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Effect of a-spinasterol Extracted from Phytolacca americanna on the
Apoptosis of U937 cell line

Jun Seok Yang, Sang Hun Jeong, Ho Kim, Ung Han, Jae Ho Jin, Il Kook Jung', Dae Keun Kim',
Seung Il Jeong?, Han Sol Jeong, Kwang Gyu Lee*

Department of Pathology, 1:Department of Anatomy, College of Oriental Medicine, Woosuk University,
2. Jeonju Biomaterials Institute

To investigate the possible mechanism of a-spinasterol as a candidate of anti-cancer drug, | examined the effects
of a-spinasterol on the apoptosis of U937 cells MTT assay, flow cytometric analysis, SDS-polyacrylamide gel
electrophoresis, Western blot analysis, and RT-PCR were performed. a-spinasterol treatment reduced the cell viablilty
of U937 cells in a dose-dependent manner, which was associated with the induction of apoptotic cell death. a
-spinasterol treatment also reduced the levels of Bcl-xL anti-apoptotic protein expression and increased the levels of
caspase-3, p53, pro-apoptotic protein, in U937 cells. After treatment the level of Bcl-xL, anti-apoptotic gene expression
was decreased and the level of ICE pro-apoptotic gene expression was increased. These findings suggest that a
-spinasterol induced the apoptotic cell death via regulation of several growth regulatory gene products. The
abbreviations used are: FBS, fetal bovine serum; PBS, phosphate buffered saline; Pl, propidium iodide; OD, optical
density; DIOC6, 3,3-dihexyloxa carbcyanine iodide; MTT, 3 [4-5-dimethylthiazol-2-yl] -2-diphenyltetrazolium bromide.

Key words : a-spinasterol, apoptosis, flow cytometric analysis, caspase, p53

A 2 o} ABY HEGEE AEIE AS Z7] WA do) u
2} T BAH B2 WAl XS Ed U2 AR 4 YVt

S0l QA E FH6HL e ofd HUAE7} oH A= A Ro|t) EU5IE iR &g Fekshs Al7lolE olnl Hoj
o] ggle] {REALY PAFEo] whlslil T 23 AE) Hel 7h dolut Q71 wiEel 3E ZALh B gE SULEE
&, 824}, 2lol, Zlol Hooky dso] Hal WY Mzt 7 FBHA k=) Adols HAQHo) MERSSTY 2D @
FHOZ WE olo] FEATH 8415 SN 88 HaA = T EEAHE 5 MES WY A3Hol T7HL oM, &
o Fgh, & AlRZo] 471 BHE FIHTH. 20008 EAl o5} 3l selE Ak gl REgo] st HAEERE MES T
WA AAESZ 10008 Bl & SXp7L WHEIIL, 11 F 600 22 sz 977 sl IYRL AP, ol 2 o
o} ol Argsizior®, 20033 LEluizt EAES) AFFol 98} TAE g Y opl AEAIRICZEE] AMER /] SF
W ol 107 B 133.180] Y2 F AMSH ACE HiEe] & 7ol £33 7|2FQ] AR 8 AOE A BAst 240 &
HOE OIS AlEE & 1998 AKshL QU= AFolr. BEOZRE] Edg B0IshL 1 Mo IS d-oll A5oiint
OJRIZIA] LedR) REkEe] S8R O Z = triterpenoids®] sapogenin
AR O, G5 AT HEE FEE 490, LA STkt 9] AZZZAQ! phytolaccoside A, B, C, D, E, F, 13} sterol saponin,
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dFolA] &3} a-spinasterold] ®

