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Studies on the Cell Cycle of Saccharomyces cerevisiae
by Electron Spin Resonance Spectroscopy
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Department of Microbiology, College of Natural Sciences,
Seoul National University

ABSTRACT: The intracellular free radicals produced at different stages of cell cycle of Saccharo-
myces cerevisiae ATCC 24858 were investigated by means of electron spin resonance(ESR) spectros-
copy. The synchronized cells by repeated starvation and refeeding revealed different ESR spectral pat-
tern compared to that of asynchronized cells. Each spectrum centered at g = 2.005, which indicates free
radicals. The relative spin concentration was maximal at the end of DNA increase. The variation of the
relative spin concentration at each distinct stage of the cell cycle was evaluated in relation to ascorbate
concentration, L-galactonolactone oxidase activity, and ascorbate oxidase activity. The highest activi-
ties of L-galactonolactone oxidase and ascorbate oxidase were detected Just before and at the maximum
of relative spin concentration, respectively. And ascorbate concentration fluctuated through each stage
of cell cycle with the changes of relative spin concentration, L- -galactonolactone oxidase activity, and
ascorbate oxidase activity. Thus it is suggested that intracellular free radicals should be related to cell
cycle, interacted with ascorbate, and may play an important role in the cell cycle of Saccharomyces cere-

visiae.
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troscopy, ascorbic acid.
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& A (Pryor, 1976a), X 3}(Harmun, 1982), o
(Lohmann 5, 1979a) 5ol Hoddls ZHozm H
253 ek, =3te] Afebr]zbe] £ (free radical
theory of ageing)-2 Aol PAs|= =282}
HZES wolsls Zlzte] AxHoz AEdosm
22| ztFsle] w3br} Aty dudsta g)
oh, ®weREAe]l Azl FodAl (donor)vh LA
(acceptor) 2 2h2-3ko 2 A=zl %7 21} kinetic
equiibriume HEA 7w RBadE uw 9}
(Szent-Gyorgi 5, 1966). o]z, HELOUL%XE]‘S—
A Q] AR o] = &
A =, o]k 7}7‘3 ofl4] ESR *3“‘5"’4«]
HEE AT 4 glon *oL\_ A7 e &
Ak A2 o] Folol| 23k 77} Agslo] gk
(Dodd, 1980 ; Swartz, 1979). #7k(rat liver)
o] Wt of A ESR signale] Wile g 4
Aot (Vithayathil 5, 1965), =3k, 34 =18
o gabe] FAzzE P AHAkldAAME
A4 A %E signale] g=2, 00504 spin %
9] F7}E Holvl(Lohmann %, 1979a), ©]
signale] semidehydroascorbate (SDA) zheizo]]
Zlglgetz 3 wg v 9o} (Lohmann %,
1979b, c)., =&} okA o] ~HE# o] SDA &
7k Qlx]of} ek =ato] Algsa i),
ol A= -‘tfﬂrS’Jr ofo] Az Edx 2AA
1 Holl A Aretd Za Al
3o dBAS ESR spectroscopy-a ©]-&3ted o
2| Z 7R ESRE ol-g3 A7t FE LSHE
53], Algke] Az e FH °o% ﬂﬁil, AREE Al
EE58 A2t YdHSIA dojule Hel ofy
Powz Aziz z}—n—a}r/]?a,drgl A BAE
Arsledl & =gl s Fagrh, oebd B
Aol A& ]"”% 7hed] sl AlLef
Alshe -7} gle] H Sacchammyces cerevisiae
g ol g3ld . T2 vikE oz AFEE 4
i%"—i"] T sHA °‘°1‘+ = sieiet, AlZ}
bl g e Tyl %ﬁﬂ ofg{rfx] E4 &
A9} felelzt AAA (scavenger)
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HF 2+ Saccharomyces cerevisiaze ATCC
24858¢ o] %3191, Yeast extract-Peptone-
Dextrose (YPD) ghdAbduizlof HZE, 304l
wjedsl 4T Basldet, YPD g Apadul=] o
AL " o 2o Yeast extract 20, Og,
Peptone 10, 0g, Dextrose 10,0g, Agar 15, (g,
ARl geolg P AbduiA 2R e Fu] &
%.2] Wickerham's malt extract l|=]o]l #Zs}ed
T2 Agkerl Wickerham’s malt extract i
Ao z2A4e 9 ob&3 2o (Wickerham,
1951) ; Yeast extract 3.0g, Malt extract 3,0
g, Peptone 5,0g, Glucose 10, Og,

