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DNA Methylation in Brain and Liver Tissues of Mice Infected with
Scrapie Agent

E.K. Choi, S. Uyeno’, T. Ono*, R.I1. Carp’” and Y.S. Kim
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Hallym University, Chunchon, Korea, *Department of Radiation Research, Tohoku University

School of Medicine, Sendai, Japan, **Department of Virology, New York State Institute for
Basic Research in Developmental Disabilities, Staten Island, New York, USA

DNA methylation degree in the several murine brain and liver genes of different ages and
after scrapie infection have been examined by using methylation-sensitive restriction endonuclease
digestion. We found that the methylation of c-fos and c-myc in the brain and liver was increased
during the late fetal to one month postnatal developmental periods. However, those of the SGP-2,
S1008, APP950, PP, and APLP1 genes were decreased at the same periods. The comparison of
the DNA methylation patterns between scrapie infected brains and controls demonstrated there is
no significant difference in methylation degree of scrapie-infected brains. These observations
indicate that DNA methylation- might be importantly related to the aging process. The scrapie-
infected murine brain was not significantly developed more senescent than the same age-controls

did.
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B9 B A e 7)) e o}A % 5}s) W
212 &3 glovt, gzstolviie] 8 AW
g Wdo] shiql oldRol= ZetA (amyloid
plaque)?] Aol Bostelzt B4 A7 /3
Z} AHE £ (S100B, APLP, ApoE, presenilins 1 or 2)
Wo) FHAA BT oh et w3lo wE o] E A
EE9 Uy Helt ol 2ol oy (AB4) A&
of #ejslE]et Az 3 gl (8, 9, 10, 11}

A2 w9y 2 ool B4R Be §
Aol vidste] Malrt AAFoZH o8 W
7t 8 FAAY "AF 24 75 #9E st
do] BuHAS ¥ o, w3latyg o A ®
ZH ol 8d £ Ut o] dFAREe] &R
1 o) [12, 13, 14). DNA W€ 3} (methylation)
£ DNA 74 4719 8l cytosine (C) 2] 1)
9 189 A 3HA -H7|7} -CH:2 X 85| of 5-
methylcytosine (SmC)e] &= Ao 2 F4d A
dAH AT [12]. o] SmCe AMHE 283l 2%
AYE] FH2 DNAZ TAGE SUsHA
FPE 7124 HA cytosined] 2~T%E 2] 3}
H AEe &, nn 2Fd ue o ZAxEe
v o] Thzuh. Abgtel SlojA o} 4%¢) C7} SmC
o]i, DNA 971 FAB= A, T7F 2+ 30%,
C, G= 747} 20%%) 2o )3 A 2] DNAo|A =}
A8t SmC ¢ AS F 1%2 AR e R
AR e

5mCt genomic DNAAYol A Rzk9)4 o =2 1}
EhtE Aol ohd 3 B R2o] Ge SEo 9455}
o, & thA] 23 5-CpG-3' vid 9] ¢} v g3}
ato] 5-5mCpG-3'0.2 =] gl Zel deiA 3l
t}. o] 5-CpG-3jd & FAA 2] Aol Aojgg &
R 5 FRF Bo] EAst R KA}
A& DNA W|g 3} Aot 1 F32 SHz] o
8 BA Rodn o} [13] =3 54 4A
Z}2] DNA ™€ s}oll 3l A] oncogene, antioncogne
9] DNA vgsle R HzAo e Aoy
Ao wal A3 DNA 3l 4 71x 3
em Be faaol 31014 DNA sdshe) %
e 2B o] Y Aoz AARE ¥
of skt [13).

aEg £ AN e gzastemy a7
APFE RdBA 2399 q FEE vl$2E
o] &3t THEH P NANBE FEA7l T
Ao A 747e] 3] Sol Fa 2 A}
d §3x59 DNA vid3le} B3 S22 B
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FgozH 2ads Pgo) o|s FA4) DNA
W glo] v X g AT AR &
mafoloiiel 9 9 % Aol WA He
wale V124 Aze A na Ak

