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4L dhs] 7] 93l olu] UV-Ad AE U F8 &4 F9]
32l ribonuclease A(RNase A)7} #1240l o]3) wAjo]
=, UV-A 2Fg0] oj= AJ=7} Fofof o]2|st wi/o]
2dE 4= Qe Ao Uigk A7 Azt Rang v o,
ay o ol B R/ 7 9AEC] A5
Z}7] UV-Ad] o8 MAEE %7 24 &2 5 AUk
ole]] & AtolA= ol A AAEE Ak 721715 Al
Ashs ket a A9l cadase B SOD7F UV-AY] =3 4
ol wet ogA HAEE AE 88]a, UV-A 2Jehgo]
o= Azl W=E Fgof o]t WS st 4

Ao AFE-H catalase, SOD, riboflavin, acrylamide,
sodium dodecyl sulfate(SDS), coomassie brilliant blue R,
ammonium persulfate(APS), molecular weight marker=
SIGMAAKM.O., U.SA)2] A=, his-acrylamid, glycerol,
Tris base, glycine, 2-mercaptoethanol= AMRESCOA}
(USAAIES, 1 219 Aok 5319k ARSIt

2. 8l=4 YV-A xjete £H

20, 50, 80 & 99% HA=E A3} A8-31 T TM-1
spectrometer(TOPCON, Japan)= QHA# =9 EREE =
Attt

3. UV-A =& =%

2 ug/ml 2] catalase & SOD°|| AHAaAHrEte]Ze] AL
ZA431171E 5 uM riboflaving 713 3 xp9)A Y
(VL-6-LM, Vilber Lourmat, France)S ©]-&3}] UV-AS
=E3GT B Al A ARSgE 2k 9132 365 nmE
T8N o ZRE 20 cm HBolxl AollA =ESFATHE
YR EE 9 mWiem?). =ZA17E 1, 3, 6, 24, 96AI7to 2
3190.0.M, UV-A 2}ek&-o] 20, 50, 80, 99%E 2t7] t}&
A=2E 294 2ASAA UV-A AARZE AME31A]
2E hxTd vl AEskh

4. MI|1HSE

Catalase & SOD2] WAl o= 10% SDS ol= o}y
= A A7 FeZ golH gt} StainingS coomassie
brilliant blue RZ 3}4.2™ molecular weight marker$} H]
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1. UV-A =& A|Zt0f| 2 catalase2| HHY

UV-A9] =% AIZHS 2El3t9S o - ol EXls)
= TlEe] WA Jes dolr 7] 95 UVv-Ad 1, 3, 6,
24, 9677t B =59 catalaseS o= Holmfo|= Ao
71955t il B e s

UV-Ad] =25 A ¢ catdase= EAF3Fo] <F 29,000-
66,000 dalton®] W2 He{o|A] band7} H#EE A OH E3]
45,000-66,000 dalton ®H¢{ell A 218+ band A7} ZHEE| Tk
(Fig. 1a). UV-AE 1AZHES &3 Sl 39
catalases} FYS 7| FFHEHES A (Fig. 1b), 34
7F 9 AZHESH =E319S wl= band A7F B8 A7) A
Zstg.0m A7 =2 Aldl= B2k 20,000 daton A=
o|A] &u|t band C7F FE= ATHFig. 1c line 1, 1d line
1). UV-Ad] :=&31#] 24113t o] 5 BE = cadase’} VA
A Bafl=)o] EAZQ pand7t TR S Wyt of
Uz}t ng ©7HA AZE5+= brilliant blue @025 AE
HA & b v AlskAl w3l = A th(Fig. 1e line 1, 1f
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Fig. 1. The effect of lenses on the denaturation of catalase
induced by UV-A.
a. non-irradiated catalase
b. catalase irradiated for 1 hr
c. catalase irradiated for 3 hr
d. catalase irradiated for 6 hr
e. catalase irradiated for 24 hr
f. catalase irradiated for 96 hr
line 1; catalase irradiated without UV-A blocking, line 2;
catalase blocked by lens with 20% UV-A blocking effect,
line 3; catalase blocked by lens with 50% UV-A blocking
effect, line 4; catalase blocked by lens with 80% UV-A
blocking effect, line 5; catalase blocked by lens with 99%
UV-A blocking effect
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she H 8=

3,6, 24, %677t 5
HA] 2pe-g-o] 20, 50,
AT E Hluste] Balth

OJ catalase—a— UV-Aoﬂ ﬂ;L %—3}
80, 99%%] W= AchA]A H
(Fig. 1).

