduction. We note
also that the 30%% difference between these two results
cowld not have been detected by any other means than
limiting ditution titration.

- Resing 113 and L13A, which were indistinguishable in
these studies, adsorb endogenous TSE infectivity from
leucoreduced whele blood. Both resins capture PrP™ from
infected human and hamster brain diluted into human-
whole blood and plasma, and PrP* from human whele
blood and plasma {data not shown). These protein-based
datz from people  and hamsters, togethey with this study
showing removal of endogenous infectivity from hamster
blood, makes adsorption of TSE infectivity from human
blood, plasma, and red blood cell concentrates by these
resins highly probable. Resin L13A has been incorporated
into a filter device format, P-CAPT {MacoPharina, Lille,
France), for reduction of human endogenous TSE
infectivity in leucoreduced red blood cell concentrates,
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Prion Protein in Milk

Nicola Frans;r.ini', Ahmed El Gadaily?, Ulrich Matthey', Susanne Franitza', Man-Sun Sy°, Alexander Barkie®, Martin Groschup®, Ueli Braun®,
Ralph Zahn'*

1 Alicon AG, Schiieren, Switzerland, 2 institute of Pathology, Biomedical Research Building, Case Western University School of Medicine, Cleveland,
Chio, United States of America, 3 Lehrstuhl Molekulare Toxlkologie, University of Konstanz, Konstanz, Germany, 4 Friedrich-Loeffier-institut,
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Background. Pricns are known to cause transmissible spongiform encephalopathies (TSE) after accumutation In the central
nervous system. There Is increasing evidence that prions are also present in body fluids and that prion infection by blood
transmissfon is possible. The jow concentration of the proteinaceous agent in body fluids and its Iong incubation time
complicate epidemiologic analysis and estimation of spreading and thus the risk of human Infection. This situation is
particularly unsatisfactory for food and pharmaceutical industries, given the lack of sensitive tools for monitoring the
infectious agent. Methodology / Printcipal Findings. We have developed an adsorption matrix, Alicon PrioTrap®, which binds
with high affinity and specificity te prion proteins. Thus we were able to identify prion protein (PrF)-the precursor of prions
{Pre>}-in milk from humans, cows, sheep; and gaats. The absolute amount of PrP° differs between the species (from pa#t
range in sheep to ng/l range in human milk). Pré® is atso found in homogenised and pasteurised off-the-shelf milk, and even
ultrahigh temperature treatment only partially diminishes endogenous PrP® concentration. Conclusions/Significance. in
~ view of a recent study showing evidence of prion replication cccurring in the mammary gland of scrapie infected sheep
; suffering from mastitis, the appearance of PreC in milk implies the possibitity that milk of TSE-infected animals serves as source

" for PP, _ .
Citation: Franscini N, Gedally AE, Matthey U, Franitza S, Sy M-S, et al {2006) Prion Protein In Milk. PLoS ONE 1(1}: e71. doki0.1371/

Jjournal.pone.0C00071

INTRODUCTION :

Prion protein was detected in attempts to identify the infective
agent of TSE [1,2]. The finding that prion protein is present in
normal and TSE-infected brain at similar levels [3,4] suggests that
the “cellular® prion protein (PrPC) constitutes a precursor of the
“serapie” prion protein (PrP*) causing TSE such as bovinc
spongiform encephalopathy (BSE) in cattle or Creutzfeldt-Jakob
discase (CJD} in humans, There is convincing evidence that the
transiion from precursor protein to infectious prion is due to
a major conformational transition {3].

Prion protein is highly conserved among mammals [6]. It is
primarily synthesized in cells of the central nervous system [7], but is
also abundantly expressed in several peripheral tissues {8,9]). An
amino-terminal signal sequence targets prion protein to the

. endoplesmatic reticulure, where it transits the Golgi and ultimately

reaches the external surface of the cell membrane [10). There it is
attached to a carboxy-terminal glycosyl phosphatidylinositol anchor
(11]. The mature bovine protein of 217 aminoe acids containg two
consensus acceptor sites for addition of N-linked polysaccharides [14].

Prion proteins (PrPC and PrP>) have been detected in the
cellular fraction of blood [13-17], but so far not in milk [18-21].
Considering that milk and milk products represent a major
component of hurnan nutrition it scems of particular importance
to analyze milk for the presence of prion proteins. A first step in
this direction is to determine the amount of PrP® in milk of healthy
animals. If milk contains a significant amount of PrP®, this could
indicate that PrP might be present in so far undetectable
amounts in milk of TSE infected animals. However, the high
concentration of total protein (about 40 mg/ml} and the high
amount of lipids (about 35 mg/m) in the milk make prion protein
analysis by common biochemical methods demanding. We have
therefore developed an adsorption matrix, Alicon PrioTrap®,
which binds with high affinity and specificity to prion proteins
PrP® and PrP*. The exceptional binding properties of Alicon
PrioTrap® result from hydrophilic and hydrophobic surface
clusters that recognize different prion protein epitopes, allowing

@ PLOS ONE | www.plosone.org

quantitative enrichment of extreme low quantity of prion proteins
in body fluids and in biological tissues.