Az Yy
1. 4Es2 ¥ A32luo 24

HEFE M w25 959 AFRC & MRC
Institute2] Dr. Alan Dickinson 2 2 £ &, C57BL/6j
n}-&- 2= n} 2 2] Jackson Lab.o) 4] | kol &g
detz 4REERAN @Al A8 FA AL A
&3ttt A% ¥sto uE DNA wd 3} ¥s}oj
ALEHE w2 E Ono 59 A [15]9] 71 &3l
7t A5 (Fob 1624, 24 09, BF 144,
AF 1D o] A A7l0) HxAE Bl
@ 5 Agel o galgith 2205 WhAE v
3 7&F Y9 T4 (Staten Island, New York)€] Dr.
Richard I. Carpo. 2 2E] Al 3w+ & 87Vel 2L A3
3 S A kst Ab&sk o

A9 gl s dFFSM7 vehd 43
TE 28 JAAA HxA S Bl @ F Ten-
Broeck tissue homogenizerg ©}-8 3} phosphate
buffer saline (PBS)2. 2 ¥ F2] 42 (10%, wiv)
< THEAT ol & AP AH&E7] A7t -70T
o B#siion, Ab&H PBSE 104 A3
1% AA ¥z a2 Y (whole brain homogenate)
< 5o AMESIE T AF 4~6F 4 "2 E
22113 (sodium pentobarbital, 50 mg/kg)3t F
Stereotaxic apparatus (Stoelting Co.)Z ©] &3+ mi-
croinjection Y [6]o2 IM v}¢29] ZAFF L
87VE, C57BL/6j v}-$-29] Q& 22L& 71z}
5uR A (A +1.0, L 2.0, H +1.5) 299
AFAReH, dzed B4 539 40
2 1% AA ¥ ZZgANd (normal mouse brain
homogenate)% 74 &34 ).

JESEREEIEE

87vel ZHE IM k-2 oF 3004 & HFER
3tad, 2210l 7+E ¥ CS57BL/6j vh-$-2% oF 150Y
S AFE sl YAFAI fEHdE AFET
Moz YN F o 9 2L AEeAc
¥ 9 zz 9] AR DNA Wgse] W &
A Al o] &3t7] Astqd APl AR A
7HA 70T BAsRon, dRe NFYe e



A ATE 98] 4% paraformaldehyde -0.2% picric
acid 40 2 NAAF st

7 249 H22e gdapgo] Tejsig o
©] & Sliding microtome (Reichert-Tung Co., Germany)
28 7 pm FAS] ZAANEL gelatin (Sigma,
USA) coating ¥l slide glassol] ¢ & 37¢C A& g

M FAZ WA A FolE 22 HAE xy-
lene I, I, M)A} 583t 100%, 95%, 90%, 80%,
70% AgE A Zhzt SEH xe]etg ch. Hema-
toxylin-Eosin &4, Bodian plus Periodic acid-Schiff
(PAS) 94 2 Masson's trichrome A%< o s}o
o3 29} sfek Rl A o] AA E| 44, B
X 4 9 opuzolE Fejae By 52 B
#rl 7 (Carl Zeiss Co., Germany) 2. 2 % 2+3}¢ o}

4. DNA of| €8} w5} 24

(1) = % ZExX|2| DNA =&

W 23] 4e) BAdo] & DNA 222 744
Ono &°] A3t W [15]0 9]af o] o)A
o0, DNA % %2 260 nmoi| 4] spectrophotometer
(Hitachi 200-20, Japan)2 274 8t 2o 1 pg/ul A
=9 FEE WED, Ao 280 nmo| N = F3
58 FY%td n¢xe DNAYS &9l
% 0.8% agarose gelZ A 7|9 53l =Z3 DNA
o A9 AR} Bkb ol el AAehe RS B
Aete] MAHA FE ¥R F DNAY ol
st

