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Abstract

Plant mitochondria, irradiated with blue-colored sunlight(350~500nm) under aerobic and
anaerobic conditions, were assayed as to the electron transfer activity of respiratory enzyme
system, and compared with those irradiated with orange-colored light(white sunlight minus
blue-colored light). The respiratory activity of mitochondria was most seriousely inhibited by
illumination with blue-colored light under aerobic condition. Deaeration of mitochondrial suspen-
sion resulted in substantial decrease of the photoinhibition by blue-colored light. Meanwhile,
orange-colored light demonstrated much less effectiveness-almost ineffectiveness-in causing the
inhibition of mitochondrial respiration system.

The results of enzymatic assay revealed a strong possibility that FMN in NDH and heme
group at least in cytochrome ¢ oxidase, but not FAD in SDH, are the photodynamic sensitizers
in mitochondrial inner membrane. Also worthwhile to note is the significant difference from
the others of SDH in its photoinhibitory response to the light quality of visible light; that the
inhibition of SDH by irradiation was not affected by atmospheric condition and that orange-
colored light gave rise to considerable extents of inhibition to the enzyme. This observation
was tentatively interpreted in terms of photosensitized reaction not involving molecular oxygen
possibly catalyzed by Fe-S centers in the enzyme. The superoxide production and the membrane
peroxidation of mitochondria under various treatments also indicated that there was blue-light

photodynamic reaction in mitochondria involving active oxygens.

* gtz AN F8SHA(Dept. of ~Agricultural Chemistry, Seoul National University, Suwon,
Korea)
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Fig. 2. Relative inhibition of mitochondrial respir-

atory activity caused by irradiation with
blue light and orange-colored light under
0, and N,. Controls are dark-treated under
0, and N, respectively. Inserts are typical
polarographic tracings which are used to
measure the respiratory activity.
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Fig. 3. Relative inhibition of cytochrome ¢ oxidase

activity in mitochondria. For details, refer
to Fig. 2. Inserts are typical kinetics of
eyt. ¢ reduction by the enzyme monitored

with the 550nm absorption.
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Fig. 5.

Relative inhibition of SDH activity in mi-
tochondria. For details, refer to Fig. 2.
Inserts are typical kinetics of DCIP reduc-
tion by SDH monitored with the 600nm
absorption.
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Fig. 6. Increase of superoxide level in SMP sus-

pension exposed under light. Increase is
from the control for each treatment. Inserts
are absorption spectra of NBT in oxidized
and reduced states respectively.

sitizer 7} 9= A o = Q75 cytochrome heme gro-
up % Fe T 94} photosensitization o 7] 3t AL
2 A" o5& A4 9 F313 photosensitized
reaction & ooy Aoz 3 wEZZH A
A2 B o Aas} FslE photodynamic reaction
o 98 gatey & st AdiAeln, FAFG G4

FEUE FE M adsr AdHl

v] & 2 = 2 o} U] wef 4] photodynamic reaction o] 4
itz 9z = A¥rt Fig. 2~50] vehd Aolze

Ae 92%n oA Bzds Asd W$AAY @
A oA vz A Aok 8% active oxygen species
o A4 #AsnA sk drd AAstE A%
(Fig. )= 9#=2 039 43¢ 4% Aok

03 &= photodynamic reaction ©] free radical mech-
anism & E3) do}d w A7 & active oxygeno| ot ¥
#7A 2AAA 2 Aol A $A43] AHNL
o 0, &5t HABo] 8 L FEoE P4
Aok AL %9 AFEA MAR dAHE FHolth
E3] FMN ¢] == photosensitizer ¢ o] gtz A g3
NADH dehydrogenase & 34 8 (Fig. ) O3 A4 ¢
B¢ Fig. 649 Ayt oigd] A ez LPE}
1} A&, FMN o] free radical mechanism & w2
photodynamic sensitizer #++= A48 73 =, UH <
grlge Abael o,

v 2 Z =g olute] ZEAjslE photosensitizer & F i
52 AAADA a4AE9 cofactor & prosthetic
group & 4= tle] gt} A4 photosensitized reac-

tion & o] & &4 AA (53] active site)e] A ¢ =4

obtef 4] o] = A 3} Photosensitization

Absorbance

(99)

oz dojuvhz FolA AAAAG 2 BAL
4 ¢ Ax9 active oxygen species 7} A=
Fig. 69 Asz u]Fo| nof o] Fe g3 =8 = v}
2 Jrede 3ed o395 44N 8¢ F Ak
A% Hed Aezye IAE ExAyaid e
Aygfe o, 17

