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Abstract

DNA damages in post-mortem bovine muscle samples caused by gamma irradiation at doses of 1 to 10 kGy
were determined by Comet assay. When the cell extract was prepared in a physical method and followed by
neutral lysis and neutral electrophoresis, the optimal comet images could be obtained. DNA damages were
evaluated from the mean tail length, the distributions of comet images in 4 groups divided by tail length and
the relative damage index (RDI) values calculated from the distribution pattern. The mean tail length and RDI
value were increased by increasing the irradiation dose, and the RDI value was found to be useful as an
index for discriminating of irradiation and measuring the irradiated dose. Blind tests using Korean domestic
(Hanwoo) and imported beef samples showed a higher RDI value for the latter. However, the value was
lower than those of irradiated samples indicating that the cause of DNA damages in the imported beef
samples might be not irradiation but low-temperature treatments. It was concluded from the results of this
study that the irradiated beef and its irradiated dose could be detected and predicted by Comet assay.
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Comet assay

Pre-coated agarose slide?] W] : Fully-frosted
slide glass®] A€z} Heo] 9+ well 05% normal
melting point agarose(NMA) 8<% 35uL.E 1% Fo
39 AZAFZ, A 758 05% NMA £4&
cover glass® °|&3l L3Pl 9’ F €& 7= 4
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oM getd 333Kt ol9} Zo] qhEoiAl precoated
agarose slidet= humidified slide boxoll do] APA7}
A 4ol B3

2|02 N WM Y] : TE2A) M EZHEY
A F22 BEAg] o) 2Ao2NE Fo
Wl EeHQ wblel A sl B ¥
2 A4, 94 A8E surgical blade® R332
2 g AHHsl, o] F 1.5g2 0.006% collagenase
PE X 31= phosphate bufferd saline (PBS, pH 7.4)
8mLell @7} 37°CoIM 30 ¥7t ¥hEAIF)T, whgo]
A3 B AlBYE 100um EF] EFA)7] F o]
oA 25um EFYe BIAANA FALE AAR FH 9
A Wekf oz ANt EYiHq whioR R
7t Cerda®e] ¥ & £A8d AMsld &
HAH A8 15g% cold PBS 8mLell B2 ¥ hot
plates] A 500 pme] $E2 5 ¥ FARAIT &
9 #Fvfez FIAIA A UGAE Az

Gel casting : Delincee®™?] W& 4% $A5 o
A Helg precoated agarose slide $lo| FY3HA 2
o}F3ith. PBSel 3o} Sl 1% low melting point
agarose(LMA) £9& microwaveZ ¢ ¥ Je53F
WellX 45°CE RRI315et. ¥4 d€e) s0puLe}l LMA
4 100 uLE EFR3Y 2 F 100uLE mE T
¥ precoated agarose slide 9ol &2]1 cover glass
£ del U HAA 3 o I AelA gel
< ¥AAH

Lysis: BAZ lysissh= wpgos= F71x] #pi e
ol g3ttt ANAZE alkali buffersl] lysis3l= vbg
284 25M NaCl, 100mM Na,EDTA, 10mM Tris
base, 1% Na-lauroylsarconinate® 41 £ (pH 10.0)
o] AM-817] vl2 Aol 10%2] DMSO%} 1%2] Triton
X-1002 718k slideZ 147} B¢ o] lysissh
At FHAZE neutral buffers o]-&3le] lysisdh=
Ao 2, 0.2% sodium dodecyl sulfate(SDS), 40 mM
Tris-acetate, 1 mM Na,EDTAE 59l neutral lysis 4
ApH 8.0 A7} 2 slideS 3087 F7- lysis
3.

A7]4E : Neutral buffer % alkali buffer 3}olA12)
T A71dF W€ 25 A¥dl 33 24
< ZAA39 . Neutral buffer 3tef|Ae] 7[5
lysis’lZ) slideE 0.1% SDS7} #H7}e pH 8.0 Tris-
acetate bufferoll A 2.5 £7F 4 Viem2 H7]°d 53¢
o A7)GEe] Bd ¥l FFTE L slideE HH3
I F71F AAR FL, YOYO-1(10g/mL in PBS,
Molecular Probes, U.S.A.) 80uLZ I 3]32 cover

glassE 9 F, L] shiellA 4087 HAEAHH.
Alkali buffer 3lo412] H71G 5L lysishlZ] slideS-S
buffer(300 mM NaOH, 1mM NaEDTA, pH 12.0)2
slide £ 9 07 cn7}A] 745 A& F 2087 HYA|
Atk A7 45 25VA00mAR 2087 AAEY
o A7) 4% ¥, A2 slideS-Z neutral buffer2 3
¥3] MA3}T neutral buffer Sl H719FH F
s g4 9 Azsig.