Synchronous culture(SX Hi2t)

Williamson (1962)¢] ws-& A-g-3slgict, Sl
552 Wickerham’s malt extract ®|x] 250m/
o S. cerevisines F%3te] 25ColA 10974 o)
oFeteint, 1047k wioksl AZE o 27 o)
7t FFE s, o 0%l sk =t
AzEo ixunokoﬂ HAslsim e 2 94
oz A7 skl oH(Williamson
Exiny 3000><g<>ﬂ‘i 1027 AF=lsle] #315)
;ﬁ;zrﬂxﬂ—a}u} z

159% mannitol 9~&lel & etol
AA 2-63% FoF UAlEE sk
A= ATE 5-63 wlEs b
of, mlE] 25CE 34" 120mie ) Fx
Wickerham’s malt extract »j =]
< 40% st sk & fri‘?ﬂf’ﬂl starvation
mediume 2 38l Aot AlA g A ¥ 2
m/ starvation mediumel 4 647} Eob 73Ei51A|
ZIRshE A wicksldct, olu] RE X -
Ao dn AAZ Lx =
Wickerham’s malt extract
starvation mediumel| 4 €] 64]7} voksls BAL
2-3ol] ZAH A5H oz 33| o]k AAsle] Hx
WkH S, cerevisized A% ol AREEE
starvation mediume] =48 E}*J/} 7o} (Willi-
amson %, 1960) :KCl 0,01 M, CaCl, 0. 0024 M,
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MgCl, 0,0025M,

Asynchronous culture

%2 vk (synchronization)® AlZol| w3l
ZT-E Saccharomyces cerevisiaes asynchronous
culturedtodst, Ful §59 Wickerham’s malt
extract ¥Wiz] 100m/lel EFE uhEo] 1247} )
o F, Y wlA 100 HEseh, 25CaA 21
AlZE gt el Al AEA S K7k B Flod
34 7ketet A 85 A # shed e,

’o‘ﬁ_i starvatlon meduimoll 4 647} Zo}
Bjj oF g} F59 Wickerham's malt
extract HHZ 720ml°ﬂ HEstdoh, 25T 4 wil
bahv] WEG ARE A Fow 15-ﬁr Aoz 70
mi4 ZE FFE slo] 16709 T
T HlE odgof i&o}i 4CellA 9

e 33 SR 24 Al

E 'Y‘H] 0}9\/5\

Eol|4 0,5miE
shod ot OI“H, HFFTEt 1% A=
formalin® 2 147}t Haemocytometer® o]
Eoted FE SHsYorn] Folsle AHxgl A
% Williamson (1960) 2] 7|30l w}a} A Akehal

ESR spectroscopy

32 TR 2M AAHG ATES AxALz
BE AL 2047 oA B AzAZch
&7 71z®" AZ25E 3mm ESR tubeo] 40mg
4 {3, Varian E-9 100 KHz modulation
X-band spectrometers o] &35l ZA3tqin),
DPPH (diphenylpicrylhydrazil, g = 2, 0036) &
peaks 7o 8 Alm amplitudes 2, 0X10G,
receiver gain 3,2x10, scan ranges 200G
F U&=l A

200 E4AA Hat
Hr &

Ad3tdch, Microwave powers=

asynchronous culture® 0,5mW, EZujeke 5

mWell 4 AAjEkedet, Fields 3380G, micro-

wave frequency= 9,51 GHzZ 1.%3}it},
ZR2(Crude extract)

T35 FAE 5mie 0.1M QlAk-AlEE A 9}
& (pHb5,6) 22 HAeledg abEoic}, o]F 4
ml% glass bead (Sigma co. 425-600 microns) <}
g7 Omni Mixer (Du Pont Instrument No
17047) % 3¥AHE A5 =}9K)713 3000 gol
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Diphenylamine testZ DNA %% ZA3}qic},
Stewart (1975)9] ez DNAE 2335y
diphenylamine test= GilesﬁJr Myers(l% I
Aol oA e A sty 45 957 98
THIgE S5mil Heted 7}'rtﬂ lml— A4l

