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Studies on the Cellular Metabolism in Microorganisms as
Influenced by Gamma-irradiation. (II)

On the Respiration Rate and Dehydrogenase Activity
in Yeast Cells Irradiated by y-ray.
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Abstract

Kim, Jong Hyup, (Div. of Biology, Atomic Energy Research lnstitute.) Studies on the
Cellular Metabolism in Microorganisms as influenced by Gamma-irradiation( [ ). On respiration

rate and dehydrogenase activity of yeast cells irradiated by gamma ray from cobalt—60,

1. Oxygen uptake rate of the gamma irraiated yeast cells had been measurcd with Warburg’s
manometer, and the O,-uptake was compared with those of normal cells. The rate of endogenous
respiration increases in its Op-uptake at 150,000 rentgen dose, and at higher rentgen doses
it was decreased. Exogenous respiration begin to decrease in its Op-uptake at 5,000r. doses of
irradiation, further decrease with inereasing of doses unproportionally.

2. It appears that plasma-membrane and nuclear membrane of veast cells have changed
and denatured by gamma-irradiation, as exogenous respiration of glucose had been decreased
at a dose of 200,0001’s irradiation.

3. The activity of glucose, alcoholic, lactic, succinic and gluamic dehydrogenase (G.D.H.,
A.D.H., L.D.H.,, 5.D.H., and GL.D.H.) in the gamma irradaited cclls had been assuyed by
T.T.C.(Triphenyl tetrazolium chloride) mcthod and spectrophotometry, the obtained results
were compared with those of normal cells.

4. At a dose of and 10,000 rentgens’ irradiation of gamma ray, the activty of cach debydr-
ogenase (G.D.H., A.D.H., L.D.H.,) shows a sharp and highest peak in optical absorbancy,
but each abtivity of $.D.H and GL.D.H shows its’ maximum peak at a dose of 30,000 r.

5. The curve of each dehydrogenase activity was found to be rhythmical according to
dose-rate of gamma irradiation.

6. Comparing with activity of debydrogenase each other, the maximum peak in optical
absorbancy can be arranged according to order as follows; glucose >> alcoholoic > lactic >
glutamic > succinic, this order is identical to the order of breakdown utility in respiration of

normal yeast cells,
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7. The activity of dehydrogenase experimented exhibit a resistance against gamma irradiation

at lethal dose of cells, and the activity of dehydrogenase are found to be much resistant than

those of respiratory system.

We may assume that the membrane substrate of mitochondria or cytoplasm had been destru-

cted by gamma-irradiation much more than that of dehydronase system.
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acid, Succinic acid @ Glutamic acid £ 5 7o) ¢ v}.
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9 0.5% WBEE, T LS HEL 1/6 Mol
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Fig. 1. A set-up for large seale culture of Yeast.
Table. 1. Composition of liquid media for
culture of yeast.
Pepton(; 7 1. 0%
Glucose 5.0%
Yeast ext. 0.3%
Wort (Bg. 10°) 48c.c
KH,PO 4 0.2%
Mg SO 4 0.1%
Distilled water 454 c.c
Total 500 c.c

PH, 5. 4 151bs/15 min.
T.T.C.9] Btz Fig. 2 9 2o},

NN
< N

T.T.C.cwHITE)

AHzD Co—-enzyme )C
A » Coenzme-Hz2

.
[ETTE I W
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Table. 2. Enzymatic preprations for dehydrogenase
in yeast cells.

 Substrate solution(1/6 M) (P.H. 70)  lcc
Phosphate buffer solution(1/2 M.P.H. 70) 0.5 c.c

Yeast suspension lcc

T.T.C.* solution(1 mg/1c.c) lee

Temp. 30—32°¢

Time. 23—30 min.

T.P.F. Solvent; Ethl alcohol(95%) 8c.c
or Ethyl acetate 8c.c

Reaction inbibitor T.C.A.*¥*(209% )solution 0.5 c.c

** T .C.A. Trichlo acetic acid

BEEN S kAl v]lZ] 91eke] T.C.A(20%) 7%
BE 2R UI108BE sty o, o« d iz ethyl
acetate & Wit E @A}

T.CA & A %294 X ethyl alecohol & f#
matg e, olzle e #8st Kt kme
fE-E A s Aol= wige] Kdd mme
TPF.o #&@m#e BW(,500 rpm)H LE
el KRS &71A A3 o) LB 2 Spectro-
photometer o] 4 5= g el #E A=A Zero point
5 I, JEERS BATY BREREERTE)Y
O.D. & blank 7 2}o] ¥stdd =}