Comet analysis R A ¥4 : dAE slider
200 W mercury lamp(Osram, Germany)’} §-2H¥ 35}
¥ )73 (CSB-FEI, Chinayell A wi& 250 wi2 #As}
29, CCD camera(COHU, USA)E F3jx Rzl
Z+7ze] M E¥ 2] imager Comet II image analysis
system(Perceptive Instruments, UK.)o] AX|® Z5FE]
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g &4 AEE slided 101719 M EHEL EAge
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200 A E8) ¥ A339e. DNA &4 =8 A
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tail, tail moment®} tail inertia® Fo} glov}, ¥ AT
JJME tail length BFA2A DNA & EE $3
el =3k o3t o] FE3 tail length HSell
&b A ZE@A)] BEEE v|aste] DNA &4
o} HEE v]@sHTH T(tail length)<40 um; 40<
T<70 um; 70<T<100 pm; T>100 um. EAx2l9} ol
A ZAA )= Microsoft Excel program?] t-tests o] £
skt
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Fig. 1. Typical comet images of intact and DNA-damaged
cells :

A; intact cell (T<40 pm), B; low damaged cell (40
Um<T<70 pum), C; medium damaged cell (70 um<T<100
pm), D; high damaged cell (T>100 pm).
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5o 222 comet?] el R 2 AT AT
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Fig. 2. Typical comet images of cells isolated from beef
muscle according to irradiation dose.

A; non-electrophoresed cells, B; 0 kGy, C; 1 kGy, D; 3 kGy,
E: 5 kGy, F; 10 kGy.
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Fig, 3. The changes of comet distributions in beef muscles

according to irradiation dose.
A; M. semitendinosus, B; M. triceps brachii.

EAEE vwaeh. 1 A3 vERAF 5l v |
4l 3 kGyo] 2AR7IA §43] St o o)y
o ZAbME g4H8) F713AE Heb e (Table
1). & 3kGy o] ZAtgeM= ZAlgl oE &
AEE A il lengthZe TRV 7AH2E &
4 9l2del. 38 comet imageE-S T(tail length)<40
um, 40<T<70 um, 70<T<100 pm, T>100 um 5 4 &
Fo2 1hre] BEEZ vehie] A% At 24}
gol me ¥ SAE FFo2 RI7} WA
Z71iHe JehiickFig. 3). F #AEE cometE2)
tail lengthS T3l Fde] A& Fhe2e o9}
e AT B¥o sl AUt Yrid 4+ gdx
=gl gty 2 5ol FER comet®] FEFF
(%l Al & &AE Fele ¥ A F
oJ3l= HAUPHS Fdl ¥ S&EY cometEel
ek 2 wedEg FAFA /EXE 412
zd ZFol disked 100X (1/4), 100X (2/4), 100X (3/4),
100X (4/4)2. AAE Fres AAs S o3t 22 4
& Aoz 7 ARl w3t YA EAEE e
W o] 7t & Relative Damage Index(RDI) 2%
Fabalg e

RDI = [(ax25)+(bXx50)+(cx75)+(dx100)}/100

714 a, b, ¢, d - 77} T<d0pm, 40<T<70
pm, 70<T<100 um, T>100 umel] 1F=E comete] &
Z3H%)ol o}

RDI 3H& 7122 wWhAbd ZA] k& DNA &
AEE v@E A v|ZAFIA 1, 3, 5, 10 kGy]
ZAFF7HA] Z472Fe] Al &ell i3l DNA 458 32
HsH s d 5 UE & T U (Table 1),

B3 M. triceps brachii®t M. semitendinosus 5 ¥
ol Aste] FHel] whS YA ZAjel o8 &4
= AE v)Esig oy} ez AHA del
23 o] whgE WA Rt Y- 9 Al PA7|E
2 o] &3l slo] F-floll whE W ISR go}
= g 7o2 A= gick(Table 1).

2K gl 57| blind test

FAA|GelA FelET Sl Y P35S 20 ARA
- 10703 F Al 1070A)e} HETEAM A E
A A BefE 2 gle WA -5 15 AT
A 9 AR 1070A)ell i3l DNA S4=F &34
vl & A3}, Table 2014 Jehd vls} o] TE A
Hel i3t 2HF tail length L 71502 vH2E o
£459 A$E 9880 24T FA Jepd S
o &= 9lsich 2t Zhbe] 4l ARl dis) o
o]z B tail length FHo 2= ghe-S3 FHE ¢ ¢
 AS7F 4F S ES A=), AT aelg
5908 A2 HHME tail lengthS FE3 2AEH
W2 comet(Z3)5Y EEAEE vwslgS o
A5} 87k Bl oA QA ssEiAe &
+ Adgt. &, Y59 EXe gle] 40pumelA 100 um
o ol2x &ASF AARCZE F AEI Je
= 237} 34 d=2A @9k}, 70 um o3 &4
o] ulu]gt FFAE -8l uls] $YFo] A
Aoz Ao FIE HAFI, 100 um o} A%t
A4S Y SFNME U5 A 45 W
2 B¥E Y gisow &AFEF| ulE 2
¥ 23 AAE RDI 32 F715I90E o Aol o
435 U8 W 2L A9 Aoz wgE
Aot BE gA % 37 59 E coli 0157:H7
29-FAZ ¢l FDAE MM Foll dsted 3~7 kGy)
b ZARE 588k, Alge] 42, 2A7H A
FAe] FAAEE AT 9 1-3 kGy 552 WAt
A ZAE FAEk Qo0 mpeta] whabd ZALE
=Adei "ol = 1 kGy |4 ZAkEe] gheld deal
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Table 1, Mean tail lengths (jun) and RDI values for the comets obtained from irradiated beef samples (p<0.05)
Beef sample Irradiation dose (kGy)
0 1 3 5 10
M. semitendinosus 3241729503 56.9+7.1(75.7) 70.2+7.1(84.1) 76.5+5.1(89.8) 80.5£3.1(92.4)
M. triceps brachii ~ 38.0%3.7(53.8) 54.313.4(74.9) 69.41+5.0(83.2) 72.5+3.3(86.9) 74.8+1.6(89.3)