O] RAAAT KEOIL} EEfEol 201t SIHNIE FAZME, Toll=
“KEMBERS THAR| 1L SRS glol, MrhmE, KESE, ik
HEES AE0HL Ale A8A7IH, E7128 SEYLL ¢ 7t
A KRS BOLL B E Fol Wl RS WA 3hI, $FA Hold
BUsid WEE Aol o0, tadg A8A711, BFS
o] F4R17) 1L lEES AAA Bigol By 2hL SiNict. 7
Reoll thSh HZ MY R BAYG SRl AolA FAEY
Ha A 7159 BT H RSl gish 7AERo) e
€ B8N, /)2 SAAN Y] EATEH0IXKPAF)S] B
4|, F0l5Y 30l tid 9AEE0) USE BusINoem,
0 XSSl e dlREI Qe AOE WAL
ofol] AMxk= MRZBK, HIEHHSAI71H, B0l s0)= mEkk
O REE & EEZXE SO9EHE a-spinasterole EE| W T
SEBIN L, O] a-spinasterold] BRSNS A3 H U} By
| 3201 U937 M| Eol apoptosis FEEHES 4RO W&
T2 /AgE A7l Hisks wlolnt

e

P ole

Ag 2 U

1. A Zupet

SHAZFSH(KCLB)IA] B 22 U937 A 11(human
histiocytic lymphoma cell line)= RPMI-1640 media®l 10% fetal
bovine serume H7}5K &6 AEHO] CO, incubatorol A 5%
CO, L& 7ASH A st

2. Al U 717]

Aol AMBEH A|2F2 RPMI1640 media, FBS(GIBCOBRL,
Grand island, USA), PBS, PI, TEMED, Taq DNA polymerase,
M-MLV reverse transcriptase, Oligo(dT), PCR marker(0)4}
Promega, Madison, USA), dNTP set(Amersham pharmarcia
Biotech Inc., Piscataway, USA), prestained SDS-PAGE standard,
sodium dodecyl sulfate(Bio-Rad, Hercules, USA), Trizol
reagent(Life  Technonogiess, = Grand  island,  USA),
3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide(Sigma , St. Louis, MO, USA) & 71E} A|9F2 Al Zuiet
8 S3AIU4S A8aInt AMSSH @Al Monoclonal human
anti-Bcl-xL.  antibody, Monoclonal Anti-human Cas;)ase 3
antibody(©]4} R&D system, Minneapolis, MN, USA),
anti-rabbit p53 antibody(Cell Signaling, Beverly, MA, USA)E
ARESIIEE. F& Bl 288 ACk2 EPF 8UE AH83I%5 2,
TLC ¥ column& A|¢F 52 EPE SWE S F3lH ALE5HA
U, EGAIEE ARBEIACE Column chromatography&  silica
gelZ Kiesel gel 60(Art. 7734 and 9385, Merck, Germany) 2%
70-230, 230-400 meshE A5} 1L, TLC plate™ Kiesel gel 60
Fass precoated plate(Art. 7552, Merck, Germany)E AMSEIATE
HRIAJSO 2= 10% HiSOs(in BOH)S AFRSIR oM, UVE
254, 365 nm detectionS B SIGC.

AFZ$ 7171 mp(Gallenkamp melting point apparatus),

WS EE(U987) AFEA BT EE

UV spectrophotometer(Shimadzu, Japan), 'H, “C-NMR(Bruck
AMX 600 and 150 MHz), FAB-MS(JEOL),
microscope(Olympus, CK40), ELISA reader(Molecular Devices,
VERSA Max), laser flow cytometer(Coulter, EPICS-XL),
centrifuge(Hanmil-Mega 17R), CO; incubator(SHEL LAB, USA),
freeze dryer(llsin lab, Korea) & AMZ3IATE