R # B

r-ray O k3t EEEFImEO] Ik

Table 351 7k [ fi¥-2 manometer ¢ flask ol
BASY WEEMEE gd i BRTERS 299
A Opuptake & #{bE HlE #i: Talbe 4 9
2=t

Table 4¢] 28" QO, value &
respiration(G™)[E 37 exogenous respiration(G*) &
o vrolA, o activity &
Re M= Fig. 4 9 Fig. 5 o]e}. QO, value &
percentage 2. HF ] ok EHi% ul/mg/hr. BfT

endogenous

percentage 2.

NANH-ETTS
T )
T.P.F.¢RED)

+HCL

T.P.F.Hz
T.T.C.

Fig. 2. Color reaction of T.T.C. to T.P.F.
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Table 3. Compositions of reacting solutions in

manometric flask

[Vol.5 No.2

=

3

~~___ Container -
T Main compartment l Center well Side arm Gas
Expts, T ) s o B
Endo. resp. ‘ 0.5ml. 1/5M. phosphate buffer. soln. ‘ 0.3 ml KOH
(Control) 1.0 ml Dist. water. L (20%) —_— in air
R-, G, 0.5 ml Yeast suspension. \
Endo. resp. | 0.5ml 1/5  phosphate buffer soln. ‘ 0.3 ml. KOH
(Irradiated) { 1.0 ml. Dist. water. (20%) — in air
R*, G, ‘ 0.5ml. Yeast. suspension.
Exo. resp. 0.5ml, 1/5M. phosphate buffer soln. 3 0.3 ml. KOH { 1/10 M_Glucose
(unirradiated) | 0.5ml. Dist. water. (20%) solution in air
R-, G+, 0.5 mi. Yeast. suspn. | 0.5 mi
Exo. resp. j 0.5ml, 1/5M. phosphate buffer soln. ‘ 0.3 ml KOH 1/10.M Glucose
(Irradiated) | 0.5ml. Dist. water : (20%) solution in air
RrR*, G*., 0.5ml, Yeast suspn. | 0.5 ml
Table 4. Respiratory QO values in yeast cells irradiated by 7-ray
(sl/mg/hr)
T Expt. Endo. resp. Endo resp Exo. resp. Exo. resp
- (control) (Irradiated) (unirradiated) (Irradiated)
) R-, G, R+, G-, -, G*, R*, G*.,
doses. o~ T T L7 ] ’ .
5.000 T 2.9030 | 3.0582 | 4.7144 4.4426
10.000r 3.0649 | 3.0155 | 5.0593 3.7862
30.000r 2.9989 3.0019 4.8241 3.6031
100.000r 2.9749 3.0936 5. 1086 3. 9088
400.000 3. 0655 } 2.5115 4.6161 1.4591
600.000 r 3.1670 | 0. 7881 4.4193 0. 3670
' (gt T N T T
»
50§ /'ﬁ'”’“‘ﬁ-*——-_..-_.“__
HN— S
(R, GY)
40 b ,\ R
2 S~ '
32 .
3 a0 [ e
= ———— (R, G-,)
<! .
T 20 \
(R*, G~.)
N \‘
(R, G+ .
510 30 1 200 ‘rﬁo 400 T s;,
ey
Fig 3. Changes of QO, values in respiration of yeast cells irradiated by 7-ray
(R-, G*,eeevee Unirradiated and glucose given) (R=, G-« Unirradiated and glucose free)
(R*, Gyeveree Irradiated and glucose free) (R*, G*,--een Irradiated and glucose given)

30
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Control (Unirradisted)

- (R™, G°)
:\ .
Ry o ——— %
s 10 b
&
b 3
g 50 p
Irradiated.
z
£ X
Z
0 p
L
10 p
S 100 200 300 @3 500 600
k.r.
‘“ Trradiation doses
Fig. 4. Changes of exogenous respiration in yeast cells irradiated by 7-ray from Cof
(R-, G*ooeoee Unirradiated and glucose given) (R*, G*eeeoee Irradiated and glucose given)
%)
s
0 t— Control (R~, G~.))
= \

70

Activity percent of QO,

10 p

Irradiated

. 400

ook

Fig. 5. Changes of endogenous respiration in yeast cells irradiated by 7-ray from Cof

(R-, Geveee Control and endogenous resp.)

