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BB (R 2.5 47, 3t 100 40):

1. Prokaryotic cells, but not eukaryotic cells, have:

6 wo»

D.

E.

. endoplasmic reticulum.

. histones.

nucleoid.

a nucleus.

a plasma membrane.

2. Mitochondria are associated with all of the following except.

A.
B.

C
D.
D

ATP synthesis.

DNA synthesis.

protein synthesis.

hydrolysis of various macromolecules at low pH .

apoptosis.

3. Lysosomal enzymes:

A
B.
C

D.

2

are hydrolases .

usually operate at acidic pH.
are normally isolated from their substrates by the lysosomal membrane .
can lead to cellular digestion if the lysosomal membrane is disrupted.

all of the above are correct.

4. Cyclin-dependent kinases(Cdks):

A.

B.
37
D.
E.
N

occur only in the M phase.
are always inactivated by phosphorylation .
typically phosphorylate proteins on tyrosine residues.

in addition to binding cyclin , require other modifications for activity.

that phosphorylate Rb (retinoblastoma sensitivity) protein inhibit the synthesis of |

phase proteins.
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=. BB Ty L&A (85454, 350 73):
1. T4t (Embryonic stem cell)
2. ¥YEE (Operator gene)
3. 4 K T (Cell surface)
4. HH 4 (Proteome)
5. Pkifk (microsomes)
6. SEEMIEEER PCR (Real-time fluorescent quantitative PCR) |
7. 223853 (Chemiosmotic coupling hypothesis)
8. XAEHBT (Tans-acting factor)
9. 1 Hu & IR K 55 (Cell eycle checkpoint)
10. 40 3:4r4k (Cell dedifferentiation)
DU, RIZ (&8 10 2, 3£ 70 53):
L T R A R R RE BRI T RS SR AT ST A% T
0. MFET-AWMEFEERR? HHlsE THE.
| 3. 1345 DNA SUZHEH R o X B AR KA FEX.
4. pBRZ2 B ARKERM, FHIKEAT DNA K BRNEEFLK. &
5 4A [ 1) B 1% LI 1. DL2000 A DNA 43T & marker, % 3% it b gt JE Fi vk
b2k B L& 2, i A BamHI A1 Hind 11T X&) pBR322 R4 S5 3k AT Bt I TR R P ok o
¥, 3 F DL2000 DNA 4> T8 marker {0 8, i 4R % i T (TR R vk s R R

o100 L 2k 20 0



Elﬁwnﬁd.kaoyan.corﬁ

e - e —

i e e

Bsu151 23
Hindllf 29
EcoRl, Xapl 433 Eco32| 185
Aatlt 4284 Nhel 220
Sspl 4168 k BamHl 375
o 1 i Sng 400 Pagl 562

/Xagl 622
-

Pvul 3733 < /%al 651
i ‘é—/} Boxi 712
Vspl 3537 :3
FopB2l 439
11 3433 p
Ecod 3 f!:-rt Q7
Eami108] 3361
am ~_ Bsphl 1983
Mys12691 1333
% Ecoi 301 1360
EcoBB1 1425
Cail 2884 % Misl 1444
% Bpu10i 1380
| . Q‘Bsg! 1830
| - w Kpn2l 1664
A, Bspt U1l 2473, S m \\;#J! 1868
Sc’:'ﬂ 2350 f ‘,Pﬂﬂi 2084
Ndel 2295 \Espal 2122
Bst1107! 2244l || ooy 50
BsgAl 2225

% 1.pBR322 H A 1Ms U) B

(3% Agarose)

e~ —— 2,000 bp

—— 500 bp

— 250 bp

v 100 bp

& 2 .DL2000 DNA Marker HIKHT4R
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5. SCI SIS 4 Ak LA AR R RIZ BILLS , AR f B E R 2 741 i (A
BHREREFELRIPR) ?

6. 7E—aKAE H FE R Tubulin 1 Actin HFPHFRER, P 91
N AZ ATk (ABHERZEFELRPR) ?

