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‘When the yeast Saccharomyces cerevisae was exposed to near-UV radiation, survival of
yeast cells decreased with increasing fluence. In order to examine mechanism for the
appearance of this biological photo-response, the fluence-response curves for disruption
of the permeability barrier of the cell membrane and damage to the active transport
system by near-UV irradiation were measured.

The survival of yeast cells decreased to approximately 50% with near-UV fluence of
10 J/ml. The same fluence caused the disruption of the permeability barrier in the cell
membrane and resulted in non-selective leakage of potassium and sodium ion and
permeation of normally impermeable substance into yeast cells.

Near-UV fluence of 5 J/ml, at which there was little effect on the survival of yeast
cells, resulted in significant decrease in velocity of amino acids uptake and selective
leakage of potassium ion. It was deduced from these results that ion-pump and/or ion-
channel systems and active transport systems were sensitive to slight changes in
membrane structure caused by photochemical reaction. In addition, on the basis of
kinetics, it was suggested that decrease in velocity of amino acids uptake were not due
to damage to receptors on the membrane surface but damage to the transport system
after reception of amino acids.

#

FEEBDOBEFRICBNT, BEZAINVLX—FE L TH L EREBRNMEERTE LT,
EYOEGOWRRLIEETREICH L (ERLZRELZR LTS KE, FERTELTH
VER L B> T 5.

IO Z HET 2HRIT MEONEEL" LHEN, E<r5HLNTWEEE
EF & L TCORHIBEET 5HEWRETH 5. 2 DREYRARDEFIBEIC OV THOHER,
FiIZEMIC & 2 DNABEOBR AL LITHIL B I P v D8RR EE LT 5 ERE
Fic & 5 DNA HEW RUGHEBIMERIC L 2 DNA BEVFRWZIEN, £ O{LEEE

a) Miik®R I 2EFHEEHZ (Radioisotope Laboratory of Okayama University)



2 FRRE—M -5 B ESEET - BAKE - ISR - Sm%E

ZOWTOMBENEBEE N, 7 L0, DNA G BBEOATNERILOEERTH D &
EZ LNTW722, ZHzH LT, RM. Tyrrell 52RERESEMNE (UV—A) TR 3
vy TBEOERL ¥ DNABESIFEICEZ VW2 25, REREMEICL 28D
BRSO LIC R T MR H 5 Z & 238 L /2. Z e
21T T, REHOMIAEERE~NDEEI I DLW ITOMENERICTHN, RERELTOE
RT I BRI T OEEL CHEORERHEBER VR ARG ERE L HE R
LT 3 iERErBEE ST T 2 L2 RTECOHEFHFEI N, LL, 2
L DD FE A EEMIETH D EEIC OV TTh N L DT, ERBER TORER
B TA% v, FAHIE - EmEomiaE, BRRsiEcs TELY), RERE
i & AR NBEL B B E S TFHEI NG, FEL I, ANBER TEE
B L T\ 3288 Saccharomyces cervevisiae NDIEEBZ HVT, DNA BE»EL 3 %E
LA CEDERESENEREIC L - THBEOMESHEL Z & 2580, W EFETEN
PHRBEOEBEERNEEICERT 2SR R L 72, AFETE, FERELOMEEEC
LT, B S cerevisice |2 RIERENEEBH L C, SEBMRE~0OPEL T I JEBEOILY)
RABREETEEEL L TN, SBEEENOEEIIOWTHRNERENRE S L UHIRE
IEZBEWNE DWEIEAEIFE L L TN,