(@ distz 2 Ma|

F23 2t o] DNAE agarose gel 8 2.2 5 g
< #3te] DNA 1 pg? Sunite} #| & &E A DNA
&= 50 ng/plo} 2 ANAM Ataldnh =, vd s}
#4442 Hpall (12 Ujul: Takara, Japan)$} H]
br/d &4 Mspl (14 U/ul: Takara, Japan) 12
EcoRl (20 U/ul: Takara, Japan)2 A}-8-&}a] 2}
A3 FE EcoRl + Hpall, EcoRl + Mspll, EcoRl
Tto 2 A2, £ BamHl + Hpall, BamHl +
Mspl, BamHIRt o 2 A 2] slo] wkg-AjATh wke
o] £ DNAJ 1/20 £ 2] 5M NaClz} 2u) 2o)
99.5% o gt&-& 18] DNAZ A A 345t =
T Z1Z F 20 ul TES A £33+ ).

(3) Southern blot analysis
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< (81008, SGP-2, PrP, APP950, c-fos, c-myc, APLP1
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primed DNA Labeling Kit (Boehringer Mannheim,
German)& o] &3l *PE labelingstt}. 2.5
Sepadex G-50 column-g RHE©] TE 200 plg &
< A2 & F labeling®l probe DNAZ ¥ 11 TE
200 ¥ doll 7}stAA peakrt A7]7) A 23}
= W 5E 2F 600 pl/ml probeZE eppendorf tubeo]]
TSR T labeling= A] 942 RS BAEL 53
A 7 3k A ot

Filter= 12 ml % 9| Hybridization buffer (1 X
Denhardt §-9: 2% Ficoll, 2% BAS, 2% polyvinyl-
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(6x SSCO)Z 65TNA 16A17F A% prehybridiza-
tiondt ¥ t}A] buffer2 meste] 95T A 527
714, 493t single strand2 HAJA| 7] 32P-la-
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probingdt 5 2x SSCZ A 3t AfAL&3l% )
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Fig. 1. Vacuolation (spongiform encephalopathy) in the cerebral cortex (white arrow) and amyloid plaques in
the corpus callosum (black arrow) of IM mice infected with 87V scrapie agent. Stained by Bodian plus PAS (a,
%X 300), and Masson's trichrome (b, X 450).

Table 1. The changes of DNA methylation of individual genes in maturation and senescence process

Brain Liver
Gene
Maturation Senescence Maturation Senescence

c-fos T o T 1
c-myc T « ! 1
SGP-2 ! - — —
APLP1 ! ! — —
S1008 ! > — —
APP950 ! > — —
PrP ! o ! |
1 : an increase of methylation, | : an decrease of methylation, <=: no change, —: not studied

4 Avh Bake] SHA LAY ofARo|= Fep
A7k il de] =R SS LRSI (Fig.
1A). 223 2399 FFA & 532 ¥
4739} 349l vacuolation (spongiform encephalo-
pathy)& o}HZolt Zala9} vl Bo] BAHY
o} (Fig. 1B). 23} &7l A &= vacuolation 2
ol zole Zotae] o] He TAHA &
stet.

3. Southern blot analysis

2 AR = Es} A §4 (methylation
sensitive enzyme) 52| 312l Hpall$} vl © 3} v 7F
4] & 4x(methylation nonsensitive enzyme)$! EcoRI,
BamHl, Z12] 31 Hpall®] ©}/d 3} § 49 Mspl& AL&
gt} DNAE A&ét $ md 3} fFo w2} DNA
AT elsl Waell 44 DNA Bd gg
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A7NYE4NA ol FAT Y Aol & o] &3t &
A F Az}l M 2] DNA W€ 8& A8 o)