7. KR KA S A SNBSS A 28 7E H (R 5°3hER 3 A RIE 6 A
HEA M (6His-tag) ?
T Bk FAISCF BRI (R 20 71): i

Living cells are classified as either prokaryotes, which do not have a nucleus or internal

membrane structures. or eukaryotes, which have a defined nucleus and intracellular
organelles surrounded by membranes Prokaryotes, which include bacteria and archaea( iz
'l JFi{A) . are usually unicellular butin some cases form colonies or filaments. They
| have a variety of shapes and sizes and can live under a variety of conditions, some very

extreme. The plasma membrane is often invaginated( P i) . Deoxyribonucleic acid. DNA.

of prokaryotes is single-stranded and often segregated into a discrete mass. the nucleoid

| region that is not surrounded by a membrane or envelope. Even without defined membrane
compartments, the intracellular milieu of prokaryotes are organized into functional
compartments. Eukaryotes. which include yeasts, fungi, plants, and animals, have a volume
' 1000 to 10,000 times larger than that of prokaryotes. They have a well-defined membrane
surrounding a central nucleus containing the bulk of the cell’s DNA, along with a variety of
intracellular structures and organelles. Intracellular membrane systems establish distinct
cellular compartments, as described in Section 1.3. permitting a unique degree of
subcellular oreanization. By compartmentalization, different chemical that require different

environments can occur simultaneously. In addition, many reactions occur in or on specific |

membranes that create additional environments for diverse cellular functions.

< EAFH PR SR —, BE ST ORE, BFEASE 400 4.
(A& 20 77)
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AR X R T 2R TTER (AL 20 43).
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miR—146a A= 2888 R TR B 7 LRI H

SEEEYMEas D FeNNE FER T
4 M (bone marrow mesenchymal stem cells ,BMSC) 1%
HEUR TEFEENMH TARSRBEZZEN. R
& BMSC 7T Z i ML fF s ERARATRFERR
R O B SN e s B BT (O B S A = B

RS, | CHMERMOER JER. TR M 510010:2.
WU EE AN UBKTR EWH BRE B8R 710032; AREWAM

dor HS NS E FEZR 2H Hel a4 BRFERE B
Mkl LM BE &k 710038
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AEIGEREAHEERSRN, EFHRARENREFTU
B EE RS A T—mniRNAs 7 BMSC &
Bt R b AR AL A P L al g 2T B LA
WA LB AT HEM miRNA AT EE 3 fodls i m |
o0 B i 4 G AN BB 4R IR R N R O (R O W AT AR R
Runx 2 EREA LB EENHRE T HAD
ARBEEEGFRE, T UERRE S ER R
= ZEEZHRATEE Runx 2 ARIEKFEIRE T
M EEREIE.

1 #R5ERZE

1.1 =EIMSEF
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Ml FIOHBI15EESH BMES& Clin Medd, September 201 I Yol .15.No.5

S AT B sV ATE S 28 SCXK( % )2002-010.,
EEE E KRB IE/F-12 (Dulbecco's modified
Fagle’s medinm/ nutrient F=12 ham’s., DMEM/F-12){1:
1} {Gibeo): BB fil. #& (fetal bovine serum, FBS)
(HyClone) ( Bt 44 I8 FH T ).0.25 % BB (Sigma ) ;
Lipofectamine 2000 57 (Invitrogen ) ; ol U b
&8 UL (quantilative reverse transcription—poly-
merase chain reaction ,qRT=PCR ) i 7l &% (Omega) , fitg
9, 2 (insulin) . 18 42 %8 (indomethacin) 3-7 T Hol-
T %k ¥ 08 04 ( 3—isobutyl-1-methylxanthine , IBMX)  Ht
EoRH HEEE C (vitamin C.VitC) BT i T 45 59
(B—sodium glycerophosphate ,B-GP) . 7 EERES
& -2 (bone morphogenetie protein-2, BMP-2) (Sigma)
1.2 BHEAETHEMES
B4 M ARAKENRE, BERAEARTD
B RENFIEBOEMEPRTE, MEETRLC
TR M T 60 ~ 80 min. B Z IR
ST AR 24 A8 h RV 1 R, MESE
M AR 7d EER B AT R A
wmASKIMIE  ERERIC, B 025 RBREEHE L 21K
B, IADEEFRE, BEFE 20 ~ 30 min
h.BMSC k® EE e, RASEANABMUE
H“’LP‘ SRAaR AR THKWRE R mILE
Bl b, W 2R
1.3 HEfMXESTK
R {h 4h 5 7R 8 HI58 2 ~ 4 /R BMSC, & 12 1L
L@ #FRE | x 1074l BMSC @R, Ko 3L, 0
G 3 AN RSl XTIRAH . AR Y8 B TR (growth medium,
CM) 78 B JE & S 41 . I ANBRIEM R, KB & T
71 . I AR B 5% 7% W (detined medium,DM), B R
R ariei® %Hﬁﬁiﬁfﬁﬂ_ﬁﬂﬂﬁﬁﬂ‘ﬁfi 1 x 107 mol/L..
VitC & iR 0.05 ¢L.B-GP K E 0.01 mol/L,BMP-2
FERE 100 po/l, RRRH, R AR AL 5 S R T
# . IBMX # & 0.5 mmol/L, ﬂi%"hﬁﬂtfﬁ 1.0 wmol/L,
WEERERE 2mgL, THE AL #F14d B
ST P AR O %E,Ef’iﬁf}‘rhﬁ'%.,
1.4 miRNA I EBFEHERRABEARE
A st IR BB ESEHME (EAERN),
BB Trizol 3t Bl RNA, A i miSecript Reverse Transc-
ription Kit dg, HRiEHPETR L. Wl
miR—146a #%E ¢ 85 % 3 B (polymerase chain react-
ion.PCR) 41%1, Bl 5'-TGAGAACTG {ETTCCATGG-
TT-3' . Fiif 314 i Qiagen A F MEELL, RIS
i‘ﬁi‘i Sybr Green % J¢ qRT-PCR. [EF . EL U6B EA

