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Abstract
LEE, FANG-JEN SCOTT. Effects of 0Oxidative Stress on the
8iosvnthesis of Antieoxidant Znzymes and on Plasmid

Stadility in Saccharomyces ceravisiae. (Under tae direction

of Jr. d4. M. Hassan).

The eor7f ts of oxygen concentration, paraguat (0.5

17
<

mMj, and ccpper (0.1 mM) on the growth and the Diosynthesis
of the antioxidant enzymes, superoxide dismutass [S0D) and
catalase, wers studied in S. cerevisiae grown in glucose-

ffect of dilution rates
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on cell mass, glucose consumption, 2thaaol

produc*tion, oxygen uptake, and specific activitias of 50D

ind catalase were also investigated at eacnh steady state,

o

SO0 was aphimqlly produced at D-valu2s bdetween 0.22 and
0,26 nr~l din the presence of oxygen or paraquat, and at
D-values greater than 0.17 hr-1l when copper «as present. Jn
the cther hand, catalase activity decreased wich incr24sing

D-values. However, the opr=2ssnc2 aof coppar or 100% oxyj2n

~
]
o
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regrass=d catalase activity at low D-values (D

and decr2ased the rate of oxygen wuptake aft 1]l D-vafu=s

targ Ted Tne presence of paraquat affecrtad z=ne ratz of
oxXygen uptaka oniy at high D-values (D > 0.27 qr- by, de

(v

also studiad the effact of oxygen concentration on tn
piasynthesis of S0OD and catalase at O = 0.7 aAr~i, Tnhna dati
¢l2arly snow that synthesis of S00 and catalase, wnhnouds

correlated witn chnanges in oxygen tension, ara indep2nrr2an:



of one another.

Ae 21so0 investigated the effects of extended grawth on
slasmid stability in yeast cells. Tnerafore, 21 chimeric
olasmid (pYT750-ADHL1) containing the yesast killar
toxin/immunity cONA was transformed into a leu/his mutant
{AH22) and into four idindustrial toxin-sensitive yeasts.
Plasmid staoi1lity was dependent on the presence of the 2 u
plasmid which is naturally present in some yeasts. Tne
chimeric plasmid was very stable and expressed toxin
procuction (89.5 + 4.8% killer c2lls) in two of the
transformed yeasts that containad the 2 u oiasmid, but
wis lost within 10 generatjons from twc other transformed
pizkle yeasts tnat did not contain the 2 u j3lasmid.
However, the plasmid was 2xtremely stable (100% killer
cells) and expressed mor=2 toxin in the mutant strain AH22.

The effects of dilution rate (D. hr=l) on plasmid stability

and toxin 2xpression werz2 studied in transiormad AH22
(AH22/T73) and Montrachet 522 (522/T1} wine yeasi grcwn in
1lucosa-limited chemostat cultures, The results show thii
killer toxin production by AH22/73 cells increased as 1
function of D. hr~Ll and that plasmid stability reached 100%
1T D > 0.09 + 0.01 hr~l, However, with Montrachest 522/TI

rransformed c=211ls, 100% plasmia stediiity w~as seen at D >

cgnemostat culture (D = 0.25 hr-l) wita an =2qua'! aumber af7

antransformed cells (AH22). Transformed cells dominated the



vopufation (100%) within 8 tc 10 nours of growth.
The affects of oxygen *%tension aand ailution rata 2an

axpraession and stability of killer toxin chimeric »lasmid

[V}

in transformants 322/71 were ijnvestigacted at sach 3t22dy

w
or
bar
o
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xpression of the killer toxin increasad as a

rinction of dilution rate when the itransformants werz grown

in Ny or air, but aot is 100% Np. Kiitar craasformants
growa in the presence of Ny have 2-4 fold ang 12-15 fold
nigher toxin expression tnan that in the presance of air

%)

and 100% 0,, respectively. Plasmid stability increased a
2 function of dilution rate, regardless of the oxygen

tensinn used. However, the transformants grown in air gav

w

the highest olasmid stability. These studies showad that
the effect of oxygen tansion on ce2ll metabdolism can b=
extended to affect the expression aand stability of

racombinant ONA cultur=as.
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Introduction

The cxyqgen supply to a microorganism can de2zarmine, in

several ways, the routes whereby 4an organic sudbstrate is

-+

2 ATP. Oxygen 1s also impuvrtant in

<

catabolized to generat
tha syntnesis of structural components (2.g., cnolasteral,
neme, tyrosine) and %trace constitutive components (2.3.
stecoid hormenes) or living organisms, as well as in the
degradation of foreign compounds (e.3. drug detoxifying
systems) 3abior, 1980). However, it is now generally

ccepted that the causes of oxygen toxicity to microbes are

N

several, and tnat inactivation of «ey metabolic compenants
{including 2nzymes and cofactors) as a cons=Qquenc2 oOf
direct or indirect interaction with oxygen are important
(Hassan and Fridovich, 1930).

Ye£ast metaboiism ¥as jnyestigated in the 2ra of
classical binchamistry. As a result, dimportanct

contributioans %o our general knowledge of central meticolic

pathways emerged from these studies and, conpsagusrt

ysast technolagy nas developed to an appreciables asgreae
[Coox, 1958; Rose and Harrison,'13483,1970,1971). ~or z=ne
tast few vyears, ysasts nave 0220 us2d 50 2xpress Ttor219n
polypeptides of industrial! f{mportanca, Indaad S

c2ravisiae 90ssesszs several pe2aetits 35 a nhast., Among

other advaatages {t is nonpyrogsnic, it zan giycosylats
foreign orotaians and it can, ian some cases, secrete ror21gn



