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Studies on the cellular metabolism in microorganisms
as influenced by gamma-irradiation. (IV)

“on the carbohydrate metabolism of yeast irradiated by y-ray.”

Kim, Jong Hyup
(Div. of Biology, Atomic Energy Research Institute, Korea)

Abstract

Studies on the carbohydrate metabolism of yeast as influenced by gamma-irradiation from cobalt
~60 have been carried, then the mechanisms of radiation effect on respiration and fermentation
were discussed under considerations of permeable changes of irradiated cell membrane.

The cells of baker’s yeast (Saccharomyces cerevisiae) which had bezen gamma-irradiated of 240
k.r. doses for an hour, then were put into aerobic oxidation and anaerobic fermentation without
substrate.

Total and fractionated carbohydrates of irradiated yeast cells were determined by colorimetric
method with anthrone and orcinol reagents, the amounts of total carbohydrate, trehalose, RNA-
ribose, PCA-soluble glycogen, alkali-soluble glycogen, acetic acid-soluble glycogen, mannan and
glucan were determined according to the course of aerobic oxidation and anaerobic fermentation.

It is found that the carbohydrates of irradiated cells leak out and amount of the losses reaches
eleven times more than that of control, the volume of losses are seems to be replaced by water,
it can be suggested the damage of gamma-irradiation occurs in the site of passive transport of cell
membrane.

The endogeneous aerobic respiration of irradiated cells are increased much more than control,
the synthesis of reserve glycogen, glucan and RNA-ribose promoted much more than control. The
anaerobic fermentation of irradiated cells are also increased than that of control, but the breakdown
of carbohydrate is less than endogeneous respiration of irradiated cells. The synthetic rate is also
less than that of aerobic oxidation.

In irradiated yeast cells, trehalose is revealed to be primary substrate for endogeneous carbohydrate
metabolism, so it is proved that the enzymic patterns are not changed but the activities of
enzymes relating endogeneous respiration and autofermentation is activated.

It is to be considerable to distiguish endogeneous respiration and autofermentation from exogeneous
respiration and fermentation on irradiation, for membrane permeability changes and loses out

carbohydrate by ionizing radiation.
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Fractionation scheme of carbohydrates in yeast cells.
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' HCIO4 0.5M(P.C.A))

i
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soluble hexoses.

|

Residue

0.25M hot Na,CO3(100°C. 45min.)
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soluble glycogen.
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10M-[NaOH Alkali soluble
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‘ Acetic acid. 2M.
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Sup.
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soluble glycogen
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(
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glycogen ‘ NaOH, 2M
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(Glucan) (protein)

43



44 KOR. JOUR. MICROBIOL.

Table 1. Culture medium for synchronizing cells.

Yeast eXtract cuvvvieeennienirniionimiiiiiicaneenieneenses 0.2¢g
Potassium phosphate. monobasic...c.c..ccoeunuen. 2.0g
Bacto peptone........cviviiiiiiiiiiiiiiiinin 3.5¢
Dextrose..ovvevimnin it 40.0mg
Ca-pantothenate ..ueveevecreerenniireeiineeninieinn 2.0mg
Thiaming .....cocieirereiraraniiniiiieeeeaens 0.4mg
Inositol .oovvvveriiniiiii 10. Omg
Nicotinic acid .o..ovvvvreirirveerieie e eene 0.4mg
Pyridoxine .oocoveiiciiireeriiiieiiiinieiennaenaenns 0.4mg
Para-amino benzoic acid ........cccevivivinnienen. 0.2mg
Riboflavin weveeeiveereiriiiiienceeiirinn s 0.4mg
Biotin. v icriiiierieiieiieee e e 2.0pg
Dist, WALET vevierinriiniirererraecrereerensnisenneresienns q.s.

Make vp to 1 liter.

Culture time: One hour on shaker.
Temperature 27~28°C
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Remark: 1. The constant value of glucose per
mannose is 1.65.