inverted

3. 7% 9 sigtE 2l
% Aglol| AIETH FHkES T/Ha S0 A FHo}
5.0 kg& MeOHZ 10 Y7t &20l4] 2 3] F&E38}L,
0C)ollA 5 AIZHH 2 3 95:5}93@. FEUS £EH
A ZehsEdld MeOHAAE 680 ¢ ¥U M, 0] MeOHY
25 BRe 1 /2 FENRTIAL EHY hexane (3l5 g),
chloroform (51.2 g), ethylacetate (19.7 g) & butanol (157.1 g)&]
SR O E Brlrglslol 2479 #8ES ATt Chloroform &
2l(45 g)= SiO; column chromatography (hexane : EtOAc = 9:1—
8:2-73-11-0:1)8 HAA5K 9 719 23 (PAI-PAIYSE LR
om, PA2 (5.2 g)E n-hexane : EtOAc = 4'1% EZ silica gel
column chromatographyS 8dlkd AE82 (PA21-PA24) 4 719
ARES A} 4~E3E PA2 (23 gE Sephadex LH-20
{CHClzMeOH = 1:1) column chromatography S AAISKA THA) 3
Me] ~EE (PA221-PAZB)E FRUCE 48 PA22 (123 g=
Lobar®-A (n-hexane:FtOAc=5:1) column chromatography 2 S|
glod WA FAHO] SRkE (727 mg)E AT

Phytolacca americana(5 kg) J

EECxd with MeOH at RT for 10days
W Mfitration and evaporation

Residue

Discard

_l

_,_,

HO susp. n-hexane

[Feaneis o | | o |
| cHCls

H,0

Fig. 1. Solvent fractionation of MeOH extract from P. americana.

4. NEZYEE FFMIT assay)
Aciulerer  U9s7 A EY
cells/well)5} 1L a-spinasterol(10°~10" md/me)E 71540 48 A17H
EQF 37 T CO, WYT1(5%-CO,, 95%-air) HAlA] HHESIRITE.
ek BF 4 AIZF & ol 5 mg/mEEE DPBS-A(pH 74)0ll 31XF
MTTESN 20 pE 7} wellol B7F5)1, 01 N HClO) =01 10%
SDS 100 2 E3MAIA 18 Al BOF SWA 2 W g RILF6IH
2R E 72t well?] EHTE ELISA readerE 0]&381A] 570 nmol|
A EES & 2T EETS vlacl ME3EEs WEe

AEZRFAS  EA(1x10°
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FEY-Z8E-H 3-8 2-

Hexane:EtOAC(9:1—82>7:3—1:1-(:1)

I I I I I I I 1
| pa2] [ Pa3] [ Pra][ pas] [ as] [ Par] [Pag] [oao]

| Hexane:EtOAc(4:1)

PA21 | PA22 PA23 PA24

WWSepadex LH-20 (MC:MeOH=1:1)

I
EENEAEE

Prep-HPLC

SIEE1
Fig. 2. Isolation of campound from the CHCl; soluble fraction of P.
ammericana.

5. THZ HZF 9 Western blot analysis™

B U937 M|Eoll a-spinasterol(10°~10* mwl/ml)Q) ST
F 24 AR ¢ MEldt & E5kd PBSE washingGhL lysis
buffer(50 mM Tris-Cl, 150 mM NaCl, 100 pg/m¢ PMSF, 10 g/
n¢ leupeptin, 1%NP-40)E ANSS}0] 30 £ 71&F L0 & Ol
pipetting 2 Z  Z3AIZICE AYREESH B HJEAES
Bradford reagentE ©OJ&dlol TMAS FTBIPFL, HAl
lysate 30 ug/lanes 7| L= 12% SDS PAGE gelol loadingdt
ot A71g S0l B 2O YMAEL PVDF membraneQ 2
230 mAoiA] 1 A7} B9t transferdi 1, 5% skim milkE 018
5l 1 AR B9 blockingdlitt. 1A}
mouse Anti-Bcl-xL antibody, monoclonal Anti-human Caspase
3 antibody, anti-rabbit p53 antibodyS Z}Z} 1: 10002F 3%
BSA in PBSoll 34, 4Tol|A] overnight 3} BFSAIZT) 24 &
A= horseradish peroxidase(HRP)7} Z#1E anti-goat IgGE 1
1000022 5% skim milko]] 5-4418}04, 2014 1 AIRE SO 1k
SA1713L ECLE 018319 bandE ERIBIHCH

