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The resDiratory adaptation process in both wild-type and W-sensitive 
strains of Saccharomyces cerevisiae was sensitive to small doses of UV- 
radiation (10 and 0.7 J/mz, respectively]. These doses of irradiation were 
ineffective in arresting induced synthesis of acid phosphatase and catalase. 
Exposure of the irradiated cells to visible light (370 - 80(! nm) could 
completely restitute the impaired respiratory adaptation process. ‘JV irra- 
diation at these doses affected DRA and RNA synthesis in matljring mitochondria 
in both the yeast strains. The W-induced block could however be eliminated 
by exposure of the cells to visible light. These results sljqgest that the 
lesion in the W-induced block in the respiratory adawtation may be in the 
WA of promitochondria. 

IMRODUCTION 

Anaerobically grown cells of laccharomyces cerevisiae are 4no:Yn to 

undergo reswiratoxy adaptation during transition from the anaerobic to aerobic 

state and this has been shown to be due to transformation of oromitochondria 

into functionally efficient mitochondria (1 - 3). 

In this comtrunication, we wresent evidence to show that the resoiratcry 

adaptation in z.cerevisiae is very sensitive to ultraviolet radiation (:!V) 

and the iTaired system can be restored to nor?alcv by exposure of the irra- 

diated cells to visible light (370 - 800 fun). Other results suggest that the 

W-induced impairment stems from lesions introduced in promitochondrial DNA 

which can be eliminated by photoreactivation. 

RESULTS AND DISCUSSION 

TW different strains of s.cerevisiae differina widely in their 
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sensitivity to UV-radiation , viz., wild type strain WCC 3177) and sensitive 

strain UV 1-2/#3 were used. 

The oxygen consumption by anaerobically-gram cells of both the wild W 

and UV-sensitive strains of yeast was negligible (Fig. 1). It rose to the 

level of oxically gram cells during 2 hrs of aeration, which is indicative 

of the fprmation of functional mitoclmndria. 

There was a marked difference in the susceptibility of anaerobically 

and aerobically gram cells to UV (Fig. 2). For wild strain, the D3, of 

aerobically grown cells and anaerobically grown cells was 125 and 75 J/m2 and 

for UV-sensitive strain, the D3, was 1.1 and 0.9 J/m2. The greater sensiti- 

vity of anaerobically grown cells to UV could be related to lower levels of 

AIF’, the requirement of which has been implicated in some steps of DNA repair 

(6). 

As seen in Table 1, relatively small doses of UV (10 - 20 J/m2 and 0.7 

to 1.1 J/m2 respectively for wild and sensitive strain) could inpair the 

respiratory adaptation in both the strains studied. On exposure of UV-treated 

cells to visible light (370 - 800 nm), however, the respiratory adaptation 

could be conpletely restored to normal signifying the elimination or bypassing 

of the UV-induced block. This muld inply that the observed inhibitory effect 

could have been due to the formation of thymine dimers in DNA and these may 

have been monomerized in the presence of visible light by photoreactivation 

(7, 8). The damage could be conceived of as occurring either at the level of 

nuclear or mitochondrial DNA. 

The extreme sensitivity of the respiratory adaptation process to U’? is 

underlined from the result indicating that formation of catalase, which is 

known to be induced during aerobiosis (9) , was not affected by exposure to the 

UV doses which were detrimental to respiratory adaptation (Fig. 3). Formation 

of acid phosphatase, known to be induced in phosphate-deficient medium (ll), 

was also found to be unaltered when the cells ware given similar degree of UV 

exposure as above (results not shown). Inductions of catalase and acid 
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Fig. 1. Respiratory adaptation in S.cerevisiae cells during transition from -e- 
anaerobic to aerobic growth. 

Cells grown anaerobically for 18 hrs in the medium containing peptone 
(2%)) yeast extract (1%) and glucose (2%) were harvested, washed and suspended 
in equal volume of fresh growth medium with 0.8% glucose (10’ cells/ml). The 
suspension was vigorously aerated and at the times of aeration indicated in 
the figure, aliquots of the cell suspensions (10 ml) were withdrawn and the 
cells harvested and washed. Aerobically grown cells subjected to aeration 
under the conditions described above served as the control. Rate of oxida- 
tion of succinate by these cells was measured using a C&E oxygraph (4). 
Protein was estimated by Lowry’s method (5). 