2. Working solutions of glucose
mannose were prepared with saturated
solution of benzoic acid.

3. Trevelyan’s method was introduced for
color developing.

and

Fig. 2. Calibration curves of standard carbohydrates
(glucose and mannose).
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Fig. 3. Calibration curve of standard D-ribose.
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Table. 2. Respiratory activity of yeast cells with Warburg’s manometric methods.
Temp.:28°C, QO0,:0.75¢l/mg dry wt./hr.
l ’g;s;g;??a' 1 Endo-respiration
Flask const. (K) [ 1.215
] T I " Yeast suspension in
Main compartment None ‘ Ogur’s media* 1ml
- | ; Distilled water 0. 7ml
Center well J None ‘ KOH (10%) 0.3m}
Side arm !; None ' None :
Time (minutes) a ( b I c l d ’ e } r ’ g h
0 ’ 0. 35] -~y ’ o
10 3.2 2.8 —3.6) —2.0f —4.85 5.89 5.89
20 3.0 —0.2| —82 —46 —4.4| 53 11.24
30 3.0 0 —11.5 —3.3 —3.3| 4 01‘ 15.25
" Remarks: * Shown in table 3. o
** The Warburg manometer apparatus, Model V, B. Braun Melsungen.
ik g Value of total O, uptake
7-ray, 240Kr. & WHT E#S] BEEEEY 3 KELHEL 30.6pg.011 B oA st
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{tiz Table 4 o 7w, Fol A 2E ubo} o] st
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45

RIBA PTER O] 1 RS RS BRI
AR Aoz ML, = 2 FRoaE Rk
byl flastes HHY AE A& Aoz 489



46 KOR. JOUR. MICROBIOL. (Vol. 6, No. 2
Table. 3. Carbohydrate fractions of normal and synchronously cultured yeast cells.

"Estimation of éiihf;hts‘

"Mean (micro moles and micro grarﬁgfofwhexo's'e
or pentose/mg. of dried yeast.)

Micro-moles 1 Micro-grams

Fractions of carbohydrates. el T T
Total carbohydrate ‘ 157.6 340.4
Trehalose ‘ 58.4 126.1
RNA-ribose (pentose) ! 3.0 4.6
Mannan+ Alkali soluble glycogen 33.1 71.5
Mannan (as glucose) 2.1 4.5

" (as mannose) 3.2 6.9
Acetic acid soluble glycogen 9.0 ‘ 19.4
PCA soluble glycogen \ 17.7 36.2
Total glycogen I 57.7 : 122.6
Glucan 28.9 } 62.4
Sum of fractions ‘ 148.2 i 318.0
Table. 4. Carbohydrate fractions of yeast cells as gamma-irradiated.

Total retention time is 1 hour. 240Kr. doses are irradiated.
Mean g.M. and p.g. per mg. of dried cells.
Sl Treatment. o Leakage of
Control (A) Gamma-irradiated. | carbohydrate.
[ | (A-B)

Fractions of carbohydrates - s moles  p.g p moles  p.g ¢ moles  p.g.
Total carbohydrate 144.3 311.8 ;o 180.2 281.2 4.1 30.6
Trehalose 55.0 118.7 | 411  88.7 18.9  30.0
RNA-ribose 3.7 5.7 4.1 6.3 —0.4 —0.6
Mannan -+ Alkali soluble glycogen 28.7 62.0 28.1 60.6 0.6 1.4
Mannan (as mannose) 3.8 8.1 2 9.0 —-0.4 —0.9

" (as glucose) 2.4 5.2 2.5 5.4 —1.1 -0.2
Acetic acid soluble glycogen 6.4 13.8 9.3 20.1 —2.9 —6.3
PCA soluble glycogen 14.4 31.2 18.2 28.6 1.2 2.6
Total glycogen 47.1 101.8 48.1 103.9 —1.0 —2.1
Glucan 23.8 51.4 21.5 46.5 2.3 4.9
Sum of fractions 129.7 280.0 114.9  248.1 i 14.8 31.9

Remarks 1. 100mg of centrifuged yeast cells were fractionated after irradiation.
9. Expression of total corbohydrate of yeast cell is as follows.
Total (as hexose) =total (as glucose)+mannan (as mannose) —mannan (as glucose).

o}, o] EAF-< Table 7 3} 8o A 830l 52 g}
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Carbohydrate fractions of yeast cell which is gamma-irradiated and oxidized 2 hours