2HAl= monoclonal

6. Sub-G1 peak

Nicoletti 59 WHYWoZ AIY 0 UBTAMZ q
-spinasterol(106~104 )& FHIFE &, 24 AIRFSQF Wik T}
/H] 2E 4, NE(x33], 1,500 rpm, 5 B)& &, FAFAIZ] Al
P(lO 18/ m)E 20 p/1x10%ells] ZEZ @24 T,
12)8t ThE flow cytometer (Coulter, EPICS XL;
excitation: 488 nm emission: 620 nm)E ©|&d4] DNA
fragmentation(sub-G1 peak)S HZ3IICH
7. Mitochondrial transmembrane potential(AUm) &%

AHHElF EQ1 V93741 Zoll a-spinasterol(10°,10° mol)S H
SH 7, 24 A7} SO uiekSt the, MEZE $Es AF (><39—]
1,500 rpm, 5 2)& F, 1x10° cells/wello] FTE N ZE ZH3)
A AIUEE](250 g, 10 B)5ka ARAIY MER ] DIOC(HE

T: 40 nM)Z FAHAIA 37TolA] 15827 BHEAI7] TS flow

cytometer(excitation: 488 emission: 525 nm)oflA]

mitochondrial transmembrane potential(A¥m)2 &8 5H3TH.

nm

8. RT-PCR

a-spinasterolg ST E A2 (10°~10* ml/m)d &, 24 A
7+ EQF 37T CO, ] WollAl ulksh . U937 A EZEE]
RNAE EzZI8I¥TE Total RNAE Trizol reagentE 018319 S
™ RZZA] ol F6IUrE. (DNAE M-MLV reverse
transcriptase®} random hexamerE primer® 0185k 4519
1, Taq DNA polymeraseg ©l&3}] Perkin Elmer 2400
thermocycleroll 4] 30 cycle S¢F é Z3I9Tt. 2A239) cycle 95C
ollA] 30 &%} denaturation Al7] &, 55°Col4] 30 &7} annealing
A7), 72COIA} 30 &7} extensionAlZAT} PCR product= 1%
agarose geloll Al M71¥ S35 1L, ethidium bromide® B4 §

AcH®. PCRO| AKZE primers T}2T} ZTh

Table 1. Sequence of primer used for RT-PCR.

Gene Oligonucleotide seguence
GAPDH sense 5-CGT CTT CAC CAC CAT GGA GA3
antisense 5-CGG CCA TCA CGC CAC AGT TT-%
bel-xL sense 5-TTG GAC AAT GGA CTG GTG GA-3
antisense 5-GTA GAG TGG ATG GTC AGT G-3
ICE sense 5-AAT GCT GCT ACA AAA TCT GG-3
antisense 5-ATC ATC CTC AAA CTC TTC TG-3'

9. EAAE

SAXNEIE Student’s t-test=2 31 2H, p<0.05013}2 79
Aol Y= AoF BASIFGH.

2 ¥
1. e 19 FESH

CHCl; RECRRE dojdl FFEY mpe 157-159C,

[a]2+3.0°(CHCL; <) TLCOIA] 10% HASO; (in EtOH)o]

violet}a A9 wE B9lal, Liebermann-Burchard reactioni}
Molisch testoll 31014l QO Z LIERL sterol ALY 3l8HEQl

olatgr = YACH?.
1) Mass spectrum 243

SRIEY EXE £80l] 251 negative FAB-massS
& spectrumC.E g2 A3} (Fig. 3)014 m/z7} 411614 [M-HJ+
7} VERG S E & molecular weightE 4128 SI5I5TY.
2) 1D-NMR 24

'H-NMR spectrum (Fig. 4)oll4] & 054 (18-CHs), 0.79
(19-CHz), 0.81 (27-CHs), 0.82 (29-CHs), 0.86 (26-CHs) 2T §
1.03 (21-CH3)4] angular CHs7] signalE0] L}ER 1L, § 3.5901
Al BlaA AR G904 LIERD siginal2 hydroxy group
(OH)o| dgtg C3oll At H-39] 42 FEE 4 AArk
OIS AT F471 § 516014 LEKICEZ Asterold] &2
= W sterolBlHEE HA. 65169 504004 LERIE
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BN FESH a-spinasterol®] BEH A