Catdases UV-Ad 3A7HE &39S o 587
band B& 20% ©]32] @z & A3} FARE 0

2 Aol A AKFg. 1c). 641153t =&t S o
= 99%2] WZZ % band C2] dAJo] Tropx]x] kit
(Fig. 1d). 24/\17J ! 96475 UV-AC]] =319 v
9] Fig. 1le 2 1f9] line 19X * ¥ catadlase’} 54 <]
band’} #EE) 2] S AT vMeHA E3lE 85, 20%
AAES 7P A= obF-d Adayy) gtk ey
50% 2FAE-S 7H7] Aze o= AR Adads 7l
™, 99%2] AHES 7H dZ= band A 2 band B
o] 4440 catalasedl] HIE] Tha ARG A lolle G4t
7 AR H719E HHS Bk

3. UV-A =& AlZtol| & SOD2|

UV-Ad =257 52 SODE 79539 S o
14,200-20,000 dalton2] band A<} 29,000-36,000 daltone]
band B7} T ATHFig. 28). WM 2 3AZE F1F =5
HS e UV-Ad] =25 2 SoDet 5UsH 7
45 #Ho] TaEE o] AT H|REe] TAITEEt =Fo
oJefx = SOD7} MAEA a5 & T AATHFg. 2b,
20). 213y 6217 B9t UV-Ad] =312 W= band B
F2o] A F AR AEpA7] AR 36,000-45,000
daton 9l A A 2% band C7} UEFTH(Fig. 2d line
1). 24417t Bt =& AldlE catdased| Al FHEEAE A
7 v EA R S0De] wAlgE a7 dofubr] Al&kete]
A3 band A 2 B7} &8 A]7] A|ESFRA S H(Fig. 2e
line 1), 96A13F &<t =& A9+ 1 A=7) o] AsiA
tH(Fig. 2f line 1).

4. SOD HM AqK|E 9I8t MA5 o=
chE

UV-Adl] ti3t SOD9] WS Ahdshe o 875H< &
2:3e] UV-A 2peH&-5 913]7] 9Jsfl SOD9] w/de] fd
7] A2 UV-A =ZA7E 6, 24, 9677t 5t SODA
UV-AS 722} =231 2ehgo] 20, 50, 80, 99%21 &l

°| UV-A Xt
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Fig. 2. The effect of lenses on the denaturation of SOD
induced by UV-A.
a. non-irradiated SOD
b. SOD irradiated for 1 hr
c. SOD irradiated for 3 hr
d. SOD irradiated for 6 hr
e. SOD irradiated for 24 hr
f. SOD irradiated for 96 hr
line 1; SOD irradiated without UV-A blocking, line 2; SOD
blocked by lens with 20% UV-A blocking effect, line 3;
SOD hlocked by lens with 50% UV-A blocking effect, line
4; SOD blocked by lens with 80% UV-A blocking effect,
line 5; SOD blocked by lens with 99% UV-A blocking
effect
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SODE UV-Ad] 6A17F 2 24X 7F 59F =231 S o)
Ueh = band B2) W3k} band Co] WH3h= 50% o]+
Adeg 7H Azl oa) AAH Ark(Fig. 2d). 96413
B =F Aol YERE Wske 50%2] Al =ol oA
o= Hx JA7} = o band C7F 21U E FAEE A
°2 Rol soDe] WA w] siAE 80% o)de] Uv-
A ZIAES 717 A =E ARgStodor 3 & = Ul
(Fig. 2f).