MBRUFE

1. gERERCEERYE

AL BV 72 Saccharomyces cerevisiae 1966-4C ald, IR ER D/ NEF v —ERB)
L VBN 2T, 531012 YPD #23#[ 1 % yeast extract, 2 % bactopepton, 2 % glucose
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% 3.6ml . 0.1M V) »EREEH (pH6.5) ICBBL T, THICHKREEN 1mM Ick 2 k5
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Fig. 2 Effects of near-UV irradiation on
leakage of intracellular electro-
lytes from veast cell. Cells were
removed from the suspension
immediately after irradiation by
centrifugation, and the specific
electric conductivity of the
medium was measured. (@):
exponential anaphase cells, (O):
stationary phase cells.
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Fig. 3 Dependence on near-UV fluence
for leakage of potassium ion and
sodium ion. The same sample solu-
tion as that used for experiment in
Fig. 2 was subjected to measure.
{O): potssium ion, (@): sodium
ion.
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%ﬂﬂﬂ:ﬁt’(, FUTET 7y, TRAVRY Fig. 4 Effect of near-UV irradiation on
7al) D AEOR Y ALEE TR permeation into cell of normally
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o . B' ) T nitrophenyl phosphate. The p-
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Fig. 5 Different pattern fluence-response curve for decrease in the rate of amino
acids uptake caused by near-UV irradiation. In this experiment exponential

anaphase cells were used.



6 RAE—BE- 8 & WERET  S84KT - SHIUSH - SHEBE

1 /Uptake

1 1 1

0 4 8
1/ [His] 1/ [Phe] 1/ [Trp] (mM™)

i
0 25 50

Fig. 6 Lineweaver-Burk plots, the rate of amino acids uptake into cells exposed to
near-UV of different flueces is plotted against the concentration of amino
acids. The exponential anaphase cells were exposed to near-UV fluence of O
(@), 25 (O), 5.0 (&) and 7.5 J/ml (A).

NIAADPTHEI NG Z EHBEEINDG, 2oz ki, BEMA<DT I /JERIZH L THED
BEEMBEREE > TR I CICBRT2EEZ2 5115, R\, REEBEMEICLETI/
BEHERENVETEEBICOWTOMR2FEL 261, hEa—MRMBRORL S IEBOT 2
/B>, Lineweaver-Burk plots ek L T, % DEY A2 BT DB 7308 AT
PRSI, ZFNFER, Fig. 6 IR L72L 912, MIUCOWTLBAIC L - Tl AZEER
FLUETT2icdP2bo T, KmERELLEWI &5, T3/ BOZEIMICHT S
BRI ZWZ EARENZ, ZHZ iR, BEESNMGIz L - THEEEEOT 3
VBV TS —REERZTT, HMEENTOMBEEICHEEIELLHICT ) IALEE
DETHBZ 5722 & 2RLTWA,

LI EnEBRERY &, BN Saccharomyces cevevisiae 23T b RERSEMEBEHIC L 5
BORIUCOWTRD L ) RHELIT) Z LD WRTH 5,

BRICREREISVREENS &, HRERTHbERIGIETL, EERESICEL
PEL S, BELEID L WHEICITHBEERRGOEIZS v, HMBEOEREE
DWW A & - THRIBE N 2888, BIZIET 3 VEROREIHBESH ) 744 4> D
TEIE OB TEELRZITS, Ly L, ZORENEIEEEESCHICEESN LD
2, av=—HEEIC L ZBERE> L CRANLTRE Y, SLICEHEEECL) 10]/
ml [0 &, IAEERIGIC & 5 MR RRER S DB D Bl e BESRE L 7 5 RRICH
L%, MEENESREBEICEENEL S, ZOBREENEEITHRENEBEREED
BELLLL, BRICEE2EL (BEET 2.

i £

B0 Saccharomyces cevevisize \ZRERENLZRBH T 2 &, BROEFRINBIZKRE
LTEBBITET L, ZORENFEHEBBICOWTOMRBEB L -0, MITEEREY LT
FEICEELEBEER L MBS ORERENESIC L 2EBICOWT, HE—shFEH
& PER L TR~

BT 10]/ml ORERENCZEFT 2 CEFFRINBICETT 5. Z0BSNE,
HIEDZEBEEROKEZSIERIL, MR VafdrBIUF ) 7044
DIERRBYIFE & MBI S E DHIA~NDBEAZ L1256 L2,