Mean ¢.M. and p.g. per mg. of dried yeast.
Total retention time is 3 hours.

e o Treatment ma)‘ntrol

Gamma-irradiated of | Percent of cons-

(A) 240Kr. (B) | umed carbohy-
'\ ~ | drate. B-A

Fraction of carbobydrates ~—~~ # moles #5 H rroles 777‘ #8 B A Sf’)
Tota | carbohydrate 120. 4 261 117.5} 253.7 —2.4%
Trehalose 31.4 68. 4 16.6 36 —47.6%
RNA-ribose 4.2 6.4 4.8 7. 4‘ 14. 3%
Mannan -+ Alkali soluble glycogen 37.9 81.8 37.7 81.5 —0.5%
Mannan (as mannose) 7.9 17.1 7.1‘ 15. 3] —10.1%

" (as glucose) 4.9 10.6 .4‘ 9.5 —10.1%
Acetic acid-soluble glycogen 5.4 11.7 4 16.0, 37%
PCA soluble-glycogen 11.9 25.6 12.5 27. 0; 5%
Total glycogen 50.3 108.5 53.2 115.0 5.7%
Glucan 27.2 586 30.5 65.81 12.1%
Sum of fractions 117.1 252.7 107.4 232.2 —8.3%

Remark: 100mg. of centrifuged yeast cells were fractionated after two hours shaking, the yeast had

beeen previously gamma-irradiated.
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Irradiztion (240Kr. doses were irradiated)
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Fig. 4, Metabolic curves of yeast carbohydrate as
gamma-irradiated and enforced to aerobic
oxidation for 2 hours.
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Table. 6. Carbohydrate fractions of yeast cell which is gamma-irradiated and fermented 2 hours under

anaerobic condition.

Total retention time is 3 hours.
Mean g.M and p.g. per mg. of dried yeast.

. - Treatment] " Conirol (A) " Gammargtadiated of Percnt of cons
Fraction OW Micromoles | Micrograms | Micromoles iMicrograms . drate.%A_(%)
Total carbohydrate. 132.3 285. 8 117.7 254.2 ' —11
Trehalose 33.3 72.0 23.7 51.0 | —20.1
RNA-Ribose 4.0 6.1 4.1 6.3 | 2.5
Mannan + alkali soluble glycogen 34.6 74.7 33.7 72.8 —2.6
Mannan (as mannose) 8.6 18.7 8.4 18.2 | —2.3
#  (as glucose) 5.1 11.1 5.4 1.6 | 4.5
Acetic acid soluble glycogen 6.5 14.0 6.9 15.0 | 6.9
PCA-soluble glycogen 11.5 24.7 12.9 27.8 | 12.2
Total glycogen 47.5 102.3 48.1 104.0 | 1.3
Glucan 26.9 58.1 26.4 56.9 | —1.9
Sum of fractions 116.3 251.0 106.5 230.1 ! —8.4

‘Iiemark: 1. 100mg. of centrifuged yeast cells were fractionated after 2 hours fermentation, the yeast

had been previously gamma-irradiated.

2. Nitrogen gas was flowed into yeast suspensions at the rate of 7.5kg./cm? for 1 hour
from gas bombe containing of 99.99% of purified nitrogen gas.

—control
- Irradiated(240Kr. doses were irradiated)

- - -
8 r
D
ol . g . u
e, el
~.
*a
o o | " R S
Loz 3t 12z 3 o0 t o2 3 o 1 2z 3w
(1) Total corbohydrate  (2) Trehalose (3) Mannan (4) Alkali soluble
dtycogen
150 [ - r {
120
g0t - -
10 - - o
w
e
Vo T PN
1 2 3 9 1 2 3 @ 1 2 3 0 U 2 3y
(5} Acelic ncid () P.C.A soluble (7 Glocsn (8) RMA-ribose
soluble glycogen glycogen

Fig. 5. Metabolic curves of yeast carbohydrate as
gamma-irradiated and enforced to anaerobic
fermentation for 2 hours.
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ol 4 X-ray g o= e ol LHIJHR dge
=, Bair (1954)% 100Kr.o] X-ray Biol] 4 Refd
9] CO, Zpeo] ETHA devte AL WES v
Aed K EBRERE o] BEY EBERS -3
Fids