Ymean tail length+ standard deviation

RDI
Table 2. Mean tail lengths and distribution of the comets of Hawoo and imported beef samples (p<0.05)
Mean tail length Distribution of comets® (%)
Beef )l RDI
eel sample (um) T9<40 40<T<10 70<T<100 100<T
Hanwoo 178+ 16.8 6191+13.3 17.7+8.5 27148 514
M. semitendinosus 3821+ 1.0V
M. triceps brachii ~ 35.8+£1.7"
Imported beef 16.8+7.3 450%11.6 99188 282+114 62.3
M. semitendinosus ~ 47.014.5?
M. triceps brachii ~ 49.4+5.3"

YMean values for all comets obtained from 10 samples
Mean values for all comets obtained from 5 samples

YMean distributions calculated from the distributions (%) for 20 Hanwoo samples and 20 imported beef samples

“tail length (um)

RDI 3t& 71E8 o #A 749 ol 3hg Bedof 3}
Aot 2 blind tesell A AFE UK A 82| RDI
He 62324 VR 3 & Jeplisly] Wil W
Al ZARS0] opd Aoz #AAY 5 U FUF
A&7}t -8 v ug o Aoz 2 RDI
S BdFE AL oz ¥, YF o AL A=
A 2] el Ao wAEHT B Q73S A
WA, WE 9 B35S U 5o AeAEe A
= A3k DNA &4to] HAsls A ¥elsiia o
2422 24 vlagte s A A7 AASAE
Adest AdHez AlAdg 98-S WEY £ S
£ Yol v} ™S et A 2xeel] 2|3 DNA
2T WA Al o3t Zlell Wls] W3 comet
o] B =gt ¥ ¢AEFOE o]Fsh= AUt ¥
AR e & F AT B QFelME AA =
WA A el WAL EAM R} B9 pdEe] glom
2 gxHog i A £45E 7 o
o1} mhel Agel] ARE £8o] WA AN A
olichd &AFEF X 9 RDI kol aleiA =&l
zpelE Yehl wj2A} g3 FEEGES o=
o ==

B 79 AsjelA ehd ule} o] Comet assay
i 2A R = AL didle] =17 3
AE % 71E2 FE3 of NAsES: & & UA
= B Q74 At 2953 2TE uo A

4aA FEske vh 59 RS B3 Ee A
A ZAA N9 ZARRS AAE J 4 e AP
<2 NEE ZoZ 7= se. 8 Comet assay:
FAFAA o] A& Ao B o3 AE
W 714E S3A] ot Hd B4R 23 Q)
oA FUAE 5o A A AAVIeR $8E

£ 3l FsAe) E4E WIS
2 ¢

Comet assays ©o]-&3le] wAb ZAMSS] ZAe] -
9 AR WEsHUE hEE e S8 110
kGy9] ZAhd Atz AL §2A M Yot
= DNA &A% 243195 Comet assayell o] 3
2] comet imageS A7) $&) ME F&], ME lysis
9 A7)g5ol g g 2AES AHE8ld A
Z22% 4¥slsi. DNA S4=E RAFHE comerd)
BZF tail length®} tail lengtholl 28 FEE 4 &4
S9ol9) $¥, 235 1 FEu]ge] o8 & A7
A AAEE Aol o8] A AL relative damage index
(RDI) 7t $o2 vlw FAsAt. HT tail lengths}
RDI 342 ZAMe] 713l wet $715te] DNA &
A7t 27188 YKl en, B il length® 2E
FAVg 78] o) & P3| |7} SN W
w RDI gholl S5t 2Aled ¥ w ZAbare s
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of AP & 4 AR AL 983 £Y Y
5ol st blind test AR A $YKe] ¥
< DNA £4=E& Jeisles] 2 RDI 32 A
EAL] ¥ ke Hl@A W2 ZoloM £4U%
¢ DNA &2 A 2APL obd AeA2e] At
d Aoz BIHNR. £ A7 AA2HE Comet
assay’} -89 AN ZAlF- gl ZAE el £
43 71€2 38E 4 UE A= AHAA.

HAle| =

¥ A7 199682 1998957k FHFAEE
AT AEARd ] ADRNPPE o182 v
gRl B4, dakide) A gl £U89] Frpla
o] o] YEATHAE e d7E IF
2A ol AE e =3
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