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ABSTRACT. Against environmental stress, ceruloplasmin which is a plasma protein, are believed to
play central roles in antioxidant- or peroxidase-activity in blood stream to remove free radicals, which
may be caused by exposing of y-irradiation. In human U-937 cells exposed to y-irradiation, the levels
of mRNA in ceruloplasmin gene were measured on 0, 4, 12, 24 hr after exposing by using compara-
tive RT-PCR (Reverse transcriptase-polymerase chain reaction) which was achieved to compare with
house keeping genes such as B-actin and hprt. After y-irradiation of 100 rads or 200 rads, the total
quantities of RNA were increased as dose and time dependent manner. On the contrary, the varia-
tion of mMRNA expression in ceruloplasmin was not found until 4 hr after irradiation. After 12 hr and
24 hr of irradiation, the levels of mRNA in ceruloplasmin were significantly increased as dose and

time dependent manner than un-exposed cells.
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A dukele] ceruloplasming] FE+ 300~500 pug/mie]
A4k, Wilson's 22| ceruloplasmin FE= 410
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et ASAZE AR =2EA =W AR e
copper, iron 59 F4 o|2E5o] Af olAElE EA)
aA =of AulellA] 4ks) wkg-g doA 4 ) sy
ARz 91 ZA] ceruloplasming] & ko] Z71x]o] 28
o] 20% EAsk= coppert ironzt A¥ste] o] gl 4t
325 A HH, 1 ol9]ol % ceruloplasmin® SOD
ot FALHA 078 A3t E2dikiel 23l AYA Ex)<]
&35 Herhal A AthKim er a/, 1998; Kim
and Park, 1998).
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B34 9% AEE Ueple A, & AA7F e AR
o] gl AFARE SAe= W F SR WA Rl
8 RAAE FEEI U ARG Soldo vizh
AEE PCRE
d F Ue ez
Alg€t. PCRE F3le] 9ZM5-S IS 4 A ¥
i A ks AEAES dolRe HPRT WEETH
w2 9zkelA dopd 5 ¢

E A3 U937 Al ZEellA ceruloplasmine] WAls 9
A FAARIAE E]lsl] 95ted, ez WAibe =&

O, i
o
N
9
)

ol W8l ceruloplasmin®] §A27F MRNA Z2oA] H
Ho] F7I5=AE RTPCRE o] &3 FJHS o]&3ty

o]
12708 2 Aoz Hils o i3l A TR
A ceruloplasmin S8219) 7V5AL 2w wAl &9t

S

Mz ey

A M=

RPMI-1640, Fetal Bovine Serum(FBS) 2 TRIlzol
Reagent= GibcoBRLAIIIA, HEPES, Sodium bicarbo-
nate, Dulbecco's phosphate buffered saline(DPBS}
SigmaAtell X skt PCR kite} M-MLV reverse
transcriptase= GenecloneAl A &F& A28t}

M| ZHi ¥

A U937 M¥(Korean Type Culture Collectiony=
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A7¥el vortex & A4 bR, 283 chloroform
200 piE ¥ vortex § 2olA 2~38 F<¢ A3
T} 4°ColA 15000 rpm, 15% E¢F A4lETiste] e
450 pl “Fs-dol] 450 ul isopropanols ¥ AL &
oA 108 B9t ARG 4°ColA 15000 rpm,
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Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR)

Reverse transcription< 1XRT buffer(500 mM Tris-
Hcl, pH 8.3, 300 mM KCI, 80 mM MgCl,, 100 mM
DTT), 0.25 mM dNTR 4 units Ribonuclease Inhibitor,
1 pmole Random Primer, 100 units M-MLV reverse
transcriptase, Z22]aL 1 ug, 5 ugel total RNAZ FA4 ¥
10 pie] Whgel: 45°Co| A 4587 A2lsle] uhe-S A
st

g & o] A 15mM MgCl,, 100 pmole
primers, 25 uM dNTP Z2g]2Z 1XPCR buffer(100 mM
Tris-HCI, pH 9.0, 500 mM KCI, 15 mM MgCl,, 1%
Triton X-100), 5 units Tag polymerase?] &gl 90 pl
£ H7Velnh, Hhg-o8.e 94°CollA] 3E7F MAA1F) AL 94°C
o)A 30%, ceruloplasmin®] 74 B55°CollA, HPRTS]
4= 50°CAlA, B-actin®] 73-$= B5I°CellAl 307
annealing F3sla 72°ColA 18-S 303) wkEs)o
FEAZ F 72°ColA 5E-ZF WEEAIFHTHPerkin Elmer
9600). 2x} PCRollA+= ceruloplasminzt HPRTY 7%
= 12 PCR ¥FGAIAE 1 ul, B-actin®] 749+ 12} PCR
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Table 1. Primers used for amplification and sequences