10% perchloric acid 1, 3m/ollA  15%-%
off Hakalodw dAFe)sled ARGl ug]
HE< 4] 10% perchloric acid 1, 3m/~
stod 80ColA 20859t whxgt £ slala
L A5 F 1mig S cerevisize®] DNA =
FdoF Aokl DNA 2o 1mie} ko]
diphenylamine reagents Z3sli of 7o 0,19
acetaldehyde® 0.1m/ 7}k 3 30ColAo &}
uh kA ste] sk 600nmoellA] 358 2xsl
oh. DNA <& AAsr] 98 %3
herring sperm DNA(Sigma) 8mg& 20mie 5
mM NaOHel| =<1 & A2 2 10% perchloric
acid® 3|43k 80°Cell4] 20487k whA|alo] o] &
atedct,

CHHE Fat

Coomassie brilliant blue G250 dyed o]$-sh=
Bradfordd (1976)% AFg-3lydon] T3 cluixe
bovine serum albumin(Sigma)g- AF&-3}<ic},

Ascorbic acid S 5%

Zannoni & (1974) ] w8 Hesle] =459
o}, &4 1mioll 50% trichloroacetic acid 0,2
mig Hel thilAs AAA )2 YAe] @3
AZH 1mil 98% o-phosphoric acid 0.2mi,
1% @, a’-dipyridyl 1m/, 3% FeCl, 0.12m/
= A7ksle] 35Co4 1587 w2519}, of o
4% Gilford 250 spectrophotometer(Gilford

sto] 525
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Instrument Laboratories Inc.) & o]&
nm®] =8 Z4sloint
Galactonolactone oxidase MHT &£H
(1974) 2] W& ol 83l g &
W2 3mM L-galactono-1, 4-lactane 0.1ml,
284 0,2ml, 0.1M AR EE AL glEgol
(GH5.6) 1.0mig 2¥alelt. o 08 29
< 35ColA 1587 9k #17] 3 509 trichloro-
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acetic acid 0.2m/S o] 98-& Fz} 2]7]
AR whlAS delsiolnt, AZol 1m/
ascorbic acid 5% &3 $Ug wyog ups
A7 B25nmell A FH4EE 2Aee, 49 B
A Bk 137 1 gmol L-ascorbic acidg A4
e E4o] okg lunitZ Aolsigdc)

Ascorbate oxidase EMT &3

Boehringer Mannheim(W. Germany) Co. Ltdo
A Alqkgt g A3kl ek, L-Ascorbate
solution 11 mg L-ascorbic acid® 0.1M ¢<l4l-
A EE AL 91=Q ol (pH5 6) 20mleo =0l o|-8-3}
FA 2 0.1M <

2Ab k32 (pH5, 6)oll4 4CE Fx3le] 24
Az FE FAAZL 3 B g 2Heoich, sl
FEN 2. 70mlel FEA 0.25mlE Hrlelw
L-ascorbate solution 0, 07 mi& o} =212-& *]
2kstglet, L-Ascorbatet 265 nmellA 2o &3
EF 7R Gilford 250 @pectrophotometer-pr
ARl 265nmofl M FAE g ZHay

a4 3 kgl oaL} 7hol AbE3) o] Aels)

91 X 71L ZEAE AL_A]

od
AN

AE/ min= AE/ min, sample- AE/ min, blank

[e]
L-Ascorbate Oxidase H%zz?
Volumetric activity= —————————AFE/ min
[units/ m/ 13, ox BHAT
sample solution] {m/)

An ¥ @

Asynchronous culture2| ESR 2 HE 2 B3}

Asynchronous culture24-8 3-8 A]goj4 1}
< ESR ~gE2S o34l ol g valued A

Abstodet (Fig, 1),

_hy

& i
Planck constant, # <= Bohr
microwave frequency, H+<
magnetic fields WeRic, oW DPPH (g=
2.0036)2 ®Asteich Fig 104 3HAIAg
FHol g=2.005 olth, W47 % 7] (early
exponential stage) ol Abfetr]Zbe] el A