& A7l obA b Ul m4 59 SRl RNase A
UV-A°ﬂ o)t M-S AAIsHY] Hall B HEA=9]
UV-A 2pchge] disf Bagh up Qo g8 G450
o Woll EAj3h o
’Fold 7FsAdo] =t Al B2 845 WIUEE &
Q13te] A QA A=9] UV-A AEES 833, UV
Al ze] Fa e isf #3HH <l ou|E Fofstr] 9
3 RNase A%} catdlase @ SODS] A7-Z23E vl w435}
Fri=

A 7HA @452 uv-A] H3gk 17
RNase A= A7) =2 o3 Hﬂ”ﬂ‘ziﬁur catalase=
37 UV-A =20 9J3)], SOD= 6AXHe] =&
HA =t (Table 1).

1) 20%2] UV-A X}t

20%2] UV-A 2dhs-S 7}11 u
3IAS W= =E ATt 1*171_}_& l*ﬂ ke
RNase A9] 7-%-olvt mAJo] 23] %‘XﬂHML catelase

P‘._l orAH

Table 1. The protecting effect of 20% UV-A protecting lens
on the denaturation of proteins by UV-A

Irradiation Proteins
time Catalase SOD RNase A*
1 hr N.D. N.D. (++)
3hr )] N.D. )]

6 hr ) ) -)
24 hr ) ) -)
9 hr *+) ) -)
N.D.: The denaturation was not detected.
(-): non protection
(+): partia protection
(++): perfect protection
*: data from 2H7
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o] WAde tishA] FEH dAEATE YA 1
SOD9] 9= WAool YEld 6A17F o]/ =F A9
20%°] UV-A 2Pdos= o A a3 YehA] &
Ach(Table 1). T3+ XF &) =& Al catalase?}
SOD= WHAJo] fakE]#] 9k9kal, RNase A & 20% A=
o &l A AFHER 1A AL k=
20% AETFe] UV-A Fo 2% obAsiths AL o &=
AAT.

2) 50%2| UV-A ijcteg 71z rngI o| &2
50%2] UV-A &8-S 717 A A=E ALE-3)1%
] RNase A%Ho] 3/\]{}«1 5%01] oJgt Aol ¢
A = 3 211‘1 l W7k A &
= oy 1‘4 o= BEtA=

< AT = RS FAsIAtH(Table 2). 1&v}
3A1ZE o] UV-A =5 Aldle 50% A=o] Aohs
zHE F dvh= AS ¢ 5 3

Table 2. The protecting effect of 50% UV-A protecting lens
on the denaturation of proteins by UV-A

Irradiation Proteins
time Catalase SOD RNase A*
1hr N.D. N.D. (++)
3hr (+) N.D. (++)
6 hr ) *+) )
24 hr (+) ) (+)
96 hr (+) €) +)

N.D.: The denaturation was not detected.
(+): partia protection

(++): perfect protection

*: data from 2}7

Table 3. The protecting effect of 80% UV-A protecting lens
on the denaturation of proteins by UV-A

Aol thek Apel A Apekel =] A8 101

3) 80%2| UV-A xichEg 71 otall=o| X8

80%2] UV-A 2ThHe-S 7}1 NHAZE AE3IHS
SOD2] WAL 96AI71e] =2 It HAE hstA 2}
=l tk(Table 3). 18y} catalase‘= 17+ ©]7¢, RNase
A€ 617 0’3 UVA 2 3l o=
o] EAES & 4 AUt SODY A9 3AI7H
UV-A =22% WA 01 A ol Al & F 7P
UV-Ad] ti3l] QP8 Fo]1om, 50%0] 2oz Aa|xte)
=2 WAE WHAgo] 2 EHA AAIFE ) viH] 50%
Al zo] G- catalase®t RNase A9 739+ AL
zpo) 71 A7 SHAIRE WS b3 AdsiA] et A
M= 20% H 50% Pl =ol o),