Gene (GenBank accesstion) Primer Primer sequence (5'-3')
CP-C GCTGGTACCTAGAAGACAAC
Ceruloplasmin CP-B TGAGGGGATATGCTCCTTTG
(NM_000096) CP-A ACCTACTGCTCAGAACCAGA
CP-D GGTTACTCTGATGGTGTCTC
RTHP-3 CTGCTCCGCCACCGGCTTCC
HPRT RTHP-4 CCTGAGCAGTCAGCCCGCGC
(NM_000194) RTHP-A CAATAGGACTCCAGATGTT
RTHP-B GATAATTTTACTGGCGATGT
B-actin B-actin(as) GAGCTGCGTGTGGCTCCCGAGG
(NM_001101) B-actin(s) CGCAGGATGGCATGGGGGAGGGCATACCCC
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IHS- A ES 1008 EAdste] 1 wE 23k PCR primer
&AMt 13F PCRY 5 e 24004 33t

PCRell AR&-gF primers "= 5y 93 TA{dellA A
F38h= GenBank HoJEH|o]20A AL HIIMDE 7]
Z2 sl AZsIsichTable 1). Ceruloplasming] 12}
PCRAlo= CP-C& CP-B primerZ2 ARg3l3lom 23
PCRAIY= CP-AS} CP-D primerg AR5 HPRTS
12} PCRS RTHP-33} RTHP4, 2%} PCReAM+= RTHP-
A, RTHP-BZ ARM&-3l9it). B-actin® 1, 23} PCR 2% B-
actin(as), B-actin(s) primerZ ARE-3}3AL}.

PCR producte| &2k & AN ALt

ukgo] ¢ PCR products= 2% agarose gelolA
TAE buffer(8 mM acetate, 2 mM EDTA, 80 mM Tris,
pH 8.0}F ARgsld A719¥s st Ceruloplasmin
RT-PCR producte] &1e §4= Yol &35k Kol
HAxe) & Agasiz ddste Rl NE gel
£ ethidium bromider2 943l Image Analysis
System(Vilber Lourmat. France)e& 7z} AHE(M=)e]
d=E S48

Ceruloploasmin RT-PCR tH&¢] <=2 total RNA 1ug
3 5 pgs ARESE ZF JHAL RS F BE 2794 band
£ 343t 5 g total RNAZ A3 PCR product®
A719%3k] Image Analyse Systemoz Al
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o e AREES AN 2AE vehled

BEA A e HARIZ, AR ZAF A9 A 37,
809 Foks WA Frk 4
o] AF&-% ceruloplasming @4t3}l 715 e B4
WAZA HAFsol] tiste] MEE(100 rad, 200
rad), AlIZPE(4AIZY, 128)7F, 247702 S8 3 RT-PCR
£ Ssted S8
Ceruloplasmin f74t9] 1%+ PCR product= 736 bp,
2%} PCR product= 707 bpel™, ¢l Kpnl restriction
enzymel & restriction analysisZ £ala] Felat]y,
Tt ZESEI QZIMES RIS o] AFoA
control2 ARE-E B-actina} HPRT(hypoxanthine phos-
phoribosy! transferase) §2R= house keeping gene
o7, o FAe] Wil w WHgle] YA LHs=
FAAZ mRNA 28 ke] S48 A= micro-array
1}, Northern bolt 59 £41¢14 contorl® AH&-HT}
Ceruloplasming] +2A= 12} PCRES S+ 52 72
P2 B 4 glomz Bactingt HPRT 2% 23 PCR
productg A&l A&tk HPRT= ceruloplasmin
3 7ol 12} PCRE SdlMe &% 445 & & glem
2 ceruloplamsin® 5Y3sAl 12k PCR productgE 1 ul
£ 23 PCRell AH&&tit). B-actingd 22 39+ 13+
PCRAME &F AAE T + Joer=z 13 PCR
productE 1008HE &4sle] o]E ceruloplasminelyt
HPRTS} 7] 1 pulE 23} PCRol| ARgsled 319}
RT-PCRAl RNA F=E 5ug¥ 1uglz AREslony
Z2Aslaal ks F2ARI ceruloplasmine] RNA 1 ug
©% RTPCRA #7]19%A ¥%7b 24 RNA 5ug
o2 RT-PCRS 3 23} PCR product® 3ol A3}
ATt
U937 AlEE 4X10°mIZ wjks A)&sle] irradiation
IRt AlEe] = 4A7F E Irradiation 3HA] 82 BE
o] AlFEE 3.5X10%ml, 100 rad HAMY ZA}e] 729 2.7
X 10%ml, 200 rad WA AR 79 25X 10°mIez
AR digh Alxe] dHEe) FRpEe)] AR e A
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Fig. 1. The survival of U-937 cells exposed to y-radiation
(100 rad, 200 rad).