2 &A ¥F23 o] Fig 30+

Fig 49l4 2t whebgro] Mgt
B®E B B) exogenous respiration ¢
5,000 rentgen ¢l 4 QO, value 7} 95%=,
rentgen &) A = 75%2 WAL Y+t

glucose &
PERIS
10, 000
100, 000

31

~«...o.Irradiated and endogenous resp.)

rentgen LI bl A= RERMA RhHistd QO,
value 7L E#ERY . = HMAdta b, B ol A& st
fol] f&kshe] BERFRIMIMAS] exogenous respiration ©]
B A & Ehkgrt. .8 v endogenous respiration
d elA & (Fig. 3.4. 28]) 150,000 rentgen H
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g Tig. 6, 7, 8, 9, 103} o] 1epykglet
Fig 6914 xmx npe} 7ol Glucose dehydrogenase

9] activity = 5,000 3 10,000 rentgen o 4] &3]

E5 g .om, 30,0009 4 —H #EEA I A

exogenous o] 9°] 4 glucose 7} HER= 2 ek L
B} 200,000r. Bk #EAAE, (RY, GY) B
S-S ub-e. exogenous respiration & BRIEE] FEI
o] BEBS R At o] HEL RHEERE Bl
o}, HI BitmEEEs e ool #iMsl glucose 9
BHE 23S BBkt zlol=h

B Ming BUKEBEHER o3& r-#9 o

Al 3] 400,000 rentgen 742]  activity 7} R
A 2 WEa 9. o] G.D.H. (Glucose dehydro-
genase)®] activity 3= HEUSHEREEE 1, 4, 6, 26 K
sl A4 #lEAd=} 4714 d7dEs A& K
St Bgte] #keted G.D.H.7} activation ¥ v} 2
F}, 7L activity = 26 B ##% o}= 210} AD.H

Irradiated (A)

Irradiated (B)

Trradiated (C)

Density at 490 m. .
<
;2‘

Optical

Irradiated (D)

0.01
Contral (Unirradiated) \\\ \i
NP WY 2 a 4
10 30 50 100 200 A0 505 6‘;)
Dose, (k.r)

Fig. 6. Glucose dehydrogenase activity in yeast cells irradiated by r-ray.

A.--Measured in 1 hr.later. B--Measurad in 4 hrs later, C---Measurad inb hrs later. D---Measured in 20hrs later.

0.08 .
\
\
£
g oo
¢
2
&
El
&
trradiated.
0.01 / \
0 . \. )
Controt (Unirradiated)
30 e §0 100 140 200
e, (k.r)
Fig 7. Alcohol dehydrogenase acivity in yveast cells irradiated by 7-ray, measured in 1 hr later.

32
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Fig 10. L-Glutamate dehydrogenase activity in yeast cells irradiated by r-ray.(measured 1 hr. later,)

(Alchol dehydrogenase)$] activity %A Fig 7 o] 4
B wheb 7ol 5,000, 10,000 rentgen o) 4 #gu& 3]
LR gler 30,000r A ETFSA G ohA
£5(50,000 )38 #%3] BB o
L.D.H.(Lactic dehyhrogenase) Fig 8] 4 3 :

33

uke} zhe] 5,000, 10,000 rentgen o) A = #FHkko] I
Fatsl o, 50,000r N A EFsA o) Al LR
(60,000r %5 100,000r 7=])3x =} 14
200,000t ] 4 [EF 3=, wha] L5 (400,000 r)4gd]
{ET 8. 8. D. H(Succinic dehydrogenase)e]

0.1
b
~ L
S
g
g b
-
z
% 0.05 i .
3
Control (Unirradisted. )
0.01 \
- - - . N )
50 100 200 300 400 500 )
Dose, (k.;.)
Fig 8. Lactate dehydrogenase activity in veast cells iriadiated by r-ray, measured in 1 hr later.
~ 0.054
g
3
g
2z
‘®
&
- Jrradiated.
) '
5 [}
C_J o Control (Unirradiated)
T - W ——
. .- e - o
10 30 50 100 150
Dose, (k.7.)
Fig 9. Succinate dehydrogenase activity in yeast cells irradiated by 7-ray, measured. 1 hr. later,
0.08
0.05 Irradiated.
B
£
=
1:( ’ Control (Unirradiated) .
T oo}
& A
A e m
50 100 200 300 a0
o Dose, (k.7.)
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activity & Fig 914 M vis} zol, 5,000r 4]
A HT L&, 10,000r ¢ ETF, 24 =4 30,000
72 L&A, 50,0001 ol 4 {ET, 100,000 r o
A "l ERE#E 150,000 r o] 4] control 2] level =
ET st et

ol eh o] 4 FY RIKILBEFHERo] £ 4%
ERE#] {k38}e] dehydrogenation -& wrow] glo]
A 2 BEst A tage Aol