49 TBA-9y'woz A4 F43A =
A#E Fig. 79 29 F4%. %9 -\Jr*Pﬁ}% Eakl
F715t7] $ste] slEEED L 4] F2AA S
3ARAA R Bz AAH oz TBA-MDA adduct <}
F4EZEME 248 AHe, FHR/0, 2R84 A I
A A FA37 oSS veigieh 2Elx 2
AxE BY3/0, Y asiek vl xstge. H@
o} ety F2AY AHE Aoz A4 9
e AL £@ch. ol AdL AN F] A4y
FA9 #FAseAA AR FE d9 wEEEHelst
228 x4 Bt A Ay EYS EZE
obell ) A L #& Fx Aok HEYY #
A7 Aoz YXAE Fer

08l

00 3 é é
Irradiation time(hr)

Membrane peroxidation of mitochondria as
a function of irradiation time. Membrane
peroxidation is monitored with 532nm ab-
gorbance of TBA-MDA adduct.

WO, ; White light/O,, BO, ; Blue light/O,,
00, ; Orange light/0, DO, ; Dark/0.. The
others are various light treatments under
N..

Fig. 7.



(100 ) 37 T R A6A A 25987
TR, daAsddE 0,9 e A3d Axz 2.4 A, AFY, 081(1986) : FF 5 ¥ A
7 #asle dedlE g9le] M, oE E2 A 5(2), 141.
wAke] oH28b7l active oxygens 9= T3 AzmE 3.8 A, AA5A0986) : FTAAEEHA, 5(2),
E ey 982 AAe A e, 149.
4.4 A, GGTF, A7, AAE51985) : FFF8
V. 83 g &3, 28(4), 271
5. Singer, T.P.(1974): Methods Biochem. Anal., 22
EEER e ARG 246 g8 2 nf 123.
AHRY S5 AHE A Hv 1AL Fz sz 6. 3 A, AANz1986) : AENF2 FHAT, 11
49 350~500nm & Fq o] ksl By L (1—1), 13.
(photodynamic action)¢] A #tat= 714 & O‘J%—_a}_“:_ ;{} 7. Ackrell, B.A.C., Kearney, E.B. and Singer, T.P.
EE ST vEfseoltd AgEo 9= (1978): Methods in Enzymol., 53, 466.
AR DA G A B4 NAMiMMdm@m%,mw; 8. Hatefi, F. and Stiggall, D.L.(1978): Methods in
inate dehydrogenase, ¥ cytochrome c oxidase & = Enzymol., 53, 21.
# # (photoinhibition)3 ZAstA e v, TE gaTo) 9. Smith, L.(1955): Methods Biochem. Anal., 2,
A% a AdHez 49 A4 woh 427,
NADH dehydrogenase & FMN 3} cytochrome ¢ oxi- 10. 4 A, o447, AHA0985) i A gl e B
dase®] heme group& Ak2:7} #od 3t photosensitizer @, 1001), 5l
(photodynamic sensitizer)q] o] %8}, succinate dehy- 11. Gianopololitis, C.N. and Ries, S.K.(1979): Plant
drogenase 9] FAD = sensitizer 249 7]% % RHolx) physiol., 64, 220. '
% WAl Fe-S centers} 4k4 9} %381 photosensitizer 12, Colowick, S.P. and Kaplan, N.O.(1984): Methods
o solehz #4159 ek heme group o] o] 9= Fe in Enzymol., 105, 15.
E 94 A9 T FHFUL o %;A7@ 13. Buege, J.A. and Aust, S.D.(1978): Methods in
stEletn FHHE AR dgh neg o} A A Enzymol., 52, 302,
22 g gy ZYA e A4 3A 7 @d&‘ﬂﬂ 14. Spikes, J.D.(1977): in “Science of photobiology
F& FaEY 2A%S FAFBelQm, 2 A8 7] 2 (Smith, K.D. ed.)" Plenum Press, N.Y., pp. 87~
+ active oxygens 7} FojFo] gt AL 079 B 122,
ﬁa-%ﬂ%ﬂ&ﬁq.Q%amwowmef@ﬁ% 15. Cermohorsky, LJ. and Blackburn G.M.(197D):
w B & X 2] op b AR5 zddgen, 94 A “Radiation Biophysics, Free Radicals” Proc. First
B0, ZA NN 2 Axst A3 Qs Eur. Biophy. Congr. 2, 29~31,
16. Singer, B. and H. Fraenkel Conrat(1965): Bioche-
2 o2 8 mistry 4, 226~233,
17. Imai, Y.(1979): Vitamins(Jpn), 53(12), 533.

13 20984 : &4 R4 A, 3(1), 71