3714 h+e
magneton, v &

ESR investigation on cell cycle 47

r g = 2.005
W A

e

Fig. 1. ESR spectra of asynchronously growing Sa-
ccharomyces cerevisiae: A; 3 hrs. B; 21 hrs, C: B+
10 mM ascorbate 1 ml.
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Fig. 2. Change of the relative spin concentration of
asynchronously growing Saccharomyces cerevi-
stae: A; total number of cells per mi e), B,
relative spin concentration( © ).

o7k dl5=71 %7 (Jate exponential stage)eol =
Zhaz, ©hA] A7 (stationary stage)oll S-o]7kd
Al Afrebe] g oko] 24 Zr)sls kALY H o]
Fi ek (Fig. 2).
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21417k 2 FEE T2 A= Aol 10mM
ascorbate 1ml& H7}6l9S 7% = spin =
7} 24 715 (Fig, 1C) (Lohmann 1979b),
o|Aez mlFo] & ul o] A-felr|z-e SDA =
tZtel 21} ascorbatest AtFA-E3led spin &
of F7b7k veldt Aoz doln),

=X Hj2El S. cerevisiae2| ESR AHER
3}

T2 vk ARE dolry) flelA g} o]
synchrony index (Blumenthal %, 1962)5% A4l
s ie

F= (Nt/N,- 29
olwf Nt % F AZ4 N& £4 A Az
A7k, B S Alh
= 3| F %kel 0.6-
0.85 Ateld 749 5= wulcko] 22 Ao
2 #rlsked (David 5, 1982) £ A&
of 0.66 A=7 Hoiet, &= wioksl $E9 ESR

; o
LsdE L

o
s

=z
al

asynchronous cultureol] 41 }e}ut
g-valuest A#E8le] F-zofl 3lojA Falslch
(Fig.3). AHwetelz A o4& ¥ DNA £
A7b A o A2 oFe] AR DNA 847}
b = o shg gle] AAEE Zog el

g = 2.005
r 10G

—

)

Fig. 3. ESR spectra of synchronously growing S. cerevi-
sige: A; sample 8, B; sample 11.

KOR. JOUR. MICROBIOL

Fig. 4. ESR spectra of sample 11 measured at low
temperature: A; scan range 5 x1 KG, B, scan
range 10x1 KG.

o, 2ela o Feol] ofA] zRdsle obARS ®alth
(Fig.5C).

A HAE o] @sle] 2204 T2 119 ESR
£H9E8S Ut (Fig.4). Receiver gaind
1,26X102.8 £9 3, scanrange® 5x1, 10x1
KGZ £3lrh &, Aold Aga A o] &9
Edo] A5 broadeningd dozich UupA
2.2 ESR spectroscopyel A= #& A8 A
Aol FEo] AHEHL linewidth?} Fo}z
(Fraenkel, 1967 ; Freed %, 1963)., =12
Fig. 42} 7¢] broadeninge] dojyttis AJAIL o]
2HEHE Aol 98 AYS ks
ot

ESR 2HER{o| 24

Fig. 13 #ro] ascorbate #H7}A] A}-f-z}jrjatol
F7Fske A} ascorbate®] A-gEld# AA A
249 A4, dehydroascorbate”} 4| Z2do] I}
Algteh (Edgar, 1970)+ AMJollA] ascorbated] Al
A4z Ba)E L8} Azl Age APslod
t},

Galactonolactone oxidase=

¢

_(rl
o}
.l

==

S. cerevisiaes A
L-ascorbate® AA3E 42 od8x 9o
(Bleeg 5, 1982), %= wlkd S cerevisined
A|gollAM qhE 7t ZE42HE M2 oE Z4Y5
7b vebstel (Fig, D), ofg ZEAME Ao &
HEE Holx| ghgker} spin FEo} ae] o]z
7hek2 A, shiAdo] ghue) g4d W galactono-
lactone oxidase®| =7} A Frhele "Ailol
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Fig. 5. Overall criteria obtained from this experiment: A; DNA(®), B; protein{ © ), C; relative spin concentration( a ),
D; galactonolactone oxidase activity( m ), E; ascorbate concentration( a ), F; ascorbate oxidase activity(1).