5J/ml LTORBIZEBROEFRICIZEALEEREZLWE, T3 /JBORDIALEE



ERESENEIC & 58 Saccharomyces cerevisiae FINBIEREEEDIAE 7

DELWETERS7THE0EF > ANVBEOCREBELZTFTRIEE A 744 1> 0BIRE
WHEL L L, F2, BHEMNBRERPS, T3 VBORY)AZEERTOERIL,
MEEEEICEET LIV 27 F—DBEBIC L2 L0TIEL L, ERUIEOERANDEREIC &

5T TR E NI,
Ef 2
AFRDOFITIZS 72 ), HHROBEN AL L TARLIE 2 B\ 2 RESEE/NEFS—BRBh %I B0 < R
HLET.
X i3

1) Boyce, R.P. and P. Howard-Flanders : Release of ultraviolet light induced thymine dimers from
DNA in Escherichia coli K-12. Proc. Natl. Acad. Sci. USA, 51(2), 293—300 (1964)

2) Grossman, L. and E. Rodgers : Evidence for the presence of cytosine photohydrates in UV-
irradiated in nucleic acids. Biochem. Biophys. Res. Commun., 33(6), 975—983 (1968)

3 B ki kaEEE R 45010), 4448 (1991)

4) Tyrrell, RM.  Induction of pyrimidine dimers in bacterial DNA by 365 nm radiation. Photochem.
Photobiol., 17, 69—73 (1973)

5) Tto, T. and K. Kobayashi : I» vivo evidence for the photodynamic membrane damage as a
determining step of the inactivation of yeast cells sensitized by toluidine blue. Photochem.
Photobiol., 26, 581—587 (1977)

6) Moss, S.H. and K.C. Smith : Membrane damage can be a significant factor in the inactivation of
Escherichia coli by near-ultrviolet radiation. Photochem. Photobiol., 33, 203—210 (1981)

7) Tuveson, R'W. and M.E. March : Photodynamic and sunlight inactivation of Escherichia coli
strains differing in near-UV sensitivity and recombination proficiency. Photochem. Photobiol.,
31(8), 287—289 (1980)

8) Wagner, G., G. Geissler, R. Linhardt, A. Mollow and A. Vonhof : Light-dependent ion transport
processes and photosensory transition in Halobacterum. Dev. Plant. Biol., 4, 641—644 (1980)

9) Ito, A. and T. Ito : Possible involvement of membrane damage in the inactivation by broad-band
near-UV radiation in Saccharomyces cerevisiae cells. Photochem. Photobiol,, 37, 395—401 (1983)

10) Siegel, S.M. and C. Corn : Thermal nad ionic factors in the ultraviolet photolysis of plant cell
membranes. Physiol. Plant., 31, 267—270 (1974)

11) Robb, F.T., J. Hauman and M.]. Peak : Similar spectra for the inactivation by monochromatic
light of two distinct leucine transport systems in E. coli. Photochem. Photobiol., 27, 465—469(1978)

12) Ascenzi, J.M. and J. Jagger : Ultraviolet action spectrum (238—405nm) for inhibition of glycine
uptake in E. coli. Photochem. Photobiol., 30, 661—666 (1979)

13) Sharma, R.C. and J. Jagger : Ultraviolet (254—405nm) action spectrum and kinetics of alanine
uptake in Escherichia coli B/R. Photochem. Photobiol,, 83, 173—177 (1981)

14) Tada, M. and M. Shiroishi : Mechanism of photoregulated carotenogenesis in Rhodotorula minuta
IT. Aspects of photoregulative reaction. Plant Cell Physiol., 28(3), 549—556 (1982)

15) Lasko, P.F. and M.C. Brandriss : Proline transport in Saccharomyces cevevisiae. J. Bacteriol., 148,

241—247 (1981)