N g #H Qiagen WA G, LA

B PCRyFBHEHMER, MEFHNK CLE. mR-146a
-'I'_'. L o L P
k=2 o KK miR-146a RE M F
- 16 tiae — Sl e i = Tl 2o

=2
15 wmEIEEIELO0 ﬁ?ﬁ.

MRS E LGRS, HilE PR
( phosphate buffered solution ,PBS) Yok 3K, I5%Z
Wi [ @ 30 min. B € R EE T 0.1 P 78 A
E[#Tri:.-HC] # (pH 8.2) F % 2 10 min; g w s

M B AR M AR B Z IR

?Ju BB AR PRS2 L E e iR RN

Wi O RESWMT, WRML 005¢, FT
100 mL F AR (EE 98 %), il & At il O WM.
gefo i MK A BUMA O WHIHL 6 mL.
MWK 4 mL, B F 5 ~ 10 min J& ol 28 M O R
B4 O BRI 10~ 15 min, B, FH60%4
N7 %% BB T ki 2 ) TR B
1.6 HAEERATEESR

MAEETAL Sx 100 A FEMRK . HF 120 =
£ ik 20 & 64 B PF 3T FE RNA UHE S miR-146a nu-
mic(miB-1 46a antagonism) . EEUVIB LT R B R RIE
g X055 RNA BLE K 24 20 nmol/L H! Lipofectamine
2000 EAEIL 6 pL HEK T4 % 5 250 L LM
& () DMEM B 5 .5 min R &, 7 37 CENHTHET
25 min. W6 P ERE FAFINAL i, §
i) DMEM 800 pL. 1 L xE ¥ 7 &F #) DNA/Lipolec-
tamine 2000 B & INA 4L, E%E&ﬁ]iﬁﬁiﬁi e
”"J QA 37 CHEHE4~6h R HEATRE

Je A #0 A A RE BT 1 R BT R A T L9 ﬁ’J LR

SFE WIR TR AR,
1.7 miR-146a 3 B4 LB X EE Runx 2 Ri&

¥ Fe g e A T A T BB RNA F 50 A miR-146a m-
imic( 3% antagonism) ) BMSC B4 5 x 10° #EEH T 6
FLER R R, TERCE LB SRR TR 7 4.
i $REL RNA, ¥ A cDNA. B PCR il
WA H S B B Runx 2 A9 RIEK |5 i LL B—actin A
NBR MEEESMORESEEE, PCR RMFKF.
05 CHAEE 4 min.95°C 305,557 ,20s,72 C,40s,30~
35 cveles.Runx 2 |45, EiF S'-ATTCCTGTAG
ATCCCAGCAC-3' . Fiff 5'-ACCGTAACCACAGTCCL-
ATC-3' ;B-actin (31 81/FF1 2 . LiF 5'-AGATCATGTT-
TGAGACCTTC-3'. Fiif 5'~CATCTCCTGCTCGAAGT-
CTA-3'. PCR 7745 55 NG 98 e 2 /B ok (1.5 e iU Bl fla

M 14 T 3k 20 X
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-415-

HEENE 5 Viem BB RSB K 30 min 277, {TREY R 2
ke ISRl R M & LK) BT UTRE
Runx 2 Hl B-actin o8 M far RS JEREAE
1.8 HMiItEAZE

5% F Graphpad &t +1 1 & B fFSEAT Sl =90 17
ANOVA FE 45 B4 AESE. P<0.05 AEFT

21 BREERTABENMABERET

i e e R BBl T BMSC, G F B T
MR EE (WH=WEEE1A), AT FWiL
BMSC B2t i . ¥ 2 ~ 4 1€ BMSC &M EAT
#E KBES. mB=@EE 1B Fras  EadE T
#H A AET BMSC e b R s 4B, 4 O 3
ol PREWAER, EREILEEHT FEELRE
iR BMSC 4 iR =] LA 446 O 78 3 40 PR M 1 Bl R 4 e
(B ZHEEE 10) .
22 B4 LiZEP miR-146a Rik