WAE QY T},

Ascorbate oxidase® ascorbate® dehydroas-
corbate® Abs}sl F4 o)t (Nakamura =,
1968 Dawson <&, 1973, Marchesini <,
1978). Ascorbate oxidase®] 457} 2A Zs}
g 23} ARl ae] Huze oz
DAshE FAE ®eloh(Fig, 5F), o&
bate oxidase”} ascorbated AbshA]Z wl
<= ascorbyl radical?} Z)-& <izo] ¢l
Roizir},

ZELE2 ol&3ly] S FujE RS9
ascorbate ¥ = & Z=43gict (Fig, 5E). L-
Galactonolactone  oxidase # 4 % (Fig, 5D)+=
ascorbate oxidase #A% (Fig, 5F)ob= a7 t}
E FE 2otk spin FE) op wo] Al4

23
R = L R Y

ol
ascor-
)

7;10@

78 ascorbate

2l

Vanin 5-(1966) 2} Nalbandyan (1966)°] yeast
o] gvalue® 2,0030.2 F3jo] ¥ Alglzte] o]
= Roli glem, Lohmann 5 (1979a)o] 4wl
Ay o] HllozHe ol ESR ~dEzo]
A Fz27F S-mops ZH= Zap Saps)c
vt Lohmann %2 ESR A#E 2ol Mnp
el vl, S, cerevisiageol A -2
2dEde] AL Mn £#"ER] =gebr]zte]
2HEH gol FAEY 9k Aoz walg,

~HE 2ol

AR

ALz whE s4 P4z Fr4ge g
cerevisiaeol| A 3001Fe]  H =93 (Gor-
man &, 1964 Saunders 5, 1975), Al#lo)4]
1} B} ¥t ascorbate oxidase (Fig, 5F) o}
galactonolactone oxidase (Fig, 5D)&] # 4 5. %

ole]
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o] B-foll &8rtn HoAry,

g=2. 00514 ~sEaL el A3 25
g ZE AR oA rE F sz 1A
A B AYREE s4e oot & ol

AAZ o] Afairizto]l SDA bzl AS
galactonolactone oxidaseell 28l &4 % ascor-
bate7} W& 4% 2 agcorbate oxidaseo| 9}3] Ak
slslx o Fol) u|ZA ascorbater} YAk o)Ak
viebddc, o] A% SDAY AAAow A3k

&1
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AfzEojA AZHE T2 DNA THS WYalshe
Aoz ®olch

W Z SDA7} obd th2 2jri el ofs) ~gE
&o] vebd 749, ascorbater} =izt AlA A 2
gt & 4 gl
oxidase 7} ®FE o] W ascorbate ¥ ascorbate
oxidaseoll 2l SDA7} =lo] o] w] wrllgl o}=
A-retezbe]  AAAMEZ olgH”rd, o] HALofi=
ascorbate’} 7Aoo 2 A 23S A sIA o},

%, galactonolactone

2

Saccharomyces cerevisise ATCC 24858 Al Z3he] MZ o}2 stageol 4l AAHE AF22L electron spin
resonance(ESR) spectroscopy® ©|-&3le] dolrglel, Starvations} refeedingg WH8-3led £ wjoksl AL asynchron-
ized cell®] ESR 2#lE®) 7ok} of& AsE ugc), 2t 2"EdEe g=2 005004 A-feleizte) signale Jepigich A
235 = (relative spin concentration) DNA 747} Fuls whol] #mghs valch Al28ko] 7+ stageols che A vie}

& Al 23559 W3S ascorbate 55, L-galactonolactone oxidase 34%, ascorbate oxidase T4x.2t Haizlo] o

.

sheich. L-galactonolactone oxidasets Al 23F 57 # 3zt 27 24, ascorbate oxidases Al A%} 2 5gke

Ze W s 2 Y5 g 7=t} Ascorbate £E
oxidase A Ee]
ascorbate} o134

AL AL

2 AF-5 9sted ESR spectrometerd A-8-35}
Al FAl WA Feletate] & o maed o)
3F ofef A ZALE =), B odTE s
At A FEd e 2 2=
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