W Anaerobically grown ATCC 3177 cells. 
0-a Aerobically grown ATCC 3177 cells. 
D---o Anaerobically grown UV l-2 #3 

k 
cells. 

- Aerobically grown UV l-2/ 3 cells. 

phosphatase are both the aanifestations of nuclear transcription and hence it 

may be inferred that the inhibitory effect of UV stems from mitochondrial DYA 

damage rather than nuclear D?IA damage. 

This assumption was substantiated by experiments in which the effect 

of UV on mitochondrial DNA and RNA syntheses was investigated (Fig. 4). DF:A 

and RRA syntheses in developing mitochondria were drastically arrested in both 

the S.cerevisiae strains at the doses of W-radiation found to irhibit respi- 

ratory adaptation. The inhibition in mitochondrial nucleic acid synthesis 
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Fig. 2. Survival of anaerobically and aerobically grown cells of 
S.cerevisiae to UV radiation. 

Cells of the tm strains of Scerevisiae were grown aerobically 
and anaerobically in the media contai%ng 0.8% and 2% glucose respectively 
(see Fig.1). The cells were harvested, washed and suspended in phosphate 
buffer (pH 7.0). Five ml aliquots of the cell suspensions were spread out 
in petri dishes and exposed to different doses of W at the dose rate of 
0.18 J/m2/s. Immediately after irradiation, 0.2 ml of suitable dilutions 
of samples were plated five-fold on yeast extract, peptone, glucose and 
agar in petri dishes. Macroscopic colonies were scored after 4 days of 
incubation at 30°C to determine the surviving fractions. 

could be completely reversed upon exposure to visible light. This can again 

be interpreted as the consequence of the monomerization of W-induced thymine 

dimers by photoreactivation. 

The doses of UV irradiation which block the mitochondrial biogenesis 

did not affect the respiratory rate of oxically grow cells indicating that 

the integrity of mitochondrial DNA may not be critical for mitochondrial 

function. 

During respiratory adaptation, the DNA of promitochondrial structures 

appears to replicate as evidenced by about 3@% increase in mitochondrial DNA 

synthesis (15) and about a&fold increase in the activity of DNA polymerase 

{16). This spurt in replicative DNA synthesis could be expected since 

anaerobically grown cells have much smaller content of DNA oresumably due to 

smaller number of promitochondrial structures as compared to mitochondrial 
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Table 1 

EFFECX OF UV-IRRADIATION ON RESPIMTORY ADAPTATION IN ~.CER!+VISIAE 

Time of 
aeration of 

anaerobic cells 

bin) 

0 

30 

60 

90 

120 

Aerobic cells 

Oxygen uptake of 
Unirradiated UV-irradiated UV-i rradiated 
cells aerated cells aerated cells aerated 

in dark in da& in light 
(n moles of oxygen/min/mg protein) 

s.CEREVISIAE ATCC 3177 

21 8 20 

40 9 47 

90 10 .87 

114 12 98 

140 16 139 

142 142 142 

S@FWISIAE UV l-2/# 3 

0 20 8 19 

30 40 10 42 

60 90 10 78 

90 104 13 98 

120 134 14 133 

Aerobic cells 134 134 134 

.&cerevisiae cells grown anaerobically were washed and suspended in phosphate 
buffer (pH 7.0) to the cell density of lo7 cells/ml. Portions of cell sus- 
pensions of the two yeast strains were exposed to UV (20 J/m2 and 1 J/m2 for 
ATCC 3177 and UV l-2/$3 strains respectively). The irradiated and unirradia- 
ted cell suspensions were transferred to fresh growth medium containing 0.8% 
glucose and aerated in dark. In another experiment, the irradiated ccl1 
suspensions were aerated in visible ligt amitted by fluorescent lamp (370 - 
800 nm). 

number of about lo-12 in oxically grown yeast and also perhaps due to fewer 

copies of DNA molecules per promitochotdrial structure (17) as copared to 

reported 4-5 copies of DM molecules per mitochondrion (In). Yitochondrial 

Dk’A with the mlecular weight of 2.1 x 10’ daltons has been show to code for 
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TIME (min) 

Fig. 3. Effect of UV on induction of catalase in S.cerevisiae. Cells grown 
anaerobically for 18 hrs were harvested, washed and sus 