FEREALY, R4 MENRK S .miR-
146a HZIEFE TR, 14d 1R 2743 G ST A4 55 2734,
Pl ERTHTEREUP<005)(FE 1), ALE 2,

T BT ED miR-146a MREZH

Table 1  Change of expression of mik-146a during the osteogenic

Jhifferentiation
"[IE!. [_-l Et[ﬂ. CL"“..ME.- ‘ii:_:l_ i."l{.:-l .f_:l

Al 212+£0.12 246«=0.15 34 D=0.15 <005
LM 213+0.15 258=x0.11 45 1.1+0.11

1.50F : P < 0.05

I
.12
—

IR Ak
=
=]
i

GM B
[E 2 Wi FY S F BMSC * mB-146a Ris MR

Figure 2  Decreased miR —146a expression under vsteogenic

differentiation

2.3 miR-146a {IHI KB 9L

LR g RIE 4 miR-146a Al B S 5 BMSC BUH
Arib s . B, H4E7E BMSC L #FiE miR-146a
a4 RNA T8 RS THREMMILHE SR . ERK
M miR-146a S F W E T MEA AT T HFES Runx

2 M4k E U miR-146a MIE A FE MR 0, A
e fh 2 & B miR-146a 30 antago-miR~146a, X
B BAI bR E Runx 2 BIRE/KFEIn, & T
8 miR-146a 7] ARGl a7 -4, ALHE 3,

A Fog!] miR-146a
Runx
B—actiny
B Lo gl antago—miR—146a
Runx 2]
B-aclin

3 miR-146a B i & A4 898w (A A0 023 S miR-146a
af LLA & R A4 (e B A Runx 2 B R E B, A B3 3 antago-
miR=146a T LL i 8 81 55 & Runx 2 B RiK)

Figure 3  Effect of miR-146a in osteogenic differentiation(A.over-
expression of miR —146a inhibits expression of Runx 2:B. Cell
transfected antago-miR-146a could increased Runx 2 expression)

3 it

FEHATES BHATLEERSE 3 THFTH
a2 FES LS BETAR EKASMER T A
AN RS R, AEREEFENRTAET S . 0w
7% BMSC (RAhH M E RN FRUEBE AT H A
B A % 5 R 4 TR H B9 R R E A ) SRR,
T 1) i BMSC 5 ¥R 34 1 4 F AL A T sk B3 o
G HBAATREXEE,. MEERIARNK
g% . A) LAZE R T 40 B (R AN SN Rl T B T
R TARTEETHLS LB WE.

SAFHETFHBARESLNE . ST HBET
&£ E[W %S 54 4EE 20 BMSC [F HH 90 5
SR ERS HPEKETHEWEIIHAERY W
¥MEHBIREY BMP £ BMSC BB Sk H A
FEH--RBYHT. £ Runx2 B AE ML m
HEE R Y EZHH R miRNA 2 BMSC &
FH L EEZER/EDT T,

miRNA 28 F 18 ~ 24 bp HIFEH T RNA,
B A RISC B & A5 miRNA B IR S B 5
A4 EANEER S miRNA 8 2 ~ 8 Y seed sequence
T30 )B4 4 F mRNA, M S THREEMEHEF