(1) =3l ntHolf w2 DNA ol g3} 3}

>33 of] & DNA w93} ¥sle 2hztol
FrAze B M2 G2 S JeERldG.
S100B2) A $ o] F71E84 5 hypomethylation
o) A& vebyel whe (Fig. 2) c-fose] A5+
hypermethylation %¥/}< UEAAT} (Fig. 3
S100B, PrP, SGP-2, APLP1, APP950 S| N7 =
Z Eo|##AHE2] DNA HE3l= d3lo] 2718
4*Z hypomethylation ¥4F-S VERH LT} (Table 1).
o] 9} Wt 2 c-fos, D c-myc 52 oncogene F#H
A}=2) DNA Wig sl = d&lo] F7184% hyper-
methylation /¢& VERAJ T (Table 1). H=3F b
Z2 9| 7§ cfos, cmyc T2 AT AA SA7],
d&7], xst7lol o2& B AEHQ hyper
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Fig. 2. The effects of age on DNA methylation in the mice brains. (A) Total DNAs were extracted from the
brains of mice at different ages, digested with restriction enzymes, and subjected to Southern blot analysis using
S100B probe. F16, 16-day-old fetus; 0d, 0-day-old infants; 1m, 1-month-old mice; 12m, 12-month-old mice.
Lanes 1-8, Hpall + EcoRI; lanes 9-10, Mspl + EcoRI; lanes 11-12, EcoRI only. (B) Map of S100B il-
lustrating detected in the Southem blot analyses in A. The sizes of the fragments shown correspond to the sizes
of the bands indicated to the panel A. The thick line above the map indicates the probe used.

methylation®] 4-& el o} prpe) 7 &
EL7]3 F<kel hypomethylation®] SFAMS- T
& ARG Azt FAAE gk dern
% w3t3y Fo) DNA Wgs) Hges =
A 2= Table 13} 21}
(2) 2= 243 Ztedof w2 DNA oi|gls} Bist
2349 ZdF 2 dzee HzFogMe

AR NAR delA Y= S1008E v] £l
PrP, SGP-2, APP950, APLP1 52} DNA €l g i
35 BEat o ¥ FAlol g} Aol 2 by
A gttt Aol 71942 hypomethylation <]

=
& hypermethylation®] %48 VJehf & c-fos)
A4 29T 2L Aol de AR
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Fig. 3. The changes of DNA methylation in the MB mice brains of different ages. (A) DNA samples were
digested with Hpall and BamHI, and subjected to Southern blot analysis using c-fos probe. F16, 16-day-old
fetus; Od, 0-day-old infants; 1m, 1-month-old mice; 12m, 12-month-old mice. (B) Map of c-fos illustrating
Hpall sites (vertical lines) around exons 2, 3 and 4 and the fragments (horizontal lines) detected in the Southern
blot analysis in A. The sizes of the fragments shown correspond to the sizes of the bands indicated to the panel

A. The thick line above the map indicates the probe used.

2ot (Fig. 4, 5). 281 e RAAEY A ¢
T % ¥ Alo]d A= DNA methylation®] 3}
ol d & A 4 1At} (data not shown).

2t

a

DNA W g3} $Fo] ¥zl A DNAJ A 9
5mC g Z2HFo 2N dolE = glon} ol
SRR e wEs HEE g8 5= ¢l
o} 53 cytosine 7o) WE3sl Aele o2 A
2 08 280 2XE 23 DNAZ ddsie
WEs 44 ATaLE Ao en 2%

F Jen HAAE dHe] Ay gl Jdg
probe A}-&-of ¢]&F Southern blot hybridization 5}
Hell o3 &1E 5 slck & 9 vgs 4
g QR F9 Qg CCAMGGE o9
o)A 8l & 4= (isoschizomer)E o]-§3la] A & &
o} AFEA Hpalle -CCGG- wid L U435
o 1 B2 IR Y& cytosine®] me-
thylation¥] o] -C5mCGG-7} &% Agdd & gle
s A Zholt)h dHH Hpalle] o] A sl E
229 A A Msple W 29| cytosineo] WjE 3}
Hol -C5mCGG-7t & A% A F U= (&,
-5SmCCGG-Ql 7 f-ol & detx] &£ 3ic}) wid g}
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Fig. 4. Southern blot analysis of DNA from the
control and scrapie-infected brain in IM and C57BL
mouse. DNA samples were digested with Hpall and
EcoRl, and subjected to Southern blot analysis using
S100B probe.

