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[ Abstract] Transmissible spongiform encephalopathies, or prion diseases, are a group of fatal neurodegenerative
illnesses that affect humans and other mammalian species. All forms of prion disease are associated with misfolding of the
host-encoded prion protein, PrP¢ into one of several pathogenic isoforms, collectively termed PrP* . The current bioassays
for prions typically involve intracerebral or peripheral inoculation of test material into an experimental host and subsequent
euthanasia when clinical signs of terminal prion disease become evident. Consequently, bioassays of prion infectivity
invertebrate species are cumbersome, time-consuming, expensive, and increasingly open to ethical dispute because the test
animals are subjected to terminal neurodegenerative disease. Here, we discuss the development of a Drosophila-based prion
bioassay, a highly sensitive and rapid invertebrate in vivo assay that efficiently identifies mammalian prions and permits the
reduction and replacement of sentient experimental animals. This article provides an overview of the method ology involved
in the model and discusses the experimental data that describe its viability and usefulness in place of more sentient species.
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A& Y M ¥ 48 R % 9% ( transmissible spongiform
encephalopathies, TSEs ) , ¥ %% it 25 11/t i 75 55 0%
(prion diseases , PrD) f&—2H REAZ I YL N\ FIsh ¥ )18
M BOIEYE PRI ML YR BOR A R
(scrapie prion protein, PrP™> ) J& TSEs BYECR A+, 14
FRICHE B, B 41 M Y Bt 85 F (cellular prion protein ,
PrP¢) #RIT B . FEMFL S b, PPt R
JEELRST 0 JE 26 14 35 IR ( PRNP ) 25 % 114 — bl 26 11
ARETERRZE R GE T LA~ % 5 M R A 55 07
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KAt A AR SR 1) B B A1), e 2 SR 5 JITE o A R B
MR AR L2 E, BT PrP® #2460 PrP™
OB JF A B W, % - 2 AL BEBY (nucleation-
polymerization modle ) MH 32 e m ( refolding
model ) JE A FE LA A AR

W ( Drosophila ) J& TR 0B R E |, & —2K T
BHESY) , PENE S8 ( Drosophila melanogaster) J2 -
W ) — o, A T S T A A i e D3R | e
P B AE, B2 A fr Rk R
WKL K 2 A PRNP & TSEs %05 BF 5 1) 248 A
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AIRIESE , AT AL AT 50 35 10 2% 8 e i SR g A Y 174 )i
FH Wl RS o3 A L2 S50 sh W
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PrP™ 5595 B RN A 45 1% e s SRR [R] PR G
Z LR R FE 2, ANBEFI H PCR A% IR Ak
Dy g W I B B A R AT SR Y BOR
(PMCA ) FISE IR 275 3 4 R (RT-QulC) 7] LA
FEVR SN R AR PrP™> | {H JG A6 T HL B e k1™,
3 A LS S gh W AT AR I 2 E TR
DU PrP™ JBR YL () T 55 5 3 (AN 0 5 2o 7
FET B3 5t I DX 3l A i i B R A e 2R AT R 9
R TR 2 7 5 RS B 0 SRR AL 5t
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WEMEZAT R, 8 H T2 0400 &R T
R Uy SR 220 S AR 1/ U 7 N[/ N 1 1 S
BRI FE DRI R R PrP 2 L DR R i 2 ) 20 i T TSEs
IR, W2 1,
1.1 ETPHEFHEPPEEERE

P 5% )i ¥~ ( P-element ) f& Wi i & 4 Fh A B

()27 JRE -, D 50 38 MR 40 AR 2 AR W] ik,
TRELA T e R TR R DR bR A R R 3R A 41D
FIE D HAIRTIE S . Raeber 21 FIH P 5574
S AR A BT AR (1 (SHaPrP ) 3 5 AR i
R, 78 BIK 52 5 31 7 Hep70 #EH F 5 5 £k
SHaPrP , JFJi T I 2R B 2E 47 TSEs %295 BF 5% 1 96
1 BRI P B LA TSEs %59 2% 7 1) g
J5i K Fernandezd 2541 %} IR SR Mg ARIE 5 TSTEs FH%
FRFRIFSE, PR 2.3,
1.2 ET UAS/GAL4 ZEMBEREERE

UAS/GALA RGFIEAFTE T BBk Y B R 2R3
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DU, P1OTL %% J DR S 088 ) 328 s e, A4 LGB 54 41
F P A 7R MoPrP 76 i [H] S /= o

2 PrPEEERENHIARE

SEMRTL 2 N T BT IR 2% 06 BRAE | 00 4 AR F
PREIR AT PR BE 5T, AR A5 T A 4 2 10 Ll A
P P, B PrP % B PR IR g i 58 i FL 37 4 TSEs
Y TG A Sk B
2.1 SHaPrP HEEREH PrP HHE T

Fernandez % 2 ¥ 7 SHaPrP % 2L X i 43
BT BFA Y PrP A FLAR PN B S AR AR AL . A 4y 0% L 0
H PP R IEH PrPC RYARIE 7E AR R
PrP $ERIT S, A5 PrP> (A AL RS K Rk IR
SRR TCIFARARAEYE . BT XA PrP AR



672

R E S B 2A 3R 2021 4 10 A5 29 %55 S ] Acta Lab Anim Sci Sin, October 2021, Vol. 29, No. 5