334 G.D.H(Glutamic dehydrogenase)®] i&:pr
& 392 (Fig. 10), 5,000, 10,000 rengen <4
BT ETFz o4 50,000r el e LHETHE
*H4] 100,000 1 o} 4] {EFRE . 248 =4 BRI
=7t (200,000 1) ##3] ET 2 gl

% &=

RS B (endogenous respiration)
el 150,000 rentgen 7121 9] bR BRatel 4
control 8] Oj-uptake rate ¥ 2t % T [Hala 9]
= HE> (Fig 5. 2M8), Remezova 1959%7
Caputo, 1960®, Dewey, 1962® Romani 1962 %
o] hgtet ool MY BOLHREAAE WK
Higee B =& EECS sl RS —FId
=},

a8} exogenous respiration?] 73 -¢+E& 2%
U TE (200,000 r)7H2] & glucose o] FEEK} o) ¥
va gy, 2L ke i A e WREEEe) X
Tie Aoz wel WESL sz Y& g5 A
=, o]z Mifue] BEEAE XEddte fﬁﬂ"?’ﬁﬂ%
= Ebﬁ-a weste Aoleh. (Billen, D. 1953, ©®
19549, 1957®, Caputo, 1960®, 1962
(18 Hagen, 196211).

o] #f:o] sl protaplasm, nucleus, mitochondria
%9 plasma membrane ©] JgtiRd] &shod lysis,
swelling 4 ol27 Aoz v& Ao|s|

o282z gucose HF MEAA =S ZEE7T
fHeE=]) » =4 exogenous respiration rate 7} £ ¥
' Aoz 474 9+

o] B3l BAMH3le] dehydrogenase activity ]
B Re Zgaa.g, ol % EER acivity 71 (&
(300, 000 rentgen LI F)e 4= A#= Rhythmic
process & 43 Y,
membrane 3} mitochondrian membrane 2} swelling
8 lysis Ho) #pbe o= gl HEST #azt
s B 24 activity 7} FEe(Optical density &
curve 9] drop B g) 3}, ©] 9 7+-2 membraneo]

Lieselotte,

2. mechanism % nuclear
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= ol =

4+F-7} incorporate 5] ] dehydrogenation activity 7}
FEH&3m, oA o] Figure o] 4 Rhythmic process &
Beg = Aoz 474 grh. (G.M. Frank, 1962
aey - (Caputo, 196019)),

BRI BRRIER eV BIKRBESE R
2.8 HIEME  280,000r.(Buffer % Ev KE
KEAL A A Jls] vEmREhT iSiko] s

ESte BHES MBS 280 £iEEES [
8] EALBER feAtEA el M BmSHe] 48
RS v T Aoloh, B ALy 28-S Kud
el Be A MEs) EfikEe] e ¢ 9E A
ol e}, (Dewey. 1962, 9)

Bk EERS] mie BEE HhEdd vde
Glucose>>Ethyl Alcohol>> Lactic acid>glutamic acid
> Succinic acid, ] JEFEE =]+ o] BEme

2] recovery J5Z& repair ¥ ¢ & t}2] glucose

. Yamaguchi, 1941. %8 (X7} BefELe] MEBARS] R B

34

€ st 42 Aot @3t RAKEBERR
9 activity & METHEH #&etd, RIUEMST 8
A ofskor whub [HHte] kel 4 activity 7b rhyt-
hmical 315 BEye = zlol v}, HEH MHEE o
&5 activity &= 34 EFEIFG oA, 6~26KH
#% = Control level 747 ETEE <5+ B8
B9 HIEHR L E(500,000~600,0007. )2 ERE
o] A = enzyme o] MEHEA BAKF] o7 @

& HH5S ol A actvity 7F {ETF 33 A =k, 50,00
0 ZE# 100,000 rentgen B A= T ERRRER
Aol B Ao w vl 25 uo} MiEe permeability
d o Eﬁ“] et a Ew