H A &)t
131‘4 AGEL A2 E Yol o 91 ge
o WEs dee o) Whe EMog= o
I %i ™, # 2= genomic sequencingo] 1} PCR
(polymerase chain reaction) ol o} &) 245 o]
A1 Yok 29 PrP, SGP-2, APLP1, APP950 &
o] Hzx2a 53 FAREY A i A¥o
%7}&4= hypomethylation2) OOU\V’ Vel = ut
A cfosE EFE c-myc 5-9] oncogeneS & hyper-
methylation %F/-& VI e 9T} (Table 1).
 ATERANNE BA =2} 2 x3g9) 7t
Q) M 2A o)A S100B Bule] FoaA Balel
S7HE o) HAHA SN E Bpsta, AT 7}
) 9 MY PEE Wcke Aolst waiy
Al o 2H S100p ¢l §A 2 @@ I DNA
mEstebe] A A= Jehda] st (s,
17]. 8 c-fos, c-myc, SGP-2, APLP1, PP, APP950
5o Az te $HAEA oA A
ol We zto] g Bolx] ekt A w-sla}
Aol w2 vda Ao 9o Hze] A
3 HA7 A ZA10 o] 2 Fok cfos B c-
myc 7 A7} hypermethylation $F4)-S Ve ub

l-

Fig. 5. Southern blot analysis of DNA from the
control and scrapie-infected brain in IM and C57BL
mouse. DNA samples were digested with Hpall and
EcoRI, and subjected to Southern blot analysis using
c-fos probe.

< SGP-2, S100B8, APP950, PrP
hypomethylation®] <42 el
oA cfos E cmyc 59 S
71842 hypermethylation °}4+-& 1}
bl yhd g2 7°T7L A5 Abol7h (Al ar PPt
©] hypomethylation %48 \}ERH QL ¢} (Table 1).
g o3lol| w2 DNA HA|e) ve s} w5l
g P ek AFA A obA QUAIT, in vitroo] A
HZ7F w3let= < DNA vlgsls 7hagic
1 EuElen DNA AA oA 2 5-methyl-
cytosine 3F&F& nlgA Mol olg} AlTo N e
efztolA gt =gt o8] Fradte AL B
Tha g [18, 19, 20). AF7AA A FAIe| 9
3% A A DNA Zol A, T, G, C o] 5-methyl-
cytosineo] EA st Aol el slonm 1 g
FERFAME A cytosined] 2~7%0) 11, A9 CG
W12 5lo) WEE ol YU Wuk ohjeh o] DNA
e st DNASH Shel o] Agtol Age 7,
A2 FE ] #etn e Ao LA ot
21, 22].
A A ERYS WREIE DNA WES oy
tﬂi}o}xl A, B, B ol e A
Gl l DNA W2 37} westapg ol M = |
H AL v A FHe o A

B

A

N

o
oy & ro

o
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tholt} [23]. &, A A DNA 2o -8 H 5-methyl-
cytosine¥ 2 ==3lo) o Wlel= 499 2%
A &e At A, Bkl o) HE Fol g 2
Aol X A8 Aol 9t ofzx AR F U
o] dAHA = &3 Utk dE 97, v 7
Z 2 o] = S-methlcytosine o] =& Ho| o}
o HekahA L, A FEA L 2 WaE B
oA ket [24, 25).