3) 99%2| UV-A RIchES 718 otddl=ol &&

99%2] UV-A AE-S 7HH SHF#A=ZE AFSSI9S
SODS] 7-9-= 50% ATzl e} w72 964171
EZof oS E st HAdo] A= AT(Table 4).
Catalase®} RNAse A2] 9= HIS 6AIZE o]de] =&
ot A3 bt AAlekA= ZRAIRF 3ATE AR
EES 443 AT S, 3N BEY =F Al
99%0]/d9] UV-A &S 712 HHA=ZE AREA] Al
7HA] o W) FQ a0 WAL oy %
g S 01- /‘\ 104\’4_

é_*gﬂoﬂxi o]~r°ﬂ 12417k o]’d2] 71 AJ7HE<t UV-Ad]
ZHe A9 o, ddEdioly ST g
F4A<1 OP%LOM UV-Aol] &fgh ehalzlo] wAde of
= AL 3EHA Aok 28y shFoll 98AIRE o)
UV-A l=Z0] A&ZH 02 HHEE QLS uf FA%) 9 o]
s=go] AR F31 7|FoM = Tld WAijo] 3y
7] AHA o} uvel tigk JaFo] FA = UERg Ht
o ith. WEbx B AFAdel|AHE 99% FE2] UV-A

m[o

o b

l

Table 4. The protecting effect of 99% UV-A protecting lens
on the denaturation of proteins by UV-A

Irradiation Proteins Irradiation Proteins
time Catalase SOD RNase A* time Catalase SOD RNAse*
1 hr N.D. N.D. (++) 1hr N.D. N.D. (++)
3 hr (+) N.D. (++) 3hr (++) N.D. (++)
6 hr *+) (++) ) 6 hr - (++) (+)
24 hr *+) (++) (+) 24 hr ) (+4) *+)
9 hr *+) (++) ) 9 hr ) (++) (+)

N.D.: The denaturation was not detected.
(+): partial protection

(++): perfect protection

*: data from 2}7
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N.D.: The denaturation was not detected.
(+): partia protection

(++): perfect protection

*: data from 2H7
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1. Cataase= 3AIZE o’d2] UV-A =3 Alol] ¥Ao] o
oub7] Al&ksle] ExpaFo] oF 45,000-66,000 dalton <]
oAl Hol= band A7} HAIEHA &3l = AT

2. SODE 3A17F B¢He] UV-A =20 3= wAjo)
FEEA] 9kor, 6AIZE o) =& Al W/do] vEh
7] A8t

3. 99% e =o] o3l 3ATF T UV-A =Zol| 9
Sk catdase WS A3 AAE 4= AUt 1y =F
AlZto] AR AY Aphgo] W A=E ARSSE 79, o]
= Ao e WA dAEEL Ao} hshA HA
< JAIBHAI= ekt

4. 20% UV-A S-S 714 okAzl == sope)] ¥MA]
A JA A FEakAdct. 238y, 50% S-S 7
FEHQA JA 28-S e T3, 80% o]

74 ek @l == UV-A] 2]3F soDe] WAS-

1o @ o
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This study was investigated to find the proper UV-A blocking percentage that could protect the denaturation of
catdase and superoxide dismutase (SOD), antioxidative enzymes in eye, induced by UV-A. Catalase or SOD
were irradiated at 365 nm for 1, 3, 6, 24, 96 hr and the extent of denaturation was evalutated by polyacrylamide
gel dectrophoresis. Furthermore, it was investigated whether blocking of UV-A by 20, 50, 80 and 99% eyeglass
lens could protect the denaturation of catalase and SOD or not. Catalase became to denature when catalase were
irradiated by UV-A for more than 3 hours. However, the denaturation of SOD was induced by more than 6 hours
irradiation. The denaturation of catalase induced by irradiation for 3 hr could be perfectly protected by 99% UV-
A blocking lens. But, when the irradiation time became longer than 3 hr or the blocking percentage of lens were
lower than 99%, the denaturation of catalase was not perfectly protected but partially protected. Although 50%
UV-A blocking lens had partia protecting effects, lenses having 80 or 99% UV-A blocking effect could perfectly
prevent the denaturation of SOD induced by 96 hr irradiation.

Key words: UV-A exposure, eyeglass lens, UV-A blocking percentage, catalase, superoxide dismutase, enzyme
denaturation
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