Hstise] Y BIHmE 90°Col4 vaccum
dry 8t @Rl 4 BHEMmEe] dry weight o 48
#HY ERE JElE S BEY 5 ddt. 2 ER
E Table 7914 3t 9o v BARBEES
S e 19.1%%F dry weight 7t Eol 4=
o] A& mEtRIEL ] ke FREEES #ifol
Bitgte =4 MM HE MR HHS
o vrta 2 REkgel Bzt Aoz £ 5 M
o}, B Zpslr] Bie] sample & K% wet weight
24 100mg ¥ FREIG-2INE THtL HWEHR
2] dry weight 7} =ebg 7] =) Eo] e},

Batmmats @t e Bl ik
3 wet4 FBEe] 5ol 4w A2 Billen
(1953), Caputo (1960), O’Brien (1960) ® Roths-
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Table. 7. Reduction of dry weight in irradiated yeast cells.
. Treatment Control Gamma-irradiated (240Kr.)
Yeast cells ‘ Control ‘ Aerobic 1Anaerobic_ Ir:frz::;iiately Aerobic 11 Anaerobic
. | oxidation, ‘fermentatlon irradiation oxidation. Ifermentation‘
Washed and centrifuged (mg) (mg) (mg) } (mg) mg)
cells. (wet wt.) 100 100 100 100 (10% (rangO)
: (mg) (mg) (mg) (mg) (mg) (mg)
Dry weight of cells. 25.4 23.1 21.1 2.8 | 19.6 170
. (%) (%) (%) (%) } (%) %
Percentage (specific) 100 100 100 81.9 84.8 e
tein (1960) % w-& HEEE] K3lto = 9 A nE ulel o], KHHBERSIECA & 114

gk, o] HMHERS HEKERENAA QddE
HEEmol Elflstz A+t (&, 1968). ol %
o] EEMo = dry weight 9 2Rz 4 &Rk
WL BRT 92 Pfle ofd 2x 2y

3 AEERER M Bt BEES EHi
SEdte e bEmedd REEY B2 RR{LEY
o] #H= ¢k, HI Dreywood & anthrone reagent
o] kel HBIEE RAREHY kg Table 8l

Table. 8.

(1086%)¢ 3t jakibgpel sl ol stk
Loofbourow (1948)F AR E -2 Azl A
amino B, nucleotide, phosphate ester @ vitamin
B group o] #EEo] MR E AL WED v
gla, X-ray o] ks}e] potassium ion, phosphate,
HATE BERLey FHo Mdide HRE Ro-
thstein (1960), Billen (1953), O’Brien (1960) %
o] #ate] &= g RAKLHS Hitel Bl

Leakage of total carbohydrate from yeast cells as irradiated by gamma-ray.

Total retention time is 1 hours.
Mean (micromoles and micrograms/mg. of dried yeast cells)

Control ’ Gamma-irradiated (240 Krs.)

Treatment
Carbohydrate

Micromoles [Micrograms Micromoles‘ Micrograms

Carbohydrate in supernatant of yeast suspension

Percentage of leakage

3.443
1086%

1.594
1086%

0.317
100%

0.147 |
100%

Remark : 1. Estimation of total carbohydrate content were carried with the method of Dreywood’s

anthrone reagent.

2. Analysis was initiated immediately after irradition.

Ax BREE7T o4 Qb A BRIAL o K
AKIEHS Fio] sERMoz FH=la = o HK
(E4o) W D EEEs mEY WBitko] Athe M
oA BWHA At BHEAA BT B KT
FRAH FlAE patge] PEHaRsst BEE
#o = BRAE BRE BEEe & 2 B
o BE 2 o BB Bt 8 RAN R
& MRS KEe tglr] @ Eel=h. Bair(1954)
L phosphate o} pH 9] 7P MR BRET X
Egeln 4537 97 =t phosphate 71 HiHi= 2 8
= HE} gisd @t Estsish = O'Brien
7he. .o 1960 fEol FIREEC Bt X-Ray 9 ¥
#o| active trasport & 4l A2 ¥ passive
transport 8] WAl A=z BEHAed A HR