J=152 Hz9| doubletSZEHE] 27§(H-22, H-23)9) trans olefinic

proton®] EMTES & 4 AKLE olael Aol VG ulm
Slod 0] ZIBHER 24-ethyl-A79] 29| sterol F7
g2 ¢ OF A~ Aloqr/}

Fig. 3. Negative FAB-Mass spectrum of a-spinasterol.

iiionss

Booae 2 3 A RR 6 T 88 SH WE us D T U4 4

opm 150 190 80 80 au

Fig. 5. ®C-NMR spectrum of a-spinasteral (150 MHz, CDCly).

TS FgEd B9 8 ERE @ Y8
“C-NMR(Fig. 5) 2 DEPT (Fig. 6) spectrumoiiA] 29 7§9| Ebi
signal 50| HFERCH o[5S B0l B4 FHEg &) Qg
o DEPTS] 1359} 90 2191 A3} 13559 CH (1), CHs (1) ¥
CHa ({), &} 9922 CH (1)9) spectrum S 2 EE] 6712 CH;, 9
7Y CHy, 11709] CH 1811 3709 4R[BS BEE 4= U
o} ol¢h B2 ANE Edll R BARIS CuHeOi2 55

= 7K AL

FUR7) A R 5

2= ATt PC-NMR spectrum®)] § 13959) signalS C-89 &
2401 § 138.22 C-22, 12949 signal C-23, 2l 11742 C7 &
o] ZglE)o] olefinic catbonEY S HAT 4 AL} § 71.69)
signal =471(OH)7} Zghel 3 BEAQ] peak, 1811 2459
aliphatic 1ing®] B44-7} 6 55.9~23.000A EQ1& 4 JUIUC)

[‘10"

430 of 08-SR

DEPT 135

ERY 88

Fig. 6. DEPT specitrum of a-spinasterol.

3) 2D-NMR 24

FFEY A 2 LElE Eeis) Yk HMBC

spectrum (Fig. 7)o141 § 0.79 (H-19)9] =471 6 37.2 (C-1), 6495
(C9) 18] 6 342 (C-10)9) B4} long range couplingdFil Q1
22 2ol g 4= rt TS § 054 (H-18)9] 447} § 398
(C-12), 6 433 (C-13) & & 55.99] B+ E3) long range coupling
SH1 QLOm, § 516 (H-22 or 23) 4247} 6 408 (C-20)9) signal
9] B2} long range couplingSlil S0] LIERITE

SIBIEY 49 B9 AFPHO! Agte #Qle A6l
'H-"C COSY (HMQC)spectruh (Fig. 8)2 E35}d § 0.54 (H-18)
9 249 signalo] § 12.049] C-180) ZgtE EtAolM, § 0.79
(H-19)Y =47} 619.009] C-27, :f_a];z § 1.03 (H-21)Q =47}
§ 2119 signal®] C-219) &t40} Z3ME RAg &0l & 4= U,

§ 3.59(H-3)2] 4=4~9] signalo] 871 OJ C3oll dgel gaolrt
olale]  xEE  71x9 #FurdPozw IplEe

24-ethyl-5-cholesta-7, trans, 22-diene-3-ol %, spinasterol (Fig. 9)

