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Development of detection method for the infectious form of prion protein (PrPsc)
contaminated in veterinary medicinal products
—In vitro selection of RNA aptamers against PrPSc-

Ken NODA, Midori HIRASAWA, Hidetaka NAGAI, Naoko TANGIKU, Satoshi NISHIKAWA, PK.R. KUMAR,
Satoru SEKIYA, Takashi YOKOYAMA

National Veterinary Assay Laboratory, Ministry of Agriculture, Forestry and Fisheries, 1-15-1 Tokura, Kokubunji, Tokyo 185 8511, Japan
(Received : July 15,2005; Accepted : October 12, 2005)

We have conducted research aimed at the development of a PrPSc specific probe and to increase the sensitivity of PrPse
detection. The RNA aptamer method, which is a combinatorial chemistry based technology that enables the selection
and cloning of target-specific RNA molecules in vitro, was employed to obtain a PrPSc specific probe. Initially, a selection
experiment against the cellular-form of prion protein (PrPC) was performed, and blotting and concentration methods
using the selected anti-PrPC aptamer were developed. An aptamer molecule against PrPS was subsequently selected
and its binding specificity was confirmed. Concurrently, a literature search was conducted on newly developed TSE

diagnostics and PrPSc detection methods.
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Fig. 1. In vitroselection method for RNA aptamers
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Anti-PrPs 60-3
5-GGUAGAUACGAUGGAGGUGUAUUUUAUGUGCGUAUUUGGAGGCAUGACGCGCAGCCA-3'
Anti-PrPs 74-9

5"- GGGAGAAUUCCGACCAGAAGGUUUGGCGCGUGGUGGAGUCGGGUUGAGCG Ccuuuccucy -3
Anti-PrPs 74-25

5'- GGGAGAAUUCCGACCAGAAGCUAU GGAGGUGGAGGCUGCUUUCUGGUUG CCUUUCCUCU-3

Fig. 2. Nucleotide sequence of RNA aptamers obtained
by in vitro selection against recombinant mouse
PrP (rmPrP).
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Fig. 3. Binding affinity analysis of RNA aptamers against

rmPrP. (%7 7% ~—® rmPrP (Zx4 5 B o)

A. RNA aptamers without chemical modification.
B. 2Fluoride modified RNA aptamers.

avidin

NC Membrane

Fig. 4. Detection of rmPrP by dot blotting.

(R hTay T4 7L BrmPrPOff )

Detection scheme for membrane blotting.

B. Spot No.1 to 5 were stained with rmPrP; 1, 250 ng; 2,
125 ng; 3, 62.5 ng; 4, 31 ng; 5, 15.5 ng. No. 6 was stained
with 68ng of streptavidin-alkaline phosphatase conju-

>

gate as a positive control.
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HTze WRIT, 2a23-230 & aa89-230 (x4 5 7 7 ¥ < —DfRkfE
BEDERDIZ & Z A, JIFE K 30nM THE LA 400nM 72 -
7= (Rd MEWIE EEftEEE V) (Fig. 8), ML EOREREND .
BEMLIE aa23-155 ORINZH 20, EWFEEBFIEZ MR 57
DIZIE, 2a23-89 DHFEENKETH D EEZ b,

2'F-60-3 aptamer

32p Biotin MAb 6H4
—
35kDa D > - .
25kDa B - - [re—-
1 2 1 2 1 2

Fig. 5. Detection of mPrP by North-Western blotting.
(/J—Ryz2&vTayT 4 7IZEDmPrPOH)
Lane 1, mouse brain extract. Lane 2, rmPrP.

32P  stained with 32P labeled 60-3 anti-PrP aptamer and
visualized using BAS-2500 (Fuji film). Biotin, stained
with 5-biotinilated 2'F60-3 aptamer and SA-AP conjugate.
MADb6H4, stained with monoclonal antibody 6H4 (Prionics)
and AP-conjugated secondary antibody.

Spot Ne. Binding
2 Yes!
3 89 230 Yes!
a No
167 230| Vo
& Binding >

region

Fig. 7. Binding site analysis of the 60-3 aptamer.
(Anti-PrPe7 7 # = —OmPrPit A EL)
No. 1, rmPrP(Prionics, positive control)
No. 2 to 5, mPrP fragments
No. 6, Streptavidin-ALP (positive control)

Binding (%)

89-230

T
1000.0

100.0
protein (nM)

Fig. 8. Binding affinity of the anti-PrPc aptamer to the rmPrP
fragments.
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I / Threshold Cycle
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f‘- =

AN o) e
Cycles

Fig. 6. Quantification of RNA aptamer by real-time RT-PCR.