7 
ended in 0.1 M sodium 

phosphate buffer (pH 7.0) to the cell density of 5 x 10 cells/ml. A batch 
of the cell suspension was exposed to UV (80 .7/m* for ATCC 3177 strain and 
10 J/m2 for WV l-2/#3 strain) as described in the legend to Fig. 2. The 
unirradiated and irradiated cells were transferred to the nongrowth medium 
containing glucose 1%, KH2PO4 l%, MgS04 0.01% and CaCl2 0.01% (pR 7.0). The 
suspensions were aerated vigorously in dark. Ten ml aliquots of cell suspen- 
sions were withdrawn at the times of aeration indicated in the figure, 
harvested and catalase activity by the cells was assayed in terms of the 
rate of hydrogen peroxide decomposition as detenined at 240 nm using a 
double-beam spectrophotometer (10). 

W Unirradiated ATCC 3177 cells. 
& ---4 W-irradiated ATCC 3177 cells. 
M Unirradiated UV l-2/# 3 cells. 
b ---$I UV-irradiated UV l-2/# 3 cells. 

mitochondrial ribosomal RbfA, several t%EAs specific for mitochondria, besides 

coding for several polypeptides (19, 20). Conceivably therefore both reolica- 

tion of promitochondrial WA and its transcription mav be essential for mito- 

chondrial biogenesis. Once formed, mature mitochondria may not at all be 

dependent on mitochondrial DNA replication and also may not be SO deoendent 

on mitochondrial IXiA transcription for their respiratory function:. 

It is interesting to note that exposure of UV-irradiated cells to 

visible light completely restores ivaired biogenesis of mitochondria. This 

Lmuld iTply that [IV-induced thymin- 0 dimars are formed in mitochon?ri-ll @‘.A 
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Fig. 4. Effect of UV on mitochondrial DNA and RNA synthesis during respira- 
tory adaptation in S.cerevisiae. Details essentially as in Table 1. 
Anaerobically grown cells of the TV strains were suspended in phosphate 
buffer and exposed to UV. The unirradiated and irradiated cells suspensions 
were then transferred to fresh growth medium containing 0.8% glucose (5 x 108 
cells/ml and vigorously aerated. Thirty ml aliquots of cell suspensions were 
withdrawn at various times during aeration and to these 60 
(sp. activity 6500 mCi/mmole) were added. 

Ci of (3i-l) uridine 
After 15 min k la elling, the cells 

mere processed for the isolation of mitochondria (1, 12). After DNase and 
RNase treatments of mitochondria, DNA and RNA were isolated (13, 14) and 
radioactivity incorporated into them was determined in a liquid scintillation 
spectrometer. The ordinates represent radioactivity (cpm) incorporated into 
DNA (left-hand panels) and RNA (right-hand panels) of mitochondria derived 
from cells corresponding to 30 ml of cell suspensions. 

- Unirradiated aerobic cells. 
p---d Unirradiated anaerobic cells. 
U UV-irradiated anaerobic cells (aerated in dark). 
- UV-irradiated anaerobic cells (aerated in light). 

and are then monomerised in the oresence of visible light by a photoreacti- 

vating enzyme. In this context it is pertinent to mention that D!JA of yeast 

mitochondria contains as high as 834: AT. A recent renort suggests that UV- 

induced pyrimidine dimers formed in mitochondrial DUA in yeast are photo- 

reactivable although yeast mitochondria do not contain photoreactivating 

enzyme (21). Photoreactivation of UV-damaged promitochondrial DNA may seem 
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to have been brought about by a nhotorcactivating enzyme of either cytoolasmic 

or nuclear origin. 

Since W-treated cells of both wild-type and U’l-sensitive strains of 

z.cerevisiae fail to undergo mitochondrial biogenesis during aeration in dark, 

it may bo supposed that dimers in promitochondrial D!:?r are not excised. This 

conclusion is also supnorted by a recent report indicating the absence of DNA 

repair enzymes in mitochondria (22). In the wild strain, the enzymes resgon- 

sible for WA repair are either confined to the nlJClellS or do not have access 

even to promitochondrial WA to bring about repair of the resident %‘A, This 

seems to be in contrast to the behaviour exhibited bv the enzyme responsible 

for photoreactivation which appears to have access to nromitochondrial DVA. 
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