= 1S FE20m
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HE FAMMBIEERREY, EER HHRH
miRNA S EWEZFERERBLE RERE 4
ML REREEE R EEEEENE, B AR
TR A LR P miRNA RIEEERE. A X
Tl AR FAEHTFEFERKE miRNA HWRE, EITF
THEH g FRNER P HEERERY, b
a7 & W miR-196a B LLaE &L #01 Hl HOXC8 & (K 1 &
P T 2t s I A S S Y ) e T - ST i ke 5 11 400 ]
B A il miR-26 8 LUE 2L % Smadl #1FE
5‘13! i A E S 4, AH R FLEE B Af LA 3R Smad] HIE
& R, EEBIR KM 7 BMSC i TG
.i:l’FT’-f" miR-146a A T#E, %ilEiE miR-146a
b 4P R &R BMSC #9740 b 7 3048 < & Runx
2 Fif . i 2 IE miR-146a A H 4t 7T H R 1
. il %) B antago—miR—146a A LA %M ¥ Runx 2 # B
B . A5 miR-146a Y& BMSC BE 7 LB (L2t
{feF . Bk miR-146a 7 BMSC SR =k EOR ool o g
EEEE, BT EY, KRESFRELIE
miR-146s &k, #—-FSHERELTREEELAEE
miB-146a ) &35 2 S M M-t BH 82 & L,
EETHA A GERHEN LR EFARE R
M -REA 3d, FEsRENRB S LERREEST
Runx 2, ML EEFE.RMTAR MIEFESZREB IR
WhZSG DHAEMERD, E-PHTRAEAEL
Y SEREAEE, REERERTES miR-146a
G451 kil PP A9 BMSC B RCH RE D HI R M | 2t 10 A
% 4T T BMSC R v 18 4h BB RE ) VR 5 77 [l ) 1B
B OISR E AR ST RNA TR E 1 HE
W
BMSC fEABHA LHRMNEERFTHARL — . R
BHEYERAEIALS BEMN FRHM RE xR0
MEERFE LM T REN TB L H BMSC BEY LR
ZiEE GG BFVHRESXRE miRNAs FRIE
%Hi&?—%"xi%‘ﬂ?iﬁﬂ*}%ﬁcﬁﬁﬁﬁ-fﬂﬂﬁf L, R
F BMSC 4rih it #2010 i & 4 R, LU 25 45200 BMSC
R B AL 10 B R R T B 1) T PR OB IR R

5% 30K .
| I |'E HEN Hun TIAN ‘iue—.::hmlg. ‘h"-]:.J.Jun—qmngmtaE Effect c-i'c-

mLH 146a i 5 1 B

1 BMSC AR RIS ‘?mﬁta&.ﬁ%ﬁ{ﬁ M%ﬁmﬁ}%ﬁ i ﬂfﬂ%"ﬂnlﬁ&“ R e R Sy R

aleium sulfate on BMP=2 and VEGF mRNA expression in diffe-
rentiation from hBMSC to csteoblasts{j]. Biomedical Enginee-
ring and Clinical Medicine, 2010, 14(5): 374-377. | Bk Bl FE
® HINE S ABRSHASMER FARSTAELE
+ BMP-2 fl VEGF EAMEmuEHs)) EVEF TR
Silafk ,2010.14(5):374-377.]

[ 2 | Duan J. Kuang W, Tan J. er of. Differential effects of piatelet nch
plasma and washed platelets on the proliferation of mouse M3(.
cells])|. Mol Biol Rep. 2611, 38(4): 2483-2490,

[ 3 ] Tseng PC. Hou SM, Chen RJ. e7 al. Resveratrol promotes osteog-
enesis of human mesenchymal stem cells by up-regulating RU-
NX 2 gene expression vie SIRTI/FOX03A axis|)|. J Bone Miner
Res, 2011 Jun 28. [Epub ahead of print]

[ 4 ] MA Jian—xiong, MA Xin-long, SUN Xiao-leL et al. Eifects of os-
teablast culture n vitro on osteogenetic activity of bone marrow
mesenchymal stem cells[)]. Biomedical Engineering and Chn-
ical Medicine, 2009, 13{4): 279-282. | S & & A 4 {E &, & i
T ESME IR CE AR R B 5 A ) e T R
B e )], EWESE TR 5K, 2009,13(4,.273-
282.|

[ 5] Srouji S, Livne E. Bone marrow stem cells and biological seaffo-
1d for bone repair in aging and disease |J|. Mech Ageing Dev.
2003, 126(2): 281- 287.

[ 6 ] Matsubara T, Kida K, Yamaguchi A, ez al. BMPZ regulates cster-
ix through Msx 2 and Runx 2 during ostecblast differentiation}]]
] Biol Chem, 2008, 2831432): 29119-29125.

| 7 | Phimphilai M. Zhao Z. Boules H, =t al. BMP signaling 1s require-
d for RUNX 2 —dependent induction of the osteoblast pheno-
typelJ]. ] Bone Miner Res, 2006, 21{4): 637-646.

| 8 | Rauch F, Lauzier D. Croteau S, et al. Temporal and spatial expr-
ession of bone morphegenetic protein—2. -4, and =7 during dist-
raction osteogenesis in rabbits{]]. Bone, 2000. 27(3): 453-459.

| 6 | Marie PJ. Fromigué O. Osteogenic differentiation of human mar-
row—derived mesenchymal stem cellsl]]. Regen Med, 2006. Lidr:
530-548.

[10] MeCarthy TL. Clough ME, Gundberg CM. et al. Expression of an
estrogen receptor agonist in differentiating osteoblast cultures
[J]. Proc Natl Acad Sei USA, 2008, 105(19}: 7022-7027.

