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SUMARY: Exposure of mitoclmndria to visible light in the presence of 
riboflavin resulted in the initial release of respiratoq control, 
follmed by inhibition of electmn transport and dissolution of structural 
integrity. Undertheseconditicns,hcmsver, cybchmmcoxidaseactivity 
remained unchanged. ATPase activity was stimlated initially and 
remamedinthis activitatedstateevenunderamtin~illumination. 
In stito&ondrial preparations, bothelectrontrausImrtandA'IPase 
declined as a function of illmination time; cytochrane c oxidase was 
not sensitive to light. Enzym inactivation also occurred to a lesser 
extemtintheabsenceofriboflavin. 

INIFmUcrIoN: SimiLtanecus exposure to visible light and air, both in 

the presence and intheabsenceofexogenous photosensitizers results 

in the killing of micmorganism (l-4). Ebrthenmre, nmmalian cells, 

both in suspension (5) and in tissue culture (6-g), are sensitive to 

visible light. Chance and Hess (10) have demnstrated that the absorp- 

tion of light by ascites turrpr cells in the green to red pmtion of the 

spectrum is qualitatively identical to that of the isolated mitochondria. 

Although this study was not concerned with photokilling, the results 

allude to the possible involvemen tofmitochondria in this #mmenon. 

In addition, the light sensitivity of the respiratory chain in both 

micrmrganisms and eukaryotes has been reported (11-13) and the role 

of endogenous photosensitizers assigned to flavins and hesnes. 

The present report describes the effect of visible light on 

isolated mitochondria. These studies should yield further infomtion 

Abbreviatims: *ENP (subnitochcmdrial preparations), IW?D (N,N,N’N’ 
tetrmethyl-pphenylenediamine). 
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into the possible involven~~ tofmitockmdria in thephotokilling 

of cells. 

PETHODS: Isolation Fmcedu-es. Rat liver mitochondria were iso1atfz.d 
in 0.25 M sucrose (14) and stito&ondr ialpreparationspreparedas 
previously described (15). 

Illumination. Smnples (25 mg protein/ml) were irradiated at 
3-5'C in 0.25 M sucrose containing riboflavin (25 pg/ml). The light 
source used was a 300 watt projection 1zq1 (tungsten filamnt) which 
emitted a net 8000 foot candles of light. The sample and light source 
were separated by a 1% solution of copper sulphate to reduce infra-red 
light and a glass filter to reduce ultraviolet light. 

mzyme Assa* All assays were carried out at ram tenperature 
inarrtedimamtaming240ti4sucrose, 5 r&l Tris-HCl, 2 mM potassium 
phosphate and 2 m potassium chloride. In the ATPase assay, potassium 
phosphate was replaced by 0.2 n-N magnesium chloride in the atmve madim. 

Oxygen consmptionwas measuredpolarographically. Succinate 
dehydmgemsewas assayed as described (16). NADH dehydrogenase was 
measured as described (17), but using an NADH regenerating system 
(50 *I NW+, 0.4 units alcohol dehydrogenase/ml, and 15 IW ethanol) . 

ATPase activity was determined by measuring inorganic phosphate release 
(18) . Proteindetemina ticm was by a standard method (19). 

FESULTS : Electron Transport. Nitochondrial suspensions were illuminated 

for various lengths of time andthe effectonelectron transport determined 

(Fig. la, lb). !Phe oxidation of NAD+-linked substrates (malate+glutamte) 

and of succinate was stimulated during the first hour of illmination. 

!Chis stimulationwasmuchmxe striking intheabsenceofphosphate 

acceptor (state 4) than in its presence (state 3). Under these 

cxmditions, mer, continuedillurminationresultedinthegradual 

inhibitimofoqqnuptake inbothrespiratory states. C@chrme c 

oxidase activity (substrate: ascorbate + TTPD) was not affected by 

light. Lighttreatmntwas acaxpam 'edbyoptical changes in the 

mito&ondrial suspensim. No change was noted during the first 

120 nun. of illumina tion, followed by a gradual decrease over the next 

180 min. In addition, the decrease in absorbance (measured at 650 m) 

was coincident with a release of protein into a fom non-s-table 

by centrifugatim (87500 g-min). Fxaminaticm of treated suspensions 

with the electron rkroscope (J.R. Walton collaboration) indicated a 

transition of mitochondria fran a "condensed" configuration before 

illuminaticn, to a partly condensed and partly 'expanded" structure at 
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Figs. la,lb. Effect of ill mination on respiraticm of rat 
livermitmhondria. Respiratory substrateswere addedat 
thecmcentrations indicated. Details are given inM%5--1cds. 

the onset of absorbance changes, to a grossly swollen condition at the 

end of illmuna tion (for the nanfznclature see reference 20). 