2 2859

White needle, mp 157-159C; [a]@+3.0°(CHCI3; c1)
FAB-MS, m/z : 411[M-H]+, TH-NMR (600 MHz, CDCl3): &
517 (1H, m, H-7), 516 (1H, dd, ]=15.2, 8.7Hz, H-22), 5.04 (1H,
dd, J=15.2, 8.7Hz, H-23), 359 (1H, m, H-3), 1.03 (3H, 4, ]=6.6Hz,
H-23), 0.86 (3H, d, ]=6.2Hz, H-26), 0.82 (3H, d, ]=7.5Hz, H-26),
081 (3H, s, H-19), 0.79-0.81 (6H, m, H-27 and H-29), 0.56 (3H,
s, H-18); ®C-NMR (150MHz, CDCly): & 37.1 (C-1), 31.5 (C-2),
71.6 (C-3), 38.0 (C-4), 402 (C-5), 29.6 (C-6), 1174 (C-7), 129.4
(C-8), 493 (C9), 342 (C-10), 342 (C-11), 21.5 (C-12), 394
(C-13), 43.3 (C-14), 55.1 (C-15), 285 (C-16), 55.9 (C-17), 12.0
(C-18), 13.0 (C-19), 40.8 (C-20), 21.4 (C-21), 138.2 (C-22), 1396
(C-23), 51.2 (C-24), 31.9 (C-25), 21.2 (C-26), 19.0 (C-27), 25.4
(C-28), 12.2 (C-29).
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Fig. 7. HMBC spectrum of a-spinasterol.
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Fig. 8. HMQC spectrum of a-spinasterol.

HO
Fig. 9. Structure of a-spinasterol.

2. Nz BEg vile g9

U937 MZE 5x10°7H/me(1x10°70 /well) & ZHFHA 1 miet
10°, 10°, 10* i E59] a-spinasterolS H 7154 48 A17F =0t
BHQFSHLL, MTT assay® M Z2FZAHIEE 58 23, vlAzlE
g 100%F 819g W, 29l sTollA 95.2+1.1%, 88.3+2.8%,
78.4+34% 2 AUME ZATHTable 2).

Table 2. Effect of a-spinasterol on the proliferation of cultured U937
leukemia cells.

/) Cell Type U937
0 100£05
10° 952411
10° 883+28"
10 784+34*

a-soinasterol(10°~107* md) was treated with cultured 11937 leukemia cells. and incubated
for 48 hours. and the cefls assaved bv MTT method. The ON of each well was
measured at 570 nm with a microolate reader. The data represents the mean+SE of 3
experiments. * Significantly different from control group(*p<0.05, *p<0.01).

fok
J
oo
o
=
foi

3. Apoptosis 73 THIE 9FF
U937 A|3Eo] a-spinasterol
AIZFECH A28 & thil Al g F&T0] western blottingS Sl

apoptosisZ FESHALE QA5 T Al wsl g wast 2
H

fio
off
(it
1E
=
&

!
=
S

B
<
2
il
2

=
FRlGhs TRl caspase-39) p53 TS| WAE SEOE

=
Heog sUtHe Ae

e

N
4
30
0
2
les]
2

p—
=

Bel-xL

Cagpase-3

P53

1 2 3 4

Fig. 10. Western biot analysis of Bcl-xL, Caspase-3, p53. The cells
were treated with a-spinasterol for 24 hours, and lysates were collected for
immunoblotting analysis. Total protein were isclated from untreated cells(lane 1)
and cells treated with 10° md/ sl (lane 2), 10° ma/sl(lane 3), or 10 md/m(lane 4)
for 24 hours.

4. Sub GI peak

a-spinasterolg SEH2(10°~10" wl/me) 24 A]7F S0t A
213t U937 M ZE PIZ F431 flow cytometerZ M EF7]9)
EEXTE 2% A3 Azl vlasid 2t sTAE TollA
apoptosisE LIERN= Sub Gl peak’} S7151%CHTable 3).

Table 3. Effect of a-spinasterol on the apoptosis of cultured U937
cells.

Cell Type
(/) " uas7
0 26727
10° 347£00"
10° 36233
10* 38909

Cultured 1937 cells were treated with a-soinasterol(10%-10 mal/ml). and incubated for P4
hours. and then cefls were collected. The sub-G1 peak was measured bv a flow
oviometer staining with opropidium iodide. The data reoresents the meantSE of 3
experiments. * Significantly different from control group(*o<0.05).