[11] Chung R. Cool JC, Scherer MA. ¢ al. Roles of neutrophil-me-
diated inflammatory response in the hony repair of injured gro-
wth plate cartilage in young rats|J|. J Leukoe Biol. 2006. 20i6k
1272-1280.

[12] Lacei KM, Dardik A. Platelet—rich plasma: support for its wse in
wound healing)). Yale J Biol Med. 2010, 83(1k 1-9.

(13} Kim YJ, Bae SW. Yu 38, et al. miR~196u regulates prolife-

ration and osteogenic differentiation in mesenchymal stem cel-

Is derived from human adipose ussue|l}. ) Bone Miner Res.

2008, 11id); 816-825.
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Generating a Prion with Bacterially
Expressed Recombinant Prion Protein

Fei Wang,'* Xinhe Wang,** Chong-Gang Yuan,® Jiyan Mal’zT

The prien hypothesis posits that a misfolded form of prion protein (PrP) is responsible for the
infectivity of prion disease. Using recombinant murine PrP purified from Escherichia coli,

we created a recombinant prion with the attributes of the pathogenic PrP isoform: aggregated,
protease-resistant, and self-perpetuating. After intracerebral injection of the recombinant prion,
wild-type mice developed neurological signs in ~130 days and reached the terminal stage of
disease in ~150 days. Characterization of diseased mice revealed classic neuropathology of prion
disease, the presence of protease-resistant PrP, and the capability of serially transmitting the
disease; these findings cenfirmed that the mice succumbed to prien disease. Thus, as postulated by
the prion hypothesis, the infectivity in mammalian prion disease results from an altered

conformation of PrP.

(TSEs or prion disease) are infectious neu-

rocegenerative disorders. The pnon hypoth-
esis (/) proposes that the infectious agent i3 an
aberrant conformational isoform of the normal
PrP (PrP%). a glycosylphosphatidylinositol (GPT)-
anchored glyvcoprotem. By wirtue of its self-
perpetuating characteristic, the aberrant isoform
(PP} converts host PrP® inio the PrP™ con-

Tmnsmissible: spongiform encephalopathies

26 FEBRUARY 2010

formation and leads to neurodegeneration (2—).
Despite strong supporting evidence (3—11), a cru-
cial prediction derived from the pricn hypothesis—
that an infectious prion can be generated with
bactenally expressed recombinant PrP (recPrPr—
remains unfulfilled (2. /2), leaving lingening doubts
about the pnion hypothesis (/3).

Recombinant PrP has been folded into van-
ous forms similar to PrP™, but none of them fully

i 20 W

recapitulates the characieristics of the imfectious
agent (2, /2. The amyloid fiber of a recPrP frag-
ment (recPrPR9-230) causes prion disease in rans-
genic mice overexpressing PrP89-231 (/). but a
prolonged incubation nme in Mice OVErexpress-
ing PrP has led to uncerainty about whether the
infectivity is indeed derived from recPrP829-230
amyloid fibers (2, [2). The difficulty in creating a
recombinant prion is likely due to the lack of
proper facilitating factors (/4). Polvamons, par-
ticularly RNA. have been fourd to facilitate PrP
conversion and promote de novo prnon formanon
(9, 13-17). We investigated lipid as a potential
facilitating factor because GPl-anchored PrP“ is
in the vicinity of lipid membranes and the inter-
facial lipid bilayer region strongly mfluences pro-
tein structure (/&). Encouraged by the [indings
that lipid interaction converts recPrP to a PrP™-
like form (/9). we applied protemn misioldmg
cychic amplification (PMCA) (&) fo study recPrP

“Cepartment of Molecular and Celluiar Biochemistry. Chio
State University, Columbus, OH 43210, USA. “Schoal of Life
Goence. East China Normal University, Shangha: 200062,
China.

*Thesa authors contnbuted egually to this work.
17o whom correspondence should be addressed. E-maik
ma.131@osu.edu

VOL 327 SCIENCE www.sciencemag.org
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cenversion in the presence of both hipid and
RINA.

Lising a senal PMCA protocol (20), we tested
|6 different conditiens in which recPrP was mixed
with various combinations of lipids and/or total
RNA 1selated from normal mouse liver. In the
presence of the synthetic anionic phospholipid
POPG (1-palmitoyi-2-oleoylphosphatidylglyveerol)
and RNA, a 15-kD protemase K (PK)-resistani
band was detected after 17 rounds of PMCA
(Fig. 1A). Once formed, the PK-resistant recPrP
(rPrP-res) was able to senally propagate (Fig. 1A
and fig. S1). The same procedure was repeated
several times. and the overall efficiency of de
nevo rPrP-res formation was found to be ~20%
(fig. S2).