RN
=

o)A ion o} o}l pK{L#ol HHiHE A& ]
O'Brien o] j#H= —Hste Aol eth

Bkl BUEER Ml A FibsEs =
potassium 3} phosphate 7} #E= 2 L= BAP R
B & A Agate BREEE SolEele AW
WoaREe] MEe AL =T Aoz B

WIER R0 fgtiREste]  Kdtd  Eigs e
mechanism & HEZAE ¢ 4 gA¢s &
shx] Hhol 4 EBEE LESF Q= B MEEAY R
AKAiL#o) FH= I ki) HAR oz Hob M
BAEY Wk FIAAE RKLYY BETE
oA Aolsh. = EHEMM YA - B
B {LBEHS o) F2 Jul KRN BERKHEC]
DR SRR #f7d moment 7} BT Holwt

=
-
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I g 5 Qv ® PE e MREEHS #haE
o olwl IRy Zeszs complex compound 7} excite
oA EEH) WEE o) MHHIMRERE ¥ = mech-
anism & 4 235 < gl (J.C. Ballin, R.N. Fein-
stein 1952, J.S. Roth, 1956)

Mk REAR S B gty Mt W
e ol Wilivl BBMS BLE RS &2
kA ckm g\iET Aol wol =, ) phosphate,

carbohydrate @ amino o] 10~30% s

]

[(Vol. 6, No. 2

E At Bm b HhiEE == HEEE A
I RERE EESY £ Huhol vt Mol M
Mo poatsapEae o FRERY HRMEEt
o el M A& BIAST. FHE 1967
o BatRERELERSY EAE 289 44T
gl E o] MBMEE =HT v A=t —EEY
BB 4] 5o 9= packed cell number & Hifr=
3k A} dry weight B Bfrz Sho] HRE BEET
AdlE el e R QA s Aol

L2

Saccharomyces cerevisize (baker’s pressed yeast)o] %3] Co-60 oz X8 HHEE= 7-#8 240Kri8E
Rarer %, 2 WS HFREFRS SREREE A, wEsd #@pokkyis} trehalose, RNA-
ribose, PCA-soluble glycogen, alkali-soluble glycogen, acetic acid-soluble glycogen, mannan % glucan 252]
Bok{tyn SEH BES FREN2 47t gkt fRel B 9 BRe HEMo=® xHst
et

RO EER RS EB Bk WaE RAKE®Y HERN L BEE(LES
o WAl BEE BB BMEAIIEA Zga g

FoesiRe Bfyshd =& 2
1. el Al M= = baker’s yeast & MRIKIL# & trehalose, RNA-ribose, alkali-soluble glycogen,

acetic acid-soluble glycogen, PCA-soluble glycogen, mannan ¥ glucan & & 28BS &S 1 FKEE

& HlFEs Y o] MEE MR R @ESLs.

2. BRI TS BEERAel A BEMREEE B 15 Rikdbgel w2 kel old REs

o Eo7te AL g
3. BURBEIR BEMEE ML FRETRE AAA 2 WERe] #Bindhz A KEYHE, WY

H 9 RNA-ribose 7} ¥EEEN A vox Fo] AHIE A& ¢
4. RUEER MM Beld BE Firgle] MEMERE A7 £ HEEdA nun o gl g

#¥ 8 oFskel, RNA-ribose, glycogen & WA &4 AFE ¢ o MR %HE glucan 3 mannan &

B BEELS 52
5. 240Kr o 7R GHRE 2 4= EMP-pathway &} TCA-cycle & pattern of & $#8ho] ¢li= A zorow,

2 activity & W #£3] &S @sta g, FRE FREAA oS gel Wity
6. HUEATREem R MARMA KRS HHE Rol MM EUZEES passive transport system of &

ezl gl-5-g egtew ANKS MHIERC JNRHES AFE HHAYE Rk S##Ed-E

&gkt
7. WEREEES we ffge metabolic activity 2 WE T =], packed cell number 1} cell volume Zfizz

A Mg Aol ekl kel dry weight o] 3} specific activity & Fshe] ofk ERES e AL ¢

k=t

i Bl
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