RESULTS :

The detection of native PrPC after enrichment from 10 ml milk
from cow, sheep, goat, and human using Alicon PrioTrap® is
shown in figure 1. In cow milk three PrP™ isoforms are observed
with an apparent molecular mass of about 34 kD, 30 kD, and
27 kD corresponding to diglycosylated, monoglycosylated, and
unglycosylated PrPC, respectively. In some preparations mono-
glycosylated PrP® appears as a double band, indicating that the
two glycosylation sites may be linked to different carbohydrates.
‘The apparent molecular mass of unglycosylated PrPC is slighty
higher when compared to a recombinant bovine PrP(25-241)
standard at 26 kD, indicating that native PP® in milk contains
a glycosyl phosphatidylinositol anchor [11]. About the same
distribution of PrP® isoforms is observed for sheep, goat, and
human milk, although the total amount of native PrP©
significantly differs between the species. The relative ratio of
sheep/ cow/ goat/human PrP is estimated at 160/20/4/1. From
cxperiments performed on sequential incubations with Alicon
PrioTrap® the total concentration of PrPC in fresh cow milk can
be estimated to be about 200 pg/ml. Taking into account the
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Figure 1. Detection of native PrP® in milk of human and animals. A volume of 10 ml fresh, ultra-high temperature treated (UHT) and pasteurised
(Past) milk were enriched for PrP© using Alicon PrioTrap® technology. Concentrated PrP® was analyzed by Westem Blotting using PrP—mab 884
{Alicon AG). The molecular welght markers are indicated. Recombinant bovine PrP{25—241) (Alicon AG) was used as a standard,

dok10.137 H/journat.pone.0000071.9001

relative ratios of PrP® in milk of different species, fresh sheep milk
and goat milk contain about 1 ng/ml and 40 pg/ml PrP,
respectively, Human breast milk contains less than 10 pg/ml
PrP® The concentration of PrPC in Swiss off-the-shelf milk is
reduced when compared .to fresh milk, but prion protein can
dearly be detected (Figure 1). About the same concentration of
PrP® was measured for organic farm milk and non-organic farm
milk as well as for pasteurized and ultra-high temperature (UHT)
treated milk (data not shown).

To confirm specificity of immunochemical detection of PrPC in
milk, we compared different anti-PrP monoclonal antibodies, which
are directed against non-overlapping epitopes (Figure 2): PrP—mab
8B4 binds to residues 37—44 of mouse PrP [22]; mAB 6H4 targets
residues 144—152 [23]; and PrP—mab 8H4 binds to residues
175—185 [24]. The three antibodies recognize the same proteins
and thus confirm the presence of PrP© in milk. In control experi-
ments, with non-PrP antibodies, ¢, anti-Tau protein monoclonal
antibody (Chemicon International) (Figure 2) and an-Af monoe-
clonal antibody (Calbiochem, Germany; data not shown), none of
the PrP® isoforms was detected, thus confirming binding specificity
of the anti-PrP monoclonal antibodies. An interesting observation
with regard to antibody 8B4 is its “clear” detection profile when
compated to 6H4 and 8H4 antibodies. This can be rationalized by
8B4 not recognizing a variety of carboxy-terminal fragments of milk
PrPC, which appear as smear in the Western Blot.

We further compared the glycoforms of native prion protein in
cow milk with those of bovine brain, a tissue where prion protein

expression is well characterized. The glycoforms were identified by !
digestion with PNGase (Figure 3), an enzyme that cuts off 4

oligosaccharides from N-linked glycoproteins, eg., the two N-
linked sugars of PrPC {12]. After partial cleavage with PNGase the
upper PrP-isoform in the Western Blot representing diglycolysated
PrPC (34 kD) disappears in favour of menoglycosylated (30 kD)
and nonglycosylated PrPC (27 kD). In paralle], there seems to be
a small shift from the higher molecular weight monoglycosylated
form to the lower molecular weight form. A slight downshift of the
monoglycosylated PrPC is also observed for brain homogenate
after PNGase treatment (Figure 3). The diglycosylated PrPC
isoforms differ sbghtly im molecular mass, indicating that
carbohydrate structure of PrPC in milk and brain may not be
identical. More stringent reaction conditions result in complete
trurication of carbohydrates from PrP®. Most importanty, the
apparent molecular masses of nonglycosylated PrP® in milk
exactly matches with that of the corresponding PrP® in brain
homogenate.

Alicon PrioTrap® can also be applied for climination of prion
protein from milk. As shown in Figure 4, after the first treatment of
10 ml milk with Alicon PrioTrap® more than 95% of endogenous
PrPC was already removed, and after the second treatment PrP®
was completely eliminated. However, the overall protein concen-

anti PrP-antibodies
Molecutar 8B4 &Hé 8H4 anti-Tau 1
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Figure 2, Specific binding of anti-PrP monoclonal antibodies to mitk PrP*. Various anti-PrP monocional antibodies were used for detection of PrP©

in fresh cow milk. A Tau-1 protein-specific monoclonal antibody was used as a negative control. Recombinant bovine PrP{25-241) (Aficon AG) and
recombinant Tau-1 protein (Chemicon International) were used as a standard.

doi:10.1371/journal.pone.C000071.9002
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