Gl.D.H.(Glutamate dehydrogenase)®] activity ¥
2] RGO (ke A BiEjo] 47 o, 2 Rh-
ythm &] ##8-& Carbohydrate & 8t enzyme
9 Ao gt o9 e BRE 1 enzy-
me 9] activity ol = RFC} YA L 238 glu-
tamate 9] fifpye] o] HBE 28 A v
47,

EEENEE Eadte GRS W gn &8
a2 2 AFEEH-E A HA MR Bk
ERAER EEE Wids Jdgx AL T.T.C
(Tripheny! tetrazolium chloride)s] BWEFEHRS F
I P Bl

A= M7 = LSS Bt W
i EHBEs KBS BB ni F BES
©] homogenated tisse 7} {# Fi=] 9 §1 .2 +}. whole body
radiation 5} cell radiation FF3= 2 Zifo] =& A o]
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O EKGEY BES My #Re] Wy T.C.A. cycle o] B3} = succinate 9] dehydroge-
Aoz dojAr, nase activity 7t glucose +} lactate 8] A wrtim

Warburg manometer 8 i ¢ 9 HIBRRKE activity 7} {&4731 A2 (Fig. 6, 7, 8, 9, 10 2/%),
M) Co, gas emission, endogenous respiration £) B M4Ed gl A T.C.A cycle 9] system o]
rFEMIRE, permeability o] ki <) a4 glycolysis 1} fermentation 8] MMuwx spgs
BEEHE BEE FQ a0 42 T.T.C.q Aoz 4= g+ Glycolysis 7} cytoplasm o] =}=
#3 Spectrophotometric method o] ka1 & g ol 4 #EB= 3, T.CA. eycleo] mitochondria
S 489 AiEHEe) ZH7h9 <l 22 enzymic pattern el 4 BRsite 2eells, pegEEs RHa
HAA £ EHBERE WA o= BHETAA4 MIREA 4 fraction & permeability 9] #3= enzyme
analysis &5 Q& Aoz 4 A}, o BEE XWBA oz 4% o,

] E

L EEEMMC) 7-38& M %, Warburg manometer 24 BKFFBR (oxygen uptake)-2 M5 5hod
R ik %3 =}. Endogenous respiration (AT )L 150, 000 r. LUTY Engdds LY
2 2 DR BEGdAdL: @ik W48t et. Exogenous respiration & 5,000 . S SEEhd KK
Blste midsty o,

2. Exogenous respiration o] M AHRIASI] Kate] Mol 2o glucose 9] incorporation ¢ =t Fgk H)
RS sfo] ole g Ao)x},

3. EERIEMMAS] glucose, alcohol, lactic, succinic, ¥ glutamic dehydrogenase activity o) 33t 7-8 B4
o] B4-2 T.T.C.(Triphenyl tetrazolium chloride) method = .4 spectrophotomter o {% &}« sz sl o] oF,

4. 10,000 rentgen 9] 7-ray HH4fe] 4 G.D.H.(Glucose dehydrogenase), A.D.H.(Alcohol dehyhrogenase)
% L.D.H.(Lactic dehydrogenase)] activity &  #is] |/ 3} S.D.H(Succinic dehydrogenase) 2}
GL.D.H.(Glutamic dehydrogenase) 9] activity = 30,000, A4 #Wisde.  &EY dehydrogenase )
activity = #EE ] =ebd L8 . TRECEM - W09 RRE Ve o, doserate of ek rhyth-
‘mical 3+ RAE-E& }Eb a9l

5. % dehydrogenase 9} activity & BHBE(O.D. value)®] peak flgo = 332 glucose™>alcohol > lactate
glutamate™>succinate 9} o] = ¢] )z}, o) MAfie WFMH 49 e FIMMEALY —3 e}

6. Endogencus respiration rate & 150, 000 r. WAl He) A= 100% weiis gl o, 280,000r. #iEo) 4

10% Hdratg ok

7. F—HMES HUNHERAA BREE BT, BKRBRRY mHe odlw LHste How
°F, MAY FEREBR] Hugd kil Bits doslmnad Ml MaHe maEs) ol by Aol

8. BUKKEERFZ: BWHBIEHE ks rhythmic 5 HHE dElve BFe B8R EREmS BH
i WE=R W3 permeability o BB %) BRBEo] 7l o},
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