A S

Serial PK-digestion of rPrP-res revealed that
the PK-resistant band was detectable after diges-
tion with high cencentrageons of PK (200 ug'ml:
PErecPrP molar ratio > 50:1) (Fig. 1B). After
centnfugation, the rPrP-res was detected only m
the pellet fraction (Fig. 1C); mereover, the 15-kD
PK-resistant band was not recognized by the 8B4

anhbody, which detecis an N-terminal epitope of

PrP (27) (Fig. 1C). These findings show that, smmi-
lar to PrP™, rPrP-res is aggrezated. is PK-resistant.
and contains a C-termunal PK -resistant core.
Next, we performed PMCA and cell culture
analyses to determine whether rPrP-res could seed
ghycosylated and GPI-anchored endogenous PrP“.
With normal mouse brain homogenate as sub-
strate. PMCA was camed out with or without

Fig. 1. In vitro generated rPrP-res. (A)
Ore round of PMCA consisted of 48 oy-
cles of sonication (0.5 min) and incuba-
tion (29.5 min). At the end, one-tenth of
the reaction mixture was transferred to
iresh substrate mixture to start a new
round (20). PMCA products were digested
with PK (25 pg/ml; C, undigested recPrP.

Ep — PR +PH
K gras) T SPSP TSBEF
25 50100 200 e ; ! .
| " ik | basi s 25
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| | i
1I L 15
i o Dal
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E +BK
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(B! Serial PK digestion of PMCA products. (C) PMCA product was separated into supernatant (S} and pellet
(P) by a 1-hour 100,200¢ centrifugation at 4°C. T, total input; +PK, digested with PK (25 pg/ml). (D) With
normal mouse brain homogenate (NMBH) as substrate, PMCA was performed with or without rPrP-res
seed. Product was digested with PK (100 ug/mb); C, undigested NMBH. (E) After rPrP-res infection, SN56
cells were lysed, digestad with PK (25 pa/ml), and centrifuged. The PK-resistant PrP in the pellet was
detected by immunoblot analysis. Numbers indicate ceil passages. C1, undigested SN56 cell lysate; C2,
pellet of PK-digested, uninfectad SN56 cell lysates. In all panels, PrP was detected by immuroblet analysis
with POM1 antibody to PrP except for the right panel of (C), where 8B4 antibody was used. PK digestion
was carried out at 37°C for 30 min [(A), {B), and (C)] or 1 hour [(D) and (E)].

Table 1. Intracerebral inoculation of rPrP-res.

rPrP-res seed. The PK-resistant endogenous PrP.
as demonstrated by lgher molecular weights of
glycosylated PrP, was detected m samples seeded
with rPrP-res (Fig. 1D). In reactions without rPrP-
res seed, no PK-resistant PrP was detected, allow-
mg us o rule out de novo PrP-res formation or
insutiicient PK digestion. The cell infection assav
was performed on SN56 celis, 4 murine neuronal
cell line susceptible to prion infection (20). En-
dogenous PrP“ in SN36 ceils was glycosylated
and sensitive to PK digeston (Fig. 1E). After
rPrP-res infection, the PK-resistant endogenous
PrP was detected m cells after 2 passages and
remained detectable after |7 passages (Fig. |E).
A similar experiment revealed that the rPrP-
res—-converted normal mouse brain homoge-
nate (Fig. 1D) could infect SN56 cells as well
(fig. S3). Thus, rPrP-res is able to propagate
its PRK-resistant conformation to endogenous
PrP“.

To determme whether rPrP-res was capable
of causing bona fide prion disease, we infected
S-week-old female CD-1 mice by mtracerebral
injection. The rPrP-res (moculum 4) was pre-
pared by propagating rPrP-res through 24 rounds
of PMCA. All PMCA preoducts were pooled
together and centrifuged through a sucrose cush-
ion. The peilet was washed, resuspended. and
used for inoculation. Three control inocula were
used for anmmal study (Table i). Inoculum 1.
consisting of all the components used for rPrP-
res propagation except for recPrP and rPrP-res
seed, was subjected to the same treamments as
moculum 4. Inoculum 2, consisting of all the com-
ponents of rPrP-res propagation except for rPrP-
res seed, was incubated at 37°C for 24 days
withoul sonication and subjected to the same
pelleting and washing treatments. Omitting the
sonication step prevented the de novo rPrP-res
formation in this control sample, as confirmed
by the PK digestion analysis described below
(Fig. 2ZA). Inoculum 3 was prepared by directly
mixing recPrP, POPG, and RNA n the mocu-