BEATY SR BORE, SR AN 25 1 k7 AR e 2R A/ e i B
(prion) , A I, Fernandez-Funez A A 78 5 i o fF 57
PrP AN 24
2.2 MoPrP/SHaPrP/RaPrP 7E35 & F R i b iy
MEHNZER
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Table 1 Comparison of transgenic methods for Drosophila

OvPrP 2 K I 25 5 v& i,

BN Tr ik

Transgenic method

J5 ik

Principle of the method

Tri e,

Characteristics of the method

T TSEs HF9E R

Example of application in TSE research

P HEHET

P-element

UAS/GALA R 50
UAS/GALA system

oC31 ARG
¢C31

integrase system

CRISPR/ Cas9 A
AR
CRISPR/Cas9
genome

editing system

S PR, B B R AR
TR AT RS

Through transposase, gene fragments
can be transferred in

Drosophila chromosomes

Gald TR R LR UAS 731
b ST 51 FE A AE UAS T i Y 2
Gal4 protein can be specifically linked
to the UAS sequence, resulting in the
activation and expression of genes

linked downstream of UAS

A5 attB Al attP P40 s 22 18] Y B
LEPA=CS 22 e ¢l

Integrase can catalysis the homologous
recombination between the site attB and
the site attP

TE sgRNA 951 5 T, Cas9 8 1155
R DX I A 5 K] 2

Under the guidance of sgRNA, Cas9
protein reaches the target region for
gene editing

HMEA By By — B T, B G E A TR IR 4
FAE DR R B /N2 B 5 TR A A
A BEHLIE

As a transposon of Drosophila, the size of
gene fragment integrated into the genome is
limited, and the insertion position of gene
is random

URTTEREvp 0 B PR 2R R PR R G, A
[ Gald Ji 2l 7] 52 8L H 9 5E B 7R T
LU RE - RIL

Derived from the gene expression regulation
system in yeast, the specific expression of the
target gene in tissues can be achieved by
selecting different Gal4 promoters.

TRT W DA AR, ) fer e 1 R 25 g e 5 30
frnd, A IR BORT P T
Derived from bacteriophage, the transgenic
structure can be integrated into a specific site,
and the gene fragment mediated is larger than
P-element

VST A R oty A T G R, T S B
AT
Derived from the immune system of bacteria
and archaea, gene knock-in and knock-out
can be realized.

H¢ SHaPrP (R 3 AR 531
i (HR P TSEs ol A1)
SHaPrP gene was introduced into
Drosophila embryos and expressed,
but did  not TSE
disease phenotype

produce

A MoPrP JE N 53 AR MR 2, 2N
TERBBR e 2870 e 57 3R 3k, 77 2
THEA W IR R AR PrP Ay
SEfE )

MoPrP gene was introduced into
Drosophila embryos, and the gene
was  specifically  expressed  in
cholinergic neurons, resulting in
progressive degeneration phenotype
and PrP conformation change

FES7 T RN MoPrP & [R SR AR R |
WIRh L PR [F)— o7 s 2R 3%, HEBR I
AT A [ PR X S g i

Two Drosophila models of MoPrP
gene were established which genes
were expressed at the same site,
excluding the effect of insertion in
different gene regions

(P

None for the time being
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Thackray %5 if i 3 RNA-Seq %% 5% 41 M J¥ %F
OvPrP e JEDR Rl A7 73 B, % B A0 i Sl J9345 8 =
BTSN SRR ) RE B 3X 5 T L
SR TSEs BRAHZERL,

PrP [R5 159 7 KA LR (D159) ZAE R
K K IR IR BB TR O 5, BEPR I R 2E3h W)
1057 TSEs Jak e 2] o Sandez LTV A MoPrP %5 3 A
g FAEAT T N1S9D RS UESE T L7 5 D159
O R LTS 1k PrP A R MO 1R 7 4
2.5 OvPrP HEFERBAIE R

Thackray %5 JEBH , OvPrP % 3 R S a8 ] L &
B HFL S PrP™ HUEE A K (PK) 9 52 R AE,
INEREET T AR B DR R R 5] H T B T R I
TSEs REAR ; e 1k R R i 4y 28 55 T 104 e A DR R g
MBI 124 TR AR I L R I A5 ) T 2% 6% T
PRI SRR

3 iR

SR EA Ty (R SR Ao S 0 BB e ) R AR
WEPLA, OO A o B S R A
HZ AR5 2 WA DURYE, T P #%
JEF UAS/GAL4 REG DL I ¢C31 B AT AR R HEH
REPEAL A Ak, PrP 5 5L D SRR R 2 AR
FER AR B BRI T, RIAMELBIY) PP 155 5L
DR SRR AR 36 7R PrP AR BHAA T AE 7 1 45 2400 45
FH, 3 T TSEs % 9% 19 oF 5% i f2. i 4B 4R,
CRISPR/ Cas9 H K| g 6 A e A g, & FE SR 0 I
FFEFIFT AT S BT Re 5 | s A%, 28 5 1) 1R
B (H R WL SCHER AR TE T TSEs SR ifFsT, A
K, W b CRISPR/ Cas9 3 K 4 4 A N T PrP
e LT AR K AR AR TSEs S0 (1 B AL
R ARG kb s AUER 4 i LR S e sh W iy
755 L sh W AR A B S 3R 0,
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