Illumination of inner membrane suspensions resulted in the parallel 

inactivation of N?DH oxidase, succinate oxidase, and succinate dehyd.m- 

genase (Fig. 2). NADHdehydrogenase activity, however,was relatively 

less sensitive to inactivation than the corresponding oxidase activity; 

furthemore, inactivation of this activity involved a short lag period. 

Cytoclirane coxidasewas not i.nh&itedbyillminationandin scma 

experiments was even slightly stknulated. 

A!IPase. In intactmitcchondria, thelatentATPasewas stimulated 

during the initial phase ofillminationwith mximm activity mched 

at a point corresponding to the cutplete release of respiratory 

control. Little change in activity occurred with further illmkation 

(Fig. 3). In SE', hmever, AT&%seactivitydeclinedas a fuuctionof 

illunination time, with nearly complete inactivation occurring at 240 min. 
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~1 the expertits described aboveonrespiration andon ATease 

were carriedoutemployingriboflavinas an exogenous photosensitizer. 

Hmever, sincemitochondrialnmnbraneS containmy c!cmpunds represent- 

ing potential photosensitizers, experiments were also carried out in 

SMP in the absence of riboflavin (Table I). Photoinactivation of electron 

transportandATPasealso occurredunder these conditions. Hmever, at 

canparable illukna tion times, inactivation was greater in the presence 

OO3060 
Illuminot~on time hinl 

Fig. 2. Effect of illmina tion on electron transport in 
suknitochondrial preparations. Concentxation of succinate 
and ascorbate + !lM!?D as in Fig. 1. Details are in Methcds. 

of riboflavin. 

DISCUSSION: The present study has demonstrated that exposure of rat 

liver mitochondria or SMP to visible light results in the inactivation 

of several inner meakane enzyme activities. Although the inclusion 

of riboflavin into the system gave rise to more pronounced levels of 

inhibition, these effects wexe also obtained with illumination alone, 
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Illumination time (min) 

Figs. 3a, 3b. Effect of ill uninationonA!l?Paseactivityof 
mitockmdria (Fig. 3a) and of sulmitochandr' ial preparations 
(Fig. 3b). The concentration of succinate was as in Fig. 1. 

indicating thepresenceofer&genous@mtosensitizers. The inactivation 

processinrnitochondriawasaxtp1e.x , involving atleastism separate phases. 

The first, occuring during the initial 60-90 min of ilhmination, 

ccnsisted of a loss of energy coupling reflected by stimulation of both 

electrontransport andATPase. Thesecondphasewasdistinguishedby 

an inhibition of respiration and an eventual dissolution of mitochondrial 

integrity. 

AlPase activity was effected by light differently in mitochomkia 

and sm. In the foxmar system, the stimulated activity was resistant 

toexkndedillminationwhileasteadydeclineleadingticmplete 

inactivation occurredin SMP. It is possiblethatsonicationused to 

prepare SNP causes a reorganizationofm3rbrane caqmnents resultiq 
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in an increased sensitivity to light. Alternatively, scme matrix 

cmponmts absent in LNPmypmtect theATPase inmitochondria. 

The mechanism of inactivation of mitcchondrial function by light 

is atpresentbeing studied. Hmever, the data obtained suggest 

that the site of inhibition of electron transport apparently exists 

prior to cytcchrme c since qtochmw coxidaseactivitywas unaffected 

by ill mination in both intact mitochondria and S&D?. Inactivation 

of cytochrme coxidaseactivityobservedbyEpel(2) couldbedue 

TABLE1 

Effect of Illuminatim on Electran Transport and ATPase 
ofSukmito&ondrial Preparaticm inAbsence andin 

Presence of Riboflavin 

Pesidual Activitya 
(% of ncn-illuminated amtil) 
- Riboflavin + Riboflavm 

Succinate oxidase 48 10 
Succinate dehydrogenase 18 8 
NADHoxidase 70 13 
NADHdehydtcgenase 19 15 
Cytochnrnecoxidase 136 120 
ATPase 61 36 

aFor conditions of ill umination (90 min) and of assays 
see Methods. 

todifferaces in intensityandqualityoflightused. &%rwver, 

the inactivationwas notrestrictedto flawenzyma s sinceATPasewas 

also affected. Cm explanation for our findings involves the flavin 

photosensitizedproductionof reactive caqmmds suchas singlet oxygen 

and supemxideionwhich inturnmay inactivate enzymes directly. 

Fwthemmre, these canpounds may induce lipid peroxidation thereby 

generating additional reactive molecules capable of affecting enzyme 

activity. Enzyme inactivation may also be due, in part, fran light 
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induced polymerization of polypeptides as preliminary studies using 

sodim dodecyl sulphate-plyacrylamide gel electrophorsis have indi- 

cated. 
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