Inoculum Component Processing Preparation for injection Diseased/ Survival time
inoculated (dpi)*

1 Buffer « POPG + RNA Serial PMCA Pelleting through a sucrose 0r15 =360
{the amount of each component cushion and washing
egualed that in the rPrP-res twice with PBS
propagation reaction)

Z Buffer + POPG + RNA + recPrP Incubated at 27°C Pelleting through a sucrose 11714 >360
{the amount of each component without sonication cushion and washing (2867)
equaled that in the rPrP-res twice with PBS
propagation reaction}

3 POPG + RNA + recPrP No processing Mo preparation /5 >360
(the amount of each component
egualed that in the final pool
of inoculum 4)

4 (rPrP-res) Buffer + POPG + RNA + racPrP + Serial PMCA Pelleting through a sucrose 15/15 120 % 2.2

rPrP-res seed

cushion and washing

{mean = SEM)

twice with PBS

“One meouse frem each qroup was euthanized at 275 dpi to serve as controls,

£ 18 W H 201

tOne mouse died from ar unrelated disease at 286 dpi. It had no neurclogical signs or weight loss.
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time was 166 = 1.5 days {fig. S11}. The marginal
increase in the survival time of second-round trans-
mission could be due to the repored vanation
among inoculation experiments (23) or to the in-
fluence of other compenents in the brain homoge-
naie used m second-round mansmussion. Nonetheless,
PrP was detected in all groups of mice inoculated
with diseased mouse brain homogenates, but not
in control mice (Fig. 3H). The spongiosis patiemn
remained similar to that of rPrP-res—inoculated
mice (fig. $12). Thus. similar to naturel prion dis-
ease. the rPrP-res—caused disease can be senally
transmitted.

Inadvertent contamination is always a con-
cerm for PMCA. The only naturally occurmng
prion used in our lab was the RML strain, which
was used only three times in our failed atiempts
to convert recPrP. During the past 2 years while
we were working with rPrP-res, absolutely no
naturally occurring prion was used. Our latest de
novo rPrP-res formation (fig. S2) was achieved in
4 new sonicator. and the subsirate was prepared
in a lab that has never been exposed to prion.
Furthermore. both the behavioral and pathologi-
cal phenotypes of TPrP-res-inoculated mice were
clearly different from those reported for RML-
infected mice (24). Thus, itis highly unlikely that
PrP-res formation was due to an inadvertent
contamination. Note also that before the inocu-
lum was prepared, the rPrP-res had been prop-
agaied for more than 35 rounds of PMCA. Thus.
aven if the initial rPrP-res formation were due w0
contamination, the >10"° dilution had ensured
that recPrP was the only PrP in the inoculum
(Fig. 2A). We therefore conclude that the disease-
causing agent was rPrP-res.

The three main components in our system

were recPrP. POPG, and RNA. The purity of

recPrP was verified by silver staining, and recPrP

was the only protein detected (fig. S13). The
mouse liver RNA was chosen because PrP is not
normally expressed in liver and because ectopic
PrP expression in the liver of PrP-null mice does
not support prion propagation (23). Because syn-
thetic polyanions that do not encode protein can
replace RNA in cell-free prion formation and
propagation {9, 16, 17). the likely role of RNA in
generating infectioys prions is to facilitate PiP
conversion rather than to encode an infectious
protein. Indeed. we were able to propagate rPrP-
res with the use of synthetic polyadenylated RNA
(fig. S14), which shows that rPrP-res can be gen-
erated with virtually completely defined compo-
nents. The requirement of lipid is in accordance
with previous reports of higher prion infectivity
in lipid membrane-associated PrP> (22, 26).
Notably, the purified GPl-anchored PrP", which
was used to produce infectious prion de novo (%),
contained stoichiometric amounts of copunfied
lipids. supporting a general role of lipid in PrP
canversion. Of note, the POPG and RNA used
here may simply mimic one or more unknown n
vivo facilitating factors. Further studies are re-
quired to identify these factors.

Our results provide direct evidence in support
of the prion hvpothesis. We found that rPrP-res 1s
in a conformational state similar to the pathogenic
PrP>® isoform, thar rPrP-res possesses the self-
perpetuating characteristic of a prion, and that
rPrP-res causes bona fide prion disease in wild-
tvpe mice. The fact that only rPrP-res—inoculated
mice developed prion disease establishes that prion
disease is caused by the altered conformational
form of PrP.
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