o2 AlgdAY aehd 12497 & irradiation 34 2&
HE AlZE 3.4X10%ml, 100 rad AR Z2AFe] 744
3.2X10%ml, 200 rad ¥WAMS ZARe}l A% 31X 10%ml
07, 24A7F & jrradiation dHA] ¥ HEQ AMEE
8.15X10%ml, 100 rad AP ZA}e) 739 3.9X10%ml,
200 rad ®ARA 2AFe] A9 3.1X10°9mIE HARI e =
£2 s} AEEEe] AAES £ & AAHFig. 1).
WhAls ZAR] 1X10%9) AlE9 total RNA%S] #3}
= irradiation /A ¥ BHE AE2] A9 4A7HolA
24.336 ug, 12470904 30.8 pg, 24A17M141 28.08 ug
o] &48g] 2t 100 rade] 7A9-E 747t 33.456 ng,
32.464 g, 34.512 ug, 2832 200 rad?] 729 32.736
ug, 28.32 ug, 33.12 ugd total RNAZL =782 Fitk
(Fig. 2). Total RNA k& irradiation ¥ 100 rad®] 7%
AN 7Y 12717, ZE) A 2447kl 2 1379, 1.05
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Fig. 2. Variation of total RNA quantity.
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HPRT [~ 1
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Fig. 3. Ceruloplasmin gene expression in U-937 cells irradi-
ated with vy-rradiation (100 rad, 200 rad) cDNA of each
gene was reversed-amplified by RT-PCR using specific
primer pairs. Cp, ceruloplasmin; HPRT, hypoxantine phos-
phoribosyl transferase Lane 1, 5 ug total RNA; Lane 2, 1 ug
BNA.

Hi, 1.238 2 F718k33L, 200 rad®] 73-9= z+H2; 1.356),
0.924, 1188 = FAsIATHFG. 3). weEkA Walks AL
£ P& W total RNA 2 100 rade} 200 rade] %%
total RNAY] & irradiation ¥ 4A|703F 24171 &=
S7VEIARE, 12817k = 7 743y rradiationst
A e Mz} Ao vt g Wi AR AR
=3k

Total RNA 5ug# 1 pugl & RT-PCR# 2zt primerZ
olg-3lo] PCRSE AL 2] k& 2% agarose geldl 7]
deoz A7l 271 & Image Analysis Systeme =238}
o} s}, Irradiation ¥ 4XZ7blA= 2% PCR A
A2l kS Image Analysis Systeml® I H3GS
ul irradiation 4] %S RNA2l PCR AAMe] 7394
total RNA 5ugs 1 pgelld 242} B-actin®] 73-9- 268900,
233500, HPRTY] 74 6930, 6227, ceruloplasming]
73-9- 5383, 4366°]%3L, 100 rad irradiation g 2] 7
% zkzb 1535002 190800, 54683 4471, 550634
451301912, 27+ 200 rad irradiationdt 219 7 7+
Z+ 1617002+ 163200, 45058t 4202, 9263 444013
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t}h. Irradiation ¥ 12A17ke] 739+= irradiationd}A] %2
73 B-actine] 29450034 330500, HPRTS] 7% 7056
3} 8545, ceruloplasmin®] 73-¢- 68829} 5764% Vel
t} 100 rad irradiation ¥ 12A17ke) 74-$-= 2070003
221400, 70563} 8545 —18]37 68829} 5764= LIERGO
o, 200 rad?] 7% 2128003} 287600, 61473 7336,
80649} 76662.2 ENHTH E3 irradiation 5 244)7F
o] 739+ 3504003 334200, 61203} 5705, 582634
63952 ez, 100 rad irradiation 3 2% 110300
2} 306100, 26373} 2044, 55729} 63712 jeldt).
200 rad®] 73-9-= 1427007 210200, 20959} 2657, 1
23 23059} 5884% VIERTH

U-937 cell® 137CsZ 100 rad$} 200 rad® #HAFs
ZAE B B ANTE, 12407), 24X 7k0. 2 Zhz) e ksle] &
Aztel B} £ B-actingt HPRTS} ®lawsle], RT-
PCRE 53ty st WA AL & 4XZhollr=
B-actinat ¥]3}IS W 100 rade]l ¢ 1.274), 200
rad®] 739 1.458 2 S7F8193 5, HPRTS} W) s}kl )
Al 100 rad9] 7-¢- 1.4444, 200 rade} 739 1518
A Frtske AR JERgTh WA A & 12470
oJM= B-actinat ®lZ3d 7% 100 radolrls 1.35w0,
200 rad?] Z$olr= 1.63ME F7EIRom, HPRTS
Bt A9 100 rade) 7<% 1.074, 200 rade] 7%
+ 15502 Skl Ao® Yelgth wd 2447 &
o= B-actina B A] 100 rade] ¢ 1.094), 200
rade] 7% 1.478) Z7psh= 2o vehgtoen] HPRTeH
¥]3L Aloll= 100 rad®] 9= 2.7880, 200 rade] A4
= 1.98 2 o ZHAghg YEPITHFig. 4).
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Aol Wk Fatol gltkr Ry wol UthOh er 4,
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Fig. 4. Comparative quantity of ceruloplasmin mRNA in U-
937 cells exposed with y-irradiation. ¢cDNA of each gene
was reversed-amplified from 5 g total BNA. After electro-
phoresis, each band of RT-PCR products was quantified by
densitometry. Comparative quantity of ceruloplasmin mRNA
was expressed as ratio of densitometric units of ceruloplas-
min/B-actin (A) and /hprt (B).
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