gz, ZAzbe) gl A o] viE 82 e
Hel, 32 fFRAA w3l o g WEle Bo)
A A, Y FARP M= A WEo)
A= Ut} [13) o] E2 23 2 FAA SolA
= Yehli® oj9je 30F 0|49 fAAI A
ol oyt vt 9% H3le BaFEn A
oot B dpdDe e YelgSol 43 A
£ mouse straint ©hE ¥ Ono 59| 234} [26, 27]
% dA e 2AE vepl FA =3 R
g A e Aol gk veld A e Wzt itk
€ Ao @} Ege 24 AR F A
3ot Bas) B a4 & AAsk F0 probe
2 AMRE fHES] g2 B9, dE E9 pro-
motor F-91& FA E "o} YIS XA
&

Ono 2| B [13]9] 939 WEsr} w353
oA Wt A%, 1 s I (EF e 7
2)S QR o Azt FYslttn g}
cemyc FAAE, vhe-A 2 A A AP o) Zrt
ol wet vl ot $71E 0SBt op g, A}
#F A E s /A [23). o
a1 IS EE Al vle-x9 o 12084

Zhzke} 4ol ek vl @ b VEhlD Yo

H2AEEE FE Aol RE w3ETe
H g g-& Bao] Fc} w2l o) AL DNA wg
32 A Ao g Al dHL F23
T AT RE gnfdtn glon w35lo 7B vz}
YZo) 2lo] DNA Wigslel 842 AN F
3 gt

o]’} A7 E FTEI 2 23y gdd
ahg-2 |22 2 dmslol v It AL g8 A
AZRNEE Jedox B7stn gag A4
3toll 2HS #AAo] Y& FHAES] DNA v
go] gk Agte #2E £ At 1y o
o2 o2 FAAEY] 5F 59 (promotor) BTk
otyet H3PAH NAWM upal 2¥e] HalS

Holt: o5 fAAES 24e) Weiety 9

o we} Bl AEsA HEE HEAE NgE
o A&EHor A7} o] FGH w3} A
2 ol ¥3PAl 2go] vk 7] A3} DNA o g

o Azlo] W3 T8 7|2ARE FE F Uy}
1 AztEc)
Z £
HZT =9 A7 F7te HEo] =94 A
aA7t FF3a dow AuE dod= i
Q) Age dmato|myolrt e} Lmalo|n]
Hol ol 1y, 7] A 7|& 2 XA /A

5ol BE g g ez vl w3 &
DNA mgs}o] ®sle] gt A& =319 7]
T A7 F23% ARE JAA 2 gt 19
22 B Ao dRslo|my Ao ]85
olale AP FEY s 23N FE npLa
o} W2 or dmatolnEe] el 3 - M3
Ao 7 #Fde] slvta AlEHE FHAA (SGP-
2, S100B, APP950, PrP 2 APLP1)$} - 3ho) m}a}
BzA A mEse) EolAQ] WtE fddte
FrARJNZY (c-fos, c-myc)E A ete] WEsle] ¥
& 9 7tA

Hz e ZAF BArIeA 870 o2 F
<t cfos B emye FAAE s Aot Fobst
o hypermethylation VeI ¥l FA77F FF
SGP-2, S1008, APP950, PrP 2 APLP1 fd A& w
g3} w7} 74 %o hypomethylation oF4H& 1}
Rt 28l kA ) A ofos R c-mye &
Aol A5 e 71eA 2471, 571, =37
of o]2& &<t Al43 Q) hypermethylation] ¥4}
& YeEld o PrPe) A= 5U77T B9
hypomethylation®] W35 #2& + UAAh

aYeg B AT 2348 35t DNA W23}
= 237 2 AFLE AYFTIHAY ~
An 29 T HPAY AAWH] HugdE
E73t3 DNA We3le] Xo|dE LA &
et o ole} 22 AEE A7 Y &
o2 A AAHse] {addd #Ad /44
Q2o By & A7t 3o dvfn
AzyEct.
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