(V7 NE A LWEEE-PCRICED RNA 7 72 < —0DER)

A. 1,48pg; 2, 24pg; 3, 12pg; 4, 6pg ; 5, 3pg of RNA aptamer
B. Standard curve drawn by threshold cycle versus RNA concentration on a log scale.
C. Analysis of PCR products by agarose gel electrophoresis.
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Fig. 9. Precipitation of PrP using 2'F-60-3 aptamer coated-
magnet beads.
(2F-60-3%21—hLIzE —R|Z LB T VAV E ADILRE)

A. Scheme for the precipitation experiment.

B. Lane 1, Molecular weight markers; Lane2, mouse brain
homogenate;. Lane 3, supernatant; Lane 4, magnetic
beads precipitate fraction. N, M and D represent non-,
mono- and di-glycosylated forms of mPrP, respectively.
PrPs were stained with 6H4 anti-PrP monoclonal anti-
body and SA-AP conjugate.

kDa 1 2 3 4

50
g Fig. 10. Concentration of mPrP by
37 - §  theanti-PrPC aptamer coated-magnet
1]
2 Deads.
T N
25 2  (Anti-PrPC 774~v—t—X{2 LD
mPrPO i)
5 6 7 B8 ﬂ Lane 1 and 5, MW markers. Lane
50 = 2 and 6, 1.25% brain homogenate.
- Lane 3 and 7, 0.25% brain ho-
o 0,
8 - mogenate. Lane 4 and 8, 0.05%
g_: brain homogenate.
25 a

. PKR.7 ~—/b, B& A, L k&

L— b — R (SAF) 2EMZ /7 BEE LT, RNAT Y
H < —DEREIT>72, RNA IX Anti-PrPe 7 7 ¥ = — D HEfIZ
FERALEZLO LD, FREIZ 30 mer O 7 > & AFLFI % FF
DTAT TV —EHN, 10 B A 7 VOBRPIZ PrPe & A
T5 RNA < AT v 7&K 0 PrPse |[ZFFEAY 7
RNA OBEREZE -7z, ZOFER, 4TBEOESNOT 74 <—
(Anti-SAF) &b, Zh b IHARMEDE D 14 HEEF—7
5 -UGG(A/U)GGA/U)G(G/U)A/IC)GGGA/U)-8 24 L TW
7= (Fig. 11), Z OESNE Anti-PrPe 7 7’ ¥ ~—THE b= 6 38
EEodmEF—7 (6B -UGGA/U)-GG-3) & &, TDVA X
F2fEUETHDZ 0D, 14 HETF—71X PrP OEAE
T D PrPse O 24 X 7285 Tdh 5 FIREMED "B S iz,
SAF OHEYFEE TH 5 aa89-230 Oz 7 7 7 A v b
|2 SAF (T4 A A2~ 72, Anti-SAF 1% SAF (21T B <
AT D2, aa89-230 ITILMEEHEAEVZ L35, Anti-SAF
X PrPselz, LV mWBAEZ 92 2 LA s (Fig. 12),

Anti-SAF60-05

5-GGUAGAUACGAUGGA UUGCUUAGAUUGGAGGAGUAGGGACUUAGG CAUGACGCGCAGCCA-3'

Anti-SAF60-12

5-GGUAGAUACGAUGGA GGAGGAGGGUGUAUCUCCAUCGGCUUAGUG CAUGACGCGCAGCCA -3'
Anti-SAF74-04

5"-GGGAGAAUUCCGACCAGAAG GUUUGGCGCGUGGUGGAGUCGGGUUGAGCG CCUUUCCUCUCUCCUUCCUCU-3'
Anti-SAF74-10

5"-GGGAGAAUUCCGACCAGAAG UGGAGGUGUCGGGUUGAUUCUGGUGGGAAU CCUUUCCUCUCUCCUUCCUCU-3

Fig. 11. Nucleotide sequences of RNA aptamers obtained by in
vitro selection against scrapie-associated fibril (SAF).
(A7 L— e —BEHE (SAF) ZiEi& L TRIRL:
RNA 7 74 = — D FEiF)

A. | 8 Membrane B.
= 100 nM AA 89-230
=100 nM AA 89-230+100 nM (U)16 || 20 ng
12.00H ]
4 ng
10.00{ I

2
@1 0.8ng

Binding (%)
g

8
T

0.16ng

AA
400 89-230 10009
0.0
° N\ * 29 P g,
& & & o & Qo AX
X ¥ 3 4 r ¢
& £ N & W& ¢
& © o W

Fig. 12. Binding specificity of the anti-SAF RNA aptamers.
(Anti-SAFT 7' % ~ — DfE AR RAE)
A. Binding of selected anti-SAF aptamers to rmPrP aa89-
230 fragment (corresponding to SAF) in liquid phase.
B. Binding of anti-SAF aptamers to SAF and rmPrP aa89-
230 fragment using a filtration-blotting format. Binding
of anti-PrPC 60-3 is shown for comparison.
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