5. Mitochondrial transmembrane potential(A¥m)

a-spinasterolE =T E(lOﬁ, 10° mol/mé) 24 A17F St A
gt U937 MEZE DIOCEZE  HAGKd  flow cytometerE
mitochondria®] membrane potentialS 2A1¢+ A1}, v]Xjg] ol
H3) 10°, 10° mol/ m{ ol A membrane potentialo] ZH48E A&
2018 & UK. 11).

6. RT-PCRo]l 29I} Bcl-xL, ICE mRNAY] uksiepat
a-spinasterolS ETH 2 F£0§(10°~10" m/me)3H1L 24 A7}
B¢ Wik U937 MEolA RNAE £E3 £ reverse
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BollA] £EF) a-spinasterol®] wE

transcriptaseE AFE3)] (DNAZE g4 & PCRE Al&E19

PCR AFEE 1% agarose gelolA] A7|FECE HESH Aiksk
OJEX O apoptosis HAFHAI! Bcl-xL9 mRNA grsio] A
YO R 4Gkl Uom, FErRAAR] ICEQ] mRNA 26

= i
10° mi/mt BEA E716LL USS BAGKICHFg. 12).

Events
Events

Untreated

2
<
S
>
1]

10° molfmé

48.1

2 [ T (3 Tor

MTP

10 moljme
Fig. 11. Alteration of AUm induced by a-spinasterol. Determination of
DIOCs incorporation into untreated U937 cells or treated with a-spinasterol(10% 10°
mol/ ml) for 24 hours. Cells were stained with DIOCs in the presence of a buffer

containing either 140 mM NaCl or 140 mM KCl. Results are representative of three
independent experiments,

GAPDH A A
-
o

Fig. 12. Expression of apoptosis related genes(Bcl-xL, ICE).
Treatment of a-spinasterol for 24 hours decreases the expression of Bel-xL in
U937 cells. Whereas the expression of ICE pro-apoptotic gene is increased. Poly(A
+)RNA isolated from cells treated with 10° mal/mi(lane 1), 10° md/nl(lane 2), or
10% md/ mi(lane 3) of for 24 hours.

1l 2

orolgk M) 7|20l Fxlo] MolA QU ABolct. B
MZO] M) WER AR Bl ool BIsH FEFE

akgl, ouﬂaz_-t« SAR 7S Bt ﬂ% @gx X2 fﬂ.@

WA ZF(U937) AEAL RE &

olr

A2 F7]L} DNABAE Walsh= gge
S ool BHS UERART HAE0 AE Ed] wEA
Al A Z- 'S’Vﬂi QAT EIME, TGN T B4

VBRI O 2R Wig, 7, &, MAL § A3t BAEE o}
7P, 2 Zol= wjoq% L AEEIREH 2 EudEy
Aol = N2 WY (AT} AIEE I Yon, B
Hr} olREAo] Aom BARRO] Yl HEEERH NES
MRS AuBlEE Ty 806 AYE I Aok HEES
g3 510k ol st JF7} AAE ﬂw@ wla A
oY E 0]83 %‘iIEKﬂQl 7H‘ﬂ“: BRI L Q)
e (EmRg) PPoA B%% 2l
B, BE, R R BRI, r% =08, (GERERR) PolA
“ERREAREOIE Blo) R0l Mol BiEE ZME L,
(SR DolAE “E3 Zo) Peiskl B0l 24151
Fote 2 Arolm ASsA QoW WY ol ST L 51
2549 A K BHE &t UL, RO (v
#) YolA] AR golgke 2R} 71@3%} ol & Falef
VIEN B0l W9lol B RECEE KE, WiE, B A5,
B, I, AES CsiA laskn An

okl QIololl thdk Q1a1e () Vol “Hel x£3)
EX B byt E61K R61L, A7 R3EA FoW &
galol & F7F MED #ES YOork A S (hEg)
e "R gHEEEC] /1= AL U7l Al BRI}
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